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The chapters In this volume are not addressed to finding -
"solutions' for our "energy problem nor to the derivation of pislicy
implicationa for politicians to implement. They do have policy im=-
plications and these are discussed at the appropriate places. But
the basic concern in the chapters is to analyze carefully the relovant
data for the problem at hand without being too anxious to jump to wm-~
justified and hasty policy conclusions. The techniques of analysis
used are very broad and varied in nature (much more so than other
books in this area). They cover estimation of market share equa-
tions, logit models, linear programming models, switching regres-
sion models, variance components models, logistic growth curves,
and 80 on. It {s thus hoped that this collection will be of some use
from the methodological point of view as well sand will heip other
investigators in their analyses of different problems in the sres of
energy demand and supply. We will thexrefore discuss both the sub~-
stantive and methodelogical aspects of each of these studies.

Cheoter 2 by Wen S. Chern, “Aggregats Demand for Energy
in the United States," deals first with he residentinl snd commer~
cial sectors for which oli, natural gas, wnd electricity are consid-
ered. Coal was considered initially but was dropped later becauze
the price of coal was never significant in the share equations of
other fuels and prices of other fuels were not significant in the
share equation for coal. In any case the consumption of coal is of
minimal magnitude in the residential and commercis! sectors, The
model consists of an aggregetzlems:d equation and thres share
equations explaining the relative Zidres of the three fuels in total
energy demand. From these Chern derives the conditional demand
elasticitiez (conditional on given aggragete demand) and the (conven-
tional) unconditional demand elasticitios. Next, assuming some
conversion factors for converting one energy type into another {for
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2 ‘ STUDIES IN ENERGY DEMAND AND SUBPLY

exampie, naturdl gus to electricity), he derives price clasticities
for total end-use energy and Yprimary" energy. Raising the price

of any particular energy type will reduce the demand for that source
but will increase the derrand for othar types of energy due to inter-
fusl substitution, In terms of end-use energy, Chern finds that rais-
ing petreieum prices (rather than the prices of natural gas and elec~
tricity) has the highest impact on aggregate demand for energy

(after allowing for interfuel substitution effects). On the other hand,

/it we look at primary energy, raising electricity prices has the high-
- est impact on aggregate demand. it is thus very important to dis-

tinguish betwesn end-use energy and primary energy for policy pur-
poses.

Apart from these substantive conclusions, there is some
methodological interest in the chapter. Instead of having separats
demand equations for the diffevent fusl types, the study follows the
path of having an aggregate demand equation and share equations for
the different fuels. This "market-shares approach is perhaps
more {lluminating than the other approach, and in some cases it may
be the more appropriate one where time-series data are available to
estimate the aggregate demand equation but only cross-section data
are available to estimate the demand equations for the separate fuels.

Chern does not consider the transportation sector at oll, and
for the case of industrial demand he considers only the demand for
electricity. Also, dats limitations force him to combine different
industrial groups, though he does address himself to problems of
simultaneity between quantity and price. A lot more work needs to
be done in this area, particularly estimating demand functions for
different fuels and also estimating the demand functions by different
industry groups (rather than a cross-indusiry equation as estimated
by Chern). |

Chapter 3 by Gurmukh §. Gill and G, S, Maddala, "Residential
Demand for Electricity in the TVA Area," analyzes that demand
during the 1982~72 period. The study is based on a time series of
i1 years for 147 distributors. Apart from showing that there has
been a definite structural break in the demand function in 1967, the
chapter illustrates problems of analyzing structura? change and in
pooling cross-section and time-series data using the variance com-
ponents models and least squares with dummy variables.

Chapter 4 by Wen 8. Chern and William W. Lin, "Energy De-
mand for Space Heating in the United States," breaks up the demand
for space heating into two components: the short-run usage function,
and the long-run fuel~choice function which characterizes the appli-
ance ownership decision. The study finds that the usage elasticities
are much gmaller than the appliance choice elasticities. On the
methodological side, the chapter illustrates the use of the market

INTRODUGTION - R B
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shares approach (used in Chapter 2) and the estimation of logit -@ .
models used in fuel cholce functions. ' Ty .

| Chapier 5 by Gurmukh 8. Gill, G, §. Maddala, and Steve M, | ';’ '
Coln, "The Growth of Electric Heating ir the TVA Area," analyzes N
the data {by distributors) considsrad in Chapter 3, The study s - g
very good lllustrative example of the estimation of logistic growth =~ -} :
curves znd some pitfalls in their use, particularly when the growih -

Protess is still continving and has not attained the celling. The

study is a substantial improvement over earlier atudles of Anderson

and NERA (referred to in the paper) on the growth of clectric heat-

ing. These studies implicitly agsume that the ceiling proportion of

eiectrie heating will be 100 percent. | :
Chapter 6 by William W, Lin, "Appalachian Coal: Supoly and

Derand, " is addressed fo the estimation of the effects of :t;'gp{ and

mining !egis!ai;ion on coal supply and mining employinent in Appaia~

chia, This study is a good iNustration of the use of lingar pro-

smaller than the casual estimates which have previously been sug~
gested by policy makers. This study therefors illustrates the tm-
portance of careful analysis of available dats as an input to policy
decisfon. making, |

Chapler 7 by R. Blaine Roberts, "Estimation of Cptimal In-
ventory of Coal Stocks Held by Electric Utilities, " tries to suplain
the wide fluctuations in Inventories of coal stocks heid by electric
utilities. The chapter develops a theoretical mods! of cogt minimi~
zation under uncertainty for electric utilities holding coal stocks.
The modol, interestingly enough, results in a switching regrassion
model with endogenous swilching. It is shown that the observed
data poinis lie on the marginal cost curve op a constraines curve,
depending on the value of a eriterion function. Though the eatims-
tion of this switching model is theoretically possible, the availabln
data preciuded such an attempt and Roberts used ths usual regrog~
sion modils (correcting for serial correlation in the rea&iduals); He
found the predictions obtained by these methods quite satisfactory,

Chapter 8 by Gurmukh 8. Gill, "Omitted Cross-Sectional Eff-
f,ects in Misasurement of Economies of Seale in Electricity Genera~
tion, " stresses the important point (well-known but often unheeded)
that one caunot get an ides of economies of acale from a p%s‘re cross- B
Sectional anslysis. During recent years more elaborate functional B
forms (like the translog cost function) have been used to ,amdy the B
problem of etonomies of scale, but the elaborate functional forms
do not avold e problem of amitied cross-sectional effects,

Chaptar 9 by Michael A. Zimmer, "Empirical Tegts of the
Averch-Jotnson Hypothesis: A Oritical Appraisal, " givos a furvey




" ™ s 3 2 Gttt BT et e AR
- %
g & ] 4 3

4 STUDIES IN ENERGY DEMAND AND SUPPLY

- of recent ampsiricﬂ work oi the effect of regulation on capital utili-

zation by eleciric utilities. In particular it argues that none of
thene stodies have vaid enough attention fo the estimation of the cost
of capital, which is a orucial variable in the anaiysis. o
‘ The chspters in this volume cover & broad variety of topics
and techniques of anslysis. It is not possible, in such 2 small vol-
ume, to attack sll aspects of the enexgy probiem. To do full justice
to even a single source of energy--oil, natural gas, coal, or elec-
tricity~-will take a volume much bigger than this one. The book
does 1ot have a chapter on gasoline, or the transportation sector.
Nor does it have a model with 20 or 50 equations in it. Such models
are no doubt the fashion nowadays (the bigger the better), butitis
80 easy to got lost in them and it is very difficuit {o mec what is go-
{ng on. The purpose in these studies is to work more intensely on
specific sectors and equations. Thers i, however, greater em-
phasie on electricity than on the other sources of energy. Chap-
tors 8 and 9 pze concerned with slectrioity supply and Chapter 7 is
on demand for coal by electric utilities. Chapters 3 and 5 are con-
cerned with elentricity demand (in the TVA avea) and Chapters 2
and 4 also discuss, in sddition to that for other fuels, the demand
for electricily in the residential and commercial sectors. Chapler
g is solely concerned with coal, ‘To cure this imbalance would have
necesgitated the inclusion of many more chapters.

ENERGY IN THE

UNITED STATES"
“Wen S.Chemn

o

Conversion of such energy sources as coal and nuclear power
to slectricity for end uses makes it necessary to distinguish end-
use from primary energy. Electricity is an end-use enexgy souzee,
but not a primary energy. On the other hand, nuclear power is
seldomly used dirsctly to satisfy the end-use demand; it is a pri-
mary energy source for electric genexation. MNatural gss, petro-
leum products, and coal axe used directly for end uses and for eles~
tricity generation. Thus primary energy inctudes all snergy o
sources being extracted, refined, and used directly for end uses
and for electricity generation, End-use energy, on the other hand,
refers to energy sources at points of end use. At the aggregats
level, end-use consumption pius losses of energy in electric gener-
ation, transmission, and distribution constitute fotal demand for
primary energy soufces.

- Historically, the U.S. consumption for energy grow at a very
rapid rate. During the period 186173, pricr to the ol embargo,
consumption of energy sources at points of end use grew at o rate
of 3.9 percent per year (Tabie 2.1). For total consumption of pri-
mary energy sources, the growth rate was 4.3 percent per year
during this period, Demand dropped in 1974 and again in 1975; it
Increased slightly in 1976, As 2 result, the rates of growth in both

total primary energy and end-use energy consumption dropped during

the 1973~7€ period. If cne examines the historical trend of energy

Research sponscred by the Nattonal Science Foundation RANN
Program and the U.S. Energy iessarch acd Development Admints~
trafion under contract with the Unton Carbide Corporation, Oak

 AGGREGATE DEMAND FOR .




6 STUDIES IN ENERGY DEMAND AND SUPPLY

price, it is not difficult to link energy deinand to its price. Energy

prices in real torms declined from as sarly as 1951 to 1973 and then
sharply increased. Thus energy demand and prica revesl a high
corzelation. Oune may conclude that jow energy prices in the 1950s
and 1960s stimulated demand growth snd high prices in the #5708
did just the opposite. However, such a relationship betvwisen demand
and prise is by no means trivial, and furthermore, the extent to
which demand responds to price cannot be sasily determined by ex~
amining only the historical trends of demand and price. During the
19508 and 19605 real personal income snd GNP increased rapidly
and thue low energy prices could not be the sols promoter of ensrgy
demand. The decline in erergy demand during 1974-75 was often
attributed more to the economic recession which caused a decline
in real personal income and GNP than to the sharp increases in
energy price. Thus, it iz ezsential to measure quaniitatively the
relative importance of various factors affecting energy demand,
From a policy standpoint, wnderstanding the effects of price on de~
mand is particularly important because energy prices to some ex~
tent can Le affected by policy actions. The purpose of this chapter
is to provide siatistical evidence of the demand-price relationship
for several Irportant energy sources used in various consuming
gectors.

TABLE 2.1
Consumption of End-Use and Primary Energy
in the United States
1961 1973 1976  Percent Anrual Growth Rate

Consumiption (quadrilifon [1015] Bty  1961-73 1973-76
End-use |

Primary

energy AG 76 73 4.8 -1.4

Source: U,S, Bureau of Mines.

Table 2.2 shows end-use energy consumption by fuel type and
by consuming sector in the United States in 1976, In the residential
and commercial sector, natural gas, petroleum products, and slec-
tricity are major end-use energy sources, Coal is another imporiunt

AGGREGATE DEMAND FOR ENERGY IN THE U.S. -

source of energy used in the industriz} sector. ‘The transportation
sector used predominztely only petroleum products {37 perocat),

In this chapter, we conduct two studies of energy demand st the
naticnal level. One desls with demand for major fuela in the resi-_
dential and commexcial sector, The other deals with industrial da-
maxnd for eleciricity. ' ~

TABLE 2.2 -
End-Use Energy Consumption In the Unitsd Staths

by Consuming Sector, 1976
(in trillton {1032 Btu and percent)

Natural
Sector Coal Gas  Petroleum Electrieity ‘Total
Residential and
commereial 239 8,117 6,333 4,343 18,832
1) (48) (34) {22) (100)
Industrial 3.818 8,382 . 6,166 2,810 21,2063
o (18) {40) (29 {i3) (100
Transportation 0 582 18,733 16 19,831
“ (0) (3 - (9% 0. {100)
Total 4,067 17,081 51,232 6,968 59,372

I T T

?Iizcludas 33 x 1012 Bin of hydropower,
bGenerated from 21,367 x 1012 Btu of primary energy sources
(45 perzent of coal, 15 percent of natural gas, 16 percent of petiro-
lgum products, 14 percent of hydropower, and 10 percent of nuciear
power).
| Source: U.S, Bureau of Mines, Department of the Interior,
News reiease, March 14, 1977,

ENERGY DEMAND IN THE RESIDENTIAL
AND COMMERCIAL SECTOR

~ To evaluate the ultimaie impacts of various energy pricing
policies, we need an integrated mode! that treats demands for all
substitute fuels interdependsatly, The purposs of this study is to
construct such an intsgrated energy demznd model for the
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residential/commercial gector. Specificaily, 2 market-shares
mudel is developed in which demand elasticities for aggregate as
well a5 individual fuels are analytically derived. N

In 1972 the household and commercial sectors uzed 18 quad-
rillion Btu of energy in the United States (Table 2.3). The largest
proportion of the energy was provided by natural gas, which ac-
counted for 42 percent of the total. On the other hand, the use of
coal was almost negligible. Since utilization efficiencies vary re-
markably among fuels, it is important to take into mccam& these
differences when comparing the relative shares of individual fuels.
For space heating, Hise and Holman show that existing gas furnace
systems have utilization efficiencies of 50 {o 60 percent, depending
upon the type of furnace and installation.? Oil furnace systems are
slightly less efficient than gas fienace systems., ‘Uﬁlizatiom effi-
ciency of coal for home heating is much less than that of oil and
natural gas.

TABLE 2.3

Guantities and Shares of End-Use Consuription of Fuels in the
| U.S. Residential/Commercial Seetor, 1972

Before Adjustment® After .Ad}uaﬂhneniby
Quantity Share Guantity Sham
Fusl (quadriilion Btu) (percent) (quadrillion Btu) (percent)
V . ' 32
Rieciricity 3.48 i9 3.’67
Naturzl gas 7.61 42 4.19 37
Petroleum
products 6.67 37 3.34 30
Coal 0.31 2 0.11 1
Total 18,07 100 11.31 100

“Thege quantities are end-use figures. Therefore, the quantity
of electricity does not include power-plant losses, arnd the quantities
of natural gas, petroleum products, and coal do not include snergy
used for drilling, mining, and distribution. |

bBAssumes ‘a «ewnver:sien efficiency factor of 1.0 for electricity,
0. 56 for natural gas, 0.5 for petroleum products, and 0.35 foxj coal.

" Source: U.S. Bureau of Mines, Fue) and Energy Data, United
Statez by States and Regions, 1272, infoymation circular no. 8647
{Washington, D.C., 1974).

AGGREGATE DEMAND FOR ENERGY IN THE U.S. 8

Most of the past studies concerning end-use efficlency have
desit with space heating. Since the bulk of natural gas and peiroleun
products was used for space lwating, the relative end-use efficiepclies
of space heating are used as proxies for convarting the aggregatsen~
ergy use in the revidential/commereisl sesior ino an end~-use basis.
Because of ths potential bias ia applying these zpproximate efficlency
factors, & sensitivity analyais for evaluating thie bias was conducted
and is discussed in the section entitied "Rogreasion Results and De~
mand Elasticities.” Based on the published sources® and en consul-
tations with engineers, we selected efficiency factors of 1.9 for
electricity, 0.55 for natural gas, 9.5 for ofl, i 0,55 for conl as
our base case. In applying these factors, original fuel consumption
figures of Table 2,3 were adjustad to an end-use basis and are also
ghown in the same table. These adjustments increase the share of
electricity significantly, even though natural gas still consittutes the
largest share. Since changes in fusl mix may result in shifting from
inefficient to more efficient fusls, in addition to changes in velative
fuel prices, it is important to account for these relative efficiencies
in interfuel substitution.

Historlcally, electricity prices have heen higher than those
for natural gus, oil, and coal. In 1572 the average price of elec-
tricity was $6.63 per million Btu, while prices of natural gas and
No. 2 oil were $1.10 and $1.21, respectively (Table 2.4y, After
adjusting for relative utilization efficiencies, electricity still costs
more than natural gas and ofl (Table 2.4). "These relative prices
are important for expiaining the behavior of households and commer-
cial firmsg in their fusl choices.

The Market Shares Approach

One common approach to modeiing energy demand 1s estimsat-
ing a conventional demand function for a particular form of enargy
and investigating interfuel substitutions by including the prices of
substitute fuels in the model. But this approach does not explicitly
take into consideration interrelationships between consumption of a
particular fuel and consumption of other fuels. The mprket-share
approach developed here treats consumption of all simstitutable
fuels interdependently. The model consists of two parts: the first
determines aggregate demand for energy in all forms, and the second
estimates market shares for three major fuels {electrivity, natural
gas, and petroleum products). *

‘Initially, we alss inciuded coal in the model. As it turned
out, the price of cozi was never significant in the share equations
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1 . P . \
TABLE 2.4 i 3 : - :

Average Prices of Fuels Used in the U.S, foel 3
Residential/Commercisl Sector, 1972

e

Average Price Average Price_ Q o
before Adjustment®  after Adjustment? ’ o
Fust.. (doltars/million Btw)  (dollars/million Btw) 8;'8 ars parametars to be estimated,

Elootricity 663 5 g% ‘ The market shave for the 18 fucl is assumed tobs a fmction
Natural gas 1.10 2. 00 of its price, prices of substitute fuels, personal income, and de~ |
No. 2 ofl 1.91 2.42 gree days. The three market share equations have the following
Coal 0.32° 0.91 genaral form;

Weighted averaga 2,174 3.55°

SAverage prices in their common wnits ave 22.6 mills per V | -
kwh (kilowatt hour) of electricity, $2,06 per MCF (thousand cublc +8,.D | (2.2) g
feet) of naturs? gas, 17¢ per gailon of No. 2 oil, and $7.66 per ton ~ , L ”" :
of coal. fort=1,2,3 -
bAssumes a conversion efficiency factor of 1.0 for electricity, | -
0.55 for natural gas, 0.5 for oil, and 0.35 for coal. whexe aij's are parameters to be estimated. B .
“Based on £.0.b. (free on board) value, All varighles ave defined below: e
d¢omputed using the shaves of four fuels caleulated from | , | | ' -
fuel-use quantities as the weighting facters. Q = Quaniity of electricity demanded por capita in the B
. ©Computed using the shares of four fusls calculated from regidart=l and commercial sectors {thousands of Btu) -
end-use quantiiles as weighting factors. Qz = Quantity of natural gas demand per capita. in the resi- .
Spurce: Compiled by the author. dential and commereial sectors (thousandg of Btuw)
Qg = Quantity of petrolewm products dernand per capita in - |
the residential and commercial sectors {thousands ;
Aggregate energy demand is assumed to be a function of the of Btu) .
welghted average energy price, personsl income, and the numbers Q =@ +Qy+ Qg = total quantity of energy demand per o
of heating and cooling degree days. The regression equation is ex- | capita {trillions of Bty i
pressed in linear form as follows: Py = Real average price of electricity used in the residen- R
i ‘ tial and commercial sectors (dollars per miilion Bty) .
Q= ag+ 3P + 251+ agH +8,4C +a.D, 2.1 P, = Real average price of natural gas used in the residen~ ;
| ' , Hial and commercial sectors (dollars per million Btu) '
Pg = Real retail price of No, 2 fuel oil (deliara per mil- g
| lion Btu) >
= Real por caplia income (dollars)
= Annua! heating degree days weighted by population g

I

H

C = Annual average coolins
of the other three fuels, and the prices of other fuels were not sig- | B =Dummy vsri?;:m mﬁiﬁﬁﬁﬁy&r 1971 and © B
nificant in the share equation for coal. Since the consumption of , ‘ T F ' g
conl is of minimal magnitude in the residential snd commercial sec-
tors, we excluded this component from our analysis.

for 1972,
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A.’il quantity variables (Q;) and price varigbles (P;) were
adjusted according to the approximats relative and~m ammfmma
of the three fuels as fnllm:

Q = 7y and N @.9)
By = By/y

wheraq and p; are, respectively, reported quantities and market
prices, m‘i LT m the efficiency factors (1.0 for electricity, 0.55
for patursl gns, and 0.5 for petroleum producis).

The linear form is used because of the inclusion of degres
days as variables. From engineering calculations, net heat loss

‘from buildings is approximately proportions! to the difference in
ternperature between the inside and the outside. Both theoretical
vomstaaraiions and direct observation indicate that fuel consumption
for heating and cooling varies linearly with degree days when other
factors aro held constant. Therefore, the use of the linear specifi-
cation which preserves this important enginsering relationship {8
necessary.

Reoently, Nissen and Xnapp? and Baughman and Joskow? have
also estimated a two-component mode! similar to the one developed
ir this stedy. Baughman and Joskow estimated a set of multinomial
logit functions. Their model specification imposes a very restric-
tive assumption (that in, 23l crosg-price emaﬁeiﬁez with respsect to
a given price are restrictsd to he tdentical).© Although Nissen and
¥napp also estimated fuel-split (shave) equations, our model differs
from thelrs in many respects. First, we use quantity shares rather
than revenue shares as welghting factors for computing the weighted
average price of energy. Our formulation, thus, provides a direct
linkage between aggregate demand and market shares. More impor-
tent, it facilitates the analytical derivation of demand elasticities.
Second, income and degree~day variables appear in both aggregate-
demand and share equations in our formulation. In the Nissen~
Knapo model, no elimatic varisble wae introduced, and income ap-
peared only in the agzregate-demand equations. Finally, we adopt
a linsax specification; they used a log-linear specification. Under a
linsar specification, the fact that the market shares must swn up to
1 impiics that

3

izx ajp=1 and (2.4)

AGGRECGATE DEMAND ¥FOR ENERGY IN THE V.5, ‘ 1%
3 : | o
) aymOfory=l, ...y ? 2.5 .
i=1 B

The sum of all eonstant torme in the market-share equations
must egqual unity, ard the sum of the estimated coefficionts for each
variable must equei zere. These important properties cannotbs
easily imposed in the log~linsar model used by Nissen and Knapp.

The Data

To estimxte tho model as specified in the pravious section,
complete data on the consumption of ail ene:gy sources mustba
available. Data on il consumption by sector are particularly lack-
ing. Foramately the V.8, Bureau of Mines recentiy compiled de~
tailed data on consumpiion of oil and other fuels on 2 state basis,
Aliliough the residential and commercial sectors have to be com-
bined, we believe this set of data is the best available.

Specifically, annual dsta for 48 states (excludes Hawali and
Alaskn) for 1971 and 1972 wave used for this study. Data on {ofal
energy consumption of eleetrmity, natural gas, and petroleum prod-
ucts were obtained from the U.S. Bureau of Mines (Fuel and Energy
Data, United States by States and Regions, 1872, Buresu of Mines
Information Circular 8647, 1974, and Unitod States Energy Fact
Sheets, 2072, February 197%). Average electricity prices wore
computed by dividing revenues by anles of electricity, by state,
published by Edison Electric Institule (Statistical Yearbook of the
Electric Utitity Industry, for 1971 and 1972). Similarly, average
natural gas prices weres computed from the revenues and sales data
published by American Gas Association (Gas Facts, 1971 and 1972},
Data on No. 2 oil prices were obtaincd from Platt's Oil Price Hand-
book and Oiimanse for 1971 and 1972 (New York: MeGraw-Kill).
Market gpot (or tarminal) price is available for only 56 major cities.
For those states without any reported city, data for an adjacent
state were used. We adjusted these terminal prices to retfall prices
by assuming a fixed percent of markup (65 percent).

State data on healing degree days {averege weighted population
over divisions) were obtained from the National Climatic Centsr,
Ashaville, N.C. ("Monthly Heating Degres Days by State and Season,"
Job No. 14624, November 13, 1873). Data on sooling degroe days by
city were obtained from Naticnal Oceanic and Atmospheric Adminig~
tration (Climatological Data, National Summary, December 1971
and December 1972). City data were averaged to yield dsta for
states.
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Data on personal income wers oblained from the Survey of
Current Business, April 1974 (.S, Degartment of Commerce).
Population data were taken from Current Population Reperts (U, S,
Bureau of the Census). | ‘ |

Finally, all prices and Income variables wers defiated by the
cost-of-living index. The 1970 state indexes derived by Anderson?
were adjusted by the nationsl consumerprice index to obtain appro-
priate deflators for 1971 and 1972,

Regression Results and Demand Elasticities

The syatem of equations shown In equation 2.2 fits the general
epecification used by Zollner® for seemingly unrelated regressions,
A proper procedure to estimate thiz set of share equations subject
to constraints expressed in equations 2.4 and 2.5 is Zellner's gen-
eralized least-squares appreach. One difficulty arises: Since all
shares sum to wity, the digturbances across the three share equa~
tions will always add up to zero for each cbservation. As a result,
the variance-covariance matrix is singular and nondiagonal. Berndt
and Woed encountered the same problem in their study of industrial
demand for energy In which translog cost functione were used. ?
They arbitrarily dropped one equation and estimated the remaining
equations with linear restrictions with the iterative three-stags
least-squares procedure. Unfortunately, this method could not be
applied here because the coustraints implied In oir model ave no
longer needed when one share equaticn is dropped. Thus, if only
two out of three share equations are estimated, Zellner's estimation
procedure reduces to ordinary least squares (OLS), since we have
the same set of independent variables. Hence, the preaent model
is a special case of Zelinexr's model that conforms to the classical
multivariate regression model. 20 In this zase, OLS gives efficient
estimators because the covariance matrig factors out of the
Kropecker product relationships {disrsgarding constraints). Fur-
thermore, since the constraints arr, axtomatically satisfied by OLS
(a8 shown by Pindyck and Rubinfeli11y, the OLS estimators must be
efficient whether constraints are {mposed in the multivariate re-
gression or not. It ig conclude(, therefors, that OLS is the best
method for estimating equatior 2.2 alone.

The regression results uxre presented in Table 2.5, The over=-
all performance of the mode’, is remarkably good in terms of signs
and statistical significance of the estimatad coefficients. R2s ave rea-
sonably high becanse *- ¥ essentially a cross-section analysig, *

*Althaﬁgh we uged dats for two years, the model Iz empeocted to

evplain primarily crosa-sectional differannss Tedv-2 iy wue

Neating Cooling

TABLE 2.5
gstimated Aggregate Demand and Market-Share Equations

ot

"

430200 0,208

11400

Days  Dummy

Degroa
Days

Energy Electrisity Caz il
Prics Prico Price fncome

Price

Depsadant

M Consiant

(P2} P {0 {&) {&]
s.5217  a.3n% a7

Py}

®

~10785%
{1883)

90

(1534

0,1070 -21,88%

0.6
-0,0131  -0,085¢

-1473
{0.72) {2.26)

1. 82)

Q

Varliable v

ype of Fuel
domand

Aimﬁs

88

255.2% 0,85
{143

{10.3}

9.0036
0. 006

0.034"

{0.012)

88,71
(30.6)

.29  (8.62)

0.8  sz.0”

x 1,069

9/Q
Qe

Hectricity
share

103.97°

45.2)

55.92% -~196.41°

¢.816

176.8
(213

~2.78

(15.5

{0.02)
0.0088 0,020 24,748
18,05

(0.008)

{0,009

0.02¢
(0.02)

{2.78)

15.509  188.40°

(9.28

x 1,000

s share

Share of

Naturai

15

565,57  0.878
{184

-1?2- ?Zb

(39.5)

-

(3.2

“‘ao Gﬁﬁb
{0.619)

{3.55)

8,12

Q
x 1,00

potroloun

products

i3

212 {3 the multiple coefficient of datermination.
batatistizally significant st the 1 percont fevel.
Cstatiatically aignificant at the 5 pexcent leval.
datatistically sigatficant st the 10 percsnt laval.
Sourcse: Caloulated by the author,

Hote: Figurss in parentbeses ays estimatad standard errors.
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TABLE 2.6
Comparison of Aggregats Demand Elasticities

A

Energy Price
Model ®

Nissen-Knapp ~0.53
Baughman-Joskow ~0.80

Source: Compiled by the author.

Results for nggregate demand in Table 2.5 show that energy
price and income coefficients are statistically significant. Further-
more, the coefficients of degree days all have the expected positive
sign, and the heating-degree-day variable iz more significant than
the cocling-degree~day variable.

The coefficient estimates in the market-share equations are
all plausible. All own-price and cross-price cosificients have the
expected signs and ave statistically significant. With respect to in-
come effects, results show that an Increase in income would increase
markest shares for electricity and natural gas and reduce the share
for petroleum products. For heating degrec days, the results sug-
gest that the share of petroleum products in colder states is higher
than the shares of natural gas and electricity. On the other band,
the results show that higher cooling degree days Increase the share
of electricity whiie usducing the shares of natural gas and petroleum
products. These results are, of course, cbvious because electricity
is the major fuel used for air conditioning, The estimated coeffi-
clents for the dummy varioble indicate that relatively more ¢lec~
triéity was used in 1972 than in 1971. This increase may refiecta
switch toward electricity because of the uncertainty about the as-
sured availgbility of cil ard natural gas.

By using the sample mean values, the aggregate-demand elas-
ticities were computed to ba ~0,70 with respect to price and 0,41
with regpect to income. Since the model is estimated from cross-
sectional data, the resulting elasticities are generally interpreted

found to be the case. As we estimated the same model (without D)
for 1971 and 1972 separately, the resulting estimates wore very
similar.

AGGREGATE DEMAND FOR ENERGY IN THE 17,8,

as long-run clasticities. 1¢ The present estimate of prics elasticity
falis between the estimates obtained by Nisgen-Knappld and Bavgh~
man-Joskowld (Table 2.6). Our estimate of income elasticity ie
lower than both of theirs, o

Since the estimated income elaaticity ie well below unity, zais-
ing incomes would not result in & proportionsl rise in energy de~
mand. A grester proportion of sdditional Income would be spent for
other consumer goods and services if prices of energy remsin con-
stant. Ths estimated price clasticity is also below unlty, implying
that an increase could be expected in consumer expendifures on une
exgy as the price of energy rises.

Besed on individual market-ahare equations, we cxn compute
the market-share elasticitica. The price elasticities have the fol-
lowing general expression:

% 3 B, w
ey Ao =8y ] ford, §=1,2,3 (2.6)
%y §  §
5 §
where the Ybax" indicates the mean values of sample data. It canbe

shown that these market-share elasticitios are equivalent to the con~
ditional demand elasticities. That is,

k~n3§_ﬁ_ﬁ“ aaufj_auaﬂ
* arj - = -

q |9 %

where aggregate demand Q remains unchanged.

The matrix of computed conditional~-demand elssticities is
presented in Table 2,7. This elasticity matriz may be intrepreted
column by column. For example, elasticities in the first column
show that an increzse in electricity prics by 1.0 percent would re~
duce long~run electricity demand by 1.84 percent and increase de-
mands for natural gas and petroleum products by 1.0 and 0.3 per=
cent, respectively, holding aggregate energy demand unchanged,

As noted in the matrix, the substitutability between natural gas and
petroleum products appears to be greater than sither between elec~-
tricity and natural gas or between eloctricity and petroioum products.
The estimated olasticity matrix is not symmetric. This lack of
symmetry can be explained by the fact that different fuels may be
used for different purposes. For some end-use finctions, substii-
tion is simply not feasible or practical. For axample, electricity
used for lighting and air conditioning is generally considered non-
substitutable, even though candles and gas air conditionars do exist.
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Bsfir;' © - . 45l Demand Elasticities
« aggregate Demand
Lo ptted 2t sample means)

Electricity Gasg Qil
Price Price Price Income
Type of Fuel Py Py Py M
Elsctricity 1,341 0,250 0.547 0.403
Rﬁm}, w 90 9% "10 259 0. ?88 Oa 29?

Source: Calculated by the authos from Table 2. 5.

From the standpoint of conserving end-use enexrgy, it is of
great interest to know the aggregate~demand elasticities with re-
spect to individual fuel prices. These clasticities can be computed
from our model. Differentiating equation 2.1 with respect to the
price of fuel § and using equatien 2.2, we can derive:

3
B"Q‘Pjgal (5, + gg_l’igﬁ) fori=1, 2, 3 2.7

The elasticity can then be computed by

!g__’ﬁi

%

, » — 3 - -
%= §§' i - %y l
Oy i=1 =
Q (2.8

These elasticities are computed to ba -0, 054 for electricity
price, ~0.264 for natural gas price, and -0,270 for ofl price. ‘The
fact that these elasticities ave all negative has an important impli~
cation for energy conservation. It suggests that pricing strategies
can be effective instruments for achieving energy conasrvation.
These elasticities ave partial elasticities in the sense that their in-
terpretation requives an assumaption of holding all other factors con-
stant. If the prices of other fuels increase simuliarsously, as is
generally the-case, the resulting energy conservation would be
greater than implied by these elasticites.

o
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Another notable featire of our market-share spprogch is that
the conventional demand elasticities are derivabile sanalytically, To
derive ihe own-price elasticity, ‘¥e differeniiate question 2.2 with
respect to Py: b

i 139 Y34 . @
3% " Q3 " 2 ¥,

Substituting equation 2.7 into equaticn 2.9 and equating the resulting
equation to 2., we obtain :

1
% 5

¥ = a,Q+a,S5(S, + 3 Fay
o A

Hence, the conventional own-price elasticity can be computed by

= 3 P
iy égi L= ARt aS G L Bapl @0
an Qj Qj

Note that equation 2,10 can be alternatively expressed by

Eﬁ”é.si i‘."‘ﬂ -&

oP 5, °® 2 2.1

if the equalify holds as follows:

é} = —ii‘? (2.12)
Q

Equation 2.11 states that the conventional-demand elasticity can be
expressed as the sum of the markat-share elasticity as previously
determined in equation 2.6 and the aggregate~-demand elasticity
shown in equation 2.8, Howaver, if we use the sample means for
computation, the equality (2.12) does not hold in general. Hence,
it is more appropriate to use equation 2. 10 ratier than equation
2.11, even though the differences are found ta be very small,

Similarly, cross-price elasticity can ba expressed as
follows:

Ioa i Py i e S - S Dl D
e s e I,'“;M‘Eav ......_’;1«.. AP KN ey
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« 3% P 9485 6B +5P 211 B ~
Ejkmgp ‘ :}5‘ = |2y Q+2,8 1Sk+£}11’1 2,0 :is_ 2.1
Y E
and income elasticity as
E, ¥ T = Y ﬁ;a 8) 1 .
nagl L=, Q40,8 1

9 9

The conventional-unconditional-demand elasticitics computed
at the meaan values of sample data ave presented in Table 2.8. The
estimates of own-price elasticities are all greater than 1.0 and this
indicates that demands for all fuels axe price elastic, Although the
negative elasticity of natural gas price for electricity demand is not
expocted, its magnitude is small. This result does not seem too
surprising, because most electricity demand studies have obtained
elither insignificant or small cross-price elasticities with respect
to natural gas.

TABLE 2.8

Estimated Conventional Demand Eiacticities

Flectricity Cas Oil
Price Price Pricoe Income
Type of Fuel ®y) ®) (Pg) M
Electrieity -1.461 -0,015 0.290 0.856

Petroleum preducts 0.215 0.806 -1,608 ~3,.293

Source: Cailzulated by the author feom Table 2.5.

