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The chapters in this volume are not 2-ddressed to fbldl»i. . ,, 
"solutionsu for our "energy p1roblemtt nor to the :derlvatl~M of J)(I.,Uoy 
impUoatlona for politicians to 1lmplement. They do havf) policy lm· 
pltcatlons and these ar.; discussed at the appropriate placea. But 
the basic concern in the cbapters fa to analyze carefully ·the relevant 
data for the problem at hand wttbout being too anxious tQ jump to un­
Justified and hasty poltcy oonclualooa. The tecbnlquea Qf analysis 
used are very broad and varied. in 11ature {much more so than other 
books in tbls area). They cove.r estimation of marltet sbare etp.ta­
ttons, logit models, linear progftmmlftl models, sw1tellmg rep-e~­
slon models, variance compon~nts models, logistic gro~~ curve~, 
and so on. It b:t thus hoped tbat this collection will be of some uae 
from the methodological P<•lnt of VIew as well and 'W!!! he;lp other 
tnveatigatora In their ana.lysea of different problema In tbe uea of 
energy demand and supply. \Ve Yilll therefore dlscua• bc)th ·the aub­
stanttve and methodological aspects of eacb of these ltudliea. 

•:--.... 
' ..... ..:::::---.. 

·"~~ 

Cht~-!}ter 2 by \\bn s. Chern, ttAtp'eJ~te Demand f<Jrr Eneru· 
tn the United States • u deals flrat wlth·~~~lhe residential andl commer­
cial sectors for which on, natural P•• -~~~ectrtclty a:re could ... 
ered.. Coal was considered initially but waa'aroppecllat•n- bec&Uie 
the price of coal WllS never signlficut In the share equai:tOIUl ot 
other fuels and prices of other fuels wel·e not atgnlflcant In the. 
share equation for coat. In any case tbe (t'Oftltunption of coal ill :of 
mln~mat ma!f*litude~ in the realdenttal and commetclalaecton. ·!'fbe 
m~t ®.'!Si!t. of an aggrep.~~.,e~·~~J equation and tbrti~ share 
equatlons explaining the relt.ttve· ~-res or the three fuels in total 
~ergy demand. From thoe C.hem derlvet the ooaditlotW demand 
eluttcltlu (ccrxUtlonal on given aarepte demand) and ·the tcon\"lm­
tlonal) unconditional demand etaattcltlua Next, uaumU~g some 
convttraion. factors for converting one enefiY type lnto &Jtother (for 
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exampie, naturat gaa to electrtcitY) ~ he derives pri-ce elasticltle!J 
for total •!md-wso cmergy and uprima~·" energy. r~t~lng the price 
of any parttoular et\!Prgy type will r4!duce the demand for that source 
but wllliJlcreaae the demand for ot~r type• of 9ntrgy due to Jnter­
fuelaubattltutlon. Irt terma of end-use eneqy, Chern finds that rats­
In& petroleum p~lcq (rather than the prlcea of natural ia8 and elec­
tricitY) hill the highest impact on aggregate demand for energy 
(titer allowing for tnterfuel subatltuUon effects). On the other hand, 

. ·~'It! we Ioo14: at primary energy, raising electl'lclty prices bas the hlgh­
. ' est tmpact on aggregate demand. 1t Is thus very Important to dls­

tingulsh between end-uao energy and primary energy for pollcy pur­
poses. 

Apart from these aubatantlve conclusions, there is some 
melhodotogleal Interest ln the chapter. Instead of having sepamttl 
demand equations f~r the different fuel types, the study follows the 
patb of having an agaregate demand equation and share equations for 
the different fuels. This "mto:ket-sharea appronchtt is perhaps 
rnore ntwntnating tlwl tbe other approach, and in some cases It may 
be the more a]~propriate, one where time-series data are available to 
estimate *he amrepte demand equation but only cross-section data 
are available to estimate the demand 1equations tor tb0 separate fuels. 

Chern does not consider the transportation sect-nr at ~11, and 
for the cue of Industrial demand he considers only the demand for 
electricity. Also, data llmltations for-ce him to combine different 
Industrial groupe, though he doea address himself to problems of 
almultanelty between quantity and prlee. A lot more work needs to 
be done in, this area, particularly esthnattng den1and functions for 
different fuels and also estimating the demand functlons by different 
industry groups (rather than a cross-lndwnry equatton as estimated 
by Chern). 

Chapter 3 by Gurmukh S. Glll and G. s. Maddala, "Res!donttal 
Demand fc•r Electricity In the TVA lu:ea," analyzes that demand 
during the 1962-72 period. The study ts based on a time series of 
11.xears f.br 147 distributors. Apart from showing that there bas 
been a definite structural break r.n the demand function in 196'1, the 
chapter illustrates problems of analyzing structural change and In 
pooling cr~oss-aection and ttme-sertea data using the variance com­
ponents models and lenst squarQs with dwllmy variables. 

Chapter 4 by WenS. CheJ~ and Willian\ W. Ltn, "Energy De­
mand for f~ce 1-leatlng iJt tlte United Sta~." breaks up the dellW1d 
tor space beating into two t.'Omponents: the short-run usage function, 
and the long-run !uol-choicu function which characterizes the appU­
ance .ownersbip decision. The study fllnds that tbe usage elasticities 
ar,e much nmaUer than the appliance chofce elasticttles. On the 
meibodoloJJ{cal side. the chapter illustrates the use of the market 

~' 
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sf&A:rea approac:;h (used tn Chapter 2) and the esttma.tlc:it of loctt 
tnO(!lels wsed ln fuel cbofce functions. <' 

Chapf61." G by Gurmukh s. Gill, G. s. Maddata, ntld steve ,If. 
Colm, ttThe Growth of Electr!o Heatmr in the TV A Ar~ta, u aUly_.' 
the data (by ditJtributora) coQidel"ed In Chapter 3. The stttly t• ' ., 
very good fllustratlve example of the estimation of loSllstio arowth 
curures ~ some pitfalls In their use, particularly whcm the growth 
pr~11eas ia still continuing and baa not attained the ceiling. 'Ebe 
stud;y ls a substanttal improvement ever earlier studfett of Ande'!'son 
and :NERA (r.:,ferred to l11 the paper) on the growth of e1lectrlc heat­
ing. Th6Se sttdlea Implicitly assume that the celllng .t•roportlon of 
elect!\rJe beating will be 100 percent .. 

Chapter 6 by \VUUatn w. Lin, uAPP«l•cbtan Coal: Supply and 
De~al.nd," is addresmed to the estimation of tbe effects of strlp­
mlnfl'Jir legislation ~n coal supply and m!nlng employ•ne1nt ln. Appa~a­
chaa. This stooy ls a good Ulustrauon of ~e use of linjt:ar pro­
grarmrl\lng model and engineering data to derive supply f,unctlons. 
Lln finds that· the economic Impact or 1$ilalation Is con1~fderably 
srnalt~T than the casual estimates wbfch have previously been sur­
gested b~r policy makera. This study tboretnr>1t illtl&tra~tes the !m­
portanc:,a \Of careful analysis of avatlable data a' an. lnp1Jit to polley 
declsfol!.\ 1\\\aklng .. 

Cb1p~er 7 by R. Blaine Roberts, "Esf,lta.iffion of Ctptimal Jn .. 
vcmtory tof Qoal Stocks Held by Elect1•1c UtlUtles," trlei~ to Gl.tPlabt 
lthe wlde fluct.\Ulth>ns tn inventories of coat stocks held t~ electric 
ll.ltlUties. The chapter develops a theoretical mod~l of CltfOSt minimi­
zation Ullder uncertainty for electric uttlittea holding co,ll stocks. 
The modol, interetStlngly enough, results tn a swttchmg repesalw 
model wt:U~ endogenous SWitching. It is shown that the cibsm.-ved 
data poin!ta !ie 011 the tna.rginal coat curve or a conatraha~ curve, 
dependlttti~, on the value Gf a criterion functlolil. Though the estiina• 
tlon of ti\lls switching model is theoretically possible, the available 
data prec:lluded such an attempt and Roberta used the WJ1J~lregre$• 
sion mod~,ls (correcting for serial correlatlOJl In the rei!Jiiduals).. He 
fow.\\1 the .precUotlcns obtained by tbeae methoda quUo S&.!Uifaotory• 

Chaj~ter 8 by Gurmukh s.. Gill, •'Omitted Oroes-sectional Ef ... 
fects In Mit,msurement cof Economlas of Scale in Electricity Genet-a­
ticm, u strO\"ses the important point (well-known but oftel11 unhe9dcm) 
that one cal\\not get an Idea of economies of scale from a pure cross­
sectional anttlysis. During recent yeus more elaborate, functloq.I 
fot'ms (llke 1\he translog coat function) have been used to study the 
problem of et':onomtes of s~te, hut the _,laborate funotlanal forms 
do not avQJ\! t\iurt probt~m of .runitted croas .. sect!onal eft~~. 

Cbsp~r 9 by Michael A. ~~hnmer, "Emplrlcal TeaQI at the 
Avercll-Jo!'a~soll Hypothesis: A iOritical Apptafaat,•• glv~ a S!L"'Yey 
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' STUDIES 1N ENERGY llEMAND AND SUPPLY 

otreo111t el11lplrloal work oo the effect of replatlon on capital utlli.:. 
t.atton by eteotrtc utill'tlee. In ~icular it argues that none of 
thtletWiltt~ have paid enouab .U.Utlon in the eatlmatlGn of the oost 
of capLttl1 wbloh 11 a cructat vulahle ln the analysts~ 

•rba obapted m tbta volume cover a broad variety of topics 
and ·toolmtquea of anaty•ts. l~lanotpoaalble, 1n such a small vol­
ume, 1to attae.k all aapecrts of the ener&Y' problem. To do full justice 
to OVI#l a alnste sotn:oo of oner§ .. -oll, raatural ps, coal, or elec• 
trictty-.. WiU take. a 'i'Olume m\tch bigpr ibm tbls one. Th'-t book 
~not hl:nt a chapter on "aaoline, or the transportattoo. sector. 
Nor dll)eiJ tt lave a Dliodel With 20 or .50 equ&UOM In tt. Sooh models 
ue,n.:• 'cloubt the faa~11onnowadays (the lnger the bettee), but it ts 
ao --~Y to get lost in tbem and it 11 very dtmcwt to see what Is cto­
lnJ on~ Tbe purpoae b1 these studies lll'to ~k more lnterusety on 
apeciiio aeotors and equattOtl&. 1.'here it~. however; gree.ter em­
phalt•r on etectrlcity than on the other ac•urces ~.>f energy. Chap­
ters S and 9 !:&''!) concerned wlth elechiollty supply and Chapter 7 is 
on demand fc,t coal by electrl.c mtillties. Chapter.1 8 and 5 are con.,. 
cf.U'rletl with eleetrlclty demand (In tile ~rVA area) and Chapters 2 
and 4 ala~ dtscusa,. m a&Utlon to t'bat fO:r other !uets, the demand 
for elootxtcU;y in tha residential aDd oontmerclal sectors. Chapter 
6 is aolely concerned wltb coal. To CUJ.'\8 this imbalance would have 
neoesaltated the lnclu.slon of numy more chapters. 
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Conversion of such energy sourcea as coal and llUitOlear pow~ 
·f.{) electrtctty for end use's makes tt necessary to ditd~n1ruish ena ... 
use from primary energy. Electtlcf.ty Ia an end-use Em1ergy so~oej 
but not a primal")" cmergy.. On the otber hand, nuclear J>ower is 
seldomly used dlrectly to satisfy tb~ enct-wce41emand; 11t1s a prl• 
mary energy saill'ce for electric genentlon. Jjfatural.l)l811 peb."o·· 
lewn products, and coal are used directly for end us• and for alec• 
tricit.y generation.. Thws primary energy lnclwtes. all eJnergy ~· 
eourcea being extracted, refined, and used directly fen:' end \IIi* 
and for electricity geueratton, End-use eoergy, on the other band, 
refers to energy source~ at points of end use. At the aggregate 
level, ex~~use consumption plus lossoa of energy an electric pner­
atlon, karulmisslon, and dtstrlbutloo ool18tU.ute total dem&na for 
pt•fmar.l' energy sourc~'B .. 

Hlatortcatt:v, the u.S. consumption for ene~r gr;w at a very 
rapid rate. During the period 1961-13, prior 'to the ·oU tlmbargo., 
consumption of energy sources at points of eud. uso gre1w at Q rate 

i 

of 3. 9 percent p1er year (Tabl,e 2 .. 1). For total consumJ~tlok'l of pri­
mal.j' energy sources, the growth rate was 4. 3 percent per year 
during thts pertod,. Demand dtoppcMlln 1974 aDd again :bt 1976; it~ 
Increased slightly in 1976. M a. ruutt, the rates of ~~~owtb ln })()tb; 
total primary energy and eoa~uae energy couumpttcm droppect dmilll 
the 1973•'76 pariod. If C11ne examines the historical trend of enerp 

--- - ..... 

Research spons~~red by tbe~N.fdlObal Schmoe J'oVJ1datlou UNN 
Program and the u.s. Energy Iiiisearch and Developmcmt Mmlni:S­
trattlon under COHtract Wtth the Unlm Catbida CorporaUOit, O&k 
RldigeNatlonal Labo:ra.tory, Oaic Ridge, Tennes•ee. 
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price, tt is not difticult to link enert&Y demaikl to its prtce. Energy 
prioea in real term• decltlled from ~~ ol'ly u 1951 to 19'13 ud then 
aharplylnor-.ed. Thua GJJ&J'U dermllfi.l and PJ,icm revealL a high 
correlation. One may conol~o dult ~- ener,;r prlcea In the 19GOa 
an_d 19608 stimulated detnand growth \tmd hlp Jtl'lC81 In tbe.~ ?.~70s 
cUd Ju:st tbe opposlts. However. 11uch a relaucublp bef.Yf~ demand 
a1'ld ~oe is by no meau trlVial, and fl.trthml'liOre, the mdent to 
whlch demmul responda t.o p:rlce ~cannot be wally determined by ex­
amlntnr only ·tbe hlatorlcal h'cm(la of demand ;qd price. l::l~trtnr ·the 
19S08 and 19605 real personal income .and GNP Increased t12pldly 
and thu.llow energy prices could not be the SQ,le prot~toter of energy 
demanct. The decUne In energy demand during 19'14-?5 wu often 
attributed more to the economic recession wlllc'h caused a decUne 
bt real personal Income and GNP thlm to the sharp increases in 
energy price. Thus, tt !s e8senttal to measure quantitatively the 
relattVG importance of various factors affecting energy d~mand. 
From a poltcy standpoint. understanding the effects of price on de­
mand Is particUlarly important. because energy prices to some ex­
·tent can be affected by policy actions. The PUI'POie of this chapter 
is to ,p:rovide statlstlcal evidence ot the dem.n.nCl-price r~lationshlp 
for s.everallra}>t)rtant energy soUl"ces used In various conswnlng 
sectors. 

TABLE2.1 

Consumption of Entf ... Use and Prhnn.ry Energy 
ln the United stltes 

*•LS~~t-

1961 19'73 19'76 Perce1nt Aw;al Gl'owth Rate 
Conaunaption (quadrUlton {to15J Btu) 1961-73 1973-76 

End-use 
energy 39 62 59 :il. 9 -1.7 

Ptlmary 
energy (\6 '16 '13 4~.3 -1.4 

Source: U .. S. Bureau of 'Pfllpes. 

Talbte 2.2 ~h<llw.fl end-use energy conau;mptlon by fuel type and 
by oonaumln,g sector in the United States In 1.976. In the residential 
~d commercial sector~ natural gu, petrolettml products. a~ ~lec­
triclty are major end-use energy sources. •~t Ia Mother impomnt 

lj 

'! 

I 
li 

AGGREGATE DEMAND FOR ENERGY IN T.lfE u.s. ' source of en&rif used in the lndwt~.J.ii,l Sector. *& ua~u~-. 
aector used predominately only petroleum ProdWJfS (17 Pfi'OQlt• , 
In this chapter• we CODduct two atucllea ot eilel'ef demal)t) at the· 
national level. One, deall With demlhd fo~ major ,t'ul)la hi the :reafl~'" 
dential and commeaccl&l aeotor. Th¢·;Otbtr deals ~th tndU8triat 4Je .. 
maild for eteotrlcity. 

TABLE2.2 

End-Use Energy Co~wmptlon In th~ Unl¢&d Sbt~l 
by Conswniug Sector, 1976 

(2n tr!Ulcn [10l2J Btu and p~~eu.t) 

------------------------------~-------------------------------Natural 
Sector Coal Gas Petroleum Electricity Total 

•nttt 
Resllclentta.l and 

commercial 239 8,11'1 6,333 4,143 18,831 
(1) (43) (34) (22) (10tr) 

Industrial 3~818 8,382 . 6,166 2,81~.0 21,aoea 
(18) (.0) (29) (13) (104)) 

Transportatlon 0 582 18,733 16 19,331 
(0) (3) (91) (0) (lOU) 

Total 4,06? 17,081 31,233 6,t69b 591,3V3 
(7) (29) (52) (12) (l~)) 

----------------~------------~------------------~OM~--~---'~ 
a.titoludes 33 x 1012 Btt.t of hydropower" 
boenerated from 21,367 x to12 Btu of primary energy sources 

(45 per1~<ant of coal, 15 percent of natural gas, 1.6 percent of peb!'O­
town. products, 14 percent af hydropower, and 10 percent ofuuotear 
power). 

Source: u .. s. Bureau of Mines, Departmetnt of tbe Interior, 
News release, March 14, 1977. 

ENERGY DEMit.&~ IN THB REsmENTiAL 
AND COMMERCIAL SECTOR 

To evaluate the ·utttmaite impacts of vulotw energy pricing 
r..o!lctea, we need an integrated model that treats demands for all 
substitute fuels interdependGiitly. 'lhe P\lrPOI~ nt· this stutty ls to 
construct such an Integrated energy deJ.P.and model fQr the 

• 
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realdstlal/commercl&leector. SpeclflcaUy, ~market-shares 
mcdelis developed in whloh demand etastlolties for aggregate as 
weU a btdtvidual fuela are analytlcaUy derived. 

In 1972 tbe household .aad commercial 1ecton used 18 quad• 
rilUott Btu of energy ln the United States (Table 2.3). The largest 
proporilon of the. Emel'IY \t'U provided by natural ;u. which ac­
comtted for 42 percent of tbe totat. On the .other baml, the use of 
cOAlwu altAost nqliaible. Since utlUzatlon efflctenolea vary re­
mub.bly among fU~.~la• it Is .Important to take into account these 
dUferenCM when comparing the relaUve aba.rea of lndivitlual fuels. 
For space boating, Btse and Holman show that existing gu furnaoo 
systems have utiliutlon efflclencies of 50 to 60 percent, dopendlng 
upon the type of furnace and inatallat10l1.1 on funtace systems are 
slightly less efficient than gas furnace ssstems. Utillatlon effi­
ciency of coal for home hea~g·ls much less than that of oil and 
natural gas. 

TABLE2.3 

~tittea and Shuea of End-Use Comuuupt!on of Fuels in the 
U.,S. ltestdenttat/Commarcial Sector, 19'12 

- ··--------------------------------------
- B~qre AdJustment'- ··- ·-· ~r AdJustmentb 

4'Uantlty Share QUfmtlty Share 
Fuel (quadrillion Btu) (percent) (quadrillion Btu) (percent) 

Elecb:'lcity 
Natural gas 
Petroleum 

products 
Coal 

TO"ts.l . 

3.48 
'1.61. 

G.G'I 
0.31 
18~07 

19 
42 

3"i 
2 

lOG 

3.6'1 
4.19 

3.34 
0.11 

11.,31 

32 
3'1 

30 
1 

100 

8r.rheae quantities are end-WJe figures. Therefore, tb~ qLW..ntUy 
of electricity does net inclUde power.--plant toases, ard the qu~mtltle$ 
of natural gas, petroleum produots, and coal do, not §nolude alel'i:Y 

uaecl for drilling, mining, and distribution. 
bA.s$umes a converatcn efficiency factor of 1. 0 for electrlc!tt, 

o. 55 for 11ttural SU~t o. 5 for petroleum products, and o. 35 for coal. 
Source: u.s. Bureau of Mmes, !9!! and,Encrsy Data1 United 

~tee b;t states and H!S!cmsa 1?7!- infCJfim&tlon circular no. 864'1 
(Washington, D. C., 19'14)., 

I 

AGGREGATE DEMAND FOR ENERGY IN THE U.S. ~· 

Moat of the put~~~ otlloerning eoo-uee efficiency llave 
dealt wlth space heating~~ Since the bulk of naturai au and p2tr0teum 
px'Oducts waa uaed 1sr space btt;ating, tbe relative ena-use effiolenctea 
or apace beating are uaed as prcxlea fott convtriing the qgrep.Uf'en .... 
ergy ue In the realdential/co;nutu'!rehil ~~~r l~to q eud·ute bola. 
Becaus8 ol the potential blat• tn applying tbue· approximate etfiolenoy 
factors. a sensitivity analythJ for evatuattns this bla1 wu conducted 
and Is discussed J.n. the setitlon entitled "Rep-ess!cn Results and De ... 
mand Elutlctttea. u Bated on the publtsbed sourcea2 and on conaut­
tatlona Wlth eugtneeriJ, we selected effiolenoy factors ot 1.0 for 
electrictty, 0.55 for natural gas, o .. 5 for on, tiJiii o.:astox• c~l as 
our base case, In applying these .factors, original fuel cownttnptl.on 
figures of Table 2, 3 were adjuatad to an end ... use basis ·and are atao 
shown ln the same table. These adjUJ3tments increase the share ot 
electrlclty G~gnlflcantly, even thoUgh natural gus atkll con~t!.ttutes the 
largest a bare. Since changes in fuel mix nla.y result in\ shlftlmg from 
lnefffclent to more efficient fuels, in addition to changes ln relative 
.fuel prices, it Is important to account for 'these relaUve efftctencles 
in interfuet substitution. 

Historically, electricity prices have beern higher than those 
for natural ps, oil, and coal. In. 1972 the average price of elec­
tricity was $6. 63 per mllllon Btu, while prices of natural gas and 
No .. 2 oU were $1.10 ·8M $1.21, respectively (Table 2 .. 4). After 
adjusting for relative utilization ,efficiencies, eleotrlclty sun costs 
more than natural gas and oil (Table 2.4)e These relative prices 
ue Important for oxplalnlng the behavior of households and comrner­
clal firms In their fuel cboioaa .. 

The Market Shares Approach 

One common approach to modeling energy demand lei estimat­
ing a con.ventlonal demand functlon for a particular fornt of en.ergy 
and lnveaUgatbtg lnt'lrfuel substltuttou by inclur.Ung the prices of 
substitute fuels lv. the model. But tbl& approach does not explicitly 
take mto consideration lnterrelattonebips between consumption of a 
particular fuel and consumption of other fuels. The m•r~-share 
appt@ach developed here treats consumption <>f all substitutable 
fuels interdependently. The mOdel consists of two pa:ril~ the flrst 
determines aggregate demand for energy in all forms, and the second 
estimates market shares for three major fuels (electriQlty, natural 
gas, and petroleum produ~m);; ~ 

• 
t!lllltially, we also tnoiuded coal in the model. As It turned 

out, thf, p1:lce of (#00.1 was never slgnlftcant in the abare equations 
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TADLE2.4 

A~pPd.CI. of :Fuels t11.ed bttbt) U .. S. 
Roaldential/Commerctat·Sector • 19'12 

------------------------------------------
Fuel" 

Eleotrictty 
Natuntpa 
No. 2ctl 
Coal 

Weighted averaae 

Averap Price 
before Adjustmenta 
(dollars/mlllitirl Btu) 

6.63 
1.10 
1.21 
o.aac 
2.111 

Average Prioeh 
after AdJustment 

(dolhus/mllllcm Btu) 

6.63 
2.00 
2.42 
0.91 
a.sse 

'"Average prtc)es ln their common units are 22. 6 mills per 
kwh (kilowatt hour) ol electrlcit.Y't S2. 06 per MO.F (thousand cublc 
fee~ of t1af.\m!1 gas, l 'I~ per gallon of No. 2 oil, and $7. 66 per ton 
oteoai. 

bAsaumea a. conver1!on efficlenoy factor of 1. o for electricity, 
O.M for natural gas, o. 5 tor otl, and o.as for coat. 

cBued en f.o,.b. (Cree on board) value. 
dcomputed ualnc the sbarea of tour i'uels calculated from 

fueJ .. use quantitlee u the weighting fa~rs. 
• ecomputed using the shares of four.fuels calculated from 

end-ue quantities as welsbtlbg factors. 
S:ource: Compiled by the author. 

Aggregate energy demand 11 asawned to be a function of the 
wetshted a~rage energy pdoe. personal i:ttconte, and tbe numbers 
of heating and cooling degree days. The regress ton equation Is eK-
pressed In Unear fotm. as followa: · 

Q• a0 + a1P + •.at + 8aH +:S.4c + a5D,. (2.1) 

~----~------~----· 

of the other three fuetltl, and the prices of other fuels were JJot slg­
nlficaut in the share equation for coal. Since the consumption of 
coal is of minimal mat.Ultude in the residential and connnerclal sec­
tore, we excluded this. component from our analysis. 

~ 
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Whf;lre P • I; P1S1 
i-1 

Bt -3. 
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a1's ue parame~rs to be ,eltlmated. 

The martet share for the tth fuel It as1umect to b6 a fUIIotiOO 
of Ua prtce, price~ of aubstltme luela, personal income., and de­
gree daya.. Tho three market ahara equations have the follcnvlng 
general form: 

81 • •10 + 8 t1p1 + a12P2 + a13P3 + 8 t41 +'isH+ 4 UJ0 

+ •tr> (2.2) 

for h•11 2, 3 

where •tJ'• are parameters to be e1timated. 
AU variables a:re defined below: 

lJ 

~ • Oaa»~ty of eleotriclty demanded per capita in the 
Teq,tda·~ and com.mercial aectora (thouaiUlda of 'Btu) 

Qa • Qlmtlty of natural gas demand pm~ capita in the resi-
. dential and comme:rciai sectors (t1~owumds of Btu) 

Qa • Qumtlty of ~leum products derwmd per capita In 
the re$!dential and commercial sectors (thoUSI.»da 
of Btu) 

Q • ~ + ~ + 5-a • total quantity ~~ eners'J demMC~ per 
capita (trillions of Btu) 

P 1 • B.eal average price of electricity WJed In the residen­
tial and commercta,t sectors (dollua per million Btu) 

P2 • Real average price of natural gas used In the residen­
tial and commercial aectora (dollars per mlltion Btu) 

P3 a Real retail price of No. 2 fuel oil (dttltara per mtl-
lfcn Btu) 

I • Real par capita Income (dollars) 
H • Annual heating degree days weighted by population 
c • Annual average cooling degree days 
D • Dununy variable haVing 'ID.lue of 1 for .1971, .atkl 0 

for 1972. 

r.:-
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8Tl.1DIES IN ENERGY DEMA~D ~ SUPPLY 

All quantity variables (Q{) and pri.c& 1Jtartablea Wtl were 
adJusted acootdhlg to the approximate relative end·U~e efrtolellclM 
of the three tue1a u follQYII: 

~ • YICJt and 

pl • Ptl•t 

(2.3) 

where 4i ll1d Pt ue, r0$pectively, reported quantltle$11ld mlt'ket 
prices, lnd 'l are the effteiencyfaotora (1.0 for electrlctty, o.ss 
for natural au. alld .. o. S for petroleum produota). 

The linear form is ·used because of the Inclusion of derree 
~ as VJ.riablee. From englneorlna calculations, ·net heat 1011 
· fr~lft bUndmp ia approximately proporttonat to the difference tn 
~,hperature between the Inside and the outside. Both theoretical 
~Wliildcrmtlona and direct observation. lndlcate that fuel consumption 
Lor beating and oool!nswr~ea linearly with degree days when. other 
factors are held constant•' 'rherel"ore, the use of the linear speoifi.., 
cation which preserves this Important engineering relattOIUihlp !a 
necessary. 

Reamltly11 Nissen and Knapp4 and Baughman and Joakow5 nave 
allo eatlmated a two-component model similar to the one developed 
lr~ thla atooy. Baughman and Joakow estimaf.e.'J a set of multinomial 
logtt fwctlou. Their modet spedfi\latton imposes a very restric­
tive assumption (that im, :a:U ~lf,P<Prloe elastlcttiea wlth respect to 
a given price are restrlot~ to ~ ~dmdloal). G Although Nissen mld 
!:napp also e~~thnated fuel-split (share) equations, our model differs 
from theirs In many reapects. Firat, we use quantity shares utber 
than revenue shares u weighting !actors for computinJ the weighted 
avemge prlo~J of energy. OUr formulation, thus, provldes a direct 
linkage between agrepte aemtuld and market shares. .More Impor­
tant, It facllUates the analyUcal deriwt!on .of demand elaatlcltlestl 
Second; btcome and degree-day variables appear in both aggregate .. 
denumd and •hare equations In o\U' fcrm\htton. In the NJssen­
Knap}\ model, no ctimattc variable wq introduced, and Income ap­
pea:red Q11yln the aggrepte·-dembd equatiorm. Finally, we adopt 
a linear speotncatlon; tbey UHtl a tog-linear apeclfloaUon. Under a 
linear :apecltieatiOft, the fact that the market shares must sum up to 
llmplles ·that 

3 
E Ato•1 Pd. 
i•l . 

(2.4) 

AC-Gll-EJl..~TE DE?.:fAND FOR ENERGY lN THE U.S. 

a 
E "AJ • 0 for j • 1, 4 • • • 1 
1•1 

13 

(2.1) .,, 

1:' 

Tbe aum of aU constant ·terms ia the llll!'ket-abare ~Obi 
mwst ·«'qUal untty, am the awn of the utlmated coefrto!etita tor each 
variable muat equal zero. Thele lmpottant properties ·OI.DDOt be 
easily imposed bt ihe,~og-llnear model uaed by Nis•en and Kbapp. 

The Data 

'To estim~ the model as speo!flM In tbe previous section, 
complete data. on ~~e oonaumptton of att ene:::gy sources must be 
ava!lableo Data or1 ~il consumption by Sf!Stor are particula:tly lack• 
ing. Foramately the· v.s. Bw.>eau of Mtne8 recently compllod de­
tailed data on consumi't.ton of oil and other fuels on a state basis. 
.~lthough the residential~ commercial sectora hAve to be com­
bined, we believe this "t ~f data: ts the best available. 

Speclflcally, annualtt'ta for 48 states (excludes Hawaii and 
Alaska) for 1971 and 19?2 wtl"e us~ for this study. Data on tutal 
energy consumption of eteotrl~,lty, natural gas, and petroleum prod• 
ucts wont obtained from the tr.~. Bureau of Mines (~el and .. ,.:n!!lf 
I!ata, lfl\lted..§l!~ bz ptat,s 8!ht!lslons1 197~_. Bareau of Mlnee 
lnformat!on Circular 8647~ 1D74ta:nd pntted S!atea·Enew FaS 
§beets, 29'!, Febr•ry 19'13). A\'feDJe electricity prices W«!re 
compuw.d by dividing revrmu• by £-.lea of etectrtclty, by .tate, 
pubUashed by Edison Eleofri.c lneti~f!t ~jatlstf.f:)!t .. Year~ook of t.IW 
Eleotrlc uttlltx.~~uatrb for 19'11 and 1972). Slmtlarly, aveftt,Je 
natural ps prlcea were eomputecl from tho revenue~~ and aalea datl 
publi11hed by American Gaa A.ssociation (Gu Ft.cta. 1971 aDd 1971). 
Data on No. 2 oll prices were obtained from Platt's 011 PJ1lce Hand­
book and Ollmanas.for 1971 and 1972 (New York: McGraw-Hill) • 
Market epot (or terminal) prlol' te available for ouly 56 major olUea. 
For those states witbo;ut any reported city. data for an $ijacent 
state wer-.a usect. We adjusted these iennlnal prlcu to reta.U prlcea 
by assuming a fbced percent of markup ,(66 percent}. 

State data on heatinr degree days (avenge weighted popUlation 
over dl,vi.alona) were obtained from the NaUonal Ollmatlc Center. 
AshevUle, N.c. (''Monthly Heatins Degree Daya by state wxt Seali~, n 
Job No. 1•624, November 13, 1973). Data on ~ooUng degree days by 
elf¥ were obtained from Natlmu.t.l Oceanic and Atmotpherlc Admlnls· .. 
tratton (plimatcilo&f:CJ11 Data, .Nattonal,S~~nUlUt December 1971 
and December 19'12). City data were averqed to yield df4a tor~ 
states • 

.. 
• 
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Data on personal Income 1rete obl\llned from the Survex of 
.Qurr!§ B•Jnea•11 April1914 tV.s. D~uiment of Commerce) • 
Population data wer/j taken front.Qgrrent P9m!1atlcn Reegr!!. {U.s. 
Bureau of the. Ceuus). 

:&'inally, .all pricea and income va.rlablto\1 wre deflated by the 
ccat-of·Uvlnr Index. The 1970 state indexea h.ierived by Anderson 7 
were adjusted by the national couwner·prtce itu:lex to obtain appro-
priate deftatora tor 1911 aud19?2.. · 

Regreaston Raults and Demand Elaettcltlea 

The ayatem of equatlons shown tn equation 2., 2 flta tOO general 
spec!flca.tion used by Zeltner8 for seemingly unrelated regressions. 
A proper \?toCedure to estimate this set of ahara equations subject 
to consttalnbs expressed in equatiorw 2. 4 and a. 5 ls Ze~lner•s gen­
eralized least-squares approach. One dltficulty arises: Since all 
shares aum to mlty, the diatm:bances across the three sure equa­
tions Will always add up to zero for each observation. As a result, 
the varlance-oovarlance matrix 11 aingular and nondlugonal. Berndt 
and 'Vood encountered the same problem ln their study of h'~twtrlal 
den-illnd for en~ In whfch translog ~'tit functions were US!'d. 9 
They arbltratily dropped one equatlon nd estimated the remaining 
eqmttona with linear r.-trictlons with the lteratlve tbree-staga 
least-squares procedure. Unfortunately, this n~etbod could no't be 
applted bere because the coostrainta Implied ln. our model rae no 
longer needed when one share equation is dropped. Thua, tf onl~'f 
two out of three sbare equations arc estimated, Zellner's esttmatton 
procedure reduces to ordinary least squares (OLS)., since we have' 
the same set or Independent variables. Hence, the present model 
fa a special case of Zeliner•e model that conforms to the classlc,al 
multtvanata regression mo:Jet.lO In tbta ~ase, OLS gives ,efficient 
estimators because the covariance matra: factors out of the 
Krotiecker product relationships {dlsr-~garc:Unc conastralnts). Fur­
thermore, atnce the con~traints &rr,j automatically ,u,tfafled by OLS 
(aa shown by Pindyck and Bttblnfe]tjll), the. OLS estimators must be 
efficient whether constraints, ar11bnposed In the multivariate re• 
greaslon or not. U is concludeJ, therefore, that OLS is the beat 
method for estlmattng equatiosr 2.2. al~e. 

The regresalt:m results ~;a:e presented Jn Table 2. 5. The over­
all performance of the mode~ ts remarkably good In term~ ~f signs 
and abtlstical st,gnfficance 4f tbc estimated coefficients. R2a are rea­
aonal>ty hlgh betll.'-'~e t:".::.·; ,~~ essentially a cross-sectiog, a.natys~~ * 

*Although we uud ,data fgr two yean, ·the model Ia eapected to 
explain prfmatily o~.?~-~~tiQIUd dlffsr~- ~ .. wi:J -wu 
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16 STUDIES IN ENERGY l)EA-fAND A'ND stJPP!.Y 

TABLE2 .. G 

Comparison of Agg~-cpte Demand Elutleltiet5 

Model 

Presentatuay 
Niuen-Ki'Uipp 
Ba.ugbman-Joskow 

Energy Price 
{P) 

-0.'10 
-0.53 
-o.so 

Income 
(I) 

0.41 
0.48 
0.62 

~-----------------

Source: Compiled by the autbot:'* 

Results for aggregate demand In Table 2. 5 show that energy 
price and Income ~flclents are statistically significant. Furthe~­
more, the coeftlciente of degree days all have the expected positive 
sign, and the heatiDS""C!egrce-day vuiable Ia more stgnificant than 
the cooling-degree-day 'V1lriable. 

Tbe coefficient eaUmatea in tho ·market-sbaro equations are 
all plausible. All own-price and cross-price coefficients have tbe 
expected signa and ate statistically significant. wttfl respect to ln­
cotne eftaots. results show that an increase In income would increase 
ma:rket sbares for electrlcU;y and natural gaa and reduce t!te share 
for petroleu.nt ;S)roducta. For heating degree daya, the reaulta sug­
gest that the share of petroleum products in colder states is higher 
than the !Snares of natural gas and electricity. On the other hand, 
the results 'Show that higher cooling degree daya Increase the share 
of eleotdclty while t:..educing the •hues of natural gas and petroleum 
products., Theae results are, of course. obvlol.Ul because electricity 
la tbe major fuel used for alr conditioning. The estimated coeffl­
ctents ft'or the dummy vu:!~le fDdlcate that relatively more eleo­
trlcllty was used in1972 ~ in 19'11. This increase may reflect a 
switch taward electricity bJCause of the uncertainty about the as­
sured avaUablllty of oil am natural gas. 

By uslug the sample mean values, the aggregate-demand elas­
tlcltlea were computorJ to be -o. '10 wlth respec.t to price and 0.41 
with reslpect to income. Since the modells estimated from orcss­
seottonal data1 the resulting elastlcltles are generally Interpreted 

found to bm the case. As we estimated the same model (without D) 
for 19?1 and 1972 separately, the resulting estimates were very 
almUar. 

I 
I} 

• ~~ 

AGGREGATE DBM'AND FOR BNSJtGY lN THE U.S. :11 

aal=:-r~ elDticlttea.11 'l'he pre~cmt attma.te of~.,. dut.td~l:; 
t'alll.bef:ween the eatimatu ~by NIIJeD-X.ppl3 lid ~ll!t 
man-Joatowl4 (Table 1 .. 6). Out estimate of income elutlcltJ itJ 
lower t1w1 both of theirs. 

Since tb& eetbnated ltloome eluttctty ia wen below Ubl\t, nta• 
~~income~ would not reault b:l a proportloul rln in eDel'lr .de• 
mam~ A peater proportion of addltloaal!noome would be 8l*it tor 
other consumer aoocts aDd servtoea if prloM of exaer11 remala cca­
stant. The eatimated price etulclty ta mo below unt~. lm~c 
that an tnoreue could bo expected tn consum$r ~1aree 011-a• 
ergy u the price of energy rllu. 

Bued on iDdh'idtal marbt-abare equatiou, we can cotnpute 
the market-o:haxe elutlclUe~. The price elaatiottles have the fol­
lowing general expr•stoo: 

as1 - -p p 
e1• • ·- :L • a11 :.1. for 1, j • 1, a, s 
" aP - -J Bt 81 

(2.6) 

wbere the •wn indicates the mean values of sample data. It can be 
arumn that these market-abare elastlclties are equivalent to flHt con­
ditional demand elaetlcltlea. That ts, 

- ,. -a P P - P 
'!!. J. ="- - •• ,, ~ Q ••• , ~ 

3<\. Q ~ 81 

where aggregate demand Q remaiDa \Ulchangetl. 
The matrix of computed cocdltlCil&l-demand eluticltles 11 

J)i'ese.nted !n Table a. '1. This &laatlclty matrix may be lntrepreteQ 
column by column. For example, elutlcltles in the first column 
ehow that m Increase In elechiolty prlce by 1. 0 percent would re­
duce long-i'un electrlctty demand by 1. 34 percent 8!2d increase de• 
mand11 for taatural pa and petroleum products by 1. o and o.a per.u. 
cent, respectively, holding agrepic energy demand uncbanged. 
As :noted In ·the matrix, the aubatitutahlllty between natural ps ADd 
petroleum products appears to be greater than ettber betWetll elec­
tricity mid Mtdral gu or between el~loii¥ and pet.rolsmn products. 
The estimated elutlclty matrix fa not aymmetrlc. '11111 lack of 
symmetry can be explained by the fact that different fuell may~@ 
used for dlB'erent PUl.'POiea. For some end-use fmcUona, .aubett.tu• 
tton Ia simply not feulble or practical. Fo1: example, electrlolt,y 
used for Ugbtlng and air oonditlGl'lb:tg Ia generally considered DOn• 
aub!tltutabte_. even though cudles and gas air CODdlUonera do .tat. 
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t..•.v:· "":tr.- '1ll:t n '1 
7~.~ .·.¢~·:~ ... ;~ .,.. 
<. . . I 

Eati~.· · ~~ ~ -~·~.!.< .. ~:Jil Detnanct Eluticlties 
·" ~ep.te Demancl 

·· f~ et sample nt5n~) 

------------~·~-~------------------------------------------*--Etectrtclty Gas ou 
Pr!ee Price Prlce Income 

'l)peofFuet (Pl) <Pal (Ps) {1) 

Electricity -1.341 0.250 0.54'1 0.403 
Natural gas 9.990 -1.259 0.'188 0.297 
P~olewn products 0.2'15 1.090 -1.3'18 .. 0.?15 

Source: Calculated by the author from Table 2" 5 .. 

From the standpoint af conserving end .. uae energy, it is of - . 

great interest to kuow the aggregate-demand elastictties with re-
spect to individual fuel prices. These elastlclties can be computed 
front our model. Differentiating equation 2.1 With respect to the 
price of fuol j and using equatitn 2.2, we can derive: 

2£L. 3 
oP • ~ (Sj + ,E P1a1l for· i • 1, 21\ 3 

j 1•1 
(2. '1} 

The elasticity can then be computed by 

• 

p - 3 - p 
ej • .29.. ;L • a1 (Sj + E P laij) :.L 

OPj Q 1•1 Q 
(2.8) 

These elaaticUles are computed to be -O.JJ54 for eleetriclty 
price, ·0.264 for naturttl gas price, and -o. 2'10 for oll prlco. 'r.he 
fact that these elaattcities are all negative ltaS aa important lmpU­
catton for enetsY conaenatton. It suggests that priclngstrategtes 
can be effective ,~natruments for achieving ~rgy c~tion. 
These etaatlctties are pattlal etastlclties In the senae that their in­
tex'pretatlon requires an as1UMption of holding all other factors con­
stant. If the prices of other fuels increase simultaneously, as Ia 
generally tbe·case, the resulting energy ccmaervatlon would be 
greater than lmplled by these elasticities. 

AGGlmGATE DEMAND FOR ENERGY 1N THE tJr.s. 19 

Another notable feature of our market-s'-re lf~h t• that 
the oonventlorutl demand eluctitriUea are derlvab1lQ analytt~y. To 
'derive tbe O'mt-prlce elaaUotf;Y, A)ie «liffe~~~ question 1.2 wlth 
respect to P

3
: ( 

~-!~_!tu 
oPj . Q (\PJ Q2 aPJ 

(2.9) 

Subatltutlng equation 2. 'llnto sqqaticm 2,. t and tDqUaUng the rMultlng 
equation to ell, we obtain 

3 
.aQJ a ajJQ 4 a1Sj(Sj + E Plaij) 
aP1 t•1 

Hence, the conventional own-prtce olastlclty cmn be computerJ by 

-
Ejj*~ ~ • 

cP1 ~ 

:~ I p - .~-- ~- J 
ajJQ + a1sj (SJ + l, lia!J) _ (2 .. 10) 

i•sl · Q 
J 

Note that equation 2.10 can, be alternatively eaq>reseed by 

- -
E •9~1 .i+~ .. ::\ 

JJ aP - aP -
J sJ ' Q (2.11) 

If the equality holds as follows: 

-
~- .5. -Q 

(21112) 

Equation 2.11 states that the convent!onal-deJliUUtd elasticity can be 
expressed as the sum of the market-share elaaticlty aa p:revtowsly 
determined fn equation 2. 6 and th$ aggregate-demand ela.stiolty 
shown ln equation 2.8. However, If we use the sample means for 
computation, the equality (2.1~ does not boW! In general. Hence, 
It lo more appi"'-4priate to use «JUatlon 2.10 ra.tiler than equation 
2 .. 11, even though the dUierenO$S are folmd to he very annan. 

'Similarly, crosa-prlce elasticity can bEt expressed as 
follows: 

{l 

I:! 

,, 
.:;S' 



~ 

~ 

t-,.. 

10 STt.miES IN ENERGY DEl\-tAND AND SUPPLY· 

!i:Jk .. ~ ~ .• • fa. Jk Q+ a1S1 <\ + £ i> t a1~ 1 ~ (2.13) 

al>lt ~ l "'1 J ~ 
and income elasticity as: 

• 
~ Q- ~ . ..._ --- .... 

EJt • ftl -~ • cal" Q .,.. ·~ sl -!--
~ Qj. 

.. 

The oonventtonat-uru:cmdlttotml-d&mand elastloltisa computed 
at the mean value:~ ot aampte data are presented in ~able 2. s. The 
estimates ·Of own-price eluticttles at'$ all greater than ltt o and this 
mdtoates that denwtds for all fuels are p::lce elastic,~ Although the 
uep.tive elaatlclty or natural gas price for electrlclt" demand is not 
expected, Ua. nUl.g!lltude is small. This reau.tt does :rwt seem too 
surprising, because m0st elootrlclty demand studies bave obtained 
ettber lnatgnificant or small cross ... pr!ce elasticities with respect 
to natural pa. 

TABLE2.8 

Estimated. Conventional Demand E~S$UoUtes 

------------~-----------"--------------------------~·~---------

Type of Fuel 

Electricity 
Naturatpa 
Pef.l'olewn products 

Eiectrlcity 
Price 
(Pl) 

-1.46l 
0.919 
0.215 

Gas 
Price 
(P2> 

-0.015 
-1.495 
0~806 

on 
Price 
(Pa) 

0.:290 
o.,soa 

-1.,608 

Source: Ce!aulated by the author from. Table 12. 5. 

Income 
(I) 

0.856 
0.698 

-o.293 

Considering natural gas demand, the two cr0$1S-p'rice elastl~i­
ttes are high, and tbelr swn i8 almost equal to the !O'Ml•prlco e...tas­
tf.city. These results imply that changes In prices ,of electricity and 
ott would have substantial i.mpacts on nat-J:tal pa demand. However, 
If aU fuel prices changed by the aame percentage. the ~mpaot on 
natural gas demand would be minimal because the own-,rice effect 
Is offset by the cro~s-price effects. The sam~ conclusion does not 

AGGJ.:tEGATE DEILU.1l FOB ENERGY IN 1rHE tt. S!l 11 

bold for electrtcit;y and petrotoom. p:oduotn d6DUtnil& where the eum 
of oroea-pdce eluttclUes Ja amallel."' tba:q. the own-prtoe eluttolty. 
In the demand for petroleum products, nat~ml gu I• a mucb li10ra 
important aubttttute than eleetrlctty. F~ore. eattmated in­
come eluttctttes are posltlvo but amaller than unity for electcloity 
ml natural gas. A :bep.tive Income elasticity far petroleum prod• 
ucta is not expected although the magnitude ls •malt. 

