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Abstract This article uses information on manufacturing industries during the period 1992-2005 to determine whether increases in energy prices can be associated with the drop in productivity of Chilean manufacturing plants. Apart from quantifying the effect of price shocks, we analyze whether their effect has differed according to the plant size and intensity of energy use. Results show a slowdown in productivity growth since 2000 common to most manufacturing sectors. Moreover, evidence reveals that this slowdown has been more pronounced in energy-intensive industrial sectors. Econometrical estimates reveal a significant negative relationship between productivity and energy costs: estimated elasticities suggest that a 10% increase in energy price is associated with a reduction in productivity of less than 1% in the short run but over 2% in the long run. This effect tends to be greater for larger plants, for example, the drop in productivity of plants in the top 10% by size is 1.7% in the short run and 4.6% in the long run.
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1. Introduction In recent years, the rate of total factor productivity (TFP) growth of the Chilean economy has dropped (Figure 1). Depending on the reasons behind this reduction in productivity growth, it could hold important implications for the growth outlook for trend GDP. It could be due to several factors, for example, some analysts have emphasized the impact of regulations and microeconomic inflexibility (Caballero et al., 2004; Bergoeing and Morandé, 2002). Another factor could be the absence of new reforms. Nevertheless, as Figure 2 shows, there have also been substantial supply shocks - such as energy price hikes - which have coincided with the significant drop in TFP. This article aims to determine whether increased energy costs are linked to lower levels of productivity. More specifically, using information from manufacturing plants in 1992-2005 we analyze the possibility that energy price increases have been associated with falling productivity. Moreover, apart from quantifying the degree of this effect, we analyze whether the effect of these price shocks has been different for different industries according to their energy use and plant size. This type of study is required to complement macroeconomic evidence. Aggregatelevel measures tentatively suggest that TFP fluctuations have been partly associated with energy cost variations2. However, since by definition the TFP is constructed as a residual it may contain significant errors of measurement3. Thus, if there is a relation between productivity and energy costs, it should also be observed at the microeconomic level. Using the wealth of information provided by the Annual National Manufacturing Survey (ENIA), this study analyzes in detail the course of productivity in various sectors and examines the intensity of energy use by sectors and by plants. The results we present can be extrapolated to the whole economy under certain assumptions; firstly, whether the evidence about the manufacturing sector is 2



See Echavarría, Jervis and Soto (2008) who present suggestive evidence derived from general



equilibrium models, and O’Ryan, de Miguel, Pereira and Lagos (2008). 3



National Accounts figures recently made available on sectoral capital stock levels should help to



mitigate these potential errors resulting from estimates for the economy as a whole. See Henríquez (2008).
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representative of what happens in other sectors, and, secondly, the partial equilibrium methodology we use does not capture the general equilibrium effects that the shocks could generate. This work is structured as follows. Section 2 presents the source of information and analyzes the intensity of energy use in Chilean industries. Section 3 describes the evolution of labor productivity at the aggregate level and by industrial sector. Section 4 presents the methodology and results and section 5 analyzes the robustness of our results. In section 6 we give our conclusions. 2. Data Source Our data come from the ENIA for the years 1992 through 2005 which is carried out by the national statistics office, INE, with the direct participation of the industrial sector. The ENIA defines its universe as the manufacturing plants according to Revision 2 of the International Standard Industrial Classification (ISIC) with ten or more workers. Table 1 presents a summary of the main characteristics of the manufacturing plants for the period. The survey covers some 4,650 industrial plants a year. The food and beverages sector is the one with the most plants, representing 31% of the total, followed by metallic products, machinery and equipment (18%) and textiles, clothing and leather (16%). The sectors with least plants are non-metallic manufacturing (4%), basic metals (2%) and other manufacturing (1%). As regards plant size, about 66% of the total are small-scale firms4 while medium and large firms represent 21% and 12% respectively. The ENIA allow us to measure plant-level productivity. In this article we use added value per worker5 as the main measure of productivity:



4



Size is defined in terms of the number of employees: small-scale is less than 50 workers, medium-



scale 50-149 workers and large-scale more than 150 workers. 5



A more adequate measure of productivity is the TFP but that implies estimating production



functions by sector and deriving the measure of productivity (see, for example, Olley and Pakes (1996) and Pavcnik (2002) for a description and application of this methodology). In section 5 we contrast the robustness of our results obtained from using the TFP as the productivity variable. As is
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 Labor Productivity i ,t



