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1.0 INTRODUCTION 

T h i s  volume con t i nues  an i n v e n t o r y  o f  s e l  e c t e d  m a t  hemat  i c a l  m o d e l  s  
(econometr ic ,  account ing,  p h y s i c a l ,  e t c . )  r e l a t i n g  t o  t h e  motor  v e h i  c l  e  
t r a n s p o r t a t i o n  system, and o f  1  i t e r a t u r e  r e l a t e d  t o  t h e  s u b j e c t  m a t t e r  
o r  o b j e  t ' v e s  o f  t h e  models. T h i  s  i s  a  s u p p l  emen t  t o  t w o  e a r l  i e r  
volumesf " t h a t  c o n t a i n  d e s c r i p t i o n s  o f  142 m o d e l s  a n d  a b s t r a c t s  o f  
116 aslsociated documents. T h i s  volume c o n t a i n s  d e s c r i p t i o n s  o f  60  
models added t o  t h e  i n v e n t o r y ,  and a  r e v i s e d  r e p o r t  on t h r e e  o f  t h o s e  
f rom t h e  e a r l i e r  volumes. There a re  a l s o  56 a b s t r a c t s  o f  83 associ  a t e d  
documents added t o  t h e  c o l l  e c t  i on. 

Each model p r e d i c t s  some v a r i a b l  e ( s )  r e l a t e d  t o  t h e  m o t o r  v e h i c l e  
t r a n s p o r t a t i o n  system as f u n c t i o n s  o f  p o l i c y - r e l a t e d  v a r i  a b l  e s .  M o s t  
model:; have t h e  p o t e n t i a l  f o r  use i n  p u b l i c  p o l  i c y  a n a l y s e s .  O t h e r  
model:; have been i n c l  u d e d  b e c a u s e  t h e y  h a v e  e i t h e r  a d v a n c e d  t h e  
development o f  models p e r t a i n i n g  t o  t h e  motor  veh i c l  e  t r a n s p o r t a  t i o n  
system o r  t hey  p e r t a i n  t o  t h e  p u b l i c  p o l i c i e s  t h a t  may b e  a n a l y z e d  b y  
us ing  models. The assoc ia ted  l i t e r a t u r e  t h a t  i s  s  ummar i z e d  c o n t a  i n s  
da ta  t h a t  may be used i n  runn ing  o r  b u i l d i n g  models, d e s c r i b e s  u s e s  o f  
models, o r  r e p o r t s  on e v a l u a t i o n s  o f  models. 

The i n v e n t o r y  i s  a  product  o f  a  p r o j e c t  e n t i t l e d  " A n a l y t i c a l  S t u d y  o f  
Mathe~nat ica l  Models o f  t h e  Motor  Veh ic le  System," sponsored by t h e  Motor  
Veh ic le  Manufacturers A s s o c i a t i o n  (MVMA) and c o n d u c t e d  b y  t h e  P o l  i c y  
Ana lys i s  D i v i s i o n  o f  t h e  Highway Sa fe ty  Research I n s t i t u t e  (HSRI) a t  The 
U n i v e r s i t y  o f  Michigan. 

The work f o r  t h i s  volume was done d u r i n g  t h e  p e r i o d  S e p t e m b e r  1 9 8 0  
th rough May 1981. The p r o j e c t  i s  a  c o n t i n u i n g  one, and i t  i s  planned t o  
p e r i o d i c a l l y  pub1 i sh a d d i t i o n a l  supplements t o  t h e  i nven to ry .  

1.1 Organ iza t i on  --- o f  T h i s  Volume 

The purpose o f  t h i s  volume i s  t w o f o l d :  ( 1 )  t o  p resent  s u c c i n c t l y  and i n  
a  s t r u c t u r e d  way use fu l  i n f o r m a t i o n  about p o l  i c y - o r i e n t e d  models o f  t h e  

'Richardson, B.C.; Segel, L.D:; B a r n e t t ,  W.S..; J o s c e l y n ,  K.B.? An 
i nver i tory o f  se lec ted  mathemat ical  model s  r e 1  a t 1  n g  --- t o  t h e  motor veh i cTS; 
t r a n s p o r t a t i o n  system and assoc ia ted  1  i t e r a t u r e ,  Ann A r b o r  , M i  c h i  g a n  : - 
UMI Research Press, a n x p r i n t  o f  U n i v e r s i t y  M i c r o f i l m s  I n t e r  na  t i o n a l  , 

'Richardson, B.C.; Segel , L.D. ; J o s c e l y n ,  K. B . ,  ' ~ n  i n v e n t o r  o f  
s e l e c t e d  m a t h e m a t i c a l  m o d e l s  r e l a t i n g  t o  t h e  % t o r  v e  i c l e  -- -- + 
t r a n s  o r t a t i o n  system and assoc ia ted  1  i t e r a t u r e - - F i r s t  Supp lement ,  Ann + Arbor, Mic i gan :  UMI R E a r c h  Press, ~ v e r s i t y  M i c r o f i l m s  
I n t e r n a t i o n a l  , 1980. 



motor  v e h i c l e  t r a n s p o r t a t i o n  system, and ( 2 )  t o  p r e s e n t  a b s t r a c t s  o f  
r e l a t e d  model 1  i t e r a t u r e .  S e c t i o n  1.0 desc r i bes  how t h e  i n f o r m a t  i o n  
conta ined i n  t h e  r e p o r t  i s  o rgan ized a n d  p r e s e n t e d ,  a n d  how i t  was 
c o l l e c t e d .  S e c t i o n  2.0 c o n t a i n s  t h e  d e t a i l e d  " l o n g - f o r m "  r e p o r t s  o n  
i n d i v i d u a l  models c o l l e c t e d  th rough A p r i l  1981. S e c t i o n  3 .0  c o n t a i n s  
l e s s - d e t a i l e d  " sho r t - f o rm"  a b s t r a c t s  on t h e  model - r e 1  a  t e d  d o c u m e n t s .  
S e c t i o n  4.0 i s  a  s e t  o f  indexes t h a t  may be used t o  l o c a t e  p a r t i c u l a r  
models o r  documents accord ing  t o  s i x  d i f f e r e n t  c a t e g o r i e s :  p e r s o n a l  
au thors ,  o r g a n i z a t i o n a l  au thors ,  sponsors, keywords, mode l  names,  a n d  
r e p o r t  t i t l e s .  T h i s  s e c t i o n  indexes r e p o r t s  and a b s t r a c t s  con ta ined  i n  
b o t h  t h i s  supplement and t h e  p rev ious  volumes. 

1.2 P r o j e c t  Background - and O b j e c t i v e s  

The s t a f f  o f  t h e  Highway Sa fe ty  Research I n s t  i t u t e  i n  1 9 7 6  b e g a n  an 
e f f o r t  whose genera l  o b j e c t i v e  h a s  b e e n  t o  e x a m i n e  a n d  d e s c r i b e  
mathemat ical  models t h a t  have t h e  p o t e n t i a l  t o  be used i n  f o r m u l a t i n g  
p o l i c y  re1 a ted  t o  t h e  motor  v e h i c l e  t r a n s p o r t a t i o n  system. The s p e c i f i c  
o b j e c t i v e s  have been t o :  

1 )  f i n d ,  c o l l e c t ,  and d e s c r i b e  e x i s t i n g  m a t h e m a t i c a l  m o d e l  s  o f  t h e  
motor  v e h i c l e  t r a n s p o r t a t i o n  system, 

2)  f i n d  , c o l  l e c t  , and d e s c r i b e  assoc ia ted  model 1  i t e r a t u r e ,  

3)  p r o v i d e  the  c a p a b i l i t y  f o r  e x e r c i s i n g  se lec ted  models v i a  computer, 

4) analyze se lec ted  models, and 

5) i n v e s t i g a t e  t h e  use o f  models i n  p o l i c y  f o rmu la t i on .  

T h i s  volume r e p o r t s  on t h e  progress  made d u r i n g  t h e  p e r i o d  S e p t e m b e r  
1980 th rough May 1 9 8 1  on  t h e  f i r s t  t w o  o f  t h e s e  o b j e c t i v e s .  I n  
accordance w i t h  t h e  o t h e r  o b j e c t i v e s  o f  t h e  p r o j e c t ,  s e v e r a l  o t h e r  
r e p o r t s  have been prepared.  F o u r  o f  t h e s e  a r e :  a  r e p o r t  o n  t h e  
a n a l y s i  s  o f  $.he Wharton Econometric Fo recas t i ng  Assoc ia tes '  Au t omo b  i 1  e  
Demand yodel  , a  r e p o r t  on t h e  use o f  t h a t  m o d e l  i n  f e d e r a l  p o l i c y  
s t u d i e s  , a  r e p o r t  on t h e  l i m i t a t i o n s  on t h e  use o f  mathematical m o d e l s  

3 ~ o l a n b ,  D.H.; L u c k e y ,  M.M. ;  S a a l b e r g ,  J.H.; R i c h a r d s o n ,  B.C.; 
Joscelyn,  K.B., An a n a l y s i s  -- o f  t h e  Wharton automobi le --, demand mode l  
Ann Arbor,  Michigan:  UMI Research P r e s s ,  a n  i m p r i n t  o f  U n i v e r s i t y  
M i c r o f i l m s  I n t e r n a t i o n a l ,  1979. 

4 ~ a a l b e r g ,  J.H.; Richardson, B.C.; J o s c e l y n ,  K.  B., F e d e r a l  p o l  i c y  
a p p l i c a t i o n s  -- o f  t h e  Wharton EFA automobi le demand m o d e l  , Ann A r b o r ,  
Michigan:  UMI Research Press, an i m p r i n t  o f  U n i v e r s i t y  M i c r o f i l m s  
I n t e r n a t i o n a l  , 1979. 



i n  t r a n s p o r t a t i o n  p o l i c y  ana l ys i s5 ,  and ap overv iew o f  n a t i o n a l - 1  e v e l  
energy models w i t h  t r a n s p o r t a t i o n  sec to rs  . A  r e p o r t  on an an l y s i  s  o f  ? t h e  Fauce t t  Automobile Sec to r  Fo recas t i ng  Model i s  fo r thcoming . 

1.3 Tuchni c a l  Approach 

L i t e r a t u r e  f o r  t h i s  i n v e n t o r y  was found and c o l l e c t e d  i n  f o u r  w a y s :  
search ing  l i b r a r y  ca ta logs ,  search ing  c o m p u t e r i z e d  1  i t e r a t u r e  d a t a  
bases, rev iew ing  re fe rences  c i t e d  i n  o t h e r  r e p o r t s ,  a n d  p e r s o n a l  l y  
c o n t a c t i n g  model authors,  sponsors, and o t h e r  knowledgeabl  e  p e o p l  e  i n  
t h e  f i e l d .  

Models and r e l a t e d  documents w e r e  c o n s i d e r e d  a p p r o p r i a t e  f o r  t h e  
i n v e n t o r y  i f  a  check o f  t i t l e s  and a b s t r a c t s  i n d i c a t e d  t h a t  t h e y  w e r e  
re1 a ted  t o  t h e  motor  v e h i c l e  t r a n s p o r t a t i o n  system and (1)  w e r e  j u d g e d  
t o  be usable i n  p o l i c y  analyses,  o r  ( 2 )  advanced  t h e  d e v e l o p m e n t  o f  
models. 

The te rm "model" has been b r o a d l y  used i n  t h i s  i nven to ry .  Any system o f  
equat ions  t h a t  i s  i n tended  t o  rep resen t  a  process o r  a  system, s u c h  a s  
t h e  motor  v e h i c l e  market, may be c a l l e d  a  m o d e l .  T a k i n g  t h i  s  i n t o  
account, t h e  i n v e n t o r y  i n c l u d e s  models t h a t  c o n s i s t  mere1 y  o f  s  i n g l  e -  
equa t i on  econometr ic r e g r e s s i o n  s p e c i f i c a t i o n s  as w e l l  as s o p h i s t i c a t e d  
progra.ms w i t h  l a r g e  da ta  bases t h a t  have been developed s p e c i f i c a l l y  f o r  
po l  i c y  analyses. The complex models are  i n c l u d e d  here  because t h e y  have 
t h e  p o t e n t i a l  f o r  be ing  used i n  research and pol icy-making,  e s p e c  i a1 l y  
by t h e  fede ra l  government. The simp1 e  model s  have been i n c l  uded because 
they  a re  r e p r e s e n t a t i v e  o f  research t h a t  has advanced economic t h e o r y  as  
i t  a p p l i e s  t o  au tomobi le  demand, f u e l  o r  e n e r g y  c o n s u m p t i o n ,  m a r k e t  
sha re ,  v e h i c l e  m i l e s  t r a v e l e d ,  o r  o t h e r  aspects o f  t h e  m o t o r  v e h i c l e  
t r a n s p o r t a t i o n  system. 

I n  general ,  t h e  p r o j e c t  s t a f f  concent ra ted  t h e i r  e f f o r t s  on i d e n t i f y i  n g  
model !; and documents w r i t t e n  a f t e r  1970. I n  t h i s  supplement, h o w e v e r ,  
an e f f o r t  was made t o  c o l l e c t  t h e  models t h a t  a r e  f r e q u e n t l y  c i t e d  a s  
be ing  impor tan t  i n  t h e  h i s t o r i c a l  development o f  motor  v e h i c l e  p r i c e  and 

5 ~ i c h a r d s o n ,  B.C.; Joscelyn,  K.B.; Saalberg, J.H., L i m i t a t i o n s  -- o n  t h e  
use o f  mathematical models i n  t r a n s p o r t a t i o n  p o l  i c y  ana l ys i s ,  Ann Arbor,  -- 
Michigan:  UMI R e s e a r c h e s s ,  an i m p r i n t  o f  U n i v e r s i t y  M i c r o f i  l m s  
I n t e r n a t i o n a l  , 1979. 

6 ~ i c h a r d s o n ,  B.C. ; Barne t t ,  W .S..; Dahl , C.A. ; Roberts,  D.C.; Josce 1  y  n  , 
K.B, An overv iew o f  s e l e c t e d  n a t i o n a l  -1  e v e l  e n e r g y l t r a n s p o r t a t  i o n  
mathemat ical  modez,  Ann Arbor,  M i c h i g a n :  UMI R e s e a r c h  P r e s s ,  a n  
i m p r i n t  o f  ~ n m t y  M i c r o f i l m s  I n t e r n a t i o n a l  , 1980. 

' ~ i c h a r d s o n .  B.C.: Ba rne t t .  W. S. : M u s q r a v e .  G.  L.  : R o b e r t s  . 0. C. : 
Sanghvi, P,BI; ~ e g e l ,  ~ . ~ . ; - ~ o s c e l ~ n ,  ~.k., ~n a n a l y s i s  --- o f  t h e  ~ a c k  
Faucet t  Assoc ia tes  Automobi le Sector  ~ o r e c a z i  ng  M o d e l  , Ann A r b o r ,  
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demand model i ng t h e o r y  . 
r a t h e r  t han  l o c a l  a p p l i  
S ta tes  a r e  i n c l u d e d  i f  
U.S. o r  i f  c e r t a i n  as 
U.S. models. 

The models i n c l u d e d  a r e  general l y  o f  n a t i o n a l  
cab i  1  i ty. Models developed o u t s i d e  o f  t h e  U n i t e d  
t h e  p o s s i b i l i t y  e x i s t s  o f  a p p l y i n g  t h e m  i n  t h e  
p e c t s  o f  t h e m  m i g h t  b e  u s e f u l  i n  b u i l d i n g  

The f o l l o w i n g  rnodel r e p o r t s  a r e  r e v i s e d  v e r s i o n s  o f  r e p o r t s  t h a t  
appeared i n  e a r l  i e r  e d i t i o n s :  76-025, 78-263, and 78-297. 

Each o f  t h e  models and documents has been assigned one o r  more keywords  
t h a t  d e s c r i b e  t h e i r  sub jec t  ma t te r .  The k e y w o r d s  a r e  1  i s t e d  i n  t h e  
t a b l e  below. 

........................................................................ 
KEYWORDS 

Acc idents  Market Share 

A i r  Pol  1  u t i  on/Ai r Qua1 i t y  Modal S p l i t  

Autornobi 1  e  Demand Model Assessment 

Automobile Design Na t i ona l  Economic Impact 

Automobile Supply Noise Pol 1  u t i o n  

Data P r i c i n g  

Emi ss ions  Scrappage 

Energy Consumpti on Trucks 

F l e e t  S i ze  V e h i c l e  Manufac tur ing  Resource 
U t i l i z a t i o n  

Fuel Consumpti on 
Veh ic le  M i l e s  Trave led  

Fuel Economy 
Veh ic le  Opera t ing  Performance 

Fuel P r i c e  
V e h i c l e  User Costs/Vehic l  e  

I n d u s t r i a l  F i n a n c i a l  Opera t ing  Costs 
Performance 

Weight ........................................................................ 

Every e f f o r t  was made t o  be as c o m p r e h e n s i v e  a s  p o s s i b l e ,  b u t  t h e  
au tho rs  recogn ize  t h a t  a n y  e f f o r t  o f  t h i s  n a t u r e  i s  b o u n d  t o  b e  
incomple te  and somewhat ou tdated a t  t h e  t i m e  o f  p u b 1  i c a t i  on .  T h e y  
would, t h e r e f o r e ,  a p p r e c i a t e  r e c e i v i n g  any i n f o r m a t i o n  t h e  r e a d e r  may 
have p e r t a i n i n g  t o  new models o f  t h e  t ype  r e p o r t e d  h e r e ,  u p d a t e s  o r  
c o r r e c t i o n s  t o  t h e  summaries o f  models i nc luded  i n  t h i s  i n v e n t o r y ,  o r  
re fe rences  t o  re1 a ted  1  i t e r a t u r e .  



1.4 -- Format o f  I n f o r m a t i o n  Reported 

The i n v e n t o r y  r e p o r t s  i n  s e c t i o n  2.0 and a b s t r a c t s  i n  s e c t i o n  3.0 f o l l o w  
s tandard  formats,  w i t h  s i m i l a r  i n f o r m a t i o n  about each model o r  document  
summarized under a  c o n s i s t e n t  ou t1  i n e  o f  c a t e g o r i c a l  headings.  I t  h a s  
n o t  been p o s s i b l e  t o  p r o v i d e  i n f o r m a t i o n  f o r  every  c a t e g o r y  f o r  e v e r y  
model a,nd document. T h i s  i s  because t h e  r e q u i r e d  i n f o r m a t i o n  was e i t h e r  
u n a v a i l a b l e  o r  i n a p p r o p r i a t e  f o r  t h e  s u b j e c t  model o r  r e p o r t .  The l e v e l  
o f  d e t a , i l  f o r  each r e p o r t  i s  dependent on t h e  l e v e l  o f  d e t a i l  c o n t a i n e d  
i n  t h e  pub l i shed  documentat ion f r o m  w h i c h  t h e  i n f o r m a t i o n  f o r  t h e  
i nventcrry was ex t rac ted .  

1.4.1 General I n f o r m a t i  on 

The f o l l o w i n g  c a t e g o r i e s  o f  i n f o r m a t i o n  a r e  c o n t a i n e d  i n  b o t h  t h e  
( " l ong - - fo rm" )  i n v e n t o r y  r e p o r t s  and i n  t h e  ( " s h o r t - f o r m " )  a b s t r a c t s .  

Access-ion -- Number: Each model o r  document  i s  a s s i g n e d  a  f i v e - d i g i t  
access-ion number. The f i r s t  two d i g i t s  rep resen t  t h e  y e a r  i n  which t h e  
r e p o r t  was w r i t t e n  and t h e  l a s t  t h r e e  t h e  o r d e r  i n  w h i c h  t h e  r e p o r t s  
were r e c e i v e d  by HSRI p r o j e c t  s t a f f .  I t  i s  t h e  l a s t  t h r e e  d i g i t s  4 ----- 
which t h e  r e p o r t s  a r e  ordered i n  t h i s  v o l u m e .  F o r  e x a m p l e ,  7 4 - 0 0 5  - -- - -- 
f 0 1  1  OW:; 75-004. 

I f  t h e r e  a re  a  smal l  number o f  d i s t i n c t  subrnodels w i t h i n  a  m o d e l  , e a c h  
submodel i s  f u r t h e r  des ignated by appending a  l e t t e r  ( i .e. ,  A ,  B ,  C ,  
e t c . )  t o  t h e  f i v e - d i g i t  access ion  number. A  separa te  i n v e n t o r y  f o r m  i s  
i n c l u d e d  f o r  each submodel t o  f a c i l i t a t e  m o r e  c o m p l e t e  a n d  a c c u r a t e  
rep0 rt i ng . 
The access ion  numbers o f  t h e  non-model document a b s t r a c t s  i n  s e c t i o n  3.0 
a r e  p r e f i x e d  by " S - "  ( a  symbol r e f e r r i n g  t o  " s u p p o r t i n g "  m a t e r i a l ) .  
T h i s  d i s t i n g u i s h e s  model d e s c r i p t i o n s  f rom d e s c r i  p t  i o n s  o f  d o c u m e n t s  
t h a t  a r e  n o t  on models as such. 

Al though t h e  r e p o r t s  a r e  ordered c o n s e c u t i v e l y ,  t h e r e  a r e  g a p s  i n  t h e  
sequence o f  access ion  numbers. These gaps occur because some documents  
proved t o  be d u p l i c a t e s  o r  i r r e l e v a n t  d u r i n g  t h e  i n - d e p t h  rev iew  process 
t h a t  occurs  p r i o r  t o  f i n a l  i n c l u s i o n  i n  t h e  i n v e n t o r y .  These docunlents 
were d e l e t e d  from t h e  i n v e n t o r y ,  b u t  o n l y  a f t e r  t h e  a c c e s s i  o n  n u m b e r s  
had been assigned. 

Sponsor: I nc luded  i n  t h i s  i t e m  a r e  t h e  name a n d  a d d r e s s  o f  t h e  
o r g a n i 5 a t i o n  which sponsored t h e  study o r  t h e  c o n s t r u c t i o n  o f  t h e  model. 
I f  t h e r e  was inore than  one sponsor ing  o r g a n i z a t i o n ,  e a c h  o f  t h e s e  i s  
i n c l  uded. 

O r g a n i z a t i o n  Author :  Th i s  d e s i g n a t i o n  i n c l  udes t h e  name and address  o f  
t h e  o r g a n i z a t i o n a l  a u t h o r  o r  au tho rs  o f  t h e  m o d e l  o r  s t u d y .  On t h e  
long- fo rm r e p o r t s  i n  S e c t i o n  2.0, t h i s  i n f o r m a t i o n  w i l l  be f o u n d  u n d e r  
t h e  "AUTHOR" heading. On t h e  sho r t - f o rm a b s t r a c t s  i n  Sec t i on  3 .0  t h i s  
i n f o m ~ a t i o n  appears under t h e  "PERFORMING ORGANIZATION" h e a d  i n g  . The  



"AUTHOR" heading on t h e  l ong - fo rm r e p o r t s  a l s o  i n c l  u d e s  t h e  names o f  
personal  au thors .  

Keywords: These r e f e r  t o  t h e  b a s i c  s u b j e c t  m a t t e r  o f  t h e  s t u d y  o r  t h e  
o u t p u t s  t h a t  t h e  m o d e l  was b u i l t  t o  p r o d u c e .  E v e r y  r e p o r t  i s  
c a t e g o r i z e d  acco rd ing  t o  one o r  more o f  t h e  keywords 1  i s ted  i n  Tab1 e  1. 

Reference: The sources f o r  t h e  i n f o r m a t i o n  presented a r e  c i t e d .  T h e s e  
c i t a t i o n s  g e n e r a l l y  f o l l o w  t h i s  fo rmat :  personal  a u t h o r s '  names, r e  p o r t  
o r  paper t i t l e ,  o r g a n i z a t i o n a l  a u t h o r  o r  p u b 1  i c a t i o n  d a t a ,  r e p o r t  
number, da te ,  and Na t i ona l  Techn ica l  I n f o n n a t i o n  S e r v i c e  (NTIS) number,  
i f  t h e r e  i s  one. 

1.4.2 D e t a i l e d  I n f o r m a t i o n  -- on Models 

The f o l l o w i n g  c a t e g o r i e s  o f  i n f o r m a t i o n  a r e  found o n l y  o n  t h e  " 1  o n g -  
fo rm"  i n v e n t o r y  r e p o r t s  o f  S e c t i o n  2.0: 

Model Name: The model name r e f e r s  t o  t h e  commonly r e c o g n i  z e d  name o f  
t h e o X i f  i t  has one. Otherwise,  t h e  name o f  t h e  r e p o r t  i n  which t h e  
model i s  presented i s  1  i sted.  

Summary: The f i r s t  paragraph o f  each r e p o r t  i s  a  summary  s t a t e m e n t  
about  each model, i n c l u d i n g  i t s  name, au thor ,  date,  s p o n s o r ,  p u r p o s e ,  
and, i f  documented, i t s  use i n  p o l i c y  a n a l y s i s .  

O b j e c t i v e  -- o f  Model : The o b j e c t i v e  o f  t h e  model i s  t h e  purpose f o r  which 
t h e  model was b u i l t .  T h i s  o f t e n  i n c l u d e s  t h e  r e l a t i o n s h i p s  w h i c h  a r e  
ana lyzed i n  t h e  model. 

R e l a t i o n s h i p  t o  Other  Models: I f  t h e  model i s  a  submodel o f  a  l a r g e r  
system, t h i s  is m i n e d r e .  I n p u t s  f rom o r  o u t p u t s  t o  o t h e r  mode l  s  
a r e  d i  scussed. 

H i s t o r i c a l  Background: Re1 evant  h i s t o r y  p e r t a  i n  i n g  t o  t h e  m o d e l  i s  
summarized, i n c l u d i n g  t h e  reasons f o r  i t s  d e v e l  o p m e n t ,  m o d e l s  w h i c h  
preceded i t  and c o n s t i t u t e d  developmental antecedents,  and o t h e r  work by 
i t s  au thors .  

Assum t i o n s :  Bas ic  assumptions rnade i n  t h e  c o n s t r u c t i o n  o f  t h e  m o d e l  , -f9- i n c  ud ing  p r i m a r i l y  t hose  r e p o r t e d  by model a u t h o r s ,  a r e  i n d i c a t e d .  
T h e s e  may i n c l u d e  assumed  r e l a t i o n s h i p s  among v a r i a b l e s  a n d  
s u b s t i  t u t a b i l  i ty  o f  v a r i a b l e s ,  as we1 1  as o t h e r  imposed c o n d i t i o n s .  

Val i d a t i o n :  T h i s  i n c l u d e s  any i n f o r m a t i o n  r e l a t i n g  t o  t h e  f o r e c a s t  i n g  
b e h a v i o r  and dynamic p r o p e r t i e s  o f  t h e  model t h a t  has been r e p o r t e d  b y  
model au tho rs  o r  o the rs .  F o r e c a s t i n g  b e h a v i o r  r e f e r s  t o  c o m p a r i n g  
a c t u a l  va lues  w i t h  p r e d i c t i o n s  o f  t h e  model. Dynamic p r o p e r t i e s  r e f e r  
t o  t h e  t i m e  paths  o f  changes i n  t h e  endogenous v a r i a b l e s  o f  t h e  model i n  
response t o  a  change i n  one o r  more o f  t h e  exogenous v a r i  a  b l  e s  o f  t h e  
model. When no model v a l i d a t i o n  has been done, b u t  t h e  a u t h o r s  r e p o r t  
r e s u l t s  f rom t h e i r  r e s e a r c h  w i t h  t h e  m o d e l ,  t h a t  i n f o r m a t i o n  i s  
desc r i  bed. 



L i m i t a t i o n s  - and B e n e f i t s :  L i m i t a t i o n s  may i n c l u d e  t h e  f a c t  t h a t  a  model 
i s  o u t  o f  da te ,  t h a t  t h e  r e l a t i v e  importance o f  v a r i a b l e s  h a s  c h a n q e d  
o v e r  t ime,  o r  o t h e r  problems r e p o r t e d  by t h e  model a u t h o r s .  ~ e n e f  i t  s  
m igh t  i n c l u d e  a  success fu l  , i n n o v a t i v e  approach t o  a  p a r t i c u l a r  a n a l y t i c  
problem, o r  s p e c i a l  a b i l  i t i e s  o f  t h e  model. Genera l l y  t h e  1  i m i  t a t  i o n s  
and b e n e f i t s  l i s t e d  a r e  those r e p o r t e d  by t h e  model au thors .  

S t r u c t u r e :  T h i s  heading desc r i bes  t h e  a n a l y t i c a l  l o g i c  and f l o w  o f  t h e  
submom, equat ions ,  and o u t p u t  o f  t h e  m o d e l .  The  f o r m  o f  k e y  o r  
r e p r e s e n t a t i v e  equat ions  may be presented.  

Model Cons t ruc t i on :  T h i s  s e c t i o n  d iscusses,  f o r  econometr ic  models, t h e  
sourcles o f  t h e  h i s t o r i c a l  d a t a  used t o  e s t i m a t e  t h e  e q u a t i o n s .  F o r  
o t h e r  t ypes  o f  models t h e  theo ry ,  academic f i e l d ,  o r  branch o f  s c i e n c e  
upon which t h e  model i s  based i s  presented. 

Data Used I n  Runnin Model :: The i n p u t  da ta ,  parameters, o r  o p t i o n s  t h a t  - -- - 
t h e  user  must +- spec1 y  t o  r u n  t h e  model a r e  l i s t e d .  

Computer .- --eT;__ Re u i r e m e n t s :  When a v a i l a b l e ,  i n f o r m a t i o n  i s  p r o v i d e d  
pe r ta ' l n i ng  t o  t e  computer r e q u i  rernents o r  s p e c i f i c a t i o n s  o f  t h e  mode l  , 
i n c l u d i n g  hardware, runn ing  t ime,  programming language, e t c .  

1.4.3 I n f o r m a t i o n  on Suppor t i ng  L i t e r a t u r e  

The f o l l o w i n g  i tems w i l l  be found o n l y  on t h e  " sho r t - f o rm"  a b s t r a c t s  o f  
s e c t i o n  3.0: 

Concerning Model: The names and access ion  numbers o f  models w i t h  w h i c h  
t h e  abs t rac ted  document i s  concerned a r e  l i s t e d .  T h i s  i s  a p p r o p r i a t e  i f  
t h e  document r e p o r t s  on t h e  use, v a l i d a t i o n ,  o r  assessment o f  a  s p e c i f i c  
model repo r ted  i n  S e c t i o n  2.0 o f  t h i s  r e p o r t .  

A b s t r a c t :  Th i  s  paray raph summarizes t h e  con ten ts  o f  t h e  document. -- 

1.4.4 Indexes 

I n  t h e  f o u r t h  s e c t i o n  o f  t h i s  volume, a l l  o f  t h e  models a n d  d o c u m e n t s  
a r e  indexed. There a r e  s i x  separa te  indexes i n  which personal  a u t h o r s ,  
o r g a n i z a t i o n a l  au tho rs ,  sponsors, keywords, m o d e l  names,  a n d  r e p o r t  
t i t l e s  a r e  a1 1  1 i s t e d  a l p h a b e t i c a l l y ,  f o l l o w e d  by t h e  access ion  numbers. 

I n  t h e  case o f  j o i n t  a u t h o r s h i p  o r  sponsorsh ip  each a u t h o r  o r  sponsor i s  
1  i s t e d  sepa ra te l y .  Not a l l  documerits o r  models have b o t h  p e r s o n a l  a n d  
o r g a n i z a t i o n a l  au tho rs  and sponsors, a n d  t h e r e f o r e  n o t  a l l  o f  t h e m  
appear on each 1  i s t .  

Most models and documents have more t h a n  one keyword ,  s o  t h e y  a p p e a r  
under severa l  keywords i n  t h e  index.  

To save t h e  use r  t h e  t r o u b l e  o f  hav ing  t o  search t h r o u g h  t w o  s e t s  o f  
indexes,  t h e  models f rom S e c t i o n  2.0 and t h e  assoc ia ted  l i t e r a t u r e  f r o m  



Section 3.0 are included i n  each of the indexes .  Once an a c c e s s i o n  
number i s  acquired from the indexes, the user may find e i t h e r  a model 
inventory report in Section 2.0 ( f o r  accession numbers without the "S-" 
prefix) or  an abstract in Section 3.0 ( f o r  accession numbers preceded by 
"S-"). Within each section the reports o r  abstracts  a r e  i n  a c c e s s i o n  
number order (by the l a s t  three d i g i t s )  , and t h e  a c c e s s i o n  numbers 
appear i n  the upper outside corner of each page. 

The indexes are cumulative, in that  t h e y  1 i  s t  models and documents 
contained in both t h i s  supplement, in the original (1979) report,  and in 
the f i r s t  (1980) supplement. Accession numbers followed by ( 7 9 )  or (80) 
refer  t o  abs t racts  or reports that  are t o  be found i n  an ea r l i e r  vol ume 
of the Inventory. 



2.0 MODEL INVENTORY REPORTS 





CRA HEDONIC MARKET SHARE MODEL 

The CRA Hedonic Market Share Model , a1 so  r e f e r r e d  t o  a s  t h e  CRA 
Hedonic Demand Model ,  was o r i g i n a l l y  d e v e l o p e d  a t  C h a r l e s  R i v e r  
Associates,  Inc .  (CRA) i n  1976. Improvements a n d  e x t e n s i o n s  t o  t h e  
model have been sponsored by CRA, t h e  U,S. Department o f  L a b o r  ( D O L ) ,  
t h e  E l e c t r i c  Power Research I n s t i  tu te - -Energy  Ana lys i s  and Env i r o n m e n t  
D i v i s i o n  (EPRI), and t h e  U,S. Department o f  T r a n s p o r t a t i o n  (DOT) .  The 
model es t ima tes  t h e  impact  o f  changes i n  v e h i c l e  a t t r i b u t e s  o n  t h e  
m a r k e t  s h a r e s  o f  t h e  p a r t i c u l a r  v e h i c l e s  t h a t  a r e  o f f e r e d  b y  
manufacturers.  

SPONSOR 

U.S. Department o f  Labor 
Bureau o f  I n t e r n a t i o n a l  Labor A f f a i  r s  
Washington, D. C. 

E l e c t r i c  Power Research I n s t i t u t e  
Pa lo  P, l to,  C a l i f .  

U.S. Department o f  T r a n s p o r t a t i o n  
Na t i ona l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  
Washington, D.C. 

AUTHOR 

N. S c o t t  C a r d e l l ,  J. Hayden Boyd, Robert E. Mellman, Fred C. Dunbar 
Char les  R i v e r  Assoc ia tes ,  I nc .  
200 C l  arendon S t r e e t  
Boston, Mass. 02116 

KEY WORDS 

Market share, au tomobi le  demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  e s t i m a t e  t h e  impact o f  c h a n g e s  i n  
v e h i c l e  a t t r i b u t e s  (such as p r i c e ,  f u e l  economy, o r  f requency o f  r e p a i r )  
o r  i n  manufac turer  p roduc t  o f f e r i n g s  (such as t h e  t y p e s  o r  m o d e l s  o f  
v e h i c l e s )  on t h e  market  shares o f  those p roduc t  o f f e r i n g s .  

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n s h i p  t o  o t h e r  models. 



HISTORICAL BACKGROUND 

The hedonic model was o r i g i n a l l y  developed by N. S c o t t  C a r d e l  1  f o r  
t h e  purpose o f  e s t i m a t i n g  t h e  e f f e c t s  o f  t a r i f f  c h a n g e s  o n  i m p o r t e d  
automobi le  sa les .  Under t h e  sponsorship o f  EPRI, CRA r e f i n e d  t h e  m o d e l  
and t e s t e d  i t s  a l g o r i t h m s  on t h e  market  f o r  e l e c t r i c i  t y - u s i  n g  g o o d s .  
T h i s  i n d i c a t e d  i t s  p o t e n t i a l  a p p l i c a b i l i t y  t o  c o m m o d i t i e s  o t h e r  t h a n  
motor  v e h i c l e s .  Under DOL sponsorship,  a  1974 model  y e a r  a u t o m o t i v e  
database was developed and used t o  a s s e s s  t h e  e c o n o m i c  e f f e c t s  o f  
p o t e n t i a l  changes i n  U.S. t a r i f f s  and t h e  i m p o s i t i o n  o f  q u o t a s  b y  t h e  
U.S. on t h e  i m p o r t a t i o n  o f  f o r e i g n  cars.  Under DOT s p o n s o r s h i p ,  a  new 
v e r s i o n  o f  t h e  computer program f o r  t h e  model was d e v e l  o p e d  a n d  d a t a  
bases f o r  model y e a r  1977 and 1978 automobi les  w e r e  c o m p i  1  ed.  T h e s e  
were used t o  s tudy  t h e  i m p a c t  o f  c h a n g e s  i n  v e h i c l e  a t t r i b u t e s ,  
p a r t i c u l a r l y  f u e l  economy, on t h e  market  share and c o m p e t i t i v e  s i t u a t i o n  
i n  t h e  U.S. automobi le  i n d u s t r y .  DOT a l s o  s p o n s o r e d  a  s t u d y  o f  t h e  
s o c i e t a l  impacts o f  au tomobi le  d o w n s i  z i n g ,  w h i c h  was b a s e d  o n  t h e  
o r i g i n a l  v e r s i o n  o f  t h e  model program and on t h e  1977 da ta  base. 

ASSUMPTIONS 

The model assumes t h a t  i n d i v i d u a l  c a r  a n d  1  i g h t - t r u c k  p r o d u c t  
o f f e r i n g s  by manufac turers  can be t r e a t e d  as bundles o f  i d e n t i f i a b l e  and 
measurable c h a r a c t e r i s t i c s  o r  a t t r i b u t e s  t h a t  a r e  r e l e v a n t  t o  p u r c h a s e s  
by consumers o f  p a r t i c u l a r  makes and models o f  automobi 1  e s .  I n  t h e  i r 
purchase dec i s ions ,  consumers a r e  assumed t o  m a x i m i z e  t h e i r  u t i l i t y ,  
s u b j e c t  t o  t h e i r  i n d i v i d u a l  p re fe rences  f o r  v e h i c l e  a t t r i b u t e s  a n d  f o r  
t h e  v e h i c l e  o f f e r i n g s  produced by t h e  manufac turers .  The e s t i m a t i o n  
techn ique  assumes t h a t  i n d i v i d u a l  consumers va ry  i n  t h e i r  demand f o r  a  
p a r t i c u l a r  au tomobi le  c h a r a c t e r i s t i c ,  i n c l u d i n g  p r i c e s ,  b e c a u s e  o f  
d i f f e r e n c e s  i n  t h e i r  incomes, use p a t t e r n s ,  and persona l  t a s t e s .  The 
model a l s o  assumes t h a t  t h e  s i z e  o f  t h e  t o t a l  market  i s  f i x e d ,  t h a t  t h e  
u t i l i t y  f u n c t i o n  i s  l i n e a r ,  and t h a t  consumers' t a s t e s  a r e  s t a b l e  a s  
p r i c e s  change. 

VALIDATION 

The p r e d i c t i o n s  d e r i v e d  f rom t h e  model have n o t  b e e n  v a l i d a t e d  b y  
comparison w i t h  a c t u a l  h i s t o r i c a l  exper ience.  The model a u t h o r s  n o t e d  
t h a t  t h e  r e s u l t s  were s i m i l a r  t o  es t ima tes  f rom t i m e - s e r i e s  r e g r e s s i o n s  
i n c l u d e d  i n  t h e  s t u d i e s  by  CRA (1977) and by Toder, Cardel 1, and B u r t o n  
(1978), and t o  t h e  p r e d i c t i o n s  d e r i v e d  by q u e s t i o n n a i r e  techn iques i n  a  
s tudy  t h a t  was done by  Market  Facts ,  I nc .  Cardel 1  a n d  D u n b a r  ( 1 9 8 0 )  
no ted  t h a t  t h e  t a s t e  d i s t r i b u t i o n  parameter es t ima tes  w e r e  r e 1  a t i  v e l y  
c o n s i s t e n t  over  b o t h  t h e  1974 and 1977 da ta  bases. 

LIMITATIONS AND BENEFITS 

F o r  t h e  share p r e d i c t i o n s  t o  be reasonable,  t h e  s e t  o f  a u t o m o b i l e  
models i n c l u d e d  f o r  c o n s i d e r a t i o n  must cover  n e a r l y  t h e  e n t i r e  m a r k e  t . 



I n  o r d e r  t o  p r e d i c t  n e w - c a r  s a l e s ,  e s t i m a t e s  o f  t h e  t o t a l  p r i c e  
e l  a s t i c i t y  o f  new-car demand must be ob ta ined  f rom o t h e r  sources. 

STRUCTURE 

The model es t ima tes  t h e  d i s t r i b u t i o n  (mean and s tandard  d e v i a t i o n )  o f  
consumers' t a s t e s  f o r  each o f  up t o  t e n  o u t  o f  o v e r  f i f t y  p o s s i b l e  
a t t r i b u t e s  o f  veh i c les .  Given t h e  ac tua l  market  shares o f  e a c h  o f  t h e  
s e t  o f  v e h i c l e  models o f f e r e d  by t h e  manu fac tu re rs ,  a  m e a s u r e m e n t  o f  
each a t t r i b u t e  f o r  each v e h i c l e  model, and a  random p r o b a b i l i t y  o f  t h e  
importance t h a t  each o f  up t o  1000 consumers a t t a c h e s  t o  e a c h  o f  t h e  
a t t r i b u t e s ,  t h e  computer program es t ima tes  t h e  d i s t r i b u t i o n  p a r a m e t e r s .  
The es t ima tes  o f  t h e  d i s t r i b u t i o n s  o f  consumer t a s t e s  may t h e n  b e  u s e d  
t o  p r e d i c t  t h e  market share d i s t r i b u t i o n  t h a t  m igh t  r e s u l t  i f  t h e r e  were 
a  change i n  p r i c e s  o r  i n  t h e  measurements o f  t h e  s e t  o f  a t t r i b u t e s  f o r  
some o r  a1 1  o f  t h e  veh i c les .  

The model beg ins  w i t h  t h e  assumption: 

where: 

'i j  
= ,the u t i l  i t y  o f  i n d i v i d u a l  consumer i from t h e  purchase o f  model j  

= a v e c t o r  of a t t r i b u t e s  o f  model j 

P j  
= t h e  p r i c e  o f  model j 

a = a s e t  o f  parameters t h a t  maps C .  and P .  i n t o  Uij i J J 

The u t i l i t y  f u n c t i o n  i s  a s s u m e d  t o  b e  1  i n e a r ,  s o  t h a t  t h e  a '  s 
r e p r e s e n t  t h e  marg ina l  r a t e s  o f  s u b s t i t u t i o n  between t h e  a t t r i b u t e s  a n d  
t h e  p r i c e .  Then a i s  viewed as a  v e c t o r  o f  random v a r i a b l e s ,  a1  1  o w i n g  
t h e  genera t i on  o f  a  p r o b a b i l i t y  d i s t r i b u t i o n  f o r  t h e  c h o i c e  among 
au tomob i l e  models. A  s imp1 e  f u n c t i o n a l  f o r m  f o r  t h e  p r o b a b i l  i t y  
d i s t r i b u t i o n  o f  t h e  a ' s  i s  assumed .  The  m o d e l  s e e k s  t o  f i n d  t h e  
d i s t r i b u t i o n  o f  c o n s u m e r s '  u t  i 1  i t y  f u n c t i o n s  t h a t  m o s t  c l  o s e l y  
reproduces t h e  market  shares a c t u a l l y  observed f o r  t h e  i n d i v i d u a l  models 
o f  veh i c les .  E i t h e r  l o g i t  o r  hedonic e s t i m a t i o n - t e c h n i  que  a1 g o r i  t h m s  
may be used t o  de termine t h e  d i s t r i b u t i o n s .  A l g o r i t h m s  a r e  p r o v i d e d  
t h a t  use t h e  t a s t e  d i s t r i b u t i o n  parameter e s t i m a t e s  t o  s i m u l a t e  t h e  
m a r k e t ' s  response t o  changes i n  t h e  a t t r i b u t e s  o f  t h e  v e h i c l e s  o f f e r e d .  
The v a r i o u s  a p p l i c a t i o n s  o f  t h e  m o d e l  h a v e  i n v o l v e d  u s i n g  t h e s e  
a l g o r i t h m s  on a l t e r n a t i v e  d a t a  bases. The d i f f e r e n t  v e r s i o n s  o f  t h e  
model (i.e., d i f f e r e n t  parameter es t ima tes )  occur red when t h e  v a r i o u s  
resea rch  teams s e l e c t e d  d i f f e r e n t  v e h i c l e  a t t r i b u t e s  f o r  t h e i r  
p a r t i c u l a r  s tud ies .  Thus, t h e  s t r u c t u r e  o f  t h i s  model d i f f e r s  f rom most 
o t h e r s  i n  t h a t  t h e  a l g o r i t h m s  a r e  used t o  b u i l d  t h e  s p e c i f i c  v e r s i o n  
th rough  t h e  e s t i m a t i o n  o f  t h e  p a r a m e t e r s  a s  w e l l  a s  t o  s i m u l a t e  
a1 t e r n a t i v e  scenar ios.  



Toder, C a r d e l l ,  and Bur ton  (1978) and CRA (1977) used v e h i c l e  p r i c e ,  
volume, passenger area,  we ight ,  t u r n i n g  c i r c l e ,  and m i l e s  pe r  g a l l o n  a s  
t h e i r  a t t r i b u t e s .  C a r d e l  1 a n d  D u n b a r  ( 1 9 8 0 )  u s e d  p r i c e ,  f u e l  
consumption, a c c e l e r a t i o n ,  f requency o f  r e p a i r ,  l u x u r y  ( a  c o n s t r u c t i o n  
based on Consumer Re o r t s  n o i s e  and r i d e  r a t i n g s ) ,  and passenger s p a c e .  
Boyd and Mellman (1980 +T r e p o r t e d  t h e  r e s u l t s  o f  t h r e e  a1 t e r n a t i v e  
s p e c i f i c a t i o n s ,  b u t  t h e i r  a n a l y s i s  was p r i m a r i l y  b a s e d  o n  t h e  
s p e c i f i c a t i o n  t h a t  con ta ined  p r i c e ,  f u e l  c o n s u m p t i o n ,  a c c e l e r a t i o n ,  
f r e q u e n c y  o f  r e p a i r ,  s t y l e  ( a  c o n s t r u c t i o n  b a s e d  o n  e x t e r i o r  
d imens ions) ,  and n o i  se r a t i n g s .  

MODEL CONSTRUCT I O N  

T h i s  model was c o n s t r u c t e d  on c r o s s - s e c t i o n  d a t a  f o r  v e h i c l e  p r i  c e s  , 
c h a r a c t e r i s t i c s ,  and new-car sales.  T h e  m o d e l  h a s  b e e n  a p p l i e d  t o  
au tomobi le  da ta  bases f o r  model yea rs  1974 ( 1 0 6  makes  a n d  m o d e l  s  o f  
v e h i c l e s )  , 1977 (153 v e h i c l e s ) ,  and 1978 (162 v e h i c l e s ) .  

DATA USED IN  RUNNING MODEL 

To use t h e  model f o r  p r e d i c t i o n s ,  a  r e l a t i v e l y  d e t a i l e d  v e h i c l e  d a t a  
base i s  requ i red .  The d a t a  base would i n c l u d e  new p r o d u c t  o f f e r i n g s ,  
v e h i c l e  a t t r i b u t e s  (e.g., p r i c e s ,  a c c e l e r a t i o n ,  f r e q u e n c y  o f  r e p a i r )  , 
and p r o j e c t e d  p o l i c i e s  (e.g., t a r i f f  1  eve1 s, v e h i c l e  t a x e s ) .  
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COMPUTER REQUIREMENTS 

The computer program f o r  t h e  model c o n s i s t s  p r i m a r i l y  o f  an a l g o r i t h m  
f o r  t h e  numer ical  e v a l u a t i o n  o f  p r o b a b i l i t y  i n t e g r a l s  us ing  t h e  M o n t e -  
C a r l o  method. Programs a r e  a l s o  p rov ided  f o r  c a l  c u l  a t i  n g  t h e  m a r k e t  
share changes under t h e  d i f , f e r e n t  s c e n a r i o s ,  f o r  p r o d u c i n g  r e s u l t s  
r e p o r t s ,  and f o r m a n a g i n g  t h e  da ta  bases. The e a r l i e r  v e r s i o n  o f  t h e  
program was w r i t t e n  i n  PDP-111 machine code a n d  FORTRAN a n d  r e q u i r e d  
severa l  hand c a l  c u l a t i o n s  a t  v a r i o u s  p o i n t s  i n  t h e  maxi mum- 1 i k e l  i h o o d  
and Mo~nte-Carlo procedures. The 1980 v e r s i o n  o f  t h e  program was w r i t t e n  
i n  IBM-canpati  b l e  FORTRAN and does n o t  r e q u i r e  hand c a l  cu l  a t i  o n s  . The  
1980 v e r s i o n  i s  r e l a t i v e l y  c:xpensive t o  use, r e q u i r i n g  about  500 seconds 
o f  CPU t i m e  t o  de termine t h e  tas te-parameter  e s t i m a t e s .  The e a r l i e r  
v e r s i o n  o f  t h e  program i s  more e f f i c i e n t  and l e s s  expensive t o  use. 



INTEREST RATES AND THE DEMAND FOR CONSUMER DURABLE GOODS 

T h i s  model i l l u s t r a t i n g  t h e  e f f e c t s  o f  i n t e r e s t  r a t e s  on t h e  demand 
f o r  au tomobi les  and o t h e r  consumer du rab le  goods was developed i n  1 9 6 7  
a t  t h e  Federal  Reserve Bank o f  New York. I t s  r e s u l t s  show t h a t  i n t e r e s t  
r a t e s  have an e f f e c t  on demand t h a t  i s  s i g n i f i c a n t  and independent. 

AUTHOR 

Michael J . Hamburger 
Federal Reserve Bank o f  New York 
New York, N.Y. 
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Automobi 1  e  demand 

OBJECTIVE OF MODEL 

The model shows how monetary v a r i a b l e s ,  such as i n t e r e s t  r a t e s ,  h a v e  
an e f f e c t  on t h e  demand f o r  consumer du rab le  goods, such as automobi les.  
The o b j e c t i v e  o f  t h e  s tudy was t o  c a s t  doub t  o n  t h e  w i d e l y  a c c e p t e d  
n o t i o n  t h a t  consumers do n o t  respond t o  changes i n  i n t e r e s t  r a t e s  and t o  
show t h a t  i n t e r e s t  r a t e s  have a  more d i r e c t  e f f e c t  t han  o t h e r  m o n e t a r y  
p o l i c y .  A new approach was used i n  model ing automobi le  demand. 

RELATIONSHIP TO OTHER MODELS 

There i s  no i n t e r a c t i o n  w i t h  o t h e r  models. 

ASSUMPTIONS 

Des i red  aggregate s tock  o f  a  p h y s i c a l  a s s e t  i s  assumed  t o  b e  a  
f u n c t i o n  o f  a g g r e g a t e  i n c o m e ,  y i e l d s  o n  f i n a n c i a l  a s s e t s  a n d  
l i a b i l i t i e s ,  and t h e  p r i c e  o f  t h e  asset .  There i s  a s t o c k  a d j u s t m e n t  
re1  a t i o n s h i  p  wherein consumers make an adjustment towards equa t ing  t h e i r  
a c t u a l  and d e s i r e d  a s s e t  b a l a n c e s  d u r i n g  a n y  t i m e  p e r i o d .  The 
independent v a r i a b l e s  may have d i f f e r e n t  l a g s  t o  a1 low t h e  adjustment t o  
beg in  a t  d i f f e r e n t  per iods .  D e p r e c i a t i o n  i s  some percentage o f  e x i  s t i  ng 
s tock  and o f  c u r r e n t  purchases, b u t  i s  n o t  n e c e s s a r i l y  f i x e d .  The 
d e p r e c i a t i o n  on e x i s t i n g  s tock  and t h e  l a g s  on t h e  v a r i a b l e s  a r e  n o t  
known beforehand, 

LIMITATIONS AND BENEFITS 

The r a t e  o f  d e p r e c i a t i o n  o n  c u r r e n t  p u r c h a s e s  i s  e x p l i c i t l y  
recognized,  b u t  i s  g e n e r a l l y  i g n o r e d  i n  o t h e r  s t u d i e s .  W e i g h t e d  
d i f f e r e n c e s  o f  t h e  exp lana to ry  v a r i a b l e s  as opposed t o  t h e  l e v e l s  o f  t h e  



v a r i a b l e s  te~nds  t o  reduce t h e  amount o f  mu1 t i c 0 1  l i n e a r i  t y  w h i  c  h  m i  g  h t  
o t  herwi  se be present .  

STRUCTURE 

The model a u t h o r ' s  assumptions and t r a n s f o r m a t i o n s  r e s u l t  i n  t h e  
f o l l  owing general  equa t ion :  

where : 

X = perlsonal consumption expend i tu res  on a u t o m o b i  1  e s  a n d  p a r t s ,  
sealsonal l y  a d j u s t e d  a t  annual r a t e s  

Y = d i  slposable persona l  income, seasonal l y  a d j u s t e d  

e  = annual r a t e  o f  d e p r e c i a t i o n  o f  t h e  e x i s t i n g  asse t  s tock  2 
r = Moody's Aaa r a t e  on long- term c o r p o r a t e  bonds, p e r  cen t  

P = r e l a t i v e  p r i c e  o f  a u t o m o b i l e s ,  e i t h e r  t h e  i m p l i c i t  p r i c e  
def ' l  a t o r  f o r  personal  consumption expend i t u r e s  o n  a u t o s  a n d  
par i ts  d i v i d e d  by t h e  d e f l  a t o r  f o r  a1 1  consumption expend i tu res ,  
o r  t h e  new c a r  component o f  t h e  consumer p r i c e  index d e f l  a t e d  
by i ndex  v a l u e  f o r  a1 1  i tems 

T = s tock  ad jus tment  r e a c t i o n  c o e f f i c i e n t  

v  = r e s i d u a l  te rm 

t+= t h e  v a r y i n g  l a g s  assoc ia ted  w i t h  each independent v a r i a b l e  

The   nod el and severa l  a1 t e r n a t i v e  s p e c i f i c a t i o n s  were es t imated,  f o r  
au tomobi les  and p a r t s  and a l s o  f o r  o t h e r  consumer d u r a b l e  goods. T h e s e  
a r e  compared w i t h  t h e  r e s u l t s  o f  o t h e r  s tud ies .  

Incane i s  shown t o  have a  l o n g e r  l a g ,  s u p p o r t i n g  t h e  v i e w  t h a t  
consumers spend more t i m e  p l a n n i n g  t h e i r  au tomobi le  e x p e n d i  t u r e s  t h a n  
t h e i r  s m a l l e r  ones. Es t imated l a g s  o f  t h e  i n t e r e s t  r a t e  may s e r v e  a s  
i n d i c a t o r s  o f  t h e  r e a c t i o n  t i m e s  o f  s u p p l i e r s  o f  c o n s u m e r  c r e d i t  t o  
changes i n  open market  r a t e s .  

An e s t i m a t i o n  o f  t h e  m o d e l  w i t h  d i f f e r e n t  d a t a  a n d  v a r i a b l e  
s p e c i f i c a t i o n s  d i d  n o t  produce s i g n i f i c a n t l y  d i f f e r e n t  r e s u l  t s.  The  
model a ~ u t h o r  conc ludes t h a t  t h e  hypo thes i s  i s  c o r r e c t  t h a t  a g g r e g a t e  
consumer d u r a b l e  purchases a r e  i n f l u e n c e d  b y  b o t h  t h e  p r i c e s  o f  g o o d s  
and t h e  c o s t s  o f  f i n a n c i n g  them. A  number o f  d i f f e r e n t  m o n e y  s u p p l y  
v a r i a b l e s  were added t o  a1 t e r n a t i v e  model s p e c i f i c a t i o n s .  The r e s  u l  t s  
seem t o  show t h a t  i n t e r e s t  r a t e s  d o  n o t  s e r v e  a s  p r o x i e s  f o r  t h e  
monetary supp ly  v a r i a b l e s ;  t h e y  have t h e i r  own e f f e c t .  The a d d i t i o n  o f  



r e s i d e n t i a l  c o n s t r u c t i o n  e x p e n d i t u r e s  a s  a  v a r i a b l  e  a1 s o  d o e s  n o t  
s i g n i f i c a n t l y  change t h e  automobi le  equat ion .  

MODEL CONSTRUCT ION 

S ince  t h e  r a t e  o f  d e p r e c i a t i o n  on e x i s t i n g  s tock  and t h e  l a g s  on t h e  
exp l  a n a t o r y  v a r i a b l e s  a r e  n o t  known beforehand, an i t e r a t i v e  es t ima t i o n  
p r o c e d u r e  h a d  t o  b e  e m p l o y e d .  I f  r e s i d u a l s  a r e  n o r m a l l y  a n d  
independen t l y  d i s t r i b u t e d ,  max imum l i k e l i h o o d  e s t i m a t e s  o f  t h e  
c o e f f i c i e n t s  c o u l d  be i d e n t i f i e d .  T h i s  was d o n e  b y  c o m p u t i n g  t h e  
weighted d i f f e r e n c e s  o f  t h e  exogenous v a r i a b l e s  f o r  each o f  a  number o f  
va lues  o f  t h e  d e p r e c i a t i o n  r a t e  a n d  t h e  l a g s  a s s o c i a t e d  w i t h  t h e  
independent v a r i a b l e s .  Then t h e  l e a s t  squares r e g r e s s i o n  was computed,  
f o r  each o f  t hese  va lues,  o f  X t  on t h e  w e i g h t f d  d i f f e r e n c e s  o f  t h e  
independent v a r i a b l e s  and X , The maximum R w i  t h  r e s  p e c  t t o  t h e  
d e p r e c i a t i o n  r a t e  a n d  thJ - !ags  was t h e n  f o u n d .  T h e  a s s o c i a t e d  
c o e f f i c i e n t s  w e r e  t h e  max imum 1  i k e l  i h o o d  e s t i m a t e s .  Q u a r t e r l y  
o b s e r v a t i o n s  a r e  used t o  e s t i m a t e  t h e  model, f rom t h e  p e r i o d  1953-64. 
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DISAGGREGATE MODEL OF AUTO-TYPE CHOICE 

T h i s  d i saggrega te  model o f  a u t o - t y p e  c h o i c e  t h a t  d e t e r m i n e s  t h e  
p r o b a b i l i t y  o f  household cho ices  f o r  t y p e s  o f  c a r s  was d e v e l  o p e d  a t  
Cambridge Systemat ics,  Inc./West and t h e  U n i v e r s i  t y  o f  C a l  i f o r n i  a  a t  
I r v i n e  i n  1977 and was pub l i shed  i n  1 9 7 9 .  I t  was s p o n s o r e d  b y  t h e  
U.S. Department o f  Energy. The model was used t o  p r e d i c t  t h e  m a r k e t  
shares o f  p o t e n t i a l  f u t u r e  non-gas01 i ne-powered cars.  
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OBJECTIVE OF MODEL 

T h i s  d i  saggregate model i s  meant t o  show t h e  d e c i  s i o n  o f  a  house h o l  d  
i n  choos ing what t y p e  o f  c a r  w i l l  be bought  from those  a v a i l a b l e .  The  
model es t ima tes  t h e  p r o b a b i l i t y  t h a t  a  household w i l l  c h o o s e  t o  b u y  a  
new aut,o w i t h i n  one o f  t e n  c l a s s e s  o f  a u t o  types.  

RELATIONSHIP TO OTHER MODELS 

T h i s  i s  n o t  r e l a t e d  t o  o t h e r  models. T h i s  i s  a  d i f f e r e n t  model f r o m  
t h a t  o f  Manski and Sherman a t  Cambridge Systemat ics (Eas t )  (78-297) , o r  
f rom modal s p l i t  models by  T ra in .  



ASSUMPTIONS 

The probability of choosing some type of car  i s  assumed t o  depend o n  
three  types of explanatory variables: household c h a r a c t e r i  s t  i  c s , c a r  
charac te r i s t i c s ,  and environment; o r  more specifical ly :  income, fami 1 y 
s i z e ,  number of ca r s  owned, miles driven, r a t i o  of car  cost t o  income,  
r a t i o  of seats  t o  people in the family ,  r a t i o  of g a s  p r i c e  t o  f u e l  
economy, and weight or  pe r fo rmance  of c a r  t i m e s  househo ld  age o r  
education. Some hypotheses confirmed by the resu l t s  a re  that  a r i s e  i n  
income increases the probability of choosing an expensive c lass  of c a r ,  
as does an increase i n  f u e l  economy o r  t h e  t h e  number of  s e a t s ;  
households with many autos tend t o  buy smaller cars;  high income people  
care less  about cos t ;  large families are l e ss  1 ikely t o  buy sport c a r s ;  
households w h o  do more driving choose l a r g e  a u t o s ;  t h o s e  w i th  l e s s  
education l ike  big cars and vice versa; young people are more influenced 
by car performance; and a1 1 households value operating cost similarly. 

V A L I D A T I O N  

A study was done to  examine several speci f ic  types of non-gas01 i ne- 
powered automobiles, estimating what the market shares of these vehicles 
would be in the years 2000 and 2025, i f  the vehicles were avai 1 ab1 e in  
any quantity, i f  consumer's valuations of auto character is t ics  rema i ned 
the  same over time, i f  no major changes o c c u r r e d  i n  r egu l  a t i  ons o r  
taxes,  and i f  gas and e l e c t r i c i t y  real prices d o  no t  r i s e  ove r  t i m e .  
Characterist ics of the vehicles were designed f o r  a project a t  Lawrence 
Livermore Laboratories; these were medi um and small gas autos ,  d i e s e l  , 
nickel-zi nc battery,  high-temperature battery-powered, hybrid, a1 uminum- 
a i r  cell-powered e l ec t r i c ,  and  hydrogen-burning vehicles.  Household- 
character is t ic  data were obtained from the 1 9 6 9  Nat ionwide Pe r sona l  
T ranspo r t a t i on  S tudy  and t h e  Survey  Research  C e n t e r ,  and were 
extrapolated into the future.  Assumptions were made c o n c e r n i  n g  t h e  
procedure by which a household chooses a second o r  t h i r d  c a r ,  g iven  
t h e i r  current holdings. The result ing "base case" forecasts  o f  marke t  
shares f o r  these vehicles were de t e rmined  from t h e  p robab i  1 i  t i e s  
predicted by the model. They were compared w i t h  e l e c t r i c  v e h i c l e  
forecasts  made by Mathtech (77-217) and SRI International (based on t h e  
Crow and Ratchford model 77-574). Problems with t hi s model found t o  
have a bearing on the study are  the means fo r  s p e c i f y i n g  t h e  1 i m i t e d  
range of battery-powered vehicles; the extent t o  which a househol d l  s 
choices f o r  a f i r s t ,  second, and th i rd  car  are made simultaneously; and 
the dynamic e f fec t s  of owning and buying new or  used cars. 

LIMITATIONS AND BENEFITS 

Previous econometric models of auto-type choice have used a g g r e g a t e  
d a t a  w i t h  o n l y  p r i c e  and f u e l  economy a s  e x p l a n a t o r y  a u t o  
character is t ics .  Automobile character is t ics  do not vary subst a n t i  a1 1 y 
over time o r  across regions, result ing in large c o e f f i c i e n t  s t a n d a r d  
errors .  A disaggregate econometric approach, a s  used i n  t h i  s model , 
would avoid the problems of lack of s u f f i c i e n t  v a r i a t i o n  and l a r g e  
correlat ions among the auto character is t ics .  



The model assumes t h a t  t h e  r a t i o  o f  t h e  p r o b a b i l i t i e s  o f  choos ing any 
two a l t e r n a t i v e s  i s  independent o f  t h e  a v a i l a b i l i t y  o r  a t t r i b u t e s  o f  
o t h e r  a l t e r n a t i v e s .  T h i s  i s  c a l l e d  t h e  independence f r o m  i r r e l  e v a n t  
a1 t e r n i i t i v e s  ( I I A )  p r o p e r t y .  The model may v i o l a t e  t h e  I I A  assumpt i o n ,  
b u t  t h e  au tho rs  b e l i e v e  t h a t  t h e  e s t i m a t i o n  p r o c e d u r e s  a n d  e m p i r i c a l  
t e s t i n g  p reven t  t h i s .  Because a  s t r a t i f i e d  sampl i n g  procedure was used, 
some t h e o r e t i c a l  work l e a d  t h e  a u t h o r s  t o  w a r n  t h a t  t h e  e s t i m a t e d  
c o e f f i c i e n t s  shou ld  be viewed w i t h  cau t ion .  A lso  t h e r e  i s  some q u e s t i o n  
as t o  how much i n f o r m a t i o n  an exp lana to ry  v a r i a b l e  c o n t a i n s  a  b o u t  t h e  
e f f e c t  o f  t h e  a t t r i b u t e  r a t h e r  t h a n  t h e  e f f e c t  o f  t h e  d e c i  s i o n m a k e r '  s  
t a s t e s  as cap tu red  by h i s  socioeconomic c h a r a c t e r i s t i c s ,  when m o s t  o f  
t h e  auto  a t t r i b u t e s  do n o t  v a r y  ove r  t h e  p o p u l a t i o n .  

A l l  t h e  rnakes and models o f  c a r s  were c l a s s i f i e d  i n t o  t e n  c l a s s e s ,  
each 01' wh ich  was homogeneous i n  s i z e  and p r i c e :  subsubcompact, s p o r t s  
c a r ,  two c lasses  o f  subcompact, two compact c lasses,  i n t e r m e d i  a  t e  , t w o  
s tandard  c lasses,  and l u x u r y .  

T h i s  m u l t i n o m i a l  l o g i t  (MNL) model e s t i m a t e s  t h e  p r o b a b i l i t y  o f  
choos ing a  new a u t o  i n  c l a s s  i: 

where : 

Pi = p r o b a b i l  i t y  o f  choos ing a  new a u t o  i n  c l a s s  i 

B  z(x i  ,,s) = " r e p r e s e n t a t i v e "  u t i l  i ty o f  a u t o  c l a s s  i 

B  = v e c t o r  o f  c o e f f i c i e n t s  

z = vec to r -va lued  f u n c t i o n  o f  xi and s  

x  = v e c t o r  o f  a t t r i b u t e s  o f  au tos  o f  c l a s s  i i 

s = v e c t o r  o f  a t t r i b u t e s  o f  t h e  household 

The independent v a r i a b l e s ,  t h e  elements o f  z ( x  . , s )  , a r e :  i n  i t i  a1 
a u t o  c o s t  d i v i d e d  by household income, a u t o  o p e r a t i n g  c o s t  p e r  m i  1  e ,  
we ighted seats,  dummy f o r  whether t h e  h o u s e h o l d  owns m o r e  t h a n  t w o  
autos,  dummy f o r  whether t h e  household earns more t h a n  25,000 d o l l a r s  a  
.year, number o f  persons i n  household, v e h i c l e  m i l e s  t r a v e l e d  p e r  m o n t h  
by  t h e  household, au to  we ight  t i m e s  age o f  respondent,  a u t o  we ight  t i m e s  
educa t ion  o f  respondent,  a u t o  performance t i m e s  age o f  r e s p o n d e n t ,  a n d  
dummy v a r i a b l e s  f o r  n i n e  o f  t h e  c a r  c l a s s e s .  The  m o d e l  h a s  2 4  
c o e f f i c i e n t s  t h a t  a r e  a p p l i e d  s e l e c t i v e l y  t o  each of  t h e  t e n  a l t e r n a t i v e  
c lasses .  



MODEL CONSTRUCTION 

Data f o r  e s t i m a t i o n  o f  t h e  model came f r o m  a  s t r a t i f i e d  r a n d o m  
sample o f  541 new c a r  buyers,  c o l l e c t e d  d u r i n g  t h e  summer o f  1 9 7 6  b y  
A r t h u r  D. L i t t l e ,  Inc.  i n  seven c i t i e s .  I n f o r m a t i o n  o n  t h e  v a r i o u s  
p h y s i c a l  c h a r a c t e r i s t i c s  f o r  each t y p e  o f  c a r  was taken f r o m  f r o m  t h e  
1976 Automot ive  ---- News Market  Data Book. P r i c e  d a t a  f o r  each c a r  i n c l u d e d  
s t i c k e r  p r i c e ,  d e s t i n a t i o n  charges f o r  each c i t y ,  a n d  t a x e s  f o r  e a c h  
c i t y ,  as o b t a i n e d  f rom a u t o  manufac turers  and government sources. 
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ECONOMETRIC MODEL OF CONSUMER DEMAND FOR NEW AND REPLACEMENT AUTOMOBILES 

An econometr ic  model o f  demand f o r  au tomobi les  was developed i n  1 9 7 6  
a t  Data Resources, I nc .  (DRI) .  Automobi le usage, scrappage, and demand 
f o r  s tock  a r e  e x p l i c i t l y  modeled, w h i l e  new c a r  s a l e s  a r e  d e t e r m i n e d  
f rom them. 
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OBJECTIVE OF MODEL 

T h i s  e c o n o m e t r i c  m o d e l  o f  a u t o m o b i l e  demand d e s c r i b e s  t h e  
r e l a t i o n s h i p s  between automobi le  usage, t h e  demand f o r  t h e  s t o c k  o f  
au tomobi les ,  and t h e  manner i n  which autos  d e c a y .  I t  s i m u l  a t e s  t h e  
consumer demand f o r  a u t o  s tocks ,  usage, and scrappage. New c a r  s a l e s  
r e s u l t  frorn growth  i n demand f o r  s t o c k  a n d  s c r a p p a g e .  Gas01 i n e  
consumpti on i s  a1 so c a l  c u l  ated. 

RELATIONSHIP TO OTHER MODELS 

There i s  no i n t e r a c t i o n  w i t h  o t h e r  models. 

HISTORICAL BACKGROUND 

Prev ious  s t u d i e s  used consumpt i  o n  f u n c t i o n  m o d e l  s i n  w h i c h  t h e  
emphasis was on  new c a r  s a l e s  as a f u n c t i o n  o f  r e a l  i n c o m e ,  h o u s e h o l d  
assets , ,  p o p u l a t i o n ,  s t o c k  market  performance, and t h e  s t o c k  o f  a u t o s .  
Those e a r l i e r  models, by i n c l u d i n g  t h e  s t o c k  o f  autos a n d  m e a s u r e s  o f  
consumer sent iment  t o  e x p l a i n  au to  demand, a r e  s a i d  t o  be i n a p p r o p r i a t e  
f o r  p o l i c y  a n a l y s i s  except  i n  t h e  v e r y  s h o r t  run.  I n  those models autos 
a r e  demanded f o r  themselves i n s t e a d  o f  f o r  t h e  s e r v i c e s  t h e y  p r o v i d e ;  
s a l e s  a r e  determined by economic c o n d i t i o n s  r a t h e r  than as a r e s u l  t o f  
i n c r e a s e s  i n  demand f o r  c a p i t a l  o r  i t s  scrappage; and scrappage o c c u r s  
a t  a f i x e d  r a t e  i n s t e a d  o f  respond ing t o  m a j o r  f l u c t u a t i o n s .  T h i s  DRI  
model c~xp l  i c i t l y  c o n s i d e r s  t h e  demand f o r  s tock  r a t h e r  t h a n  t h e  demand 
f o r  investment,  and scrappage i s  based on auto  usage r a t h e r  than  age. 

M r .  Osten subsequent ly  moved t o  Data Resources o f  Canada i n  T o r o n t o .  
Some o f  t h e  work on t h i s  model was i n t e g r a t e d  i n t o  o t h e r  m o d e l  i n g  
s e r v i c e s  o f  DRI. 



VAL I DATI ON 

Three h i s t o r i c a l  siniul a t i o n s  were done o v e r  t h e  1970-1975 p e r i o d ,  t o  
ana lyze  t h e  mode l ' s  p r e d i c t i v e  a c c u r a c y ,  t h e  i m p a c t  o f  p o l  1  u t i o n  
dev ices ,  and t h e  e f f e c t  o f  t h e  i nc rease  i n  o i l  p r i c e s .  Cons ide r ing  t h a t  
new c a r  s a l e s  a r e  n o t  e x p l i c i t l y  modeled, t h e  average a n n u a l  e r r o r  o f  
2.1% i s  cons ide red  good, S i m u l a t i o n s  o v e r  t h e  1976-85 p e r i o d  were d o n e  
us ing  exogenous i n p u t s  developed by Data Resources, Inc .  f o r  t h e  Federa l  
Energy A d m i n i s t r a t i o n ' s  N a t i  o n a l  E n e r g y  O u t 1  o o k  f o r  1 9 7 6 .  T h e s e  
f o r e c a s t s  were i n tended  t o  ana lyze t h e  p o t e n t i a l  s i z e  o f  t h e  au to  market  
i n  t h e  absence o f  any m a j o r  changes, t h e  i m p a c t  o f  t h e  f u e l  e c o n o m y  
standards,  i nc reased  a u t o  s e r v i c e  l i v e s ,  and t h e  e f f e c t s  o f  a  g a s 0 1  i n e  
t a x .  

LIMITATIONS AND BENEFITS 

The model au tho rs  be1 i e v e  t h a t  t h i s  model i s  b e t t e r  f o r  f o r e c a s t  i n g  
t h e  l o n g  te rm than  t h e  s h o r t  term. R e l a t i o n s h i p s  i n v o l v i n g  f e e d b a c k  
e f f e c t s  f rom t h e  auto  s e c t o r  t o  t h e  economy have been ignored.  A n a l y s i s  
o f  demand f o r  autos by s i z e  has been excluded.  

STRUCTURE 

Three v a r i a b l e s  a r e  modeled: m i l e s  d r i v e n ,  s t o c k  o f  c a r s ,  a n d  
scrappage. New c a r  s a l e s  a r e  a  r e s i d u a l .  The s p e c i f i c a t i o n s  a r e :  

+ ,010 [ l n (RU) ]  - .022 (LEMON) 
(4.619) (4.139) 

- 2 R = ,6675 SEE = .0815 

where t - s t a t i  s t i c s  a r e  i n  parentheses,  and 

S  = percentage o f  t h e  model y e a r  j s u r v i v i n g  i n  y e a r  t 
j ,t 

a = i n t e r c e p t  f o r  c a r s  o f  model y e a r  j 
j 

Mt = demand f o r  m i l e s  o f  t r a v e l  p e r  person i n  y e a r  t 

CM = c u m u l a t i v e  m i l e s  d r i v e n  by c a r s  o f  model y e a r  j 
j ,t 

RU = unemployment r a t e  

LEMON = f a c t o r  t o  account  f o r  1957-58 " lemon e f f e c t "  o f  h i g h e r  t h a n  
average scrappage r a t e s  



I n (M)  = .351 + ,672 [ I n ( K ) ]  + ,464 [ I n ( Y ) ]  - ,187 [ I n ( C ) ]  
(1.227) (3.377) (3.453) (1.650) 

2  I? = .97 DW = .61 

where : 

M = m i l e s  d r i v e n  p e r  c a p i t a  usage o f  au tos  

K = colnsumer h o l d e r s  o f  au tos  

Y = re ' a l  personal  d i sposab le  income 

C = v a r i a b l e  o p e r a t i n g  c o s t  f o r  an average auto,  i n c l u d i n g  c o s t  pe r  m i l e  
o f  gas, maintenance, t i r e s ,  e t c ,  

where: 

K = p e r  c a p i t a  demand f o r  h o l d i n g s  o f  s tock  

C = t l i e  c o s t  o f  au tomob i l e  s tock ,  i n c l u d i n g  d e p r e c i a t i o n ,  f i r s t  y e a r  
o p e r a t i n g  cos t ,  and t h e  i n t e r e s t  c o s t  o f  c a r r y i n g  a  new c a r  

D = number o f  d r i v e r s  pe r  c a p i t a  

YP = permanent income 

Mt = m i l e s  d r i v e n  p e r  c a p i t a  

where: 

G = g a s o l i n e  usage 

M N = t o t a l  m i l e s  d r i v e n  

wi gi K = r e l a t i v e  g a s o l i n e  consumption o f  an a u t o  o f  v i n t a g e  i i 



wi = no rma l i zes  a u t o  usage s i n c e  o l d e r  c a r s  t e n d  t o  b e  d r i v e n  
fewer  m i l e s  t h a n  newer ones 

g i  = average g a l l o n s  p e r  m i l e  o f  v i n t a g e  i 

Ki = s tock  o f  v i n t a g e  i 

A r e g r e s s i o n  e q u a t i o n  i s  needed f o r  gas consumpt ion because n o t  a 1  1  
g a s o l i n e  i s  consumed by autos.  A c o m p l e t e  s e t  o f  e l a s t i c i t i e s  a r e  
p resen ted  i n  t h e  model r e p o r t .  The  s i m u l a t i o n  m o d e l  i n c l u d e s  t w o  
s imul taneous equa t ions  and f i f t e e n  r e c u r s i v e  r e t i r e m e n t  equat  i o n s .  I t  
i s  e s t i m a t e d  and s i m u l a t e d  a t  a  q u a r t e r l y  f r e q u e n c y .  S c r a p p a g e  i s  
e x p l a i n e d  f o r  au tos  f rom age two t o  f i f t e e n  and o l d e r .  S i m u l a t i o n s  a r e  
dynami c. 

MODEL CONSTRUCTION 

Y e a r l y  e s t i m a t e s  o f  curnu la t i  v e  m i  1  e s  d r i v e n  b y  m o d e l  y e a r  w e r e  
c o n s t r u c t e d  f rom d a t a  s u p p l i e d  by t h e  U.S. Department o f  T r a n s p o r t a t i o n ,  
Census o f  T r a n s p o r t a t i o n  and Highway S t a t i s t i c s .  The p r i c e  o f  used c a r s  
i s  b a s e r o n  Bureau o f  L a b o r  S t a t i s t i c s  d a t a .  O t h e r  d a t a  u s e d  i n  
c o n s t r u c t i o n  o f  t h e  model was f rom R.L. Polk.  

REFERENCE 

Ver lege r ,  P.K., J r . ;  Osten, J., Econometr ic  -- model o f  consumer demand f o r  
new and rep1 acement automobi 1  es, Data Resources, Inc.,  March 26, 1976: -- 



ORNL HIGHWAY GASOLINE DEMAND MODEL 

The Oak Ridge N a t i o n a l  Labora to ry  Highway Gaso l i  ne Demand Model i s  a  
mid term (5-15 y e a r s  f o r e c a s t  h o r i z o n )  model developed i n  1978-80 f o r  t h e  
Energy I n f o r m a t i o n  A d m i n i s t r a t i o n  O f f i c e  o f  Appl i e d  A n a l y s i s  t o  be u s e d  
i n  c o n j u n c t i o n  w i t h  t h e  M i d t e r m  E n e r g y  F o r e c a s t i n g  S y s t e m  (MEFS) 
(S-79-418). The model i s  a  f o r e c a s t i n g  t o o l  d e s i g n e d  f o r  u s e  i n  
e v a l u a t i n g  p o l  i c i e s  a n d  t r e n d s  a f f e c t i n g  r e g i o n a l  e c o n o m i c s ,  
demographics, s p a t i a l  s t r u c t u r e ,  f u e l  p r i c e  l e v e l s ,  and t e c  h n o l  o g i  c a l  
changes i n  1  i g h t - d u t y  highway v e h i c l e s .  

The Oak Ridge N a t i o n a l  Labora to ry  (ORNL) H i g h w a y  G a s o l  i n e  Demand 
Model (HGDM) i s  r e f e r r e d  t o  by  severa l  names. These i n c l  u d e  t h e  ORNL 
Sta te-Leve l  T r a n s p o r t a t i o n  Energy Demand Model and t h e  ORNL S t a t e - L e v e l  
Gasol i ne Demand Model . 
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Fuel consumption, au tomobi le  demand, f l e e t  s i ze ,  f u e l  e c o n o m y ,  m a r k e t  
share, scrappage, v e h i c l  e  mi 1  es t r a v e l e d  

OBJECTIVE OF MODEL 

The model i s  a  f o r e c a s t i n g  t o o l  d e s i g n e d  f o r  u s e  i n  e v a l u a t i n g  
p o l i c i e s  t a r g e t e d  t o  a l t e r  t h e  f u e l  e f f i c i e n c y  and c o m p o s i t i o n  o f  t h e  
v e h i c l e  s tock ,  i n c l u d i n g  those  p o l i c i e s  d i r e c t l y  a f f e c t i n g  g a s o l  i n e  
~ r i c e s .  V e h i c l e  purchase and ownership f o r  s i x  c l a s s e s  o f  c a r s  a n d  
l i g h t  t r u c k s  a r e  modeled a long  w i t h  f u e l  demand. Model o u t p u t  i n c l  u d e s  
new-veh ic le  sa les ,  f l e e t  ( s t o c k )  compos i t i on  by c l a s s  a n d  s t a t e ,  f ue1  
e f f i c i e n c y  o f  t h e  f l e e t  by s t a t e ,  v e h i c l e  m i l e s  t r a v e l e d ,  and g a s o l  i n e  
demand. These v a r i a b l e s  a r e  f o r e c a s t  a t  t h e  s t a t e ,  DOE r e g  i o n a l  , a n d  
n a t i o n a l  l e v e l s .  

Demand f o r e c a s t s  a r e  a  f u n c t i o n  o f  exogenous demographic and economic 
v a r i a b l e s .  Geographic and o t h e r  r e g i o n a l  l y  v a r y i n g  f a c t o r s  a1 so a f f e c t  



v e h i c l e  and f u e l  demand. The model combines econometr ic  r e l a  t i  o n s h i  p s  
w i t h  e n g i n e e r i n g  r e 1  a t i o n s h i  p s  t o  d e a l  w i t h  c h a n g e s  i n  v e h i c l e  
techno logy .  The model has t h e  c a p a b i l i t y  t o  s i m u l a t e  t h e  i m p a c t  o f  
market  p e n e t r a t i o n  o f  v a r i o u s  mo to r  v e h i c l e  techno log ies ,  The f u e l  a n d  
eng ine  t y p e s  c u r r e n t l y  i n c l u d e d  a r e  1  e a d e d  a n d  u n l e a d e d  g a s 0 1  i n e ,  
d i e s e l ,  S t i r l i n g ,  B ray ton  ( t u r b i n e )  e n g i n e s ,  a n d  e l e c t r i c s .  T h e s e  
eng ine  t y p e s  a r e  l i k e l y  t o  change as f u t u r e  t e c h n o l  o g i e s  a n d  m a r k e t  
i n f l u e n c e s  become more apparent .  P r e s e n t l y ,  t h e  impact o f  t h e  m a r k e t  
p e n e t r a t i o n  o f  e l e c t r i c  v e h i c l e s  can be s i m u l a t e d  by t h e  model b u t  t h e  
f u e l  consumpt ion o f  t hose  v e h i c l e s  i s  n o t  f o r e c a s t .  

The model f o r e c a s t s  t h e  f u e l  consumpt ion o f  o n l y  l i g h t - d u t y  veh ic les .  
The f u e l  consumpt ion o f  heavy-duty t r u c k s  i s  n o t  i n c l u d e d  i n  t h e  m o d e l  . 
(The model au tho rs  do a l e r t  t h e  p o t e n t i a l  u s e r  t o  p o s s i b l e  p r o b l e m s  
caused by t h e  assumpt ion concern ing heavy t r u c k s . )  

RELATIONSIiIP TO OTHER MODELS 

T h i s  model may p o t e n t i a l l y  be  used a s  t h e  t r a n s p o r t a t i o n  s e c t o r  
submodel o f  t h e  Mid term Energy Fo recas t i ng  System (MEFS) ( S - 7 8 - 4 1 9 ) ,  
wh ich  i s  used b y  t h e  Energy I n f o r m a t i o n  A d m i n i s t r a t i o n  o f  t h e  Department 
o f  Energy. 

H I  STOR I C  AL BACKGROUND 

The model documentat ion i n c l  udes an e x t e n s i v e  r e v i e w  o f  p rev ious  f u e l  
consumpti on and automobi 1  e  demand model s. 

ASSUMPTIONS 

The model i s  based on household p r o d u c t i o n  t h e o r y ,  wh ich  r e p r e s e n t s  
t h e  consumer as c o n s t r a i n e d  b y  techno logy  as w e l l  as by  a  b u d g e t ,  a n d  
seeks t o  separa te  t h e  e f f e c t s  o f  household p r o d u c t i o n  t e c h n o l  o g y  f r o m  
t h o s e  o f  p re fe rences  on consumer behav ior .  Thus, t h e  model e x p l  i c  i t l y  
c o n s i d e r s  t h e  impacts  o f  t r a n s p o r t a t i o n  t e c h n o l o g y  o n  e n e r g y  u s e ,  a s  
we1 1  as more t r a d i t i o n a l  economic f a c t o r s  such as p r i c e  and income. The 
1  ong-run focus o f  t h e  model i s  on changes i n  t h e  s tock  o f  v e h i c l e s  t h a t  
a l t e r  f u e l  economy, and t h u s  g a s o l i n e  demand. I n  t h e  s h o r t  r u n ,  t h e  
aggregate  s t o c k  o f  v e h i c l e s  i s  f i x e d ,  h u t  t h e  model a t t e m p t s  t o  a1 1  ow 
f o r  consumer s u b s t i t u t i o n  among i n p u t s  i n  produc ing t r a v e l .  

STRUCTURE 

The model, as o r i g i n a l l y  designed,  can be decomposed i n t o  f i v e  m a j o r  
submodels: (1) used-veh ic le  f l e e t  supp ly  and demand, ( 2 )  n e w - v e h i  c l  e  
su p l y  and demand, ( 3 )  v e h i c l e  f l e e t  mix ,  ( 4 )  f l e e t  f u e l  e f f i c i e n c y ,  and 
(5y  g a s o l i n e  demand. I n  o p e r a t i o n ,  t h e  model i s  t o  proceed s e q u e n t i a l l y  
f rom submodel 1 t o  subrnodel 5 f o r  each year ,  w i t h  a  r e c u r s i v e  f e e d b a c k  
from submodel ( 3 )  t o  submodel ( 1 ) .  Thus, t h e  f l e e t  compos i t i  o n  o f  t h e  
p r e v i o u s  y e a r  i n f l u e n c e s  used-veh ic le  demand i n  t h e  c u r r e n t  year ,  wh i c  h  



i n  t u r n  i n f l u e n c e s  c u r r e n t - y e a r  new-vehic le demand. Each o f  these f i v e  
submodel s  i s  d iscussed be1 ow. 

Output  i s  produced f o r  1977 t o  1995. P r i n t e d  ou tpu t  can i n c l u d e  t h e  
exogenlous i n p u t  d a t a  ( t o  f a c i l i t a t e  i d e n t i f i c a t i o n s  and c o m p a r i  s o n  o f  
model runs ) ,  v a r i o u s  i n t e r m e d i a t e  c a l  c u l  a t i o n s ,  and f o r e c a s t  v a r i a b  1  e s  . 
The f o r e c a s t  v a r i a b l e s  a r e  presented a t  t h e  s t a t e ,  f e d e r a l  r e g i o n ,  a n d  
n a t i o n a l  l e v e l s  o f  agg rega t i on  ( a l l  a r e  b y  c l a s s  a n d  e n g i n e  t y p e ) .  
Those v a r i a b l e s  are :  u n i t  new-vehic le sa les ,  f l e e t  composi  t i  o n ,  m i  1  e s  
pe r  ga' l lon, v e h i c l e  m i l e s  t r a v e l e d ,  and f u e l  consumption. 

HGDM Submodel : Motor  V e h i c l e  Demand Model 

HGDFll i s  based on a  h y p o t h e s i s  t h a t  new v e h i c l e s  a r e  n o t  s i m p l y  
a d d i t i o n s  t o  t h e  s t o c k ,  b u t  a r e  cons ide red  t o  b e  d i s t i n c t ,  s u p e r i o r  
goods t h a t  a re  c l o s e  s u b s t i t u t e s  f o r  used c a r s .  D i f f e r e n t  t y p e s  o f  
v e h i c l e s  a r e  a l s o  assumed t o  be d i s t i n c t  commodit ies whose demand shou ld  
be es t ima ted  sepa ra te l y .  Thus, r a t h e r  t han  hav ing  a  new-vehic l  e  s h a r e s  
e q u a t i o n  and a  s e t  o f  m a r k e t  s h a r e  e q u a t i o n s ,  t h e  m o d e l  a u t h o r s  
developed a  s e t  o f  demand equat ions ,  one f o r  each v e h i c l e  c lass .  

S i x  v e h i c l e  c lasses  were de f i ned .  F i v e  a r e  automobi le  c lasses  whose  
c h a r a c t e r i s t i c s  a r e  d e f i n e d  th rough  a  c l u s t e r  a n a l y s i s  techn ique,  b a s e d  
on t h e  c l a s s  d i s t i n c t i o n s  of '  e i  g h t  v a r i a b l e s :  ( 1 )  w h e e l  b a s e ,  ( 2 )  
curbweight ,  ( 3 )  eng ine  d isplacement,  ( 4 )  a  roominess index,  ( 5 )  n u m b e r  
o f  passengers, ( 6 )  m a n u f a c t u r e r ' s  l i s t  p r i c e ,  ( 7 )  p r i c e  d i v i d e d  b y  
number o f  passengers, and ( 8 )  r a t i o  o f  horsepower t o  c u r b w e i  g h t  . T h e  
s i x  v e h i c l e  c lasses  may be g e n e r a l l y  desc r i bed  as:  

Class 1: h i g h  performance, l u x u r y  s p o r t s  cars ;  
Class 2: l a r g e  l u x u r y  c a r s ;  
Clasls 3: smal l  economy ca rs ;  
Class 4: medium-sized economy ca rs ;  
Class 5: l a r g e  economy ca rs ;  and 
Class 6: l i g h t  t r u c k s  under 10,000 pounds GVW. 

Us ing  a  va r i ance  components e s t i m a t i o n  techn ique,  demand e q u a  t i o  n s  
were es t ima ted  f o r  each o f  t h e  s i x  v e h i c l e  c lasses  as a  f u n c t i o n  o f  t h e  
f o l l o w i n g  v a r i a b l e s :  own p r i c e ,  o t h e r  v e h i c l e  p r i c e s ,  f u e l  c o s t ,  f u e l  
e f f i c i e n c y ,  i n c o m e ,  h o u s e h o l d  s i z e ,  a g e  ( 1 8 - 4 4 ) ,  p e r c e n t  SMSA, 
p o p u l a t i o n ,  and unemployment. The equat ions  f o r  t h e  s i x  c l a s s e s  a r e  
presented i n  t h e  t a b l e  below. Irnpl i c i t  i n  t h e  s t r u c t u r e  o f  t h i  s  m o d e l  
i s  t h a t  new-vehic le supp ly  i s  assumed t o  be p e r f e c t l y  e l  a s t i c  a t  t h e  
exogenously s e t  p r i c e .  

The Motor  V e h i c l e  Demand Model a l s o  c o n t a i n s  equa t i ons  t h a t  e s t i m a t e  
used -veh ic le  p r i c e s  by c l a s s  as a  f u n c t i o n  o f  new-veh ic le  p r i c e s .  Used- 
v e h i c l e  p r i c e s  a r e  used i n  t h e  F lee tm ix  Model t o  p r o j e c t  changes i n  t h e  
f l e e t  composi t ion.  





HGDM Submodel : F l  eetmi  x  Model 

The F lee tm ix  Model r e p r e s e n t s  t h e  used-car market  t h rough  t h e  use  o f  
t h e  Scrappage and M i g r a t i o n  Es t ima to r ,  and Class and V in tage  Account  i n g  
Model. The fo rmer  f o r e c a s t s  scrappage and m i g r a t i o n  r a t e s  b y  s t a t e ,  
v e h i c l e  c l a s s ,  and v in tage .  The l a t t e r  uses t h e  f o r e c a s t s  t o  t r a c k  t h e  
f l e e t  lcomposi t i o n  over  t ime. 

The r a t e  o f  v e h i c l e  scrappage i s  f o r e c a s t  by means o f  a  p r o b a b i l i s t i c  
model t h a t  has scrappage r a t e s  as a  f u n c t i o n  o f  v e h i c l e  age and used-car 
p r i c e .  I n d i v i d u a l  equa t i ons  were es t ima ted  f o r  each s t a t e ,  S e p a r a t e  
scrappage equa t i ons  a r e  i n c l u d e d  f o r  t h e  p r i m a r i l y  d o m e s t i c  v e h i c l  e  
c lasses  2, 4, 5,  and 6 .  C l a s s e s  1 a n d  3 a r e  g e n e r a l l y  i m p o r t e d  
v e h i c l e s ,  and equa t i ons  c o u l d  n o t  be e s t i m a t e d  b e c a u s e  o f  t h e  d a t a  
1  i m i t a t i o n s .  The s p e c i f i c a t i o n  o f  t h e  Scrappage and M i g r a t i o n  E s t i m a t o r  
c o n s i d t m  t h e  i n t e r s t a t e  m i g r a t i o n  o f  c e r t a i n  v i n t a g e s  (1-4  y e a r s  o l d )  
as w e l l  as s t a t e  d i f f e r e n c e s  i n  v e h i c l e  1  i f e t i m e s .  The e q u a t i o n s  w e r e  
es t ima ted  by means o f  a  n o n l i n e a r  l eas t - squa res  technique.  

HGDM Submodel : V e h i c l e  E f f i c i e n c y  Model 

HGDM m a i n t a i n s  t h e  f l e e t  c o m p o s i t i o n ,  b y  s t a t e ,  b y  6 v e h i c l e  
c lasses ,  6 t e c h n o l o g y  ( e n g i n e )  t y p e s ,  a n d  18  v e h i c l e  a g e  g r o u p s  
( v i n t a g e s ) .  T h i s  submodel c o n t a i n s  t h e  e n g i n e e r i n g  r e l a t i o n s h i p s  
necessa ry  t o  d e v e l  o p  f l  e e t - w e i g h t e d ,  h a r m o n i c - m e a n  f l e e t  f u e l  
e f f i c i e n c i e s  a t  v a r i o u s  l e v e l s  o f  aggregat ion .  The HGDM f o r m u l  a t i  o n  
i n c o r p o r a t e s  t h r e e  s i m p l i f y i n g  a s s u m p t i o n s :  ( 1 )  a1 1  v e h i c l e s  o f  a  
p a r t i c i l l  a r  v i n t a g e  a r e  d r i v e n  t h e  same number o f  m i l e s  annua l l y ;  ( 2 )  t h e  
d e c l i n i n g  use o f  v e h i c l e s  w i t h  age i s  cons tan t  ac ross  v e h i c l e  c l  a s s e s ;  
and ( 3 )  t h e  v e h i c l e  use lage r e l a t i o n s h i p  i s  i n d e p e n d e n t  o f  w h e r e  t h e  
v e h i c l e  i s  d r i v e n .  

S t a t e - l e v e l  v e h i c l e  f u e l  economies (by  c l a s s ,  e n g i n e  t y p e ,  a n d  
v intage!)  a r e  determined by t h e  c a l c u l a t i o n  o f  n a t i o n a l  average o n - t  h e -  
road f u e l  economies and t h e  subsequent m o d i f i c a t i o n  b y  s t a t e - l e v e l  
" c o r r e c t i o n  f a c t o r s . "  The n a t i o n a l  average on-the-road f u e l  e c  o n o m i  e s  
a r e  m o d i f i e d  EPA-measured f u e l  economies. S t a t e  c o r r e c t i o n  f a c t o r s  
account  f o r  v a r i a t i o n s  i n  o p e r a t i n g  c o n d i t i o n s ,  i n c l u d i n g  a m b i e n t  
tempera ture ,  t r i p  l eng ths ,  and u r b a n l r u r a l  d r i v i n g  s p l  it. 

HGDM Submodel : Gasol i ne Demand Model 

The Gasol i ne Demand Model es t ima tes  household gas01 i n e  demand a t  
t h e  s t a t e  l e v e l .  The  d o u b l e - l o g  e q u a t i o n  was  e s t i m a t e d  u s i n g  a  
variance-components fo rm o f  t h e  general  i zed - leas t - squa res  techn ique:  



GSALES = -0.1396 (PRICE) + 0.3564 (HHINC) 

- 0  -04722 (YPOP) + 0.03991 (SMCARS) 

+ 0.1556 (LGCARS) + 0.03025 (LTRUCKS) 

- 0.04918 (URBAN) - 0.04982 (POPDEN) 

- 0.7705 (MPG) + 0.5715 (MAINCST) 

+ (STATE INTERCEPT TERM) 

where: 

GSALES = gasol i n e  demand d i v i d e d  by number o f  households 

PRICE = [ ( g a s  p r i c e )  + (% no 1  e a d )  x  ( 1  e a d e d  a n d  u n l e a d e d  p r i c e  
d i f f e r e n t i a l ) ] / ( c o s t  o f  1  i v i n g  index)  

HHINC = household income 

YPOP = p o p u l a t i o n  under 18 d i v i d e d  by p o p u l a t i o n  

SMCARS = s tocks  o f  c l a s s  1 and 3  ( s m a l l  ca rs )  v e h i c l e s  per  household 

LGCARS = s tocks  o f  c l a s s  2, 4, and 5 (1  arge)  v e h i c l e s  p e r  household 

LTRUCKS = s t o c k s  o f  c l a s s  6  v e h i c l e s  ( l i g h t  t r u c k s )  p e r  household 

URBAN = p o p u l a t i o n  i n  SMSAs d i v i d e d  by p o p u l a t i o n  

POPPEN = p o p u l a t i o n  d i v i d e d  by area o f  t h e  s t a t e  

MPG = m i l e s  per  g a l l o n  

MAINCST = mai ntenance c o s t  ( i  n  1967 do1 1  a r s )  d i v i d e d  by a  c o s t  o f  1  i v i  ng 
i ndex 

STATE INTERCEPT TERM = sca les  r e s u l t  t o  p a r t i c u l a r  s t a t e  

S t a t e  va lues  f o r  some o f  t h e  v a r i a b l e s  and s t a t e  i n t e r c e p t  t e r m s  
produce t h e  s t a t e - l e v e l  es t ima tes  o f  g a s o l i  n e  demand p e r  h o u s e h o l d .  
These va lues can then  be combined w i t h  household p o p u l a t i o n  es t ima tes  t o  
produce aggregate gasol i n e  demand. 

HGDM Submodel : Fuel s  and Techno1 ogy Assumptions Model 

T h i s  submodel d i s a g g r e g a t e s  t h e  f o r e c a s t  1  i g h t - d u t y  v e h i c l e  
" g a s o l i n e "  demand i n t o  s t a t e - l e v e l  f u e l  demand b y  v e h i c l e  c l  a s s  a n d  
eng ine t ype ,  u s i n g  t h e  s t a t e - l e v e l  g a s o l i n e  demand f o r e c a s t  f r o m  t h e  
Gaso l i ne  Demand Model, t h e  on-the-road f u e l  e f f i c i e n c i e s  ( s t a t e - l e v e l  
f l e e t ,  v e h i c l e  c l a s s  and eng ine t ype )  f rom t h e  V e h i c l e  E f f i c i e n c y  Model, 
and a  measure o f  r e l a t i v e  usage o f  v e h i c l e s  b y  c l  a s s  a n d  t e c h n o 1  o g y  



(eng ine)  type. The r e l a t i v e - u s a g e  m e a s u r e  i s  d e t e r m i n e d  b y  u s e r -  
s p e c i f i e d  assumptions concern ing usage o f  v e h i c l e s  o f  a  p a r t i c u l a r  
techno logy.  Model users  must a l s o  i n p u t  a s s u m p t i o n s  c o n c e r n i n g  t h e  
market  p e n e t r a t i o n  o f  p a r t i c u l a r  t echno log i  e s  i n t o  v e h i  c l  e s  o f  e a c h  
c lass .  

From t h i s  i n f o r m a t i o n ,  t h e  model c a l c u l a t e s  f u e l  demand and VMT b y  
v e h i c l e  c l a s s  and eng ine t ype  f o r  s t a t e ,  r e g i o n a l ,  and n a t i o n a l  1  e v e 1  s  
o f  aggregat ion .  V e h i c l e  m i l e s  t r a v e l e d  i s  determined f rom f u e l  demand 
r a t h e r  than t h e  reverse,  as  i s  c h a r a c t e r i s t i c  o f  most o t h e r  models. 

DATA USED IN RUNNING MODEL 

Because t h e  model f o r e c a s t s  a t  t h e  s t a t e  l e v e l ,  a  f o r e c a s t  r u n  f r o m  
1977 t o  2000 r e q u i r e s  approx imate ly  14,000 i n d i v i d u a l  da ta  i terns. 

The s c e n a r i o - d e f i n i n g  exogenous d a t a  a r e  those l i k e l y  t o  be m o d i f i e d  
by t h e  rnodel user.  The v a r i a b l e s  o f  t h i  s  t y p e  a r e  g e n e r a l  l y  t h e  
economic and demographic d a t a  as w e l l  as t h e  t e c h n i c a l  da ta  r e 1  a t e d  t o  
f u e l  e f f i c i e n c i e s .  Model users  can c r e a t e  a  w o r k i n g  d a t a  b a s e  f r o m  
t h e i r  own da ta  o r  b y  m o d i f y i n g  an e x i s t i n g  data  base. Users can s e l  e c t  
d a t a  f rom f o u r  d i f f e r e n t  d a t a  bases p rov ided  by t h e  model au thors .  

The " o t h e r "  exogenous d a t a  base c o n t a i n s  those  d a t a  t h a t  a r e  n o t  
1  i k e l y  t o  be changed by t h e  model user .  These a r e  general  l y  t h e  model ' s  
c o e f f i c i e n t s  and cons tan ts  as  w e l l  as  t h e  h i s t o r i c a l  d a t a  r e q u i  r e d  f o r  
t h e  i n i t i a l  f o r e c a s t  y e a r .  The v a l u e s  i n  t h i s  d a t a  b a s e  c a n  b e  
mod i f i ed ,  b u t  t h e  process i s  n o t  p a r t  o f  t h e  model ' s  program. 
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COMPUTER REQUIREMENTS 

An i n t e r a c t i v e  program f a c i l  i t a t e s  t h e  mani pul  a t i o n  o f  i nput d a t a  f o r  
p o l i c y  a n a l y s i s .  Values o f  v a r i a b l e s  can b e  c h a n g e d  f o r  a s p e c i f i c  
s t a t e  and yea r ,  o r  f o r  a t i m e  i n t e r v a l ,  o r  f o r  a l l  s t a t e s .  As a 
sa feguard ,  t h e  demand model program checks t h e  i n p u t  d a t a  f o r  g r o s s  
e r r o r s  b e f o r e  execu t ion .  

The model r e p o r t s  p r o v i d e  complete documentat ion on t h e  p r o g r a m  u s e  
and s t r u c t u r e  and on t h e  d a t a  base. The program was w r i t t e n  i n  FORTRAN 



t o  r u n  i n t e r a c t i v e l y  on t h e  PDP-10 system a t  Oak Ridge. I t  was 1 a t e r  
m o d i f i e d  f o r  t h e  E I A  TSO and I B M  systems. 



LINE AND AREA SOURCE EMISSIONS FROM MOTOR VEHICLES 

A methodology f o r  d e t e r m i n i n g  t h e  1 i ne -  and a r e a -  s o u r c e  e m i  s s i  o n s  
f rom moto r  v e h i c l e s  was developed i n  1976 a t  Washington U n i v e r s i t y  f o r  
t h e  Env i ronmenta l  P r o t e c t i o n  Agency, Four models, o r  computer programs, 
a r e  employed i n  t h e  methodology:  t h e  Automobi 1 e Exhaust Emi ss ions  Modal 
A n a l y s i s  Model ( d e s c r i b e d  more f u l l y  u n d e r  7 4 - 2 1 9 ) ,  a n e t w o r k  1 i n k  
s e l e c t i o n  program (NETSEN 11),  a l i n e - s o u r c e  e m i  s s i  o n s  c a l c u l a t i n g  
program (ECOMP), and an area-source e m i s s i o n s  p r o g r a m  ( ASEP) . T h i  s 
summary desc r ibes  t h e  i n t e r a c t i o n  and use o f  a l l  f o u r .  
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A i r  p o l l u t i o n l a i r  q u a l i t y  

OBJECTIVE OF MODEL 

The ~nethodo logy,  o r  s y s t e m  o f  m o d e l s  a n d  p r o g r a m s ,  i s  u s e d  t o  
de te rm ine  t h e  emiss ions f rom m o b i l e  sources ( m o t o r  v e h i c l e s )  , g i v e n  
v e h i c l e  emiss ion  r a t e  f a c t o r s  and t h e  d e s c r i p t i o n  o f  a roadway n e t w o r k  
o r  r e g i o n  and i t s  t r a f f i c  c h a r a c t e r i s t i c s .  T h e  a m o u n t s  o f  c a r b o n  
monoxide (CO), ox ides  o f  n i t r o g e n  ( N O x ) ,  h y d r o c a r b o n  ( H C ) ,  s u l f u r  
d i o x i d e  (SO ) ,  and p a r t i c u l a t e s  e m i t t e d  may b e  e s t i m a t e d  f o r  a n y  
s p e c i f i e d  hgur  o f  t h e  day o r  day o f  t h e  week. Vary ing l e v e l s  o f  de t a  i 1 
a r e  p o s s i b l e ,  depending on t h e  a v a i l a b i l i t y  o f  d a t a  a n d  t h e  l e v e l  o f  
s p a t i a l  re f i nemen t  sought by  t h e  user.  

