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STRUCTURAL CHANGES IN RESTDENTIAL ENERGY DEMAND

By Roger  H.  Dunstan*  and Rona ld  H.  Schmid t *

I .  I  n t roduc t i  on

The  1970rs  and  ea r l y  1980rs  were  cha rac te r i zed  by  unpara l  l e led  changes

in  the  wor ld ' s  ene rgy  marke ts .  Du r ing  th i s  t jme ,  t he  Organ iza t i on  o f

Pe t ro leum Expor t i ng  Coun t r " i es  (0PEC)  eng inee red  two  d ras t i c  j nc reases  i n

the  p r i ce  o f  pe t ro leum.  Energy  consumers  faced  na tu ra l  gas  cu r ta i lmen ts ,

gaso l i ne  and  hea t i ng  o i1  sho r tages ,  and  bo th  o i l  and  na tu ra l  gas  p r i ce

de regu la t i on .  Energy  p r i ces ,  wh ich  had  been  s tab le  and  1ow,  became

vo la t i l e  w i th  rap id  changes  j n  re la t i ve  and  abso lu te  fue l  cos ts .

These  rad i ca l  changes  i n  ene rgy  p r i ces  - -  re la t i ve  to  o the r  goods  and

to  each  o the r  - -  wou ld  be  expec ted  to  genera te  s ign i f i can t  changes  i n  the

energy consumption patterns and the underly ing energy demand funct ions of

res iden t i a l  consumers .  I n  response ,  demand  func t i ons  a re  now l i ke l y  t o  be

more  respons i ve  to  bo th  changes  i n  the  l eve l  o f  f ue l  p r i ces  and  to  changes

in  re la t i ve  fue l  p r i  ces .

The  paper  focuses  on  the  demand  fo r  e lec t r i c i t y ,  pe t ro leum,  and  na tu ra l

gas and tests for stnuctural  change in the denand for these major energy

sources. A part ia l  adjustrnent model js est imated for each fuel  dur ing two

dif ferent peniods, t971-74 and 1979-82. Pooled t ime ser ies methods are-

used  on  s ta te - l  eve l  da ta .
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Based on the est imates, structural  change appears to have occurred in

e lec t r i c i t y  and  pe t ro leum consumpt ion !  bu t  no t  i n  t he  demand  fo r  na tu ra l

gas .  I n  t he  e lec t r i c i t y  and  pe t ro leum demand  equa t ions ,  t he  speed  w i th

wh ich  consumers  ad jus t  t o  shocks  i n  exogenous  va r iab les  i nc reases  i n  t he

pos t -1979  pe r i od ,  w j t h  p r i ce  e l as t i c i t i e s  a l so  i nc reased  i n  abso lu te  va Iue .

In  con t ras t ,  t he  changes  i n  the  na tu ra l  gas  pa ramete rs  were  m ino r  and  the

d i f f e rences  v re re  no t  su f f i c ' i en t  t o  re jec t  t he  hypo thes i s  o f  no  s t ruc tu ra l

cnange .

A lso  o f  i n te res t ,  t he  va r iance  o f  t he  es t ima te  appears  to  have

inc reased  i n  the  l a te r  pe r iod  i n  a l l  f ue l  demand  equa t ions .  Consequen t l y ,

t es t s  o f  s t ruc tu ra i  change  requ i re  p rope r  co r rec t i on  fo r  changes  i n  the

va r iance -cova r iance  ma t r i x  i n  t he  d i f f e ren t  t ime  Der iods .

Compar ing  fue l s ,  t he  l a rges t  changes  i n  own  and  c ross -p r i ce

e las t i c i t i es  were  found  fo r  pe t ro leum.  Fu r the rmore ,  j udg ing  f rom the

inc rease  i n  the  na tu ra l  gas  c ross -p r i ce  e las t i c i t i es  i n  t he  e lec t r i c i t y  and

pe t ro leum equa t ions ,  t he re  appears  to  be  enhanced  subs t j t u tab i l i t y  o f

na tu ra l  gas  fo r  t hose  fue l s .

The  paper  i s  o rgan ized  i n  the  fo l l ow ing  way .  The  mode l  o f  ene rgy

demand  i s  deve loped  j n  Sec t i on  I I .  Da ta  used  to  es t ima te  the  mode l  i s  t hen

desc r ibed  i n  Sec t j on  I I I ,  a long  w i th  a  compar j son  t0  da ta  used  i n  o the r

s tud ies .  Poo ied  es t ima tes  and  tes ts  fo r  s t ruc tu ra l  change  a re  then

presen ted  i n  Sec t i on  IV ,  w i th  conc lus jons  d j scussed  i n  Sec t i on  V .
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I I .  A  l l l ode i  o f  t he  Res iden t i a l  Sec to r ' s  Demand  fo r  Energy

