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LEGAL ROTICE

This report was prepared by the Energy Modeling Forum (EMF), administered by the
Institute for Energy Studies, Stanford University, as an account of work sponsored
by the Electric Power Research Imstitute, Inc. (EPRI). HNeither EPRI, members of
EPRI, EMF, nor any perscn acting on behalf of either: (a) makes any warranty or
representation, express or implied, with respect to the accuracy, completeness,

or usefulness of the informaticn contained in this report, or that the use of anv
information, apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or (b) assumes anyv liabilities with respect to the
use of, or for damages resulting from the use of, any information, apparatus,
method, or process disclesed in this report.

This report summarizes the results of the EMF working group study., Tt does not
necessarily represent the views of Stanford Institute for Energy Studies cor
Stanford University.



EXECUTIVE SUMMARY

AGGREGATE ELASTICITY OF ENERGY DEMAND

The response of energy demand to changes in energy prices ig central to the evalua-
tion of energy policies. To study this response, analysts and modelers have devel-
oped many sophisticated models of energy demand. These models, differing in their
structure and degree of detail, do not lend themselves to easy comparisons of the
relationship between demand and prices.

Simplified to a single number, the response of demand to changes in price can be
described as an elasticity. The aggregate price elasticity of energyv demand is
equal te the percent reduction in energy demand produced by a 1 percent increase
in energy price, with all else held constant. This definition cf elasticity is
presented graphically in Figure 1. By convention, aggregate elasticities are
positive whenever price increases lead to a decrease in demand.

Straightforward in concept, the aggregate elasticity of demand for energy 1s elusive
in practice. However, there Is an appeal to this simple single parameter as an
indicater of importa underiving relationships, There is little doubt that ana-

nt
ivsts will continue to use this single elasticity te describe aggregate changes in

; nergy demand. If it is to be used corractly, there must be an improvement
in its definition and measurement. The present report works towards this end by
summarizing results from the Energy Meceling Forum (FMT) comparison of energy demand

models.
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The goal of this study is the description of
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demand implicit in energy demand models. An
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he aggregate price elasticity of

T working group conducted experi-
ments with 16 detailed models of the energy sector. The group developad consistent
esrimates of the 13-, 25-, and 35-year energy demand elasticities implicit in each
of the models. The comparison of results is descriptive; there was no attempt Lo
produce 2z single best estimate of the demand elasticity.

b

The aggregate elasticity or the set of fuel-specific elasticities is critically
important for many analyses. The higher the elasticity of demand for emnergy, the
smalier will be the impact on GNP {gross naticnal product) of a given reduction in
the quantity of energy available, and the smaller will be the impact of a given
increase in the cost of imported energy. The higher the elasticity, the lower will
be the forecasted future consumption of energy in high price situaticns, the less
urgent will be the perceilved need for energy supply technologies, and the lower will
be projected world oil prices.

Since energy includes a number of heterogeneous commodities, each with a separate
price, these prices and guantities must be aggregated in order to calculate a
single elasticity., The cheice of aggregation rules can influence the resultant
estimationse. The group examined several alternative indexes for the aggregation:
Paasche, Laspevres, Tornguist, and Btu-weighted. Similarly, the elasticity can
vary by & factor of nearly two over different stazes from production to consumption.
The group compared two standardized points of measurement:

iii
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Figure 1 Elasticity Definition
o primary energy, measured directly before refining, electricity

generation, and synthetic fuels conversion losses; and

® secondary energy, measured directly after conversion and
refining losses.

Primarv energy prices are generally lower and quantities zre higher than for the
L= =] - =

corresponding secondary values; consequently, the primary elasticities will be

generally lower than the seccndary elasticities.

Total demand for energy can adjust in many wavs. The detailed energy demand models
focus on different system elements, possibly fixing some demands while calculating
others. Some of the models include restrictions which reduce the ability of the
economy to adjust to higher prices or which reduce the measured elasticity. Addi-
tionally, disaggregated elasticities may be estimated statistically er by other
approaches, i.e., engineering or judgmental.

The working group addressed the above and other issues to conclude:

e The more comprehensive models, covering all energy-using sectors,
incorporating the full range of poteatial flexibility, and directly
utilizing historical data to statistically estimate parameters,
were generally characterized by the highest dimplicit aggregate
secondary demand elasticities. Long-run aggregaete secondary demand
elasticity estimates for these five models ranged between 0.3 and 0.7.

2 Other models produced lower estimates either because they incorporated
lower subjectively determined component elasticities or because of
the limited scope of energy-use substitutions addressed in the models.
Four out of the five comprehensive models in this category produced
elasticity estimates in the range from 0.1 to 0.2; a fifth estimate
was 0.6,

iwv



As shown in Table 1, demand elasticities vary significantly across
sectors, among models, and among assumed policy regimes. Automobile
efficiency standards, for example, may lower the elasticity for
gasoline by a factor cof Z to 3.

Aggregate elasticity estimates were not sensitive to the choice of
Paasche, Laspeyres, or Tornquist indexes but differed when the Btu-
weighted index was chosen, Because the Btu-weighted index is
theoretically less attractive, the Paasche index is used in this
summary.

The aggregate demand changes projected with many models were sensi-
tive to the specific composition of price changes. Since an aggregate
analvysis may be inadequate or misleading for these models, a method
was developed to illustrate the implications of different compositions
of price changes.

The study did not examine the adjustment dynamics inherent in the
models. However, energy demand adjustments occur slowly since demand
is linked to the stock of energy-using equipment. Analysis of the
post-1973 experience indicated that the comservation actually ex-
perienced to date could be comsistent with any of the estimated long-
run primery energy elasticities implicit in the models.

There iz a range of uncertainty associated with any demand elasticity
estimate; the actual elasticity could be greater than or less than

anv of the point estimates presented here. The range of uncertainty
is mot the same as the range of elasticity estimates. Several sources
of uncertainty exist in each model: measurement errcor in the data,

Table 1

25-YEAR SECONDARY DEMAND ELASTICITY ESTIMATES

Parameter Estimation Methodology

Sectors Other Approaches
Statistical (Engineering or
Judemental)
Al Sectors 0.3-0.7 0.1-0.6
Residential 0.5-1.0 0.4
Residential/Commercial 0.5-0.8 0.5
Commercial d.5 0.3-0.4
Commercial/Industrial 0.3-0.7 0.1
Industrial 0.2-0.5 0.2-0.7
All Transportation 0.2-0.5 0.4
Automobile Gasoline
with Efficiency Standards 0.1-0.2 -
without Efficiency Standards 0.1-0.5 --

v



parameter estimation uncertainty, and model specification errors.
However, limitations in the current state of the art either pre-
clude calculation of explicit uncertainty measures or make calcula-
tion extremely costly,

0 Measurement of prices and quantities at the secondary energy level
was more useful for computing dependable aggregate elasticities
than measurement at the primary level. The conditions necessary to
insure the theoretical consistency of aggregate economic indexes are
more nearly satisfied at the secondary level. Additionally, most
demand models are structured in terms of delivered energy, which
can be adiusted easily to the secondary energy level; more arbitrary
procedures were reguired to adjust data to the primary energy level.

e The elasticities differ due in part to differences in modeling
approaches, techniques, or assumptions. Detailed models often
represent some components of energy demand as independent of price,
thereby biasing downward the calculated aggregate elasticity.
Engineering process models may exclude unrecognized technological
options and may underestimate the substitution flexibility of the
economy.

Based upon its findings, the working group recommends the following:

® The Fnergy Information Administration (ETA) of the U.S5. Department
of Energy, working in close coordination with modelers, should
develop consistent accounting conventions and standardized data
for demand analvsis. The working group spent a great deal of time on
standardizing the data without fully succeeding.

e ¥Modelers should improve their practice in publishing assumptions,
error statistics, robustness tests, validity tests, descriptive
information, and historical data supporting their models. Agencies
funding model development should insist on and suppert this effort.

e Modelers should make aggregate elasticities, whether expliclt or
implicit, a standard component of the documentation of demand models.
The EI4 should publish a set of definitions and computational pro-
cedures for czleculating these elasticities and the associated
adjustment time lags.

e Modelers should develop and then comsistently utilize technigues
for describing the uncertainties in their models. This will
require basic research to develop the methodelogy. Funding organi-

zations and modelers, realizing that analysis of uncertainties
is costly but important; should budget sufficient funds for this
activity. :

vi
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Chapter 1

AGGRECATE FLASTICITY OF ENERGY DEMAND

INTRODUCTION

The first EMF study, "Energy and the Economy,' produced estimates
of the aggregate elasticity of substitution for primary energy
implicit in six models of energy and the economy.l In that study,
the working group identified the importance of the aggregate
elasticity and called for an examination of moré detailed demand
models. During its review of the study, the EMF Senior Advisory
Panel cited the importance of a careful investigation of energy
demand models to clarify estimates of the aggregate elasticity.

The present study is a response to those suggestions,

The aggregate price elasticity of energy demand is the percent
reduction in energv demand produced by 2 1 percent increase in
energy price, with all else held comstant. By convention, aggre-
gate elasticities are positive whenever price increases lead to

decreases in demand.