RELATIONSHIP TO OTHER MODELS 

The Automobil  e Exhaust Emiss ion Modal A n a l y s i  s  Model (74-219) i s  used 
t o  p r o v i d e  emiss ions r a t e  f a c t o r s .  The N e t w o r k  S e n s i  t i  v i  t y  p r o g r a m  
(NETSEN 11) s e l e c t s  t h e  l i n k s  i n  a r o a d w a y  n e t w o r k  t h a t  h a v e  t h e  
r e l e v a n t  c h a r a c t e r i s t i c s  and l e v e l  o f  re f i nemen t .  T h e  ECOMP p r o g r a m  
e s t i m a t e s  t h e  emiss ions f rom a l l  t y p e s  o f  v e h i c l e s  o n  a r t e r i a l  a n d  
f reeway l i n e - s o u r c e s ,  u s i n g  emiss ion  f a c t o r s  f rom t h e  m o d a l  a n a l y s i s  
model and g i v e n  t h e  roadway l i n k s  s e l e c t e d  b y  NETSEN 1 1 ) .  The  A r e a  



Source Emi ss ions  Program (ASEP) computes e s t i m a t e s  o f  emiss ions  f rom t h e  
m o b i l e  source component o f  non-1 i n e  o r  g r i d  square area sources. 

HISTORICAL BACKGROUND 

The f i r s t  v e r s i o n  o f  t h e  network program, NETSEN, was d e s i g n e d  t o  
work i n  c o n j u n c t i o n  w i t h  t h e  emi s s i o n s  e s t i m a t i o n  m o d e l  SAPOLLUT. 
NETSEN I 1  was expanded and r e v i s e d  t o  w o r k  w i t h  t h e  m o d a l  a n a l y s i s  
model. 

VAL IDATION 

The methodology was a p p l i e d  t o  t h e  Regional  A i r  P o l l  u t i  o n  S t u d y  o f  
t h e  St .  L o u i s  a i r  qua1 i t y  c o n t r o l  r e g i o n .  

STRUCTURE 

The modal a n a l y s i s  model uses t h e  speed and t i m e  c h a r a c t e r i  s t  i c s  o f  
qroups o f  v e h i c l e s  t o  c a l c u l a t e  em iss ions - ra te  f a c t o r s .  To a1 l ow  i t t o  
work f o r  t h e  e n t i r e  network,  a n a l o g i e s  o f  s p e e d  p r o f i l e s  h a d  t o  b e  
c o n s t r u c t e d  f o r  roadways f o r  which no c o l  1  e c t e d  s p e e d - p r o f  i 1  e  d a t a  
e x i s t .  Every  l i n e - s o u r c e  segment i n  t h e  e n t i r e  n e t w o r k  was c r o s s -  
c l a s s i f i e d  by  t h r e e  r e l e v a n t  and a v a i l a b l e  i n d i c a t o r s  o f  t r a f f i c  f l o w  
q u a l i t y :  volume, vo lume/capac i ty ,  and c l a s s  o f  r o a d w a y .  T w e n t y - n i n e  
base segments were found, f o r  which two speed p r o f i l e s  w e r e  s e l  e c t e d ,  
f o r  peak and o f f -peak  c o n d i t i o n s .  These w e r e  r u n  t h r o u g h  t h e  m o d a l  
a n a l y s i s  model, and t h e  e m i s s i o n s  r a t e s  w e r e  a d j u s t e d  f o r  a m b i e n t  
t empera tu re  and c o l  d - s t a r t  o p e r a t i  on. 

The roadway c h a r a c t e r i s t i c s  t h a t  can be used t o  s e l e c t  1  i n k s  b y  t h e  
network program i n c l  ude t r a f f i c  v o l  ume, topography ( c u t  , f i 1  1  , s t r e e t  
canyon, r o l  l i n g ) ,  c a p a c i t y  a1 t e r a t i o n s  ( in te rchanges,  1  ane r e d u c  t i o n s  , 
b o t t l e n e c k s ) ,  s e n s i t i v e  l a n d  uses (com~nerc ia l  , i n d u s t r i a l ,  r e c r e a t i o n ,  
h o s p i t a l ,  c o l l e g e ,  a i r p o r t ,  mu1 t i - f a m i l y ) ,  a c t i v i t y  c e n t e r s  (CBD, 
f r i n g e ,  r e s i d e n t i  a1  , r u r a l  ) , p r o g r e s s i v e  m o v e m e n t  ( p r e - t i m e d ,  
i n t e r c o n n e c t e d  s i g n a l s ,  o n e - w a y ) ,  c h a n n e l i z a t i o n ,  f u n c t i o n a l  
c l a s s i f i c a t i o n  ( f reeway,  p r i n c i p a l  o r  m ino r  a r t e r i a l ,  c o l l e c t o r ,  l o c a l ) ,  
1  i n k  d i s t a n c e ,  peak speed d i f f e r e n c e ,  t r u c k  and bus volumes, and volume/ 
c a p a c i t , ~  r a t i o .  

The ECOMP program ou tpu ts  an h o u r l y  summary o f  t h e  e m i s s i o n s  t o t a l  s  
f o r  t h e  f i v e  p o l l u t a n t s  f rom each 1  i n e  source. L i n e - s o u r c e  em i  s s i o n s  
f o r  each g r i d  may a l s o  be t o t a l l e d .  Fo r  example, i f  l o o k i n g  a t  f reeways 
w i t h  average d a i l y  t r a f f i c  volumes o f  60,000 t o  8 0 , 0 0 0  v e h i c l e s  a n d  
volume-to-capaci  ty r a t i o s  o f  .60 t o  .90, 57 1  i n e  sources  a r e  f o u n d  b y  
NETSEN 11, r e p r e s e n t i n g  49.2 k i l o m e t e r s  o f  roadway and 3,469,987 v e h i c l e  
k i l o m e t e r s  o f  t r a v e l  (VKT). ECOMP computes an e s t i m a t e  o f  t h e  emissions 
produced between 4  and 6  p.m. o f  271.8 k i l o g r a m s  o f  HC, 4 3 9 7 . 1  o f  C O ,  
367.9 o,f NOx, 14.8 o f  SO , and 36.0 o f  p a r t i c u l a t e s .  I n  24 hours  o n  a n  
average weekday t h e  e n t i ? e  St. L o u i s  r e g i o n  i s  e s t i m a t e d  t o  p r o d u c e  
1,547,482.10 k i l o g r a m s  o f  carbon monoxide. 



F o r  f i n d i n g  t h e  emiss ions f rom t h e  non-1 i n e  o r  area sources, d e f  i n e d  
b y  g r i d  square areas o f  t h e  r e g i o n ,  a  w o r k - t r i p  g e n e r a t i o n  approach was 
used. Number o f  t r i p s  t i m e s  mean t r i p  l e n g t h  r e s u l t e d  i n  VKT f o r  t h e  
l o c a l  and c o l l e c t o r  rou tes ,  which was assumed t o  be r e l a t e d  t o  t h e  known 
VKT f o r  t h e  a r t e r i a l  r o u t e s  i n  t h e  area. Emissions f a c t o r s  w e r e  t h e n  
appl  i e d  t o  t h e  VKT f o r  each area. 

MODEL CONSTRUCTION 

The St .  L o u i s  a i r  qua1 i ty  c o n t r o l  r e g i o n  and r e g i o n a l  highway network  
w e r e  u s e d  i n  d e v i s i n g  t h e  m e t h o d o l o g y .  V e h i c l e  o p e r a t i o n  i s  
c h a r a c t e r i z e d  b y  d a t a  f rom t h e  Federal  Highway Admi n i  s t  r a  t i o n  Ve h i  c l  e  
Opera t i ng  Survey, t h e  T r a n s p o r t a t i o n  Systems C e n t e r  T r a f f i c  A n a l y z e r  
Survey, and t h e  General Motors P rov ing  Grounds CHASE Car Proy ram.  The 
roadway i n v e n t o r y  was compi led  f rom d a t a  f r o m  t h e  E a s t - W e s t  G a t e w a y  
C o o r d i n a t i n g  Counc i l ,  M i s s o u r i  S t a t e  H i  y hway  D e p a r t m e n t ,  I 1  1  i n o i  s  
Department o f  T r a n s p o r t a t i o n ,  St .  Lou i  s  s t r e e t  depar tmen t  , a n d  c o u n t y  
governments. 

DATA USED I N  RUNNING MODEL 

The i n p u t s  t o  t h e  modal a n a l y s i s  model a r e  r e p r e s e n t a t i v e  second- b y -  
second speed p r o f i l e s  on t h e  d e f i n e d  1  i n e  s o u r c e s ,  t h e  n u m b e r  o f  
au tomobi les  ass ignab le  t o  t h e  p a r t i c u l  a r  s p e e d  p r o f i  1  e s ,  t h e i r  a g e  
d i s t r i b u t i o n  b y  model y e a r ,  t h e  r e l a t i v e  a1 t i  t u d e  a t  w h i c h  t h e y  a r e  
opera ted,  and e m i s s i o n - r a t e  c o e f f i c i e n t s  t h a t  a r e  s p e c i f i c  t o  s p e e d  
p r o f i l e s .  The i n p u t s  t o  t h e  network model a r e  t h e  a t t r i b u t e s  f o r  w h i c h  
t h e  model i s  t o  t e s t  t h e  1  i n e  sources, and t h e  d e s c r i p t i o n s  o f  each 1  i n e  
source i n  t h e  roadway network.  The i n p u t s  t o  t h e  ECOMP program a r e  t h e  
d e s c r i p t i o n s  o f  t h e  l i n e  sources s e l e c t e d  b y  t h e  n e t w o r k  m o d e l ,  t h e  
emiss ion  r a t e s  computed by  t h e  m o d a l  a n a l y s i  s  m o d e l  , t h e  e m i  s s i o n  
f a c t o r s  f o r  t r u c k s  (supp l  i e d  by t h e  EPA), t h e  percentage o f  t r u c k s ,  a n d  
t h e  hours o f  t h e  day f o r  wh ich  emiss ions a r e  des i red .  
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COMPUTER REQUIREMENTS 

The s o f t w a r e  system f o r  t h e  methodology i s  w r i  t t e n  i n F O R T R A N  a n d  
opera tes  on t h e  IBM 360/65 computer a t  W a s h i n g t o n  U n i v e r s i t y .  T h e  
documentat ion p rov ides  program 1 i s t i  n g s ,  e x p l  a n a t i o n s ,  i n p u t  d a t a  
s p e c i f i c a t i o n s ,  and examples. 



HEDONIC MODELS OF AUTOMOB I LE PRICES 

The Hedonic Models o f  Automobi le  P r i c e s  were developed i n  1972 u n d e r  
t h e  sponsorsh ip  o f  t h e  N a t i o n a l  Science Founda t ion  w h i l e  t h e  a u t h o r s  
were a t  Tohoku U n i v e r s i t y  and Harvard  U n i v e r s i t y .  The o b j e c t i v e  of t h e  
models i s  t o  t e s t  v a r i o u s  hypotheses about  t h e  p r i c e s  o f  a u t o m o b i  1  e s .  
The impact  o f  t h e  make ( o r  brand) e f f e c t s  o n  a u t o m o b i l e  p r i c e s  a n d  
d e p r e c i a t i o n  a r e  cons idered.  The models ex tend t h e  hedonic approach b y  
c o n s i d e r i n g  b o t h  t h e  p h y s i c a l  and performance a t t r i b u t e s  o f  au tomobi les .  
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t hese  models i s  t o  t e s t  hypotheses about  t h e  p r i c i n g  
o f  au tomobi les  and t o  use t h e  es t ima ted  equa t ions  t o  p r o d u c e  q u a 1  i t y -  
a d j u s t e d  (hedon ic )  p r i c e  indexes.  The models focus on t h e  r o l e  o f  makes 
o r  brands i n  t h e  d e t e r m i n a t i o n  o f  an a u t o m o b i l e ' s  p r i c e .  B o t h  t h e  
p h y s i c a l  c h a r a c t e r i  s t i  cs  and t h e  performance v a r i a b l e s  o f  v a r i o u s  m o d e l  
c a r s  a r e  used i n  t h e  model s. 

RELATIONSHIP TO OTHER MODELS 

T h i s  model has no d i r e c t  r e l a t i o n s h i p  t o  any o t h e r  model. 

HISTORICAL BACKGROUND 

The s tudy  and models r e p o r t e d  h e r e  were p a r t  o f  a  l o n g e r  unpub l i  s h e d  
manusc r ip t  by M. Ohta and Z. Gril i ches ,  "Makes and D e p r e c i a t i  o n  i n  t h e  
U.S. Passenger Car Market :  An A p p l i c a t i o n  o f  t h e  Hedonic H y p o t h e s i  s  t o  



t h e  C o n s t r u c t i o n  o f  P r i c e  Indexes and t h e  Study o f  M a r k e t  S t r u c t u r e , "  
Cambridge, Mass., 1972. 

ASSUMPTIONS 

Us ing s i n g l e - e q u a t i o n  m o d e l s  t h a t  a r e  v a r i a t i o n s  o f  t h e  m o d e l  
p resented below, t h e  au tho rs  t e s t e d  a  number o f  h y p o t h e s e s  a b o u t  t h e  
automobi 1  e  market .  These i n c l  uded: 

1 )  t h e  constancy  o f  t h e  i m p l i c i t  p r i c e s  o f  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  
o v e r  t i m e  ( n o t  r e j e c t e d  f o r  t h e  p e r i o d  1961-71) 

2) t h e  re1  a t i ve - impu ted  p r i c e s  o f  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  a r e  t h e  
same across  producers ( n o t  r e j e c t e d )  

3 )  t h e  e q u a l i t y  o f  imputed p r i c e s  o f  p h y s i c a l  c h a r a c t e r i s t i c s  across  age 
and t h e  e q u a l i t y  o f  t h e  d e p r e c i a t i o n  p a t t e r n s  a c r o s s  p h y s i c a l  
c h a r a c t e r i s t i c s  ( n o t  r e j e c t e d  f o r  two y e a r s  t e s t e d  1965 and 1971) 

4 )  no d i f f e r e n c e  i n  t h e  imputed p r i c e s  o f  c h a r a c t e r i s t i c s  i n  t h e  new and 
used c a r  markets  ( g e n e r a l l y  n o t  r e j e c t e d )  

5 )  t h e  e q u a l i t y  o f  make-e f fec t s  ( o r  brand) o f  t h e  c a r s  i n  t h e  u s e d  a n d  
new c a r  markets  ( n o t  r e j e c t e d )  

6 )  t h e  constancy o f  d e p r e c i a t i o n  p a t t e r n s  across  makes ( r e j e c t e d )  

7)  d e p r e c i a t i o n  i s  geomet r ic  ( d e c l i n i n g  ba lance o r  e x p o n e n t i a l )  f o r  c a r s  
( r e j e c t e d ,  b u t  au tho rs  n o t e  i t ' s  " n o t  t o o  bad an a s s u m p t i  o n  o n  t h e  
aver i ige")  

8 )  t h e  c o e f f i c i e n t s  of p h y s i c a l  c h a r a c t e r i s t i c s  a r e  a1  1  z e r o  i n  t h e  
r e g r e s s i o n  c o n t a i n i n g  per formance v a r i a b l e s  ( g e n e r a l l y  r e j e c t e d )  

9) t h e  c o e f f i c i e n t s  o f  t h e  per formance v a r i a b l e s  a r e  a l l  z e r o  i n  t h e  
r e g r e s s i o n  c o n t a i n i n g  p h y s i c a l  c h a r a c t e r i  s t i c s  ( r e j e c t e d )  

10) t e s t  o f  t h e  " two-s tage hypotheses'' (see S t r u c t u r e  s e c t i o n )  ( a u t  ho  r s  
n o t e  t h a t  i t  seems t o  be ' n o t  t o o  poor"  an assumpt ion)  

VAL I DAT1;ON 

The au tho rs  compare t h e i r  r e g r e s s i o n  r e s u l t s  t o  t h o s e  o f  o t h e r  
resea rche rs  and f i n d  t h a t  t h e  r e s u l t s  a r e  s i m i  1 a r .  H e d o n i c  p r i c e  
indexes a r e  developed and compared w i t h  t h o s e  d e v e l o p e d  b y  a n o t h e r  
resea rche r  and t h e  Consumer P r i c e  I n d e x  a n d  W h o l e s a l e  P r i c e  I n d e x  
producecl by t h e  f e d e r a l  government. The comparison showed mixed r e s u l t s  
about  how indexes d i f f e r e d  i n  p r i c e  change es t ima tes .  



LIMITATIONS AND BENEFITS 

The m a j o r  b e n e f i t s  o f  t h e s e  m o d e l s  i s  t h e  e x t e n s i v e  t e s t i n g  o f  
v a r i o u s  hypotheses about  t h e  impact  o f  t h e  d i f f e r e n t  makes on p r i c e  a n d  
d e p r e c i a t i o n ,  and about  t h e  use o f  p h y s i c a l  c h a r a c t e r i s t i c s  a s  o p p o s e d  
t o  performance v a r i a b l e s .  

STRUCTURE 

The b a s i c  r e l a t i o n s h i p  has p r i c e  as a  f u n c t i o n  o f  t h e  c h a r a c t e r i s t i c s  
o f  t h e  cars .  U n l i k e  o t h e r  r e s e a r c h e r s ,  t h e  a u t h o r s  e x p l o r e  t h e  
usefu lness  of b o t h  t h e  p h y s i c a l  and performance aspects o f  a  c a r .  I n  
genera l ,  p h y s i c a l  c h a r a c t e r i s t i c s  e n t e r  t h e  c o s t  f u n c t i o n  b u t  d o  n o t  
a f f e c t  t h e  c o n s u m e r ' s  u t i l i t y  f u n c t i o n .  U n d e r  t h e  " t w o - s t a g e  
hypothes is , "  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  a  c a r  p r o d u c e  i t s  
performance v a r i a b l e s  wh ich  e n t e r  t h e  consumer's u t i l  i t y  f u n c t i o n .  Some 
p h y s i c a l  c h a r a c t e r i s t i c s  a r e  a1 so performance v a r i a b l e s .  E x a m p l  e s  o f  
p h y s i c a l  c h a r a c t e r i  s t i  c s  a r e  horsepower, we ight ,  and 1  engt  h; examples o f  
performance v a r i a b l e s  a r e  a c c e l e r a t i o n ,  hand 1  i n g ,  f u e l  e c o n o m y ,  a n d  
1  uxu ry  . 

The t y p i c a l  r e g r e s s i o n  model used i n  t h e  e m p i r i c a l  s e c t i o n s  o f  t h e  
s tudy  i s :  

' k i t s  = Const x  Mi x Pt x  Ds x  e(" t j  ' k i v j  
) 

j 

where: 

' k i t s  = p r i c e  o f  a  model k  o f  make i and age s  a t  t i m e  t 

Mi = e f f e c t  o f  make i ( t h e  e f f e c t  of  make 1 i s  s e t  a t  1) 

P = pu re  (hedon ic )  p r i c e  index a t  t i m e  t t 

Ds = e f f e c t  o f  age s  ( d e p r e c i a t i o n )  

= p a r a m e t e r  r e f l e c t i n g  t h e  i m p u t e d  p r i c e  o f  p h y s i c a l  
AtJ c h a r a c t e r i s t i c  j a t  t i m e  t 

= t h e  l e v e l  o f  t h e  p h y s i c a l  c h a r a c t e r i s t i c  j embodied i n  m o d e l  k  
Xkivj o f  make i and v i n t a g e  v  ( v  = t - s)  

A  semi1 o g a r i t h m i c  fo rm was chosen f o r  t h e  b a s i c  r e g r e s s i o n  model s  a s  
i t  p rov ided  a  good f i t  t o  t h e  da ta .  

The p h y s i c a l  c h a r a c t e r i s t i c s  used i n  t h e  r e g r e s s i o n  w e r e  s h i p p i n g  
we ight ,  o v e r a l l  l e n g t h ,  maximum brake horsepower, and dummy v a r  i a  b l  e s  
f o r  body t y p e  and number o f  c y l i n d e r s .  T h e  p e r f o r m a n c e  v a r i a b l e s  
cons ide red  i n c l u d e :  hand1 i n g ,  s t e e r i n g ,  engine,  eng ine  power, au tomat i c  
t r a n s m i s s i o n ,  r i d e ,  accommodation, p robab le  t r a d e - i n  v a l u e ,  p r o b a b l e  
d o l l a r  d e p r e c i a t i o n ,  f r e q u e n c y  o f  r e p a i  r r e c o r d  o f  p a s t  m o d e l  s  , 
a c c e l e r a t i o n ,  t o p  speed, f u e l  economy, and b r a k i n g  . 



MODEL CONSTRUCTION 

The sample used i n  t h e  e s t i m a t i o n  o f  t h e  models'  c o e f f i c i e n t s  w e r e  
sedans and hard tops  o f  t h e  ma jo r  U.S. d o m e s t i c  p r o d u c e r :  A m e r i c a n  
Motors,  Ch rys le r ,  Ford, and General Motors. Data on t h e  1 9 5 5  t o  1 9 7 1  
model au tombbi les  w e r e - o b t a i n e d  f r o m  W a r d ' s  A u t o m o t i v e  Y e a r b o o k ,  
Na t i ona l  Automobi le D e a l e r s  A s s o c i a t i o n  --- U s e d  C a r  ~uide-1 
Edi t i o n ) ,  Automot ive News Almanac, Automot ive I n d u s t r i e s ,  and C o n s u m e r  
Reports:. 

Ohta, PI.; G r i l i c h e s ,  Z., Automobi le p r i c e s  r e v i s i t e d :  E x t e n s i o n s  o f  
t h e  hedonic hypothes is ,  Household P r o d u c t i o n  - a n d  C o n s u m p t i o n ,  p p .  
325-398, ed. T e r l e c k y j ,  N.E., Na t i ona l  Bureau o f  Economic Research, New 
York: Columbia U n i v e r s i t y  Press, 1975. 
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T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  (NHTSA) o n  t h e  i m p a c t  o f  t h e  1 9 8 0 - 8 5  
automot ive  f u e l  economy s tandards  on c o m p e t  i t i  o n  i n  t h e  a u t o m o t i v e  
i n d u s t r y .  The Wharton EFA Automobi le Demand Model (77-046) was extended 
t o  ana lyze t h e  p r o f i t a b i l i t y  o f  t h e  d o m e s t i c  m a n u f a c t u r e r s .  T h i  s  
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OBJECTIVE OF MODEL 

The model was used t o  ana lyze t h e  impact o f  t h e  1981-85 f u e l  economy 
s tandards  on  c o m p e t i t i o n  between t h e  automot ive  m a n u f a c t u r e r s .  T h e s e  
e f f e c t s  were l ooked  a t :  t h e  impacts on market  shares, i n  t o t a l  a n d  b y  
s i z e - c l a s s ;  t h e  impacts  on t h e  l ong - run  p r o f i t a b i l i t y  o f  t h e  B i g  F o u r  
domest ic  automakers; t h e  v i a b i l i t y  o f  s t r a t e g i e s  t o  i n d u c e  s h i  f t s  i n  
demand mix  and t o  reduce i m p o r t  p e n e t r a t i o n ;  and i m p a c t s  o f  m e a s u r e s  
such as a g a s o l i n e  t a x  o r  a "gas-guzz ler "  t ax .  

The model ing  e f f o r t  i s  p a r t  o f  a s tudy  t h a t  a l s o  ana lyzed c o m p e t i t i o n  
i n  eng ineer ing ,  design,  and p roduc t  a t t r i b u t e s .  

RELATIONSHIP TO OTHER MODELS 

The model i s  an expansion o f  t h e  Wharton EFA Automobi le Demand M o d e l  
(77-046), sponsored by t h e  T r a n s p o r t a t i o n  Systems Center  (TSC). S h a r e s  
o f  new c a r  s a l e s  a r e  broken down i n t o  shares b y  manufac turer  i n  a d d i t i o n  
t o  s h a r e s  b y  s i z e  c l a s s .  E q u a t i o n s  f o r  p r o f i t a b i l i t y  o f  t h e  
manufac turers  a r e  added. Revised i n p u t s  t o  t h e  model a re :  p r o j e c t  i o n s  
o f  au tomobi le  techno logy c h a r a c t e r i s t i c s  by  s i z e  c l a s s ;  i n c r e m e n t a l  
maintenance c o s t s  and sav ings by  s i z e  c l a s s ;  and incrementa l  f i x e d  a n d  
v a r i a b l e  manu fac tu r ing  c o s t s  o f  improved techno1 ogy. 



HISTORICAL BACKGROUND 

The m o d e l  was a l s o  e x t e n d e d  a n d  a p p l i e d  f o r  a n  a n a l y s i s  o f  
env i ronmenta l  r e g u l a t i o n s  done f o r  t h e  U.S. E n v i r o n m e n t a l  P r o t e c t i o n  
Agency. 

ASSUMPTIONS 

Three methods a r e  made a v a i l  a b l e  t o  manufac turers  i n  t h e  s i m u l a t i o n s  
t o  ach ieve  compl i a n c e  w i t h  t h e  f u e l  economy s tandards :  t e c  h n o l  o g i  c a l  
improvements, i n c l u d i n g  downsiz ing,  m a t e r i a l  s u b s t i t u t i o n ,  i m p r o v e d  
1  u b r i c a t i o n ,  and power p l a n t  and t r a n s m i s s i o n  improvements; p e r f o r m a n c e  
degradat ion ;  and s h i f t i n g  p r o d u c t i o n  mix  towards s m a l l e r ,  more e f f i c i e n t  
cars.  

VAL IDATION 

S i m u l a t i o n s  were r u n  under seve ra l  scena r ios  a n d  c o m b i  n a  t i o n s :  a  
base1 i n e  w i t h  t echno logy  f r o z e n  a t  1980 l e v e l ;  t echno logy  i m p r o v e m e n t s  
th rough  1985, w i t h  and w i t h o u t  d i e s e l s ;  phased r e d u c t i o n  i n  s u b c o m p a c t  
c a r  p r i c e s  and i nc reases  i n  l a r g e r  c a r  p r i c e s ;  r e d u c t i o n  i n  i m p o r t  
shares; d r a s t i c  r e d u c t i o n s  i n  Chrys l  e r ' s  shares o f  s i ze -c lasses ;  t a x  o n  
l a r g e r  ca rs ;  and g a s o l i n e  taxes.  These demonstrated t h a t  f o r  r e l a t i v e l y  
sma l l  v a r i a t i o n s  i n  p r i c e ,  s t r a t e g i e s  t o  i n f l u e n c e  p r o d u c t  m i x  a r e  
a t t r a c t i v e ,  b u t  t h e i r  a p p l i c a t i o n  has 1  i m i  t e d  scope. S e n s i t i v i t y  t e s t s  
were a l s o  done on t h e  r e s u l t s  and assumptions. 

LIMITATIONS AND BENEFITS 

P r e d i c t i o n s  o f  t h e  a n a l y s i s  a r e  sub jec ted  t o  t h e  c o n s t r a i n t s  o f  a n  
econometr ic  model o f  automobi 1  e  demand, and acknowl edge a re1  a t  i o n  s  h  i p 
between p r o j e c t e d  f i n a n c i a l  r e s u l t s  o f  i n d i v i d u a l  f i r m s  and t h e i r  c h o i c e  
o f  s t r a t e g i e s  i n  p roduc t  p l a n n i  ng  a n d  m a r k e t i n g  u n d e r  c o m p e t i t i v e  
i n d u s t r , ~  e q u i l i b r i u m .  A l i m i t a t i o n  o f  t h e  model i s  t h a t  s i g n i f i c a n t  
v a r i a t i o n  i n  i n d i v i d u a l  f i r m  s h a r e s  w i t h i n  s i z e - c l a s s e s  i s  n o t  
permi t t led;  s i z e - c l a s s  m a r k e t  s h a r e s  f o r  e a c h  f i r m  a r e  f i x e d  a t  
p redetermined l e v e l s  r o u g h l y  equal t o  t hose  o f  1978. 

The p r o f i t a b i l i t y  e q u a t i o n  i s  as f o l l o w s :  It was es t ima ted  f o r  e a c h  
o f  t h e  B i g  Four manufac turers .  

n = z a (si) t 8 ( Z  si mi) + c ( x )  t u .i 

where: 

IT = o p e r a t i n g  marg in  f o r  each domest ic  automaker, d e f i n e d  a s  p r e t a x  
o p e r a t i n g  p r o f i t s  f rom s a l e s  



ai = e s t i m a t e d  c o e f f i c i e n t  

si = do1 l a r  s a l e s  share  o f  s i z e  c l a s s  i 

B = e s t i m a t e d  c o e f f i c i e n t  

mi = market  share i n  s i z e - c l a s s  i, i n c l u d i n g  i m p o r t s  

x  = t o t a l  u n i t  s a l e s  ( i n  a l l  s i z e - c l a s s e s )  r e l a t i v e  t o  t r e n d ,  o r  
c a p a c i t y  u t i l  i z a t i o n  

c  = e s t i m a t e d  c o e f f i c i e n t  

u  = r e s i d u a l  te rm 

Est imated c o e f f i c i e n t s  show t h a t  t h e  B i g  Three d o m e s t i c  a u t o m a k e r s  
p r o f i t  more f rom s a l e s  o f  1  a r g e r  ca rs ,  w h i l  e  American Motors appears  t o  
p r o f i t  more from i t s  emphasis on smal l  cars.  

P o t e n t i a l  changes i n  r e t a i l  p r i c e s  o f  automobi 1  es  a t t r i b u t a b l e  t o  t h e  
i nc remen ta l  c o s t s  o f  meet ing  t h e  f u e l  economy s tandards  a r e  c a l  c u l  a t e d  
as f o l l o w s :  

ARP = 1.25 ( G R  x  C I  + AVC) 

where: 

ARP = change i n  r e t a i l  p r i c e  

GR = g r o s s  r a t e  o f  r e t u r n  o n  i n v e s t m e n t ,  i n c l u d i n g  t a x e s  a n d  
a m o r t i z a t i o n ,  assumed t o  be 27% 

C I  = e x t r a o r d i n a r y  c a p i t a l  e x p e n d i t u r e s  pe r  c a r  

A V C  = change i n  v a r i a b l e  manu fac tu r ing  c o s t  p e r  u n i t  

When t h e  s tandards  a r e  imposed, a f t e r - t a x  p r o f i t s  a r e  r e d u c e d  f r o m  
b a s e l i n e  p r o f i t s ,  shown above: 

P  = n. - r [ K ( x ) ]  - f ( y )  - t [max(T - x  - y, 0 ) ]  

where: 

P = a f t e r - t a x  p r o f i t s  f o r  a  manufac turer ,  w i t h  standards 

a = b a s e l i n e  p r o f i t s  w i t h o u t  s tandards  

r = r e a l  a f t e r - t a x  c o s t  o f  c a p i t a l ,  i n c l u d i n g  d e p r e c i a t i o n  

K (x )  = t o t a l  c a p i t a l  i n v e s t m e n t  a s s o c i a t e d  w i t h  t e c h n o 1  o g i c a l  
improvement i n  average rnpg, x  

f ( y )  = l o s s  i n  a f t e r - t a x  p r o f i t s  a s s o c i a t e d  w i t h  mix s h i f t s  t h a t  improve 
average mpg by amount y 



t = c i v i l  p e n a l t y  p e r  mpg s h o r t f a l l  

T  = mandated l e v e l  o f  mpg improvement 

x  = mpg improvement t h a t  a  manufac turer  ach ieves  th rough  i n v e s t m e n t  
i n  techno1 ogy 

y  = mpg improvement v i a  s h i f t s  i n  p roduc t  m ix  

MODEL CONSTRUCTION 

The p r o f i t a b i l i t y  e q u a t i o n  was es t ima ted  u s i  n g  g e n e r a l  i z e d  1  e a s t  
squares, f o r  annual d a t a  f rom 1947 t o  1 9 7 6 .  D a t a  s o u r c e s  w e r e  t h e  
Wharton EFA d a t a  base and Moody's Investment Manual ( f o r  g ross  o p e r a t i n g  
marg i  ns)  . 
DATA USED I N  RUNNING MODEL 

Automobi le t echno logy  c h a r a c t e r i s t i c s ,  f o r e i g n  a u t o m o b i l e  f u e l  
economy p r o j e c t i o n s ,  d i scoun ted  i n c r e m e n t a l  m a i n t e n a n c e  c o s t s ,  a n d  
incrementa l  f i x e d  and v a r i a b l e  manu fac tu r i ng  c o s t s  used i n  s i  mu1 a t i  o n s  
were d e r i v e d  f rom NHTSA's f u e l  economy s t a n d a r d  r u l e m a k i n g  s u p p o r t  
e f f o r t s .  The base1 i n e  demographic, economic, and au to -c  h a r a c t e r i  s t  i c 
i n p u t  da ta  were t h e  same as those  p rov ided  by Wharton EFA f o r  t h e i r  au to  
demand model. 

REFERENCE 

Impact  o f  au tomot i ve  f u e l  economy s t a n d a r d s  o n  c o m p e t i t i o n  -- i n  t h e  
au tomotGe  i n d u s t r y ,  two volumes, U.S. ~ e p a r t m e x  o f  T r a n s p o r t a t i o n ,  
Report nos. DOT-HS-805244,5, A p r i l  1979. 

COMPUTEIR REQUIREMENTS 

The model i s  impl  emented i n  TROLL, an economet r i  c  a n d  s t  a  t i  s t  i c a l  
package, a t  t h e  Massachusetts I n s t i t u t e  o f  Techno1 ogy. Th i  s  v e r s i o n  o f  
t h e  model was shown t o  produce v i r t u a l l y  i d e n t i c a l  r e s u l t s  t o  t h o s e  o f  
t h e  Wha~rton model imp l  emented a t  TSC. 



HOUSEHOLD CHOICE AMONG MOTOR VEHICLES 

An e m p i r i c a l  a n a l y s i s  o f  household cho ice  among m o t o r  v e h i  c l  e s  was 
done i n  1978 a t  Cambridge Systemat ics ,  I nc .  and was pub l i shed  i n  1 9 8 0 .  
The model was b u i l t  as p a r t  o f  two l a r g e r  p r o j e c t s ,  s  p o n s o r e d  b y  t h e  
N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  and t h e  N a t i o n a l  Sci  e n c e  
Foundat ion,  on consumer b e h a v i o r  towards f u e l - e f f i c i e n t  v e h i c l e s ,  and an 
assessment o f  n a t i o n a l  use, cho ice ,  and f u t u r e  p r e f e r e n c e  t o w a r d  t h e  
au to  and o t h e r  t r a n s p o r t a t i o n  modes, r e s p e c t i v e l y .  It was a l s o  used i n  
s t u d y i n g  t h e  f e a s i b i l i t y  o f  e l e c t r i c  cars.  
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OBJECTIVE OF MODEL 

T h i s  econometr ic  m o d e l  e x p l  a i n s  t h e  m a k e ,  m o d e l  , a n d  v i n t a g e  
compos i t i on  o f  i n d i v i d u a l  household mo to r  v e h i c l e  ho ld ings ,  c o n d i t i  o n a l  
on t h e  number o f  v e h i c l e s  owned. It i s  a  r e c u r s i v e  f o r e c a s t i n g  m o d e l  
t h a t  may p r o v i d e  es t ima tes  o f  h o l d i n g s  o f  new and used c a r s  a n n u a l l y  f o r  
t h e  yea rs  1977 t h r o u g h  1985. 

RELATIONSHIP TO OTHER MODELS 

T h i s  i s  n o t  r e l a t e d  t o  o t h e r  models. It i s  a  d i f f e r e n t  m o d e l  f r o m  
t h a t  b u i l t  b y  Lave and T r a i n  a t  C a m b r i d g e  S y s t e m a t i c s ,  I n c . / W e s t  
(77-055). 



HISTORICAL BACKGROUND 

U n t i l  r e c e n t l y ,  t h e  dominant theme i n  t h e  l i t e r a t u r e  h a s  b e e n  t h e  
e s t i m a t i o n ,  u s u a l l y  f r om n a t i o n a l  t i m e  s e r i e s  d a t a ,  o f  m o d e l s  o f  
aggregate  mo to r  v e h i c l e  demand. The l a s t  few yea rs  have seen a g r o w i n g  
i n t e r e s l t  i n  t h e  a p p l i c a t i o n  o f  d i s c r e t e  c h o i c e  m o d e l s .  The  a u t h o r s  
be l ieve !  t h a t  t h i s  model c o n s t i t u t e s  t h e  f i r s t  s e r i o u s  e f f o r t  t o  e x p l a i n  
t h e  compos i t i on  o f  i n d i v i d u a l  household v e h i c l e  ho ld ings .  

The model was b u i l t  a t  Cambridge Systemat ics,  I nc .  Manski i s  a l s o  i n  
t h e  Department o f  Economics a t  Hebrew U n i v e r s i t y .  Sherman subsequent  1  y 
moved t o  t h e  T r a n s p o r t a t i o n  E c o n o m i c s  C e n t e r  o f  B o o z ,  A l l e n  a n d  
Hamiltoln, I n c .  

The Survey Research Center  a t  t h e  U n i v e r s i t y  o f  Mich igan and W e s t a t ,  
I n c .  o f  R o c k v i l l e ,  Mary land were subcon t rac to rs  on  t h e  survey  d o n e  f o r  
t h e  study. 

ASSUMPTIONS 

The i m p o r t a n t  f e a t u r e s  o f  t h e  approach a re  as f o l l o w s .  Each  y e a r  a  
household i s  assumed t o  e v a l u a t e  i t s  c u r r e n t  v e h i c l e  h o l d i n g s  a n d  
determine i f  any changes should be made, T h e  c h o i c e  s e t  a v a i l a b l e  
i n c l u d e s  a l l  makes, models, and v i n t a g e s ,  e a c h  c h a r a c t e r i z e d  a s  a  
d i s t i n c t  bund le  o f  a t t r i b u t e s .  A  househo ld 's  d e c i s i o n s  a r e  a s s u m e d  t o  
depend on t h e  p rev ious  y e a r ' s  d e c i s i o n s  and t h e  t r a n s a c t i  o n s  c o s t s  o f  
e n t e r i n g  t h e  market. The compos i t i on  o f  h o l d i n g s  c o n d i t i o n a l  o n  t h e  
number o f  v e h i c l e s  owned i s  modeled p r i o r  t o  m o d e l i n g  t h e  e x t e n t  o f  
h o l d i n g s  as a  c h o i c e  among ze ro  v e h i c l e s ,  t h e  m o s t  p r e f e r r e d  s i n g l e  
v e h i c l e  a l t e r n a t i v e ,  t h e  most p r e f e r r e d  p a i r ,  e t c .  D i s t i n c t  models were 
developed f o r  s i n g l e -  and m u l t i p l e - v e h i c l e  households. By i t e r a t i v e l y  
a p p l y i n g  t h e  model t o  p r e d i c t  t h e  sequence o f  h o l d i n g s  d e c i s i o n s  made by 
households across  success ive  d e c i s i o n  p o i n t s ,  t h e  t i m i n g  o f  m a r k e t  
t r a n s a c t i o n s  and compos i t i on  o f  h o l d i n g s  a t  p o i n t s  i n  t i m e  may b e  
f o r e c a s t .  

LIMITATIONS AND BENEFITS 

The (data used d i d  n o t  i d e n t i f y  t h e  eng ine t y p e ,  t r a n s m i s s i o n ,  a n d  
ameni ty  o p t i o n s  t h a t  d i f f e r e n t i a t e  c a r s  w i t h  a  s i n g l e  make/model/vintage 
d e s i g n a t i o n .  The way t h i s  d a t a  problem was r e s o l v e d  was t o  c h a r a c t e r i z e  
each make/model /v intage o f  v e h i c l e  b y  t h e  h i g h e s t - s e l l  i n g  t y p e  o f  
cha rac t l e r i  s t i c s .  

The model e x p l a i n s  h o u s e h o l d  v e h i c l e  h o l d i n g s  s e p a r a t e l y  f o r  
households w i t h  one and two v e h i c l e s ,  b u t  i t  d o e s  n o t  e x p l a i n  why 
households own v a r y i n g  numbers o f  v e h i c l e s .  



STRUCTURE 

The c h a r a c t e r i s t i c s  o f  v e h i c l e s  cons idered by  h o u s e h o l d s  i n c l  u d e :  
passenger c a r r y i n g - - s e a t i n g  space, weight ,  r i d e  qua1 i ty, ameni t ies ;  1  oad 
c a r r y i  ng--vol  ume, 1  uggage space, c o n f i g u r a t i o n ,  1  i m i t s ;  p e r f o r m a n c e -  - 
a c c e l e r a t i o n ,  b r a k i n g  d i s tance ,  n o i  s e  1  e v e 1  , m a n e u v e r i n g  ( t u r n i n g  
d i s t a n c e ) ,  r e l i a b i l i t y  ( s c r a p p a g e  p r o b a b i l i t y ) ;  c o s t - - p r i c e ,  
d e p r e c i a t i o n  schedule, f u e l  cos ts ,  r e p a i r s ,  s e a r c h  a n d  t r a n s a c t i o n s  
cos t ;  and c l a s s  and s t y l e - - v i n t a g e ,  body shape, c o l o r ,  i m a g e .  How a  
household eva l  ua tes  these  depends on how i t i n t e n d s  t o  use a  v e h i c l  e  o r  
v e h i c l e s  and on t h e  household a t t r i b u t e s .  To c a p t u r e  t h e  e n h a n c e d  
t r a n s p o r t a t i o n  a v a i l a b i l i t y  and s p e c i a l i z a t i o n  t h a t  t w o  v e h i c l e s  c a n  
p rov ide ,  t h e  model s p e c i f i e s  t h e  u t i l i t y  o f  any v e h i c l e  p a i r  t o  d e p e n d  
on t h e  c h a r a c t e r i s t i c s  o f  each v e h i c l e  s e p a r a t e l y  a n d  o n  t h o s e  o f  a  
f i c t i t i o u s  c m p o s i  t e  v e h i c l e  combi n i n g  t h e  b e s t  o f  b o t h  r e a l  v e h i c l e s .  

The parameters e x p l a i n i n g  v e h i c l e  c h o i c e  i n  s i n g l e - v e h i c l e  households 
were es t ima ted  b y  m a x i m i z i n g  a  p s e u d o - 1  i k e l  i h o o d  f u n c t i o n  o f  t h e  
observed cho ices  made by 430 households which h e l d  one v e  h i  c l  e,  a s  i f 
each household faced a  c h o i c e  s e t  composed o f  i t s  c h o s e n  a1 t e r n a t i v e  
p l u s  25 a l t e r n a t i v e s  chosen a t  r a n d o m  f r o m  t h e  6 0 0  v e h i c l  e  t y p e s  
a c t u a l l y  a v a i l a b l e .  At  d e c i s i o n  p o i n t  m, a  h o u s e h o l d  t s e l  e c t s  t h a t  
a l t e r n a t i v e  j from t h e  cho ice  s e t  Ctm t h a t  maximizes t h e  u t i l i t y :  

where: 

' t jm  = u t i l i t y  o f  c h o i c e  

Ztjm = v e c t o r  o f  f u n c t i o n s  o f  observed exogenous v e h i c l e  and h o u s e h o l d  
a t t r i b u t e s  

Xt jm = t r a n s a c t i o n / s e a r c h  c o s t  dummy v a r i a b l e  

= Weibu l l  d i s t u r b a n c e  d i s t r i b u t e d  i ndependen t l y  a n d  i d e n t  i c a l  l y  
Etjm across dec i  sionmakers, a1 t e r n a t i v e s ,  and d e c i s i o n  p o i n t s  

(a,b) = parameter v e c t o r  t o  be es t ima ted  

E s t i m a t i o n  r e s u l t s  f o r  t h e  s i n g l e -  and m u l t i p l e - v e h i  c l  e  h o u s e h o l  d s  
a r e  showed i n  t h e  model r e p o r t s .  R e s u l t s  s h o w e d  t h a t  t h e r e  i s  a  
c o r r e l a t i o n  between age o f  a h o u s e h o l d  a n d  p r e f e r e n c e  f o r  v e h i c l e  
we ight ;  s e a t i n g  and luggage space a r e  o f  g r e a t e r  consequence t o  1  a r g e r  
f a m i l i e s ;  a c c e l e r a t i o n  i s  n o t  as  i m p o r t a n t  as would be t h o u g h t ;  o t h e r  
performance parameters a r e  o f  1 i ttl e  concern t o  consumers ; t h e r e  i s  a  
c o r r e l a t i o n  between educa t ion  and c o n c e r n  f o r  o p e r a t i n g  c o s t s ;  a n d  
t r a n s a c t i o n s  c o s t s  f a v o r  m a i n t a i n i  ng e x i s t i n g  ho ld ings .  

The two-veh ic le  cho ice  m o d e l  was e s t i m a t e d  o n  a  s a m p l e  o f  4 4 5  
households. The r e s u l t s  a r e  shown i n  t h e  r e p o r t .  

The e f f e c t  o f  t h e  number o f  seats  i n  a d d i t i o n  t o  t h e  d r i v e r ' s  seat  on 
two-veh ic le -househo ld  u t i l i t y  i s :  



where t ; - s t a t i  s t i c s  a r e  i n  parentheses, and 

US =: u t i l i t y  a t t r i b u t e d  t o  t h e  number o f  seats  e x c l u d i n g  t h e  d r i v e r ' s  
seat  

( i , j )  =: a  v e h i c l e  p a i r  

t = a  household 

S  = t h e  number o f  seats  e x c l u d i n g  t h e  d r i v e r ' s  sea t  

dt = dummy v a r i a b l e  i n d i c a t i n g  households w i t h  f o u r  o r  more members 

The e f f e c t  o f  c o s t  pe r  m i l e  o f  two v e h i c l e s  on a  househo ld 's  u t i  1  i t y  
i s :  

where: 

U  = u t i l i t y  a t t r i b u t e d  t o  v e h i c l e  c o s t  p e r  m i l e  
C 

( i , j )  = a  v e h i c l e  p a i r  

C = c o s t  p e r  m i l e  o f  t h e  v e h i c l e  

MODEL CONSTRUCTION 

The household da ta  source f o r  t h i s  m o d e l  was T h e  U n i v e r s i t y  o f  
Mich igan Survey Research Cen te r ' s  (SRC) w i n t e r  1 9 7 6  s u r v e y  o f  1 , 0 6 3  
households drawn f rom i t s  r o t a t i n g  consumer panel .  T h i s  e d i t i o n  o f  t h e  
SRC survey ob ta ined  f rom each h o u s e h o l d  t y p i c a l  s o c i o e c o n o m i c  a n d  
demographic data  p l u s  i n f o r m a t i o n  r e g a r d i n g  u p  t o  t h r e e  v e h i c l e s  
c u r r e n t l y  h e l d  by t h e  household. I n  a d d i t i o n  t o  t h e  SRC data ,  a  f i l e  o f  
v e h i c l e  c h a r a c t e r i s t i c s  f o r  some 2,000 v i n t a g e  v e h i c l e s  was d e v e l  o p e d  
f rom t h e  Automot ive News Almanac and t h e  Consumer Union Reports. Used-  
c a r  p r i c e s  were ob ta ined  f rom t h e  -- Red Book. The m o d e l  d o c u m e n t a t i o n  
desc r ibes  t h e  da ta  c o l l e c t i o n  and t h e  methods f o r  s y n t h e s i z i n g  m i  s s i  n g  
data .  The model programs c o u l d  b e  u s e d  t o  d e v e l o p  e s t i m a t e s  f r o m  
another  data  base w i t h  t h e  same v a r i a b l e s .  
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COMPUTER REQUIREMENTS 

Documentat ion i s  p r o v i d e d  f o r  t h e  computer programs f o r  e s t  i m a t  i n g  
and s i m u l a t i n g  t h e  model, and f o r  t h e  d a t a  b a s e s .  T h e  p r o g r a m s  a r e  
w r i t t e n  i n  FORTRAN and assembler f o r  an IBM computer system. 
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h i s  model i s  t o  i n d u c t i v e l y  p r e d i c t  t h e  t ype  o f  c a r  
purchased by a household, g i v e n  c e r t a i n  c h a r a c t e r i s t i c s  o f  t h e  household 
members' age and number, and o f  p rev ious  c a r s  purchased. 

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n s h i p  t o  o t h e r  models. 

HISTORICAL BACKGROUND 

T h i s  model i s  a p i l o t  s tudy  t e s t e d  on a r e l a t i v e l y  s m a l l  s a m p l e  o f  
c a r  buyers. F u r t h e r  resea rch  i s  underway t o  v a l i d a t e  t h e  model on a new 
sample. I n  f u t u r e  research,  t h e  m o d e l  w i l  1 b e  t e s t e d  o n  a 1 a r g e r  
r e p r e s e n t a t i v e  sampl e, u s i n g  a much shor te , r  i n t e r v i e w .  

The p r i c e  t h a t  one i s  w i l l i n g  t o  pay f o r  a new c a r  i s  assumed t o  be a 
f u n c t i o n  o f  t h e  amount p a i d  f o r  t h e  c a r  b e i n g  r e p 1  a c e d ,  t h e  1 a r g e s t  
o t h e r  c a r  owned by t h e  h o u s e h o l d ,  a n d  a c a r  p r e v i o u s l y  owned  o r  
regu l  a r l y  d r i v e n  b e f o r e  t h e  c a r  be ing  rep laced  b y  t h e  new car .  

VAL IDATION 

The model c o r r e c t l y  r e p r e s e n t s  t h e  cho i ces  o f  42 o f  t h e  45  c a r  buyers 
i n te rv iewed .  



LIMITATIONS AND BENEFITS 

Given t h e  s m a l l  s a m p l e  s i z e ,  t h e  m o d e l  s h o u l d  b e  c o n s i d e r e d  
d e s c r i p t i v e  o f  t h e  da ta  f rom which i t  was cons t ruc ted ,  b u t  i t  p r o b a b l y  
would n o t  do as w e l l  i n  p r e d i c t i n g  t h e  cho ices  o f  a  new s a m p l e .  The 
au tho rs  a l s o  n o t e  t h a t  t h e  i n t e r v i e w s  were done d u r i n g  t h e  summer o f  
1978 when r e a l  g a s o l i n e  p r i c e s  were l ower  than  i n  1960. Wi th  t h e  recen t  
r a p i d  i nc rease  i n  r e a l  g a s o l i n e  p r i c e ,  t h e  c u r r e n t  i m p a c t  o f  f u e l  
economy on c a r  c h o i c e  may be somewhat unders ta ted.  

STRUCTURE 

The model maps t h e  dec is ionmak ing process o f  a  person i n  t h e  m a r k e t  
f o r  a  new c a r  i n  t h e  fo rm o f  a  f l o w  c h a r t  w i t h  e a c h  s u c c e s s i v e  s t e p  
ask ing  a  yes/no ques t ion .  The d i r e c t i o n  taken  i n  t h e  f l o w  c h a r t  t o w a r d  
a  f i n a l  d e c i s i o n  depends on t h e  answer t o  each quest ion .  

There a re  f o u r  s e c t i o n s  i n  t h e  mode l ;  t h e  f i r s t  p a r t  m o d e l s  t h e  
e f f e c t s  o f  fami l y  compos i t i on  on t h e  purchase d e c i s i o n ;  t h e  second p a r t ,  
c a l l e d  t h e  m u l t i - c a r  d e c i s i o n  sub rou t ine ,  m o d e l s  t h e  e f f e c t s  o f  t h e  
v e h i c l e s  a l r e a d y  owned. The t h i  r d  p a r t ,  c a l l e d  t h e  c o s t  c a t e g o r y  
fo rmula ,  p laces  t h e  b u y e r ' s  c h o i c e  i n s i d e  o f  a  c e r t a i n  p r i c e  range; a n d  
t h e  f o u r t h  p a r t  i n c o r p o r a t e s  f o r e i g n  o r  domest ic  p re fe rence ,  i m p o r t a n c e  
o f  f u e l  economy, and buyer age i n t o  t h e  d e c i s i o n  model. 

The f i r s t  two s tages determine whether t h e  c a r  purchased w i  1  1  b e  i n  
one o f  f o u r  t r a n s p o r t a t i o n  requ i remen t  c a t e g o r i e s :  ( 1 )  c a r  f o r  a  1  a r g e  
f a m i l y ,  ( 2 )  c a r  f o r  a  smal l  f a m i l y ,  ( 3 )  s i n g l e  p e r s o n  c a r ,  a n d  ( 4 )  
f a m i l y  c a r  f o r  l i m i t e d  u s e .  The  c o s t  c a t e g o r y  f o r m u l a  w o r k s  
i ndependen t l y  o f  t h e  f i r s t  two s e c t i o n s  t o  p r e d i c t  what p r i c e  t h e  b u y e r  
w i l l  be prepared t o  spend on a  new c a r .  I n  a  o n e - c a r  h o u s e h o l d ,  t h e  
fo rmu la  p r e d i c t s  t h a t  buyers  w i l l  spend i n  r e a l  terms as much o n  a  new 
c a r  as t h e y  d i d  f o r  t h e  c a r  t h e y  a r e  r e p l a c i n g .  I f  t h e r e  i s  no c a r  
be ing  rep laced,  t h e  p r e d i c t e d  p r i c e  o f  t h e  new c a r  i s  60% of t h e  p r i c e  
o f  t h e  l a s t  c a r  owned o r  p r e v i o u s l y  d r i v e n ,  i n  r e a l  terms. 

I n  a  m u l t i - c a r  household, i f  t h e  rep laced  c a r  was purchased new, t h e n  
t h e  f o l l  owi ng equa t ion  ho lds :  

CC = COSTRc + (COST,, -  COST,,)/^; 

where: 

CC = c a l c u l a t e d  c o s t  o f  new c a r  which i s  t o  be purchased 

RC = rep laced  c a r  ( i .e. ,  c a r  which i s  be ing  t r a d e d  i n  o r  so ld )  

P C  = l a r g e s t  o t h e r  c a r  p r e s e n t l y  i n  t h e  household 

T h i s  b a s i c  e q u a t i o n  i s  a l t e r e d  depending on t h e  age o f  t h e  r e p 1  a c e d  
c a r ,  t h e  sum o f  t h e  ages o f  t h e  b u y e r ' s  c h i l d r e n ,  and i f  t h e  r e p l a c e d  
c a r  was purchased used. 



On t h e  b a s i s  o f  these p r e d i c t i o n s ,  t h e  b u y e r ' s  c h o i c e  i s  p r e d i c t e d  t o  
l i e  w i t h i n  one o f  t h e  f o u r  f o l l o w i n g  p r i c e  ranges: ( 1 )  3 t o  5 t h o u s a n d  
d o l l a r s ,  ( 2 )  5 t o  7 thousand d o l l a r s ,  ( 3 )  7 t o  9 thousand do1 1  a r s ,  a n d  
( 4 )  ove r  n i n e  thousand do1 l a r s .  

The l a s t  s t e p  makes t h e  f i n e s t  s u b d i v i s i o n  o f  c h o i c e ,  b r e a k i n g  t h e  
se lec t i i on  down i n t o  a  smal l  group o f  s p e c i f i e d  m a k e s  a n d  m o d e l  s .  A 
d i f f e r e n t  f l o w  c h a r t  s e l e c t i o n  procedure i s  made f o r  t h e  16 combinat ions  
o f  t h e  f o u r  t r a n s p o r t a t i o n  requ i rement  c a t e g o r i e s  a n d  t h e  f o u r  p r i c e  
ranges. 

MODEL C:ONSTRUCTION 

The methodology employed i s  t h e  h i e r a r c h i c a l  dec i s ionmak ing  p r o c e s s  
model i rig techn ique,  developed by mathemat ical  an th ropo l  og i  s t s .  

A l i s t  o f  new-car r e g i s t r a t i o n s  f r o m  O r a n g e  C o u n t y ,  C a l i f o r n i a  
communit ies w i t h i n  twen ty  m inu tes  d r i v i n g  t i m e  f rom t h e  U n i v e r s i t y  o f  
C a l i f o r n i a  a t  I r v i n e  was r a n d o m l y  s a m p l e d .  The  c a r  b u y e r s  w e r e  
i n t e r v i e w e d  f o r o n e t o  two hours  i n t w o  p a r t s .  I n  t h e  f i r s t  p a r t ,  
buyers were asked a b o u t  t h e  c a r s  t h e y  s e r i o u s l y  c o n s i d e r e d ,  t h e  
showrooms t h e y  v i s i t e d ,  and t h e  reasons f o r  t h e i r  f i n a l  choice.  I n  t h e  
second p a r t ,  buyers  were asked why t h e y  p r e f e r r e d  t h e i r  f i n a l  c h o i c e  t o  
o t h e r  s p e c i f i c  c a r s  on t h e  market. 
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CANADIAN AUTOMOTIVE MANUFACTURING INDUSTRY 

T h i s  econometr ic  model o f  t h e  C a n a d i a n  a u t o m o t i v e  m a n u f a c t u r i n g  
i n d u s t r y  was developed a t  Massachuset ts I n s  t i  t u t e  o f  T e c  h n o l  o g y  a n d  
Q u e e n ' s u n i v e r s i t y a n d  was p u b l i s h e d  i n  1 9 7 2 .  I t s  o b j e c t i v e  i s  t o  
econometr ica l  l y  model t h e  Canadian mo to r  v e h i c l e  manu fac tu r ing  i n d u s t r y  
and t o  assess t h e  e f f e c t s  on Canada o f  an agreement a l l o w i n g  f r e e  t r a d e  
i n  mo to r  v e h i c l e s  between t h e  U n i t e d  S t a t e s  and Canada. 

AUTHOR 

Dav id  A. W i l t o n  
Queen's U n i v e r s i t y  
K ings ton ,  O n t a r i o  
Canada 

KEYWORDS 

I n d u s t r i a l  f i n a n c i a l  performance, automobi 1 e  demand, automobi 1  e  s u p p l  y  , 
p r i c i n g ,  n a t i o n a l  economic impact  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  s i m u l a t e  t h e  demand, supp ly ,  p r i c e s ,  
wages, cos ts ,  p r o f i t ,  and investment  o f  t h e  C a n a d i a n  m o t o r  v e h i c l e  
i n d u s t r y  f o r  t h e  p e r i o d  o f  1948 th rough  1964. 

The rnodel a l s o  i s  used t o  examine t h e  e f f e c t s  o f  t h e  1965 A u t o m o b i l e  
Agreement b y  r u n n i n g  t h e  model w i t h  a c t u a l  da ta  f o r  t h e  p e r i o d  1 9 6 5 - 6 8  
and c o m p a r i n g  t h e  s i m u l a t i o n  r e s u l t s  t o  t h e m .  T h e  f r e e  t r a d e  
agreement 's  b e n e f i c i a l  e f f e c t  on Canada's a u t o  i n d u s t r y  may p o t e n t i  a1  1 y 
p r o v i d e  a  u s e f u l  example f o r  a l t e r i n g  c u r r e n t  r e l a t i o n s  b e t w e e n  t h e  
U.S. i n d u s t r y  and o t h e r  c o u n t r i e s .  

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n s h i p  t o  o t h e r  models. 

HI  STOR ICAL BACKGROUND 

P r o f e s s o r  W i  1  t o n  moved f rom t h e  Massachuset ts I n s t i t u t e  o f  Technology 
t o  Queen 's  U n i v e r s i t y  w h i l e  work ing on t h i s  model. 

ASSUMPTIONS 

Automobi le  demand i s  assumed t o  f o l l o w  a  s tock  a d j u s t m e n t  p r o c e s s .  
The techn ique developed by Chow (S-57-413) i s  used. 



VAL IDAKION 

A p p r o x i m a t e l y  t w o - t h i r d s  o f  a l l  t h e  p a r a m e t e r  e s t i m a t e s  a r e  
s i g n i f i i c a n t  a t  t h e  5 p e r  c e n t  l e v e l .  The rnodel i s  shown t o  r e p 1  i c a t e  
h i s t o r i i c a l  d a t a  v e r y  w e l l .  The e f f e c t  o f  t h e  f r e e  t r a d e  a g r e e m e n t  o n  
changes i n  t h e  m a r k e t  s t r u c t u r e  was a n a l y z e d  b y  c o m p a r i n g  t h e  
p r e d i c t i o n s  o f  t h e  model , es t ima ted  w i t h  pre-agreement data ,  w i t h  p o s t  - 
agreement exper ience.  

LIMITATIONS AND BENEFITS 

The model, though s a t i s f a c t o r i l y  e x p l a i n i n g  U.S. impor t s ,  p r o v e d  t o  
be 1  a r g e l y  unsuccessfu l  i n  a t t e m p t i n g  t o  e x p l a i n  o t h e r  i m p o r t s .  T h u s ,  
non-U.S. i m p o r t s  t o  Canada a r e  c l a s s i f i e d  as exogenous  t o  t h e  m o d e l .  
The model ' s  wage b a r g a i n i n g  equa t ion  i s  unique.  

STRUCTURE 

Demand and p r i c e  indexes f o r  m o t o r  v e h i c l e s  a r e  s p l  i t  i n t o  t w o  
components: au tomobi les  and commercial v e h i c l e s .  

To t r a n s l a t e  r e t a i l  demand i n t o  domest ic  p r o d u c t i o n  t h e  f o l  1 o w i n g  
mechaniism i s  empl oyed. 

TSH = RSA + RSTR - COMMIS - EMT - USMT + XSH 

where : 

TSH = t o t a l  shipments b y  t h e  motor  v e h i c l e  i n d u s t r y  

RSA = r e t a i l  s a l e s  o f  au tomobi les ,  m i l  1  i o n s  o f  C a n a d i a n  d o 1  1  a r s  
(endogenously determined by  t h e  demand segment o f  t h e  model) 

RSTR = r e t a i l  s a l e s  o f  commercial v e h i c l e s  (endogenously determined by 
t h e  demand segment o f  t h e  model) 

COMMIS = endogenously determi  ned d e a l e r  mark-up o r  r e t a i l  va l  u e -  a d d e d ,  
mi 11 i o n s  o f  Canadian do1 1 a r s  

EMT = non-U.S. i m p o r t s  o f  mo to r  v e h i c l e s ,  exogenous 

USMT = endogenously determined i m p o r t s  o f  motor  v e h i c l e s  f rom t h e  U.S. 

XSH = t o t a l  e x p o r t  shipments by t h e  Canadian motor  v e h i c l e  i n d u s t r y ,  
exogenous 

A l l  v a r i a b l e s  a r e  i n  m i l l i o n s  o f  Canadian d o l l a r s .  

P r o f i t s  o f  t h e  mo to r  v e h i c l e  i n d u s t r y  a r e  determined r e s i d u a l  l y  b y  
t h e  f o l l o w i n g  equa t ion .  Incomple te  data ,  t h e  d o m i n a n c e  o f  e x o g e n o u s  
f a c t o r s ,  and measurement e r r o r s  account  f o r  t h e  e x i s t e n c e  o f  a  r e s i  d u a l  
e x p e n d i t u r e  ca tegory .  



PROFIT = DSH + XSH - MATR - WB - CCA - RESID 

where: 

PROFIT = t o t a l  c o r p o r a t e  p r o f i t s  f rom Canadian manufact  u r  i n g  o f  m o t o r  
v e h i c l e s  

DSH = endogenously determined t o t a l  shipments t o  t h e  domest ic  market  

MATR = m a t e r i a l  i n p u t s ,  endogenously determined 

WB = wage b i  11 , endogenously determined 

CCA = c a p i  t a l  consumption a1 1  owance, endogenously determined 

RESID = r e s i d u a l  o f  u n c l a s s i f i e d  e x p e n d i t u r e s  i n  t h e  a u t o m o t i v e  
i n d u s t r y  , exogenous 

The equat ions  s i m u l a t i n g  t h e  who lesa le  and r e t a i l  au t o m o b i  1  e  p r i  c e  
indexes,  and t h e  equa t ion  o f  t h e  p e r  c e n t  change i n  t h e  n e g o t i a t e d  b a s e  
wage r a t e  i n  t h e  i n d u s t r y  a r e  presented as examples o f  t h e  e c o n o m e t r i c  
equa t ions  used i n  t h i s  model and t o  i l l u s t r a t e  i t s  i n t e r c o n n e c t e d n e s s  
and simul t a n e i  t y .  

A m o d i f i e d  fo rm o f  t h e  base wage r a t e  e q u a t i o n  o u t p u t  i s  i n p u t  t o  t h e  
who lesa le  p r i c e  i ndex  equat ion .  The wholesa le  p r i c e  i n d e x  i s u s e d  i n  
t u r n  i n  t h e  e q u a t i o n  used t o  de te rm ine  t h e  r e t a i l  p r i c e  index.  

The base wage r a t e  e q u a t i o n  employs i n d u s t r y  p r o f i t  as an independent 
v a r i a b l e ,  b u t  t h e  dependent v a r i a b l e  i s  a  component i n  t h e  i n d u s t r y  wage 
b i l l ,  which i s  a  f a c t o r  i n  de te rm in ing  i n d u s t r y  p r o f i t .  

I n  t h e  f o l l o w i n g  wage equa t ion ,  e i g h t  r o u n d s  o f  wage b a r g a i n i n g  
sess ions f rom 1948 t o  1964 a r e  modeled. Dummy v a r i a b l  e s  a r e  u s e d  t o  
r e p r e s e n t  t h e  p e r i o d s  when t h e  un ion  barga ined f o r  wage p a r i t y  w i t h  t h e  
average h o u r l y  d u r a b l e  goods ea rn ings  and w i t h  e a r n i n g s  f r o m  G e n e r a l  
Motors i n  t h e  U n i t e d  Sta tes .  

- -  ACP I 
t 20.91 (DUMUS) ANEGAV - -24.05 + 0.3555 (rn) + 53.25 (- 

NEGAV (7.83) (0.1714) (10.89) TSH (6.52) 

USW + 26.57 (DuMCAN) x (m)t-l CANW ( m ' t - 1  (8.40) 

where s tandard  e r r o r s  a r e  i n  parentheses,  and 

NEGAV = base wage r a t e  as n e g o t i a t e d  i n  c o l l e c t i v e  b a r g a i n i n g  sess ions 

C P I  = Canadian consumer p r i c e  index,  1949 = 100.0, exogenous 

DUMUS = dummy v a r i a b l e  f o r  wage p a r i t y  e r a ,  o n e  i n  1 9 5 9 - 6 4 ,  z e r o  
e l  sewhere 



USW = base wage r a t e  a t  G e n e r a l  M o t o r s  i n  t h e  U n i t e d  S t a t e s ,  
exogenous 

DUMCAN = dummy v a r i a b l e  f o r  t h e  pre-wage-par i ty  e r a ,  o n e  i n  1 9 4 8 - 5 8 ,  
zero  e l  sewhere 

CANW = average h o u r l y  ea rn ings  i n  Canadian d u r a b l e  goods manu fac tu r ing  
i n d u s t r i e s ,  exogenous 

NEGAV WPT = -1.197 t 6,271 ( )  + 1.137 (WPTUS) + 0.3952 (USCUR) 
(0.228) (2.332) (0.034) (0.0928) 

SEE = 0.01286 2 R = 0.99 DW = 1.66 

where s tandard  e r r o r s  a r e  i n  parentheses,  and 

WPT = who lesa le  p r i c e  index o f  motor  v e h i c l e s ,  1957 = 1.0 

PRODT =: r e a l  o u t p u t  per  hour  p e r  worker, d e f i n e d  exogenously 

WPTUS =: exogenous wholesa le  p r i c e  i ndex  o f  motor  v e h i c l e s  i n  t h e  Un i t e d  
S ta tes ,  1957 = 1.0 

USCUR = Canadian d o l l a r s  pe r  U n i t e d  S ta tes  d o l l a r s ,  exogenous 

RPA = -0.2053 + 0.9927 (WPT) + 1.037 (TOTTAX) 
(0.0812) (0.0622) (0.122) 

SEE = 01.01745 2 R = 0.96 DW = 1.96 

where s tandard  e r r o r s  a r e  i n  parentheses, and 

RPA = r e t a i l  p r i c e  index o f  automobi les,  1957 = 1.0 

TOTTAX = t o t a l  r a t e  o f  f e d e r a l  sa les  and exc i se  t a x  on motor  v e h i c l e s  

Thi  s mu1 t i - e q u a t i o n  econometr ic  model i s es t ima ted  by us ing  p r i n c i p a l  
canponents w i t h  t h e  two-stage l e a s t  squares method. The d a t a  u s e d  t o  
e s t i m a t e  t h e  model a r e  f rom t h e  yea rs  1948 t o  1964. 

DATA USED I N  RUNNING MODEL 

Twenty- three Canadian macroeconomi  c a n d  m o t o r  v e h i  c l  e i n d u s t r y  
s t a t i s t i c s  a r e  exogenously i n p u t  t o  t h e  model. 
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MULTI-VARIABLE MODELS OF CAR OWNERSHIP 

Three m u l t i - v a r i a b l e  models o f  c a r  o w n e r s h i  p  w e r e  d e v e l o p e d  a t  
P.G. Pak-Poy and Assoc ia tes  Pty .  L td .  i n  A u s t r a l  i a  a n d  p u b 1  i s h e d  i n  
1979. T h i s  work was sponsored by t h e  N a t i o n a l  C a p i t a l  D e v e l o p m e n t  
Commi s!;ion i n  Canberra, and t h e  D i  rec tor -Genera l  o f  T r a n s p o r t  a n d  t h e  
Commis!jioner on Highways o f  South A u s t r a l i a .  The purpose o f  t h e  m o d e l  s  
i s  t o  p r e d i c t  c a r  ownership, t o  be used as i n p u t  i n t o  s u r f a c e  t r a n s  p o r t  
p l  anni  rig. 
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Automobi 1  e  demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t hese  t h r e e  models i s  t o  e s t i m a t e  c a r  o w n e r s h i  p  b y  
households i n  an urban area, us ing  v a r i o u s  household c h a r a c t e r i s t i c s  and 
p u b l i c  t r a n s p o r t  f a c t o r s .  The models a r e  based on A u s t r a l i a n  data ,  b u t  
t h e  method c o u l d  be a p p l i e d  t o  da ta  f rom U.S. m e t r o p o l i t a n  areas. 

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n s h i p  t o  o t h e r  models. 

ASSUMPT IONS 

One model bases t h e  income v a r i a b l e  o n l y  o n  i n c o m e s  a b o v e  3 0 0 0  
d o l l a r s .  It was assumed a  p r i o r i  t h a t  t h i s  v a r i a b l e  r e f 1  e c t e d  i n c o m e  
o v e r  which t h e  household had reasonable d i s c r e t i o n  i n  expend i tu re .  

VALIDATION 

F o r t y - n i n e  o u t  o f  seventy c o e f f i c i e n t s  i n  t h e  model were s i g n i f i  c a n t  
a t  a 95% con f i dence  l e v e l .  By us ing  income over  3 0 0 0  d o l l a r s  a s  t h e  
income v a r i a b l e  and i n c l u d i n g  p a r t - t i m e  w o r k e r s  a s  a n  e x p l  a n a t o r y  
v a r i a b l e ,  p r e d i c t i o n  accuracy was i nc reased  s l i g h t l y  f o r  fami 1  i e s  w i t h  
one c a r  o r  more, b u t  i t  was n o t  changed f o r  f a m i l i e s  owning zero  cars .  



LIMITATIONS AND BENEFITS 

These models have t h e  p o t e n t i a l  f o r  absurd a p p l i c a t i o n  by  p r o j e c t i  n g  
more c a r s  t h a n  household members. E x c e p t  t o  t h e  e x t e n t  t h a t  s u c h  
b e h a v i o r  i s  shown i n  t h e  d a t a ,  t h e  m o d e l  i n  a p p l  i c a t i o n  m u s t  b e  
r e s t r a i n e d  by  d e c i s i o n  r u l  es t o  prevent  t h e s e  a b s u r d i t i e s ,  a c c o r d i n g  t o  
t h e  author.  

The model a u t h o r  concluded t h a t  adequate c a r  ownership models c a n  b e  
developed on t h e  b a s i s  o f  r e l a t i v e l y  s m a l l  d a t a  s e t s ,  a n d  t h a t  
a d d i t i o n a l  socioeconomic v a r i a b l e s  e x p l a i n  c a r  o w n e r s  h i  p much  b e t t e r  
t h a n  o n l y  income. 

STRUCTURE 

The dependent v a r i a b l e  f o r  a1 1 t h r e e  models i s  t h e  probabi  1 i t y  o f  a 
household choos ing between two d i f f e r e n t  1 e v e 1  s o f  a u t o  o w n e r s h i p .  
There are  separa te  equat ions  f o r  each c a r  ownersh ip- leve l  c h o i  c e :  c a r  
ownership/non-ownershi p among households, one-carlmul t i  - c a r  o w n e r s  h i  p 
among car-owning households, and two-carlthree-or-more-car o w n e r s h i  p 
among mu1 t i - c a r - o w n i n g  households. The bas i c  model form i s: 

where: 

P = t h e  p r o b a b i l i t y  o f  choos ing t h e  h i g h e r  l e v e l  o f  au tomobi le  ownership 

u = an i n d i r e c t  r e l a t i v e  u t i l i t y  f u n c t i o n  

The t h r e e  models d i f f e r  i n  t h e  s p e c i f i c a t i o n  o f  t h e  l i n e a r  u t i l i t y  
f u n c t i o n .  

Model 1: -- 

u = a + b ( 1 k )  + c (MEMBERS) t d (FTWORK) 

where: 

INC = household income i n  u n i t s  o f  1000 d o l l a r s  pe r  y e a r  

MEMBERS = number o f  household members 

FTWORK = number o f  household members w i t h  f u l l - t i m e  jobs  

Model 2: -- 

u = a + b (INC3000) + c (MEMBERS) + d (FTWORK) + e (PTWORK) 

where: 



INC3000 = household income i n  u n i t s  o f  1000 do1 l a r s  minus 3000 do1 1 a r s  
( z e r o  i f  n e g a t i v e )  

PTWORK = number o f  household members w i t h  p a r t - t i m e  jobs  

Model 21: - -- 
The t h i r d  model i n c l u d e s  measures o f  bus r o u t e  a c c e s s i  b i  1 i t y  a n d  

a d d i t i o n a l  da ta  concern ing t h e  head o f  t h e  household. 

u = a + b (INC) + c (MEMBERS) + d (FTWORK) + e (SEX) + f (JOB) 

+ 9 (BWALKI) + h (BWALK2) + i (BUSES) + j (FLEXTIME) 

where: 

SE:X = sex o f  head o f  household ( 0  = male, 1 = female)  

JOB = occupa t ion  of head o f  household ( 1  = worker, 0 = o t h e r )  

BWALK,l = access t i m e  from home t o  bus s top  

BWALK12 = access t i m e  f rom home t o  most r e g u l a r  d e s t i n a t i o n  o f  head o f  
household 

BUSE:S = number o f  bus j o u r n e y s  n e e d e d  t o  make t h e  m o s t  r e g u l a r  
j ou rney  o f  t h e  head o f  household 

FLEXTIME = head o f  househo ld 's  f l e x i t i m e  s t a t u s  a t  work ( 1  = y e s ,  0 = 

no) 

MODEL CONSTRUCTION 

The p r o b a b i l i t y  o f  c h o i c e  ( P )  i s  n o t  d i r e c t l y  observed and o n l y  t h e  
a c t u a l  cho ice  i s  made a v a i l a b l e  as t h e  dependent v a r i a b l  e.  The m o d e l  
uses a maximum-l ikel ihood e s t i m a t i o n  t e c h n i q u e  t o  e n s u r e  t h a t  t h e  
dependent v a r i a b l e  P can o n l y  t a k e  on t h e  va lues 0 and 1. 

The f i r s t  and t h i r d  models presented above use d a t a  f r o m  a r a n d o m  
sample o f  2253 households i n t e r v i e w e d  i n  Canberra, A u s t r a l  i a i n  1 9 7 5 .  
The first and second models presented a b o v e  u s e  d a t a  f r o m  a r a n d o m  
sample o f  4440 households i n t e r v i e w e d  i n  Adela ide,  A u s t r a l i a  i n  1977. 
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AUTOMOBILE FLEET FUEL EFFICIENCY FORECASTING 

T h i s  model f o r  f o r e c a s t i n g  t h e  f u e l  e f f i c i e n c y  o f  t h e  a u t o m o b i l e  
f l e e t  was developed a t  Purdue U n i v e r s i t y  i n  1 9 7 9 .  I t  p r o j e c t s  t h e  
average f u e l  e f f i c i e n c y  o f  a  f l e e t  i n  a  f u t u r e  y e a r  based on a  v e h i  c l  e  
s u r v i v a l  p rocedure  and t h e  r e l a t i v e  usage o f  au tos  by  a g e .  The  s t u d y  
was conducted th rough  t h e  suppor t  o f  t h e  J o i n t  Highway Research P r o j e c t  
o f  Purdue U n i v e r s i t y  and t h e  I n d i a n a  S t a t e  Highway Commission. 
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OBJECTIVE OF MODEL 

The model p r o j e c t s  t h e  a v e r a g e  f u e l  e f f i c i e n c y  o f  t h e  f l e e t  o f  
v e h i c l e s  i n  e x i s t e n c e  i n  f u t u r e  yea rs ,  c o n s i d e r i n g  impacts  o f  p r e v a i l  i n g  
economic c o n d i t i o n s ,  governmental po l  i c y  d e c i s i o n s  r e g a r d i n g  new v e h i c l e  
f u e l  e f f i c i e n c y  standards,  and a u t o  usage c h a r a c t e r i s t i  c s  . T h e  b a s i  c 
approach i s  t o  ( 1 )  de termine t h e  number o f  au tos  i n  use b y  mode l  y e a r ,  
( 2 )  e s t i m a t e  auto  f u e l  e f f i c i e n c i e s  by  model y e a r ,  a n d  ( 3 )  e s t a b l  i s h  
r e l a t i v e  automobi le  usage by  model year .  

RELATIONSHIP TO OTHER MODELS 

T h e  D a t a  R e s o u r c e s  I n c o r p o r a t e d  TRENDLONG a n d  P E S S I M L O N G  
macroeconomic models  p r o v i d e  i n p u t  v a l u e s  f o r  new c a r  s a l e s  a n d  
automobi 1  e  ownership. 



HISTORICAL BACKGROUND 

Th i s  model was developed as p a r t  o f  a  computer s imu la t i on  model u s e d  
t o  p r o j e c t  s t a t e w i d e  h i g h w a y  f i n a n c i n g  and  s y s t e m  p e r f o r m a n c e .  
P r o j e c t i o n  o f  auto f u e l  e f f i c i e n c y  was n e c e s s a r y  t o  e s t i m a t e  f u t u r e  
highway f u e l  consumption, revenues de r i ved  f rom f u e l  t a x e s ,  a n d  o t h e r  
f a c t o r s  a f f e c t i n g  highway t r a n s p o r t a t i o n  s y s t e m  p e r f o r m a n c e .  The 
developer,  Manneri ng , subsequent ly moved t o  t h e  Massachusetts I n s t i  t u t  e  
o f  Tec hnol ogy . 

ASSUMPT IONS 

Scrappage r a t e s  o f  o l d e r  automobil e s  c h a n g e  m o r e  i n  r e s p o n s e  t o  
s h i f t s  i n  economic cond i t i ons  than  do r a t e s  f o r  newer autos, s i nce  m o r e  
o l d e r  ca rs  a r e  m a r g i n a l l y  economic. Autos 12 y e a r s  o r  o l d e r  t e n d  t o  
have s t a b l e  s u r v i v a l  ra tes .  New automobi les a re  used m o r e  t h a n  01 d e r  
ones; i .e., they  a re  d r i v e n  more m i  1  es i n  a  g iven  t ime  per iod.  

VAL I DATION 

The procedure f o r  determin ing h i s t o r i c a l  automob i 1  e  s u r v i v a l  r a t e  
changes was found t o  compare f avo rab l y  w i t h  ac tua l  ra tes .  

The ex ten t  o f  automobi le ownership i n  a  year  i s  equal  t o  t h e  a u t o s  
owned l a s t  year,  p l us  new c a r  sales,  minus scrappage. New c a r  sa les  and 
auto ownership a re  i n p u t  t o  t he  model. Scrappage i s  p r o j e c t e d  w i t h i n  
t h e  model, by f o r e c a s t i n g  s u r v i v a l  r a t e s .  F u t u r e  s u r v i v a l  r a t e  
d i s t r i b l u t i o n s  a re  i n d i r e c t l y  approximated by es t ima t i ng  annual c h a n g e s  
i n  each coho r t  s u r v i v a l  r a t e .  These changes a re  r e l a t e d  t o  t h e  number  
o f  " s e l e c t "  m a r g i n a l l y  economic automobiles i n  each age group o r  cohor t .  

CP = - ACSA - (SURV[-11 x CPOPC-11) 
n~ n  
Z CPOP - Z (SURV[-11 x CPOP[-11) 
i =:I i =l 

where: 

C:P = t h e  coho r t  p r o b a b i l i t y  o f  a  " s e l e c t "  m a r g i n a l l y  e c o n o m i c  
automobi le  be ing  r e t i r e d  o r  r e t a i n e d  i n  t h a t  cohor t  d u r i  n g  a  
g iven  yea r  

ACSA = ac tua l  number o f  s u r v i v i n g  autos i n  t he  cohor t  

SURV[-11 = preceding y e a r '  s  s u r v i v a l  r a t e  

CPOP[-11 = coho r t  popu la t i on  o f  preceding yea r  



CPOP = p resen t  coho r t  popul a t i  on 

n  = t o t a l  number o f  coho r t s  

Resu l t s  o f  t h i s  h i s t o r i c a l  p r o b a b i l i t i e s  equa t ion  a re  used t o  c r e a t e  
t h e  f o l l o w i n g  reg ress i on  equat ion:  

where t - v a l  ues a r e  i n  parentheses, and 

Y = t h e  approximate p robab i l  i t y  o f  a  " s e l e c t "  ma rg ina l l y  economi c  a u t o  
be ing  r e t i r e d  o r  r e t a i n e d  i n  coho r t  o f  age X 

X = t h e  age o f  t h e  coho r t  i n  years  

T h i s  equa t ion  i s  u n i f o r m l y  ad jus ted  by 9 percent  t o  assure t h a t  t h e  
summation o f  coho r t  p robab i l  i t i e s  equals one. 

The number o f  " s e l e c t "  m a r g i n a l l y  economic automobi les i n  any f u t u r e  
y e a r  i s  a  f u n c t i o n  o f  t h e  p ro j ec ted  au to  ownership and new c a r  s a l e s  i n  
t h e  yea r ,  and t h e  coho r t  s u r v i v a l  r a t e  and popu la t i on  i n  t h e  p r e c e d i n g  
year .  These " s e l e c t "  autos a r e  assigned t o  o r  sub t rac ted  from spec i f i  c  
c o h o r t s  i n  t h e  y e a r ,  u s i n g  a  r a n d o m  number  g e n e r a t o r  and  t h e  
probabi  1 i t i e s  descr ibed  above ( Y )  . 

New automobi le  f u e l  e f f i c i e n c i e s  b y  m o d e l  y e a r  a r e  i n p u t  t o  t h e  
model. 

The automobi le  usage by age equa t ion  i s :  

where t - v a l  ues a r e  i n  parentheses, and 

W = weighted usage by automobi le  age 

Z = age o f  auto i n  years  (e.g., Z=1 f o r  ca rs  1-2  years ,  Z=2 f o r  ca rs  2-3 
years ,  e t c )  . 

Ove ra l l  f l e e t  f u e l  e f f i c i e n c y  i n  any y e a r  i s t h e  sum o f  t h e  f u e l  
e f f i c i e n c i e s  f o r  each coho r t ,  each o f  which i s  a  f u n c t i o n  o f  t h e  average 
new c a r  e f f i c i e n c y ,  t h e  coho r t  popu la t i on  i n  t h e  year ,  t h e  t o t a l  a u t o  
popu la t ion ,  and t h e  re1 a t i v e  usage o f  t h e  cohor t .  



MODEL CONSTRUCTION 

Data for  the historical automobile survival model came from the Motor 
Vehicle Manufacturers A s s o c i a t i o n ' s  - 1978 Motor Veh ic l e  -- F a c t s  a n d  
Figures. Data for  the re1 at ive usage o f  automobi 1 e s  by age  e q u a t  i o n  
came from the Census Bureau's Nationwide Personal Transportat i o n  S tudy 
1969-701. 

DATA USIED IN RUNNING MODEL 

Necessary inputs t o  the model are  new car fuel eff ic iencies  by model 
year, a,nd new car sales  and total  a u t o  ownership by year. 
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AUTOMOBILE INDUSTRY RESPONSE TO GOVERNMENT RULE-MAKING 

T h i s  m o d e l  o f  t h e  c o r p o r a t e  s t r a t e g i e s  o f  t h e  a u t o m o t i v e  
manu fac tu re rs  has been under development s i n c e  1  a t e  1978 b y  The F u t u r e s  
Group f o r  t h e  N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  (NHTSA) a s  
a  p a r t  o f  a  s t u d y  t o  examine t h e  1  i k e l y  s t r a t e g i c  a c t i o n s  o f  au tomobi  1  e  
manu fac tu re rs  as a  r e s u l t  o f  l e g i s l a t i o n  and  r e g u l a t i o n  d e s i g n e d  t o  
improve automobi le  f u e l  e f f i c i e n c y .  T h e  m o d e l  ' s  o u t p u t  o n  t o t a l  
au tomob i le  demand was used i n  t h i s  study.  The model i s  desc r ibed  i n  t h e  
f o u r t h  volume o f  t h i s  s tudy,  c i t e d  below. I t s  p u r p o s e  i s  t o  i m p r o v e  
upon a  p r e v i o u s  m o d e l  a n d  t o  o b t a i n  i n f o r m a t i o n  o n  a u t o m o t i v e  
manu fac tu re rs  t o  a s s i s t  i n  ru lemak ing  by NIiTSA. 
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h i s  model i s  t o  ana lyze and f o r e c a s t  t h e  b e h a v i o r  
o f  t h e  f o u r  m a j o r  U.S. au tomob i le  manu fac tu re rs  under v a r i o u s  government 
r e g u l a t i o n s  and economic c o n d i t i o n s  t o  a s s i s t  NHTSA i n  i t s  r u l e m a k i n g .  
Outputs  used i n  t h i s  t a s k  a r e  t o t a l  sa les ,  market  s h a r e s  b y  s i z e  a n d  
m a n u f a c t u r e r s ,  v e h i c l e  c h a r a c t e r i s t i c s ,  c o r p o r a t e  f i n a n c i a l  
c h a r a c t e r i s t i c s ,  and c o r p o r a t e  manu fac tu re r  c a p a c i t i e s  and employment. 

HI STOR ICAL BACKGROUND 

NHTSA requested i n  l a t e  1977 t h a t  The Fu tu res  Group choose and m o d i f y  
a  model on t h e  automot ive  manu fac tu re rs  t o  o b t a i n  r e s u l t s  f o r  ru lemak ing 
a s  a  p a r t  o f  an o r i g i n a l  p r o p o s a l  a w a r d e d  i n  O c t o b e r  1 9 7 7  o n  t h e  
m a n u f a c t u r e r ' s  response t o  f u e l  e f f i c i e n c y  s tandards .  The model c h o s e n  
t o  b e  m o d i f i e d  was t h e  A u t o m o b i l e  I n d u s t r y  R e s p o n s e  t o  G o v e r n m e n t  
Regul a t i  ons Model (77-035) , by Pugh-Roberts Assoc ia tes .  



I n  i t s  p resen t  form, acco rd ing  t o  t h e  au tho r ,  t h e  model i s  produc i n g  
t o t a l  s a l e s  t h a t  reproduce h i s t o r y  r a t h e r  w e l l .  H o w e v e r ,  t h e  a u t h o r  
s t a t e s  t h a t  v i r t u a l l y  a l l  o f  t h e  f i n a n c i a l  o u t p u t  i s  i n c o r r e c t ,  o r  
mi s l  eadli ng a t  bes t .  

LIMITATIONS AND BENEFITS 

The a b i l i t y  o f  t h e  model t o  r e p l i c a t e  h i s t o r i c a l  f l u c t u a t i o n s  i n  
t o t a l  s a l e s  o f  au tomob i l es  suggested t o  t h e  a u t h o r  t h a t  t h e  p r e v i o u s  
model (77-035)  was v i a b l e  and c o u l d  s a t i s f a c t o r i l y  meet i t s  o b j e c t  i v e s  
w i t h  m o d i f i c a t i o n .  Some f l a w s  d i scove red  have n o t  been c o r r e c t e d  i n  t h e  
p resen t  v e r s i o n  and need a t t e n t i o n .  

Recommended changes i n c l u d e  i n c o r p o r a t i n g  f i n a n c i a l  d a t a  o f  t h e  
e n t i r e  au tomot i ve  c o r p o r a t i o n ,  r a t  h e r  t h a n  j u s t  t h e  p a s s e n g e r  c a r  
s e c t o r ,  because d e c i s i o n s  a r e  s imu la ted  on o n l y  a  subse t  o f  t h e  t o t a l  
p r o d u c t  l i n e  and f i n a n c i a l  p i c t u r e  o f  e a c h  c o m p a n y .  An i m p o r t a n t  
d e f i c i e n c y  o n l y  p a r t i a l l y  c o r r e c t e d  i s  t h e  i t e m  t h a t  a c c o u n t s  f o r  t h e  
demand f o r  passenger au tomobi les  t h a t  has been s a t i s f i e d  i n c r e a s i n g l y  by 
l i g h t  t r u c k s .  F u r t h e r  work i s  needed a l s o  i n  t h e  a r e a s  o f  c a r  s i z e  
d e f i n i t i o n  and market  share mode l ing  s t r u c t u r e .  

STRUCTURE 

The model i s  a  c o m p u t e r  s i m u l a t i o n  m o d e l  u s i n g  t h o u s a n d s  o f  
v a r i a b l e s .  The b a s i c  s t r u c t u r e  o f  t h e  model i s  e s s e n t i a l l y  t h e  same a s  
t h e  p rev ious  model. There a r e  t h r e e  s e c t o r s  o f  t h e  model : t h e  consumer 
s e c t o r ,  t h e  i n d u s t r y  s e c t o r ,  and t h e  r e g u l a t o r y  s e c t o r .  T h e  c o n s u m e r  
s e c t o r  s i m u l a t e s  c a r  purchase a n d  d r i v i n g  p a t t e r n s  i n  r e s p o n s e  t o  
au tomobi les  t h a t  a r e  a v a i l a b l e .  T h i  s  s u p p l y  i s  d e t e r m i n e d  i n  t h e  
i n d u s t r , ~  s e c t o r  and i n f l u e n c e d  b y  c o r p o r a t e  f i n a n c i a l  s i t u a t i o n s ,  
management goal  s, and t h e  r e g u l a t o r y  sec to r .  

The i n d u s t r y  s e c t o r  i s  c o m p o s e d  b a s i c a l l y  o f  t w o  f u n c t i o n s :  
d e c i  sionmaki ng and account ing .  The accoun t i ng  f u n c t i o n  g e n e r a t e s  t h e  
i n f o r m a t i o n  on which d e c i s i o n s  such as supp ly  a r e  based. Dec i s ions  a r e  
determined by c o n t i n u a l l y  assess ing  how a  company's s i t u a t i o n  c o m p a r e s  
w i t h  v a r i o u s  c o r p o r a t e  goals.  How w e l l  i t s  c o r p o r a t i o n  does i n  m e e t i  n g  
i t s  goal s  de termines  management concerns. These m a n a g e m e n t  c o n c e r n s  
a f f e c t  a l l  b l o c k s  w i t h i n  t h e  i n d u s t r y  s e c t o r :  p r o d u c t i o n ,  c a p a c i t y ,  
p r i c e s ,  and p roduc t  f ea tu res .  

I n  t h e  consumer s e c t o r ,  demand f o r  new c a r s  i s  c a l c u l a t e d  i n  t h r e e  
s tages:  t o t a l  demand,  demand b y  s i z e ,  a n d  dernand b y  s i z e  a n d  
m a n u f a c t u r e r .  T o t a l  demand i s  d e p e n d e n t  u p o n  p o p u l a t i o n  a n d  
t r a n s p o r t a t i o n  c o s t s  re1  a t i v e  t o  d i sposab le  income. T o t a l  demand i s  
d isaggregated i n t o  demand by s i z e  o f  c a r  a s  a f u n c t i o n  o f  r e l a t i v e  
t r a n s p o r t a t i o n  c o s t s  among s i  z e  c l  a s s e s ,  S i  z e - c l  a s s  demand i s  
d isaggregated i n t o  demand o f  a  c a r  model by a  s p e c i f i c  manu fac tu re r  as a  
f u n c t i o n  o f  r e l a t i v e  " a t t r a c t i v e n e s s . "  P r i c e ,  a v a i l  a b i l  i t y ,  f u e l  



e f f i c i e n c y ,  and performance among manufac turers  j o i n t l y  d e t e r m i  n e  t h e  
a t t r a c t i v e n e s s  o f  an o f f e r i n g .  W i t h i n  a  s i z e  c lass ,  buyers s h i f t  toward 
t h e  manufac turers  w i t h  t h e  more a t t r a c t i v e  o f f e r i  n g s  r e 1  a t i  v e  t o  t h e  
i n d u s t r y  average. 

The r e g u l  a t o r y  s e c t o r  i n c l u d e s  t h e  r e g u l  a t o r y  requ i rements  imposed on 
t h e  manufac turers ,  b o t h  h i s t o r i c a l  and p r o j e c t e d .  The h i  s t  o r i  c a l  a n d  
f o r e c a s t e d  va lues  o f  these da ta  have pro found e f f e c t s  on t h e  o u t p u t s  o f  
t h e  model. 

The p resen t  model d i f f e r s  f rom t h e  p rev ious  model i n  t h r e e  g e n e r a l  
areas:  documentation, new d a t a  sources, and new independent v a r i  a  b l  e s  
and o t h e r  smal l  s t r u c t u r a l  changes. 

The documentat ion was improved by genera t i ng  d e t a i l e d  f l o w c h a r t s .  
I n c o r r e c t  h i s t o r i c a l  da ta  on v a r i o u s  demographic and economic parameters 
were changed. New v a r i a b l e s  added t o  t h e  model i n c l u d e  t h e  unemployment 
r a t e ,  t h e  f o r e i g n  exchange r a t e ,  t h e  Consumer C o n f i d e n c e  I n d e x ,  a n d  
annual passenger c a r  r e g i s t r a t i o n s .  New areas i n  which changes i n  t h e  
model s t r u c t u r e  were rnade i n c l u d e  p r o d u c t i o n  cos ts ;  l i g h t - d u t y  t r u c k ,  
van, and four-wheel d r i v e  demand; and regu l  a t i o n  e f f e c t s .  

MODEL CONSTRUCTION 

The m o d e l  i s  c o n s t r u c t e d  w i t h  1 9 7 0  c r o s s - s e c t i o n a l  d a t a  o f  
socioeconomic c o n d i t i o n s  and w i t h  a u t o m o b i  1  e  i n d u s t r y  f i  n a n c e s  a n d  
p roduc t ion .  

DATA USED I N  RUNNING MODEL 

T h e  h i s t o r i c a l  i n p u t  d a t a  n e e d e d  a r e  i n  t h r e e  c a t e g o r i e s :  
socioeconomic c o n d i t i o n s ,  r e g u l a t o r y  e n v i r o n m e n t ,  a n d  i n d u s t r y  
c h a r a c t e r i s t i c s .  Socioeconomic f a c t o r s  i n c l  ude au to  p r  i c e  e l  a  s t  i c  i t y  
and t i m e  r e q u i r e d  f o r  consumers t o  accept  new c a r  s izes .  Fuel economy, 
emissions,  and s a f e t y  s tandards  can be i n p u t  t o  rep resen t  t h e  r e g u l a t o r y  
environment, Goals and concerns o f  management a r e  i n c l u d e d  as a  p a r t  o f  
i n d u s t r y  c h a r a c t e r i s t i c s .  

I n p u t  assumptions o f  i n f l  a t i o n ,  gas p r i c e ,  and government r e g u l  a  t i o n  
a r e  rep1 aced by v a r i a b l e s .  I n f l a t i o n  can be i n p u t  as a  c o n s t a n t  pe rcen t  
c e n t  growth. Gas p r i c e  can be i n p u t  as a  c o n s t a n t  p e r c e n t  g r o w t h  a s  
w e l l ,  o r  as a  f u n c t i o n  o f  t h e  i n f l a t i o n  r a t e .  A gas-guzz ler  t a x  l e v e r -  
s e l e c t i o n  v a r i a b l e  a n d  a n  a d d - o n  g a s  t a x  t o  s t a r t  i n  y e a r  " x u ,  
i n c r e a s i n g  f o r  10 yea rs ,  a r e  a v a i l a b l e .  
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SHORT-TERM INTEGRATED FORECASTING SYSTEM (STIFS) 

The Shor t  Term I n t e g r a t e d  Fo recas t i ng  System was developed i n  1979 by 
t h e  L o g i s t i c s  Management I n s t i t u t e  (LMI) and t h e  S h o r t  T e r m  A n a l y s i  s  
D i v i s i o n  o f  t h e  Energy I n f o r m a t i o n  A d m i n i s t r a t i o n  ( E I A ) .  I t  i s  t h e  
p r imary  t o o l  used b y  E I A  t o  p r o d u c e  m o n t h l y  f o r e c a s t s  o f  e n e r g y  
consumption, and f o r  t h e  s h o r t - t e r m  a n a l y s i s  presented i n  E I A ' s  a n n u a l  
r e p o r t s  t o  Congress. It can be used t o  s i m u l a t e  t h e  r e s u l t i n g  shortages 
o r  su rp luses  i n  t h e  n a t i o n a l  e n e r g y  s u p p l y ,  g i v e n  a v a r i e t y  o f  
scenar ios.  A qua r te r l y -pub1  i shed document, t h e  E I A ' s  -- Short  Term E n e r g y  
Out look i s  based on STIFS c a l c u l a t i o n s .  (EIA performs mid term a n a l y s e s  
w i t h  t h e  Midterm Energy Fo recas t i ng  System (MEFS) (78-419)  , a n d  1  o n g -  
t e r m  ana lyses w i t h  t h e  L o n g - t e r m  E n e r g y  A n a l y s i s  P r o g r a m  (LEAP)  
(77-286)) .  
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OBJECTIVE OF MODEL 

STIFS i s  an energy d a t a  b a l a n c i n g  s y s t e m ,  o r  a n  i n v e n t o r y  a n d  
account ' ing system, t h a t  m o n i t o r s  r e p o r t e d  energy s tocks  and f l o w s  f r o m  
p r imary  p r o d u c t i o n  th rough convers ion  t o  usab le  form. I t  i s  i n tended  t o  
produce automated month ly  f o r e c a s t s  o f  energy supp ly  and demand balances 
and s tock  changes o v e r  t h e  s h o r t  t e r m  (such  as 12-18 months). N a t i  o n a l  
p roduc t i on ,  supp ly ,  demand s t o c k s ,  a n d  s u r p l u s  o r  s h o r t a g e s  a r e  
s imu la ted  f o r  mo to r  gaso l i ne ,  d i s t i l l a t e  f u e l  o i l ,  r e s i d u a l  f u e l  o i l  , 
j e t  f u e l ,  n a t u r a l  gas, coa l ,  coke, n u c l e a r  power, hydro and g e o t h e r m a l  



power, and e l e c t r i c i t y .  The energy t y p e s  f o r e c a s t  cor respond t o  t h o s e  
o f  t h e  E I A 1 s  Month ly  Energy Review. 

RELATIONSHIP TO OTHER MODELS 

STIFS i s  used t o  suppor t  t h e  E I A ' s  E n e r g y  E m e r g e n c y  Management  
I n f o r m a t i  on System (EEMIS) . 

HISTORICAL BACKGROUND 

The impetus f o r  t h e  development o f  STIFS came f r o m  t h e  A p r i  1  1 9 7 7  
N a t i o n a l  Energy P lan  and t h e  1979 f u e l  shor tage c r i s i s .  E a r l y  m o d e l  s  
were f u e l - s p e c i f i c  and c o u l d  n o t  account  f o r  i n t e r f u e l  s u b s t i t u t i o n .  
The phase I o r  p r e l i m i n a r y  v e r s i o n  i s  d e s c r i b e d  h e r e .  F u r t h e r  
development w i l l  make t h e  system p a r t l y  r e g i o n a l i z e d ,  w i l l  i n c l u d e  
improved supp ly  and demand f o r e c a s t i n g  models, and w i l l  i n c l u d e  a  s e r i e s  
o f  con t ingency  p l a n n i n g  models and an e x t e n s i o n  o f  t h e  d a t a  base. 

LMI no l o n g e r  has r e s p o n s i b i l i t y  f o r  STIFS. 

The g a s o l i n e  demand model o f  STIFS, developed a t  EIA f o r  t h e i r  August 
1980 r e p o r t ,  rep1 aced e a r l  i e r  s h o r t - t e r m  models. 

ASSUMPTIONS 

U n l i k e  t h e  E I A 1 s  Midterm Energy Fo recas t i ng  System (MEFS) ( 7 8 - 4 1 9 )  , 
which assumes t h a t  t h e r e  w i l l  be a  market  e q u i l  i b r i u m  i n  t h e  l o n g e r  run, 
STIFS f o l l o w s  t h e  seasonal c h a r a c t e r i s t i c s  o f  s u p p l y  a n d  demand,  a n d  
eva lua tes  t h e  p o t e n t i a l  f o r  s h o r t - t e r m  supp ly  shor tages o r  s  u r p l  u s e s .  
It i s  assumed t h a t  demand p a t t e r n s  a r e  s t a b l e  and t h e  r e g u l a t o r y  and t a x  
env i ronment  i s  s t a t i c  i n  t h e  s h o r t  term. 

The demand f o r  g a s o l i n e  i s  assumed t o  be a  r e f l e c t i o n  o f  h o u s e h o l d  
and bus iness demand f o r  t r a v e l ,  t h e  mode o f  t r a v e l  s e l  e c t e d ,  a n d  t h e  
e f f i c i e n c y  o f  f u e l  use. These a r e  a l s o  termed t h e  u t i l i z a t i o n  e f f e c t ,  
t h e  s c a l e  e f f e c t ,  a n d  t h e  t e c h n o l o g y  e f f e c t .  T h i s  i n v o l v e s  
simp1 i f i c a t i o n s ,  b u t  i n  t h e  s h o r t  r u n  t h e  e f f e c t s  o f  t hese  d e f i c i e n c i e s  
upon t h e  accuracy  a r e  m in im ized  because t h e  s tock  o f  ve h i  c l  e s  a n d  i t s  
compos i t i on  a r e  h i g h l y  r i g i d .  

The assumptions u n d e r l y i n g  t h e  impact  o f  p r i c e  o n  u t i  1  i z a t i  o n  a r e  
t h a t  t h e  ad jus tment  process i s  desc r ibed  by a  geometr ic  p r o g r e s s i  o n  i n  
which t h e  c u m u l a t i v e  impact  o f  a  p r i c e  change inc reases  a t  a  d e c r e a s i  n g  
r a t e  ove r  t ime ;  t h e  ad jus tment  t a k e s  p l a c e  w i t h i n  one y e a r  f o l l o w i n g  a  
p r i c e  change; and t h e  p r i c e  e f f e c t  has a  s low  b u t  cumul a t i  v e l y  1  a r g e r  
impact  due t o  h a b i t ,  i n f o r m a t i o n  d e l a y s ,  t i m e  r e q u i  r e d  f o r  c a r p o o l  
f o r m a t i o n ,  t i m e  r e q u i r e d  t o  search f o r  a1 t e r n a t i v e s ,  and t h e  s w i  t c h  t o  
d i e s e l  f u e l .  



VALIDATION 

V a l i d a t i o n  o f  f o r e c a s t i n g  procedures i s  t o  be an i n t e g r a l  p a r t  o f  t h e  
system. Forecast  e r r o r  can be decomposed i n t o  h i s t o r i c a l  benchmark d a t a  
r e v i s i o n s ,  exogenous f o r e c a s t  e r r o r  c a u s e d  b y  u n r e a l  i z e d  v a l  u e s  o f  
s c e n a r i o - s p e c i f i c  exogenous v a r i a b l e s ,  supp ly  f o r e c a s t  e r r o r ,  demand  
f o r e c a s t  e r r o r ,  network parameter  e r r o r ,  and pu re  network model f o r e c a s t  
e r r o r .  The ~ u g u s t  1980 s h o r t - ~ e r m  ~ n e r g ~  0 u t i o o k  p resen ts  a  c o m p a r i s o n  
o f  a c t u a l  and p r e d i c t e d  va lues  f o r  t h e  motor  g a s o l i n e  model. 

LIMITATIONS AND BENEFITS 

A l l  a n a l y s i s  i s  a t  t h e  n a t i o n a l  l e v e l ;  t h e  phase I v e r s i o n  o f  S T I F S  
does n o t  address r e g i o n a l  energy shortages.  V a r i a b l e s  a r e  expressed i n  
s tanda rd  u n i t s ,  w i t h  convers ions  made f rom one u n i t  o f  m e a s u r e m e n t  t o  
ano the r  when needed: thousand b a r r e l  s  d a i l y ,  t h o u s a n d  c u b i c  f e e t ,  
B r i t i s h  thermal  u n i t s ,  o r  m e t r i c  u n i t s .  S p e c i a l  i z e d  s c e n a r i o s  t h a t  
c o u l d  be f o r e c a s t  i n c l u d e :  maximum l e v e l  o f  p e t r o l  eum i m p o r t s  , c o a l  
s t r i k e ,  ha rsh  o r  m i l d  w i n t e r ,  n u c l e a r  p o w e r  o u t a g e s ,  c o n s e r v a t i o n  
p o l i c i e s ,  and c u t o f f  o f  o i l  impor t s .  C r i s e s  and a l t e r n a t i v e  m e a s u r e s  
f o r  m i t i g a t i n g  them c o u l d  be s imula ted .  

