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EXECUTIVE SUMMARY 

T h i s  document  r e p o r t s  t h e  r e s u l t s  o f  an a n a l y s i s  o f  t h e  1 9 7 7  

v e r s i o n  o f  t h e  Whar ton  E c o n o m e t r i c  F o r e c a s t i n g  A s s o c i a t e s  (EFA) 

A u t o m o b i l e  Demand Mode l .  The  a n a l y s i s ,  p e r f o r m e d  b y  t h e  H ighway  

S a f e t y  R e s e a r c h  I n s t i t u t e  (HSRI )  o f  The U n i v e r s i t y  o f  M ich igan ,  was 

sponsored b y  t h e  Motor  V e h i c l e  Manu fac tu re rs  A s s o c i a t i o n  and was p a r t  

o f  a  l a r g e r  HSRI s t u d y  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  Mathemat ica l  

Models o f  t h e  Motor  V e h i c l e  System." 

The W h a r t o n  EFA Automob i le  Demand Model i s  an economet r i c  model o f  

l o n g - t e r m  a u t o m o b i l e  demand. I n  t h e  mode l  a u t o m o b i l e  demand i s 

r e p r e s e n t e d  b y  a  s tock -ad jus tmen t  p rocess .  The model i s  desipned t o  

f o r e c a s t  t h e  s i z e  and compos i t i on  o f  U.S. au tomob i le  demand and s t o c k  

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

c h a r a c t e r i s t i c s  and g e n e r a l  economic  and d e m o g r a ~ h i c  c o n d i t i o n s .  

O t h e r  s i g n i f i c a ' n t  o u t p u t s  t h a t  may b e  d e r i v e d  w i t h  a d d i t i o n a l  

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

employment ,  and t a x  revenues f l o w i n g  d i r e c t l y  f r o m  s a l e s  and v e h i c l e  

o p e r a t i o n s .  The mode l  c o n t a i n s  a b o u t  400  e q u a t i o n s  and o v e r  600  

v a r i  ab les .  

The p u r p o s e  o f  t h i s  r e p o r t  i s  t o  ana lyze  s p e c i f i c  c a p a b i l i t i e s  o f  

t h e  model: t h e  m o d e l ' s  a b i l i t y  t o  f o r e c a s t  t h e  l o n g - r u n  s i z e  and 

compos i  t i o n  o f  U.S. au tomob i le  demand and stock,  i n  t o t a l  and b y  t y p e  

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

v a r i a b l e s  t o  chanaes  i n  economic ,  t e c h n o l o g i c a l ,  and demograph ic  

c o n d i t i o n s .  

Method 

The HSRI a n a l y s i s  c o n s i s t s  o f  f o u r  s teps :  

e Model s t r u c t u r e  a n a l y s i s  



a Equat ion r e c o n s t r u c t i o n  

a Submodel e v a l u a t i o n  

a F u l l  model e v a l u a t i o n  

M o d e l  s t r u c t u r e  a n a l y s i s  i n v o l v e s  e x a m i n i n g  t h e  t h e o r y  and 

l o g i c  u n d e r l y i n g  t h e  model. The ana lys i s  was a p p l i e d  t o  t h e  model as 

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

equat ions- - tha t  make up t h e  model. The components o f  t h e  model were 

g r o u ~ e d  i n t o  t h e  f o l l o w i n g  sets:  

a M i l e s  per  g a l l o n  equat ions 

a New ca r  p r i c e  equat ions 

a C a p i t a l i z e d  c o s t  per  m i l e  equat ions 

m Desi red  stock and d e s i r e d  stock share equat ions 

a Actua l  demand f o r  new ca rs  and f o r  au tomobi  1 e  t r a v e l ,  

t o t a l  scrappage, and used car  market equat ions 

a A c t u a l  s t o c k  b y  age  and  t y p e  o f  c a r  e q u a t i o n s  

i n c l u d i n g  new car  stock equat ions 

These g r o u p i n g s  were chosen because t h e y  c o r r e s p o n d  t o  t h e  m a j o r  

subrout ines  o f  t h e  Wharton EFA automobi l e  model computer program. 

