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* * 
S t e v e  Col~n 
L r i c  I l i r s t  

J c r r y  Jackson  

A b s t r a c t  

T h i s  s t u d y  deve lops  economet r i c  models of r e s i d c n t i a l  denlands 
f o r  e l e c t r i c i t y ,  n a t u r a l  gas:, and pe t ro leum p r o d u c t s .  F u e l  demands 
p e r  household a r e  e s t i m a t e d  a s  f u n c t i o n s  of Fuel  p r i c e s ,  p e r  c a p i t a  
ihcomc, h e a t i n g  d e g r e e  d a y s ,  and mean J u l y  t e m p e r a t u r e .  Cross-  
s e c t i o n a l  ciodels a r c  dcvel.oped u s i n g  a l a r g e  d a t a  b a s e  c o n t a i n i n g  
o b s e r v a t i o n s  f o r  each  . s t a t e  and y e a r  from 1951 throu[;h 1974.  

Long-run own-price. e l a s t i c i t i e s ,  f o r  a l l  . t h r e e  fue1.s a r e  G r c a t q r  
than  u n i t y  w i t h  n a t u r a l  gas showing t h e  g r e a t e s t  s e n s i t i v i t y  t o  own-. 
p r i c c  changes .  Cross-p1:ice e l a s t i c i t i e s  a r e  a l l  l e s s  than  u n i t y  
e x c e p t  f o r  t h c  e l a s t i c i t y  o l  demand f o r  o i l  w i t h  r e s p e c t  t o  t h e  
p r i c e  of g a s  (1.~11ich i.s even l a r g e r  t h a n  t h e  own-price e l . n s t i c i r y  of 
dcmaud f o r  o i l ) .  The niodels show c o n s i d e r a b l e  s t a b i 1 . i  ry w i t h  r e s p e c t  

. t o  oi.rn-price e l a s t i c . i t i e s  hu t  rr.uch i n s t a b i l i t y  w i t h  r e s p e c t  t o  t h e  
c r o s s - p r i c e . a n d  incomc e l a s t i c i t i e s .  

1. In t roc luc t ion  

T h i s ' s t u d y  a n a l y z e s  r e s i d e n t i a l  demands f o r  f u e l s  - e l e c t t i c i t y ,  
g a s ,  o i l  - a s  f u n c t i o n s  of f u e l  p r i c e s ,  incomes and c l i m a t i c  v a r i a b l e s .  
The c r o s s - s e c t i o n a l  economct r i c  models c o n s t r u c t e d  u s e  a  l a r g e  d a t a  
b a s e  c 0 n t a j . n i . n ~  v a r i s b l e s  f o r  e a c h . s t a t e  and each y e a r  from 1351 
th rough  1974. 

R e s u l t s  of t11i.s s t u d y  are. b e i n g  used i n  t h e  t l cve l .op~en t  nntl 
improve~nc~i t  o f  . a  clc t a i l e d  eny,inceri.ng-cco.noniic model t o  s i m u l a t e  
r e s i d e n t i a l  cnel:Cy ~ s c s  from 1970 t l lrough 2 0 0 0 : ~  T h c  o r i g i n a l  v e r s i o n  
of t l ic  r c s i d e n t i n l  s i l ~ ~ u l . a t i o n  ~noclcl used f u e l  pl-j.cc and income 
e l a s t i c i t i e s  from e c o ~ i o m e t r i c  a n a l y s e s  ,of  t h e  coml)ined househo ld /  ' 

cornrncrcial s e c t o r  u s i n g  on ly  a  few yc??rs of d a t a .  3 ' L " 5  The p r e s e n t  
s t u d y  was concluctctl ~?r . i~nar . i . ly  t o  p r o v i d e  improved e s t i m a t e s  of t h e s e  
e l a s t i c i t i e s  f o r  tl~c! resiclcn(l i .al  s i n ~ u l a t i o n  rnoclcl. 
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The key f c a t u r c s  of tl1j.s s t u d y  a r e :  
'lhe nlodels d e a l  c s p l i c i t l y  w i t h  r e s i d e n t i a l  energy demands (not :  
t l ie  combir~ed r c s i . d c n t i a l / c o m m c r c i a l  s e c t o r ) .  
11r,proved d e f i n i t i c n s  of r c s i d e n t i a l  f u e l  u s e s  a r e  developed t o  
account  f o r  some r e s i d e n t i a l  Euel use  t h a t  i . s  g e n e r a l l y  a l l o c a t e d  
t o  t l ie  co~iiniercial s c c t o r .  
Three  t l i  f f e r e n t  f u e l  e i l . .  p r i c e  s e r i e s  a r e  c o n s t r u c  r e d .  Elodels 
a r c  e s t i n ~ a t e t l  w i t 1 1  eacll one t o  e v a l u a t e  t h e i r  r e l . a t i v e  s t r e n g t l ~ s  
ancl hrcal.:ncsscs. 
rlodels developed h c r c  a r c  based on a l a r g e  t lata base  t l l a t  c o n t a i n s  
v n r i n b 1 . e ~  f o r  47 s t a r c s f :  and 24  y e a r s ,  a  t o t a l  of 1128 o b s e r v a t i o n s .  
C r o s s - s e c t i o n  models f o r  1951,  1955,  19G0, 1965,  1370 ,  1.9.71, '1972, 
1973, and 1.974 a r c  e s t i m a t e d  t o  e v a l u a t e  t h e  s t a b i l i t y  of co- 
e f f i c i e n t s  o v e r  t i f i le .  
Fue l  usc  per  housciiold ( r a t h e r  than  f u e l  use pe r  c a p i t a )  i s  chosen 
a s  tlie clcpcnclent va l r i ab lc  because  r e s i d e n t i a l  energy u s c s  a r c  
r e l a t e d  more c l o s e l y  t o  number of households  than t o  number of 
peop le .  
FlodeJ.s a r e  developed l o r  clic. t l i r ee  major houscho1.d f u e l s  - e l e c -  
t r i c i t y ,  gas,  and o i l .  During tlic p a s t  t e n  y c a r s ,  t l iese f u e l s  
accounted f o r  morc tlian 30% of t o t a l  r e s i d e n t i a l  energy u s c .  Coal , 

and 1iquc: t ied  n,at.urnl. g a s e s  account  fol: on ly  a s m a l l  and d e c l i n i n g  
p o r t i o n  of t h c  t o t a l  (5% d u r i n g  t l ie 1 9 7 0 ' s ) .  