In  v i r t ua l l y  a l i  j ns tances ,  t he  res iden t i a l  sec to r r s  demand  fo r  ene rgy

i s  de r i ved  f rom i t s  use  i n  p roduc ing  d i f f e ren t  se rv i ces ,  such  as  space

hea t ing  and  cook ing .  As  such ,  t he  demand  fo r  ene rgy  by  the  res iden t i a l

sec to r  i s  dependen t  on  the  s tock  o f  ene rgy -us ing  cap i ta l  goods .  An

ana lys i s  o f  t he  res iden t i a l  demand  fo r  ene rgy  mus t  dea l  w i th  ad ius tmen ts  j n

the  househo lds r  s tock  o f  cap i ta l  goods  i n  response  to  changes  i n  the

var iables that af fect  energy demand.

In  the  sho r t  run ,  t he  s tock  o f  cap i ta l  goods  i n  the  househo ld  i s  f i xed ,

on l y  t he  i n tens i t y  o f  use  o f  t he  cap i t a l  good  i s  va r i ab le  ( i . e . ,  a

thernostat can be turned down).  The short-run demand for energy is then

decided by the contemporaneous values of  var iables that determine the

in tens i t y  w i th  wh ich  the  cap i ta l  goods  a re  used ,  such  as  p r i ce ,  wea the r ,

and  i ncome.  In  the  l ong  run ,  consumers  can  a l so  va ry  the i r  s tock  o f

cap i ta l  goods ,  a l t hough  fu11  ad jus tnen t  may  requ i re  a  cons ide rab le  l eng th

o f  t ime .

one  ne thod  to  accoun t  f o r  bo th  the  sho r t  run  and  l ong  run  responses  i s

to  exp l i c i t l y  mode l  t he  cap i ta l  s tock  and  subsequen t  changes .  [Garbacz

(1983) ] .  Such  an  app roach ,  however ,  requ i res  ex tens i ve  da ta  on  househo ld

app l i ances ,  wh i ch  i s  ava j l ab le  on l y  on  a  l im i t ed  bas i s .  Recogn i z i ng  t he

da ta  I im i ta t i ons ,  resea rche rs  have  favo red  the  use  o f  pa r t i a l  ad ius tmen t

mode ls  to  imp l  i c i t l y  cap tu re  the  cap i ta l  s tock  ad jus tm.n t  p "o . " r r . 1 /

The  pa r t i a l  ad ius tmen t  mode l  beg ins  w i th  a  s ta t i c  equ i  l i b r i um mode l :

f l l  n r i  = f  ( D  7  \\ J . '  v i j t - ' K * \ r i j t ' 4 j t /
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where  Q* r r .  i s  t he  des i red  demand  fo r  a  pa r t i cu la r  f ue l  ,  P . . .  i s  t he
I J L  I J L

average  p r i ce  o f  t ha t  f ue l ,  Z  deno tes  a  vec to r  o f  o the r  va r iab les ,  such  as

' i ncome and  hea t i ng  and  coo l i ng  days ,  t ha t  may  i n f l uence  ene rgy  demand ,  and

v rhe re  the  subsc r ip t s ,  i ,  j ,  and  t ,  r e fe r  t o  t he  fue l  ,  i nd i v idua l ,  and  t ime

per iod ,  respec t i ve l y .  The  func t i on ,  fK " ( . ) ,  spec i f i es  the  des i red  l eve l  o f

fue l  consumpt ion  i f  t he  cap j ta l  s tock  \ , *as  the  op t ima l  cap i ta l  s tock  g i ven

P .  . .  and  2 . . .
r J r .  J r .

When P i . *  and  Z . l *  change  in  such  a  way  as  to  make  the  sho r t - run  cap i ta l
I J L  J L

s tock  dev ia te  f rom the  l ong - run  des i red  cap i ta l  s tock ,  des i red  and  ac tua l

consumpt ion  w i l l  d i f f e r .  Ove r  t ime ,  consumers  w i l l  ad jus t  t he i r  cap i ta l

s tock  to  b r i ng  ac tua l  consumpt ion  i n to  l i ne  w i th  des i red  l eve l s ,  bu t  i n  t he

shor t  t e rm the  s ta t i c  equ i l i b r i um w i l l  no t  be  ach ieved .  To  mode l  t h i s

dynamic  p rocess  we  use  a  pa r t i a l  ad jus tmen t  mode l :

(2) Qt t ,  =  (1 - i )Q . i j t - 1  +  \Q* i j t ,

where  Q . j .  i s  t he  ac tua l  demand  fo r  t he  fue l  and  \  i s  t he  fac to r  de f i n ing
I J  L

t he  speed  w i th  wh ich  ac tua l  demand  ad jus ts  to  des i red  1eve1s  th rough  the

inp l i c i t  ad jus tmen t  i n  t he  cap i ta l  s tock  f rom wha t  was  p rev ious l y  op t ima l

to  wha t  i s  op t ' ima l  under  the  new pea l ' i za t i ons  o f  t he  i ndependen t  va r i ab les .

