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1. Introduction

Energy commodities strongly influence the economies of industria-
lized nations. What makes these commodities unique are the capital
and products that depend on them. Oil derivatives, for example, are
virtually without substitutes in their roles, including powering and
lubricating internal combustion engines. Own-price demand elasticities
of energy commodities are expected to be highly inelastic. Such
inelastic short run own-price elasticities are consistently found in the
literature (Bohi and Zimmerman, 1984; Gately and Huntington, 2002;
Krichene, 2002; Cooper, 2003; Labandeira et al., 2012). Inelastic own-
price elasticities imply that price increases have little impact on
quantity demanded in the short run. Inelastic elasticities arise because
energy dependent capital is expensive and purchased in advance by
industry and individuals to produce short-run levels of output. These
elasticities, however, do not take into account the potential effect of
pre-commitment to energy consumption.

Pre-commitments are defined as the quantities of goods that are
consumed in the short run with little regard for price; demand is
almost perfectly price inelastic. If individuals have committed to
consume a given quantity of a commodity then a price change for that
commodity will have little effect over that portion of the demand curve.
Over the committed portion of demand, the commodity can be treated
as non-discretionary with correspondingly inelastic price elasticity.
Once pre-commitments have been satisfied price variations have a

larger impact on quantity demanded. This portion of the demand curve
can be thought of as discretionary.

Households make many decisions that commit them to energy use
in the short run. In deciding where to live (location and size) and which
automobile to purchase, a consumer is committing to energy con-
sumption. House location and automobile type for a large part
determines commuting costs to work. The household is committing
to these costs to remain employed. A discretionary component of the
demand for gasoline would be purchasing a tank of gas to go on
vacation. Size of the house for a large part determines heating and
cooling costs. Although a household may adjust temperature settings
(discretionary component), most people have a minimum or maximum
temperature they are willing to accept; they do not completely turn off
the HVAC equipment (pre-commitment). Purchases of other energy
using appliances (TVs, computers, stoves, etc.) also have some pre-
commitment level associated with them based on their energy effi-
ciency. Businesses make similar decisions that commit them to certain
levels of energy use.

The demand for energy may be more accurately modeled by
considering these pre-commitments. Relative to elasticity estimates
that do not control for pre-commitment levels, estimated own-price
elasticity estimates should be larger in absolute value (more elastic) by
including pre-commitment levels. To understand this idea, assume
demand can be broken into two components: pre-commitment level
consumption (having elasticity near zero) and discretionary consump-
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tion. Ignoring these two components during estimation would result in
an elasticity measure that is a weighted average of the two components.
A weighted average of both components misrepresents both compo-
nents with an elasticity measure that is too large in the pre-commit-
ment portion of the demand curve and too small for the discretionary
portion. Ignoring pre-commitment levels will lead to an elasticity
measure that is too inelastic. But, one must be careful on the
interpretation and use of the estimated elasticities.

All elasticities (e.g. own and cross-price) estimated from a model
with explicit consideration of pre-commitments only apply to the
discretionary component of consumption and not the pre-commitment
levels. Pre-commitment levels by assumption have elasticities equal to
zero. In models not explicitly considering pre-commitment levels, the
estimated elasticity applies to all consumption. With pre-commitment
level scenarios, own-price elasticities are more elastic in the discre-
tionary portion, but much less elastic near the pre-commitment level
boundary (nearly perfectly inelastic). Raising the price of a nearly
perfectly inelastic good does not do much to curtail quantity de-
manded. This difference in elasticities must be accounted for in policy
analysis.

By modeling the energy system with pre-commitments, the effects
of pre-commitments on the elasticities for these commodities can be
obtained. Estimation of a system also allows energy commodity
interdependencies to be examined, while taking into account error
relationships across equations in the system. Specifically, the objective
of this study is to examine how accounting for pre-commitment levels
influences demand responses to price changes. To accomplish this
objective, two systems of demands for oil, coal, and natural gas are
estimated. The two systems, which are nested, are compared to
examine explicit consideration of pre-commitments on elasticities
values. The Generalized Almost Ideal Demand System (GAIDS), which
endogenously estimates pre-commitment levels, is compared to the
Almost Ideal Demand System (AIDS), which is nested in the GAIDS
model and does not explicitly consider pre-commitment levels. By
estimating both systems, this study addresses the gap in the literature
of the lack of explicitly considering pre-commitments in energy
demand studies and the potential ramifications of this omission.

2. Literature review

Models have been developed to quantify and predict energy
demand. Although the specific approaches vary, the vast majority of
models fall into the category of the lagged endogenous models, which
model energy demand as a linear or log linear function of wealth and
indexes of price and lagged prices (Dahl and Sterner, 1991). Current
and lagged price structures allow for both short and long-run price
elasticities to be estimated. In most cases, short run is the marginal
effect of current price, while long run is the marginal effect of the
lagged price. Dagher (2012) provides an excellent review of the
literature focusing primarily on natural gas elasticities but intermixing
results on electricity. She notes that only four studies on natural gas
elasticities are found in the literature during 2000—2007, but almost 70
studies in each of the seventies and eighties decades.