A review of I ~ i s t o r i c a l .  fuel .  u s e  d a t a  r c v e s l s  sonic i n t e r e s t i n g  t r e n d s .  
Tllc o v e r a l l .  ; ln~ iua l  gro~,ltli  k n t e  i n  energy u s c  d u r i n ~ ,  t l ~ c  periotl  of 1.950 
t l lrou~,Ii  1975 av;is 3 . 4 2 ,  n e ; ~ r l . y  clouble t h e  growth r a t c  in Iiouscliolcl fo rmat ion  
( 2 . 0 % ) .  ~ o v : & c r ,  d u r i n g  r e c e n t  y e a r s ,  growth i n  f u e l  u s e  h ; ~ s  been 
n e g a t i v e :  -0 .82 p e r  year  between 1972 and 1975. 

The J i s t r i b u t . i . o n  of i u e l s  anlong t h e  t o t a l .  cliangctl sl1;lrpl). duying 
t l l c sc  35 y e a r s .  111 1950,  c o a l  accounted f o r  more than o n e - t l ~ i r d  of 
houscliold f u c l  u s e ,  wlii le i n  1975 c o a l  accounted f o r  on1.y 2Z of t h e  t o t a l . .  
P e t r o l c u m ' s  shclre of t h e  t o t a l  a l s o  d e c l i n e d ,  from 2 6  t o  1 8 % .  E l e c t r i c i t y ,  
on' t h e  o t h e r  hiind, i n c r e a s e d  i t s  s h a r e  from 1 8  t o  4 3 7 ; .  The s h a r e  accounted 
f o r  by Gas i n c r e a s e d  from 2 2  t o  24X.dur ing t h i s  p e r i o d .  .. 

S e v e r a l  r e c e n t  s t u d i c s  a t  tempt t o  q u n n t i f  y  t h e  bc l lnv iora l  d e c i s i o n s  
unclcrly'iuy: t h e  f u e l  use t rcn t l s  t lcscr ibed i ~ b o v c .  ~ a u ~ l i m n n - ~ o s l i o w ~  and 
~ h e r n "  dcvclopl~tl  f u e l  s p l i t  rincl niarlcet s h a r e  models respectively e s t i m a t i n g  
s h a r e s  of t o ~ a l  energy use  consumed by t h r e e  major f u e l s .  S i n c e  t h e  
d a t a  i n  b o t h  o f  t l lcsc s tu t1 j . c~  i s  Iron1 t h e  conlbinccl r e s iden t~a . l / commcrc~ j . a l .  
s c c t o r  i t  i s  t l j  f f i c u l t  t o  app ly  t h e s e  r e s u l t s  cl i . rcctly t o  our  r c s i d c n t i i l l .  
s i n ~ u l a t i o n  nioclcl. 

Anderson5 clevclopccl c r o s s - s e c t i o n  niodc1.s ( u s i n g  d a t a  Lor 1960 and 
1970) of r e s i t l c n t i a l  demands f o r  e l c c t r i c i t y  ancl g a s .  Although Andcrsott 
d e a l t  e s p l i c i t l y  w i t l i  t lie ; c s i d e n t i n l  s c c t o r ,  he d i d  n o t  deve lop  an 
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e q u a t i o n  f o r '  r e s i d e n t i a l  pe t ro leum,  presumably hecause  of d i f f i c u l t i e s  
- in separ . - ; i t ing  r c s i d c n t i a l  and conmlercial u s e s  of pe t ro leum p r o d u c t s .  
Thus ,  i \ n d e r s o n ' s  r e s u l t s  c a n n o t . b e  d i r e c t l y  used i n  o u r  s i rnula t ion.mode1.  

2. C r o s s - S e c t i o n a l  >lode1 S t r u c t u r e  -- 

:c 
A c o n s t a n t  e l i l s t i c i t y  nlodel of  t h e  form: 

R j l  , P J '  j 2  ' j 3  ,6 j4 ' j5  B:jb 
= A . P  E 

'ij -j e l e c  g a s i  
i 

' o i l  i 'li '2i i j  
i 

was usctl a s  t h e  tlc.l;land f u n c t i c n  f o r  t h e  t h r e e  f u e l s .  Talting tlie 
n a t u r a l  l o g  of b o t l ~  s i d e s  of tlie e q u a t i o n  y i e l d s  a  l o g - l i n e a r  f o r m u l a t i o n :  

1 . = + li. %?lY .  . i j  j O  1 e l e c  
-F e 2 1 1 ~  

j 2  g a s  + Oj,%?zPoil + RjLtnYi + 
i . i i 

(l i j  i s  t h e  a v e r a g e  c o i ~ s u n p t i o n  p e r  houscho~ld of f u e l  J i n  s t a t e  i 

P i s  tllc a v e r a g e  p r i c e  of f u e l  1c i n  s t a t e  i 
It i 

Y i  
i s  t h e  pc r  c a p i t a  income i n . s t a t e  i 

C is  t h e  11umbcr of h e a t i n g  d e g r e e  days  i n  . s t a t e  i 
I. i 

C is  t h e  mean' J u l y  t c m p c r a t u r e  i n  s t a t e  i 
2 i 

E is a  ranrlom d i . s t u r b n n c e  term.  
i j 

The e l e c t r i c i t y  demand e q u a t i o n  i n c l u d e s  bo th  C l i  and C 2 i  a s  
esplc lnntory  vnr j .3 l ) l . c~  t h a t  i n f l u e n c e  denlands f o r  c l c c t  r i c  s p a c e  h e a t i n g  
and e l e c t r i c  a i r  c o n t l i t i o n i n g ,  r c s p c c t  i v e l y .  0nl.y C l  i s  inclucled i n  
t h e  g a s  and oi.1 . . c q u a t i o n s  bccnusc  a lmost  a l l  r e s i d e n i i a l  a i r  c o n d i t i o n i n g  
s ~ s t e m s  use  e l c c t s l c i t y  a s  an energy  s o u r c e .  

3 .  Data 

Yc? used scvc.~:;ll I I ~ W  t l i ~ t ; ~  sourcc!; i n  o u r  ( : C ~ ~ I I * T S  I:o c~:;ti~n;lte 
nccut-n cc I~ouscllo.l c l  Tuc.l. t l l ; n ~ ~ t ~ ~ c l  c c l u a t . i o ~ ~ s ,  r \cl j t~::L~~!c~\ts  \ ~ c v c  n\;\tlc t o  
s c v c r a l  c s i sLiu[ ;  c l , ;~ t ;~  s c t s  t o  more p r c c i s c l y  r c r l e c t  h o u s t l ~ o l d  f u e l  
u s e s .  'I:ilis s e c t i o n  c lesc r ibes  t h e s e  d a t a  s o u r c c s  and adjustments. 