Norma l l y ,  we  assume tha t  I  t akes  on  va lues  be tween  0  and  1 ,  where  0  imp l i es

no  ad jus tmen t  and  1  imp l i es  i ns tan taneous  ad jus tmen t .  I nco rpo ra t i ng  the

par t ' i a l  ad ius tmen t  p rocess  ' i n to  (1 )  and  l i nea r j z ins  fK* (P i j t ,Z j t )  y i e lds  a

demand  equa t ion  i n  an  es t imab le  fo rm:
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( 3 )  Q r r .  =  ( l - l )Q i j t _ l  +  r l o , p i j t  *  
" " 2 ;1J .

Short l run ef fects of  independent var iables are measured by the parameter

es t ima tes  on  P . ,  and  Z ,  v ie lded  i n  a  l i nea r  reg ress ion ,  nh i i e  t he  l ong  te rm

e f fec ts  a re  de r i ved  by  d i v id ing  those  i i nea r  pa ramete r  es t ima tes  fo r  P '

and Z, bV the parameter est imate on the lagged dependent var iable.  The

node l ,  t he re fo re ,  d i f f enen t i a tes  be tween  the  sho r t  and  l ong  te rm e f fec ts ,

even  though  the re  a re  no  exp l i c i t  es t ima tes  o f  t he  cap i ta l  s tock  o r  t he

in tens i t y  o f  t he  use  o f  cap i ta l .

I I I .  Da ta  and  Es t ima t ion

Three demand equat ions were est inated for resident ial  energy

consumpt ion :

(4 )  eLECSt  =  a to  +  a r rELECra- t  +  a t rPRELECr ,  +  
" t3PRi ls j t

+ aroHEAT;t + aruC00ll t  * .r j i l

(5) t ' tGAsSt = a20 + azlNGASr._, + arrPRGASll + a23PRELECil

+ aTOHEAT;I * ,G;r,

(6) rETRSt = a30 + a3lPETRjt_l + a3aPRPETRSt + aa,PRGASSl

+ aaOHEAT.l.t * r O3r,

where  ELEC is  pen cap j ta  e lec t r i c i t y  consumpt ion  in  s ta te  j ,

NATG is  per  cap i ta  na tura l  gas  consumpt ion  in  s ta te  j ,

PETR is  per  cap i ta  pe t ro leum consumpt ion  in  s ta te  j ,



- o -

PRELEC i s  t he  p r i ce  o f  e lec t r i c i t y  i n  s ta te  j ,

PRGAS is the pr ice of  natural  gas in state j

PRPETR i s  t he  p r j ce  o f  pe t ro leum in  s ta te  j ,

HEAT is the reported heat ing degree days for state j ,  and

C00L is the reported cool ing degree days for state j .

A l l  f ue l s  a re  measured  j n  m i l l i ons  o f  BTUs ,  w i th  fue ' l  p r i ces  exp ressed  ' i n

1967 do 1 i  ars/ l i l l t {BTU after being def lated by the non-fuel  consumer pnice

index. The energy consumption and pr ice data for each state came from the

U.S .  Depar tmen t  o f  Energy rs  S ta te  Energy  Da ta  Sys tem,  cove r jng  the  yea rs

1970-82 .  A l I  va r i ab les  o the r  t han  hea t i ng  and  coo l i ng  deg ree  days  a re

es t ima ted  i n  l oga r i t hm ic  fo rm.

The nodeis represented by equat ions (4) -  (6) have some important

d j f f e rences  f rom nany  o the r  s tud ies  o f  res iden t i a l  ene rgy  consumpt ion .

F i r s t ,  g i ven  the  h igh  deg ree  o f  mu l t i co l l i nea r i t y  be tween  fue l  p r i ces  and

the  fac t  t ha t  f ue l s  a re  o f ten  pa i r -w jse  compe t i t i ve ,  ra the r  t han

compe t l t i ve  be tween  a l l  f ue l s ,  t he  mode ls  i nc lude  on l y  the  own-pn lce

va r iab le  and  the  fue l  p r i ce  o f  i t s  ma jo r  subs t i t u te .  Consequen t l y ,  t he

e lec t r i c j t y  demand  equa t ion  has  the  p r i ces  o f  e lec t r i c i t y  and  na tu ra l  gas ,

the  gas  demand  equa t ion  has  the  p r i ces  o f  na tu ra j  gas  and  e lec t r i c i t y ,  and

the petroleum demand equat jon has the pr ices of  petroleum and natural  gas.