Added Value      Total Work i ,t



where added value is calculated as income from sales less the value of intermediate inputs and total work corresponds to the number of contracted and non-contracted employees6. In addition, we calculate the plants’ TFP following the procedure proposed by Levinsohn and Petrin (2003)7. The ENIA also provides information about spending on inputs and energy such as electricity and fuels (coal, oil, paraffin, bottled gas and natural gas) and what percentage of plants uses these inputs. The information available reveals that practically all the plants in the sample use electricity, about 40% of plants use bottled gas and oil, 8% of plants use natural gas (available in the survey since 1998) and only 3% report use of coal (table 2). Working on the information on energy inputs derived from the ENIA, we construct various measures of intensity of energy use. The first measure corresponds to the ratio of total expenditure on energy (that is, electricity and the various fuels) to total expenditure on intermediate inputs. Other measures of intensity include the ratio of total energy expenditure to gross value of output and to other variables such as added value, total wages and sales. As regards the mean and median intensities of energy input spending over total input spending, we see that the median of energy expenditure represents a relatively small proportion of total expenditure on inputs and raw materials, scarcely more than 3% in 2005 (6.3% if we take the mean). It is interesting to note, however, that the median expenditure on energy inputs has gradually risen from 1.8% in 1992 to 3.2% in 2005 (and from 4.4% to 6.3% if we consider the mean) (Figure 3).



hardly surprising - given the high correlation between labor productivity and TFP - the main results tend to be qualitatively similar. 6



Section 3 presents the analysis of the evolution of this measure of productivity in the aggregate and



by industrial sector. 7



To calculate TFP we estimate production functions by sectors using the procedure of Levinsohn and



Petrin (2003) which corrects for the endogeneity of the productive inputs.
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Figure 4 shows the evolution of the mean intensity of energy input use8. Except for oil, we see that the average intensity has remained more or less stable for all the energy inputs considered, representing less than 4% of total expenditure on raw materials and supplies. The most intensive use is of electricity (over 3% of total expenditure), followed by oil, which in 2003 reached 1.8% of total expenditure. Bottled gas and natural gas are much less used, on average not representing more than 0.5% of total expenditure on raw materials and supplies. Figure 5 shows the differences in median intensity of energy expenditure by plant size. As we see, this is similar for small, medium and large firms. Moreover, the upward trend of these intensities is more pronounced in small and medium-sized firms, although quite similar to the overall average in the three cases. It is important to note that the proportion of spending on energy in large firms is slightly higher than that of small and medium-sized firms, reaching levels of almost 3.7%. Table 3 registers intensity of energy use by sector. Despite the evidence of differences in intensity between sectors, they are quite stable and represent only a small proportion of total costs for most industrial sectors. The sectors showing most intensity of energy expenditure are basic metals (6.0%), rubber (6.0%), plastics (4.6%), non-metallic manufactures (4.4%), timber (3.9%), basic chemicals (3.2%) and foods (3.2%). The sectors with the lowest intensity of energy expenditure are other chemicals, clothing and footwear with values of less than 1.5% of total costs. Table 4 shows alternative measures of intensity of energy use. In general, they are highly correlated through the different sectors and make little change in the ranking of intensities9. Using ENIA figures, we could approximately calculate energy prices by dividing the reported expenditure on energy by the reported energy input, but such measures could contain errors and are only available for plants requiring that particular
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The reason for computing the mean intensity of use instead of the median is the small number of



plants using energy sources such as natural gas or coal. 9



In the later econometric analysis, we use the intensity measured over intermediate inputs



expenditure to monitor any sectoral differences in intensity of energy use but the results remain the same if we use these alternative measures.
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energy input. We therefore opted to use the prices announced by the National Energy Commission on its website10. In particular, we use the monomial energy tariff which corresponds to a weighted average of the energy tariff ($/Kwh) and the power price ($/Kwh) of the Central Grid Sysem. To express this price in real terms, it is deflated by the CPI. The resulting energy prices are shown in figure 2. We see how tariffs went down until mid-1999 and then began to rise, sharply as from end-200311. 3. Evolution of Productivity The main aim of this section is to analyze whether the evolution of manufacturing industries’ productivity is similar to that of the aggregate productivity of the economy. In addition, we examine what has happened to productivity in different sectors of manufacturing industry and in those sectors of more and less intensive energy use. Aggregate labor productivity is calculated as the sum of the individual plant-level and sector-level productivities divided by the total number of employees. In other words, aggregate labor productivity of manufacturing industry at the point in time t is equal to: m



VA      L t



j VAj t ,



m



j L j t ,



where subindex j denotes a plant and t denotes the year. The result of this calculation is shown in figure 6. As we see, aggregate productivity had been growing strongly since the beginning of the 1990s and slowed as from 2000. In fact the first row of table 5 shows that average productivity growth dropped from 5.8% in 1993-1999 to 2.5% in 2000-2005. This evidence is coherent with the 10
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Given the scant importance of the other energy inputs, we focus on electricity prices. In general,



