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0. PREFACE

In the following paper we face the debate on the relation among openness and industrialisation in developing
countries.

The analysis is focused on the different role that static and dynamic comparative advantages can have in
enhancing a developing country industrial competitiveness. In fact, we stress the limits of the first, which can
hinder long-run development, locking a developing country in a low growth path. Conversdy, we
acknowledge the importance of the latter, contemporaneoudly stressing the difficulties behind their creation,
which require the implementation of industria policies.

The approach used differs from the previous studies on the subject, which have dealt with aggregated data or
have analysed the direct impact of export on plants. In particular, we andyse both the role of openness
(together with the concentration on static comparative advantages of manufacturing activities) and of
industrial policies (aimed at the creation of dynamic assets) on plant efficiency. We concentrate on Chile, a
country that have built its industridlisation on natural resources, using the ENIA plant survey, which
accounts for al enterprises with more than 10 employees. Data on local endowments is drawn partly from
the household survey CASEN, partly from nationa institutions. The first are at the municipal level, while the
second are disaggregated per region.

A cross-plant analysis is carried, as we have information at the municipal level only for the years 1996 and
1997, dividing the sample by 9 sectors of manufacturing activities. We estimate the efficiency using a one
step stochastic frontier approach, and a trandog production function. The first alow for different
distributions of the (in)efficiency term for each plant, while the second can approximate amost any
functional form.
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1. INTRODUCTION

“Does trade promote innovation in asmall open economy?’ “It depends’®.

Debates on openness and trade, and their impact on the growth and industrial competitiveness of nations,
have been one of the major topics of discussion in economic development?. Part of the empirical analysis that
underlies the discussion is conducted at the level of how trade (or distorting restrictions) can directly affect
growth®. Another smaller group of work sets out the impact of trade on a set of variables that are assumed to
be linked with growth or competitiveness’. In both cases it is difficult to separate the effects of trade from all
the other determinants that directly or indirectly affect the evolution of the industrial sector®, without
mentioning the problems of computing an indicator of trade openness. A third problem is that, in most cases,
there is no clear knowledge on how the elements affected by trade impact on competitiveness in their turn.
Finally, an extensive literature has been built on descriptive analysis of the changes in the productive systems
of countries in the decades following trade liberalisation®.

Conversaly, most of the theoretical analysis has been based on very restrictive assumptions that hardly
represent real-world dynamics’. Only more recently have theoretical contributions taken into account the
relevance of market failures and, in avery few cases, of selective polices.

In the present work we focus our attention on the role of comparative dtatic advantages and competitive
dynamic advantages, which can be seen respectively as outcomes of free trade and sdlective industrial
policies. The former are mainly natural endowments, and do not require any kind of intervention, while the
latter are assets created through policy interventions. We build our argument on the theoretical and empirical
evidence that an industrial strategy based only on natural resources (say primary resources and abundant
unskilled labour) does not generate a long-run growth path (for a brief review and references, see Rodriguez
and Rodrik 2001). In fact, the different technological endowments are the main determinants that drive the
countries through dissimilar (possibly diverging) levels of competitiveness (Dosi et al. 1990).

Likewise, just as countries differ in their level of technological development, firms within a country
specialise in products and processes that have different technological intensities. And their different patterns
of specialisation, together with the institutional shape, are the main determinant of national competitiveness.
We claim that country competitiveness depends on the technologica intensity of the products in which firms
speciaise and of the processes they use. At least this is the idea behind the industrial strategies of developed
countries, as stated by the American Nationa Science Board: “High technology industries are important to
national economies because they produce a large share of innovations, including new products, processes
and services that help gain market share, create entirely new markets, or lead to more productive use of
resources. High technology industries are also associated with high value-added production, success in
foreign markets, and high compensation levels. Results of their activities diffuse to other economic sectors,
leading to increased productivity and business expansion” (National Science Board 2002, p 0-8) (italics
ours). Nevertheless, upgrading in both products and processes is achieved through lengthy learning dynamics
that have to be backed by ingtitutions, through the provision of competitive assets.

We concentrate our analysis on Chile, a country that has followed a pattern of industriaisation strongly
based on natura endowments, and is recently experiencing a halt after two decades of strong growth. In
particular, we aim at understanding what are the determinants of plant efficiency in the manufacturing sector,

! glight paraphrase of Rodriguez and Rodrik (2001, p.6).

2 For abrief review and references on the same topic see for example Winter (Winter 2000).

% The literature is redlly extensive. For two recent works reviewing some previous results and methodologies see
Rodriguez and Rodrik (2001); Subramanian and Roy (2001).

* See for example works on structural reforms (White and Levine 2000).

®> Most of the studies control for different determinants, but there is no control for possible correlation among them and
openness.

® For the Latin American case see for example references in section 2.2.

" As Romer observes, “ According to this approach, if we want to discourage counterproductive restrictions on trade and
foreign investment in most countries of the world, then the right model is one with perfect markets so that intervention
can be shown to be everywhere and always a mistake.” (Romer 1993, p66).
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in order to shed some light on the role of static and dynamic advantages. We analyse them across plants in
different sectors, and different locdities in the country. The first categorisation is useful to divide plants
according to the technological intensity of products and their reliance on local resources. The latter provides
some information on the endowments, both natural and created, that factories can exploit locally.

We use a flexible form of the production function that alows us to avoid any hypothesis on elasticities and
returns to scale. Besides, we adopt a particular form of the stochastic frontier approach, which permits
estimating in one single step the frontier production function, the inefficiency measure of each plant, and the
determinants of the efficiency. This method does not require the assumption of an identical distribution of
inefficiencies across plants, alowing for the more redlistic acknowledgement of idiosyncratic factory/plant
characteristics.

Thus, the paper is structured as follows. In the next section we delineste the theoretical and the national
framework, the spaces in which our analysis is built. We then conclude the section with a brief discussion of
the advantages of adopting a micro-level approach. In section 3 we explain the methodology of the analysis;
we first provide a brief survey on the stochastic frontier approach, and then explain the advantages of using a
one-step pracedure for the estimation of the determinants of efficiency. The form adopted for the production
function is defined. In section 4 we proceed with the description of the manufacturing categories (and the
rationale behind it), and depict data sources and variable construction and selection. The fina model is then
presented. Section 5 contains the econometric analysis, its main steps, and an evauation of the results
obtained. We then conclude with some final considerationsin section 6.

2. COMPARATIVE ADVANTAGES AND TECHNOLOGICAL CAPABILITIES IN THE
INDUSTRIALISATION PROCESS. THEORETICAL AND EMPIRICAL FRAMEWORK

In the present section we delineate the theoretical framework adopted which has led to the subsequent
empirical analysis. Then a brief description of the available evidence on the Chilean industrial achievements
is provided. In the last section we explain why we have adopted a micro level analysis and how it can
contribute to the debate presented in this section.

2.1. Thetheoretical framework

As a premise, we underline that we introduce here a theoretical framework, which is meant to delineste the
theoretical space of the analysis. We suggest there is a certain difference between such a framework and a
theoretical model, in which a precise set of causes and effects is posited®.

It has been broadly acknowledged that trade has a positive effect on countries growth, both developed and
developing (e.g. Dornbusch 1992; Krueger 1997; Rodrik 1999). To avoid leaving space for any doubt, Anne
Krueger states: “while other policy changes also are necessary, changing trade policy is among the essential
ingredients if there is to be hope for improved economic performance”’ (Krueger 1997, p.1) (italics ours).

Although the empirical evidence on the direction of causality between trade and growth is not as clear as
Krueger poses it (Fung et al. 1994; Rodrik 1999), and although it is not a smple task to measure a country’s
openness (Rodriguez and Rodrik 2001) and thus conclude about its role in growth, we agree that, broadly
gpeaking, a closed system has less opportunity to ‘develop’ as it does not have knowledge inflows and is
congtrained by lock-in effects (Arthur 1988).

Nonetheless, we enter the debate a a lower level, assessing the essentiality of “other policies’” aimed at the
creation of ‘dynamic’ comparative advantages (Dosi et a. 1990), given the trade regime. In fact, while
Krueger's views about the key role of openness is based on the Heckscher-Ohlin (H-O) modd (Krueger
1978), we borrow our framework from ‘neo-keynesian’ and ‘ neo-schumpeterian’ trade theories’. Ultimately,

8 |f an analogy is allowed, they can be respectively compared to a square in which various shapes can be drawn and a
one-directional line, the shape of which has to be defined.
® Aswill be clear in the following schematic descriptions, many complementarities apply among the two approaches.
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we reject the hypothesis that developing countries should base their industrialisation strategy exclusively on
‘gatic’ (alocative) comparative advantages, and acknowledge the importance of selective industrial policies
in order to sustain dynamic advantages'®.

From the neo-schumpeterian perspective, the technological factor plays a centra role in the definition of
trade patterns (Cimoli and Dos 1995; Dosi et a. 1990). In the first instance technology is not assumed to be
readily available and transferable from one country to another (not even from one firm to another), which
means that the conditions to ‘understand’ technological knowledge have to be created. In particular, there
must be a process of learning, which is not an automatic outcome of trade but needs effort, time and
knowledge building (Katz 1985). While these processes are mainly performed by firms, there is quite
extensive evidence that it has to be backed by institutions, not only in correcting distortions, but aso in the
creation of assets™.

Borrowing the concept proposed by Cohen and Levintha (1990), and adapting it to development issues, the
role of absorptive capacities is crucial, at the level of both productive and ingtitutional bodies™ (micro and
meso level). To progress in the process of development, countries need not only to ‘understand’ and use new
technologies, but aso to learn how to create new ones, generating an endogenous capability to innovate.
From those perspectives Bell and Pavitt (1993) distinguish between technological capabilities and production
capacities”. This “*capability approach’ suggests that comparative advantage depends more on the national
ability to master and use technologies than on factor endowments in the usua sense” (Lall 2000, p.4). Thus,
the path that has driven the country to the present level of development has a crucial role in determining
future possibilities of growth (Dos et al. 1990). A key element is the cumulative characteristics of
knowledge, as a strong knowledge base increases the capability of acquiring and producing new knowledge
in the future.

From this perspective it appears that the H-O approach is a useful tool only in conditions of perfect
competition and equal distribution of technological capabilities. But in a world where those conditions do not
apply, and market failures are more the rule than the exception, there is space for multiple equilibria, where
developing countries specidise in low technology goods, with low value added (Redding 1999). The
negative effects of specialising in static comparative advantages were formalised by Krugman (1987) in a
model in which output depends on labour and increasing returns to learning, and productivity depends on an
index of cumulative experience which is related to labour intensity and sector of specidisation™. The author
shows that when those determinants are taken into consideration there is space for infant industry policy, in
order to increase the cumulative experience. Similarly, he analyses the case in which speciaisation in
production based on natural resources leads to lower competitiveness®™ in the long run.

The demand side aso plays a crucia role, so far as both domestic and international terms of trade are
concerned. From a Kaldorian-Keynesian perspective, the idea is readily shown in a two-good closed
economy. If the terms of trade of one of the goods are very low, the production of the other sector will not
have much space for increase, as the overal country demand is low (Thirlwall 1992). Shifting to the
international perspective, Kador assessed the importance of export-led growth as a means to increase
national manufacturing production, but he also argued that the international terms of trade negatively affect
the developing countries (Fagerberg et al. 1994). Such evidence had been observed and theorised about
twenty years before by both Prebisch and Singer, and their analyses had led to the adoption of the Import
Substitution policies (Prebisch 1950; Singer 1950).

19 \We also recognise the presence of government failures, but these go beyond the purposes of the present study.

1 For e brief review of the most important types of policies used by developed countries see Fagerberg et al. (1994).

12 Absorptive capacities are defined as the abilities to recognise new knowledge (in the wider sense of the term), discern
it and apply it to productive ends.

13 The difference is better explained by the authors: “We draw a distinction between two stocks of resources: production
capacity and technological capabilities. The former incorporates the resources used to produce industrial goods...
Technological capabilities consist of the resources needed to generate and manage technical change” (Bell and Pavitt
1993).

1 We direct the reader to the original article for the model’s construction and the complete list of hypotheses.

15 K rugman would have never used the term ‘ competitiveness'; though it seems quite appropriate, as the model results
indicate that wages and market share of the country ‘reduce permanently’.
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The main point here is that developing countries export in sectors that have low price elasticities and value-
added, and base their production on minimum wage rates (which keep down interna demand). Hence,
exports may grow, but if their value is very low and imports grow faster, the growth rate would be hindered
by the negative balance of trade. Thirlwall (1979) presented a growth model that depended on the balance of
payments equilibrium and the income easticity of demand for imports. He showed that country growth rates
are strongly and positively related to export increase (which depends on the export eagticity of the goods
internally produced) and negatively to the import easticity (Thirlwall 1979). The author concluded that
growth ultimately depends on the characteristics of the good internally produced, as these affect their export
dynamics and the propensity to import substitutes.

The above framework has been formalised in a model of a continuum of goods, where it is shown that the
rates of growth across trading partner countries (i.e. the global world economy) differ on the basis of both the
balance of payments and technological constraints (e.g. Cimoli 1994; Cimoli and Soete 1992). The two
restrictions depend on the technologica speciaisation and capahilities of the countries, as the first is affected
by the relative elasticities of the domestic and foreign goods, the latter by the technological gaps among them
(measured in terms of productivity and technological intensity of goods — process and product innovations).

Given the scope of our anaysis, we present here a smplified version of the mode drawn from Cimoli and
Correa (2002), in order to sketch the main elements of the framework . The model is based on two countries
(domestic and foreign), a continuum of n goods, and only one factor of production (labour). Define by M the
total demand for imports in the domestic country; Y* the domestic income; E' the demand for exports of the
domestic country (equal to imports of the foreign one); Y the foreign income; Y the technological multiplier
(that proxies for the technological constraint)'®; and p and p* the foreign and domestic prices respectively.
The equilibrium of the balance of payments (used to close the model), in one single currency, is defined by:

M (Y*, p) =E (Y, p*) @D

Therate of growth is defined in equations (2), (3), and (4).
Y

Y=%* €
‘ :% @

where yis the GDP growth rate; r the income elaticity of imports”; M the import growth rate; E the

export growth rate; p * the productivity growth rate in the home country (Chile); p the productivity growth
rate of the foreign country (international best practice).

Equation (2) shows that an export expansion strategy per se is not a sufficient condition to guarantee a
sustainable rate of growth. In fact, the effect is counterbalanced by the elasticity of imports'® (4) and the

18 |n the original model Y isafunction of the change in wages (both prices of the productive factors and determinants
of income) and of the number of goods produced by the home country (on the continuum of goods ordered by
‘technological intensity’). This second outcome defines a ‘border good', which is modelled as a function of the
productivity and wage ratio between the foreign and home country. In the version of the model presented here the
specialisation pattern effect isincluded in the elaticities.

" Which is conceptually very similar to the Harrod-K aldor trade multiplier.

'8 | n the extended model elasticity of exports are modelled as the import elasticity of the foreign country and differs (as
here) according to the technologica factor Y . Likewise, the income growth of the foreign country is accounted as a
determinant of export. For sake of simplicity in the version presented here, foreign income and elasticity areimplicit in
the export rate of growth.



industrial structure of the economy (3). While the first proxies the speciaisation pattern of the country and
the importance of the demand side, the latter shows the role of technological competitiveness in terms of
productive efficiency. In a sense they can be respectively interpreted as product and process technologies.
The model, in Keynesian fashion, does not contain an exchange rate variable, which is in fact assumed to
change as a function of micro patterns. The author argues that empirical evidence suggests that Latin
American countries have modified their exchange rates, following baance of trade constraints. We
acknowledge there is an interaction among the micro and macro variables, but we are here using the modd to
explain the framework in a stylised form and we will not enter this aspect of the debate™.

In summary, while the growth of exports is an important issue, and might even be essentia (thinking about
small countries like Chile), we assert that it is effective only when other essential complementary policies are
implemented. In particular, conditions have to be set in order to increase the trade multiplier (Y/r). The
model points out that it is necessary to specialise in sectors with high elasticities in order to reduce the
balance of payments constraint (lower €)%, and to increase the efficiency of the production in order to
decrease the technological gap (higher y). Thus, accumulation of knowledge and technology enters the
model in two ways. On one side it increases the specidisation in high-tech productions, as technology-
intensive goods experience higher growth patterns in trade, and “tend to be highly income dagtic’ (Lall
2000). On the other side, it increases the ‘ productivity’ of the industrial sector and of the entire economy.

The role of imports is important as a driver of new knowledge. Nonetheless, imports should be used as a
means for creating new knowledge and not to substitute for it. The same concept applies to the third outcome
of openness, FDI. To have a positive impact on the country’s industrialisation, foreign direct invetsments
should be carriers of knowledge and not only exploiters of local endowments™.

Thus, we partly disagree with Krueger when she argues that “labour-abundant developing countries probably
would be well-advised to specialise in the export of labour-intensive products’ (Krueger 1978, p274). We
agree with Romer when he states that the import and ‘use of ideas’ is important in the short period, but in the
long run countries need to learn to ‘produce ideas (Romer 1993). We would actualy go rather further,
recaling that the import and use of ideas is possible only if there are the local conditions for their
understanding.

In this framework skills play a crucia role, as more educated people will be more able to change and adapt,
speeding up the process of absorption and diffusion inside the country (Nelson and Phelps 1966).
Nevertheless, in an industrial upgrading process, genera knowledge is a necessary but not sufficient
determinant, as it has to be applied to specific technologies (Lall 2001). It is not unlikely for the supply of
skilled labour to be higher than the demand; in fact, routinisation of processes leads to a reduction in the
demand for skills and only the implementation of innovative processes would require more skills (Wolff
1996). The process of substitution of capital goods production by imported equipment might lead on to a
national deskilling path, reducing the demand for skills and rendering educational policies less useful.

Ultimately, it is not a question of ‘simply’ resolving market failures, which could correct the distortions from
an ided static equilibrium. Policies are particularly needed to move developing countries on to dynamic
disequilibrium growth paths, with a shift of focus from static to dynamic comparative advantages (Lall
2001). The former have to be used to gain ‘resources’ that alow this shift.

2.2. The country framework

In the light of the theoretical framework we briefly present some of the main empirica evidence on the
industrial and innovative structure of the country of analysis. Different studies of Latin American industrial

9 As mentioned in the introduction, we drive our analysis in one single country, thus controlling for macro
determinants across plants.

2t isunlikely that small developing countries can influence the world economy, increasing their import rates.

2 We do not have the space here to enter more in depth in the FDI debate, as what it matters in this section is a
framework in which also the role for FDI should be analysed. For a discussion on their role in development and the
different typologies refer to Blomstrém and Kokko (1997); Markusen and Maskus (1999).
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dynamics after the structural reforms have underlined how most of the countries have concentrated their
production only around their static comparative advantages, based on abundant endowments (as well
predicted by the H-O model). On one side the countries in the southern and Andean regions (cono sur),
which are focusing mainly on primary resources and non-tradable goods (e.g. Alcorta and Peres 1998;
Benavente 2002; Benavente et al. 1998; Cimoli and Katz 2001; Katz 2001; Katz and Stumpo 2001). On the
other side, the Centra American countries (led by Mexico) have a great part of the industrial production
concentrating in the maguila sector (assembling industry) characterised by low wages and low skills (e.g.
Capdevidle 2000; Capdevidlle et al. 1997; Cimoli 2000; Dutrénit and Capdevidle 1993; Dutrénit and Vera-
Cruz 2002). Following this pattern it is quite clear that local effort in the production of more dynamic goods
is crowded out by the increasing imports of capital goods (Katz and Stumpo 2001).

Focusing on the Chilean case, we first mention a recent study that analyses the intra-regional trade using a
taxonomy that classifies goods according to their world trade dynamism (high, medium, low or stagnant)®
(Benavente 2002). The figures indicate that during the 1990s, high dynamic products have not increased their
shares, medium and low dynamic ones have increased very little (more the low dynamic), and the stagnant
goods have increased a lot. The results in international trade show an even more pessimistic pattern, with a
strongly negative performance of the first category and a highly positive one of the fourth category
(measured as country shares in the world market). This appears to repeat the Prebisch-Singer result of many
years ago, discussed above.

Since the trade reforms, which in Chile were implemented in 1973, the rates of growth have been on average
quite high up to 1997, when the country entered a recession that is still going on (ECLAC 1999). The export
participation in the world market has increased more than the Latin American average but not impressively,
growing from 0.23% in 1985 to 0.32% in 1998. But the country has had one of the most evident shifts
toward commodity production in the region from 1970 to 1999. Sectors with high engineering content
reduced their share in national manufacturing from 25% to 15%; labour-intensive traditional sectors
decreased from 31% to 25%; while resource-based commodities grow from 45% to 61%. The reverse occurs
on the import side, with an impressive increase in capital goods and the consequent reduction in the trade
balance over the 30 years (Katz and Stumpo 2001).

Those patterns clearly show that the Chilean industrial sector is basing its development on the comparative
advantage of natural resources, provided by its coastal length, large amounts of forests and minera
resources™. They appear to be exactly the kind assumed by Krugman (1987) in his model where he
demonstrates that they yield a reduction in national market share and wages. Another recent analysis of
Chilean industrial development simultaneoudly assesses the country’s trade speciaisation patterns, the terms
of trade deterioration, and the industrial structure and sectora linkages (Cimoli and DiMaio 2002).

Concerning the first point, through a Competitive Analysis of Nations (CAN), it is shown that the Chilean
foreign market share gains in dynamic sectors* have falen from 66.3% to 18.8% from the 1980s to the
1990s. This shift is due to the concentration in primary commodities and non-tradable goods, and confirms a
dynamic of production specialisation in sectors that have low income and price elasticities. The test of the
Prebisch-Singer hypothesis on the evolution of the terms of trade shows that they have reduced almost
monotonically since the 1970s. Findly, an input-output analysis is carried out in order to evauate the
process of substitution of local inputs by imported ones. Evidence of a de-linkage dynamic is found, for
manufactures related to both the local and the foreign market. The replacement of local producers of capital
goods not only is a cause of the decrease of the terms of trade and a reduction in the export of dynamic

22 The study is based on the idea that goods with higher technological content (OECD classification in Hatzichronoglou
1997) are aso those that are more dynamic in international export growth (Lall 2000; Mani 2000). Dynamic goods are
those that increase their export more than the average growth, computed using the CAN software (ECLAC and World-
Bank 2000).

2 Chile produces almost one third of the world's copper, and has large amounts of other minerals (metallic and non-
metallic) (INE 1998) and has an estimated area of protected forest that represents 18% of the country (world averageis
5%) (Source: INFOR web site (http://www.infor.cl/).

24 Sectors that have increased their export share more than average both in the analysed country and in OECD countries
(ECLAC and World-Bank 2000).




products (Krugman 1987), but can also have longer term consequences, in reducing capital and skill
formation through the reduction of skill demand.

2.3. A micro level analysis

An effort has to be made to understand the dynamics at a more micro leve, in order to assess whether firm
competitiveness increases through the provision of competitive advantages. The importance of addressing
the analysis at the plant level draws on the idea that they are the main ‘repository of knowledge' of
production and the main driver of technological innovation (Nelson and Winter 1982).