Early reviews of energy demand literature include Taylor (1977),
Bohi and Zimmerman (1984), and Dahl and Sterner (1991). One clear
inference from these reviews is that estimated demand elasticities vary
considerably from study to study. Dagher (2012) notes one must use
consensus estimates from these reviews cautiously as often standard
errors are not given. Taylor (1977) states own-price elasticities are
around —0.15 in the short run, but more elastic in the long run being
around -1. Bohi and Zimmerman (1984), for example, provide
consensus estimates of short-run (long-run) own-price elasticities for
residential natural gas of —0.1 (-0.5), but note elasticities are uncertain
for commercial and industrial sectors.

Dahl and Sterner (1991) in their review of over 100 studies, find the
average short-run, own-price elasticity of gasoline is —0.26 and the
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long-run, own-price elasticity is —0.86. Implications of these elasticities
are that past prices have a larger impact on quantity demanded than
the current price and that purchasing habits are slow to adjust to price
changes. Dahl and Sterner (1991) note the studies surveyed take
different approaches on seasonality. They find that there is a striking
difference between the results obtained when seasonality is taken into
account compared to annual measures. Dahl and Sterner (1991)
conclude that seasonal data may be inappropriate because the results
are unpredictable and lack robustness, especially in the long run.

Cooper (2003) uses a lagged endogenous model to independently
model oil demand for 23 countries. U.S. own-price elasticity is found to
be -0.06 in the short run and -0.45 in the long run. Krichene (2002)
simultaneously estimated world demand models: one for oil and one
for natural gas. In doing so, she is able to take advantage of the
robustness and simplicity of the lagged endogenous model while
accounting for interdependencies. She finds that short-run, own-price
demand elasticities are —0.02 for oil and —0.01 for natural gas (both are
non-significant) for the most recent period estimated (1973-1999).
Krichene (2002, p. 567) states “...crude oil demand is highly price-
inelastic in the short run, as energy consumption is essentially
determined by fixed capital...” Lin (2011) estimates oil supply and
demand simultaneously using monthly data, but decomposes prices
and quantities into Organization of the Petroleum Exporting Countries
(OPEC) and non-OPEC, yielding one of the most elastic measures for
oil own-price elasticity of -0.95.

Substitution between fuel sources has also been examined.
Blackorby and Russell (1989) indicate when there are two or more
inputs, the Morishima elasticities are the correct measures of substitu-
tion. Energy sources in the U.S. being are generally found to be
substitutes (Serletis et al., 2010, 2011; Serletis and Shahmoradi,
2008; Stern, 2012). Serletis and Shahmoradi (2008) examine the
substitutability of coal, natural gas, and crude oil in the U.S. using
the two semi-nonparametric forms, Fourier and asymptotically ideal
demand models. Own-price elasticity estimates for the asymptotic and
Fourier models are —-0.64 and -0.25 for oil, -1.51 and -1.01 for
natural gas, and —0.33 and -0.40 for coal. Income elasticities indicate
all commodities are normal goods with natural gas being a luxury good.
Their estimates of Morishima elasticities of substitution are generally
less than one indicating a limited ability of the U.S. economy to
substitute between energy commodities. Joutz et al. (2009) estimates
for residential natural gas national own-price elasticities are less
negative at —0.09 for the short run than for the long run at -0.18.
U.S. regional short run own-price elasticities are estimated to range
between —0.13 and 0.01 with long run elasticities being between —0.25
and -0.01.

Several studies have compared parametric to nonparametric mod-
els for energy demand (Zarnikau, 2003; Xiao et al., 2007; Karimu and
Brannlund, 2013). Karimu and Brannlund (2013) argue that energy
demand models relying on parametric models are less robust and more
likely to be misspecified than nonparametric models. They argue most
parametric models in energy demand are chosen for their computa-
tional convenience and ease of interpretation, not for their ability to
explain underlying behaviors. Karimu and Brannlund (2013) reject the
log-linear specification in favor of a nonparametric specification. The
nonparametric model generates own-price elasticities of —0.18 to —0.19
for aggregate energy demand. Zarnikau (2003) found a non-parametric
kernel estimator was superior to three common parametric specifica-
tions (linear, log-linear, and translog) in electricity consumption. Using
the same data set and a different criterion, Xiao et al. (2007) found the
translog and AIDS models outperformed the log-linear and linear,
which is the opposite of the ranking found by Zarnikau (2003). Xiao
et al. (2007, p. 166) conclude “These findings highlight what is already
obvious to many energy economists, namely that model selection
remains a very difficult task and different model selection criteria
may steer one towards different model choices.” Stern (2012, p. 326) in
his meta-analysis concludes on the topic of interfuel substitution there
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is less substitutability at the national level than at lower levels of
aggregation but additional studies are necessary.

