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Abstract

Efforts to reduce carbon emissions significantly will require considerable
improvements in energy intensity, the ratio of energy consumption to economic activity.
Improvements in energy intensity over the past thirty years suggest great possibilities for
energy conservation: current annual energy consumption avoided due to declinesin
energy intensity since 1970 substantially exceed current annual domestic energy supply.

| analyze a data set on energy intensity in the United States at the state |level
between 1970 and 2001 to disentangle the key elements of energy efficiency and
economic activity that drive changesin energy intensity. Rising per capitaincome plays
an important role in lowering energy intensity. Higher energy prices also are important.
Price and income predominantly influence intensity through changesin energy efficiency
rather than through changes in economic activity.
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Introduction

The objective of any policy to address global warming is to reduce greenhouse
gas emissions in general and carbon emissionsin particular. Since energy consumption is
associated with over 98 percent of carbon emissions (Energy Information Administration
(2006b), Table 5), any carbon policy must focus on energy use. Two channels exist by
which energy related carbon emissions can be reduced: 1) shifting from high to low
carbon-content fuel (fuel switching); and 2) reducing energy intensity, defined as the
amount of energy consumed per dollar of GDP.*

Energy intensity can be reduced by one of two means. First, energy users can
become more efficient at using energy whether in production or consumption. Second,
the U.S. economy can shift away from more to less energy-intensive production and
consumption activities. The goal of this paper isto analyze in greater detail the sources
of and potential for improvementsin energy intensity in the United States. | do thisusing
state-level data on energy consumption between 1970 and 2001. As part of my empirical
analysis, | isolate the two determinants of changesin energy intensity — efficiency
improvements and changes in economic activity — to see which determinant has been
more important in driving improvements in energy intensity in the past thirty years. |
will refer to these as efficiency and activity determinants. Efficiency refersto the reduced
energy use per unit of economic activity within a particular sector (e.g. industrial sector)
while activity refers to the changing mix of economic activity (shift from energy
intensive economic activity towards non-energy intensive economic activity) holding

efficiency constant.

1A third channel is to reduce economic activity. Thisisnot viewed as adesirable policy option.



It iswell recognized that significant reductions in carbon emissions will require
considerable improvements in energy efficiency. A recent study by the National
Commission on Energy Policy and the Pew Center on Global Climate Change (2004)
emphasized the need for improvementsin energy efficiency as an important short-term
strategy for reducing carbon emissions while waiting for more capital-intensive responses
to come on-line in the longer-term. Pacala and Socolow (2004) present "stabilization
wedges," activities that reduce carbon emissions so as to achieve stabilization of
atmospheric carbon concentrations at 500 ppm. Each wedge has the potential to reduce 1
GtClyear after fifty years and seven wedges are required for stabilization, according to
the authors. They present fifteen wedge options, four of which involve energy efficiency
improvements and conservation. In fact, the authors argue that "[iJmprovementsin
efficiency and conservation probably offer the greatest potential to provide wedges." (p.
969) Energy efficiency improvements also factor into the Bush Administration's
replacement of carbon emission targets with carbon intensity targets (carbon emissions
relative to GDP). In 2002, the administration called for an eighteen percent reduction in
carbon intensity (carbon emissions per dollar of GDP) over thisdecade. Inasimilar vein,
the National Commission on Energy Policy (2004) recommended greenhouse gas
emission reductions through the use of carbon emission intensity caps. In their proposal,
the Commission recommends a gradual reduction in carbon intensity of 2.4 percent per
year beginning in 2010. One of the key recommendations to contribute to thisgoal is
enhanced energy efficiency. The NCEP recommendations form the basis for the plan
proposed by Senator Jeff Bingaman (D-NM) to reduce carbon emissions.? Pizer (2005)

makes an economic and political economy case for intensity targets for carbon emissions.

2 Senator Bingaman's current proposal aong with other carbon cap and trade proposals is described in



To appreciate the importance of improvements in energy intensity as a contributor
towards reducing reliance on fossil fuels, consider the following thought experiment.
Imagine that the United States had the same energy intensity in 2003 that it had in 1970.
At that energy intensity, the United States would have consumed 186.8 quadrillion BTUs
of energy (or quads) in 2003. In actuality, the United States consumed 98.2 quads of
energy inthat year. Thisthought experiment suggests that we "conserved" 88.6 quads of
energy in 2003 through reductionsin energy intensity. Table 1 compares these energy

savings with domestic energy production in that year.

Tablel. Domestic Energy Supply in 2003
Source Amount Per centage of
(quads) Total Supply
Fossil Fuels 56.4 35.4
Nuclear 8.0 5.0
Renewables 6.2 3.9
Improvement in Energy
Intensity Since 1970 886 557
Total 159.2 100.0
Source: Energy Information Administration and author's calculations. See
text for details.

Treating energy efficiency as a supply substitute, Table 1 points out that it has held the
2003 United States's requirement for fossil, nuclear, and other supplies to less than half
the amount had these economic changes not occurred. Of course, one cannot attribute all
of the reductionsin energy intensity to conservation and efficiency activities. Some of
the reductions in energy intensity have come about due to shiftsin economic activity
(shifts from manufacturing, for example, to services) that have nothing to do with energy
considerations. The share of industrial energy use in total energy consumption has fallen

from 44 percent in 1970 to 33 percent in 2003 (Energy Information Administration

Paltsev, Reilly, Jacoby et a. (2007).



(2006a)). But the experiment is suggestive of the importance of energy conservation as a
strategy for reducing energy consumption in general and carbon emissionsin particular.
In the next section, | decompose changesin energy intensity into efficiency and
activity components. | find that improvements in energy efficiency are responsible for
between 2/3 and 3/4 of the declinein energy intensity since 1970 at the national level. In
the following section, | undertake an econometric analysis of the drivers of changesin
energy intensity, efficiency, and activity. | find that rising per capitaincome and higher
energy prices contribute to declines in energy intensity, primarily through improvements
in energy efficiency. The regressionsimply a short-run price elasticity of energy demand
of -0.11 and along-run elasticity of -0.30.
. Decomposing Energy Intensity Into Structural and Efficiency Effects
Energy intensity (&) isafunction of energy efficiency and economic activity.

