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Abstract

This paper is an empirical application of the distance function to study the allocative efficiency of a regulated
railway Spanish firm, RENFE, where the cost minimising hypothesis may be questioned. Besides and in contrast
with other studies, we include the possibility of the presence of persistent allocative inefficiency. To achieve these
aims, we have estimated a system of equations for the inputs distance function and cost shares using annual data
over the period 1955-95. Using this procedure we have checked the presence of persistent allocative inefficiency, in
particular a systematic overutilisation of labour and underutilisation of capital. Moreover, we have found some
empirical evidence that, since 1984, management contracts have improved the input allocation in Spanish rail-

ways. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The aim of this paper is to verify whether
there exists allocative efficiency in the Spanish
public railways: RENFE. To do this, we analyse
whether the proportion of productive factors
chosen by the firm, with specific technology and
given prices, is the most appropriate in order to
minimise costs. The neo-classical model in pro-
duction theory starts from the hypothesis of
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minimum cost production for firms; see for ex-
ample Friedlaender et al. (1993) and McGeehan
(1993) for railway systems. However, nowadays
there are more and more studies which are
sceptical of this hypothesis of cost minimising
behaviour and study the problems of the allo-
cative efficiency in companies, especially in the
regulated sector and the public sector (Toda,
1976; Atkinson and Halvorsen, 1986; Domenech,
1993; Grosskopf and Hayes, 1993; Grosskopf
et al., 1995; Bosco, 1996).

In these latter three studies the allocative ef-
ficiency was investigated using a new methodol-
ogy: a Shephard (1953) input distance function.
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In general terms, this function has some advan-
tages over production and cost functions. With
reference to the first, the distance function is
valid for various outputs, which justifies its us-
age in the case of a multioutput firm such as
RENFE. Compared with the cost function, al-
though with this latter approach inefficiency can
also be analysed, the distance function offers
three advantages. Firstly, it does not imply cost
minimisation. Secondly, to be estimated, the
distance function requires neither information on
input prices nor the assumption of these being
exogenous. This is of great relevance in the
context of the public sector where there are often
distinct control mechanisms on input prices. The
third advantage is that the distance function al-
lows us to directly obtain a measure of allocative
inefficiency independent of the degree of techni-
cal inefficiency. '

Due to this, an input distance function is used
with the objective being to check, taking into
account the productivity and the relative prices
of the distinct factors of production, whether the
input allocation has been efficient in RENFE or,
if this is not the case, what inputs are being
relatively under or overutilised. Besides, in con-
trast with other studies which have calculated
allocative inefficiency using an input distance
function (Grosskopf and Hayes, 1993; Atkinson
et al., 1998), we assume that the employment of
an input in a proportion different from that
which would minimise cost could be systematic,
and incorporate this possibility into our empiri-
cal model. By doing this we can obtain not only
a measure of relative allocative inefficiency but
also a measure of absolute allocative inefficiency.

The sample period studied covers the years
1955-1995. During this period, railway transport
in Spain was operated and managed by a single

! Although the objective of our work is to study allocative
efficiency, the methodology of the distance function also
enables us to calculate technical efficiency (see for example
Atkinson et al., 1998; Coelli and Perelman, 1999). There are
many studies in the literature on the railway sector which
analyse the technical efficiency using production frontiers (for
example, Perelman and Pestieau, 1988; Gathon and Pestieau,
1992; Gathon and Pestieau, 1995).

company, RENFE, which operates goods and
passenger transport services in a quasi-monopoly
regime. > There are reasons to question the fact
that, in RENFE, resources are allocated in an
efficient way. In 1984, a Government Commis-
sion carried out a report which highlighted the
lack of competitiveness of the firm. In this report
the relatively minor share of inter-city transport
accounted for by the railway is shown: the av-
erage shares accounted for by RENFE were
8.5% in passengers and 8% in goods, in contrast
to European averages of 10% and 24%, respec-
tively. These shares began to decline in the 1950s
and this process continued until the late 1970s.
Regulation made it practically impossible to re-
duce services and close lines and prevented the
network size being adjusted to changes in the
market (De Rus, 1989). On the other hand,
transport service prices are fixed by the admin-
istration, with the criterion that fares evolve in
accordance with production costs and service
quality. Moreover, it had been established as a
general rule that operating revenues shall cover
costs. This type of regulation could result in a
lack of incentives in managerial activities to
minimise costs.

