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ABSTRACT 

This  t h e s i s  p re sen t s  a  t h e o r e t i c a l  and e m p i r i c a l  assessment of 
t h e  demand f o r  motor v e h i c l e s  i n  t h e  U.S. The a n a l y s i s  was under- 
taken a t  t h e  household l e v e l ,  and f u l l  e x p l i c i t  cons ide ra t ion  was given 
t o  t h e  i n t e r r e l a t i o n s h i p s  between t h e  household 's  choices of q u a n t i t y  
of v e h i c l e s  t o  own, types  of v e h i c l e s  t o  own (defined by make, model 
and v i n t a g e ) ,  and t h e  e x t e n t  t o  which t h e s e  v e h i c l e  types  a r e  u t i l i z e d .  
Moreover, t h e  dynamic a spec t s  of t h e  household ' s  v e h i c l e  m e r s h i p  and 
u t i l i z a t i o n  dec i s ion  were accounted f o r  by viewing dynamics a s  t h e  
evo lu t ion  of household t a s t e s .  Based on fundamentally d i f f e r e n t  econ- 
omic t h e o r i e s  r e l a t i n g  t o  t h e  manner i n  which households address  t h e  
in t e r t empora l  n a t u r e  of t h e i r  v e h i c l e  owner s h i p  problem, two dynamic 
econometric models of v e h i c l e  ownership and u t i l i z a t i o n  were der ived .  

The der ived  models were es t imated  wi th  a  n a t i o n a l  household sam- 
p l e  i n  which a l l  r e l evan t  v e h i c l e  ownership informat ion  was a v a i l a b l e  
f o r  t h e  same households f o r  a  two-and-one-half yea r  pe r iod ,  December 
1977 t o  June 1980. The r e s u l t i n g  model e s t i m a t i o n s  suggest  t h a t  
v e h i c l e  demand condi t ions  favor t h e  s u r v i v a l  of t h e  domestic automobile 
i n d u s t r y .  This i s  r e f l e c t e d  by t h e  f i n d i n g  t h a t  households have an 
i n h e r e n t  preference  toward GM and Ford p roduc t s ,  and t o  a  l e s s e r  e x t e n t ,  
Chrys ler  and AMC products ,  a s  opposed t o  foreign-made veh ic l e s .  However, 
t o  e x p l o i t  t h i s  preference ,  domestic manufacturers  must be ab le  t o  o f f e r  
reasonably  competi t ive models,both i n  terms of performance and c a p i t a l  
c o s t s .  
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CHAPTER 1. INTRODUCTION 

H % s t o r i c a l l y  , au tomobi le  sales i n  t h e  U.  S . have been c h a r a c t e r -  

i z e d  by a c y c l i c a l  p a t t e r n  t h a t  h a s  had a s t r o n g  e f f e c t  on t h e  p r o f i t -  

a b i l i t y  and v i a b i l i t y  of au tomobi le  manufac ture rs .  I n  more r e c e n t  

y e a r s ,  s i n c e  t h e  energy  shock of 1979, t h e r e  has  been concern t h a t  a 

fundamental  s h i f t  i n  t h e  demand f o r  new automobi les  ha s  occur red .  

Th is  concern ha s  i t s  b a s i s  i n  t h e  f a c t  t h a t  automobi le  sales have been 

depressed  f o r  t h e  t h r e e  y e a r s  f o l l owing  t h e  1979 energy shock ,  an 

unusua l l y  long  t ime  f o r  a  t y p i c a l  downward s a l e s  cyc l e .  The impl ica -  

t i o n  of a fundamental  downward s h i f t  i n  t h e  demand f o r  new automobi les  

i s  t h a t  some domes t i c  manu fac tu r e r s  may n o t  su rv ive , and  i t  w i l l  be  

nece s sa ry  f o r  t h e  i n d u s t r i a l  b a s e  of t h e  U.S. economy t o  a d j u s t  

a cco rd ing ly .  

The c u r r e n t  s tate of t h e  U.S. automobi le  market  can be 

p r e sen t ed  i n  r e l a t i v e l y  s h o r t  o r d e r .  E s s e n t i a l l y ,  sales of domes t ic  

new c a r s  reached  a r e s p e c t a b l e  9 . 3  m i l l i o n  u n i t s  d u r i n g  t h e  1978 

c a l e n d a r  yea r  w i t h  import  s a l e s  account ing  f o r  less than  1 8  p e r c e n t  

of t o t a l  sales. A t  t h e  t ime ,  i t  appeared as though t h e  domes t ic  indus-  

t r y  had s u c c e s s f u l l y  rebounded from t h e  1975 r e c e s s i o n  and w a s  o f f e r i n g  

a compe t i t i ve  p roduc t  l i n e .  However, w i t h  t h e  energy  shock of June  

1979 and t h e  cor responding  i n c r e a s e s  i n  f u e l  p r i c e s ,  domes t ic  new c a r  

s a l e s  began a s t e a d y  d e c l i n e  w i t h  8 .3 ,  6 . 6 ,  6.2 and 5 .7  m i l l i o n  u n i t s  

be ing  s o l d  i n  t h e  1979, 1980,  1891,  and 1982 ca l enda r  y e a r s  r e s p e c t i v e l y .  

Also ,  t h e  p r o p o r t i o n  of t o t a l  s a l e s  a t t r i b u t a b l e  t o  f o r e i g n  manufact-  

u r e r s  i n c r e a s e d  s t e a d i l y  t o  n e a r l y  29 p e r c e n t  i n  c a l enda r  y e a r  1982, 



d e s p i t e  t h e  vo lun ta ry  import r e s t r i c t i o n s  assumed by the  Japanese 

manufacturers  i n  A p r i l  1981. 

Largely as  a  r e s u l t  of changing consumer demand dur ing  t h i s  

pe r iod ,  Chrysler  has been f l i r t i n g  wi th  bankruptcy and both Ford and 

GM have recorded record  l o s s e s .  To d a t e ,  t h e r e  does no t  appear t o  be 

any s t r o n g  i n d i c a t i o n s  t h a t  t h e  r ecen t  p l i g h t  of t h e  domestic automobile 

i n d u s t r y  i s  improving. 

The o b j e c t i v e  of t h e  cu r ren t  work i s  t o  a s s e s s  t h e  consumer's 

demand f o r  automobiles and t h e  manner i n  which t h i s  demand has changed 

over t ime. Three a spec t s  of consumer demand a r e  c r i t i c a l  t o  t h e  

a n a l y s i s .  F i r s t ,  t h e  de terminat ion  of whether or n o t  consumer's va lua-  

t i o n s  of v e h i c l e  a t t r i b u t e s ,  such a s  f u e l  e f f i c i e n c y  and c a p i t a l  c o s t s ,  

have changed over t ime w i l l  provide va luable  i n s i g h t  i n t o  t h e  under- 

l y i n g  de terminants  of t h e  cu r ren t  s t a t e  of t h e  v e h i c l e  market.  Second, 

t he  e s t ima t ion  of e x i s t i n g  consumer va lua t ions  of v e h i c l e  a t t r i b u t e s  

w i l l  be u s e f u l  i n  determining t h e  f i n a n c i a l  v i a b i l i t y  of domestic 

automobile manufacturers .  F i n a l l y ,  e s t a b l i s h i n g  t h e  i n h e r e n t  p r e f e r -  

ences of consumers f o r  s p e c i f i c  makes of automobiles (e .g.  Ford, GM, 

and s o  on) w i l l  be an important  concern i n  a s ses s ing  t h e  recovery 

p o t e n t i a l  of s p e c i f i c  automobile manufacturers.  

To achieve t h e s e  o b j e c t i v e s ,  t h e  cur rent  work d e r i v e s  and 

e s t ima tes ,  a t  t h e  household l eve l ,  dynamic econometric models of 

automobile demand t h a t  account f o r  t h e  household choices of v e h i c l e  

q u a n t i t y  (number of v e h i c l e s  t o  own), v e h i c l e  type (by make, model, 

and v i n t a g e ) ,  and v e h i c l e  u t i l i z a t i o n  (vehic le  mi l e s  of t r a v e l ) .  These 



models a r e  e s t i m a t e d  w i t h  n a t l o n a l  d a t a  cover ing  t h e  t ime  b e f o r e ,  

d u r i n g ,  and a f t e r  t h e  June  1979 energy  shock ,  T h e r e f o r e ,  t h e  e m p i r i c a l  

e s t i m a t i o n s  w i l l  p r o v i d e  v a l u a l j l e  in fo rmat fon  r e l a t i n g  t o  t h e  d e t e r m i -  

n a n t s  of t h e  c u r r e n t  s t a t e  of t h e  U . S .  automobi le  market .  Moreover,  

t h e  results w i l l  b e  u s e f u l  i n  a n a l y z i n g  t h e  f u t u r e  f i n a n c i a l  p r o s p e c t s  

of d e m e s t i c  m a n u f a c t u r e r s .  

T h i s  t h e s i s  i s  o r g a n i z e d  i n  t h e  f o l l o w i n g  manner. Chapter  2 

p r e s e n t s  a  c r i t i c a l  r e v i e w  of p r e v i o u s  automobi le  demand r e s e a r c h .  

The o b j e c t i v e  of t h e  c h a p t e r  i s  t o  emphasize t h e  i n a d e q u a c i e s  of 

p r e v i o u s  work i n  a d d r e s s i n g  t h e  household v e h i c l e  ownership d e c i s i o n -  

making p r o c e s s .  I n  Chapter  3 ,  two p l a u s i b l e  t h e o r i e s  of household 

v e h i c l e  ownership  b e h a v i o r  a r e  d i s c u s s e d  and used a s  a  b a s i s  t o  d e r i v e  

e c o n o m e t r i c a l l y  e s t i m a b l e  models,  Chapter  4 summarizes a number o f  

d a t a  s o u r c e s  t h a t  a r e  s u i t a b l e  f o r  e s t i m a t i n g  t h e  models d e r i v e d  i n  

Chapter  3 ,  and p r o v i d e s r e a s o n s  f o r  s e l e c t i n g  and a d e s c r i p t i o n  of t h e  

d a t a  a c t u a l l y  used f o r  model e s t i m a t i o n .  The e m p i r i c a l  work i s  p r e s e n t e d  

i n  Chapter  5 a l o n g  w i t h  i n t e r p r e t a t i o n s  of t h e  r e s u l t s .  F i n a l l y ,  

Chap te r  6 summarizes t h e  m a j o r  f i h d i n g s  o f  t h e  Wmk and p r o v i d e s  

i n s i g h t  2 n t o  t h e  f u t u r e  of t h e  domes t ic  automobi le  i n d u s t r y ,  



CHAPTER 2.  CRITICAL REVIEW OF PREVIOUS RESEARCH 

I n  r e c e n t  y e a r s ,  a l a r g e  number of v e h i c l e  r e l a t e d  r e s e a r c h  

e f f o r t s  have been u n d e r t a k e n  i n  an  a t t e m p t  t o  ana lyze  p a r t i c u l a r  i s s u e s  

r e l a t i n g  t o  marke t  b e h a v i o r  and t o  p r o v i d e  p r o j e c t i o n s  of f u t u r e  marke t  

c o n d i t i o n s .  The f a c t o r s  m o t i v a t i n g  p a s t  r e s e a r c h  e f f o r t s  have v a r i e d  

c o n s i d e r a b l y  o v e r  t h e  y e a r s ,  a p p a r e n t l y  i n  response  t o  p r e v a i l i n g  

economic o r  r e g u l a t o r y  c o n d i t i o n s .  The t r a d i t i o n a l  m o t i v a t i o n  h a s  been 

t o  p r o v i d e  i n f o r m a t i o n  t o  t h e  v e h i c l e  i n d u s t r y  and government t h a t  

r e l a t e s  t o  t h e  demand f o r  new v e h i c l e s  and t h e  e f f e c t  of v e h i c l e  p r i c i n g  

p o l i c i e s  on demand ( s e e  Richardson  e t  a l .  (1979) ) . More r e c e n t l y ,  

t h e  m o t i v a t i n g  f o r c e s  have expanded from new v e h i c l e  demand p r i c i n g  

i s s u e s  t o  i n c l u d e  concerns  r e l a t i n g  t o  a i r  p o l l u t i o n  and energy  

consumption ( s e e  Richardson  e t  a l .  (1980, 1 9 8 2 ) ) .  The a i r  p o l l u t ' i o n  

concerns  evolved o u t  of t h e  government r e g u l a t i o n s  of t h e  l a t e  S i x t i e s  

and e a r l y  S e v e n t i e s .  Energy consumption became a r e l e v a n t  i s s u e  a f t e r  

t h e  pe t ro leum s u p p l y  d i s r u p t i o n s  of 1973 and 1979 and t h e  new v e h i c l e  

f u e l  e f f i c i e n c y  s t a n d a r d s  e s t a b l i s h e d  by t h e  government i n  t h e  mid- 

S e v e n t i e s .  

Although t h e  m o t i v a t i o n s  of r e s e a r c h  e f f o r t s  have v a r i e d  n o t i c e -  

a b l y ,  two u n d e r l y i n g  concerns  have  s e r v e d  as a f o c u s  f o r  a l l  v e h i c l e  

market  r e s e a r c h :  1 )  v e h i c l e  demand and 2) v e h i c l e  usage.  I n  t h i s  

c o n t e x t ,  v e h i c l e  demand may b e  viewed as t h e  t y p e s  (make, model and 

v i n t a g e )  and q u a n t i t i t i e s  of v e h i c l e s  e n t e r i n g  and s u r v i v i n g  i n  t h e  

n a t i o n a l  v e h i c l e  f l e e t ,  w h i l e  v e h i c l e  usage  r e l a t e s  t o  b o t h  t h e  t y p e  

(e .g .  c i t y ,  highway) and e x t e n t  of v e h i c l e  u s e .  Once v e h i c l e  demand 



and usage concerns a r e  determined, t h e  i s s u e s  d i scussed  above can be 

r e a d i l y  addressed.  I n  comparing v a r i o u s  v e h i c l e  r e l a t e d  r e s e a r c h  

e f f o r t s ,  a d i s t i n c t i o n  can be i d e n t i f i e d  by cons ider ing  t h e  manner and 

e x t e n t  t o  which t h e  under ly ing  concerns of v e h i c l e  demand and usage 

have been addressed.  

A t  t h e  household l e v e l  (viewed h e r e  a s  t h e  primary v e h i c l e  

consumption u n i t )  t h r e e  a s p e c t s  of v e h i c l e  demand and usage a r e  v i t a l  

t o  v e h i c l e  r e l a t e d  r e sea rch  work. F i r s t ,  t h e  l e v e l  of household v e h i c l e  

ownership ( i . e . ,  number of v e h i c l e s  owned) i s  c r i t i c a l  n o t  on ly  due 

t o  t h e  s h e a r  q u a n t i t y  of v e h i c l e s  owned, b u t  a l s o  because v e h i c l e  

rep lacementbehavior ,  e x t e n t  of v e h i c l e  s p e c i a l i z a t i o n  by t y p e ,  and 

v e h i c l e  u t i l i z a t i o n  behavior  vary  g r e a t l y  w i t h  r e s p e c t  t o  ownership 

l e v e l .  Second, t h e r e  i s  s t r o n g  t h e o r e t i c a l  evidence t o  sugges t  t h a t  

households s e l e c t  v e h i c l e  types  and e x t e n t  of v e h i c l e  usage j o i n t l y .  

I n  t h i s  sense  a household can be viewed a s  s e l e c t i n g  v e h i c l e  t ypes  wi th  

some e x p e c t a t i o n  of t h e  e x t e n t  of t h e i r  f u t u r e  use.  The j o i n t n e s s  

of t h e  type  and usage d e c i s i o n s  is  a v i t a l  aspec t  of v e h i c l e  demand 

and usage modeling. F i n a l l y ,  t h e  dynamic behavior  of household v e h i c l e  

type  and usage d e c i s i o n s  i s  an important  concern, s i n c e  by t h e i r  

n a t u r e ,  household v e h i c l e  t a s t e s  (p re fe rences  f o r  v e h i c l e  a t t r i b u t e s )  

evolve  over t ime a s  p a s t  d e c i s i o n s  and f u t u r e  expec ta t ions  a f f e c t  

c u r r e n t  v e h i c l e  r e l a t e d  choices .  

I n  t h e  fo l lowing  review, prev ious  r e s e a r c h  w i l l  be  ca t egor i zed  

by modeling approach, and c r i t i q u e d  w i t h i n  t h e  v e h i c l e  demand and 

usage framework descr ibed  above. 



2 . 1  Aggrega te  Models 

Aggregate  models have been t h e  p r i m a r y  v e h i c l e  marke t  m o d e l i n g  

r e s e a r c h  approach f o r  many y e a r s .  Such models g e n e r a l l y  u s e  t i m e  series 

d a t a  of a g g r e g a t e  v e h i c l e  sales, p r i c e s ,  and p r e v a i l i n g  socfo-  

economic c o n d i t i o n s  i n  t h e  model c a l i b r a t i o n  p r o c e s s ;  t h e y  d o  n o t  ex- 

p l i c i t l y  a d d r e s s  t h e  household as t h e  d e c i s i o n  making u n i t ,  b u t  i n s t e a d  

c o n s i d e r  t h e  a g g r e g a t e  behav ior  of househo lds .  

The i n i t i a l  mot ivat ion,  t o  p r o v i d e  new v e h i c l e  demand/pr ic ing  

i n f o r m a t i o n  t o  b e n e f i t  i n d u s t r i a l  and governmental  p o l i c y  development ,  

s e r v e d  as a c a t a l y s t  f o r  a number of p i o n e e r i n g  a g g r e g a t e  r e s e a r c h  

e f f o r t s .  These p i o n e e r i n g  works,  which i n c l u d e  Roos and Von S o z l i s k i  

(1939) ,  F a r r e l l  (19541, and Boulding (1955) l e d  t o  t h e  development 

of t h e  c l a s s i c  s t o c k  ad jus tment  model, which h a s  s e r v e d  as a Gasis 

f o r  much of t h e  a g g r e g a t e  modeling work s i n c e  t h e  1 9 5 0 ' s .  

2 . 1 . 1  S t o c k  Adjustment Models 

S t o c k  ad jus tment  models r e p r e s e n t  an  a t t e m p t  t o  c a p t u r e  t h e  

dynamic a s p e c t s  of v e h i c l e  c h o i c e  a t  an a g g r e g a t e  l e v e l .  The p r i n c i p l e  

u n d e r l y i n g  t h e  s t o c k  ad jus tment  model i s  t h a t  a t  any g i v e n  t i m e  some 

d e s i r e d  s t o c k  of v e h i c l e s  e x i s t s ;  however, due t o  t h e  t r a n s a c t i o n s  

c o s t s  a s s o c i a t e d  w i t h  e n t e r i n g  t h e  v e h i c l e  m a r k e t ,  t h i s  d e s i r e d  s t o c k  

i s  r e a l i z e d  o n l y  g r a d u a l l y  over  t i m e .  T h i s  t h e o r y  i m p l i e s  t h a t  due 

t o  t r a n s a c t i o n s  c o s t s ,  households  may n o t  change t h e i r  v e h i c l e  s t o c k s  

a t  once even i f  t h e y  d i f f e r  from d e s i r e d  s t o c k s .  I n  g e n e r a l  s t o c k  ad- 

j u s t m e n t  models assume t h e  f o l l o w i n g  form: 



where:  X i s  t h e  new v e h f c l e  demand i n  a s p e c i f i e d  p e r i o d  of t i m e ;  
t 

* 
St-l 

i s  t h e  s t o c k  i n  t h e  p r e c e d i n g  t i m e  p e r i o d ;  S i s  t h e  d e s i r e d  
t 

s t o c k  and i s  a  f u n c t i o n  of v e h i c l e  p r i c e s ,  socioeconomic c o n d i t i o n s ,  

and s o  on; 8  i s  t h e  r a t e  of d e p r e c i a t i o n  of o l d  s t o c k  ( i . e . ,  8 s  
t-1 

r e p r e s e n t s  rep lacement  demand); and k  i s  t h e  ad jus tment  c o e f f i c i e n t  

r e p r e s e n t i n g  t h e  f r a c t i o n  of t h e  d e s i r e d  change i n  ownership t a k i n g  

p l a c e  i n  one t i m e  p e r i o d .  

S tock  ad jus tment  models  were  f i r s t  a p p l i e d  t o  v e h i c l e  demand by 

Chow (19571, Ner love (1957) ,  and Brems (1957).  These e a r l y  works l e d  

t o  a series of r e s e a r c h  e f f o r t s  t h a t  a p p l i e d  t h e  same b a s i c  approach ,  

such  a s  t h e  work of S u i t s  (1958) ,  Houthakker and T a y l o r  (1970) ,  

Hamburger (1967) ,  Evans ( 1 9 6 9 ) ,  S c h a e s s l e r  and Smith (1974) ,  West in  

(1975) ,  and Eastwood and Anderson (1976).  

Although c l a s s i c  s t o c k  ad jus tment  models can b e  e a s i l y  deve loped  

from r e a i l y  a v a i l a b l e  d a t a ,  t h e y  have  a number of c r i t i c a l  d e f i c i e n c i e s .  

F i r s t ,  t h e y  do n o t  account  f o r  t h e  j o i n t n e s s  of v e h i c l e  cho ice  and 

u t i l i z a t i o n .  Next ,  t h e  b e h a v i o r a l  d i f f e r e n c e  a s s o c i a t e d  w i t h  household 

ownership l e v e l s  i s  n o t  a d e q u a t e l y  addressed .  F i n a l l y ,  t h e i r  t r e a t m e n t  

of t h e  dynamic a s p e c t s  o f  househo ld  v e h i c l e  ownership ( t h e  e v o l u t i o n  of 

v e h i c l e  r e l a t e d  t a s t e s )  i s  r e s t r i c t e d  by t h e  u s e  of a g g r e g a t e  d a t a  and 

t h e  l i m i t e d  t i m e  p e r i o d  o v e r  which such d a t a  were  o b t a i n e d .  

2 .1 .2  Comprehensive Aggregate  Models 

As t h e  f a c t o r s  m o t i v a t i n g  v e h i c l e  market r e s e a r c h  expanded t o  

i n c l u d e  i s s u e s  r e l a t e d  t o  e n e r g y  consumption and a i r  p o l l u t i o n ,  more 



e l a b o r a t e  models t han  t h e  c l a s s i c  s t o c k  adjustment  models were developed. 

Such comprehensive agg rega t e  models g e n e r a l l y  had t h e i r  t h e o r e t i c a l  

foundat ion  based on t h e  s t o c k  adjustment  approach, bu t  were expanded t o  

i n c l u d e  v e h i c l e  demand by s i z e  c l a s s  (aggrega tes  of makes, models,  and 

v i n t a g e s ) ,  v e h i c l e  u t i l i z a t i o n ,  and v e h i c l e  scrappage r a t e s  by model 

yea r .  Again agg rega t e  t i m e  series d a t a  were used f o r  e s t i m a t i o n .  

Examples of comprehensive aggrega te  models i nc lude  t h e  works of 

Burr igh t  and Evans (1975),  Whorf (1975),  Kulash (1975),  Schine and 

Loxley (1977) ,  Wharton (1977),  C a s s e l l a  (1978),  Luckey (1978) and 

Kendal l  (1978). 

The b a s i c  d e f i c i e n c i e s  of t h e  c l a s s i c  s tock  adjustment  models 

t r a n s l a t e  d i r e c t l y  t o  comprehensive aggrega te  models; inadequate  

cons ide ra t i on  of b e h a v i o r a l  d i f f e r e n c e s  by household v e h i c l e  ownership 

l e v e l s ,  non-ex is ten t  o r  s u p e r f i c i a l  t rea tment  of t h e  i n t e r r e l a t i o n s h i p  

between v e h i c l e  choice  and u t i l i z a t i o n , a n d  l i m i t e d  t rea tment  of t h e  

dynamic a s p e c t s  of changing consumer t a s t e s .  

2 . 2  Disaggrega te  Models 

Disaggrega te  models of v e h i c l e  ownership, which a r e  g e n e r a l l y  

e s t ima ted  w i t h  household l e v e l  d a t a ,  w e r e  developed t o  c o r r e c t  

de f i c i en -c i e s  observed i n  t r a d i t i o n a l  s t ock  adjustment based agg rega t e  

models. The use  of d i s a g g r e g a t e  approaches corresponded roughly t o  

t h e  development of d i s c r e t e  choice modeling methods, which a r e  t h e  

primary econometr ic  techniques  of d i s agg rega t e  v e h i c l e  ownership 

modeling. 

E x i s t i n g  d i s agg rega t e  ana lyses  a r e  c l a s s i f i e d  h e r e  i n t o  f o u r  



c a t e g o r i e s ;  1 )  household level of ownership models ( i , e . ,  number of 

v e h i c l e s  owned), 2) household v e h i c l e  t y p e  c h o i c e  models ( i . e , ,  make, 

model,  and v i n t a g e ) ,  3) v e h i c l e  u t i l i z a t i o n  mode ls ,  and 4) joTnt  

d i s a g g r e g a t e  models ,  t h a t  a t t e m p t  t o  account  f o r  t h e  i n t e r r e l a t i o n -  

s h i p s  between l e v e l ,  t y p e ,  and u t T l 2 z a t i o n .  The major  r e s e a r c h  works 

i n  e a c h  o f  t h e s e  c a t e g o r i e s  are reviewed below. 

2 . 2 . 1  Household Leve l  o f  Ownership Models 

Leve l  of ownership models were m o t i v a t e d ,  t o  a l a r g e  e x t e n t  by 

u rban  t r a n s p o r t a t i o n  modeling r e q u i r e m e n t s  imposed by f e d e r a l  mandates  

i n  t h e  mid-1970's, and by energy  consumption concerns .  The major  

t h r u s t  of such  modeling e f f o r t s  h a s  been t o  account  f o r  t h e  d i f f e r e n t  

t r a v e l  b e h a v i o r  e x h i b i t e d  by househo lds  a t  d i f f e r e n t  v e h i c l e  ownership  

l e v e l s .  P i o n e e r i n g  v e h i c l e  level c h o i c e  models were  concerned w i t h  es- 

t i m a t i n g  t h e  p r o b a b i l i t y  of a household mqning a s p e c i f i c  number of 

v e h i c l e s .  T h i s  was ach ieved  by e s t i m a t i n g  t h e  u t i l i t y  a s s o c i a t e d  

w i t h  v a r i o u s  ownership l e v e l s ,  Such works g e n e r a l l y  u t i l i z e d  a  

d i s c r e t e  c h o i c e  model of t h e  m u l t i n o m i a l  l o g i t  form i n  which v e h i c l e  

ownership  l e v e l  u t i l i t i e s  were a f u n c t i o n  of such f a c t o r s  as au tomobi le  

p r i c e ,  household income, and household t r a v e l  a c c e s s i b i l i t y .  Examples 

of models of t h i s  t y p e  i n c l u d e  thoseud Burns ,  Go!ob, and N i c o l a i d i s  

(19761, and Golob and Burns (1978).  

Subsequent  v e h i c l e  ownership l e v e l  models viewed t h e  household 

d e c i s i o n  of v e h i c l e  ownership t o  be  determined j o i n t l y  w i t h  o t h e r  

t r a n s p o r t a t i o n  r e l a t e d  d e c i s i o n s .  Examples of t h i s  i n c l u d e  t h e  j o i n t  

work t r i p  mode c h o i c e  and v e h i c l e  ownership level model o f  Lerman and 



Ben-Akiva (1976), and t h e  j o i n t  l oca t ion  and type of r e s idence ,  work 

t r i p  mode choice and v e h i c l e  ownership l e v e l  model of Lerman (1976). 

Both of t hese  models were of t h e  multinomial l o g i t  form. I n  l a t e r  

work, T ra in  (1980) es t imated  a  work t r i p  mode choice and v e h i c l e  

ownership l e v e l  model along t h e  same l i n e s  a s  t h e  Lerman and Ben-Akiva 

work, but  used a  s e q u e n t i a l  l o g i t  model t o  a l l e v i a t e  poss ib l e  I1indepen- 

dence of i r r e l e v a n t  a l t e r n a t i v e s "  (IIA) v i o l a t i o n s .  

Unfor tunate ly ,  t h e  owner sh ip  l e v e l  models, while  overcoming 

the  i n a b i l i t y  of t r a d i t i o n a l  aggregate models t o  account f o r  behav io ra l  

d i f f e r e n c e s  by household ownership l e v e l ,  s t i l l  s u f f e r  from a  number of 

major shortcomings. F i r s t ,  t h e  models do not  i nco rpora t e  v e h i c l e  

type (make, model, and v i n t a g e )  information.  Therefore,  i s s u e s  r e l a t i n g  

t o  v e h i c l e  type s p e c i a l i z a t i o n  by household l e v e l  and subsequent 

energy and a i r  p o l l u t i o n  information t h a t  can be derived only from t h e  

c h a r a c t e r i s t i c s  of i n d i v i d u a l  v e h i c l e  types  ( e . g . ,  f u e l  e f f i c i e n c y ,  

engine emissions) , can no t  be assessed .  Second, t he  l ack  of v e h i c l e  

type cons ide ra t ion  prec ludes  eva lua t ion  of the  j o i n t  r e l a t i o n s h i p  between 

v e h i c l e  type and u t i l i z a t i o n .  F i n a l l y ,  t h e  models a r e  s t a t i c ,  e s t ima ted  

wi th  c ross  s e c t i o n a l  d a t a ,  and completely ignore  t h e  e f f e c t  of changing 

t a s t e s  on household v e h i c l e  choice and usage dec i s ions .  

2 . 2 . 2  Household Vehicle  Type Choice Models 

Disaggregate type choice models were motivated by t h e  need t o  

determine s p e c i f i c  components of v e h i c l e  demand s o  t h a t  t h e  propagat ion 

of new v e h i c l e  technologies ,  such a s  high f u e l  e f f i c i e n c y  v e h i c l e s ,  

could be determined i n  t h e  n a t i o n a l  v e h i c l e  f l e e t .  I n  t h i s  r e g a r d ,  



type choice models were developed t o  overcome some of t h e  d e f i c i e n c i e s  

of both aggregate s tock  adjustment  models and d isaggregate  ownership 

l e v e l  models by e x p l i c i t l y  accounting f o r  t he  v e h i c l e  type choice  aspec t  

of t h e  household d e c i s i o n  making process.  

The e a r l i e s t  d i saggrega te  type choice work w a s  t h a t  of Laye and 

Train (1976, 1979),  i n  which they e s t ima te  a  multinomial l o g i t  model 

and provide f o r  household choice among t e n  new v e h i c l e  c l a s s e s  ( i . e .  

aggregates  of make and model),  conditioned on the  f a c t  t h a t  t h e  purchase 

of a  new v e h i c l e  i s  t o  be made. I n  subsequent work, Manski and Sherman 

(1980) e s t ima te  t r u e  type choice models i n  which households s e l e c t  

s p e c i f i c  makes, models, and v in t ages  from both new and used v e h i c l e  

market o f f e r i n g s .  The model i s  of t he  multinomial l o g i t  form, and 

d i f f e r e n t  type  choice models were est imated f o r  d i f f e r e n t  ownership 

l e v e l s ,  i n  r ecogn i t ion  of t h e  behaviora l  d i f f e r e n c e s  among household 

ownership l e v e l s ,  a s  d iscussed  e a r l i e r .  Moreover, t h e  Manski/ 

Sherman model made an at tempt t o  capture the  dynamic behavior of 

household v e h i c l e  ownership by inc luding  a  lagged dummy v a r i a b l e  i n  t h e  

u t i l i t y  func t ion  of t h e  v e h i c l e  types owned i n  t h e  preceding time 

per iod .  The model was es t imated  wi th  c r a s s  s e c t i o n a l  d a t a  t h a t  

included information on household v e h i c l e  holdings and socioeconomic condi- 

t i o n s .  The at tempt t o  capture  dynamic behavior by inc lus ion  of t h e  

lagged dummy v a r i a b l e  has no t h e o r e t i c a l  j u s t i f i c a t i o n  and i s  n o t  

an appropr i a t e  method of address ing  t h e  evolu t ion  of household 

v e h i c l e  t a s t e s .  To a s s e r t  t h a t  household t a s t e s  a r e  determined only 

from the  ownership of s p e c i f i c  v e h i c l e  types  i s  c l e a r l y  a s i m p l i f i c a t i o n  
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of t h e  p r o c e s s ,  as c u r r e n t  and expec ted  f u e l  c o s t s  and t h e  

c h a r a c t e r i s t i c s  of v e h i c l e s  owned by t h e  household can a l s o  be 

expec ted  i o  i n f l u e n c e  tastes. T h e r e f o r e ,  a l t h o u g h  t h e  u s e  of such  

dummy v a r i a b l e s h a s b e e n  found t o  have s u b s t a n t i a l  s t a t i s t i c a l  s i g n i f i -  

cance ,  t h e y  a r e  an, i m p r e c i s e  measure o f  dynamic b e h a v i o r .  

Aside  from t h i s  p o i n t ,  t h e  Mansk i /~herman  model s u f f e r s  from two 

a d d i t i o n a l  weaknesses .  F i r s t ,  t h e  i n t e r a c t i o n  between v e h i c l e  t y p e  

c h o i c e  and u t i l i z a t i o n  i s  n o t  t a k e n  i n t o  account .  S i n c e  t h e  c h o i c e  

of v e h i c l e  t y p e s  i s  made j o i n t l y  w i t h  u s e ,  t h e  absence of a t y p e  c h o i c e /  

usage i n t e r a c t i o n  i s  a  s e r i o u s  l i m i t a t i o n .  Second, the  manner 

i n  which m u l t i v e h i c l e  househo lds  a r e  addressed  i s  i n a d e q u a t e ,  a s  t h e y  

dep loy  t h e  concept  o f  a  composi te  v e h i c l e  ( i . e . ,  a  f i c t i t i o u s  v e h i c l e  

comprised of t h e  b e s t  a t t r i b u t e s  o f  t h e  t r u e  household v e h i c l e  t y p e s ) ,  

which h a s  n o  t h e o r e t i c a l  j u s t i f i c a t i o n .  Moreover, t h e  f a c t  t h a t  m u l t i -  

v e h i c l e  househo lds  account  f o r  over  80% of t o t a l  household v e h i c l e  ho ld-  

i n g s  i n  t h e  Uni ted S t a t e s  (Mannering (1981))  makes t h e  impor tance  o f  

p r o p e r  t h e o r e t i c a l  t r e a t m e n t  of t h e  m u l t i v e h i c l e  household obv ious .  

I n  an a t t e m p t  t o  overcome some of  t h e  d e f i c i e n c i e s  of t h e  Manski 

and Sherman work,  Berkovec and Rust  (1981) e s t i m a t e  a  n e s t e d  l o g i t  model 

i n  which househo lds  a r e  assumed t o  f i r s t  s e l e c t  a  c l a s s  of v e h i c l e  t y p e ,  

and t h e n  a  s p e c i f i c  v e h i c l e  t y p e  w i t h i n  t h e  c l a s s  chosen.  The work p r e -  

s e n t s  a t h e o r e t i c a l  framework f o r  p r o p e r l y  a d d r e s s i n g  v e h i c l e  t y p e  and 

usage i n t e r a c t i o n s ,  b u t  t h e  e m p i r i c a l  work does n o t  c o n s i d e r  t h i s  i n t e r -  

a c t i o n .  Moreover,  Berkovec and Rust  used t h e  same t h e o r e t i c a l l y  

q u e s t i o n a b l e  lagged dummy v a r i a b l e ,  as d i d  Manski and Sherman, t o  



account f o r  t h e  dynamics of household behavior .  (Again, they had 

only c ross  s e c t i o n a l  d a t a  wi th  information on v e h i c l e  holdings i n  t h e  

preceding y e a r ) .  I n  summary, t h e  Berkovec and Rust work, by i t s  use  of 

a  s e q u e n t i a l  l o g i t  model a s  opposed t o  a  s ing le - l eve l  mult inomial  l o g i t  

model, can be considered a  s t a t i s t i c a l  improvement over t h e  Manski/ 

Sherman models ( a s  i t  a l l e v i a t e s  same of t h e  p o s s i b l e  I I A  v i o l a t i o n s ) ,  

bu t  no t  a  t h e o r e t i c a l  improvement. Moreover, Berkovec and Rust only 

consider  s i n g l e  v e h i c l e  households i n  t h e i r  a n a l y s i s ,  thereby provid ing  

no i n s i g h t  i n t o  t h e  behavior  of mul t iveh ic l e  households, which a r e  t h e  

dominant s e c t o r  i n  t h e  U.S. market. 

Whereas t h e  Manski/Sherman and Berkovec/Rust models were s t r u c -  

tured  such t h a t  t h e  dec i s ion  t o  acqui re  a car  and t h e  type  of c a r  ac- 

qui red  were considered j o i n t  l y  , t h e  work of Hocherman , Prashker  , and 

Ben-Akiva (1982) s e p a r a t e  the  two dec i s ions  wi th  a  nes ted  l o g i t  

s t r u c t u r e .  The Hocherman models were es t imated  wi th  a  1978 cross-  

s e c t i o n a l  sample of I s r a e l i  households. Due t o  t h e  smal l  percentage 

of mul t iveh ic l e  households i n  I s r a e l ,  on ly  s i n g l e  v e h i c l e  households 

were considered i n  t h e  a n a l y s i s .  S t a t i s t i c a l l y ,  t h e  nes ted  s t r u c t u r e  

proposed by Hocherman appears  t o  be an improvement over t h e    an ski/ 

Sherman s t r u c t u r e ,  a s  a  g r e a t e r  number of v e h i c l e  a t t r i b u t e s  were found 

t o  s i g n i f i c a n t l y  i n f l u e n c e  t h e  choice of v e h i c l e  type (make, model, and 

v i n t a g e ) .  The shortcomings of t h e  Hocherman model i nc lude  t h e  non- 

cons ide ra t ion  of v e h i c l e  type and usage i n t e r a c t i o n s  and t h e  t h e o r e t i c -  

a l l y  ques t ionab le  t rea tment  of t h e  dynamics of household v e h i c l e  owner- 

sh ip .  Again, t h e  t rea tment  of dynamics i n  t h e  Hocherman work i s  



based on t h e  lagged dummy v a r i a b l e  approach used by Pfanski and 

Sherman, w i th  t h e  r e s u l t  being t h e  same Smprecise measure of changing 

t a s t e s .  