STRUCTURE 

The components o f  t h e  system are :  a  h i s t o r i c a l  d a t a  base, c o n t a i n i n g  
e lements w i t h i n  t h e  n a t i o n a l  e n e r g y  n e t w o r k  b a c k  t o  J u n e  1 9 7 7 ;  a  
h i s t o r i c a l  " c l o s i n g "  computa t ion  r o u t i n e  t h a t  ba lances energy s u p p l  i e s  
and demands th rough  d o u b l e - e n t r y  account ing ;  a  f o r e c a s t  i n g  s y s t e m  t o  
s i m u l a t e  supp ly  and demand r e s p o n s e s  t o  v a r i o u s  s c e n a r i o s ;  a n d  a  
f o r e c a s t  c l o s i n g  r o u t i n e  t o  ba l  ance t h e  f o r e c a s t  energy  a c c o u n t s .  The  
n a t i o n a l  energy s e c t o r  i s  rep resen ted  by a  r e f e r e n c e  network ,  c o n s i s t i n g  
o f  nodes ( s t o c k s  o f  f u e l s ) ,  and a rcs  ( f l o w s ) ,  th rough which energy f l o w s  
frorn supp ly  t o  conve rs ion  t o  demand. Subnetworks a r e  p r o v i d e d  f o r  o i l  
and r e f i n i n g ,  n a t u r a l  gas, e l e c t r i c  u t i l i t y ,  and c o a l .  V a r i a b l e  t y p e s  
w i t h i n  t h e  network r e p r e s e n t  p r o d u c t i o n ,  s tocks ,  i m p o r t s  o r  e x p o r t s ,  
conve rs ion  i n p u t s  and ou tpu ts ,  t o t a l  supp l i es ,  f i n a l  demands ,  l o s s e s ,  
and d i  sc repanc i  es . 

Some f o r e c a s t i n g  i s  done by f u e l - s p e c i f i c  econometr ic  models t h a t  a r e  
e x t e r n a l  t o  STIFS. Simple p r e d i c t i v e  a l g o r i t h m s  u s  i n g  v a r i o u s  t r e n d  
techn iques  a r e  used t o  ex tend some v a r i a b l e s  i n  t h e  d a t a  b a s e .  E a c h  
v a r i a b l e  i s  f o r e c a s t e d  i n d i v i d u a l  l y ,  u s i n g  a  techn ique  most appropr  i a t e  
t o  t h a t  v a r i a b l e .  E v e n t u a l l y  t h e  system may p r o v i d e  f o r  t h e  f o r m u l a t i o n  
and s o l u t i o n  o f  c e r t a i n  o p t i m i z a t i o n  problems w i t h i n  t h e  c o n t e x t  o f  t h e  
network,  u s i n g  techn iques  such as l i n e a r  programming. 

The Gaso l i ne  Demand Model p o r t i o n  o f  STIFS i s  as f o l l o w s .  



Automobi 1 e Trend Demand 

AUSE = exp(C0NSTANT - 0.11 [ln(RPMG/EFF)] + 0.11 

x 0 .5012 [l ~ I ( R P M G / E F F ) - ~ ~ ]  + 0.79 [1  n(YD72) l  

- 0.79 x 0.50 [ l t 1 (YD72) -~ ]  + 0.50 [ ~ ~ ( A u s E ) - ~ ] )  

where: 

AUSE = a u t o  use, number o f  m i l e s  d r i v e n  p e r  automobi le  

RPMG/EFF = r e a l  c o s t  p e r  m i l e  = r e a l  p r i c e  o f  gasol i n e  d i v i d e d  b y  t h e  
average e f f i c i e n c y  o f  t h e  auto  s tock  

YD72 = r e a l  d i sposab le  income 

-12, -1 = twe l  ve and one month 1 ags 

AUTO = AUSE x KCARS / (365 x 42 x EFF) 

where: 

AUTO = mon th l y  t r e n d  o f  au tomob i le  gaso l  i n e  demand 

KCARS = s t o c k  o f  c a r s  

42 = g a l l o n s  o f  gas pe r  b a r r e l  

Non-Automobi 1 e Trend Demand 

OUSE = exp(C0NSTANT - 0.10 [ln(RPMG/EFF-12)] + 0.79 [ ln(YD72)])  

where: 

OUSE = non-automobi le use 

OTHER = OUSE x [ ( I  + % KCARS) / (365 x 42 x [l + % EFF])] 

where: 

OTHER = non-automobi 1 e gaso l  i ne demand 

% = pe rcen t  change 

T o t a l  Demand -- 
XDMG = SEASONAL FACTOR x (AUTO + OTHER) 

where: 



XDMG = t o t a l  g a s o l i n e  p roduc t  s u p p l i e d  

MODEL CONSTRUCTION 

H i s t o r i c a l  d a t a  a r e  c o l l e c t e d  f rom a  v a r i e t y  o f  s o u r c e s ,  p r i m a r i l y  
f ro in  w i t h i n  DOE. The automobi le  g a s o l i n e  demand u t i l i z a t i o n  p r i c e  
e l a s t i c i t y  i s  c o n s i s t e n t  w i t h  t h a t  u s e d  i n  t h e  Sweeney lMEFS m o d e l  
(79-254,). 

DATA USED I N  RUNNING MODEL 

Some exogenous v a r i a b l e s  t h a t  may  b e  u s e d  i n  t h e  f o r e c a s t i n g  
tec l i n i a~ues  a r e  seasonal dummy v a r i a b l e s ,  t ime,  and h e a t i n g  and  c o o l  i n g  
degree days, The f o r e c a s t  f o r  g a s o l i n e  consumpt ion i s  d r i v e n  by Federal  
Highway A d m i n i s t r a t i o n  g a s o l i n e  c o n s u m p t i  o n  d a t a .  D a t a  R e s o u r c e s ,  
I n c .  d a t a  a r e  use f o r  s tock  o f  au tomobi les  and f u e l  e f f i c i e n c y .  
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COMPUTER REQUIREMENTS 

Model documentat ion,  i n c l u d i n g  v a r i a b l e  d e s c r i  p t  i o n s  , f o r e c a s t i n g  
techn iques ,  and accoun t ing  equat ions ,  i s  re fe renced  above. The  s y s t e m  
i s  c u r r e n t l y  o p e r a t e d  a n d  m a i n t a i n e d  b y  t h e  S h o r t - T e r m  A n a l y s i s  
D i v i s i o n .  



MOBILE SOURCE EMISSIONS MODEL (MOB ILE1) 

MOBILEl, t h e  M o b i l e  Source Emi ss ions Model , was developed i n  1978 b y  
t h e  U.S. Environmental  P r o t e c t i o n  Agency (EPA) and C o m p u t e r  Sc i e n c e s  
Corpora t ion .  It i s  i n tended  t o  be used t o  automate t h e  c a l c u l  a t i  o n  o f  
combined v e h i c u l a r  emiss ions f a c t o r s ,  g i v e n  a  l a r g e  v a r i e t y  o f  o p t  i o n s  
and va r ' i ab les .  These emiss ions f a c t o r s  may b e  u s e d  t o  e v a l  u a t e  t h e  
a b i l i t y  o f  a i r  p o l l u t i o n  c o n t r o l  s t r a t e g i e s  i n  meet ing  v e h i c l e  e x h a u s t  
emi s s i o n  standards e s t a b l  i shed by t h e  EPA. 
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OBJECTI\IE OF MODEL 

D i f f e r e n t  v e h i c u l a r  emiss ions c h a r a c t e r i  s t  i c s  e x i  s t  f o r  t y p e s  o f  
highway v e h i c l e s ,  eng ine and f u e l  t y p e s ,  t i m e  p e r i o d s ,  g e o g r a p h i c  
l o c a t i o n s ,  r o u t e  speeds, e t c .  I n  o r d e r  t o  c a l c u l a t e  t h e  e m i s s i o n s  
f a c t o r s  f o r  t h e  f o r m u l a t i o n  o f  l o c a l i z e d  emiss ion  es t ima tes  r e q u i r e d  f o r  
a i r  q u a l i t y  model ing  o r  f o r  t h e  e v a l u a t i o n  o f  a i r  p o l  1  u t a n t  c o n t r o l  
s t r a t e g i e s ,  t hese  v a r i o u s  f a c t o r s  must be taken  i n t o  account .  T h e  EPA 
has s e t  up a  procedure f o r  do ing  these  c a l  c  u l  a t  i o n  s  , u s  i n g  some 3 0 0  
pages o l ' t a b l e s  and formulas ,  which can be v e r y  t e d i o u s .  I t  h a s  a l s o  
p r o v i d e d  t h e  MOBILE1 program f o r  automat ing t h e  c a l c u l a t i o n s .  

RELATIONSHIP TO OTHER MODELS 

T h i s  model may be used i n  c o n j u n c t i o n  w i t h  t h e  A u t o m o b i l e  E x h a u s t  
Emi ss ior i  Modal A n a l y s i s  Model (74-219), a l s o  ma in ta ined  by t h e  EPA. 



ASSUMPT IONS 

The method f o r  d e t e r m i n i n g  composi te automobi l  e-emi s s i o n  f a c t o r s  i s  
based on t h e  EPA's Federa l  Tes t  Procedure (FTP), which i n v o l v e s  r u n n i n g  
t h e  v e h i c l e  a t  s p e c i f i c  speeds f o r  s p e c i f i c  p e r i o d s  o f  t i m e  a n d  a t  
s p e c i f i c  temperatures.  Emissions a r e  c o l l e c t e d  i n  bags and t h e  grams o f  
p o l l u t a n t s  f o r  each p o r t i o n  o f  t h e  FTP a r e m e a s u r e d .  T h e  c o n d i t i o n s  
under wh ich  1  i g h t - d u t y  v e h i c l e s  a r e  t e s t e d  i n v o l v e :  a  s p e c i f i c  a m b i e n t  
temperature ,  h u m i d i t y ,  and average s p e e d ;  p e r c e n t a g e s  o f  c o l  d ,  h o t  
s t a r t ,  and average s t a b i l i z e d  opera t i on ;  no a i r  c o n d i t i o n i n g  i n  u s e ;  a  
d r i v e r  b u t  no passengers, luggage, o r  t r a i l e r ;  and t h e  v e h i c l e  i s  n o t  i n  
an i nspec t i on /ma in tenance  program, b u t  d o e s  r e c e i v e  t y p i c a l  i n - u s e  
maintenance. 

LIMITATIONS AND BENEFITS 

Composite emiss ions f a c t o r s  a r e  c a l c u l a t e d  f o r  t h r e e  r e g i o n s  : 1  ow 
a l t i t u d e ,  C a l i f o r n i a ,  and h i g h  a l t i t u d e  ( o v e r  4 0 0 0  f e e t ) ;  f o r  s i x  
v e h i c l e  t ypes :  1  i g h t - d u t y  (au tomob i les )  , 1  i g h t - d u t y  g a  s o l  i n e -  p o w e r e d  
t r u c k s  up t o  6000 1  bs., l i g h t - d u t y  gaso l ine-powered t r u c k s  6 0 0 0 - 8 5 0 0  
1  bs., heavy-duty gaso l~ne-powered  t r u c k s ,  h e a v y - d u t y  d i e s e l  - p o w e r e d  
t r u c k s ,  and mo to rcyc les ;  f o r  t h r e e  p o l l u t a n t s :  h y d r o c a r b o n s ,  c a r b o n  
monoxide, and ox ides  o f  n i t r o g e n ;  and f o r  ca lendar  yea rs  1970 t o  1 9 9 9 .  
C o r r e c t  i ons  f o r  speed, temperature ,  and o p e r a t i  ng mode may be made when 
these  d i f f e r  f rom those  o f  t h e  FTP c o n d i t i o n s .  C r e d i t s  may b e  made f o r  
v e h i c l e s  i n  i nspec t i on /ma in tenance  programs. A d d i t i o n a l  c o r r e c t i o n  
f a c t o r s  may be made f o r  1  i g h t - d u t y  v e h i c l e s  f o r  a i r - c o n d i t i o n i n g  , e x t r a  
l o a d i n g ,  t r a i l e r  towing,  and h u m i d i t y .  A d d i t i o n a l  f a c t o r s  f o r  h e a v y -  
d u t y  v e h i c l e s  t a k e  i n t o  account  t h e  w e i g h t - p o w e r  r a t i o .  C o m p o s i t e  
emiss ion  f a c t o r s  f rom i d l i n g  v e h i c l e s ,  measured i n g r a m s / m i  n u t e ,  may 
o p t i o n a l  l y  be generated. F o r  hydrocarbon emi ss ions,  composi te crankcase 
and e v a p o r a t i v e  f a c t o r s ,  and t o t a l  o r  non-methane f a c t o r s  m a y  a 1  so b e  
c a l  c u l  ated.  

STRUCTURE 

The c a l c u l a t i o n  o f  c o m p o s i t e  e m i s s i o n s  f a c t o r s  f o r  1  i g h t - d u t y  
v e h i c l e s ,  u s i n g  t h e  complete FTP method i s  g i v e n  by:  

where: 

= compos i te  e m i s s i o n  f a c t o r  i n  grams/mi le f o r  c a l e n d a r  y e a r  n, 
Enpstwh p o l  1  u t a n t  p, average speed s, ambient  temperature  t , f r a c  t i o n  

c o l d  o p e r a t i o n  w, and f r a c t i o n  h o t  s t a r t  o p e r a t i o n  h  

'i pn = FTP mean emiss ion f a c t o r  f o r  t h e  m o d e l  y e a r  i l i g h t - d u t y  
v e h i c l e s  d u r i n g  ca lendar  y e a r  n, f o r  p o l l u t a n t  p  



*i n  = f r a c t i o n  o f  annual t r a v e l  by t h e  model y e a r  i v e h i c l e s  d u r i  n g  
ca lendar  y e a r  n  

= temperature,  speed, and h o t l c o l d  c o r r e c t i o n  f a c t o r  f o r  m o d e l  
y e a r  i v e h i c l e s ,  f o r  p o l l u t a n t  p, ave rage  s p e e d  s ,  a m b i e n t  
temperature  t, f r a c t i o n  c o l d  o p e r a t i o n  w, and f r a c t i o n  h o t -  
s t a r t  o p e r a t i o n  h  

= a i r  c o n d i t i o n i n g  c o r r e c t i o n  f a c t o r  f o r  model y e a r  i v e h i c l  e s  , 
Aip f o r  p o l l u t a n t  p  

L~ 
= v e h i c l e  l o a d  c o r r e c t i o n  f a c t o r  f o r  p o l l u t a n t  p  

= t r a i l e r  t ow ing  c o r r e c t i o n  f a c t o r  f o r  model y e a r  i v e h i c l  e s ,  
Uipw f o r  p o l l u t a n t  p, and f o r  f r a c t i o n  o f  c o l d  o p e r a t i o n  w 

H = h u m i d i t y  c o r r e c t i o n  f a c t o r  f o r  mode l  y e a r  i v e h i c l e s ,  f o r  
ip p o l l u t a n t  p  

The ' l i g h t - d u t y  v e h i c l e  emiss ion r a t e  i s  c a l c u l a t e d  f r o m  a  l i n e a r  
f u n c t i o n  : 

where: 

C = FTP mean emiss ion f a c t o r  i n  gramslmi le ,  as above i pn 

A = ze ro  mi leage exhaust  emiss ion r a t e  o f  p o l l u t a n t  p, i n  grams/mile, 
ip f o r  model yea r  i v e h i c l e s  

= emiss ion d e t e r i o r a t i o n  r a t e  p e r  10,000 m i l e s ,  f o r  p o l  1  u t a n  t p,  
Bip f o r  model y e a r  i v e h i c l e s  

= t h e  cumu la t i ve  m i leage  o f  model y e a r  i v e h i c l e s  i n  ca lendar  y e a r  
n, d i v i d e d  by 10,000 

Formul as and t a b l e s  have been compi led f o r  each o f  t h e  o t h e r  terms i n  
t h e  composi te emiss ion  f a c t o r  equa t ion  ( E )  . S i m i l a r  b u t  n o t  i d e n t  i c a  1  
equa t ions  and t a b l e s  a r e  p rov ided  f o r  each o f  t h e  o t h e r  v e h i c l  e  t y p e s .  
D i f f e r e n t  s e t s  o f  t a b l e s  a r e  p rov ided  f o r  each o f  t h e  r e g i o n s  : 1  ow a n d  
h i g h  a1 l:i tudes,  and C a l i f o r n i a ,  

MODEL CONSTRUCTION 

The da ta  used f o r  t h e  v a r i o u s  composite, mean, and c o r r e c t i o n  f a c t o r s  
a r e  deri ived f rom severa l  EPA t e s t s  and s tud ies .  T h e  f u n c t i o n  o f  t h e  
model i s  an account ing  one,  t o  p r o d u c e  c o m b i n e d  f a c t o r s  f r o m  t h e  
i n t e r n a l  f a c t o r  d a t a  and t h e  use r  i n p u t .  



DATA USED I N  RUNNING MODEL 

The d a t a  t h a t  may b e  i n p u t  t o  t h e  program i n c l  u d e :  f r a c t i o n s  o f  
t o t a l  VMT f o r  each o f  t h e  s i x  v e h i c l e  t ypes ,  annua l  r a t e s  o f  m i  1  e a g e  
a c c r u a l  d i s t r i b u t i o n s  b y  v e h i c l e  t y p e ,  v e h i c l e  r e g i s t r a t  i o n  
d i s t r i b u t i o n s ,  m o d i f i e d  emiss ion  f a c t o r s ,  inspect ion /main tenance program 
da ta ,  r e g i o n ,  ca lendar  yea r ,  a v e r a g e  s p e e d s ,  a m b i e n t  t e m p e r a t u r e ,  
c a t a l y s t  equipment data;  and da ta  on t h e  m i x  o f  VMT among d i f f e r e n t  
v e h i c l e  t ypes ,  a i r  c o n d i t i o n i n g ,  l o a d i n g ,  t r a i l e r  towing,  h u m i d i t y ,  a n d  
average g ross  v e h i c l e  we ight  and c u b i c  i n c h  d i s p l a c e m e n t  b y  v e h i c l e  
t Y  Pe 
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COMPUTER REQUIREMENTS 

A v a r i e t y  o f  i n p u t  and o u t p u t  f o r m a t  o p t i o n s  a r e  a v a i l  ab le .  Complete 
i n s t r u c t i o n s ,  i n c l u d i n g  examples, a  program e x p l a n a t i o n ,  and a  p r o g r a m  
l i s t i n g ,  a r e  p r o v i d e d  i n  t h e  documentat ion.  The program i s  w r i t t e n  i n  
FORTRAN and uses 200 k i l o b y t e s  o f  space on an IBM 370/158 computer. On 
t h i s  machine a  1 0 0 0 - l i n k  d a t a  s e t  was a n a l y z e d  i n 4 7  s e c o n d s  o f  CPU 
t ime .  The program i s  t r a n s f e r r a b l e  t o  o t h e r  machines w i t h  mi n o r  o r  n o  
modi f i  c a t i o n s .  



AUTOMOTIVE MANUFACTURER RISK ANALYSIS 

A r i s k  a n a l y s i s  model o f  t h e  automot ive  i n d u s t r y  was d e v e l  o p e d  i n  
1979 f o r  t h e  N a t i o n a l  H i g h w a y  T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  b y  
H.H. Aerospace Des ign  Company. It uses a c c o u n t i n g  m e t h o d s  a n d  c o s t  
assumptions t o  assess t h e  probab le  impact  o f  t h e  automot ive  f u e l  economy 
s t a n d a r d s  o n  t h e  f i n a n c i a l  h e a l t h  o f  t h e  d o m e s t i c  a u t o m o b i l e  
manufac1:urers. I t s  r e s u l t s  general  l y  i n d i c a t e  weakening o f  t h e  sma 1 1 e r  
companies by 1985. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
Na t i ona l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  
O f f i c e  o f  Research and Devel opnent 
Washingt.on, D.C. 20590 

AUTHOR 

Stephen P, B rad ley  and Aneel G. Karnani  
H.H. Aerbospace Design Co., Inc .  
C i v i l  A i r  Terminal  
Bedford,  Mass. 01730 

KEYWORDS 

I n d u s t r i a l  f i n a n c i a l  performance, market  share, f u e l  economy, au tomob i l e  
supply,  p r i c i n g  

OBJECTIVE OF MODEL 

The model uses i n f o r m a t i o n  about  t h e  automot ive  i n d u s t r y  t o  a s s e s s  
t h e  impact o f  t h e  automot ive  f u e l  economy standards on t h e  p r o f i t a b i l  i t y  
o r  f i n a n c i a l  performance o f  t h e  m a n u f a c t u r e r s ,  w h i  1 e a c c o u n t i n g  f o r  
v a r i o u s  u n c e r t a i n t i e s .  

RELATIONSHIP TO OTHER MODELS 

T h i s    nod el uses seve ra l  p o r t i o n s  o f  t h e  Wharton EFA Automobi le Demand 
Model (77-046):  new c a r  demand p r o j e c t i o n s  by  s i z e  c l a s s ;  t o t a l  U.S. 
automobi ledemand; and t h e  c a p i t a l  c o s t  p e r  m i l e  e q u a t i o n s .  Some 
p o r t i o n s  o f  t h e  Wharton model a r e  i n c o r p o r a t e d  i n t o  t h e  s t r u c t u r e  o f  
t h i s  model, w h i l e  some Wharton model o u t p u t s  a r e  used as exogenous i n p u t  
t o  t h i s  model. 



ASSUMPTIONS 

The r i s k  t o  t h e  i n d u s t r y  i s  c a t e g o r i z e d  i n t o  t w o  c l a s s e s  o f  
u n c e r t a i n t y :  c o n t e x t u a l  (exogenous), i n c l  u d  i n g  e c o n o m i  c  o r  o v e r a l l  
bus iness c o n d i t i o n s  and marke t ing  environment (automot i  v e  s a l  e s )  ; a n d  
endogenous, i n c l u d i n g  t e c h n o l o g y  a n d  m a n u f a c t u r i n g  c o n d i t i o n s .  
S e n s i t i v i t y  a n a l y s i s  can be done i n  which t h e  e f f e c t s  o f  changes i n  t h e  
endogenous u n c e r t a i n t i e s  a r e  a s s e s s e d ,  i f o n l y  t h e i r  p r o b a b i  1  i t y  
d i s t r i b u t i o n s  a r e  known and i f  t h e  c o n t e x t u a l  v a r i a b l e s  a r e  f i x e d  i n  a  
d e f i n e d  s c e n a r i o .  I t  i s  a s s u m e d  t h a t  t h e r e  i s  n o ,  o r  u n i f o r m ,  
i n f l a t i o n ;  a n a l y s i  s  i s done i n  1976 do1 1  ars. Manufac tur ing  c o s t s  f o l  1  ow 
h i s t o r i c a l  t r e n d s ;  i n c r e a s e d  c o s t s  d u e  t o  p o l l u t i o n  o r  s a f e t y  
requ i rements  a r e  n o t  i n c l u d e d ,  b u t  those due t o  f u e l  economy s t a n d a r d s  
are.  New t e c h n o l o g i e s  t o  improve f u e l  economy a r e  s c h e d u l e d  b y  t h e  
manufac turers ,  and i t  i s  assumed t h a t  t h e y  m e e t  t h e  s t a n d a r d s  e v e r y  
yea r .  T h e i r  s t r a t e g i e s  i n c l u d e  downsiz ing,  m a t e r i a l  s u b s t i  t u t  i o n ,  a n d  
r a t e s  o f  imp1 ementa t i  on of  techno l  o g i c a l  improvements. The s i z e  c lasses  
o f  c a r s  modeled a r e  f u l l  - s i z e ,  mid-s ize ,  compact, and subcompact. 

LIMITATIONS AND BENEFITS 

Because o f  d a t a  a v a i l a b i l i t y  l i m i t a t i o n s ,  t h e  model r e s u l t s  s h o u l d  
o n l y  be used t o  ana lyze t h e  r e 1  a t i v e  i m p a c t  o n  t h e  p a s s e n g e r  c a r  
o p e r a t i o n s  o f  t h e  f o u r  m a j o r  U.S. manufac turers ,  who a re  l a b e l  e d  G ,  F ,  
C,  and A. The impacts on f o r e i g n  manufac turers  a r e  n o t  assessed ;  t h e y  
a r e  t r e a t e d  as one e n t i t y .  Monte C a r l o  s i m u l a t i o n  i s  u s e d  when i t  i s  
assumed t h a t  o n l y  t h e  p r o b a b i l i t y  d i s t r i b u t i o n s  a r e  k n o w n  o f  t h e  
v a r i a b l e s  m e a s u r i n g  t h e  m a n u f a c t u r e r s '  t e c h n o l o g i c a l  r i s k  o r  
c a p a b i l i t i e s ,  and t h e  measures o f  manufac tur ing  r i s k ,  which i s  t h e  c o s t  
o f  implement ing t h e  techno logy.  I n  these  p r o b a b i l  i t y  cases u n i  f o r m  o r  
t r u n c a t e d  normal d i s t r i b u t i o n s  may be used. Four summary m e a s u r e s  o f  
performance f o r  t h e  l a s t  p e r i o d  (1985) a r e  produced: a f t e r - t a x  p r o f i t ,  
r e t a i n e d  income, l ong - te rm debt ,  and f u e l  economy w i t h o u t  m i x  s h i f t s .  

STRUCTURE 

The model i s  d i v i d e d  i n t o  7 modules, f o r  m a r k e t i  n g ,  f u e l  e c o n o m y ,  
v a r i a b l e  c o s t s ,  c a p i t a l  c o s t s ,  p r i c e ,  f i nances ,  and proforma g e n e r a t o r  
( income, cash f l ow ,  and ba lance s ta tements) .  Economic r i s k  i s  a s s e s s e d  
by  v a r y i n g  t h e  t o t a l  demand f o r  cars.  Market ing  r i s k  i s a s s e s s e d  b y  
v a r y i n g  f o r e i g n  and domest ic  market  shares, f o r e i g n  p r o d u c t  m i x ,  a n d  
p r i c e  c r o s s - e l a s t i c i t i e s  b e t w e e n  c l a s s e s .  M a n u f a c t u r i n g  r i s k  i s  
assessed by v a r y i n g  t h e  c a p i t a l  c o s t s  and v a r i a b l e  c o s t s  o f  p r o d u c t i o n  
due t o  f u e l  economy measures. 

The s a l e s  volume o f  each manufac turer  i s  a  f u n c t i o n  o f  t h e  m a r k e t  
share  f o r  each, assumed cons tan t  o v e r  t ime,  and t h e  f o r e i g n  s h a r e  a n d  
t o t a l  demand, which a r e  v a r i a b l e  i n p u t s .  Fuel  economies o f  e a c h  s i z e -  
c l a s s  a r e  r e l a t e d  t o  t h e i r  weight .  The f l e e t - w e i g h t e d  a v e r a g e  f u e l  
economy f o r  each manu fac tu re r  i s  a  f u n c t i o n  o f  t h e  p rev ious  y e a r ' s  s i z e -  
c l a s s  market  shares ,  t h e  f u e l  economy c h a n g e s  d u e  t o  t e c h n o l  o g y  
improvements, and emiss ion and s a f e t y  r e g u l a t i o n s .  I f  t h i s  a v e r a g e  i s 



g r e a t e r  t h a n  t h e  s tandard ,  t h e n  t h e  s i z e - c l a s s  market  shares a r e  s e t  t o  
t h e  p rev ious  y e a r  shares. I f  n o t ,  t h e n  t h e  p r o d u c t  m i x  i s  c h a n g e d :  
p r o p o r t i o n a l  s h i f t s  a r e  made f rom l a r g e r  t o  s m a l l e r  c l a s s e s  u n t i  1  t h e  
average f l e e t  f u e l  economy, based on t h e  s h i f t e d  p r o p o r t i  o n s  f o r  e a c h  
c l a s s  f o r  t h e  c u r r e n t  yea r ,  meets t h e  standard.  

M a t e r i a l  and l a b o r  c o s t s  a r e  r e l a t e d  t o  t h e  s i z e - c l  a s s  s h a r e  a n d  
s a l e s  volume o f  each manufac turer .  The c a p i t a l  c o s t s  o f  i m p 1  e m e n t i  n g  
t e c h n o l o g i c a l  improvements a r e  r e 1  a t e d  t o  t h e  p e n e t r a t i o n  o f  t h e  
improvernents, t h e i r  c o s t ,  and s a l e s  volumes. 

The  price module borrows f rom t h e  Wharton au to  model c a p i t a l i z e d  c o s t  
p e r  m i l  e concept  and t h e  shares b y  s i z e - c l a s s  equat ions ,  b u t  u s e s  t h e m  
w i t h  an i t e r a t i v e  search procedure  t o  so l ve  f o r  new c a r  p r i c e s  t h a t  
s a t i s f y  two c o n d i t i o n s :  (1) average c a r  p r i c e  r e m a i n s  c o n s t a n t  o v e r  
t ime ,  and ( 2 )  t h e  p r i c e  d i f f e r e n t i a l  between s i z e - c l a s s e s  i s  s u c h  t h a t  
t h e  p roduc t  m ix  t o  t h e  market  i s  j u s t  so ld .  

The f i n a n c i a l  module keeps t r a c k  o f  t h e  c a p i t a l  a s s e t s  o f  e a c h  
manu fac tu re r :  l a n d  and b u i l d i n g s ,  machinery and equ i  pment, and t o o l  ing .  
Fuel-economy-re lated inves tments  and d e p r e c i a t i o n  a f f e c t  t h e  1  e v e 1  o f  
assets .  I n t e r e s t  on t h e  l ong - te rm deb ts  and d i v i d e n d s  p a i d  b y  e a c h  
manu fac tu re r  a r e  c a l  c u l  ated.  

The proforma g e n e r a t o r  modul e  c a l  c u l  a tes  b e f o r e - t a x  p r o f i t  f o r  e a c h  
manu fac tu re r  as a  f u n c t i o n  o f  revenue, and o f  v a r i a b l e  and f i x e d  c o s t s .  
The cas l i  f l o w  s t a t e m e n t  a n d  b a l a n c e  s h e e t  a r e  g e n e r a t e d  u s i n g  
st ra igh1; forward accoun t i ng  i d e n t i t i e s ;  r e s u l t s  i n c l u d e  e q u i t y  c a p i t a l  , 
1 ong-term debt ,  and r e t a i n e d  earn ings .  

MODEL CONSTRUCTION 

Data i s  p rov ided  f o r  nominal -case assumptions concern ing  a  v a r i e t y  o f  
parametr?rs; t h e s e  a r e  d e r i v e d  m o s t l y  f r o m  NHTSA' s  f u e l  economy s t a n d a r d  
ru lemak ing e f f o r t s .  They i n c l  u d e :  s c h e d u l  e s  f o r  d o w n s i z i n g  a n d  
m a t e r i a l  s u b s t i t u t i o n ,  by s i z e - c l a s s  and m a n u f a c t u r e r ;  s c h e d u l e  f o r  
i m p l m e r ~ t a t i o n  o f  t e c h n o l o g i c a l  i m p r o v e m e n t s ;  m a r k e t  s h a r e s  o f  t h e  
manufac turers  and o f  f o r e i g n  cars ;  p roduc t  mix by manufac turer  and s i z e -  
c l a s s ;  c u r r e n t  f u e l  consumption; f u e l  economy ga ins  f rom t e c h  no1  og i c a1 
improvements; r e g u l  a t o r y  standards;  manufact u r  i n g  c o s t s  d a t a  ; c o s t s  
r e l a t e d  t o  f u e l  economy measures; and f i n a n c i a l  d a t a  by manufac turer .  

DATA USEID I N  RUNNING MODEL 

Several  d i f f e r e n t  cases under a  nominal s c e n a r i o  a r e  r e p o r t e d  : a 
base scenar io ;  o p t i m i s t i c  and p e s s i m i s t i c  cases; a n d  a  p r o b a b i l i s t i c  
case. I n  t hese  cases t h e  f u e l - e c o n o m y - r e l a t e d  c o s t s  a n d  g a i n s  f r o m  
t e c h n o l o g i c a l  improvernents a r e  va r i ed .  I n  t h e  p r o b a b i  1  i s t  i c c a s e  a  
range o f  va lues  i s  i n p u t  and t h e  p r o b a b i l i t i e s  o f  s e l e c t e d  v a l u e s  a r e  
ou tpu t .  A l t e r n a t i v e  s c e n a r i o s  t e s t e d  i n v o l v e d  a1 t e r i  n g  c a p i t a l  
expend i tu res ,  n o t  meet ing  t h e  f u e l  economy standards,  h i g h e r  s t a n d a r d s ,  



a1 t e r e d  f o r e i g n  p roduc t  m ix  and manufac turer  marke t  share,  and economi c 
r i s k  ( a  change i n  demand). 
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COMPUTER REQUIREMENTS 

The program i s  w r i t t e n  i n  FORTRAN and i s  o p e r a t i o n a l  on t h e  H a r v a r d  
Business School PDP-10 computer. The documenta  t i  o n  i n c l  u d e s  s a m p l  e 
o u t p u t ,  i n s t r u c t i o n s ,  and l i s t i n g s  o f  t h e  i n p u t  d a t a  f i l e s  a n d  t h e  
program. 



SEPARABLE CONVEX PROGRAMMING MODEL FOR AUTOMOBILE PRODUCTION 

The S e p a r a b l e  C o n v e x  P r o g r a m m i n g  M o d e l  was d e v e l o p e d  a t  t h e  
U n i v e r s i t y  o f  D e t r o i t  i n  1978. I t s  purpose i s  t o  de termine t h e  o p t i m u m  
c a r  p r o d u c t i o n  1  eve1 s  f o r  a  manu fac tu re r  under f u e l  economy r e g u l a t i o n .  
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h i s  m o d e l  i s  t o  a i d  p l a n n i n g  o f  a u t o m o b i l e  
p r o d u c t i o n  t o  maximize p r o f i t s  w h i l e  a t  t h e  same t i m e  r e c o g n i z i n g  t h e  
c o n s t r a i n t s  o f  t h e  Energy P o l i c y  and Conse rva t i on  Act  on minimum f l  e e t  
f ue 1 eclonomy . 

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n s h i p  t o  o t h e r  models. 

HISTORICAL BACKGROUND 

T h i s  model i s  now b a s i c a l l y  a  t h e o r e t i c a l  model. The necessary d a t a  
t o  run  t h i s  model have n o t  been o b t a i n e d  f rom t h e  auto  companies. 

ASSUMPT IONS 

The model has two m a j o r  assumptions: (1) As t i m e  p r o g r e s s e s ,  t h e  
r e s u l t s  o f  t h e  l a t e s t  resea rch  and d e v e l o p m e n t  w o r k  l e a d i n g  t o  t h e  
r e d e s i g n  o f  t h e  au tomob i l e  w i l l  be a v a i l a b l e  t o  c a r  m a n u f a c t u r e r s  a s  
i n p u t  parameters i n  t h e  d e t e r m i n a t i o n  o f  an o p t i m a l  p r o d u c t i o n  mix.  ( 2 )  
A f t e r  a  c e r t a i n  l e v e l  o f  c a r  model p r o d u c t i o n  i s  r e a c h e d ,  t h e  p r o f i t  
marg in  on eve ry  a d d i t i o n a l  model produced drops t o  a  new c o n s t a n t  v a l  u e  
f rom a  p r e v i o u s  c o n s t a n t  v a l u e .  As a  r e s u l t  o f  t h e  s e c o n d  m a j o r  
assumption, t h e  p r o f i t  vs. c a r  p r o d u c t i o n  graph i s  s e p a r a t e d  i n t o  t w o  
p a r t s ,  one p a r t  b e f o r e  t h e  p r o f i t  marg in  p e r  c a r s  d r o p s  f o r  e a c h  c a r  
model, and t h e  o t h e r  p a r t  a f t e r .  The  r e s u l t i n g  p r o f i t  c u r v e  i s  a 
c o n v e x l y  k inked  l i n e  c o n s i s t i n g  o f  two connec t i ng  s e c t i o n s ,  h e n c e  t h e  



name "separab le  convex." The change i n  p r o f i t  marg in  p e r  c a r  p r o d u c e d  
a f t e r  a  c e r t a i n  l e v e l  o f  p r o d u c t i o n  i s  a s s u m e d  t o  b e  r e l a t e d  t o  
i nc reased  l a b o r  c o s t s  due t o  o v e r t i m e  pay. A p r o f i t  c u r v e  c o u l d  be made 
up o f  any number o f  l i n e a r  segments, o t h e r  than  w i t h  t w o  s e g m e n t s  a s  
shown i n  t h e  S t r u c t u r e  s e c t i o n  below, p r o v i d e d  t h a t  t h e  e n t i r e  c u r v e  i s  
convex. 

STRUCTURE 

I n  o r d e r  t o  meet t h e  r e g u l a t i o n  f o r  t h e  minimum f u e l  economy a v e r a g e  
f o r  t h e  f l e e t  o f  c a r s  produced by an a u t o  company  w h i l e  m a x i m i z i n g  
p r o f i t ,  t h e  f o l l o w i n g  p r o f i t  e q u a t i o n  i s  m a x i m i z e d  s u b j e c t  t o  
c o n s t r a i n t s  o f  p r o d u c t i o n  c a p a c i t y ,  s a l  e s  commi t m e n t  s ,  a n d  m i  n imum 
c o r p o r a t e  f l e e t  f u e l  economy s t a n d a r d s .  The  o u t p u t  s o u g h t  i s  t h e  
optimum number o f  c a r s  produced f o r  each mode1 o f  c a r  a n d  t h e  p r o f i t  
o b t a i n e d  by s e l l  i ng these  models. 

where: 

Pmax = maximum p r o f i t  

n  = number o f  c a r  models produced 

I. = p r o f i t  pe r  c a r  produced f o r  each c a r  model b e f o r e  d rop  i n  p r o f  i t 
p e r  c a r  

1 = number o f  c a r s  produced f o r  each c a r  model b e f o r e  drop i n  p r o f i t  
p e r  c a r  

2 = p r o f i t  p e r  c a r  produced f o r  each c a r  model a f t e r  d rop i n  p r o f i t  
p e r  c a r  

2 = number of c a r s  produced f o r  each c a r  model a f t e r  d r o p  i n  p r o f  i t 
p e r  c a r  

T h i s  p r o f i t  max imiz ing e q u a t i o n  i s  s u b j e c t  t o  t h e  f o l  1 o w i n g  f i v e  
c o n s t r a i n t s :  

c MPGi Xi 
i 

c Xi > CAFE 

Xi - < PRODCAP 



n  
PRODCAP - > I Xi t Xil 2 SALECOM 

i = l  

where: 

MPGi = EPA m i l e s  pe r  g a l l o n  f o r  each c a r  model i 

Xi = number o f  c a r s  produced f o r  each model i b e f o r e  a n d  a f t e r  
d rop i n  p r o f i t  p e r  c a r  (Xi = Xil t Xi2) 

CAFE = c o r p o r a t e  average f u e l  economy 

SALECOMi = s a l e s  canmitment f o r  each c a r  model i 

PRODCAPil = p r o d u c t i o n  c a p a c i t y  f o r  each c a r  m o d e l  i b e f o r e  d r o p  i n  
p r o f i t  p e r  c a r  

PRODCAPi2 = p r o d u c t i o n  c a p a c i t y  f o r  each c a r  model i from a f t e r  t h e  d rop  
i n  p r o f i t  p e r  c a r  u n t i l  f i n a l  p r o d u c t i o n  c a p a c i t y  i s  reached 

PRODCAP = t o t a l  p r o d u c t i o n  c a p a c i t y  f o r  a1 1  models (equa ls  t h e  sum o f  
PRODCAPil and PRODCAPi2 f o r  a1 1  models i 

SALECOM = t o t a l  sa les  commitment f o r  a1 1  models ( =  r: SALECOMi) 

MODEL CONSTRUCTION 

T h i s  i s  a  l i n e a r  p r o g r a m m i n g  m o d e l  t h a t  was c o n s t r u c t e d  u s i n g  
h y p o t h e t i c a l  da ta .  

DATA USED I N  RUNNING MODEL 

Data r e q u i r e d  f o r  runn ing  t h e  model a r e  manu fac tu r ing  c o s t s ,  s a l e s  
commitments, p r o d u c t i o n  c a p a c i t y ,  and p r o f i t .  A l l  t hese  v a r i a b l e s  a r e  
needed f o r  each make and model o f  c a r .  
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COMPUTEIR REQUIREMENTS 

T h i s  model uses a s tandard  Simplex A lgo r i t hm.  It has been r u n  on t h e  
U n i v e r s i t y  o f  D e t r o i t  computer system. 



ACCIDENT TREND MODEL 

The Acc iden t  Trend Model was developed i n  1975, by t h e  Center  f o r  t h e  
E n v i r o n m e n t  a n d  Man, f o r  t h e  N a t i o n a l  H i g h w a y  T r a f f i c  S a f e t y  
A d m i n i s t r a t i o n .  It d e s c r i b e s  t h e  o v e r a l l  r i s k  o f  a c c i d e n t a l  d e a t h s  i n  
au tomob i le  crashes as a  f u n c t i o n  o f  changes i n  a c c i d e n t  f requency t r e n d s  
and i n  c h a r a c t e r i s t i c s  o f  t h e  automobi le  p o p u l a t i o n .  
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OBJECTIVE OF MODEL 

The a c c i d e n t - s e v e r i t y  component o f  t h i  s  m o d e l  d e s c r i b e s  how t h e  
f requency o f  au tomob i le  occupant i n j u r y  o r  death  changes w i  t h  c e r t a i n  
changes i n  c h a r a c t e r i  s t i c s  o f  t h e  automobi le  p o p u l a t i o n .  The a c c i d e n t -  
t r e n d  component o f  t h e  model d e s c r i b e s  how t h e  n u m b e r  o f  a u t o m o b i  1  e  
occupant deaths  would have changed ove r  t i m e  had t h e r e  been n o  c h a n g e s  
i n  t h e  au tomob i le  popu la t i on .  B o t h  c o m p o n e n t s  c a n  b e  c o m b i n e d  t o  
c a l c u l a t e  changes i n  d e a t h s  r e s u l t i n g  f r o m  c h a n g e s  i n  a u t o m o b i l e  
p o p u l a t i o n  and t h e  t r e n d .  T h i s  mode1 was d e v e l o p e d  a s  p a r t  o f  t w o  
1  a r g e r  s t u d i e s  t h a t  e x p l  o re  t h e  v a r i o u s  f a c t o r s  a f f e c t i n g  t h e  a c c  i d e n t  
t r e n d  a n d  how d e a t h s  i n  t h e  f u t u r e  w o u l d  c h a n g e  u n d e r  v a r i o u s  
assumpt ions on t h e  use o f  sma l l  cars ,  on t r a v e l  speed r e d u c t i o n s ,  and on 
changes i n  v e h i c l e  use t h a t  m i g h t  r e s u l t  f rom a  l i m i t e d  a v a i l a b i l i t y  o f  
gas01 i ne. 

HISTORICAL BACKGROUND 

Subsequent t o  t h i s  s tudy ,  f u r t h e r  work i n  t h i s  area was d o n e  b y  t h e  
Center  f o r  Environment and Man, which r e s u l t e d  i n  t h e  Highway S u b m o d e l  
o f  t h e  T r a n s p o r t a t i o n  S a f e t y  A n a l y s i s  Model , r e p o r t e d  under 76-047. The 
c u r r e n t  s tudy  was s p o n s o r e d  a s  a  p a r t  o f  t h e  A u t o m o b i l e  E n e r g y  
E f f i c i e n c y  P r o j e c t  o f  DOT. 



ASSUMPTIONS 

It i s  assumed f o r  t h e  a c c i d e n t - s e v e r i t y  model t h a t  s e a t b e l t  u s e  i s  
n e g l i g i b l e  i n  c a r s  o l d e r  t h a n  t h e  1964 model yea r ,  and t h a t  seatbe l  t use 
d e c l i n e s  w i t h  v e h i c l e  age. The acc iden t  t r e n d  has been shown t o  d e p e n d  
on v e h i c l e  age d i s t r i b u t i o n ,  and  t h u s  i n d i r e c t l y  o n  v e h i c l e  m i l e s  
t r a v e l e d  and speed. F u t u r e  t r e n d s  may n o t  f o l l o w  t h i s  a s s u m p t i o n ,  
because o f  t h e  55 mph speed l i m i t .  

VAL I DA1-I ON 

The r e p o r t s  d e s c r i b e  e x t e n s i v e  exper iments  on c o r r e l a t i n g  t h e  t r e n d s  
i n  acc iden ts  w i t h  au tomob i l e  s i z e  and we igh t ,  by s t a t e ,  speed, v e h i c l  e  
mi 1  es t i r ave l  ed, e t c .  

LIMITATIONS AND BENEFITS 

Severe problems e x i s t  w i t h  rega rd  t o  t h e  a g g r e g a t i o n  o f  a c c i d e n t  
da ta ,  making i t  d i f f i c u l t  t o  e s t i m a t e  t h e  e f f e c t s  o f  changes i n  o v e r a l l  
v e h i c l e  m i l e s  t r a v e l e d  on deaths,  t h e  r e l a t i o n  b e t w e e n  t r a v e l  s p e e d  
(such als t h e  55 mph speed l i m i t )  and a c c i d e n t  f requency ( t h e r e  i s  a  we1 1  
e s t a b l i s h e d  r e l a t i o n  between speed and  a c c i d e n t  s e v e r i t y )  , a n d  t h e  
e f f e c t  o f  a  ban on t r a v e l  on Sundays. 

STRUCTURE 

The a c c i d e n t - s e v e r i  t y  component o f  t h e  model expresses changes i n  t h e  
f a t a l i t , y  r i s k  due t o  changes i n  t h e  mix  o f  c a r s  o f  d i f f e r e n t  s i z e ,  c a r  
improvements by  model yea r ,  and t h e  a v a i l a b i l i t y  and use o f  s e a t b e l t s :  

where: 

= o v e r a l l  i n j u r y  r i s k  f o r  c a r  occupants i n  s i n g l e - c a r  c r a s h e s  i n  
c a l e n d a r  y e a r  i, r e l a t i v e  t o  t h a t  f o r  a  c a r  p o p u l a t i o n  o f  t h e  
same age compos i t i on  b u t  w i t h  t h e  we ight ,  f requency,  and s e a t b e l t  
usage d i s t r i b u t i o n s  f o r  t h e  base y e a r  

ri j = number o f  c a r s  o f  model y e a r  j r e g i s t e r e d  i n  c a l e n d a r  y e a r  i 

= f r a c t i o n  o f  c a r s  o f  model j i n  we ight  c l a s s  k .  I t  i s  a s s u m e d  
'jk t h a t  c a r s  o f  d i f f e r e n t  we igh t  c l a s s e s  s u r v i v e  o v e r  t i m e  i n  t h e  

same manner. 

aij = f requency o f  occupant  i n j u r y  i n  s i n g l e - c a r  crashes p e r  r e g i s t e r e d  
au tomob i l e  p e r  yea r ,  r e l a t i v e  t o  c a r s  o f  t h e  c u r r e n t  model y e a r ,  
f o r  c a r s  o f  age i minus j, a  usage f a c t o r  b y  age 



= f a c t o r  d e s c r i b i n g  t h e  f requency o f  occupant  i n j u r y  i n  c a r s  o f  
PJ model y e a r  j r e l a t i v e  t o  t h a t  f o r  a  base y e a r .  I t  i s  a s s u m e d  

t h a t  t h i s  f requency i s  t h e  same f o r  a l l  c a r  w e i g h t  c l a s s e s  f o r  
any g i v e n  model year .  

'ij = e f f e c t  o f  sea tbe l  t use, d e c l i n i n g  w i t h  v e h i c l e  age i minus j 

wk = f requency  o f  i n j u r y  f o r  o c c u p a n t s  o f  c a r s  o f  w e i g h t  c l a s s  k  
r e l a t i v e  t o  an a r b i t r a r y  b a s i s ,  model y e a r  independent 

= W f o r  base y e a r  jo 'j0k j k  

O = model y e a r  f a c t o r  f o r  model y e a r  j0 - ( i  - j )  
j 

O 
= s e a t b e l t  f a c t o r  f o r  age i - j and f o r  model y e a r  jo - ( i  - j )  i j  

F o r  c a r - c a r  crashes t h e  i n j u r y  r i s k  a l s o  d e p e n d s  o n  t h e  r e 1  a t i v e  
d i f f e r e n c e s  i n  we igh t  between t h e  two ca rs ,  making t h e  f o r m u l a t i o n s  ve ry  
canpl  ex. Car - t ruck  c rashes a r e  s imi  1  a r  t o  c a r - c a r  crashes.  The o v e r a l l  
r i s k  i s  a  comb ina t ion  o f  t h a t  f o r  each t y p e  o f  c rash,  and t h e  " a d j u s t e d "  
number o f  c a r  occupants k i l l e d :  t h e  number t h a t  would have been k i l l e d  
had t h e r e  been no changes i n  t h e  automobi le  p o p u l a t i o n .  

The a c c i d e n t - t r e n d  component o f  t h e  model : 

where s tandard  e r r o r s  a r e  i n  parentheses,  and 

Zi = number o f  "ad jus ted"  c a r  occupant deaths  i n  y e a r  i 

Xli = number o f  c a r s  o f  c u r r e n t  model y e a r  r e g i s t e r e d  i n  y e a r  i 

XZi = number o f  c a r s  one t h r o u g h  t h r e e  y e a r s  o l d  i n  y e a r  i 

Xgi = number o f  c a r s  f o u r  y e a r s  o l d  o r  o l d e r  i n  y e a r  i 

A l l  o f  t h e  X ' s  a r e  i n  thousands. A l so  t a k e n  i n t o  a c c o u n t  i n  t h e  
o v e r a l l  c a r  occupant f a t a l i t y  r i s k  a r e  1000 deaths a n n u a l l y  i n  c a r - t r a i n  
c o l l i s i o n s ,  i n  which n e i t h e r  c a r  s i z e  n o r  v e h i c l e  i m p r o v e m e n t s  g f f e c t  
t h e  r i s k .  

A " s p e c u l a t i v e "  model was a1 s o  e s t i m a t e d  i n  w h i c h  a d j u s t e d  c a r  
occupant dea ths  a r e  a  f u n c t i o n  o f  v e h i c l e  m i l e s  t r a v e l e d  a n d  t h e  
d e v i a t i o n  i n  t h e  i ndex  o f  i n d u s t r i a l  p r o d u c t i o n  i n  each year .  

MODEL CONSTRUCTION 

The t r e n d  e q u a t i o n  ( Z )  i s  s p e c i f i e d  f o r  t h e  y e a r s  1 9 5 0 - 1 9 6 0 .  
Separate e s t i m a t i o n s  were made f o r  t h e  p e r i o d s  1 9 5 7 - 6 7  a n d  1 9 6 1 - 7 1 .  
Each p r e d i c t s  adequa te l y  f o r  o t h e r  p e r i o d s ,  except  f o r  t h e  p e r i o d  a f t e r  



1967, f o l l o w i n g  t h e  i n t r o d u c t i o n  o f  f e d e r a l  m o t o r  v e h i c l e  s a f e t y  
standards.  Values f o r  t hese  f a c t o r s  were a1 so e m p i r i c a l  l y  e s t i m a t e d :  
f requency o f  dea th  o r  i n j u r y  by c a r  age, r e l a t i v e  r i s k  b y  m o d e l  y e a r ,  
and r i s k  r e d u c t i o n  by c a r  age, f o r  s i n g l e -  and two-car  acc idents .  

DATA USED I N  RUNNING MODEL 

I n p u t  d a t a  needed d e s c r i b e  v e h i c l e  r e g i s t r a t i o n s ,  w e i g h t  c l  a s s  b y  
model y e a r  percentages,  sea tbe l  t f a c t o r s ,  r e g i s t r a t i o n s  b y  a g e ,  u s a g e  
f a c t o r s ,  model y e a r  f a c t o r s ,  we ight  f a c t o r s ,  i n c l  u d i n g  f a c t o r s  f o r  
s i n g l e - v e h i c l e ,  two -veh ic le ,  and c a r - t r u c k  acc idents .  
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COMPUTER REQUIREMENTS 

The computer program i s  w r i t t e n  i n  FORTRAN and r e q u i r e s  40 K b y t e s  o f  
c o r e  s to rage  f o r  execut ion .  The d o c u m e n t a t i o n  c o n t a i n s  a  p r o g r a m  
1  i s t i  ng and i n p u t  i n s t r u c t i o n s .  



DEMAND FOR PASSENGER CAR TRANSPORT SERVICES AND FOR GASOLINE 

A  model o f  t h e  n a t i o n a l  demand f o r  passenger c a r  t r a n s p o r t  s e r v i  c e s  
and f o r  g a s o l i n e  was developed i n  1979 by  s t a f f  a t  G u l f  O i l  C o r p o r a t i  o n  
and t h e  U n i v e r s i t y  o f  P i t t s b u r g h .  T h i s  econometr ic  model desc r ibes  t h e  
demand f o r  gaso l i ne ,  passenger ca rs ,  c a r  qua1 i t y ,  and m i l e s  d r i v e n .  
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OBJECTIVE OF MODEL 

The inodel d e s c r i b e s  t h e  demand f o r  p a s s e n g e r  c a r s ,  f o r  m i l e s  
t r a v e l e d ,  and f o r t h e  a t t r i b u t e s o r q u a l i t i e s o f  c a r s .  I n  t h i s  c a s e  
q u a l i t y  i s n e a s u r e d  by  t h e  average w e i g h t  o f  c a r s .  The  demand f o r  
g a s o l i n e  can t h e n  be es t ima ted ,  i f  t h e  average e f f i c i e n c y  o f  t h e  f l  e e t  
o f  c a r s  i s  known. The independent v a r i a b l e s  a r e  income, t h e  s t o c k  o f  
ca rs ,  and t h e  p r i c e s  o f  c a r s ,  m i l  es d r i v e n ,  and f u e l .  

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n s h i p  t o  o t h e r  models. 

ASSUMPTIONS 

When t h e  q u a n t i t y  o f  g a s o l i n e  demand i s  d e f i n e d  as t h e  m i l e s  d r i v e n  
d i v i d e d  by t h e  f u e l  e f f i c i e n c y ,  and t h e  c o s t  o f  d r i v i n g  i s  t h e  p r i c e  o f  
g a s o l i n e  d i v i d e d  by t h e  e f f i c i e n c y ,  t h e n  i t  i s  shown t h a t  t h e  sum o f  t h e  
e l a s t i c i t y  o f  g a s o l i n e  consumpt ion w i t h  r e s p e c t  t o  e f f i c i e n c y  a n d  t h e  
e l a s t i c i t y  o f  gasol  i ne consumpt ion w i t h  r e s p e c t  t o  t h e  p r i c e  o f  gasol  i n e  
i s  -1. The u s e r  c o s t  o f  a  c a r  i s  d e f i n e d  t o  be a  f u n c t i o n  o f  t h e  p r i c e  
o f  a  s tandard  c a r ,  t h e  d e p r e c i a t i o n  r a t e ,  and t h e  i n t e r e s t  r a t e .  The  
l o n g - r u n  demand s p e c i f i c a t i o n s  m u s t  b e  m o d i f i e d  f o r  s h o r t - r u n  
e s t i m a t i o n .  T h i s  i n v o l v e s  a s t o c k  a d j u s t m e n t  p r o c e s s :  new c a r  
r e g i s t r a t i o n s  a r e  a  f u n c t i o n  o f  s t o c k  a d j u s t m e n t  a n d  d e p r e c i a t i o n  



fac tors ,  income, user cost of a car ,  user cost of miles driven, and cost 
of qual i ty ,  as well as the existing stock of cars. The weight of a c a r  
i s  used as a proxy fo r  qual i ty ,  since options added t o  a c a r  i n c r e a s e  
i t s  weight, and weight was found t o  be correlated with eff iciency,  

Each of the equations were estimated using e i the r  the cost per  m i l e  
of driving the existing stock, or  of driving the stock of new c a r s ,  o r  
the price of gasoline. The se t  of equations u s ing  c o s t  per m i l e  i s  
presentled here. 

- 2.16 ( X t )  
(3.96) 

2 R = 0.82 DW = 1.98 rho = -0.369 

where absolute values of t - ra t ios  are  in parentheses, and 

R t  = new car registrat ions per capita,  in 1000s of cars 

Y t  = per capita real disposable income in 1000s of do1 l a r s ,  in pe r i  o d  
1: 

PKt = user cost of new cars ,  equal t o  t h e  r e a l  p r i c e  of  new c a r s ,  
1967=100, adjusted by Moody's Aaa bond yield and r a te  of physical 
depreciation of cars 

PMt = per mile cost of driving a car from the existing stock of cars 

= stock of cars per capi ta ,  end of quarter ,  in 1000s of c a r s ,  i n  
Kt-1 peri od t -1  

= dummy variable t o  account f o r  the e f fec t  of the o i l  embargo of Xt l a t e  1973 and early 1974 

rho = estimate of the coefficient  of f i r s t  order serial  correlat ion 

R~ = 0.98 DW = 1.92 rho = .356 

where: 

Mt = miles per capita driven, in period t 



= weighted average we igh t  o f  new c a r s ,  i n  pounds p e r  c a r ,  a d j u s t e d  Lt-l by t h e  number o f  c a r s  r e g i s t e r e d  i n  p e r i o d  t - 1 

R~ = 0.68 DW = 2.14 r h o  = 0.536 

where: 

Lt = we ighted average we igh t  o f  new ca rs ,  i n  pounds p e r  c a r ,  a d j u s t e d  
by  t h e  number o f  c a r s  r e g i s t e r e d  i n  p e r i o d  t 

PMRt = p e r  m i l e  c o s t  o f  d r i v i n g  new c a r s  

Tt = dummy v a r i a b l e  t o  account  f o r  we igh t  r e d u c t i o n  o f  c a r s ,  f o r  a n y  
g i v e n  l e v e l  o f  qua1 i ty,  i n  1975-76 

Gaso l i ne  demand i s  found by d i v i d i n g  m i l e s  d r i v e n ,  M t :  b y  f u e l  
e f f i c i e n c y ,  E Shor t -  and long - run  e l a s t i c i t i e s  f o r  t h e  v a r i a b l e s  i n  
t h e  model a re ta l  so presented i n  t h e  paper. 

MODEL CONSTRUCT ION 

The model was e s t i m a t e d  wi h a  1  i n e a r  s p e c i f i c a t i o n ,  u s i n g  q u a r t e r l y  
d a t a  f rom 1969 I t o  1976 111. Sources f o r  t h e  d a t a  w e r e :  S u r v e y  o f  
Cur ren t  Business f o r  income, i n t e r e s t  r a t e ,  gasol  i n e  demand, c a r  pr i  c E  
and consumer p r i c e  index;  Bureau o f  Labor S t a t i s t i c s  f o r   rice o f  
gas; Ward's ~ u t o m o t i v e  yearbook f o r  s tock  o f  ca rs .  Cars  w e r e '  d i  v  i d e d  
i n t o  e i s h t  s i z e  c l a s s e s  and t h e  c a r  model w i t h  t h e  a r e a t e s t  n u m b e r  o f  
r e g i s t r a t i o n s  i n  t h e  c l a s s  i n  each model y e a r  was u i e d  t o  rep resen t  t h e  
c lass .  The o v e r a l l  e f f i c i e n c y  o f  new c a r s  i s  a  f u n c t i o n  o f  t h e  weighted 
average o f  r e g i  s t r a t i o n s  o v e r  t h e  e n t i  r e  sampl e  pe r iod .  D e p r e c i a t i o n  i s  
an average equal t o  0.0234. Fuel e f f i c i e n c y  da ta  f o r  new c a r s  came from 
t h e  Autornobi le Club o f  I t a l y ' s  World Cars, t h e n  these  were averaged w i t h  
t h e  e f f i c i e n c y  o f  t h e  e x i s t i n g  s t o c k y a f t e r  d e f l a t i n g  20% t o  account  f o r  
t h e  d i f f e r e n c e  i n  new c a r  es t ima tes  and a c t u a l  c a r  performance. 
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CONAES INTEGRATING 40-SECTOR MODEL 

The I n t e g r a t i n g  40-Sector  Mode l  o f  t h e  U. S. e n e r g y  economy  was 
developed by a  t a s k  f o r c e  o f  t h e  Demand and Conse rva t i on  P a n e l  o f  t h e  
Committee on Nucl e a r  and A1 t e r n a t i v e  Energy Systems, i n  1 9 7  9. I t wa s  
used t o  ana lyze seve ra l  scena r ios  o f  energy  use a n d  p r i c e  o u t  t o  t h e  
y e a r  20:10, by i n t e g r a t i n g  t h e  p r o j e c t i o n s  f o r  t h r e e  m a j o r  s e c t o r s :  
b u i l d i n g s ,  i n d u s t r y  , and t r a n s p o r t a t i o n .  

AUTHOR 

Na t iona l  Research Counci 1  
Committee on Nuc lear  and A l t e r n a t i v e  Energy Systems 
Demand and Conse rva t i on  Panel 
Washington, D.C. 

KEYWORDS 

Energy consumpti  on, f u e l  consumpti  on 

OBJECTIVE OF MODEL 

The economy i s  d i v i d e d  i n t o  f o r t y  sec to rs .  T h i s  i n p u t - o u t p u t  m o d e l  
forms an i n t e r n a l l y  c o n s i s t e n t  p i c t u r e  o f  e n e r g y  f l o w  b e t w e e n  t h e s e  
s e c t o r s ,  and p r e d i c t s  t h e  t o t a l  energy demand i n  each s e c t o r  and f o r  a l l  
s e c t o r s  i n  t h e  y e a r  2010. F i v e  o f  t h e  s e c t o r s  a r e  f o r  t r a n s p o r t :  r a i l ,  
bus, t r u c k ,  water ,  and a i r ;  one i s  f o r  m o t i v e  p o w e r ;  a n d  o n e  i s  f o r  
mo to r  v e h i c l e s  and equ i  pment. 

RELATIONSHIP TO OTHER MODELS 

The r e p o r t  i n  which t h e  i n t e g r a t i n g  model appears c o n t a i n s  s e c t i  o n s  
d e s c r i b i n g  m o d e l i n g  a c t i v i t y  o n  t h e  b u i l d i n g ,  i n d u s t r y ,  a n d  
t r a n s p o r t a t i o n  sec to rs .  Some o f  t h e  r e s u l t s  f rom these s e c t o r  submodels 
a r e  i n t e g r a t e d  w i t h  t h e  i n t e g r a t i n g  i n p u t - o u t p u t  m o d e l  . E c o n o m e t r i c  
t echn iques  a r e  a l s o  used t o  make p r o j e c t i o n s  t o  t h e  y e a r  1990. 

HISTORICAL BACKGROUND 

The Committee on Nuc lea r  and A l t e r n a t i v e  Energy Systems (CONAES) o f  
t h e  N a t i o n a l  Research Counc i l  began i n  1975 t o  under take a  s tudy  o f  t h e  
U.S. p r o s p e c t i v e  energy economy d u r i n g  t h e  p e r i o d  1985-2000. The Demand 
and Conservat ion  Panel o f  t h e  commit tee was charged w i t h  e x p l o r i n g  t h e  
range of' energy demand t h a t  i s p o s s i b l e  o u t  t o  t h e  y e a r  2010, exami n  i n  g  
t h e  o p p o r t u n i t y  f o r  sav ing  energy,  and recommending po l  i c y  i n  i t i a t  i v e s  
t h a t  can a f f e c t  demand and conse rva t i on .  F i v e  r e s o u r c e  g r o u p s  w e r e  
organ ized:  t o  l o o k  a t  t h e  t h r e e  b a s i c  s e c t o r s  o f  b u i l d i n g s ,  i n d u s t r y ,  
and t r a n s p o r t a t i o n ;  t o  check t h e  p r o j e c t i o n s  o f  t h o s e  t h r e e  w i t h  a n  



i n t e g r a t i n g  i n p u t - o u t p u t  model ; and t o  use economet r  i c  t e c  h n  i q u e s  t o  
model energy demand p r o j e c t i o n s  t o  1990. 

ASSUMPTIONS 

P r i m a r y  energy comes f rom f o s s i l  f u e l ,  hydropower, n u c l e a r ,  s o l  a r ,  
and geothermal sources. The techno logy  o f  p roduc ing any t y p e  o f  good o r  
s e r v i c e  i s  d e f i n e d  by  s p e c i f y i n g  t h e  i n p u t s  r e q u i r e d  t o  produce one u n i t  
o f  ou tput .  Energy can be conserved by reduc ing  i n p u t s  o r  r e p l a c i n g  them 
w i t h  non-energy i n p u t s .  The changes i n  i n p u t s  t h a t  were p o s s i  b l  e  w e r e  
based on t h e  e s t i m a t e d  response o f  energy  use t o  p r i c e  l e v e l s ,  g i v e n  b y  
i n d u s t r y  exper t s .  T h i s  s u b j e c t i v e  r a t h e r  than  e c o n o m i c  a p p r o a c h  was 
used because o f  a  l a c k  o f  p r i c e  e l a s t i c i t y  d a t a ,  a n d  b e c a u s e  o f  t h e  
u n c e r t a i n t y  assoc ia ted  w i t h  l o n g - t e r m  e c o n o m i c  p r o j e c t i o n s ,  w h i c h  
r e q u i r e  f o r e c a s t s  o f  t e c h n o l o g i c a l  i n n o v a t i  o n  t h a t  a r e  e s s e n t i a l  l y  
a r b i t r a r y .  

VAL I DAT I ON 

Several  d i f f e r e n t  scenar ios  o f  t h e  changes i n  energy use a n d  p r i c e s  
were used, r a n g i n g  f rom a  r e d u c t i o n  t o  a  d o u b l i n g  o f  pe r  cap i  t a  e n e r g y  
use. The same p o p u l a t i o n  c o n d i t i o n s  were used f o r  each scenar io ,  w h i  1  e  
p o l i c i e s  were v a r i e d .  

STRUCTURE 

The i n t e r r e l a t i o n s  between t h e  s e c t o r s  comprise a  40 x  40 m a t r i x  o f  
i npu t -ou tpu t  c o e f f i c i e n t s ,  a  t y p i c a l  e lement b e i n g  t h e  amount o f  i n p u t  
f rom one s e c t o r  t o  produce one u n i t  o f  o u t p u t  by a n o t h e r  s e c t o r .  The  
m a t r i x  def ines  t h e  s t a t e  o f  t e c h n o l o g y  b y  i n d i c a t i n g  t h e  e n e r g y  
i n t e n s i t y  ( t h e  energy r e q u i r e d  f o r  a  u n i t  o f  o u t p u t )  f o r  t h e  p r o d u c t s  
and s e r v i c e s  o f  each s e c t o r .  When t h e  energy i n t e n s i t i e s  a r e  mu1 t i  p l  i e d  
by  t h e  o u t p u t s  o f  a l l  t h e  s e c t o r s  and a r e  t o t a l e d ,  t h e  t o t a l  e n e r g y  
demand f o r  t h e  system i s  found. 

MODEL CONSTRUCTION 

Energy techno logy  d a t a  come f rom a  U. S .  D e p a r t m e n t  o f  Commerce,  
Bureau o f  Econornic A n a l y s i s  s tudy  o f  1967 data ,  s  u p p l  e m e n t e d  b y  m o r e  
r e c e n t  i n f o r m a t i o n .  Fuel consumpt ion d a t a  come from t h e  resource  groups 
o f  t h e  CONAES s tudy.  Ra the r  t h a n  s p e c i f y i n g  a l l  p o s s i b l e  p r o d u c t i o n  
techno logy  changes, o n l y  t h e  energy i n p u t  f r a c t i o n  p a r a m e t e r s  w e r e  
c a l c u l a t e d  t h a t  have t h e  most i m p o r t a n t  e f f e c t  on energy  demand.  F o r  
example, i t  was shown t h a t  o n l y  10% o f  t h e  energy c o s t  o f  a  c a r  i s  d u e  
t o  t h e  f u e l  and e l e c t r i c i t y  consumed by t h e  a u t o m a k e r s ,  w h i l e  o v e r  a  
t h i r d  i s  due t o  t h e  s t e e l  u s e d .  F o r  s p e c i f y i n g  a u t o  p r o d u c t i o n  
techn iques  i n  2010, i t  was t h e r e f o r e  m o r e  i m p o r t a n t  t o  a c c u r a t e l y  
d e s c r i b e  t h e  s i z e ,  we ight ,  and m a t e r i a l  compos i t i on  o f  t h e  c a r  t h a n  i t  
was t o  d e s c r i b e  degree o f  mechan iza t i on  o f  t h e  assembly 1  i ne .  
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WORLD DEMAND FOR GASOLINE 

A model o f  t h e  w o r l d  demand f o r  g a s o l i n e  was d e v e l  o p e d  i n  1 9 7 5  b y  
f a c u l t y  a t  Ohio U n i v e r s i t y  and Hami l t on  Col lege.  It uses cross-sec t i  o n  
d a t a  f rom f o r t y  c o u n t r i e s  t o  de te rm ine  t h e  l o n g - r u n  demand f o r  gaso l  i n e  
used by commercial v e h i c l e s  and c a r s  i n  a  coun t ry .  

AUTHOR 

R a j i n d a r  K. Koshal 
Ohio U n i v e r s i t y  
Athens, Ohio 45701 

James B r a d f i e l d  
Hami 1  t o n  C o l l  ege 
C l i n t o n ,  N.Y. 13323 

KEYWORDS 

Fuel consumpti on 

OBJECTIVE OF MODEL 

The q u a n t i t y  o f  g a s o l i n e  demanded i n  a  c o u n t r y  i n  t h e  1  o n g  r u n  i s  
modeled as a  f u n c t i o n  o f  p r i c e ,  number o f  c a r s  and com~nercia l  v e h i c l e s ,  
and pe r  c a p i t a  income, u s i n g  c r o s s - s e c t i o n  d a t a  f rom f o r t y  c o u n t r i e s .  

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n  t o  o t h e r  models. 

HISTORICAL BACKGROUND 

Pro f .  Koshal d i d  an e a r l i e r  s tudy  on t h e  l ong - run  demand f o r  g a s o l i n e  
i n  t h e  U.S. u s i n g  c r o s s - s e c t i o n  data ,  b u t  w i t h  r a t h e r  smal l  v a r i a t i o n s  
i n  t h e  p r i c e  o f  gaso l i ne .  T h i s  s tudy uses t h e  same genera l  m e t h o d  b u t  
w i t h  w ide r  p r i c e  v a r i a t i o n s .  

ASSUMPTIONS 

S ince  t h e  p r i c e  o f  g a s o l i n e  i n  a lmost  a l l  c o u n t r i e s  i s  d i r e c t l y  o r  
i n d i  r e c t l y  c o n t r o l  l e d  by t h e  government, even though t h e  w o r l d  gaso l  i n e  
i n d u s t r y  i s  o l i g o p o l i s t i c ,  i t  i s  reasonab le  t o  assume t h a t  t h e  q u a n t i t y  
demanded i s  determined j u s t  b y  demand a n d  n o t  g e n e r a l l y  b y  s u p p l y  
c o n s t r a i n t s .  

The number o f  v e h i c l e  e q u i v a l e n t s  i n  a  c o u n t r y  i s  assumed  t o  e q u a l  
t h r e e  t i m e s  t h e  number o f  r e g i s t e r e d  commercial v e h i c l e s  p l u s  t h e  number 



o f  r e g i s t e r e d  cars ,  T h i s  i s  j u s t i f i e d  b e c a u s e  c o m m e r c i a l  v e h i c l e s  
consume almost  t h r e e  t i m e s  as  much g a s o l i n e  as cars .  

VAL IDATION 

The e l a s t i c i t i e s  t h a t  a r e  d e r i v e d  i n d i c a t e  t h a t  i n  t h e  l o n g  r u n  a  t e n  
percent; i n c r e a s e  i n  p r i c e  would be accompanied by about  a  9.9% d e c r e a s e  
i n  g a s o l i n e  demand i n  low-income c o u n t r i e s  a n d  1 2 . 3 %  i n  h i g h -  i ncome 
count r i ies .  A t e n  pe rcen t  i n c r e a s e  i n  income would produce i n c r e a s e s  i n  
gas corisumption o f  4.9 and 3.3% i n  l o w -  a n d  h i g h - i n c o m e  c o u n t r i e s ,  
respect ; ive ly .  T h i s  s u g g e s t s  t h a t  g a s o l  i n e  t e n d s  t o  b e  m o r e  o f  a  
" n e c e s s i t y  good" i n  high-income than  i n  l o w - i n c o m e  c o u n t r i e s .  The  
n e a r l y  u n i t a r y  p r i c e  e l a s t i c i t y  va lue  s u g g e s t s  t h a t  i n  t h e  1  o n g  r u n  
f u r t h e r  p r i c e  i nc reases  would n o t  b r i n g  s u b s t a n t i a l  e x t r a  revenue t o  t h e  
o i l  p roduc ing c o u n t r i e s .  

LIMITATIONS AND BENEFITS 

Mosl; s t u d i e s  o f  g a s o l i n e  demand make use o f  d a t a  t h a t  h a s  r a t h e r  
smal l  v a r i a t i o n s  i n  t h e  p r i c e  o f  gaso l i ne ,  a n d  t h e r e f o r e  m a k e s  t h e m  
u s e f u l  f o r  p o l i c y  purposes o n l y  when t h e r e  a r e  s r n a l l  g a s o l i n e  p r i c e  
change!; i n  t h e  a l t e r n a t e  p o l i c i e s .  I n  t h i s  s tudy  t h e r e  a r e  much  w i d e r  
v a r i a t i i o n s :  f r o m  1 8 . 3  c e n t s  (U .S . )  p e r  g a l l o n  i n  1 9 7 0  i n  t h e  
P h i l i p p i n e s ,  t o  78 c e n t s  (U.S.) i n  I t a l y .  

STRUCTURE 

The model i s  es t ima ted  t h r e e  t imes,  u s i n g  1970 d a t a  f r o m  2 0  h i  g h -  
income c o u n t r i e s  ( p e r  c a p i t a  income a t  l e a s t  700 d o l l a r s ) ,  f rom 20 1  ow- 
income c o u n t r i e s ,  and f o r  a1 l f o r t y .  

Low i ncome : - -- 

where 1;-ratios a r e  i n  parentheses,  and 

Q = q u a n t i t y  o f  gaso l  i n e  demanded i n  ga l  l o n s  

P  = p r i c e  pe r  g a l l o n  i n  c e n t s  (U.S.) 

VC = number o f  au tomob i le  e q u i v a l e n t s  

Y = p e r  c a p i t a  income i n  U.S. d o l l a r s  



High income: 

T o t a l  : 
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ONTARIO L  TRAFFIC NOISE PREDICTION METHOD 
EQ 

T h i s  e m p i r i c a l  model o f  t r a f f i c  n o i s e  was developed i n  1 9 7 6  a t  t h e  
O n t a r i o  M i n i s t r y  o f  T r a n s p o r t a t i o n .  It uses t h e  energy -equ iva len t  sound 
l e v e l  as  a  n o i s e  measure, which i s  shown t o  be as good o r  b e t t e r  t h a n  
o t h e r  measures. Nomographs a r e  p rov ided  f o r  s imple  p r e d i c t i o n s .  
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OBJECTIVE OF MODEL 

Noise a long a  highway i s  desc r ibed  as a  f u n c t i o n  o f  t h e  v o l  ume o f  
t r a f f i c ,  d i s t a n c e  t o  t h e  edge o f  t h e  roadway f r o m  t h e  o b s e r v e r ,  a n d  
average speed o f  t h e  t r a f f i c .  The measure used f o r  n o i  s e  i s L  , t h e  
energy -equ iva len t  sound l e v e l .  The m o d e l  i s  t o  b e  u s e d  i n  f iaghway 
eng ineer ing  and des ign  s t u d i e s  a t  a  v a r i e t y  o f  l o c a t i o n s .  

RELATIONSHIP TO OTHER MODELS 

There i s  no i n t e r a c t i o n  w i t h  o t h e r  models. 

HISTORICAL BACKGROUND 

Most o f  t h e  da ta  base f o r  t h i s  model was developed i n  1970-73 f o r  t h e  
o r i g i n a l  O n t a r i o  highway n o i s e  p r e d i c t i o n  method, by t h e  same author .  

VALIDATION 

The s tandard  e r r o r  o f  t h i s  model was found t o  be s i m i l a r  t o  t h a t  o f  
o t h e r  models. It was v a l i d a t e d  u s i n g  d a t a  f r o m  a  s t u d y  o f  s o u n d  
measurements on f reeways and a r t e r i a l s  i n  s o u t h e r n  C a l  i f o r n i a .  The  
s t u d i e s  used f o r  compar ison i n c l u d e  t h e  m o d e l  u s e d  b y  t h e  N a t i o n a l  
Coopera t ive  Highway Research P rog ra rn  ( a  1  a t e r  v e r s i o n  o f  w h i c h  i s  
desc r ibed  under 76-089), and t h e  Highway Noise  P o l i c y  M o d e l  ( 7 4 - 2 0 8 )  . 
Grea te r  accuracy i n  t r a f f i c  n o i s e  p r e d i c t i o n  models woul d  r e q u i  r e  t h e  
i n t r o d u c t i o n  o f  complex env i ronmenta l ,  t o p o g r a p h i c ,  a n d  t r a f f i c  f l o w  
v a r i a b l e s .  



LIMITATIONS AND BENEFITS 

The use o f  L  as a  n o i s e  measure i s  supposed t o  b e  a s  g o o d  a s  o r  
b e t t e r  t han   the sound l e v e l  t h a t  i s  exceeded 10% o f  t h e  t ime .  L e  
a l l o w s  n o i s e  i n  d i f f e r e n t  e n v i r o n m e n t s  t o  b e  c o m p a r e d ,  i s  N o r 8  
unders tandab le  as a  measure, does n o t  depend on t h e  s e q u e n c e  i n  w h i c h  
n o i s e  even ts  occur,  i s  e a s i e r  t o  measure, may be adopted as  a  s t a n d a r d ,  
and can a1 l o w  f o r  t h e  a d d i t i o n  o f  sound l e v e l s  f rom d i f f e r e n t  s o u r c e s ,  
wh ich  would be u s e f u l  i n  n o i s e  a n a l y s e s  o f  j o i n t  r a i l  a n d  h i g h w a y  
c o r r i d o r s .  The adop t ion  o f  a  w i d e l y  recogn ized u n i t  makes t h e  w o r k  i n  
o t h e r  c o u n t r i e s  access ib le ;  t h e  t r e n d  i n  t h e  U n i t e d  S ta tes  and Europe i s  
toward  t h e  use o f  L  . It p r o v i d e s  s imple ,  r e 1  i a b l e  p r e d i c t i o n s  o f  
t r a f f i c  n o i s e  f o r  d%y-to-day p l a n n i n g  and des ign  p u r p o s e s ;  b u t  i t i s  
1  ess s u i t a b l e  f o r  a n a l y z i  ng v a r i o u s  s t r a t e g i e s  o f  v e h i c l e  n o i  se c o n t r o l  
t h a n  t h e o r e t i c a l  models. 

STRUCTURE 

The e m p i r i c a l  e q u a t i o n  found t o  b e s t  p r e d i c t  t h e  n o i  s e  c a u s e d  b y  
highway t r a f f i c  i s :  

Leq 
= 49.5 + 10.2 [ l ~ g ~ ~ ( ~ ~  t 6 VT)]  - 13.9 [loglO(D)] + 0.21 ( S )  

R' = .89 SEE = 2.24 dBA 

where: 

Leq 
= ene rgy -equ iva len t  sound l e v e l  d u r i n g  one hour,  i n  dBA 

VC = t o t a l  volume of au tomobi les  (highway v e h i c l e s  w i t h  f o u r  t i r e s  
o n l y ) ,  i n  v e h i c l e s  p e r  hour 

VT = t o t a l  number o f  t r u c k s  ( w i t h  s i x  o r  more t i r e s ) ,  i n  v e h i c l e s  p e r  
hour  

D  = d i s t a n c e  t o  t h e  edge o f  t h e  pavement o f  t h e  f i r s t  t r a f f i c  l a n e ,  i n  
meters  

S  = average speed o f  t r a f f i c  f l o w  d u r i n g  one hour,  i n  kmlhour 

C o r r e c t i o n  f a c t o r s  may b e  a p p l i e d  t o  account  f o r  ground c o n d i t i o n s ,  
grade, i n t e r v e n i n g  s t r u c t u r e s ,  and n o i s e  b a r r i e r s ,  a s  s p e c i f i e d  i n  
highway d e s i g n  guides.  

A  m o d i f i e d  fo rm o f  t h e  model enab les  t h e  p r e d i c t i o n  o f  d a y - n i g h t  
sound 1  eve1 s  : 

where: 

+ 0.21 (S) 



= e q u i v a l e n t  A-weighted sound l e v e l  d u r i n g  24 hour  p e r i o d  w i t h  a  1 0  Ldn dBA w e i g h t i n g  a p p l i e d  t o  t h e  e q u i v a l e n t  sound l e v e l  f rom 10 pm t o  
7  am, i n  dBA 

AADT = annual average d a i l y  t r a f f i c ,  v e h i c l e s  pe r  day 

T% = average percentage o f  t r u c k s  d u r i n g  a  t y p i c a l  day 

D = d i s t a n c e  f rom t h e  edge o f  pavement, meters 

S  = average t r a f f i c  speed d u r i n g  a  t y p i c a l  day, Km/hour 

Nomographs a r e  p r o v i d e d  so t h a t  L  and Ldn may e a s i l y  be found. 
eq 

MODEL CONSTRUCTION 

Data used i n  e s t i m a t i n g  t h e  model were f rom observa t i ons  made a t  1 8 2  
l o c a t i o n s  a long  v a r i o u s  highways i n  O n t a r i o  b e t w e e n  1 9 7 0  a n d  1 9 7 6 .  
T r a f f i c  volumes were a t  l e a s t  100 v e h i c l e s  p e r  hour ,  so t h a t  b a c k g r o u n d  
n o i s e  would n o t  predominate,  and microphones w e r e  1  o c a t e d  f o u r  f e e t  
above t h e  ground. Fo r  each p o s i t i o n  t h e  da ta  c o l  1  e c t e d  w e r e  t r a f f i c  
volume, speed, d i s t a n c e ,  road  and s i t e  geometry, and weather c o n d i t i o n s ,  
Observat ions  were made under a  v a r i e t y  o f  c o n d i t i o n s  a n d  v i g o r o u s  
a t t e n t i o n  was n o t  g i v e n  t o  da ta  accuracy,  b u t  such w i d e - r a n g i  n g  d a t a  
shou ld  be appl i c a b l e  t o  a  v a r i e t y  o f  commonly encountered s i t u a t i o n s ,  

DATA USED I N  RUNNING MODEL 

To use t h e  L  nomograph, one must know t h e  number o f  c a r s  and t r u c k s  
p e r  hour, t h e  a$@rage speed on t h e  road segment, and a  d i s t a n c e  f rom t h e  
edge o f  pavement f o r  t h e  n o i s e  observer.  To use t h e  L  nomograph o n e  
must know t h e  average d a i l y  t r a f f i c  volume, t h e  p e r c e n f # g e  o f  t r u c k s ,  
speed, and d i s t a n c e  f rom t h e  pavement. T r a f f i c  d a t a  a r e  g e n e r a l  l y  
a v a i l  a b l e  by highway s e c t i o n s  and a r e  updated annua l l y .  
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CRASH INJURY PREDICTION MODEL 

The Crash I n j u r y  P r e d i c t i o n  M o d e l  was e m p l  o y e d  i n  a  s t u d y  t h a t  
conc ludes t h a t  t h e r e  a r e  n e t  b e n e f i t s  f rom reduc ing  v e h i c l e  weight .  I t  
was developed a t  t h e  N a t i o n a l  Highway T r a f f  i c  S a f e t y  A d m i n i s t r a t i o n  
(NHTSA) i n  1978. 

T h i s  i n j u r y  p r e d i c t i o n  model p r o v i d e s  a  d i r e c t  measure o f  t h e  average 
i n j u r y  change as a  f u n c t i o n o f  a v e r a g e v e h i c l e  w e i g h t  c h a n g e .  T h i s  
measure i s  expressed i n  d o l l a r s  by  u s i n g  s tanda rd  economic m e t  h o d s  a n d  
t h e  s tandard  s o c i e t a l  c o s t s  o f  mo to r  v e h i c l e  a c c i d e n t s  d e v e l o p e d  b y  
NHTSA. The r e l a t i o n s h i p  between i n j u r y  c o s t  and we igh t  i s  t h e n  compared 
w i t h  t h e  r e l a t i o n s h i p  between f u e l  c o s t  and average v e h i c l e  we ight ;  t h u s  
t h e  f u e l  and c r a s h  i n j u r y  c o s t s  can be  compared i n  a  common u n i t .  The  
model was a1 so used t o  examine t h e  p o t e n t i a l  i n t e r a c t i o n  between v e h i c l e  
s i z e  and pass i ve  r e s t r a i n t s .  
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OBJECTIVE OF MODEL 

The model p r e d i c t s  t h e  expected au tomob i l e  occupant  i n j u r y  s e v e r  i t y  
as a  f u n c t i o n  o f  c r a s h  p a r a m e t e r s  s u c h  a s  v e h i c l e  w e i g h t .  T h e  
e l a s t i c i t y  o f  i n j u r y  w i t h  r e s p e c t  t o  we ight  c a n  t h u s  b e  d e t e r m i n e d .  
Along w i t h  t h e  e l a s t i c i t y  o f  f u e l  consumpt ion w i t h  r e s p e c t  t o  we igh t  and 
t h e  c o s t s  o f  f u e l  and i n j u r y ,  t h e  n e t  c o s t  o r  b e n e f i t  o f  v e h i c l e  we i  g h t  
r e d u c t i o n  can be de te rm i  ned. 

RELATIONSHIP TO OTHER MODELS 

There i s  no i n t e r a c t i o n  w i t h  o t h e r  models. 



H I  STOR ICAL BACKGROUND 

T h i s  s tudy  expands on e a r l i e r  work on  crashes and ve h i  c l  e  s  i z e  a n d  
we igh t  by  t h e  a u t h o r  and b y  o the rs .  The model was o r i g i n a l l y  p r e p a r e d  
by t h e  a u t h o r  w h i l e  on l e a v e  t o  t h e  NHTSA f r o m  S t .  O l a f  C o l l e g e .  
F u r t h e r  work was done a t  St .  O l a f .  

ASSUMPTIONS 

V e h i c l e  s i z e ,  wh ich  i s  s t r o n g l y  c o r r e l a t e d  w i t h  v e h i c l e  w e i g h t ,  h a s  
two e f f e c t s  on  i n j u r y  s e v e r i t y .  The " h o s t i l e "  e f f e c t  i s  t h a t  o f  a  
h e a v i e r  c a r  s t r i k i n g  a  l i g h t e r  one, which absorbs l a r g e r  d e c e l e r a t i o n s  
r e g a r d l e s s  o f  t h e  impact  v e l o c i t y  o f  each v e h i c l e .  I f  t h e  w e i g h t s  o f  
a1 1  car 's  were reduced p r o p o r t i o n a t e l y ,  t h e  " h o s t i  1  e "  e f f e c t  w i  1 1  n o t  
i nc rease .  The " p r o t e c t i v e "  e f f e c t  depends on  t h e  c a r ' s  volume; 1  a r g e r  
c a r s  p r o v i d e  more " c r u s h  d i s t a n c e "  t o  p r o t e c t  passengers. T h i  s  e f f e c t  
i s  reduced i f  c a r  volume i s  reduced, b u t  n o t  i f  we igh t  c a n  b e  r e d u c e d  
w h i l e  volume i s  n o t ,  

VAL IOATION 

The rnodel was v a l i d a t e d  by  u s i n g  i t  t o  p r e d i c t  s e v e r e  i n j u r y  a n d  
d e a t h  r a t e s  f o r  a  new a c c i d e n t  v e h i c l e  p o p u l a t i o n .  

D i f f e r e n t  e s t i m a t i o n  methods were a t tempted i n  o r d e r  t o  r e m o v e  b i a s  
f rom t h e  model. The e l a s t i c i t y  o f  i n j u r y  w i t h  r e s p e c t  t o  a v e r a g e  
v e h i c l e  we igh t  was found t o  l i e  i n  t h e  range o f  -0.47 t o  -0.86. The use 
o f  any va lue  w i t h i n  t h a t  range does n o t  change t h e  c o n c l u s i o n s  o f  t h e  
s tudy .  The model was e s t i m a t e d  u s i n g  ano the r  d a t a  base. The d i f f e r i n g  
r e s u l t s  a r e  a t t r i b u t e d  t o  t h e  d i f f e r e n t  t y p e  o f  d a t a  c o l l e c t e d .  

us in!^ s t u d i e s  o f  i n j u r y  r a t e s  and cos ts ,  t h e  expected i n j u r y  c o s t  pe r  
one m i l ' l i o n  m i l e s  was ob ta ined .  Assuming a  gas p r i c e  o f  9 0  c e n t s  p e r  
g a l l o n  and consumpt ion o f  16 m i l e s  per  g a l l o n ,  t h e  e l a s t i c i t y  o f  f u e l  
c o s t  w i t h  r e s p e c t  t o  v e h i c l e  we ight  was found t o  be 1.03. Us ing  average 
v e h i c l e  we ights ,  a 1% decrease i n  v e h i c l e  w e i g h t  r e s u l t e d  i n  a n e t  
b e n e f i t  o f  448 d o l l a r s  pe r  m i l l i o n  m i l e s  o f  v e h i c l e  t r a v e l .  T h e  t o t a l  
sav ings  f o r  a  20% r e d u c t i o n  i n  v e h i c l e  we ight  would be 896 do1 1  a r s  p e r  
v e h i c l e  o v e r  i t s  1  i f e t i m e .  

A n o t l ~ e r  e s t i m a t i o n  and a p p l i c a t i o n  o f  t h e  m o d e l  c o m p u t e d  t h e  n e t  
e f f e c t i v e n e s s  o f  r e s t r a i n t s  by v e h i c l e  s i z e .  Observat ions  on t h e  use o f  
s e a t  be '1 . t~  were used t o  t e s t  t h e  p o t e n t i a l  e f f e c t i v e n e s s  o f  a i r  bags o r  
o t h e r  pass i ve  r e s t r a i n t s .  A  c o n c l u s i o n  i s  t h a t  t h e s e  w i  1 1  r e d u c e  
i n j u r i e s  more i n  l a r g e r  c a r s ,  p a r t l y  because l a r g e - c a r  occupants t e n d  t o  
be o l d e r  t h a n  those  o f  s m a l l e r  c a r s ,  a n d  r e s t r a i n t  e f f e c t i v e n e s s  
i n c r e a s e s  w i t h  i n c r e a s i n g  occupant  age. 



STRUCTURE 

The c r a s h  f o r c e  imposed on a  v e h i c l e  occupant i s  p r o p o r t i o n a l  t o  t h e  
change i n  v e h i c l e  v e l o c i t y  r e s u l t i n g  f rom t h e  crash.  T h i s  v e l o c i t y  was 
shown t o  b e  a  f u n c t i o n  o f  t h e  we igh ts  o f  t h e  t w o  v e h i c l e s  i n v o l v e d ,  
t h e i r  r e p o r t e d  impact  v e l o c i t i e s ,  and t h e  d i r e c t i  o n  o f  t h e  r e s u l  t a n t  
v e l o c i t y  v e c t o r  a f t e r  impact ,  r e l a t i v e  t o  t h e  i n i t i a l  d i r e c t i o n  o f  t h e  
case v e h i c l e .  

Assuming a  20% s e a t b e l t  u t i l  i z a t i o n  r a t e ,  t h e  c o m p o s i t e  i n j u r y  
p r e d i c t  i o n  model i s :  

Y = -0.71 t 0.098 (AV1) t 0.012 (A) + 0.17 ( D )  + 0.23 (Rf)  
(32.0) (9.47) (3.70) (4.69) 

where t - s t a t i s t i c s  a r e  i n  parentheses,  and 

Y = p r e d i c t e d  average a c c i d e n t  occupant i n j u r y  s e v e r i  t y  m e a s u r e d  b y  
t h e  o v e r a l l  Abbrev ia ted  I n j u r y  Sca le  (AIS)  

A V ~  = e s t i m a t e d  change i n  t h e  case v e h i c l e  v e l o c i t y  as a  r e s u l t  o f  t h e  
c rash,  i n  m i l e s  pe r  hour  

A  = occupant age i n  yea rs  

D = 1 i f  occupant i s  d r i v e r ,  = 0  e l s e  

R f  = 1 i f  occupant i s  i n  r i g h t  f r o n t  seat ,  = 0 e l s e  

AN5 = 1 if v e h i c l e  i s  i n  we igh t  range o f  2200-2599 pounds, = 0 e l s e  

bW6 = 1 i f  2900-3599 pounds 

bW7 = 1 i f  3600-4299 pounds 

AN8 = 1 i f  v e h i c l e  i s  g r e a t e r  t h a n  4299 pounds 

Problems i n  t h e  measurement e r r o r  o f  A V ~  a r e  d i  s c u s s e d .  S e p a r a t e  
s e t s  o f  c o e f f i c i e n t s  a r e  e s t i m a t e d  f o r  d i f f e r e n t  t y p e s  o f  c r a s h  
c o n f i g u r a t i o n s ,  u s i n g  b o t h  one- and two-stage l e a s t  s q u a r e s ,  a n d  w i t h  
d i f f e r e n t  w e i g h t i n g s  o f  v a r i a b l e s .  

The expected AIS i s  t h e n  used t o  compute t h e  es t ima ted  f a t  a  1  i t y  a n d  
severe i n j u r y  r a t e s .  The p r o b a b i l i t y  o f  a  f a t a l i t y  i s  es t ima ted  as: 



Z = 0.031 - 0.086 ( Y )  t 0.046 ( Y ) ~  i f  1.38 < Y < 5.62 
(0.040) (0.042) (0.011) 

where s tandard  e r r o r s  a r e  i n  parentheses, and 

Z = es t ima ted  p r o b a b i l i t y  o f  a  f a t a l i t y  f o r  a  towaway c rash  

Y = es t ima ted  expected AIS, as  above 

MODEL CONSTRUCTION 

The d a t a  f o r  e s t i m a t i o n  o f  t h e  rnodel came f rom t h e  Crash P e r f o r m a n c e  
I n j u r y  Report  (CPIR) database ma in ta ined  b y  t h e  U n i v e r s i t y  o f  M i  c h i  g a n  
Highway Sa fe ty  Research I n s t i t u t e .  T h i s  was v e r i f i e d  by  us ing  da ta  f rom 
t h e  R e s t r a i n t  System E v a l u a t i o n  P r o j e c t  (RSEP) d a t a  f i  1 e, D a t a  w e r e  
1  i m i t e d  t o  crashes t h a t  occu r red  beg inn ing  i n  1970 and w i t h  1 9 6 9  h o d e l  
y e a r  v e t - ~ i c l e s  th rough  1975 model y e a r - v e h i c l  e s ,  i n c l  u d i  n g  p a s s e n g e r  
ca rs ,  p ickups,  and vans. The r e l a t i v e  p r o p o r t i o n s  o f  d i f f e r e n t  c r a s h  
c o n f i g u r b a t i o n s  were o b t a i n e d  f rom t h e  N a t i o n a l  C r a s h  S e v e r i t y  S t u d y  
(NCSS) da ta  base. 

The c : a l c u l a t i o n s  f o r  t h e  economic e f f e c t  o f  v e h i c l e  we ight  change and 
o f  t h e  c o s t  o f  i n j u r i e s  and f a t a l i t i e s  come f rom s e v e r a l  s t u d i e s  a n d  
NHTSA. 
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DISAGGREGATE AUTOMOBILE OWNERSHIP CHOICE 

T h i s  d i saggrega te  model o f  au tomob i le  o w n e r s h i p  c h o i c e  was f i  r s t  
p u b l i s h e d  i n  1975 by  General Motors  Research Labora to ry .  The model h a s  
been used t o  e s t i m a t e  t h e  r e l a t i v e  s e n s i t i v i t i e s  o f  u r b a n  a u t o m o b i  1  e  
ownersh ip  l e v e l s  t o  income, au tomob i le  cos ts ,  e f f i c i e n c y  o f  a u t o m o b i  1  e  
and pub1 i c  t r a n s i t ,  and l o c a t i o n s  o f  res idences and t r i p  d e s t i n a t i o n s .  
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KEYWORDS 
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h i s  model i s  t o  e x p l a i n  t h e  demand f o r  ownership by  
households based on i n d i v i d u a l  h o u s e h o l  d  c o n s u m p t i  on ,  r e s i d e n t i  a1 
l o c a t i o n ,  income, and t r a n s p o r t a t i o n  a c c e s s i b i l i t y .  

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n s h i p  t o  o t h e r  models. 

HI STOKICAL BACKGROUND 

The model i s  based on a  t h e o r y  p r o p o s e d  i n  1 9 7 3 .  S e n s i t i v i t y  
a n a l y s i s  o f  a1 t e r n a t i v e  d e f i n i t i o n s  o f  t r a n s p o r t a t i o n  a c c e s s i  b i  1  i t y  , 
each one u s i n g  d i f f e r e n t  p r o x i e s  f o r  a t t r a c t i v e n e s s  o f  d e s t i n a t i o n ,  was 
performed i n  1976. E l a s t i c i t i e s  o f  au tomob i le  ownership w i t h  r e s p e c t  t o  
d i s p o s a b l e  income and t r a n s p o r t a t i o n  a c c e s s i b i l i t y  o f  d e s t  i n a t i  o n s  b y  
au tomob i le  and p u b l i c  t r a n s i t  were p u b l i s h e d  i n  1 9 7 7 .  A l s o ,  i n  o n e  
paper, households were d i v i d e d  i n t o  f o u r  sociodemographic segments. 

ASSUMPTIONS 

The t h e o r y  u n d e r l y i n g  t h e  model p o s t u l a t e s  t h a t  a  h o u s e h o l  d  t r a d e s  
o f f  reduced consumpt ion o f  goods and s e r v i c e s  o t h e r  than  t r a n s p o r t a t i o n  
f o r  i nc reased  a c c e s s i b i l i t y  t o  o p p o r t u n i t i e s  when d e c i d i n g  w h e t h e r  t o  
own one o r  more automobi les .  



I n  cia1 i b r a t i n g  t h e  model, households were d i v i d e d  i n t o  segments based 
upon t h e  maximum number o f  au tomobi les  they  were assumed t o  c o n s i d e r .  
T h i s  ma~ximum number o f  automobi 1  es was general  l y  equal  t o  t h e  number o f  
d r i ve r - ,aged  household members, except  i n  some 1 ow- i ncome h o u s e  h o l  d s ,  
where a c o n s t r a i n t  on  t h e  maximum number o f  au tomobi les  owned was made 
on t h e  b a s i s  o f  d i s p o s a b l e  income a v a i l  ab le  t o  meet auto  cos ts ,  

VAL I DAT:[ON 

Chi-'!;quared s t a t i s t i c s  were used t o  t e s t  t h e  j o i n t  n u 1  1  h y p o t h e s i  s  
t h a t  t h e  consumption and t r a n s p o r t a t i o n  c o e f f i c i e n t s  a r e  equal t o  z e r o .  
T - s t a t i s t i c s  suppor t  t h e  s i g n i f i c a n c e  o f  each i n d i v i d u a l  c o e f f i c i e n t  , 
w h i l e  tthe c h i - s q u a r e d  s t a t i s t i c s  s e r v e  t o  r e j e c t  t h e  j o i n t  n u l l  
hypothe:;is. 

A l l  computed r e s u l t s  a r e  w i t h i n  2 .5% o f  t h e  a c t u a l ,  w i t h  t h e  
e x c e p t i o n  o f  t h e  r e l a t i v e l y  r a r e  case o f  h o u s e h o l d s  w i t h  a  max imum 
c h o i c e  o f  two autos t h a t  choose t o  own ze ro  autos;  t h e s e  households were 
o v e r p r e d i c t e d  by 37.5%. 

STRUCTURE 

The ~ i iode l  c o n t a i n s  two mu1 t i no rn ia l  l o g i t  components, t h e  consumpt i o n  
component and t h e  t r a n s p o r t a  t i  o n  a c c e s s i  b i  1  i t y  c o m p o n e n t .  T h e s e  
components encompass t h e  e x p l  a n a t o r y  v a r i a b l e s .  T h e  c o n s u m p t i  o n  
compone!nt i n c l u d e s  h o u s e h o l d  d i s p o s a b l e  i n c o m e ,  f i x e d  c o s t s  o f  
automoblil e  ownership,  au tomobi le  o p e r a t i n g  c o s t s ,  a n d  p u b 1  i c  t r a n s  i t 
fa res .  The a c c e s s i b i l  i t y  component i n c l u d e s  t r a v e l  t i m e s  b y  automob i 1  e  
f rom th~c! househo ld 's  l o c a t i o n  t o  a l l  p o s s i b l e  t r i p  d e s t i n a t i o n s ,  t r a v e l  
t i m e s  by p u b l i c  t r a n s i t  t o  a l l  p o s s i b l e  d e s t i n a t i o n s ,  a n d  t h e  
a t t r a c t i v e n e s s  o f  t h e  d e s t i n a t i o n .  D e s t i n a t i o n  a t t r a c t i v e n e s s  i s  a  
f u n c t i o r i  o f  t h e  t o t a l  employment and p o p u l a t i o n  a t  t h e  d e s t i n a t i o n ,  
d e f i n e d  as a  t r a f f i c  a n a l y s i s  zone. The dependent v a r i a b l e s  a r e  t h e  
p r o b a b i l i t i e s  t h a t  a  g i v e n  household w i l l  choose t o  own a  p a r t i c u l  a r  
number o f  automobi les.  The r e s u l t s  a r e  shown i n  t h e  f i r s t  t a b l e  below. 

E l a s t i c i t i e s  o f  t h e  expected number o f  h o u s e h o l d s  o w n i n g  a  g i v e n  
number of automobi les  and e l a s t i c i t i e s  o f  t h e  a g g r e g a t e  s t o c k  o f  
au tomobi les  a r e  presented i n  t h e  second and t h i r d  t a b l e s  be1 ow. 

MODEL CONSTRUCTION 

Model c a l i b r a t i o n s  w e r e  p e r f o r m e d  u s i  n g  r a n d o m  s u b s a m p l  e s  o f  
households i n t e r v i e w e d  i n  t h e  D e t r o i t  T r a n s p o r t a t i o n  and Land Use S t u d y  
(TALUS) o f  1965. These subsamples a r e  in tended t o  b e  r e p r e s e n t a t i v e  
c r o s s - s e c t i o n s  o f  1965 D e t r o i t  a rea households. S e p a r a t e  s u b s a r n p l  e s  
were used f o r  model c a l  i b r a t i o n  and f o r  c a l c u l a t i o n  o f  goodness-o f - f  i t . 
A maximum 1  i k e l  i hood e s t i m a t i o n  techn ique  was empl oyed t o  e s t i m a t e  t h i  s  
econometr ic  model. 



CHOICE MODEL RESULTS 
( t - s t a t i s t i c s  i n  parentheses) 

- ppppp - ..................................................................... 
CHOICE CONSTRAINT SEGMENT 

MODEL PARAMETER .............................................. 
0 , l  Autos 0,1,2 Autos 1,2,3+ Autos 

------------------------------------------------------*-------------- 

C o e f f i c i e n t  on 
t r a n s p o r t a t i o n  0.526 0.471 0.252 
a c c e s s i b i l  i ty  term (13.6) (22.6) (16.9) 

C o e f f i c i e n t  on 2.13 6.96 8.02 
consumpt ion te rm (11.6) (11.4) (11.7) 

Constant  0.598 1.43 0.816 
(6.37) (16.9) (10.2) 

Choice t o  which 
c o n s t a n t  assigned 0 Autos 1 Auto 2 Autos 

Chi-squared 
s t a t i s t i c  f o r  
1 i k e l  i hood ex- 
p l a i n e d  by 
model, 3 degrees 
o f  freedom 127 116 96.4 ..................................................................... 

I f  t h e  model were re -es t ima ted  f o r  a d i f f e r e n t  m e t r o p o l  i t a n  a r e a ,  
d a t a  o f  t h e  t y p e  t y p i c a l l y  c o l l e c t e d  i n  Urban T r a n s p o r t a t i o n  P l a n n i n g  
Systern (UTPS) s t u d i e s  would be r e q u i r e d .  The case  s t u d y  a p p l  i c a t i  o n  
presented used home i n t e r v i e w ,  t r a n s p o r t a t i o n  network,  and la r id  use da ta  
f rom t h e  1965 TALUS home- in terv iew survey.  
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ELASTICITIES: TOTAL SAMPLE 

- - - " , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

ELASTICITY OF EXPECTED E l a s t i c i t y  o f  
NUMBER OF HOUSEHOLDS Aggregate Stock 

VARIABLE .............................. o f  Automobi 1 es 
Owning Owning Owning Owning He ld  by A l l  
0 Autos 1 Auto 2 Autos 3 Autos Households 

Consumption Term: 
D i  sposabl e Income 
(Nega t i ve  o f  F i x e d  
Cost ; ! jo f  A l l  Autos)  -0.94 -0.08 0.49 0.89 0.29 

Trarvspor ta t i  on 
Accessi  b i  1 i ty  Term: 

T rave l  by Auto t o  
A1 1 D e s t i n a t i o n s  0.30 0.05 -0.21 -0.21 -0.10 

T rave l  by Auto t o  
D e s t i n a t i o n s  i n  City 
o f  D e t r o i t  On ly  0.11 0.02 -0.08 -0.08 -0.04 

T rave l  by Pub1 i c  
T r a r t j i  t t o  A1 1 
D e s t i n a t i o n s  -0.17 -0.01 0.10 0.09 0.05 

T rave l  by P u b l i c  
T r a n s i t  t o  D e s t i n -  
a t i o ~ n s  i n  City o f  
D e t r o i t  On ly  -0.10 -0.01 0.06 0.06 0.03 
- - - _ , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  



ELASTICITIES OF AGGREGATE STOCK BY SOCIODEMOGRAPH I C  SEGMENT 

....................................................................... 
ELASTICITIES OF AGGREGATE 

STOCK OF AUTOMOBILES 
SOCIODEMOGRAPHIC .............................................. 

