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1. INTRODUCTION
The pattern of specialisation of Latin American countries is strongly biased towards the exploitation of natural resources (NRs) and related industries (i.e. minerals, agriculture, grain mill products, pulp and paper, wine, etc.).  These activities are typically regarded as problematic for development because, among other things, they are considered to have low technological dynamism or have few or none positive spillovers on related sectors. These facts systematically raise the question on what could be the productivity and economic growth prospects of the region if its economic structure is concentrated in NRs. The view that NRs have low technological opportunities is reflected in most industry classifications which categorise (NRs) and related industries as having low technological intensity (see for instance OECD, 2003; Ferraz et al 1997). Within the innovation literature, differences in the technological intensity and dynamism of industries are strongly associated with differences in technological opportunities (TOs) across industries (or the opportunities for introducing new products or process in association with investments in innovation). Very few investigations have, however, have evaluated empirically technological opportunities, and none have evaluated technological opportunities in industries related to NRs. This issue is crucial for the development of innovation policies in developing countries. 
In this paper, using Innovation Survey data for Argentina, Brazil and Chile, we investigate technological opportunities in NRs and related industries in these three countries. We distinguish between three types of activities: a) industries directly related to NRs, e.g. mining and agriculture, b) manufacturing industries indirectly related to NRs as consumers, e.g. the food industry and pulp and paper and, c) manufacturing industries indirectly related to NR as suppliers, e.g. agricultural machinery, pesticides and other agro-chemical products
. Thus, we explore: 1)  TOs in NRs and related industries, 2) Which type of association with NRs is more beneficial or prejudicial for technological opportunities? and, 3) Which are the main sources of differential in the technological opportunities across different types of industries?
As suggested by Klevorick et al (1995) and Malerba, (2002), we define TOs as the likelihood of success for any given amount of money invested in innovation. Empirically, we proxy TOs by the coefficient of R&D in an innovation equation. We implement a mixed random coefficient model (RCM), also called multilevel or hieararquical model, to econometrically asses the sources and the significance of technological opportunities across industries in LAC. In this model we control for firm level determinants of innovation and industry determinants of TOs.  The first level of this model, a firm level, models innovation (in a probit equation
) against R&D and other typical determinants of innovation (such as size, co-operation, etc.). The other, an industry level, explains the rate of return of (R&D) (our proxy for TOs) against association with NRs along other control variables which are supposed to affect TOs, i.e. connections with the knowledge base, and inter and intra industry spillovers. The different degree of association that each manufacturing industry has with NRs is evaluated empirically using input-output tables in each country. Finally, based on the coefficients obtained in these estimations, we explore a classification of industries relevant for LAC, that takes into account the technological dynamism of industries in the specific context of LAC.
The analysis provides very interesting results of different kinds. First, we identify substantial variability of technological opportunities (TOs) across industries in the three countries, an important prediction of the innovation literature which is supported by our empirical analysis in LAC. Second, however, our empirical analysis does not support the well spread general idea that NRS and related industries have and create less technological opportunities, and therefore, are less dynamic, than other type of industries. Quite the opposite, we find in a number of cases that the association with NRs has a positive impact on technological opportunities. In the cases of Brazil and Chile, strikingly, consumers of NRs, such as pulp and paper and mineral industries, have higher technological opportunities than any other kind of industry; in Argentina, both consumers and suppliers of NRs, such as producers of agricultural machinery, have higher TOs. Third, our results suggest that the very popular OECD classification of industries regarding technological intensity (which is very often taken as an indication of technological opportunity) is not adequate for LAC. In this region, several of the low and medium low-tech industries for OECD (and other industry classifications, e.g. Ferraz et al 1997), such as pulp and paper, food, metals and non-metallic minerals are high-tech – or with high technological opportunities – and, the same in the other way around. Several of the industries typically classified as high or medium high-tech by OECD (and other type of classifications) such as TV and communication equipments, electronic equipments and components, etc. are low in Latin American countries.  

The paper is organised as follow. Section 2 covers the theoretical background and main propositions. Section 3, discusses key aspects of the methodology developed to calculate technological opportunities, its sources and the association to NRs. Section 4 presents the results and section 5 provides the final remarks. 
2. LITERATURE REVIEW: DYNAMISM, TECHNOLOGICAL OPPORTUNITIES AND NATURAL RESOURCES,
It is widely accepted in the innovation literature that, at particular times, some industries are more dynamic than others, i.e. they experience higher rates of innovation and growth than others (Freeman, 1986). Technological opportunities are at the centre of the explanation of why some industries are more dynamic than others and hence are prone to experience greater productivity growth over time  (other explanations relate to the size and growth of the demand and the life cycle of the industry) 
. Technological opportunities explain the easiness with which companies in a particular industry obtain innovations given an amount of money invested in technological search (Jaffe, 1986; Laursen, 1999). They are dependent on the technical possibilities for technological advance (Klevorick et al 1995). The literature recognises three main sources of technological opportunity (Klevorick et al 1995; Malerba, 2005; Park and Lee, 2006):
· Advances in scientific understanding, which can be a source of opportunities for innovation in two main ways: 1) by increasing the problem solving capacity of professional workers and, 2) more directly, by producing knowledge in applied sciences and engineering responding to specific problems in the industry.  

· Technological advances generated outside the industry by other value chain firms (such us users and clients), which might affect innovation in other industries in many ways. For instance, advances in new materials have increased possibilities for innovation in aerospace, advances in biotechnology have improved substantially the possibilities of creating new products in the food industry, health, agriculture, etc. and, 

· Feedbacks from technology, which arise if the learning used to solve a particular problem can be used in the same industry to solve new emerging problems (Rosenberg, 1991). 

The main point made by the literature is that not all industries can capture the benefits of these three sources of opportunity to the same extent.  Some industries can benefit more from advances in the scientific base, or advances in others or the same industry, and these are considered to be rich in technological opportunities. Others, by contrast have less potential to benefit from these sources and, are considered to have less technological opportunities. 
Klevorick et al 1995, in a study of USA, using the Yale survey, found that electronic components, aircraft and missiles and drugs were rich in technological opportunities. On the contrary, stone, clay and glass, metal products and non electrical machinery were poor on technological opportunities.
The OECD (1993), based on statistics of R&D intensity of OECD countries, identifies with high technological opportunity
 industries such as: aircraft, spacecraft; pharmaceuticals; office, accounting and computing machinery and TV and communication equipment. On the other extreme, wood, pulp; paper, paper products, printing and publishing; food products, beverage and tobacco are identified as industries with low technological opportunity (see Table 1).
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In Latin America, using a mix of indicators, Ferraz et al (1997), pinpointed pesticides, drugs, farm machines, machines tool, communication equipment’s, electrical industrial apparatus, and aircraft as sectors with high technological opportunity. They even called these sectors, diffusers of technical progress. Among the sectors with low technological intensity and opportunity in their classification, they included agro-based commodities such as canned and preserved fruits, animal fats and oils, grain mill products, and sugar (see Table 2).