The received empirical literature has mainly analysed the relations between trade and firm productivity. The
evidence is quite mixed, and actually mainly depends on the techniques adopted. While it is generaly
acknowledged that exporters are more productive than average, it is only recently that authors have taken
into account the presence of self-selection bias. In fact, it has to be analysed whether exports directly
increase productivity or, conversely, the most productive firms succeed in the export market. Clerides et al.
(1998) find that exporters from Colombia, Mexico and Morocco are more productive than average, but that
self-selection plays an important role. Aw et al. (2000) find no evidence of learning by exporting in firmsin
Korea and that self selection is the main determinant of firms entering and exiting the market in Taiwan.
Findly, Bigsten et al. (2000), using a two-step stochastic frontier approach, report both self-selection and
positive learning effects in firms from four African countries.

In the present work we avoid discussion of the direct role of exports, and we concentrate on the determinants
that in first instance affect plant efficiency. We have aready stated that a developing country gains from
exporting, but we have shown in the theoretical framework that it can be a spurious effect. If there is no
effort of ‘upgrading’ the industrial specidisation and the efficiency of manufacturing, export increases can
have no impact on growth. Hence, we are going to analyse to what extent the productivity of the plants
depends on dynamic assets and natural endowments, and on how they are both located across the country.
Further, we check whether their impact differs across sectors, in particular discriminating among resource-
based and technologically intensive ones.

The issue is of centra importance because the extent to which enterprises learn from exporting depends
firstly on whether they access the foreign market, which is the case if they achieve a certain degree of
efficiency. Secondly it depends on their ability to capture external knowledge, which in turn depends on their
cumulated capabilities (Cohen and Levinthal 1990). Besides, the fact that exporting plants are more
productive than average does not guarantee that the country as a whole is developing a competitive industrial
system, as this in turn depends on how those advantages spill over. Actualy, the present development of the
Latin American region shows a high degree of polarisation, which has also increased the economic
concentration toward a monopolistic structure (Benavente et al. 1998; Katz and Stumpo 2001).

To conclude, we aim at understanding whether selective industrial policies are essential, ancillary or useless
in Chile, using an inductive approach. The former would be true if they increase the efficiency of the plants
(enhancing their competitiveness), and if they increase the incentives to shift production toward more
dynamic sectors (increasing national competitiveness). Whether, on the contrary, plants gain more from the
exploitation of static comparative advantages, the latter condition would apply and openness would be the
only essential policy. We leave open to discussion whether the results can be generalised.

3. THE STOCHASTIC FRONTIER MODEL AND FIRM (IN)EFFICIENCY

In the present chapter we describe the econometric technique adopted to estimate the efficiency of the plants.
First we briefly overview the idea behind the stochastic frontier models, then we present the particular form
adopted in the present study, and finally we describe the form of the production function we estimate.



3.1. Stochastic frontier models

Stochastic frontier estimation is here used to compute the ‘optima’ production frontier and the (in)efficiency
in the production process of each plant, along with its determinants. The methodology has its origin in the
techniques proposed by Farrell (1957) for the measurement of technical and alocative efficiency®. Those
measures are computable only if the production function is known, which is never the case in redlity. Hence,
Farrdl’s idea was to estimate it, using either a non-parametric approach such as the data envelopment
analysis (DEA), or assuming a functional form. Stochastic frontier methods originate from the latter.

We begin by considering output (y) as a function of the inputs (x), such as Y = f(x). This relationship is
practicaly never fulfilled, in the sense that, given a certain amount of inputs, the observed output will
usually be less than f(x), due to the inefficiencies of the enterprise.

In order to compute these distances the frontier methodology was first adopted in a deterministic way
(Aigner and Chu 1968), using data on the outputs and inputs of different firms and assuming a functional
form in order to estimate its ‘optimum’. In this approach, the error term is considered as the measure of
inefficiency and is assumed to be non-negative. Recalling previous simple formalisation, and considering
input variables in logged form, the model would appear as follows:

In(Y,)=b,+4 xb,-u, u320 (5)

where now the x; represent a k vector of inputs (expressed in logs of quantity or values), by is the constant

term, b; the vector of parameters that are estimated, and u; the random error term which has to be non-
negatively distributed and which proxies the inefficiency of firmi.

If we call EFF, the efficiency of the i™ firm, it can be derived from the estimation results through the
following expression:

Y. _ e)(ib+b0'ui

— I
EFF, = eXib+bo - eXib+bo

=e 6)

According to the expression above, the efficiency is maximised when the inefficiency is equal to zero (ui=0),
and it ranges between O (when u, ® ¥ ) and 1.

The deterministic approach suffers from a severe theoretical and practical shortcoming as the residual might
include stochastic deviations from the frontier and measurement errors, as well as deviations due to
inefficiency (Greene 2000).

This problem has been corrected with the adoption of the stochastic approach, which takes into account that
firms might be distant from the ideal production function partly due to effects which are not accounted in the
efficiency deterministic term (Aigner et al. 1977). Equation (1) would then assume the following form:

In(Yi):b0+é.iXibi e )
where

e =V -u, (8
u 20,

vi~N[0, s 21;i.i.d.

% Technical efficiency is defined as the ability to produce the maximum feasible output given a set of inputs, while
alocative efficiency is defined as the ability to produce a certain output with the optimal share of inputs, which
minimise their overall cost (see for example Gravelle and Rees 1992).
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In this formulation, while the u-term is ill postively distributed, the v-term is a symmetric disturbance,
assumed independently and identically distributed (iid). Hence we now alow the production function to
move independently from the plant’s efficiencies, which means that the output results are now bounded by
the random variable exp(x;b + v;) instead of the deterministic exp(xib) (Codli et al. 1998). We illustrate the
main concept of the stochastic frontier production function for the single input case in Figure 3.1.

Figure 3.1 — The stochastic frontier production function
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Source: Codlli, Rao & Battese (1998), p.186

Assuming diminishing returns to scale for the deterministic production function, Figure 3.1 shows two
different observable outputs, y; produced with the amount x; of input and y, produced with quantity x,. The
stochastic frontier is not observable, as the symmetric error term is not known, and is given by the junction
of the different input/output combination points. It is possible to note that the approach is much more
flexible, allowing for various shapes of the production function, which depend on firm characteristics.

The second crucia assumption that has to be made about g is that the u; are distributed independently from
the v; terms. In their seminal work the authors assumed a half normal distribution (Aigner et al. 1977):

u=lU |, and U ~N(0,s 2); i.i.d. (9)
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but they alow for other possible symmetric forms, such as the exponential, quite frequently used in
following studies, and the Gamma®®.

Whatever the digtribution of u, it is possible to observe that when s f = 0 the frontier is equa to the one

estimated with the deterministic methodology; while when s 2 = 0 there is no inefficiency and the

production function will be purely stochastic. Hence, the use of two error terms alows for the existence of
two different sources of firm efficiency, one of which is under its control, and another which it is not
possible to anayse and mainly contains unavailable information”. In fact, the v-error can be the result of
external events such as luck, climate, machine failure, but it can aso represent a measurement error (Aigner
et a. 1977). Nevertheless, even if the u-term is assumed to depend on the plant’s behaviour, it does not mean
that it is possible to contral for al its determinants. In fact, part of the (in)efficiency term will include
characteristics of the factories that depend on tacit knowledge, which is not available to the researcher. As
wdll indicated by Nelson and Winter (1982) in the first instance, and enlarged on in the following ‘neo-
schumpeterian’ literature, broadly speaking they comprise its routines® and historical path®. In practice, it is
likely that two equal plants, established in the same locality, which use exactly the same mix of input, would
achieve different outcomes. In fact, they will differ in how they combine the inputs, not just because of
external conditions (such as those captured by the v-term) but on account of plant routines, entrepreneurial
decision-making, expectations, and the like®. The investigation of those determinants is beyond the scope of
the present paper, but we will take them into account when interpreting the results. Above al, we consider
the possibility of relaxing the assumption of a unique frontier as already a step forward in the methodological
and conceptual approach.

Another advantage of using the stochastic frontier instead of the deterministic one is that it allows the use of
Maximum Likelihood Estimates (MLE) that are consistent and asymptoticaly efficient. This was a strong
limitation in the deterministic context, as the asymptotic properties are not assured except when the error is
assumed to be distributed with a Gamma density function, which is clearly a strong constraint (Fasund et al.
1980).

3.2. Inefficiency distribution and estimation

Since the main scope of this analysis is to understand the determinants of the inefficiency and how they
differ across sectors and plants, the distribution assumptions of the u; term in (8) are of crucia importance.
We know that the term has to be positively distributed, but assuming any specification on its more genera
distribution is in a way like answering what the efficiency looks like before having estimated it. Choosing
the wrong distribution might even bias the results. Hence we adopt the more flexible form, which is a
truncated-normal, as a generalisation of the half-normal distribution in equation (9) (Stevenson 1980). In fact
the truncated-normal is obtained by a truncation at zero of a normal distribution, with mean mand variance
%

u=|Ul,and U ~N(m,s %) (10)

% \We leave the discussion of the distribution of the error term to later as it is a fundamental characteristic of the
methodology adopted here.

27|t follows from this argument that the assumption of independence of the two error terms, while plausible in certain
cases, might be unredlistic in others. In fact, it islikely that some of the inefficiencies depend on the unobservables. To
our knowledge there is still no econometric technique that can relax this hypothesis, assumed for statistical reasons.

8« A routine can be defined as a mechanical operation partly based on tacit knowledge, which does not imply the need
for decisions’ (trandlated from Malerba 1982, p 270). It is basically a pattern of repeated action that is well established
inside the plant(firm) and does not need major decision-making every time its context is encountered, unless it is
changed (Nelson and Winter 1982). The economies in decision-making however come at the price of outcomes which
will not necessarily be optimal when the context changes slightly.

2 Making an extreme simplification, those concepts are based on the idea that the firm is a complex unit of production
and that knowledge is not defined as available information (asin Arrow 1962) but as a complex set of tacit and codified
elements that not always can be translated into information (Winter 1987).

% The concept is easily explained borrowing a well-known example. Two cooks preparing a cake with exactly the same
recipe, in the same kitchen, at the same time, using two equal ovens, will not bake exactly the same cake.
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Clearly, when the mean is equal to zero, the distribution is like the half-normal one, but now the mean is
allowed to change and is estimated together with the other parameters of the model by MLE.

The second shortcoming of the stochastic model as defined above is that the two error terms are assumed to
be independently and identically distributed, and independent one from another. The weakness appears when
we am a understanding how the efficiency of the firms changes according to their idiosyncratic
characteristics. This actualy implies that the u; are not identicaly distributed (Coelli et a. 1998). Hence,
estimating the effect of firm-specific variables in a second step, using the predicted mean efficiency, seems
inconsistent with the assumption of the independence of the u-terms made in first instance. The problem has
been solved by modelling an estimating procedure and a likelihood function that alow the mean of the
truncated-normal to change according to the values of the determinants of efficiency. A one-step procedure
has been adopted in which the mean of the distribution is estimated as a function of independent variables,
together with the other parameters, providing more efficient estimates (Coelli 1996).

Hence, the inefficiency term u, for the i firm is obtained with a truncation of the normal distribution with
mean mand variance s?, where the mean depends on a vector of explanatory variables (Battese and Coelli
1993);

x& 8 0
u=|Uland U ~NGd, +Q d,z; +W,,S 2+, W, ® -d, 2, (11)
e k=1 %]

where the random variable w; defined by the truncation of the norma distribution can be both positive and
negative when z; > 0, and is independently but not identically distributed, z; is a vector of determinants of
firm efficiency, and dy a vector of coefficients that are estimated.

Again, it is possible to observe that the model allows for three specia cases: i) when al the di parameters
and s?, are equal to zero the model is equivalent to an average response model and OLS estimates are
efficient; ii) when al the d¢ parameters except dy are equal to zero, the model is equa to the first
specification with a truncated-normal distribution given by equations (7) (8) and (10); finally, when al the d
parameters, including d, are equal to zero, the model is defined as in equations (7) (8) and (9) (Codlli et a.
1998).

3.3. Econometric software and the estimation process

The likelihood function for the MLE of the modedl defined by equations (7) (8) and (11) has been derived by
Battese and Coelli (1993), and is shown in the appendix A.1*. Two parameterisations of the variance terms

s? and s, have been used to define it and are particularly useful in the estimation process. s > =s 2 +s
is the total variance and g =s / s ?isthe ratio of the variance of the efficiency term to the total variance,

which lies between zero and one (Battese and Corra 1977). A high value of g indicates that most of the
variation of the frontier is due to inefficiency (g=1 gives the deterministic frontier model), while a value
which tends to zero indicates that stochastic disturbances prevail.

Using the stochastic framework, the predicted measure of technica efficiency indicated in equation (6)
changes. In fact, we can only observe the total error term €, given the values of the estimated parameters

Bi . but we have to estimate its decomposition in the two different terms u; and v; A solution was found
which suggested considering the expected value of u; conditional on € (Jondrow et al. 1982). In the present

3! For its derivation and the expressions of the density functions refer to the appendix of the original paper (Battese and
Coelli 1993).

% From equation (7): €, =In(y,)- b, - é.inzlbi)(i
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work we use a predictor of the efficiency that is a modification of the origina one, which is derived from the
following starting equation (Battese and Coelli 1988):

EFF. =Eexp(- u, ) e, =8 ] (12)

where e is defined in equation (8) and € isiits estimated value. Its expression is shown in the Appendix A.1,
while we address the interested reader to the appendix of the origina paper for the complete derivation.

To our knowledge, the only econometric package that alows for the one-stage estimation of the parameters
of the production frontier and the parameters of the distribution of the (in)efficiency ‘error’ term is the
Frontier version 4.1 (Coelli 1996). The constraint is that the programme is quite limited in its options (mainly
for testing) and allows for the estimation of only one model at atime®.

The programme follows the following three-step estimating procedure (Coelli 1996). In the first step it
estimates the parameters of the production function with OLS, providing unbiased estimators except for the
constant term by and the total variance s Hence, the coefficients are unbiased but not efficient. In the
second step a value of g is provided through a two-phase grid search using the OLS estimation for the
unbiased parameters b;, and corrected OL S ones for the constant b, and the variance S23Fi nally, the values
chosen during the grid search are used as starting values for the iterative process which leads to the MLE
when it converges®. The procedure has been congtructed in order to facilitate convergence, using a
parameterisation of gthat lies between one and zero.

The programme provides outputs for the OLS estimates of the production function parameters, and the ML
estimates for all coefficients (b, and d,), variances (§ and S 2), vaue of the log-likelihood function and
the firm efficiencies (EFF).

3.4. The production function

We now have to define the functiona relation among the inputs used for the production (X;) and the output
(Y;) they generate. The choice is of particular importance, as different specifications can generate different
outcomes in estimating the frontier. In particular, the most widely used production function, the Cobb-
Douglas (CD), assumes constant output elasticities with respect to inputs, constant returns to scale and
unitary elagticities of substitution among the inputs. Given a two-input production function:

Y =f(X);i=12 (13)

output elagticities are defined as:

a, =ﬂ%é; (14)

returns to scale are defined as:;

RTS=3Q a, ; and (15)

and the éasticity of substitution for two inputsis defined as:

|t is based on MS-DOS programming.

% For an explanation on how the grid search is conducted refer to the programme guide (Coelli 1996).

% Given the complex expressions of the likelihood function’s partial derivatives, the programmer has chosen the
Davidson-Fletcher-Powell Quasi-Newton method, as it does not require the computation of the second partia
derivatives matrix.
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where f, = Y/TX, isthe marginal productivity of the i™ good (Griliches and Ringstad 1971, Chapter 2).

As in the present study we compare the efficiency of firms in different sectors that have been divided
according to their expected characteristics, we prefer to allow the production function frontier to change as
much as possible according to the data used. Thus, we relax al the CD hypotheses, allowing for positive (or
negative) returns to scale and different shapes of the isoquants, which will depend both on input proportions
and on their scale (non-homothetic production functions). In the first case we alow for sectors in which an
increase in the use of inputs increases (decreases) the production at a higher rate®. In the second case we

alow for sectors in which input can be more easily subgtituted (h ® ¥ ), while in others they might be
strictly complementary (h ® 0).

A similar production function was first derived as a second-order Taylor approximation of a CES (Constant
Elagticity of Substitution) logarithmic function with two inputs (Griliches and Ringstad 1971). Afterwards it
was generdised to the Transcendental Logarithmic Production Function (trandog), for multi-products and
multi-inputs cases (Berndt and Christensen 1973; Christensen et a. 1973), which can be seen as the second-
order approximation of any unknown production function (Greene 2000).

Using the above notation it is expressed as (Greene 2000):

é é b,InX,InX, +e (17)

k=1 |=

InY =b,+g b, InX, +

k=1

N

[y

It may be noted that when the product and cross-product elements by, are equal to zero the function is equal
to aCD in alog-linear form.

The advantage of using the more flexible form is that is allows for both linear and quadratic terms. The
shortcomings of the above formulation in the estimation process are collinearity and degrees of freedom
limitation problems (Coelli et al. 1998). Given the magnitude of our sample the latter is not a problem in the
present work.

4. DATA, VARIABLE DESCRIPTION AND MODEL

Using the stochastic frontier approach, we estimate the production function of plants in nine different
manufacturing sectors at two-digit level, across firms in different regions and municipalities. In the present
section we introduce the sectoral classification, describe the data and denote the indicators selected and used.

4.1. Sector classification rationale

Sectors have been grouped into nine categories using the International Standard Industrial Classification
(ISIC) employing both revision 2 and 3. In the appendix we present the composition of the groups with a
synthetic description and reference to their correspondence in the ISIC (table A.2). The nine classes have
been defined according to their use of nationaly available natural resources, and their degree of
technological complexity. Limitations on the achievable level of disaggregation clearly cause some
overlapping of the two characteristics across categories, as some sectors might be both based on natura
resources and using advanced technological processes. We take into account this limitation when interpreting
the results, addressing the different industrial composition of the categories where they may be significantly
affected.

% Using the same notation, there are increasing returns to scale when: £ (tx , ) > tf (X, )
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While the use of natural resources might be easily identified, the technological categorisation seems more
blurry. According to the theoretical framework presented in chapter 2, there are two main advantages in
gpecialising in industries with high technological density: it reduces the ratio of domestic to foreign income
elagticity, and it generates a process of knowledge accumulation. Nevertheless, before describing the
composition of the categories, we need to show how goods can be classified according to their extent of
technologica intensity and whether it relates to international market dynamics.

On the first issue, one of the most well known classifications is the Pavitt taxonomy (1984), which
distinguishes among supplier dominated (SD), specialised suppliers (SS), scae intensive (Sl) and science
based (SB) sectors . Firms in the different categories are differentiated for their ratio of used and produced
technology®. Even if in our framework this distinction is of fundamental importance, the taxonomy has been
built on the British industrial sector, and a direct use in developing countries could be unfortunate®. The
main problem would be in the different processes that firms in the same sector would use in the different
countries.

Even s0, the Pavitt taxonomy has been subsequently used to build classifications more suited to developing
countries (e.g. Ferraz et a. 1996; Lall 2000). In the present study we adopt the classification developed by
Ferraz et al., which was constructed for the analysis of the Brazilian industrial sector, and has been used in
different works on Latin American countries industrial evolution and competitiveness (e.g. CEPAL 2002;
Yoguel 2000). The taxonomy accounts for both firms input demand and output characteristics, and is
divided into: commodities, durable, traditional and high technology (technology diffusers). It can be noted
that the categories look quite similar to Pavitt’s. Yet, industries and sectors were included aso by observing
the local process and product characteristics.

Concerning the relations with the export market, Lall has shown that the more technological industries® are
those that have relatively increased their importance in international trade. The only exception are some
traditional goods, because of the relocation of production toward countries abundant in unskilled labour.
“The largest and most successful exporters in the world specidise in High Technology and Medium
Technology products and [...] specidisation in High Technology products is increasingly related to export
success’ (Lall 2000, p.21).

Nevertheless, the concept of technological complexity remains quite variable and difficult to analyse even
inside one industry, and the shortcoming becomes clearly more serious when aggregating at two or more
digit level. Yet, we make the simplification that we can differentiate technological content of sectors at four
digit level using the ‘Ferraz taxonomy’ (Ferraz et a. 1996), and we observe that within the classification
adopted, ‘durable’ and the ‘technological diffusers goods are concentrated in S7 and partialy in $4 and S6
(table A.8) All other plants are mainly concentrated in traditional or commodities industries. While the
Ferraz taxonomy is built only with a technological content perspective, we made an effort to separate the
sectors also according to their use of natural resources, the main comparative advantage of Chilean economy.
Thus, we can briefly describe the selected sectors as follows.

S1: contains those industries that use mainly traditional processes™ and that are intensive in the use of
natural food-based primary resources, included fish processing, a comparative advantage of Chile. Hence,

3" We address the interest reader to the original article for the definition and comprehensive description of each sector.
Very briefly, the first category SD applies to traditional industries, that do not innovate and use machine embodied
technology; SS are both technology suppliers and users, e.g., machinery producers; Sl firms are mainly in durable goods
production, both use and produce technology but in a more ‘formal’ way than SS (e.g. R&D); SB are more technology
suppliers than users where R&D is a basic element of production (e.g. some chemicals producers, electronics) (Pavitt
1984).

% To our knowledge, the taxonomy has been directly applied to developing countries only in a study of the Mexican
industrial sector (Dutrénit and Capdevielle 1993).

¥ Classified again on the basis of Pavitt taxonomy and the technological categorisation designed and adopted by the
Organisation for Economic Co-operation and Development (OECD) (Hatzichronoglou 1997).

“0 According to the Ferraz taxonomy, though some food-based industries might use very advanced processes, with high
knowledge content.
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while according to Ferraz they are mainly traditional producers, in our view they are commodity producers
with traditional technologies.

S2: dl the industries commonly referred to as traditional ones; no particular reference to commodities and
comparative advantages.

S3, S8 and S9 are dl industries based on wood processing, which represent another comparative advantage
of the Chilean economy. They are divided into three different sectors as they use quite different
transformation processes, where in S8 and S9 they are more technol ogy-intensive.

S4: mainly production of plastic products and basic chemicals. The sector incorporates quite different
processes with some technologically advanced industries and no particular use of local natural resources.

S5: production based on loca mineral resources, the third main comparative advantage of Chile. Fina
products have on average quite low technological content.

S6: most of the production is traditional and based on local mineral resources, but some of the plants produce
durable goods.

S7: the most advanced sector with plants that produce ‘durable’ and ‘technological diffusers goods. Not
based on local comparative advantages, mainly exploiting knowledge and technological assets.

4.2. Data sources and variable selection

4.2.1. Data

For the main analysis we draw the data from the plant level survey known as ENIA* carried out by the
Chilean Statigtical Institute (INE — Istituto Nacional de Estadistica) in the manufacturing sector, in the years
1996 and 1997. The survey is conducted on al firms registered at a fiscal level with more than 10 employees
(INE 1999). Thus, we cannot account for micro enterprises and for all informal manufacturing, although the
two categories tend to overlap. This limitation might cause a selection bias, but to our knowledge there are
no industrial surveys that account for firms with less than ten employees. Thus, on the basis of the previous
studies conducted on firm surveys, we assume there is no bias without testing it formally.

The time series is limited to a two-year period as information on the municipal location of plants was
available for these years. Given the two years are consecutive, we have decided to pool the data into one
single period in order to double the available sample. Most of the plants are thus reported in both years, but
they enter the database as different units of observation. Inflation should not be a concern as it applies to
both input and output variables, without affecting the estimation of the production function.