SEGMENTS Area- W i  de Area-Wi de 
Di  sposabl e Auto  T r a n s i t  
I nc ome T rave l  Time T rave l  Time 

....................................................................... 
T o t a l  Sample 0.51 -0.14 0.07 

Segment 1: 
S i  n g l  e-Person 
Households 
(16% o f  Sampl e)  

Segment 2: 
Younger Fami 1 i es 
(40% o f  Sample) 0.48 -0.12 0.06 

Segment 3: 
I nne r -C i  t y  Res idents  
( 1  5% o f  Sampl e)  0.77 -0.20 0.13 

Segment 4: 
01 d e r  Fami 1 i es 
(29% o f  Sample) 0.66 -0.16 0.07 



NEW MOTOR TRUCK DEMAND I N  THE UNITED STATES, 1935-1955 

The demand f o r  t h r e e  s i ze -c lasses  o f  new motor  t r u c k s  was e s t i m a t e d  
f o r  a r e p o r t  t o  t h e  Ford  D i v i s i o n  i n  1956. Demand i s  d e s c r i b e d  i n  terms 
o f  t h e  Increment i n  r e g i s t r a t i o n s  o v e r  t h e  p rev ious  year ,  so t h e  r e s u l t s  
may be used t o  p r o j e c t  sho r t - te rm demand i n  subsequent years .  
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OBJECTIVE OF MODEL 

The demand f o r  t h r e e  s i z e - c l a s s e s  o f  t r u c k s  i s  modeled: l i g h t  t r u c k s  
w i t h  a gross v e h i c l e  we ight  o f  10,000 pounds and under, medium t r u c k s  o f  
10,001 t;o 16,000 pounds, and heavy t r u c k s  o v e r  1 6 , 0 0 0  p o u n d s .  The 
model i s  used t o  c a l c u l a t e  t h e  expected demand f o r  each t y p e  o f  t r u c k  i n  
1956. T h i s  i s a h i s t o r i c a l  example o f  an indust ry -sponsored,  p u b 1  i c l  y 
a v a i l  abll e research  e f f o r t  i n  econometr ic  mo to r  v e h i c l e  demand modeling. 

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n s h i p  t o  o t h e r  models. 

HISTORICAL BACKGROUND 

The model a u t h o r  subsequent ly  moved t o  M i c h i g a n  S t a t e  Un i v e r s i  t y .  
For  o t h e r  work by him, see: 58-033, S-62-104, and S-61-160. 

ASSUMPT TONS 

Twice as much s i g n i f i c a n c e  was p laced on t h e  da ta  f rom t h e  p o s t - w a r  
p e r i o d ,  because t h e  more recen t  d a t a  were o f  b e t t e r  q u a 1  i t y  a n d  t h e  
model a u t h o r  wanted t h e  model t o  be weighted i n  t h e  d i r e c t i o n  o f  t h e  
t h e n  c u r r e n t  t r e n d .  



VAL I DATI O N  

Predic ted and a c t u a l  va lues  o f  new r e g i s t r a t i o n s  f o r  each c l  a s s  a n d  
of i n c r e a s e s  over the preceding y e a r  a r e  p l o t t e d .  The c a l c u l a t e d  values  
fo l low t h e  ac tua l  ones almost e x a c t l y ,  p a r t i c u l a r l y  o v e r  t h e  p o s t - w a r  
period.  

STRUCTURE 

Demand f o r  l i g h t  t r u c k s :  -- 
~ l o g ( L )  = 3.287 [ ~ l o g ( G ) I  - 1.875 [A10g(SL)] - .934 [AlOg(PL)] 

- .021904 - .lo7333 (AX) 

where: 

L = new r e g i s t r a t i o n s ,  1 i g h t  t r u c k s  

G = rea l  g ross  na t iona l  product ,  i n  1947 d o l l a r s  

SL = s tock of 1 i g h t  t r u c k s ,  January 1 

PL = real  p r i c e  of l i g h t  t r u c k s ,  average p r i c e  paid by fa rmers  f o r  1 1 2  
t o n  pick-up divided by index of p r i c e s  paid by farmers 

AX = f i r s t  d i f f e r e n c e s  o f  dummy v a r i a b l e  represen t ing  abnormality o f  t h e  
l i g h t  t ruck  market,  = 1 i n  1947, 1948, and 1952, = 112 i n  1951, = 0 
i n a1 1 o t h e r  y e a r s  

blog = f i r s t  d i f f e r e n c e  i n  the logar i thms of a v a r i a b l e  

Demand - f o r  medium t r u c k s :  

~ l o g ( M )  = .594 [Alog(F)] 2.515 [AIog(D)] - 1.452 [A10g(SM)] 

- -652 [ A ~ o ~ ( P , , , , ) ]  - .017003 - .I80167 ( A Z )  + .045244 (AX) 

where: 

M = new r e g i s t r a t i o n s ,  medium t r u c k s  

F = real  net  income of farm o p e r a t o r s  

D = composite rea l  index of c o n s t r u c t i o n  a c t i v i t y ,  wholesale t r a d e ,  and 
r e t a i l  t r a d e  

SM = s tock  of medium t r u c k s ,  January 1 

PM = r e a l  p r i c e  of medium t r u c k s  



Z = dummy v a r i a b l e  r e p r e s e n t i n g  a  shor tage o f  med i  um t r u c k s ,  = 1 i n  
1941 and 1916 

X = dilmmy v a r i a b l e  r e p r e s e n t i n g  an e f f e c t i v e  shor tage o f  1  i g h t  t r u c k s  , 
= 1 i n  1946, 1947, and 1948 

Demand -- f o r  heavy t r u c k s :  

AH = ,1633 (AG) + .0311 (AT)  - .3071 (ASH) - 1.368 

where: 

H  = new r e g i s t r a t i o n s ,  heavy t r u c k s ,  thousands 

G = r e a l  g ross  n a t i o n a l  p roduc t ,  b i l l  i o n s  o f  1947 d o l l a r s  

T  = i r ~ t l e x  o f  f r e i g h t  c a r r i e d  by c l a s s  I moto r  c a r r i e r s  o f  p r o p e r t y ,  
1935 = 1000 

SH = st;ock o f  heavy t r u c k s ,  January 1, thousands 

U n l i k e  t h e  o t h e r  two equat ions ,  t h e  one f o r  heavy t r u c k s  i s  i n  1  i n e a r  
form. The y e a r s  1942-1946 were d e l e t e d  as i r r e l e v a n t .  F o r  med i um a n d  
1  i g h t  t i rucks t h e  es t ima ted  c o e f f i c i e n t s  a r e  a l s o  i n t e r p r e t e d  a s  demand 
e 1 a s t i c : i t i e s .  F o r  heavy t r u c k s ,  a  one percent  i n c r e a s e  i n  r e a l  g r o s s  
n a t i o n a ~ l  p roduc t  tends t o  change t h e  demand by 0.4 percent ,  t h e  index o f  
highway f r e i g h t  tonnage by  2.1 percent ,  and t h e  s tock  o f  heavy t r u c k s  b y  
-2.3 pe rcen t  . 

MODEL CONSTRUCTION 

Leasit squares r e g r e s s i o n  was used t o  e s t i m a t e  t h e  e q u a t i o n s .  F i  r s t  
d i f f e r e n c e s ,  t h e  i nc rease  o r  decrease i n  a  v a r i a b l e  v a l u e  o v e r  t h e  
preced ing yea r ,  a r e  used t o  c e n t e r  t h e  a n a l y s i s  o n  c h a n g e s  i n  demand 
r a t h e r  than  on a b s o l u t e  l e v e l s ,  T h i s  f o c u s e s  c o n c e r n  o n  s h o r t - r u n  
analysi!;, p e r m i t s  t h e  use of d a t a  t h a t  were c o n s t r u c t e d  by r e f e r e n c e  t o  
yea r - to -yea r  movements r a t h e r  than  a b s o l u t e  magni tudes,  a n d  m i  n  i m i  z e s  
t h e  impact o f  t h e  jump i n  v a l u e s  b e t w e e n  t h e  p r e - w a r  a n d  p o s t - w a r  
p e r i o c l ~ s .  T h e  p e r i o d  a n a l y z e d  was 1 9 3 5 - 1 9 5 5 ,  b e c a u s e  o f  d a t a  
a v a i l a b i l  i t y .  The y e a r s  1942-1945 were cons idered i r r e l e v a n t  a n d  w e r e  
n o t  usertl. Dummy v a r i a b l e s  were a p p l i e d  t o  a b n o r m a l  y e a r s ,  when t h e  
t r u c k  markets  were d i s t o r t e d  by p r o d u c t i o n  a1 1 otments. 

The c o m p i l a t i o n  o f  t h e  d a t a  used i n  t h e  e s t i m a t i o n ,  t h e  s o u r c e s  o f  
t h e  data, and t h e i r  v a l u e s  a r e  expl  i c i t l y  desc r ibed  i n  t h e  r e p o r t .  

S u i t s ,  D.B., Demand --- f o r  new motor  t r u c k s  i n  t h e  U n i t e d  S t a t e s  1935-1955, -- 
Ford Moto r  Company, October 1956. 



PARTIAL ADJUSTMENT MODEL OF GASOLINE DEMAND 

The P a r t i a l  Adjustment Model o f  Gaso l i ne  Demand was developed a t  t h e  
U n i t e d  S t a t e s  Federal  Reserve System and pub l i shed  i n  1980. It i s  u s e d  
t o  examine t h e  s t r u c t u r a l  s t a b i l i t y  o f  gasol  i n e  demand s i n c e  t h e  1973-74 
o i l  embargo and t o  compute t h e  w e l f a r e  e f f e c t s  o f  i n c r e a s e d  g a s o l  i n e  
t a x a t i o n .  

AUTHOR 
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OBJECTIVE OF MODEL 

An aggregate  demand e q u a t i o n  o f  gasol  i n e  demand was e s t i m a t e d  o v e r  
t h e  yea rs  1963-1977 and f o r  t h e  sub-per iods 1963-1972 and 1375-1977, t h e  
f i r s t  p e r i o d  be ing  b e f o r e  t h e  1973-4 o i l  embargo and t h e  second p e r i o d  
be ing  a f t e r  t h e  o i l  embargo. 

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n s h i p  t o  o t h e r  models. 

ASSUMPTIONS 

Accord ing t o  t h e  au tho r ,  "... i g n o r i n g  t h e  supp ly  s ide,"  as was d o n e  
i n  t h i s  model, " i s  reasonab le  i f  t h e  supp ly  f u n c t i o n  may be a s s u m e d  t o  
be more v a r i a b l e  t h a n  t h e  demand equat ion .  T h i s  a l l o w s  t h e  r e g r e s s i o n  
procedure  t o  ' i d e n t i f y '  t h e  demand equat ion . "  The m o d e l  a1 1  ows t h i  s  
assumption. 

VAL1 DATION 

A v a r i e t y  o f  s t a t i s t i c a l  t e s t s  were performed on t h e  s t a b i l i t y  o f  t h e  
r e g r e s s i o n  c o e f f i c i e n t s ,  and p a r t i c u l a r l y  t h e  p r i c e  e l a s t i c i t y  a c r o s s  
t h e  pre-  and post-embargo years .  These t e s t s  f a v o r  t h e  c o n c l u s i o n  t h a t  
no  change i n  t h e  c o e f f i c i e n t s  i n  t h e  post-embargo p e r i o d  have r e s u l  t e d  
f r o m  t h e  o i l  embargo. S t a t i s t i c a l  t - t e s t s  i n d i c a t e d  t h a t  t h e  S o u t h  
C e n t r a l  and West terms a r e  n o t  s i g n i f i c a n t l y  d i  f f e r e n t  a n d  t h a t  t h e  
N o r t h  C e n t r a l  and Nor theas t  terms a r e  equal , i n d i c a t i n g  t h a t  , c e t e  r i s 
p a r i b u s ,  g a s o l i n e  demand i s  h i g h e r  i n  t h e  Sunbe l t  and West t h a n  i n  t h e  
Midwest and Nor theast .  



LIMITATIONS AND BENEFITS 

The ' long-run p r i c e  e l a s t i c i t y  o f  g a s o l i n e  demand was computed t o  b e  
-1.59. S ince most p r e v i o u s  es t ima tes  o f  t h i s  e l a s t i c i t y  h a v e  b e e n  
around --.7 o r  l e s s ,  t h e  a u t h o r  v i e w s  t h e  m o d e l ' s  e l a s t i c i t y  a s  
imp1 a u s i b l y  l a r g e .  A p o s s i b l e  e x p l a n a t i o n  o f f e r e d  i s  t h a t  t h e  d y n a m i c  
s t r u c t u r e  o f  t h e  p a r t i a l  ad jus tment  model i s  overs impl  i f i e d  . T h e  1  ow 
p r i c e  e l a s t i c i t y  o f  demand suggests t h a t  t h e  w e l f a r e  c o s t  o f  g a s o l  i n e  
t a x  i s ,  canpared t o  t h a t  o f  income taxes ,  r e l a t i v e l y  smal l .  

Aggregate gasol  i n e  demand i n  t h i s  model i s  dependent on r e a l  gasol i n e  
p r i c e ,  r e a l  income, popul a t i o n ,  p r e v i o u s  p e r i o d  consumption o f  gasol  i ne ,  
and durr~nny v a r i a b l e s  f o r  t h e  U n i t e d  S t a t e s  r e g i o n  and f o r  1973-4, t h e  o i l  
embargo years .  The one-equat ion econometr ic  model i s  p resented be1 ow. 

t p B8 (SC) + ( 1  - P )  [ ln (Gt - l ) l  + Ut 

where: 

G = aggregate demand f o r  g a s o l i n e  i n  yea r  t t 

Gt-l = aggregate  demand f o r  g a s o l i n e  i n  t h e  p r e v i o u s  yea rs  

p = c o e f f i c i e n t  o f  au tocovar iance ( 0  < p ( 1 )  

p BO = c o n s t a n t  measur ing t h e  e f f e c t  o f  t h e  Southeast  r e g i o n s  
on t h e  l e v e l  o f  aggregate gaso l  i n e  demand 

P  = r e a l  p r i c e  o f  gasol  i n e  

Y = r e a l  income 

POP = p o p u l a t i o n  

DOE = dummy v a r i a b l e  f o r  t h e  1973-74 o i l  embargo 

NE, NC, W, SC = dummy v a r i a b l e s  f o r  t h e  Nor theas t ,  N o r t h  C e n t r a l ,  W e s t ,  
and S o u t h  C e n t r a l  r e g i o n s  o f  t h e  U n i t e d  S t a t e s ,  
r e s p e c t i v e l y  

Ut = d i s t u r b a n c e  te rm 



MODEL CONSTRUCTION 

The d a t a  used t o  e s t i m a t e  t h i s  1 o g - 1  i n e a r  p a r t i a l  a d j u s t m e n t  
econometr ic  model a r e  annual o b s e r v a t i o n s  on each o f  t h e  48 c o n t i g u o u s  
s t a t e s  and t h e  D i s t r i c t  o f  Columbia f o r  t h e  yea rs  1963-1977. 

REFERENCE 

Kwast, M.L., Note on t h e  s t r u c t u r a l  s t a b i l i t y  o f  g a s o l i n e  demand and t h e  
w e l f a r e  economics o f  g a s o l i n e  t a x a t i o n ,  S o u t h e r n  E c o n o m i c  J o u r n a l  
46(4) :1212-1220, A p r i l  1980. 



FOREST S E R V I C E  V E H I C L E  OPERATING COST MODEL 

This model for estimating the operating costs of vehicles on National 
Forest logging roads was developed by t h e  U n i v e r s i t y  of C a l  i f o r n i a  
Inst i tute  of Transportation Studies in 1975. I t  was prepared f o r  t h e  
U.S. Forest Service. 
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U.S. Forest Service 
Transportation Analysis Group 

AUTHOR 

Jean M ,  Fol l e t t e ,  R. J .  Tangeman, and Leonard Dell a-Moretta 
University of California 
Insti tute of Transportation Studies 
Berkeley, California 

Vehicle user costs/vehicle operating cost, fuel consumption 

0BJECTl:VE OF MODEL 

The rnodel estimates running costs for logging trucks. I t  i s t o  be 
used for timber appraisal and t o  serve planning and design needs related 
t o  low-.standard roads in National Forests. I t  provides a more accurate  
analysiis of roading alternatives on  1 oggi ng roads t h a n  previous 1 y used 
methods. Careful a t t e n t i o n  i s  paid t o  v e h i c l e  a c c e l e r a t i o n  a n d  
deceleration behav io r ,  i n s t a n t a n e o u s  energy b a l a n c e s ,  and fue l  
consumption. A t i r e  wear estimation methodology based o n  s l  i p a t  t h e  
tire-road interface i s  used. A1 t h o u g h  of restricted util i t y ,  the model 
i s  an ~!:tample of a transportation cost-estimating methodology in use by 
a federal agency. 

RELATIONSHIP TO OTHER MODELS 

There i s  no relationship t o  other models. 

HISTORI CAL BACKGROUND 

The o r i g i n a l  r e s e a r c h  t h a t  produced many of t h e  f u n c t i o n a l  
re1 ationships in the model, the cost data development, and the t i r e  wear 
theory development was done by t h e  U . S .  Fores t  S e r v i c e  and Hodges 
Transportation, Inc. 



ASSUMPTIONS 

It i s  assumed t h a t  t h e  average t r u c k  o p e r a t o r  d r i v e s  a t  a  max imum 
speed w i t h i n  t h e  l i m i t s  o f  c o m f o r t  and s a f e t y ,  on t a n g e n t  a n d  c u r v e d  
road  sec t i ons .  Logging t r u c k  d r i v e r s  do n o t  t ake  s i g h t  d i  s t a n c e  i n t o  
c o n s i d e r a t i o n  when de te rm in ing  t h e i r  s p e e d .  V e r t i c a l  c u r v e  s i g h t  
d i  s tances a r e  a1 so n o t  cons idered.  

F i xed  c o s t s  a r e  based on 180 work ing days p e r  y e a r  a t  1 2  h o u r s  p e r  
day; t h e y  i n c l u d e  a m o r t i z a t i o n  and i n s u r a n c e .  D e p e n d e n t  c o s t s  a r e  
i n c u r r e d  when a  t r u c k  i s  i n  o p e r a t i o n  r e g a r d l e s s  o f  w h e t h e r  i t  i s  
moving; t h e s e  i n c l u d e  wages, f r i n g e  b e n e f i t s ,  i n d u s t r i a l  i n s u r a n c e ,  
adrni n i  s t r a t i v e  cos ts ,  1  u b r i c a t i o n ,  r e p a i r ,  and maintenance c o s t s .  

Fuel use by l o g g i n g  t r u c k s  i s  r e l a t e d  t o  p o w e r  c o n s u m p t i o n  b y  a  
c o n s t a n t  mu1 t i p l  i e r  o f  .04 ga l  l o n s  o f  d i e s e l  f u e l  p e r  brake-horsepower-  
hour. T i r e  c o s t s  can r e s u l t  i n  up t o  15% o f  t o t a l  cos ts .  

Other  assumptions a r e  made f o r  t h e  non-1 oggi  ng - t ruck  v e h i c l e  types.  

STRUCTURE 

Two s i z e s  o f  1  ogging t r u c k s  may b e  represented,  loaded o r  u n l  o a d e d ,  
and t h r e e  o t h e r  v e h i c l e s :  a  two- ton ca r ,  a  two-and-a -ha l f - t on  p i c k u p ,  
and a  s i x - t o n  t r u c k .  Other  v e h i c l e  t y p e s  may be desc r ibed  b y  t h e  m o d e l  
user .  Three road s u r f a c e  t y p e s  a r e  t a k e n  i n t o  c o n s i d e r a t  i o n :  e a r t h ,  
g r a v e l ,  and a s p h a l t .  The model t a k e s  i n t o  a c c o u n t  r o a d  g r a d i e n t ,  
c u r v a t u r e ,  s u r f a c e ,  w id th ,  and a i r  r e s i s t a n c e ,  and v e h i c l e  w e i g h t  a n d  
horsepower i n  deter-mining t h e  speeds p o s s i b l e  on each s e c t i o n  o f  road.  

The exp l  i c i t  c o n s i d e r a t i o n  o f  v e h i c l e  a c c e l e r a t i o n  and d e c e l  e r a t i  o n  
makes i t  p o s s i b l e  t o  de te rm ine  t h e  i n s t a n t a n e o u s  p o w e r  c o n s u m p t i o n  
assoc ia ted  w i t h  any mode o f  v e h i c l e  o p e r a t i o n .  T i r e  wear i s  a f u n c t i o n  
o f  s l i p  a t  t h e  t i r e l r o a d  i n t e r f a c e ,  and depends on s u r f a c e  t ype ,  v e h i c l e  
t ype ,  and speed. When a  s e c t i o n  o f  r o a d  i s  c o n f i g u r e d  such t h a t  1  a r g e  
p ieces  o f  t i r e  w i l l  be t o r n  o f f ,  t h e  model i n d i c a t e s  t h a t  t h e  s e c t i o n  
shoul d  be redesigned.  T i  r e  rep1 acement and c o s t s  a r e  c a l  c u l  ated.  Costs 
a r e  b u i l t  i n t o  t h e  model o p e r a t i o n  b u t  may be a l t e r e d  b y  t h e  u s e r .  An 
i n f l a t i o n  index,  new s u r f a c e  t ype ,  new v e h i c l e  type,  d e l a y  t ime ,  and new 
c o s t  c a t e g o r i e s  may be s p e c i f i e d .  

The model o u t p u t s  speed and c o s t  p r o f i l e s  f o r  one o r  b o t h  d i r e c t i o n s  
on  a  road.  D i s t a n c e  may be p l o t t e d  a g a i n s t  grade, r a d i u s ,  e l e v a t i o n ,  
speed, t o t a l  c o s t  p e r  m i l e ,  f u e l  use p e r  m i l e ,  and e n e r g y  u s e d  a t  t h e  
t i r e l r o a d  i n t e r f a c e .  L i m i t i n g  and maximum speeds, e n t e r i n g  and e x i  t i  n g  
speed, l e n g t h ,  and t r a v e l  t i m e  f o r  each s e c t i o n  o f  road  a r e  p r i n t e d ,  a s  
a r e  f u e l  c o s t  and consumption, t i  r e  c o s t ,  a m o r t i z a t i o n  insurance,  wages, 
overhead, l u b r i c a t i o n ,  r e p a i r ,  maintenance, and t o t a l  s e c t i o n  c o s t s  f o r  
each v e h i c l e  type.  



DATA U.SED IN  RUNNING MODEL 

I n p u t  d a t a  r e q u i r e d  i n c l u d e :  t y p e  o f  v e h i c l e s ,  s p e e d s ,  a n d  f u e l  
cos ts .  Op t i ona l  i n p u t s  a r e  c o s t  c o e f f i c i e n t s ,  i n f l a t i o n  index,  r o l  1  i n g  
r e s i s t a n c e ,  l i m i t i n g  g r a d i e n t  speeds, r e l a t i v e  s l  i p  c u r v e  v a l  u e s ,  a n d  
veh ic l ie  d e s c r i p t i o n .  F o r  each s e c t i o n  o f  r o a d  t h e s e  a r e  r e q u i r e d :  
r0adwa.y g r a d i e n t ,  r a d i u s  o f  c u r v a t u r e ,  s u r f a c e  type,  maximum p e r m i s s i b l e  
speed, maximum cu rve  speed, s i d e  s lope  on curve ,  d i s t a n c e  f r o m  c e n t e r  
l a n e  tlo base o f  s i d e  s lope,  supe re leva t i on ,  and w i d t h  o f  road.  

REFERENCE 
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COMPUTER REQUIREMENTS 

The program f o r  t h e  model may be r u n  i n  e i t h e r  c o n v e r s a t i o n a l  o r  
b a t c h  mode. It i s  o p e r a t i o n a l  o n  ' t h e  c o m p u t e r  s y s t e m  o f  C o m p u t e r  
Sciences Corpo ra t i on .  



MOTOR-CAR PRICING AND DEMAND 

T h i s  model o f  au tomob i le  p r i c i n g  and demand was d e v e l o p e d  a t  t h e  
Cambridge U n i v e r s i t y  Department o f  Appl i e d  Economics and i n  t he Un i t e d  
S ta tes  w i t h  suppor t  f rom a C o m m o n w e a l t h  F u n d  F e l  1 o w s h i p .  I t  was 
p u b l i s h e d  i n  1954. The model i s  used f o r  ex-post  f o r e c a s t  i n g  o f  c a r  
p r i c e s  f o r  t h e  yea rs  1947-52. T h i s  f o r e c a s t  i s  c o m p a r e d  t o  a c t u a l  
va l  ues. 

AUTHOR 

M.J. F a r r e l l  
Cambridge U n i v e r s i t y  
Department o f  Appl i e d  Economics 
Cambridge, England 

KEYWORDS 

Automobi le demand, p r i c i n g ,  f l e e t  s i z e  

OBJECTIVE OF MODEL 

The o b j e c t i v e s  o f  t h i s  model a r e  t o  e s t i m a t e  au tomob i le  demand a s  a 
f u n c t i o n  o f  income, c a r  p r i c e s ,  and v a r i o u s  u t i l i t y  m e a s u r e s ,  o r  t o  
measure c a r  p r i c e s  as a f u n c t i o n  o f  a u t o m o b i l e  demand,  i ncome,  a n d  
u t i l i t y  measures. T h i s  m o d e l  i s  h i  s t o r i c a l  l y  s i g n i f i c a n t  i n  t h e  
development o f  au tomob i le  demand model ing  , i n  t h a t  i t  c o n s i d e r e d  u s e d  
c a r s  and t r e a t e d  t h e  market  f o r  c a r s  as a s e t  o f  i n t e r r e l  a t e d  m a r k e t s  
f o r  a s e r i e s  o f  c l o s e  s u b s t i t u t e s  i n s t e a d  o f  as a s ing1  e m a r k e t  f o r  a 
homogenous commodity. 

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n s h i p  t o  o t h e r  models. 

ASSUMPTIONS 

Every household i s  assumed t o  own a new c a r  i f  i t s  income i s  above  a 
c e r t a i n  d i s t i n c t  l e v e l ,  d e p e n d i n g  o n  t h e  u t i l i t y  m e a s u r e s  o f  t h e  
household. It w i l l  own a used c a r  i f  t h e  household income i s  below t h i s  
l e v e l .  The aggregate demand i s b u i l t  up by add ing t o g e t h e r  a 1 1 o f  t h e  
i n d i v i d u a l  demands based on household income and u t i l i t y .  I n  o r d e r  t o  
aggregate,  two assumptions a r e  made: ( 1 )  t h e  d i s t r i b u t i o n  o f  i n d i v i d u a l  
incomes i s  f i x e d  th rough  t ime ,  and ( 2 )  u t i l i t y  i s  a r a n d o m  v a r i a b l e ,  
d i s t r i b u t e d  no rma l l y ,  and i s  independent o f  i n c o m e .  H o u s e h o l d s  a r e  
assumed t o  own o n l y  one c a r .  The model assumes t w o  t h i n g s  a b o u t  t h e  
purchase p r i c e  o f  a c a r .  F i r s t ,  i t  assumes t h a t  d e a l e r s  t a k e  no p r o f i t  
f r om sa l  es, and second, t h a t  t h e  p r i c e  re1 evan t  t o  t h e  demand equat  i o n s  



i s  s imply  t h e  purchase p r i c e  o f  t h e  c a r ,  and n o t  t h e  m a i n t e n a n c e  a n d  
r u n n i n g  cos ts .  

VAL I DATION 

I n  comparing p r e d i c t e d  p r i c e s  t o  a c t u a l  p r i c e s ,  t h e  a u t h o r  r e a c h e d  
t h e  fo ' l l ow ing  conc lus ions.  I n  1947 and 1948 a c t u a l  new-car p r i c e s  w e r e  
much l o w e r  t h a n  p r e d i c t e d  and o t h e r  p r i c e s  were much h i g h e r .  I n  1 9 4 9  
t h e r e  \nJlas a  remarkab ly  c l o s e  agreement be tween  a c t u a l  a n d  p r e d i c t e d  
p r i c e s ,  except  f o r  s i x - y e a r - o l d  cars.  I n  1950 and 1951 p r e d i c t e d  p r i c e s  
were s ~ y s t e m a t i c a l l y  l o w e r  than  t h e  a c t u a l  p r i c e s .  I n  1 9 5 2  new c a r  
p r i c e s  were overes t imated,  b u t  a1 1  o t h e r  p r i c e s  were underest imated.  

LIMITATIONS AND BENEFITS 

The   nod el a u t h o r  s t a t e d  t h a t  adequate da ta  were n o t  a v a i l  a b l e  f o r  a n  
a n a l y s l s  t h a t  d i s t i n g u i s h e d  among makes o f  cars.  F l u c t u a t i o n s  i n  new 
c a r  p r i c e s  due t o  qua1 i t y  changes were n o t  e n t i r e l y  e l i m i n a t e d .  Where 
t h e  f l u c t u a t i o n s  were reduced, t h e  methods used i n v o l v e d  a  g r e a t  many 
a r b i t r a r y  and ad hoc adjustments.  

The model i s  a  sum o f  s i x  equat ions ,  each e s t i m a t i n g  s e p a r a t e l y  t h e  
demand o r  p r i c e  f o r  each v i n t a g e  yea r ,  up t o  s i x  yea rs  o l d .  Cars 01 d e r  
t h a n  s l x  yea rs  a r e  grouped w i t h  s i x , - yea r -o ld  cars. 

Each equa t ion  i s  a  doub le  i n t e g r a t i o n .  The f i r s t  o r  i n s i d e  i n t e g r a l  
i s  a  l o g a r i t h m i c  f u n c t i o n  o f  t h e  u t i l i t y  measures w i t h  t h e  u p p e r  a n d  
lower  ' l i m i t s  s e t  b y  l o g a r i t h m i c  f u n c t i o n s  o f  c a r  p r i c e  and income. T h e  
second lor o u t s i d e  i n t e g r a l  c o n t a i n s  t h e  income d i  s t  r i  b u t  i o n  m e a s u r e .  
The dependent v a r i a b l e  o f  t hese  equat ions  i s  t h e  number o f  c a r s  i n  u s e  
o f  a  g l v e n  age, b u t  an exogenous p r e d i c t i o n  o f  au tomobi les  i n  use c o u l d  
a l s o  be made, and t h e  dependent v a r i a b l e  would then  be c a r  p r i c e .  

MODEL CONSTRUCTION 

T h i s  econometr ic  model was c o n s t r u c t e d  w i t h  1922 t o  1941 annual data.  
Through 1933, automobi le  f l e e t  s i z e  da ta  a r e  f rom a  paper by  C .  F. Roos  
(38-68t3). T h e r e a f t e r ,  t h e  d a t a  used were ob ta ined  b y  i n t e r p o l  a t i n g  t h e  
f igure! ;  o f  R.L. Po lk  and Co. f o r  J u l y  1, as g i v e n  i n  A u t o m o b i l e  F a c t s  
and Ficlures. The c o s t  o f  1  i v i n g  index i s  t a k e n  f rom Dewhurst , e t K  - -7 
Americi i  -- s  - Needs - and Resources, 1947. The d i s p o s a b l  e  i n c o m e  i n d e x  i s  
c a l c u l i l t e d  w i t h  d a t a  f rom Dewhurst e t  a l .  and f rom t h e  1 9 4 1  S u r v e  
Spendinlg - and Sav ing  i n  Wartime. T h i s  1941 survey o f  1300 urban --fYI am1 17s  O f  

i s  usecr f o r  t h e  o t h e y i n c o m e  and u t i l  i t y  measures. P r i c e  da ta  were f rom 
t h e  Na t iona l  Used Car Market  Repor t  Red Books. ----- -- 
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BRAND DEMAND MODEL FOR FARM TRACTORS I N  THE UNITED KINGDOM 

The Brand Demand Model f o r  Farm T r a c t o r s  i n  t h e  U n i t e d  K i  ngdom was 
developed i n  1970 w h i l e  t h e  au tho rs  were a t  t h e  U n i v e r s i t y  o f  W a r w i c k  
and t h e  U n i v e r s i t y  o f  Manchester. The o b j e c t i v e  o f  t h e  m o d e l  i s  t o  
r e l a t e  t h e  demand f o r  a  p a r t i c u l a r  b r a n d  o r  m o d e l  t r a c t o r  t o  i t s  
c h a r a c t i e r i s t i c s ,  The au tho rs  employ a  two-equat ion  model t o  a c c o m p l i s h  
t h i s  o b j e c t i v e .  E s t i m a t e s  o f  t h e  m a r k e t  s h a r e  e l a s t i c i t i e s  b y  
manufac:l;urer a r e  presented.  
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  m o d e l s  i s  t o  e x p l a i n  t h e  demand f o r  f a r m  
t r a c t o r s  by brand based on t h e  c h a r a c t e r i s t i c s  a s s o c i a t e d  w i t h  t h e  
d i f f e r e n t  brands. Severa l  t w o - e q u a t i  o n  m o d e l  s  a r e  d e v e l  o p e d  a n d  
es t imated.  W i t h i n  each model, one equa t ion  r e l a t e s  t h e  p r i c e  o f  a  model 
t r a c t o r  t o  i t s  c h a r a c t e r i s t i c s .  The o t h e r  e q u a t i o n  e s t i m a t e s  m a r k e t  
share (bly model o r  manu fac tu re r )  as a  f u n c t i o n  o f  p r i c e  d i f f e r e n c e s  
unexp la ined by qua1 i t y  d i f f e r e n c e s  and o t h e r  non-pr ice  v a r i a b l e s ,  e .  g  . , 
a d v e r t i s i n g .  

RELATIONSHIP TO OTHER MODELS 

T h i s  model has no known re1 a t i o n s h i  p  t o  any o t h e r  model. 

HISTORIlCAL BACKGROUND 

The authors  a t t r i b u t e d  t h e  approach t o  a  suggest ion  made by G r i l i c h e s  
( see  61-682). The authors  p r e v i o u s l y  wro te  a r t i c l e s  u s i n g  t h i s  approach 
on t h e  1J.K. t r a c t o r  market. Other  models by  Cowl ing a r e  desc r ibed  under 
72-700 and 71-702. The  m e t h o d o l o g y  o f  t h i s  m o d e l  h a s  p o t e n t i a l  
a p p l i c a t i o n  t o  models o f  t h e  U.S. automobi le  m a r k e t  a n d  m a n u f a c t u r e r  
market  share. 



ASSUMPTIONS 

I n  c o n t r a s t  t o  o t h e r  hedonic p r i c e  s t u d i e s ,  t h e  au tho rs  "accept  t h a t  
a  commodity market  can be r e a l i s t i c a l l y  c h a r a c t e r i z e d  a s  o n e  w h e r e  
d i f f e r e n c e s  i n  p r i c e  between brands cannot  be f u l  l y  e x p l a i n e d  by qual  i t y  
d i f f e r e n c e s . "  The au tho rs  used t h e  unexp la ined p r i c e  d i f f e r e n c e s  t o  
e x p l a i n  t h e  demand f o r  v a r i o u s  brands. 

VALIDATION 

The authors  compared t h e i r  es t ima ted  market  s h a r e  e l  a s t  i c i  t i  e s  t o  
those  es t ima ted  by o t h e r  researchers .  

LIMITATIONS AND BENEFITS 

T h i s  s tudy and t h e  r e s u l  t i  n g  m o d e l  s  w e r e  e x p l  o r a t o r y  i n  t h e i r  
development o f  demand  f u n c t i o n s  f o r  v a r i o u s  t r a c t o r  m o d e l s  a n d  
manufac turers .  P rev ious  e m p i r i c a l  s t u d i e s  o f  t h e  demand f o r  b r a n d e d  
goods i n  t h e  economic 1  i t e r a t u r e  h a d  n o t  c o n s i d e r e d  t h e  q u a l  i t y  
v a r i a t i o n  among brands. 

STRUCTURE 

The s t r u c t u r e  o f  each model c o n s i s t s  o f  two es t ima ted  equat ions .  One 
e q u a t i o n  expresses brand p r i c e  as a  f u n c t i o n  o f  t h e  b r a n d ' s  q u a l i t a t i v e  
c h a r a c t e r i s t i c s .  The o t h e r  e q u a t i o n  expresses t h e  q u a n t i t y  demanded o f  
a  p a r t i c u l a r  b rand as a  f u n c t i o n  o f  t h e  qual i t y - a d j u s t e d  p r i c e  o f  t h a t  
brand re1 a t i v e  t o  t h e  average qual  i t y - a d j u s t e d  p r i c e  f o r  t h e  c o m m o d i t y  
i n  t h a t  t i m e  p e r i o d ,  and t o  o t h e r  v a r i a b l e s .  A  t h i r d  e q u a t i o n ,  a n  
i d e n t i t y ,  can be added t o  d e r i v e  c o m m o d i t y  demand b y  summing  t h e  
q u a n t i t i e s  demanded f o r  each brand. 

Equa t ion  one i n  i t s  genera l  mathemat ical  fo rm i s :  

where : 

'it = p r i c e  o f  b rand i a t  t i m e  t 

Vit = v e c t o r  o f  c h a r a c t e r i s t i c s  assoc ia ted  w i t h  brand i a t  t i m e  t 

Ui = d i s t u r b a n c e  te rm f o r  brand i a t  t i m e  t 

The second equa t ion  i n  i t s  general  fo rm i s  as f o l l o w s :  

where: 

Qi t = q u a n t i t y  demanded o f  b rand i a t  t i m e  t 



= d i s t u r b a n c e  t e r m  f rom e q u a t i o n  one; i t  r e p r e s e n t s  t h a t  p a r t  o f  Ui b rand p r i c e  unexp la ined by i t s  qual  i t a t i v e  c h a r a c t e r i s t i c s  

Xt = v e c t o r  o f  v a r i a b l e s  e x p l a i n i n g  t h e  t o t a l  market  f o r  a l l  b r a n d s  o f  
t h e  cmmodi  t y  

Zit = a v e c t o r  o f  non -p r i ce  v a r i a b l e s  s p e c i f i c  t o  t h e  s a l e s  o f  b rand i 

e  = d i s t u r b a n c e  te rm i t  

Under c e r t a i n  assumptions, t h i s  e q u a t i o n  c a n  b e  c o n v e r t e d  i n t o  a  
market-,share equat ion ,  and t h e  Xt  v e c t o r  c a n  b e  e l i m i n a t e d  f r o m  t h e  
equat ion .  

The e m p i r i c a l  appl  i c a t i o n  o f  t h e  model was t h e  t r a c t o r  market  i n  t h e  
U n i t e d  Kingdom. The p r i c e - q u a l i t y  r e l a t i o n s h i p s  r e l a t e d  t h e  a d j u s t e d  
p r i c e  all' a  t r a c t o r  t o  i t s  be1 t -horsepower and whet  h e r  i t h a d  a  dummy 
v a r i a b l e .  The r e l a t i o n s h i p  was e s t i m a t e d  f o r  e a c h  y e a r  f r o m  1 9 4 8  
th rough  1965. On ly  a  s i n g l e  e q u a t i o n  i s  p r e s e n t e d  i n  t h i s  a r t i c l e .  
D e t a i l e d  r e s u l t s  a r e  presented i n  ano the r  paper by Rayner ( P r i c e - Q u a l i t y  
Re la t i o~ r i sh ips  i n  a  Durab le  Asset :  E s t i m a t i o n  o f  a  C o n s t a n t  Qua1 i t y  
P r i c e  1ndex' f o r  New Farm T r a c t o r s ,  1.948-65. J o u r n a l  o f  A g r i  c u l  t u r a i  
Economics, -- pp. 231-50, May 1968.). The e s t i m a t e d  e q u a t i o n  f o r  t h e  
market  shares o f  t h e  v a r i o u s  t r a c t o r  models has t h e  f o l  1 o w i  n g  g e n e r a l  
form: 

where : 

'it = market  share o f  t h e  model i a t  t i m e  t 

= ( d e f l a t e d  o r  u n d e f l  a ted )  r e p r e s e n t s  t h e  qual i t y - a d  j u s t e d  p r i c e  
'Iit r a t i o  ( o r  d i f f e r e n c e )  o f  model i t o  a1 1  m o d e l s  a v a i l a b l e  a t  

t ime  t 

= dummy v a r i a b l e ,  equal  t o  one i n  t h e  y e a r  o f  i n t r o d u c t i o n  o f  model Ni i , o t  herwi se ze ro  

ti = t h e  number o f  yea rs  s ince  model i was i n t r o d u c e d  

TL = an i n t e r a c t i o n  v a r i a b l e  between t i m e  and l a r g e  t r a c t o r s  

e  = d i s t u r b a n c e  te rm 
i t  

i = ( c o e f f i c i e n t s  t o  be es t ima ted  

The market  share equa t i on  i s  e s t i m a t e d  u s i n g  1  i n e a r  a n d  s e m i  1  o g  
mathemat ical  forms. A1 t e r n a t i v e  forms ( d e f l  a ted  o f  unde f l  a t e d )  o f  t h e  
q u a l i  t y - a d j u s t e d  p r i c e  r a t i o  were a1 so i n c o r p o r a t e d  i n t o  t h e  e q u a t i o n s  
t o  be es t imated,  The au tho rs  a l s o  es t ima ted  a  model s a l e s  ( a s  o p p o s e d  
t o  market  share)  equat ion .  



Manufac tu re r ' s  market  share equat ions  were es t imated t o  ex p l  a  i n t h e  
share performance o f  t h e  f i v e  manufac turers  t h a t  were cons idered ( t h e s e  
equat ions  a r e  d i s t i n c t  f rom t h e  model market -share  e q u a t i o n s ) .  T h e s e  
e q u a t i o n s  w e r e  u s e d  t o  d e r i v e  m a r k e t - s h a r e  e l a s t i c i t i e s  f o r  
manufac turers ,  f o r  b o t h  t h e  s h o r t  and l o n g  runs. 

MODEL CONSTRUCTION 

The m a j o r  U.K. t r a c t o r  manufac turers  supp l i ed  t h e  s a l e s  da ta  used t o  
e s t i m a t e  t h e  model. W h i l e  t h e  p r i c e - q u a 1  i t y  r e l a t i o n s h i p s  w e r e  
es t ima ted  f o r  e a c h  y e a r  o v e r  c r o s s - s e c t i o n  d a t a ,  t h e  m o d e l  a n d  
manufac turer  market  share e q u a t i o n s  w e r e  e s t i m a t e d ,  i n  e f f e c t ,  b y  
pool i n g  17 yea rs  (1948-65) o f  c r o s s - s e c t i o n s  o f  manufac turers .  
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LINEAR AND LOGIT AUTOMOBILE DEMAND MODELS 
USING SEEMINGLY-UNRELATED ESTIMATION 

Model s  o f  au tomobi l  e  demand, u s i n g  t h e  seemingly u n r e l a t e d  e s t i m a t i o n  
techniqule, were developed a t  t h e  S t a t e  U n i v e r s i t y  o f  New York a t  B u f f a l o  
as a  Ph.D, t h e s i s  and p u b l i s h e d  i n  1979. The models a r e  p a r t  o f  a  s tudy 
t o  assess t h e  e f f e c t s  o f  a  f u e l  e f f i c i e n c y  i n c e n t i v e  t a x .  The  m o d e l  
parameters a r e  used i n  an impact  a n a l y s i s  t o  d e t e r m i  n e  t h e  e f f e c t  o f  
t h i s  t a x  on t h e  r e s u l t i n g  i n c r e a s i n g  automobi le  purchase p r i c e  a n d  o n  
decreas ing d i sposab le  income. 
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Danie l  M. Hamblin 
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Automobi le demand, p r i c i n g ,  v e h i c l e  use r  c o s t s l v e h i c l e  o p e r a t i n g  c o s t s  , 
model a~~sessment ,  n a t i o n a l  economi c impact  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t hese  two models i s  t o  f o r e c a s t  household demand f o r  
t h e  f i v e  s i z e  c a t e g o r i e s  o f  au tomobi les  as  a  f u n c t i o n  o f  o l d  and new c a r  
p r i c e s ,  supernumerary income, and housing cos ts .  

HISTORICAL BACKGROUND 

There i s  no d i r e c t  r e l a t i o n s h i p  t ,o  o t h e r  models, t h o u g h  t e c h n i q u e s  
used p r e v i o u s l y  a r e  employed i n  these models, i n c l u d i n g  t h o s e  o f  Chow 
(S-57-413), Car l  son (78-312),  and F a r r e l l  (54-542). 

The niodel a u t h o r  d i scusses  t h e  st,rengths a n d  w e a k n e s s e s  o f  t h e s e  
models, w i t h  Car l  s o n ' s  model be ing reviewed i n  g r e a t e r  depth .  Se v e r a  1  
o t h e r  mlodels a r e  d iscussed:  Roos a n d  S z e l  i s k i  ( 3 8 - 6 8 8 ) ,  d e  Wol f f  
(36-683),  Johnson (78-204),  Hamburger (67-631),  H e s s  ( 7 7 - 0 7 4 )  , S u i  t s  
(58-033),  West in (71-049), Wykof f  (73-010 and 70-209)  , a n d  J u s t  e r  a n d  
Wachtel (72-205). 

ASSUMPT IONS 

The clevel opment o f  t h e  two models i s  based on t h e  assumpti o n  t h a t  a  
consumer. possesses a  u t i l i t y  f u n c t i o n  t h a t  he m a x i m i z e s  s u b j e c t  t o  a  
budget  c o n s t r a i n t .  T h i s  f u n c t i o n  i s  assumed t o  be s e p a r a b l  e  i n t o  t h e  
u t i l i t y  p rov ided  by t h e  s e r v i c e s  o f  au tomobi les  a n d  h o u s i n g ,  a n d  t h e  
u t i l i t y  p rov ided  by  o t h e r  se rv i ces .  T h e  1  o g i  t m o d e l  s u p p o s e s  t h a t  
consumers c h o o s e  a  p a r t i c u l a r  s i z e - c 1 a s . s  o f  c a r  b a s e d  u p o n  i t s  



c h a r a c t e r i s t i c s  r e l a t i v e  t o  t h o s e  o f  o t h e r  c l a s s e s .  I n  t h e  m o d e l  
reg ress ions ,  i t  i s  assumed t h a t  o m i t t i n g  c e r t a i n  mu1 t i c o l  1  i n e a r i  t y -  
caus ing v a r i a b l e s  does n o t  add sys temat ic  v a r i a t i o n  i n  t h e  d is turbances.  

VAL I DATI ON 

F o r  t h e  o r d i n a r y  l e a s t  squares e s t i m a t i o n  o f  t h e  1  i n e a r  m o d e l  , t h e  
a u t h o r  s t a t e s  t h a t ,  except  f o r  t h e  i n t e r m e d i a t e  c l a s s ,  t h e  m o d e l  h a s  a  
r e s p e c t a b l e  a b i l i t y  t o  e x p l a i n  v a r i a n c e  a n d  n o  e v i d e n c e  o f  s e r i a l  
c o r r e l a t i o n  e x i s t s ,  though t h e r e  a r e  some wrong and unexpected s i g n s  o n  
t h e  c o e f f i c i e n t s .  W i th  t h e  seemingly u n r e l a t e d  e s t i m a t i o n ,  a 1  1 p r i c e  
v a r i a b l e s  have c o r r e c t  s i g n s ,  a n d  2 7  o u t  o f  3 7  c o e f f i c i e n t s  a r e  
s i g n i f i c a n t  a t  t h e  10% l e v e l ,  as compared t o  t h e  o r d i n a r y  l e a s t  s q u a r e s  
method w i t h  22 s i g n i f i c a n t  c o e f f i c i e n t s  o u t  o f  3 7 .  

F o r  t h e  l o g i t  model, t h e  weighted l e a s t  squares a n d  t h e  s e e m i n g l y  
u n r e l  a ted r e g r e s s i o n  es t ima tes  compare i n  s i g n i f i c a n c e  a t  t h e  10% 1  e v e 1  
w i t h  22 and 26 c o e f f i c i e n t s ,  r e s p e c t i v e l y ,  o u t  o f  29 t o t a l  c o e f f i c i e n t s .  
I n  an a t tempt  t o  reduce s e r i a l  c o r r e l a t i o n ,  b o t h  m o d e l s  r e s u l t e d  i n  
r e d u c t i o n  o f  s t a t i s t i c a l  e f f i c i e n c y .  

LIMITATIONS AND BENEFITS 

Because o f  a  1  ack o f  da ta ,  i n t e r m e d i a t e  c a r s  were g i v e n  t h e  same user  
c o s t s  as s tandard  cars .  As a  r e s u l t ,  t h e  p r i c e  advantages o f  b u y i n g  a n  
i ntermedi  a t e - s i z e  c a r  a r e  unders ta ted,  so t h a t  sa les  t h a t  were a c t u a  1  1  y 
t h e  r e s u l t  o f  l ower  use r  c o s t s  do no t  show u p  a s  s u c h .  T h i s  c o u l d  
p a r t l y  account  f o r  t h e  poor o r d i n a r y  l e a s t  squares  e s t i m a t i o n  o f  t h e  
i n t e r m e d i a t e  c l a s s  i n  t h e  1  i n e a r  model. 

STRUCTURE 

Two models were developed; one i s  a  1  i n e a r  model and one i s  a  1 o g  i t 
model. Demand i s  s imu la ted  f o r  each o f  f i v e  automobi le  s i ze -c lasses  f o r  
b o t h  models. The b a s i c  fo rmat  o f  t h e  1  i n e a r  and l o g i t  model e q u a t i o n s  
a r e  shown below. Some v a r i a b l e s  i n  t h e  f i v e  s u b m a r k e t  e q u a t i o n s  a r e  
o m i t t e d  o r  a1 t e r e d  i n  an e f f o r t  t o  r e c o n c i l e  removing mu1 t i c o l  1  i nea r i t y  
w i t h  t h e o r e t i c a l  j u s t i f i c a t i o n  o f  t h e  s t r u c t u r e .  

Bas ic  L i n e a r  Equat ion  -- 

5 N 10 5 0 si = BO -+ Z B i  (P i )  + z z  Bi ( P  . )  + Bll ( H )  t B12 (YSUP)  
i = 1 i = 6  j = l  J 

where: 

Si = s a l e s  o f  c a r s  i n  c l a s s  i i n  one y e a r  



Bi = r e g r e s s i o n  c o e f f i c i e n t s  

N  P  = p r i c e  o f  new c a r  s e r v i c e s  o f  c l a s s  i 

poj  := p r i c e  o f  o l d  c a r  s e r v i c e s  i n  new c a r  e q u i v a l e n t s  o f  c l a s s  i 

i := 1, 2, 3, 4, o r  5 = s u b c o m p a c t s ,  c o m p a c t s ,  i n t e r m e d i a t e s ,  
standards,  o r  l u x u r y  cars ,  r e s p e c t i v e l y  

H = p r i c e  o f  housing s e r v i c e s  

YSUP = income l e s s  t a x e s  and subs is tence 1  i v i n g  c o s t s  

'i ,t-1 = s tock  o f  c a r s  o f  c l a s s  i i n  y e a r  t-1 

u  = d i s t u r b a n c e  t e r m  

Bas ic  Lo@ Equa t ion  - -- 

where: 

Ri = sa les  o f  c a r s  n o t  i n  c l a s s  i i n  a  g i ven  y e a r  

pN = new c a r  p r i c e  o f  c a r s  n o t  i n  c l a s s  i 
r 

=: new c a r  p r i c e  o f  a  c l a s s  j automobi le  
j 

R = s tock  o f  c a r s  n o t  i n  c l a s s  i i n  t h e  p rev ious  y e a r  i ,t-1 

Parameter e s t i m a t e s  f o r  t h e  two equa t ion  forms, t h e  f i v e  c lasses,  and 
two e s t i m a t i o n s  o f  each e q u a t i o n  (132 parameters t o t a l )  a r e  presented i n  
t h e  paper. 

MODEL CONSTRUCTION 

Both  t h e  l o g i t  and l i n e a r  econometr ic  models a r e  es t ima ted  w i t h  t h e  
seemingly u n r e l a t e d  r e g r e s s i o n s  method. I n  a d d i t i o n ,  t h e  l i n e a r  m o d e l  
i s  es t ima ted  w i t h  o r d i n a r y  l e a s t  s q u a r e s  a n d  t h e  1  o g i t  m o d e l  i s  
est imat.t?d w i t h  we ighted l e a s t  squares. The main da ta  source f o r  t h e s e  
models i is Ward's Automot ive  Yearbook. Real ave rage  p r i c e  o f  a n  a u t o  
s i z e  c l a s s  was computed u s i n g  r e t a i l  p r i c e  d a t a  i n  W a r d '  s  a n d  i n  t h e  
Automot, ive -- News Almanac. V e h i c l e  owning and o p e r a t i n g  c o s t  d a t a  a r e  
f r a n  a  paper p u b l i s h e d  b y  t h e  U.S. Department o f  T r a n s p o r t a t i o n  e n t i t l e d  
Cost of' Owning and O p e r a t i n g  an Automobi le:  1 9 7 6  ( S - 7 9 - 5 7 2 ) .  S i  ze  - -. - 



c l a s s  was determined b y  wheelbase w i t h  t h e  e x c e p t i o n  o f  t h e  1  u x u r y  
c l a s s ,  which was d e f i n e d  as a l l  au tomobi les  whose r e a l  p u r c h a s e  p r i c e  
exceeded 3,100 do1 l a r s  i n  1959 do1 1  ars .  
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HIGHWAY FUEL CONSUMPTION MODEL (HFCM) : MEDIUM 
AND HEAVY-DUTY TRUCK FUEL DEMAND MODULE 

The L i g h t  Duty  V e h i c l e  F l e e t  Fuel Consumpt ion  M o d e l  ( 7 8 - 3 6 8 )  was 
expanded i n  1980 by Energy and Env i ronmenta l  A n a l y s i  s ,  I n c .  f o r  t h e  
Department o f  Energy. The Medium and H e a v y - D u t y  T r u c k  F u e l  Demand 
Module o f  t h e  r e s u l t i n g  Highway Fuel Consumption Model e s t i m a t e s  t r u c k  
f u e l  comsumpti on by u s i n g  an account ing  method01 ogy. 
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OBJECTIVIZ OF MODEL 

The H i g h w a y  F u e l  C o n s u m p t i o n  M o d e l  g e n e r a t e s  f u e l  e c o n o m y ,  
r e g i s t r a i t i o n s  o f  v e h i c l e s ,  v e h i c l e  m i l e s  t r a v e l e d  (VMT)  , a n d  f u e l  
consumpt;ion by v e h i c l e  and eng ine type.  The t r u c k  module does t h i s  f o r  
t h r e e  s i z e  c l a s s e s  o f  t r u c k s .  

RELATIONSHIP TO OTHER MODELS 

The t,rmuck module and t h e  1 igh t -du l ly  v e h i c l e  model ( 7 8 - 3 6 8 )  make u p  
t h e  High~way Fuel Consumption Model. 

H I  STOR I C  AL BACKGROUND 

I n  197'8 Energy and Environmental  Ana lys i s ,  I nc .  developed t h e  L i  g h t  
Duty  Vehlicle F l e e t  Fuel  Consumption Model (LDVFFCM) ( 7 8 - 3 6 8 )  f o r  t h e  
Department o f  Energy. It was designed t o  f o r e c a s t  p a s s e n g e r  c a r  a n d  
1 i g h t  t r u c k  f u e l  consumpt ion th rough  1995. That  model has been used t o  
f i n d  t r e n d s  i n  f u e l  consumpt ion i n  l i g h t  o f  f u e l  economy s t a n d a r d s ,  t o  
assess t h e  r e l a t i v e  impor tance o f  c a r s  and l i g h t  t r u c k s  i n  e s t i m a t i n g  
t o t a l  f u e l  c o n s u m p t i o n ,  a n d  t o  a n a l y z e  t h e  i m p a c t  o f  f e d e r a l  
conservat ; ion p o l i c i e s .  To model t h e  t r e n d s  i n  t o t a l  h i g h w a y  f u e l  



consumption, t h e  model s t r u c t u r e  was expanded i n  1980 t o  i n c l u d e  medium- 
and heavy-duty t r u c k s .  

VAL IDATI ON 

Comparisons were made between model p r e d i c t i o n s  and a c t u a l  exper ience 
f o r  t h e  1975-1978 p e r i o d  f o r  t r u c k s .  Ac tua l  da ta ,  however ,  c o n t a i n  a  
degree o f  u n c e r t a i n t y  and a r e  n o t  e n t i r e l y  c o n s i s t e n t  w i t h  t h e  scheme 
employed by  t h e  model. Data u s e d  a s  i n p u t  may a l s o  b e  c o n s i d e r e d  
obso le te .  S ince  t h e r e  were no c u r r e n t  a c c u r a t e  d a t a  a v a i l a b l e  o n  
d i e s e l s ,  i t  was d i f f i c u l t  t o  c a l i b r a t e  t h e  model t o  e s t i m a t e  f u e l  demand 
by  f u e l  type.  There a r e  a l s o  no adequate h i s t o r i c a l  d a t a  on t r u c k  f u e l  
economy. 

LIMITATIONS AND BENEFITS 

The model i s  n o t  a b l e  t o  account  f o r  improvements i n  t h e  f u e l  economy 
o f  d i e s e l  t r u c k s ,  except  as they  a r e  r e f l e c t e d  i n  d a t a  o n  t r u c k  f l  e e t  
c h a r a c t e r i s t i c s .  F i x e d  s u r v i v a l  curves and f i x e d  annual VMT p e r  t r u c k  
v i n t a g e  curves a r e  used. These can n o t  r e f l e c t  changes i n  behav io ra l  o r  
economic parameters, however, which t r u c k  demand would be s e n s i t i v e  t o .  
Trucks  seem t o  have l o n g e r  1  i f e  expectanc ies  i n  more r e c e n t  y e a r s  t h a n  
t h e  model accounts f o r .  Thus, i t  i s  p robab ly  u n d e r s t a t i n g  t h e  t r e n d  i n  
f l  ee t  average fue l  economy and i s  the reby  o v e r s t a t i n g  f u e l  consumpti on. 

STRUCTURE 

The s t r u c t u r e  o f  t h e  m o d e l  i s  n e a r l y  i d e n t i c a l  t o  t h a t  o f  t h e  
LDVFFCM. An account ing  methodology i s  used t o  d e r i v e  f u e l  c o n s u m p t  i o n  
w i t h o u t  r e l y i n g  on behav io ra l  equat ions ;  t h e  model i s d e t e r m i n i s t i c .  

The c lasses  o f  t r u c k s  i n c l u d e d  a r e :  medium d u t y  (10,001-19,500 pound 
gross  v e h i c l e  w e i g h t ) ,  1  i g h t -  heavy (19,501-26,000), and heavy-heavy d u t y  
( o v e r  26,001 1  bs.). S ince some t r u c k s  opera te  f o r  up t o  3 0  y e a r s  ( a s  
determined by  t h e  s u r v i v a l  r a t e ) ,  d a t a  f rom 1 9 4 6  t o  t h e  p r e s e n t  a r e  
r e q u i r e d .  

The model ou tpu ts :  average new v e h i c l e  f u e l  e c o n o m y ,  new v e h i  c l  e  
r e g i  s t r a t i o n s  w i t h  spark i g n i t i o n  o r  d i e s e l  engines,  average f l e e t  f u e l  
economy, f l e e t  r e g i s t r a t i o n s  b y  e n g i n e  t y p e ,  t o t a l  v e h i c l e  m i l e s  
t r a v e l e d  (VMT), and f u e l  consumption d i s a g g r e g a t e d  b y  g a s 0 1  i n e  a n d  
d i e s e l  f u e l .  The c a l c u l a t i o n  procedures a re :  

TVMT = t t 2 Z RGij x  PCTijt SP x  VMTkjt j t i k j  k  j 

where: 

TVMT. = t o t a l  VMT f o r  v e h i c l e  t y p e  j (one o f  t h e  t h r e e  c a t e g o r i e s  o f  
medium and heavy-duty t r u c k s )  



RGij = r e g i s t r a t i o n s  o f  v e h i c l e s  i n  y e a r  i o f  v e h i c l e  t y p e  j 

PCTijt =: percentage o f  v e h i c l e  t y p e  j r e g i s t r a t i o n s  i n  y e a r  i o f  f u e l  
t y p e  t 

SP =: s u r v i v a l  ( p e r c e n t  o f  new v e h i c l e  r e g i s t r a t i o n s  l e f t  o n  t h e  
k j  road)  o f  age k  and v e h i c l e  t y p e  j 

VMTkjt =: v e h i c l e  m i l e s  t r a v e l e d  o f  age k ,  v e h i c l e  t ype  j, and f u e l  t y p e  
t 

TFCt =: t o t a l  f u e l  consumed o f  t y p e  t ( g a s o l i n e ,  d i e s e l )  

MPGijt =: f u e l  economy o f  r e g i s t r a t i o n s  o f  v e h i c l e s  i n  y e a r  1  and v e h i c l e  
t y p e  j and f u e l  t y p e  t 

AMPG = average f l e e t  MPG f o r  v e h i c l e  t ype  j 
j 

DATA USE:[) I N  RUNNING MODEL 

The model i n p u t s  h i s t o r i c a l  d a t a  a n d  f u t u r e  e s t i m a t e s  o f  t h e s e  
variable!; :  annual new v e h i c l e  r e g i s t r a t i o n s ,  s u r v i v a l  o f  new v  e  h i  c  1  e s  
r e f 1  e c t i r i g  t h e i r  r e t i r e m e n t  o v e r  t ime ,  annual VMT p e r  v i n t a g e  v e  h i  c l  e 
.year c a p t u r i n g  t h e  e f f e c t  o f  decreas ing VMT p e r  v e h i c l e  w i t h  a g e ,  new 
v e h i c l e  average f u e l  economy, and a n n u a l  d i e s e l  p e n e t r a t i o n  o f  new 
v e h i c l e  r e g i s t r a t i o n s .  The sources and va lues  o f  a1 1  t h e  i n p u t  d a t a  f o r  
medium a~nd heavy t r u c k s  a r e  shown i n  t h e  model r e p o r t .  
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COMPUTER REQUIREMENTS 

The rr~odel i s  c u r r e n t l y  i n  o p e r a t i o n  on t h e  U.S. Department o f  E n e r g y  
computer system. A  g u i d e  t o  t h e  program o p e r a t i o n  i s  i n c l  u d e d  i n  t h e  
r e p o r t .  
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OBJECTIVE OF MODEL 

A novel  l a g - d e t e r m i n a t i o n  procedure,  c a l l e d  t h e  m a c h i  n e -  i n t e n s i  v e  
approach, was used t o  de te rm ine  t h e  income and p r i c e  e l  a s t i  c i  t i  e s  f o r  
t h e  demand o f  23 c a t e g o r i e s  o f  consumer goods. Some o f  t h e  c a t e g o r i e s  
a r e :  p e t r o l  and o i l ,  new ca rs ,  t i r e s ,  u s e r - o p e r a t e d  t r a n s p o r t a t i o n  
s e r v i c e s ,  1 ocal  t r a n s p o r t a t i o n ,  and i n t e r - c i  t y  t r a n s p o r t a t i o n .  The u s e  
o f  a computer made i t  p o s s i b l e  t o  d o  t h e  e x t e n s i v e  c a l c u l a t i o n s  
necessary t o  determi  ne t h e  imp1 i c a t i o n s  o f  d i  s t r i b u t e d  l a g  theo ry .  

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n s h i p  t o  o t h e r  models. 

ASSUMPTIONS 

The t i m e  t r e n d  used i n  t h e  r e l a t i o n s  may be cons idered t o  r e p r e s e n t  
changes i n  t a s t e s ,  changes i n  t h e  age compos i t i on  o f  popu la t i on ,  and any 
gradua l  (as  opposed t o  c y c l i c a l )  l ong - te rm change i n  t h e  d i s t r i b u t i o n  o f  
income. Fo r  new c a r  demand, purchases lagged one y e a r  a r e  s p e c i f i e d .  
The p r i c e  v a r i a b l e  f o r  c a r s  i s  equal  t o  t h e  p r i c e  d e f l a t o r  f o r  c a r s  
m u l t i p l i e d  by  one p l u s  t w i c e  t h e  i n t e r e s t  r a t e  and d i v i d e d  by t h e  p r i c e  
o f  o t h e r  goods, i n  o r d e r  t o  r e f 1  e c t  t h e  e f f e c t  on  mon th l y  payments o f  an 
i n c r e a s e  i n  t h e  i n t e r e s t  r a t e .  



LIMITATlONS AND BENEFITS 

Expl . ic i  t c o n s i d e r a t i o n  was g i v e n  t o  t h e  problem o f  s t r u c t u r a l  change, 
o r  changes i n  t h e  va lues  o f  t h e  parameters o f  t h e  es t ima ted  r e 1  a t  i o n s .  
A method was e m p l o y e d  t o  i s o l a t e  p e r i o d s  i n  w h i c h  t h e r e  was n o  
s t r u c t u r a l  change. The s t a t i s t i c a l  r e s u l t s  o f f e r  s u b s t a n t i a l  e v i d e n c e  , 
t h e  model a u t h o r  sa id ,  t h a t  l a g s  do p l a y  an i m p o r t a n t  r o l e  i n  c o n s u m e r  
demand a :na lys i  s. 

Demand r e l a t i o n s  a r e  s p e c i f i e d  as:  

where: 

qt = a u a n t i t y  demanded, persona l  consumption expend i tu res  f o r  t h e  g o o d s  
i n  q u e s t i o n  i n  y e a r  t i n  1958 d o l l a r s  d i v i d e d  by U.S. p o p u l a t i o n  

X = r e a l  income, t o t a l  persona l  consumption expend i tu res  i n  y e a r  t i n  
1958 d o l l a r s  d i v i d e d  by U.S. p o p u l a t i o n  

Pt =  rice i n  y e a r  t o f  goods i n  q u e s t i o n  (1958 = 1.0) d i v i d e d  b y  t h e  
p r i c e  o f  a1 1 goods 

t = t i m e  t r e n d  

z = any o t h e r  f a c t o r  t h a t  may i n f l u e n c e  t h e  demand f o r  t h e  g o o d s  i n  
ques t i on .  F o r  user -opera ted t r a n s p o r t a t i o n  s e r v i  c e s  , p u r c h a s e d  
10c:iil t r a n s p o r t a t i o n ,  and purchased i n t e r - c i  t y  t r a n s p o r t a t i o n  mi nus 
a i r l l  i n e  t r a n s p o r t a t i o n ,  t h i s  r e p r e s e n t s  pe r  c a p i t a  c a r  s tocks .  

wi = w e i g h t s  f o r  t h e  d i s t r i b u t e d  l a g  i n  income 

d .  = we igh ts  f o r  t h e  d i s t r i b u t e d  l a g  i n  p r i c e  
J 

Any two s e t s  o f  w .  and d .  l a g  s t r u c t u r e s  may b e  t e s t e d  r e p e a t e d l y  
u n t i l  t h e  b e s t - f i t t i h g  r e l a t i o n  i s  found t h a t  has t h e  minimum r e s i d u a l  
va r i ance .  F o r  t h i s  s tudy  seven l a g  s t r u c t u r e s  w e r e  e m p l o y e d ,  c h o s e n  
f rom b inomia l  p r o b a b i l  i t i e s ,  making a  t o t a l  o f  49 reg ress ions .  

Twenty- three c a t e g o r i e s  o f  goods and s e r v i c e s  were e s t i m a t e d .  Some 
a r e  presented i n  t h e  t a b l e  below. The paper p r e s e n t i n g  t h e  m o d e l  a1  s o  
l i s t s  t h e  s h o r t - r u n  a n d  l o n g - r u n  e s t i m a t e d  p r i c e  a n d  i n c o m e  
e l a s t i c i t i e s .  



ESTIMATES OF PRICE AND INCOME COEFFICIENTS AND 
VARIOUS OTHER STATISTICS FOR GOODS AND SERVICES 

( s t a n d a r d  e r r o r s  i n  parentheses) 

................................................................. 
Category Constant  b  c f 9  R 

P e t r o l  and o i l  32.09 -41,45 0.0999 0.860 
(6.05) (7.69) (0.0057) (0.167) 0.998 

New c a r s  and 
n e t  purchases 241.86 -204,14 0.1581 0.5989 -26.44 
o f  used ca rs  (31.5) (24.60) (0.011) (0.115) (3.75) 0.995 

T i r e s  and tubes 188.04 -14.70 0.00117 
(14.01) (8.85) (0.0068) 

User-opera t e d  
t r a n s p o r t a t i o n  -0.758 -0.352 
s e r v i  ces (0.4113) (0.183) 

Purchased 
1  oca l  31.4 -13.28 0.00697 -0.022 
t r a n s p o r t a t i o n  (0.754) (2.15) (0.00104) (0.0021) 0.996 

Purchased 
i n t e r - c i t y  
t r a n s p o r t a t i o n  
minus a i r l i n e  15.17 -5.00 0.00131 -0.00989 
t r a n s p o r t a t  i o n  (1.10) (0.83) (0.00079) (0.0011) 0.984 

Fo r  p e t r o l  and o i l ,  c  i s  t h e  c o e f f i c i e n t  f o r  c a r  s tocks  pe r  
c a p i t a ;  income was n o t  s i g n i f i c a n t .  F o r  new c a r s  and n e t  
purchases o f  used ca rs ,  f i s  t h e  c o e f f i c i e n t  o f  q and g  i s  t h e  
c o e f f i c i e n t  o f  average age o f  c a r s ,  t o  r e f l e c t  i n k f t t u t i o n a l  (and 
perhaps t e c h n o l o g i c a l )  a t t i t u d e s  towards t h e  d e s i r e d  age a t  which 
a  c a r  shou ld  be t r a d e d  i n .  Fo r  t i r e s  and tubes,  f i s  t h e  
c o e f f i c i e n t  f o r  c a r  s t o c k s  p e r  c a p i t a .  

MODEL CONSTRUCTION 

D i s t r i b u t e d  l a g s  were es t ima ted  w i t h  a  new l a g - i n t e n s i v e  a p p r o a c h .  
It overcomes t h e  problem o f  a  lagged dependent v a r i a b l e  and i s  c a p a  b l  e  
o f  d e t e r m i n i n g  a  d i f f e r e n t  l a g  p r o f i l e  f o r  each v a r i a b l e .  The r e l a t i o n s  
were es t ima ted  u s i n g  l e a s t  squares i n  l o g - l i n e a r  and li n e a r  f o r m ,  a n d  
w i t h  and w i t h o u t  a  t i m e  t rend .  Annual d a t a  c o v e r i n g  t h e  1 9 4 6 - 1 9 6 5  
p e r i o d  were used. The source o f  t h e  consumer e x p e n d i t u r e  d a t a  was  t h e  
U.S. Department o f  Commerce, O f f i c e  o f  Busi n e s s  E c o n o m i c s ,  N a t i o n a l  
Income D i v i s i o n .  
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OBJECTIVE OF MODEL 

R e t a i l  g a s o l i n e  sa les  a r e  r e l a t e d  t o  t h e  s i z e ,  g rowth  r a t e ,  r e g i o n ,  
r a c i a l  makeup, t r a n s i t  u s e ,  a n d  i n d u s t r i e s  o f  u r b a n  a r e a s .  The 
o b j e c t i v e  o f  t h e  model i s  t o  i n v e s t i g a t e  t h e  economies o r  d i s e c o n o m i e s  
o f  urban s i z e  on p e r  c a p i t a  p r i v a t e  expend i tu res  f o r  f u e l .  

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n s h i p  t o  o t h e r  models. 

ASSUMPTIONS 

G e n e r a l l y ,  t h e  g r e a t e r  t h e  p o p u l a t i o n  o f  a m e t r o p o l  i t a n  o r  u r b a n  
a rea ,  (1) t h e  1 a r g e r  wi 11 be i t s  s u r f a c e  area;  ( 2 )  t h e  g r e a t e r  w i 1 1 b e  
t h e  u t i l i z a t i o n  o f  p u b l i c  and mass t r a n s i t ,  which p r e s u m a b l y  r e d u c e s  
dependence on autos;  ( 3 )  t h e r e  w i l l  be a m u l t i p l i c a t i o n  o f  c e n t e r s  o f  
d i v e r s e  a c t i v i t i e s ,  e s p e c i a l l y  o f  employment and s h o p p i n g ,  w h i c h  c a n  
s h o r t e n  commuting and shopping t r i p s ;  and ( 4 )  d e n s i t y  w i l l  be increased,  
wh ich  f a v o r s  mass t r a n s i t ,  aggravates  a u t o  c o n g e s t i o n ,  a n d  t e n d s  t o  
reduce t h e  average l e n g t h  o f  t r i p s .  V a r i a b l e s  d e s c r i b i n g  p o p u l a t i o n  
d e n s i t y  and s i z e  were used t o  measure t h e  s t r e n g t h  o f  t hese  fo rces ,  

Region was i n t r o d u c e d  as an e x p l  a n a t o r y  v a r i a b l e  b e c a u s e  01 d e r  
E a s t e r n  c i t i e s  a r e  more compact. Rate o f  g rowth  i s  i n tended  t o  show how 
development o f  pub1 i c  t r a n s i t  1 ags beh ind p o p u l a t i o n  growth. P r i c e  o f  



aasolinc? and income were also expected t o  have some e f f e c t  o n  fue l  
consumpt;.ion. 

To further improve the predictive power of the model, i n d i c a t o r s  of 
the metropolitan areas' classifications as manufacturing and diversified 
industry centers were added. Port c i t i e s  were found t o  be s ign i f i can t ,  
probably because of concentrati o n  of manufactur ing a c t i v i t i e s  and 
because 1;he telescoping of the periphery form 360 t o  1 8 0  degrees  may 
econmi 2:c? on circumferential transportation. Cities that tend t o  sel l  a 
l o t  of gasoline t o  non-residents, such as touris ts ,  required the use of 
a hotel variable. 

Most of the density variables tested, income, and price of gasol i ne 
were fou,rid t o  not  be significant, The r e s u l t s  sugges t  t h a t  f u r t h e r  
examination of density variations a t  the subcounty 1 eve1 of detail would 
be fruit ,ful .  

STRUCTURE: 

The following equation was estimated: 

GAS / POP = 51.5450 - 0.2036 (AP%) - 0.0117 (%CENCY) 
(43.9841) (0.0896**) (0.0746) 

+ 0.2278 (%NW) + 0,0033 (MEDY) + 0.1230 (%POV) 
(0.1165*) (0.0020) (0.7108) 

+ 16.0508 ( W )  - 10.8490 (NE) + 9,7149 (NC) 
(3.8910**) (5.4032*) (4.5612") 

+ 0.0065 (MANF) + 5.3273 (DIV) - ,0027 (P) 
(3.1316) (2.6693*) ( .0010**) 

- 15.7417 (%P16) + 0.0002 (CENDEN) - 0.0008 (DENOUT) 
(16.5400) (0.0004) (0.001 1 )  

- 9.3278 (PORT) + 0.0691 (HOTEL) + 0.0063 (%65) 
(2.6279**) (0.0131**) (0.0047) 

+ 0.2391 (PRICE) - 0.1196 (PTRAN) 
(0.8942) (0.0363**) 

where stdndard errors are in p a r e n t h e s e s ,  * ( * * )  deno tes  t h a t  t h e  
coefficient i s  significantly different from ze ro  a t  t h e  0 . 0 5  ( 0 . 0 1 )  
level of confidence according t o  the t - s t a t i s t i c  with 1 1 5  degrees  of 
freedom, and 

GAS/POP = per capita sales of gasoline 

AP% := percentage change in population 1960-70 



%CENCY = pe rcen t  o f  SMSA p o p u l a t i o n  i n  t h e  c e n t r a l  c i t y  

XNW = pe rcen t  o f  SMSA p o p u l a t i o n  non-whi te 

MEDY = median f a m i l y  income 

%POV = pe rcen t  o f  SMSA fami 1  i e s  be1 ow t h e  p o v e r t y  1  i n e  

W = 1 i f  census r e g i o n  West, = 0  o the rw ise  

NE = 1 i f  census r e g i o n  Northwest,  = 0  o the rw ise  

NC = 1 i f  census r e g i o n  N o r t h  Cen t ra l ,  = 0  o the rw ise  

MANF = 1 i f  manufactur ing SMSA accord ing t o  Rand-McNally c i t y  code, = 
0  o the rw ise  

D I V  = 1 i f  d i v e r s i f i e d  manu fac tu r ing  SMSA accord ing t o  Rand-McNal l y  
c i t y  code, = 0  o t h e r w i s e  

P = 1970 p o p u l a t i o n  

%PI6 = pe rcen t  o f  t h e  p o p u l a t i o n  16 and o l d e r  

CENDEN = p o p u l a t i o n  pe r  square m i l e  o f  t h e  c e n t r a l  c i t y  

DENOUT = p o p u l a t i o n  pe r  square m i l e  o u t s i d e  t h e  c e n t r a l  c i t y  

PORT = 1 i f  sea o r  l a k e  p o r t ,  = 0 o the rw ise  

HOTEL = p e r  c a p i t a  r e c e i p t s  i n  1967 f o r  h o t e l s ,  m o t e l s  a n d  t o u r i s t  
c o u r t s  

165 = pe rcen t  o f  p o p u l a t i o n  65 and o l d e r  

P R I C E  = average p r i c e  pe r  g a l l o n  o f  g a s o l i n e  

PTRAN = pe rcen t  o f  workers us ing  p u b l i c  t r a n s i t  f o r  work t r i p s  

MODEL CONSTRUCTION 

The sample was made up o f  134 s tandard m e t r o p o l i t a n  s t a t i s t i c a l  areas 
(SMSA) w i t h  1970 p o p u l a t i o n s  o f  200,000 o r  g r e a t e r .  Re t a  i 1  s a l  e s  o f  
g a s o l i n e  and l u b r i c a n t s ,  e x c l u d i n g  s a l e s  t o  bus companies, were ob ta ined  
f rom t h e  1967 Census o f  Business. 
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OBJECTIVE OF MODEL 

T h i s  hedonic econometr ic  model i s  designed t o  p r e d i c t  t h e  p o t e n t i a l  
shares o f  t h e  t o t a l  au tomobi le  market  o f  d i f f e r e n t  makes o r  m o d e l s  o f  
cars .  It i s  used t o  s i m u l a t e  t h e  m a r k e t  p o t e n t i a l  f o r  e l e c t r i c  
automobi les,  g i ven  t h e i r  p r i c e ,  performance and comfo r t  a t t r i b u t e s ,  a n d  
manufact wrer. 

RELATIONSHIP TO OTHER MODELS 

T h i s  model uses some o f  t h e  same d a t a  s e r i e s  a s  a p r i c i n g  and demand 
model by Ratchford,  desc r ibed  under 79-701. 

ASSUMPT IlONS 

I t  i!; assumed t h a t  c o n s u m e r s  r e a c t  t o  g o o d s  a s  b u n d l e s  o f  
c h a r a c t e r i s t i c s ,  t h a t  t h e r e  i s an o b j e c t i v e  "consumption techno1 ogy." A 
q u a n t i t y  o f  a good, such as e l e c t r i c  autos,  cou ld  be d e f i n e d  as a number 
o f  r e p e t , i t i o n s  o f  a p a r t i c u l a r  b u n d l e  o f  c h a r a c t e r i s t i c s .  I f  t h e  
expend i tu res  f o r  a group o f  goods a r e  known, a " r e l a t i v e  shares" s y s t e m  
o f  demand equat ions  f o r  d i f f e r e n t i a t e d  goods w i t h i n  t h e  g r o u p  may b e  
de f i ned .  C o n t i n u i t y  i s  taken as a r e a s o n a b l e  a p p r o x i m a t i o n  t o  t h e  
demand f o r  v a r i o u s  d i f f e r e n t i a t e d  autos, i n  a s  much  a s  t h e  d a t a  a r e  
aggregates r a t h e r  than o b s e r v a t i o n s  o n  i n d i v i d u a l  h o u s e h o l d s  t h a t  



purchase autos  as d i s c r e t e  bundles.  Consumers a r e  viewed as bas ing  t h e  
c h o i c e  between a1 t e r n a t i v e  autos  on  t h e  re1 a t i v e  a t t r a c t i v e n e s s  o f  t h e  
a u t o s '  a t t r i b u t e s .  Weight i s  i n a p p r o p r i a t e  as an a t t r i b u t e  s i n c e  i t i s  
n e i t h e r  d e s i r a b l e  n o r  u n d e s i r a b l e  i n  i t s e l f .  S ince t h e r e  i s  n o  way o f  
e s t i m a t i n g  t h e  e f f e c t  on demand o f  t h e  1  i m i t e d  range o r  c r u i s i  n g  s p e e d  
o f  e l e c t r i c  autos,  i t  i s  assumed t h a t  techno1 ogy improves t o  t h e  p o i  n t  
where e l e c t r i c  ca rs  a r e  a t  l e a s t  as good as  t h e  wors t  o f  g a s o l i n e  autos. 

LIMITATIONS AND BENEFITS 

The r e s u l t s  show t h a t  t h e  m o d e l  c a p t u r e s  o n l y  a b o u t  50% o f  t h e  
v a r i a t i o n  i n  t h e  r e l a t i v e  s h a r e s .  P r i c e ,  p e r f o r m a n c e ,  a n d  
m a n u f a c t u r e r ' s  i d e n t i t y  were found t o  be i m p o r t a n t  d e t e r m i n a n t s  o f  t h e  
r e l a t i v e  shares o f  new cars.  The a n a l y s i s  c o u l d  have been improved, t h e  
au tho rs  f e l t ,  by t e s t i n g  f o r  changes i n  t h e  demand f u n c t i o n s  o v e r  t i m e ,  
by c o n s i d e r i n g  dynamic b e h a v i o r  i n  t h e  d e t e r m i n a t i o n  o f  m o d e l  s h a r e s ,  
and by i n c l u d i n g  v a r i a b l e s  t h a t  were o m i t t e d  such as o v e r a l l  body l e n g t h  
and w id th .  There i s  a l s o  a  d a t a  development problem wi t h  d i f f e r e n c e s  
w i t h i n  c a r  models, 

STRUCTURE 

The q u a n t i t y  o f  a  c a r  r e l a t i v e  t o  t h a t  o f  an a r b i t r a r i l y  chosen b a s e  
c a r  depends on  c h a r a c t e r i s t i c s  and p r i c e s  t h a t  va ry  a c r o s s  m o d e l  s  a n d  
t h o s e  c h a r a c t e r i s t i c s  t h a t  va ry  ac ross  m a n u f a c t u r e r s  ( d e a l e r  s e r v i c e  
qua1 i t y ,  s t y 1  i n g ,  r e p u t a t i o n ) ,  as shown i n  t h e  f o l l o w i n g  equat ion .  

where: 

n  = q u a n t i t i e s  o f  au tomobi les  s o l d  o f  model j i n  y e a r  t 
j t 

n  = q u a n t i t y o f  au tomobi les  s o l d  o f  t h e  b a s e  m o d e l  b  i n  
bt yea r  t 

'jt. 'bt  = p r i c e s  i n  y e a r  t o f  models j and b y  r e s p e c t i v e l y  

'jlt * 'jrt = q u a n t i t i e s  o f  a t t r i b u t e s  1. ..r i n  y e a r  t f o r  model j 

= q u a n t i t i e s  o f  a t t r i b u t e s  l ...r i n  y e a r  t f o r  b a s e  'bit "' ' b r t  model 

M1 . . . Mk = dummy v a r i a b l e s  r e p r e s e n t i n g  manufac turers  1.. . k  

The i n t e r c e p t ,  a, es t ima tes  t h e  magni tude o f  p r e f e r e n c e s  f o r  a1 1  
manu fac tu re rs  k  ( #  b )  r e l a t i v e  t o  t h e  p r e f e r e n c e s  f o r  t h e  b a s e  
automobi 1  e  b. 



The a t t r i b u t e s  employed as independent  v a r i a b l e s  were: l i s t  p r i c e  o f  
m i d d l e - o f - t h e - l i n e  f o u r  doo r  sedan v e r s i o n  o f  e a c h  m o d e l ;  f r o n t  l e g  
room, a  p roxy  f o r  f r o n t  sea t  comfor t ;  r e a r  l e g  room, a  p r o x y  f o r  r e a r  
s e a t  ccrnfor t ;  a c c e l e r a t i o n ,  number o f  seconds t o  go f rom 0  t o  60  m i  1  e s  
per  hour; pass ing  speed, number o f  seconds t o  go f rom 45 t o  65 m i l e s  pe r  
hour; average f u e l  consumption, i n  mi 1 es pe r  ga l  l o n  f o r  normal d r i v  i n g  , 
t r a n s l a t e d  t o  energy c o s t s  i n  s o l u t i o n s  t o  p e r m i t  a  d i r e c t  c o m p a r i  s o n  
w i t h  e l e c t r i c  au tomobi les ;  and dummy v a r i a b l e s  t o  i n d i c a t e  a u t o m a t i c  
t ransmiss ions ,  r i d e  qua l  i t y ,  h a n d l i n g  qual  i t y ,  and f requency o f  r e p a  i r. 
Other  dimmy v a r i a b l e s  i n d i c a t e  t h e  b r a n d  name o f  t h e  c a r :  F o r d ,  
Chrysl  er., A.M. C., G.M., Vol kswagen, o t h e r  impor t .  

The base model used was t h e  f u l l - s i z e  Chevro le t .  Several  d i f f e r e n t  
e s t i m a t i o n s  were a t tempted,  w i t h  v a r i a t i o n s  i n  t h e  v a r i a b l e s  i nc  1  u d e d  , 
and w i t h  and w i t h o u t  t h e  dummies i n d i c a t i n g  brand name. T h e  r e s u l t s  
i n d i c a t e  t h a t  a u t o n o m o u s  p r e f e r e n c e s  f o r  m a n u f a c t u r e r s  e x p l a i n  
c o n s i d e r a b l y  m o r e  o f  t h e  v a r i a t i o n  i n  r e l a t i v e  s h a r e s  t h a n  t h e  
per formance a t t r i b u t e s ,  and i m p l y  t h a t  an e l e c t r i c  c a r  would have a  much 
g r e a t e r  chance o f  succeeding on t h e  market  i f i t  w e r e  made b y  F o r d ,  
Chev ro le t ,  o r  Volkswagen than  i f  i t  were made by Chrys l  e r ,  A.M. C. ,  o r  
some non-Volkswagen i m p o r t  o r  some r e l a t i v e l y  u n k n o w n  m a n u f a c t u r e r .  
Passing speed was a l s o  found t o  be s i g n i f i c a n t .  

The sample o f  c a r  models was broken up i n t o  subsamples o f  subcompacts 
and othler. E l e c t r i c  c a r s  c u r r e n t l y  under deve lopmen t  a  r e  r e 1  a t  i v  e l  y  
sma l l  v leh ic les  designed m a i n l y  f o r  commuting and i n t r a c i t y  use and w i  1 1  
most 1 i k e l y  resemble and compete w i t h  subcompacts. The e q u a t i o n  was 
r e e ~ t i m ~ a t e d  w i t h  t h e  subcompact sample, w i t h  Vol kswagen be ing  t h e  b a s e  
ca r .  T ~ h i s  showed Volkswagen t o  be t h e  most p r e f e r r e d  b r a n d ,  p r i c e  t o  
have more impact ,  and c h a r a c t e r i s t i c s  such as l e g  room and a c c e l e r a t i  o n  
t o  be l e s s  impor tan t .  

The r a t i o  o f  a  p a r t i c u l a r  v e h i c l e  t o  t h e  base v e h i c l e ,  found f rom t h e  
e q u a t i o ~ n  above, i s  conve r ted  i n t o  a  share  o f  t h e  t o t a l  m a r k e t ,  a 1  1  o f  
t h e  shares summing t o  equal one. H y p o t h e t i c a l  e l e c t r i c  c a r s  a r e  t h e n  
desc r i bed  w i t h  assumptions conce rn ing  each o f  phys i ca l  a t  t r  i b u t e  s  a n d  
t h e  i d e ~ ~ t i t y  o f  t h e  m a n u f a c t u r e r .  A  n e a r - t e r m  c a r ,  t h a t  c o u l d  b e  
b rough t  o n t o  t h e  market  i n  t h e  n e x t  severa l  years ,  and a  m i d - t e r m  c a r ,  
t h a t  i s  more advanced and w o u l d  p e r h a p s  a p p e a r  i n  1 9 9 1 - 2 0 0 0 ,  a r e  
descr ibed.  The p r e d i c t e d  market  shares o f  these c a r s  i n  t h e  1973 market  
i s  found w i t h  t h e  b e s t  o f  t h e  e s t i m a t e d  equat ions ,  u s i n g  b o t h  t h e  t o t a l  
market  and subcompact c a r  samples. One o f  severa l  r e s u l t s  i s  t h a t  t h e  
nea r - te lm  e l e c t r i c  au to  would c a p t u r e  1% o f  t h e  subcompact market  i f i t 
were matie by a  new manu fac tu re r  o r  0.2% o f  t h e  t o t a l  market ,  u s i n g  t h e  
subcompact sample e s t i m a t i o n .  Using t h e  t o t a l  market  sample e s t i m a t i o n ,  
t h i s  c a r  would c a p t u r e  0.03% o f  t h e  t o t a l  market. I f  t h e  c a r  were made 
by Chevro le t ,  i t  would have a  s i g n i f i c a n t l y  l a r g e r  share. 

MODEL CONSTRUCTION 

Data used t o  e s t i m a t e  t h e  parameters were o b t a i n e d  f o r  a  t o t a l  o f  420 
obse rva t i ons ,  352 U. S. domest ic  ca rs  and 68 f o r e i g n ,  o v e r  t h e  p e r i o d  
1960-73 w i t h  app rox ima te l y  30  models i n  any g i v e n  yea r .  The  d o m e s t i c  



r e g i s t r a t i o n s  f o r  a  y e a r  were ob ta ined  f rom A u t o m o t i v e  News A l m a n a c .  
The o b j e c t i v e  c h a r a c t e r i s t i c s  o f  each model o f  c a r  were o b t a i n e d  f r o m  
Consumer Reports.  Ord ina ry  l e a s t  s q u a r e s  was u s e d  t o  e s t i m a t e  t h e  
equat ion .  
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HOUSEHOLD AUTOMOBILE EXPENDITURE 

A model o f  household automobi le  e x p e n d i t u r e  was d e v e l  o p e d  a t  t h e  
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s t o  e s t i m a t e  h o u s e h o l d  a u t o m o b i l e  
expendi1:ure as a  f u n c t i o n  o f  permanent and t r a n s i t o r y  i ncome , p r e s e n t  
ownershiip o f  ca rs  and o t h e r  d u r a b l e  g o o d s ,  h o u s e h o l d  d e b t ,  f a m i l y  
composil;~ion, and t h e  change i n  t h e  w i f e ' s  p a r t i c i p a t i o n  i n  t h e  l a b o r  
market. 

HISTORICAL BACKGROUND 

T h i s  rnodel i s  based on an e a r l i e r  model b y  Levedahl on d u r a b l e  g o o d s  
expendit;ure t h a t  was f i r s t  p u b 1  i s h e d  i n  1 9 7 6 .  The  p r e s e n t  m o d e l  
spec i  f i c :a l  l y  es t ima tes  t h e  d u r a b l e  goods e x p e n d i t u r e  o f  a u t o m o b  i 1 e s .  
A d d i t i o n a l  l y  , t h e  model assumes a  p a r t i c u l  a r  shopping s t r a t e g y  empl o y e d  
by house!liolds. 

ASSUMPT 1.ONS 

The model s p e c i f i e s  t h e  househo ld 's  d e c i s i o n  t o  purchase o r  s e l l  a s  
based on t h e  u n i t  v a l u e  o f  t h e  automot ive  s tock  p r i c e .  The household i s  
assumed t o  make a  purchase i f  t h i s  p r i c e  i s  l e s s  than  a  d e f i n e d  l e v e l  
and i t  d l ives ts  i f  i t  exceeds t h a t  l e v e l .  The household i s  a s s u m e d  t o  
most l i k e l y  know what t y p e  o f  a u t o m o b i l e  i t  w i l l  p u r c h a s e  b e f o r e  
e n t e r i n g  t h e  marketp lace,  b u t  i t  does n o t  r u l e  o u t  an impulse  p u r c h a s e ,  
s ince  th~c! model i s  based on t h e  p r o b a b i l i t y  o f  a  purchase.  P e r m a n e n t  
and t r a n ~ s i t o r y  income i s  used i n  p l a c e  o f  t h e  usual i ncome m e a s u r e  o f  
y e a r l y  sa la ry .  The amount t h e  household w i l l  spend on a  c a r  i s  s a i d  b y  
t h e  auth,ar  t o  depend on i t s  e x p e c t a t i o n  o f  i t s  long- term f u t u r e  i ncome,  
i.e., permanent income, and n o t  on i t s  a c t u a l  income t h a t  may va ry  f r o m  
y e a r  t o  year.  



VAL IDATI ON 

According t o  t h e  model au tho r ,  t - t e s t s  supported t h e  hypo thes i s  t h a t ,  
r e l a t i v e  t o  i t s  l e v e l ,  t h e  p a t t e r n  o f  i n c o m e  r e c e i p t s  ( m e a s u r e d  b y  
t r a n s i t o r y  income) determines t h e  t i m i n g  o f  au tomobi le  p u r c h a s e s ,  b u t  
n o t  t h e  l e v e l  o f  e x p e n d i t u r e  once a  purchase i s  made. 

No measure o f  permanent income works s i g n i f i c a n t l y  b e t t e r  t h a n  t h e  
r e s t  f o r  de te rm in ing  p r o b a b i l i t y  o f  purchase, b u t  e v i d e n c e  p o i n t s  t o  
expected i n c m e  as t h e  b e s t  p r e d i c t o r  o f  au tomobi le  expend i tu re  f o r  h i g h  
school graduates. 

STRUCTURE 

The p r o b a b i l i t i e s  o f  purchase and purchase expend i tu re  a r e  modeled as 
t h e  dependent v a r i a b l e s  f o r  two separa te  groups o f  h o u s e  h o l  d s  , t h o s e  
w i t h  heads t h a t  a r e  h i g h  school graduates,  a n d  t h o s e  w i t h  h o u s e h o l d  
heads t h a t  a r e  c o l l e g e  graduates.  F i v e  measures o f  permanent income a r e  
used f o r  t h e  two dependent v a r i a b l e s  and t h e  two c lasses  o f  househol d s  , 
y i e l d i n g  20 d i s t i n c t  equat ions .  These permanent income measures a r e  (1) 
expected income r e p o r t e d  by  households f o r  t h e  f o l l o w i n g  yea r ,  ( 2 )  t w o -  
,year average income w i t h  d e c l i n i n g  we ights ,  213 t i m e s  t h e  c u r r e n t  y e a r  
p l u s  113 t i m e s  t h e  p rev ious  y e a r ,  ( 3 )  es t ima ted  i n c m e  d e f i n e d  f o r  e a c h  
household as  average income pe r  household f o r  i t s  age-educat i  o n  c  1  a s s ,  
( 4 )  t h r e e - y e a r  a v e r a g e  i n c o m e  c e n t e r e d  o n  t h e  c u r r e n t  y e a r  a n d  
i n c o r p o r a t i n g  t h e  prev ious-year  income and t h e  expected i n c o m e  o f  t h e  
f o l l o w i n g  yea r ,  and ( 5 )  c u r r e n t  income, i n t r o d u c e d  as an a l t e r n a t i v e  t o  
separa t i ng  income i n t o  i t s  permanent and t r a n s i t o r y  components. 

The econometr ic  e x p e n d i t u r e  e q u a t i o n  hav ing t h e  b e s t  p e r f o r m a n c e  i s 
shown here. 

EXPEND = -1473.82 - 607.24 (STOCK) - 772.94 (NPAY) + 502.67 (IPAY) 

- 732.12 (WNWOR) - 395.64 (PY) - 9.45 (SQPY) + 129.1,9 (TYOLD) 

where: 

EXPEND = automobi le  e x p e n d i t u r e  b y  h o u s e h o l d s  h e a d e d  b y  a  p e r s o n  
graduated from h i g h  school b u t  n o t  f rom c o l l e g e  

STOCK = t o t a l  au tomobi le  s t o c k  ( i n  p h y s i c a l  u n i t s )  owned  b y  t h e  
household, c a l c u l a t e d  a s s u m i n g  a  d e p r e c i a t i o n  r a t e  o f  25  
pe rcen t  per  y e a r  

NPAY = number o f  au tomobi les  owned t h a t  a r e  c u r r e n t l y  be ing  f i n a n c e d  
w i t h  i n s t a l  lment  payments 

IPAY = number o f  au tomobi les  c u r r e n t l y  owned t h a t  were purchased us ing  
i n s t a l l m e n t  payments ( e i t h e r  p r e s e n t l y  be ing  p a i d  o r  t o t a l  l y  
p a i d  up) 



WNWOR = change i n  t h e  w i f e ' s  l a b o r  f o r c e  p a r t i c i p a t i o n ,  = 1 i f  w i f e  
worked i n  t h e  c u r r e n t  y e a r  b u t  n o t  i n  t h e  p rev ious  year ,  = 0 i f  
t h e r e  i s  no change 

PY = permanent income (expected income f o r  t h e  f o l l o w i n g  y e a r )  

SQPY = squared permanent income 

TYOLD =: t r a n s i t o r y  income o f  o l d e r  households 

The v a r i a b l e s  i n  t h e  10 econometr ic  p r o b a b i l  i t y  o f  purchase equat ions  
f o r  h i g h  school g raduates  a re :  NAUTOS, DURABLES, NC016, WNWOR, NPAY, 
PY, TYOL-D, and TYOUNG. (TYOLD a n d  TYOUNG a r e  n o t  i n c l u d e d  i n  t h e  
e q u a t i o n  u s i n g  t h e  c u r r e n t  income measure f o r  permanent i n c o m e .  ) The  
v a r i a b l e s  i n  t h e  e q u a t i o n  f o r  c o l l e g e  graduates  a r e :  NAUTOS, NC016, 
IPAY, MPAY, NCHILD, ISDEBT, PY, TYOL,D, and TYOUNG. V a r i a b l e  d e f i n i t i o n s  
a r e  as above o r  as f o l l o w s :  

NAUTOS = number o f  automobi 1 es owned 

DURABLES = number o f  d u r a b l e  goods owned by  t h e  h o u s e h o l  d o t h e r  t h a n  
automobi 1 es 

NC016 = number o f  c h i 1  dren 16 y e a r s  o r  o l d e r  

NCHILCI = number o f  c h i l d r e n  i n  t h e  f a m i l y  

MPAY = method used t o  purchase t h e  househo ld 's  p r imary  automobi le ,  = 
1 i f  i n s t a l l m e n t  payments were used, = 0 i f  n o t  

ISDEBT = o u t s t a n d i n g  i n s t a l l m e n t  debt ,  o t h e r  t h a n  a u t o m o b i  1 e d e b t ,  
owned by t h e  household, i n  thousands o f  d o l l a r s  

TYOUNG = t r a n s i t o r y  income o f  younger households 

MODEL CONSTRUCTION 

The (data used i n  c o n s t r u c t i n g  t h i s  model c o n s i  s t  s o f  a s a m p l e  o f  
husband and w i f e  households chosen f rom t h e  Consumer A n t i c i p a t i o n  Survey 
(CAS), a j o i n t  N a t i o n a l  Bureau o f  Economic ResearchIBureau o f  t h e  Census 
p r o j e c t  performed f rom 1968 t o  1970. The format  c o n s i s t e d  o f  a s k i  n g  a 
household what v a l u e  i t  expected a p a r t i c u l a r  v a r i a b l e  t o  t a k e  and t h e n  
r e c o r d i ~ n g  t h e  r e a l i z e d  va lue  a t  a l a t e r  v i s i t .  A 708 househo ld  s a m p l  e 
was taken  f rom t h e  survey o f  3364 households. 
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The U.S. Department o f  Energy and Energy and Environmental  Ana lys  i s  , 
Inc .  developed i n  1980 a  1  i g h t - d u t y  t r u c k  f u e l  economy model a s  a  p a r t  
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OBJECTIVE OF MODEL 

T h i s  t h r e e - v a r i a b l e  eng ineer ing  model p r e d i c t s  t h e  f u e l  c o n s u m p t  i o n  
p e r  v e h i c l e  m i l e ,  and t h e r e f o r e  t h e  f u e l  economy, o f  m o d e l s  o f  1  i g h t -  
d u t y  t r u c k s  t h a t  have a  base manual 3 -  o r  4 - s p e e d  t r a n s m i s s i o n  a n d  
conven t iona l  o x i d a t i o n  c a t a l y s t  em iss ion  c o n t r o l  t e c h n o l  o g y  w i  t h o u t  
eng ine  e l e c t r o n i c s .  The model i s  based on model y e a r  1980 da ta  and was 
o r i g i n a l l y  used i n  an a n a l y s i s  o f  t h e  m o d e l  y e a r  1 9 8 1  f u e l  economy 
standards.  

HISTORICAL BACKGROUND 

The Department o f  T r a n s p o r t a t i o n  promul gated c o r p o r a t e  a v e r  a g e  f u e  1  
economy s tandards  f o r  l i g h t  t r u c k s  f o r  1 9 8 0  a n d  1 9 8 1  a n d  p r o p o s e d  
s tandards  f o r  1982 model y e a r  t r u c k s  and ranges o f  p o s s i  b l  e s t a n d a r d s  
f o r  1983-85. Comments were i n v i t e d  f rom t h e  Department o f  Energy on t h e  
N o t i c e  o f  Proposed Rulemaking. Energy a n d  E n v i r o n m e n t a l  A n a l y s i s ,  
I n c .  suppor ted t h e  p r e p a r a t i o n  o f  DOE comments on  t h e  a n a l y s i  s  o f  t h e  
Rulemaking Support  Paper. I n  t h i s  s tudy  t h e  s u b j e c t s  c o v e r e d  w e r e  an 
a n a l y s i s  o f  t h e  b a s e l i n e  market  and t e c h n o l o g y ,  r e v i e w  o f  a v a i l a b l e  
techno logy  improvements, t h e  i n t r o d u c t i o n  o f  new models o f  l i g h t  t r u c k s ,  
t h e  d e r i v a t i o n  o f  t h e  s t a n d a r d s  a s  t h e y  r e l a t e  t o  t h e  
U.S. manufac turers ,  and t h e  impacts  on f u e l  consumption. A c r i t i q u e  i s  



made o f  t h e  DOT model t o  p r e d i c t  t h e  f u e l  economy o f  l i g h t  t r u c k s ,  a n d  
t h i s  DOE model i s  e v a l u a t e d  as an a1 t e r n a t i v e .  

ASSUMPlr I ONS 

Fuel economy i s  shown t o  be p r o p o r t i o n a l  t o  v e h i c l e  we ight ,  t h e  f o r c e  
r e q u i r e d  t o  overcome aerodynamic f o r c e s ,  e n g i n e  d i s p l a c e m e n t ,  a n d  
d r i v e t r l a i n  design.  Aerodynamic f o r c e s  a r e  shown t o  be p r o p o r t  i o n a l  t o  
v e h i c l e  f r o n t a l  area,  wh ich  v a r i e s  w i t h  v e h i c l e  we ight  t o  t h e  p o w e r  o f  
2/3, assuming c o n s t a n t  v e h i c l e  d e n s i t y .  

VALIDATION 

The model i s  compared w i t h  a  Department o f  T r a n s p o r t a t i o n - d e v e l  o p e d  
model and a  simp1 e  eng inee r ing  f u e l  consumption model. The DOT m o d e l  , 
based on a  1979 model y e a r  base1 i n e ,  proved t o  b e  a  r e 1  a t i  v e l y  p o o r  
p r e d i c t o r  o f  model y e a r  1980 f u e l  economies. The eng inee r ing  models a r e  
shown t,o have b e t t e r  exp l  ana to ry  power. The exp lana to ry  v a r i a b l e s  a r e ,  
however, h i g h l y  c o r r e l a t e d  w i t h  e a c h  o t h e r .  S c a t t e r p l  o t s  o f  t h e  
res idua , l s  from t h e  model e s t i m a t e s  a r e  used t o  d e m o n s t r a t e  t h e  b e t t e r  
e x p l a n a t o r y  power o f  t h e  DOE model. 

LIMITATIONS AND BENEFITS 

Predi ic ted b a s e l i n e  f u e l  e c o n o m i e s  c a n  b e  a d j u s t e d  f o r  o t h e r  
t r a n s m i s s i o n  t y p e s  o r  f o r  advanced techno log ies .  T h e  m o d e l  v a r i a b l e  
r e l a t i o r l s h i p s  were ar ranged so as t o  m i n i m i z e  t h e  m u l t i c o l l i n e a r i t y  
between them. 