Studies have discussed pre-commitment levels, in general, and have
examined pre-commitments in empirical demand estimation for
various commodities (e.g. Bollino et al., 2000; Alston et al., 2001;
Bigerna and Bollino, 2014, 2105, 2016). Bollino et al. (2000) find a
model with pre-commitments satisfies concavity and Slutzky's nega-
tivity conditions, concluding that satisfying these regularity conditions
provides additional evidence on the adequacy of including pre-commit-
ments. Alston et al. (2001) note pre-commitment quantities are
independent of prices. Bigerna and Bollino (2016) estimate a GAIDs
demand model for electricity with pre-commitments, however, no
discussion of the estimated values is presented. Bigerna and Bollino
(2015) suggest hourly elasticity demands show substitutability and
complementarity characteristics depending on the hour of the day. In
both Bigerna and Bollino articles, little discussion is provided on the
pre-commitment levels or on how to use the elasticities. In studies
presenting and using the elasticities (Hovhannisyan and Gould, 2014;
Bigerna and Bollino, 2105), it is not clear from the discussions that the
elasticities apply only to the discretionary part of the demand curve and
how the authors adjusted quantities to account for this fact before
providing implications of the elasticities with pre-commitments.
Further, Marsh and Piggott (2013) note price flexibilities between
models with and without pre-commitments are not robust across
model specifications. Nonrobustness is expected given the previous
discussion on how pre-commitments should influence elasticities. This
brief literature review barely scratches the surface of the multitude of
energy demand studies, but illustrates the range of studies’ objectives
and results.

3. Methodology and data

Estimating a linear, reduced form demand equation, the predomi-
nant method in the literature, only partially controls for pre-commit-
ment levels through estimation of a constant term. For a more precise
treatment and interpretation of pre-commitment levels, the AIDS
developed by Deaton and Muellbauer (1980) was extended by Bollino
(1987) to explicitly include pre-commitments. This extension gave rise
to the GAIDS model. The GAIDS model provides the basis for the
demand system estimation

cp, cp; m—y.cp.
w = ?+(1— Z 7)[0{,- + ;y[jlnp/. + 'B‘IH(T]} + ¢

where

w; is the expenditure (budget) share where i = 1,2,3 (oil, natural gas and
coal);.

p; is the inflation adjusted price of oil, natural gas and coal;.

m is the total expenditures on oil, natural gas and coal;.

¢; is the pre-commitment parameter for oil, natural gas and coal;.

a; and f, are parameters to be estimated;.

P is the Stone's price index, expressed as P= Zj inp; and.

¢; is the random error terms, ¢~iid(0,1).

For computational convenience, Stone's price index is used. Using
Stone's index instead of the translog price index leads to what is known
as the Linear Approximate Generalized Almost Ideal Demand System
(LA/GAIDS). Pre-commitment levels for each commodity are endo-
genous. When the pre-commitment levels, ¢;, are restricted to zero, the
LA/GAIDS reduces to the Linear Approximate Almost Ideal Demand
System (LA/AIDS).

A common problem in applied demand analysis is the total
expenditure variable, m, suffers from endogeneity, because this variable
is calculated using prices and quantities consumed of each energy
source (Attfield, 1985). Endogeneity is addressed by using predicted
values of total expenditures as an instrument following Capps et al.
(1994) and Dharmasena and Capps (2012)." Predicted values of total

®
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expenditures obtained through regressing observed total expenditures
on real gross domestic product (GDP) and on prices of each fuel source
are used in lieu of observed total expenditures. Parameter estimates
from this auxiliary regression are available from the authors upon
request. Serial correlation of residuals is corrected using a procedure
suggested by Berndt and Savin (1975). Both demand systems (LA/
GAIDS and LA/AIDS models) are estimated using iterated seemingly
unrelated regression within the Proc Model procedure (SAS Institute,
2015).

Restrictions to satisfy demand theory of adding up, homogeneity,
and symmetry

Xio=1 X,4=0, Ei}/ij =0,
Z,- 1= 0, and

% = i 2
are imposed during estimation. Deaton and Muellbauer (1980) find
that homogeneity is often rejected, which leads to the rejection of
symmetry, given that symmetry is more restrictive than homogeneity.
Nevertheless, it is common practice to impose all three sets of
restrictions in accordance with economic theory. Further, the addition
of the symmetry restriction may not significantly alter results after the
imposition of homogeneity (Deaton, 1974). These restrictions are
imposed because they are consistent with economic theory and to
minimize the number of estimated parameters. Only oil and natural gas
equations are estimated with the parameter estimates for the coal
equation being derived using the theoretical restrictions.