 Table 2: Industries included in each Ferraz category: Some illustrative examples

	Ferraz Categories
	Illustrative 4-digit SIC Industries
	

	Industrial Commodities
	Dyeing and Finishing Textiles

Paperboard Containers

Industrial Inorganic Chemicals

Iron And Steel Foundries
	Less Technology-Intensive

	Agro-based Commodities
	Canned, and Preserved Fruits

Animal Fats And Oils

Grain Mill Products

Sugar
	

	Traditional 

Sectors
	Meat products

Bakery products

Apparel

Soap, Detergents and Cleaning Preparations
	

	Durable 

Goods
	Household Appliances

Watches

Motorcycles

Bicycles and Parts
	

	The Automotive Sector
	Motor Vehicles

Passenger Car Bodies

Motor Vehicle Equipment
	

	Diffusers of Technical Progress
	Pesticides and Agricultural Chemicals

Drugs

Farm Machines

Machines Tools

Communication Equipment

Electrical Industrial Apparatus

Aircraft and Space Vehicles
	More Technology-Intensive


Source: Ferraz et al (1996)
Clearly, industries consumers of NRs, such as pulp and paper, food, processing of minerals, etc. are typically classified as having low technological opportunity in all these industry classifications
. In this paper, on the light of new and context specific evidences and based on a novel methodology for this field, we challenge this view. We subscribe the evolutionist view that some industries have more technological and demand opportunities for growth than others. However, as suggested by (Jaffe, 1986), we believe that the pattern of technological opportunity may change over time. In particular, regarding NRs and related industries, two recent changes might have changed substantially the opportunity space for innovation: 
· Changes in demand: An increased and more diversified demand for NRs and related products seems to have widened the opportunity space for higher investments in knowledge and, the creation of new activities and differentiated goods related to NRs ( Bisang, 2009, Marin, Navas-Aleman and Perez, 2010). An excellent example of this phenomena is provided by the pulp and paper industry in Chile and Brazil (see Bravo Ortega, Figuereido and Marin, 2012)
· Changes in technology: Massive technological advances in industries very related to NRs, such as biotechnology and new materials, have increased opportunities for innovation in NRs and related industries (Mendonça, 2009). An excellent example is provided by the innovations taken place in the seed industry in Argentina, Brazil and Chile (see Marin, Kababe, Figuereido, Bravo-Ortega and Dantas, 2012 and Bravo-Ortega, Figuereido, Marin and Dantas, 2012).

NR related industries might be thus becoming more technology/knowledge intensive, and might be broadening their knowledge base and rejuvenating, all of which will increase opportunities for innovation. This changing potential has huge implications for many regions in the developing world, which have been recommended by years to invest resources to jump away from NRs. Our understanding of this changing potential, however, is still limited. The existing evidence about the changes operating in many of these industries, is up to now partial, non-systematic and limited to specific cases/situations. 

In the remaining sections of this paper we investigate the dynamism of NRs and related industries in Latin America focusing on an exploration of technological opportunities in Argentina, Brazil, and Chile; using a novel methodology for this field and unique dataset. More specifically, based on innovation Survey data for these three countries, we explore the following three questions in detail:
1) Do NR related industries face less technological opportunities than other type of industries in LAC?  
2) How different associations with NRs, i.e. exploitation, demand, or supply relates with the extent of technological opportunities? Because very often people refers to NRs as if they were all the same, but important differences emerge when we distinguish the type of linkage with NRs. 
3) Which are the main sources of differential in technological opportunities across industries? 
In general all analyses of technological opportunities assume that industries have more or less the same opportunities in all contexts. In our analysis, we include the possibility that the link with the main source of comparative advantages of the country affects the possibility of technological opportunities to manifest.  
3. METHODOLOGY

3.1 Data

The empirical analysis reported here uses information provided by the Argentinean (ENIT), Brazilian (PINTEC), and the Chilean Innovation surveys. They are collected by the National Statistical Council (INDEC) in Argentina, the Brazilian Institute of Geography and Statistics (IBGE) in Brazil, and the National Statistical Office in Chile. The first survey covers the period 1998-2001, the second, the period 2001-2003, and the third, the period 2003-2004. 

Following the broad framework of the OECD Manuals, the three Innovation Surveys make use of a wide set of alternative quantitative and qualitative questions to evaluate numerous aspects of the economic and technological behavior of the firms. Firms are asked about economic information such as size, age, added value, exports, imports, sales, employment and; information about innovative performance and behaviors, such as R&D, skills, investments in capital goods for innovation, results reached regarding product and process innovation, etc. 
Although the three surveys differ slightly, the information covered by the three of them is almost identical for the specific questions we use in the paper, such as general information about the firm economic performance, and their innovative behavior, etc. (see point 3.2.3 below for a description). Unfortunately, however, the surveys differ in an important dimension, which is the aggregation level of the collected data. While the Argentinean and Brazilian surveys are representative at 3-digit of the SITC the Chilean survey is representative at 2-digit level of the SITC.
3.2 Methods:  Measuring Technological Opportunities and estimating sources of TOs
Technological opportunities are defined as the likelihood of success for any given amount of money invested in innovation (or, in other words, the productivity of R&D) (Klevorick et al 1995, Malerba, 2002; Park and Lee, 2006). Any cautious evaluation of the concept of technological opportunities as formulated by Klevorick et al (1995) requires taking into account several issues. First, it is important to find a methodology capable of dealing with the inherent trade-off between bias and variance that arises when we aim to estimate differences in the R&D rate of return across sectors. On the one hand, we might estimate these different rates by implementing a set of regressions, one for each sector, and obtaining unbiased estimations of each industry’s rate of return. On the other hand, a single regression ignoring industry differences will result in a more efficient but potentially biased estimation. 
Second, it is vital to explicitly incorporate into the analysis the hierarchical structure behind this notion of technological opportunities, in which firm and industry level determinants interact to explain industry heterogeneity. According to Klevorick’s et al (1995) the determinants of technological opportunities differ across industries and, they are responsible of generating technology gaps and above-the-average dynamism within any given sector. Therefore, along with the usual firm level determinants of innovative performance or dynamism, we must include the industry level determinants that will eventually help us to explain the presence of technological opportunity in some sectors.