Since the 1980s a series of measures have been
observed which have tended to reduce capacity
excess problems and the inefficiency the company
was experiencing (Carbajo and De Rus, 1991).
Several management contracts were agreed in
which the State established objectives to be
achieved by the company as a condition for the
granting of subsidies. In this way, RENFE began a
policy of adjustment which included staff reduc-
tion and the closing of lines which showed a high
level of deficit. For example, the management
contract in 1984-1986 provided an agreement to
close 882 km of lines and to reduce the workforce
by 15000 in the space of four years. Subsequently,
the 1988-1991 management contract designed a
new fare system with the aim of achieving a fi-
nancial clean-up. Finally, in 1994 another man-

2 Although other railway companies exist in Spain, RENFE
accounted for 92% and 96% of total travellers and goods traffic,
respectively, during 1995.
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agement contract was approved, which provided
for cost-reduction, revenue increase and improve-
ments in asset turnover. Furthermore, headway
has been made towards the consolidation of
business units as the basic instruments to manage
the activity of RENFE, each being fixed with ob-
jectives and incentives. >

Our research provides empirical evidence on how
these policies — reallocation of resources and man-
agement incentives — have affected company effi-
ciency levels, favouring a better input allocation,
given productivity and their relative price levels.

The structure of the paper is as follows. In
Section 2 the theoretical model is presented. In
Sections 3 and 4 there is an explanation of the
methodology used for the estimation of the sha-
dow prices by means of the Shephard distance
function. Section 5 concerns itself with the
econometric model. In Section 6 we describe the
data set that we used. Section 7 reports the em-
pirical results. Finally, in Section 8 we present a
brief summary and conclusions.

2. The theoretical model

Neo-classical production theory starts from the
hypothesis of minimum cost production by firms.
According to this hypothesis, the existence of al-
locative efficiency implies that the firm hires inputs
x; and x; in a combination such that their respec-
tive prices (w; and w;) equal their respective mar-
ginal revenue product (MRP; and MRP;). In
relative terms

MRP, w; 0
MPR;  w;’

J

However, this condition may not be satisfied if
costs are not being minimised with respect to
market prices, but with respect to others which are
called shadow prices. Recently many empirical

? The present management structure of RENFE comprises
the following business units: Sub-urban, Regional, Long
Distance and High Speed for passenger services, and Freight,
Intermodal, Traction and Rolling Stock Maintenance for the
remaining.

studies which question the above hypothesis have
appeared: Eakin and Kniesner (1988), Grosskopf
and Hayes (1993) or Grosskopf et al. (1995a), are
some examples. In our theoretical set-up we try to
explain the existence of these shadow prices in a
public company like RENFE, and their relation-
ship with market prices.

2.1. Formalisation of the theoretical model

The theoretical model is based on the hypoth-
esis of maximisation of management utility, as an
alternative objective to the maximisation of profits
(Williamson, 1963; Niskanen, 1968). Under this
hypothesis, and following Atkinson and Halvor-
sen (1986), the company management utility
function can be formalised as a function of two
variables, profit and the quantity of inputs. The
maximisation problem is

max U =U(P,x) (2)

st. P=R(x) - Zwixi, 3)
=1

where U(-) is a twice continuously differentiable
quasi-concave utility function, P is the profits ob-
tained by the fim, x is the vector of inputs, Ris a firm
revenue. It is assumed that revenue is a function of
output,so R = g(y), where y is the vector of outputs.
Moreover, since y = f(x), this can be written as
R = g{f(x)}, w;is the market price of i input and x; is
the quantity of iinput (i = 1,...,n).

It is assumed that OU /0P > 0, and 0U/0 > or
<0 depending on the given input. That is to say,
there will be inputs which yield a positive utility
(i.e. “visible” inputs as staff, sophisticated ma-
chinery, etc.), others that yield negative utility (i.e.
those which imply a bigger effort on the part of the
manager) and others that are neutral.

The solution for the maximisation problem is
expressed through the Lagrangian:

L(P,x,2)=U(P,x)— 1

i=1

P—R(x)+ Zwix,-‘| )

From this, we find that marginal revenue value for
the ith input is equal to
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or U
o M aujer M ®)

where w? is the shadow price of input i. Hence, w}
differs from w; by the effects of the manager’s be-
haviour.

Dividing the marginal revenue product of input
i by that of input j, we get
Z:’l:l aR/ayrayr/axz

aR ax,' MRP, VVIS
/ =M (6

aR/axj a Z:n:l aR/ayrayr/axj a MRPJ' W

J

where y, is the quantity of output » (r =1,...,m).
Consequently

MRP; w; )
MRP; s’

J

In contrast to Eq. (1), the necessary condition
for cost minimisation can be satisfied with regard
to shadow prices (w*) which may differ from
market prices.

2.2. Theoretical model conclusions

Some interesting conclusions can be derived
from the above analysis (see Eq. (5)):

1. Thedifference between w and w® will inversely de-
pend on the magnitude of the marginal utility of
profit, 0U/OP. When 0U /0P is high (low), that is,
when more (less) incentives exist to maximise
profit, it will tend to be more (less) cost efficient.