The model may be comp le te l y  summarized by: 

F C -  1 / F E Z  1 . 3 8 0 ~  lo-: (ETW) [l + 0.34 ( DYNO - 1 )  
(.008 x  10- ) (0.044) M2 x  E T W ~ ' ~  

C I D  x RAR 
+ 0 *22  ( M  ETW - 1 ) I  / NT 

(0.053) 3  

unweighted R~ = .891 

where s tandard  e r r o r s  a r e  i n  parentheses,  and 

FC = f u e l  consumption, i n  g a l l o n s  p e r  m i l e  

FE = 13PA combined f u e l  economy r a t i n g ,  i n  m i l e s  pe r  g a l l o n  

ETW = e q u i v a l e n t  t e s t  we igh t  o f  v e h i c l e ,  i n  pounds 

DYNO = s e t t i n g  f o r  dynamometer power a b s o r p t i o n  u n i t  , horsepower 



M2 = mean v a l u e  o f  D Y N O / E T W ~ / ~  = 0.061 

CID = eng ine  d isp lacement ,  c u b i c  i nches  

RAR = r e a r  a x l e  r a t i o  

M3 = mean v a l u e  o f  (CID x RAR)/ETW = 0.202 

NT = t r a n s m i s s i o n  e f f i c i e n c y ,  assessed as a  p e n a l t y  o r  a d v a n t a g e  o f  
t h e  g i v e n  t r a n s m i s s i o n  t y p e  ove r  a chosen base t r a n s m i s s i o n ,  = 
1.05 f o r  manual 5-speed and a1 1  o v e r d r i v e  t ransmi  s s i o n s  , = 1 . 0 0  
f o r  a l l  manual 3 -  and 4-speeds w i t h o u t  o v e r d r i v e ,  = .985  f o r  
t o r q u e  c o n v e r t e r  lock-up,  = .95 f o r  au tomat ic  3-speeds 
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  s i m u l a t e  t h e  d o m e s t i c  a u t o m o b i l e  
manufac:t:urers' t e c h n o l o g i c a l  responses t o  r e q u i r e d  i n c  r e a s e s  i n  f u e  1 
economies o f  s p e c i f i c  s i z e - c l  ass automobi les.  The model p r e d i c t s  wh i c h  
techno log ies  w i l l  be used and accourbts f o r  t h e  assoc ia ted  f u e l  economy/ 
c o s t  t r a d e o f f s .  

The i n p u t s  t o  t h e  model a r e  manufac turer ,  s i z e - c l a s s ,  model yea r ,  and 
'ue l  economy t a r g e t .  The o u t p u t s  o f  t h e  model a r e  t o t a l  mpg improvement 
nd t o t a l  c o s t  increment  r e 1  a t i v e  t o  b a s e 1  i n e  v a l u e s .  A 1  i s t  o f  

t e c h n o l o g i e s  w i t h  increments  o f  market  p e n e t r a t i o n  i s  a1  s o  p r o d u c e d .  
The s i z e  c lasses  cons idered a r e  based on a  roominess i ndex  t h a t  d i v i d e s  
c a r s  in~t;o t h r e e  c lasses :  smal l ,  medium, and la rge .  

RELATIOlNSHIP TO OTHER MODELS 

The model was o r i g i n a l  l y  designed t o  r e p 1  a c e  t h e  t e c h n o l  o g y / c o s t  
r e 1  a t i o r ~ s  p o r t i o n  o f  t h e  F a u c e t t  Automobi le S e c t o r  F o r e c a s t  i n g  M o d e l  
(76-016). The U.S. Department o f  Energy a n t i c i p a t e s  t h a t  t h e  model w i l l  
be i nco ' rpo ra ted  i n t o  t h e  supp ly  s i d e  o f  t h e  new d i saggrega te  model t h a t  
i s  t o  be developed under i t s  sponsorship.  



HISTORICAL BACKGROUND 

The t e c h n o l o g i c a l  c o s t  r e l a t i o n s  presented i n  t h i s  model r e p l a c e  t h e  
F a u c e t t  model r e l a t i o n s  o r i g i n a l l y  developed by  H i t tman  Assoc ia tes ,  I nc .  

ASSUMPTIONS 

The model i n c o r p o r a t e s  s p e c i f i c  assumptions about  t h e  t e c h n o  1  og i e s  
a v a i l a b l e  t o  each manu fac tu re r  f o r  each s i z e  o f  au tomobi le ,  A h i e r a r c h y  
o f  cho ices  i s  s p e c i f i e d  and c o n s t r a i n t s  e x i  s t  c o n c e r n i n g  t h e  m a r k e t  
p e n e t r a t i o n s  o f  t echno l  o g i  es. 

VALIDATION 

There i s  no r e p o r t e d  v a l  i d a t i o n  o f  t h e  model. The model au tho rs  show 
t h a t  t h e  d i s c r e t e  t e c h n o l o g i c a l  cho ices  i n h e r e n t  i n  t h e  d e s i g n  o f  t h e  
model a r e  s u p e r i o r  t o  a  con t inuous  f u e l  economy/cost t r a d e o f f  f u n c t i o n .  

LIMITATIONS AND BENEFITS 

The model r e q u i r e s  a  s p e c i f i c  i n c r e a s e  i n  f u e l  economy f o r  a  
p a r t i c u l a r  m a n u f a c t u r e r ' s  s i z e - c l a s s  automobi le .  T h i s  i s  a  1  i m i  t a t  i o n  
i n  t h e  sense t h a t  t h e  demand and non- techno log ica l  s u p p l y  s i d e s  o f  a n  
a t t a c h e d  model must be compa t ib le  i n  r e q u i r e d  i n p u t s  and o u t p u t s  as we1 1 
a s  manufacturer  and s i z e - c l a s s  d e f i n i t i o n s .  N e i t h e r  Vol  kswagen no r  a n y  
o t h e r  f o r e i g n  automakers a r e  modeled. 

STRUCTURE 

The model i s  based on an approach t h a t  s t r e s s e s  t h e  d i s c r e t e  segments 
o f  c o s t  and m i l e s  p e r  g a l l o n  f o r  s p e c i f i c  t e c h n o l o g i e s  a v a i l  a b l e  t o  
manufac turers .  Given a  f u e l  economy t a r g e t  f o r  an automobi le ,  t h e  model 
searches among t h e  a v a i l a b l e  techno log ies ,  and d e t e r m i n e s  t h e  o p t i m a l  
t e c h n o l o g i e s  u n t i l  e i t h e r  t h e  t a r g e t  f u e l  economy i s  a t t a i n e d  o r  t h e  
a v a i l  a b l e  techno l  og ies  a r e  exhausted. 

The model has f o u r  components. 

1. Technology - Data. 

E leven t e c h n o l o g i e s  a r e  cons ide red  t o  be a v a i l a b l e  ove r  t h e  1 9 7 9  t o  
1985 pe r iod .  T h e s e  a r e  d i e s e l  e n g i n e s ,  a u t o m a t i c  t r a n s m i s s i o n  
i m p r o v e m e n t s ,  w e i g h t  r e d u c t i o n  t h r o u g h  m a t e r i a l  s u b s t i t u t i o n ,  
t u r b o c h a r g i n g  , aerodynamic improvements, improved 1  u b r i  c a n t s ,  r o l l  i n g  
r e s i s t a n c e  r e d u c t i o n ,  i m p r o v e d  a c c e s s o r i e s  a n d  a c c e s s o r y  d r i v e s ,  
e l e c t r o n i c  eng ine c o n t r o l ,  s t r a t i f i e d  c h a r g e  (PROCO) e n g i n e s ,  a n d  
t r a n s v e r s e  f ron t -whee l  d r i v e .  Fo r  e a c h  s i z e - c l a s s  v e h i c l e  o f  e a c h  
domest ic  manufac turer ,  t h e  f o l l o w i n g  i n f o r m a t i o n  i s  s p e c i f i e d  i n  m a t r i x  
fo rm,  f o r  each techno l  ogy: ( a )  percentage f u e l  economy improvement ove r  
t h e  1978 b a s e l i n e ;  (b )  u n i t  c o s t  i n  1978 d o l l a r s ;  ( c )  da te  a t  which t h e  



t echno l  o g i c a l  improvement i s  f i r s t  a v a i l  a b l e  f o r  i n t r o d u c t i o n  ( r e f l  e c  t s  
l e a d  t i m e s  and t o o l i n g  c o n s t r a i n t s ) ;  ( d )  l a t e s t  d a t e  a t  w h i c h  t h e  
improvement can be i n t r o d u c e d  ( e n a b l e s  t h e  m o d e l  t o  s i m u l a t e  t h e  
rep1 aclement o f  o b s o l e t e  t e c h n o l o g i e s )  ; ( e )  minimum market  p e n e t r a t  i o n s  
( t h i s  c o n s t r a i n t  ensures t h a t  c e r t a i n  t e c h n o l o g i e s  w i l l  n o t  be s e l e c t e d  
i n  a  v~olume t h a t  i s  t o o  smal l  t o  j u s t i f y  t h e  f i x e d  c o s t s  o f  p r o d u c t i o n ,  
a  percentage) ;  ( f )  maximum market  p e n e t r a t i o n ,  a  p e r c e n t a g e ;  a n d  ( g )  
no tes  which c o n t a i n  i n f o r m a t i o n  o n  n o n a d d i  t i v e  t e c h n o l  o g i e s  o r  
improvements, such as downs iz ing ,  which have t o  be adopted i n  s p e c i  f i  c  
percentages.  

2. Technology S e l e c t i o n  C r i t e r i a .  

Thi:s c m p o n e n t  c o n s i s t s  o f  an o r d e r i n g  v e c t o r  t h a t  s p e c i f i e s  t h e  
optima' l  o r d e r  o f  t echno logy  s e l e c t i o n .  Cost e f f e c t i v e n e s s  i s  n o t  t h e  
o n l y  s e l e c t i o n  c r i t e r i a .  Other  c r i t e r i a  i n c l  ude m a n u f a c t u r e r ' s  tendency 
t o  o p t i ~ m i z e  c o s t  o v e r  t h e  l o n g  r u n ,  v e h i c l e  p e r f o r m a n c e  ( e . g . ,  
t u r b o c h a r g e r s ) ,  a n d  m a n d a t o r y  t e c h n o l  o g i c a l  i n t r o d u c t i o n s  o f  
manufac turers .  

3. Eng inee r ing  C o n t r o l .  

T h i s  component models t h e  s i m u l  t a n e o u s  i n t r o d u c t i o n  o f  v a r i o u s  
techno' logies.  It accounts  f o r  f o u r  m a j o r  e n g i n e e r i n g  a s p e c t s  o f  t h e  
techno ' log ies .  F i r s t ,  eng inee r ing  c o n s i d e r a t i o n s  1  i m i  t t h e  max imum 
market  p e n e t r a t i o n  o r  t o t a l  f u e l  economy improvement  a c  h i  e v a  b l  e  w i  t h  
n o n a d d i t i v e  techno log ies .  Second, i n  an a t temp t  t o  g a i n  e x p e r i e n c e ,  
manufac turers  i n t r o d u c e  new t e c h n o l o g i e s  d u r i n g  v a r i o u s  m o d e l  y e a r s .  
T h i s  i m p l i e s  mandatory i n t r o d u c t i o n  schedules t h a t  i g n o r e  s h o r t - r u n  c o s t  
e f f ec t ' i veness .  T h i r d ,  some t e c h n o l o g i e s  r e q u i r e  changes a c r o s s  e n  t i r e  
automobile-model l i n e s  such as i n  t h e  case o f  m a t e r i a l  s u b s t i t u t i o n s  and 
aerodynamic drag r e d u c t i o n  programs. These r e q u i  r e m e n  t s  i m p l y  t h a t  
market  p e n e t r a t i o n  r a t e s  must be a p p r o p r i a t e l y  cons t ra ined .  Four th ,  t h e  
r e d e s i g n  o f  a  model l i n e  i s  g e n e r a l l y  accompanied b y  t h e  s i m u l  t a n e o u s  
i n t r o d u c t i o n  o f  compa t ib le  t echno log ies .  Thus, m o d e l  1  i n e s  t h a t  a r e  
expected t o  be redes igned i n  a  p a r t i c u l a r  y e a r  w i l l  i n c o r p o r a t e  s e v e r a l  
new techno l  o g i  es. 

'Techno1 ogy lCos t  Segment A1 g o r i  t hm. 

Givem t h e  use r -se l  e c t e d  manu fac tu re r  s i z e - c l  ass and m o d e l - y e a r  f u e l  
economy t a r g e t s ,  t h e  a l g o r i t h m  scans t h e  techno logy  d a t a  m a t r i c e s  a n d  
t h e  s e l e c t i o n  c r i t e r i a ,  and s e l e c t s  t h e  o p t i m a l  t e c h n o l o g i e s  t o  a c h i e v e  
t h e  f u e l  economy t a r g e t .  

DATA USED I N  RUNNING MODEL 

The i n p u t s  t o  t h e  model a r e  manu fac tu re r ,  s i z e - c l a s s ,  model yea r ,  and 
f u e l  economy t a r g e t .  B u i l t  i n t o  t h e  m o d e l  a r e  t h e  a u t o m o b i l e  
development programs o f  t h e  f o u r  domest ic  automakers, G e n e r a l  M o t o r s ,  
Ford, C h r y s l e r ,  and American M o t o r s .  T h e  t e c h n o l  o g i c a l  c o s t l f u e l  
economy r e l a t i o n s h i p s  f o r  t h e  v a r i o u s  t e c h n o l o g i e s  a r e  d e r i v e d  f r o m  
seve ra l  sources. The d a t a  m a t r i c e s  and t h e  o r d e r i n g  v e c t o r  r e f l  e c t  i n g  



t h e  s e l e c t i o n  c r i t e r i a  a r e  f l e x i b l y  d e s i g n e d  t o  a c c o m m o d a t e  new 
i n f o r m a t i o n  and t h e  r u n n i n g  o f  a1 t e r n a t i v e  scenar ios .  
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TRANSIT ACCESSIBILITY AS A DETERMINANT OF AUTOMOBILE OWNERSHIP 

T h i s  model of t r a n s i t  a c c e s s i b i l i t y  as  a determinant  o f  a u t o m o b i  1 e 
ownership was developed a t  t h e  M e t r o p o l  i t a n  W a s h i n g t o n  C o u n c i l  o f  
Governments and p u b l i s h e d  i n  1 9 7 3 .  I t s  p u r p o s e  i s  t o  e x a m i n e  how 
a v a i l a b i l i t y  o f  mass t r a n s i t  a f f e c t s  l e v e l  s o f  a u t o  o w n e r s h i p  i n  a 
m e t r o p o l i t a n  area. 
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h i s  model i s  t o  a n a l y z e  t h e  r e 1  a t i o n  b e t w e e n  
t r a n s i t  a c c e s s i b i l i t y  a n d  a u t o  o w n e r s h i p  t o  s e e  how t r a n s i t  
a c c e s s i b i l  i ty  a f f e c t s  average auto  ownership l e v e l s  f o r  h o u s e  h o l  d s  o f  
d i  f f e r e r ~ t  average i ncanes and s izes .  

RELATIONSHIP TO OTHER MODELS 

There i s  no re1 a t i o n s h i p  t o  o t h e r  models. 

ASSUMPTIONS 

The measure o f  t r a n s i t  a c c e s s i b i l  i t y  u s e d  i n  t h e  m o d e l  i s  t h e  
percenta~ges o f  j o b s  i n  t h e  m e t r o p o l i t a n  area t h a t  c o u l d  be reached f r o m  
t h e  r e s i d e n t i a l  a rea  i n  45 m inu tes  by  mass t r a n s i t .  Because t h i  s t i m e  
boundary accounted f o r  9 o u t  o f  10 work t r i p s ,  i t  was a s s u m e d  t o  b e  a 
r e p r e s e n t a t i v e  boundary f o r  commuting t r a v e l  . 



VAL I DATI ON 

The c a l c u l a t e d  F - r a t i o s  between a u t o m o b i l e  o w n e r s h i p  a n d  t r a n s i t  
a c c e s s i b i l i t y  were s i g n i f i c a n t  a t  t h e  99 pe rcen t  l e v e l  o f  con f idence  f o r  
a l l  b u t  t h r e e  c a t e g o r i e s  o f  income and fami l y  s i z e .  E x c e p t  f o r  t h e  
h i g h e s t  income households o f  f o u r  persons o r  more, t r a n s i t  access i  b i  1 i t y  
t o  employment appears t o  have a  s i g n i f i c a n t  impact  on t h e  number o f  c a r s  
owned. 

LIMITATIONS AND BENEFITS 

T h i s  model has d e a l t  e n t i  r e l y  w i t h  emp l  o y m e n t - r e 1  a t e d  t r a n s i t  
access i  b i 1  i t y .  The measurement o f  a c c e s s i b i l  i t y  f o r  non-work p u r p o s e s  
i s  much more canp lex  t h a n  t h a t  f o r  work purposes. 

STRUCTURE 

S ince  b o t h  f a m i l y  s i z e  a n d  i n c o m e  a r e  c o r r e l  a t e d  w i t h  t r a n s i t  
a c c e s s i b i l i t y ,  separa te  equa t ions  a r e  used f o r  40 s e t s  o f  h o u s e h o l  d s  , 
which a r e  c l a s s i f i e d  b y  number o f  persons (one, two,  t h r e e ,  o r  f o u r  a n d  
o v e r ) ,  and t e n  f a m i l y  income group ings,  rang ing  f rom c a t e g o r i e s  o f  z e r o  
t o  t h r e e  thousand d o l l a r s  a  y e a r  t o  o v e r  25  thousand. 

A  s imp le  l i n e a r  r e g r e s s i o n  was fo rmu la ted  f o r  each o f  t h e  40 se ts .  

Yis = a  + b  ( X )  

where: 

= t h e  average number o f  au tomob i les  owned by a  household o f  a g  i v e n  
incane  and s i z e  

X = t h e  t r a n s i t  a c c e s s i b i l i t y  a v a i l  ab le  t o  t h a t  household 

a,b = r e g r e s s i o n  c o e f f i c i e n t s  c a l c u l a t e d  b y  s t a n d a r d  l e a s t  s q u a r e s  
techn iques  

MODEL CONSTRUCTION 

The d a t a  used t o  e s t i m a t e  t h i s  model  w e r e  d e v e l o p e d  f r o m  a  home 
i n t e r v i e w  survey conducted by t h e  N a t i o n a l  C a p i t a l  Region T r a n s p o r t a t i o n  
P l  ann i  ng Board (TPB) and M e t r o p o l i t a n  Washington Counci l  o f  Governments  
(COG) i n  1968. 
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ENERGY USE IN TRANSPORTATION MODEL (ENTRANS) 

The Energy Use i n  T r a n s p o r t a t i o n  Model (ENTRANS) was d e v e l  o p e d  i n  
1980 a t  Dartmouth Co l l ege  under t h e  sponsorsh ip  o f  t h e  U.S. D e p a r t m e n t  
o f  T ranspor ta t i on .  It i s  a  computer-based d y n a m i c  s i m u l  a t i o n  m o d e l  
developed t o  a n a l y z e  t h e  i n t e r a c t i o n s  b e t w e e n  e n e r g y  s u p p l y  a n d  
t r a n s p o r t a t i o n - r e 1  a t e d  energy use. I t  i s  i n tended  t o  a1 low po l  icymakers 
t o  e v a l u a t e  t h e  impacts  on t r a v e l  and mobi l  i t y  o f  c h a n g e s  i n  e n e r g y  
p r i c e  and a v a i l a b i l i t y  and t o  determine t h e  i m p a c t s  o n  e n e r g y  u s e  o f  
t r a n s p o r t a t i o n  po l  i c i e s .  
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KEY WORDS 

Automobi le demand, f l e e t  s i ze ,  f u e l  consumpt ion ,  f u e l  e c o n o m y ,  f u e l  
p r i c e ,  market  share, modal s p l i t ,  p r i c i n g ,  s c r a p p a g e ,  v e h i c l e  m i  1  e s  
t r a v e l e d ,  v e h i c l e  use r  c o s t s / v e h i c l e  o p e r a t i n g  c o s t s  

OBJECTIVE OF MODEL 

The model rep resen ts  t h e  f a c t o r s  a f f e c t i n g  gasol  i n e  use i n  i n t r a c  i t y  
passenger t r a n s p o r t a t i o n  and i n t e r c i t y  auto  t r i p s .  It may b e  u s e d  t o  
ana lyze p o l i c i e s  such as  t r a n s i  t s e r v i c e  i m p r o v e m e n t s ,  a u t o  f u e l  
e f f i c i e n c y  mandates, gaso l  i n e  t a x e s ,  g a s o l  i n e  p r i c e  c h a n g e s ,  a n d  
c a r p o o l i n g  i n c e n t i v e  programs. A lso  scenar ios  may b e  t e s t e d  s u c h  a s  
d i f f e r e n t  p o p u l a t i o n  growth  r a t e s ,  economic growth  r a t e s ,  and p e t r o l  eum 
p r i c i n g  and supp ly  p o l i c i e s .  The model p r o j e c t s  t o  t h e  y e a r  2020. 

RELATIONSHIP TO OTHER MODELS 

The au to  s e c t o r  o f  ENTRANS may a1 so be used s e p a r a t e l y  i n  a  v e r  s i  o n  
c a l l  ed t h e  CAR1 model . 

Econ~omic i n p u t s  t o  ENTKANS a r e  p r o j e c t e d  by Data Resources, I nc .  O i l  
supp ly  and p r i c e  a r e  f o r e c a s t  by t h e  Department o f  Energy 's  FOSSIL79 and 



NEP2000 models. The model r e p o r t  p resen ts  a  c r i t i q u e  o f  t h r e e  m o d e l  s  ; 
some o f  t h e i r  c o n c e p t s  a r e  i n c o r p o r a t e d  i n t o  ENTRANS: F a u c e t t  
Automobil  e  S e c t o r  Fo recas t i ng  Model (76-016),  Sweeney V i  n t a g e  Ca p i  t a l  
Model (75-004A), and t h e  MIT-TRANS model o f  t r a v e l  demand a t  t h e  u r b a n  
a r e a  l e v e l .  T h e  c o n s u m e r  c h o i c e  s e c t o r  i s  b o r r o w e d  f r o m  t h e  
d i  saggregate i n d i v i d u a l  -1 eve1 auto- type c h o i c e  model devel  oped b y  L a v e  
and T r a i n  (77-055). 

The techno logy c o s t  c u r v e  parameters,  re1  a t i n g  f u e l  e c o n o m y  r a t  i n g  
inc remen ts  t o  manu fac tu r ing  c o s t s ,  were es t ima ted  u s i n g  d a t a  c o m p i  1  e d  
f o r  t h e  Wharton EFA Automobi le Demand Model (77-046).  

ASSUMPTIONS 

Househo ld- leve l  t r a v e l  demand  i s  r e p r e s e n t e d  b y  a s s u m i n g  t h a t  
households maximize t h e  u t i l i t y  o f  t r a v e l ,  s u b j e c t  t o  t i m e  a n d  money  
c o n s t r a i n t s ,  as  measured by t r a v e l  d i s t a n c e ;  i nc reased  t r a v e l  d  i s t a n c e  
p r o v i d e s  g r e a t e r  u t i l i t y  b y  i n c r e a s i n g  t h e  s p a t i a l  r a n g e  o f  
o p p o r t u n i t i e s  f o r  s a t i s f a c t i o n  o f  household needs and d e s i r e s .  T r a v e l  
d e c i s i o n s  a r e  based on modal c o s t  and speed and on number o f  t r i p  makers 
p e r  household and income. A l l  modes a r e  compared on t h e  b a s i s  o f  t h e  
maximum d a i l y  m i l e s  assoc ia ted  w i t h  them t o  de te rm ine  modal s p l i t s .  

General scenar io  assumptions made a r e  t h a t  t h e  i n t e r n a l  c o m b u s t  i o n  
eng ine  w i l l  be used i n  au tomob i les  o v e r  t h e  m o d e l ' s  t i m e  h o r i z o n  b u t  
d i e s e l  eng ines w i l l  be w i d e l y  used a l s o ,  t h a t  s t a n d a r d s  o f  t h e  1 9 7 7  
Clean A i r  A c t  amendments w i l l  be met, and mo to r  v e h i c l e  s a f e t y  s tandards  
w i l l  be met w i t h o u t  adverse impact  on automobi le  f u e l  e f f i c i e n c i e s .  The 
a u t o  i n d u s t r y  i s  assumed t o  be b a s i c a l  l y  c a n p e t i t i v e  and t o  a n t i  c i  p a t e  
t h e  need f o r  meet ing  t h e  f u e l  economy standards.  The c o s t  o f  i m p r o v i  n g  
f u e l  e f f i c i e n c y  i s  assumed t o  be approximated b y  a  con t inuous  f u n c t i o n  
t h a t  r i s e s  m o n o t o n i c a l l y  w i t h  i n c r e a s i n g  e f f i c i e n c y .  To maximize t o t a l  
s a l e s  and t o  avo id  l o s i n g  s a l e s  t o  compet ing manufac turers ,  each company 
i s  assumed t o  m in im ize  t h e  l i f e c y c l e  c o s t  o f  a u t o  o w n e r s h i p  t o  t h e  
p u b l i c .  

VALIDATION 

The model i s c a l  i b r a t e d  t o  reproduce h i s t o r i c a l  va lues  o f  v  a  r i a b 1  e  s  
t o  w i t h i n  app rox ima te l y  10% o f  t h e  es t ima tes  o f  t h e i r  r e a l  va 1  u e s  o v e r  
t h e  p e r i o d  1950-1979. 

LIMITATIONS AND BENEFITS 

ENTRANS borrows f rom o t h e r  model ing  e f f o r t s ,  b u t  i t s  a u t h o r s  c l  a i m  
t h a t  i t  i s  t h e  o n l y  model t h a t  i n c l u d e s  a  f u l l  s e t  o f  t r a n s p o r t a t i o n 1  
energy  supplyldemand components. The p o l i c i e s  t h a t  may  b e  s i m u l  a  t e d  
a r e :  no mandated f u e l  economy standards;  h i g h  s tandards  a f t e r  1985; l o w  
o r  h i g h  p e n a l t y  r a t e s ;  low, medium, o r  h i g h  g a s o l i n e  tax ;  e x c i s e  t a x  o n  
gas guzz le rs ;  d r i v e r  o r  v e h i c l e  based r a t i o n i n g  o f  gas; ca rpoo l  p a r k i  n g  
i n c e n t i v e s  o r  s p e c i a l  l a n e s ;  i n c r e a s e d  f e d e r a l  t r a n s i t  c a p i t a l  



expend i tu res ;  i nc reased  h i g h w a y  c o n s t r u c t i o n ,  r e c o n s t r u c t i o n ,  o r  
maintenance 1  eve l  s; decreased t r a n s i t  f a r e s ;  n a t i o n a l  energy p l  an 1 a n d  
2; low,, medium, o r  h i g h  o i l  p r i c e  scenar io ;  h i g h  o r  medi  um G N P  g r o w t h  
r a t e s ;  zero  mean income growth  a f t e r  1980; and h i g h  o r  1  ow p o p u l  a t  i o n  
g rowth  r a t e s .  

The nnodel has seven s e c t o r s :  (1) t r a v e l  , c o m p u t e s  m o d e - s p e c i  f i c  
t r a v e l  demand and f u e l  use; ( 2 )  auto ,  r e p r e s e n t s  i n d u s t r y / c o n s u m e r  
responsle t o  g a s o l i n e  p r i c e s  and g o v e r n m e n t  p o l  i c i e s ;  ( 3 )  t r a n s i t ,  
r e p r e s e n t s  t h e  t r a n s i t  s e c t o r  response t o  changes i n  r i  d e r s h i  p  a n d  t o  
v a r i o u s  p o l i c i e s ;  ( 4 )  carpoo l  , rep resen ts  ca rpoo l  - s p e c  i f i c  1  e v e l  s  o f  
serv ice ; ;  ( 5 )  highway, determines t h e  e f f e c t  o f  h i g h w a y  c o n d i t i o n  a n d  
congest.:jon on average network speed; (6 )  demographic, p r o j e c t s  economic  
and p o p u l a t i o n  growth; and ( 7 )  c o s t ,  c o n v e r t s  c r u d e  o i l  p r i c e s  t o  
e q u i v a l e n t  gasol i ne p r i c e s .  

Two para1 l e l  s t r u c t u r e s  a r e  used t o  model t h e  d e c i s i o n s  o f  t h e  a u t o  
i ndus t ry .  The f i r s t  computes t h e  c o s t s  assoc ia ted  w i t h  au to  p r o d u c t  i o n  
and ou tpu ts  p r i c e  f o r  each o f  f i v e  a u t o  s i z e  c l a s s e s  ( s u b c o m p a c t ,  
compact,, i n t e r m e d i a t e ,  f u l l - s i z e ,  a n d  1  u x u r y )  . F o u r  c o s t  f a c t o r s  
i n f l u e n c e  t h e  d e c i s i o n  o f  each auto  manufac turer :  t echno logy  c o s t s  o f  
f u e l  ef ' l ' ic iency,  g a s o l i n e  c o s t s ,  p e n a l t i e s  f o r  n o t  m e e t i n g  g o v e r n m e n t  
mandated f u e l  economy s tandards ,  and government- i  m p o s e d  e x c  i s e  t a x e s  
based on au to  f u e l  economy. T h e  s e c o n d  s t r u c t u r e  f i n d s  t h e  f u e l  
e f f i c i e n c y  w i t h i n  each c l a s s  t h a t  m in im izes  t h e  l i f e c y c l e  c o s t s  o f  a u t o  
ownership by  comput ing i nc remen ta l  ; ) r ice and f u e l  economy changes u s i  n g  
t h e  d e r i v a t i v e s  o f  gasol  i n e ,  techno1 ogy, p e n a l t y ,  and e x c i s e  t a x  c o s t  s. 
The minimum 1  i f e c y c l e  c o s t  i s  found when a  s e l e c t e d  f u e l  economy d r i v e s  
t h e  sum o f  t h e  fou r  component d e r i v a t i v e  c o s t  f u n c t i o n s  t o  zero. 

A colrlsumer c h o i c e  model i s  used t;o de te rm ine  t h e  re1  a t i v e  u t i  1  i t y ,  
and t h e r e f o r e  t h e  market  share, o f  an au to  c l a s s .  The f a c t o r s  i n v o l  v e d  
a r e  household income, new c a r  p r i c e  f o r  t h e  c l  a s s ,  f u e l  economy a n d  
g a s o l i n e  p r i c e  ( o p e r a t i n g  c o s t ) ,  g e n e r a l  u t i l  i t y  o f  t h e  c l a s s ,  a n d  
u t i l i t y  o f  a1 t e r n a t i v e  c lasses .  

T o t a l  v e h i c l e  t r a v e l  d i s t a n c e  i s  used t o  compute c o n g e s t i o n  and r o a d  
d e t e r i o r a t i o n  e f f e c t s .  The t r a n s i t ,  c a r p o o l ,  a n d  h i g h w a y  s e c t o r s  
canpute l e v e l s  o f  s e r v i c e  by mode, g i v e n  m o d a l  c h a r a c t e r i s t i c s  a n d  
t r a v e l  v'olumes. These l e v e l s  o f  s e r v i c e  a r e  used b y  t h e  t r a v e l  s e c t o r  
t o  determine t r a v e l  p a t t e r n s .  

The demographic s e c t o r  computes household c h a r a c t e r  i s t  i c s  s u c h  a s  
number o f  households, mean household income, number o f  1  icensed d r i  v e r s  
p e r  hous'ehold, and number of au tos  pe r  household. I n p u t s  i n c l  u d e  t h e  
t o t a l  number o f  au tos ,  f rom t h e  auto  sec to r ,  and t h e  d i  s t r i  b u t i  o n  o f  
au tos  across  income c lasses,  f r o m  t h e  t r a v e l  sec to r .  

The c o s t  s e c t o r  uses a  we l lhead crude o i l  c o s t  t o  compute t h e  p r i c e  
o f  gaso l i ne ,  i n c l u d i n g  t h e  a v e r a g e  s t a t e  f u e l  t a x  c o m p u t e d  i n  t h e  
highway revenues subsector .  Values f o r  f u e l  use and f u e l  ava i 1  ab  i 1  i t y  



from the travel sector are used t o  compute a price mu1 t i p l i e r  from f u e l  
shortfall .  

The o u t p u t  that may be plotted or p r i n t e d  i n c l u d e s  a u t o  p r i c e s ,  
passenger miles by mode, new-car market shares, t r i p  c h a r a c t e r i  s t  i c s  , 
demographics, new car on-the-road o r  EPA-measured fue l  economies,  
generalized new-car prices, penalty costs, techno1 ogy c o s t s  , t r a n s i t  
sector response, a u t o  vehicle miles, a u t o  o r  t r a n s i t  maximum d a i l y  
miles, highway sector response, a u t o  fuel use, average new car and f lee t  
fuel economies, gas01 ine price, etc. 

DATA USED IN R U N N I N G  MODEL 

Parameter and policy s c e n a r i o  va lues  a r e  b u i l t  i n t o  t h e  model 
prog ram. 
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COMPUTER REQUIREMENTS 

The model i s programmed with DYNAMO, a continuous simul ation 1 anguage 
devel oped by the Systems Dynamics Group a t  the Massachusetts I n s t  i  t u t e 
of Technology. Differential equations specifying the rates of flow into 
and out of the levels of the system are integrated over time, simulating 
the dynamic interaction of the variables in the system, including t ime 
delays, feedback, and non-linear causal relationships. ENTRANS i s  run 
on the Dartmouth Time-Sharing System on the Honeywell 6180 computer;  
runs cost about three dollars each. T h e  model reports contain compl e t e  
program documentation, i n c l u d i n g  o u t p u t  from a 1  1 p o l  i cy  o p t i o n  
experiments, variable definitions, program 1 i s t i  ng , and user's guide. 



LONG-RUN AUTOMOBILE DEMAND 

A long- run automobi le  demand model was d e v e l o p e d  i n  1 9 5 6  a t  t h e  
U n i v e r s i t y  o f  I 1  l i n o i s .  The model was designed t o  es t ima te  t h e  l ong - run  
t r e n d  o f  au tomobi le  sales.  De te rm ina t ion  o f  t h e  t r e n d  would a i d  l o n g -  
r u n  investment  dec i  sionmaki ng f o r  t h e  automot ive i n d u s t r y .  

AUTHOR 

Hans BlPems 
U n i v e r s i t y  o f  I 1  1  i n o i  s  
Department o f  Economi cs  

KEYWORDS 

Au tomo b i 1  e  demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  determi  n e  t h e  1  o n g - r u n  t r e n d  o f  
automob' i le  p roduc t i on .  T h i s  c o u l d  be c o m p a r e d  w i t h  c u r r e n t  o u t p u t  
l e v e l s  i n  h e l p i n g  t o  dec ide  on l ong - run  i n v e s t m e n t  d e c i s i o n s .  T h i s  
model was an e a r l y  exp l  o r a t o r y  s tudy  o f  t h e  processes o f  model i ng 1  o n g -  
r u n  automobi 1  e  demand. 

RELATIONSHIP TO OTHER MODELS 

T h i s  model has no d i r e c t  re1  a t i o n s h i  p  t o  o t h e r  models. 

ASSUMPT IONS 

I n  c le r i v ing  t h e  e q u i l i b r i u m  r e l a t i o n s h i p  desc r ibed  i n  t h e  S t r u c t u r e  
s e c t i o n  below, t h e  model a u t h o r  assumed t h a t  t h e  l o n g - r u n  e q u i  1 i b r i  um 
s tock  o f  au tos  i nc reases  a t  a  cons tan t  p r o p o r t i o n a t e  r a t e  o f  growth. He 
assumecl t h a t  t h e  number o f  au tos  r e t i r e d  i n  p e r i o d  t equals t h e  n u m b e r  
o f  new ca rs  s o l d  i n  p e r i o d  t -L ,  where L  equa ls  t h e  number o f  p e r i o d s  o f  
u s e f u l  'I i f e  o f  an automobi 1  e. 

VAL I DATI ON 

The model a u t h o r  d e r i v e s  ranges o f  es t ima tes  o f  t h e  g r o w t h  r a t e  i n  
t h e  s tock  o f  au tomobi les  and t h e  u s e f u l  l i f e  o f  an a u t o m o b i  1  e.  T h e s e  
es t ima tes  a r e  then  used by t h e  au tho r  t o  show t h a t  t h e  l e v e l  o f  n e w - c a r  
s a l e s  i n  1955 was h i g h e r  than t h e  l e v e l  t h a t  w o u l d  m a t e r i a l i z e  i n  
e q u i l  i blrium. 



T h i s  model and ano the r  one developed by Marc Ner love  ( 5 7 - 6 1 4 )  w e r e  
t h e  focus o f  severa l  no tes  i n  t h e  J o u r n a l  o f  M a r k e t i n g  i n  1957 and 1958. 
There a re  1  i sted  i n  t h e  Reference s e c t i o n  be1 ow. 

LIMITATIONS AND BENEFITS 

The model a u t h o r  notes  t h a t  t h e  e q u i l i b r i u m  model wi 1 1  n o t  p r o d u c e  
good f o r e c a s t s ,  except  b y  co inc idence .  D e v i a t i o n s  o f  a  p a r t i c u l a r  y e a r  
f r o m  t h e  1  ong-run t r e n d  occur  because o f  changes i n  t h e  u s e f u l  1  i f e  o f  
an auto ,  t h e  uneven age d i s t r i b u t i o n  o f  t h e  a u t o  s tock ,  and c h a n g e s  i n  
t h e  p r o p o r t i o n a t e  r a t e  o f  g rowth  i n  t h e  au to  s tock ,  

STRUCTURE 

The demand f o r  new automobi les  c o n s i s t s  o f  two componen ts .  One i s  
t h e  demand f o r  au tomobi les  t h a t  have been r e t i r e d  and t h e  o t h e r  i s  t h e  
demand f o r  a  l a r g e r  s tock  o f  au tomobi les .  The au tho r  shows t h a t  b a s e d  
on t h e s e  two demands, t h e  f o l l o w i n g  r e l a t i o n s h i p  can be d e r i v e d :  

where: 

X ( t )  = new-car demand a t  t i m e  t 

g = p r o p o r t i o n a t e  r a t e  o f  g rowth  i n  t h e  s t o c k  o f  automobi l e s  

S ( t - 1 )  = s tock  o f  au tomobi les  a t  t i m e  t-1 

L = u s e f u l  l i f e  o f  an au tomob i le  

The two s t r u c t u r a l  parameters, L and g, d e t e r m i  n e  t h e  e q u  i 1 i b r i  um 
v a l u e  o f  t h e  r a t i o ,  X ( t ) / S ( t - 1 ) .  

DATA USED I N  RUNNING MODEL 

To de te rm ine  t h e  e q u i l i b r i u m  r a t i o  o f  s a l e s  t o  l a g g e d  s t o c k  o f  
au tomobi les  r e q u i r e s  e s t i m a t e s  o f  t h e  growth  o f  t h e  a u t o  s t o c k  a n d  t h e  
u s e f u l  l i f e  o f  a  c a r  i n  per iods .  
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LONG-RUN DEMAND FOR AUTOMOBILES 

T h i s  model o f  t h e  l ong - run  demand f o r  au tomobi les  was d e v e l  o p e d  i n  
1957 w h i l e  t h e  a u t h o r  was a t  t h e  U.S. A g r i c u l t u r a l  M a r k e t i n g  S e r v i c e .  
The a u t h o r  d e r i v e s  a  s t a t i s t i c a l  l y  e s t i m a b l e  new-car sa les  e q u a t i o n  f rom 
which can be deduced an equa t ion  t h a t  p r e d i c t s  t h e  l ong - run  e q u i l i b r i  um 
s tock  o f  automobi les.  The es t ima ted  income and p r i c e  e l a s t i c i t i e s  a r e  
based on da ta  f rom 1922 t o  1941 and 1948 t o  1953. 

AUTHOR 

Marc Ner l  ove 
U.S. Department of A g r i c u l t u r e  
A g r i c u l t u r a l  Marke t i ng  S e r v i c e  

KEYWORDS 

Automobi le demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  p r e d i c t  1  ong-run automobi le  demand. 
The a u t h o r  develops a  s t a t i s t i c a l l y  e s t i m a b l e  n e w - c a r  s a l e s  e q u a t i o n  
f r o m  w h i c h  c a n  b e  d e r i v e d  a n  e q u a t i o n  e s t i m a t i n g  t h e  l o n g - r u n  
equi  1  i b r i  um s tock  o f  automobi 1  es. 

RELATIONSHIP TO OTHER MODELS 

The model has no d i r e c t  r e l a t i o n s h i p  t o  o t h e r  models. 

HI  STOR ICAL BACKGROUND 

T h i s  model was developed i n  response t o  t h e  pe rce i ved  weaknesses  o f  
t h e  Brems Long-Run Automobi le  Demand Model (56-613). T h i s  a r t i c l e  i s  one 
o f  t h e  e a r l y  e x p l o r a t o r y  s t u d i e s  on  t h e  s t o c k - a d j u s t m e n t  p r o c e s s  a n d  
automobi le  demand, 

ASSUMPT IONS 

I n  d e r i v i n g  t h e  new-car s a l e s  equa t ion ,  t h e  a u t h o r  assumed a  cons tan t  
percentage d e p r e c i a t i o n  f o r  au tomobi les .  The d e p r e c i a t i o n  r a t e  a1 1  owed 
t h e  model a u t h o r  t o  d e r i v e  t h e  s t o c k  o f  c a r s  a d j u s t e d  f o r  t h e  a g e  
c o m p o s i t i o n  o f  t h e  s t o c k .  The  l o n g - r u n  e q u i l i b r i u m  s t o c k  i s  
t h e o r e t i c a l l y  assumed t o  be a  f u n c t i o n  o f  p r i c e ,  i n c o m e ,  a n d  o t h e r  
v a r i a b l e s .  The r a t e  o f  ad jus tment  o f  t h e  a c t u a l  s tock  i s  assumed t o  b e  
p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  between t h e  e q u i l  i b r i u m  a n d  t h e  a c t u a l  
s tocks .  



VALIDATION 

This model and  the Brems Long-Run Automobile Demand model (56-613)  
were th le  subject of several notes in the Journal of Marketi ng in 1957 
and 195'8. These notes are l is ted in the ~eference'section below. 

LIMITATIONS A N D  BENEFITS 

The author notes t h a t  the estimated model i s  very simp1 i s t i c  a n d  
probab1.y excludes relevant variables. The theore t i c a l  spec i  f i  c a t i  o n  
shows that the long-run equilibrium stock equa t ion  (which c a n n o t  be 
s ta t i s t ica l  ly determined) can be deduced from a s ta t is t ical  ly estimated 
new-car sales equation. 

From the basic assumptions the following equation was de r ived  and 
estimated : 

where standard errors are in parentheses, and 

X(t) = new-car purchases during period t 

p ( t )  := relative price of automobiles in period t 

y ( t )  = real disposable income in period t 

The rnodel author reports these estimated e las t ic i t ies :  new purchases 
with respect t o  current prices, -0.9; and new-purchases with respect t o  
current real disposable income, t2.8. 

From the new-car sales equation estimated above, the author der  i ves 
the 1 ong-run demand for automobiles: 

where: 

S*(t) = 'I ong-run equilibrium stock of automobiles 

This implies a long-run relative p r i c e  e l a s t i c i t y  of demand f o r  
automobiles of -1.2. The long-run elast ic i ty  of demand i s  abou t  t3.8. 



MODEL CONSTRUCTION 

The sample p e r i o d  o f  t h e  e s t i m a t e d  model i s  1922 t o  1941 and 1 9 4 8  t o  
1953. 
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FHWA LEVEL 1 HIGHWAY TRAFFIC NOISE PREDICTION MODEL (SNAP 1.0) 

The FHWA Leve l  1 Highway T r a f f i c  No ise  P r e d i c t i o n  Model i s  a1 so known 
as t h e S i m p l i f i e d N o i s e A n a l y s i s P r o g r a m  1.0 ,  o r  SNAP 1 .0 .  I t  was 
developed i n  1979 by Science A p p l i c a t i o n s ,  I nc .  and t h e  Federal  H i g h w a y  
Admin is t i ra t ion .  It i s  t o  be used i n  highway eng inee r ing  f o r  s i m u l a t i  n g  
t h e  t r a f f i c  n o i s e  r e c e i v e d  n e a r  r o a d w a y s .  M o r e  c o m p l e x  s i t e  
c o n f i g u r b a t i o n s  may be s i m u l a t e d  w i t h  t h e  FHWA Leve l  2 model (79-634B). 
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KEYWORDS' 

No ise  p o l l u t i o n  

OBJECTIVE OF MODEL 

The imodel i s  designed t o  q u i c k l y  p r e d i c t  t r a f f i c  n o i  s e  i m p a c t s  f o r  
s imp l  e roadway- rece iver  geometr ies.  It p r e d i c t s  t h e  e q u i  v a l  e n t  s o u n d  
1 eve l  measurement, L , and approximates t h e  L p e r c e n t i l e  sound 1 e v e l  
f o r  c o n s t a n t  speed t e e f f i c  f l o w s  compr i s ing  a m?x o f  v e h i c l e  types.  

RELATIONSHIP TO OTHER MODELS 

T h i s  model i s  i n tended  t o  model t r a f f i c  no i se  emi s s i o n  a t  s i t e s  w i  t h 
re1  a t i v e l y  s impl  e geometr ies.  Fo r  compl ex s i t e  geometry, t h e  FHWA Leve l  
2 Highway T r a f f i c  No ise  P r e d i c t i o n  Model (STAMINA 1.0) (79-634B) may b e  
used. 

HISTORICAL BACKGROUND 

T h e  r n e t h o d o l o g y  i s  b a s e d  o n  w o r k  b y  t h e  F e d e r a l  H i g h w a y  
Admi n i  s t r a t i o n .  



ASSUMPTIONS 

The model works most a c c u r a t e l y  w i t h  s i t e s  t h a t  a r e  e s s e n t i a l l y  f l a t .  
Fo r  t r a f f i c  n o i s e  p r e d i c t i o n s  w i t h  b a r r i e r  a t t e n u a t i o n ,  a l l  t r a f f i c  
l a n e s  must be p a r a l l e l  t o  each o t h e r  and t o  t h e  b a r r i e r  b u t  t hey  may b e  
a t  d i f f e r e n t  e l e v a t i o n s .  I f  t h e r e  i s  no b a r r i e r ,  curved roadways may be 
a c c u r a t e l y  model ed. 

VALIDATION 

The model d o c u m e n t a t i o n  il 1  u s t r a t e s  s e v e r a l  e x a m p l  e  p r o b l  ems 
s i m u l a t e d  w i t h  t h e  model. One i s  compared w i t h  a  f i e l d  t e s t  w i t h  t h e  
same s i t e  c o n f i g u r a t i o n .  The d i f f e r e n c e  between t h e  a c t u a l  measured and 
p r e d i c t e d  sound l e v e l s  was l e s s  than  t h r e e  d e c i b e l s .  

LIMITATIONS AND BENEFITS 

The model a1 lows t h e  use r  t o  f o r m u l a t e  s i t e  geometry u s i n g  1  a  t e r a l  , 
1  ongi  t u d i  na l  , and v e r t i c a l  c o o r d i n a t e s  r a t  h e r  than d i s t a n c e s  and an g 1  e  s  
as measured f rom a  r e c e i v e r .  The s i t e  geometry d e f i n i n g  t r a f f i c  1  a n e s  
and a  b a r r i e r  l o c a t i o n  need t h u s  o n l y  b e  d e f i n e d  o n c e .  The  u s e r  may 
t h e n  d e f i n e  a s  many  1  o c a t i o n s  f o r  r e c e i v e r s  a s  d e s i r e d  w i t h o u t  
r e d e f i n i n g  t h e  t r a f f i c  l a n e s  and b a r r i e r  l o c a t i o n s .  

STRUCTURE 

The model can c o n s i d e r  t h e  f o l l o w i n g :  u p  t o  1 2  p a r a 1  l e l  t r a f f i c  
l anes ,  each desc r ibed  by  a  speed and a  m i x  o f  v e h i c l e s ;  t h r e e  v e h i c l e  
t y p e s  (passenger c a r s  and l i g h t  t r u c k s ,  medium t r u c k s ,  and heavy t r u c k s )  
and an o p t i o n a l  use r -de f i ned  v e h i c l e  type;  sound l e v e l  a d j u s t m e n t s  f o r  
each v e h i c l e  t y p e  on each l a n e  t o  s imu la te ,  f o r  example, n o i s e  e m i s s i o n  
f rom t r a f f i c  on grades; a  " t h i n  screen" o r  " e a r t h  b e r m "  b a r r i e r  t h a t  
dampens n o i  se; excess d i s t a n c e  a t t e n u a t i o n  parameters t o  simu 1  a t e  s  i t e  
a c o u s t i c  c h a r a c t e r i s t i c s ;  and an u n l  i m i  t e d  number o f  r e c e i v e r  1  o c a t i  ons. 
The o u t p u t  c o n s i s t s  o f  a  t a b l e  o f  sound l e v e l  c o n t r i b u t i o n s  f r o m  e a c h  
v e h i c l e  t y p e  on each t r a f f i c  l a n e  a t  each r e c e i v e r  l o c a t i o n ,  w i t h  t o t a l s  
and s u b t o t a l  s. 

L o c a t i o n s  a r e  s p e c i f i e d  b y  X ,  Y, Z coo rd ina tes .  Roadway l a n e s  a r e  
rep resen ted  as f i n i t e - l e n g t h  1  i n e  segments. A1 1  da ta  must cor respond t o  
t h e  same t i m e  p e r i o d ,  which may b e  24 hours,  one hour, h a l f  h o u r ,  e t c .  
I f  t h e r e  a r e  grade e f f e c t s ,  t r a f f i c  f l o w  i s  d e f i n e d  f o r  t h e  u p h i l l  a n d  
d o w n h i l l  d i r e c t i o n s .  

The model i s  based on equa t ions  t h a t  r e l a t e  t h e  e q u i v a l e n t  s o u n d  
l e v e l  a t  a  r e c e i v e r  due t o  a  v e h i c l e  on a  l a n e  t o  t h e  r e f e r e n c e  e n e r g y  
mean emiss ion  l e v e l  f o r  t h e  v e h i c l e  a t  t h e  o p e r a t i n g  speed o f  t h e  1  a n e ,  
t h e  number o f  v e h i c l e s  o f  t h a t  t y p e  on t h e  l a n e ,  t h e  r e f e r e n c e  d i s t a n c e  
used f o r  e v a l u a t i n g  t h e  r e f e r e n c e  e m i s s i o n  l e v e l ,  t h e  t i m e  p e r i o d  
a p p l y i n g ,  t h e  ave rage  s p e e d  f o r  t h e  p e r i o d ,  t h e  e x c e s s  d i s t a n c e  
a t t e n u a t i o n  f a c t o r  a p p l i c a b l e  f o r  t h e  l a n e ,  a n d  t h e  d i s t a n c e  o f  t h e  



r e c e i v e ~ r  f rom t h e  l ane .  A d j u s t m e n t s  a r e  made f o r  b a r r i e r s .  T h e  
c a l  c u l  a t i o n s  a r e  based on p h y s i c a l  c o n s i d e r a t i o n s .  The approx ima t ion  o f  
t h e  L measurement, t h e  sound 1  e v e 1  e x c e e d e d  1 0 %  o f  t h e  t i m e ,  i s  
depen&@nt on t h e  c h a r a c t e r i s t i c s  o f  t h e  s i t e  be ing  s tud ied .  

DATA USED I N  RUNNING MODEL 

The parameters t h a t  may be i n p u t  t o  t h e  model i n c l u d e :  t i m e  p e r i o d ,  
b a r r i e r  type,  maximum a1 1  owabl e  ang le  t o  eva l  u a t e  para1 1  e l  i sm o f  1  i n  e  
segments, v e h i c l e  types,  v e h i c l e  a c o u s t i c  s o u r c e  e l e v a t i o n ,  b a r r i e r  
qeometr%y, 1  a n e  g e o m e t r y ,  t r a f f i c  f l o w  d e f i n i t i o n ,  s o u n d  l e v e l  
adjustments,  r e c e i v e r  1  oca t ions ,  and sound a t t e n u a t i o n  parameters. 
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COMPUTER REQUIREMENTS 

The rnodel r e p o r t  c o n t a i n s  d e s c r i p t i o n s  o f  i n p u t  d a t a  r e q u i  r e m e n t  s  , 
and program f l o w c h a r t s ,  exp lana t ions ,  and 1 i s t i n g s .  T h e  p r o g r a m  i s  
w r i t t e n  i n  FORTRAN I V  and i s  i n tended  t o  be r u n  i n  b a t c h  mode. 



FHWA LEVEL 2 HIGHWAY TRAFFIC NOISE PREDICTION MODEL (STAMINA 1.0) 

The FHWA Leve l  2 Highway T r a f f i c  No ise  P r e d i c t i o n  Model i s  a l s o  known 
as  t h e  Standard  Method I n  No ise  A n a l y s i s  v e r s i o n  1.0, o r  STAMINA 1.0. 
It was developed i n  1979 b y  Science A p p l i c a t i o n s ,  Inc .  and t h e  F e d e r a l  
Highway A d m i n i s t r a t i o n  as p a r t  o f  t h e  c o n t i n u i n g  e f f o r t  t o  r e f i n e  a n d  
improve eng i  n e e r i  ng methods f o r  t h e  p r e d i c t i o n  and abatement o f  t r a f f i c -  
generated n o i s e  from highways. It i s  an improved v e r s i o n  o f  t h e  TSC 
MOD-04 model (77-093). The FHWA Leve l  1 model (SNAP 1.0) i s d e s c  r i b e d  
under 79-634A. 

SPONSOR 
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KEYWORDS 

Noise p o l l u t i o n  

OBJECTIVE OF MODEL 

The model i s  used t o  p r e d i c t  n o i s e  emiss ions l e v e l s  f rom t r a f  f i c o n  
highways, t a k i n g  i n t o  c o n s i d e r a t i o n  grades, b a r r i e r s ,  ground p l  a n t i  n g  s , 
and o t h e r  c o m p l i c a t i n g  f e a t u r e s  o f  a s i t e .  

RELATIONSHIP TO OTHER MODELS 

S i t e s  w i t h  l e s s  complex geometr ies  may be modeled w i t h  t h e  s o m e w h a t  
simp1 e r  FHWA Leve l  1 Highway T r a f f i c  Noise P r e d i c t i o n  Model ( SNAP 1 .0 )  
(79-634A). 

HISTORICAL BACKGROUND 

T h i s  i s  an e v o l u t i o n a r y  d e v e l o p m e n t  o f  t h e  TSC H i g h w a y  N o i s e  
P r e d i c t i o n  Code: MOD-04, desc r ibed  under 77-093. 



ASSUMPTIONS 

The a t t e n u a t i o n  o f  sound i n t e n s i t y  w i t h  d i s t a n c e  f rom a  1  i n e  s o u r c e  
i s  assumed t o  be i n  excess o f  c l a s s i c a l  c y l i n d r i c a l  s p r e a d i n g  f r o m  a  
source. The t r a f f i c  f l o w  n o i s e  t h e o r y  e m p l  o y e d  a s s u m e s  a  u n i f o r m  
d i s t r i b u t i o n  o f  i d e n t i c a l  p o i n t  s o u r c e s  a1 o n g  t h e  f i n i t e  r o a d w a y  
segment. T r a f f i c  f l o w  and  s p e e d  a r e  assumed  t o  b e  u n i f o r m .  T h e  
a t tenua t i i on  o f  sound due t o  atmospher ic a b s o r p t i o n  u s e s  a n  em p i  r i  c a l  
f o r m u l a  dependent on f requency and d i s t a n c e  between t h e  sou rce  ~ n d  t h e  
rece ive r .  and i s  s p e c i a l i z e d  f o r  ambient temperatures  a r o u n d  6 8  F a n d  
r e l a t i v e  h u m i d i t y  i n  t h e  range o f  50 t o  70 percent .  The a t t e n u a t i o n  o r  
d i f f r a c t i o n  o f  sound b y  a  b a r r i e r ,  a l w a y s  a s s u m e d  t o  b e  a  r i g i d  
imperv ious screen perpend icu l  a r  t o  t h e  ground p l  ane, i s  d e t e r m i  n e d  b y  
t h e  d i f f e r e n c e  between t h e  pa th  l e n g t h  o v e r  t h e  t o p  edge o f  t h e  b a r r i e r  
and tha t ;  d i r e c t l y  f rom source t o  r e c e i v e r .  A t t e n u a t i o n  o f  sound due t o  
qround c:over (shrubbery  o r  t r e e s )  i s  assumed t o  be p r o p o r t i o n a l  t o  t h e  
mean p a t h  l e n g t h  o f  t h e  sound o v e r  t h e  g r o u n d  s t r i p  f r o m  t h e  1 i n e  
source. T r a f f i c  speeds a r e  l i m i t e d  t o  t h e  range o f  30 t o  65 mph due t o  
t h e  data! 1  i m i t a t i o n s  upon which v e h i c l e  n o i s e  emiss ions a r e  based. 

LIMITATIONS AND BENEFITS 

The re f i nemen ts  made t o  t h e  model t o  improve i t s  p r e d i c t i o n  a c c u r a c y  
and u t i l  i t y  i n c l u d e :  r e v i s e d  speed-dependent n o i s e  emiss ion  1  e v e l s  f o r  
heavy and medium t r u c k s ;  sound l e v e l  ad jus tments  may be used t o  s i m u l a t e  
heavy t r u c k s  moving up grades; d i s t a n c e  n o i s e  a t t e n u a t i o n  r a t e s  may b e  
s p e c i f i e d ;  d a t a  may b e  i n  E n g l i s h  o r  m e t r i c  m e a s u r e m e n t s ;  d a t a  
a n n o t a t i o n  and c o m p a t i b i l i t y  w i t h  TSC MOD-04; c a l c u l a t i o n s  o f  r e f l e c t e d  
sound may be bypassed; and a  c r i t e r i o n  l e v e l  may be s p e c i f i e d  w h i  c  h  i s  
exceeded by t h e  no i  se 1  eve l  c o n t r i b u t i o n s  f rom d i f f e r e n t  sources. 

STRUCTURE 

Up to1 20 roadways may be d e f i n e d  f o r  a  s i t e ,  w i t h  f i v e  d i f f e r e n t  
t r a f f i c  c o n d i t i o n s .  Roadways may i n t e r s e c t  o r  c o i n c i d e ;  t h e y  a r e  
d e f i n e d  by  a  connected s e r i e s  o f  s t r a i g h t  l i n e  segments. V e h i c l e  s p e e d  
and f l o w  r a t e  and n o i s e  l e v e l s  a r e  i n  per-hour u n i t s .  Up t o  20 b a r r i e r s  
may b e  d e f i n e d  by  d e s i g n a t i n g  t h e i r  t o p  e d g e s  a s  1  i n e  s e g m e n t s .  
Shrubbery and t r e e s  may a l s o  b e  d e f i n e d .  E x c e s s  d i s t a n c e  s o u n d  
a t t e n u a t i o n  e f f e c t s  may be i n c l u d e d  by  s p e c i f y i n g  "a lpha"  parameters f o r  
t h e  r e c e i v e r s .  B a r r i e r s  may be modeled t o  r e f l e c t  s o u n d .  Up t o  1 5  
r e c e i v e r  l o c a t i o n s  may be s imulated.  

The program produces o u t p u t  f o r  e a c h  r e c e i v e r ,  d e s c r i b i n g  i t s  
coo rd ina tes ,  A-weighted oc tave band sound l e v e l s  w i t h  and w i t h o u t  a  1  p h a  
f a c t o r s ,  o v e r a l l  e q u i v a l e n t  sound l e v e l  , t h e  1  eve l  exceeded 9 0 %  o f  t h e  
t ime ,  t h e  l e v e l  exceeded 50% o f  t h e  t ime,  t h e  l e v e l  exceeded 10% o f  t h e  
t ime,  es t ima ted  s tandard  d e v i a t i o n  o f  t h e  sound l e v e l  v a r i a t i  o n  d u r  i n g  
t h e  hour,  and roadway segments c o n t r i b u t i n g  t o  t h e  t o t a l  r e c e i v e r  s o u n d  
l e v e l  i n  excess o f  a  s p e c i f i e d  c r i t e r i o n .  



The model depends on  p h y s i c a l  systems equa t ions  t h a t  r e l a t e  t h e  r a t i o  
o f  t h e  a c o u s t i c  i n t e n s i t y  a t  t h e  r e c e i v e r  w i t h  r e s p e c t  t o  a  r e f e r e n c e  
i n t e n s i t y  t o  a  r e f e r e n c e  sound 1  e v e l  a t  a  r e f e r e n c e  d i s t a n c e ,  t h e  
d i s t a n c e  f r o m  t h e  r o a d w a y  s e g m e n t  t o  t h e  r e c e i v e r ,  t h e  s o u r c e  
c o n c e n t r a t i o n  ( t r a f f i c  f l o w ) ,  a n  e x c e s s  a t t e n u a t i o n  p a r a m e t e r  
i n d e p e n d e n t  o f  d i s t a n c e ,  a n d  a n  e x c e s s  a t t e n u a t i o n  p a r a m e t e r  
p r o p o r t i o n a l  t o  d i s t a n c e  f rom t h e  source. T h i s  f o r m u l a t i o n  i s  f o r  a  
s i n g l e  v e h i c l e  t y p e  o p e r a t i n g  o n  a  f i n i t e  r o a d w a y  s e g m e n t .  I t  i s  
repeated as  needed. A  f o r m u l a  p r o v i d e s  f o r  t h e  comb ina t ion  o f  e f f e c t s  
o f  sound a b s o r p t i o n  and r e f l e c t i o n  o r  d i f f r a c t i o n .  

DATA USED I N  RUNNING MODEL 

The p a r a m e t e r s  t h a t  may b e  i n p u t  i n c l u d e :  r e c e i v e r  h e i g h t  
ad jus tment ;  number o f  f requency bands; s o u r c e  h e i g h t  a d j u s t m e n t  b y  
v e h i c l e  type;  t r a f f i c  f l o w  r a t e s ;  mean v e h i c l e  s p e e d s ;  s t r a i g h t  1  i n e  
roadway segment end -po in t  c o o r d i n a t e s ;  grade adjustments;  c o o r d i n a t e s  of  
t h e  t o p  o f  t h e  b a r r i e r s ;  a b s o r p t i o n  o r  r e f l e c t i o n  o f  b a r r i e r s ;  g r o u n d  
c o v e r  area coo rd ina tes ,  d imensions,  a n d  t y p e  ( s h r u b b e r y  o r  t r e e s ) ;  
r e c e i v e r  coo rd ina tes ;  n o i s e  c r i t e r i o n  1 eve l  s; and a1 pha parameters. 
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COMPUTER REQUIREMENTS 

The program i s  w r i t t e n  i n  FORTRAN I V  and i s  r u n  i n  b a t c h  mode.  The  
model r e p o r t  p r o v i d e s  program documentat ion i n c l u d i n g  code 1  i s t i  ngs a n d  
exp l  ana t ions ,  i n p u t  d a t a  f o r m a t  d e s c r i p t i o n ,  and example problems. 



ELECTRIC VEHICLE WEIGHT AND COST MODEL (EVWAC) 

The E l e c t r i c  V e h i c l e  Weight and Cost Model (EVWAC) was d e v e l  o p e d  i n 
1979 f o r  t h e  U.S. Department o f  Energy by General Research C o r p o r a t i o n  
(GRC). It i s  i n tended  t o  be used t o  de te rm ine  t h e  c o s t s  o f  h y p o t h e t i c a l  
veh ic les , .  
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performance, we igh t  

OBJECTIVE OF MODEL 

The model i s  i n tended  t o  de te rm ine  t h e  t o t a l  and component opera t i n g  
c o s t s  and we igh ts  o f  e l e c t r i c ,  h y b r i d ,  o r  i n t e r n a l  c o m b u s t i o n  e n g i n e  
v e h i c l e s ,  g i v e n  s p e c i f i c a t i o n s  o f  v e h i c l e  and techno logy types.  

RELATIONSHIP TO OTHER MODELS 

The e l  e c t r i c  v e h i c l e  performance model , ELVEC, developed b y  G R C  , i s 
used i n  c o n j u n c t i o n  w i t h  EVWAC i n  d e t e r m i n i n g  t h e  e l e c t r i c i t y  
consumpt ion o f  e l e c t r i c  cars .  RECAP, t h e  r e c h a r g e  c a p a c i t y  m o d e l  , 
developed by  GRC t o  measure impacts  on  e l e c t r i c  u t i l i t i e s ,  may b e  u s e d  
i n  c o n j u n c t i o n  w i t h  EVWAC and ELVEC t o  d e t e r m i n e  t o t a l  e l e c t r i c  c a r  
demand and supp ly  e f f e c t s  on e l e c t r i c i t y  consumption. RECAP may a1 so be 
used w i t h  REPS (79-644) t o  determine t h e  e f f e c t s  o n  a i r  q u a 1  i t y  o f  
e l e c t r i l c  c a r  use and t h e  r e s u l t i n g  demand on e l e c t r i c  u t i l i t i e s .  

HISTORIlCAL BACKGROUND 

T h i s  model i s  a p a r t  o f  a s tudy  o f  two- and four-passenger e l  e c t r i  c 
ca rs ,  Models developed e a r l i e r  i n  t h e  s t u d y  h a v e  b e e n  u p d a t e d  a n d  
i n t e g r a t e d  i n t o  EVWAC, and expanded t o  i n c l u d e  h y b r i d  v e h i  c l  e s  , 1 i g  h t  



t r u c k s ,  and comparable i n t e r n a l  combust ion eng ine veh ic les .  The e a r l i e r  
models i n c l u d e  t h e  e l e c t r i c  c a r  c o s t  model, ECCOST, t h e  p e r f o r m a n c e  
model, ELVEC, and weight  e s t i m a t i n g  a l g o r i t h m s .  The  c o m b i n a t i o n  o f  
t hese  models i n t o  one computer program was i n t e n d e d  t o  make  a n a l y s i  s  
e a s i e r .  

STRUCTURE 

Three l e v e l s  o f  t echno logy  may be modeled: recen t ,  i m p r o v e d - - t o  b e  
a v a i l a b l e  around 1985, and advanced- -ava i lab le  by  1990. Gross we ight  o f  
t h e  e l e c t r i c  c a r  i s  d i v i d e d  i n t o  f i x e d  we igh t  ( p a y l o a d ,  t r i m ,  s e a t s ,  
s a f e t y  i t ems ,  l i g h t s ,  upper body s t r u c t u r e ) ,  s t r u c t u r e  a n d  c h a s s i  s  
we ight ,  p ropu l  s i o n  we ight  (motor  and t ransmi  s s i o n )  , and b a t t e r y  wei g  h  t . 
The s t r u c t u r a l  we igh t  parameter i s  d e f i n e d  as i n c l  ud ing a l l  t h e  v e h i  c l  e  
components t h a t  a r e  dependent on  t h e  des ign  g ross  v e h i c l e  we ight ,  and i s  
d i v i d e d  i n t o  suspension, dependent s t r u c t u r e ,  and s t r u c  t u r  a1 p a r t s  o f  
t h e  d r i v e l i  ne. 

Opera t i ng  c o s t s  o f  a  v e h i c l e  o u t p u t  by  t h e  model i n c l u d e :  replacement 
b a t t e r i e s ,  r e p a i r s  and m a i n t e n a n c e ,  r e p 1  a c e m e n t  t i r e s ,  i n s u r a n c e ,  
garage, p a r k i n g ,  t o l l s ,  t i t l e ,  r e g i s t r a t i o n ,  1  i c e n s e ,  f u e l  a n d  o i  1  , 
e l e c t r i c i t y  and e q u i v a l e n t  road  t a x ,  and c a p i t a l  cos ts .  Most o f  t h e s e  
c o s t s  a r e d e p e n d e n t  o n v e h i c l e  l i f e  and k i l o m e t e r s  d r i v e n .  C o s t  o f  
e l e c t r i c i t y  i s  a  f u n c t i o n  o f  v e h i c l e  e n e r g y  u s e  f r o m  t h e  b a t t e r y ,  
b a t t e r y  c h a r g e l d i  scharge e f f i c i e n c y ,  cha rge r  e f f i  c  i e n c y  , e l  e c t r i  c  i t y  
c o s t  p e r  k i l o w a t t  hour, and t o t a l  k i l o m e t e r s  d r i v e n .  B a t t e r y  c a p i t a l  
c o s t  i s  a  f u n c t i o n  o f  b a t t e r y  1  i f e ,  number o f  b a t t e r i e s  u s e d  o v e r  t h e  
v e h i c l e  l i f e ,  b a t t e r y  c o s t  l e s s  s a l v a g e  v a l u e ,  i n t e r e s t  r a t e ,  a n d  
b a t t e r y  sa l vage  value.  I n i t i a l  v e h i c l e  c o s t  i s  a  f u n c t i o n  o f  d e a l e r  
markup, a l l o c a t i o n  o f  average f i x e d  c o s t s  and r e t u r n  on e q u i t y ,  m a r k e t  
ad jus tmen t  by v e h i c l e  s i z e ,  average v a r i a b l e  manu fac tu r ing  c o s t ,  b a t t e r y  
i n i t i a l  c o s t s ,  and c o s t  o f  s a f e t y  equipment, o p t i  o n a l  e q u i  p m e n t  , a n d  
emiss ions equi  pment. 

The model a l s o  o u t p u t s  c o s t  i t ems  f o r  t h e  b a s i c  v e h i c l e ,  h y b r i d  
p r o p u l s i o n  system, b a t t e r y ,  t o t a l  i n i t i a l  c o s t ,  t o t a l  o p e r a t i n g  c o s t ,  
c o s t  o f  c a p i t a l - - b a t t e r i e s  and v e h i c l e  l e s s  s a l v a g e ,  a n d  t o t a l  1  i f e -  
c y c l e  cos t .  Amounts a r e  g i v e n  i n  d o l l a r s  and i n  c e n t s  p e r  k i  1  o m e t e r .  
Other  o u t p u t  parameters a r e  b a t t e r y  f r a c t i o n ,  v e h i c l e  range a n d  e n e r g y  
use, b a t t e r y  l i f e  and replacements,  c u r b  we ight ,  pay load  t e s t  w e i g h t ,  
s t r u c t u r e  system weight ,  e l e c t r i c  and i n t e r n a l  c o m b u s t i o n  p r o p u l  s i  o n  
system weights ,  peak power a v a i l a b l e ,  r e q u i r e d  power, f u e l  t a n k  v o l u m e ,  
f u e l  economy, and pet ro leum use. 

F o r  an e l e c t r i c  c a r  t h e  o u t p u t  i s  d i s p l a y e d  b y  v a r y i n g  b a t t e r y  
f r a c t i o n s ,  t h e  f r a c t i o n  o f  t o t a l  t e s t  w e i g h t  i n  t h e  b a t t e r i e s .  F o r  
h y b r i d  v e h i c l e s ,  t h e  o u t p u t  i s  d i s p l a y e d  by v a r y i n g  amoun ts  o f  u s e  o f  
t h e  i n t e r n a l  combust ion eng ine system. For  an i n t e r n a l  - c o m b u s t i o n -  
eng ine  v e h i c l e  t h e  o u t p u t  i s  d i s p l a y e d  by  v a r y i n g  number o f  s e c o n d s  t o  
a c c e l e r a t e  t o  60 mph. 



MODEL CONSTRUCTION 

The s p e c i f i c a t i o n  o f  a l l  o f  t h e  f a c t o r s  and parameters i n  t h e  m o d e l  
i s  desc r ibed  i n  t h e  model r e p o r t .  Most o f  t h e s e  d a t a  came f r o m  t h e  
Repor t  . - t h e  In te ragency  Task Force on Motor  V e h i c l e  Goal s Beyond 1 9 8 0  ---- 
and from o t h e r  U. S. Department o f  Transpor ta t ion-sponsored sources. 

DATA USE:D I N  RUNNING MODEL 

The model user  s e l e c t s  from a s e t  o f  i n p u t  d e s c r i p t o r s  i n c l u d i n g :  
technololgy l e v e l  ( r e c e n t ,  improved, a d v a n c e d )  , v e h i c l e  t y p e  ( t w o - ,  
f o u r - ,  f i v e - ,  o r  s ix-passenger c a r ,  l i g h t  p i ckup  t r u c k ,  1 ow- o r  h i g h -  
volume 1 o a d  v a n ) ,  p r o p u l  s i o n  t y p e  ( e l e c t r i c ,  h y b r i d ,  i n t e r n a l  
combustion, O t t o  o r  d i e s e l  c y c l e ) ,  and b a t t e r y  t y p e  ( c u r r e n t  o r  advanced 
1 ead-acid; n i c k e l - z i n c ;  1 i t h i u m l a l  uminum-sul f ide;  o t h e r ,  s p e c i f y i n g  t h e  
i n p u t  e f f i c i e n c y ,  cos t ,  energy, power d e n s i t y ,  and c y c l e  o r  1 i f e ) .  T h e  
u s e r  may a l s o  va ry  t h e  b a t t e r y  f r a c t i o n  o r  w e i g h t ,  p a y 1  o a d  w e i g h t ,  
accessory  we ight  and cos t ,  and maximum a c c e l e r a t i o n .  
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REGIONAL EMISSIONS PROJECTION SYSTEM (REPS) 

The Regional  Emissions P r o j e c t i o n  System (REPS) i s a c o m p u t e r  i z e d  
model f o r  f o r e c a s t i n g  r e g i o n a l  a i r  p o l l u t i o n  t o  t h e  y e a r  2000. I t  was 
d e v e l o p e d  b y  t h e  G e n e r a l  R e s e a r c h  C o r p o r a t i o n  (GRC) f o r  t h e  
U.S. Department o f  Energy (DOE), and pub l i shed  i n  1 9 7 9 .  I t  h a s  b e e n  
used f o r  p r o j e c t i n g  t h e  e f f e c t s  o f  e l e c t r i c  v e h i c l e  usage. 
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OBJECTIVE OF MODEL 

The system canb ines n a t i o n a l  and r e g i o n a l  economi c f o r e c a s t s  w i  t h 
p o i n t - s o u r c e  and area-source emiss ions i n v e n t o r i e s  t o  p r o j e c t  emi ss i o n s  
on  an annual bas i s .  The p o l  1 u t a n t s  modeled a r e  suspended p a r t i c u l a t e s  , 
s u l f u r  ox ides,  n i t r o g e n  ox ides,  hydrocarbons,  and carbon monoxide. T h e  
system was used t o  p r o j e c t  t h e  e f f e c t  on e m i s s i o n s  o f  e l e c t r i c  ' c a r s  
making up none, lo%,  o r  100% o f  t h e  t o t a l  v e h i c l e  f l e e t .  

RELATIONSHIP TO OTHER MODELS 

The system i s  l i n k e d  t o  seve ra l  models ma in ta ined  b y  GRC and t o  d a t a  
bases ma in ta ined  by  v a r i o u s  f e d e r a l  a g e n c i e s .  A n o t h e r  m o d e l  f o r  
e l e c t r i c  c a r  use a n a l y s i s  i s  EVWAC (79-642). 

HISTORICAL BACKGROUND 

REPS was o r i g i n a l  l y  developed by t h e  Environmental  P r o j e c t i o n  Agency  
i n  t h e  e a r l y  1970s. It has been improved t o  i n c l u d e  u p d a t e d  e c o n o m i c  
~ r o j e c t i o n s ,  emiss ions i n v e n t o r i e s ,  p e r f o r m a n c e  s t a n d a r d s ,  s t a t e  
imp1 ementa t ion  p lans,  mobi le -source emiss ions f a c t o r s ,  s e p a r a t  i o n  o f  
l i g h t  t r u c k s  f r o m  c a r s ,  i m p r o v e d  m e t h o d s  f o r  h i g h w a y  f u e l  u s e  
p r o j e c t i o n s ,  improved program l o g i c  and more e f f i c i e n t  c o d e ,  b e t t e r  



qeograph ica l  o r g a n i z a t i o n ,  p r o j e c t i o n  o f  15 f u e l  t y p e s  and 10 f u e l  u s e  
c a t e g o r i e s ,  new o u t p u t  o p t i o n s ,  and new r u n  o p t i o n s .  A n a l y s i s  a n d  
developiment o f  t h i s  system have been done i n  suppor t  o f  t h e  e l e c t r i c  and 
h y b r i d  v e h i c l e  program o f  DOE. 

ASSUMPTIONS 

The amount o f  p o l l u t i o n  p r o d u c e d  b y  a u t o m o b i l e s  a n d  e l e c t r i c  
u t i l  i t i e s  would change w i t h  widespread use o f  e l e c t r i c  cars .  E l  e c t r i c  
c a r s  e m i t  o n l y  r e l a t i v e l y  s m a l l  a m o u n t s  o f  p o l l u t a n t s ,  s u c h  a s  
p a r t i c u l a t e s  due t o  t i r e  wear, s o  t h e  t o t a l  e m i s s i o n s  p r o d u c e d  b y  
conven t iona l  c a r s  wou ld  be reduced as g r e a t e r  p r o p o r t i o n s  o f  t o t a l  
k i l  m e t e r s  a r e  d r i v e n  by  e l e c t r i c  cars.  Bu t  power p l a n  emissions w o u l  d  
i n c r e a s e  as f o s s i l  f u e l s  a r e  used t o  genera te  t h e  a d d i t i o n a l  e l e c t r i c i t y  
needed t o  recharge e l e c t r i c  c a r  b a t t e r i e s .  The n e t  i m p a c t  w o u l d  v a r y  
f rom r e g i o n  t o  reg ion ,  depending on t h e  l o c a t i o n  o f  power p l a n t s  t h a t  
serve thle r e g i o n ,  t h e  f u e l s  used i n  them, t h e  k i l o m e t e r s  d r i v e n ,  t h e  
c h a r a c t e r i s t i c s  o f  t h e  r e g i o n ,  1  oca l  emi s s i o n  r e g u l a t i o n s ,  and v e h i  c l  e  
mix .  

Highway g a s o l i n e  v e h i c l e  emiss ions a r e  based on t h e  EPA m o b i l e  source 
exhaust  emiss ion f a c t o r s  (78-424). F u t u r e  v e h i c l e  k i l  m e t e r s  t r a v e l  e d  
(VKT) a r e  p r o j e c t e d  assuming t h e y  grow i n  p r o p o r t i o n  t o  t h e  p o p u l  a t  i o n  
i n  a  reg ion .  Base y e a r  VKT i s  a  f u n c t i o n  o f  base y e a r  f u e l  consumption. 

LIMITATIONS AND BENEFITS 

The rnethod o f  REPS i s  s a i d  t o  be accu ra te  because t h e  base y e a r  m i  x  
o f  emiss ions i s  based on an i n v e n t o r y  o f  p o i n t  sources b a s e d  o n  s t a c k  
t e s t s ,  and f o r e c a s t s  may be done on a  p o i n t  sou rce  r a t h e r  t h a n  o n  an 
aggregate b a s i  s. Loca l  f o r e c a s t s  a r e  c o n t i  nua l  l y  be ing  rev iewed and may 
be inco rpo ra ted .  A  d isadvantage i s  t h a t  t h e  same g r o w t h  f a c t o r s  a r e  
a p p l i e d  t o  a l l  p o i n t  sources r e l a t e d  t o  a  g i v e n  i n d u s t r i a l  process. 

F o r  t h e  e l e c t r i c  v e h i c l e  a n a l y s i s ,  t h e  24 a i r  q u a l i t y  c o n t r o l  r e g i o n s  
(AQCR) ( m e t r o p o l i t a n  areas) w i t h  t h e  1  a r g e s t  p o p u l a t i o n s  were sel  ec t e d .  
Leve ls  o f  emiss ions and a i r  q u a l i t y  o f  each AQCR were e s t a b l i s h e d  f o r  
1975; and emiss ions were p r o j e c t e d  f o r  1980, 1990, and 2 0 0 0 ;  w i t h  a n d  
w i t h o u t  e l e c t r i c  cars .  Regional  mi ss ions  and f u e l  consumption f o r  1975 
came frlom t h e  Na t iona l  E m i s s i o n s  D a t a  S y s t e m  (NEDS) , a  d a t a  b a s e  
mai n t a i ~ n e d  b y  t h e  Envi ronmental P r o t e c t i o n  Agency. Ambient a i r  qua 1  i t y  
i n  each AQCR was es t ima ted  u s i n g  t h e  EPA's S t o r a g e  a n d  R e t r i e v a l  o f  
Aeromet r ic  Data (SAROAD) System, c o n t a i n i n g  q u a r t e r l y - c o l  1  ec  t e d  1  o c a  1 
data.  Fu tu re  base1 i ne p r o j e c t i o n s  used t h e  REPS. 

The REPS system m u l t i p l i e s  b a s e  y e a r  e m i s s i o n s  t i m e s  c h a n g e  i n  
a c t i v i t y  l e v e l  t i m e s  change i n  emiss ion  c o n t r o l ,  t o  p r o d u c e  p r o j e c t e d  
emissions.  Base y e a r  emiss ions come f rom NEDS and user-suppl  i e d  d a t a .  
Change i n  a c t i v i t y  l e v e l s  come f rom c r i t i c a l  i n d u s t r y  l o c a t i o n  s t u d i  e s  , 



OBERS p r o j e c t i o n s  developed by t h e  Bureau o f  E c o n o m i c  , A n a l y s i s ,  a n d  
GRC's e l e c t r i c  u t i l i t y  c a p a c i t y  and demand model, RECAP. C h a n g e s  i n  
emiss ion  c o n t r o l  come from t h e  Federal  New Source Performance S t a n d a r d s  
(NSPS) t h a t  govern  new and r e t r o f i t  i n d u s t r i a l  equipment,  NEDS , S t  a t e  
Imp lemen ta t i on  P lan  (SIP)  c o n t r o l  r e g u l a t i o n s ,  and user-suppl  i e d  d a t a .  
Changes i n  f u t u r e  a i r  q u a l i t y  a r e  c a l c u l a t e d  t o  b e  p r o p o r t i o n a l  t o  
changes i n  f u t u r e  emiss ions,  acco rd ing  t o  exper ience w i t h  G R C '  s  D I  F K I  N  
Photochemical  Pol 1  u t i o n  D i f f u s i o n  Model (76-091). E q u i v a l e n t  t o n n a g e s  
of emiss ions i n  d i f f e r e n t  r e g i o n s  a r e  c a l c u l a t e d  u s i n g  p o l  1  u t a n t  
w e i g h t i n g  f a c t o r s  f rom t h e  S t r a t e g i c  Env i rormenta  1  A s s e s s m e n t  S y s  t e m  
(SEAS) ( re1  a ted  t o  79-020). 

REPS c o u l d  be used t o  p r o j e c t  emiss ions f o r  any o f  319 s t a t e  p o r t i o n s  
o f  AQCR's. Emissions a r e  p r o j e c t e d  a s  c o m i n g  f r o m  p o i n t  o r  a r e a  
sources. The area t r a n s p o r t a t i o n  sources a r e  highway a n d  o f f -  h i  g  hway 
v e h i c l e s ,  r a i l  1 ocomotives, wa te r  vesse ls ,  and a i r c r a f t .  
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COMPUTER REQUIREMENTS 

The system i s  o p e r a t i o n a l  on an IBM 3 7 0 1 1 6 8  c o m p u t e r  a t  O p t i m u m  
Systems, Inc.,  which i s  a c c e s s i b l e  t o  DOE. 



HEDONIC PR ICE INDEXES FOR AUTOMOBILES 

Gril i ches' Hedonic P r i c e  Indexes f o r  Automobi les were  d e v e l  o p e d  i n 
1961 a!; p a r t  o f  an i n v e s t i g a t i o n  i n t o  t h e  f e a s i b i l i t y  o f  a d j u s t i n g  p r i c e  
indexes f o r  q u a l i t y  changes. The i n v e s t i g a t i o n  i n v o l v e d  t h e  u s e  o f  a 
procedure  o r i g i n a l l y  developed by A.T. Cour t  i n  t h e  1 9 3 0 ' s .  I m p l i c i t  
p r i c e s  a r e  es t ima ted  f o r  r e 1  a t e d  c h a r a c t e r i s t i c s  o f  a u t o m o b i l e s .  
Qua1 i ty . -ad jus ted p r i c e  indexes a r e  compared w i  t h  severa l  p r i c e  i n d e x e s  
produced by t h e  U.S. government, 

AUTHOR 

Zv i  G r i l i c h e s  
Harvarcl U n i v e r s i t y  
Department o f  Economi cs 
Cambriclge, Mass. 

KEY WORDS 

P r i c i n g  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h i s  model i s  t o  e s t i m a t e  an automobi le  p r i c e  i n d e x  
t h a t  i s  ad jus ted  f o r  t h e  p r i c e  changes t h a t  r e s u l t  from changes i n  t h e  
q u a l i t y  o f  c a r s  ove r  t ime. The model ' s e s t i m a t e s  w e r e  c o m p a r e d  t o  
v a r i o u s  p r i c e  indexes produced by t h e  f e d e r a l  government t o  show t h a t  
t h e  l a t , t e r  have o v e r p r e d i c t e d  t h e  r i s e  i n  a u t o m o b i l e  p r i c e s  f o r  t h e  
p e r i o d  1937 t o  1960 because t h e  improv ing q u a l i t y  o f  a u t o m o b i  1 e s  was 
i g n o r e d ~  ,, 

RELATIONSHIP TO OTHER MODELS 

T h i s  i s  n o t  re1  a ted  t o  o t h e r  models. 

HI  STOR ICAL BACKGROUND 

The t h e o r e t i c a l  approach was f i r s t  f o rmu la ted  b y  A. T. Cour t  i n  1 9 3 9  
( s e e  38-689). G r i l  i c h e s  i n v e s t i g a t e s  t h e  f e a s i b i l i t y  a n d  o p e r a t i o n a l  
n a t u r e  o f  t h e  approach as w e l l  as  t h e  p r a c t i c a l i t y  o f  f u r t h e r  research.  

ASSUMPT IONS 

Bas ic  t o  t h e  approach i s  t h e  a s s e r t i o n  t h a t  t h e  v a r i e t i e s  o f  a 
p a r t i c u l a r  commodity can be comprehended i n  t e r m s  o f  t h e  1 e v e 1  s o f  
v a r i o u s  c h a r a c t e r i s t i c s  i n h e r e n t  i n  each v a r i e t y .  F o r  example, va r  i o u s  
model au tomobi les  can be r e d e f i n e d  i n  terms o f  t h e i r  c h a r a c t e r i  s t i c s ,  
e.g., horsepower, l e n g t h ,  we ight ,  e t c ,  Based on i n s p e c t i o n  o f  t h e  d a t a  



and convenience, t h e  a u t h o r  used a  s e m i l o g a r i t h m i c  fo rm t h a t  r e l a t e d  t h e  
l o g  o f  t h e  p r i c e  o f  a u t o m o b i l e s  t o  t h e  a b s o l u t e  l e v e l s  o f  t h e  
c h a r a c t e r i s t i c s  ( q u a l i t i e s ) .  

VAL IDATION 

Var ious  "pure"  p r i c e  indexes were c a l c u l  a t e d  u s i n g  t h e  d i f f e r e n t  
p o s s i b l e  weights.  These "pu re "  indexes were compared w i t h  severa l  p r i c e  
i ndexes  produced b y  t h e  f e d e r a l  government. The a u t h o r '  s s t u d y  shows  
t h a t  about  t h r e e - f o u r t h s  o f  t h e  r i s e  i n  a u t o m o b i l e  p r i c e s  i n  t h e  C P I  
f rom 1937 t o  1960 c o u l d  be a t t r i b u t e d  t o  q u a l i t y  improvements. 

LIMITATIONS AND BENEFITS 

As w i t h  any index,  t h e r e  a r e  problems assoc ia ted  w i t h  t h e  use o f  t h e  
v a r i o u s  p o s s i b l e  weights.  A l t e r n a t i v e  w e i g h t i n g  s c h e m e s  w e r e  u s e d .  
S e l e c t i o n  o f  t h e  c h a r a c t e r i s t i c s  i s  c r i t i c a l ,  as i s  t h e  p r i c e  d a t a  u s e d  
i n  t h e  reg ress ions .  

STKUCTUR E 

I n  deve lop ing  t h e  hedonic p r i c e  indexes,  t h e  a u t h o r  f i r s t  e s t i m a t e d  
t h e  i m p l i c i t  p r i c e s  o f  t h e  r e l e v a n t  c h a r a c t e r i s t i c s .  T h i s  was 
accompl ished b y  r e g r e s s i n g  t h e  p r i c e  o f  a  model o f  a u t o m o b i l e  o n  t h e  
l e v e l s  o f  r e l e v a n t  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  v e h i c l  e. A  s e m i -  
l o g a r i t h m i c  form was chosen: 

where: 

'it = p r i c e  o f  au tomob i le  model i a t  t i m e  p e r i o d  t 

Xjit = c h a r a c t e r i s t i c  j ( q u a 1  i t y ,  p r o p e r t y  o r  d i m e n s i o n ,  e .g . ,  
horsepower, l e n g t h )  o f  model i a t  t i m e  p e r i o d  t 

u = e r r o r  te rm 
i t  

T h i s  e q u a t i o n  was e s t i m a t e d  u s i n g  c r o s s - s e c t i o n  da ta  f o r  t h e  y e a r s  
1937, 1950, and 1957 th rough  1960. Using dummy v a r i a b l  e s  f o r  v a r i o u s  
yea rs ,  t h e  a u t h o r  d e r i v e d  a  "pure"  p r i c e  e f f e c t  f r o m  p o o l e d  c r o s s -  
s e c t i o n  data .  

The c h a r a c t e r i  s t i c s  i n  t h e  severa l  r e g r e s s i o n s  i n c l  uded h o r s e  p o w e r  ; 
s h i p p i n g  we ight ;  o v e r a l l  l eng th ;  and dummy v a r i a b l e s  equa l i ng  one i f  t h e  
model has a  V-8 engine,  i s  a  hard top,  has an automat ic  t r a n s m i  s s i  o n  a s  
s tandard  equipment, has power brakes as s tandard  equ ipmen t  , o r  i f t h e  
model i s  des ignated a  compact. Otherwise t h e  dummy v a r i a b l e s  e q u a l e d  
z e r o .  T h e  a u t h o r  n o t e s  some p r o b l e m s  a s s o c i a t e d  w i t h  t h e s e  
c h a r a c t e r i s t i c s .  One i s  a  problem o f  m u l t i c o l l i n e a r i t y .  A  s e c o n d  o n e  
i s  t h a t  c h a r a c t e r i s t i c s  such as we ight  and power s t e e r i n g  may be p r o x i e s  



f o r  1u:ltury and t h e  v a l u e s  o f  t hose  c o e f f i c i e n t s  shou ld  b e  i n t e r p r e t e d  
c a u t i o u s l y .  

Us i  ~ i g  i n f o r m a t i o n  f rom t h e  reg ress ions ,  t h e  a u t h o r  develops e s t i m a t e s  
o f  t h e  i m p l i c i t  p r i c e s  and t h e  hedonic p r i c e  indexes t h a t  c o n t r o l  f o r  
t h e  q u a l i t y  d i f f e r e n c e s  t h a t  occur  over  t ime.  The i m p l i c i t  p r i c e s  o f  
variou!; c h a r a c t e r i s t i c s  a r e  compared o v e r  t h e  sample per iod .  An example 
i s  t h e  s u b s t a n t i a l  d e c l i n e  i n  t h e  i nc rease  i n  p r i c e s  assoc ia ted  w i t h  a n  
i n c r e a s e  i n  horsepower. To s tudy  t h e  impacts  o f  a l t e r n a t i v e  w e i g h t i n g  
schemer;, q u a l i t y  indexes us ing  a  v a r i e t y  o f  p o s s i b l e  w e i g h t s  w e r e  
developed. The we igh ts  used were f o r  beg inn ing  pe r iod ,  a d j a c e n t  y e a r ,  
1954-1!350 average, and end pe r iod .  The qual  i t y  i n d e x e s  b a s e d  o n  t h e  
a l t e r n a t i v e  we igh ts  showed some s u b s t a n t i a l  d i f f e r e n c e s .  The a u t h o r  
a l s o  ad, justed t h e  Consumer P r i c e  Index (CPI)  f o r  q u a l i t y  c h a n g e s .  I n  
cctnpar.ing t h e  unad jus ted C P I  w i t h  i t s  q u a l i  t y - a d j u s t e d  v e r s i o n ,  t h e  
i m p o r t a n t  i m p a c t  o f  q u a l  i t y  c h a n g e  was i d e n t i f i e d .  The  a u t h o r  
concluded:  "Fo r  t h e  1 9 3 7 - 1 9 6 0  p e r i o d  a s  a  w h o l e ,  q u a l i t y  c h a n g e  
accounted f o r  about o n e - t h i r d  ( u s i n g  end-per iod  we igh ts )  t o  about  th ree -  
f o u r t h s  ( u s i  ng begi  nn ing -pe r iod  we igh ts )  o f  t h e  recorded p r i c e  change i n  
t h e  C P I . "  He a l s o  noted t h e  l i m i t a t i o n s  i n  t h e  approach and s u g g e s t e d  
some p o s s i b l e  avenues o f  v a l i d a t i o n .  These a r e  t h e  u s e  o f  u s e d - c a r  
p r i c e s  ( t o  negate t h e  impact  o f  a  manufac turer  s e t t i n g  an i n a p p r o p r i a t e  
p r i c e )  and t h e  development o f  con f idence  i n t e r v a l s  f o r  qual  i t y  i n d e x e s .  
These were d i s c u s s e d ,  a s  w e l l  a s  t h e  i m p a c t  o f  s h i f t s  i n  s u p p l y  
cond i  t i ions and t a s t e s .  

MODEL CONSTRUCTION 

The data  used t o  e s t i m a t e  t h e  c o e f f i c i e n t s  were ob ta ined  from t h e  - Red 
Book, Used Car Guide, and Ward's Automot ive Reports.  - --- - - 
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FIRST PURCHASE AND REPLACEMENT DEMAND FOR PASSENGER CARS 

T h i s  model o f  passenger-car purchase and r e p l  acement was developed i n  
1936 i n  an e f f o r t  t o  e x p l a i n  t h e  t r e n d  and c y c l i c a l  movements assoc ia ted  
w i t h  scrappage and auto  demand. The approach d i s t i n g u i s h e s  r e p l  acemen t 
demand f rom new-purchases demand. 

AUTHOR 

P. de W o l f f  

KEYWORDS 

Automobi l e  demand, scrappage 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h i s  model i s  t o  e x p l a i n  t h e  t r e n d  a n d  c y c l i c a l  
movements o f  a u t o r n o b i l e  demand  i n  t h e  U n i t e d  S t a t e s  b a s e d  o n  a 
t h e o r e t i c a l  approach t h a t  d i  s t i n g u i s h e s  r e p l  acemen t demand  f r o m  new- 
purchases demand. 

RELATIONSHIP TO OTHER MODELS 

T h i s  i s  n o t  r e l a t e d  t o  any o t h e r  known models. 

HISTORICAL BACKGROUND 

The paper i s  an E n g l i s h  t r a n s l a t i o n  o f  a paper e n t i t l e d  "De v r a a g  
n a a r  p e r s o n e n a u t o s  i n  d e  V e r e e n i g d e  S t a t e n , "  p u b l i s h e d  i n  De 
Neder landsche Conjunctuur  i n  Pdovernber 1936. T h i s  s tudy  was o n e  o f  the 
e a r l  i e s t  a t tempts  t o  model t h e  de te rm inan ts  o f  au tomob i le  demand. 

ASSUMPT IONS 

Fundamental t o  t h e  approach used i n  d e v e l  o p i  n g  t h i  s  m o d e l  i s t h e  
assumpt ion t h a t  au tomob i le  demand can b e  d i  saggregated i n t o  r e p l  acemen t  
and new-purchases demands. Each demand i s  c h a r a c t e r i z e d  b y  d i f f e r e n  t 
de te rm inan ts .  T h e  demand f o r  p a s s e n g e r  c a r s  i s  d e f i n e d  a s  t h e  
d i f f e r e n c e  between p r o d u c t i o n  and e x p o r t a t i o n  and a s s u m e s  a c o n s t a n t  
bus iness  i n v e n t o r y  s tock  o f  automobi 1 es. 

VALIDATION 

The a u t h o r  p rov ided  some f o r e c a s t s  f o r  postsample yea rs ,  1 9 3 5 - 1 9 3 7 ,  
b u t  d a t a  w e r e n ' t  a v a i l  a b l e  f o r  compar ison purposes p r i o r  t o  pub1 i c a  t i o n  
o f  h i s  paper, 



The rnodel accounts for  the long-run trends and business cyc l  e s  f o r  
the replacement and new-purchases demands for  automobiles. The demand 
f o r  passenger cars i s  defined as the difference between production and 
exportation. Inventory adjustments are no t  considered.  Rep1 acement 
demand .i s  determined by the number of automobiles scrapped, whi 1 e  new- 
purchases demand i s  a function of 1 ong-run determinants. 

Scrappage i s  determined as fol l  ows: 

S - Sb  100 ( = 2.24 ( J )  + 1.00 ( J - l )  - 98.5 - 1.64 ( t )  

where: 

S = number of scrapped cars ,  in mil 1 ions of cars 

Sb = n~~~l~lber of  s c r apped  c a r s  a s  c a l c u l a t e d  from age - sc r appage  
relationships, in mil lions 

J  = nton-workers' income earned during a year, in b i l l  ions of dol lars  

J- 1 = non-workers' income earned during a year,  lagged one year 

t = number of years passed since 1921 ( the  in i t i a l  sample year) 

The iiuthor assumed tha t  Sb represents the number of cars scrapped i  n 
the absence of cyclical movements. 

For the new-purchases demand, the author e l  imi na ted  t h e  cyc l  i c a l  
movemen1l;s by estimating a nine-year moving a v e r a g e ,  and t hen  used a 
logistic: curve adapted t o  t h e  d i f f e r e n c e s  between p r o d u c t i o n  a n d  
scrappage. The log i s t i c  curve i s  f i t t e d  t o  the 1905 t o  1934 p e r i o d .  
Cyclical variations around the trend 1 ine were estimated as follows: 

A = -0.65 ( K )  + 0.20 ( N )  + 3.36 

where: 

A = deviations between the long-run t r e n d  and new-purchase demand 
defined as automobile production minus scrappage, i n  m i l l i o n s  of  
cars 

K = price of ca r s ,  in hundreds of do1 la r s  

N = total  corporation p rof i t s ,  in b i l l ions  of dollars  

Usins1 the 0.65 price coeff ic ient ,  the author e s t i m a t e d  t h e  annual  
price e l a s t i c i t i e s  over the 1921 t o  1934 period. These ranged from 1 .0  
in 1929 t o  3.4 in 1932. 



MODEL CONSTRUCTION 

Data used t o  deve lop t h e  model came f rom t h e  Automobi le Manufac turers  
Assoc ia t i on ;  Behav ior  -- o f  t h e  Automobi 1 e I n d u s t r y  i n  D e p r e s s i o n ,  b y  
S c o v i l  l e ,  1935; S t a t i s t i c s  -- o f  Income; and Survey - o f  b r r e n t  Business. 
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ALTERNATIVE SPECIFICATIONS OF STOCK DEPLETION TO MODEL 
DEMAND FOR CONSUMER DURABLES 

These a l t e r n a t i v e  models u s i n g  t h e  s t o c k - a d j u s t m e n t  a p p r o a c h  t o  
model ing  consumer d u r a b l e  o r  au tomob i le  demand were developed i n  1972 as  
p a r t  01' a  d o c t o r a l  d i s s e r t a t i o n  a t  t h e  London School o f  Economics. T h e  
o b j e c t f i v e  o f  t h e  s tudy was t o  examine t h e  performance o f  severa l  m o d e l  s  
based oln v a r i a t i o n s  o f  t h e  s tock -ad j  ustment approach. 

AUTHOR 
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London School o f  Economics 

Monash I Jn i ve rs i  t y  
Eng 1  and 

KEYWORDS 

F l e e t  s i z e  , scrappage, automobi I e  demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t hese  models i s  t o  p r e d i c t  n e w - c a r  s a l e s  a n d  t h e  
e q u i l i b r i u m  s tock  o f  c a r s  i n  t h e  U n i t e d  Kingdom. S e v e r a l  m o d e l  s  w e r e  
es t ima ted  us ing  d i f f e r e n t  s tock-ad jus tment  approaches and two e s t i m a t i o n  
techn iques.  T h e m e t h o d o l o g y  h a s  t h e  p o t e n t i a l  f o r  b e i n g  u s e d  o n  
U.S. data .  

RELATIONSHIP TO OTHER MODELS 

The models a r e  n o t  d i r e c t l y  r e l a t e d  t o  any o t h e r  known models. 

HI  ST0RI:CAL BACKGROUND 

F o r  one o f  t h e  models, t h e  a u t h o r  empl oyed an approach formul  a t e d  b y  . ~ 

Houthakker and T a y l o r  i n  t h e i r  book, Consumer   em-and -- i n  t h e  u n i t e d  
S t a t e s :  Analyses - and P r o j e c t i o n s ,  Harvard U n i v e r s i t y  Press, 1970. 

The a u t h o r  assumed t h a t  a  s tock -ad jus tmen t  a p p r o a c h  f o r  m o d e l i n g  
q u a r t e r ' l y  a u t o m o b i l e  demand i s  a p p r o p r i a t e .  T h r e e  a1 t e r n a t i v e  
s p e c i f i c a t i o n s  were t e s t e d ,  l a b e l e d  A, B, and C. 



LIMITATIONS AND BENEFITS 

The a u t h o r  noted t h a t  t h e  movi ng-average e r ro r -p rocess  model s  had t h e  
expected s igns ,  b u t  t hey  had magnitudes t h a t  d i f f e r e d  f rom t h e  e x p e c t e d  
values.  These p r o b l e m s  may b e  a s s o c i a t e d  w i t h  t h e  a s s u m p t i o n s  
concern ing t h e  e r r o r  terms. The a u t h o r  notes  t h a t  Model C i m p l  i e s  a n  
" u n s a t i s f a c t o r y "  scrappage d i s t r i b u t i o n .  Model A i s  p r e f e r r e d  t o  M o d e l  
C,  and b o t h  s p e c i f y  1 ong-term average p a t t e r n s .  Model B i n d i c a t e s  t h a t  
t h e r e  e x i s t e d  s i g n i f i c a n t  s h o r t - r u n  f l u c t u a t i o n s  around t h e  1  o n g -  t e r m  
cons tan t  r a t e  o f  s tock  d e p l e t i o n  as s p e c i f i e d  i n  Model A .  T h e  a u t h o r  
a l s o  notes  t h a t  t h e  parameters a r e  " b e t t e r  determined" i n  M o d e l  B  b u t  
t h a t  t h e  impl i e d  e l  a s t i c i t i e s  a r e  unreasonable. 

STRUCTURE 

Three a l t e r n a t i v e  s p e c i f i c a t i o n s  o f  s t o c  k - a d  j u s t m e n t  m o d e l  s  w e r e  
i n c l u d e d  i n  t h i s  study.  These a r e  Model A: dep rec ia t i on /sc rappage  i s  a  
cons tan t  p r o p o r t i o n  of s tock ;  Model B :  s c r a p p a g e  i s  a  f u n c t i o n  o f  
economic v a r i a b l e s ;  and Model C :  scrappage can be p r e d i c t e d  u s i  n g  a n  
es t ima ted  scrappage p a t t e r n .  A l l  m o d e l s  w e r e  e s t i m a t e d  u s i n g  a  
r e s t r i c t e d  l eas t - squares  techn ique.  Models A and B  were a l s o  e s t i m a t e d  
a f t e r  assuming a  movi ng-average e r r o r  term. 

A l l  o f  t h e  models a r e  based on t h e  f o l l o w i n g  assumptions c o n c e r n i n g  
ad jus tment  o f  s tocks  t o  a  l ong - te rm e q u i l i b r i u m  l e v e l  : 

where: 

ASt = end -o f -pe r iod  s tock  a t  t i m e  t 

S*t = e q u i l i b r i u m  s tock  l e v e l  a t  t i m e  t 

X = r e l e v a n t  economic v a r i a b l e ( s )  
t 

v = e r r o r  terms 
i t  

Bi, p = parameters t o  be es t ima ted  

Model A i s  based on t h e  Houthakker-Taylor-formul a t e d  d e p r e c i a t i o n  
e q u a t i o n  i n  c o n t i n u o u s  t i m e ,  w h e r e i n  d e p r e c i a t i o n  i s  a  c o n s t a n t  
p r o p o r t i o n  o f  t h e  s tock :  
1 

St = qt - d  (St)  

where: 
I 

St = t i m e  r a t e  o f  change o f  s tock  

qt = purchase a t  t i m e  t 



d  = d e p r e c i a t i o n  parameter 

Using a  d i s c r e t e  approx imat ion  t o  t h e  a b o v e  e q u a t i o n ,  M o d e l  A i s  
formu1at;ed as: 

q t  = p (:d) BO + P B1 ( 1  + d /2)  AXt  + P (d)  B1 (Xt-1) + ( 1  - P )  qt-1 + Ut 

and: 

Model B i s  based on t h e  assumption t h a t  t h e  s c r a p p a g e / d e p r e c i a t i o n  
r a t e  ( d )  i s  a  f u n c t i o n  o f  economic v a r i a b l e s :  

St = q, + st-1 - dt (Stml) 

where: 

dt = a  f u n c t i o n  o f  economic c o n d i t i o n s  a t  t i m e  t 

A f t e r  r e f o r m u l a t i n g  t h e  above equa t ion  and i n c o r p o r a t i n g  t h e  s t o c k  
adjustment process, Model B i s :  

t = p (d)  BO + P B1 (AXt) + P ( d )  B1 (Xtml) dl (AYlt) 

- dl ( 1  - P )  AYIt- l  + ( 1  - P) qt-l + Ut 

and: 

ut = vt - ( 1  - d )  v ~ - ~  

where: 

Yi = ecolnomic v a r i a b l e s  d e f i n e d  such t h a t  t h e  sum o f  nYit f o r  a1 1  i i s  
approx imate ly  equal t o  zero 

Model C i s  based o n  t h e  a s s u m p t i o n  t h a t  n e w - c a r  s a l e s  may b e  
exp la ined  i n  p a r t  by  t h e  age d i s t r i b u t i o n  o f  t h e  e x i s t i n g  s tock .  U n d e r  
t h i s  approach one would expect  a  sa les  boom y e a r  t o  produce a  sc rappage  
boom y e a r  a f t e r  a  c e r t a i n  l e n g t h  o f  t i m e  ( i  . e m ,  a v e r a g e  v e h i c l e  
l i f e t i m l e ) .  The model i s  based on t h e  f o l l o w i n g  equat ions :  

where : 



A f t e r  i n c o r p o r a t i n g  t h e  assumpt ion t h a t  t h e  p a t t e r n  o f  s c r a p p a g e  i s  
l i k e l y  t o  f o l l o w  an " i n v e r t e d  U "  s h a p e ,  t h e  a u t h o r  f o r m u l a t e d  t h e  
f o l l  owing equa t ion :  

and: 

The t a b l e  be low c o n t a i n s  t h e  t rans fo rmed  e s t i m a t i o n  r e s u l t s  w i t h  o n l y  
two economic v a r i a b l e s ,  income and p r i c e .  These r e s u l t s  a r e  b a s e d  o n  
t h e  r e s t r i c t e d  1 eas t -squares  e s t i m a t i o n .  Those es t ima tes  based  o n  t h e  
assumpt ion o f  a  moving-average e r r o r  t e r m  a r e  n o t  p r e s e n t e d .  The  
dependent v a r i a b l e  i s  n e w - c a r  r e g i s t r a t i o n s  p e r  1 0 0  p o p u l a t i o n .  
Standard e r r o r s  a r e  i n  parentheses. 
- - - - - - - - - - - ..................................................................... 