With a s t r u c t u r e  s i m i l a r  t o  t h a t  developed by Hocheman, Prashker ,  

and Ben-Akiva, Hensher and Mansfield (1982) es t imated  a nes ted  l o g i t  

a c q u i s i t i o n  choice / type  choice  model u s ing  Aus t r a l i an  d a t a .  Only 

t h r e e  c l a s s e s  (aggrega tes  of type)  of v e h i c l e s  were considered,  and t h e s e  

were c l a s s i f i e d  by v e h i c l e  f u e l  e f f i c i e n c y  ( i . e .  low, medium, and h igh) .  

Aside from t h i s  very  l i m i t e d  choice  of v e h i c l e  t y p e ,  t h e  t rea tment  of 

dynamics was v i r t u a l l y  non-exis tent  a s  was the  e f f e c t  o f :  1 )  t h e  v e h i c l e  

type  and usage i n t e r a c t i o n s  and 2) t h e  choice of ownership l e v e l .  

2 .2.3 Household Vehic le  U t i l i z a t i o n  Models 

Vehic le  u t i l i z a t i o n  models were motivated l a r g e l y  by t h e  nedd 

t o  f o r e c a s t  energy consumption. U t i l l z a t i o n  models can be ca tegor ized  

i n t o  those  based on t h e  d i s c r e t e  choice of i n d i v i d u a l  t r i p s  and those  

t h a t  view v e h i c l e  mi l e s  of t r a v e l  a s  a continuous v a r i a b l e .  

C l a s s i c  examples of t h e  d i s c r e t e  choice approach t o  v e h i c l e  

u t i l i z a t i o n  inc lude  t h e  modeling systems developed by Cambridge 

Systematics  (1976, 1979).  These modeling systems were es t imated  wi th  

r e g i o n a l  d a t a  samples ( e .g .  Washington, San Franc isco) .  The d e t e r -  

minat ion of v e h i c l e  u t i l i z a t i o n  (VMT) was der ived  from work t r i p  and 

non-work t r i p  modal choice models (e. g. choice of d r i v e  a lone ,  shared 

r i d e ,  o r  t r a n s i t )  and non-work t r i p  genera t ion  and d e s t i n a t i o n  choice 

models, Unfor tuna te ly ,  such a modeling approach i s  d e f i c i e n t  i n  a number 

of important  ways. F i r s t ,  t h e  t rea tment  of t h e  i n t e r a c t i o n s  between 

v e h i c l e  ownership l e v e l ,  v e h i c l e  t y p e ,  and v e h i c l e  u t i l i z a t i o n  a r e  



v i r t u a l l y  i g n o r e d .  Next ,  t h e  dynamic a s p e c t s  i n f l u e n c i n g  v e h i c l e  

ownership and t h e i r  impact  on v e h i c l e  u t i l i z a t i o n  a r e  n o t  addressed .  

F i n a l l y ,  such  an approach  d o e s  n o t  a s s i g n  u t i l i z a t i o n  (VMT) t o  s p e c i f i c  

v e h i c l e s  w i t h i n  m u l t i v e h i c l e  househo lds .  Th i s  las t  p o i n t  i s  a 

p o t e n t i a l l y  s e r i o u s  f l a w  s i n c e  f u e l  consumption i s  a f u n c t i o n  of t h e  

e x t e n t  t o  which s p e c i f i c  v e h i c l e  t y p e s  (make, model, and v i n t a g e )  

are used .  

The model ing of v e h i c l e  m i l e s  of t r a v e l  a s  a  con t inuous  v a r i a b l e  

a t  t h e  household level h a s  been under taken  by o n l y  a few r e s e a r c h e r s .  

An example of t y p i c a l  work i n  t h i s  a r e a  i s  t h e  household VMT model 

e s t i m a t e d  by C h a r l e s  River  A s s o c i a t e s  (1978).  U n f o r t u n a t e l y ,  t h e  

C h a r l e s  R i v e r  work s u f f e r s  from t h e  same weaknesses as t h e  d i s c r e t e  

c h o i c e  approaches  d i s c u s s e d  above.  I n  an  e f f o r t  t o  overcome some of t h e  

weaknesses  of p r e v i o u s  hausehold v e h i c l e  u t i l i z a t i o n  models ,  Mannering 

(1983) e s t i m a t e d  a  model of v e h i c l e  u s e  i n  m u l t i v e h i c l e  househo lds  i n  

which u t i l i z a t i o n  was a s s i g n e d  t o  s p e c i f i c  household v e h i c l e s .  The 

model was e s t i m a t e d  w i t h  n a t i o n a l  U.S. d a t a  c o l l e c t e d  d u r i n g  t h e  

months of September,  Oc tober ,  and November, 1979, and an e q u a t i o n  system 

was e s t i m a t e d  t o  model t h e  a l l o c a t i o n  of v e h i c l e  u s e  t o  i n d i v i d u a l  

household v e l l i c l e s .  Al though t h e  model p r o v i d e s  p o t e n t i a l l y  u s e f u l  

i n s i g h t  i n t o  v e h i c l e  u s e  i n  m u l t i v e h i c l e  househo lds ,  t h e  t r e a t m e n t  

of t h e  i n t e r r e l a t i o n s h i p s  between l e v e l ,  t y p e ,  and u t i l i z a t i o n  are 

l i m i t e d ,  and t h e  dynamic a s p e c t s  o f  v e h i c l e  ownership are n o t  a d d r e s s e d .  



2 , 2 , 4  J o i n t  Disaggregate Models 

In r ecogn i t ion  of t h e  f a c t  t h a t  t h e  household v e h i c l e  choices  

of l e v e l ,  t ype ,  and u t i l i z a t i o n  a r e  i n t e r r e l a t e d ,  a  number of 

r e sea rch  e f f o r t s  have at tempted t o  e x p l i c i t l y  account f o r  t h e s e  

i n t e r r e l a t i o n s h i p s .  Perhaps t h e  e a r l i e s t  work i n  t h i s  d i r e c t i o n  i s  

t h e  simultaneous number of c a r s ,  new o r  used ca r  choice model of 

Johnson (1978). The Johnson s p e c i f i c a t i o n  was of t he  mult inomial  

l o g i t  form and,  al though h i s  d e f i n i t i o n  of veh ic l e  type was r a t h e r  

crude (new o r  used ) ,  t h e  f a c t  t h a t  t h e  r e l a t i o n s h i p  between v e h i c l e  

l e v e l  and type was accounted f o r  i s  s i g n i f i c a n t .  Johnson made no 

attempt t o  account f o r  dynamic behavior .  

In more r e c e n t  work, Booz, Allen & Hamilton (1983) e s t ima te  a nes t ed  

l o g i t  s t r u c t u r e  wi th  choice of l e v e l  and choice of type (make, model, 

and v i n t a g e ) ,  The type  choice model fo l lows t h a t  of Manski and 

Sherman (1980) and t h e  l e v e l  choices of ze ro ,  one, o r  two v e h i c l e s  

a r e  considered.  The Booz, A l l en ,  & Hamilton s p e c i f i c a t i o n  i n d i c a t e d  

t h a t  t h e  e f f e c t  of type  choice on l e v e l  choice i s  minimal. This  some- 

what c o u n t e r i n t u i t i v e  f i n d i n g  may be explained by a  number of d e f i c i e n -  

c i e s  i n  t h e  model s t r u c t u r e .  F i r s t ,  v e h i c l e  u t i l i z a t i o n  was i n -  

c o r r e c t l y  viewed as  an exogenous v a r i a b l e  i n  t h e  type choice s p e c i f i c a -  

t i o n s .  This  of course should be t r e a t e d  a s  an endogenous v a r i a b l e  and 

be e x p l i c i t l y  modeled a s  such.  Perhaps more impor tant ly ,  t h e  dynamic 

a spec t s  of t h e  v e h i c l e  ownership problem were v i r t u a l l y  ignored i n  

Booz, Allen & Hamilton work. 



The only known work t h a t  a t tempts  t o  account f o r  a l l  of t h e  i-nter- 

a c t i o n s  between v e h i c l e  l e v e l ,  t ype ,  and u t i l i z a t i o n ,  i s  t h a t  of Tra in  

and Lohrer (1982). Their  modeling system inc ludes  household choices  o f :  

1)  v e h i c l e  l e v e l  f o r  ze ro ,  one, and two v e h i c l e s ,  2) v e h i c l e  type  

def ined  by c l a s s e s  (aggregates  of make, model, and v i n t a g e ] ,  and 

3)  v e h i c l e  u t i l i z a t i o n  (aver a  one-year per iod)  of t h e  chosen v e h i c l e  

c l a s s  i n  mi l e s .  Although t h e  Tra in  and Lohrer e f f o r t  r ep resen t s -  an 

advance i n  t h a t  t h e  i n t e r r e l a t i o n s h i p s  between t h e  c r i t i c a l  a spec t s  of 

household v e h i c l e  ownership a r e  e x p l i c i t l y  accounted f o r ,  t h e  work 

s u f f e r s  from two c r i t i c a l  d e f i c i e n c i e s ,  F i r s t ,  by cons ider ing  only 

aggregates  of v e h i c l e  makes, models, and v in t ages  ( c l a s s e s ) ,  p o t e n t i -  

a l l y  r i c h  information on v e h i c l e  a t t r i b u t e s  and v e h i c l e  brand p r e f e r -  

ences i s  ignored .  Second, Tra in  and Lohrer use t h e  same dummy v a r i a b l e  

t o  cap tu re  t h e  dynamics of v e h i c l e  ownership a s  d i d  Manski and Sherman 

(1980) ( i . e .  i n  t h i s  case ,  one i f  t h e  v e h i c l e  c l a s s  was no t  owned 

i n  t h e  preceding time per iod  and zero  o therwise) .  The f a u l t s  of t h i s  

approach t o  dynamics i n  a  t r u e  type  choice model ( i . e .  choice among 

makes, models,  and v in t ages )  have been d iscussed  a t  l eng th  e a r l i e r .  

I n  a  c l a s s  choice  model of t h e  Tra in  and Lohrer v a r i e t y ,  t h i s  dumy 

v a r i a b l e  approach t o  dynamics i s  even l e s s  v a l i d  s i n c e  changes i n  t h e  

type  (make, model, o r  v in t age )  of a  v e h i c l e  owned wi th in  t h e  same c l a s s  

i s  simply n o t  accounted f o r  i n  t h e  model s t r u c t u r e .  

2.2.5 Summary of t h e  Current Work 

The o b j e c t i v e  of t h e  r e sea rch  presented  h e r e i n  i s  t o  overcome 

what a r e  thought t o  be t h e  c r i t i c a l  d e f i c i e n c i e s  of previous  work 



u n d e r t a k e n  i n  t h e  au tomobi le  demand a r e a .  To a c h i e v e  t h i s ,  a 

d i s a g g r e g a t e ,  household l e v e l  model ing approach i s  used .  It s h o u l d  

b e  c l e a r  from t h e  p r e c e d i n g  l i t e r a t u r e  r e v i e w  that a d i s a g g r e g a t e  

approach o f f e r s  many a d v a n t a g e s ,  a s  opposed t o  t r a d i t i o n a l  a g g r e g a t e  

approaches ,  i n  t e rms  of e x p l a i n i n g  u n d e r l y i n g  b e h a v i o r .  Also,  t h e  

c u r r e n t  r e s e a r c h  views t h e  dynamic a s p e c t s  of household v e h i c l e  owner- 

s h i p  as t h e  e v o l u t i o n  o f  household t a s t e s .  From t h i s  v i e w ,  e s t i m a b l e  

models a r e  d e r i v e d  u s i n g  a p p r o p r i a t e  economic t h e o r y  r e l a t i n g  t o  t a s t e  

changes.  F i n a l l y ,  e x p l i c i t  account  i s  g i v e n  t o  t h e  i n t e r r e l a t i o n s h i p s  

between t h e  household c h o i c e s  of q u a n t i t y  of v e h i c l e s ,  v e h i c l e  t y p e  

(make, model ,  and v i n t a g e ) ,  and v e h i c l e  u t i l i z a t i o n .  

It i s  a s s e r t e d  t h a t  t h e  c u r r e n t  work, by a d d r e s s i n g  t h e  weaknesses  

of p r e v i o u s  au tomobi le  demand r e s e a r c h ,  w i l l  p r o v i d e  v a l u a b l e  i n s i g h t  

i n t o  household v e h i c l e  ownership  b e h a v i o r  and t o  t h e  f i n a n c i a l  v i a b i l i t y  

of domes t ic  au tomobi le  m a n u f a c t u r e r s .  



CHAPTER 3. THEORETICAL MODELS OF HOUSEHOLD VEHICLE 

OWNERSHIP AND UTILIZATION 

This chapter  i s  comprised of f o u r  primary s e c t i o n s .  In  t h e  

f i r s t  s e c t i o n ,  a genera l  d i scuss ion  of t h e  household 's  v e h i c l e  owner- 

sh ip  problem i s  given.  The o b j e c t i v e  h e r e  i s  t o  present  t h e  r e a d e r  

wi th  an i n t u i t i v e  sense of t h e  dimensions of t h e  household v e h i c l e  

ownership dec i s ion .  The fol lowing two s e c t i o n s  a r e  devoted t o  t h e  

development of a l t e r n a t e  t h e o r i e s  of household v e h i c l e  ownership 

behavior.  Based on t h e s e  t h e o r i e s ,  econometr ica l ly  es t imable  

models a r e  der ived .  The f i n a l  s e c t i o n  d e s c r i b e s  econometric pro- 

cedures t h a t  a r e  used i n  the  even tua l  e s t i m a t i o n  of the  derived 

models. 

3 . 1  The Household ' s Vehicle Ownership Problem 

I n  gene ra l ,  household choices of v e h i c l e  q u a n t i t y ,  v e h i c l e  

type  and v e h i c l e  u t i l i z a t i o n  a r e  made wi th  t h e  i n t e n t  of achieving 

some optimal  p a t t e r n  of t r i p  gene ra t ing  a c t i v i t i e s  given t h r e e  a reas  of 

concern: 1) socioeconomic f a c t o r s ,  2 )  exogenous economic condi t ions  

and 3) dynamic cons idera t ions .  Socioeconomic f a c t o r s  comprise a 

broad range of c h a r a c t e r i s t i c s ,  such a s  household income and house- 

hold compositio?,that a f f e c t  household a c t i v i t i e s  and v e h i c l e  ownership 

needs.  Exogenous economic cond i t ions  inc lude  t h e  cos t  of petroleum 

products  and v e h i c l e  p r i c e s  i n  new and used c a r  markets .  The dynamic 

cons ide ra t ions  of t he  household's v e h i c l e  ownership problem a r i s e  from 

the  evo lu t ion  of household t a s t e s  over t ime.  Th i s  concept of changing 

household t a s t e s ,  which has been virtually overlooked i n  previous 



automobi le  demand l i t e r a t u r e ,  forms t h e  EasTs f o r  t h e  model d e r i v a t i o n s  

p r e sen t ed  i n  t h i s  work. 

I n t u i t i v e l y ,  t a s t e  changes  can be  expec ted  t o  a r i s e  from a 

number of sou rce s .  In p a r t i c u l a r ,  households  can be  viewed as l e a r n i n g  

and c o l l e c t i n g  i n f o r m a t i o n  from p a s t  expe r i ence s  w i t h  a  s p e c i f i c  

v e h i c l e  o r  make of v e h i c l e ,  t he r eby  forming a  b a s i s  f o r  tas te  changes .  

Other  sou rce s  of t a s t e  changes  i n c l u d e  t h o s e  r e s u l t i n g  from a d v e r t i s i n g  

and t h e  i n f o r m a t i o n  c o l l e c t e d  from c o n t a c t  w i t h  o t h e r  v e h i c l e  owners. 

Although t h e r e  i s  an  abundance of economic l i t e r a t u r e  t h a t  

a d d r e s s e s  t h e  i s s u e  of a ccoun t i ng  f o r  taste changes i n  u t i l i t y  f u n c t i o n s  

( s e e ,  f o r  example,  Pes ton  (1967) ,  Gorman (1967) ,  F i s h e r  and S h e l l  (1969) ,  

P o l l a k  and Wales (1969) ,  P o l l a k  (1970) ,  P h l i p s  (1972) and Lluch (1974)) ,, 

e s s e n t i a l l y ,  two b a s i c  approaches  have been used. The f i r s t  approach 

w a s  t h a t  used by bo th  Pes ton  (1967) and Gorman (1967).  T h e i r  work 

c o n s i d e r s  u t i l i t y  f u n c t i o n s  of t h e  form 

where t h e  x ' s  r e p r e s e n t  q u a n t i t i e s  of t h e  commodities t h a t  are consumed, 

and t h e  A and 6 ' s  a r e  pa r ame te r s .  To i n t r o d u c e  t a s t e  c h a n g e s , ; t h e  

exponents  i n  Equa t ion  (1) a r e  p e r m i t t e d  t o  b e  f u n c t i o n s  of t ime such 

t h a t  

- 'it x '2t 
Ut - A X l t  2 t  

under  t h e  assumption t h a t  t h e  consumer i s  l e a r n i n g  from p a s t  e x p e r i e n c e s ,  

t h i s  approach a d o p t s  t h e  f o l l o w i n g  l e a r n i n g  f u n c t i o n s  ( s e e  Pes ton  (1967) ) :  



where t h e  s u b s c r i p t s  t-1 deno t e  consumption i n  t h e  p r eced ing  t i m e  p e r i o d .  

Although t h i s  approach h a s  t h e  advantage of e x p l i c i t l y  a ccoun t i ng  f o r  

taste changes ,  i t  s u f f e r s  f rom t h e  f a c t  t h a t  t h e  f u n c t i o n a l  form used 

makes t h e  d e r i v a t i o n  of e s t i m a b l e  commodity demand e q u a t i o n s  exceed ing ly  

d i f f i c u l t ,  i f  n o t  imposs ib l e .  

With l i m i t a t i o n s  of t h e  Pes ton  t y p e  t a s t e  change f o r m u l a t i o n  i n  

mind, a  more f r u i t f u l  approach  was developed and app l i ed  by F i s h e r  

and S h e l l  (1969) ,  P o l l a k  and Wales (1969) ,  and P o l l a k  (1970) .  The 

s t a r t i n g  p o i n t  f o r  t h i s  approach i s  t o  cons ide r  u t i l i t y  f u n c t i o n s  of 

t h e  fo l l owing  fonn  

where t h e  x ' s  r e p r e s e n t  q u a n t i t i e s  of t h e  c o m o d i t i e s  t h a t  are consumed 
i 

and a and bit deno t e  pa r ame te r s ,  w i t h  t h e  la t ter  c o n t r o l l i n g  f o r  t a s t e  
i 

changes over  t ime .  I n  t h i s  r e g a r d ,  t h e  t a s t e  change paramete r  b can 
i t  

b e  any f u n c t i o n  of  t i m e  o r  p a s t  consumption. Unl ike  t h e  Pes ton  t y p e  

t a s t e  change f o r m u l a t i o n ,  account ing  f o r  t a s t e  changes i n  t h e  manner 

imp l i ed  by Equa t ion  (4)  p e r m i t s  t h e  d e r i v a t i o n  of dynamic commodity de- 

mand e q u a t i o n s  w i t h  r e l a t i v e  ease ( s e e  P o l l a k  and Wales (1969) and 

P o l l a k  (1970) ) .  Fo r  t h i s  r e a s o n ,  t h e  a n a l y s i s  of v e h i c l e  ownership 

i n  t h i s  s t u d y  f o l l o w s  from t h e  i d e a  expressed  i n  Equat ion ( 4 ) .  



To incorpora t e  t a s t e  changes i n  the  case of household v e h i c l e  

ownership, t h e  cu r ren t  a n a l y s i s  assumes t h a t  such changes a r e  determined 

s o l e l y  by p a s t  d e c i s i o n s .  S p e c i f i c a l l y ,  i t  i s  assumed t h a t  t a s t e  changes 

a r e  determined by t h e  p a s t  u t i l i z a t i o n  of s p e c i f i c  v e h i c l e s  opera ted  

by the  household. This  imp l i e s  t h a t  t h e  household can be  viewed a s  

developing "habi t s"  of v e h i c l e  ownership based on its p a s t  exper iences  

wi th  s p e c i f i c  v e h i c l e s  ( i . e .  e x t e n t  of u t i l i z a t i o n ) .  I f  a  s t a t e  

v a r i a b l e  i s  de f ined ,  Si t ,  t h a t  summarizes pas t  u t i l i z a t i o n  r e l e v a n t  t o  

v e h i c l e  i a t  t ime t ,  then t a s t e  changes can be introduced i n t o  t h e  

f u n c t i o n a l  form of Equation C4) by t h e  simple l i n e a r  express ion  

where 0 and ai a r e  parameters .  The p r e c i s e  d e f i n i t i o n  of t h e  s t a t e  
i 

v a r i a b l e ,  a long wi th  t h e  development of a l t e r n a t i v e  dynamic v e h i c l e  

ownership models t h a t  account f o r  t a s t e  changes, i s  given i n  t h e  next  

s e c t i o n .  

3.2 The R e s t r i c t e d  Dynamic Model 

The r e s t r i c t e d  dynamic model permi ts  households t o  consider  

t h e  e f f e c t s  of p a s t  behavior on c u r r e n t  t a s t e s  but  assumes t h a t  t hey  

do not  cons ider  t h e  e f f e c t  t h a t  cu r ren t  consumption w i l l  have on f u t u r e  

u t i l i t y .  This  somewhat u n r e a l i s t i c  assumption w i l l  be re laxed  l a t e r  

wi th  t h e  in t e r t empora l  dynamic model, but  t h e  cos t  of t h i s  r e l a x a t i o n  

i n  terms of a d d i t i o n a l  l i m i t a t i o n s  t h a t  must be imposed on t h e  d e c i s i o n  

making process  w i l l  be shown t o  be high.  

I n  the  development of t h e  r e s t r i c t e d  dynamic model, a  four-s tep  



procedure i s  used i n  which t h e  household's choices of v e h i c l e  q u a n t i t y ,  

v e h i c l e  type ,  and v e h i c l e  u t i l i z a t i o n  a r e  viewed as contemporaneous. 

The procedure begins by spec i fy ihg  a  dynamic u t i l i z a t i o n  equat ion  which 

i s  then transformed t o  be measurable i n  a l l  v a r i a b l e s .  Using the  

der ived  dynamic u t i l i z a t i o n  equa t ion ,  Roy's I d e n t i t y  i s  appl ied  t o  

recover  t h e  corresponding i n d i r e c t  u t i l i t y  func t ion .  F i n a l l y ,  a  dynamic 

d i s c r e t e  choice model of v e h i c l e  q u a n t i t y  and v e h i c l e  type i s  obtained 

from t h e  i n d i r e c t  u t i l i t y  func t ion  

3.2.1. The Dynamic U t i l i z a t i o n  Equation 

To develop appropr i a t e  household v e h i c l e  ownership models, t a s t e  

changes a r e  incorpora ted  d i r e c t l y  i n t o  t h e  demand equat ion ( i n  t h i s  case 

t h e  u t i l i z a t i o n  equat ion)  a s  opposed t o  the  more t r a d i t i o n a l  method 

descr ibed  e a r l i e r  of f i r s t  i nco rpora t ing  t a s t e  changes i n  t h e  d i r e c t  

u t i l i t y  func t ion  and then d e r i v i n g  the  corresponding demand equat ions .  

The advantages of address ing  t a s t e  changes i n  t h i s  manner w i l l  become 

apparent  a s  t h e  model d e r i v a t i o n s  a r e  presented .  

To begin ,  cons ider  a  household s e l e c t i n g  only one v e h i c l e  from 

t h e  s e t  of a v a i l a b l e  v e h i c l e  types  (make, model, and v i n t a g e ) .  The 

mul t iveh ic l e  ownership case  w i l l  be addressed l a t e r .  I f  i t  i s  assumed 

t h a t  t a s t e  changes a r e  determined by previous choices only ,  then t h e  

dynamic u t i l i z a t i o n  equat ion  can be w r i t t e n  a s  

x = T +Bi(It - .Cit) + a S 
i t  i i i t ,  



where x  i s  t h e  r a t e  of u t i l i z a t i o n  of v e h i c l e  i ,  I i s  t h e  r a t e  of i n -  
i t  t 

come, Cit i s  t h e  r a t e  of v e h i c l e  opera t ing  c o s t ,  'it 
is t h e  s t a t e  v a r i a b l e  

a t  t ime t ,  and T ~ ,  Bi, and ct a r e  parameters.  Reca l l  t h a t  t h e  s t a t e  
i 

v a r i a b l e  i s  intended t o  "summarize" p a s t  u t i l i z a t i o n  r e l e v a n t  t o  v e h i c l e  

i. Consequently, i t  i s  no t  measurable i n  t h e  t r a d i t i o n a l  sense  and 

t h e r e f o r e  must be e l iminated  from t h e  u t i l i z a t i o n  equat ion i n  order  f o r  

t h i s  equat ion  t o  be es t imable .  

To e l imina te  t h e  s t a t e  v a r i a b l e  from Equation (6), cons ider  t h e  

accounting r e l a t i o n s h i p  ( a t  any time t )  f o r  v a r i a b l e  i 

where J i s  t h e  g ross  a d d i t i o n  of u t i l i z a t i o n  from v e h i c l e  choices ,  
i t  

and 6i i s  a  cons tant  r a t e  of d e p r e c i a t i o n  of S  ( i . e .  t h e  deprec ia t ion  
i t  

of p a s t  exper iences  wi th  t h e  v e h i c l e  i ) .  I n  t h i s  a n a l y s i s ,  
Jit 

i s  

defined t o  be a  l i n e a r  func t ion  of t he  u t i l i z a t i o n  of v e h i c l e  i, 

and t h e  u t i l i z a t i o n  of v e h i c l e s  of t h e  same make a s  v e h i c l e  i. These 

l a t t e r  v a r i a b l e s  capture  t h e  no t ion  of t r ans fe rence  of ownership exper- 

ience  between v e h i c l e s  of t h e  same make (2.e.  brand loya l ty ) . .  Thus, 

Jit 
can be def ined  a s  

where x  i s  t h e  u t i l i z a t i o n  of v e h i c l e  i, x f  i s  t h e  u t i l i z a t i o n  of a  
i t  i t  

v e h i c l e  (not  i nc lud ing  v e h i c l e  i )  t h a t  i s  t h e  same make a s  v e h i c l e  i. 



Givenxh i s  d e f i n i t i o n ,  n o t e  t h t  t h e  g e n e r a l  s o l u t i o n  t o  Equa t ion  (7 )  

Th i s  i n d i c a t e s  t h a t  t h e  s ta te  v a r i a b l e  at  any t ime  t i s  e q u a l  t o  t h e  sum 

of t h e  d i s coun t ed  e x p e r i e n c e s  ( a s  de f i ned  by Equat ion (8 ) ) )  of v e h i c l e  i. 

Given t h e  above r e l a t i o n s h i p s ,  i t  i s  d e s i r a b l e  f o r  e s t i m a t i o n  

purposes  t o  t r an s fo rm  Equa t ion  (6) i n t o  a d i s c r e t e  t i m e  framework. 

Thus,  Equat ion (6)  i s  r e d e f i n e d  f o r  v e h i c l e  i as 

x = T  + F i ( I t  - C i t ) + a ?  
i t  i i i t ,  

where x  i s  t h e  accumulated u t i l i z a t i o n  of v e h i c l e  i over t h e  d i s c r e t e  
i t  

t ime  i n t e r v a l ,  I i s  t h e  i n t e r v a l  household income, 
t 'it 

i s  t h e  i n t e r v a l  

c o s t  of o p e r a t i n g  v e h i c l e  i, T ~ ,  Bi, and ai a r e  pa r ame te r s ,  and 2 i s  
i t  

d e f i n e d  as t h e  mean v a l u e  of t h e  state v a r i a b l e  ove r  t h e  t i m e  i n t e r v a l .  

A t t e n t i o n  can now be g iven  t o  removing ? which is  n o t  measur- 
i t  ' 

a b l e ,  from Equa t ion  (10 ) .  The procedure  t h a t  i s  used t o  do  t h i s  i s  

somewhat t e d i o u s ,  and t h e r e f o r e  i s  p r e sen t ed  i n  Appendix A. As  shown 

i n  t h i s  appendix ,  t h e  t rans formed  equa t i on  can be w r i t t e n  as 

where t h e  A ' s  a r e  pa r ame te r s ,  lit = Tt - Ci t ,  and a l l  o t h e r  v a r i a b l e s  
i 
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a r e  as  def ined  p rev ious ly .  Note t h a t  t h i s  equat ion i s  a dynamic 

equat ion  of v e h i c l e  u t i l i z a t i o n  t h a t  i s  measurable i n  a l l  v a r i a b l e s ,  

s ince  t h e  unmeasurable s t  a t e  v a r i a b l e  has been removed. 

3.2.2. Der iva t ion  of t h e  I n d i r e c t  U t i l i t y  Function 

Given t h e  dynamic u t i l i z a t i o n  equat ion  s p e c i f i e d  above, i t  i s  

poss ib l e  t o  d e r i v e  t h e  corresponding dynamic i n d i r e c t  u t i l i t y  func t ion  

implied by Roy's I d e n t i t y .  That i s  

where V i s  t h e  dynamic i n d i r e c t  u t i l i t y  funct ion  and p i s  t h e  u n i t  
i t  i t  

p r i c e  of v e h i c l e  u t i l i z a t i o n .  R w ,  de f ine  t h e  opera t ing  cos t  of 

v e h i c l e  ownership as  

tit =m P i t  i t '  (13 

where r i s  t h e  t y p i c a l  v e h i c l e  u t i l i z a t i o n  of v e h i c l e  i i n  period t , 
i t  

and n i s  a parameter.  Thus, u s ing  Equations ( l l ) ,  (12) ,  and (13) ,  i t  

can be shown (see ,  f o r  example, Hausman (1981)) t h a t  t h e  i n d i r e c t  

u t i l i t y  func t ion  i s  of t he  form 



3 .2 .3  Dynamic D i s c r e t e  Choice Model o f  V e h i c l e  Q u a n t i t y  and 

V e h i c l e  Type 

The d e r i v a t i o n  p r o v i d e d  above i s  v a l i d  f o r  househo lds  t h a t  choose 

t o  own one v e h i c l e .  The a n a l y s i s  i s  now extended t o  i n c l u d e  m u l t i -  

v e h i c l e  ownership c h o i c e .  

It i s  assumed t h a t  househo lds  choose t h e  q u a n t i t y  of v e h i c l e s  t o  

own, n ,  and t h e  t y p e  of v e h i c l e  t o  own, i, such t h a t  t h e i r  i n d i r e c t  

u t i l i t y  f u n c t i o n s  a r e  maximized. That  i s ,  a household w i l l  s e l e c t  

n '  v e h i c l e s  of t y p e  i' ( i . e .  make, model,  and v i n t a g e  of each  of t h e  n '  
n 

v e h i c l e s )  

i f f  V n t i  2 Vni Y n , . i .  n 
n n 

The p r o b a b i l i t y  of s e l e c t i n g  n '  and i ' i s  
n 

P = P r o b [ V  n ' i  > v n ' i '  - ' n ,  i n ] .  
n n ni ,  

Decomposing t h e  i n d r e c t  u t i l i t y  f u n c t i o n  i n t o  a s y s t e m a t i c  component, 

- 
Vni , and a random component, E , s u c h  t h a t  

n i 
n n 

and assu.ming t h a t  E V n ,  i a r e  j o i n t l y  d i s t r i b u t e d  w i t h  a g e n e r a l -  
n i n n 

i z e d  extreme v a l u e  d i s t r i b u t i o n ,  we can o b t a i n  a n e s t e d  o r  s e q u e n t i a l  

l o g i t  model s u c h  t h a t  



where P is the  marginal  p r o b a b i l i t y  of n 1  v e h i c l e s  being s e l e c t e d ,  
n  ' 

and P i s  the  p r o b a b i l i t y  of a  v e h i c l e  type being s e l e c t e d  
i1 In1 
n  

cond i t iona l  on n ' .  A s  shown by McFadden (1979) these  p r o b a b i l i t i e s  

w h e r e 7  themean  i n d i r e c t  u t i l i t y ,  v a r i e s  only o v e r n ,  a n d G , ,  
n r  7 ln In 

v a r i e s  over n  and i 5 i s  a parameter ,  and Ln i s  t h e  i n c l u s i v e  v a l u e .  
n  ' 

Given t h e  above r e l a t i o n s h i p s ,  a l l  t h a t  remains i s  t o  spec i fy  

the  f u n c t i o n a l  form of t h e  i n d i r e c t  u t i l i t y  funct ion .  Tn t h i s  s tudy ,  

we a r e  forced f o r  empi r i ca l  r easons  t o  consider  only one and two 

v e h i c l e  households. The appropr i a t e  i n d i r e c t  u t i l i t y  func t ion  f o r  t h e  

one v e h i c l e  household i s  given by Equation (14). I n  the  case  of a  two- 

v e h i c l e  household, the  ope ra t ing  c o s t s  of i t s  v e h i c l e  p o r t f o l i o  i a r e  

def ined  as: 



1 2 
where p  and pit a r e  t h e  o p e r a t i n g  c o s t s  of v e h i c l e  1 and 2  r e s p e c t i v e l y ,  

i t  

i n  v e h i c l e  p o r t f o l i o  i, r i s  t h e  t y p i c a l  u t i l i z a t i o n  of each v e h i c l e  
i t  

i n  t h e  p o r t f o l i o ,  and n i s  a parameter .  Thus, i t  can be shown t h a t  t h e  
i 

i n d i r e c t  u t i l i t y  f u n c t i o n  f o r  p o r t f o l i o  i is: 

where t h e  s u p e r s c r i p t  T  r e p r e s e n t s  t h e  combination of v e h i c l e s  compris- 

i n g  p o r t f o l i o  i. The dynamic u t i l i z a t i o n  equa t ions  corresponding t o  

t h i s  i n d i r e c t  u t i l i t y  f u n c t i o n  ( i . e .  Equation (22)) a r e  of t h e  form 

For t h e  r e s t r i c t e d  dynamic case ,  t h e  complete system 05 equa- 

t i o n s  d e s c r i b i n g  t h e  household's choice  of v e h i c l e  q u a n t i t y ,  v e h i c l e  t ype ,  

and v e h i c l e  u t i l i z a t i o n  a r e  now de f ined .  The s t r u c t u r e  of t h e  a c t u a l  

es t imable  forms of t hese  equa t ions  w i l l  be  given i n  a  l a t e r  s e c t i o n .  

3.3 The In t e r t empora l  Dynamic Model 

The i n t e r t e m p o r a l  approach d i f f e r s  from t h e  r e s t r i c t e d  dynamic 

approach i n  t h a t  households a r e  now assumed t o  cons ider  t h e  e f f e c t s  

of cu r r en t  consumption on f u t u r e  u t i l i t y .  This  imp l i e s  t h a t  house- 

ho lds  t a k e  i n t o  account t h e  e f f e c t  t h a t  cu r r en t  consumption w i l l  have 

on f u t u r e  t a s t e  changes. Hence, t h e  in t e r t empora l  model i s  based on a  

s u b s t a n t i a l l y  d i f f e r e n t  and somewhat more r e a l i s t i c  d e c i s i o n  making 



process  than  t h a t  upon which t h e  r e s t r i c t e d  dynamic model i s  based.  

The u n f o r t u n a t e  d isadvantage  of t h e  in t e r t empora l  model i s  t h a t  a  

number of s t r o n g  assumptions must 6e  made t o  a r r i v e  a t  t r a c t a b l e  

r e s u l t s .  These assumptions and t h e  complete d e r i v a t i o n  of t h e  i n t e r -  

temporal  dynamic model a r e  presented  below. 

3 .3 .1  The U t i l i t y  Func t iona l  

The o b j e c t i v e  he re  i s  t o  d e r i v e  models t h a t  can be e m p i r i c a l l y  

e v a 1 u a t e d . T ~  achieve  t h i s ,  i t  i s  necessary  t o  d e f i n e  an i n t e r t e m p o r a l  

u t i l i t y  f u n c t i o n  t h a t  i s  t h e  sum of p re sen t  and f u t u r e  i n s t an t aneous  

u t i l i t i e s  ( i . e .  u t i l i t i e s  a t  any p o i n t  i n  t ime) .  I n  reducing  t h e  

i n t e r t e m p o r a l  u t i l i t y  t o  a  sum of i n s t an t aneous  u t i l i t i e s ,  i t  i s  

impera t ive  t h a t  t h e  p o s t u l a t e s  s e t  f o r t h  by Koopmans (1960) be d i scussed .  

To beg in ,  Koopmans' n o t a t i o n  i s  adopted by d e f i n i n g  a  sequence of 

commodity purchases  over t ime as a program and denot ing  i t .  

1X = (xl, X 2 ,  x3 ... X4 . . . I  = ( x ~ , ~ x )  = . . .  (24) 

where x ' s  a r e  consumption v e c t o r s  and t h e  s u b s c r i p t s  1, 2 ,  3 ,  ... r e f e r  

t o  d i s c r e t e  t ime pe r iods .  Note t h a t  Equation (24) imp l i e s  t h a t  each  

program i s  assumed t o  extend over an i n f i n i t e  f u t u r e .  I n  t h e  case  of 

household v e h i c l e  ownership, t h e  i n f i n i t e  f u t u r e  assumption may n o t  

be e n t i r e l y  u n r e a l i s t i c  s i n c e  households tend  t o  s u r v i v e  from genera- 

t i o n  t o  gene ra t ion .  

Using t h e  above n o t a t i o n ,  t h e  p rev ious ly  s t a t e d  o b j e c t i v e  i s  t o  

d e f i n e  a  u t i l i t y  f u n c t i o n  f o r  a l l  p o s s i b l e  programs ( i . e .  f o r  a l l  Ix) ,  

such t h a t  t h i s  u t i l i t y ,  U (  x) i s  a simple func t ion  of t h e  in s t an t aneous  
1 



u t i l i t i e s  u  (x ) u2 (x2) , . . . , ut (xt) .  To achieve t h i s ,  t h e  f o l l . 0 ~ -  1 1.' 

ing  four  p o s t u l a t e s  must be accepted (see Koopmans (1960) and 

Koopmans, Diamond, and Williamson (1964)) ,  

P1  (Existence and Con t inu i ty ) :  There e x i s t s  a  cont inuous u t i l i t y  
func t ion  U( x ) ,  which i s  def ined  f o r  a l l  lx = (x ,x2 ,  .. .) 
such t h a t ,  &or a l l  t ,  xt i s  a p o i n t  of a  boundea convex X 
of t h e  n  dimensional  commodity space.  