Second ,  hea t i hg  and  coo l i ng  da ta  do  no t  appear  to  have  equa l  l y

impor tan t  e f fec ts  on  consumpt ion  ac ross  fue l s .  Bo th  hea t i ng  and  coo l i ng

were  found  to  be  s ign i f i can t  f ac to rs  i n  exp la in ing  e lec t r i c i t y  demand ,  bu t

coo l i ng  da ta  was  no t  impor tan t  f o r  na tu ra l  gas  o r  pe t ro leum demand .

Consequen t l y ,  t he  f i na l  equa t i ons  exc luded  coo l i ng  deg ree  days  f rom those

equa t  i ons  .
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Th i rd ,  un l i ke  mos t  o the r  s tud ies  o f  res iden t i a l  ene rgy  demand ,  pe r

cap i ta  i ncome was  found  to  be  un impor tan t  as  an  exp lana to ry  va r iab le .  l { e

attempted to est imate the ef fects of  income in a var iety of  ways as

suggested by Houthakker and Taylor (1g6i l ,?/  but in no case was income

s ign i f i can t .  | de  d id  cons ide r  t he  poss ib i  l i t y  o f  a  h igh  deg ree  o f

co l l i nea r i t y  be tween  income and  o the r  exp ' l ana to ry  va r iab les ,  bu t  i t  i s  no t

p resen t  t o  a  g rea t  deg ree .  The  l ack  o f  s ign i f i cance  may  appear  su rp r i s i ng

bu t  i t  i s  no t  w i thou t  p receden t  i n  ene rgy  demand  s tud ies  [8e ie r ' l e i n ,  Dunn ,

and  I i l cConnon  (1981) l  Hou thakke r  (1980)1 .3 /

The  p r i ce  and  quan t i t y  da ta  a l so  d i f f e r  f rom tha t  used  i n  o the r

s tud ies .  Seve ra l  advan tages  ex i s t  w i th  the  00E  da ta  se t  i n  compar i son  w j th

o the r  da ta  common ly  used .  F i r s t ,  a  pe r iod  o f  bo th  dec reas ing  and

lnc reas ing  rea l  ene rgy  p r i ces  i s  i nc luded .  The  t ' ime  se r ies  i s  l ong  enough

to  a l l ow  fo r  some ad ius tmen t  t o  the  s ign i f i can t  p r i ce  shocks  expe r ienced

dur ing  the  1970rs .  Fu r the r ,  t he  da ta  exh ' i b i t s  subs tan t i a l  p r i ce  and

consumpt ion  va r jab i l i t y  ac ross  i nd i v idua l  s ta tes  and  ove r  t ime ,  mak lng  the

es t ima t ion  o f  p r i ce  coe f f i c i en ts  i n  t he  mode l  more  p rec i se .  Ano the r

advan tage  o f  us ing  th i s  da ta  se t  i s  t ha t  i t  a l  l ows  fo r  a  more  tho rough

inves t i ga t i on  o f  t he  de te rm inan ts  o f  t he  res iden t i a l  demand  fo r  pe t ro leum.

Previously,  data def ic iencies have hanpered efforts of  researchers to

ob ta jn  re l i ab le  es t ima tes .  Consequen t l y ,  t he  DoE da ta  se t  a l l ows  us  to

more  accu ra te l y  i nves t i ga te  hypo theses ,  such  as  the  sh i f t  i n  res iden t i a l

demand for petroleum products due to fuel  switching and conservat ion

e f fo r t s .
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Un fo r tuna te l y ,  t he  DOE da ta  se t  con ta ins  on l y  ave rage  p r i ces  fo r  f ue l s .

S ince  the  marke t  f o r  e lec t r i c i t y ,  and  to  a  ce r ta in  ex ten t  t ha t  o f  na tu ra l

gas ,  i s  cha rac te r i zed  by  mu l t i - s tep  p r i c i ng ,  where  quan t i t i es  a re  pu rchased

in  b locks  a t  a  dec reas ing  marg ina l  cos t ,  Tay Io r  (1975)  has  ques t i oned  the

in te rp re ta t i on  o f  p r i ce  coe f f i c i en ts  es t ima ted  f rom func t i ons  us ing  ave rage

pr i ces .  Neve r the less ,  t he  use  o f  ave rage  p r i ces  ' i  s  f a i r1y  
"o r ron . l /

IV .  Es t ima t ion  Resu l  t s

Equa t ions  (4 )  -  (6 )  were  es t ' ima ted  separa te l y  us ing  the  poo led  t ime

ser ies  c ross  sec t i on  da ta  d i scussed  i n  Sec t i on  I I I .  Tes ts  were  then

performed to determine whether the coeff ic ients in the structural  equat ion

changed between two t ime per iods, 1971-74, and 7979-82.