2. The difference between w and w* will also de-
pend on the magnitude of the relationship be-
tween managers’ utility and inputs (0U/0x;).

3. Moreover, relative comparisons of inputs can
be obtained. For instance, if w}>w; and
w; <w; then the i/ input will be underutilised
relative to j input and vice versa.

The inconvenience of this model arises due to
the fact that the shadow prices are not observable,
and from Eq. (5) a difficult relationship between
shadow prices and market prices is obtained, since
the utility function is unknown. Therefore it is
necessary to introduce a more simplified relation-
ship between both. To achieve this objective a
Shephard distance function is introduced (Fare
and Grosskopf, 1990).

3. The distance function

Formally, given any two vectors x and y, the
Shephard (1953) input distance function is defined
as follows:

Dy(x,y) = max(d > 1: (x/9) € L(y)), (8)

where y (y;---y,) is the vector of outputs,
x (x;---x,) is the vector of inputs and L(y) =
(x € R} : x can produce y € R).

To explain the distance function graphically, we
consider the case (Fig. 1) where a firm produces a
single output (y ) that uses two production factors
(x1 and XZ).

The ratio OR/OP is the Farrell (1957) radial
measure of technical efficiency (TE) for the point
P. 1t signifies the maximum proportional reduction
that can be achieved in the utilised inputs which
still allows production of the same amount of
output. Formally

TE(x,y) = m;‘in()h €(0,1): &x e L(y)). 9)

The maximum value of this index is one, which
means that the firm is operating on the isoquant
and thus technically efficient. A value lower than
one (as can be seen in Fig. 1) informs us about
degree of the technical efficiency achieved by the
firm. It can be seen that from reciprocal of the
index we obtain the definition of the distance
function, that is, OP/OR represents the largest
scalar by which all factors can be divided pro-
portionally and continue producing the same
output level.

Evidently x € L(), if and only if Dy(x,y) = 1. If
D; equals one, it means that production is techni-
cally efficient. A higher value than one informs us
about the degree of efficiency achieved. *

The Shephard input distance function satisfies
the following properties: °

* We could also define an output distance function as the
maximum possible proportional expansion in the output vector,
given the input vector and technology. Applications of this type
of function can be found in English et al. (1993) and Grosskopf
et al. (1995b).

3 Proofs of these properties can be found in Cornes (1992).
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Fig. 1.

(x, ) is dual of the cost function;
D;(x,y) is decreasing in outputs;
D;(x,y) is increasing in inputs;
Di(x,y)
Dy(x,)

is homogeneous of degree 1 in Xx;
is concave in x.

)

A ol e

)

4. Estimation of shadow prices by means of a
Shephard distance function

Initially, studies using shadow prices to
obtain a measure of allocative efficiency were
based on the estimation of a system of equa-
tions formed by a shadow cost function and
the set of cost share equations (Atkinson and
Halvorsen, 1986; Eakin and Kniesner, 1988;
Domenech, 1993). This equations system estab-
lishes an appropriate parametric correction in
input prices to satisfy the cost minimisation
condition.

Fare and Grosskopf (1990) study an alterna-
tive method to get shadow prices out of inputs
using Shephard’s distance function. They assume
that the firm minimises costs with respect to
certain shadow prices that may differ from mar-
ket prices. Therefore, the cost function can be
defined as

X

Clyw') = min(w'x x € L) = wix(r,w'),  (10)

where w} is the shadow price of factor i for which
the cost minimisation condition would be satisfied.

Applying duality theory to the cost function
and distance function, ® Fire and Primont (1990)
derive the dual Shephard’s lemma

oD;(x,y) W’
ax  Cly,w)’ (1)

That is, the derivative of the distance function
with respect to an input is the normalised shadow
price. From (11), with any two given inputs
i,j=1,2,...,n, the shadow price ratio is obtained

D (x,y)/Ox; _ wi(y,x)
Dy (x,y)/0x; — wi(y,x)

(12)

Now, if the cost-minimisation assumption is
satisfied, this normalised shadow price ratio
should be the same as the input market price ratio.
However, if inputs are not selected in the appro-
priate proportion, that is to say, if allocative in-

¢ The duality between the distance function and cost function
is explained in Fare and Primont (1995).
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Fig. 2.

efficiency occurs, the aforementioned price ratios
will differ.

To study the quantity and direction of such a
deviation, a relationship between the normalised
shadow prices obtained through the distance
function and the input market prices is intro-
duced by means of a parametric price correction
(Eakin and Kniesner, 1988; Fare and Grosskopf,
1990)

Wls(xay) :k,‘W,‘, (13)

Dividing expression (13) by that corresponding
to input j we obtain

Wls X,y Wi
U 14
Wj(xay) Wi
where
k;
k;; = (15)

7

Thus, from (14) the degree to which the shadow
prices differ from the market prices is calculated.
Moreover, we can obtain the direction of such
inefficiency as follows:

(a) If k;; = 1, there is allocative efficiency in rel-

ative terms.