Considering natural gas demand, the two crogs-price clastici-
ties ave high, and their sum is almost equal to the own-price clas-
ticity. These results imply that changes in prices of electricity and
oil would have substantial impacts on natural ges demand., However,
if all fuel prices changed by the same percentage, the impsot on
natural gas demand would be minimal because the own-=rice effect
is offset by the cross-price cifects. The samg conelusion does not

AGGHEGATE DEMAND FOR ENERGY IN THE U.8, | 23

hold for electricity and petrolosum products demands where the sum
of cross-price elssticities is smaller than the own-price clasticity.
In the demand for pstroleum products, natural gas is & much more
important substitute than electricity. Furthermore, estimated in~
come elasticities ave positive but amaller than unity for electricity
and natural gas, A negative income clasticity for petroleum prod-
ucis is not expucted although the magnitude is small, , , \
The present estimates of own-price elasticitios are slightly p
higher than those estimates obtained by Baughman and Joskowl and
much highar the the estimates of Niszen and Knapp. 16 Also, our
esgtimates of crogs-price elasticitios of the demands for natural gAs
and petroleum products are higher than those obiained by Baughman
and Joscow. We note that they derived thelr demand clasticities
uging o simulation procedure, and one cannot be surs that the re-
sulting estimates are independent of the perticular assumptions they
used in their simulations,
Cur model was estimated assuming efficiency factors of 1.0
for electricity, 0.55 for natural gas, and 0.5 for petroleum products.
Although these assumptions are the best to our knowledge, they are
by no means absolutely accurate. It is therefore important to know
how sensitive the resulting elasticity ostimates ave to these asswnp-
tions. To assess this sensitivity, we reran the regressions for four
other alternative sets of efficiency assumptions. A detailed com-
parison of the rosulting estimates of conventional demand elastici~
ties for individual fucls is preserted in Table 2.9. The results
show that the elasticity estimate( ars not sensitive to the agsump-
tions made on end-use efficiencies within the range of uncertainty,

Demand and Conservation of Primary Energy

The analyses presented in the previous two sections dealt with
energy used by hougeholds and commercial firms for performing
various end-use functions. The elasticities chtained from thesa
analyses measure the extent to which consumers respond to changes
in economic and climatic factora in determining the amount of en-
ergy they actually use. However, these clasticities do not measure
directly the response of demand to these exogenous zhanges for pri-
mary energy sources. By primary energy, we mean the energy
sources used to produce fuels for end use.* For example, coal,

*We broaden our definitlon of primery energy here to include

energy required to produce other energy sources besides electricity
at points of end uses.

o A e
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TABLE 2.9

Comparisor of the Conventional Demand Eiasticities for Aiﬁam@ﬂw

Assumptions on Efficloncy Factors

Assumed Efficiency
Conversion Factor, 9

il

Gas
Price

Electricity

ofl

ncome

Price

Price

Type of Fuel

Electricity

HNatural Gas

0.237 0.731
0.597 0, 704
~0.325

~1.637

“"0: 045
"“ln 599
0. 803

~1.385
0.918
0.219

Petrcleum products

Natural gas

0.4

0.4

0. 824
0,693

0.280
9,687

~0, 027

1.802
Q. 781

0.931
0,194

Petroleum products

Natural gas

Electricity

0.5

0.5

22

0.810
6.691
6.236

0.320
0.523
"1: &1%:5

~2,01)
*‘”1 ¥ 458
0,768

"‘1. 4&83
0,246
¢.179

Petroleum products

Natural gas

0.6 Electricity

0.8

1,087
0,854

0,257
-0.169

8.02¢
-1.489
0. 755

“"1» ‘és

0.8 Electricity

0.8

0.473
"'10 6}.2

0. 959
0.150

Natural gas
Petroleum products

piled by the author,

Source: Com

AGGREGATE DEMAND FOR ENERGY IN THE U.8, _ 23
e

natural gas, oil, hydropower, and uranium are used to genexs
electricity; electricity, natural gas, and oll are requires fusls for
deilling natural gas and oil.  © " .

To properly evaluate the potential for energy conservation,
wo need to examine the primary enargy sources needed to maet the
final demands for end-uss fuels. P |

To analyze the primary energy demand in our model, we must
first convert our end-use ensrgy to primary eneryy, assuming fixed
input-output relationships, and then compute the price elasticitios
for primary energy demand. From equation 2.3, we have

o=

%

whexre q = reportad quantity of fuel i without adjustment for end-
use efficiency "
1 = end-use efficiency factor of fuel i
@, = adjusted quantity of fuel 1 used In our previous estimation.

Note that g; and Q were cxpressed on o per-capita basis. Let M be
the amowunt of primary energy used to produce q;. Furthermore, M
¢an be expressed ag:

M = eq
where ¢; is the input-output coefficient measuxring the amownt of pri-
mary energy required to produce a wmit of fuel 1 for end-uses,
Hence, the tofal primary energy demand can be expresgsed as

3 3
M= M=% % ¢ 2.4

In our formulation, the overall efficlency in using primary mergy
iz homes and commercial buildings can be delined as

b= (2.15)

¢

Equation 2.14 can then ke rewritten ag:

3
Muvz SL

2.16)
1 { | 9
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It must be noted that we are intevested only In the totsl primary ene

3rgy, Gisregarding the mixture of primary ecnergy sources used for
generating electricity or drilling natural gas. Herendeen and
Bullsyd kave shown that the overall input-cuiput coefficients for
converting primaxy energy to eleotricity, natural gey, and petroleum
products changed only slightly between 1963 and 1967, 17

To examine the {wpacts of changes in fuel prices on primary
energy demand_ we diffwrentiate equation 2,16 with respect to the
individuxl fuel prices:

2
M= 1 2
al’s?j =1 5, ayj
The price clasticities of the demand for primary energy can then be
computed by
"~
B, _ |+ Q| B
Ap=M 1= | 2,00 1) forj=1,2,3 @17
oF T | =1 " g BP, M
For computing these elasticities. we note that the partial derivatives,
aQi/an. have been previously evaluated in equations 2.9 and 2,10
using sample means. The total efficiency factors Q) ave comnutad
based on the 1967 input-output coefficients estimated by Herendeen
and Bullard.}® These estimates are shown in Table 2,16, Account-
ing for the divect and indirect usage of energy in producing end-use
fuels, electricity becomes the least efficient fusl with an overall
eificiency of 26 percent. The last figure needed for computing price
slasticities is the mean value of M, which is oblained from equation
2.16 using the mean values of Q.
In Table 2.11 the resulting estimates of price clagtcities
using equation 2.17 are compared with the estimates previcusly cb-
tained using equation 2, 8 for total end-use ecnergy. A siriking dif-
ference was found in the estimated elasticity of electricity price.
The magnitude of tha electricity price elasticity (~0.33) for primary
energy demand is much higher than that of the prices of nztursl gas
and oil, while it i{s the lowest (~0.05) among the three prics elagt«
cities for end-use enorgy demand, This is clearly due to the fuct
that the total efficiency for using electricity is much lower than that
of natural gas and petroleum products. The results show that rais-
ing electricity prices would be more effective in conserving primary
energy than raising prices of natural gas and oii. This is, of course,
in sharp contrast to the conclusion reashed for end-use ensrgy demand,

Edl
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which ghowed the opposits. These resulis are not contradictory;
rather, they show that it is ezsential to distinguish between end-

use energy and primary energy for making policy decisions conw~
LOrning energy congarvation. ,

TABLE 2,10 -
Total Efficiency Factors by Fuel Type oYy

Input-Output
Coefficient Total
End-use  for Converting  Efficieucy
Efficiency Primary Energy Factor
{np) {s) (b= /ag)

Electricity 1,00 3.7198 0,263
Natural gas 0.85 110 0,500
Petroloum products 0.50 1.208 0.414

Type of Fuel

Soures: Compiled by the avthor.

Comiparison of Estimated Price Elasticities for Total
End-Use Energy and Primary Enexgy

RS—

Electricity Gas - oil
Prics Price Price
Type of Demand o P45 (Pg) | ) |
Erd-use energy 0,054 -0,264 ~0,270
Primary energy -0.530 -0.157 ~0,224

Source: Compiled by the author.

Conclusions

This study shows that aggrognte end~-use energy demand in the
residential/commercial sector has a price elasticity of 0.7, whils
individual fuel demands ave ali price elastic in the long run. Fur~
therriore, changes in the price of a particular fuel would affact its
demand more than the aggregate energy demand because of interfusl
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subsiitution. For example, an increase of 1 percent in slectricity
price would veduce electricity demand by 1.4 percent and reduce -
tofal end-use energy demand by 0,1 percent. Witha 1 percent in-
orenss in price of natural gas, the resulting demand reductions for
npatursl gas and for totz) end-use energy would be 1.5 and 0.2 per-
cent, respectively. A 1 percentincrease in the price of ofl would
raduce demand by 1.6 persent and the sggregate end-use enargy de~
mand by 0.3 percent, Hence, raising petroleum prices appesrs to
have the sirongest potential for conserving end-use ensrgy.

When primary energy is considered, the results show that the
elasticity of electricity price is higher than that of prices of natural
gas and ofl. ‘This higher elasticity indicates that increasing the
price of electricity has a greater impact on reducing demand for
primary energy. ‘The study concludes that it is essential to distin-
guish priseary energy from end-use energy for making policy de-
cisions.

The model constructed in this chapter explains the consumer's
responsa to changes in various explanatory variables. Since cross-
sectional data were used for the estimations, the results character-
ize interstate variation as well as behavioral relationships. There
are potential causes that may induce changes in the demand struc-
ture in the future. For example, new technologies such as solar
heating and the Annual Cycle Energy System (ACES) may be widely
adopted. Also, thore may be significant changes in life styles so
that people prefer smalier and multiunit housing. Therefore, the
energy conservation resulting from higher prices may be greater
than our histerical elasticities indieate. The fact that consumars
do respond to price changes, as shown in this and other studics,
suggests that significant potential exists for adopting energy-
conserving technologies in this era of increasing energy vrices.

The model has at least two limitations regarding ifs useful-
neas for forecasting. Firat, a model based on cross-sectional
analyais provides only estimates of long-run demand elasticities.

In foracasting, it Is necessary to deal with both short~ and long-run

offects. Second, although our linear model assures that the esti-

mated market shares always sum to unity, it does not guarantee that
the estimated shares are all positive. Despite these limitations, the
modol gives a better analytical Insight into the demand structura
than other models that use log ox logit form.

Furthermore, we used average prices of electricity and
naturai gas in this study. Due to a declining block pricieg for elec-
tricity and natural gas, the use of average prices may result ina
simulteneous equation bias as discussed. Thus our estimatos of
elasticities associated with prices of elactricity and natural gas may
be somewhat biased.

& .. . e T TR
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Finally, wa should also point out that our model doés not-deal
with interrelationships between the price of electricity and the prices
of patural gus and oll, Since natural gas and petroleum products
have been among the major enexgy sources for generating electricity,
changes in prices of natural gae and oii will affect the price of elec~ -
tricity, Hence, any policy instruments, such as the dereguiation of
the prices of natural gas and oil designad to affoct prices of natral
gas and ofl, will algo affect the price of electricity. We anticipate,
howsver, that the significance of thess relaiionships will diminish in
the future when the nation possibly moves toward using more abun-
dant energy sources such as coal and nuclear power for electric
genepation,

INDUSTRIAL DEMAND FOR ELECTRICITY

Numerous econemetric studies for electricity demand, though
mostly for the residentis! sector, are available in the literature.
Thesge studies can be classified into three groups based on what
electricity price measure was used in the model. The first group
includes those using average price in a single equation model,
Major contributors in this group include Andersen,1? Chern et a1, ,29
Fisher and Kaysen, %! Griffin,?2 Mount et al.,23 snd Wilson.24 The
second group of studies adopted maxginal prices of some kind such

" as Typleal Electric Bills used by Houthakker et 21,25 and some

weighted averages of vepresentative in actual rate schedules uged by
Taylor et a1.26 The final grown used average price in a simultaneous
equation system, Important studies in this category include thoge of
Haivoraen, 27 Wilder and Willenborg, 28 and Cliern,29

Even though economisis have paid increasing aitention to the
astimation of electricity demand, the area of industrial demand re-
mains relatively untouched, Most previous studies of indusirvial de-
mand have used cross-section Census data at the standard industrial
classification (SIC) two-digit level. In an early study, Fisler and
KaysenS® estimated au electricity demsnd equation for ten fvo-digit
SIC manufacturing industries, using 1956 Census data for 47 Mtates.

.They expressed the total electricity purchased and generated by the

ith industry as a function of the value added and the sverage cost pes
kilowatt hour of purchased eleotricity fox this industry. Wilsond
later applied the Fisher-Kaysen model to 15 SIC two-digit indusiries
and used the 1963 Cenaus data for Standeird Metropolitan Statistical
Ares (SMSA) cities. These models obvicusly are unsuitable for es=
timating the long-run adjustrent behavior over time, Furthermore,
hoth studies failed to examine the possible interfuel substitution
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substitution. For sxample, an increase of 1 percent in electricity
price would reduce electricity demand by 1.4 percent and réduce -
total end-use energy demand by 0.1 percent. With.a 1 percent in-
orsase in price of natural gas, the resulting demand reductions for
natural gas and for total end-use energy would be 1.5 and 0.2 per-
cent, respectively. A 1 percent increase in the price of oil would
reduce demand by 1.6 percent and the aggregate end-use snergy de-
mand by 0.3 percent. Hence, raising petroleum prices appears to
have the strongest potential for conserving end-use enorgy.

When primary energy is considered, the results show that tae
elasticity of electricity price is higher than that of prices of natural
gas and oil. This higher elasticity indicates that increasing the
price of electricity has a greater impact on reducing demand for
primary energy. The study concludes that it is essential to distin-
guish primary energy from end-use energy for making policy de-
visions.

The model constructed in this chapter explains the consumer's
responsa io changes in various explanatory variables. Since cross-
sectional data were used for the estimations, the results character-
ize intersiate variation ag well as behavioral relationsijos. There
are potentinl causes that may induce changes in the demand strue-
ture in the future. For sxample, new technologies such as solar
heating and the Arnual Cycle Energy System (ACES) may be widely
adopted. Also, there may be significant changes in life stylos so
that people prefer smaller and multiunit housing. Therefore, the
energy conservation resuiting from higher prices may be greater

than our historical clasticities indicate. The fact that consumers
do respond to price changes, as shown in this and othier studies,
suggests that significant potential exists for adopting energy-
conserving technologies in this era of increasing energy prices.

The model has at least twe limitations regarding its useful-
ness for forecasting. Firat, a medel based on cross-gectional
analysis provides only estimates of long-run demand elasticities.
In forecasting, it is necessary to deal with both short~- and long-run
effects. Second, although our linear model assures that tho esti~
mated market shares always sum to unity, it does not guarantee that
the estimated shares are all positive. Despite these limiiations, the

modet gives a better analytical insight into the demand structure
than other models that use log or logit Zorm.

Furthermore, we used average prices of electricity and
nntcral gus in this study. Due to a declining bleck pricing for elec-
trictiy and natural gas, the use of average prices may result in a
asimuitaneous equation blas as discussed. Thus our estimates of
clasticiiies associated with prices of electricity and natural gis may
be somewihiat biased.
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Finally, we should also point out that our model does not deal
with interrelationshipe between the price of electricity and the prices
of natural gas and oil. Since natural gas and petroleum products

have been among the mujor energy sources for generating electricity,

changes in prices of natural gas and oll will affect the prics of slec~
tricity. Hence, any policy instruments, such as the deregulation of
the prices of natural gas ang ofl designed to affect prices of naturai

gas and olil, will also affect the price of electricity. We anticipais,

however, that the significance of these relationships will diminish in
the fulire when the nation possibly moves toward using mores abun-
dant energy gources such as coal and nuclear pcwver for electric
generation.

INDUSTRIAL DEMAND FOR ELECTRICITY

Numerous econometrie studies for electricity demand, though
mostly for the residentizl sector, are avatlable in the literature,
These studies can be classified into three groups based on what
eleptricity price measure was used in the model. The firat group
includes those using average price in 2 single equation model.

Major contributors in this group fnclude Arderson,1? Chern et al. ,29
Fisher and Kaysen, 2} Griffin,22 Mount ¢t al. ,23 and Wilson.24 The
second group of studies adopted marginal prices of some kind such

" as Typical Electric Bills used by Houthakker ot al.25 and soras

weighted averages of representative in actual rate schedules used by
Taylor et 01,26 The final group used average price i 2 simultansons
equation system. Important studies in this category include those of
Halvorsen, 27 Wiider and Willenborg, 28 and Chern.29

Even though economists have paid increasing attention to the
estimation of electricity demand, the area of Industrial demand re~
mains relatively untouched, Most previous studies of industrial de~
mand have used cress-gection Census data at the standord industyrial
clagsification (SIC) two-digit level. In an early study, Fisher and
KaysenS? estimated an electricity demand equation for ten two-digit
SIC manufaciuring industries, using 1956 Cengus data for 47 states,

-They expressed the total electricity purchased and generated by the

ith industry as a finction of the vaiue added and the average ewﬁ‘ferf
kilowatt hour of purchased electricity for thin industry. Wilson3
later applied the Fisher-Kayasen model to 15 $IC two-digit induatrics
and used the 1963 Census data for Standard Metropolitan Stalistionl
Area (SMSA) cities. Theaze models obviously are wnsuitable for gs«
timating the long-rm adjustment behavior cver time, Furthermove,
both stidies fatied to examine the possibie intexfuel substitution
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 Betwasn electricity and other energy sources, * Despite their short-

comings, all of these studies generally support the conclusion that
th {ndustrial demend for electricity is highly responsive to changes
in its ¢wn price.t | ,‘

/ This study represents an extension of the author's earlier
study of industrial demand for slectricity using a simulianeous equa-
tion model. The earlisr analysis is extended to caver the entive
raanufacturing sector, and furthermore the spesification of the
moedel is also improved. Specifically, a dynamic electricity do~
mand model for major SIC three-digit manufacturing industries Is
developed and estimated. The study focuses on the estimation of
price response, interfuel substitution, and the impact of technologi-
cal change.

The Problem of Simultaneity

To illustrate the problem. of simultangity involved in this
study, let us consider a traditional market model:

Demand g = D (B,) . (2.18)
Supplyp =S5 (q,0) (2.19)

1t is known that inclusion of inconse (y) and cost {c) variables in} the
domand and supply relations, vespectively, typically yield an identi-
fiable set of estimating equations. If the supply curve is a function
of costs alene, that is, the supply curve is perfectly elastic, then
the model i8 recurgive. A similar result holds if the demand curve
is invariant with respect to price. In the context of electricity de-
mand, the appropriate representation for equation 2.18 s

q-= D (1) (2.20)

*In 1971 the folal energy sources purchased by the manufac-
turing sector consistad of 32 percent of clectricity, 40 percent of
natural gas, 10 percent of coal, 9 percent of fuel oil, and 9 percent

| other energy sources.
oral gﬁi emt;rg to this general finding, Baxter and Rees, using
British cate, have found in their slahorated geometric lag model
that the electricity demand is highly respnsive to changes in output
and fuel technology but relatively unresponsive to prive. See R. F.
Baxter and R. Rees, "Analysis of Industrial Demans for Electriclty,"
Economic Journal 78 (June 1968): 277-98,
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where r represonts the relevant block taviff echedifa. The standard
simultaneity problem szsoclated with demand zad supply aunlysis
thereby hinges on thy: relation between the designated rate schedule

and quantity purchased. If the rate schedule depends upon exogenous
factors, the medel will be recursive in nature. The problem, there- g
fore, lles in how to represent the xate schedule. When ex post | IR
prices, either average or mirginal, are used, simultansous equa~ L
tions bias is introdried. Mathematically,

q =D,y 2.21)
Py = Sla.e (2.22)

where P, is an ex post proxy for the true rate uchedule. Equation
2.22 ig not a supply equation in the traditional sense; it is really a
price equation facing electricity customers. We recognize, of
course, that if we use an ex ante price from actual rate schedules,
the problem of bias can be avoided. Howaver, it would be gn enor-
mous task to construct the necessary data base on ex ante prices
for our stwdy. Furthermore, available evidence based on the re~
cent vesults of Taylor et al. does not seem to justify such sn offort.
Using the marginal prices constructed from actual vate schedules,
Taylor et al. estimated the own-price elasticity to be -0, 8 for resi-
dential demand.3% They claimed that it is significantly lower then
~1.0 obtained from seversl other studics using average prics. We
niofe that Griffin, using average price snd a polynomial ag formula-~
tion, cbtained an elasticity estimate as low ag -0.5,33 Thus, 2
higher elasticity cbtained from other studics using average price =
cannot ba easily attributed solely to a bias of using average price. ; e
Admittedly, more evidence is needed to resolve this controversy. o
Equations 2.21 and 2.22 form the fundamental systera used to ) R
characterize the inleraction of demand and price. These demand o
and price equations need to be specified in more detail for the econc- -
metric analysis. =
Electricity is generally used by industrial firms for environ-
mental control, machine operation, and chemical processes. En~
vironmental uses of electricity include lighting, cooling, and heat-
ing of bulldings. These uses are only indirectly related to indus~
trial production and constitute & miner portion of electricity used
by industry. The bulk of clectricity is used for operating machin- B
ery end as inputs fo varicus chemical processes. Thus alectricity .
demind is derived from the demand for durable goods like appliances
or machinery. Corsequently, it is necessary to distingu'sh short- -
run varsus long-rim behaviors of electricity customers. In the
short run, demand response is primarily a resuii of changing
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betwesn slectricity and other energy sources.* Despite their short-

comings, ail of these studies generaliy support the conclusion that
the industrial demand for electricity iz highly responsive to changes
in its own price,T

' This study ropresents an extension of the author's earlier
study of industrial demand for electricity using a gimultaneous equa-
tion model. ‘The earlier analysis ig extended tn cover the entire
manufacturing sector, and furthermore the specification of the
model is also improved. Specifically. a dyramic electiricity de-
mand model for major SIC three-digit manufacturing industries is
developed i estimated. The study focuses on the estimation of
price response, interfuai substitution, and the impact of technologi~
oal change.

The Problem of Simultaneity

To {llustrate the problem of simuitaneity involved in this
study, let us consider a fraditional market model:

Demand g = D (p.y) . {2.18)
Supplyp =8 (4,9) {2.19)

1t is kmown that inclusion of income (y) and cost {cj variables in the
demand and supply relations, respectively, typically yield an identi-
fiable set of estimating equations. 1f the supply cuxve is a function
of costs alone, that is, the supply curve is perfectly elastic, then
the model is recursive. A similar result holds if the demand curve
is invariant with respect to price. In the context of electricity de-
mand, the appropriate representation for equation 2.18 is

*In 1971 the tolal energy sourges purchased by the manufac-
turing sector consisted of 82 percent of electricity, 40 percent of
natural gas, 10 percent of coal, 9 percent of fuel oil, and 9 percent

of a1l other energy sources.
+1n contrast to this general finding, Baxter and Rees, using

British data, have found in their eisborated geometric lag model
that the slectricity demand is highly responsive to changes in output
and fuel tachnology but relatively unresponsive to price. Sse R. F.

Bagter and . Rees, "Aunnlysis of Industrial Demand for Electricity,"

Economic Journal 78 (June 1968): 277-98.
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where r represents the relavant block tariff schedule. The standard |

stmultaneity problem associated with demand and supply analysis
thereby hinges on the relation between the designated vate schedule

and quantity purchased. If the rat> schedule depends upon exogenous
factors, the model will be recursive in nature, The problem, theve-

fore, lies in how {0 represent the rate schedule. When ax post
prices, either average or marginal, arve wiad, simulaneous equa~
tions bias 18 introduced. Mathematicslly,

a =D {Py,¥ (2.23)
P, = 8(q,0) (2.22%)

where P, is an ex post proxy for the true rate schedule. Pgquation
2.32 s net a supply equation In the traditional sense; it is really a
price equation facing olectricity customers. We recognize, of
course, thut if we use an ex ante price from actunl rate sehedules,
the problem of bias can be avolded. However, it would he gn enor-
mous task to construct the necesaary dats base on ox ante prices
for our study. Furthermore, available evidence bused on the re-
cent results of Taylor et al. does not seem te justify such an effort.
Using the marginal prices constructed from actual rate schedules,
Taylor et al. estimnted the own-price elasticity to be -0.3 for resi-
deatial demand.d They claimed that it ig significantly lower than
~1.0 cbtained from several other studies using average prics. We
note that Griffin, using average price and a polynomial lag formula-
tion, obtained an elasticity estimate as low ag -0,5.33 Thus, a
higher elasticity oblained from other studies using average price
cannot be ezsily aftributed sclely to a bias of using aversge price.
Admittedly, more evidence {& neaded t5 resclve this controversy.

Equations 2.21 and 2,22 form the £ "amental system used to
characterize the inferaction of demand and price. These demand
and price equations need to be specified in more detail for the econo~
metric anaiysia.

Electricity is generally used by industrizl firms for environ-
mental control, machine oparation, and chemical processss. En-
vironmental uses of electrieity include lighttng, ccoling, and heat-
ing of buildings. These uses are only indivecily related to indus~
trial production and constitute 2 minor nortion of electricity used
by industry. The bulk of electricity is vzed for operating machin-~
ery and as inputs fo various chemical processes. Thus slectricity

demand is derived from the demand for dursble goods like appliances

or machinery. Consequently, it is necessary to distinguish ghort-
run versus long~run behaviors of electricity customers. In the
short run, demand respense is primaxily a result of changing

v
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utilization zates of existing stock of appliances and/or equipment,
In the long run, both utilization rate and stock of appliances can be
aitered in response to changes in exogenous fsctors such as prices

W@ oxamined ezveral dynamie demand formxﬁaﬁcns including
the flow-adjustment wodels of Houthakker-Taylor typs4 and of
linear semilogarithmic and jogarithmic Koyck models and found
that the logarithmic Koyck madel yielded the most plausible results.
Taylor et 2l. also found similar rasults for the residential sector, 35

To illustrate how the price (supply) equation is formulated in
thiz study, we sssime the averags price of slectricity for an indus-
fry can be approximated by ‘

B, B,
1 ] )

where 3? = average price pald by industry i
Qi = quantity purchasad by industey i

C = cost per kwh.
The parameters By, By, 8y, ave to be estimated. Taking logarith-
mic transfemmtim, eqmﬁon 2.23 becomes

lnPi = ln% + ﬂianki + ﬁzzn(} (2.24)

wa expect B, to be negative and 8 to be pesitive. In the economet-
ric model the cost varisble is zplit into severzl components.

Econometric Specification

Since the logarithmic Koyck model is used to cheracterize the
dynamit demand structure, the long-run electricity demand for a
mamdacturing industry (say the ith industry) i8 specified as:

In‘ﬁ ar a 4+ “1’“

), 11 * 0IERy, +aginK,, + U (2.25)

whare £ stands for time pexiod

E is the amount of electricity purchased angd generated
(miilions of kwh) )

EP is the real average price of electricify in cents per kwh,
deflated by the wholesale price index (WP of interrediate
materials, supplies, and components (1967 = 100)
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x refers to a et of explenatory variables
U represenis tha dishurbancs term
ag are parameters to be estimated.

The set of explanatory variables (X) includes the following:

GP = real average natural gas price (doliars per ti&mmnd
therms)

PP = wholesale price index of refined petroleum prodm
(1967 = 100} daflated by WL

CP = wholesale price index of conl (1967 = 100) deflated by WPI

W = average wage rate for manufacthuring production mrkexs
{dollaxrs per hour) deflated by WPI :

V = value added (millions of doliars)

T =time frend var!abla {1958 = 1, 1959 = 2, and so onj.

The rationale for includmg those axplamtory variables should be
clear in most cages. The prices of conl, natural gas, and petroleum
products ave used to measure the extont to which interfuel sybstitu-
tion had occcurred. The estimated paramecters of these varighles
are termed cross-price elasticities and they ars expected to hava a
positive sign. The time-trend variable i3 included to measure tha
impact of tachnological change which is expected to occur over time.
The sign of this variable cannot be a priori determined.

The price equation has the following general form:

EPyy = fo* BylnByy + B2y + Vi (2.26)

wheve Z refers to a set of explanatory variables

V répresents the disturbance term

Bs are parameters to be estimated

EP and E are defired previously.
The set of variables (2) includes:

FC = cost of fuels used for generation (cents per kwh)

OMC = total operating expense net of fuel and purchased
power payment (cents per kwh)

CC = capital input costs {cents per kwh)

RE = the zatio of industrial sales to total sales of elactricity
{percent).

Variables FC, OMC, and CC cover all essential cost cor-

ponents of electric generation, tranamission, and distribution. We

expect these cost variables to have a positive coefficient. Since
transmigsion and distribution costs par iﬁlowatk hour sold ave
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axpectod to be lowsr for Indusicial sales than for residential and
commercial sales, the variable RE is included to acoount for the
possible effects of the composition of the total salcs on the prics of
electricity te industrial customers. In equation 2,26, average elec~
tricity prica (EP) as the left-hand variable {s not defiated by the
wholaesala price index, This specification of the price equation rep-~
resents more sppropriately the electric rate schedule than thy, alter~
‘native using deflated eleciricity price. The same treatment 'was also
praviously adopted by Halvorsen.

The Data

The quantity of electricity ag the dependent variable in the de~
mand sguation includes both purchased and self~-generated electricity.
Average electricity price iz obtained by dividing costs by quantity of
the purchaged electricity. Data on the quantity (E) and price (EP) of
eiectricity and value added (V) were obtained fmm the U.8, Bureau
of the Census (Census of Manufacturers; Annual Survey of Manufac-

turera, selected years). Data on costs of fuals used for generation

{FC) and the ratio of industrial sales to total salec of electric utili-

ties (RE) were taken from Edison Electric Institute's Statistical
Yearhool: of Electric Utility Industry, 1958-71. For natural gas

price iPG}, we used data published by the American Gas Association
Gas Facts and Historical Statistics of the Gaz Industry). Data on op~
erating and maintenance expenses (OMC) and capital input costs (CC)
wera compiled by the Federal Power Commission based on Statistics
of Privately Owned Eleciric Utilitlas. For the price indexes of coal
{CP), petroleum products (PP), and intermediate materials (WPI),
data were published by the U.S. Department of Commerce (Survey of
Current Business).

The variables E, EP, V, and W are observed at the SIC threg~
digit industry level. Date on GP are not available for all SIC three-
digtt ihdustries. In some cases, data for the corresponding two-
Gigit industry were used. Variables PP, CP, and WPI are aggre-
gate price {ndexes for the entire industry sector. On the other hand,
FC, OMC, CC, and RE are aggregate variables for the electric util~
ity indusiry. All data wera colleoted for the period of 1858-71.

Regression Results and Demand Elasticities

Fifteen SIC three-digit industries were selected for the analy-
sis. ‘The preliminary staustical testing of the model indicates that
estimating this system of equations for each individual Industry is
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difficult because of the small sample size and high correlation be-
tween the lagged dependent variable and other explanatory variahles
in equation 2,25. Omne way to overcome these dﬁﬁkculﬁu istoin
crease the sample size by pooling industries togethas, .

Since demand structure is expected to vary gomewhat among -
different industries, it is desirable to group together only those with
a similar demsnd structure. Several pooling eriterin were tried.
Among those criteria which proved ineffective were the degree of
olectric-intansivenoss and the magnitudes of the short-rim price
clasticities previcusly estimated by Chern.36 The only pooling cri-~
terion which produced piauaible vesults was the existence of signifi~
cant electricity-gas substitution. Specifically, three groupings were
adopted. Assuming that the besic demand structure is the same,
Group A includes all 15 industries. Based on the results of the
static model previcusly esiimated, Group B consists of 10 Industries
with a significant substitution between electricity and gas.37 Group
C iz the class of industries in which gas is not an important substi-
tute. The spscific industries in each group are identified in Table
2.12,

It should be mentioned that 51C~-281 (Industrial Chemical) does
not include the U.S. Energy Research and Deveicpment Administra-
tion's (ERDA) three uranium enrichment plants. It is noted that
these tlwee plants accounted for 58 percent of the electricity con-
sumption in SIC 281 in 1958. This share declined to 18 percent in
1971. Since ihe eleetricity consumption by ERDA's plants is move
a function of government policles than of economic variables, it was
considered desirable to separate this component from the rest of
SIC-281.

The statistical problem for estimating the stmultaneous equa-~
tions model specified in the previous section is compliontsd by the
presence of the lagged dependent variable and the correlaticn of
residuals resulting from using pooled data. In the case of & single
equation, it is well known that the appropriate approaches are the
varignce cnmponenté models developed by Wallace and Huasian,38
Maﬂdai».;, 9 and Nerlove. 40 All these approachies employ a two-step
technique to run generalized lenst squares. Ag suggested by Nerlove,
te handle a dyvamic equation, the apprepriate method i to apply the
least-squaxes with dummy varisbles approach (LSDV) in the first
step and then use the LSDV residuals to estimate variance componeuts
for the generalized least-squares estimation in the second step. We
applied the variance components model to astimate equation 2.25 and
found out that the results are almost ida.nﬁcai Yo thogs vhiained by
LSDV (these results ave available in Cherntl), “Tits would be the
case if the variance of the dummiles is large relative to tha error
variance. These evidences, therefore, suggest that the prover pro-
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ga

cadure to esﬁmfa our simultsnsous equations system ghould be tho
two-siage lsast-squaras with dummy variables approch (TSLS).

inee we have a time-trend term i:; the modsl, we Include only creas-
section ﬂmmim*

TAELE 2,12

Identification of Industry Groups
, Criterion for 8iC
&:m:p Grouping Code Industry

&  None All 15 industries
B Gne Is 2 significant 281  Industriel chemicals
subatitute 331  Blast furmace and basic steel
products

291 Petroleum refiving
391 Motor vehicles and equipment
282  Plastic materials and
synthetics
263  Paperboard mills
203  Canned, cured, and frozen
| foods
204  Grain mill products
322  Glass and glassware
225  Knitling mills

C Gas is not a signifi- 383  Primary nonferrous metals
cant substitute 262  Paper mills
324  Cement, hydraulic
332  Iron and steel foundries
. 221 Weaving mma, cotton

source- Compiled by the authur.

To appraise the validity of our simultaneous equation approach,
we compare the performance of TSLS with LSDV. The latter ap-
proach does not consider the impact of simultanelty in the system
and, thus, the estimates do not account for the effects of declining
block~rate pricing.
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i

' AGGREGATE DEMAND FOR ENERGY IN THE 1.8, 385

The simultaneous equations model ss specified above was fitted
to annual naticnal data over the 1959-71 period. Estimated demsnd
and price equations sre presented in Tables 2,13 and 2,14, respec-
tively. The log-linear firm was used, thus the estimatod cosffi-
clents are short-run elagiicities. Note that soms velevant but lesg~
impo‘:fant exogenous viviables were not included in thegd final equa-~-

ions because either thelr cosfficients had the ineosreot sign or thelr L3

incluston disiuxbed the coefficients of other mors imporiaat variables
rosulting possibly from the problem of numa@mmarity. .

We ave primarily interested in the demsnd equations, All
LEDYV and TSLS estimates of the demand equations axe plausibie, *8
all estimated cosfficients hava the corrvect sign and most aro statis~
tically significant, ot least at the 10 percent Jevel. R%s ave all fair-
iy high, It is noted, however, the TSLS estimate of the own-price
coefficient is substantially lower than that obtained by LEDV in all
three cases. Taylor has shown that the use of average price, in
generalé leads to an upward bias in the estimate of the price elas-
ticity. 42 The comparison of TSLS and LSDV estimates does confirm
this theoretical expectation and the simuliancous equations model
seems able to reduce such 2 bias. Note further that the TSLS esti«
mates are consistent while the LSDV estimates are not In our simul~
taneous equations model. All these considerations lead us t@ con-
clide that TSLS is superior to LSDV.

Let us evaluate the criterion for grouping by ths electricily~
gas substitution. In Group B, gus price ig significant while itie
not in Group C. Furthermore, the coefiicient estimate of natural
gas price is substantially larger in Group B than that in Group A.
The impact of gas price is significantly reduced when all industries
are povled together. The cosfficlent estimates of coal price show s
similar pattera with a larger magnitude in Group B than in Group A.
No substitute fusis turn out to be significant in Group C. Further-
more, the estimated ccafficient for the lagged dependent variable iz
higher in Group R than in Group C. This implies that the adjustment
is slower for the former group. The computed menn lag is 2.6 yoars
in Group B as compared to 1.4 years in Group C.

The time variable has a negative coefficiont, indicating that
electricity congsumption hag been declining over time, holding other
factors consiant. Since the value added was not deflated, the time
variable may pick up the effects of the value deflator as well o8 the
impacts of technological changes. * Although these effects cannct be

*The proper value defiator is not aveiiabie for SIC three-digit
industries. We could have usad the wholesals price index of final out~
put as the value defiator. Hut this is considered to be inappropriate. It
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TABLE 2.13
Estimatod Demand Equations
{normalized variable: In Ej

Industry Estimation 7 ; a
Growp Method 1InEyyy IEP; lV; InGP; InCP T  Comstant R ,
LDV 0.655°  -0.5845 0,302° 0.3789 0,078 -0,015° -4.8° 0,998 1% 1.9
(0.05)  (0.05 (0.0  (0.00  (0.05)  (0.003) (0.54)
TSIS  0.726°  -G.246° 0.372° 0,142° o,07d -0,01° -2.429 6088 1M a7
(0,00  (0.14) (0,05  (0.08  (0.03)  (0.003) (1.0
LSDV 0.666° ~0.535° 0,406° 0.242° 10,2069 -0,016° ~4.88% 0,808 114 2.0
0.06 (0.0  (0.00 (6.1 (.04  (0.008 (0.6
TSLS 0.719°  ~0.3700  c.428¢ 0,347  0,110° -0.027¢ -3,921° 0,988 14 2.6
.09 (0,35 (0.0 (0.3  (0.84) (0,005 (1.03)
LEDV 0.576%  -0.498°  0,340° -0,006 -5.4522 0,908 56 1.4
{0.07 {0.12)  (0.06) (©.003) {111
TSLS 0.584%  -0,204% 0,388° -0.084 -1.806 0,998 58 1.4
.00 (0.1 (£ 00 {0.003) »

(.58

TSLS estimstes of dummy couflicients are not presented here.