As p a r t  o f  t h e  s t r u c t u r a l  ana lys is ,  t h e  o r g a n i z a t i o n  and o p e r a t i o n  

o f  t h e  model are o u t l i n e d .  T h i s  o u t l i n e  i nc ludes  complete d e t a i l s  o f  

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

comprehens ive  d e t a i l i n g  o f  t h e  equat ions o f  each o f  t h e  components o f  

t h e  model, and a d e t a i l e d  examinat ion of t h e  i d e n t i t i e s  o f  t h e  model. 

I n  t h e  second s t e p ,  e q u a t i o n  r e c o n s t r u c t i o n ,  t h e  b e h a v i o r a l  

equat ions o f  t h e  model a re  analyzed i n  a  t w o - s t a g e  p r o c e s s .  F i r s t ,  

t h e  e q u a t i o n s  a r e  r e c o n s t r u c t e d  by means o f  a  req ress ion  package on 

The U n i v e r s i t y  o f  M i c h i g a n  c o m p u t e r  s y s t e m .  The  r e e s t i m a t e d  

c o e f f i c i e n t s  a n d  summary s t a t i s t i c s  a r e  checked a g a i n s t  t h o s e  

r e p o r t e d  by t h e  model authors.  Th is  r e c o n s t r u c t i o n  i s  an a t t e m p t  t o  

a s c e r t a i n  t h a t  t h e  ve rs ion  o f  t h e  model and data  rece i ved  by H S R I  are 

t h e  same as those documented i n  t h e  Whar ton  EFA a u t o  model  r e p o r t .  

The s e c o n d  s t e p  i n v o l v e s  e x a m i n i n e  t h e  s p e c i f i c a t i o n  o f  t h e  

i n d i v i d u a l  equat ions i n  o rde r  t o  understand t h e  complete s t r u c t u r e  of 

t h e  model. 



The r e s u l t s  of the  equation reconstruction task were mixed. HSRI 

staff  were able t o  repl ica te  c l o se ly  or exact ly  about seventy-f ive 
percent of the  equations attempted. These include, for  example, new 
car registrat ions,  vehicle miles traveled (VMT), auto scrappage, and 
some new c a r  s t ock  share  equations.  HSRI s t a f f  were unable t o  
reproduce, for  example, the luxury new car  stock share equation and 
t h e  domest ic  new c a r  stock share equations.  The model authors 
suggested that  the l ikely cause of th i s  discrepancy was a rev i s ion  in 
se lec ted  data  s e r i e s  used in es t imat ing the  equations between the 
times of actually building the model and preparing the  model program 
tape f o r  de l ive ry  t o  the  sponsor, the Transportation Systems Center 
of the U.S. Department of Transportation. Poor documentation made i t  

impossible t o  reconstruct the cross-sectional equations of the model. 
Analysis of the specification of the model equations in the  second 

s t ep  ind ica tes  t h a t  t h e  s igns  of t h e  est imated parameters of t h e  
e q u a t i o n s  a r e  g e n e r a l l y  c o n s i s t e n t  w i t h  e conomic  t h e o r y .  
However, i n  n o  case i s  an equation i n  the  Wharton E F A  auto model 
derived a priori from theory; most are just if ied after  the fac t .  

In the  submodel e v a l u a t i o n ,  the  third s t ep  in the HSRI study, 
the fo r eca s t i ng  behavior and dynamic p roper t i es  of submodels are  

analyzed. Submodel s are individual equations or groups of equations 
within t he  f u l l  model. Three s e t s  of submodels t h a t  contain the  
h i g h l y  r e l a t e d ,  key equations of  the  model are  analyzed. These 
submodel se ts  are: 

0 New car s a l e s ,  scrappage, VMT per family, and desired 
stock per family equations 

0 New c a r  market  s h a r e s  and d e s i r e d  s t ock  s h a r e s  
equations 

0 Capitalized cost per mile equations 
The forecasting behavior ana lys i s  involves examining how we1 1 t he  
simulated values of a submodel over a given period match the known 
h i s t o r i c a l  v a l u e s  f o r  t h a t  p e r i o d .  The a n a l y s i s  of dynamic 
p roper t i es  involves examining the response of the submodel variables 
t o  spec i f i ed  changes in the  independent va r iab les  and e s t i m a t e d  



parameters . A 1  though the resul t s  of these individual experiments are 
interesting, t h e i r  most important value l i e s  in the  i n s i g h t s  they 
provide into the operations of the fu l l  model. 

