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Abstract

The aim of this paper isto analyse the factors explaining the technical efficiency of Spanish
industrial sectors during the period 1991-1994 using the Survey of Business Strategies (SBE) of the
Ministry of Industry and Energy. We anayse whether efficiency can be explained by factorsexternd to
the firm such asthe degree of competition in the marketsin which it operates, characteristics of the firm
(Size, organisation, advantages of |ocation, participation of public capitd, etc.), aswell asthe effects of
dynamic disturbances that may affect the degree of utilisation of the productive capacity.
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1. Introduction

Technical efficiency consstsof maximising thelevel of production that can be obtained froma
given combination of factors. The concept of technical efficiency indicatesthe degree of successinthe
utilisation of productive resources. Therefore, inefficiency issmply the difference between the observed
values of production and the maximum values attai nabl e given the technology used. To estimate the
differences among the economic agentsit is necessary to estimate the production frontier at which the
efficient agentsarelocated. Thedeviaionsof theremaining firmsfrom thisfrontier, i.e. ther inefficiencies,
are then calculated.

Earlier gudiesin the economic literature have anaysed both the mode s and the determinants of
productive efficiency using frontier gpproaches. Outstanding among them are the studies by Beeson and
Husted (1989) and Perelman (1995). Thefirst uses a stochastic function model to measure productive
efficiency in the manufacturing sector of states of United States. Variation in productive efficiency are
related to regiond differencesin labor-force characteristics, leve of urbanization and industrid structure.
The second one, estimatestota factor productivity (TFP) using aparametric stochastic frontier and anon
parametric production frontier (DEA). The TFP is decomposed into two components, technological
progressand efficiency changeand their relationship istested with aset of potential explanatory variables

that includes R& D expenditures, international competition and structural characterisitcs.

For the case of Spain, frontier estimations of efficiency have been made a mgor sector level in
Prior (1990), Gumbau and Maudos (1996) and Maudos et a. (2000aand b). The first analyses the
efficiency of theindustrid sector of theregions, using anon-parametric deterministic gpproach, whilethe
other three studies anaysetheefficiency of themgor productive sectors (agriculture, industry, energy,
construction and private services) in the Spanish regions using, in Gumbau and Maudos (1996) a
parametric stochastic approach, and in Maudos et a. (2000a and b) a non-parametric deterministic
gpproach. At intra-sector level, only the study by Gumbau (1998) estimatesthe efficiency levels of the
Spanish industrial sectors.



However, the Beeson and Husted (1989) paper have used panel data estimatorsto obtain a
measure of theinefficiency, but the disadvantage of thismodelsisthat they assumethat inefficiency is
constant over time. We have used severd distributiona assumptionsover theinefficiency to avoid this
problem. Perelman (1995) uses a cross country approach while we use an intra and inter-industry

approach.

In addition, to date there has been no study referring to Spanish industry which, using frontier
techniques, analysesthe determining factorsof efficiency. The recent sudiesby Argimon et d. (1997)
and Artolaand Argimon (1998) andyse the determining factors of the efficiency of public enterprisesand
privatefirmsin Spain, but use anon-frontier gpproach to the measurement of efficiency, constructing an
efficiency index based on the productivity of labour.

Consequently, thisstudy aimsto offer, for thefirst timeinthe case of Spanish industry, empirica
evidence on thefactors explaining firms degree of efficiency using, both a aggregete leve for dl industry
and at sector level. Since economic theory does not offer usamodel to explain the determinants of
efficiency, the study doesnot aimto find causal relationsbut only correlations between efficiency and

aset of variables that in other studies have been shown to explain efficiency.

To sum up, theaim of this paper isto analyse the determinants of the efficiency of Spanish
industry, thelatter being estimated using afrontier gpoproach. Thestudy isbased on the datafor anumber
of 1149 firms covering thewhole of theindustrial manufacture of the Spanish economy, captured by the
Survey of Business Strategies (SBE - Encuesta Sobre Estrategias Empresariales) by the Ministry of
Industry and Energy. The paper is structured asfollows. Section 2 briefly describes the factors that the
literature has pointed out asexplaining differencesin efficiency. Section 3 describesthe sampleand the
variablesused. Section 4 presentsthe empirical results of the analysis of the determinants of efficiency

in Spanish industry. Finally, section 5 presents the conclusions of the study.



2. The determinants of efficiency

Theobject of thissectionisto identify the factorsthat affect the levels of efficiency of each firm.
AsLovell (1993) indicates, "the identification of the factorsthat explain differencesin efficiency is
essentia for improving theresults of firmsathough, unfortunately, economic theory does not supply a
theoretical modd of the determinants of efficiency”. However, according to Caves and Barton (1990)
and Caves (1992), several studies have developed a strategy for identifying the determinants of

efficiency. These determinants can be summarised as follows:

1. Factorsexternd to thefirm, such asthe degree of competition existing inthe marketsin which

they operate.