Specifically,

(1) €& = % = Z[%)(é] = Zeutsn

where E; is aggregate energy consumption in year t, Ej;, energy consumption in sector i in
year t, Y;is GDPinyear t, and Y;; is ameasure of economic activity in sector i in year t.
Note that energy consumption in the sectors must sum to aggregate energy consumption
but the measures of economic activity need not sum to GDP (indeed, they need not bein
the same units). Equation 1 simply states that aggregate energy intensity is afunction of
sector specific energy efficiency (e:) and sectora activity (S;). Thisemphasison
decomposing changes in intensity into efficiency and activity components is analogous to

the decomposition employed by Antweiler, Copeland and Taylor (2001) in their anaysis



of the impact of free trade on the environment. They distinguish between scale,
technique, and composition effects. My efficiency and activity measures correspond to
the technique and composition effectsin the Antweiler et a. paper.

Decomposing changes in energy intensity into components based on
improvements in energy efficiency and changes in economic activity became a major
research topic beginning in the mid-1970s.® Ang and Zhang (2000) note that early
researchers calculated the importance of changes in economic activity by computing
energy intensity in agiven year holding sectoral energy intensities constant. Differences
between this hypothetical energy intensity and measured energy intensity were attributed
to changing economic activity. Boyd, McDonad, Ross et al. (1987) were the first to use
index number theory to provide atheoretically based decomposition. They used aDivisia
Index number methodology and like earlier methodologies (which were essentially based
on aLaspeyres Index), these decompositions had residua terms which could account for
a considerable degree of the variability in the underlying index of energy intensity
change.* Research in this area has increased sharply with Ang and Zhang noting that
their 2000 survey found 124 studies, up from 51 in their 1995 survey.

Index number theory has along history in economics with Irving Fisher being a
key contributor to the literature. Fisher (1921) identified two properties that he argued an
index number should satisfy. First, "[t]he formula should work both ways as to the two
factors, prices and quantities." And second, it "should work both ways as to time." (p.

534, italicsin original) The first property (known as factor reversal) is equivalent to

3 Ang and Zhang (2000) provide a survey of this literature. My discussion of this literature draws on their
survey.

* Greening, Davis, Schipper et al. (1997) compare six different decomposition methodologies on the basis
of their residuals.



perfect decomposition (i.e. no residual). The second property means that an index
computed between, say 1970 and 2000 should be the inverse of the same index computed
between 2000 and 1970. Fisher proposed what has become known as the Fisher |deal
index which satisfies both these properties. Thisindex isthe geometric mean of the
Laspeyres and Paasche indexes. Boyd and Roop (2004) first used a Fisher Ideal index as
the basis for an exact decomposition of changesin energy intensity into changesin
energy efficiency and economic activity. | usethis approach at both the national level
and at the state-level in this study. My analysis builds on Boyd and Roop's work in
severa ways. First, | focus on total energy consumption rather than consumption in the
manufacturing sector alone. Second, | construct and analyze indexes at the state level
and over amuch longer time period. Third, unlike previous work in thisareal use
regression analysis to measure the impact of changes in economic and climate variables
on the components of changes in energy intensity.”

Denoting e as the aggregate energy intensity for abase year, | construct an energy
intensity index as e/ey.  Asnoted above, Fisher (1921) showed that hisideal index
satisfied perfect decomposition of an expenditure index into a price and quantity index.

In my context, a Fisher ideal index provides a perfect decomposition of an aggregate
energy intensity index into economic efficiency (Ff"ff )and activity (Ft""Ct ) indexes with no

residual:®

2 EE I = Fteff R
&

® Sue Wing and Eckaus (2004) decompose energy intensity at the national level for 35 industries and
analyze the drivers of efficiency and economic activity using results from estimating a quasi-fixed input
cost model. While based on a structural underlying production model, their decomposition is not exact and,
more important, some of the impact of changesin efficiency show up in their structural term making it
difficult to determine through which avenues energy prices affect energy intensity.

® See appendix for details of index constructions.



Thisisavery attractive property for an energy intensity index since other intensity
indexes have residual terms that make difficult an interpretation of the relative
importance of compositional effects and efficiency effects.

This decomposition suggests a way to attribute changes in energy consumption
arising from improvementsin energy intensity. Recall that my thought experiment in the
Introduction suggested energy savings of 88.6 quads of energy in 2003 given the
improvements in energy intensity between 1970 and 2003. Using my notation from this

section, this changein energy (AE,) is
©) AE =E - Iét
where Et isthe level of energy consumption that would have occurred had energy

intensity remained at 1970. | attribute the change in energy between efficiency and

activity asfollows:

(4) AE, = AE{ln(F‘w)J + AE{m(Fteﬁ )] = AE + AES"
In(l,) In(l,)

II' A. Analysisat the National Level

| first provide an example of the Fisher decomposition at the national level using
data from 1970 through 2003. | partition aggregate energy use into residential,
commercial, industrial, and transportation sectors and use economic activity measures
appropriate for each energy sector as discussed in the next two sub-sections.” Table 2

shows my sectors and summary statistics for the measures of economic activity in that

" The Energy Information Administration attributes electricity consumption to these four sectors based on
usage. The degree of disaggregation affects the relative importance of efficiency and economic activity
changes. This disaggregation, for example, obscures shifts from energy intensive manufacturing to non-
energy intensive manufacturing. Such shiftswill show up here as efficiency improvements. | discuss this
further below.



sector that | use for the decomposition as well as summary statistics on sectoral energy

efficiency.

Table2. Sectorsfor Decomposition Analysisat National Level

Economic Activity

Sectoral Energy Efficiency

Sector Measure Mean Standard Measure M ean Standgrd
Deviation Deviation
Aggregate Personal BTUs per
Residential | Consumption Expenditures | 4,448 1,440 dollar 4,090 861
($2000 in billions) ($2000)
Vaue Added in BTUs per
Commercial | Commercial Sector ($2000 | 4,663 1,754 dollar 2,847 440
in billions) ($2000)
: . BTUs per
. Vaue Added in Industrial
Industrial oo 1,883 276 dollar 17,156 2328
Sector ($2000 in billions) ($2000)
. Vehicle Miles Traveled BTUs per
Transportation (billions of miles) 1,953 550 VMT 11,512 1,787
BTUs per
Total GDP ($2000 in billions) | 6,597 2,003 dollar 13,333 2,717
($2000)

Datafrom 1970 to 2003. The industrial sector includes manufacturing, agriculture, forestry, fishing, mining, and
construction. The commercial sector includes transportation, communication, wholesale and retail trade, finance, services,

and government.