Note: Figures in paronthesss are ostimated stanﬁard GITOrE,
”‘R {s the corrclation coefficient betwoen the obsarved and estimated yvuluss of the vormalized variable, Doth LSDV and

Bgomputad from a,/(l - %), whera () is the estimated coefficicnt of In Ej ¢-1.
%tnﬁaﬁmlly signifieantat the 1 permt laval.

%ﬂsﬁmﬁy significart at the B percent level.
Gstatistically significant at ths 10 percent level.
Source: Calsulated by the author,

TABLE 2.14
Estimated Price Equations
(normalized variable = in EPy) |
Indushry Estimation | 50 ~ Degrens of
Group Method In E; InFC  InOMC __ InRE _ Constant  R° Freedom
A LSDV -0.278b  0.000d  0,394¢  -0.G0SB  -2.859 0.981 176
.09  (©.0%  (0.15  (0.15  (0.26)
TSLS -0.216>  o0.003%  0.428¢  -0.410® -3,22b 0. 980 176
0.0 (0.0  (0.1D  (0.16  (0.2%
B LSDV -0.376®  c.0m  0.3%6° -1.012%  -2.45 0.564 116
0.0 (0.0  ©.22) (0.2 (0.3}
TSLS -0.328®  0.065  0.405¢ -0.82° -2.68°  0.964 116
(.04 (0,09  (0.22)  (0.2%) (0.3
c LSDV 634  0.168° 0,391  -0.162  ~3.55 0.993 56
©.04) . (0.09  (0.22)  (0.1%  (0.39) 4
TSLS -0.a11%  0.176°  0.401°  -0.077  -3.7¢° 0.993 56
edg M) (00 0% {00 22) {gﬁ 1% (0.36)

I@oiw Figume in parentheses are eatimated siendard errors,
aR is the correlation coefficient between the vbserved and estimated values of the normalized variable.

Both LSDV and TSLS estimates of dummy coefficients are not reported here.

btatistically significant at the 1 percent level.
Csiatistically significant at the 5 percent Tevel.

ﬁstat:sﬁczmy significant at tho 10 pareent level.
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separated in the model, the fact that the time varisble is not signifi-
cant in Group C suggests that the effects of the value deflator are wn-
1tkely fo be of gny appreciable magnitude. Thus, it séems appropri-
ate to conciude that industrial preduction processes heve become
more and more efficient in using electricity, perhaps as a result of
technological improvement and/or economies of scale for at least
industrie= in Group B.

 The estimated price equations are all plausibie with all co-
efficlent estimates having the expected sign. R%s are very high.
“The level of consumption and operating and maintenance costs ave
significant in alf three cases. The estimated coefficients of the
fuel-cost vaviable, though all bave a positive sign, are not signifi-
cant for Group B, These resulis raay be attributed to the fact that
fuel costs remained as a relatively stable cost component during the
sample period {the cost of fuels did not escalate dramatically until
1573). On the other hand the variable RE is significant in equations
estimsted for Groups A and B. This result shows that the larger
the nroportion of industrial rates, the lower the average price for

 indastrial customers.

Long~-run own-price and cross-price elasticities as divectly
derived from the estimated demand equatiens* are presented in
Table 2.15. As expectad, the TSLS estimate of the own-price elas-
ticity is smaller in absolute value than the LSDV estimate in all
three groups. The results show that long-run elactricity demand is

price elastic in Group B, but inelastic in Group C. This difference -

does not appear to be unreasonable because one would expect that the

is noted that one can use the price of output in place of output in an
unconstrained input demand function as derived from the profit maxi-
mization conditions. But we found this alternative specification un-~
satisfactory in the present study. It is also noted that when a con-
strained input demand function iz used, it is more appropriate to
treat output as endogenous in the model. We did not pursue this ex~
tension because the estimation of the output equation requires & de~
iailed specifivation of the production function.

*The coefficients of the structural demand equation measure
the direct effects of changes in the exogenous variables on quantity
purchased. Due to the dependence of price on quantity of electricity
purchased, there will also be Indirect effects on demand. For ex-
ample, a decrease in output would vesuit in a decrease in eleciricity
demand, which would cause average price to increasze., This would,
in turn, decrease ¢lectricity demand ar a resuit of price effect.
Estimates of the total effects of changes in the exogenous variable
on demand can be obtained by estimating the reduced-form equation.
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availability of more substitutes, ag is the case for Group B, would
make the demand moxe seasitive to changes in price. For industries
in Group B, the estimated slasticity with respect to price of natural
gas is greater than unity, while the coal price elasticity is signifi-
cant but small in magnitude.

TABLE 2.15

Estimated Direct Long-Run Price Elasticities

; _Liasticities with Respect to ,
Industry Estimation Electricity Price Gas Price Coal Price

Group Method (EP) (GH) {CH
A 1SDV -1.68 6.51 0.22
TSLS ~0.90 0.52 0.28
B LSV -1.60 1.02 0.32
TSLS "1-32 1-23 0» 39
C LSDV -1,18
TSLS -0,73

Source: Compiled by the author,

Conclusions and Implications

Since historical data were used to estimate our industrial de-
mand models, the results obtained in the last section characterize
past relationships. Based on these estimated econometric models,
it is possible to evaluate the impacts of causal factors in the past
and thus their possible influence in the future,

With yespect to energy conservation, it is evident that all fac-
tors except the declining price of petroleum products have contributed
in a positive way to the rapid growth of eleciricity consumption in the
past. As demand is price elastic, higher future electricity prices
ehould result in more than proportional raduction in electricity con~
sumption. Thus raising veal price of electricity could be an effec~
tive means of conserving electricity. In reality, however, this con-
gervation measure cften cannot be implemented {ndependent of an
overall cnergy policy because the price of electricity usually cannot
be increased alone. In fact, the changes in electricity prices usunlly
occur as a result of changes in the prices of fuels used for electric

generation. These fosail fuels are also used directly by industries.




. > 2 g o ’ - e »

AGGREGATE DEMAND FOR ENERGY IN THE U. 8. e B

38 STUDIES IN ENERGY DEMAXD AND SUPPLY

availability of more substitutes, as is the case for Grouvp B, would -
make the demand more sencitive to changes in price. For industries

in Group B, the cstimated elasticity with respect to price of patural
gas is greater than unity, while the coal price elasticity is signifi~

cant but small in magnitude.

separated in the model, the fact that the time variable is not signifi-
cant in Group C suggests that the effects of the value deflator ares un-
likely to be of any appreciable magnitude. Thus, it seems appropri-
ate 1o conclude that ixdustrial production processes have becoma

w' g |

more and more efficient in using eleciricity, perhaps as 4 result of
technological improvement and/or econemies of scalo for at least
industries in Group B. '

The estimated price equations ars all plausible with all co-
efficient estimates having the expected sign. RZs are very high.
The level of consumption and cperating and maintenance costs are
significant in all three cases. The estimated zoefficients of the
fuel-cost variable, though all have a positive sign, are not signifi-
cant for Group B. These results may be attributed to the fact that
fuel costs remained as a relatively stable cost component during the
sample period (the cost of fuels did not escalate dramatically until
1973). On the other hand the varlable RE is signiffcant in equations
estimated for Groups A and B, This result shows that the larger
the proportion of industrial rates, the lower the average price for
indusirial customers.

Long~-run own-price and cross-price elagiicities as directly
derived from the estimated demand equations™ are presented in
Table 2.18. As expected, the TSLS estimate of the own-price clas-
ticity is smailer in absolute value than the LSDV estimale in all
three groups. The results show that long-run electricity demand is
price elastic in Group B, but inelastic in Group €. This difference
does not appear to be unreasonable becauss one would expect that the

is voted that one can use the price of output in place of output in an
wmeonstrained input demand fimction as derived from the profit maxi~
mization conditions. But we found this alternative specification un-
satisfactory in the present study. It is also noted that when a con-
strained input demand fumction is used, it is more appropriate to
ireat oulput as endogenous in the model. We did not pursue this ey~
tension because the estimation of the oufput equation requires & de~
tatied specification of the production function.

*The coefficients of the structursl demand equation measure
the direct effects of changes in the exogenous varikibles on quantity
purchased. Due fo the dependence of price on quantity of electricity
purchased, there will also be indirect effects on demand. For ex-
ample, a decrease in ouiput would result in a decrease in electricity
deman, which would cause average price to increase. This would,
in hurn. dacrease alesteizil. o ana as a resWt of price effect.
Estimates of the total effects of changes in the exogenous variable
on demand can be obtsined by estimating the reduced~form equation.
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TABLE 2.15

Estimated Direct Long-Kun Price Elasticliies

Elasticitise with Wespectto
Industry Estimation Electricity Price Cas Price Coal Price

Group Methed (EP) (GP) {CH)
A Lspv -1.68 8.51 0.22
TSLS -0.90 0.52 0.28
B LSDV =1, G0 1.02 0.32
TSLS ~-1,32 1.23 0.39
C LSDV -1.18
TSLS -0.73

Source: Compiled by the author.

Conclusions and Implications

Since higtorical data were used to estimate our industrial de-~
mand models, the results obtained in the last section charactarize
past relationships. Based on these estimated economzizic medels,
it is possible to evaluata the impsacts of causal factors in the past
and thus their possible influence in the future.

With respect to energy conservation, it is evident that all fac-
tors except the declining price of petroleum products have contributed
in a positive way to the rapid growth of electricity consumption in the
past. As demand is price elastic, higher future electricity prices
=hould result in more than proportional reduction in electricity con-
sumption. Thus raising real price of electricity could be an ¢ffec~
tive means of conserving electricity. In reality, however, this con-
servation measure often cannot be implementsd independent of an
overall eaergy policy because the price of electricity usually cannot
L5 fnanaasad alone. In fact, the changes in electricity prices ususlly
oceur as a result of changes ifi the prices ve sweee 2203 fove slactcs

generation. ‘These fossii fuels are also used directly by industries. ~
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Consider the TSLS renults for the industries in Group B, If prices
of a1l energy fuels Increase by the same percentace, slectricity da-
mand will indeed inoresss because the sum of the cross~price elag~
ticltles, i.62, is grester in absolute value thau the own-price olas-
ticity. For industriss in Group C, changes in prices of other energy
*fuels have no impact on electricity demand. This holds, of course,
only when output can be maintained at the same ievel. Butin reality
higher energy prices would increase the cost of producing industrial
goods which, in turn, should reduce the output demand. As a regult,
output and, thus, electricity demand would both decrease,

Furthermore, in this study we have not analyzed the pattern of
interfuel subsiitution in great detail. This would require investiga-
tion of guantities consumed of other fusls as well as other environ~
mental and sven political factors. However, what is noteworthy is
that in Greuvp B gas and coal are significant substitutes whereas in
Group C no significant substitutes can be identified. Furthermeore,
when we conduct the analysis by grouping all Industries together as
in Group A, these patterns do not adequately show up.

Finglly, with respect fo the impact of technological change,
our economotric demand analysis has shown that technological
change has made industries more efficient users of electricity.

- Specifically, our xsgrassion results {see the cosfficient of T in

Table 2.13) show that manufacturing has reducad its eleziricity
uszge at 2n arnual rate of 1.7 percent in Group B and 0.4 percent
in Group C as a result of imnroved efficiency over the period 1959~
7%.* It must be noted that, after allowing for the cifects of the
value deflafor, these estimating rates of increasing efficiency may
appear to be a bit too high, We note, however, that because of
increasing awareness of energy problems and anticipated increases
in real price of eleciriciiy, the trends in technological change may
be accentuated in the future.

*In comparison, the Conference Board has shown that the
large energy users in manufacturing reduzed their energy use per
unit of output between 1954 and 1967 at a rate of 1.4 parcent per
year. See Conference Board, Energy Consumption in Manufactur-
ing, a report to the Ford Foundation (Cambridge, Mass.: Ballinger,
1974).
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During the first three decades of the post-World War I era, a5 i 1
important determinants of elentricity demand exhibited remarkably S / e
stable trends both in the Tennessee Vailey Autliorily (TVA) service k- —
area and in the United Siates as a whole. The prices of electricity g — 3
perszistently declined in real terms. Populstion and per capits in- = g fg '
come vose steadily. The prices of substitutes for electricity such N - E g -
as natural gas and oil also generally declined. Starting with the 2 o £ g § —
Iate 19505 and especlally during the early 1970s, this picture of B 73 8£8 '
atability has bsen changing drastically and even unpredictably. The i = & 2 o8 )
price {average revenue per kwh) of electricity in the TVA srea rose < BELE -~ 3
for the firat time during 1967 2nd since then, in general, has been " 8@ Ty § el .
moving upward, especlally in nominal terms (see Figure 3.1). The g =23 il
avarage changes in prices of TVA power to ultimate consumers dur~ =z 2 °‘§ = 18- 2
ing the perlod July 1967 to January 1975, as shown in Table 3.1, g £Z 8 e 2
have been not only frequent but also substantial., The rates of :3 : Q §
g r, evenrenr s i % g i t ‘%
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crease in population and per capita real income have slowed down

| mﬁ&g, and the prices of substitutes for electricity have been

going up. The price of ofl has registored especially sharp and sud-
der inemsea,

Average Changes in Prices (Nominal) of TVA Power
to Ultimate Consumers, July 1967-January 1975

{in percent)

Effective Date Genaml

of Increase Residential Poward Othey  Tolal
July 1967 8.5 5.8 3.3 6.9
Mayeh 1989 2.2 5.3 3.4 7.0
August 1970 2.5 3.0 1.1 2.7
Oclober 1970 19.8 22.0 9.5 20.6
Jenuary 19873 6.4 8.0 3.4 7.4
January 1974 13.5 17.7 3.5 15.6
August 1974 3.1 1.1 0.9 3.7
January 1875¢ 18.3 24.8 5.7 21.9

Cumulative increase 124.0 145.5 37.5 133.9

Amcludes divectly served prevailing rate consumers,

bincrease based on initial amounts charged under July 1974
fuel cost adjustment addendum.

€ Approximately one-eighth of this adjustment reflects a con-
tinuation of the July 1974 cost adjustment. Half the increase was
caused by adjustinents to reflect costs of purchased power.

Source: Table 3.0~1, Tennessee Valley Draft Environmental
Statement, nent, Policles Relating to Elestric Power Rates (Chattanooga,
T@Qog 1975):

~ In this period of rapid change, concern is often expressed
about the stability of demand parameters estimated from historicsl

data. The purpose of this chapter, therefore, is to examine any

structural changas which may have taken place in the residential de~
mand for electricity for the TVA service area and to fllustrate the
merits of disaggregated analysis in demand studies.

Rl R B DR I

RESIDENTIAL ELECTRICITY DEMAND IN THE TVA AREA = 47
The sections of this chaptey will give a brief description of

the sfudy area and the data used, present the modsls estimated. ex-~

plain the results, and cenclude with 2 summary.

SALIENT CHARACTERISTICS OF THE STUDY AREA

The TVA supplies power to 2.4 million customers through a
natwork of 160 retail distributors. The sexvice avea covers 80,000
gquare miles Inhablted by 6 million people in paris of ssven South-
eastern states, The present analyzis has been confined {o the cus-
tomers sexrved through TVA's local distributors, although it also
serves directly 47 Industyrial customers with large or unususl power
requlrements snd several federal government installations.

The TVA is the single largest electricity producer in the
United States; its sales accounted for 3.4 percent of total sales and
5.8 percent of residential sales in the United States during 1971.

TVA's vesidential customers consume twice ag much electricity
per capita as the average U.S. consumer and pay only 60 parcent of
the average U.S. price. The level of per capita personal income is
one of the lowest in the nation, yet saturation of electric appliances
is one of the highest,

The study avea is served by a singls producer of electricity.
Therefore, the empirically chserved consumption of electricity can
be related to a single underlying wholesale rate structure as it has
varied over time, despite soms variation among rates charged by
retafl distributors. Under this situation, TVA data are expected to
yield more precise information on price~quentity relationship as
compared with the results obtainsd from the stato-level data. This
expectz%on stems from the fact that many states are sexrved by a
numbe;’ ' power companies that somatimes have very divergent
rate struoures. Accondingly, when the average price for 2 state is
used to represent price of electricity, much of the useful variation
needed to identify price-quantity relationship gets eliminated from
the data in the process of aggregation.

TVA publishes annually the electricity saies siatistics by its
individual retall distributors, which range in size from 2 single eity
to several counties, This permitted the use of a distributor as the
unit of observation in this study. As 2 consequence, the study of the
TVA service area escapgs some of the affilfctions resulting from
aggregation.

The data used, units of measurement, and so on, are described
in Table 3.2. 'The sources of dala are listed at the boitom of the
table. The data cover 147 distributors of TVA for the period 1962~
72. The remaining distributors had to be excluded due to incomplete
dats.
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TABLE 5.2

Déscription, Units of Measurement, and Sources of Data for Veriables

Tncluded in Econometric Models

“Oksexved nt Distribulor (O},
Sints m; BM mh or

&

Symbol

Unit of Measurement

National (N} Lovel

Electricily sales

1

§§ »ﬁﬂﬁ&ﬂ«rfgﬁﬂ‘~

L | R REELEE
A

Dollars /thousand therms
Mossured from 859 base

Mensured froms 5% buse

1070200

Numbar

Mg/ kwh

Thoussml ket
Mamber

Q
-1
B
roy?
RC
He
PG
KD
on
Dalstor

annhanenaxz

Electricity anlos larged by one peried

Electyloity price

Pay cepita comsumer income

Restdentinl costomers

Heatlng sustomers
Cooling dagroe days

Cas price

Conaisrsey przeg index (all Lems)

ated from oounty-level deta,

 TVA matntains sales end customer statistics on & fiscal-year baste; all the other data have therefores boen adjusted to & flscal-yaar

Eegionl
Brue

48

Reports, 196172, Chatianooga: Tonnesaoe Valley Authority,

2. The Contar for Business sud Tconomic Bessarch, University of Tonnesses, Kooxvilla,

3. Bureau of Busineas Ressarch, University of Misslssipp!, Untversity.
. 1961 to 1972,

| Gus Facls
12, 3arket Anslysis Branch of the Ternessce Valley Authority.

Mune

4. Bureau of Population and Economic Besesrch, University of Virginia, Charlottesville.
5, Buveau of Business Research, University of Kentusky, Lexingion,

8. Bursau of Business Research, University of Alabama, Tusealoosa.
8. School of Bustuess Adminiutration, University of Noxth Carolina, Chape$ fitil.

7. Buresu of Business snd Beonomic Regearch, University of Georgls, Athens.
2. Stats of Rorih Carolina, Depariment of Tax Resoarch, Ralefgh,

18, Bureau of Economic Analysis, data supplied by TVA, privaty communiention.
13. U.S. Depariment of Commaerce, Survey of Current Business, selected lssues,

Sowrooas Campﬂpd by ihn authors from tha Idlmrism
11, Awmerican Gas Association,

-

basis.
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THE DEMAND MODEL

.

One major change that has taken place in the TVA area during
the period under investigation is the phenomensl growth of slectri-
cally heated homes. In 1974, close to-40 percent of all homes were
electrically heated. Given that the average consumption of en elec~
trically hoated home is about four times that of « nonelecivically
heated home, the demand model we estimate must pay pointed atten-
tion to the growth in electrle heating, However, since no geparate
hreakdown of demand for heating and nonheating is available, we
have to estimate a model which includes zome esplanatory variables
(itke heating degree days) that determine the demand for heating
purposes. |

Suppose that RC equals the total nomber of residential cus-~
tomers and HC squals the number of eleciric heailng customera.
Then

Q= Gy + Quy 3.1) ,
where @ = total yuantity demanded

Qy = demand for heating purposes’
Qi = demand for nosheating purposes.

The demend for heating purposes will be a function of the number of
heating customers (HC) and the rate () g} at which those with elec~
tric heating will consume electricity for heating purposes:

3.2)

Qg = )\Hx}'lCan AHXIRCKRC

The proportion of heating customers HC/RC will depend on variables
like income, degree of urbanizatics, gas availability, weather, and
trends in gas and electricity prices. The rate of utilization Ay will
alzo depend on income, price of electricity (price of gas will not be
relevant), and the number of heating degree days (HDD).

As for the demand for nocheating purposes, again & major por-
tion of the demand will be for water heating. cooking, and clothes
washing and drying, where thare is a cholce of wiai sppliances to
usz and the rate at which appliances are utilized. The rate of niiliza-
tion will depend on income and the price of electricity vnly, whereas
the cholce of what appliance to use will depend on incoms, gas
availability, the relative trends in the prices of competing fuelr,
and the relative prices of different categories of appliances. Homes
with electric heating would also tend te have central zir conditioning,
and thus their demand for elsciricity would aigo deps; & on the num-
ber of ceoling degrae days (CDD). The demsnd for electricity from

]
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room alr conditioners will again depend on the number of customers
having room air conditfoners and the rate of utilizntion. The former
wiil depend on income and general weather conditions, and the lstier
will depend on income and the number of cooling degree days In the
partiouiar year (in addition to the price),

Attempts to model 21l these factors in equation 3.2 in detail
ragulted in a complicated nonlinear model with a large number of
income and price tarms. The estimation of this model, if feasible
in practice, would have enabled us to infer the shares of heating and
nonheating components in the tofel demand and also to estimate the
prics and income elasticities for the different components. However,
the results were not encouraging because of the high multicollinear-
ity among the different variables. Hence we estimatad a model
whevs all the above factors were taken info account but in a com~
posite way. We did not have data on the number of electrical ap-
pliances in the different areas, hut we did have data on the number
of electrically heated homes. The demand function estimated was
(all variables inlog form) as follows:

Q= 0y #3Q_y + ByPE+ B,RC + By BZ + B,4PCY
+ B5PG + g (HD + CD) (3.3)

where Q.3 = quanilly demanded in the previous year
PE = price of electricity
RC = number of residential customers
HC = number of heating customers
PCY = per capita income
PG = price of gus
ED = number of heating degree days
CH = number of cooling degree days
A = lag coefficient.

The model in equation 3.3 assumes & o:ple geometric lag of
the Koyck type. More complicated lagged adjustment models like
the Solow Pascal lag, the Almon polynomial lai;, or Jorgenson's
ratlonal distributed lag could, in principle, be usad, but we did not
find it worthwhile to try taem. ARer all, we had only 12 years of
data {though over 147 cross gections). Given that we want to inves~-
tigate the effects of veriables such 28 weather and elactric heating,
thus far neglacted in demand studies, and to fdentify structural
changes that may have occurred during this period, and given alse
that we have to worry abeut gerial corrslation problems, trying to
determine the shapes of the isg distribution, in addition to all these,
ywould have been asking too much.

e 4 o 3 . .o
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We also included BD and CD as separate éxplanatory variaties,
The coefficlents of both variables had the right signs (positive), and
the coefficient of HD was always higher then the soefficient of CD
(about three times), However, often the t'ratios were not high, and
hence we decidad to combine the numbsr of heating degree dsys and
gooling degree days and included (HD + CD) as & single varlable.

The prices of gas and electricity we used are average prices:
For electricity we did have data on rate schedules for each of the
distributors, and we could have used the marginal rates correspond-
ing to the lavels of use. However, some initial axperiments re-
vealed that this was not worthwhile. The equations using the mar-
ginal prices always had lower R2s and gave wrong signs for some
coefficients.

Equation 3.3 estimated by ordinary least squares (OLS) gave
very high values of )\, thus implying very long lags in adjustment. *
As is well known, the problem could be one of serial correlation in
the residuals. On® can account for it by assuming an autoregres~
stve error structure in equation 3.3, but we feit that thiz would not
get to the main source of the problem. The autocorrelation in the
vesiduals could most probatly bas asoribed to omitted cross-sectionsl
effects. Hence we decided to estimate equation 3.3 by the LSDV
method (least squares with dummy variables), using cross-sectional
duramies and time dummies. We also tried the varianos components
models (see notes 7 and 9), but very often the results were cloze to
those obtained by the LSDV method.

As an fiiustration, the resulls for the period 196268 from the
OLS and LSDV methods for £9 distributors with gas gererally avail-
able were as follows (all variables in iog form)s

Cis

Q@ 0,008+ 0.708 Q. = 0.117 PE + 0.295 RC + 0,084 £
(42.6)  (-6.4) (7.5 (129"

+ 0,045 PCY + 0.007 PG + 0.089 (HD + CD),
5.4) (0.4) (3.8)

R% = 0,996

*In addition, the coefficlent of per capita income (PCY) was
almost always negative when the OLS method was used.
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" Q@ ~0.235 + 0,267 Q_y - 0.551 PE + 0,752 RC + 0.192 =
@4.6)  (33.7) (@L4) (.2 B

+ 0.075 PCY + 0.323 PG + 0.148 (HD + CDh),
RZ% = 0,999
(Figures in parentheses are t-ratios, not standard arrors.)

__ The coefficient of the lagged dapendent variable is substen=
tially smaliur (thus tmplying shorter lzags in adjustment) and the

- other coefficients are substantiaily higher in magnitude (particularly

the ones for PE and PG) when the ceefficients are estimated by the
LSDV method than when the coefficlants are estimated by OLS. The
results for the variance components model are almost identical to
those of the LSDV method and hence are not presented here. This
would be the case if ths variance of the dummies is large relative to
the exxor variance .t

There is, however, the question of whether thers still remains
some serial corzelation bias even with the LSDV method. One
carnot check “his point by looking at the residuals from the LSDV
equation, because of the presence of the lagged dependent variahle.
Henre, we estimate an extended model by introducing a first-order

~autoregression in the res "mals, in addition to the dummies, Spe-

ciileally, let Uy be the composite residual for the ith cross section
unit in time poriod t. We write

Uge = Vg + Ve @.4)
whore Uj is the cross-zection effect and V¢ ave rosiduals, In the
L3DV method, we estimate Uj as constants, and in the variance
companent models we treat them as vandom variables with a common
variances 2 . We now assume

Vig = PVja + Wy (3.5)

if we use the LSDV model, then all we have is a regression model
with Ingged dependent varisble and sexially correlated residuals

which can be handled by a nonlinear lesst-squares method or a search

procedure (searching on p). If we use the varisnce componants
model, the consequence of equaticn 3.5 is that the successive resid-
ugis in each cross section, instead of having the same correlations,
will exhibit a dampening correlation structure. The estimation of
the model can again be done by searching over p ~--gstimating the
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variauce components model with p-differenced data~-and choosing

the value of p which correspc.-is to the maximum value of the Iike-
lihood function. Since use of this method for every model that we
considered was computationally cumbersome and sxpensive, we

tried it in only @ couple of cases. The results showed that pvas
close fo zexo, and using the formulation in equation 8.5 did not make
much difference to the final estimates. Hence, the results presented
in later sections will contain the results of estimating model 3.3 by
LSDV or the variance components method, and it would be safe to
presume that there are no further modifications tiat need be mads in
the model to take account of serial correlation.

STRUCTURAL SHIFTS IN THE DEMAND FUNCTIONS

in principls, if we include all the varlables that cause shifts in
the relatfonship we axre estimating, then there is no need to discuss
shifts in the function. However, as menticned earlier, a dotailed
formulation in terms of equation 3.2 and the determinants of each
component of the total demand did not turn out to be amenable to
empirical estimation. Further, in the lagged adjustment model
formulated in equation 3.3, we can argue that the lag cosfficlent A
will itself be a function of the rate of change of prices. For instance,
Allais? argued that when things are moving fast, then pecple make
adjustments faster than when things are moving slowly.* U we
start with the model

Qf =X\ +u; (3.8)
Q- Qg = O (QF - Q)

where Qf= the desired consumption and X, = the set of observations
on the explanatory variables, then we get

Qg m (1 - Qt) Qﬁwl + e’txtﬁ + Gtub B.7)

*An opposite viewpoint would be that if things are moving faat,
people find it hexd 1o predict the course of futurs events and henes
adjust slowly. Inany case, a more appropriate formulation would
be that pecple react to the permanent components of the chsarved
variables, and if by moving fast we mean a high transitory compo-
nent, then the reaction would be slower. The reverse will be the
cage if the permanent component is changing.
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and with constant 9y Wwo have the form of equation 3.3. Instead, if

we assume

eg=v 48] g—f] (3.8)

thist is, the rate of adjustnient itself is & function of the absolute
value of the rate of change of prices, then this results in the equation

| 1 Fi .
Q=@ =7 Qpy -5 l"f;?;‘ Qua+YX A

o

B |
M[%} X8+ V, (3.9)

where V; has a complicated structure. We tried to estimate equa-
tion 3.9, under the assumption that Vi ure serially independent, but
the results were hard to interpret--again due to multicollinearity
between the variabies. Hence we decided to use only equation 3.3
and taat where the structursl shift had taken place.

Given the behavior of the pricea shown in Figure 3.1, we would
espect that the shift would have cccurrad sometime around 1967,
and aiso that if the above reasoning of the moedel in equation 3.8 is
correct, the coefficient, A, in equation 3.3 should be lower in the
eeriiey pericd and higher in the later period. In fact, our results
do confirm this prior reasoning.

There has been, in recent years, cansiderab}e Iiterature on
plecewiss regression (see McGee and Carlton®) and switching re-
gression (ase Goldfeld and Quandt4) modeals to analyze structural
chianges. Our model is not a switching regression model with back
and Oo>rth awitching, and though we are talking of a plecewise regres-
sions model with the limited data we have, we can consider only two
pleces.: Thus, we will postulate that there 1s only one switch that
hap ocourred, and the question is to determine when. Ons of the
comnmonly suggested tests for this purpose is one suggested by
Brown and Durbin.5 If 8, is the set of estimates of the regression
parameters from the fi*st observatim, they essentially define suc-
cessive residuals Uy - B, X, for successive vaiues of . Usinga
generatization of Helmert transformation, they derive transformed
residuals that are IN (0, ¢2). Thsy then propose testing the cumu-
lative sums of successive residuxls for significant departure from
zero. In our case, with peoled cross-section and time-series dals,
this test is not directly applicable. Farley and Hinich suggest a test
for the hypothesis that there is no switch against the hypothesis that
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there Is & single switch in the regression equation.® In our esse,
we dii not apply the test, becsuse thers 13 sireng evidencs that the
hypothesis of no switch would be rejected. With onr data, there is
a separation of the sample period into that of falling prices and xis~
ing prices, and the question is not whether g switch has oscurired y
but when it ocouirred. We finally decided to uss tha Quandt mz;ﬁtod
of computing the log likelihood for diffarent partitions of the tample
(1962-67, 1068-72), (1962-88, 1965~72), and (196289, 1@70*?3) 0
and pick the one that gave the largest value to the log Miwithoed
function.

The results for theae partitions as well ss for the perlod
1962-72 as g whole are presentad in Table 3.5. The application of
the Chow tests® for breaks in 1967, 1966, and 1969 gave the follow-
ing resuita:>

A structural break in 1967: F=5.77

A structural break in 1968: F= 5.16

A structural break in 1969: ¥ =4.07
In a1l cases we reject the hypothesis of no struotural change. But
given the fact that we want to fix one of these yoars as the most
plausibie yesr whan a atructural change occurred, the guestion is
vhich one of these years do we choosa? The applicution of the
Quandt teat revealed that a break in 1987 gave a higher valve of the
likelikood functien than a break in 1968, which, in turn, gavea
higher value of the likelihood function than a brask im 1204, Towtha
Quandt test, we compare 723 Ln (0.4650) + 577 Ln (0.2278), 869 Ln
(0.6014) + 431 Ln (0,1225), and 1015 Ln (0.7093) + 285 Ln {0.0776).
The values zre -140.71, ~134.68, and ~107,71. We chooso the one
with the minimum value, which in thiz case gives 1567, An exami~-
nation of the behavior of the prices shown in Figure 3.1 reveals that
this nartitlon is reasonable even on a priori grounds.

Given that we adopt the partitioning into the perinds 1562-67
and 1568~72, the most salient features of the results in Table 3.3
are as follows:

The adjustment is faster in the period 1962-87 than in tha
period 1968-72 as revealed by the coefficlent of Q.+ One possibie
rationalization of this result, as discussed sariiar imd as remarked
by Allais, iy that people respond faster when things are changing

#Since we have 2 lagged dependent variable, as one &*splanstﬂw
variable, siristly speaking, the F-tests are nut {he right ones to
use. What we should be using are asymptotic likelihood ratio tests.
But it is clear that the conclusions will be the samae.
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fast than when things ars changing slowly, During the pericd 1462-67
the rate of change of prices wag highar (in absclute teyme) than dur-
ing the period 1965-72 (sen Figurs 3.1). Inan em'liar study we found
the results quite oppesite to the ones reported here.? The adjust-
ment wag faster during the pariod 1968-72 than durisig the period
1962-67. There it was argued that people responded diffrently duy-
ing periods of vieing and falling prices. However, the results ob~
tained then were with preliminary datz, and the current résults ave
with revised ard more accurate dats. Further, the variable HC/RC
was not Included as an explanatory variable, and the method of esti-
mation used there was ordinary least aguares, wharéas the estime-
tion method uscd here is that of least squares with dumivy variables’
{and variance components models wiich did not produce any signifi-
cantly diffevent results). In any cape the curreént resuits which show
that adjustment spoeds are faster in the period 1962-67 than in the
pericd 1068-72 are moxe plausible. ,

The Income coefficlent is marginally bigher aad the price cau
efficients substzntially lower {particularly for natural gas) in tha
latter perriod than in the former. These results suggest that in re-
cent years the demand fox eleciricity is becoming more responzive
to Income and less responsive to price variables than in earlier years,
at least in the short run. Actually one can see this move clearly if
one looks at the trend In the coefficients for per capita Income {(FCY)
and the coefficient of the price of electricity (PE} and the prics of
gas (PG) in the regressions for 1969-72 and 1970-72 in Table 3.3.

The long-run elasticities of demand for electricity with respect
to prices, Income, and number of customers for the different mriads
are pressnted in Table 3.4.

[

TABLE 3.4
Long~Run Elastlcitles

, Varisole )

PE PG PCY RC
1962-68 -0.672 . 0.454 0.118 1.012
1968-72 ~3.582 0.054% 0.272 1.158
1962-69 =(),653 0.410 0.100 1.014
1970-72 =-0.687 -0, 110* 6,321 1.046
1662-67 -0.574 0.557 0,119 1,011 o
1968-9Z -0.820 0.242 0.21¢ 1.120
196272 ~{), 584 0.330 0,131 1,003

*Not significantly different from 0. :
Source: Compiled by the authors from Table 3.3.
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If one looks at these long-run elasticitles, one finds that those NOTES
- with respect to income and price of sfectricity are higher during -t | -
rée&nt}years than in earlier years. However, the elasticities with § - ke G. 8, Maddals, "The Use of Varisncs Components Models
respect to the price of gas have fallen. This is possibly a reRection i in Poollng Cross ggmm; and Time Serles Dats, " Econometries,
of the nonavailability of gas rather than a change in price Tespon- i March 1971, pp. 341~58. s
siveness, | | i 2, M, Allais, "A Restatement of the Quantity Theos\ of
~ Fioally, it should be noted that the prics and incoms elastict- Sfoney, " American Economic Review, December 1968, pp, 11%4-57,
tiea veported hore are lower than the sstimates reported earlier., i 3. V. E. McGee and W. T. Carlion, "Plecewlse mgr;}"smgf
This is because we have the extra explanatory varisble HC/RC. Journzl of the Amerloan Statistioal Association, 1570, pp. 1108-26,
Both price and income variables affect this proportion in an tm~ | 4. 5. M. Goldfeld and R, E. Quandt, Nonlinesr Methode in ~ 4
portant way. Thus, the effects reported here are the direct effects Econometrics (Amsterdam: Norih Hoiisnd Publishing Co., 1972), k
~ of price and income variables on electricity demand. We have to Chapter 9. e .
add to this the indirect effecis of these variables on tolal demand i 5. R. L. Brown and J. Durbin, "Methods of Investigating R
through their effect on HC/RC. We had to include the variable ; Whether & Regression Relationship Is Conatant Gver Time, " pager §
HC/RC in our equations because the focus in this study has been on presented at the European Statistical Meeting, Amsterdam, 1968, |
structural changes. Also, the fact that the income and price vari- 6. J. V. Farley and M. J. iinich, "A Test fora Shifting ,
ables are very significant, even after the inclusion of the variable g Slope Coefficient in a Linear Model, " Journal of the American Statis- -
HC/RC, shows that these variables affact totsi demand both directly ! tical Association, 1970, pp. 132028,
and indirectly through their effect on electric heating, / T %. R. E. Quandt, "The Estimstion of a Linear Regression
§ System Obeying Two Separate Regimes, " Journal of the American
L Statistical Association, 1958, pp. 873-80,
CONCX,USIONS 8. G. C. Chow, "Tests of Equality Between Two Sets of

, , , ; ‘ Coeificients in Two Linsar Regressions, ¥ & atric :

‘This chapter analyzes the residential demand for electricity in pp. 561-805. Gressions, " heonometrica, 1860,
the TVA area during the perlod 1862~72 and considers=-in addition 9. G. S. Gliland T. J. Tyrrell, "Demand Estimation snd

to the ¢ nimonly used explanatozy variables like per capita income,
price of electricity, and price of gas~-variables like the proporiion
of heating customers, heating degree days, and cooling dsgree days.
1t is found that every one of these variables is highly significant.
Also, the period 1962-67 is a time of falling electricity prices, ths
period 196872 is o time of rising electricity pricea. An ~nalysis

of the relationships showed an important structural breal. in 1957,
The analysis also shows that lags in adjustment to desived consump=
tlon levels were shorter in the former period than in tho latter.

