
 
 

Energy Intensity: 

Deindustrialization, Composition, Prices, and Policies in U.S. States 

 

Arik Levinson 

Arik.Levinson@georgetown.edu  

Georgetown University and NBER 

March 1, 2021 

 

Abstract 

This paper uses the historical experience of U.S. states to examine the reasons why energy 

intensity has declined in some places more than in others. In aggregate, U.S. energy per dollar of 

GDP declined 34 percent between 1997 and 2018, but across states the decline varied from 9 

percent in Iowa to 52 percent in Washington State. I show that none of this variation is explained 

by either deindustrialization or the changing composition of states’ industrial sectors. Although 

some U.S. state policies are significantly correlated with these changes, they are not correlated in 

a way that explains the changing overall state energy intensities. Energy intensity declines do not 

appear to be a result of leakage to other states or countries and have not been associated with 

slower economic growth. 
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Energy Intensity:  

Deindustrialization, Composition, Prices, and Policies in U.S. States 

 

1. Introduction 

Energy consumption per dollar of gross domestic product (GDP)—energy intensity—

declined worldwide by 58 percent between 1990 and 2014.1 But that global average masks 

tremendous differences. In more than one-sixth of the world’s countries, energy intensity 

increased. To reduce global greenhouse gas emissions without slowing economic growth, we 

must understand how some jurisdictions have been able to reduce their economies’ energy 

intensities.  

Among the possible explanations for declining energy intensities, two stand out as 

worrisome. The first is deindustrialization. If industrial sectors shrink as a share of output in 

some locales but grow in others, local energy intensities will change, but aggregate, global 

energy intensity may not. The second is industrial composition. Even if industry’s share of 

output doesn’t change, if the composition of industrial sectors shifts toward less energy-intensive 

industries in some locales and toward more energy-intensive industries in others, local industrial 

energy intensities will change, but global industrial energy intensity may not. In the language of 

climate policy, these two worrisome explanations—deindustrialization and composition 

changes—represent “leakage.” Carbon emissions would shift with industrial activity among 

jurisdictions, with no change in aggregate emissions or benefit to the planet. 

 I use the experience of U.S. states to examine whether deindustrialization or industrial 

composition explains declining energy intensity. Studying states offers several advantages. First, 

                                                            
1 Calculations using data.worldbank.org .  
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the variation in energy intensity across U.S. states has been similar to that across countries. Total 

U.S. energy intensity fell 34 percent from 1997 to 2018, ranging from 9 percent in Iowa to 52 

percent in Washington State. Figure 1 plots that variation. Also, some states—notably 

California—have been held up as models of energy and environmental policy for the rest of the 

world by international organizations, such as the World Bank. Moreover, in the United States, 

industry composition can be studied using uniform industry definitions. And finally, some U.S. 

states are large. If California, Texas, New York, and Florida were independent countries, they 

would rank among the world’s 20 largest economies. What happens in these U.S. states matters 

for the climate across the globe. 

 I ask three questions, in increasing order of difficulty. First, how much of the change in 

states’ energy intensities can be explained by deindustrialization—that is, changes in the 

industrial share of states’ economies? The industrial share is critical because manufacturers can 

easily relocate to avoid strict regulations. It is more difficult or even impossible to relocate other 

energy-using sectors, such as commerce, residences, transport, and electricity generation. The 

short answer to this first question is clear: almost none of the changes in states’ energy intensities 

involve deindustrialization.  

 That answer raises the second question. Energy intensity has fallen within the industrial 

sector itself. How much of that decline can be explained by that sector’s composition—that is, 

changes in the shares of particularly energy-intensive industries within the overall industrial 

sector? The answer: even less than none. If anything, U.S. and state industrial compositions have 

shifted toward more energy-intensive industries, even while industrial energy intensity has 

declined.  



4 
 

So neither deindustrialization nor composition explains declining U.S. energy intensity, 

which means one of two things. Either specific industries are using more energy-efficient 

processes, or the composition of specific industries has shifted toward less energy-intensive 

subindustries. The first would be called a “technique” effect and would not raise leakage 

concerns. The second would be a composition effect at a level of industry disaggregation finer 

than the data support and might represent leakage. Either way, the answers to the first two 

questions raise a third: might energy prices or policies account for the differences across states in 

their energy intensities, deindustrialization, or composition? Energy prices are associated with 

none of the state-level changes. A few measures of regulatory stringency do match state-level 

deindustrialization, but none are significantly correlated with composition changes.  

 Before detailing the analysis, it’s important to acknowledge just a few of the many papers 

that have already touched on these issues and to describe how this analysis differs from what has 

been done before. 

 

2. Prior Evidence and Literature: What We Know and What We Don’t  

Versions of the questions posed here have been asked in many ways. Most studies fall 

into one of four rough categories. They focus on comparisons across either countries or U.S. 

states, and they use either decomposition or convergence analyses. Decompositions explain the 

change in energy use as a function of underlying trends—population, income growth, industry 

composition, etc. Convergence analyses ask whether differences in energy use across countries 
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are growing or shrinking (“diverging” or “converging”). Below I outline some highlights 

relevant to this paper. 

 

International Analyses 

 Mulder and de Groot (2012) examine energy intensity for 18 countries in the 

Organisation for Economic Co-operation and Development (OECD). They document the decline 

in the standard deviation of the log of energy intensity across countries from 1980 to 2005. 

OECD countries’ energy intensities are converging. Moreover, most of that convergence is 

explained by the decline in the standard deviation of energy intensity across industries within the 

countries’ manufacturing sectors. That finding and others like it are one reason why in this paper 

I focus attention on industry. Marrero and Ramos-Real (2013) study 15 European countries using 

an approach similar to what I do here and arrive at a similar conclusion. Most of the decline in 

energy intensity comes within broad sectors (manufacturing, services) rather than across sectors.  

Some of the studies contradict one another, although it’s difficult to tell whether the 

conflicts arise from using different time periods, countries, sectors, or methods. Jakob et al. 

(2012) examine 15 countries and show that economic convergence—shrinking differences 

between rich and poor countries—has been accompanied by energy intensity convergence. Duro 

and Padilla (2011) expand the international analysis to 116 countries. Their results also support 

the conclusion that overall energy intensity differences across countries seem to be converging. 