(b) If k; > 1, the factor i is being underutilised

relative to the j factor.

(c) If k;; < 1, the factor i is being overutilised rel-

ative to the j factor.

As can be observed in Fig. 2, the normalised
shadow price ratio would indicate the isocost slope
if costs were actually minimised with the chosen
input proportion. That is to say, the isocost with
slope wj}(x,y)/w5(x,y) tells us what prices (shadow
prices) would minimise the cost of producing
output y, with the observed input bundle and given
technology.

Starting with Fare and Grosskopf (1990), there
have been numerous studies in which distance
functions are used to check allocative efficiency in
production: Grosskopf and Hayes (1993) and
Grosskopf et al. (1995a) are some examples.

Next, we turn to applying this methodology to
RENFE. We begin by proposing the econometric
model.

5. The econometric model

To obtain the shadow factor prices, we estimate
a translog input distance function. Since we also
want to provide a measure of absolute allocative
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inefficiency, we propose that the input distance
function should be estimated jointly with the cost
share equations, which we can obtain by differen-
tiating the translog distance function with respect
to Inx;. ” This procedure is expected to improve
the precision of the parameter estimates. However,
as Schmidt (1985-86, p. 310) pointed out, “a dis-
advantage of doing so is that consistency then
hinges on the correct specification of the entire
system”’.

One of the difficulties in estimating this model is
that the distance function value D;(x,y) is not
known. To solve this problem, we assume that its
value is, for instance, equal to one which implies
the assumption of technical efficiency. Of course,
this is not necessary, since the distance function is
homogeneous of degree one in inputs and the cost
share equations are homogeneous of degree zero in
productive factors. That is, the measure of allo-
cative inefficiency that it is obtained by means of a
translog input distance function is independent of
the degree of technical inefficiency. ®

So, we propose the following system of equa-
tions:

Inl =InD(x,y), (16)
O0lnDy(x,y) OD;(x,y) X
dlnx, o  Di(x,y)
WS
=——x;=Wx;, (i=1,...,n).
Cly,w) ( :
(17)

To estimate the distance function it is necessary
to select a specific functional form. In doing so, a
series of characteristics are being imposed on the
technology without exact knowledge as to whether
or not such properties are true or false. For this
reason it is especially advantageous to use flexible

7 Although the distance function does not need information
about input prices, as we have noted below, these price data are
used (indirectly) in constructing the cost share equations as well
as in the construction of the efficiency (k) ratio.

8 Technical efficiency affects only the intercept of the translog
distance function. Consequently, the derivatives of the distance
function with respect to inputs are independent of the degree of
technical inefficiency.

functional forms that impose the least possible
restrictions on the technology that one is trying to
describe. Due to this we have used a Translog
multiproduct function.

In short, the Shephard input distance function
is defined as

Inl =0 +§:azr lny,+% z'”: iam Iny, Iny,
r=1 r=1 s=1

i > B Inx; Inx;
i=1

J=1

N =

+ iﬁi Inx; +
=1

_|_zm: zn:p”. Iny, Inx; +e. (18)
=1 =1

The cost share equations are

Xi

wl n m
C :ﬂi+zl:ﬂz/ lnx_/""zl:pri Iny, + 1 (19)
= r=

for r,s=1,...,m outputs; i,j=1,...,n inputs,
and where C represents total cost.

We assume the error of (18) is a composed error
term: ¢ = u + v. The first term, u (u > 0) captures
technical inefficiency and it is assumed to be the
absolute value of a normal random variable with
zero mean and variance ¢2. The second term, v,
captures the effect of random noise on input dis-
tance function. This noise component is symmet-
rically distributed with zero mean and variance o
Both terms are independently distributed.

On the other hand, the theoretical model cap-
tures the idea that allocative inefficiency can be
systematic and continuous in time. In contrast to
Grosskopf and Hayes (1993) this fact is taken into
account in our estimation. For this reason, we
consider, as Ferrier and Lovell (1990) and
Rodriguez (2000), that the difference between ob-
served and efficient input shares, the error term y;
of Eq. (19), has an additive structure of the form

w=n+4, i=1,...,n

The terms 5, capture the effects of random noise
on efficient input shares, being random distur-
bance terms with the usual characteristics (iid,
N(0, ai)). The terms 4; (positive or negative) cap-
ture persistent allocative inefficiency in the use of
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inputs. That is, 4; represent a measure of absolute
allocative inefficiency. These systematic allocative
errors vary by input but not by observation. Thus,
Eq. (19) can be rewritten as

XiW;

C = (B +4;) + Z ﬁij Inx; + Z Py Iny, +n;,
J= r=

(19)

where the identification of the parameters 4; is
achieved from the constant estimated in (19").