‘This can be explained by the fact that the magnitude of price changes
was higher (in absclute terms) in the former period than in the
latter. Also, it has been found that in the more recent years demand
has been more sensitive to Income and less sensitive to prices (in
the short run) than in earlier years, though the long-run elasticitics
(except for the pice of natural gas) are higher. The perverse re-
sults for the price of natural gas are perhaps a reflection of the
growing scareity of this fuel rather than asy change in consumers'
price rasponsiveness.

Forecasting Regional Electrisity Demand in the Context of Rising
Elgctricity Prices,  Procesdings of the 1974 Summer Computer
Stmulatlon Conference, July 9-11, 1974, Houston, Texas, pp. 283-85.
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CHAPRTER

ENERGY DEMAND FOR
SPACE HEATING IN
THE UNITED STATES
Wan S. Chern
WilliamW. Lin

Space heating is the most important end use of energy in the
residential sector. In 1970 space hesting accounted for 56 percent
of the total energy used by houscholds (exclusive of the consumption
of gasoline for fransportation purposes). The purpose of this study

iz to develop a model of space heatinig demand in the residential sec-

tor for the major fuelz, that is, electricity, natural gas, and petro-
lewm products. In 1970 the space-heating consumption of energy at

point of use was 6,76 quadrillion Btu, of which 54 percent was natural
gas, 32 pervent fuel oll, 3 percent electricify, and 11 percent others

{LPG, coal, and 50 on). ‘This study deals with both the utilization

rate of existing stock and the fuel choice of space-heating equipment.
The behavior of fuel chaiea {or equipment ebaice,, was pmvieuzty in-

vesﬂgate& by &n&e:son, Baughman and Joskow, Linetal., 3 and
Wilson.? These studies are reviewed briefly later.

The model developed in this study consists of two parts: the
first determines the average usage per heating customer, and the
second deals with the proportion of occupled housing units using a
pazticular fuel for space heating (or simply the analysis of satura-

tion). Specifically, our study embodies the following significant fea-

tures. First, our model estimates both energy utilization rats and
fuel cholce for space heating. 7The rationale for dealing with these
two demand components separately is that snergy demand is de~
tarmined in the shori run by rate of utilization of existing stock of

Research sponsorad by the U.S. Energy Resparch and Dovel~
opment Administration under contract with the Union Carbide Cor-
poration, Oak Ridge National Laboratory, Oak Ridge, Tennesges.
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heating aquipment and In the long rim by both yate of utilization and

fuel switching. Second, to our knowledgs, we are among the first

to include appliance prices as explanatory variables in the fsaelw

choloe model‘. Lin et al also incinded appliance prices in their
model.® Third, we employ marginal prices of electricity mtim
than the commonly used sverage price for both the usage and the
fuel-cholce equations, Fourth, the fuel-choice model does not imi~
pose a rigld constraint that cross-price saturation elasticities with
respect to a given fuel price be identical. Such a resiviction is
necess x?v in the models developed by Anderson® and Baughman and
Jogkow.

RATE OF UTILIZATION

Since available data on space heating censumption are not
adequate for an econometric analysis, the model developed in this
study incluaes both heating and nonheating compenenis, The total
residential consumption (Q) of a particular fusl at the atate level
can be expreczed as

Q  =AHC, +8NHC (4.1)

i
where HC{ = number of heating customers who use fuel {
NHC; =number of nonheating customers who use fuel {
Ay = average consumption per heating customer who uses
' fuel i

By = aversge consumption per nonheating customer who
' usges fuel i.

Consumption per heating customer may be divided into two com-
ponenis as

ki = a.i & ﬁ%\ (4*2}

whare i is the average consumption for space heating. Note that
the sum ef HC; and NHC; equals the tofal number of residential cus-
tomers {RCy). Subatitﬁting equation 4.2 into equation 4.1 and divid~
ing both sides of the equation by RC; yields

Q/RC; = o, (HC,/RC}} + 8, (4.3)

where Qi/RCy is the average consumption per residentisl customer
and HC/RCq 18 the saturation ratio of fuel { for space heating. ‘Thus
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mquation 4.3 decomposes the average consumption per residential

customesr into & space-heating and 2 nonspace-hesting component.

Wa further postulats that the average consumption for heating

is a function of the price of ibe fuel in question, personal income,

and heating degree 22ys. Also, the average consumption for non-
heating purposes 18 assumed to be & linear fimetion of their demand
determinents, including the price of fuel, personal income, and
saturation zatios of nonheating sppliances. Therefore, the regres-
sion eqguations to be estimated are

Q/RC, = U, (*}(HC,/RC) + W, () Aty

where U () and W; (+) are linear functions of the relevant demand
determinants for heating and nonheating purposes, respectively.
The relevant variables appearing in Uj (+) and Wy (+) differ, of
course, for different fuels. '

In order to estimate equation 4.4, it is necessary to have data
on both the numbers of residential customers and residential heating
customers for each fuel. Unforhmately, data for these two varlables

 are not availoble for petroleum products. Therefore, we replace the

number of residential customers and the ratio of heating customers
to residential customers by the number of occupled housing units
and the fraction of occuplied bousing units using ofl for heating, re-
spectively, in the petroleum products equation. The uge of these
1atter two variables is not consistent with the model gpoecified in
equation 4,4, Consequently, some adjustments are needed for com-~
puting the usage elasticities, which are discussed later. Data on
heating customers are also not available for electricity. As a result,
we use the fraction of occupied housing units using eleetrieity for
heating in place of the ratioc of heating customers to residential cus~
somers. This change should not cause any problems because every
househoid uses electricity.

* *The variables ugsed for estimating equation 4.4 are defined as
follows:

E = average electricity consumption per residential elec~
iricity customer

G = average natural gas consumption per residential
customer

0O = gverage oil consumption per occupled housing unit
using oil for heating

SE = the fraction of electricity cusiomars using electricity
for heating

sG = the fraction of gas customers using gas for heating

T T ST T
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SO = the fraction of cocupied housing units using ofl fmf

MPEB = the marginal prics of electri 'ty measured as the =~ |
difference hetwaen & typles] eléctric bill (TEB) for .
750 kwh and 2 TEB for 1,000 kwh pet month ™

MPEA = the marginal price of electricity measured as the
difference betwaen a TEB for 250 kwh and a TEB for
500 Jowh par month '

P w=average price of natural gas

PO = rptail price of No. 2 fuel oil

HDD = hesting degree days

COD = cooling degrop days :

SEWH = saturation of slectric water heating measursd as the

o fraction of occupled housing uvnits using electricity

for water hoating

SEF = saturation of electric food freezer messured as tha
fraction of cceupled housing wits having food freezer

STV = saturation of talevision set

SGCD = saturation of gas clothes dryer Ry

SOWH = saturation of oil water heater

Y = per capita personsl income

The abovae list includos only thoge variabies kept in our final
equations, We tried essentially all saturation variables for all ap~
pliances in our preliminary testing of the model but deleted many of
them bacause of poor resulis. The units of measurament and data
sources are given in the Appendix to this chapter,

The system of the thves usage equations fits the general speci-
fication used by Zellner for sesmingly unrelated regressions. 8 Thus,
Zollner's generalized least squires (GLS) approach was employed to
estimate equation 4.4 for electricity, natuxal gas, and pet. oleum
preducts simultaneously. Cross-sectional data by state, for 1970,
ware used. The final regression equations are given below:

Elsctricity: |
E = 9,17 SE - 973.8 MPEB x 5E + 0.0041 HDD x SE

(1.45)  (~2.6%) (4.32)

~16.88 MPEA + 3,453 SEWH + 4.387 SFF
{-0.5% (5.9 (4.29)

+i1.205 STV + 0.0016 CDD + 0.00087 ¥
(0.4%) {9.08) (4.02) :

+5.28 RZ = 0.97 4.5
{=0.82) |
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Natural gas:
¢ = 0,0878 SG -~ 0.0000543 PG x SG
{5.89 {~3.33)
+0. 0000103 HDD x 5G + 0.1424 SGCD + 0.0458

(7.05) (3.35) (2.55)
32 =0, 33 (4& Q
Potrvleum products:
O = 58.46 SO - 3.412 PO x S0 + 60,0038 HDD x 8O

{2.93) (~3.24) (8.63)

+12. 58 SOWH + 2.118
{2.75) {8.75)
RZ = 0,02 (4.7

The figures in parentheses are estimated t~ratics and R2 is the
squared correlation cosfficient between the actual and estimated
values of the dependent variable. For each of the three eatimated
equations, the first three variables explain the heating component
and the rest of the variables, including the constant term, explain
the nenheating component.

In the electricity equation, we used the marginal price for
higher blocks (MPGB) to explain the heating component and that for
lower blocks (MPEA) to explain the nonheating portion of sleciricity
usage. The results are fairly good, with all variables having the
expected sign. All estimated coefficients are significant at the 5
percent lavel of significance except the merginal price of electricity
{MPEA) and the saturation of television sets (STV) in the nonlicating
component.

The final equation of natural gas shows that the price of natural
gas (PG} and heating degree days (iDD) are two significant factors
in the heating compoenent and the saturation of gas clothes dryer
{SGCD) is the only significant factor in the nonheating component.
The saturations of gas water heating and cooking and personal in-
comes were initially included but were later dropped because the
estimated coefficients did not have the expected sign. For petroleum
products, oll price (PO) and heating degrse days (HDD) are signifi-
cant in the heating component, and the saturation of oil water heater
(SOWH) is a significant variable in the nenheating portion of the
equation.

It is soimnewhat surprising that the income variable did not
show any effect on the utilization rates of all energy s uxces for
space heating. Income is, howsver, ani -“rtant determinant of
fuel cholces as discussed later. The implication is that the level of
income affects the househald’s decision on type of appliance to pur-
chase but not the rate to operate it. it should he mentionzd that we
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tried an alternative variable using the parcentage of families with
higher anaual inconte ($15,000-$25,000) 1o investigata whether oy
not Income distribution plays a role in deteymining usage rate, This
verizble, howsvar, never had a significant coefficient with the cor-
rect sign.

FUEL CHOICES

Past studies attempted 1o estimate the proportion of residentisl
customers choosing & particular fuel for a particular end use using
different model specifications. Wilson, in hiz work focusing on eleg-
tric appliance cholees, specified the “'percentage of homes with at
least one unit of appliance X" as the dependent variable in the appli-
ance market share equations.” He then fit these equations with both
logarithmic ard linear forms, sensitive to prices of electricity and
gas, Income ani climatic conditions (heating degree days) for cook-
ing, water heating, space heating, food freezing, and atr condition~

ng.

While Wilson's model is straightforward and yields unique
single-valued price snd income saturation elasticities, it nevertha-
less has a shortcomirg of not including eil price or equipment cost’
variables.

Anderson's model for prodicting relative market shares of
resicuntial fuel cholces involves equations of the following form:10

S, | ‘. V ,
In _S_i,, = 'ﬁo + ;31 lnl?i + ﬁz lnPj + BlnY

Ly o
+ﬁ4 In HS + 8, SHU + ﬁsnu+ﬂ,‘,xv+u

where 8; = fraction of tolal instaliations that consumne energy type i
Py = price of fuel i
Y = per capita income
H8 = average houschold size
SHU = fraction of households in single-family detached hous-
ing units
NU = fraction of households in nonurban housing units
W = mean December or July temperature
U = random srror term
fis are unimown parcmeters.

For a given j, the above equation is estimated for each | (ex~
cept for i = §). The equations are estimated jointly under the
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~consiraint that fy be the same In all equations. Therefore, sii
urogs-price elasticities with respect to & given price change are
Identical. For instance, the croas-price elasticities of demands for
natural ges and for ofl with respect to electricity price ara assumed
to ba the same. Prices of competing fuels other than i and jdonot
enter the squation. This specification imposes rather strong assump-
tions on the structure of fuel-zhare equations.

As noted by Anderson himself, the estimated regression co-
efficlents for this model vary depending upon the cholce of ith fus)
in the denominator of the dependent variabls. ‘Therefore, the esti-
mated price and income elasticities are not wiloue and oecasionally
show large differences. For example, in the space-heating equation
the # cocificionts of electricity price range from -1,05 to ~3.20 and
the B coefficlents of income rangs from -1.03 fo +1.65. Saturation
clasticities were then computed using £ coeffizients that lie some-
where in the middle of the ranges.

Baughman and Joskow's appliznce choice model is similar to
Anderson’s although a semilog rather then 2 log-log formuiation was
used. 1l Again, the appliance choice squations were estimated simul-
tancously under the constraint that all the cross-price 8 cocfficients
are idensical for any explanatory variable §.

Rgge‘nﬁy, Lin et ul. estimated a conditional logit model speci-
{ied as:t=

where I = typs of fuel (i=1,2,3,4: clectricity, gas, oil,

other/none)

§; = fraction of occupled housing wmits that use fuel 1

ij = a set of axplanatory variables in¢luding prices of major
fuels (eleciricity, gas, fuel ofl), prices of household
equipment; per capits income, demographic variables
and climatic variables (heating degres days, coaling
degres days)

U = random esror term

aand £ ave unknown parameters,

Their formulation improves wpon the Baughman-Joskow study in that
the models are less resirictive, but yield uniqus estimates of price
and income elasticities, equipment prices are included a3 explana-
tory variables, and the models! constraint predicted mavket sharas
to lie batween 0 and 1.

ENERGY DEMAND FOR SPACE HEATING IN THE V.3, 87

In this study, « linear market-shares model iz used becaune of
the simplicity of both the model interpretation and estimation. We
intend fo show that guch a simple model in which price and income
elasticiiips are also wryualy determined yields results similar to
those cbinined in more elaborate models az used by Lin et al, ,13
except that we employ marginal price rather than average price for
electrie/ty.

The three market-shave equations for electricity, natural gas,

and petroleum products have the following genersl expression:
S = A+ AgMPEB + ApPG+ ApPO

+ .&i *PVQH + Ai 5‘2" + Ai EEDD

f =1,2,3 ° (4.9)

where S:l = fraction of oceupied housing units that use electricity
‘ for heating

S,}§ = fraction of occupied housing units that use natural
gas for heating

S3 = fraction of oecupied housing units that use oil for
boaating

POH == price of oil heater

MPEB, PG, PO, Y, and HDD have been previously defined.

Under the linear specification in equation 4.3, the fact that the
markel shaves must sum up fo unity implies that

"

;;E:l Ay =1 and (4.9

3
PN Ay= 0 dorjsl, ..., 6 {4.10)

=l

The sum of x11 constant terms in the market-shars equations must
equai wnity, and the sum cf the estimated copfficients for each
variabie across the equaticns must equal zexo.

‘The system of equations shown in equation 4.8 can best be ez~
timated by the ordinery least-sguares approach, because the same
set of Independent variables is used in all three equations and the
OLS estimzates automatically satisfy the constraints of equations 4,9
and 4.10. Data for 48 states in 1970 were used to estimsts equation
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4.8. The regrezsion regulls are presented in Table 4.1. The over~
all performxncs of the medel ie coasonably good in terms of signa
and the statistical significance of the sstimated coefficients.

-~ Reaults show that 211 ovn-price and cross-price coefficients
have the expected signs and are mostly statistically significant.
The price of cil hester (POH) is significant in the esustions for
natural gas ond petroleum products. The estimated coelficients
for the POH indicate that when the POH increasea, the market
share of petroleum products will decresse, while shares of both
gleciricity and natural ges will invrease, With respsct to income
effecis, the estimated coefficients do not have high t-ratios. The
results, however, show that an increase in income would increase
market shares for electricity and natural gas and would veduce the
share for pefroleum produstz. For heating degree days, the re-
sulis suggest that petrolenm products are more common In colder
states than ave natural gas or electricity. These resulis are fairly
similar to those obtainad by Lin of al, 14

USAGE AKD SATURATION ELASTICITIES

The main objective of this study is to estimate fuel price
elasticities for the usage and saturation components of space-
heating demand in the residential sector. To computs usage elag~-
ticities, we first derive, from equations 4.5-4.7, three average
usage equations for the heating component. For example, the aver-
age heating usage function for eleciricity is obtained from equation
4.52a8

U, = 9,17 - 973.8MPEB + 0.041HDD 4.11)

For electricity and natural gas, usage elasticities can be cusily com-
puted from the sample merns of usage, fuel prices, and degree days.
For petroleum products, the computation is more compiicated. Be-
cause of the lack of data on heating customers (HC) and residential
customers (RC) of petroleum products, we have estimated the fol-
lawing equation:

Q/OH = U*{<} (HC/OH) + W*(+) 4.1
where OH is the total number of sccupied housing units. The true
averzge urage ig U(+) (sce equation 4.4), but U*(-) was estimated
in our model. Howaver, it can be siiown that

WH(+) = W{) and U(-) = U*(-) (OK/RC) (4.13)

0,63
7,88

.85

-0.09
(-0.27)
{(~0.77
1.49

{3.09

~0.406

Constant

HDD
{2.86)

~0. 00001

(“1 & 7’?}

-0, 80002

("'1& 55}
0.00003

Y
0.00008
(1.36
0.060002
(0. 355
-0, 00005

(""‘E: 337}

0.0001
(0. 36)
0.0307
{2.85,

POH
("’3 & 65)

Explanatory Variables -

TABLE 4.1

PO
(1.4

(0.8%

0.00047 -0.0183  -0.0008

{10.19)

@ Equations for Space Heating, 1970

0.0004
0.0089
=1.79

PG
0.00007
(2.46)
“00 00‘654

4.62

(0. G8)

Estimated Market~

MPEB
-21.75
(-5.15P

17.18

(2.82)
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A }ufiame
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5
Compiled by the authors.

2 is the multipie coefficient; of determinxation.

L

Prigures in parentheses ave t-ratios.

-Source

]
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Yu

Petroleuss
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where OH/RC is the reciprocal of the percentage of houses using
petyzisum pioducts. Although data on OH/RC are not avatlable,
Heddleson has estimated that 24 percent of the singie-family de-
tached homes in the United States were heated by oil in 3970,158
Since more than 90 parcent of the petroleum products uséd in the
rosidential sector were for heating, it is reasonable to use Heddle~
son's sstimate as proxy for RC/OH. Therefore OH/RC = 1/0.24,
which equals approximately 4.167. True mean usage of petroleum
producta is obisined by adjusting the computed mean by a factor of
4.167 according to equetion 4,13, The usage elasticities for petro-
Isum products are then computed from the means of adjusted usage,
fuel prices, and degree days.

Satursation elasticities can be easily computed from the esti-
mated market-share equations, using the sample means of shares,
fusl prices, degree days, and income. The resulting ussge and
saturation elasticities are presented in Tabkle 4.2, Since the model
was estimated from cross-sectional data, the computed elasticities
are generally interpreted as long-run elasticities.

TABLE 4.2

Estimated Usage and Saturation Elasticitie® for Space Heating®

Elestricity Gas  0Oil Heating

Type of Frice Price Price DegroeDays Income
Fuel (MPEB) (PG} (®PO) (HDL) {
Usage
Elasticities
Electricity 0,69 b b 1.19 ¢
Naturel gas b -0.73 b 0.68 ¢
Petroloum
products b b -0.87 0.28 c
Saturation
Elaziicities
Electricity ~3.59 0.85 1.178 -0, 60 1.16
Nahural gas 0.46 ~1.08 0.28 -0,15 0.11
Patroleum
products 0,24 .78  -1.07 0.47 -0, 56

2computed at sample means.

bNo cross-price elasticities ars estimated, because they are
identically zero.

CNot estimated.

Source: Compiled hy tie authors.
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The results show that the price elasticity of ussge forall
three fu=is is smaller than unity, In all casss, the estimated ussge
elasticities are smaller then the own-price elagticities of saturation.
While the cross-price elasticities ars identically oqual to zext o
the usage equations, thelr magnitudes are faixly largs in sevexsl
cases in the market-share equations.

Tabla 4.3 shows the price elasticities of saturation estimated
by others. By comparison, our estimate of the own-price clasticity
of ssbsration for a!ectxieity is smaller in absolute value t%4s that
estimated by Wilsonl8 but hx er than thoss estimated by Aﬁdersmﬂ °
and Baughman and Joskow, 19 and cicse to that of Lin et 21,12 |
ewn-price elasticities of saturation for natural gas and mtmlesm
products ars similar to those reported by Lin et al. Our crosg-
price elasticities of saturation are generaily within the range esti-
mated by other studies.

TABLE 4.3

Fuel Price Saturation Elasticitics Estimated by Others

Tyna of Fuel - 4

Ei&étricity Gas il =
1in et al, | “
PE2 ~-3.,19 0.57 0,313
G 06.38 -1.33 2,98
PO 1.09 .03 ~1.01
Anderson
PG 2.21 -1.80 2.21 !
PO 0.55 0,88 -1.,58 | -+ =
Baughman & Joskow ‘
PE ~2.08 .23 0.23
PG 2.12 ~1.48 2.12 i}
PO 3.30 3.30 -7.21 i;f%
Wilson '
PE 4,88
BG 1.20
PO b
2PE = price of electricity
PG = price of natural gas

PO = price of oil
Pplanks indicate no estimstes avatiable.
Source: See text for spacific references.
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The sum of weage and ssturation elusticites gives the toial

* electrioity for space-heating demand. The total own-price slas~

ticity for netural ges is ~1.81, and the total own-price elasticity
for petroleum produvcts is ~1.84. For electricily, the total own-
prics elagticity appears to be much larger than estimated for the

- aggregete demand for all purposes. These resulis, thevefore, im-

ply that space-heating demand for electricity s much more sensitiva
to price changes than other end-use demands of electricity.

CONCLUDING COMMENTS

This stidy shows that energy dernand for space heating can be
madeled into two separate components: the shori-run usage fmetion
which determines the rate of utilization of heating appliances, and
the long-run fusl-choice functicn which characterizes the appliance
ovmership decisions., The resuits indlcate that usage elagticities
gre generally smaller than saturation elasticities,

The average ugage equaﬁom for heating are derived from the
combinad usage Wﬁm or heating and nonheating purposes. The
{usl-chotoe nouations are sensitive to fusl prices, equipment prices,
persanal i’m:ame, and weather variables. The estimated own-price
elasticities of saturation are greater than unity in ali cases, indi-
cating that this component of space-heating demand is price elastic
in *he long run.

The sum of usage and saturation elasticities gives the total
demand elasticity for space heating., The results suggoest thot the
heating demand for electricity is miore price responsive than other
eleciricity end-uge demands.

The study further shows that » simple linear market-share
model yields ressonable resuits. The sstimated saturation elas~
tisities are mostly within the range of those estimated in other more
plaborate modals,
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CHAPTER

, ~\.£Lacm|c HE:AT!NG

IN THE TYA AREA

! Gurmukh 8. Gill
G, S. Maddala

Steve M. Cohn

Elecirlc heating is potentially the most important source of
growth in residential electricity demand. The average amount of
clectricity used in an electricaily heated home is about fouxr times
the amount used in a nenelectrically heated home. Electric heating
accounts for about 50 percent of the total electricity used in an
slectricaily hested home. In 1974, in the TVA area, the average
annual use was 14,500 kilowatt hours, and since nearly 40 percent
of the homes were electrically heated, one might expect that APProX-
imately 35 percent of total residential demand was due to electric
heating. The average residential use in 1974 was logs than tist in
1973, which was 15,000 kwh. Part of this decline can be attributed
to the dacreased demand for electric heating since the winter of
1973-74 was 19 percent warmer than the preceding winter. Thus,
clectric heating is not only an important source of electricity~demand
growth but is also an imporiant source of fluctuation in this demand
due to changing weather conditions. Further, by contributing to
winter peak demand, electric heating might contribute proportionstely
more to TVA's capacity needs than nonheating uses of electric power.

Research sponsorsd by the National Sclence Foundation RANN
Program under Unlon Carbide Corporation's contract with the U. 8.
Energy Research and Development Administration, Oak Ridge Na«
tional Laboratory, Oak Ridge, Tennessee,

We thank Roger Carlsmith, Wen Chern, and Charles Kerlay
for thelr careful reviews of this rogort. Assistance provided by
Mary Amn Griffin and Michael A. Zimmer in collecting data iz ap-
preciated; also data gatheved eaxlier with the help of Ray D. mliatm
and T, J. Tgrm!l were beneficlal to this amdy.
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-« data for 48 states in the year 1970, The present siudy analyzes
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K. P. Anderson® and National Economic Research Associates | !
(ERA)? have previously studied the fmportance of electric heating “
in miﬂemm electricity consumption. They used crogs-section

T AR

c’fafa for the TVA sxea, where the proportion of electrically heated
omes is much higher than elsewhers in the nation* and whera we
imi data for the last 24 years, Table 5.1 incorporates the data for
the ratio of customers using electric heat to total residential elec-
trieal customers for the TVA area as a whole, both including and ex-
cluding Memphis: the table alzo gives data for tha cooperative and
municipal rotail 2istribulors separately. The last two columns tend
~ to show rurzl and urban differences in the use of elsetric heating.
Figsre 5.1 shows the growth of electric heating in these areas. The
growth curves during this period exhibit a trend which is nearly
lineax, and in spite of some recent rate increases for eleciricity in
the TVA area, the growth of slectrically heated homes does not show
signs of slowing down. If one were to attempt any projections for
the future bused on these data, one would have to use an extrapola-
tion of the linear trend. For instance, based oh the figures for the
TVA area excluding Memphis, the projected proportion for 1685
would be around 54. 8 percent. A more logically appealing estimate
would be obtained by extrapolating on the basis of a loglstic trend
emmtion. The advantage of a logistic is that it recomnizes that the
propertion is constratined, by definition, tolie between 0O and 1. In
contrast, with the linear trend equation, the projaction could theo~
retically fall cutside this vange, giving an illoglcal result, although
in this case it did not. Also, the jogistic permits the estimation ~£
1 ceiling proportion-~the proportion of homes that eventually will
be using electric heating. It is doubtful, however, that good estl-
mates of the celling and other parameters of the logistic could be
obtained when all the data points fall in the middle (almoast linear)
portion of the logistic growth curve.

The purpose of this study is to analyze the more detalled data
by distributors that TVA publishes in {3 annual reports and to obtain
both 2 better undarstanding of the growth in electric heating and a
projection of futuce heating demand based on majoxr determinants,

*Almost 40 percent of the homes In the TVA area are heated
electrically. In the East Southeontral region (of which the TVA ser-

vics area constitutes an important part) this proportion was only 20 i
percent in 1570. In contrast, the neighboring West Scuthcentral
censug region had nnly 4 percent electrically heated homes. South

Atlantic and Pacific states ciaimed, respectively, 13 percent and 10
percent electrically heated homes. This proportion In all the other
regions was ‘well below 10 parcent.
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ratheyr than & simple extrapolation of the trend equations, linear or
logistic. The extrapolution procedure is less useful, bocause it
falis to provide useful clues needad by power plamners or palicy
makers for understanding the rapid spread of slectric heating.

TABLE 8.1

Proportion of Electrically Heated Homes in
the TVA Area from 1961 through 1974

e

Total for TVA Area | mmmipdmes

Excluding Including Excludisg
Yeay Meinphis Memphis  Cooperatives Mamphis
1961 0.227 0.130 0.292
1962 0.247 0.152 .310
1863 0.260 0.168 0.320
1964 0.275 0.185 0.333
1965 0.287 0.257 9.198 0.345
1966 0.299 0.268 J9.209 p 0.357
1967 0.310 0.278 0.219 0.368
1968 0.321 0.288 0.245 0.380
1369 0.336 0.303 0.245 0.394
1970 0.342 0.316 0.259 0.406
1971 0.358 0.326 0.273 0.413
1972 0.368 0.33¢ 0.290 0.413
1973 0.384 0.351 0.309 0.433
1974 0.401 0.357 0.330 0.449

Source: Compied by the authora.

The second gection of this chapter presents the estimates and
an snalysis of the logistic equations for the individual distributors.
The third section presents sonie equaiions explaining the proportions
of electric heating in different years. The fourth section deals with
the foracast of future demand based on the different equations ssti-
mated, and the final section presents the conclusions.

LOGISTIC GROWTH CURVES

Although the aggregate data given in Tablse 5.1 and plotted in
Figure 5.1 exhibit such smooth trends, there are variations in both
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the levels snd rates of growth in electric immz among the dmﬂhn I

utors, Tables 5.2 and 5.3 present the proportions ard parameter
estimates for o fow major cities, and Figure 5.2 showe the corré
sponding graphs. The purpose of this chapler is to explein these

differences in terms of the pevtinent sconomic determinants suchas

per capita income, price and availabiiity of gas, price of electeicily,

ddmmy varisbles such as westher (hesed on the number of heating

degree days), and whather the distributor primarily serves a metro-
politan axea, town, or ruval area. i

Though the beating proportion cuxves in Figure 5.2 did not
closely resemble a logistic growth curve, an attempt was made o
summarize the data for the 144 distributors {forxhiviiwe hud dats
from 1952 to 1974} by the parameters of the loglstic growth curve
that best approximated the observed dats. The equation estimated

Py —mlime, 850, A>0, 0<C<1 5.1)

14 Be™A
h p .. number of olectric heating customers
where ¥¢ = total number of residentixl electric customer

As t~w, Py~ C. C is called the cefling, and the greater the vilue
of A, the fastor the approach to the cefling, Also,

ap
PiuAe cop
ﬂfgg”‘c%(@ E}}

Thus, the rate of growth at any time iz proportionsl to the level ai-
ready achieved and the remaining distance to the ceiling. It is this
properiy of the logistic that makes {t attractive in the analysis of -
several phenomena of growth,

Oliver has discussed several methods for estimating the logis~
ties he finds the method of nonlinear least squarss to be most satis-
factory.S In this method the parameters C, B, end A sro estimated
ty mintmizing

\ 2

o0eS (o C_
=2 (p‘t 1+Be'5¢)

To start the iterations, initial estimaies of the parameters are
needed. If C is known, equation 3.1 implies

5.2}
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TABLE 5.2

Proportion of Flectricelly Hyated Fomes In Six Mafor Cities in the TVA Reglen

- s W

Year

Ly

Distributor

PR

Chattanooga __Nashville _ Knoxville _ Huntsville __Greenvilie _

" onason City_

1562

193
1964
1965
1966
1987
1068
1869
1970
197
1872
1973
1974

0.550 0.418 0.388
0.567 0.439 0,404
0.570 0.458 0.413
0.582 0.476 0.417
0.592 0.492 0. 447
0.6068 0.506 0.472
0.622 0.515 0.511
0.644 0,519 0.521
0.662 0.525 9.558
0. 6862 0.541 0.562
0.671 0.541 0.562
0.685 0.551 0.576
0.698 0.567 0,618

0.162
0.185
0.235
6.270
0.281
0.302
0.312
0.318
0.320
0,324
&, 235
0.339
0.350

0.26¢
0.280
0.299
0.316
0.326
0.329
0.368
0.383
0.286
0.593
0.399
0.405
0.498

0.330
0,350
0.368
0,385
0.384
0.401
0.415
0.431
0.424
0.435
0.450
0.465

" Momphis__

0.0125
6.0159
0.0211
0.0290
0.0402
.0562
0.0680
0.0774
0.0881

O

s
P

Source: Compiled Ly the authors.

FiGURE 5.2

Proportion of Electrically Heated Homes in Six Major Cities

in the TVA Region, 1862-74
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and we can estimate B and A by & Joaat-squares procedure. We
obtaingd the estimates of C, B, und A by the nonlinear least-gouaves
procedare, Using the Newton~-Raphoon mathod of iteration. For the
initia} valuez we used some guesses of C based on the values of Py

for 1274 and 1562, and then estimated B and A from equation 5.3.
For thoso cises for which the Newton-Raphzon method did not con-
verga, we used a search procedurs to get estimates of C, B, and A.
in each case, we computed a psendo R2 which is daﬁmd as the mini~
mum vslue of Q in equation 5.2 divided by 2 (7, <F)%, where T is
the mean of Pg. This, however, is nof a sstisfactory measure of
the goadness of fit in this case. In many cases we found that, while
the pseutio R2 wos very high, the sextimates of the paramsters, pay~
ticulariy the ceiling C, had vary high siandard errors. The problem
&s&anﬁaﬁy is that it is not possible o estimais the celling accurately
wian the only avatlable observations sre those In the middle (almost
Liranr) portion of the logistic—-which was almost always the case with
the data we had.

TABLE 5.3

Estimates of Parameters for Logistic and Trend fquations
for 8ix Major Cities in the TVA Reglon

mmwr -~ | < 2 & | ~ | 2
or City c A Rp a B R

Chattanooga  0.883 0.070 0.987 0,335 0.0128  0.987
Nashville 0.645 0.106 0.983 0.423 0.0115 0.950
Knoxville 0.797 0.1068 0.973 0.360 0.0194 0,972
Huntsviile 0.472 0.125 0.v40 0.191 0.0139  0.828
Greenville  0.5(6 0,120 0.871 9.261 0.0128  0.950
Johnson City 0.580 0,116 0.%85 0,313  0.0118 0.965

Nota: C and A are estimated parameters in equation 2.1 for
ﬁw lugiszze {ihs estimates of § are not reported). B is the psaudo
R2 for the logistic modsl defired in the text. & and ﬁ aro estimated
parameters of the linear trend equation Py =« +8t. R? is the coef-
ficlent of multiple correlation for the trend squation.

Source: Compiled by the authors.
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Electric keating has nowhere reached saturation levels. Even

in Chattanooga, where the proportion in 1974 wae as high as 70 pex-

cent, the growth curve toward the end does not show any tapertng
off a3 expected in & logistic. Thus, even though the yswdo K% we

obteined were high {for 71 of the 144 distribuiors the R was gmawr

than 0,95 and for only 15 cases the RZ was less than 0, 80), the esti-
mates of the parameters of the logtatic were not good, Our‘purpose
initially was to sunmarize the daia in terms of the celling C and

rate of growth A of the Zogistic and then to explain the differences in .

terms of some explenatory varlablas {as Griliches did in hiz study
on the spread of hybrid corn®). However, the problem which pre~
sonts itself In nur study is that the ceiling ttzelf could shift for agch
distributor due to changing economic conditions (like changee in gas
availabiiity). If the observations we have are those corresponding
to 2 shifting lopistio, then It would be difficult o give a meaningful
interpretation to the differences in the estimates of the parameters
of the logistic. In some cases, we noticed that the growth curve ex-
hibited a pattern resembling that in the latter portion of a iogistis,
showlng some signs of tapering off when suddenly, in 1974, the
rurve turned up (due prchably to change in gas avallability).