the results do not vary much if estimates include the prices of other inputs such as oil and gas.
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findings of Fuentes, Larraín and Schmidt-Hebbel (2006) for the economy’s total factor productivity. Figure 7 registers a similar result for aggregate TFP which is constructed as the average of the individual TFPs weighted by employment. It is interesting to analyze whether this phenomenon of slowing productivity growth is present in the different sectors of manufacturing12. From this evidence we see that the slowdown in productivity growth is common to most sectors of manufacturing. In fact, only three sectors register faster labor productivity growth after the year 2000: paper and pulp, clothing and leather. On the contrary, 13 out of the 21 sectors register average growth in the period 20002005 more than 50% down on the period 1993-1999. The worst performing sectors are metallic products (a drop of 10.8 percentage points in the average annual productivity growth rate), instruments and tools (8.7 percentage points down), basic chemicals (8.4pp down), furniture (7.7pp down) and electrical machinery (7.1pp down). The drop in productivity growth is in three of the five biggest sectors, namely food (a drop of 5.7pp), metallic products (10.8pp) and plastics (6.3pp) which together represent approximately 45% of the manufacturing plants. In order to analyze whether the rate of productivity growth by groups of manufacturing industry differs according to the intensity of energy use we selected the five sectors of most intensive energy use (basic metals, rubber, plastics, nonmetallic products and timber) and the five least intensive (other chemicals, clothing, footwear, electrical machinery and furniture). The results show that the rate of growth in both groups slows as from the year 2000 although the drop in the labor productivity growth rate in the sectors of less intensive energy use is smaller than in the more intensive energy use sectors (table 6). In fact, the labor productivity in sectors potentially more affected by rising energy costs fell from annual growth of 6.2% in 1992-19999 to 2.3% in 2000-2005.
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Figure 8 presents graphs of productivity growth in several sectors of manufacturing industry and



table 5 gives average annual growth rates for all the sectors.
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4. Methodology and Results The evidence discussed in the previous section suggests a relationship between energy price and productivity but, in the literature, the theoretic grounds to uphold this possibility are not clear. Several earlier studies have shown a negative relation between energy cost hikes and economic activity, especially in the case of oil price shocks. Lee and Ni (2002) argue that there are two main macroeconomic effects associated with an energy shock. The first is an input-cost effect in which higher energy costs lead to reduced use of energy therefore reducing capital and labor productivity. The second is called an income effect in which higher prices of imported energy supplies decrease consumers’ available income and consequently aggregate demand and economic activity levels drop. Finn (2002), on the other hand, develops a model in which increased energy costs reduce the degree of capital utilization and in this way reduce productivity. Moreover, he insists that the persistence of price shocks restricts future capital productivity which translates as less investment, which in turn reduces the economy’s growth potential13. In the light of these considerations, we attempt to establish econometrically whether higher energy prices could be associated with reduced productivity growth by monitoring other variables such as plant size and to which productive sector they belong. We use the following equation:



VA      P   P  Intensidad   P  log(Empleo )   ' Z  d  e (1)  1 t 1 t jt 1 t ijt ijt j ijt  L ijt



log 



where log denotes logarithm of labor productivity of plant i sector j at time t and P denotes the logarithm of energy prices available in the ENIA. The energy price is interacted with two variables to capture a possible heterogenic effect on productivity. First, the energy price in equation (1) is interacted with plant size. The expected sign of the associated parameter is evidently ambiguous and will depend on the extent to which large plants can substitute energy for other factors. If 13



This is a perfect competition model originating in response to Rotemberg and Woodford’s (1996)



analysis of the effects of energy price increases in the context of an imperfect competition economy. They argue that with imperfect competition an energy price shock would have a “large” impact even if energy costs were only a small proportion of output (4% in the case of United States).
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large plants can easily substitute for alternative energy sources we would expect increased energy prices to have less effect on productivity and vice versa. Secondly, the energy price is interacted in (1) with the median intensity of energy use by sectors. In this way, we hope to assess whether the effect on productivity depends on how important is energy in the plant’s productive processes. The variable of intensity used initially corresponds to the proportion of total input expenditure destined to buying energy. As the following section shows, the findings are not sensitive to the estimate of (1) with other measures of use intensity. To properly identify the effect of price increases on labor productivity, we control for plant characteristics, specifically the plant size and whether it was included in the sample between the years t and t+1. This second variable is important to control for any differences between plants that leave the market and for the fact that the ENIA sample only considers plants with more than ten workers. The other components of the Zit vector are variables associated with macroeconomic shocks. They include aggregate industrial growth, logarithm of the real exchange rate calculated as the nominal exchange rate adjusted according to the weighted inflations of Chile’s main trading partners - and the monetary policy rate14. In addition, to control for the fact that exchange rate variations can have distinct effects depending on the plant location, we include the interaction between the ratio of exports to sales and the real exchange rate. Labor productivity is a highly persistent variable (Bartelsman and Doms, 2000; Lokshin, Belderbos and Carree, 2008) so the estimates include a lag in productivity as an explanatory variable. The inclusion of this lag implies that the ordinary least square (OLS) estimators and fixed effects estimators are biased and inconsistent15. To deal with this problem we estimate specifications according to the consistent estimator - called Generalized Method of Moments (GMM) estimator - proposed by Blundell and Bond (1998) which uses the lags of endogenous variables - in first differences and levels - as instruments.
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Since electricity tariffs in Chile vary over time but are common to all plants, we use these



macroeconomic variables to control for the effects of other temporary shocks. 15



In particular, the coefficient for the labor output lag will be upward biased in the OLS estimate and