We decided to implement a mixed random coefficient model (RCM), also called multilevel model, to econometrically to deal with these issues. The RCM is a type of regression particularly appropriated for hierarchical data with relevant explanatory variables at different levels. It differs from the standard regression model in the fact that the parameters (or some of them) are given a probability model; and therefore, it contains more than one error term. 

We model two levels. The first, or firm level, estimates the coefficient of R&D by industry controlling by firm´s differences in innovative behavior. In this level, the dependent variable is a dummy that indicates whether the firm has innovated. The second, or industry level, explores sources (or determinants) of TOs. In this level, the dependent variable is the R&D coefficient by industry recovered in the first level, and explanatory variables are industry characteristics: linkages with the knowledge base, the potential available knowledge that could spillover from suppliers, consumers and competitor industries, and the association with NR related industries.    

Innovation at the firm level is modelled as it is usual in the innovation literature following the approach suggested by Crepon-Duguet-Mairesse (1998), and then used by Benavente, 2009, and others, based on the following model:
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follows a Bernoulli distribution and takes value 1 if the firm implemented new to the firm product or process innovations and zero otherwise. [image: image11.png]R&D,



 is the natural logarithm of the firm’s expenditure in Research and Development, [image: image13.png]


 is a list of firm-level control variables, and [image: image15.png]


  is a set of industry variables that we will evaluate as sources of technological opportunities. The intercept  [image: image17.png]


 and the rate of return of [image: image19.png]
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 are allowed to vary across sectors.  Observations are heteroscedastic because their variances depend on the explanatory variables, however, the residuals are assumed to be homoscedastic.

Substitution leads to the model:
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We can see that not only unexplained variation between firms but also unexplained variation between sectors is regarded as random variability. The analogous OLS model, without explicitly including industry level error terms, would have a multilevel nature only to the extent that variables differ regarding the level of aggregation. Residuals would be exchangeable after controlling by industry variables, stating that all industry level variability is fully explained by the vector[image: image24.png]
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  values, it is immaterial whether they belong to the same or to different sectors. 

The previous reduced form estimation implicitly shows that the R&D return or coefficient depends on one firm level coefficient and on the industry level coefficients associated with the vector X. Thus our total R&D coefficient will be different for different sectors given the heterogeneity on X. 
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 each express different parts of the unexplained variablity. All these three sources of variability can be the point of attack when trying to find sources of heterogeneity. On the one hand,  we could try to diminish unexplained varability by looking at the population of firms. A second alternative  is to look at the population of sectors  if we wish to reduce the unexplained variability associated with [image: image30.png]
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.
 Description of the main variables 
Firm Level

In order to explain innovative performance at the firm level we followed Crepon-Duguet-Mairesse (1998) approach, by including the commonly used set of firm level variables along with R&D expenditures. 

Cooperation is a dummy variable that takes value 1 if the firm stated to be engaged in joint programs of research with other institutes, labs, or with independent consultants , and zero otherwise.  Log R&D is the natural logarithm of R&D expenditures
, Exports is a dummy variable that takes value 1 if exports are greater than zero , Market Share (mshare)  represents the firm’s relative performance compared to those firms within the same sector and is calculated as the ratio between firm’s sales over industry’s mean sales, Log Size measures firm’s dimension and is calculated as the natural logarithm of the number of employees. Group is a dummy variables that takes value 1 if the firm is part of a group or conglomerate of firms, respectively.  Scientific Base is also a dummy variable that captures firm’s linkages with (or use of) the scientific base.  It takes value 1 when firms claim both, that universities or think tanks (public or private) are relevant as sources of information for innovation, and that they cooperate actively with these kinds of institutions. 
Industry level

With the purpose of estimating the second level of analysis that explains the heterogeneity in R&D coefficients of the first level, i.e., industry level TOs, and  following Klevorick et.al (1995) we have to first identify proxies to evaluate linkages with the knowledge base at the level of sectors, and intra and inter-industry spillovers. In addition, with the purpose of exploring the questions of this paper, we have to identify proximity to NRs. 

Variables of the Klevorick et.al (1995) model
The variable ´linkages with the knowledge base´, at the industry level was constructed by adding at the industry level the values of the variable Scientific Base (in the Tables describing the results this variable is identified as I(log(ID_Int+1)):Info-inst-M).
The variable Intra Industry Spillovers was built by adding up all R&D expenditures within each sector. We can evaluate then if sectors with high volumes of money devoted to R&D activities have higher opportunities or vice versa. If the coefficient of this variable is positive that is interpreted as providing evidence of the existence of feedbacks from the same industry.

 The variables called Inter Spillovers Sup and Inter Spillovers Con were built applying the following procedure: For every sector in the sample we identified which other sector was the most important supplier/consumer, and then we added up the R&D expenditures of that sector. In this ways we can evaluate the influence of each sector’s most “proximate” supplier/consumer on its own performance. If neighboring (neighbors in terms of the productive chain) sector’s R&D expenditures help to explain the presence of technological opportunities in any given sector we can argue that we have identified spillovers from other industries.

Using the symmetric Input-Output table that contains data about inter-industry transactions within the economy, it is possible to build a matrix that for any given sector identifies the most important supplier/consume. We did so by applying the following procedure:

For each row (sector) of the I-O Matrix (IOM), and after giving a value of zero to each element of the diagonal, we identified the maximum value of the given row and then assigned 1 to that element, and zero to any other element in that row.  We have now a matrix that for each row (Sector) indentifies the most important or nearest consumer (column) by giving a value of 1 to that element, and zero to the others. Formally, we created a matrix [image: image34.png]


 with the following characteristics:
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Then we calculate our object of interest, the industry variable that for each sector reports the amount of R&D spent by the most important or nearest consumer:

Inter Spillovers Con= [image: image40.png]


*Intra Spillovers
An analogous procedure was taken in order to identify the most important or nearest supplier for a given sector. The [image: image42.png]


 matrix can be characterized as follows:
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Inter Spillovers Sup= [image: image48.png]


*Intra Spillovers

We repeat this procedure for the second most important industry’s supplier and consumer. Threrefore, in our estimations we compute the impact of the first and second most important source of spillovers.
To create the industry level variable reflecting sector’s link with (or use of) the scientific base we averaged the firm level variable Scientific Base, and called it Scientific Base Mean. In order to avoid convergence problems we applied natural logarithms to all industry variables excepting NR Indexes.