With the above-meniloned qualifications in mind, we estimated
the logisiie «ougtion for 144 distributors as well as lHneay trend

‘equistions of the fornmi

Py = a4 ft E.4)

and tried to explain the paramaters C and A in U'= logistic equation
5.1 and aand § In the linear trend equation 5.4 in terms of per
capita income (PCY), gas availability (G}, and a dummy varizble (D)
which was 0 for cooperatives and 1 for municipaiities. Per capitn
fincome is taken to be the figure for 1972, Gas availability (G) 1z
defined as the ratio of gas customers to electric heating customers
(G = 0 for: those distri’ators for which gas is not available), and the
figure is iaken as the average for 1989 to 1972, While both the
measures srp admittedly ad hoe in nature, farther refinements werre
not considersd worthwhile. More satisfactory definitions of the
variables will ke found in the analysis of the next ssetion, where
yearly data for individual distributors were anslyzed, Table 5.4
presents the resuits of the regressions of @, f#, C, and A on the
above-mentioned explanstory varizhles., We had data on gas prices
for only 54 of the distributors. Hence the price ratio (price of
gas/price of electricity) was ussd as an explanatory variable for
oniy these §i4 distridators. We used both the ratios of marginal and
avarage prices, but the average price racio proved to be more
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TABLE §.4

and Logistic Trend Equstions

T mm‘m

i

€% 44884 0.0343 PCY ~ 0,0284 G +9.0086 D
{€.8 Q.3 {~6.8) {0.5}

A ‘ﬂsl@x - ﬁsﬁﬁ% LY+ 0.0028C - 90,0148 D
{1.5) {1.4) .5} {~4.1}

G =0, 845+ 0, 0207 PCY = 0. 0221 O+ 0.0546 D

-1.5) 4.3 -5.4)  (5.3)
B=0.0141 - 0.0002 PCY ~ £.0006 G - 0,0016 D

101 Distributors with Gas Available

€ = 0.5020 + 0,0208 PCY - 0,0311 G+ 0,0233 D
.5 (1.0 1.5 (2.0)

A= 0,1330 - 0.0055 FCY+ 0.9027 G- 0.0173 D
6.8) (-0.8) (2.0) (~4.5)

' 0,0853 4 0.0835 PCY = 0,0245 G + 0,0575 D
(-1.5) (4.4 +-6.3) (.1

= 0,014 ~ 0,0003 PCY ~ 0,0006 G ~ 0,0013 D
6.6  (-0.4) ~4.0)  (-2.5)

54 Distributors with Gas Prices Avafiable
C = 0,2120 + 0.0403 PCY ~ 0.0006 D ~ 0.0224 G + 0,2111 PRA

@.1) .19 ~0.03)  (~4.8)  (2.5)

A=0,1889 - 0.0109 PCY - 0,0080 D + 0.0010 G ~ 0.0438 PRA
5.3)  (-1.2) =11  0.8) {-1.4)

ot ~0,3834 + D,1146 PCY + 0.0220 D - 0.0149 G + 0.2124 PRA
4.3 5.2 (1.3) -3.5)  (2.9)

8= 0.0109 ~ 0.0004 BCY - 0.0007 D ~ 0.0005 G+ 0,0027 PRA

2.8) {~0.4) {~1.9) {~2.5} {0 8)

B2 w0,2476

R% = 0.3515

R? = 0,3803

1%=0,1933

R = 0,3939
R 0,2269
R? = 0,5151

Rﬁ = (0, 2220

R% = 0.5813

R? = 0.2357

R% = 0.6976

Nots: Figures in parentheses avs t-rutlos.
Sourca: Complled by the suthors.
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satisfactory as an explanatory uzﬁam ’me vmr!aﬁl« m fins
roeported in the equations in Tuble St daﬁ‘nael u

1/ average prica of gas in ‘6%

PRA =

The years 1969 and 1973 were aafm:tm! because these were tha years
for which we had gas price data for the maximum number of2fa~
tributors. Again, further refmsments in the definitions can ha made,
and by filling in the data, the analysis can be extended L7 covar more
distributors. Hovever, we did not fee! that these efforss would lead
to any substantial improvement in the vesuvits reported i Table 5.4.
On the basis of available data for 54 distributors, the resuits in
Table 5.4 show that in both the equations for the ceiling (C) eatl~
mated from the jogistic and the intercopt tarm aéstimated from the
ilmear trend equation {which is nothing but the provortion of eies-
trically heated homes in the first presampls pexiod 1851), the coeffi~
cients of PCY, G, and the average price ratio of gus fo electrisity
{PRA} are of the right sign and are significant, Howsver, in nelther
of the equations for the rate of growth, 8, in the linear trend equa-
tion and the rate of growth, A, in the logistic are any of there co~
efficients significant.

Though the rezults of the above analysis are in the xight direc~
tion, tkeir use for making any demand projections appears limited,
If the velative econom?®c conditions (for example, gas availability,
growth Tate of ges and electricity prices) among the distributors
were to be stable and if the logistic growth curve fitted the observed
datas well, we could havs tried to explain the cellings and rates of
growth In termis of difforences among the distribitors in the ax-
plaratory variables and ussd these results to make ammp%lgm ad-
justments in the projection ef demand ohtained by fiting a logistic
trend equation to the aggregute dsta. As it stands, it is not clear
whether the Jogistic fimections are stable, nor are the estimafe~ of
the pammetars from the logistic very good (in spitc of the h!gh* .
pseudo R2s). For these reasons, sg ~as done by Anderson and
NERA, we decided to anslyze the individual proportions for oach of
the years, tnd these results are presented fn the naxt section.

ANALYSIS OF PROPORTIONS

In the texminology of utillily corpanies, this is csmmanf‘iy
called the analysis of "saturation ratios, " but we yeservs this tarm

for the analysis of the ceiling proportions for the logistic presented
in the previous section. If the economic variables mentioned easiior

‘ nwmg@gﬂm of o in. ’2‘3 |
7  gversga price of elec. in '69 * a.vamxe price at e!u:, in 73]

gy
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like gas availability, relative prices of gas and-elscirioity, snd in~
come ave changing at different rates in the different arees, thena

- more sytisfactory analysis than the one presented in the previcus
saction is the one based on an aralysis of the proportions in sach
year. The probism we faced was that contintious data o all the
variables wsre not available for all the distributors. Thare were
oply 32 distributors for which we had continuous dats on all the vari-
ables for 11 years, 1962 to 1972, These 32 distributors sccounted
for 41 percent of ihe fotal number of customers with slectric host-
ing, £0 percent of the total number of residential eleciric customers,
and 44 percent of the folzl number of gas customers in the area (ali
figures excluding Memphis). For these 32 distributors, we esti-
mated iinear protability and logit squations® of the form

Poag+ay InY+ag in PG +ag ln PE + b

+ 05D + AW : {5.5)

lnzm%ﬂg*ﬁllnf*ﬁzlnm'bﬁsln}w

¥

+ 846G + BsD+ BgW ©.6)

where P = —tumber of electric heating gustomers
total number of residential electric customers
Y = per caplta income
PG = average price of gas
PE = average price of electricity
G = an index of gas aveilebility defived as

_number of residential gas customers
number of residential elsciric customers

- *The term logit is from Berkson who wrote extensively in
statistical journals on this subject in the 19508 and owes its pame
to the velationship with the logistic finctine. For example, the
logistic function

Preed
140 0x A

can be transformed into the logit function

lnluy‘ﬂﬁg‘bﬂ},inx

AT Sl

%
i
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-
D = a dunmy veriabla = 1 for metropolitan areas 7
= 0 for others
W= 2 weather yarisble -
= 1 for distributors where the weather is similar to that in
Huntsville and Memphis | o
= 0 for distributors whers the weather is similay to that in
Knexville, Nashville, or Chattanooga.* R

Bince the explainedvariable is the proportion of homas with electrie
heating, we felt that instead of using the actual number of heating
degree days, we should be using an average over a number of years.
I the explained variable were the quantily of electricity demanded;
then the number of heating degree days in that paxticular year would
be the appropriate explanatory varisble. o

In equations 5.5 and 5.8, we would expect the coefficlents of
In ¥ and In PG to be positive and the coefficient of In PE 'to be nega~
tiva. Moreover, the coefficient of In PE is expected to be higher in
absolute value than the coefficient of In PG. This is eazy to ses if
the equations are written in terms of In (PG/PE) and In PE. The
coefficient of the relative price variable, In (PG/PE), is expected
to be positive, and the coefficient of In PE is expected to be negative.

It is cugtomary to choose the functional form equation 5.6
instead of equation 5.5, because equation 5.5 can theoretically lead
to predictions of P outside the admissible rangs {6,1), whoreas the
predictions from equation 5.5 wili aiways lie in the admissiile
range. We did not find £nis 2 persussive argument in favor of squa~
tion 5.6, sincz for the range of data i our sample this problem did
not arise, rven if projections were made as far into the future as
1890 for ay reasonable assumptions ahout the behavior of the ex-
planatory variables. Actually, what we found wrong with equation
5.5 was that, while it gave the right signs for all ths coefficients,
the coefficient of In PE was always less in absolute value thep the
coefficient of In PG, Also, the standard errors of the coztficients
were much higher than was the case with equation 5.8. For these
reasons, we preferred the functional form 5.8 to 5.5 and veport
these results heve.

*Data on heating dogree days are available for only these
cities. When the number of heuting degree days was added up for
the six years, 1968 through 1973, the results were 22,575 for Chat-
tanoogs, 22,674 for Knoxville, 22,194 for Nashville, 20,003 for
Huntsville, and 19,867 for Memphis. Hence the weathsr variable
was defined as & single (0,1) dummy. ”'
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- Ideaily, what we should be sstimating is not equation 5.6 but -
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where C is the ceiliug for the distributor. Thiz is because equation k
5.6, which Is derived from an underlying logistic curve, implicitly |
agsumes thal eventuslly everyons will bz vsivg electric heating. |

Hence we estimated equation 5.7, using the ceiling proportions
estimated from the provious section. The results, however, were Q
not much different from those obtzined from the estimation of

equation 5.6.

To economize on space, we will present the results of esti-

mation only for equation 5.6. These results for each of the years

1962+72 are presented in Tabls 5.5. It can easily be seen that the
coeflficlents of tha price variables und the gas availability variabie ;
are significant and of the right sign in all the equations. The in-
come variable always has the right sign but has a significant coeffi-

clent only in some years. However, the persistently negative (and
significant) coefficient for the weather variable W requires explans-

tion. This variable was defined to be 1 for the distributors whlch

have & weather similar to that in Memphis and Huntsvitle, and 0 for

others. The coefficlent may be interpreted to say that the propor-

tion of elactrically heated homes will be highsr in velatively more

extreme climates than in milder climates, afier allowing for the

effect of the other reievant variables such as gas availability,

prices of electricity and gas, and per capita income. It is often

thought that the proportion of ¢leetrically heated homes is likely to

be lower in those areas where the climatle {s more exireme than in

mildexr climates. Fut implicit in this thinking 12 the fact that the

operating cost diffsrential between an electricalily heated home and

a nonelectrically hoated home is higher the mure extreme the cli-

mate. However, we have included &1l the relevant price and income
variables as well as an index of gus availability. In view of this, ,
the coefficient for W would be expected to be close to zero. Ons ~ g

{-ﬂ&)
=2.8} 4

=0, 5943
=2.2)

«0, 4540
{“‘2»03

{=1.%)
0. 5785

{~1.8}
-0.8634

-0,5982

{~0.4)
‘“Oﬁ)x’
«0. 0795
=0,2)
~0,1931
{~0.8)
-0,851%
2.2}
~0.6507

~0,0021

-0.1338

*

 Hote: Figures in parentheces are t-ratioy, Tach crosz-seclionsl regression contained 32 obeervations.

)
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(Dependent variable = m[
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TABLE 5.5

Aralysis of Proportions
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{~4.2)
~Z.681
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'-,3; 551
{(~2.8)

"2. m

-3 247

a.5)

1.203

{2.6)
(6.8

2.1)
0.5217

(2.2)
1.407
1.383

2.7
0.9730

Q.8
1.486

2.4}

1,835

2.3}
2.8)
1.890

2.113
3.3)
1.787

in PG
1.973

|
= -5 5. .

(0.6}
0.8742

£0.7)
B.7438

0.7348

1.0}

0.6145
1.7

{.0)
1.3169

(.0)
1.010

0.6882

1.7

@.5)
J.580a

0.3852

.7

0.5936

0.4247
o £2e3)

possible explanation for its persistently negative and significant
coefilcient is that the explanatory varisbles included (particularly
the index of gag availability) are overdoing their job. What our
results sugpest is that after making an allowance (possibly an over-
allowance} for all thess sifcots, the probability of having an elec- g
trically heated home is higher in extreme climates than in milder )
climates. Alse, given that the climatlc differences betwesn the

Source: Compiled by the authors.
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cities in our sample are not significantly lxrge, m slternative ex-

lanation is that this dummy variable i picking up the effect of an
“imporiant omitted explanatory variable (sr variables). We kave not

been able to identify this variable (or variables), but since the co~
efiicient of this dummy variable, W, is reasonably stable, we feel
confident in including it in malang our projestions.

For the purposes of projections, we estimated pocled regres~
sion eguations of the form 5.5 and 5.6, allowing for a trend term
and deflating the income and price variables by & price index (for
which we uzed the consumer price index for the United States as a
whols). The pooled equations were (t-ratios in parentheses):

P= 0,656+ 0.1703 inY + 0.308¢ In PG - 0,1567 In PE

~0.2377 G = 0.1112 D - 0.0761 W+ 0.00626 ¢,
Ol2.4) {~7.3) {-8.9; {3.2)

R2=0.8516 (5.8)
In =F = 3,902+ 0.9704 In Y + 1521 In PG
3.6) (5.9 (8.2)

-1,644 PE~-1.383G -0.5527 D
{~8.6) (-12.3)  {(-6.2)

- 0.4741 W+ 0.004844 ¢,
(“7‘ 3) (4«2)

R2 = 0.8310 5.9)

Though the X2 and the t~ratios are high, equation 5.8 for P eannot
be used for pradiction, because the coefficient of In PE is less in

absolute value than the coefficient of In PG. Thus, if we consider
two aituations (other things being equal)s

Sttuntion A: PE goes wp 10 percent, PG goes up 20 percent
Situation B: PE goes up 37.5 percent, PG geea up 50 percent

80 that the relative price PG/PE is the same in both cases, then
squation 5.8 will predict a greater psrcentage of elecirically heated
homes in situstion B.* It 13, however, intereating to note that the

*We would axpect changes In the relative price PG/PE to
cause & shift in the demand curve for electric heating. With the
relative price PG/PE remaining constant, an electricity own-price

o N o
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trend texm in equation 5.8 i& 0.00626, which Is about half of what 1t

would be if the explanatory variables had not been included, Insny
case, for purposes of prediztion, we will be using equation 5.9,

PROJECTIONS OF GROWTH IN ELECTRIC HEATING

The projections of the proporxtion of electrically hieated homes

as obtained by siraight trend projections and by the use of the esti-
mated equation 5.9, where the effecis of incoine and price variable
are taken into account, will now be compared. The proportion of

electrically heated homes (for a1l distributors in the aves excluding

Memphis) was 0.227 in 1962 and 0,401 in 1674, Based on the data
reporiad in Table 5.1, the projoection obtained by a linear trend is
§4.8 porcent in 1985. If we use a Jogistic trend, the corresponding

projection for 1985 {with no celling estimated, that is, by regrossing

log P/(1 - P) and time and using the estimated equation] is 57.3
parcent.

In orasy fo obiain the projections from equations 5.8 and 5.9,
a set of agsumptions must be made with respect to probable changes
in prices of electricity and gas and in income. In any case, as
argued sarlier, equation 5.8 is not the right cne to use; hence oux
projections will be only from equation 5.9.

Four cages will be considered for filustrative purposes. The
rasulting projections are given in Tauble 5.6. The projections sre
hased on the ascumption that the variables other than income and
prices of electrieity and gas will remain constent. Thess projec
tions are generdlly higher than those obtained by straight trend-line
projections. -This is bacause of the strong income effect and the
effect of natural gas prices shown by equation 5.9. Electric heating
is actuslly in its early stuges of growth compared with the use of
cther household electric appiiances. Thus, it is possible that the
next ten years will be the period corresponding to the middle portion
of the Jogistic growth curve when the growth rate is faster, to be
followed by a period of slower growth. Thus, projections of growth
based on linear trend eguations could actuslly underestimate the
potential rate of growth during thiz period.

change cauges only a movement along the demand curve. Therefore
when relative prices of natural gas and electricity do not change

(as shown gotng from situation A to situation B} we would expect a
greater own-price effect from situation B resulting in 2 decresse in
the percentage of electrically heated homes. |

“>
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TABLE 5.6
Projections of the Proportion of Electrically

Heated Homes in 1985
{in percent)
— RatsofGrowthof | |
; — PE PG PBstimate of P
Case 2 40.0 20.0 29.0 60.7
Case 3 40.0 40.0 20.0 54.6

Caze 4 20.0 20.0 20.0 57.1

Source: Compiled by the authors.

GROWTH IN ELECTRICALLY HEATED HOMES
AND IN ELECTRICITY DEMAND

The previous analysis demonstrates that the proportion of
eleotrically heated homes is sensitive to both price and income
variables. Since the growth in electric heating is a major source
of growth in electricity demand, it is worthwhile to examins how
these two are related. For thiz purpose we estimated the demand
squation

+841n (%%)t + Bg In (PCY) + Bg In (PG);

* + 57 In (HD+ CE)& {5.10)

where Q@ = quantity of electriclly consumed
PE = average price of electriclly
RC = numbar of residential electric customers
HC =number of customers with electric heating
PCY = par capliia Income
PG = average price of zas
HD = number of heating degres deys
CD = numer of cooling degree days,

The equation wae estimated from pooled crogs~-section and
time-series dats, using the cross-section and time dummies for

GROWTH OF ELECTRIC HEATING IN THE TVA AREA 92

the yoars 1962-72. The estimated equation was {with t-ratios iz
parentheses):

In Q= 0,392 + 0,296 In Q3 - 0,415 In PE
(24.3) (26.8) |
+0.706 in RC+ 0,1621n %g,,,. 0.002 In PCY
(42.6) .6 T° 6.2)

#0.2021n PG+0.091In (HD+CD), R%=0.981,
5.8 3.5)

it can be easily seen that the proportion of electricaily heated
homes is a very important explanatory variable. But the fact that
the price and fncome variables axe gignificant, even after inclusion
of the proportion of electrically heated homes, suggests that thesp
varizbles affect electricity domand both directly and indirectly
through elsctric heating.

CONCLUSICNS

This chapter analyzes the determinants of the growth of eles~
feic heating in the TVA arsa, which has the highest percentage of
vlsctrically heated homes in the United States. Though the aggre~
gate datn show a smooth trend that is almost linear, the disagara-
gated dats by distribuss<s show marked differences, and 1t is shown
that these differsncey. . disaggregated level ave systematically
related to per capita .-, price of gas, price of electriclty, gus
availability, and weathc. “arigbles. All these varisbles have besn
found to be highly imporiant determinants of the growth in electric
heating.

The report makes use of the logistic growth function and ana~
lyzes the detailed data available by distributors by first estimating
the logistic functions. The results obtained are not as good as we
expected initially, because in almost all cases the growth curve has
not yet tapeved off, and consequently we lack ocbservations on the
tall end of the *ogistic function. The metheds we have employed aro
nevertheless potantially very useful end theoretically very appealing
{sce Bain® and GrilichesS). Our analysis also points out some Jiffi-
calties that other Investigators using these methods are likely to
ancounter.

We havs sizo estimated a pooled cross-section time sevies
regvession by using the lirsar probebility model and a logit trans-
forrm of the probabilities. Per cepita incoms, prices of slectricily

*
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and naturel gas, ges avallabllity index, and 2 wiather index were
ussd ag exvlanaliory varisbles. The linsar probability model cannos
be considered as giving good results in spite of the fmpressive B2

and "correct" signs and significant estimates for all cosificients.

Howevs., the loglt moedel gave very good results.

In convlusion, we made projsctioas for the proportion of
hexting customers by 1985 from ths linsar trend equation, ths logis-
He trend squation, and the logit equation with the explanatory vari~
ables mention’d earlfer. The predictions mads from the lant two
methods were higher than those made from straight trend extrapola-
tion. Admittedly, the ostimaied logit equstions are not entirely
satisfactory, but our rssults point cut that straight trend sxtrapola~
tions raay not be the corract model to use. Though 3% s often argued
that the trend extrapolation methods overestimate demand as com-
pared with those that taks account of price and income varishles, in

this partioular case the bias seama to be yavarsged.

NOTES

1. K. P. Anderson, "Residentizl Derannd for Electricity:
Econometric Estimsates for California and the United States, " Jour~

nal of Business (Dctober 1973): 526-53.

2. Natiozal Economic Research Associates, unpublished
paper (informal communication from: Louls A. Guth, December 1974).

3. ¥F. R. Qliver, "Methods ol Estimating the Logistic Growth
Function, " Applied Statistics 18, no. 2 (1964): 57-86.

4. Z. Griliches, "dybrid Corns An Exploration in the Eco-
nomics of Technologizal Changs, " Econometrica, Qotober 1957.

5. A. D. Befn, "The Growth of Demand for New Commodi~
tles, " Journs! of tha Royal Statistics! Society, a Series, 1963.

8. Griliches, op. cit. '
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APFALACHIAN COAL:
SUPPLY AND DEMAND
Mﬁl‘!&@ W. Lin

Several recent studies of the energy situation in the United
States all point out that domestic coal supplies will likely play & key
role in the nation's energy future. According to President Certer's
energy plan, the utility industry will be asked to convert from gas
and oil to cesl over a period of time in generating electricity, This

" undoubtediy will add further demands for coal.

In 1900 about 212 million tons of bituminous coal were produced
in the United States, almost none of this produced by strip milnea.
The negligible shars of strip-mined coal in its early history was due
largely to the lack of lsrge mining equipment and mechinery suitable
for shipping overburden st that time. In the last decads, strip min-
ing has significantly incraased s share of totsl U.S. cozl production
as a result of improved mining technology and equipsaent. In 1070
the macket shave of strip-mined coal reached about 47 percent at the
national level. With domestic coxl demand expected to grow sbarate .
of 3.5 percent and exports at 4.5 percent & yeur from 1970101085, & O
the pressure te strip additional acreage will continue s strippzile
reserves are avaiisble,

-

Research sponsored by the National Sclence Foundation RAION

Program under Unlon Carbide Corpoxation’s contract with the 1.8,

Energy Research and Development Administration. Such support

does not imply endorsement, agreement with, or official acceptance

of the research results contained herein, e
The region of Appalachia iz defined as the geographic aras in

the Federsl Coal Preducing Districts 3, 2, 3, 4, 8, 7, and 13 28

defined in the Bituminous Cosl Act of 1987,

25
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‘While this country has been striving for enorgy self-sufficlency,
eavironmental dogradation resulting from surface mining appears to
be & vital eavironmenial concern. Strip minipg causss virtually
complete destruction of the land surface. This adverse effect is
pertioularly feit tn Appalachiz, for the coal found in the Appalachian
Mowntains was originally deposited in horizontal lavers. The en~
vironmental {mpacts of strip mining are not confined to landscape
alteration in the divectly distwrbed areas. Landslides, aesthelic
erosion, and siitstion sre problems which continue for years after
the completion of mining.

Nearly svery state In which surface xines now operate has a

- reclamstion law. Appalachia, an Imporiant coal region in which

about 128 million tons of strip-mined bituminous coel were produced
in 1972, is no exception. Nevertheless, stata envircnmentsl laws
vary from ono state fo gnother. In 1975, the Ford sdministeation
twice vetoed a strip-mining bill which would heve required the coal
miners

3. Restore the affected land to its approximate original contour
by beckfilling, compacting (to ensure stability and to prevent
leaking of toxic materials), and grading.

2. Prevent landslides and substantial erosion during mining and
reclamation operations.

3. Fill all suger holes with an tmpervious and noncombustible
material o prevent acid water drainage.

4, Minimize the disturbances to the prevalling hydrologic balance
at the mine site and in associated offsite axeas and to the qual-
ity and quantity of water in surfoce and groumdwater systems.

5. Refrain from surface conl mining within 500 feet from active
and abandoned underground mines in order 5 prevent break-
throughs and to protect health and =afsiy of miners.

6. Ensure that the construction, mainmmnce, and postmining con-
dition of access roads into and across the site of operation will
cdntrol or prevent erosion and siltation, pollution of water,
damage to fish or wildlife or theix habita%, and damage fo pub~
lic or private property.

7. Refrain from the construction of roads or other access ways up
2 stream bed ox drainage channe! or in such proximity to such
2 chanmel so a3 o seriously alfer the normal flow of water.

8. Establish g diverse, effective, and permansnt vegetative cover
native o the arsea of land fo be affected and essume the re~
sponsibility for successful revegetstion.

In addition, the proposed federal law would have banned coal sivip

mining in nationnl forests and established that ranchers in the West,

APPALACHIAK COAL: SUPPLY AND DEMAND 9y

where the federal governmont owns the coal wideyneath the gnrfme,
could refuse to alio «.rip mining on their proporties.

The rationsle for President Ford's veto wasa reportedly mgad
on estimates that the legislation would lead to > reduction of strip-
mined coal production by anywhers from 40 1o 126 million tons 2
year and cost 36,000 jobs, notably i the steep-slope mines of the
Appalachian coal ficlds where joblassness i3 chronfeally high.

The purposss of this chapter are threelold: to develop a pro-
cess analysis model capable of derlving short-run cosl supply fung~
tion under alternstive requirements of land reclamation; to develop
a short-run demand model for Appalachian coal; and fo provide some
empirical svidence of the short-run impacts of Iand reclamation on
strip mining costs, delivered prices of coal, strip-mined cogl pro-
duction, and employment in Appalachia. In this chapler a process
analysis model iz developed which, ia turn, is used tv oblain cost
estimates of surface mining and strip-mined cosl supply functions
in Appalachia under alternative requirements of land reclamation;
short-run demand functions for Appalachia coal are developed and
estimated; coal supply and demand curves are integrated to analyze
the short-run Impacts of land reclamation on coal price, strip=
mined coal production, and regional employment in Appalachia,

CO/L SUPPLY: A PROCESS ANALYSIS MODEL

The marginal cost curves for surface-mined coal {with and
without reclamation) show a set of cutput-cost relations, each pro-
viding minimum seiling prices for specified levels of coal produc~
tion. Under the conditions of competitive market structure, thee
marginal cost curvesi are squivalent to industry supply curves when
marginal cost exceeds mintmum average varigble cost. The pur-
pose of this section iLs to develop a process analysis model which,
in turn, is used to oltain cost estimates of surface mining and strvip-
mined coal supply hactions in Appalachia under slternative require-
ments of land reclumation.

The concextration ratio in Appalachia is quite high., In 1970
the four largest coal companies accounted for 32.1 percent of the
total coal production in Appalachia. Nevertheless, thare is evidence
that entry and exit to the industry is relatively easy. Therefors,
market concentration is of some concern: but not necussarily an in-
dicator of deterioration in competitive structure or performance of
the bituminous coal industry in Appalachia. Assuming a competi-
tive structure, the coal gsupply curves were derived using the follow-
ing process analysis model:
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Minimize Z = CX gubjectfo AX<hb
ma ¥3 £ (hl’ couy big e hﬁ’;}’

= b 11ER)
b = b’ (k)

Z = valua of the objective function (total variable cost)

Cr= a {1 x1) row vector of unit variable costs

X = a (px1) column vecior of levels of the possibie pro-~
duction processes, xj, in terms of tonnage of coal
extractei

A = a (mxn) matrix including the following elements:

(1) input-outmet coefficients denoting the amount of the
ith constrained resources consumed per it of
process §;

{2} coefficients (either -1 or 1) appearing in the
materisl {interprocess) balance constrainiy;

{3) coeificients appearing in the land reclamation
constraint.

b = a(mx 1) column vector of constraints including labor
and equipment availebilities; a prespecified cosl pro-
duction level (b)), right-hand sides of material balance
constraints and land reclamation constznint, if appro-
priate

by = the 1972 base-year stxip-mined coal production

3 = 3 percenlile increment in oulput for each corresponding
obsarvation slong the cost curve

k = 2 constant integer varying parametrically from zero {o
a maximum possible value at which the production of
coal first becomes infeasible or simply irrelsvant.

There are several distinguishing festures of thiz model.
Flras?, preduction funclion of strip-mined cosl iz capiured in the
twﬁiﬁm‘i linear programming or activities anslysis framework.
Second, linear conatraints of the resouree vector including mining
machinery, equipment, and labor availabilities are incorporated
into the constraint vector. Third, interprocess matorial balance
constrziats engure thal quentity of ccal extracted in ary stage of the
strip-mining process has to be greater than or equal to the volume
of ccal extracted in the succeeding stage. Thus, for example,
drilled coal oblained from driiling and shocting has to be greater
than or equal to esposed coal obiained from swesslicda womovat
stags. Fourth, land reclamation constraizut {g incorporated 20 re-
flect various hackfilling requirements in the mining process.

o e . e
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To reflect the regional differences in the characteristics of *
mining sites and cosl deposits, and the prevailing prices of labor,

equipment, and other inputs in the model, the coal-producing region

of Appalashia is dissgeragated into three homogensous producing

subregions: Northern Aupalachia, Centrsl Appelachia, and Southern

Appalachia. Definitions of these regiozs, togethar with a atatemsnt
of the physical parameters which dessribe the minivyg conditions in -
each region, are presented in Table 6.1.

TABLE 6.1
Description of Appalachian Subregions

———Foduction Pargmneters
Aversge Megimum
Terrain Seam  Overburden
#ngle  Thickness  Helght
Subregion {degrees) (inches) {fesh)

1. Northern Appeliachia (including

Pa., Md., Ohic, and Dir@icts

1, 3, 6 of northern W. Va.) 15 42 110
2, Central Appalachia (including .

Distzicts 7 and 4 {n southern

W. Va. » V’a., eastsm K\‘mmck}*,

and upper caszt Tonn.) 23 50 85
3. Southern Appainchia (including

Alabama and District 13 in Tenn.) 15 30 80

Source: Compiled by the author.

The vector of production process (¥), as is shown in activity

columns of Table 6.2, starts with access-road construction and ends
with auxiliary activities assoclated with the coal extraction process.

Representative sets of activities were determined by referance to
the technical ‘Ettemture,l Bureau of Minea Jata on actual equipment
employed in each region, £ and with the assistance of a mining en~
gineering consulfant firm. 3

The matrix of technical coefficients (A) was ealmﬁated as
follows:

j“‘ S’ﬁ‘ ’W xjt’
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APPALACHIAN COAL: SUPPLY AND DEMAND 108

where a; f;; = the Input-output coafficient of cmmm resmm:a
i for setivity § _
5t = the maguitude {in physical terms) of the task t tu'ba '
performed, a finction of mining conditions such as:
angle of the terrain, maximum highwall heigh,,
£0 on
Ry = the rate at which the iR input of process § performs
‘ task t, also-a function of pﬁyaieal ponditions at the
mine
th = output of process § in performing task t itens of
‘ processed coal, a function of seam thickness).

Estimates of task siges (S, 28 well ag activity output (X,
were baged on cross-gectional diagrams of typical mine pits pos-
sessing the dimenstons specified by the mine parameters, then exe
trapolated to encompass an agsumed 1,000 linear feet of bench.
Machine and labor performan% rates (Ryy) were estimated by the
engineering consultants? and reflect ttmae mining conditions {prin-
cipally torrain angle} which influence equipment performmce»

The constraint vector (b) includus the limited availabilitias of
equipment, labor inputs, interactivity balance constraints, swriace
coal output, Iimitations on vertical drilling and pan-use, and back«
filling requirement. Equipment availabilities were baged on the
assumed maximum feasible availability (8, 760 hr, /yeaz) of the
equipment reported by the Bureau of Mines to have been employed.
Labor availability was based on Bureau of Mines estimates of the
number of men working daily, sllocated to occupation classes ac~
cording to the Bureau of Laboyx Statistics 1967 Industry Wage Sur-
vey. The maximum availability per worker was assumed to be
2,400 hr. /year. Interactivity balance constraints are imposed to
ensure that the amount of coal processod in a given acivity dees
not exceed the amount of coal processed in tha preceding activity,

The backiilling constraint, shown in the last row of Table 6.2,
{s based on engineering considerations.

Lot
¥ = ratio of pit volume in bank cubic yards (BCY) to ton~
nage of exposed coal

R = ratio of locse cubic yards (LCY) of overburden to ton~

nage of exposed coal
o, = fracticn of transversely excavated spoil that automat~
ically remains in the mine pit (= 0.25)

@y = fraction of iateraily excavated apoil that is automt-»
ically backfilled (= 1.00)

fy, = desired or required pit-fill factor.
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- Acgording to the activitiza in Table 6.2, then

R +x22>

#Kyg +o00 X, /0
23 27 ;‘:m

or

g B yg b b Ky + Oy, R g oo+ Xpy)
- (gt + Xy S0

Based on & 1,000-foot mine section and the ’prodzieticm parameters
of Northern Appalachia in Table 6.1, it was calculated that

R = 925,930, 62/49,937. 89 = 19,9234
¥ = 843,029.56/49,927.89 = 10,8647,

In the case of 100 porcent backfill, then

In the vector of prceceas costs (C), equipment oporating costs
wera estimated by the engineering consultants and include fuel, lubri-
cants, tires (if any), and repair parts. Labor wage rates by cccupa~
tion were based on the 1967 Industrial Wage Survey inflated to 1972
conditions. Wage rates include average straight-time earnings, plus
average overtime and shift-differential premiums. Materiais and
supplies were not identified as sanarate constrained inputs, but their
costs are included in the process (:05’2 estimates,

Table 6.3 summarizes the resulls of the process analysis.

The reader is cautioned that these results shouid be considered pre-
liminary pending further validation. The marginal cost at each out~
put level iz taken to be the shadow price corresponding to the output
constraint. As expested, the marginal coests increase stepwise a¢~
cording to the classical shape of marginal cost curves over the
range of output conditions. In addition, 8 comparison of the average
cosis at different pit-fiil factora* for a given output ievel provides

*The pit-fall factor refers to the extent to which the mire pit
is backfilled with spoil material following coal extraction. Usually,

TABLE 6.3
E:ﬁmted Average and Marginal Costs of Coal

Surfsce Mining in Appalmh;ag 197%

58,701 (0.80)*
60,245 (0.35)
63,789 (0. 90)
47,332 (0.95)
70,8761, 00)
74,420 {1.05)
77,954 {1.10)
£1,508 (1.15)
85,052 (1.20)
85,595 (1. %)

08, 643 {0.80)
37,879 (0.8%)
40,098 {0, 50)
42,328 (0, 25)
44,553 (1.00)
46,761 (1.05)
49,009 (1.00)
51,236 (1.15)
53,464 (1.20)
55,692 (1.25
57,919 (1.30)
60,147 (1.35)
62,315 (1.40)
64,603 (1.45)

11,043 (0.80)
11,734 (0.85)
12,424 (0.90)
13,114 (0. 95)
18,804 {1.€0)
14,454 (1.05)
15,185 {1.1%
15,875 (1.18
16,565 (1.20)
17,255 (1.25)°
17,45 (2.30

3.0
3.48
3.98
4.01

'1.93'

4.05
4.05
4.11
4.18
b

2,93
2.94
%
2,95
2.95
2,85
2.98
2,96
.
2.98
2,99
2.99
3.00
b

3.84
3.99

4.04

4.09
4.13
4,17
4.21
4.25
4.29
4.41
b

Cost cm
Northern Appghelt{a
4.59 4,28 4.89
4.50 4.28 4.8%
4,50 4.33 4.8
4.50 4,36 4.89
4.30 4.39 8,11
4.50 4442 5.13
4.70 4.49 6,39
4,70 4.58 6.59
8.35 b b
b b b
Cantral Appalachia
2.99 3,38 3.45
2,99 3.38 3.45
2.99 3,39 3.45
2,98 3.39 3.59
2.99 2.41 3.59
2.99 3.42 3.59
. 3.43 3.59
3.11 3.44 3.89
3.1 3.45 a3.59
3.11 3.46 3.59
3.11 3.47 3.59
b b b
Southern Appalachia
4.84 4,45 5.8
4.84 4.51 5.53
4.84 4.57 §.53
4.98 4,62 §.53
4,98 4,87 5.83
4.98 4.72 B.7%
4,98 4.79 7.49
5.19 b b
5,19 b b
9.13 b b
b : b b

4,58
£.66

4.70

4.78
4,88

h

3.60
3.60
8.62
3,83
3.64
3.85
3.66
3.67
$.88
3.69
3.7
376

4.82
4.88
4,95
5.08
6.16

- - - - o - -

s.22

= 3*“ -

8.46
€.23
6.22

1« QS &

3.67
3.67
.82
igg 8«2
3.82
3.682
.82
3.82
3.82
3.82
4. 95
4.95

proe

Rrigures in pamxthuau vapresent frastions of the 1972 production level,
binfeaniblo with specified labor and equipment conatraints.
Source: Compiled by the author.
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‘approzimate estimsates of the cost of raclamation, * For example,

the incremenial cost of obtaining full rather than zaro percent back-
1ill, while maintaiaing 1672 sidput, would have been $9.75/ton in
Northern Appalzehia,

Admittedly, mined land reclamation entails activities other
than backfilling and grading the depleted mine pit and replacing the
topsoil. Current reclamation practices, as required by KRS 850 in
Kentucky, for example, include measures o snhance spoil bank
stabllity and provide for improved water drainage characteristios.
Prompt revegetation of disturbed land areas is also required to re~
duce erosion. Because these measures tend to reduce the frequency
of landslides and prevent the deterioration of water quality down~
stream from the mine, they are properly a part of the reclamation
process and their cosis should be included in the total. However,
an independent study has shown that backfilling, grading, and top-
soil replacement constitute the principal components of the overall
cost of reclamation.® For example, the study cited constders a
maodel siine which is located on a slope of 20° and mined to a maxi-
mum highwall helignt of 90 feet by conventional mining methods. An
engineering cost analysis of this model mine shows that the total
operating costs of full reclamation amount to $2.44/ton of coa}
mined, of which $2.26/ton is for backfilling and grading, $0.10/ton
is for topsoil replacement, and $0.08/ton is for revegatation. Taken
together, backiilling, grading, and topsoil replacement account for
93 percent of the total operating costs of full reclamation and may,
therefore, be used as a proxy variable for overall reclamation costs.