By contrast, Kepplinger et al. (2013) focus on manufacturing and come to a slightly different 

conclusion. They note that countries with higher gross domestic product—industrialized 

countries—have industrial energy intensities that are both lower and falling faster than those of 

other countries. In other words, industrial energy intensity is diverging rather than converging. 
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 In this paper I examine the energy intensity of U.S. states, which enables me to study a 

larger set of jurisdictions, using a more consistently defined disaggregation among sectors than is 

typically possible internationally. I also worry less about convergence or divergence and simply 

describe the sources of each state’s energy intensity changes, then explore how those sources 

might be related to state energy prices and policies. 

 

U.S. State Analyses  

 Metcalf’s (2008) paper is closest in spirit to this one. He first documents that overall 

energy intensity in the United States declined steadily after 1970, and that only about one-fourth 

of the decline can be explained by shifting among the residential, commercial, industrial, and 

transport sectors. Most of the decline comes from reductions in energy intensity within sectors, 

which Metcalf calls efficiency. But if, say, the manufacturing sector shifts from producing more 

energy-intensive goods like cement to less energy-intensive products like electronics, calling that 

within-sector shift efficiency could be misconstrued. In this paper I study not only the shift 

between industrial and other sectors but also the shifts in the composition of industries that make 

up the industrial sector. Metcalf then conducts a state-by-state analysis to examine how much of 

the overall decline in energy intensity can be explained by state incomes or energy prices. I do 

the same but also consider a few measures of regulatory policy.2 

 Huntington (2010) presents an intermediate step between Metcalf’s paper and this one. 

He disaggregates U.S. economic activity into 65 subsectors, spread across commerce, industry, 

and transport. Almost 40 percent of the decline in U.S. energy intensity can be attributed to shifts 

among these sectors—54 percent if we eliminate transport. In this paper I disaggregate from the 

                                                            
2 See also van Benthem (2015) and Bernstein et al. (2003). 
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whole United States down to individual states, finding that almost no declining energy intensity 

can be explained by deindustrialization—the shrinking of industry relative to other sectors. 

 Other studies of U.S. states include Weber (2009), who shows that deindustrialization 

explains declining U.S. energy intensity more than energy efficiency. Baldwin and Sue Wing 

(2013) show that carbon emissions among U.S. states are converging, and Sue Wing (2008) 

shows that declining U.S. energy intensity was explained by deindustrialization before 1973, and 

by within-industry efficiency improvements after 1980.  

Instead of studying energy efficiency itself, Bhole and Surana (2011) take the interesting 

strategy of examining state expenditures on energy efficiency. They find that state electricity 

prices are positively correlated with state expenditures, suggesting that high prices may induce 

state governments to invest in efficiency. There could be other explanations: perhaps states with 

constituents inclined toward energy efficiency enact regulations that raise energy prices. But the 

question is very much in the spirit and style of what I ask here: what state policies are associated 

with energy intensity declines? 

 

3. Data 

 Because the approach I take is circumscribed by the data available, I start there. The 

industrial sector is defined by North American Industry Classification (NAICS) codes 11 

(agriculture), 21 (mining, oil and gas), 23 (construction), and 31–33 (manufacturing). I rely on 

three sources of data to describe changes to the energy intensity of these sectors and their 

components. 

Sector-specific contributions to gross domestic product (GDP), within and outside the 

industrial sector, come from the U.S. Department of Commerce, Bureau of Economic Analysis 
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(BEA).3 These data are available separately for each of the 19 sectors in Table 1 that compose 

the industrial sector, for each year and for each U.S. state. I start with 1997 because that is the 

first year the data were compiled using the NAICS system. Before that, the BEA used Standard 

Industrial Classification (SIC) codes, and the agency warns that “[u]sers of GDP by state are 

strongly cautioned against appending the two data series in an attempt to construct a single time 

series.”  

 Data on the total state-level energy use by the entirety of the industrial sector, the sum of 

all 19 sectors in Table 1, come from the U.S. Energy Information Administration (EIA) State 

Energy Data System (SEDS).4 Industrial activity accounts for a large but shrinking fraction of 

U.S. energy use: 40 percent in 1960, falling rapidly to 30 percent in 1985, and more slowly down 

to 25 percent today. 

Data on the total national energy use for each of the 18 manufacturing industries listed in 

Table 1, each row other than the top one, come from the EIA’s manufacturing Energy 

Consumption Survey (MECS).5 I use the 1998 MECS, as that is the closest to the beginning of 

the time period in 1997. And I subtract the sum of the energy reported in the 1998 MECS from 

the total industrial energy use reported in the 1998 SEDS to get energy produced by sectors 11, 

21, and 23, reported in the top row of Table 1. These are the nonmanufacturing industrial sectors. 

Dividing total energy by total contribution to GDP for 1998 yields the 19 industry-specific 

energy intensities listed in Table 1. 

References and links to all these data, along with those describing the prices and 

regulations used in Section 7 below, are provided in Appendix Table A3.  

                                                            
3 www.bea.gov/data/gdp/gdp-state, accessed 1/13/2021. 
4 www.eia.gov/state/seds/ , accessed 1/13/2021. 
5 www.eia.gov/consumption/manufacturing/, accessed 1/13/2021. 
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4. Decomposition Methodology 

 The standard method of decomposing changes in the use of a factor, in this case energy, 

relies on the following identity: 

where E is total energy, V is value added, and subscripts refer to sector (i), state (s), and year (t). 

Est is total energy use in state s in year t. The second part of equation (1) just represents that 

decomposition as the energy intensity of sector i in state s at time t (eist,), times the share of 

sector i in total value added (sist,), times total state value added (Vst), summed across all sectors.  

In equation (1) the first term (eist) represents the technique of production as the sector-

specific energy intensity. The second term (sist) shows the composition of output among sectors. 

And the third term (Vst) is the scale of output. In practice, all three components change over time. 

And ideally, any decomposition would account for all three. Simple decompositions, such as 

fixing two of the three terms on the right side of (1) and varying the third, suffer from two 

technical problems. First, they are sensitive to zeros—cases where sectors use no energy in some 

states and years. Second, they are sensitive to time reversals. Fixing two of the terms in 1997 and 

projecting energy use in 2018 would lead to a different decomposition than fixing the two terms 

in 2018 and asking what energy use would have been in 1997.  