The f o u r t h  s t e p ,  f u l l  model  e v a l u a t i o n ,  produces  c r u c i  a1 
i n f o r m a t i o n  wi th  which t o  a s s e s s  t h e  model.  The f u l l  model 
evaluation extends the  t h r e e  submodel analyses out1 i  ned above in 
order  t o  completely understand the dvnamic properties and forecasting 
behavior of the f u l l  model. The analysis of the forecasting behavior 

of t h e  f u l l  model i s  performed over the  same period as in the  

submodel analyses so that  direct  comparisons can be made. Comparisons 
of s imula t ions  of the  f u l l  model a l s o  a re  made f o r  two d i f f e r e n t  
historical  periods t o  examine how well t h e  model t r a c k s  d i f f e r e n t  
h i s t o r i c a l  episodes .  In another ser ies  of experiments, analyses are 
made of the tendency of the model t o  accumulate forecasting e r r o r s  as 
the forecasting horizon increases. 

Dynamic p r o p e r t i e s  of t h e  f u l l  model a re  s tudied  in a manner 
s i m i l a r  t o  t h a t  used in t h e  submodel e v a l u a t i o n .  Most of t h e  
experiments involve t e s t i n g  how the model Is predictions of the f u l l  
model respond to  the same exogenous variables t h a t  a r e  t e s t e d  in t h e  

submodel evaluation. This permits comparisons t o  be made between the 

submodel and f u l l  model experiments. 

Results 

One objective of the model i s  t o  f o r e c a s t  the  long-run level  of 
new c a r  demand, t r a v e l  demand, s c r a p p a g e ,  and t h e  s i z e  and 
composition of the U.S. automobile s tock.  Another o b j e c t i v e  i s  t o  
p r e d i c t  responses of the  market t o  changes in the  inputs  t o  t h e  

model. The HSRI a n a l y s i s  i n d i c a t e s  t h a t  t h e  Wharton EFA a u t h o r s  
f a i l e d  t o  meet t h e s e  o b j e c t i v e s .  

The model i s ,  in general, incapable of forecasting accurately. In 
simulations over the  period t o  which the  model was f i t t e d ,  y e a r l y  
e r r o r s  average 9 .5% in new c a r  s a l e s ,  14.5% in scrappage, and over 
30% in new car stock shares. In add i t ion ,  the  model equations f o r  



t r a v e l  demand and scrappage have a  tendency t o  accumulate large 
forecasting errors as the forecasting horizon i s  1  engt hened. 

The flaws in the basic assumptions behind the new car stock share 
equations also lead t o  an extremely poor prediction of the share of 
imports in new car sa les .  Thus, the model should not be used t o  
explore penetration of imports into the U.S. new car market. 

A1 t h o u g h  inaccurate in forecast ing short-run changes, the model 
does have some usefulness in predicting trends of new car sa l e s ,  
automobi l e  t ravel  demand, and scrappage. However, the model i s  
incapable of predicting trends in new car sales  by s i ze  c lass .  In 
f a c t ,  f o r e c a s t s  of new car sa les  by c lass  are so poor tha t  any 
application of the model tha t  involves these forecas ts  would be 
e n t i r e l y  misleading. Among the important variables that depend on 
these forecasts are average f l e e t  f u e l  economy and average new 

car  f u e l  economy. 

Another resul t  i s  that the equations that generate price and sales 
of used cars by age are no t  based on sound theory. 

The model i s  i n s e n s i t i v e  t o  changes in policy-related input 
variables although the direction of the effects produced by a1 te r ing  
input variables are ,  f o r  the most par t ,  reasonable and consistent 
with economic theory. 

