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Abstract

We investigate whether the costs of an input to production embodied in the supply chain can be a
source of comparative advantage. Motivated by the fact that most industrial energy use takes place
in the supply chain, we focus on the case of energy costs. Using a disaggregated dataset on trade
flows in manufacturing industries around the world, we find that both direct and indirect energy costs
passed on through intermediate goods have a significant effect on the pattern of international trade.
We also show that industries in countries with high energy prices attempt to mitigate these effects
by importing energy-intensive, intermediate goods from countries that have lower energy prices. We
consider the economic significance of our results by calculating the effects of the energy price increases
that occurred in the European Union in the mid-2000s onwards. We find that EU manufacturing exports
decline anywhere from 6.8 percent to 15 percent, depending on the elasticity of input substitution. Our
results demonstrate that there is a substantial difference in the estimated effect of energy prices on
international trade when indirect energy costs are taken into account.
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1 Introduction

There is a large and growing empirical literature that investigates sources of comparative advantage.

Early empirical studies emphasized the importance of factor abundance for the pattern of trade, sup-

porting the predictions of the Heckscher-Ohlin framework. For example, Romalis (2004) adopted an

empirical strategy that exploits both cross-industry variation in the intensity of input use, and cross-

country variation in factor endowments, to demonstrate that countries will tend to export differentially

more in industries that make intensive use of their abundant factors of production. More recent em-

pirical studies have used a similar strategy to show that comparative advantage is driven by various

other factors, including the legal framework (e.g., Nunn, 2007), financial development (e.g. Manova,

2008), labour market flexibility (Cunat and Melitz, 2012), skill dispersion (Bombardini et al., 2012), water

resources (Debaere, 2014), interpersonal trust (Cingano and Pinotti, 2016) and demography (Cai and

Stoyanov, 2016).

While the intensity of an industry’s own (direct) input use therefore plays an important role in under-

standing the pattern of international trade, industries also use inputs indirectly through the intermediate

goods they use to produce their output. Moreover, the cost of the inputs used in the production of these

intermediate goods in the supply chain may be passed on to downstream industries, in turn affecting

their export competitiveness. Whether a country has a comparative advantage in a particular industry

may therefore be affected by that industry’s indirect use of inputs, and industries may organize their

supply chains to mitigate these indirect costs. However, there is limited empirical evidence on whether

indirect input costs are a source of comparative advantage.

Indirect costs are likely to be particularly important in the case of energy. While many industries require

relatively little use of energy in their own production processes, they may use a substantial amount of

energy indirectly in the supply chain. This is because industries that produce intermediate goods are of-

ten highly energy intensive – such as the steel, aluminum, petrochemical, and cement industries, among

others. In fact, most energy use takes place in the supply chain.1 Figure 1 demonstrates this point by

calculating the indirect use of energy in the US manufacturing sector by stages of production; as shown,

the indirect energy costs that take place through the supply chain exceed the direct costs.2 Industries

in countries with high energy prices that use energy-intensive intermediate inputs may therefore have

1 The input-output literature also emphasizes the importance of indirect energy consumption through intermediate goods
(Bordigoni et al., 2012; Sato et al., 2016).

2 We compute the indirect energy use by stages of production following the methodology outlined in Owen et al. (2018) using
the 2002 US input-output account. We thank Trevor Tombe for suggesting this metric.

2



a comparative disadvantage, even if the industry itself is not energy intensive. However, firms in these

industries may be able to dampen the negative effects of such indirect costs if they can substitute locally

supplied, energy-intensive intermediate inputs with those produced in foreign countries that have lower

energy prices.

The linkages between energy costs and competitiveness are of particular concern for Europe, because

both electricity and natural gas prices have increased substantially in most European countries over re-

cent years (see Figures 2a and 2b). These trends are partly due to the common energy and environmental

policies implemented across the European Union (EU). Business leaders and analysts have suggested the

rising energy prices will erode Europe’s market share in producing electricity- and natural gas-intensive

exports (Financial Times 2013, 2014). Given the highly integrated nature of supply chains across the EU,

European manufacturing firms may also lose their market share in producing goods with high indirect

energy costs.

In this paper, we provide empirical evidence on whether the indirect costs of a production input (en-

ergy) are a source of comparative advantage. We ask two specific research questions: First, how do

energy price differences across countries directly and indirectly affect their pattern of exports? That is,

we study both the effect of an industry’s own energy costs on its exports (the “direct effect"), and the

effect of the energy costs embodied in an industry’s supply chain on its exports (the “indirect effect").

Second, do industries aim to structure their supply chains to mitigate indirect energy costs? That is, we

examine whether industries exploit energy price variation across countries by increasing their consump-

tion of energy-intensive intermediate goods from countries with lower energy prices. We address these

questions using the Rajan-Zingales difference-in-differences empirical strategy that is widely used in the

literature. This method involves estimating the effect of interaction terms between industry and country

characteristics.3 Specifically, we regress trade flows on an interaction of country-level energy prices and

industry-level (direct and indirect) energy intensities, as well as country and industry fixed effects. We

therefore identify the effects by comparing the difference between exports from countries with different

energy prices, and between the goods that require different energy intensities to produce.

From our regression results, we find evidence that both direct and indirect energy costs are a source

of comparative advantage. We find our results are robust to various concerns about omitted variables,

reverse causality, and different samples of data. By combining the direct and indirect effects, we compute

the short-run, aggregate effect of energy prices. We find that this effect is larger by an order of magnitude

3 The method was first used by Rajan and Zingales (1998) to show that industrial sectors that are more dependent on external
finance grow more quickly in countries with a high level of financial development.

3



than the effect of direct energy costs alone. Furthermore, because there is a positive correlation between

the direct and indirect energy costs, the magnitude of the direct effects of energy costs tends to be

overestimated if the indirect effects are not controlled for in the regression. Thus, controlling for both

direct and indirect energy costs is important, even if one is only interested in the magnitude of the effects

of direct energy costs. When decomposing the effect of energy costs by separate energy commodities

(electricity and natural gas), we find the indirect effect is largely driven by indirect natural gas costs

rather than by indirect electricity costs. Using the regression results for intermediate goods, we also find

evidence that energy price differentials lead industries to adjust their supply chain to lower the energy

costs embodied in their intermediate goods. This effect mediates the short-run overall effects. Thus, we

interpret the combined effect as the long-run, aggregate effect of energy prices.

We use these estimates – of the direct, short-run and long-run effects – to generate three sets of pre-

dictions for the effects of a shock to energy prices on export patterns. We illustrate the difference of

these effects by simulating the increase in energy prices that has occurred in the EU since the mid-2000s.

We find that the 33 percent increase in energy prices experienced during this period translates to a 6.8

percent drop in EU exports, and up to a 15 percent drop when taking into account the increase in prices

of intermediate goods as a result of the energy price hike. Once we allow firms to adjust their imports of

intermediate goods, the estimated decrease in EU exports is 11 percent. Therefore, to accurately quantify

the long-run effects of energy prices on trade, our findings suggest it is important to take into account

the indirect effects of energy costs, as well as the pattern of trade in intermediate goods.

Our paper and its findings contribute to three main strands of the literature. First, we add to the

literature that provides econometric evidence on sources of comparative advantage (e.g., Romalis, 2004;

Nunn, 2007; Bombardini et al., 2012; Manova, 2008; Cunat and Melitz, 2012; Manova, 2013; Debaere, 2014;

Cingano and Pinotti, 2016; Cai and Stoyanov, 2016). To the best of our knowledge we are the first to

establish that the indirect cost of a factor of production (energy) is itself a statistically significant source

of comparative advantage. A few studies in the literature take indirect costs into account by measuring

the aggregate intensity of input use in the industry, combining both the direct use and indirect use (e.g.,

Debaere, 2014; Arezki et al., 2017). However, we are the first to establish that the indirect cost of inputs

per se can be a source of comparative advantage. Furthermore, we provide empirical evidence that

global supply chains are organized to mitigate these indirect costs. Our analysis therefore suggests

that indirect costs and supply chain adjustments should be taken into account to accurately quantify

the effect of input costs on the pattern of trade. Our work shows that a better understanding of the

determinants of comparative advantage can be achieved by examining both direct and indirect costs
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than by analyzing direct costs alone.

Second, we contribute to the literature on global value chains and trade. Over the past 10 years, there has

been considerable interest in the field of international economics about the role of intermediate goods

(e.g., Miroudot et al., 2009; Johnson and Noguera, 2012; Baldwin, 2013), and, more recently, about the

organization of firms and intra-firm trade (e.g., Antràs and Chor, 2013; Antràs, 2015; Antràs et al., 2017;

Alfaro et al., 2019). Several papers attempt to explain the flows of intermediate goods. For example, in

a study of the sourcing strategies of firms, Blaum et al. (2019) find that large firms import significant

amounts of high-quality inputs from countries that specialize in their production. Using a gravity model

framework, Conconi et al. (2020) show that trade of intermediate goods has a higher elasticity to distance.

Our paper extends this literature by demonstrating how the cost of producing intermediate goods can

act as a source of comparative advantage in the trade of downstream goods.

Third, we contribute to the empirical literature on the relationship between energy prices and trade. A

few recent studies have analyzed the effect of energy prices on the pattern of specialisation for the U.S.

using within-industry adjustments over time (Aldy and Pizer, 2015; Arezki et al., 2017). In terms of

the analysis of global trade, Sato and Dechezleprêtre (2015) focus on the direct impact of energy price

gaps between bilateral trading partners on the volume of trade using a sample of 42 countries over

the period from 1991 to 2011. Some papers concerned with energy or environmental issues specifically

focus on the role of intermediate goods. Martin (2012) finds that a reduction in tariffs on intermedi-

ate inputs significantly improves energy efficiency within a firm. Cherniwchan (2017) finds a similar

effect on emissions by examining the effect of lowered trade costs for intermediate inputs from Mexico

following the introduction of the North American Free Trade Agreement (NAFTA). Using a sample of

Japanese manufacturing firms, Cole et al. (2014) find that domestic regulation leads firms to outsource

emission-intensive production abroad. Our paper complements these studies by highlighting the role of

intermediate goods in shaping the composition of trade, and by examining whether the intensive use of

energy in the supply chain can act as a source of comparative advantage.

The rest of this paper is organized as follows: Section 2 describes the data. Section 3 provides prelim-

inary evidence on the EU’s specialization in energy-intensive production. Section 4 presents our main

empirical analysis and results. We show how energy prices can both directly and indirectly affect the

pattern of exports. Using a similar methodology, we also present empirical evidence on how energy

prices affect the supply chain. Section 5 uses the regression results to predict the effects of energy price

adjustments on the pattern of trade when taking indirect costs and supply-chain adjustment channels
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into account. Section 6 concludes.

2 Data

We combine data on country-level exports by industry, energy prices by country and energy intensity

by industry. Tables of descriptive statistics as well as a full list of variable definitions and sources are

provided in the Data Appendix (Appendix A).