Source: Energy consumption data from the Energy Information Agency. Economic data from Bureau of Economic
Analysis. Transportation data from Federal Highway Administration.

Figure 2 shows the results of this decomposition analysis for the United States

taking 1970 as the base year for the analysis.® Aggregate energy intensity in 2003 was

53 percent of itsintensity level in 1970. The activity index was 86 percent of itslevel in

1970 while the efficiency index was 61 percent of its 1970 level. In other words, had the

composition of economic activity not changed between 1970 and 2003, energy intensity

would have been 61 percent of its 1970 level. The forty percent improvement in energy

intensity was due to improvementsin energy efficiency. Similarly, had energy efficiency

8 See Appendix Table A1 for the index numbers at the national level.




been fixed at its 1970 levels for all sectors, changes in economic activity would have led
to a 14 percent reduction in energy intensity.

Using equation (4), | can allocate the change in energy use (relative to the amount
that would have been consumed had energy intensity remained at its 1970 level) between
efficiency and economic activity. Based on this approach, roughly one-quarter of the
88.6 quads of energy reduction arising from improvementsin energy intensity can be
attributed to changes in the composition of economic activity and the remaining three-
quarters to improvements in energy efficiency.® Figure 3 shows the contributions of
improvements in energy efficiency and compositional changes on energy savings
between 1970 and 2003. Initial reductionsin energy consumption can be attributed
almost entirely to improvements in efficiency.® By 1990 changesin economic activity
were beginning to contribute substantially to energy savings with major increasesin the
activity component around 1997.

I B. Analysisat the State L evel

To further investigate the forces contributing to changes in energy intensity, | next

turn to an analysis at the state-level.* This allows me to take advantage of variation

across states aswell as acrosstime. | will aso use the state-level index datafor an

° Thisisconditional on the particular choice of sectorsin this analysis. To see whether finer
disaggregation within the industrial sector affects the results, | constructed Fisher efficiency and activity
indexes for the manufacturing sector disaggregating at the two-digit SIC level between 1974 and 1997 (data
available from Energy Information Administration at http://www.eia.doe.gov/emeu/mecs). Energy
intensity (energy consumption per dollar of real value added in manufacturing) fell by the same percentage
in manufacturing asit did in the economy as a whole between 1974 and 1997. Based on my Fisher indexes
for this disaggregation, improvements in efficiency were responsible for 82 percent of the improvement in
energy intensity and changes in economic activity for 18 percent as of 1997. Thusit does not appear that |
am imparting significant bias by failing to disaggregate the industrial sector further.

19 |n fact, in some early years, changesin economic activity led to increases in energy consumption.

1 An additional reason for a state-level analysisis provided by Auffhammer and Steinhauser (2005).
They find that carbon emission predictions are more accurate when built up from state-level predictions
than when constructed at the national level.
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econometric analysisin the next section. Table 3 shows my sectors and measures of

economic activity that | use to construct the indexes.

Table 3. Sectorsfor Decomposition Analysisat State L evel

Economic Activity Sectoral Ener gy Efficiency
Sector M easure Mean Star)da_lrd M easure M ean Star)da_lrd
Deviation Deviation
) BTUs per
Residential | Persona income ($2000 | 100 0 | 4319 dollar 3,018 832
in billions) ($2000)
earnings by place of work BTUs per
Commercial in commercial sector 53.0 72.8 dollar 4227 961
($2000 in hillions) ($2000)
earnings by place of work BTUs per
Industrial inindustrial sector 26.0 28.9 dollar 23,014 18,355
($2000 in billions) ($2000)
. Vehicle Miles Traveled BTUs per
Transportation (billions of miles) 34.2 38.0 VMT 11,576 2,906
) BTUs per
Total personal income ($2000 | 1454 | 1379 dollar | 14,721 6,812
in billions) ($2000)

Data from 1960 to 2001 for the 48 continental states. Theindustrial sector includes manufacturing, agriculture, forestry, fishing,
mining, and construction. The commercial sector includes transportation, communication, wholesale and retail trade, finance,
services, and government. Sectoral energy efficiency summary statistics weighted by personal income.

Source: See Table 2.

| maintain the same sectors (residential, commercial, industrial, and transportation) but
adapt the methodology for a state-level analysisin two ways. First, my measure of
energy intensity isthe ratio of total energy consumption to personal income. | would
prefer to use gross state product (GSP) but GSP only go back to 1977 and the serieshas a
structural break in 1997 resulting from the shift from SIC to NAICSin that year. BEA
specifically advises against piecing together the pre and post-1997 datainto a single time-
series.® Second, | use earnings by place of work in the commercial (industrial) sector as

my measure of economic activity in the commercial (industrial) sector.

2 Oneresult of this change in definition is that a measure of national energy intensity built up from state-
level data differs somewhat from the intensity measures reported earlier in the paper. Aggregating from the

11




Table 4 provides summary statistics on the energy intensity index for the 48

continental statesfor various years between 1960 and 2001.

Table 4. State-L evel Energy Intensity
. Annual Change Annual
Y ear Mean | S.D. | Min | Max . Change
(Cumulative)

(Decade)

1960 1.000 | 0.0 |1.000 | 1.000 - -
1970 0.977 | 0.098 | 0.774 | 1.390 -0.23% -0.23%
1980 0.835 | 0.091 | 0.584 | 1.002 -0.90% -2.02%
1990 0.713 | 0.129 | 0.474 | 1.178 -1.12% -1.57%
2001 0.615 | 0.127 | 0.433 | 1.098 -1.18% -1.34%

Author's calculations.

Several facts emerge from thistable. First, (unweighted) average energy intensity has
been declining at a 1.2 percent annual rate between 1960 and 2001. Not surprisingly, the
decrease was more rapid in the '70s and '80s given the ail price shocks of 1973 and 1979.
Second, the variation in intensity across statesisrising. The coefficient of variation, for
example, doubles between 1970 and 2001. Third, while some states have reduced their
energy intensity dramatically (Rhode Island's intensity fell by nearly 57 percent between
1960 and 2001), other states have failed to reduce their energy intensity at al (North
Dakotas intensity increased by nearly 10 percent over this period). Figure 4 showsthe
changesin energy intensity for the eight states with the largest and smallest declinesin
energy intensity across this period. Not only are the trends different, but the patterns of
change are different. Explaining this variation across states is a mgjor focus of the

econometric analysis below.

state-level, energy intensity in 2001 is 62 percent of its 1970 value, as compared to 53 percent using
national data. Trends, however, are unaffected by the change and the correlation between the two time
series between 1970 and 2001 is 0.99.