A d e t a i l e d  d i s c s s i o n  on t h e  e x i s t e n c e  and c o n t i n u i t y  p o s t u l a t e  

i s  presented  i n  Koopmans (1960). 

P2 ( S e n s i t i v i t y ) :  There e x i s t  f i r s t  pe r iod  consumption v e c t o r s  x  
and a  program x  from t h e  second period on, such t h a t  

1 p x i  

2  
u (xl,  2x) > u ( x i ,  2x) . 

This  p o s t u l a t e  r e q u i r e s  u t i l i t y  t o  be changed when consumption 

i s  changed i n  some s p e c i f i e d  t ime per iod .  This p o s t u l a t e  exc ludes  t h e  

p o s s i b i l i t y  t h a t  a  consumer a t t a c h e s  u t i l i t y  only t o  a  consumption l e v e l  

exceeding some minimum v a l u e ,  Thus, bo th  p o s t u l a t e s  P1  and P2 a r e  n o t  

very r e s t r i c t i v e  o r  u n r e a l i s t i c .  

P3 (Limited Noncomplementarity) f o r  a l l  x  I '  x 1  1, 2x9 2 ~ '  

(P3a) U(xl , 2 x ) ~  U(X; ,~X)  imp l i e s  U(x x ' )  2 U ( X ~ , ~ X ' )  
1 ' 2  

(P3b) U ( X ~ , ~ X )  2 U ( X ~ , ~ X ' )  imp l i e s  U(xl 1 '2 x) 2 U ( X ; , ~ X ~ )  

P3a s t a t e s  t h a t  d i f f e r e n t  consumption programs undertaken a f t e r  

t h e  f i r s t  pe r iod  do n o t  a f f e c t  consumption p re fe rences  i n  t h e  f i r s t  

per iod .  P3b s t a t e s  t h a t  d i f f e r e n t  consumption p a t t e r n s  i n  t h e  f i r s t  

per iod  do n o t  a f f e c t  t h e  p re fe rence  o rde r ings  comsumption programs 

considered from t h e  second pe r iod  onward. P o s t u l a t e  P3 i s  no t  t e r r i b l y  

r e l a i s t i c  s i n c e  t h e r e  i s  no reason  t o  b e l i e v e  t h a t  t h e  complementarity 

of goods does n o t  ex tend  over more than  one time per iod .  I n  t h e  case 



of v e h i c l e  ownership modeling, with no t ions  of brand l o y a l t y  con- 

s i d e r e d ,  i t  i s  c l e a r  t h a t  t h i s  p o s t u l a t e  does not  have a  h igh  degree of 

r ea l i sm.  Never the less ,  acceptance of P3 i s  c r i t i c a l  s ince  t h e  i n t e r -  

temporal u t i l i t y  f u n c t i o n  can b e  w r i t t e n  a s  

where v(u l ,  U ) i s  a continuous and inc reas ing  f u n c t i o n  of t h e  i n -  
2  

s tan taneous  u t i l i t y  funct ion  a t  tTme t=l (u ) ,  and t h e  in t e r t empora l  
1 

u t i l i t y  func t ion  a s soc ia t ed  wi th  a l l  consumption sequences s t a r t i n g  

from per iod  t=2  ( u ~ ( ~ x ) ) .  I n  order  f o r  Equation (25) t o  become u s e f u l  

i n  t h e  d e r i v a t i o n  of t h e  in t e r t empora l  model, i t  i s  necessary  t o  drop t h e  

time s u b s c r i p t s  from t h e  ins tan taneous  and in t e r t empora l  u t i l i t y  func- 

t i o n s  thereby w r i t i n g  Equation (25) a s  

To achieve t h e  t r a n s  for m t i o n  from Equation (25) t o  Equation (26) , 

t h e  fo l lowing p o s t u l a t e  must be accepted.  

P4 ( S t a t i o n a r i t y )  : F o r  a  given x  and a l l  x ,  2 ~ '  , 
1 2 

U ( X ~ , ~ X )  2 U(x 1 , 2 ~ 1 )  i f f  U( 2  X) 2 U ( 2 ~ ' )  

The impl i ca t ion  of t h i s  p o s t u l a t e  i s  t h a t  t h e  passage of t ime 

i s  no t  permi t ted  t o  have an e f f e c t  on preferences .  Koopmans, Diamond 

and Williamson (1964) provide t h e  fol lowing c l a r i f i c a t i o n s  of t h i s  

p o s t u l a t e .  P 4  s t a t e s  t h a t  f o r  some x and a l l  2x ,  x ' ,  program A ( see  
1 2 

below) i s  a t  l e a s t  a s  good a s  program B i f  and only i f  program C i s  a t  



least a s  good as program D where: 

Pe r i od  

Program 

A 

B 

C 

D 

I n  words ,  t h e  o r d e r i n g s  of programs d i f f e r i n g  only from t h e  second 

pe r i od  onward w i l l  n o t  be  a f f e c t e d  by advancing t h e  t im ing  of such  

programs by one p e r i o d .  S i m i l a r l y ,  t h e  posEponement of programs 

w i l l  n o t  a f f e c t  e x i s t i n g  o r d e r i n g  p r o v i d i n g  common consumption v e c t o r s  

are used t o  f i l l  i n t e r i m  t ime  p e r i o d s .  The proof  of how P4 p e r m i t s  

Equa t ions  (25) t o  be  t rans formed  i n t o  Equat ion (26) i s  given e l s e -  

where ( s e e  P h l i p s  (1974) ) .  

The r e a d e r  i s  r e f e r r e d  t o  Koopmans (1960) and Koopmans, Diamond, 

and Will iamson (1964) f o r  a d d i t i o n a l  t e c h n i c a l  d e t a i l s  r e g a r d i n g  t h e  

p o s t u l a t e s  de sc r i bed  above. What i s  impor t an t  t o  t h i s  s t u d y  i s  t h a t  

t h e  accep t ance  o f  t h e  Koopmans p o s t u l a t e s  p e r m i t s  t h e  r e c u r s i v e  

i n t e r t e m p o r a l  u t i l i t y  f u n c t i o n ,  Equat ion ( 2 6 ) ,  t o  be w r i t t e n .  A s  an 

a d d i t i o n a l  p o i n t ,  n o t e  t h a t  t h e  i t e r a t i v e  a p p l i c a t i o n  of Equa t ion  (26) 

g i v e s  



where t h e  f u n c t i o n s  u(xl)  u ( x  j ,  ... r e p r e s e n t  i n s t a n t a n e o u s  u t i l i t y  
2  

l e v e l s  a s s o c i a t e d  d t h  a program, 
1" 

U l t i m a t e l y ,  t o  d e r i v e  an i n t e r t e m p o r a l  model o f  household 

v e h i c l e  ownersh ip ,  i t  i s  d e s i r a b l e  t o  have  an i n t e r t e m p o r a l  u t i l i t y  

f u n c t i o n a l ,  i n  c o n t i n u o u s  time', of  t h e  form, 

03 

T h i s  e q u a t i o n  i m p l i e s  t h a t  t h e  i n t e r t e m p o r a l  u t i l i t y  f u n c t i o n  i s  d e f i n e d  

as a d i s c o u n t e d  sum of a l l  f u t u r e  one-per iod i n s t a n t a n e o u s  u t i l i t i e s .  

To a r r i v e  a t  E q u a t i o n  (28) , t h e  m a j  o r  r e s t r i c t i o n  of " a d d i t i v i t y "  o v e r  

t i m e  must be  added t o  t h e  f o u r  p o s t u l a t e s  d e s c r i b e d  e a r l i e r .  T h i s  

r e s t r i c t i o n ,  of c o u r s e ,  i m p l i e s  t h a t  t h e  m a r g i n a l  r a t e  of s u b s t i t u t i o n  

between two a d j a c e n t  p e r i o d s  i s  independen t  of f u t u r e  p e r i o d  d e c i s i o n s .  

It i s  c l e a r  t h a t  a d d i t i v i t y  i s  a v e r y  s t r o n g  r e s t r i c t i o n .  

F i n a l l y ,  t h e  d i s c o u n t  f u n c t i o n  a p p e a r i n g  i n  Equa t ion  (28) 

c a p t u r e s  t h e  n o t i o n  of " impat ience" ,  which i s  t h e  p r e f e r e n c e  f o r  

advanced t i m i n g  of consumption.  The f a c t  t h a t  t h e  d i s c o u n t  f u n c t i o n  

assumes t h e  form e-yt where y i s  c o n s t a n t  over  t i m e ,  i s  t i e d  t o  t h e  

work of S t r o t z  (1956) .  S t r o t z  h a s  shown t h a t  a c o n s i s t e n t  p l a n n e r  

must s u b s t i t u t e  f o r  h i s  t r u e  d i s c o u n t  f u n c t i o n  (which may assume any 

fo rm) ,  a d i s c o u n t  f u n c t i o n  whose rate of change wer t ime  i s  c o n s t a n t ,  

b e f o r e  maximizing h i s  i n t e r t e m p o r a l  u t i l i t y .  Although t h e  S t r o t z  r e s u l t  

is  power fu l  i n  t h a t  i t  p r o v i d e s  a u t i l i t y  f u n c t i o n a l  t h a t  l e n d s  i t s e l f  

t o  t h e  development  of t r a c t a b l e  models,  t h e r e  are r e a s o n s  t o  s u s p e c t  

t h a t  t h e  s t r a t e g y  of c o n s i s t e n t  p l a n n i n g  i s  n e v e r  e n t i r e l y  a c h i e v e d .  



The pr imary r e a s Q n  i s  t h a t  S t r o t z ' s  d e r i y a t i o n s  assume t h a t  f u t u r e  

even t s  are known w i t h  c e r t a i n t y .  If i'n f a c t  t h e  p l a n n e r ' s  e x p e c t a t i o n s  

of f u t u r e  s a t i s f a c t i o n s  a r e  n o t  r e a l i z e d ,  t h e  u se  of a c o n s t a n t  d i s c o u n t  

f u n c t i o n  w i l l  n o t  be  v a l i d .  Moreover, even i f  a l l  e x p e c t a t i o n s  were 

r e a l i z e d ,  t h e  p o s s i b i l i t y  t h a t  impat ience  may change over t ime  w i l l  r e -  

s u l t  i n  a y  t h a t  v a r i e s .  

A s  t h e  p o s t u l a t e s  and o t h e r  assumptions  d i s cus sed  i n  t h i s  s e c t i o n  

i n d i c a t e ,  t h e  p r i c e  of o b t a i n i n g  a u t i l i t y  f u n c t i o n a l  of t h e  form i n d i -  

c a t e d  i n  Equa t ion  (28) i s  h i g h  i n  terms of t h e  r e s t r i c t i o n s  t h a t  must  

be imposed. However, w i t h  t h e s e  r e s t r i c t i o n s  accep t ed ,  i t  w i l l  be 

shown i n  t h e  f o l l o w i n g  s e c t i o n  t h a t  an i n t e r t e m p o r a l  model of v e h i c l e  

q u a n t i t y ,  t y p e ,  and u t i l i z a t i o n  cho i ce  can be  r e a d i l y  d e r i v e d .  

3.3.2 The I n t e r t e m p o r a l  Model and t h e  Maximum P r i n c i p l e  

The i n t e r t e m p o r a l  n a t u r e  of t h e  household ' s  v e h i c l e  ownership 

problem l e n d s  i t s e l f  t o  dynamic o p t i m i z a t i o n  t e chn iques  and i n  p a r t i c u l a r  

t h e  Maximum g r i n c i p l e .  To i l l u s t r a t e  t h i s ,  t h e  househo ld ' s  o p t i m i z a t i o n  

problem can be  viewed as c o n s i s t i n g  of t h e  maximization of i t s  p r e s e n t  

d i scounted  v a l u e  of u t i l i t y  

M a x U =  r u ( ~ , x ) e - ~ ~  d t ,  (29) 
0 

where u (S ,x)  i s  t h e  t ime  i n v a r i a n t  i n s t a n t a n e o u s  u t i l i t y  f u n c t i o n ,  x 

deno t e s  v e h i c l e  u t i l i z a t i o n ,  S  i s  a s t a t e  v a r i a b l e  as d e f i n e d  i n  t h e  

r e s t r i c t e d  dynamic model ,  and y  i s  t h e  d i s coun t  r a t e .  Th i s  e q u a t i o n  

fo l l ows  f rom Equa t ion  ( 2 8 ) ,  w i t h  a l l  t h e  r e s t r i c t i o n s  n e c e s s a r y  t o  w r i t e  



t h a t  e q u a t i o n ,  a p p l y i n g ,  I n  d e t e r m i n i n g  an o p t i m a l  v e h i c l e  ownership 

program f o r  t h e  househo ld ,  t h e  Maximum P r i n c i p l e  w i l l  p r o v i d e  t h e  

n e c e s s a r y  c o n d i t i o n s .  S p e c i f i c a l l y ,  t h e  h o u s e h o l d ' s  v e h i c l e  ownership  

problem can be  f o r m u l a t e d  i n  t e rms  of a Hami l ton ian  a s  

max H(S, x ,  $, y ,  z )  = ii(S ,x )  + $S + yf ( x , z ) ,  

where Ij, i s  a  c o s t a t e  v a r i a b l e ,  S i s  t h e  t ime  r a t e  of change i n  t h e  s ta te  

v a r i a b l e ,  f d e n o t e s  a v e c t o r  of e q u a t i o n s  of mot ion ,  y  d e n o t e s  a v e c t o r  

of c o s t a t e  v a r i a b l e s  t h a t  cor respond  t o  f ,  and z  i s  a v e c t o r  of o t h e r  

s t a t e  v a r i a b l e s  t h a t  r e l a t e  t o  t h e  v e h i c l e  ownership d e c i s i o n  ( f o r  

example,  household w e a l t h ) .  The economTc i n t e r p r e t a t i o n  of t h e  

Hami l ton ian  i s  s imply  t h e  c u r r e n t  f l o w  of u t i l i t y  from a l l  s o u r c e s ,  

i n c l u d i n g  t h o s e  r e a l i z e d  immedia te ly ,  u ( S , x ) ,  and t h o s e  a n t i c i p a t e d ,  

$s + yf ( x , z ) .  

U n f o r t u n a t e l y ,  s o l v i n g  t h e  h o u s e h o l d ' s  i n t e r t e m p o r a l  v e h i c l e  

ownership problem by d i r e c t  maximiza t ion  of t h e  Hami l ton ian  i s  e x c e e d i n g l y  

d i f f i c u l t  i f  n o t  i m p o s s i b l e .  T h e r e f o r e ,  an i n d i r e c t  p r o c e d u r e  t h a t  

p a r a l l e l s  t h e  p r o c e d u r e  used i n  t h e  d e r i v a t i o n  of t h e  r e s t r i c t e d  dynamic 

model,  i s  f o l l o w e d .  That  i s ,  an  i n t e r t e m p o r a l  dynamic u t i l i z a t i o n  equa- 

t i o n  i s  s p e c i f i e d  and t h e n  t rans formed  s o  t h a t  a l l  independen t  v a r i a b l e s  

a r e  measurab le .  The r e s u l t i n g  e q u a t i o n  i s  used w i t h  Royrs  I d e n t i t y  t o  

d e r i v e  a c o r r e s p c n d i n g  i n t e r t e m p o r a l  i n d i r e c t  u t i l i t y  f u n c t i o n .  F i n a l l y ,  

t h e  i n d i r e c t  u t i l i t y  f u n c t i o n  i s  u s e d  t o  d e r i v e  a  dynamic i n t e r t e m p o r a l  

d i s c r e t e  c h o i c e  model of v e h i c l e  q u a n t i t y  and v e h i c l e  t y p e .  



To beg in ,  t h e  i n t e r t e m p o r a l  dynamic u t i l i z a t i o n  e q u a t i o n  i s  

s p e c i f i e d  as 

where I) f s  t h e  Hami l ton ian  c o s t a t e  v a r i a b l e  a s  d e f i n e d  i n  Equa t ion  ( 3 0 ) ,  
i t  

Wi 
i s  a pa r ame te r ,  and a l l  o t h e r  v a r i a b l e s  a r e  a s  de f i ned  f o r  t h e  

r e s t r i c t e d  dynamic model. The economic i n t e r p r e t a t i o n  of I) i s  t h a t  
i t  

i t  i s  t h e  i m p l i c i t  v a l u e  a t t a c h e d  t o  a  ma rg ina l  u n i t  of t h e  s t a t e  v a r i -  

a b l e  S  The i n c l u s i o n  of $ d i s t i n g u i s h e s  t h e  i n t e r t e m p o r a l  from 
i t '  i t  

t h e  r e s t r i c t e d  dynamic u t i l i z a t i o n  e q u a t i o n  i n  t h a t  now, i n  t h e  i n t e r -  

t empora l  c a s e ,  t h e  e f f e c t  t h a t  c u r r e n t  consumption has  on f u t u r e  u t i l -  

i t y  i s  e n t e r e d  i n t o  t h e  househo ld ' s  o p t i m i z a t i o n  problem. This  p o i n t  

w i l l  become c l e a r e r  below, 

It should be no ted  t h a t  Equa t ion  (31) has  two unmeasurable v a r i -  

a b l e s ,  
'it 

and S  The s t a t e  v a r i a b l e ,  
' i ty 

can be  e l i m i n a t e d  f rom t h e  
i t '  

e q u a t i o n  by t h e  method used i n  t h e  r e s t r i c t e d  dynamic model d e r i v a t i o n ,  

wh i l e  an analogous p rocedu re  can be  used t o  e l i m i n a t e  $ . S p e c i f i c a l l y ,  
i t  

e l i m i n a t i o n  of I) can be  ach ieved  by beg inn ing  w i t h  t h e  c a n o n i c a l  
i t  

equa t i on  f o r  maximizat ion of t h e  Hamil tonian ( f o r  each  t )  , 

o r  (from Equat ion (.30)) 



D i f f e r e n t i a t i n g  Equation (7) w i th  r e s p e c t  t o  S and s u b s t i t u t i n g  t h e  
i 

r e s u l t  i n t o  Equation (33) y i e l d s  

To proceed f u r t h e r ,  i t  i s  necessary  t o  s p e c i f y  a  f u n c t i o n a l  form f o r  

t h e  time i n v a r i a n t  i n s t an taneous  u t i l i t y  f u n c t i o n ,  u. A convenient 

f u n c t i o n a l  form i n  t h i s  r e g a r d ,  due t o  i t s  l i n e a r  f i r s t  o rde r  der iva-  

t i v e s ,  i s  a  q u a d r a t i c  s p e c i f i c a t i o n .  Therefore ,  i f  t he  in s t an taneous  

u t i l i t y  func t ion  i s  def ined  a s  

then Equation (34) can be w r i t t e n  a s  

-. -. 
where 6 ,  c ,  and B a re  parameters  and t h e  time s u b s c r i p t  has been 

re in t roduced.  Using Equations (7 ) ,  (31) ,  and (36 ) ,  a  dynamic i n t e r -  

temporal u t i l i z a t i o n  equat ion  can be derived without  t he  s t a t e  and 

a s soc ia t ed  Hamiltonian c o s t a t e  v a r i a b l e s .  As shown i n  Appendix B ,  

t h e  r e s u l t i n g  in t e r t empora l  u t i l i z a t i o n  equat ion  is  



where A 's a r e  f u n c t i o n s  of t h e  s t r u c t u r a l  p a r a m e t e r s ,  and a l l  o t h e r  
i 

te rms  a r e  as p r e v i o u s l y  d e f i n e d .  I n  comparing th i s -  u t i l i z a t i o n  

e q u a t i o n  w i t h  t h e  r e s t r i c t e d  dynamic u t i l i z a t i o n  e q u a t i o n ,  t h e  m a j o r  

e m p i r i c a l  d i s t i n c t i o n  i s  t h a t  t h i s  e q u a t i o n  c o n t a i n s  v a r i a b l e s  t h a t  

a r e  lagged o v e r  b o t h  one and two t ime  p e r i o d s .  T h i s  i s  t r u e  d e s p i t e  

t h e  f a c t  t h a t  t h e  i n i t i a l  b e h a v i o r a l  p o s t u l a t e s  s e t  f o r t h  t o  d e r i v e  

t h e s e  e q u a t i o n s  were  q u i t e  d i f f e r e n t .  

Given E q u a t i o n  ( 3 7 ) ,  t h e  d e r i v a t i o n  of t h e  i n t e r t e m p o r a l  i n d i r e c t  

u t i l i t y  f u n c t i o n  and t h e  complete  model of v e h i c l e  q u a n t i t y  t y p e ,  and 

u t i l i z a t i o n  c o n s i s t s  of a s t r a i g h t f o r w a r d  a p p l i c a t i o n  of t h e  p r o c e d u r e s  

used  t o  d e r i v e  t h e  r e s t r i c t e d  dynamic system. 

3 . 4  E s t i m a b l e  Models and Econometr ic  Procedures  

In t h i s  s e c t i o n ,  e s t i m a b l e  forms of t h e  e q u a t i o n s  d e r i v e d  i n  

S e c t i o n s  3 .2  and 3 . 3  are p r e s e n t e d  a l o n g  w i t h  a  d e s c r i p t i o n  of a p p r o p r i a t e  

economet r ic  e s t i m a t i o n  p r o c e d u r e s .  To b e g i n ,  c o n s i d e r  t h e  f o l l o w i n g  

s t o c h a s t i c  i n d i r e c t  u t i l i t y  f u n c t i o n  which i s  based  on t h e  r e s t r i c t e d  

dynamic model E q u a t i o n s  (14) and (22) .  For one v e h i c l e :  



f o r  two v e h i c l e s  : 

where Z i s  a v e c t o r  of household c h a r a c t e r i s t i c s  be l ieved  t o  i n f l u e n c e  

v e h i c l e  ownership d e c i s i o n s ;  0 i s  a v e c t o r  of est imable parameters;  v ' s  

a r e  unobserved household characteristics; Yli and Ypi a r e  v e c t o r s  of 
1 2 

observable household and v e h i c l e  c h a r a c t e r i s t i c s  i n f luenc ing  v e h i c l e  

ownership dec i s ions  ; 
'i 1 and Ri2 a r e  parameter vec to r s ;  E and E 

li 2 i 2 t  

a r e  unobserved v e h i c l e  a t t r i b u t e s ;  and a l l  o ther  v a r i a b l e s  a r e  a s  pre-  

v ious  l y  defined . 

Under t h e  assumption t h a t  t h e  E~~ 's  and E~~ ' s  a r e  j o i n t l y  d i s -  
1 2 

t r i b u t e d  wi th  a gene ra l i zed  extreme va lue  d i s t r i b u t i o n ,  i t  can be shown 

t h a t  t h e  models of l e v e l  choice and type choice given i n  Equations (19) 

and (20) r e s p e c t i v e l y  a r e  based on i n d i v i d u a l  household maximization of 

t h e  i n d i r e c t  u t i l i t y  f u n c t i o n  given above. Applying Roy's I d e n t i t y  

t o  Equation ( 3 8 ) ,  t he  s t o c h a s t i c  u t i l i z a t i o n  equat ions  a r e  of t h e  form: 

f o r  one v e h i c l e ,  and 



f o r  two v e h i c l e s ,  m = 1 , 2 ,  

where a l l  o t h e r  v a r i a b l e s  a r e  a s  previous ly  def ined .  

S t o c h a s t i c  es t imable  equat ions  f o r  t h e  in t e r t empora l  model a r e  

achieved by t h e  same procedure a s  t h e  one ou t l ined  above. 

Note t h a t  t h e  modeling system c o n s i s t i n g  of Equations (19) ,  (20) ,  

(39) and (40) c o n s t i t u t e  a d i sc re t e / con t inuous  model of v e h i c l e  q u a n t i t y ,  

t ype ,  and u t i l i z a t i o n  choice.  The econometric consequences of a  d i s c r e t e /  

cont inuous model s t r u c t u r e  have been t h e  s u b j e c t  of cons iderable  r e sea rch  

i n  r ecen t  y e a r s .  I n i t i a l  t h e o r e t i c a l  con t r ibu t ions  i n  t h i s  a r e a  inc lude  

those  of Heckman (1976, 1978, 1979) . More r ecen t  t h e o r e t i c a l  and 

empi r i ca l  c o n t r i b u t i o n s  inc lude  t h o s e  of Hay (1980), Dubin and McFadden 

(1981), and McFadden and Winston (1981). I n  t h e  modeling system presented  

above, t h e  d i sc re t e / con t inuous  s t r u c t u r e  i s  an i s s u e  i n  t h e  e s t ima t ion  

of Equations (39) and (40) ,  s i n c e  a  s t a t i s t i c a l  c o r r e l a t i o n  between 

v e h i c l e  s p e c i f i c  a t t r i b u t e s  and t h e  a d d i t i v e  e r r o r  terms i n  t h e  dynamic 

u t i l i z a t i o n  equat ions  w i l l  be p r e s e n t .  I n t u i t i v e l y ,  some c o r r e l a t i o n  

can be expected t o  e x i s t  between unobservables a f f e c t i n g  

v e h i c l e  type  choice and those  a f f e c t i n g  u t i l i z a t i o n .  For example, 

t h e  unobserved e f f e c t s  t h a t  tend  t o  inc rease  usage (e.g. p l e a s u r e  of 

d r i v i n g )  w i l l  adverse ly  a f f e c t  t h e  p r o b a b i l i t y  of s e l e c t i n g  an o l d ,  



d e c r e p i t  v e h i c l e  from which l i t t l e  d r i v i n g  p l easu re  can be der ived .  

S i m i l a r l y ,  t he  unobserved e f f e c t s  t h a t  i n c r e a s e  t h e  u t i l i t y  of 

s e l e c t i n g  a  newer model v e h i c l e  (e.g.  t he  need f o r  v e h i c l e  r e l i a b i l i t y )  

may i n c r e a s e  the  ex ten t  t o  which i s  i s  used .  Such c o r r e l a t i o n  impl ies  

t h a t  ord inary  l e a s t  squares  w i l l  l ead  t o  b.:ased and t o  i n c o n s i s t e n t  

e s t i m a t e s  of t h e  utilization equat ion  parameters .  5 a l l e v i a t e  t h i s  

problem , cons ider ,  f o r  example, a  r e w r i t t e n  form of the  one-vehicle 

r e s t r i c t e d  dynamic u t i l i z a t i o n  equat ion  (Equation (39)) condi t ioning  

on t h e  cholce of v e h l c l e  type i, 

where n i s  t h e  t o t a l  number of v e h i c l e  types  i n  t h e  choice s e t ;  $kit 

i s  a  dummy v a r i a b l e  whi'ch is one when k = i  and z e r o  otherwise.  

To ob ta in  cons i s t en t  e s t i m a t e s  of t h i s  equat ion  i n  the  cu r ren t  

study, t he  choice dummies (Gkit) i n  Equation (41) a re  rep laced  by the  
A 

es t imated  p r o b a b i l i t i e s  from t h e  d i s c r e t e  choice type models, 
'it 

This  method of addressing t h e  endogeneity of v e h i c l e  type a t t r i b u t e s  

i n  t h e  u t i l i z a t i o n  equat ions  (aga in ,  r e s u l t i n g  fromthe d i s c r e t e l c o n t i n -  

uous model s t r u c t u r e )  was f i r s t  proposed by Dubin and McFadden (1981). 

Another i s s u e  t h a t  l s  of concern t o  t h e  econometric e s t ima t ion  

of t h e  proposed modeling system i s  the  p o s s i b l e  presence of s e r i a l  

c o r r e l a t i o n .  Should s . e r i a l  c o r r e l a t i o n  of e r r o r  t e r n s  e x i s t ,  then t h e  

'it 
used i n  t h e  e s t ima t ion  of t he  u t i l i z a t i o n  equat ion  w i l l  be co r re l a t ed  



w i t h  t h e  a d d i t i v e  e r r o r  term, s i n c e  P i s  i n f l u e n c e d  by lagged 
i t  

u t i l i z a t i o n .  Also ,  t h e  l agged  u t i l i z a t i o n s  used as exp l ana to ry  

v a r i a b l e s  i n  t h e  u t i l i z a t i o n  e q u a t i o n  w i l l  be  c o r r e l a t e d  w i t h  t h e  

n 

e r r o r  term.  A s o l u t i o n  t o  t h i s  problem would be t o  r e g r e s s  P  and x  
i t  it-1 

on exogenous v a r i a b l e s  t h e r e b y  e n a b l i n g  l e a s t  s q u a r e s  e s t i m a t i o n  of t h e  
A 
h h 

u t i l i z a t i o n  e q u a t i o n ,  which w i l l  now i n c l u d e  f' and x  t o  produce 
i t  it-1 ' 

c o n s i s t e n t  pa ramete r  e s t i m a t e s .  U n f o r t u n a t e l y ,  t h i s  p rocedure  i s  n o t  

f e a s i b l e  i n  t h e  a n a l y s i s  under taken  i n  t h i s  s t u d y  due t o  t h e  excep t ion-  

a l l y  large number of v e h i c l e  t ype  a l t e r n a t i v e s  ( 5 ' s ) .  

As a f u r t h e r  comp l i ca t i on ,  a ccoun t i ng  f o r  s e r i a l  c o r r e l a t i o n  

i n  t h e  p resence  of lagged endogenous v a r i a b l e s  i n  t h e  d i s c r e t e  cho i ce  

model of v e h i c l e  t ype  i s  exceed ing ly  d i f f i c u l t .  Although t h e o r e t i c a l  

work i n  t h i s  a r e a  h a s  been under taken  by Heckman (1981),  on ly  a  s i m p l e  

b i n a r y  p r o b i t  d l s c r e t e  cho ice  model h a s  been cons ide r ed .  Moreover,  

Heckman's work i n d i c a t e s  t h a t  th.e t r e a t m e n t  of se r ia l  c o r r e l a t i o n  i n  

t h e  p r e sence  of a  lagged endogenous v a r i a b l e  i n  a dynamic d i s c r e t e  

cho i ce  con t ex t  r e q u i r e s  an approximat ion of i n i t i a l  c o n d i t i o n s ,  which 

i n  t h e  v e h i c l e  ownershTp c a s e  i s  an imposs ib l e  d a t a  requ i rement .  I n  

any e v e n t  e x t e n s i o n s  of Heckman's work t o  a mu l t i nomia l  l o g i t ' s t r u c t u r e  

such  as t h e  one proposed h e r e  a r e  l i k e l y  t o  be  ex t remely  d i f f i c u l t ,  

As a result of t h e  d i f f i c u l t i e s  i n  a d d r e s s i n g  t h e  serial  c o r r e l a -  

t i o n  problem, t h e  c u r r e n t  s t u d y  i s  f o r c e d  t o  assume t h a t  d i s t u r b a n c e s  

are s e r i a l l y  independent .  It should  be po in t ed  o u t ,  however, t h a t  

r e a s o n a b l e  g e n e r a l  arguments can be  made t o  s u p p o r t  t h e  v a l i d i t y  of 

t h i s  assumption.  'For example,  P o l l a k  and Wales (1969) a rgue  t h a t  



t h e r e  i s  no reason  t o  assume s e r i a l  c o r r e l a t i o n  i n w o d e l s  which depend 

on consumption i n  prevl'ous pe r iods ,  The i r  argument i s  based on t h e  f a c t  

t h a t  s e r i a l  c o r r e l a t i o n  can be expected,  f o r  example, i f  a  h ighe r  l e v e l  

of consumption of a  good yes t e rday  i s  a s soc i a t ed  wi th  a  h ighe r  l e v e l  

of consumption today ,  However, i f  lagged consumption i s  inc luded  i n  

t h e  model, then t h i s  r e l a t i o n s h i p  i s  captured s i n c e  a  h igher  l e v e l  of 

y e s t e r d a y ' s  e r r o r  term i m p l i e s  a  h igher  l e v e l  of y e s t e r d a y ' s  consumption, 

which i n  t u r n  imp l i e s  a  h igher  v a l u e  of lagged consumption i s  used t o  

p r e d i c t  t oday ' s  consumption. Consequently, t h e  e f f e c t s  of s e r i a l  c o r r e l a -  

t i o n  a r e  nega ted .  

A f i n a l  p o i n t  r e l a t e 6  t o  t h e  e s t ima t ion  of t h e  d i s c r e t e  type  

choice model. I n  t h i s  a n a l y s i s , t h e  type  of v e h i c l e  i s  defined by make 

(e .  g. Ford) , model (e .  g. Mustang) , and v i n t a g e  ( e ,  g. 1967).  With t h i s  

d e f i n i t i o n ,  t h e  household theore t i ' ca l ly  has  thousands of choices  

a v a i l a b l e ,  and i f  every  one was included i n  t h e  e s t i m a t i o n ,  t h e  

computat ional  burden would be excess ive .  Fo r tuna te ly ,  t h e  choice  of 

assuming t h e  d i s tu rbances  of t h e  d i s c r e t e  choice model t o  be j o i n t l y  

d i s t r i b u t e d  w i t h a  gene ra l i zed  extreme v a l u e  d i s t r i b u t i o n  permi ts  

c o n s i s t e n t  e s t i m a t i o n  of parameters  us ing  a  sub-sample of t h e  a v a i l a b l e  

choice s e t  ( s e e  McFadden (1978)).  A number of empi r i ca l  t e s t s  r e l a t i n g  

t o  t h e  s u i t a b i l i t y  of t h e  assumed l o g i t  type choice s t r u c t u r e  a r e  pre-  

sented i n  Chapter 5 ,  



CHAPTER 4. COMPARATIVE ANALYSIS OF AVAIZBLE DTSAGGREGATE DATA 

I n  t h e  U. S. c o n t e x t ,  a number of household l e v e l  d a t a  s o u r c e s  

can  be  used i n  e s t i m a t i n g  models  of t h e  household v e h i c l e  ownership d e c i -  

s i o n s  of q u a n t i t y ,  t y p e ,  and u t i l i z a t i o n  of v e h i c l e s .  T h i s  , chap te r  f i r s t  

c l a s s i f i e s  such  d a t a  s o u r c e s  i n t o  c r o s s - s e c t i o n a l  and p a n e l  d a t a ,  and 

p r e s e n t s  an overview and q u a l i t a t i v e  d i s c u s s i o n  r e l a t i n g  t o  t h e i r  u s e f u l -  

n e s s  as a  b a s i s  f o r  household v e h i c l e  owners hi^ model ing.  Next ,  a 

d i s c u s s i o n  of v e h i c l e  t y p e  a t t r i b u t e  f i l e s  i s  p r e s e n t e d .  Such f i l e s  

are used t o  c m p l e m e n t  household d a t a  and they  i n c l u d e  i n f o r m a t i o n  on 

d i f f e r e n t  v e h i c l e  makes, models ,  and v i n t a g e s  (e .  g .  1974 Ford P i n t o )  , 

such as p r i c e ,  horsepower ,  luggage c a p a c i t y ,  s e a t i n g  c a p a c i t y ,  and o t h e r  

a t t r i b u t e s  t h a t  may i n £  luence  v e h i c l e  ownership c h o i c e s .  F i n a l l y ,  

t h e  c h a p t e r  conc ludes  w i t h  a  b r i e f  d i s c u s s i o n  of t h e  d a t a  used i n  t h e  

e m p i r i c a l  a n a l y s i s  u n d e r t a k e n  i n  t h i s  work. 

4 . 1  Cnoss- S e c t i o n a l  Household Data 

A summary of t h e  c h a r a c t e r i s t i c s  of f o u r  major  cross-sectional 

household l e v e l  d a t a  s o u r c e s  i s  p r e s e n t e d  i n  Tab le  1. The f o l l o w i n g  

paragraphs  p r e s e n t  a d i s c u s s i o n  of t h e s e  s o u r c e s .  

P e r h a p s  one of t h e  f i r s t  d a t a  s o u r c e s  s u i t a b l e  f o r  household 

v e h i c l e  ownership model ing was t h e  d a t a  c o l l e c t e d  by t h e  Survey Research  

Center  (SRC) d u r i n g  t h e  w i n t e r  of 1976. I n c i d e n t l y ,  t h i s  n a t c o n d l  random 

sample of 1200 househo lds  was u s e d  i n  t h e  e s t i m a t i o n  of t h e  Manski and 

Sherman (1980) v e h i c l e  t y p e  c h o i c e  models .  The d a t a  i s  one of t h e  

e a r l i e s t  known samples  t o  i n c l u d e  i n f o r m a t i o n  on t h e  model y e a r  of e a c h  

v e h i c l e  c u r r e n t l y  h e l d ,  a l o n g  w i t h  a  code i 'ndi'cating manufac tu re r  (make) 

5 0 



Table  1. Summary of Household Leve l  Data  Sources  

Cross -Sec t iona l  

SRC NPTS NTS NIECS - - 

Sample S i z e  1200 17949 1095 4081 
Apr . ' 77 May/June ~ u v / D e c  

Winte r  '76 t o  Mar . I 78  '78 ' 78  C o l l e c t i o n  Da t e s  

Sample Type N a t i o n a l  N a t i o n a l  N a t i o n a l  N a t i o n a l  
Rand om Rand om Random Random 

Informat ion  

A. Soc io  Economic 

1. Income 

2. Family S i z e  

3.  Ages of Members 

4. E d u c a t i m  of Members 

5 .  Employment S t a t u s  of 
Members 

6.  Sex of Members 

7. Ge ographic  Loca t ion  

B.  Veh i c l e  Be l a t ed  

a )  Veh i c l e s  Owned at t i m e  of 
C o l l e c t i o n  

I. Model Year 

2. Make 

4, U t i l i z a t i o n  (VMT) 

5 .  Veh i c l e  Opt ions  
(e .g .  No. of c y l i n d e r s )  

6.  Veh i c l e  Purchase  Date  

b)  Veh i c l e s  Owned one Year 
P r i o r  t o  C o l l e c t i o n  

1. Model Year X 

X 

X 
Table  con t inued  nex t  page 

2. Make 

3. Model 

* See Text  



Table 1 (Continued) 

SRC - NPTS NTS NIECS - 
4.  U t i l i z a t i o n  (VMT) X X 

5 ,  Vehicle  Options 
(e .g .  No. of c y l i n d e r s )  

6 .  Vehicle  Purchase Date X 

(Table 1 continued on next  page) 



Sample S i z e  

Co l l ec t ion  Dates  

Sample Type 

In£ ormat i on 

A. Socio Economic 

1. Income 

2 .  Family S ize  

3. Ages of Members 

4. Education a£ Members 

5. Employment S t a t u s  of 
Members 

6.  Sex of Members 

7.  Geographic Location 

B.  Vehicle  Rela ted  

a )  Vehic les  Owned a t  t ime of 
Co l l ec t  i on  

1. Model Year 

2 .  Make 

3. Model 

4. U t i l i z a t i o n  (VMT) 

5.  Vehicle  Options 
( e .  g .  No. of Cylinders)  

June '79  t o  
De c,  "80 

Nat ional  
Rand om 

Low Income 
Seat  t l e  /Denver 

6. Vehicle  Purchase Date 



and, i n  t h e  case  of domestic c a r s ,  t h e  v e h i c l e  model (e .g.  P i n t o ) .  