2.1 Trade flows of exports and intermediate goods

We use trade data from the UN Comtrade Database and extract the value of exports Exportsijk. We

index exporting countries with i, importing countries with j, and industries with k throughout the

paper. For each exporting country we have data for exports into 60 importing countries. The number of

exporting countries in the sample varies according to the regression specification. For our main results

that explicitly model the effect of energy prices on the pattern of trade, we use trade data for 2012,

although we test the robustness of our results for other years as well. We use the industrial classification

provided by the U.S. Bureau of Economic Analysis (US BEA) Benchmark Input-Output Accounts, which

includes 249 manufacturing industries. Our disaggregated analysis allows us to capture the differences

in energy use across industries in the same sector.4 While studies focused on US trade patterns have

exploited within-sector variation in energy use (Aldy and Pizer, 2015; Arezki et al., 2017), cross-country

studies in the literature on global trade patterns and energy costs have not (e.g., Gustavsson et al., 1999;

Gerlagh et al., 2015). We also offer greater country coverage than the previous studies, which means the

estimates are externally valid to the pattern of specialization across a wide range of countries. Our more

recent time frame (post-2000) is also important because the results can be interpreted in the context of

the greater levels of global trade, particularly between industrialized countries and emerging economies

such as China, and the associated increase in competitiveness concerns.

4 A good example of this variability can be seen in aluminum production and use (within the Alumina and Aluminum
Production and Processing category, classification 3313 of the North American Industry Classification System (NAICS)). Electricity
intensity, defined as electricity us as a share of value added, is about 10 times greater for the refining and production of aluminum
than for the manufacturing of products that use purchased aluminum. Estimates based on US BEA data show that energy
intensity is 0.56 for refining and production of aluminum, and 0.06 for manufacturing using purchases aluminum. Petrochemical
manufacturing (Basic Chemical Manufacturing (NAICS 3251)) shows a similar pattern. Petrochemical manufacturing is about
10 times more natural gas intensive than industrial gas manufacturing. Natural gas intensities, defined as natural gas use as a
share of value added, are 0.30 for petrochemical manufacturing and 0.03 for industrial gas manufacturing.) Likewise, within Basic
Chemical Manufacturing (NAICS 3251), petrochemical manufacturing is about 10 times more natural gas intensive than industrial
gas manufacturing (where the natural gas intensities, defined as natural gas use as a share of value added, are 0.30 and 0.03,
respectively, based on US BEA data).
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We use the global input-output tables provided from the World Input-Output database (WIOD) (Timmer

et al., 2015) to record imports of intermediate goods, where industry k imports from another industry

l (potentially located in a different country). The WIOD data cover 43 countries. The WIOD data

are available only at the two-digit level of the International Standard Industrial Classification of All

Economic Activities. This covers 18 manufacturing industries. For our main results, we focus on cross-

country flows of intermediate goods from 18 manufacturing industries in 2012.

2.2 Energy prices and intensities

We take two different approaches to measuring the energy price of the country and the energy inten-

sity of the industry. One approach uses the electricity price and natural gas price (ElectricityPricei

and NaturalGasPricei respectively) from the International Energy Agency (IEA) Energy Prices and

Taxes database. We interact each price with the corresponding intensity (ElectricityIntensityk and

NaturalGasIntensityk) calculated using data from the 2002 U.S. Bureau of Economic Analysis (BEA)

Input-Output Tables.5 We define electricity (natural gas) intensity as total electricity (natural gas) con-

sumption as a share of value added. The interaction terms allow us to determine whether energy prices

have a heterogeneous effect across industries and, therefore, whether the prices drive the pattern of

specialisation.

The other approach uses the energy price index compiled by Sato et al. (2019) (EnergyPriceIndexi). This

index is a weighted average energy price for all fuels (electricity, natural gas, coal and oil). The weights

are the consumption of each fuel type in the manufacturing sector in each country. We interact the

energy price index with the energy intensity of the industry (EnergyIntensityk), defined as the cost of

electricity and fuels as a share of the total value added. Hence, this measure of energy intensity includes

the consumption of all energy commodities. These industry data are taken from the 2002 US NBER-CES

Manufacturing Industry Database (Bartelsman and Gray (1996), updated to 2011).

The advantage of using EnergyPriceIndexi is that it captures the price of all fuels, and accounts for pos-

sible interfuel substitution. However, it is available for a smaller sample of countries than the electricity

and natural gas price variables due to missing data. In addition, estimating separate effects for electric-

ity and natural gas prices allows us to assess their relative importance and offers more flexibility (with

5 To calculate intensities, we chose input-output accounts from 2002 instead of those from a later year (i.e., 2007) because we
are concerned about the effect of the change in US energy prices due to the shale gas revolution, and the effect of recession on the
use of energy inputs in 2007. Furthermore, we want to test the sensitivity of our results over time from 2004. Fixing the intensity
at the beginning of our sample period also allows us to minimize endogeneity concerns.
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fewer parametric restrictions) than assuming a single common effect from all energy prices. Focusing

specifically on electricity and natural gas prices may also get closer to the sources of comparative advan-

tage, because the prices of these energy sources vary to a greater degree across countries than the prices

of oil and coal.6

Our use of U.S. data to calculate the factor intensities of production is the standard approach of studies

in the trade literature that investigate sources of comparative advantage (e.g., Nunn, 2007; Bombardini

et al., 2012; Manova, 2013; Debaere, 2014; Cai and Stoyanov, 2016). The need to proxy intensities with

one country’s technology matrix reflects the fact that disaggregated technology matrices are not widely

available across countries. We use the US as the reference country because it is a very large and diversi-

fied economy in terms of manufacturing production. Observed energy intensities are therefore likely to

be more generally representative of the underlying technological characteristics of production processes.

Using data for the US (rather than country-specific energy intensity data) also has the advantage of

reducing the potential for the measures to respond endogenously to a given country’s pattern of trade.

While our identification strategy does not require that industries in every country have the same levels

of electricity intensity and natural gas intensity as they have in the US, it does rely on the U.S. rank-

ing of industries remaining fairly stable for other countries (i.e., the assumption of no factor intensity

reversals).

Based on the US factor intensity assumption, we construct our measures of indirect energy intensi-

ties using the Benchmark Input-Output Model from the US BEA. The Benchmark Input-Output Table

provides an industry-by-industry total requirement matrix that shows the requirements from each (col-

umn) industry to produce a dollar worth of product from each (row) industry. Therefore, we observe

at a disaggregated level how many inputs each industry requires from all other industries. Using this

information, and defining the cost as the price multiplied by the intensity of use, we then construct an

aggregate cost vector as follows:
−−−−−→
AggCost = (1−A)−1−−→Cost (1)

where
−−−−−→
AggCost and

−−→
Cost are column vectors containing each industry’s aggregate and direct energy

costs, and matrix A is the industry-by-industry total requirement matrix described above. We apply this

formula for each cost vector for each country to compute a country-specific aggregate cost measure for

6 Electricity and natural gas are relatively hard to trade long distances, and so prices can vary substantially according to local
energy abundance and energy policies. By contrast, while petroleum products are an important fuel for manufacturing industries,
they are easily traded internationally, and so prices are determined on world markets with less variation in different parts of the
world. Coal is also internationally traded, and manufacturing industries make relatively little direct use of coal in the production
process. In addition, oil and coal prices are only available across countries for certain sub-fuel types, making cross-country price
comparisons more difficult to measure accurately.
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each country i and industry k. The indirect energy cost (intensity) is simply the difference between the

aggregate and direct energy cost (intensity). We define the interaction term between an industry’s direct

(indirect) energy intensity and the log energy price as the industry’s direct (indirect) energy costs.

Following Romalis (2004) and the Hecksher-Ohlin theory of factor abundance, in all our regressions we

include controls for the exporting country i’s endowment of skilled labor and physical capital, interacted

with the skill and capital intensity of production in industry k. If countries that are abundant in a factor

of production specialize in industries that use that factor intensively then we expect the coefficients

on these two factor endowment interactions to be positive. Controlling for physical capital costs is

particularly important because energy-intensive industries tend to be capital intensive. We also consider

the robustness of our results to including a host of controls for other possible sources of comparative

advantage emphasized by the existing literature.

2.3 Descriptive statistics

Table A.1 in the Data Appendix shows the most and least energy-intensive industries in our sample

(based on their consumption of all energy commodities). Three of the most energy-intensive industries

are in the Non-metallic Mineral Product Manufacturing (NAICS 327) sector; two are in the Chemical

Manufacturing (NAICS 325) sector, and two are in the Primary Metal Manufacturing (NAICS 331) sector.

We note that the Food Manufacturing (NAICS 311) sector and the Chemical Manufacturing (NAICS 325)

sector both comprise some of the most and least energy-intensive industries. This underscores the value

of a highly disaggregated analysis that can take the within-sector heterogeneity into account.

Table A.1 provides the direct electricity and natural gas intensities of these industries. We find that some

industries are far more electricity (natural gas) intensive than natural gas (electricity) intensive. For

example, Industrial Gas manufacturing (NAICS 325120) is nearly 10 times more electricity intensive than

natural gas intensive. Similarly, Petrochemical manufacturing (NAICS 325110) is over four times more

natural gas intensive than electricity intensive. Electricity prices and natural gas prices may therefore

have very different effects on the location of these industries. Our analysis explicitly takes this into

account by estimating separate effects for electricity and natural gas prices that are conditional on the

intensity of use.7 Table A.1 also provides the aggregate (direct plus indirect) electricity and natural gas

intensities of these industries. We find that aggregate intensities are sometimes more than double the

7 We drop from the sample two industries due to outlying observations for natural gas and electricity intensity. These are
Fertilizer Manufacturing (NAICS 325310), which has a natural gas intensity of 0.92, and Alkalies and Chlorine Manufacturing
(NAICS 325181) which has an electricity intensity of 0.69.
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direct intensities; among the 10 most energy-intensive industries, this is the case for three sectors: Iron

and Steel Mills manufacturing (NAICS 331110), Petroleum refineries (NAICS 324110), and Petrochemical

manufacturing (NAICS 325110). For these industries, most energy use is indirect use that takes place

through the supply chain.

Table A.2 in the Data Appendix provides summary statistics for the variables used in the regression

analysis. ElectricityPricei and NaturalGasPricei are available for 40 countries for our main results using

export data for 2012. Table A.3 reports the observed values for these two variables by country. We

find substantial variation in energy prices across countries. Italy has the highest value for electricity

prices, more than eight times higher than the country with the lowest price index (Saudi Arabia). Other

countries with very high electricity prices include Slovakia, Brazil and Japan. The countries with the

highest natural gas prices are Denmark, Switzerland, and Japan. By contrast, India, Russia, and Saudi

Arabia have the lowest natural gas prices. The energy price variable EnergyPriceIndexi that measures

the prices of all fuels is observed for fewer countries (32 countries in 2012) due to missing data, and so

when using this alternative measure our sample size is smaller.

Table A.4 in the Data Appendix provides correlations between the country-industry interaction terms

that enter into the regression equations. As expected, both the electricity and natural gas interaction

terms are highly correlated with the interaction between the overall energy price index and energy

intensity. There is a fairly strong, positive correlation between the energy price interaction terms and

the capital abundance/intensity interaction term. Hence, we include the capital abundance/intensity

interaction term in our regressions to mitigate possible omitted variable bias. The correlation between

the electricity price/intensity-interaction and the natural gas price/intensity-interaction terms is 0.58.

We should therefore be able to separately identify their effects without concerns about multicollinearity.