For the eaboration of some of the loca variables we have used the household survey conducted by the
Planning and Co-operation Ministry (MIDEPLAN — Ministerio de Cooperacion y Planificacion). The
Encuesta Nacional CASEN (Encuesta de Caracterizacion Socioecondmica Nacional)*™ used was held in 1998
on 48,107 households, of which one third were from rura areas and two thirds from urban areas, for a total
sample of 188,360 observations (source: CASEN, 1998). The period mismatch between the industrial survey
and the household one is due mainly to two factors. i) the 1998 CASEN database had a bigger and more
representative sample; and ii) it has been already used in previous research on households, providing a tested
reliability, and better defined variables. Nevertheless, it has been used as a source for the construction of
variables that have very small changes in the short run. We have tested its characteristics, where possible,
comparing average data between 1996 and 1998 surveys. No major differences appear and we assume they
are due to the use of a bigger sample for 1998.

For some of the loca variables we have referred to other national Chilean sources that provided aggregated
data. They are directly mentioned in the description of the variables.

* ENIA: Encuesta Nacional Industrial Anual (National Industrial Annual Survey).
“2 Survey on the Socio-economic National Characterisation. http://www.mideplan.cl/sitio/Sitio/casen/htm/casen.htm
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4.2.2. Production function variables

This section reports the variables used in the production function, together with a brief description of their
construction and selection methodology®. A more handy list of variables with a brief description is provided
in the appendix (table A.1).

Dependent variable (Y): From the firm survey we have computed the gross output and the value-added, both
extensively used in the literature surveyed. With the latter, materia inputs are accounted for
‘asymmetrically’ (Griliches and Ringstad 1971). Using the trandog function it has the advantage of
eliminating one of the dependent variables from the left-hand side, reducing the problems of collinearity.
However in our sample a consistent number of plants reported negative values for this value-added variable,
which would have made the log transformation impossible. Thus, in order to avoid a selection bias due to the
dropping of non-positive values, we have opted for the gross output (thousand of Chilean pesos).
Computation of gross output includes VAT.

Materials (M): Total acquisition of primary resources and other materials directly involved in the production
process, including inputs acquired from other plants of the same firm, expressed in thousands of Chilean
pesos, and including VAT.

Labour (EMPLEO): Tota number of workers, including owners, managers, specialised workers,
adminigtrative dtaff, sellers on commission, non-qualified workers and services. We have preferred the
number of workers instead of the employment costs, as we did not have adequate information on the plant
accounting methodologies. Outworkers are not included as we do not have information on the number of
hours worked and their skill level, and their expansion and contraction are more subject to problems of
endogeneity.

Capital (ELECTR): Initially we computed the capital stock as K, =(1-t)Kt_1+It, where t is the
depreciation index, and | the new investment. By doing so, we had problems in understanding how the
values had been accounted and reported by the plants, as many observations with new investment had
contemporaneously zero capital assets (before accounting for depreciation). Besides, we compared plants
with zero capitd in both 1996 and 1997, and most of them invested in the first year. Finaly, comparing the
consumption of electricity and the capital stock, aimost all the plants with no capital reported had a positive
and high electricity consumption. To avoid a misinterpretation of the data, and the dropping of al those
observations with zero capital assets, we decided to use electricity consumption as a proxy for capita input.
This choice has the disadvantage of increasing the endogeneity problem, but it has the great advantage of
providing a better understanding of the rea utilisation of capital by the plant. In fact, the existence of capital
stock does not give any information on whether it is actualy involved in the production process.

4.2.3. Efficiency variables: plant characteristics

Determinants of efficiency have been divided into plant characteristics and local development indicators.
The first have been built using the ENIA industrial survey, and differ across factories. The latter have been
constructed using different sources and refer to characteristics of the municipality or region in which the
plant has been established™.

“3 \ariable name in parentheses reports the names as presented in the results table.

“ We discuss here the use only of those variables that have been introduced in the final model. Results from other
specifications along with variable descriptions are available from the author. The other variables tested at the firm level
were: exports, a dummy for the Ferraz category, a dummy for exporting firms and the machinery investment ratio; at
the municipal level: literacy rate, index of mathematics tests on students; at the regiona level: ratio of trained workers,
population, percentage of poor, income distribution index (Gini), credit market (proxied by number of bank branches),
telephone lines p/c, average municipal income, average municipal transfer from centra government, government
expenditure, number of PhDs, area of forests, length of coasts, mine concessions, mine GDP, ratio of skilled workers,
ratio of managers. We do not have here the space to discuss all the theoretical and empirical issues that led to the final
model.
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The first two variables that model the efficiency distribution refer to the form of ownership of the plant. The
majority are national and private, hence we wanted to control for the effect that public and foreign ownership
might have.

Majority of foreign ownership (FORMAJ): A dummy variable that is equal to one when the mgjority of the
plant is owned by foreigners and zero if mgjority is national. It is expected that foreign companies are more
efficient than the national ones, given their access to technologies, markets, capital, etc., even though we will
not analyse the direction of causality. The aim of the variable is to control for factors that characterise
foreign firms whose effect might be absorbed by other indicators if the dummy is not introduced. Hence, it
will be considered more as an indicator of firm efficiency than a determinant.

Public ownership (PUB): A dummy variable that is equal to one when the plant is in public ownership and
zero when it is private. Public enterprises might have a strategic role in the industry, or might indicate the
presence of natural monopolies. Public firms are often considered to be less efficient than private ones. The
aim of the present work is not to analyse this particular aspect, but as in the previous case, public ownership
might account for information and characteristics for which we want to control.

Import of inputs (IMP): A dummy variable that is equal to one when the plant imports part of the materia
inputs, and zero otherwise. The scope of this variable is to understand to what extent the Chilean industrial
sector is dependent on foreign inputs to upgrade its productivity and how it change across sectors. We expect
a positive effect on efficiency, higher in the more advanced sectors.

Ratio of male workers (LMALE): Percentage of males in the total plant workforce. The database clearly
indicates that there is a large majority of mae workers, even if the extent changes across sectors (table A.18).
It could be the case that in some of them a shift in gender proportions changes the relative level of efficiency,
even though the result might not have a purely economic explanation.

Ratio of managers (LMANAG): Percentage of managers in total plant workforce. The variable accounts both
for the owners and employed managers as a ratio of total employees. Most of the plants have either one or
the other, except some plants that might be owned by another firm. Although there is not much variance in
our sample (plants with 5 or more managers are 11% of the total), a high ratio of managers could represent
those firms that have complex organisational systems. In theory we expect a positive impact on efficiency,
but interpretation of the results is limited by not having the possibility of controlling for the quality of the
management.

Ratio of skilled workers (LSKILL): Percentage of skilled workers in total employees. Following most of the
previous empirical work we have included specialised workers and administrative staff. As for the previous
variable we do not have data to control for the level and quality of skills. The inclusion of administrative
staff in the same category is useful to distinguish it from the residua unskilled labour force. The variable is
important as it proxies for the complexity of the production, in terms of products and processes. A quick
overview of the descriptive tables in the appendix clearly indicates that the most traditional sectors have a
lower average and median ratio of skilled workers (table A.16). In theory we expect a positive effect on
efficiency, but the same limitations as for the manager ratio apply in the interpretation.

Concentration index (Cl): Ratio of the proportion of a sector in a region compared to the importance of the
same sector in the whole country. The index, borrowed from Lall and Rodrigo (2001), captures whether
plants in a sector are more concentrated in a specific area than in the total economy.

_ a Empleog  / & Empleo,

cl..=2 C 18
** @ Empleog/Q Empleo (19

where Empleo is defined as in the production function (number of employees), S is the sector and R the
region. The index has a value greater than one when the size of sector S with respect to total manufacturing
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is higher in region R than the Chilean average®. The index has been constructed using a sectoral
disaggregation at two-digit level (ISIC rev. 3). The Cl is meant to capture whether plants gain in efficiency
when concentrated in aregion where other plants of the same sector have been established.

There are various reasons why this might be the case. In the case of commodity industries, we might think
that most of the plants wish to localise where the primary resource is available (static comparative
advantage). This effect will be greater when the transportation costs of the resource, due to infrastructure
development or its characteristics, are high (Krugman 1995). The same concept can apply to non-commodity
sectors, where the attraction is no more the presence of static natural endowments but the establishment of
services and infrastructures that render the plant’s activity less costly (created competitive assets). While
those effects can be captured looking at the presence of both natural and ‘generated” endowments, plants of
the same sector might also concentrate due to the presence of externalities. For example, we might think of
Marshallian passive externaities such as specialised markets for labour, large demands for suppliers, and the
possibility to exchange information (or even knowledge) (Marshall 1920).

The adopted index for Cl does not dlow for understanding more ‘complex’ frameworks such as the one
delineated in the established literature on industrial districts and local milieux (e.g. Camagni 1991; Piore and
Sabel 1984), as it accounts for the concentration of each sector separately. The industria district analysis
would go beyond the aims of the present research and would need a higher level of sectoral disaggregation
and understanding of the local industrial structure.

We do not expect any particular sign of the coefficients of the Cl as, depending on the sector, there might be
both positive and negative externdities, and it might capture different advantages or disadvantages. Using
again the example of the resource-based sectors, we might for instance expect that, in some of them, the high
concentration spoils the natural resource, generating negative congestion effects.

Firm size (LNEMPLEO): The variable is the same as used in the production function. Used as a determinant
of the efficiency distribution, we want to control for differences among different sizes. In theory we would
expect that large firms are more efficient as they can exploit economies of scae, have better access to
markets (imports, exports, credit, labour, etc.), are privileged by many industrial policies, and have more
opportunities to react to external shocks. Nevertheless, those factors might impact differently according to
the sector analysed, and they might be more or less important. Moreover, Small and Medium Enterprises
(SMEs) might have other advantages in terms of flexibility, reduced sunk costs, or greater co-operation
opportunities (e.g. Piore and Sabel 1984). Hence, we expect a positive impact of size in sectors characterised
by economies of scale but we have no expectations for the other cases.

4.2.4. Efficiency variables: local development indicators

The last group of variables contains various indicators of local development and endowments at a municipal
or regiona level, depending on the availability of data. The latter vary across 13 regions, while we have
information for 243 municipalities®.

Size of local workforce (LWORKF): The logarithm of the total humber of people of the right age and
condition to work in the municipality. We have constructed the variable using the Chilean household survey
(CASEN), in order to contral for the size of the locality. Given that we are dedling with plants, we preferred
to use this indicator instead of the more often used value of the total population. The variable is important for
two different reasons. In the first instance we control for the effect that the local industrial concentration can
have on average economic activity, and public funding and investment (which are variables in our model).
Second, it can be compared with the results of the Cl providing a more complete interpretation on whether
plants gain (lose) from localising where firms of the same sector are present or where economic activity in
generd isintense (Lall and Rodrigo 2001). Recalling the natural resources example, it might be the case that
plants suffer negative externalities from the presence of others exploiting the same asset, but take advantage

“> We have not normalised the index as it has only one digit values, being five the highest one.
“6 Clearly not all sectors are present in all regions or municipalities. The variable is attached to all firms located in the
same region/municipality.
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of the externdities that spill over from factories in other sectors. In theory, we would expect that
agglomeration has a positive impact, but the interplay with the Cl might give different results.

Rate of unemployment (RUNEMP): Percentage of unemployed in the workforce of the right age and
condition to work in the municipality; computed from the household survey. The variable both controls for
whether the total workforce is the effective measure of economic activity, and proxies for the local level of
economic activity. Moreover, unemployment might affect plant efficiency in a number of different respects,
such as working incentives or skills. Yet, the direct effects of unemployment on efficiency should be taken
cautiously as in small municipalities the estimate might suffer from endogeneity. In fact, plants might
increase (decrease) their activity for reasons not related to unemployment, but in turn their investment
decision will clearly affect employment.

Average years of school (LSCHOOL): Logarithm of the average number of years the population has spent in
formal education in the municipality; computed from the household survey. Education is considered a crucia
factor to boost industriadlisation in more advanced and competitive sectors, as it increases the ability to
innovate and adapt production to new technologies, speeding up the process of diffusion (Nelson and Phelps
1966). In fact, several authors have argued that educational policies have been at the basis of the rapid
industrialisation of the south-east Asian Newly Industrialised Countries (NICs) (e.g. Kim 1997).

Average wages (LWAGEAV): Logarithm of the average monthly wages in Chilean pesos in the
municipality, computed from the household survey. We use the wage variable also as a proxy of the ratio of
skilled people in the locality, as the plant database indicates that wages paid to skilled employees and
managers”’ are double those paid to unskilled workers. We expect a positive impact on firm efficiency.

Public investment (LPUBI): Logarithm of public investment per region in the period 1990-1997 in millions
of US dollars®. We use a value for the past seven years because public investment does not generally have a
short-term effect. The impact on firm efficiency depends on whether the public investment crowds in or
crowds out private investment, and this too might vary across sectors.

Kilometres of road per capita (LKMPC): Logarithm of the number of square kilometres of road per
inhabitant in the region in 1996.* To simplify the model and limit collinearity problems we had to choose
only one proxy for infrastructure, and this was the one chosen. A positive impact on efficiency is expected.

Technological funding (LTECFUND): Logarithm of the total technological funds received by research
institutions and firms in the region in 1996 in thousands of Chilean pesos.® We do not use a per capita
measure as funds are directly given to ingtitutions and firms to co-finance research and innovative projects™.
We do not have the information to attach the funding directly to the firms in our sample, but the variable
proxies regional R& D activities. We expect a positive impact, mainly in the more advanced sectors.

4.3. Estimated model and sample

Given the econometric approach (chapter 3), the form of the production function (section 3.4) and the
dependent and independent variables (section 4.2), the find mode we estimate is the following:

" The database reports the figure for wage payments to an aggregate class that includes managers, specialised workers
and administrative.

“8 Source: Chilean Economic Ministry, Division of Productive Development, http://www.economia.cl

* Source: ‘ Informe de Competitividad Regional’ (Regional Competitiveness Document), Ministerio-del-Interior 2000,
based on Direccion de Viabilidad / INE (Board of Traffic Regulation / National Statistical Bureau).

% Sources: FONTEC, FONDECY T, FONDEF; respectively Fondo Nacional de Desarrollo Tecnologico y Productivo
(National Fund of technological and Productive Development), Fondo de Educacion Superior y Desarrollo Cientifico y
Tecnolégico (Fund for Higher Education and Scientific and Technological Development) Fondo de Fomento a
Desarrollo Cientifico y Tecnoldgico (Fund for the Promotion of Scientific and Technological Development).

°! Refer respectively to http://www.corfo.cl ; http://www.conicyt.cl ; http://www.fondef.cl
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where w;; defined as in equation (10); i = 1,...n is the number of observations per sector; and j = 1,...9 are the
sectors as defined in section 4.1 above.

Elagticities of inputs in the production function (19) are now defined by equations (21), (22) and (22), at the
mean values of the log of the input quantities™:
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We pool the surveys of the two available years, obtaining a total sample of 10,713 plants divided into the
nine sectors®. We do not account for the sector including ‘other manufacturing firms', as their number is
very small and we are not interested in analysing firms we cannot classify. This first selection reduces the
total sample by 168 firms, without clearly affecting the sectora samples, which are the ones we estimate.

We then proceed by dropping the observations for which input variables have a zero value, as they cannot be
transformed into logarithms. In particular, there is one observation with gross output equal to zero, one with
employment equa to zero, plus four with employment less than 10. The latter are not accounted for in the
estimated sample as the survey is meant to include plants with more than 10 employees, and we assume
those four are measurement errors. The number of observations with a zero value for material inputs is 10.
Finaly 77 firms appear to have zero consumption of electricity. Dropping those observations is less a
problem than the much higher number that have a value of capital equal to zero, as plants that do not use
electricity around the whole year presumably do not operate. Our assumption is confirmed by the fact that
those firms are the same as those with zero output, zero employment and part of the zero materia
acquisition. Hence, the fina number dropped amounts to 89 observations. The sample used for OLS
estimation and only plant characteristics thus accounts for 10,456 observations divided into 9 sectors.

%2 Note that square terms enter divided by two in the estimated equation.
%3 The size of sectoral samples, with a brief description of the sectors, are reported in the appendix in table A.2.
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Lastly, the inclusion of municipal indicators in the final model requires the dropping of a few more
observations, depending on the coverage of the household survey. This sample includes 10,006 plants,
divided into the nine sectors. We summarise the sectoral sample and dropped percentages in the appendix,
table A.2.

5. ESTIMATION AND ANALYSISOF RESULTS

We first estimate the production function on its own, without controlling for efficiency. Then, using the
methodologies described in chapter 3 we contemporaneously introduce the determinants of its distance from
the efficiency frontier. Those are divided into firm characteristics and local characteristics, with the latter,
depending on the available data, referring to the regional or municipal level. Thus, we test for the optimal
model that fits each sector, and analyse the resullts.

5.1. The Production function and diagnostic analysis

Before starting the analysis of the final model, we regress using smple OLS the production function in each
sector, in order to test for elagticities, returns to scale, error skewness and diagnostics™. From an empirical
point of view, using the stochastic frontier model we are more interested in analysing the efficiency of the
firms and its determinants than the production function frontier itself, which is more an instrument™.
Theoretically, the OLS estimates of the parameters of the production function are consistent, apart from the
congtant term and the variance (refer to chapter 3), even if they are not efficient.

Even before running the regressions, we graphically analyse the relations between outputs and the single
inputs® (figures A.1 — A.2). We mainly want to check whether there are outliers or influential points that
could distort the results. We consider there is no relevant element which suggests eliminating data, as
different tests indicate different possible outliers. Hence, any observation dropping would be an arbitrary
choice that could itself bias the estimations. In most of the cases the sample is large enough to make any
possible outlier not influentia, while in those sectors which have smaller samples (S8 and S9), there is no
evidence of possible outliers.

Plots indicate that the relation between input material and gross output is more direct than the relation
between output and, respectively, labour and capita. In al the sectors the first input looks the least dispersed,
followed by labour, with capital being the more variable. The same results are confirmed by pairwaise
correlation coefficients™’.

As expected, all R-squares are very high, but in most of the sectors some of the regressors are not significant.
This appears to be due to the presence of the expected high collinearity in the model®, which renders t-tests
unreliable. Hence, to verify whether the use of the trandog is consistent and preferred to a restricted version
such as the Cobb-Douglas, we test the probability that al the second-order terms are contemporaneously

* The Frontier 4.1 software does not allow for much analysis of the results nor for any diagnostic test, hence we prefer
to check them on the simple production function before starting the estimation with the stochastic frontier approach,
with amore flexible software.

% |dedlly the aim would be to compute directly the values of the inefficiency terms, but we have to compute them
through the estimation of the frontier production function (see chapter 3). Hence this kind of analysis conceptually
differs from the usual econometric estimation as the error is the centre of the attention and not the collector of all
missing information (Greene 2000).

% Plots are based on the sample reduced to the availability of municipal indicators; yet a comparison with the full
samples has been conducted, in which no substantive differences appear. The plots for only two sectors are presented in
the Appendix, one with alarge sample and one with asmall sample. All other sectorslook quite similar, available from
the author.

>" Results are not inserted to save space, but are available from the author.

%8 Given the structure of the Translog (refer to chapter 3) all the inputs enter the production function more than once. A
computation of the Variance Inflation Factor (VIF) in fact results in very high values, which are even higher for the
sectors with smaller samples.
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equal to zero using a Likelihood Ratio test (LR)™. In none of the sectors is the null hypothesis of the Cobb-
Douglas restriction accepted. In any case, differences in tota returns to scale as between the two different
specifications are never very large, and in some sectors the null hypothesis of equality is accepted.®® Nor has
the sign of this difference a unique direction, athough the cases in which the trandog estimates higher
returns to scale are more frequent than with the Cobb-Douglas function.

Given that we allow for the presence of two different error terms, with different distributions, we are not
concerned by non-normal errors and their non-constant variance. On the contrary, as we alow the
distribution of one of the errors to vary according to the firm’'s characteristics, we assume that the presence
of heteroskedasticity is due to this variation, while v; terms are homoskedastic. As expected, the errors are
much more concentrated around their means in the regressions run in each sector than in regressions
comparing all manufacturing industries, confirming that it is necessary to control for their different
production processes and that the classification adopted accounts for fairly homogeneous industries™.

Given our expectation on the distributional form of (in)efficiency, we would suppose that total error terms
are more concentrated on the left (negative) side of the didtribution. An overview of the Kerne density
estimates and frequency distributions (figures A.3, A.4) seems to confirm this tendency, but in most sectors
not redly in a striking way. Nevertheless, we check for the medians of the error terms and in al the sectors
they are negative™, but even in this case the values are very low (zero up to the first or second decimal digit).
Hence, while the fact that all distributions tend to the normal respects the MLE hypothesis®, we bear in mind
that some of the inefficiency effects might turn up as non-significant.

This point is extremely important and needs a brief digression. In fact, it has been demonstrated that, given
the LL function defined by Aigner et a. (1977), if the inefficiency terms are assumed to be normally
distributed (non-negative), their variance is bigger than zero if and only if the third moment of the total
residuas is negative (Wadman 1982). In the other case, the LL has its local maximum corresponding to g =
0, (i.e. the OLS edimates are the parameters that maximise the LL). Hence, there is no evidence of
inefficiency and MLEs do not provide different values of the parameters. Yet, this result is not valid
asymptotically (Waldman 1982) and, to our knowledge, when the inefficiency d parameters are introduced™.
The sample in most sectors is quite large. Nevertheless, we test whether in some of them we can accept the
hypothesis that the efficiency determinants di are equa to zero and the u; are distributed with a truncated
normal (equation (10)) (table 5.4). In this case we should test for skewness of the residuals. The hypothesisis
rejected in all sectors™.

In the last instance the distribution of & depends on how large is the stochastic term variance s?,, compared
with the variance of the inefficiency term s2,%.

5.2. Estimation with efficiency indicators

We next introduce the firm efficiency indicators and data at municipal and regiona level. Due to some
missing values at the municipa level, the sample is reduced by dropping the firms of the corresponding

% Given that this is not our final model, but is only used to check for the robustness of the production function, we do
not report result tests, which are instead reported for the final model. They are however available from the author.

€ For the sake of comparison with the final results the translog elasticities are reported in the appendix in tables A.4 —
A.7. Cobb-Douglas elasticities are available from the author.

¢ Measures of Kurtosis are much higher for the total sample than for sectoral samples, apart from S1 and $4 that have a
less homogeneous composition.

62 providing the expected information that there are more errors on the negative side.

83t is assumed that the errors are independent of one another and the sample covers almost all the manufacturing plants
in their sector.

% We have not found any study that derives the value of the LL and its changes around the point where g= 0, in the
case of the specification used in our work. The introduction of a new parameter used to maximise the LL would change
the conditions demonstrated by Waldman.

® Test is not provided for S9 because, as we explain in the following paragraph, we accept the hypothesis that there are
no inefficiencies at al in that sector.

€ As mentioned in section 3, when s, ® 0, dlso g® O.
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municipalities, as dready noted. It could be the case that those locdities coincide with the more
underdeveloped ones (eg. we keep dl the observations in the metropolitan region around Santiago),
although in some cases the percentage of dropped observations is very small (table A.2). A comparison of
the returns to scale and elaticities among the complete and reduced sample shows that, apart from one case
(S3), there are differences only starting from the third decimal digit (tables A.4 — A.7). Moreover, the
evidence is mixed, with some sectors in which the returns to scale are dightly higher in the reduced sample
and others in which the complete sample estimates lower results. In the case of the third sector the selection
is more sensible (12% of the observations are dropped), and the elagticities are a little bit lower in the
reduced sample; we will take thisinto account in evaluating the results.