I n  summary, t h i s  v e r s i o n  o f  t h e  Wharton EFA Au tomob i le  

Demand Model does n o t  do what i t  was designed t o  do. The model 

does f o l l o w  t h e  t rends o f  such var iab les  as: 

e new car  sales, 

e automobile t r a v e l  demand, and 

scrappage. 

The model does no t  f o l l o w  t h e  t rends o f :  

e new car  sa les  by t ype  and 

a stock o f  ca rs  by t ype  and age. 

Model o u t p u t  (egg. ,  average f l e e t  and average new c a r  f u e l  

economy) t h a t  depend on f o r e c a s t s  o f  t h e  v a r i a b l e s  i nd i ca ted  

above are n o t  r e l i a b l e .  

Two newer versions of this  model are under development. These are 



being designed to incorporate 1 ight trucks and vans into the model 

and to correct some of the shortcomings of the original version, 
Draft documentation of the new versions is available at the time of 
this writing, although computer tapes of the model are not. From the 

information available it appears that, with few exceptions, the 
limitations of the model raised in this report are not being 
adequately addressed in the newer versions. 
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1.0 INTRODUCTION 

This report p resen t s  t h e  r e s u l t s  of an a n a l y s i s  of t h e  Wharton 
Econometric Forecas t ing  Associ a t e s  (EFA) Automobi 1 e Demand Model 
(Schink and Loxley 1977)(1).  The analysis was performed between J u l y  

1977 and June 1978 by the Highway Safety Research Ins t i tu te  (HSRI) of 
The Unive r s i ty  of Michigan, under t h e  s p o n s o r s h i p  of t h e  Motor 
Vehicle Manufacturers Associa t ion  ( M V M A ) ,  and was part of a larger 
study en t i t l ed  "Analytical Study of Mathematical Models of t h e  Motor 
Vehicle System" tha t  has been underway since ear ly  1977. 

1.1 Background 
The u t i  1 i z a t i o n  of complex mathemat ica l  models t o  analyze,  

forecas t ,  simulate, and evaluate the impacts of exi s t  i n g  or  proposed 
p u b l i c  p o l i c i e s  has become common in r e c e n t  yea r s .  Given the  
complexity of the real world, policies are d i f f i c u l t  t o  evaluate  when 
1 arge numbers of in te r re la t ed  fac tors  must be taken into account and 

integrated. 
A ma themat ica l  model may be defined as a s e t  of equat ions  or  

algorithms. The model may inc lude  submodels t h a t  a r e  subse t s  of 
equat ions  of t h e  complete model. The use of mathematical models has 
obvious a t t rac t ions  f o r  conscientious pol icymakers. The models a r e  
d e s i g n e d  t o  d i s t i l l  t h e  most i m p o r t a n t  r e l a t i o n s h i p s  i n t o  a 
systematic ref lect ion of the  world, so tha t  large masses of da ta  can 
be reduced t o  useful  ke.y values and s t a t i s t i c s  in an organized,  
e f f i c i e n t ,  and t imely  way. In t h e  t r a n s p o r t a t i o n  s e c t o r  t h i s  
a t t r a c t i o n  has led  t o  the extensive development, in the l a s t  decade, 
of mathematical models of var ious  a spec t s  of 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 t h a t  c e n t e r  on t h e  problems of an adequate 
national highway system, highway s a f e t y ,  environmental p o l l u t i o n ,  
energy consumption, and other areas of concern. 



Increasingly, the federal government has been using these models, 

many of which it has sponsored, as tools in the research that leads 

to the formulation of pol icies, regulations, and legislative 
decisions re1 ated to the motor vehicle industry. Notable recent 

examples include the use of models in the 1974 Project Independence 

Study by the Federal Energy Administration (Jack Faucett Associ ates 

and Interagency Task Force on Energy Conservation 1974) and by the 
1976 Federal Task Force on Motor Vehicle Goals Beyond 1980 (U.S. 
Department of Transportation 1976) to produce estimates of future 

automobile demand, vehicle miles of travel, gas01 ine consumption, and 
vehicle dynamics. 