There a r e  two maj or f a u l t s  wi th  t h l s  d a t a .  Fi ' rs t  , a s  implied above, 

v e h i c l e  model informat ion  w a s  n o t  co l l ec t ed  f o r  f o r e i g n  makes. 

This  c l e a r l y  l i m i t s  t h e  use fu lness  of t h e  d a t a  i n  s tudying  a  number 

of major concerns,  such as causes of import market p e n e t r a t i o n .  Second, 

t h e  d a t a  con ta ins  no information on t h e  v e h i c l e s  owned p r i o r  t o  t h e  

survey d a t e .  The absence of t h i s  i n f  ormat ion  prec ludes  any a n a l y s i s  

of t h e  dynamics of household v e h i c l e  ownership ( i . e .  t h e  evo lu t ion  

of household v e h i c l e  r e l a t e d  t a s t e s ) .  

Another s i g n i f i c a n t  c ros s - sec t iona l  d a t a  source i s  t h e  1977 

Nationwide Pe r sona l  Transpor ta t ion  study-(NPTS). This  survey was 

conducted by t h e  Bureau of t h e  Census under t h e  sponsorship  of t h e  

Department of T ranspor t a t ion .  Data was c o l l e c t e d  n a t i o n a l l y  from t h e  

per iod  covering A p r i l  1977 t o  'March 1978. Unfor tunate ly ,  t h e  NPTS 

d a t a  sha res  a  c r i t i c a l  de f i c i ency  wi th  t h e  SRC d a t a  i n  t h a t  informa- 

t i o n  on t h e  v e h i c l e s  owned p r i o r  t o  t h e  survey da te  was no t  c o l l e c t e d .  

Despi te  t h i s  r a t h e r  s e r i o u s  de f i c i ency ,  t h e  i n c r e d i b l e  s i z e  of t h e  

NPTS sample (17,949 households) makes i t  a d e s i r a b l e  d a t a  source f o r  

s t a t i c  modeling of household v e h i c l e  ownership. To d a t e ,  t h i s  source 

i s  n o t  known t o  have been used i n  any d isaggregate  v e h i c l e  ownership 

s tudy . 
The most widely used d a t a  set appears  t o  be t h e  Nat ional  

T ranspor t a t ion  Survey (NTS) which w a s  co l l ec t ed  i n  May and June 1978 

by Cambridge Systematics  Incorporated f o r  t h e  Nat ional  Science Founda- 

t i o n  (both t h e  Berkovec and Rust c1981) and T ~ a i n  and Lohrer (1982) 



works u s e  t h i s  d a t a  s o u r c e ) .  The sample c o n s i s t s  of 1095 households  

which were chosen on a  na t ionwide  b a s i s .  The v a l u e  of t h i s  d a t a  

sou rce  l i es  i n  t h e  f a c t  t h a t  i t  was t h e  f l r s t  s o u r c e  t o  i n c l u d e  

i n f o r m a t i o n  on v e h i c l e s  owned p r i o r  t o  t h e  t ime t h e  su rvey  was c o l l e c t e d .  

I n  t h i s  c a s e ,  i n f o r m a t i o n  on a l l  v e h i c l e s  owned d u r i n g  t h e  one-year 

pe r i od  p r eced ing  t h e  survey  d a t e  was ob ta fned .  The a v a i l a b i l i t y  of 

t h i s  d a t a  p e r m i t s  t h e  e x p l i c i t  a n a l y s i s  of t h e  dynamic a s p e c t s  of 

t h e  v e h i c l e  owner s h i p  problem. 

I n  a more r e c e n t  su rvey ,  t h e  N a t i o n a l  r n t e r i m  Energy Consump- 

t i o n  Study (NIECS), r e l e v a n t  v e h l c l e  r e l a t e d  i n fo rma t ion  was c o l l e c t e d  

from 4 ,081  households .  Th i s  survey  w a s  conducted by t h e  U.S. Department 

of Energy i n  t h e  F a l l  of 1978 t o  o b t a i n  i n fo rma t ion  on ene rgy  consump- 

t i o n  i n  t h e  r e s i d e n t i a l  s e c t o r .  As was t h e  ca se  w i t h  t h e  NTS d a t a ,  

i n fo rma t ion  on a l l  v e h i c l e s  owned d u r i n g  t h e  one-year p e r i o d  p r eced ing  

t h e  survey  d a t e  was ob t a ined ,  However, f o r  a t  l e a s t  two r e a s o n s ,  

t h e  NIECS d a t a  is s u p e r i o r  t o  t h e  NTS d a t a  i n  i t s  a b i l i t y  t o  a d d r e s s  

t h e  household v e h i c l e  ownership problem, F i r s t ,  t h e  s h e e r  s i z e  of 

t h e  NIECS d a t a  i s  a  s u b s t a n t i a l  advantage.  Th i s  s i z e  advan tage  p e r m i t s  

e x p l o r a t i o n  of v e h i c l e  ownership behav io r  by s p e c i f i c  segments o f  t h e  

p o p u l a t i o n .  For example,  a s u f f i c i e n t  number of o b s e r v a t i o n s  on house- 

ho ld s  owning t h r e e  and f o u r  v e h i c l e s  may be  a v a i l a b l e  i n  t h e  l a r g e r  

d a t a  s e t ,  t h e r e b y  p e r m i t t i n g  e s t i m a t i o n  t h a t  could n o t  have been under- 

t aken  i n  t h e  s m a l l e r  d a t a  sample.  The second advantage i s  t h a t  t h e  

con f idence  i n t e r v a l s  on model parameter  estimates w i l l  g e n e r a l l y  be  

smaller f o r  t h e  l a r g e r  d a t a  set ,  t he r eby  p rov id ing  more p r e c i s e  



estimates. To d a t e ,  on ly  t h e  Boaz, A l l e n ,  & Hamilton (1983) s t u d y  

have used t h e  NIECS d a t a  f o r  y e h i c l e  ownership model ing.  

4 .2  Household P a n e l  Da t a  

A t  least two household p a n e l  d a t a  sou rce s  c o n t a i n i n g  v e h i c l e  

r e l a t e d  i n f o r m a t i o n  a r e  known t o  e x i s t .  These are t h e  Household Trans-  

p o r t a t i o n  P a n e l  (HTP) and t h e  S e a t t l e  and Denver Income Maintenance 

Experiments (SI'ME/DIME). A summary of t h e  c h a r a c t e r i s t i c s  c o n t a i n e d  

i n  t h e s e  d a t a  s o u r c e s  i s  p r e sen t ed  i n  Tab le  1. 

The household t r a n s p o r t a t i o n  p a n e l  was i n i t i a t e d  by t h e  

Department of Energy t o  p rov ide  a follow-up survey  ( r e l a t i v e  t o  t h e  

NIECS sample) w i t h  i n f o r m a t i o n  on v e h i c l e  u t i l i z a t i o n .  Th i s  p a n e l  

i n i t i a l l y  c o n s i s t e d  of p r e v i o u s l y  surveyed NIECS households  who owned 

a t  l e a s t  one v e h i c l e .  The survey  s t r a t e g y  was t o  d i v i d e  t h e  e l i g i b l e  

households  of t h e  NIECS sample i n t o  s ix  groups ,  and t o  c o l l e c t  

monthly i n f o r m a t i o n  on v e h i c l e s  owned, f u e l  consumed, and m i l e s  d r i v e n .  

The p a n e l  w a s  . i n i t i a t e d  i n  June  1979, and one group was b rought  i n t o  

t h e  sample each  month f o r  a two-month r e p o r t i n g  p e r i o d .  S t a r t i n g  

i n  December 1979, t h e s e  groups were r e t u r n e d  t o  t h e  sample,  

one each  month, f o r  a f i n a l  two-month r e p o r t i n g  p e r i o d .  To ex tend  

t h e  survey  beyond November 1979, ano the r  n a t i o n a l  random sample w a s  

c o l l e c t e d  ( i .  e .  non-NIECS households)  and segmented t o  c r e a t e  a d d i t i o n a l  

household groups which were  aga in  i n t roduced  i n t o  t h e  su rvey  i n  t h e  

same manner. Data  i s  a v a i l a b l e  from t h i s  p a n e l  t o  December 1980. 

The HTP i s  an ex t remely  r i c h  d a t a  source  f o r  v e h i c l e  ownership 

model ing,  a s  a l l  r e l e v a n t  v e h i c l e  r e l a t e d  i n fo rma t ion  i s  i n c l u d e d .  



Moreover, when t h e  HTP d a t a  is l i n k e d  w i t h  t h e  cor responding  observa-  

t i o n s  i n  t h e  e a r l i e r  NIECS su rvey ,  a  two-and-one-half y e a r  v e h i c l e  

ownership h i s t o r y  can be  cons t ruc t ed  f o r  each  household.  Th i s  i s  

p a r t i c u l a r l y  v a l u a b l e  i n  t h e  assessment  of t h e  dynamic a s p e c t s  of 

household v e h i c l e  ownership.  The HTP d a t a  ha s  n o t  been used i n  any 

p r e v i o u s  v e h i c l e  ownership s t udy .  

The S e a t t l e  and Denver Income Maintenance exper iments  were 

su rveys  conducted t o  a s s e s s  t h e  f e a s i b i l i t y  of a  n e g a t i v e  income t a x  

program t h a t  p r o v i d e s  a  minimum guaranteed income t o  e l i g i b l e  f a m i l i e s .  

The surveyed f a m i l i e s  were  d iv ided  i n t o  two roughly  e q u a l  g roups ,  

w i th  one group r e c e i v i n g  v a r i o u s  l e v e l s  of guaranteed income and t h e  

o t h e r  group used a s  t h e  s t u d y  c o n t r o l .  The survey  was conducted by 

t h e  S t an fo rd  Research I n s t i t u t e  (SRI) , and i n  a l l ,  2,042 f a m i l i e s  

were e n r o l l e d  between 1970 and 1971  i n  S e a t t l e ,  and 2 ,758  f a m i l i e s  

were e n r o l l e d  between 1971  and 1972 i n  Denver. E l i g i b i l i t y  i n  t h e  

survey  was l i m i t e d  t o  low income f a m i l i e s  ( i . e .  t o t a l  income less 

than  $11,000 i n  1971) .  In format ion  on p a r t i c i p a t i n g  f a m i l i e s  was 

c o l l e c t e d  on a q u a r t e r l y  b a s i s  th rough  t h e  e a r l y  months of 1978. 

The pr imary  a t t r a c t i o n  of t h e  SIME/DIME d a t a  ba se  i s  t h a t  

i n f o r m a t i o n  on s p e c i f i c  households  i s  a v a i l a b l e  f o r  a  seven-year  

p e r i o d .  Moreover,  t h e  r a t e  of a t t r i t i o n  (always a  concern w i t h  p a n e l  

d a t a  of t h i s  t y p e )  was k e p t  t o  a  minimum (see  Spiegleman and Yaeger 

(1979) ) .  The major  d i s advan t age  a s s o c i a t e d  w i t h  t h e  SIME/DIME d a t a  

i s  t h a t  i n f o r m a t i o n  on t h e  make and model  of v e h i c l e s  owned and t h e  

e x t e n t  t o  which such  v e h i c l e s  a r e  used i s  n o t  a v a i l a b l e .  It is  



f r u s t r a t i n g  t o  know t h a t  v e h i c l e  make and model in format ion  was 

a c t u a l l y  c o l l e c t e d  but  neve r  coded onto d a t a  f i l e s ,  Recovering 

such informat ion  i s  v i r t u a l l y  impossTble s i n c e  a l l  work on t h e  p r o j e c t  

terminated du r ing  t h e  summer of 1982. The t o t a l  absence of v e h i c l e  

u t i l i z a t i o n  d a t a ,  and t h e  f a c t  t h a t  only. low lncome h.ouseholds a r e  

considered,  f u r t h e r  l i m i t s  t h e  a p p l i c a b i l i t y  of t h e  sIMX /DINE survey 

t o  v e h i c l e  ownership modeling. 

4.3 Vehicle  A t t r i b u t e  F i l e s  

A s  mentioned e a r l i e r ,  v e h i c l e  attribute f i l e s  a r e  used t o  

complement household d a t a .  Such f i l e s  conta ln  informat ion  r e l a t i n g  

t o  t h e  a t t r i b u t e s  of s p e c i f i c  v e h i c l e  makes, models, and v i n t a g e s ,  

One of t h e  e a r l i e s t  v e h i c l e  a t t r i b u t e  f i l e s  was t h a t  assembled 

by Cambridge Systematics  (1978) and subsequent ly used i n  t h e  v e h i c l e  

type choice r e s e a r c h  ofManski  a n d s h e m a n  (1980) and Berkovec and 

Rust (1981). This  f i l e  con ta ins  a t t r i b u t e  information on over 750 

v e h i c l e s  from t h e  model y e a r s  1967-1978. The v e h i c l e  a t t r i b u t e s  

contained i n  t h i s  f i l e  i n c l u d e  v e h i c l e  p r i c e  ( a s  of June 1978) , 

v e h i c l e  weight ,  f u e l  e f f i c i e n c y  ( N P G )  , t u rn ing  r a d i u s ,  e s t i m a t e  of 

s e a t i n g  space ,  0-60 mph a c c e l e r a t i o n  t ime i n  seconds,  i n t e r i o r  n o i s e  

l e v e l s ,  and luggage space .  Although reasonably d e t a i l e d ,  t h e  Cambridge 

Sys t ema t i c ' s  v e h i c l e  a t t r i b u t e  f i l e  s u f f e r s  from two weaknesses. F i r s t ,  

in format ion  on t h e  engine  s i z e  of a  s p e c i f i c  make and model i s  ex- 

cluded,  and i n s t e a d  t h e  a t t r i b u t e s  of t h e  model 's  most popular  engine 

s i z e  a r e  assumed. S ince  engine  op t ions  f o r  p a r t i c u l a r  v e h f c l e  models 

can have a s u b s t a n t i a l  impact on a  number of v e h i c l e  a t t r i b u t e s  



e .g .  a c c e l e r a t i o n ,  horsepower, and f u e l  e f f i c i e n c y ) ,  t h e  assumption 

of t h e  most popular  engine s i z e  can be q u i t e  imprec ise .  Second, 

t h e  Cambridge Systematics '  f i l e  has  many miss ing  v e h i c l e  models 

and v in t ages  f o r  fo re ign  manufacturers ,  thereby l i m i t i n g  i t s  use- 

f u l n e s s  t o  v e h i c l e  ownership modeling. 

I n  r ecogn i t ion  of t h e  d e f i c i e n c i e s  of t h e  Cambridge Systematics  

v e h i c l e  a t t r i b u t e  f i l e ,  Booz, A l l en ,  ?i Hamilton (1983) constructed 

a  v e h i c l e  a t t r i b u t e  f i l e  t h a t  provfded informat ion  on engine opt ions  

and expanded the  number of f o r e i g n  v e h i c l e  models and v in t ages  con- 

s ide red .  The r e s u l t i n g  f i l e  cons i s t ed  of over 2700 v e h i c l e s  covering 

t h e  model yea r s  (vintages)  from 1969 t o  1979 and contained information 

on engine s i z e  (displacement i n  cubic inches  and number of c y l i n d e r s ) ,  

wheel base ,  weight ,  h e i g h t ,  f r o n t  and r e a r  s e a t i n g  room, luggage space,  

horsepower, v e h i c l e  p r i c e  a s  of November 1978, Consumer ~ e p o r t ' s  

maintenance index ,  f u e l  e f f i c i e n c y  (mpg) , t h e  EPA roominess f a c t o r ,  

and s e a t i n g  capaci ty  by number of passengers .  This  v e h i c l e  a t r r i b u t e  

inromation was compiled from t h e  Oak Ridge Na t iona l  Labora tor ies  

v e h i c l e  d e s c r i p t i o n  d a t a ,  t h e  Automotive News market d a t a  book i s s u e ,  

Ward's Automotive Almanac, Consumer Reports  ' automotive i s s u e s ,  and 

t h e  Red Book of r e t a i l  ca r  p r i c e s .  I t  i s  s t r d n g l y  suspected t h a t  t h i s  

v e h i c l e  a t t r i b u t e  f i l e  i s  t h e  most complete f i l e  i n  ex i s t ence .  

4 . 4  D e s c r i ~ t i o n  of Data Used i n  Es t imat ion  

For t h e  purposes of t h e  c u r r e n t  s tudy ,  t h e  Nat ional  In ter im 

Energy Consumption Survey (NIECS) and t h e  Household Transpor ta t ion  

Pane l  (HTP) (both of which were d i scussed  a t  l e n g t h  e a r l i e r )  were 



combined t o  provide  household samples capable of e s t i m a t i n g  t h e  

t h e o r e t i c a l  models de r ived  ih t h e  preceding chap te r .  The s t r a t e g y  

was t o  s e l e c t  t h e  Household Transpor t a t ion  Panel  Groups f i r s t  e n t e r -  

i n g  i n  June ,  J u l y  and August 1979 (and r e t u r n i n g  t o  t h e  p a n e l  i n  Decem- 

b e r  1979, and January and February 1980 -respectively) and l i n k  t h e s e  

households w i t h  t h e i r  corresponding NIECS informat ion .  The combination 

of t h e s e  two surveys  provides  v e h i c l e  ownership informat ion  f o r  t h e  

same households ( a  t o t a l  of 962 households) from t h e  f a l l  of 1977 t o  

t h e  s p r i n g  of 1980, 

With t h e  l i nkage  of t h e  two surveys  completed, t h e  r e s u l t i n g  

d a t a  was organized i n t o  f i v e  d i s c r e t e  t ime i n t e r v a l s  of a  s ix-month 

du ra t ion  ( t h i s  i s  i l l u s t r a t e d  I n  F igure  1 ) .  Thus, household v e h i c l e  

hold ings  ( q u a n t i t y  and type)  a r e  known a s  of December 1977, w i t h  

corresponding u t i l i z a t i o n  accumulated over  t h e  January 1978 t o  June 

1978 p e r i o d ,  ho ld ings  a s  of June 1978, w i th  corresponding u t i l i z a t i o n  

from J u l y  1978 t o  December 1978, and s o  on f o r  December 1978, June 

1979, and December 1979. However, t h e  forthcoming e m p i r i c a l  a n a l y s i s  

i s  forced  t o  begin  wi th  t h e  v e h i c l e  h03d ins  a s  of December 1978 s i n c e  

t h i s  was t h e  f i r s t  t ime per iod  f o r  which one and two t ime pe r iod  u t i l -  

i z a t i o n  l a g s  could be inco rpora t ed ,  a s  r equ i r ed  f o r  t h e  r e s t r i c t e d  

and i n t e r t e m p o r a l  models der ived  i n  t h e  preceding chapter .  Hence i n  

t h e  a c t u a l  e s t i m a t i o n s  contained h e r e i n ,  t h r e e  t ime pe r iods  were used:  

(1) v e h i c l e  hold ings  a s  of December 1978 wi th  u t i l i z a t i o n  from 

January  1979 t o  June 1979; (2) v e h i c l e  hold ings  a s  of June 1979, w i t h  

u t i l i z a t i o n  from J u l y  1979 t o  December 1979; (3) v e h i c l e  hold ings  





a s  of December 1979, w i th  u t 2 l i z a t i o n  from January 1980 t o  June 1980. 

It should be noted t h a t  t h e s e  per i -ods . respec t ive ly  c a p t u r e  household 

v e h i c l e  ownership behavior  before ,  du r ing ,  and a f t e r  t h e  June 1979 

energy shock. 

To supplement t h e  c r o s s - s e c t i o n a l  t ime s e r i e s  household d a t a ,  

t h e  Booz, Allen 6 Hamilton v e h i c l e  a t t r i b u t e  f i l e  was used a s  a 

b a s f s  f o r  creati 'ng an expanded a t t r i , b u t e  f l l e  t h a t  would be s u i t a b l e  

f o r  t h e  t ime pe r iods  over which household d a t a  was a v a i l a b l e .  I n  

summary, t h e  Booz, Allen 6 Hamilton a t t r i b u t e  f i l e  w a s  modified as 

fo l lows:  (1) a t t r i b u t e  informat ion  on 1980 model year  v e h i c l e s  was 

added s i n c e  such v e h i c l e s  were a v a i l a b l e  t o  t h e  household sample i n  

t h e  f a l l  of 1979; (2 )  t h e  Red Book r e t a i l  c a r  v a l u e s  were added t o  

i nc lude  v a l u e s  a s  of December 1977, June 1978, December 1978, June 

1979, and December 1979; and (3) v e h i c l e  a t t r i b u t e s  of t h e  pre-1969 

model y e a r  v e h i c l e s  were added t o  match those  v e h i c l e s  a c t u a l l y  owned 

by t h e  household sample, 

The combination of t h e  household and v e h i c l e  a t t r i b u t e  f i l e s  

desc r ibed  above, provide a s u f f i c i e n t l y  d e t a i l e d  d a t a  base  f o r  

e s t i m a t i o n  of t h e  v e h i c l e  ownership and u t i l i z a t i o n  models proposed 

i n  t h e  preceding chapter. A l l  i tems cons idered ,  t h e d a t a  base used 

i n  t h i s  s tudy  i s  arguably t h e  r i c h e s t  and most complete d a t a  source  

eve r  used i n  t h e  a n a l y s i s  of household v e h i c l e  ownership behavior .  



CHAPTER 5.  EMPIRICAL ESTIPLATION AND 'RESULTS 

This  chap te r  p r e s e n t s  t h e  e s t ima t ion  r e s u l t s  of v e h h l e  owner- 

s h i p  models of t h e  form de r ived  i n  Chapter 3 ,  Also, t o  a s s e s s  t h e  

cu r r en t  and f u t u r e  p rospec t s  of household v e h i c l e  denand, a number 

of a p p l i c a t i o n s  of t h e  e s t ima ted  models a r e  presented .  

The o rgan iza t ion  of t h l s  chapter  i s  a s  fo l lows .  F i r s t ,  a  number 

of p o i n t s  a r e  d iscussed  r e l a t i n g  t o  t h e  d i f f e r e n c e s  between t h e  theo-  

r e t i c a l  models de r ived  i n  Chapter 3  and t h e  f i n a l  s p e c i f i c a t i o n s  used 

i n  empr r i ca l  es t3mation.  Next,  t h e  e s t ima t ion  r e s u l t s  of t h e  type 

choice,  u t i l i z a t i o n ,  and l e v e l  cho?ce models a r e  presented  and theZr 

imp l i ca t ions  a r e  eva lua t ed ,  Following t h i s ,  an assessment of v e h i c l e  

demand respons iveness  i s  g iven ,  based on s e v e r a l  a p p l i c a t i o n s  of t h e  

es t imated  models. F i n a l l y ,  t h e  chapter  concludes wi th  a  number of 

s p e c i f i c a t i o n  t e s t s  performed t o  determine t h e  v a l i d i t y  of t h e  

econometr ic  approach used i n  model e s t ima t ion .  

5 . 1  F i n a l  Empir ica l  S p e c i f i c a t i o n s  

There a r e  a  number of estimation cons ide ra t ions  t h a t  determined 

t h e  f i n a l  model s p e c i f i c a t i o n s .  The f i r s t  concern r e l a t e s  t o  t h e  

e s t ima t ion  of t h e  i n d i r e c t  u t i l i t y  and u t i l i z a t i o n  equat ion  parameters  

( t h e  A ' s  i n  Equat ions (38) ,  (391, and ( 4 0 ) )  which have been up t o  now 

subsc r ip t ed  by i. Given t h e  l a r g e  number of v e h i c l e  type  a l t e r n a t i v e s  

a v a i l a b l e  t o  t h e  household, T t  i s  empi r i ca l ly  necessary  t o  c o n s t r a i n  

t h e s e  parameters  t o  be e q u a l  ac ros s  a v a i l a b l e  v e h i c l e  a l t e r n a t i v e s .  

m a s i m i l a r  v e i n ,  t y p i c a l  u t i l i z a t i o n  ( r .  ' s  i n  Equation (38))  i s  
l t  



n o t  p e ~ m i t t e d  t o  vary a c r o s s  i, aga in  due t a  t h e  l a r g e  number of 

a v a i l a b l e  v e h i c l e  alternatiyes, 

The nex t  i s s u e  conce rns  t h e  e s t i m a t i o n  of t h e  t y p e  choice  models 

and of t h e  e s t i m a t i o n  of a number of t e r m s  appearing i n  t h e  

i n d i r e c t  u t i l i t y  f u n c t i o n ,  s p e c i f i c a l l y  Z'B, v t ,  n r t ,  A 2 1 t ,  Ao, and 

A31t-l ( see  Equation ( 3 8 ) ) .  I n  p r a c t i c e  t h e s e  terms w i l l  v a r y  a c r o s s  
-A2 P  

a l t e r n a t i v e s  s i n c e  they  a r e  m u l t i p l i e d  by e  it. Unfor tuna te ly  , 

al lowing t h e s e  terms t o  v a r y  a c r o s s  a l t e r n a t i v e s  would make e s t ima t ion  

d i f f i c u l t ,  i f  n o t  imposs ib le ,  s i n c e ,  f o r  example, v t h e  u t i l i z a t i o n  
t '  

equa t ion  d i s t r u b a n c e ,  i s  n o t  known. To r e s o l v e  t h i s  problem and t o  

r e t a i n  a  l o g i t  s t r u c t u r e ,  cons lder  a r e w r i t t e n  form of t h e  t o t a l  e r r o r  

term 

applying a  Taylor  s e r i e s  expansion around t h e  mean ope ra t i ng  p r i c e  P  
t 

i f  h ighe r  order  terms a r e  assumed n o t  t o  c o n t r i b u t e  s i g n i f i c a n t l y ,  t h e  

e r r o r  term becomes 



This assumption i s  reasonable  t o  t h e  ex ten t  t h a t  t h e r e  i s  a r e l a t i v e l y  

smal l  v a r i a n c e  i n  ope ra t ing  p r i c e s  (1i.e. p r i c e  p e r  ga l lon  + v e h i c l e  
-A2 Pf 

miles  pe r  g a l l o n ) .  With t h i s  assumption accepted,  t h e  term V e 
t 

does not  vary  ac ross  a l t e r n a t i v e s .  S imi l a r ly ,  t h e  remaining terms 

A I' 
Aoy Tr t ,  A2q7 3  t-1' and Z'B can a l s o  be el iminated from t h e  i n d i r e c t  

u t i l i t y  func t ion .  

The n e x t t w o  p o i n t s  r e l a t e  t o  information t h a t  was obtained 

from i n i t i a l  e s t ima t ion  of t h e  type choice and u t i l i z a t i o n  models, 

F i r s t ,  r e c a l l  t h a t - i n  t h e  type  choice model a  number of terms a r e  
-A P 

m u l t i p l i e d  by e  t .  During es t imat ion  of t he  type  choice models i t  

was found t h a t  t h e  log - l ike l ihood  a t  convergence was r e l a t i v e l y  insen-  

s i t i v e  t o  v a l u e s  of -A2. I n  f a c t ,  va lues  of -A i n  t h e  range of -3.0 
2 

t o  +13.0 d id  no t  r e s u l t  i n  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  log  l i k e l i -  

hood a t  convergence o r  i n  parameter e s t ima tes .  Consequently, f o r  a l l  

the  e s t ima t ions  c a r r i e d  out h e r e ,  -A was s e t  equa l  t o  -.I. This  i s  
2  

a  t h e o r e t i c a l l y  p l a u s i b l e  v a l u e  i n  add i t ion  t o  being s t a t i s t i c a l l y  

wi th in  t h e  range of admiss ib le  va lues  t h a t  maximize t h e  log- l ike l ihood.  

The second p o i n t  concerns t h e  dynamic s t r u c t u r e  of t h e  

empi r i ca l  models. I n i t i a l  e s t i m a t i o n s  of s p e c i f i c a t i o n s  t h a t  

incorpora ted  lagged ope ra t ing  cos t  and lagged income v a r i a b l e s  y i e lded  

h igh ly  i n s i g n i f i c a n t  and sma l l  parameter e s t ima tes  f o r  t hese  v a r i a b l e s .  

This  sugges ts  t h a t  a  t h e o r e t i c a l  model which i s  based on a  s t a t e  

v a r i a b l e  summarizing p a s t  u t i l i z a t i o n s  and a  cons tant  r a t e  of s t a t e  

dep rec ia t ion  may no t  be appropr i a t e  f o r  analyzing household v e h i c l e  

ownership. I n  p a r t i c u l a r ,  i t  appears t h a t  t h e  assumption of a  cons tant  



r a t e  of s t a t e  d e p r e c i a t i o n  i s  h igh ly  ques t ionable  s i n c e  empi r i ca l  e v i -  

dence i n d i c a t e s  t h a t  t h e  s t a t e  va r l a l j l e  may a c t u a l l y  apprec ia t e  i n  

some pe r iods .  This  was found t o  be t h e  case  l m e d 2 a t e l y  fo l lowing t h e  

energy c r i s i s  dur ing  t h e s l m e r  of 1979, a s  households valued p r e - c r i s i s  

h a b i t s  more h igh ly  than c r i s i s  h a b i t s .  Tn any even t ,  t h e  d e p r e c i a t i o n  

r a t e  appears  t o  be h igh ly  i r r e g u l a r  and i n c o n s i s t e n t  w i th  t h e  cons tan t  

r a t e  assumed i n  t h e  t h e o r e t i c a l  d e r i v a t i o n s .  In  order  t o  r e s o l v e  t h i s  

problem, t h e  es t imated  models excluded lagged opera t ing  c o s t  and lagged 

income v a r i a b l e s .  A s  such, t h e  f i n a l  s p e c i f i c a t i o n s  a c t u a l l y  e s t ima ted  

a r e  more i n  l i n e  wi th  t h e  h a b i t  f  ormatlon t a s t e  change work of P o l l a k  

and Wales (1969) and Po l l ak  (1970). 

F h a l l y ,  t o  s t a t f s t i , c a l l y  t e s t  f o r  s t r u c t u r a l  s t a b i l i t y  of 

v e h i c l e  l e v e l ,  t ype ,  and u t i l i ' z a t i o n  model parameters  over t ime, d a t a  

from v a r i o u s  time pe r iods  w a s  pooled t o  re -es t imate  model parameters .  

I n  so  doing ,  t h e  f a c t  t h a t  t h e r e  may be two o r  t h r e e  observa t ions  

from t h e  same household was n o t  accounted f o r .  A s  pointed ou t  by 

Chamberlain (1980),  accounting f o r  household s p e c i f i c  e f f e c t s  i n  

pooled time s e r i e s  d a t a  tends  t o  be d 2 f f i c u l t  f o r  d i s c r e t e  models. 

Since t h e r e  e x i s t s  t h e  p o s s i b i l i t y  of omitted v a r i a b l e  b i a s  if  t h i s  

e f f e c t  i s  n o t  account f o r ,  t h e  r e s u l t s  of t h e  combined time per iod  

e s t i m a t i o n s ,  which w i l l  be presented  i n  forthcoming s e c t i o n s ,  should 

be  viewed wf th  some cauti'on. 

5 .2  T v ~ e  Choice Models: Sinnle-Vehicle Households 

The s i n g l e  v e h i c l e  household type choice model s p e c i f i e s  t h e  

probabi lTtp  of t h e  household s e l e c t i n g  a  s p e c i f i c  v e h i c l e  type ,  



defined by v e h i c l e  make (e .g .  Cheyrole t ) ,  model ( e .g ,  Corvet te ) ,  and 

v in t age  (e.g. 1975),  condit ioned on t h e  f a c t  t h a t  one and only  one 

v e h i c l e  i s  s e l e c t e d  ( t h e  v e h i c l e  l e v e l  o r  q u a n t i t y  choice model w i l l  

be presented  l a t e r ) .  With t h e  v e h i c l e  a t t r i b u t e  f i l e  prepared f o r  

t h i s  s tudy  (see  t h e  prev*ous chapter  f o r  a  d e s c r i p t i o n ) ,  t h e  house- 

hold t h e o r e t i c a l l y  can s e l e c t  from w e l l  over 2000 d i f f e r e n t  v e h i c l e  

type a l t e r n a t i v e s .  Since t h e  computational burdens of providing s o  

many a l t e r n a t i v e s  i n  t h e  e s t ima t ion  process would be excess ive ,  a  

sampling of a v a i l a b l e  a l t e r n a t i v e s  w a s  undertaken s i n c e  c o n s i s t e n t  

parameter e s t ima tes  can be obtained from such a procedure providing a 

l o g i t  s t r u c t u r e  i s  used ( see  t h e  d i scuss ion  presented  i n  Sec t ion  3 .4 ) .  

For t h e  empi r i ca l  a n a l y s i s  c a r r i e d  out h e r e ,  t he  household 's  choice 

s e t  included t e n  v e h i c l e  type  a l t e r n a t i v e s .  In  t h e  case where a  house- 

hold owned a v e h i c l e  (or  v e h i c l e s )  i n  t h e  preceding pe r iod ,  t h i s  

v e h i c l e  (or  v e h i c l e s )  w a s  included among t h e  t e n  a l t e r n a t i v e s .  Also,  

a s  a n o t e ,  i n  order  t o  t e s t  f o r  t h e  robus tness  of t h i s  sampling pro- 

cedure,  models were es t imated  wi th  choice s e t s  of e i g h t ,  twenty, and 

t h i r t y  a l t e r n a t i v e  v e h i c l e  types  and v i r t u a l l y  no change i n  parameter 

e s t ima tes  was found. 

With t h e  above p o i n t s  i n  mind, a t t e n t i o n  can now be given t o  t h e  

p r e c i s e  s p e c i f i c a t i o n  of t h e  i n d i r e c t  u t i l i t y  funct ion .  Although 

t h e  i n d i r e c t  u t i l i t y  func t ion  derived e a r l i e r  (Equation 38) completely 

s p e c i f i e s  t h e  dynamic a spec t  of t h e  v e h i c l e  ownership d e c i s i o n ,  t h e  

vec to r  of observable household and v e h i c l e  c h a r a c t e r i s t i c s  (Y' i n  
li 

1 
Equation (38))  i n f luenc ing  v e h i c l e  type choice s t i l l  must be s p e c i f i e d .  



The complete  l i s t  of e x p l a n a t o r y  v a r i a b l e s  u l t i m a t e l y  used i n  model 

e s t i m a t i o n  i s  p r e s e n t e d  i n  T a b l e  2  a l o n g  w i t h  t h e i r  summary statist ics.  

Also ,  t h e  r e s u l t i n g  model parameteT e s t i m a t e s  f o r  d i s t i n c t  and combined 

t ime  p e r i o d s  are g i v e n  i n  T a b l e  3.  To s t r u c t u r e  t h e  d i s c u s s i o n  of t h e  

e x p l a n a t o r y  v a r i a b l e  s e l e c t i o n  p r o c e s s  and t h e  r e s u l t i n g  paramete r  

estimates, f o u r  c a t e g o r i e s  of v a r i a b l e s  are p r e s e n t e d :  1 )  v e h i c l e  c o s t  

v a r i a b l e s ,  2) dynamic components, 3)  g e n e r a l  v e h i c l e  c h a r a c t e r i s t i c s ,  

and 4) brand ( v e h i c l e  make) p r e f e r e n c e  v a r i a b l e s .  

V e h i c l e  Cost  V a r i a b l e s  

E s s e n t i a l l y ,  two components of v e h i c l e  c o s t s  can b e  e n v i s i o n e d ,  

o p e r a t i n g  c o s t s  and c a p i t a l  c o s t s .  I n  t h i s  a n a l y s i s  o p e r a t i n g  c o s t s  are 

measured as t h e  f u e l  c o s t  p e r  m i l e  (determined by d i v i d i n g  t h e  p r e v a i l -  

i n g  p e r  g a l l o n  p r i c e  of f u e l  by t h e  f u e l  e f f i c i e n c y  of t h e  v e h i c l e  

t y p e  a l t e r n a t i v e  measured i n  m i l e s  p e r  g a l l o n )  m u l t i p l i e d  by t h e  

t y p i c a l  o r  expec ted  u t i l i z a t i o n  measured as m i l e s  accumulated over  

r e s p e c t i v e  six-month t i m e  p e r i o d s ,  The r e s u l t  i s  t h e  t o t a l  e x p e c t e d  

f u e l  o p e r a t i n g  c o s t s  i n c u r r e d  d u r i n g  a six-month t i m e  p e r i o d .  I n  e n t e r -  

i n g  o p e r a t i n g  c o s t s  i n  t h e  s p e c i f i c a t i o n ,  t h e  term i s  d i v i d e d  by 

a n n u a l  household income t o  s u p p o r t  t h e  h y p o t h e s i s  t h a t  o p e r a t i n g  c o s t s  

s h o u l d  be  less onerous  t o  h i g h  income househo lds .  