APPALACHIAN COAYL, DEMAND ESTIMATION

The requirement of 2 given level of land reclamation tends to
limit coal production potentinl; howsver, the impact cannot be fully
assessed without knowing the eiouctural rolationship of coal demand,
This is"s0 because supply and demand determine the market price,
which, in turn, determines the quantity of coal ultimately produced
and consumed.

As ig shown in Table 6.4, the five major uses for Appalachian
coal are as boller fuel for generating siectvicity (steam coal), s a
raw raaterial for making coke (coking coalj, as fuel in the production

but not alwaya, the greater the pit-fill factor, the higher the level
of reziamation obtalned.

*Includes topsoil replacement and backiilling and excludes
revegetation.

- . o

APPALACHIAN COAL: SUPPLY AND DEMAND e

of a variety of industrial products (industrial coal), domestic export,
and overseas export. In this chapter the first four coal Jemand
equations were estimated separately by the use of ordinary least
squares. Overseas export demand was not estimated since it is
more likely to be influenced by the oonomic conditions of the iin-
porting countries {mainly Japan and Canads) and woridwide eoal pro=
duction than by the delivered price of coal in Appalaciia. Retall /7

cosl demand was also not estimated for two reasons: its quantity J4

rsgligible, and the retafl demand is based principally on nonpricsa

factors, such as the cleunliness and convenience of competing fuels. T
TABLE 6.4

Consumption of Agpalachian Bituminous Coal, 1972

Consumption and Exports

Consumer Ciass {millions of tons) Percent
Steam~electric utility industry 182.7 41
Coke industry 50.4 13
General industry 26.7 8
Exports

Domestic 81.6 22

Oversea 85,9 15
Retail deliveries 3.2 1

Total 374.5

Source: Compiled from the U.S, Bureau of Mines Mineral
Yearhook, 1972,

Since coal is primarily used for steam electric genexation,
for making coke, and for the production of a variety of industrial
products, coal demands are derived demands. Azcording to the
theory of derived demand, demand for an input is a function of fac-
tor prices (for.example, labor and capital) and the product price.
The coal demand equ=tions are thus generally specified as functions
of the delivered prices of coal, prices of substitute inputs, outputs,
and time trends. In mathematical expression, the coal demand ecqua-
tions were 2oacified in the following log-linear form:

In Qct = ¢ + fln z.t o+ {E
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where 1 = the time period
@, = quantity of cosl consumed
2~ = a vector of explanatory variables
By = the error term.

Most strip-mined coal is consumed by the electrie utility in~
dustry. Virtually no strip-mined coal {2 metailurgical coal«-a cosl
market that demands high-quality cozl and thus is dominated by under~
ground coal, In this instance, surface-mitied coal is raraly a real
substitute for ynderground coal. Accordingly, it would be desirable
to focus this study upon spot and contract markets for steam coal.
The wnavailabifity of detziled statistica! data on steam coal consump-
tion by mining source and by state for years prior to 1973, howaver,
makes this approach extremely difficult, if not impossible. In addi-~
tion, the fact that about 50 percent of the steam coal consumed in
1973 in Appalachia comes from underground coal further compounds
thig difficulty. One way to take this into account is to assume a

fixed proportion of market share for strip-mined coal in this mar-

>et. However, this assumption is unjustifiable because a shift in
market share would undoubtedly sceur #f full reclamation were re-
quired. Therefore, in this study the individual coal demands ara
simply synthesized into an aggregated coal demsnd curve,

Direct data on regional coal consumption according to con~
sumer use are not listed in the Burcau of Mines Mineral Yearbook
(volume of fuels). However, the Mineral Yearbook does provide in~
formation on the volume of coal distributed to each consuming state
and by consumer use. It was found that distribution data alene can~
not accurately approximate consumption data and that failure to
make this adjustment ylelds incorrect signs for some important
variables. Therefore, coal consumption dats wore derived indirect~
ly by incorporating the annual net stock change according to con-
sumer uses into the distribution datn for the region. Regional data
are used when possible. In the cases of wage rates, Fed=ral Re-
serve Board Index of industrial production, and industrial coal prices,
national data were used because regional data ave currently lacking,
All price variables are deflated by the wholesale price index of Inter«
mediate material,

The resulis of the regression analysis for the periocd from 1957
to 1973 and the definitions of variables are presented in Tables 6.5
and 6.6. As expected, oil and naturel gas are found to be substitutes
for .>oal In electric generation, although steam coal demaad seems to
be highly price inelastic in the short run. Contrary to Reddy's em-~
pirical finding, 8 the price of natural gas for steam electric genera-
tion not only shows & correct positive sign, but is also statistically

’I‘ABLE 6.5 , \
Estimated Demand Equations for Appalachisn Cosi, 1957~73

e

=

1. Sieam coal

nQ,, = ~1.258% - 0.165 1aPt + 0,216 Init_ + 0,144 m:gg + 9,889 1ot

(0.316) (0.073) (0.08%) {0.081) {0.922)

2

, -
R =0,997 d=1.75

2. Coking coal
InQ,, = 2,232 - 0,482 mF;; +0.653 Ini* + 0,620 InW! - 0,151 InT®
(0,932 (0.361) ~ (0.141)  (0.409) {0.068)
Rz » 0a 8% d - 2045‘§t

3. Industrizl coal

InQ, = 0.504 - 0,819 InFf, +0.822 :np;?; + 0,307 In3*" - 0,126 InTE

(2.410) (0.154) (0.495) (0. 202y | {0.06%)
R2 = 0,724 d= B-M‘**

4. Domestic export
InQ,, = 6.208% - 3,322 InPt -+ 0124 mP;;' +0.978 1nEf - 0,116 1nTt

(0.461) {0.075) - {0.092) (0,069 {0.628)

R = 0,067 d=2.41%"

-

#*Figures in parentheses are cetimatad standerd errorss R i3 the co~
corrslation between the observed and estimated vnlues of the dependent
variable: d Is the Durbin-Watson statistic.

*8tatistically significant at 1 percent level.
#Statistically significant at 10 percent level,
w*Statistically significant at 20 percent level.
*+9o serial correlation in the residuls.
Source: Complled by the author.
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TABLE 6.6
Dafinition of Variables and Sources of Data
o , Unitof Soure
Variabla = Dalizition _ Moasurement anﬁ
2% Consumption of Appalashian steam coal by the slectric Millions of tous 1
whility industyy
P Aversge dod'~ziwd price of steam conl In Appalachia, Cents/millica Btu 4
- weighlod by steam-eleotric gensration by utility
o industry tu oach state of the region '
Average cost of ofl for electrio guneration In Appa~  Centa/millionBiu = 2
lachia, weighted by sonsumption of ol Ia olestric
viility Industry in cach of the sistes
Pox Average cost of matural gus for alsotxic genoratica,  Cents/million Bty 2
b welghted by consurption of natural ges in electric
utthity industey In each of the states ~
By Stoam-clectric genseation in Appaiachia Billloas of ki 2
Cog Consumption of ;zﬁgmhtm ooking coal Millions of tons b
P Avirage oont of coking cosl at merchant coka ovens  Dollari/ion 1
_ waighted by coal carbonized In cach of the siates
i Pig Iron production in Appalachia Millicns of tang 8
T Time trend variable {1057« 1, 1958 = 2, ote.)
Qe c§mieﬂ of Appalachian industrial ccel by general Millionws of tons 1
Pio Delivared price of tndustrial voal 1n tha United States  Doliars/ton 4
Pio Average Industeial price < f natural gas, weighted by  Conts/million
S the volume of natwres 4% consumed by geeeral cublc feat 1
A Induatry in each ntats of the region
b Federa! Regorve Board index of industrial 1987 % 100 {mfg. 4,8
‘ production ; Industry only)
Qo Cuantity of coal shipped from Appalachia to othor Millione of tons 2
domestic regions
Py Avorage coat of ofl for steam-cloctric generalion in  Cents por rillion
the domestic Importing region, welghted by coal Bta 2
shipment from Appilachiz t9 euch reglon
B sz::;{n-e!sctﬁc goneration in the domestic Imporiing  Blilicns of kwh 2
region
RER Rallroad frolzht rato ia the United States Dollare por ton 5
w Wage rate for industrial workers Dollars per hour 6
WPI Wholeaale price Index of intermediate matertal 1967 = 100 8,

1. U.S, Burcsu of Mines, Minersl Yoarbuok (Volumne of Fusls), 1857-73.

2, Edison Eleotrie Institute, "Smtisticnl Yearbook of the Electric Uity Industry®
{New York, 1957-73), '

3. Nallapu N. Raddy, The demud for ooal In the Unitad Statess An coenometyio
anaiysin, Proveedings of 1™y A~earican Institute of Mining, Metallurgioal, and Petroleum

4. Board of Governors of the Fedoral Reserve Syutem, "Industrial Production:
3871 Edition” (Washington, D.C., November 1972,

5. National Coal Assoclation, "Bituminous Cosl Data, 1572 Edition, " May 1974,

8, U.5, Department of Commorce, “Survey of Current Buriness, " sulected {zsued,

7 U.8. Department of Commerce, "Bituminous Statistios: The 37th Blennial Edie

tion, " & supplainent to the Survey of Curront Business, 1969,

8. U.5. Bureau of Mines, Minaral Yearbook {Volume of Metals), 1887-73,
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significant. From an engineering standpoint, in the shoxt run thare
is an almost fixed xatio between a wnit of electricity generated and
the amount of coal consumed. This suggests that labor may nothe a
real substitute for coal in generating electricity. Accoxdingly. wage
rata was excluded as & variable in the steam coel demand equations.

Bituminous coal appears to be the primary fuel source for
making coke, which, in turn, is used for making pig iron and steel.
Hence, there are no price variables of substitutes appearing in the
coking coal desnand structural equation. The negative coefficient of
time-trend variables implies iess coal has beer sonsumed por ton
of pig iron, In fact, coking coal used per ton of pig iron has declined
steadily from 2,200 pounds in 1960 to 1,800 nouids in 1972,

The primary users of indusirial coal inzlude stoet and rolling
mills, the portland cement industry, ceramic plants, chemicals and
allied products, paper and allied products, and n host of cther manu-
facturing industries. Since the Federal Reserve Board Index of in-
dustrial production is considered to be an appropriate indicator of
demand for manufacturing products, it is used as the ouiput variable.

As is shown in Table 6.4, the region of Appalachia exported
about 22 percent of its coal production to the dontestic importing re-
gions in 1972, primarily to the Middle Atlantic, East North Contral,
South Atlantic, and Middle South Central Census regions. In theory,
the volume of trade is determined by the price differential between
the exporting region and importing region, assuming a constant
transport cost. Hore, the price differential was simpiified by using
the deliverad price of coal in Appalachiz as a proxy. The domestic
expert demand was found to be price elastic. This is because coal
exported to other regions could be used as steam coal, ecking coal,
industrial coal, or even retail deliveries. The larger number of
uses to which coal can be put in the importing regions would lesd us
to expect that the domestic export demand is more price clastic,

IMPACTS OF RECLAMATION ON CCAL PRICE,
PRODUCTION, AND EMPLOYMENT

Ag siated before, it is necessary to integrate coal supply and
demand fogether in a market equilibrium framework before the im-
pacts of land reclamation on coal price, coal production, and em-'
ployment can be fully ascertained.

On the demand side, this means the demand for each submar-
ket first must be combined into an aggregate coal demand, which is
the horizontal summation of demand schedvies for steam coai
{Dgly), coking coal (DeDp}, industrial coal {(DyDy), domestic export

o

(DeDe), oversea export, and retail deliveries, as shown in Figure 6.1.
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The individual demand schedules were derived separately by subati-
tuting proper vaiues of the explanatory variables {except delivored
prices of coaly in 1972 into the demand equations estimated from the

§ regression analysis,

‘ On the supply side, three adjustments must be mnade w main-

tain copsistency with our demand estimation, First, the FOB mint

mum selling prices at each output level as obtained from the process

analysis were converted into the squivalent delivered prices. The -

diserepancy belween the average delivered price and FGB priceof -

coel in Appalachia In 1972 was estimated as $0.70/ton, ° mainly due

to transportation cost and roynity. Second, the 1972 delivered price

level was deflatad by the wholesale price index of intermediate mu~

terial. This is necessary because deflated prices were used through-

out in the demand equations estimation, Third, the sirlp-mined coal

supply is combined with an assumed perfectly inclastic undergroumnd -

and auger coa} supply curve. Tha fact that underawsindg milded coal

pmductlm has mmnined fairly constant while coal prices varied

suggests that the above assumption may not be wnroasonabie,

The siep supply curves, with full reclamation (100 percent

backfilling) and with current typical land reclamation practicy (50

percent backiilling), are shown as SpS2, and 8351, respectivply, in

Figure 6.1. As expected, the supply eurve shifts upward ani to the

left when full reclamation is required. The vertical (inetas&ic} por-

tion of the supply curves reflect the Infeasibility of expanding pro=

duction given the short-run constraints on the availabilities of in-

puts. In the context of comparative-static analysis, the resulting

strip-mined cosl production is expected to be reduced; howaver, the

new market equilibrium price at point R is higher than the squiltibrium

price at point S by about $0.40/ton. Therefora, the higher market

equilibrium price at point R induces an expansion of output which off-

sets a portion of the reduction in strip-mined coal production which . x

otherwise would occur, A reduction of about 30 million fens of strip~

mined coal production in Appaiachia wouid Siave oceurred in 1972 as - .

& resulf of changing reclamation requirements from current typical

reclamation practice to full reclamation. This represents about 8

percent of the actual 1972 strip-mining produciion of bituminous coal

or 3 percens of the total coal preduction in Appalachia, !

The effect In 1975 is probably much difforent. Given the major
price risez for cil and natural gas, the above rather mlnimal imxmct
would aiso tend to be temporary in naturs, This seems *ikely to be

|
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Bituminous Coal Production in Appalachia
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o

(uoi/8) 9noA z951 "aoied pusantjeq the case since the continued effect of higher prices for oif and natural |
gas, coupled with governmental pressures, will lead to a substantial SR
ontward shift in the demand function for coal to be usad in electric *
power gener~"=  The result of that shift will probably vastly over~
ride any wward a reduction in the quantity of ccal produced
and consumed due to the expense of reclamation activities.
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Bituminous Coal Production in Appalachiz
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The individusl demand schedules were derived separately by substi=
futing proper valuss-of the exyplanatory variables {except delivered
| prices of coal) in 1972 into the demand equations estimated from the -
: § vegression analysis. S
, On the supply side, three adjustments must be made o main-
tain consistency with our demand estimation. First, the FOB mini-

‘g [ o §, - mum selling prices at each output level ag chtained from the process
g - g 3 mualysis were converted into the equivaient delivered prices. The
< [ =& & § — § discrepancy between the average delivered price and FOB price of
E: fg 44 5 ' coal in Appalachia in 1872 was estimated as $0. "JWM.Q mainly due
g gads to transportaticn cost and royalty, Second, the 1972 delivered price
2 g § % lavel was deflated by the wholesale price index of intermediate ma-
% é AR B terial. This is necessary because doflated prices were used through~
) v omr se e § out in the demand equations estimation, Thizd, the strip-mined coal
L oA supply is combined with an assunied perfectly inelastic underground

< X and auger coal supply curve. The fact that undergromd mined cosl

oL ' production has romained fairly constant while coal prices varied

suggests that the above assumption may not be unreascnable,
i The step supply curves, with full reclamation {100 percent

' backfilling) and with current typical land reclamation practice (50
percent backfilling), are shown as 8282, and S183, respectively, in
Figure 6.1. As expected, the supply curve shifts upward and to the

]

¢ export

{raillions of tons)

LA =, 3 left when full reclamation is required. The vartical {inelastic) por<
2 e 8 8 tion of the supply curves reflect the infeasibility of expanding pro-
Vi § ‘ duetion given the short-run constraints on the availabilities of in-

puts. In the context of comparative-static analysis, the resulting
strip~mined coal production is expected to be reducads housawas 2o

= e

new market equilibrine s=ics 4% point R is higher than the equilibrinm
#2ic& ai point S by about $0.40/ton. Therefore, the higher market
enquilibrium price at point R induces an expansion of output which off«
sets a portion of the reduction in strip-mined coal production which
otherwise would occur. A reduction of about 10 million tons ef strip~

piled fron. Bureau of Mines Data.

o mined coal production in Appalachia would have ocourred in 1972 as
< é S— § g a result of changing reclamation requirements from current typieal
=8 8 reclamation practice fo full reclamation. This represents about 8 |
,‘i} - . pexcent of the actual 1972 strip-mining production of bitumincus coai
£ § - 4 or 3 percent of the toial coal priduction in Appalachia.

- l ! | [ | | | = ~ The effect in 1975 is probably much different. Given the major
o 1. S i - ik %3 Si price rises for oil and natural gas, the above rather mintmal impact

10

|
gf’l/ﬁ an ?A%l 90;&‘3 pataA; ;m? would also tend to be temporary in nature. This seoms likely to be
"o/ }‘:ﬁ' ; R : 1YL

. the case since the continued effect of higher prices for oil and natural
gas, coupled with governsnental pressures, will lead to a substantial
outward shift in the demand function for coal to be used in electric
power generation. The result of that shift will probably vastly over-
ride any tendency toward a reduction in the quantity of ccal producad
and conswmed due to the expense of reclamation activities.

12
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The proposed strip-mining regulation requiring restoration of
1and to approximately it8 original coniour is simed at preventing
further iand deterioration in the future. How sbout lands scarred by
the strip mining In the past? The oongrassicual proposai to levy a
85¢/ton surfacs coal tax on future surface coel production to help
pay for restoring the destroyed lands amounts to adding 35¢/ton to
the marginal cost previously obiained for the case of 100 percent
backfiiling in the process analysis. The resulting supply curve,
8483 in Figure 6.1 Intersects with the aggregate conl demand curve
DD at point T, indicating a further reduction of about 6 million tons
of strip-mined coal would occur,

The direct short-run effect on employment In Appalachia re-
sulting from legislation requiring full reclamation of strip-mined
lands can be estimated once the short-run impact on coal production
is kmown. TFirst, the reduction in labor requirements, in terms of
labor man-daya, is calculated by dividing the 10 million tons by the
average Iabor productivity at strip mines in Appalachia, 30.44 tons/
man-day. The total number of employees affected is then obinined
by dividing this result by the average annual number of wexking days
for strip mines in the vegion.

Our results show that {mposing full reclamatisn requirements
would have resulied in the loss of gome 1,467 jobs for coal produc-
tion workers In Appalachia in 1972. Howaver, it shouwld ba noted
that a portion of thig estimated job loss would have been offset by
the enhanced opportinitios for employment arising from the expanded
reciamation activities. In fact, it was found that about 582 employ-
ment opporhumities would have been created as a result of the ex-
panded reclamation activities, as are shown in Table 6.7. This es-
timation was based on the results of our process analysis, in which
1aboxr hours employed for each activity are shown in the optimal solu~
tion, According to the market equilibrium points R and 8, as shown
in Figure 6.1, we van thus eas?’y identify the output levels and labor
man-hours employed for reclamation activities. Hence, the addi-
tional reclamation regquirement would have caused only a moderate
net dizect impact on employment, costing 885 employment oppor-
tunities or shout 3 percent of the labor supply in the Appalachian
strip-mining Indusizy.

Of course, the severity of short-rium impacts on coal produc-
tion and employment can be mitigated if the law proviiss for an ex-
tended pericd before compliance or a gradual transition to the new
reclamation requirements. Furthermore, these impacts tend to be
temporary in nature. Glven today's demand conditions over a longer
period of time, the demand curves would be shifted outward to the
right. On the other hand, the effect of the employment multipliex
would increase the severity of short-run unemployment. Assuming

N b e R
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a national employment multiplier of 1.80 for the coal industry, 10 ¢

our preliminary evaluation shows an overali job losg of no moxe
than 1,593 production workers in Appalachin for the year 1972,
TABLE 6.7

Employment Opportinities Created by Reclamation
Actlvities in Appalachian Coul Mining Industry

Subregion
Northemn Central Southem
Appalachia  Appalachis  Appalachia

Man-hours employed
{or reciamation

50 percent backfiil 326,362 249,87 91,797
100 percent backfill 1,100,449 706,251 258,549
Difference 774,087 456,380 166,752
Employment opportunity
created by the additional
reclamation activities* 323 190 69

*It is assumed, as was employed in the process analysis, that
one man~year i8 equal fo 2,400 man-hours; total equals 582,
Source: Compiled by the author.

CONCLUSIONS

This study provides, in quantitative terms, a preliminary
evaluation of the impact of land reclamation on coal production
costs, delivered prices, strip-mined coal production levels, and
regicaal empioyment in the Appaiachian coal industry. Our results
show tiat full reclamation has rather minor impacts on the coal in-
dustry in Appalachia.

In 1972 the imposition of requirements for full rather than 50
percent reclamation of strip-mine-disturbed lands would have re~
suled in an increase of $0.35/ton in average coal production costs,
the loss of about 10 millicn tons of strip~mine ceal production in
Appalachia, and an increase of about $0.40/ton in the delivered
price of coal. In the short rum, a further reduction of about ¢ mil-
lion tons of strip-mined coal would occur as a result of the induced
change in coal supply arising from the propesed surface coal tax to

e T e T Y
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help pay for the restoration of lands disturbed by strip mining in the
past, The shurt‘-mm, direct impact of fidl reclamation on employ-
ment iz tha Toss of 885 fobs for production workers in the Appala-

~ dhian e&a!—-mmmg induatry The overall impact is the loss of no

more than 1,583 jobs in Appalachia. (These effects would probably
be greatly different in 1975 because of the major price riges which
have occurred for oil and natural gas.) In any cage, it is expected
that the economic dislocations would tend to be temporary in nature.

TABLE 6.8

Estimated Economic Impacts of Proposed
Regulation of Coal Surface Mining

Impacted Coal Production Loss
Souree Area Jobs Lost {millions of tons)
Adniinistration
estimates United States 36,000 40 to 126
This study Appalachia 1,593 10

Source: Compiled by the suthor.

1t is recognized that these findings diverge sharply from esti-
mates preparad elsewhere which were reportadly used as the ration-
ale for the president's vetc of the Federal Surface Mining Bili. How~
ever, the results described here are consistent with *hose obtained
in other studies.1? Table 6,8 highlights the most important differ-
encea batween our findingz and administretion estimates. Since we
do ot know the basis of the administration estimates, we are un~
abie to explain the large disvurepancy betwecen the findings of the two
studies. Although different impacted areas are considered (United
States versus Appalachie), this alono is inzufficient to account for
the observed differences in the findings. In 1972 Appelachis pro-
duced 47 percent of the total U.S. strip-mined bituminous ¢al.
Using this proportional basis to expsad the impacted area to include
the United Statss as a whole still yields estimates of economic im-
pacts which are dyamatically lower than those of the administra~
tion.

i 2
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Of prime importance in the nationai responss io the energy
crisis iz the development of accurate forecasting models on a dis~
aggregaled (state or reglonal) basis. Particulaxiy for shoxt-term
quarterly forecasting models, many real problems must be dealt
with explicitly and rigorously that can often be lgnored or finessed
by morz aggregate models or long-term models.

For example, at first blush it may seem that deliveries of
coal to electric utllities would be closely related to soneumntion of
coal in the quarter with some seasonality, because of weather and
soms allowance for deviations around strike periods. Since dellv~
eries, by definition, srs equal fo consumption plus the change in
stocks held by utilities, this amounts to saying that stocks fluctuats
only because of seasonality and strikes.

Figurs 7.1 illustrates that, for some states, there i{s a con~
siderable seasonal variation in stocks. However, Figures 7.2 and
7.3 show that for mary of the large electric-utility coal-uszing states,
there is little evidence of seasonality.

* Furthermore, there is no obvious pattern around the major
strike pericds of 1968:4, 1971:4, and 1974:4. Something more must
be influencing those movements In stocks. o

1972

1970

in Michigan, 1967:1 fo 1975:3
{miilions of tons)
|
1971

/
1969

FIGURE 7.1
Average Quarterly Stack of Coal Held by Electric Utilities

948
Source: Compiled by the author.
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FIGURE 7.2
Average Quarterly Stock of Coal Held by Electric Utilities
i Pennsylvania and Ohls, 1987:1 to 197523
{militons of tons)
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Source: Compiled by the suthor.

FIGURE 7.2
Average Quarterly Stock of Coal Held by Electric Utilities
in Nlinois and Indiana, 1967:1 to 1975:3
{miliions of tons}
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To confirm the obsexvation that changes in stocks by state are

- influenced by more than seasonality and strike expectations, pralim-

inary regressions were run using a nafve model. Deliveries were
assumed {o be 2 function of consumption with seasons! dummies and
periods around stxikes first omitted and, then, ad hoc strike dum-
mies added. The results produced a standard exror as percent of
the mean of approximately 25 percent and, in some cases, sven
more. For a forecasting medel, this size of error is generally un-
acceptable.

The following sections present the theoretical basis of the
modsl, several practical slterations that were necessary to obtain
the finnl equations to be estimated the techniques and data for esti-
mation, and = sunmary of the empirical results for forscasting the
stocks of coal held by elecirie utilities on & state-by-stale basis.

THEORETICAL FRAMEWORK

Many changing forces and policies have affected electric util-
ities and their use of coal: the Clean Alr Act, the oil embargo and
tha fourfold increase In petroleum prices, the introduction of stack
scrubbers, the proposed forced-gonversion programs, the introduc-
tion of and problems with nucleaz generation capacity, shortages
and proposed deregulation of natural gas, and several other energy
congervation programs.

With regard to coal deliveries, utilities may jointly or wholly
cwn coal mines; have short-, intermediate~, or long-term contracts
with particular mines; own or subsidize the rolling stock to deliver
the coal; or a pumber of vther arrangements, 1m addition, electric
utilities are generally regulated and are required by law to meet the
demand for electricity.

The literature on veg ation of utilities has desit only gemrauy
with factor inputs. The ¢leasic axticle s by Averch and Jeimson.
More recent emmples that incorporate uncertainty are MeyerS and
Peles and Stein. 4

Thus, the analysis begins by assuming that utilities attempt to
minimize the cost of obtaining coal In an uncertain world subject to
2 minimum stoc: constraint. Tha determination of the stock con-
straint is discussyd in mors detail below.

‘The cost of casal purchases at any time is stated in equation 7.1:

+ b3SQSBLWy + bgSQIBW,
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where M, is costat time £

Py is pricoof coal at t

By Is deliveries of coal &t time ¢

m(Se) Is the cost of holding an inventory of size Sat ¢, gmm
unit labor costs of Wy

- §, Is the stock of ceal at tima t

SQ1 is seasonal dummy variable with a value oi‘ 1 in the first
quarjer and O for the second, third, and fourth quarters of
€3 yeRr

8Q2, SQ3, and 8Q4 are similar seasonal dummies for the

. second, third, and fourth quarters, respectively

by, by, bg, and by are the real costs in terms of man-hours
of delivering and handling a ton of coal in the first,
second, third, and fourth quarters, respectively

Wi is an’index of wage rales at time ¢,

The price of coal in the fulure is uncertsin, but it is distrib~
uted around some expeocted price that depends upon economie condi-
tions that affect the aggregate supply and demand for coal, as given
in equation 7.2.

Py= P(Yy, U) (1:2)

whers Yy is a vector of known economic indicusors of aggregate cosl
supply and demand
U is a random element with an expected value of zero amd
finite variance.

Thus, the expected future price is

E(Py) = P(¢;, O)

Since electric utilities are required to produce to meet the
demand and for other reasons, one would expect utilities to be risk~
averse. Thus, the decision to bold inventories can be characterized
as the minimization of expecied utility of cost as glven in equation
7.3

Min E{UM)] {1.3)

Subject to S, > Sg forall £
where B¢ i5 a minimum stock that must be held at time 3

¥
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1 i the compound vate of interest from the pregent to time ¢
Utm) <0, UMM) <0 for risk-averse utilities.
The first~order conditions for equation 7.8 to be a minfmum ave:

DU el LU TP, Tl .. L
E{! G Y S biSQ) Tiry Ltryy el

&
ERER LD MIWE L
=0

where A4 Is the Lagrangsan multiplier for the minimum stock
| constraint.

The Dgt-order conditions will be sufficient if marginal stor-

- age cost Is ir easing. Equation 7.4 requires, In turn, that between

any two successive time perlods:

P, P, 4 Wi |
el o> W i PRI
s preammrt ey A n—res * I . . - k #5
Bl " B (o) * ( 2 b SR) Try, (7.5)
é- . “Wt + 6oV Uy Pppy/(1p1) )
= (=3 P15%) Tory TR
covU', B/ (41y)) m',
' Egi) E@UY (+ry) T+rg

In the current period, the price of coal is known with cor~
tainty. Thus, for one period into the fukure, letting the current
period be denoted by t and if the minimum stock constraint is not

binding, equation 7.5 becomes:

E(Pa) & Vsl
e . Y b, 5Q, ) ce— (7.6)
(6) 14Ty gy b ‘£§1 L T

4 cov (U', Pryy)
- (igi bSQ) Wt T (42 ,9) )

m' Sp)

Irgy
| 1'3-1'; |

where 14*2’1’ 1=

e - SR 4 B e sl v
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If the utilities were risk-neutral, then the covariance term )\
equation 7.6 would be 2exo and 7.6 would state that the expactsd 1.
ginal gain from holding Inventories (the difference botween the fubwe -
effective price of coal discounted by the interest cost of helding coal
and the current effective price of coal plus ths di;;dmna@ in delivery
and handling costs) should be equsl to the margival cost of holding
inventories when the minimum stock constraint ts not effective. The
covariance term in equation 7.6 represents the effect of risk avep-~
slan. For the risk-averse firm, cov (U', Prey/itny g )/EQUY) I8
positive, and the risk-averse utility will hoid an inventory such that
the expected marginal gains are less than the marginal costy,

An interesting issue Is how aquation 7.8 can be mads operi~
tional. In particular, how can the covarisnce term be msasured?
What 2 priorf general form should be specified for the marginal cost
function on the right-hand side of equotion 7.6 7 '

The Immediate candidate as a proxy for unceriainty is the rste
of change In the price of coal. The faster prices are rising or fall-
ing the more likely it is that uncertainty is higher. However, the
percentage change in price is already approximated by the first two
terms in equation 7.6. The next eandidate is the lovel of coal prices,
The hypoethesis wo.id have to be that the higher the price of ¢oal,
the more uncertainty there is likely to ba about obtaining vew gup-
plies, continued deliveries, and so foxth, Alternatively, it i not
clear that a long period of sustained higher prices of coal would not
have agsociated varying degrees of uncertainty. This opens the
door for a large number of possible functionsl formulations of cup-
rent and/or lagged values of the price of coal, perhaps rolative to
otisx fuel prices or to other prices in genoral.

4As a first approximation, therefore, the covariance term in
7.6 iz assumed to be a function of the future price of coal. Letting
FX; be the expected price differential; Hs, the seasonai handling
cest differential; and m* (Sp) the marginal costs of holding aventories,
then 7.6 becomes:

PX, + £ (-ﬁf’-?‘—-»)-yu =m' (S T
‘ Mrp g’ Ot v

This relation is fllustrated in Figure 7.4. 8' is optimal for @ risk-
neutral firm and Sg* {s optimal for a risk-averss firm. For suffi-
clently low values of PX; + £ (Py,5/ 147y 1.q) + Hy, the firm would
hold minimal inventories of §;. In this cas:, the Lagrangean mul-
tiplier texm, ~At/E (U') (L4x; ,t+1)s Would be positive and have &
value equal to the difference between PX; + £(Pyy/ I+x, wi) + He
and the marginal eost for 5;. ' | e
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o With vegard to the mizimal stock, S, ﬂQa are &wo;‘m
FIGURE 7.4 lems: What determines the minimal stock? How cun it be obsexyad
Hlustration of Optimal Inventory empirically? Clearly the sainimal stock 15 nonnegative and it is not
1ikely to be a constant over tima. Furthermere, the mintmal stosk

MC that utilities feel they must hold probably depends upon the :iegwt

of reliance on coal as the fuel for electrical genération, Therefore,

B¢ s taken to be & constant multiple of future consumption of coul or

gﬁ“ klcﬁi-l | " ihﬂ) IR g

The question of how fo estimate k; is hken up below., -

The next issus is the thmnal form of the mazginal cost
function. Marginal costs must be positive and probably increase -
with the leval of the stock, In addition, changes in capacity over
time and changing factor costs must be considered. Given thut thaxre

where S’t* {s lhe desired, cptimal stockat time t
k1 is a constant multiple of future conswmption of voal, Cppz
mp and my are constants ,
W i3 a unit-cost Inflation factor for holding inventories.

Combining equations 7.7 and 7.9 glves

i is & hypothesized minimal stock §; = k3 Cpyq, costs to maintain the

| minimal stock must be considered as sunk or fixed costs. (wmeof

| the simplest functional forms that satisfles these obsexvations &

% shown in equation 7.9,

} m' Sp)=(my+my B¢* - kiCr1)] W @-9)
|

|

i

" FXg f (Pt*i/ 1‘&“1‘&1 “1 ) wt&i i : B
St B o s W + W aaadl W, O )

| 4 fﬁb 5Q)
R x| (X bpaSQy) | -
=1

m “mwm“m““mi‘“”“"ixm““dmwmﬂ

<0l
W
e

. 'The optimal stock is thus a function of the a2apected cost re-
, o e | L | , duction from holding inventories (including expected prica uiffor~
*5¢* Is the optimal stock for ‘m:gmflk"?sm g{";:;: byfﬁi ences and seasonal handling differences), the future price level

:i risk-averse firm. 5't is the optimal stock for a risk-neutral {representing wneer’: inty} relative to an Inventory coat factor, and

next period's consumption.
Source: Compiled by the author. < pe P

Some generalization of squation 7.19 can be permitied by
e allowing for S0Me error i aiinning the 2otimal atnal, . Thus. dg-
‘ | liveries at time t are e
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By=d (StF - 8.3 )+ Cp+ B (7.11)
where B; is deliveries of coal at ¢

d Is between 0 and 1 and {s & constant proportion of adjustment
from the stock at the beginning of the period, Sp_y to the
optimal stock this period, S

E¢ I3 2 random element, inéapen«denﬂy distributed with an
expected value of 0.

Using the fact that By + Sg. ~ Cp = S, and combining equa-
tione 7.10 and 7,11 gives equation 7.12 for each state's stock of
coal held by slectric utilities for the dals points where the constraint
is not hinding.

St = ag + 81 PXW; + 85 PDW + 2gWRy + a4 WR12; + agWR23,
+ aawnélt + 370;.;,1 k. agst_i * Et {7.12)

where PXW, = PXy/ W

?Dwt = Pry/ Wi (g, 109)
WRy = We/ Wi (er, tr1)
WR12; = SQ1 x WR;, - SQ2
Wﬂzagu SQ2 x WRy - 5Q3
WR41 = SQ4 x WR, - SQL

a = =(dbg + mg) /my <0
ag =d/my>0

ag = df/mi >0

sg =dby/m;>0

ag =d(by~bg)/ my

g, = 60;3 by) / my

ag  =dby-bg)/my

ay = dko > 0

83 =1-d<1

Thera are nine parametars in equation 7.12 and nine struc-
tural parameters in the model. Given the assumed restrictions on
the structural parameters, theu of the parameters in equation 7,12,
ag should be negative; &5, 2y, 85, and a; should be positive; ag
ahm:ki be between 0 and 1; and ry, 25, and ag can be either positive

 or negative.

For the data points when the minimal stock constraint is bind-
ing, the stock is given by equation 7.13.

Sp= kyCrep + By (7.13)
where E' is random with expected velue of zero and finite variance.

) ' c L . to - . : . M S ‘é? o -' L
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PRACMATIC ALTERNATIVES AND THE DATA |

Theve are many practical alterations necesssry for the actual
estimation for each siate equation. The sxogenous variables in
squation 7.12 are PX;, expected price changs; Wi, unit cost escala-
tlon factor; the appropriste cne-period interest rate; expected future
consumption; and 1sst period’s stocks. Last period's stock is Jmown
and future consuniption will be taken ag exogenous to this model.