Recognizing that model development is increasing and that models 

are frequently being used in federal efforts to solve critical 

economic, resource, and social problems, the Highway Safety Research 
Institute in early 1976 initiated a preliminary inquiry into the use 

of models in policy formulation related to the motor vehicle 

transportation system, where "policy" refers to any rule, regulation, 

piece of legislation, or executive directive. During that study, 
approximately thirty models were identified. They deal with vehicle 

production and resource accounting, vehicle miles of travel, 

automobile sales and pricing, vehicle fleet attributes, and energy 

factors. It was evident at the end of the preliminary study that the 
number of relevant models was large and continuing to grow. 

Furthermore, to make meaningful evaluations of models would entail 

implementing and exercising the models on a computer to determine 

their capabilities and 1 imitations. 
On the basis of the results of HSRI's preliminary study, the MVMA 

agreed to sponsor a more extensive effort to expand the inventory of 

relevant models and to commence detailed analysis and evaluation of 

selected models that were thought to be particularly important to 
pol i cy formulation processes at the federal level. This larger 
"Analytical Study of Mathematical Models of the Motor Vehicle System" 

began in early 1977. 
Based on the information gathered during the model inventory 



p o r t i o n  of t h e  p r o j e c t ,  i t  was obv ious  t h a t  t h e  Wharton E F A  

Automobi l e  Demand Model was one of the most wi del y used model s  of i  t s  
type in pol icy  analyses .  I t  was, t h e r e f o r e ,  chosen as t h e  f i r s t  
model t o  be analyzed. This document i s  t h e  r e p o r t  on t h e  HSRI 
a n a l y s i s  of the  l o g i c  and s t r u c t u r e  of the  model and on the actual 
computer implementation and running of t h e  model by HSRI p r o j e c t  
s t a f f .  

Two other  work products  of t h e  Analyt ica l  Study of Mathematical 
Models of the Motor Vehicle System were recently completed: a  model 
i n v e n t o r y  t h a t  encompasses e x t e n s i v e  summary i n f o r m a t i o n  on 
seventy-eight mathematical models deal ing with various aspects of t h e  
motor v e h i c l e  system (Richardson e t  a l .  1978) and a  r e p o r t  t h a t  
presents a  summary of a l l  project a c t i v i t i e s  during f i s c a l  year  1978 
(Richardson and Joscelyn 1978). A t h i r d  publication tha t  i s  being 
completed coincident with t h i s  report presents the resul t s  of a  s tudy 
of the  a p p l i c a t i o n s  of t h e  Wharton E F A  Automobile Demand Model in 
federal pol icy formulation (Saal berg, Richardson, and Joscel yn 1979). 

1.2 Objectives 
The Analyt ica l  Study of Mathematical Models of the Motor Vehicle 

System has f i v e  broad o b j e c t i v e s :  ( 1 )  t o  i d e n t i f y  and a n a l y z e  
mathematical models r e l a t i n g  t o  t h e  motor veh ic le  t r anspor ta t ion  
system models, ( 2 )  t o  provide t h e  c a p a b i l i t y  t o  e x e r c i s e  s e l e c t e d  
models on a  computer, ( 3 )  t o  exercise models under a l te rnat ive  fu ture  
conditions, ( 4 )  t o  modify or develop models in response t o  s p e c i f i c  
requirements,  and ( 5 )  t o  develop an understanding of the contexts in 
which they are being used as part of the pol icy development process. 

This r e p o r t  addresses a  portion of the f i r s t  objective above. More 
speci f ica l ly ,  the objective of t h i s  analysis of t h e  Wharton E F A  auto 
model i s  t o  a s sess  t h e  c a p a b i l i t i e s  of t h e  model with regard t o  
meeting i t s  s tated purposes of ( 1 )  forecasting t h e  long-run s i z e  and 
composition of U.S. automobile demand and stock, i n  to ta l  and by type 
of veh ic le ,  and ( 2 )  accura te ly  p r e d i c t i n g  t h e  response of t h e s e  
1 ong-run var i  abl e s  t o  changes in major economic, technological, and 



demographic conditions.  