Over t h e  t h r e e  six-month t ime  p e r i o d s  w i t h  which models were  

e s t i m a t e d  ( p e r i o d s  b e f o r e ,  d u r i n g ,  and a f t e r  t h e  J u n e  1979 energy  s h o c k ) ,  

t h e  average  p e r  g a l l o n  f u e l  p r i c e  i n c r e a s e d  from $0.72 t o  $1.17,  making 

t h i s  o v e r a l l  t ime  span  p a r t i c u l a r l y  i n t e r e s t i n g  i n  s t u d y i n g  t h e  e f f e c t s  

of r a p i d l y  e s c a l a t i n g  o p e r a t i n g  c o s t s .  The paramete r  estimates of  t h e  



Table 2 .  Var iab les  Used i n  Single-Vehicle Type Choice Models 

(Means f o r  Chosen Al t e rna t ives )  

PIU) la PRD 2b PRD 3' 
V a r i a b l e  Elnemonic Hean Xean Xean 

d 
(Fuel  c o s t  ( $ / m i )  * t-ypical  u t - i l i z a t i o n  (mi) ) +  PIRO .0201 .0259 .03304 
Income (S/yr) 

V e h i t l e  C a p i t a l  Cost + 
Incone ( S i y r )  

1 P e r i o d  lagged u t i l i z a t i o n  (mi.)  
Same v e h i c l e  

2 P e r i o d  lagged u t i l i z a t i o n  (mi.) 
Same v e h i c l e  

1 Per iod  lagged u t i l i z a t i o n  (mi.)  
S i m i l a r  nzke v s h i c l e  

2 P e r i o d  l agged  u t i l i z a t i o n  (mi.)  
S i m i l a r  make v e h i c l e  

F ron t  and r e a r  s h o u l d e r  room ( i n . )  
For  households  w i t h  2 o r  l e s s  members 

F ron t  2r.d r e a r  shou lde r  room ( i n . )  
For  households  w i t h  3 o r  more members 

American Motors D m y  ( 1  i f  AMC, 
0 o the rwi se )  

Ford d m y  ( 1  i f  Ford ,  0 o the rwi se )  

C h r y s l e r  dummy ( 1  i f  C h r y s l e r ,  0 o the rwi se )  

Fore ign c a r  dummy ( 1  i f  f o r e i g n  c a r ,  
0 o the rwi se )  

Horsepower + eng ine  d isplacement '  CCI) 
For househo lds  w i t h  heads  35 y e a r s  o l d  
o r  less 

CAPO .2120 .2070 .2080 

GFRSR 38.55 38.30 38.35 

AMC .0380 .0352 .0302 

FORD .2742 .2734 .2702 

CHRY S . I265 . I 2 7 1  .I264 

FORN .0875 .0861 .0906 

ETE CH . I 8 7 1  . I885 . I906  

Luggage s p a c e  ( f t ' )  f o r  household w i t h  GLUG:1 3.605 3.592 3.547 
f o u r  or  more members 

New v e h i c l e  dummy - v e h i c l e  2 y r s  o l d  o r  newer W A G  .2100 . I980  .2060 

Old v e h i c l e  dummy - v e h i c l e  8 y r s  o l d  o r  o l d e r  OLDAG .3520 .3750 .3681 

Number of o b s e r v a t i o n s  - 345 361 364 



Table  2 (con t inued)  

%er iod  1 i s  type cho ice  a s  of December 1978,  w i t h  u t i l i z a t i o n  from Jan.  1979 
t o  June 1979. The mean f u e l  p r i c e  i n  t h i s  six-month per iod i s  $0.72 pe r  g a l l o n .  

b ~ e r i o d  2  is type  cho ice  a s  of June  1979, w i t h  u t i l i z a t i o n  from June 1979 t o  
Dec. 1980. The mean f u e l  p r i c e  i n  t h i s  six-month per iod i s  $0.96 pe r  g a l l o n .  

'period 3  i s  type  cho ice  a s  of December 1979,  w i th  u t i l i z a t i o n  from Jan.  1980 
t o  June  1980. The mean f u e l  p r i c e  i n  t h i s  six-month period i s  $1.17 p e r  g a l l o n .  

d ~ y p i c a l  u t i l i z a t i o n  i s  determined by app ly ing  t h e  fo l lowing equa t ions  f o r  s i n g l e  
v e h i c l e  households:  

T y p i c a l  u t i l i z a t i o n  ( r  ) = 2684 +457.8 * number of household members 
I t  

+ .05294 * income ( $ / ~ r )  

For two v e h i c l e  households  

Typ ica l  u t i l i z a t i o n  of each v e h i c l e  ( r Z t )  = 3331 + 151.1 * number of 

household membes+ .04686 + income ( $ / v r )  

The parameters  i n  t h e s e  e q u a t i o n s  were e s t ima ted  by ordinary  l e a s t  squa re s  
u s ing  average  u t i l i z a t i o n s  d e r i v e d  from a l l  a v a i l a b l e  per iods  i n  t he  household 
sample. 
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Table 3. Type Choice Model Parameter Es t imates  (Standard E r r o r s  i n  p a r e n t h e s e s ) :  
S i n g l e  Vehic le  Households 

1 1 1 L c r c e m ~ ~ ~ ~ r n l .  Hudcl - HcuLrlt:Lcd Hc,'l~: l  . 

I I'rrlud 1  L'el.LcwI 2  P c r i d  3  I'erindu 1  b  3 A l l  I ' ~ ~ . L , , ~ I J  
l'crltwl 1 I'crlod 2  I'erlod 3 I ' u r l o J 1 6 3  Al l l 'er!odt l_  -- 
- 2 1 . 1 7  -23 .40  - 3 1 . 4 1  - 2 6 . 2 0  - 2 5 . 0 8  - 2 3 . 7 0  - 2 3 . 5 6  - 3 1 . 9 3  - 2 7 . 6  - 2 5 . 8 5  
( 1 1 . 9 1 )  ( 7 . 9 1 )  ( 7 . 8 5 )  ( 6 . 5 7 )  ( 5 . 0 1 )  ( 1 1 . 3 0 )  ( 7 . 8 8 )  ( 7 . 4 4 )  ( 6 . 2 1 )  ( 4 . 8 4 )  



t h e  opera t ing  c ~ s t  v a r i a b l e  (PTRQ) a r e  given i n  Table 3 ,  and i t  i s  c l e a r  

t h a t  t hese  parameters a r e  c o r r e c t l y  sl'gned (i , e ,  increased  ope ra t ing  

c o s t s  have a  nega t ive  e f f e c t  on v e h i c l e  s e l e c t i o n  p r o b a b i l i ~ i e s )  and 

s t a t i s t f c a l l y  s i g n i f i c a n t  i n  a l l  t h r e e  time pe r iods ,  Also, f t  should 

be noted t h a t  t h e  magnitude of t h e  PIRO parameter i nc reases  not iceably  

from time per iod  1 t o  time per iod  3 i n  both the  r e s t r i c t e d  and i n t e r -  

temporal models, i n d i c a t i n g  t h a t  households'  va lua t ion  of opera t ing  

c o s t s  has been inc reas ing  over t ime.  A s  a f i n a l  p o i n t ,  o the r  ~ p e r a t i n g  

cos t s  t h a t  may be presumed t o  i n f l u e n c e  t h e  v e h i c l e  type decis?on, 

such a s  insurance  c o s t s ,  maintenance c o s t s ,  and acc ident  repa?r c o s t s ,  

were not  included i n  t h e  s p e c i f i c a t i o n  p r imar i ly  due t o  t h e  un- 

a v a i l a b i l i t y  of such d a t a .  

The o ther  important component of v e h i c l e  c o s t s  i s  t h e  c a p i t a l  

c o s t .  This  v a r i a b l e  (CAPO) i s  en te red  i n t o  t h e  s p e c i f i c a t i o n  as t h e  

p r e v a i l i n g  Red Book p r i c e  of t h e  v e h i c l e  type ,  divided by household 

income t o  r e f l e c t  t h e  b e l i e f  t h a t  c a p i t a l  cos t s  a r e  l e s s  onerous 

t o  h igh  income households. As  Table 3 i n d i c a t e s ,  t h e  CAPO parameter 

e s t ima tes  a r e  p rope r ly  s igned and s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  both 

t h e  in t e r t empora l  and r e s t r i c t e d  models i n  a l l  t ime per iods .  I n  

terms of parameter magnitudes, t h e  impact of t h e  c a p i t a l  c o s t s  appear  

t o  be f a i r l y  s t a b l e  over  t ime.  

With t h e  PIRO and CAPO parameter e s t i m a t e s ,  i t  i s  poss ib l e  t o  

c a l c u l a t e  t h e  marginal  r a t e  of s u b s t i t u t i o n  (MRS) of opera t ing  and 

c a p i t a l  c o s t s .  A s  i nd ica t ed  i n  Table 4 ,  t h e  amount t h a t  a  household 

is  w i l l i n g  t o  pay i n  terms of i nc reased  c a p i t a l  c o s t s  f o r  a  one-cent 



Table  4 .  Marginal  Ra tes  of S u b s t i t u t i o n  of Operat ing and C a p i t a l  Costs 
( F r i c e  w i l l i n g  t o  pay f o r  l c / m i  d ec r ea se  i n  ope ra t i ng  c o s t s )  and . 

Implied Annualized Discount F a c t o r s :  S ing l e  Vehic le  Households 
(Standard E r r o r s  i n  Fa r en the s e s )  

Interte~nporal  Model Restricted Hddel 

I Period 1 Period 2 Period 3 Period 1 6 3 A l l  Periods Period 1 Period 2 Period 3 Periods 1 6 3 A l l  Periodr 

Discount 
1 9 . 8  15.6 19.2 

(15.5)  (7.8) (5 .0 )  (5.5)  

Income -. . 
Hem Typica l  4409 4501 4559 4483 4486 

ion  - 4409 4501 4559 4483 4486 



per  m2le decrease  i n  ope ra t ing  c ~ s t s  Cip cons tant  d o l l a r s )  evaluated 

a t  t h e  popula t ion  mean, has  increased  s u b s t a n t i a l l y  over t ime,  

These es t imated  margina l  r a t e s  of s u b s t i t u t i o n  prov2de some 

a d d i t i o n a l  i n t e r e s t i n g  informat ion .  For example, i f  a  d r i v i n g  r a t e  of 

4500 mi l e s  p e r  six-month per iod  i s  assumed, then a  $45 savings  can be 

expected f o r  a one-cent r e d u c t i o n  i n  v e h i c l e  opera t ing  c o s t s .  F u r t h e r ,  

i f  a cons tant  v e h i c l e  d e p r e c i a t i o n  r a t e  of 9 percent  i s  assumed along 

wi th  a d iscount  r a t e  of 3 p e r c e n t ,  then t h e  semi-annual c a p i t a l  cos t  

i s  12 percent  of t h e  purchase p r i c e .  Given these  assumptions, t h e  

" r a t iona l "  household could be expected t o  pay $375 ( i . e .  $45 + 12%) 

f o r  a  one cent  p e r  m i l e  r e d u c t i o n  i n  opera t ing  c o s t s .  A s  i nd ica t ed  

i n  Table 4,  t h e  'MRS e s t i m a t e s  a r e  reasonably cons i s t en t  wi th  t h i s  

example. The f a c t  t h a t  t h e  e s t ima ted  marginal  r a t e s  of s u b s t i t u t i o n  

repor ted  he re  a r e  i n c r e a s i n g  over  t ime most l i k e l y  i n d i c a t e s  an i n c r e a s e ,  

among households, i n  expected f u e l  p r i c e s  and/or a  higher  v a l u a t i o n  of 

f u t u r e  r educ t ions  i n  ope ra t ing  expenses. 

I n  a  r e l a t e d  m a t t e r ,  household d iscount  f a c t o r s  were ca l cu la t ed  

and t h e  r e s u l t a n t  va lues  a r e  a l s o  presented  i n  Table 4. It should be 

noted t h a t  t h e  d iscount  f a c t o r s  presented  i n  Table 4  i m p l i c i t l y  inc lude  

t h e  t r u e  d iscount  r a t e  p l u s  expected v e h i c l e  dep rec ia t ion .  As such,  

est imated d iscount  f a c t o r s  i n  t h e  v i c i n i t y  of 15-30% can be considered 

p l a u s i b l e  i n  t h e  sense  t h a t  annual  opera t ing  and c a p i t a l  c o s t s  w i l l  be 

equal .  The f a c t  t h a t  t h e  d i scoun t  f a c t o r s  a r e  d e c l i n i n g  over t ime 

again r e f l e c t s  householdst  i nc reased  va lua t ion  of v e h i c l e  ope ra t ing  

c o s t s .  I n  g e n e r a l ,  t h e s e  r e s u l t s  ind2cate  t h a t  households a r e  

7 4  



d i scoun t ing  t h e  impacts of f u t u r e  o p e r a t i n g  c o s t s  a t  r a t e s  t h a t  a r e  

l e s s  than those  r a t e s  i n d i c a t e d  be fo re  t h e  energy shock. I n  a  s ense ,  

they  a r e  becoming l e s s  myopic and more aware of f u t u r e  c o s t s .  

Dynamic Components 

A s  i nd ica t ed  i n  t h e  d e r i v a t i o n s  g iven  i n  Chapter 3 ,  t h e  dynamic 

components of t h e  v e h i c l e  t ype  choice model a r e  represented  by t h e  

lagged u t i l i z a t i o n s  of t h e  same v e h i c l e  ( i . e .  i n d i c a t i n g  t h a t  t h e  

v e h i c l e  had been owned and opera ted  i n  preceding  per iods)  o r  of a  v e h i c l e  

of a s i m i l a r  make. R e c a l l  t h a t  t h e  u t i l i z a t i o n  of a  v e h i c l e  of a  s i m i l a r  

make a t tempts  t o  capture  t h e  n o t i o n  of brand l o y a l t y ,  def ined  as t h e  

accumulation of in format ion  through d r i v i n g  and ownership exper ience ,  

on p a r t i c u l a r  v e h i c l e  makes (brands) .  A s  i n d i c a t e d  i n  Table 3 ,  t h e  

parameter  e s t i m a t e s  of a l l  t h e  dynamic components, X T 1 ,  XT2, XPT1, and 

XPT2 a r e  proper ly  s igned ( i . e .  p a s t  ownership has  a p o s i t i v e  e f f e c t  

on t h e  p r o b a b i l i t y  of v e h i c l e  s e l e c t i o n )  and s t a t i s t i c a l l y  s i g n i f i c a n t  

a c r o s s  t ime pe r iods .  111 terms of parameter  magnitudes,  t h e  lagged 

u t i l i z a t i o n s  of t h e  same v e h i c l e  ( x T ~ ,  XT2) a r e  s u b s t a n t i a l l y  l a r g e r  

than  those  of a  s i m i l a r  make v e h i c l e  (XPT1, XPT2), a s  was i n i t i a l l y  

expected.  

Perhaps t h e  most i n t e r e s t i n g  a spec t  of t h e  dynamic component 

parameter e s t ima te s  i s  t h a t  t h e y  draw t h e  only empi r i ca l  d i s t i n c t i o n  

between t h e  in t e r t empora l  and r e s t r i c t e d  models. S p e c i f i c a l l y ,  t h e  

i n t e r t e m p o r a l  model con ta ins  t h e  two-period lagged u t i l i z a t i o n s ,  XT2 

and XPT2, and t h e  r e s t r i c t e d  model does n o t .  The i n c l u s i o n  of XT2 and 

XPT2 i n  t h e  model s t r u c t u r e  produce c o r r e c t l y  s igned and s t a t i s t T c a l l y  
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s i g n i f i c a n t  corresponding parameter e s t ima tes  thereby i n d i c a t f n g  t h a t  

t h e  in t e r t empora l  model may be j u s t i f i e d .  However, t h e  %on-dynamic'' 

component parameter e s t ima tes  a r e  v i r t u a l l y  i d e n t i c a l  as r e f l e c t e d  i'n 

t h e  r e s u l t s  presented i n  Table 3 .  Subsequently, t h e  subs t an t ive  

conclusions t h a t  can be drawn from t h e  e s t ima t ion  r e s u l t s  a r e  q u i t e  

s i m i l a r  f o r  both t h e  in t e r t empora l  and r e s t r i c t e d  models. 

General Vehicle  C h a r a c t e r i s t i c s  

General v e h i c l e  c h a r a c t e r i s t i c s  can be c l a s s i f i e d  i n t o  t h r e e  

ca t egor i e s ;  1 )  dimensions, 2 )  performance, and 3)  r e l i a b i l f t y .  Vehicle  

dimensions can be included i n  t h e  model es-timation t o  r e f l e c t  t h e  e f f e c t  

t h a t  s e a t i n g  capac i ty ,  cargo s t o r a g e  a r e a ,  passenger comfort,  and 

maneuverabi l i ty  w i l l  have on t h e  choice of v e h i c l e  types .  I n  terms of 

d a t a ,  information i s  a v a i l a b l e  on f r o n t  and r e a r  s e a t  shoulder  rooms 

( sea t ing  c a p a c i t y ) ,  luggage space (cargo s to rage  a r e a ) ,  v e h i c l e  weight 

( a  proxy f o r  r i d e  comfort) ,  and v e h i c l e  wheel base ( a  proxy f o r  maneuver- 

a b i l i t y ) .  I n  t h e  f i n a l  e s t i m a t i o n s ,  only shoulder  room and luggage 

space were found t o  produce s i g n i f i c a n t  r e s u l t s .  The shoulder  room 

v a r i a b l e  was def ined  a s  t h e  summation of f r o n t  and r e a r  s e a t  space,  

and s e p a r a t e  parameters were es t imated  f o r  householdswith two o r  fewer 

members (WRSR) and f o r  households wi th  t h r e e  o r  more members. This  

s epa ra t ion  suppor ts  t h e  hypothes is  t h a t  l a r g e r  households w i l l  v a l u e  

s e a t i n g  capac i ty  more than smal le r  households. Indeed, t h e  e s t ima t ions  

presented  i n  Table 3 i n d i c a t e  t h a t  t h e  parameters a r e  proper ly  s igned 

( i . e .  s e a t i n g  capac i ty  has a  p o s i t i v e  impact on t h e  p r o b a b i l i t y  of 

v e h i c l e  s e l e c t i o n ) ,  s t a t i s t i c a l l y  s i g n i f i c a n t ,  and, i n  f a c t ,  t h e  



GFRSX parameter  i s  s u b s t a n t i a l l y  l a r g e r  i n  magnitude than  the  LFRSR 

parameter ,  a s  expec ted ,  Also ,  i t  appears  t h a t  household v a l u a t i o n s  

of s e a t i n g  c a p c i t y  have i n c r e a s e d  s l i g h t l y  over t ime.  

The luggage space  v a r i a b l e ,  GLUG1, was de f ined  a s  a v a i l a b l e  cargo  

space i n  cubic  f e e t ,  and was s p e c i f i e d  only f o r  households  w i th  f o u r  

o r  more members. The hypo thes i s  he re  i s  t h a t  luggage space i s  impor t an t  

only f o r  r ea sonab ly  l a rge - s i zed  households .  Luggage space was found t o  

have l i t t l e  e f f e c t  on t h e  v e h i c l e  type  choice d e c i s i o n s  of sma l l e r  

households .  Although t h e  GLUGl v a r i a b l e  i s  c o r r e c t l y  s igned ,  i t  i s  n o t  

h igh ly  s i g n i f i c a n t ,  s t a t i s t i c a l l y ,  i n  most t ime p e r i o d s .  Also ,  t h e  

magnitude of t h e  GLUGl parameter  e s t i m a t e  i n c r e a s e s  over t ime.  

The n e x t  ca tegory  of g e n e r a l  v e h i c l e  c h a r a c t e r i s t i c s  i s  t h e  

performance ca tegory .  Unfo r tuna t e ly ,  t h e  amount of performance-related 

d a t a  a v a i l a b l e  i s  somewhat l i m i t e d .  A s  a p r o x y  f o r  v e h i c l e  a c c e l e r a t i o n ,  

horsepower d iv ided  v e h i c l e  weight was inc luded  i n  i n i t i a l  s p e c i f i c a t i o n s ,  

bu t  improperly s igned  and 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  parameter  e s t i m a t e s  

r e s u l t e d .  Th i s  i s  n o t  s u r p r i s i n g  s i n c e  i t  i s  t h e  engine ' s  t o r q u e ,  n o t  

horsepower,  t h a t  de te rmines  t h e  a c c e l e r a t i o n  c a p a b i l i t y  of t h e  v e h i c l e .  

The f a c t  t h a t  horsepower and torque  a r e  c o r r e l a t e d ,  t o  some e x t e n t ,  

provided i n i t i a l  j u s t i f i c a t i o n  f o r  cons ider ing  such a  v a r i a b l e ,  b u t  t h e  

e s t i m a t i o n  r e s u l t s  i n d i c a t e  t h a t  t h e  horsepower/weight v a r i a b l e  i s  

i n a p p r o p r i a t e .  The only  performance v a r i a b l e  found t o  y i e l d  r ea sonab le  

r e s u l t s  was de f ined  as t h e  'horsepower d iv ided  by engine displacement  

(ETECH). Exp lo ra t i on  of automotive road t e s t s  i n d i c a t e d  t h a t  t h i s  v a r i a b l e  



i s  h igh ly  c o r r e l a t e d  wi th  both. engine torque and t h e  corner ing  power 

of t h e  v e h i c l e  (measured by l a t e r a l  a c c e l e r a t i o n ) .  The ETECH v a r i a b l e  

was def ined  only  f o r  households which had household heads of 35 y e a r s  

of age o r  l e s s .  The b e l i e f  he re  i s  t h a t  performance i s  h igh ly  va lued  

among young households. The ETECH parameter e s t ima tes  a r e  p rope r ly  

signed in a l l  t ime per iods  and reasonably s i g n i f i c a n t  s t a t i s t i c a l l y ,  

The f i n a l  category of v e h i c l e  c h a r a c t e r i s t i c s  is r e l i a b z l i t y .  

Accurate measures of r e l i a b i l i t y  a r e  d i f f i c u l t  t o  ob ta in .  One p o s s i b l e  

source i s  Consumer Reports where survey r e s u l t s  from maintenance and 

r e a p i r  exper iences  a r e  t abu la t ed ,  Unfortunately,  such informat ion  is 

a v a i l a b l e  f o r  a r e l a t i v e l y  smal l  percentage of t h e  t o t a l  number of 

d i f f e r e n t  makes, models, and v i n t a g e s  of ~ e h i c l e s  a v a i l a b l e  t o  t h e  

household, and as such,  could no t  be used i n  model e s t ima t ion .  U 1 -  

t i m a t e l y ,  v e h i c l e  age w a s  used as a proxy f o r  r e l i a b i l i t y ,  s i n c e  i t  

i s  known t h a t  t h e  gene ra l  r e l i a b i l i t y  of v e h i c l e s  d e c l i n e s  wi th  over  t ime. 

Two v e h i c l e  age dummy v a r i a b l e s  were found t o  produce t h e  most s a t i s -  

f a c t o r y  r e s u l t s :  NEWAG which w a s  spec i f i ed  only f o r  v e h i c l e s  two 

years  old o r  l e s s ,  and OLDAG which was spec i f i ed  f o r  v e h i c l e s  e i g h t  

yea r s  old o r  o lde r .  I n  both cases ,  t h e  parameter e s t i m a t e s  were 

proper ly  s igned ( i . e .  newer y e h i c l e s  a r e  more d e s i r a b l e  and o l d e r  v e h i c l e s  

a r e  l e s s )  and f a i r l y  s i g n i f i c a n t ,  s t a t i s t i c a l l y .  I n  terms of para-  

meter magnitudes, it appears a s  though o l d e r  v e h i c l e s  were becoming 

l e s s -  onerous over time while  t h e  d e s i r a b i l i t y  of newer v e h i c l e s  

remained r e l a t i v e l y  cons tant .  



Brand P re fe rence  V a r i a b l e s  

It should be no ted  t h a t  i n  t h i s  s t udy  a d i s t i n c t i o n  between brand 

l o y a l t y  and brand p r e f e r e n c e  Is drawn. The process  through which brand 

l o y a l t y  i s  developed c o n s i s t s  of t h e  accumulation of informati'on, 

through d r i v i n g  and ownership exper ience ,  on p a r t i c u l a r  v e h i c l e  makes 

(brands)  . Given t h i s  p r o c e s s ,  t h e r e  i s  no  reason t o  suspec t  t h a t  

any one make of v e h i c l e  w i l l  have a h ighe r  degree  of brand l o y a l t y  

than  ano the r ,  s i n c e  t h i s  would u n r e a l i s t i c a l l y  imply t h a t  l e a r n i n g  

processes  d i f f e r  accord ing  t o  v e h i c l e  make. Brand p re fe rence  i s  

def ined  as  a tendency t o  purchase a s p e c i f i c  make of v e h i c l e .  This  

tendency may be i n f luenced  by t h e  e x t e n t  of t h e  make's d e a l e r  network,  

r e a p i r  c o s t s ,  p a r t s  a v a i l a b i l i t y ,  and s o  on. I n  t h e  models e s t ima ted  

h e r e ,  brand l o y a l t y  i s  cap tured  by t h e  XPTT and XPT2 v a r i a b l e s  desc r ibed  

e a r l i e r .  On t h e  o t h e r  hand, brand p re fe rence  (expected t o  d i f f e r  among 

makes) i s  cap tured  by a s e r i e s  of v e h i c l e  make dummies. 

I n  a l l ,  brand p r e f e r e n c e  i s  r ep re sen t ed  by f o u r  v e h i c l e  make dummy 

v a r i a b l e s  i n c l u d i n g  p roduc t s  produced by; American Motors (AMC), Ford 

(FORD) , Chrysler  (CHRYS) , and a durmny v a r i a b l e  f o r  a l l  f o r e i g n  makes 

(FORN) . I n  s e l e c t i n g  t h e s e  v a r i a b l e s ,  General  Motors products  are 

i m p l i c i t l y  normalized t o  zero .  The parameter e s t i m a t e s  p re sen t ed  i n  

Table  3 i n d i c a t e  t h a t  American Motors ,  Chrysler  and Foreign Vehic les  

have a lower brand p r e f e r e n c e  than  GM p roduc t s ,  whi le  Ford v e h i c l e s  have 

t h e  h ighes t  brand p re fe rence .  I n  terms of parameter magni tudes,  f o r e i g n  

makes have f a r  and away t h e  worst  brand p re fe rence .  This  f a c t  sugges t s  

t h a t  domest ic  manufac turers  have an i nhe ren t  advantage over  f o r e i g n  
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producers i n  t h i s  r ega rd ,  Also no te  t h a t  American Motors, Chrys ler ,  

and f o r e i g n  manufacturers  appear t o  have dec l in ing  brand preferences  

over t ime,  which i n d i c a t e s  an inc reas ing  competi t ive advantage f o r  

both GM and Ford. 

S t r u c t u r a l  S t a b i l i t y  

To t e s t  f o r  t he  s t a b i l i t y  of parameter e s t ima tes  over t ime,  a 

number of l i ke l ihood  r a t i o  t e s t s  were made. As t h e  r e s u l t a n t  x 2 

s t a t i s t i c s  i n d i c a t e  ( see  Table 3) t h e  hypothes is  of parameter s t a b i l i t y ,  

over a l l  time pe r iods ,  can be ree jec ted  a t  confidence l e v e l s  of 80% and 

14% f o r  t h e  in t e r t empora l  and r e s t r i c t e d  models r e s p e c t i v e l y .  I f  j u s t  

t he  f i r  st and t h i r d  p e r i o d s  a r e  considered,  thereby e l imina t ing  t h e  

r e l a t i v e l y  uns t ab le  pe r iod  when t h e , e n e r g y  shock i n i t i a l l y  occurred ,  i t  

i s  found t h a t  t h e  hypothes is  of s t r u c t u r a l  s t a b i l i t y  can be r e j e c t e d  at 

t h e  71% confidence l e v e l  f o r  t he  in ter tempora l  model, and at t h e  14% 

l e v e l  f o r  t h e  r e s t r i c t e d  model. Therefore,  i t  i s  apparent  t h a t ,  i n  

both of t he  above t e s t s ,  s t r u c t u r a l  s t a b i l i t y  can only be  r e j e c t e d  

a t  r e l a t i v e l y  low confidence l e v e l s .  

5.3 Type Choice Models : Two-Vehicle Households 

The two-vehicle household type  cholce model s p e c i f i e s  t h e  

p r o b a b i l i t y  of s e l e c t i n g  a  p o r t f o l i o  of s p e c i f i c  v e h i c l e  types .  I n  

t h i s  case each a l t e r n a t i v e  p o r t f o l i o  c o n s i s t s  of two v e h i c l e s  def ined  

hy make, model, and v i n t a g e .  Again, due t o  the  l a r g e  number of two- 

v e h i c l e  combina t ions(por t fo1ios)  t h e o r e t i c a l l y  a v a i l a b l e  t o  the  house- 

hold f o r  s e l e c t i o n ,  a sample of t e n  v e h i c l e  p o r t f o l i o s  was s e l e c t e d  

a t  random f o r  model e s t i m a t i o n  purposes, as was done i n  the  e s t ima t ion  
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of t h e  s i n g l e - v e h i c l e  househo ld  t y p e  c h o i c e  models.  A l s ~ ,  t h e  p r e c i s e  

s p e c i f i c a t i o n  of t h e  t y p e  c h o i c e  i n d i r e c t  u t i l i t y  f u n c t i o n  was d e t e r -  

mined by a  p r o c e d u r e  s i m i l a r  t o  t h a t  fo l lowed  i n  t h e  c a s e  of t h e  s i n g l e -  

v e h i c l e  househo ld .  The complete  l i s t  of e x p l a n a t o r y  v a r i a b l e s  u l t i m a t e l y  

used i n  model e s t i m a t i o n  i s  p r e s e n t e d  i n  Tab le  5 a l o n g  w i t h  t h e i r  

cor responding  summary s t a t i s t i c s .  The r e s u l t i n g  model pa ramete r  estimates 

f o r  d i s t i n c t  and combined t i m e  p e r i o d s  are g i v e n  i n  Table  6.  A d i s c u s s i o n  

of t h e  e x p l a n a t o r y  v a r i a b l e  s e l e c t i o n  p r o c e s s  and t h e  r e s u l t i n g  paramete r  

estimates i s  g i v e n  below. 

V e h i c l e  Cost  V a r i a b l e s  

Both o p e r a t i n g  (PIRO) and c a p i t a l  c o s t  v a r i a b l e s  (CAPO) are 

s p e c i f i e d  e x a c t l y  as i n  t h e  s i n g l e  v e h i c l e  t y p e  c h o i c e  model ,  w i t h  t h e  

e x c e p t i o n  b e i n g  t h a t  t h e  c o s t s  a r e  now summed over  b o t h  v e h i c l e s  com- 

p r i s i n g  t h e  p o r t f o l i o .  A s  Table  6 i l l u s t r a t e s ,  t h e  r e s u l t i n g  p a r a m e t e r  

e s t i m a t e s  a r e  p r o p e r l y  s i g n e d  and s t a t f s t i c a l l y  s i g n i f i c a n t  i n  a l l  t i m e  

p e r i o d s .  These r e s u l t s  i n d i c a t e  t h a t  f o r  b o t h  t h e  inDertempora1 and 

r e s t r i c t e d  models ,  h o u s e h o l d ' s  v a l u a t i o n s  of o p e r a t i n g  c o s t s  have i n -  

c reased  o v e r  t ime  w h i l e  t h e i r  v a l u a t i o n s  of c a p i t a l  c o s t s  have d e c r e a s e d  

over  t i m e .  T h i s  i s  r e f l e c t e d  i n  t h e  c a l c u l a t e d  m a r g i n a l  r a t e s  of 

s u b s t i t u t i o n  e v a l u a t e d  a t  t h e  p o p u l a t i o n  mean, p r e s e n t e d  i n  Tab le  7 .  

As t h i s  t a b l e  shows, t h e  p r i c e  t h a t  two-veh ic le  househo lds  are w i l l i n g  

t o  pay f o r  a 1~ p e r  m i l e  d e c r e a s e  i n  o p e r a t i n g  c o s t s  has  i n c r e a s e d  

n o t i c e a b l y  o v e r  t h e  t h r e e  t i m e  p e r i o d s  f o r  which models w e r e  e s t i m a t e d .  

Cor responding ly ,  househo lds '  d i s c o u n t  f a c t o r s  have d e c r e a s e  over  t ime .  

The g e n e r a l  f i n d i n g s  d e s c r i b e d  above a r e  e s s e n t i a l l y  i d e n t i c a l  



T a b l e  5. V a r i a b l e s  Used i n  
Two-Vehicle Type Choice Models 

(Means f o r  Chosen A l t e r n a t i v e s )  

PRD la PRD 2b PRD 3' 
V a r i a b l e  Mnemonic Mean Mean Mean 

(Fue l  c o s t  ( $ / m i )  .of  bo th  v e h i c l e s  * 
t y p i c a l  u t i l i z a t i o n d )  i Income C$/yr) PIRO .02557 .03485 .04315 

C a p i t a l  c o s t  of b o t h  v e h i c l e s  f 
Income C$/yr) 

CAPO .2993 .3029 .2939 

1 per iod  lagged u t i l i z a t i o n  (mi.) of same XT1 10720 9185 9261 
v e h i c l e s  i n  v e h i c l e  p o r t f o l i o  

2  p e r i o d  lagged u t i l i z a t i o n  (mi.) of same XT2 7990 8794 8113 
v e h i c l e s  i n  v e h i c l e  p b r t f o l i o  

1 per iod  lagged u t i l i z a t i o n  (mi.)  of XPTl 380.2 298.1 335.3 
s i m i l a r  make v e h i c l e s  i n  p o r t f o l i o  

2  p e r i o d  lagged u t i l i a a t i o n  (mi.)  of XPT2 856.9 746.5 527.6 
s i m i l a r  make v e h i c l e s  i n  p o r t f o l i o  

Front  and r e a r  s h o u l d e r  room summed 
over bo th  v e h i c l e s  

FRSR 212.5 215.2 213.0 

Pickup t r u c k  duunny PICK . I361  . I114  . I 2 7 1  

Number of American Motors c a r s  i n  p o r t f o l i o  AMC .07101 .0629 .0553 

Number of Fords in  portfolio FORD .5237 .5229 .5083 

Number of Chrys l e r s  i n  p o r t f o l i o  CHRY S .2426 .2429 .2597 

Number of f o r e i g n  c a r s  i n  p o r t f o L i o  FORN .2929 .2686 .2983 

Number of v e h i c l e s  2  y r s  o l d  o r  newer PWAG .2278 . I943 .2265 
i n  p o r t f o l i o  

Number of  v e h i c l e s  8  yrs o ld  o r  o l d e r  
i n  p o r t f o l l o  

OLDAG .5110 .6600 .6436 

Number of  o b s e r v a t i o n s  -- 338 350 362 

%er iod  1 i s  type  cho ice  a s  of December 1978, w i t h  u t i l i z a t i o n  from Jan.  1979 
t o  June 1979.The mean f u e l  p r i c e  i n  t h i s  six-month per iod is  $0.72 p e r  ga l lon .  

b ~ e r i o d  2  is  type  choice  a s  of June 1979, w i t h  u t i l i z a t i o n  from June  1979 t o  
Dec. 1980. The mean f u e l  p r i c e  i n  t h i s  six-month per iod is $0.96 p e r  g a l l o n .  

( c o n t i n u e d )  



Table 5. (cont inued)  

'period 3  i s  t y p e  c h o i c e  a s  of  December 1979 ,  w i t h  u t i l i z a t i o n  from J a n .  1980 
t o  J u n e  1980.  The xean  f u e l  p r i c e  i n  t h i s  s ix-month p e r i o d  i s  $1.17 p e r  g a l l o n .  

d ~ y p i c a l  u t i l i z a t i o n  i s  d e t e r m i n e d  by a p p l y i n g  t h e  f o l l o w i n g  e q u a t i o n s  f o r  s i n g l e  
v e h i c l e  h o u s e h o l d s :  

T y p i c a l  u t i l i z a t i o n  ( r l t )  = 2684 +457.8 * number of household  members 

+ .05294 * income ( $ / ~ r )  

For  two v e h i c l e  h o u s e h o l d s  

T y p i c a l  u t i l i z a t i o n  of  e a c h  v e h i c l e  ( r 2 t )  = 3331 + 1 5 1 . 1  * number of  

household  membes+ .04686 + income ( $ / y r )  

The p a r a m e t e r s  i n  t h e s e  e q u a t i o n s  were e s t i m a t e d  by o r d i n a r y  l e a s t  s q u a r e s  
u s i n g  a v e r a g e  u t i l i z a t i o n s  d e r i v e d  f rom a l l  a v a i l a b l e  p e r i o d s  i n  t h e  household  
sample.  



Table 6. Type Choice Model Parameter Estimates (Standard Errors in Parentheses): 
Two-Vehicle Households 

- 

I n t e r t e r ~ ~ p o r e l  Mcwlcl Kcs t r i c t cd  Hodel 

Ycrlod 1 L'eriod 2 

-13.19 -22.45 -20.183 -18.41 -18.71 -12.49 -22.119 -20.15 -18.17 -18.66 
YlHO (13.32) (12.71) (8.44) (7.15) (6.10) (13.27) (12.60) (8.46) (7.15) (6.09) . 
- 

-1.57 -1.35 -1.61 -1.33 -1.62 -1.56 -2.21 -1.49 
CAPO (.407) (.469) (. 376) (.271) I (.659) (.405) (.469) (.377) (.272) 1 

~. 
1.ug 1.1 kc l llluod 
eL Zero 
- - - -. . - 
lrrg I.lkcl lhood 
:tt Corlvurgcnce 



Table 7 .  Marg ina l  Ra tes  of S u b s t i t u t i o n  of Operat ing and C a p i t a l  Costs 
( P r i c e  W i l l i n g  t o  pay f o r  1 ~ / m i  d e c r e a s e  i n  o p e r a t i n g  c o s t s )  and Impl ied Annualized Discount  F a c t o r s :  

Two V e h i c l e  Households 
(Standard E r r o r s  i n  P a r e n t h e s e s )  

I n t e r t e m p o r e l  Hcdel  I R e s t r i c t e d  Model 

Pe r iod  1 Period 2 Pe r iod  3 Pe r i cda  163  A l l  Puriodb Per iod  1 Period 2 Pe r iod  3 Pe r iods  163 Alllr 

Diecount 
IFectore P" 14.0 13.2 17.4 16.7 13.2 13.2 17.8 16.9 

(pe rcen t )  32'9) (8.1) (6.4) (7.7) (6.0) (38.0) (7.6) (6.4) (7.9) (6.1)  I 
Heen Typ ica l  

8 4  4869 4881 4860 4860 
f o r  Each Veh 

. 4845 4869 4881 4860 4860 



t o  t hose  found and d i scussed  i n  t h e  case  of t h e  s i n g l e y e h i c l e  house- 

hold.  