2. Characterigtics of thefirmitself such asSize, type of organisation, greeater or lesser intengty of

investment and the advantages of the location of the firm.

3. Dynamic disturbancesor deviationsfrom thefirm'slong term equilibrium situation. These
disturbances may be aconsequence of the evolution of the demand faced by the firm, or aconsequence

of certain of the firm's production strategies such as the degree of technical innovation.

4. Publicvs. private ownership of thefirm. The degree of publicintervention in the management

of firms can affect the degree of efficiency in the use of productive factors.

With regard to competitive conditions, perfect competition reducesinefficiency sinceitimplies
that alarge number of firms co-exist in the same market, using the same technology, making a
homogeneous product, and furthermore both producersand consumers have perfect information onthe
conditions of the market. In this sense, authors such as Carlsson (1972) and Caves and Barton (1990)
maintain that the presence of competitorsin an economy increases the diffusion of information and
technical knowledge that could be considered to be a source of experience, which can increase the
efficiency of the agents participating in this economy. This effect can be vaued usng a measurement of

the concentration of the market in which the firms carry out their activity (CONC) and a negative



relationship between degree of concentration and efficiency isthereforeto be expected, asthe firmswith
least market power will be more stimulated to devel op strategies (differentiating, innovating, etc.) to
modify their market conditions, whereas firmswith greater market power will not fed threetened by the
potentia competition. However, the opposite result could be obtained if firms experience avery intense
degree of competition, asinthiscaseal simulusto carry out these strategies disappears, Sncethe gains
from them are immediately cancelled by their rivals.

However, the effect of external competition (EC) on efficiency remainsto bedetermined. The
effect of interna competition may be reduced if the market isdominated by importing or export-oriented
firms. Therefore, one way to test this aspect isto measure the degree of firms external competition by
means of internationd trade, the degree of opennessor the propensity to export. In this case, thefirms
with ahigher degree of opennesswill beforced to improvetheir efficiency in order to compete with
foreign firms. It istherefore to be expected that the degree of forelgn competition will decrease busness
inefficiency, and soapriori wewould expect externd competition to haveapostiveeffect onindividua

efficiency.

Secondly, if we concentrate on the effect of factors of thefirm'sinternal organisation, it isof
interest to analyse whether there are differencesin efficiency as afunction of the size of production
(SIZE). Technical efficiency can be related to the scale or size of firmif, asaccording to Torii (1992),
itisassumed that maintaining or improving efficiency demandsacost intermsof thefirm'smanagement,
or in other words, acost of determining how much should beinvested in preserving the firm's results.
According to Caves (1992) this cost is not proportiona to the firm's output, but on the contrary: the

larger the size of the firm the lower the unit cost in terms of the firm's management.

Thirdly, differencesin efficiency are also usualy attributed to ahigher ratio of investment to
physical capita (INV) if it isassumed that new production technologies are incorporated into the new
capita purchases, so that technologica improvements stimulate the growth of efficiency inthe industry.

A positive association is therefore expected between gross capital formation and technical efficiency.



Gumbau and Maudos (1996) find subgtantid differencesin the averageleves of efficiency among
regions. For thisreason, in order to represent the effects caused by the location of the firm, dummy
variablesare constructed to represent the firm'slocation in one of the 17 Autonomous Communities
(regions) of Spain. Theaim of thisisto capture the effects on the efficiency of each firm that may be
caused by factors such asthe greater availability of services, intermediate information channels and

productive inputs which may encourage efficient use of productive resources.

Fourthly, the growth of demand - expanding market (EXPM), stable market (STAM) or market
in recession (RECM) - has been pointed out as one of the factors that may influence the degree of
efficiency of Spanishindustry. Perelman (1995) indicates that the expansion of the market can be seen
asan economic opportunity for thefirm, so that it may consider carrying out projectsto develop new
products or production processes which would therefore improve the firm's efficiency. A positive
relationship can al so be expected between efficiency and expanding markets asaresult of the higher
degree of utilisation of the productive capacity.

Wewill aso analysethe degree of association between innovation or occurrence of technical
change (INNQOV) and efficiency. According to Torii (1992) thiseffect isambiguous asthe effect of the
innovating effort on efficiency may be of positive or negative sign. According to this author, it can be
assumed that efficiency improvesif afirminvestsand increasesits capacity to introduce new products
and production processes, in which casewe should expect apositive rel ationship between the degree
of innovation or technica change and the level of efficiency. However, ahigh degree of technological
innovation or arapid changein thetechnological environment could cause unequal disturbancesinthe
firms of a sector, therefore increasing inefficiency. Inthis case, it is being implicitly assumed that
innovations can move upwardsthe production function of onefirm, making non-innovating firms appear
moreinefficient. If thishypothesisholdsgood, therewill be anegative association between efficiency and

innovative effort.