12



Next | disaggregate these trends into efficiency and activity components. Table 5
provides summary information on the energy efficiency index. Energy efficiency

worsened between 1960 and 1970. Holding economic activity constant, changes

Table 5. State-L evel Energy Efficiency I ndex
. Annual Change Annual
Y ear Mean | SD. | Min | Max . Change
(Cumulative)
(Decade)
1960 1.000 | 0.0 | 1.000 | 1.000 - -
1970 1.019 | 0.108 | 0.826 | 1.535 0.19% 0.19%
1980 0.909 | 0.117 | 0.621 | 1.253 -0.48% -1.14%
1990 0.819 | 0.164 | 0.535 | 1.417 -0.66% -1.04%
2001 0.736 | 0.163 | 0.506 | 1.442 -0.74% -0.97%
Author's calculations.

in efficiency led to a 0.2 percent per year on average increase in energy consumption
relative to economic activity in the states. Thistrend was reversed in the 1970s which
saw a 1.1 percent per year improvement in efficiency. Efficiency continued to improve
though at a declining rate in the 1980s and 1990s. Aswith overall energy intensity, the
variation in efficiency improvements increasingly varied across states over time with the
coefficient of variation more than doubling between 1970 and 2001. Finally, a number of
states experienced declines in energy efficiency (holding economic activity constant).
North Dakota's index, on the other hand, rose by 44 percent between 1960 and 2001, an
annual increase of .9 percent.”® Figure 5 shows the changes in the efficiency index for
the states with the largest and smallest declinesin their index.

Table 6 provides information on the economic activity index.

2 The Fisher efficiency index for North Dakota suddenly startsrising in 1984 and is explained by a sharp
increase in industrial energy use, most of which iscoal. This coincides with the opening of the Great Plains
Synfuels plant in Beulah, ND. The plant consumes over 6 million tons of coal — about 90 percent of the
industrial coal consumed in the state — to produce 54 billion cubic feet of syngas annualy. If this plant
were not operating, North Dakota's efficiency index would have been 0.86 in 2001 rather than 1.44.

13



Table 6. State-L evel Energy Activity Index
. Annual Change Annual
Y ear Mean | S.D. | Min | Max . Change
(Cumulative)
(Decade)
1960 1.000 | 0.0 | 1.000| 1.000 - -
1970 0.960 | 0.034 | 0.861 | 1.023 -0.41% -0.41%
1980 0.922 | 0.052 | 0.712 | 1.008 -0.41% -0.40%
1990 0.874 | 0.055 | 0.750 | 0.992 -0.45% -0.53%
2001 0.840 | 0.060 | 0.692 | 1.092 -0.42% -0.36%
Author's calculations.

Thereis much less variation over time in the reduction in energy intensity due to changes
in economic activity relative to the variation in energy intensity or in the energy
efficiency index. Thereisalso less variation across the states at any point in time. While
the coefficient of variation doubles between 1970 and 2001, it is roughly one-third the
coefficient of variation in any given year for the energy efficiency index. Figure 6 shows
the change over time in the activity index for the four states with the largest and smallest
changes in the index respectively.

Aswith the national data, we can measure the relative contributions of improved
energy efficiency and structural change to improved energy intensity and consider the
variation across the states. Table 7 reports summary statistics on the shares for the states

in 2001.

Table 7. Efficiency and Activity Contributionsto
Changesin Intensity
Share Dueto: | Mean | Std. Dev. Min Max
Efficiency 64% 17% 28% | 106%
Activity 36% 17% -6% 72%
Author's calculations for 2001. These are unweighted averages.
ND and WY excluded. Full datain appendix table A2.

14



Efficiency contributes to the roughly two-thirds of the decline in intensity between 1960
and 2001. | excluded North Dakota and Wyoming from the table as they are significant
outliers.™

Before turning to aregression analysis of variation in state-level energy intensity,
| briefly discuss the only other study of which | am aware that addresses state-level
changesin energy intensity. Bernstein, Fonkych, Loeb et a. (2003) run fixed effects
regressions at the state-level between 1977 and 1999 of energy intensity (in log form) on
various variables (gross state product, energy prices, climate data, etc.) and compute a
measure of "residual energy intensity,” the difference between observed log energy
intensity and predicted intensity (including observed variables and year effects but not
fixed effects). Residua energy intensity intheir view "may contain useful information
about the role of policy in lowering energy intensity.” (p. 21) My dataset improves on
the Bernstein et al. dataset in several ways. First, it isamore comprehensive dataset
running from 1960 to 2001 (1970 to 2001 for regressions below using energy prices).
Second, their study uses gross state product as a measure of economic activity despite a
structural break in GSP occurring in 1997. Third, their residential and transportation
energy intensity measures are energy use per capita rather than consumption relativeto a
measure of economic activity. Fourth, their study's weather data are at the census region
rather than state level (asin my dataset).™ Fifth, | use the Fisher ideal index

decomposition to separate out efficiency and activity effects explicitly. The advantage of

14 Asnoted above, North Dakotas energy intensity is skewed by avery large synfuels plant. Wyoming's
intensity is also skewed — though to alesser extent — by the coal mining operationsin that state. Wyoming
produces roughly 40 percent of the nation's coal. Because Wyoming's efficiency index is greater than 1,
the state's efficiency contribution is negative. Including these two states does not change the average share
contributions appreciably. It does drive up the standard deviation sharply.

3| am indebted to Maximilian Auffhammer for providing me with his state-level data on heating and
cooling degree days. Auffhammer obtained these data directly from the National Oceanic and Atmospheric
Administration. See Auffhammer and Steinhauser (2005) for more information on these data.

15



the approach | proposeis that changesin economic activity may be driven in part by
energy price changes. | cantest for thisindirect effect of energy prices on improved
energy intensity by regressing the activity index on prices (along with other variables) to
measure the impact. | turn to the econometric analysis now.

1.  State-Level Empirical Results

I've shown how changesin energy intensity can be decomposed into efficiency
and activity components. What drives changes in these variables? To help answer this
guestion, | present results from various regressions of the different indexes on economic
and weather related variables. Regression variablesinclude energy prices and per capita
income, both inlog form. For my energy price variable | use the average weighted price
of energy in the state based on fuel uses as computed by EIA. Thisprice includes excise
taxes. Under the assumption that states are price takersin energy markets, | interpret the
regressions as energy demand-style regressions.’® In the spirit of the environmental
Kuznets curve literature, | include the log of income and the log squared to account for
possible non-linearities in the response of energy use to income.