Identifying proximity to NRs

We aim to identify to types of in industries in terms of their association with NRs: a) manufacturing industries indirectly related to NRs as consumers, e.g. the food industry, pulp and paper and, b) manufacturing industries indirectly related to NR as suppliers, e.g. agricultural machinery, pesticides and other agro-chemical products
 We created two indexes in order to measure the type of proximity to NR. The first of them orders all the sectors according to their proximity to NR in terms of their own purchases to NR industries. The Argentinean and Brazilian I-O matrices have information about the amount of transactions between manufacturing sectors and NR industries. Taking advantage of that information we calculated the proportion of purchases to NR sectors made by every industry and then created an index to order them according to their proximity to NR. For every sector j on the sample, we applied the following procedure:
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Where the NR subindex represents the I-O Matrix’s rows containing information about NR Sectors.

An analogous procedure has to be applied to create the NR Index for suppliers:
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We first split the effects of R&D spillovers in two broad categories: Intra and Inter industry spillovers, with the later also subdivided in two; one of them capturing the effect that a given sector may have on suppliers, and the other, on consumers.  Therefore, we have three different variables to measure potential spillovers.
4 RESULTS 
4.1 Econometric analysis: Exploring TOs across sectors and its sources. 
Tables 3,4 and 5 show the results of the multilevel estimation for Argentina, Brazil and Chile, respectively. In the upper part of these tables we present the results of the first level estimation, where we explain the probability that a firm introduces an innovation as a function of firm level characteristics.  In the bottom part of the tables, we explain the heterogeneity on the R&D elasticity by industry obtained from the regression with the firm level data. Thus, in this second part we explain the industry elasticity of R&D as a function of industry level variables. The reported R&D elasticity in the upper part of the table is the average elasticity and does not represent any industry in particular. These, industries R&D elasticities are our proxy of technological opportunities, and will be recovered as a post estimation result that we discuss in the following section. The variables that explain the heterogeneity in the industry R&D coefficient are the three typical sources of technological opportunity identified by the literature which are supposed to vary across industries: 1) intra industry spill overs, 2) inter-industry spillovers and, 3) linkages with the knowledge base, plus 4) the indexes of association to NRs, which we have included to explore the hypothesis that association with NRs reduces technological opportunities.
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Table 3. Argentina: Estimation Using the RCM
Dep Var



(1) (2) (3) (4) (5) (6)
Fixed effects:



(Intercept) -2.595608 -2.6065602 -2.5920366 -2.884455 -2.870528 -2.81692
(0.223) *** (0.225) *** (0.225) *** (0.228) *** (0.228) *** (0.229) ***



mshare -0.049642 -0.0505482 -­‐0.0481074 -0.036466 -0.036152 -0.02884
(0.031) (0.031) 0.0313969 (0.031) (0.031) (0.031)



Cooperation 0.466273 0.4692748 0.4690496 0.873908 0.864773 0.819827
(0.128) *** (0.128) *** (0.129) *** (0.120) *** (0.121) *** (0.123) ***



log (R&D+1) -0.08203 0.0387439 0.0202235 0.257412 0.358812 0.457282
(0.136) (0.149) (0.152) (0.160) (0.169) * (0.180) *



log (Size) 0.204078 0.2070763 0.2040587 0.374337 0.370238 0.313859
(0.054) *** (0.054) *** (0.054) *** (0.054) *** (0.054) *** (0.055) ***



Scientific Base 0.857363 0.8633247 0.783931 0.929447 0.935127 0.736008
(0.283) ** (0.283) ** (0.292) ** (0.324) ** (0.324) ** (0.335) *



Exports 0.181675 0.1707334 0.173061 0.175684 0.185454 0.170972
(0.136) (0.136) (0.136) (0.128) (0.129) (0.131)



Dep Var



Intra Industry R&D Spillovers 0.001165 -0.0099768 -0.0106288 -0.007273 -0.014458 -0.022144
(0.004) (0.007) (0.007) (0.005) (0.008) . (0.009) **



Inter Industry R&D Spillovers from Consumers -0.002159 0.0001204 0.0005577 0.011941 0.014609 0.018566
(0.005) (0.006) (0.006) (0.006) . (0.006) * (0.007) **



Inter Industry R&D Spillovers from Suppliers 0.009232 0.0113035 0.0120811 -0.013729 -0.015347 -0.017489
(0.006) (0.006) . (0.006) . (0.007) * (0.007) * (0.007) *



Natural Resorces Intesity from Consumers 0.0031609 0.0012771 0.032001 0.030938
(0.008) (0.008) (0.011) ** (0.011) **



Natural Resorces Intesity from Suppliers 0.0468698 0.0446233 0.021667 0.011912
(0.021) * (0.021) * (0.025) (0.027)



Knowledge Base Industry 0.2068636 1.14312
(0.174) (0.208) ***



No obs 1670 1670 1670 1670 1670 1670
Sectors 57 57 57 57 57 57
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
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Natural Resorces Intesity from Suppliers  0.0468698 0.0446233 0.021667 0.011912

(0.021)*(0.021)* (0.025) (0.027)

Knowledge Base Industry 0.2068636 1.14312

(0.174) (0.208)***

No obs  1670 1670 1670 1670 1670 1670

Sectors 57 57 57 57 57 57

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Product Innovation Process Innovation
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Table 4. Brazil: Estimation Using the RCM
Dep Var



(1) (2) (3) (4) (5) (6)
Fixed effects:



(Intercept) 0.586068 0.58993 0.588575 0.074768 0.073634 0.05132
(0.141) *** (0.141) *** (0.141) *** (0.155) (0.155) (0.160)



mshare 0.068105 0.06774 0.067356 0.029796 0.029294 0.03268
(0.022) ** (0.022) ** (0.022) ** (0.020) (0.020) (0.020)



Cooperation 0.339545 0.33096 0.330335 0.201247 0.200704 0.18192
(0.179) . (0.178) . (0.178) . (0.163) (0.163) (0.166)



log (R&D+1) -0.086348 -0.02456 0.004889 -0.361358 -0.354079 -0.44162
(0.287) (0.274) (0.276) (0.188) . (0.193) . (0.224) *



log (Size) -0.146786 -0.14797 -0.147782 0.273493 0.273709 0.25081
(0.030) *** (0.030) *** (0.030) *** (0.033) *** (0.033) *** (0.034) ***



Scientific Base 0.05637 0.07845 0.091501 0.101608 0.112118 0.01023
(0.307) (0.306) (0.307) (0.254) (0.255) (0.260)



Exports 0.170824 0.17356 0.174181 -0.067323 -0.066981 -0.09161
(0.071) * (0.071) * (0.071) * (0.078) (0.078) (0.079)



Dep Var



Intra Industry R&D Spillovers 0.019456 0.01118 0.012165 0.004723 0.002421 -0.01208
(0.018) (0.018) (0.018) (0.012) (0.013) (0.014)



Inter Industry R&D Spillovers from Consumers 0.004224 0.01382 0.013277 0.01148 0.014476 0.02131
(0.015) (0.015) (0.015) (0.009) (0.010) (0.012) .