These technical details can be solved—given appropriate data—using structural 

decompositions such as the “polar” or “Montgomery” decompositions described and referenced 

in Appendix A. Each has the appealing feature that it is robust to zeros and that the time periods 

can be reversed with no change in the decomposition. Each also relies on state-specific, industry-

specific energy use, which is not available in this application. 

𝐸 ≡
𝐸
𝑉

𝑉
𝑉

𝑉 𝑒 𝑠 𝑉  (1) 
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 Fortunately, discussions of energy intensity concern only energy use per dollar of value 

added, or E/V. Rewrite equation (1) as 

Decomposing changing energy intensity (est) in (2) involves only two terms, rather than the three 

in (1), and is therefore a simpler exercise. If a state’s energy intensity (est) declines, it has 

changed the composition of activities toward less energy-intensive ones (sist), or it has produced 

the same things using less energy-intensive techniques (eist), or the decline reflects some mixture 

of both. This paper asks how much of each state’s change in energy intensity comes from each 

change, and why.  

 

A simple approach 

 Because I do not have state-specific, industry-specific energy intensities, I take a simple 

approach. I start with a base year of 1997, the first year of NAICS industry-by-state GDP data. I 

assume that each industry in each state in that base year uses the techniques that yield the 

national energy intensity (ei,98) for each of its industries i. (I use 1998 rather than 1997 for base-

year energy intensities because the MECS data are not collected every year, and the 1998 MECS 

survey is the closest in time to the first year of the BEA NAICS-based output data, 1997.) In 

other words, I assume eist=ei,98 is the same for all states. It differs only across industries. Then I 

calculate the predicted energy intensity in each state in each year: 

 

This is the predicted energy intensity (�̂� ) in state s and year t, where the prediction is calculated 

as the concurrent output share of sector i 𝑠  times sector i’s national energy intensity in the 

𝑒 𝐸 𝑉⁄ ∑ 𝑒 𝑠 . (2) 

�̂� 𝑒 , 𝑠  (3) 
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base year (ei,98), summed across sectors. This prediction (𝑒𝑠𝑡) is an estimate of what energy 

consumption would be in state s in year t if each industry in the state had its national base-year 

energy intensity—in other words, holding within-sector energy intensities fixed. The prediction 

allows the scale and composition of industries to change over time, but not the technique.  

 Equation (3) varies only over time because of changing shares of output. Scale is held 

constant by focusing on energy intensity, dividing by V. Technique is held constant by fixing eist 

for all sectors in the base year. The only things that vary over time in (3) are the shares s. 

 If the sectors i in (3) are defined as “industrial” or “other,” and shares s represent shares 

of the entire state economies, then equation (3) predicts changes to overall energy intensity from 

deindustrialization. That’s the first question I pose. If instead the sectors i in (3) are defined as 

particular industries within the industrial sector (the 19 categories listed in Table 1), and shares s 

represent shares of those industries within the sector, then equation (3) predicts changes to 

industrial energy intensity from composition. That’s the second question I pose. 

 Comparing predicted energy intensity 𝑒  in (3) to actual energy intensity est in (2) allows 

for answers to all three questions. (1) How much of the variation across states in their changing 

energy intensities can be explained by changes in the industrial shares of state economies, 

comparing 𝑒  with est , where energy-consuming sectors i are divided into only two broad 

categories: industrial and nonindustrial? (2) How much can be explained by changes in the 

shares of energy-intensive industries within states’ industrial sectors, comparing 𝑒  with est , 

where the focus is solely on industrial energy intensity, and the industries i are narrowly defined 

as the 19 categories listed in Table 1? And finally, (3) are the answers related to state-level 

energy prices or policies?  
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 This simple decomposition does not have the advantages of a structural decomposition. It 

is not robust to zeros, and the changes since 1997 will not be the same as the reverse. But there 

are no zeros among state- or industry-level energy intensities. And asking whether state-level 

energy intensities in 1997 would have been smaller if industries had their current energy 

intensities is, arguably, less relevant or interesting than asking whether current state-level energy 

intensities would be larger if industry-level intensities had been fixed in 1998. The rhetorical 

question being posed is intuitive: what would have happened to energy intensity in each state if 

each industry’s energy intensity remained constant, but each industry grew or shrank as it 

actually did? 

 The simple decomposition also has several advantages over more complex methods. The 

reliance on base-year values makes this calculation analogous to the familiar Laspeyres index, 

taught in undergraduate economics courses and historically used to calculate price inflation. In 

the context of prices—cost per unit—the Laspeyres index overstates inflation by ignoring 

consumers’ switching to less expensive goods, and a Paasche index (which uses final-year 

consumption) understates inflation because consumers do switch away from newly more 

expensive goods. In this context of energy intensity—energy per unit—the direction of bias is 

uncertain and depends on whether the economies have shifted toward or away from energy-

intensive industries. In Levinson (2015) I discuss and present both Laspeyres and Paasche 

indexes in the context of pollution intensity—pollution per unit—with little significant 

difference. But for this paper I stick with the basics, a simple forecast of 2018 overall state 

energy intensities based on 1998 industry-specific energy intensities.   
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5. Question 1: Deindustrialization 

  Figure 1 plots the decline in energy intensity from 1997 to 2018, for the United States 

overall and for individual states. U.S. energy intensity fell 34 percent, Iowa’s only 9 percent, and 

Washington State’s 52 percent.6  

At first glance, changes to the industrial share of U.S. output appear unlikely to explain 

declining overall U.S. energy intensity. As shown in the bottom two rows of Table 1, the 

industrial sector is only about 40 percent more energy intensive than the rest of the U.S. 

economy. And second, while U.S. energy intensity fell 34 percent, the industrial share of total 

U.S. energy consumption fell only from 29 percent down to 26 percent. Nevertheless, it’s 

possible that those states whose overall energy intensity declined most are those that 

deindustrialized most.  

To assess how much of the state-to-state variation in Figure 1 can be explained by 

changes in the industrial share of output, I estimate equation (3), using only two sectors i, 

defined as either industrial or other. Figure 2 plots the results. The predicted U.S. energy 

intensity, where the energy intensities of the industrial and nonindustrial sectors are fixed at their 

1998 values listed in Table 1, declined by only 1.7 percent. Actual energy intensity in Figure 1 

fell 34 percent. The remainder, 32 percent, must be explained by changes within the industrial 

sector, either the composition of the sectors or the techniques of production within subsectors. 