The working group conducted experiments with 16 detailed models

bty

of the enmergy sector. Table 2 provides a complete listing of
the models. The uncertainty in the current state of the art is
emphasized. This group made no attempt to preduce. a single best
estimate of the demand elasticity; at a minimum, the study pro-
vides simple summary statistics for comparing energy demand
models. 1In addition, the results suggest the limitations of an
aggregate model of energy demand for some applications and,

therefore, reinforce the need for more detailed medels of energy

use,



Table 2

MODELS USED IN THE AGGREGATE ELASTICITY OF
ENERGY DEMAND STUDY

Energv-Economy Models

Brockhaven Energv System Optimization Model/Hudson-Jorgenson
(BESOM/H-J), Broockhaven National Lzboratory and Dale
Jorgenson Associates

Energy Technology Assessment-MACRO (ETA-MACRO), Alan Manne,
Stanford University

Parikh Welfare Equilibrium Model (Parikh WEM)}, Shailendra
Parikh, Stanford University

Energy System Models

Baughman-Joskow (Baughman-Joskow), Martin Baughman and Paul
Joskow, University of Texuas

Energy Pelicy Model (EPM), Lawrence Livermore Laberatory

FOSSIL1 (FOSSIL1), Dartmouth System Dynamics Group, Dartmouth
College

Griffin Organization for Economic Cooperation and Development
(Griffin OECD), James Grififin, University of Houston

Yid-Range FEnergy Forecasting System (MEFS), U.S. Department
of Energy

Pindvck Internaticnal Study (Pindvck), Robert Findyvek,
Massachusetts Institute of Technology

Sectoral Models

Buildings Energy Comservation Optimization Model (BECOM),
Brookhaven Nationezl Laboratory

Federal Epergy Administration-Faucett (FEA-Taucett), Carmen
Difiglio and Damian Kulash, Federal Energy Administration

Industrial Sector Technologv Use Model (ISTUM), Energy and
Environmental Analvsis, Inc.

Jackson Commercial {(Jackson Commercial), Jerry Jackson,
Cak Ridge National Laboratory

The ORNL Residential Energv-Use Model {(Hirst Residential),
Eric Hirst and Janet Carnev, Ozk Ridge National Laboratory

Sweenev Automobile Model (Sweeney Auto), James Sweeneyv,
Stanford University

Wharton Motor Vehicle Model (Wharton MOVE), Wharton Econometric
Forecasting Associlates
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The remaindex of this report

o establishes the significance of elasticities in
energy policy and planning,

] identifies some key issues to be addressed in com-
puting aggregate elasticities,

° gives an overview of the models employed in the
study,
® describes the experimental design for estimating

the aggregate elasticity implicit in each model,
e reports the study results, and

® makes recommendations.

SIGNIFICANCE OF ELASTICITIES

The aggregate elasticity of energy demand or the set of fuel-
specific elasticities is critically dmportant for many znalyses,
such as forecasts of future energy consumption, evaluations of

the appropriate timing of energy technology development, assess—
ments of energy tax policies, and predictions of OPEC (Organiza-
tion of Petroleum Exporting Countries) pricing strategies. The
higher the price elasticity of demand for emergy, the greater will
be the impact on GNP of a given tax on energy, the smaller will

be the impact of a given reduction in the quantity of energy
gzvailable, and the smaller will be the impact of & given increase
in the cost of imported energy.B The higher the assumed elasticity,
the lower will be the forecasted future consumption of energy in
high price situations, the less uvgent will be the perceived need
for new energy supply technologies, and the lower will be pro-

jected world oil prices.

Detailed elazsticities by fuel and sector are important for many
of these same analvses, and a full-scale analysis of a particular
policy may depend upon the use of detailed models. But detailed
model differences and their implications may be difficulr to

perceive and communicate. Aggregate elasticity caleculations

provide simple summary parameters that arve easily understood and
used. And since manv energzy prices tend te increase together,

ageregate elasticities give a rough estimate of the magnitude



The projected
ratio of energy
use to GNP de-
pends upon the
aggregate demand
elasticity.

of the energy consumption changes resulting from pervasive changes
in the energy situation, such as those caused by increases in
world oil prices. These rough estimates may be adequate for many

purposes.

One simple use of aggregate elasticity estimates is the calcula-
tion of the extent to which energy consumption can be reduced in
response to increasing energy prices or costs., The consumpticn
reduction depends upon the reduction in aggregate economic activity
and the ability of actors in the economy to substitute other inputs
for energy. However, the ratio of energyv use to GNP depends
primarily upon the zbility of the economv to substitute capital

and labor inputs for energy, as measured by the aggregate elas~

ticity of demand.

Figure 2 illustrates the ratio of future energy use toc GNP as a
function of energy price fer demand elasticities ranging from

0.1 to 0.9. The coordinates are standardized at unity by dividing
by Reference values in order to facilitate examination of frac-
tional changes in the ratic. If the long-run elasticity of

demand for energy is as low as 0.1, 2 10-fold increase in energy

prices is reguired to ultimatelvy reduce the energy/GNP ratio by
20 percent. However, if the elasticity is as high as 0.9, the
same 20 percent reduction in the energy/GNF ratic can be achieved
bv a 28 percent increase in energy price. Thus, forecasts of
future energv consumption and analyses of the efficacy of con-
servation programs in reducing energy demand depend upon the

aggregate price elasticity.

Results from anzlysis with a simple aggregate model of energy-
economy interactions demonstrate the i{mportance of the elasticity
of energy demand or the closely related elasticity of substitution
between aggregate energy and other inputs, i.e., capital and

labor. 2

Figure 3 illustrates, for various values of the aggre-
zate elasticity, the relationship between the GNP and energy

use in this modei.6 The results demonstrate the importance of
the elasticity of energy demand in determining the magnitude of

the macroeconomic impacts of reductions in energy use. If the



LI T [ T I 3 3 1
1.2 -
%0.9
0 \
= <%d o
% g 1.0 0.t :‘:
2y
u c ELASTICITY = 0.1
@ 8
ja BT
S %
&} - —
z2 o 0.2
Zz g .
iz
3 0.3
=
0.6 - 0.5 7
0.7
0.9
04 'l 1 t L ) ; I |
1 2 4 6 8 20

ENERGY PRICE

(divided by reference value)

Note: Fnergv use and price measured at secondary level

gt

“ioure 2  Relsat
GNP R

]

i
a

onship between Energy Price and the Energy/
tic as a Function of Aggregete Elasticity

1.10 T T T i
1.05 _
0.1

0.95

0.80

GNP
{divided by reference value)

0.85

ELASTICITY = 0.1

0.80 1 1 i
0.4 0.6 0.8 1.0 1.2
ENERGY USE
(divided by reference valug)
Note: FEnergy use and price measured at secondary level

Fipure 2 Relationship between Energy Use and GNP as a Funcuion
of Aggregate Flasticity for thez Excise Tax Case



long-run demand elasticity were 0.2, a 50 percent reduction in
secondary energy inputs, motivated by measures which increase
consumers' energy prices but not rescource costs, such as a Btu
(British thermal unit) tax, would ultimately lead to a 13 percent
reduction in GNP each vear. If the elasticity were 0.7, this same

50 percent reduction in secondary energy inputs weould lead to

only a 3 percent reduction in GNP.

The larger the These tesults have important implications for both energy policy
and the validity of snergy sector models. For example, if the

Iong-run eco- demand elasticity were low, say 0.1 to 0.2, changes in energy
nomic impacts
of reduced

energy avail- such large feedbacks, one mav question the logical consistency of

availability could have major long-run economic effects. With

= medels which take the GNP as given (partizl equilibrium modelis).
On the other hand, if the demand elasticity were high, say 0.6 to
0.7, changes in energy availability could be substantially de-
coupled from long-run eccnomic growth, lending credibility to

the partial eguilibrium epproach for analvses of conservation pro-

grams or taxX measures.

ISSUES IN COMPUTING AGGREGATE ELASTICITIES

The design and implementation of the study presented & number of

methodological and definitional problems. The following issues

were found to be particularly significant:

e distinctions between aggregate and single-fuel
elasticities,

@ agegregation of hetercgeneous fuels,

) choice of index,

° composition of price change,

e standardization of aggregate economic activity,

¢ selection of measurement point,

e examination of dynamics, and

o characterization of uncertainty.



Ageregate Elasticities Versus Elasticities for Single Fuels

Energy price In response to an increase in the price of a single fuel, the

demand for that fuel decreases as firms and individuals sub-

motivate inter-
fuel and factor stitute other nonenergy products {(factor substitution) and other
substitutions.

energy forms (interfuel substitution) in place of the fuel whese
price has increased. The interfuel substitution leads not cmly
to decreases in the demand for the more costly fuel but alse to
increases in the demands for competing fuels. As a result,
aggregate energy demand is reduced by less than the demand for

a single fuel.

The elasticity The percentage decrease in the demand for a single fuel as its
=

of demand for , . . N .. ,
. price increases by 1 percent, holding other pritces constant, 1is

specific fuels
normally ex— its "own elasticitv" of demand. The '"cress elasticitv" of demand
ceaeds the agore- . . . . , .

. is defined zs the percentage increase in one fuel's demand when
cate demand
elasticity. the price of a competing fuel is increased. The aggregate demand

gclasticity for energy is defined as the percentage reduction in
aggregate demand in response to a 1 percent increase In aggregate
price. For individual fuels, the aggregate elasticity of demand

is generally smaller than the own elasticity of demand.