Following Barnett and Serletis (2008), the regularity conditions of
positivity, monotonicity, and curvature are examined after estimation.
These conditions arise from the assumption of neoclassical economic
theory in the derivation of demand curves from indirect utility
functions. Positivity is satisfied when for all observations the indirect
utility function is positive. Monotonicity is satisfied if the first gradient
vector of the indirect utility function is negative (for expenditure
normalized prices). Curvature requires that the monotonicity condition
holds and the Allen elasticity of substitution matrix to be negative
semidefinite.

Uncompensated, compensated, and Allen elasticity estimates (own-
price, cross-price, and expenditure) for both models are presented.
Estimated elasticities are short-run given the fixed nature of pre-
commitments. Calculated uncompensated own-price and cross-price
elasticities are then used to calculate Morishima Elasticities of
Substitution (MES) (Blackorby and Russell, 1989). If MES;>0, then
the two fuels are Morishima net substitutes, whereas, if MES;<0, two
fuels are Morishima net complements. Allen elasticities of substitution
(AES) matrix (upper diagonal) are calculated using compensated
elasticities and respective expenditure shares for each good (Allen,
1938). If AES > 0 then the two goods are net Allen substitutes and if
AES < 0, then two goods are net Allen complements.

Annual primary energy consumption by source and prices from
1980 to 2014 for oil, natural gas, and coal (U.S. Department of Energy,
2015) are used in this analysis (35 yearly observations with degrees of
freedom for the systems of 53 and 57 for the LA/GAIDS and LA/AIDS
models, 35 observations x 2 equations minus the number of para-
meters). Data units are quadrillion British Thermal Units (BTUs) for
each fuel. GDP and the GDP deflator are from the Federal Reserve
Bank (2015). Prices are deflated using the GDP deflator to real 2009
dollars in the estimation.

In reporting consumption of primary energy, the Department of
Energy controls for double counting of energy used. Coke from coal
mined in the U.S., for example, is not included as the energy would be

1 The adding-up condition of the total expenditure variable (see Eq. (2)) where sum of
the product of observed prices and quantities of each good sums to observed total
expenditure, m, is still satisfied during estimation, because the expected value of error in
the auxiliary regression conducted to generate the m,, is zero.
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counted in coal consumption because is an input in generating coke;
however, net imports of coal coke are included as this is coal form
outside the U.S. Coal consumption includes residential, commercial
and electric power sectors, along with industrial coke plants and other
industrial consumption. Petroleum consumption is the sum of products
supplied for each petroleum product: crude oil, unfinished oils, and
gasoline blending components. Natural gas data includes consumption
in the following sectors: residential, commercial, industrial, transpor-
tation, and electric power. Consumption figures include net imports for
all energy sources. Coal prices are free on board prices at the point of
first sale excluding freight and insurance costs. Natural gas prices are
wellhead prices. Likewise, crude oil prices are first purchase prices.

4. Results

The LA/GAIDS model satisfies the regularity conditions of positiv-
ity, monotonicity, and curvature for all observations. Positivity is
satisfied for all observations in the LA/AIDS model, whereas, mono-
tonicity and curvature are satisfied for only nine of the 35 observations.
As noted by Bollino et al. (2000) satisfying these conditions provides
evidence on the adequacy of including pre-commitments in demand
models.

Following Ryan and Wales (1998) local curvature is imposed on the
LA/AIDS model at the observation that provided the least number of
violations of the regularity conditions. Imposition of local curvature
provided nonsensical results. Barnett and Usui (2006, p. 124) con-
clude, “Imposition of curvature alone does not assure regularity, and
imposing local curvature alone can have very adverse consequences.”
Regularity conditions arise from deriving demand curves from max-
imizing a consumer's indirect utility function (Barnett and Serletis,
2009). When aggregating to national level, the conditions may be
violated. As noted by Muellbauer (1975, p. 525) “... there is, in general,
no reason why aggregated market data should obey the same rules as
the micro data of any individual even when, as econometricians usually
assume, everyone has the same tastes.” For the remainder of the
discussion here, the model with local curvature imposed is not
discussed because of questionable results. The LA/AIDS model with
regularity conditions not imposed leads to some concerns that it is an
appropriate form. This model remains in the discussion for several
reasons. First, many demand studies ignore regularity conditions
(Tenkorang et al., 2015; Hunt and Ryan, 2015) because of various
issues including aggregation concerns. Further, the LA/AIDS model is
the model most similar to the LA/GAIDS formulation.