These figures are listed in the top row of Table 2. 

 As with actual overall energy intensity, this change in predicted energy intensity varies 

across states. Figure 2 plots the state series, which vary from a 3.4 percent increase in North 

Dakota to a 4.1 percent decrease in New Hampshire and New Mexico.7 The second row of Table 

                                                            
6 Column 1 of Appendix Table A1 contains the numbers for each state and the United States overall.  
7 See column 2 of Appendix Table A1. 
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2 describes this state variation, which largely parallels the overall change. State energy intensity 

declined 30.5 percent, on average. State energy intensity predicted by deindustrialization fell 

only 1.8 percent.  

 Figure 3 summarizes the comparison between Figure 1 and Figure 2. The bottom axis 

plots the 2018 energy intensities of states relative to their 1997 values. These are the endpoints of 

all the state lines in Figure 1. The left axis plots the predicted 2018 energy intensities of states 

relative to 1997. These are the endpoints of Figure 2, and they are clustered tightly around 100 

percent. The dashed 45-degree line plots where the state points would be if deindustrialization 

predicted all of states’ changing energy intensities. Virtually none of the decline in states’ energy 

intensities can be explained by deindustrialization. There’s a lot of variation in actual energy 

intensity, represented by the horizontal dispersion of the observations, but almost no variation in 

energy intensity predicted by deindustrialization, represented by the vertical dispersion of the 

observations.  

If deindustrialization doesn’t explain declining U.S. energy intensity, then the source 

must be changes within the industrial or other sectors. Because the industrial sector is the one 

with concerns about relocation and leakage, I turn to that next.  

 

6. Question 2: Composition 

Figure 4 plots the energy intensity of the industrial sector alone. U.S. industrial energy 

intensity declined 21 percent from 1997 to 2018. But here the cross-state variation is dramatic. 

Industrial energy intensity nearly doubled in South Dakota and New Mexico but fell 70 percent 

in Maryland.8  

                                                            
8 See column 3 of Appendix Table A1. 
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To assess how much of the state-to-state variation can be explained by changes in the 

composition of states’ industrial sectors, I estimate equation (3) where the sectors i are defined as 

the 19 industries listed in Table 1, and total output V is defined as total industrial output from all 

19 industries.  Figure 5 plots the results. 

 Although the actual U.S. industrial energy intensity fell 21 percent, the predicted U.S. 

industrial energy intensity, based on changes to the composition of industry and holding each 

industry’s energy intensity fixed as of 1998, rose by 23 percent. That’s a remarkable difference. 

U.S. industrial composition shifted toward industries that were highly energy intensive in 1997, 

not toward less energy-intensive industries. The difference, or remainder listed in the bottom 

panel of Table 2, is 44 percent. That large decline in industrial energy intensity, relative to what 

would have been predicted from composition changes among the 19 industry groupings in Table 

1, must be explained by either (a) composition changes within the 19 industry groupings, at a 

level of disaggregation finer than available, or (b) technique changes within those 19 groupings.  

 As with actual industrial energy intensity, this change in predicted industrial intensity 

varies a lot across states. Figure 5 plots the series, which vary from a more-than-doubling in 

Kansas to 16 percent declines in Virginia and Maine.9 The bottom row of Table 2 describes this 

state variation, which again largely parallels the national industrial change. State industrial 

energy intensity declined 17 percent, on average. State energy intensity predicted by 

deindustrialization rose 22 percent.  

 Figure 6 summarizes the comparison between Figure 4 and Figure 5. The bottom axis 

plots the 2018 industrial energy intensities of states relative to their 1997 values. These are the 

endpoints of the state lines in Figure 4. The left axis plots the predicted 2018 industrial energy 

                                                            
9 See column 4 of Appendix Table A1. 
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intensities of states relative to 1997. These are the endpoints of Figure 5. The dashed 45-degree 

line plots where the state points would be if deindustrialization predicted all of states’ changing 

energy intensities.  

 Most states in  Figure 6 lie in the upper left quadrant, meaning that their industrial energy 

intensity declined despite their industrial compositions’ shift toward more energy-intensive 

industries. For a few states, though, the story is different. Industrial energy intensity grew in 

South Dakota and Nebraska in part because those states’ industrial compositions shifted toward 

more energy-intensive industries. Industrial energy intensity shrank in Maine and Virginia in part 

because those states’ industrial compositions shifted away from energy-intensive industries. In 

general, the correlation between actual and predicted industrial energy is low: the correlation 

coefficient is 0.16. As already seen in Table 2, most of the changes in states’ industrial energy 

intensity must be explained by something else. 

 Is there a pattern to these state differences? The global goal should be for energy intensity 

to decline without relying on deindustrialization or shifting composition. Either 

deindustrialization or shifting composition could be the result of states’ importing energy-

intensive goods from other states or countries, without reducing national or global energy use or 

carbon emissions. We want to learn from states that experienced declining energy intensity 

where that decline is not predicted by a composition shift away from energy-intensive industries. 

If such states share a common set of energy price changes or policies, those could be candidate 

models for effective national and global climate policy.  
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7. Question 3: Prices and Policies 

What state prices or policies are correlated with states’ changing energy intensities, 

industrialization, industrial compositions, or the remaining energy intensity changes after 

accounting for composition? Although we cannot ascribe causation to such correlations, it seems 

interesting and important to ask whether those states that have experienced rising energy prices 

or faced stricter energy or pollution regulations are also the states whose industrial compositions 

have shifted toward less energy-intensive industries or whose industries have seen the largest 

within-industry declines in energy intensity.10  

Start with prices. The top row of Table 3 describes how changes in real energy prices are 

correlated with declines in states’ actual overall energy intensities (est). In states where energy 

prices increased the most, energy intensity decreased the most. But that correlation coefficient 

(−0.022) is small and statistically insignificant. Column 2 shows that in states where energy 

prices increased the most, energy intensity predicted by industrialization also increased the most. 