Finally, part of the literature has concentrated on analysing the rel ationship between private or
public ownership and the degree of efficiency attained in production. The available evidence is

ambiguous'. Wewill analyse the influence of the degree of participation of the public sector in firms,



measured as the percentage of public capital in thetotal equity of afirm (PUBK). Aspointed out by
Argimon et d. (1997), "dthough the theory givesreasonsthat may explaintherdatively lower efficiency
of public enterprises, theresultsare not conclusve. The indetermination resulting from theoretica andlys's

therefore makes it necessary to look at the empirical evidence".

3. Sample and variables used

Thetechnical efficiency of afirmisachieved by maximising production with the quantity of
productive factors used. Theindex of technicd efficiency is defined asthe quotient between the level of
production achieved and the maximum that afirm could achieve by being efficient. To calculatethis
maximum valueit isnecessary to estimate the so-called production frontier at which efficient firmsare
located, inefficiency being calculated on the basis of the distance separating afirm from the production
frontier. These estimations were previously made in Gumbau (1998) using the stochastic frontier

approach.

The functiona form of the production function is assumed to be of the Cobb-Douglas type,
supposing that the level of production -vaue added- (YY) depends on the quantity of labour (L) and
capital (K). The production functionisestimated jointly for the whole sample, though each of the sectors
into which Spanish industry isdivided is allowed to have its own production technology and therefore
different dagticitiesfor labour and capita. The estimationsare carried out on the data.of acompl ete pane
of 1149firmsfrom 18 industria sectors captured in the Survey of Business Strategiesfor the period 1991
to 1994.

Oncethe€fficiency isestimated we andyseitsdeterminants. In order to represent theimportance
of competition (externa and internal) on productive efficiency, we construct, on the basis of the SBE
data, two variablesthat respectively represent theimportance of internationa trade for each firm, and the
concentration of the market. Thefirst of these variablesis measured by the percentage of exportsin the
total salesof each firm (EC)?, whilethe concentration variable (CONC) is defined as the percentage of
total salesrepresented by thefour biggest firmsinthe principa market in which they compete. Thedegree



of response to the concentration variable in the SBE islow, and an estimation of this variable has
therefore been carried out for those firmsthat did not respond. For this purpose we proceeded to identify
the marketsin which these non-responding firms operate, taking into account the sector to which they
belong, the geographical extent of their operations (local, regional, national ...) and the number of
competitorsthat they claim to havein their own sector. Oncethe markets have beenidentified, they are
assigned the average concentration value derived from operating with the responses from the firms

working in the same market.

Theszeof afirm (SIZE) isquantified by thevaue of itssalesin pesatasof 1990 using asdeflator
the Index of Industria Pricesof the Nationa Statistical Ingtitute for the 18 two-digit sectors making up
the SBE, whilethe (INV) variable measuresthefirm'sinvestments as apercentage of its physical capitd.
The growth of demand is quantified by two dummy variables (EXPM) and (STAM) representing,
respectively, whether the firm perceivesthat the potential market inwhichit carriesout itsactivity isin
adtuation of expansion or stability, the reference category being amarket in recesson (RECM). The
degree of technological innovation is measured by the ratio of afirm'sR&D coststo its sales, thus

representing the effort of technical change made by each firm (INNQOV).

The effect of the degree of public sector intervention is quantified by means of the percentage of
the state sharein the firm's capital (PUBK).

Finally, to represent the effects of the firm's location, dummy variables are constructed

representing the firm's location in one of the 17 regions of Spain.

4. Empirical results

In order to identify the factorsaffecting thelevels of technica efficiency of Spanishindudtrid firms
wedtart from the estimation of technica efficiency levelsin Gumbau (1998) for dl thefirmsof the 18
sectors forming Spanish industry during the period 1991-1994. According to thispaper, the average
efficiency of Spanish industry for the period 1991-1994 oscillates around 76%. This meansthat, on



average, Spanish firms produce about 76% of what they could produce with the resourcesthey use. In
other words, they could increase production by about 24% if they were efficient in production. However,
according to this study, no significant differences can be appreciated among sectors at the average levels
of efficiency, athough there are substantial intra-sector inequalities and aso some sectors undergo

substantial individual variations of efficiency over the period analysed.

Having estimated the efficiency of each firm in each year of the sample as aquotient between
observed production (Y) and the efficient maximum (Y*), the model to be estimated in order to andyse

the factors explaining efficiency is as follows:

Y, X,

it!

Yit( f(X.a)exp(v;,)

a)exp(v,&uy,)

EFI Cit " ) e(p(&uit) ) g(Hné%éi%Wit) (1)

wherei=1...1149,t=1991...1994, H arethevariablesexplaining efficiency, & aretheindividua effects,
w; isarandom variable, and the dependent variable (EFIC,) istheindex of technica efficiency obtained

in Gumbau (1998). The explanatory variables have been defined in the previous section.