The Pt'CI·ent uttmatel ol own-price elutif.lltlefl are allglltly 
hlper than tboae ettlmates obtt.lned by lla:ugbman and Joatow16 and 
much ~ghet th(A the estimates .of Nlsaen and .Knapp,1'6 Alaot our 
e~Umatea of cross-price eluticltlee of the demands for natural au 
and petroleum products are hJgher than tho'ae obtained by BaUibt:nl.ll 
and Joscow. We note that they derived thelr demand elutlclttea 
using a shnulation procedure, and one cam:tot be sure that the re­
sulting estimtttea aro independent of the Pt:rtioUlar ascmnptiou they 
used in tbelr almulatlonJ. 

" 

Our model 'WaS estimated assuming efficiency factora of 1. 0 
fot electtlolty, o.ss for natural gas, atld ~>. 5 for petroleum products .. 
Although these assumptloM are. the beat t<• our knowledge. they are 
by no means absolutely accumte. It fa th0ref.<lre important to know 
how sensitive the resulting elasticity ~·~tra.ates are to these Ulump­
tiOW.J. To assess this sensitivity, we r&r:an the recreasions for four 
other alternative sets of ef.flclenoy uswnptton..~. A detalled com­
parison of the resUlting estimates of conventlonh.'l demand elutlol­
t!es. fQr incUVidual fuels is pres~·~ted In Table .2. 9.- The results 
show that the elasticity estlma~o are not senaitl"" to the assump­
tions made on end-us., efflclenc'es within the range of uncertainty. 

Demand and CO\UServatlon. of Primary Enel'gy 

The analyses presented in the previous two sections dealt with 
energy used by households and commercial firma for perforntinl 
various end-use funct!ona. The elaattolties obtained from those 
analyses measure the extent to whlch couumen reepond to changes 
In economic and cllmatlo .factora in determining the amount of en­
ergy they actually uae. However, these elasttcltlea do not measure 
directly the respoue of demand to thmu~ exogenous changes to:r prl• 
mary energy sources. By primary ene1rgy, we mean the sersy 
aouroea used to produce fuels fc;r eud wae. • For example, coal, 

•we broaden our deflnltlon of prhnary energy hero to lncl'*'e 
energy required to produce other ene;:gr aouroea besides eleotrtclty 
at points of end ues. 
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24 STtf.l)lES m ENERGY DE~~D AND STJPPLY 

·. It mutt be noted that we are !ntc!reatea cmly m the total primuy en,­
~. 'isrep.mlne the mi.1dut• of prlflUU:'Y energy sources usoct fo.r 
generat!nc eteotr'lo1ty or drilUngtUt.tural gas. H~endeen and 
Dttlla!d have~~ that tbe·overalllnput-output coetfiotenta for 
CQltVel'Ung P!tl~·:«!ergy to electricity, natural Pfi,. and petroleum 
~Oducta ~banta! on~'f sUJhtly between 1963 and 1967.1'1 

To, examln& the ·:hnpacta of changes In fuel prices on primary 
energy demand ... we dltl\rentiate equation 2.16 wlth respect to ~e 
indl•lduttl fuel prices: 

3 
AM • I: 
ilPj i•l 

1 - 'OQI 

~ 't 

The price otut!.cities of the demand for fd.imaey energy an then be 
computed by 

!!* 

p .l! Q 
A J • aM. -::.. 1.· • }: ( 1 ~ g.,!, 

aPj M i•l a1 aPJ 

-
_Pi fOJ: J a 11 21 3 (2.1'1) -1\>1 

1ot: computing these ela.Jttclties, we note that tbft partial derbtatlvoa, 
~laPj, have been previously evaluated in equations 2. 9 and 2.10 
using sample m.GanS.. The total ef!!c!ency factors ~l are computed 
hued on the 1967 input-o.rtput coefflcienta estimated by Herendeen 
md Bultard.18 TbesP estimates are shown In Table 2.10. Account­
ing for t1te direct and Indirect usage of energy tn producing end-use 
fuels, elecb:iclty become!~ the least efficient fuel With an overall 
efftclency of 26 p~cent. The last flgtU"e needed for computing price 
elaattcttles ls the mean value of M, whtch Ia obtamed from equation 
2.16 using the mean values of~· 

In Table 2.11 the Tesulting estimates of price elastlcltles 
ualnrt equation 2.17 are compal"ed 'With. the estlnw.tes previously ob­
tained uing equation 2. 8 for total enct ... use energy. A str!king dif­
ference was found tn tho estimated elasticity of electrlclty price. 
The magnitude of the ete~~iotty prJtce elutlcity (-6 .. 33) for primary 
energy demand fa much higher than that ot the prices of ns.tural gas 
ana on, whtle it ls the lowest (-0.05) among the three price elastl­
o!tles for end-use energy demand. This fs clearly due to tbe fact 
that the total efficiency for wslng electric!ty is muoh lower than tbslt 
of natural gas and petroleum produ.cts. The results show that rais­
Ing electriolty prtcu would be more eftecttvo in conservln.l primary 
energy than raising prlcea ot natural ps and on. This is, of course, 
ln sharp contrast to the conclusion reatJbed for •md-wsa er&81V demand, 

AGGREGATE DB~ FOB FJimtGY lN TH£ U~S. ill 
,HJ 

which showed tbe oppoaiteJ. Tbea3 results are uot contradtotor.v; 
rathert they show that tt Is usential w dlstinsuiah betweon eRe~• 
uae enol'IY and. primary en~n.•cv for maklnc policy deoial()nl COt\• 

' . - ~~·· t$ming energy cctllerv&tton. ~~ ~ 

/;I 
;/ 

TABL1&: 2.10 · I! 
1/ 
I• 
'\ 

Total Efficiency Factors by Fuel Type \~~ 
AI. :-·~---'--~·------------. 

Type of Fuel 
End-us-c 

Efficiency 
('It) 

Input..(')utput 
Coefficient 

for Converting 
Primary Energy 

(ttl) 

Total 
Efflclfi.Ccy 

Factor 
(ll~'lt/At) 

------------------------------------------------------------~ 
Electrlclt;y 
Natural gas 
Petroleum products 

1.00 
0.55 
o.so 

3.196 
l.l(Jl 
1.208 

0&283 
o.soo 
0.414 

~----~----------~----~~~~.--~--~----------------~---------
Sour~: Conlp.lled by the author • • 

TABI.,E 2.11 

Comparison of Esthns~ted Price Elaetlclttes fer Total 
End-Use Enex'gy and Primacy Ene:rsy 

-----*--------~~~------~----------------~---------------------~ Electricity Gas · 011 
P~!ce Prlcc:t Price 

Type of Demand <PI} (P!) (~1U) 

EP.d ... use energy 
Primary energy 

-0.054 
-0~330 

-o .. 264 
-o .. 157 

-~· d J1MtJ-· 

-Oa2TO 
-o.224 

·---------------------------------~--------------

Conclua!ons 

Tbts sWdy shows thnt aggregate entf ... use ene1~ dem.and m the 
residential/commercial sector has a price elutlctty of -o. 1, wbtla 
individual fuel dentanda are all price eluttc in the long run. Fur­
thenrtore41 changes tn the price of a. particular fuel woulct affect its 
demanl.'t more tban the aggregate energy demand because of lnterfuel 
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88 STUDIES IN ENERGY DEMAND AND SUPPLY 

aubattfutton"' For example¥ an lncrea•e of 1 percent In electrictty 
prloe would :reduce electrlcity demand by 1.4 percent and reduce . 
toial end-uao energy demand by 0.1 percent. \Vlth a 1 percent tn­
~ ln price of natural gae_. the rGSulting dentand reductions £1)r 
u.tul'al au and fot total ondGuse emergy would be 1 .. s and. o. 2 per­
cent. respectively.. A 1 percent Increase tn the price of oil would 
~ce demand by 1*6 per~ent and the ~egate end-use energy de• 
DUU1d by 0.3 .percent. Hence, ulsing petroleum pr.tcea appea-rs to 
b&ve the sil'ongef!t potential for conserving end-use energy. 

\Vhen pr.tme.ry energy Is conaidered, the. results show that the 
elasticity of electrlelflJ price ia higher tba.n that of prices of nat.uml 
gu -and oil. This higher elUttclty bldtcates that tnoreaalng the 
prtee of electricity baa a greater Impact on reducing demand for 
primary energy. The Dtudy concludes that !t Is essential to distin­
guish prl\\UU"Y energy from end-use energy ior nlaking poUcy de­
clslons. 

The model constructed ln this chapter e.'qllnlns the conswner•s 
reaporuso to cbangei!t in various explanatory wrhtbles. Since oross­
sectional data were used for the estimations, the f'esults cbaracter­
i%«! interstate variation as well as hehavlonl relationships. There 
~e potential causes that may tnduo" changes in the demand struc ... 
ture !n 'the futtU"t;,. For example, new technologies such as solar 
hea.Ung and the Annual Cycle Energy System (ACE&) may be widely 
adopted. Also, there maybe significant changes in Ufe styles so 
that people prefer smaller ruul multiunit housing. Therefore, the 
energy conaervatfon resulting from. higher prices nlay be greab!lr 
than 0\lt' btstorical elasUcities indicate.. 'l'be fnct that cmsuma·s 
do t:e~pond to price ohangest as shown in this a!ld other studios, 
surgesbl that significant potential exists for adOpting energy­
conservi~ taclmologies In tb!s era of increasing energy ~rices. 

'lbe 1nodel has at least two llmltations regarding U.s u.s<efUl­
ntss fol" forecasting. First, a model based on oross-.sectional 
analysis provides only estimates of long-run demand elasticities., 
ID forecasting, tt Js necessary 1G deal w!tb. both short- and long-run 
effects. Second, althoUgh our linear model assures that tbe esti­
mated market shares always sUrA to unity, it does not guarantee that 
the estimated shares are all porJitlve" Despite these UmUaticns, the 
model glves a better analyticallruslgbt Into the demand structutte 
than other models that use log or logit form. 

Furthermore, we used average prices of electrlc~ty and 
natural gas ln this study. Due to a declining block pricing for elec­
trlclty and natural gas, the use of average prices may result 'n a 
aimtdtaneous equatioo bias as discussed. T11us our eatlmataa of 
eluticltl&$ associated w!th prtoea of electricity and natural fl,. may 
be somewhat btased. 

AGGREGATE DEl\f.A.h1> FOR ENEB.GY IN TO U.S .. 27 

FluaUy, we should allo point out that our model dooa notded 
with 1nterrehttlowshiPI between the prlt:e of eletm:tclty tmd. the ,p:d4$U 
ot natural au and oil. Since •tur.t r- ad petl'oteum product~ 
have been among the major energy •ourcea fott' generatlur etecblctty, 
changes bt prices of natural su and oil will affoct the price of etec ... 
tr1c1ty. Heace, any policy lnatrumenta, suoh as the dereplatlon of 
the prices of natural gas ·and oll dulgned to affact prices of natural 
gas and oll, wilt also attect the price ot electricity. \Ve auttclpate, 
however, tbat the atgnlfioanco of these Telattonshlps will dbnlnlah Ill 
the future when the nation poealbly moves toward uaJng more abUA• 
dant energy sources such u coal tmt1 nuclear power lor electTlo 
genetlltlon. 

INDUSTRIAL DEMAND FOR ELEOTIUOltTY 

Numerous econometric studlee for electricity demand, thoup 
mostly foi' the residential sector, are available In the literature. 
These studies can be classified into tlu:ee groups baaed on what 
electrtclty price measure 1\'1.1 used ln the model. '1'he firat groUp 
Includes those using average price tn a single equation traodel. 
Major contributors in thls group include Anderson,l9 Chetm et al., 20 
Fisher Md Kaysen,21 Grlffin,22 &tount et at.,23 ~ Willon.24 The 
second group of studies adopted margtraal prices a!' some kind much 

· as Typical Electric Bills used by II~utbakker et at. 25 and some 
weighted averages of repres"ntathre In actual rate schedules used by 
Taylor et at. 26 Tbet final grou!i) used average prloe in a simultaneous 
equation system. Important at\dles In this categoey include thOE;e of 
Halvorsen, 27 \Vilder and Wtllenborg,28 end Chem.aa 

Even though economists have pa.ld increasing attention to the 
estimation ot electticlty demand, the area :Qf Industrial demand re­
mains relatively wtouched. Most previous studies of Industrial de­
mand have used cross-section Census data at the standard industrial 
clus!fication (SIC) two-digit level. In an early study, Flal\01" aD4 
Kaysen30 estimated au. electricity demand equation tor ten t.'\to-dlstt 
SIC manuiaeturtng indwstrtes, using 19IS6 Cenauu data fo~ 47 ~~tea. 

• They expressed the total electricity pW:'Chaaed and generated by the 
ith industry as a function of tbe value added and. the average cOtJtr·t­
kilowatt hour of purchased electricity tor this tJldw.try. \Vllaon3 
later applied the F!sher-lQ'lyaen model to 15 SIC two-dl&it lndUitlit?a 
and used the 1968 Census data for standaird Metropolitan Statlattcal 
Area (SMSA) eltles. These models obviously are unsUitable for es­
timating the long-run adjustment behaVior over tlme. Furthermore, 
both studies falled to examine the ~Sible lnterfuel aubatltution 
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!6 STUDIES 'IN ENERGY DEl\tAND AND SUPPLY 

•ubttltution. For a.umple, an increase of 1 percent in eleott1clty 
price ~uld, reduce eleotrlcity demand by 1.4 percent and reduce . 
total end-ue energy demand by 0.1 percent. \Vlth,a 1 percent in­
cret.!Je ln 'Price of natura,! au. the resulttng demand reductions for 
~1 PI and for total end-use energy would be 1. s and 0.2 ll(¢­
oet!t:. reapecttvely. A 1 percent Increase In the price of oll would 
reduce dentand by 1. 6 percent al1d the aggregate end•use energy de­
malld by 0,3 percent. Hence, tal$ing pettoleUl'ln prices appears to 
~ the strongest potential for conserving etd-uee ent,rgy. 

When primary energy is consldered, the results allow that frte 
elasticity of electriclt.Y prioe is higher than that of pric~J of natural 
gas and ell. Tbts higher elastiolt¥ Indicates that increasing 'tha 
price of electricity baa a gr~U)r Impact on. reducing demand for 
prhnary energy. The study concludes that it is essential to dtsttn­
#J.tlsh primary energy tron\ end-use energy for making policy de­
dslons!IA 

Tbe n1odel constructed in this clmptor explains tlte consumer's 
response to changes In varlous explanatory variables. Since cross­
sectiooal data were used for the estimations, tb~ results character­
ize interstate variation as well as bebavtoral relationsid'QS. There 
are potentfttl causetJ that nuty Induce changes In the demand struc­
ture In the future.. For J9lmtnple, new technologies SUiCh as solar 
heating and the Annual Cycle Energy SysU!m (ACE&) may be widely 
adopted. ldsoll there may be slgt1ificant changes ln Ufe styles so 
that peuple prefer smaller and multhtnlt housing. Therefore, the 
energy conservation resulting from higher prices may be greater 
than our historical elasticltles lndiCBte. 'lbe tact tbat consumers 
do r4Bpond to prtce changes, as shown in thls and o:dter studleti, 
suggest$ that significant potential exists for adopting energy­
coruservlng technologies in this era of Increasing energy prices .. 

The model has at least two limltnttons regardlt\lt Us useful­
ness :for forecasting. Firat, a model based on. cro~;s-sectlonal 
analysis provides only esthnates of long-run demand elasticities. 
In forecasting, it is necessary to deal w!tb both soort- nnd long-run 
eff'ectlt. Second, although our linear model assures tl>At the esti­
mated market shares always sum to unlty, it does not guarantee that 
the est~mated slw:rus are all positive. Despite these Um~Uatlons, the 
model gives a better analyticattna!gbt Into the demand tJtructure 
ihan olbe,r models that use log or loglt form. 

Furthermore, we used average prices of etectrtclty and 
natural ps in tbis study. Due to a decllnlngbl<A1kprlclngfor elec­
tricity and natural gas t~ the use of average prices may result In a 
stm~ttmeous equation bias as diatmSsed~ Thus our estimates of 
eluUciti~JS usoclated With prices of electr!oity and nAtural gr.ts may 
be QOxnewhat blasec.t. 

AGGREGATE DEMAND FOR J;NERGY IN THE U.S. at 

FlnaUy, we •hould also point out that our model daM :not deal 
wlth lnterrelatlonshiPI between the price of etoctrlofty aDd the plicel 
of natural pe and oniJ Slboe natufal pa and petroleum product~ 
have been among the maJor energ:y •ources ,for genen.~r electrictt.y, 
changes tn prlou of natural cu and oll Will affect the price of elec• 
trlolty. Hence, any policy tutrwnents, such a the dtre&ulatlon of. 
the prtcu of natural gas and oil deals;ned to affect prJcu of natural 
p.a and oil, will also affect the prloe of electricity. \Ve anticipate, 
however, that the significance of thus relatiQMh!pe wJU dlm.tnllh tn 
the future when the nation poeslbly moves toward using more abun­
dant energy eource1 such aa coal and nuclear pcwer for electric 
generation. 

INDUSTIUAL DEMAND FOR ELECTRICITY 

Numerous econometri" studies for electricity denumd11 though 
mosfly •tor the residential sector, are n\fallable tn the literature. 
Tht~le studies can be cla.s1ifled nnto three groups based on ~,.at 
ele~trlclty price measure was used in the mrdel. The ftrst group 
includes thoae using average price In a single equation model. 
Major contributors in thla .group :Include Anderson, 19 Chern et al. 1120 
Fisher and Kaysen,21 Grlffm,22 ltount et at. ,2a and Wilson.24 The 
second group of studies adopted marginal prices of some kir.d. such 

' as Typical Electric Bills us~ by Hou.thakker et al. 25 aJ¥J som~ 
weighted averages of representative in actual rate schedr~es used by 
Taylor et a.l. 26 The final group used average prloe !1!! a .atmultaJ.v'AU 
equation system. Important studles .In this category Ullolude those of 
Halvorsen, 27 \Vllder and Willenborg,28 and Chern. 29 

Even though economists have pald increasing attention to the 
estimation of electrlclty demand, the area of Industrial demand re• 
mains relatively untouched. Most previous studies of Industrial de­
mand have used oroaa-seotlon Census data at the standard industrial 
classification (SIC) two-digit level.. In an early study, Fisher and 
Kaysen30 estimated an electrlclty demand equatton for ten two-dill~ 
SIC :manufacturing industries, ualog 1956 Census data for 47 states. 

. They expressed 1M total electt!olty purchased and 11rmemted by the 
tth Industry as a funetton of., value added and flle average co.trr 
kilowatt hour of pm-chated eleotriolty for thtm b!duatry. Wilaona· 
Jatar applied the Fiaher-~Qtysen model to 15 stc two-digit lncl\lllb:iea 
and used tt.s 1963 Census data for Standard Metropolitan ~stf.~! 
Area (Sl\-fBA) cltt~. Theae modelfa obviously a:oe \Ulluitable for •·· 
timatlng the long-run adjustment behavior over tlme. Furiheftttt»:(:l, 
both studies faJted to examine the poesible btterfuel substitution 
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c" 

bet¥¥~ electricity and. otl\er energy aoul."CeS. * Desplte their short• 
C9mlnp, all 9f tbae attdle$ 1~5nem.Uy support the conclusion that 
tta lnduatrld dems.n1.d tor electrtoity ts lnghly respOnsive to changes 
ln Itt ((Wn price. t 

! Tb1s .study repreoetda iiil extension of the .author's aarlter 
ltudy of moustrial demand for tileoirlclty uslng a simultaneous equa ... 
. . 
tiOSl modelco The tar.Uer analysts fs extended to cQver the entire 
rtumufacturing aector, and furthermore tbe ~Spectftcatlon of the 
modells also tmprowd(- Speelflca.Uy{f a dynamic electricity de­
tmilld m.-odel for maJor SIC th:ree-dig!t manufacb.Jrlug tndustrles Is 
developed and esttmated. The study focusGS on the esthnatlon of 
price response,_ lntarfuel substitutt<m11 and tbe impact or teclmologl· 
cal chanp. 

Tlte Problem of Simultaneity 

To illustrate the problem, of slmulttm~)ity involved in this; 
study, let us cr.mslder a tmd{tional market model~ 

~mand q • D (p,y) 

Supply p • S (q,c) 

(2.18) 

(2.19) 

It is known that !ncluslon of income (y) and co~t (c) vulables in the 
demand and supply relations, Tespectlvoly, typically yield an identi­
fiable ~et of esttmatiq aqua. tiona. If the supply curve is a function 
of costs alone, that is, the supply curve ts pertactly elastic, then 
the model is recu:reive. A aimtlar result holds If the demand curve 
is invariant, with respect to price. In tbe conte:tt of electdclt.y de­
uuuid. the appropriate representation for equa.tlon 2.18 ts 

q•• D (1",)) (2.20) 

*In 1Ml the to1nl energy sources purchased by the manufac­
turing aector coaslsbd of 32 percent of electrlolty, 40 percent of 
natural gas, 10 pelrcent of coal, 9 percent of fuel on, and 9 percent 
of aU otfier energy sources. 

t~n contrast to thts general findlng, Baxter and Bees, us!ng 
British data, have f~ in their elabo1-ated geometric lag model 
that the el«tetl'icity demand Is hlgbly rMpooalve to cbanges ln ouqmt 
1Uld fuel teChnology but retattlf8ly unresponsive to prlae.. see R. F. 
Baxter and R,. Rees, "AnalytJia of Industrial Df'm.and for Electrlclty." 
Jconomtc Journal 78 {June 1958): 277 .. 98 .. 

AGGIU.~ATE l>EM'AND FOR ENEltGY IN THE U.S .. 19 

where r repreleQtl 'the r~t~ block tlriff ache«me. 111~ lfall&~ · 
almultmeity problena. J..iloclated with demand and St.q)plyuatyata · 
thereby hlups em t&~ ,.elation between the deslgnatect· rate ecbedute 
ana quantity pm:cbased. tt the rate schedule depMid.tJ uv.un e«opnoua 
factora, the model'i'lll be recur1lve in !Ulture. The Pl."'blem, there• 
fore, lles In bow to represent the J~ate schedule. \Vbea. ex poet 
prices• either average or mttrglmtl, are used, simultaneous equa­
tions bias ta introdr~~~ Mathematicallf, 

q •D (Patf) (2.21) 

p • s ( ...... ~\ a . ""! ... -, (2 .. 22) 

wnere Pa ls an ex poet proxy for the true nte ~~hcldute. Equation 
2.22 is not a supply "uat!on tn the traditional sense; It Is realty a 
price equation faolng electricity customers. 'Ve reooplze, of 
course, that if we use m ex ante price from acblal rate schedules, 
the problem of btas can be avoided. However, It would be m enor­
mous task to construct the necessary data base on e.."t ante prices 
for our sttxty. Furthermore, avalhible evidence based on tbe re­
cent results of '.l"aylor et al. does not seem to justify sucb Slll effort. 
Using the marginal prices constructed from actual ?ate schedules, 
Taylor et at. eetimated tho own-prtce elasticity to b1e ... o. 8 for rest­
dentlal demand. 32 They ola.bned. that It .is signlflcantly lower tlum 
-1. 0 obtained from several other studies using average price. \Ve 
note tl'lat G:a.•imn, using average price and a polynoml!tl hlg formula ... 
tion, obtained an elasticity estimate as low as -o. 5. 33 Thus, a, 
higher elastlctty obtained from other studiGB using average prlce 
cannot ba eully attributed solely to a btu of using average price. 
Admittedly, more ewdence ts needed to resolve this controversy. 

Equations 2.2,1 and 2.22 fQl.-tn the fundam.entalayawm \lied to 
cbar~cterize the inte.."actloo. of demand and prit:}e* These demand 
and price EtqWltlons need to be specified in more detail for the eoonc;... 
metric analysis. 

Electricity ls generally used by industrial flrms fo-r mviron­
mental oonuol, machine operation" and cllemlcal processes. En­
vircmnentat uses of electricity include ltgh.tblg, cooling, and heat­
Ing of bu!ldmgs. These uses area only lndJ.rectly related to iDdtVJ­
trial production &ud constitute f.t, minor portion of eleotrlolf¥ used 
by industry. The bulk of olecb:!city- is used for opetattDg mauhln­
f!Jry o.d as inputa t.o varMw.~ Chemical processes. Thus eledrtctty 
demand is derived from ihe demand for durable good1llke appUances 
or machinery.. Coru&eqwmtly, it Ia neeeaaaey to dtatlngu.t sh abort· 
run versus long-run behaviors of electrlolty customers. In the 
short rQD, demand rasponse Is pJ.imarily a restui cf ohanJ(Dg 
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38 STUDIES IN .ENERGY DEl\IANl) AND SUPPLY 

~ etectdcl9' and other energy sources.* Despite thetr ebort- · 
eommp, aU of t.becle atudtei generally support the conclusion tbnt 
the lndUib:lal demand for electricity fs htghly reapoi131ve to changes 
1n ibJ own price. t 

TbltJ stuay· rlr;pl'eaenta o .extension of the author• a earlier 
sf.tdy of ind.U&trlal de~ fer electricity using a simultaneous equa­
tion mOdel. The earner analya!s !s extended io cover the entire. 
manufacturtng sector, and fUJ.1herntore the spectflcatlon of the 
model is also improved. Specifically tt a d,Ynamlo electrlctty de· 
maud model for m&jor stC three-digit manufacturing industries is 
developed t;"d &atimated. The study focuses on the eatbnatton of 
price response, interfuel substitution, and the Impact of technologi­
cal change. 

The Problem of Simultaneity 

To illustrate the problem of slmultan!)Ity involved In thls 
stuay, let us consider a uaditf~nal market model: 

Demand q • .D (p!ly) 

Supplyp • S (q,c) 

• (2.18) 

(2a19) 

lt is known that inclusion of income (y} and cost (c) 'Val'it\bles in the 
demand and supply relations~ 1:espectlvely, typically yield an tdentl­
flable st.Jt of eattmatlng equations. tf the supply curve Is a function 
of cCJsts alone, that is, the supply curve is perfect!y elastic, then 
the model is recursive, A slmllar restdt holds lf tbe demand curve 
Is Invariant with respect to prlce. In the context of electricity deo 
mand, the apptoprla&, repreeentatlon Cor equation 2.18is 

ii·-- D (r,Y} (2.20) 

•In 19'11 the total energy sourcl!s purchased by the numufac­
turbtg sector consisted of 32 percent of electrlclty $1 40 percent of 
natural pa, 10 percent of coal, 9 percent of fuel oil, and 9 percent 
of all other energy sources. 

txn ccatrast to this general finding, Baxter and Rees, tmlng 
Btltlslt data,. b&ve found itt their elaborated geometric lag model 
that tbe electricity deml\Jl.d Is .h!gbly r-ponslve to changes in output 
and fuel technology but rta'!atlvaly unrespooslve· to price. Seft R. F. 
Baxter and ~. Reea, tt.Juudyals Gf Industrial Demand for Electrlctty," 
J~O~ic Jot~r~Utl '18 (JUlllQ 1968): 2!'1'·98. 

AGGREGATE DEMAND FOR ENERGY lN THE U.S. I·& 

where r repreaenta the relevant block iarlff achedule. The sf.aDdaDI 
81ntultanG1ty problem UIOCla.ted yUh denumd and 'luppJy 'Oal)'lla 
thereby hblpl ou the relation between tbe de~tanate<l rate ac\edul:e 
and quantity purchuedo U th6 nfi tchodule dopcmds upon tmogenou ·· .~. 
faotora, the model'Mll be ref.A~Htve ta11Ult:\1ire, 'the problem, there- ··' 
fore, Uu 1n how to repra.sent the l"ate 3ch(fdt.'le. \Vhen ex poet 
prices. either average or marginal, ar.e Mfldt al.multaneout equa­
ttona bias ts introduced. Mathemattcllly .. 

q •D (Pa•Y) (2.21) 

pa a s (q,c) (2.2a) 

wbere Pa ls an ex poet proxy :for the truo rate acheclule. ~tlcn 
2. 22 is not a supply equation tn the traditional sense; lt is really a 
price equation facing electriclt.Y customers. We recogniQ, of 
course, that if we use an ex ante prlce from actual rate &ch«tulea, 
the problem of bias can be avoided. However, lt would be an-or­
mous tuk to construct the necessary data base orA .ex m1to prices 
tor our study. Furthermore, awilable evidence based on tbe re­
cant results of Taylor et al. does not seent to justify such an eftort. 
Using the ma:rginal prices constructed from actlml rate scbedulu, 
Taylor et at. estimated the own-p:rice elasttciw to be -o. -a for rest ... 
deiltlal demand. 32 They claimed tbat it Ia slgnlficantly lower than 
-1. 0 obtained from several other studioo using average prloe... Wt.t 
note that Griffin, using average prloe and a polynomial lag formula ... 
tion, obtained an elutlclty estimate as low ao -0., 5. 33 Thu, a 
higher elasticity obtained from other studies using average price 
cannot be easlly attributed solely to a btu of using avera.p Pl"lc,a. 
Admittedly, more evidence fl needed to resolve thls· contl'oversy. 

Equations 2. 21 alld .2fl22 form the £·. · 11lmenta1 system t!Sed to 
characterize the interaction of demand aDd prtoe. 'l'bese demand 
and pr:lce equations need to be spe.cifted in more detail for the econo­
metric analysis. 

Electricity is generally used by industrial firms for svlron• 
mental control, machine operation, and chemical procesed. En­
vironmental us• of electricity include ligbtmc, cooling, and heat"" 
1ing of bulldlnga. Th.ese uses are only Indirectly related to Indus­
trial production ~ conltttute a minor portion. of eleotrlclty used 
by Industry. 1be bulk of etectflolty is used for ope.ratlns machin­
ery and as lnput.a to varloua chemical proceaseso Thua electricity 
demand is derived from the demand for durable goods like appllanou 
or machineey,. CQilleqwmtly, it ie neoessaxy to dlatlngulah short­
run veraua long-Nl behaviors of electrtclty cutomen. 1n the 
short nm,/ demand r~ela primarily a retult of chlnlinl' 
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ut11iati0l1 a't$s of exittlng stock of applianlOef¥ and/or equipment. 
ln tbe lonr run, both utiU~atiQt rate and atocl: of appliance• can be 
altetea fn rNJlODSe to cbangea in ~g•.um.t1f taotor• suoh u pJ.ioea 
offuela. 

We o:m.m~ aeveml dYJlADltC dexruu:td fomulatiows lnctudtna 
the flow-adjustment moclel• of Houtbakker-Taylor typeS4 and of 
lfnear semttopdtbmlc aJ1d loprlthmto Koyck ntodels and found 
that the loprttlunlc Koyck !l1oclel yielded the mo11t plausible results. 
Taylor at al. allo founclslmllar ~'"'8Ulta for tbe residential seotur. 3S 

To ·illustrate how the prtce (supply) equation 'Is formulated In 
this study, we ustltme the averap pr~ce of electl'lclty for an lndus­
tey·'C8U be approxtmatec!by 

P1 Pa, 
pl • piqi c ' {2.23) 

'Whtlre Pi • average price patd by tnd~U~tr,y t 

" • quantity pur~hMcd by industry t 

C • .cost per kwh. 
The paxametera Po• 111, P2, are to be estimated. Taking logarlth· 
:mlc transfonnatton, equation 2.23 beoomcs 

tnP
1 

• lnP
0 

+ J31tnQ1 + p2tnc (2.24) 

we expect 111 to be negative and Pa to be p~>slttve. In. the economet­
ric model the cost Yai:'labl0 Ia split into several e~mponenta. 

Econometric Specif!cation 

Since the logulthlnlc Koyck model is used to charaeterlze the 
dynamlb denumd structure, the long-run electricity domand for a 
numufacf.urfnllndwstry (say the tth Industry) la specified as: 

lnEit 1ft' ~o +~lnEt,t-1 +aalnEPit+aalnXit + Ult (2 ... 25) 

where t stara:ts for ttme period 

E is too amotmt of electricity purchased and generated 
(millions of kwh) 

EP fa the real average price of electricity in cents per Jcwh, 
deflated by the wholesale price Index (W,Pl) of Intermedlnta 
materials, supplies, and components (196'1•100) 

AOGBEGATm DEMAND FOlt ENUGY IN THE U .. Sfi 

X refers to • Ret of exptuatory variables 
U xoepruenta the dtaturbl.noe term 
as are parametera to be utlmated. 

The set of explatlatory vadablu (X) 1noludes the foUowtnc: 

i~ 

GP .-real average natlp:at gaJ P,1rlce (dollars per~~ 
therms) · 

:PP • wholesale price Andex ot rCilfmed petroleum product~_ 
(1961• 100) ~ated by WPI 

'. 
31~' 

CP • wholesale p:loe Index of coal (1967 • 100) deflated by WPI· 
\V • average wage rate for manuraoturblg production workex'a 

(dollars per hour) deflated by WPI 
V • value a¢kled (millions of dollars) 
T • time ·trend variable (1958 • 1, 195t.hc a, and ao on) .. . 

The rationale for tncludlng thoae explanatory variable~ should be 
clear !n m~t c-asas. The prices of ooal, natural gas. and pe~leum 
products are used to meamtt'e tb.e extent to Which interfuel an~tttu­
tlon had. occurred. 'l'he estbnated parameters of these wrl~~etL," 
are termed cross-price elastlcltlea and they e~ ~t$1 to kvo a 
positive stgn. The time-trend variable !a inclUded to meaaure tbe 
impact of technological chan&te which Is expected to occur over thne. 
The sign of this variable cannot be a priori determined. 

Tho price equatim bas the follo\Ving general form: 

lnEPit • flo+ P)lnElt + fJaZt + vlt 

where Z rtefera to a set of explanatory vartabl• 
V 1'/!presents tbe disturbance term 
Ps are purametera to be estimated 
EP and E are defined previously. 

"rhe set of variables (Z) includes: 

(2.26) 

FC • cost of fuels used tor generation (cents per kwh) 
01\IC • total operating expense net of fuel and purbh:ued 

power payment. (~enw per kwh) 
CO • capltal!nput costa (cents per kwh) 
RE • the l:atio of f.ndustrial sales to total sales of electricity 

(percent). 

Variables FC, OMC, artd 00 cover all essential cost com• 
ponenta of electric generation, tranlmiaaion0 and dlatrlbuttoo. We 
expect these cost variables to have a poeltlve ooeMolent. Siuce 
transmtsslon and dittributltm costs per kilowatt hour soh! a'fe 
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32 STUDIES 1N ENERGY DEMAND AND SUPPLY 

expectQct to be lawar- for lndttStrlfli. saloa than for resldentlaland · 
commo~clal sale~~, the variable RE lir~l~ to I.CtlOtmt for the 
ponible effects ot tho compoattion of ~be total kt~ .CQ. th& plies fJf 
eloctrfclf;yto lndushial cuatom0n. In eqtz&Uon 2.266 ave&gtl Qlec­
~ictty prla. (EP) as the left-band variable ts not deflated by the 
wbolenle price index. This epeclfioatlon of tbt prtce equation rep­
reeents more approptlatety the electric rate schedule than. thr1 alter-
·suve using defl•ted etectrlc1ty price. The -.me treatment was also 
Pl'•Yiouaiy adopted by Halvorsen. 

The Data 

Tb• ,quantity of electricity as tho dependent variable in the da-
ma:nd equation iuolooes both pure based and self-generated etectrtclty. 
Average electricity price ia obtained by dlvidlnr coste by quantity of 
the purcbued electrlclty. Data on the quantity (E) and price (EP) of 
electricity and value added (V) were obtalned from the u.s. Bureau 
of the Census (Censu of 1\-tanufaotu:rers; AnnY!l!.,~urv.!-X of Manufac­
turers, selected years). Diita 011 coats. of fuels used for generation 
(FO) and .th& ratio of tndustrlat sales to total salec of electric t.atiU­
tiea (RE) 'YJete taken ftom Edison Electric Institt&ie'a Stattsttca\ 
:yea~~ of E!~£1,9 UtUlty Industrl, 1958-'11. For natural g:u 
prlce (l?G), we used data published by the .American Gas Association 
(Gas FaotJ! and IUstort9.a.t Statistics of the Oa:;:, IndustrY.). Data ott op­
eratlq and maintenance expenses (OMO) and capital tnput costa (CO) 
were compiled by the F~eral Power Commlsslon based on statistic!_ 
!>f Prtvat!lx OWned Electric, UtUitte~. For the price Indexes CJ! coal 
(OP), petrole\lm. products (PP), and intermediate materials (WPI), 
d.f'ta were pUblished by the U.s. Department of Commerce (Sutvex of 
Current Business). 

The varlablea E, EP, V; and Ware observed at the SIC throo­
dlgtt industry level. Data on GP are not available for all SIC three­
digit lbduetries. tnsorae cases, data for the corresponding two­
digit .Indue try were Wlt)d. Variables PP ~ CP, and WPl are aggre­
gate price fndfiXeS for the enUre Industry sector. On the other hand, 
FC,I OMC, cc, tiid .RE are aggregate v.arlcbles for the electric util­
ity tnduatty. All data wer~ coll~tod for the period of 1958--71. 

Regression Results and Demand Ei~ti.clties 

FU!teen SIC tbree-dlstt industries were selected for the ana.ty­
afs. 'Ibe prelbnlnary sta~iutlool testing of the model tndtcates that 
eatlmatlng this system of equations for each individual industry ts 

I 
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dlfftcutt because of tho altlaU u~ple size and blah co~rolatlon 1Je .. 
tween the laged dependent ~te ana other _,...._,"'l'Y wrla't,;lel 
ln erttatlon 2.25. One way to overcome these dlfticut.Ues l• to Itt ... 
creilfle the sample size by pooltnr industrtea togetheir. 

Since demand structure ~· expected to vary ~1on'lewbat amonr 
dllrers:t; ttutuatrlea, lt Is dul.rabte to group t.oae~r OJily thole with 
a similar de~ •tructw:e. Several poollfti t.:rtterta wtre hied. 
Among thole cr1teda whtch proved lneff~ve were the degtee qf -,,.,.,;:;-
electrlc-lnte.~lveneaa and the mapltudes of the 1hort-ram pitce 
elastlcttlea preri~ly estimated by Chern. 36 The only J.lOOllng crJ..... , 
terion which produced p1i.'Wilble !'esulta waJ the existence d. 1i8Qifl• 
cant elootrlcity-ps substltutlOD:. Sgeclftcalty, three groupings were 
adopted. Assuming tba~ the bulc demand atructure If# the same, 
Group A incluct• a111S lnduatrlerJ. Based on the results o:f the 
static model prevtowsly e~1lmatoo, Group B consists of 10 Jndwstrles 
wlth. a algnlftoont substitution between electriclty and gas. 37 Group 
C Is tbe clau~s of industrlea In "Nh!ob gu ls not an important eubstt­
tute. The specific industries in eaea\ group are Identified in TQble 
2.12. 

It should be mentioned that SIC-281 (llldWStrlal Chemical) does 
not lnohde the u.s. Energy Research and DevE)lopment AdmhtiiStta .. 
tfon's (EIU)A) three uranium enrichment plants. It ia noted that 
these t.'tt*ee plants accounted for 58 percent of the electrtotty ccm­
eumptton in SIC 281 In 1958. This snare declined to 18 percent !n 
1971 .. Since the electricity consumption by ERDA's plants Ia mo1:e 
a function of govemment pollclea than of eoonomlc variables, lt was 
considered desirable to aeparate this component front tbe rest of 
SlC-281. • 

The statistical problem for estimating the slmul:taneous eqs­
tton• modelapeclfied in the pr:evt.ous section is compltoatecl by the 
presenco of the lagg,;;d dependent 1iarlable and the correlatlo--a of 
residuals resulting from using pooled (lata. In the cue of a single 
equation, lt Is well known that the appropriate approachu are the 
va:tiance components }.Uodels developed by Wallace and Huaalan, 38 
Maddala, 39 and NerlQv~. 40 All these approacllel employ a two-step 
technique to rW\ generallt;M least tsquarea.. At~ suqeated by Nerlove, 
to handle a dyvA.nllc equationt the appropriate trnethod ta to .apply the 
leut-squares with dummy varls..~leo approach (LSDV} ln. the flrat 
step and then use tbe LSDV residualtS to estima~te varlauoe components 
for the generalized least-aquares eath.-1.at1on llll ihe second step it We 
applled the variance components model to "timate equatlcm 2.25 and 
found aut that the results are almost ide.utlca11lo thoae obtai.Mci by 
LSDV (tbetse results are avallable In Cbem41). 'tit.'- would be the 
case If the variance of tbe dummies is large relative to tbe erro:r 
valiance. These evldencea, therefore, suggest that t..\e P~"'PGr p~o .... 

-. ..... __. .. ~~r JJ..,. trtrrf ill'? .ataszar - C ritr l!iiii.!i... • \ .·: ' • ·• • . $ ~. • .: • • • ~ mzr 
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cedure to estimate our slmuttatteou equatlou ayatem abould be tlta 
!l!~rea wlth dummy variables approach (TSLS). 

we kve a tlme•trfmd term In the medal, :W!t mal~ only crcsa• 
aoctt• ~ummltM. 

TAB:t..~ 2~13 

Identlfioatlon of Industry GroUpS 

GMlJP 
Criterion for 

Grouping 
SIC 
Code Industry 

~--~~--MM~--~WD.--.u-.u-.-.--. 

A. None All 15 tndultrtes 

B Gna Ia a significant 281 Industrial chemical$ 
substitute- 331 Blut furnace and basic steel 

c 

.. 

Gas ts not a signifi­
cant substitute 

products 
291 Petroleum refintng 
3?1 Motor vehicles and equipment 
282 Pluttc materials and 

&1flthettcs 
263 Paperboard mills 
203 Canned, cured, an4 frozen 

foods 
204 Grain mnt produaw 
322 Glasa and glassware 
225 Knltt!ng ntllls 

333 
262 
324 
332 
221 

Primary nonferrous metals 
Paper mills 
Cement, bydraultc 
trOll and steel foundries 
Weaving mills, cotton 

Source: Complied by the author. 
~A~ 

To appraise the validity of our slmtiltaneous eqP.mtlon approach, 
we ccmpt,re the performance of TSLS With LSDV~ The laf.Wr ap­
proach. does not consider the lmpaot of simultaneity Jn the syatem 
anclt thus, tbe estimate. do not accoWlt for the effects of declining 
block-rat& prlc!ng. 
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The almultaneoua ecptlon~~ model !I tpecitl«t •hove ~wu flit«l , · 
io unual national data over the 1968-'11 perlod. Eatl~abld domand, . ~ 

and price equ~t1ont are ~resented in Tables 1.13 artel. ~· tf, rupee• 
tlvely. The log-llnear f.¢nn wa1 aed~ tb\Ul. tbe eattm.ted codt-
c!$lta are ahori•rtm el..,..Uolttes. Note tbat aom• r~levant but less"" 
tmportut exogenous vLtt~blu were not includtd- h1 the" .f~n&l ecua- ,. 
tiona be<:au.e either tnelr coeftlcienta had t~~,m~r.~t aip or their .; · 
incluston dtamdled the ooefflclen'tl of otb~:Jiioe'tmr..o~t va1•lablea 
reewttngposalbly from the problem o(.rtiUltlcoU§ii~~ty. 

We are primarily Interested in the dorwtnd equauon.a. All 
LSDV and TSLS estimates or the demand equattona ~ ph\Uilblej as 
all ettlmated coefflclents bave the correct sign and most are atatta­
ticaUy slgnlficante at least at the 10 percent level. ala are aU lair ... 
ly htgh. tt Is noted, however, tbl TSLS oatlmate of the own·prica 
coefflclcnt Is aubstantlally tower than tba.t ®tatned by LSDV !n all 
three cases. Tayt<:»r brut shown that the 111e of averap price. In 
general! leads lo an upward bla& ln the. estimate of tbe price elas­
ticity. 43 The cumparlsQn, of TSLS and LSDV estimates doea confirm 
tbia tbeorettcat expectation and the simultaneous equatlons model 
seems able tG reduoe such a bias. Note further that tho TSLS esu ... 
mates are consistent while the LSDV estlmt\tee are not ln o1tt• simul­
taneous equations model. All these considerations lead us to con• 
elude that TSLS Is superior to LSDV. 

Let us evaluate the criterion for grouptng by the electricity .. ~ 
gas substltutton. In Group B, gr.a~ price Is signtfteant while it is, 
not in Group c. Furthermore, the coefflolent eatltnate of 'lilltural 
gas price is substantially large~ ln Group B the that In Group A~~ 
The impact of gas price Is algnlficantly reduced when aU lnduattletJ 
are·~~ together. The coefficient estimates of coal price show & 

shnllar IXt-tib'"'l'n. wlth a larger magnitude .ln Group B than In Group A. 
No substitute fuels tum out to be slpUicant tn Group c. F-~­
more, tbe eatintated coefficient for the lagged dependent varlabte la 
blgher In Group B tban in Gr0\1,P Co This lmpliu that the adJustment 
Is elow.rr for the former groul). The computed mecmlaa is :2, 8 yean . 
In Group B as compared to 1.4 years In Group: c. 

The time variable has a negative ~~clent;, Indicating that 
electricity ooawuptlon hu been decUntng over tlm.e, holdiq other 
factors con•.dant. Slnoe the value added was not deflated, the time 
variable may pick up ·the effects of the value ddlator u well 11 the 
impacts of technological changes.* Altbough these effecta C~Umot be 

~~ 

*The proper value deflator ta not aw.tiable for SIC threemdiglt' 
industries. \Ve could have Wled the wholesale price index of fhull out ... 
put as the value deflator. But this is considered to be lu.pproprlat.ell It 
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TABL'£1.,13 

Bltimatcd Demabd ,Eqll&tiona 
(r.tOrmallts«t vetable: 1n K1) 

~...-:wuw;:;aa;a ... 
~· 

~b lDdwstry !Ultbna.Ucm. a .flf 

Qf'O\Ip )IQlbod 1n Et.t~l lnEP1 lnVt tnOPt mCP 'l' ~t ·.r ~m t .. 

A LSDV o.ouc -G,.5fUO 0.3820 o .. t?sd o .. otac! ..o.ox$0 .,...,_., o.tta lV« 1.1 
(0.05) (0.0:&) (0.06) (0.0'2) ~0.01) (0~003) (0.64) 

TSLS o"nac .. a.uee o.auc 0,.1(10 ad' . . . d o. 01 -0.,011° -2 •• 1 0.,118 174 J.'l 
(O~O'l) (0.14) (0.08) (0.08) (O.OS) (0.003) fl •. OS) 

B LSDV o.o.oeC -o.sase 0.40&0 0 .. 341° l{t.,lOSd -O.Ola<' -t.ase 0.99$ 114 ·&O 
(0.06) (O.C'l) (0*'0';) {0 •. 10) (1~.04) (0.006) (0.66) 

ifSLS o.nac .-{\ .. 3'/od c. esc 0.3470 ~,.110c ...o.Ol'IC ...a.9!1c o.m 114. 2.6 
(0~08) (0.,16) (0.07) (0.10) (0.04) (0.005j (1.03) 

c tsDV o .. s1SC -0.49&C o .• a.&Q1l -o. ooed -:. •• uo 0.998 $6 1.4 
{O .. O'l) (0 .. 12) co.o~ (0 .. 001) (1.11) 

·TSI.$ o. $840 ...0.304• o.ssac -o.004 •1.80G 0.998 8& 1 .. 4 
(0.01; (0 .. 18l (F; .QO) (0.003) (1.15) -

~ Figures tn pa'L"4mtbelfJI are otijmated sbmdard error.. 
•R fa the correlation coamclont. hotwoen the ohlencd :and attnuttod vcluoa of the normaUzed varlable. Bot1t LSilV m'd 

TSLS estimates of dwnmy eotiftclenta are DOt proee11ted run-.. 
bcomputodfl:om'-'!/(1 -'\).'Where t"tl 11 tho oaUI\Ultccl coof'flclen~ctln ~.t-1• 
CSt.auaucany atplfiCAnt at the 1 percent level .. 