In addition to price and income, | include climate data to account for different
demands for heating and cooling in homes and businesses. | include a number of other
socioeconomic variables that could account for differencesin energy intensity. First, |
include the log of the capital-labor ratio and the squared log capital-labor ratio to alow
for differencesin capital intensity to affect energy intensity. This reflects afinding that

capital and energy are likely substitutes in production (see Thompson and Taylor (1995)

18| constructed a Hausman test for energy price exogeneity by running a two-stage least squares regression
using a synthetic energy price as instrument for the energy price. The instrument isthe average of state
energy prices of those states adjacent to agiven state in each year. Regression results are not appreciably
changed by the use of thisinstrument and | fail to reject price exogeneity at the 95 percent level.

16



on this point).” Second, | include variables measuring population growth in the state. In
particular, | construct two dummy variables that measure whether a state isin the top or
bottom quartile of states for population growth in agiven year.'® Fast growing states may
be adding infrastructure that is more energy efficient than slow growing states. On the
other hand fast-growing states may experience more dislocation from growth (e.g. traffic
congestion) that increases energy intensity. | aso indirectly alow for different vintaging
of the capital stock. Slower turn over of the capital stock meansthat a stateislikely to
have less energy-efficient capital on average. Conversely, fast growing states may have a
newer, more energy-efficient capital stock and so lower energy intensity. | include two
dummy variables that measure whether a state isin the top or bottom quartile of states for
investment relative to their capital stock inagiven year Finally, | alow for aquadratic
trend to account for secular changes in energy intensity over time. Summary statistics for

the regression dataarein Table 8.

¥ Antweiler, et al. (2001) include the capital-labor ratio in their pollution regressions under the assumption
that capital and pollution are complements (their composition effect). Here, capital and energy
consumption are more likely substitutes in the medium to long run.

18 The two variables are inversely correlated as expected but not perfectly collinear with a correlation
coefficient of -0.33.
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Table8. Summary Statistics
Std.

Variable Mean Dev. Min M ax
Intensity 0.762 0.140 0.433 1.166
Efficiency 0.846 0.133 0.505 1.182
Activity 0.899 0.064 0.692 1.131
Real energy price ($1982-
84/million BTUs) 6.414 1.568 2.454 12.532
Real income per capita
($1982-84) 13100 2703 6758 24235
Heating degree days
(HDD) (1000) 5.215 1.995 0.476 9.921
Cooling degree days
(CDD) (1000) 1.087 0.769 0.073 3.845
In(income per capita) 9.460 0.203 8.818 10.096
In(income per capita)® 89.5 3.8 77.8 101.9
In(heating degree days) 1.550 0.505| -0.742 2.295
In(cooling degree days) -0.175 0.753 | -2.617 1.347
In(energy price) 1.829 0.244 0.898 2.528
In(capital labor ratio) 11.043 0.168 | 10.622 11.643
In(capital labor ratio) * 121.986 3.715|112.817 | 135.552
Source: See Table 2. Summary statistics on 46 continental states excluding ND and WY
between 1970 and 2001 (1,472 observations). State-level capital stocks are constructed by S.
Yamarik as described in Garofalo and Y amarik (2002) and available on his website:
http://www.csulb.edu/~syamarik/ .

Table 9 presents results for the first set of regressions. The first three columns
present results from aregression of the intensity index on price, income, and (possibly)
other variables. The first regression includes only price and income variables along with
aquadratic in trend. A ten percent risein energy pricesis associated with a 1.2
percentage point drop in energy intensity. In addition, energy intensity isfalling with

respect to income given the range of income in the data set.
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Table 9. Index Regressions

Intensity Efficiency Activity
In(price) -0.115 -0.100 -0.108 -0.144 -0.134 -0.126 0.021 0.028 0.009
(0.012) (0.012) (0.008) (0.014) | (0.014) (0.010) (0.007) | (0.007) (0.006)
'”(Pfr 4.861 4.101 1.873 5.111 4.235 4,001 0.741 0.896 -1.533
ir‘fgr'ni) (0.813) | (0.898) (0.545) (0.937) | (1.026) (0.693) (0471) | (0521) | (0.399)
'”(F’fr -0.264 -0.224 -0.113 -0.278 -0.231 -0.241 -0.039 -0.048 0.091
in‘é":‘)prhgz (0.056) | (0.047) (0.029) (0.049) | (0.054) (0.037) (0.025) | (0.028) | (0.022)
In(HDD) ~ -0.019 0.089 ~ -0.027 0.077 ~ 0.006 0.022
(0.007) (0.013) (0.008) (0.017) (0.004) (0.010)
In(CDD) ~ -0.004 -0.014 ~ -0.007 -0.012 ~ 0.001 -0.005
(0.005) (0.006) (0.005) (0.008) (0.003) (0.004)
In(KIL) ~ 6.182 2.150 ~ 4.159 4.217 ~ 2.403 2.747
(1.317) (0.813) (1.504) (1.034) (0.763) (0.595)
In(KILY ~ -0.277 -0.099 ~ -0.186 -0.188 ~ -0.108 0.119
(0.059) (0.037) (0.068) (0.047) (0.034) (0.027)
pop grwth: -0.037 0.004 -0.036 0.005 -0.005 -0.010
high B (0.006) (0.004) B (0.007) (0.005) B (0.003) (0.002)
pop grwih: -0.002 0.004 0.021 0.016 -0.024 -0.014
low B (0.006) (0.003) B (0.006) (0.004) B (0.003) (0.002)
nv: high ~ -0.017 -0.005 ~ -0.027 -0.013 ~ 0.009 0.009
' (0.006) (0.003) (0.006) (0.003) (0.003) (0.002)
v low ~ 0.007 0.002 ~ 0.013 0.005 ~ -0.006 -0.003
' (0.006) (0.003) (0.006) (0.003) (0.003) (0.002)
rend -0.013 -0.015 -0.010 -0.006 -0.007 -0.003 -0.008 -0.009 -.008
(0.001) (0.001) (0.001) (0.001) | (0.001) (0.001) (0.0007) | (0.001) (.0006)
rend? 0.0001 0.0002 0.0001 -0.0000 | 0.00002 | 0.00005 0.0001 10002 .00006
(0.00004) | (0.0056) | (0.00002) | (0.00005) | (0.00005) | (0.00003) | (0.00002) | (.00002) | (.00002)
;If)éi?s no no yes no no yes no no yes
Adj. R 0.620 0.643 0.885 0.440 0.482 0.740 0.386 0.421 0.680

Regressions are on the forty-six continental states excluding ND and WY ..

parentheses.