But that correlation (0.123) is also small and insignificant. Column 3 shows that the remaining 

change in energy intensity not explained by deindustrialization is also uncorrelated with price 

changes. The second row of Table 3 describes the correlations between average energy prices 

and these measures of energy intensity and deindustrialization, with similar insignificant results. 

Thus, energy prices are not correlated with changing state energy intensity, deindustrialization, 

or the remaining change in energy intensity after accounting for deindustrialization. 

What about composition? The bottom panel of Table 3 shows that in states where the 

actual energy intensities of states’ industrial sectors rose, prices also rose, though insignificantly 

(0.037). In states where the composition of industry shifted most toward energy-intensive 

                                                            
10 For an excellent attempt to identify the causal effect of regulations on pollution intensity of manufacturing, see 
Shapiro and Walker (2018). 
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industries, prices fell, though insignificantly (−0.033). And in the states where the remaining 

change in industrial energy intensity rose the most, prices also rose the most, again 

insignificantly (0.056). Using average prices rather than price changes yields no more significant 

results. Thus, energy prices are not correlated with anything having to do with state or industrial 

energy intensity or industrial composition.  

If not prices, perhaps regulations explain state-level differences. The U.S. Clean Air Act 

began enforcing national air quality standards in the 1970s. Counties that fail to meet those 

standards are designated “nonattainment,” and state governments must set stricter energy and 

environmental regulations in those places. For decades, economists have used this distinction as 

a metric of environmental regulatory stringency (Henderson 1996; Becker and Henderson 2000). 

If compliance with local air quality rules reduces energy use, that might explain the declining 

energy intensity of some states’ economies. 

Table 3 reports the correlation between the shares of states’ populations residing in 

nonattainment counties and the various measures of energy intensity. States where a large 

fraction of the population lives in nonattainment counties have seen the largest declines in energy 

intensity. That correlation coefficient (−0.305) is large and significant. Local pollution rules are 

associated with declining energy intensity—but not because of deindustrialization. The second 

column reports that correlation (−0.094), which is small and insignificant. Most of the 

association between pollution rules and energy intensity is in the remainder (−0.285) in column 

3. That remainder could be composition changes to states’ industrial sectors. 

The bottom panel of Table 3 examines composition. States where a large fraction of the 

population lives in nonattainment counties have seen the largest declines in industrial energy 

intensity. That correlation (−0.264) is nearly statistically significant. The declines may be due to 
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composition. States with more people living in nonattainment counties have also experienced the 

largest composition shift away from energy-intensive industries. It does appear as though air 

quality rules are associated with both declining industrial energy intensity and composition shifts 

away from energy-intensive industries.  

But recall the bottom row of Table 2. The average state industrial energy intensity 

declined by 17 percent; the average state industrial energy intensity predicted by composition 

increased by 22 percent. State industrial energy intensity fell even though state industrial 

compositions shifted toward more energy-intensive industries. So although the associations with 

air pollution regulations in Table 3 might seem to imply that pollution regulations shift state 

industrial compositions toward less energy-intensive industries, that would be wrong. If 

anything, pollution regulations dampen only the composition shift in the opposite direction.  

The next rows of Table 3 explore alternative measures of environmental policy 

stringency developed by nongovernmental organizations (NGOs). The American Council for an 

Energy Efficient Economy (ACEEE) publishes an annual assessment of “the progress of state 

policies and programs that save energy while also benefiting the environment and promoting 

economic growth.”11 This index is correlated with the decline in state energy intensity but not 

with deindustrialization, in much the same way as the nonattainment population share. And in 

the bottom panel, the ACEEE index is correlated with both industrial energy intensity and 

industrial composition, also in the same way as nonattainment population share.  

A commonly cited alternative index is published by the League of Conservation Voters 

(LCV), based on the pro-environmental voting record of states’ congressional delegations. It is 

not correlated with any of the energy intensity, deindustrialization, or composition measures.  

                                                            
11 www.aceee.org.  
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Galeotti et al. (2015) discuss various measures of environmental and energy policy 

stringency and develop their own cross-country measure based on Brunel and Levinson (2015). 

Here we use that same approach but for U.S. states, from an index developed in Keller and 

Levinson (2002) that relies on how much manufacturers in each state spend on pollution 

control.12 It is called the Pollution Abatement Costs and Expenditures (PACE) index. Neither the 

average level of abatement costs in a state nor the change in costs over time is correlated 

meaningfully with changes to states’ energy intensities, deindustrialization, or industrial 

composition. That may, however, be due to the fact that the PACE survey was discontinued in 

1994, before the time series studied here began.  

As one final regulatory measure, I examine the year each state first implemented energy 

efficiency standards for building codes, from Aroonruengsawat et al. (2012). This is intended as 

an indicator for broader concerns about energy efficiency. There seems to be no correlation 

between how early states implemented building energy efficiency and their energy intensities, 

deindustrialization, or industrial compositions. 

Finally, and perhaps most important, the last rows of the top and bottom panels of Table 

3 report correlations with the growth of real GDP. This is positively correlated with the changes 

to states’ industrial shares (0.479). Faster-growing states also became more industrialized. But 

                                                            
12 The index is based on the U.S. Pollution Abatement Costs and Expenditures survey, conducted 
annually by the U.S. Census Bureau from 1973 until 1994. The Census Bureau published the 
average annual abatement expenditures by industry and by state. Keller and Levinson (2002) use 
those published data to calculate the total costs per dollar of manufacturing value added: 𝑆
𝑃 𝑌⁄ , where Pst is the pollution abatement cost in state s in year t, and Yst is the manufacturing 
sector’s value added in state s in year t. They compare that with the predicted abatement costs, 
𝑆 , a weighted average of the national pollution abatement costs for each of 20 industries, where 
the weights are the industries’ shares of output in state s, Ysit/Yit. Keller and Levinson’s measure 
of stringency is just the ratio of actual to predicted costs, 𝑆 𝑆⁄ . When this ratio is greater than 
one, pollution abatement costs are larger than would be expected given the state’s industrial 
composition, and Keller and Levinson infer that the state’s regulations are relatively stringent. 
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they did not become more energy intensive, nor did their industrial compositions become more 

energy intensive. State economic growth appears unrelated to declining energy intensity. Or, to 

rephrase that more positively, declining state energy use has not come at the expense of 

economic growth. 