Industry 
Group 

... II P-!tiM 

A 

B 

c 

detatt~tttcaUy atplfletlnt at the 6 percent level. 
esmuai!calty atp~ncant at tM 10 percent level. 
Sourc.!,: Calculatad by tbG author. 

:;'l:IO:::t::1·~~'-' 

TABLE2.14 

Estlmat..."'t'l Price Equations 
(normalized variable •ln EP1) 

Estimation 
1\lethod 1n E; InFO lnOMC lnRE 

• 
LSDV -0.2'l8b o.oood 0.3940 -o.oosb 

(0.03) (0.07} (0.15) (0 .. 15) 

TSLS -0.21sD o.ossd .. c 
O.,A!aS" -0.41ob 

(0.03) (0.01) (0.1'1) (0.16) 

LSDV -0.3'10b 0.0"11 o.39SC -1.011b 
(0.04) (0.09) (0.22) (0 .. 21) 

TSLS -0.325b 0.069 0.405° -0.842b 
{0.04) ,. {0.09} {0.22) (0.23) 

LSDV -G.14'1b 0.168° 0.39lc -0.162 
(0.04) . (0.09) (0.22) (0.19) 

TSLS -O.lllb O .. l"'t:}l 0.401° -0.0'1'1 
(a.04) (0.09) (0.22) {0.19) 

Constant 
-2.esb 
(0 .. 26) 

-3.22b 
(0,.2'1) 

-2.45 
(0 .. 31) 

b -2.66 
(0~33) 

-3.55 
(0.35) 

-S.'lfP 
(0.36) 

:,. 

2a Dc,sreu of 
a !'Teed om ,., 

0.981 1'16 

0.980 176 

0 .. 564 116 

0.964 116 

0.993 56 

0.993 56 

Note: Figures in parentheses are estimated s...tandard errors. 
an is'the eorretatlon coefficient between the 0bserved and estimated values of the nonnali:~ec.r~e .. 

Both LSDV and 'lstS estimates of dummy coefficients are not reported here. 
· bstaustically significant at the 1 percent level. 

~statistically slgnifteant at ·the 5 percent level. 
t'iSfatisttcally sigulficant at the 10 parcent lev~l· 
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s.,.tated tn the model, the fact that tbe ttma varlttble ta not signlfi ... 
cant in Gtoup c auneats that the effects of the \'alue deflator are un-
11uly to be oluy appreo5able magnttuaa. Thus. lt seems appropri­
ate to conotUda that lnduatrlal production processes ba"fe become 
more and more efficient bt uamg· eteetrlclty. perbapf aa .,._ result of 
teolmolOJioallmpromment and/or economtea of scale for at least 
indMtriGS tn Group B. 

The estimated price equations are all plausible with au cil­
efftolent eetimatel baYing the expected sign. n2s are very high. 
The level of coasumption and operating and maintenance coati are 
8igniflcant in aU tJuoee oases.. The estimated coefllclente of the 
fue.t-coet vulabte, though all have a poaltlve alp1 are not signifi­
cant tor GrGup B. 'lbese result& ntay be tttributed to the fact that 
fuel eo~ts remallled as a relatlvety stable coat component during the 
ample period (the coat of fuels dtd not escalate dran'.atically unttl 
1913). On the other hand the \"Ariable BE Is aigntncant in eqWltions 
estimated for Groups A and B. This result shows that the larger 
the proportion of industrial rate~, the lower the average price for 
lndastrial customers. 

Long-run Ol\"n •price and cross-price elasttcltlcs as directly 
derived from the estimated dC!l\Qd equations • .aTe presented in 
Table 2.16. As expected. the TSIS estimate ot the own-price elas­
ticit'J ts smaller in abfJolute value than the LSDV emlmate ht all 
three groupe. The results show that long-run elactr.lcity demand is 
price elastic ln Group B, but Inelastic in Group c. Thls difference 
doea not appear to be unreasonable because one would e.'q)Cct that tlte 

la uofed that one can use the price of output in place of output in an 
unconatratned input demand !uncUon as derived from the proflt maxi­
mization condltlons. But we found this alternatlve speclflcation un­
aatiafactory in the present stwy. It If.; also noted that when a con­
stralnec} input deman..i function Is usedt It Is more appropriate to 
treat output as endogenous in the mod.et. We did not pursue this ex­
tension because tbe estimation or tbe output equation requires a de ... 
tllled speciftcattCfl of the production functtoo. 

tThe coefilclents of the structural demand equatl~n measure 
the direct efl'ects nf changes .In the exogenous variables on quantity 
purcba.ald. Duo to the dependence of price on quantity of eleetrlctty 
purcbued, tbere Will alsa be indirect effects on demand. For ex­
ample, a decrease in output would result in a decrease in electricity 
demand, which would cause average price to lncrea,;e. This would, 
in fum, decrcue electrlclty demand at a result of p.rlco eff9ct. 
Estimates of the total effects of (:hangea In the exogenous. wrlable 
on demand can be obtained by estlmating the reduced-form equation. 
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avallabll!ty or mot'e substttqt:ea, u: la the case for Group B, would 
make the demand more atm~~ltive to change. in pr!ce. For tnduatricw 
in Group B, the estimated eluticttv with respect to prloe of natural 
ps il greater than untty, while the coal prlce elasticity ts algnlfl­
cant but small in magnitude. 

TABLE 2.16 

' 
Estimated Direct Long-nun Price Elaaticlttes 

---~----------------~-------------Eia.stlcities with nesp-'-~ to=-----
tnduatry Estimation Eleetriclty Price Gas Price Coal Ptloe 
Group }tethod (EP) (OP) {CP) 

----------------------------.--..--e-.----~NM~._._.__._..__.~_.,-.-.. .__.._ 

A LSDV -1.68 0.51 0.22 
TSLS •0.90 0.52 0 .. 28 

B LSDV -1.60 1.02 0.32 
TSLS -1.32 1.23 0.39 

c LSDV -1~18 

TSLS ·0.'13 - ----
Source: Compiled by the author. 

Conclw!lons and Implicatlons 

Since historical data were used to esttmate our industrial de­
mand models fl !the results obtained in the last section oharacterlze 
pa$t relattonsbips. Eased on these estimated tiCOnometrlc models, 
it is possible to evaluate the impacts of causal factors ln the past 
and tbua their possible influence in the future. 

With respect to energy conservation, it ls evident that all fac .... 
tors except the declln!ng price of ,petroleum products have contrlbuted 
ln a positive way to the rapid growth of elechiclty conattmptlr.m in the 
past. As demand Is price elastic, hlgher future electrlolty !f&ices 
should result in more than proportlonalreductlon ln electrlclty con­
sumption. Thus raising real prle& of electricity could be an effec .. 
tt ve means of conserving electricity. In res.Uty, however, tbts con­
servation measure often cannot be implemented Independent of an 
o\•eraU energy policy because the price of etecttlclty usuall)t cannot 
be increased alone. In fact, the changes in electrlclty prices usually 
occur as a result of changes in thG prices of fuels used for electric 
generation. These fossil fuels are also used directly by industries. 

• 
() 

• 
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..... ted &n the modelj ·the fact that the ttime vutable Is not aigntft ... 
cant ln Group C suggests that the effects of the value deflator are 1Jn­
Ukety to be of any appreciable mqultude. 'l'hua, it seems appropri­
ate to conclude that bzdWJtl'lal produotlon processes have become 
more ua. more efficient in usmtr el&ctrlclty. perbaps •• a~ re.-ault of 
teolmologtoal improvement and/or economies of scale for at least 
llfdUitriM 1n G"'up 8. 

The estimated price equations u. aU plausible with all co­
effi.cleot eattmatea having the expected sign. n2, are very btgh. 
The level of ooaJumptton and operattng and maintenance octsts are 
.significant ln all three cases. '!be estimated eoefflclenta of the 
fuel-cott Wriable. tbough all have a positive 111gn, are not siptft­
cant for Group B. These results may b& attributed to the ftlct that 
fuel costs rema~ned as a relatively stable cost component during the 
umpte parlod (the cost of fuels did not escalate dramatically until 
19'73).. On the other band the variable R£ ta slgnfficant in equations 
.Umated for Gro!UP$ A and B. This r~ult shows that the larger 
the proportion cf Indusbia.l rates, the lower the average price for 
industrial customer~. 

:ton;-run own-price and cross-price elae!iclttes u directly 
deri\fed from tb$ estimated demand equations• are p~esented in 
Table 2-15. As e;cpected, the TSLS estimate of the O\\\'n-prlce elas­
ticity ls smaller in absolute value than the LSDV estimate in all 
three grvupa. The results show that tong-rtm. electricity demand ls 
prloe elastic In Group B, but Inelastic !n Group c. This difference 
dGeS not aPJ.'M.'ftr to be unreasonable becauae one would expect tbat tbe 

is noted that one can use the price of output in place of output ln an 
unconstratne4llnput demand functJ01u as derived from t.'le pr:)flt ma."Ci­
mizatlon. concUtlous. But we found this alternative specUim!tlon un­
satlsfackiry in the pre~ent study. It Is also noted that when a con­
stratnee:l input demand function ts us.ed" it is more appropriate to 
t.Nat output a.s cndog®OUI ln. the model. We did Mt pursue this mt­
teMi<m because the: estimation of the oldput equation requires a de­
taUed apaclflcatlon of the production function. 

~be coefficients of the structural demand equation measure 
thEJ direct effects of changes ln the exogenous varJJbles <m quantity 
;purchased. Due to the dependence of price on quantity of electricity 
purchased, there -will also be indirect effecta ~n demand. For ex­
ample~ a decrease in output would r-esult ln a decrease in electricity 
dema.nU, which would cause avGrage price to increase. This would. 
in t.urn! dacr~ ~1~,.;. ...:Vmcuai iUS a resun ot price effect. 
Estimates of the total effects of cbanges In the exogenous variable 
on d&mand can be obttdned by estimating the reduced .. form equation. 

.. 
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availabllity of more substitutes, acta the cue for Group B, w,ould 
mab tbe dema,nd more sen;tttve to cbangea in price. :fl.Cr indUtriel 
tn GroUp l3, the f.StiJnated elutlclty with rupeet to prioe of utural 
pa is greater than untty, while the coal prlee elasticity is aigrnfl­
eant but smallltl magnitude. 

TABLE2.15 

Estlmt).\ted Direct Long•lltm Price Elutlcltiets 
...,., itsuea4 1 _,_ I tVnnM i ;::w.ow....-.;,.w ¥il l 

Etasticltl!!,!ith .!1~,Rect to _ 
Industry Estimation E\eotrlclty Price Oas Price Coal Price 
Group ~tethod (EP) (GP) (CP) 

A 

B 

c 

LSDV 
TSLS 
LSDV 
TSLS 
LSDV 
TSLS 

-1.68 
-0.90 
-1.60 
-1.32 
-1.18 
-0.'13 

0.51 
0.52 
1.02 
1 .. 23 

0.22 
0.28 
0.32 
0~39 

-----------~-----------~------------------------------------~~----------
Source: Compiled by the author. 

ConclwslotW and Impllcattona 

Since historical data were used to estimate our industrial de­
mand models, the results obtained ln the last .section charac~_r!ze 
past relationships. Baaed on these estimated econoro..stric models. 
tt ls possible to evaluate the impacts of causal factors in the past 
and thus tbelr possible influence in the future. 

• 

·J 

With respect to energy conservation, it ls evident that all rae­
tors except the declining price of petroleum products have contributed 
in a positive way to the npid growth of electrlclty consumption in the 
past. As demand .Is price elastic, hlghar future electricity prices 
·1bould result tn more than proportlonalred'Actloo in electrlclty con­
·sumption. Thus ratsing rea~ prlce of electricity could be an effec­
tive means of conserving electricity. In reality, bowe'vsr, thls c~'n"" 
servatton measure often cannot be implemented Independent of t:l 
overall energy policy because the prlce of electricity usually camtot 
~ ;~~~ a.lcme. Jn fact, the cbangea In electricity pttlces U~ually 
occur as a result of changes Ul me: pncuZJ- V: -=~~ ~ !~!'-·~IM!tri.C 
generation. These fossil fuels are also used dlrectlyby induatties. - -- -'-"-''~--::::: 
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Consider tbe TSLS ra,.rutlw for ~·tnduatrles In Group 13. If prices 
of a.U elleq;t &ala t.ncr•ae by th$ same percentgp, electdclt.y de• 
~. wllt hld·eed in~eaa• beoauae the sum !t the croa,..,prlce elae­
ttclttea, 1. 62, ta greater Jn absolute mue than the own·pnoo elas­
ticity. 'FG~ fnduttri$11 in Group c, change& in pricee of other Q.narlf 
"fuels have .no impact on electricity den~~. Thls bolda., of COtu:atJ, 
~ when output i*1 be malntaf118d at tho same level. But in reality 
blgher ~ prlcea would increase the cost of producing tnduatrbtl 
IOQda wblcb, in tum, ,ahoulct reduce the output detr.and. As a result, 
output aDd, thus, eteotr!ctty c1enut!ld would both decrea1e. 

FtLti:her:rnore. tu tila study we have not analyzed the pattern of 
interfuel aubsUwtlon tn great detaii. Thla would require lnvestip­
tlon of qWUltltlet COMtnned of other fuels u well as other environ­
mental and even polU:ical factors. 110\\·ever, w1Mlt is noteworthy Is 
that tn Group B gas ·and coal are aigntficant substitutes whereas in 
Group C 110 significant substitutes can be td~tlfied. Furthermore, 
when we col1duct the a..'l8lysis by grouping all industries together as 
ln Group A, t&tae pattems do not adequately show up. 

Finally, with respect to the Impact of technological clumge, 
our econom~trtc demand analysis hal shown that technologtcal 
change bas made indusU"tes more efficient users of electrtctty. 
Specifically, qu,. =~sion results (see the coefficient ofT in 
Table: 2.18) show that .manufacturing bas redue«<lts el~..ricity 
usage at an annual rata. of 1. 7 percent ln Group B and 0.4 percent 
tn Group C u a result of improved efflciency over the period 1959-
n. * It must~ eoted tba~ after allowing for tbe effects of the 
value deflator • these estimatmg rates of increasing efficfeney may 
appear to be a btt too high. We note, however, that because of 
increasing a\\"areneas ot energy problems. and anticipated increases 
In real price of eleetrictty., the trends in technological change may 
be accentuated ln the. futurs~ 

${n .compan.ison., the Conference Board baa shewn that tbe 
large energy users in ma.nufactu::ing redw.:ed their energy use per 
unit of output between 1954 and 1961 at a rate of 1.4. percent per 
yea:r. See CGnference Board, Enf!!lt! Consumption.~ 1-fanuf;actur­
!!!!, a r~rt t& the Ford Foundation (Cambridge, Mass. : Ballinger, 
1914). 
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<~HAPTER 

3 
flESJDENTIAL DEMAND FOR 

ELECTRICITY IN 
THE 1fVA AREA 
Gurmukh S. GIU 

G. f). Maddala 

During the lirst three decades of the post-\Vorld \Yar U era, 
Important determhumts of ele~trlclty demand e:<,hlblted Teltlttt'kably 
stahl• trends both in the Tetmessee Valley .Authority (T'IA) service 
area and In the United S!a~s as a whole. The prices of electricity 
per.slltently de.clhlecl in real terms. Popula.tlon and per capita fn .... 
cotne 1'088 steadily. The prt~.:es or substitutes for electricity sucb 
u natural gas and oil also generally declined. Starting \\•tth the 
late 1960s al1d especially during the early 1970s, this picture or 
etabBity has been cbangtng dmsttcally and even unpredictably. The 
pria. {average revenue per kwh) of electrlc1Cy ln the TVA area rose 
for the first time during 1967 and since then, in general, hfUJ been 
moving upward* espectaUy fn nomiml terms (see Flgur•:t 8.1).. The 
average changes tn prices of TVA power to ultimate conaumers dur­
ing tbe period July 1967 to January 19?5. as shovriJt in Table 3.1" 
have been not only frequent but also subttantlal. The rates o1f 

Besearcl'h sponsored 'by the National Science Fotmtb.tion RANN 
Program and the u.s. Energy Besearch and Developm~Jnt Adrnmts­
ttatlon under Union Ca'tbide Corporat£on•s contract with the u.s. 
Enerav Besecu:ch and Development Admlnls~ratlon, Oak Ridge Na ... 
tional Laboratory, Clak Ridge, Tennessee. 

Programm1J1i asststaace provided by s. M. Cohn b ({mtefully 
acknowledged. Assf1.ttan~ provided bl Mary Ann Griffin aud Michael 
Zllmner In coUeottnr data is appreciated; also, this study benefited 
ln part from the data pt.lmred earlhJr with the help of B. D. Ellison 
and. T. J. '.l'Yrrell. Dtsousstons with the TVA staff have been ex­
ceedingly .helpful and the help received from the TVA's )farket 
ADS.lfsls Branch Is .btghly appreofatedil 
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l.ncnue in pqJulatlon and per capita real tneome have tlow&d down. 
;mubdly. alld the ptlces ot aubstltutea fo:c eleotrlclt, have been 
~·up. The price of on baa regls1erecl espeotal1y aluu.p and aud.­
~lnereue, 

TABLE 3.1 

Average Ch!ulges tn Prices (Nominal) of TV A Power 
to Ultimate Consumer.s, July 1967-Juuaey 197& 

(In percent) 

Effective Date General 
of Increase Bestdential Pawera Other Total 

July 1967 s.s 5.8 3.3 6.9 
l\faroh 1989 9.2 5 .. 3 3 .. 4 '1 .. 0 
Augtt~t 1969 4.'1 a .. c. 1.a s .. 2 
August 19'10 2.5 3. o 1.1 2. '1 
Octoberl97ii 19.6 22.0 9.5 20.6 
Januax-.v 1973 6.4 8.0 3.4 7.4 
January 19'14 13.5 1'1.'1 3.5 15.6 
August 1974b 3.1 4.1 0 .. 9 3.1 
January 1975c 18. 3 24. 8 S. '1 21. 9 

Cumulative increase 124.0 146.5 37.6 133.9 

-----------------------------~--~------------------------------------------
alncludto;; ~ii'ttctly served prevanlng 11ttc con$Umers. 
bfncrease. based on !nltlal amounts charged under July 1974 

.fuel co:st adjtUJbnent adden®m. 
CApproximately one-eighth of thiS adjustment reflects a con.­

tlnuatlcm of the July 19'14 c-wt adjustment. Half the tncre6se was 
caused by .adjustments to reflect C1)8tfl of purobased power. 

Sotrtce: Table 3.0-1, Tennessee Valley Draft Environmental 
StatemJDt, Poltclea llelattng to Electric PoWer Bates (Chattanooga, 
Tenn., 1975) .. 

In this period of rapid change, concern ts often elq)ressed 
about the stabUlty ot demand parametera OGUmated from historical 
data. The purpoae of this chapter, therefore. ts. tu examine any 
structural cbange; whtch may have taken place in the residential de­
.mand for electriclt,y !or the TVA servtce area. and to Illustrate the 
merits ofdlsaggrepted amalysfs in demand studies. 
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The seotlens of this chapter wlllatve a brlef dnc:"fption oE 
the atudr a.re·a .and the data used~ presmtt the modela. eatlmated~ .ex­
plain the tesulte, and conclude with a IUmm&JY ~ 

SAUENT CHABACTEIUSTICS OP TilE STtJDY AREA 

Tbe TVA auppltes power to 2.4 tnnlton customers throup a 
network of 160 -retan distributors. The service area covers ao.ooo 
square miles lnbab!ter.! by 6 mUlloa Peollte In parts of •even South•' 
eastem states. Tbe presen~ analysll. has been COIIftned to the oras­
tomera served through TV A's local dlstribtttors, although it mao 
servtJS dltecUy 4'11ndustrlal customers wlth large or unwnmt power 
requirements and several federal government iut.allattoo.~. 

The TVA is the single largest electricity prodttcer In the 
United. States; its sales accounted for 3. 4 percent or total sales and 
5. 8 percent of residential sales fa tho United States during 19'11. 

TVA 1$ residential etmtomers consume twice as.'i much otectrtolty 
par caplta .u the nveraga U.S. consumer and pay only 60 percent of 
the average u.s. prlot:. The level of per caplta pers<mallncome .ta 
one of the lowest In the natlon, yet aatumtlon of electrto appliances 
Is one of the hlghcatw 

The stut\7 area ls served by a single producer of electrlctt.v. 
Therefore, the empirically observed consumption of etectt.-lclty can 
be related to a single underlying wholesate rate structuTe as it l•s 
\'arled over time;. despite some variAtion among rates charged by 
l"etan distributors. Under this situation, TVA data are exPected to 
yield more precise lnfornUJ.Ut)n on price-quantity relationship as 
compared with tho results obtained from the atatc..;le\rel data. This 
expe<:~~n :stems from. the fact that many states are served by .a 
number· (.:~power companies that sometimes have very divergent 
rate stl'\:::.:.~res. Accordingly, when the average price for a state is 
used to represent prlce of electrlclty, much or the useful vartatton 
.needed to ldantl(y prlee...qwmUty relationship gets eliminated from 
the data fn the proceaa of aggregation. 

TV A publishes annuallY the electricity sal&ri statistics by Us 
Individual retail distributors, which range In size from a single clty 
to several caunttes. This permitted the uae of a dlst:rlb\ttor u the 
unit. of observation In thla study. As a consequence, the study of the 
TVA service area escal"s some of tho amtctlons resulting ft'Om 
aggregation. 

The data used .. units of measurement, ttnd so on, a:re dtisorlbed 
in Table 3. 2. The sources of data are l~ted at Ute bottom of the 
table:i The data cover 14'1 dlatrlblttora of TVA for tbp period ·1962-
'12. The remaining dlstdbutora had to be ex~tded due to Incomplete 
data. 
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THE DEMAND MODEL 

One major change that bas taken pta.- in tbe TVA area durfo.J 
the period under tnveattptlon Ia the phenomenat.growth. of ,atec""t""' 
·caU,y heated home~. In 1&74, close :tCJ,M) pereent or all bcmes wire 
electrically huted. (Jltten that tM a1feh.P cOftlwnptlon':of an ,eJec• 
b:'ically ha.ted home te aboUt four times that of a nonelectricttUV 
belted home, the demand model we estimate must :pq potnt.ecl auen-

"· ttcn to the growth m electric heating. However o sfnce no rJtepa.tate. 
breakdown of demand for heating and nonheatflls ts available, we 
have to uttmate a model whtcb Includes some explanatory varlabln 
(like beating degree days) that ®termhte the demand lor heattnr 
purposes. 

Suppose that BC equals the total number of Tesldential cus­
tomel'S and HC equals the number of electric heating cuatomera. 
Then 

Q•Qa+QNH 

where Q • total quarntUy demanded 
QH • demand for beating purposes 
'lNii ill: demand for nonbeatlng 'pUtpOSese 

(3 .. 1). 

The demand for heating purpoaet~ wm be a function of the number of 
heatlng :::ustomers (IIC) and the rate (). H) at whieb those wlth elec­
tric heating wUl couwne eleot:dctty for beating purposes: 

·Qn• >. 8 xBC• >-ux~gxRC (3.2) 

The proportion of heating customers HC/:RC will depend on varlablea 
like tnoome, degtee of urbanizatloa0 gas avanabUlty • w~lther, and 
trends In gas and eleqtriclt¥ prices. The rate of utUt~atton Au wt11 
also depend on income, price of electricity (ptlce of gas wm not be 
relevant), and tho number of heating degree days (HDD). 

Aa for the deu.umd M ~atlng purposes, apin a maJor por­
tion of the demand will be for water heati;::; cooking, and clothes 
wasbing and drying, where there is a choice of w1ta~ ~~tiuces to 
usa and the rate at w~~ appliances are uta~. The l!nte ollltUbla­
tlon wDl depend on tnc<Jme ar4 the price of electricity only, whereas 
the choice of wlmt appUance to uae will depend on h1come, pl­
avaUablllty, the relative trenda In the prlces of competmg fuel~ t 
and the relattve prices of dlfferent catesortea of aPJ)ltances. Homes 
with electric beating would also te~ to have central mlr ~ondttlOI.lbig1 
and thus their demand for electrlcU¥ would also dep~~ ·Cit ~ num­
ber of cooling degree days (CDD). The demand lor electrlcity from. 
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TDOm alr conditloners Will again depend on the number of customers 
llt.vfng room atr ccmdltloners and the rate of utUtztttlon. nte former 
wiil depend on Income amd general weather conditions, and tbe latter 
wlU depend on income and the number of cooling dearee days In the 
particular year (In addltton to the price). 

Attempts to model all these factors In equation 3. 2 tn detan 
xa~Jlted fn a QOmpllcated nonlinear model wltb R1 large number of 
inrAma and prlce terms. The estimation of thim model • .U rea~.ttbte 
In praotlce, would bave enabled us to Infer the sltares of lu~atlng and 
nonhtatlng components ln the total demand and also to estimate tbe 
prt~ and btQotna elasttcltlea for tho different components. However, 
tbe results were 'QOt encouraging because of tl1tt blgh multtcoUlnea,...... 
tt.s~ lm.onJ the dtffe:ent variables. Hence we t&attmat~ a model 
whill;l all the above factors. mJte taken. Into account but in a com• 
poslte way. We did not have :data on tbe nu.rtber of electrical .ap­
pliances in the df.fferent a'teas, but we did have data on the Dumber 
of electrtcnlty heated homes. The demaild function estimated ·was 
(ali variables fn log form) as follows: 

Q = «o + 1\ Q ... 1 + P,_ PE + fJ2RC + fJ:J :~ + [J 4PCY 

+ ~ 5PG + P6 (HD + CD) (3.3) 

where Q...l • quanti{¥ demanded in the pl"evfous year 
PE ,.. price of electricity 
RO a number of residential C\vstomem 
HC • number of beating custc,mers 
PCY • per capita income 
PG • pr!ce of ps 
HD • number of heating de~ days 
CD • number of coolfng degree daya 
A •lag coeftlclent. 

The. model in equation 3.3 assumes ts; o:,.~te geometric lag of 
the Koyck type. More complicated lagged adJlUtment models like 
the Solow Pascal lag, the Almonpolynomlallaft• or Jorgenson's 
rational distributed tag could, In prinotple. be 1M~. but we dld not 
lind it worthwhile to try fh!m, After all, we had only 12 yean of 
data (though ovel" 147 eros• s,ectlons). Given tbat we want to lnves• 
ttpte the eft'ecta of vadableJJ such as weather and electric heating, 
thu& far ne!lected m demand studies, and to Identify structural 
changes that may nave occurred dur&.ng this period, and given also 
tt•t we have to worry about serhtl correlation probtem:s, trying to 
determine the shapes of the lag distribution, ht addition to all these, 
\\ould llave been uldng too mucb. 
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We also Included HD aDd CD u aepante exptuato:r.r vartab\ea~ 
The c~fflclentJ of both variablu bad the dght tipa (pOtslttve)t ud · 
the coeffictent of liD was always htper than the coef.fl.cient of CD 
(about tbree tlmM). However, often the t ntioa were u,ot btsh. and 
ben~e we decldtd to com'bi.ne .flbo number of heating degree dlya aDti 
coolb'Jg decree days and included (HI)+ CD) as & s!ng\e variable. 

Tbe p,.-loes -Of p.s and eleetrlclty we uted a~ averap prlcea~ 
For electricity we dkl have data on 1:ate schedules tor each ol the 
dtstrtbutora, aDd we could have used the marginal rates correspon(l• 
tug to the levels of ue. However, 10me IDUial pPorlrne!lta re­
vealed. that Uds was not worthwhtte. The equations usiDJ the mar­
ginal prlces always had lower B2• and gave \Vl'Or)S sips for some 
coefftclenta. 

Equation 3.3 estimated by ordtnaeyleast squares (OLS} gave 
very htgb values of ~. thus Implying very lcmg l&p in adjustment .. * 
As ta well known, the problem GOuld be one of serial conelatlcm Jn 
the residuals.. On&. can account for it by as~umlng an autorq-rea ... 
stve error structure in equation 3.8, but we felt that this would not 
get to the D""..aln source of the problem. The autocorrett.ttlm tn tbe 
residuals could most probably btl asorlbed to omitted oroAns ... sectlonal 
effects. Hence we declded to ·estimate equation 3.3 by the LSDV 
method (least .squares With dummy varlebles), using cross-sectional 
dummies and tf.Jne dummies. We also tried. the Viir!anoo com.ponents 
models (see notes 7 and 9), but very often the results were close to 
those obtained by the LSDV method. 

As an Uiustratton, the results for the pet'lod 1962-88 hom Ibn 
OLS and LSDV methodil f~r 49 distributors 'With gas genen.l!y avan­
able were as follows (all val"iables In lGS !~t1n): 

OLS -
Q •• 0.008 + 0. 708 Q.l • 0.11'1 PE + 0~296 RC + 0.084 ~· 

(42. 6) (-6. 4) (17. 6) (12. 9) 

+ 0.04:5 PCY-1· 0.007 PG,._ 0.089 (BD+ CD), 

··~ -·~ ~.~ 
R2-o.996 

*In addlt!on; the ooeJ'ficlent of per cup ttl income (POY) 'Wd 
almost always neptlve when tlrre OLS method was used; 

·~ ~,,... rt 1 .,... r t S'rtM@•'dtmr s Xhn trsw &r. · 
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\ Q • ..c. 23& + o. as1 Q..1 - o.ss1 PE + o.1s2 nc + o .. 1t1:2 ~ 
(14.6) (·13. 7) (31.4) (9.2) . 

+ O. 075 PCY. + 0. 323 PG + 0.148 (HD + CD), 
(3. 0) (3. 2) (4. 2) 

n 2 • o.999 

(Ffgurea in parenthoes are t-ratloe~ not standard errors.) 
T'hQ c~mctent of the lagged dependent variable fa substa.n­

tlally smallar (thus tmplying shorter 14tp in adjustment) and the 
other mefflofents are subatantfally hlgbe:r in magnitude (particularly 
~~:mes for PE and PG) when the coefficients are estimated by the 
LSDV method than When the coeatclents are. estimated by OLS. The 
results for the va-riance components model are almost Identical to 
those or the LSDV ltnetbod and hence are not preseuted here. This 
lR.luld be the case U ths variance of the dummlea is large rtlative to 
the err~r \1\riance ... 1 

Thsre !s, however, the quutlon of whether tllere rstUl remains 
some serial correlation bias even with the LSDV method. One . . 

~ot e~ct" ·.n~a point b,y looking at the residuals from the LSDV 
equation, beoaase of the presence of the lagged dependent vat'lable. 
Henr.e, we eaUtttate an extended model by Introducing a flrst-.order 
autoregression in the ren "lmls, Jn addition to the dummies. Spe­
ct:lcaUy, let Utt be the oompoeite reaidual for the tth cross section 
unit in t!me p0·rtod t. We wrtte 

Uu • Ut1.- Vtt (3.4) 

wilere Ut is the crosa·It~ctlon eUeot and Vu are residuals. In the 
LSDV ntetbocl, we .eatimate u1 as constants, and !n the variance 
oomJM~Dent tnodell we treat tbem as undom vax-iables with a common 
varlaJle&t; ~ • We now uaume 

Vtt • PVtt .. l + Wu (3.5) 

it we wse tile LSDV model, then aU we have is a. regression model 
wlth lagged dependent varfabl& and aerially correlated residuals 
\\illc!l oan be handled by a nOblmear I•st-squares method or a search 
procedure (searchtnJ On. p ')• If we use the 111ariance components 
a-i'OdeJt, the CODSequonce olf equaUcn 3.5 is that the successive reatd-
1Ws In each crosa se~tion~, lnltead of bavhlg the sme correlations, 
wUl exhibit a dampening C!orrelatton structure. The estimation of 
the model can aplD. be df:me by searchlng over p --esttmatintt the 
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varuce contponentsmodel v,tltb P-dltlerenoed data••#nd chooslftl 
the •value of p Which corrMpcC.::~ to tho maxlmtur~ \~&lue of the Jlf<e ... 
llhood ltmctton. Sln~e use of til~ method for every mOdel that we 
coutdered was CQmp11tatlonaUy oumhenome and uptnJIVet we 
tried It :in only a couple of casH. The ftsultlr.howed that pwas 
doae f.o, zeto, ar.d ue~ Ute formulation m equation 3.5, dlcl not make 
much diffe.rence to the final utlm!ttea. Hence, the re~ults presented 
in later aectton• will contain the reautta of eattmatlng model s.s by 
LSDV or the val."fance components methotl11 aftd 1t wcutd ,be stde to 
presume that thel."e are no further modlf!catlons &.at need be made In 
the model to take account of serial oortelatlon. 

STRVCTUBAL SHIFTS IN 'mE DEMAND FUNCTIONS . 
In principle, if we Include all the varlab16S that cause shifts tn 

the retat~onablp we are estlmattng, then there ls no need to discuss 
shUts In the function. However, as mentioned eadler, a deb.lUed 
formulation In terma ot equation 3c 2 and the determblants of each 
component ot the total demand did not tum out to be amenable to 
empirical cstlmatton. Further, In the laQed adjustment model 
formulated In equation 3.3, we can a'tg'Uet that the lag coefflclentA 
wnl itself be a function of tbe rate o! change of prlces. For wtance, 
AUals2 argued that when things ue moving fut, tben people make 
adjustments laster than when things 'are moving slowly.* If we 
start with. the model 

Qt •Xr./3 +Ut (3.6) 

· 'lt- Qt-1 • 9 t (Qt- Qt-1> 

where Qta the desired consumption and Xt • the set of observations 
on the explanatory valiables, then we get 

Qt Ill: (1 - 8 t) Qt .. l + 9 t:'(,p + 9tut (3.7) 

*An opposite viewpoint would be that if tblup are moving faat, 
people find it bard ta predlet the courtu) of 1\lture events an<i henca 
adjust slowly. ln any case, a more appropriate formulattoo would 
be that people loeact to the permanent components of t.'lffl} observed 
variables, and lf by nuwlng fast we mean a high tranaltory compo­
nent, then the reacttcn would be slower.. The reverse wnt be the 
cue Jf the permanent component is changm~:$ 
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ad Vdth eotWta:n.~ St• we have the form of eqtt.1ltlm a. a. Jnstead, If 
weuamne 

• p 
St• y, ... I ITI 

t 
(3.8) 

that laj tb41 rate ot adjuatmut itself ts a Amotion of Ute abeolute 
value of the. rate of change of prlce~, then tbls results 1n tho equation 

• 
. pt 

~t· (1- Y) Qt-1-' I Pt I Qt-1 + YXt f1 

• 
Pt l 

+ ' I p . Xt,P + v t 
t 

(3.9) 

'Where Vt bu a colllPltcated structure. We trted to estimate equa­
tion 3. 9r tmder the assumption that Vt ~re ser1ally Independent, but 
the results were haT<! to tntexpret--again due to multlcollinearity 
between :Ute varlatleB. Hence we decided to use only equation 3.3 
and· test where the structural shUt had taken place. 

Given Ute ber.avlor of the prlc.,s shewn m riSllre 3.1, we would 
elipetJt tbat the. shift would have occurred so1nettme· around 196', 
and also that lf the above reaaonlng of the model tn equation 3.8 ls 
correct, the ~oemotent. A, in equation 3. 3 should be lower in the 
e&rilcr period and higher In the later period.. In .!'act, our results 
do conffrm this prior :reasontng .. 

There has been, in recent yean~ considerable literature on 
piecewise regression {see McGee and Cadton3) and swltcllmg re­
gresaton (~ee Gold!eld and Quandt4) models to analyze structural 
chana-. atr model is not a awUchlng regression model wlth back 
aDd ~rtb awttcbtng, and Utough we are talking of a piecewise regres­
sl01'J3 model with the ltmlted data we have, we can coosfder only two 
ptecea,..~ "thus, we vlfll post.ulato that there Is cmly one switch that 
Juup occurred, und the queatlon Is to determine when. One of the 
cotrnmottly suggested tests for this purpose tis one !uggestcd by 
Br,own ed Durbtn.S If Pr fs the set of estimates or the regression 
parametem from the flrat observations, they eaaGntially define suc­
ceastve residuals Ur- Pr-t'Xr for successive values of r. Using a 
pmoraltu.ttcm of Helmert transformation, they derive transformed 
residuals that are m· (0, u2). They then ;propose testing the cumu­
lative sums of success tv" res1dwcls for alplflcant departure from 
zero. .In our case, wlth pooled cross-section and t!nle-serles data, 
thin test is not directly· applicable. Farley and Hinlch suggest a test 
for the hypothesis that there Is no sWlt\~h against the hypothesis trot 
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them ts • aln&le a1titch m the regress!ott equation. 6 J:G cur cue, 
we d&i not apply the test, becn.ue thero fa atl'OilloVldenoe U.t the 
h.Jr;otblals of no JWltoh would be reJected. Wlth op dt,ta, tbortt II ·c"' 
a aeparatf.m of~ sample pert~ lnkt that of lillkil pdoea ud I'll• 
IDg prlc;ea, and the queatlon t~· not whether a 1wltch w· ®•i~ 
btlt wbeu tt OCQJ.trrfd,. We fmt~U, decided to use the Qui:Qdt ml)thoc17 
of computmg the log likelihood for dlfferont partlttoD• of tbt ~.ample 
(1962.;.8'1' 1968-'12), (1962-68, 1969 ... 72), 4Ul4 (1981-89, 1~f4)..7J) \) 
and pick tha one that pve the large$t value to tho tor llf~t11~ 
1\mctlon. · 

The results for tbeie partttlon~ u 'well sa for the period 
1962...;12 as a whole are prestmted !n Table s. s. The appllc:itton of 
the Chow tests& for breakt h1100'1, 1006- and 1969 pve the follow­
Ing res31ts:* . 

A atrucb.1ral break in 19$7: F a S. '1'1 
A Gtructural break In 1968: F • 5.16 
A structural break In 1969: F • 4. 07 

• 
In aU cases we reject the hypothesis of no structural c~e. But 
given the tact that we want to fix one of thesf.l yeam as the meet 
plausible year wmn a at:ruotural change ooonrred, the qu.eatlon Is 
'Wllch one of these years t!o we choost\? The appltoatton of the 
Quandt teat revealed t!mt a break In 1007 gave a htgber vab!e of the 
likelihood ftmeiton than a break in 1968, wblch. ill tum~ pv~ a 
higher Wllue of the U~.sllhood functton than e b'r=~ t~ !=~· FG:o tc'=··· 
Quandt teat; we co1npare 723 L:n (0.4650) + 577 Ln (0.22'18), 869 tn 
(0 .. 6014) + 431 Ln (0al225}, amt 1015 Ln (0. -zo93) + 285 Ln (0.0'178). 
The values ail:'e -140o '11, ""'134. 68~ and -1~7. '11* We choose the one 
with the mbdmum value, which m tb'..a case (dves 1987. An exami­
nation of the behavior of tbe prices shown In Figure 3.1 reveals that 
thts .parUt·lon Is reasonable even on a priori grounds. 

Given that we adopt the partltlonlng l!lto the pertooa 1982-67 
and 1968 ... '12, the most salient features of the :teaultl In Table 3o3 
are as follows: 

'l'he adjustment Is taster In the period 1962-87 than m the 
period 1968 .. 72 as revealed by the coefflcleat of Q.1.. One poestble 
rattonallzatlon ot this reswt. aa discussed earllar and as re~ 
by Allata. ·!$_that people :respond faateJ.* when tb.lnga a1re ·obanging 

~Since we have a lagged depe'ndent va"tlaNe, aa one &'lplautory 
varlabl~, strlctiy speakhlg. tba F-tests are v.ot th\8 :riSht on6S to 
use. What we should be using are uymptotlo likelihood mUo testa. 
But it is clear that the conclusions will be the same.., 
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fast than when thlnp au. chaDJine alottiy. Du.~lq' tbl p•rlGd l:'tl62..0f 
the rate of ohtutge t1f pticea was !llgber (in absolute tem~) ·tban tcil»­
lnl the po:dod 1&6$-1..2 (see !'lgure 1.1). tn an uilt~r abadywefotmd 
the lieiulfl quite ~alte to the mea reported Jiero. I ·TU ad!Qt• · 
ment wu Iuter d&irhlJ the pettod 1008•'12 ·than durblJ·the period 
1962-67. There lt was t.l.Pad that people~ reaponded dlfketttly ell~ 
fDI perloda oi rlslnJ and faUlnl pr!Qea. However, thfi UJIUlta ob­
talned.then were wlthprelimtnar;y data, Jnd:fhe cutrentrelulfa •• o 

With revised~ more accu:ate, data. rurther, the vartable ~a/Be 
wu DOt Included u an explanatory vaTlabte. ·ADd the methcrJ 9r utt• 
mation used there was ordinary leaat 8f.iM-rel, wbe-;_, tbe eJHnla""' 
tlon method u1od hem Ia that of least squares with dum.n?f var!ablu~ 
(and variance compOMnts models whtcb dld oot produce any $lplf! ... 
cantly different r'eaults). In any cue tbe current results which allow . 
that adjuatment speeds are taster !n the period 1962 ... 6'1 than in ·tho ., 
period 1968 ... '12 are more plauaible. 

The Jncome aoemclent is margtnaUy btgbtl!r and tne·(h.iee co­
eUiclents sublt&ltially lower -~:diQUlarly tor natural &d) In the 
latter petrtod than In the former. 'I'bese results sua;eiJt that tn re­
cent years the demand for electricity ls becomlnr; more reapowdve 
to tncome and less responsive to prtoa vaTiables than in earlier yeara, 
at least tn the short run. ActwlUy one ·emu see tb!s mot'e clearly If 
one looks at the trend In tbe coefftclents for pet capita Income (~Y) 
and the coemclent of the price of elect·rtcity (PE) nnd tM prlce of 
gas (PG) In the regrea3tons for 1969-'12 and,l97G-'12ln Table 3,.3., 

The long ... run elastlclttes or demand for etectrtctty with respect 
to prices, Income, .and number of cuatomera for the dUCetu1t periods 
are presented In TaNe 3. 4 • 

TABLE 3.4 

Long-oltun Elastlclttes 

VariablE~ 
-iW- q •r I- ~ r•JM )II'"<Jlt4'0n~M11i••,... 

PE PO PCY RC 
-~ 

1002-es -o. 672 o.;454 o.11s 1. ote 
1009-72 -4).582 0.054$ 0.2'12 le~168 
1962o69 ... 0.653 0.410 0.100 ~ 1.01~ 
1970-'12 -0.687 -o. 110* o .. aa1 1.048 
1962-67 -0~574 o. 557 0,.119 19 011 
:~.oos~·r:2 -o.s~o o.242 0.211 1.120 
1962·'72 , -o .. qy o.sso __ o.1s1 -·-l·-~3. 

*Not stplflcant!y cUfterent from 0. 
Source: Compiled by the authors from Table 3.3. -- .. , ' ' 
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$8 STUDIES W ENEBGY DEMAND AND SUPPLY . 
If one looks at these lonw-tun el~tst!oltlea, one ftndl that ·those 

wltb ~ to Income and price of eilectrlctty are higher wrlnr 
recentyeal"S than ln eadter yeara. However>, the elasUclUu ·with 
rupeet to the price of pe have laUe. Thl1 Is possibly a ftlectlon 
of the nonavaitabUlty of gas rat\er than a change in prlce 1'8lpott- · 
atvene••· 

Fhudly, tt should be :noted that the price and Income elaet,ct­
tlea reported hsre are lower than the eaumat~ repo~d earlier. 
Thts Is because we have the extra e:cplanatory variable HC/RC. 
Both prtce and incomt! vartabl&a affect tbts propot't!An In an im­
portant -way. ThU8, the efCecm reported here are the direflt eftects 
of price and Income va):!abtea on electrlcity demand. We have to 
add b) this tbe Indirect effects of th@&e variables on tc:&l demantl 
tbX'OJ;tgh thelr fJffect on HC/RC. \Ve had to Include the v.adabte 
HC/llC m our equations because tbe rocws in tbts sbldy has been on 
structuml changes. Also, the fact Umt the income and price vari­
ables are very significant, even artGr tbe Inclusion of the variable 
HC/ac. shows that these variables aftect to~l demand both directly 
and indll"ectly thrc:ugh their eff'ect on electdc heatlng. 

CONC~USIONS 

This chapter analyzes the rtlaldentlal demand Cor electricity In 
tbe TVA. area dutintr tbe period 1962-72 and eonslders--tn addition 
to the,. 11monly used explanato!i.Y variables like per capita income, 
price or electrlclty, and price of gas-variables like the proportlon 
of beattng customers, beating degree days, and cooling d1gr&e days. 
It is tound that every one of these \'artables Ia highly significant. 
Also, the period 196!-67 Is a time of falling alectrlctty prlcea • tmt 
period 1968 ... 72 Is Si time or rising electricity price:~. An •malyiii5 
ot tbe rt:latlonshlpt$ showed. an important structural breal .. In 1967. 
The analysis also shows that lap ln adjustment to desired consump­
t:lon levels were aborter In the former pertod than In tbe latter. 
'This: an be explained by the fact that the magnitude ofp;-!ce changes 
was higher (ltt. .absolute· terms) ln the Conner period than in the 
latter. Also, tt his been fe1..md that In the more recent years demand 
has been more aensttlve to Income and less sensitive to prices (m 
the short run) tt.an in earllex- years. though the long-ron elastlcltics 
(except .for the p~lce ofnatu·mt gas) a:re higher. The perverse rc• 
sults fo~ the prtce or natural gas are perhaps a reOectlon of tbe 
growmr scarcity of th18 fuel rather than a'!ly change in consumers' 
price l'Oponatveness" 
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CHAPTER 

4· 
ENERGY DEMAND FOR 

SPACE HEATING JN 
THE UNiTED STATES 

WenS .. Chern 
William w. Lin 

Spaca 'bMting is tbe most important end use of !metSY in the 
residential sector. tn 1910 space heating accounted for 56 percent 
of tne total energy usedl by ltcuaeholda (exclusive of the consumption 
of paoltne for transpo1.iatlon pt.tt"pOSe&). Tho purpose o.f th£1 study 
is to develop a model of spuce heaUug denmnd in the residential sec­
tot" for the maJor fuels, that ts, electrlclty, natural gas, and petro­
leum prOducta. ln 1970 the space-heating consumption. of enerSY at 
polnt of use was e. '18 quadrillion Btuio\ of whtch 54 percent 1vas natural 
pa, aa pereent fuel on, 3 percent electricity, and 11 p~rcent others 
(LPG, coal, and so on). Tbls study deals wlth both the utilization 
tate of existing stock and the fuel choice of spaoe-~t£ng equipment. 
'nle behavior of fuel cboioe (or equipmmt choice~ was previously in­
ve#tlgated by Anderson, 1 Baughman and Joskow, 2 Lin et al., 3 and. 
\vtlson. 4 These .atudfea are revieweii briefly ta~r. 