downward biased in the fixed effects estimate.
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Table 7 gives the results obtained with the three estimation techniques: OLS, fixed effects and GMM. We present the results for each one including only electricity price and the one corresponding to the interaction between energy price and sectoral intensity and plant size (measured by the logarithm of the number of workers). In general the results are quite coherent with our expectations. Moreover the majority of signs with the three estimation techniques used are similar. The coefficient of lagged labor productivity reveals persistent behaviour. As is to be expected, the parameter of lagged productivity is greater in the case of OLS and lesser in the case of fixed effects estimation, while GMM estimation gives a coefficient between the two. For plants that leave the sample, the negative coefficient lies between 4.4% and 9.5%, although it is not significant in the second specification estimate with System GMM. In any case it is relatively similar to the estimate made for Chilean industry by Pavcnik (2002) in a prior period16. Size is the variable that presents most sign changes but the results for the estimate that corrects endogenous problems suggest a positive relation between labor output and plant size. Macroeconomic variables, even when included as controls and must be analysed cautiously, show a reasonable relation to productivity. In fact, there is some evidence that productivity is procyclical, that is, positively associated with industrial activity growth. A rise in the monetary policy rate is associated with a drop in productivity which could be due to firms reducing their output to a greater extent than what they reduce employment. The results show that a rise in the real exchange rate is associated with a drop in productivity17 but that this effect is less although not significant in the GMM estimate - in plants producing mainly for export.
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In this article, the firms that leave the sample are around 8% less productive than the ones that



remain. Similar evidence is found in Bergoeing, Hernando and Repetto (2006). 17



Alvarez and Fuentes (2003), using a different technique, reach a similar conclusion about the



relationship between output and real exchange rate.
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The results for the relation between productivity and energy price tend to be relatively different for the different specifications. In the case of OLS and fixed effects, the effect is not significant but, using the GMM, it is negative and significant. In the case of the GMM estimator, the results suggest that a 10% increase in energy prices is associated with a drop of less than 1% in labor productivity (column 5). Considering the long-term effect18, the increase in energy costs is associated with a drop in output of a little more than 2%. Analyzing the interactive terms (columns 2, 4 and 6) we find that, with all specifications, the negative effect of a price increase is greater in intensive energy use sectors and in bigger plants but the effect is only significant for the plant size. In fact, when we analyze the effects of energy price changes for the median values of intensity and size, we find that they are negative but not significant. On the other hand, if we evaluate the effect for median values of intensity in plants belonging to the top 10% in size, we find that increased energy prices have a negative and significant incidence on their productivity. The short-term and long-term coefficients are -0.168 and -0.461, so that a 10% increase in energy prices is associated with output falling by 1.7% and 4.6% respectively. These effects tend to be relatively important in economic terms. Considering that from 2000 to 2005 energy prices rose by 8.6% a year, this means that productivity dropped by 0.7% a year in the short run and by 2.0% a year in the long run. Given that annual productivity growth fell 3.3% compared to the 1992-1999 period, the drop in productivity associated with these shocks represents between 20% and 60% of this reduction. 5. Analysis of robustness of the results We carry out two exercises to test the robustness of the results in section 4. The first consists of analyzing their sensitivity to distinct measures of intensity of energy use, while the second uses total factor productivity as the productivity variable.



18



The long-term coefficient is calculated as the short-term coefficient divided by 1 minus the



coefficient of the lagged endogenous variable.
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In both exercises the robustness is also tested by a variable that measures labor costs, that is, the logarithm of each worker’s salary paid by the plant. The estimate of the equation (1) in section 4 includes the prices of energy (logarithm of monomial energy price) and capital (approximated by the monetary policy interest rate to reflect the cost of the timing of funds destined to capital) and the effect of labor cost changes remains to be evaluated. Table 8 presents four specifications estimated with distinct measures of intensity of energy use, which in the first two, the same as in table 7, corresponds to the proportion of total expenditure spent on energy, measured at plant level (first column) and its average value by productive sector (column 2). The other two specifications use as measure of energy intensity the energy consumption by worker (each worker’s annual Kwh consumption) measured in the same way at plant level (column 3) and its average value by sector (column 4).19 The advantage of using energy consumption per worker as measure of intensity is that it measures intensity in terms of physical units instead of values. This does away with the complication of changes in relative prices of energy and total inputs. Figure 9 shows the evolution of this variable at plant level year by year. In this chart, we can also appreciate the rise in intensity of energy use towards the end of the sample, as registered by the other measures of intensity presented in section 2, although the graph also shows a drop in intensity towards the end of the 1990s. The results presented in table 8 confirm the main results found in the previous section. Firstly, the intensity of energy use appears negative although not significant in the specifications. Secondly, in terms of productivity, the largest plants are the ones most affected by the energy shock. It is worth emphasizing the similarity between the estimated parameters associated with energy price with respect to column 6 of table 7. Effectively, the elasticity associated with medium-sized firms is relatively similar to that estimated previously, both in magnitude and in significance. The other controls maintain their magnitude and significance except in the case of the monetary policy rate (MPR) and the real exchange rate (RER), which cease to be significant. 19