Inter Industry R&D Spillovers from Suppliers 0.018425 0.0105 0.007852 0.010064 0.008718 0.02246
(0.024) (0.024) (0.024) (0.016) (0.017) (0.019)



Natural Resorces Intesity from Consumers 0.17674 . 0.160312 0.061068 0.16413
(0.104) (0.110) (0.074) (0.086) .



Natural Resorces Intesity from Suppliers -0.12056 -0.101119 -0.051165 -0.14403
(0.104) (0.112) (0.075) (0.089)



Knowledge Base Industry -0.259353 1.76146
(0.456) (0.267) ***



No obs 6196 6196 6196 6196 6196 6196
Sectors 103 103 103 103 103 103
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 



Product Innovation Process Innovation










Table 4. Brazil: Estimation Using the RCM

Dep Var

(1) (2) (3) (4) (5) (6)

Fixed effects:
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(0.287) (0.274) (0.276) (0.188).(0.193).(0.224)*

log (Size) -0.146786-0.14797-0.147782 0.273493 0.273709 0.25081

(0.030)***(0.030)***(0.030)*** (0.033)***(0.033)***(0.034)***

Scientific Base 0.05637 0.07845 0.091501 0.101608 0.112118 0.01023

(0.307) (0.306) (0.307) (0.254) (0.255) (0.260)

Exports 0.1708240.173560.174181 -0.067323 -0.066981 -0.09161

(0.071)*(0.071)*(0.071)* (0.078) (0.078) (0.079)

Dep Var

Intra Industry R&D Spillovers 0.019456 0.01118 0.012165 0.004723 0.002421 -0.01208

(0.018) (0.018) (0.018) (0.012) (0.013) (0.014)

Inter Industry R&D Spillovers from Consumers 0.004224 0.01382 0.013277 0.01148 0.014476 0.02131

(0.015) (0.015) (0.015) (0.009) (0.010) (0.012).

Inter Industry R&D Spillovers from Suppliers 0.018425 0.0105 0.007852 0.010064 0.008718 0.02246

(0.024) (0.024) (0.024) (0.016) (0.017) (0.019)

Natural Resorces Intesity from Consumers 0.17674.0.160312 0.061068 0.16413

(0.104)(0.110) (0.074) (0.086).

Natural Resorces Intesity from Suppliers -0.12056 -0.101119 -0.051165 -0.14403

(0.104) (0.112) (0.075) (0.089)

Knowledge Base Industry -0.259353 1.76146

(0.456) (0.267)***

No obs  6196 6196 6196 6196 6196 6196

Sectors 103 103 103 103 103 103

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Product Innovation Process Innovation
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Table 5.  Chile: Estimation Using the RCM



Dep Var
(1) (2) (3) (4) (5) (6)



Fixed effects:



(Intercept) -1.314 -1.336 -1.328 -0.232 -0.196 -0.226
(0.280) *** (0.280) *** (0.280) *** (0.332) (0.334) (0.334)



mshare 0.420 0.237 0.293 4.599 5.272 3.825
(2.069) (1.951) (1.941) (2.741) . (2.793) . (2.661)



Cooperation 0.587 0.570 0.534 0.102 0.114 0.145
(0.551) (0.550) (0.553) (0.551) (0.549) (0.548)



log (R&D+1) 0.559 0.324 0.109 -0.377 -0.377 -0.145
(0.439) (0.393) (0.450) (0.296) (0.291) (0.335)



log (Size) 0.014 0.020 0.019 0.058 0.054 0.061
(0.048) (0.048) (0.048) (0.052) (0.052) (0.052)



Scientific Base -0.469 -0.448 -0.399 -0.104 -0.119 -0.179
(0.577) (0.576) (0.579) (0.583) (0.581) (0.581)



Exports 0.109 0.101 0.100 0.364 0.362 0.366
(0.131) (0.131) (0.131) (0.141) ** (0.140) ** (0.141) **



Dep Var



Intra Industry R&D Spillovers -0.053 -0.033 -0.033 -0.001 0.004 0.001
(0.016) ** (0.015) * (0.014) * (0.011) (0.012) (0.013)



Inter Industry R&D Spillovers from Consumers 0.004 0.009 0.020 0.011 0.013 0.004
(0.008) (0.009) (0.016) (0.006) . (0.006) * (0.008)



Inter Industry R&D Spillovers from Suppliers 0.008 0.003 0.007 0.016 0.010 0.005
(0.015) (0.013) (0.013) (0.009) . (0.009) (0.010)



Natural Resorces Intesity from Suppliers -0.174 -0.179 -0.029 -0.019
(0.073) * (0.072) * (0.051) (0.055)



Natural Resorces Intesity from Consumers 0.172 0.214 0.159 0.108
(0.100) . (0.101) * (0.068) * (0.075)



Knowledge Base Industry -0.451 0.463
(0.384) (0.293)



No obs 1360 1360 1360 1360 1360 1360
Sectors 20 20 20 20 20 20
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 