The model developed in thta study consists of two parts: the 
firs~ determines the average usage per hll!.ting customer, and the 
aeocmd steals with the proportion of occupied housing units using a 
parllcular fuel for space. heating: (or slmply the analysis of satura­
tion). Specifically, our .study embodies the !ollowlng significant fea­
tures. First, our model estimates both energy u.tiUzattcn rate and 
fuel cboloe tor apace beating. 'Jibe rationale for dsllng with these 
two demand <:ompooenta separately is that energy demand is de­
termined ln tbe short run by mte of uUUutlon of existing stock of 

Rtt~earch sponsored by the u.s. EneJ:gy R~rch at'lc. D~wel­
opment Administration ~r contract with the Unloo. carbide Cor­
poratton, Oak JUdge National Laboratory, oat Ridge, Tennesnee· 
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heattng; equipment and bt tho long run by both tate of utaltatlco and. 
fuel swltobtng. Secon41 to our knowledr. we are amonr tiM lim 
to include appllanoe prices aa explanatora 'fulablea in the .fuel""' 
choice model. Ltn et al alto Included appliance prioos m the!~' 
model. 5 Third, we employ maqtut prices t;f electrtolty X*tber 
than the COU"#J>~only used l.ver&IG price for bo~ :the UIQt\ .JU'd ~ 
fuel-choice equations. Fourth, tbefuel•cbolce model doe~ ,not, tnt­
pose a rl;ld cot'lltralnt that croaa-prioe saturation elutlclttea wltb. 
re1pect to a given fuel prloe be ldenttoal. Such a restrtotlon la 
necessav in the :mooeta developed by AndersonG and :Bauglunan and 
Joskow • 

RATE OF UTILlZA'l'ION 

Since available data on space heating ,coneumptlon are 11ot 
adequate for an ,econometric O!llalyshs, tbe model developed in Wa 
study inc'l~es both heatlng and non1leatin.g eornponents.. The total 
residential consumption (Q) c;t a particular fuel at the state level 
can be expret~ed as 

·_i 

Qi, • A1HC1 +/l 1NHC1 
(4.,1) 

where HOt • number of heating customers who use fuel l 
NHC1 =number of nonbeatmg customers who use fuell 
A 1 = average consumption per heating customer who USe$ 

· fuel! 
(Ji • average consumption per nonheatlng customer who 

uses fuel I. 

Consumption per heating customer may be dlvlded Jnto two com­
ponenis as 

At •a1+Pt (4.2) 

whare 1 ta the average consumption .for space heatingt. Note that 
the sum of liCt and NHCt equals the total number of t:e1ldenUtl cua·· 
to mere (RCJ). Substituting equation 4. 2 lnto equation 4.1 and dlVid· 
ing both sides of the equation by nc, yieldl 

Qi/RCi • ai(HCi/ltOi) + pi (4~.3) 

where Qt/B.Ct is the averago consumption per restdentlal custom~ 
and HCs/RCt ia the .saturation ratio of fuelt for space heatlna-(j 1'hus 
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1$2 STUDIES Ui EN£RGY DEMAND Al.'D SUPPLY 

tequaUon4.3 decompoeea the average conaumptlon per residential' 
custome~ into a space ... heating and. a nOMpaoe-heatlng component. 
We~ poeb.ihlte that the avera1e couumption for heating 

il a. fm:otlon ot the pdca of thea fuel in question, personal income, 
and heattns de&ree t~ya.. Also, the average ccmsumptlon for uon:-­
bet.ting putpOIM Is asswned to be a linen- function of thetr demand 
determtnanta, including the ~rice of fuel, penonaltncome. ud 
aaturatton mttoe of nonheattns appliances. 11teretoro, the ·regres-
11011 (iriW\tlou to be eetlmated are 

Q
1
/Rc

1 
• tJ

1 
(•)(HC1/RCi) + \Vi (•) (4.4) 

where Ut (•) and \Vi (•) are linear functions of the relavantdomand 
determinants for beating and nonhonting purposes, respecttvely. 
The relevant variables appearing in Ut (•) and \\'1 ( •) differ, ot 
®urse, for dlffEtrent fuels. 

In order to estimate equation 4.4; It la necessary to bave data 
on both the numbers at residential customers. and reald<mtlal heating 
customex. for each fuel. Unfortunately, data for these two variables 
are not aval12hle fQr petroleum products. Therefore, we replace the 
nwnber of residential cuntomers ant\. thft mtto of 'heatill1~ customers 
to resldenttal customer• by the numbe~ of occupied houtatng units 
and the fraotfvn of occupied housing tml~ wsing oil for lumtlng, re­
spectively, in the petroleum products equation.. 1'he use of these 
1tttter two variables Ia not t:onststent with the model spoolfied tn 
equation 4~~4. Consequently, some adjW3tments are :needed for com ... 
puting tbe usage elut!clties, whtch are dfscwssed later. Data on 
beating customers aJ:e also not avallablo for electricity. As a result, 
we use the fraction of occupied ltousing units using eleetrielty for 
beattq in place uf the ratio of beating customers to re~ldential cms­
tomert. This change should t~tlt cause amy problems because every 
l!ousebo1d uses e!ectrictty 111 

" The variables ued for estimatl'ng equatlon4.4 are defined as 
follows: 

E • averago electrlcl.ty consumption per residential elec ... 
triclty customer 

G = average natural gas consumption per realdentlal 
customer 

0 • avetqe oil .consumption per occupied housing unlt 
using oil for heating 

SE • the fraction of electricity customers using electricity 
for heating 

SG •1he fraction of pa customers using gas for hea.ttng 
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so • the fract!w of oooupi~ h~&lnltmita w;t:a1 oil tor :~"· 
MatinS .... 

l'ttPEB • the marginall price of e1~:~ JN~Uured aa the 
difference beL1tetU a typ!oal &leotric bill (TBB)·fe , 
Jf50 kwh and a'·rtEB fG1' 1,,000 k«h pew mcmth ,.''\; 

'MPEA • tho maqlnal price of etecttlelty meuuredu the 
difference~- a TEB for 250 kwh ud a T•B ~ 
!$00 kwh per month 

PG • •veratp pr!co of utural gas 
~~0 • ~~tall price of No. 2 fuel oil 
HDD • b~tlnl d.egree 1d.aya 
CDD • cooltns degrq daya 
SE\VH • saturation of telecttlc wa~ beatlns- measured as the 

fraction of oocuplea mu.ing mtts \Uiit11' etectrlolt;y 
fo.r water heatlng 

SEF • saturation of electrlc food .rree1ter measured u the. 
fraatim. of occupied housing untta havfng food freezer 

srv • saturation of tel~vlmlon set 
SGCD • saturattOJ~ of pst clothes dryer · · 1, 

SO\W 1• saturation ot on water beater 
Y • per caplta pel'sons.l income 

The above list lncludet~ only those ·variable: !r..spt In our final 
equations. We trled essentially all eaturat~on va'dablet for a.tl ap­
pliances !n our preliminary testlnr ot tho model but deleted many of 
them because of poor res\llm. Tht" units of measurement and data 
sources are given i:n th~ AP!1endlr" to this chapter. 

The system of the ~~e~e u.u.ge equations fits the general spec! !I+ 

flcat!on. used by Zellner for ~q;emlngly unrelated r~SJl'esltons. 8 Thus. 
Zellner's generallzod least !qti.res (GLS) approach wa~ employed to 
estimate equatton 4.4 for electricity, PWll'al gas, and. pe~ ole;u.m 
prtaductB simultaneously.. Crosa""'ecfionr.d data by state, for l970o 
w0re used. The final retgresston equatlona are gtven below: 

Electtlolty: 
:E • 9.17 SE - 9'13. 8 MPEB x SE + O. 0041 HDD x SE 

(1.45) (-2.6&) (4.32) 
-il.f6.89 M'J?EA +8.453 SEWH + 4.387 SFF 

f(-G.59) (5.31) (4.29) 
+4.205 S(iV •f. 0.0016 CDD+ 0.00087 Y 

(0. ~)3) (9 .. 08) (4. 02) 
+s.aa n2 • o.s-r (4"5) 
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Natural p.s: 
G • 0., 08?6 SG - 0. 0000543 POx SG 

(5.8{;) (-S.38) 
+0. 0000103 HDD X SG + 0.1424 SGCD + O .. !WSS 

('1.05) (3.36) (2.55) as. o.ea · (4.6) 

Pet:rtileum products J 

0 • 88 .. 46 SO - 3.412 POx SO+ O. 0036 HDD X SO 
(2. 93) (-3.24) (6. 63) 

+12. 53 S0\\'11 + 2.118 
{2.15) (3. '15) 
R2 • 9,.92 (4. '1) 

Th~ figures Itt parentheses are estimated t-X'tltios and n2 !a th(l; 
squared correlation cosfftcient between the actual und estimated 
value~ of the dependent v:u:Iable.. For each of the three estimated 
equations, the first three variables explain the heating con1ponent 
and the rest of the vartables, including the constant term, explalln 
the ncnheatlng component. 

In the electricity equation, we tmed the marginal price for 
htgher blocks (MPGB) to explain the heating .component and that for 
lower blocks (l\iPEA) to explain the nonheatlng portion of electc.iiclty 
usage. The reaulta are fairly good, with all variables having tl1e 
«&Peoted alp. All estiMated coefficients are tdgntficant at the 5 
percent level of slgnifica.nce except the mugtnal price of etectrlolty 
(frtPEA) and the saturation of television sets (STV) In the nonheating 
component. 

The final equation of natural gas showe1 ilmt the price of tu1tural 
gas (PG) and beating degree days {HDD) are two significant factors 
in the heattur component and the saturation of ps clothes dryer 
(SGCD) iff the cmly slgnlflcmnt factor In tbe nonh•tlng component. 
The saturations of gna water heattng and cooking and persooalln­
cotnea were initially included. but were later dropped becc.wse the 
cstimated coefficients did not have the expected sign. For petroleum 
prcducts. oil pdce {PO) and beating degree days (HDD) are alpifl­
cant h1 the heating component, and the saturatlon of oil water heater 
(SOWH) Is a slpificant variable ln the lloobeating portion of the 
equation. 

It is sotnewhat su.rptlaing that the Income varhtble did not 
show any effect on the utUizatton rates of all energy a ·u.u:ces for 
space beating. Income ts. hoWeve-l'. an~ '~'lrtant determhumt of 
fuel choices as discussed later. The tmpltoation Is that the level of 
income affects the bouseholdia decUston on type c! appliance to pur­
cllue but not the taba to operate it. It should be mentlo1~ that we 
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tr!ed u attet"Datlve varlable uslnc the percentage of famtlles with 
hl&fier aD\'tU.Ill incortr,e ($1S,OOfi-$JS,GOO) to lnvestl~ whether or 
Mt tnoome dlatrlbution playa a role in dete.\"mlatnr UAge rate. Tbla 
variable, h.owever, neVier hBll a atplflcant cootnctent With tbt cor­
rect 1ls;n. 

FUEL CHOICES 

" 

Past atudies attempted t~ eatimtte the proportion of restdential 
cl,t8fomers choot:Sing a particular fuel for a particular end us,e ulnC 
differet~£ model speclflcationr~. Wlleon• ln his work focuslng on elee­
trlc appliance cbolcee, specified the npercentap of homes wttb at 
least one unit of appliance xu as the dependent variable In the applt• 
lAnce market share equation~. 9 He theta. flt these equatlOl'lS wltb botll 
togarlthmtc and linear forms, sensitive to prices of electricity and 
gas, lncome and climatic condltlQns (heating degree days) for cook­
ing, vm.ter heating, space heating, food freezing, and alr condition ... 
lng. 

\YhUe \VUaon's m·odel ts straightforward and yields unique 
slngle ... valued prlue and tncome satt.u:atlon elaaUcttles, It nevert1te1• 
leas bas a sbortcontb~g of not Including oU prlce or equtpment cost· 
variables .. 

Anderson's model tor predicting relative market shares of 
resldJntlal fuel choices involves equations of tbe fol!owlng form:lO 

In~~) " P0 + P1 !liP 1 + P2 lliP J + JlslnY 

+ P4 ln HS + fJ5 SHU+ (J6 NU + {J'I \V + U 

whetre St • fraction of total installations thl.t oonswne energy type 1 
Pt • price of fuell 
Y • per capita income 
HS • average hoUBehold s12e 
SHU • fraction of households in aJ.ngte .... famlly detached hol:l8-

ingunlts 
NU • fraction of households In nonw:ban hmmlng· unlts 
W = mean DeQember or Ju..l,y temperature 
U • random error term 
fls are unknown parcmeters. 

Fot" a given j, the above equation ls estimated for each l (ex­
cept for i • j). T.he equations are ~estimated jointly tmder the 

I} 

= 
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~t that fJa be the U1tte In all equations. Therefore, •Jl 
omt~a•pdce ela.aUcU:Iea with reapeot to a pwn prloe change are 
Jt'!eft:ftcat.. F\l~ mstance, the croas-prloe elutloltles of demands for 
.t.ura1 p.s .and for ott With l"Upect to eleotriclty price are u1umed 
to be tho same. Prices of competing fuels .other ·tbaQ 1 ·ana J do not 
6Dter the equation. 'rh1d speclfieatton Jmposu rather strong asaump­
ttons on the structure of fuel-share e~.tt~ons. 

A• noted by Anderaon h:bnsetf, the estltnated. regto~slon oo­
efflotentl for tbts mQdel vary dependlug upon tho choice of Jfh fuel 
tn tbe. denominator ot the dependent variable, Tb.,lifore, the eGti­
mated price .ancf Income eluticttlu are not utdqUe ilud oo~111ionally 
show large dit.rerences.. For ~....mple, !n tbe ~pace-~ttng equation 
tbe P coeffioltmts of etecb.icUy .Price X'tt'JigS frmn -le OS to -a. 20 and 
the fJ coefftctents of income ranp from ~1.,. 03 to +1. 65. saturation 
elutlcltiea were then com~puted uatur P coeflt~!lenta that Ue 3ome­
wbere ln the middle of the ranges. 

Baughman and. JC»llcow's appliance clwice tntdel is slmllar to 
Anderaon•a although a somnor rather tlut.n J! log-IQg forntuiatlon was 
usect.l1 Aptn, the appllanoe choice ~tiona were estimated ahnul­
taneowsly under the coostramt that au the crosf.·price fJ coeifficf6nts 
are Idem.tcat for any ~ltmat6tty variable J .. 

Recently,. Lin et at. 'estimated a condl~t~nalloglt wiOdel spect-
fledaa:12 ·· 

s . .,, "" 

~ ) 

l;l 

ln l~i - :G't"" ~ PtjXJ + ui 

where i • type of fuel (l• 1,2,3,4: etectdclflr~ gas. oil, 
¢ther/noce) 

• 

s1 • fraction of occupied houatng unlta t1rutt 'Qee fuel i 
XJ • a 1et of explanatory variables lnel\1d1ng pl'ices of major 

fuels (electricity~ gaa, fuel oll), prices Qt household 
equipment, per capita tncome .. demogr.apl&ic variables 
.an« cUmattc variables (heatillg degree daya, cc-1libg 
.degree days) 

tT • random ettror term 
a and t are tmknown parameters, 

Thetr formulation improves upon the ~Baughman-Joekow study in that 
tbe models are teas x-eatrictlve, but yield wt~ estimates of price 
and Income elaattctuea. equipment prlcaa are Included u explana.-. 
tQey variables, and :fbe models' constraint predicted marbt shares 
to lie between o and, 1. 
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::rn tbll study • a Un-.r marbt~sbar4)8 mOdel itt ued bec&U#'Je of 
the llmpUolty of both th& model .Interpretation and esttmatton, \Ve 
intend to show that 1uoh a .simple model In wh!cb price and income 
ela;ti~u#,;a are also urt:~ely determined yields hlutta atmllar to 
tbose:rob.tt.tned hl more elaborate models u used by Lin at at., 13 
~ce~,~ t~.at we employ .margltJ&i price ratb.er than average pr!oe for 
electrl<f/ty. 

11h6 three ruarkflt-ahal'e equaUoM for elE~etrlclty, natural pa, 
and petroleum products have tb& fcUowlng general expression: 

S :'It .~10 + A11lfPEB + A12PG + A13PO 

+ A14POH + A15Y + A
16

HDD 

n. = 1, 2, 3 (4~8) 

wh«n.-e s1 • fraction of occupied houslns; units that use eleotrlclty 
for boating 

s2 • fraction of occupied housing units tilat ·use natural 
p.s for he.~ating 

s3 • fraction of oocupied houatntt untfs 1tbat use 1.:111 for 
heating 

POH ur price of 'Oil heatex· 
1-fPEB,"PG, PO, Y, and HDD have beenpr.evlouslydeflned. 

Under the Unear speciff.cattan bt ec:plltiM 4. 9, the fact that the 
nv.a.rkelt abarea mw;,t awn up ~ unU.y hJ?!l•U&S '/Uu!.t 

~· "r ~- AiO • 1 and 
1••1 

:s 
~ Alj • O, for J :a 1, .. " .-, S 
.... 1 

(4.9) 

(4.10) 

Tlfe sum of all conab.nt tet:JnJ3. ht tbe mm~ket-sbare equatione must 
equai uulty, and the sum cf t~u;, estimated c00fflclalta tor each 
vaJrlable acroea the equattoniiJ .m.ust equal zero. 

~l'be a,:tetn of equations abmm Ia equatf9l14.. 8 cam best be es­
tfma~tl by the ord!na.ry leaat""'sq•rd approach, becl\use the same 
set of !ndependent variables Ia used In all three equations and the 
OLS e.Jttmates automatically satisfy the constraints of equatEou 4 .. 9 
and 4.iJ;O. Data for 48 atateta In, 1970 were uaed: to estimate equation 
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4.8" Tho r~!nn raulbl are ~resented m Table 4.1. 'lbe over~ 
all peri'o~a of tha modet·lec 4"~tl0nahly .;ood bl 'bm,; ollli&'Jlt' 
mXi the Pdi1Hcal ;tpWcance of tba esttmated coetficteuta. 

Reaulta •how tbat aU owa-prloe ud croet-prloe coelflctents 
ht.ft the ~ alp• and are mostly atattlttcalty a.l;nlttcant. 
'1'11it price of ell twatv (POH) 11 al&ntfloant lD the equatlona for 
atura\ 18$· and petrQieum. preduobJ. The estlmatt&d coeffioienta 
for the POB indicate that when the POB lncreue~, t"e market 
sbttte ol petroleum producta Will decr.ase, wh!le ;tbaroa of both, 
eleotdolty .ntt natural pa will izwreae. With respect to income 
effects, the .Umated ~ctentl do not have high t~rauoe. The 
:reaulta, bowe~ver, a bow that an Increase In Income would !n.creue 
market abates for ta~lectrlolty and natural ps and would -reduce the 
share for petroteum produd3. For beating deg7:ee days, the re­
sults sucrgest that petrolcnnn products are more common In eolder 
atatts tluut are natural gas or electricity. These results are faltly 
aimUar to those obbtln«l by Lin ct at.14 

11SAGE AND S.~TUM.TION ELASTICITIES 

The main objective of thts study is to estimate fuel price 
elaatlcJ~lGi for the usage and saturation components of ,space­
beating demand In the residential soottll'. To compute usage elu­
ticltles, we first c!erlve. from equath1mr 4.5-4. 'l, three average 
usage equations f'or the heating component. For example, the aver­
age heating uatge functton for elecb:lclty ls obtairted from equation 
4.5u. 

u1 • 9.,1'1 - 973 .. 8MPEB + O.OMlHDD (4.11) 

For electrlctty and natural gas, usage elastieltiea e~tu be ettsily com­
pded from the sample merma of usage, fuel prlees. and degree days. 
For petroleum products, the computation ts more complicated. Ba­
caus,e .of the lack of data on beating customers (HC) and resideDtlal 
customers (RO) of petroleum products, we bave estimated the fol­
!~ag equatlon: 

Q/OH • V*(•) (HC/OH) + 'V*(•) 14 .. 12\ 

where OH Is the total number of occupied housing Wllta. The true 
avenge ~~~go is U(·) {see equation 4.4),. but u•(·J wu estiu~ated 
ln our model. Ho~Yer\' tt can be siiO\m that 

W'l{•) • W(•) and U(•) • U*(·) {Oii/RC} (4.13) 
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whtre OH/RC w the reciprocal of the percentage ot houses using 
~~'leum ~uctt:. Although data en OH/RC are not available, 
Htddleaon JwJ at\matea that 24 pel'C!cmt of tbG alngle•taunny de ... 
tachecl hcmee in Itt. United States were hated by on m 19fo.15 
Stnoe more ttaan 90 pareent of the pe~leum prtducta us&! In the 
raa!dstll.l ,sector 1't'fte tor b~ttf.UJ, it Ia r.U.ou.b!e to use Heddle• 
aon'••~mate u proxy for RC/Ott. Therefore OH/RC • 1/0.Mt 
which equals apjn'OXlmaiely 4.167. True mMn usqe of: petroleum 
pr:<duota Ia obtat:Ded by adjusting the computed mean by a factor of 
4.167 according to eqwdlon 4.13. The unp elaatlcftfes for petro­
Iewu proc!ucts ue then computed from the memw of adjusted usage, 
fuel prlou. and degree daya. 

Sl.tw:atter! elaatlcttlea cam ba eully co1nputed from the esti­
mated market..,.bare equations, wstn1 the aant1ple means of shares, 
fuel prices,. degree days, and Income. The 1~esutttng usage and 
saturation elaatldttes arc presented in Table, 4.2'. Since tbe model 
was. estimat«l fro:m cross-seoti.CIU\1 data, thEt computed elasticities 
are senerally Interpreted as long~run elastictlttea. 

TABLE4.2 

Estimated Usage and Saturation ElastlcitieJ! for Space Heattng8 

Type, of 
Fuel 

Usage 
Eluttcltlea 
Electricity 
Natural gas 
Petroleum 

products 

Saturatt~ 

Jn!!tts!Ys 
Eletttriclty 
Natutal pa 
Petroleum 

products 

EI~"'U'lclty 
itrlce 

(MPEB) 

-0.69 
b 

b 

-3.59 
0.46 

0.24 

Gas 
Price 
(PG) 

Oil Heu,ttng 
Price 'Degroe l)ays 
(PO) (HDD) 

b b 
-0.'13 b 

b -0.87 

0.85 1.'18 
-1.08 0 .. 28 

1. 78 -1.07 

1.19 
0.68 

0.28 

-0.60 
-0.15 

0.4'1 

Income 
(I) 

c 
c 

c 

1 ... 16 
0.11 

-0.56 

llcomputed at sample means. 
bz.lo croas-prlce elasticities Ai'a estimated, because they are 

Identically zero. 
0.Not cstlm~ted(i 
Source: Complied by ·toe authors. 
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T~e ruutt. show that the pdet; etuttclty .of \lll.i& for all ,r1 

three f~~a Js amaller ·tlwl untty.. In au caaHt the .Umated usasi 
elastloltle~ are smaller ~n the own-pttoe eluUctU. of sa:turatlon. 
Vlhlle the ctefJI .. pnee elaattctUea are identloaU,f GqUil1 to at~ la 
the UPI& equations, thelr map.ltudea are tatrly larp iD JGYeM\. 
cues in ·the market-share equatlollS.,. 

Table 4.3 shaw~ the prtoe elaaflclUOJ of saturation estimated' 
by otherc. By camparlaon, our estimate of the 0\\'n~pric' etuttctty 
of aab.statlon. for electricity ts smaller in abtolute 'VAlue t~:~. that .. 
estimated by WltaonlG but hi ~her ·tbb thOle uti mated by Anaeraor1J 7 
and. Baughman and Joskow~11 and close to .that of Lin et at,.19. ~e 
evm-prlco elutlclttes of saturation for natural pa and petroleum 
produotiJ arfJ similar to thoae reported by Lin et al. Our croes­
prloe elutlclttes of saturation arc generally within the range esti• 
mated by other studies. 

TABLE4.3 

Fuel Prlce Saturation Elas!leitles: Estimated by otherG 

----------------------~--------------------------------------------~------~~--------~--~--
~of Fuel 

Electricley Gas Oil 

Lin et al. 
PEa -3(;19 0.57 -0.19 
PO o .. sa -1.33 2.9& 
PO 1 .. 09 0.03 -1.01 

Anderson 
PE -~.04 0.17 0.1'1 
PG 2*121 ... 1.80 2.21 
PO o.sa n c~ ,.,.,vv -1.58 

Baughman 6 Joakow 
PE -2.08 0.23 0.23 
PG 2.12 -1.48 2.12 
PO 3.30 3.30 -'1.21 

Wilson 
PE -4.88 
~G 1.20 
PO b 

--------------------------------------------ft-apE ,. price of electricity 
PG • prlce of natural gas 
PO • price of oll 

batanb indicate no estl~tea av&!lable. 
Souroa: See text for specific references. 
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The aum of uupand uturatlou elastloltfq ll\'eS the total 
llecb:lclty for space-'*'tmg demmct. The total own .... pric• elas­
Uot9 for~ .au fu •1.&1, act the total own-pric& eluttclty 
for":pe&oleUll\ Pf()dttcts ta-1.94. For oleclrtclly. •Ule total own­
prtoa otutictty &~to be :much lal'ger btl eatbnated. for the 
qp:*t.e demar4 tor aU pUl'pOSa~. 1'bele results, therflfore, im.­
plf that apace~Ung demand for el~lcity is much m,ore atm.Sithr,, 
to price cbans- thsut other end•uae d~ of electricity. 

CONCLUDING COMMENTS 

Tbla· study shows that energy demaltd for spaoe· h-.Ung can be 
modeled into two zeparate oom})Oilonts: the ehort-run uage function 
wb.tcb detenntnes the rate of utiliut!ou of heating appllanoe8, and 
tbe·lons-rtm fuel-choice functi('tn whtch chsracterit.es the appll~ce 
ovme.rshlp dectsi(U. The restfib.t lnc.Ucatc bt usage elastlclttes 
&1"6 generally smaller than. satumtloa eluttoittea. 

'The average uuage ~tlou for heating l\re derived from tho 
combined usap ~tiO!'J$ !cr- heating and noobeating purposes. The 
fuel-choice N.~wtdOlt.l are aenaitive to fuel prtces, equipment prices, 
persmal income, and weather variables.. The estimated own-price 
elutlcltlea of saturation ~e greater tbanwlty in all caaes, Indi­
cating that this component of .space-heating demand is price elastic 
Jn ~he l013g :run. 

'the. sum of usage and saturation &l.al!st!cltles pvea the total 
demand elastlctty for space heating. The results suggest that the 
heating demallld for eleotriclty is nmre prioe resPQMive than otbe~ 
electricU.y end-use domanda. 

The study :ful'th4)xo shows that a stmple linear market-sure 
model yields reasonable rGSults. TbG ~thnated saturation elas­
ttoltles are mostly wlthln the range o£'··~· esthnm.tEld tn other more 
>alahorate models. 

... 

l 
~· 

l 
I 

I 
~ 

" 

n 

I 

ff 

I 

•i; 
'f I: ,, 

.! 

APl'mNDJX; UNITS OF )(JMUREJiqT AND PATA 
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Volt of u.tt tl 

\' J 

(.} 

Variable- JlftU~Iit\t btot:• Varliblt .NKIUil;'-- ~· D ,........ ,.. 
E: 101 bib 1 COD dtlfJ,. p~ , .·.• . 1 
o 1o4 t'Mma 2 Y do\'~~ f I 
0 -~'!!. 1,4 80 . ";~~· .· I 
8B (iz.) PI'Pt-1llt # PO doJJT~A~ .tllmQ J 
MPEB dol~Artl'bda 6 $JCD . ,~rca;\ 3 
HDD ·~ I SO (Sa) , 1 1>81'0-.~ 3 
t.IPBA dc»Jtau/kw!t I PO · catts/pt~ t 
sn'H PfA'Oifit a sown ~ a 
.It!' pet~~ 3 St. J.flt'Ct~~t J 
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... 3 J ...... 
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THEGR~~C)F 

·EL!CTRIC HEATING 
IN THE TVA ARIA 

Gurmukh S .. Gill 
G. s .. Maddala 
SteveM. COhn 

Electric .beatlng Is potentially the most Important source of 
8'1'0\'rtb.ln residential electrlclty demand. The average amount of 
electrlclty used In an electrically heated home la about four times 
the amount used ID a nonelecb.'leaUy heated home. Electric h•tms: 
accounts for about so percent or the total electrlcUy used In an 
eleotrlcaUy beated home. In 1974, tn the TVA area, tbe averaae 
annual use was 14,500 ldlowat~ hours, and since nearly 40 percent 
of the homes were electrically heated, one might expect that .approx­
Imately 35 pe,.cent of tobllreatdentlal demand was due to electric 
beating. Tbe averap reetdentlal use fn 1974 \VIIS lt}Ss than tiuat in 
1973, which wa• 15,000 kwh<! Part of this decline can be attributed 
to the decreased demand for electric heating since tbe winter of 
1973 ... 74 was 19 perc&nt warm&r than the prGCedlns winter. Thus, 
electric heating Is not omy an llllpo,rtant aour4!e of etecb"lcUy...clemand 
_growth but .fa also an lmpotmnt sourc~ of D.uctuatlon In tbts demand 
due to changiDgweather condlttons. Further, by contrlbutfn&' to 
winter peak. demand, electric ileatlDg mlgbt contribute proporttonat&ly 
more to TVA's capacity needs tlwt nonheatiDg uses of electric power • 

neaearch apouored by the National SClence Foon.datton RANN 
Program under Unlon Carbtde Corporation'• contract wttb tne U ~a. 
Energy lteaeArch and Development Admlnlltratton, Olk JUdge Na• 
tlond laboratory, Oak Bldge, Termesaee. 

We thank Roger CarhlmJ.t'll, Wen Chem, and Charles KerlEiy 
for the!r oaref-Jl reviews of this r~port. Assistance provided by 
.Mary Ann Griffin 04 . .Michael A. Zimmer tn ooUecttnJ data Ia ap-. 
prectated; also data· gathered earUer with tbe help of ltay D. Elltaon 
and T. J. 1)rrell were beneficial to this study. 
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'18 STUDIES IN JtNEIGY DEMAND AND SUPPLY 

. K\ . Pt. Anderson1 am National Economic Desea:rcb Aa1ocbltea 

I. (NEBA)~ have prevtouly atudled ·tho lrnportanc. e of el..,otr. io heating 
1n ruldentlal eleotrtoltv consumption. They used cn:a~s-aeotion 

. dJta for 48 1tate1 in the year 1970. The present t;hldy rmalyz• 
_ ·I·· . daf:a.l.ot tbe T·V: .. :A.area. , where the proportion of electrtcaUy b. eated 
~ is much. higher tba~ etaewhere m U1e nation* and wltem. we 

· 1nad da.t.t for the lut 1• yean. Table 5.llncorporates the data for 
. . tho n.tto of cqstmt~ers w.dnt electric beat to total. residential elec-

1 trtcal OW'Stom~r& tor the TVA area u a whole_. both motudtnr and ex .. 
· eluding Memi)b!a~ the table tdso glves data for tb.e cooperative and 

lid.Ultclpal l"Otail distrlbtdora separately. The last two columns tend 

I 
to snow mr.al and urban dUfe-nmcea 1n .the use of elecb!'ic heating. 

• Ftpra 5.1 abows the growth of electric beatfn.g in these areas. The 
· · growth curves during this per!od exblblt a trend wllich Is nearly 

lblfJar. and tn 1plte of some recent rate mcreaaes tor electricity in 

I the TVA area. the growth of electrically heated 1tomos does not sbow 
· .. ·· .. slpa or stowing down. If one were to attempt any proJecttons for 

tb.e future ~sed on these data, one would have to ttse an exmpola-

1 rtlctt ot the linear tr«td. Fer t.nstan~. based Oh the figures for the 
TVA area excludlrc Me~tJhia, the pro)ectEKI proporfton for lGSS 
'WOuld. be around 54.8 per:~tmt. A more loglcaUy appealing estimate 

I
. would. be obtained. .. b.ry extrapol. atlng. on. the baa .. Is of a logltltic trend 

equation. The advantage of a loptlo .Ia that tt recognizes that the 
proportion ts conatratned. by detfnittcm, to Ue between 0 and 1. In 

I 
I 
I 
I 
I 
I 
I 

contnst, wlth the linear trend equation, the pt'ojactlon could theo­
retically tall outside this range; atvtng an n1~~lcal resultt although 
m tbh cause it dld not. Also, th( ioglstlc permlts the estimation ~ 
a calling proportion--the proportion of homes that eventually ~111 
be using electric beatblg. It Is doubtful, however, that goo:! estl­
:nates of the ceDing and other parameters or the logistic could be 
obtained when. aU the data potnts Call in .the mlddle {almost linear) 
porUon of the logistic growth curve. 

The purpose of this study Ia to analyze the more detaned data 
by dwtrtbutors that TVA publtahes m its annual reports and to obtain 
both a better tt.ndsrstandlng of the growth in electric heating and a 
projection of futu.:'e heating demand bas~ on major determinants, 

*Almost 40 percent of the homes En the TVA area are heated 
electrically c In th~ East SouthcQntral region (of which the TVA aer­
vtce area constitutes an important part) tbls proportion was only 20 
percent m 1970. JD contraat, tb4netghborfng West Southcentral 
eensu region had f>n\v 4 percent electrically heated homes.. South. 
Atlantic and Paclftc states claimed, U!Specti\fely, 13 percent and 10 
percent electrically heated homes. This proportton In all the other 
regions was ~ below 10 percent. 

I 
I 
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GROWTH OF ELECTlUC HEATING IN THE TVA AREA "'V 

rat.he~ than a simple extrapolation ot Use trend equatklas, linear·~ 
logltsttc. The extrapolation procedure 18 less wseM; booauso f.t 
falls to provide usefid clue~ needed by power- ptannera or r)6ttcy 
xnakers for tmr3erafantllnl the rap14 .-pread. of electric heatlq. 

TABLES.l 

Proportion ofElectrlcaUy Heated Hmrws in 
the TVA Area from 1961 through 19'1-i 

..... - w _,..... 7" ~ -· ··- ~ 

Total for TVA Area MuntcdpaUttea 
Exctudmg lncludlnr Excludllag 

Year Mempbll 1\femph!s Cooperatives Mem.phta 
--------~---------------------------------1961 o. 227 0.130 o. 292 
1962 0.247 0.152 0.310 
1963 0.260 0.168 0 .. :.'120 
1964 0.275 0.185 0.333 
1965 0.287 0.257 0.193 0.345 
1966 0.299 0.268 0.209 . 0.3$7 
1967 0.310 Oe2'18 0,.219 0.368 
1968 0.321 0.288 0.245 0.380 
1969 0.336 0.303 0.245 0.394 
197U 0 .. 349 0.31.6 0.259 0.,406 
1971 0.358 0.326 0.273 0.413 
1972 0.368 0.336 0.290 0 .. 419 
1973 0.384 01>351 0.309 0.433 
1974 0.401 0.367 0.330 0.449 
--~--------~~----------~._._._._ .. _.MW._ .. ._~.__.~.__.._ .. ~--~-*--~--------

Source: Comp:l!ed by the authoxu. 

The second section ,of tb!s chapter presents the esttma tes and 
an anal)'Sis or the logistic equations for the individual dlatrlbutors. 
The third section presents some equations explatnlng the proportions 
of electric heating hl dU'ferent years.. The fourth section deals wlth 
the forecast of fUture demand based on tbe different equattcn~ estt­
mated. and th8 final section presents the cODclustona. 

LOOISTIC GROWTH CURVES 

Although the aggregate dafa given in Table 5.1 and plotte6 ln 
Figure 5 .. 1 exhibit such stnootb trends. there are varlatlO'D.I in both 

~!a « tttztesmr.a , .... t 7 +• • • htt'W'1 
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the levek and. ratu of ~tlt hl &leoklc beatiDJ AltlOlll·the dlab:lb­
uton. Table• lht and s.a pre~eut ttA proportion~ and~-· 
estimates tor a few maJor cltlea, ml JF!Ium 1 .. 2 tbo'ft •.the com!;.. 
spondbl; P'J,pbl. The putpUe ·Of thta chapter II to e:qtlaiQ .~ 
dlfteraled m tormll of·the perlblen~ e~mtc detenvt.ktet$ •uch•l 
per caplta income, prtco and avallabUity.of ps, prtoe of et•ctrlcttrr 
dUmmy variables such as wecthlr (hUed on .thtt munblr ot heatmc 
degree &\ya), and whether the dlltrlbUtor prknarlly aotvea am~ 
poUtan area, town, or xum area. 

Thoqh the belting proportion curves in Ftprt 6.2 cUd 1\0t 
ctoaety re~emble a logtatlc growth '-urve, an atte~a~ wu ma.u to 
summa:rtze the. data .tor the 1-M distributors (fo~6~~1fws had data 
fl:Ol'n 1961 to 19'14) .by the param.eten of the logtsttc growth cuwe 
that best appl"OXlmatwd ;the observed data. The ~uatlon estimated 
wu; 

(5.1) 

where Pt • total number of rMtdenta-1 electric ouitcltner 

As t-.<O, Pt-c. C ta called the oetllnJ, and the rreater the VJ!tlua 
o.f A, the fa•ter the approa~h to the ceiling. Also. 

dPt !J. P. (C ..... Pt} -·c t dt 

Thus j the rate of growth at alW" time II proportional to the lev•l at­
Dady achieved and the rematntnr diStance to the ceiUng. 1t is thta 
property of the loglstlc tlUtt makelit attractive ~ the analysts Qf 
several phenomena of growth. 

Oliver has dlicusHtl several methods tor estimating the losts­
ttc; be flnda tl10 method of nonlinear least squaru to be n1ott satta­
tactory. 3 In tbll!s method tbe parameters c, B. and A •ro e~Stlmated 
by mlnlmlzlng 

Q•l: (p - c . )2 (& .. 2) 
t l+B-e•At 

'ro start ·Uw iterations, fnttlal est!m.atu of the paramete~a are 
needed. U 0 ie known, E¥4W\tlon &.1 bnpliea 
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TABLE5.2 

Proporttoo. o.f El9ctrlcally ~~ted t:~mea bt S~ 'Major Cities ln the '1~1A BIIJCil . '{ 

~ ·, 'ta .... -......... ......... i;;;;U w; 
Distributor 

Yee.a- Chattanoo-~ - IJ. ~ 

Nalbvnte KnoXvme Hunt. ville Groenvme 
............ WliCIII- ... A ........ @!: WJI • • ..... . ····• T • 

,J'ohrilon Ctty ) Memphll 
..... . ·. ·~llllitllyt$11 ~· !Dt •• 

1962 o.uo 0."-6 0.388 0.162 0.26C 0.307 

lSiS O.Sfl7 o.~9 o.~4 0-.185 0.2.80 0.3:10 

196" 0,570 0.466 0.413 0.235 0.299 0~3~0 

1965 0.5:82, 0.4'16 0.41'1 0.270 0.318 0.388 o.ous 
1966 0.592 0.492 0 •• 47 0.291 0.326 0~386 0.0159 

i 196'1' o.eoa 0.500 0.4,2 0.309 0.329 0.394 0.0211 

1968 0.622 0.515 0 .. 511 0.312 0.368 0.401 0.0290 

1969 C.64.4 0.519 0 .. 521 0.318 0~3$3 0.415 0.0402 

1970 0.662 0.525 0.558 0.320 o~aas 0.4®1 0.056~ 

1911 0.662 0.541 0.562 0.324 o •. ~ta 0.424 0.0680 

lll72 0.6'11 0.641 0.582 f::1t~35 0.399 0.43$ 0.07f4 

1913 0.685 0.551 0 .. 576 0.339 0.405 0,460 0.0881 

1974 0.698 O*SG't 0.616 0.350 0.4tl9 0.465. ,0,09'14 
~~ ' ~ -~~- , •u "''" 

Sourca: Compiled by the authors. 

!"• ..• ..a;z ~ * • "*"'~ .. -~~' 4- 2:tr.-:::~ '* 
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FIGURE 5.2 

Proportion of E!ectrlcally Heated Homes In Six ~flljor Clties 
In the TVA Region. 1962-14 
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II STOUIES lN ENEllGY DEMAND AND SUPPLY 

~pt 
loa:.~·· -JSt ~ ~101 D +At (6.3) 

and -.e ~ esilma:e B and. A tw \\ll~t-squares ~.rocedure. Wo 
·obtalmd the eatb:ilatee .of c, B; :tQd A by the noillmear leut·".r,~• 
proceW.re. ~u.~ng the Newtoa-Ba.phDoo method of tteratlon.. For ·the 
tnltlaJ val~ we utd aomo guesaes of e based on the values of Pt 
lor 1974 and 1962, ana. then estlmlted Band A from equation 5.3. 
For ~() cases for wlitoh the Newton-Bapbson. method did not oon­
ve;p, we used a aearohpt!ooedt&rB to get estlmstes of C, B~ and A. 
ln each cace, we ootn,pttted a pseudo B2 which Is de~d as the mint­
mum value of Q tn eqmt£cm s. 2 divided by Z <Pt ·1")2 

t where P !J, 
.the mean of Pt· Thl5, however, 11 lr4t a ntfstactory m&"tsure of 
t,J.ae gC6dnus of ftt tn this case. In many cases we round that, whUe 
the pseutlo .R2 Ml very high. the 63tbnates of the paraii\Stera, ·par­
t1cularly the csU.mg C J had v~ry btp .sta.t11dard errors. The pt"oblem 
ea·sentlally ls that tt 11 nat possible fo estmtatG: th~ ceUtng accurately 
w~A-m the only a.vanable obaervattows are those In the mtddle (almost 
l~J~Jr} port!= of L~ loststtc-whlch was almost always i:be case wlt..'l 
tba data we had. 

TAliLE 5.3 

Estimates of Parameters for Loglstlc and Trend ~·quattona: 
f9r Six lVCaj~r Cities in the TVA lteglon 

~~--·---~ 

Dla'tributor ..., 
~~Cit¥ C 

Chattanooga 
Nashvma 
Knoxvnta .. . 

Huntsvme 
GreenvJlle 
JohnaonCi~ 

0.883 
0.643 
0.'197 
0.4'12 
0.506 
0.580 

.. .... 

• 
A 

2 
Bp 

~ .... 
4 

... 
p R2 

0.0'10 0.98'1 0.535 0.0126 0.987 
0.106 0.983 0.423 0.0115 0.960 
0.100 0.973 0.360 0.0194 0.972 
0.125 O.tl40 0.191 0.0139 0.825 
o~120 o.frl1 v~2G1 o.o12s o.sso 
o.11s o.ess o .. 313 o_._g_~~~- ~ o~oo5 

Note: C abd A are estimated pa!'am•rss in ~uatlOD 2 .. 1 for 
the loSfiUc (ths estinuttes or P nre not reported)" Bh is the psaudu 
B2 for the logistic mocM.defmed ln the text. &anda.lfare estimated 
parameters of the linear trend equation Pt • u + /Jt. R2 is th• coef­
llclent of multiple couelatton for the trend equ.atton .. 

Source: Compiled by the authors. 
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El•ct.z,tc -tlnl has ttO"Nhtre ~.ehed •atul'atlon levols. Even 
·tn Cba~~~ where the proportion in 1974 wa• u hlgh.as 70 pero-
cent. the p."'~vtb curve toward the elllJ doea not abow uy tapering ., 
oft a• expected In a lost&tlo11 Tnua. even ·though 'Qie.· psewlo :a!a we 
obtainad we.re high (lor tl of the 144 duatrlbutors .the ll2 was cr,&ator 
than 0.95 and for only 15 oases the R2 was leas than 0.80)11 ·the eatl• 
mates of the panur~tetera of the logC1tlc·-re not good. otr:tml'PO*e 
inltlaU.y was to 3wnma1:!Ze tho -~ in tenns of the aolliq C ,ancf 
mtc of arowth A olt the toslsttc and then to explain the dW'erences in ,, 
terms of smno expknatory vat"labtt.a (48 Grlllcbe1 dld tn hts study 
on the spread of hybrid Gl1m4). lf1l)WOVer, the probli!m wblch pre• 
sf.:\'nts Itself ln. ~ttU?: $b1dy .ts that the oentng itself could sbltt for ~oh 
dtstrlbuto1: due to changing econwnlc condlttons (like changes m gu 
avaUabnlt,y). If ~be observations we haYe are those correspondh'l&: 
to a ailiftlng logiaU.~. then it v.'OUJ...d be difficult t.o give a meaningful 
interpretation to the dlflortmces In the est~tea of the pa:mmetera 
of the logistic. In some cases, '\'C nottctd tluat the srowth curve ex• 
hlbtted a pattern resembling that In tbe latter portion or a loglsttc. 
showing some signs of tapering ott when auddenly, in l974, the 
~rve turned up (due ptcbably to change In gas avullabUtty)A\ 

With the ~Joove-men.Uoned qualtftcattons in mind, we estimated 
tbelogistt.e ~o;drut;lltm for: 1,44 distributors as well as ltneat' trend 
eqw,t.tlC!ltli ·Of tJ~e [C.t'Jfi 

Pt= et+ Pt (5~4) 

a.nd tried t.c eXplafn tbe parameters c too A ln t':"~~ logistic equation 
S .1 and a and P In the linear trend equation 5.4 ~ terma of per 
ca~tta income (PCY), gas avatlabUlty (G), g,nd a dummy variable (D) 
wt•tch was o for cooperatives nnd 1 for muntcipalit~fh Per OS:t»lta 
fmcome 1fil taken to be the figttre for 1972. Gas avttUabUity (G) 11. 
defl~ed as tbe ratlo of gas ewstomers to electric heating customera 
(G a 0 fo·•: UloSe distr&r:~t\tora for which gas. is not avaU.able), and the 
figure II ta1ken as tbe a'VU~ge for 1969 to 1972:. WbUe bo'tb the 
measures• a1re ndmttted!y •d hoc in nature, further refinements we1re 
not consida.m worthwbUe. :Mere sat!sfactor.y de&ltlona of tbe 
variables Vtrm be found in tne analysis of the next uotlon, where 
yearly data for tndlvklual dlstl'ibumrs wero: analyzed. Table 6.,4 
presents tbe results of tbe l:egJ,"esstons of a. P, C, and A on the 
above-ment:lcmed explana~ry varkbles. w,eluuJ. data on ps pdce~ 
for only 54 10! the dlstributol"a. Hence the price ratlo (prtce of 
ps/prlce df eleotrlclf¥) was u.~ as an exprtanatory variable for 
only these ~14 dlstri2t.ltora. We U8ed both tbe ntlos of marginal and 
avilrage prllces, but the avetap prtc.e ra(to,provod to be more 
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TABL£&.4 

~&tOft of the. Pua.meten .fl:om the Lb.teu 
aDd Lollatlo 'l'1'end Bqutlou 

~~· · · r · . w .., a ': ••;u.e mr•t! _______ _ 

!.4-4U.~.·· 

O•l;~i41e+ O.ota pey,... 0'!0!84 G+ O.OD.ISD 
(I.G) g.,.i) (-8.8) (Q,G) 

a'•o.H'fa 

A ··o.tat- o.onM ~ + o.o~ n- o.o148 D n•-o.1su 
('l.S) ~1..4) (l,.S) (-4,.1) 

a••O.MS+ G.020TPCY- 0.0221 G+ O.Ol$46D .rat=o.asn 
(•1.1) (4.$) (-$,.4) ($.3) 

#• o .. o1•1. o.oooa PCY- e.ooors o - o.oot& D n•.o.lt33 
(1 .. 8) (-G.I} (-3.'7) (-4<~1) 

101 Dilh-lbutou wlth Gu Avallabl• 
c • o.soto+ c.o2oa »>Y- o.o:n.t G+ 0.0233 D a2wf).3939 

(8.6) (1.0) {•'1.6) (2 .. 0) 

A• 0.1.830- o.ooss PCY+ o.t)027 G- 0.0171 D R1-o.nea 
(6.8) (...0.8) (2.0) (-t.S) 

«• 0 .. 9853+ O.OOJ PCY• O.,OUS G+ 0.0$76 D a2•o.stst 
(•1.6) (4 •• ) {-6.1) (5.,1) 

fl• o. ot.w- o.oooa Per ... o .. oooo c- o. oo1a n n2·o~~u2o 
(&.6) (...0.4) (-4.0) (•I.S) 

Sf Dbtrlbutora wlth Gu PrieN Avniblble 
C• 0 .. 1129 + t'.Of§ i'CY • 0.0000 D .... 0 .. 022·! G + 0.1111 PBA u2 :e 0.6813 

(2.1) ("11) {...0a03) (-4~8) (2.6) 

A • o.ta&Q- o.o1u PCY- o.ooto :o + o.aoao G- o.043s PBA 112. o.asf 
(6.3) (•1.2) (~1.1) (O.G) (-1.4) 

a. -o.a83t+ 0.1144 PCY+ 0.0220 D- 0.01490+ 0.21.14 PBA B2• 0.4976 
{-f.4) (5.#) (1.3) (-3.5) (1 .. 9) 

fl•o.m.ot- o.OOHPCY·- o.oocwn~o.oooc; G+ o.oo27 P.RA nla o.204o 
(l.lt} (...0.4) (•1.$) (•2.5) (Ot:8) 

Nota; !1pru s.n pma.nt.beaes am kat!OG. 