Before the definition of the final model illustrated in chapter 4, we tried different specifications inserting
various loca indicators across the sectors, in order to induce empirically the more significant variables and
control for the largest number of determinants. The definition used here is the result of an effort aimed at
contemporaneoudly limiting problems of collinearity while capturing al the possible information through
different proxies. The selected variables are also the more robust ones as their changes across specification
were low.

We have avoided the use of clearly endogenous variables such as regional GDP, exports and foreign direct
investment (FDI). Without having the possibility to control for the direction of causdity it would have been
quite difficult to give any reliable interpretation of their coefficients’”’.

We provide the results for the estimates of the best available modd in table 5.2. In the first place we analyse
their reliability, testing i) whether the trandog specification for the production function is better than the
Cobb-Douglas; ii) whether the use of loca indicators is significant or everything is explained by plant-level
factors; and iii) whether there is an inefficiency error term at all, or everything is explained by random error
(table 5.4). All the hypotheses have been tested through a likelihood ratio test (LR), as it has been previoudy
demonstrated to have the correct size (contrary to a Wald test) (Coelli 1995). While the first two tests are
ordinarily distributed with a c’, the last investigates the value of the parameter at its lower limit. It has been
demonstrated that in this case the LR has an asymptotic distribution that is a mixture of ¢ (Coelli 1995).

The first test is rejected for al sectors, concluding that the Cobb-Douglas restriction would fit worse than the
trandog. Hence, even if some of the input coefficients appear not significant using the t-test® (table A.3),
they actually help to explain input easticities™. The second test is accepted only in the case of S2, providing
some information that for traditional, labour-intensive manufacturing (with no particular link to the primary
sector) there is no efficiency gain in the location decision, when can be attributed to local endowments.
Conversdly, in the other sectors local variables play arole in explaining firm efficiency.

The last test is accepted only for S9, for which the model is clearly misspecified, given the values of the log-
likelihood function (LL). Hence, in this last sector either there are no (in)efficiency effects, or it is not
possible to distinguish them from stochastic errors®.

To conclude, we will use the model with both plant and loca efficiency determinants in al sectors apart
from S2 and S9. In the first case there are inefficient plants but their distance from the frontier is not
determined by local factors, hence we interpret the results that include only firm indicators (table 5.3). In the
latter case there is no evidence of an inefficiency term, hence we comment only on the elasticities, but the
sector is clearly dropped in the discussion of the determinants of efficiency.

67 We would not be that surprised in discovering that firms in high exporting areas are more efficient than those where
there is no access to export markets. Without time series information and a proper control for self-selection of firms, it
would be impossible to assert which phenomenon influences the other one.

% We have already mentioned the problem of unreliability of the t-testsin the presence of collinearity.

% Asthe value of elasticities is not computable straightforward from estimated coefficients, we insert in Appendix the
results for the only final model applicable to each sector. The other results are available from the author.

" | n this case we have reported the results of the test for the production function obtained with OLS: the Cobb-Douglas
isrejected. It isinteresting to mention that the error distribution in the paper sector, estimated with OLS, has the closest
median to the zero average among all sectors (figure A.5), confirming the correlation between the distribution of errors
and the accounting of inefficiencies.
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5.2.1. Some results

Results of the estimated input elasticities, measured at their mean values, are presented in table 5.1. In all
sectors input materials have a very high elagticity, which is even higher in those mostly dependent on
primary (local) resources such as food commodities, wood and paper products, and manufacture of basic
mineral products. The second common pattern is the very low returns to capital, while labour estimates have
quite standard values, apart from two very low cases. Those results suggest that, across al sectors, Chilean
manufacture is mainly based on the available materials, while a small part of the value-added comes from
capital usage. Labour returns appear to be higher in those sectors where more skilled workers are used, but
are very low in the traditiona sector (S2) which is meant to be labour-intensive, and in the mineral-based
sector (S5), where it is expected that production is based on resources and fixed capital investment”.

Table 5.1 — Input elasticities (according to model selected per sector)

Input L K M TRS
Sector
S1 0.470 0.081 0.719 1.270
52?2 0.075 0.073 0.634 0.782
S3 0.230 0.072 0.715 1.018
S4 0.363 0.048 0.627 1.039
S5 0.073 0.120 0.654 0.847
S6 0.334 0.053 0.591 0.978
S7 0.438 0.092 0.571 1.101
S8 0.583 0.026 0.559 1.168
S9 OLS® 0.233 0.102 0.709 1.044

& Estimation obtained without local determinants and plant efficiency effects
P Estimations obtained with the translog function with entire sample (N = 230), and no (in)efficiency effect
Notes: L islabour input, K capital input, M material inputs, and TRS total returns to scale.

Since our main interest is in the efficiency of plants and its determinants, we present estimates for the roles
of regiona and firm indicators in table 5.2, and for the latter only, in table 5.3. The tables aso report the
mean efficiency, but due to the problematic interpretation of the average value we present in the Appendix
more tables with values on the efficiency distributions, per sector and per region (tables A.19 — A.29).
Figures for the estimated Kernel density distributions are also presented in Appendix (figures A.7 — A.14).
Even if previous studies have compared efficiency across sectors, we agree with Coelli et a. (1998) that we
should be very cautious in such a comparison. In fact, we recall that the (in)efficiency measures obtained are
relative to the frontier estimated for each sector. A strict comparison of values would implicitly assume that
al the sectors have the same production frontier, which is not redistic, and definitely not supported by the
data”. In order to compare efficiencies, atempts have been made to mode the concept of the
metaproduction function” (Hayami and Ruttan 1970) with the stochastic production frontier approach. Bui it
has been used to compare efficiency in the same sector across regions and not vice-versa (Battese and Rao
2001).

Taking into account those considerations, we can still observe that the traditional sector (S2), that of
manufactures based on primary minera resources (S5), and the publishing and printing sector (S8) have the

™ The two sectors are respectively the least and the most capital intensive (table A.13)

2 We have already mentioned that the error term variance is much lower in the sectoral regressions than in the total.
Moreover we test the restriction of pooling the data in one sample with LR on the OLS estimates (as the final model
estimated is different across sectors), where the test has the following form: Ho: bi; = ... = big, wherei =0,...9 are the
input variables and the second digit represents the nine sectors. Results of the test: unrestricted LL = 2471.788;
restricted LL = 3508.752; | = 2073.928 ~ ¢, . We do not have the available related critical value, but with 50 df it is
63.17, which implies that the hypothesis of equality would be rejected.

™ Assuming that all the producers in different regions have access to the same technologies, the metaproduction
function is defined as the “ envel ope of the production points of the most efficient” regions (Battese and Rao 2001), p.1.
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highest number of inefficient firms relative to the Chilean™ sectoral respective frontiers (table A.19 and
figures A.19 — A.29). The remaining sectors have fairly smilar distributions, with two sectors partly
differing; i) food commodity producers (S1) are more dispersed and some are relatively very inefficient, and
ii) the chemical and plastic sector (S$4) has a lower median, as the higher density corresponds to relatively
inefficient firms.

Given those preliminary considerations, we are now interested in analysing which are the significant
determinants of efficiency in the different sectors, and whether there is any space for industria policy to
incresse the efficiency of the most dynamic ones. We first notice that the local variables, when controlling
for plant characteristics, have little or no relevance in affecting the efficiency of the plants. Partly this is due
to the low variability of the local data in comparison to plant data. Some of the local regressors change
according to municipalities, but some change only according to regions. In addition, in most sectors the
majority of the factories are concentrated in the metropolitan region, and sometimes in a few others (table
A.10), which reduces even more the variability”. Nevertheless, the fact that plants concentrate in a few
regions is an indicator that the local endowments might play an important role. In fact, we have regressed the
same model using only the local indicators, and most of them turned out significant”. This could mean that
local dynamic assets such as access to skilled labour, concentration, available inputs, access to imports, etc.,
affect firm efficiency indirectly, through plant characteristics. Plants mainly cluster in the Metropolitan
region, where non-natural assets are concentrated. Only the wood manufacturers (for the more basic
industries in S3) highly concentrate around their natural resource, and the minera production (S5) to a much
less extent. Other resource-based sectors (S1, S6, S8, S9), do not show a clear pattern (tables A.9, A.10). The
fact that the region around the capital Santiago is aso the one that provides great part of the ‘dynamic assets
and no static comparative advantages (Ministerio-dd-Interior 2000), is a first indicator of the important role
of the first endowments in plant locating strategies.

We now proceed to evaluate the results of the estimations. Mgority of foreign ownership in the plants is
significant in only two sectors, with a positive impact”’. Not surprisingly these are sectors having the highest
proportion of foreign ownership and of large plants, which shows that foreign investments were involved
where large capitals are needed and economies of scale could be exploited (S4 and S5 are aso the most
capital-intensive sectors). The pattern is confirmed by the high presence of factories with mgjority foreign
ownership in the paper sector (not included in the efficiency analysis), and the concentration of foreign
ownership in plants of bigger size in food commodities (where the effect is positive but not significant).
However, an understanding of FDI impact on local firm efficiency across sectors would require a deeper
analysis, considering that there might be a strong selection bias, as it is likely that foreign companies invest
in more efficient plants (Aitken and Harrison 1999). It is interesting to note that our data confirm that most
FDI is concentrated in commodity industries (table A13) (Benavente et a. 1998), aimed at the exploitation of
local natural resources advantages. Even if we are not able to say much about the direction of causdlity, we
can note that in five out of seven sectors, FDI does not have significant impact on relative plant efficiency.
These results confirm that the main gains derive from the high capital investment, but that there are no major
technology or knowledge transfers that would improve the productivity of the firms. A recent work on the
determinants of innovation in Chilean plants shows that FDI has a positive role in adopting new tools,
improving product design and reorganising the administrative organisation (assuming there is no sef-
selection bias); but it has no significant role in innovation in products and in packaging, and does not
increase the probability of having an R&D laboratory and acquiring foreign licences (Alvarez and Robertson
2000). This analysis was conducted using a reduced sample of the same survey as ours, but with no sector
differentiation and only on large firms (the average plant has 302 employees).

™ Note also that we do not have any information on ‘international best practice’, which would be again necessary to
compare efficiency across sectors. In fact, even assuming we can conclude that one sector is more efficient than
another, it might not be the case relative to the international frontier for the respective sectors.

> Note that S2, for which model with local indicators has been rejected, is the most concentrated in region 13 (table
A.10).

® Moreindicators than those used in the final model have been used with significant results. They were not included for
reasons of space and because, due to misspecification, they are not interpretable. They are available from the author.
"It is probably worth recalling that the u; are inefficiency measures, and the reported variables affect positively
(negatively) the inefficiency (efficiency) when the coefficient is positive.
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Table 5.2 — Estimates: firm efficiency and local development indicators model

Sector _ S1 S2 S3 S4° S5 S6 S7 S8 S9
Variable
Const d -2.901** 4.638** -0.151 0.800  6.472 -0.263 0.661  4.041  2.208*
(-2.840)* (4.766) (-0.179) (1.440) (0.302) (-0.234) (0.624) (0.020) (1.893)
Formaj  d -0.046  0.042  -0.034 -0.112** -0.167** 0.066  -1.038  0.032  0.052
1 (-0.828) (0.461) (-0.369) (-3.281) (-2.173) (0.584) (-1.420) (0.259) (0.708)
Pub g 0316  -0.009 0074 -0.198** -0.371** 0.671** 0.495**  0.204
2 (1.023) (-0.026) (0.391) (-2.697) (-4.103) (3.464) (2.253) (1.469)
Imp o -0.080** -0.180** -0.269** -0.133** -0.002 -0.143** -0.189** -0.227** -0.036
(-2.118) (-4.855) (-13.30) (-4.956) (-0.057) (-2.971) (-2.645) (-4.048) (-0.714)
Lmale d -0.677** -0.119** 0.019  -0.067 -0.213* 0.165 -0.158  0.000 -0.308**
(-8.766) (-2.862) (0.270) (-0.958) (-1.894) (0.984) (-0.825) (0.000) (-2.341)
Lmanag  d -0.766  -0.105  0.033  -0.060 -0.184 0.398 -0.725 -0.122 -0.915**
° (-1.176) (-0.717) (0.109) (-0.290) (-0.784) (1.451) (-1.546) (-0.489) (-2.583)
Lskill d -0.156** -0.065** -0.054 -0.392** -0.202** -0.149** -0.231** -0.220** -0.082
(-2.792) (-2.227) (-1.134) (-4.086) (-3.672) (-2.475) (-2.452) (-4.369) (-1.107)
Ci d -0.014  0.057  -0.008 -0.042 -0.039** -0.144** -0.409** 0.117**  0.083
(-0.452) (0.522) (-0.301) (-0.553) (-2.407) (-2.761) (-2.790) (1.978) (0.820)
Lempleo ¢ 0.817** -0.327** -0.044** -0.011 -0.196** -0.106** -0.019  0.047 -0.287**
(2.792) (-5.268) (-2.689) (-0.478) (-3.217) (-2.959) (-0.365) (0.001) (-4.452)
Lworkf  ds -0.029  0.006 -0.006 0.031* -0.009 -0.027 -0.014 -0.103** -0.004
(-1.193) (0.253) (-0.274) (1.788) (-0.448) (-0.926) (-0.365) (-2.571) (-0.145)
Runemp o 0736  -0.863  0.601 -1.577** 0177 0263 -1.016  0.383  0.648
P %o (1308) (-0.568) (1.625) (-2.726) (0.308) (0.441) (-1.042) (0.452) (0.770)
Lschool d. 0-004 0347  -0048 0077 0290 0460 -0.191  0.606  -0.258
1 (0.013) (0.942) (-0.237) (0.367) (0.960) (1.166) (-0.456) (1.373) (-0.543)
Lwageav d -0.022 -0.228** -0.027 -0.119** -0.183 -0.152 -0.062 -0.240* -0.023
12 (-0.199) (-2.046) (-0.399) (-2.435) (-1.536) (-1.247) (-0.485) (-1.878) (-0.156)
Loubi g. 0015 -0212 0158 0.147** -0.355** 0.351** 0.081  -0.027  0.261
P ¥ (0.225) (-1.305) (1.614) (3.877) (-3.779) (3.337) (0.525) (-0.232) (1.057)
Lkmpe  dus -0.132** -0.066 -0.101  -0.076  -0.041 -0.139** -0.212** -0.077 -0.071
(-3.391) (-0.998) (-1.212) (-0.887) (-0.910) (-2.668) (-2.132) (-1.398) (-0.723)
Ltecfund d. 0-024 0071  -0.049  -0.038 0.138** -0.111** 0095  -0.010  -0.082
5 (0.823) (0.870) (-1.584) (-0.683) (3.215) (-2.427) (1.374) (-0.158) (-1.048)
0.605** 0.484** 0.011** 0.007  0.596  0.086  0.347** 0.294  1.000**
9 (18.948) (8.024) (3.585) (0.696) (0.118) (0.958) (2.305) (0.009) (33.674)
<2 0.147** 0.094** 0.076** 0.129** 0.104** 0.087** 0.142** 0.079** 0.058**
(15.748) (19.864) (19.587) (19.131) (17.368) (13.818) (6.213) (13.906) (11.227)
Mean eff. 0.822 0.670 0.868 0.808 0.122 0.865 0.823  0.276  0.295
LL OLS -564.873 -378.283 -174.405 -498.206 -209.964 -193.786 -354.855 -88.057 -9.359
LL MLE -408.604 -295.837 -139.261 -447.533 -170.988 -157.894 -315.334 -56.900  3.290
N 2946 1832 1066 1144 599 871 945 375 228
Model used YES NO YES YES YES YES YES YES NO

#Number in parenthesis are the respective t-ratio. Coefficients reported with ** are significant at 95% level, * at 90%

level.

P Estimation of sector 4 with local indicators had to be done providing starting values for the iteration process, as the
usual process of frontier 4.1 was providing aLL function higher for MLE than for OLS. Y et, we have provided exactly
the same starting values used by the programme in the usual process, with the exception of g which was set equal to its

value in the estimation without local indicators; we thus believe that the correction do not influence the results.
“Not applicable as there are zero observations with public property.
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Public firms represent a very low proportion of the manufacturing sector (table A.13), mainly concentrated in
machinery production and elaboration of non-metalic raw materials. Just as for FDI, public ownership is
positively correlated with size, as probably referring to those plants that require high fixed investments and
have the highest returns to capital (tables 5.1, 5.2). Given the low participation in the sample, the variable is
significant only in four sectors, and has a positive effect on efficiency only in two of them, where the main
production of public firms is the casting of non-ferrous metals” and basic chemicals (source: ENIA 96-97).
The fact that they are the same industries where also foreign ownership has a positive role supports our
hypothesis that thisis mainly due to the exploitation of economies of scale.

On the contrary, public ownership has a negative role in more dynamic sectors such as S6 and S7.
Nevertheless, it is not possible to assert in this work whether those firms have a positive role in overall
industrial development through other channels, such as investments in R&D, training, materials supplies, etc.
For example, it is worth noting that the average ratio of skilled workers across all sectors (without public
firms) is 0.28, while the average in public firms is 0.6. Even in S7, that has the highest ratio of skilled
workers, in firms owned by the public sector it is double the average (source: ENIA 96-97).

It might be the case that those plants have an important training role for formaly educated workers, with a
high labour turnover; i.e., they prepare young workers that are then able to shift to the private sector after the
training period.

Imports of inputs have a significant positive effect in all sectors apart from S5. The result is not surprising, as
it confirms that the major channel of technological improvement across Chilean industries is through
machine-embodied knowledge and better quality inputs, both imported from abroad (Alcorta and Peres 1998;
Benavente et a. 1998; Cimoli and DiMaio 2002). The evidence underlines that there is alow effort in loca
industry to produce those inputs which increase firm efficiency, as the plants that have access to import
markets are significantly more efficient with respect to those that use national inputs.

The extent of the import coefficient across sectors is quite variable, and does not indicate any precise pattern.
The impact is low in S1 where mainly local inputs from the primary sector are used and the transformation
technology is mainly a simple one”. Imports are not significant in S5, which is strongly based on local
natural resources (metallic and non-metallic mines), and which is aso the sector with the lowest efficiency
distribution (figure A.19). Nonetheless, plants that exploit local forest resources are the most influenced by
importing materials (S3 and S8). The high value of the coefficients might indicate that local resources, while
important, need complementary assets to render plants efficient. It is telling that it is even more the case in
the sector where products and processes are quite low intensive in technology (mainly sawmilling, planning
and furniture). Plants in the classes that account for the most advanced sectors (S4 and S7) are strongly
positively affected by imports, but not more than average.

The access to imported inputs is one of the variables that might in turn be affected by different local
characteristics, such as the access to externa markets and the availability of inputs in the local ones. The
former is confirmed by the positive correlation among the ratio of imported inputs and both regional public
investment and the kilometres of roads per inhabitant, proxy for infrastructura development (tables A.30 —
A.39). We do not have enough information to assert anything about the latter condition as we should
consider more specificaly the characteristics of the subsectors and analyse their production chains.

Another variable that is positively significant across most sectors is the ratio of skilled workers to total
workers. The impact is stronger in those sectors where the average and median ratio is higher ($4, S7 and
S8) (table A.16), which are also the ones that account for the most advanced subsectors™. Across all classes
the distribution of the variable has two relative maxima®™, suggesting that most plants in the sector have a

8 Which represents 70% of the public firms in sector S5 (source: ENIA, 1996-97).

" |n this particular sector more than half of the plantsin the sample estimated are manufacturers of bakery products, of
which only 1% import input materials. In fact, 93% of those plants have less than 50 employees (50% less than 20)
and most likely are local bakeries. The second group in importance processes and preserves fish and fish products (fish
flour), the third are manufacturers of grain mill products (source: ENIA, 1996-97). Hence there is not much evidence
that the sector is an advanced agro-industrial one.

8 Reating industrial classes with Ferraz taxonomy (1996).

8 One obviously coincides with the absolute maximum, which is the one that corresponds to low values of the variable.
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low ratio of skilled workers, but that there is also a considerable number that have a high ratio (figure A.15,
A.16). Hence, the less likely situation is to have a relatively similar number of skilled and unskilled workers,
which indicates a quite polarised industry.

Those sectors that have the largest average also have the highest proportional number of firms with a ‘skill
ratio’ close to one (table A.16). Assuming we can proxy the level of technological complexity by the number
of skilled workers, we could conclude that those sectors have the highest proportion of advanced plants ($4,
$6, S7, and S8). But surprisingly, while the machinery sector has a high number of relatively efficient firms,
publishing and printing has al its plants quite far from the sectoral frontier. Nevertheless, the results for this
second case are biased by the fact that newspaper and periodical publishing represents a considerable part of
it®. This subsector employs a very high number of skilled workers, among which one third are actually
administrative®™. Hence, in this case the ‘skill ratio’ is not interpretable as an indicator of ‘technological
capabilities in manufacturing, and the subsector itself is more a service than a manufacturing one. To
conclude, the above results on the skill ratio confirm our hypothesis that the availability of a skilled
workforce increases the competitiveness of the industrial sector. They have a positive impact on the
efficiency of its plants, mainly in the more dynamic sectors, but also in more traditional labour-intensive
ones, where the unskilled labour force plays the mgjor role.

The ratio of skilled employees is aso likely to be strongly influenced by local factors, such as the degree of
education, number of educationa institutions, average economic conditions, labour mobility, and wages.
Concerning the variables that we have included in our model, the sKill ratio is positively correlated with the
average local wages and years of schooling in nearly al sectors (tables A.30 — A.39). Those results suggest
that the most advanced firms, which are those that are more strongly affected by having a high number of
skilled workers, tend to locate in areas where there is a large supply of educated people and are prepared to
pay them a higher salary.

On the contrary, the number of managers relative to workers does not represent a significant variable for
efficiency. A higher number of managers should suggest that a plant has a more complex organisation, but
lack of information on managerial quality and skill level limits the anaysis of this variable. Nevertheless,
this result might be evidence for the fact that the managerial structure of Chilean plants is not competitive,
and does not enhance their efficiency. It has been argued that corporate management had a crucia role in
determining countries competitiveness, but that at the same time it is not easy to imitate (such as
technological knowledge). Concerning the region we are dealing with, Fagerberg et al. (1994, p.14) argue
that “attempts to graft leading-edge practice into a different sociocultural setting, as for example by Latin
American countries adopting North American managerial practices, have been much less successful” than
developing corporate strategies built on local socia capahilities.

Asindicated in table A.18 al the sectors employ a large magjority of male workers, with the partial exception
of the traditional sector. Yet, they positively affect efficiency at a 95% significance level only in two of
them.

Controlling for plant size results in a significant determinant of efficiency in many sectors. The first striking
result is that in food commodities manufacturing (S1) small and medium enterprises (SMES) are much more
efficient than large ones. Although the coefficient reduces by ten times when the bakeries are removed from
the sample®, it is an important result in terms of policy implications. Yet, in al other sectors larger firms are
aso the more efficient, even if it is not dgnificant in those that are meant to account for the most
technologically advanced industries, S4 and S7. Overall these estimates suggest that the role of SMEs has to
be taken into account in the Chilean economy as potential competitive producers, probably excluding those
sectors where high fixed investments and sunk costs are required, such as S5 and S6. Our results are in line
with previous studies of SMEs in the country, which have stated that even if large firms are, on average,

8 Almost all the largest firms of class S8 are classified as periodical and newspaper publishing (source: ENIA, 1996-
97).