3.1.  Fuc l  u s e  

Tllc Cdison ~ l e c t r i c  institute6 r e p o r t s  annual. s a l e s  of e l e c t r i c i t y  
t o  r c s i c l c n t i a l  cus tomers .  T l ~ e s e  f i g u r e s  i n c l u d e  s a l e s  t o  i n d i v i d u a l l y -  

9c 
l)c?111311d ~ 1 . i 1 ~  t  j c.i t y  i.s d e f i n e d  a s  t h e  pcrccn t a g c  ' cli:~lip,c i n  t h e  

q u 3 n t : i . t ~  dcn~~lndecl a s s o c : i a t r d  w i t h  a  1;: i n c r e a s e  j.n n  p a r t i c u l a r  i n -  
dependent  v a r i a b l e ,  i . r . ,  (aQ./aF ) ( P j / Q i ) .  

1 j 



mcltcrcd dwellings and t o  f;clnp,-metered b u i 1 d i . n ~ ~  w i t h  1~:;s tllan f ive .  
househo lds .  I ; l c c c r i c i c y  :;nl.es L u  ga11};-111eCerec1 builcl i l igs wi.th f i v e  o r  
m o r c . n p a r t n c u t s  a r c  'cl,assi. .Eied r!s c o ~ n m e r c i a l .  To c o r r e c t  f o r  t h i s  
d e f i n i t i o n a l  pr .oblc~n,  wc jnc1-cased t h e  E E I  f i g u r e s  f o r  r c s i d c n t i a l  
e l e c t r i c i t y  s a l e s  by 4 %  f o r  each  s t a t c  and each y e a r . 7  

I n  a  s i m i l a r  f a s h i o n ,  t h e  Ao~er ican  Gas ~ s s o c i a t : i o n ~  r e p o r t s  a n n u a l  
,salts of gas t o  r c s iden t i a .1 .  cus tomers .  'J'o c o r r e c t  f o r  t h e  consumption 
,of gas  i n  g a n g - ~ i e t c r e d  spar tment u n i t s  a s s i g n e d  by g a s  u t  i l . j . t i e s '  t o  t h e  
conlmercial s e c t o r ,  we i~:crease.d t h e  ACA r c s i d c n t i a l  gas  f i .gure  f o r  each 
y e a r  and cach s t a t e  by 22% of t h e  ACA conxlcrc ia l  g a s  f i ~ u r e .  

The Bureau of Piincs ant1 American Pet roleum 1 n s t i t u t c 9  r e p o r t  a n n u e l  
c o n s u c p t i o n  of p e r r o l c u n ~  p r o d u c t s  ( k e r o s e n e ,  Kos. 1 - G  h c ~ i t i n g  o i l s )  f o r  
h c a t i n ~  purposes .  -flowever, t l ~ c y  do no t  c s t i n a t c  t h e  f r a c t i o n s  of t h e s e  
f u e l s  consunled i n  the  r e s j d e n t i n l  and conlmercial s e c t o r s .  Based on 
c o n v e r s a t i o ~ l s  w i t h  s t a f f  i n  t h e  Cureau of Econo~~l ic  Anal.ysis (U.S .  Depar t -  
ment of Conimcrce) and r c l .  7 ,  we assunled t h a t  l O O Z  of - the  lccroscne 
and Nos. 1 ,  2 ,  and 4 d i : i t i l l a t e  h e a t i n g , o i l s  c l a s s i f i e d  b y  t l ~ e  Bureau 
of t i incs  a s  h o u s e h o l d / c o m ~ ~ : e r c i n I  werc consumed i n  t h e  r e s i d e n t i a l  s e c t o r .  
( T h i s  i m p l i e s  t l1a t .100X ol: t h e  Nos. 5  .ant1 6 r e s i d u a l  h e a t i n g  o i l s  were 
u'sed i n  t h e  com~nerc ia l  s e c t o r . )  

3 .2  F u e l  p r i c e s  

1\11 7 r i c e s  used 2 r c  s t a t e  a v e r a g e  r i c e s .  P r i c e s  f o r  e l e c t r i c i t y  
and g a s  a r e  o b t a i n e d  f r o n ~  L E ~ '  and ACA,' r e s p e c t i v e l y .  T l ~ e  r e p o r t e d  
r e s i d c n t i a l  f u e l  p r i c e s  a r c  we ig l~ te t l  w i t h  t h e  repor tc t l  commercial  f u e l  
p r i c c s  t o  accoun t  f o r  t l ~ c  a d j u s t m e n t s  i n  f u c l  usc  dcscr j .bcd a l ~ o v e .  T h l ~ s ,  
s t a t c  a v e r a g e  fue l .  p r i c e  i s  d e f i n e d  a s  t o t a l  r c s i d e n t i a l  r evenues  d i v i d e d  
by t o t a l  r e s i d c n t i a l  consumpt ion.  

Developing a p p r o p r i a t e  p r i c e  rncasures f o r  r c s i d c n t i n S  pet roleum u.sc 
is 111ucl1 more c1 i f f i cu . l t .  I : . lcctr j .ci ty and g a s  p r i c e s  a r c  I,clsctl o n  coniplcte 
r e c o r d s  provided by e l e c t r i c  a n d  g a s  u t i l i t i e s  t o  L E I ,  AGA, and t h e  F e d e r a l  
Power Commission. R e t a i l  pe t ro leum p r i c e s ,  however, can on ly  be i n f e r r e d  
from l i m i t e d  sample d a t a .  

.. Because of d j f fe i -cncc! ;  anlong fucl .  o i l  p r i c e  s e r i c : ; ,  r ~ c  dcvclopcd 
t l i r ee  t i i f  f e r c n t  s e t s  and c s t  ioli i  tctl Ellel denland equations wit11 each one.  
The t l l r c e  p r i c c s  s e r i e s  a r c :  1 ' l . a t t 1 s ,  l o  UST)A, l 1  ant! a combi.nation of t h e .  
two. As d i s c u s s e d  l a t c r ,  wc u l t i r i ~ n t e l y  u s e d .  t h e  combinecl s e r i e s  b ~ c c i u s e '  
it: t;nvc thi! I)e.c;t ( o r  tl~c! .lc:;~st b i~t l ,  tlcpclltliny, on o l ~ c ' s  ot~t:.l.ool<) r c s u l t s  
i n  terms of c o r r c c t  sj.!:ns and t - s t a L i s L i c s  Lor tllc c l r l s t i c i t y  e s t i n r a t e s .  

The P l r ~ t t ' s  p r i c e  scl:.ies i s  a v a i l a b l e  f o r  c i t j e s  i n  23 s t a t c s  f o r  
each  y e a r  fro111 1951 throu[ ; l~  1974. S t a t c s  f o r  which P l n t t ' s  d i d  n o t  r cpo . r t  
p r i c e s  were g iven t h e  p r i c d  from t h e  geographically n e a r e s t  s t a t c  t l ~ a t  
d i d  c o n t a i n  a P l a t t ' s  p r i c e .  