3 Preliminary Evidence

To set the stage for our formal estimations of the effect of energy prices on trade, we present graphical

evidence on the EU’s specialization in energy-intensive production. As previously shown in Figure 2,

energy prices have risen substantially over time in many EU countries. We plot average energy prices

for EU and non-EU countries in Figures 3a and 3b. These figures reveal a growing energy price gap over

time, with energy prices in EU countries far higher than those in non-EU countries during the period

from 2009 to 2014. EU industries that rely heavily on energy in their production processes may therefore
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face higher costs and suffer a negative competitiveness effect from this price increase.

Does the change in energy prices in the EU relative to other countries have material effects on the pattern

of EU trade? We calculate the energy intensity of aggregate exports over time separately for EU and

non-EU countries. We then plot how these energy intensities change over time in Figure 4. Following

the divergence of energy prices in the mid-2000s, we can see that there is a decrease in the energy

intensity of exports in EU countries relative to non-EU countries. This suggests that the energy price

gap is correlated with energy-intensive production gradually shifting away from EU countries.

Motivated by the findings in Figure 4, we estimate the effects of these increasing relative energy prices

on the EU pattern of specialisation. Here we consider both direct effects and indirect effects through

intermediate goods consumption. We examine the effect of the energy price changes implicitly by esti-

mating cross-sectional regressions for different years, both before and after the energy price adjustments

documented in Figures 3a and 3b. We consider whether non-EU (EU) countries export to a differentially

greater degree in relatively energy-intensive (non-energy-intensive) industries in later years when the

energy price gap emerged. We expect this to be the case because energy-intensive industries should

have relatively more to gain in terms of potential cost reductions than non-energy-intensive industries

(holding all else constant) by locating outside of the EU when there are lower energy prices in non-EU

countries.

Using cross-country trade data for 59 exporting countries and 249 manufacturing industries, we specify

the regression equation as follows:

log(Exports)ik = β1(EU)i × (EnergyIntensity)k + λXik + αi + αk + vik (2)

where Exportsik is the value of exports from county i in industry k to the rest of the world. EU is a

dummy variable equal to one if country i belongs to the EU-28 countries (including the United King-

dom), and zero otherwise. EnergyIntensityk is the energy intensity of production in industry k defined

in Section 2.2. We include direct energy intensity only, and then augment the regression by including

both the direct and indirect energy intensity (both interacted with the EU dummy variable). Xik includes

interaction terms between the EU dummy and other industrial intensities for other inputs (i.e., physical

capital and human capital). αi is an exporter fixed effect and αk is an industry fixed effect. Finally, vik is

an error term.

We estimate regression (2) using ordinary least squares (OLS) separately for each year of our avail-
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able sample (2002-2013). The coefficient of interest is β1 on the interaction term between EUi and

EnergyIntensityk. If higher energy prices do indeed reduce the EU’s export competitiveness relatively

more in energy-intensive industries, we would expect β1 to decrease over time. The exporter fixed effect

αi captures any unobserved country-level variables, while αk captures various industry-specific charac-

teristics. EUi and EnergyIntensityk do not enter directly into equation (2) because their direct effects

are captured by αi and αk, respectively. The total volume of a country’s exports across all industries is

captured by the exporter fixed effect αi. Therefore, β1 is identified only from differences in country i’s

exports across industries. Similar to many other studies of comparative advantage (e.g., Nunn, 2007;

Bombardini et al., 2012), this means that identification only comes from variation in the pattern of trade

(i.e., the composition of trade), not from the total volume of trade.

Results. We plot the coefficients on the interaction term between the EU dummy and the energy intensity

of the industry for each year (see Figure 5).8 The shaded areas indicate the 95 percent confidence

intervals. From this figure we can easily assess how the coefficients on the interaction terms change

over time. In Panel A we plot the estimated coefficients when including the direct energy intensity only

in the regression. These findings document a very similar story to that shown in Figure 4. Before the

divergence of energy prices between the EU and non-EU countries (i.e., in 2002), there is no statistically

significant difference in energy intensive exports for the two groups of countries. However, for 2006 and

later years, the interaction term between EUi and EnergyIntensityk is negative and statistically significant

at the 5 percent level, and the magnitude of the coefficient increases over time. Thus, as energy prices rise

in the EU, we find that energy intensive exports from the EU do indeed become progressively smaller

relative to non-EU countries over time.

Next, we augment equation (2) by including an additional interaction term between the EU dummy

variable and the indirect energy intensity. The indirect energy intensity is computed as the difference

between the aggregate energy intensity defined in equation (1) and the direct energy intensity, as dis-

cussed in Section 2.2. Including this second interaction term allows us to test whether EU countries are

more or less likely to specialize in industries that use energy-intensive inputs to production (relative to

non-EU countries) over time.

The results from the augmented regression are reported in Panel B of Figure 5. We find the direct

energy intensity interaction term exhibits a similar pattern as it did before. It gradually increases in

size, becoming more negative over time. However, the effect of direct energy costs is smaller than in

8 These results are also given in table format in Appendix Table B.1.
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Panel A. The effect only becomes significant at the 5 percent level in the latter years of the sample (2009

and 2011-2013). This result suggests that when the regression includes only direct energy costs, the

estimated coefficient on the direct energy cost is overestimated because it partly captures the effect of

indirect energy costs. In Panel B we also find that the indirect energy intensity interaction with the EU

dummy is negative and statistically significant at the 5 percent level in all years. This result suggests

that EU countries have a comparative disadvantage in industries with high energy use in the supply

chain. However, unlike the direct cost, the magnitude of the indirect effect is fairly stable over time. It

does not increase in absolute terms. Thus, higher relative energy prices in the EU over time do not seem

to further reduce exports in industries with high indirect energy use by raising the cost of producing

their intermediate inputs. This finding may reflect that EU industries are able to source energy-intensive

intermediate goods from countries with lower energy prices. (We further investigate this mechanism in

Section 4.2.)

In summary, the preliminary evidence provided in this section suggests that the EU has to some extent

developed a comparative disadvantage in goods with relatively high direct energy costs after the energy

price gap with non-EU countries emerged. However, the degree of the EU’s specialization in goods with

high indirect energy costs has not changed very much over time. While these findings are informative of

the EU’s comparative advantage in energy-intensive production, the effect of energy prices is only being

modeled implicitly. In the following section, we therefore model energy prices explicitly to estimate the

impact of energy prices per se on trade, and we quantify their impact relative to other channels. This

allows us to consider how much of the difference in trade patterns is due to the variation in energy

prices across countries.

4 Main Results

In this section we use regression analysis to present more detailed and structured empirical evidence

on whether energy prices are a source of comparative advantage. Throughout this section, the under-

lying identification strategy is a difference-in-differences model that compares the propensity to export

manufacturing goods in countries with high or low energy prices, and in energy-intensive industries or

non-energy-intensive industries. The empirical strategy uses cross-sectional variation across countries in

the pattern of specialization, and we do not allow identification to come from the time dimension. This

is the conventional approach that has been taken in the trade literature to investigate sources of com-
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parative advantage (e.g., Romalis, 2004; Nunn, 2007; Bombardini et al., 2012; Cunat and Melitz, 2012;

Debaere, 2014) and reflects that trade patterns are highly persistent over time. Therefore, sources of

comparative advantage do not usually change substantially from one year to the next. The EU provides

a case in point; as outlined in Section 3, the specialization of the EU in energy-intensive production has

evolved only gradually over time during our sample period, despite substantial increases in relative EU

energy prices in that time frame.

We focus on cross-sectional evidence for the year 2012. We choose 2012 because we observe energy prices

for a large number of countries in this year. For earlier years, energy price data for fewer countries are

available. In addition, the sharp increases observed in energy prices in the EU are fairly stable from 2009

onwards. Therefore, using export data for 2012 allows us to evaluate the equilibrium trade patterns that

emerge following the increase in energy prices in the EU. Although we use the standard cross-sectional

approach, we are mindful of the changes that have taken place in energy prices over time. Therefore, we

explore the robustness of our cross-sectional evidence to using data for other time periods.9

We proceed as follows: First, we explicitly quantify the impact of energy price variation across countries

on trade patterns, and we explore the impact of direct and indirect costs (see Section 4.1). Second, we

explicitly quantify the effects of energy price variation across countries on the decision by industries to

import their energy-intensive intermediate inputs (see Section 4.2).

4.1 Explicit effects of energy prices

To explicitly model the effect of energy prices on the pattern of trade, we estimate a cross-sectional

regression similar to equation (2) above, but we replace the EU dummy with the observed energy price

in each country. Thus, the regression equation now takes the following form:

log(Exports)ik = β1(EnergyPriceIndex)i × (EnergyIntensity)k + λXik + αi + αk + vik (3)

The dependent variable (Exportsik) is the value of exports from country i in industry k to the rest of

the world in 2012. EnergyPriceIndexi is the index of energy prices for all fuels in country i, explained

above in Section 2.2. For each country we use the average energy prices observed over a three-year

period (2009–2011) to capture prices over a longer run and to ensure that our results are not driven

9 Like others in the trade literature (e.g., Romalis, 2004; Nunn, 2007; Bombardini et al., 2012), we consider only positive exports.
Therefore, we consider only how differences in the energy cost environment across industries affect exports at the intensive margin.
The effect that energy costs have on trade at the extensive margin (i.e., on the decision to export in a given industry) is not captured
in our estimates.
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by a county-specific price shock in an individual year. We do not include contemporaneous energy

prices in this average because we do not expect trade flows to respond instantaneously to input costs.

Xik includes interaction terms between the physical capital and human capital endowments of each

country and the corresponding industry intensity; this is to control for standard Heckscher-Ohlin sources

of comparative advantage (in the spirit of Romalis (2004)). As before, EnergyIntensityk is the energy

intensity of production in industry k, αi is an exporter fixed effect, αk is an industry fixed effect, and vik

is an error term.

As before, EnergyPriceIndexi and EnergyIntensityk do not enter directly into equation (3) because their

direct effects are captured by αi and αk respectively; the coefficient of interest is instead on β1, the

interaction term between EnergyPriceIndexi and EnergyIntensityk. If high energy prices do indeed

reduce a country’s export competitiveness relatively more in energy-intensive industries, we would

expect β1 to be negative and significant.

We estimate alternative specifications where EnergyIntensityk is measured as the direct energy intensity

or the aggregate energy intensity, where the latter includes direct plus indirect use of energy in the

intermediate inputs of a good, and we compare the magnitudes of the estimated coefficients. We expect

aggregate energy intensity to have a larger effect in absolute terms if indirect costs passed on through

the supply chain have an additional negative impact on competitiveness (over and above the effect of

direct costs alone). In addition, we estimate a specification in which direct and indirect energy intensity

enter as separate variables (each interacted with the energy price), to allow for us to identify if indirect

energy costs per se drive the specialization of production. To unpack the channels through which overall

energy prices affect trade patterns, we then also estimate the same regression as (3) but using separate

interaction terms for electricity and natural gas prices (rather than the energy price index for all fuels).