 

8. Conclusions  

 This paper shares some good news. Energy intensity in the United States declined 

significantly during the past 20 years. That improvement has not been due to a reduction in 

industry’s share of output, or to a shift in the composition of industry. That’s good news for the 

planet because it means U.S. gains have not come at the expense of shifting energy-intensive 

industries overseas. The improvement has also not been associated with slower economic 

growth, in that states where energy intensity declined most did not grow least.  

 Can policymakers take credit? Perhaps, but the evidence isn’t obvious. Some state 

regulatory differences do appear correlated with energy intensity, deindustrialization, and 

industrial composition. But state energy prices do not appear to be correlated with those changes. 

 Taken together, the evidence suggests that state or national policymakers can regulate 

energy use, or the pollution associated with energy use, without necessarily causing energy-

intensive industries to leak to other states or countries, and without slowing economic growth.  
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Table 1. Energy Intensity by Sector, 1998  

NAICS codes Industry description 

Exajoules per 
trillion $ GDP 

($2018) 
Industrial sector   
11,21,23 Agriculture, mining, oil and gas, construction 3.3 
311-312 Food, beverages, tobacco 5.3 
313-314 Textiles 7.0 
315-316 Apparel and leather products 1.5 
321 Wood products 12.0 
322 Paper 31.8 
323 Printing 1.6 
324 Petroleum and coal 94.4 
325 Chemicals 21.7 
326 Plastics and rubber products 3.4 
327 Nonmetallic minerals 15.5 
331 Primary metals 33.8 
332 Fabricated metal products 2.6 
333 Machinery 1.2 
334 Computer and electronic products 0.7 
335 Electrical equipment 2.3 
336 Transportation equipment 1.7 
337 Furniture 1.9 
339 Miscellaneous 1.0 
   
Total industrial  8.6 
Nonindustrial  6.2 

 

Sources: GDP numbers by sector from BEA. Energy use in 1998 for the manufacturing NAICS 
codes 31–33 from the MECS. Energy use in 1998 for the nonmanufacturing NAICS codes 
(11,21,23), total industrial, and nonindustrial from the EIA SEDS.    



26 
 

 

Table 2. Percentage Point Changes in Actual and Predicted Energy Intensity, 1997–
2018  

 

 Energy intensity Predicted change Remainder 
 (1) (2) (3) 

[(2)-(1)] 
    
 (a)  All industries, deindustrialization 
 
United States 
 

−34.1 −1.7 −32.4 

State average −30.5 −1.8 −28.8 
   (Std dev) (8.7) (1.3) (8.9) 
    
    
 (b)  Industrial sector only, composition of industry 
 
United States 
 

−21.4 22.8 −44.2 

State average −17.0 22.1 −39.1 
   (Std dev) (34.2) (25.9) (38.3) 
    

 

Notes: Panel (a) summarizes the information in Figures 1 and 2. Panel (b) summarizes Figures 4 
and 5. 
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Table 3. Correlations with Prices and Regulations  

 

 

Notes: Each cell contains the correlation between the row variable and the column variable. 
Asterisks (*) denote statistically significant at 5%. There are 48 observations for most of the 
correlations, so statistical significance simply means that the correlations are larger than 0.285.

  Energy intensity Predicted change Remainder 
  (1) (2) (3) 

[(2)-(1)] 
     

(a)  All industries, deindustrialization 
Prices 1997–2018    
 Change −0.022 0.123 −0.039 
 Average −0.177 −0.189 −0.145 
Share of population in 
nonattainment counties −0.305* −0.094 −0.285* 
NGO indexes    
 ACEEE −0.488* −0.169 −0.453* 
 LCV −0.161 −0.194 −0.130 
Expenditures (PACE) index    
 Average −0.041 0.000 −0.040 
 Change −0.141 0.183 −0.164 
Year of first building code 0.025 0.069 0.014 
Change real GDP −0.095 0.479* −0.162 
    

(b)  Industrial sector only, composition of industry 
Prices 1997–2018    
 Change 0.037 −0.033 0.056 
 Average −0.164 −0.195 −0.015 
Share of population in 
nonattainment counties −0.264 −0.249 −0.067 
NGO indexes    
 ACEEE −0.227 −0.243 −0.038 
 LCV −0.029 −0.183 0.098 
Expenditures (PACE) index    
 Average −0.040 0.136 −0.128 
 Change −0.204 −0.113 −0.106 
Year of first building code −0.009 0.012 −0.017 
Change real GDP −0.024 −0.025 −0.005 
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Figure 1. Energy per Dollar of GDP (1997=100) 

 

Source: U.S. Energy Information Administration (EIA), Sate Energy Data System (SEDS) 
www.eia.gov/state/seds/seds-data-complete.cfm.  
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Figure 2. Predicted Energy Intensity, Based on Industry Share of GDP 

 

Source: Calculations using contributions to GDP by sector from BEA Energy Information 
Administration, combined with EIA SEDS data.  
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Figure 3. Deindustrialization Doesn’t Explain Energy Intensity 

 

Notes: The bottom axis plots the 2018 energy intensities of states relative to their 1997 values. 
These are the endpoints of all the state lines in Figure 1. The left axis plots the predicted 2018 
energy intensities of states relative to 1997. These are the endpoints of Figure 2. 
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Figure 4. Industrial Energy Intensity 

 

Source: See Figure 1.  
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Figure 5. Predicted Industrial Energy Intensity 

 

Source: Calculations using contributions to GDP by sector from BEA Energy Information 
Administration, combined with energy intensities in Table 1. 
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Figure 6. Industrial Composition Change Doesn’t Explain Energy Intensity 

 

Notes: The bottom axis plots the 2018 industrial energy intensities of states relative to their 1997 
values. These are the endpoints of the state lines in Figure 4. The left axis plots the predicted 
2018 industrial energy intensities of states relative to 1997. These are the endpoints of Figure 5. 
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Appendix For 

Energy Intensity: 
Deindustrialization, Composition, Prices, and Policies in U.S. States 

Arik Levinson 

 

Appendix A: A Structural Decomposition Approach 

 The basic question posed here—how much of the change in energy intensity results from 

changes in composition or technique—can be asked in several ways. Because of data limitations 

I pursue the simplest approach, but it is worth clarifying the alternatives and the trade-offs 

involved in each. 