'Tl~e USDII p r i c e  s e r i e s  is  a v a i l a b l e  f o r  cach s t a t e  f o r  t h e  y e a r s  1959 
thro.ugh 1974. 7.'o " c r e a t e "  fuel .  o i l  p r i c e s  for  t h e  y e a r s  1951 t h r o u g l ~  1958,  



IQ:C c l e ~ . : ~ . l o p ~ d  rci :rcss: ion equat j .ons  t o  r e l a t e  USPA kc:i:o:rc~ic p r i c c s  f o r  
each Ycilr a11cl s t a t ( !  t o  c o r r e s p o n d i n g  f u c l  o i l  pr i .ccs  f o r  t h e  1959-1974 
p e r i o d .  Thcsc  e q u a t i o n s  were  then  used \.~i.tli  t l ~ e  USDA k c r o s e n c  p r i c e s  
f o r  1951-1953 t o  c s t i m a t c  s t a t e  f u e l  o i l  p r i c e s  f o r  t h c s c  y e a r s .  F i n a l l y ,  
\\lc a d j u s t e d  t h e  USI)/\ p r i c e s  each y e a r  I)y t h e  n a t i o n a l  f u e l  o i l  p r i c e  
est inlateci  by t h e  Uureau of Labor S t a t i s t i c s .  l 2  

T l ~ e  t l i i r d  rc .s i . t lent ia1  f u e l  o i l  p r i c e  s e r i e s  was 1,nscd on a  con1bi.n- 
a t i o ~ i  of l ' l a t t  ' s  nnci USDA p r i c e s .  1 ' l . a t ~ ' s .  p r i c e s  wcrc f i r s t  m u l t i p l i e d  
.by t l ~ e  . r a t i o  of RLS i . .n t ional  f u e l  o i l  p r i c c  t o  I ' l a t t ' s  U.S. a v e r a g e  
p r i c c ;  t h i s  a d j u s t ~ l : c ~ ~ t  r;ns made t o  c o r r e c t  P l a t t ' s  ~ . r l i o l e s a l e  p r i c , e s  t o  
a  r e t n , i l  l e v e l .  S t a t e s  t h a t  had no l ' l a t t ' s  p r i c e  were then  a s s i g n e d  a 
p r i c e .  based on t h e  f  ol lowinp,  f orniula : 

where i ' r e p r c s e n t s  a  s t a t e  w i t h o u t  P l a t t ' s  d a t a  and j r c p r c s e n t s  a s t a t e  
a d j a c e n t  t o  t l ic  it11 s t a t e  hav ing  a l ' l a t t ' s  p r i c e .  Tlius, t h e  USDA p r i c e s  
a r c  uscd t o  p r o v i d e  G r e a t e r  c r o s s - s e c t i o n a l  v a r i a t i o n  t o  t h e  P l a t t ' s  s e r i e s .  

I 

T l ~ e  development o f  t l ~ c  t h i r d  f u c l  o i l  p r i c e  s e r i e s  was necessary 
because  n e i t h e r  t h e  P l a t t ' s  nor  t h e  USDA s e r i e s  a l o n e  gave s a t i s f a c t o r y  
r e s u l t s .  \illen models were cleveloped f o r  f u e l  o i l  consumption u s i n g  t h e  
P l a t t ' s  s c r i c s ,  t h e  own-price c o e f f i c i e n t  f r e q u e n t l y  gave i n c o r r e c t  
( p o s i t i v c )  s i g n s .  The USDA o i l  p r i c e  s e r i e s  o f t e n  gave n e g a t i v e  s i g n s  
f o r  c r o s s - p r i c e  coefficients. 

3 . 3  Other  v a r i a b l e s  

I l ea t ing  degrc!c-clays and mcan J u l y  t e m p c r a t u r c  a r c  used a s  e x p l a n a t o r y  
v a r i a l l c s  t o  accoun t  f o r  t h e  e f f e c t s  of wcathci: on f u e l .  consumption f o r  . 
s p a c c  h e a t i n g  and a i r  c o n d i t i o n i n g .  S t a t e  h e a t i n g  d e g r e e  d a y s ,  compiled 
on montlily b a s i s ,  \ (ere  o b t a i n e d  from t h e  U.S. Department of Commerce. l 3  
These d a t a  were conl.lerted t o  a c a l e n d a r  y e a r  b a s t s  f o r  t h i s  s t u d y .  Mean 
J u l y  t e n p e r a t u r e s  were a l s o  o b t a i n e d  from t h e  Dcpar tn~cn t  of Commerce, l 4  
D a t a , f r o a  s e v e r a l  c i t i e s  i n  each s t a t e  were weighted by p o p u l a t i o n  t o  
deve lop  s t a t e  c s t  i.ma t e s  f o r  mean J u l y  tempcra t u r c .  

Values  of pcr c a p i t a  income f o r  each s t a t e  and y e a r  were o b t a i n e d  
from v a r i o u s  i s s u e s  of  S L ( Y J U C ~  of Clu7xlcrzt: B~ t s i ) i e s s .  l 

1\11 fuel .  p r i c c  and incoole v a r i a b l e s  rscrc rlcl ' latctl b y  tlic Consumcr 
' l ' r ice  ~ c t ! c ~ '  ( t o  nccilul\t l o r  t en!por:ll cll;?ngcs j n pr.i cc  1cvel.s)  nnrl by 
i \n t l e r son l s  aIc~ru\>o.l . i  t a n  c o s t  of l i v i n g  i n d c s 5  ( t o  accoun t  f o r  r e g i o l l ~ l  
d i f f e r e n c e s  i n  p r i c c  l e v e l s ) .  

Tlle number of h n u s e l ~ o l d s  in ' .eacl i  s t a t e  was o b t a i n e d  from t h e  Bureau 
of t h e  Census f o r  t h c  y e a r s  1950 ,  1360,  1965-1968, 1970 ,  and 1972- 
1974. l 6  To c r e a t e  d a t a  f o r  t h e  m i s s i n g  y e a r s  we uscd e s t i m a t e s  of 



s t a t e  popu l . a t i on  fro111 t l l c  Uurc;lu of  t h e  c e n s u s 1 6  ( p r o v i d e d  f o r  e a c h  y e a r )  
and  a s i m p l e  i n t e r p o l a t i o n  scheme; . . 