Note that the disturbance terms of Eqgs. (18)
and (19'), € and #, respectively, may be contem-
poraneously correlated, but this is consistent with
the assumption that technical and allocative inef-
ficiency are independently distributed.

Given that the dependent variable in the dis-
tance function equation is In 1 =0, estimation can
be carried out if a nonzero linearity of the pa-
rameters is imposed. Therefore, the conditions
required by the theory (see Section 3) have been
imposed:

(a) homogeneity of degree one

Zﬁi:L Z ﬁij:07 Zpri:()a
i=1 =1 =1

(b) and symmetry

ﬁij = ﬂji'

According to our model, the proportionality
factors (k;;) can be derived from Eqgs. (14) and (12):

wi(x,3)/wi(x,»)
kij =

w;/w;
((@Dy(x,y)/2x;)/ (0D (x, ) /0x;))

= Wi, . (20)

Taking into account that we specified the dis-
tance function in terms of logarithms, from (17) we
get

0InD;(x,y) 0lnDy(x,y) D;(x,)

axi a lnxi Xi
= [as Dy(x,y) = 1]
_0InDy(x,y) 1
- 0 lnx,- Xi '

Substituting (21) into (20) and using (19) we get
that

0lnD;(xy) 1
k” _ Olnx; )T, /ﬁ
U= | anDiGw) 1 W
dlnx;  x; J

B+ Zlﬁij Inx; + Z[):I ln%l
=

WiX;
-1 = - . (22)
WiX; {ﬁj + 2B Inx; + Zﬁ, lny,]
i=1 7

=1

6. Data

The railway activity is a multiproduct one, since
not only can we distinguish between passenger and
freight transport, but also such other products as
origins—destinations which exist in the railroad
network. However, the lack of data has led us to
consider only two outputs: kilometres covered by
travellers (millions of travellers-km transported)
and kilometres covered by goods. With respect to
the latter, only the pure traffic which includes tons
(in millions) of commercial goods per kilometre
has been considered. ° Thus, our variables Fkm
and Pkm measure the outputs freight-tonnage per
kilometre and passengers per kilometre, respec-
tively. Undoubtedly, using a highly aggregated
series can provoke some biases. For instance, we
are assuming implicitly that all passenger-kilome-
tre are alike. In this sense, if we were able to dis-
tinguish between regional and long distance in
passenger services, our model would be more ac-
curate.

Three inputs have been considered: Labour (L),
Capital (K), and Energy (E). Labour is the number
of employees in full time equivalent units, and
includes both permanent and temporary person-
nel. The labour cost is the personnel expense in
millions of current pesetas. For the energy vari-
able, motor equipment energy consumption has

 The post is included while the suppliers traffic and the
interior service are excluded.
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been used, in thousand million kilocalories. '° The
energy cost is the energy and fuels expenditure in
millions of current pesetas each year.

As for the capital series, we have considered
physical units of motor equipment which include,
during the sample period, electric, diesel, and
steam locomotives, as well as electric and diesel
trains. Starting from the data provided in Munoz
Rubio (1995) and from RENFE reports, we have
constructed, firstly, the age structure of each type
of haulage unit which was in service in each year.
Then, this has been depreciated according to their
years of service, using a method of constant shares
and allowing for an average serviceable lifetime of
30 years. Finally, due to diversity of haulage
equipment, we have homogenised it based on en-
ergy performance, average traction power and
productive routes. Thus, each unit of capital
would represent a machine with the same energy
performance, average traction power and pro-
ductive routes as an electric locomotive in 1980. In
doing this, the intention is to capture the moder-
nisation process experienced by motor equipment
over the period studied.

With regard to the total capital cost, we have
used investments made by RENFE in mobile
equipment, divided by the average number of
years of serviceable life of equipment material,
plus the expenses in repayments, all in millions of
current pesetas.

As it would also be desirable to incorporate a
variable which could capture the modernisation
process on the railway network structure, we have
taken traffic density (MODER) as a proxy of ef-
forts made to improve the quality of the network.
However, given the complexity of railway trans-
port technology, it would be naive to think that in
a distance function estimation we could encompass
all the elements that could affect it.

Finally, we have incorporated a trend variable
(PROGC) from 1984 with the idea of capturing
the influence of management contract established
in RENFE from this date.

The series of annual data used comes from the
Communications and Transport Annual Report,

19 In energy-equivalent terms.

compiled by the Institute of Transport and Com-
munications Studies, RENFE Reports, Spain’s
National Accounts (INE, several issues) and
Munoz Rubio (1995). Table 1 displays the de-
scriptive statistics of the data series used in our
empirical procedure and also the relevant input
ratios. The input data exhibit a serious decrease in
terms of labour and energy.