Parameter estimates, including the endogenously estimated pre-
commitment levels for each commodity demand equation are in
Table 1. By far the majority of coefficients are significant at a ten
percent level or less in both LA/GAIDS and LA/AIDS specifications.
With the exception of the pre-commitment levels, the parameters
themselves do not directly yield to economic interpretation. All three
pre-commitment levels are significant at the one percent level. In BTU
terms, oil has the largest pre-commitment level. Pre-commitment
levels account for 87% of average oil consumption, whereas pre-
commitment levels are 60% and 69% for natural gas and coal (Table 2).

Adjusted R*s are nearly identical between the two models
(Table 1). A Wald test with the null hypothesis that the three pre-
commitment levels are jointly equal to zero is rejected at the 0.0001
level. This test suggests the LA/GAIDS model is more appropriate than
the LA/AIDS model. Demand forecasts for each commodity are also
used as a measure to compare the models. Given the small number of
observations, in-sample forecasts are generated rather than the pre-
ferred out-of-sample forecasts. The actual annual quantity of each
commodity consumed, as well as, quantity demanded estimates using
LA/GAIDS and LA/AIDS are graphed in Fig. 1. As expected, the
estimated quantities are similar. Both systems forecast oil and natural
gas “better” than coal. In-sample mean squared errors and mean
absolute deviations by commodity and for the system as a whole for
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Table 1
Energy commodity system parameter estimates for the LA/GAIDS and LA/AIDS models.

LA/GAIDS LA/AIDS
Parameter Estimated Standard Estimated Standard

coefficient error coefficient error
¢ 30.5639 1.0492
[ 13.1208 4.3792
c3 13.5273" 1.6666
Y11 0.2297" 0.0421 0.2164" 0.0055
Yi2 -0.1612 0.0529 -0.1501 0.0061
Y13 -0.0684 0.0205 -0.0663 0.0039
Ya2 0.1847 0.0664 0.1693"" 0.0092
Y23 -0.0235 0.0196 -0.0192"" 0.0063
Y33 0.0919 0.0187 0.0855 0.0063
ap -0.3764 0.3719 0.1222 0.1266
ay 1.2173" 0.3417 0.5630"" 0.1547
as 0.1591 0.1223 0.3148 0.1019
By 0.2148 0.0863 0.0966 " 0.0310
B2 -0.2238" 0.0835 -0.0644 0.0379
Bs 0.0090 0.0313 -0.0322 0.0248
rho® oil 0.9167 0.0737 1.0136 0.0216
rho natural 0.9737 0.0445 1.0326" 0.0507

gas

R? 0.99 0.99
I 0.99 0.98
Objective Function Value 1.6571 1.7429

2) Total expenditures.
" Indicates that the estimated coefficient is statistically significant at the 10% level.
™ Indicates that the estimated coefficient is statistically significant at the 5% level.
" Indicates that the estimated coefficient is statistically significant at the 1% level.
@ Rho is the first order autocorrelation coefficient correcting for first order auto-
correlation/serial correlation in each equation.

Table 2
Pre-commitment levels as a percentage of average quantity demanded®.

Commodity Average Pre-commitment Pre-commitment Percentage
oil 35.14 30.56 87.0
Natural Gas 21.81 13.12 60.2
Coal 19.67 13.53 68.8

@ All units are quadrillion BTU / year. The “Average” column displays the average
quantity demanded for the respective commodities over the data period. The “Pre-
commitment” column is the endogenously estimated pre-commitment level. The “Pre-
commitment Percentage” is the pre-commitment level as a percentage of average
quantity demanded.

each model are presented in Table 3. The LA/GAIDS specification by
these two measures performs better than the LA/AIDS for each fuel
source and the system as a whole.

Elasticities calculated at the variable means are presented in Tables
4, 5. One premise for this study is relative to elasticity estimates that do
not control for pre-commitment levels, elasticity estimates should be
larger in absolute value (more elastic) by explicitly considering pre-
commitment levels. This premise should especially hold for own-price
elasticities. Of the 33 elasticities presented in Tables 4, 5, the
elasticities associated with the LA/GAIDS specification are larger in
absolute value for 26 of the estimates. All own-price elasticities are
more elastic in the LA/GAIDS specification. The seven that did not
have a larger absolute value are: uncompensated cross-price for oil and
natural gas, oil and coal, and coal and natural gas; compensated cross-
price elasticities for oil and natural gas; Morishima elasticity for natural
gas and oil; Allen elasticity for oil and natural gas; and the expenditure
elasticity for oil. The Morishima elasticity and the uncompensated
cross-price elasticity for coal and natural gas are not significant in
either specification. These results are similar to Radwan et al. (2009)
results, in which the Marshallian own-price elasticities are larger for
most but not all commodities when estimating a GAIDS versus an AIDS
demand model.
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Fig. 1. In-sample estimates for oil, natural gas, and coal, using LA/GAIDS and LA/AIDS models and actual consumption for 1980-2013. For clarity, the y-axis varies by graph.