T h e  d a t a  s e r i e s  u sed  i n  tliis s t u d y .  i s  dc f i . ncd  f o r  cacli  y e a r  from 1351 
t h r o u g h  1974 ar,d f o r  e i l c l ~  of  47 s t a t e s .  I J o r t h  and S o u t h  C a r o l i n a  a r e  
comhined b e c a u s e  s e p a r a t e  s t a t e  e l e c t r i c i t y  u s e  f i g u r e s  were n o t  r e p o r t e d  

. b e f o r c  1957 .  >larylnncl and ~L'asl . l ington,  D .  C .  a r e  a l s o  combined f o r  t h e  
s a n e  r e a s o n .  A l a s k a  and I lnwai i  a r c  exclutlecl b e c a u s e  o n l y  r , e c e n t  d a t a  
a r e  a v a i l a b l e  f o r  t h e s e  s t a t e s  ( s e e  r e f .  1 ( T a b l e  2 )  Tor d O f i n i t i o n s  and 
u n i t  o'E measu remen t s  f o r  v a r i a b l e s  u sed  i n  t h e  econof i le t r ic  h ~ d d e l s ) .  

4 .  E m p i r i c a l  R e s u l t s  

The fo l low. ing  t a l ~ l c s  p r e s e n t  r e g r e s s i o n  r e s u l t s  o b t a i n e d  w i t h  t l l e  
e q u a t i o n s  of S e c t i o n  2 and t h e  d a t a  of  S e c t i o n  3 .  C o e f f i c i e n t  e s t i . r na t e s  
and corresponding t - s t a r i s t i c s  . f o r  c r o s s - s e c t i o n a l  c q u a t i o n s  a r e  g i v e n  
i n  T a b l e  1 f o r  e l c c t r i c i . t y ,  T a b l e  2 f o r  g a s ,  and T a b l e  ' 3  f o r  o i l .  The 

.corcbined I ' la t t ' s -USDA Fucl. o i l  p r i c e  s c r i c s  was u sed  Cor a l l  regressions 
. r e p o r t e d  h e r e  b e c a u s e  i t  gave  b c t t e r  r e s u l t s  t h a n  e i t h e r  t h e  P l a t t ' s  o r  
USDA p r i c e s  a l o n e ;  s e e  S e c t i o n  3 .  

. . 



T ~ t , I c l '  Estirri3tcJ I luuschold  Ucr113nd for Electrici ty;  Cross .Scc~ionsl  .\lorlcl* 

Esti!:13tior1 . \ l c : l :~d :  O:Ji: l~r>. LC351 S q ~ : ~ r c s .  
Dcpcr!di.r~: i ' + r i~b l i . :  In (Q,I,,/IIaur~ho13) 

Y C J ~  l c  P f l c c  In Pg,, In  poi^ In LC1 . In H G D  In COOL Con.;r.int P, ' 
1 9 s i  - 1.039 0 . 1  30 0 . 3  7 0 . 1 ~ 2  0.105 0.021 2.02s 0 . ~ 5  3 

(- I Z . . ~ S ) '  (3..5OjL'- (1.91jc ( 2 . 2 ~ ~ ~  (1 .ss)< ( 0 . 0 9 )  (I .-!s)(' 

1971 -1.051 0.403 0.555 0.007 -0.105 0.5 5 2 0.538 0.S66 
(- lr.70)" (6.30)' ( 3 . 3 ~ ) ~  (0.04) ( - 2 . ~ 2 ) ~  (3.05 ja (0.78) 

*The  fi_;.;:cs in plrrntb.escs t-st=:ij:icr. R~ is the m ~ l i i p l c :  co~ff ic i r 'n t  o f  deterr;~in:tion. The re  are  47 o b s s r v ~ t i o n s  in 
e s c h  equ2:ioc:  ... 

a ~ r ~ ! i s t i t d . l y  s i y i f i s 3 n t  2 t  the I 5  l~cvel. 
q'~t'[iSlii2!ij '  s i p i f k 2 n t  31 the  5% I c \ . c ~ .  
C ~ t ~ ~ i s : i : d l y  s i -mif ic~nt  31 thc  1 0 2  level. 
d~!z:ir:i:~llj. s i j n i f i i ~ n  1 a t  r l ~ e  2 0 3  level. 



Estirl13tion .\Icthod: 0 : d i n ~ r y  Lcls! Squares 
. Dcpfl~dcnt  Varinblc: In (Qi,,!l l o u ~ ! ~ o l d )  

*The 5;urss i7 plrcn;hesc.s arc t -s t~t is t ics .  R' is the rnu1:ipls cosfi icicnt of dztern~inlt ion.  Th.er.e are 47  obscrv3:ions in 
each eqclcio. .  

a~t2:ij:i:d.!:.' signiGc3nt 31 the Icvel. 
b~;~:is:i .:2!l; .  s i i ;z i?c~nt  3 t  tllc 5 5  Isvcl. 
C ~ t 2 : i s : i ~ ~ 1 1 y  sijnific3nt 3t the 1 0 3  I C V C I .  
d~t2!ii!i:2!l; signiritlnt 3! the 3OC2. Ievcl. 



Q3 :;z- rJ,.;:; 76- :CGol. 
. ~ 1 l > l c ' 3  E s t i r t ~ ~ t s J  I l u u s ~ l ~ ~ J d  ~ i n l ~ r ~ l l  for Fucl  Oil;  Cruss .Scct iur t~l  ?II,\J~I* 

1.739 
(S. I s)' 

- 
2 .  'The fi;c:ej.in psrcnthsses  I r e  1-st>tistics. R IS the  mu!tiple iocf2:icn: o f  dc'terrnir13tion. There  3.re 4 7  obssrvl t ions  in 

e s c h  e q ~ 3 : i o n . .  
a ~ t , " i ~ : i ~ l l ! \  sigific2nt 31 the  1% Irvcl. 
b~tJ : i ; : i~s l i ! .  s i g n f i c ~ n !  a t  thc: 5% Icvcl. 
C~ t s t i s : i . : s~~y  s ign i t7an t  2 t  the 1 0 5  Ie\.cl. . 

d ~ t ~ i i r r i ~ ~ ~ y  s i g i f i i ~ n t  ~t  thc ,203 lcvel. 



Thc r,lodcls s l i o ~  ccons i t lc rab lc  s t a b i l i t y  ov1.r r ime  fo r  tllc own-p r i ce  
c n e f f j . c i e n t s  f o r  electricity and n a t u r a l  g a s ;  l ong - run  e l a s t i c i t i e s  a v e r a g e  
- 1 . 0  and - 2 . 1 ,  r e s p e c t i v c l y .  'I'hc own-pr ice  e l a s t i c i t y  o f  dernclnd f o r  o i l  
shows rnore v a r i a t i o n ,  w i t l l  v a l u e s  r a n g i n g  from -0 .2  i n ,  1955  t o  - 2 . 5  i n  1965 .  
From 13G5 t o  1 9 7 3  t h i s  e l a s t i c i t y  d e c l i n e d  s t e a d i l y  i n  a b s o l u t e  magn i tude .  
f rom -2 .5  t o  -1 .2 .  T h i s  cove . rs  a  pcriocl  d u r i n g  which o i l  consumpt ion  p e r  
housc:lol.d d e c l i n e d  282,  s i g n i f y i n g  a p o s s i b l e  s t r u c t u r a l  change  i n  t h e  

'demand ' f o r  o i l .  