Product Innovation Process Innovation



R&D elasticity R&D elasticity
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These tables reveal very interesting results. First, in general, the results confirm the appropriateness of using a multilevel model when trying to explain TOs as in general there is always a significant industry variables subset among R&D industry regressors. 
Second, regarding the main hypothesis explored in this paper, i.e. that linkages with NRs affects negatively technological opportunities. Our results show very strongly that there is no support for such claim, except in the case of the Chilean product innovation estimations where natural resources linkages with suppliers have a negative impact. We do find in the remaining cases either a positive or not significant effect of natural resources linkages either at the supplier level or consumer level. In Argentina, consumers of NRs face higher technological opportunities than other type of industries when innovations in process are considered, and suppliers when product innovations are considered. In Brazil, consumers of NRs face higher TOs regarding both process and product innovation. In Chile, we find a positive association with natural resources in consumers for both process and product innovations. 
Third, regarding other variables, we identify in the three countries that to some extent connections with the knowledge base and inter industry spillovers from consumers are significant in the explanation of different TOs across industries when is about process innovations. In the case of Argentina in addition, inter industry spillovers from suppliers are significant for product innovations, which means that in this country suppliers of NRs do not only face higher TOs themselves, they also induce innovations in other sectors. Finally, in Argentina intra industry spillovers are negative for process innovation. For the case of Brazil there is weak evidence in favour that inter industry spillovers from supplier increase TOs. For the case of Chile there is evidence that inter-industry spillovers from consumer are positive for process innovation, weak evidence in favour of positive supplier spillovers on process innovation, and evidence on favour of negative intra industry spillovers in product innovation, something that also occurs for process innovation in Argentina. We interpret this negative result as evidence of decreasing marginal returns to R&D at the industry level.
Fourth, a few other interesting results appear when exploring the first level of analysis. In Argentina the variables that seem to have a positive effect are size, cooperation and Knowledge Base for process and product innovation. For Brazil we obtain that size matters for product and process innovation and market share, cooperation and exports for product innovation. In Chile the first level estimation provides very few significant results for product innovation, and markets share and exports have a positive effect on process innovation.
Finally, the coefficient for R&D appears as not significant in almost all estimations. This does not indicate that R&D has not effect on innovation in these countries. In effect, if we estimate a simple non-multi-level model, we recover in most cases a positive and significant effect of R&D at firm level as it has been documented by Arza et al for Argentina and Alvarez et al (2011) for Chile. The non-significant coefficients for R&D in the upper level of the Tables 3 to 5 indicates that, in general, the return to R&D is not as strongly dependent on firm level data, as it is dependent on industry variables, when you consider the two levels together. 
The total effect of R&D (i.e. the sum of the effects at the firm and industry level), used in the estimations is in general different from zero, though we observe wide heteroegenity that includes both positive and negative values. In the next section we go deeper in the analysis of the heterogeneity of R&D coefficients by industry, i.e., our measure of technological opportunities. We first show graphically the heterogeneity in TOs and then identify sectors with high, medium and low technological intensity. 
4.2 Identifying the sectors with high TOs in Argentina, Brazil and Chile: descriptive analysis

We start by exploring graphically the rate of return to R&D across sectors, or differentials in our main proxy of technological opportunity taken from regressions (3) reported in Tables 3 to 5. For this we use a post estimation computation based on the sum of the firm and industry coefficients. 

Figures 1 to 6 show the Graphs for Argentina, Brazil and Chile. 
Figure 1 Rates of return to R&D across sectors – Product Innovation –Argentina
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Figure 2 Rates of return to R&D across sectors – Process Innovation –Argentina
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Figure 3 Rates of return to R&D across sectors – Product Innovation –Brazil
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Figure 4 Rates of return to R&D across sectors – Process Innovation -Brazil
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Figure 5 Rates of return to R&D across sectors – Product Innovation -Chile
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Figure 6 Rates of return to R&D across sectors – Process Innovation –Chile
[image: image59.png]



These figures suggest that, except for the case of Argentina in process innovation, there is substantial variation across sectors in technological opportunity, measured as the coefficients of R&D. The next step is to explore which sectors have the higher TOs in LAC, and how they related to NRs. 

Tables 6, 7 and 8 show the classification of industries according technological opportunity by country. Very interestingly, these show a different pattern to the one deriving from the OECD classification. We observe for instance, that in the three countries several sectors related to NRs as consumers, which according to OECD and other classifications are typically classified as low- tech or medium low-tech, are classified here as high-tech, and the same in other way around. Several of the so called high-tech sector, in the OECD and other classifications are here classified as low-tech.
In Argentina for instance, the sectors with higher TOs include traditional consumers of NRs such as meat products, fish, fruit, manufacture of non-metallic minerals, grain mill products, starches and animal feeds  and vegetable oils and fats, which usually appear as low in the OECD other classifications. Interestingly also, among the industries conventionally considered as high-tech, only a few associated to NRs as suppliers appear as having high TOS, for instance agricultural and forestry machinery. Others, not associated to NRs such as electronic machineries and components, which are conventionally considered high tech, here appear as low-tech (e.g. Electronic valves and tubes and other electronic components, television/radio receivers, sound  or video apparatus,  Manufacture of electrical equipment not elsewhere classified). Surprisingly for us, pesticides and other agro-chemical products appear with low technological opportunities; nevertheless this might be related to the fact that the period of the data, which does not capture the more recent developments
. 
	Table 6: Argentina: Technological opportuntities

	
	
	
	
	

	R&D Coefficient Product and Process Innovation
	Code
	Industry
	Quartile Index consumers of NRs
	Quartile Index suppliers of NRs