Be fo re  tes t i ng  fo r  s t ruc tu ra l  change  in  the  coe f f i c i en t  vec to r ,

however,  the model was tested for the presence of autocorrelat ion and for

structural  change in the var iance covar iance matr ix.  Because of the

p resence  o f  t he  l agged  dependen t  va r i ab le  i n  t he  denand  equa t ions ,  i t  i s

necessary to test  for the presence of autocorrelated djsturbances to avoid

incons i s ten t  es t ima tes .  G iven  th i  sma l  l  number  o f  t ime  pe r iod  obse rva t i ons

in  each  c ross  sec t i on ,  Durb in -h  tes ts  a re  genera l l y  ne i the r  f eas ib le  o r

re i i ab le .  Consequen t l y ,  an  assympto t j ca l l y  equ iva len t  p rocedure  desc r ibed

by  Ourb in  (1970)  was  used .  0 rd ina ry  l eas t  squa res  i s  es t ima ted  fo r  each

c ross  sec t i on .  The  res idua l  f rom tha t  reg ress ion  i s  t hen  reg ressed  on  i t s

own  lag  and  the  fu l l  se t  o f  exp lana to ry  va r iab les ,  r v i t h  t he  coe f f i c i en t  on

the  l agged  res idua l  t es ted  w i th  a  s tandard  t - t es t .  I n  on l y  3  ou t  o f  144

cases (only lower-48 states were used in this study) vras the presence of
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au toco r re la t i on  i nd i ca ted ,  mak ing  the  assumpt ion  o f  no  au toco r re la t i on  more

p laus ib l e .

Fo low ing  the  l i t e ra tu re  [Ba les t ra  and  Ner love  (1966) ,  Be ie r l e in ,  Dunn ,

and  McConnon  (1981) ,  and  Hou thakke r ,  Ve r lege r ,  and  Sheehan  (1974)1 ,  t he

e r ro r  componen ts  es t i na t i on  me thod  i s  used  i n  th i s  s tudy .  By  tak ing  i n to

account both the di f ferences between states and those di f ferences ar is ing

ove r  t ime ,  pa ramete r  es t ima tes  a re  more  e f f i c i en t l y  es t ima ted  than  wou ld  be

the  case  w i th  o rd ina ry  l eas t  squa"es .9 /

Tes t i ng  fo r  s t ruc tu ra l  change  in  the  pa ramete rs  requ i red  co r rec t i on  fo r

changes in the error structure in the two per iods. The est jmated var iances

assoc ia ted  w j th  t ime ,  c ross -sec t i on ,  and  res idua l  e r ro r  f rom the  two  samp le

pe r iods  a re  shown  in  Tab le  1 .  A  s imp le  p re tes t  o f  d i f f e rences  be tween

var iances  i s  a l so  p resen ted  i n  the  tab le .  W j th  the  excep t i on  o f  t he

residual error var iance component in the later per iod of  the natural  gas

equa t ion ,  t he  va r iances  were  s ign ' i f i can t l y  d i f f e ren t  f o r  a l I  f ue l s .

E lec t r i c i t y  and  pe t ro leum exh ib i t ed  a  l a rge  i nc rease  i n  the  e r ro r  va r i ance

componen t ,  wh i l e  a l l  va r i ance  componen ts  i n  t he  pe t ro leum equa t ion

inc reased  j n  the  l a t t e r  t ime  pen iod .

Because of these di f ferences in var iance Darameters between the two

per iods ,  i t  i s  necessa ry  to  t rans fo rm each  samp le  pe r iod rs  da ta  us ing  the

est imated var lance parameters from that per iod.9/  In that way, the

resu l t i ng  t rans fo rmed  da ta  has  i den t i ca l  under l y ing  e r ro r  s t ruc tu res ,  i n

pa r t i cu la r ,  an  i den t i t y  va r i ance -cova r iance  ma t r i x .  Fa i l u re  to  co r rec t  t he

subsamp les  separa te l y  w i l l  y i e ld  b iased  pa ramete r  es t ima tes  tha t  may  fa i l

to separate changes in the parameters from changes in the var iance-

cova  r i  ance  ma t r i  x .
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Est imates of  the structural  parameters and Chow tests for stnuctural

change are presented in Table 2 for the transformed data. The resul ts

ind i ca te  s ign i f i can t  changes  i n  the  s t ruc tu ra l  pa ramete rs  ove r  t he  1971-82

per jod  fo r  pe t ro leum and  e lec t r i c i t y ,  bu t  cou ld  no t  re jec t  t he  hypo thes i s

o f  no  s t ruc tu ra l  change  in  the  case  o f  na tu ra l  gas .  Th i s  ev idence  o f

s t ruc tu ra l  change  fo r  e lec tn i c i t y  i s  cons i s ten t  w i th  tha t  repo r ted  i n

Su the r ' l and  (1983) .  S t ruc tu ra l  change  in  the  res iden t i a l  sec to r ' s  demand

fo r  d i s t i ' l  l a te  fue l  was  i den t i f i ed  by  Ur i  and  Hassane ' i n  (1984) .  Ne i the r  o f

these  s tud jes  exp l i c i t l y  cons idened  the  poss ib le  change  in  the  va r iance -

cova r iance  ma t r i  x .