C o e f f i c i e n t  Model A  Model B  Model C 

B~ -10.00 -11.65 -13.19 
( c o n s t a n t )  (4.94) (4.31) (7.13) 

B1 19.45 22.79 26.09 
(Income pe r  c a p i t a )  (8.39) (7.33) (12.35) 

B2 
( r e a l  p r i c e )  

3 
( i n d e x  o f  c u r r e n t  

and lagged income) 

a  
2  -0.236 

(0.167) ..................................................................... 
Durb i  n-Watson 2.25 2.27 1.94 



MODEL CONSTRUCTION 

The models were es t ima ted  us ing  q u a r t e r l y  d a t a  f rom 1956 111 t o  1 9 6 7  
I .  The sources o f  d a t a  a r e  -- T h e  M o t o r  I n d u s t r y  -- o f  G r e a t  B r i t a i n ,  
Economic: -. - Trends, and Month ly  D iges t .  
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EXPLORATORY MODELS OF DOMESTIC AUTOMOBILE DEMAND 

Expl o r a t o r y  model s  o f  domest ic  au tomob i le  demand were d e v e l  o p e d  i n 
1938 a t  t h e  I n s t i t u t e  o f  App l i ed  Economet r i cs .  S e v e r a l  m o d e l  s  w e r e  
developed t o  examine t h e  f a c t o r s  a f f e c t i n g  a u t o m o b i  1  e  demand  a n d  t o  
o b t a i n  es t ima tes  o f  how t h e  separa te  f a c t o r s  combine t o  de te rm ine  sa les .  
P r i c e  and income e l a s t i c i t y  ranges were es t imated.  

AUTHOR 

C. F. Roos and V i c t o r  von S z e l i s k i  
I n s t i t u t e  o f  Appl i e d  Econometr ics 

KEYWORDS 

Automobi 1  e  demand, f l  e e t  s i z e  

OBJECTIVE OF MODEL 

The models examine t h e  r o l e  o f  v a r i o u s  determi  n a n t  s  o f  t h e  demand  
w i t h  t h e  goal  o f  e s t i m a t i n g  p r i c e  and income e l a s t i c i t i e s .  

RELATIONSHIP TO OTHER MODELS 

These a r e  n o t  r e 1  a ted  t o  any o t h e r  known models. 

HISTORICAL BACKGROUND 

These models were d e v e l o p e d  i n  o n e  o f  t h e  e a r l i e s t  s t u d i e s  o f  
au tomob i le  demand. The m o d e l  a u t h o r s  e x a m i n e d  t h e  s t r e n g t h s  a n d  
weakness o f  t w o  m o d e l s ,  o n e  b y  P. d e  Wol f f  ( s e e  3 6 - 6 8 3 )  a n d  an 
unpub l ished,  unre ferenced t i m e  t r e n d  study.  

ASSUMPT IONS 

The au tho rs  e x p l o r e d  v a r i o u s  model s p e c i f i c a t i o n s  and dec ided t h a t  a  
non l  i near  s a l e s  re1  a t i o n s h i  p was a p p r o p r i a t e .  The au tho rs  assumed t h a t  
a  maximum ownership l e v e l  c o u l d  be determined.  T h i s  was a  f o r e r u n n e r  t o  
t h e  d e s i r e d - s t o c k  approach used i n many r e c e n t l y  d e v e l o p e d  s t o c k -  
ad jus tment  vehicle-demand models. 

VALIDATION 

The au tho rs  examined t h e  performance o f  seve ra l  model speci  f i c a t  i o n s  
o v e r  a  h i s t o r i c a l  pe r iod .  Us ing t h o s e  r e s u l  t s  a s  g u i d e 1  i n e s ,  t h e y  
fo rmul  a ted  t h e i r  models on t h e  a p p r o p r i a t e  determinants .  



LIMITATIONS AND BENEFITS 

T h e  a u t h o r s  r e c o g n i z e d  t h a t  a l t h o u g h  t h e i r  m o d e l s  f i t  t h e  
0bservat;ions w e l l ,  o t h e r  models o r  f o rmu las  m i g h t  be dev i sed  w h i c h  may 
a1 so f i t ;  t h e  data.  The models developed a r e  shown t o  b e  i m p r o v e m e n t s  
ove r  p rev ious  models. 

T h i s  s tudy  was wide i n  coverage and i n v o l v e d  t h e  f o l  1  o w i n g  a r e a s  
a f f e c t i n g  automobi le  demand: n e w - o w n e r  s a l e s ,  r e p l  a c e m e n t  s a l e s ,  
maximurr~ ownership 1  eve l  , d e f i n i t i o n  and measurement o f  v a r i o u s  f a c t o r s  , 
scrappage and t h e  p r e s s u r e  f o r  r e p l a c e m e n t ,  r e t a i l  s a l e s  demand 
f u n c t i o n s ,  and seasonal v a r i a t i o n s  i n  sa les .  Models were d e v e l  o p e d  i n  
t h e  course o f  s tudy,  and severa l  a r e  presented below. 

The au tho rs  examined many f a c t o r s  govern ing c h a n g e s  i n  a u t o m o b  i 1  e  
demand. These i n c l u d e d :  n a t i o n a l  i n c o m e ,  c o s t  o f  1  i v i n g ,  new- 
a u t o m o b ' i l  e  p r i c e ,  used-car p r i c e s  and s tocks ,  c a r s  i n  o p e r a t i  o n ,  u s e d  
c a r  a1 lowances, f i n a n c i n g  terms, h i g h w a y  c a r r y i n g  c a p a c i t y  a n d  c a r  
s e r v i c i n g  f a c i l  i t i e s ,  o p e r a t i n g  cos ts ,  purchas ing power s o u r c e s  o t h e r  
t h a n  income, d e a l e r s '  used-car stocks,  t h e  p r i c e s  o f  goods c o m p e t  i t i  v e  
w i t h  aut:omobiles, t h e  s t y l e  f a c t o r ,  seasonal v a r i a t i o n  a n d  n e w - m o d e l  
s t i m u l  u:s, p r ice-change a n t i c i p a t i o n ,  f i e 1  d  s tocks  and p r o d u c t  i on ,  a n d  
t h e  c a n b i n a t i o n  e f f e c t  o f  t h e  s h o r t -  and long- term f a c t o r s .  

The au tho rs  fo rmu la ted  seve ra l  models o f  t h e  maximum ownership 1  eve l  : 

M1 
= POP x  [0.087 + 0.000252 (I)] 

M2 = F x [0.378 + 0.00068 ( I ) ]  (C) -0.3 

M3 
= F x [0.500 + 0.000544 ( I ) ]  ( D ) ' ~  

where: 

M.  = maximum ownership l e v e l  
1 

POP = p o p u l a t i o n  

I = rc:al supernumerary income p e r  c a p i t a  w i t h  i n c o m e  d e f i n e d  a s  
"d i sposab le  income l e s s  necess i tous  1  i v i n g  c o s t s "  

F = number o f  f a m i l i e s  

C = v e h i c l e  r e p l  acement c o s t s  

D = d u r a b i l i t y  

F o r  new-car sa les  t h e  au tho rs  fo rmu la ted  t h e  f o l l o w i n g  re1 a t i o n s  h i  p ,  
u s i n g  data  f rom 1919 t o  1938: 

; 11.20 x P - ~ * ~ ~  C.0254 x STOCK x (Mg - STOCK) + .65 (X2) ]  



where: 

S = new-car sa les  

I = supernumerary income 

P = p r i c e  

STOCK = s tock  o f  c a r s  i n  o p e r a t i o n  

M3 = maximum ownership l e v e l  

X 2  = replacement p ressu re  determined f rom t h e  a g e  d i  s t r i  b u t  i o n  o f  
automobi 1  e  

As noted above, t h e  au tho rs  exp lo red  many r e l a t i o n s h i p s  and some o f  
them were s t a t i s t i c a l l y  es t imated.  Examples o f  t h e s e  a r e  f a c t o r s  o f  
demand, replacement s a l e s ,  a n d  n e w - o w n e r  s a l e s .  T h e  many o t h e r  
r e l a t i o n s h i p s  a r e  t o o  numerous t o  be presented here. Most o f  t hese  a r e  
s i n g l e - e q u a t i o n  models. 

MODEL CONSTRUCTION 

The au tho rs  used a  number o f  d a t a  sources i n  deve lop ing t h e i r  m o d e l .  
They a t tempted t o  compare, where poss ib le ,  t h e  a1 t e r n a t i v e  d a t a  s e r i e s  
f o r  v a r i o u s  v a r i a b l e s .  Data used came from severa l  sources, i n c l  u d i  n g  
t h e  Automobi le  Manufac turers  Assoc ia t i on ,  Bureau o f  L a b o r  S t a t i  s t  i c s  , 
Bureau o f  P u b l i c  Roads, General Motors C o r p o r a t i o n ,  R .  H .  Donne1  1  e y  
Corpo ra t i on ,  Na t iona l  I n d u s t r i a l  Conference Board, t h e  N a t i o n a l  B u r e a u  
o f  Economic Research, and t h e  Department o f  Commerce. 
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Roos, C.F.; von S z e l i s k i ,  V . ?  Fac to rs  g o v e r n i n g  c h a n g e s  i n  d o m e s t i c  
automobi 1  e demand, - The Dynamics o f  Automobil  e  Demand, pp. 21-95, General 
Motors Corpo ra t i on ,  December 1938.  



HEDONIC PRICE INDEXES 

A hedonic p r i c e  i ndex  model was developed i n  1938 a t  t h e  A u t o m o b i l e  
Manufact;urers A s s o c i a t i o n .  T h e  o b j e c t i v e  o f  t h e  s t u d y  was t h e  
developn~ent o f  a "pure" p r i c e  index t h a t  c o n t r o l l e d  f o r  q u a l i t y  changes. 
The model was developed as an a t tempt  t o  c o n t r o l  f o r  c e r t a i n  changes i n  
t h e  s p e c : i f i c a t i o n s  o f  automobi les.  T h i s  s tudy p ioneered t h e  f i e l  d o f  
p r i c e  indexes and qual i t y  change. A by-product  o f  t h e  s t u d y  was t h e  
es t ima t . i on  o f  t h e  imp1 i c i  t p r i c e s  o f  v a r i o u s  automobi le  c h a r a c t e r i s t i c s .  

AUTHOR 

Andrew T. Cour t  
Automobi 1 e Manufac turers  A s s o c i a t i o n  
De t ro i t . ! ,  Mich. 

KEYWORDS 

P r i c i n g  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t h e  measurement o f  t h e  r e l a t i o n s h i p  
b e t w e e ~ ~  p r i c e  and t ime,  w h i  1 e h o l d i n g  q u a l  i t y  ( o r  u s e f u l  n e s s )  o f  
automob~ii les constant .  The au tho r  p ioneered t h e  a p p r o a c h  w h e r e i n  t h e  
p r i c e  ol' a good i s  r e l a t e d  t o  i t s  c h a r a c t e r i s t i c s  o r  s p e c i f i c a t i o n s .  

RELATICINSHIP TO OTHER MODELS 

T h i s  model i s n o t  r e l a t e d  t o  any known models. 

HISTORICAL BACKGROUND 

T h i s  s tudy was t h e  p i o n e e r i n g  a r t i c l e  i n  t h e  development o f  h e d o n i c  
 rice indexes. L a t e r  work has b u i l t  upon t h e  approach p r e s e n t e d  h e r e .  
Many a r e  gathered i n  a book e d i t e d  b y  Z .  Gril i c h e s  e n t i t l e d  P r i c e  
Indexes - -  and Qua1 i t y  Change (S-71-687). 

The approach i s  based on t h e  assumpt ion t h a t  t h e  s i g n i f i c a n c e  o f  
automob-i les'  c h a r a c t e r i s t i c s  can be measured t h r o u g h  a s s o c  i a t  i n g  t h e  
v a r i a t i o n s  i n  t h e  l e v e l s  o f  c h a r a c t e r i s t i c s  and p r i c e s  o f  v a r i o u s  make  
and model automobi les w i t h i n  some t i m e  p e r i o d .  F o r  t h e  r e g r e s s i o n  
a n a l y s i s ,  t h e  au tho r  assumed a 1 o g a r i  t h m i c  f o r m  f o r  t h e  d e p e n d e n t  
v a r i a b l e  and t h e  a c t u a l  v e h i c l e  spec i  f i c a t i o n s  f o r  t h e  i n d e p e n d e n t  
v a r i a b l e s .  



VALIDATION 

The a u t h o r  l i n k e d  t h e  r e s u l t s  f rom s e v e r a l  t i m e  p e r i o d s  o v e r  t h e  
1920-39 p e r i o d  t o  show t h e  d e c l i n i n g  t r e n d  i n  automobi le  p r i c e s .  

LIMITATIONS AND BENEFITS 

The a u t h o r  noted t h a t  t h e  u s e f u l n e s s  o f  t h e  r e g r e s s i o n  r e s u l t s  i s  
l i m i t e d  because o n l y  t h e  most  e a s i l y  a v a i l a b l e  d a t a  were u s e d  f o r  t h e  
example. The r e l e v a n t  v e h i c l e  c h a r a c t e r i s t i c s  need t o  b e  e x p a n d e d  t o  
i n c l u d e  measures o f  comfo r t ,  performance, dependabi l  i t y ,  and o p e r a t  i n g  
cos ts .  The approach o f  u s i n g  each v e h i c l e  make/model as an o b s e r v a t  i o n  
f o r  t h e  r e g r e s s i o n  a n a l y s i s  i g n o r e s  t h e  s a 1  e s  1 e v e 1  o f  ( c o n s u m e r s '  
response t o )  t h e  v a r i e t y  o f  p roduc t  o f f e r i n g s .  

A b e n e f i t  t o  t h e  approach i s  t h e  e s t i m a t i o n  o f  t h e  i m p 1  i c i t  p r i c e s  
a s s o c i a t e d  w i t h  t h e  v a r i o u s  c h a r a c t e r i s t i c s  t h a t  d e f i n e  an a u t o m o b i  1  e. 
I m p l i c i t  p r i c e s  a r e  an i n d i c a t i o n  o f  what aspects  o f  t h e  v e h i c l e  a r e  
va lued  most by  consumers. 

STRUCTURE 

The model developed by  t h e  a u t h o r  i n v o l v e s  a  s i n g l e  e q u a t i o n  t h a t  
r e l a t e s  t h e  l o g  o f  an au tomob i le  p r i c e  t o  i t s  s p e c i f i c a t i o n s .  One 
v e r s i o n  o f  t h e  model i n c l u d e s  t i m e  t r e n d  v a r i a b l e s .  The s p e c i f i c a t  i o n s  
o r  c h a r a c t e r i s t i c s  examined by  t h e  a u t h o r  a r e  l e n g t h ,  w e i g h t ,  a n d  
horsepower. The general  e q u a t i o n  i s  : 

P = k  t bl ( W )  t bp ( L )  + b3 (H i  + b4 (tlJ + b5 ( t 2 )  

where : 

P = v e h i c l e  p r i c e  

k  = c o n s t a n t  

W = we igh t  

L = l e n g t h  

H = horsepower 

ti = t r e n d  f a c t o r s  (dummy v a r i a b l e s  f o r  yea rs )  

bi = c o e f f i c i e n t s  t o  be es t ima ted  

The a u t h o r  r e p o r t e d  t h e  r e g r e s s i o n  r e s u l t s  i n  t h e  t a b l e  below. 



........................................................................ 
Percent  Change i n  P r i c e  C o e f f i c i e n t  ................................................ o f  M u l t i p l e  

Years p e r  Hundred Per ~ o r r e l  a t i o n  
p e r  I n c h  Pounds Horsepower p e r  Year ( R )  ........................................................................ 

1920-25 2.01 2.35 0.80 -12.4 .96 
1925-30 1.82 4.02 0.30 -7.1 .96 
1930-3 5 0.31 5.66 0,55 -7.4 .95 
1935-37 0.01 5.76 0.53 -2.5 .97 
1937-3'9 0.15 2.95 0.71 t2 .5  .93 

MODEL CONSTRUCTION 

The  regression a n a l y s i s  was based on a d v e r t i s e d  v e h i c l e  p r i c e s ,  The  
source o f  t h e  o t h e r  d a t a  i s  undocumented. 
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HOUSEHOLD VEHICLE HOLDINGS AND VALUE OF HOLDINGS 

T h i s  model o f  household v e h i c l e  h o l d i n g s  and t h e  v a l u e  o f  h o l d i n g s  
was developed i n  1970 a t  t h e  U n i v e r s i t y  o f  B r i t i s h  C o l u m b i a  u n d e r  t h e  
sponsorsh ip  o f  t h e  Canada Counc i l .  The o b j e c t i v e  o f  t h e  m o d e l  i s  t o  
account  f o r  changes i n  c a r  ho ld ings ,  h o l d i n g s  themsel ves, and t h e  v a l  u e  
o f  t h e  h o l d i n g s  a s s o c i a t e d  w i t h  t h e  d e m o g r a p h i c  a n d  e c o n o m i c  
c h a r a c t e r i s t i c s  o f  a spending u n i t .  T h i s  d i saggrega te  v e h i c l e  h o l d i n g s  
model i s  based on mu1 t i - p e r i o d  c r o s s - s e c t i o n  survey data.  
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h i s  model i s  t o  account  f o r  changes i n  c a r  h o l d i n g s  
and t h e  h o l d i n g s  themselves, and t h e  v a l u e  o f  h o l d i n g s  assoc i  a t e d  w i t h  
t h e  d i f f e r e n t  events.  The model i s based on t h e  hedonic demand t h e o r y  
t h a t  presumes t h e  demand f o r  a good can be determined b y  e x a m i n i n g  t h e  
demand f o r  t h e  v a r i e t y  o f  s e r v i c e s  t h a t  t h e  good renders  t o  a consumi n g  
u n i t .  The model i s  e s t i m a t e d  w i t h  U.S. data.  

RELATIONSHIP TO OTHER MODELS 

T h i s  model has no known r e l a t i o n s h i p  t o  any o t h e r  model. 

HISTORICAL BACKGROUND 

The model i s  based on t h e  t h e o r e t i c a l  approach p r e s e n t e d  b y  K e l  v i  n 
J. Lancas te r  i n  "A New Approach t o  consumer-  heo or^" J o u r n a l  - o f  - p o l  i t i c a l  
Economy, 74: 132-1 57, 1966. 



ASSUMPTIONS 

The model a u t h o r s  assumed a l o g i t  model f o r  t h e  p r o b a b i l i t y  
distr ibi l t ion of the a1 ternatives in two equations. 

LIMITAT1:ONS AND BENEFITS 

The model a u t h o r s  no ted  t h a t  t h e  e s t i m a t e d  c o e f f i c i e n t s  a r e  
imprecise, probably because of col l inear i ty .  However, t h e y  conc l  ude 
t ha t  the model successfully accounted fo r  holdings and changes  i n  c a r  
hol dings, and associated expendi tures. 

STRUCTUF: It 

The formal model i s  based on maximization of a consumer ' s  u t i l i t y  
function. El ements in the function incl uded car services,  other goods , 
and asselts. Ut i l i ty  i s  maximized subject t o  a budget c o n s t r a i n t  t h a t  
i ncludesi income, monetary asse t s ,  value of the s t ock  o f  automobi 1 e s ,  
value of other goods, and in one ve r s i on ,  t h e  t r a n s a c t i o n s  c o s t  of  
changing automobile holdings. 

Two s t a t i s t i c a l  models were used in the study. For the probabi  1 i t y  
aspects,,  the authors used an extension of the l og i t  model as deve l  oped 
b y  Henri Theil in "A Multi Normal Extension of the Linear Loqit Model ," 
~nternat;.ional Economic Review, 10:251-60, Oct. 1969. I n  that-model , t he 
7- pro a i ~ t y  o f ~ t ~ o c c u r r i n g  a t  observation t ,  P ( A , + ) ,  i s :  

' ( A j t )  ' exp[Xt (Bj)I  / exp[Xt ( B . ) ] ,  j = I , . .  .,k 
i = O  J 

where: 

t = vec:tor of independent variables 

B = vector of coeff ic ients  
j 

The second model tha t  was appl ied t o  the expenditure aspects  o f  t h e  
study i s  specified as follows: 

where: 

P = amount t 

Z = vector of independent variables 

Y .  = vector of coeff ic ients  tha t  are appropriate when a l t e r n a t i v e  j i s 
chosen 



Et = n o r m a l l y  d i s t r i b u t e d  e r r o r  t e rm 

The d i s t r i b u t i o n  o f  Pt i s  t r u n c a t e d  such t h a t  Pt c a n  n o t  t a k e  o n  
n e g a t i v e  values.  

Us ing t h e  p r o b a b i l  i t y  model, ( o r  Simul taneous A l t e r n a t i v e s  M o d e l  a s  
named by  t h e  a u t h o r s ) ,  t h e  f o l l o w i n g  c o e f f i c i e n t s  w e r e  e s t i m a t e d  b y  
means o f  a  maximum l i k e l i h o o d  techn ique :  

Cur ren t  and lagged d i sposab le  income 
Cur ren t  d i  sposable income squared 
Amount i n  sav ings bonds, sav ings  accounts and check ing accounts  
Age o f  head o f  spending u n i t  
Number o f  a d u l t s  i n  spending u n i t  
Number o f  c h i 1  dren 
L o c a t i o n  dummy, = 1 if c e n t r a l  c i t y ,  0  o the rw ise  
Dummy v a r i a b l e  f o r  c a r  h o l d i n g s  a t  t i m e  o f  p rev ious  survey 
Value o f  " f i r s t "  c a r  i n  survey 
Value o f  a d d i t i o n a l  c a r s  
Ages o f  c a r s  

F o r  t h e  changes i n  c a r  h o l d i n g s ,  t h e  dependent p r o b a b i l  i t y  v a r i a b l  e s  
i n v o l v e  s e l l i n g  a  c a r ,  r e p l a c i n g  a  c a r ,  and p u r c h a s i n g  a n  a d d i t i o n a l  
ca r .  Fo r  t h e  changes i n  t h e  n u m b e r  o f  c a r s  h e l d ,  t h e  d e p e n d e n t  
p r o b a b i l i t y  v a r i a b l e s  i n v o l v e  t h e  h o l d i n g  o f  one, two, o r  t h r e e  c a r s .  
Bo th  models were es t ima ted  f o r  1961 and 1962. These a1 t e r n a t  i v e s  w e r e  
s i m u l t a n e o u s l y  e s t i m a t e d  w i t h  each f u n c t i o n  o f  a  subset  o f  t h e  s e l e c t e d  
independent v a r i a b l e s .  

Using t h e  e x p e n d i t u r e  model , t h e  amounts spent  on r e p 1  a c e m e n t  s  a n d  
a d d i t i o n s  were es t ima ted  as  f u n c t i o n s  o f  subsets o f  t h e  s o c i o - e c o n o m i c  
v a r i a b l e s .  As above, t h e  model was es t ima ted  f o r  1961 and 1962. 

MODEL CONSTRUCTION 

The models a r e  based on c r o s s - s e c t i o n  d a t a  ob ta ined  f r o m  t h e  1 9 6 0 ,  
1961, 1962 Surveys o f  Consumer Finances conducted by t h e  Survey Research 
Center  o f  The U n i v e r s i t y  o f  Michigan.  
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AUTOMOBI LE STYLE CHANGE 

T h i  s model o f  au tomobi le  s t y l  e changes was developed i n 1 9 7  1 w h i  1 e 
t h e  autlhors were a t  t h e  U n i v e r s i t y  o f  V i r g i n i a  and V i r g i n i a  Commonwealth 
U n i v e r s i t y .  The model was developed as  p a r t  o f  a s tudy  e x a m i n i n g  t h e  
impact  o f  s t y l  e change on p r o f i t a b i l  i ty and market  share. P a r t  o f  t h e  
s t u d y  a l s o  examined t h e  use o f  s t y l e  change as a market  weapon by  1 a r g e  
manu fac tu re rs  a g a i n s t  s m a l l e r  manufac turers .  
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  p r e d i c t  t h e  impact  o f  s t y l  e c h a n g e s  
on t h e  market  shares and p r o f i t s  o f  t h e  B i g  Three automakers i n  low- and 
h i g h - p r l c e d  f i e 1  ds. 

RELATIONSHIP TO OTHER MODELS 

Thi  s has no known re1  a t i o n s h i  p t o  any o t h e r  model. 

HIS TOR I C AL BACKGROUND 

The !study was i n  p a r t  a t e s t  o f  a hypo thes i s  developed by  J.A. Menge 
i n  1962 ( S t y l e  Change Costs  as a Market  Weapon, Q u a r t e r l y  J o u r n a l  o f  
Economics 76:632-47). Menge suggested t h a t  s t y l e  changes c o u l d  be u s e d  
as a matTKet weapon by  l a r g e  manufac turers  because o f  t h e i r  r e l a t i v e  c o s t  
advantages. 

ASSUMPT I[ ONS 

One o f  t h e  equa t ions  re1 a t e s  market  share t o  s t y l  e c o s t s  and veh i c l  e 
p r i c e s .  T h i s  approach assumes t h a t  t h e  exc luded v a r i a b l e s  a f f e c t  a1  1 
manufactiurers equal l y .  A s i m i l a r  assumpt ion was a1 so empl oyed f o r  t h e  
models t h a t  have p r o f i t a b i l i t y  as  a f u n c t i o n  o f  o n l y  s t y l e  c o s t s  a n d  



p r i c e s .  That  i s ,  t h e  l e v e l  o f  s a l e s  and t h e  de te rm inan ts  o f  t h e  1  e v e 1  
w e r e  a s s u m e d  t o  h a v e  e q u a l  i m p a c t s  o n  t h e  m a r k e t  s h a r e s  a n d  
p r o f i t a b i l i t y  o f  a l l  m a n u f a c t u r e r s .  The  m o d e l  a u t h o r s  n o t e d  t h a t  
because o f  t h e  expected a u t o c o r r e l a t i o n ,  t h e  equat ions  appear i n  f i r s t -  
d i f f e r e n c e  form. 

VAL I OAT1 ON 

The model au tho rs  suggested a  p r i o r i  va lues  f o r  c e r t a i n  e s t i m a t e d  
c o e f f i c i e n t s  and compared those  v a l u e s  t o  t h e  e s t i m a t e d  o n e s .  The 
compar ison o f  c o e f f i c i e n t  va lues was a  t e s t  o f  severa l  h y p o t h e s e s  t h a t  
were presented.  The au tho rs  noted t h a t  Menge's s t y l e  hypo thes i s  was n o t  
n e c e s s a r i l y  c o n f  i rmed. 

LIMITATIONS AND BENEFITS 

The au tho rs  found t h a t  t h e  r e l a t i v e  p r i c e  a n d  s t y l  e  c h a n g e s  c a n  
a f f e c t  t h e  market  shares i n  b o t h  t h e  h igh-  and low-p r i ced  f i e 1  d s .  T h e  
p a y o f f  o f  s t y l e  changes was about  breakeven f o r  l o w - p r i  c e d  c a r s .  F o r  
h i g h - p r i c e d  ca rs ,  no f i r m  appeared  t o  p r o f i t ,  As f o r  some o f  t h e  
assumptions, a  l i m i t a t i o n  o f  t h e  p r o f i t a b i l i t y  e q u a t i o n s  i s  t h a t  t h e  
a u t h o r s  used f i rm-w ide  p r o f i t s  and sa les ,  n o t  t h e  p r o f i t s  a c c r u i n g  f r o m  
t h e  s a l e  o f  t h e  p e r t i n e n t  automobi le  models. 

STRUCTURE 

Equa t ions  were es t ima ted  w i t h  marke t  s h a r e s  a n d  p r o f  i t a b i  1  i t y  a s  
dependent v a r i a b l e s .  Three c a r  models, Chev ro le t ,  Ford, and P l y m o u t h  , 
were chosen f o r  t h e  1  ow-pr iced f i e l d .  Three models were a1 so s e l  e c t e d  
f o r  t h e  h i g h - p r i c e d  f i e l d :  C a d i l l a c ,  L i n c o l n ,  and I m p e r i a l .  No o t h e r  
brands/models were cons idered.  F o r  e a c h  f i e l d ,  t h e  e q u a t i o n s  w e r e  
e s t i m a t e d  u s i n g  d a t a  f o r  p a i r s  o f  t h e  b rands  a n d ,  w h e r e  f e a s i b l e ,  a  
s i n g l e  brand. 

The market  share e q u a t i o n  i s  s p e c i f i e d  as f o l l o w s :  

where: 

- = g a i n  i n  brand i share o f  t o t a l  market  ( i n  u n i t s  ,t - Mi ,t - Mi,t-l so,d) in period 

= d i f f e r e n c e  between t h e  s t y l  e change out1  ays o f  f i r m  i and t h o s e  
o f  a l l  o t h e r  f i r m s  



= d i f f e r e n c e  between t h e  p r i c e  change o f  firm i and t h e  average o f  
t h e  o t h e r  f i r m s '  p r i c e  changes f o r  p e r i o d  t 

a  = c o e f f i c i e n t s  t o  be es t ima ted  i 

'a ,t 
= a  no rma l l y  d i s t r i b u t e d  random e r r o r  

The s i n g l e - e q u a t i o n  model f o r  t h e  p r o f i t a b i l t y  o f  t h e  s t y 1  e  c h a n g e s  
i s  s p e c i f i e d  as f o l l o w s :  

where : 

bRi ,t = expected g a i n  i n  brand i p r o f i t  i n  p e r i o d  t 

"i ,t = o u t l a y  r e q u i r e d  f o r  s t y l e  change by brand i i n  p e r i o d  t 

AC = o u t l a y  r e q u i r e d  f o r  s t y l e  changes by brand o t h e r  than  brand i i n  
js t  p e r i o d  t 

= d i f f e r e n c e  between p r i c e  i nc rease  o f  firm i and a v e r a g e  p r i c e  
i nc rease  o f  t h e  o t h e r  f i r m s  

b .  = c o e f f i c i e n t s  t o  be es t imated 
1 

Ub ,t = 11orma1 l y  d i s t r i b u t e d  random e r r o r  

Each o f  t h e  equa t ions  i s  es t ima ted  severa l  t i m e s ,  u s i  n g  d i f f e r e n t  
brand combinat ions  w i t h i n  b o t h  t h e  h igh -  and l o w - p r i c e d  f i e l d s .  The  
es t ima ted  c o e f f i c i e n t s  and t h e i r  r e l a t e d  s t a t i s t i c s  a r e  presented i n  t h e  
paper. 

MODEL CONSTRUCTION 

The sources o f  d a t a  used i n  t h e  reg ress ions  were Moody's I n d  u s t r i  a1 
Manual, 14utomotive I n d u s t r i e s ,  Consumer Reports,  a n d  Chan i n  T i m e s .  

-7- t h e s a m p l e  p e r i o d  f o r  h i g h - p r i c e d w a s  1955 t o  1966 an was 1-0 
1959 f o r  l ow-p r i ced  cars .  
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AUTOMOBILE CONSUMPTION BY STATES, 1940-1950 

T h i s  model ,  w h i c h  r e l a t e s  t h e  c o n s u m p t i o n  o f  a u t o m o b i l e s  t o  
d e p r e c i a t i o n  and income c r o s s - s e c t i o n a l  l y  b y  s t a t e s ,  was d e v e l  o p e d  i n  
1957 a t  Duke U n i v e r s i t y ,  w i t h  f u n d i n g  p a r t l y  f r o m  t h e  R o c k e f e l  l e r  
Foundat ion.  
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OBJECTIVE OF MODEL 

The consumpt ion o f  au tomobi les  i s  r e l a t e d  t o  i n c o m e  b y  u s i n g  d a t a  
f r o m  each s t a t e  f o r  t h e  two y e a r s  1940 a n d  1 9 5 0  a s  c r o s s - s e c t i o n a l  
obse rva t i ons .  The o b j e c t i v e  was t o  s t u d y  t h e  r e l a t i o n s h i p  b e t w e e n  
incune  and consumpt ion o f  d u r a b l e  g o o d s ,  o f  w h i c h  a u t o m o b i l e s  a r e  
r e l a t i v e l y  impor tan t .  T h i s  i s  a  h i s t o r i c a l  example  o f  a n  a t t e m p t  t o  
model automobi 1  e  demand w i t h  c r o s s - s e c t i o n a l  data. 

RELATIONSHIP TO OTHER MODELS 

There i s  no r e l a t i o n s h i p  t o  o t h e r  models. 

HI  STOR ICAL BACKGROUND 

T h i s  model was p a r t  o f  t h e  Study o f  D i f f e r e n c e s  i n  S t a t e  P e r  C a p i t a  
Incunes a t  Duke U n i v e r s i t y .  The model a u t h o r  s u b s e q u e n t l y  w o r k e d  f o r  
t h e  Canadian N a t i o n a l  Rai lways.  

ASSUMPTIONS 

The consumpt ion o f  a u t o m o b i l e s  d u r i n g  a  y e a r  i s  d e f i n e d  a s  t h e  
d e p r e c i a t i o n  o f  new a n d  u s e d  a u t o s  r e g i s t e r e d  d u r i n g  t h e  y e a r .  
D e p r e c i a t i o n  i s  assumed t o  be a  f u n c t i o n ,  i n  a  p a r t i c u l a r  y e a r ,  o f  t h e  
p r i c e s  o f  new a n d  u s e d  c a r s  c o u p l e d  w i t h  t h e i r  a g e  a n d  m a k e  



d i s t r i b u t i o n .  Consumption i s  assumed t o  be a  f u n c t i o n  o f  c o n s u m e r '  s  
income. Used-car age c m p o s i  t i o n  and d e p r e c i a t i o n  p a t t e r n  and t h e  new- 
c a r  trade-name m ix  a r e  assumed t o  r e m a i n  c o n s t a n t  o v e r  t h e  p e r i o d  
s tud ied .  

VALIDATION 

New c a r  purchases f o r  1953 were p r e d i c t e d  us ing  t h e  es t ima ted  fo rmu la  
and t h e  d i f f e r e n c e s  between 1950 and 1953 o f  s t a t e  pe r  c a p i t a  income and 
p o p u l a t i o n  d e n s i t y  i n  each s t a t e .  Aggregate 1953 au to  c o n s u m p t i o n  was 
t h e n  ob,tained by  m u l t i p l y i n g  t h e  p e r  c a p i t a  f i g u r e s  b y  1 9 5 3  s t a t e  
popu la t i on .  The s t a t e  percentage d i f f e r e n c e s  b e t w e e n  p r e d i c t e d  a n d  
a c t u a l  values have a  weighted s tandard  d e v i a t i o n  o f  8.2 pe rcen t  around a  
weighted mean o f  -0.7 percent .  

LIMITATIONS AND BENEFITS 

The income s e n s i t i v i t y  o f  au to  consumpt ion  d i f f e r s  f r o m  t h e  m o r e  
f a m i l i a r  s e n s i t i v i t y  o f  new-car p u r c h a s e s ,  w h i c h  i g n o r e s  u s e d - c a r  
d e p r e ~ i ~ a t i o n .  I n  t h i s  model new-car consumption i s  p o s t  u l  a t e d  a s  t h e  
r e s i d u a l  o f  t o t a l  consumption 1  e s s  u s e d - c a r  c o n s u m p t i o n ,  a n d  w i  1 1  
f l u c t u a t e  more w i d e l y  w i t h  income. 

The es t imated d e p r e c i a t i o n  o f  a  s p e c i f i c  make and model y e a r  used c a r  
was based on t h e  d i f f e r e n c e  i n  t h e  "average base va lue"  o f  a  s tandard  4- 
door  sedan f rom one y e a r  t o  a n o t h e r ,  c o r r e c t i n g  f o r  g e n e r a l  p r i c e  
changes and d i f f e r e n c e s  b e t w e e n  m o d e l  a n d  c a l  e n d a r  y e a r s .  S t a t e  
p o p u l a t l o n  d e n s i t y  i s  i n t r o d u c e d  as a  v a r i a b l e  t o  r e f 1  e c t  changes among 
t h e  s t a t e s  d u r i n g  t h e  p e r i o d  s tud ied.  It shows t h a t  a  s m a l l e r  p o r t i o n  
o f  inconne i s  devoted t o  automobi le  c o n s u m p t i o n  i n  t h e  m o r e  d e n s e l y  
popu la ted s t a t e s ,  p r o b a b l y  b e c a u s e  o f  p a r k i n g  p r o b l e m s  a n d  t h e  
a v a i l  abi i l  i t y  o f  a1 t e r n a t i v e  means o f  t r a n s p o r t a t i o n .  The f o l  1  o w i  n g  
fo rmu la  was es t ima ted  showing t h e  d i f f e r e n c e s  between t h e  two yea rs :  

where : 

Ct = s t a t e  p e r  c a p i t a  automobi le  consumption i n  y e a r  t, 1940 o r  1950 

Yt = s t a t e  p e r  c a p i t a  income 

Pt = s t a t e  p o p u l a t i o n  d e n s i t y  

New-car consumption i s  t h e  r e s i d u a l  o f  t h e  t o t a l  c o n s u m p t i o n  f o u n d  
above, l e s s  t h e  used-car consumption, which i s  es t ima ted  f rom t h e  number 
o f  used ca rs  r e g i s t e r e d  i n  a  s t a t e  and t h e i r  p r i c e .  



The income s e n s i t i v i t y  o f  au to  consumpt ion i s  found t o  be about  0.9. 

MODEL CONSTRUCTION 

The yea rs  1940 and 1950 were s e l e c t e d  f o r  t h e i r  r e l a t i v e  freedom f rom 
abnormal i n f l  uences. Data came f rom R.L. Polk,  Automot ive News Almanac, 
Ward's Automot ive  Repor ts ,  and Red B o o k ' s  N a t i o n a l  U s e d  C a r  M a r k e t  
Reports.  The d a t a  used i n  e s t i m a t i o n  a r e  p r e s e n t e d  in p a p e r .  
Least-squares r e g r e s s i o n  was used. 
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CONSUMER CAPITAL GOODS PRICE AND QUALITY CHANGE 

The p r i c e  and q u a l i t y  changes o f  consumer c a p i t a l  goods were m o d e l e d  
i n  1967 a t  t h e  Wharton School o f  F inance and Commerce o f  t h e  Un ive r  s i t y  
o f  Pennsylvania.  The paper was commissioned by  t h e  P r i c e  S t a t i s t i c s  
Commi t t e e  o f  t h e  Federa l  Reserve Board. The o b j e c t i v e  o f  t h e  model s i s 
t o  i n v e s t i g a t e  t h e  p r i c e  and qual i t y  changes o f  automobi les.  
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KEY WORDS 

P r i c i n g  

OBJECTI\IE OF MODEL 

Several  s i n g l e - e q u a t i o n  models were es t imated i n  t h e  c o u r s e  o f  a n  
e m p i r i c i l l  i n v e s t i g a t i o n  i n t o  p r i c e  and  q u a l  i t y  c h a n g e s  i n  c o n s u m e r  
d u r a b l e  goods, s p e c i f i c a l  l y  automobi les  and r e f r i g e r a t o r s .  ( E a c h  g o o d  
has i t s  p e c u l i a r i t i e s  and o n l y  au tos  a r e  d i scussed  i n  t h i s  summary . )  
Pure-pr- ice indexes f o r  t h e  sample p e r i o d  were developed f rom r e g r e s s i o n s  
t h a t  r e l a t e  v e h i c l e  p r i c e  t o  v a r i o u s  v e h i c l e  a t t r i b u t e s ,  s u c h  a s  
horsepower, we ight ,  and leng th .  

RELATIONSHIP TO OTHER MODELS 

These models have no i n t e r a c t i o n  w i t h  any o t h e r  models. 

HISTORICAL BACKGROUND 

T h i s  s tudy  b u i l t  on t h e  work b y  A.T. Cour t  ( 3 8 - 6 8 9 )  a n d  Gril i c h e s  
(61-682) i n  t h e  f i e l d  o f  hedonic p r i c e  indexes. It p rov ided  ev idence o f  
t h e  impc~r tance o f  manu fac tu re r  market  shares i n hedonic p r i c e  model i n g . 
The s tudy  concen t ra ted  on f i v e  i ssues :  f u n c t i o n a l  fo rm o f  t h e  r e l a  t i o n  
between p r i c e  and a t t r i b u t e s ;  t h e  e x t e n t  o f  homogeneity o f  t h e  p r i c e -  
a t t r i b u t e s  r e l a t i o n  among manufac turers ;  t h e  meaning o f  t h e  e s t i m a t e d  



c o e f f i c i e n t s  o f  t h e  r e l a t i o n ;  t h e  f e a s i b i l i t y  o f  r o u t i n e l y  c o n s t r u c t i n g  
q u a l i t y - c o r r e c t e d  p r i c e  indexes;  and t h e  empi  r i c a l  r e s u l  t s  o v e r  t h e  
sarnpl e  pe r iod .  

An e a r l i e r  v e r s i o n  o f  t h i s  p a p e r  i s :  D h r y m e s ,  P.J., On t h e  
measurement o f  p r i c e  and q u a l i t y  changes i n  some consumer c a p i t a l  goods, 
American Economic Review 57:501-518, 1967. 

ASSUMPTIONS 

Fundamental t o  t h e  approach employed i s  t h e  assumpt ion t h a t  a  p r i c e  
o f  a n  a u t o m o b i l e  c a n  b e  e x p l a i n e d  i n  p a r t  b y  t h e  1  e v e 1  s  o f  
c h a r a c t e r i s t i c s  i n h e r e n t  i n  t h e  automobi le .  

VALIDATION 

The a u t h o r  empl oyed s t a t i s t i c a l  t echn iques  t o  t e s t  t h e  h y p o t  h e s i  s  
t h a t  t h e  p r i c e - a t t r i b u t e  r e l a t i o n  i s  homogenous among m a n u f a c t u r e r s .  
Hi s  f i n d i n g  o f  h e t e r o g e n e i t y  o f  p r i c i n g  b e h a v i o r  has i m p l  i c a t i o n s  f o r  
t h e  a p p l i c a t i o n  o f  t h e  model i n  produc ing q u a l i t y  a d j u s t e d  ( h e d o n i c )  
p r i c e  indexes.  The s tudy r e s u l t s  suggested t h a t  es t ima ted  c o e f f i c i  e n t  s  
o f  t h e  v a r i o u s  a t t r i b u t e s  a r e  b e s t  v i e w e d  a s  t h e  m a n u f a c t u r e r ' s  
e v a l u a t i o n  o f  t h e  r o l e  o f  t h e  a t t r i b u t e s  i n  an o v e r a l l  p r i c e  s t r a t e g y  
r a t h e r  t h a n  t h e  m a r k e t ' s  ( c o n s u m e r )  i m p l  i c i t  e v a l u a t i o n  o f  s u c h  
a t t r i b u t e s .  

LIMITATIONS AND BENEFITS 

The a u t h o r  noted t h a t  a  l i m i t a t i o n  i n  t h e  approach i s  t h e  e x c l  u s i o n  
o f  seve ra l  i m p o r t a n t  v a r i a b l e s  such a s  f r e q u e n c y - o f - r e p a i  r. T h e s e  
s p e c i f i c a t i o n  e r r o r s  may c r e a t e  d o u b t  a b o u t  t h e  r e s u l t s .  A m a j o r  
b e n e f i t  i s  t h a t  t h e  r e s u l t s  show t h e  need f o r  us ing  market  shares o f  t h e  
v a r i o u s  manu fac tu re rs  i n  e s t i m a t i n g  t h e  p r i c e  e f f e c t s .  

STRUCTURE 

The s i n g l e - e q u a t i o n  models developed i n  t h i s  s tudy  r e l a t e d  v e h i c l e  
p r i c e  t o  v a r i o u s  v e h i c l e  a t t r i b u t e s  such as h o r s e p o w e r ,  1  e n g t h ,  a n d  
weight .  Three p o s s i b l e  a l t e r n a t i v e  f o r m s  f o r  t h e  e q u a t i o n s  w e r e  
examined: l i n e a r ,  semi log ,  and doub le  l o g .  A f t e r  e s t i m a t i n g  e q u a t i o n s  
i n  t h e  a l t e r n a t i v e  forms, t h e  semi log  fo rm was s e l e c t e d .  B e c a u s e  t h e  
d a t a  by manu fac tu re rs  were r a t h e r  c l u s t e r e d ,  t h e  a u t h o r  e m p l o y e d  a  
pr inc ipa l -component  s  t e c h n i q u e  t o  o v e r c o m e  t h e  d i f f i c u l t y .  The  
p r i n c i p a l  components o f  t h e  v a r i a b l e s ,  we ight ,  l e n g t h ,  d isp lacement ,  and 
b rake  horsepower, were o b t a i n e d  f o r  each manufac turer .  The c o m p o n e n t s  
were o b t a i n e d  f rom t h e  c o r r e l a t i o n  m a t r i x  o f  t h e  f o u r  v a r i a b l  e s .  The  
two l a r g e s t  r o o t s  d e r i v e d  i n  t h e  techn ique  i n  general  account f o r  o v e r  
n ine ty -seven  pe rcen t  o f  t h e  sum o f  t h e  f o u r  c h a r a c t e r i s t i c  r o o t s .  Us ing 
t h i s  approach, v e r s i o n s  o f  t h e  f o l  l o w i n g  general  e q u a t i o n  were es t ima ted  



f o r  eaclh o f  t h r e e  manufac turers  ove r  s i x  d i f f e r e n t  y e a r s  a n d  f o r  t w o  
o t h e r  manufac turers  ove r  f o u r  d i f f e r e n t  years. 

l n ( P )  = al + a2 (Zl) + a3 (Z2) + a4 (C) + a5 (MOD) + a6 (DOR) 

+ a7 (ATR) + ag (PS) 

where : 

P  = p r i c e  o f  t h e  v e h i c l e  

Zi = p r i n c i p a l  components o f  weight ,  l eng th ,  d i s p l a c e m e n t ,  a n d  b r a k e  
horsepower, i = 1,2 

C = d~~~mmy v a r i a b l e ,  = 1 i f  model o f  c a r  has 8  c y l i n d e r s ,  = 0  o the rw ise  

MOD = p lnoduct ion ( i n  u n i t s  o f  100) o f  r e l e v a n t  b a s i c  model 

DOR = dummy v a r i a b l e ,  = 1 i f  model has two doors, = 0  o the rw ise  

ATR = dummy v a r i a b l e ,  = 1 i f  m o d e l  h a s  a u t o m a t i c  t r a n s m i s s i o n  a s  
s tandard  equi pment, = 0  o the rw i  se 

PS = dummy v a r i a b l e ,  = 1 i f  m o d e l  h a s  p o w e r  s t e e r i n g  a s  s t a n d a r d  
equipment, = 0  o the rw ise  

ai = c o e f f i c i e n t s  t o  be es t imated 

Using t h e  " p r i c e s "  o f  a t t r i b u t e s  ob ta ined  i n  such r e g r e s s i o n s ,  t h e  
a u t h o r  es t ima tes  t h e  qual i t y  and p r i c e  components movement d u r i n g  t h e  
sample per iod .  The qual  i t y - a d j u s t e d  p r i c e  indexes were c a l  cu l  a ted  u s i n g  
two methods, one t h a t  es t ima tes  the  s t a n d a r d i z e d  p r i c e  o f  " q u a l  i t y "  
embodied i n  t h e  average model, and t h e  o t h e r  t h a t  e s t i m a t e s  t h e  p r i c e  
ove r  t i m e  f o r  a  g i v e n  " q u a l i t y . "  These r e s u l t s  a r e  p r e s e n t e d  i n  t h e  
a r t i c l e , ,  

MODEL CONSTRUCTION 

Sources o f  da ta  f o r  e s t i m a t i o n  o f  t h e  m o d e l  i n c l u d e :  W a r d ' s  
Automotiilve Repor ts  and Automot ive I n d u s t r i e s .  The samp l  e  y e a r s  a r e  
1953, 188, 1961, 1962, 1963, and 1964. 
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EXPLORATION OF AUTOMOBILE QUALITY CHANGE 

T h i s  e x p l o r a t o r y  model o f  au tomob i le  qual  i t y  change was deve loped i n  
1963-64 w h i l e  t h e  a u t h o r  h e l d  a  F o r d  f a c u l t y  f e l l o w s h i p  a t  B r o w n  
U n i v e r s i t y .  Support  f o r  t h e  s t u d y  was p rov ided  by t h e  Ford  F o u n d a t i o n  
and t h e  Brown Computing Labora to ry .  The o b j e c t i v e  o f  t h e  s t u d y  was t o  
deve lop a  new method o f  measur ing t h e  q u a l  i t y  a n d  p r i c e  c h a n g e s  o f  
au tomobi les .  The e x p l o r a t o r y  model i s  based o n  u s e d - c a r  p r i c e s  a n d  
es t ima ted  d e p r e c i a t i o n  r a t e s  r a t h e r  t h a n  o n  n e w - c a r  p r i c e s  a n d  
c h a r a c t e r i s t i c s ,  a s  i s  e m p l o y e d  i n  t h e  u s u a l  h e d o n i c  p r i c e  i n d e x  
approach. 
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h i s  model i s  t o  e s t i m a t e  q u a l i t y  and " p u r e "  p r i c e  
changes a s s o c i a t e d  w i t h  automobi les .  The m o d e l  was d e v e l o p e d  a s  a n  
exp l  o r a t o r y  method o f  measur ing qual  i t y  and p r i c e  changes based on used- 
c a r  p r i c e s  as opposed t o  new-car p r i c e s .  

RELATIONSHIP TO OTHER MODELS 

T h i s  has no known r e l a t i o n s h i p  t o  any o t h e r  model. 

HISTORICAL BACKGROUND 

T h i s  s tudy  i s  one o f  many t h a t  a t t e m p t  t o  deve lop  q u a l  i t y - a d j u s t e d  
p r i c e  indexes. It i s  a  d e p a r t u r e  f rom o t h e r  s t u d i e s  i n  t h a t  i t  i s  based 
on  used-car p r i c e s  and t h e  hedonic p r i c e  index t e c h n i q u e  b a s e d  o n  t h e  
r e g r e s s i o n  o f  p r i c e  on v e h i c l e  a t t r i b u t e s  i s  n o t  employed.  The  m o d e l  
a u t h o r  was l a t e r  a t  Columbia U n i v e r s i t y .  



ASSUMPT IONS 

Because t h e  model i s  based on t h e  used c a r  market, t h e  au tho r  needed  
t o m a k e  c e r t a i n  assumptions about  q u a l i t y  a n d  d e p r e c i a t i o n .  F i r s t ,  
q u a l i t y  improvements a r e  assumed t o  endure t o  b e n e f i t  subsequent o w n e r s  
and a r e  r e f l e c t e d  i n  used c a r  p r i c e s ,  Second, t h e  d e p r e c i a t e d  v a l  u e s  
f o r  a  p ' a r t i c u l  a r  c a r  a r e  assumed t o  approximate a  c e r t a i n  a v e r a g e  r a t e  
o f  d e c l i n e  over  a  p e r i o d  o f  years .  T h i r d ,  t h e  va lue  o f  a  model  o f  c a r  
ove r  t i m e  approximates a  d e c l i n i n g  exponent ia l  curve. 

VAL IDATION 

The rnodel a u t h o r  compared t h e  q u a l i t y  change index deve loped i n h i  s  
s tudy  t o  t h e  index developed by G r i l i c h e s  us ing a  h e d o n i c  p r i c e  i n d e x  
techn ique  (see 61-682). A l though t h e r e  a r e  d i f f e r e n t  d e r i v a t i o n s  a n d  
m o d e l  c o v e r a g e ,  t h e  i n d e x e s  w e r e  n o t e d  t o  h a v e  " c o n s i d e r a b l e  
s i m i l a r i t y . "  The a u t h o r  a1 so compared h i s  qual i t y - a d j u s t e d  p r i c e  i n d e x  
t o  t h a t  o f  t h e  Consumer P r i c e  Index. He concluded t h a t  t h e  c o m p a r i  s o n  
o f  t h e  two p r i c e  indexes showed t h e  importance o f  t h e  need f o r  f u r t h e r  
research  on qual i t y  change. 

LIMITATIONS AND BENEFITS 

The approach i s  1  i m i t e d  by t h e  requ i rement  o f  a  f u n c t i o n i n g  s e c o n d -  
hand market .  T h i s  l i m i t s  i t s  a p p l i c a t i o n  t o  o n l y  a f e w  g o o d s .  The 
approach i s  a l s o  l i m i t e d  i n  t h e  sense o f  t i m e l i n e s s .  U n l  i k e  n e w - g o o d  
p r i c e s ,  used-good p r i c e s  a r e  a v a i l a b l e  o n l y  w i t h  some d e l a y  t o  a l l o w  t h e  
market  .to f u n c t i o n .  The a u t h o r  a l s o  noted t h a t  e x t e n s i  o n  o f  t h e  d a t a  
beyond t h e  models used i n  t h i s  s tudy  would have been u s e f u l .  M o n t h 1  y ,  
r a t h e r  than  q u a r t e r l y ,  d a t a  c o u l d  a l s o  be used. Using used-ca r  p r i c e s  
has i t s  b e n e f i t s  i n  t h a t  i t  r e f l e c t s  t h e  market  v a l u a t i o n  o f  q u a l  i t y  
changes r a t h e r  than  p o s s i b l y  i d e n t i f y i n g  t h e  m a n u f a c t u r e r ' s  p r i c i n g  
p o l i c i e s  as i n d i c a t e d  i n  l i s t  p r i c e s .  

STRUCTURE 

Used--car p r i c e s  a r e  composed o f  t h r e e  elements: ( 1 )  a  " p u r e "  p r i c e  
index r e f 1  e c t i  ng general  purchas ing power o f  a  do1 l a r ,  appl  i c a b l  e  t o  a1 1  
cars ;  ( 2 )  a  u a l i t y  index,  r e p r e s e n t i n g  t h e  m e r i t s  o f  p a r t i c u l a r  y e a r  
models; (3nd ? 3 )  a  d e p r e c i a t i o n  f a c t o r ,  r e p r e s e n t i n g  t h e  v a l u e  o f  a  
p a r t i c u l a r  model as a  f r a c t i o n  o f  i t s  o r i g i n a l  v a l u e .  W i t h  q u a l  i t y  
assumed cons tan t  ove r  t h e  1  i f e  o f  t h e  c a r ,  t h e  p r i c e  v e c t o r  f o r  a  m o d e l  
y e a r  i s : :  

where: 

t = pu re  p r i c e  index a t  t i m e  t 

Qi = qua1 i t y  index f o r  model y e a r  i c a r s  



d  = v a l u e  o f  model i a t  age k  as  a  f r a c t i o n  o f  i t s  o r i g i n a l  va lue  i ,k 

The model a u t h o r  assumed t h a t  t h e  d e p r e c i a t e d  va lues f o r  a  c e r t a i n  
c a r  approx imate  a  c e r t a i n  average r a t e  o f  d e c l  i n e  o v e r  a  p e r i o d  o f  
years .  That  i s ,  

where: 

D = average r a t e  o f  d e c l i n e  i n  v a l u e  ove r  L  yea rs  

The r a t i o s  o f  t h e  p r i c e s  o f  two success ive  model yea rs  i n  e a c h  o f  L 
consecu t i ve  p e r i o d s  i s :  

' t t n  ( q i + l )  di+l ,k-1 
where k  = n  = 1, ... , L 

' t t n  ( Q i )  di ,k 

and have t h e  geometr ic  mean: 

W i t h  a  v a l u e  f o r  D and s e t t i n g  Q = 1, a  q u a l  i t y  i n d e x  c a n  b e  
c a l c u l a t e d .  The a u t h o r  e s t i m a t e d  v a s u e s  f o r  D  b y  e x a m i n i n g  t h o s e  
success ive  model yea rs  d u r i n g  t h e  p e r i o d  1 9 4 7  t o  1 9 6 0  a n d  u s i n g  1 6  
success ive  q u a r t e r s  f o r  t h e  geometr ic  means. The es t ima ted  d e p r e c i a t i o n  
r a t e s  ranged f rom 21.0 t o  29.8 p e r c e n t  p e r  y e a r  d e p e n d i n g  o n  m a k e ,  
number o f  c y l i n d e r s ,  and p r i c e  o f  c a r .  Us ing these  D v a l u e s  by  make o f  
c a r ,  t h e  a u t h o r  d e r i v e d  e s t i m a t e s  f o r  q u a l i t y  and p r i c e  changes o v e r  t h e  
p e r i o d  1954 t o  1960. The r e s u l t s  i n d i c a t e  t h a t  p r i c e s  a d j u s t e d  f o r  
q u a l i t y  r o s e  about  2.6 p e r c e n t  p e r  y e a r  o v e r  t h a t  per iod .  The a p p e n d i x  
t o  t h e  a r t i c l e  c o n t a i n s  a  proposal  f o r  e s t i m a t i n g  d e p r e c i a t i o n  d r i  f t  , 
which i s  t h e  tendency f o r  t h e  average r a t e  o f  d e p r e c i a t i o n  o f  success ive  
model y e a r s  t o  change s l  i g h t l y .  

MODEL CONSTRUCTION 

T h i s  model was es t ima ted  u s i n g  da ta  f rom t h e  O f f i c i a l  Used Car G u i d e  
o f  t h e  N a t i o n a l  Autornobi 1  e  Deal e r s  A s s o c i a t i o n  and Consumer Reports.  
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INTERNATIONAL DIESEL ENGINE PRICE COMPARISONS 

Models o f  compar ison o f  i n t e r n a t i o n a l  d i e s e l  e n g i n e  p r i c e s  w e r e  
developed i n  1969 under t h e  p a r t i a l  sponsorsh ip  of t h e  N a t i o n a l  S c i e n c e  
Foundat ion  t h r o u g h  g r a n t s  t o  t h e  N a t i o n a l  Bureau o f  Economic R e s e a r c h .  
The o b j e c t i v e  o f  t h e  s tudy  was t o  deve lop new methods o f  measur ing p r i c e  
compet i t . i veness i n  t h e  i n t e r n a t i o n a l  t r a d e  o f  d i e s e l  engines.  S e v e r a l  
s i n g l e - e q u a t i o n  models were developed u s i n g  an hedonic p r i c e  a p p r o a c h  
r e l a t i n g  t h e  p r i c e  o f  an eng ine t o  t h e  l e v e l  o f  i t s  a t t r i b u t e s .  

SPONSOR 
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Na t iona l  Bureau o f  Economic Research 
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OBJECTI'VE OF MODEL 

T h i s  study s o u g h t  t o  d e v e l o p  new m e t h o d s  o f  m e a s u r i n g  p r i c e  
compe t i t i veness  i n  i n t e r n a t i o n a l  t rade .  I n  t h e  c o u r s e  o f  t h e  s t u d y ,  
seve ra l  models were developed t o  e s t i m a t e  d i e s e l  eng ine p r i c e s  based o n  
o b s e r v a t i o n s  o f  d i f f e r e n t  eng ines t h a t  c o n t a i n  v a r y i n g  l e v e l s  o f  c e r t a i n  
eng ine  a t t r i b u t e s ,  such as we ight .  

RELATIONSHIP TO OTHER MODELS 

Thesle models have no known r e l a t i o n s h i p  t o  any o t h e r  models. 

HISTORICAL BACKGROUND 

Based on an hedonic i ndex  approach p i o n e e r e d  b y  A.T. C o u r t  ( s e e  
39-689), t h e  au tho rs  o f  t hese  models a p p l i e d  t h e  t e c h n i q u e  t o  e n g i n e  
p r i c e s  and a t t r i b u t e s  a v a i l a b l e  i n  France, West  G e r m a n y ,  t h e  U n i t e d  
Kingdom, and t h e  U n i t e d  Sta tes .  Through t h e  use o f  t h e  t e c h n i q u e  , t h e  
au tho rs  were a b l e  t o  e s t i m a t e  t h e  r e l a t i v e  p r i c e  a d v a n t a g e  o f  e n g i n e  
p r o d u c t i o n  i n  t h e  v a r i o u s  c o u n t r i e s .  



ASSUMPTIONS 

The models a r e  based on t h e  hedonic approach t h a t  assumes  t h a t  t h e  
p r i c e  o f  a  good can be a l l o c a t e d  t o  t h e  l e v e l s  o f  a t t r i b u t e s  i n  t h e  
good. Furthermore,  t h e  impor tance o f  t h e  v a r i o u s  d e t e r m i n a n t s  c a n  b e  
i d e n t i f i e d  th rough  t h e  use o f  a  r e g r e s s i o n  techn ique  u s i n g  c r o s s - s e c t i o n  
data.  Because t h e  a t t r i b u t e  l i s t  i m p e r f e c t l y  r e p r e s e n t s  a l l  o f  t h e  
i m p o r t a n t  a t t r i b u t e s ,  t h e  au tho rs  noted t h a t  t h e y  had t o  assume t h a t  t h e  
re1 a t i o n  between t h e  m i s s i n g  a t t r i b u t e s  and t h e  t r u e  u t i l  i t y  a t t r i b u t e s  
does n o t  d i f f e r  ac ross  c o u n t r i e s ,  o r  i f  i t  does, t h e  d i f f e r e n c e s  do n o t  
a f f e c t  t h e  p r i c e  comparisons. 

VAL I DATION 

I n  t h e  process o f  deve lop ing  t h e  " b e s t "  models, t h e  a u t h o r s  u s e d  a  
s e t  o f  c r i t e r i a  t h a t  i n v o l v e d  b o t h  e c o n o m i c  a n d  s t a t i s t i c a l  
c o n s i d e r a t i o n s .  These c r i t e r i a  governed t h e  i n c l  u s i o n  and e x c l u s i o n  o f  
v a r i a b l e s  and t h e  f u n c t i o n a l  fo rm o f  t h e  es t ima ted  equat ion .  

LIMITATIONS AND BENEFITS 

A b e n e f i t  o f  t h i s  approach i s  i t s  c a p a b i l i t y  o f  m e a s u r i n g  p r i c e  
d i f f e r e n c e s  between c o u n t r i e s ,  even when c o m p a r a b l e  e n g i n e s  a r e  n o t  
produced i n  a1 1  c o u n t r i e s .  A 1  i m i t a t i o n  o f  t h e  models i s  t h a t  a1  1  o f  
t h e  re1 evant  a t t r i b u t e s  may n o t  have been i n c l  uded i n  t h e  r e g  r e s s i  o n s .  
T h i s  s p e c i f i c a t i o n  e r r o r ,  caused i n  p a r t  b y  t h e  u n a v a i l a b i l i t y  o f  d a t a ,  
c o u l d  have l e a d  t o  q u e s t i o n a b l e  r e s u l t s .  The au tho rs  n o t e d  t h a t  t h i  s  
may have i n  p a r t  produced t h e  r e s u l t  t h a t  U.S. eng ines a r e  r e 1  a t i v e l y  
more expensive t h a n  t h e  European ones. 

STRUCTURE 

I n  deve lop ing  t h e  s i n g l e - e q u a t i o n  models, t h e  a u t h o r s  e x p e r i m e n t e d  
w i t h  severa l  s p e c i f i c a t i o n s  and da ta  hand1 i n g  techn iques.  The p r i m a r y  
r e l a t i o n s h i p  i s  t h a t  t h e  p r i c e  o f  an eng ine i s  a  f u n c t i o n  o f  t h e  l e v e l  s  
o f  i t s  a t t r i b u t e s .  The a t t r i b u t e s  cons ide red  b y  t h e  a u t h o r s  a r e  mean 
e f f e c t i v e  p ressu re  ( t h e  a m o u n t  o f  p r e s s u r e  t h a t  o p e r a t e s  o n  e a c h  
c y l i n d e r ) ,  d isp lacement ,  we ight ,  and r e v o l u t i o n s  p e r  m inu te  ( r p m ) .  To 
o b t a i n  mean e f f e c t i v e  p r e s s u r e ,  t h e  a u t h o r s  u s e d  a n  e n g i n e e r i n g  
r e l a t i o n s h i p  t h a t  i n v o l v e d  horsepower, d i  s p l  a c e m e n t ,  rpm,  a n d  mean 
e f f e c t i v e  pressure .  Because o f  t h i s  e n g i n e e r i  n g  r e 1  a t i  o n s h i  p ,  o n l y  
t h r e e  o f  t hese  r e l a t e d  v a r i a b l e s  can be i n c l u d e d  i n  a  r e g r e s s i o n .  The  
model au tho rs  chose t o  e x c l  ude horsepower, f o r  seve ra l  reasons. 

F o r  t h e  equa t ions ,  t h e  au tho rs  f i t t e d  severa l  m a t h e m a t i c a l  f o r m s :  
l i n e a r ,  semi1 og, i n v e r s e  semi log,  and doub le  1  og. A f t e r  e s t i m a t i o n ,  t h e  
i n v e r s e  semi log  and doub le  l o g  f o r m s  w e r e  s e l e c t e d  a s  p r e f e r a b l e ,  
because t h e y  e s t i m a t e d  t h e  p e r c e n t a g e  p r i c e  d i f f e r e n c e  b e t w e e n  
c o u n t r i e s .  O f  t hese  two, t h e  doub le  l o g  fo rm was p r e f e r a b l e  because o f  
i t s  mu1 t i p 1  i c a t i v e  re1 a t i o n s h i p  among t h e  independent v a r i a b l e s .  



Three t ypes  o f  r e g r e s s i o n s  were t r i e d .  T h e  f i r s t  t y p e  i n v o l v e d  
p o o l i n g  a l l  da ta  w i t h  t h e  assumpt ion t h a t  t h e  a t t r i b u t e  p r i c e s  a r e  equal 
ac ross  a1 1  c o u n t r i e s .  The genera l  f u n c t i o n a l  form i s :  

where: 

P = p r i c e  o f  an eng ine 

M = mean e f f e c t i v e  c y l  i nder p ressu re  

D = d isp lacement  

W = we igh t  

R = r e v o l u t i o n s  pe r  m i n u t e  

K  = dummy v a r i a b l e  f o r  U.K. engines 

G = dumn~y v a r i a b l e  f o r  German engines 

F  = dummy v a r i a b l e  f o r  French engines 

The second t y p e  was t o  f i t  a  separa te  r e g r e s s i o n  f o r  each c o u n t r y :  

where : 

Pi, fi = p r i c e s  and f u n c t i o n s  p a r t i c u l a r  t o  a  s i n g l e  c o u n t r y ,  U n i t e d  
Ki  ngdm,  U n i t e d  S ta tes ,  West Germany, o r  France 

The t h i r d  t y p e  i s  r e f e r r e d  t o  as " f l e x i b l e  poo l i ng . "  The d a t a  w e r e  
pooled,  b u t  i n t e r a c t i o n  v a r i a b l e s  were used t o  a1 l ow  f o r  i n t e r n a t i o n a l  
d i f f e r e n c e s  i n  t h e  p r i c e s  o f  t h e  a t t r i b u t e s .  That general  f u n c t i o n  i s :  

P =  f1(MI,D,  W, R, K, G, F, KM, KD, KW, KR, GM, GD, GW, GR, 

F'M, FD, FW, FR) 

The r e s u l t s  o f  seve ra l  o f  t h e  r e g r e s s i o n s  a r e  p r e s e n t e d  i n  t h e  
r e p o r t .  The au tho rs  concluded t h a t  t h e  reasonab le  r e g r e s s i  o n  r e s u l  t s  
show a  U.K./U.S. p r i c e  r a t i o  t h a t  ranged f rom .68 t o  .70 and a  German /  
U.S. p r i c e  r a t i o  of .81 t o  .85 ( t h e  U.S. = 1.00). 

MODEL CIDNSTRUCTION 

The d a t a  used t o  e s t i m a t e  t h e  s i n g l e - e q u a t i o n  models were f r o m  1 9 6 2  
and conicern 73 automot ive  d i e s e l  engines. The d a t a  w e r e  s  u p p l  i e d  by 
f i r m s  m,anufactur ing d i e s e l  engines.  
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VINTAGE QUALITY CHANGE 

T h i s  model o f  t h e  q u a l i t y  c h a n g e  o f  v i n t a g e s  o f  v e h i c l e s  was 
developed i n  1971 w h i l e  t h e  a u t h o r  was a t  t h e  Massachusetts I n s t i t u t e  o f  
Technol ogy. The model was deve l  oped t o  determine pu re  p r i c e  and qual  i t y  
change of p ickup  t r u c k s  o v e r  t h e  1961 t o  1967 pe r iod .  The equa t ions  a r e  
based on second-hand market  p r i c e  d a t a  f o r  severa l  v in tages .  One o f  t h e  
equat ions  i s  based on a m o d i f i e d  hedonic p r i c e  t h e o r y  approach. 
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Cambridge, Mass. 
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h i s  model i s  t o  e x p l a i n  t h e  p r i c e s  o f  u s e d  p i c k u p  
t r u c k s  as a f u n c t i o n  o f  qual i t y  change, d e t e r i o r a t i o n ,  and d e p r e c i a t i o n .  
One o f  tihe equa t ions  developed extends t h e  approach by  u s i n g  a modi f i e d  
hedonic p r i c e  model t h a t  r e l a t e s  qual  i t y  change t o  t h e  charac t e r i  s t  i c s  
o f  t h e  t r u c k .  The model was developed i n  a s t u d y  t h a t  a t t e m p t e d  t o  
measure q u a l i t y  change based on v i n t a g e  p r i c e  data .  

RELATIOtNSHIP TO OTHER MODELS 

T h i s  model i s  n o t  re1  a ted  t o  any o t h e r  known models. 

HI  STOR ICAL BACKGROUND 

The au tho r  noted t h a t  t h e  paper i s  e s s e n t i a l l y  a " f o r m a l i z a t i o n  a n d  
ref inernlent" o f  work by  P h i l l i p  Cagan (see 64-695). U n l i k e  many m o d e l  s 
o f  q u a l i t y  change, t h e  model developed i n  t h i s  s t u d y  i s  b a s e d  o n  t h e  
p r i c e s  o f  used veh ic les .  

ASSUMPT IONS 

Several assumptions (hypotheses) rega rd ing  t h e  change i n  qual  i t y  ove r  
t i m e  were t e s t e d ,  such as exponen t ia l  and non-exponent ia l  q u a l i t y  change 
t rends .  The hedonic p r i c e  equa t ions  a r e  based on t h e  a s s u m p t i o n  t h a t  
qual  i t y  change i s  a f u n c t i o n  o f  t h e  c h a r a c t e r i s t i c s  o f  1 i g h t  t r u c k s .  



VAL I DATI ON 

The a u t h o r  compares t h e  r e s u l t s  o f  t h e  qual  i t y - a d j u s t e d  p r i c e  indexes 
f o r  p i c k u p  t r u c k s  d e r i v e d  i n  t h e  s t u d y  t o  s e v e r a l  o t h e r  i n d e x e s :  
Wholesal e  P r i c e  Index  f o r  mo to r  t r u c k s ,  Consumer P r i c e  Indexes f o r  new 
and used ca rs ,  and a  1  i s t  p r i c e  index.  The r e s u l t s  o f  t h e  c o m p a r i  s o n  
i n d i c a t e d  t h a t  t h e  i ndex  based on d a t a  f rom t h e  u s e d - t r u c k  m a r k e t  may 
measure a c t u a l  t r a n s a c t i o n  p r i c e s  f o r  new t r u c k s  b e t t e r  t h a n  d o e s  t h e  
l i s t  p r i c e  o r  t h e  Wholesale P r i c e  Index f o r  t r u c k s .  I n  a d d i t i o n ,  t h e  
compar ison showed t h a t  t h e  r i s i n g  u n i t  p r i c e  o f  p i c k u p s  d u r i n g  t h e  
1961-67 p e r i o d  was p robab ly  n o t  a  r e s u l t  o f  qual i t y  improvement. 

LIMITATIONS AND BENEFITS 

The b e n e f i t  o f  t h i s  model i s  t h e  r e m o v a l  o f  s e v e r a l  c o n s t r a i n t s  
e x i s t i n g  i n  t h e  model developed by Cagan. F u r t h e r m o r e ,  a d d i t i o n a l  
hypotheses about  t h e  t i m e  p a t h  o f  q u a l i t y  change can be t e s t e d  w i t h  t h i s  
model. T h i s  q u a l i t y  change model i s  one o f  t h e  few m o d e l s  c o n c e r n i n g  
p i c k u p  t r u c k s  o r  second-hand market  data .  

STRUCTURE 

Based on t h e  hypo thes i s  t h a t  t h e  p r i c e  o f  a  c a p i t a l  good i s  equa l  t o  
t h e  p resen t  va lue  o f  i t s  f u t u r e  s e r v i c e s ,  t h e  a u t h o r  f o r m u l a t e d  t h e  
f o l l o w i n g  b e h a v i o r a l  equa t ion :  

1 5  
P t ,a  = b  t - a  (Pt)  "(1) Mats 

s=o 

where: 

P = t h e  p r i c e  a t  t i m e  t o f  a  c a p i t a l  good o f  age a  
t ,a 

b  = an index o f  embodied t e c h n i c a l  change 
t - a  

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

N  = 1  i f e  i n  y e a r s  o f  c a p i t a l  good 

r = i n t e r e s t  r a t e  (assumed cons tan t  o v e r  t i m e )  

Ma+ s  = an index o f  d e t e r i o r a t i o n  a t  an age o f  a  good 

A f t e r  a  change o f  v a r i a b l e s ,  t h e  e q u a t i o n  t o  be es t ima ted  i s :  

where: 

P  = observed p r i c e  o f  a  used c a p i t a l  good 
t ,a 



Pt = qual i t y - c o r r e c t e d  p r i c e  index 

b  = index o f  embodied t e c h n i c a l  change t - a  

Dt = index  o f  d e p r e c i a t i o n  

't ,a = random d i  s turbance 

A l l  r i g h t - s i d e  v a r i a b l e s  a r e  dummy v a r i a b l e s ,  a n d  t h e  e s t i m a t e d  
c o e f f i c i e n t s  a r e  t h e  l o g s  o f  t h e  t h r e e  indexes. Several  n o r m a l i z a t i o n  
assumpt.ions a r e  r e q u i r e d  p r i o r  t o  e s t i m a t i o n .  U s i n g  t h i s  m o d e l  t h e  
a u t h o r  performed severa l  reg ress ions  under a1 t e r n a t i v e  assumpt i o n s  a n d  
normal i i r a t i o n s .  These concerned t h e  pa th  o f  q u a l  i t y  c h a n g e  a n d  t h e  
r e l a t i o l r i  between t h e  two makes s t u d i e d  ( C h e v r o l  e t  a n d  F o r d )  f o r  t h e  
yea rs  1961 t o  1967. 

An e!,tample o f  a  r e g r e s s i o n  equa t ion  i s  presented i n  t h e  t a b l e  below. 

REGRESSION RESULTS FOR CONSTANT RATE OF QUALITY CHANGE 
CHEVROLET PICKUP TRUCKS 

-----,..-------------------------------------------------------------- 
P r i c e  Index D e p r e c i a t i o n  Index 

-----,..-------------------------------------------------------------- 
P Age 

Ye a~r 1 og(Pt) (do1 f a r s )  ( y e a r s )  1  og(Da) a  
-----,.--------------------------------------------------------------- 

19611. 7.318 1508 1 0  1.000 

Standard e r  o r  o f  r e g r e s s i o n  = 0.060. Standard e r r o r s  o f  parameters 5 = 0.032. R = 0.980. 

The a u t h o r  a l s o  developed a  m o d i f i e d  hedonic p r i c e  m o d e l  u n d e r  t h e  
assumpt ion t h a t  qual i t y  change i s  a  f u n c t i o n  o f  t h e  c h a r a c t e r  i s t  i c s  o f  
c a p i t a l  goods. Examples o f  t h e  c h a r a c t e r i s t i c s  a r e  we ight ,  p o w e r ,  a n d  
s i z e .  l l s i ng  i n f o r m a t i o n  on t h e  c h a r a c t e r i s t i c s ,  t h e  a u t h o r  c o n s t r a  i n e d  
t h e  e a r l i e r  models t o  a l l o w  f o r  no q u a l  i t y  c h a n g e  t o  o c c u r  b e t w e e n  
c e r t a i n  model - yea r  t r u c k s .  Addi t i  onal reg ress ions  were performed w i t h  a  



s e t  o f  c h a r a c t e r i s t i c  v a r i a b l e s  i n c l u d e d  i n  t h e  equat ion .  The f o l l o w i n g  
c h a r a c t e r i s t i c s  were i nc luded :  wheel base, w e i g h t ,  r a t i o  o f  b o r e  t o  
s t roke ,  horsepower, to rque,  and t i r e  width.  

From t h e  es t ima ted  models, t h e  a u t h o r  developed s e v e r a l  i n d e x e s  o f  
qua1 i t y  change. These were used i n  deve lop ing  q u a l i  t y - a d  j u s t e d  p r i c e  
i ndexes. 

MODEL CONSTRUCTION 

Regression r e s u l t s  were based on d a t a  f rom t h e  N a t i o n a l  A u t o m o b i  1 e  
Dea lers  A s s o c i a t i o n  O f f i c i a l  --- Used Car Guide. 

REFERENCE 
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WEST GERMANY1U.S. HEDONIC TRUCK PRICES 

Hedonic models o f  i n t e r n a t i o n a l  t r u c k  p r i c e s  were deve loped i n 1 9 7 6  
by Char les  R i v e r  Assoc ia tes ,  I n c .  under t h e  s p o n s o r s h i  p  o f  t h e  M o t o r  
V e h i c l e  Manufac turers  A s s o c i a t i o n  o f  t h e  U n i t e d  S ta tes ,  Inc .  The s t u d y  
assesses t h e  impact  o f  changes i n  U.S. and f o r e i g n  t r a d e  b a r r i e r s  on t h e  
U.S. t r u c k  i n d u s t r y .  I n  t h e  course o f  t h e  s tudy,  a  hedonic p r i c e  m o d e l  
i s  f o m ~ u l a t e d  t h a t  r e l a t e s  t h e  p r i c e  o f  a  t r u c k  t o  i t s  h o r s e p o w e r  a n d  
g ross  v e h i c l e  weight .  
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  models developed i n  t h i s  s tudy i s  t o  p r e d i c t  t h e  
p r i c e  01' an  i d e n t i c a l  E u r o p e a n - s t y l e  t r u c k  p r o d u c e d  i n  E u r o p e  b y  
Europea~ri manufac turers  and produced i n  t h e  U.S. by U.S. m a n u f a c t u r e r s  . 
The model was developed as  p a r t  o f  a  s t u d y  a s s e s s i n g  t h e  i m p a c t  o f  
changes i n  U.S. and f o r e i g n  t r a d e  b a r r i e r s  o n  t h e  U.S. m o t o r  t r u c k  
i n d u s t r y .  The s tudy c o n c e n t r a t e s  o n  t h e  p o t e n t i  a1 e x p o r t s  t o  t h e  
Europea.n Economic Community member c o u n t r i e s .  

RELATIOiNSHIP TO OTHER MODELS 

The models have no known r e l a t i o n s h i p  t o  any o t h e r  models. 

HISTORICAL BACKGROUND 

T h i s  s tudy was performed i n  c o n j u n c t i o n  w i t h  another  s tudy i n v o l v i n g  
a  hedonic p r i c e  approach. That  o t h e r  s tudy c o n c e r n e d  t h e -  t r a d e  a n d  
manu fac tu r ing  o f  au tomobi les  o n l y  and i s  e n t i t l e d  Cos t -Bene f i t  Anal y s i  s  
o f  t h e  E f f e c t s  o f  Trade P o l i c i e s  on Product  and L a b o r  M a r k e t s  i n  t h e  -- -- -- -- 
U.S. Automobi le  I n d u s t r y ,  by ~ h a r E s  R i v e r  A s s o c i a t e s  I n c .  u n d e r  t h e  -- 
sponsorsh ip  o f  t h e  U.S. Depar tmen t  o f  L a b o r .  S e v e r a l  m o d e l s  w e r e  



developed i n  t h e  automobi le  s tudy  i n c l u d i n g  t h e  CRA H e d o n i c  M a r k e t  
Shares Model ( see  76-025). The hedonic t r u c k  p r i c e  model p resented he re  
i s  n o t  based on t h e  C R A  Hedonic Market  Shares Model, b u t  r a t h e r  o n  t h e  
hedonic p r i c e  index 1  i t e r a t u r e .  

ASSUMPTIONS 

The d i f f e r e n t  hedonic p r i c e  r e g r e s s i o n s  i n v o l v e  v a r i o u s  a s s u m p t i o n s  
about  t h e  p r i c e - c h a r a c t e r i s t i c  r e l a t i o n s h i p s  i n  West  G e r m a n y  a n d  t h e  
U.S. I n  t h e  course o f  t h e  s tudy,  t h e  au tho rs  assumed t h a t  t h e  m o d e l  
r e s u l t s  based on West German p r i c e s  were i n d i c a t i v e  o f  t r u c k  p r i c e s  
e l  sewhere i n  Europe. 

VAL I DATI ON 

Based on p r e d i c t e d  p r i c e s  computed by  t h e  es t ima ted  e q u a t i o n s ,  t h e  
a u t h o r s  suggested t h a t  t h e  U.S.-bui l t  medium- a n d  h e a v y - d u t y  t r u c k s  
c o u l d  be s o l d  i n  Europe i f  s e r v i c e  a n d  m a r k e t i n g  f a c i l i t i e s  w e r e  
adequate and i f  t h e  t a r i f f s  o f  t h e  European E c o n o m i c  C o m m u n i t y  w e r e  
e l  i m i  nated. 

LIMITATIONS AND BENEFITS 

The au tho rs  no ted  t h a t  t h e  r e g r e s s i o n  r e s u l t s  shou ld  b e  c a u t i o u s 1  y 
i n t e r p r e t e d  f o r  severa l  reasons. F i r s t ,  f a c t o r s  o t h e r  than  h o r s e p o w e r  
and we igh t  a r e  i m p o r t a n t  d e t e r m i n a n t s  o f  p r i c e  a n d  f u e l  e c o n o m y .  
Because o f  t h e  l a c k  o f  da ta ,  t h e s e  f a c t o r s  w e r e  n o t  i n c l  u d e d  i n  t h e  
reg ress ions .  These o t h e r  f a c t o r s  may i n d i c a t e  o t h e r  d i m e n s i o n s  o f  
demand n o t  cons idered by t h e  authors .  Second, l i s t  p r i c e s  may o v e r s t a t e  
t h e  r e l a t i v e  c o s t  advantages f o r  U.S. producers.  European producers  a r e  
fewer  i n  number and t h i s  may l e a d  t o  a  h i g h e r  m a r k - u p  o n  E u r o p e a n -  
produced t r u c k s .  T h i r d ,  t h e  c r o s s - s e c t i o n  d a t a  does n o t  c o n s i d e r  t h e  
marke t  shares o f  t h e  v a r i o u s  models o f  t r u c k s ,  o n l y  t h e  c h a r a c t e r i  s  t i c  s  
o f  each a v a i l a b l e  model. 

The m a j o r  b e n e f i t  o f  t h e  approach i s  t h a t  comparable models o f  t r u c k s  
can be p r i c e d  acco rd ing  t o  t h e i r  p l a c e  o f  p r o d u c t i o n  based on a v a i l a b l e  
c u r r e n t l y  p r o d u c e d  t r u c k  m o d e 1  s .  T h a t  i s ,  e v e n  t h o u g h  
U.S. manu fac tu re rs  do n o t  c u r r e n t l y  produce a  European-s ty le  t r u c k ,  t h e  
p o t e n t i a l  p r i c e  o f  s u c h  a  t r u c k  c a n  b e  p r e d i c t e d  b a s e d  o n  i t s  
c h a r a c t e r i s t i c s ,  i .e. we igh t  and horsepower. 

STRUCTURE 

To examine t h e  p r i c e  compe t i t i veness  o f  t h e  U.S.-manufactured tr u c  k s  
i n  Europe, t h e  au tho rs  developed seve ra l  s i n g l e - e q u a t i o n  hedon i c  p r  i c e  
models t o  p r e d i c t  p r i c e s  o f  comparable impor ted  a n d  d o m e s t i c  t r u c k s .  
Hedonic p r i c e  equat ions  were es t ima ted  w i t h  t r u c k  p r i c e  as a  f u n c t i o n  o f  
g ross  v e h i c l e  we igh t  (GVW) and h o r s e p o w e r .  T h e s e  e q u a t i o n s ,  o n c e  
es t ima ted ,  can be used t o  e s t i m a t e  t h e  c o s t  o f  p roduc ing European-s ty1  e  



t r u c k s  i n  t h e  U.S. f o r  t h e  European market .  Equat ions  w e r e  e s t i m a t e d  
u s i n g  c r o s s - s e c t i o n  d a t a  o f  U.S. and West German model t r u c k s .  Separate 
equa t ions  were es t ima ted  f o r  each o f  t h e  t h r e e  d i f f e r e n t  we igh t  c lasses :  
l i g h t  (GVW < 10,000 1  bs.),  medium (10,000 lbs .  ( GVW 33,000 1  bs.),  and 
heavy t r u c k s  (GVW > 33,000 1  bs.). Equat ions  were es t ima ted  b y  p o o l  i n g  
a1 1  models f rom b o t h  c o u n t r i e s  and i n c l u d i n g  a  dummy v a r i a b l  e  f o r  t h e  
U.S., and s e p a r a t e l y  f o r  each c o u n t r y  o f  m a n u f a c t u r e  b y  d  r o p p i  n g  t h e  
c o u n t r y - , s p e c i f i c  dummy v a r i a b l e .  An example o f  t h e  r e g r e s s i o n s  i s t h e  
e q u a t i o n  f o r  medium t r u c k s :  

log(PR1CE) = 8.435 + 0.00004189 (GVW) + 0.002635 (HP) - 0.2213 (US) 
(226.1) (16.81) (7.656) (7.897) 

where t - s t a t i s t i c s  a r e  i n  parentheses,  and 

PRICE = l i s t  p r i c e  f o r  European t r u c k s ;  es t ima ted  West German p r i c e  f o r  
U.S. t r u c k s  (sum o f  l i s t  p r i c e  and t r a n s p o r t  c o s t  f o r  d i e s e l  
t r u c k s ;  s m  o f  1  i s t  p r i c e  and t r a n s p o r t  c o s t  mu1 t i p 1  i e d  by 1 .47 
f o r  gas01 i n e  t r u c k s )  

GVW = gross  v e h i c l e  we igh t  

HP = brake horsepower 

US = dummy v a r i a b l e  f o r  American t r u c k s ;  e q u a l  t o  o n e  i f  made i n  
U.S. , zero  o t  herwi se 

I n  t h e  course o f  t h e  s tudy,  t h e  a u t h o r s  a1 s o  e s t i m a t e d  s e v e r a l  
equa t ions  r e l a t i n g  U.S. g a s o l i n e - t r u c k  p r i c e s  t o  U.S. d i e s e l - t r u c k  
p r i c e s .  Both  l i n e a r  and semi log  forms were es t imated.  The semi log  fo rm 
was p r e f e r r e d  and i s  presented below. The equa t ion  was e s t i m a t e d  f o r  
t h e  U.S. t r u c k s  i n  t h e  21,000 1bs.-28,000 l b s .  we ight  c lass .  

log(PR1CE) = 7.083 + 0.00008716 (GVW) + 0.0004465 (HP) 
(31.12) (7.046) (0.58) 

+ 0.4731 (DIESEL) 
(9.49) 

where t - s t a t i s t i c s  a r e  i n  parentheses,  and 

PRICE = 1  i s t  p r i c e  

GVW = gross  v e h i c l e  we igh t  

HP = horsepower 

DIESEL = dummy v a r i a b l e  f o r  d i e s e l  t r u c k ;  e q u a l  t o  o n e  i f  d i e s e l -  
powered, zero  o the rw ise  

T h i s  r e g r e s s i o n  e s t i m a t e s  a  47% h i g h e r  p r i c e  f o r  t r u c k s  p o w e r e d  b y  
d i e s e l  engi  nes. 



MODEL CONSTRUCTION 

The e s t i m a t i o n s  w e r e  b a s e d  o n  d a t a  f r o m  t h e  T r u c k  B l u e  B o o k  - - -3 

I n t e r n a t i o n a l  Automot ive I n d u s t r i e s ,  Nu tz fah rzeug ,  a n d  I n t e r n a t  i o n a l  
Harvester .  
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HEDONIC PRICE INDEXES FOR UNITED KINGDOM CARS 

Hedonic p r i c e  indexes f o r  c a r s  s o l d  i n  t h e  U n i t e d  K i n g d o m  w e r e  
developled a t  t h e  U n i v e r s i t y  o f  Warwick i n  1972 wi t h  t h e  s u p p o r t  o f  a 
g r a n t  f rom t h e  Cent re  f o r  I n d u s t r i a l  Economic and B u s i  n e s s  R e s e a r c h ,  
U n i v e r s i t y  o f  Warwick. The o b j e c t i v e  o f  t h e  m o d e l s  i s  t o  p r o d u c e  
qua l  i t y - a d j u s t e d  p r i c e  indexes and unad jus ted p r i c e  indexes t o  show t h e  
advantages o f  t h e  former.  
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P r i c i n g  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  models i s  t o  produce qual  i t y - a d j u s t e d  (hedon i c )  
p r i c e  i~ndexes. The p r i c e  indexes were es t ima ted  based o n  r e g  r e s s i  o n s  
t h a t  had c a r  p r i c e  as t h e  dependent v a r i a b l e  and l e v e l s  o f  a t t r i b u t e s  as 
t h e  independent v a r i a b l e .  

RELATIOINSHI P TO OTHER MODELS 

T h i s  model has no known r e l a t i o n s h i p  t o  any o t h e r  model. 

HISTORICAL BACKGROUND 

These models were based on e a r l i e r  work b y  t h e  a u t h o r s  a n d  o t h e r  
researchers ,  Cour t  ( see  38-689) and Gril i c h e s  (61-682). 

ASSUMPTIONS 

As w ' i t h  o t h e r  hedonic p r i c e  i ndex  s t u d i e s ,  t h e  au tho rs  h y p o t h e s i z e d  
t h a t  t h e  p r i c e  o f  c a r s  can be e x p l a i n e d  b y  t h e  q u a l i t i e s  o r  a t t r i b u t e s  
inhereni t  i n  t h e  ca rs .  The es t ima ted  i m p l i c i t  p r i c e s  o f  t h e  a t t r i b u t e s  
can then  be used t o  e v a l u a t e  changes i n  t h e  q u a l  i t y  o f  c a r s  a n d  t h e  
development o f  a "pure"  p r i c e  index.  



VALIDATION 

As an e f f o r t  t o  v a l i d a t e  t h e  u s e  o f  h e d o n i c  p r i c e  i n d e x e s ,  t h e  
au tho rs  c a l  c u l a t e d  a1 t e r n a t i v e  hedonic p r i c e  indexes a n d  c o m p a r e d  t h e  
r e s u l t s  t o  o t h e r  indexes d e s c r i b i n g  yea r - to -yea r  changes i n  p r i c e .  T h e  
f i v e  indexes compared by t h e  au tho rs  a re :  

(1) a  "c rude"  p r i c e  index t h a t  i s  s imp ly  t h e  average p r i c e ,  we igh ted  b y  
numbers so ld ;  

( 2 )  t h e  " e s t a b l i s h e d  models" index t h a t  does n o t  "account  f o r  changes i n  
qual  i t y - a d j u s t e d  p r i c e  b rough t  about  b y  t h e  i n t r o d u c t  i o n  o f  new 
models, o r  improvements i n  o l d  models" ; 

( 3 )  an unweighted index based on a  p r i c e  s e r i e s ,  s u p p l i e d  by  t h e  B o a r d  
o f  Trade, t h a t  c o n s i d e r s  q u a l  i t y  a d j u s t m e n t  b a s e d  o n  c o s t  t o  
manu fac tu re r  o f  t h e  improvement; 

( 4 )  a  c h a i n  index based on hedonic p r i c e  r e l a t i v e s  between per iods ;  and 

( 5 )  an  a l t e r n a t i v e  hedonic p r i c e  i n d e x  t h a t  i s  b a s e d  o n  t h e  m e d i a n  
shadow p r i c e  es t ima te  f o r  each c h a r a c t e r i s t i c .  

The au tho rs  show t h a t  t h e  h e d o n i c  p r i c e  i n d e x e s  h a v e  m i n i m a l  
d i f f e r e n c e s  and t h a t  t h e  two hedonic p r i c e  indexes have a  1  o w e r  t r e n d  
and a  h i g h e r  c o e f f i c i e n t  o f  v a r i a t i o n  than  t h e  unad jus ted s e r i e s .  The  
au tho rs  a l s o  t e s t e d  f o u r  a l t e r n a t i v e  i n d e x e s  o f  q u a l i t y  c h a n g e  b y  
pe r fo rm ing  a  s e t  o f  r e g r e s s i o n s  t h a t  h a v e  t h e  q u a l  i t y  i n d e x  a s  a  
f u n c t i o n  o f  t h e  s i z e - c l a s s  market  shares o f  new v e h i c l e s  s o l d  i n  G r e a t  
B r i t a i n .  S i z e - c l a s s  was determined by  eng ine  s ize .  The a u t h o r s  f o u n d  
t h a t  o n l y  t h e  t w o  h e d o n i c  q u a l i t y  i n d e x e s  y i e l d e d  s i g n i f i c a n t  
reg ress ions .  The au tho rs  expected t h a t  a  good qual  i t y  index  i n d i c a  t i n g  
t h e  t r e n d  o f  t h e  a v e r a g e - q u a l i t y  c a r  shou ld  be respons ive  t o  changes i n  
t h e  s i  ze -c lass  market  share. 

LIMITATIONS AND BENEFITS 

The au tho rs  n o t e  t h a t  d a t a  l i m i t a t i o n s  p laced r e s t r i c t i o n s  o n  t h e  
p o s s i b l e  a t t r i b u t e s  t h a t  c o u l d  b e  i n c l u d e d  i n  t h e  e q u a t i o n s .  The  
au tho rs  n o t e  t h a t  t h e y  would have p r e f e r r e d  t o  i n c l u d e  m e a s u r e s  o f  
a c c e l e r a t i o n ,  d u r a b i l i t y ,  road  h o l d i n g ,  a n d ,  f o r  e a r l  i e r  y e a r s ,  a n  
independent suspension v a r i a b l e .  

STRUCTURE 

The s i n g l e - e q u a t i o n  models proposed and e s t i m a t e d  b y  t h e  a u t h o r s  
r e l a t e d  t h e  p r i c e  o f  a  c a r  t o  t h e  l e v e l s  o f  i t s  a t t r i b u t e s .  Two 
f u n c t i o n a l  forms were cons idered and r e g r e s s  i o n s  w e r e  p e r f o r m e d  f o r  
bo th .  These two f u n c t i o n a l  forms a re :  



log ( P  [ X  I )  = b i O  + b i l  ( X i l )  + b i 2  ( X i $  + ... + b i 7  ( X i , )  + V i  10 i i 

where: 

P i [ X i ]  ,= price of car model i 

1 = brake horsepower of model i 

= dummy va r i ab le  equal t o  1 i f  power-ass i s ted  brakes a r e  
X i 2  standard, 0 otherwise 

3 := length in inches 

X i 4  = dummy variable equal t o  1 i f  model possesses  a t  l e a s t  fou r  
forward gears, 0 otherwise 

X i 5  := dummy variable equal t o  1 i f  model has a 1 uxurious standard of 
trim, 0 otherwise 

'i6 := "passenger area" = "leg room" x "el bow room" 

X i 7  = fuel consumption in miles per gallon 

a b i  := coefficients t o  be estimated i ' 
The cross-section regression results for each f u n c t i o n a l  form a r e  

presented for the years 1956 t o  1968. The a u t h o r s  c a l c u l a t e d  the  
hedonic price indexes based o n  the results of the linear form because of 
the "ge~neral ly greater significance and expl anatory power of the 1 i near 
form gave ... an index with slightly less  sampling variance, and which 
was computationally simpler." The a u t h o r s  used t h e  hedonic p r i c e  
regressions t o  develop alternative "pure" price indexes. These indexes 
are compared with others (see Val idation section). 

MODEL CONSTRUCTION 

Data used in estimating the single-equation models were obtained from 
Motor, A,utocar, car manufacturers, a n d  The Motor Indus t ry  of Great  - .-- -- -- 
Britain - 1970. 

Cowl ing, K.  ; Cubbin, J . ,  Hedonic price indexes for United Kingdom c a r s ,  
Economi~c -. Journal 82: 963-978, September 1972. 



AUTOMOBILE CHARACTERISTICS DEMAND 

T h i s  model o f  t h e  demand f o r  au tomob i le  c h a r a c t e r i s t i c s  was developed 
i n  1 9 8 0 ,  b e i n g  p a r t i a l l y  s u p p o r t e d  b y  t h e  A m e r i c a n  M a r k e t i n g  
Assoc ia t i on .  The o b j e c t i v e  of t h e  model i s  t o  e s t i m a t e  t h e  s u p p l y  a n d  
demand f u n c t i o n s  f o r  v e h i c l e  a t t r i b u t e s  based on c r o s s - s e c t i o n  d a t a  o n  
v e h i c l e  o f f e r i n g s ,  consumer cho ices ,  and c h a r a c t e r i s t i c s .  The a u t h o r s  
a r e  a t  t h e  S t a t e  U n i v e r s i t y  o f  New York a t  Binghamton and B u f f a l o .  
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  e s t i m a t e  demand and supp ly  f u n c t i o n s  
f o r  p r o d u c t  c h a r a c t e r i s t i c s .  Based on t h e  model, e s t  i m a t  i o n s  c a n  b e  
d e r i v e d  f o r  p r i c e  e l a s t i c i t i e s  o f  demand as w e l l  as demand v a r i a t i o n s  
f o r  v a r i o u s  t y p e s  o f  consumers. 

RELATIONSHIP TO OTHER MODELS 

T h i s  model uses some o f  t h e  same d a t a  s e r i e s  a s  a  market  share m o d e l  
b y  Ra tch fo rd ,  desc r ibed  under 77-574. 

HISTORICAL BACKGROUND 

T h i s  model i s  based on a  c h a r a c t e r i s t i c s  demand framework d e v e l  o u e d  
by  K e l v i n  Lancaster  (Consumer Demand: - -  A New A p p r o a c h ,  New YO;-k:  
Columbia U n i v e r s i  t v  Press,  1971) , and t h e  t h e o r e t i c a l  model develoued by 
S h e r w i n  R o s e n  ( ~ e d o n i c  p r i c e s  a n d  I m p l i c i t  M a r k e t s :  p r o d u c t  



D i f f e r e n t i a t i o n  i n  Pure  C o m p e t i t i o n ,  J o u r n a l  o f  P o l  i t i c a l  Econom 
82:34-55, 1974.). T h i s  s tudy  o p e r a t i o n a l  i z e s  ~ o z n ' s  t h e o r e t i c a l  model): 

ASSUMPTIONS 

I n  f o r m u l a t i n g  t h i s  model, t h e  au tho rs  u s e d  t h e  a s s u m p t i o n s  t h a t  
consumelrs maximize u t i l  i t y  and producers  maximize p r o f i t s .  The h e d o n i  c  
p r i c e  approach t o  t h e  e s t i m a t i o n  o f  t h e  m a r g i n a l  p r i c e s  o f  v e h i c l e  
c h a r a c t e r i s t i c s  assumes t h a t  imp1 i c i t  p r i c e s  o f  c h a r a c t e r i s t i  c s  c a n  b e  
ob ta ined  f rom t h e  c r o s s - s e c t i o n  o f  models o f  automobi les.  

VALIDATION 

The authoks compared t h e  performance o f  t h e  model w i t h  t h a t  o f  LINMAP 
es t ima tes .  T h i s  model p e r f o r m e d  r e 1  a t i v e l y  p o o r l y ,  a n d  t h i  s  was 
cons idered i n  1  i g h t  o f  t h e  performances o f  o t h e r  c r o s s - s e c t i o n  model s. 

LIMITATIONS AND BENEFITS 

The authors  noted t h a t  e m p i r i c a l  es t ima tes  a r e  an e n c o u r a g i n g  f i  r s t  
s t e p  and t h a t  f u t u r e  research  may improve t h e  mode l ' s  performance. They 
a l s o  noited t h a t  t h e  "p r imary  va lue  o f  t h e  m o d e l  1  i e s  i n  d e s c r i p t i o n  
r a t h e r  than  t h e  p r e d i c t i o n  o f  i n d i v i d u a l  choices."  

STRUCTURE 

Developing a  demand model f o r  v e h i c l e  c h a r a c t e r i s t i c s  r e q u i  r e s  t h e  
consumers '  m a r g i n a l  v a l u a t i o n  o f  a1 t e r n a t i v e  a m o u n t s  o f  t h o s e  
c h a r a c t e r i s t i c s .  To deve lop t h o s e  m a r g i n a l  v a l  u a t i o n s ,  t h e  m o d e l  
a u t h o r s  f i r s t  es t ima ted  t h e  marg ina l  p r i c e s  o f  t h e  c h a r a c t e r i s t i c s  b y  
estimating w i t h  r e g r e s s i o n  t h e  r e l a t i o n s h i p s  b e t w e e n  p r i c e s  a n d  t h e  
c h a r a c t e r i s t i c s  based on p r i c e / c h a r a c t e r i s t i c  bund les  o b s e r v e d  i n  t h e  
market  p lace.  The doub le  l o g  f u n c t i o n a l  f o r m  was  s e l e c t e d  b e c a u s e  
marg ina l  p r i c e s  shou ld  va ry  w i t h  l e v e l s  o f  c h a r a c t e r i s t i c s ,  a n d  t h e  
r a t i o s  o f  t h e  marg ina l  p r i c e s  o f  any two c h a r a c t e r i s t i c s  shou l  d  n o t  b e  
constanit .  The au tho rs  es t ima ted  t h e  f o l l o w i n g  p r i c e l c h a r a c t e r i s t i c  
r e l a t i o n s h i  p  based on 1976 c r o s s - s e c t i o n  d a t a  o f  28 model s: 

where standard e r r o r s  a r e  i n  parentheses,  and 



P = p r i c e  o f  t h e  model o f  c a r  

D = eng ine d isp lacement  

H = h a n d l i n g ,  sca led  1-5, ob ta ined  f rom Consumer Repor ts  

R = r i d e  qua1 i t y ,  sca led  1-5, ob ta ined  from Consumer Repor t s  

PT = pass ing t ime,  t i m e  t o  go f rom 45 t o  65 mph 

LV = luggage volume 

RLR = r e a r  l e g  room 

Marg ina l  p r i c e s  were ob ta ined  f rom t h e  above es t ima ted  e q u a t i o n  a n d  
were used as dependent v a r i a b l e s  t o  e s t i m a t e  a  system o f  s i x  demand a n d  
s i x  supp ly  e q u a t i o n s .  T h e  s u p p l y  a n d  demand e q u a t i o n s  h a v e  t h e  
f o l  1  owi ng general  forms: 

where: 

P (z )  = p r i c e  o f  t h e  c a r  model c h a r a c t e r i s t i c  

Zi = q u a n t i t y  o f  c a r  model c h a r a c t e r i s t i c  i 

X .  = consumer c h a r a c t e r i s t i c s  
J 

Wk = manufac turer  dummy v a r i a b l e s  

edi , esi = random e r r o r s  

c, d, g, h  = c o e f f i c i e n t s  t o  be es t ima ted  

Supply and demand f u n c t i o n s  were es t ima ted  f o r  each o f  t h e  v e h i  c l  e  
c h a r a c t e r i s t i c s  i n  t h e  hedonic p r i c e / c h a r a c t e r i s t i c s  equa t i o n s  a b o v e .  
The consumer c h a r a c t e r i s t i c s  i n c l u d e d  i n  t h e  demand e q u a t i o n s  a r e :  
income, educa t ion  o f  head o f  household, number o f  s h o w r o o m s  v i  s i t e d ,  
number o f  o t h e r  c a r s  cons idered,  t y p e  o f  d r i v i n g  f o r  which t h e  new c a r  
was used, expected l i f e  o f  new c a r  i n  years ,  amount o f  work t h e  consumer 
l i k e s  t o  do  by  h i m s e l f  on  t h e  c a r ,  o c c u p a t i o n  o f  h e a d  o f  h o u s e h o l d ,  
t o t a l  f a m i l y  s i ze ,  number o f  au tomobi les  owned, l i f e - c y c l e  s t a t e ,  home 
ownership, and garage ownership. Two r e s u l t s  o f  t h e  m o d e l s  a r e  t h a t  
l ong -d i s tance  t r a v e l  i s  an i m p o r t a n t  f a c t o r  a f f e c t i n g  v e h i  c l  e  c  h o i  c e ,  
and t h a t  i n  1976 f o r e i g n  manufac turers  had a  c o s t  advantage i n  supp ly ing  
s i z e  and performance a t t r i b u t e s .  