Notwithstanding that comparative advantage changes little on an annual basis, the results from our

cross-sectional equation (3) for 2012 may not necessarily hold for other years of analysis. Energy prices

may have gradually become a more important determinant of comparative advantage over recent years

because price differences across countries have widened, especially for electricity and natural gas prices

(IEA, 2013). Shocks to the global economy such as the 2008 financial crisis may have also affected

patterns of specialization in energy-intensive industries over time. Furthermore, data on energy prices

are available for a different sample of countries in different years, and the findings for one sample may

not be externally valid to a different sample. To address these concerns, we consider the robustness of
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our results when estimating the same specification separately for 10 different years of data (2004-2013).10

This exercise allows us to flexibly reveal if the pattern of cross-country specialization in energy-intensive

industries has adjusted over time.

Results. We now present our results from the OLS estimation of equation (3) above using data on total

exports for up to 40 exporting countries and 249 manufacturing industries in 2012. (The 40 exporting

countries are listed in Table A.3 in the Data Appendix.) Standardized (beta) coefficients are reported

with standard errors in parentheses.

Table 1 reports results for regressions that use the overall (weighted average) energy price (Energy Price

Indexi) interacted with the (overall) energy intensity. Because we lack energy price data for some coun-

tries, these regressions include 32 exporting countries. In column (1) of Table 1 we include the interaction

term between the energy price index and direct energy intensity. We find the estimated coefficient is

negative and statistically significant, a result that supports the hypothesis that low energy prices are a

source of comparative advantage in energy-intensive industries. Reassuringly, the signs on the coeffi-

cients for both factor endowment interaction terms are positive, which is consistent with our a priori

expectations. The skilled labor interaction is significant at the 1 percent level, while the capital interac-

tion is statistically significant at the 5 percent level. Because we report standardized beta coefficients,

we can directly compare the relative magnitudes of the energy price interaction with the skilled labor

interaction. Our findings suggest that the effect of energy prices on the pattern of trade is greater (in ab-

solute terms) than the effects of both human capital and physical capital differences across countries. A

one-standard-deviation increase in the energy price decreases bilateral exports by 0.77 of a standard de-

viation on average; a one-standard-deviation increase in the skilled labor abundance increases bilateral

exports by 0.39 of a standard deviation.

In column (2), we replace the direct energy intensity with the aggregate energy intensity (measuring

both direct and indirect energy use in the supply chain) to give the aggregate energy cost as defined

in equation (1). The results are similar. The coefficient on the aggregate energy cost interaction term is

positive and statistically significant, and is slightly larger in magnitude than the coefficient on the direct

energy cost interaction term in column (1).

In column (3), we include the interaction of the energy price index with indirect energy intensity as a

separate variable (alongside the interaction with direct energy intensity). This specification allows us

to test whether indirect energy costs per se are a source of comparative advantage. The coefficient on

10 For each year we use average country-level energy prices over the previous three years.
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this indirect energy cost term is statistically significant and negative, albeit with a smaller coefficient

compared to the direct intensity-interaction term. Even though the direct energy cost is more important,

our results suggest that a low indirect energy cost through the supply chain can in itself be a source of

comparative advantage.

In column (4) of Table 1 we estimate the same regression in column (3) but we now replace the exporter

fixed effects with a richer set of exporter-by-sector fixed effects. This specification has the advantage of

controlling for possible unobserved (3-digit) sector level determinants of trade flows that are specific to

each country. In addition, including exporter-by-sector fixed effects means that identification only comes

from within-sector variation in energy costs. Therefore, these results involve a weaker factor intensity

reversals assumption – the ranking of industries by energy intensity is only assumed to be fairly stable

across countries within sectors. However, the richer set of fixed effects included in column (4) will

absorb some of the variation in energy costs that we wish to use for identification. Hence, the regression

in column (3) remains our preferred specification for testing the importance of indirect energy costs for

the pattern of trade. Nonetheless, we find the results are robust. The indirect energy cost term remains

statistically significant in column (4), at the 5 percent significance level.

In Table 1 we use an energy price index that is comprised of four types of energy commodities: electricity,

natural gas, coal, and oil. Therefore, these results show that low overall energy prices increase exports for

energy-intensive industries. There may be heterogeneous effects on trade across energy commodities,

however. We investigate this possibility by estimating separate effects of electricity and natural gas prices

on trade. As previously discussed, we focus on electricity and natural gas prices because they exhibit the

most variation across countries, allowing us to more precisely pinpoint the likely source of comparative

advantage.

Table 2 presents estimation results for the same four regressions as estimated in Table 1, but now includ-

ing separate interaction terms for electricity and natural gas prices. For these regressions we have the

full sample of 40 exporting countries. In column (1) we find both electricity and natural gas interactions

have the expected negative sign, although the magnitude of the interaction term for natural gas prices is

larger and the coefficient for the electricity price interaction is not statistically significant. This suggests

that the effect of the overall energy price on export patterns is largely driven by natural gas price differ-

ences rather than electricity prices. In column (2), we find that the coefficient on the aggregate natural

gas cost interaction term is negative and significant at the 1 percent level. Thus, industries that have

high aggregate (i.e., direct plus indirect) natural gas intensity and are in countries with high natural gas
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prices have significantly lower exports. The coefficient on the aggregate energy cost interaction is also

significant but only at the 10 percent level. In column (3) we introduce the indirect cost terms sepa-

rately for both electricity and natural gas costs. Similar to the results with the energy price index, we

find that both indirect electricity and gas costs have a negative sign, indicating that industries in high

energy-price countries that intensively use indirect energy also record lower exports than others. We find

statistically significant results for direct and indirect gas costs, but not for direct and indirect electric-

ity costs. In column (4) we estimate the effect of the direct and indirect cost interaction terms while

including exporter-by-sector fixed effects. Again, we find similar results: the coefficients on direct and

indirect electricity costs are negative but insignificant, while the coefficients on the direct and indirect

natural gas costs are both negative and statistically significant (at the 5 percent level or lower). Overall,

we conclude our findings in Table 1 are robust to an alternative way of measuring of energy costs and a

larger sample of countries.

Robustness. We now consider some possible concerns about the results reported in Tables 1 and 2.

One concern is that the omission of other determinants of comparative advantage may be a source of

bias if they are correlated with our energy price-interaction terms of interest. We therefore explore

the robustness of our results to including a host of additional controls for other likely determinants

of trade patterns that are not included in equation (3). First, it might be expected that technologically

advanced countries will specialise in industries that display rapid technological progress. Similarly,

high-income countries may have a comparative advantage in lucrative, high value-added industries. We

capture these effects by interacting country-level total factor productivity (TFP) (TFPi) with industry

TFP growth (TFPGrowthk), and interacting log income per capita (Incomepci) with the share of value

added in shipments for each industry (ValueAddedk). Second, we include controls for a number of

institutional characteristics of exporting countries. Cunat and Melitz (2012) emphasize the importance

of labor-market regulations for comparative advantage. We include the interaction term LaborFlexi

× Skill Intensityk to control for the possibility that skill-intensive industries locate in countries with

flexible labour markets (as well as abundant stocks of human capital). Following Nunn (2007), we

include an interaction between country judicial quality (Ruleo f Lawi) and industry contract intensity

(ContractIntensityk). This term captures the expectation that the ability to enforce contracts affects

a country’s comparative advantage in the production of goods requiring relationship-specific invest-

ments. Finally, we control for the effect of credit constraints on trade flows by interacting the avail-

ability of external finance (FinancialDevelopmenti) with the industry’s dependence on external finance

(ExtFinancialDepk) (see Manova (2008)).
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We include these additional controls in the specifications estimated in columns (1) and (3) of Tables 1

and 2. We report these results in Table B.2 in the appendix.11 The direct and indirect energy price

index interaction terms remain significant and of similar magnitude (column (2)). We also find that

direct and indirect natural gas costs remain statistically significant, and we find that indirect electricity

costs are now significant at the 5 percent level (column (4)). The additional control interaction terms

have the expected signs but only the rule of law and financial development interaction terms have

statistically significant coefficients across all specifications. Overall, we conclude that our main finding

that indirect energy costs are a source of comparative advantage is robust to the inclusion of these

additional interaction terms.

Another concern is that the results may be affected by reverse causality. Energy prices and intensities

may themselves be affected by the pattern of international trade, resulting in a simultaneity bias. On the

one hand, a country that specializes in energy-intensive industries will increase its demand for energy,

leading energy prices to rise. On the other hand, countries that specialize in energy-intensive industries

may have a greater incentive to implement environmental and energy policies that reduce domestic

energy prices. These feedback effects from specialization to energy prices may bias the estimates of β1

in equation (3). Although we use average energy prices from 2009 to 2011, the period before we observe

the trade data (2012), there may still be concerns that reverse causality is present due to the persistence

of trade flows and energy prices over time.

To address these concerns, following the arguments in Bombardini et al. (2012), we note that the orthog-

onality condition needed for the consistent estimation of β1 in equation (3) is:

E(EnergyIntensityk × EnergyPriceIndexi × vik) = 0...∀k, i (4)

By the law of iterated expectations:

E(EnergyIntensityk × vik|EnergyPriceIndexi) = 0...∀k, i (5)

which requires that, for every exporter in our sample, energy intensity is uncorrelated with the error

term. Since we measure energy intensity using US data, we can remove the US from our set of exporting

countries. To the extent that the US energy intensity is not significantly affected by bilateral trade

11 To conserve space we include all controls at once in all regressions. The results are also robust if we add controls one at a
time, or if we use aggregate intensities and threshold-based approaches. These results are available on request.
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flows between other countries, this procedure substantially decreases the likelihood of feedback effects

(Bombardini et al., 2012).

The results when dropping the US are reported in Table B.3 (using the energy price index) and Table

B.4 (using electricity and natural gas prices) in the appendix. The findings are robust and, if anything,

slightly stronger than before, with slightly larger coefficients on the energy cost-interaction terms. Over-

all, we continue to find that energy prices are a source of comparative advantage in energy-intensive

industries, and that the effect is relatively large in magnitude and driven by both direct energy costs and

indirect costs.

Adjustments in comparative advantage over time. In the above analysis, we estimate a static cross-

sectional model because we do not expect comparative advantage to change substantially on an annual

basis. However, a natural question is whether our findings are robust if we study alternative years

of trade data. Therefore, we investigate whether direct and indirect energy costs remain a source of

comparative advantage in alternative years. We do so by estimating equation (3) separately for 10

different years of data covering the 2004–2013 period. We estimate the specifications that separately

identifies the effect of direct and indirect energy cost terms (column (3) in Tables 1 and 2). For each year

t, we use energy prices averaged over the previous three years (t-1 to t-3) for each country. The sample

of countries will change over time to some extent according to the availability of the energy price data;

this allows us to consider the external validity of our findings when using data for 2012.

The results of this exercise are given in Table 3. Panel A presents results for the specification with the

overall energy cost interaction term, while Panel B presents results for the specification with separate

electricity and natural cost interaction terms. We find in Panel A that the direct cost interaction term is

always negative and statistically significant, and that the magnitude of the coefficient becomes larger for

more recent years. Thus, direct energy costs seem to become a more important source of comparative

advantage over time. However, while the coefficient on the indirect energy cost variable is negative for

all years, it is only significant at the 10 percent level (or lower) from 2008 onwards. Hence, this suggests

that indirect energy costs have become a more important driver of international competitiveness in more

recent years than they have been in the past.