As  shown  in  Tab le  2 ,  pe t ro ieum and  e lec t r i c j t y  consumpt jon  pa ramete rs

changed  s ign i f i can t l y  be tween  the  two  pe r iods .  I n  bo th  cases ,  t he

coe f f i c j en t  on  the  l agged  dependen t  va r i ab le  dec reased ,  i nd i ca t i ng  tha t  t he

speed  o f  ad jus tmen t ,  I ,  i s  l a rge r .  The  i nc rease  i n  the  speed  o f  ad jus tnen t

was  espec ia l l y  g rea t  f o r  pe t ro leum.  Fo r  pu rposes ,o f  compar i son ,  i t  i s

poss ib le  to  ca l cu la te  the  
' l eng th  

o f  t ime  requ i red  fo r  ha l f  o f  t he

adiustment to an exogenous shock in one of the independent var iables to be

completed based on the vaiue of  ) .  Based on the lagged consumption

coe f f i c i en ts ,  ha l f  o f  t he  l ong - run  ad jus tmen t  i n  pe t ro leum consumpt ion

would have taken 12,5 years based on 1977-74 est imates, in contrast to only

2 .1  yea rs  g i ven  the  1979-82  es t i na tes .  S im i l a r l y  f o r  e lec t r i c j t y ,  t he  t ime

needed to achieve 50-percent of  the adjustment to a shock dropped from 10.6

to  5 .6  yea rs .

Fu r the rmore ,  t he  own-p r i ce  and  c ross -p r i ce  e las t i c j t i es  i nc reased  i n

abso lu te  va lue  i n  t he  pe t ro leum and  e lec t r i c i t y  equa t i ons  be tween  the  two
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t ime  pe r iods .  The  changes  i n  the  pe t ro ieum equa t ion  were  espec ia l l y

d rana t i c ,  reg i s te r i ng  the  e f fec t  o f  t he  ma jo r  p r i ce  shock  genera ted  by

OPEC's  ac t j ons .  The  p r i ces  o f  na tu ra l  gas  and  e lec t r i c i t y  r ve re  she l te red

to  a  deg ree  by  regu la t i on  and ,  i n  t he  case  o f  e lec t r i c i t y ,  a l t e rna t i ve

sou rces  o f  cheaper  power .  Pe t ro leum consumpt ion ,  t he re fo re ,  has  apparen t l y

changed  so  as  to  re f l ec t  t he  i ncneased  vo la t i l i t y  i n  o i l  p r i ces :  movemen ts

in  o i1  p r i ces  now genera te  rap id  and  re la t i ve l y  l a rge  changes  i n  pe t ro leum

con sumpt i  on .

The  na tu ra l  gas  equa t ion  d id  no t  denons t ra te  i ncneased  sens i t i v i t y  t o

energy  p r i ce  movemen ts .  Ad jus tmen ts  i n  na tu ra l  gas  consumpt ion  to

exogenous  shocks  became on ly  s ' l  . i gh t l y  more  rap id ,  f a l l i ng  f rom 9 .3  yea rs  to

8 .8  yea rs  fo r  50 -pe rcen t  o f  t he  ad jus tmen t .  Es t ima ted  own  and  c ross -p r i ce

e las t i c i t i es  dec reased  i n  the  l a te r  pe r iod ,  a l t hough  the  coe f f i c i en ts  were

i  ns i  gn i  f i can t  i n  bo th  pe r iods .

E lec t r i c i t y  demand  was  found  to  respond  pos i t i ve l y  t o  hea t i ng  and

coo l i ng  changes ,  wh i i e  na tu ra l  gas  and  pe t ro ieum demand  responded

pos i t i ve l y  t o  hea t i ng  changes .  Su rp r i s i ng l y ,  t he  coe f f j c i en ts  on  the

wea the r  va r iab les  i nc reased  i n  the  l a te r  pe r iod ,  wh ich  wou ld  seem to  be

incons i s ten t  w i th  a  theo ry  o f  i nc reas ing  ene rgy  e f f i c i ency  and

consc iousness .

V.  Conc lus ions

The resu l ts  suggest  tha t  the  prev ious  energy  pr ice  shocks  have

s ign i f i can t ly  changed the  res ident ia l  demand fo r  energy ,  par t j cu ia r ' l y  the

demand for petroleun and electr ici ty. General ly, demand for energy is more



e las t j c  and  the  sens i t i v i t y  t o  t he  p r i ce  o f  subs t i t u tes  has  i nc reased .  The

speed of adjustment to changes has aiso increased.