MODEL CONSTRUCT ION 

The nnodel was es t ima ted  on da ta  f rom a  a u e s t i o n n a i r e  d e v e l o ~ e d  bv t h e  
. I - -  

a u t h o r  and f rom v a r i o u s  i ssues  o f  Consumer Edmund 's '  New C a r  -- 
P r i c e s  (::1976), Edmund's Fo re ign  - Car a n d  t h e  F e d e r a l  

- Energy Admini s t r a t i o n '  s Gas Mi1 eage Guide (1976, 1977). 
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QUALITY ADJUSTMENT MODEL OF MARKET SHARES I N  OLIGOPOLY 

T h i s  q u a l i t y  adjustment model o f  m a r k e t  s h a r e s  i n  o l i g o p o l y  was 
developed i n  1971 a t  t h e  Bureau o f  Labor S t a t i s t i c s .  The o b j e c t i v e  o f  
t h e  model i s  t o  p r e d i c t  p r o d u c e r  m a r k e t  s h a r e s  b a s e d  o n  q u a l  i t y  
d i f f e r e n c e s  i n  t h e  d i f f e r e n t  v a r i e t i e s  o f  p r o d u c t  a n d  a d v e r t i s i n g  
expendi t u res .  
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  p r e d i c t  producer market  shares based 
on  a d v e r t i s i n g  expend i tu res  and q u a l i t y  d i f f e r e n c e s  i n  t h e  v a r i o u s  
v a r i e t i e s  o f  t h e  product ,  e.g., automobi les.  Hedonic p r i c e  r e g r e s s i o n s  
a r e  used t o  produce r e s i d u a l s  t h a t  a r e  an e s t i m a t e  o f  unmeasured qual i t y  
d i f f e r e n c e s .  These r e s i d u a l s  a r e  h y p o t h e s i z e d  t o  b e  r e l a t e d  t o  t h e  
market  shares o f  t h e  v a r i o u s  manufac turers .  

RELATIONSHIP TO OTHER MODELS 

T h i s  model has no known r e l a t i o n s h i p  t o  any o t h e r  model. 

HISTORICAL BACKGROUND 

The approach employed i n  t h i s  s tudy  i s  based on t h e  e a r l i e r  w o r k  o f  
Cowling and Raynor (see 70-544), and Cowl i n g  and Cubbin ( s e e  7 2 - 7 0 0 ) .  
The sugges t ion  f o r  t h i s  l i n e  o f  i n v e s t i g a t i o n  i s  f r o m  Gril i c h e s  ( s e e  
S-71-681 and 61-682). 



ASSUMPT IONS 

T h e  a p p r o a c h  i n v o l v e s  a n  a s s u m p t i o n  t h a t  a  p r o d u c t  c a n  b e  
d i s a g g r e g a t e d  i n t o  c o n s t i t u e n t  c h a r a c t e r i s t i c s  a n d  t h a t  t h e s e  
c h a r a c t e r i s t i c s  e n t e r  t h e  u t i l  i t y  f u n c t i o n s  o f  consumers. The v a r i e t i e s  
o f  a  p roduc t  a r e  d i s t i n g u i s h e d  b y  t h e i r  l e v e l s  o f  c h a r a c t e r i s t i c s .  The  
p r i c e  o f  a  p r o d u c t  i s ,  t h e r e f o r e ,  t h e  p r i c e  o f  t h e  b u n d l e  o f  
c h a r a c t e r i s t i c s .  

VAL I DAT ION 

The authors  compared t h e i r  r e s u l t s  w i t h  t h e  es t ima tes  d e r i v e d  i n  t h e  
e a r l  i e r  s tudy  on t h e  U.K. c a r  market  (72-700). The comparison i n d i c a t e d  
t h a t  t h e  B r i t i s h  and American markets a r e  b e s t  e x p l a i n e d  b y  d i f f e r e n t  
f u n c t i o ~ i a l  forms. The c o e f f i c i e n t s  o f  t h e  r e s i d u a l  v a r i a b l  e  w e r e  
genera l  l ,y  n o t  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 t  t h e  s t a n d a r d  1 e v e 1  s  a n d  
somet imt?~ had t h e  wrong s ign.  The r e s u l t s  sugges ted  t h a t  s u b s i d i a r y  
hypotheses need t o  be exp lo red ,  one o f  wh ich  concerns t h e  e f f e c t i v e n e s s  
o f  t h e  hedonic qua1 i t y  f u n c t i o n  f i t t e d  t o  t h e  U.S. data.  

LIMITATIONS AND B E N E F I T S  

The model i s  one o f  t h e  few a t tempts  t o  model au tomot ive  manu fac tu re r  
market  share i n  t h e  U n i t e d  Sta tes .  The comparison o f  t h e  models o f  t h e  
U.S. and U.K. markets  i s  an i n d i c a t i o n  o f  t h e  d i f f e r e n c e s  b e t w e e n  t h e  
two markets  and t h e  d i f f i c u l t i e s  i n  a p p l y i n g  s i m i l a r  m e t h o d 0 1  o g i  e s  i n  
d i f f e r e n t  markets. 

Us ing t h e  hedonic q u a l i t y  measurement techn ique,  t h e  i m p l i c i t  p r i c e s  
o f  c h a r a c t e r i s t i c s  can be es t ima ted  f rom t h e  f o l  1  o w i n g  g e n e r a l  f o r m  
r e g r e s s i o n :  

P = ( X )  b +  e  

where: 

P = v e c t o r  of p r i c e  f o r  v a r i o u s  v a r i e t i e s  o f  a  product ,  e.g., au tomobi le  

X = m a t r i x  o f  va lues  o f  t h e i r  c h a r a c t e r i s t i c s  

b  = an e s t i m a t e  o f  t h e  s e t  o f  i m p l i c i t  p r i c e s  f o r  t h e  c h a r a c t e r i s t i c s  

e  = conven t iona l  e r r o r  v e c t o r  

Three f a c t o r s  a f f e c t  market  shares o f  t h e  p r o d u c t  v a r i e t i e s :  t h e  
d i s t r i b u t i o n  o f  income, d i s t r i b u t i o n  o f  t a s t e s ,  and t h e  "e"  va lues f r o m  
t h e  above equat ion .  The "e" was hypothes ized t o  be i m p o r t a n t  b e c a u s e  
t h e  es t ima ted  s e t  o f  i m p l i c i t  p r i c e s ,  b y  a r e  averages, and t h e  p r i c e s  o f  
t h e  c h a r a c t e r i s t i c s  charged by producers a r e  expected t o  c o n v e r g e  ( o r  



e l s e  market  share  would change). The au tho rs  hypothes ized t h a t  when e  
i s  g r e a t e r  t h a n  ze ro  (imp1 i c i t  p r i c e s  h i g h e r  t h a t  average) l o w e r  s a l  e s  
shou ld  r e s u l t  , and when e  i s  1  ess t h a n  ze ro  h i g h e r  s a l  es shou ld  r e s  u l  t . 
The e m p i r i c a l  p o r t i o n  o f  t h e  paper t e s t s  t h e  hypo thes i s  t h a t  t h e  c h a n g e  
i n  market  share i s  a n e g a t i v e  f u n c t i o n  o f  t h e  va lue  o f  t h e  r e s i d u a 1  f rom 
t h e  hedonic p r i c e  f u n c t i o n .  

Four sha re  equa t ions  were e s t i m a t e d  f o r  t h e  U.S. m a r k e t .  The  t w o  
b a s i c  equa t ions  a r e  presented below. F o r  t h e  o t h e r  e q u a t i o n s ,  t h e  
au tho rs  e l i m i n a t e d  t h e  lagged s h a r e  v a r i a b l e .  T h i s  s u b s t a n t i a l  l y  
lowered t h e  e x p l a n a t o r y  power o f  t h e  equat ion .  The f o l l o w i n g  e q u a t i o n  
was e s t i m a t e d  ove r  t h e  1960-65 p e r i o d :  

ln(SHAR) = -1.082 + 1.709 (WTRSDL) + 0.428 [ln(ADSHAR)] 
(-3.573) (1.219) (5.784) 

where t - s t a t i s t i c s  a r e  i n  parentheses,  and 

SHAR = t h e  market  share 

WTRSDL = we ighted r e s i d u a l  v a r i a b l e  

ADSHAR = a d v e r t i s i n g  share  

LGSHAR = t h e  1 agged market  share 

The l i n e a r  e q u a t i o n  fo rm o f  t h e  above e q u a t i o n  was e s t i m a t e d  f o r  each 
y e a r  1960 t o  1965 and a pooled 1960-65 d a t a  se t .  As above, t h e  e q u a t i o n  
was a l s o  e s t i m a t e d  f o r  lagged share. The f o l l o w i n g  e s t i m a t e d  e q u a t  i o n  
i s  based on t h e  poo led da ta :  

SHAR = -0.001 + 0.050 (WTRSDL) + 0.264 (ADSHAR) + 0.770 (LGSHAR) 
(0.002) (0.024) (0.061 ) (0.030) 

R~ = .914 

where s tandard  e r r o r s  a r e  i n parentheses,  and t h e  v a r i  a b l e  de f i n i t i o n  s  
a r e  t h e  same as above. 

MODEL CONSTRUCTION 

The es t ima ted  equa t ions  a r e  based on d a t a  f r o m  W a r d ' s  A u t o m o t i v e  
Yearbook and A d v e r t i s i n g  Investments.  
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AUTOMOBILE HEDON I C  QUALITY MEASUREMENT 

T h i s  model f o r  measur ing t h e  q u a l i t y  o f  au tomobi les  was deve loped i n  
1969 a t  Washington U n i v e r s i t y .  T h e  o b j e c t i v e  o f  t h e  m o d e l  i s  t h e  
d e r i v a t i o n  o f  qual i t y - a d j u s t e d  p r i c e  indexes f o r  automobi les.  

AUTHOR 

Jack E. T r i p l e t t  
Washington U n i v e r s i t y  
St .  Lou is ,  Mo. 

KEYWORDS 

P r i c i n g  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  deve lop  a  q u a l  i t y - a d j u s t e d  p r i c e  
i ndex  f o r  au tomobi les  f o r  t h e  yea rs  1960-65. The re1 a t i o n s h i  ps b e t w e e n  
t h e  p r i c e  o f  a  c a r  and i t s  a t t r i b u t e s  a r e  e s t i m a t e d  b a s e d  o n  c r o s s -  
s e c t i o n  data.  The reg ress ions  a1 so produced pu re  p r i c e  e s t i m a t e s  t h a t  
can be used i n  a  t i m e  se r ies .  

RELATIONSHIP TO OTHER MODELS 

T h i s  model has no known r e l a t i o n s h i p  t o  any o t h e r  model. 

HISTORICAL BACKGROUND 

The b a s i c  approach used i n  deve lop ing  these  models i s b a s e d  o n  t h e  
work by  Cour t  (38-689) and G r i l i c h e s  (61-682).  T h i s  i s  one o f  s e v e r a l  
b a s i c  s t u d i e s  t h a t  c o n t r i b u t e d  t o  t h e  s t a t e  o f  know1 e d g e  i n  h e d o n i c  
p r i c e  model i ng . 
ASSUMPTIONS 

The hedonic p r i c e  techn ique  i s  based on severa l  assumptions. F i  r s t  , 
t h e  i d e n t i f i e d  c h a r a c t e r i s t i c s  were assumed t o  be t h e  ma jo r  e lements  i n  
q u a l i t y  change as p e r c e i v e d  by  t h e  consumers. S e c o n d ,  c r o s s - s e c t i o n  
model d a t a  was assumed a p p r o p r i a t e  f o r  use i n  t h e  e s t i m a t i o n s .  Th i r d ,  
t h e  use o f  t h e  c r o s s - s e c t i o n  da ta  t o  d e r i v e  q u a l i t y  i n d e x e s  t h a t  a r e  
employed t o  a d j u s t  a  t i m e  s e r i e s  was based on " t h e  hypo thes i s  t h a t  t h e  
q u a l i t y  o f  p roduc t  improves b y  t h e  i n c o r p o r a t i o n  i n t o  t h e  c h e a p e r  
p roduc t  v a r i e t i e s  o f  f e a t u r e s  o r  a t t r i b u t e s  which, i n  a  p rev ious  pe r iod ,  
were o b t a i n a b l e  o n l y  on t h e  more expensive v a r i e t i e s . "  



VAL IDATION 

The a u t h o r  compared t h e  r e s u l t s  o f  t h e  hedonic p r i c e  m o d e l  t o  t h e  
Consunier P r i c e  Index and concluded t h a t  G r i l i c h e s '  c o n c l u s i o n  o f  u p w a r d  
q u a l i t y  b i a s  d u r i n g  t h e  p e r i o d  1954-1960 c o u l d  n o t  b e  extended t o  o t h e r  
p e r i o d s  o r  o t h e r  components o f  t h e  CPI. The a u t h o r  a l s o  e x a m i n e d  t h e  
r o l e  o f  we igh t  i n  t h e  r e g r e s s i o n  and concluded t h a t  i t s  i n c l u s i o n  h a s  
some d i f f i c u l t i e s .  

LIMITATlONS AND BENEFITS 

The a u t h o r  observed t h e  l i m i t a t i o n s  t o  t h e  hedonic p r i c e  approach and 
t h e  use o f  p r o x i e s  i n  t h e  p r i c e - a t t r i b u t e  r e l a t i o n s h i p .  Some o f  t h e s e  
limitations a r e  i n  t h e  fo rm o f  assumptions and a r e  d iscussed above. The 
a u t h o r  noted t h a t  i f  q u a l i t y  i s  n o t  i n t r o d u c e d  g r a d u a l  l y  ( i  .e . ,  a1 1  
automob.iles have t h e  same i m p r o v e m e n t ,  s u c h  a s  a  m a n d a t o r y  s a f e t y  
f e a t u r e ) ,  t h e n  t h e  qual  i t y  indexes may be b iased.  The au tho r  a1 so noted 
t h a t  t h e  c h a r a c t e r i s t i c  we igh t  i s  a c t u a l l y  an u n d e s i  r a b l  e  a t t r i b u t e .  
I n c l u d i n g  we igh t  i n  a  hedonic p r i c e  model i s  t o  use i t  a s  a  p r o x y  f o r  
o t h e r  d e s i r a b l e  c h a r a c t e r i s t i c s  such as s i z e  and l u x u r y .  A problem w i t h  
i n c l u d i t i g  we igh t  as a  p roxy  f o r  o t h e r  c h a r a c t e r i s t i c s  i s  t h a t  t h e  
r e l a t i o n s h i p s  between we igh t  and those  o t h e r  c h a r a c t e r i s t i c s  may c h a n g e  
o v e r  t i rne (e.g., a  s h i f t  t o  l i g h t w e i g h t  m a t e r i a l s ) .  T h i s  problem c o u l d  
b i a s  t h e  qual i t y  es t imates .  

STRUCTURE 

F o l l o w i n g  t h e  approach by  Cour t  and G r i l i c h e s ,  t h e  a u t h o r  e s t i m a t e d  
t h e  f o l l o w i n g  r e l a t i o n s h i p  b e t w e e n  a u t o m o b i l e  p r i c e s  a n d  
c h a r a c t e r i s t i c s :  

l n ( P )  = X ( b )  

where: 

P = v e c t o r  o f  p r i c e s  

X = matipix o f  au tomob i le  s p e c i f i c a t i o n s  

b  = c o e f f i c i e n t s  t o  be es t ima ted  

The e q u a t i o n  i s  f i t t e d  t o  c r o s s - s e c t i o n  da ta  f o r  e a c h  y e a r  i n  t h e  
p e r i o d  1960-65. The f o l l o w i n g  e q u a t i o n  f o r  1962 i s  r e p r e s e n t a t i v e  o f  
t h e  es t imated equa t ions :  

I n ( P )  = 6.434 + 0.010 (HP) + 0.240 ( W )  + 0.028 ( L )  + 0.041 ( V )  
(0.029) (0.045) (0.015) (0.029) 

+ 0.078 (HT) + 0.000 (AT) + 0.319 (PSB) + 0.109 (C) 
(0.035) (0.063) (0.062) (0.029) 

R~ = .940 



where: 

P = p r i c e  o f  c a r  

HP = a d v e r t i s e d  horsepower i n  hundreds 

W = s h i p p i n g  we ight  i n  thousands o f  pounds 

L = l e n g t h  i n  tens  o f  i nches  

V = dummy v a r i a b l e  equal t o  1 i f  eng ine i s  a  V-8, 0  o the rw ise  

HT = dummy v a r i a b l e  equa l  t o  1 i f  c a r  i s  a  f o u r - d o o r  h a r d t o p ,  0  
o t  herwi  se 

AT = dummy v a r i a b l e  equal t o  1 i f  automat ic  t r a n s m i s s i o n  i s  i n c l u d e d  i n  
p r i c e ,  0  o the rw ise  

PSB = dummy v a r i a b l e  equa l  t o  1 i f  p o w e r  s t e e r i n g  a n d  b r a k e s  a r e  
i n c l u d e d  i n  p r i c e ,  0  o t h e r w i s e  

C = dummy v a r i a b l e  equal t o  1 i f  v e h i c l e  i s  a  compact, 0  o the rw ise  

To d e r i v e  e s t i m a t e s  o f  q u a l i t y  c h a n g e  o v e r  t i m e ,  t h e  a u t h o r  
i n t r o d u c e d  a  t i m e  t r e n d  v a r i a b l e  and es t ima ted  t h e  equat ions  o v e r  d a t a  
f o r  p a i r s  o f  ad jacen t  years .  Us ing t h e s e  s i n g l e - e q u a t i o n  m o d e l  s  , t h e  
a u t h o r  es t ima ted  t h a t  p r i c e s  a d j u s t e d  f o r  q u a l i t y  r o s e  about 7 . 2 %  o v e r  
t h e  1960-65 pe r iod .  

Us ing a  s tepwise r e g r e s s i o n  procedure,  t h e  a u t h o r  f o u n d  t h a t  t h r e e  
v a r i a b l e s  (we igh t ,  and t h e  dummy v a r i a b l e s  f o r  power s t e e r i n g l b r a k e s  and 
compacts) accounted f o r  ove r  90% o f  t h e  v a r i a n c e  i n  p r i c e .  B a s e d  o n  
these  f i n d i n g s ,  he fo rmu la ted  t h e  " t r u n c a t e d "  m o d e l  a n d  e s t i m a t e d  a  
q u a l i t y - a d j u s t e d  p r i c e  index. He found t h a t  t h e  t w o  m o d e l  s  p r o d u c e d  
v e r y  c l o s e  r e s u l t s .  U s i n g  t h e  r e s u l t s ,  t h e  a u t h o r  e x p l o r e d  t h e  
t h e o r e t i c a l  i m p l i c a t i o n s  o f  us ing  we ight  as a  proxy  f o r  o t h e r  v a r i a b l e s .  
One d i f f i c u l t y  t h a t  was noted i s  t h e  g r a d u a l  s h i f t i n g  i n  t h e  p r o x y  
re1 a t i o n s h i p s .  

MODEL CONSTRUCT I O N  

The p r i m a r y  d a t a  s o u r c e s  f o r  t h i s  e c o n o m e t r i c  m o d e l  u s e d  i n  
e s t i m a t i n g  t h e  equa t ions  were Automot ive I n d u s t r i e s ,  A u t o m o t  i v e  -9  News 
Ward's Automot ive  Reports,  and Consumer Reports.  
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ABSTRACT 

These a r e  a  s e r i e s  o f  p a p e r s  p r e p a r e d  b y  t h e  U.S. E n v i r o n m e n t a l  
P r o t e c t i o n  Agency (EPA) on t h e  f u e l  economy o f  automobi 1  e s  . The m o s t  
r e c e n t  paper presents  an accumul a t i o n  o f  p rev ious  f u e l  economy analyses,  
w i t h  da t i j  f o r  c a r  models, l i g h t  t r u c k s ,  and motorcyc les  t h r o u g h  1 9 8 0 .  
The ear1 , ie r  r e p o r t s  c o n t a i n  d e s c r i p t i o n s  o f  EPA t e s t s  a n d  d a t a  b a s e s ,  
a n a l y s i s  techniques,  and harmonic sa l  es we igh t i ng  o f  f u e l  economy data.  

Informat:,ion i s  d isaggregated by w e i g h t  c l a s s ,  v e h i c l e  s i  z e - c l  a s s ,  
manufact;urer, mpg range, domest ic  vs. impor t ,  gas01 i n e  vs.  d i e s e l  , a n d  
49 s t a t e s  vs. C a l i f o r n i a .  

Changes -in f u e l  economy a r e  shown t o  r e s u l  t s e p a r a t e l y  f r o m  s y s t e m  
o p t i m i z a ~ t i o n ,  new eng ine and v e h i c l e  combinat ions,  and model mix  s h i  f t s .  
Year l y  c:hanges i n  average f u e l  economy r a t i n g s  a r e  a n a l y z e d .  F u e l  
economy r a t i n g s  f o r  o l d e r  ca rs ,  from b e f o r e  emiss ion s tandards  a n d  EPA 
measurements, a r e  r e f i n e d .  Actua l  sa les  f i g u r e s  a r e  u s e d  i n  f i n d i n g  
a v e r a g e s .  Y e a r  t o  y e a r  t r e n d  a n a l y s i s  i s  p o s s i b l e  w i t h  t h e  
cons is te !nc ies  i n  t h e  data.  I n t e r a c t i o n s  between v e h i c l e  t e c h n o l o g y ,  
f l e e t  phys i ca l  a t t r i b u t e s ,  and f u e l  economy s tandards  a r e  d iscussed.  
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ABSTRACT 

T h i s  s e r i e s  o f  p u b l i c a t i o n s  by Oak Ridge Na t i ona l  L a b o r a t o r y  a n d  t h e  
U.S. D e p a r t m e n t  o f  E n e r g y  s e r v e s  a s  a n  e n c y c l o p e d i a  o f  e n e r g y  
consumpt ion and supp ly  da ta .  The t r a n s p o r t a t i o n  modes covered i n c l  u d e :  
highway, a i r ,  r a i l ,  mar ine,  p i p e l i n e ,  and non-motor ized v e h i c l e s .  Some 
o f  t h e  s u b j e c t s  covered i n c l u d e :  t r a n s p o r t  networks;  c o s t  o f  v e h i  c l  e  
ownership; ownership by households; t r a v e l  c h a r a c t e r i  s t  i c s ;  e n e r g y  
e f f i c i e n l c y ,  i n t e n s i t y ,  and resou rce  c o n s e r v a t i o n ;  g o v e r n m e n t  t a x e s ,  
expendii:ures, programs, r e g u l a t o r y  a c t i v i t i e s ,  a n d  r e s e a r c h ;  e n e r g y  
p r o d u c t i o n ,  impor t s ,  p r i c e s ,  and reserves ;  a l t e r n a t i v e  f u e l s ;  p o p u l a t i o n  
and econlomic c h a r a c t e r i s t i c s  a f f e c t i n g  t r a n s p o r t a t i o n  demand; r e g  i o n a l  
c h a r a c t e r i s t i c s  o f  each mode; r e g i o n a l  c o n s u m p t i o n  c o m p a r i  s o n s ;  a n d  
i n t e r n a t i o n a l  comparisons. S u b j e c t s  s p e c i f i c  t o  highway t r a n s p o r t a t i o n  
i nc lude : :  v e h i c l e s  i n  o p e r a t i o n ,  scrappage, f u e l  e f f i c i e n c y ,  automob i 1  e  
f l e e t s ,  canmercia l  highway energy use, buses,  t r u c k s ,  a n d  1  o c a l  a n d  
i n t e r c i  1;y household t r a v e l .  

Each vol~lume c o n t a i n s  hundreds o f  t a b l e s  and f i g u r e s ,  indexed b y  t i  t l  e ,  
keywords, and mode. A l so  i n c l u d e d  a r e  g l o s s a r i e s ,  c r o s s - r e f e r e n c e  
1  i s t i n g s ,  d e f i n i t i o n s  o f  r e g i o n s ,  sources, conve rs ion  t a b l e s ,  and o t h e r  
r e f e r e n c e  a ids .  

A  s e t  o f  companion p u b l i c a t i o n s  p r o v i d e  a n n o t a t e d  b i b 1  i o g r a p h i e s  t o  
1  i te ra tu ioe  on t r a n s p o r t a t i o n  and energy. A1 so p rov ided  a r e  i n d e x e s  b y  
au tho r ,  c o r p o r a t e  au tho r ,  sponsor, keyword, r e p o r t  number, and p e r m u t e d  
t i t l e .  l ieviews o f  s e l e c t e d  s t u d i e s  a r e  a l s o  i nc luded .  
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ABSTRACT 

T h i s  i s  t h e  f i r s t  o f  seven r e p o r t s  p r e p a r e d  b y  s p e c i a l  p a n e l s  o f  
a  t a s k  f o r c e  e s t a b l i s h e d  under t h e  j o i n t  cha i rmansh ip  o f  DOT a n d  EPA. 
The t a s k  f o r c e  was e s t a b l i s h e d  t o  conduct  a  s t u d y  o f  t h e  f e a s i b i l  i t y  o f  
a  f u e l  economy improvement s t a n d a r d  o f  2 0 %  f o r  new m o t o r  v e h i c l e s  
produced i n  t h e  1980 t i m e  frame. T h i s  r e p o r t  focuses on t h e  m e r i t s  a n d  
d e f i c i e n c i e s  o f  seve ra l  i m p l e m e n t a t i o n  s t r a t e g i e s  a n d  e n f o r c e m e n t  
mechanisms b y  which f u e l  economy improvements c a n  b e  e l  i c  i t e d .  T h e  
s t r a t e g i e s  ana lyzed a re :  f u e l  economy l a b e l  i n g ;  p r o d u c t i o n  w e i g h t e d  
average s tandards  : common standard,  u n i f o r m  percentage improvement, and 
v a r i a b l e  improvement standard;  c l a s s  s t a n d a r d s ,  u n  i f o r m  o r  v a r i  a b l  e  
improvement; and v e h i c l e  t a x a t i o n ,  e x c i s e  t a x  o r  annual f u e l  e f f i c i  e n c y  
taxes.  The c r i t e r i a  used t o  e v a l u a t e  these  s t r a t e g i e s  were: i m p a c t  o n  
producers :  f l e x i b i l i t y ,  i n c e n t i v e  f o r  p o s t - 1 9 8 0  i m p r o v e m e n t ,  a n d  
comparat ive  impact  on producers;  impact  on consumers: i n c r e a s e  i n  f i r s t  
c o s t  o f  au to ,  d i s t r i b u t i o n  o f  c o s t  i nc reases ,  ma in tenance  o f  c o n s u m e r  
cho ice ,  and s a f e t y  cos ts ;  and impact  on a d m i n i s t r a t i o n  o f  t h e  s t a n d a r d :  
r e l i a n c e  on t h e  market ,  c o s t  o f  a d m i n i s t r a t i o n ,  a n d  e f f e c t i v e n e s s  o f  
e n s u r i n g  achievement o f  improvement. 

Other  panel r e p o r t s  i n  t h i s  s e r i e s  a r e  d e s c r i b e d  u n d e r  S - 7 5 - 1 7 3 ,  
S-75-174, and S-75-617. 
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ABSTRACT 

T h i s  sulrvey p r o v i d e s  an e x p o s i t i o n  o f  seven techno-economic model s  t h a t  
a r e  r e p r e s e n t a t i v e  o f  r e c e n t  w o r k  o n  e n e r g y  p o l i c y .  S e v e r a l  
microeconomic concepts  r e 1  a ted  t o  energy conserva t i o n  a n d  t o  e n e r g y -  
economy i n t e r a c t i o n s  a r e  d iscussed.  Three r e p r e s e n t a t i  v  e  med i urn- t e  r m  
models a r e  examined w h i c h  d e a l  w i t h  p r i c i n g ,  i m p o r t  p o l  i c y ,  a n d  
inves tmen t  d e c i s i o n s ,  and f o u r  s t u d i e s  deal  i n g  w i t h  1  onger - te rm i s s u e s  
such as a l t e r n a t i v e  r e s e a r c h  a n d  d e v e l o p m e n t  s t r a t e g i e s  f o r  a  
t r a n s a c l t i o n  away from depl e t a b l  e  energy resources.  The models d iscussed 
a re :  P ro , j ec t  Independence Eva1 u a t i o n  System (75-004) ; Kennedy World O i  1  
Model; 13aughman-Joskow Reg iona l i zed  E l e c t r i c i t y  Model (REM) ; A L i  n e a r  
Programming System (ALPS) ; Brookhaven Energy System Opt imi  z a t  i o n  M o d e l  
(BESOM) (78-378) ; Energy Technology Assessment M o d e l  ( ETA)  a n d  ETA- 
M4CRO; iind SRI-Gul f Energy Model (73-261). 
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ABSTRACT 

T h i s  document i s  a c a t a l o g  o f  a b s t r a c t s  o f  o n g o i n g  a n d  r e c e n t l y  
completed s t u d i e s  and p r o j e c t s ,  most o f  w h i c h  a r e  s p o n s o r e d  b y  t h e  
Department o f  T r a n s p o r t a t i o n .  The s t u d i e s  a r e  grouped acco rd ing  t o  o n e  
o f  t h r e e  t o p i c s  t o  which t h e y  most s t r o n g l y  r e l a t e ,  i n c l u d i n g  f u e l  
consumption. P r o j e c t  t i t l e s ,  a u t h o r s ,  p r o j e c t  d e s c r i  p t i  o n ,  a n d  a 
d e s c r i p t i o n  o f  o u t p u t s  a r e  presented f o r  each study.  

Some of t h e  s t u d i e s  i n c l u d e d  a r e  t h o s e  b y  A.T. K e a r n e y  ( 7 8 - 2 9 0 ) ,  
I n t e r n a t i o n a l  Research and Technol o g y / O f f i c e  o f  Technol o g y  As s e  s smen t 
(S-79-221), Char les  R i v e r  Assoc ia tes  (76-025),  W h a r t o n  EFA ( 7  7 - 0 4 6 )  , 
Chi1 t o n  Company (S-79-484), t h i s  i n v e n t o r y ,  J a c k  F a u c e t t  A s s o c i a t e s  
( 7 6 - 0 1 6 ) ,  Oak R i d g e  N a t i o n a l  L a b o r a t o r y  ( S - 7 7 - 6 1 6 ,  7 8 - 2 6 3 )  , 
T r a n s p o r t a t i o n  Systems Center  (S-79-232), and Energy and Envi  r o n m e n t a l  
A n a l y s i  s (78-368). 
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ABSTRACT 

I n  t h i s  work, p r e v i o u s l y  developed s t a t i s t i c a l  methodology was a p p l  i e d  
t o  p u t  i n t o  p e r s p e c t i v e  tes t -based and on-road ( i  n - u s e )  e s t i m a t e s  o f  
f u e l  economy. The requ i rements  were t o  r e s o l v e  fundamenta l  q u e s t i o n s  
p e r t a i n i n g  t o  measures o f  e f f e c t i v e n e s s  f o r  f u e l  e c o n o m y ,  b a s e s  o f  
s t r a t i f i c a t i o n  and aggrega t ion  o f  da ta ,  and confounding o f  v a r i a b l e s  i n  
t h e  fuel-economy da ta  base; f o r m u l a t e  s p e c i f i c  h y p o t h e s e s  a i m e d  a t  
e v a l u a t i n g  d i f f e r e n c e s  between in -use  gas m i l e a g e  n u m b e r s  a n d  t h o s e  
r e p o r t e d  i n  EPA t e s t s  and s p e c i f y  a p p r o p r i a t e  t e s t s  o f  s i g n i f i c a n c e  f o r  
t hese  hypotheses; e s t i m a t e  con f idence  bounds appl i c a b l e  t o  ga s  m i  1  e a g e  
numbers f o r  e v a l u a t i v e  r a n k i n g  o f  v e h i c l e s  acco rd ing  t o  f u e l  economy;  
and p r o v i d e  t e c h n i c a l  a s s i s t a n c e  i n  t h e  a p p l  i c a t i o n  o f  s e l e c t e d  
s t a t i s t i c a l  techniques.  

T h i s  r e p o r t  i s  developed as a  s e r i e s  o f  f o u r  a p p l i c a t i o n  papers, each o f  
wh ich  touches on one o r  more o f  t h e  s i g n i f i c a n t  d a t a - a n a l y s i  s  i s s u e s  
p e r t a i n i n g  t o  in-use,  f u e l  economy assessment. Appl i c a t i o n  Pa p e r s  No. 
1, No. 2 ,  and No. 3 (A Mu1 t i p l e  Regression Approach t o  t h e  A n a l y s i  s  o f  
Fuel -Economy Data, P r i n c i p l e s  o f  S t a t i s t i c a l  E s t i m a t i o n  and I n f l u e n c e  i n  
Simple L i n e a r  Regression, E s t i m a t i o n  and I n f l u e n c e  i n  Mu1 t i  p l  e  L i  r i e a r  
Regress,ion) address t h e  q u e s t i o n  o f  commonali ty o f  d a t a  sources and p u t  
c o v a r i a ~ i c e  a n a l y s i s  i n  a  framework o f  mu1 t i p l e  regress ion.  (Covar i  a n c e  
a n a l y s i s  p rov ides  a  means f o r  comparing t h e  r e g r e s s i o n  l i n e s  f o r  v a r i o u s  
d a t a  sources w i t h  a  v iew  toward d e c i d i n g  whether t h e  severa l  sources can 
l o g i c a l ' l y  be pooled. Whether t h e  severa l  sources c a n  b e  r e g a r d e d  a s  
hav ing ii common i n t e r c e p t ,  a  common s lope,  o r  b o t h  i s  t h e  c e n t r a l  t h r u s t  



of such analysis .)  Each data source i s  considered as a "dummy" variable 
capable of assuming the values of 0 o r  1 only. (The value of 1 deno tes  
t h a t  a s p e c i f i c  d a t a  p o i n t  be longs  t o  t h e  d a t a  s o u r c e  u n d e r  
consideration, whereas the value 0 d e n o t e s  t h a t  t h e  p o i n t  d o e s  no t  
be1 ong to  the data source.) Appl icat ion Paper No. 4 ( A  Weighted Least- 
Squares Approach t o  Regression Analysis) explains how t o  fo rmula te  and 
t e s t  hypotheses pertaining t o  the commonal i ty of data sources. 

Five types of fuel-economy data on in-use vehicles were ava i  1 abl  e f o r  
analysis:  (1) on-road consumer driving; ( 2 )  on-road f l  ee t  driving; ( 3  ) 
on-road fuel -economy t e s t  driving; ( 4 )  in-use dynamometer t e s t s ;  and ( 5 )  
owner estimates of fuel economy. [Author's summary modified] 
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ABSTRACT' 

T h i s  paper p resen ts  energy consumpt ion p r o j e c t i o n s  f o r  each o f  t h e  ma jo r  
t r a n s p o r t a t i o n  modes and submodes. The p r o j e c t i o n s  a r e  p r e d i c t e d  f rom a  
c o n t i n u a l t i o n  o f  c u r r e n t  t r e n d s  w i t h  no a d d i t i o n a l  c o n s e r v a t i o n  p r o g r a m s  
beyond t h e  f u e l  economy standards mandated b y  t h e  E n e r g y  P o l  i c y  a n d  
Conservat ion  Act. Each mode o r  submode i s  p r o j e c t e d  i n d e p e n d e n t l y  , 
e i t h e r  b y  means o f  a  s e r i e s  of t h e  au tho rs '  simp1 e  demand m o d e l  s  a n d  
t r e n d  e x t r a p o l a t i o n s ,  o r  by  r e l a t i n g  t h e  o u t p u t s  o f  more complex m o d e l s  
t o  econolmic v a r i a b l e s  and t r a v e l  cos ts .  However, because o f  a n t i c i p a t e d  
changes i n  personal  v e h i c l e  f u e l  economy, f u e l  p r i c e s ,  modal s h i f t ,  a n d  
a  l o w e r  than  h i s t o r i c  economic growth  r a t e ,  p r o j e c t e d  g r o w t h  r a t e s  i n  
t r a n s p o r t a t i o n  and energy consumpt ion d e p a r t  f r o m  h i s t o r i c  p a t t e r n s .  
The p r o j e c t i o n s  a r e  a1 so compared t o  o t h e r  e f f o r t s .  [ A u t h o r ' s  a b s t r a c t  
and e x e c u t i v e  summary m o d i f i e d ]  

The modes i n c l  uded a re :  au tomobi les  ( t h r e e  s i ze -c lasses ;  f l  e e t  and n o  n -  
f l e e t ;  i n t e r c i t y ,  l o c a l ,  and c o m m u t i n g  o p e r a t i o n )  , p e r s o n a l  1  i g h t  
t r u c k s ,  two-wheeled v e h i c l e s  (moped, m id -s i ze  and l a r g e  m o t o r c y c l e s )  , 
snowmobil es, r e c r e a t i o n a l  v e h i c l e s ,  buses ( schoo l ,  t r a n s i t ,  i n t e r c i  t y )  , 



t r u c k s  (commercial 1 i g h t ,  medi urn, heavy, heavy-heavy , government),  r a i 1 
( f r e i g h t ;  passenger: t r a n s i t ,  commuter, i n t e r c i t y )  , w a t e r  ( d o m e s t i c  
cargo,  r e c r e a t i o n a l  b o a t i n g ) ,  a i r  ( gene ra l  a v i a t i o n ,  domest ic  passenger, 
i n t e r n a t i o n a l  , f r e i g h t ) ,  and p ipe1 ines.  

Some o f  t h e  sources f o r  p r o j e c t i o n s  a r e :  Data R e s o u r c e s ,  I n c .  m a c r o  
model , DuPont highway gas01 i n e  consumpt ion f o r e c a s t ,  Energy In forma t i o n  
A d m i n i s t r a t i o n  Annual Repor t  t o  Congress 1 9 7 8 ,  E x x o n  e n e r g y  o u t 1  o o k  
p r o j e c t i o n s ,  L a i r d  Durham t r u c k  a n d  f r e i g h t  a c t i v i t y  p r o j e c t i o n s ,  
McNutt IDul  l a  p r o j e c t i o n s  (S-79-371), N a t i o n a l  T r a n s p o r t a t i o n  P o l  i c y  
Study Commi s s i o n  (S-79-396), Oak Ridge 1 i g h t  t r u c k  f o r e c a s t s  (T-79-671), 
O f f i c e  o f  Technology Assessment ( S - 7 9 - 2 2 1 ) ,  T r a n s p o r t a t i o n  E n e r g y  
Conse rva t i on  D i v i s i o n  (S-79-196), TEC model (S -78 -385 )  , TECNET m o d e l  
(79-020),  F l e e t  Fuel Account ing  Model (77-295A), and Wharton EFA m o t 0  r 
v e h i c l e  model (78-436). 
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ABSTRACT' 

T h i s  s tudy  p r e d i c t s  t h e  e c o n o m i c  e f f e c t s  a c r o s s  i n c o m e  g r o u p s  o f  
canb i  n a t i o n s  o f  government p o l i c i e s  designed t o  conserve gasol  i n e .  T h e  
p o l i c y  c : m b i n a t i o n s  cons idered a r e :  f u e l  economy mandates, a  gas g u z z l e r  
t a x ,  f u e l  economy mandates p l u s  a  t w e n t y - f i v e  c e n t  p e r  g a l l o n  g a s o l  i n e  
t a x ,  andl f u e l  economy mandates p l u s  a  f i f t y  c e n t  p e r  g a l  1  o n  g a s o l  i n e  
t a x .  

The Ranel Response o f  t h e  Auto I n d u s t r y  t o  Fuel Economy M a n d a t e s  M o d e l  
(77-056) i s  used t o  s i m u l a t e  t h e  p r i c i n g  and f u e l  economy e f f e c t s  o f  t h e  
p o l i c i e s  on t h e  c a r s  o f f e r e d  by t h e  domest ic  au to  i n d u s t r y ,  assuming t h e  
i n d u s t r y  j o i n t l y  maximizes p r o f i t s .  

The o u t p u t s  o f  p r i c e  and f u e l  economy were then  i n p u t  t o  t h e  H o u s e h o l  d  
Expend i tu res  on Automobi le Ownership and Opera t i on  Model (77 -087  B )  f o r  
severa l  income groups. The techn ique  used t o  e x a m i n e  d i s t r i b u t i o n a l  
aspec ts  of t h e  g a s o l i n e  taxes  i s  d e t a i l e d  i n  t h e  Consumption o f  Gaso l ine  



by Households Model (77-087A). These po l  i c y  combinat ions  were found  t o  
change d r i v i n g  c o s t s  v e r y  1  i t t l e  across  a1 1  income c lasses.  
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ABSTRACT' 

T h i s  paper q u a n t i t a t i v e l y  d e t e r m i n e s  t h e  e f f e c t s  o f  " d o w n s i z i n g "  
( r e d u c t i o n s  i n  s i z e  and we igh t )  on t h e  demand f o r  1977 G e n e r a l  M o t o r s  
s tandard  s i z e  cars .  The a n a l y s i s  f o c u s e s  o n  s t a t i s t i c a l  t e s t s  t o  
determine d i f f e r e n c e s  between t h e  a v e r a g e ' a t t i t u d i n a l  , behavi  o r a l  , a n d  
demographic groups; buyers  o f  downsized ca rs  and buyers  o f  non-downsized 
cars .  M u l t i v a r i a t e  a n a l y s i s  was used t o  s e l e c t  f rom a  g r o u p  o f  f i f t y  
v a r i a b l e s  those  t h a t  s i g n i f i c a n t l y  d i s t i n g u i s h e d  ( a t  t h e  0 .05  1 e v e 1  ) 
between groups o f  peopl e  who purchased down s i  zed and non-down s i  zed cars .  

Surveys o f  new c a r  buyers i n  t h e  same months o f  1976 and 1977 were u s e d  
t o  c o n s t r u c t  a  n a t i o n a l  p r o b a b i l i t y  sample. Those who p u r c h a s e d  t h e  
downsized ca rs  d i d  s o  t o  o b t a i n  b e t t e r  f u e l  e c o n o m y ,  a s  w e l l  a s  
i nc reased  m a n e u v e r a b i l i t y  and ease i n  pa rk ing .  It was c o n c l u d e d  t h a t  
General Motors i nc reased  i t s  market  share b y  i n c r e a s i  n g  f u e l  economy 
th rough  downsiz ing.  [ A u t h o r ' s  a b s t r a c t  m o d i f i e d ]  
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ABSTRACT 

T h i s  paper d e t a i l s  t h e  o p e r a t i n g  c o s t s  f o r  t r a n s p o r t a t i o n  m o d e s  i n  
do1 l a r s  p e r  v e h i c l e  p e r  y e a r  and c e n t s  p e r  passenger m i l e .  U n r e s o l  v e d  
problems i n  c o s t  e s t i m a t i o n  a r e  d iscussed,  such as e n v i r o n m e n t a l  c o s t s  
and peak-per iod  cos ts ,  Comparisons a r e  made be tween  c o s t s  f o r  a u t o ,  
bus, r a i l ,  a n d  r a p i d  t r a n s i t  m o d e s  a s  t h e y  w o u l d  a p p l y  t o  t h e  
Washington, D. C. m e t r o p o l i t a n  area. Costs a r e  c l a s s i f i e d  as t o t a l  cos t ,  
u s e r  charges, o p e r a t i n g  l a b o r ,  v e h i c l e  c a p i t a l ,  env i ronmenta l  , h i g h w a y ,  
p a r k i n g ,  a n d  f u e l  c o s t s .  P r o b l e m s  i n  t h e  f i n a n c i n g  o f  u r b a n  
t r a n s p o r t a t i o n  a r e  d iscussed,  such as p r i c i n g  and subs id ies ,  and pub1 i c  
versus p r i v a t e  cos ts .  The methodology f o r  c a l c u l a t i n g  v e h i c l e  o p e r a t i n g  
cos ts ,  a  component o f  many au tomob i le  demand models, i s  ou t1  ined.  
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ABSTRACT 

V e h i c l e  s i z e  i s  a  commonly used concept  i n  automobi le  demand and m a r k e t  
share modeling. T h i s  paper p resen ts  a  method t o  combine f i f t e e n  v e h i c l e  
c h a r a c t e r i s t i c s  t h a t  a r e  commonly used a lone  t o  measure v e h i  c l  e  s i  z e  , 
us ing  d a t a  f rom 1976 model y e a r  General Motors cars .  By t h e  m e t h o d  o f  
p r inc ipa l1  components, l i n e a r  combinat ions  can be made o f  t h e  f i f t e e n  
c h a r a c t e r i s t i c s  t o  y i e l d  two measures o f  v e h i c l e  s i ze .  

One o f  these measures has h i g h  p o s i t i v e  c o r r e l a t i o n s  w i t h  t h e  t h i  r t e e n  
c h a r a c t c ! r i s t i c s  measuring e x t e r i o r  s i z e ,  such as wheel base, c u r b  we ight ,  
and o v e r a l l  l e n g t h .  T h i s  measure i s  termed b y  t h e  a u t h o r  a s  " O v e r a l  1  
E x t e r i o r  Car Size." The second measure o f  v e h i c l e  s i z e  h a s  a  h i g h  
p o s i t i v e  c o r r e l a t i o n  w i t h  1  egroum, and h i g h  n e g a t i v e  c o r r e l  a t  i o n  w i  t h  
headroom and o v e r a l l  h e i g h t .  S i n c e  a  c a r  w i t h  r e l a t i v e l y  1  i t t l e  
headroom and o v e r a l l  h e i g h t ,  and long  legroom ( a s  i n  a s p o r t s  c a r )  would 
g i v e  a  h i g h  va lue  f o r  t h i s  measure ,  i t  i s  t e r m e d  b y  t h e  a u t h o r  a s  
"Spor t i r~ess . "  
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ABSTRACT 

The purpose o f  t h e  m e e t i n g s  r e p o r t e d  o n  h e r e  was t o  e x p l o r e  t h e  
i m p l i c a t i o n s  o f  t e c h n o l o g i c a l  change i n  t h e  U.S. automot ive  i n d u s t r y  i n  
suppor t  o f  improved p o l i c y  f o r m u l a t i o n  t o  meet emerging n a t i o n a l  n e e d s .  
Workshops were conducted i n  t h e  areas o f :  ( 1 )  motor  v e h i c l e  r e g u l a t o r y  
process,  ( 2 )  consumer as a  f a c t o r  i n  mo to r  v e h i c l e  i n n o v a t i o n ,  ( 3 )  t h e  
supp ly  i n d u s t r y  a s  a  f a c t o r  i n  motor  v e h i c l e  i n n o v a t i o n ,  ( 4 )  c h a n g i n g  
i n c e n t i v e s  f o r  mo to r  v e h i c l e  research  and development, and ( 5 )  r o l  e  o f  
n a t i o n a l  and m u l t i n a t i o n a l  c o r p o r a t i o n s  i n  motor  v e h i  c l  e  i n n o v a t i  on.  
The f i v e  key i ssues  emerging f rom t h e s e  w o r k s h o p s  w e r e  t h e  f e d e r a l  
research  and development p o l i c y  i n  t h e  mo to r  veh i  c l  e  s e c t o r ,  p r o d u c t  
r a t i n g  i n f o r m a t i o n  f o r  consumers, r e g u l a t o r y  decis ion-maki  ng , r e g u l a t i o n  
and i n t e r n a t i o n a l  t r a d e ,  and t r a n s p o r t a t i o n  p o l i c y .  T h e s e  p a p e r s  a r e  
p o t e n t i a l l y  u s e f u l  i n  p r o v i d i n g  d i r e c t i o n  f o r  p o l i c y - o r i e n t e d  automobi le  
s e c t o r  model i n g  . The papers presented were: 

F i n k e l  s t e i n ,  M.M., Consumer s a f e t y  i n f o r m a t i o n  as a  g o v e r n m e n t  p o l  i c y  
t o o l .  

John, R.R.; Coonley, P.S.; R i c c i ,  R.C.; R u b i n g e r ,  B., M a n d a t e d  f u e l  
economy s tandards  as a  s t r a t e g y  f o r  i m p r o v i n g  m o t o r  v e h i c l e  f u e l  
ec onomy . 



Ketcham, B . ;  Pinkwas, S., Beyond a u t o c r a c y :  The publ i c ' s  r o l e  i n  
regulating the  auto. 

Leone, R.A.; Jackson, J.E., Toward more e f f e c t i v e  o r g a n i z a t i o n  f o r  
publ i c  ~regul a t i  on. 

Pearce,, M.C., I n t e r n a t i o n a l  compet i  t i o n  i n  t h e  wor ld  a u t o m o t i v e  
industry. 

White, I_.J., Automobile emissions c o n t r o l  pol i c y - - S u c c e s s  s t o r y  o r  
wrongheaded regul a t i  on. 

Wi1 k ins ,  M . ,  Mu1 t ina t ional  automobile enterpr ises  and r e g u l  a t i  on:  A n  
hi s tor ica l  view. 

Claybrook, J . ,  Concluding remarks: Regulation and i n n o v a t i o n  i n  t h e  
automob.il e industry. 

Dempsejf, E.C. ,  Status of the automotive supply industry:  A r e v i e w  o f  
industry trends from the  t rade  1 i t e ra tu re .  
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ABSTRACT 

The d e t a i l e d  r e s u l t s  a r e  r e p o r t e d  o f  a  s u r v e y  o f  e x p e r t s  i n  t h e  
au tomob i le  f i e l d  t o  f o r e c a s t  f u t u r e  t r e n d s .  The  D e l p h i  f o r e c a s t i n g  
process i s  used, which i n v o l v e s  p o l l i n g  p a n e l i s t s  on a  l i s t  o f  ques t i ons  
a s k i n g  what t h e y  t h i n k  t h e  e m e r g i n g  t r e n d s  a r e .  R e s p o n s e s  a r e  
anonymously f e d  back t o  t h e  p a n e l i s t s  and t h e  ques t i ons  a n d  r e s p o n s e s  
a r e  repeated,  u n t i l  a  consensus f o r e c a s t  i s  reached. E m e r g i n g  t r e n d s  
t h r o u g h  t h e  1980s and up t o  1995 were f o r e c a s t  by panel s  concerned w i  t h  
t e c h n o l o g i c a l  , market ,  and management t rends.  E x p e r t s  o n  t h e  p a n e l  s  
were f rom v e h i c l e  manufac turers ,  a u t o  p a r t s  suppl  i e r s  , a n d  f u e l  s  a n d  
m a t e r i a l s  suppl i e r s ,  and work a s  c o r p o r a t e  managers, marke t i ng  o r  s a l  e s  
managers, and eng ineers .  R e s u l t s  a r e  c l a s s i f i e d  i n t o  t h e  a r e a s  o f  
t e c h n o l o g i c a l  t r e n d s  ( e n g i n e s ,  d r i v e  t r a i n s ,  c o m p o n e n t s ,  v e h i c l e  
o p e r a t i o n s  and maintenance) , government r e g u l  a t i o n s ,  market  out1  ook f o r  
au tos  and p a r t s  ( f u t u r e  U.S. m a r k e t  v o l  ume, b u s i n e s s  c o n d i t i o n s ,  
i n t e r n a t i o n a l  m a r k e t s ) ,  investment  c l i m a t e ,  l a b o r  m a r k e t  o u t  1  o o k  , a n d  
s t r a t e g i c  p l  ann ing p r a c t i c e s  f o r  au to  p a r t s  suppl i e r s .  F o r  example, i t 
i s  f o r e c a s t  t h a t  t h e r e  w i l l  be c e r t a i n  percentages o f  smal l e r  , d i e s e l  , 
and e l e c t r i c  v e h i c l e s  i n  1990, and c e r t a i n  wage  r a t e s  f o r  a s s e m b l y  
workers. An e x p l a n a t i o n  o f  t h e  D e l p h i  f o r e c a s t i n g  m e t h o d  i s  a l s o  
i n c l  uded . 
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ABSTRACT 

T h i s  r e p o r t  p rov ides  a  c r i t i c a l  rev iew  o f  t h e  c u r r e n t  s t a t e  o f  knowledge 
r e g a r d i  ~ i g  n i t r o g e n  o x i d e  fo rma t ion  r e l e v a n t  t o  d i e s e l  eng ine  combustion, 
present;!; some measurements o f  d i e s e l  eng ine exhaust ,  p r o v i d e s  a  c r i t i c a l  
r e v i e w  o f  t h e  c u r r e n t  s t a t e  o f  know1 e d g e  r e g a r d i n g  smoke o r  s o o t  
f o r m a t i o n  and o x i d a t i o n ,  and p r o v i d e s  a  r e v i e w  o f  t h e  c u r r e n t  s t a t e - o f -  
the-ar t .  o f  d i e s e l  combust ion model ing  r e l a t e d  t o  t h e  p r e d i c t i o n  o f  t h e  
e f f e c t  o f  des ign  and o p e r a t i n g  v a r i a b l e s  on exhaust  smoke and NOx. I t  
i s  a p p l i c a b l e  i n t e r n a t i o n a l  ly .  S i x  models a r e  cons idered i n  some d e t a i l  
and t h e , i r  s t r e n g t h s  and weaknesses a r e  i n d i c a t e d .  The r e v i e w  s u g g e s t s  
t h a t  a v r i i i l a b l e  models do  n o t  i n c o r p o r a t e  a s u f f i c i e n t l y  d e t a i l e d  
d e s c r i p t i o n  o f  t h e  fundamental m i x i n g  and chemica l  k i n e t i c  p r o c e s s e s  
o c c u r r i n g  i n  d i e s e l  engines. An annotated b i b 1  iography o f  o t h e r  d i  e s e l  
emiss ions models i s  i nc luded .  T h e  m o d e l s  r e v i e w e d  i n  d e t a i l  w e r e  
o r i g i n a l  l y  presented i n  papers pub1 i shed by t h e  S o c i e t y  o f  A u t  o m o t  i v e  
Engineers,  t h e  I n s t i t u t e  o f  Mechanical E n g i n e e r s ,  t h e  U n i v e r s i t y  o f  
Southhampton, and t h e  U n i v e r s i t y  o f  Manchester. 
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ABSTRACT 

The o b j e c t i v e  o f  t h i s  work was t o  model emissions and f u e l  c o n s u n i p t  i o n  
o f  A u s t r a l i a n  v e h i c l e s  i n  Sydney t r a f f i c  c o n d i t i o n s ,  t o  e v a l  u a t e  t h e  
accuracy o f  t h e  p r e d i c t i o n s ,  and t o  c o m p a r e  t h e  r e s u l t s  w i t h  o t h e r  
s t u d i e s .  Twenty-e ight  v e h i c l e s  were t e s t e d  and t h e  emiss ion  f u n c t i o n s  
o f  speed and a c c e l e r a t i o n  were d e r i v e d  f rom dynamometer t e s t  e m i s s i o n  
r a t e s ,  u s i n g  t h e  U.S. EPA Federal  D r i v i n g  Cycle. The model was found t o  
be accurat ,e t o  about  10% f o r  t h e  group o f  veh ic les ,  b u t  e r r o r s  o f  30-40% 
occu r red  f o r  i n d i v i d u a l  veh ic les .  The model u s e d  i s t h e  A u t o m o b i  1 e 
Exhaust  Emission Modal A n a l y s i s  Model (74-219),  sponsored b y  t h e  U. S. 
Environmental  P r o t e c t i o n  Agency, w i t h  a separa te  e q u a t i o n  f o r  c r u i  s e  
mode, when a c c e l e r a t i o n  i s  zero. Fue l  c o n s u m p t i o n  i s  f o u n d  b y  t h e  
carbon ba lance method, i n  wh ich  f u e l  consumed i s  a f u n c t i o n  o f  e m i s s i o n  
r a t e s  and f u e l  d e n s i t y .  A survey o f  d r i v i n g  p a t t e r n s  i n  Sydney t r a f f i c  
was done t o  r e c o r d  speed versus t ime,  o v e r  a range o f  t r a f f i c  c o n d i t i o n s  
where v e h i c l e  d e n s i t i e s  were re1 a t i v e l y  h igh ,  f o r  subsequent e m i  s s i  o n s  
p r e d i c t i o n s .  Emission and f u e l  consumpt ion p r e d i c t i o n s  u s i n g  t h i s  d a t a  
were c o r r e l a t e d  w i t h  measured average speed. 
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ABSTRACT 

T h i s  paper examines a  number o f  energy c o n s e r v a t i o n  p o l i c i e s  grouped i n  
seven c l a s s e s ,  a n d  a s s e s s e s ,  a t  a  g e n e r a l  l e v e l ,  t h e i r  l i k e l y  
t r a n s p o r t a t i o n  impacts. These p o l i c i e s  i n v o l v e :  ( 1 )  i n c r e a s i n g  t h e  
c o s t  o f  au to  t r a v e l  r e l a t i v e  t o  t r a v e l  by o t h e r  modes; ( 2 )  l i m i t i n g  t h e  
supp ly  o f  g a s o l i n e ;  ( 3 )  p h y s i c a l l y  l i m i t i n g  t h e  u s e  o f  c a r s ;  ( 4 )  
changing auto  c h a r a c t e r i  s t i c s ;  ( 5 )  changing c h a r a c t e r i s t i c s  o f  a1 t e r n a t e  
modes t o  ca rs ;  ( 6 )  a f f e c t i n g  t h e  geographic d i s t r i b u t i o n  o f  t r i p  e n d s ;  
and ( 7 )  a t t e m p t i n g  t o  d i r e c t l y  change t r a v e l  p a t t e r n s .  A g g r e g a t e ,  
d i  saggregate, s imul taneous,  and sequen t ia l  demand f o r e c a s t i n g  techn iques 
o f  model ing consumer response t o  t h e  s e v e n  c l a s s e s  o f  p o l i c i e s  a r e  
d iscussed and t h e  a b i l i t y  o f  s p e c i f i c  e x i s t i n g  models t o  a s s e s s  p o l  i c y  
e f f e c t s  i s  examined. Some o f  t hese  models use da ta  f rom t h e  1974 energy 
sho r tage  t o  assess t h e  impact  o f  t h e  shor tage on h i  ghway  a n d  t r a n s i  t 
t r a v e l ,  t o  draw conc lus ions  r e g a r d i n g  modal s h i  f t  a n d  e l  a s t  i c i  t y  o f  
demand. 

Other  st ,udies d e a l t  more d i r e c t l y  w i t h  t h e  m o d e l i n g  o f  m o d a l  c h o i c e  
under  t h e  g a s o l i n e  s h o r t a g e .  A c c o r d i  n g  t o  t h e  a u t h o r s ,  g a s 0 1  i n e  
r a t i o n i n g  o r  u n a v a i l a b i l i t y  have each been addressed i n  o n l y  one s t u d y .  
I n  a d d i t i o n ,  t h e  impact  on modal c h o i c e  o f  p o l i c i e s  such  a s  i n c r e a s e d  
p r i c e s  o f  a u t o  t r a v e l ,  l i m i t s  o n  a u t o  u s e ,  a n d  c h a n g e s  i n  
c h a r a c t e r i s t i c s  o f  non-auto t r a v e l  i s  n o t  addressed i n  t h e  l i t e r a t u r e .  



Approaches f o r  f u t u r e  work t o  m o d e l  t h e  e f f e c t s  o f  1 i m i t s  o n  t h e  
a v a i l a b i l i t y  o f  g a s o l i n e  th rough  government c o n t r o l  ( r a t i o n i n g )  a n d  
market  c o n t r o l  ( s c a r c i t y )  a r e  suggested. 
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ABSTRACT 

T h i s  paper examines t h r e e  aspects  o f  1  oca l  c a r - o w n e r s h i  p  e c o n o m e t r i c  
model ing :  s p e c i f i c a t i o n  o f  t h e  income v a r i a b l e ,  dummy v a r i a b l e s ,  a n d  
c o e f f i c i e n t  e s t i m a t i n g  techn iques.  

Sigmoid l o g - l o g i t  r e l a t i o n s h i p s  have g e n e r a l l y  been f o u n d  s u p e r i o r  t o  
1  i n e a r  r e l a t i o n s h i p s  between c a r  ownership and g r o s s  i n c o m e .  A t  t h e  
household l e v e l ,  household gross  income i s  t h e  s i m p l e s t  income v a r i a b l e  
t o  use. Household d i sposab le  income would be a  b e t t e r  income m e a s u r e ,  
b u t  i n f o r m a t i o n  on a d j u s t i n g  g r o s s  i n c o m e  i s  d i f f i c u l t  t o  o b t a i n .  
Subsistence,  t h r e s h o l d ,  and permanent income e f f e c t s  a r e  cons idered a n d  
found n o t  p r e s e n t l y  u s e f u l  i n  e x p l a i n i n g  c a r  o w n e r s h i p .  The  a u t h o r s  
s t a t e  t h a t  i t  i s  necessary t o  d e f l a t e  income by  a  p r i c e  i n d e x  a n d  t h e  
b e s t  d e f l a t o r  i s  an i ndex  o f  c a r  p r i c e s .  

Dummy v a r i a b l e s  a r e  used t o  e x p l a i n  r e g i o n a l  d i f f e r e n c e s  i n  a  b e h a v i o r a l  
model. A c o e f f i c i e n t  i s  es t imated,  and t h e  v a r i a b l e  i s  assigned a  v a l u e  
o f  1 f o r  d a t a  f rom s p e c i f i c  r e g i o n s  t o  e x p l a i n  c a r  t r a v e l  n e e d s  o f  
d i f f e r i n g  p o p u l a t i o n  d e n s i t i e s .  Another t y p e  o f  dummy v a r i  a b l  e i s  a  



t i m e  t r e n d ,  i n c r e a s i n g  eve ry  yea r  by one f rom a  base y e a r  a s s i g n e d  t h e  
va lue  o f  one. T h i s  improves t h e  o v e r a l l  f i t  o f  t h e  model and rep resen ts  
some dynamic i n f l u e n c e  n o t  r e f l e c t e d  i n  o t h e r  v a r i a b l e s ,  p e r h a p s  a  
f a m i l i a r i z a t i o n  process as s o c i e t y  b e c o m e s  m o r e  c a r  o r i e n t e d .  An 
example o f  t h e s e  two t y p e s  o f  dummy v a r i a b l e s  i s  p r e s e n t e d  i n  a  m o d e l  
f i t t e d  t o  B r i t i s h  data.  

Three methods o f  c a l i b r a t i n g  t h e  c o e f f i c i e n t s  o f  a  l o g - 1  o g i  t m o d e l  o f  
c a r  ownersh ip  a r e  e x p l a i n e d  (Maximum L i  k e l  i h o o d ,  N o n - L i  n e a r  L e a s t  
Squares, and Minimum L o g i t  C h i - s q u a r e d )  a n d  t h e i r  r e l a t i v e  m e r i t s  
d iscussed.  A model i s  f i t t e d  w i t h  each o f  t h e  t h r e e  m e t h o d s  a n d  t h e  
c o e f f i c i e n t s  a r e  compared. 
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ABSTRACT 

The goa l  o f  t h i s  s tudy  i s  t o  a s s i s t  i n  f o r m u l a t i n g  e n e r g y  p o l  i c y  b y  
exami n i r ig  comprehensive energy-economy models and t h e i r  r e s u l  t s . T h e  
s i x  models, most o f  wh ich  have t r a n s p o r t a t i o n  s e c t o r s ,  used i n  t h e  s tudy  
a r e  t h e  Brookhaven Energy O p t i m i z a t i o n  Model (BESOM) (78-378) , D y n a m i  c 
Energy System O p t i m i z a t i o n  M o d e l  ( 7 9 - 3 8 4 )  , S R I - G u l  f E n e r g y  M o d e l  
(73-261) ,  P r o j e c t  Independence E v a l u a t i o n  System (PIES) ,  W o r l d  E n e r g y  
Model (75-0048), and t h e  Energy Technology Assessment (ETA) m o d e l  . An 
appendix t o  t h e  r e p o r t  d e s c r i b e s  these  models i n  d e t a i l .  

S e n s i t i v i t y  a n a l y s i s  f o r  g i v e n  models and ac ross  models i s p e r f o r m e d .  
Model r e s u l t s  on  feedback f rom energy  use t o  GNP a n d  r e a l  i n c o m e  a r e  
presented,  as we1 1 as seve ra l  o t h e r  model o u t p u t s ,  and i n te rmode l  o u t p u t  
d i  f f e r e r ~ c e s  a r e  exp l  a ined.  

An expl  o r a t o r y  d e c i s i o n  a n a l y s i s  t echn ique  f o r  e v a l u a t i n g  r e s e a r c h  a n d  
development progralns conce rn ing  energy  t e c h n o 1  o g  i e s  u s i  n g  t h e  m o d e l  
r e s u l t s  i s  presented.  T h i s  t echn ique  i s  t h e n  a p p l i e d  t o  n u c l e a r  f i s s i o n  
power resea rch  and deve l  opment . 
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ABSTRACT 

T h i s  r e p o r t  summarizes t h e  r e s u l t s  o f  an ove rv iew  s tudy ,  done w i t h i n  t h e  
framework o f  t h e  U.S. DOT Automot ive Energy E f f i c i e n c y  Program, o n  t h e  
au tomob i le  scrappage and r e c y c l i n g  i n d u s t r y ,  b a s e d  o n  a n  e x t e n s i v e  
l i t e r a t u r e  s e a r c h  a n d  d i s c u s s i o n s  w i t h  i n d u s t r y  a n d  g o v e r n m e n t  
o f f i c i a l s .  Topics covered i n c l u d e  m a t e r i a l s  c o n s u m p t i o n  b y  t h e  a u t o  
manu fac tu r ing  i n d u s t r y ,  d i  sposal o f  o b s o l e t e  a u t o s  , t h e  w r e c k  i n g  and  
sc rap  i n d u s t r i e s ,  m a t e r i a l  s  recove ry ,  pub1 i c  p o l  i c i e s  and f u t u r e  t r e n d s  
re1 a ted  t o  i n a t e r i a l  r e c l a m a t i o n  f rom junked automobi les ,  abandonment o f  
v e h i c l e s ,  p rocess ing  and recove ry  o f  f e r r o u s  and non- fe r rous  s c  r a p  a n d  
t h e  market  f o r  i t ,  and t h e  p rocess ing  o f  d e r e g i s t e r e d  automobi les.  

A s e c t i o n  i s  devoted t o  mode l i ng  t h e  d e r e g i s t r a t i o n  o r  s c r a p p a g e  o f  
au tomobi les .  H i s t o r i c a l  d a t a  f rom R.L. Po lk  and t h e  M V M A  i s  u s e d  t o  
de te rm ine  t h e  p r o b a b i l i t i e s  t h a t  c a r s  w i l l  be scrapped i n  each y e a r  o f  
t h e i r  l i f e .  These p r o b a b i l i t i e s  may be used w i t h  new a u t o  r e g i s t r a t i o n  
o r  sa les  d a t a  t o  p r e d i c t  t h e  number o f  c a r s  scrapped i n  a  ca lendar  yea r .  
It i s  shown t h a t  57.9% o f  t h e  new c a r s  o f  a n y  m o d e l  y e a r  w i  1 1  b e  
scrapped when t h e y  a r e  8 t o  12 y e a r s  o l d .  The mean 1  i f e  o f  a n  a u t o  i s  
9.8 yea rs ,  w i t h  a  s tandard  d e v i a t i o n  o f  3.6 yea rs .  
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ABSTRACT 

T h i s  paper p r o v i d e s  an i n t r o d u c t i o n  t o  t h e  h i s t o r y  and p o t e n t i a l  o f  t h e  
b e h a v i o r a l  t r a v e l  demand mode l ing  methodo log ies  t h a t  h a v e  b e e n  u n d e r  
d e v e l o p m e n t  i n  t h e  U.S. s i n c e  t h e  l a t e  1 9 6 0 s .  T h r e e  g e n e r a l  
methodc~l logical  s t r u c t u r e s  a r e  d e s c r i b e d  and c r i t i q u e d :  d i s a g g r e g a t e  
models, a t t i t u d i n a l  model s ,  a n d  h o u s e h o l d  b a s e d  s t r u c t u r e s .  T h e  
a t t r i b u t e s  and c a p a b i l i t i e s  o f  each a r e  l i s t e d ,  a n d  t h e  r e a s o n s  why 
t h e i r  i n i p lemen ta t i on  b y  t r a n s p o r t a t i o n  p l a n n e r s  h a s  b e e n  s l o w  a r e  
d i  scussled. Imp le inenta t ion  p r o b l  ems i n c l  u d e  o v e r s t a t e m e n t s  o f  t h e  
c a p a b i l  ii t i e s  o f  t h e  methods, i n s t i t u t i o n a l  re1  uc tance t o  change ,  a n d  a  
shift in^!] emphasis o f  p l a n n i n g  towards process  and away f r o m  a n a l y s i  s .  
The expe r ience  of t h e  New York S t a t e  Department o f  T ranspo r ta  t i o n  w i  t h  
t h e s e  new m e t h o d o l o g i e s ,  a n d  p r o s p e c t s  f o r  t h e i r  w i d e r  u s e  a r e  
discuss8t?d. Numerous r e f e r e n c e s  a r e  c i t e d  o n  t h e  o r i g i n s  o f  t h e  
methodol ogies.  
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ABSTRACT 

Several  methodo log ies  f o r  a n a l y z i n g  t h e  c o n s u m p t  i o n  o f  e n e r g y  i n  
t r a n s p o r t a t i o n  a r e  rev iewed.  The t y p e s  o f  d a t a  r e q u i r e d ,  e x a m p l  e s  o f  
t h e i r  use, and advantages and d isadvantages a r e  g i v e n  f o r  e a c h .  The 
i s s u e s  d e a l t  w i t h  a r e  aggregate  n a t i o n a l ,  s i t e - s p e c i f i c  l o c a l ,  a n d  
d e t a i l e d  l o c a l  i n  scope. The aggregate  s t a t i s t i c a l  approach d e s c  r i  b e s  
t h e  t o t a l  energy consumpt ion o f  t r a n s p o r t a t i o n  modes, i n c l u d i n g  veh i c  1  e  
manufac ture  and i n f r a s t r u c t u r e  c o n s t r u c t  i o n .  A g g r e g a t e  s i  mu 1  a t  i o n  
models, such as TECNET (79-020),  e s t i m a t e  t o t a l  energy use by each node, 
i n c l u d i n g  economic, demographic, and env i ronmenta l  cond i t i  o n s  . S i  t e -  
s p e c i f i c  t r a v e l  s i m u l a t i o n  models, such as UTPS, combine severa l  mode l  s  
t o  d e s c r i b e  t h e  f u e l  c o n s u m p t i  o n  o f  s p e c i f i e d  t r a n s i t  o r  h i g h w a y  
networks.  Methodologies u s e d  i n  c a s e  s t u d i e s  o f  1  a n d  u s e - e n e r g y  
ana lyses  de te rm ine  t h e  energy consumpt ion o f  t r a n s p o r t a  t i o n  a n d  u r b a n  
l a n d  use: t h rough  t h e  use o f  a c t i v i t y  a l l o c a t i o n  models t h a t  d e t e r m i n e  
t h e  impact  o f  t r a n s p o r t  systems on s p a t i a l  development; by t r a v e l  models 
t h a t  s i m u l a t e  f u t u r e  t r a v e l  by t h e  sequence o f  t r i p  g e n e r a t i o n ,  t r i p  
d i s t r i b u t i o n ,  modal s p l i t ,  and t r a f f i c  assignment; and b y  m o d e l  s  t h a t  
c a l c u l a t e  e n e r g y  c o n s u m p t i o n  b y  a1 t e r n a t i v e  m o d e s .  S i m u l a t i o n  
m e t h o d o l o g i e s  a r e  u s e d  t o  d e t e r m i n e  t h e  e n e r g y  c o n s u m p t i o n  o f  
h y p o t h e t i c a l  u rban forms. D e t a i l e d  a n a l y s i s  methodo log ies ,  such as t h e  
d r i v i n g  c y c l e  a p p r o a c h ,  s i m u l a t e  v e h i c l e ,  r o a d ,  a n d  o p e r a t i o n  
parameters.  T r a f f i c  s i m u l a t i o n s  t r a c e  t h e  t r a j e c t o r y  and o p e r a t i o n  o f  
v e h i c l e s  t h r o u g h  a  n e t w o r k .  T h e  s t a t i s t i c a l  r e g r e s s i o n  a p p r o a c h  
d e s c r i b e s  o p e r a t i n g  and maintenance c o s t s  o f  systems when f e w e r  o f  t h e  
p h y s i c a l  parameters a r e  known, as i n  t h e  d r i v i n g  c y c l e  approach. 



REFERENCE 

Demerj i a n ,  K.L., Ox idant  rnodel i ng s t a t u s ,  T r a n s p o r t a t i o n  Research Record 
670, pp. 1-5,  1978. 

KEYWORDS 

Model a~ssessment, a i r  p o l  l u t i o n l a i r  qual  i t y  

PERFORlJll NG ORGANIZATION 

U.S. Envi ronmental  P r o t e c t i o n  Agency 
Envi  r o r ~ n e n t a l  Sciences Research L a b o r a t o r y  
Research T r i a n g l e  Park ,  N.C. 

ABSTRACT 

T h i s  paper d e s c r i b e s  t h e  ongoing methodology o f  t h e  S t ,  Lou i s  R e g i o n a l  
A i r  P o l l l u t i o n  Study,  which i s  i n t e n d e d  t o  p r o v i d e  h i g h l y  r e s o l v e d  
s p a t i a l  and temporal  emiss ions  and ground m o n i t o r i n g  d a t a  f o r  u s e  i n  
model j ~ e r i f i c a t i o n  s tud ies .  The p l a n  i s  t o  s tudy  m a t h e m a t i c a l  m o d e l  s  
t h a t  aim1e r e a c t i v e  photochemical  a i r  qual  i t y  s imu l  a t i  o n  m o d e l  s  , w h i  c  h  
c o n s i d e r  hydrocarbons, carbon monoxide, n i t r i c  ox ide ,  n i t r o g e n  d i o x i  d e  , 
and ozone. Once v e r i f i e d  i n  t h e  St, L o u i s  study,  t h e s e  models cou l  d  b e  
used e'lsewhere. These models can p r o v i d e  a  b e t t e r  u n d e r s t a n d i n g  o f  
chemical  and p h y s i c a l  p r o p e r t i e s  assoc ia ted  w i t h  a i r  p o l l u t i o n ,  be u s e d  
t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  c u r r e n t  and f u t u r e  em i  s s i  o n  c o n t r o l  
r e g u l  a t i o n s  i n  a c h i e v i n g  ambient a i r  qual  i t y  s tandards ,  i d e n t  i f y  m a j o r  
sources  c o n t r i b u t i n g  t o  p o l l u t i o n ,  de termine a i r  q u a l  i t y  c o m p a c t s  o f  
a l t e r n a t i v e  p lans  f o r  t r a n s p o r t a t i o n  and l a n d  use, and e v a l u a t e  o p t i m u m  
s i t i n g  o f  i n s t r u m e n t  s t a t i o n s  f o r  a i r  qual i t y  m o n i t o r i n g  networks. The 
d i f f e r e n t  forms o f  t hese  models, a l l  l i m i t e d  t o  u r b a n  s c a l e s  a n d  a r e  
d e t e r m i n i s t i c  i n  n a t u r e  a r e :  t h r e e  d i m e n s i o n a l  g r i d  m o d e l  b a s e d  o n  
n u m e r i c a l  s o l u t i o n  o f  t h e  a t m o s p h e r i c  d i f f u s i o n  e q u a t i o n ;  t w o  
dimensional  g r i d  m o d e l  b a s e d  o n  t h e  s o l u t i o n  o f  t h e  v e r t i c a l l y  
i n t e g r a t e d  atmospher ic  d i f f u s i o n  equat ion ;  t r a j e c t o r y  model b a s e d  o n  a 
moving column o f  a i r  i n  which v e r t i c a l  d i f f u s i o n  and chemical  r e a c t i o n  
t a k e  p l a c e ;  a n d  s i n g l e  we1 1 - m i x e d  c e l l  w i t h  c o u p l e d  o r d i n a r y  
d i  f f e r l e n t i a l  equa t i ons  t h a t  i n c l u d e  emiss ion ,  a d v e c t i o n  , e n  t r a  i nmen t , 
d i  1  ut i lon,  and chemical r e a c t i o n s .  
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ABSTRACT 

The measurement o f  t h e  f u e l  economy  o f  a u t o m o b i l e s  b y  t h e  U.S. 
Envi ronmental  P r o t e c t i o n  Agency d i f f e r s  from a c t u a l  i n-use f u e l  economy 
as  observed b y  v a r i o u s  sources. T h i s  paper r e p o r t s  on t h e  c o n t i n u i n g  
e f f o r t  by t h e  U.S. Department o f  Energy and o t h e r s  t o  q u a n t i f y  t h i s  
d i f f e r e n c e ,  us ing  t h e  l a t e s t  data.  T h i s  paper updates t h e  work t h a t  was 
r e p o r t e d  i n  e a r l  i e r  papers, desc r i bed  under S-78-123 and S-79-371. 

Data were added f o r  t h e  1978 model yea r .  A  cova r iance  a n a l y s i s  was used 
t o  i d e n t i f y  v a r i a b i l i t y  among i n d i v i d u a l  da ta  sources; i t  was shown t h a t  
t h e  v a r i a t i o n  among sources was smal l  r e l a t i v e  t o  t h e  v a r i a t i  o n  w i  t h i  n  
sources and t h e  sources pooled by  model y e a r .  An u n w e i g h t e d  l i n e a r  
r e g r e s s i o n  i n  ga l  l o n s - p e r - m i l e  space was used t o  e v a l u a t e  t h e  impac t  o f  
t h e  EPA t o  on-road r e l a t i o n  on a t ta inmen t  o f  f u e l  economy s tandards  a n d  
p r o j e c t i o n  o f  f u e l  demand. The r e s u l t s  were compared t o  o t h e r  s t u d i e s  
and used t o  p r o j e c t  t h e  impact  on f u e l  demand. Some c o n c l  u s i  o n s  a r e :  
t h e  s i z e  o f  t h e  EPA t o  on-road f u e l  economy f o r  1974-78 model y e a r  c a r s  
ranges f rom about two mpg f o r  a  15 mpg r a t e d  ca r ,  up t o  about e i g h t  mpg 
f o r  a  27.5 mpg r a t e d  ca r ;  t h e  s h o r t f a l l  f o r  some EPA mpg r a t i n g s  h a s  
i nc reased  w i t h  t ime;  t h e  s a l e s - w e i g h t e d  a v e r a g e  mpg s h o r t f a l l  h a s  
i nc reased  ove r  t ime;  i n  1985 an EPA r a t e d  c a r  o f  27.5 mpg w i l  1  ac  h i  e v e  
19.2 mpg under p resen t  t echno log ies ;  and t h e r e  i s  l e s s  s h o r t f a l l  f o r  
d iese l -powered cars .  
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ABSTRACT' 

The T r a n ~ s p o r t a t i o n  Systems Center  m a i n t a i n s  a  d a t a b a s e  o n  1  i g h t - d u t y  
t r u c k s .  These r e p o r t s  d e s c r i b e  t h e  scope, d e f i n i t i o n ,  c o l l e c t i o n ,  a n d  
r e c o r d i n g  o f  da ta  on domest ic  and impor ted l i g h t - d u t y  t r u c k s  s o l d  i n  t h e  
U.S. d u r i n g  t h e  model yea rs  1955 th rough  1977. T h i s  t y p e  o f  v e h i c l  e  i s  
s a i d  t o  be i n  an e v o l u t i o n a r y  p e r i o d ,  i n  w h i c h  t h e  c h a r a c t e r ,  u s e ,  
p o p u l a t i o n ,  and market  p e n e t r a t i o n  have changed. 

I n f o r m a t i o n  i s  i n c l u d e d  i n  t h e  d a t a  base f o r  each model o f  t r u c k  t h a t  i s  
manufactured d o m e s t i c a l l y ,  i s  impor ted  and t h e  s a l e s  exceed 15,000 u n i t s  
annual 1 y ,  o r  i s  a  popul a r  model o f  i m p o r t  between 2,000 and 15,000 u n i t s  
s o l d  annua l l y .  Some 80 a t t r i b u t e s  a r e  used t o  d e s c r i b e  e a c h  m o d e l  , 
i n c l u d i n g  name, t r a n s m i s s i o n  type,  e n g i n e  s i z e ,  w h e e l b a s e ,  w e i g h t ,  
c a p a c i t y ,  f u e l  economy, performance, p r o d u c t i o n  volume, p r i c e ,  o p t i  o n  s  , 
and cos t  o f  op t i ons .  

Although1 t h e  d a t a  base and da ta  sources a r e  descr ibed,  t h e  r e p o r t s  d o  
n o t  d i s p l a y  any data .  The i n f o r m a t i o n  presented i s  p o t e n t i a l  l y  u s e f u l  
i n  b u i l d i n g  models r e l a t i n g  t o  l i g h t - d u t y  t r u c k s .  
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ABSTRACT 

T h i s  s tudy  d e a l s  w i t h  t h e  c o r p o r a t e  l e v e l  f i n a n c i a l  o p e r a t i o n s  o f  t h e  
domest ic  mo to r  v e h i c l e  companies. Background resea rch  i n  t o  f i n a n c  i a  1  
per formance was aimed a t  summing c o l l e c t i v e  pressures  f rom a  v a r i e t y  o f  
governmental sources t o  i l l u s t r a t e  how t h e s e  p r e s s u r e s  a r e  l i k e l y  t o  
i n t e r a c t  w i t h  normal c o n d i t i o n s  o f  b u s i n e s s  i n  a f f e c t i n g  f i n a n c i a l  
per formance.  The p r i m a r y  goal  s  o f  t h e  s tudy  were ( 1 )  t o  es ta  b l  i s  h  t h e ,  
a c t u a l  f i n a n c i a l  env i ronment  i n  wh ich  goverrment  r e g u l  a  t o r y  s p e n d  i n g  
t a k e s  p lace,  and t o  d e f i n e  some o f  t h e  ma jo r  l i m i t s  o n  t h i s  s y s t e m  i n  
o r d e r  t o  h e l p  assess t h e  c a p a b i l i t i e s  f o r  f u t u r e  c o r p o r a t e  s p e n d i n g  
programs; ( 2 )  t o  il l u s t r a t e  t h a t  r e g u l a t o r y  c o s t i n g  must  b e  p e r f o r m e d  
w i t h i n  t h i s  c o r p o r a t e  c o n t e x t  i f  i t  i s  t o  more f u l l y  measure c o s t s  a n d  
f i n a n c i a l  p ressures ;  ( 3 )  t o  su rvey  b r i e f l y  t h e  f i n a n c i a l  h i s t o r i e s  a n d  
r i s k s  o f  t hese  c o r p o r a t i o n s ;  a n d  ( 4 )  t o  s u r v e y  some o f  t h e  m o s t  
i m p o r t a n t  c o r p o r a t e - r e 1  a t e d  c o s t s  o f  r e g u l a t i o n ,  and t o  show t h a t  c o s t s  
can be absorbed o n l y  w i t h i n  bounds d e f i n e d  by f i n a n c i a l  performance a n d  
l e g a l  o r  accoun t i ng  r e a l i t i e s .  The a u t h o r s  i n d i c a t e  t h a t  t h i s  s t u d y  i s  
n o t  i n t e n d e d  t o  be an e n g i n e e r i n g  c o s t i n g  s u r v e y ,  t o  p r e d i c t  s a l e s ,  
market  per formance,  o r  c o m p e t i t i v e  d y n a m i c s ,  t o  b e  a n  i n v e s t m e n t  
a n a l y s i s ,  t o  p r e d i c t  a  company's a b i l i t y  t o  meet a  s p e c i f i c  r e g u l  a t o r y  
schedu le  n o r  t o  s tudy  p o l i c y  a l t e r n a t i v e s ,  n o r  i s  i t  i n t e n d e d  t o  
i n t r o d u c e  econometr ic  o r  computer model i n g  techn iques.  



S u b j e c t s  covered i n c l u d e :  i n t e r n a t i o n a l  i s s u e s  and w o r l d  markets;  s a l  e s  
f o r e c a s t s ;  c o s t i n g  and spending; processes a f f e c t e d  b y  new r e g u l  a t i  o n s  ; 
f i n a n c i a l  o p e r a t i o n s ,  goa l s  and capabi 1  i t i e s ;  e q u i t y  v a l u a t i o n  a n d  t h e  
c o s t  o f  c a p i t a l ;  sources  and uses o f  cash f l o w s ;  r a n g e  o f  f i n a n c i a l  
r i s k ;  p ro fonna a n a l y s i s ;  and i nc remen ta l  inves tment  c o s t  i n g .  I n  e a c h  
s u b j e c t  a r e a  a n  a n a l y s i s  i s  d o n e  o f  e a c h  o f  t h e  b i g  f o u r  U.S. 
automakers. 

I n  one s e c t i o n  a  computer s i m u l a t i o n  method i s  used t o  i 1  l u s t r a t e  t h e  
f u t u r e  range o f  f i n a n c i a l  r i s k  t h a t  may be  p o s s i b l e  f o r  t h e  au tomakers .  
.Th i s  i s  done by  p r o j e c t i n g  i n t o  t h e  f u t u r e  t h e  p r o b a b i l i t i e s  o f  e v e n t s  
t h a t  have a1 ready o c c u r r e d  under nornial bus iness  c o n d i t i o n s .  The 1  eve1 s  
o f  r i s k  a r e  shown  t o  i n c r e a s e  d i r e c t l y  w i t h  i n c r e a s e d  p r o d u c t  
development s p e n d i n g .  The  o u t p u t  o f  t h i  s  m e t h o d  i s  " f i n a n c i a l  
~ r e s s u r e , "  which r e q u i r e s  a  need f o r  e x t e r n a l  f und ing .  Each f u n d i n g  i s  
rep resen ted  b y  a  s e t  o f  a t t r i b u t e s ,  a p p r o x i m a t e l y  e q u i v a l e n t  t o  a  
b a l  ance sheet ,  t h a t  d e f i n e  t h e  "average" s t r u c t u r e  o f  bus iness  o v e r  t h e  
p a s t  ten1 years ,  removing t h e  behav io ra l  p ressures  f rom r e c e s  s i  o n s  a n d  
peak s a l e s  years .  C y c l i c a l  p ressures  a re  t h e n  d e f i n e d  i n  t h e  t h r e e  
m a j o r  c lasses  o f  i n p u t  v a r i a b l e s ,  sa les ,  p r o f i t s ,  and c a p i t a l  spend i n g  . 
These a r e  used t o  c a l  c u l a t e  c o r p o r a t e  per formance u n d e r  a  v a r i e t y  o f  
c o n d i t i o n s ,  a1 1  o f  which have e x i s t e d  i n  t h e  pas t .  The o u t p u t  t a k e s  t h e  
fo rm o f  p r o b a b i l i s t i c  mass f u n c t i o n s  o f  s imul  a ted  f i n a n c i a l  p ressures  i n  
t h e  peak, spending yea rs  f o r  v a r i o u s  l e v e l s  o f  c a p i t a l  spend ing b y  e a c h  
o f  t h e  c o m p a n i e s .  T h e  s p r e a d  o f  t h e  p r o b a b i l i t i e s ,  n o t  t h e i r  
c o n c e n t r a t i o n ,  i s  meant t o  i l l u s t r a t e  how l a r g e  a  r a n g e  o f  f i n a n c i a l  
c o n d i t i o n s  can be produced by p r e v i o u s l y  d e f i n e d  b u s i n e s s  c o n d i  t i  o n s ,  
and t h e r e f o r e ,  t h e  range o f  c o n t i n g e n c i e s  a  c o m p a n y  m u s t  b e  a b l  e  t o  
meet. The a n a l y s i s  shows t h a t  a l l  companies w i l l  exper ience i n c r e a s e d  
p ressu res  and c o u l d  be expected t o  seek some a d d i t i o n a l  e x t e r n a l  f u n d i n g  
d u r i n g  a  r e c e s s i o n  yea r ,  s i n c e  much o f  t h e i r  cash f l o w  w i l l  be d i r e c t e d  
toward  en fo rced  c a p i t a l  spendi ng. 

Another s e c t i o n  o f  t h e  r e p o r t  uses s a l e s  o f  new autos  a s  p r e d i c t e d  b y  
t h e  D R I  1  ong-term model. 
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ABSTRACT 

T h i s  d i s s e r t a t i o n  was w r i t t e n  by  an economist a t  t h e  N a t i o n a l  H i  g h w a y  
T r a f f i c  S a f e t y  A d m i n i s t r a t i o n .  I t  d e s c r i b e s  t h e  p r o c e s s  u s e d  i n  
d e t e r m i n i n g  t h e  f u e l  e c o n o m y  s t a n d a r d s  f o r  c a r s  b u i l t  b y  U.S. 
manu fac tu re rs  i n  model y e a r s  1981-84. The p r i n c i p l e s  o f  c o s t -  b e n e f  i t 
a n a l y s i s  a r e  descr ibed,  as a r e  She d e t e r m i n a t i o n  o f  t h e  maximum f e a s i b l e  
average f u e l  economy l e v e l s ,  a  microeconomic i m p a c t  a s s e s s m e n t ,  t h e  
dernand and t h e  p r i c e  e l a s t i c i t y  o f  demand f o r  new a u t o m o b i  1  e s ,  t h e  
impact  on  c a n p e t i t i o n  and i n d u s t r y  behav io r ,  c a p i t a l  e x p e n d i  t u r e s  a n d  
t h e i r  s e n s i t i v i t y ,  and a  macroeconomic assessment. It i s  concluded t h a t  
t h e  f u e l  economy s tandards  t h a t  were promul gated w i  11 h a v e  a  s a  1  u  t a  r y  
e f f e c t  on  t h e  i n d i v i d u a l  c a r  buyer  and on t h e  n a t i o n a l  e c o n o m y .  T h e  
f u e l  economy improvements w i l l  r e s u l t  i n  o p e r a t i n g  c o s t  sav ings,  and t h e  
magni tude o f  a d d i t i o n a l  m a n u f a c t u r e r  c a p i t a l  e x p e n d i t u r e s  w i  1 1  b e  
r e l a t i v e l y  sma l l .  
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ABSTRACT 

The "energy  c r i s i s "  has spawned a l a r g e  n u m b e r  o f  p o l  i c y  a n a l y s i s  
models. T h i s  paper out1  i n e s  t h e  t y p e s  o f  model a n a l y s i s  and assessment  
a c t i v i t i e s .  M o d e l s  ( a  l a r g e  v a r i e t y  a r e  u s e d  a s  e x a m p l e s )  a r e  
c l a s s i f i e d  accord ing t o  t h e  methodology used on t h e  demand a n d  s u p p l y  
s i d e s :  account ing ,  econometr ic ,  e x o g e n o u s ,  o p t i m i z a t i o n ,  p r o c e s s  
r e p r e s e n t a t i o n ,  and system dynamics. Two k i n d s  o f  mode 1 a n a l  y s i  s a r e  
desc r ibed :  t hose  f o c u s i n g  on t h e  model and those f o c u s i  n g  o n  p o l  i c y  
i s s u e s  a~nd uses o f  t h e  model. A taxonomy i s  desc r ibed  i n w h i c h  t h o s e  
i nvolvecl i n  model a n a l y s i s  may be model developers,  users,  a n a l y s t s  , o r  
a mixed group. Analyses may be " n a t u r a l  ," as p a r t  o f  ongoing work; " a d  
hoc," as when a p r o j e c t  i s  o rgan ized e x p r e s s l y  f o r  t h e  p u r p o s e ;  o r  
" i n s t i t u t i o n a l i z e d , "  when a n a l y t i c  a c t i v i t y  i s e s t a b l  i s h e d  o n  a 
c o n t i n u i n g  bas i s .  Model deve lopers  work on model c r e a t i o n ,  i n  model i n g  
qroups a~nd workshops, and on own-model assessment and standards.  Mod e l  
users  may engage i n  ongoing s t a f f  w o r k ,  c o n s u l t a n t ' s  r e p o r t s ,  a n d  
ongoing rev iew.  T h i r d - p a r t y  a n a l y s t s  may engage i n  s p o n t a n e o u s  p e e r  
r e v i e w  a~nd d i s s e r t a t i o n s ,  o r g a n i z e d  r e v i e w ,  a n d  m o d e l  a s s e s s m e n t  
l a b o r a t o r i e s .  J o i n t  e f f o r t s  i n c l u d e  work i n  t h e  marke tp lace  o f  i d e a s ,  
meet ings,  and ongoing forums. Exarnples a r e  g i v e n  o f  each t y p e  o f  w o r k .  
Independent assessment i n c l u d e s  t h e  t a s k s  o f  v e r i f i c a t i o n ,  v a l  i d a t  i o n ,  
and assessment o f  u s a b i l  i t y  and documentation. An exper iment i n m o d e l  
assessment i s  descr ibed,  o f  t h e  Baughman-Joskow R e g i o n a l  E l  e c t r i c i  t y  
Model . 
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ABSTRACT 

A m a j o r  s t u d y  was conducted whose goal was t o  d e s c r i b e  t h e  a g g r e g a t e  
p r i c e  e l a s t i c i t y  o f  demand i m p l i c i t  i n  energy demand models. An E n e r g y  
Model ing  Forum work ing group conducted e x p e r i m e n t s  w i t h  1 6  d e t a i l e d  
models o f  t h e  energy  s e c t o r  ( s o m e  w i t h  t r a n s p o r t a t i o n  s e c t o r s ) ,  
deve lop ing  c o n s i s t e n t  e s t i m a t e s  o f  15-, 25-, and 35-year e n e r g y  demand 
e l a s t i c i t i e s  i m p l i c i t  i n  e a c h .  T h e  c o m p a r i s o n  o f  r e s u l t s  i s  
d e s c r i p t i v e ;  t h e r e  i s  no a t tempt  t o  produce a s i n g l e  b e s t  e s t i m a t e .  
S ince  energy i n c l  udes a number o f  heterogenous commodi t i e s ,  each w i  t h a 
separa te  p r i c e ,  p r i c e s  and q u a n t i t i e s  must be aggregated t o  c a l c u l a t e  a 
s i n g l e  e l a s t i c i t y .  Several  a l t e r n a t i v e  indexes f o r  a g g r e g a t i o n  w e r e  
examined: Paasche, Laspeyres, T o r n q u i s t ,  and Btu-weighted.  Pr imary  and 
secondary p o i n t s  o f  measurement were compared. E l a s t i c i t i e s  were f o u n d  
t o  v a r y  s i g n i f i c a n t l y  ac ross  s e c t o r s ,  among models, and among a s s u m e d  
p o l i c y  regimes. Recommendations f o r  model d e v e l o p m e n t  s t a n d a r d s  a r e  
made. Energy system m o d e l s  c o m p a r e d  i n c l u d e  P IESIMEFS ( 7 5 - 0 0 4 ) ,  
L i v e m o r e  Energy P o l i c y  Model (78-462), Pindyck m o d e l ,  G r i f f i n  OECD, 
FOSSIL1, and Baughman-Joskow Regional  i z e d  E l  e c t r i c i  t y  M o d e l  (REM) , 
Energy-economy models i n c l u d e  ETA-MACRO, BESOM ( 7 8 - 3 7 8 )  a n d  H u d s o n -  
Jorgenson (LITM) (77-242),  and t h e  P a r i k h  Wel fare  E q u i  1 i b r i  um M o d e l  . 
Sec to ra l  models s t u d i e d  i n c l u d e  t h e  O R N L - H i r s t  R e s i d e n t i a l  M o d e l ,  
Jackson Commercial Model , Sweeney T ranspor t  a t  i o n  M o d e l  ( 7  5 - 0 0 4 A  a n d  
79-254), F a u c e t t  A u t o m o b i l e  S e c t o r  F o r e c a s t i n g  M o d e l  ( 7 6 - 0 1 6 ) ,  
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ABSTRACT 

The a c t i v i t i e s  o f  t h e  N a t i o n a l  Highway T r a f f i c  S a f e t y  Admi n i s t r a t i o n  i n  
t h e  f u e l  economy program d u r i n g  1979 a r e  rev iewed.  T h e y  i n c l  u d e  t h e  
f o l l o w i n g :  r e - e v a l u a t i o n  and c o n f i r m a t i o n  o f  t h e  1 9 8 1 - 8 4  a u t o m o b i  1 e  
f u e l  economy s tandards ;  s tanda rds  f o r  1981 m o d e l  y e a r  1  i g h t  t r u c k s ;  
recommending t h a t  a u t o  m a n u f a c t u r e r s  p r o d u c i n g  f e w e r  t h a n  1 0 , 0 0 0  
v e h i c l e s  p e r  y e a r  be exempt f rom t h e  s tandards ;  recommendi n g  t h a t  t h e  
a p p l i c a t i o n  o f  c r e d i t s  t oward  r e d u c i n g  p e n a l t i e s  t h a t  w e r e  e a r n e d  f o r  
exceed ing s tandards  be extended f rom one t o  t h r e e  y e a r s  ; r e c o m m e n d  i n g  
t h a t  manu fac tu re rs  whose U.S. p r o d u c t i o n  o f  a u t o s  b e g a n  a f t e r  t h e  
s tanda rds  1  aw i n  1975 be a1 lowed t o  average t h e i r  d o m e s t i c a l l y  p r o d u c e d  
c a r s  t h a t  have 75% U.S. c o n t e n t  w i t h  t h e i r  f o r e i g n - p r o d u c e d  a u t o s ,  t o  
a v o i d  i n a d v e r t e n t l y  d i s c o u r a g i n g  f o r e i g n  manu fac tu re rs  f rom u s i  n g  h i  g  h  
U.S. c o n t e n t  i n  t h e  v e h i c l e s  t h e y  produce i n  t h e  U.S.  An a u t o m o t i v e  
f u e l  economy con fe rence  was sponsored. T h e  C o o p e r a t i v e  A u t o m o t i v e  
Research Program was begun t o  s u p p o r t  b a s i c  r e s e a r c h .  F u e l  e c o n o m y  
improvement beyond 1985 was s tud ied .  

E a r l i e r  annual r e p o r t s  on t h e  a u t o m o t i v e  f u e l  economy  p r o g r a m  a r e  
d e s c r i b e d  under:  S-77-139, S-78-140, and S-79-141. 
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ABSTRAC 1; 

T h i s  r e p o r t  i s  t h e  proceed ings  o f  a w o r k s h o p  o n  t h e  v a l i d a t i o n  a n d  
assessmc?nt i s s u e s  o f  energy  models, h e l d  a t  t h e  N a t i o n a l  B u r e a u  o f  
Standards, Ga i the rsbu rg ,  Md., January  10-11, 1979. T h e  w o r k s  h o p  was 
des igned t o  be a forum i n  which t h e  t h e o r e t i c a l  and a p p l i e d  s t a t e - o f -  
t h e - a r t  o f  v a l i d a t i o n  and assessment, w i t h  emphasis on e n e r g y  m o d e l  s , 
c o u l d  ble d iscussed.  Some t w e n t y - n i n e  papers  a r e  p r e s e n t e d  i n  t h e s e  
proceediings. Some o f  t h e  t o p i c s  d i scussed  a r e  taxonomy and s t r u c t u r e  o f  
assessment and v a l  i d a t i o n ,  t h e  re1  a t i o n s h i  p between model assessment and 
p o l  i c y  resea rch ,  independent  t h i  r d - p a r t y  model assessment, i m p r o v e m e n t  
o f  t h e  mode l ing  process,  model e v a l u a t i o n  methods, a n d  a s s e s s m e n t  o f  
s p e c i f i c  models. Some o f  t h e  m o d e l s  d i s c u s s e d  a r e  t h e  S t r a t e g i c  
Envi  rortmental Assessment System (SEAS), P r o j e c t  Independence Eva1 ua t i o n  
System (PIES) (75-004),  Midterm Energy F o r e c a s t i n g  System ( S - 7 8 - 4 1 9 )  , 
and SRI-Gul f Energy Model (73-261).  
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ABSTRACT 

The workshop examined t h e  prob lem o f  how t o  improve t h e  use and u t i  1 i t y  
of l a r g e - s c a l e  mathemat ica l  models i n  t h e  f e d e r a l  g o v e r n m e n t .  T h i  s 
volume p resen ts  t h e  papers and much o f  t h e  d i s c u s s i o n  t h a t  t o o k  p l a c e  a t  
t h e  w o r k s h o p  a n d  a summary  o f  d i r e c t i o n s  f o r  n e e d e d  r e s e a r c h .  
P a r t i c i p a n t s  i n c l u d e d :  A.J. Goldman, S.I. Gass, G.D. Brewer, G .  Fromm, 
S. Bonder, D. Meadows, D. Maxim, A. Pugh, R. Larson,  J.M. Chaiken,  J .  
B a r r e t t  , Harvey Greenberg d i  scuss i  ng t h e  Federa l  Energy Admi n i s t  r a t  i o n  
expe r ience  w i t h  t h e  P r o j e c t  Independence Eva1 u a t i  o n  S y s t e m  ( 7 5  - 0 0 4 )  , 
Dav id  Kresge on t h e  E l e c t r i c  Power Research I n s t i  t u t e / N a t i o n a l  Bureau o f  
Economi c Research Energy Model Assessment P r o j e c t ,  W i  11 iam Hogan on t h e  
Energy Model i n g  Forum, B. C r i ssey ,  J. Mu1 vey, and S. D i ckhoven .  A1 s o  
i n c l u d e d  a r e  a b i b 1  i og raphy  on model assessment, t h e  workshop p r o g r a m ,  
and a 1 i s t  o f  a t tendees.  
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ABSTRACT 

The purpose o f  t h e  1977 Na t i onw ide  Personal  T r a n s p o r t a t i o n  Study was t o  
address t h e  f u l l  range o f  t r i p s  and t r a v e l  i n  t h e  U n i t e d  S t a t e s ,  a1  o n g  
w i t h  t h e  r e l a t e d  s o c i a l  and economic c h a r a c t e r i s t i c s  o f  t h e  t r i p m a k e r .  
1nformal;ion was c o l l e c t e d  f rom households on a l l  t r i p s  t a k e n  d u r i n g  a  
des igna ted  24-hour p e r i o d ,  and some a d d i t i o n a l  d e t a i l  was c o l  1  e c  t e d  o n  
a l l  t r i p s  o f  75 mi les-or -more  d u r i n g  t h e  p r e c e d i n g  1 4 - d a y  p e r i o d .  
1nformat; ion was c o l l e c t e d  o n  t h e  u s e  a n d  a v a i l a b i l i t y  o f  p u b l i c  
t r a n s p o r t a t i o n  f a c i l i t i e s ,  t y p e s  o f  m o t o r i z e d  v e h i c l e s  a v a i l  a b l e  t o  t h e  
household,  c h a r a c t e r i s t i c s  o f  t h e  t r i p s  taken ,  i n c l u d i n g  mode, p u r p o s e ,  
m i l e s  t r a v e l e d ,  t i m e  r e q u i r e d ,  and persons o n  t h e  t r i p .  One o f  t h e  
un ique f e a t u r e s  was t h e  a t t e m p t  t o  e s t i m a t e  t h e  a m o u n t  o f  t r a v e l  i n  
urban and r u r a l  a reas  b y  t h e  use o f  mapping d u r i n g  t h e  home i n t e r v i e w .  
The s t u d y  was c o n d u c t e d  b y  t h e  B u r e a u  o f  t h e  C e n s u s  u n d e r  t h e  
sponso rsh ip  o f  t h e  Department o f  T r a n s p o r t a t i o n .  It was a  p a r t  o f  t h e  
expanded scope o f  t h e  N a t i o n a l  T rave l  Program,  w h i  c  h  i s  p a r t  o f  t h e  
Census o f  T r a n s p o r t a t i o n .  T h i s  census i s  conducted eve ry  f i v e  y e a r s  b y  
t h e  Census Bureau and i n c l u d e s  t h e  N a t i o n a l  T rave l  Survey. 