The procedure whereby the efficiency is obtained in afirst stageand its determinants analysed
in asecond stage requires some darification. Firdly, snce efficiency isavariable ranging from oneto zero
itisnecessary to useanon-linear specification of thefunctiona formg, such asthelogistic or exponentid
specification. Secondly, Since efficiency and the explanatory variables such as concentration, size of firm
or innovation are determined jointly, problems of simultaneity may occur. To avoid the biasesderiving
from thisproblem, the explanatory variables have been insrumented using for this purposethe variables
own lags. And thirdly and lastly, the variable to be explained in the second stage is an unobserved
variable, asit has been estimated in the first stage. Thismay therefore affect the errors estimated. This
possibleerror of measurement or uncertainty in the variableto be explained will causethevariance of the
error term of the second stage to be greater, and thereforethe variance of the parameterswill also be

greater. Thus, there is atendency to underestimate the standard errors of the second stage.
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Giventheavallability of apand of data, and with theam of diminating the unobservableindividua

effects, the estimations are made in first differences®. In order to take into account the problems of

endogeneity of theexplanatory variables, weuseaversion of thegeneralised moments method (GMM)

using lagsof thevariablesasinstruments. More specificaly, the explanatory variablesareinstrumented

using lagsint-2 and after. Thus, dthough the sample coversthe period 1991-1994, thefirst cross section

used in the estimationsis 1993 because one year islost by taking differences and another by using as

instrument the first lag of the explanatory variables.

Asmentioned above, it isnecessary to adopt non-linear functional specifications becausethe

variable to be explained ranges from zero to one. Using in (1) the logistic functional form, we have:

H, A%e&%w,
EFIC,.~
1%e

H, A% %w,
and if we take logarithms,
EFIC, R
Ln——"H, a%& %w,,
1&EFIC,,

If we use the exponential function,

EFIC. " eHita%éi%Wit
it

@

©)

4

which, if we take logarithms, makes the estimation easier as only efficiency hasto be transformed using

logarithms.

Using thelogigtic functiona form*, the determinants of theefficiency of Spanish industrial firms

are estimated as presented in table 1. It can be seen that the test of restrictions of over-identification does

not reject the validity of the instruments used.
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With regard to the determinants of efficiency, we would highlight, firstly, the existence of a
positive associ ation between size of firm (SIZE) and efficiency, aresult which agreeswith those obtained
in Caves (1992) and Seong (1992). This may be the consequence of ahigher level of quality inthe

making of internal decisions or in the organisation of the production processin firms of larger size.

Secondly, anegative corrdationisobtained between theeffort of innovation (INNOV) and the
level of efficiency of each firm. This indicatesthat firmsthat make heavier investment in R& D incresse
the gap between them and the potential output. Thisanomal ous result may bedueto two causes: a) the
fact that R& D activities give rise to dynamic effects so that present expenditure on R& D issureto result
infutureinnovations. For thisreasonit ispossiblethat afirm that spends on these activitiesmay appear
to be obtaining low output at present, although it will obtain higher output in the future; and b) it may
occur that somefirmshaveincurred excessive R& D expenses compared to their competitors, so that
such R& D costsmay not |ead to the expected innovation, which consequently doesnot improvethefirm's
degree of efficiency.

Thirdly, thereisalinear relationship between the degree of concentration of the market and
efficdency. Theggnsof the concentration variable and of its squareindicate that efficiency diminisheswith
concentration, the square of thevariable not being sgnificant. Therefore, thefirmsthat operatein more
competitive sectorshave most incentive to behave efficiently, i.e. to obtain higher levelsof output for a
given combination of inputs. However, the resultsmust beinterpreted with caution as high concentration
does not dwaysimply absence of competition. Thus, thetheory of contestable markets shows us how
the absence of barriersto theentry of potential competitors may determine competitive behaviour even
in highly concentrated markets. Also, theimportance of competition for efficiency is corroborated by the

fact that external competition actsin favour of efficiency as shown by the variable EC.

Fourthly, we observe apositive and significant effect of the variable INV, or investmentsasa
percentage of thefirm'scapital. Thisresult showsthat there exists a positive dynamic for firmsthat
renovate their capital, and shows at the same time that the use of new machines (which presumably

incorporate the latest technologies) improve the efficiency of the firm.
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Fifth, the results obtained with regard to the conditions of the marketsin which thefirms operate
arenot satigticaly sgnificant. So, taking into account that the reference category isthe variable " markets
inrecesson’, neither thevariable EXPM (marketsin expanson) nor STAM (dable markets) issignificant.

Six, regarding the influence of the ownership of firms, the highest levels of efficiency are
associated with those sectors with least share of public capita in firms (PUBK), thisresult being in
agreement with the evidence obtained in Argimon et a. (1997) and Artolaand Argimon (1998) for a
sample of firms from the Bank of Spain's Balence-sheet Register for 1994.

Findly, the dummy variables capturing the effect of firms location in oneregion or another do
not in generd give sgnificant results, the only exception being the significant negative differentia effect in
the Vaenciaregion.