Turning to Panel B in Table 3, we find that all direct and indirect electricity and natural gas cost terms

are of the expected negative sign. Both direct and indirect natural gas costs are statistically significant

for every year. Thus there is robust evidence that natural gas costs passed on through the supply chain

do affect the pattern of specialization. The effect of electricity costs is somewhat less robust. Direct
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electricity costs become insignificant for four years during and after the global financial crisis (2009 to

2012). This suggests that the substantial reduction in international trade flows that took place during the

global financial crisis may have reduced the extent to which countries with low electricity prices exported

differentially more from electricity-intensive industries. However, the direct electricity cost-interaction

term is significant in the other six years (2004 to 2008, and 2013). Meanwhile, indirect electricity costs

are mostly insignificant at the 10 percent level except in three years (2007 to 2009). Overall, these results

suggest that our finding that (overall) energy prices are a source of comparative advantage is robust to

considering different years of trade data, and that direct and indirect natural gas costs are particularly

important for this relationship.

4.2 Energy price effects on intermediate goods

In the previous subsection, from the results of our Rajan-Zingales regression model, we show that

producers of energy-intensive goods in countries with high energy prices experience a lower level of

exports than similar producers in countries with lower energy prices. We also show that industries

respond to both the direct and indirect energy costs. That is, our results suggest that while the energy

intensity of an industry’s own production process matters, the energy intensity of its intermediate goods

is also a significant determinant of its international competitiveness.

One question remains: Can industries reorganize their global supply chain to minimize indirect energy

costs? Put differently, can industries choose to import intermediate goods from countries with low

energy prices to reduce their indirect energy costs?

To study this question, we employ the World Input-Output Database (WIOD; Timmer et al., 2015),

which provides data on the interdependence of firms’ inputs at the industry level across 43 countries,

including countries that are members of the Organisation for Economic Co-operation and Development

(OECD) and countries that are not. With the data from the WIOD, we are able to measure how much

intermediate inputs each industry in each country demands from each of the other industries, by country

of origin. Despite the availability of these data over time, we have decided to study the cross-sectional

patterns rather than changes over time. We take the cross-sectional approach for similar reasons to

before: Network relationships tend to be stagnant, and we would not expect a substantial change in

trading relationships within a short time frame, or in response to intermittent changes in input prices.

We employ a similar Rajan-Zingales formulation to that used in the previous section, but we adapt the

21



model to explain the cross-sectional variation in trade of intermediate goods. The full specification of

the model is as follows:

log(Imports)ijkl = δ1(EnergyPriceIndex)j × EnergyIntensityl + γXijkl + αij + αkl + µijkl (6)

where Importsijkl is defined as the value of intermediate goods (in millions of US dollars), imported

by industry k in country i, from industry l in country j. (That is, the intermediate goods are pro-

duced by industry l and in country j.)12 Xijkl captures other sources of comparative advantage, such as

human capital and physical capital. αij and αkl are country-pair and industry-pair fixed effects, respec-

tively. These variables capture unobservable determinants of trading relationships between countries

(e.g., it is more common for EU countries to import intermediate goods and materials from other EU

countries) and compatibilities between industries (e.g., certain inputs may be commonly used in produc-

tion of certain products). As before, we estimate the effect of the (overall) energy price index variable

(EnergyPriceIndexi), and we then test the robustness of our results to using electricity and natural gas

prices in subsequent regressions.

In Section 4.1, we included the energy prices in the exporting country only; now our specifications

examine the importing country. We take the default position for the producing industry to be that it

uses intermediate inputs manufactured domestically. In this case, firms have an incentive to reorganize

their supply chains only if the costs of inputs are cheaper elsewhere. This suggests that firms are more

likely to import intermediate goods from abroad if the country in which the firm is based has higher

energy costs than those in other places in the world.

To investigate if the cost difference, rather than the level of energy costs in other countries, provides the

motivation for trade, we construct a new measure of energy cost differentials, defined as EnergyPriceDi f fij ≡

EnergyPriceIndexi − EnergyPriceIndexj. That is, the energy price in the importing country minus the

energy price in the exporting country. We then replace the EnergyPriceIndex measure with this variable

in the estimation equation (6), giving:

log(Imports)ijkl = δ1(EnergyPriceDi f f )ij × EnergyIntensityl + γXijkl + αij + αkl + µijkl (7)

12 Unlike the specification in Section 4.1, here we use data on intermediate goods that are as disaggregated as possible, rather
than data that are aggregated to the level of variation of energy prices (i.e., at jl level). We do this because of the limited number
of industries and countries in the WIOD data. These limitations result in a small number of observations, leading to statistically
insignificant results (although the signs are still correct). In the specification below (i.e., equation (7)) in which we are able to
aggregate data to the ijl level, both approaches yield similar results. All these results are available upon request.
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If EnergyPriceDi f fij > 0, it means that the importing country has higher energy costs, suggesting that

industries in this country are more likely to import energy-intensive components from abroad (i.e.,

δ1 > 0). This coefficient will identify the “elasticity" of the imports, the measure we use in Section 5

for our simulation analysis. The identification of the parameter of interest (i.e., δ1) relies on comparing

the cross-country differences in energy prices (or energy price differentials) across different intermediate

goods with different levels of energy intensity.

Results. Table 4 presents the results for intermediate goods using the overall energy price index vari-

able. As before, the table reports standardized coefficients. Columns (1) and (2) give results from the

estimation of equation (6). We expect the coefficients on energy prices to be negative; producers in coun-

try i are less likely to purchase energy-intensive intermediate goods from country j if energy prices are

higher in country j. The findings in column (1) support our expectations: energy prices in the countries

that produce intermediate goods negatively affect imports of energy-intensive intermediate goods. In

column (2) we control for human capital and physical capital interactions. We find that the energy price

interaction term remains negative and significant. The interaction terms for both human and physical

capital have positive coefficients, suggesting the same cost-minimizing motive for intermediate goods

that require a high intensity of skilled labor or physical capital.

Next, we estimate equation (7). This regression allows us to examine whether the pattern of interme-

diate goods trade can be explained by the energy price difference between the importing country and

exporting country (i.e., between the country that imports the intermediate good and the country that

produces the intermediate good). The coefficients are reported in columns (3) and (4). Aligning with

our expectations, in column (3) we find that a higher energy price differential (as defined above) leads to

more imports from the country that produces energy-intensive intermediate goods. That is, producing

firms located in countries with energy prices that are above those in other countries are more likely to

import energy-intensive intermediate goods from those countries where energy prices are lower. Our

results remain statistically significant in column (4) after controlling for other sources of comparative

advantage.

To identify whether the source of comparative advantage is concentrated in electricity or natural gas

costs, we repeat the same regression model but substitute the energy price index interaction term for

separate electricity and natural gas price interaction terms. We report these results in Table 5. All of our

results are qualitatively similar to those in Table 4. We find that both electricity and natural gas prices

appear to explain the pattern of cross-border trade in intermediate goods. That is, both explain why
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countries import intermediate goods. As we can compare standardized coefficients across variables, it

appears that the difference in electricity prices between countries is slightly more important than the

difference in natural gas prices – but both of them are statistically significant.

Robustness. Regression equations (6) and (7) both suffer from the same potential endogeneity problem

outlined in Section 4.1; specialization according to comparative advantage may have a feedback effect

on energy intensity. In addition, unobserved macro-shocks such as productivity shocks can lead to

changes in both energy intensity and the level of imports of intermediate goods. Therefore, we employ

the same approach by excluding the intermediate goods that originated from the US and intermediate

goods imported into the US, while keeping the energy-intensity measure that is calculated by using the

US input-output accounts. Tables B.5 and B.6 in the appendix show the results for this robustness test.

Most of results are qualitatively similar to our main results, with the coefficients generally slightly larger

in magnitude.13

We further test the robustness of our results over time by re-running our regressions for each year. Table

6 reports the findings when using the energy price index (and its differential).14 We find that across

all sample years, the differences in energy prices across countries can explain the pattern of countries’

imports of intermediate goods. Thus, the results for intermediate goods are remarkably stable over time.

This provides reassurance that the cost-minimization motive (in optimizing the input bundles) is similar

across the sample period.

5 Implications

To understand the implications of an increase in energy costs for manufacturing exports, we combine

the results from Sections 4.1 and 4.2. Specifically, we use the estimation results for 2012 to simulate

the impact of the increase in energy prices observed in the EU from 2004 to 2012 on the equilibrium

trade patterns, to understand the implications for EU competitiveness in 2012. We measure the extent

of the increase in the EU’s energy prices using the average adjustment in energy prices that took place

in non-EU countries over this period as the counter-factual. This translates to a 68 percent increase in

EU electricity prices and an 87 percent increase in EU natural gas prices, or a 33 percent increase in the

energy price index, depending on the specification.

13 Our findings are also robust if we include other sources of comparative advantage, besides physical and human capital costs.
These results are available upon request.

14 Our findings are robust if we replace energy price index interaction term with electricity and natural gas prices interaction
terms (and their differentials), or omit the human and physical capital interactions as controls.
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We predict three sets of results. The first set examines the direct impact of energy prices, ignoring the

impact of intermediate goods and indirect energy costs. The second set measures the aggregate impact

of energy prices by examining how energy prices can affect manufacturing firms through both direct

and indirect routes. We label this as the aggregate effect in the short run. The third set examines the

effect of energy price increases, when also accounting for the changes in intermediate goods imports.

We label this as the aggregate effect in the long run.

In the first two sets of results, we use the preferred regression formulation in which we estimate the

effect of both direct and indirect energy costs (Tables 1 and 2, column (3)). The aggregate impact (in

the short run) that we generate assumes that firms are not able to substitute the now-more-expensive

intermediate goods, and assumes all costs are passed through to the producer. However, we have shown

that this is not the case as an increase in energy price differentials between countries leads to an increase

in intermediate goods imports (Section 4.1). Therefore, we can derive the third set of predicted effects

of the energy price increase, after accounting for the changes in intermediate goods imports as well.

To derive this third set of simulated impacts, we have to make some assumptions about how the imports

are substituted. This is because our end goods regressions in Section 4.1 assume all intermediate goods

originate from within the home country, when, in reality, EU countries import roughly 20 percent to 50

percent of their intermediate goods (mostly from other EU countries). We proceed as follows: Using our

results in Tables 4 and 5, we predict the percentage changes in intermediate goods imports, taking into

account the existing trading relationships (in intermediate goods) in EU and non-EU countries, such that

only the energy price differentials between EU and non-EU countries have changed.15 We then assume

that this percentage remains the same across all intermediate goods substitutions for EU countries, and

assume that this percentage of intermediate goods does not experience an increase in energy prices. We

believe that this is likely to overestimate the substitution. Therefore, we should interpret this effect as the

lower bound of the underlying effect.

Table 7 presents our predictions of how exports in each of the EU countries change as a result of the hike

in EU energy prices. In this specification, we employ the regression results that emerge when we use the

energy price index (instead of electricity and natural gas prices); we then simulate a 33 percent increase

in the energy price index in EU countries, and we compute the changes in manufacturing exports in

the EU. Overall, we estimate that the direct effect of the hike in EU energy prices leads to a 6.8 percent

drop in manufacturing exports across the EU, with effects higher in the EU countries that export more

15 In the main results we use the energy price differentials (i.e., column (4) in Tables 4 and 5) as the benchmark. Our results
remain robust if we use energy price levels (i.e., column (2)).
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energy-intensive goods.