7. Empirical results

We jointly estimate the system of equations for
the input distance function and the share equa-
tions given by expressions Egs. (18) and (19), im-
posing homogeneity and symmetry restrictions, for
the period 1955-1995.

In accordance with the theoretical model pre-
sented in Section 2, the outputs (Fkm and Pkm)
would be exogenous and the inputs (£, L and K)
endogenous. As a result of this, in Egs. (18) and
(19), we have the problem that the inputs and the
errors are correlated. '! To solve this, the system
has been estimated using instrumental variables.
The instruments used are the following Spanish
macro series: fixed capital, number of employees in
the agricultural sector and consumption of auto-
mobile gasoline.

The relative allocative inefficiency is given by the
expression k;; (see Eq. (22)) and is obtained from
the parameters estimated from the system of
equations. It is important to point out that if we
did not take into account the correction of the
error term proposed in Eq. (19') and the 4; pa-
rameters were significantly different from zero, the
ki; coefficients would be biased; moreover, at the
sample mean the k;; values would not be signifi-
cantly different from one.

The system (18), (19) and (19’) has estimated by
means of iterative seemingly unrelated regressions
(ITSUR), which is equivalent to maximum likeli-
hood estimation and invariant to the omitted share
equation.

" For a discussion on this point, see Coelli and Perelman
(1999) and Atkinson et al. (1998).



Table 1

Sample descriptive statistics

Period 1955-1984

Period 1984-1995

Period 1955-1995

Mean S.D. Min. Max. Mean S.D. Min. Max. Mean S.D. Min. Max.
Physical outputs
Tonnes-km of 8572 1525 6330 11239 10224 1260 7617 11318 8990 1608 6330 11318
freight (in millions)
Passenger-km (in 11387 2381 7340 15574 15441 456.7 14715 16302 12471 2730 7340 16302
millions)
Physical inputs
Labour 96399 25412 69394 135321 51716 10261 38121 69394 83980 30327 38121 135321
Capital 624.7 116.3 422.3 847.1 863.2 57.8 765.8 959.8 689.1 149.4 422.3 959.8
Energy (10° kcal) 10284 8538 2625 24122 2696 108.1 2456 2793 8247 8028 2456 24122
Traffic density 1.515 0.279 1.030 2.005 2.045 0.115 1.828 2.186 1.658 0.342 1.030 2.186
Input shares
Labour share 0.697 0.096 0.473 0.820 0.701 0.052 0.617 0.707 0.696 0.085 0.473 0.820
Capital share 0.116 0.036 0.062 0.182 0.193 0.061 0.112 0.291 0.139 0.056 0.062 0.291
Energy share 0.187 0.119 0.061 0.445 0.106 0.010 0.088 0.117 0.165 0.108 0.061 0.445
Ratio of inputs
Labour/capital 470.3 4459 138.3 2116.1 98.5 22.96 58.8 138.3 376.4 418.5 58.8 2116.2
Energy/capital 63.5 87.8 5.40 367.2 5.01 0.62 3.59 5.74 48.9 79.9 3.59 367.2
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Before commenting on the results, two final
considerations should be made. Firstly, we take
into account that the errors of the system (18), (19)
and (19') display first-order autocorrelation. A
first-order autoregressive parameter has therefore
been introduced into the distance function and the
cost share equations. Following Friedlaender et al.
(1993) and Berndt et al. (1993), the coefficient of
the autoregressive term has been fixed at the same
value across the different share equations in order
to maintain the property that the model be in-
variant to the elimination of any share equation.
Secondly, attention should be drawn to the fact
that the variables are in the form of deviations
with respect to their geometric means. That is, the
first-order coefficients of the distance function can
be interpreted as elasticities at the sample mean. '*

The estimated parameters are presented in
Table 2. It is verified that the distance function, at
the sample mean, fulfils the properties of being
increasing and concave in inputs and decreasing in
outputs (see Section 3), * and is also homo-
thetic. ' Moreover, from the first-order input and
output coefficients in the distance function, it can
be seen that, at the point-of-means, the passenger
output elasticity is bigger than the freight one, and
the same can be said about labour input in relation
with the other inputs. Also, the trend variable
(PROGC) coefficient is negative and statistically
significant. Since 1984 management contracts have
improved the input allocation in RENFE. On the
other hand, the coefficient of the variable which
measures the process of modernisation of the
network is positive and significant. This positive
sign indicates that if in the presence of techno-

12 Except for the trend variable which is not expressed in
logs.

13 Tests of monotonicity and concavity conditions suggest
that the translog input distance function estimated was well
behaved. In fact, the property of being increasing in inputs is
satisfied at all observations. Similarly, the concavity conditions
(the hessian matrix is negative semidefinite) were satisfied at all
observations. However, the monotonicity condition in outputs
was violated at 9 of 41 observations (7 in the case of Pkm and 2
in the case of Fkm).