All regressions include an intercept. Standard errors are reported in
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In column 2, | add additional variablesto control for other factors affecting
energy intensity. The first thing to note is that the price and income variables are not
affected by theinclusion of these variables. These additional variables are important,
however, in helping to explain the variation in the intensity index. Somewhat counter
intuitively, energy intensity islower in colder climates and also lower in warmer climates
though the coefficient on cooling degree days is not statistically significant in this
regression. Intensity isfirst increasing and then decreasing with higher capital-labor
ratiosin thisregression. At the mean value for In(K/L) in the sample, intensity isrising
with K/L.

The population growth variables suggest that fast-growing states have bel ow-
average energy intensity. Statesin the top quartile for population growth in a given year
have an intensity index 3.7 percentage points lower than other states. It appears that the
infrastructure investment associated with fast growth offsets any dislocations arising from
that growth. The investment dummies enter as expected. High investment states have an
intensity index 1.7 percentage points lower than states in the middle of the investment
distribution while low investment states have a slightly higher index (0.7 percentage
points).

Finally, the energy intensity index istrending down at an annual rate of 1.5
percentage points though the trend rate is slowing. By 2001, the trend had slowed to 0.4
percentage points.

Adding state fixed effects (column 3) changes the story abit. The price
coefficient is essentially unchanged but the income coefficients are much smaller. The

margina impact at the mean, however, is nearly twice as large in thisregression (-0.265
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as opposed to -0.137). Energy intensity continues to fall with income across the range of
income in the dataset. The coefficients on the capital-labor ratio are a'so considerably
smaller but again the turning point is not appreciably affected. The heating degree day
variable now has the expected sign and is quite large. A one standard deviation increase
in this variable raises the intensity index by 4.5 percentage points. Cooler states have
lower energy intensity but the magnitude of the effect is smaller than for heating degree
days. Energy intensity continuesto first increase and then decrease with the capital labor
ratio with the turning point unchanged from the second regression.

The sign on the high population growth dummy is now positive but not
statistically significant. It continues to be the case that high investment states have lower
energy intensity than low investment states though the size of the effect is muted with the
inclusion of state fixed effects. Energy intensity continues to trend down initialy at a
rate of roughly 1 percentage point per year but declining to roughly one-quarter of a
percentage point per year by the end of the sample.

As noted above, energy intensity changes in part from improvements in energy
efficiency and in part from changes in economic activity. | now turn to an analysis of the
forces affecting each of these components of energy intensity. The next three
regressions focus on the efficiency index. Recall that thisindex measures the changein
energy intensity holding constant the mix of economic activity in each state over time.
The first regression includes just price and income variables along with a quadratic trend.
Comparing this regression to the comparable intensity regression (column 1), it appears
that price plays most of itsrole in reducing energy intensity through the efficiency

channdl. In fact, the semi-élasticity islarger in the efficiency index regression than in the
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intensity index regression. That price drives intensity changes through the efficiency
channel isrobust to the model specification. Adding other explanatory variablesin the
OL Sregression does not change matters. Coefficient estimatesin the fifth column also
are quite similar to the estimates from the intensity index regression in the second
column.

Adding state fixed effects (column 6) has a similar impact asin the intensity index
regression. The heating degree day variable now has a positive coefficient and is
statistically significant. The effect continuesto be large. Energy intensity through the
efficiency channel first rises and then falls as states become more capital intensive. The
turning point occurs at avaue of In(K/L) of 11.18, just above the mean value in the
dataset of 11.06. Thisturning point corresponds to a capital-labor ratio of $71,690 per
worker, just above the 75™ percentile in the dataset.

The fast growing states appear to have higher energy intensity through the
efficiency channel though the coefficient is not statistically significant. Slow growing
states have higher efficiency indexes by 1.6 percentage points. High investment states
continue to have lower efficiency indexes than low investment states with the difference
between the top and bottom quartile coefficients equal to 1.8 percentage points. Finaly,
adding fixed effects continues to dampen the downward trend in the index (asit did for
the intensity regression).

The last three columns report results from the activity index regressions. Energy
prices have little impact on the activity index and in fact have a counterintuitive sign.
Once state fixed effects are added, the coefficient on priceis no longer statistically

significant. It appears that energy prices influence energy intensity primarily through the
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efficiency channel. In the regression with state fixed effects, the activity index first falls
and then rises with income with aturning point at 8.42. Again thisiswell below the
range of income in the sample indicating that the activity index rises with income. This
may be a manifestation of a sunbelt effect where income and manufacturing activity are
both migrating to the sunbelt states.

Fast growing states appear to have lower energy intensity through the activity
channel than the average state. But slow growing states also have lower energy intensity.
Two forces may be at work that could also be viewed as a sunbelt effect. Energy
intensive manufacturing activity has exited from northern, previously industrialized
sections of the country to faster-growing regions in the south and southwest. This exodus
would manifest as a negative coefficient on the low growth states. But as industry moves
into the south and southwest, it installs more energy efficient capital leading to the
negative coefficient on the high growth states.

The capital labor coefficients indicate that the activity index isfirst falling and
then rising with the capital-labor ratio once fixed effects are included in the regression.
The turning point occurs at 11.54 in the regression with atrend. Thisisjust above the
mean of In(K/L) in the dataset. Theinvestment variables are not surprising as energy
intensive economic activity also tends to be capital intensive. Finaly, the downward
trend in thisindex is substantial ranging from roughly one percent per year at the
beginning of the sample period to 0.6 percent per year by 2000. Thisis perhaps not
surprising given the trend away from manufacturing in the U.S. economy over this

period.™®

19 The share of manufacturing incomein private industry income has fallen from 31 percent in 1970 to 19
percent in 2000.
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One difficulty with the specification in Table 9 isthat energy intensity is assumed
to respond immediately to changes in economic variables. Moreredistically, energy
prices likely affect energy intensity with some lag. The next set of regressions provide
results from a partia adjustment model. Lety;; bethe desired energy intensity in state i
inyear t. | assume that the desired intensity is afunction of the variablesincluded in

previous regressions now subsumed in the vector x;;. The relationship thenis

) Vi =% B+ &

where ¢, = ¢, +v,, includes a state fixed effect. The adjustment process related actual
energy intensity y;; to desired intensity as follows:

(6) Yio = Yiea = A=AV = Vi)

where A isameasure of the adjustment process in moving from desired to actual energy
intensity.