C ros s -p r  i c e  c l .as  t i c i t i e s  f o r  b o t h  e l e c t r i c i t y  and g a s  generally 
i n c r , e a s c d  i n  n :agni tudc  and s t a t i s t i c a l  s i g n i f i c a n c e  o v e r  t i m e ,  especially 
d u r i n g  t h e  l a s t  s i x  y c a r s  of t h e  d a t a  s e r i e s .  T h i s  s u g g e s t s  t h a t  h o u s e h o l d s  
have  become morc aware  of  r e l a t i v e  f u e l  c o s t s  and h a v e  a c t e d  a c c o r d i n g l y  
i n  t h e i r  f u e l  c l ~ o i c e  d e c i s i o n s .  

The i l b s o l i ~ t e  n a g n i t u d c  of  t h e  own-pr ice  c l . a s t i c : i t y  f o r  o i l ,  a v c r a g i n g  
- 1 . 3 ;  i s  c o n s i d e r a b l y  I . e s s  (44%) t h a n  t h c  c r o s s - p r  i c e  c . l . i ~ s t i c i  t y  of  o i l  
\<it11 r c s p e c t  t o  t h c  p r i c e  o f . g a s ,  a v c r a g i n g  1 . 8 .  The j .mpl . ics t ion  t h a t  
t h e  q u a n t i t y  of  o i l  dc~~~i i i~c lcc l  'by h o u s e l ~ o l t l s  i.s more r espons.i.ve t.o cll;lny;as 
i n  g a s  p r i c e  t h a n  t o  cliany,es i n  o i l  p r i c e  i s  c o u n t e r - i n t u i t i v e .  . T h i s  r e s u l t  
a p p e a r s  t o  s t c m  from giis q v a i . l ? b i l i t y  p rob lems  j.n t h e  i . ! o r t l ~ e a s t .  . A l t h o u g h  
t h e  p r i c e  of  n a t u r a l  g ; ~ s  i s  hi.p,Il i n  l n r g c  o i l -consuminy,  s t a t e s  (Flaine,  
Nc?w t larnpshire ,  Ve rmon t ) ,  o i . 1  consumpt ion  is a l s o  i n f l u e n c e t i  b;r t h e  u n a v a i l -  . , 

a b i l i t y  of gas. Thus  C I I C  e l a s t i c i t y  of  o i l  demand ~ l i t l l  r e s p e c t  t o  g a s  p r i c e  
r e f l e c t s  b o t h  a p r i c e  e f f c c t  and an  a v a i l a b i l i t y  e f f c c t .  

T l ~ e  p c r  c a p i t a  income e l a s t i c i t y  of  demand f o r  n a t u r a l  Ens was con- 
s i t l c r ; ~ b l y  hither and more s t a b l e  o v e r  t i m e  t h a n  c o r l : e s p o n t l i n ~  va l . ue s  f o r  
c l c c t r i c i t y  and o i l .  S i n c e  1.951, t h c  income e l a s t i c i t y  o f  demand f o r  g a s  
a v e r a g e d  1 . 8 .  For  e l e c t r i c i t y  a n d  o i l  t h e s c  e l a s t i c i t i c ! ~  a v e r a g e d  - 0 . 1  
and + 0 . 1 ,  r c s p e c t i v c l y ,  i n d i c a t i n g  a  c l e a l -  p r e i e r c n c e  f o r  n a t u r a l  g a s  
i n  h i g h  income s t a t e s .  

F u e l  o i l .  consumpt ion  shows a G r e a t e r  r e s p o n s e  t o  c o l d  w e a t h e r  t h a n  
e i t h e r  n a t u r a l  gas o r  e l . c c t r i c i t y .  The a v e r a g e  e l a s t i c i t y  of o i l  u s e  w i t h  
r e s p e c t  t o .  I I ' D ~ ~  i s  1 . 3 .  For  n c ~ t u r n l  g a s  and  e l .ec t r ic ! ' . t )~  t h e  v c ~ l u e s  a v e r a g e d  
0 . 1 1  and - 0 . 0 2 ,  r e s p e c t  i v c l y .  T l ~ e  n e g a t i v e  v a l u e  f o r  e l . e c i r i c i t y  r e f l e c t s  
t i le  f a c t  t h a t  c l e c t r i c  h e a t i n g  i s  w i d e l y  u sed  o n l y  i.n n i . ld  c l . i n i a t e s ,  s i ~ c h  
a s  t h e  So'ut l l .east .  Fo r  e s n m p l c ,  i n  1970 o n l y  0 . 3 2  of  s i n g l e - f c l m i l y  homes 
i n  t i l e  14  s t a t e  Xew Lnglancl,  Ni.ddle A t l a n t i c  and E a s t  Nortli  C e n t r a l  r e g i o n s  
wcrc  l i e a t cd  by e l e c t r i c i t y ,  whe reas  i n  t h e .  1 4  s t a t e  S o u t h  A t l a n t i c  and 
I l a s t  S o u t h  C c n t r a l  r e g i o n s ,  e l e c t r i c  s p a c e  hcat iny. :  c!rls uscd  i n  152  of sitig1.c- 
f ilmi1.y homes. 

'J'lie p c l - c c * ~ : ~ ; ~ g c  of I?c.~u:;cl~olcls w i t l l  a i r  contl.it~.on:i.n~.:i. i n  ~ I I C  U.S. i n c r c a s c d  
fron! 1;; i n  1950 t o  36% :in 1.970 and 43% j.11 1974 .  'l'l~e v a r i n b l . ~ ,  Incan J u l y  
t e n : p c r a t u r e ,  i s  i n c l u d e d  i n  o u r  e q u a t i o n s  t o  c a p t u r e  t h e  i n f l u e n c e  of a i r  
c o n d i t i o n i n g  on  e l . e c t r i c j . t L  demand. For  a l l  y e a r s  b e f o r e  l.?G3 t h e  c o c f -  
f i c i e n t  of t l ~ i s  v a r i a b l e  i s  s t a t i s t i c a l l y  i n s i g n i f i c a n t  ( T a b l e  l ) ,  p r o b a b l y  
b c c a u s e  o n l y  a  s m a l l  f r a c t i o n  of  h o u s e h o l d s  i n  e a c h  s t a t e  owned ,ij.r c o n d i -  
t i o n . i n g  e q u i p m e n t .  From 1.363 o n ,  b o t h  t h e  magni tu t le  and s t a t i . s t i c n 1  s i g n i f i -  
c a n c e  o f  tiiis v a r i ; ~ b l e  i n c r e a s e d .  The a v e r a g e  vnl .ue of t l ~ e  c o c f f i c i c n t  fo i -  
mean .July t c ~ ; l p c r n t u r e  was +U. 34 f o r  cllt! 1070 L u  19711 pcrj .oi l .  