~t CompUod by tba .authora. 
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uttsfacto17 u an exptautory var.Jl~, '111e:yntabla PitA ~ 0 

:reponed in the equattou tn TuNe $. •• doftDM u 

11 averaae pilce of ru fD tg~ . avetap frlr» ot IP fa, •11 \ 
PBA • J t&;;;:p ;rtoe of elec:""ift •ei+ avenieJ:nce ~~ eteo:fii •ti} 

., 

The years 1969 and 1973 wer• •4•otfcl btcaue fhtle 'WeM thetean 
for whtcb u had pa prtce data f\lr tile maxtmum ~ oUfi .. 
hibutcn. .Apbl~ further nflatments Ia the. dotlntttou ~·hi matte. 
and by titltaw m the data, the ~all ct.D be ex~ ~~·~war more 
dlatr!btttora. However, ~Ve dkt m_t .teet. that these efferil would tad 
to .uy subatan~lal cbnpi'Ovement lb tbt. ~ulta rf.JpOriecl ·Jh Table 6.4. 
Oil the bftala of available data for Si d''~tora, tM ruul&l In 0 ~ 
Tabl~ 5.=4 •bow that in both the equallor.s for the eeUtnr (C) f:tti• 
mated J'Nm tho 'ioaP;tio and ll1e intercept ~rm. or eit!mtl~ from the 
ihlear t~nd equation (Which bJ :raothlnli but the proportion of el~e­
trtcally heated bomea in. the ttrlt p:reaample pe~od 1131), the coem­
ctenta of PCY, G, and the average plrlce ratio of ps to electrtcttv 
(PllA) •~ ol the ldght stgn and ue stgnlftcant. BO'\Waver, Jn neltber 
of the equations for the rate cr growth, (:J, in the linear trBnd eq\U\• 

tlon and the rate of growth, A, In the loglattc are any of thue co­
efftctents tdgniflcant. 

Though the results of the above analyrds are In the rtsht direc­
tion. tbetr use for making 4ny demand projectlonB appea:ra lbnikd. 
lf the relative eaonoru•c ccmdltlona (for example, pu• avallablltty, 
growth rf$.le of PI and ote~trlcity prices) amolll tlut dlstrtbutora 
were to be stable and 1f tbe loglstlc growtb curve fitted the oblervsd 
data well, we could have tl:led to explain the oen~.ap and t;.tes of 
growth In terms of dlftbl'ancu among ~e distribUtors In tibe u-. 
platultoty variables and uf»ed these rosul\ts to make appr'§'~'-tfJ ad­
Justmentts In the projection ~t demand obtained by lttt.I.DI; a l~!lttc 
trend equat!ott to the aggrepte ckta. Aa1 it stands, tt 1$ not clear 
whether the Joglst!c ftmctlor.a :are stablet nor are the esttma~~':'"'~of 
the pat'11U:U:!tters from the lf)glstlc very good (bi splto <lf the- h~;~\ 
pseudo £2a). For these reasons, u ~,8 done by AnderaOD and 
NERA, ~ decided to aswlyze the wUv!dual pmportlonS for Gaoh of 
the yeats, ~nd these results are presented In the next aectton. 

ANALYSts OF Pl!OPonTIONS 

In tho terminology ofu~Uly eorapantea. ~is is comlllOliiy 
called the analysis of ttsatu~tton ratiOit" bu~ we tesene tillS term 
for the analyals of the ceiling proportion~ for the loatatlo presented 
In the previous section. If the economic varlaWes mentioned eatiier 
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like au ••UabUtW. relative prices of au mf~etectrlotty, amcl m­
come a-:• chall&'inJ'at dlfiiarent rates In the different .areu, then a 
ittcre. Bll.bfactory auly.t/11 than the me preaMted m the prlt!ous 
aeottcrt ll= .tfte me. hued ttm an a:nalyala •:>f the PJ."OPOrliou m each 
1f*r. ~l'be problem we 1ntced wu that oontlntlou data oc an the 
~blu were -not availAble .!or all the Jtlf.ltrlbutors. Then were 
ody at dilltrlbutora for wblob we lad ccatbmotw data on an the vui­
-.btea lc•r 11 .Y1JQ"s., 1962 to.19'12. 'J."hd,e 32 dlltrlbutora accounted 
for 41 t:terotnt of the total number of ct~~Jtoroen with electrlG hut• 
toc, !0 percent of the total :litmlber of .l"'eaidenUal oleotrlc customBra, 
and 44 percent of •the total111umber of p.s customers Jn the area (aU 
.flaures excluding Mempb1tl). For these 32 diltdbutora, we OGtl­
mated 1111ear probabttlty and logtt ftqUat!ou* of trha fonn 

P•«o+«1ln Y+a2111 PG+a31n PE+ a.tG 

+tJsD+a6w 

1n r!-p·+ Po+ P1ln Y + /12ln PG+ Jla 1n PE 

+ fJ4G + PsD+ PGW 

• 

. -· ~~n .... um .... · ---ber....._o.....,f~et ... octr ... ' ~~-c~be~a~tm' customera 
where P • total nurnbe~ .of residential electric cultomera 

Y • per capita income 
PG • average prtcs of gas 
PE • average prJce ot electrlolty 
G • an index of gaa avttllabUity thftucd as 

...,mtmber cf residential pa CU.'ltom,ra 
number of tesldentfal e16Ctrio customers 

(5 .• 5) 

(5.6) 

*The tentllogtt Is from Berkson who wrote extensively In 
statlatfcal Joamals on this subJect in the 19508 and m-ues Us Dame 
to the rela.tl~bfp with the !ogiltic 1\mctt.~. Fiir example, tbe 
logllttc Antetltln 

P• l 
. 1 + e -flox-fil 

can be transformed Into the loglt function 
p 

ln:. -:::• Po+ P1lnX 
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D .llli a dula:my varJal:ltP• 1 for met.ropolitan areqc 
•0 forotb.Jrs 

at 
(). 

W ~a Wtiather n:dable 
• l ft.)r dllttlbutora where the weather Is similar to that In 

Huntsville and Uempbls . 
= o tor diltdbuton where the weather ls sbnUu to that tn 

Xnoxvme, Na•bvme, or Chattanooga.* · 
!-} 

Since the elt'Plalned'Na'tiable Ia the proportion of ho~ wtth eleetrln 
heatm,, wo felt that fnltea~ of using the act.ual number of boatlng 
degree ds,ys, we should be using an. average over a mm1be.-.. of ;Yell'$ • 
If the e~lalned variable ~re the quantity cr e1ectt1clty demanded~ 
then the number of beating degxee days In tbat particular $Gar wou14 
be the appropriate explanatory variable. 

In ~~{oms 6.5 and 5.6, ,..,. would expect the coetflctenta of 
1n 1' and In PG to be positive and t~ coefftclent of ln PE •to be :nega­
tive. Moreover, the coefticlent ofln PE ~ elq)eot&d to be higher in 
absolute value than the coeffiolentofln PG. Thta Is ~1 to see U 
the equattcns are written ill terms of ln (PG/PE) and ln PB. The 
coefficient of the relative price variable, In (PO/PE), ts expected 
to 136. ·positive, and the coefficient or ln PE ta expected to be nep.ttve. 

It ts customary to choose the functional form equation 5.6 
instead of eq,uatlon S .. 5, because equatioo 5,5 can theoretically lead 
to pmdtcttons of P outside the admissible nmge (0, 1), whe~ the 
precUctlons from equatlc~n 5.~ wlll al"''aYI Ue in the admissible 
range.. We did not ftnd ~iS a peJ:suaslve ergwnent in favor of equ­
tionS.G; since lot the range ofa&ta 1n our sample tbls problom did 
not ~dfu~y "ven 1f pro,ecttons were mad& as far into tha future as 
1990 for a~~'B reasonctble assumptions about the beba\!llor tJf tbe ax .... 
plana tory variables. Actually, what we found wrong with equation 
s .. s was that, whUe it save the right signs for all t~ coetflotenta, 
the coeificlent ot 1n PE was always less in absolute value then tho 
coefftctent of ln PG. .I.Jso, the standard errors of the c;oofficlents 
were much hlper than was the casewlth equattons .. s. For tbese 
reasons, we preferred the functional form s.a to s.s and :report 
these results heJ"e. 

*ll:l ta on heating degree days are avallabte tor only theae 
cities. When the number of beating degree days was added up for 
the aixyears. 1968 through 1973, the results we'le 22,675 for Cba.t• 
tanooga, 22,674 for KnoxVUle, 22,19~ lor NuhvW.e, 20,003 foX> 
Huntavme, and 19, 86'1 for M'ampbll. Hence the weather variable 
was defined as a smgte (0,1) dummy. 

•• 
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Tdealty, What • 3hould 'be estimating is oot equation S.G but 
the)equatton 

p 
ln 0 .... P • 'o + 111n Y + 12 ln PO+ •s 1n PE + 140 

+laD+ a6w (5. 'l) 

'Where C lalha celllllJtor tlw·dlatributor. This is becauae equation 
5.6. which is derived from ·att unded.)rlng Joglltlo CUl'Ve, lmpltoltly 
uaumea that event.uany everyone wm ~ usil',r e1eotr1c hea,t!tc. 
Hence • estimated equa~S .. 7, using the ee.tling proportions 
estimated fr<mt theprcvloua aectton. The nlSUlts, however, were 
l'lOt much dlfterent from those obtained fl"'Mn the estlr.r1atlon of 
equatton5. 6. 

To economiZe <m spa1:4, we wm present the teJN!ts or eau­
matton only for equation 5. 6. These results for eacl:l tJf !the years 
1962 ... 72 are presented In Tabb s.s. It can euny bft seen that tbe 
coetftcleubJ of the price variables dd the gas avallabttUy variable 
are afptncant and o( tho right sign ln all the equattona. The In­
come \fal'iable alW3)'a baa the right •lgn but has a s~pUlcant coeffi­
cient oaly :In aome yeaN. However. tba perstitentty negative (and 
alpUlcant) coefftctent for th& weather Yarfable W requires explana­
tion. Th&J variable was deflnsd to be 1 for the distributors whloh 
"i'mve a weather slmlh\r to that In lvlemphll and HwtsviUe, and o ror 
others. The coeatclent .may be interpreted to say that the propor­
tion of electrically heated homes will be higher In l'elattvety more 
extreme climates than In milder ellrnatea, after allowing for the 
ef&lct of the other reievnt varUlbleiJ such aa gas avaflab!ltw, 
prlcee of electdctty and gas, and pe1r capita Income. It Is o~n 
thought that the proportion of electrically heated home~ Ss llkely to 
be lower In thot~e areas where the clitnate Is more extreme than In 
milder clh'nata. But bnpllctt in this thinking ta the fact that the 
operatmg ce~t dlfferenUal between lln electricaliy heated home and 
a .nonelectrlcally heated home bs !t .. &Mr the ~re extreme the olt­
m.ate. However, we have included 1111 the relevant price and income 
varlnbtes as well as an index of .,.I availabUUy. In vtew of tbts, 
the coefficient for W would be expe<)ted to be close t(' zero. O!l.$ 
possible ~h'matfoa for ita peratatently negative and stgnlflcant 
coetnctent Ia that the explanatory varbbloa Included (particularly 
the index of gas availabttlty) are overdoing thelr job. What ~r 
results suggest Ia that after making an aUowauce (possibly s:o over­
aUo'f.1ll'lCe) for all these effects. the probability of having an elec­
trically heated home 18 higher In extreme climates than m mUder 
climates. Also, Jlvon that ·the climaUc dltrerences between tbe 
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cities m our sample are 11ot atplficutly tarse, an ~tf!rnatlve ex• 
r.,tuatton 11 that this dummy: varlabte la plckfnr up the eft'eot of an 
'impol'tanl omitted explanatory variable (~ vulabtea). We have not 
been able to fdtntl(v this varlalie (or varlablea), but •moe the co­
e!Uclent of this dummy variable, W, II naaCillbly stable, a feel 
COilfkleDt tillnoltldfn& l~ fn mxlttng our pro}ecttou. 

For the~- of proJectloca, we eatbnated pooled rcsrea­
•toft equations of the Corm s.s ua &. e, ancwmg for a trend term 
and dellatln( the income ud price variable~ by a price index {for 
w}4oh we ·uftd the oOMU.mor price !Ddex for the United States a1 a 
wl:d.e). The pooled eqymttona were {t-rattos tn parentheaee)~ 

P• O.GSE· + 0.1'103 lttY+ o.S081ln PG- O.lS67ln iPE 
(3. 3) (6 .. 0) (9. 'I) (-4. 8) 

-0.2377 G- 0.1112 D • 0.0761 W + 0,.00626 t. 
\·~12.4) (-1.3) (-6.9) (3.2) 

1(2. 0.8515 (5.8) 

ln. · ... ·P _. • 3.902 + 0.9704ln Y + 1.5211n PO 
(3. 6} (S. 9) (8. 2) 

- 1" 64.4 PE - l. 383 G - 0.552'1 D 
( ... s. 6) (·12. 3) (·G. 2) 

- o. 4'141 w + o. 004844 t, a2. o.se1o (5.9) 
(·"·7.3) (4.2) 

Though the E2 and the t ... mttos are hfgb. ~tlon s. 8 for P eaDnot 
be used for prediction, beoaue the coefficient of ln PE liJ lesa in 
absolute value than the ooefflclent of :In PG. Thus, if we consider 
two altuatloos (other thtnp being equal)= 

Slt.uatlon A: PE goes up 10 percent, PG coes up 20 percent 
Situation B: PB aces up 3'1. S percent, PG gees up 50 percent 

so that tho relative price PG/PB is tbe .eame In both oases, then 
equatf.on s. 8 wU1 predtct a greater percentage of etectrlcaUy heated 
homes inaltuatlonB.• It ls~ however, lntere•ting to note that the 

~· would expect changes In the relative prtca PG/PE to 
cause a shift m the dellWtd curve for electric heating. Wtth the 
relative price PG/PE remahllng coutant, u electrlctty own-ptice 

f 

GROWTH or ELECTRIC liEATlNG IN mE TVA AUlA It 

trend .tetm. m oquattons*s ta o.ooa~e, Whtdl u a~tbalfot 6t u 
would be tf the explanatox:Y' \fitlabte had 110~ been lnolucbcJ,, ~BDI " 
eue, for purposes ofpredt~t!Oilt, '" wm be utnc equatlo.rt s~e. 

,::.; 

PltOtJECTIONS OF G~OWT3 IN ELEO'tBIC liEATlNG .. 

~ projectlona of the propoxtton of eleofrlcaU, heated homes 
aa obtained by atraigbt trend proJo~lOOJ and by the use of the e.tt­
:mated equation S.9, where the effect. of Jnootne and price variable 
are taken into accotmt, wlllllOW be oompar!Kt. The proporttcm ot 
electrically heated homes (for alA dlstrlbuton m the area excludtng 
Jtomphla) wu 0.227 in 1962 u.d 0.401 ~ 1914. Based ·Oil the data 
reporiftd ln Table 5.1, the projQctloo obtained by a linear treoo Ia 
54.8 percent fn 1985. U we use a logiStic trend, the conespondinJ 
proJection lor 1985 ['With .no celllng estimated, that Ia, by regre111nJ 
log P/(1- P) and time and usln.l the estlmated~t!Dnl ts S'l.S 
percent. 

Jn ora~ to obtain tbe proJections from equations 5 .. s and 5. 9, 
a set olasaumptl~s mus.t he made with respect to probable changes 
in prices of electricity and pa and In income.. In any case, as 
al'gUed earlter, equation 5.8 Ia not the right one to use; h•nco cur 
projections wnl be only from equation 5.9. 

Four cases will be considered lor liluatratlve purposu .. Tho 
resulting p:J:OJecttons are given in Ttlble 5.6. The projentlona are 
baaed on tbe as&umpti~ that the va-riables othtlr than htcom~ and 
prices of electricity an~ gas wUl remain constant. These projec­
tions are geners.Uy hlghe't" Ulan tboee obtained by stl'Jight trend•llne 
projections. ·Tbls ls becaus~ of the atro31B: Income effect and·~ 
eftect of natural gas prices ahown by equation 5. 9. Electric heattng 
is 'actually 1n its early •tages of ~wth compared with the use of 
other household electric appliances. Thws, it 1a possible that the 
next ten years wm be the perlod corrf!Bp«Jrtdfng to the middle portton 
of the logistic growth curve when the growth rate is faster* to be 
followed by a period of slower pwth. Thus, projectlona of g;rowth 
baaed on.ltnear trend equattona could acttBUy underestimate the 
potential rate of growth during thia period. 

change causes only a movement along the demand curve. Therefore 
when relative pricss of natural ps and electrtolty do not change 
(as shown gotng from. situation A to situation B) w& would eJ<pect a 
greater own-prtee effect from. •ttuatton B Te&ulttnr In a dec~ae In 
tbe percentage of electrlcally heated bomes. 

• 
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9! STUDIES IN ENERGY DEMAND AND SUPPLY 

TABLBS.6 

Proj~ of the Proporfloll of Eleotrlcally 
Heated Homo tn 1986 

(fn percent) 

- ' Jll,te of or f!f I M ... Estimate of p -y ' 

Cuel to.O 20.0 40.0 86.2 
CUe I 40.0 to.o 29.0 60.7 
CUeS 40.0 40.0 20.0 .54.6 
Cue4 20.0 20.0 20.0 57.1 
~ - illtf;&A&C [ ... .....,.. , ~ zt 

.Source: Complled by lhe atttho1'8" 

GB..OWTB m ELECTlUCALLY HEATED HOMES 
AND IN ELECTIUClTY DEMAND 

The previous analysis demonstrates that the proportlcm of 
eleotrloaUy beated homes lis sensttlve to both price and Income 
varla.blea. Shtce the srowth in electrle beating Is a major source 
of srowtb ln eleotrlof.ty detnand, it Ia worthwbne to eallllno how 
tbue two are related. For t1ll1; purpoee we estimated the demand 
equation. 

ln Q • a+ 131 1n Qt .... 1+ fJ2 ln (PE) + P3 1n (RC)t 

,. 

+ P4ln ~)t + P5 1n (PCY) + Psln (PG)t 

+ P7 ln (HD + CD}t 

whent Q • quanti~¥ of eleob'lclty consumed 
PE • averap price of electr!clt.y 
ltC • n~r .of rmddenttal electric custcmters 
llC •.number ~f customora w!th electric h•tlng 
PCY • per caplta income 
PG • average prlce of p.s 
HD • number of heating degreo days 
CD • ~r of cooling degree days. 

(S.lO) 

The eqnat!on \'VIS estimated from pooled cross-section and 
ttQle-•erles data, using the cross-section and tltl".e dwn:tnles !or i 

I 

GBOWTB OF ELEC'lmO BEATING lN THE TVA ARIA t3 

tbe years 1962-72. The utlmabl equation waa (Wlth katlol J.a, 
puentJl.U): 

{( 
\/ 

ln Q • 0.392 + 0.296ln Q ... l- 0.415 ln PE 
(24.3) (•18.6) 

+ O.'l06ifi llC+ OnlGtlu ~+ 0.082 ln PCY 
(41.6) (10.0}· (6.2) 

+ o. 2a21n ro + o.oatm (RD + on>. aa. o. tal. 
(8.8) (3~5) 

It caa he euny seen that tho proportion of electri~ heated 
homa fs a vet.y t.mportant explanatory varlabte. But the fact that 
tt1e prtce and Income '/artables aTe slgniftcant, even after Jnclusl<Jl 
\Qf the prcportlon of electrically he~. ted homes • augpats that thes1' 
variables af!'ect. eleotr!clty demand both directly and lndlMatly 
thrcagh electric heating. 

CONCLUSIONS 

This chapter anal~es the det&rmf.nants of the growth of elec­
tzlc beatiq' In the TV A al:$8., whlelb baa the highest percentap ot 
eleotl'lCAll.V heated bomes !n the tlnlted States. 'l'Mugb the .agrt~ 
pte •ta show a sn1ooth trend that Is almost linear, the dtsagre~ 
pled data by dlatrllm.~11 ahmv marked differences. aud U Ia shown 
that these dlffereno't\ . , ,: 1 dlsaggt:egated level are syaflematlQally 
related to par capita ..r~•;;;,~.\i ··;·~, prlce of gas, price of eleotrlcUy, rr..u 
avallabiJttty, and. 'Neath(~· ·:.arlablea. All these variables have betm 
found to be highly Important detenntnants of the growth in electric 
heating. 

\\ ~> 

The Toport makes use of tho logfatlo growth function aDd au.-
lY"-'H nte detaUed data available by distributors by Bnt e•tlmatms 
the logistic funotloos. The results obtained are not aa ·good aa wa 
expected Initially, because In almost aU ouea the ~th curve bu 
not yet tapered off. and cOWJequent.ly we lack obaervattone on the 
taU end of the !opstio Amotlou~ The methedl we bavo employed arc 
ll8Vertbeless potentially very useful amd tbeoretlcalJ¥ Vr&JY appeallq 
(sea Batn5 and GrJllcbee6). Qlr :malys~s also pomts out: sonie;?ltffl• 
ealtles that other lnveatlgatore using these methods are ltkel.Y to 
encounter" 

We have also estimated "'·pooled oross ... seotlon Ume Jerles. 
l'aa~llon by usiul the lbtear probebiUty model and a loatt trans• 
!Orm of the probabWUes. Per ctpita blccme. prlees of •lectr!clty 

,,~---~,--·· . ....:>~-'-'- _ __,_.;;o""·--'·-'~-'"'-----·~·~·"-'-~-_..;;..._-.L..;.~-"-"---~"-'·~.J--.·~-~·-··-'~~~~---'"-"--~-···----~...;._.~_.L. --'-~--~---'--. ..-....1---~---"> ~-·_, _ ___,_...._~~~---'-'----'-~----"-""-~"'"'...__._;-.... ...~-~-~.-.... ............. ~-"--·-·-·---..:...----~·-'-"~-~--·~--'------·"- ---·"" . 
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and Dttu:al pa, ps avallabl1lf¥ mdex, and a -~r ~ wer4 
f.i~N. u ap~.__,. variablu. Tbe lmnr probat~lty model oa.nno~ 
ba ooaaldend u ilvln.r; good ruutta Ia ll).lte or~ tmpresatve a a. 
and ·teo~" alpt and algnlftcut •t!matfl for an :Q:)effictn~. 
B~t.t:, tha loJlt .. model p~~ 'Vel')" pgd l"Uults. 

In ccmolul<e, we :made proJectluu for the ptq)o1'UOO of 
bet1bW CUJ~n by 1981 from the linear trend equation~ 11\e 101"4• 
tlo ~ equaUOQ, and the loctt equa.tloll Tilth tbt uplanatct.y ~an• 
ab.lel men~.A lal'Uer'll Thepredictlonl made frotn the ~t ttwl 
m.thcda were ldiber tbm thole m.ade from atmtgbt trend. exb:2.po!&• 
tbl. AdlnlUe&..r, tbtJ eattmated loatt ~-ttou are not entltel)~ 
uthd"aotory~ hut at..\.,. rtcults point out that straight.~ -~'la­
Uou ntay llOt be the Q)treot ltU1de1 to Ueti Thouch it Is often aqued 
that tba: trend extrapolation methods overestllnlit& demand a com­
PJ1"6d wlth those that taka ~ of prloa and income variables, m 
thla·ptrllculat oua the btu ~ to ba 't"A8rled. 

NOTES 

1. K. P. An~rson~ t'Retldential Demand !~r Electricity: 
Economet.rlc J:sttma~ for CdUomta and the United Statu, •• ~our..:. 
nat of Buawau (October 1973): 526-63. 

!. Natl9r.Al ECObOmlc Besearoh !.ssooJatea. uoptlbltahed 
p1per (lnf~r~ con:ununtcaUou from tcuts A .•. Guth, December 1974), 

3. F. l't. Oliver. ''ldeth.orJ..a o% Estlmathil the Logiatlo G~wth 
~..«loa_. •t 4PD!tfd .. Sta,t~ttsala. no. 2 (1964): &f .. sa. 

4. ~- Grlliohea" ''Bybdd Comt An Exploration in the Eco­
nomics of TeclmoloJlMil Cha.np1 " Econometrlca, October 1957. 

6 • ..A. 1>. B!~n. t'The Growtb of Demand for New Commodi­
ties, u Jou.....,! of the B,oYal Statletiot.J Soc~!t. a Sedes. 1963. 

e. GrJllc'bGa, op. cit. 
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APPALACHIAN COAL: 
SUPPLY AND DlltAND 

WUUamW.Ltn 

Several recent studies. of tbe energy situation ln the Untted 
state$ .t\11 point out flat do:-aes.1lc ooal auppllea wlll likely· play a .key 
role in the tuLtlon'a ser&Y futur·e. Aoconl!ng to Presldellt Cuter's 
~ergy plasn, the utlllty Industry will be asked to ccm~r\t from .IU 
and oil to ccal cwYer a period of time ln. genGratlng etootriolty. Tbls 

' undoubtedly wnt add further damands. for coal. 
In 1900 about 212 mUlton tons. of bltum.lnoua ctMll were ~c:xluced 

In the United Statea, almofi none Of tb1a produe&d by ltrlp minos. 
The negll§tble share of strip-mined coal m ita early htstoey was due 
largely to the lack of larp mtnlq equtpmtant an<llW"..ohlnery suitable 
for shlpplng owerburden at that time.. In tbe last decade, strip mln­
lng bas alpiftcantly lncrased ~,a awe of total u.s. cOil p~on 
as a result of Improved ~ tsclmology and eq\ilpi~ent. Io19'10 
the muket ahare Qf atrip-v~ed ·ooal reached about ~,\7 percm at tho· 
national level. With donu~stlc cal dellUUld expe~ to P'Cli'W' at a rate 
of a. 5 peroent and exports1 at 4.5 percent a yeca fr<Jllt\ 19'10 to 1$15, 
the preuure to strip add!tWnal acreage wm continue •• atr·~l«' 
reserves are available • 

Research sponsored by ·the NaUoaat Science Foundation HAl~ 
Program unc1er Unlon e&rbldo C~on'• contract wtth tho u.s, 
Energy Research and Development Admlnlsb.'ation. Such nppon 
doea not Imply ellld?rsemont, agreement With,. or offtclal acceptance 
of tbe research reeults contained bereln, 

The .region of Appalachia lB defined as the pographtc ar0a in 
the Federal Coal PrcdueiDgJllatrictsl, 2, a. •• s, 'It and 13 as 
defined In the Bltumtnoua Coal Act of 193"1;. 
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98 STDDIES IN ENERGY DB1UND AND SUPPLY 

WbUe this country hu beMa •b:lvlns fot eno,rsy seU-stift'tctency, 
enmomnental degradation recu1tmg fmmsutfai'A mlniq appears ~ 
be a VItal eu'ritamnental cc:Jm)em. Strip ml.tllnc oaU'ftU virtually 
complete d~on. of ·the led :surface,.. 'Ibis adverae effect is 
putloutarly felt hl Appalachta• for the cot! fowd in the Appalachian 
Kounfains was oriJ[nllly tiepoGlted in borl&cutal !ayers. The en­
vironmctntallmpacts .of strip mlnlnl' are :JOt ~ned. to landscape 
alteratton h1. the tltroctly dfaturh'ttd areaa. Landaltdes, aesthetic 
erostoa, aDd atltatice are problems which continue for yeara Jliter 
the comptetiort of mining. 

Neely e'Very •tate. !a which wrfats mines uow opent,te has a 
reclamattoa law. Appataobla, q Important coal repon m which 
about 129 mtUlon. ~u of mrip-mined bttumtnoua 0{\t\1 were produced 
in 1972, is :no exception. Nevertheless, state envtrefh..~cmtallaws 
VlU"Y from ono state to eother. In 1975, the Ford admlnbitl"atlon 
twice vetotd a strip ... minlDg blll whtch would hl.ft required the coal 
nllnera to 

1. B&~tote the affected lland 'to ita approximate original aontour 
by baekftlllng, conptctiJll (to ensure stability and. to prevent 
leakillg of toxlc materla18), and gradinJ. 

2. Pre'VMlt landalfdea and subetantlat eroelQ!i during mlldng and 
reclamation operattorus. 

3. Fill all ~u~ boles wlth. an tmpenious and noncombustible 
matemd to prevent acid water: dralnap. 

4-.. Mtnlmlze the dlaturbances to the prevailing hydrologic balance 
at the mine sUe aud in uaoolaw4 offslte uoaa ana to the quat­
tty ·and quantity fll water in surfao~ mid. groundwater systems. 

s. Refrain from surfae:e coal mining within 500 feet fro.."'il actlve 
and abandoned underground mln~ea In order t!l) prevent bl~eak­
throughs an4 to protect Mclth fmd ~ety of mmers. 

6... Ensure tbat. the conatructlcm, maintemmce. and postmtnlng con­
dltion of access roads into and across the site of operation will 
odntrol or prevent erosion and t!lltatlon, pollution of water, 
damtge to flab or wlldUfe or their habitat, and damage to pub­
lic or private prop9rv. 

'1. Refn.m from 1he coutructlon of roads or other access ways up 
a atremn bed o~ dralpage channel or In such proxbnlty to auch 
a ctwmel so at to aeriously alter the normal flow of '\fPlter .. 

8. Eatabttah a dlve1'3e, effeotlve~ and J)el"11Uln:4.1!llt vegatatlve cover 
nattve to tho area of land to ba affected and u~mume the re­
sponatbllity for succe~sful revegeUttlon. 

In addltton, th~~.J proposed fe(letallaw would have baU!led coal etrlp 
miQlnt in uttonal foreata and established that ranchers ln the West~ 

" 

• 

APPALACHIAN COAL: SUPPLY AND DEMAND ft~· 
ifJ. 

"'bere tbe fedtl'al. ~fr».mant ovm.s the coal tmdtmeath the aurtlcte 
could re..'use to attcr,;i ::1'J.ip mtmns oa their propartlea. . 

The 1'ationrda tor Pteeldent Ford's veto waa reportedly billed 
on eatltnates that th~ leghsla.Uon would load to tt ' redu<:Uon of atnp­
m.tned ce~.l production by anywhere from 40 to 116 m.UUon tons a 
year and cot5t ae, ~o job•• notably ~a the ateop ... alope mtnea of tbo 
Appalacbtan coal fields wbere Jobleseneas is chrcmlcally hlp. 

Th6 purposes of th!s chapter are threeflold: io develop a pro­
cua analysts model capable of dorl'Vll)i short·NJ. coal supply fwf3 .. 
tion under alternative roqulrementl of land reclamation; to devel~p 
a short-run demand model for Appaluhhm coal; and to PJ:OVi&i rsome 
empirical evidence of the short-run impacts of land reclamation on 
atrlp mlntng costa, deUwered prloes of coal, strip-mined cOAl Pl'\."'­
ductton, and employment in Appalachia. In thls chapter a prooesa 
anslysh!J: model is developed which, ln tum, l&lmed t6 obtain cost 
estimates of surface mlntug and strip-min~ coal supply functions 
ln Appalachia under alte1:1lf.tttve requirements of land teclanw.tlon; 
short-run demand functions for Appalac:bta coal are developed and 
estlmat«l; coal supply and demand curvea are integrated ttl· nnaty2e 
the sbort ... run Impacts of land reclamation on coal price, strip­
mined coal production, and regional employment in Appalacblal} 

COf,~;L SUPPLY: A PROCESSI ANALYSIS MODEL 

The mugtnal coat curvas for aurfat!e-mmed coal (wltb and 
without reclamation) show ,a set of output-cost relattona, each pro­
viding minimum s6i\ing prices for specified levels of cool produc­
tion. Under the cor.tltlons of competitive market structure, the • 
marginal cost curvell are eqUivalent to industry supply curves when 
marginal cost exceed\s minimum average variable coat. The pur­
pose of this section l.!l to develop a process anal)"Sls model which, 
in turn, is used to olitain coat estimates of aurface mlntng ani\ strip­
mined coal supply f•:4lctlons in Appalachia UDder alternative requ.lro.­
ments ollanltl rec'J!.unation. 

The conc~traUon ratio ln Appalachia Is quite hisb. In 1970 
the t'our largest coal companies accoW\ted .for 32.1 percen.t of the 
total coal production in Appalachia. Nevertheless, there il evid&nce 
tbat entry and exit to the industry Is relatively easy.. Therefore, 
market concentration ls of somc:t concerr:. but not nec~sarlly an fn ... 
dicator of deterioration in competitive structure or performance of 
the bituminous coal industry in Appalachia. Assuming a contpeti­
tlve structure, the coal eupply curves were derived using the follow­
ing process analysis model: 

i.w.w. t'Wf t 1!!!11MdW,.. -------•=-----""'""'"""' ______ .... ,._..., ___ ...,...., __ ..... ______ ..... __ ili:IIIOiil _________ !lll:lllllllllliil-""'-""'""'-•------------""'-----------._..., __ ..,._~~ ~_..., ........ """·b .. ~-:-1~ 
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Minimize Z •C'X aubjecttoAX~b 

where b • tb1, .... * b1s •••• brr:1' 

b: • 
1 
Z• 
c•­
X• 

A• 

'b • 

bf· 
~. 

k-

b~ (ltlk) 

value :of tba obJective function (total variable coat) 
a (1 x ll) row vecto~: of unit variable caeta 
a ~ x: 1) column vector ~levels of tao possJble pro­
duction prooeaaea, Xj• In tcnna. of tonnase rl coal 
extracted 
a (m x n) matrix lnoltdlng the following elements: 
(1) Input-output coefficients. dcnotlnr the amount of the 

tth constrained i"esources conaumed. per untt of 
procG~SjJ 

(2) coefftcienbl (elther -1 or 1) appearing ln the 
materi.al (int.erproceas) balance conatratnts; 

(3) coefitoients appearing in the land r(1C1amatton 
const:c.-atnt. 

a (m x 1) colu.nm vector 0: cowstl;>alnbs including labclr 
mil equipment avnilabUities, a prtmpecified coal pro­
duction level Cbtl • right-band sl\iea of m~terial balanc&, 
constraints and land rectamattou «=on#t't~int. if appro­
priate: 
the 19?2 'base-year strip-mined coal prOtluction 
a percmt.ile increment tn output for eacla t:cn.·res~lng 
ob«senattoo. '&long the coat curve 
a constant integer 1r'aryittg parametrically fro1n %ero to 
a :maxtm:um poesible value at 'Whlch, the production. of 
coal first ~~mea infeasible cr t51mply trrel~. 

There ~ seveffi dtstingutshing fee.w..r:t.es of thiB model ... 
m~ production functi~ of strlp-mlntecl co.i'l Is captured in the 
'b"adttlonallinear prograttuntng or aciivltiM am!ysla framework. 
~. lbleuo cw..atraints :nf the ~OlWfJe wctw including mlntng 
tn4chiner~V, equipment, and labor ava!labnttlea atft tncorpt)rated 
into the conatratnt vector. Third, interprocess materJal balance 
cona~!uta emsure that ~..rttlty of ceal ~act«t ln. ~Y stage ol th&. 
stnp~Mlng process baa to be gr•ter than or. equal to the volum~ 
of coal ~cted m the suc~ng 1-!tage. ~"bus, f~l" example, 
Grilled coal obtained from drilling a.nd s~~ has to be greater 
tbJn or equal to ~:,&'tDSed .ooa1 ~bd~ fp~ ~.:;:!;;~ .icvmov.U 
Wlge. Fourth, land reclalnaticm C<illStraf.nt «a tn~pora~ ~ re­
flect various bscldllting requirements in me. mining process. 

~· ~-
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To reDect the regional differences ln the chuaoterlatlca of " ') 
mlnlnlaltea and coat depoaltl, and the prevtAtlkxg price• ·~ labor, 
equipment. and other Inputs in ·the moool, tile «Mll-prcductng; reat• 
of l..ppalachla ia dlaa~pttd Into three oomogeneou prodQcbtc 
subrer;lomu Northorn A~acbla, Central Appalaebla, and Southern ~.. 
Appalacbia. Deftntttons of these regto::.s, topther ':Wlth a atatemat 
of the pbysical parameters wbtch dea!;ribe the n1lniD,g 1)~lttma in ' 
€aoh Tegi.on, are presented in Table 6 .. 1. 

TABLEG.l 

Description of Appalachian Subre.pcns 

------------------.u----~--------------------------~--------------

swrc~oo 

1. Norihcm .Appalachia (mctUdmg 
Pa., Jt'£d. ~ Ohio, &nil. Dir..trict. 

Production Put:Metera - - -AWt!.."aae Mu:imum 
Torm!n Seam OVerburdem 
Angle Thlckncas liell\ltt 

(d~1181) (E~~) (feet) 

1, 3, 6 or northern w. Va.) 15 42 1t10 
.a. Central Appalachlt4 (lncl~Ins 

Dl~cta 7 and a m ao~~t-n 
\V. Va., Va., eutam K'...."V"ltuck),•, 
and upper eut Tam.) 23 

3. Soutberu Appalachia (lnclvdini 
Alabama ~ District 13 tn Tenn.) lS 

Sautee; Complied by the author. 

50 

so 

85 

90 

The vector of production process (Xj, as ts shown in acttvtty 
colwnns of· Table 6. 2, starts with access-road construction a:nd ends 
with auxiliary activities associated with the coal e:.dractlou process. 
Representative sets of actlvttles were determined by refermt'e to 
the teelmicalllterature,l Bureau of 1\tinea ata on actual equipment 
employed In each region. 2 anii with. the asai~e of a mining en ... 
gineerlng consultant firm. 3 • 

The .matrix of tecbnlcal ooefflclents (A) was calculated aa 
foUows: 

a1J • (S~/RiJ)/Xjt' 

B 

() 

,., 
,,., \J 

,J 
() 

G' 

0 

G 
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where &fJ • tho tnput ... outp~ ccetficl•t of ccr~tralned m~e 
1 tor tctlvity j -

St • the m~tude (ln. phyalcal ter.ne) of the talk t to a . 
parformed, a function ot mtn!mr condition& auoh *'' 
angle of the terrain, max,tmttlm htahwan hellfit, and 
soon 

Rtj • 

Xjt • 

tbe rate at w!llch the 1th .lnptat ot procela J perfornm 
t.tak t. att!o ·a function of physical condltlona at tbt 
m~ . 
output of prooeaa j In perfQrmlq talk t (tolls ·of 
processed coal, a ftmctlon or'seam thlolmeel). 

Eattmates of taak st~a (St), u well as ac:tlvltyoutput atw• 
were based on cross-seoUanal dingrants of typl~l mine plbla pos ... 
aeaslng the dhnerullon.s apeeitied by the mine panunetera, then ex ... 
trapolated to enoompaas an assumed 1, OGO Unear feet of bench. 
Machine and labor pertormanc~ rates <Rtjl we.r~ estimated by the 
engineering consultants4 and .raf1ect those miniU~ condlttOJUJ (prin­
cipally terrain angle) wlt!ch influence equlpmen't performaneo. 

The cOJUitralnt vector {b) tnoludes the lhnlted avallabtl!tlea of 
equipment, labor lnputs, interactlvlty balance constrtdnta. sutlaoe 
coal output, ilmltatlons on vertical drllilng and pan-use, and back ... 
filling requirement. .Equipment avaUabllltles were baaed on the 
asatUned maximum feasible avatlr4billty (8, 760 br.,/ytmr) of the 
equipment reported by the Bureau of Minos to have been employed. 
Labor a.vallablllty was based on Bureau of Mlnes esthnatea of the 
number of men working dally, allocated to oocupLtton cluseca ac­
cording to the Bureau of Labo>: StatlsUca 19671ndustry Wap Sur· 
vey. 5 The maximum availability 119~" worker was assumed to be 
2~ 400 br ./year. Interacttvtty· balance conatrainta are Jtnposed to 
ensure that the amount of coal processed in a given acavlty does 
not exceed the amount of coal processed In ·ths preceding activity .. 

The backfilling constraint, abown ln the last row of Table 6,21 
11 based on engineermg consideratlcms. 
Let 

T • ratio of p!t volume In bank cubic .yards (BC'ft) to ton­
nage of exposed coal 

R • ratto of loote cubic yards (LOY) of overburden to ton­
nage of expoaed coal 

at • fraction of transversely excaw.ted apoll that automat­
ically remains in the mine plt (• 0.25) 

a1 • fractt011 of laterally excavated apoll that Is automat­
ically backfilled (• 1. 00) 

fw • desired or required ptt ... flll factor. 
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Accomtrc to~ aot1Vi&a m Table &.2, then 

or 

f ~ (4t1R(X10 + • • • + Xl~ +Ul lt(XlG + • • • + X22) w J '\ ., . 22 

, + <Xas + ••• + XJ.f>/,.( E XJ) 
J-10 

.(tt, -a~R)~o + ••• +X15) + (-rf.., -aiR)(X1G + .... +X22l 

- <X2s + • • • + Xattl'S. 0 

Baaed on a ;,., OflQ ... foot mine aectf.on and the production pan~etora 
ofNortbem Appalachia in Table 6.1, it was calculated that 

R• 995,93.0.62/49,987.89•19.9234 
'\' • 84S,029.5G/49,987.99 • 16.864.7. 

ln the case or 100 percent hacldtll, then 

'ffw -a.,.}\ • 11. ss 
-r\y ~a1n,. -s.os. 

In tbe vector of prc;cees costs (C), equipment operating costa 
ware eatbnated by the engineering consultants and include fuel, luhri­
canta, tiNS (If any), and repair parts. Labor V.lge rates by occupa­
tion were hued on the 1967lndustrla1 Wage Survey inflated to 1912 
conditions.. Wage Tates Include a\'!8rage straight-time earnings, plus 
avetag& overtime and sbltt-dlfferentlal premiums. Materials and 
Auppllee were not ldenttfled JUS. s~te constrained lnputa, but their 
costa fre InclUded in the process coot estlmatea .. 

Table 6.3 ~Jummarlzea ihe results uf the process analysis. 
The reader Is cautioned that tbeae results should be considered pre­
lbnlnary pending .further validation. The mJU"glnal cost at each out­
put level I$ taken to be the shadow price correapondtng to the output 
constraint. As ~ted, the marginal c01ts tnotcaso stepWise ac­
cording to the classical shape of lliarglnat coat curves over the 
range of output conditlons. In addltton, a comparison of the average 
costs at different pit·ftU factors• for a given output level provides 

!liThe pit .. fall factor refers to the extent to which the mtrie pit 
Is bacldllled with. spoil material following coal extraction. Usually, 

TABLE 6.3 

.Eatb:nated Averaae &'bd MttalD&l Coats of Coal 
Surface Mlfttng tn AppalacbJa, 1912 ...... H .... ·-· Pt(I(Juct!on J.•m J!cVJUa !tnm !OII!Hf!lla 1/Tg U!i!lUII.Uia itr9a ... ~ 

lAYel Avuap )larstul Avtnp ~q~Dal Awr$p ~. 
(1,000 tou) C<~~t G»t Coet ,·! Colt (.!oft COlt 

. a Nortbem Aplaolila 
1.18, '101 (0. 80) 3 .. 11 ... so •~~=e 4.31 ••. 11 ••• eo,us (O.:JD) :a.ts .f,GO' 4.19 •••• 4.a s.u 
63,78$ (0.90) 3,18 4.10 4.33 4.8~ 4 .. 16 G.46 
f$'f,m t0.95) 4.01 4.$0 4.38 4.81 t.'/0 . e •. ·n 
70,8'1C"tl.OC) .f.OS •• so 4.31 .ts.u 4.'18 cs.u 
'14,410 (1.0$) 4.05 4.50 44\•a 1<1'11 4.88 T.os,. ~~ 

17,91~ (le10) 4.0$ 4.10 4.49 6,59 b b 
81,&08 (1.15) 4.11 •• '70 4.58 i5.6t b b 
85t Oh (1. 21)) 4.18 8.16 b b b b 
SSt fJiUi (1.~5) b b b b b b 

Ccmtral APPRlichla ,:;::! 