Dynamic Components 

The dynamic components of t h e  two-vehicle type  choice model a r e  

r ep re sen ted  by t h e  lagged u t i l i z a t i o n s  of t h e  same v e h i c l e s  i n  t h e  

v e h i c l e  p o r t f o l i o  ( i . e .  t hose  v e h i c l e s  owned i n  t h e  preceding t ime 

pe r iods )  and t h e  lagged u t i l i z a t i o n s  of s i m i l a r  make v e h i c l e s  i n  t h e  

v e h i c l e  p o r t f o l i o .  A s  i n d i c a t e d  i n  Table 6 ,  t h e  parameter e s t i m a t e s  of 

t h e  u t i l i z a t i o n  v a r i a b l e s  (XT1, XT2, XPT1, XPT2) a r e  gene ra l ly  c o r r e c t l y  

s igned and s t a t i s t i c a l l y  s i g n i f i c a n t .  I n  comparing in t e r t empora l  and 

r e s t r i c t e d  models,  t h e  d i s t i n g u i s h i n g  v a r i a b l e s  (XT2 and XF'T2) g e n e r a l l y  

provide  s t a t i s t i c a l l y  s i g n i f i c a n t  parameter e s t ima te s , l end ing  suppor t  

t o  t h e  s u p e r i o r i t y  of t h e  in t e r t empora l  model. However, a s  i n  t h e  s i n g l e  

v e h i c l e  household case ,  t h e  r e s u l t a n t  d i f f e r e n c e s  between t h e  common 

parameter e s t i m a t e s  of t h e  i n t e r t e m p o r a l  and r e s t r i c t e d  models i s  q u i t e  

small .  

General  Vehic le  C h a r a c t e r i s t i c s  

I n  terms of v e h i c l e  dimensions, only t h e  f r o n t  and r e a r  dhoulder  

room, summed over both  v e h i c l e s ,  (FRSR) was found t o  produce s t a t i s t i c a l l y  

s i g n i f i c a n t  r e s u l t s .  A s  can be seen i n  Table 6 ,  t h e  PRSR parameter 

e s t i m a t e s  a r e  p rope r ly  s igned ( i . e .  more shoulder  room has  a p o s i t i v e  

e f f e c t  on t h e  p o r t f o l i o ' s  s e l e ~ t i o n  p r o b a b i l i t y )  and r e l a t i v e l y  s t a b l e  

over t ime.  Also, i t  should be noted t h a t  i n t e r i m  e s t i m a t i o n s  i n d i c a t e d  

l i t t l e ,  i f  any, d i f f e r e n c e  i n  t h e  v a l u a t i o n s  t h a t  households of d i f f e r -  

e n t  s i z e s  p laced  on t h e  shoulder  room v a r i a b l e ,  hence only one parameter 

e s t i m a t e  f o r  a l l  households was made. 
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For v e h i c l e  performance, none of t h e  horsepower, weight ,  o r  engine 

displacement v a r i a b l e s  (or combinations the reo f )  . w e r e  found t o  produce 

s t a t i s t i c a l l y  accep tab le  r e s u l t s .  The one performance r e l a t e d  v a r i a b l e  

included i n  t h e  e s t ima t ion  was a  pickup t ruck  v a r i a b l e  (PICK) i n d i c a t i n g  

the  number of pickup t rucks  i n  t h e  p o r t f o l i o .  The hypo thes i s  he re  i s  

t h a t  two-vehicle households a r e  l i k e l y  t o  f i n d  the  s p e c i a l i z e d  per- 

formance of a  pickup t r u c k  d e s i r a b l e  i n  a  v e h i c l e  p o r t f o l i o .  'In f a c t ,  

t h i s  hypothes is  i s  supported i n  both t h e  in t e r t empora l  and r e s t r i c t e d  

models f o r  t h e  f i r s t  and t h i r d  time p e r i o & a s  r e f l e c t e d  by t h e  p o s i t i v e  

PICK parameter e s t ima tes .  However, dur ing  t h e  per iod  of t h e  energy 

shock (Period 2 )  , t he  PICK parameter e s t ima tes  a r e  nega t ive  i n d i c a t i n g  

t h a t  pickup t rucks  were undes i rab le .  This  s i g n  change may have been 

caused by t h e  household 's  cur ta i lment  of vehicular  t r i p s  t h a t  requi red  

the  use of pickup t rucks  (e.g.  moving of appl iances ,  and so  on) .  

F i n a l l y ,  f o r  t h e  r e l i a b i l i t y  c h a r a c t e r i s t i c s  of t h e  v e h i c l e  

p o r t f o l i o ,  v e h i c l e  age was used a s  a  proxy f o r  r e l i a b i l i t y  i n  a  manner 

s i m i l a r  t o  t h a t  used i n  t h e  s ingle-vehic le  type choice e s t i m a t i o n s .  The 

cons t ruc ted  v a r i a b l e s  NEWAG ( t h e  number of v e h i c l e s  i n  t h e  p o r t f o l i o  

2 y e a r s  old o r  newer) and OLDAG ( the number of v e h i c l e s  8 yea r s  o ld  o r  

o lde r )  produced c o r r e c t l y  s igned parameter e s t ima tes  t h a t  were gene ra l ly  

s t a t i s t i c a l l y  s i g n i f i c a n t .  The r e s u l t s  i n d i c a t e  ( see  Table 6)  t h a t  t h e  

d e s i r a b i l i t y  of newer v e h i c l e s  has increased  over time while  t h e  

u n d e s i r a b i l i t y  of o lde r  v e h i c l e s  has dec l ined  over t ime. This  f i n d i n g  

impl ies  t h a t  v e h i c l e s  i n  the  3 t o  7 yea r  old range have become g e n e r a l l y  

l e s s  d e s i r a b l e  over t ime. 



Brand P re f e r ence  Variables-  

Brand p r e f e r e n c e  i s  accounted f o r  by i n c l u d i n g  variables d e f i n e d  

as t h e  number o f :  American Motors  v e h i c l e s  i n  t h e  v e h i c l e  p o r t f o l i o  

(AMC) , Ford p roduc t s  i n  t h e  p o r t f o l i o  (FORD), Ch rys l e r  p roduc t s  i n  

t h e  p o r t f o l i o  (CHRYS), and foreign-ade v e h i c l e s  i n  t h e  p o r t f o l i o  

(FORN). The e s t i m a t i o n  r e s u l t s  are i n  g e n e r a l  agreement w i t h  t h o s e  

ob t a ined  i n  t h e  s i n g l e - v e h i c l e  household ca se .  That i s  , f o r e i g n  

producers  have a brand p e r f e r n c e  d i s advan t age  r e l a t i v e  t o  a l l  domes t ic  

manu fac tu r e r s ,  and Ford and GM have a brand p r e f e r e n c e  advantage over 

b o t h  Chrys l e r  and AMC. 

S t r u c t u r a l  S t a b i l i t y  

A number of l i k e l i h o o d  r a t i o  tests were under taken  t o  t e s t  t h e  

2 
s t a b i l i t y  of t h e  model e s t i m a t g o v e r  t i m e .  The x s t a t i s t i c s  p r e sen t ed  

i n  Tab l e  6 i n d i c a t e  t h a t  i t  i s  p o s s i b l e  t o  r e j e c t  t h e  hypo the s i s  of 

paramete r  s t a b i l i t y  f o r  t h e  i n t e r t e m p o r a l  and r e s t r i c t e d  models a t  

t h e  95% and 46% conf idence  l e v e l s  r e s p e c t i v e l y  when a l l  p e r i o d s  are 

c o n s i d e r e d ,  and a t  t h e  88% and 14% conf idence  l e v e l s  r e s p e c t i v e l y  when 

t h e  second (energy shock) p e r i o d  i s  e l i m i n a t e d .  These t e s t  r e s u l t s  

i n d i c a t e  t h a t  a l t hough  t h e  hypo the s i s  of  s t r u c t u r a l  s t a b i l i t y  can be  

r e j e c t e d  w i t h  g r e a t e r  conf idence  i n  t h e  two-vehicle c a s e  as opposed 

t o  t h e  one-vehicle  household c a s e  p r e sen t ed  e a r l i e r .  The conf idence  

l e v e l  a t  which s t r u c t u r a l  s t a b i l i t y  can be  r e j e c t e d  i s  n o t  excep t ion-  

a l l y  h igh .  



5 .4  Yehfcle U t i l i z a t i o n  Models: Sfngle-Vehlcle H o u s e h ~ l d s  

The v e h i c l e  u t i l i z a t i o n  model' s p e c i f i e s '  t h e  number ~ f  mi.1e.s 

d r iven  by t h e  h ~ u s e h o l d  over a  s ik-month time per iod .  The de terminants  

of v e h i c l e  u t i l i z a t i o n  can be c l a s s i f l e d  i n t o  t h r e e  c-ategories: 

1 )  opera t ing  c o s t s ,  2) dyanmic a s p e c t s ,  and 3) t r i p  genera t ion  v a r i a b l e s .  

The t h e o r e t i c a l  d e r i v a t i o n s  g iven  i n  Chapter 3 (see  Equation (39))  com- 

p l e t e l y  spec i fy  t h e  ope ra t ing  and dynamic cos t  v a r i a b l e s ,  What remains,  

then ,  i s  t h e  s p e c i f i c a t i o n  of t h e  t r i p  generat ion v a r i a b l e s  ( i . e .  t he  

Z' vec to r  i n  Equation ( 3 9 ) ) .  The l i s t  of explanatory v a r i a b l e s  ut imate-  

l y  used i n  model e s t ima t ion  i s  g iven  i n  Table 8 along wi th  t h e i r  

corresponding summary s t a t i s t i c s .  Also,  t he  r e s u l t i n g  parameter e s t i m a t e s  

f o r  d i s t i n c t  and combined time per iods  a r e  presented i n  Table 9 .  The 

d i scuss ion  below focuses  on t h e  explanatory v a r i a b l e  s e l e c t i o n  process  

and an i n t e r p r e t a t i o n  of t h e  r e s u l t i n g  parameter e s t ima tes ,  

Operatfng Costs 

The ope ra t ing  c o s t  v a r i a b l e  (PIRO) is def ined ,  as i n  t h e  model 

d e r i v a t i o n s ,  a s  t he  f u e l  c o s t  pe r  mfle mul t ip l i ed  by t h e  t y p i c a l  u t i l -  

i z a t i o n .  S ince  ope ra t ing  c o s t  i s  a funct ion  of veh ic l e  type ( i . e .  f u e l  

e f f i c i e n c y  i n  mi l e s  per  g a l l o n ) ,  andhence i s  endogenous, c o n s i s t e n t  

parameter e s t ima tes  a r e  obtained by t h e  procedure d e t a i l e d  i n  

Sec t ion  3 . 4  ( see  Equation (41 ) ) .  The r e s u l t i n g  PIRO parameter est im- 

a t e s  a r e ,  i n  most c a s e s ,  p rope r ly  signed and s t a t i s t i c a l l y  s i g n i f i c a n t  . 
The exception occurs  du r ing  t h e  energy shock (Period 2) as t h e  e s t ima tes  

a r e  not  s t a t i s t i c a l l y  s i g n i f i c a n t  i n  e i t h e r  t h e  in t e r t empora l  o r  

r e s t r i c t e d  models, and t h e  parameter e s t ima te  i n  t h e  r e s t r i c t e d  model 



Table  8. V a r i a b l e s  Used i n  
S i n g l e  V e h i c l e  U t i l i z a t i o n  Models 

b 
FXD la DRD 2 ?IID 3' 

V a r i a b l e  Mnemonic Mean Nean Nean 

F u e l  c o s t  ( $ / m i )  * t y p i c a l  u t i l i z a t i o n  (mi) PIRO 190.6  256.2 317.4 

Income ( $  l y r )  10 12970 14130 15120 

1 p e r i o d  lagged u t i l i z a t i o n  (mi.)  
Same v e h i c l e  

2 p e r i o d  lagged u t i l i z a t i o n  (mi . )  
Same v e h i c l e  

1 p e r i o d  lagged u t i l i z a t i o n  (mi.) 
S i m i l a r  make v e h i c l e  

2 p e r i o d  l agged  u t i l i z a t i o n  (mi . )  
S i m i l a r  make v e h i c l e  

Urban d m y  ( 1  i f  urban l o c a t i o n ,  
0 o t h e r w i s e )  

Nor theas t  dummy ( 1  i f  N o r t h e a s t  l o c a t i o n ,  - NEST .2464 .2493 .2308 
0 o t h e r w i s e )  

Age dummy (1 i f  head of househo ld  50  yrs HAGE .5159 .5291 .5165 
o ld  o r  l e s s ,  0 o t h e w i s e )  

Number of household  worke r s  NWORK .6754 .8809 .8929 

Number of o b s e r v a t i o n s  -- 345 361 364 

%er iod  1 is type  c h o i c e  a s  of  December 1978, w i t h  u t i l i z a t i o n  from J a n .  1979 
t o  June 1979. The mean f u e l  p r i c e  i n  t h i s  six-month p e r i o d  i s  $0.72 p e r  ga l l on .  

b ~ e r i o d  2 is  type  cho i ce  a s  of June  1979, w i t h  u t i l i z a t i o n  from June  1979 t o  
Dec. 1980. The mean f u e l  p r i c e  i n  t h i s  six-month p e r i o d  is  $0.96 p e r  g a l l o n .  

$e r iod  3 is  t y p e  cho i ce  a s  of  December 1979, w i t h  u t i l i z a t i o n  from J a n .  1980 
t o  June  1980. The mean f u e l  p r i c e  i n  t h i s  six-month p e r i o d  is  $1.17 p e r  g a l l o n .  

d ~ y p i c a l  u t i l i z a t i o n  i s  determined by app ly ing  t h e  fo l l owing  equa t ions  f o r  s i n g l e  
v e h i c l e  households :  

T y p i c a l  u t i l i z a t i o n  ( r  ) = 2684 +457.8 * number of household members 
It 

+ .05294 * income ( $ / y r )  

(Cont inued)  



Table  8 (Continued) 

For two v e h i c l e  households 

Typ ica l  u t i l i z a t i o n  of each v e h i c l e  ( r 2 t )  = 3331 + 151.1 * number of 

household membels+ ,04686 + income ( $ / y r )  

The parameters  i n  t h e s e  e q u a t i o n s  were e s t ima ted  by o rd ina ry  l e a s t  squa res  
us ing average u t i l i z a t i o n s  de r ived  from a l l  a v a i l a b l e  pe r iods  i n  t h e  household 
sample. 



Table  9 .  U t i l i z a t i o n  Model Parameter  E s t i m a t e s  (S tandard  E r r o r s  i n  P a r e n t h e s e s ) :  
Single-Vehicle  Households 

XP1 

-- 

XP2 

UHO 

-. . - 
NEAST 

InLerLreporal Model Krstrlcted Model 
I 1 

Perlod 1 Perlod 2 Period 3 Periods 1 6 3 A l l  Perlodv -- 

-9.67 -1.12 -2.36 -4.98 -4.22 
(3.18) (2.91) (1.70) (1.14) (1.12) 

Period I P e r i d  2 Period 3 Per la la  1 6 3 A l l  Perlrxls 

-8.36 1.55 -3.67 -4.93 -4.22 
(3.3J) (3.76) (1.86) (1.23) (1.33) 

-- 

.038 .OO8 .007 .019 .022 
(.Ole) (.021) .015 (.011) (.011) 

.356 .704 .521 .432 .486 
(.026) (.052) (.026) (.Ole) (-019) 



i s  improper ly  s igned  ( i . e .  h i g h e r  o p e r a t i n g  c o s t s  i n c r e a s e  t h e  e x t e n t  

of v e h i c l e  u t i l i z a t i o n ) .  Th l s  can be  exp l a i aed  by tke f u e l  s u p p l y  

c o n s t r a i n a s  and f u e l  s t  a t i o n  queueing t h a t  p r e v a i l e d  d u r i n g  t h i s  

t i m e  p e r i o d .  The combination of t h e s e  two f a c t o r s  a p p e a r s  t o  have  

de te rmined  t h e  e x t e n t  of v e h i c l e  u t i l i z a t i o n  i n  t h i s  p e r i o d ,  as opposed 

t o  t h e  more t r a d i t i o n a l  d e t e r m i n a t e s  of v e h i c l e  u s e ,  

m t e r m s  of parameter  magni tudes ,  i t  appea r s  as though t h e  

impor tance  of o p e r a t i n g  c o s t s  i n  de t e rmin ing  v e h i c l e  u t i l i z a t i o n  h a s  

d e c l i n e d  over t ime.  Th i s  i s  suppor ted  by t h e  o p e r a t i n g  c o s t - u t i l i z a t i o n  

(VMT) e l a s t i c i t y  estimates ( eva lua t ed  a t  t h e  p o p u l a t i o n  mean) p r e sen t ed  

i n  Tab l e  10. Note t h a t  i n  t h i s  t a b l e  t h e  shor t - run  e l a s t i c i t r e s  a r e  

ob t a ined  d i r e c t l y  from t h e  e q u a t i o n  estimates whereas  t h e  long-run 

e l a s t i c i t i e s  are ob ta ined  by assuming t h a t  s t e a d y - s t a t e  u t i l i z a t r o n  i s  

ach ieved  ( i . e .  x = x = x  ...). A s  expec t ed ,  long-run e l a s t r c i t i e s  
t t-1 t-2 

t end  t o  b e  l a r g e r  than  sho r t - run  e l a s t i c i t i e s .  It i s  c l e a r ,  however, 

t h a t  b o t h  sho r t - run  and long-run o p e r a t i n g  c o s t  e l a s t i c i t i e s  have 

tended t o  d e c l i n e  over t i m e .  

Dynamic Aspects  

The dynamic a s p e c t s  i n c l u d e ,  as s p e c i f i e d  by t h e  d e r i v a t i o n s  i n  

Chapter 3 ,  lagged u t i l i z a t i o n  of t h e  same v e h i c l e  ( i . e .  i f  owned and 

ope ra t ed  i n  p r ev ious  t i m e  p e r i o d s )  and lagged u t i l i z a t i o n  of a  s i m i l a r  

make v e h i c l e  ( i . e .  i f  t h e  c u r r e n t  v e h i c l e  w a s  n o t  owned p r e v i o u s l y  b u t  

a  v e h i c l e  of t h e  same make was owned p r e v i o u s l y ) .  S i n c e  t h e s e  dynamic 

v a r i a b l e s  a r e  v e h i c l e  s p e c i f i c ,  t h e  p rocedure  d e s c r i b e d  i n  Sec t i on  3 .4  i s  

a p p l i e d  i n  e s t i m a t i o n  ( s ee  Equat ion ( 4 1 ) ) .  As  can be  s een  i n  Tab l e  9 ,  



Table  1 0 ,  U t i l i z a t i o n  E l a s t i c i t i e s  (Standard E r r o r s  i n  P a r e n t h e s e s ) :  
Single-Vehicle  Households 

In te r t empora l  Model R e s t r i c t e d  Model 
E l a s t i c i t v  I I 

I .o,nc 
(3hort-run,) 

OpecaL Lng 
Cos t s  
( L . O ~ I ~ - ~ I I I I )  
-. . - - . . . . . 

11, C',l,,C 

(I.ong-run) 

I ' e r i d  1 Per iod  2 Pe r iod  3 Pe r iods  1 6 3 A l l  P e r i o d s  -- -- 
-.3RY -.a61 - . I73 -.284 -.228 
(.128) (.146) (.125) (.065) ( .060) 

. I00  .058 -.nu7 .044 ,049 
(.050) (.052) (.05U) (.032) (.035) 

-.911 -.212 -.257 -.446 -.279 
( .288)  (.507) ( . l 8 6 )  (.102) ( - 0 7 4 )  

.2.14 .201 -.a11 .069 .060 
( .117)  ( . l 8 l )  (.074) (.050) ( .043) 

Pe r iod  1 Period 2 Pe r iod  3 P e r i o d s  1 6 3 A l l  I 'erlodu 

-. 336 ,078  -.260 -.281 -.22R 
(.134) (. 188) (. 136) ( .070)  ( .072)  

- - - .- - -. - - - 
, 108  .020 .025 .063 .(I69 
(.052) (.067) (.054) (.036) (.014) 

-- - -- .. - --- 
-.522 .264 -.541 -.495 -.444 

( .208)  (.615) ( .284)  ( .  123) (. 140) 

. ----- - - - - - - - -- -. . - -. 
.168 .078 .052 .I11 . I34  
(.081) (.226) ( .111)  (.063) ( .066) 



t h e s e  v a r i a b l e s  ( X I ,  X2, 33'1, and XP2) a l l  produce p r o p e r l y  s i gned  and 

g e n e r a l l y  s t a t i s t i c a l l y  s i g n i f i c a n t  pa ramete r  e s t i m a t e s ,  Tn terms of 

paramete r  magni tudes ,  t h e r e  seems t o  be a cons ide r ab l e  amount of 

i n s t a b i l i t y  ove r  t i m e ,  w i t h  no s t r o n g  p a t t e r n s  i n d i c a t e d .  A s t a t i s t i c a l  

t e s t  of t h e  s t r u c t u r a l  s t a b i l i t y  of t h e  u t i l i z a t i o n  e q u a t i o n s  w i l l  be 

p r e sen t ed  s h o r t l y .  

When i n t e r p r e t i n g  t h e  d i f f e r e n c e s  2n e m p i r i c a l  f i t  of t h e  i n t e r -  

t empora l  and r e s t r i c t i v e  models,  t h e  same q u a l i t a t i v e  conc lu s ions  made 

i n  t h e  t y p e  cho i ce  models can be made he r e .  That i s ,  a l t h o u g h  t h e  v a r i -  

a b l e s  d i s t i n g u i s h i n g  t h e  i n t e r t e m p o r a l  model (X2 and 8P2)  produce 

s t a t i s t i c a l l y  s i g n i f i c a n t  parameter  e s t i m a t e s , t h e  impact t h a t  t h e s e  

a d d i t i o n a l  v a r i a b l e s  have on t h e  paramete r  e s t i m a t e s  of v a r i a b l e s  sha r ed  

by b o t h  models i s  n o t  g r e a t .  

T r i p  Gene ra t i on  V a r i a b l e s  

The f a c t o r s  de te rmin ing  household t r i p  g e n e r a t i o n  i n c l u d e  t h o s e  

r e l a t i n g  t o  w e a l t h ,  geographic  l o c a t i o n ,  and l i f e  c y c l e .  To r e p r e s e n t  

w e a l t h ,  t h e  househo ld ' s  annua l  income (TO) i s  inc luded  i n  t h e  s p e c i f i -  

c a t i o n  as sugges ted  by t h e  d e r i v a t i o n s  in Chapter  3. A s  e x p e c t e d ,  t h e  

income paramete r  estimates were g e n e r a l l y  p r o p e r l y  s i gned  i n d i c a t i n g  

t h a t  households  w i t h  h i g h e r  incomes tend t o  d r i v e  more t han  t h o s e  w i t h  

lower incomes.  The magnitudes of t h e  income paramete r  e s t i m a t e s  d e c l i n e  

over  t ime  r e f l e c t i n g  t h e  d e c l i n i n g  importance of income i n  de t e rmin ing  

u t i l i z a t i o n .  T h i s  i s  f u r t h e r  s u b s t a n t i a t e d  by t h e  d e c l i n i n g  magni tudes  

of b o t h  long-run and shor t - run  i n c o m e / u t i l i z a t i o n  e l a s t i c i t y  e s t i m a t e s  

( i n t e r p r e t e d  a t  t h e  p o p ~ ~ l a t i o n  mean) a s  shown i n  Table  10 .  



Other v a r i a b l e s  a f f e c t i n g  v e h i c l e  u t i l i z a t i o n  r e l a t e  t o  geo- 

graphic l o c a t i o n .  I n t u i t i v e l y ,  t h e  genera t ion  of t r i p s  r e q u i r i n g  

v e h i c l e  use  w i l l  va ry  widely from urban t o  r u r a l  r e s i d e n t i a l  l a c a t i o n ,  

a s  w e l l  a s  from one region  of t h e  country t o  another ,  Ih t h e  f i n a l  

model e s t i m a t i o n ,  two geographic v a r i a b l e s  were 'included. The f i r s t  i s  

a  dummy v a r i a b l e  (URB) defined only f o r  households r e s i d i n g  i n  an urban 

area .  A s  expected, t h e  parameter e s t ima te  of t h i s  v a r i a b l e  i s  nega- 

t i v e  i n d i c a t i n g  t h a t  urban households tend t o  d r i v e  l e s s  than t h e i r  

r u r a l  coun te rpa r t s .  This  e s t ima te  r e f l e c t s  t h e  f a c t  t h a t  urban house- 

holds  have g r e a t e r  a c c e s s i b i l i t y  t o  a l t e r n a t e  modes of t r a v e l  (e.g. b u s ) ,  

t h e  urban s p a t i a l  d i s t r i b u t i o n  r e q u i r e s  l e s s  veh icu la r  t r i p s  t o  s a t i s f y  

household a c t i v i t i e s ,  and t h e  t r a n s p o r t a t i o n  i n f r a s t r u c t u r e  i s  l e s s  

conducive t o  automobile t r a v e l  (e .  g. congest ion,  parking l i m i t a t i o n s ,  

and so  on) .  The URB parameter e s t ima tes  seem t o  be reasonably s t a b l e  

over time . 

The second geographic loca t ion  v a r i a b l e  (NEAST) i s  def ined  on ly  

f o r  households l i v i n g  i n  t h e  no r theas t e rn  po r t ion  of t he  U.S. I n i t i a l l y ,  

i t  was expected t h a t  n o r t h e a s t e r n  households would t r a v e l  l e s s  due 

t o  t h e  h ighe r  popula t ion  d e n s i t i e s  and the  genera l ly  poorer q u a l i t y  of 

t he  highway t r a n s p o r t a t i o n  network. However, i t  was found t h a t  t h e  

NEAST parameter e s t ima tes  were not  always signed a s  expected,  and t h e  

s t a t i s t i c a l  s i g n i f i c a n c e  of t h e  r e s u l t s  was not  p a r t i c u l a r l y  high.  It 

should be noted t h a t  o the r  r e g i o n a l  v a r i a b l e s  were considered i n  t h e  

es t imat ion  but  t h e  r e s u l t s  were not s a t i s f a c t o r y .  

The f i n a l  t r i p  genera t ion  v a r i a b l e s  r e l a t e  t o  the  household 's  

9 6 



l i f e  c y c l e .  S p e c i f i c a l l y ,  l?f  e c y c l e  v a r i a b l e s  should c a p t u r e  com- 

ponents  of t h e  t r i p  g e n e r a t i o n  p r o c e s s  t h a t  v a r y  by t h e  s t a g e  of house- 

ho ld  development ( e . g .  p r e sence  of c h i l d r e n ,  working p a r e n t s ,  r e t i r e d  

p a r e n t s ,  and s o  on) . U l t i m a t e l y ,  two l i f e  c y c l e  v a r i a b l e s  were i nc luded  

i n  t h e  e s t i m a t i o n s ;  t h e  head of t h e  househo ld t s  age (HAGE] and t h e  number 

of household workers  (NWORK). The HAGE v a r i a b l e  a t t e m p t s  t o  c a p t u r e  t h e  

f a c t  t h a t  "o lder"  households  tend t o  g e n e r a t e  fewer  v e h i c u l a r  t r i p s .  

The HAGE v a r i a b l e  i s  de f i ned  on ly  f o r  households  w i t h  heads  f i f t y  y e a r s  

o ld  o r  l e s s .  The EL4GE parameter  e s t i m a t e s  a r e  p r o p e r l y  s i gned  and 

s t a t i s t i c a l l y  s i g n i f i c a n t  ( s e e  Table  9 ) .  The parameter  magnitudes i n d i -  

c a t e  t h a t  t h e  e f f e c t  of t h e  HAGE v a r i a b l e  on u t i l i z a t i o n  ha s  t ended  t o  

d e c l i n e  over  t ime .  

The remain ing  l i f e  c y c l e  v a r i a b l e  (NWO'RK) was expec t ed  t o  pro-  

duce p o s i t i v e  pa r ame te r  e s t i m a t e s  ( i . e .  t h e  h i g h e r  t h e  number of workers ,  

t h e  h i g h e r  t h e  v e h i c l e  u t i l i z a t i o n ) .  Tn most t ime  p e r i o d s ,  t h i s  expec ta -  

t i o n  w a s  borne  o u t .  However, d u r i n g  t h e  energy shock (Per iod  2 )  n e g a t i v e  

and 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  parameter  e s t i m a t e s  r e s u l t e d .  T h i s  

i s  p robab ly  due t o  t h e  f u e l  supply  c o n s t r a i n t s  which seem t o  l e a d  t o  a 

g e n e r a l  "breakdown" of u t i l i z a t i o n  model e s t i m a t i o n s .  

S t r u c t u r a l  S t a b i l i t y  

To t e s t  f o r  t h e  s t r u c t u r a l  s t a b i l i t y  of t h e  u t i l i z a t i o n  e q u a t i o n s  

over  t ime ,  a number of Chow t e s t s  were conducted.  When a l l  p e r i o d s  were 

cons ide r ed ,  it w a s  found t h a t  t h e  hypo the s i s  of s t r u c t u r a l  s t a b i l i t y  

cou ld  be r e j e c t e d  a t  h igh  l e v e l s  of conf idence  i n  e x c e s s  of 99% f o r  

b o t h  t h e  i n t e r t e m p o r a l  and r e s t r i c t e d  model s p e c i f i c a t i o n s  ( s e e  t h e  



F - s t a t i s t i c s  i n  Tab le  9 ) ,  However, when t h e  f u e l  supply  c o n s t r a i n e d  

second p e r i o d  i s  n o t  i nc luded  i n  t h e  Chow tests, t h e  h y p o t h e s i s  of 

s t r u c t u r a l  s t a b i l i t y  can be r e j e c t e d  e a s i l y  f o r  t h e  r e s t r i c t e d  model 

bu t  on ly  a t  t h e  80% conf idence  l e v e l  f o r  t h e  i n t e r t e m p o r a l  model. These 

r e s u l t s  s e e m  t o  i n d i c a t e  t h a t  t h e  u t i l i z a t i o n  model i s  s u b s t a n t i a l l y  l e s s  

s t a b l e  over t ime t h a n  t h e  cor responding  v e h i c l e  t y p e  cho i ce  model ( s e e  

S e c t i o n  5 . 2 )  , 

5.5 Veh i c l e  U t i l i z a t i o n  Models: Two-Vehicle Households 

The two v e h i c l e  household u t i l i z a t i o n  e q u a t i o n s  s p e c i f y  t h e  

number of m i l e s  d r i v e n  by t h e  household on each  of t h e  two v e h i c l e s  

compris ing t h e  househo ld ' s  v e h i c l e  p o r t f o l i o .  The model e s t i m a t i o n s  

were based on t h e  u t i l i z a t i o n  e q u a t i o n  de r i ved  ?n Chapter  3 (Equat ion 

(40 ) ) .  Again, as w a s  t h e  c a s e  i n  t h e  s i n g l e - v e h i c l e  household model,  

t h e  e s t i m a t i o n  procedure  d e t a i l e d  i n  S e c t i o n  3 . 4  w a s  a p p l i e d  t o  o b t a i n  

c o n s i s t e n t  pa ramete r  e s t i m a t e s  i n  t h e  p r e sence  of t h e  d i s c r e t e l c o n t i n u o u s  

model s t r u c t u r e .  The complete l i s t  of exp l ana to ry  v a r i a b l e s  u l t i m a t e l y  

used i n  model e s t i m a t i o n  i s  g iven  i n  Tab le  11 a long  w i t h  t h e i r  c o r r e s -  

ponding summary s t a t i s t i c s .  I n  a d d i t i o n ,  t h e  r e s u l t i n g  paramete r  

e s t i m a t e s  f o r  d i s t i n c t  and combined t ime p e r i o d s  a r e  p r e s e n t e d  i n  

Tab le  1 2 .  An i n t e r p r e t a t i o n  of t h e  r e s u l t i n g  model e s t i m a t e s  i s  g iven  

below. 

Opera t ing  Cos t s  

The o p e r a t i n g  c o s t  v a r i a b l e  (PITO) i s  de f i ned  as t h e  combinat ion 

of t h e  t o t a l  f u e l  expenses  ( i . e .  f u e l  c o s t s  m u l t i p l i e d  by t y p i c a l  

u t i l i z a t i o n )  of b o t h  v e h i c l e s  compris ing t h e  household ' s  v e h i c l e  

9  8  



Table 11. Var i ab le s  Used i n  
Two-Vehicle U t i l i z a t i o n  Models 

PRD 2b 
Me an 

554.0 

PRD 3' 
Yean V a r i a b l e  

F u e l  c o s t  ($ /mi . )  of bo th  v e h i c l e s  
* Typica l  u t i l i z a t i o n  (mi.ld 

Income (S/yr) 

1 p e r i o d  lagged u t i l i z a t i o n  (mi.) 
of same v e h i c l e s  i n  v e h i c l e  p o r t f o l i o  

2 p e r i o d  lagged u t i l i z a t i o n  (mi.)  
of same v e h i c l e s  i n  v e h i c l e  p o r t f o l i o  

1 p e r i o d  lagged u t i l i z a t i o n  (mi.)  
of similar make v e h i c l e s  i n  p o r t f o l i o  

2 p e r i o d  lagged u t i l i z a t i o n  (d.) 
of s i m i l a r  make v e h i c l e  i n  p o r t f o l i o  

Urban dummy ( 1  i f  urban l o c a t i o n ,  
0 o the rwise )  

Nor theas t  dummy ( 1  i f  n o r t h e a s t  l o c a t i o n ,  
0 o the rwise )  

Age dummy (1 i f  household head 50 y r s  o l d  
o r  l e s s ,  0 o the rwise )  

W G E  

N d e r  of household workers 

New v e h i c l e  dummy (1 i f  newer v e h i c l e  of 
p a i r ,  0 o the rwise )  

B d e r  of obse rva t ions  

Y e r i o d  1 is type cho ice  a s  of December 1978, w i t h  u t i l i z a t i o n  from Jan. 1979 
t o  June 1979,The mean f u e l  p r i c e  i n  t h i s  six-month pe r iod  is  $0.72 p e r  gal lon.  

b ~ e r i o d  2 is type choice  a s  of June 1979, w i t h  u t i l i z a t i o n  from June 1979 t o  
Dec. 1980. The mean f u e l  p r i c e  i n  t h i s  six-month pe r iod  i s  $0.96 p e r  ga l lon .  

$e r iod  3 is  type  cho ice  a s  of December 1979, w i t h  u t i l i z a t i o n  from Jan.  1980 
t o  June 1980. The mean f u e l  p r i c e  i n  t h i s  six-month pe r iod  i s  $1.17 pe r  ga l lon .  

(Continued) 



Table 11. (Continued) 

d ~ y p i c a l  u t i l i z a t i o n  i s  determined by applying t h e  fo l lowing e q u a t i o n s  f o r  s i n g l e  
v e h i c l e  households  : 

T y p i c a l  u t i l i z a t i o n  ( r l t )  = 2684 f457 .8  * number of household members 

+ .05294 * income ( $ / ~ r )  

For  two v e h i c l e  househo lds  

T y p i c a l  u t i l i z a t i o n  of each v e h i c l e  ( r Z t )  = 3331 + 151.1 * number of 

household membes+ .04686 + income ($ /y r )  

The pa rame te r s  i n  t h e s e  e q u a t i o n s  were e s t ima ted  by o rd ina ry  l e a s t  squa re s  
u s ing  ave rage  u t i l i z a t i o n s  de r ived  from a l l  a v a i l a b l e  p e r i o d s  i n  t h e  household 
sample. 



1SVIN 

nnn 

ZdX 

. - - -. -- 

IdX 

(BZO'! 
CLZ 

(LOO') (010.) (ZTO? tzro') 
z 10' EIU' zzo 11ro. 

(LOO') (OIO.! (ZIO*) tr~o.) 
I CI0. '1 I0 910' EIU' 

01 



p o r t f o l i o .  The PIT0 parameter e s t ima tes  a r e  c o s x e c t l ~  s3gned but  

gene ra l ly  no t  very  s i g n i f i c a n t  s t a t i s t i c a l l y ,  A l s o ,  2 t  appears  

households'  v a l u a t i o n  of opera t ing  c o s t s  is reasonably s t a b l e  Qver 

time providing t h e  energy shock per iod  i s  e l iminated .  ThTs s t a b i l i t y  

is supported by t h e  long-run and short-run opera t ing  c o s t / ; u t i l i z a t i o n  

e l a s t i c i t i e s  ( ca l cu la t ed  a t  t h e  populat ion mean) a s  indicated i n  

Table 13. 

Dynamic Aspects 

The dynamic a spec t s  i nc lude ,  a s  s p e c i f i e d  by t h e  d e r i v a t i o n s  i n  

Chapter 3 ,  t h e  lagged u t i l i z a t i o n  of t h e  same v e h i c l e s  i n  the  v e h i c l e  

p o r t f o l i o  ( i . e .  those  v e h i c l e s  owned i n  previous time per iods]  and t h e  

lagged u t i l i z a t i o n  of s i m i l a r  make v e h i c l i e s  i n  t h e  p o r t f o l i o .  The para- 

meter e s t i m a t e s  f o r  t hese  v a r i a b l e s  (XI, X2, XP1, X .2 )  a r e  a l l  of 

p l a u s i b l e  s i g n  and gene ra l ly  s t a t i s t i c a l l y  s l g n i f i c a n t .  Also,  i t  

should be pointed out t h a t  t hese  parameter e s t ima tes  appear t o  be q u i t e  

unstable,  as  i n d i c a t e d  by t h e i r  magnitudes. 