8 We recall that our skilled variable is the sum of specialised workers and administrative staff. According to the
complete firm survey, the average number of specialised workers and administratives in the newspaper subsectorsis
around, respectively, eight and six times the manufacturing average (source: ENIA, 96-97).

8 Results not inserted are available from the author.
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more efficient, SMEs are reducing the labour productivity differential and have played an important role in
the last decade in the industrial sector (Peres and Stumpo 2000)%*. Nevertheless, it is much less the case in
the traditional sector, where SMEs are what have suffered most from the structural reforms (Katz 2001), and
apparently are not recovering.

The concentration index (Cl) is a relative measure that shows whether a particular sector (classified at 2-digit
level) is more concentrated in one particular region than in the country as a whole. In the first instance we
note how its significance changes when local indicators are introduced or excluded, showing its high
correlation with them (tables A.30 — A.39). The CI proxies for the effect that agglomeration forces can have
on efficiency, in terms of positive or negative externalities. Our estimates provide some mixed results across
sectors. It is not significant in those that are based on natural resources and have technologically smple
processes of production, such as food and beverages, and wood manufacture (S1 and S3). The result is quite
surprising, as S3 is the sector with the highest percentage of plants concentrated in the region where the
resource is most present (tables A.9 and A.10). On the other hand, in those sectors based on natural resources
but with higher investments in capital required, such as metal and non-metal manufacture (S5 and S6), Cl
has a positive effect, athough not strong. It is expected that part of the gain is due to the local presence of
natural resources. Yet, the ratio of plants located in the regions where the number of mine exploitation
concessions is high is quite low. On the contrary, most of the plants concentrate in the Metropolitan Region.
Thus, gains from assets present in the region around Santiago should be higher than resource transportation
costs. The outcome is positive dso in the mogt traditional industries (S2), where the advantage does not
derive from the presence of loca resources, but more from the generation of positive externdities. We recall
that for the present sector we accept the model with only plant efficiency indicators. It is likely that the
concentration index retains some of the information that is not explained by the regiona indicators. The
correlation matrix of the sector in fact indicates that the index is highly positively correlated with
infrastructures, public investment, percentage of technological funds, average wages and years of schooling.
This pattern actualy recals more a Krugman approach (Krugman 1995) to localisation with cumulative
causation effects than the Marshallian one (Marshall 1920).

Finadly, plants in the machinery sector gain strongly by concentrating. In the absence of any particular
linkage with the primary sector, and controlling for local factors®, it is likely that those plants gain from
spillover effects. Thus, in this case, it appears that Marshallian externalities play the strongest role. We do
not have enough information to analyse the sources of externdities, which could be the outcome both of
other factories' activities and of public efforts in research and devel opment.

The impact of sectoral concentration has been controlled with total industrial concentration, proxied by the
total number of workers in each municipality. In fact there might exist externalities both within the same
sector and across sectors, in terms of producer-supplier relationships (Lundvall 1988). Besides, while the
concentration index might proxy for factors related to spillovers and externdlities, the industrial density
accounts more for the cumulative process of infrastructure development, and concentration of new industries.
However, this latter effect seems to be not significant, apart from two cases. Concerning the printing
industries, we estimate that the sectoral concentration generates negative externdities that reduce plant
efficiency, while localisng in areas with higher industrial density has a positive influence. A correct
explanation of those results requires a much more disaggregated analysis on the specific subsectors which
goes beyond the purposes of the present work. In al other industrial classes, the size of the workforce has a
positive but non-significant effect, except in the chemical and plastic sector where it has a negative impact
but significant only at the ten per cent level.

To conclude, our evidence suggests that plants tend to gain more in efficiency by concentrating on non-
natural assets than where natural endowments are located. In the only case in which there is a significant
correlation between resource concentration and plant concentration (S3) (tables A.9 and A.10), the ClI is not
significant. This last phenomenon might be explained by the presence of congestion effects around forest
resources, which counterbalance possible positive externdities. Contrary to the other commodity sectors,
assets that might be present in the Metropolitan region do not overcome the transportation costs of wood.

8 |ikewise, programmes aimed at the amelioration of SME competitiveness based on co-operative strategies (PROFOs
- Programas de Fomento), have been evaluated as having a positive impact (Benavente et a. 1997).
8 Correlation among Cl and the local variables are much less strong than in the previous case S2.
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Partly this is due to the average smaller size of plants, and partly to the lower technological content of the
wood-manufacturing sector.

As previoudy mentioned, the direct role of local variables in plant efficiency is weak. The rate of
unemployment is a positive determinant for chemica plants, a result that is coherent with the negative effect
of the workforce density on the sector, but which is quite unexpected. One possible explanation is the fear
effect that unemployment has on occupied workers, one of the arguments at the basis of efficiency wage
labour models®. The main idea is that employed workers, at a given wage, will put more effort into their job
if there is the possibility of being fired and the probability of reemployment is reduced by the increase of
unemployment. But, here again, the analysis would be quite simplistic without studying in greater depth the
sectoral characteristics and the relations with local employment.

The average number of years of schooling is not significant, but it is likely to have an indirect effect through
the supply of skilled workers. Nevertheless, the fact that only the latter appears significantly positive in our
estimations confirms the hypothesis that the supply of education is not sufficient. Formal education has to be
applied to learning processes to generate a pool of skilled and productive workers that increase local
industrial competitiveness (Lall 2000). The absence of demand for skills can result in a high rate of brain
drain. The concentration on low dynamic sectors with low technological intensity, and the consequent total
reliance on the import of technology through capital goods, generates this outcome. Finally, a relevant reason
might also be that the variable used is not disaggregated to control for vocationa education, which in theory
can have a stronger direct impact on the localisation strategies of the plants. Also positively correlated with
the skilled workers ratio is the average wage, which has a significant positive effect on efficiency in two
sectors, chemicals and printing (at 90% s.l.). We might think of a recursive effect, as plants pay higher
salaries in order to obtain higher results in terms of labour productivity, which will raise the average wage
rate in the locality but aso average labour productivity. Hence, newly established firms will have to be
efficient enough to pay the average wage, but will also be able to exploit a labour market with high returns.
This could generate an auto-selection process and loca economies of scale conceptualy very near the
Marshallian labour externalities (Marshall 1920). In any case, it is clear that the plants tend to gain from an
increase in the wages and not from exploiting cheap labour.

The last three regiona variables are highly intercorrelated, as they all represent public policy outcomes, even
if in very different aspects. To some extent the correation might cause a problem of collinearity. Hence,
among the several specifications tested, we excluded public investment from the regressors, but with no
major change in most of the sectors. Thus, our estimates indicate a crowding-out effect of public investment
in two sectors while a positive effect is present in the sector most based on minera resources. The ratio of
technological funds produces the opposite result, as they positively affect plants that are negatively affected
by general public investment and vice-versa. In particular, the sectors affected significantly are both based on
minera resources, S5 and S6. However, the former deals with very basic rough material processing, while
the plants in S6 produce more elaborated products that require more complex processes. Plants in S5 on
average reduce their efficiency when technologica funds are assigned to the region in the place of general
public investment, while the opposite happens in the latter sector. This might indicate that more advanced
factories take advantage of the shift from genera investment to provision of funds that enhance R&D
activities, while the less competitive ones gain from public investment that appears to be a general subsidy to
an endowment which is considered strategic®, but is actually not dynamic. Finaly, infrastructures
significantly increase plant efficiency in three sectors, with the strongest impact in the most advanced one
(S7), which has a straightforward interpretation.

8 For abrief and interesting survey refer to Yellen (1984).
8 Recall that firmsin S5 also gain from public ownership.
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Table 5.3 — Estimates: firm efficiency indicators model

Sector S1 S2 S3 S4 S5 S6 S7 S8 S9
Variable

Const do

2.792%% 2.004** 1.271** 1.192** 2337  0.234 0.874** 2534  2.473**
(-11.04) (7.190) (4.815) (3.159) (0.041) (0.595) (3.765) (0.189) (3.923)
Formaj d, 004l 0077 -0066  -0.092 -0170** 0.384* 1461 0082 0.207**
1 (-0.800) (0.943) (-0.487) (-1.403) (-2.255) (1.888) (-1.527) (0.925) (2.074)
oub g 0315 0003 0264 -0.725% -0.375*% 1111** 0.364** 0.171 b
2 (1.389) (0.008) (1.004) (-1.690) (-4.410) (2.652) (2.664) (0.669)
mp g "0-102°% -0170%* -0.486** -0.170** -0.027 -0.541** -0.253** -0.210** -0.179**
(-2.890) (-5.724) (-4.828) (-4.062) (-0.812) (-2.393) (-2.464) (-3.735) (-2.298)
\male g 0655 -0.108"* 0021 -0.141 -0.160 0.913* -0.066 -0.096  -0.239
(-9.689) (-2.965) (0.176) (-1.564) (-1.522) (1.788) (-0.367) (-0.814) (-1.435)
Lmanag ds 0950 -0.109 0053 0096  -0160 1862 -0.042* -0227 -1.167**
5 (-1.086) (-0.956) (0.207) (0.342) (-0.700) (2.652) (-1.661) (-0.756) (-2.753)
Lskill g 0162 0067 -0.115 -0.366** -0.221** -0.242** -0.313"* -0.243"* -0.153
(-2.798) (-2.324) (-1.551) (-3.717) (-4.151) (-2.109) (-3.092) (-3.176) (-1.484)
i g 0047%* -0.103** 0043 -0.075 -0.002 -0.484*> -0.381** -0.020  0.159
(2.485) (-3.542) (4.299) (-1.598) (-0.196) (-2.210) (-4.047) (-0.278) (1.384)
0.777** -0.369** -0.330** -0.147* -0.193 -0.287** -0.061 -0.210 -0.529**

Lempleo  ds  (13464) (-6.010) (-4.969) (-1.652) (-0.041) (-2.029) (-1.036) (-0.118) (-3.751)

0.586** 0.500%* 0.314** 0.141** 0.046 0.562** 0.440** 1.000** 0.512**
9 (20.061) (8.465) (5.516) (3.590) (0.006) (3.406) (3.242) (916.89) (5.047)
& 0.141** 0.094** 0.097** 0.140%* 0.108** 0.165** 0.164** 0.086** 0.072**

(18.512) (22.799) (23.091) (19.562) (17.637) (3.051) (5.517) (4.079) (8.878)
Mean eff 0.814  0.642 0797 0779 0.282 0.881 0.824  0.229  0.740
LL OLS -618.764 -377.081 -236.552 -503.567 -210.539 -197.996 -356.558 -88.572 -8.821
LL ml -468.287 -305.069 -209.807 -466.907 -187.529 -172.642 -322.537 -69.712  7.695
N 3199 1837 1216 1156 609 883 950 377 230
Model used  NO YES NO NO NO NO NO NO NO

#Number in parenthesis are the respective t-ratio. Coefficients reported with ** are significant at 95% level, * at 90%
level. ® Not applicable as there are zero observations with public property.
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Table 5.4 — LR tests of hypothesis on the MLEs

Null Hypothesis Loglikelihood I c? Critical value Result
Sector 1 -408.604

Ho: bs=...=bs~=0 -716.414 615.62 12.59 Reject Hy
Ho: do=...=0is=0 -468.287 119.336 14.07 Reject Hy
Ho: g=do=...=d;s=0% -564.873 312.538 26.983 Reject Hy
Ho: di=...=d;s=0 -522.762 228.316 25 Reject Hy
Sector 2 -295.837

Ho: bs=...=bs~=0 -569.089 546.504 12.59 Reject Hy
Ho: do=...=d;5=0 -305.069 12.464 14.07 Accept Hq
Ho: g=do=...=d;s=0% -378.283 164.892 26.983 Reject Hy
Ho: di=...=d;s=0 -372.435 153.196 25 Reject Hy
Sector 3 -139.261

Ho: bs=...=bg~=0 -205.838 133.154 12.59 Reject Hy
Ho: do=...=d;5=0 -209.807 141.092 14.07 Reject Hy
Ho: g=do=...=d;s=0% -174.405 70.287 26.983 Reject Hy
Ho: d1:...:d15:O -174.492 70.462 25 RejeCt Ho
Sector 4 -447.533

Ho: bs=...=bs~=0 -619.856 344.646 12.59 Reject Hy
Ho: do=...=0is=0 -466.907 38.748 14.07 Reject Hy
Ho: g=do=...=d;s=0% -498.206 101.345 26.983 Reject Hy
Ho: di=...=d;s=0 -498.571 102.076 25 Reject Hy
Sector 5 -170.988

Ho: bs=...=bs~=0 -271.086 200.196 12.59 Reject Hy
Ho: do=...=0is=0 -187.529 33.082 14.07 Reject Hy
Ho: g=do=...=d;s=0% -209.964 77.950 26.983 Reject Hy
Ho: di=...=d;s=0 -210.009 78.042 25 Reject Hy
Sector 6 -157.894

Ho: bs=...=bs~=0 -260.964 206.14 12.59 Reject Hy
Ho: do=...=0is=0 -172.642 29.496 14.07 Reject Hy
Ho: g=do=...=d;s=0% -193.786 71.785 26.983 Reject Hy
Ho: di=...=d;s=0 -193.789 71.79 25 Reject Hy
Sector 7 -315.334

Ho: bs=...=bs~=0 -358.381 86.094 12.59 Reject Hy
Ho: do=...=d;5=0 -322.537 14.406 14.07 Reject Hy
Ho: g=do=...=d;s=0% -354.855 79.042 26.983 Reject Hy
Ho: di=...=d;s=0 -350.923 71.178 25 Reject Hy
Sector 8 -56.900

Ho: bs=...=bs~=0 -66.501 19.202 12.59 Reject Hy
Ho: do=...=d1s=0 -69.712 25.624 14.07 Reject Ho
Ho: g=do=...=d;s=0% -88.057 62.313 26.983 Reject Hy
Ho: di=...=d;s=0 -88.058 62.316 25 Reject Hy
Sector 9 3.290

Ho: b4:...:b9:O -1.862 -- 12.59 --

Ho: dgz...:d:mzo 7.695 -- 14.07 --

Ho: g=do=...=dy,=0% -9.359 25.299 25.689 Accept Hy
Ho: buoLs=...=bgoLs=0° 18.34 12.59 Reject H,

2 Distributed with a mixture of a ¢® distribution such as Y2cz ,+1/2c3 . Criticd value available from Kodde e Pam

(1986), p. 1246. ® Given that the model without inefficiency effect is accepted, we test for the production function in the
departing OL S estimates.

Test explanation note:

Ho: bs=...=bg=0 cross products and power terms are not significant, Cobb-Douglas production function is preferred.

Ho: do=...=d;s=0 model with local indicatorsis not significant.

Ho: g=do=...=d1s=0 model with inefficiency term gis not significant (equivalent to s%,=0).

Ho: di=...=dys=0 efficiency indicators are not significant, error term is specified as in equation (6). Note that the constant term
isleft asthe distribution is atruncated normal at any point, not a half normal in 0.

Value of the LR test was directly computed by STATA software.



6. FINAL CONSIDERATIONS

We have made a first attempt to analyse how plant efficiency in a developing country is affected by factors
that directly derive from openness and factors that are created by loca policies to enhance industria
competitiveness. Given the previous contributions, which directly investigate the relation between export and
productivity®, we consider it a quite straightforward proposition that exporting plants are, on average, aso
more efficient. Thus, we aimed a understanding which are the determinants that alow factories to be
efficient enough to succeed in the export market. Likewise, we considered which policy-induced assets are
likely to cause a shift toward more dynamic sectors.

Our egtimates have shown a weak explanatory power of loca endowments directly on factories, as they
appear to have an indirect impact through variables that attach to plant characteristics. Far from been
discouraging, it calls for a more attentive analysis on how the latter are in turn affected by different local
assets. Nonetheless, the results obtained provide some indications of the importance of policies relative to
the often claimed ‘miraculous power of openness, if the industrial competitiveness of Chile has to be raised.

We have estimated a strong dependency of the country on imported materials, which render necessary an
export-led strategy to reduce the negative impact on the balance of payments®. Yet, as it has been previously
showed, the country has taken the opposite path, specialising in sectors with very low technologica content
and low income eagticity, reducing its terms of trade. Nevertheless, imports are a source of new technology,
as confirmed by the overall positive effect they have on firm efficiency. However, the substitution of local
technological effort with imported has to be regarded with caution. The non-significance of the supply of
educated workers to local plants, together with the margina role of wages, indicate that the demand for skills
is poor and the country is locking into a low growth path, as theoretically described by Krugman (1987). The
scenario is confirmed by our estimates of the returns on capital utilisation, which in al sectors are very low.
This suggests an inefficient use or a technologica backwardness of the machinery, while the material inputs,
as mentioned, play the mgjor role.

Contrary to imports, FDI is not as important a carrier of knowledge as it is usualy considered, and does not
increase the efficiency of the loca plants in the advanced sectors. It plays a significant role only where it
exploits the main Chilean natural resources (copper and more generally minerals) with capital injections, in
sectors where also public factories are more efficient than the national private ones. Whether the
technological improvements (if there are any) in these basic industries spill over to the rest of the
manufacturing sectors is questionable, and is an important area for future analysis. Our concentration index
shows that only in one of the sectors is there a (weak) increase in efficiency from locating near plants
producing similar commodities.

Conversdly, skills play a major role in manufacturing productivity, increasing the efficiency especidly of the
most advanced firms. The fact that their impact is stronger than imports confirms the importance of
capabilities embodied in workers and suggests their complementarity to the use of imported goods™.
Likewise, the positive effects of high loca wages suggest that at least for two sectors there is no convenience
in exploiting cheap labour. It is likely that some firms will gain in cost savings from lower wages, but this
will not increase their efficiency, which indicates that the static comparative advantage of cheap labour tends
to reduce the country’ s industrial competitiveness™.

The concentration patterns of the factories indicate a strong convergence in the regions where the created
assets are greater and natural resources lower (barely present), even in the commodity industries (for a
ranking of regions according to their endowments refer to Ministerio-del-Interior 2000). The only exception

8 Often not controlling for most of the variables that might affect plant productivity and are not related to exports.

% Our results are in line with the finding by Cimoli and Correa (2002), that report avalue of the import elasticity which
is two and half times the technological multiplier (the pace at which the country is reducing the technological gap with
the international frontier, across all sectors). These results would indicate that the value of exports should increase by
the same ratio to positively affect GDP growth.

°> Note that the increase in the use of imported inputs to total inputs is positively correlated with the increase of skilled
workersto total workers.

%2 Note that wages have a positive effect in all sectors, but are actually significant only in two of them.
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is the least advanced sector, S3, where concentration per se does not have any impact, but the firms still
locate in the region where there is a large presence of forests. However, the sector is also the only one where
skilled workers have no impact, indicating its simple production process.

Infrastructure is an another endowment that clearly has a positive impact on efficiency. Estimates on public
investment show that there is space for a shift toward more technological funds, which would enhance the
efficiency of plants in more dynamic sectors, driving away public resources from endowments that would be
exploited anyway, as they represent a comparative advantage.

Overdl, the results discussed in chapter 5 leave the answer to the introductory question unaltered. While in
Some cases openness is an important determinant of plant efficiency, as it increases the level of knowledge
inputs, some of the dynamicaly created assets play a major role in increasing the competitiveness of the
factories. Thus, as long as the imports of capital goods are a vehicle for new technology, they enhance the
industrialisation process. But when they substitute for local efforts which are not replaced at higher levels of
technological intensity, and they substitute for a more efficient use of capital, they hinder long-run growth
(the recent recession in Chile might be an example). Finaly, following the trade reforms, Chile has been
gpecialising in the production of commodities, due to ‘H-O dynamics, and those sectors either have the
greatest number of inefficient firms (S and S8), or adopt very low technological processes, as proxied by
the unimportance of skilled labour (S3).

Conversdly, efficient policy intervention is an essential complementary condition, as it can play an important
role in increasing plant efficiency through i) skill augmenting, ii) redirecting public investment to
technological funds (which aso induce a production shift toward more dynamic goods), iii) increasing
infrastructures, iv) providing local services that induce the concentration of the most dynamic plants (S6 and
S7), which generate positive externaities, and v) counterbalancing the attractions of local endowments,
inducing a shift toward higher technology sectors. Far from asserting that local natural endowments have to
be ignored, as previoudy mentioned they have to be exploited to drive the country toward a long-run growth
path.
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APPENDIX A.1
Mathematical appendix93

For simplicity assume the reduced form where variables are in log and al parameters are defined as
in the main text (section 3):

y. =xb+E (1.A)
where
Ei = Vi - Ui (Z.A)

Expression for the LogL ikelihood function used in the estimation of the final model:

n n

{in2p +Ins 2}- %é {y- xb+zd)?/s2}- A{nF(@)-mF@ )} 34

i i=1

N

La;y)=-

=

wheres 2=s 2+s 2 and g =s ?/s 2 and,

d = zid/(gs 2)]/2 ; (4.A)
d: = /lo(a- ) 2]**; (5.A)
m =(L- g)zd- gy, - xb); (6.A)

q= (b ¢d ¢s 2,9)(I and F (>) represents the distribution function for the standard normal random
variable.

Expression for the expected value of the plant efficiency:

E(exp(- U, )E, :éi):%expg- m, +%s E%F[(mi/s*)- s.]/F(m,/s.)} (7.A)
where

| :szzi:;suze and 8A)
¥ :SESZVZ (9.A)

% Based on Battese and Coelli (1993, appendix)
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APPENDIX A.2
Variables and sample tables

Table A.1 - Variable description

Var. Name  Coeff Description Var. Type Source

Y Log of gross output: thousand of Chilean pesos PF ENIA, 96-97
Lnempleo by PF ENIA, 96-97
Lnm b, Log of material inputs: thousand of Chilean pesos PF ENIA, 96-97
Lnelectr b;  Log of total electricity consumed: thousand of KwH PF ENIA, 96-97

Dummy for majority of foreign ownership: 0 = foreign

Formay d property < 50%; 1 = foreign property 3 50% PC ENIA, 96-97

Pub o Dum_my for public ownership: 0 = private plant; 1= pC ENIA, 96-97
public plant
Dummy for the import of material inputs: 0 = the plant

Imp d;  do not import any material; 1 = the plant import part of PC ENIA, 96-97
the materials

Lmale d,  Percentage of male workers over total employees PC ENIA, 96-97

Lmanag ds  Percentage of managers over total employees PC ENIA, 96-97

Lskill ds  Percentage of skilled workers over total employees PC ENIA, 96-97

cl d Ratio of the proportion of the _sector in a region on the PC ENIA, 96-97
proportion of the same sector in the whole country

Lnempleo o !_og of labour input: number of employees as an PC ENIA, 96-97
indicator of plant size

Lworkf o Log of the total number of people in age and condition MI CASEN 98
to work

Runemp dip  Rate of unemployment Ml CASEN 98

Lschool di;  Log of the average years spent in formal education MI CASEN 98

Lwageav d;», Log of average monthly wages in Chilean pesos MI CASEN 98

Lpubi d Log of public investment since 1990 to 1997 in millions RI Ministry  of

13 of US$ Economy

Lkmpc dis  Number of kilometres of road per inhabitant in 1996 RI MOP / INE

Ltecfund s Totgl amount (_)f te(_:hnological funds given to research RI ESHEEEYT
institutes and firms in thousands of Chilean pesos FONDEE

Note: variable types are as follow, PF production function; PC plant characteristic; Ml municipal indicator; Rl regional
indicator.
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Table A.2 - Sectorial division used for cross sector analysis

Descrintion ISIC Rev3® Initial Usable Munic.
P ISIC Rev2 sample  sample? data®
15,16 3199 2946
S1 Manufacture of Food, Beverages and Tobacco 31 3226 (0.84) ®)
52 Textile, Wearing Apparel and Leather Industries, 17,18,19 1853 1837 1832
traditional industries 32 (0.86) (0.27)
s3 Manufacture of Wood and Wood Products, 20,3610 1227 1216 1066
Including Furniture, 33,34(part) (0.89) (12.3)
sa Manufacture of Chemicals and Chemical, 23,24,25 1173 1156 1144
Petroleum, Coal, Rubber and Plastic Products 35 (1.44) ()]
S5 Manufacture of other non-metallic mineral 26,27 613 609 599
products and basic metals 36,37 (0.82) (1.5)
6 Manufacture of fabricated metal products, except 28 886 883 871
machinery and equipment 38(part) (0.43) (1.3)
Manufacture of machinery, equipment, 29,30,31,32, 950 945
S7 instruments, etc., and vehicles 33,34,35 953 (0.31) (0.5)
R 38(part) ) )
s8 Publishing, printing and reproduction of recorded 22 383 377 375
media 34(part) (1.57) (0.5)
21 230 228
S9 Paper and paper products 34(part) 231 (0.43) (0.87)
SO0 Other manufacturing sectors gg (part) 168 - -
. 10457 10006
Tot Total manufacturing sectors 10713 (2.3)° (4.3)

& 1n parenthesis the percentage of sample loss.