 Ang and Zhang (2000) describe the extensive literature on index decompositions going 

back to Fisher (1921).13 Define energy intensity as 𝑒 ≡ 𝐸 𝑉⁄  for industry i in state s in year 

t. Then the total energy use in state s in year t is 

The change over time in energy intensity since some base year b can be decomposed 

alternatively as 

This captures the technique effect as 𝑒 𝑒  and the combined scale and composition effects 

as 𝑉 𝑉 . Equations (0) and (0) are known as “polar” decompositions (de Boer 2008). A 

common approach in structural decompositions takes the arithmetic mean of the two polar 

decompositions (0) and (0): 

                                                            
13 Also see Ang and Choi (1997) and Marrero (2010). 

𝐸 ∑ 𝐸 ∑ 𝑒 𝑉 . (0) 

𝐸 𝐸 𝑒 𝑒 𝑉 𝑒 𝑉 𝑉  

𝑒 𝑒 𝑉 𝑒 𝑉 𝑉  

(0) 

(0) 

𝐸 𝐸 ∑ 𝑒 𝑒 𝑉 𝑉 . (0) 
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An alternative, the Montgomery decomposition, uses the logarithmic mean. Both the polar 

composition (0) and the Montgomery decomposition share convenient properties. They 

completely decompose the change, without residuals. They are robust to sectors with zeros. And 

the time periods (t and b) and the components (e and V ) can be reversed with no change in the 

decomposition.14  

 That describes the best-case scenario. In my case, however, I do not have data on state-

specific, industry-specific energy use. I know the national energy intensity of each of 19 

industries in Table 1, ei,98. And I know the state-specific value of output for each of those 

industries in each year, Vist. But I do not know the state-specific, industry-specific energy 

intensities, eist, necessary for structural decompositions like (0) or its logarithmic cousin. 

 

                                                            
14 See de Boer (2008) for the algebra. 
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Appendix Table A1. Industrial Energy Changes in U.S. States, 1997–2018 

  Economy‐wide energy intensity  Industrial energy intensity 

States 
(48 contiguous) 

Percentage point 
change 

Predicted by 
declining share of 
industry in GDP 

Percentage 
point change 

Predicted by 
composition 

  (1)  (2)  (3)  (4) 

United States  ‐34.11  ‐1.70  ‐21.42  22.78 

         

Alabama  ‐29.81  ‐1.14  ‐30.72  29.18 

Arizona  ‐29.92  ‐3.05  ‐8.29  15.29 

Arkansas  ‐26.76  ‐3.48  ‐13.36  27.10 

California  ‐43.50  ‐1.49  ‐33.97  7.63 

Colorado  ‐27.53  ‐0.35  2.95  36.69 

Connecticut  ‐31.84  ‐2.07  ‐23.60  ‐6.41 

Delaware  ‐29.48  ‐1.91  ‐1.78  26.94 

Florida  ‐34.85  ‐0.86  ‐37.08  30.80 

Georgia  ‐37.37  ‐2.39  ‐25.94  ‐3.21 

Idaho  ‐39.24  ‐1.56  ‐40.32  ‐3.01 

Illinois  ‐27.35  ‐1.93  ‐17.76  42.49 

Indiana  ‐27.44  ‐1.32  ‐19.95  32.43 

Iowa  ‐8.53  ‐2.21  67.25  12.54 

Kansas  ‐33.58  ‐1.00  ‐33.99  107.47 

Kentucky  ‐26.43  ‐3.67  ‐6.98  49.65 

Louisiana  ‐30.66  0.04  ‐36.33  74.52 

Maine  ‐37.27  ‐2.29  ‐50.04  ‐15.67 

Maryland  ‐43.65  ‐1.29  ‐70.13  4.39 

Massachusetts  ‐38.31  ‐2.06  ‐31.20  28.89 

Michigan  ‐20.67  ‐2.07  ‐15.53  18.73 

Minnesota  ‐27.90  ‐1.03  ‐16.14  37.77 

Mississippi  ‐20.85  ‐1.83  ‐5.26  59.71 

Missouri  ‐22.09  ‐2.24  ‐7.18  4.54 

Montana  ‐33.08  ‐0.12  ‐45.98  28.15 

Nebraska  ‐17.46  ‐2.32  72.47  14.81 

Nevada  ‐32.18  ‐1.75  ‐11.21  5.20 

New Hampshire  ‐22.11  ‐4.12  ‐4.60  15.70 

New Jersey  ‐33.35  ‐2.11  ‐43.73  ‐1.54 

New Mexico  ‐15.18  ‐4.12  91.95  90.40 

New York  ‐39.97  ‐1.31  ‐43.27  ‐5.10 

North Carolina  ‐34.13  ‐3.98  ‐31.03  5.84 

North Dakota  ‐23.68  3.44  ‐41.80  34.39 
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Ohio  ‐32.30  ‐2.45  ‐14.90  37.40 

Oklahoma  ‐30.27  0.60  ‐23.26  7.39 

Oregon  ‐43.85  ‐2.57  ‐36.46  7.51 

Pennsylvania  ‐30.79  ‐2.00  ‐0.35  10.72 

Rhode Island  ‐35.17  ‐2.34  ‐39.89  32.81 

South Carolina  ‐32.21  ‐2.49  ‐35.18  ‐12.19 

South Dakota  ‐14.27  ‐2.09  93.57  25.16 

Tennessee  ‐30.10  ‐2.64  ‐20.66  14.64 

Texas  ‐40.06  ‐0.23  ‐43.69  16.75 

Utah  ‐42.57  ‐1.28  ‐51.79  20.17 

Vermont  ‐33.70  ‐2.84  ‐22.85  9.40 

Virginia  ‐35.33  ‐2.08  ‐30.75  ‐16.44 

Washington  ‐51.72  ‐1.88  ‐45.87  49.44 

West Virginia  ‐12.71  ‐0.65  4.56  ‐6.44 

Wisconsin  ‐28.27  ‐2.28  ‐18.58  3.11 

Wyoming  ‐26.01  ‐0.80  ‐18.00  53.54 
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Appendix Table A2. Prices and Regulations in U.S. States 

States  
(48 contiguous) 