I n  comparing in t e r t empora l  and r e s t r i c t e d  models, t h e  same 

q u a l i t a t i v e  conclusion found i n  previous ly  presented  e s t ima t ions  a p p l i e s  

here .  That i s  t o  say ,  t h a t  a l though t h e  d i s t i n g u i s h i n g  v a r i a b l e s  X 2  and 

XP2 r e s u l t  i n  s t a t i s t i c a l l y  s i g n i f i c a n t  parameter e s t i m a t e s ,  t h e  

e f f e c t  t h a t  t h e  i n c l u s i o n  of such v a r i a b l e s  has on t h e  remaining para- 

meter e s t ima tes  i s  no t  g r e a t .  

Tr ip  Generaion Var iables  

The t r i p  genera t ion  v a r i a b l e s  included i n  t h e  two-vehicle household 

u t i l i z a t i o n  models where t h e  same a s  those  s p e c i f i e d  i n  t h e  one-vehicle 



Table 13. U t i l i z a t i o n  E l a s t i c i t i e s  (Standard Er ro r s  i n  Parentheses]  : 
Two-Vehicle Hotlseholds 

E l a s t i c i t y  with 
respec t  t o  Period 1 Period 2 Period 3 Periods 1.3 111  Periods Period 1 Perlod 2 Period 1 PerLods 113 A11 Yeriodnl 1 I 
Ope rnt i r~g  -. 102 -. 004 - . I27  -.071 -.059 -. 105 -. 008 - .I32 -.0/14 -.Dl9 

( . 116)  ( . 056)  I ( . 052)  ( .130)  (.L36) ( . 117)  ( . 056)  ( . 0 5 l )  I - . -- --- -- . -. - . - -- 1 

Intertemporal Model Res tr i c ted  Model _ - 
I 



household c a s e ;  income (IO), urban  l o c a t i o n  (URB), r e s i d e n c e  i n  t h e  

n o r t h e a s t  (NEAST), age of household head (HAGE), and number of workers  

(NWORK) . The income paramete r  e s t i m a t e s  were p r o p e r l y  s igned  and r e l a -  

t i v e l y  s t a b l e  over  t i m e  a s  i n d i c a t e d  i n  Table  12.  Th is  s t a b i l i t y  i s  

a l s o  r e f l e c t e d  i n  t h e  long-run and sho r t - run  ~ n c o m e / u t i l i z a t i o n  

e l a s t i c i t i e s  p r e sen t ed  i n  Tab le  3. 

The URB parameter  e s t i m a t e s  were found t o  be 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 ,  which i s  somewhat s u r p r i s i n g  g iven  t h e  accep t ab ly  s i g n i f i -  

c a n t  r e s u l t s  found i n  t h e  one-vehicle household case .  A l so ,  t h e  o t h e r  

l o c a t i o n  s p e c i f i c  v a r i a b l e  (NEAST) produced i n s i g n i f i c a n t  parameter  

e s t i m a t e s  as was t h e  case  w i t h  s i n g l e  v e h i c l e  households .  

The l i f e s t y l e  v a r i a b l e ,  t h e  head of t h e  household ' s  age (HAGE) 

and t h e  number of workers  (NWORK) , produced g e n e r a l l y  p r o p e r l y  s i gned  

parameter  e s t i m a t e s .  The one n o t i c e a b l e  excep t i on  i s  t h e  NWDRK para -  

mete r  e s t i m a t e  i n  Pe r i od  2  which i s  n e g a t i v e l y  s igned  b u t  no t  w2th a h i g h  

degree  of s t a t i s t i c a l  s i g n i f i c a n c e .  T h i s  can be e x p l a i n e d ,  t o  some 

e x t e n t ,  by t h e  f u e l  supply  c o n s t r a i n t s  t h a t  impacted u t i l i z a t i o n  d u r i n g  

t h e  second p e r i o d .  A s  a f i n a l  p o i n t ,  b o t h  t h e  HAGE and NWORK paramete r  

e s t i m a t e s  appear  t o  be  u n s t a b l e  over  t i m e ,  a s  i n d i c a t e d  by t h e i r  

cor responding  parameter  magni tudes .  

The f i n a l  v a r i a b l e  i nc luded  i n  t h e  two-vehicle household u t i l -  

i z a t i o n  model i s  a  dummy v a r i a b l e  ( N W )  i n d i c a t i n g  i f  t h e  v e h i c l e  i s  

t h e  newer ( i n  terms of v i n t a g e )  of t h e  two v e h i c l e s  compris ing t h e  

household ' s  v e h i c l e  p o r t f o l i o .  The hypo the s i s  h e r e  i s  t h a t  newer 

v e h i c l e s  w i l l  o f f e r  s u p e r i o r  r e l i a b i l i t y  and comfort t he r eby  making them 



g e n e r a l l y  more d e s i r a b l e  t o  u se ,  Indeed,  t h e  NEWV parameter e s t i m a t e s  

were found t o  have a ve ry  in f luence  on t h e  de te rmlna t ion  af 

u t i l i z a t i o n ,  a s  i n d i c a t e d  by tl ie magnitude of t h e  parameter e s t i m a t e .  

Moreover, t hese  e s t i m a t e s  were found t o  be ve ry  h igh ly  s t a t i s t i c a l l y  

s i g n i f i c a n t  and reasonably  s t a b l e  over time. 

S t r u c t u r a l  S t a b i l i t y  

A number of Chow t e s t s  were conducted t o  t e s t  f o r  t h e  s t r u c t u r a l  

s t a b i l i t y  of t h e  u t i l i z a t i o n  equations over t ime. A s  t h e  P - s t a t i s t i c s  

i n d i c a t e  ( s ee  Table 1 2 ) ,  t h e  hypothes is  of s t r u c t u r a l  s t a b i l i t y  can be  

r e j e c t e d  a t  high confidence l e v e l s  when a l l  t h r e e  pe r iods  a r e  cons idered .  

When t h e  t u r b u l e n t  energy shock per iod  (Period 2)  i s  excluded from con- 

s i d e r a t i o n ,  i t  i s  found t h a t  t h e  s t r u c t u r a l  s t a b i l i t y  hypothes is  can 

s t i l l  be r e j e c t e d  wi th  h igh  confidence ( i , e .  g r e a t e r  than  99%).  These 

r e s u l t s  i n d i c a t e  t h a t  t h e  u t i l i z a t i o n  equat ions  tend t o  be u n s t a b l e  

over  t ime,  whi le  t h e  corresponding two-vehicle household type choi'ce 

models i nd ica t ed  r e l a t i v e  s t r u c t u r a l  s t a b i l i t y  ( see  Sec t ion  5 . 3 ) .  

5.6 Level Choice Models 

The l e v e l  choice models s p e c i f y  t h e  p r o b a b i l i t y  t h a t  a household 

w i l l  choose t o  own one o r  two v e h i c l e s .  The gene ra l  fonn of t h e  l e v e l  

choice models i s  t h a t  i n d i c a t e d  e a r l i e r  by Equation (19) .  The a c t u a l  

v a r i a b l e s  included i n  e s t i m a t i o n  a r e  presented i n  Table 14 along 

w i t h  t h e i r  corresponding summary s t a t i s t i c s ,  The r e s u l t i n g  parameter 

e s t ima te s  a r e  provided i n  Table 15. Before procedding wi th  a d i s c u s s i o n  

of t h e s e  e s t ima t ion  r e s u l t s ,  i t  should be pointed out  t h a t  t h e  s t anda rd  

e r r o r s  r epo r t ed  i n  Table 15 a r e  n o t  cor rec ted  f o r  t h e  f a c t  t h a t  an 



Table 1 4 .  Var iab les  Used i n  t h e  
= Leve 1 Choice Mode 1s 

PRD la PRD 2b PRD 3' 
Var iab le  Mean Mean Mean 

Number of household members 
(Defined f o r  2 v e h i c l e  a l t .  only) 

Number of household workers 
(Defined f o r  2 v e h i c l e  a l t .  only) 

Income ( $ /  r )  
(Defined For 2 v e h i c l e  a l t .  only) 

Urban d m y  j1 i f  urban l o c a t i o n ,  URB .7291 .7257 .7273 
0 otherwise)  (Defined f o r  2 v e h i c l e  

a l t .  only)  
Log sum from t y p e  choice models LSUM 10.540 10.077 11.159 

Choice dummy ( 1  i f  2 v e h i c l e  a l t . ,  
0 o therwise)  

Number of observa t ions  -- 683 711 726 

%er iod  1 i s  type  choice  a s  of December 1978, wi th  u t i l i z a t i o n  from Jan .  1979 
t o  June 1979.The mean f u e l  p r i c e  i n  t h i s  six-month per iod  i s  $0.72 p e r  g a l l o n .  

b ~ e r i o d  2 i s  type  choice as  of June 1979, wi th  u t i l i z a t i o n  from June 1979 t o  
Dec. 1980. The mean f u e l  p r i c e  i n  t h i s  six-month p e r i o d  i s  $0.96 p e r  ga l lon .  

(=Period 3 i s  type  choice as  of December 1979, w i t h  u t i l i z a t i o n  from Jan .  1980 
t o  June 1980. The mean f u e l  p r i c e  i n  t h i s  six-month per iod  i s  $1.17 p e r  g a l l o n .  



e s t ima t ed  v a l u e  of t h e  logsum @blch is t h e  n a t u r a l  logar i - thm of t h e  

denominator of t h e  l o g i t  t ype  cho ice  model) was used as opposed t o  t h e  

t r u e  v a l u e .  Amemiya (1976) h a s  shown t h a t  t h e  u s e  of e s t i m a t e d  logsums 

r e s u l t s  i n  s t a n d a r d  e r r o r s  t h a t  a r e  b i a s e d  downward ( a c t u a l  pa r ame te r  

e s t i m a t e s  a r e  n o t  a f f e c t e d ) .  A s  such ,  t h e  s t anda rd  e r r o r s  r e p o r t e d  

i n  Tab le  , l 5  should  be  viewed as a  lower bound. 

I n  s t r u c t u r i n g  t h e  fo l l owing  d i s c u s s i o n ,  v a r i a b l e s  Tncluded i n  t h e  

l e v e l  cho i ce  model s p e c i f i c a t i o n  a r e  c l a s s i f i e d  i n t o  two c a t e g o r i e s ;  

1 )  socioeconomic v a r i a b l e s  and 2)  t h e  v e h i c l e  t ype  logsum v a r i a b l e s .  

Socioeconomic V a r i a b l e s  

I n  a l l ,  f o u r  socioeconomic v a r i a b l e s  were inc luded  i n  t h e  model 

s p e c i f i c a t i o n ;  1 )  t h e  number of household members (NMEM), 2)  number 

of household workers  (NWORK), 3) household income (10) and 4)  an u rban  

l o c a t i o n  v a r i a b l e  (URB) , Since  parameter  e s t i m a t e s  of such  v a r i a b l e s  

can on ly  be  a t t a i n e d  f o r  one of t h e  two a l t e r n a t i v e s  ( i .e .  t h e y  d o  n o t  

v a r y  a c r o s s  a l t e r n a t i v e s ) ,  a l l  of t h e s e  v a r i a b l e s  w e r e  d e f i n e d  on ly  f o r  

t h e  two-vehicle  a l t e r n a t i v e .  

The number of household members i s  in lcuded  a s  an e x p l a n a t o r y  

v a r i a b l e  s i n c e  i t  i s  hypothes ized  t h a t  l a r g e r  households  w i l l  b e  more 

l i k e l y  t o  own two v e h i c l e s  as opposed t o  one. A s  t h e  e s t i m a t e s  of 

Tab le  15 i n d i c a t e ,  NMEM paramete r  e s t i m a t e s  a r e  p r o p e r l y  s igned  ( i . e .  

t h e  l a r g e r  t h e  household ,  t h e  g r e a t e r  t h e  p r o b a b i l i t y  of owning two 

v e h i c l e s )  and s t a t i s t i c a l l y  s i g n i f i c a n t .  I n  t e rms  of paramete r  mag- 

n i t u d e s ,  t h e r e  appea r s  t o  be a  s l i g h t  d e c l i n e  i n  t h e  importance t h a t  

NMEM h a s  on t h e  p r o b a b i l i t y  of s e l e c t i n g  two v e h i c l e s .  



Table  15.  Leve l  Choice Model Parameter  E s t i m a t e s  (Standard E r r o r s  
i n  P a r e n t h e s e s )  

LOR I l k e l l h o o d  
a t  Z e r o  1-473.4 -492.8  

-501.2  -976.6 -1469 1 -473.4 -492.8  -;03.2 -976.6 -1469 

Log l . l k e l l l ~ o o d  
nl  C < m v r r g c n c e  1-305.6 -331.5 -369.5 -691.6 

-1029 1 -293.9 -321.8 -349.9 -646.2 

R e s t r i c t e d  Model 

P e r i o d  1 P c r l o d  2 P e r i o d  3 P e r i o d s  I 6 3  A l l  Per io , lg  

.379 . 302 .293 .344 .359 
(.O82) (.1175) (074)  ( .055)  (. 044)  

.482 . 5 h l  . 5 1 1  .4R2 , 4 7 2  
(.142) ( . I % )  ( .133)  (.007) (.l170) 

.319E-04 .924E-05 .142E-04 .170E-04 .12hh-0b 
(.1008-04) (.H04E-05) (.778E-05) (.611E-05) (./,RE-(15) 

-.487 -.417 -.503 -.478 -.447 
( .232)  ( . 2 1 5 )  (.212) ( .155)  ( .12h)  

I 
V a r i a b l e  

N H M  

-- 
NUOIIK 

-- 

I 0  
-- 

URB 
--- 

I n L e r t e m p o r a l  Model 

P e r i o d  1 P e r i o d  2 I ' e r iod  3 P e r l o d s  1 6 3  A l l  P e r i o d s  

.372 . I 8 7  .247 .I11 . I 4 5  
( .080)  ( .075)  ( .071)  ( .052)  ( .043)  
- -- 

.SO8 . 5 8 1  .618 . 5 9 3  .559 
(.141) (. 135)  ( .128)  ( .093)  (.U76) 

.356E-04 .731E-05 .199E-04 .254E-04 .198E-04 
(.1008-04) (.811E-05) (.758E-05) (.597E-05) (.48E-05) 

-.515 - .453 -.565 -.557 -.500 
(.227) c .214)  ( .206)  (.150) (.122) 
- 

I S l l H  

ALTI 

.622 . 8 7 1  .389 .402 .531 
(.074) (.094) ( .046)  ( .034)  ( .036)  

- 
-2.34 -1.95 -1.86 -2.14 -2.17 
(.327) ( .304)  ( .283)  ( .212)  ( .174)  

--- 

, 7 9 8  . q I 3  .578 . 6 5 0  .767 
(.088) ( . I l l s )  ( .064)  ( .050)  ( . 0 4 H )  

-2.47 -2 .03  -2.13 -2 .29  -2.23 
( .31h)  3 3  (.297) ( .223)  ( . 1 RO) 



Based on t h e  h y p o t h e s i s  t h a t  tf ie number of h ~ u s e h o l d  w ~ y k e r s  

w i l l  6 e  a s t r o n g  de t e rminan t  of t h e  number of v e h i c l e s  t h e  household 

chooses t o  own, the v a r i a b l e  WORK i s  inc luded  i n  t h e  model s p e c i f i c a -  

t i o n .  The paramete r  e s t i m a t e s  i n d i c a t e  t h a t  t h e  g r e a t e r  t h e  number of 

workers  t h e  g r e a t e r  t h e  p r o b a b i l i t y  of t h e  household s e l e c t i n g  two 

v e h i c l e s  as opposed t o  one.  Moreover,  Tab le  15 i n d i c a t e s  t h a t  t h e  

NWORK paramete rs  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  and r e l a t i v e l y  s t a b l e  

w e r  t ime . 
The income v a r i a b l e  (10)  w a s  a l s o  found t o  produce p r o p e r l y  

s igned  and s t a t i s t i c a l l y  s i g n i f i c a n t  parameter  e s t i m a t e s .  That i s  

t o  s a y ,  h ighe r  income households  were f  a n d  t o  be more l i k e l y  t o  

choose t o  own two v e h i c l e s  t h a n  t h e i r  lower income c o u n t e r p a r t s .  

The f i n a l  socioeconomic v a r i a b l e  i s  de f ined  f o r  t h o s e  house- 

ho ld s  r e s i d i n g  i n  an u rban  l o c a t i o n .  Due t o  t h e  problems of p a r k i n g ,  

t h e  a v a i l a b i l i t y  of competing modes (e .g .  b u s ) ,  and t h e  dense  s p a t i a l  

d i s t r i b u t i o n ,  i t  i s  hypothes ized  t h a t  urban households  w i l l  be l e s s  

l i k e l y  t o  own two v e h i c l e s  t han  r u r a l  househol& w i l l .  The parameter  

e s t i m a t e s  i n  Tab le  15 suppo r t  t h i s  hypo the s i s .  Also ,  t h e  URB parameter  

e s t i m a t e s  appear  t o  be r e l a t i v e l y  s t a b l e  over t ime.  

The Logsum V a r i a b l e  

The logsum v a r i a b l e  (LSUM) i s  c a l c u l a t e d  a s  t h e  n a t u r a l  

l oga r i t hm of t h e  denominator  of t h e  l o g i t  type  cho i ce  models de sc r i bed  

i n  S e c t i o n s  5 .2  and 5 .3 .  Th i s  v a r i a b l e  r e p r e s e n t s  t h e  expected v a l u e  

of  t h e  maximum u t i l i t y  ob ta ined  fram t h e  v e h i c l e  t ype  cho ice .  

The r e s u l t i n g  LSUM paramete r  e s t i m a t e s  can be i n t e r p r e t e d  



as measur ing t h e  d e g r e e  af c o r r e l a t i o n  of e r r o r  t e r n s  w i t h i n  8 l e v e l  

(one or two v e h i c l e s )  c h o i c e .  A pa ramete r  v a l u e  of one i n d i c a t e s  t h a t  

t h e  e r r o r  terms a r e  independen t  and hence t h e  c h o i c e  p r o b a 6 i l i t i e s  

reduce  t o  a s i m p l e  m u l t i n o m i a l  l o g i t  form ( i . e .  a j o i n t  model of l e v e l  

and t y p e ) .  Converse ly ,  a pa ramete r  v a l u e  of z e r o  i n d i c a t e s  p e r f e c t  

c o r r e l a t i o n  of e r r o r  terms which i n  t u r n  i m p l i e s  t h a t  f o r  e a c h  l e v e l  

of ownership t h e  household w i l l  s e l e c t  t h e  v e h i c l e  t y p e  p r o v i d i n g  t h e  

h i g h e s t  u t i l i t y  w i t h  p r o b a b i l i  t y  one. 

Analogously ,  t h e  LSUM paramete r  e s t i m a t e s  can be  viewed as a 

measure of s u b s t i t u t a b i l i t y  ( c r o s s  e l a s t i c i t y )  between v e h i c l e  t y p e s .  

A pa ramete r  v a l u e  approach ing  one i n d i c a t e s  t h e  s u b s t i t u t a b i l i t y  

between o n e  and two-vehic le  ownership ( 2 .  e. l e v e l s )  i s  h i g h ,  Converse ly  , 

a paramete r  v a l u e  approach ing  z e r o  i m p l i e s  h i g h  s u b s t i t u t a b i l i t y  among 

v e h i c l e  t y p e s  w i t h i n  a g i v e n  v e h i c l e  ownership l e v e l .  I n  o t h e r  woxds, 

demand s h i f t s  induced by e x t e r n a l  f a c t o r s  w i l l  r e s u l t  i n  t h e  s e l e c t i o n  

of d i f f e r e n t  v e h i c l e  t y p e s  a s  opposed t o  changes i n  v e h i c l e  ownership 

l e v e  1s. 

A s  a f i n a l  p o i n t ,  McFadden (1981) h a s  shown t h a t  a logsurn paramete r  

e s t i m a t e  must have a v a l u e  between z e r o  and one t o  be  c o n s i s t e n t  w i t h  

u t i l i t y  maximiza t ion .  

The LSUM paramete r  estimates p r e s e n t e d  i n  Tab le  1 5  i n d i c a t e  

a c o n s i s t e n c y  w i t h  u t i l i t y  maximiza t ion .  Moreover,  t h e  h i g h  s ta t is -  

t i c a l  s i g n i f i c a n c e  of t h e  pa ramete r  e s t i m a t e s  r e f l e c t s  t h e  Tmportance 

of t h e  leve l  and t y p e  c h o i c e  r e l a t i o n s h i p .  It i s  a l s o  i n t e r e s t i n g  

t o  n o t e  t h a t  t h e  magni tude of t h e  pa ramete r  e s t i m a t e  changes markedly  



over  t ime .  I n  p a r t i c u l a r ,  n o t e  t h g t  d u r i n g  t h e  energy shock (Per iod 2 )  

t h e  v a l u e  of t h e  LSUM parameter  e s t l m a t e  approaches  u n i t y .  Th i s  i m p l i e s  

t h a t  t h e  s u b s t i t u t a b i l i t y  between ownership l e v e l s  was q u i t e  h i g h  d u r i n g  

t h i s  p e r i o d .  Th i s  e s t i m a t e  p robab ly  r e f l e c t s  t h e  f a c t  t h a t  households  

were f e v e r i s h l y  a d j u s t i n g  t h e i r  v e h i c l e  f l e e t s  ( p r i m a r i l y  t h e  number) 

i n  r e sponse  t o  r a p i d l y  changing f u e l  a v a i l a b i l i t y  and c o s t  s t r u c t u r e s .  

A f i n a l  p o i n t  can be  made w i t h  r e g a r d  t o  t h e  comparison between 

i n t e r t e m p o r a l  and r e s t r i c t e d  model s t r u c t u r e s .  I n  t h e  c a s e  of t h e  

l e v e l  cho i ce  model,  t h e  on ly  d i s t i n c t i o n  between t h e  two models e n t e r s  

th rough  t h e  v a l u e s  of t h e  LSUM v a r i a b l e  which a r e  determined from t h e  

e s t ima t ed  forms of t h e  i n t e r t e m p o r a l  and r e s t r i c t e d  t y p e  cho i ce  models.  

A s  Tab le  15  r e v e a l s ,  t h e  parameter  e s t i m a t e s  of t h e  ZSUM v a r i a b l e  do  

d i f f e r  n o t i c e a b l y  between i n t e r t e m p o r a l  and r e s t r i c t e d  models.  However, 

as w a s  t h e  c a s e  i n  t h e  t y p e  cho i ce  and u t i l i z a t i o n  models ,  t h e  d i f f e r -  

ence s  i n  t h e  paramete r  e s t i m a t e s  of v a r i a b l e s  common t o  b o t h  models 

are q u i t e  s m a l l .  

S t r u c t u r a l  S t a b i l i t y  

To test  f o r  s t r u c t u r a l  s t a b i l i t y  i n  t h e  l e v e l  cho i ce  mode ls ,  

a number of l i k e l i h o o d  r a t i o  t e s t s  were conducted.  The x2 s t a t i s t i c s  

p r e sen t ed  i n  Tab l e  15 i n d i c a t e  t h a t  t h e  hypo the s i s  of s - t r u c t u r a l  

s t a b i l i t y  can be r e j e c t e d  a t  h igh  conf idence  l e v e l s  f o r  t h e  i n t e r -  

t empora l  model ,  and a t  t h e  83% conf idence  l e v e l  f o r  t h e  r e s t r i c t e d  

model,  when a l l  t i m e  p e r i o d s  a r e  cons idered .  When t h e  energy  shock 

p e r i o d  i s  e l i m i n a t e d  (Per iod 2 )  i t  i s  found t h a t  t h e  h y p o t h e s i s  of 

s t r u c t u r a l  s t a b i l i t y  can aga in  b e  r e j e c t e d  a t  h i g h  conf idence  levels 
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f o r  the  in t e r t empora l  model, and a t  t h e  43% confidence l e y e l  f o r  

t h e  r e s t r i c t e d  model, These. r e s u l t s  suggest  . . a reasonable  amount 

of i n s t a b i l i t y  ( p a r t i c u l a r l y  in t h e  case of t h e  in t e r t empora l  model) 

i n  l e v e l  choice parameter  e s t ima tes .  Reca l l  t h a t  such i n s t a b i l i t y  

w a s  a l s o  suggested i n  t h e  u t l l i z a t i o n  models, but  no t  i n  t h e  type  

choice models. 

5.7 Household Vehic le  Demand Responsiveness 

The o b j e c t i v e  of t h i s  s e c t i o n  2s t o  a s ses s  t h e  s e n s i t i v i t y  of 

households t o  changes i n  v e h i c l e  operating c o s t s ,  v e h i c l e  c a p i t a l  c o s t s ,  

and household income. This  i s  achieved by c a l c u l a t i n g  (by enumeration 

ove r  t h e  household popula t ion)  t h e  e l a s t i c i t i e s  of t hese  f a c t o r s  with 

r e s p e c t  t o  t h e  s e l e c t i o n  p r o b a b i l i t y  of a  s p e c i f i c  v e h i c l e  type  ( i . e .  

make, model, and v i n t a g e ) .  The a n a l y s i s  of t h e  r e s u l t i n g  e l a s t i c i t i e s  

w i l l  be shown t o  provide  information r e l a t i n g  t o  changing demand 

respons iveness  over t ime,  comparisons of new and used v e h i c l e  respon- 

s iveness ,  t h e  respons iveness  of households owning d i f f e r e n t  y e h i c l e  

makes, and t h e  competi t iveness of s p e c i f i c  v e h i c l e  manufacturers .  

5 . 7 . 1  Overa l l  Household Res~ons iveness  

To begin ,  type  choice e l a s t i c i t i e s  a r e  ca l cu la t ed  f o r  s i x  v e h i c l e  

types t h a t  i nc lude  old and new domestic compact, fo re ign  compact, domest ic  

midsize,  and domest ic  f u l l s i z e .  The r e s u l t i n g  e l a s t i c i t y  e s t i m a t e s  f o r  

income, c a p i t a l  c o s t s ,  and opera t ing  c o s t s  a r e  presented i n  Table 16 

f o r  s ing le -veh ic l e  households and i n  Table 17 f o r  t w o - ~ e h i c l e  households. 

Before i n t e r p r e t i n g  t h e s e  r e s u l t s ,  i t  i s  important t o  po in t  out  t h a t  

t h e  v e h i c l e  type  choice s p e c i f i c a t f o a s  employed i n  t h i s  s tudy p l a c e  

t h e  r e s t r i c t i o n  t h a t  t h e  summation of opera t ing  and c a p i t a l  c o s t  
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Table 16. Type Choice E l a s t i c i t i e s :  Single-Vehicle Households 

- -  - -~ 

X c t  t o  I l l t e r t em>orn l  Model l l c s t r i c t e d  Model 
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e l a s t i c i t i e s  must be equal  i n  magnitude (but oppos i te  i n  s i g n )  t o  t h e  

income e l a s t i c i t y .  I n  pre l iminary  e s t i m a t i o n s ,  i t  was found t h a t  such 

a  r e s t r i c t i o n ,  which i s  not  imp laus ib l e ,  was necessary t o  obta in  reason- 

ab le  es t imat ion  r e s u l t s  t h a t  con t ro l l ed  f o r  income d i f f e r e n c e s  among 

households. 

Turning now t o  t h e  s ing le -veh ic l e  household e l a s t i c i t y  est im- 

a t e s  presented  i n  Table 16 ,  i t  i s  i n t e r e s t i n g  t o  no te  t h a t  t he  e a r l i e r  

f ind ings  of i n c r e a s i n g  consumer's v a l u a t i o n s  of opera t ing  c o s t s  and 

decreas ing  va lua t ions  of c a p i t a l  c o s t s  ( see  Sec t ion  5 . 2 ) ,  over t ime,  

a r e  r e f l e c t e d  i n  these  type choice e l a s t i c i t i e s .  Also n o t i c e  t h a t  t h e  

i-ncome and c a p i t a l  cos t  e l a s t i c i t i e s  a r e  much l a r g e r  f o r  new v e h i c l e s  

than f o r  old veh ic l e s .  This  emphasizes t h e  importance of p r i c i n g  i n  

t h e  s a l e  of new v e h i c l e s .  Tn terms of ope ra t ing  cos t  e l a s t i c i t i e s ,  

i t  appears  a s  though o lder  v e h i c l e s  of t h e  same c l a s s  (e.g.  compacts) 

a r e  more e l a s t i c  than t h e i r  newer v e h i c l e  counterpar t s .  As a  f i n a l  

p o i n t ,  a l though t h e  income and c a p i t a l  c o s t  e l a s t i c i t i e s  of fo re ign  

and domestic producers a r e  s i m i l a r , t h e  domestic o f f e r i n g s  a r e  more 

s e n s i t i v e  t o  changes i n  opera t ing  c o s t s :  This r e f l e c t s  a gene ra l  

need f o r  improved ope ra t ing  cos t  performance among domestic manufactur- , 

e r s .  More on t h i s  mat te r  w i l l  be s a i d  i n  Sect ion 5.7.3. 

For the  case  of two-vehicle households ( see  Table 1 7 ) ,  i t  i s  

f i r s t  important  t o  no te  t h a t  f o r  a l l  t h r e e  e l a s t i c i t i e s  (income, 

c a p i t a l  c o s t s ,  and opera t ing  c o s t s ) ,  ' two-vehicle households have 

much l e s s  va r i ance  ac ross  v e h i c l e  types than  do s ingle-vehic le  house- 

hold.  It i s  speculated t h a t  t h i s  i s  s o  due t o  the  f l e x i b i l i t y  t h a t  

i s  afforded by t h e  ownership of an a d d i t i o n a l  v e h i c l e ,  which l eads  
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t o  more uniform r e s p o n s e s  a c r o s s  v e h i c l e  t y p e s  w i t h  r e s p e c t  t o  changes  

i n  v e h i c l e  c o s t s  and income. Also ,  I n  comparing one- and two-vehicle  

household r e s p o n s i v e n e s s ,  Tab les  16 and 17 i n d i c a t e  t h a t  income and 

c a p i t a l  c o s t  e l a s t i c i t i e s  a r e  s i m i l a r  f o r  o ld  v e h i c l e s ,  b u t  two-vehicle  

households  a r e  much l e s s  e l a s t i c  w i t h  r e g a r d  t o  income and c a p i t a l  c o s t  

e l a s t i c i t i e s  f o r  new v e h i c l e s .  T h i s  i s  probably due i n  l a r g e  p a r t  t o  

t h e  g e n e r a l l y  h i g h e r  incomes of t h e  two-vehicle household p o p u l a t i o n .  

F i n a l l y ,  i t  i s  observed t h a t  t h e  o p e r a t i n g  c o s t  s e n s i t i v i t i e s  of two- 

v e h i c l e  households  have i n c r e a s e d ,  over  t ime ,  a t  h i g h e r  r a t e s  t h a n  t h e  

s i n g l e - v e h i c l e  household o p e r a t i n g  c o s t  s e n s i t i v i t i e s .  Again,  t h i s  

p robab ly  r e f l e c t s  t h e  a d d i t i o n a l  f l e x i b i l i t y  of t h e  two-vehicle house- 

ho ld  i n  t h a t  t h e y  a r e  more l i k e l y  t o  e n t e r  t h e  market  and seek  v e h i c l e s  

t h a t  a r e  more a p p r o p r i a t e  i n  t h e  f a c e  of t h e  p r e v a i l i n g  c o s t s  and 

economic c l i m a t e .  

5 . 7 . 2 .  Household Responsiveness  by Vehic le  Make 

With t h e  g e n e r a l  r e spons ivenes s  t o  v a r i o u s  v e h i c l e  t y p e s  d i s c u s s e d  

above,  i t  i s  i n t e r e s t i n g  t o  d i r e c t  a t t e n t i o n  t o  t h e  r e spons ivenes s  of 

owners of s p e c i f i c  makes of v e h i c l e s .  Th i s  i s  done by e s t i m a t i n g  

e l a s t i c i t i e s ,  a s  b e f o r e ,  b u t  enumerat ing only over  t h a t  p o r t i o n  of t h e  

popu l a t i on  owning v e h i c l e s  of a  s p e c i f i e d  make. I n  a l l ,  households  

of seven  v e h i c l e  makes (Ford ,  Chevro le t ,  a l l  f o r e i g n  makes, C h r y s l e r ,  

American Motors ,  Oldsmobi le ,  and Toyota) were cons ide r ed .  The e l a s t i -  

c i t i e s  were c a l c u l a t e d  on ly  from t h e  i n t e r t e m p o r a l  t ype  cho i ce  model 

(since t h e  e a r l i e r  e s t i m a t e s  i n  Tab l e s  16 and 17 r e v e a l e d  l i t t l e  d i f f e r -  

ence between t h e  r e s t r i c t e d  and i n t e r t e m p o r a l  models) and on ly  f o r  
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t h e  p e r i o d s  b e f o r e  and a f t e r  t h e  energy  shock. 

The r e s u l t i n g  e l a s t i c i ' t y  e s t i r a a t e s  f o r  s inggd-veh ic le  house- 

ho ld s  are p r e s e n t e d  i n  Tab l e  18.  For  income e l a s t i c i t i e s ,  Fo rd ,  AMC and 

Toyota owners have t h e  h i g h e s t  e l a s t i c i t i e s  fol lowed by C h r y s l e r ,  

Chev ro l e t ,  Oldsmobi le ,  and f o r e i g n  v e h i c l e  owners. The AMC owners had 

t h e  i n t e r e s t i n g  e f f e c t  of s l i g h t l y  i n c r e a s i n g  income e l a s t i c i t i e s  f o r  

o ld  c a r s  and g r e a t l y  d e c r e a s i n g  e l a s t i c i t i e s  f o r  new c a r s ,  ove r  t i m e .  

It i s  p o s s i b l e  t h a t  t h i s  i r r e g u l a r  e f f e c t  w a s  caused by d i f f e r e n t  house- 

h o l d s ,  w i th  d i f f e r e n t  socioeconomic c o n d i t i o n s ,  owning AMC v e h i c l e s  

i n  t h e  two t i m e  p e r i o d s .  

The c a p i t a l  c o s t  elasticities r e f l e c t  t h e  same p a t t e r n  w i t h  

Ford,  AMC and Toyota  owners be ing  t h e  most e l a s t i c  fol lowed by 

C h r y s l e r ,  Chev ro l e t ,  Oldsmobi le ,  and f o r e i g n  v e h i c l e  owners. The AMC 

owners aga in  demons t r a t e  unusua l  i n s t a b i l i t y  over  t ime  as t h e y  become 

much l e s s  e l a s t i c  w i t h  r e s p e c t  t o  c a p i t a l  c o s t s .  For  o p e r a t i n g  c o s t  

e l a s t i c i t i e s ,  t h e  same r a n k  of makes r e s u l t e d ,  w i t h  households  becoming 

more e l a s t i c  over  t i m e  a s  opposed t o  t h e  c a p i t a l  c o s t  c a s e ,  i n  which 

t h e y  became less e l a s t i c .  I n  t e rms  of a b s o l u t e  v a l u e s ,  b e f o r e  t h e  

energy shock ,  o p e r a t i n g  c o s t  and c a p i t a l  c o s t s  e l a s t i c i t i e s  were abou t  

e q u a l  f o r  o l d e r  v e h i c l e s ,  and c a p i t a l  c o s t  e l a s t i c i t i e s  were  g r e a t e r  

t han  o p e r a t i n g  c o s t  e l e a s t i c i t i e s  f o r  new v e h i c l e s .  A f t e r  t h e  shock ,  

o p e r a t i n g  c o s t  e l a s t i c i t i e s  exceed c a p i t a l  c o s t  e l a s t i c i t i e s  f o r  o l d e r  

v e h i c l e s  b u t  c a p i t a l  c o s t  e l a s t i c i t i e s  s t i l l  dominate o p e r a t i n g  c o s t  

e l a s t i c i t l e s  f o r  newer c a r s .  T h i s  s u g g e s t s  t h a t  even though f u e l  

e f f i c i e n c y  h a s  become more i m p o r t a n t ,  t h e  v e h i c l e  c o s t  i s  s t i l l  t h e  

c r i t i c a l  f a c t o r .  T h i s  f i n d i n g  underscores  t h e  impor tance  of new v e h i c l e  
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Table 18. Type Choice E l a s t i c i t i e s  by Make: Single-Vehicle Households 
( In ter tempora l  Model) 

Ford Chev-rolet Fore ign  rZMC Oldsmobile Toyota 
Ch rys l e r  

Income - 
'72 Vega 

'72 Coro l l a  

'79 Chevrole t  

'79 Coro l l a  

' 72 Maverick 

'79 Granada 

'72  Cu t l a s s  

'79 Cu t l a s s  

C a p i t a l  Costs  

'72 Vega 

'72 Coro l l a  

'79 Chevrole t  

'79 Coro l l a  

'72 Maverick 

'79  Granada 

'72 Cu t l a s s  

'79 Cu t l a s s  

Opera t ing  caste 
'72 Vega -. 383 

'72 Coro l l a  - . I99  

'79 Chevrolet  -.327 

'79 Coro l l a  -.326 

' 72  Maverick -.502 

'79 Granada -.497 

'72 C r ~ t l a s s  -.679 

'79  Cu t l a s s  -.496 

PRDl PRD3 

.658 .931 

.738 1 .01  

1.92 1.82 

2.03 1 .90  

.923 1.27 

2.21 2.23 

1.19 1.67 

2 .28  2.29 



p r i c i n g  even when cons iderable  changes i n  t h e  va lua t ions  of o the r  

v e h i c l e  a t t r i b u t e s  have occurred.  

The e l a s t i c i t y  e s t i m a t e s  f o r  two v e h i c l e  households a r e  given 

i n  Table 19. The o rde r  of t h e  makes, by magnitude of t h e  income e l a s -  

t i c i t y ,  i s  s u b s t a n t i a l l y  d i f f e r e n t  than t h a t  order  found i n  t h e  s i n g l e  

v e h i c l e  case.  S p e c i f i c a l l y ,  Oldsmobile owners a r e  t h e  most e l a s t i c ,  

followed by Chevrole t ,  Chrys ler ,  AMC, Ford, fo re ign  makes, and f i n a l l y  

Toyota owners. The d i f f e r e n c e s  i n  these  order ings  a s  opposed t o  those  

i n  t h e  s i n g l e  v e h i c l e  household case ,  may be t h e  r e s u l t  of a  number of 

f a c t o r s  inc lud ing  t h e  f a c t  t h a t  t h e  "other" v e h i c l e  owned i n  the  

v e h i c l e  p o r t f o l i o  (which may o r  may not  be of t he  same make) can have 

a  cons iderable  impact on e l a s t i c i t y  e s t ima tes .  