14 Homotheticity requires that p,; = 0 Vr, i. The test statistic
has a value of 4.69 and given that it has a y2 with 4 degrees of
freedom, we cannot reject the hypothesis of homotheticity.

logical progress the firm maintains the same
combination of inputs to produce a given quantity
of output, the distance value will increase. '°

The estimated parameters 4;, Ax and Az show,
as we have mentioned, the average cost of absolute
allocative inefficiency of the factors labour, capital
and energy, respectively. The results show that A,
and Ay are significantly different from zero which
implies that, at the sample mean, labour and
capital have been employed inefficiently. In abso-
lute terms, labour has been used in a quantity
greater than the optimum while capital has been
underutilised. The parameter Ap has been re-
stricted to zero because in a earlier estimation its
value was found not to be significantly different
from zero. '¢

From the system (18), (19) and (19) we have
calculate the mean values and evolution over time
of the allocative inefficiency, in relative terms, in
accordance with what has been set out in Section
4. Moreover, from the estimated parameters we
could only obtain a single value of k;; for each
observation. In order to get a distribution for these
ki;, we have used a standard bootstrap technique,
consisting of selecting a random sample of resid-
uals from the estimation of the system (18), (19)
and (19'). Subsequently, “new” dependent vari-
ables were generated for each of the equations of
the system, equal to the residuals selected ran-
domly plus the value of the prediction of the cor-
responding equations. The reestimation of the
system (18), (19) and (19) with the pseudodata
generated in this manner was repeated 100
times. !” To obtain the confidence intervals for the
ki; we used the percentile method (Efron and
Tibshirani, 1986).

Table 3 shows the results for the proportion-
ality factors evaluated at the sample mean, to-
gether with their confidence intervals. Values of k;;
less than one indicate, given the factor prices, that

15 Graphically, in Fig. 1, taking P as our point of reference a
technological improvement will lead to a shift of the isoquant to
the left. See Fare and Grosskopf (1995) to construct a test of
technical change.

16 The estimated 4z was 0.01 with a z-statistic of 0.24.

17 Taking into account in each case the correction for
autocorrelation.
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Table 2
Distance function estimated (sample 1955-1995)
Variable Coefficient t-statistic
Constant 1.9324 1.1134
Log(Fkm) —-0.4001 —6.8821
Log(Pkm) —-0.9624 -9.3511
Log(L) 0.6262 18.9441
Log(E) 0.0950 5.2396
Log(K) 0.2786 8.4083
Log(Fkm) - Log(Fkm) —4.0454 —1.9820
Log(Pkm) - Log(Pkm) 5.3174 3.0681
Log(Fkm) - Log(Pkm) —-0.9593 —-0.7645
Log(L) - Log(L) 0.0141 0.3619
Log(L) - Log(K) 0.0198 0.7413
Log(L) - Log(E) —-0.0339 -1.6192
Log(E) - Log(K) -0.0111 —-0.7286
Log(E) - Log(E) 0.0451 2.6332
Log(K) -Log(K) —-0.0086 —-0.3527
Log(Fkm) - Log(L) 0.0676 1.2265
Log(Fkm) - Log(K) 0.0178 0.4183
Log(Fkm) - Log(E) —-0.0855 -1.9253
Log(Pkm) - Log(L) —0.0075 -0.1274
Log(Pkm) - Log(E) —-0.0410 -0.8223
Log(Pkm) - Log(K) 0.0485 1.0462
Log(Pkm) -PROGC 0.0158 0.6840
Log(Fkm) - PROGC —-0.0087 —0.2344
PROGC -PROGC —-0.0001 —0.1484
PROGC —-0.0229 —2.9255
Log(E) -PROGC —-0.0018 —0.6578
Log(L) -PROGC —-0.0135 -3.4299
Log(K) -PROGC 0.0154 5.0068
PROGC -MODER -0.0123 —-0.3957
MODER 0.9065 9.1480
MODER -MODER 0.2542 0.1318
MODER - Log(Pkm) -2.5724 —-1.5142
MODER - Log(Fkm) 1.6300 0.8752
MODER - Log(L) —-0.0667 —-1.0293
MODER - Log(K) —-0.0383 —-0.7593
MODER - Log(E) 0.1051 1.9283
Ay 0.1371 3.4059
Ak —-0.1371 —3.4059
Equation R-squared DW S.E. regression
Statistics of model
Distance function - 1.98 0.016
Labour cost share 0.97 2.09 0.017
Capital cost share 0.96 1.70 0.013
Energy cost share 0.99 2.15 0.015

input 7 is being overutilised with respect to input
j and vice versa. The results show that the capi-
tal and energy inputs are being relatively under-
utilised with respect to labour (kLABOUR, ENERGY) =
0.82 and kLABOUR, CAPITAL:O-39)- MOI’GOVCY,

energy is overutilised with respect to capital
(kenercy capitaL = 0.71).