In order to find intra-sectoria differencesin efficiency table 2 anayses the determinants of
efficiency by sectors. Asageneral commentary, substantial differences can be appreciated between the
results obtained for industry asawhole and the particular resultsfor each sector of activity, which shows

the heterogeneity of sectors within industry as awhol€e’.

Theresults of table 2 show that in most sectorsthe size of firm (SIZE) and the investment effort
(INV) affect technical efficiency positively, although in some sectors the results obtained are not
satistically significant. Thusthe positive effect that both variables have on efficiency at the aggregate

industry level is maintained at sector level.

For innovation (INNOV) gatistically significant results are obtained only in Six sectors (2.- Non-
metallic mineral products; 5.- Agricultural and industrial machinery; 7.- Electrical material and
accessories; 9.- Other transport material; 15.- Timber and wooden furniture; and 16.- Paper, paper
articles and printing), the sign of the correlation being positive in two cases (sectors 9 and 15) and

negative in the rest.
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Within each sector, the negative effect of concentration (CONC) ontechnica efficiency isnot
statistically significant in many of them. However, there is an opposite, positive effect in the case of
sectors9 (Other transport materia) and 11 (Tobacco and food products). Thisistherefore aparadoxical
situation in which anear-monopoly situation within the country leadsto ahigher level of efficiency.
However it may occur that the competition for these sectors comes not from the nationa market but from
abroad, inwhich case, thefirm would not bein amonopoly situation. In this sense we note the positive
effect exercised by externa competition (EC) on efficiency in numerous sectors: 2.- Non metalic minerd
products, 4.- Meta products, 5.- Agricultural and industrial machinery, 9.- Other transport materid, 11.-
Tobacco and food products, 13.- Textilesand clothing, 16.- Paper, paper articlesand printing, and 17.-
Plastic and rubber products. On the other hand, the effect of external competition increases the

inefficiency of sectors such as 3.- Chemical products.

Another sdient point isthat the sector results show the existence of important differencesamong
sectorswithregard to the effects of theevolution of internd demand on efficiency, though at theaggregate
level thiseffect isnot Sgnificant. A postive effect of the variable EXPM (expanding market) indicatesthat
the favourableevol ution of the market in the corresponding sector has apositive effect on efficiency, and

therefore on better utilisation of the firm's productive resources.

Finally, state participation in the ownership of firms (PUBK) affects efficiency negatively and
significantly insectors 1.- Ferrousand non-ferrous metals, 7.- Electrical material and accessories, 3.-
Textilesand clothing, and 16.- Paper, paper articlesand printing. Itseffect ispositive only in sector 9.-
Other transport material.

Thustheresults obtained at aggregatelevel for industry asawhol e vary when the determinants
of efficiency areestimated at sector level. The aggregate results"mask" important differencesamong
sectors, and it is therefore necessary to decompose them by sectorsin order to obtain more detailed

knowledge of the reality of Spanish industry.
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5. Conclusions

Oneof themost important economic aspectsin ensuring the competitiveness of afirm or asector
isthe degree of efficiency in production. Thusthe empirical evidence available showsthat gainsin

productivity, andthereforein competitiveness, depend on both technica progressand gainsin efficiency.

For thisreason, it isimportant to identify the factors explaining the differences among economic
agents. Theobjective of this paper has been to analyse the factors explaining the technical efficiency of
Spanish industry inthe period 1991-1994, using the information provided by the Survey of Business
Strategies. The study aimsto shed light on this subject by offering empirica descriptive evidenceto help
towards better knowledge of the reality of Spanish industry.

Starting from thelevels of technica efficiency of Spanish industry estimated in Gumbau (1998)
using the stochastic frontier approach, we have attempted to identify the factors that explain the
differencesof technical efficiency among firmsof different sectors. In order to diminate the unobservable
individud effectsand thustake advantage of the availability of apand of data, the equation explaining
efficiency isestimated infirst differences. Also, the generalised moments method is used to control for
problems of endogeneity of the explanatory variables, using for this purpose lagged values of the

variables.

Theresults obtained for dl industry show that efficiency increaseswith the Sze of firm and with the
greater volume of investment made. Also, efficiency increasesin those firmsthat are most subjected to the
pressure of external competition. At the other extreme, the lowest levels of efficiency are manifested by
firms operating in more concentrated marketswhere there is presumably less competition, and by firmswith
greater public participation in the firm's capital.

The results obtained at aggregate level for al industry should not mask the fact that there are
important differencesat sector level regarding inequditiesof efficiency and their determinants. Of dl the
variables explaining efficiency, the most robust results at sector level correspond to the positive effect of

sizeandinvestment onfirms levesof efficiency, whileamong the other determinantsthe sector resultsare

15



much more heterogeneous. Consequently, thislast result shows usthe need to enter into sector detail for

a better knowledge of the reality of Spanish industry.

* The authors wish to thank the Ministry of Industry and Energy for allowing them to use the Survey of
Business Strategies for the purposes of the study. They aso thank the CY CIT for funding through its
project SEC2001-2950 and the Generalitat V alenciana through its project GV 99-103-108.