® First and second rows relate to ISIC classification respectively revision 3 and 2. In parenthesis we have indicated

‘part’” when not all subsectros of the referred ISIC class are included in our classification.

¢ Percentage of total sample loss account for the sector ‘ other manufacturing’ and cannot be interpreted as the average

sample loss referred to sectors.
(Source: aouthor elaboration from ENIA database)
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APPENDIX A.3
Estimation resultstables

Table A.3 — Estimated coefficients of the production function

Ing s1 52° s3 54° S5 S6 s7 S8 s9°
constant b, 7-663%* 10.86** 5319%* 0753** 0797  10.68** 7.626** 8.355  5.820%*
© (21.67) (22.119) (10.215) (15.404) (0.457) (18.893) (13.039) (0.040)  (4.95)
nempleo b, 0-458%* 0.852*% 0982%% 1217+ 1214** 1455** 2048** 186  1627**
1 (4.717) (5.164) (6.565) (9.65) (6.391) (7.253) (9.77) (0.058)  (3.69)
i o, -0.248%* -0.639%* 0.083 -0.632** -0.407** -0.780** -0.464** -0.338  -0.01
2 (-3.764) (-10.88) (0.853) (-5.386) (-4.427) (-7.383) (-3.543) (-1.411) (-0.03)
ndectr b, 0:382%* 0.328%* 0218** 0417** 0.609** 0.185** 0154 0131  -0.158
3 (7.107) (5.547) (2.956) (6.22) (6.857) (2.055) (1.595) (0.675) (-0.91)
— ,, 001 0.01  -0.04** -0.063** 0.02  0.016 0.011  0.045 -0.06**
4 (1.094) (0.78) (-2.490) (-4.883) (0.931) (0.699) (0.572) (0.953) (-2.15)
lemim b, “O-L11** -0.141%* -0.092** -0.101** -0.140%* -0.162** -0.191** -0.181%* -0.17**
5 (-14.21) (-11.02) (-5.014) (-6.960) (-7.31) (-6.848) (-7.127) (-4.001) (-2.71)
i b -0-087**% -0.026** -0.021** -0.036** -0.072** -0.016 -0.012 -0.014  0.039*
® (-6.72) (-4.003) (-2.635) (-5.735) (-7.219) (-1.619) (-0.895) (-0.616) (1.84)
lem2d b, 0-379%* 0.253*% 0.150%* 0.213** 0.146** 0.223** 0.189** 0.201** 0.302**
7 (12.038) (6.53) (3.794) (5.480) (2.468) (3.942) (3.025) (2.186) (2.32)
imod o 0121%* 0006 0.085%* 0.14** 0.154** 0.164** 0.145%* 0.133** 0.088**
8 (17.797) (0.723) (7.862) (12.013) (13.211) (12.506) (8.327) (4.192) (2.44)
lel2d b, 0.038%* 0.154** 0.057** 0.064** 0.065** 0003  0.009  -0.022  -0.003
° (6.459) (21.762) (5.749) (21.895) (5.007) (0.215) (0.675) (-0.72) (-0.22)
N 2946 1837 1066 1144 599 871 945 375 230

& MLE without local indicators
® OLS estimation without efficiency indicators
¢ Estimation of sector 4 with local indicators had to be done providing starting values for the iteration process, as the
usual process of frontier 4.1 was providing aLL function higher for MLE than for OLS. Y et, we have provided exactly
the same starting values used by the programme in the usual process, with the exception of the value of g, which was set
equal to its value in the estimation without local indicators; we thus believe that the correction do not influence sensibly

the results.

9 Numbers in parenthesis are the respective t-ratio. Coefficients reported with ** indicate a 95% significance level, *

90% s.l.

Table A.4 —Input elasticitiesby OLS estimates per sector (complete sample)

Sector K M TRS
S1 0.245 0.086 0.743 1.074
S2 0.347 0.084 0.658 1.089
S3 0.254 0.065 0.737 1.056
S4 0.339 0.045 0.681 1.065
S5 0.224 0.131 0.690 1.045
S6 0.399 0.057 0.599 1.055
S7 0.415 0.079 0.604 1.098
S8 0.514 0.021 0.600 1.135
S9 0.233 0.102 0.709 1.044

Notes: L islabour input, K capital input, M material inputs, and TRS total returnsto scale.
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Table A.5 —Input elasticitiesby OLS estimates per sector (reduced sample for municipal

indicators)

Sector L K M TRS

S1 0.249 0.083 0.745 1.077
S2 0.347 0.084 0.658 1.089
S3 0.273 0.058 0.731 1.061
S4 0.342 0.046 0.679 1.067
S5 0.228 0.130 0.689 1.046
S6 0.400 0.056 0.599 1.055
S7 0.414 0.080 0.604 1.098
S8 0.510 0.027 0.597 1.134
S9 0.234 0.103 0.707 1.044

Notes: L islabour input, K capital input, M material inputs, and TRS total returnsto scale.

Table A.6 — Input elasticities by MLE per sector (complete sample)

Sector L K M TRS
S1 0.484 0.082 0.715 1.281
S2 0.075 0.073 0.634 0.782
S3 0.078 0.076 0.714 0.868
S4 0.260 0.041 0.640 0.941
S5 0.076 0.117 0.659 0.852
S6 0.357 0.057 0.585 0.999
S7 0.418 0.089 0.572 1.078
S8 0.303 0.024 0.581 0.907
S9 -0.011 0.095 0.692 0.776

Notes: L islabour input, K capital input, M material inputs, and TRS total returnsto scale.

Table A.7— Input elagticities by MLE per sector (reduced sample for municipal indicators)

Sector L K M TRS
S1 0.470 0.081 0.719 1.270
S2 0.120 0.072 0.633 0.825
S3 0.230 0.072 0.715 1.018
S4 0.363 0.048 0.627 1.039
S5 0.073 0.120 0.654 0.847
S6 0.334 0.053 0.591 0.978
S7 0.438 0.092 0.571 1.101
S8 0.583 0.026 0.559 1.168
S9 -0.025 0.101 0.706 0.783

Notes: L islabour input, K capital input, M material inputs, and TRS total returns to scale.
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APPENDIX A.4
Descriptive statistics tables

Table A.8 — Percentage of firmsin Ferraz taxonomy classes

Sector S1 S2 S3 S4 S5 S6 S7 S8 S9

Ferraz

F1 0 16.28 49.92 20.67 15.46 0 4.95 0 100
F2 15 0 0 0 0 0 0 0 0
F3 85 83.72 50.08 69.64 84.54 96.38 3.26 100 0
F4 0 0 0 0 0 3.62 10.95 0 0
F5 0 0 0 0 0 0 16.95 0 0
F6 0 0 0 9.69 0 0 63.89 0 0

(Source: aouthor elaboration from ENIA database)

Table A.9 — Regional denomination and natural resources endowments

Region Forest® Agriculture® Coast® Mine®
R1 Tarapaca 0.41 0.00 4.2 104555
R2 Antofagasta 0.00 0.00 5 400041
R3 Atacama 0.02 0.20 3.9 153342
R4 Coquimbo 1.35 17.98 3.2 48206
R5 Valparaiso 3.46 19.98 1.9 36135
R6 Del Libertador 5.13 26.96 1.2 27857
R7 Del Maule 11.47 33.18 1.8 7517
R8 Del Biobio 20.56 25.26 2.5 12271
R9 De La Araucania 9.51 37.11 2 4218
R10 De Los Lagos 2.48 19.25 4.9 4983
R11 De Aysén 0.21 1.41 5.7 8965
R12 De Magallanes 0.00 6.61 7.8 133388
R13 Metropolitana de Santiago 0.82 21.76 0 34885

& Percentage of national forest surface in 1996 (Source: INFOR / INE)

® Percentage of national agricultural surface in 1997 (Source: ODEPA / INE)
¢ Coastal length in decimal scaein 1996 (Source: UNDP)

4 Number of concessions for mine exploitation in 1997 (Source: INE)

Table A.10 — Percentage of firms per region per sector

Sector S1 S2 S3 S4 S5 S6 S7 S8 S9 Total
Region
R1 2.97 1.31 0.90 2.85 4.93 2.72 2.95 5.31 2.17 2.90
R2 2.34 0 0.90 4.07 7.40 4.87 4.32 3.98 0 3.10
R3 1.22 0 0.33 0.78 3.45 1.70 1.89 1.33 0 1.19
R4 3.84 0.44 1.23 0.52 3.29 0.79 1.16 2.12 0 1.49
R5 12.19 5.72 4.85 6.92 9.05 4.08 4.63 5.57 3.91 6.32
R6 5.41 0.22 3.04 0.61 2.80 1.70 2.74 0.27 3.91 2.30
R7 6.53 0.98 8.63 1.04 1.64 0.79 1.79 2.39 3.04 2.98
R8 12.54 5.12 22.70 4.15 8.88 8.61 9.05 6.37 7.39 9.42
R9 2.16 0.76 6.91 0.61 2.63 1.36 1.47 2.12 0.87 2.10
R10 8.16 0.76 8.14 0.95 2.63 2.27 2.21 1.59 0.87 3.06
R11 0.50 0.11 1.15 0 0.16 0 0 1.06 0 0.33
R12 1.59 0.22 1.56 0.61 0.66 0.68 0.53 1.06 0 0.77
R13 40.54 84.38 39.64 76.90 52.47 70.44 67.26 66.84 77.83 64.03

(Source: aouthor elaboration from ENIA database)
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Table A.11 — Percentage of firms per size per sector

Sector S1 S2 S3 S4 S5 S6 S7 S8 S9
Size
10-19 33.54 31.14 26.40 25.17 21.55 23.33 26.00 37.40 16.09
20-49 35.54 38.49 37.83 30.80 33.06 38.62 40.21 39.52 32.61
50-99 11.22 15.46 19.49 17.39 17.43 21.40 16.53 11.94 17.39

100-199 9.47 8.49 10.12 15.66 11.84 10.19 10.21 5.57 14.35
200-499 7.35 4.74 5.18 9.00 12.01 5.78 5.47 3.18 14.78
500-999 2.44 1.36 0.82 1.73 3.78 0.68 0.84 1.33 4.78
> 1000 0.44 0.33 0.16 0.26 0.33 0 0.74 1.06 0

Tot >100 19.7 14.92 16.28 26.65 27.96 16.65 17.26 11.14 33.91

(Source: aouthor elaboration from ENIA database)

Table A.12 - Correlation among size and foreign/public ownership

formg pub tamano
Formg 1.0000
Pub -0.0162 1.0000
Tamano 0.1786* 0.0818* 1.0000

Table A.13 — Summary descriptive statistics per sector

Variable K/L Size > 100 Foreign Public Managers Skilled Males
Sector
SO 1.228 0.072 0.286 0.726
S1 1.302 19.7 3.970 0.090 0.061 0.264 0.722
S2 1.167 14.92 1.58 0.05 0.069 0.281 0.497
S3 1.273 16.28 2.47 0.25 0.056 0.197 0.904
S4 1.456 26.65 13.32 1.04 0.065 0.312 0.803
S5 1.420 27.96 4.11 4.28 0.051 0.310 0.910
S6 1.214 16.65 2.27 0.57 0.065 0.320 0.899
S7 1.242 17.26 4.74 4.74 0.070 0.348 0.897
S8 1.222 11.14 1.86 1.33 0.082 0.426 0.808
S9 1.389 33.91 7.83 0 0.064 0.347 0.823
Total 1.284 20.497 4.683 1.372 0.064 0.287 0.759

Notes: K/L isthe ratio of capital of labour usage; Sze > 100 the % of firms with more than 100 employees; Foreign is
the % of plants with mgjority of foreign ownership; Public the % of plants with public ownership; Managers, Skilled
and Males the ratio of respectively managers, skilled and male workers on total labour force

(Source: aouthor elaboration from ENIA database)

Table A.14 — Ratio of managers per sector per centiles

Sector Mean N pl0 p25 p50 p75 p90 max sd

SO 0.072 168 0.000 0.029 0.062 0.091 0.160 0.286 0.066
S1 0.061 3199 0.000 0.013 0.048 0.091 0.143 0.818 0.064
S2 0.069 1837 0.000 0.021 0.053 0.095 0.154 1.000 0.078
S3 0.056 1216 0.000 0.017 0.043 0.081 0.125 0.324 0.053
S4 0.065 1156 0.000 0.024 0.051 0.091 0.143 0.368 0.058
S5 0.051 608 0.000 0.014 0.034 0.072 0.105 0.950 0.066
S6 0.065 883 0.000 0.022 0.049 0.091 0.143 0.429 0.061
S7 0.070 950 0.000 0.027 0.054 0.098 0.150 0.813 0.065
S8 0.082 377 0.013 0.032 0.065 0.111 0.167 0.455 0.070
S9 0.064 230 0.013 0.024 0.048 0.086 0.133 0.385 0.059
Total 0.064 10624 0.000 0.019 0.049 0.091 0.143 1.000 0.065

Note: N = sample; p number = percentile; sd = standard deviation
(Source: aouthor elaboration from ENIA database)
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Table A.15 - Ratio of managers per region per centiles

Region mean N pl10 p25 p50 p75 p90 max sd
R1 0.060 272 0.000 0.011 0.048 0.091 0.143 0.316 0.058
R2 0.089 277 0.000 0.021 0.063 0.111 0.200 0.950 0.105
R3 0.046 111 0.000 0.000 0.031 0.071 0.105 0.308 0.060
R4 0.062 198 0.000 0.017 0.056 0.091 0.136 0.308 0.053
R5 0.066 807 0.000 0.018 0.053 0.095 0.143 0.800 0.066
R6 0.056 289 0.000 0.003 0.037 0.077 0.143 0.818 0.076
R7 0.057 394 0.000 0.020 0.049 0.077 0.118 0.556 0.055
R8 0.055 1085 0.000 0.016 0.043 0.083 0.125 0.480 0.052
R9 0.065 228 0.000 0.018 0.047 0.088 0.154 0.563 0.072
R10 0.043 450 0.000 0.012 0.029 0.062 0.100 0.400 0.046
R11 0.042 37 0.000 0.015 0.022 0.050 0.065 0.250 0.053
R12 0.054 100 0.003 0.020 0.044 0.077 0.114 0.200 0.046
R13 0.07 6376 0 0.02 0.05 0.09 0.14 1 0.07
Total 0.06 10624 0 0.02 0.05 0.09 0.14 1 0.07
Note: N = sample; p number = percentile; sd = standard deviation
(Source: aouthor elaboration from ENIA database)

Table A.16 — Ratio of skilled workers per sector per percentile
Sector mean N p25 p50 p75 p90 sd
SO 0.286 168 0.054 0.100 0.176 0.337 0.864 0.279
S1 0.264 3199 0.000 0.075 0.173 0.360 0.727 0.264
S2 0.281 1837 0.038 0.087 0.160 0.333 0.875 0.294
S3 0.197 1216 0.036 0.069 0.123 0.217 0.455 0.225
4 0.312 1156 0.092 0.148 0.231 0.387 0.728 0.240
S5 0.310 608 0.063 0.114 0.200 0.389 0.898 0.285
S6 0.320 883 0.071 0.118 0.200 0.422 0.864 0.286
S7 0.348 950 0.074 0.129 0.222 0.500 0.909 0.305
S8 0.426 377 0.100 0.174 0.308 0.733 0.895 0.305
S9 0.347 230 0.092 0.150 0.257 0.455 0.815 0.263
Total 0.287 10624 0.048 0.097 0.184 0.364 0.825 0.276
Note: N = sample; p number = percentile; sd = standard deviation
(Source: aouthor elaboration from ENIA database)

Table A17 — Ratio of skilled workers per region per percentile
Region mean N p25 p50 p75 p90 sd
R1 0.331 272 0.059 0.104 0.243 0.456 0.875 0.289
R2 0.362 277 0.065 0.143 0.250 0.571 0.880 0.294
R3 0.477 111 0.033 0.106 0.310 0.923 1.000 0.388
R4 0.162 198 0.000 0.042 0.114 0.200 0.333 0.196
R5 0.294 807 0.045 0.100 0.186 0.375 0.837 0.284
R6 0.356 289 0.024 0.072 0.231 0.643 1.000 0.346
R7 0.243 394 0.042 0.078 0.149 0.308 0.667 0.254
R8 0.239 1085 0.043 0.079 0.150 0.278 0.684 0.249
R9 0.206 228 0.023 0.067 0.110 0.230 0.551 0.236
R10 0.250 450 0.042 0.079 0.142 0.316 0.709 0.266
R11 0.261 37 0.045 0.080 0.110 0.251 0.938 0.311
R12 0.301 100 0.048 0.092 0.184 0.396 0.941 0.299
R13 0.3 6376 0.11 0.19 0.38 0.83 0.27
Total 0.29 10624 0.1 0.18 0.36 0.83 0.28

Note: N = sample; p number = percentile; sd = standard deviation
(Source: aouthor elaboration from ENIA database)



Table A.18 — Ratio of male workers per sector per percentile

Sector mean N p5 pl0 p25 p50 p75 p90 p95
SO 0.726 168 0.308 0.386 0.542 0.788 0.922 0.964 1.000
S1 0.722 3199 0.333 0.448 0.600 0.750 0.887 0.957 0.982
S2 0.497 1837 0.111 0.158 0.268 0.471 0.714 0.903 0.954
S3 0.904 1216 0.692 0.784 0.879 0.934 0.977 1.000 1.000
S4 0.803 1156 0.393 0.495 0.715 0.875 0.938 0.980 1.000
S5 0.910 608 0.667 0.800 0.900 0.951 0.982 1.000 1.000
S6 0.899 883 0.667 0.778 0.875 0.931 0.968 1.000 1.000
S7 0.897 950 0.714 0.800 0.870 0.924 0.962 1.000 1.000
S8 0.808 377 0.576 0.625 0.740 0.818 0.905 0.956  1.000
S9 0.823 230 0.462 0.600 0.745 0.865 0.943 0.973 0.990
Total 0.759 10624 0.250 0.381 0.636 0.846 0.940 0.983 1.000
Note: N = sample; p number = percentile; sd = standard deviation
(Source: aouthor elaboration from ENIA database)

Table A19 — Efficiency per sector
sector Mean N pl0 p25 p50 p75 p90 max min sd
S1 0.822 2946 0.447 0.825 0.923 0943 0.952 1.000 0.062 0.211
S22 0.642 1837 0.417 0.494 0.626 0.795 0.905 0.968 0.214 0.178
S3 0.868 1066 0.785 0.815 0.866 0.908 0.978 1.000 0.692 0.068
S4 0.808 1144 0.671 0.714 0.799 0.893 0.978 1.000 0.557 0.108
S5 0.122 599 0.076 0.090 0.110 0.141 0.183 0.508 0.040 0.050
S6 0.865 871 0.741 0.798 0.888 0.944 0.967 0.990 0.540 0.091
S7 0.823 945 0.709 0.781 0.838 0.883 0919 0.975 0.401 0.089
S8 0.276 375 0.224 0.246 0.272 0.306 0.330 0.488 0.158 0.042
& Value computed with no local factors and complete sample
Note: N = sample; p number = percentile; sd = standard deviation

Table A.20 — Efficiency sector 1
Region Mean N pl10 p25 p50 p75 p90 max min sd
R1 0.809 95 0.433 0.757 0.921 0942 0.953 0.966 0.139 0.210
R2 0.884 73 0.732 0.892 0938 0.952 0.957 0.967 0.315 0.131
R3 0.840 37 0.486 0.864 0913 0943 0.953 0.964 0.288 0.177
R4 0.769 123 0.303 0.632 0.925 0945 0.953 0.974 0.119 0.270
R5 0.865 389 0.744 0.889 0.927 0.944 0.952 0.970 0.089 0.175
R6 0.818 131 0.405 0.820 0.926 0.945 0.952 1.000 0.131 0.219
R7 0.830 180 0.506 0.844 0917 0943 0.953 0.968 0.135 0.198
R8 0.788 361 0.396 0.709 0.908 0.938 0.948 0.968 0.062 0.231
R9 0.807 62 0.397 0.745 0914 0937 0949 0.960 0.273 0.198
R10 0.673 148 0.274 0449 0.731 0922 0945 0.962 0.102 0.262
R11 0.582 15 0.312 0.341 0.580 0.815 0.843 0.897 0.193 0.242
R12 0.781 51 0.589 0.656 0.833 0911 0.930 0.962 0.310 0.155
R13 0.843 1281 0.514 0.867 0.929 0.944 0952 0.978 0.097 0.198
Total 0.822 2946 0.447 0.825 0.923 0.943 0.952 1.000 0.062 0.211

Note: N = sample; p number = percentile; sd = standard deviation
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Table A.21 — Efficiency sector 2

Region mean N p10 p25 p50 p75 p90 max min sd
R1 0.609 24 0.333 0423 0575 0.776 0.939 0.953 0.325 0.222
R4 0.605 8 0.425 0.437 0594 0.754 0.848 0.848 0.425 0.178
R5 0.569 105 0.393 0426 0.547 0.664 0.808 0.963 0.324 0.158
R6 0.509 4 0.320 0.346 0517 0.671 0.681 0.681 0.320 0.189
R7 0.688 18 0.436 0.478 0.694 0.890 0.940 0.943 0.314 0.217
R8 0.567 94 0.391 0431 0502 0.696 0.894 0.956 0.308 0.182
R9 0.492 14 0.339 0452 0487 0530 0.665 0.689 0.309 0.103
R10 0.556 14 0.454 0.492 0536 0.608 0.611 0.854 0.444 0.102
R11 0.464 2 0.455 0.455 0.464 0.472 0472 0.472 0.455 0.012
R12 0.549 4 0.338 0.368 0.537 0.731 0.785 0.785 0.338 0.216
R13 0.655 1550 0.427 0.510 0.645 0.806 0.907 0.968 0.214 0.176
Total 0.642 1837 0.417 0.494 0.626 0.795 0.905 0.968 0.214 0.178
&V alue computed with no local factors and complete sample
Note: N = sample; p number = percentile; sd = standard deviation