If we combine the direct effect and indirect effect of energy prices, assuming that countries do not have

the ability to substitute the now-more-expensive intermediate goods (i.e., short run aggregate effects),

the effect of the energy price increase grows significantly to 15 percent. With such a huge increase in

energy prices, we expect firms to react by reducing their reliance on expensive intermediate goods in

their production where possible. With this in mind, we compute the long-run, aggregate impact (by

combing with our regression results for intermediate goods). Here we find that the aggregate negative

impact on manufacturing exports drops to about 11.5 percent.

Instead of simulating an increase in the energy price index, we next simulate an increase in electricity and

natural gas prices only. We report these simulation results in Table 8. This simulation shows a slightly

larger direct effect (9 percent instead of 7 perent) and a larger aggregate effect in the long-run (17.2

percent instead of 11.5 percent). It is not entirely surprising that this simulation yields a much higher

predicted effect on exports because the simulated changes in electricity prices (a 68 percent increase)

and gas prices (a 87 percent increase) are much higher than the change in the energy price index (an

increase of 33 percent). This result also potentially yields an overestimate because we do not allow any

inter-fuel substitution (as there has not been any significant changes in coal and oil prices).

Our simulation results yield two important implications. First, we find that the impact of intermediate

goods is economically significant. Even after taking into account the substitutability of intermediate

goods, the indirect impact of energy prices on exports via increased costs of intermediate goods is ev-

ident. Second, to understand the impact of intermediate goods, it is important to model how supply

chains are organized, and to have a picture of the elasticity of substitution of intermediate goods follow-

ing changes in domestic or international prices. Failure to model this may yield an overestimate of such

indirect effects.

6 Conclusion

Differences in production costs around the world are often found to be a source of comparative ad-

vantage in international trade. The same argument also applies to differences in costs of components

and the extent that industries rely upon these components in their production process. In this paper,

we demonstrate the importance of indirect cost channels for comparative advantage by demonstrating

how both direct and indirect energy costs can have significant effects on trade patterns. Indirect costs
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are particularly important for energy costs because energy is an essential input to many manufacturing

sectors that supply components, both domestically and internationally.

Our paper uses a Rajan-Zingales-style difference-in-differences approach to study the effect of direct

and indirect energy costs. Specifically, we examine whether industries with higher direct and indirect

energy intensities would have lower exports from countries with higher energy prices. We compute

indirect energy costs by using highly disaggregated input-output data from the US, and we apply this

to all industries in the world assuming no factor intensity reversals. Our results show that both direct

and indirect energy costs can explain the composition of trade around the world, conditional on other

sources of comparative advantage, such as institutional quality and skilled labor abundance. Our results

are robust to using data for different years and to the various measures of energy costs we use.

We repeat our analysis on a sample of intermediate goods to see if energy prices directly affect what

kind of intermediate goods that firms decide to import. We find that higher energy prices lead to a

reduction in imports of energy-intensive intermediate goods. Taking both of our results together, we

simulate the direct and aggregate impacts following the observed energy price increase from 2004 to

2012 in the EU relative to non-EU countries. We find that this increase led to a 6.8 percent reduction in

exports in the EU; this is the case if we take into account only the direct cost of energy. By contrast, this

number rises to 15 percent if we take into account the indirect effects of energy prices on the pattern of

trade via the intermediate goods channel. If we allow firms in the EU to substitute their more expensive

intermediate goods, this aggregate effect declines to 11.5 percent, but is still significantly higher than the

effect predicted through the direct effect only.

Using a reduced-form approach, our paper demonstrates that the indirect effects of energy prices can be

of high economic significance. Though we focus on the impact of energy prices, our qualitative results

may also hold for other costs that affect trade patterns – such as labor costs. Our paper underscores the

importance of taking into account the indirect costs when calculating sources of comparative advantage.

At the same time, our approach likely captures only a lower bound of one indirect cost channel. We

believe that future work can take a more structural approach in modeling how and when industries

substitute their inputs, and the implications for comparative advantage. Such work has the potential to

lead to better understanding of how these indirect cost channels affect international trade.
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Figures

Figure 1: Energy use in the United States manufacturing, by stages of production, 2002

(a) Electricity prices (b) Natural gas prices

Figure 2: Energy prices in European countries
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(a) Electricity prices (b) Natural gas prices

Figure 3: Differences in energy prices between non-EU and EU countries

Figure 4: Differences in energy intensity of exports between non-EU and EU countries
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(a) Direct energy costs (b) Direct and indirect energy costs

Figure 5: Plot of coefficients giving effect of direct and indirect energy intensity interacted with EU
status on the pattern of trade by year
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Tables

Table 1: Results - Energy price index

(1) (2) (3) (4)

Energy price indexi × Direct energy intensityk -0.767∗∗∗ -0.613∗∗∗ -0.707***

(0.136) (0.150) (0.154)

Energy price indexi × Indirect energy intensityk -0.360∗∗∗ -0.232**

(0.134) (0.112)

Energy price indexi × Aggregate energy intensityk -0.813∗∗∗

(0.136)

Skill abundancei × Skill intensityk 0.393∗∗∗ 0.400∗∗∗ 0.396∗∗∗ 0.348∗∗∗

(0.055) (0.055) (0.055) (0.076)

Capital abundancei × Capital intensityk 0.559∗∗∗ 0.587∗∗∗ 0.607∗∗∗ 0.271

(0.166) (0.166) (0.166) (0.179)

Exporter Fixed Effects Yes Yes Yes No

Industry Fixed Effects Yes Yes Yes Yes

Exporter-by-Sector Fixed Effects No No No Yes

Observations 7915 7915 7915 7908

Adjusted R2 0.719 0.719 0.719 0.781

Note: The dependent variable is log of aggregate exports from country i in industry k. Robust standard errors are
reported in the parentheses. ∗,∗∗, and ∗∗∗ indicated statistical significance level at 90%, 95% and 99% respectively.
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Table 2: Results - Electricity and gas prices

(1) (2) (3) (4)

Electricity pricei × Direct electricity intensityk -0.130 -0.085 -0.141

(0.091) (0.096) (0.092)

Natural gas pricei × Direct gas intensityk -0.229∗∗∗ -0.167∗∗∗ -0.174∗∗∗

(0.055) (0.054) (0.053)

Electricity pricei × Indirect electricity intensityk -0.134 -0.022

(0.084) (0.090)

Natural gas pricei × Indirect gas intensityk -0.131∗∗∗ -0.106∗∗

(0.037) (0.043)

Electricity pricei × Aggregate electricity intensityk -0.174∗

(0.090)

Natural gas pricei × Aggregate gas intensityk -0.256∗∗∗

(0.045)

Skill abundancei × Skill intensityk 0.281∗∗∗ 0.285∗∗∗ 0.284∗∗∗ 0.194∗∗∗

(0.047) (0.047) (0.047) (0.064)

Capital abundancei × Capital intensityk 0.357∗∗∗ 0.411∗∗∗ 0.409∗∗∗ -0.054

(0.133) (0.135) (0.136) (0.141)

Exporter Fixed Effects Yes Yes Yes No

Industry Fixed Effects Yes Yes Yes Yes

Exporter-by-Sector Fixed Effects No No No Yes

Observations 9871 9871 9871 9859

Adjusted R2 0.713 0.714 0.714 0.774

Note: The dependent variable is log of aggregate exports from country i in industry k. Robust standard errors are
reported in the parentheses. ∗,∗∗, and ∗∗∗ indicated statistical significance level at 90%, 95% and 99% respectively.
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Table 4: Results for intermediate goods – Energy price index

(1) (2) (3) (4)

Energy price indexj × Energy intensityl -1.371∗∗∗ -1.403∗∗∗

(0.067) (0.067)

Capital abundancej × Capital intensityl 0.088∗∗

(0.039)

Skill abundancej × Skill intensityl 0.452∗∗∗

(0.025)

Energy price index differentialij × Energy intensityl 0.080∗∗∗ 0.082∗∗∗

(0.009) (0.011)

Capital abundance differentialij × Capital intensityl -0.012

(0.015)

Skill abundance differentialij × Skill intensityl -0.177∗∗∗

(0.022)

Observations 404028 404028 263088 263088

Adjusted R2 0.634 0.638 0.587 0.589

Exporter-Importer Fixed Effects Yes Yes Yes Yes

Industry Pair Fixed Effects Yes Yes Yes Yes

Note: The dependent variable is log of intermediate goods imported from country i industry k, originated from country
j and industry l. In columns (1) and (2), standard errors are clustered at the country j by industry l; in columns (3) and
(4), standard errors are clustered at the country pair ij by industry l. All coefficients are standardized. All differentials
in this regression are computed as the price/endowment of importing country minus that of the exporting country
(i.e., producers of the intermediate goods). ∗,∗∗, and ∗∗∗ indicated statistical significance level at 90%, 95% and 99%
respectively.

37



Table 5: Results for intermediate goods – Electricity and gas prices

(1) (2) (3) (4)

Electricity pricej × Electricity intensityl -0.829∗∗∗ -0.895∗∗∗

(0.051) (0.052)

Natural Gas pricej × Natural Gas intensityl -0.370∗∗∗ -0.433∗∗∗

(0.023) (0.020)

Capital abundancej × Capital intensityl 0.450∗∗∗

(0.056)

Skill abundancej × Skill intensityl 0.477∗∗∗

(0.020)

Electricity price differentialij × Electricity intensityl 0.095∗∗∗ 0.102∗∗∗

(0.007) (0.007)

Natural gas price differentialij × Natural gas intensityl 0.040∗∗∗ 0.047∗∗∗

(0.006) (0.007)

Capital abundance differentialij × Capital intensityl -0.052∗∗∗

(0.013)

Skill abundance differentialij × Skill intensityl -0.187∗∗∗

(0.016)

Observations 459756 459756 342144 342144

Adjusted R2 0.638 0.643 0.602 0.605

Exporter-Importer Fixed Effects Yes Yes Yes Yes

Industry Pair Fixed Effects Yes Yes Yes Yes

Note: The dependent variable is log of intermediate goods imported from country i industry k, originated from country j
and industry l. In columns (1) and (2), standard errors are clustered at the country j by industry l; in columns (3) and (4),
standard errors are clustered at the country pair ij by industry l. All coefficients are standardized. All differentials in this
regression are computed as the price/endowment of importing country minus that of the exporting country (i.e., producers
of the intermediate goods). ∗,∗∗, and ∗∗∗ indicated statistical significance level at 90%, 95% and 99% respectively.
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Table 7: Simulated impact of an increase in energy prices in EU – energy price index

Country Direct Aggregate SR Aggregate LR

Belgium 9.48% 21.54% 16.86%

Croatia 6.25% 14.08% 12.34%

Czech Republic 4.46% 9.24% 8.51%

Denmark 5.12% 11.79% 10.39%

Finland 11.84% 25.36% 16.68%

France 5.90% 12.09% 9.76%

Germany 5.23% 10.68% 8.92%

Greece 13.71% 36.83% 18.43%

Hungary 4.47% 10.05% 8.69%

Italy 6.27% 12.85% 9.86%

Netherlands 10.99% 28.77% 17.11%

Poland 5.83% 11.65% 10.45%

Portugal 6.71% 13.77% 11.35%

Romania 5.39% 10.65% 9.41%

Slovakia 6.06% 13.57% 12.78%

Sweden 8.48% 19.16% 17.26%

United Kingdom 7.32% 17.01% 12.14%

EU Total 6.77% 14.99% 11.46%

Note: The simulation is based on a simulated 33% increase in energy
price index in EU, based on estimations in Tables 1 and 4.The per-
centages show the decrease in exports due to the increase in energy
price, based on the observed 2012 value and trading relationships. ‘Di-
rect’ shows the direct impact of energy price on exports; ‘Aggregate SR’
shows the aggregate (direct plus indirect) impact of energy price on ex-
ports; ‘Aggregate LR’ shows the aggregate impact, after adjusting for
the potential substitution of intermediate goods.