Combining equations (x) and (x) yields the following estimating equation:

(7) Yie = Xilug + )“yi T Eit

B

where B = (1—A)B isthe short-run impact of changesin x ony and —/—— measure the

long-run impacts. The error termis £ = (1- A)e. Because of the lagged dependent

variable, fixed effect regressions will produce biased estimates. | report estimates using
the Arellano-Bond estimator for the three energy indexesin Table 10.

| report results for the reduced form specification (price and income variables
only) aswell asthe full model. The price coefficients are robust to the exclusion of the
additional variables. Income, however, is affected by their exclusion. Thefirst two

regressions suggest that the short-run semi-elasticity of intensity with respect to priceis
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-0.06. Thelong-run estimate (-0.18 in the full specification) is nearly double the estimate
from Table 9 suggesting that the price coefficient in that regression is a mixture of a short
run and long run effect. While the income coefficients differ across the two regressions,
energy intensity continues to fall with income throughout the sample. Inthefirst
regression the turning point iswell below the minimum value in the dataset whileit is
above the maximum value in the second regression. The slope of the intensity index with
respect to income at the mean value of income is also similar in the two regressions
(-0.186 in thefirst regression and -0.176 in the second).

The other variables in the second regression have similar effectsasin the Table 9
regressions. One differenceisthat the turning point for the capital labor ratio is now
below the minimum value in the sample so that energy intensity isfalling with respect to
K/L for all statesin all years, consistent with the view that capita and energy are
substitutes.

The efficiency and activity index regressions continue to tell asimilar story asin
Table9. Most of theimpact of changing prices on intensity works through the efficiency
channel. While energy intensity is everywhere falling with K/L in the full specification,
itisfirst rising and then falling in the efficiency regression (column 4) and falling and
then rising in the activity regression (column 6).

While the population growth dummies have little impact, the high investment
states continue to have lower energy intensity both overall and through the efficiency
channel. The oppositeistrue, however, in the activity regression. High investment states

have higher energy intensity working through the economic activity channel than do low
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investment states. As noted above, this may simply reflect the fact that energy intensive
industries are also capital intensive.

Summing up, the long-run semi-elasticity of energy intensity with respect to price
is-0.179 while the corresponding long-run responses for efficiency and activity are
-0.133 and -0.046 respectively. Changesin energy price affect energy intensity through
changesin efficiency more than changes in the mix of economic activity. Second, it
appears that rising income contributes to declinesin energy intensity, primarily through

the efficiency channel.
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Table 10. Partial Adjustment Model
Intensity Efficiency Activity
n(pricey | 0064 | -0063 | 0059 | -0062 | -0018 | -0014
P (0.005) | (0.005) | (0.006) | (0.006) | (0.003) | (0.003)
'ngi’f; 0079 | -1614 | -1476 | -1720 | 2122 | 1.488
neome | (0529 | (0666) | (0614) | (0816) | (0287) | (0.363)
Lr;g?f; 0014 | 0076 | 0058 | 0072 | -0106 | -0.071
neome? | (©028) | (0035) | (0.032) | (0043 | (0015) | (0.09)
0.059 0.042 0.024
In(HDD) - (0.009) " (0.010) - (0.005)
0.001 0.004 -0.004
In(CDD) - (0.004) - (0.005) - (0.002)
0.686 1.736 2534
In(K/L) - (0.887) - (1111) - (0513)
2 -0.033 -0.078 0.112
In(K/L) - (0.040) - (0.050) - (0.023)
population || o2 | | 00003 | -0.003
ghigh ' (0.003) (0.004) (0.002)
population B -0.0003 B 0.001 B 0.001
growth: low (0.002) (0.003) (0.001)
N _ -0.004 _ -0.008 _ 0.003
-Nig (0.002) (0.002) (0.001)
v low ~ 0.004 ~ 0.008 ~ -0.003
' (0.002) (0.002) (0.001)
rend 0.0006 | 0.0005 | 0003 | 0003 | -0.004 | -0.004
(0.0008) | (0.0007) | (0.001) | (0.001) | (0.0004) | (0.001)
e | ~0-00003 | -0.00004 | -0.00004 | -0.00004 | -0.00002 | 0.00002
(0.00002) | (0.00002) | (0.00002) | (0.00002) | (0.00001) | (0.00001)
adjustment | 0.677 | 0648 | 0534 | 0531 | 0730 | 0694
parameter | (0.025) | (0.025) | (0.025) | (0.026) | (0.019) | (0.019)
LongRun | -0.198 | -0179 | -0126 | -0.133 | -0.068 | -0.046
Price Effect | (0.021) | (0.020) | (0.014) | (0.014) | (0.012) | (0.011)
Regressions are on the forty-eight continental states excluding ND and WY . All regressions assume
state fixed effects. Arellano-Bond regressions are run and standard errors reported in parentheses.

It is straightforward to show that the elasticity of demand for energy with respect
to price equals the price coefficient from the intensity regression divided by the intensity
index. Table 11 presents short and long-run price elasticities from the regressions with

trend in Table 10 assuming the average state index level in 2001.

27



Table 11. Price Elasticities
Intensity | Efficiency | Activity
SR -0.107 -0.087 -0.017

LR -0.303 -0.187 -0.055
Elasticities based on estimated price coefficients
from Table 10. Values of weighted average
intensity, efficiency, and activity are .59, .71, and
.84 respectively.

Price elagticities from the intensity regressions are most comparable to estimates of price
elasticities in the existing literature. Bjorner and Jensen (2002) cite estimates from a
survey by Atkinson and Manning (1995) of median elasticity estimates of -0.5.

How important are the price effects from these regressions? To get afeel for this,
we can do a back of the envelope calculation of the five-year consequences of a 50
percent permanent increase in energy prices. From the intensity regressions with trend in
Table 10, the price coefficients suggest that a fifty percent increase in real energy prices

would bring about a 7.3 percentage point decline in energy intensity on average relative

to 2001. If A(Eji =-0.073, then
Y&
A(E)A —_073= (E_ﬂ]i
€ E Y )Yeg
or
AE_-.073 AY
E I Y

The most recent Annual Energy Outlook (Energy Information Administration (2007))
assumes that personal income will grow at a 3.1 percent annual rate. Using this growth
rate and the state average energy intensity of .59 for 2001 (weighted by energy
consumption), energy consumption would be 4 percent higher than today at the end of

fiveyears. Had the energy intensity ratio stayed the same between the two periods
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energy use would have grown by 16 percent, the rate that income grew. Obvioudly, this
isarough calculation but suggests the magnitude of energy efficiency improvementsin
response to price increases.