~S,643 (O!lstJ) 2.93 2.99 :;.sa 3.46 3.60 3.6, 
3'1,8'19 (0.8~} 2.M 2.99 3.38 3.4G a. eo '3.&7 
40~098 (0.90) :,M 2.99 3.39 3.46 a.ea a .. a 
42,328 (0. 95) 2.95 2.99 3.39 3.59 3.63 3.82 
oi4~553 (1.00) 2 .. 96 2.99 3.40 3.69 3.6( :a.Bl 
46, ?81 (l.OS) 2.95 2.99 :.41 3.59 a.es ;3.82 
49,009 (1.00) 2.96 2.99 3.42 3.59 3.68 a.u 
61,236 (1.15) 2.96 3.11 3.43 3.59 3.6'1 3,82 
6,,4M (1.20) 2.9'1 3.11 3.44 S.S9 s .. es 1.82 
&6,692 (1.2S) 2.98 3.11 3.45 3.&9 3.69 a.n 
57,919 (1.30) 2.99 3.11 3.46 3.59 3.'11 4.95 
60,14'1 (1.3&) 2.99 3.11 3,48 3.19 3.176 4.95 
62,3'15 (1 .. 40) 3.00 3.11 3.4'1 3.59 b b 
64,603 (1\,46) b b b b b b 

Southom APPGlachla 
11,043 (0.80) 3.94 4.84 ~.45 s,as 4.82 &.90 
11,'134 (0.8&) 3.99 4.84 4.51 s.sa 4,88 s.so 
11,424 (0., 90} 4.04 4.84 4.6'1 1.63 4.93 '1.01 
13,114 (0.95) 4.09 4.98 4.6Z ~.53 5.06 '1.01 
18,804 {1. 00) 4.13 . 4.98 •• 81' &.t\3 &.18 '1.02 
1t,4N (1.05) 4 .. 17 4.98 4.'12 &.'l'f b b 
1&,186 (1.10) 4.21 4 .. 98 4.'19 7.49 b b 
16,87fi (1.1$) 4.25 6.19 b .b b b 
1fl,66S (1.20) 4.28 &.19 b b b b .r;:;'" 

1'1,255 (1.25). 4.41 9.13 b b b b 
1'1,915 (1.30) b b· b b b b -· ... •llltl -:r•auroa in pai"enU.tfl l'ftPNHftt !racti• of the 19'11 Pfoductice tewel. 

ntoulblo wnb Sl*lfled labor and equipment conatralnts. 
Scurc:cu Complied by the Mkuthor. 
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106 STUDIES IN ENERGY DElfiAND AND SUPPLY 

apprommate eatiDUl.tes of tbe cost of 'tcclamatlon. • Foi' example, 
the btcrtmenfal coat of obtalnlng full rather than :aro percent back­
flU, wblle m.J,J..nta•ii!~r 1972 ot-¢put, would have been $0.15/ton In 
Nortbern A~®la;· 

Admittedly, mined land reclamation entatla actlvltiel other 
than backfilling and srading the depleted mlne ptt Md replacing the 
~oil. Cttftent reclamatlob pl'&otices, as required by KaS 350 In 
~~tucky, for example, ll\Cltlde measure~c ta ;mhance apoll bank 
atablUtr and pro11ide for improved water drainage cbaraotorlsticsll 
Prompt revegetation t>f dlaturbed land areas .Is also required to re­
duce erosion. Because these measures tend to reduce the frequency 
of landllldea lWd preve.nt the deterioratlQil of water qw:llity dcwn­
atream from the mtne, they are properly a part of the reclamation 
proo•a and thei.r costs should be Included tn the total. However, 
an independent study· has sho\\11. that backfUUng, gradlng, and top­
soil replacement con.stltute tbe pr!nctpal components" of the overall 
cost of reclamation. G For example, tbe study cited c~n~·~ders a 
model n~lne whtch Is located on a slope of 200 and mined to a maxi­
mum hlsbwrul be5gm a! 90 feet by conventional mining methods. An 
engineering ~at analysts of thl• model mine sltows that the total 
operating cOlts of full reclamation amount to $2,. 44/ton of coa~ 
mined, of which $2.26/ton la for backfUllng and ttradtng, $0.10/ton 
is tor topsoil replaoem6t\t, and $0. 08/ton is for l~evegutatlon. Taken 
·together, ba«.tkftlllng, grading, !llld topsoil replacement account for 
9S peroent of the total operating costs of full recl:amatlon and may, 
therefore, be U$ed as a pi'-oxy variable for overalll reclamation costs. 

APPALACMAN COAL DEMAND ESTil\fA'llON 

The requirement o£ a given level of land reclamation tends to 
llmlt coal production potential; howeve1:, tho impact cannot be fully 
Ule&aed wlthout knOWing the t=uctural r~latlonshlp of coal demand. 
Tbla la'"ao because supply and demand determine the market price, 
which. in turn, a•rmtnes the quantity of coal ultimately produced 
and consumed. 

As ia abcnm in Table 6.4, the five major uses for Appalachian 
coal are u bolter fuel for generating alentrlclty (steam coal), as a 
raw rnaterlalfor making coke (coking coal) • as fuel !n the production 

but not always, the JFeater the pit-fill factor, the higher the level 
of r~lamatic.J4 ob1alned. 

+:Includes topsoil replacement and ba~kfiiUng and excludes 
revegetation .. 

APPALACHIAN COAL: St.JPPLY AND DEMAND 1C'/ 

of a varlety of b»dustrlal products Clndustrlal coal). domestic; expor.t, 
and overseas export. In tbts chapter the f!rst. four coal 'defiland 
equations were esttmated separately by the use of ordtuary least 
squares" OVel*leaa export derormd was not estimated aince lt hs 
more likely to be lnfluettced by the .,oonomlc conditions of the im­
porting countries (mainly Japan and Canada) and worldWidl CMl ))ro-,, 
ductlon than by the delivered p~!ce of coal in Appal¥!-~~~~ llctall / 
coal demand was also not eatlmatea fot two t:euo111: !~.quantity J~ 
r.sgUgib!e, and the retail denumd is based prJncf~(Uy on nO.~~~fY.( 
taotora, sueb as the cl~llness and convenience ~t competlngfuet'a. 'I 

TABLE 6.4 

Consumption or Appalachian Bltum!nout$ Coal, 1972 

Consumptlcm and Exports 
Consumer Class (millions of tons) Percent 

steam-electric utility Industry 
Coke Industry 
General industry 
Exports 

Domestic 
Oversea 

netall deliveries 
Total 

152.7 
50.4 
30.7 

81.6 
55.9 
3 .. 2 

374.5 

41 
13 
8 

22 
15 

1 

Source: Complied from the U.s. Bureau of lllnes Mineral 
Yearbook, 1972. 

Since coal is primarily used for steam electric generation, 

() 

for making coke, and for the production of a variety of Industrial 
J)t'oducts, coal demands are derived demands. Accordlng to the 
~heory of derived demand, demand for an tnput ls a function of fac .. 
tor prices (for .example, labor and capital) and tho prod1Lot price. 
The coal demand e.:!:-tlons are thus generally spe.cified as functions 
of the delivered prtces of coat, prices of substitute Inputs, outputs, 
and time trends. in mathematical expression, the coal demand equa­
tions Wtire ~pi!)Cifterl in the following log-linear form: 

In Qct • a + Pln Zt + pi 

'!} 

" 

:<! 



'··.1 

f .. 

.. 

'\... 

l-.08 

where t 
Qc 
z 
~'t 

STUDIES 1N ENERGY DE!!'AND AND SUPPLY 

• the tlme period f 

• quantity of oM.l consumed 
a a vector of explanatory variables 
• the e~ror term.-

Most strlp-mlned coal is consumed by the electric utility ln.,. 
dustry. Vb:•twdly no stdp-rnlned ooalll metallurgical coal••a coal 
muket that demands hJgb.-.quaUty coal and thua is dominated by underow 
ground coal. In thla lnatance, sbrfaoe ... :nlhed coal is rarely a :real 
aubltttute to:: undergrotma coat. Accordingly • tt would be desirable 
to focus thil study upon spot and contract markets for steam cOill. 
The unavallabttlty of detailed atatlstloal data on steam coal consump­
tion by mbdng source and by state tor yeats p::lor to 1973, howevel", 
turdces this approach extremely dlfflcult, If net Impossible. In addl­
tlon, the fact that about 50 percent of the steam coo.l consumed in 
19'13 in kppalachlq, comes from underground coal further compounds 
thla diffi()Ulty. One wa_y to take tbls Into account Is to assume a 
fixed proportion of ma't~ket share tor strip~mtncd coal in thtD ms.r­
~~t. However, tbta a~sumptton ia unjustifiable because a shift in 
market share would undoubtedly occur if full reclamation were re­
quired. Therefore, in this stwly the !ndlvldual coal demands ara 
simply synthesized into an aggregated coal demand curve. 

Direct data on regional coal consumption according to con­
sumer use are not listed in tho Bw:eau of Mlnes lttlneral Yearbook 
(volume of .fuels) I> However; the .l.ffneral Yearbook does provide In­
formation on the volume ot coeil distributed to each consuming state 
and by -oonsumer use. lt was found that cUatributlon data alone can­
not accurately approximate cotnsumptlon data and that failure to 
make this adjustmC!IIlt yields il1lcorrect algns for some Important 
variables. Theref'ortt, coal consumption data were der:lved indirect­
ly by lncorporattns the annual :net stock change according to con ... 
aumer uau into the disb:ibutlon dai:n for the region. Regional ds.ta 
are used when po.s~Jlble. ·~n the ca~Ses or wage rates, F~ral Re­
serve Board Index of industrial productlon, and lndustrlal coal prices, 
national data were ua&d because regional data are currently lacking. 
All price variables sxe deflated. by the wholoaale price index of Inter ... 
mediate material. 

The reaultl of the regression analysis for the period from 1967 
to 1913 and the deftnltlons of varJablea are presented !n Table. 6. 5 
and G. 6. As ~-peeled, otl and natural gas are found to be stlbstitutea 
for .. ·•1 in eleotrlc generation, although steam coat dem:rltl seems to 
be hlgbly price inelastic in the short run. Contrary to Reddy•s em­
p~rical flndlng, 8 the price of natural gas tor steam electric genera­
tiOD not only shows a correct positive algn, but ls also stat:etlcally 

TABLE 6.5 
. . . . . 

Eatlmated Demaud Equatl<JDI fot Appah\Cblau Coal, 196'1""78 
~ 

""'· 
1. SteAm ccal 

tnQ,
0

• -t~asat- o.1as ~c + o.!tllnl~ +0.144 ~1+o.an~.m: 

(O.S16) (0.073) (0.09~t) {0.081) (0.021) 

2 ••• 
R • o.sH~'1 d•t.vs 

2. Cokln; coat 

1nQCC • 2.231f: - 0.4821nP;: + 0.653 lJllf' + 0,620 ln\vf'- 0.1S1Jn'.t* 

(0. 932) (0.351) .. {0.141) (0.403) (0 .. 068) 

n2 • o.sxa ct. a.-tti••• 

3. tndwstTlal coa,l 

lnQ10 • o.so•- o .. a191nPf
0 
+ o.eza 1nP;; + o.30'71nF••- o~1281n1* 

(2.410) (0.154) (0 .. 495) (0.201) (O.~GS) 

2 ••* R • 0.'/24 d• 2.0i 

4~ Domestic export 

1nQde • o.aest ""l.S221n'Plc + o.:t241nP;; + o.373lnEf- o.1161n'l't 

(0.461) (0. 0'16) (0.092) (0 .. 069) (0.028) 

a2 • o. il&'l d. a .. tt••• 

--------------------'"'~Jill._..,..._ ..... ,_, II .. ......,........,_. 

qFigures In puoentbeles are estimabd ataudatcl errors; R 11 tbe co­
correlation between the observed and eatlmakd wluee of tb~a depcmdeot 
variable; d ts the Durbln .. Watlon. 1tatiatlo. 

tst.attaUCS\lly alp.Sficant at 1 peroetlt level. 
tstatlattcally slgnlftcant at 10 percent level. 
••Statlltlca.Uy algnifloant at 20 percent level. 
••~o serial correlaUonln the ratduala. 
Source: Complied by the author. 
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liU EdUtOililtt (Wohl~, D.C •• M~btr lt:.t). 
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G. u.s. Depo,rtmcmt ot Commorco, ·~ ot curr-.t BQlf.Mie, u 4ot~ t"'*'• 
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I. v~s. lJW"Oau of MU., MtMnt Yt~rbook (Vol=nt of ifotlll), lltl7•'13. 
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slsnlflcnnt. From an engineering atandpolnt, In the abort rem there o 

Ia an almost fixed ratio between a unit of electricity generated auc1 
tbe amount of coal con1umed. Thla augg$1~ that tabor may not'ha 
real substitute for eoalln geaeratiug electl!tctty... Acoox*dlns!lt~ 111&1& 
rate was exolwed as & va'dable in ·~ steam cod demand equatlonl. 

Bituminous coal appears to be the prima~ fuel source for 
making coke, wblcb, tn tum, is used tor making pig iron and ateelol 
Hence, there are no prlce variables of substitutes appea:rblg in tho 
coking coal de~nand structural equation. The nltptlve coeffiotent of 
time-trend variables lmpllea lese coal has beer~ {)onsumed per ton 
.rll pig iron.. tn fact, coking conl used per ton of pig iron baa declin«t 
steadily from .2,200 pounds ln 1960 to 1,800 pctr.ada in 19?2 •. 

The primary users of lndu.ttrial c.oal ~~~~~e a('.~Gl and roUing 
mills, t!!e~rtblnd cement industry, ~eramic .?lants, chemicals and 
allied product'$, paper and atllied products~ and n. host of other manu ... 
fao~.lrlhg Industries. Since the Federal Reserve Board Index of in­
dustrial production Is considered to be an appropriate htdlcator of 
demand for manufacturing products, lt is used as the output va.rlabto. 

As Is shown in Table G. 4• the region or Appalachia o.~orted 
about 22 percent of its coal production to tho domestic importlag :re­
gions in 1972, primarlly to the Mlddle Atlant!o, East North Central~ 
South Atlantlo. and Mlddle South Central Cans us regions. In theory~· 
the volume of trade is determined by the price differential between 
the exporting region and Importing region, assuming a coo,stnnt 
transport cost. Here. the prlce differential w!'ks slmp!if!ed by \Ullng 
the dellvered price of coal in Appa.lacbla as a proxy .. The domestic 
export demand wae found to be price elastt.c. This is becawse coal 
exported to other regions could be used as steam coal, coking coal, 
industrial coal, or even retall deliveries. The larger nwr•ber of 
uses to which coal can be put in the importing regions would lead us 
to expect that the domestic export demand Is more price elastic. 

IMPACTS OF RECLAMATION ON COAL PlUCE, 
PRODUCTION, AND EMPLOYMENT 

As stated before, lt is necessary to Integrate coal supply and 
demand together in a market equlllbrlum framework before the 1m .... 
pacts .of land l."ecla.matlon on coal price, coal production, and em-· 
ployment can be .fuliy ucertained. 

On the demam.d stde, this meana the demand for each submar­
kot first must be comblnoo into al} aggregate coal demand, whtob Is 
the horizontal summation of demand schedv~es for steam coal 
{D8 D8) • coking coal (DcDc) • tnd.ustritt.l coa\ (DtDi) • domestic export 
.(De'Deh ov~rsea exportt and retail deliveries. u shown ln F.lgure G.1. 
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APP~~OHlAN COAL: SUPPLY A.ND DElttAND •>~o ,,,_. 
~-

The tndlvtdual detm&nd schedules were detived aepautelt by .ubatl­
tu.tt~l proper WlUell of the apJanatory var{ables (eKCtpt dellv~ 
p:rlclta of coal) in 1972 into the delnlltd equa .. ttou etltlmated ftC,m the 
repeaslon analyala. '" 

On the supply tide, three adJwstments must be made to main• 
taln ctm.ilstenoy with our demarK~ estimation. First, th~ FOB mtnl,;ojo 
mum selling prices at eao.h output level as obt..ined ftom the process 

0 analysis: were COllvorted Into Ute aqtllvalent detlvered pnceaii Tho ,. i/ 
dlscrepuncy betwettm -~ average dellvtred prlce ad FOB prlc6 .f.>f 
coal in Appalachia In 1972 was estln\ated aa $0. '10/ton, 9 iJ'Pt.lnly due 
to ~nsportat!on ooat and :ro.valty., Sect;nd• the 1972 delivered pr!ct 
level was defletcM.l by ·the W'holesale -price Index of Intermediate ma­
terial. Thla Is necMaary because deDated prices were used tbroush· 
out ln tho dE1mand equattuna; esurnauon. Third, the strlp-mlned coal 
supply Is combined with an uaumod l)ertectly tnelastlc UI'Kterground ,_ 
.and auger .c~l supply ~ury~~ Th~ lac~ tfut~ \ifid(l?.'~tmd mined coal 
productton has romalned fairly constant while coalln'ices \-ntied 
suggesm that the above assumption may not be unr~sonnbte. 

The step supply curves, with full rec!amatlon (100 perc~t 
backftlUng) and with current typical lfmd reclamattcn praetto.,/;(50 
percent backfltling), are sbo\\'n as sas2, and S1S1, respecth~'f)ly, in 
.Figure G.l. As expected, the supply curve sblfts upward tm~! to the 
left when full reclamation ts required. Tbe veriicnl (inetna~~~ por­
tton of the supply curves reflect tho lnfenslblUty of expaNtin,fpro­
ductlon given the sbort-run ~onstraints on tho avallabUitles 1t>f ln ... 
puts. In the context o'' comparative ... statfc analysis, the resulting 
strip ... m£ned cost production ta «<PGcted to be reduced; how~~ver. tlle 
n~w market equilibrhun price at point R is btgher thn.n the 'equlllbrh.tm. 
price at point S by about $0.40/ton. Therefor~, the higher: market 
equlUbl'hun price at potnt R induces an e.~anslon of outpwt which off­
sets a. portion of the reduction in stdp-mlnoo coal productlon whtch 
otherwise would occur. A reduction of about 10 mlllkllt f~M of atrlp· 
mined coat production In Appalach1a -wou.id ~-..q,ye OC«:!urred lrt. 19'12 aa 
a :oeault of cbangi.ng reclamation rQCJulr,.ments from current typical 
reclamation practteo to full reclamat~,cn. Thl11 rWlt;'esenta about 8 
percent of the aotua119'12 strip-mining produg~Jn of bituminous coal 
or 3 percent of the total coal prGductlon in Appalacblao 

The effect ln 1915 is probably muQh dlffoi+wt. Gl1!en. the major 
prlt,;-a rises ror on and natural gas, the above rather ltt~nlmal impact 
would also tend to be tompo1,ry in natureo Thls seems(-~ikely to be "' 
the case Iince tb.Q oonUnaed d'fect of higher prlaes f()r oli. and natural 
gas, coUpled with governmental pressur•, wilt lead to a substantial 
ontward sbtft in tbe demand function for coal to b9 used Jn electric 
power sene~""""~""" The result of tiult shift will probably vastly ovor~ 
tide any ,, ~rd a reduction In tho quantlty of coat pr<Jctuce4 
and eO!lsumed d~ to tho expense of reelatnatfon aetlVitlee. 
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The lndlvtdual de~ aobldules were derived at\plratelr by •••tt• · . " 
tutinr proper value. ·ct the ~tatiatoty 1'Al:labtea 'uoept.detlva«t , 
prlcea ot cool) tn 19'12 Into Ute denwd e4uattou estimahld from~tfae . 
regreaslon analysla .. 

On tbe supply alcJe, three adJutmMta must be made to m.ln ... 
taln oonilstenoy wltb o\D." demand esttmatton. J'irat, the FOB min!• 
mum selling prloea at each output levet2• obb11tt64 from t- process: 
mw.lysts were converted Into the ~valut delivered prices.. The 
discrepancy between the average deltvtred price and J!OB pdce of 
coal In APPQlaohta ln 19'12 was catlmated aa $0. '10/ton, 9 mainly due 
to. transportatlcm coat and ro,Yalty. Second, tb.e t97t delivered price 
level lWLa d&.Oated by,the: \Yholesale price index of tntermcdla• ma­
terial.. Thla ls necessary because denated prlQea were uaed throup~ 
out tn the demand eqUations cattmatton. Thb:d, the atrlp .. ndnec! .coal 
supply is combined wltb an assuntod peJ:fectly lnelasttc unde:qro\U'id 
and auger coot supply curve. The fact Qlat und(lrground .mined coal 
productton has remained fairly com~tnnt while coal prlooo wri.fKl 
suggests that tho above assumpttoo 1nay not bo unreascnablo .. 

Tbe step supply curves, with t'ull reclamation (100 perctnt 
backfilling) and mth current typical land reclamation prru:tlce (50 
percent backftll~Jlg), are shown as sas2. and s1s1, res~ectively, in 
Flgure 6.1. As expected, tbe supply curve shifts upward and to the 
left when full reclamation is required. The vertical (lnelnstic) por• 
tton of the supply curves ~ect the lnfenslbllity of C)J.1Xlnding pro• 
duction given the short•run constratnts on tho availabilities of In­
puts. In t~~ context of comparative-statio analysis, the reaulttng 
e!dp-Jnined coal production Ia expected to be reaune~~ ~~~r ~--~ 
new market egutl!h~!~~ ~~·~· ~i point it is higher than the eqwllbt"htll\ 
~~at polbt S by about $0.40/ton. Therefore, tbe higher market 
equilibrium prlco at point R Induces an expansion of output \Vhlcb off· 
sets a portion of the reduction In strip-mined coal production which 
otherwise would occur. A redcctlon of about 10 million tons ef atrip­
n\lned coat production in Appalachia would bQ.ve occurred in 19'12 as 
a result of changing reclamation requirements .from current typical 
reclamation practice to full reclamation. This represents about 8 
percent of the actual1972 strlp•m~Jl!ng produ~t\on qf b!tmn!n~ eoat 
or 3 pertJ@td: c! tba tut.i eoai prGductlon'.;i.n Appalachia. 

The effect in 1975 .Ia probably nntch different. Given the major 
prlce rises for oil and nat:ul'al gas" the abov() rather minhnallmpact 
would alao tend to be temporary ln nature. Tht1 seems Ukely fa be " 
the cue slnoe the continued effect of blgber prteea for otl and natural 
gas, coupled with goverwnental preasures. wllllead to a. aubatantial 
:outward &hlft !n the demand function tor coal to be used ilt'1 elec. trlc . . . 

:power ~"leration. The resUlt of that ablft will probably iVAatly over ... 
ride any tendency toward a reduction In the quantlty of ccal p~oduoed 
nnd consumed due to the expense of reclamation ac.tlvltlea. 
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The Pl'(Jposed atrlp-mlnlng regulation requiring restoration of 
land to approxl.mately tts original contour ts aimed at preventing 
further land de.tertomtlon In tbe future. How about lands scarred by 
the sbip mining ln the past? The a~;r~stYiliil proposal to ievY a 
35~/ton •urtac_, coal tax on future surface c01.l production to help 
pay fo1r restoring too destroyed lands amounts to t.dtUng 35~/ton to 
the maratnal coat previously obtained for the case of 100 percent 
baokfll1Uug In the process analysis. The resulting supply et1rve, 
SaSs tA Fiaute 6.11ntersects with the agg;regate coal dQmand curve 
:DD at point T 1 indicating a further reductton of about 6 million tons 
of strip-mined coal wouttt occur. 

The direct short-run effect on employment In Appalachia. re ... 
S1llting from legtatatlon requiring full reclamation of atrip-mlned 
lands can be estimated cmce the short-run Impact 1tm coal production 
is known. First, the reduction In labor requiromGnts, in terms of 
labGr man-days, .Is calculated by dividing tbe 10 million tons by tho 
avemg~ labor productivity at strip mines £n Appalachia, 30.44 tons/ 
man-day. Tile total number of employees affected ls then obtained 
by dlvfdlng this result by the average annual number of wor!dn; days 
for ab:tp mineEJ In the ~~on. 

Our results show that Imposing run reclantati~n requirements 
would have resulted in the loss of some 1,46'1 jobs for coal produc­
tion wotian'S In Appalachia in 1972.. HCIWbver) it shoT4d be noted 
that a portion of this estimated job loss wou!d have been offset by 
the enbsmced cpportunltics for empl'lymcnt arising ft~c.m the expanded 
reclamation actlvities. !n fact, It wa:s. found that abo'ut 582 employ­
ment opportunities would lmve been created as a 'l'OStdt of the ex ... 
panded reclamation activities, as ue shown In Tableli!J. v. This es ... 
till"1t!cn W'"AS based ott the results of our process analysis. ln which 
labor bouts employed for each activity are shown tn the optimal solu· 
Uta. Accotdlng to the market equtllbrlum. points R Cind s, as shown 
in Figure 6.1, we can thus eas'!1 identity the output levels and labor 
man-!tours employed for reclamation activltte3~ Hence, the addl­
f:lonalreolamatlon req~dreanent would ha\"e caused only a moderate 
net direct impact on employment, costing 885 employment oppor­
tunities or about 3 perc~t of the labor supply In the Appalachian 
atr!p-mlning industry. 

Of course, the severity of short-rem Impacts on coal produc­
tion and emp~oyment can be mtttgated 1f th@ law p::cr;fdas tar an ex­
tentjed perivd before compliance or a gradual transition to the new 
reclamation requirements. Furthermore, theso Impacts tend to be 
temporary in nature. Given today'a demand conditions over a longer 
perlod or tlme, the demand curves would be shifted outward to ths 
right. On the other hand, the effect of the employment multiplier 
would increase the severity of short-run unemployment. Asawnlng 

I 
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a national employment multiplier of l.,SO tor the coal lndu.ttry .1.0 
our preliminary evalua~cm ahowa an overall job los• of no motu 
than 1.593 production wor~rs In Appalachbl~ fc~ tbe yea1· 19'12. 

'!)ABLE 6.7 

Employment Opportunities Created by Recllunatton 
Activittea in At>pala.chian Coal Mining lndustry 

-= Subr~gion 
Northern Central Southem 

Appclachia Appata"hb. Appalachia ____ , _________________________ ,, .. ,.. _______ ,__ 

.1\'lan-hours employed 
for :reclo.matlon 

50 percent backtill 
100 percent baek£111 
Difference 

Employment opportunity 
created by tbe additional 
reclamation actlvlties • 

326.362 
1.100,449 

774,087 

323 

249,871 
706,251 
4561380 

19{) 

91,79'1 
258,549 
166,752 

69 
::.s••- ...._ 

ttt ls assumed, as \vas employed In the process analysis• that 
one mo.n ... year is equal to 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 
co$ts, dellvared prices, strip-mined coal production levels, and 
regl..ciial employment in the Appalachian coallndWJtry. Our results 
show Uiat full reclamation has ratber mtnor impacts on the coal in­
dustry in Appalachia. 

In 1972 the imposltton ~l requirements for ruii rather tban so 
percent reclamation of strip-mine-disturbed lands would have re­
sulted ln an Increase of $0.35/tor• ln average coal production costs, 
the loss of about 10 mUllen tons of strlp-m!ne coal production ln 
Appa.Ja{!h!a. att.d an .inCl'$\Se of about $0. 40/ton in the dellv~red 
price or coal. In the short run, a further reduction of about 6 mtl­
llon tons of strtp-minod cool would occur as a result of tbe induced 
change In coal supply arising from the propcaed surface coal «ax to 
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belp pay for tho reatoratlon of landta dlsttlrbed by strlptmlnlng in the 
past. Tbe short-run. direct impact of frat reclamation ot1 employ­
tnel)ll~ tha lou of 886 joba for prt:Jductlon wor.keraln the Appala• 
ClillUl ~"*i-mtning blcluatry. The ovet'all tms-ct .11 the loss of no 
more than 1,. 593 fobs. in Appalachia. (Thea$ effect. would probably 
be greatly different In 1$75 because of :the major pr.!oe rbJes which 
!avo occtirred for otl andt natural gas.) In any case, lt is expected 
tba.t tbe economic dlalOQaUons wou14 tend to lle temporary Jn nature. 

TABLE 6,8 

Estimated Eoonomfc Impacts of Propoaed 
RegulP.tim of ~1 Surface Mining 

Source 

Admintstratlon 
esttmatee 

Thla study 

Impacted 
Area 

Unlted states 
Appalachia 

Coal Production Loss 
Jobs Lost (milllons of tons) 

ss,ooo 
1,593 

40 to ~26 
10 

Source: Compiled by tbe author. 

It ts recogrllzed that thele findings dlverge sharply from estt­
ma't9a prepared elsewhere vhtch were repo~~ly used as the ration­
ate for the president's vew, otthe Fed;eral Surface Mlnlng Blll. How­
ever • the results described here are ~ccnslstent WJ.th ·f.'!bose obtained 
1n other .zstudles.ll Table 6. 8 hlghtlgbts the most important differ­
ent~• b~tween OUl" findinp- and admlnlstr&tton estimates. Since we 
do r:~t know the bdlsltJ of the t.dminlstra.Uan estimates, we a:re un­
able to explain the la;rge dls~Jrepancy between the findings of the two 
stWtes. Although different impQcted a~ are considered (United 
sta~'S versus Aflpala,clda}t this alono ta tuuffiolent to accotmt for 
the observad dltferetnoes tn the filldtnp. In 1972 AppalaciW pro­
duced 4.7 percent of the total u.s. strlp-n:tlned bituminous C:)at. 
Using tbts proporUt>nal basis ~ expmd the impacted area to include 
the United Stat:P attJ a whole still yields estimates of economic tm­
paots whtob are dt'ftmattcalty lower than those of the admlnlstra­
·tton. 
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ESnMAT!ONOF 

OPnMAL INVENTORY OF 
COAL STOCKS HELD 

BY ELECTRIC UTIUTIES 
R. Blatne Robert$ 

ot prt1me importance in the nattcmai 'l"Uponlt! to the energy 
orfsbl 1& the development of accurate forecasting models on a dls­
aggrepted (state or regional) basts. Particularly for sbort-term . 
quarterRy lorecat8tiq models, mtmY real problems must be dealt 
with eltpltcltly .t.tlld rigorously that can often be fpored or finessed 
by mores a~gate models or long-term modelat. 

For example .. at first blush It may ~•em. that <41eliveries of 
coal to electric utUitles would· be closely r~latet.! to ~~·"'"P!'~ ~r 
coal in the quarter wlt.h some seasonality, because of weather and 
aome allowance fot"' deviations around atrllce periods. 'Since deliv­
eries, by deftnttlon, al.!"e equal to consumption plus the change in 
stocks held by utnttles .- etts amounts to saylng tbait stocks tluctuate 
only because of seasonaltty and strikes. 

Figura '1.1 mustrates tlutt. !'or some states, there ts a con­
siderable seasonal variation in atoob. However. Figures 7. 2 and 
'!.3 show that for marq of the large electrlc-utlllf¥ caal-usfng states. 
*here is little evldence of aeuort'lllty. 

• Fu:ihe:nnore, there as no obvious pattern around the major 
strike per:todl of 1968:4t 1971:4, and 1974:4. Something more must 
be 1n!luencing those movem~t# In stocks. 

'l11e author would like to acknowledge the helpful OOI\'lments of 
G. s. Ma&:tala, David Toor. and Myron Olsteln. Finan~ support 
for a portton of tbls research •• graciously prodded by National 
Solfince Foundation Grant SOC-7&-04356 to the Unhterstty of Jnorlda. 
£arller l'Mearclt l'IU· ptrtltdly supported by the i'ederal Energy 
Agency through a contract with Arthur Young &c Company. 
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JnGURB 7.1 

Average Quarterly Stock of Coal Htld by Electr!c UtUlttes 
lu. Pennaylvtmla and Ohlo, 1H7t1 to 1915:S 
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FIGURE 't.3 

Average Quarterly Stock of Coal Held by· Electric Utntttes 
fn mtnols and Indiana. 196'/:1 to 1975:3 
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To confimt the observation that cbJ.ngea In stocb by state are 
fntlwmced b;r more ·than sea.st'mllity and strike upectattons, prellm­
luu:y l'eJ'l'&aSI0%&5 were run using a natve model. DellvGrles \\"'re 
osumed to be a 1\mctton ot contumptlon With teuonal dummtu and 
periods around atrlkel first omttted and, then" ad hoc strike dum­
mica ''.deled. The ro.sultl produced a standard error as percent of 
the m:ean of approximately .25 percent and, ln aome cases, eNen 
mote. For a forecasting model, this slze of error ts gnerany un­
acce)ptable. 

The !ollowtns sections present the tbcorettoal baada of the 
lDOdel. several practical sltemtlona that ~re necessary to obtain 
the final equatfoDB to b8 eatbnated the techniques and data for estl.­
naatton. and ,a summary of the emptrlcal results !or forecasting the 
a~b of coal held by electric utUltles on« state-by-state basts. 

THEORETICAL FRAP.tE\VORK 

1\'lany .chlnilni forces and policies have aft'ected electric utn­
ittes and their use of coal: the Clean Alr Act, the oll embargo and 
tho fourfold .tncreastt 1n petroleum prices, the Jntroductton of stack 
scrubbers, tb& proposed !orced-t.:Onverslon programs, the lntroduc­
tton of atld problems wlth nuclear generation capacity, shortages 
and. {lropt>Sed deregulation of natiral s;u, and several other energy 
conservation progra.ms. 

With regard to coal deUverlea, utllltles may jo!ntly or wholly 
own coal mines; have short-, intennedlat.e .. , or long-term contracts 
·with particular mtnes; own or subsldlze the rolling stock to deliver 
the coal; or a .number of t>tber arrangements,.l In addltlon, electric 
utUltles are generally Tegulated and are required by law to meet the 
demand for electrlctty. 

The literature on reg ·atton ofutlllties has dealt only generally 
wltb .. factor inputs. The elt.nslc article ls by Averch and Johnson. 2 
More recent exal_ltPles that lneorporate uncertainty are Meyer3 and 
Peles and Stein. 4 

Thus, the analysts begins by aseumll'Jg that utUltlea attempt to 
mlnlmlh ·~ coat of obtatnhlg coal In an uncertain world subject to 
a mlnlmwn a toe~~ constraint.. Th3· determination of the stock con­
strain~ fa discuss\'!! in more detail below .. 

The cost of ctull purchases at any time ls stated in equation 7.1: 

1dt • PtBt + m(St) + b1SQ1BtWt + b~Q2BtWt 

+ bsSQ3BtWt + b4SQ4BtWt 

(7.1) 

Ct"ML STOCKS lNVENTOll't OF ELEC'l"BIC UTILtTIES 10 

where Mt ts c~~~t tltne t 
Pt ls prlc& of coil .at t 
Dt Ia dellverlea of coat at tbna t 

(> 

m(St) ls the cost of holding an hivMtory o~ sue Sat t, atven 
unit labor coatt of W t 

s._ II. the stock or cOAl at time t 
SQl ~· -'euonal dummy variable with a value or 1 In the nrat 

quart-.r and o for the seQOI'ld, third, .Qd fourth qW\rltel'$ of 
-cltyear ,, 

SQ~:, SQ3, and SQ4 are atm!lar sauonal dummte1 for the 
second, thtrd, and foutth quarters, reapectlvety 

b1, b2, ba• and b4 are the teal coests in terms of man·l~oura 
of deliverlnJ and handling a ton of coal In the lint, 
second, tblrd, and fourth quarters, respectively 

Wt is an *Index of wage rates 1t time t. 

The price of coal in the future Is uncertain, bt\t.lt Ia dtltrlb­
uted around fiome expected prtce tlmt detp$n4t upon economtc condi­
tions that af£ect the aggregate auPi>Iy und dumand for coal~~ as gtven 
in equation 7. 2. 

Pt = P(Yt• lJ) (7i2) 

where Yt fl a vector of known, eeonomlc lndlcutors of agg~epte coal 
supply and demand 

U ls a rando1n element with an ~ected value of zero and 
finite variance. 

Thus, the expected future prlee .£$ 

E(Pt) a Pf'.l'tt 0) 

Since electric utUltles are required to produce to meet the 
demand and for other reasons, one 'Would expeet utilities to be risk· 
averse, Thus, the decision to h.old Inventories can be obaracterlzed 
as the mlntmlzatlon or expected utUlty o! cost a1 given In equation 
'7.3. 

Min E(U(l\1) I 

Sub]ec!_to St ,:: St for all t 
where St !s a mtnhnum stock that nlU$t be held at time t; 

01) M 
r.'!• L·- t .... 

t-O l+ rt 

('1.3) 

0 

':i 

• 

-' 

0 

• 
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1.tft STUDIBS lN ENERGY DEMAND AND SUPPLY 

rt Is the .compound tate of flr•terest from tbe present to time t 
U'(m) < 1.'), vn(M) < 0 for tfltlk-a11eno utnttlel • 

The lint-order concllttona for eqpAtion '1.3 to be a minimum are: 

Pt m'tst) ·~ . Wt m' <St-tl) 
E{O' t,. -~· + .. a -· + ( t:1 btSQt) i+rt + l+rt+l · f/.4) 

co 

+ " • " ) l ·+ EAt+! - 0 
i•O 

wltere At+l ts the Lagrangean multfplter tor the minlmum stock 
constraint. 

;;, 

The fJ..,.et-ordexo conditions will be sufl'lclent if marginnl stor­
ap CQat Is: it ·teruJmg. Equation 7.4 requires, In turn, that between 
Ar~J· two IUOCGAlVO time perlodst 

Pt+l ·. . Pt . 4 wtt-1 
E (--••) bO E (--·) + ( E ba SQI 1) . ·-·· (7.5) 

l+rt+l l+rt; l=l .. +1 + l+rt+l 

.f.. ___ .. Wt +~ (U'•.~l/(l+rt+t.!] 
- C(;ibJLt)ltlH l+rt .E(U') 

eov(lJ', Ptf(l+t'tU At m't 

- E(Q') - E(U') (l+rt) ·-=·l+rt 

wbere ·SClG • SQ1• 

In the current period, the pri0e of coe.lta known wlth oor­
tatnty. Thus, for one period into the fuw:re, let!lng the current 
period be denoted by t and If the mi.ntmum stock constn.lnt Is not 
bmdiJ.tk~ equation 7.6 becomes; 

B(Pt+t> 4 Wt+l 

(6) '-*-- .t+l - Pt + < !;bt+lSQl+l) l+rt,t+l (1.6) 

4 CCV (U1
, Pt+l) 

- Ci; 'btSQi} Wt + E(U') (l+f) • m • {St) 
t•l t,t+l 

where l+rt,t+l - l+rt.-1 

COAL STOCKS INVENTORY OF ELEC'llUC UTtLrrt!s ~~)1 
C''l 

If the utnlties were rlsk-ne·u. tnt. the.n tht C®ada. ·. D .. ~.~~!···? • '. , , 

equation v. 8 would. be zero and 7. G would state tbtt the ftpletecl . .wK--. . · 
gina! gam f-rotn holding Inventories (the dlftereuce be~ the fQ · · " •o 

elleatlve price or CCial discounted b.V the tnteJ'est coet of holdtpr COil 
and the cul'rent eflecttve price of coal plus tbl di~renc. 1n deltve~ 
and handling costs) tbould be <tlQtal to the marglrf.t1 eo~t of bdldtnJ 
Jnventorlea when the mtntmum stock conttratnt 18 notefrecttve. )ifhe 
covariance term ln. equation 1. 6 represents the effeet of rll:k t.Yd\r-
:don. For the rlsk-avarse llrm, oov (U', Pt+t/l+.rt, t+1)/£(U') II ·· 
poeltlve, and the rlsk-averae utnity wlll hold an mventory such. U.t 
the expected marginal galnl are leas t1um the marginal eo~t=~ 

.An lntereat*...ng tesue Is bow eqtaatlon 7. 6 c.an be made opera• 
tlonal. In particular, bow can the .covariance term be measured? 
What a prtorl general form should be spectf~ed for the marginal coat 
t\mctlOJl on the right•hand side of.equ~Atlon 7~6? 

The bnmedlat~ candidate as a proxy tor mtcextatnty Ia tho rate 
of change fn the price of coal. The faster prl~.es are rlslng or lall· 
ing the more likely it ls that uncertainty ts higher. However, the 
percentage change In prtco ta already apprtJXim3ted by the flrat two 
terms tn equation 7. 6. The next candidate is the level of coal {)rices. 
The hypothesis wo.iid have to be that the higher the prtce .of coal, 
the more uncertainty there is likely to be about obtamlng new sup­
plles, continued dellverles, and so fG~~ Alternatively, it 18 not 
clear that a lonr perlod of sustained higher prices of coal would not 
have associated varying degrees or uncermmty. Thtc opena tbe 
door for a large numbcrt ofpoaslble functlonld formulattorus of cur­
rent and/or lagged values of t~ price of coal, perhaps relative to 
o~~ fuel prices or to other prices in general\ll 

As a first approximation, therefore, the covariance term in 
7. 6 !a assumed to be a run"tlon of the tuture prlee of coal. Lettmg 
PXt be the expected prtce differential; Ht• tbe seasonal handling 
coat, differential; and m • <St> tlte marginal coats of holding lnventonea. 
then '1. 6 becomes: 

p 
PXt + f ( 1.a.r t+L) + Ht • m• <St> 

t,t+l ('1. 'l~·. 

Tbia relation 1s lllustrat.ed m Fieure '1. 4. S't is cptlmal for a rtsk­
neutral firm and St* ts optimal for a risk-avene ftrm. For aufft .. 
clentty low values of PXt + f (Ptf.l/l+rt, ~-t> + Ht, the finn would 
hold mlnlmalinvcmtortes of It· In thll CU{~ !be La~ n:tul• 
tipller term ... ~tiE (U') (l+rt, t+l>• WO\dd be positive and have a 
value equal to the dW'eren.E_e between PXt ~'" f (Pts-1/l+rt, t+l) + Bt 
and the marginal cost tor st• 

7: 
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FIGURE '1.4 

ntutr".tttcn ot Optlmallnventory 
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*St* ls the optimal stock for marginal costs gtvett by 1\!'C, 
a t:lsk-averae finn. S*t fa the opt.lmal stock for a t:isk-ne,.ttral 
ftnn. 

Source: Compned by the author. 
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With reprd to the mlclmal •took, ftt ~e &1:1 two P~ .. , 
lems: \\'hat determmet the ?Jnmtmal atock1 BOW' ~ it be rl'bl~f1J!Id. 
empirically? cteady the ~lnlmal atook llnoJUlePUvt ancl! It ta 110t 
likely to b8 a constant over ttm•· Fulihermcret ·.Ute mlftm~-, fl~~· 
that utllUI.N feel they muat hold pro~bly dep~ .upon. tbe defftll 
ofmlanee 011. coal•• the tuel for electrical pniirat~. ··'l1bfrtforet 
It II taken to be 1 cooatant multiple. of future COMunlption c•f cod, or 

It• ~ct+t (~f.8) 

The question ot how to estimate k1 is taken up belO)J. 
The next lsaue ls tho functtonal form off the maqlmd coat 

function. 1\fal'fllrtal coats must be poaltlve and p~bty tncrease · 
wltb the level of the sloek* 1n addl.tlon, changes In ~pae(ty ovt~ 
time aJK! changing !ector costs mJ:tat be canstdel'e'll. Glven that thaw 
ts a ~;potheslzed minimal stock 'It • k1 Ct+l• cCM~ts to matntatn the 
mmbnal stock must be considered as SUl\k or fixed coets. t'ln• of 
the slmplut lunO:lonal forms that satisfies theA oblenrattonifi w 
shown in equation '1. 9. 

m' \St) • [mo + ml !St* ... kl Ct+l) 1 Wt ('1. 9) 

where st • il The deal red, cptimat stock at tim<# t 
k1 .ls a constant tnult!ple of future cOMumpet.on of coal, c~1 mo and m1 are constants . 
Wt Is a unit-coat !nBatton factor for holding lnventortea. 

Comblnlng equatlOQB "1. '1 and 7. 9 glves 

*. _ ~ + !_Xt... + f (Pt+l~~+rt, t+ll.. + [wtf-1. ·] 
Bt m1 m1Wt n11,Vt . Wt il+:ttrt-1-1) . 

[ 

4 ] t£b1SQ1) 
x ( £ bi+1SQ1+1) - ml + kaCtfrl (7~10) 

, 'Ihe optimaietock ts tlw.s a functlon of the aJijected coat re-
duction Irom holding tnventorles (in.cludlng expected prl03 "ltfer­
cm'Ces and seasonal hnndltng dtuerencea), the future price level 
(representing uncer~·::·'lnW) relative to an lnv~ntory CQ$t factor, and 
nut perlod1a eow~umptlon. 

(J 

q,'' 

0 

""' 

<) 

1: ;, 

:~ 

0 

\) 

() 

u ... Some p•rallzatlon ot equation 1.10 can be permitted by 
aUowlnS !or some error llraiiG;..~~~~,t~ot ;lll~~~'!'h•· do~ 
ltverles at time tare ------. ·~·... ··· · 
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Dt• d {St*- St-1) + Ct+ Et 

I 111'herelJt is ciellvertes of coal at t 

(7.11} 

I d ll.bt· tween.· O.and 1 and 1a a 0011t~tant proportion. · of adjUittnent 
, ftom the stoc'k at tbe helfnnlng of thm perlod, St-1 to the 

.· optlmalatock t.htl period, St 

I 

' 

< •• 

~ 

Et ta a, l"abllom element, independently d.tstrlbuted with an 
e.Mpeoted value of o. 

Ulhtg the fact tb&t Bt + St-1 - Ct 1• St, and comblnhlg equa­
tiou 7.10ami '1.11 gives equation 7 .. 12 for each stateta stock of 
ccal held by electric utUUlea lor the da!ta points where the constraint 
ls not bhldf.Dg. 

St • 80 + a1PA"'Wt + a2Pil\Vt + a~WBt + a4WR12t + as 'VB23t 

+ aaW'.R41t + a7Ct+l + •sSt-1 + Et 

where PXWt • PXt/ Wt 
PDWt • Pt+l/Wt(l+rt·t+l) 
WBt • W&~-tl Wt (l+ri, tt-l} 
WR12t • SQl x WRt- SQ2 
\VB23t • SQ2 x WBt - SQ3 
WB41 • SQ4 x \VRt- SQ1 
a • -(db4 + mo) I m1 < 0 
a1 •d/m1 >o 
az •dflmt>O 
a3 • db41 m1 > o 
14 • d{b2 - b4) I tnt 
a6 • d(ba .. b4 l I m1 
as •d<bt·b4)/m1 
a7 •dkJ>O 
a8 •1-tt<t 

(7.12) 

There are ntne paramebl~a in equation 7.-12 and nine struc­
tural parameters In the model. Gltran the assumed restrictions on 
the struct.ural parameters, the of the parameters in equation ? .12, 
.ao shoUld be negative; a1, •2• ~'S• and a7 should'b:t positive; as 
;should be between o and 1; ami a4~ as, and as cat.t be either positive 
or neptttte* 

For the data points when the minlmal stock t\owstralnt ts blnd­
Wg', the .stock l8 gtven by equation 7 .13. 

St • k1Ct+l + E't (1.13) 

where E't Is :random wtth expected value of .zero and finite variance. 
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PBAGMATIIO A7.~TEBNAT1VES AND THS DATA 

There are marw pr.al~tlcal alttratlolll neceanry for tbe actual 
estimation lor ead't ;,tate eqt.Ultton. The exogenous \tarl!lblea in 
equation '1.12 are PXt• expected price change; Wt, untt colt escala­
tion factor; tho· appropmte one""'PGrfod Interest xate; expected future 
commmpUonJ and l.aat perlodts stookt. Last pertott•a stock lJ known 
and future ccmsunlptlon will be taken aa exogenous to this model. 

There are many aUemattve pi"QXIGB for the expe~cted future 
prlceo Pt+l• Assum~ \\llllties ,know the values of Y t+l• iJ.l equa ... 
t~n '1.2. then the apprC>if~"'te valu!s :Or r~ eve~ the period of esU· 
matton would be the Utted vatuea from an ~stl.ma.ted{ equation f. 2, 
whe~ Pt Ia the price of coal to utnUles ln a ~Jtate. F1.u:tbermoret 
as clearly pointed out by Gordon, S tho prlct;t patd by a utfll~ wUl 
depend upon whether tba coal is from captive mines, bonght on con­
tract, or on-the-spot market; transportation costa; cbemtcal content 
(water, ash, sulfur, and so on}; tmd several othe~ 'ttdncr factora. 
Since vtr~y all t.Jal contracts have escalation clause; hnd mar;y 
am b&sed upon natlCM! indexes and since relatitJelJr vety little 
steam electrlo oballs captive, 6 first tbe actual values of tbe Whole· 
sale Price Index !or bituminous coal will be used. Since the re­
gional price of coal Is endogenous to tbe total supp~y-damand model, 
ttslng actual values may appear to cau~a a sim.ultaneoos equation 
bias in estinutting equation 7.12. lfowever, practical elq)erlenee 
teaches that this bias has little eflect on the estimated pa:ra:meters: 
the appropriate price variable Is a regional prlce that wot.:ld require 
modeling tbe amount under contract and the amount purcbasAd on the 
spot market. and only when other aspects of the totai aupply-dem~M 
model are formalized could the equations for deUverles be reesti­
mated fab:ly easily by ustng a batter estimation technique such as 
two-s~ least squares. 