In addition we made estimates using the different variables presented in section 2 as measures of



intensity of use. The results were qualitatively no different from those of table 7, confirming the robustness of the previous results.
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Finally, in table 9, we present the results taking total factor productivity as the variable of productivity. The results are similar to those of table 8 in which labor productivity is the dependent variable used. The greatest difference is the impact, which tends to be relatively smaller although still statistically strongly significant with regard to plants in the upper 10% in size. 6. Conclusions This article has used microeconomic evidence to analyze the relation between energy price and labor productivity in Chilean manufacturing. The use of this data is important from many points of view. Firstly because it complements the macroeconomic evidence, although bearing in mind that these results only refer to a sector of the economy and omit general equilibrium considerations that are captured by other methodologies. Secondly, it is useful to show some stylized facts of the intensities of energy use by industrial sector and by plant size that are not available in other sources of information. The results of our work show that labor productivity in manufacturing has followed a similar pattern to that of aggregate productivity. Slower productivity growth has been observed in most manufacturing sectors since the year 2000. Moreover, the evidence shows that the more intensive energy users have suffered the biggest reduction in productivity growth. Econometric estimates show a negative association between productivity and energy prices and that this is more marked with regard to larger plants. These results suggest that the energy price shock could be a determinant factor in this deceleration. Finally, the data used in this article enable us to describe in more detail the importance of energy inputs in manufacturing plants’ costs by sector and by size. In general, although there are differences between the sub sectors, energy inputs - and, of course, the prices of those inputs - have become increasingly more important even though they still represent a relatively small part of firms’ costs.



12



References Álvarez, R. y J.R. Fuentes (2003): “Reforma Comercial y Productividad en Chile: Una Mirada 15 Años Más Tarde,” El Trimestre Económico, LXX (1): 21-41. Bartelsman, E.J. y M. Doms (2000): “Understanding Productivity: Lessons from Longitudinal Microdata,” Journal of Economic Literature, 38(3): 569-594. Bergoeing, R. y F. Morandé (2002): “Crecimiento, Empleo e Impuestos al Trabajo: Chile 1998-200,” Cuadernos de Economía, 39(117): 157-174. Bergoeing, R., Hernando, A. y A. Repetto (2006): “Market Reforms and Efficiency Gains,” mimeo, Universidad de Chile. Blundell, R., y S. Bond (1998): “Initial Conditions and Moments Restrictions in Dynamic Panel Data Models,” Journal of Econometrics, 87: 115–143. Caballero, R., Engel, E. y A. Micco (2004): “Flexibilidad Microeconómica en América Latina” Economía Chilena, Banco Central de Chile, 7(2): 5-26, agosto. Echavarría, G, Jervis, P. y C. Soto. 2008: “Impacto del Costo de la Energía en la Medición del PIB Potencial en el Escenario Central de Proyecciones”. Documento Preliminar, Banco Central de Chile. Finn, M. G. (2000): “Perfect Competition and the Effects of Energy Price Increases on Economic Activity,” Journal of Money, Credit and Banking 32(3): 400-416 Fuentes, R., Larraín, M. y K. Schmidt-Hebbel (2006): “Sources of Growth and Behavior of TFP in Chile,” Cuadernos de Economía 43(127), 113-142. Henríquez, C. (2008) “Stock de Capital en Chile (1985-2005): Metodología y Resultados.” Estudios Económicos Estadísticos 63, Abril. Levinsohn, J., y A. Petrin (2003). “Estimating Production Functions Using Inputs to Control for Unobservables,” Review of Economic Studies 70(2): 317-341. Lokshin, B., Belderbos, R. y M. Carree (2008): “The Productivity Effects of Internal and External R&D: Evidence from a Dynamic Panel Data Model,” Oxford Bulletin of



Economics and Statistics, 70(3): 399-413. Olley, G.S. y A. Pakes (1996): “The Dynamics of Productivity in the Telecommunications Equipment Industry,” Econometrica 64(6): 1263-1297. O`Ryan, R., de Miguel, C., Pereira, M. y C. Lagos (2008): “Impactos Económicos y Sociales de Shocks Energéticos en Chile: Un Análisis de Equilibrio General”, Documento de Trabajo Nº 466, Banco Central de Chile, abril. Pavcnik, N. (2002) “Trade Liberalization, Exit, and Productivity Improvements: Evidence from Chilean Plants,” Review of Economic Studies 69(1), 245-276. Rotemberg, J.J. y M. Woodford (1996): Imperfect Competition and the Effects of Energy Price Increases on Economic Activity,” Journal of Money, Credit and Banking 28(4): 549577.