These points can be illustrated by 2 simple numerical example.
of energv with demands represented by El and E2.

s
Their prices, Pl and P2, are related by the following linear

i

1 = 1.2 - P1 4+ 0.8 P2, and

1.2 -~ 0.8 pPL - P2 .

1
-3
i

Total energy demand (ET), the sum of El and E2, is

Suppose that P1 = P2 = 1, cthen E1l = E2 = 1 and ET = 2.

~1
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ailure to dis-
inguish be=
tween the two
slasticity
concepts can
lead to mis-
application.

rort

In the above example, a 10 percent increase in P1l, from 1 to 1.1,
reduces the demand for energy type 1 by 0.1 units or 10 percent:
the fuel-specific own elasticity of demend is 1.0. However, the
demand for energy type 2 is simultanecusly increased by 8 percent,
a cross elasticity of 0.8, leading to z net decrease in total
energy demand of 0,2 units or 1 percent. Since the average price
of energy increases by 5 percent, the aggregate demand elasticity
equals 0.2.7 Similarly, a 10 percent increase in both prices
implies a 10 percent increase in average price and a decrease in
aggregate demand by 0.04 units or 2 percent. The aggregate
demand elasticity is again calculated to be 0.2, This aggregate
elasticity of 0.2 can be compared with the fuel-specific own
elasticity of 1.0. Failure to distinguish clearly between the
two concepts can easily lead to misapplication of estimated

demand elasticities.

ne Ageregatiocn Problem

cgregate elasticity estimations require alternative projections
of aggregate energv and its price. However, aggregate energy is
neither marketed in the real world nor represented directly in
the detailed energy demand models. Censequently, any scheme for
measuring the aggregate price elasticities implicit in the models
depends upon a tule for aggregating prices and quantities of

individuzl energy products.

In the above example, aggregstion consisted of adding to

use and averaging prices. This natural scheme is one of many
possible aggregation rules. Furthermore, adding quantities and
averaging prices leaves open the question of what units to use:
physical weight, economic vaiue, Brus. If econcomic value is the
unit teo be used in aggregating, one must choose the prices to use
in calculating economic wvalue. If.prices zre changing, the choice
is not obvious. If Btus are used, one must specify how to measure
Brus: heat value under perfect combustion, heat value under com-
bustion with normal utilizing eguipment, or heat value of the raw

materials used to produce the final energy commodity.



The aggregation The importance of the aggregaticn problem is illustrated by

further use of the example. Assume energy type 1 is electricity,

an example. type 2 is natural gas, and the units used above are measured in
terms of delivered Btus, output or delivered energy. Alternatively,
one may aggregate by the Btus required to generate the final prod-
uct (primary energy}. To aggregate in terms of primary energy,
all coefficients in the first equation must be multiplied by

G
three,
The new equations are

El' = 3.6 - 3.0 (3P) + 2.4 P2

E2

1.2 + 0.8 (3P) - P2

where P, the price of electricity inputs, equzls 1/3 Pl and
ET" = 4.8 - 2.2 (3P) 4+ 1.4 P2

Now, if P1 = P2 = 1, then £E1' = 3, E2 = 1, and ET' = 4,

wo methods For this example, a 10 percent increzse in electricicy price
regat s the average price of output energy bv 5 percent and
reduces total demand for primary energy by 5.5 percent, vielding
an aggregate elasticity equal to 1.1. 4 10 percent increase in
the price of natural gas increases average
5 percent and increzses total energ
vielding an aggregate demand elasticity of -0.7. Hence, a
seemingly simple change of the units used in the aggregation can
chang

the magnitude and even the sign of the implicit aggregate

e
emand elasticity. Two approaches to the aggregation problem were

0.

considered: (1} estimating a production or demand function for

aggregate energy and (2) using price and quantity indexes for

no a Cne way to approach the aggregation problem is to postulate the
existence of z production function for energy with individual

o
& en- fuels being the inputs cor, eqguivalently, to postulate a unit-
s

cost function with the price of aggregate energy determined by

component fuel prices. The production function formulation of




ggregation problem has a strong thecoretical foundation, for
example, the description in Diewert.lo The eguivalent unit-cost
function approach is prevalent in energy-economy models, for
example, in the work cof Hudson and Jorgenson.ll However, the
production/unit—cost function approach to the preoblem of com-
puting the price and guantity of aggregate energy requires far
more information than needed to determine the price elasticity
for aggregate energy. A more econcmical and direct approach was

needed.

Therefore, index The use of index numbers provides a short cut for determining

numbers were . . L. . ]
the aggregates directly from their components, without having

used.
to statistically estimate the full aggregation rules. Index
numbers provide an approximation to the production function and
in some special cases can be exact. The index number approach
is developed more fullv in Velume 2 Chapters 2 and 4.
The Choilce of Index

Most Indexes, Manv different index formulas can be used to aggregate the data

provided by the models, and different aggregators can result in

different aggregate elasticities from the same data, as shown

above. Several of the most commonly used indexes, Faasche,
lLaspevres, Ideal, Tornquist, and 3tvu-weighted, were comsidered

in this study. Except for the Btu-welghted, these indexes are
consistent with the assumption of optimizing behavier on the part

producers and consumers.

The familiar Laspevres and Paasche indexes correspond precisely
to the examples above if the units correspond to economic value.
Both quantity indexes are constructed by summing economic values

{(price times quantitv) of energy consumed; both price indexes

are constructed by averaging prices of energy consumed, using
quantities as weights. The Laspeyres quantity index uses price
waights corresponding to the Reference czse or base year: the
Paasche aquantity index uses price weights corresponding to the
specific scenaric or the current vear. In a similar manner, the

Laspevres price index uses Reference case or base year guantities

10




for averaging, while the Paasche price index uses specific
scenario or current vear quantities. The "Tdeal' index is the

geometric mean of the Laspeyres and Paasche indexes.

These indexes

Yach of the three indexes, Laspeyres, Peasche, and Ideal, provides
produce approxi-

mations to

the

aggregate pro-
duction func-
tion.

an approximation to the quantity and average prices obtainable
from an aggregate production function or cost function. The

approximation from the Raference case levels is very close for
infinitesimal changes in price and quantity. For larger changes,

however, the approximation beccomes less exact.

The more complex Tornquist index has been developed to provide

an ewact caleculation for large price and guantity changes. The
Tornquist index is exact for all possible prices under the special
assumption that the unit-cost function is quadratic in logarithms

- ) . R . 12
of energv input prices (a "transcendental logarithmic function').

For small price and quantityv changes, all four indexes are iden-
t+ical to one another. Thus, the aggregate elasticities calculated

with the four indewxes will be similar.

he last index considered, Btu-weighted, is not based cn the

behavior by economic agents but, rather,

Joent

that all energy forms are perfect

zsis. Despite 1ts theoretical shortfcomings,
this index was included here because of its pervasive use in
This quantity index is simply the
fuels, with units ceorresponding to

fuels.

The price index is the

The Composition of Price Change

Thenever heterogencous commodities are aggregated, calculated

re

o

Z gate demand elasticities may depend upon specific price

a7

changes. The elasticity can be positive or negative depending

upon the mix of price changes: in the garlier example, aggregate

=}

price increases led to aggregate quantity decreases or increases,

=

depending upen the price change composition. The example can be

eupanded to examine a 10 percent increase in the price of commodity

o
ot
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The extent to
which the price
changse composi-
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affects

age aggre-
eiasticity

mates may be

sample-dependent.

the

las—

1 coupled with a 10 percent decrease in the price of commodity 2,
In this case, the average price remains unchanged while the aggre-
gate demand for primary energy is reduced by 9 percent. Since
aggregate demand changes while aggregate price remains constant,
even the concept of a demand function is questioned for aggregated

commodities.

When several different price changes are considered, an average
elasticity can be calculated. However, this dees not avoid the
problem. If elasticities depend upon the composition of price
changes, the average elasticity will depend upon the sample of

price changes selected for the calculation.

For some cases, the cheoice of an appropriate index will eliminzte
the problem. In general, however, there is no assurance that

any index will allow the measured elasticity to be independent

of the precise configuration of price changes. The relevant

issue is not whether the price change composition matters but

how significantly the composition problem influences measured
results. Egquivalently, the issue may be posed as one of deter-
mining the range of price-change directions over which a particular
zggregate elasticlity estimate approximately describes the a

zate behavior of the energy demand model,

Sweenev, in Volums 2 Chapter %, has developed z decompositicn
zpproach in the context of the present study. The decomposition

method is based upon a simple but important observation: when

e
o
o
o
!

class o modities is considered, a single-valued
demand function for the aggregate may not even exist. The approach
can be used to estimate an average elasticity for each model and
index while preserving the notion that the calculated elasticity
will, in general, depend upon the precise price change composition,
as illiustrated above. In such & situation, 1t is important to
determine how nearly the relationship between gquantity and price
zggregates can be approximated by a single-valued demand functiom.
his, then, provides the motivation for the decompesition metheod
discussed more fully in Volume 2 Chapter 9.

Because the decom-

position technique is still experimental, it does not form the

12



Increasing en-
ergy prices
implies reduc-
tions in aggre-
gate economic

activity.

basis of the summary tables or graphs in this report. Rather, a
conventional averaging of elasticities has been utilized except

where indicated.