.
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Table 8: Simulated impact of an increase in energy prices in EU – electricity and gas prices

Country Direct Aggregate SR Aggregate LR

Belgium 12.78% 55.04% 24.83%

Croatia 7.32% 36.20% 27.06%

Czech Republic 4.69% 18.26% 15.30%

Denmark 7.89% 32.56% 23.07%

Estonia 7.10% 32.94% 15.84%

Finland 13.56% 60.64% 17.27%

France 7.66% 27.58% 14.88%

Germany 6.25% 22.91% 13.41%

Greece 19.09% 111.37% 20.42%

Hungary 5.86% 23.80% 14.61%

Ireland 12.79% 48.48% 16.46%

Italy 7.54% 29.25% 12.16%

Lithuania 20.01% 130.29% 64.16%

Netherlands 16.78% 85.53% 20.77%

Poland 6.67% 24.54% 18.20%

Portugal 8.85% 33.21% 24.28%

Romania 5.48% 20.53% 13.47%

Slovakia 6.94% 31.89% 26.13%

Slovenia 7.83% 30.76% 19.93%

Spain 10.18% 38.74% 17.54%

Sweden 10.11% 47.87% 36.17%

United Kingdom 9.36% 45.12% 15.78%

EU Total 8.94% 37.75% 17.20%

Note: The simulation is based on a simulated 68% increase in electric-
ity price as well as a simulated 87% increase in natural gas price in
EU, based on estimations in Tables 2 and 5. The percentages show the
decrease in exports due to the increase in energy price, based on the
observed 2012 value and trading relationships. ‘Direct’ shows the direct
impact of energy price on exports; ‘Aggregate SR’ shows the aggregate
(direct plus indirect) impact of energy price on exports; ‘Aggregate LR’
shows the aggregate impact, after adjusting for the potential substitution
of intermediate goods.

41



Online Appendices

A Data Appendix

Table A.1: Electricity and natural gas intensities for the most and least energy intensive industries

IO industry code Industry title Electricity Natural Gas

Direct + Indirect Direct + Indirect

Least energy intensive industries
311930 Flavoring syrup and concentrate manufacturing 0.004 0.030 0.002 0.014

334111 Electronic computer manufacturing 0.003 0.019 0.001 0.010

3122A0 Tobacco product manufacturing 0.003 0.004 0.002 0.002

333611 Turbine and turbine generator set units manufacturing 0.004 0.013 0.001 0.007

325620 Toilet preparation manufacturing 0.006 0.011 0.009 0.012

334510 Electromedical and electrotherapeutic apparatus manufacturing 0.009 0.009 0.002 0.002

334517 Irradiation apparatus manufacturing 0.008 0.008 0.001 0.001

315230 Women’s and girls’ cut and sew apparel manufacturing 0.008 0.010 0.020 0.022

334516 Analytical laboratory instrument manufacturing 0.011 0.014 0.003 0.004

334210 Telephone apparatus manufacturing 0.005 0.011 0.007 0.010

Most energy intensive industries
327211 Flat glass manufacturing 0.074 0.086 0.126 0.131

322130 Paperboard mills 0.108 0.206 0.123 0.190

331110 Iron and steel mills and ferroalloy manufacturing 0.145 0.417 0.092 0.230

324110 Petroleum refineries 0.092 0.702 0.214 0.797

311221 Wet Corn Milling 0.315 0.351 0.462 0.489

325120 Industrial gas manufacturing 0.327 0.360 0.035 0.054

3274A0 Lime and gypsum product manufacturing 0.084 0.098 0.155 0.164

327310 Cement manufacturing 0.160 0.180 0.117 0.132

325110 Petrochemical manufacturing 0.069 0.207 0.304 0.410

33131A Alumina refining and primary aluminum production 0.559 0.700 0.098 0.153

Table includes the 10 most and least energy intensive industries, based on the cost of electricity and fuels as a share of value added.

Electricity and natural gas intensities are defined as expenditure as a share of value added calculated from the U.S. BEA IO Tables.
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Table A.2: Summary statistics

Variable Unit Obs. Mean Std. Dev. Min Max

(a) Variables at exporter-industry-year level

Exportsijk Billions US dollars 9,871 0.87 3.84 0.00 141.46

(b) Variables at exporter-level

Energy Price Indexi Index 32 805.95 273.59 252.22 1724.94

Electricity Pricei US dollars 40 115.49 43.01 31.98 270.05

Natural Gas Pricei US dollars 40 35.28 15.67 2.56 66.19

Skill Abundancei Index 40 3.12 0.46 2.01 3.72

Capital Abundancei US dollars per worker 40 267610.00 144063.10 23603.43 540278.00

TFPi Level at PPP (US = 1) 39 0.72 0.20 0.38 1.34

Incomepci US dollars per capita 39 26621.00 19923.40 1449.67 83208.69

Labour Flexi Index 37 63.35 19.64 28.00 97.00

Rule of Lawi Index 40 0.79 0.84 -0.82 1.95

Financial Developmenti % 39 53.29 37.90 5.20 169.92

(c) Variables at industry level

Direct Energy Intensityk Exp Share 249 0.04 0.06 0.00 0.52

Direct Electricity Intensityk Share 249 0.04 0.05 0.00 0.56

Direct Natural Gas Intensityk Share 249 0.02 0.05 0.00 0.46

Skill Intensityk Share 249 0.41 0.14 0.14 0.81

Capital Abundancei Exp Share 249 0.06 0.03 0.01 0.28

TFP Growthk Share 249 0.01 0.08 -0.28 0.36

Value Addedk Exp Share 249 0.52 0.12 0.14 0.87

Contract Intensityk Share 249 0.53 0.22 0.02 0.98

Ext Financial Depk Exp Share 249 0.14 1.59 -1.86 5.47

Notes: Exports and exporter-level variables summarized in table are for the year 2012. Exp share refers to expenditure share.
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Table A.3: Electricity and natural gas prices for OECD and non-OECD countries in sample

OECD Electricity Price Natural Gas Price non-OECD Electricity Price Natural Gas Price

Belgium 133 38 Bulgaria 82 34

Canada 71 15 Brazil 173 30

Colombia 118 15 Croatia 115 41

Czech Republic 150 47 India 102 6

Denmark 114 66 Indonesia 72 22

Estonia 92 36 Malaysia 89 16

Finland 101 41 Philippines 148 34

France 111 43 Romania 117 23

Germany 143 48 Russia 50 9

Greece 118 47 Saudi Arabia 32 3

Hungary 144 45 Thailand 74 27

Ireland 151 40 Vietnam 60 12

Italy 270 45

Japan 171 58

Lithuania 132 37

Netherlands 124 38

New Zealand 71 21

Poland 120 39

Portugal 129 44

Slovakia 179 46

Slovenia 127 53

South Korea 60 51

Spain 127 36

Sweden 94 57

Switzerland 113 63

Turkey 143 37

United Kingdom 128 31

United States 68 17

Notes: Table shows the electricity and natural gas price data we use when we explicitly model their effects on the pattern of
trade using export data for the year 2012. The variables are in US dollars per MWh and are the average prices observed over
the period between 2009 to 2011 for each country.
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Dependent Variable

Log of exports from country i to country j in billion US dollars. Data are from the UN COMTRADE

Database, reported at 6-digit Harmonized Commodity Description and Coding System (HS) level. Us-

ing the concordance provided by Pierce and Schott (2012), we convert the trade data to the NAICS level.

We then aggregate the data to the Bureau of Economic Analysis (BEA) benchmark input-output (IO)

accounts level using the concordance provided by the BEA. We use trade data from 2012 in the cross

section analysis. We use the trade values reported by importers, which are usually regarded as more

reliable as duties are often imposed on imports.

Explanatory Variables

(i) Country level variables

EnergyPriceIndexi Log of energy price index from Sato et al. (2019) defined as a weighted average real

energy price for all fuels (electricity, natural gas, coal and oil). We use the energy price index for the

aggregate manufacturing sector level, where weights are the consumption of each fuel type in the man-

ufacturing sector in each country. We use the variable weight index that allows for cross-country level

comparisons.

ElectricityPricei Log of total (after tax) end-use electricity prices for industry consumers in US dollars per

MWh from the International Energy Agency energy prices and taxes database. For non-OECD countries

the IEA industrial data are supplemented with data from various national official government reports.

Energy prices from government reports are reported in current prices denominated in local currencies.

We convert local currencies into U.S. dollars using exchange rates reported by the World Bank.

NaturalGasPricei Log of total (after tax) end-use natural gas prices for industry consumers in US dol-

lars per MWh from the International Energy Agency energy prices and taxes database. For non-OECD

countries the IEA industrial data are supplemented with data from various national official government

reports. We convert local currencies into U.S. dollars using exchange rates reported by the World Bank.

SkillAbundancei Log of human capital index, based on years of schooling and returns to education.

From the Penn World Tables (Feenstra and Timmer (2015)).

CapitalAbundancei Log of physical capital stock at current PPPs (in millions of US dollars) per worker

(in millions). From the Penn World Tables (Feenstra and Timmer (2015)).

TFPi Total factor productivity level at current PPPs (U.S. = 1) from the Penn World Tables (Feenstra and

Timmer (2015)).

Incomepercapitai Log GDP per capita in U.S. dollars. from the World Bank national accounts data.

LaborFlexi 100-point integer scale indicating labor market flexibility taken from Table 1 in Cunat and
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Melitz (2012).

Ruleo f Lawi Indicator for rule of law taken from the World Governance Indicators, measuring the extent

to which agents have confidence in and abide by the rules of society.

FinancialDevelopmenti The ratio of stock market capitalisation to GDP from the World Bank Global Fi-

nancial Development Database.

Petroleumi Petroleum reserves per worker from the U.S. Energy Information Administration.

Coali Coal reserves per worker from the World Energy Council 2004 Survey of energy resources.

(ii) Industry level variables

AggEnergyIntensityk The cost of electricity and fuels as a share of the total value added. Calculated

using data from the U.S. NBER-CES Manufacturing Industry Database (Bartelsman and Gray (1996),

updated to 2011).

ElectricityIntensityk Purchase value (in producer prices) in the electric power generation, transmission

and distribution industry as a share of value added. Calculated using data from the 2002 U.S. BEA Input

Output tables.

NaturalGasIntensityk Purchase value (in producer prices) in the natural gas distribution industry as a

share of value added. Calculated using data from the 2002 U.S. BEA Input Output tables.

Skill Intensityk One minus production worker wages as a share of total wages in 2002. Calculated using

data from the U.S. NBER-CES Manufacturing Industry Database (Bartelsman and Gray (1996), updated

to 2011).