1.n g c n c r a l ,  tlic own-price e l . a s t i c i . t i e s  of c l . c c t r i c i t y  and n a t u r a l  
g a s  s110\.1 .good s t a b i l i t y  o v e r  t ime a~:d a r e  11igl1ly s i g n i f i c a n t  s t a t i s t i c a l l y .  
T h i s  i s  no t  tllc c a s e  w i t h  t h c  o i l  own-pricc e l n s t i c i t y  which h a s  a n  
average  r - s c a t i s t i c  of -1..4 over  t h e  sample p e r i o d .  (The a v e r a g c  t- 
s t a t i s t i c s  f o r  c l c c t r i c i t y  and n a t u r a l  g a s  a r e  -11.5 and -12 .0 ,  r e s p e c -  ' 

t i v c l y ) .  O i l .  consun~pt:ion shows t h e  g r e a t e s t  r e s p o n s e  t o  co ld  wea thc r  
w i t h  n a t u r a l .  gas  usc shov ing  t h e  g r c a t c s t  r e s p o n s e  t o  p e r  c a p i t a  
incon~e  changes .  

5. >!ode1 Assu~npt i o n s  and L i m i t a t i o n s  -- 

,111 a n a l y t i . c o 1  e f f o r t s  i n v o l v e  assu l i~p t ions  and l i m i t a t i o n s  r e l a t e d  
bo th  t o  t h e  d a t a  used t o  c o n s t r u c t  t h e  model. c~nd t o  t h c  s t r u c t u r e  of t h e  
n:oclcl i t s e l f .  Our work is  n o t  d i f f e r e n t :  vc "acljusted" and "cre.atecl" d a t a  
scrj.c:; wherc an existing one c1i.d not  match o u r  ncecls o r  where none e s i s t e d .  
Ir. d c f i n j n g  our  nlotlc!l s ,  wc. n\adc s i m p l i f y i n g  as.s~~mpti .ot is  bccausc  of d a t a  
u n a v a i l a b i l i t y ,  co~ i l l>u ta t iona l  s i m p l i c i t y ,  o r  l a c k  of a d e q u a t e  t h e o r y .  

Our lnodcls assuolc i r ; ~ p l i c i t l y  t h a t  a l l  f 1 1 e . l ~  a r e  a lways  a v a i l a b l e  
a t  s t a t e d  p r i c e s  and t h a t  c o n s u ~ l p t i o n  i s  a  fnnc:tion on1.y of p r i c e s ,  
incom.es, c ~ n d  . t s c i . t ! ~ c r .  No i n f  ormn t i o n  is  includecl i n  t h c  model c o n c e r n i n g  
a v a i l a b i l i t y  of f u e l s ;  t h i s  i s  q u i t e  in ipor tant  f o r  g a s .  

Dur-in6 t h e  e a r l y  y e a r s  covered by our models ,  gas.  \.?.=IS u n a v a i l a b l e  
i n  many s r a e e s  bccausc? p i p e l i n e s  had not  y e t  b c s n  c o n s t r u c t e d  i n  t h e s e  
r c g i o n s .  During l a t e r  y e a r s ,  gas  shortages occur rc t l ;  ~ ~ r i l i t i e s  i n  many 
r c g i c n s  wcrc u n i ~ l , l ~  t o  p r o v i d e  gas  t o  new custonlers .  Thus the  u s u a l  
supply-decland b n l a i ~ c ~  !..?as influenced by both  p r i c e s  and a v a i l a b i l i t y .  I f  
w e  h a d  bcen a b l c  t o  o b t a i n  q u a n t i t a t i v e  in fo rn la t ion  on gas  a v a i l a b i l i t y  

. i n  each s t a t c  ant1 y e a r ,  we would have c o n s t r u c t c t l  n ~ o d e l s  t h a t  i n c l u d e d  
t h i s  v a r i a b l e .  llowever, such  i n f o r m a t i o n  does  n o t  e x i s t .  

I n  our  s t u d y ,  a v e r a g e  p r i c e s  of  e l . e c t r i c i  t y  a n d .  n a t u r a l  gas  wcrc 
used i n s t c a d  of n ~ a r g i n n l  p r i c e s  because  : j i l j . ~ a b l c  c la t ;~  s e r i e s  on s t a  t c  
m a r g i n a l  p r i c e s  Idere n o t  a v a i l a b l e .  A .recent s rudy  111; l ' :~y lo r  e t  a l .  , l 7  
ccncern ing  r c s i d e n t i a l  energy demands, dcvelopcd a n  ~ l . c c ~ r i c i t y  p r i c e  
s e r i c s  t h a t  : i n c l ~ ~ d c s  no t  on ly  changes i n  margini.11. p r i c e s ,  bu t  a l s o  
c u s t o n ~ c r  c h a r g e s  and i n t r a a l a r g i n a l  p r i c e s  a s  r ~ c l . 1 .  

S p e c i f i c a t i o n  o f  our  models nay not  be  compl.ete. Lxcluded v a r i a b l e s  
t h a t  nay p l a y  a  s r n t i s t i . c c l l l y  s i . g n i f i c a n t  r o l c  i.n t l ~ c  r & r , r e s s i o n s  i n c l u d e  
I~ousc.:liol tl s j . z c ,  [ ~ - : ~ c t  ion of I~oirsc l~olr ls  1.i.viny: i l l  ru~:nl. ; I reas  , f r a c t i o n  
af I~ouscl~o.Ltls l i v i n g  :in sinl:l.c-family u n i t s ,  and f r a c t i o n  of t ~ o ~ ~ s c l ~ o l c l s  
\\?it11 i ~ ~ c o r n e  belo\,! $ 3 , 0 0 0 .  U ~ l f o ~ t u n a t c l y  , s u c l ~  tl:ita a r c  n v c ~ i l n b l e  from . 
t h c  Burci~u of  tllc ~ c ~ ~ s ' u s  o1.11y f o r  C e ~ l s u s  y e a r s  (1360 ant1 1970) .  