Standardizing Aggregate Econemic Activity

In respoase to increasing energy prices, one can expect pervasive
changes in economic activity. Interfuel and factor substitutions
imply shifts in the compesition of economic output. Since energy
is a factor of production in the economy, a reduction in energy
use without corresponding increases in the availability of other
productive factors implies a net reduction in the aggregate real
value of goods and services produced In the econcmy. In fact,
increases in the costs of importing or producing energy reduces
the GNP even if the aggregate value of goods and services produced

by the rest of the economy remzins unchanged; as energy costs in-
crease, more claims must be made agalnst the output of the rest
of the economy in order to impert or produce a given quantity of
energy. On the other hand, energy conservaticn strategies, such
2s energv-use taxes, may stimulate changes which lessen the eco-

nomic impact of higher energy prices.
For analytical purposes, it is useful to separate these various

(1) =a

to higher price with aggregate economic activity held constant

energy demand impacts into two components: demand response

plus (2) & demand response to changed income or aggregate econonic

activity stemming from energy price or cost increases. The first

component

corresponds to the aggregate price elasticity of demand

addressed in this study. The second component depends upon the

income or economic activity elasticity of demand and the influence

of energy sysiem changes on a This

[§]e]

goregate economic activity.
last issue was the topic of the first EMF study and is not ad-
dressed further here. .

The precise manner of separating price effects into the two com-
ponents typically varies among SECiors being represented. For
industrizl sectors, the price elasticity is usually defined by
nolding constant the aggregate ocutput from the particular sector.

Tor the residential sector, dispcsable personal income is normally

13



The price elas-
city of demand

ined hold-
n

f

from the
energy—-consuming
sectors.

Tne calculated
elasticity de-
pends on this
choice.

held constant, while for the transportation sector either GNP or

disposable income may be standardized.

In order to define an aggregate price elasticity of demand, one
must specify the measure of aggregate economic activity to be
standardized. Two choices are natural: GNP or aggregate output
of the energy-consuming sectors of the economy, referred to as
This choice will influence the

If GNP is held

constant in defining the price elasticity, energvy demand can be

the rest of the economy.13
measured price elasticity of demand for energy.
modeled as depending on GNP and a pure price effect. If aggregate
output of the rest of the economy is held constant, energy is

modeled as depending upon aggregate output aand & pure price effect,

These two pure price effects generally differ in magnitude from
one another, When demand reductions are motivated by price changes
alone, e,g., taxes not coupled to cest changes, the price elas-
ticity is generally larger if calculated by standardizing GNP than
if calculated by standardizing the aggregate output of the rest
of the economy. This occurs primarily because GNP declines less

than aggregate output in response to energy price changes. Since

fas

that porticn of the demand reducticn modeled as working through
economic activity is greater under the lztter definition, the
calculated pure price effect must be smeller if the sum of the
two effects 1s to remain the same. In contrast, when the demand
reduction is motivated by cost increases, the converse is true.
In response to cost increases, GKNP declines more than aggregate
output.

Therefore, the measured price elasticity based upon

standardizing GNF is smzller than that based upon standardizing

o

ggregate output.

This study examined responses to changes in the cost of producing
or importing energy. The elasticities using both definitions
were calculated, but the definition based upon standardizing

GNP was adopted.

14



The Point of Measurement

Since energy prices and quantities can be measured at many points
in the energy system, inconsistencies in the point of measurement
are pervasive in comparisons of the models. It is desirable for
many purpeoses to measure aggregate energy demand or aggregate
energy demand elasticities as close to the point of consumption
as 1.aossi‘t>1(-z.lé5 This suggests measurement of elasticities at the
retail level. However, it was felt that a standardized comparison
at the retail level would be impractical because there are many
different retail products sold to many consumers in many locali-

ties at many different prices.

Lack of appropriately disaggregated data at the retail level has
ziso prompted many of the modelers to look elsewhere in the
svaetem for a point of measurement where the aggregation assump-—
rions can be satisfied. The U.S. Bureau of Mines has historically
referred to energy measured directlv before electricity generation
and other comversion losses as gross energy inputs and energy
meesured directly after these losses as net energy inputs. In
this study, these quantities are referred to as primary and

secondary energy, respectively.

In general, it is difficult to separate problems of =ggregation

measuremant.,

h

from problems azssociated with point o However, for

modeis which consider only one fuel,

I
j=p
m
s
=)

s
9]
=
rt
2
]
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of the point

r
e
{1
rt
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of measurement problem can be easily demonst Tor example,
the Sweenev Auto model considers only automobile gasoline use
P

and, therefore, problems of aggragation do not appear in pre-

it]

-

senting the results of the model. Sweeney, course, used data

0
aggregated from individual gasoline sales. Calculation of retail
price elasticity and secondary price elasticity are straight-
forward; calculation of primary eiasticity requires a modeling

of cost and quantity changes associated with refinery operations.

For the simple case in which there are price markups and energy
conversion lesses from point to point in the energy production/
consumprion chzain., differences in elasticities are easy te cal-

levels are common. A

o)

culate. Two tvpes of markups betwee



sroportional markup multiplies the lower level price by some
constant greater than unity, while an additive markup adds some
fixed cost te the price. The proportional markup guarantees that
the same percentage changes in prices and gquantities occur at
each level in the system and, therefore, elasticities are the
same at each point of measurement. For additive markups, an
increase in price at one level produces a different percentage
change in price at another level. This results in different

elasticities at different points of measurement.

With additive Suppese prices at the retail, secondary, and primary levels are
markups, retail
elasticities ex-
ceed secondary additive markups, TR and TS5, between the secondary and retail
elasticities,
which exceed
primary elas- The secondary elasticity will be smaller than the retail elasticity
ticities.

denoted by PR, PS, and PP, respectively, and that there are
levels and between the primary and secondary levels, respectively.

by a factor of (PR - TR)/PR, while primary elasticicy will be
smaller than secondary elasticity by a factor of {PS - TS)/PS.
The elasticitv at a point in the supply chain, e.g., primary
energy, will be smaller than the elasticity at a point farther
downstream, e.g., retail energy, whenever there are additive

markups between levels.

As an example, elasticities zre calculated at three levels for
the Sweenev Auto model. At the retail level, the elasticity is
0.76, while at the secondary and primary levels the corresponding

elasticities are 0.4£6 and 0.40, respectively.

Similar calculations have been performed for rhe aggregate of
2ll energy in the economy, under an assumption that all price
increases between the secondary and retail levels can be modeled
as additive markups. Tigure 4 illustrates the relationship be-
ween the secondary and retail elasticities, assuming additive
markups and normalizing the elasticity at the retail level to

- unity.lS Under these assumptions, the ratio between the two

elasticities increases sharply as energy price increases.
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for each model.
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Nissen, in Volume 2 Chapter 5, has preoposed a general methodology

t

or translating elasticities from point te point in the presence

mpetition.

of interfuel co This method promises to provide &
comprehensive approach for estimating aggregate functional ap-

proximations of deteailed models.

A majoritv of researchers report total energy before conversion
losses, and this point of measurement is emploved in many dis-
cussions of apgregate energy demand. Therefore, the study was
deéigned to produce estimates of primary elasticities implicit
in the models. However, since enough data were availsble to
also estimate secondary energy pfice elasticities implicit im
the models, the working group calculated and reported elasticities

at both points of measurement.



Dynamic re-
sponses of the
models to price
increases are
not examined.

Long-run elas-
ticities greatly
exceed short-run

.

elasticities.

Dvnamics

In general, since the capital stock of energy-using equipment
adjusts onlvy slowly, short-run elasticities (cne to five vears)
may be expected to be considerably smaller than long-run elas-
ticities. Furthermore, calculated elasticities may depend upon
the timing of price changes. The working group calculated 15-,
25—, and 35-year aggregate elasticities in response to price
changes initiated in 1975. Thus, while the estimates are not
precisely long-run equilibrium elasticities, the 25~ and 35-year
estimates closely approximate long-run elasticities. The ex-
periment does not examine the dynamics of the models, although
several medels explicitly account for delavs iIn consumer responses

to changes in energy prices.

Slow adjustment creates another empirical problem. When data
used for econometric testing are derived from a short time period,
onlv short-run elasticities can be easily observed, Therefore,
elasticities estimated using onlv a short time series of data,

for example, only post~1973 data, are heavilyv dependent upon
assumptions about the rate of adjustment of the capital stock.

The timing of consumer responses and the analysis of post-1973

dzta are discussed ar length in Volume 2 Chapters 17 and 13

Assumptions about price responsiveness are central to conclusions
obtained in energy policy studies. Conseguently, it is desirable
to characterize the uncertainty associated with aggregate elas~
ticity estimates. This is especislly true since error costs may
he asymmetric and highlv nonlinear. The costs of taking actions
based upon overestimates of energy demand elasticities may be

very different from those bazsed upen underestimates,

Unfortunately, the theory and data are not available to develop
a2 satisfactorv description of the uncertaintv associated with
the aggregate elasticity estimates. The lack of a formal descrip-

he processes by which the energy system structure can

(23

tion of
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change mav be th
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Sixteen models
were analyzed.

estimates. The working group could not meet the data and com-
putatienal requirements for characterizing uncertainty even for
fhe conceptually simple problem of measuring the propagation of
parameter error in the models. This troublesome problem, which
is discussed in Volume 2 Chapter 11, remains as a caution to

model users and a challenge to model developers.