There are many alternstive proxies for the expected future
price, Pyy. Assumivg utilities know the values of Yy, in squas
tion 7.2, tnen the approg<iate valuss for T over the period of esti-
mation would be the fitted velues from an as&imated[ Squation 7.2, 7
wherg Pt is the price of coai to utmﬁes in a stats. Furthermors, S
as clearly pointed out by Gordon,® the price paid by a utflity will
depend upon whether tha cosl is from eaptive mines, Sought on con-
tract, or on-the-gpot markst; transportation costs; chemical contant
(water, ash, sulfur, and so on); and several othez miner factara,

Since virfually all w2el contracts have escalation clauses snd many
are based upon naticnal indexes and since relatively very little
steam electric coal is captive, S first the actual values of the Whole-
sale Price Index for bituminous coal witl be used. Since the re-
gional price of coal is endogenous to the total supply~-demand model,
using actual values may appsear to causs a simultanesus equation
blas in estimating equation 7.12. However, practical experience
teaches that this bias has little effoct on the estimated parameters;
the appropriate price variable is 2 regionsl price that would require
modeling the amount under contract and the amousnt purchasad on the
spot market, and only when other aspects of the totai supply~-demand
model are formalized could the equations for deliveries be reesti-
matec fairly easfly by using a better estimation teehnique such as
two-stage least squares.

The second pragmatic alternative is to assuma t‘:’mt virtually
all electrical coal is purchased under contract in a particuiar state
so that the expected price change, PX;, I8 zero in equation 7.18, In
this case, utilities would equats the marginal inventory storage
cost with the discounted diffexence in seaszonal handling costs. Since
there are no data on eithuy of these coats, they can be estimated
only relatively. Thus,. in thiz case, the structural parameter my
can be set equal to zexo.

Whether the Wholesale Price Index of coal is used for PXt or
coal is purchased under contract and PX; i3 not included fn the
eguation, perlods of strikes present problems. Arcund the perlods
of mafor coal strikes in 1968:4, 1971:4, and 1874:4, actunl changes
in the Wholesale Price Index for coal or the assumption that PX; Is A
zero would not reflect the expected costs of obtaining coal during o : J
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- awd around the periods of the strikes. Thus, dummy variables will - TABLE 7.1 ‘ |
‘ have to be added %5 aquation 7.12 to raflect these deviations. B .
T oot x %mgﬁt: ::rfzbla io; ‘;fmin mﬁiﬁx izg 1;:& i: e:h;aunib- Average Quarterly gggg oi’gazl gﬂd by Electric Utilities
W rrespond . T St 1967:2 to 1975:2 R
/’i‘ delivery, handling, and storing coal by electrical utilities. Heve, ) i ' ’ : {‘;
s | again, deference to pregmatism and forecasting problems is im- : : — S— — — - -
portant. Determining these zctusl costs would be a major research State or Reglon ~ _..Code s _— S S’
N effort in itself. Then, a modsl would have to be developed to fore~ o ) 5
l “w ot these changes. An alternative would be to use unit labor cosis Alabama AL - 297 |
- fo'& the entire economy or for ail manuiacturing as thesa variables Calorade . co .21
are typically forecasted reasonably weli by the large-scale macro- Delaware DE 69
' econometric models, At the aggregate lavel, howaver, these data Florlda ’ 59
= are heavily atfected by productivity changes over the business cycle Georgia 52
and almost certainly do not relate to changes In unit costs for pay- Diinois -84
- ticular state utilities' handling of coal. A bettor method with repard indiana -89
l to eatimation would be to assume that unit costs are constant: that Towa 1.81
“ changes in factor cosis have been just offset by changes in factor Kansas 2,83
‘. productivity. Thus, Wi can be set equal to 1 in equation 7.12. Kentutry .83
g For the interest-rate variable in the model, the prime rate Michigan ; +99
] should be an adequile proxy. *’#‘mm , y 2.03
The dependent variable, Si, is the quarterly average end-of- New Jersey ~ 1.29
- the~-month stocks, In tons, held by elecirie utilities; and consumption New York 79
' of coal by electric utilities, Cy, is the quarterly consumption, both QMQ ’ . 3‘3,;
as reported on Form 4 filed with the Federal Power Commission. Pennsylvania F 97
| Data were collected from 1967 through the third quarter of 1976. Ternessee N 97
: l Given one lagged variable and onc led variable, the pariod of esti- Virginia +85
] mation is 1967:2 through 1975:2, or 23 observations. West Virginia 97
A comparison of average quarterly deliveries with average Wisconsin 1.22
n stocks, as shown in Table 7.1, indicates that over the period 1967:2 5 o
I to 1875:2, utilities generally held less than a one-quarter supply of New England 1.34
- coal, The preponderance of average stocks, especlally for the District of Columbla-
. states with electric utilities that use largs amounts of coal, are Maryland | | .78
l between 73 and 50 daya. North Dakota-South Dakota~
| incorporating the altsxations discussed above gives the follow- Mimmesoia-Montana 1.04
tog equations: New Mexloo-Arizons s
l for points where the constraint is binding, Wyoming-Uteh "5
- Qp 2 Ky Cras + Ets 2 Arkansas-}Mississippi-
| Sp= k1 Cpyx + By's (7.13) Missouri 77
l and for points where the constraint is not binding, elther North Carolina-South
L {1) the wholssale price index is significant; Caroline +82
8 8p = a9 + a3 PX;y + agPCDRy + agDy + 24D23; + agD4l
N + agD12¢ + a7Cte1 + 2551 + agSTK; + Bt (7.14) Source: Compiled by the author.
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where PXp = Pry/ (rg gg) - B

PCDRg = Ppyy/ (1434 1)

Dy w1 MTe gy

D23 =85Q2xDg~ 5Q3

D41y =3Q4xDySQL

DI2y =SQLxD; ;iqz able

STKy = dummy strike variables o
P : s« WPI for bituminous coal and lignite
re, 441 = Prime interest rate/400

ﬁg’ ~ ag are the same as for equation 7.12,

{2) &1 coal purchased on long-term contract, therefore
PX; =0, and | | | ,
mtSc = ‘a;mmﬂt +85D23 + agD4l + a4D12 + 2581 {7.15)
+agCyy +aySTKp + Eg

D23, D41, D12, and STK; are the same as in equation 7.14
ay =dby/ my >0

ap=d(bg ~bg)/ m

ag=d (b ~bg)/ my

ag=d - bg)/ my

ag=1-d>0

86 w kgd >0,

‘ t \ : te of ad-
There are two special cases that may occur: the rate
justment is one period and, thus, d=1 and the coefiicient for Sg.1 )
is 0: there is change in capactty effect on marginal storage costs and
thus the coefficlent for Cyyy is 0.

ESTIMATING PRUCEDURE

The final problem is the econometzric estimation procedure
apprepriate for l.:!se switching regression madel‘ rormall;;r{ ima.:ci-ﬁ
mum likelihood techniques can be employed to predn;e efficient an
unbiaged estimates zs shown in Maddala and ﬁelsmg, 7 ~Sueh an "
amraagh has geveral problems: these iterative tvechnigues are quite
expensive; adding the strike dummy variables, which is mostly agl |
art rather than a science, would ba extremely dlmc;alt and multip ty
the fimg’and cost of this effort enormoeusly; there are pmbab‘ly not
enough data points to apply maximum llkelibood; and ﬁxg €matm;§
of autocorrelation in vesiduals is en insurmowstable problem Al
these methods. Consequently, as a first step, e‘ithcr squgtimxs
7.14 or 7.15 will be estimated over the whole estimation p-erlod-;;
that is, the constraint will be assumed to be nonbinding; ox equation
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7.13 will s estimated ov(. the entire period--that is, the constraint
will bo assumed to be always binding. In both cages, ordinary least
squares (OLS) will be used. Autocorrelation of arrors is a severs
problem for models with lagged varisbles as it rendors the OLS
estimator both bizsed and {nconsistent, Furthermore, the Durbin~
Watson statistic is inappropriate for equstions with lagged dependent
variables. Durbin hag suggested an aiternative test to be used.® 1t
there is evidence of serisl correlation of errors then the aguations
will be rerun correcting for this, '

EMPRICAL RESULTS OF ORDINARY LEAST SQUARES

Equations 7,14 and 7.15 were run for the 28 states Or groups
of states. These results were satisfactory in terms of the signs of
the coeiticlents and the standsrd errvor T8 s equation for all states
except Florida and Nebraska. For thoss v states, the naive model,
equation 7,16, was a better fit fo>' the dats.

Sp= 89+ 81841 +a5Cpy1 + 835Q1 + 2,5Q2 + 255Q3 (7.16)
+ a;;s&rlke + Et

where S 15 the stock of coal
Cy 13 the consumption of coal

8Q1, 3@2, and SQ3 are seasong? dummy variables
Strike is a strike dummy variabie.

In no case was equation 7.13 superior. These results are summa-
rized in Table 7.2. Equation 7.14, which contains the change in the
WPIL for coal, PX, was the best equation for 17 states or groups and.
equation 7.15 for the remaining 9 states or groups.,

In the equations of Table 7.2 the absciute standard erroxr
ranges from a high of just over 306,000 tons per quarter for Chio,
1.8 percent of quarterly deliveries, to 31,000 tons, 3.05 percent of
Delaware's quarterly deliveries of coal to electric utliities.

All coefficlents either had the correct sign or the equation was
rejected. As might be expected, not all the seasonal difference in
handling and unloading costs--variables Di2, D23, and D4l--were
significantly different from zero. Generally, all other variables
were significantly different from zero. (Details for each equation
are avallakle on request from the author.)

In all cases where equation 7.14 was the best equation, except
one, the sign of the cosfficient for PCDR was positive, indicating
risk aversion that increases as the price of coal vises. Interestingly,

N
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- ) +v of Estimated Equations for Stocks Held b for Nevada the sign of tha eo&fﬁ?menc for PCDR was negative, indl~
I m;ig gxﬂmﬁﬁfggmfmz to 1875:2 4 cating a preference for risk, or willingness to gamble, that in-
- TR R §OTERATEATIIE creases as the price of coal increases. P .
‘ | Absolute The fourth column of Table 7.2 contains the Durbin h statiatic,
-  Best > " Standard Exior 2 test for autocorrelation when there are lagged dspendest variables. -
- Equation R b , {1,000 tons) This statistic has a standard normal distribution. Thus, one would
Mo 15 ,,gigg :,gh aéiu; reject the hypothasis of zero autocorrelation &b the 5 percent level :
. i: a8 o4 a1 1 ifh wers greater than 1.65. Nins states or groups show evidence of
' u o o 260 autocorrelation. There axe various methods to correst for this. ,
7 15 9422 1.63 250.4 One of the more sophisticated tochniques has been suggested by .
o 15 8175 .38 494.9 fWalliaﬁ Wallis suggests a generalized least-squares approach, T
- 14 <6743 «61 321.4 However, for this particular problem this technique s too expensive S
= 3 18 8518 254§b 137.4 and time consuming. - ' B
| ? ‘gggg ‘g‘{ 3§g‘g Instead, the degrec of autocorrelation was approximated by B
‘ .3§[ 581 ‘13 35 6 calculating r for each equation as shown in equation 7.17.
R 16 9248 3,730 55.8
) 14 6649 8.28b 97.0 r=1- . 5D-W+k/n
14 9228 .02 180.6
- 14 +9296 -89 512.8 where D-W is the Durbin-Wetson statistic from the equations
B Pen: 14 - 9405 it ggﬁhg summarized in Table 7.2
B e 1s e Lw s k is the number of parameters in the equations
B West Vicginia 14 .9884 54  308.6 . Blsequlto3z,
Wisconsln 15 .8767 1.46 276.1 Glvenr, each equation was reestimated in the form given in equa-
| New England 14 9793 2,0b 116.9 ton 7.18.
= Haryland-District , .
. of Columbla 14 7981 -1.18 109.8 (8¢ = 1Stu1) = 8 + a3 (Sp-1 ~ TS.p) + ag (X - 1Xp3)
| North Dakota~ ,
South Dakota~ + By (7.18)
l Montane 15 $077 | ~’Ozh 2;‘3% where 8¢ Is the dependent vaxisble, stocks
, gsvﬁg;mi oA i: ~§§§§ 2*§§ sg'» . Xy is the vector of independent vartables in the equations,
NOW ; 7 ‘!im * 3 hont & € ,
, Wyoming-Utah 14 - 9824 64 64.8 Tabls 7.8 indicates the effect of the equations with a correction for
. Aﬁ;mi? ;ppi autocorrelation. Az sxpected, the R2 is lower for each equstion,
- Missigsippl- o . since the dependent variable is S; ~ ¥5;_y. However, the nbsolute
| ~2,25b . Z M .. N N ’ ~
Kﬁi&?g& _ 14 +5654 2.2 193.9 standaxd error of the regression was reduced by 25 to 2 percent:
| " South Careling 15 L6152 3,380 437.9 - for Alabama, from 343,400 tons to 257,700 tons; and for New Jersey, !
7 ‘ . : e from 97,000 tons to 93, 700 tons. © o
5 ¢ bin Biati: fon when the For the Jowa equation, the sign on the variable DMIN1 became .
‘ 4 (-3 4 » autocorrelation when there tivg ; wALS, 1 » , , ANL beca
B taped dootons vertuntey (0 testing for autoea negative (although insignificant), which s incensistent with the
l “bindisates the hypothesis of zero autocorrelation would be rejected at theory developed earlier in the section entitled "Theoretical Frame-
" the & pevoent lavel. work.” Therefore, the naive model was run for Iowa and indicated
| Soures: Calculated by the autlior. t}mt autocormiat!on was present, With autocoryelation coryection,
l S— the maive rodel does as well for Iowa ag equation 7.15 (ses Tabls




Sourcs: Compiled by the author,
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- TABLE 7.8 N TABLE 7.4
' Co mparisen of Best Uncorrectad Equation with Change in Coefficients with Autocorrelation Correction
, Equation Correct for Autocorrelation e - ——— | -
] - o . 7 , Stats or Reglon | Ste1 Ca
B “Old Equation New Equation | e g o
o - ~Abeolute ' Abﬂoilitg Alabama J
o Standard Standard Uncorracte/ .808 275
l State or Error ., Emer Correqteld 806 288
= Reglon R?  @,000tons) 10 R® (1,000 tons) Difference ~. 042 +011
o Alshama 2 343.4 .92 .B765 257.7 Iowa
l Alabama 1 Ay ‘58 lomeo 1003 Uncorrected .961 .131
| oaemive e - 55 9282 126.2 Corroectad .785 +388
Nebraska 9241 55.8 .78 9301 6.1 __ Difference - 176 +, 257
8  New Jersey .6649 97.0 .69 .5252 93.7 Nebraska | |
! Pennosase ‘egde 377.5 .60 .9008 319.6 Uncorrected 713 <359
.~ NewEngland  .9793 333.9 .58 .8972 115.4 Corrected .562 380
Nevada 9878 84.9 2 L9150 30.2 e ﬁgﬁ:z;ce =161 +.121.
! Aﬁgﬁiﬁpps- Uncorvected 434 +166
Mﬁﬁswri L0654 163, 9 -, 82 D880 171.5 coﬂ@ctﬁd A 228 & 253
W South o Baenrrested 85 469
| Caroline 1152 37,9 S5 81T 375.0 neorrecte .852 +469
Camligz .,8152! : -9 : ! Corrected .698 595
! ' , ; Diffarence -, 184 +,126
! &Correction for autocorrelation as defined in the text. New England
byariables became Insignificant. Uncorrected 599 647
‘ Source: Compiled by the author. Corrected ,586 589
~ ! ' Difference -, 010 058
- Nevada
. ; Uncorreoted <286 .074
l Of greater significance is the effsct on the estimated coeffi- Corracted .17 105
®  cients for Ingged stock and led conzumpiion. The prosence of posi- Difference -~ 115 +,031
tive autocorrelation in an uncorrected equation will bias the coeffi- Arkansas-Mississippi-
f  cient upward on the lagged dependent varisble. Table 7.4 shows the Missourl
l effact of autocorrelation correction. The coefiictent for lagged Uncorrected 603 167
" stock is lowered by 8 much as .2, from .434 to .226, for the states Corrected 702 .080
ﬁmt inidicated pesitive autocorrelation, Table 7.4 also shows a sig- Difference +.099 - 107
! nificant change in the coefficionts for led consumption. This is par~ Norxth Carolina-
™ ticularly important since in these models consumption is exogenous South Carolina
for forecasting while lagged stock is endogenous after one quarter Uncorrected 802 sing
! into the forecast period. Corrected 697 .834
L Diffsrence =.105 +.043
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iae - STUDIES IN ENERGY DEMAVD AND SUPPLY
- SUMMARY AND CONCLUSIONS

Ini this chapter a theoretieal model of cost minimization under
macertainty for electric utilities holding stocks of coal was devel-
oped. Tt was assumed that utilities face a constraint of & minimal
amount of coal thay must hold, This theoretical model results ina
tgwitching regression" type model since data points may lie on the
marginal cost curve or the constraint curve. For this type of
modsl, maximum Hkelithood techniques are appropriste. However,
because of cost considerations and the practical problem of "fitting®
data avound strike periods, this teclnique was rejocted. Several
other practical agsumptions were required to make the theoratical
model operational. The most important of these were the appro-
priateness of national price indexes for the cost of coal to utilities
and the changes in unit costs.

The model was estimated reglonally for 28 states or groups
of states. The results of the estimation procedure were relatively
good. “The theoretical model was acceptable for all states and
groups but two, where a naive model performed as well or better.
The standard errors of the estimating equations as a percentage of
the mean ranged from 1.8 to 3.05 percent. Nine squations indi-
eated autocorrelation problems as measured by the Durbin h statis-
tic. The correction for this improved the accuracy for these equa~
Hions. However, the Towa equation when corrected for autocorrela~«
tion had an Improper sign and the naive model was substituted,

While a relatively good set of equations has been dzveloped
here for forecasting deliveries of cosl to electric utifities given
consumption of coal, there are a number of limitations and improve-
ments that could be made with more time and monies invested. In
particular, regional prices (costs) should be used, contract pur~
chases of coal versus spot purchases should be modeled, and the ei~
facts of atrikes should be modeled. Each of these is fmportant but
it is also complex and expansive. For a short-run econometric model,
the net benefits of this detall are problematical. For & longer-term *
model, a more structured spproach to both the supply and demand for
coal would be necessary.
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CHAPTER

8

" OMITTED CROSS-SECTICNAL
" EFFECTS IN MEASUREMENT OF
ECONOMIES OF SCALE IN

ELEGTRICITY GENERATION
Gurmukh S. Gil

The area of genevation costs is perhapa the most extensively
studied part of cost functions in eleciricity supply econometrics.
{See Galatin for a survey.! Subsequent to this survey there have
been a number of studies done at Berkeley under the supervision of
D. McFadden.) Though this literature ig very extensive, the esti-
mates of the parameters are often obtained from cross-sectional
data and the nature of the biases produced by unobservakle and
omitted erogs-sectional effects is not known. (See Friedman? for a
strong critique of measurement of economies of zcale from cross-
section data.) The purpose of this chapter is to throw some lght ex

There are, broadly speaking, two kinds of studies that have
been done until now. One is the set of studies that relate costs (fuel,
labor, capital, production expenses, total costs, and so on) to out-~
put, capacity (or load factor), and other factors like vintage dummies.
These are the studies by Nordin, Lomax, Johnston, Komiya, Barzel,
Galstin and Ling (see Galatin for a survey). The other is the set of

Research sponsored by the National Science Foundation RANN
Program and the U.S. Energy Rescarch and Devalopment Adminis-
tration under Union Carbide Corporstion's contract with the U. 8.
Energy Research and Development Administration, Oak Ridge
National Laboratory, Oak Ridgy, Tennessea.

Programming assistance provided by 8, M, Cohn is gratefully
acknowledged. Assistance provided by Mary Ann Griifin and
Michael Zimmer in collecting data is appreciztsd. 1 would aisoe
iike to thank G. §. Maddala for suggesting the topic and for many
helpful comments.
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studies that follow Nerlove's® lead and, using the duality thmry, do=- )
rive a cost function where tofal costs are a function of output and in- -
put prices, Though the latter approach is theoretieally more sppeai~

ing {sce, however, Galatin for a critique), as Nerlovs pointed out,
the measurement of the capital component of costs and of capital
"price" nosss the greatest difficultiss, Hence we will ba estimating
input demund functions as was done by Barzel and Galatin, Our pur~
pose is to iliustrate the nature of bisses that arise from omitted
cross-sectional effects and the same type of analyais can be dons
for the type of oost functicn estimation done by Nerlove and a gen-
evalization of his model to the teanslog cost function. We will; in
subsequent sections, discuss separately the equations for fuel input,
laber input, production expenses, and capital input. |

FUEL INPUT EQUATIONS

~ To abatract from problems arising from differences in fuel
prices, we take physical measures of fuel input, The dependent
vaviable is fuel input in Btu per unit of output--a measure often
leown as the heat rate. Since we wanted to investigate the maost re~
cent data, we estimsted a eross-section squation for 1972 using
plant data. The data ave from the Federal Power Commission
(FPC)* and cover 544 plants. Plants contatning additions and de-
letions in that year have Heen omitted. Separate vintage dummies
were defined for these years: pre-1953, 1954-56, 1957-59, 1960~
62, 1963-65, 1966-68, 1969-71. Also, another dummy was defined
for coal and noncoai plants. Define HR = hest rate, X = output, and
C = capacity, The estimated equation (t-ratics in parentheses) was:

In HR - Constant -.15% Ln X + .093 Ln C + Dunimies
(“'1&.3) (7a8)
R%= .6756 (8.3

Thie equation shows substantial economies of scale In the fusl cuiput,
Sincz HR = fuel input/x, the elasticity of fusl Input with respect to
output is given by 1-0,159 = ,0841. The positive coefficient of Tu ¢
in equation 8.1 can be explained as follows:

Define PF = plant factor. ‘Then we can write the fusl inpu
unit of output as:* 3 fusl Input per

~ *Throughout our analysis we did not use any input prices in
the demand functions, Essentially, ~a aye assuming a fixed co-
efficient production function as Komiya did.% If we allow for input

Ty
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Compavring this with equation 1 we have
&-F = .083 and § = ~,159 or & = -.066

Thus, both the coefficients in 8.1 have the expected eigns. *
Though "¢ vintage dummies and fuel dummies do take account

_ An alfernative approach to account for thaze plant-specific
churacteristics {s to estimate sgumtion 8,3 from pooled croas-
sectlon Wme-series data. However, there are problems {f we have
some capacity changes in between because the reported output is for

different levels of capneity In that yoar. Hence, we chose 134 plants

which did rot kave any capacity changes during the 1968-72 periovd.
The total number of plants that had no capanity changes during this
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" HR = Ae& (PF}B _Wﬁwﬂi‘:\ ' ; ALOE H= 0018 -, 0087 Am X th = a7l'758 {3;4}
| . . g 1.2) (~10.4) | |
We would expect @< 0 and # < 0. Since PF is proportional to o , ? e
wa have | Comparing the results of equation 8,4 with those tn 8,1 we nots that
.8 the eiasticity of fuel input with respoect to output hus increajied from
HR = Constent C% % arcund 0,84 to around 9.933. The positive intercept terrm in 8,4 in=-
dicates that thers has been an overall detarioraiion in hest rates ;
B 4-8 B | (possibly due to envirenmental eontzois or o more generation at off- E
= Constant ¢ P 8.2 design conditions). | K

of some important characteristics of the plants, there may be many period is higher then this but we omitted some plants which are very. " 8
other plant-specific factors that they do not capture. These include old and some which are very amall (the list of plants included is aE
physical characteristics of the plant &nd managerial and operating available on request). iWe estimated the eyuations vsing six vintage
ability. One rather drastic way of accounting for these factors i to dummies and a fuel-code dummy, which was defined as 2 for 8 coal
estimate the equations in first differences. If we write the equation plant, 0 otherwise. Vintages were 1966-67, 196465, ‘1982463,
for heat rate as 31985-61, 1958-59, and 1957 and before. The resuits for the indi-
; ‘ vidual years are presented in Table 8.1,
u, =ax% cf syes (8.9
it it it i
where 8, = the gyvor teTm TABLE 8.1
Hit = the heat rate for piaat { at time ¢ Dependent Variable: La (leat Raie)
X, = the output for plant f at time ¢ | | 0
Gi ™ the capacity of plant i at time t 1a tn 1n ,,
S, = the composite measure of all factors specific to plaat i Year (output) {capacity) (0. of units) r2 ]
hen, if we consider plants with no capacity changes, we have, taking | ; ’ ’ —_— |
g::t? dilfozences of the logs, ’ ' 1968 -.089 (8.2)  .0162 (1.0)  ,0083 (6.§)  .5031
o iggg - 135 25.6) 0335 1.0 L0674 (6.1) 5744
) ) y e -0 5 4»5) ¢6112 (9.6) aﬂ?@ﬂ (6 ;
H,, = Consfant + oA Log X, : ‘ .5 L5370
i AL0g fyy = T By 1971, =102 (5.0)  .0267 (1.2) .0886 (6.0) "5138
1972 -.084 (4.9) .0088 (0, L0712 {8, Al
Wa estimated this equation on the basis of data for 510 plants for - | 6 | {6.3) 4825
the years 1971 and 1972. These plants had no cepacity changes dur- :
ing these years. The estimated equation was: Note: Vintage and fuel dummies not reported. Figures in
- ~ ~ | parentheses are t-ratios. |
gubstitution, we have to bring in the prices of fuel input as well as Source: Compiled by the author,
those of labor and capilal. Here our purpose is to iilustrate the
polnt about neglected cma-»sefﬂomi alfects.
“The standard error of a was 0,004,
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These results indioate an elasticlfy of fust input with respect

%) output of around 0.9, For the same dafa, regression In first

“Hifferences of the form
AInHR»® + A InX (8.5)
gave the following results;
Yezr B R?

1938-89 - 0798 (6.9 2687

1969~70 ~0711 (3.9) .1064

197071 - 0427 (2.9) .0616

1991-72 ~.05%1 (5.5 .1865

4Also, the estimation from pocled cross-section and time-series
data with erpas-gection and time dumimies gave the foliowing results:

In HR = 9,633 - 0.0522 In X (8.6)
{-11,1)

which implies an elasticity of fue! input with respect to output of 9.95.

In conclusion, if we estimate cross-ssctional squations using
vintage dummies and fuel dummies, the elas’icities of fuel input with
respect to output are around 0, 85 if we include all the plants, and
arcund 6. 90 If we exclude very old and very smell plants. On the
other hand, If we make allowance for all plant-specific effects either
by estimating the equations from first-difference form or by estl-
mating them from pooled cross-section and time-series data with
plant dummies, this clasticity is avound 0, 95, thus reducing the
magnitude of economies of scale.

PRODUCTION EXPENSES AND EMPLOYMENT
For the same set of 153 plants discussed in the previous sec~
tion, we estimated equations for production expenses, Tha results
are shown in Table 8.2,
The estimates from pooled-time geries and cross-section data
with plant and year dummies were:*

LnPE=5,002 - .4590 La X
(18.6) (-13.%) (8.7

*Since the equations were in log form and time dummies were
included, we did not have to deflate production expenses.

-
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ECCNOMIES OF SCALE IN ELECTRICITY GENERATION
TABLE 8,2

Dependent Variable: Ln (Production Expense/Kwh)
. In In n
Year  (outpw)  (capacity)  (no. of unitsy  RE
1903 -.2118 2.2) 1220 (LY) 051 (0.9 L1707
1969 -.3253 (3.3) 2074 (2.00  .061 (L.g) L2212
1970 -.3276 (2.6) 2168 (1.7  .041 (0.  .1701
1971 -.1902 (1.2) .1104 (0.7)  .041 (0.5)  ,0850
1972 ~3136 (2.4) L2477 (1.9  .016 (.3  .0970

Note: Vintage and frel dummios not régorii;d*
Sourca: Compiled by the suthor,

In the case of production expense the elasticity from the pooled

" equation is lower (about 1-0.459 or 0.54) than from the individwal

cross-sectional equations. 'To understand this wa have to look at
the empioyment equations.

The resulls of the employment equations for this sot of plant
axe given in Table 8.3. quations for this set of plants

TABLE 8.3

Dependent Variable: Average Number of Employees

Year (output) (capacity) {no. of units)  R2

.3373 (4.2)  .e292
3153 (3.9)  .6142
.3188 (3.8  .6008
3487 (4.2) 6213
2815 (3.3)  .6004

1968  .4553 (2.8
1968 4184 {2.6)
1970  .3829 (2.0)
1970 L4190 {2.9)
1972 3878 {2.0)

L1643 (2.0)
2121 (2.3)
2495 (2.9)
.2263 (2.3)
.2879 (2.9

Note: Vintage and fuel dummies not reported.
Source: Complied by the author, |
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The estimates from pooled cross-section Sme-series with
plant and year dummies {not reported here) wers:

InE=J3.902+ 0.1007T1INX
17.6) (3.9 . 8.5

What this result says is that given the plant.capasity, changes in out-
put require very litile changes in amployment,. A 10 percent increase
in output requireg only a 1 percent increase in employment. The re-
sulis of ths pravious section show that a 10 percent increase In out-
put requires almost & 10 percent increase in fuel input. These fig~
uree tegether exprin the result obtained earlier fhat the elasticity
of production expense with respect to output is of the order of 0.54.
The equations for fuel input, labor input, and produstion ox~
pense we have estimated are perhaps very crude but they can be
Justified under a fixed production coefficient framework. However,
they do give quite plausible sstimates of the elasticities of fuel and
1abor inputs with respect to output holding capacity censtant. The
rasults 8150 point out some drawbacks in making inferencss about
economies of scale from purs cross-zsction studies.

CAPITAL COSTS

One of the major problems with the estimation of cost fune-
tions with total costs as the dependent vaviables iz the problem of
how {o treat capital costs. The cost data reported in the FPC re-~
poris are actual and historical costs. Over the years there is very
little change in the reperted costs of equipment throughout the life
of any given plant. If a plant has different units sdded in different
years, the historical and actual costs of the respective years of addi-
Hon ave just added up.  Ling took the historical costs reported and,
since these costs comprised units of various sizes and years of in-
stallation, he deflated them by a weighted cost index with respect to
the year of installation of each unit.® He then took 12 percent of this
figure as the capital cost. This pranedure does not take account of
depreciation of the plant over time, |

Sinpe the reported capital costs pose several problems, to get
some ingights Into economies of scale, if any, in capital costs, we
took the capital costs for sach plant during the first year of its op-
eration and related it to its capacity. Additions of unite to existing
plants were algo considered. The squations ssiimated were:

In(EQC)=a + .’81 InC+ 432 Ln PSI + ‘83 B1*134+D2

+ B; Dy (8.9)
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where EQC = equipmeant cost in dollars
C = capacity
PSI = steam pressure
Dy =1ifiti=a coal plant
= 0 otherwise
Dy =1 ifitis conventional
= { otherwise {outdosr, semioutdcor)
Dg =1 if plant is new
- = 0if the units are added to an existing plant.

The same equation was also estimated with equipment cost per unit
rather than tolal equipment cost o8 the dependent variable, ;

In all, there were 753 additions during the 1952-72 period that
we considered. Additions for which capits! cost data wers not avail-
able or were found defective were omitted,

The data were grouped into twe~ or three-year perfods and no
deflators were used. The grouping was done merely % increase the
number of observations in each group. Thers could be some bias
arising from the fact that deflaters weze not used but it is not wn-~
reasonable to assume that equizment costs did not change apprecisbly
within each time span (of two or thrze years).

Table 8.4 prozents the results with In (equipment coste) as
the dependent variable. N is the number of observations in the
group. Table 8,5 presents the resuits with Ln {equipment cost per
unit) as the dependent variable, One general conclusion that can be
drawn from these results (particularly those in Table 8.6, which are
the most relevant ones bizcause the numnber of wnits is taken Into ac~
cowunt) I8 that there are economies of scale in capital costs and that
these have not diminished in recent years (sce the results for 1995~
72). 1t is tr,e that squipment costs have as a whole risen in recent
years, but this is not ths same thing as saying that economies of
scale do not exist anymore, *

A pooled regression with separate #ma dummies for each year
gave the following results {the equipment costs ware not deflated be-
cause the dependent variable is in the log form and the time dummiea
wiil pick up the effects of the deflators):

The second equation (which again %< s more ralevant one be-
cause it takes ths number of units into accouwnt) shows the extent of
econosmies of scale in capital coats (the coefficient of Ln C is sig-
nificantly less than one). The time dummies (1952-53 = 0) were al-
most all positive excepf, for the year 1972. The time dummies pick

*One has to be careful not to confuse ghifts in the cost func-
tion with movements along a cest function,
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TADLE 8.4

*  Dependent Variable: In (Emﬁpmant (':oat)

Year Constant 1aC LnPSI I’; Dy Dy R® n
1952-54 5.012 . 965 -, 008 -, 024 - 387 . 546 «4388 118
(5.2) o T S 0 S 0 R
1955~56 5.627 720 .64 ~, 139 -, 075 -287 » 7436 74
, ‘ (3.5} (80 % {iz) ("104’ (“" & tao 1} ‘ o
1957-58 1.667 « 780 536 -« 500 277 «434 « 5837 104
B (D (4.9 1.3 (3.0 wn e )
1959-60 8.718 1.095 -~ 586 -, 832 -, 091 412 4541 01
(3:0) 15:@ ("'1&2) (“'.4) (’Q‘Q (2& Q N
13&1‘62 5» QQg 0869 » 052 - Z? 9 3 140 » 1&5 » 8417 '&’a
(5.0 (11.9 {-3) ("'2»2) {2,0) 1.3
1963-64 3.300 .891 .185 -.220 . 024 «261 »8915 62
) (4.0 (. a0 2.5 (5 (3.9
1965-67 3.910 1.153 - 072 -, 008 .011 +263 . 5328 7
| (1.2 4.5 (= 1) (=3 (1) 2.3)
;96@"69 29» 53? 1.661 "';2&2 - 358 =, 087 . 6% ] 553? 68
(‘o, 'n (4. % (“*n 3) ‘“’1»4} (“"’&4} (20 5) ) -
1870-72 8,115 « 908 -, 359 - 372 .041 - 2825 - 5430 85
(3;% (4a G)‘ ("%5 ‘ ("’2-5) (13) (1»6)
Note: t-siatisties are in parentheses.
Source: Compiled by the author.
TABLE 8.5
Dependent Variable: Ln (Equipment Cost/Unit)
Year Constant InC Ln PSU oy Dy Dy R n
(SQ 6) (6; é} (w 3} (“o Q {"‘2. ﬁ {30 3)
1955-56 4.309 -§95 . 318 -, 127 -, 028 .229 « 7503 74
| 6.1 .2 @y Ly 4 @9
(9 (4.2) 1.6 (‘3'95 1.8 2.9
1959-80 6.122 819 -« 077 - 070 ~. 0G8 .381 .3816 . 10X
(2.4) 4.9 (-2) (-5 -5 2.4
7861-62 5.235 .812 . 053 -, 131 .153 . le « 7582 0
(6.9 0.8 (9 Ly °2 Ly |
1953"34 3» 546 L ?54 ¢ 302 Vg 253 * 035 » 233- @ 8627 62
(4.9 0.9 2.2 (8.4 5  @n
1885-67 2,130 » 960 . 294 -, 005 021 272 -4840 2
.7 4.3) (.0 (=-3) D .4 | |
1668-69 ~2.362 - 92893 . 848 327 - 110 » GOB » 6369 G8
(- 6.5 1.3 (1.2 -5 2.3 | |
19%0-72 6. 746 «769 -, 079 e 363 .013 » 29& . 5627 ‘85 :
@® (4B =D 24 LD @

tha* t-siatistice ave n parenthoses,
Soma Compiled by the author.
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up the effects of the price deflator as well as the effects of quality
changes in the equipment over time. Thus, though the price index
has been rising over time, the quality tinprovemsnt in equipment
more than compsnsated for price changes before 1972 (as compared
with the base porlod 1952-53). The positive coefficient

Ln (EQC) = 4,518 + ,847 LnC + . 077 Ln PSI -, 139 Dy
(8:3) (1%.2) (.9 (=2.5)

~.009 D, + .396 Dy + Time Dummies
{"‘02) "(713} 2 ‘ ’
R - -633g dcfn = 723

Ln {EQC/unit) = 4,052 + ,821 Ln C 4+ .211 Ln P35I
(7.8) (17.5) (2.5)

* -, 158 D‘ + .010 Dg + q379 Ds'i‘ Time Dummics
(-2.9) (2 (7.0 )
R2 = ,622, d.f, = .728

for the dummy variable in 1972 indicates that by that year qunlity
adjusted equipment costs were for the fizst time higher than in 1%3‘52-
53. However, this conclugion has to be qualified to the extent that
we had to omit many additions made in 1972 due to lack of adeguate
cost data, When more data bacome available it would be possibloe to
reestimate this equation as well as a cross-sectional equation for
1972 separately.