13



Table 1: Descriptive Statistics: Average 1992-2005



Number Percentage TOTAL NUMBER OF PLANTS



4,639



100.0



SIZE small (=150 workers)



3,071 997 571



66.2 21.5 12.3



PLANTS BY SECTOR Food, beverages and tobacco Textiles, clothing and leather Timber and furniture Paper, pulp and printing Chemicals, oil, coal, rubber and plastics Non-metallic products Basic metals Metal products, machinery and equipment



1,425 721 457 307 564 191 80 832



31 16 10 7 12 4 2 18



63



1



Others Source: Constructed from ENIA data
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Table 2: Energy input consumption (% of plants that report consumption) Total



Small



Medium



Large



64,940



42,996



13,956



7,988



99.9%



99.9%



99.8%



99.8%



Bottled Gas (% del total)



39%



33%



49%



56%



Oil



39%



32%



47%



64%



Natural Gas (% del total) >1998



8%



4%



12%



25%



Coal



3%



1%



4%



9%



Total Plants Electricity



(% del total) (% del total) (% del total)



Source: Constructed from ENIA data



Table 3: Intensity of energy use by sector (Median values) Sector 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21



Total Food Beverages Textiles Clothing Leather Footwear Timber Furniture Pulp and Paper Printing Other chemicals Basic chemicals Rubber Plastics Non.metallic products Basic Metals Metallic products Machinery and equipment Electrical machinery Transport equipment Instruments and tools



Period 2.5% 3.2% 1.9% 2.4% 1.1% 1.9% 1.3% 3.9% 1.6% 2.3% 1.9% 1.1% 3.2% 6.0% 4.6% 4.4% 6.0% 2.1% 2.5% 1.5% 2.4% 2.2%



Source: Constructed from ENIA data
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92-95 2.0% 2.1% 2.0% 2.2% 1.1% 1.7% 1.0% 3.3% 1.2% 2.0% 1.7% 1.0% 3.5% 5.9% 4.6% 4.2% 8.3% 2.2% 2.2% 1.5% 2.0% 2.8%



96-99 2.4% 2.9% 1.4% 2.4% 1.1% 1.7% 1.0% 3.7% 1.6% 2.6% 1.8% 1.0% 3.1% 6.0% 4.7% 4.0% 7.2% 2.2% 2.6% 1.3% 2.2% 2.0%



00-05 2.9% 4.1% 2.2% 2.6% 1.2% 2.1% 1.6% 4.5% 1.7% 2.2% 2.1% 1.2% 3.2% 6.0% 4.5% 4.8% 3.8% 2.1% 2.6% 1.6% 2.9% 2.0%



Table 4: Alternative measures of intensity of energy use, 1992-2005 (median values)



Sector Manufacturing industry



Input Expenditure Gross Value



Agrégate Value



Payroll



Sales of Products



2.5% 3.2% 1.9% 2.4% 1.1%



1.3% 1.9% 0.8% 1.2% 0.6%



3.0% 5.3% 1.6% 2.8% 1.3%



6.7% 11.3% 7.9% 6.4% 2.6%



1.5% 2.3% 0.9% 1.3% 0.7%



1.9% 1.3% 3.9% 1.6% 2.3% 1.9% 1.1% 3.2% 6.0% 4.6%



1.1% 0.7% 2.1% 0.8% 1.1% 0.8% 0.5% 1.7% 2.5% 2.4%



3.2% 1.9% 5.1% 1.9% 2.7% 1.5% 1.0% 4.2% 4.8% 5.3%



6.5% 3.5% 12.9% 3.5% 7.6% 3.1% 2.8% 16.4% 10.0% 11.9%



1.3% 0.8% 2.3% 0.9% 1.3% 0.8% 0.5% 1.8% 2.8% 2.6%



Transport equipment



4.4% 6.0% 2.1% 2.5% 1.5% 2.4%



2.2% 2.7% 1.0% 1.0% 0.8% 1.2%



4.6% 5.4% 2.2% 1.9% 1.7% 2.3%



11.8% 14.5% 4.6% 3.9% 3.5% 4.6%



2.3% 3.1% 1.1% 1.2% 0.9% 1.3%



21 Instruments and tools



2.2%



0.8%



1.3%



3.1%



1.1%



1 2 3 4



Food



5 6 7 8 9 10 11 12 13 14



Leather



15 16 17 18 19 20



Non.metallic products



Beverages Textiles Clothing Footwear Timber Furniture Pulp and Paper Printing Other chemicals Basic chemicals Rubber Plastics Basic Metals Metallic products Machinery and equipment Electrical machinery



Source: Constructed from ENIA data
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Table 5: Average annual productivity growth, by sector Av. annual productivity growth Sector



Period



93-99 (1)



00-05 (2)



(1)-(2)