OVERVIEW OF THE MODELS

Sixteen models were included in this study, azs shown in Table 2,
The models are described in detail in Volume 2 Chapter 3. While
the models emphasize different aspects of energy demand, they
overlap in their estimation of the relationships between energy
demands and energyv prices. These models are fepresentative of
the spectrum of available analysis toels and share many important

features.

The models vary in scope, including sectoral medels, energy system

; 16 .
models, and energv-economy models, The energy system models

ire energy svstem, while the sectorzl models

-t

represent the en

h

ocus con specific sectors of the energy svstem, thus resembling
components of the energy svstem models. The energv-economy models

licitliv represent the influence ¢f changes in the energy

upon the rest of the economy, while the energy system

The energv-economy models include consideration of energy demand
within a generzl equilibrium framework representing the economy.
These models tvpically use an economic growth model to Integrate

(1) an interindustry input-output description of the economv's

s
=

production secter, (2) detailed process description of the

8]

energy sector, and (3) a consumer demand medule. However, the

models differ substantiallv in level eof zggregation, representa-
tion of substitution possibilities, and representation of energy

supply and demand dyvnamics. The energv-economy models included

-

in the study are (1) BESOM/H-T, & simplified version of the

CRO, and (3) Parikh

Brookhaven svstem/Hudsen-Jorg

1

WEM. of these models are

coated,
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Energy system
models repre-
sent &ll energy
cemands.

Sectoral models
include detailed
representations
of specific
energy-consuming
sectors.

The modeis focus
on different

system elements
contributing to
energy demand

Filexibility.

The energy system models represent all energy demands but not
interactions between the energy sector and the rest of the
economy. These models also differ substantially in level of

aggregation, substitution possibilities, and representations of

0]

nergy supply and demand dynamics. The energy system models
included in the study are (1) Baughman-Joskow,

{3) FOSSILL,

(2) EPM,

(5) MEFS, and (6) Pindyck.17’18

(4) Griffin OECD,

The sectoral models address energyv use in specific demand sectors,
Typically, these models have little detail on energy supply, and

they do not consider energy conversion processes 0T energy—economy
feedbacks, 0On the other hand, concentration on one demand sector
zllows a more detalled modeling of various energy uses.

(1) BECOM,

The study
included seven sectoral models: (2) FEA-Faucett,

(3) Hirst Residential, (4) ISTUM, (5) Jackson Commercial,

{6) Sweeney Auto, and (7} Wharton MOVE.

The models svstematically differ in the data and accounting systems
used. The energy-economy models typically utilize T.3. Bureau
of Fconomic Analvsis {BEA) industrial classifications. This
allows commercial energy demands and transportation demands,
except gasoline for private auromobiles, to be treated in an
interindustry input-output framework, In the energy svsten

models, demands are tvpically disaggregated by U.S. Bureau of
residential,

Mines (BOM) consuming sectors: transportation,

commercial, and industrial.

Each medel includes some mechanism for prejecting future energy
demands, and each examines some aspects of the role of prices

in determining demands. Total demand for energy can adjust in
manv wavs, and the models focus on different system elements

that contribute to the flexibility .in energy demand, fixing some
gquantities while determining others. At one extreme, the BECOM
and ISTUM models hold constant 21l demands for energy services,

solving for the specific equipment and fuels required to provide
those energy services at the lowest cost. At the other extreme,
the Griffin OECD and Pindvek medels implicitly allow all svstem

adjustments to be captured in their parameter estimatiom.
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Soms models ex-
plicitly include
substitution
processes; others
leave these pro-
ceosses implicit.

The responsive-
ness of demand
includes inter-
fuel and
substitution.

factor

)

o0y Myt

0

]

)

Some models, such as BECOM, BESOM/H-J, or Hirst Residential,
explicitly didentify rhe precise channels through which rthe sub-
stitution occurs, using a detailed process representation or an
aggregate production function representation of labor, capital,
energy, and materials substitution. Other medels, such as
Baughman-Joskow, Griffin OECD, and Pindyck, leave substitution

processes implicit.

The responsiveness of demand to price changes can be thought of

as being composed of two cemponents: interfuel substitution and

factor substitution. Inclusion of interfuel substitution permits

examination of those interactions where the choice of one form

of energy versus ancther is important.

Inclusion of factor sub-

stitution permits representation of switches from energy to other

factors of production., The degree of interfuel and factor sub-

stitutions represented varies significantly among the models

emploved in the study.

among the models is the degree of product and spatial

Gecgraphic aggregation is important because many

econemic decisions can vary berween regions, and the ebility to

transport enercy between regions mav be limited in
T & =

some
The level of product agereceation can be important £c the extent
oo [ 3

erfect substitutes.
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in the models. Specificellv, commodities within a particula

product or regional aggregate are implicitly considered to be

erfect substitutes or perfect complements, i.e., used only in

o

fixed proportions, for each other.

Because the study required specification of exogenous price tra-
jectories for primery energy fuels, the resource supply dynamics

for

built into the models are irrelevant comparison of demand
behavior.

are important for determining aggregate elasticity of demand for

primary energy. Three energy conversion seclors are tvpically
included in the models: (1) an electric utility sector

kd

Rl
b

However, representations of energy conversion activities



Scme models

(2) an oil refining sector, and (3) a coal synthetics conversion

sector, These are represented quite differently among the wvarious

models,

Slow adjustment of cepital stock, location patterns, and behav-
ioral choices typify the energy demand response to changes in

economic cenditions, Energy wmodels can be either static or dy-
namie, The static models, such as BESOM/H-J and Pindyck, do not
explicitly incorporate either feresight or slow adjustment pre-
cesses. In contrast, dvnamic models Iike ETA-MACRO incorporate

temporal considerations within a multiperiod framework.

Two attributes may be used to describe the differences across
dvnamic models: treatment of expectations and speed of adjust-
ment. Expectations may be mvopic, with current decisions deter-—
mined entirely bv current and past conditions, or clairvovant,
with current decisions based upon complete knowledge of all past,
present, and future prices. The statistical models implicitly

embody myvopic expectati

le intertemporal optimization
models, such as BECOM, assume clairvoyant behavior., A model
might permit instantaneous adjustment in variables resulting

irom exogenous shocks or the adjustment mav be gradual.

In 211 the dynamic models, & kev element Is the treatment of
adjustments in the stock of capital goods. Some medels, such
as Hirst Residentizl, and Whartom MOVE, treat these

capital sdjustment processes explicitly,
yman—-Joskow or Griffin OECD, leave these processes implicit

in the model equations and parameters.

Besides differing in sectoral coverage, trezztment of the relation-

ship between the energy sector and the rest of the economy, and

"

in several important structural characteristics, the models dififer

fundamentally in approaches to parameter measurement. The model
developers emploved one or more of three basic approaches:

(1) statistical estimation of fuel and/or sector price response,
(2} detailed engineerving specifications of alternative energy-

using technologies, and (2) judgmental estimation of fuel and/or

[R]
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other as-

sector

used for parameter estimation.

of approaches to parameter estimation.

price response.

ETA-MACRO are classified according

methods used to
However, such a
Residential and

and engineering

The comparison of estimation methods can be found in Volume 2

Chapter 3.

(a3

HE EXPERIM

develop the demand
classification was

Jackson Commercial

Table 3 dindicates the principal methods

Some models include a combination

0f these, BESOM/H-J and
to the parameter estimation
representation of the model.
not possible for the Hirst

models since the statistical

approaches were intertwined in these models.

ENTAL DESIGHN

which were varied

Except for primary energy fuel prices, during
the experiment, all energy sector assumptions were those used
by the Modeling Resource Group (MRG) of the Committee on ¥uclear
and Alternative Fnergy Svstems (CONAES) study. The constant
dollar price levels of oil and gas, coal, and nuclear fuel for
Table 3
PARAMETER ISTIMATION APPROACHES
Statistical Engineering Judgmental
BESOM/H~ ETA~ XACRO
Parikh WEM
Energy Svstem Baughman- EPM
Models Joskow? FOSSILA

Criffin OECD

MEFS

rindyck
Sectoral Models FEa-Faucett ECOM

Sweenev Auto - STEH

. e D
Wharton MOVE

Hirst Residential®
Jackson CommercialC®

“Excludes the

results

ansportation sector and industrisl feedstocks

from the auvtomobile

WEre reported to the ENF,

“Compines both the stat

istical and

ascline demand component

enzineering approach



Changes in aggre-
gate price level
and individual
fuel prices were
considered.

the Reference price case were chosen to increase gradually over
time. 011 and gas were assumed to cost $2.00 per million Btu in
1975 and to increase 2 percent per year in real terms through
2010;20 coal and nuclear fuel were assumed to cost $0.75 and
$0.40 per million Btu in 1975, respectively, and to increase 1
percent per year through 2010, The reference price levels are
not especially important: the elasticities are calculated based

on the changes in prices from those levels and the resulting

changes in quantities,.

The alternative cases explored changes in the compeosition of the
aggregate price around the reference price levels as well as
changes in the aggregate price level (Volume 2 Chépter 2y. The
primary energy input prices were increased or decreased 25 per-
cent for all vears, vielding three price levels for each primary
energy input. The price levels were varied from their reference
levels individually and collectively, defining the nine primary

energy price ceses shown in Table 4.