Notes

L Argimén et al. (1997) review both the theoretical analysis and the empirical evidence of the
ownership-efficiency relationship.

2 |n other studiesit is frequent to use the coefficient of openness, [(exports + imports) / sales], asa
proxy of the degree of external competition. However, the problem that may be posed by this variable
at firm level isthat alarge part of the imports that discipline domestic supply are not made by the
producing firms themselves, but by commercial intermediaries and also directly by foreign or
multinational firms. However, the results are robust when this variable is used as an indicator of external
competition.

* Except for the dummy variables for the region (AC) and for growth of demand (EXPM and STAM),
which areintroduced in levels.

* Astheresults are robust if the exponential function is used, we only “present the results corresponding
to the logistical function.

> The same conclusion is reached in the study by Artola and Argimén (1994) with data from the
Balance-Sheet Register of the Bank of Spain for 1994.
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TABLE 1
DETERMINANTSOF THE EFFICIENCY IN THE
SPANISH INDUSTRY

Variables Coseficient t-ratio
SIZE 0.5226E-08 4719
INNOV -1.6258 -2.182
CONC -0.1081 -1.971
CONC? -0.0177 -0.821
EC 0.0309 2.061
INV 0.0566 3.258
STAM -0.5663E-03 -0.618
EXPM 0.3746E-05 0.321
PUBK -0.2285E-02 -1.885
Andalusia 0.4105 1.194
Aragon 0.4656 0.869
Asturias -0.2347 -0.440
Balearics 0.1669 0.239
Canaries -0.0851 -0.181
Cantabria 1.2731 1.622
C-LaMancha 0.1933 0.613
C-Leon -0.3376 -1.114
Catalonia -0.0504 -0.462
Extremadura -0.0393 -0.0211
Gdlicia -0.2952 -1.293
LaRioja 0.1545 0.152
Madrid 0.1193 1.232
Murcia 0.2183 0.600
Navarra 0.0832 0.199
Basque Country 0.0330 0.168
C. Vdenciana -0.2406 -1.885
Num. firms 1149
ST 55.42 (0.33)

Dependent var: Ln[EFIC/(1-EFIC)]