For both opera t ing  cos t  and c a p i t a l  cost  e l a s t i c i t i e s ,  t h e  order  

of t h e  v e h i c l e  makes based on t h e  abso lu te  va lues  of t h e i r  e l a s t c i t i e s  

i s  e s s e n t i a l l y  the  same as t h a t  found i n  t h e  income e l a s t i c i t y  case  

d iscussed  above. Also, i n  c o n t r a s t  t o  t h e  s i n g l e  veh ic l e  household case ,  

t h e  abso lu te  va lue  of t h e  c a p i t a l  cos t  e l a s t i c i t y  i s  g r e a t e r  than  t h a t  

of t h e  opera t ing  cos t  e l a s t i c i t y  be fo re  t h e  energy shock, but  t h e  

opposi tve i s  t r u e  f o r  a l l  v e h i c l e  types (old and new) a f t e r  t h e  energy 

shock. Therefore,  i n  t h e  case of t h e  two v e h i c l e  households, t h e  sen- 

s i t i v i t y  t o  t h e  f u e l  e f f i c i e n c y  of new v e h i c l e s  now outweights t h e  

s e n s i t i v i t y  t o  c a p i t a l  c o s t s .  The f a c t  t h a t  t h i s  i s  not  t h e  case  i n  

t h e  s i n g l e  v e h i c l e  household may be  t h e  r e s u l t  of t he  d i f f e r i n g  income 

l e v e l s  of t he  two popula t ions .  



Income 

'72  Vega 

'72 Coro l l a  

'79  Chevette 

'79  Coro l l a  

'72 Maverick 

' 79  Granada 

'72  C u t l a s s  

Table  19.  Type Choice E l a s t i c i t i e s  by Make : Two-Vehicle Households 

( I n t e r t e m p o r a l  M d e l )  

'79 C u t l a s s  

C a p i t a l  Costs  

"72 Vega 

'72 Coro l l a  

'79  Chevet te  

'79 Coro l l a  

'72 Maverick 

'79  Granada 

'72  Cu t l a s s  

' 7 9  C u t l a s s  

Opera t ing  Cos 

'72  Vega 

'72 C r o l l a  

'79 Chevet te  

'79 Coro l l a  

'72 Maverick 

'79 Granada 

'72 C u t l a s s  

'79 C u t l a s s  

Ford 

PRDl PRD3 

.575 .886 

.606 .917 

.902 1 .09  

.941 1.12 

.631 .980 

.984 1 .23  

.717 1 .14  

Chevrole t  

RD1 PRD3 

1.39 

Fore ign  

PRDl PRD3 

,467 .637 

.487 .659 

.699 .775 

.726 .795 

.512 .715 

,766 .887 

.570 .823 

Chrys l e r  

PRDl PRD3 

.596 .907 

.624 .938 

.919 1.12 

.956 1 .14  

.657 1.02 

1 . 0 1  1 .28  

.735 1 .17  

AMC 

PRDl PRD3 

.770 .902 

.819 .934 

1 .33  1.12 

1.39 1.15 

.874 1.02 

1 .48  1 .28  

1 .01  1.17 

Oldsmobile 

PRDl PRD3 

.819 1 .68  

.899 1 .73  

1.75 2.03 

1.85 2.07 

.979 1.85 

1 .98  2.27 

1.17 2.08 

Toyota 

PRDl P R K  

.454 .599 

.491 .628 

.724 .714 

.764 .737 

. 511  .671 

.809 .821 

.585 ,775 



5.7.3 Responsiveness t o  Manufacturer  Offer ings 

To a s s e s s  t h e  r e l a t l ' ve  compet i t ivenss  of v e h i c l e  manufacturers  

a s  of t h e  s p r i n g  of 1980, t h e  c a p i t a l  c o s t ,  oepra t ing  c o s t ,  and income 

e l a s t i c i t i e s  were c a l c u l a t e d  f o r  t h e  manufac turers '  1980 model yea r  

v e h i c l e  o f f e r i n g s .  The e l a s t i c i t l ' e s  were es t imated  using t h e  e n t l r e  one- 

and two-vehicle popu la t ions ,  and t h e  type  choice parameter e s t ima te s  of 

t h e  Period 3 ( i . e .  s p r i n g  of 1980) i n t e r t e m p o r a l  model. The r e s u l t i n g  

e l a s t i c i t i e s  f o r  s ing le -veh ic l e  households a r e  presented  i n  Table 20, 

and t h e  e s t ima te s  f o r  two-vehicle households a r e  given i n  Table 21. 

I n  i n t e r p r e t i n g  t h e  s ing le -veh ic l e  household r e s u l t s ,  i t  i s  f i r s t  

no t i ced  t h a t  luxury  makes have model o f f e r i n g s  t h a t  a r e  ve ry  s e n s i t i v e  

t o  c a p i t a l  c o s t s  and income. Examples of t h i s  i nc lude  Cad i l l ac ,  L incoln ,  

BMW, J agua r ,  Mercedes, and Volvo. It i s  specula ted  t h a t  high s e n s i t i v i t i e s  

r e f l e c t  t h e  f a c t  t h a t  such v e h l c l e s  a r e  n o t  economically a c c e s s i b l e  t o  

a  l a r g e  p o r t i o n  of t h e  s ing le -veh ic l e  household populat ion.  Another 

important  f i n d i n g  i s  t h a t  t h e  s e n s i t i v i t y  of domestic v e h i c l e s  t o  

ope ra t ing  c o s t s  tend o t  be g r e a t e r  than  t h a t  of t h e i r  f o r e i g n  counter-  

p a r t s .  This  i s  r e f l e c t e d  i n  t h e  f a c t  t h a t ,  a l though many domestic 

v e h i c l e  models have ope ra t ing  cos t  e l a s t i c i t i e s  wi th  an a b s o l u t e  v a l u e  

g r e a t e r  than u n i t y ,  only one f o r e i g n  model i s  i n  such a category ( t h e  

Jaguar  X J 6 ) .  This  r e f l e c t s  t h e  p o t e n t i a l  of domestic manufacturers  t o  

b e n e f i t  from t h e  improved f u e l  e f f i c i e n c y  of t h e i r  v e h i c l e  o f f e r i n g s ,  

a s  of t h e  s p r i n g  of 1980. Of course  any improvement d i r e c t e d  towards 

f u e l  e f f i c i e n c y  must be made wi th  t h e  demand s e n s i t i v i t i e s  t o  c a p i t a l  

c o s t s  and income i n  mind. 



Table  20. Type Choice E l a s t i c i t i e s  by 1980 Model Year O f f e r i n g s :  

Single-Vehicle  Households 

( I n t e r t e m p o r a l  Model) 

E l a s t i c i t y  w i t h  Respec t  t o  

Make and Model C a p i t a l  Opera t ing  
Cos t s  Costs  I n  come 

American Motors 

Concord -1.42 -. 785 2.22 

Pace r  -1.59 -1.01 2 .63 

S p i r i t  -1.39 -.785 2.19 

Bui ck 

Century 

E l e c t r a  

Le Sabre  

Rega l  

R i v i e r  a 

Sky l a r k  

Skyhawk 

C a d i l l a c  

D e  V i l l e  

E ldorado  

S e v i l l e  

Fleetwood 

Chevr o l e  t 

Cheve t t e  

C o r v e t t e  

Impala  

Mal ibu 

Monte Ca r lo  

Mon z a 

Camaro 

C i t a t i o n  

(Continued n e x t  page) 



Table 20 (Continued) 

E l a s t i c i t y  w i t h  Respect t o  

Make and Model 

Chrysler  

Cordoba 

Le Baron 

Newport 

New Yorker 

Dodge 

Aspen 

Colt  

Omni 

Diplomat 

S t .  Regis 
Ford 

Fairmont 

F i e s t a  

Granada 

LTD 

Mustang 

Thunderbird 

P i n t o  

Escor t  

Lincoln 

Mark V I  

V e r s a i l l e s  

Mercury 

Bobcat 

Cougar 

Monar ch 

Zephyr 

Capri 

C a p i t a l  Operat ing 
Costs Costs Income 

-1.28 -. 597 1.88 

-1.54 -1.22 2.79 

-1.67 -1.01 2.70 

-1.59 -.910 2.51 

-1.77 -. 860 2.65 

(Continued next  page) 



Tab le  20 (Continued) 

E l a s t i c i t y  w i t h  Respect t o  

C a p i t a l  Operat ing 
Make and Model Cos t s  Costs  I n  come 

Oldsmobile 

Cut lass -1.69 -, 906 2.61 

D e l t a  -1.94 -. 859 2,82 

Omega -1.78 -. 749 2.55 

S t a r f  i r e  -1.62 -. 719 2.35 

Toronado -3.14 -1.06 4 .24 

Ninety-Eight 

Plymouth 

Arrow 

Fury 

Horizon 

Vola re  

Champ 

P o n t i a c  

F i r e b i r d  

Grand P r i x  

Pheonix 

Sunbird  

Fo re ign  

Audi Fox 

BMW 320 i  

Datsun 200 SX 

Datsun 210 

Datsun 2802 

Datsun 510 

Datsun 810 

F i a t  XI9 

Honda C T V I C  

Honda CVCC 

(Continued n e x t  page) 



Table  20 (Continued) 

E l a s t i c i t y  w i th  Respect  t o  

C a p i t a l  
Make and Model Cos t s  

Honda Accord -2 .01 

J agua r  XJ6 -5.14 

Mazda GLC -1.47 

Mazda RX7 -3.09 

Mercedes 280 -6.10 

MG MGB -2.06 

Peugeot 504 -2.49 

Porsche 924 -4.30 

Renaul t  Le Car -1.34 

Subaru DL -1.42 

Subaru Wagon -1 .21 

Subaru GF -1.53 

Toyota Corona -1.85 

Toyota C e l i c a  -2.02 

Toyota C o r o l l a  -1.60 

Toyota C r e s s i d a  -2.37 

Triumph TR7 -2.10 

VW Dasher -2.08 

VW Rabbi t  -1.70 

VW D i e s e l  Rab. -1.76 

VW S c i r r o c c o  -2.17 

Volvo 260 S -3.03 

Operat ing 
Costs  Income 

-. 638 2.66 

-1.11 -6 .'31 

-.577 2.06 

-. 946 4.06 

-. 927 7.07 

-1.07 3.15 

-.746 3.26 

-.706 5 .03 

-. 665 2 .01  

-. 618 2.05 

-. 642 1 .85  

-. 617 2.15 

-. 954 2.82 

-. 954 3.00 

-.558 2.16 

-. 951 3.34 

-. 688 2.80 

-.748 2 .84 

-. 690 2 . 4 1  

-. 422 2.19 

-. 688 2.87 

-. 898 3.95 



The two-vehicle household type  choice  e l a s t i c i t i e s  (see Table  

21) r e v e a l p a t t e r n s  s i m i l a r  t o  t hose  found i n  t h e  s ing l e -veh ic l e  

household ca se .  F i r s t ,  t h e  c a p i t a l  c o s t  and income e l a s t i c i t i e s  of 

luxury  v e h i c l e s  (e .  g. C a d i l l a c ,  L incoln ,  Mercedes , and s o  on) a r e  h igh  

r e l a t i v e  t o  o t h e r  v e h i c l e  c l a r s e s ,  bu t  n o t  n e a r l y  a s  h i g h  a s  t h e y  were 

i n  t h e  s ing l e -veh ic l e  household case .  This  i s  probably due t o  t h e  

h ighe r  two-vehicle household incomes and t h e  g r e a t e r  v e h i c l e  ownership 

f l e x i b i l i t y  a f forded  t o  two-vehicle households.  I n  t e r m s  of o p e r a t i n g  

c o s t  e l a s t i c i t i e s ,  s i n g l e -  and two-vehicle households have e l a s t i c i t i e s  

of s i m i l a r  magnitude, w i t h  t h e  two-vehicle household having n o t i c e a b l y  

less v a r i a n c e  i n  e l a s t i c i t i e s  a c r o s s  v e h i c l e  makes and models.  This  

f i n d i n g  suppor t s  t h e  r e s u l t s  p resen ted  i n  t h e  preceding  two s e c t i o n s  of  

t h i s  chap te r .  F i n a l l y ,  t h e  two-vehicle households demonstrate  t h e  same 

h ighe r  ope ra t i ng  c o s t  s e n s i t i v i t y  t o  domest ic  o f f e r i n g s ,  as opposed t o  

f o r e i g n  o f f e r i n g s ,  a l though t h e  d i f f e r e n c e s  between t h e s e  s e n s i t i v i t i e s  

do  n o t  appear  t o  be a s  h igh  a s  t hey  were i n  t h e  s ing l e -veh ic l e  household 

ca se .  

5 . 8  Model S p e c i f i c a t i o n  T e s t s  

A number of s p e c i f i c a t i o n  tests were conducted t o  e v a l u a t e  t h e  

v a l i d i t y  of t h e  mul t inomia l  l o g i t  (MNL) s t r u c t u r e  used i n  t h e  e s t i m a t i o n  

of t h e  v e h i c l e  t ype  choice  models. S p e c i f i c a l l y ,  tests a r e  made t o  a s s e s s  

t h e  reasonableness  of t h e  l i m i t a t i o n s  t h a t  t h e  MNL model imposes on t h e  

s u b s t i t u t a b i l i t y  of t h e  type  choice  a l t e r n a t i v e s .  This  MNL l i m i t a t i o n ,  

of course ,  i s  t h e  wide ly  known "independence of i r r e l e v a n t  a l t e r n a t i v e s "  

(IIA) p rope r ty .  



Table 2 1 .  Type Choice E l a s t i c i t i e s  by 1980 Model Year Offer ings:  

Two-Vehicle Households 

(Inter tempor a1  Model) 

C a p i t a l  Operating 
Make and Model Costs  Costs Income 

American Motors 

Concord 

Pacer 

S p i r i t  

Bui ck 

Century 

E l e c t r  a 

Le Sabre 

Regal 

Riv ier  a 

Skylark 

Skyhawk 

Cad i l l ac  

De'Ville 

Eld orado 

S e v i l l e  

Fleetw ood 

Chevrolet 

Cheve t t e  

Corvet te  

Impala 

Malibu 

Monte Carlo 

Monza 

Camar o 

C i t a t i o n  

(Table contihued next  page) 



Table  2 1  (Continued) 

C a p i t a l  Opera t ing  
Make and Model C o s t s  Cos t s  Income 

Chr y  s ler  

Cordoba 

Le Baron 

Newp o r  t 

New Y o r k e r  

Dodge 

Aspen 

C o l t  

Omni 

Diplomat 

S t .  Reg is  

F  ord 

Fairmont  

F i e s t a  

Granada 

LTD 

Mustang 

Thunderb i rd  

P i n t o  

E s c o r t  

L i n c o l n  

Mark V I  

V e r s a i l l e s  

M e r  c u r  y 

Bobcat 

Cougar 

Mon ar ch  

Zephyr 

-. 616 -. 753 

-. 704 -1.04 

-. 748 -. 940 

-. 722 -. 892 

(Table  con t inued  n e x t  page)  



T a b l e  2 1  (Cont$nue.d)l 

C a p i t a l  Operat ing 
Make and Model Cos t s  Costs 

Cap r i  -7.81 -. 871 

Oldsmobile 

C u t l a s s  -.754 -. 892 

Delta -. 842 - .871 

Omega -.787 -. 821 

S t a r f i r e  - . 731  -. 808 

Toronado -1.25 -. 962 

Ninety-Eight -1.00 -. 997 

Plymouth 

A r r  ow -. 730 - .761 

Fury -.716 -, 969 

Horizon -. 765 -. 795 

Vola re  -. 664 -. 916 

Champ -. 707 -.713 

' Pon t i a c  

F i r e b i r d  

Grand P r i x  

Pheonix 

Sunbird  

Fo re ign  

Audi Fox 

BMW 320i  

Datsun 200SX 

Datsun 210 

Datsun 2802 

Datsum 510 

Datsun 810 

F i a t  X19 

Honda C i v i c  

-. 871  

-1.41 

-. 824 

-.705 

-1.24 

-.757 

-. 812 

-. 802 

-.707 

(Tab le  

-. 822 

-. 789 

-. 822 

- .707 

-. 911 

-. 809 

-. 873 

-. 773 

-. 763 

cont inued n e x t  page) 



T a b l e  2 1  (Con t inued)  

Make and Model 

Honda CVCC 

Honda Accord 

J a g u a r  XJ6 

Mazda GLC 

Mazda RX7 

Mercedes  280 

MG MGB 

P e u g e o t  504  

P o r s c h e  924 

R e n a u l t  Le Car 

Suba ru  DL 

Suba ru  Wagon 

Suba ru  GF 

T o y o t a  Corona 

T o y o t a  C e l i c a  

T o y o t a  C o r o l l a  

T o y o t a  C r e s s i d a  

Triumph TR7 

VW Dasher  

VW R a b b i t  

VW Diesel R a b b i t  

VW S c i r r o c c o  

Vo lvo  260 S 

C a p i t a l  
C o s t s  

- .743 

-. 866 

- 1 . 9 3  

- . 6 8 1  

-1 .23  

-2.25 

-. 882 

-1 .03  

-1 .64  

-.637 

-. 667 

-. 5 9 1  

- .702 

-. 8 1 1  

-.870 

-. 726 

- .987 

-. 896 

-. 889 

-. 760 

-. 779 

- .918  

- 1 . 2 1  

O p e r a t i n g  
C o s t s  I n  come 

-. 753  1 . 4 5  

-. 772 1 .60  

-. 986 2 . 8 9  

-.745 1 . 3 9  

-. 9 1 1  2 .10  

-. 898 3 .13  

-. 969 1.81 

-. 820 1 . 8 1  

-. 800 2.42 

-.785 1 .38  

-. 764 1 . 3 9  

-. 775 1 .32  

-. 743 1 . 4 3  

-. 916 1 . 6 8  

-. 915 1 . 7 4  

- .736 1 . 4 2  

-. 914 1 .86  

-.795 1 . 6 5  

-. 822 1 . 6 7  

-. 796 1 . 5 1  

- .674 1 . 4 2  

-. 794 1 . 6 7  

-. 889 2 .06  



I n  t h e  case of v e h i c l e  type  choice modeling, t h e r e  a r e  some 

i n t u i t i v e  reasons  f o r  suspec t ing  p o s s i b l e  I I A  v i o l a t i o n s .  For example, 

us ing  t h e  MNL s t r u c t u r e ,  an i n c r e a s e  i n  t h e  c a p i t a l  c o s t  of a  Ford 

Escor t  w i l l  n e c e s s a r i l y  r e s u l t  i n  t h e  household's p r o b a b i l i t y  of 

s e l e c t i n g  any o t h e r  v e h i c l e  type  t o  i n c r e a s e  by t h e  same percentage .  

It may be more r e a l i s t i c  t o  expect  t h e  household ls  p r o b a b i l i t y  of 

s e l e c t i n g  o the r  compact c a r s  t o  i n c r e a s e  more than t h e i r  p r o b a b i l i t y  

of s e l e c t i n g  a  l a r g e  luxury  ca r  (e.g. Cad i l l ac ) .  This t ype  of p o s s i b l e  

I I A  v i o l a t i o n  l ed  Berkovec and Rust (1981) t o  e s t i m a t e  a  nes t ed  

l o g i t  s t r u c t u r e  i n  which households f i r s t  s e l e c t  t h e  c l a s s  of v e h i c l e  

t o  own and then t h e  type  of v e h i c l e  w i t h i n  a  given c l a s s  ( s e e  Chapter 2  

f o r  a  f u r t h e r  d i scuss ion  of t h i s  e f f o r t ) .  Their  empi r i ca l  r e s u l t s  

seem t o  po in t  towards r e j e c t i o n  of t h e  I I A  p r i n c i p l e  and an MNL type  

choice s p e c i f i c a t i o n .  More r e c e n t l y ,  Booz, Allen 6r Hamilton (1983) 

at tempted t o  e s t i m a t e  a  nes t ed  s t r u c t u r e  s i m i l a r  t o  t h e  Berkovec and 

Rust model, bu t  t h e  i d e a  was abandoned when implaus ib le  empi r i ca l  

r e s u l t s  were obta ined .  

I n  p o i n t  of f a c t ,  a  number of s t a t i s t i c a l  t e s t s  a r e  a v a i l a b l e  

t o  e v a l u a t e  t h e  v a l i d i t y  of an MNL s t r u c t u r e .  These t e s t s  i n c l u d e  those  

of McFadden, T ra in  and Tye (1977),  Horowitz (1981),  Hausman and 

McFadden (1981),  and Small and Hsiao (1982). The r e c e n t  work of Small 

and Hsiao has  i n d i c a t e d  t h a t  both t h e  McFadden-Train-Tye and Horowitz 

t e s t s  a r e  asymptot ica l ly  b i a sed ,  and t h a t  t h e  Hausman and McFadden 

t e s t  can be exceedingly d i f f i c u l t  t o  use  i n  c e r t a i n  a p p l i c a t i o n s .  

Subsequent ly,  t h e  t e s t s  conducted i n  t h i s  work use  t h e  a sympto t i ca l ly  



unbiased l i k e l i h o o d  r a t i o  t e s t  developed by Small and Hsiao. 

The Small-Hsiao t e s t  procedure i s  r e l a t i v e l y  easy  t o  conduct.  

F i r s t ,  t h e h o u s e h o l d  sample i s  randomly d iv ided  i n t o  two equa l  s i z e s ,  

A N and N ~ ,  and model parameter e s t ima tes  a r e  obtained f o r  each of t h e s e  

samples,  v e c t o r s  ;i and i:. A weighted average of t h e s e  parameters  

i s  obta ined  from: 

Then, a r e s t r i c t e d  choice s e t ,  D ,  i s  c rea t ed  a s  a sub-sample from t h e  

f u l l  choice  s e t ,  and t h e  household sample N~ i s  reduced t o  inc lude  only 

those  households which a c t u a l l y  choose a l t e r n a t i v e s  t h a t  l i e  i n  D .  Two 

B 
models a r e  es t imated  w i t h  t h e  reduced N household sample us ing  t h e  

choice s e t  D a s  i f  i t  were t h e  e n t i r e  choice s e t .  One model i s  es t imated  
A 

by c o n s t r a i n i n g  t h e  parameter v e c t o r  t o  be equa l  t o  t h e  OABvector defined 
0 

above. The second model e s t i m a t e s  t h e  unconstrained parameter v e c t o r  

*B 
el. The r e s u l t i n g  log - l ike l ihoods  can be used t o  e v a l u a t e  t h e  s u i t a b i l i t y  

of t h e  MNL model by crea. t ing a Chi-square s t a t i s t i c  wi th  t h e  number of 

deg rees  of freedom equa l  t o  t h e  number of parameters  i n  t h e  v e c t o r s  

and iB This  s t a t i s t i c  i s :  
€I 0 1' 

The Small-Hsiao t e s t  should a l s o  be es t imated  by in terchanging  

A B A 
t he  r o l e s  of t h e  N and N sub-samples ( i . e .  reduce t h e  N household 

sample t o  those  households whose chosen a l t e r n a t i v e s  l i e  i n  D ,  and 

proceed) . Using the  same n o t a t i o n ,  Equation (45) i s  r e w r i t t e n  as :  
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and t h e  Chi-square s t a t i s t i c  i s  now: 

T e s t s  of t h e  mult inomial  l o g i t  type  choice s t r u c t u r e  were 

conducted wi th  t h e  s i n g l e -  and two-vehicle household i n t e r t e m p o r a l  model 

s p e c i f i c a t i o n s .  The r e s u l t s  of t hese  t e s t s  a r e  presented  i n  Table 22,  

and t h e i r  i n t e r p r e t a t i o n  i s  presented  below. 

I n  a l l ,  t h r e e  d i s t i n c t  Small-Hsiao s p e c i f i c a t i o n  t e s t s  were under- 

taken i n  t h e  case  of s ing le -veh ic l e  households.  The primary d i s t i n c t i o n  

of t h e s e  t e s t s  i s  t h e  method by which t h e  r e s t r i c t e d  cho ice  s e t ,  D ,  

i s  determined. I n  t h e  f i r s t  i n s t a n c e ,  t h e  r e s t r i c t e d  choice s e t  

c o n s i s t s  of f i v e  a l t e r n a t i v e s  t h a t  were s e l e c t e d  at random from t h e  

o r i g i n a l  t e n  a l t e r n a t i v e  choice s e t s .  This  random choice  s e t  should  

g ive  some i n d i c a t i o n  i f  i n  f a c t  an I I A  problem e x i s t s .  The t e s t  

r e s t u l s  i n d i c a t e  ( s e e  Table 22) t h a t  t h e  n u l l  hypo thes i s  of an MNL 

s t r u c t u r e  cannot be r e j e c t e d  a t  reasonable  con£ idence  l e v e l s  (only a t  

t h e  29 or  35 pe rcen t  confidence l e v e l s ) .  

I n  t h e  second t e s t ,  t h e  r e s t r i c t e d  choice s e t  c o n s i s t s  of on ly  

U.S. made c a r s  (one degree  of freedom i s  l o s t  s i n c e  t h e  FORN parameter  

e s t i m a t e  cannot be  determined) .  The b e l i e f  here  i s  t h a t  U.S. c a r s  may 

be viewed a s  grouped, and t h e r e f o r e  s h a r e  unobservables  i n  v i o l o a t i o n  

of l o g i t  assumptions. Again, t h e  n u l l  hypothes is  of an MNL s t r u c t u r e  

cannot be r e j e c t e d  a t  reasonable  conficence l e v e l s  (only  at t h e  2  o r  

10 pe rcen t  confidence l e v e l s ) .  
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Table 22. Tes t  of t h e  Multinomlal Loglt  Type Choice S p e c i f i c a t i o n  

2 (X S t a t i s t i c )  

In te r tempora l  Model 

Two Vehic le  
S ing le  V e h i c l e  'Households ' Household 

Random a U.S. Large Rand om 
b C 

A l t e r n a t i v e s  Cars Cars ~ l t e r n a t i v e s ~  

Small-Hsiao 
S t a t i s t i c  

Small-Hsiao 
on in te rchanged 13.22 8.4 15.76 5 . 8  
subsamples 

Degrees of Freedom 16 15 16 14 

a 
Five a l t e r n a t i v e s  a r e  s e l e c t e d  a t  random from t h e  o r i g i n a l  t e n  a l t e r -  
n a t i v e  choice s e t .  

b 
Only American made v e h i c l e s  comprise t h e  r e s t r i c t e d  choice  s e t .  

C Only automobiles w i t h  curb weights  exceeding 3500 l b s  comprise t h e  
r e s t r i c t e d  choice  s e t .  



In t h e  f i n a l  ca se ,  t h e  r e s t r i c t e d  choice s e t  c o n s i s t s  only 

of those  automobiles wi th  curb weights  exceeding 3500 l b s  ( i . e .  

l a r g e  c a r s ) .  This  i s  done based on thesuspic ion  t h a t  c a r s  of t h e  same 

c l a s s  a r e  viewed as grouped. Th i s ,  of course,  i s  the  premise of t h e  

Eerkovec and Rust (1981) v e h i c l e  c l a s s  model. Again i t  i s  found 

t h a t  t h e  n u l l  hypothes is  of an MNL s t r u c t u r e  cannot be r e j e c t e d  a t  

acceptable  confidence l e v e l s  (only a t  t h e  76 and 53 percent  confidence 

l e v e l s ) .  

For two v e h i c l e  households,  t h e  Small-Hsiao t e s t  was conducted 

only f o r  a  random r e s t r i c t e d  choice s e t .  With f i v e  a l t e r n a t i v e s  

s e l e c t e d  a t  random from t h e  o r i g i n a l  t e n ,  i t  i s  found t h a t  t h e  MNL 

s p e c i f i c a t i o n  can only be r e j e c t e d  wi th  2 o r  3 percent  confidence. 

I n  summary, t h e r e  does no t  appear t o  be any s t a t i s t i c a l  

j u s t i f i c a t i o n  f o r  b e l i e v i n g  t h a t  t h e  s ing le -  and two-vehicle household 

type choice models es t imated  i n  t h i s  work a r e  misspec i f ied .  Indeed, t h e  

MNL v e h i c l e  type choice s p e c i f i c a t i o n  seems t o  be q u i t e  s a t i s f a c t o r y .  



CHAPTER 6 ,  SUMNARY AND CONCLUSLONS 

The o b j e c t i v e  of t h i s  work was t o  a s s e s s  t h e  demand f o r  

motor v e h i c l e s  i n  t h e  U.S. To achieve t h i s ,  t h e  a n a l y s i s  w a s  under- 

taken a t  t h e  household l e v e l ,  and f u l l  e x p l l c i t  cons ide ra t ion  was g iven  

t o  t h e  i n t e r r e l a t i o n s h i p s  between t h e  household 's  choices  of q u a n t i t y  

of v e h i c l e s  t o  own, t ypes  of v e h i c l e s  t o  own (defined by make, model, 

and v i n t a g e )  and t h e  e x t e n t  t o  which t h e s e  v e h i c l e  t ypes  a r e  u t i l i z e d  

(measured i n  v e h i c l e  m i l e s  t r a v e l e d ) .  Moreover, t h e  dynamic a s p e c t s  

of t h e  household 's  v e h i c l e  ownership and u t i l i z a t i o n  d e c i s i o n  were 

accounted f o r  by viewing dynamics a s  t h e  evolua t ion  of household t a s t e s .  

Based on fundamentally d i f f e r e n t  economic t h e o r i e s  r e l a t i n g  t o  t h e  manner 

i n  which households address  t h e  in t e r t empora l  n a t u r e  of t h e i r  v e h i c l e  

ownership problem, two dynamic econometric models of v e h i c l e  owner- 

s h i p  and u t i l i z a t i o n  were de r ived .  

The der ived  models were es t imated  wi th  a n a t i o n a l  household 

sample i n  which a l l  r e l e v a n t  v e h i c l e  ownership informat ion  was a v a i l a b l e  

f o r  t h e  same households f o r  a  two-and-one-half yea r  p e r i o d ,  December 

1977 t o  June 1980. The r e s u l t i n g  model e s t i m a t i o n s  i n d i c a t e  t h e  

fo l lowing  : 

1. Domestic manufac turers  enjoy an inhe ren t  p re fe rence  i n  

t h e  household 's  v e h i c l e  type  s e l e c t i o n  process  a s  opposed 

t o  t h e i r  f o r e i g n  coun te rpa r t s ,  

2 .  Householdsr v a l u a t i o n s  of ope ra t ing  c o s t s  i n  t he  determina- 

t i o n  of t h e  type  of v e h i c l e  t o  own has  i nc reased  over t h e  

1978 t o  1980 t ime per iod .  Correspondingly, t h e  r a t e  a t  which 



f u t u r e  o p e r a t i n g  c o s t s  a r e  d i s c o u n t e d  h a s  d e c l i n e d ,  

i n d i c a t i n g  l e s s  myopic behav ior  a n d / o r  an e x p e c t a t i o n  

of f u t u r e  i n c r e a s e s  i n  f u e l  p r i c e s .  

3 .  The e l a s t i c i t i e s  of o p e r a t i n g  c o s t s  and income w i t h  

r e s p e c t  t o  household v e h i c l e  u t i l i z a t i o n  (VMT) a r e  q u i t e  

s m a l l .  T h i s  i s  an impor tan t  p o i n t  t o  keep i n  mind i n  t h e  

f o r m u l a t i o n  of n a t i o n a l  energy  p o l i c i e s .  

4. As  e x p e c t e d ,  t h e  p r o c e s s  t h r o u g h  which v e h i c l e  u t i l i z a t i o n  

i s  determined was s t r o n g l y  impacted by t h e  s u p p l y  r e s t r i c -  

t i o n s  of t h e  energy shock p e r i o d  (June 1979 t o  December 1979) .  

5. A s t r o n g  r e l a t i o n s h i p  was found t o  e x i s t  between t h e  c h o i c e  

of t h e  number and t y p e s  of v e h i c l e s  t o  own. T h i s  r e l a t i o n -  

s h i p  i s  an i m p o r t a n t  concern t h a t  shou ld  be  a d d r e s s e d  i n  

any v e h i c l e  demand s t u d y .  

6 .  Domestic m a n u f a c t u r e r s  cou ld  b e n e f i t  s i g n i f i c a n t l y  by 

improving t h e  f u e l  e f f i c i e n c i e s  of t h e i r  model o f f e r i n g s .  

7 .  Household income i s  a d r i v i n g  f o r c e  i n  t h e  d e t e r m i n a t i o n  

of b o t h  t h e  q u a n t i t y  and t h e  t y p e s  of v e h i c l e s  t o  own. 

T h i s  u n d e r s c o r e s  t h e  i m p o r t a n t  r o l e  t h a t  macroeconomics 

p l a y  i n  t h e  v i a b i l i t y  of t h e  automobi le  i n d u s t r y .  

I n  summary, t h e  r e s u l t s  of t h i s  s t u d y  s u g g e s t  t h a t  v e h i c l e  

demand c o n d i t i o n s  f a v o r  t h e  s u r v i v a l  of t h e  domes t ic  au tomobi le  

i n d u s t r y .  T h i s  i s  r e f l e c t e d  i n  t h e  i n h e r e n t  p r e f e r e n c e  o f  consumers 

towards  GM and Ford p r o d u c t s ,  and t o  a l e s s e r  e x t e n t  C h r y s l e r  and AMC 

p r o d u c t s ,  as opposed t o  f o r e i g n  made v e h i c l e s .  However, t o  e x p l o i t  



t h i s  p re fe rence ,  domest ic  manufac turers  must be a b l e  t o  o f f e r  r ea sonab ly  

compet i t ive  v e h i c l e  models,  both i n  terms of performance and c a p i t a l  

c o s t s .  Whether o r  n o t  t h i s  can be achieved i s  an  important  supply 

o r i en t ed  q u e s t i o n  that should be addressed i n  f u t u r e  r e sea rch .  



Appendix A .  D e r i v a t i o n  of t h e  R e s t r i c t e d  Dynamic U t i l i z a t i o n  Equa t ion  

The f o l l o w i n g  procedure  i s  used  t o  e l i m i n a t e  t h e  unmeasurable  s t a t e  

v a r i a b l e  from t h e  r e s t r i c t e d  dynamic u t i l i z a t i o n  e q u a t i o n .  R e c a l l  t h a t  t h e  

u t i l i z a t i o n  e q u a t i o n  i s  of t h e  Sorm: 

By d e f i n i t i o n ,  

To b e g i n ,  r e c a l l  from t h e  t e x t  t h a t  

Now, c o n s i d e r  an approx imat ion  of e q u a t i o n  ( 3 a ) ,  

Also ,  from e q u a t i o n s  (2a)  and (4.a) : 

D i f f e r e n c i n g  e q u a t i o n  ( l a )  (and u s i n g  approx imat ions  a s  i n  e q u a t i o n  ( 4 a ) ) ,  

and s u b s t i t u t i n g  e q u a t i o n  ( 5 a ) ,  y i e l d s  

- - 
2(xit - x it-1 = 2Bi(hit -hit-l) + 2ai(s i t  - 'it-1 ) (6  a )  

- - - - ni(Jlt+ Jit-l) - ai6i (Sit + Sit-l ) + 2Bi (Ait - 
'it-1 ) 
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where : X - 
- It 

- = I - 
i t  'it andhi t - l  t-1 

Wri te  equa t ion  ( l a )  a s  

-aiSiSit = S i ~ i  + GiBiXit  -Sixit. (7 a )  

S u b s t i t u t i n g  equa t ion  (7a) i n t o  equa t ion  (6a)  and us ing  t h e  d e f i n i t i o n  of J 
i t  

given i n  t h e  t e x t  (equat ion ( 8  ) )  , y i e l d s  

2(xit  - x ) = -Si(xit + Xit-l) 2SiTi 
it-1 

+6iBi (hit + 2Bi(hit - 1 

+ a .  ((axi t  + (axit-l + CX'  
1 it-1 

1 ) .  

Since  t h e  choice  of only one v e h i c l e  i s  be ing  pe rmi t t ed  x' w i l l  
i t  

be ze ro .  Solv ing  f o r  x  ( t h e  u t i l i z a t i o n  of t h e  chosen v e h i c l e  i i n  time 
i t  

i n t e r v a l  t )  g i v e s  

where 



and : 

and t h e  parameters  a a ,  c ,  a r e  n o t  recoverable .  
i ' 

Equation (9a) i s  now an es t imab le  dynamic equat ion  of v e h i c l e  

u t i l i z a t i o n ,  s i n c e  t h e  unmeasurable s t a t e  v a r i a b l e  has been removed. 

A l l  remaining v a r i a b l e s  a r e  r e a d i l y  measurable.  



Appendix B. De r iva t ion  of ' the I n t e r  temporal  Dynamic U t i l i z a t i o n  Equat ion 

The e l i m i n a t i o n  of t h e  unmeasurable s t a t e  and c o s t a t e  v a r i a b l e s  

from t h e  i n t e r t e m p o r a l  dynamic u t i l i z a t i o n  equat ion  i s  accomplished a s  fo l lows ,  

w i th  a l l  v a r i a b l e s  de f ined  a s  i n  t h e  t e x t :  

The problem f s  p laced  i n  d i s c r e t e  t ime by u s i n g  approximations of 

t h e  form: 

- - 
and s i m i l a r l y  f o r  hit , Sit, . To s i m p l i f y  n o t a t i o n  t h e  b a r s  and t h e  

s u b s c r i p t  i a r e  d e l e t e d .  The dynamic i n t e r t e m p o r a l  u t i l i z a t i o n  i s  ( a s  from 

t h e  t e x t )  : 

where: h  = (I - Ct) . 
t t 

Also, t h e  fo l lowing  approximations a r e  made : 

A$t = *t+l - Qt 

As = s  - s t  
t t + l  

1 
St+l - St l(Ast+l + Ast) 

I 

*t+l - $ = T(A~t+l+ Ailt) 

I n  a d d i t i o n ,  from t h e  t e x t :  

where J = ax + cx ' .  
t t t 
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