Capital Intensityk Total capital expenditure as a share of value added in 2002. Calculated using data

from the U.S. NBER-CES Manufacturing Industry Database (Bartelsman and Gray (1996), updated to

2011).

TFPGrowthk 5-factor TFP annual growth rate in 2002 from the U.S. NBER-CES Manufacturing Industry

Database (Bartelsman and Gray (1996), updated to 2011)

ValueAddedk Total capital expenditure as a share of value added in 2002. Calculated using data from the

U.S. NBER-CES Manufacturing Industry Database (Bartelsman and Gray (1996), updated to 2011).

ContractIntensityk Importance of relationship-specific investments from Nunn (2007).

ExtFinancialDepk External finance dependence of industry from Manova (2013).
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B Additional Tables
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Table B.1: Results - EU Interactions

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

Year 2002 2005 2008 2011 2013

Panel A: Direct energy intensity only

EUi × Direct energy intensityk -0.941 -1.366∗ -1.965∗∗∗ -2.577∗∗∗ -2.955∗∗∗

(0.768) (0.730) (0.748) (0.728) (0.734)

Physical and human capital interactions Yes Yes Yes Yes Yes

Exporter fixed effects Yes Yes Yes Yes Yes

Industry fixed effects Yes Yes Yes Yes Yes

Observations 14298 14313 14379 14366 14308

Adjusted R2 0.730 0.738 0.746 0.744 0.741

Panel B: Direct and indirect intensities

EUi × Direct energy intensityk -0.160 -0.569 -1.267 -2.066∗∗∗ -2.238∗∗∗

(0.809) (0.763) (0.786) (0.764) (0.773)

EUi × Indirect energy intensityk -1.626∗∗∗ -1.650∗∗∗ -1.458∗∗∗ -1.080∗∗∗ -1.487∗∗∗

(0.430) (0.445) (0.431) (0.446) (0.442)

Physical and human capital interactions Yes Yes Yes Yes Yes

Exporter fixed effects Yes Yes Yes Yes Yes

Industry fixed effects Yes Yes Yes Yes Yes

Observations 14298 14313 14379 14366 14308

Adjusted R2 0.730 0.738 0.747 0.744 0.741

Note: In Panels A and B, the dependent variable is log of aggregate exports from country i in industry k. EU is
a dummy variable that takes the value of one if it is one of the EU-28 (including the United Kingdom) countries,
zero otherwise. We have excluded Switzerland in all specifications. Robust standard errors are reported in the
parentheses. ∗,∗∗, and ∗∗∗ indicated statistical significance level at 90%, 95% and 99% respectively.
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Table B.2: Robustness tests: Omitted variable bias

(1) (2) (3) (4)

Energy price indexi × Direct energy intensityk -0.751∗∗∗ -0.621∗∗∗

(0.136) (0.151)

Energy price indexi × Indirect energy intensityk -0.312∗∗

(0.135)

Electricity pricei × Direct electricity intensityk -0.149 -0.093

(0.092) (0.096)

Natural gas pricei × Direct natural gas intensityk -0.244∗∗∗ -0.180∗∗∗

(0.059) (0.058)

Electricity pricei × Indirect electricity intensityk -0.163∗∗

(0.081)

Natural gas pricei × Indirect natural gas intensityk -0.135∗∗∗

(0.038)

Skill abundancei × Skill intensityk 0.349∗∗∗ 0.356∗∗∗ 0.113∗∗ 0.122∗∗

(0.071) (0.071) (0.056) (0.056)

Capital abundancei × Capital intensityk 0.588∗∗∗ 0.623∗∗∗ 0.438∗∗∗ 0.477∗∗∗

(0.169) (0.169) (0.143) (0.141)

TFP i × TFP growthk -0.004 -0.005 0.050∗∗ 0.051∗∗

(0.027) (0.027) (0.021) (0.021)

Income per capita i × Value addedk 0.148 0.130 0.054 0.035

(0.092) (0.092) (0.085) (0.086)

Labor market flexibility i × Skill intensityk 0.016 0.014 0.180∗∗∗ 0.179∗∗∗

(0.038) (0.038) (0.029) (0.029)

Rule of law i × Contract intensityk 0.015 0.014 0.055∗∗∗ 0.051∗∗

(0.023) (0.023) (0.021) (0.021)

Financial development i × External financial dependencek 0.055∗∗∗ 0.053∗∗∗ 0.054∗∗∗ 0.052∗∗∗

(0.010) (0.010) (0.009) (0.010)

Exporter Fixed Effects Yes Yes Yes Yes

Industry Fixed Effects Yes Yes Yes Yes

Observations 7176 7176 6930 6930

Adjusted R2 0.712 0.712 0.712 0.712

Note: The dependent variable is log of aggregate exports from country i in industry k. All coefficients are standardized.
Robust standard errors are reported in the parentheses. ∗,∗∗, and ∗∗∗ indicated statistical significance level at 90%, 95% and 99%
respectively.
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Table B.3: Robustness tests: Reverse causality – energy price index

(1) (2) (3) (4)

Energy Price Indexi × Direct Energy Intensityk -0.883∗∗∗ -0.714∗∗∗ -0.768∗∗∗

(0.145) (0.159) (0.168)

Energy Price Indexi × Indirect Energy Intensityk -0.403∗∗∗ -0.309∗∗∗

(0.149) (0.118)

Energy Price Indexi × Aggregate Energy Intensityk -0.929∗∗∗

(0.152)

Skill abundancei × Skill intensityk 0.364∗∗∗ 0.374∗∗∗ 0.368∗∗∗ 0.332∗∗∗

(0.056) (0.056) (0.056) (0.078)

Capital abundancei × Capital intensityk 0.604∗∗∗ 0.636∗∗∗ 0.661∗∗∗ 0.312∗

(0.169) (0.169) (0.168) (0.182)

Exporter Fixed Effects Yes Yes Yes No

Industry Fixed Effects Yes Yes Yes Yes

Exporter-by-Sector Fixed Effects No No No Yes

Observations 7665 7665 7665 7658

Adjusted R2 0.708 0.709 0.709 0.772

Note: The dependent variable is log of aggregate exports from country i in industry k. All coefficients are standardized.
All exports from the US are excluded from the sample. Robust standard errors are reported in the parentheses. ∗,∗∗, and
∗∗∗ indicated statistical significance level at 90%, 95% and 99% respectively.
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Table B.4: Robustness tests: Reverse causality – electricity and natural gas prices

(1) (2) (3) (4)

Electricity pricei × Direct electricity intensityk -0.150 -0.100 -0.151

(0.095) (0.099) (0.095)

Natural gas pricei × Direct gas intensityk -0.233∗∗∗ -0.170∗∗∗ -0.174∗∗∗

(0.056) (0.055) 0.055

Electricity pricei × Indirect electricity intensityk -0.149∗ -0.047

(0.085) 0.090

Natural gas pricei × Indirect gas intensityk -0.133∗∗∗ -0.109∗∗

(0.038) (0.044)

Electricity pricei × Aggregate electricity intensityk -0.199∗∗

(0.092)

Natural gas pricei × Aggregate gas intensityk -0.260∗∗∗

(0.046)

Skill abundancei × Skill intensityk 0.257∗∗∗ 0.261∗∗∗ 0.261∗∗∗ 0.179∗∗∗

(0.049) (0.048) (0.048) (0.050)

Capital abundancei × Capital intensityk 0.362∗∗∗ 0.421∗∗∗ 0.419∗∗∗ -0.045

(0.134) (0.137) (0.137) (0.141)

Exporter Fixed Effects Yes Yes Yes No

Industry Fixed Effects Yes Yes Yes Yes

Exporter-by-Sector Fixed Effects No No No Yes

Observations 9621 9621 9621 9609

Adjusted R2 0.704 0.705 0.705 0.766

Note: The dependent variable is log of aggregate exports from country i in industry k. All coefficients are standardized.
All exports from the US are excluded from the sample. Robust standard errors are reported in the parentheses. ∗,∗∗, and
∗∗∗ indicated statistical significance level at 90%, 95% and 99% respectively.
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Table B.5: Robustness tests: Reverse casuality for intermediate goods – Energy price index

(1) (2) (3) (4)

Energy price indexj × Energy intensityl -0.979∗∗∗ -1.181∗∗∗

(0.089) (0.082)

Capital abundancej × Capital intensityl 0.415∗∗∗

(0.049)

Skill abundancej × Skill intensityl 0.376∗∗∗

(0.025)

Energy price index differentialij × Energy intensityl 0.075∗∗∗ 0.089∗∗∗

(0.008) (0.009)

Capital abundance differentialij × Capital intensityl -0.066∗∗∗

(0.014)

Skill abundance differentialij × Skill intensityl -0.166∗∗∗

(0.020)

Observations 408240 408240 281880 281880

Adjusted R2 0.631 0.634 0.591 0.593

Exporter-Importer Fixed Effects Yes Yes Yes Yes

Industry Pair Fixed Effects Yes Yes Yes Yes

Note: The dependent variable is log of intermediate goods imported from country i industry k, originated from country
j and industry l. In columns (1) and (2), standard errors are clustered at the country j by industry l; in columns (3) and
(4), standard errors are clustered at the country pair ij by industry l. All coefficients are standardized. All intermediate
goods flow from or to the US are excluded from the sample. All differentials in this regression are computed as the
price/endowment of importing country minus that of the exporting country (i.e., producers of the intermediate goods).
∗,∗∗, and ∗∗∗ indicated statistical significance level at 90%, 95% and 99% respectively.
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Table B.6: Robustness tests: Reverse casuality for intermediate goods – Electricity and gas prices

(1) (2) (3) (4)

Electricity pricej × Electricity intensityl -0.861∗∗∗ -0.910∗∗∗

(0.053) (0.055)

Natural gas pricej × Natural gas intensityl -0.439∗∗∗ -0.585∗∗∗

(0.033) (0.033)

Capital abundancej × Capital intensityl 0.633∗∗∗

(0.060)

Skill abundancej × Skill intensityl 0.414∗∗∗

(0.025)

Electricity price differentialij × Electricity intensityl 0.092∗∗∗ 0.097∗∗∗

(0.007) (0.007)

Natural gas price differentialij × Natural gas intensityl 0.044∗∗∗ 0.059∗∗∗

(0.007) (0.008)

Capital abundance differentialij × Capital intensityl -0.081∗∗∗

(0.014)

Skill abundance differentialij × Skill intensityl -0.175∗∗∗

(0.015)

Observations 449064 449064 342144 342144

Adjusted R2 0.640 0.644 0.607 0.610

Exporter-Importer Fixed Effects Yes Yes Yes Yes

Industry Pair Fixed Effects Yes Yes Yes Yes

Note: The dependent variable is log of intermediate goods imported from country i industry k, originated from country j and
industry l. In columns (1) and (2), standard errors are clustered at the country j by industry l; in columns (3) and (4), standard
errors are clustered at the country pair ij by industry l. All coefficients are standardized. All intermediate goods flow from
or to the US are excluded from the sample. All differentials in this regression are computed as the price/endowment of
importing country minus that of the exporting country (i.e., producers of the intermediate goods). ∗,∗∗, and ∗∗∗ indicated
statistical significance level at 90%, 95% and 99% respectively.
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