Estimation in first differences

ST= Sargan test of overidentification; p-value in parenthesis

In parenthesis, t-ratios robust to heteroscedasticity

19




TABLE 2
DETERMINANTS OF THE EFFICIENCY BY SECTORS
SECTOR 1 SECTOR 2 SECTOR 3 SECTOR 4 SECTOR5 SECTOR 6 SECTOR 7 SECTOR 8 SECTOR 9
SIZE 0.346E-08 0.907E-08 (2.523) | 0.846E-08 (2.145) -0.101E-07 (- 0.266E-07 (1.327) 0.370E-07 0.14E-09 0.461E-07
INNOV (0.749) -4.1939 (-1.670) 0.6943 (0.845) 0.34) -3.253 (-1.998) (4.063) (0.130) (3.970)
CONC -9.9067 (-1.068) 0.1436 (1.111) 0.0100 (0.191) -0.5716 (- -0.1039 (-0.531) -2.4800 (-5.755) -1.2058 (-0.871) 7.3524 (2.639)
CONC? 0.1667 (0.435) -0.1352 (-1.743) -0.1567 (-3.040) 0.4743) -0.1531 (-1.036) -0.14722(-1.341) | -0.3105(-1.425) 0.3013 (2.150)
EC -0.7968 (-2.184) 0.0656 (3.173) -0.0758 (-2.396) -0.0871 (-0.522) 0.0911 (1.757) -0.0565 (-0.567) -0.1099 (-0.573) 0.6073 (3.114)
INV -0.0444 (-0.493) 0.0980 (3.717) 0.0072 (0.261) 0.2065 (2.652) 0.0345 (0.591) -0.0090 (-0.358)) 0.0471 (0.780) 0.3352 (4.301)
STAM 0.0983 (0.882) 0.137E-02 (1.325) 0.0128 (4.442) 0.1333 (3.990) 0.465E-02 (1.347) 0.0221 (0.796) 0.1235 (2.068) 0.4267 (3.173)
EXPM -0.0154 (-3.103) -0.158E-04 (- -0.151E-03 (- 0.1021 (2.902) -0.503E-04 (- -0.288E-02 (- 0.16E-02 -0.0063 (-1.116)
PUBK 0.24E-03 (3.442) 1.196) 4.325) -0.178E-02 (- 1.312) 2.217) (0.258) 0.162E-03
Andadusia -0.26E-02 (- -0.185E-02 (- 1.07) 0.189E-04 -0.27E-04 (- (2.491)
Aragon 2.849) 0.2585 (2.531) 0.933) 0.604E-05 -0.0959 (-0.816) (0.959) 0.36) 0.234E-02
Asturias -0.0881 (-0.872) 0.2599 (1.908) 0.0210 (0.303) (0.283) 0.2591 (2.478) -0.251E-02 (- 0.10E-02 (3.666)
Balearics -0.0326 (0.117) 0.1674 (1.305) -0.215E-02 (- -0.2487 (-1.097) 3.307) (0.783) -0.2788 (-3.005)
Canaries | -0.0790 (-0.645) 0.1124 (0.602) 1.48) 0.2349 (2.721)
Cantabria 0.2373 (0.701) -0.0713 (-0.373) 0.3802 (1.161) -0.0077 (-0.084) 0.2439 (2.526) 0.0932 (1.297)
CMancha 0.0543 (0.449) -0.1213 (-0.555) 0.0397 (0.185)
C-Leon -0.0387 (-0.670) 0.3674 (1.358) -0.1367 (-0.692) 0.3365 (1.300) -0.1225 (-1.801)
Catalonia -0.2343 (-1.541) -0.0517 (-0.480) -0.0709 (-0.263) 0.0149 (0.123) -0.0576 (-0.222) -0.1878 (-1.887)
Extrema. 0.0529 (0.552) -0.0276 (-0.506) -0.0020 (-0.029) -0.4430 (-05832) 0.0272 (0.563) 0.0624 (0.214) 0.0534 (0.355)
Galicia 0.2279 (3.286) 0.0103 (0.491) 0.1141 (0.663) -0.4198 (-1.058) -0.0505 (-0.268)
LaRioja 0.1400 (1.423) 0.2072 (1.563) -0.0345 (-0.182) 0.0446 (0.234) -0.0005 (-0.006) | -0.0267 (-0.541)
Madrid 0.1985 (2.258) 0.0516 (0.556) -0.7093 (-10.083) 0.0709 (0.298) -0.1529 (-2.914) 0.0662 (1.083)
Murcia 0.032 (0.896) 0.0720 (1.697) -0.0253 (-0.439) 0.0200 (0.335)
Navarra 0.1977 (2.947) 0.1997 (2.031) -0.0202 (-0.522) -0.0300 (-0.213) 0.1067 (0.739)
BascqueC 0.0334 (0.334) 0.3361 (1.658) -0.3523 (-0.024) -0.0798 (-0.393) -0.2079 (-2.979)
C. Valen. 0.4110 (2.722) 0.0400 (0.471) -0.1810 (-1.286) -0.514 8 (-1.632) -0.0343 (-0.380) 0.0229 (0.449) -0.2292 (-2.241)
0.1415 (2.122) 0.0055 (0.219) 0.0455 (0.548) 0.1986 (1.553) 0.0138 (1.007) 0.0777 (0.600)
-0.0171 (-0.175) -0.0164 (-1.951) 0.1224 (1.053) 0.0622 (0.185)) 0.0598 (0.752) 0.0988 (2.294)
-0.5480 (-1.040) 0.0974 (1.463) 0.0479 (0.450) -0.0584 (-1.228)
-0.0544 (-1.240) 0.0904 (0.808) 0.0675 (0.695)
-0.0666 (-0.754)
Firms 27 81 88 121 65 10 112 52 23
ST 41.89 (0.41) 38.87 (0.56) 47.88(0.32) 34.42 (0.82) 43.82 (0.52) 39.52 (0.58) 61.37 (0.07) 34.12 (0.07)

Seenotesintable 1

A white space shows that there is no firm in that sector having this variable.
The estimation in sector 6 cannot be done because the sample istoo samall.