The  s t ruc tu ra l  changes  i n  ene rgy  demand  lead  to  ques t i ons  rega rd ing  the

val id i ty of  many past energy demand est jmates. Data from before the

mid -70 rs  a re  no t  1 i ke1y  to  p rov ide  mean ing fu l  es t ima tes  rega rd ing  cu r ren t

consumpt ion  behav io r .  G iven  the  l ag  i n  ad jus t i ng  the  cap i ta l  s tock  o f

ene rgy  consuming  app l i ances ,  i t  i s  impor tan t  t o  use  obse rva t i ons  tha t  a l l ov {

fu l l  ad jus tmen t  t o  p rev ious  ene rgy  p r . i ce  shocks .

Because of the long lags needed to respond to pr ice changes i t  does

raise the quest jon vrhether demand has undergone addjt ional  structural

change .  Dur ing  the  l a t t e r  t ime  pe r iod ,  1979  to  1982 ,  f u l l  ad jus tmen t  t o

the  i nc rease  i h  ene rgy  p r i ces  resu l t i ng  f rom na tu ra l  gas  de regu la t i on  and

the  I ran ian  revo lu t i on  p robab ly  has  no t  occu r red .  No  doub t  t he  d i spa r i t y

between the ear ly and late per iods would be greater i f  more recent data was

ava i l ab le .  Fu r the r ,  t he  resu l t s  sugges t  t ha t  t he  magn i tude  o f  recen t

downward pr ice movements may induce further structura] change. Direct use

o f  t hese  resu l t s  f o r  p red i c t i ng  cu r ren t  behav io r  i s  d i f f  i cu1 t  because  o f

the l ikely asymmetry in demand response.
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TABLE 1 :

Vari ance-Covari ance Structure

C ro s s-Sect i  on
Var i  ance
Component

Ti me-Seri  es
Vari  ance

Res idua l  E r ro r
Vari  ance

Component Component

Elec t r i c i t y

7t-74 .0004369

79-82 .0003460

F-s ta t i s t i c  1 .26*

Natural Gas

7t -74  .0013872

79-82 .0067478

F-Sta t is t i c  4 .86*

Petrol eum

71-74 .0010140

79-8? .02688s6

F-s ta t i  s t i  c  26  .  51*

*  S ign i  f i  can t  a t  . 05  I  eve l  .

.0004920

.0001083

4.54"

. 0011444

.0004456

?.57*

.0010299

-0028296

2.75*

.0004581

. 0016943

3 .70*

.0047871,

.0047666

1 .004

.0032341

.0219s23

6 .79*



TABLE 2
Est imat ion  Resu l ts

El  ec t r i  c i

-  t +  -

t ovtn
p r i  ce

ntercept

9 .4396
(  5 .  1e)

3.  6509
(3 .45)

natura
p r i  ce

0.  3961
(2 .  e1 )

0 .4930
(3 .13)

ng coog d  >

71-74

79-82

var l

0.  9330
(se.7e)

0.8845
(35.27)

absence of

-0.2357
( -6 .31)

-0  .2950
( -s .72)

0.0018
(3  .77  )

0 .  0063
(  3 .  s9)

0.0006
(2 .63)

0 .0006
(2 .84)

F-stat i  st i  c for s t ruc tu ra l  change :  18 ,  16

Na tu ra l  Gas
Year intercept lagged dependent own e i  ec t r i  c i  t y  hea t i ng

va r i  ab l  e prr  ce

77-74 3 .7701
( .83)

t Y - 6 2  - L . 5 t 1 3

( -0 .40)

0 .9280 -1 .1765
(41.13)  ( -1 .17)

0 .9246 -0 .81s9
(  41.30)  ( -0 .  e6)

pr i  ce

0 .2270
(1 .32)

0 .  2158
(  1 .78)

0 .0017
(  .e8)

0. 0097
(  3  .6e )

F-s ta t i s t i c  f o r  absence  o f  s t ruc tu ra l  chanqe :  2 .10

Petrol  eum
ear nlercept own natura

pr i  ce

0 .  5281
(  1 .08)

3 .1007
(3 .87)

0  .  0011
(1 .11)

0 .0028
(  1  .06 )

va r i  ab l  e pri ce

7 l -74  4 .4601 0 .9460 -7 .2162
(  1 .80)  (78 .24)  ( -4 .20)

79-82 L .9776 0 .7236 -1  .7434
(  0 .40)  (  28 .32)  ( -2 .83)

F-s ta t i s t i c  f o r  absence  o f  s t ruc tu la l  change :  27 .79

No te :  t - s ta t i  s t i  cs  i  n  pa ren thes i  s .
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FOOTNOTES

1.  See  Hou thakken ,  Ve r lege r ,  and  Sheehan  (1974) ;  Lakshmanan  and  Anderson
(1980) ;  Be ie r l e in ,  0unn  and  McConnon  (1981) ;  and  Hou thakke r  (1980) .