The second pragmatic alternative is to assumu that virtually 
all electrical c0111lls purchased Jmder contract in a particular state 
so that the expected price clumge, PXt, is zero in equatlon '1.12. m 
thla case,. utntttes would equate the marglnaltn.ventory storage 
coat with the dfscounte~ d!ffe!enc-e in seasonal handling coats. Sint.:e 
there are ,no data on elth~J~£ of these coats, they oan be estimated 
only Telatlve'br. Tht.l!.~ In this cue, the structural paramete~ m0 
can be uet equal to zero. 

Whether the Wboleeale P:dce· 'Index of coal Is used for PXt or 
coal Is purobaSed under contract and PXt ill not included 1n the 
equatlotl, periods of strlkea present problems.. Around the periods 
of maJor coal strlkea in 1968:"1, 19?1:4-, and 1914:4, actual changes 
ln the Wholesale Price Index for coal or the aeaumpt1011 tlhat PXt Is 
zero would not retl~t the expected coats of obtaining coal durl.ng 
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and .arowtd ·the· periods of the s~lkes. Thus. dummy variables will 
have to he added to. equation 1.12 to re!1ect these devtattma. 

The apprcp~late variable tor \Vt in ,equation '1.12 II the unit­
coat esoalatioc factor oo~fnJ to untt•ooat increaau for 
deltveey • band!ID!' and storbl; coal by eteotrlcal utUtttea. Here. 
ap.J.n, def~rence to pragmatism and forecastang problenuc .18 Im­
portant. Determlnbir t.bele actual costs would be a major reaearch 
tlfort tn Ustllf. 'lben, 1l model would have to be developed to fore­
~·:'•t th~e cbanpa.. An altematlve would be to use unlt labor costa 
tct~ ·lht entire economy or for all numufactuttns as these variables 
are typically forecasted reasonably wen by lUte larp-scale mncr()<o. 
econ<mtetric models. At the aggregate level, hcwaver, these data 
are beavr.ty- affected by productivity ohsnps over the business cycle 
and almoet certah1ly do Dot relate to changes 1n unit costa tor par• 
tlcutar tblte uW.tttea' handlmg or coal,} A better method wltb l.'ep:rd 
to e.gti'tlWton would be to assume that lmlt costs a-.:e cormtant: that 
chanrea 1n factor coats have been juet offSet by changes m factor 
ptoducttv1w. Thus. Wt can be sot equal to 1 in equation 1 .12 .• 

For tbe lntemat-mte variable~ In the model, the prlme rate 
should be an a~te proxy. 

The dependent variable, Stt !a the quarterly average end-of­
the-month atoc'ka, In ton~, held by elech"ie utilities: and cGD~umpUon 
ot coal by electric .utnltlea, Ct, is the quartedy consumption, both 
as reported on Form 4 Wed with the Federal Power Commission. 
Data were collected ftom 196'1 through the tbttd quarter of 1975 .. 
Given one lagged va:dable and one led variable, the period of estt .. , 
matloo Js. 1967:2 through 1975:21 or ~3 oblcn:vattoM. 

A compariSon of average quat:terly dellvertes wttb averag& 
atoob, as shown In Table 1.1, mdlcatea that over tbe period 100'1~2 
to 1975:2, utnttles generally hold leas than a, one-quarter aupply of 
coalq The pl'eJK.We:tance of average stocks, especially for the 
1tates wlth electric uttlltles that use larp amounts of coal. are 
be~ 13 and 90 days. 

incoxporatms the alterations dllcusaed above gtvea the Eollow­
mg equatkms: 
for pofnta where the constraint is bf.ndmg, 

·St• ktCtf.l + Et'; 

and !or points 'Where the constraint is not binding, either 
{1) the whol'dale price index Is algnlflcant; 

St • a0 + a1PX~ + a2PODRt + a3Dt + a4D23t + a5D41t 

+ asDllt + a7Ct.f.l + •sSt-1 + asSTKt + Et 

(7.13) 

(7.14) 

TABLE '1.1 

Average Qw\rterly SUpply of Coat Held by Electrlc 'iltOlttu 
by State, 1967:2 to 1975:2 

......... il 

State. or lleglon Code 
uu > rr wr 1t ,. a w • JJ•~ {~ r1u:r ;tAki;)Mlllfl,.. ... 

Ala._ma AL .91; 
Cdorado co 1.21 
Delaware • DE .69 
Florida FL .59 
Georgia GA -.92 
mtnois JL ~U 
Indlana IN .89 
Iowa fA 1.81 
Kansas KS 2.83 
Kentu~K,r KY .83 
Michigan MI .99 
Nebraska N£ 2~03 
New Jersty NJ 1.19 
New York f .79 
Ohio H .8G 
Pennsylvania PA • 9'1' 
Tennessee TN .91 
Virginia VA .fj,SS 
'Vest Virginia wv .9? 
Wisconsin WI 1.22 

New England N 1lt84 
Dlstrlct of Columbia .... 

Maryland DM .?8 
North Dal~ota-Soutb Dakota-

Mbmes*"'"Montana 1 ' 1.04 
CaUromla•Nevada NV .46 
New· Mex!c:o-Artzona a .48 
Wyo1mtng-Utah 4 .ss 
Arka:nsas-1\tisslaslppl-

Miluaourl 5 .'1'1 
Nortl\1 Carolina-South 

Cat•olina G .82 

- --....--

Sp,Ur£!: CompUed by the author. 
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1\Mre PXt • Pfi+.t/ (l+rt, tttl) .... Pt 
PCDRt = Pfd.tl (l+rt, ttl) 
1\ •lll+rt i+i . f . . 

DDt • SQ2 X Dt- SQ3 
OOt • SQ4 X Dt SQl 
DUt •SQlxiJt•SQ2 
STK't • dumJ'll1 strike variables 
Pt • WPI for bitum.lnQWJ coal and ltgnUe 
rt, t+l • Prime Interest ra.te/.tiDO 
•o - *8 are the same u tor equation 7 .12. 

(2) aU coat purchased on long ... ter.m contract, theretore 
PXt•O, and 

St • •tDl\llNlt + aaD23 + a3D41 + a4D12 + asSt-1 C? .15) 
+ a6c~+l + avSTKt + Et 

wbete DMINl•l/ (l+rt,t+l)- 1 
D23, D41, Dl2, and STKt are tbe same tlS ln equation '1.1'! 
n.1 •db4/ m1 > o 
•2- d :(ba - b4)/ lnl 
a3 • d \'bt. - b4l/ m1 
a4 • d (l't2 - b4)/ ml 
as •1-d>O 
a6 ·k~)\O. 

There are t\Vo special aa:ses that tnay occur: the rate or ad­
justnu!tnt ~ one perlcd and, thus, d • 1 and the coefficient for St-1 
tB 0; there ts change ln capacity affect on marginal storage costs and 
thus the coefficient !or Cut h1 0. 

ESmtATING PROCEDURE 

!lhe final problem is t~ econometric estimation procedure 
appropriate for the awitchtng regression model. Formally, n1a.xt­
mum likelihood teobnlques can be employed to produce efficient and 
unblaeed estbnates as shown tn l\faddala and Nelson. 7 SUch an 
approach has several problems: tliese Iterative tscbnlques are quite 
expensive; adding the strib dunlm.Y vaT!ables, wblcb 1.8 mostly an 
art rather than a science, would be exb:emely difficult and multiply 
the time and coet of this effort enormously; there are probably not 
enough data pom!B to apply maximum llkelthood; and the treatment 
of autocorrelation in residuals is an Ul&urmowttable problem wltb 
these methods~ Consequently, as a first step4 ettber equations 
'/.14 or ?.15 wnl be e~Umated ewer the whole esUmatlon porlod-­
tbat is, the constl'afnt will be assumed to be nonbinding; or equation 

" ij 
~ 
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1 .• 131\'lll be estimated 'Ov.(...~>~\le enttre perfod ..... that 11. the eoutramt ' 
wnt·~~ assumed ,to be always 'blncllnl• In both ouea. ordfltaey .Jept 
square~• (OLS) wm be ·used. Autooorrelat!ort ot errol'& Is a ~.wen 
problem tor models With laged variables as tt ;endort ·the OXB 
eatlm~1tor both biased and moouiltent. !"Urtht,~:more. the fJu.rbm .... 
Watson statistic I! Inappropriate for equattOJUI With laaed de~ent 
varhdlltes. Durbin has suggested an altermtlve test to be Dad. 8· If 
there :Is tWldenw.- of aerial 4'lorrelatlon of errors then tile eq-.tlons 
wm be romn correcting~ this. ·· 

El\·IPDUCAL .RESULts OF OBDlNABY LEAST SQUAR~S 

E~tuattons '1.14 and 7.15 were run fo.- the 2.8 states or groups 
of states~. '11lese Teaults were satisfactory in terms of tho signa of 
the coefftctents and the standard error ,--r~ ',.;~~ equation tor an states 
except Fllorlda and Nebxaskil., For tilose "...,...,states, tbe nalva modelJI 
equation 1'1.16, was a better nt rot· tho data. 

St •· ao + atSt-1 + a2Ct+l + a 3SQ1 + a4SQ2 + a5SQs (7 .16} 

+ asStrlke + Et. 

where St IJs the stock of coal 
Ct Is the consumption of coal 
SQl., SQ2, and SQ3 are seas0112l dttmmy variables 
Strf!ke is a strike dummy \'ariable. 

In no ease; was equation '1.13 superior. These Tesults are summa.., 
rlzed m 'l~ble 7.2. Equation 7.14, wblch contains the change ill the 
WPI for coal, P.Xt, was the best equation for 1'1 states o,r groups and, 
equatton ~r .15 for Ute remalnl.ng 9 states or groups .. 

Jn tl1e eQUations of Table 'l. 2 the abSoiute standard etTor 
nmges fr(>m a blgb of just over ao~,ooo tons per qwu:ter f6r Ohio, 
1. 8 percetrat of quarterly deliveries, to 31, UOO tons, 3. 05 percent of 
Delaware'tl quarterly deliveries or coal to electric utllltles. 

All tteefftclents either had the correct sign or the equation waa 
rejected. ,As might be expected, not all the seasonal difference in 
handling and. unloading costs--variables Dl2, D23, and D41--vlere _ · 
s fgnlf!cantl~y different from zero. Generally,,. all other va1'lsbles 
were slgnlfi\cantly different from zero. (Details for each equa~lon 
are avaUabl~e on Rquest from tbe author.) · 

in aU ~~tuses where eqtJatton 7.14 was the best equation, except 
one, the sign of the coefftctent tor PCDR was posltlve, indicating 
risk aversioJ1l that !ncreues as the price of coal rises. Interestmg1y, 

,;;; 
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TABLE 7.2 

Summa17 of Estittu:tld EquatlOIUJ for Stoob Held by 
State Electric tltlllttea,. 1967;2 to 1Q?I:2 

Ablotuto~ 
&it Staadard J!~ 

!pt. or B!lkm !cJ!!ttoci • _ ll1 . t.• ... f!r ~ iouJ 
Al=t:am.& 1$ .9201 4.20b 343 .. 4 
Colorado 14 "'9850 le 36 Gt.G 
Dttawre 14 .8148 -.as 11.1 
11odda 16 • ooos - 85. o 
G~~ 15 .9422 1,.13 250.4 
1Utaot1 1$ .817~ .ss 4H.t 
~rid'-• 14 .a74S .. at 321.4 
Iowa. 11 .sstt 2"4sb 137.4 
&ua• 14 • 9789 .. s1 es.o 
~ 1S .9559 • 81 308~ S 
iiloh~ :14 • 9581 .13 232.6 
Nah'talb lG .92-41 3 .. 7sb ss.s 
N&w.torsv 14 .. GG49 a.tab 9'1.0 
NewYork 14 .9228 .02 1no.e 
Obto 14 .9296 -,69 512.6 
PellMilvanla 14 .9405 .OD 469 .. 5 
'T~Utt~ata ts .oa«a 2.eah 377.5 
Vl~ 14 .8523 1.1e u.a 
W•t vtrcmta 14 ·"" .54 sos.s 
Wllcoulta. lG .8767 1.46 2'19.1 

New Enpancl 14 .9793 2.o1b 116.9 
Jdarylat1Cl-Dtttrlct 

otcctwnbJa 
North Dakota· 

South JlllJcota ... 
~ota· 

14. 

)fOQtan& 15 
'Nevada 14 
New ltfexlco-Arl:ona 14 
Wyom!n&-fJtah 14 
Atbli#t3• 

.1981 

.90'11 

.9678 

.9835 

.9824 

-1.13 

.02 
z.s:sb 
-.87 
.64 

109.8 

~6.1 
34.9 
~3.5 
64 .. 8 

Ml#cltslppl· 
Miaourl · 1-t .9M4 -2.23b 193.1 

North Carolfna ... 
Bo«!tb carotlna u .8152 :a.ssb 437.9 · 

•h ttl the Durbin statbttc for testfn& for autooottelatlon whtu there lrt 
kt."Cid ~1tmt v•rlahlea. 

bznritO!I• tht h~" o!Mro autocorrelation wou!d bo nJeoted at 
tht S parcet lnel. 

Source: CalcUlated by the author. 
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for Nevada the 11Jgn of tha ~fftclent fol!' PCim \Yal nqatlve, lndt• 
catlnc a prefere11tee tor rllk, or wlllinpeu to gamble, that In .. 
creases sa the J)!rlce of ooalmcreaau. ,, . 

The fourtb column ~Jt Table 7" 2 contains tbti n~bln h atatiaUc, 
a test for autoeonet•tton •hen there are lagged di~d•t varlablea~ 
Thta atatlstlo bas a standard Mrmat distribution. 'l"hta, one would 
reject the hypotMa!a of %ero aut®orrelatlo.n at the 5 percent level 
if h were greater tban lo 6$. NIM states or groups show evidence of 
autocorrelation. There are vatloua tnothoda to ~met for thli. 
One of the more aopbtstte~ted techniques has been auaested by 
l\'aUta. 9 Wants suggest~ a pneraltzed teast..:sql.J.tlrea apprct~.~h. 
However, for th!s ~~ar~lct.llar problem thts technique tatoO expensive 
and ttme corunmdllJf• ·· 

Instead; the degree of autocottelatton was approximated by 
calculating r fQr each equation as shown in equatior. '1.1'1 • 

r • 1 - .51)....\\t + k/n 

where D-W Ia tha Durbin-\Vataon sta.tlsttc from the equattons 
summarized in 'fitble '1. 2 

k Is the number of parameters ln the equatlotls 
n Is equal to 32o 

Glven r, each equation was reestimated in tbe form given in equa­
tion 7.18. 

(St- rSt-1) • ao + •1 <St-1 •l'St-2) + a2 (X't- rXt-1) 

-'rEt (7.1$) 

where St Is the dependent* vaTlableu stocks 
X1._ls the vecto1: of independent varfablea In tbet equations. ,,. 

Tablt$ '1.! indicates tbe effect of the ~uations with a correction for 
autocorrolat\~. Aa expected, the n2 1s lower for each equation, 
stnce the depellJent variable is St - rSe-1• IIowever, the absolute 
standal'd error of tbo regression was reduced. by 25 to 3 p..wcent: 
Cor Alatama, from 343o400 tou to 257,700 tons; and for New Jeney, 
from 97,000 tons to 93, '100 tons. · 

For the Iov~a equattcn, the sign on the variable DM!Nl became 
neptlve (although lntiiplficant), which Is lnocnslstent wlth too 
tbeol'y developed earlier 1n the aectton entitled 'll'heoretlcal Frameeoo 
work. n TheretoJ\'e, the· naive model was l'W1 for Iowa and lndlcetcd 
that autocorrelation was present. Wlth autocorrelation cornctton, 
the naive :t~t\odtl doea: as well !or Iowa ~UJ equation '1.15 (see Table 
7.3) • 
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TABLE 1.3 

Compa:tfsw of Belt 11ncorrected E~tton wtth 
Eq?.Jatton Correct for Autocorrelation 

Old E{lUiltlon . New Equation 
... ·-mo~uti"" · - Xbiolute -

Standard Standard 
state or Enor . Encr 
Bes&on B~ (l,ooo ton.) r" n2 (1,ooo t.ou) - -
AlaballUl • 9292 343.4 • 92 • 8765 257. '1 
towab, .9819 137.4 .55 •. 9290 125.5 
Jowa~DfidV&. -• - .55 .9282 126.2 
Nebt•ska .9241 55.8 .78 .9301 ~6.1 
New Jersey .6649 97.0 .69 .5252 93. '7 
Tenneaaee .9644 37'1.5 .60 .9008 319 .. 6 
NowEngland .9793 :;.Q.9 .58 .8972 115.4 
Nevada .. 96'18 34.9 ~ 12 • 9150 30* 2 
Arlr.ansas-

M11ltiaaippt­
Mtmsourl 

North Carol tria• 
South 
Caroline 

.9654 

.. 8152 

193.9 

437 .. 9 

-.62 .9690 

.,'15 .6177 

8Correctton for autocorrelation as defined m the text. 
bvarlablea beetlme lmdgnlftcant. 
Source: CompUed by the author. 

1'11.5 

3'l&.c 

or greater slgnlficance Ia Ute effect on the eettmated coem­
clenta for tasged stock and led eonawnpttcm. The presence of poal"" 
ttve autocorrelation tn an uneorrecWd equation wnl bias the coeffl· 
otentupward on the lagpd~apendtntvarlable. Table 7.4ahows the 
effect of autocorrelation correotlou. The C()e)Uiclent for lagged 
stock Js lowered by aa much u •. 2, from .434 to .226, for the states 
that fndlcatedpolitive autocorrelation. Table 7.4 also shows a slg­
nUicant eha.nge ht the coeffictents for led consumption. This Is par­
ttcularly important since hl these models conaumptlon is exogen~ 
for foraeastl.nr while lagged &tock !a endogenous after one quarter 
luto the forecast period. 

0 

TABLE: 1.4 

C~:ange. m coem.ctents ~·ith Autooonelatkm Correction 
,..,; 

?'** .. 
(/ AI TJ *'I lfiilllllll'ltli$!1 lillY !110111 AI 1 _ 1 .... 

· State or Region / St-1 Ct+l 
••nnw z .....,~~ rr' 

r: 
Alabama .i 

Uncorreo~J 
Cone.,~· 

Difl'o:tence 
Iowa 

tJncort'eoted 
Corrected 
Dlfterence 

Nebraska 
'Qncotte@lted 
Corrected 
Difference 

New Jersey 
Uncorrected 
Corrected 
Difference 

Tennes~ee 
Uncorrected 
Corrected 
Dlff~rence 

New England 
Uncorrected 
Corre~ted 
DU'Jerence 

Nevada 
• Uncorrected 

Corrected 
Difference 

.t\rkansas-Mlss!ssippl-
Mlssourl 

Unco:r.rected 
Corrected 
Dlf.Cerence 

Nortb Carolina-
South Cuol:ina 

.908 

.866 
-.042 

.981 

.785 
-.176 

.'113 

.652 
.... 161 

.43~ 
,226 

-.208 

.852 
~698 

-.154 

.599 

.589 
-.010 

.286 

.171 
-.115 

.aos 

.702 
+.099 

.. 2'1G 
..21S$ 

·h011 

.131 

.388 
+c~J25'l 

<'59 
.380 

+.121 

,tGG 
.233 

+.087 

4148~ 
.595 

+.126 

.64'1 

.589 

.058\ 

.074 

.lOS 
+ .• 031 

.167 

.060 
-.107 

Uncorrected • 802 ,. 293 
Corrected .697 .384 
DUlerence -.lOS +.041 

.... -· ....... M?SSf A ,~ ,_.,4 ........... 

§.qurg,!_: Compiled by the autbor. 
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SIJJIDIABY AND CONCLUSIONS 

In thta Dbapter a tb&Jorettoal model of cost mtntmtza.tloat under 
nncertablty f~ electric utUlUM holdlol stocks or coal was develQ 
opod.. It. was ·as•umcd that utlliHel face a constraint of a mlnlnull 
amount o'l. coal they must bold. Tbia thGorettoal modelreatdta In a 
1\lwttclaltl; re~t&~slonu c,pe model slnct) data polnts may lie on 0\Q 
nun·smat ccat curve or the constraint curve. For tbll iype ot 
~~. :mutmum llkeUhood taobnlques are appropriate. However, 
becaue of cost i!onalden,Uons and the practtw problem or "ltttlng01 

data ar<Mmd strike periods, this tecbntq.ue was rejectatt. Sevem 
ott•r practi~leoumpttons were requl~ to make the theoretlcal 
model operational. The most important of these were the appro­
priateness oi national pdee indexes tor the cost or coat to utfltties 
and the cbangea in unit costs. 

'fhe model ms estimated reglonaU) !or 28 states or groups 
of atates. Tbe resulta of the estimation procedure were relatlv~ly 
good. 4rhe theoJ.4etlcal model was acceptable fo·r all states And 
ll'OtlPS bUt two, where a nalve moool performed as well or better .. 
The standard errors or the estlmatmg equations as a percentage of 
the mean ftnged from 1. 8 to 3 .. 05 perc-ent. Nine ~Uons lndl· 
cated autocorrelation problema aa measured by the n.rbtn h statts­
tic. The oorrcctlon for tbts Improved tbu accuracy ror these equn.· 
ttons. However, the Iowa equation wh(m corrected for auto~orrela .... 
tion bad an L-nprq]er sip and the naive model was substituted. 

'Whfle a relatively good set of equations has been ~opoo 
he~ for torecastlng deliverlea or coal to electric utUUles gtvan 
con~umptton of coal, there are a number oflimltattons and improve­
menta that could be tnade with more tbne and monies tnveslt\d. In 
partlcula'r, 1:egtonal prices (coats) shoUld be used. contract pur­
chases o~ coal versus spot purchases should be modeled, and the ef ... 
feota of atnkes should be modeled. Eaob of these ts Important but. 
tt. ts also complex end expensive. For a abort-J:Un econometric model, 
the net benefits of this dtieU are problematlcala For a longer-to:rm 111 

model; a more structured spproach to botil the supply and demand fQr 
coal would b3 necessary • 
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CHAPTcER 

8 
OMITTED CROSfW.SECTiCNAL 

.EFFECTS IN MEASUREMENT OF 
ECONOMIES OF SCALE IN 

ELEt#JRICJTY GENERATION 
Gurmukh S. Gill 

The area of gene1-atton costs Is Pfttbaps. the most extensively 
atuc;Ued part of cost functions in electrlclty supply econnmstrtcs. 
(Set:! Ga.latln tor a e~U"vey. 1 Subsequent to thts survey there have 
betn a uwnbc:o or etudies done at Berkeley under the supervision of 
n. McFttdden.) Though this llterature ls very extensive, the estl ... 
mates of the param~ters are oftma obtained from cross-secttonal 
data and the nature. of the blasea produced by unobservatle and 
omitted "ross-sectional efCects ts not knmvn. (See Frledm.un2 for a 
strong crtttqu« of measurement of economies of scale from cross­
section data.} The purpose of this chapter Is to tbraw some light .e;a 

. ~ 

this !aaue. 
There arc;, broadly &l*lklng, two ldndts of studies that have 

been done until now. One is the set of st.udles that relata costs (fuel, 
labor. capl.tal, ptodttctlon ~es, total c<MSta, and so on) to out­
put, capacity (or load factor), and other factors Uke vtmage dummtes. 
These are the studies by Nordln1 Lomax. Johnston, Kom~ya, Barz.el, 
Galatl&l and Ling {see Oatattn to): a aurvey). The other is the set of 

Research sponsored by the National Sclettce Foundation ltANN 
Program and tha u.s. Energy Research and Development Adminis­
tration ·under Union Carbide Corporation's conttact wltb the u.s. 
Energy Research and Development llldmlntstrat!on, Oak Ridge 
National Laboratory, Oak Ridgl.~. Tennessee. 

Progt"lUnming assistance provided by s. M~ Colm ts gratefully 
acbowledged. Assistance providsd by Mary Ann Griffin and 
Michael Zlmmer in collecting data Ia appree.iat~Yt . 1 would also 
ltke to thank G. S. ~faddabl fol' suggesting the topic and for many 
helpful commBnts. 
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studiet tbat follow Nertove•aS lnd and. using the duality theory; d"- . ' · 
t:lve a cost 1wtotlon whore total oosts are a function of O\ttput and In• 
put prices. ThoUgh the latter 2pprot~.ch is tbeoretloaUy more appeal­
ing (see, however, Galatln for a critique). at Nerio~ .pointed out, 
the rneasurement ct the capital component of coste ti&a of capUal 
"price" pos~ the sreatest dlfficuttta1. Hence we Will be esttmatiUfr 
Input demand funct!ona aa was done by Barzel and Galat!ft,. o~ pur-. 
pose Is to Illustrate the nature of blaaea that arise from omitted 
cJ.~oaa-aeottotw effects and the aame type of ualyt~ta can ~e done 
for the type ot cost fun.ction estimation done by Nerlove llll<i a Beb• 
en:alizatlon of his model to the b'anslo.r cott functlon., We Will., in 
subsequent aeotlona., discuss separately the eqwaflona for fuel Input. 
labor lnput, production expenees., antl capital Input. 

FUEL INPUT EQUATIONS 

To abstract from Pt"oblems arising from differences ln fuel 
prices, we take physical measures of tuel input. 1'be dependent 
variable ls fuel input in Btu per tmit of output--a measure often 
lmtn\'Jl ~s the beat rate. Since we wanted to !nveetlpte the mast 'to ... 
cent data, we estbnated a C1·01s-section equatlOb for 19'12 using 
t>lant data., The data nre from the Federal Power Commission 
(FPC)4 and cover 644 plants. Plants containing additions and de­
l~tlons in that year have il-een omitted. Separate vintage dummies 
were defined for these years: pre-1953, 1954-56, 195'1-59

0 
1960-

62, 1963-65, 1906-68., 1969-71. Also, another dwnmy was defined 
for coal and noncoal plants.. Define lift!".& heat rate, X • output. mni 
C • capacity. The estimated equation (t-ratlos Jn parentheses) wmn 

Ln HR - Conat.ant -.159 Ln X+ • 093 Ln C + l)wnmles 
(•14.3) (7o8) 

a2 •• 6756 (8.1} 

Thle equation shows substantial econonlies of scale In the fuel output. 
Sino;; lUt • fuelinput/x, the elasticity of fuel Input with respect to 
output ts given by 1-0.159 • • 0841. The positive coefficient of I.n. C 
ln equation 8.1 can be explained as follows: 

Define PF • plant factor. Then 'WfiJ can write the fuel input per 
u:nlt tJf output u:• 

+"throughout our analysis we did not use any ·tnput prices in 
tha demand functiOJW+ Essentially, -~~ a:re uaumlng a fixed co ... 
efficient production tunctlon as Komiya did. 5 If we allow fo~ input 
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HR • ACa {P!)(J · ··-=7:c-> 

We. "Would expect a< o tnd fl. < o. 
-nhave 

Sbtc«.PF II pnJPOrtlObai to~ 

fJ 
Bll• Consttmt Ca. ~ 

• Constant ca-P '7! 
Compatlni tblts with equatlonl we have 

... .... 
lk•fJ • .. 093 and II = -.159 or ti • -.066 

(8.2) 

Thus~ both the coefficients ln S-1 have tile expected algns. ~ 
Though t~·e vintage dummies and fuel dummies do take account 

of some important charactedsth::s of the plants, L~re. may be many 
otber plant-specifio factors tmlt tb$-y do not capture. Thes1e tncl\de 
pbystcal charaeteristlcs of ths plant and managerJal and o~~nting 
ability. One rather drasttc tt~ay of accounting for these fac·tors is to 
esttmate the equations ln fh:llt differences. If we write U.e equation 
for heat rate as 

.. ....a (J t 
Hit • A3 it Cit Si'YeJ (8.3) 

W"'-- S· . iJu.. ---- .... ___ ... •.v•'"' . t Jill! -·v v<\ ~uX"" u:Jrm 
Hlt • tbe beat rate for p":11nt 1 at time t 
xlt. the output for plant t at time t 
c

1
t • th& capaclty of plant 1 at th:l\e t 

s
1 

• the composite measure ot all factors s~clfic to plant l 

then. if we conatder plants with no capacity changes. we have, ta)dng 
first dllterences of the logs, 

A Log Hit • Constant+ o6 Log X it 

We eaUmated thi• equaUon on the basis or data for 510 plsntl for 
the years 1971 and 1972. 'l'hese plant& had no capacity chango$ dur­
Ing thesa years. The e.Umated equation wae: 

substitution, v;e have to bring In the prices of fuel input as well aG 
those of labor and capital. Here our purpose ts to illustrate the 
potnt •bout negleoted oross•aectlonal ~ects .. 

~lte standard error of a was o~ 004 .. 

\\ 
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A Loa It • • 0018 •• 006'1 A Log :X 
(1,.2) (-10.4) 

n1
- .~'tss {8.4) 

Comparltai the results of equatton 8.4 wltb those lflj a~ 1 we l!Aote tbJt 
the elasttclty ot tuel bltput wUb napect to output btll!lf.tncreaiYJed ftom. 
aroUDd o. 84 to around o. 933.. The pordtlve interct.pt:t:er.ni 'lln 8,4 tn• 
dlcata ti\ftt there .baa been o, ot."entll do~J~4)ratit~il In heat ratn 
(poaslbly due tc (lmVlrOIUl\ental cor.t&ols o~ 1to mot:·e senera:f!on at off., 
dealan condttl~h 

An alternative approach to account fo1r th~~~ pla.nt-apeoU:Io 
cbncterlatlcala to esUm!!.te ~tton s.s ft"Om ·pooled cJ~os•­
aecttora Uma-ierlu data. HOW4Wer, there are p1roblemsJtwe have 
SCJme capacity chan~Q in between becaUie the reported oUtput ia for 
dltferent levels of capacity In that year. U~ence, we chcuse 134 plants 
wblob dld f»Ot h$l.ve any capacity chanps during fihe 1988·'12 pertud. 
The total nwnber of plants tbat bad no capall)ity ~~hanges during this 
period ts higher than this but we omitted sc•me ttlanta which a.re veey; 
cld and some wblch are very small (the lls!t of p1tants inclUded Is · 
available on request)-. ·we estimated the equatll()ns using am vintage 
dummies and a fuel-code dwnmy t whtch waa d(Jfined as 1 tor a coal 
plant, 0 othenvtsa., Vintages were 1966-67, li!JCM-os, 1962-63, 
1960•Gle 1958-59, and 1957 and before. The results for the tndl• 
vidual year& are preGented in Table 8.1. 

Year 

1968 
1989 
1970 
1971 
t.9'l'i 

TABLE 8.1 

Dependent VadablfJ': Ln (lieai !laie) 

Ln 
(output) 

- .. 089 (5,;2) 
-.106 (5.6) 
-.085 (4.5) 
-.102 (S.O) 
-.,084 (4.9) 

Ln 
(capacltl') 

• 0182 (1!.0) 
.0335 (1.' 
.0112 (0.6) 
.0267 (J.2) 
.00&8 (0.6) 

L ,. 
(no. of unlta) 

,.0663 (6.8) 
• 06"14 (6.1) 
oO'tOO (6.5) 
.0686 (6.0) 
• 0'112 (6. S) 

R2 

.5931 

.S't44 

.63'10 

..Sl$8 

.4826 

~ott: VIntage and fuel dummies not reported. Figures In 
parenth~ses are t-rattos-

Source: Compiled by the tua~~r. 
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Tbeee l'jCWif Indicate an elutiQtty ~f foollnput wlth 1"\lespect 
1? output. of uound 0-. 9. For the tame ~. re~re~slon tn f~rat 
"!ltff"r•oea tlf the fOX'!U 

"' 
ALn HR•C¥ _.., /lA, In X 

save tbl following ruultli 

)t~ 
1918-69 
1969 ... 70 
1976-71 
19t1-'12 

{! 
-. 0'199 (G. 9) 
-.0711 (3. 9) 
- .. 0427 (2.9) 
.... 05'11 (5. S) 

n2 -.2657 
.1084 
.0616 
.1.865 

(8.5) 

Abso, the estimation from poolGd cross-section and thnu-aerl~s 
d1\ta. wtth crQ~s••ectton and time dtmuntea p.ve the following .results: 

Ln HR • 9. 033 • 0.'0522 l,n X 
( .. 11 .. 1) 

(8.6) 

wblch hnplte:s an elaattc!ty of fuel tnpltt with respect tc output of o. 95 .. 
Jn conclusion, If we estimate cross-sectlonal equations using 

vintage dmnml$S and fuel dummies, the elastt.cltles of fuel lnput with 
re•pect to output are around 0. 85 If' we Include :all the ptants 11 and 
arcx.md o. DO If we ~elude 'Vttr.v old an~ very sm~U plants. On the 
otbef' lmld. If we make allowance for till pbmt-apecilic effects either 
by esttmatlng th~ equations from first-dlffer:.mce form or by esti­
mating them lrom pooled c~s-ae~thm and thne-serles data with 
plA.Ult dummies. thls ct1astlctty Is around o. 95, thus rf.Miuc.lng the 
magnitude of ecouomies of scale. 

PRODUCTION EXPENSES AND EMPLOYMENT 
• 
For the o.me set ofl~ plants discussed in the previous sec­

tion. we esthtmted equatl~ 1~r production expenses, The results 
are shown In Table 1.2. 

The QStimates from. pooled-time series and orOGs-section data 
wttb plant and year dummies were:• 

LnPE• s~ooa- .4590 ~X 
(18. 6) !-13. ·~ 

• hill ...... ~ 

(8 .• 'i) 

*Since the equations were ln log form and ttme dtmtmiea were 
included, we did not have to dGflate production expenses. 
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Year 

TABLES.a 

Dependent Variable; Ln (Production Expe.nse/Kwh) 

Ln 
(output) 

·-----··--··-··· 

Ln 
(capacity) 

Ln 
(no. of units) nt 

- 1W h?. F Q t! Ill -- 1 I J UP 

19(1, ""~2113 (2.2) .• 1120 (1.1) .\151 (0.9) .1707 
1969 -.8253 (3 .. 3) .2074 (2.0) .-061 {1.0) ..• 2212 
1970 -.3.275 (2.6) .#168 (1. 7) .041 (0.6) .1f91 
1971 -.tooa (1" 2) .11o4 (O. 'l) ~ 041 (O. 5) · • oase 
1972 -. 3136 (2.4) .24'17 (1. 9) .. 016 (0~ 1> • 0970 
... ._._ 't_ '··oq 4 1 

H,ote: Vintage and f~~~ dwnm!e8 not report-1. 
~ut0,!2 Compiled by 'the autho~. 

In the case of production expense the elasticity from t'\le pooled 
· equation Is lower (about 1-0.459 or 0 .. 54) than lrom the indtvid!lal 

cross-sectional equattona. To understand this we have to look. at 
the employment equattons~ 

Tho reen.dtg of the employment equations for this set or plants 
a~e gtven ln T-able 8.3. 

Year 

1968 
1969 
1970 
1971 
19'12 

TABLE 8.3 

Dependent Variable: Average Number of En1ployees 

Lu Lll Lll 
(output) (capacitY) (no. or untta) 

.4,553 (2.8) .1643 (2.0) .3313 (4.2) 

.4184 (2.6) .2121 (2.3) .3153 (3.$) 

.38!9 (2 .. 0) .2495 (2.3) .3188 (3.8) 
• 4190 (2,,.a, .2263 (2.1) .348'1 (4.2) 
.367$ (2.0) • 28'19 (2. 9) .2815 (3.3) 

Nots!,: Vintage and fuel dummies not reported. 
Source: Comp. lied by the autbot>. 
---~ 

R2 
... 

.mum 

.6143 
*6006 
.6113 
.6004 

f) 

:.) 



I 
I 
I ' ' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

146 STUDIES lN ENERGY i»y;'"' ~AND AND SUPPLY 

The estimates from pooldd cross-seottcm time-series wlth 
plant and year dummh~l (not reported here) we~e: 

Ln E- 3.901+ 0.101'1 LNX 
(1'1.6) (3.8) • (8.8) 

\Vhat thlaresult says ts that. given the plant.cap;v.)U.y, cbanges ln out­
put require veey little clumps In /amploymant,f A 10 percent increase 
In output requires only a 1 percent Increase In employment. The re­
aulta of ·tne prevtous section show that a 10 percent lttcroaae In out­
put requires almoat a 10 percent Increase in fuel input. These fig­
urea together exp'Jclln the result (l)l)tatned. earlier t~t the eluttclty 
of production expt)nse with rcs()ftct to output Ia of the order oro. 54. 

The equations for fuellnp·ut, .labor Input, and pr.~uction ex­
pense we have esUnutted are perhaps very crude but they can be 
justified under a fixed production coefficient framework. However, 
they do give qul.te plausible estimates of tbe clutlcltles or fuel and 
labor Inputs with respect to output holding capacity constant. The 
'l'OSulta also point out some drawbacks In maklng lnf'eren~s about 
economietJ of seale from pure croos-~ectlon studies. 

CAPITAL COSTS 

one of the maJor ptoblem~J with the estimation of ~st func­
ttoJl.B With total coats as the dependent va-:tables ia the problem of 
how to treat capital costs. 'lbe cost data reported In the FPC re­
ports are actual and hlatortcal coats. Over the yea~• thoro Is very 
Uttle change In the reperted costs of equipment throughout the Ute 
o£ any given plant. If a plant has diff•rent unlts added in different 
yeo:rs~ the hlatcrical and actual costa of the respective years of addi­
tion are just added up., Ling took the .historical coats reported and, 
alnce these costs comprised unlts of various sizes and years of fn.­
stallatlon, he deflated them by a weighted cost lndex with :respect to 
the year of Installation of each mtlt. 6 He then took 12 percent of thla 
figUre as t14e capital coat. This p.-(JC&"Jure does not take account or 
depreoiatton of the plaqt over time. 

Sht;oe the reported capital costa pose several problems, to get 
some lntdghts Into economies of scale, If any, in capital coats,, we 
took thet capital costs tor each plant dm:~ the firat year of lts op­
eration and related It to its ca~clty. Additions of un.lts to extsttng 
plants were also considered. The Gqu&ttons est!mated were~ 

Ln (EQC) • a + p1 Ln C + P2 Ln PSI: + fJ3 D1 + fJ 4 + D2 

+ P
5

D3 (8.9) 

ECONOMIES·OF SCALE IN ELEOT1U01'N GSNERATION 

where EQO • equipment cost tn dollars 
0 • capacity 
PSl • steam pressure 
D1 • 1 lf it Is a coal plant 

• 0 otherwise 
Da • 1 If lt is cottventlooal 

• 0 otherwise (outdorJr, semioutdoor} 
D.a • 1 If plant is new 

• 0 if the units are added to an existing plant. 

14'1 

'rhe same equation was also esthna«d with equipment coet ~'9r unit 
rather titan total eqUipment coat a\8 th~ dependent var!cble. 

In all, there were '153 addlUons during the 1952-72 porlod that 
wta conaldereda AddlUons for whlch capital cost data wel!'e not avail­
able or were found defective wer-e omitted. 

The data were grouped Into two- or tbreo .. year peJrlocte and no 
deilators were used" The grouplDg was done merely to lnoreue the 
number of observations tn each group. 'l1te:rG could be some bias 
arising from the fact that deflators we~e n;)t used but It Is not un­
roosonable to asaumo that equipment costs did not change appi:eciably 
wlthln eacb time span (of two or t~e yoora) .. 

Table 8.4 pr~.sents tho ;results with Idl (equipment costa} as 
the d.ependent variable. N Is the nwnber of observatlordS tn the 
group. Table 8. 5 presents the results with Ln (cquii)ment cost per 
unit) as the dependent variable. One g~ne:rnl ooncluelolt that can be 
drawn f1·om these results {particularly those in Table 8.5, which are 
th.e most relevant ones b®ause the nlifnber of units la taken Into ac ... 
count) !s that there are (aconomltaS of scale In capltal costa iUld !Mt 
these have not dhninlshed In ret:ent years (see the results for 1970-
72). It Is tr·;a that squlpment C'Josts have aa n whole rlsen In recent 
years, but ·mis is not th6 !1amfJ thing as saying that economies ·of 
scale do not exist anymore. ~ 

A pooled regression wi:th sepa:rate :!!.~dummies for eaoh year 
gave the following results (tbe equipment coats ~re not deflated be­
cause the depsdent variable ls 'In the log form and the time dummies 
will ptck up the effects of fhe deflators): 

The aecood equation. (which again ~~ the more1 relev.mt one lJe .. 
cause it tams tbs number.' flf tmiv.J Into account) shows tbe extent of 
ec,onomies of seale In caplta.l costs (the coefficient of Ln 0 is slg­
nlficantly less than ooe). The tlme dummt(!)S (1952-53 • 0) were at­
most all positive e.'tcepf; for the year 19'12. The tlme dummies plck 

tone has to be careful not to confuse shifts tn the coat func­
tton with movements ailong a cost function~ 

t.J 

• 
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TAE,LE 8.4 

" Depeadent Varlabl•;t Ln {Equipment Coat) 

~· 

Year Coutant Ln.C I-n PSI J)l ~l »s nt 1.\ 
~' -

1952-54 5.012 .9BS -.oos -.024 -~387 .648 .4386 118 
(6.2) (7.3) (-.~) (-,.1) (-2.4) (3.9) 

191l!S-66 5.62'1 .1'20 .064 -.139 -,.0'16 .28'1 .7436 ?4 
(3.5) (6.9) ( .. 2) (-1.4) (• •. 8). (3.1) 

1957-&8 1.667 .'180 .636 -.soo .2"17 •. 434 .683'1 104 
( •. 'l) (4.3) (1.3) (-3 .• 0) (1. 7) (2.?) • 

t 1959-60 8.'118 1.095 -.596 -.C32 .-.091 .412 .4541 .101 
m (3.0) (5.6) (-1.2) (-.4) (-.G) (2.6) 

1961-62 5.002 .869 .052 -.11!9 .140 .lOS .841'1 '10 
(5*0) (11. 'l) (.3} (-2.2) (2.0) (1.3) 

1963-64 3.900 .891 .165 -~2ZO .024 .261 .8915 62 
(4,0) (11. 'l) (1~0) (-2.8) (.3) (3.3) 

1965-G? 3.910 1t<153 -.072 -.006 .011 .2G!J .5328 'll 
(1.2) {4. 6'J (-.1) (-.1) (.1) (1-.3) 

196&-69 2 .. 537 1.661 -.202 -.358 ..... 097 .600 e653'7 68 
(. 'l) (4.9) (-.3) (-1 ... 4) (~.4) (2.5) 

19'10-"12 8.11~ .90S -.359 -.3'12 .041 .2825 .54$0 85 
(3 .. 5) (4 .. G) (-.9) (-1l.S) (.3) {1.6) -

~: t-stattatica are ln J)at:enth0$es. 
Source:. Compiled by the author. 

lllt&~Mu-•=-.,~.~-- ..,. . .,_~ 

T/\Bl[,E 8. 5 

Dependent V&liablt,: Ln (Equipment Cost/Unit) 

Year Constant LnC LnPSI Dl D2 D~~ n2 n --- ... . ~ 
1952-54 S.41G .T16 .045 -.074 -.310 .4'17 .330& ll8 

{S.G) (6.4) (.,~J) (-.5) (-2.0) (3.3) 
1955-56 4.309 .595 .31t,3 -.127 -"'029 .229 .'1603 74: 

(3.1) ('1.2) (1,~4) (-1.5) (-.4) (2.'lj 
1957-58 1.822 .?26 .614.6 -.512 .293 .400 ... 5315 104 

{.9) (4.2) (1.6) (-3.0) (1.8) {2.5) 

""' 1959-00 6.122 .. 819 -.0'1"1 -.070 -.068 .3Sl .3810 101 
~ (2.4) (4.9) (-.2) (-.5) (-.5) (2.4) U) 

'~961-62 5.235 .812 .053 -.131 .153 .. 091 .'1582 '10 
(5.9) (9.8) (.4) (...;1.8) (2 .. 2) (1.1) 

1963 .. 64 3 .. 546 • 754 .302 .... 253 .036 .231 a862'/ 61 
(4.3) (10.0) (2.2) [-3.4) (.5) (3.2) 

1965-61 2 .• 130 .960 .294 •• .. 005 .021 .2ft .4840 '11 
(:J 'i) (4.1) (.6) (-.1) (.1) (1.4) 

1968-69 -2.361 .,993 .848 .32'1 -.110 .605 .G3~eD G8 
c-•. '1) (3.5) (1.3) (1.2) (-.6) (2.1) 

1970•'12 6 .. 746 .769 -.079 ·•.363 .013 .298 .6617 86 
(2 .. ~ (<1.2) (-.2) ( ... 2.4) (.1) (l .• 'i) 

·- " Note: t•tdattatlca are ln pareJAtheses. 
~= Compiled by the au:tlrtor. --
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up the etledta of the price deflator as well as tbe effGOts of quality 
clumps ttl the equfpmeu~ overtime. Thua;it t.~ough the priee Index 
hac .been riclng over time, the quaUty !inpr.ovement In ~qutpment 
more than comptmaated for price changealbet'ore 19'12 (as compared 
wUh the hue period 1952-53). The poa!ttve o~efftolent 

'* 

Ln {EQO) • 4.518 + • 947 LnC + • 077 Ln PSI -.139 ~ 
(8.3) (19.2) (.8) (•2.5) 

-.009 D2 + .396 D3 + Time Dummles 
(-.2) 1(7.3) 2 

R • .633, d.f. z '128 

Ln (EQO/unit) • 4. 052 + • 821 Ln C ,_.. .. 211 Ln PSI 
(7. S) (l'l. 5) (2. 5) 

-.156 D1 + .010 D2 + .379 D3 +Time Dwnmlqs 
(-2.9) (.2) (7. 0) 

a2 •• s22, d. f. = .'128 

f.Dr the dummy variable ln 1912 lndtcat98 that by that year quality 
adjusted equipment coats were for the first time higher than In 1952-
53. ltowever, this eonclueion bu to be qualified to the a-tent tbat 
we had to omit many add!tiou made in 19'12 due to lack of adequate 
cost data. When more data become available It would be posslblo to 
reeatimatQ this equation as well u a cross-sectional equation Cor 
1912 separately. 

CONCLlJSIONS 

Tills chapter preaents some evidence em the issue of economics 
of .scale tn electrlclty generation on the basis of co~t data for r6c~r.t 
years. Tbo study estimates elasticttles of fuellnput, labor input, 
and production expenses with respect to output. The separate ssti­
matlon of input de.-ntmd functions Js justified if we assume a fi.'!(ed­
ocefflcients model as Komsya had done. The results indica~ that 
there are almost no economies of scale in the use of fuel input end 
·that there are substantial economies of scale In the use of labor 
lnput. 