20




TABLE 2 (CONTINUATION)
DETERMINANTS OF THE EFFICIENCY BY SECTORS

SECTOR 10 SECTOR 11 SECTOR 12 SECTOR 13 SECTOR 14 SECTOR 15 SECTOR 16 SECTOR 17 SECTOR 18
SIZE 0.459E-07 0.285E-08 (1.864) | 0.441E-07 (2.136) 0.503E-07 -0.232E-07 (- 0.137E-06 0.2185E-07 0.53E-07 0.245E-06
INNOV (2.639) 1.3548 (0.856) 0.9790 (0.075) (1.727) 0.155) (1.32) (8.39) (1.856) (1.931)
CONC 1.077 (0.128) 0.6031 (2.692) 0.4111 (0.847) -0.7144 (-1.240) -0.7038 (-0.315) 14.159 (1.694) 4.153 (4.025) -2.3347 (-1.027) -2.617 (-0.274)
CONC? -0.5555 (-0.960) 0.1866 (2.022) -0.3266 (-1.359) -0.1977 (-1.613) 0.3110 (0.888) -0.2107 (- 0.1966 (0.636) 0.3106 (0.999) -0.5271 (-1.507)
EC -0.0293 (-0.192) 0.0613 (1.770) -0.0296 (-0.518) 0.3824 (2.316) -0.2083 (-0.902) 0.365) 0.0297 (0.996) -0.1428 (-1.120) 0.0100 (0.048)
INV 0.062 (0.952) 0.0454 (0.762) 0.0032 (0.050) 0.0639 (2.600) -0.0360 (-0.434) 0.0294 (1.198) 0.0339 (2.525) 01114 (1.791) | 0.08676 (1.5324)
STAM 0.1450 (1.687) -0.193E-02 (- -0.348E-02 (- 0.1103 (3.747) 0.0431 (0.374) -0.0287 (- 0.0375 (1.771) 0.0764 (1.210)) | 0.1445 (1.64445)
EXPM -0.0035 (-1.018) 0.977) 0.615) -0.814E-03 (- -0.435E-02 (- 0.432) -0.66E-04 (- -0.82E-02 (- -0.588E-02 (-
PUBK 0.513E-04 0.253E-04 (1.148) | 0.393E-04 (0.582) 0.42) 0.847) -0.0623 (- 0.059) 2.51) 1.10)
Andadusia (1.280) 0.170E-02 (1.551) 0.407E-04 0.717E-04 (1.204) 0.700) -0.114E-05 (- 0.95E-04 0.170E-03
Aragon 0.0931 (1.123) -0.0465 (-0.644) (1.417) 0.566E- 0.084) (1.966) (1.777)
Asturias -0.0233 (-0.600) 0.0305 (0.167) -0.0101 (-4.33) 02(1.24) -0.214E-02 (- 0.12E-02
Balearics 0.0380 (0.612) -0.0509 (-0.784) -0.0050 (-0.069) -0.0412 (-0.410) -0.80E-04 (- 13.44) (0.554) -0.3978 (-2.794)
Canaries | -0.1170(-1.498) -0.2218 (-1.325) 0.0475 (0.544) -0.0949 (-0.434) 1.40) -0.0359 (-1.542) -0.2046 (-0.475) | -0.0284 (-0.274)
Cantabria 0.0371 (0.511) 0.0730 (1.098) -0.1728 (-0.516) 0.0396 (0.509) -0.1437 (-1.567) 0.1665 (0.783)
CMancha 0.2617 (1.518) -0.5807 (-2.480) 0.1089 (0.819)) 0.0220 (0.210) -0.0681 (-0.871)
C-Ledn 0.1774 (0.754) 0.1389 (1.526) -0.2148 (- 0.4291 (0.793) 0.1196 (0.765)
Catdonia | -0.0039 (-0.080) -0.0046 (-0.054) -0.2317 (-0.705) 0.1032 (1.111) 0.817)
Extrema. -0.1278 (-1.668) -0.0777 (-2.702) 0.276E-02 (0.051) | 0.1430(-0.198) 0.4475 (2.704) -0.1622 (-
Galicia -0.0095 (-0.026) 0.5211 (1.198) -0.2340 (0.950) -0.0376 (-0.208) 0.527) 0.7532 (1.833) 0.2754 (0.860) 0.0259 (0.194)
LaRioja -0.0270 (-0.264) 0.0170 (0.204) -0.2633 (-0.928) 0.3991 (1.128) -0.0865 (-0.772) 0.0759 (1.416)
Madrid -0.0931 (-1.722) 0.1583 (0.647) 0.0.248(0.933) 0.0347 (2.268) 0.0427 (0.636)
Murcia 0.0180 (0.220) 0.0084 (0.076) 0.0490 (-0.710) 0.1810 (0.251) 0.2188 (0.867)
Navarra -0.0711 (-2.227) 0.1843 (2.939) -0.0437 (-0.388) 0.1363 (0.941) -0.1434 (- 0.3745 (1.279)
BasqueC | -0.0032 (-0.040) -0.0617 (-0.239) 0.0778 (1.024) 0.4157 (1.900) 0.976) -0.3990 (-1.063) | -0.0135(-0.170)
C. Valen. 0.0748 (1.161) 0.0570 (0.495) -0.1055 (-1.058) 0.2887 (3.779) 0.1061 (0.893) 0.0260 (2.245) 0.1692 (1.001)
-0.0541 (-0.813) 0.0720 (0.655) -0.0748 (-0.916) 0.3729 (0.817) 0.5791 (3.296) 0.0493 0.0657 (0.186) 0.0968 (0.706)
-0.0291 (-0.704) 0.1014 (0.231) -0.0545 (-1.128) (0.425)7) -0.1792 (-0.593) -0.0538 (-0.501)
0.0404 (1.208) -0.0213 (-0.305) 0.1021 (0.455) -0.1385 (-1.933)
0.999E-02 0.0545 (1.515) -0.1125 (-1.324)
(0.09)
0.0073 (0.037)
-0.0801 (-
0.527)
-0.1698 (-
0.549)
0.0075 (0.136)
Firms 31 117 28 118 38 62 83 66 27
ST 51.70 (0.12) 41.40 (0.41) 51.77 (0.05) 48,58 (0.23) 57.22 (0.05) 48.39 (0.29) 37.50 (0.80) 38.63(0.77) 48.22 (0.07)

Seenotesintable 1
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