	High
	151
	Meat products, fish, fruit/vegetables and  vegetable oils/fats
	4
	3

	
	269
	Manufacture of nonmetallic mineral products nec
	4
	1

	
	291
	General purpose machinery
	2
	4

	
	331
	Manufacture of medical surgery equipment and orthopaedic appliances
	2
	2

	
	289
	Other metal products
	2
	3

	
	160
	Tobacco
	4
	1

	
	313
	Insulated wire and cable
	1
	2

	
	292
	Agricultural and forestry machinery
	2
	4

	
	181
	Manufacture of underwear, sleepwear and beach
	2
	3

	
	271
	Manufacture of basic iron and steel.
	3
	1

	
	369
	Manufacturing n.c.p.
	3
	2

	
	281
	Structural metal products
	2
	3

	
	192
	Manufacture of footwear
	1
	3

	
	153
	Grain mill products, starches and animal feeds
	4
	4

	
	293
	domestic appliances
	1
	1

	
	351
	Building and repairing of ships and boats nec
	3
	4

	
	343
	Parts/accessories for motor vehicles and their engines
	3
	3

	
	352
	Manufacture of railway locomotives and rolling stock for railways and tramways
	3
	4

	
	251
	Manufacture of rubber products
	3
	3

	Medium
	314
	Manufacture of accumulators, primary cells and batteries
	1
	3

	
	261
	Glass and glass products
	4
	1

	
	210
	Pulp, paper and paper board
	3
	3

	
	361
	Fabrication of furniture
	4
	1

	
	322
	Television/radio transmitters and telephone apparat
	1
	1

	
	353
	Manufacture and repair of aircraft
	3
	4

	
	359
	Manufacture of other transport equipment
	1
	2

	
	223
	Recording
	2
	3

	
	233
	Processing of nuclear fuel
	4
	4

	
	171
	Preparation and spinning of cotton-type fibres
	4
	2

	
	172
	Other textiles
	3
	3

	
	332
	Fabrication of optical instruments and photographic equip.
	2
	2

	
	202
	Veneer sheets; plywood, laminboard, other panel and boards
	4
	2

	
	241
	Basic chemicals
	3
	4

	
	315
	Lighting equipment and electric lamps
	1
	2

	
	312
	Electricity distribution and control apparatus
	2
	2

	
	231
	Manufacture of coke oven products
	4
	4

	
	221
	Publishing
	1
	3

	
	300
	Fabrication of office machinery and informatics
	1
	4

	Low
	321
	Electronic valves and tubes and other electronic components
	1
	1

	
	173
	Knitted and crocheted fabrics
	1
	2

	
	201
	Saw milling and planing of wood, impregnation of wood
	4
	4

	
	311
	Electric motors, generators and transformers
	2
	2

	
	323
	Television/radio receivers, sound  or video apparatus
	2
	1

	
	243
	Man made fibres
	2
	2

	
	272
	Steel tubes
	3
	1

	
	155
	Manufacture of beverages
	4
	1

	
	152
	Manufacture of dairy products
	4
	2

	
	273
	Casting of metals
	3
	1

	
	222
	Printing and service activities related to printing
	2
	3

	
	319
	Manufacture of electrical equipment not elsewhere classified
	1
	2

	
	341
	Fabricación de vehículos automotores
	1
	3

	
	191
	Tanning and dressing of leather
	3
	1

	
	232
	Manufacture of refined petroleum
	4
	4

	
	154
	Other food products*
	4
	1

	
	342
	Fabrication of bodies for motor vehicles; trailers 
	3
	1

	
	242
	Pesticides and other agro-chemical products
	3
	4

	
	252
	Plastic products
	2
	4


In Brazil, we observe a similar phenomenon, but the list of sectors both above and below the table is more populated, because they have a larger and more diversified set of manufacturing industries. Among the sectors with high technological opportunities in this country, we find sectors traditionally classified as low-tech such as paper and cardboard for packaging, stones and other non-metallic products, animal food, food products, beverages, vegetable oils and animal fats, and metallurgy.  In the other way around when we look at the bottom of the table, among the sectors with low technology opportunity we find manufacture of basic electronic material, manufacture of desktop machines, manufacture of equipment for control,  manufacture of machines and equipment for electronic systems for data processing and, manufacture of other machinery and equipment for specific use.
Typical industries suppliers to NRs such as manufacture of equipment used in mineral extraction and construction and agrochemicals and agricultural inputs appear in Brazil as having medium level of technological opportunities. Other less obvious suppliers to NRs such as miscellaneous metals and metal structures and heavy boiler works appear with high technological opportunities. 
It is interesting to notice that the manufacture of cars and vans, an activity heavily subsidised in both Argentina and Brazil, appear in the two countries as having low technological opportunity. 
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[image: image61.emf]341Manufacture of cars, vans and SUVs.11

359Manufacture of other transport equipment11

321Manufacture of basic electronic material12

299Machinery and equipment repair24

244Synthetic fibers32

319Manufacture of other electronic equipment and appliances23

292General purpose machinery24

160Tobacco41

174Artefactos Textiles33

263Concrete products, cement etc32

301Manufacture of desktop machines 11

243Resins and elastomers32

212Plain paper43

291Engines, pumps, compressors and transmission equipment24

311Manufacture of generators, transformers and electric motors23

312Manufacture of equipment for control and electric power supply23

282Tanks, boilers and metal vessels24

323Manufacture of reception apparatus for television, radio, tape recorders, amplifiers12

332Manufacturing equipment and measuring instruments, testing and control. (Except Prosesa control equipment industry)11

314Manufacture of batteries and electric accumulators23

241Inorganic chemicals34

284Cutlery, hand tools and metal working24

293Tractors, machines and equipment for agriculture, poultry and animal products obtaining24

331Manufacture of equipment and instruments for medical, hospital, dental, laboratory and orthopedic11

296Manufacture of other machinery and equipment for specific use24

154Dairy products44

322Manufacture of telecommunication equipment, telephony, cellular, television and radio transmitters12

249Chemicals33

245Farmaceutical13

232Derivatives from petroleum 44

302Manufacture of machines and equipment for electronic systems for data processing11

Low


Finally, for Chile we have less sectors because we do not have for this country the 3-digits classification of the activity of firms, we only have the 2-digits classification. In this country, again activities such as pulp and paper, wood products and other mining appear as having high technological opportunities. On the contrary electric equipment appears with low technological opportunity. Machinery and equipment has high technological opportunity, but we cannot check as we did in Brazil and Argentina whether these equipment’s with high opportunities are the one supplying the NR activities.  
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5. FINAL REMARKS  
The pattern of specialisation of developing countries, and in particular of LAC countries, is strongly biased to NRs. NR related industries are typically considered to be less dynamic than other type of industries. Within the innovation literature, technological opportunities are at the centre of the explanations for the differences in the dynamism of industries. We could not found a single work, however, exploring technological opportunities in these industries. 
We explore technological opportunities: a) Based on data from innovation surveys Argentina, Brazil and Chile, b) Based on a standard methodology in innovation studies that use innovation survey data and, c) proxying TO by the sectoral returns to R&D in an innovation equation. Understanding of technological opportunities and, hence, productivity growth prospects, of NR related industries, is key for the design of development policies in developing countries which take into account the current industry structure prevalent in this type of countries. 
The analysis provided very interesting results of different kinds. First, we identified substantial variability of technological opportunities (TOs) across industries in the three countries, an important prediction of the innovation literature which is supported empirical analysis. In strong opposition with common wisdom, we find in a number of cases that the association with NRs has a positive impact on technological opportunities. In the cases of Brazil and Chile, strikingly, consumers of NRs, such as pulp and paper and some mineral industries, have higher technological opportunities than any other kind of industry; in Argentina, both consumers and suppliers of NRs have higher TOs depending on whether we refer to product or process innovation. Third, our results suggest that the very popular OECD classification of industries regarding technological intensity (which is taken as a proxy for opportunity) is not adequate for LAC. In this region, several of the low and medium low-tech industries for OECD (and other industry classifications, e.g. Ferraz et al 1997), such as pulp and paper, food, metals and non metallic minerals are high tech – or with high technological opportunities – and, the same in the other way around. Several of the industries typically classified as high or medium high-tech by OECD (and others) such as TV and communication equipment’s, electronic equipment’s and components, etc. Appear as low in LAC.  