2 .  Hou thakke r  and  Tay lo r  sugges t  t ha t  t he  l agged  va lue  o f  i ncome o r  t he
percen tage  change  in  i ncome m igh t  be  re levan t  exp lana to ry  va r iab les .

4.

There  a re  seve ra l  poss ib le  exp lana t i ons  fo r  t he  l ack  o f  s ign i f i cance
o f  i ncome.  F i r s t ,  t he  i ns ign i f i cance  o f  t he  i ncome va r iab le  may
resul t  f rom the use of average per capi ta income. Because the data
se t  has  c ross -sec t i ons  o f  pe r  cap i ta  ave rages ,  t he  range  i s  somewha t
l im ' i t ed .  0 the r  s tud ies  tha t  use  househo ld  da ta  on  i nd i v idua l  i ncome
and consumption may be able to ' ident i fy the income effects.  A second
poss ib le  exp lana t i on  may  be  tha t  ene rgy  does  fo rm a  s ign i f i can t
po r t i on  o f  a  househo ld rs  expend i tu res .  An  i nc rease  i n  ene rgy  p r i ces
can  e f fec t  ene rgy  consumpt ion  th rough  a  s ign i f i can t  nega t j ve  i ncome
e f fec t  i n  add j t i on  to  the  p r i ce  e f fec ts .  Ano the r  exp lana t i on  i s  t ha t
ene rgy  i s  a  comp lemen t  t o  goods  w i th  a  ve ry  l ow  o r  even  nega t i ve
income e las t i c i t y  o f  demand .  Fo r  examp le ,  as  i ncome inc reases  so
does  spend ing  on  vaca t i ons ,  ea t i ng  ou t ,  and  o the r  ou ts ide  o f  t he  home
en te r ta inmen t ,  a l l  ac t i v ' i t i es  tha t  reduce  the  consumpt ion  o f  ene rgy
by  the  res iden t i a l  sec to r .  Th i s  does  a rgue  tha t  t he  p r i ce  o f
comp lemen ts ,  such  as  ou t  o f  t he  home rec rea t i on  and  app l i ances ,
shou ld  be  i nc luded  j n  the  demand  func t i ons .  G iven  the  l a rge  number
and  unce r ta jn  ab i l i t y  t o  accupa te l y  p r i ce  them we  d id  no t  under take
th i s .  Fu r the rmore ,  Hou thakke r  (1980)  po in t s  ou t  t ha t  t he  use fu lness
o f  i nc lud ing  comp lemen ts ,  such  as  app l i ances ,  has  no t  been
demons t ra ted  and  has  l ed  to  theo re t i ca l l y  imp laus ib le  resu l t s .

Garbacz (1983) is only the most recent of  many studies that have used
average  ra the r  t han  marg ina l  p r i ces .  The  a rgumen ts  fo r  us ing  ave rage
pr i ce  a re :  1 )  Ave rage  p r i ces  a re  read l i y  ava i l ab le ,  bu t  ob ta in ing
marg ina l  p r i ces  fo r  each  o f  t he  c ross  sec t i ons  i n  ou r  s tudy  i s  an
enormous  task ;  2 )  consumers  may  no t  d i s t i ngu i sh  and  respond
acco rd ing l y  t o  the  marg ina l  p r i ce ,  ra the r  t hey  respond  to  the i r  t o ta l
b i l 1  [Dub in  and  McFadden  (1980) ] ;  3 )  ave rage  p r i ces  have  been  found
to  y ie ld  comparab le  e las t i c i t i es  as  those  us ing  marg ina l  p r i ces
IHa l  vo rsen  (  1975) ]  .

I n  con t ras t  t o  t h i s  paper  and  the  o the rs  men t ioned ,  Be ie r l e in ,  Dunn ,
and  l t l c0onnon  (1981) ,  es t ima ted  a  se r ies  o f  equa t i ons  us ing  the
seeming ly  un re la ted  app roach .  They  se lec ted  th i s  me thod  because  o f
the rather 

' large 
covar iance between the enror terms of the dl f ferent

sectors.  They also found that the covar iance between the di f ferent
fue l s  w i th in  sec to rs  was  re la t i ve l y  sma i l  i nd i ca t i ng  tha t  any
inc reased  e f f i c i ency  fo r  j o in t  es t ima t ion  w l th ' i n  a  sec to r  i s  sma l ' l  .

6.  The indiv idual  subsamples were tranformed using the method descr ibed
in  Judge ,  Gr i f f i t hs ,  H i l I  and  Lee  (1980) ,  page  343 .

5.
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