2.6%



4.2%



5.8%



2.5%



1,331



3.2%



5.5%



8.1%



2.5%



91



2.2%



-1.6%



-1.3%



-2.0%



3 Textiles



305



2.8%



4.1%



4.1%



4.0%



4 Clothing



259



1.2%



3.8%



2.9%



4.7%



5 Leather



40



2.0%



5.9%



4.8%



7.2%



6 Footwear



117



1.4%



5.9%



7.6%



4.0%



7 Timber



320



3.9%



4.2%



4.5%



3.9%



8 Furniture



137



1.7%



3.0%



6.6%



-1.1%



87



2.3%



5.0%



0.9%



9.9%



10 Printing



220



2.0%



3.9%



5.4%



2.1%



11 Other chemicals



175



1.1%



3.2%



3.3%



3.1%



12 Basic chemicals



81



4.2%



2.5%



6.4%



-2.0%



13 Rubber



56



5.4%



0.8%



3.5%



-2.3%



14 Plastics



253



4.4%



5.0%



7.9%



1.6%



15 Non.metallic products



191



4.2%



7.2%



8.9%



5.2%



80



7.2%



0.0%



2.0%



-2.2%



17 Metallic products



432



2.2%



1.3%



6.4%



-4.4%



18 Machinery and equipment



213



2.9%



1.0%



2.2%



-0.3%



19 Electrical machinery



67



1.6%



4.1%



7.5%



0.4%



20 Transport equipment



96



2.4%



1.7%



4.9%



-1.9%



3.3% 5.7% 0.7% 0.1% -1.8% -2.4% 3.6% 0.6% 7.7% -9.0% 3.3% 0.2% 8.4% 5.8% 6.3% 3.7% 4.2% 10.8% 2.5% 7.1% 6.8% 8.7%



Manufacturing industry 1 Food 2 Beverages



9 Pulp and Paper



16 Basic Metals



Av. no. of plants Intensity of energy use 4,574



21 Instruments and tools 24 2.0% 9.4% 13.5% 4.8% Note: Tobacco and non-classified activities are not included in this table, hence the smaller number of average plants than in Table 1.
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Table 6: Average annual productivity growth by intensity of energy use Period



92-99 (1) 00-05 (2)



(1)-(2)



5 sectors least intensive in energy use 5 sectors most intensive in energy use



4.8% 4.4%



5.6% 6.2%



3.9% 2.3%



1.7% 3.9%



Manufacturing industry



4.2%



5.8%



2.5%



3.3%



Source: Constructed from ENIA data



Table 7: Results of estimates Dependent variable: logarithm of labor productivity OLS



log(labor prod.) (-1) Exit log(labor) MPR Ind. act. growth



log(RER) log(RER)*(Exports/sales) log(P Energy) log(P Energy)* Intensity



FE



(1)



(2)



(3)



(4)



(5)



(6)



0.849



0.848



0.276



0.275



0.646



0.635



(83.56)***



(83.55)***



(50.94)***



(50.65)***



(24.49)***



(23.58)***



-0.062



-0.063



-0.095



-0.094



-0.068



-0.044



(6.22)***



(6.23)***



(11.84)***



(11.72)***



(1.89)*



(0.95)



0.028



0.226



-0.335



0.071



0.189



0.518



(11.69)***



(3.09)***



(44.19)***



(1.20)



(8.28)***



(4.91)***



-0.138



-0.171



-0.742



-0.736



-0.563



-0.547



(0.92)



(0.98)



(12.82)***



(11.71)***



(2.68)***



(2.58)**



0.462



0.469



0.362



0.364



0.494



0.497



(4.15)***



(4.09)***



(5.90)***



(5.92)***



(5.47)***



(5.46)***



-0.102



-0.106



-0.397



-0.387



-0.150



-0.157



(2.03)*



(1.80)*



(11.03)***



(10.62)***



(2.71)***



(2.55)**



0.030



0.030



0.043



0.043



0.061



0.069



(6.32)***



(6.29)***



(6.21)***



(6.29)***



(1.06)



(1.18)



-0.024



0.130



0.017



0.325



-0.083



0.195



(0.89)



(2.19)**



(0.89)



(6.75)***



(2.91)***



(2.15)**



-



-0.115



-



-0.054



-



-0.424



(0.82)



log(P Energy)* log(labor)



-



(0.77)



-0.041



-



(2.71)**



Constant Observations Firms Sargan test



GMM



-0.083



(0.77) -



(6.92)***



-0.068 (3.20)***



1.898



1.185



9.269



7.738



3.403



2.527



(9.35)***



(3.69)***



(65.95)***



(29.27)***



(9.49)***



(4.79)***



35619



35619



35619



35619



35619



35619



6066



6066



6066



6066



6066



6066



-



-



-



-



0.387



0.624



Source: authors’ estimations. Note: absolute value of test-t in parentheses. *significant at 10%; **significant at 5%; ***significant at 1%
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Table 8: Robustness Dependent variable: logarithm of labor productivity Estimate using GMM (1)



(2)



(3)



(4)



0.566 (17.80)*** -0.066 (1.71)* 0.505 (4.81)*** 0.354 (3.63)*** -0.111 (0.50) 0.441 (4.88)*** -0.028 (0.46) 0.060 (1.00) 0.196 (2.44)**



0.561 (17.64)*** -0.061 (1.49) 0.557 (5.58)*** 0.371 (3.81)*** -0.082 (0.36) 0.402 (3.82)*** -0.019 (0.32) 0.026 (0.47) 0.215 (2.70)***



0.562 (17.67)*** -0.090 (2.57)** 0.555 (5.56)*** 0.371 (3.82)*** -0.167 (0.76) 0.487 (5.70)*** -0.027 (0.44) 0.024 (0.43) 0.219 (2.76)***



0.551 (17.00)*** -0.092 (2.62)*** 0.564 (5.64)*** 0.419 (4.16)*** -0.128 (0.58) 0.471 (5.48)*** 0.055 (0.75) 0.031 (0.56) 0.209 (2.64)***



log(P Energy)* Intensity



-0.225 (1.45)