Table 3
Calculated in-sample mean squared error and mean absolute deviation between the
predicted quantity consumed and actual quantity consumed in quadrillion BTU / year.

Mean Squared Error Mean Absolute Deviation

Commodity LA/GAIDS LA/AIDS LA/GAIDS LA/AIDS
oil 0.117° 0.144 0.301° 0.304
Natural Gas 0.320° 0.432 0.453° 0.5322
Coal? 12.42° 30.883 3.181" 5.677
System® 4.524" 14.626 1.312" 2.171

@ System mean square error is the average of predicted minus actual for all three

commodities.
b Smallest value for a given energy fuel (row) and metric.

All Allen, compensated, and uncompensated own-price elasticities
are negative and significant for both specifications, except for compen-
sated and Allen coal own-price elasticities in the LA/GAIDS specifica-
tion, which are not significant. As previously noted, own-price elasticity
measures for each commodity estimated using the LA/AIDS specifica-
tion are more inelastic than own-price elasticity measures estimated
using LA/GAIDS (at the average price and consumption levels). These
results reinforce the intuition that if pre-commitment levels are a
legitimate restriction on demand then own-price elasticity estimates
that do not account for pre-commitment levels will be more inelastic.
Differences between the uncompensated (gross elasticities or expendi-
ture effects remain in the elasticities) and compensated (expenditure
effects removed) are seen in the cross-price elasticities. All uncompen-
sated cross-price elasticities in both specifications are negative and
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significant except coal and natural gas cross-price elasticity which is
not significant. More of compensated cross-price elasticities become
positive in the LA/AIDS model than in the LA/GAIDS model. Further,
approximately one-half of the compensated elasticities are insignif-
icant. The main difference in the Allen cross-price elasticities is the oil-
natural gas cross-price elasticity is negative and insignificant in the LA/
GAIDS specification, but positive and significant in the LA/AIDS
specification.

All expenditure elasticities for both the LA/GAIDS and LA/AIDS
specifications are positive and significant. Taking expenditure elasticity
as a proxy for income (or wealth) elasticity, as is widely used in applied
analyses, all energy sources are normal goods. Expenditure elasticities
are larger in the LA/GAIDS specification except for oil.

All Morishima elasticities between the three energy sources are
positive for both specifications indicting the fuel sources are substi-
tutes. Five of the six Morishima elasticities are significant at the one
percent level in the LA/GAIDS specification, but only one Morishima
elasticity is significant at the one percent level in the LA/AIDS
specification. Two additional Morishima elasticities are significant at
the 10% level in LA/AIDS specification. Statistical significant
Morishima elasticities in the LA/GAIDS specification are: natural gas
and coal substituting for oil; coal substituting for both oil and natural
gas; and oil substituting for coal. In the LA/AIDS specification,
significant Morishima elasticities are between oil substituting for both
natural and coal and natural gas substituting for coal.

4.1. Examples of the impact of pre-commitments

Several examples using the short-run own-price elasticities (calcu-
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Table 4
Uncompensated and compensated estimated elasticities for LA/GAIDS and LA/AIDS
models.

0il Natural Gas  Coal Expenditure Elasticities
LA / GAIDS
Uncompensated own and cross-price -
Oil -1.354 -0.183 -0.076 0.623"
0.069 0.018 0.007 0.126
Natural Gas -1.163 -1.091 -0.117 1.85
0.206 0.198 0.018 0.235
Coal -0.668 -0.067 -0.868 0.988"
0.206 0.064 0.066 0.267
Compensated own and cross-price
Oil -0.970  -0.011 -0.010
0.034 0.026 0.009
Natural Gas  -0.024 -0.580 0.079
0.058 0.232 0.021
Coal -0.058 0.206 -0.668
0.055 0.056 0.206
LA / AIDS
Uncompensated own and cross-price -
oil -0.746""  -0.287"" -0.124" 1.157"
0.032 0.017 0.008 0.050
Natural Gas -0.399  -0.324 -0.044 0.767"
0.087 0.045 0.028 0.137
Coal -0.437 -0.096 -0.163 0.697"
0.147 0.083 0.067 0.234
Compensated own and cross-price
oil -0.032"""  0.033"" 0.001
0.009 0.010 0.006
Natural Gas  0.075  -0.112"" 0.037
0.022 0.033 0.022
Coal 0.007 0.097 -0.089
0.037 0.062 0.059

All elasticities are calculated at the mean prices and quantities. Standard errors are given
below each elasticity.
*Indicates statistical significance at the 10% level.

" Indicates statistical significance at the 5% level.