Lach price case was run for each model. The resulting demand
preojections by fuel and sector were reported to the working group
bv all modeling teams except for Wharton Econcmetric Forecasting

Associates, whose representative reported results only from their

21
automobile gasoline demand model (MOVE).™

The EMF steff used the reported data to calculate price and

a)
[
fu

ntity indexes for each model in ezch price case for 1990, 2000,
and 2010. The Reference case prices and demands for the particu-
lar vear ¢f interest were used as welghts in the indexes. A
simple constant elasticity aggregate energv demand function was
statistically fit to the aggregate data r all cases available
from a given model in a particular vear. Thus, a single best
aggregzate elasticlty estimate was obtained for each model and

each vear.

[~

ity
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Table 4

PRIMARY ENERGY PRICE CASES

Price Level

Case

01l & Gas Coal Other
1., Reference Reference Reference Reference
2. High Reference Reference
3. Reference High Reference
4, Reference Reference High
5. High High High
6. Low Reference Reference
7. Reference Low keference
8. Reference Reference Low
9. Low Low Low
COXCLUSTIONS

The Point of Measurement

The results in Table 5 show no consistent relationship

primary and secondary

within the studyv.

o

-

problems

estimates

rim

i

The difficulty seems to reside chiefly with

rv elasticity estimates.

clectyicity generation was assumed.

ragn

2
L

In addition,

aggregate elasticity estimates generated

In caleculating primary elasticities

or sectoral models, a somewhat arbitrary exogenous mix of fuels

seemed to be more severe when primary energy consumption

r than secondarv estimates were utilized.

agys



Table 5
COMPARISON OF 25-YEAR PRIMARY AND SECONDARY
ELASTICITY ESTIMATES
(Pzasche Index)

Elasticity of Demand

Medel Demand Sector
Primary Secondary

Baughman-Joskow Total 0.49 0.61
et
BESOM/R-J Total 0.48 0.42
EPM Total 0.79 0.57
ETA-MACRO Total 0.30 0.18
FEA~Faucetta’b Auto 0.13 0.15
FOSSTILL Total 0.11 0.08
FOSSTILL Conservation Total 0.17 0.16
Griffin OECD Total 0.45 0.55
Hirst Residentialb Residential 0.24 G.44
ISTUM Induszrial - 0.24
Jackson Commercialb Commercial 0.17 0.37
MpEs® Toral 0.0k 0.31
Parikh WEM Total 0.11 0.10
Pindvek? Total 0.44 0.70
Sweeney Auto®” Auto 0.40 0.46
Wharten MOVES Auto 0.1¢9 0.21
alS—year estimates reported
bNo eglectricity generation sector

Frimarv elas- Figure 5 displays primary and secondary price and quantity in-

cloity EStimat?S dexes generated for the various scenarios for two medels. For

were too unreli- <

abie; the study the MEFS model, the aggregation problem is signaled by the irregu-
focused on

lar scatter of aggregate primary energy price and quantity observa-
secondary

elasticities. tions. While both the primary and secondarv data are scattered
over a region, it is easier tc estimate & functional relationship
between seccndary energy price and quantity., The differences

were not nearly as striking fer the FOSSILL model, However,
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decomposition resulcs, ciscussed 2t a izter soint, confirmed
the judgment that primary energy elasticizies were too undependadble.
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hoice of index.

The Choice of Index

Secondary aggregate elasticity estimates were not sensitive to
the choice of Paasche, Laspeyres, Idezl, or Tornquist indexes,
But for some models the use of a Btu-weighted index led to gif-
ferent calculated elasticities, zs shown in Table 6. These
results suggest the importance of specifying the class of pfice
index used whenever aggregate elasticities are reported. BRBecause
the Btu-weighted index is theoretically less attractive, ths

Paasche index is used in reporting results in the present report,

Table 6

COMPARISON OF 25-YE4AR SECONDARY DEMAND ELASTICITY ESTIMATES
BASLD ON SELECTED INDEXES?E

Model Index
Tornguist Pzasche Lespeyres Bru-weighted
Baugnman-Joskow 0.8l 0.681 0.61 0.5¢
BZCOx 0.54 C.31 0.57 1.00
BISOM/E-J G.&3 C.42 0.44 0.46
EPM 0.37 0.57 0.57 .59
ETA-MACRO d.1¢@ 0.18 0.20 0.35
FZi-Frucets” 0.15 0.15 0.15 0.15
FO55TL .08 0.08 0.08 0.1z
TOSSILL Cemservation 0.1¢6 0.18 0.16 0.23
Griffin OECD 0.5% 0.55 0.57 0.68
Hirst Residential 0.45 0.44 0.45 .47
ISTUM 0.24 0.24 0.24 0.01
Jzckson Commercizl 0.38 .37 0.38 0.33
MEFST 0.31 0.31 0.32 0.33
Parikh WEM 0.0¢9 0.10 0.0% 0.10
Pindvek .71 0.70 0.71 0.66
Sweenew Autob .46 0.46 0.46 0.46
Wharton NOVED 0.21 0.21 0.21 0.21

It



The comprehensive
statistically
estimated models
produced higher
elasticity esti-
mates than did
those models

with judgmental
parameter
estimates.

The Methed of Parameter Measurement

The aggregate secondary demand elasticity estimares are showa in
Figure 6. The more comprehensive models, covering all energy-
using sectors, incorporating the full range of potential substi-
tutions, and directly utilizing historical data to estimate
statistically the demand parameters, were generally characterized
by higher implicit long-run aggregate secondary demand elasticities
than were the other mocdels. The statistically estimared models
ere represented with solid lines in Figure 6 and inciude Baughman-
Joskow (0.6), BESOM/H-J (0.4), Griffin OECD (0.5), MEFS (0.3},

and Pindyck (0.7). The models that consider all consuming sectors
but employ judgmental parameter estimates generally exhibit lower
elasticiries. These models zre represented with broken lines in

Figure © and include EPM (0.6}, ETA-MACRO (0.2), FOSSILL (0.1},

. 23
FOSSIL1 Comservation (0.2), and Parikh WEM (0.1).
0.8 T T T T
Pindyck
-
Baughman-
0.6 |- — Joskmcv“’__,..'--" EPM o
— e : — STATISTICAL
PR Griffin DECD PARAMETER
----- ESTIMATE

' T BESOM/HL sees JUDGMENTAL
0.4

PARAMETER

SECONDARY DEMAMND ELASTICITY

ESTIMATE
MEFS
Parikh WEM
0.2 F T enrpzreens FOSSIL1 Conservation
""""" Tt ETAMACRO
. srernenesene FOSSILY
o g I ! :
1990 2000 2010
{18-Year) (25-Year) {35-Year)

Figure 6  Aggregate Zotzl Demznd Elasticity Estimares
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elther direc-
tion.

Heowever, the
statistically
estimated models
produced con-
sistently high
elasticities,

.included in the study.

The statistical approach is bzsed on the enalysis of historical
datz and consequently presumes that technology accommodating new
combinations of productive factors will be available. Thus, these
methods may tend to overestimate or underestimate the flexibility
in the system, depending on whether the technological response

to changing prices turns out to be greater or less than the

historical response.

Table 7 presents 25-year elasticities by sector for all models
These numerical results demonstrate con—
sistently high elasticities among the statistically estimated
medels. If these models most correctly describe the future
behavior of energy demand, energy growth can be substantially
ceccupled from economic growth, energy conservation programs can

affectively lower energy consumption, and energy supply develop-

ment programs are less critically needed,

sensus &8 to which class of mocdels most accurately describes the

worid, Aggregste demand elasticity estimates from the various

Structural characteristics represented in a model can zlsc in-
fluence the calculzted elasticity. Since there are Many ways
total energy demand can change in respoase to changing incen-
tives, fzilure tolimplic1“ly or explicitly represent each of
the basic adjustment mechanisos will bias elzsticities downward,

30



Table 7

25-YEAR SECONDARY DEMAND
ELASTICITIES BY SECTORS
(Paasche Index)

Sector Statistical Engineering Judgmental
. . . . . _.a
Residential Hirst Residential 0.4
Griffin OECD 0.9 BECOM 0.6
MEFS 0.5
Pindvck 1.0
Residential/ Baughman- 0.8 BECOM 0.5 EPM 0.5
Commercizl Joskow '
BESOM/H-J 0.7
MEFS 0.5
Commercial MEFS 0.5 BECOM 0,3
Jackson Commercial® 0.4
Commercizl/ Griffin OECD 0.3
Incdustrial Pindyck 0.7
Industrizl Baughman- 0.4 ISTUM 0.2 EPM 0.7
Joskow '
BESON/E~J 0.3
MEFS 0.2
Transporte- BES0M/E-J 0.2 LM 0.4
ziont FEA-Taucert 0.1
Cr n OZCD 0.3
MEFS 0.3
Pindvek 0.5
Sweeney aute 0.5
Wharton MOVE 0.2
411 Sectors Baughman~ 0.6 EPM 0.6
Joskow© ’ ETA-MACRO G.2
BESOM/H-J 0.4 FOSSILY 0.1
0ZCh 0.5 FOSSILLC 0.2
0.3 Parikn WEM 0.1
0.7
®Combines both the engineering and statistical approach
Prhe FEA-Faucett, Sweeney, and Wharton MOVE resulis zre for
automebile gasoline onlv. These are 15-vear elasticities. All

runs axclude
c,

l’ﬂ

h

d

9

0

<]

ludes the

o iy

the new car fuel efficiency st
transportation SecCLor

$ILY1 Conservation

Lat
-

andards.