Table A.22 — Efficiency sector 3
Region mean N pl10 p25 p50 p75 p90 max min sd
R1 0.899 11 0.872 0.880 0.903 0.915 0.920 0.921 0.871 0.018
R2 0.952 11 0.922 0.928 0.948 0.971 0.978 0.989 0.910 0.025
R3 0.840 4 0.807 0.817 0.844 0.862 0.863 0.863 0.807 0.027
R4 0.853 15 0.829 0.831 0.842 0.855 0.906 0.937 0.827 0.031
R5 0.882 59 0.807 0.846 0.883 0.912 0.940 0.996 0.793 0.051
R6 0.806 30 0.775 0779 0.799 0.821 0.844 0.899 0.768 0.032
R7 0.803 91 0.752 0.771 0.794 0.822 0.863 0.994 0.739 0.050
R8 0.826 208 0.761 0.794 0.813 0.854 0.895 0.996 0.692 0.059
R9 0.823 74 0.738 0.774 0.824 0.853 0.914 1.000 0.696 0.070
R10 0.853 52 0.780 0.792 0.819 0.906 0.994 0.996 0.763 0.082
R11 0.871 14 0.834 0.858 0.869 0.879 0926 0.926 0.801 0.034
R12 0.945 17 0.908 0.922 0939 0.962 0.996 1.000 0.905 0.030
R13 0.904 480 0.841 0.868 0.892 0.937 0.995 1.000 0.777 0.051
Total 0.868 1066 0.785 0.815 0.866 0.908 0.978 1.000 0.692 0.068
Note: N = sample; p number = percentile; sd = standard deviation

Table A.23 — Efficiency sector 4
Region mean N pl10 p25 p50 p75 p90 max min sd
R1 0.805 33 0.695 0.731 0.797 0.836 0.986 1.000 0.670 0.096
R2 0.904 43 0.767 0.846 0.920 0.990 0.994 0.996 0.726 0.086
R3 0.922 9 0.733 0.907 0969 0.994 0.995 0.995 0.733 0.105
R4 0.733 6 0.667 0.669 0.704 0.822 0.833 0.833 0.667 0.075
R5 0.840 79 0.685 0.757 0.832 0.936 0.993 0.996 0.648 0.106
R6 0.939 7 0.809 0.880 0.979 0.994 0.994 0.994 0.809 0.071
R7 0.770 8 0.626 0.691 0.758 0.827 0.978 0.978 0.626 0.114
R8 0.786 48 0.634 0.658 0.748 0.945 0.987 0.996 0.613 0.138
R9 0.617 7 0.557 0570 0.584 0.660 0.710 0.710 0.557 0.059
R10 0.667 8 0.594 0.625 0.681 0.691 0.747 0.747 0.594 0.050
R12 0.879 7 0.718 0.722 0.898 0.996 0.996 0.996 0.718 0.126
R13 0.803 889 0.675 0.712 0.793 0.880 0.969 1.000 0.621 0.103
Total 0.808 1144 0.671 0.714 0.799 0.893 0.978 1.000 0.557 0.108

Note: N = sample; p number = percentile; sd = standard deviation
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Table A.24 — Efficiency sector 5

Region Mean N pl10 p25 p50 p75 p90 max min sd
R1 0.111 30 0.079 0.090 0.108 0.118 0.170 0.224 0.049 0.038
R2 0.143 45 0.074 0.101 0.138 0.182 0.240 0.255 0.040 0.059
R3 0.184 21 0.082 0.101 0.184 0.213 0.295 0.508 0.069 0.110
R4 0.083 20 0.047 0.079 0.087 0.096 0.101 0.105 0.040 0.019
R5 0.115 55 0.071 0.084 0.101 0.139 0.168 0.265 0.054 0.046
R6 0.175 15 0.085 0.108 0.119 0.284 0.347 0.358 0.077 0.098
R7 0.079 9 0.067 0.072 0.076 0.088 0.092 0.092 0.067 0.009
R8 0.111 54 0.077 0.087 0.101 0.121 0.146 0.236  0.057 0.038
R9 0.093 16 0.077 0.080 0.092 0.102 0.118 0.131 0.058 0.018
R10 0.088 13 0.076 0.084 0.090 0.093 0.101 0.110 0.064 0.012
R12 0.080 4 0.046 0.057 0.083 0.102 0.107 0.107 0.046 0.028
R13 0.123 317 0.081 0.096 0.117 0.144 0.168 0.281 0.056 0.038
Total 0.122 599 0.076 0.090 0.110 0.141 0.183 0.508 0.040 0.050
Note: N = sample; p number = percentile; sd = standard deviation

Table A.25 — Efficiency sector 6
Region mean N pl10 p25 p50 p75 p90 max min sd
R1 0.964 24 0.936 0.948 0966 0.983 0.984 0.990 0.921 0.020
R2 0.949 43 0.948 0.965 0971 0.977 0.986 0.988 0.589 0.081
R3 0.839 15 0.549 0.795 0.873 0.947 0.957 0.960 0.540 0.139
R4 0.745 7 0.643 0.738 0.763 0.772 0.789 0.789 0.643 0.048
R5 0.817 36 0.706 0.738 0.816 0.901 0.927 0.957 0.659 0.089
R6 0.702 10 0.643 0.657 0.675 0.736 0.823 0.853 0.629 0.071
R7 0.733 7 0.621 0.639 0.733 0.778 0.883 0.883 0.621 0.088
R8 0.815 72 0.719 0.763 0.815 0.879 0.933 0.978 0.629 0.082
R9 0.668 12 0.603 0.608 0.669 0.709 0.765 0.766 0.581  0.062
R10 0.742 19 0.673 0.705 0.732 0.790 0.819 0.872 0.608 0.062
R12 0.930 6 0.891 0.905 0.932 0.952 0.966 0.966 0.891 0.028
R13 0.878 620 0.770 0.820 0.897 0.941 0.963 0.981 0.591 0.075
Total 0.865 871 0.741 0.798 0.888 0.944 0.967 0.990 0.540 0.091
Note: N = sample; p number = percentile; sd = standard deviation

Table A.26 — Efficiency sector 7
Region Mean N p10 p25 p50 p75 p90 max min sd
R1 0.931 28 0.898 0.922 0935 0943 0.956 0971 0.869 0.023
R2 0.874 41 0.776 0.881 0.907 0918 0.928 0.935 0.597 0.087
R3 0.726 18 0.574 0.649 0.743 0.830 0.907 0.924 0.427 0.126
R4 0.757 11 0.695 0.710 0.748 0.781 0.841 0.891 0.635 0.069
R5 0.846 44 0.775 0.809 0.860 0.895 0.921 0.964 0.582 0.077
R6 0.904 24 0.860 0.884 0.903 0.920 0.950 0.970 0.851 0.031
R7 0.642 17 0.563 0.603 0.629 0.677 0.778 0.779 0.401 0.091
R8 0.768 83 0.673 0.729 0.771 0.813 0.861 0.959 0.508 0.081
R9 0.631 14 0.551 0.589 0.611 0.676 0.719 0.737 0.548 0.060
R10 0.682 21 0.518 0.630 0.678 0.760 0.812 0.854 0.468 0.106
R12 0.736 5 0.598 0.732 0.749 0.766 0.835 0.835 0.598 0.087
R13 0.836 639 0.752 0.801 0.843 0.879 0.910 0.975 0.436 0.068
Total 0.823 945 0.709 0.781 0.838 0.883 0.919 0.975 0.401 0.089

Note: N = sample; p number = percentile; sd = standard deviation
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Table A.27 — Efficiency sector 8

Region mean N pl10 p25 p50 p75 p90 max min sd
R1 0.242 20 0.211 0.219 0.226 0.258 0.301 0.330 0.208 0.035
R2 0.309 15 0.261 0.273 0.299 0.335 0.386 0.408 0.257 0.045
R3 0.271 5 0.213 0.245 0.279 0.305 0.313 0.313 0.213 0.042
R4 0.232 8 0.213 0.218 0.224 0.250 0.258 0.258 0.213 0.018
R5 0.291 21 0.243 0.273 0.298 0.317 0.327 0.343 0.225 0.034
R6 0.264 1 0.264 0.264 0.264 0.264 0.264 0.264 0.264 .
R7 0.272 9 0.223 0.241 0.259 0.301 0.345 0.345 0.223 0.044
R8 0.263 24 0.239 0.244 0.258 0.280 0.300 0.326 0.209 0.027
R9 0.215 8 0.158 0.193 0.215 0.240 0.267 0.267 0.158 0.036
R10 0.237 4 0.221 0.225 0.238 0.250 0.252 0.252 0.221 0.015
R11 0.250 4 0.236 0.236 0.245 0.264 0.273 0.273 0.236 0.018
R12 0.330 4 0.218 0.236  0.307 0.424 0.488 0.488 0.218 0.121
R13 0.281 252 0.232 0.253 0.278 0.308 0.333 0.397 0.203 0.039
Total 0.276 375 0.224 0.246 0.272 0.306 0.330 0.488 0.158 0.042
Note: N = sample; p number = percentile; sd = standard deviation
Table A.28 — Efficiency sector 9
Region mean N pl10 p25 p50 p75 p90 max min sd
R1 0.344 5 0.159 0.216 0.293 0.373 0.678 0.678 0.159 0.203
R5 0.299 9 0.151 0.280 0.288 0.339 0.427 0.427 0.151 0.085
R6 0.288 9 0.232 0.259 0.291 0.322 0.337 0.337 0.232 0.037
R7 0.314 5 0.239 0.264 0.284 0.388 0.394 0.394 0.239 0.072
R8 0.386 17 0.251 0.309 0.383 0.445 0.539 0.657 0.155 0.122
R9 0.444 2 0.432 0.432 0.444 0455 0.455 0.455 0.432 0.016
R10 0.312 2 0.311 0.311 0.312 0.313 0.313 0.313 0.311 0.001
R13 0.282 179 0.158 0.196 0.260 0.339 0.439 0.994 0.080 0.125
Total 0.295 228 0.159 0.213 0.274 0.350 0.442 0.994 0.080 0.124
Note: N = sample; p number = percentile; sd = standard deviation
Table A.29 — Mean efficiency per sector per region

Sector S1 522 S3 S4 S5 S6 S7 S8 mean
Region
R1 0.809 0.609 0.899 0.805 0.111 0.964 0.931 0.242 0.671
R2 0.884 -- 0.952 0.904 0.143 0.949 0.874 0.309 0.716
R3 0.840 -- 0.840 0.922 0.184 0.839 0.726 0.271 0.660
R4 0.769 0.605 0.853 0.733 0.083 0.745 0.757 0.232 0.597
R5 0.865 0.569 0.882 0.840 0.115 0.817 0.846 0.291 0.653
R6 0.818 0.509 0.806 0.939 0.175 0.702 0.904 0.264 0.640
R7 0.830 0.688 0.803 0.770 0.079 0.733 0.642 0.272 0.602
R8 0.788 0.567 0.826 0.786 0.111 0.815 0.768 0.263 0.616
R9 0.807 0.492 0.823 0.617 0.093 0.668 0.631 0.215 0.543
R10 0.673 0.556 0.853 0.667 0.088 0.742 0.682 0.237 0.562
R11 0.582 0.464 0.871 -- -- -- -- 0.250 0.542
R12 0.781 0.549 0.945 0.879 0.080 0.930 0.736 0.330 0.654
R13 0.843 0.655 0.904 0.803 0.123 0.878 0.836 0.281 0.665
Total 0.822 0.642 0.868 0.808 0.122 0.865 0.823 0.276 0.653

@Computed with no local indicators
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Table A.30 - Correlation matrix among form efficiency variables S1*

extranje pub impdm Imale Imanag Iskill Ci Inempleo Iworkf runemp Ischool Iwageav Ipubi lkmpc Itecfund
extranje 1.000
pub -0.007 1.000
impdm 0.170 -0.002 1.000
Imale 0.079 -0.006 0.108 1.000
Imanag -0.081 -0.017 -0.052 -0.056 1.000
Iskill 0.063 -0.004 0.049 0.120 0.071 1.000
Ci 0.056 0.006 -0.039 -0.020 -0.057 -0.033 1.000
Inempleo  0.249 0.045 0.230 0.046 -0.439 -0.056 0.116 1.000
Iworkf -0.077 -0.045 -0.002 -0.060 0.030 0.014 -0.159 -0.045 1.000
runemp -0.015 -0.032 -0.013 -0.005 -0.035 -0.042 0.001 -0.020 0.007 1.000
Ischool -0.078 -0.019 -0.005 -0.100 0.084 0.034 -0.345 -0.085 0.602 -0.291 1.000
lwageav ~ -0.066 0.024 -0.021 -0.078 0.087 0.029 -0.328 -0.069 0.372 -0.463 0.875 1.000
Ipubi -0.041 -0.030 0.042 -0.002 -0.005 0.033 -0.672 -0.065 0.212 0.001 0.326 0.317 1.000
Ilkmpc -0.067 -0.010 0.076 -0.050 0.022 0.045 -0.625 -0.114 0.178 -0.132 0.374 0.343 0.809 1.000

Itecfund -0.022 -0.015 0.050 -0.014 -0.008 0.025 -0.694 -0.046 0.234 -0.031 0.362 0.364 0.961 0.793 1.000

Table A.31 - Correlation matrix among form efficiency variables S2

extranje pub impdm Imale Imanag Iskill Ci Inempleo Iworkf runemp Ischool Iwageav Ipubi lkmpc Itecfund
extranje 1.000
pub -0.003 1.000
impdm 0.037 -0.012 1.000
Imale 0.005 0.011 0.197 1.000
Imanag -0.006 0.017 -0.108 0.005 1.000
Iskill -0.012 -0.022 0.021 -0.018 -0.010 1.000
Ci -0.009 0.010 0.075 0.034 0.022 0.033 1.000
Inempleo  0.073 -0.020 0.361 0.140 -0.429 -0.082 0.040  1.000
Iworkf -0.018 -0.029 -0.024 -0.174 -0.023 0.050 0.120 0.025 1.000
runemp 0.015 -0.024 -0.028 0.060 -0.049 -0.040 -0.078 0.041 0.074 1.000
Ischool -0.061 0.014 0.001 -0.121 0.027 0.056 0.187 -0.041 0.403 -0.597 1.000
lwageav ~ -0.060 0.009 0.010 -0.106 0.033 0.054 0.225 -0.051 0.264 -0.649 0.952 1.000
Ipubi -0.087 0.010 0.025 0.0583 0.018 0.009 0.923 0.021 0.117 -0.030 0.197 0.230 1.000
Ilkmpc -0.025 0.009 0.062 0.006 0.024 0.054 0.911 0.021 0.042 -0.049 0.124 0.153 0.847 1.000

Itecfund -0.062 0.010 0.029 0.056 0.010 0.009 0.933 0.022 0.120 -0.045 0.202 0.239 0.988 0.836 1.000

Table A.32 - Correlation matrix among form efficiency variables S3
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extranje pub impdm Imale Imanag Iskill Ci Inempleo Iworkf runemp Ischool Iwageav Ipubi Ikmpc Itecfund
extranje 1.000
pub 0.138 1.000
impdm -0.021 -0.012 1.000
Imale -0.059 0.025 -0.078 1.000
Imanag -0.064 -0.046 -0.086 -0.144 1.000
Iskill 0.065 0.060 0.007 -0.172 0.025 1.000
Ci 0.084 0.016 -0.060 0.075 -0.142 -0.137 1.000
Inempleo  0.151 0.060 0.149 0.054 -0.503 -0.058 0.195 1.000
Iworkf -0.064 0.035 0.021 -0.127 0.086 0.006 -0.210 -0.063 1.000
runemp 0.023 0.001 -0.058 0.073 -0.021 0.035 0.043 0.053 -0.180 1.000
Ischool -0.086 0.016 0.047 -0.120 0.069 0.102 -0.295 -0.093 0.690 -0.437 1.000
lwageav.  -0.041 0.010 0.021 -0.070 0.022 0.062 -0.217 -0.072 0.414 -0.522 0.822 1.000
Ipubi -0.047 -0.033 0.097 -0.082 0.022 0.095 -0.531 -0.043 0.230 -0.023 0.352 0.246 1.000
Ilkmpc -0.085 -0.038 0.098 -0.088 0.101 0.125 -0.847 -0.147 0.232 -0.095 0.366 0.275 0.862 1.000
Itecfund -0.034 -0.043 0.108 -0.084 0.043 0.102 -0.567 -0.053 0.260 -0.061 0.395 0.292 0.964 0.846 1.000
Table A.33 - Correlation matrix among form efficiency variables $4
extranje pub impdm Imale Imanag Iskill Ci Inempleo Iworkf runemp Ischool Iwageav Ipubi Ikmpc Itecfund
extranje 1.000
pub -0.040 1.000
impdm 0.272 -0.069 1.000
Imale 0.043 0.070 0.048 1.000
Imanag -0.078 0.014 -0.113 -0.071 1.000
Iskill 0.300 0.184 0.071 0.029 -0.013 1.000
Ci 0.011 -0.125 0.135 -0.080 -0.002 -0.135 1.000
Inempleo  0.207 0.008 0.290 -0.029 -0.420 0.045 0.097 1.000
Iworkf -0.045 -0.060 0.041 -0.098 0.050 -0.036 0.041 0.082  1.000
runemp -0.011 -0.039 0.064 0.044 -0.022 -0.027 -0.100 0.109 0.011 1.000
Ischool -0.062 -0.021 0.006 -0.184 0.139 -0.038 0.090 -0.067 0.442 -0.424 1.000
lwageav  -0.043 0.004 0.003 -0.171 0.107 0.016 0.127 -0.073 0.270 -0.526 0.917 1.000
Ipubi -0.083 -0.176 0.002 -0.242 0.087 -0.177 0.399 0.061 0.068 0.217 0.105 0.081 1.000
Ikmpc -0.044 -0.149 0.075 -0.200 0.028 -0.171 0.741 0.065 -0.007 0.082 0.084 0.091 0.836 1.000
Itecfund -0.074 -0.207 0.009 -0.243 0.092 -0.184 0.460 0.059 0.085 0.189 0.120 0.106 0.982 0.843 1.000
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Table A.34 - Correlation matrix among form efficiency variables S5

extranje pub impdm Imale Imanag Iskill Ci Inempleo Iworkf runemp Ischool Iwageav Ipubi Ikmpc Itecfund
extranje 1.000
pub -0.053 1.000
impdm 0.062 -0.087 1.000
Imale 0.065 0.129 -0.054 1.000
Imanag -0.077 0.241 -0.057 -0.136 1.000
Iskill 0.172 0.142 -0.021 0.116 -0.154 1.000
Ci 0.076 0.335 -0.095 0.122 0.044 0.243 1.000
Inempleo 0.261 0.170 0.185 0.185 -0.268 0.198 0.162 1.000
Iworkf -0.174 -0.185 0.061 -0.001 0.085 -0.057 -0.092 -0.123 1.000
runemp -0.069 -0.186 0.172 -0.067 -0.153 -0.108 -0.205 0.087 -0.098 1.000
Ischool -0.099 -0.063 -0.031 -0.028 0.120 0.046 0.082 -0.108 0.545 -0.313 1.000
lwageav  -0.038 0.047 -0.080 0.041 0.114 0.117 0.166 -0.056 0.376 -0.529 0.846 1.000
Ipubi -0.030 -0.279 0.208 -0.145 -0.006 -0.170 -0.623 -0.009 0.097 0.244 -0.060 -0.072 1.000
Ikmpc 0.063 -0.132 0.189 -0.115 0.041 -0.089 -0.309 0.040 0.061 0.036 -0.010 0.051 0.795 1.000
Itecfund -0.023 -0.276 0.218 -0.126 0.028 -0.179 -0.559 0.006 0.118 0.200 -0.044 -0.036 0.976 0.813 1.000
Table A.35 - Correlation matrix among form efficiency variables S6
extranje pub impdm Imale Imanag Iskill Ci Inempleo Iworkf runemp Ischool Iwageav Ipubi Ikmpc Itecfund
extranje 1.000
pub -0.012 1.000
impdm 0.283 -0.030 1.000
Imale -0.008 0.062 -0.117 1.000
Imanag -0.064 0.149 -0.109 -0.130 1.000
Iskill 0.024 0.042 0.060 0.013 0.031 1.000
Ci -0.013 0.116 0.082 0.028 -0.020 0.084 1.000
Inempleo  0.129 0.065 0.277 0.179 -0.447 -0.029 0.080 1.000
Iworkf 0.026 -0.101 0.047 -0.044 0.074 0.014 -0.010 -0.041 1.000
runemp 0.009 -0.124 0.054 -0.004 -0.126 -0.076 -0.126 0.155 -0.215 1.000
Ischool -0.045 -0.034 -0.021 -0.075 0.085 0.038 0.120 -0.163 0.377 -0.555 1.000
lwageav ~ -0.055 -0.001 -0.055 -0.058 0.068 0.044 0.158 -0.178 0.236 -0.617 0.916 1.000
Ipubi 0.039 -0.181 0.143 -0.124 -0.007 -0.065 0.036 -0.006 -0.063 0.084 0.129 0.118 1.000
Ikmpc 0.012 -0.097 0.174 -0.142 0.025 -0.017 0.307 -0.041 -0.012 -0.105 0.191 0.205 0.822 1.000
Itecfund 0.029 -0.167 0.144 -0.122 -0.004 -0.069 0.131 -0.002 -0.050 0.038 0.145 0.151 0.981 0.840 1.000
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Table A.36 - Correlation matrix among form efficiency variables S7

extranje pub impdm Imale Imanag Iskill Ci Inempleo Iworkf runemp Ischool Iwageav Ipubi Ikmpc Itecfund
extranje 1.000
pub -0.050 1.000
impdm 0.322 -0.014 1.000
Imale -0.055 0.146 -0.139 1.000
Imanag -0.066 -0.160 -0.125 -0.139 1.000
Iskill 0.116 0.265 0.046 0.032 -0.007 1.000
Ci 0.040 0.065 0.075 -0.011 0.065 0.122 1.000
Inempleo  0.198 0.194 0.364 0.071 -0.452 0.025 0.091 1.000
Iworkf -0.040 -0.210 0.022 -0.126 0.145 -0.068 0.053 -0.020 1.000
runemp -0.034 -0.164 0.048 -0.037 -0.020 -0.008 -0.042 0.048 0.090 1.000
Ischool 0.039 -0.054 0.034 -0.113 0.121 -0.027 0.146 -0.055 0.460 -0.383 1.000
lwageav 0.061 0.028 0.008 -0.101 0.097 0.021 0.143 -0.068 0.238 -0.526 0.894 1.000
Ipubi 0.055 -0.352 0.078 -0.158 0.126 -0.032 0.166 -0.006 0.087 0.196 0.141 0.078 1.000
Ikmpc 0.075 -0.242 0.114 -0.131 0.159 0.016 0.435 0.002 0.053 0.032 0.188 0.145 0.827 1.000
Itecfund 0.050 -0.394 0.081 -0.156 0.143 -0.064 0.187 -0.023 0.125 0.164 0.170 0.110 0.977 0.839 1.000
Table A.37 - Correlation matrix among form efficiency variables S8
extranje pub impdm Imale Imanag Iskill Ci Inempleo Iworkf runemp Ischool Iwageav Ipubi Ikmpc Itecfund
extranje 1.000
pub -0.015 1.000
impdm 0.365 0.063 1.000
Imale 0.055 -0.030 0.012 1.000
Imanag -0.054 -0.077 -0.135 -0.125 1.000
Iskill -0.019 -0.034 -0.019 -0.174 -0.005 1.000
Ci 0.078 0.004 0.136 0.147 -0.068 -0.074 1.000
Inempleo  0.204 0.160 0.431 0.073 -0.438 0.000 0.173 1.000
Iworkf -0.020 0.045 -0.037 0.145 0.072 -0.019 0.002 0.000 1.000
runemp 0.107 0.075 0.057 0.148 -0.060 -0.091 -0.149 0.018 0.059 1.000
Ischool -0.078 0.009 0.015 0.029 -0.040 0.043 0.306 0.130 0.360 -0.536 1.000
lwageav  -0.080 -0.009 0.025 -0.025 -0.024 0.090 0.250 0.132 0.145 -0.644 0.921 1.000
Ipubi 0.085 0.047 0.145 0.226 -0.108 -0.138 0.746 0.160 0.091 0.030 0.350 0.273 1.000
Ikmpc 0.080 0.017 0.149 0.218 -0.058 -0.045 0.749 0.149 0.149 0.032 0.340 0.246 0.838 1.000
Itecfund 0.087 0.047 0.149 0.228 -0.098 -0.128 0.755 0.155 0.078 -0.035 0.365 0.309 0.982 0.852 1.000
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Table A.38 - Correlation matrix among form efficiency variables SO