Prices, 1997–
2018 

Year of 
first 

building 
code 

PACE index 
Share of 

population in 
nonattainment 

counties 

Indexes  
Economic 
growth 
per 

capita %Δ 
Avg 

$/MBTU  Avg  Δ  ACEEE  LCV 

  (1)  (2)  (3)  (4)  (5)  (8)  (9)  (10)  (11) 

United States  53.2  17.6              35.0 

                   

Alabama  62.3  15.0  2005  1.19  ‐0.25  0.21  2  21.1  23.4 

Arizona  29.7  17.4  2001  1.39  ‐1.72  0.88  11.5  32.8  22.4 

Arkansas  26.9  15.1  1979  1.17  0.06  0  3  37  22.5 

California  89.8  29.2  1978  0.90  0.03  0.94  33  76.5  62.5 

Colorado  74.4  17.7  1978  1.01  ‐0.25  0.66  15.5  55.9  30.7 

Connecticut  77.5  32.5  1999  0.67  0.32  1  33  81.6  20.4 

Delaware  64.9  21.0  1979  1.30  ‐0.04  1  8.5  82.4  8.0 

Florida  52.2  20.4  1979  1.21  ‐0.60  0.07  9  50.6  17.9 

Georgia  45.5  15.7  1978  0.91  0.04  0.51  6  22.4  17.6 

Idaho  128.3  13.8  2003  1.66  ‐0.05  0.1  10.5  38.1  33.7 

Illinois  28.6  17.0    0.91  0.07  0.64  10  67  27.6 

Indiana  89.0  15.7  1979  1.14  ‐0.16  0.45  5  29.9  26.1 

Iowa  63.2  14.5  1978  0.96  0.05  0  16.5  54.2  39.3 

Kansas  68.3  17.2    0.76  0.09  0  7  14.7  33.6 

Kentucky  102.6  12.8  2005  0.99  0.13  0.29  6.5  24.6  12.9 

Louisiana  21.9  16.3  1999  1.51  0.31  0.13  5.5  27.5  11.6 

Maine  46.6  24.7  1980  1.55  0.41  0  15.5  58.8  25.1 

Maryland  95.5  21.0  1981  1.17  ‐0.04  0.67  14  91.2  42.5 

Massachusetts  71.4  33.6  1975  0.67  0.19  1  29  72.4  51.2 

Michigan  42.9  18.3  1977  1.01  ‐0.11  0.48  7.5  74.1  16.3 

Minnesota  73.8  16.8  1976  0.66  0.26  0.08  20  74.2  33.9 

Mississippi  45.6  16.2    1.47  ‐0.33  0  1  35.3  15.1 
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Missouri  61.8  15.7    0.79  ‐0.02  0.29  2  30.4  11.7 

Montana  42.0  14.2  1972  1.49  0.46  0.52  13  26.5  32.9 

Nebraska  110.3  16.0  1980  0.83  0.09  0  6.5  11.8  41.3 

Nevada  36.3  19.5  1978  0.63  0.03  0.88  14.5  60.5  ‐3.4 

New Hampshire  49.2  33.0  1977  0.75  ‐0.08  0.73  14.5  70.6  37.6 

New Jersey  24.1  28.9  1977  0.82  ‐0.33  1  22  83.5  20.6 

New Mexico  32.4  16.2  1978  1.64  ‐1.41  0  11  85.5  17.7 

New York  15.8  20.0  1979  0.77  0.00  0.85  25  92.9  40.4 

North Carolina  34.3  16.2  1973  0.82  ‐0.14  0.28  8.5  45.1  15.9 

North Dakota  82.3  16.4  1977  0.77  ‐0.13  0  0.5  58.8  102.3 

Ohio  68.4  16.7  1979  0.82  0.16  0.67  9.5  58.1  23.9 

Oklahoma  47.0  14.3  1997  0.58  ‐0.18  0  3.5  18.2  45.8 

Oregon  77.8  14.6  1974  1.22  ‐0.12  0.11  28  83  44.3 

Pennsylvania  16.2  19.2  2004  0.91  ‐0.07  0.71  16  70.7  37.1 

Rhode Island  80.9  32.6  1977  0.72  0.77  1  20  94.1  29.4 

South Carolina  64.5  14.7  1979  0.99  ‐0.14  0.05  8.5  24.6  16.6 

South Dakota  75.8  16.7    0.68  0.55  0  1.5  56  57.6 

Tennessee  49.1  15.8  1978  1.10  ‐0.03  0.22  4  29.9  24.7 

Texas  33.0  17.0  2000  1.39  0.22  0.51  17.5  19.4  35.3 

Utah  69.2  13.8  1976  0.93  0.08  0.83  9.5  21.8  32.3 

Vermont  43.1  26.2  1996  0.66  0.03  0  33  100  42.1 

Virginia  71.4  15.9  1974  0.96  ‐0.03  0.21  6  60.4  27.0 

Washington  72.3  12.2  1978  1.37  ‐0.19  0.12  27  80.1  42.1 

West Virginia  72.5  14.3  1989  1.58  ‐0.27  0.4  6.5  58.1  21.7 

Wisconsin  97.3  17.4  1978  0.89  0.06  0.33  17  70.1  30.7 

Wyoming  93.9  14.2  1977  0.72  0.30  0.05  1  11.6  27.5 
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Appendix Table A3. Data Sources 

Data Source Website link 
Gross domestic product (GDP) 
by state and sector 

U.S. Department of Commerce, 
Bureau of Economic Analysis 
(BEA) 

www.bea.gov/data/gdp/gdp-state  

Energy use by state and sector 
Energy prices by state 

U.S. Energy Information 
Administration (EIA) State 
Energy Data System (SEDS) 

www.eia.gov/state/seds/ 

National energy use by 
manufacturing industries 

EIA’s manufacturing Energy 
Consumption Survey (MECS) 

www.eia.gov/consumption/manufacturing/,.  

Date of first state building energy 
codes 

Aroonruengsawat et al (2012)   

ACEEE Scorecard  www.aceee.org/state-policy/scorecard  
Pollution regulatory stringency 
(PACE); League of Conservation 
Voters index; county 
nonattainment status 

Brunel and Levinson (2015) www.journals.uchicago.edu/doi/suppl/10.1093/reep/rev019  

 