L n t c r p r c t a t i o n  o f  t h e  c s o s s - s e c t i o n a l .  r e s u l t s  assumes t h a t  t h e  
systcln is  i n  1.011g-ru11 equ i . l ib r ium.  'I%ir;.may nol: b e  c r u e  Tor 1.351 wllen 
t h e  s l ~ i f t :  i n  f u e l  c l ~ o i c e  from c o a l  t o  ocher  fuc3.s was s t i l l  i n  p r o g r e s s ,  
and i n  1973 and 1974 rdlien t h c  e f f e c t s  of .the Arab o i l .  embargo were v e r y  
r.uch i n  e v i d e n c e .  



This  s t u d y  developed cconomet r i c  models of houscho1.d demands f o r  
e l e c t  r i c j . t y ,  $;is, and o i  1 u s i n g  a l a r g e  d a t a  b a s e  c o n t a i n i n g  obscrrvat ions  
f o r  4 7  s t a t e s  afid 24 y e a r s .  Tile c r o s s - s e c t i o n a l  e q u a t i o n s  assume t h a t  
f u e l  demands a r e  f u n c t i o n s  of  f u e l  p r i c e s ,  incomes,  and wea the r  v a r i a b l e s .  

. . . I n  t l lc  long-rl111, ~ . J I \ - p r i c c !  e l a s t i c i t i e s  f o r  al.1 tl;rce Eucls  a r e  g r e a t e r .  
t l ~ a n  u n i t y .  Gas shows ~ I I C  ~ r e i l t  c5 t s e n s i t i v i t y .  t o  own-price changes and 
e l e c t r i c i t y  s h o i ~ s  t h c  s r l la l lcs t  r e s p o n s e .  The c r o s s - p r i c e  e l a s t i c i t i e s  a r e  
a l l  l e s s  t h a n . u n i t y  1.1ith one e x c e p t i o n .  The e l a s t i c i t y  of demand f o r  o i l  
w i t h  r e s p e c t  t o  t h e  p r i c e  o f  gas  i s  abou t  1 . 8 ,  c c n s i d e r a b l y  l a r g e r  than  t h e  
own-price e l a s t i c i t y  of dciuand f o r  o i l  ( - 1 . 3 ) .  The cocEf j . c i en t s  o f  p e r  c a p i t a  
incon~e  (cross-sectional moclcls) s l ~ o v  c o r l s i d e r a b l e  var : i i i t ion .  i l l  bo th  s i g n s  
and magni.tudes a c r o s s  d i f f e r e ~ ~ t  t imc p e r i o d s .  I t  a p p e a r s  t h a t  t h c  income 
e l a s t i c i t y  of dcniand f o r  ~ 3 s  .is c r c r l t c r  than  +1, t h a t  tlcmnntl f o r  o i l  j.s 
a1n:ost indepecden t  of i n c ~ a ~ e ,  and t h a t  denland f o r  e 1 e c t r i . c i . t ) ~  niay d e c l i n e  
w i t h  i n c r e a s e s  i n  inco~r ,cs .  

T L . ~  key t l c f i c i e n c i e s  w i t h  r e s p e c t  t o  t h e  d a t a  used . i n  constr11cCing 
t l lese  rnodcls a r e  t h c .  p r i c c  s e r i e s  f o r  f u e l  o i l  and t h e  use  of cx pest 
nvclragc p r i c c s  Fcr e l e c t r i c i t y  and n a t u r a l  EiIS.  Uinsed c o c f f i c i . c ~ ~ t s  due L O  

problems of s i n ~ u l t ; i n c i t ~  are  i I  poss i .b i . l i ty  when a v e r a g e  r a t h e r  than  m a r g i n a l  
p r i c c s  a r e  u s e d .  A n o t i ~ c r  d a t a  problein concerns  d i s n ~ . g r e c i t t i c ? n  of conlbined 
I~ouse l io l t l / coca :c rc i~~ l .  pe t ro leum u s e  f o r  t h e  tv~o  ' s e c t o r s .  I\Te' Eccl  t h a t  improved 
d a t a  s e r i e s  on r e s i d e n t i . n l  consumption of pe t ro leum p r o d r ~ c t s  would s u b s t a n -  
t i a l l y  improve t h e  r e l i a b i l i t y  and s t a b i l i t y  of t h c  c o c f E i c i . c n t s .  

The major p rob lc~ ; :  with tllc assumed model s t r u c t u r e s  i s  s i m p l i c i t y .  We 
i g ~ l o r t  problems of  gas  a113 i1abi. l . i  t y  , c l~?nges  i n  equipment ownership ,  and 
o t h e r  f a c t o r s  t h a t  n:ay c a u s e  s t r u c t u r a l  changes  over  t ime.  

Desp,itc! t l ~ c s e  prot)lcr;~s i n  b o t h  d a t a  ant1 e q u a t i o n s ,  t l ~ e  r e s u l t s  o b t a i n e d  
h e r e  a r c  q u i t e  u s c f u l .  Tab le  4 p r e s e n t s  a  s y n t l l e s i s  o'f our  long-run 
c l a s  t i c i  t i e s .  

'Table, 4 .  l ' r i ce  and income e l a s t i c i t y  e s t i m a t e s  

F u e l  
l ' e lec  P gas  

E l e c t r i c i t y  -1.04 0 . 1 3  0 .  30 - O . l . L  
i < ; , ~ ~ u r a l  g a s  0 .54  -2 .08 -0.41) 1 . 7 7  
F~IcL  o i l  0 . 2 3  1.. 03 -1. .2F: 0 . 0 9  . 

The key f e a t u r e s  oE ti1.e. nlodels developed h e r e  inc1.ude: 
1. E x p l i c i t  c o n s i d e r a t  io11 of o n l y  t h e  r e s i d e n t i a l  s e c t o r  u s i n g  improved 

d e f i n i t i o n s  of r e s i . d e n t i a 1  f - u e l  u s e s .  
2. Use of a  J.arge d n t a  b a s e  . c o n t a i n i n g  1128 obscrvat:j.ons. 
3 .  Development of 9 d i f f e r e n t  c r o s s - s e c t i o n  e q u a t i o n s  f o r  each f u e l .  



\.!liile tl\c<ic improvcmcnts over  p r e v i o u s  econolnctr:i.c n1odcl.s of liouselio1.d 
f u c l  tlcniancls .do not  n:Lt.rays lend t o  more c o n s i s t e n t  c o e f f i c i e n t  e s t i m a t e s ,  
t h c  lar;c,c d a t a  1)nsc and l a r g e  number of c q u o t i o n s  es t in~c i t ed  sliow c l e a r l y  
riliich c o e f f i c i e n t s  a r e  s t a b l e  and r e l i a b l e  and wl~ic l i  a r c  n o t .  
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