-0.431 (1.36)



0.000 (0.97)



-0.000 (1.80)*



log(P Energy)* log(labor)



-0.074 (3.64)***



-0.080 (3.99)***



-0.080 (3.95)***



-0.083 (4.08)***



-0.410 (0.44)



-0.672 (0.74)



-0.712 (0.79)



-1.298 (1.36)



log(labor prod.) (-1) Exit log(labor)



log(salary per worker) MPR Ind. act. growth



log(RER) log(RER)*(Exports/sales) log(P Energy)



Constant Intensity measure Intensity at level of Observations Plants Sargan test



Total input expenditure on energy Plant Sector



Energy consumption per worker Plant Sector



35,581 6,053



35,581 6,053



35,581 6,053



35,581 6,053



0.511



0.525



0.499



0.557



Absolute value of test-t in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%
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Table 9: Robustness Dependent variable: logarithm of total factor productivity (TFP) Estimate using GMM (1)



(2)



(3)



(4)



0.511 (14.27)*** 0.005 (0.12) 0.411 (3.83)*** 0.223 (2.51)** -0.047 (0.21) 0.350 (3.80)*** -0.099 (1.64) 0.066 (1.09) 0.231 (2.83)***



0.506 (14.20)*** 0.002 (0.05) 0.453 (4.46)*** 0.235 (2.67)*** -0.045 (0.20) 0.339 (3.18)*** -0.093 (1.55) 0.040 (0.70) 0.247 (3.08)***



0.505 (14.20)*** -0.014 (0.39) 0.454 (4.48)*** 0.235 (2.68)*** -0.096 (0.44) 0.387 (4.48)*** -0.102 (1.70)* 0.034 (0.60) 0.251 (3.13)***



0.500 (13.89)*** -0.015 (0.42) 0.459 (4.52)*** 0.262 (2.90)*** -0.073 (0.33) 0.375 (4.32)*** -0.043 (0.59) 0.043 (0.77) 0.242 (3.02)***



log(P Energy)* Intensity



-0.181 (1.15)



-0.238 (0.74)



0.000 (1.37)



-0.000 (1.26)



log(P Energy)* log(labor)



-0.060 (2.91)***



-0.065 (3.20)***



-0.065 (3.19)***



-0.066 (3.26)***



-1.240 (1.26)



-1.456 (1.52)



-1.523 (1.61)



-1.928 (1.93)*



log(labor prod.) (-1) Exit log(labor)



log(salary per worker) MPR Ind. act. growth



log(RER) log(RER)*(Exports/sales) log(P Energy)



Constant Intensity measure Intensity at level of Observations Plants Sargan test



Total input expenditure on energy Planta Sector



Energy consumption per worker Planta Sector



35,581 6,053



35,581 6,053



35,581 6,053



35,581 6,053



0.298



0.264



0.281



0.275



Absolute value of test-t in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%
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Figure 1: Solow residual 1.10
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Source: Central Bank of Chile



Figure 2: Real energy price (1998=100) 260 240
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Source: Constructed on basis of energy tariffs and power tariffs announced on National Energy Commission’s website (www.cne.cl). The price is expressed in real terms, having been deflated by the CPI basket of energy prices.
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Figure 3: Intensity of average energy use 6.3%
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Source: ENIA. Note: The intensity of energy use is calculated as the proportion of spending on electricity, oil, natural gas, bottled gas and coal to total spending on raw materials, supplies, gas, electricity and fuels.



Figure 4: Intensity of average energy input use 4.0% 3.5% 3.0% 2.5% 2.0% 1.5% 1.0% 0.5% 0.0% 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
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Natural Gas
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Source: ENIA. Note: The intensity of energy use is calculated as the average proportion of spending on energy inputs to total spending on raw materials, supplies, gas, electricity and fuels.
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Figure 5: Intensity of energy use by plant size 3.7% 3.5% 3.3% 3.1% 2.9% 2.7% 2.5% 2.3% 2.1% 1.9% 1.7% 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005



Small



Medium
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Note: The intensity of energy use calculated as the median proportion of expenditure on electricity, oil, natural gas, bottled gas and coal to total spending on raw materials, supplies, electricity and fuels.



Figure 9: Electricity consumption per worker (thousands of Kw per worker a year) 4.0
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Source: ENIA. Note: Electricity consumption per worker is calculated as the plant-level median value of the ratio of annual electricity consumption to the number of workers.
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Figure 6: Aggregate labor productivity in manufacturing industries (1992=100)
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Source: Constructed from ENIA data.



Figure 7: Aggregate TFP of manufacturing industries (Weighted by labor, 1992=100)



300 280 260 240



(mean) TFPL



320



340



TFP: ponderado por empleo



1990



1995



año



2000



Source: Constructed from ENIA data.



24



2005



Figure 8: Aggregate productivity of manufacturing industries (1992=100) 120 2000
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Table 4 shows alternative measures of intensity of energy use. In general .... large plants can easily substitute for alternative energy sources we would expect. 
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