The use r  g u i d e  p resen ts  i n f o r m a t i o n  on t h e  s tudy ,  designed t o  update t h e  
e a r l i e r  s tudy  done i n  1969. It d e s c r i b e s  t h e  background, scope, purpose 
o f  t h e  s tudy ,  i n f o r m a t i o n  on t h e  sampl ing methods, and c o l  l e c t i o n  a n d  
p rocess ing  procedures;  d e s c r i b e s  t h e  e s t i m a t i n g  p r o c e d u r e s  u s e d  t o  
c r e a t e  weighted data ;  and i n c l u d e s  documenta t ion  o f  each  o f  t h e  e i g h t  



t a p e  f i l e s  made a v a i l a b l e  on t h e  p u b l i c  use tape.  I n  a d d i t i o n ,  recod ing  
and t r i p l i n k i n g  procedures f o r  use i n  recod ing  o f  t h e  1 9 7 7  s t u d y  t r i p  
purposes f o r  c o m p a r a b i l i t y  w i t h  t h e  1969 t r i p  purposes and f o r  p r e p a r i n g  
d a t a  summaries f o r  t h e  t w o  p e r i o d s  a r e  a1 s o  i n c l  u d e d .  The  g u i d e  
i n c l u d e s  a  g l o s s a r y  o f  t e c h n i c a l  terms, cop ies  o f  t h e  q u e s t i o n n a i r e ,  and 
an o r d e r  fo rm w i t h  d e s c r i p t i o n  a n d  p r i c e  o f  t h e  p u b l i c  u s e  t a p e s .  
[ A u t h o r ' s  i n t r o d u c t i o n  m o d i f i e d ]  

The r e p o r t s  t h a t  were planned f o r  p u b l i c a t i o n  on t h e  1977 NPTS cover  t h e  
s u b j e c t s  o f  l i c e n s e d  d r i v e r s ,  p r i v a t e  v e h i c l e  o w n e r s h i p  a n d  p h y s i c a l  
c h a r a c t e r i s t i c s ,  purpose o f  t r i p s  and t r a v e l ,  h o m e - t o - w o r k  t r i  p s  a n d  
t r a v e l ,  v e h i c l e  occupancy, v e h i c l e  u t i l i z a t i o n ,  t r a v e l  a n d  t h e  f a m i l y  
1  i f e  c y c l e ,  mu1 t i - o c c u p a n t  v e h i c l e  t rave l - -pub1  i c  and p r i v a t e ,  r u r a l  vs. 
urban t r a v e l ,  mapping as a  t r a v e l  d a t a  c o l l e c t i o n  t e c h n i q u e ,  s u r v e y  
d e s c r i p t i o n  and t a b l e s  o f  va r iance ,  d i s c r e t i o n a r y  t r a v e l ,  h o u s e h o l d  
t r a v e l  r a t e s ,  and p e r s o n - t r i p  c h a r a c t e r i s t i c s .  The r e p o r t  on 1 i c e n s e d  
d r i v e r s  shows t h e i r  d i s t r i b u t i o n  b y  p l a c e  o f  r e s i d e n c e ,  n u m b e r  o f  
household d r i v e r s ,  number o f  household v e h i c l e s ,  and household income. 
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ABSTRAC 'T 

The Aut.omotive C h a r a c t e r i s t i c s  Data B a s e  ( ACDB) was  c r e a t e d  o n  t h e  
T ranspo l r t a t i on  Systems Center  c o m p u t e r  s y s t e m  i n  o r d e r  t o  s u p p o r t  
s tud ies ,  r e q u i r i n g  qu i ck  r e s p o n s e s ,  t h e  o n - g o i n g  A u t o m o t i v e  E n e r g y  
E f f i c i e n c y  Program, and t h e  Vol u n t a r y  Fuel Economy M o n i t o r i n g  P r o g r a m ,  
It may p o t e n t i a l l y  be used t o  suppor t  mode l ing  a c t i v i t i e s .  216 v e h i c l e s  
i n  t h e  I 9 7 5  new c a r  f l e e t  were desc r i bed  by 50 a t t r i b u t e s ,  i n c l u d i n g  
f u e l  ec:onomy performance,  acce l  e r a t i o n  per formance,  emi ss ions  c o n t r o l  s  
and l e v e l s ,  eng ine  and d r i v e t r a i n  c h a r a c t e r i s t i c s ,  i n t e r i o r  and e x t e r i o r  
d imensions,  p r i c e ,  and p r o d u c t i o n  o f  models and v e h i c l e  c o n f i g u r a t i o n s .  
Some o f  t h e  uses t o  which t h e  d a t a  base has been p u t  a r e :  a n a l y s i s  o f  
domest ic  vs. i m p o r t  v e h i c l e  f u e l  economies f o r  t h e  Senate Commi t t e e  o n  
Commerc:e and t h e  House J o i n t  Commi t t e e  on I n t e r n a  1  R e v e n u e  T a x a t  i o n ;  
f u e l  c!conomy b y  p r o d u c t i o n  q u a r t e r  f o r  t h e  F e d e r a l  E n e r g y  
Adminis1;ration; and v a r i o u s  o t h e r  s t u d i e s  f o r  t h e  D e p a r t m e n t  o f  
T r a n s p o r t a t i o n ,  Energy Research and Development A d m i n i s t r a t i o n ,  and t h e  
Mo to r  V e h i c l e  Goals Beyond 1980 Study P a n e l s  o n  A u t o m o t i v e  D e s i g n ,  
Marke t i ng  and M o b i l i t y ,  Automot ive  Manu fac tu r i ng ,  and Ma i n t e n a n c e  a n d  
Sa fe ty .  

The r e p o r t  p r e s e n t s  c r o s s t a b u l  a t i o n s ,  h i s tog rams ,  p l o t s ,  and r e g r e s  s i  o n  
ana lyses  f o r  a  l a r g e  v a r i e t y  o f  c h a r a c t e r i s t i c s ,  a1  1  p r o d u c e d  b y  t h e  
d a t a  ba:!;e system. A  u s e r ' s  g u i d e  t o  t h e  system i s  a l s o  i nc luded .  
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ABSTRACT 

T h i s  i s  t h e  Energy I n f o r m a t i o n  A d m i n i s t r a t i o n ' s  t h i  r d  a n n u a l  r e p o r t .  
Volume One: A c t i v i t i e s ,  c o n t a i n s  d e s c r i p t i o n s  o f  t h e  a g e n c y ' s  e n e r g y  
d a t a  o p e r a t i o n s  , energy systems suppor t ,  energy i n f o r m a t i o n  v a l  i d a t  i o n , 
program development, appl  i e d  a n a l y s i s ,  energy i n f o r m a t i o n  s e r v i c e s ,  a n d  
~l anning and management a c t i v i t i e s ,  The agency ' s  o r g a n i z a t i o n ;  e n e r g y  
d a t a  g a t h e r i n g  forms;  s t a t i s t i c a l  pub1 i c a t i o n s ;  a n a l y s i s ,  t e c h n i c a l ,  and 
model documenta t ion  r e p o r t s ;  and i t s  models a r e  l i s t e d .  

Volume Two: Data,  p r o v i d e s  an encyc loped ic  c o m p i l a t i o n  o f  q u a n t i f i a b l e  
d a t a  on energy  use i nc l  ud ing  pet ro leum,  n a t u r a l  gas, e l e c t r i c  i t y  , c o a l  
n u c l e a r  power, and s o l a r  and geothermal  energy.  An e x t e n s i v e  s u b j e c t  
i n d e x  p r o v i d e s  access t o  t h e  200 pages o f  t a b l e s  and c h a r t s .  

Volume Three:  P r o j e c t i o n s ,  d i scusses  t h e  E I A ' s  i n t e r n a t i o n a l  e n e r g y  
assessment, s h o r t - t e r m  energy supp ly  and demand ( 1 9 8 0 - 8 1 ) ,  m i d - t e r m  
(1985-1995), and l ong - te rm (2000-2030). 

Among t h e  59 models used f o r  p r o j e c t i o n s  a r e  t h e :  T r a n s p o r t a t i o n  S e c t o r  
Model, DOE/Faucett Automobi  1 e S e c t o r  M o d e l  ( 7 6 - 0 1 6 )  , S t a t e  L e v e l  
T r a n s p o r t a t i o n  Energy Demand Model (78-263),  L i g h t  D u t y  V e h i  c l  e F u e l  
Consumption Model (79-368),  Mid- te rm Ener y F o r e c a s t i n g  System (78-419),  
Dynamic General E q u i l  i b r i u m  Model (78-243 4 , Long- te rn  E n e r g y  A n a l  y s i  s  
Program (77-286) ,  Reg iona l  Emiss ion  P r o j e c t i o n  System (79-644) , and t h e  
Shor t - t e rm I n t e g r a t e d  F o r e c a s t i n g  System (79-418).  

Sho r t  b o o k l e t s  c o n t a i n i n g  synopses o f  t h e  r e p o r t  a r e  a l s o  p rov ided .  
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ABSTRACT 

T h i s  a r t i c l e  i d e n t i f i e s  d i f f e r e n t  f a c t o r s  i n f l  uenc ing  t h e  f o r e c a s t i n g  o f  
au tomob i l e  demand. Long-run and s h o r t - r u n  f o r e c a s t  i ng  p r o b l  ems a r e  
examined. Long-run f o r e c a s t i n g  aspec ts  d i scussed  i n c l  u d e  i n c  r e a s i  n g  
GNP, aut;omobile scrappage r a t e ,  d i s c r e t i o n a r y  i n c o m e ,  d e s i r e d  s t o c k  
ad jus tm~ent ,  and t h e  e f f e c t s  o f  income d i s t r i b u t i o n ,  e d u c a t i o n  l e v e l ,  
r e s i d e n t i a l  l o c a t i o n ,  and t e c h n o 1  o g i c a l  a n d  p r o d u c t  d e v e l  o p m e n t  s. 
Sho r t - run  f o r e c a s t i n g  aspects  d i scussed  i n c l u d e  bus iness  recess ions  t h a t  
t e n d  t o  i nduce  a  sharp  postponement o f  t r a d i n g  f o r  new c a r s  a n d  t h a t  
depress a u t o  s a l e s  w i t h  a  l a g ,  u s e d  c a r  s t o c k s  t h a t  s e r v e  a s  a n  
i n d i c a t o r ,  seasonal s a l e s  v a r i a t i o n s ,  surveys  t h a t  measure buyer  i n t e n t ,  
t r e n d s  i n  f l e e t  purchas ing ,  s a l e s  s t i m u l u s  o f  a1 1-new models, and c r e d i t  
t e r m  changes. 

F o r e c a s t i n g  methodology i s d iscussed.  S t a t i s t i c a l  methods a r e  sa  i d t o  
o f f e r  i n c r e a s i n g  advantages, b u t  a r e  1  i m i  t e d  i n  m o d e l  i n g  t h e  f u l  1  
conip lex. i ty  o f  au tomob i l e  demand. F o r e c a s t i n g  o f t e n  1  a g s  b e h i n d  i n  
r e s u l t s  d u r i n g  fas t -mov ing pe r iods  o f  t h e  market .  Model r e s u l t s  o f  Chow 
(S-57-41.3) and S u i t s  (58-033) a r e  o f f e r e d  as evidence.  The judgment  o f  
a  seasoned a n a l y s t  i s  deemed as a  c o n t i n u o u s l y  v a l u a b l e  i n g r e d i e n t  i n  
t h e  f o r e c a s t i n g  process.  
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ABSTRACT 

T h i s  s tudy  r e p r e s e n t e d  an i n t e n s i v e  e f f o r t  f r o m  t h e  p e r s p e c t i v e  o f  
energy  p o l i c y  a n a l y s i s  t o  r e v i e w  e x i s t i n g  models and f o r e c a s t s  developed 
o r  used b y  government agenc ies ,  approaches u s e d  b y  e l  e c t r i c  a n d  g a s  
u t i l i t i e s ,  m a j o r  p o l i c y  i s s u e s  f a c i n g  t h e  Commonwealth o f  P e n n s y l v a n i a  , 
and m a j o r  energy  d a t a  sources r e l e v a n t  t o  t h e  d e v e l  o p m e n t  o f  p o l  i c y -  
o r i e n t e d  models and f o r e c a s t s .  A range o f  supplyldemand f o r e c a s t s  w e r e  
syn thes i zed ,  and a  mode l ing  approach f o r  Pennsy lvan ia  was de f i ned .  

The w o r k i n g  paper on t r a n s p o r t a t i o n  energy  demand m o d e l  s  i n c l  u d e s :  a  
d i s c u s s i o n  o f  t h e  mode l ing  process;  a  1  i s t  o f  t h e  f a c t o r s  i n f l  u e n c i  n g  
t r a n s p o r t a t i o n  f u e l  consumpt ion (economic, demographic, t r a n s p o r t a t i o n ) ;  
a  l i s t  o f  35 d a t a  s e r i e s  d e f i n i t i o n s ,  t h e i r  sources,  and t h e i r  c o v e r a g e  
( U . S .  o r  b y  s t a t e ) ;  a  d i s c u s s i o n  o f  p r o b l e m s  r e l a t e d  t o  d a t a  
a v a i l a b i l i t y  and q u a l i t y ;  a  l i s t  o f  b r o a d  c o v e r a g e  d a t a  s o u r c e s ;  a  
d i s c u s s i o n  o f  some m a j o r  mode l i ng  i ssues; and a  compar ison o f  e s t i m a t e d  
gas01 i n e  p r i c e  e l a s t i c i t i e s  f rom 13  mode l ing  e f f o r t s .  T h i s  i n fo rma  t i o n  
would be p o t e n t i a l l y  u s e f u l  t o a  model b u i l d e r .  A l s o  i n c l u d e d  a r e  
a b s t r a c t s  o f  models: L i g h t - D u t y  V e h i c l e  Fuel  Consumption Model (78-368),  
S ta te -Leve l  T r a n s p o r t a t i o n  E n e r g y  Demand M o d e l  ( 7 8 - 2 6 3 ) ,  F a u c e t t  
Automobi le  S e c t o r  F o r e c a s t i n g  Model (76-016),  and E n e r g y  I n f o r m a t  i o n  
A d m i n i s t r a t i o n  T r a n s p o r t a t i o n  S e c t o r  M o d e l  a n d  S h o r t - T e r m  Ga s o l  i n e  
Consumption Model (78-336).  
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ABSTRACT 

T h i s  r e p o r t  i s  a  broad summary o f  t h e  U.S. au tomot i ve  i n d u s t r y  a n d  i t s  
r e l a t i o r ~ s h i p  t o  i n t e r n a t i o n a l  and f e d e r a l  r e g u l a t o r y  impacts ,  as  o f  l a t e  
1976. It i n c l u d e s  an i n t r o d u c t i o n  t o  t h e  i n d u s t r y  and i t s  o p e r a t i o n ,  a  
d i s c u s s i o n  o f  t h e  i m p a c t  o f  s a f e t y ,  e n v i r o n m e n t a l ,  a n d  e n e r g y  
r e g u l a t i o n s  on t h e  au to  i n d u s t r y  t h r o u g h  t h e  y e a r  1985, and a  d i s c u s s i o n  
o f  i rnpor ts  o f  p a r t s  and canponents f rom expanding au tomot i ve  i n d u s t  r i e  s  
o u t s i d e  o f  t h e  U.S. and Canada. S p e c i f i c  s u b j e c t s  covered i n c l u d e :  t h e  
r o l e  o f  t h e  mo to r  v e h i c l e  i n  U.S. t r a n s p o r t a t i o n ,  t h e  r o l e  o f  t h e  m o t o r  
v e h i c l e  i n  t h e  U.S. economy, t h e  s t r u c t u r e  o f  t h e  i n d u s t r y ,  g o v e r n m e n t  
r e g u l a t i o n s ,  t e c h n o l o g i c a l  f a c t o r s ,  a 1  t e r n a t e  m a t e r i a l  s  a n d  f u e l  s ,  
p roduc t  d e v e l  o p m e n t ,  c o n s u m e r  demand  f o r  a u t o m o b i l e s ,  c a p i t a l  
requ i ren len ts  o f  t h e  au to  manu fac tu re rs  and t h e i r  sources o f  f i n a n c e ,  and 
i n t e r n a t i o n a l  t r a d e  e f f e c t s  and imp1 i c a t i o n s .  M a t e r i a l  i n  t h i  s  r e p 0  r t  
was drawn f rom a  v a r i e t y  o f  f e d e r a l  and i n d u s t r y  sources.  
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ABSTRACT 

The TERA, Greene, and Loebl  (1979) r e p o r t  i s  based, i n  p a r t ,  on  t h e  work 
by  Gezen and Khan ( 1 9 7 7 )  a n d  b y  G e z e n ,  K h a n ,  a n d  M e l l e n  ( 1 9 7 7 ) .  
Summaries o f  each o f  t h e s e  a r e  presented below. These r e p o r t s  i n d i  c a t e  
t h e  problems i n h e r e n t  i n  v e h i c l e  m i l e s  t r a v e l e d  (VMT)  d a t a  a n d  t h e  
methods o f  VMT d a t a  e s t i m a t i o n .  The s tudy by  TERA, G r e e n e ,  a n d  L o e b l  
(1979) i s  a  r e v i e w  o f  c u r r e n t  s t a t i s t i c s  on v e h i c l e  m i l e s  o f  t r a v e l  i n  
t h e  U n i t e d  S t a t e s  and i t  i d e n t i f i e s  and e v a l u a t e s  s o u r c e s  o f  n a t i o n a l  
VMT d a t a  f o r  highway, r a i l ,  and a i r  t r a v e l .  From a v a i l a b l e  i n f o r m a t i o n ,  
VMT s t a t i s t i c s  by  fo rm o f  t r a v e l  have been compi led  f o r  1975. V e h i c l e  
l i f e t i m e  VMT i s  es t ima ted  s e p a r a t e l y  f o r  passenger c a r s  and t r u c k s .  

A survey o f  s t a t e  p r a c t i c e s  i n  e s t i m a t i n g  VMT shows t h a t  s t a t e s  use o n e  
o f  t h r e e  methods: ( 1 )  t h e  f u e l  consumption m e t h o d ;  ( 2 )  t h e  t r a f f i c  



coun t  method; o r  ( 3 )  a  comb ina t i on  o f  t h e  two. An a n a l y s i s  o f  s t a t e  VMT 
s t a t i s t . i c s  i n d i c a t e s  a  s u r p r i s i n g  degree o f  c o n s i s t e n c y  among t h e  t h r e e  
methods d e s p i t e  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  v a r i a b i l  i t y  o f  t h e  
e s t i m a t e s  produced by t h e  t h r e e  methods. [Au tho rs '  a b s t r a c t  m o d i f i e d ]  

The r e p o r t  b y  Gezen, Khan, and M e l l e n  (1977) examines l i f e t i m e  v e h i c l  e  
m i l e s  o f  t r a v e l  (LVMT) and documents c u r r e n t  m e t h o d o l o g i e s  u s e d  b y  
s t a t e s  it0 e s t i m a t e  aggregate  v e h i c l e  m i l  es t r a v e l  ed (VMT) . A p p r o a c h e s  
t o  e s t i m a t i n g  c a r  and t r u c k  LVMT a r e  d e v e l o p e d  a n d  t h e  r e s u l t s  a r e  
p resen ted  f o r  t h e  y e a r s  1967 t o  1976. Over t h e  p e r i o d  t h e  average LVMT 
f o r  t r u c k s  was app rox ima te l y  125,000 m i l e s .  F o r  ca rs ,  t h e  average LVMT 
was a p p r o x i m a t e l y  95,000 m i l e s .  A v e r a g e  r e t i r e m e n t  a g e s  a r e  a1 s o  
presented.  

I n  thc t  s e c o n d  h a l f  o f  t h e  d o c u m e n t ,  t h e  a u t h o r s  d e s c r i b e  t h e  
methodo log ies  used by t h e  f i f t y  s t a t e s  and t h e  D i s t r i c t  o f  C o l u m b i a  i n  
c a n p i l i i ~ n g  and r e p o r t i n g  h i g h w a y  VMT d a t a  t o  t h e  F e d e r a l  H i g h w a y  
Admi n i : ; , t rat ion.  S t a t e s  use t h r e e  b a s i c  methodo log ies  t o  e s t i  rna t e  VMT: 
t r a f f i c :  c o u n t i n g  and f u e l  consumption, o r  a  c o m b i n a t i o n  o f  t h e  t w o .  
B r i e f  d e s c r i  p t i o n s  o f  each s t a t e ' s  methodology a r e  presented.  

The r e p o r t  b y  Gezen and K h a n  ( 1 9 7 7 )  c l a r i f i e s  t h e  d e f i n i t i o n s  o f  
p u b l i s h e d  VMT d a t a  and p r o v i d e s  a  c o m p a r a t i v e  a n a l y s i s  o f  v a r i o u s  
reported VMT s t a t i s t i c s .  Va r ious  sources comp i l e  and p u b  1  i s  h  v e h i  c l  e  
m i l e s  t r a v e l e d  (VMT) s t a t i s t i c s  i n  t h e  U n i t e d  S ta tes .  D e p e n d i n g  u p o n  
t h e  a v a i l a b l e  means f o r  c o l l e c t i n g  o r  e s t i m a t i n g  VMT, t h e  s c o p e  o r  
coverage o f  r e p o r t s ,  and t h e  p o p u l a t i o n  t o  be surveyed and t h e  uses f o r  
which t h e  d a t a  i s  d e s i r e d  o r  a n t i c i p a t e d ,  t h e  p u b l i s h e d  f i g u r e s  f o r  VMT 
d i f f e r , ,  even w i t h i n  a  mode. A d d i t i o n a l  problems a r e  encountered i n  t h e  
l a b e l  i r i g  o r  d e s c r i p t i o n  o f  pub1 i shed data .  Pr imary  sources  o f  d a t a  f o r  
v a r i o u s  v e h i c l e s  ( c a r ,  t r u c k ,  t r a i n  a n d  p l a n e )  a r e  i d e n t i f i e d .  
Recommended improvements t o  t h e  VMT d a t a  i n c l  ude : t h e  e s t a b l  i shmen t o f  
a  u n i f o r m  system o f  c o l l e c t i n g  highway VMT d a t a  by t h e  s t a t e s ,  r e p o r t i n g  
o f  d e t a i l e d  i n f o r m a t i o n  u s e f u l  i n  conduc t i ng  energy  c o n s e r v a t i o n  i m p a c t  
s t u d i e s ,  and t h e  e x t e n s i o n  o f  t h e  da ta  t o  i n c l u d e  w a t e r  a n d  p i  p e l  i n e  
t r a n s p o r t a t i o n .  [Au tho rs '  i n t r o d u c t i o n  m o d i f i e d ]  
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ABSTRACT 

T h i s  i s  t h e  t y p e  o f  r e f e r e n c e  work t h a t  may p o t e n t i a l l y  b e  f r e q u e n t l y  
used as an  i n p u t  t o  au tomob i l e  s e c t o r  ana lyses  and models. It i s  one o f  
a  c o n t i n u i n g  s e r i e s  o f  pamphlets. It b reaks  down t h e  c o s t s  o f  o w n i n g  
and o p e r a t i n g  1979 models o f  v a r i o u s  s i z e - c l  a s s e s  o f  v e h i c l e s  i n t o  
seve ra l  components, f o r  each y e a r  o f  t h e  v e h i c l e ' s  1  i f e .  A  worksheet  i s  
p rov ided  f o r  c o n v e r t i n g  c o s t s  t o  any l o c a l i t y .  

The components o f  t o t a l  c o s t  a r e :  d e p r e c i a t i o n ,  m a i n t e n a n c e  a n d  
r e p a i r s ,  replacement t i r e s ,  a c c e s s o r i e s ,  g a s o l  i n e ,  o i l ,  i n s u r a n c e ,  
p a r k i n g  and t o 1  l s ,  garag ing ,  and t a x e s  ( s t a t e  and f e d e r a l  , g a s o l  i n e ,  
r e g i s t r a t i o n ,  t i t l i n g ,  and s a l e s  t a x ) .  Costs a r e  broken down i n t o  t o t a l  
c o s t  and c o s t  p e r  m i l e ,  o p e r a t i n g  and ownership c o s t s ,  c o s t  b y  a g e  o f  
c a r  pe r  y e a r ,  and t o t a l  f o r  t h e  10-year and 100,000 m i  1  e  1  i f e  o f  t h e  
t y p i c a l  ca r .  Types o f  c a r s  rep resen ted  a r e  s tanda rd  s i z e ,  compact s i z e ,  
subcompact s i ze ,  and passenger van. 
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T h i s  i s  a  s tudy  o f  p o t e n t i a l  problems a r i s i n g  f r o m  u n c e r t a i n t i e s  i n  
e s t i m a t e s  o f  c o r p o r a t e  average f l e e t  f u e l  economy  (CAFE)  , w h i c h  i s  
compared w i t h  e s t a b l i s h e d  s tandards  as r e q u i r e d  by  t h e  Energy Pol i c y  and 
Conse rva t i on  Ac t  o f  1975. The c u r r e n t  Envi ronmental  P r o t e c t i  o n  A g e n c y  
procedure  f o r  d e t e r m i n i n g  CAFE i s  based on a  r e p r e s e n t a t i v e  approach o f  
v e h i c l e  s e l e c t i o n  f rom t h e  automobi le  manu fac tu re r  f l e e t s  r a t h e r  t h a n  a  
s t a t i s t i c a l  sampl ing a p p r o a c h .  T h i  s  h a s  t h e  a d v a n t a g e s  o f  c o s t ,  
p r e d i c 1 ; a b i l i t y  o f  r e s u l t s ,  and t h e  a b i l i t y  t o  employ v e h i c l e s  a n d  d a t a  
a l r e a d y  a v a i l  a b l e  f rom t h e  Emiss ions  C e r t i f i c a t i o n  Program. It i s  shown 
t o  be n o t  p r e c i s e  enough, however, t o  de termine CAFE t o  w i t h i n  0.1 m i  1  e  
p e r  gall l o n  and c o u l d  p o s s i b l y  r e s u l t  i n  erroneous penal t i e s  o r  c r e d i t s  
a p p l i e d  because o f  t h e  seve ra l  sources o f  b i a s  o r  e r r o r  t h a t  may b e  
i n t r o d u c e d  i n t o  t h e  es t ima tes .  

The sub, jec ts  covered i n  t h i s  s tudy  a r e :  a  r e v i e w  o f  CAFE e s t i m a t i o n :  
accurac.y, c o n f i d e n c e  l e v e l s ,  t y p e s  o f  e r r o r s ,  f l  e e t  s t r a t i  f i  c a t i  o n ,  
c l a s s  \18ariance, and i n s t i t u t i o n a l  c o n s t r a i n t s ;  a l t e r n a t i v e  s t  a  t i  s t  i c a l  
procedu'res:  op t ima1  s a m p l e  v e h i c l e  a1  l o c a t i o n ,  o p t i m a l  s t r a t u m  
d e f i n i t i o n ,  r e g r e s s i o n  e s t i m a t i o n ,  r e p 1  i c a t i o n  t e s t i n g ,  i t e r a t i v e  
sampl i n~g ;  t h e  magni tude o f  f u e l  consumpt ion v a r i a b i l i t y ;  and t h e  c o s t s  
o f  t h e  d i f f e r e n t  e s t i m a t i o n  procedures.  S t u d i e s  o f  f u e l  economy modeled 
as a  f u n c t i o n  o f  e n g i n e  and v e h i c l e  c h a r a c t e r i s t i c s  a r e  rev iewed.  



REFERENCES 

C o l l i n s ,  M.J.; Greene, D.L.; Haese, R.L.  ; L a m b d i n ,  H.D. ; Chen ,  E . ,  
Automobi le mon th l y  m u  - and market  share  n e w s l e t t e r ,  Oak Ridge Na t i o n a l  
Labo ra to ry ,  June 1980, September 1980. 

Holcctnb, M.C.; Chen, C.K.E.; Greene, D.L.; Haese, R.L.; Lambdin ,  H.D., 
Motor  v e h i c l  e q u a r t e r l y  m u - a n d  --- market  share news1 e t t e r :  MPG and market  --- 
share d a t a  system 1 s t  qua r te r - -Mode l  y e a r  1 9 8 1 ,  Oak R i  d g e  N a t i o n a l  -- - 
Labora to ry ,  Report  no. 81/1, February 1981. 

KEYWORDS 

Fuel economy, market  share,  d a t a  

SPONSOR 

U.S. Department o f  Energy 
O f f i c e  o f  T r a n s p o r t a t i o n  Programs 
A n a l y s i s  and Assessment Branch 

PERFORMING ORGANIZATION 

Oak Ridge N a t i o n a l  L a b o r a t o r y  
T r a n s p o r t a t i o n  Energy A n a l y s i s  Group 
P.O. Box X 
Oak Ridge, Tenn, 37830 

ABSTRACT 

T h i s  p e r i o d i c a l  may se rve  as a p o t e n t i a l  source  o f  d a t a  f o r  s h o r t - t e r m  
au tomob i l e  market  share model ing.  The Oak Ridge Month ly  MPG and M a r k e t  
Share (3MS) d a t a  system was developed f o r  t h e  U.S. Department o f  E n e r g y  
t o  m o n i t o r  changes i n  t h e  c o m p o s i t i o n  and f u e l  e f f i c i e n c y  o f  new c a r  
sa les .  Sa les  s t a t i . s t i c s  f o r  domest ic  automob i 1 e s  a r e  o b t  a i n e d  f r o m  
"Passenger Car Sales i n  t h e  U.S. R e p o r t e d  b y  U.S. M a n u f a c t u r e r s , "  
tabu1 a ted  m o n t h l y  by t h e  Mo to r  V e h i  c l  e M a n u f a c t u r e r s  A s s o c i a t i o n .  
Impor t  s a l e s  a r e  c u r r e n t l v  ob ta ined  f rom t a b l e s  p u b 1  i s h e d  m o n t h 1  v i n  
~ u t o m o t i v e  News. These &e mapped t o  c o r r e s p o n d i n g  ~ n v i  r o n m e h t a l  
P r o t e c t i o n  Agency-designed v e h i c l e  c l a s s e s  and mpg va lues  o b t a i n e d  f r o m  
t h e  EPA/DOE - Gas Mi leage  Guide f o r  t h e  r e s p e c t i v e  model y e a r .  S t a t i o n  
wagons a r e  i n c l u d e d  w i t h  passenger c a r s  o f  t h e  same s i z e  c l  a s s ,  w h i  1 e 
l i g h t  t r u c k s  and vans a r e  excluded.  

Some o f  t h e  t a b l e s  i n c l u d e d  d e s c r i b e :  s a l e s  b y  s i z e  c l a s s ;  domest ic  and 
f o r e i g n  s a l e s  by year ;  market  shares and sa l  es-weighted e f f i c i e n c i e s  o f  
au tos  by EPA c l a s s ,  by  month and by manufac turer ;  t w e n t y  m o s t  p o p u l  a r  
1980 models o f  au tomobi les ;  X-body c a r  sa les ;  t o t a l  model  y e a r  s a l  e s ,  
market  shares, and sa les-we ighted e f f i c i e n c i e s  o f  domest ic  o r  i m p o r t e d  
a u t o s  by EPA c l a s s ,  by  year ;  percentage o f  s a l e s  by c l a s s ,  by year ,  a n d  



b y  make; l i g h t  t r u c k  r e g i s t r a t i o n s  by make and year ;  and auto  model s  b y  
des igna~ted c lass .  [ A u t h o r ' s  a b s t r a c t  m o d i f i e d ]  
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ABSTRACT 

The method01 ogy empl oyed i n  d i f f e r e n t  combi ned energy  model i n  g  e f f o r t s  
i s  e x p l a i n e d  i n  a  gene ra l ,  t h e o r e t i c a l  c o n t e x t ,  t o  r e v e a l  a  common 
framework f o r  o r g a n i z i n g  mode ls ,  e s t a b l  i s h i  n g  p r o p e r t i e s  o f  t h e i r  
s o l u t i o n s ,  and m a n i p u l a t i n g  t h e  models i n  t h e  s tudy  o f  p a r t i c u l a r  p o l  i c y  
and p l  ann i  ny problems. The many model i ng techn iques  found i n  p r a c  t i c e  
a r e  desc r i bed ;  i t  i s  shown how t h e s e  techn iques  can be a p p l i e d  t o  o t h e r  
models; and an approach i s  ou t1  i n e d  f o r  t h e  development and appl  i c a t  i o n  
o f  combined models. The r e s u l t s  a r e  rneant t o  serve  as a  g u i d e  t o  t h e  
u s e  o f  t h e  many  m o d e l s  d e v e l o p e d  b y  a n d  a v a i l a b l e  t o  e n e r g y  
dec is ionmakers  i n  t h e  e l e c t r i c  power i n d u s t r y ,  o t h e r  energy  i n d u s t r i e s  , 
and t h e  p u b l i c  s e c t o r .  Some o f  t h e  s u b j e c t s  covered a r e :  c o n s i s t e n c y  of 
t h e o r y ,  n a t u r a l  d a t a  o r g a n i z a t i o n ,  m o d u l a r  d e s i g n ,  d e c e n t r a l  i z e d  
imp lemen ta t i on ,  e f f i c i e n t  computa t ion ,  o p t i  m i  z a t i  o n  i n  a  n e t w o r k  o f  



models, decomposi t ion,  s o l u t i o n s ,  f i x e d  c o e f f i c i e n t s ,  m a t  h e m a t  i c a l  
programming, p r o d u c t i o n / c o s t  f u n c t i o n  d u a l i t y ,  a p p r o x i m a t i o n s ,  p r i c e  
l e v e l  de termi  n a t i o n ,  p o i n t s  o f  measurement, f l o w s  and stocks,  o p t i m a l i t y  
c o n d i t i o n s ,  a n d  a l g o r i t h m s .  I t  i s  shown how l a r g e  m o d e l s  a r e  
c o n s t r u c t e d  th rough  t h e  c a r e f u l  i n t e g r a t i o n  o f  separa te  d e s c r i p t i o n s  o f  
components, and t h a t  separa te  development o f  components c a n  r e s u l  t i n  
op t ima l  o v e r a l l  system s o l u t i o n s .  

The models d iscussed i n c l u d e  dynamic models o f  t h e  energy economi  e s  o f  
Mexico a~nd t h e  I v o r y  Coast, t h e  Baughman-Joskow e l e c t r i c  u t i l i t y  s e c t o r  
model, tihe P r o j e c t  L I N K  i n t e r n a t i o n a l  t r a d e  model, and t h e  energy models 
w i t h  t r a n s p o r t a t i o n  s e c t o r s  i n c l u d i n g  t h e  Midterm E n e r g y  F o r e c a s t  i n g  
System (S-78-419), t h e  SRI-Gul f  Energy M o d e l  ( 7 3 - 2 6 1 )  , t h e  H u d s o n -  
Jorgenson model (LITM) (77-242),  a n d  t h e  B r o o k h a v e n  E n e r g y  S y s t e m  
Opt imi  za : t ion  Model (78-378). 
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ABSTRACT 

The a u t h o r  o f  t h i s  paper examines t h e  e x t e n t  t o  which 1 arge-sca l  e models 
were used t o  ana l yze  two proposed energy p o l i c i e s  i n  t h e  N i n e t y - f o u r t  h 
Congress: o i l  p r i c e  d e c o n t r o l  and s y n t h e t i c  f u e l s  commerc i a1 i z a t i  on ,  
Two models t h a t  were used a r e  t h e  P r o j e c t  Inde endence E v a l u a t i o n  System 
(75-004) and t h e  3 1 - G u l f  Energy Model (73-2617. It was concluded t h a t  
t h e s e  n o d e l s  were s u c c e s s f u l l y  u s e d  b e c a u s e  o f  ( 1 )  t h e  h i g h - 1  e v e 1  
o r g a n i z a t i o n a l  p o s i t i o n  o f  model b u i l d e r s  and advocates; ( 2 )  i n c l  u s  i o n  
i n  t h e  a n a l y t i c a l  framework adopted o f  a l l  t h e  i m p a c t s  t h o u g h t  t o  b e  
i m p o r t a n t  by t h e  dec is ionmakers ;  and ( 3 )  c o m p a t i  b i  1 i t y  b e t w e e n  t h e  
o p t i o n s  and c r i t e r i a  cons ide red  i n  t h e  a n a l y s i s  and t h o s e  u s e d  i n  t h e  
po l  i c y  debate. 
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ABSTRACT 

T h i s  i s  t h e  s i x t h  o f  seven panel r e p o r t s  prepared b y  a t a s k  f o r c e  u n d e r  
t h e  j o i n t  sponso rsh ip  o f  t h e  U.S. Department o f  T r a n s p o r t a t i o n  a n d  t h e  
Environnienta l  P r o t e c t i o n  Agency t o  conduct  a f e a s i b i l i t y  s t u d y  o f  f u e l  
economy improvement measures f o r  new 1980 mo to r  v e h i c l e s .  T h i  s  r e p o r t  
focuses on t h e  means o f  measur ing f u e l  e f f i c i e n c y .  The s u b j e c t s  covered 
i nc lude : :  t h e  t e s t  d r i v i n g  c y c l e  and i t s  r e l a t i o n  t o  a c t u a l  v e h i c l e  
o p e r a t i o n ;  ambient  c o n d i t i o n s ,  such as wind, tempera ture ,  h u m i d i t y ,  a n d  
b a r o m e t r i c  p ressure ,  and t h e i r  e f f e c t s ;  r o a d  c o n d i t i o n s ,  such as s u r f a c e  
and g r a d e ;  t e s t  l o c a t i o n s :  r o a d ,  t e s t  t r a c k ,  o r  d y n a m o m e t e r ;  
d e t e r m i n i n g  f u e l  consumpt ion by f u e l  we ight ,  f u e l  volume, o r  b y  c a r b o n  
b a l  ance;, v e h i c l e  road  l o a d  determi  n a t i o n :  drawbar f o r c e ,  r e a r  wheel o r  
d r i v e - s h a f t  t o rque ,  coast-down t i m i n g ,  mani f o l  d p r e s s u r e ,  f u e l  f 1 ow 
r a t e ,  o r  w ind  t u n n e l  t e s t i n g ;  and c u r r e n t  t e s t  p r o c e d u r e s :  p r o p o s e d  
S o c i e t y  o f  A u t o m o t i v e  E n g i n e e r s  t e s t ,  EPA t e s t ,  a n d  t r a c k - b a s e d  
procedures.  

O the r  panel r e p o r t s  i n  t h i s  s e r i e s  a r e  d e s c r i b e d  u n d e r  S - 7 5 - 1 7 3 ,  
S-75-1741, and S-75-226. 
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ABSTRACT 

A  d a t a  base w i t h  p o t e n t i a l  f o r  u s e  i n  m o d e l  d e v e l  o p m e n t  h a s  b e e n  
c o n s t r u c t e d  wh ich  shows t h e  end use energy consumpt ion o f  t r a n s p o r t a t i o n  
modes, broken down by yea r ,  mode, s e c t o r ,  use, range, c a r r i e r ,  r e g i o n  
and s t a t e ,  and income. D e t a i l e d  e x p l a n a t i o n s  a r e  g i v e n  o f  e n d  u s e  
energy  consumption, t r a n s p o r t a t i o n  e n e r g y  u s e ,  t h e  d a t a  t y p e s ,  t h e  
c l a s s i f i c a t i o n  o f  energy  use, t h e  methods o f  d a t a  e s t i m a t i o n  f o r  e a c h  
mode, and t h e  t e c h n i c a l i t i e s  o f  g a t h e r i n g  t h e  da ta .  The d a t a  c o l l e c t e d  
a r e  f o r  t h e  p e r i o d  1967-1976 a n d  may b e  u s e d  t o  s u p p o r t  m o d e l i n g  
e f f o r t s .  I n s t a l l a t i o n  and use o f  t h e  computer d a t a  tapes  and p r o g r a m s  
a r e  exp la ined .  A l a r g e  sample o f  t h e  d a t a  t a b l e s  i s  p r e s e n t e d  i n  t h e  
rep0 rt . 
A s e c t i o n  o f  t h e  da ta  base i s  r e l a t e d  t o  automobi les.  Fuel c o n s u m p t i o n  
by  t r i p  t y p e  o r  use i s  desc r ibed .  O t h e r  modes  a r e  a i r ,  r a i l ,  b u s ,  
t r u c k ,  mo to rcyc le ,  mar ine,  n a t u r a l  gas p i p e l i n e ,  l i q u i d s  p i p e 1  i n e ,  a n d  
m i l i t a r y  f u e l  uses. 

A  r e l a t e d  paper d i scusses  an i s s u e  r e l a t e d  t o  t h e  c o n s t r u c t i o n  o f  t h e  
d a t a  base. 
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ABSTRACT 

T h i s  paper a t t e m p t s  t o  demonst ra te  t h a t  c o l l  u s i v e  p r i c i n g  b e h a v i o r  was 
p resen t  i n  t h e  au tomob i l e  i n d u s t r y  i n  t h e  1957-1971 pe r iod .  A  model i s  
s e t  f o r t h  i n  which t h e  p r i c e  o f  a  commodity i s  a  f u n c t i o n  o f  t h e  amounts 
o f  t h e  c h a r a c t e r i s t i c s  i t  possesses. The c o e f f i c i e n t s  on  t h e  amounts o f  
t h e  c h a r a c t e r i s t i c s  would r e p r e s e n t  imp l  i c i t  p r i c e s  o r  t h e  c o n s u m e r s '  
e v a l u a t i o n s  o f  t h e  c h a r a c t e r i s t i c s .  They a l s o  r e p r e s e n t  i n c r e m e n t a l  
c o s t s  all' p roduc ing  t h e  c h a r a c t e r i s t i c s  i f  t h e  i n d u s t r y  i s  p e r f e c t 1  y  
cmpet i1; ive.  I f  t h e  i n d u s t r y  w e r e  a  n o n - c o l l  u s i  v e  01  i g o p o l y  , t h e  
c o e f f i c i i e n t s  would v a r y  and c o u l d  r e p r e s e n t  t h e  f i  r m s '  s u b j e c t i v e  
eva1uat:ions o f  consumer p re fe rences .  I f  t h e  i n d u s t r y  w e r e  c o l  1  u s i  v e ,  
t h e  c o e i f f i c i e n t s  w o u l d  r e p r e s e n t  t h e  c a r t e l  m e m b e r ' s  s u b j e c t i v e  
eva1uat:ions and be t h e  same f o r  a1 1  member f i r m s .  C o m p e t i t i o n  i s  
imp l  iedl when t h e  p r i c e  v a r i a b l e  i s  measured as t r a n s a c t i o n s  p r i  c e s  a n d  
c o l l u s i o n  i s  imp l  i e d  i f  1  i s t  p r i c e s  a r e  used. P r i c e - s e t t i n g  l e a d e r  s h i  p  
i s  t h e  rneans o f  e f f e c t i n g  t h e  same p r i c e l q u a l  i t y  r e 1  a t i  o n s h i  p  w i  t h o u t  
o v e r t  c : o l l u s i o n .  

L i s t  p r i c e  i s  r e l a t e d  t o  t h r e e  q u a 1  i t y  c h a r a c t e r i s t i c s :  c o m f o r t ,  
per formance,  and a  dummy v a r i a b l e  f o r  power s t e e r i n g  ( b r a k e s ) .  T h e  
i ndex  c)lF c o m f o r t  was f r o n t  s e a t i n g  room and t h e  i ndex  o f  per formance was 
horsepower d i v i d e d  by c a r  we ight .  The r e l a t i o n s h i p  was reg ressed  u s  i n g  
a  mu1 t i p 1  i c a t i v e  l o g - l i n e a r  f o rm f o r  each y e a r  1957-1971, r e s u l  t i n g  i n  
h i g h  ex:p lanatory power and c o e f f i c i e n t s  t h a t  a r e  reasonab ly  s t a b l e  o v e r  
t ime .  A s tanda rd  homogeneity o r  F - t e s t  was t h e n  u s e d  t o  t e s t  t h e  
hypother j i s  t h a t  t h e  c o e f f i c i e n t s  i n  a  y e a r  a r e  t h e  same f o r  a1  1  
manu fac tu re rs  and t h u s  t h a t  t h e r e  i s  a  c o l l  u s i v e  behav io r .  C o m p a r i  s o n  
o f  t h e  r e s u l t i n g  F-va lues  and c r i t i c a l  v a l u e s  a t  t h e  0.05 l e v e l  s h o w e d  
t h a t  a l l  t h r e e  o f  t h e  m a j o r  au to  assemblers s e t  p r i c e s  c o n s c i o u s l y  o r  
o t h e r w i  r;e i n  accordance w i t h  t h e  model c o e f f i c i e n t s ,  except  i n  1958 -59 ,  
when Chrys l  e r  seems t o  have "cheated"  i n  i t s  p r i c i n g  w h i l e  GM a n d  F o r d  
remainetl  l o y a l .  The a u t h o r s  a s s e r t e d  t h a t  t h e  c a r t e l  b e h a v i o r  r e s u l  t e d  
f ro in  t h e  Automot ive  I n f o r m a t i o n  D i s c l o s u r e  Act  o f  1958, wh ich  e l  im ina ted  
t h e  p r a c t i c e  o f  " p r i c e  pack ing , "  t h a t  i s ,  d e a l e r s  add ing  l a r g e  a m o u n t s  
t o  t h e  m a n u f a c t u r e r ' s  suggested r e t a i l  p r i c e  and o b s c u r i n g  boundar ies  on  
p r i c e s  t o  be charged. The a c t  i n  e f f e c t  s e t  maximum p u b l i c  p r i c e s  a n d  



r e l a t i v e l y  f i x e d  minimum p r i c e s ,  and made p r i c e  " c h e a t i n g "  by  a  c a r t e l  
member e a s i e r  t o  d e t e c t .  The au tho rs  e x p l a i n  a1 so t h a t  Genera l  M o t o r s  
per forms t h e  r o l e  o f  p r i c e  l e a d e r ;  t h a t  C h r y s l  e r  h a d  a t t e m p t e d  t o  
" chea t "  t h rough  a  program o f  d i s c o u n t s  on s a l e s  o f  f l e e t s  o f  a u t o s ,  
which was subsequent ly  s topped by l o y a l  c a r t e l  members GM and Ford; t h a t  
t h e  e n t r y  o f  f o r e i g n  i m p o r t s  i n t o  t h e  market  and t h e  U.S.  a s s e m b l  e r s '  
r e a c t i o n  was f u r t h e r  ev idence o f  a  c a r t e l  ; a n d  t h a t  t h e  i n d u s t r y ' s  
p r o f i t  s i t u a t i o n  may a l s o  suppor t  t h e  a s s e r t i o n .  
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ABSTRACT' 

The WharNton EFA Automobi le  Demand Model was developed i n  1976 by Wharton 
Economet:ric F o r e c a s t i n g  Assoc ia tes ,  Inc.,  f o r  t h e  T r a n s p o r t a t i o n  Systems 
Center  olf t h e  U.S. Department o f  T ranspor ta t i on .  T h i s  s t o c k - a d j u s t m e n t  
economet.ric model i s  a  l a r g e - s c a l  e  model o f  au tomobi le  demand. I t  h a s  
been w i d e l y  used by f e d e r a l  agencies i n  p o l i c y  ana lyses .  H o w e v e r ,  n o  
m a j o r  analyses o f  t h e  model were performed b e f o r e  i t  was a p p l i e d  and, i n  
some ins tances ,  t h e  model was used i n a p p r o p r i a t e l y .  Th i  s  paper r e p 0  r t  s  
t h e  reswl  t s  o f  an a n a l y s i s  of t h e  model. The s t r u c t u r e  o f  t h e  model was 
examined:. An a t tempt  was made t o  r e c o n s t r u c t  t h e  k e y  t i m e - s e r i e s  
equat io f i~s  o f  t h e  model, t h e  f o r e c a s t i n g  a b i l  i t y  o f  t h e  m o d e l  was 
examined, and s e n s i t i v i t y  t e s t i n g  was performed. Computer tapes  o f  t h e  
m o d e l  a n d  d a t a  u s e d  i n  t h e  a n a l y s i s  w e r e  o b t a i n e d  f r o m  t h e  
T r a n s p o r t a t i o n  Systems Center .  The a n a l y s i s  u n c o v e r e d  s e v e r a l  m a j o r  
problems w i t h  t h e  model. New-car s a l e s  a r e  p a r t i t i o n e d  i n t o  s i z e  
c l a s s e s  by u s i n g  an u n j u s t i f i a b l e  a p p r o a c h ,  a n d  some m a j o r  p o l  i c y  
v a r i a b l e s  ( f o r  example, gas01 i n e  p r i c e )  a r e  empl oyed un rea l  i s t i c a l l  y i n  
t h e  model. These and o t h e r  problems combine t o  s e r i o u s 1  y  w e a k e n  t h e  
f o r e c a s t i n g  and po l  i c y  a n a l y s i s  c a p a b i l  i t i e s  o f  t h e  model. B e c a u s e  o f  
t h i s ,  p o l i c y  a n a l y s t s  shou ld  use t h e  model o n l y  w i t h  e x t r e m e  c a u t i o n .  
[Au tho rs '  a b s t r a c t ]  
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ABSTRACT 

A method f o r  e v a l u a t i n g  l a r g e - s c a l e  e c o n o m e t r i c  m o d e l  s  i s  o u t 1  i n e d ,  
J u s t i f i c a t i o n  f o r  t h e  method and expe r ience  w i t h  i t  a r e  exp la ined.  T h e  
two au tomob i l e  demand and use models t h a t  were ana lyzed a r e  t h e  W h a r t o n  
Econometr ic  F o r e c a s t i n g  Assoc ia tes  Automobi le  Demand Model (77-046) a n d  
t h e  Jack F a u c e t t  A s s o c i a t e s  A u t o m o b i l e  S e c t o r  F o r e c a s t i n g  M o d e l  
(76-016).  The f i v e  p r imary  t a s k s  i n  t h e  model a n a l y s i s  f r a m e w o r k  a r e  
model s t r u c t u r e  a n a l y s i s ,  model e q u a t i o n  r e c o n s t r u c t i o n ,  s  u b m o d e l  a n d  
f u l l  model e v a l u a t i o n ,  and model c o m p a r i  s o n .  T e s t  p r o c e d u r e s  a r e  
exp la ined ,  such as s t a t i c  and dynamic s i ~ n u l a t i o n j ;  t h e  use o f  s t a t i s t i c s  
such as r o o t  mean squared e r r o r  and sirnul a t i o n  R ; and n -  p e r i  o d - a  h e a d  
f o r e c a s t s .  Exper ience w i t h  problems i s  d iscussed,  i n c l u d i n g  i n a d e q u a t e  
model documentat ion,  i n c m p a t i b l e  o r  i n c o n s i s t e n t  c o m p u t e r  p r o g r a m s ,  
d i f f i c u l t - t o - i d e n t i f y  da ta ,  mu1 t i  p l  e  v e r s i  o n s  o f  a  m o d e l  , a n d  t h e  
p e c u l i a r i t i e s  o f  a  m o d e l ' s  s t r u c t u r e  t h a t  impact  on t h e  a b i l i t y  t o  d o  
e v a l u a t i o n s  o f  it. 
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ABSTRACT' 

T h i s  r e p o r t  r e p r e s e n t s  a  c o m p i l a t i o n  o f  t h e  c u r r e n t  s t a t e  o f  know1  e d g e  
on t h e  i n f l u e n c e s  on  au tomob i l e  f u e l  economy. The p r i m a r y  i s s u e s  i t  
addresses a r e  t h e  measurement o f  f u e l  economy by  t h e  E  PA, t h e  u s e  o f  
t h i s  measurement b y  f u e l  demand a n a l y s t s  and a u t o  c o n s u m e r s ,  a n d  t h e  
v a r i a n c e  o f  t h i s  measurement f rom in -use  o r  on- the-road measurement s  o f  
f u e l  consumption. 

The s u b j e c t s  covered i n c l u d e :  t h e  " f r e e  market "  p e r i o d  p r i o r  t o  1 9 7 5 ;  
t h e  use o f  t h e  EPA mpg as a  "compar ison y a r d s t i c k "  i n  t h e  " v o l u n t a r y  mpg 
improvement" p e r i o d  1975-1977; t h e  u s e  o f  EPA mpg as  a n  " a b s o l u t e  
y a r d s t i c k "  i n  t h e  "mandatory mpg improvement p e r i o d "  1 9 7 8  a n d  1  a t e r ;  
methods o f  i n-use d a t a  a n a l y s i s  and p r e s e n t a t i o n ;  r e p r e s e n t a t i v e n e s  s  o f  
i n -use  alata: impor ted  ca rs ,  f l e e t -  and consumer-dr iven c a r s  , o d o i n e t e r  
m i l e a g e  n o n u n i f o r m i t i e s ;  t i m e  t r e n d s  i n  t h e  s h o r t f a l l  b e t w e e n  EPA a n d  
i n - u s e  mpg; t h e  a t t r i b u t i o n  o f  o v e r a l l  " s l i p "  between t h e  m e a s u r e m e n t s  
of mpy t o  v e h i c l e  s l i p ,  r o a d  s l  i p ,  p r o d u c t i o n  s l  i p ,  t e s t  v e h i c l e  
c o n d i t i o n ,  t r a v e l  envi ronment,  t r a v e l  c h a r a c t e r i  s t  i c s ,  r o a d  v e h i c l  e  
c o n d i t i o n ,  s i m u l a t i o n  va r i ance ,  v e h i c l e  d e s i g n  f e a t u r e s ,  and model y e a r  
d i f f e rences ;  sources  o f  v e h i c l e  s l  i p  da ta ;  t h e  i n f l  u e n c e s  o n  v e h i  c l  e  
s l i p  o f  odometer mi leage,  mpg t i 1  t ,  p r o d u c t i o n  s l  i p ,  a n d  v e h i c l e  
c o n d i t i o n ;  t h e  a t t r i b u t i o n  o f  t e s t  v e h i c l e  c o n d i t i o n  t o  e n g i n e  t u n e ,  
mal func t , ions ,  f u e l  p r o p e r t i e s ,  f u e l  d e n s i t y ,  f u e l  oc tane r a t i  n g  , k n o c k  
sensors,  f u e l  v o l a t i l  i t y ,  and a d d i t i v e s ;  t h e  i n f l u e n c e s  on  mpg road  s l i p  
o f  ambient  t e m p e r a t u r e ,  b a r o m e t r i c  p r e s s u r e l a 1  t i  t u d e ,  w i n d  a n d  
aerodynamics, road g r a d i  en t ,  r oad  s u r f a c e  and cond i  t i o n ,  road  c u r v a t u r e ,  
v e h i c l e  speed, t r a f f i c  volume, t r i p  1  ength, t r i p  average speed,  warmup  
e f f e c t s ,  average m i l e s  pe r  day, p o p u l a t i o n  o f  r e g i o n ,  a c c e l e r a t i o n  
i n t e n s i t y ,  wheel c o n d i t i o n ,  t i r e  s i z e ,  t i r e  p ressure ,  l u b r i c a n t s ,  a n d  
v e h i c l e  w e i g h t  l o a d ;  t h e  i n f l u e n c e s  o n  s i m u l a t i o n  v a r i a n c e  o f  
dynamometer l o a d i n g ,  t i  r e l d y n a m o m e t e r  i n t e r a c t i o n ,  w e i g h t  c l a s s  



d i s t r i b u t i o n s ,  t r a n s m i s s i o n s ,  power accesso r ies ,  open windows ve rsus  a i r  
c o n d i t i o n e r  o p e r a t i o n ,  a n d  v e h i c l e  c o o l  i n g ;  t h e  a t t r i b u t i o n  o f  
measurement s l i p  t o  t h e  EPA carbon ba lance method, i n -use  f u e l  economy  
d e t e r m i n a t i o n  methods, and t h e  c a l c u l a t i o n  o f  f l e e t  c a r  mpg and consumer 
mpg; f u e l  economy e f f e c t s  i n  comb ina t i on :  mathemat ica l  imp l  i c a t i o n s  a n d  
eng ine  map c o n s i d e r a t i o n s ;  t h e  average f l e e t  mpg by y e a r  i n  t h e  p a s t  and 
p r o j e c t i o n s  f o r  t h e  f u t u r e ;  t h e  e f f e c t s  o f  v e h i c l e  age on r e l a t i v e  f u e l  
e c o n o m y ;  a n d  a p p r o a c h e s  t o  c o n s u m e r  a d j u s t m e n t  o f  EPA m p g :  
q u e s t i o n n a i r e s  and fo rmu l  ae. 

Four m a j o r  c o n c l u s i o n s  a r e  reached:  On t h e  average, f u e l  economy 1  a b e l  
and m i l eage  g u i d e  f i g u r e s  (EPA) h a v e  b e e n  h i g h e r  t h a n  i n - u s e  f u e l  
economy s i n c e  1976; t h e  exac t  r e l a t i o n s h i p  i s  shown. S h o r t f a l  1  s  v a r y  
w i t h  mpg and model yea r .  The a c t u a l  improvement i n  road mpg f r o m  1 9 7 4  
t o  1979 was 28%. Three broad c a t e g o r i e s  o f  f a c t o r s  a r e  r e s p o n s i b l e  f o r  
t h e  d i f f e r e n c e  between EPA and i n - u s e  mpg: t h e  t r a v e l  e n v i r o n m e n t ,  
weat he r  and road  c o n d i t i o n s ,  r e p r e s e n t a t i v e n e s s  o f  t h e  EPA t e s t  v e h i c l e s  
and procedures,  owner t r a v e l  d r i v i  ng h a b i t s ,  and v e h i c l e  maintenance. 

A l so  i n c l u d e d  a r e  c o m m e n t s  o n  d r a f t  v e r s i o n s  o f  t h e  r e p o r t  f r o m  
c i t i z e n s ,  i n d u s t r y ,  and o t h e r  f e d e r a l  a g e n c i e s .  A p p e n d i c e s  t o  t h e  
r e p o r t  d e s c r i b e :  t h e  method f o r  averag ing  f u e l  economy data ;  examples o f  
ave rag ing  and r e g r e s s i o n  a n a l y s i s  methods; t h e  e n e r g y  b a l a n c e  f o r  a  
s y n t h e t i c  mo to r  o i l ;  t h e  r e l a t i o n  between home-to-work t r i p  and non-work 
t r a v e l  speeds; compu ta t i on  o f  t r a v e l  c h a r a c t e r i s t i c s  a n d  e f f e c t s :  
f a c t o r s  r e l a t e d  t o  annual v e h i c l e  m i l e s  t r a v e l e . d ,  t r i p  l e n g t h  a n d  
f r e q u e n c y , a v e r a g e v e h i c l e  s p e e d  a n d  r e g i o n a l  VMT, r e l a t i v e  f u e l  
economy, and c o l d  s t a r t  f r a c t i o n ;  U.S. average r o a d  f u e l  economy  f o r  
p a s s e n g e r  c a r s  f r o m  1 9 3 6  t o  1 9 7 8 ;  a n d  f l e e t  f u e l  c o n s u m p t i o n  
imp l  i c a t i o n s .  References a r e  p rov ided  f o r  a1 1  sources o f  i n f o r m a t i o n .  
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ABSTRACT 

T h i s  r e p o r t  c o n s i s t s  o f  a  1  arge number o f  re fe rences ,  c a t e g o r i z e d  i n  t h e  
areas o f :  genera l  model v a l i d a t i o n  methods, p rocedures ,  a n d  m e t h o d s ;  
s t a t i s t i c a l  and dynamic model v a l i d a t i o n  t e c h n i q u e s ;  v a l i d a t i o n  o f  
energy and e l e c t r i c  power models; economic and f i n a n c i a l  mode 1  s  ; wo r l  d  
and management models; g o v e r n m e n t ,  p o l  i t i c a l  , i n s t i  t u t i o n a l  , a n d  
c r i m i n o l o g y  models; r e s o u r c e ,  e n v i  r o n m e n t  , a n d  s c i e n t i  f i  c  m o d e l  
v a l i d a t i o n ;  s o c i a l ,  u r b a n ,  a n d  t r a n s p o r t a t i o n  m o d e l  v a l  i d a t i o n ;  
educat io lnal  , p s y c h o l o g i c a l ,  and marke t i ng  model v a l i d a t i o n ;  and h e a l  t h,  
med ica l ,  and p h y s i o l o g i c a l  model v a l i d a t i o n .  D e s p i t e  t h e  t i t l e ,  t h e r e  
a r e  no a ,nnota t ions  w i t h  t h e  c i t a t i o n s  i n  t h i s  r e p o r t .  It i s  marked " t o  
be annotated."  
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ABSTRACT 

T h i s  a r t i c l e  p resen ts  i n f o r m a t i o n  u s e f u l  f o r  mode l ing  automob i 1 e  b r a n d  
c h o i c e  o r  demand. It p o s t u l a t e s  t h a t  consumer d e c i s i o n s  t o  r e p u r c h a s e  
o r  change a  c u r r e n t l y  owned a u t o m o b i l e  make  a r e  d e t e r m i n e d  b y  t h e  
sequence o f  t h e  consumer 's  p r e v i o u s  ownersh ip  exper iences w i t h  p r e s e n t  
and p a s t  makes. The hypo thes i s  i s  supported by a n a l y s i s  o f  a  sample o f  
new-car purchases. Data used were those  developed th rough  i n t e r v i e w s  b y  
t h e  P u b l i c  O p i n i o n  Survey U n i t  o f  t h e  U n i v e r s i t y  o f  M i s s o u r i  i n  1 9 6 6 .  
139 household heads were i nc luded .  The f o l l o w i n g  r e l a t i o n s h i p s  w e r e  
shown t o  h o l d :  (1) The search f o r  a d d i t i o n a l  a l t e r n a t i v e s  d e p e n d s  o n  
which au tomob i l e  make i s  f i r s t  cons ide red  i n  t h e  purchase d e c i s i o n .  ( 2 )  
Among searchers  who cons ide red  a t  l a s t  one a l t e r n a t i v e  t o  t h e  make f i r s t  
cons idered,  a  repurchase o r  s w i t c h i n g  f rom t h e  c u r r e n t l y  owned  make  
depends on  t h e  number o f  v i s i b l e  a l t e r n a t i v e s .  ( 3 )  T h e r e  i s  a  d i r e c t  
r e l a t i o n s h i p  between repurchase o f  t h e  c u r r e n t l y  o w n e d  make a n d  t h e  
p r e v i o u s  ownersh ip  o f  t h a t  make. ( 4 )  The  c h o i c e  o f  t h e  f i r s t  make  
cons ide red  i n  t h e  purchase p r o c e s s  d e p e n d s  o n  p r e v i o u s  o w n e r s h i p  
expe r ience  w i t h  t h e  c u r r e n t l y  owned  make .  [ A u t h o r ' s  a b s t r a c t  a n d  
c o n c l u s i o n  m o d i f i e d ]  
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ABSTRACT 

The o b j e c t i v e  o f  t h i s  s tudy  i s  t o  e x p l o r e  t h e  f o r e i g n / d o m e s t i c  m a r k e t  
segmenta t ion  o f  t h e  U.S. compact c a r  market  w i t h  r e s p e c t  t o  s e v e r a l  
c h a r a c t e r i s t i c s  o f  new-car p u r c h a s e s .  T h e s e  c h a r a c t e r i  s t  i c s  w e r e  
s e l e c t e d  socioeconomic,  demographic, m o t i v a t i o n a l ,  a n d  a t t i t u d i n a l  
v a r i a b l e s .  The s a m p l e  w a s  d r a w n  f r o m  i n d i v i d u a l s  who p u r c h a s e d  
Mavericlks, Vol kswagens, Toyotas, and Renaul t s  i n  t h e  p e r i o d  Feb rua ry  t o  
May 1970 i n  I n g h a m  C o u n t y ,  M i c h i g a n .  The  a u t h o r s  r e p o r t  t h r e e  
imp1 i c a t i o n s  o f  t h e i r  resea rch :  ( 1 )  t h e  canpact  c a r  market  i s  segmented 
on t h e  b a s i s  o f  s o c i o e c o n o m i c ,  d e r n o g r a p h i c ,  m o t i v a t i o n a l ,  a n d  
a t t i  t u d i n a l  c h a r a c t e r i  s t i c s ;  ( 2 )  i n v e r s e  f a c t o r  a n a l y s i s  i s  a p p l  i c a b 1  e 
t o  resea rch  i n  market  segmentat ion;  a n d  ( 3 )  t h e  c o m p a c t  c a r  m a r k e t  
appears t o  be two markets ,  one f o r  f o r e i g n  c a r s  a n d  o n e  f o r  A m e r i c a n  
ca rs .  Th i s  s tudy  i s  p o t e n t i a l l y  u s e f u l  i n  m o d e l i n g  b r a n d  c h o i c e  a n d  
manufac,t u r e r  market  share. 
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ABSTRACT 

Many n a t i o n a l - l e v e l  mathemat ical  models have been developed as an a i d  i n  
s t u d y i n g  t h e  re1  a t i o n s h i  p  between energy and t h e  economy. These m o d e l  s  
a r e  g e n e r a l l y  dynamic mu1 t i - s e c t o r  m o d e l s  c a p a b l e  o f  s i m u l a t i n g  
a1 t e r n a t i v e  energy  pol  i c i e s  and economic and techno1 og i  c a l  s c e n a r  i 0 s .  
T h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  o f  a  r e v i e w  o f  n a t i o n a l  - 1  e v e 1  e n e r g y  
models t h a t  c o n t a i n  t r a n s p o r t a t i o n  sec to rs .  It i d e n t i f i e s  a n d  b r i e f  1  y 
d e s c r i b e s  t h e  t r a n s p o r t a t i o n  s e c t o r s  i n  t h e  c o n t e x t  o f  e a c h  o v e r a l l  
m o d e l .  K e y  a s p e c t s  o f  t h e s e  c o m p o n e n t s  a r e  c o m p a r e d .  S o m e  
t r a n s p o r t a t i o n  components f o c u s  on t h e  automobi l  e  s e c t o r ,  wh i 1 e  o t h e r  
model s  c o n s i d e r  seve ra l  modes. 

Four energy mode l ing  systems a r e  i n c l u d e d  i n  t h e  r e p o r t :  T h e  M i d t e r m  
Energy Fo recas t i ng  System (MEFS) (S-78-419), i n c l u d i n g  t h e  Sweene Model 
(79-254),  t h e  EEA Highway Fuel  Consumption Model (HFCM) ( 8 0 - 5 6 3 3 ,  t h e  
F a u c e t t  Automobi le  S e c t o r  F o r e c a s t i n g  M o d e l  ( 7 6 - 0 1 6 )  , a n d  t h e  ORNL 
Highway Gaso l i ne  Demand Model (78-263);  t h e  S t r a t e g i c  E n v i r o n m e n t a l  



Assessmlent System (SEAS) and i t s  component t h e  T r a n s  p o r t a  t i o n  E n e r g y  
Conse rva t i on  Network Revi sed (79-020 and 79-309) ; t h e  SR I -Gu 1 f E n e r g y  
Model (73-261) and i t s  d e r i v a t i v e s ,  t h e  L i ve rmore  Energy  P o l  i c y  M o d e l  
(EPMILLL.) (78-462) , t h e  General i zed Equi 1 i b r i  um Model i ng System ( GEMS ) 
(77-283)1, and t h e  Long-Term Energy A n a l y s i s  Program (LEAP) (77-286); t h e  
Brookhaven N a t i o n a l  L a b o r a t o r y  Model i ng System, i n c l  u d i  ng t h e  Brookhaven 
Energy System O p t i m i z a t i o n  Model (BESOM) (78-378), t h e  D y n a m i c  E n e r g y  
System O p t i m i z a t i o n  Model (DESOM) (79-384),  t h e  Market  A1 1 o c a t i o n  M o d e l  
(MARKAL) (78-398),  t h e  Time-Stepped Energy System O p t  i m i  z a  t i o n  M o d e l  
(TESOM) (79-383), t h e  Long-Term I n t e r i n d u s t r y  T ransac t i ons  Model ( L  I TM) 
(77-24211, t h e  Dynamic General i z e d  E q u i l  i b r i  um Model (DGEM) (78-243),  and 
t h e  Center  f o r  Advanced Computat ion/Brookhaven Energy Inpu t -Ou tpu t  Model 
(78-361)l. 

1nformat;ion on each model was o rgan ized  by t h e  f o l  1 o w i  n g  c a t e g o r i e s :  
model name, overv iew,  uses, i n p u t  d a t a ,  o u t p u t  da ta ,  mode l ing  s t r u c t u r e  
and techn iques,  r e l a t i o n s h i p  t o  o t h e r  models, c o m p u t e r  r e q u i  r e m e n t  s , 
t r a n s p o r t a t i o n  component, and re fe rences .  The m a j o r  model s y s  t e ~ n  s a r e  
comparecl as t o  t h e i r  f o r e c a s t  ho r i zon ,  p o l i c i e s  t h a t  can be s i m u l  a t e d ,  
p o l i c y  impact  v a r i a b l e s ,  t echn ique ,  economic a s p e c t s  , i n p u t ,  o u t  p u t ,  
s t a t u s ,  and uses. An annota ted b i b l i o g r a p h y  i s  a l s o  i n c l u d e d  w i t h  
r e f e r e n c e s  t o  37 o t h e r  f u e l  consumption models. 
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ABSTRACT 

A  comprehensive resea rch  a n d  a n a l y s i s  p r o g r a l n  i s  u n d e r w a y  a t  t h e  
N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  (NHTSA) t o  s u p p o r t  f u e l  
economy s tandards  r u l  emaking a c t i v i t i e s ,  Impl ementa t ion  i s  c a r r i e d  o u t  
t h rough  p r i v a t e  s e c t o r  c o n t r a c t s  and t h e  T r a n s p o r t a t i o n  Systems C e n t e r  
(TSC). C o n t r a c t o r s '  c o o r d i n a t i  o n  m e e t i n g s  a r e  h e 1  d t o  p r o v i d e  an  
o p p o r t u n i t y  f o r  i n t e r a c t i o n .  The f i r s t  a n d  s e c o n d  A u t o m o t i v e  F u e l  
Economy Research C o n t r a c t o r s '  C o o r d i n a t i o n  Meet ings were  h e 1  d  i n  1 9 7 8  
and a r e  r e p o r t e d  under S-78-122. T h i s  1980 meet ing  c o n s i s t s  o f  r e p o r t s  
i n  t h e  areas o f  I n d u s t r y  Analyses, D r i v e r  Energy C o n s e r v a t i o n ,  H e a v y  
Duty Trucks,  Consumer R e s e a r c h  a n d  M a r k e t  Demand, V e h i c l e  W e i g h t  
Reduct ion ,  D i e s e l  Engine S t u d i e s ,  and Spark I g n i t i o n  a n d  D r i v e t r a i n  
Improvements. The I n d u s t r y  A n a l y s e s  p a p e r s  a r e :  "U.S. A u t o m o b i l e  
Regu la t i on :  An Examinat ion  o f  t h e  F o r e i g n  Exper ience and I t s  Imp l  i c a t i o n  
f o r  U.S. P o l i c y "  by  t h e  Center  f o r  P o l i c y  A l t e r n a t i v e s ;  " T h e  J a p a n e s e  
Automobi le  I n d u s t r y - - A n  E c o n o m i c  O v e r v i e w "  b y  t h e  U n i v e r s i t y  o f  
Michigan;  "Assessment o f  M a n u f a c t u r i n g  C h a n g e s  i n  t h e  A u t o m o t i v e  
I n d u s t r y "  by TSC; and "Employment and Economic E f f e c t s  o f  Changes i n  t h e  
Automot ive  Indus t r y - -A  P l a n t  and Community Study" by NHTSA and TSC. The 
Consumer Research and Market  Demand p a p e r s  a r e :  " C h a n g e s  i n  M o t o r  
V e h i c l e  Buyer A t t i t u d e s  a n d  M a r k e t  B e h a v i o r "  b y  R o g e r s  N a t i o n a l  
Research; 'Consumer Behav io r  T o w a r d s  F u e l  E f f i c i e n t  V e h i c l  e s "  t w o  
s t u d i e s ,  by Market  F a c t s ,  I n c .  a n d  N a t i o n a l  A n a l y s t s ;  " C o n s u m e r  
Acceptance o f  R e s e a r c h  S a f e t y  V e h i c l e  A t t r i b u t e s "  b y  The  P r i s m  
Corpo ra t i on ;  and "Methods f o r  Improv ing  Demand F o r e c a s t i n g "  b y  C h a r 1  e s  
R i v e r  Associ  a tes .  
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T h i s  balok i s  a c o l l e c t i o n  o f  p a p e r s  c o n c e r n i n g  t h e  f i e l d  o f  p r i c e  
indexes and q u a l i t y  change. These papers on hedonic p r i c e  indexes w e r e  
r e p r i n t e d  as a c o l l e c t i o n  t o  f a c i l i t a t e  t h e  communica t ion  o f  r e s e a r c h  
r e s u l t s , ,  Many o f  t h e  papers dea l  w i t h  t h e  i n d e x i n g  o f  m o t o r  v e h i c l e  
p r i c e s ,  and those  p r i c e  i ndex  models appear e l  sewhere i n  t h i s  i n v e n t o r y .  
The papers presented i n  t h i s  book a r e :  

Hedonic P r i c e  Indexes Revi  s i t e d  , by Zvi  Gril i ches  

Tas te  a!nd Qual i t y  Change i n  t h e  Pure  Theory o f  t h e  True-Cost- o f -  L i  v i  n g  
Index,  by Frank1 i n  M. F i s h e r  and K a r l  She1 1 

Hedonic P r i c e  Indexes f o r  Automobi les:  An E c o n o m e t r i c  A n a l y s i  s  o f  
Q u a l i t y  Change, by Zv i  G r i l i c h e s  (61-682) 

P r i c e  and Qua l  i t y  Changes i n  Consumer C a p i t a l  Goods Market :  An Emp i r i ca l  
Study, by Phoebus J. Dhrymes (67-693) 



I n t e r n a t i o n a l  P r i c e  Comparisons by Regress i  o n  M e t  h o d s ,  b y  I r v i  n g  B .  
K r a v i s  and Rober t  E. L i p s e y  (69-696) 

Qual i t y  B ias  i n  P r i c e  Indexes and New Methods o f  Qua l  i t y  Measurement, by 
Jack E. T r i p l e t t  

Measuring Q u a l i t y  C h a n g e s  a n d  t h e  P u r c h a s i n g  P o w e r  o f  M o n e y :  An 
Expl o r a t o r y  Study o f  Automobi les,  by  Phi 11 i p  Cagan (64-695) 

The M e a s u r e ~ e n t  o f  Q u a l i t y  Change f rom V in tage  P r i c e  Data, by Rober t  E .  
Hal 1  (71-697) 

The book i s  indexed and c o n t a i n s  a  b i b l i o g r a p h y ,  

The i n t r o d u c t i o n  t o  t h i s  book p r o v i d e s  an overv iew o f  t h e  hedonic p r i c e  
i ndex  1  i t e r a t u r e .  Hedonic p r i c e  indexes were developed i n  an a t temp t  t o  
produce a  "pu re "  p r i c e  i ndex  t h a t  does n o t  c o n t a i n  t h e  p r i c e  changes o f  
a  good a t t r i b u t a b l e  t o  changes i n  i t s  q u a 1  i t y .  F u n d a m e n t a l  t o  t h e  
approach i s  t h e  hypo thes i s  t h a t  " t h e  m u l t i t u d e  o f  models and v a r i e t i e s  
o f  a  p a r t i c u l a r  commodity can be comprehended i n  terms o f  a much s m a l l e r  
number o f  c h a r a c t e r i s t i c s  o r  b a s i c  a t t r i b u t e s  o f  a  commod i  t y  s u c h  a s  
' s i z e ' ,  ' p o w e r ' ,  ' t r i m ' ,  and ' a c c e s s o r i e s " '  f o r  a u t o m o b i l e s .  The  
approach a s s e r t s  t h a t  t h e  p r i c e  o f  a  commodity c a n  b e  r e l a t e d  t o  t h e  
l e v e l s  o f  v a r i o u s  c h a r a c t e r i s t i c s  i n h e r e n t  i n  t h e  c o m m o d i t y .  
Regressions a r e  u s u a l l y  r u n  w i t h  p r i c e  be ing  r e l a t e d  t o  t h e  l e v e l  o f  t h e  
c h a r a c t e r i s t i c s .  The a u t h o r  n o t e s  t h a t  t h e  approach has t h r e e  i m p o r t a n t  
i ssues :  t h e  r e l e v a n t  c h a r a c t e r i s t i c s ,  t h e  f o r m  o f  t h e  r e 1  a t i  o n s h i  p 
between p r i c e s  and c h a r a c t e r i s t i c s ,  and t h e  e s t i m a t i o n  o f  t h e  " p u r e  ' 
p r i c e  change f rom such data .  I n c l u d e d  i n  t h e  paper a r e  r e f e r e n c e s  t o  
t h e  p r i o r  resea rch  i n v o l v i n g  au tomob i l e  p r i c e s ,  t r a c t o r  p r i c e s ,  a n d  
d i e s e l  eng ine  p r i c e s .  As an example, t h e  a u t h o r  c o m p a r e s  t w o  p r i c e  
indexes f o r  1966 and 1 9 6 7  a u t o m o b i l e s  t o  show how t h e  d i f f e r e n t  
approaches produce d i f f e r e n t  conc lus ions .  

T h i s  s tudy  would p o t e n t i a l  l y  be  he1 p f u l  t o  t h o s e  resea rche rs  d e v e l o p i  n g  
o r  whose s t u d i e s  s u b s t a n t i a l l y  depend on p r i c e  i n d e x e s ,  a n d  t o  t h o s e  
u s i n g  a  hedonic demand model i n g  approach. 
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I n  an e f f o r t  t o  conserve f u e l ,  Congress r e q u i r e d  t h a t  a u t o  manu fac tu re rs  
i n c r e a s e  t h e  average f u e l  e f f i c i e n c y  o f  t h e  v e h i c l e s  t h e y  s e l l .  T h e  
e x t e n t  l;o which t h i s  p o l  i c y  i s  success fu l  i n  conse rv ing  f u e l  depends o n  
how consumers respond t o  t h e  more f u e l  e f f i c i e n t  v e h i c l e s .  The p r e s e n t  
paper  rev iews p r e v i o u s  economic r e s e a r c h  o n  a u t o m o b i  1  e  demand  a n d  
examines what t h i s  r e s e a r c h  c a n  t e l  1  u s  a b o u t  how c o n s u m e r s  w i l l  
respond ,, Three c a t e g o r i e s  o f  resea rch  a r e  rev iewed,  name1 y a g g r e g a t e  
econome1;ric s t u d i e s ,  d i sagg rega te  economet r ic  s t u d i e s ,  and hedon ic  p r i c e  
analyses.  It i s  shown t h a t  i n s u f f i c i e n t  v a r i a t i o n  a n d  t o o  l a r g e  
c o v a r i a , t i o n  among au tomob i l e  c h a r a c t e r i s t i c s  (such as p r i c e ,  we ight ,  and 
l e n g t h )  a r e  problems t h a t  h i n d e r  each t y p e  o f  a n a l y s i s .  Two methods t o  
a1 levia,l;e t h e s e  problems a r e  proposed f o r  f u r t h e r  research.  [ : A u t h o r i  s  
abstrac:l;] 

Models d i scussed  i n c l u d e :  t h e  Chase Econometr ics M o d e l  o f  A u t o m o b i  1  e  
Demand (74-002A), T r a i n  s t r u c t u r e d  l o g i  t model o f  au tomob i l e  o w n e r s  h i  p  
and moclc? c h o i c e  (T-80-653), Lave and T r a i n  d i  saggreyate model o f  a u t o -  
t y p e  c h ~ o i c e  (77-055),  and Dewees' Hedonic P r i c e  Study. 





4.0 INDEXES 





A Guide To The Indexes 

The models and documents in th i s  Inventory are indexed by six categories: 

Personal authors Keywords 

Organizational authors Model names 

Sponsors Report t i t l e s  

In the case of joint authorship or sponsorship each author or sponsor i s  

l is ted separately. Not a l l  documents have b o t h  personal and organizational 

authors and sponsors, and therefore, n o t  al l  of them appear on each 1 i s t .  

Most models and documents have more than one keyword, and therefore, appear 

under several keywords in that index. 

The indexes in th is  volume (s tar t ing on pg. 315) contain ci ta t ions t o  b o t h  

the models and the associated 1 i terature (S-documents) t h a t  are summarized 

in this  report in Sections 2.0 and 3.0, respectively. The indexes are 

cumulative with respect t o  the two previous volumes of the inventory: 

Richardson, e t  a l .  1979. An Inventory of Selected Mathematical 

Models Relating t o  the Motor Vehicle Transportation System and 

Associated Literature. 

Richardson e t  a1 . 1980. An Inventory of Selected Mathematical 

Model s Re1 ating t o  the Motor Vehicle Transportation System and 

Associated Literature - First  Supplement. 

The indexes identify models and documents by their  accession codes. Each 

model or document i s  assigned a five-digit  number. The f i r s t  two d ig i t s  

represent; the year in which the report was written, and the l a s t  three the 

order in which the reports were received by the University of Michigan Staff.  

I t  i s  the l a s t  three d ig i t s  by which the documents and models are ordered 

in the vairious Inventory reports. For example, 74-005 follows 75-004. 

Some accession codes carry the suffix A ,  B, or C .  These suffixes note 

dis t inct  submodel s of a large model and may be considered as stand-alone 

models. 

In the indexes, the accession codes may be followed by (79)  or (80). 



(79) indicates t h a t  the model or document i s  summarized in the 1979 volume 

of the Inventory. Tha t  i s  the f i r s t  Inventory in the ser ies .  

(80) a f t e r  the accession code indicates the document i s  summarized in the 

1980 volume of the Inventory which i s  the F i rs t  Supplement. If there are 

no numbers in parentheses following the accession code, the model or 

document i s  contained in the present volume of the Inventory, the Second 

Supplement. 

78-211 (80) i s  a model written in 1978, i s  the 211 t h  document collected, 

and i s  summarized i n  the f i r s t  supplement by Richardson e t  a1 . (1980). 

S-80-609 i s  a supplementary document written in 1980, i s  the 609 t h 

document col lected , and i s  summarized in the present volume. 



4 . 1  M o d e l  Name I n d e x  

A.T. KEARNEY/WHARTON/NHTSA AUTOMOBILE DEMAND MODEL, 7 9 - 2 9 0  
ACCIDENT TREND MODEL, 7 5 - 4 3 8  
ADL CONSUMER RESPONSE MODEL, 7 6 - 1 3 5  ( 7 9 )  
AGGREGATE AUTOMOBILE SCRAPPAGE MODEL, 6 8 - 1 5 5  ( 7 9 )  
AGGREGATE DEMAND MODEL FOR NEW AND USED AUTOMOBILES,  7 8 - 2 0 4  (80) 
AGGREGATE SALES MODEL, 7 4 - 0 3 9 B  ( 7 9 )  
A I K P O L - 4 ,  7 6 - 0 7 0  ( 7 9 )  
A L T E R N A T I V E  S P E C I F I C A T I O N S  OF STOCK D E P L E T I O N  TO MODEL DEMAND FOR 

CONSUMIER DURABLES, 7 2 - 6 8 5  
AMERICAN, CANADIAN,  AND EUROPEAN G A S O L I N E  CONSUMPTION MODEL, 

7 8 - 2 1 8  ( 8 0 )  
A N A L Y S I S  OF THE P R I V A T E  AND COMMERCIAL DEMAND FOR G A S O L I N E ,  7 4 - 0 4 8  ( 7 9 )  
A N L I H I W A Y :  AN A I R  P O L L U T I O N  E V A L U A T I O N  MODEL FOR ROADWAYS, 7 6 - 0 9 5  ( 7 9 )  
ANNUAL MODEL OF PASSENGER CAR GAS CONSUMPTION I N  THE U.S., 7 3 - 0 4 1  ( 7 9 )  
APS : AUTOMOTIVE PROPULSION SIMULATOR,  7 4 - 0 2 3  ( 7 9 )  
AUTO F L E E T  SUBMODEL, 7 6 - 0 0 7  ( 7 9 )  
AUTO OWNERSHIP AND MODE CHOICE  MODEL, 7 7 - 2 6 9  ( 8 0 )  
AUTOMOBILE AND G A S O L I N E  DEMAND MODEL, 7 5 - 0 7 3  ( 7 9 )  
AUTOMOBILE C H A R A C T E R I S T I C S  DEMAND, 8 0 - 7 0 1  
AUTOMOBI ILE CONSUMPTION BY STATES,  1 9 4 0 - 1 9 5 0 ,  5 7 - 6 9 2  
AUTOMOBILE DEMAND EQUATIONS,  7 7 - 0 7 4  ( 7 9 )  
AUTOMOBILE DEMAND MODEL C O M B I N I N G  A N T I C I P A T O R Y  AND O B J E C T I V E  V A R I A B L E S ,  

7 2 - 2 0 5  ( 8 0 )  
AUTOMOBILE EXHAUST E M I S S I O N  MODAL A N A L Y S I S  MODEL, 7 4 - 2 1 9  ( 8 0 )  
AUTOMOBILE F L E E T  F U E L  E F F I C I E N C Y  FORECASTING,  7 9 - 4 1 2  
AUTOMOBILE F L E E T  M I X  MODEL, 7 4 - 0 0 1 B  ( 7 9 )  
AUTOMOBI L E  HEDONIC Q U A L I T Y  MEASUREMENT, 6 9 - 7 0 3  
AUTOMOBILE IldOUSTRY RESPONSE TO GOVERNMENT RULE-MAKI  NG, 7 8 - 4 1 7  
AUTOMOBILE SECTOR FORECASTING MODEL, 7 6 - 0 1 6  ( 8 0 )  
AUTOMOBILE S T Y L E  CHANGE, 7 1 - 6 9 1  
AUTOMOTIVE F L E E T  FUEL  CONSUMPTION MODEL ( F U E L ) ,  7 7 - 0 6 7  ( 7 9 )  
AUTOMOTIVE F L E E T  F U E L  CONSUMPTION MODEL ( F U E L 4 ) ,  7 7 - 2 9 5 A  ( 8 0 )  
AUTOMOTIVE MANUFACTURER R I S K  A N A L Y S I S ,  7 9 - 4 2 5  

BRAND DE.MAND MODEL FOR FARM TRACTORS I N  THE U N I T E D  KINGDOM, 7 0 - 5 4 4  
BROOKHAVEN ENERGY SYSTEM O P T I M I Z A T I O N  MODEL (BESOFI) , 7 8 - 3 7 8  ( 8 0 )  

C A L I N E - 2 :  C A L I F O R N I A  L I N E  SOURCE D I S P E R S I O N  MODEL, 7 6 - 0 8 4  ( 7 9 )  
CANAD I A I I  AUTOMOTIVE MANUFACTURING INDUSTRY , 7 2 - 3 9 5  
C A P I T A L  AND LABOR RESOURCE ACCOUNTING MODEL ( I N R A M ) ,  7 6 - 0 2 4 B  ( 7 9 )  
CENTER FOR ADVANCED CO!lPUTATION/BROOKHAVEN ENERGY INPUT-OUTPUT MODEL, 

7 8 - 3 6 1  ( 8 0 )  
COMMUNITY N O I S E  COUNTERMEASURES COST E F F E C T I V E N E S S  O P T I M I Z A T I O N  COMPiJTER 

PROGRAM ( N O I Z O P )  , 7 5 - 0 5 7  ( 7 9 )  
COMMUTER P O L L U T I O N  EXPOSURE MODELS, 7 9 - 3 7 6  ( 8 0 )  
COMPONENTS OF SHORT-RUN DEMAND FOR G A S O L I N E  MODEL, 7 9 - 2 1 4  ( 8 0 )  
CONAES I N T E G R A T I N G  040 -SECTOR MODEL, 7 9 - 4 5 1  
CONSUMER C A P I T A L  GOODS P R I C E  AND Q U A L I T Y  CHANGE, 6 7 - 6 9 3  
CONSUMER C R E D I T  AND CONSUMER DEMAND FOR AUTOMOBILES,  7 6 - 0 9 2  ( 7 9 )  
CONSUMER DEMAND FOR CARS I N  THE USA, 7 5 - 0 2 9  ( 7 9 )  
CONSUMPTION OF G A S O L I N E  BY HOUSEHOLDS, 7 7 - 0 8 7 A  ( 7 9 )  
CRA HEUONIC MARKET SHARE MODEL, 7 6 - 0 2 5  



M o d e l  Name I n d e x  

CRASH I N J U R Y  P R E D I C T I O N  MODEL, 7 8 - 4 7 4  
CROSS-SECTION MODEL OF AUTOMOBILE CONSUMPTION, 6 7 - 1 2 0  ( 7 9 )  

D E C I S I O N  A N A L Y S I S  OF AUTO E M I S S I O N  CONTROL, 7 6 - 0 6 2  ( 7 9 )  
DEMAND FOR NEW AND USED AUTOMOBILES CROSS-SECTION MODEL, 7 8 - 3 0 7  ( 8 0 )  
DEMAND FOR NEW AUTOMOBILES I N  THE U N I T E D  STATES 1 9 2 9 - 1 9 5 6 ,  5 8 - 0 3 3  ( 7 9 )  
DEMAND FOR PASSENGER CAR TRANSPORT S E R V I C E S  AND FOR GASOL INE ,  7 9 - 4 4 6  
DEMAND MODEL FOR G A S O L I N E  AND R E S I D E N T I A L  E L E C T R I C I T Y ,  7 4 - 2 8 4  ( 8 0 )  
D E P R E C I A T I O N  OF C A P I T A L  MODEL, 7 0 - 2 0 9  ( 8 0 )  
DETERMINANTS OF SCRAPPING RATES FOR POSTWAR V I N T A G E  AUTOMOBILES, 

7 7 - 0 8 6  ( 7 9 )  
D I F K I N  PHOTOCHEMICAL P O L L U T I O N  D I F F U S I O N  MODEL, 7 6 - 0 9 1  ( 7 9 )  
DISAGGREGATE AUTOMOBILE OWNERSHIP CHOICE ,  7 5 - 4 9 7  
DISAGGREGATE BEHAVIORAL  MODEL OF AUTO OWNERSHIP AND MODE OF TRAVEL ,  

7 6 - 3 6 4 A  ( 8 0 )  
D ISAGGREGATE MODEL OF AUTO-TY PE CHOICE,  7 7 - 0 5 5  
D I S T R I  BUT I O M L  IMPACTS OF AUTOMOTIVE P O L L U T I O N  CONTROL PROGRAMS MODEL, 

7 5 - 1 0 1  ( 7 9 )  
DOE A L T E R N A T I V E  L I G H T - D U T Y  TRUCK F U E L  ECONOMY MODEL, 8 0 - 5 8 4  
DOT MODEL ( V E H S I M ) ,  7 6 - 0 9 0  ( 7 9 )  
D R I V I N G  CYCLE R E L A T I V E  ENERGY CONSUMPTION MODEL, 7 8 - 0 9 9  ( 7 9 )  
DYNAMIC ENERGY SYSTEM O P T I M I Z A T I O N  MODEL (DESOM),  7 9 - 3 8 4  ( 8 0 )  
DYNAMIC E Q U I L I B R I U M  MODEL OF THE U.K. AUTO MARKET, 7 8 - 0 9 8  ( 7 9 )  
DYNAMIC L I N E A R  EXPENDITURE MODEL, 7 2 - 3 2 9  ( 8 0 )  
DYNAMIC MODEL OF THE U.S. AUTOMOBILE F L E E T ,  7 7 - 0 8 5  ( 7 9 )  

ECONOMETRIC APPROACH TO FORECAST1 NG THE MARKET P O T E N T I A L  OF E L E C T R I C  
AUTOMOBILES, 7 7 - 5 7 4  

ECONOMETRIC MODEL OF CONSUMER DEMAND FOR NEW AND REPLACEMENT 
AUTOMOBILES, 7 6 - 2 4 4  

ECONOMETRIC MODEL OF NEW CAR SALES,  7 5 - 0 1 3  ( 7 9 )  
ECONOMETRIC MODELS OF THE DEMAND FOR MOTOR FUEL ,  7 5 - 0 5 8  ( 7 9 )  
EEA GASOL INE  CONSUMPTION MODEL, 

ECONOMICS SUBMODEL, 7 5 - 0 0 3 B  ( 7 9 )  
EM1 S S I O N S  SUBMODEL, 7 5 - 0 0 3 C  ( 7 9 )  
TECHNOLOGY MODEL, 7 5 - 0 0 3 A  ( 7 9 )  

E L A S T I C I T I E S  OF DEMAND FOR NEW AUTOMOBILES,  7 6 - 0 6 1  ( 7 9 )  
E L E C T R I C  PASSENGER V E H I C L E  MARKET IMPACT AND U T I L I T Y  LOAD MODEL, 

7 7 - 2 1 7  ( 8 0 )  
E L E C T R I C  V E H I C L E  WEIGHT AND COST MODEL (EVWAC),  7 9 - 6 4 2  
E M I S S I O N  AND FUEL  USE MODEL FOR TRUCKS AND BUSES, 7 8 - 2 7 7  ( 8 0 )  
ENERGY USE I N  TRANSPORTATION MODEL (ENTRANS)  , 8 0 - 6 0 0  
ENGINEERING MODEL OF FUTURE MOTOR V E H I C L E S  (EMFMV) ,  7 7 - 0 3 0  ( 7 9 )  
E S T I M A T I N G  AUTO E M I S S I O N S  OF A L T E R N A T I V E  TRANSPORTATION SYSTEMS, 

7 7 - 0 7 5  ( 7 9 )  
EXPLORATION OF AUTOMOBILE Q U A L I T Y  CHANGE, 6 4 - 6 9 5  
EXPLORATORY MODELS OF DOMESTIC AUTOMOBILE DEMAND, 3 8 - 6 8 8  

FHWA L E V E L  1 HIGHWAY T R A F F I C  N O I S E  P R E D I C T I O N  MODEL (SNAP 1 . 0 ) ,  7 9 - 6 3 4 A  
FHWA L E V E L  2 HIGHWAY T R A F F I C  N O I S E  P R E D I C T I O N  MODEL ( S T A M I N A  1 . 0 ) ,  

7 9 - 6 3 4 B  
F I R S T  PURCHASE AND REPLACEMENT DEMAND FOR PASSENGER CARS, 3 6 - 6 8 3  
F L E E T  MODEL, 7 6 - 0 2 2 C  ( 7 9 )  
FOREST S E R V I C E  V E H I C L E  OPERATING COST MODEL, 7 5 - 5 3 7  



M o d e l  N a m e  I n d e x  

F U E L  ECONOMY P R O J E C T I O N  PROGRAM ( F U E L G ) ,  7 7 - 2 9 5 B  (80)  
F U E L - 1 2  C A F E  PROCESSING SYSTEM, 7 9 - 2 9 6  ( 8 0 )  
FUTURE AUTOMOBILE  P O P U L A T I O N  MODEL ( F A P S )  , 7 8 - 0 9 4  ( 7 9 )  

G A S O L I N E  CONSUMPTION MODEL, 7 4 - 0 0 2 B  ( 7 9 )  
G A S O L I N E  DEMAND MODEL, 7 4 - 0 3 7 A  ( 7 9 )  
GASOLINE.  P R I C E  E L A S T I C I T Y  E S T I M A T I O N ,  7 7 - 3 5 8  ( 8 0 )  
G A S O L I N E  USE MODEL, 7 5 - 0 5 2  ( 7 9 )  
GENERAL E Q U I L I B R I U M  MODEL ING SYSTEM (GEMS) ,  7 7 - 2 8 3  ( 8 0 )  
GENERAL PURPOSE AUTOMOTIVE V E H I C L E  PERFORMANCE AND ECONOMY S IMULATOR,  

7 2 - 0 1 , 7  ( 7 9 )  
GENERAL- ,LEAST COST A I R - Q U A L I T Y  MODEL, 7 4 - 2 1 2  (80) 
GENERALTZED AUTOMOBILE  D E S I G N  MODEL, 7 4 - 0 0 1 A  ( 7 9 )  

HEAVY GOODS V E H I C L E  F U E L  CONSUMPTION MODEL, 7 9 - 3 1 5  ( 8 0 )  
HEDON I C  MODELS OF AUTOMOBILE  P R I C E S ,  7 2 - 2 8 8  
HEDONIC  P R I C E  INDEXES,  3 8 - 6 8 9  
HEDONIC  P R I C E  I N D E X E S  FOR AUTOMOBILES,  6 1 - 6 8 2  
HEDONIC  P R I C E  I N D E X E S  FOR U N I T E D  KINGDOM CARS, 7 2 - 7 0 0  
H I E R A R C H I C A L  D E C I S I O N - P R O C E S S  MODEL FOR FORECASTING AUTOMOBILE 

TY PE- -CHOICE,  7 9 - 2 9 9  
HIGHWAY FUEL  CONSUMPTION MODEL, 7 4 - 0 0 6  ( 7 9 )  
HIGHWAY F U E L  CONSUMPTION MODEL (HFCM) , 

MEDIUM AND HEAVY-DUTY TRUCK F U E L  DEMAND MODULE, 8 0 - 5 6 3  
HIGHWAY N O I S E  P O L I C Y  MODEL, 7 4 - 2 0 8  ( 8 0 )  
HIGHWAY P O L L U T I O N  TREND MODEL, 7 4 - 2 1 0  ( 8 0 )  
HOUSEHOLD AUTOMOBILE EXPENDITURE,  8 0 - 5 7 9  
HOUSEHOI-D C H O I C E  AMONG MOTOR V E H I C L E S ,  7 8 - 2 9 7  
HOUSEHOI-D EXPENDITURES ON AUTOMOBILE  OWNERSHIP AND OPERATION,  

7 7 - 0 8 7 B  ( 7 9 )  
HOUSEHOILD SURVEY G A S O L I N E  DEMAND MODEL, 7 8 - 3 9 4  ( 8 0 )  
HOUSEHOI-D V E H I C L E  HOLDINGS AND VALUE OF HOLDINGS,  7 0 - 6 9 0  

I L L I Q U I ' D I T Y  OF CONSUMER DURABLES AND MONETARY P O L I C Y  MODEL, 7 6 - 2 0 6  (80) 
I M P A C T  OF R E S I D E N T I A L  CONSTRUCTION ON THE DEMAND FOR AUTOMOBI  L E S  MODEL, 

7 6 - 0 9 7  ( 7 9 )  
INFKEQUIENT PURCHASE BEHAVIOR I N  A STOCK ADJUSTMENT MODEL, 7 1 - 0 4 9  ( 7 9 )  
I N T E R E S T  RATES AND THE DEMAND FOR CONSUMER DURABLE GOODS MODEL, 6 7 - 0 3 1  
I N T E R N A T I O N A L  D I E S E L  E N G I N E  PR I C E  COMPARISONS, 6 9 - 6 9 6  

J O I N T  AUTO OWNERSHIP WORK MODE C H O I C E  MODEL W I T H  CARPOOL A S  A MODE, 
7 6 - 3 6 4 B  ( 8 0 )  

L I F E S T Y L E  MODEL OF AUTOMOB I L E  OWNERSHIP, 7 7 - 2 0 0 B  ( 7 9 )  
L I F E S T Y L E  MODEL OF AUTOMOBILE USE, 7 7 - 2 0 0 A  ( 7 9 )  
L I G H T  DUTY V E H I C L E  F L E E T  F U E L  CONSUMPTION MODEL (LDVFFCM)  , 7 9 - 3 6 8  (80) 
L I G H T - D U T Y  E M I S S I O N  AND CONTROL COST S I M U L A T I O N  MODEL, 7 5 - 0 7 2  ( 7 9 )  
L I N E  AND AREA SOURCE E M I S S I O N S  FROM MOTOR V E H I C L E S ,  7 6 - 2 8 7  
L I N E A R  AND L O G I T  AUTOMOBILE  DEMAND MODELS U S I N G  SEEMINGLY-UNRELATED 

E S T I M A T I O N ,  7 8 - 5 5 9  
L IVERMORE ENERGY P O L I C Y  MODEL ( E P M ) ,  7 8 - 4 6 2  ( 8 0 )  
LONG-RUN AUTOMOBILE DEMAND, 5 6 - 6 1 3  
LONG-RUN DEMAND FOR AUTOMOBILES ,  5 7 - 6 1 4  
LONG-TERM ENERGY A N A L Y S I S  PROGRAM ( L E A P ) ,  7 7 - 2 8 6  ( 8 0 )  



M o d e l  Name  I n d e x  

LONG-TERM I N T E R 1  NDUSTRY TRANSACTIONS MODEL ( L  I T M )  , 7 7 - 2 4 2  ( 8 0 )  

M A C H I N E - I N T E N S I V E  APPROACH T O  L A G  D E T E R M I N A T I O N  FOR CONSUMER DEMAND 
A N A L Y S I S ,  6 9 - 5 6 5  

MANUAL MODEL T O  P R E D I C T  HIGHWAY RELATED CARBON MONOXIDE CONCENTRATIONS,  
7 5 - 0 7 1  ( 7 9 )  

MANUFACTURING ASSESSMENT SYSTEM, 7 5 - 0 6 5  ( 7 9 )  
MARKET A L L O C A T I O N  MODEL ( M A R K A L ) ,  7 8 - 3 9 8  ( 8 0 )  
MARKET SHARE MODEL, 7 4 - 0 3 9 A  ( 7 9 )  
M A T E R I A L S  AND ENERGY RESOURCE ACCOUNTING MODEL (ARAM) ,  7 6 - 0 2 4 A  ( 7 9 )  
MATHAIR ,  7 6 - 0 7 6  ( 7 9 )  
METHOD FOR P R O J E C T I N G  AGGREGATE AUTO M I L E S  TRAVELED,  7 5 - 0 1  1 ( 7 9 )  
M INNESOTA G A S O L I N E  DEMAND MODEL, 7 7 - 2 1 3  ( 8 0 )  
MOB1 L E  SOURCE E M I S S I O N S  MODEL ( M O B I L E 1 )  , 7 8 - 4 2 4  
MODEL OF THE AUTOMOBILE  INDUSTRY RESPONSE TO GOVERNMENT REGULAT IONS,  

7 7 - 0 3 5  ( 7 9 )  
MODEL OF T R A F F I C  N O I S E ,  7 6 - 0 8 9  ( 7 9 )  
MODEL ING THE DEMAND FOR AUTOMOBILES  I N  THE U N I T E D  STATES,  7 7 - 0 6 4  ( 7 9 )  
MODEL ING THE RESPONSE OF THE DOMESTIC  AUTOMOBILE INDUSTRY T O  MANDATES 

FOR INCREASED F U E L  ECONOMY: AN INDUSTRY MODEL, 7 7 - 0 5 6  ( 7 9 )  
M O D I F I E D  ROLLBACK PROGRAM, 7 4 - 0 0 5  ( 7 9 )  
MOTOR V E H I C L E  E M I S S I O N  AND COST MODEL (MOVEC) ,  7 3 - 0 8 2  ( 7 9 )  
MOTOR VEHICLE /H IGHWAY N O I S E  MODEL, 7 0 - 0 6 3  ( 7 9 )  
MOTOR-CAR P R I C I N G  AND DEMAND, 5 4 - 5 4 2  
M U L T I - V A R I A B L E  MODELS OF CAR OWNERSHIP, 7 9 - 4 0 2  

NEW CAR SALES MODEL, 7 6 - 0 2 2 8  ( 7 9 )  
NEW CAR SALES/AUTO OWNERSHIP /VEHICLE  M I L E S  TRAVELED ( N A V )  MODEL, 

7 4 - 0 0 1 C  ( 7 9 )  
NEW MOTOR TRUCK DEMAND I N  T H E  U N I T E D  STATES,  1 9 3 5 - 1 9 5 5 ,  5 6 - 5 2 6  
NEW PASSENGER CAR SALES AND MARKET SHARES MODEL, 7 4 - 0 0 2 A  ( 7 9 )  
N O I S E  ANNOYANCE I M P A C T  ALGORITHM,  7 6 - 0 6 9  ( 7 9 )  

ONTARIO  L T R A F F I C  N O I S E  P R E D I C T I O N  METHOD, 7 7 - 4 7 1  
ORNL H I G H ~ ~ Y  G A S O L I N E  DEMAND MODEL, 7 8 - 2 6 3  

P A R T I A L  ADJUSTMENT MODEL OF G A S O L I N E  DEMAND, 8 0 - 5 3 1  
P A R T I A L  RECURSIVE  MODEL OF AUTOMOBILE DEMAND, 7 3 - 2 9 4  ( 8 0 )  
PASSENGER CAR G A S O L I N E  DEMAND MODEL, 7 9 - 2 5 4  ( S O )  
P O L I C Y  SEARCH MODEL FOR E V A L U A T I N G  FUTURE N A T I O N A L  TRANSPORTAT ION 

S T R A T E G I E S ,  7 5 - 0 1 9  ( 7 9 )  
P R E L I M I N A R Y  MODEL OF AUTO C H O I C E  BY C L A S S  OF CAR: AGGREGATE STATE DATA,  

7 4 - 0 3 7 B  ( 7 9 )  
P R I C I N G  I N  THE AUTOMOBILE  INDUSTRY:  A S I M P L E  ECONOMETRIC MODEL, 

7 6 - 0 8 0  ( 7 9 )  
PROJECT INDEPENDENCE E V A L U A T I O N  SYSTEM ( P I E S ) ,  

AUTOMOBILE S I M U L A T I O N  MODEL, 7 5 - 0 0 4 A  ( 7 9 )  
WORLD ENERGY MODEL, 7 5 - 0 0 4 B  ( 7 9 )  

Q U A L I T Y  ADJUSTMENT MODEL OF MARKET SHARES I N  OL IGOPOLY,  7 1 - 7 0 2  
QUARTERLY DEMAND FOR G A S O L I N E  MODEL, 7 3 - 0 4 0  ( 7 9 )  

REGIONAL  E M I S S I O N S  P R O J E C T I O N  SYSTEM ( R E P S ) ,  7 9 - 6 4 4  
REGIONAL  ENERGY A V A I L A B I L I T Y  MODEL, 7 7 - 3 6 6  ( 8 0 )  



M o d e l  N a m e  I n d e x  

S.U.R.E. DEMAND MODEL OF AUTOMOBILE S I Z E  CHOICE,  7 8 - 3 1 2  ( 8 0 )  
SACRAMENTO AREA MODEL (SAM)  , 7 5 - 0 2 7 B  ( 7 9 )  
SEPARABLE CONVEX PROGRAMMING MODEL FOR AUTOMOBILE PRODUCTION,  7 9 - 4 3 0  
SHORT-T'ERM INTEGRATED FORECASTING SYSTEM ( S T I F S )  , 7 9 - 4 1 8  
SHORT-T'ERM PETROLEUM PRODUCT DEMAND FORECASTING MODEL (STPPDFM) , 

7 8 - 3 3 6  ( 8 0 )  
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ABSTRACT 

This i s  the second supplement t o  a v o l  ume t h a t  

p r e s e n t s  ( 1 )  d e s c r i p t i o n s  o f  s e l e c t e d  

mathematical models ( e c o n o m e t r i c ,  p h y s i c a l ,  

accounting, e tc . )  relating t o  the motor vehicle 

transportation system, and ( 2 )  a b s t r a c t s  of 

associated documents that  re la te  t o  models and 

the policies analyzed by the models. The models 

included generally have the potential for  use in 

automotive t r a n s p o r t a t i o n  p o l  i cy  a n a l y s e s .  

Complete references and summaries are given f o r  

the models and a s s o c i a t e d  1 i t e r a t u r e .  The 

models are further described, indicating t h e i r  

o b j e c t i v e s ,  s t r u c t u r e ,  d a t a  and computer 

requirements, and other relevant i n f o r m a t i o n .  

Indexes included may be used t o  identify models 

and documents according t o  model name, r e p o r t  

t i t l e ,  keywords, personal and o r g a n i z a t i o n a l  

authors, and sponsors. Twenty-six subject areas 

are  covered, including: automobile demand, f u e l  

consumption and economy, a i r  pol 1 ution, vehi c l  e 

size-class market s h a r e ,  and v e h i c l e  mi 1 es  
traveled. 