CONCLUSIONS

This chapter presents some avidence on the issus of eccmmigs
of scale in electricity generation on the basis of cost data for recont
years. The study cstimates elasticities of fuel input, labor input,
and production axpenses with respect to ouiput. The sepnrat? egti»
mation of input demand functions is justified if we assume a fixed-
oeefticients model as Komiya had done. The results indicate that
there are almost no economies of scale in the use of fuel input and
that there are substantinl economies of scale in the use of laboer
anr ’uf. 7
o The study also analyzes data on equipment costs for additions
of squipment made during the 1952-72 period. Here the results
show that thera are economies of scale in capital costs (the elas-
ticity of equipment cost with respect to capacity being areund 682)
and that these economtes have not diminished during recent years.
Though equipment costs, as a whole, have risen markedly during re
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cent ysars, this is to be interprefed as an upward shift in the cost
function and not as diseconomies of scale which refer to movemeonts
along a cost fuaction. The pooled vegression mode! with tizse dum-
mies that we estimated for equipment cast date indicater that it is
only very vecently that the iLoreases in equiprient cosés have not
baen adequately compensated by improvements In its quali . Itis
customary to quote the Handy-Whitman fndex to argue that equip~
ment costs in electricity generation have risen fastor than the whole-
sale price index. Ohta, using data until 1965, computed the quality
adjusted cost index for generation eguipment and found that equip- .
ment costs have actw.. ,» fallen relative to the wholesale price index. ‘
Since the dummies in ths posled regression model that we estimated
pick up ckanges both in prices and In quality of equipment, our re-
gulis confirm the results cbtained by Ohta and indicate that efquip-
ment coste adjusted for quatity changes have not rigen as shown by
the Handy-Whitman index except during very recent years,

One other important conclusion that stems from the analysis is
that in studying the problem of economies of scale, cne should use
pooled eross~-section and timg-series data so that some firm=
gpecific or plant-specific factors are taken into account. Disous-
sions of economies of zeale have been wntl now mostiy based on
resuits obtained from cross-section studies.
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CHAPTER

9

EMPIRICAL TESTS OF THE
AVERCH-JOHNSON HYPOTHESIS:
A CRITICAL AFPPRAISAL

Michasl A. Zimmer

During recent years thers have been many empirical studies
on the effactiveness of rate of return vegulation in the electrie util-
ity induatry. The purpose of this chapter is to examine eritically
these empirical studies. The sections of the chapter will yeview

. the well-known Averch~Johnson hypothesis, the work on empirical

tests of this hypothesis, and the rmeasures of rental price of capital
used in those studles. Since the cost of capital plays a findamenial
vole in the anslysis of regulation, the rental price of capital is a
erucial varinble in the analysis. It will be argued that the empirieal
studies on regulation have neglected this issue and used a variety of
proxy measures, A fifth section discusses the empirical method-
ologles and econometric specification in these studles, while the
final section presents the conclusion.

THE AVERCH-JOHNSON HYPOTHESIS

The simple model of a profit-maxtmizing firm subject to rate
of return regulation was first analyzed by Averch and Johnson (1082).
The most signlficant conclusion of the Averch-dobnscn analysis is
that the affectively regulated flrm maximizes profits by choosing a
capital-labor ratio which exceeds the ratio that would be chosen in

This chapter is based on my doctoral dissertation submitted
to the University of Temmesses. Iwould like to thank Professors
Sidney Carroll, Errol Glusteff, Harry Johnson, Feng-Yao Lee,
G. S. Maddala, Jolm Moore, and Keith Phillips for helpful comments
at several stages.
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the abaence of regulation at that Jevel of cufput. A brief examing~
tion of the model illustrates the distorted cholce of inputs, Let

Q@  =4(K,L)= the firm’s (well-behaved) production funciion

R(Q) = the firm's tolal revenue function ' .

K = the amount of capital input

L= = the amount of labor input

Pg = the impiicit rental price per unit of capital

Py, = the unit price of labor

g = the allowed rate of rehum (assumed to exceed the cost
of eapital).

The firm seeks to maximize profits
R(@Q - PLL - PyK
subjeet to the rate ¢f return and production copstraints,
R(Q) - PLL SsK
Q Se(x, Lj
The Lagrangean expression {8 given by

Z=R(Q)~PL~ PKK«A R(@) ~ PrL-sK
-6{Q -# (K, L)} @.1)
Differentiation of equation 9.1 with respact to the cholcs vari-

ables Q, K, avd L ylelds the necessary conditions for profit maxie
mization: |

R'(1-N) -0 0 < @.2)
- P tAs 1G9k S0 (8.3)
- Pprli=x)+00p, S0 (9.4)

020, 20, Q20, K20, L 290
AR Q) «PrL-gK =0
6Q ~P(K, L) =0
where subscripts on the symbol  denote partial derivatives of the

production function and R' denotes the derivative of the ravenue
fimetion with respect to Q.
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If we assume that the problem has & solution at a positive

. level of output, then equations 9.2-9.4 are satisfied as equalities.
. Substituting for & & 9.2 and 9.4 ylelds

L ?K[*b - Pk [PL
where Fig = (Ppe=28}/ (1~1).

Thus the ratio of the marginal products is equal to the ratio of
input prices (that is, the choice of inputs i3 efficlent) only ifa =0
(that is, only if the regulztory constraint is not binding). 1A £ 0,
then the cholcs of inputs is inefficient; it can be shown that the
capltal-lsbor ratio chosen in this case exceeds that which maxi-
mizeg profit in the absence of regulation. 1

This overcapitalization, often referred to as the Averch~
Johnson thesls, results from an effective subsidy to capital in the
form of a positive differenca between tha aliowed rate of return and
the market cost of capital, Since regulation Is in terms of the rate
of return on the firm's stock of productive capital, the fivm will
maximize its profits by using a larger capital-labor ratio than the
unregulated firm.

EMPIRICAL TESTS OF THE AVERCH-JOHNSON
HYPOTHESIS

. Despite the potential importance of the Averch~-Johngon thesis
for energy policy, it is only within the past two years that empirical
studles have appeared. The first to sppear were by Courville
{1974) and Spann (1974). These were followed by Petersen (1975),
Cowing {1975), and, most racently, Hayashi and Trapani (1978) and
Boyes {1976).

Courville, recognizing that one implication of the Averch-
Johnion model is that the ratio of the marginal products of capiial

and a noncepital input is less than the ratlo of thelr respective prices,

attampts to estimate the marginal rats of tecknical substitution be~
twaen capital and fuel for purposes of comparison with the price
ratio.

The specification chosen for estimalion is a modifled Cobb-
Douglas production function

InQ=InA +agloK + aplnF + aplnL + ayl + agF + ¢
where @ s cutpul; K, L, and F are capital, labor, and fuel inputs,

respectively; U is a-measure of capacity ntilization (the ratio of cut-
put te capacity); € is capacity; ¢« {8 a random disturbance term.
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In the context of thi production function, the ratio of the mar-
ginal producis of eapital and fuel can be written as jass

-

axF/opK

and the tast for overcapitalization may be carried out by determining
the sign of the expression ) ‘

aKF/opk - Pg/Pp

A negative valy is taken as evidence supporting overcapiialfzstion.
Courville conducts the test by specifying the null hypothesis

CKF/K =~ CFP/PF = 0 {8.5)
and the slternate hypothesis
CR¥/K - OpPp/Py <0 (9.6)

Yis data conaist of annual observations on 110 new steam-electric
generating plants for the periods 184850, 195155, 1956-59, and
1860-66. Each observation is taken from the first full year of plant
operation. Estimating by single~-equation least squares, Courville
rejects the null hypothesis (equation 9.5) in favor of the alternative
hypotheals {equation 9.6) for 105 of the 110 observations {n the
sample. He concludes that the evidence confirms the existence of
overcapitaiization,

The Spann study is an sttempt at direct estimation of hs the
Lagrange multiplier associated wit: the regulatory constraint in the
AvercheJohnson model. A nzazero value of a impites that the Tegu~
latory constraint is bindlrg, that is, that overcapitalization is
pregent. Using & three-input transcendental logarithmie production
fenciton and restrictions implied by the first-order conditions of the

Averch-Johnson model, Spann derives revenue share equations for
the capital and fuel Inputs: |

SK = by + bylnK + bgInF + bylnL + 42 9.7}
Sg = bg + bglnK + bylnF + bglnL, {9.8)

where, in addition to proviously defined symbols, F denctes fuel;

Sy and SF reprezent the reapective yatios of capital and fuel oxo
penditures to total revenue R, and Z = sK/R, where s {3 the allowed

rats of return.
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Recognizing that equations 9.7 and 9,8 imply tha interequation
restyiction

(=N by = by

Spann uses & nonlinear search procedure to estimate squations 9,7
and 9.8 and the coefficient . The system Is estimaied under the
altarnstive restrictions

{i=)) by = bg and b = bg, which imply A ¢ 0 and A= 0 respec-
tively.

1f 1t 18 determined that & # 0, then overcapitalization may be in-
ferred, Using plant-level data for the period 1955-63 and firm~
level dats for 1963, Spann is able to reject the null hypothesis
A= 0 at the .01 significance level; he concludes that xegulation is
effeciive.

Puteraen bases his study on a cost minimization model with
oufput assumed to be exogensis. Using a transcendental logarithmic
cost function, he derives & cost share equation of the caplial input,

PKK/C = ag + a11nQ + az(nQ)” + aglnPy + aglnPF

where all symbols are as defined before and £ represents total
production cost.

From the cost function Petersen derives two testable implica-
tions of the Averch-Johnson thesis, namely, thot the derivatives of
both total cost and the capital-cost share equation with respect to
the allowed rate of return, 8, are negative, Using ordinnry least
squarss and estimating the cest funetion and equation 9.9 separately,
he fiids thet these derived implications are confirmed by the statis-
Heal results. The sample convists of §6 steam generating plants
which had experienced eapacity increases of 50 percent or more
during the period 1560-85. Observationc used In estimation are
taken from 1068, 1987, and 1968. The sample inciudes information
ont thosa states with and without regulation on a statewlde basis, and
on the methiod of rate base valuation (that i3, "fair value" versus
Ygriginal cost") in each sists. Dummy variables are accordingly
included in the estimating equations, and it is found that in each
pama fha Nebabatt oo 2 s o0 sigmiiicant while the “valuation" vari~
sble is not significant. Petersen concludes that rate of xefum
yegulation Is effective and that changes In the allowed rate of return

R - e . ~ It
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significantly affsct the degree of coat inefficlency attendant to the
regulatory constralnt. M the
| Cowmg amxyzas regulatory effectiveness through the use of 2
sgsiam of equations comprising 2 generalized quadratic specification
of the regulatsd profit function and the derived demand equations
-ghichzam obtained by the use of Hotelling's Lamma for profit fune~
ons: |

¥ a4 boPy + b Py + byPy, + bgs + (1/2)by Pp?

+ @/2)05 PL2 + /205 P? + (1/2)by 8% 4 bg(PEPp)

+ bg(PpPy) + byo(Pps) + b1 (PPL) b12(Pg3)

+ byg(Pys)
3%/APp = F* = by + byPp + bgPy, + byPg + bygs
OF /3Pg, = B* = by + bgPy, + bgPp + by Py + byos
O /3Py = K¥ = g + bgPy + bgPp + by3 Py + bygs
&% /38 by + bys + bygPF + bygPy, + bigPy (9.10)

where all symbels are as defined before and the starred notation
reprasents profit maximizing mmounts of the thres inputs,

Using a revision of Hotelling's Lemma to aceount for Ye
presence of the regulatory constraint, Cowing derives a nonilfnsar
sysiem of equations equivalent to equation 9.10; the test for general
regulatory effectiveness is conducted by estimating first the non~
linear system undor the restriction

By=By=bjg=byg=byg=0

and then with no restrictions imposed. The sbove restriction is
equivalent to hypothesizing that regulation is ineflective, since {&
restricts aﬁ coefficients of the allewed rate of ysturn s in the By
tem equation 9.10 to zero. The test proceduxe invelves a Iikelthood
ratio test for the restricted and unrestricted forms of the nonlinear
system of equations. In addition, Cowing's methodology permits the
reirieval of estimatec Lagrange multipliers for ezch chsarvation in
tha samnla. Thus. inaddition to the likelthood ratio test for gen~
eral regulatory effectiveness, it is possible to test for embcitve -

regulation (that is, the null bypothesis A, = 0) for each firm inthe

sample.
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The data for Cowing's study axve taken from 114 steam~-eleciric
plants constructed batween 1947 and 1965. The statistical results
indicate that rate~of-return regulation is generally sffective and
exhibits considerable variability in effeciiveness across firms and
over time, |

The study by Hayashf and Trapani is based on an analysis of
the comparative static properties of the Averch~Johngon model.
Thess properxtles, first suggested by MeNicel (1973), are found
in the derived demand equations of the regulated firm; they ave of
empirical interest because they are not identical to the analogous
comparative statics of the unregulated firm. Denoting, as ususl,
the capital and labor inputs by K and L with respective prices Pg
and P, and dencting the allowed rate of ¥eturn by 8, McNlcol's
derived results may he summarized:

K. .o QB 3K
Spr <0 Spr =055 <0

L 3L_ _ . 3L
apy g " 0%s ° ©.11)

A test for ragulatory effectiveness may be cavrried out by
confivming results (equation 9.11) through estimation of the derived
demand cquations for the regulated firm. A simple extension of
McNicol's results leads Hayashi and Trapani to analogous recults
for tha firm's profit-maximizing capfiai~labor ratic. These vesults
are examined in estimated capital-labor equations for the Cobb-
Douglas specification

K/L = 6y 0ty (P1/Py)+ @b+ a3Q + 048
and the constraint elasticity of substitution (CES) spectfication
In(K/L) = By + Byln(Pg/Py) + Bgt + B3Q+ Bgs

where all symbols are as defined before, with Q denoting output and
t denoting an index of technology.

Estimating both functional forms using ordinary least squares
and firm-lovel data for 34 einetrie utilitles from 1965 to 1969,
Hayashi and Trapani conclude that th) results generally support the
hypothesis of regulatory effectiveness, and hence overcapitaliza-
tion, for the saraple period. o |

The most racent of the empirical studies s by Boyes; this
paper is glone among those thus far presented in refuting the exis~ .
tence of the Averch-Johnson thesis. Boyes postulates a “regulated

b 3 '
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profit-maximizing model and a four-input censtant ratio of elasticity
of substitution (CRES) production function

Q= [agKR +ay T+ opMé+ «agml"ﬂ /ey X i#“

where, in addition to the ususl fuputs, M represents maiatenance; u
is a random disturbance term.3 The resulting dexived demand
equation for capital is shown to contain)\, the Lagrange multiplier
agsociated with the regulatory constraint:

1nK = (1/ (+8)) InfoB/p) + [1+p)/0+R)] 1nQ
- I/ (48)] In@/R" = As=1)/(1~NR") 9.12)

whera r i3 the unit price of capital and R denotes the derivative of
the revenue function with respect to output. Boyes obtaing an esti-
mate of A by estimating equation 9.12 together with the derived de-
mand equations for maintSnance, labor, and fuel (which do not con-
taind). A likelihood ratio test is used to determine whethar A is
significantly different from zero. Tstimating the set of equations for
a sample of 60 steam~electric plants placed in operation betwesn
1957 and 1964, Boyes finds that the likelikood ratlio test does not
lead to rejection of the hyp.thesis A = 0; he concludes that the eyi-
dence is not supportive of the Averch~Johnson thesis.

In summary, previous studies employing a variety of produe~
tion structures and testing procedures have generally concluded that
the evidence supports the existence of effective regulation and ever-
capitalization in the electric uthlity industry.

Concern with the effects of utility regulation has provided the
impetus for numerous other siudies focusing in aspects of the prob-
lem which are not considered in this chapter. Stigler and Friedland
(1862), in a study of early attempts at regulation, conclude that the
price of electricity was not significantly affected by regulation.
Westfield (1965) argues that regulation induces utilities to acqulescs
to higher prices on new capital equipment. More recently a study
by Moore (1970) is an altempt to test for the effectiveness of regu-
lation by means of comparing input cholces of investor-ovned and
public uiilities. This requires the assumption that public firms ad-
here to optimization procedures identical to those of private firms.
Such an assumption is difficult te accept on an a priori basts, and
its verification is deemed beyond the scope of the present study;
hence the Moore study does not raceive direct consideration in the
literature currently under review. Joskow (1974) constructs &
model which assumes that the behavior of regulatory commissions
is directed primarily at preventing increases in nomins! sleotriciiy
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riates, Thus any nominal rate of retum is permitted so long as the
firm does not request a xate inoresse. On the basis of this model
Joskow argues that utility vegulation is offective.

Since these studies are not divectly relevant to the Cuestions
curreatly under investigation, they are not included in the eritical
survey which occupies the foliowing sections. Instead the prescnt
study focuses on the Averch-Jolmson model a3 outlined in the pre-
ylous section.

MEASURES OF RENTAL PRICE OF CAPITAL

‘The caplial-intensive nature of power generation, together
with the nature of rate-of-return vegulation, places the unit price
of productive capital i1 a role of fundamentsl importance for 4n
empirlcal analysis of regulatory effects. Before discussing the
measures which have been employed in previcus studies it is worthe
while to describe the essential components of the rental price (or
"user cost") of capital ag it commonly appears in the investment
literature.

‘ r -tw)  dil - tv). ,
Py=B L, A0-0, (9.13)

where B is 2 measure of equipment costs; r is the "cost of capitai™s
d iz the rate of depreciation on capital equipment; t is the tax rate
on corporste Income; w is the proportion of total capital sexrvics
charges deductible as intorest for tax purposes; and v represents the
proportion of replacement investment deductitle as depreciation.4

it is soen that the "cost of capital, " defined as the minimum
prospective yleld expected by the firm's current owners on future
investment projects, is imbedded in the capital rental price.b
Since the other components of the rental price may be measured
without systematte exror, it is the cost of capital which creates
potential for measurement arror.

In the absence of market risk the cost of capital may be
measured by the prevailing rate of interest. In a world of legs-
than-perfect certainty, however, thers arises a broad spectrum of
securiiies of varying yields and degrees of risk. In such s case
the firm's cost of capital Is no longer a dirvectly observable magnt-
tude, Lat rather mus? be inferred from the values which its varions
securities command in the market. Under these circumstances it
i not sufficient to infer the cost of capital solely from yields on
leds~risky securities such a8 bonds, for this implicitly assumes
that all changes in investors' assessments of market risk will be
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reflected In uniform changes in vequired yields for all classes of
securities. There iz little hasis for presuming that cspital markeis
behave in such an orderly fashion, even in so Ypredictable" & case
s the eleciric utility Industry,

In the following discussion it is contended that the capital
rental prices employed In previous studies share the common short-
coming of reliance on relatively "less risky" security yields as
cosit~cf-capital meagures. In addition, queations are raised con-
cerning the mammer in which previous authors have measured other
components of the rental price; indeed, two of the studies under
dlscussion make mo distinction between the rentsl price and the cost
of capital. In ary case failure to measure the vental prica without
systematic error leads to doubts about the validity of ps.avious eme
piricai resuiis.

The capital rental price adopted by Boyes (1976} iz squivalent
to equation 9.13. The cost of capital, r, is measured by the aver-
age yield on Meody's AAA bonds for each year of ohservation. The
author justifies this measure by citing the annual cost of capital
estimates obtained by Miller and Modigliani (1966), which were
found to conform to changes in Moody's bond yields, It should be
pointed out, however, that the Miller-Modigliani analysis invelved
a discontinuous period of only three years {1954, 1956, and 1857),

a dangerously small sample from which to draw inferences about
the genoral conformity beiween bond yields and the cost of capital.
Mareover, there is little reason to believe that the cenformity found
by Miller and Modigiiani can bs sxtranolated to other periods of
time. It is likely that the 1954-57 perlod was one in which both
series responded in similar fashlon to sugply and demand forces
which pexvaded capiial markets in general. In extending the Millex~
Modig® ‘ani results to other periods of time, one must admit the
possibility of changes In the tastes of nvestors with respect to
risk-bearing ox in thelr callective perception of market risk for
the electric utility industry. As polnted out ahove, there is 1itilo
justification for presuming that the resulting reassessment of the
mariet valuea of utility bonds and stocks will ba reflected in uniform
changen i their respective required yields. Consequently it cannot
be expected that changen in the cost of capital wil* be consonant with
changes in bond yields during all peviods of time. 6

An additional criticiom of the rental price used by Boyes cen~
ters around his assumption that certain of its other components are
constant across flrms. In terma of definition (equation 9.13), it is
assumed that d, v, B, and ¢ 2re constant for sny eross section;
thus the anly component of the rental price which is sMowed t5 vary
is w, the proportion of replacemant investinent deductible as depre~
ciation for tax purposes. As & result, a significant portion of the

;
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#axiabillty in the rental price is assumed away and effectively int~
pounded into its regression coaliicient in the estimating equations.”
This procedure is aot necessary, since available onnual data make
it possible to reasonalily spproximate, at the lsvel of the firm, the
various components of the rental price,

- Courvitle (1974) defines the rental price of capitsal for each
plant as

Pg=rxCFxB

whare v is the cost of capital, measuzed as the yield on Moody's
AAA honds for the year preceding the Initial year of plant operaiion;
CF iz the “capital recovery factor, " defined as the uniform annual
payment for an annuity of 40 years® equivalent (at an interes: rate r)
to an initial outlsy of one daiiar; and B denotae the book value of
productive plsnt. 8

The use of Moody's average yleld lends itself to the sume criti~
cizsm divecled previously to the measure uged by Boyes. In addi-
tion, Courville’s measure does not allow for interfirm differences
in depreciation and ignores différences in tax treatments of interest
and depreciation; only the book valua of plant is permitted to vary
within a croas section. “While the mamner In which Pg is measured
does not ¢ Ject Courvilie's regression resuits, it noratheless plays
a vital rofe In kis test of hypothesis, since the assence of the test
is a comparlscy of the ratio of marginal products of capiial and
iabor with the ratio of their prices.

Petersen (1875) adopts the conventional definition of rental
prices

Py = B(r + d ~ dB/dt)

where B, r, and d measure as before the cost of equipment, cost of
eapital, and depreciation, respectively, and dB/d¢ vepresents the
rate of change of equipment prices (presumsbly an index of caplital
gainz on the disposal of euuinment); differences in tax treatment are
igriored. The firm’s cost of capital is permitted to vary according
to the rating of its bonds. The specific measure chogen is the aver~
age yleld for bonds in the firm's rating class.® Since Petersen
assumes that depreciation and equipment price changes are con-
stant gcross firme, he arrives at a measure of capital rental price
which varles in a cross section only according to changes in bond
ratings and equipment costs, | o

The measures adopted by Cowing (1975) and Hayashi and
Trapani {1976) ahare two defects. First, both fail to distinguish
between the rental price of capital and the cost of caplisl, and
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second, both measure the cost of capital (hence the rental prics) by
the intarest rate on the firm’'s bend issue immediately precading the
period of observation,

Ignoring the diaiinction between the cost of capital znd the
rental price of capital tacitly assumes that squipment costs, depro-
clation, and tax treatments saxe constant across firms and ever time.
This sssurmnption 18 tenuous at best, particularly gs it regards the
cost of productive eguipment. Measuring the firm's cost of capital
by the interest rats on recent debt issues offers the advantage of &
measure which is speciffs to each firm in the sampls. However,
the use of yield on less-risky securities invites eriticisms similay
to those addressed to the previously discussed measures. Moreover,
the common practice of using a single cost-of-capital measure for
all electric utilities in a given cross section is defensible i view of
avaliable evidence (for years preceding 1973) and the prevailing
consensus of industxy observers.10 Thus it is doubtfsl whether
substantial improvements result from the use of firm-specific cost-
of-capital measures; in any case fatlure to recognize the remaining
components of capital rental price casts zome doubt on the validity
of the measures employed in these two papers.

The final rental price measure for discussion, uged by Spann
(1974), is equivalent to equation 9.13:

where all symbols ar2 as defined bafore. ! Since it is assumed that
r, d, ¢, and w ure constant across firms, only the cost of equipment
is permitted to vary in any cross section of observations. In this
respect Spann's measure warranis criticlams similar to those per-
taining to previously discussed measures. In addition, his cost-of-
capital measure deserves specisl aitention. The measure chosen is
= 056, taken from sstimates by Litzenberger and Rao (1871). It
should be noted that Litzenberger and Rac, using a valuaticn model
for electric utllily shaves, drew their sample from the period
1860-68, while Spann's sample is taken from the years 1954-63.
The fact that these are overlapping perlods §s not in itself sufficient
justification for assuming that the Litzenberger-Rao renults may be
applied to the 1959-63 pariod. In addition, Spann uses thiz messmre
for each of the years in hiz sample; this implicitly assumes that
conditions of market risk as perceived by Investors were unchenging
during this peried. Thare ie little evidence to support this hypoth-
esis,

The arguments advanced in this saction suggest that there are
two grounds on which the capital rental prices of previcus studies




i64 STUDIES IN ENERGY DEMAND AND SUPPLY

may be criticized. On one hand these measures have been unduly
oversimplified through the restriction of various components of the
rental price to constant values; on the other hand the measures gen-
erally exhibit a veliance on bond yields a5 measures of the cost of
capital. With respect to the {irst problem, a simple expedient sug-
gesls iteell: _Jore detafled data are available by firm and these may
be utllized to attain superior measurement. With respect to the
second point, it should first be recognized that for purposes of em-
pirical analysis the fundamental issue 12 whether there exists &
stable positive relationship between bond ylelds and the cost of cap-
itel. I such a relationship exists, then empirical needs are suffi-
ciently well served by the use of ylelds on bonds. It is ths conten~
tion of this chapter, however, that such a relationship may not exist
at evary point in time. In particular, circumstances affecting the
electric utility industry which evolved during 1968-72 regulted In
unceriainties which may have disrupted existing relationships be-
tween yields on different classes of securities, During this period
there was 8 growing concern about inflation, particularly with re-
spact to rising prices of increasingly scarce fuels. This peried
also witnessed the burgeoning consumer and environmental move-
monts, resulting in legislation direcied in part at the electric utility
Industry. 1tis likely that these changes induced investors to re~
assess the enming potential of the industry: and it is unlikely that
the resulting adjustment in required yields was uniform across all
classes of securities.

EMPIRICAL METHODOLQGIES AND
ECONOMETRIC SPECIFICATION

It was noted in the section entitled "Empirical Tests of the
Avezch~Jolmson Hypothesis" that the studies under discussion have
employed a variety of procedures to teat for regulatory effective~
ness. The purpose of this section i to elucidate thefr major short-
comings and to suggest possible Improvements in methodolegy.

The first studles for considaration are those by Spann {1974}
and Boyes (1876). It will be recalled that in each casa the testing
procedure involves estimation of the Lagrange multiplier associated

with the flem's regulatory constraint. In Spann's model the Lagrange

multiplier is isolated in a vevenue-share equation for capital, while
in Boyes's model it is shown to appear in the firm's demand equa-
tlon for productive capital, The basic objection to this procedure is
that the Lagrange multiplicr is not a parameter to be sstimated but
rather a variable quantity across firms in the sample. Although
strictly speaking the Langrange multiplfer is not chosen by the flrm

- - 3 S -
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in its atlempts to maxtmize profits, it is nonstheless determinag
simultaneously with the cholce variables in the model, Fafiure to
treat it in this mannes constitutes an error of specification and pro-
duces vesults of questionahle validity, | .

In addities, the model used in sach study rests on vastrietive
assumptions which could be eliminstad by the use of aiternative
teating procedures. The capital demand equaticn estimated by
Boyes includes the derivative with rezpect to output of the firm's
ravenue function.!? This necessitates a restriction on the ravenue
function; although Boyes does not discuss this point, presumably
the necessary rastriction is that the dexvivative of the revenue furic~
tion (marginal revenue) is positive for all levels of output. But
since the position of an electrie utility approximates that of &
monopolist, this restriction is equivalent to assuming that the
firm's demand curve is price~elastic for all levels of oufput., It
{2 unlikely that this is the general expericncs of firms in the elzc-
tric power industry., -

The revenue-share equition estimated by Spannl? depends
critically on the assumption that the firm's demand curve exhibits
constant price elasticity of demand, But this class of demand func-
tions includes a special case, that in which demand is represented
by a rectangular hyperbola, which {s troublesome for Spann's model.
In thiz case total vevenue is constant and hence marginal revenue is
zero for all levels of output. It is easy to show that a monopolist
producing under these conditions muximizes profite by producing an
infinitesimal amount of output, a result clearly incompatible with
conditions in the electric power industry.

As a final point on the Spamn study, itshould be noted that the
revenue-share equation for capital inciudas as explanatory variables
the levels of factor tnputs. But these are endogenous vavinbles in
the profit-maximizing model, and Spaxnn's failure to estimate the
share equation as part of a larger system of equations explaining
Input choices is likely to induce simultansous equation bias in the
estimates. Thus the results of his single-equation estimation are
subject to question,

‘The medel developed by Courville (1974) invalves single-
equation estimation of & modified Cobb-Douglas production function.
The most important objection i3 that the model, like that of Spann,
includes endogenous variatles {factor inputs) as explanatory vari-
ables In a single~equation context; but recent developments in the
estimation of Cobb~Douglas production functions have generally
followed Marschak and Andrews (1944) in spectfying that the pro-
duction function disturbance s "iransmitted" to the factor inputs,
80 that the inputs are not independent of the disturbance.14 The
proper procedure would entatl estimation of the production function
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covariances of all the disturbances in the system. Inany case
Courville's procedure does not raflect the current state of the axt
in production function estimstion, and it is unlikely that his resuils
are free of simullanecus equatfon blas, Furthermore, problems of
simultanelty ave aggravated by the use of a capacity utilization
measure, that is, the ratlo of output to capacity, which leaves the
model with the stochastic variable output on both sides of the equation.
An additional problem with Courvilie’s model is that it does
not explicitly include reguiastory variables; thus the parameter esti-
mates are likely to reflect specification bizs In the presence of an
effective regulatory constraint. These polnts taken together cast
danbts on the reliability of Courville's estimates as well as his test
for overcapiiaiization.

The hasic problem with the study by Hayashi and Trapani
(1978) is that the capital-labor ratio eguations do not include the
price of fuel. This reflects the authors' assumption that the firm's
cholca of capits] and labor is independent of the price of fusl. In
view of numerous studies which have elicited avidenca of capital-
fusl subetitution in elestric power genexation, 15 this constitutes a
specification error of considerable proportions, and it undermines
the validity of the test for reguiatory effectiveness.

The cost-function specification used by Petersen (1975) repre~
sents an improvement over thoae of the previously discussed studles;
however, the model is not specified in & manner which {s fully con-
aistent with the Averch~Johnson model of the regulated firm. In
Peatersen's specification the regulatery variable is the difference
between the allowed rate of return and the cost of capital. 18 The
appropriate specification for the cost function permits the allowed
rate of return to snter directiy as the regulatory variable, The
specification used by Petersen requives an additional assumption,
that {s, thai the procedure followed by regulatory commissions is
to maintain a preseribed difference between the allowed rate of re-
turn and the cost of capital. This propoaition does not follow from
the Averch~Johnson model. 17 .

In addition, Petarsen could have improved the officliency of his
estimates by including in the model the input cost-share equations
and estimating these togethexr with the cost furiction a8 a set of equa-
tione, The information contributed by the share equations would
vesult in more sfficlent ¢stimates.

The testing procedure adopted by Cowing (1975) is an improve-
ment over the previous studles, but the assumptions {impliecit in his
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ag one of a system of equatior explaining the level of output and profit-function specification are 1 bten . o8
the cptimal.Input mix. As Mundlal and Hoch (965) havo s, auiced b aliorative speciicatons, o)
ordinary least-squares estimates yqt this systom axo consistent only In particular, the profit-function specification raquives the |
under ceriain vesirictive assumptions regarding the variances and assumption that the firm's output price iz exogenous. It is not oS

clear how the problem of rate structure may be ccnfronted in the
presence of this assumption. Specifically, as Baumol and Bradfird
(1970) have pointed out, the profit-maximizing firm subject to a
rate-of-return constraint should satisfy that constraint by setting
prices in separable markets such that the percentage deviation of
price from marginal cost in each market is fnversely proportional
to the elasticity of demand in that market. Therefore it is neces~
sary that a model such as that used by Cowing, which relies on the
assumption that cutput price is exegenous, should include a megha-
nism to deal with the posaibility that electric utilities (together with
their regulatory commissions) may engage In price discrimination
In order to generate sufficient revenue to rescover total cost or to
restrict total revenue in keeping with the profit constraint. Cowing
cheoses to ignore the problem and thus implicitly sssumes that vate
structure is constant across firms in his sample. This assumption,
however, is not supported by evidence assimilated by Kafoglls and
Nesdy (1996) in a study uging 1970 data for privately owned slectric
utilities. Employing computed Gint coeffipientsl8 as measuves of
the "sp,read" of utflity rate structures, the authors demonstrate
that there is considerable variability of rala structures in the alea-
tric power industry. The issue is farther pomplicated by the use of
pricing schemes within each consumer clays which relate marginal
prices to the level of power consumption. In any case the problem
of rate strxcture introduces into Cowing's modeal 2 number of diffi-
culties whith must be resclved if the normalized profit function
specification i3 to be retained, |
In addition, Cowing's use of profit functions with platit-lavel

data presents the minor problem of measurement of profits at the
plantlevel. Published data on profit contributions by plant are not
available, and without such information it is not clear how profits
msy ba zecurately imputed to each plant,

CONCLUSION

| This chapter gives a oritical yeview of the empirical tests of
the Averch-Johnson hypothesis. The tests have been found defective
in the measurement of the cost of capital as well as in the assump-
tions made in the empirical implementation of the tests, |
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- NOTES

3. The interested reader is referred to Baumol and Klevorick
{1870).

Z. Holelling's Lemma states that, given the weli-bohaved
profit function P = P(q,w) where g is output and w is the n~dimen~
slonal vector of factor prices, the profit-maxtmizing amount of in-
put i is found by

OF(q,w//ow = Pyl W, Em Ly ¢ o 510 |
3. It should be noted that ihe above production fimetion is a
spocial case of the generalized form guggested by Hanoch {1975):

%,
}H)iq ‘ %idiﬁ 1

where q is output; x; is the amount of factor i; Dy, of, and d; are
parameters, Setting ed; equal to a constant for all 1 gives the
CRES production function. The Cobb-Douglas and CES forms are
alge snecial nagon,

4. The definition used in this chaptor is taken from Jorgenson
(1968). 1t is presumed that net capital gains on the disposal of
equipment are negligible. |

5. Throughout this chapter the symbol Py is referred to as
the rental price of capital, roserving for r the phrase Ycost of
capical.

4 ‘8, Miller and Mcdigliani do not suggest that conformity
should generally be observed. On the contrary, they remark that
the vresults of their estimation may be due in part to circumstances
peculiar to their sample pericd; see Millexr and Modigliani (2966),
e 333.

d 7. Ses equation 9.12. ,

-8, It is assumed that the average life of equipment is 40 years.

9. The ratings and average yields are taken from Moody's
publications. It shouid be mentioned that the information in the
above discussion does pot appear in the published version of Peter-
sen's paper. The cooperation of Potersen in providing the informa-
tion, as well ag other helpful comments, iz gratefully acknowledged.

10. See, for exsmple, MeDonzld {1971) and Myers (1872).

'The underlying assumption is that electric utilities comprise &
"risk~equivalent class.” A -

11. Note that Spann's measure differs from equation 9,13 but
only in his implicit assumption that v, the propertion of total re-
placement deductible as depreciation, iu wnify. An examination of
firm dats indicates that this proportion, usually measured as the
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ratio of depreciation on the income statement to total replacement,
is in fact close to unity and does not vary markedly across fizms.
12, See mﬁm 9,12,

13. Ses equation 8.7. g

14. For an elaboration on this point, see Hock (1958) or
Walters (1363). Further refinements are found in Zollser, Kmenta,
and Dréze (1966),

15. See, for example, Dhrymes and Kurz {1964).

17. Cowing (1975) has pointed ovut that thia specification im~
plicitly assumes that the coefficients sssocisted with the allowed
rate of refurn and the cost of capital are of equal absolute magnttude,
a restriction which doss not follow from the Averch~Johnson model.
Numerous helplul comments and suggdstions from Cowing are ap-
preciated. -

18, Previous applications of Gint coefficients have been in the
areas of income distribution and industrial concentration.
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