Fig. 3 illustrates the evolution over time of
these coefficients. It can be observed that the val-
ues of kpapour, capitaL are below one during the
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Table 3
Proportionality factors k;; values

Average value®

KENERGY, CAPITAL 0.7142
(0.61, 0.81)

kLABOUR, CAPITAL 0.3877
(0.32, 0.47)

kLABOUR, ENERGY 0.8242
(0.75, 0.88)

#Evaluated at the means of the data using parameter estimates
of (18), (19) and (19'). Note: confidence intervals at 95% of k;
are in parentheses.

period analysed, implying that the relative over-
utilisation of labour with respect to capital has
been maintained over the 41 years studied. Some
similarities are also revealed in the behaviour of
KLABOUR, CAPITAL and kgnergy, capitaL: allocative
inefficiency has tended to be corrected over the
period 1963-73. In this period RENFE experi-
enced the highest levels of capital investment in its
history due to the Plan Decenal de Modernizacion
(Ten-Year Modernisation Plan). An improvement
can also be appreciated as a consequence of the
introduction of the management contracts in 1984.
With regard to the evolution over time of the
coefficient kyapour, ENERGY, WE can see that over
the earlier years of the period studied there was an
overutilisation of energy, with the opposite oc-
curring from 1966 on, i.e. the overutilisation of
labour with respect to energy, a situation gradually
accentuated over the remainder of the period.
Moreover, as a by-product of the analysis, we
have measured returns to scale in RENFE. Its mean
value turns out to be 1.37, which is consistent with
the majority of the values presented in the literature
on rail transport. '® Finally, we have also measured
the technical efficiency on RENFE and the total
factor productivity (TFP) growth rate. In our case,
the index of technical efficiency would simply mea-
sure the degree of technical inefficiency in a given
year relative to the most efficient year and, at the
sample mean, its value is 0.96. On the other hand,
the average TFP growth rate, measured by a Mal-

18 The returns to scale associated with an increase in outputs
is defined as: RTS = —1/(0DI/dy).

0.7

0.6

0.5

0.44

0.3

0.2 L L B L L R B L I B B |
55 60 65 70 75 80 85 90 95

— Klk

3.0+

0.0

55 60 65 70 75 80 8 90 95
— Kle

1.4

0.0 L L B L L L B L B B B
55 60 65 70 75 80 85 90 95

— Kek

Fig. 3. Time path of the coefficients &;;.



204 J. Banos-Pino et al. | European Journal of Operational Research 137 (2002) 191-205

quist productivity index, is close to zero (0.01%).
This index can be decomposed in a positive rate of
technical change, about 0.03% per year, compen-
sated by a negative rate of efficiency change
(—0.03%).

8. Summary and conclusions

This paper is an empirical application of the
distance function to study the allocative efficiency
of a regulated railway firm, RENFE, where the
cost minimising hypothesis may be questioned.
The distance function, which is the dual of the cost
function, completely describes the technology and,
like the cost function, it allows a multiproduct
analysis. However, unlike the cost function, the
input prices are not needed for its calculation and
it does not imply cost minimisation.

We have obtained the shadow prices of the pro-
ductive factors, which satisfy the condition of min-
imum cost. These shadow prices are used to
calculate the degree of allocative inefficiency of the
firm and the origin of this inefficiency by using a
parametric correction of prices (k;;). The procedure
followed has consisted of estimating a system of
equations for the input distance function and cost
share equations, employing the iterative seemingly
unrelated regressions method (ITSUR). Moreover,
in contrast with other studies which have used this
method, we assume that the employment of an input
in a proportion different from that which would
minimise cost could be systematic, and incorporate
this possibility into our empirical model. The model
was estimated using annual data over the period
1955-95. In order to achieve a distribution and the
confidence intervals of the proportionality terms
estimated, k;;, we have used a standard bootstrap
technique.

The results indicate that there is no allocative
efficiency, since the calculated shadow prices are
different from market prices. In particular, there is
overutilisation of labour relative to capital and
energy.

This overutilisation could be due in a some way
to the difficulty of adjusting the optimal labour
quantity in a regulated environment such as that in
which RENFE operates. Moreover, and in ac-

cordance with our theoretical model, the over-
utilisation of labour could also be due in part to
the lack of incentives for managers to achieve cost
minimisation.
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