·The study also analy~<.tS data on equipment costs for addit!ona 
of equipment made d1tting the 1952-72 pertoa. Here the re~utts 
show ibat tbera are economies of scale in capUal costs (the elaa­
tlctt.v of equipment cost with respe-ct to capacity being around 0. 82) 

. . 

and that these economles have not dlmil\tshed during recent JSU:s. 
Though equipment costa, as a whole. have risen markedlyduringre• 

• 
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cent years, this ls to be lnterr,.heted as an ltJ)'W1U"d abift tn the cOld 
funotJon and not Ill dll~ecottDrrdes of scale whloh ~"t' to movem~~m.t. 
alcrag a coat fv.Actlon. Th'" pooled tearesslon model ·~rt.!th thae d\mt­
mies that '\\~e e.,ttmatecl for equJpment ·CQit. data tndteatet that it la 
only very recently thai: the ~1.lreases Jn equ!pm~ ~C.lflf.s bave not 
been adequately compenaated by imp1.eovements in. lts quality. Jt tc 
ousromaey to quote tbe· Hancly-\Vhltrmtn bJdex to argue. thi\t equip­
ment costs in electrlclty _pneraiipn ha\-e t-!len fqter ·than the whOle­
aale price Index. Ohua, using data until 1965, computoct the qua.Uty 
aitjusted cost tndeJt ·fo~ Jetter&Uon e9Jlpment and. found that equ.tp... ~~ 
ment costs bave act~ ti, tall en relative to the wholesale price index, 1 
Since the dummies ln tho pooled regreaslon model that we ef1JtfD~:ul.ted 
pick up changes both In price-s and in quality of equipment, our re• 
su!ts confirm the rewlta obtatned by Ohta and lndlcate that equip­
ment costa adjusted for qu:tllty clumtJets have not rlsma as ah,QWD by 
the Handy-\Vhitman index except durlng vecy recent years. 

One other lmportmit c®.clualon that stems from ·the analys!ls is 
that fn ~tudytng the problem of economlos of scale, one should use 
pooled cross-s.ectlon and t!mo-serles data so that some flrm­
apeclfic or plant-specific factors are takoo into account. Dlatcus­
SkontS of economies of scale have boon until now mostiy baaed on 
results obtained from cross-section studtea. 
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CHAPTER 

9 
EMPIRICAL TESTS OF THE 

A'VERCH·JOHNSON HYPOTHESIS: 
A CRinCAL APPRAISAL 

Michael A., Zimmer 

Durb\1 Tectmt years there h..ttve been marw emplrlca'll studies 
on the effectiveness of mte of return l'epla.Uon In the electric utli­
lf.y industry. ThiJ purpose of thts chapter 1s to ft.."Ulmlne critlcnUy 
these emplr!oal atudi~s.. The sections of the chapter wm Rvlew 
the weU•kn0\\'11 A1leTCh..,.Johnson b)-"{JOthesiSt tba work on empirical 
teats or tbb bypothe~ls, and ~ measures or rental price of capital 
ued 1n these studies. Since the cost or capital plays a Atndamcnt."ll 
role In the analysis of regulation, the rental price of capital ta a 
Cl"Uchtl varinble f.1t the analysis. It wUl be a~ed that the emptl'lcai 
studies on regulation have neglected this issue. ·and used a vartet,y or 
proxy mens~•. A ruth section dtscws•es the emptrieal method­
ol.,gles and econometric speclflcatton ln these studlea, whUe tbe 
!bud section presents the conclusion. 

THE A VERCH-JOHNSON HYPOTHESIS 

• 
The sltnplo model of a profit-maximizing firm subject to rate 

of return. ~egutaUm •• flNt analyzed by Avercb and. Johnson (19dt). 
Th& moat slplftcamt conclusion of tha Avcrch-Johnsoa analysts is 
that the efreottvely regulated firm maximizes profits by cltooslng a 
capttal-labor ntlo which exceeds the ratio that would be cllosen ln 

----- -~ 

Thll chapter Is baaed on my doctoral dissettatton submitted 
to the Unlvenlt¥ of Tennessee. I would like to thank Professors 
Sidney Carroll, Errol Glwstoff~ Harry Johnson, Feng-Yao Lee, 
G. s. Maddala:, John Moore, and Keith PhWlpa fo:r helpfUl comments 
at aeveral stages. 
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the absence of replatton at that lev.et of output. A brief examma­
tlon of tbe model Ulusb:atea Ute dtatorted cholce of inputs. Let 

Q • +(K, L) • the· fb.•m,(s (Well-behaved) produatloo 1\mttlou 
R(Q) .. the firm's total revenue function 
K • the amotmt of capital Input 
L • .;~; tbe amount of laoor input 
PK • .the impltclt mntal price per unit otcapltal 
PL • tb9 unlt price. of labor 
s • the allowed rate of return (aas~tlf.i to exceed the cost 

of capital). 

The fb:m seeks to maximize profits 

ll(Q) .. PLL 1!10 PKK 

subject !o the rate ~,r retum am production ctm$hatnta, 

lt(Q)- PLL ~sK 

Q S+tlt,L) 

Tbe Lagrangean exprcn1s•on is given by 

Z • R(Q)- PLL- PKK -A R(Q)- PLL- sK 

- etQ •+ (K, L)} (9.1) 

Differentiation of equation 9.1 wtth respact to Ule choice varl· 
able-~ Q, K, and L yields the necesaal'Y conditiona lo-t' profit uwd«q 
mlzatton= 

R*(l""'M -eSo 
- PK+As+fi+K So 
... PL(i• h) +e+L ~ 0 

0~ O, >; ~ 0, Q ~ 01 K ~ 0, L ~0 
AR (Q) .... Px.,L .. mK • 0 

8Q -+(K,L) • 0 

(9,2) 
{9.3) 

(9.4) 

where subscripts on the symbol+ denote partial derlvattvee ot the 
production .function Wld n• denotes the derivative of the revenue 
Amotion wttb rospect to Q. 

,) 

\) 
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• , 1f wa aasume that the problem has a aolutloaat a posltl\te 
, ~;~\ l«Wot ofOt.ttput. then eqUations 9.2-9.4 are aattst!ettu eq!Wtttes. 

e ',~-,-:~::-Substituting for&~ 9'.3and 9.4ylelds 

.. 

.t 

' 
,. 

Elt·IPIIUCAL TESTS OF THE A VEBCH .. JOHNSON 
HYPOTHESIS 

• Deaptte the potential lmportanc:e of the Averch-Johnlon thes!s 
for enotgy poltey, tt l$ only wlthln the past two years that empirical 
studlu have appeared.. The first to tcppear were by CourvUle 
(1974) and Spann {1974). These were followed by Petersen (1975), 
Cowfq (1975), and, moat recently, Hayashl and Trapani (19*16) and 
Boyes (1916). 

Courville, n.tco&nizfns that one impllcatton or tbe Averch­
Jolmion model Is that the ratto of the marginal products or capital 
and a noaoapltal input Ia leas than the ntto of tbelr respective prtces, 
attempts to estimate the tmlrginal rata of technical au'bstttutton be­
·.twoen capital and fUel for< purposea of comparison wtth the price 
utto. 

The apeolfl<:atton chosen for 9Stlmaltlcn 1s a modified Cobb­
Doullas production 1\tnctlon 

hlQ•lnA +axlnK + ap!nF + ai)nL -t• auU + a0F +' 

wbero Q ls output; K, L, and Fare capital, labor, and fuel inputs, 
respectively; U ts a4 measure of capacity utnlzat!on (the ratlo of out• 
put to capacity); C !s capacity; ' ls a rmi~ dlaturbance term. 

TESTS OF THE A VERCH-JOHNSON HYPOTHESIS i:ss 

In tbe context of tb~'iproduotlon Amtttlon, the ratio of tbe mar-
&tnal products of oap!tal -~ luet ccn be 'vritten as 'i ~ 

\ 

asF/Qt,FK • 

and tbe test for overcap!taUzatlon may b6 oarr~a out by determlntng 
the sign of the expression 

• 
~KF/UJ-K- PK/PF 

A negatlvo vattr·.~ taken as evidence supporting overc:aptbtli&Jttton. 
Coqrville conducts the teat by specifying: the null hypothesis 

C!iKF/K - ~PKIPF • 0 

and. the alternate hypothesla 

aKFIK- tlgPp/PJ! <O -

(9.5) 

(9 .. 6) 

His data conetat of annual obsfi\rvations on 110 new 8tea.m-eleotrlc 
generattng p1lants for the periods 1948-50~ lll:Sl-S5, 1&56-59, and 
1960-66. Each obaetvatlon is taken from the first .full year ot plant 
opsratlort. Estimating by aingle .. equatlon least squares, CourvUle 
rejects the null hypothesis (equation 9.5) ln tavor of the alternative 
hypothesis (equation 9. 6) for 105 of the 110 observations 1!\ the 
nmpl.-t. He concludes that the evidence conflrms the exllteneo of 
overcapttaUzatton. 

The Spann s~ Is f!n attempt at direct estiJnatlon of A, the 
Lagrange multiplier usoolated ~~. th& regulatol'Y aonstralnt in the 
Aver~h·uJohnacn model. A t~'AlZero value of A lmplles that the regu­
latory (.~nattal.nt Ia bfnd~g. that ts, that overcapUallzatton ls 
p~ent. Using a tbree-.. lnput trauscendentallogarltbmlc production 
~ctton and restr1ctloo.::J Implied by the first-order conditions of the 
Averch .. Jolmson model1r Spann derives revenue .share equation! for 
t.he capital and fuel inputs: 

SK • bt + bglnK+ b31nF + b4lnL + AZ 

SF • .J>s + b(;lnK + bflnF + bsmL 
(9 .. 7) 

(9.8) 

where, in addition to provtoualy defined aymbola. F denotes fuelt 
SK and SF 'represent the roapect!ve ratios of capital and lbel -~· 
pendlturea to told revenue B, and Z • sK/.B, where a 19 the allowed 
ute of return. 
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BGCOP{Z,inS that eqwtttons 9. f and s. a imply the lnterequatlon 
rutriottcm, 

(1•).) be. ba 

•Spaml U·el a JlOJdl:Mtlr tearch pracedure to estimate equattons 9. 'l 
·pd 8.$ •and tbe cooffl.ctent->... The system 1\t estimated under the 
.U.iUtlva r<:strlctlod 

(1-M b8 • bs anct· b6 • ba' whtch imply A~ o and A • o respec­
tively. 

lf lt U detormih'ld tbat 1- tJ OJ then overcapltaU.tatlon may be In­
ferred. UtUng plant-level data for the period 1959-63 and firm­
level data iot 1963, Spann is able 'to reject the null bypotbeala 
A·~ 0 at the • 01 slplfioanoe level; he concludes that regulation ts 
effective. 

PtJteBen bases his study on .a coat mlnlmlzatton model vtlth 
output tussumed to be exogen~s. Using a tra11$cend~'ltallogarlthnde: 
cost 1\mctlon, he. derl\fes a eijjt sbare equation of the capital Input, 

PgK/0 • ao + a1lnQ + a2(lnQ)2 + aslnPK + aJnPF 

+ eslnPL + uetn(a ... PJd 

where all s,;-tt~bols are as deftn&d befoTG and C repre£Senta total 
production cost .. 

(9.9) 

F~,,~ the cost funotlm Pete-rsen derives two testable lmpllea.,. 
tkma of the Avereh-Jolmson thests. namely. tha.t the derlvattves o~f 
bo'Lh total cost and the capital-cost abaTe equation with res~ct to 
the allowed ute of retum. s\l are negatl'ltt. Using ordinary least 
squares. and esttm.nttng the cofJt tunetton and equation 9.9 separately, 
he ftnds that these derived lmt-lllcatlons are contlrmed by the statts­
tical results. Tbe sample CO~Ullsls of 56 steam generating plants 
'\-htcb had experienced capacity Increases cf 50 percent or more 
durin! the period 1960-85. Obaervatlon! used in estinla~ton are 
taken from 1966, 196'1, and 1968. ThB hlUple tnciudes information 
en thosG states with and without regulatton on a statewide basts, and 
oo the metbod of rate base valuation (that ts, "lair value" versus 
••ol'lgb:tl cost") m each aht~. Dummy variables a-re accordingly 
Included In the eattmaUng equatitma, and U Is found Qu\t in each 
~~ ~ ·~=u ;:~.::.~v i. Bipuiiamt wMie tbe 1'valuatt:on" vari­
able ts not algnUtc.mt. Petersen coacludes that rate ofJ,,tum 
l.'CgUlation Is ertecttve and that changes 111 the allowed rate of return 

'.tEBrS OF THE AVEBCH-JOBNSON HYPOTHESIS 
~ 

1G'1 

stplfl.cantty affect the dep-eo of coat tuefftoloncy attendant to tlid~' 
regulatol)' con~trafnt. 

Cowmr analyzg rqulatory eftectJ.veness thl"OUih the uae of a 
•ystem of equat!®s comp:rlllnl a stnerallz8d quadratto specWcatton 
of the regulated profit function aoo tiu~ derivf4 demand ·~ttea 
whlclt are obtained by the use o!HoteUing's Llmma for pr.'Oflt .fimc­
tfons:2 

s: • a+ b()Pg + b1Pp + baPz., + bas + (1/2)b4 pF!: 

+ (1/2}b$ PL 2 + ,(1/2}be PK2 + (1/2)., a2 + bs(PFPI) 

+ bs(PFPK) + b,to(PJ'B) + btl(PKPL) b12(PLs) 

+ bla<PK•> 
o1f/?JPF • F* • b1 + b4Pp + bsPL + boPK + btos 

dw /OPL • JJ* • ~ + btJPL + baPF + b11 PL + b1~ 
t\~"/dPx • K* • b6 + b6PK + b9PF + b1iPL + b13s 

07t /as • tt3 + b7s + b1oPF + b12PL + b13PK (9.10) 

where all symbols are u defln,ed before and the starred Jtofatlon 
represents proflt maxlm!zlng tlmowds of the three Jnputs. 

Using a revlalm of HoteUing•s Lemma to account lor tt'O 
presenoo of tbe Tegulatory ct.matmint, Cowing derives a nonll~':;,ar 
system of equations equtlhllent to equation 9.10; the te,at for pneral 
regulatory etfectlveness Is conducted by estimating ff.r:!ttbe noa­
llnear system muter the restrlctlon 

bs •t;7 u b1o = b12 • bts • o 

and thea with no restrictions Imposed. The r.bove restriction fl 
equivalent to hypothesizing that regulation Ia lnoflecUve, since tt 
restricts all coetriclents of the allowed rate of retum a Ill the sys­
tem equatt011 9.10 to zero. The test procooux-e involves a llkellhood 
ratio test for the restricted and unrestricted forms of the nonlinear 
system of equations. In addition, Cowing'3 methodolo&Y permits the 
retrieval of estbnated Lagrange ntulUplle,ra for et.Qb observation !n 
~ ~~~te"' Thu~ .. in addUt~ to L\e likelihood ratio test for len­
era! regulatory etfectiveneas, It fa pni81Jjle ·co 'tes' ioreii'Ootivo 
regulation (that f.l, the null bypotbests ).1• 0) lor each flrm. iQ the 
sample. 
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The data for Cowing's study are taken from 114 a team-electric 
plants comatmcted bot\\•ee.n 1941 and 1965. Tht statlstiell rea\llts 
indicate that rate-of-retum regulation 11 pnenllly effective and 
exhlbltl considerable varl4bllity In eff'ec~tvoneaa across finns and 
over time. 

The study by Hayaaht and Trapani is based on an analysts cf 
the oompanttve static properties of the Averclt-Johnson tnodel. 
These pl'Cpertles, first suggested by McNlcol {1973), are found 
1n the derived demand equations of the rcgulatud. firm; U1ey are of 
emplr!cal Interest because they are not identical to the analogous 
comparative statlca of the unregulated firm. Denoting, as usual~ 
the capital and labor inputs by K and L with respeetlve prices PK 
and PL and denoting the allowed rate of return by s, McNicol's 
&n:ived results may be summariZed: 

~<o gK .oM-<o 
oPL oPK os 

~'">O ~ aro .2k>o 
oPL nPK os (9.11) 

A test for .rsgulatory effectiveness may be can•ried out by 
canfltmtng results (equation 9.11) through estlmatlon of tbe dertvod 
demand equations for the regulated firm. A simple elttension of 
McNieol 's results ieads Hayashi and tttrapanl to analogoos re~ults 
for the th'm'a profit ... nuudmlzlng capital-labor ratio. These results 
are examined 1n esttmatGd capUal-labor equations for the Cobb­
Douglas speclfteatton 

K/L = eto +ill (PL/PK) + aa~ + etaQ + a4s 

and the constraint elasticity of substttutlon (CES) speclftcatton 
• 
ln(K/L) • Po + P11n(PIIPK) + P2t + fJ3Q + /14s 

where all symbols are u defined before. wlth Q denoting output and 
t denoting an index of technoloQ. 

Estimating both h~tlorutl forms using ordinary least squat"es 
and fb:.nt-lnvel dAta !or 34 ei~!t!dc utlltHes from 1965 to 1009, 
Hayasbl and Trapani conclude that th;) reaulta generally support tltc 
bypothe,si«J of replatory efi'ectivenes6, and hence overcapttaltza­
tlon, lor the sample period. 

The most recent of the empirical studies Is by Boyes; thl1 
paper Is alone among those thus far presented in refuting tbe exis­
tence of the Averch ... Jobnson thesis. Boyes postulates a ttregulated" 
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proftt-maxlmlzing model and a lout"l-hlput OClllltant utto ol elattlclty 
of substitution (CRES) production function 

Q • (axKP +UL 1'+ flltiMI + qFe)•{1/P) x 0u 

where, tn addition to the usual ~uta, .If! represents mahlti~na.nce; u 
ta a random disturbance term. 3 The resulting derlved denlUl.nd 
equation for capltnl 11 shown to contain>,. • the Lagrange llltlltlpller 
associated wl~b the regulatory constraint: 

lnK • (1/ (l+P)J ln(~p/p) + ( (1-tp )/ (l+P)JlnQ 

- (1/ (l+{J)] ln(r/R' .. A(s-r)/(1-A)R') (9.12) 

where r Is the unlt price of capital and R' den!~ tea the derhrattve of 
the revenue function with respect to output. Boyea obtains an esti­
mate of A. by estimating equation .9.12 together with the der'lVed de­
mand equations for malnt.1fnaJ~ce, labor, and fuel (which do not con­
tain A). A llkellboodt ratio te~t Is used to determine wbetb~~r ~Is 
slgnlflcantly different from ~ero. ~stlmatlng the set of eq~~tions for 
a sample of 60 steam-electrl<: plants placed In operation between 
1957 and 1964,, Boyes finds that the likelihood ratio test does not 
lead ¢o rejecUon or the hYJh11tesis ~ • 0; he concludes that tbe evi ... 
den® is not fimpporttve o,f the Avercb .. Johnson thesis. 

In summary • previous studies employing a val'lety of produc­
tion structut·cs and testing procedures have generally concluded that 
the evidence supports the existence of eftectlve regulation ltmd over­
cspltallzatlon In the electrnc utility lndustey. 

Cont:em wUh the effects of utUlty regUlation has provided the 
Impetus for numerous other s tudles focusing in aspects of the prob­
lem whl.ch are not considered in this chapter.. Stigler and Friedland 
(1962)t b1 a study of early attemptm at regulatton. conolude1 tbat tl~e 
price of electrlclty was not slgnlficantly affected by -regul11tton. 
Westfield (196$) argues that regulation Induce• utiUt!es to acqutes~ 
to higher prices on new capital equipment. J.tore .recently a study 
by Moore (1970) Is an attempt to test for the effe~tiveness of ngu­
latlon by' means of comparing Input choices of investor-owned and 
public utllltles. This requires the assumption that public firms ad ... 
here to optlmlzatlort procedures ldenttcal to these of prl,?ate firms. 
Such an assumption is dlfllcult to accept on an a priori basts, and 
its verUlcatlon fs deemed beyond the soope of the present study; 
hence the Moore study does not Mcelve direct consideration in the 
ltterature currel'ltly under l'evlew. Joskow (1974) ccmatructs f! 
model which assumes that the behavior of regulatory comtnilatou 
ls directed prlmarlly at preventing Increases ln 1\omtuat ~echi.olty 
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ntes. 'I:bUI any nomlnal rate of rfitum ls permitted so long as the 
firm does. not nquqt a rate ine1-eue. 011 the basts of tbls model 
Jotkow aques that utntty t"eplaUon ll effective. 

~ce. these atudiea are not directly relevant to the Questions 
cttn:ently under fnvesttgatlcn, they are not includGd in the critical 
attrve.r wbloh occuplo the following sectloas. Instead the pres'"11t 
sf:udtfocuses on the Averoh-Jobnson model as outlined in the pre­
vtoua section. 

MEA.SUBJeS OF RENTAL PlUOE OF CAPITAL 

TIM! capUal-tntemdve nature of power generation, together 
wlth the =.ture Qf r.Atc.t-or-retum l"e.smlatton. Pltlce$ t~ v.nit PrlcB 
of productl've caplb\111\ a role o.f fundamer.tal >Importance for-"m 
emp!tlcal anatyats of regulatory effects. Before dlscusshlg the 
measures wblch have been employed ln previous studies It ls worth­
while to describe the essentlftl components of the :ten~l price (or 
''usser cost") of capital as lt commonly appears ln the Investment 
llteratu~. 

p .... • B t!.g,- tw) + df!- tv). 
A ,. (1 - t) (! - t) ~ (9.13) 

. 
whore B is s measure of equipment costs; r ts the "cost of capUni"; 
d Is. tho rate of depreclatton on capital equipment; t ls the tax rate 
on COtpOI'ltte fllcome; w Is the proportion of total capital service 
cbarses deductibltt as htteremt for tax purposes; and v repreaents the 
proportion of replacement investment deduc~.ble u deproolalt!on. 4 

It 1a soen that, the ncost of capital, tt def!Md as the minimum 
prospective y!ftld expectet: by the firm's c.J.rrent owners on future 
investment pr<>ject.s, Is imbedded Jn the Cl'lpltal rental prlce. 5 
Sl!tce the o~r comp0t1ent$ or the renta! price may be measured 
wit~t systematic error, 1t is the cost of capital whtcll creates 
potential for measurement error. 

rn the ablence or market risk th~ cost of capital may be 
meuured ~Y' the prevantng nte of Interest. In a wodd oflesa­
than-per!ao~t certainty, httwever, the~ arlstJS a broad spectrum or 
sewrities of varying yields and degrees of risk. In such a case 
the firm's co::t of capital JS no longer a directly observable magnt·" 
tude, hut rather mwr~ be tnrerred from the values which Its various 
s~urlttes comnumd In the market. Under these clrcumstancea lt 
1i not sufftclent to lnfttr the \'lOit of capital solely from yields on 
leis-rlslcy sec.11rltles such as bonds, !or this lmpllcltly assumes 
that all Changes in hlve.~tora • assessments of market rlsk wnl be 
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reflected m uniform changes m required ytelda for all claasn of 
••curttte.. i'hen ts lltt:le basil toW' presuming that eapltd markets 
behave bi such an orderly la&hlon, even in ao upredlctabte" a caae 
u the electric utntty lndultry. 

rn the lollowmg discussion it ts contended that the capltal 
rental prices emplo.Yed 1n prev10U8 studies share the common abort­
coming of reliance on relatively •iesa risky" security yields as 
coot-a:C-capltal measurea. Jn addltlon, qu,atlone are ratsred con­
cerning the manner in which ,reviOWJ authors have measured other 
components of tho renbJl price; lndeedt .two of the studies under 
d!acuasion make ao distinction between the rental prtce and the cost 
of capttal. In a».; caae failure w meAsure the rental p\1~ without 
systematic error leadt to doubts lllbout the validity of pt~ttlo\uJ em• 
piricai zenlta. 

The capital rental price ade~pted by Boyea (1976) Is equivalent 
to equation 9.13. The cost of capital, r, ls measured by the aver­
age yield on Moody1s AAA bonds ,for each year of observation. The 
author justifies thta measure by cltb1g the annual cost of capital 
estlm&.teR obtained by 1\flller and 1\fodlgllanl (1966), which were 
found to conform to changes In 1\foody's bond yields. It should be 
pointed out, however, that the MUler-Modlglianl analysis involved 
a discontlnuoua period or only three yean (1954, 1956, and lst)'l), 
a dangerously small sample from which to dr-d.w Inferences about 
the genertal ccnformlf¥ between bond yields and the cost of capital .. 
Mor~over. there is little reason to believe that the eonformlty found 
by MOler and Modlgl!ani can be ~rapota.ted to other periods of 
time. It is llkoly that the 1954 ... 57 perlod was OD6' in which both 
series responded in slmUar fashion to supply and demand forces 
wbtcb pervaded capital markets in general. In extendmg the MUter .. 
Modr,~ '~ni results to othe? period$ of time, one must admit the. 
possJbOity or changes In the tastes of Investors with respect to 
risk-bearing or in thelr omteotlve perception of market risk for 
the electric utility lndustr.v. As potn~d out above, there is llttlo 
justlficatlon tor presuming tlt..a~ the resulting reassessment of the 
market va!t~ea of utlUty bonds and stocks wnl be r&fiected In \IJll(orm 
changeil m their respective required yields. Consequently it cannot 
be expected that changes bl the t;Jost of c~pl.tal w~ bo consonant wltb 
clumgea In bond yields dUring nU. ptn:iods of time. 6 

An &ddtttauat crU!t.dsm or itbe retntal prlce used by Boyes cen­
tel'S around hta assumption that ~rudn of tts other components are 
constant across firms. In terms of ~efinltlon (equation 9.13), tt Is 
assumed that d. v, B, and ·t a:ee constant fCJ;r sny cross section; 
tbua the Only component of the :rentai price which ls e.!!owed to v.ary 
la w • the pl"oportlon of raplace~lt fnveatrn.ent deductible as depre .. 
elation lor tax purposes. A.s a result~ a sfgntfica~t portion of the 
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:hrh\bUlty in the rental prtce Ia aemnned away and effectively tm• 
~ mto Ita repeaalon cotd'iictcmt in tbe e~tltnatfng equattons.1 
Th.(l procedure Is ~ot necessaq, since available Mnual data make 
tt. pou~llile to reasonably apprcmlmate, at the level of the firm, tbe 
118rlouts compt'l~Hnta of the rental price, 

CounUJe (1974) defines the rental price ot capital for each 
plantas 

PgarxCF;;cB 

where r w the caat f}f capital. measu~ aa the yield on )tocdy'a 
AM. ·~ f'or t'he year preceding the. lnltial year of plant ope~tlon; 
CF !I the *'capital recovery tactor, u defined as the unlfor-sn annual 
payment for an annuity cf 40 year•' equlvalrm' (at an In teres~ rat(• r) 
to an fnltfal Ol.ltlaY o! one dollar~ a:Kt B denok\S the book value or 
productive pl&iit. 8 
. ' 

~ ·~e of l\foody's average yield lends itself to the same crltl· 
ctsm d:l.tected previously to the meuure ume1 by Boyes. In addl­
tloll~ Coutvllle~a measure does not allow tor f.nterrtrm differences 
In depreclatlon and ignores dUCdl'ence~ tn true treatments of interest 
and depreciation; only the book value of plant is parn~Uted to vary 
wltbfn a croll Jecttcn. \Vhlle tbe nuanner In whtoh PK Is measured 
doea.not1:J'ect CourvJ11e"~ resresslon results. it n~~theless plays 
a vl~l roie In lib test f>f bypotbesia, since the essen~e or the test 
is a comparlscu of tba ratlo of marginal product~ ·Of capUal 4nd 
labor With tbe ratio of their prices. 

Petersen (1975) adopts tile conventlwal definition of rental 
prlce: 

PK • B(r + d - dB/dt) 

where n. r. and d measure as before the cost of equipment, cos~ or 
capital. anddepnu:lat!ou. respectively. and. dB/dt represents the 
rate ot change of equ[p~f!I'Jt prtces (presumably ail index of capital 
pins oo the disposal of equipment); differences In fax treatment are 
ignored. '111e firm1a coat of onpltalts p·ertnltted !o va1'Y act·t)rdtng 
to the rating of Us bends. The specUlc mea.sure chosen Is the aver­
age yleld .fo,.- bortda In the firm.'• rating class. 9 Since Pe~rsen 
assumes that depreclatlt~n and equipment price changes are con­
stant acr~s ftr;m~fl he arrives at a measure of capital rental price 
whfch varies in a cross sectlon only according to clumg'd-a ln l:«ld 
ratings and (l(lUlpnttnt costs. 

The mea.:sures adopted by Cowing (1915) and ~fayasht and 
T.nlpani {1976) ahare tw!> defects. First, both tan to dlstiDJUish 
between the rental price of e~tpltal and the cost or caplbll, and 
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second, ·both tnehure the cost or capital (inmce tM rental pr.lce) by 
~ Interest rate on the firm's bottd tssue hnmedtately prec'"lq the 
period of obacn:vatioa. 

l'porinr the distbwtlm(.... tween the coat of !Ottpltal .~11d the 
' ' 

rental pr1~ of capital tacitly assumes that equipment cost~. depN• 
elation, and tax treatment$ are COMtant across firms and over time. 
Thla assumption is tenttc)Q at befJt, particularly as tt regal'dl the 
coot of productive equipment. l\!easurmg the !lnn •a eoat of capital 
by the Interest ratr4 on recent debt issues offen tbe :advantap of .a 
:measure which is .apeelfta to each firm in the sampl~· Howevw, 
the u~e or y!eld on less-risky securltles invites criticisms s1ml1ar 
to those adcireued to the pr:evtoualy discussed mea1urea. l\foreover. 
the common practice of using a smcte coat ... of-eap!talmeaau~ !or 
all elf!ctrtc utUlties In A glven cross sectlon ts deferuslble .bl view of 
avaDa.ble evidence (for years preceding1973) and the prevattlng 
consensus or indus by obsetvers .10 Thu. lt 18 doubtfa..d whether 
substantial improvements ~sult !tom the use of .ftrm-spaciflc coat­
of-capital measures; in any case taflure to recognize the Temalnmg 
components .of' capital rental prlce casts some doubt on the valtdlt,y 
of the m~asure~J employed tn thf:se t\vo papers. 

The final Tental price measure for discussion, used ey Spann 
(1974), J.s equivalent to equation 9.13: 

PK • B ( .. r(l - t\yl + d) . (1- t) 

where all symbols are aa defined bcfore.ll Since it ts assumed that 
r. d. t, and ware eonstaJllt act>oss firms, only the cost of equipment 
58 permitted to var.v fn any cross section of observations. 1m this 
respect Spann's meaoure \\1lttants crlUctsms sbnUat to those pe,..... 
ta.mmg to lJre\'lously db cussed measures. In addition .. his coat-of ... , 
capital me!lsure deserves spe1:ml attention. Tbe meaaure cltosen Is 
t • • OSG~ taken from eattmatoa by Lltzenberpr and Bao (1971). it 
shotdd be n6ted that Litzenberger and . .Rao, using a val~tlcn modtl 
for electrlc utility ~baf:es, drew their sample from the perlod 
1960-66, wblle Spann's sample w taken from the years 19.59•63. 
The met that thase are overlapping perl•odB ts not In itself sufflctent 
justlftcatlo%4 for assuming that the .Litzenb$rpr-Rao 11!~-~~~ ntay be 
applted to the 1959 ... 63 }M)rlod. In addltton, Spann ues thl£t. rneasu-re 
for eacb of the years In h~ sample; t'bls lmpltcttly asswnet that 
condlttons of market risk as perceived by investors weremtchangtng 
during tbia period.. Thore is little ev ldence to support this hypoth­
esis. 

The Jtrsumenta advanced tn thla section suggest that there are 
two ground.ts on which the capital rental prices of P:t'1'V10UtJ studies 
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may bo crltlclzod. On ooe hand these measures have been unduly 
oveotmpllfted through the rutrlction of varlout con1ponents of the 
rental p~lce to constant values: on the other bar«! the meaaures gen­
erally exhibit a reliance on bond yields 1'41 measures of the cost of 
ca.pttal. With Tespect to tba first problem, a 1lmple exp~ient sug­
ps~ ltaelr: :.Jora detaned data am avanable by firm and these Ill~ 
be utilized to attam. superior measurement. WUb respect to Um 
s._"--nd pohlt, it !fbould flrat be l'eCC>gnl%ed that for purposes of f!m· 
plrloal analysis the fundamental tss;ue Is whether there exists a 
atable positive ftlatlmsblp between bond ytelda and the eost of t".ap­
ltal. U audl a relatlon.bfp exiSts, then empirical needs are sun:t­
cfently well served by the use of ylelds on bonds. It is tbe conten­
tion of thls chapter, however, that such a relattonsblp may not extst 
at every point in tllue. In particular, cb?cumstances af!eotlng the 
electric uUltty industry whlch evolved during 1968·'12 resulted in 
uncertainties \vhtch may have dlarupted existing relationships be­
tween yields on different classes of securlUes" During this period 
there 'Was a p-awing ~oncern about tnnatton, particularly with re­
s~t to rising prtc:es of tncreard.ngl,y .scarce fuels. This period 
also witnessed the burgeoning conswner and environmental move­
mumts, resulting ln legislation directed 1n part at the electric utttity 
ln<lustry. It ts llkely tbat tltese changes Induced investors to re .... 
assess the etn11tngpotenttal of the industry; and It ls unlikely tlu\t 
the r$Julttng adjustment fn required yields was uniform across aU 
classes of securities. 

EMPllUCAL METHODOLOGIES AND 
E~ONOMETRIC SPECIFICATION 

It was !1oted ln tbe section entitled ·~mplr.lcal Tests or the 
Avereh-Jolmson .Hypothesis" that th~ studles under dfs.cusslon have 
employed a variety of prOtY<!dures to teet for regulatoEY effective­
neath The purpose of this section 11 to elucidate tbetr major short­
comtnp and .to suggest possible lmprovetnenta In methodology. 

The first studies for c011$lderatton are those by Spann (1974) 
and Boyes {1976). It wlll be recalled that 1n each case the testing 
procedure tuvolves estimation of the Lagrange multiplier associated 
with the firm's ~egulatoxy constraint. In Spann's model tbe Lagrange 
multlpller if isomted in a l.~evenue-share equation f.or capital, whlle 
m Boyes 'a model it is sbown to appear .in the firm's demand equa­
tion fol" p~oductlve capital. The baste ob}ectlon to this procedut>e Is 
that the Lagrange multiplier Is not a parameter to be estimated but 
ratber a variable quantity across !1rms In the sample. Although 
strlcUy speaktng the Langmnge multiplier is not chosen by the firm 
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In its attempts to maximize pi'ofita, lt 18 nonetheless determln1d 
stmuttaneouaty with t11e choice variables In the model~ Failure to 
treat lt In thUJ ntanno~ contditutes an e'te".ror of apoclficatlon and pro­
duces results of questtonab1.~ validll¥. 

ln ad~~~7 ~ mgdel wsed bl each study restt on Mstrlotive 
assumption~ whlch could be eltm~ by the use ot •Uematlva 
teatfng procedures. The capital de1r11Mr1 equa~ M_tlmltt0d by 
Boyes includet~ Ute derivative wlth rolfpect to output of Uie firm '• 
Tevenue functfon .. 12 This necessltat<es a restrlctton on the revenue 
function; although Boyd does not discuss tbla ll¢llnt, presumably 
t!1e necessary restriction is that tho. derivative of the revenue 1\mc­
tlon (marginal revenue) ls poattive for aU levels of output. Bu_t 
since tlu) poaltlon of an electdc utnlty approxbnatet that of a 
monopolist, ibis Testrlctlon Is equl\'alent to assuming that the 
firm •s demand curve is. price-elastic fen- all levels of output. It 
!s unlikely that this ls the general experience of firms fn the el0c­
tr!c power lndustr.v. 

Tht1 revenue-share eqttt(ilon esttmated by Spann13 depends 
crUlcally on .the assumption that the fhm 's demand curve exhibits 
constant Jlll'lcD elastlclwof demand. But this class or demand tu.no­
tlons includes a special case, that In which demand Is represented 
by a rectangular hyperbola, which ts troublesome tor Spann•a model. 
In this case total revenue Is const.ut and hence marginal revenue !s 
zero for alU levels of output. It Is easy to show that .a mon(lp()Ust 
producing under these conditions nu:ad1-nlzes profits by p~·oduclng an 
lnfinUesRmal amount or output, a result clearly Incompatible with 
conditions ln the electric power tnduatry .. 

As a final point on the Spamt study. lt. should be noted that the 
revenue ... shar~ equation for capital inclutkm as elQ)lanatory var!ables 
the levels of f'actcr Inputs. But these are endogonous vaJ:mbles In 
the proflt ... maxlmtzlng model, and Spann's tanure to eatlmate the 
share equation as part of a larger system of equatlcms explaining 
Input choices Is llke~y to indu~e simultaneous equation bias In the 
estimates. Thus the reaults of bls single-equation osttmatton are 
subject to question. 

'l'he model developed by Courvnte {1974) Involves slngl&-> 
equation eatimatlon of a modlffeJd Cobb-Dooglu production fWlfltton. 
The most Important objoctlon is that the rttodel. like that of Spann, 
includes endogenous variables (factor Inputs) as explanatory varl­
abt.0S In a sJ.ngte ... equatlon context; but recent developments In the 
e~ttmatton of Cobb-Douglas production functions have generally 
followed Marsehak and Andrews {1944) in spe,nlf;ying that the pro­
duction function disturbance Ia tttransmttted" to th9 factor inputs, 
so that the Inputs are not independent of tbG dlsturbance.14 The 
proper procedure would entan estimation of the production function 
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as one of a system of equatior.a explaining the l~Jvti o! <mtput and 
the optimal Input :mlx. As MUDdlak and Hoch (1005) b&ve shown, 
ordhlatyleaat-squaru utlmatcs ot thts system at'e ccmshltent •Y 
~r certatn reab!ictlve aueumptloM regarding the variances and 
covarlmcu of aU the dllturbancet m the system.. In any case 
Counnte•a prooed-\lre does net renect the current a tate of the afl 
m pfOductlon 1\mctlon estimation, and lt 11 unlikely that his teaulb 
are A-Ge of stmulfaneows equation b.laa. Ful'thermore, pl'Oblems of 
almultattelf¥ are ~ggravated by tbt' uae of a capacity utUtaatton 
measure., that is~+ the ratio ol outpu~ to capa.clty, which leaves U. 
model with the· stochastic variable output on both aides of the equattoa. 

An addltloJmt problem. wlth CourvUle's .model Ia tbat U does 
not e)q)ltcltly Include Npbltory variables; thus the parameter eatl­
matea JO."e likely to reftect specmcatton bias In the presence or an 
ertectlve regulatoxy constrain.t. These polnlts taken together cast 
~,btl$ on the rellabttlty of Couxvnte'$ estbrruttcs as well as his test 
lor overcapitaU~tton. 

The blstc problem wUh the study by Hayashi and Tnlpanl 
(1976) II that the capttal-labor ratio equations do not Include the 
price of fuel. 1'hls renecta tbe authors' assumption that the firm's 
cbotce of capital and tabor Is independent of the price or !uel. rn 
view o£ numerows studies wbtch have elicited eviders~ ~~ capital­
fuel subatttuUon ln ele~trlc power genel'tltton.l& tlds constitutes a 
speclflcatlon errol" of oonslderable propo!X'tloos. and lt undermines 
the valtdlty cf the test lor regulatory effectivene~s .. 

The cost-functton apecUlcatlon used by Pet-ersen (1975) repre­
sents a:n improvement ewer those of tht.a previously dtscuaf$-ed studlas; 
however, the model lit not specified tn .a manner wblch ts ruDy con­
s latent with the A vetch-Johnson model of the regulated finn. Tn 
Petersen •a specification the regult\tory variable Is the dll'ference 
between tale aUowed ute of retum and the coat of capltat.16 The 
appropriate speclftcatlon for the cost function penults the allowed 
rate o( retum to enter directly as the regutatorry vaTIAWe. The 
apectftcation us&d by Petersen requl:res an addUtonal tussumptlon, 
that ls, that the procedure followed by regulato11 c9mmlsslons ls 
to maintain a preso-rlbed difference between the allowed rate of re­
turn .and the coc;t or capital. This prop01$1tlon does. not follow from 
the Averch...Jol'ulSon model.17 • 

In additlon, Petersen could have Improved the cfflclency of hla 
estimate~ by htclud(Jlg In tbe model the Input cost-share equations 
and estimating these together with the coat function as a set of equa­
tions. Tho lnfor.maUon contributed by the sbam equations would 
result m more emotent estimates. 

Tbe testing procedure adopted by Cowing (19'15) is an improve­
ment over the previous studies, but tho usump~(~ tmpl!clt tn bts 
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proftt-tunctlon apeclficatiOtt are m.ol'$ restrictive than those 'l'e­
qulred by altematlve spectflcatlona. 

l6f 

fn partl(}ular, the pront-functlon spectflcatlon requlrea the 
assumption that the flrm.'a output price ls exogenOQ. It ts not 
clear how tbe problem of rate structure may be ccmtronted bt the 
pt$a&nce or this aasumptlm. ~clfically. as Baumol and Bradl'~m 
(19'10) ba\•a pointed out, the ptoflt-maxtmlztnr nrm aub)GCt to a 
rate•ot-retum conatn.fnt shCiWd satisfy that conatralnt by letting 
prlces ln separable markets such that the porcentqe deviation of 
price from 11tUtrglna1 CO$t ln each market ta fnvera~y proportlQJUtl 
to the elasttelty of demand In tbat market. "'.l"heretore lt Is neces­
sary that a model such as that used by Cowing, whte~h relies on the 
asaunmtlon that output prlce ls exQ~enous, shoultllnclu4e a m~M .. 
nlsm to deal wltb the posslbUlty that t!lecJtrtc utUltles (top,thet• with 
their regulatory commissions) may engage !n price dlsorlmlnatlon 
In order to generate sufllclent revenue to reoover total cost or to 
restrict total revenue tn keteplng wlth the profit constraint~ Cowmg 
chooses to lgnoro the problem a11U 'thus lm91icltly assumes &at tate 
structura is constant across firms J.n his sample. This assumption, 
however, Is not $upported by evidence aaslmUated by Kitfogtls and 
Needy (197~) In a study ''llltng 19'10 data for prlvataly cwmed electric 
utUtties. Employing computed Glnl coeftlt~lent.s18 as measures of 
the "spread" ofutlltty rate structures, the authors demonstrate 
that the~re Is' .couldemble varlabUlty ot ra\1.e atruoturea m t&$ elea­
trtc power bidustry. The Issue Is fin.tber uompllcated by the use of 
pricing schemes within each consumer claos which :relate marginal 
prices to the level of power consumption. In any case the problem 
of rate sltt<zct.ure Introduces into Cowmg's model a number of dtfll• 
cultlea whf,~h tnuat be T&aclved tf the normalized profit function 
speclflcatlon Is to be retained. 

In addition, Cowing's use of protlt functlona wlth plaut-level 
data presents th~ minor problem of measurement of profits at the 
plant level. Published data on profit contr!btitlona by plant are not 
avaUable, .,~ without such lnfomtatlon lt Is not clear how profim 
may be a4lcuratety imputed to each plant. 

CONCLUSION 

Thta chapter gives a critical review of the emplrtcal teats of 
the Averch-Jolmson hypothesis. The tests have been found defeotlve 
in the measurement or the cost of capital u well as In the asaump-
t!ons made In the emplrtoal tmplementatton. of the tests. · 
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NOTES 

' 1. The lntereet.ed re«der ts refex-red to naumol.and Klevor,tck 
(1970). 

2. BotetUng'a Lemma states tb.at, givet.t the we11-bobved 
ptoGt funatlon P • P(q, W) where q ts o~ut·&U.ld w ts the n-dlmtm­
aitmal veotor of factor prloea, the proflt-~i%!ng amount of in­
put i 11 found by 

~(q,WJ/C;wt •Pt(q,"'~ 1•1! •• ·~ n .. 
a. It aboutd be noted that 1.he Above producticn'1 !ungtton is a 

apeotal case of the generaU* form sugccsted by Hamoch ~1975): 

~d 

•n • 1""'d 1 """ iq '"'t i. 

where q ia oufYttut; xt ts the atnount of factor 1; Dt• e1, and dt. are 
paramewra. Setting e1d1 equal to a constant for all I gives the 
CRES pror:lootlOil function. The Cobb•Douglu and OES forms are 
ala,. onaniA1nDaAJt_ 
...... .,....,.. '111l'"V""'----~ ---

41! Tho deftnltton used in this chapter Is tat«:tn from Jorgenson 
(1968) .. It Is presumed that nc,t capltal galruJ on. the disposal of 
equlpment are negllpble. 

s. Throughout this chapter the symbol PK is referred to aa 
the rental p:r:lce of capUal, reserving for r the phrase "cost of 
capit.alc~ u 

6,. Millf!l"' and Modlglianl do not suggest that conformity 
should pnerally be observed.. On the contrary, they remark that. 
the r~"Aults of th&ir eatlmat!on may be doo ln part to circumstances 
peculiar to their sample p.erlcxl; see Miller amt M«<igllanl (1966), 
P• 380. 

V. See eqUation 9.1~2. 
• 8J,. It ta asaumed tbat the average lifo oi equipment ls 40 years. 
9. The rattnp and average y!t,lda are taken. from Moody's 

publice.tiOM. It should be mentioned that the inf4mllation tn tbe 
above discussion does not appear In the published version of Peter­
sen's p~tper. The cooperation of Petersen ln providing the Informa­
tion. as weU aa other helpful comments~ Is gratefully aCknowledged. 

10. See, for exs-mple, Jtf..-cDonald (1971) and Myers (1972). 
'The underlying uaumption Ia that electrlo utilitf,ea comprise a 
"rlak-equ!ftlent class. u 

11. Note that Spann's measure dlflera from equation 9.13 but 
only In hl1 implloit assumption that v, :the proportion of total re­
placement deductible aa depreciation, hlt111W. An examluatioo of 
firm data Indicates that tbls proportion, usUJttlly measured aas. the 
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ratio of dopreclatlot¥ on the ~ncome statement.to total teplaotmenti 
Is In fact cloae to unity and does not vary markedly acr01s firm•. 

12, See cquattcn 9.12. 
13. See equation s.v. 
14~ For an elaboration on this point., aee Hoch (19SS) or 

'Vatters (1963). Further refinements are found ln. Zellner, Kmenta, 
and Dt6Jt (1966) ~ 

15. See, for example, Dhrym~Js and Kurz (1964) o 

18. See equation 9. 9. 
11. Cowiq (19?5) hu pointed oltt that tbla •peclftcation lm• 

pllcltly assumes that the coefficlenta tr.aaoolated with the allowed 
rata of return and the cotJt of· capital :if.ll:'e of equal absolute ma,;nllu!e, 
a restriction wh!ch does uot follow fl·om the Averoh...Johnson model. 
Numerous beiJiul oommenta ana suggestions from Cowing are ap­
preciated. -18. Previous appUoatlons of Gini ooefflclenta have been in the 
areas of fn~-me dlstrlbutlon and lndustrirtl concentration., 
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