extranje impdm Imale Imanag Iskill Ci Inempleo Iworkf runemp Ischool Iwageav Ipubi Ikmpc Itecfund
extranje 1.000
impdm 0.338 1.000
Imale -0.037 -0.077 1.000
Imanag -0.091 -0.217 -0.255 1.000
Iskill 0.023 0.059 0.146 0.045 1.000
Ci 0.048 0.003 0.177 -0.079 0.041 1.000
Inempleo  0.130 0.279 0.379 -0.466 0.155 0.207 1.000
Iworkf -0.131 -0.165 -0.213 0.065 -0.073 -0.219 -0.328 1.000
runemp -0.045 -0.095 0.213 0.075 0.001 0.143 0.328 -0.209 1.000
Ischool -0.046 -0.068 -0.341 0.106 0.027 -0.203 -0.440 0.584 -0.581 1.000
lwageav  -0.015 -0.037 -0.323 0.097 0.039 -0.054 -0.362 0.412 -0.574 0.919 1.000
Ipubi -0.155 -0.193 -0.015 0.084 -0.018 0.078 -0.285 0.318 -0.309 0.368 0.353 1.000
Ikmpc -0.124 -0.073 -0.147 0.077 -0.098 -0.254 -0.390 0.371 -0.473 0.420 0.359 0.860 1.000
Ltecfund -0.167 -0.217 -0.036 0.090 -0.010 0.016 -0.280 0.354 -0.293 0.398 0.370 0.985 0.837 1.000
Table A.39 - Correlation matrix among form efficiency variables: entire sample*

extranje pub impdm Imale Imanag Iskill Ci Inempleo Iworkf runemp Ischool Iwageav Ipubi Ikmpc Itecfund
extranje 1.000
pub -0.016 1.000
impdm 0.225 -0.014 1.000
Imale 0.045 0.081 0.032 1.000
Imanag -0.059 0.000 -0.083 -0.063 1.000
Iskill 0.098 0.109 0.053 0.039 0.021 1.000
Ci 0.033 0.076 0.006 0.004 -0.038 -0.013 1.000
Lnempleo 0.197 0.089 0.277 0.100 -0.425 -0.011 0.116  1.000
Iworkf -0.069 -0.080 0.026 -0.122 0.059 0.012 -0.096 -0.043 1.000
runemp -0.009 -0.066 0.007 0.041 -0.049 -0.047 -0.029 0.047 -0.038 1.000
Ischool -0.056 -0.022 0.046 -0.167 0.087 0.054 -0.118 -0.085 0.547 -0.398 1.000
Lwageav  -0.042 0.006 0.028 -0.144 0.077 0.057 -0.070 -0.077 0.340 -0.520 0.893 1.000
Ipubi -0.023 -0.141 0.125 -0.116 0.034 -0.001 -0.259 -0.012 0.179 0.032 0.284 0.250 1.000
Ilkmpc -0.008 -0.076 0.161 -0.128 0.057 0.047 -0.286 -0.039 0.160 -0.092 0.314 0.274 0.835 1.000
ltecfund -0.013 -0.145 0.133 -0.113 0.040 -0.002 -0.261 -0.008 0.202 -0.004 0.314 0.286 0.974 0.835 1.000

" To analysed the correlation we have used continuous variables, in the place of dummies, when the information was available. Hence, EXTRANJE is the percentage of the plant
owned by foreigners and IMPDM is the ratio of input imported with respect to the nationally acquired
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APPENDIX A5

Figures

Figure A.1 — Plots sector S1 (reduced sample): Lnempleo, Lnm, Lnelectr
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Figure A.2 — Plots sector S7 (reduced sample): Lnempleo, Lnm, Lnelectr
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Figure A.3 - Error density distribution estimates and frequencies: sector S2
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Figure A.4 - Error density distribution estimates and frequencies: sector S8
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Figure A.5 - Error density distribution estimates and frequencies. sector SO (no inefficiency)
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Figure A.6 - Efficiency distribution per region
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Figure A.7 - Efficiency distribution per sector: S1

10.6865 |

Density
|

.005712

A 2 3 4 .5 .6 7 .8 .9 1
efslfm

Kernel Density Estimate

oL



Figure A.8 - Efficiency distribution per sector: S2
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Figure A.9 - Efficiency distribution per sector: S3
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Figure A.10 - Efficiency distribution per sector: $4
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Figure A.11 - Efficiency distribution per sector: S5
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Figure A.12 - Efficiency distribution per sector: S6
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Figure A.13 - Efficiency distribution per sector: S7
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Figure A.14 - Efficiency distribution per sector: S8
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Figure A.15 - Estimation of distribution of skill ratio: pooled sectors
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Figure A.16 - Distribution of skilled workers per sector

Fraction

sector==0

N DDEED

sector==4

L .

sector==8

o DD:I:ID

sector==1

.

sector==5

] ]Dz:m

sector==9

0 1

Lskill

sector==2

S

sector==6

m!—v—\’—‘

0 1

Histograms by sector

66

sector==3

[

sector==7

]D::D

0 1



7. REFERENCES

Aigner D., Lovell C. A. K. and Schmidt P. (1977), “Formulation and Estimation of Stochastic Frontier
Production Function Models.” Journal of Econometrics (6): 21-37

Aigner D. J. and Chu S. F. (1968), “On Estimating the Industry Production Function.” American Economic
Review (58): 826-839

Aitken B. J. and Harrison A. E. (1999), “Do Domestic Firms Benefit from Direct Foreign Investment?
Evidence from Venezuela.” The American Economic Review 89 (3): 605-618

Alcorta L. and Peres W. (1998), “Innovation systems and technological specialization in Latin America and
the Caribbean.” Research Policy 26: 857-881

Alvarez R. and Robertson R. (2000), "Exposure to Foreign Markets and Firm-Level Innovation: Evidence
from Chile and Mexico.", Working Paper.

Arrow K. (1962), "Economic Welfare and the Allocation of Resources for Inventions'. In: Nelson R. R,,
(Ed)., The Rate and the Direction of Inventive Activity: Economic and Social Factors. Princeton,
Princeton University Press.

Arthur B. (1988), "Competing technologies. an overview". In: Dos G., et al, (Eds), Technical Change and
Economic Theory. London, Pinter Publisher.

Aw B. Y., Chung S. and Roberts M. J. (2000), “Productivity and Turnover in the Export Market: Micro-leve
Evidence from the Republic of Korea and Taiwan (China).” The World Bank Economic Review 14
(1): 65-90

Battese G. E. and Corra G. S. (1977), “Estimation of a Production Frontier Model: With Application to the
Pastoral Zone of Eastern Australia.” Australian Journal of Agricultural Economics 21 (3): 169-179

Battese G. E. and Codlli T. J. (1988), “Prediction of Firm-Level Technical Efficiencies with a Generalized
Frontier Production Function and Panel Data.” Journal of Econometrics (38): 387-399

Battese G. E. and Codlli T. (1993), "A Stochastic Frontier Production Function Incorporating a Model for
Technical Inefficiency Effects.”, W. P. in Econometrics and Applied Statistics, 69.

Battese G. E. and Rao P. D. S. (2001), "Productivity Potential and Technical Efficiency Levelsof Firmsin
Different Regions Using a Stochastic Frontier Metaproduction Function Model.", CEPA Working
Papers, 6, Armidale. (http://www.une.edu.au/febl/EconStud/emet/cepawp.htm)

Bell M. and Pavitt K. (1993), “Technological Accumulation and Industrial Growth: Contrast Between
Deveoped and Developing Countries.” Industrial and Corporate Change 2 (2): 157-210

Benavente J. M. (2002), "Cuan dindamica son las exportaciones intrarregionales latinoamericanas?', Serie
Macroeconomia del Desarrollo, 12, Santiago

Benavente J. M., et al. (1997), "Impacto del Instrumento PROFO en la Pequefia y Mediana Empresa -
Informe Fina.", Departamento de Economia Universidad de Chile,, Santiago del Chile

Benavente J. M., et al. (1998), "Nuevos Problemas y Oportunidades en € Desarrollo Industrial de América
Latina". In: Stumpo G., (Ed)., Empresas Transnacionales. Procesos de Reestructuracién Industrial y
Politicas Econdmicas en América L atina. Santiago de Chile, CEPAL, Alianza Editorial: 33-88.

Berndt E. R. and Christensen L. R. (1973), “The Trandog Function and the Substitution of Equipment,
Structures, and Labour in U.S. Manufacturing 1929-68.” Journal of Econometrics (1): 81-114

Bigsten A., et al. (2000), "Exports and Firm-level Efficiency in African Manufacturing.", Regiona
Programme on Enterprise Development (RPED), World Bank, WPS/2000-16.

Blomstrom M. and Kokko A. (1997), "How Foreign Investment Affects Host Countries.”, World Bank
Policy Research Working Paper, 1745, Washington

Camagni R. (1991), "Loca 'Milieu’, Uncertainty and Innovation Networks: Towards a new Dynamic Theory
of Economic Space'. In: Camagni R., (Ed)., Innovation Networks: Spatial Perspectives. London,
Belhaven Press.

Capdevielle M. (2000), “Composicién Tecnoldgica de la Industria Manufacturera Mexicana.” El Mercado de
Valores: 18-27

Capdevidlle M., Cimoli M. and Dutrenit G. (1997), "Specialization and Technology in Mexico: A Virtua
Pattern of Development and Competitiveness?', 11ASA interim report W.P., Working Paper, IR-97-
016/May. (www.iiasa.ac.at)

CEPAL (2002), Panorama de la insercion internacional de Ameérica Latina y el Caribe - 2000-2001.
Comision Econdémica para América Latinay € Caribe - United Nations, Santiago del Chile

Christensen L. R., Jorgenson D. W. and Lau L. J (1973), “Transcendental Logarithmic Production
Frontiers.” The Review of Economics and Statistics 55 (1): 28-45

67



Cimoli M. (1994), "Lock-In Specialization (Dis)Advantages in a Structuralist Growth Model". In: Fagerberg
J, Verspagen B. and vonTunzelmann N., (Eds), The Dynamics of Technology, Trade and Growth.
Aldershot, Edward Elgar: 240.

Cimoli M. (2000), “Creacion de Redes y Sistema de Innovacion: México en un Contexto Global.” El
Mercado de Vdores: 3-17

Cimoli M. and Soete L. (1992), “A Generalized Technologica Gap Trade Model.” Economie Appliquée 45
(3): 33-54

Cimoli M. and Dosi G. (1995), “Technological paradigms, patterns of learning and development: an
introductory roadmap.” Journal of Evolutionary Economics 5: 243-268

Cimoli M. and Katz J. (2001). Structural Reforms, Technological Gaps and Economic Development: A Latin
American  Perspective. DRUID-Nelson and  Winter  conference 2001,  Aadborg.
(http://www.business.auc.dk/druid/conferences/nw)

Cimoli M. and Correa N. (2002). Trade Openness and Technological Gapsin Latin America: A 'Low Growth
Trap'. Presented at the Conference: Innovation and Growth: New Challenges for the Regions, Sophia
Antipolis, France, January 18-19.

Cimoli M. and DiMaio M. (2002), "Technological Gaps, De-industridisation and Catching-Up: Is the
Chilean Case a Paradox?', CESPRI Working Papers, forthcoming, Milano. (http://www.cespri.uni-
bocconi.it)

Clerides S, Lach S. and Tybout J. (1998), “Is 'Learning-by Exporting' Important? Micro-Dynamic Evidence
from Colombia, Mexico, and Morocco.” Quarterly Journal of Economics 113: 903-947

Codli T., Rao P. D. S. and Battese G. E. (1998), An Introduction to Efficiency and Productivity Analysis.
Boston, Kluwer Academic Publisher

Codli T. J. (1995), “Estimators and Hypothesis Tests for a Stochastic Frontier Function: A Monte Carlo
Anaysis.” Journal of Productivity Analysis (6): 247-268

Codli T. J. (1996), "A Guide to FRONTIER Version 4.1: A Computer Program for Stochastic Frontier
Production and Cost Function Estimation.”, CEPA Working Paper, 96/07, Armidae.
(http://www.une.edu.au/econometrics/cepa.htm)

Cohen W. M. and Levintha D. A. (1990), “Absorptive Capacity: A New Perspective on Learning and
Innovation.” Administrative Science Quarterly (35): 128-152

Dornbusch R. (1992), “The Case for Trade Liberaization in Developing Countries.” Journal of Economic
Perspectives 6 (1): 69-85

Dos G., Pavitt K. and Soete L. (1990), The Economics of Technical Change and International Trade. New
York, New York University Press

Dutrénit G. and Capdevielle M. (1993), “El perfil tecnologico de la Industria Mexicana y su dinamica
Innovadora en la Decada de los Ochentas.” Trimestre economico 60 (239): 643-674

Dutrénit G. and VeaCruz A. O. (2002), “Rompiendo paradigmas. accumulacion de capacidades
tecnol 6gicas en la maquila de exportacién.” Innovacion y Competitividad |1 (6): 11-15

ECLAC (1999), Preliminary Overview of the Economies of Latin America and the Caribbean 1999.
Economic Commission for Latin America and the Caribbean, Santiago

ECLAC and World-Bank (2000), TradeCAN - Database and Software for a Competitiveness Anaysis of
Nations. Santiago del Cile, ECLAC.

Fagerberg J, Verspagen B. and vonTunzelmann N. (1994), "The Economics od Convergence and
Divergence: An Overview". In: Fagerberg J., Verspagen B. and vonTunzelmann N., (Eds), The
Dynamics of Technology, Trade and Growth. Aldershot, Edward Elgar: 1-20.

Farrell M. J. (1957), “The Measurement of Productive Efficiency.” Journal of teh Royal Statistical Society,
Series A 120 (2): 235-290

Ferraz J., Kupfer D. and Haguenaer L. (1996), “El Desafio Competitivo para la Industria Brasilefia” Revista
dela CEPAL 58 (LC/G.1916-P))

Fasund F., Lovell K. A. C. and Schmidt P. (1980), “A Survey of Frontier Production Functions and Their
Relationship to the Efficiency Measurement.” Journal of Econometrics (13): 5-25

Fung H.-G., et al. (1994), “Exports, Imports and Industria Production: Evidence from Advanced and Newly
Industrializing Countries.” International Economic Journa 6 (4): 87-98

Gravelle H. and Rees R. (1992), Microeconomics - 2nd edition. Harlow, Longman

Greene W. H. (2000), Econometric Analysis - fourth edition. New Y ork, Prentice Hall International

Griliches Z. and Ringstad V. (1971), Economies of Scale and the Form of the Production Function.
Amsterdam, North-Holland

68



Hatzichronoglou T. (1997), "Revision of the High-Technology Sector and Product Classification.”, OECD
ST Working Papers, 2, Paris

Hayami Y. and Ruttan V. W. (1970), “Agricultural productivity differences among countries.” American
Economic Review (60): 895-911

INE (1998), Anuario de Mineria 1997. Instituto Nacional de Estadistica, Santiago de Chile

INE (1999), Encuesta Nacional Industrial Anual 1996. Instituto Nacional de Estadistica, Santiago de Chile

Jondrow J., et al. (1982), “On the Estimation of Technical Inefficiency in the Stochastic Frontier Production
Function Model.” Journal of Econometrics (19): 233-238

Katz J. (1985), "Domestic Technological Innovations and Dynamic Comparative Advantages. Further
Reflections on  Comparative Care-Study Program”. In: Rosenberg N. and Frischtak C., (Eds),
International Technology Transfer: Concepts Measures and Comparisons. New York, Praeger
Publishers.

Katz J. (2001), “Structural reforms and technological behaviour: The sources and nature of technological
changein Latin Americain the 1990s.” Research Policy 30: 1-19

Katz J. and Stumpo G. (2001), “Regimenes Sectoriales, Productividad y Competitividad Internacional.”
Revistade la CEPAL 75: 137

Kim L. (1997), Imitation to Innovation: The Dynamics of Korea's Technological Learning. Boston, Harvard
Business School Press

Kodde D. A. and Pam F. C. (1986), “Wald Criteria for Jointly Testing Equality and Inequality Restrictions.”
Econometrica 54 (5): 1243-1248

Krueger A. (1978), “Alternative Trade Strategies and Employment in LDCs.” The American Economic
Review 68 (2): 270-274

Krueger A. (1997), “Trade Policy and Economic Development: How we Learn.” American Economic
Review 87 (1): 1-22

Krugman P. R. (1987), “The Narrow Moving Band, the Dutch Disease and the Competitive Consequences of
Mrs. Thatcher: Notes on Trade in the Presence of Dynamic Scale Economies.” Journa of
Development Economics 27: 41-55

Krugman P. R. (1995), Development, Geography and Economic Theory. Cambridge, MA, MIT Press

Lall S. (2000), "The Technological Structure and Performance of Developing Country Manufactured
Exports, 1985-1998.", QEH Working Paper Series, WP 44, Oxford

Lal S. (2001), “Competitiveness Indices and Developing Countries: An Economic Evauation of the Global
Competitiveness Report.” World Development 29 (9): 1501-1525

Lall S. V. and Rodrigo C. G. (2001), “Perspectives on the Sources of Heterogeneity in Indian Industry.”
World Development 29 (12): 2127-2143

Lundval B.-A. (1988), "Innovation as an Interactive Process. From User-Producer Interaction to the
National System of Innovation". In: Dosi G., et al, (Eds), Technical Change and Economic Theory.
London, Pinter Publisher.

Malerba F. (1982), “La Teoria Evoluitva del'Impresa. Una Rassegna dei Contributi di Richard Nelson e
Sidney Winter.” L'Industria (2): 1982

Mani S. (2000), "Exports of High Technology Products from Developing Countries: Is it Real or a Statistical
Artefact?', Indtitute for New Technologies (INTECH), United Nations University, Discussion Paper
Series.

Markusen J. R. and Maskus K. E. (1999), "Discriminating Among Alternative Theories of the Multinational
Enterprise.”, NBER Working Paper Series, 7164, Cambridge. (http://www.nber.org/papers/w7164)

Marshall A. (1920), Principle of Economics. London, MacMillian

Ministerio-dd-Interior (2000), Informe de Competitividad Regional 1999. Santiago de Cile

National-Science-Board (2002), Science and engineering indicators - 2002. National Science Foundation,
Arlington, VA. (http://www.nsf.gov/sbe/srs/seind02/start.htm)

Nelson R. R. and Phelps E. S. (1966), “Investment in Humans, Technological Diffusion and Economic
Growth.” American Economic Review 61 (2): 69-75

Nelson R. R. and Winter S. G. (1982), An Evolutionary Theory of Economic Change. Cambridge, MA,
Harvard University Press

Pavitt K. (1984), “Sectoral Patterns of Technological Change: Towards a Taxonomy and Theory.” Research
Policy 13: 343-375

Peres W. and Stumpo G. (2000), “Small and Medium-Sized Manufacturing Enterprisesin Latin America and
the Caribbean Under the New Economic Model.” World Development 28 (9): 1643-1655

69



Piore M. J. and Sabel C. F. (1984), The Second Industrial Divide: Possibility for Prosperity. New York,
Basic Books

Prebish R. (1950), The economic Development of Latin America and its Principal Problems. New York,
United Nations aso published in Economic Bulletin for Latin America (7), 1962, pp.1-22

Redding S. (1999), “Dynamic Comparative Advantage and the Welfare Effects of Trade.” Oxford Economic
Papers 51 (1): 15-39

Rodriguez F. and Rodrik D. (2001), "Trade Policy and Economic Growth: A Sceptic's Guide to the Cross-
Nationa Evidence.", NBER WP Series, WP 7081, Cambridge. (http://www.nber.org.papersw7081)

Rodrik D. (1999), The New Global Economy and Developing Countries. Making Openness Work.
Washington DC, Johns Hopkins University Press,Council O. D.

Romer P. M. (1993), “Two Strategies for Economic Development: Using Ideas and Producing ldess.”
Supplement to the World Bank Economic Review, Proceedings of the World Bank Annua
Conference on Development Economics 1992: 63-91

Singer H. K. (1950), “The Distribution of Gains Between Investing and Borrowing Countries.” American
Economic Review 40: 473-485

Stevenson R. E. (1980), “Likelihood Functions for Generalized Stochastic Frontier Estimation.” Journal of
Econometrics (13): 57-66

Subramanian A. and Roy D. (2001), "Who Can Explain the Mauritian Miracle: Meade, Romer, Sachs or
Rodrik?"', IMF Working Paper, WP/01/116.

Thirlwal A. P. (1979), “The Balance of Payments Constraint as an Explanation of International Growth Rate
Differences.” Banca Nazionale del Lavoro Quarterly Review XXXI1: 45-53

Thirlwall A. P. (1992), “A Kaldorian Model of Growth and Development Revisited: A Rejoinder to Dutt.”
Oxford Economic Papers 44 (1): 169-172

Waldman D. M. (1982), “A Stationary Point for the Stochastic Frontier Likelihood.” Journal of
Econometrics (18): 275279

White H. and Levine J. (2000), "Economic Reform and Economic Performance: Evidence from 20
Developing Countries.”, IDS Discussion Paper, 376.

Winter A. L. (2000). Trade Policy as Development Policy: Building on Fifty Years Experience. Tenth
United Nation Conference on Trade and Devel opment, Bangkok, February.

Winter S. G. (1987), "Knowledge and Competence as a Strategic Asset”. In: Teece D. J., (Ed)., The
Competitive Challenge: Strategies for Industrial Innovation and Renewall. Ballinger, Cambridge
Mass.

Wolff E. N. (1996), “ Technology and the Demand for Skills.” OECD ST| Review 18: 95-123

Yellen J. L. (1984), “Efficiency Wage Models of Unemployment.” American Economic Review Papers and
Proceedings 14 (2): 200-205

Yoguel G. (2000), "El Transito de la Sustitucion de Importaciones a la Economia Abierta: Los Principales
Cambios en la Estructura Industrial Argentina entre los 70's y los 90's". In: Kosacoff B., et al, (Eds),
El Desempefio Industrial Argentino: Mas alla de la Sustitucion de Importaciones. Santiago del Chile,
CEPAL.

70