""" Indicates statistical significance at the 1% level.

lated at the mean) are presented for clarification (Table 6). If a demand
system without pre-commitments is appropriate, a policy aimed at
reducing oil consumption could accomplish a decrease in quantity
demanded from 7.6 billion barrels (bbls) / year to 7 billion bbls / year
by increasing the price of a barrel of oil by 10.5%. The policy goal of
decreasing consumption by 0.6 bbls is a 7.9% decrease in oil
consumption. Assuming all oil consumed reacts to the price change,
the percentage change in quantity demanded divided by estimated
own-price elasticity of —0.746 gives the 10.5% price increase. If the
demand system with pre-commitments is appropriate, the same
reduction in quantity demanded would necessitate a price increase of
44.9%, because of the large pre-commitment level associated with oil.
Now only 13% of oil consumed reacts to price, 87% is pre-committed
and does not react to price changes. The 0.6 bbls decrease is a 60.7%
decrease in discretionary oil consumption of 0.988 bbls (7.6%0.13).
Dividing this percentage change by the estimated own-price elasticity
of —1.354 gives a 44.9% price increase. Even with an elasticity that is
almost double in absolute value, a much larger price increase is
necessary because of the reduced amount of quantity demanded that
reacts to price. Consider a second example, using the above values. A
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Table 5
Allen and Morishima estimated elasticities for LA/GAIDS and LA/AIDS models.

Oil Natural Gas Coal
LA/GAIDS
Allen own- and cross-price
Oil -1.572 -0.039 -0.095
0.055 0.094 0.089
Natural Gas -2.095 0.745
0.839 0.201
Coal -7.181
0.801
Morishima
Oil - 0.908 0.792"
0.199 0.067
Natural Gas 0.191 - 0.751 "
0.255 0.069
Coal 0.685 1.023 -
0.259 0.222
LA/AIDS
Allen own- and cross-price
oil -0.052" 0.121"" -0.011
0.014 0.035 0.060
Natural Gas -0.403"" 0.349"
0.119 0.119
Coal -0.843
0.553
Morishima
Oil - 0.037 0.039
0.062 0.069
Natural Gas 0347 - 0.119
0.114 0.090
Coal 0.308 0.228 -
0.153 0.120

All elasticities are calculated at the mean prices and quantities. Standard errors are given
below each elasticity.

" Indicates statistical significance at the 10% level.

" Indicates statistical significance at the 5% level.

""" Indicates statistical significance at the 1% level.

one percent change in price leads to a 0.057 bbls (0.746%) change in
quantity demanded for the LA/AIDS model. In the LA/GAIDS model,
the change in quantity demanded is 1.354% of the discretionary
consumption or 0.013bbls. This is a 0.176% change of the original
7.6 bbls. Policies aimed at the other commodities in the system results
in similar outcomes.

As another example consider the strategic oil reserve. By having
ready estimates for pre-commitment levels, the government can
establish a cushion of economic viability in terms of how much oil is
necessary at minimum to keep the economy running. Such an estimate
has implications in calculating its longevity of economic support
available if the reserve is tapped. The U.S. petroleum reserve contains
approximately 0.641 billion bbls of oil (example uses annual averages
for 1993-2015). U.S. imported 1.704 billion bbls of oil from OPEC.
The average consumption for the U.S. was 7.024 billion bbls, with a
pre-commitment level of 6.111 billion bbls. If OPEC were to embargo
the U.S,, the U.S. would still be supplied with 5.320 billion bbls (7.024
— 1.704=5.320). To just meet the pre-commitment level without oil
from OPEC, there would have to be another 0.791 billion bbls



C.S. Rowland et al.

Table 6

Summary of the examples of considering and not considering pre-commitment levels on
oil consumption based on estimated own-price elasticity and pre-commitment
percentage.

LA/AIDS LA/GAIDS

Example 1

Current oil consumption (billion bbls / year) 7.6 7.6

Policy goal (billion bbls / year) 7.0 7.0

Goal's percentage decrease in consumption 7.9 7.9

Own-price elasticity 0.746 1.354

Pre-commitment percentage 0 87

Discretionary consumption (billion bbls / year) 7.6 0.988

Necessary price change - percent 10.5 44.98
Example 2

Current oil consumption (billion bbls / year) 7.6 7.6

Percentage increase in price 1 1

Oil consumption change (billion bbls / year) 0.057 0.013

Own-price elasticity 0.746 1.354

Percent decrease in consumption 0.746 0.176
Example 3

U.S. Petroleum reserve (billion bbls) NA 0.641

Oil imported from OPEC 1.704

Average U.S. Oil Consumption 7.024

Average pre-commitment level 6.111

Additional barrels necessary if OPEC embargo to 0.791

meet pre-commitments

Petroleum reserve last to meet pre-commitment level 295

(days)

(6.111-5.320=0.791) generated from domestic and foreign sources. In
this circumstance, the strategic petroleum reserve would provide
support for only 295 days (0.641/0.791x365) or about 10 months
(Table 6).