A second policy experiment we can consider is whether the Bush Administration
reduction in carbon intensity is feasible without substantial policy intervention. The
trend coefficients suggest that absent changes in price, income, or weather conditions,
energy intensity will trend downward over this decade by alittle over 6 percent. Absent
changesin price or income, the Administration’'s goal will not likely be met. Growth in
income, however, suggests we should observe alarger decline in energy (and thus
carbon) intensity. Infact carbon intensity fell by 15 percent between 1990 and 2000
suggesting that little policy intervention may be required to achieve the Bush
Administration's goal of an 18 percent reduction in carbon intensity.®
VI.  Conclusion

This paper is afirst cut at understanding the forces driving improvementsin
energy intensity in the United States since 1970. It builds on alarge literature in energy
decomposition analysisin two ways. Firgt, it isthe only analysis of changesin energy
intensity at the state level using a perfect decomposition methodology. Second, this
study uses econometric methods to identify the drivers of changesin efficiency and
economic activity indexes.

| find that rising per capitaincome contributes to improvementsin energy
efficiency and intensity and that prices also play akey role. Neither price nor income has

an appreciable impact on the mix of economic activities and — more importantly —

% Asa(near) mid-decade check, carbon intensity has fallen by 6 percent between 2000 and 2004. See EIA
(2006bh).
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changes in the mix of economic activity are considerably lessimportant than
improvements in efficiency over this time period to explain improvements in energy
intensity.

Finally, it is not clear why higher income should lead to lower energy intensity
since I'm controlling for the mix of economic activity in the efficiency regression. The
reduction in energy intensity asincome risesis not ssmply a shift away from
manufacturing to services (or some other shift from energy using to energy saving
technology) but rather something more intrinsic to activities within each of the four
energy consumption sectors. Conducting the type of decomposition analysisthat I've
donein this study at a more disaggregated level is an important area for future research
explore this question more deeply. This study, however, at the minimum suggests that

such an analysisisfeasible and likely to be highly productive.

to
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Appendix:  Constructing the Fisher Indexes

Denoting e as the aggregate energy intensity for a base year, | construct an
energy intensity index as e/ey. Following Diewert (2001), it can be shown that we can
decompose the intensity index into efficiency and activity indexesif 1) we can construct
sectors that account for all energy use in the economy without overlap (i.e. a partition);
and 2) there exists a set of economic activity measures (Y;;) with which to construct a
measure of energy intensity. Note that these economic activity measures do not need to
form a partition.

To construct the Fisher I1deal index, | first construct Laspeyres and Paasche

composition and efficiency indexes. The Laspeyresindexes are

2 €oSi
(A1) L =
2. €0So

2 €:So
(A2) Lo =

LT Y e

and the Paasche indexes are

(A3) R

“Yas
2 6Se
€oS:

The Laspeyres indexes use a base period fixed weight while the Paasche indexes use an

(A4) R =

end period. The Fisher Ideal indexes are then given by

(A5) FtaC'[ — IL?CI Ptact
(A6) Fo = L P
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As noted above, Fisher (1921) showed that hisideal index satisfied perfect
decomposition of an expenditure index into a price and quantity index. In our context, a
Fisher ideal index provides a perfect decomposition of an aggregate energy intensity

index into economic activity and efficiency indexes with no residual:

(A7) =1, =F*F" .

&
&
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TableAl. U.S. Energy
I ntensity I ndexes

Year | Intensity | Activity | Efficiency
1970 1.00 1.00 1.00
1971 0.99 1.00 0.99
1972 0.98 1.01 0.98
1973 0.97 1.01 0.96
1974 0.95 1.00 0.95
1975 0.93 1.00 0.92
1976 0.93 1.01 0.92
1977 0.91 1.01 0.90
1978 0.89 1.01 0.88
1979 0.87 0.99 0.87
1980 0.84 0.99 0.85
1981 0.80 0.99 0.81
1982 0.78 1.00 0.79
1983 0.75 0.98 0.77
1984 0.73 0.98 0.75
1985 0.70 0.97 0.73
1986 0.68 0.95 0.72
1987 0.68 0.95 0.71
1988 0.68 0.96 0.71
1989 0.68 0.95 0.71
1990 0.66 0.94 0.70
1991 0.66 0.93 0.71
1992 0.65 0.92 0.71
1993 0.65 0.92 0.71
1994 0.63 0.92 0.69
1995 0.63 0.92 0.69
1996 0.63 0.92 0.69
1997 0.60 0.91 0.66
1998 0.58 0.88 0.67
1999 0.57 0.87 0.66
2000 0.56 0.87 0.65
2001 0.54 0.86 0.63
2002 0.54 0.86 0.63
2003 0.53 0.86 0.61

See text for construction
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Table A2. Efficiency and Activity Contributionsto

Changesin Intensity

State Efficiency Activity
WY -258% 358%
A 28% 72%
ME 31% 69%
LA 33% 67%
wv 40% 60%
IN 43% 57%
NJ 43% 57%
SD 46% 54%
SC 48% 52%
NE 51% 49%
OK 54% 46%
GA 54% 46%
MS 55% 45%
MT 55% 45%
Wi 56% 44%
AR 56% 44%
FL 57% 43%
PA 60% 40%
KY 60% 40%
AL 61% 39%
IL 61% 39%
OH 62% 38%
WA 65% 35%
ID 66% 34%
VA 67% 33%
NC 67% 33%
KS 67% 33%
NH 68% 32%
X 68% 32%
MD 69% 31%
NV 71% 29%
TN 72% 28%
MN 72% 28%
NM 73% 27%
DE 74% 26%
CT 77% 23%
MI 78% 22%
OR 78% 22%
RI 80% 20%
NY 80% 20%
uT 81% 19%
CO 81% 19%
CA 82% 18%
MA 86% 14%
AZ 89% 11%
MO 94% 6%
VT 106% -6%
ND 392% -292%

Author's calculations. See text for details.
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Figure 4. State Level Intensity Trends
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