Models represent- Several of the sectoral energy models represent components of
ing components

nergy dema ind nt i :
of ensrgy demand energy demand as independent of price, thereby biasing downward
eg independent the calculated aggregate elasticity. For example, BECOM and ISTUM
cf price bies . . , .
I s assume end-use service demznds to be independent of price. This
elasticity esti- I
mztes downward. constraint within the model ignores the pessibility of selecting
alternative processes for the production of a given commoditv; it
even precludes the possibility of nmodifying thermostat settings
in response to higher fuel prices. This modeling appreach, there-
fore, biases elasticity estimates downward.
Elasticity esti=- The range of estimates from the sectoral models, as shown in
mates from sec= - - - .
- T Table 7, was from 0.1 for FEA-Faucett to 0.6 for BECOM, and in-
toral models i
were lower than cluded 0.4 for Hirst Residential, 0.2 for ISTUM, 0.4 for Jackson
estimztes Zrom . - . . _
hoE . Commercial, 0.5 for Sweeney Auto, and 0.2 for Wnarton MOVE. In
comprehensive
models. general, sectoral models are characterized by lower elasticities

than these characterizing corresponding sectors of the more com—

Fh

prehensive models. This difference may occur partizlly because

many sectorzl models use engineering process datsa including a
izmited range of technelogical oprioms. The effects of differences
in model structure on the elasticity estimates are discussed in

more cecih by Grifiin and Wood in Volume 2 Chapter 8

pesition of price changes., For these models, an agoregate analvsig
wzy be inadeguate or misleading. Tor exaccle, Figure 7 shows

to seven of the price cases. If the secondary energy price and

uentity indexes were available only for cases 1 the

ISTIM aggregate elzsticity estimate would be nesative: aggregate

price increases would be expectad to lezd to aggregate demand

increases, not decrezses! This znomzlous result occurs primerily

o}
play crucisl roles in zggre-
gate index computation aznd beczuse oil znd gas prices remain
unchanged over these three scenarios. Conversely, if only cases
1, 5, and 9 or only ceses 1, 2, and 6 were avzilszble, positive

giasticities would be calculated, zlthough the magnitudes would

Ll
(B
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hote: The numbers refer to price cases. The Pazsche
index was used to czleulate these ectimares.
7 -Year Industrial Secondary Fnergy Iadewx Values

or the ISTUM Model

quantity index combinetions which could eccur in responge to
price changes of fixed megnitude but varving directions. The
cecomposition zppreoach provides an gpproximate description of
gion and includes a method for

ittiag the region to data genmerated by the various models.

gure § illustrates the decomposition results for the MEFS and

“he decomposition Tl
regults Irom two
modelis are con-

’ trasted.

e
the MLFS model are much less sensitive to the direction of the
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gv Decomposicion
oskow Models

Tzbie & presents results obizined by applving che decompesition
technicue to these models that ran sufficient numbers of scenarios.

A

the other

ezcn index,

three numbers characterize the demand region zpproximzticn for

)

each mode

[ T, the average elasticity, represents the elasticity
averaged over all pessible price directions:

e 7, the directional elasticity, represents the demand
regionm width (rhe maximum quantity index change occur-
ring &t zero price index change, divided by the
maximum price index change); and



Table 8§

25-YEAR SECONDARY TUELS DECOMPOSITION RESULTS
(Pazsche Index)

Average Directional Shape
Model Sector Elasticity Elasticity Factor
a T v
Baughman-Joskow Total 0.46 0.53 1.14
Regi ti
BECOM® esidencial/ g -3.86 0.9
Commercial

BESOM/H~-J Toral

LW,
AN

0.42 G.80

EPM Total .45 3.22 7.17
ETA~-MACRO Total .22 0.05 0,25

FOSSILL Toral

|

0.05 0.68
0.06 0.36

FOSSIL1 Conservation Totzl

Griffin OECD
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composivon shape fazctor imply thar the actuzl elasticityv iz highly dependent

Low shape param-

ster velues Im- upon the cirection of price change while smzll values implvy a

clv the eccrecate . L. . » A i

o TEL IR relative insensicivivy teo édirection. TFor example, if 21l directions

glesticizy is =

cool SUTmEIY of price change are viewsd zs possible, zbsclute values of the
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of all possible directions and within 20 percent for 55 percent
of directions. Absolute values of the shape factor greater than
2 imply the actual model elasticity differs from the average
elasticity by more than plus-or-minus 30 percent for €9 percent
of the directions and by more than 100 percent for 53 percent of

the directions.

Using this criterion, the average secondary elasticity provides
a poor descriptor of the Baughman-Joskow, EPM, Griffin OECD, and
Parikh Wi models and z relatively weak descriptor of the BECOM
and FOSSILl models. For these models, the aggregate secondary
demand elasticity is highly sensitive to directions of rrice
change. Conversely, the average secondary elasticity provides

a good summary descripter of the ETA-MACRO, Jackson Commercial,

o
MEFS, and Pindvck models.

For most models, As shown in Table ¢, the average primary elzsticity provides a
the accregats : R . - - - ; P -
- SR gooc summary descriptor for fewer models, BESCOM/H-J znd Pindyck,
szcondary elas-
ticity provides and a poor descriptor for meny models. For many of the models, -
& Lhstter de- ; ; - T - e s .
. the snapeé ractor is larger when estimates azre bzsad upon primarv
scripter than
aggregsste pri- dats Tather than secondary daztz. This confirms the Judgment
elascicizu. . N . - . 15t
thnet the eggregete elasticity ol primary enersy is less reliable
as z wmocel cescriptor than is the zggregats giasticity of seccondary

y Although emergy demands can be expected to change zradually in
o 7 response to price changes, many models include only rudimentary
cescriptions of : .
afiustment pro- descriprions of the adjustment procsssas and thus cast litrie
CESSES, . . . . L ) Tao L s

light on the response dwvnamics. Yet, énergy policy and plaoning

debates generally require infermatvion not oniy about the 25-vez

H

responses to actiens taken now but ‘zlso zbout responses occcurring

over the Iirst weeks, months, or vears zfter the price change.
Failure of modelers to examine the short-run demand TESPONSes

chenges in conjunction with the long-run responses or,

rt
s}
v}
H
(S
O
o

lure t

Hh
[T

worse vet, a2 fa iate among the various

o
time horizons will tend te seriousiv limit model usefulness,
.
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DECOMPOSITIOR RESULTS
Index)

Average Directional Shape
Model Sector Elasticity Elasticity Factor
' g T V

Baughman-Joskow Total -0.95 1.15 -1.21
BESOM/H~J Total 0.57 0.17 0.29
EPM° Total -0.56 1.23 -2.22
ETA-MACRO Total 0.37 0.95 1.66
FOSSIL1

]

otal G.03 0.13 4,12

FOSSIL1 Conservation Total O.O?I : 0.15 2.15
Griffin OECD Totzal 0.32 0.37 1.15
Hirst Residential® Residential 0.23 -0.05 -0.21
Jackson Commercial? Commercial 0.17 -0.02 -0.14
MEFS Totel 0.07 0.24 3.45
Parikh WEMT Totzl -6.4 26.70 ~4.12
Pindvek Total .47 0.03 0.07
Wharton MOVE Total G.27 0.47 1.7%
“Lees than elaht price ceses were reporied.

Fi-vegsr slas- study ¢id not alliow
cisitizs wers .

T B T¢ nigrney prices inherent
vssd a5 long

run osocullikriun glesticivies directiv

4 mholzer and Lau
(Velume 2 Chapter 11) have shown that the particular price paths
emploved in the study probabliy lead te only z very small--less
than 10 percent--divergence between long-run equilibrium elssticity
estimetes and 25-year elzsticities, the failure to directly esti-

mzte long-run eguilibrium wvalues should not be of great consequence.




consistency checks, Incorporzting recent historical data within
the framework of a dynanic adjustment mocel zllows comparison
of recent historical treands with long-run aggregate elasticity
estimates obtained from the models included in the present study

For example, the solid line in Figure 9 plots the mean primary
energy demand elasticity estimetes from the Manne-Wilson analvsis
as a function of the lag parameter. The lag parameter represents
the ratio of the cne-vyear elasticity to the long-run equilibrium
elasticity. It can be very reughly interpreted as the fraction
of energy-consuming capital stock newly installed each vear.
Since the fraction of capital stock newly installed each vear is
normally small--certainlv less than 0.25, and probably less than
0.1--the one-vear adjustment parameter can be expected to be

correspondingly low. Thus, the Manne-Wilson analysis, which
incorporates data from the post-1973 experience, indicates that

the primary energy consumption cthanges actuzlly euperienced through

]

1978 could be consistent with the entire ran

a9q

e of estimated long-

#

Tun elasticities imrlicit in any cof zhe models participating in
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Taxes and regu-
letions can alter
the demand elas-
ticity.

the ewperiment. Tzken alcne, the pest-embargo primary energy
data do not provide sufficient evidence to reject either higher
elasticity estimates from the statistical models or lower elas-
ticity estimates from the other models.