5. Conclusion and policy implications

From a practical standpoint, the idea of pre-commitment levels for
energy use is appealing. Households and business are going to use
some level of energy in their day-to-day activities. A large portion of
this energy use is based on factors such as house / business size,
automobile / trucks owned, and appliances / equipment installed.
Households and businesses cannot easily change these factors; they are
committed to a certain energy level. From an economic theory and
statistical standpoints, the model containing pre-commitment levels
performs better than the specification without explicit pre-commitment
levels. The inference being pre-commitment levels are important. A
major take away from this study is even if the estimated elasticities are
higher in absolute value, the fact that there is a pre-committed (so no
reacting) quantity implies that the policy action to achieve a given
target must be stronger. In other words, a higher price change is
needed to induce a target quantity change. Pre-commitments models
provide short-run elasticities.

The demand system which includes pre-commitment levels is more
consistent with neoclassical economic theory of indirect utility — from
which demand curves are derived. Further, the coefficients represent-
ing pre-commitment levels are highly significant. Pre-commitment
levels represent 60% or more of average quantity demanded. Because
energy prices heavily influence macroeconomic variables, responses to
price fluctuations are important in forecasting economic welfare
impacts and efficacy of various policies. Concerns of self-sufficiency
and climate change, as well as, shifting political climates have brought
with them ideologies which affect the energy sector. If policy makers
wish to reduce carbon emission, they need an accurate measure of the
responsiveness of quantity demanded to price changes, which is
captured through price elasticities. They must also be aware of
substitution effects. Policies in one commodity market will affect other
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commodity markets, ceteris paribus. Implications to policy and govern-
ment involvement in energy markets are readily apparent.

Although not perfectly comparable because of different time
periods, type of data, and modeling techniques, the LA/AIDS model
estimates of short-run own-price elasticities vary in absolute value to
those estimates provided in the literature review. The magnitudes of
differences depend on whether uncompensated or compensated elasti-
cities are considered. Previous coal own-price elasticity, for example,
are between —0.3 and -0.4; whereas, the uncompensated LA/AIDS
estimate is —0.16. Own-price elasticity for oil ranges between —-0.02 to
—0.25 for previous studies and is —0.7 for the LA/AIDS model. For the
LA/GAIDS own-price elasticities are in absolute value either larger or
are in the upper range of previous estimates. Coal own-price elasticity
is —0.8 for the LA/GAIDS model, which although is still inelastic, is
more elastic than previous estimates. For oil, LA/GAIDS own-price
elasticity is —1.4. These differences in elasticities are the anticipated
result; a model explicitly incorporating pre-commitment levels will find
demand is more own-price elastic when quantity demanded is above
pre-commitment levels. Another consideration is that when the con-
sumption of any energy commodity in the system is near its pre-
commitment level, policy makers need to be aware that price respon-
siveness of demand is much smaller and price-centric abatement
policies will have less of an impact on consumption and more of an
impact on consumer wealth.

The Morishima elasticities indicate that in the short run all energy
commodities in the system are substitutes (although not all are
significant). This finding is consistent with previous studies (Serletis
et al., 2010, 2011; Serletis and Shahmoradi, 2008; Stern, 2012). The
Morishima elasticities estimates are less than one indicating limited
ability to substitute between energy sources. Limited ability is not
unexpected given fixed capital discussed early within households and
business. Imposing policies on one energy source if that market is
independent of the other(s) could unanticipated impacts on the
industry in question or the energy sector as a whole. The relationships
between commodities could cause a policy to be ineffective. For
example, a policy that results in an increase in the price of oil would
reduce the quantity demanded of oil, but increase the demand for coal.
If the goal of the policy is to reduce carbon emissions by increasing oil
prices, coal consumption would increase as a result, yielding potentially
greater overall carbon emissions, ceteris paribus.

Additional studies that disaggregate energy by sector would im-
prove our understanding of how pre-commitments affect the demand
for energy. Seasonal considerations may also provide some useful
insights for policy analyses. Further, other demand specifications that
provide for endogenously estimated pre-commitment levels should be
developed and estimated to determine the robustness of the idea of
pre-commitments and the effect on inferences from demand models.
Further work on potential interactions between theoretical conditions
and pre-commitments is necessary. The question arises, why does
including pre-commitments lead to satisfying theoretical regularity and
produces results consistent with the theory? Is this result consistent
across other functional forms that explicitly consider pre-commitments
and energy demand? Pre-commitments at the micro-level should also
be examined.

Although additional research is necessary on pre-commitments,
including pre-commitments provides “better” inside into how effective
a policy will be in influencing the various energy markets. This is true
not only for econometric estimation and satisfying economic theory,
but pre-commitments are intuitively pleasing.
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