These results have important implications for theory and policy. On the theory side, they question the generalised idea that technological opportunities (and other industry characteristics), are universal, or not dependent on the context where they are organised. But more importantly, they have implications for policy, since very influential development agencies in the region (e.g. CEPAL), hold the vision that NRs related activities are in general problematic for development, and that the region should induce structural change away from these industries towards the so called high tech industries, which are supposed to provide higher TOs. Our results suggest that a different approach might be more useful. The focus should not be so much on how to induce structural change towards the so called high industries, but instead how to use NRs to encourage the development of related industries, which hold the higher TOs in the region. Some of them are already classified as high-tech or medium high-tech by current classifications (e.g. pesticides, agricultural machinery), which provide them beneficial treatment, but some others are not. 
We expect that our results contribute to an informed development policies debate in the developing world and Latin America in particular. These results and its implications need further exploration in many dimensions and should be followed by new research by creditors and critics of our view. However, they are a first intend to evaluate technological opportunities in NR based industries taking into account specificities of  firms in industrialising countries and NR based industries.
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Table 1 Technological dynamism of industries according to OECD





Type of Industry OECD �
ISIC code�
�
High-Tech�
Aircraft and spacecraft


Pharmaceuticals


Office, accounting and computing machinery


Radio, TV and communication equipment


Medical, precision and optical instruments�
�
Medium High-Tech�
Electrical machinery and apparatus, n.e.c.


Motor vehicles, trailers and semi-trailers


Chemicals excluding pharmaceuticals


Railroad equipment and transport equipment


Machinery and equipment, n.e.c.�
�
Medium Low-Tech�
Building and repairing of ships and boats


Rubber and plastic products


Coke, refined petroleum products and nuclear fuels


Other non-metallic mineral products


Basic metals and fabricated metal products�
�
Low-Tech�
Manufacturing, n.e.c.; Recycling


Wood, pulp. Paper, paper products, printing and publishing


Food products, beverage and tobacco


�
�












R&D 





Coefficient 





Product and 





Process 





Innovation





Code





Industry





Quartile 





Index 





consumers 





of NRs





Quartile 





Index 





suppliers of 





NRs





191





Tannery





3





1





269





Stones and other non methalic





3





2





181





Clothing





1





1





222





Printing services





1





2





213





Paper and cardboard for packaging





4





3





201





Wood splitting





4





2





264





Ceramic products





3





2





175





Finishing textiles





3





3





345





Repair or recovery of motor vehicle engines





1





1





251





Rubber and tyres





2





3





221





Printing and publishing





1





2





289





Miscellaneous metal





2





4





171





 Textiles Fibres





3





3





281





Metal structures and heavy boiler works





2





4





271





Iron





4





2





275





Foundry





4





3





202





Wood products





4





2





155





Animal Food





4





4





283





Forging, stamping, and metal processing services





3





3





316





Manufacture of electrical equipment for vehicles, exept battery





2





3





193





Footwear





3





1





151





Food products





4





4





252





Plastic products





2





3





159





Beverages





4





4





352





Building assembly and repair of rail vehicles





1





1





153





Vegetable oils and animal fats





4





4





274





Metallurgy of non-ferrous metals





3





3





351





Manufacture of other transport equipment, construction and repair of boats





1





1





234





Alcohol





4





2





361





Manufacture of furniture





2





1





313





Manufacture of wires, cables and electrical conductors insulated





2





3





248





Paints, varnishes, etc.





3





1





272





Steel





4





2





333





Manufacture of machines, appliances and electronic possessed





1





1





214





Other paper products





4





3





273





Tubes, except in steel





4





2





192





Travel accessories and others leather





3





1





233





Nuclear fuels





4





4





177





Knitting





1





1





344





Manufacture of parts and accessories for motor vehicles





1





2





172





Manufacture of cotton





3





3





223





Recording





1





2





315





Manufacture of lamps and lighting equipment





2





3





294





Machine tool





2





4





369





Manufacture of miscellaneous





2





1





242





Organic chemicals





3





2





295





Manufacture of equipment used in mineral extraction and construction





2





4





261





Glass





3





2





246





Agrochemicals and agricultural inputs





2





4





343





Manufacture of cabs, truck bodies and trailers





1





1





298





Manufacture  of domestic applicances





1





1





152





Processing of fruits





4





4





247





Cleaning products and perfumes





3





2





353





Construction, repair and assembly of aircraft





1





1





262





Cement





3





2





297





Manufacture of arms, ammunition and military equipment





2





4





342





Truck and bus manufacturing.





1





1





173





Knitting cotton





3





3





211





Pulp





4





3





158





Other food products





4





4





Table 7: Brazil: Technological Opportunities 





High





Medium











R&D 





Coefficient 





Product and 





Process 





Innovation





Code





Industry





Quartile 





Index 





consumers 





of NRs





Quartile 





Index 





suppliers of 





NRs





29





Machinery and equipment





4





1





24





Chemicals





4





3





35





Other transport





3





2





21





Pulp and paper





1





3





26





Other non-metallic





2





3





20





Wood and wood products





2





4





14





Other mining 





4





1





11





#N/A





1





2





16





#N/A





1





3





27





Manufacturing of metals





3





4





15





Food and beverages





4





4





23





Coke, oil refining and nuclear fuel





4





4





13





Mining of metal ores





1





4





25





Rubber and plastic 





3





1





36





Furniture and others manufacturing





3





2





28





Metal products





3





1





19





Leather products





2





3





17





Textiles





2





2





31





Electric equipment





3





2





22





Printing and recording





1





1





Table 8: Chile Technological Opportunities





High





Medium





Low
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� The first type includes the primary activities, the second and third, manufacturing. 


� Where the dependant variable is a dummy that takes value one if the firm innovates at some level (firm, industry, international and either process, product, marketing, etc.). 


� Schmookler (1966), for instance, argued, that given an existing pool of scientific knowledge, the industries that are more likely to exploit this knowledge for innovation and therefore grow, are those that enjoy an intense and increasing demand. For Von Hippel (1998) and Lundvall (1988) the key issue to look at are the characteristics of users. Users will encourage the industry to evolve, become dynamic and grow. Klepper (1997) related industry dynamism with the stage in the life cycle. Industries which are in the early and intermediate stage in their life cycle are often characterised as been with market structures which are highly competitive, which means that they have high entry rate, high product and process innovation, and growth. By contrast, industries in the mature stage, are characterised as having mature and stable design and market shares, and therefore low entry, low innovation and slow output growth.  


� R&D intensity at the industry level is interpreted as an ex-post indicator (or a reflection) of technological opportunities in this industry. The logic behind this interpretation is as follow: if the average R&D intensity is higher in one industry than in other it must be that the benefits of investing in R&D (or the easiness with which innovations are obtained in association with these investments) are higher in this industry. 


� Based on these ideas, there is nowadays a generalised idea, particularly in Latin America, that NRs and related industries should not be targeted in a development strategy to initiate a process of growth and development. 





� In fact, we applied the following transformation: max( log(R&D Expenditures),0)


� We were surprised also by the apparition of some sector such as  manufacture of railway locomotives and rolling stock for railways and tramways and building and repairing of ships and boats nec, as sectors with relatively high indexes of consume of NRs. This is explained by their high purchases of minerals.
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