Taxes and Regulations

Taxes and regulations can also significantly influence the demand

elasticities. TFor example, gascline taxes lead to an additive
markup on gasoline price, causing the retail demand elasticity

to differ from the secondary elasticity. The larger the gasoline
Thus,

increases in gasoline taxes can be expected to reduce the seccndary

tax, the greater the wedge between these elasticities.
elasticity if the retail elasticity is leéft unchanged,

Regulations which mandate the characteristics of energy-consuming

equipment tend to reduce the demand elasticity while presumably

reducing energy consumprion. , the imposition under

s
the Energy Policy and Conservation Act {EPCA) of binding corporate

.

average fuel efficiency (CAFE) standards on automobile manufactur-

motivate
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znd Wharton MOVE models.

The secondarvy elasticity for the Sweeney Auto model is slightly

less than 0.5 without the CAFE standards and slightly less than
0.2 with these standards. The Wharton MOVE and FEA-Faucett medel
elzsticities are zlsc somewhat less in the presence of the



Table 10

15-YEAR SECONDARY ELASTICITY ESTIMATES WITH AND
WITHOUT CAFE® STANDARDS

. . Seccondary Elasticity Estimates
Automobile - -
Gasocline Without With
Model CAFE CAFE
Standards Standards
FEA-Faucett 0.15 0.11
Sweeney Auto 0.46 0.17
Wharton MOVE 0.21 0.19

a " frso .
Corpcrate average fuel efficiency
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cennot, however, use the Manne-Wilson analvsis to infer gquanti-
tative measures of uncertainty associated with cther aggregate

elasticity estimates.

Measures of un- Several scurces of uncertainty exist in each model--measurement
certaintv in . e . . .

- L LT error in historical data, parameter estimation uncertaintcy,
elastiCliy were 2
not celculated. specification errors in formulating the medel, and errors in

engineering judgments. However, limitations in the current state
of the art either preclude calculation of explicit uncertainty
measures or make calculation extremely costly. Turthermore, the
objective measures of uncertainty which could be conceptually

calculated can never be expected to capture e subjective un-

th
certainties in the minds of many potentizl model users or modelers.

For these reasons, the gosl of developing & satisfactory measure

)

f uncercainty has not been reached within this study. Lau pro-

poses such z measure and describes an appropriate estimation

methodology in Volume 2 Chapter 10.

finitions vary ano

o]
o
2
O
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Mocdelere should improve their practice in publishing assumptions,

error scatistice, robustness tests, validity tests, descripuive




Modeliers shoulid

effort. Some such improvemests in disclosure practices are
costly to implement; this increased cost must be taken into
account when planning a modeling project, Others, however, are
less costly. For example, a2 econometrician estimating alterna-—
tive specifications of one relatiomship should publish parameter
estimates for all or 2 range of the specificaticns tried rather
than simply the one or two "preferred” eguations. While simple
disclosure would not be very costly, it would greatly help users
evaluzte the robustness of crucial paramsters. Similarly, pub-
lication of historical datz supporting the model would allow
other researchers to attempt duplication of the results, test
alternative specifications not repecrted, and detect differences
stemming from different sets of historicazl data used by different

modelers.

Mocelers should make aggregere elasticities a standard component

of demznd model documentation. The EIA should publish a set of

sectors modelecd. Since aggregate elasticities depend upon the
cempogiticn ¢f price changes, tables of Zuel-specific own and

Recognizing the difficulty ol adeguately dezling with uncertainty
in projections, the working greoup recommended that modelers
cevelop and then comnsistently utilize techniques for desecribing
the uncertainties in their mecdels. This will require basic

gv. Funding organizations and

vsis of uncertainties is costly

1é bucget surficient Zunds for this activicy.
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NOTES

1.

B}

EMF Report 1, Energv and the Economy, Volume

1, » Modeling Forum, Stan-
ford University, Stanfiord, California, September

This differs from some definiticns where own-price elasticities are negative,

reflecting the inverse relationship between demsnd and price.

The decrease in consumers'

surplus resulting from an energy tax is greater
for larger elasticities,

In the case of an increase in imported energy

price, the additional wealth transfer to pil exporting nations is much smaller
for a larger elasticity, offsetting the larger decrease in consumers' surplus.

Sweeney, James L., "Energv and Economic Growth: A Conceptual Framework," in
Directions in Energy Policv: A Comprehensive Approach to Energy Resourcse
Decision-Mzking, B. Kursunecglu and A. Perlmutter (eds.), pp.
Mass.: Ballinger Publishing Company, 1979.

The elasticity of substitution is defined as the rate of change of the ratio
of energy inputs to other inpurts, e.g., capitel and labbr, with respect to
changes in the relative prices of

those input factors. For value shares of

energy in the eccnomy less than 0.1, the two elesticities differ by less than
The elasticity of substitution is the key parameter in a seminal

10 percent,
model of energy~economy interactions.

See Hogan, V. ¥W., and A. S. Manne,
Y"Energy-Econemy Interactions:

The Fable of the Elephant and the Rabbit 7V

v and the Feccmomv, Volume 2, Appendix B, Inergy Modeling
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is defined as that portion of to:fal output vzlue of the rest of the
not used te produce or purchase enercy. Hence, GNP is the cutput
ble for final consumption and investment.
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These curves were generated undsr the assumption thatr markups between the

secondary point and the retzil point are additive.
of the markups are multiplicative, the
delivered elasticities will be smaller
curves were calibrated as follows:

To the extent that some
difference between secendary and
than indicated in the graph. The
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where nR = retail elasticity

S secondary elasticity

Ffrom Volume 2 Chapter 4, the 1972 price of secondary energy (Pg) was eq

uel
to $1.43 per million Btu (1978 dollars). Taking retail as the aggregate
price delivered to all consumers--Irom Hogen, Volume 2 Chapter 13--the
1872 price of retail energy (PR = PS + 1,3%) was $2.82 per million Btu
(1978 doliars). Therefore,
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"Energy System Modeling
inual Review of Energy,

fnnual Reviews, Inc.,

Results Irom & variant of the FOSSIL] model, dencted the TOSSILL Conservation
mecel, were also examined in the studv., It emploved disaggregated elasticities
twice 25 lavge as in the baseline FOSSIL] svstem.

Pindvek models were estimzted with OECD (Organizeticn for
ané Developnment) creoss-sectionazl data, However, onlv
these models were utilized in the present study.

Ine price of cil is wmeasured zt the refinery inpui, the price of 2&s at the
cit;tgat=. znd the price of ccal delivered to electric utilities, The price

of nuclear fuel is for enough fuel to provide 10%Bru (293 W) of glectricity

a2t the busbar times a nuclear fuel-ze-electricity conversion efficiency of 0.36.

.
(6]



21. In reporting the tesults of the experiment, the modelers were asked to use
the following primary and secondary points of measurement.

Primary Enersv

e 0il and Gas: Includes shale oil znd biomass. Quantity of oil measured
at the refinery input: quantity of naturzl gas measured at the city gate.
Composite price measured at the refinery input.

o Coal: Quantity of coal measured aiter cleaning; price measursd delivered
te electric utilities.

o Nuclear: Includes nuclear, sclar, geothermal, and hydroelectric generation,
2s well as geothermzl and solar heat. Primary energy equivalents {quanti-
ties) for nonfossil energy sources that are converted to electricity are
cemputed as the amount of electric energy generated using the resource
divided by the approximate thermal efficiency for electricity generation
from fossil fuels equal to 0.36. Primary energy equivalents for non-
fossil energy sources thar are used directly as thermzl energy are com-
puted as the amount of fossil fuel energy replaced. This is assumed to
be at the rate of (1/6.363(1.09) = 3.03 input Btu/end-~use Btu. This
zssumes 100 percent eificiency for replacement of delivered electricicy,
accounts for a ¥ percent transmissien loss, and converrs to fossil input
equivalent. 1In both cases, the price for the primary ener%y input is
computed as the price of enough nuclear fuel to provide 10%Bru (293 kWh)
of electricity at the busbar times = nuclear fuel-to-electricity con-

version eificiency of 0.36,

¢ QL1 and Gzs: Cuantity of oil measured &+ the relinery outpu:r; guanticy
of natural gas measursd 2t the CLTY gale; composite price measured at
the refinervy ocurput.
e Ccszl et of ceoal used for electricity generartien and gvnthetic fuels
production; price measured delivered o industry,
. e Zlectricityv: Inciudes geothermal zaé solar hear. Ouantity and price
of electricity mezsured ! r 7ri eguivaients for
nonfeossi e o £ mzl energy com-—
a percent eificiency
cr & 9 percent

27, The following eguation was estimared Ev least sguares:
T
In —= = C - ¢ inP_ |
GNP E
where L = zggregate enmergy demand,
GRP = gross natiomal preoducr,
C = constant,
£ = aggregate elasticity, and
P. = aggregate energy price,

i



The ETA-MACRO model explicitly includes an aggregate elasticity pareameter.
That parameter is defined in terms of a Btu-weighred index with preportional
price increases. Electricity price aznd demand are measured at the busbar,
but the price and demand for oil and gas are measured at the refinery input.
Thus, in the parlance of the current study its point of measurement is soma-
where between the primary and secondary levels. The value for this parameter
assumed in the present study is 0.25. The Paasche index aggregate secondary

elasticity estimate as calculated here is 0.18 and the Btu-weignhted estimate
as calculated here is 0.35.
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