1.3 Background on the  Wharton EFA Automobile Demand Model 

The Wharton E F A  Automobile Demand Model was developed i n  1976 

under t h e  sponso r sh ip  of t h e  Transportation Systems Center (TSC) of 

the  U.S. Department of T r a n s p o r t a t i o n .  The p r o j e c t  was i n i t i a t e d  

s p e c i f i c a l l y  t o  provide t h a t  federal  agency and others  with a  b e t t e r  

ana ly t ica l  tool f o r  inves t iga t ing  t he  p o t e n t i a l  impacts  of p r o ~ o s e d  

p o l i c i e s  and r e g u l a t i o n s  on t h e  motor v e h i c l e  i n d u s t r y  and on the  

economy in general .  
The Wharton E F A  a u t o  model has been operational s ince  e a r l y  1977, 

and i t  was used a lmost  immediate ly  i n  s t u d i e s  r e l a t e d  t o  e n e r g y  

conse rva t i on .  I t  has been employed t o  evaluate  t he  probable economic 

and fue l  consumption impacts of t h e  1981-1984 passenger  au tomobi le  
f u e l  economy s t a n d a r d s  ( t h e  s o - c a l l e d  "ga s  g u z z l e r "  t a x  and fue l  
e f f i c i e n c y  r e b a t e  p r o v i s i o n s  of t h e  a d m i n i s t r a t i o n ' s  1977 " g a s  

g u z z l e r "  t a x  p r o p o s a l ) ,  t h e  a d m i n i s t r a t i o n ' s  consumption-re1 ated 

gasol ine  tax proposal ( a l s o  p a r t  of t h e  1977 energy  p l a n ) ,  and t h e  

i n t r o d u c t i o n  of e l e c t r i c  v e h i c l e s .  In a d d i t i o n  t o  energy-related 

s t u d i e s ,  t h e  model was used i n  a t  l e a s t  one i n v e s t i g a t i o n  o f  a  

safety-re1 ated mat ter ,  namely, the  pass ive- res t ra in t  a i r  bag. 

R e l a t i v e l y  few agenc i e s  w i t h i n  t h e  f e d e r a l  gove rnmen t  have  

d i r e c t l y  a p p l i e d  t h e  model or i t s  outputs t o  date,  b u t  the power and 

p o s i t i o n  of t h e s e  agenc i e s  i n  t h e  p o l i c y - m a k i n g  p r o c e s s  g i v e s  

s u b s t a n t i  a1 importance t o  any method they employ. The g r ea t e s t  use 

of t h e  model has been i n  t h e  Department of T r a n s p o r t a t i o n  (DOT), 
s p e c i f i c a l l y  i n  t h e  Nat iona l  Highway T r a f f i c  Safety  Administration 

(NHTSA), which i s  responsible  f o r  es tab l i sh ing  and e n f o r c i n g  v e h i c l e  

f u e l  economy s t a n d a r d s  as  well  a s  s a f e t y  regulat ions .  The Wharton 

E F A  au to  model has a l s o  been used  i n  t h e  Off  i c e  of I n t e r m o d a l  
T ranspo r t a t i on ,  which performs key pol icy s tud ies  and analyses within 

t he  Off ice  of t he  Ass i s tan t  S e c r e t a r y  f o r  Pol i c y  and I n t e r n a t i o n a l  

A f f a i r s ;  and i n  t h e  T r a n s p o r t a t i o n  Systems Center, the  research arm 
of t h e  DOT. Analyses  based d i r e c t l y  on t h e  model have a l s o  been 



conducted by t h e  In t e rna t i ona l  Trade Commission f o r  the  Senate 

Finance Committee and by a research arm of Congress, the  Off i c e  of 
Technology Assessment. 

1.4 Technical Approach t o  the Analysis 
The Wharton E F A  au to  model i s  a long-run mult iple-equation 

econometric model. A n  econometric model i s  com~osed of equations 
t h a t  summarize re1 ationships among economic variables and quite often 
the re1 a t ionships  among economic and demographic vari  ables .  The 
parameters a re  s t a t i s t i c a l l y  estimated from historical data relevant 
t o  the sector of the economy that  the model i s  intended t o  descr ibe .  
While econometric models descr ibe  r e l a t i onsh ip s  t h a t  e x i s t  among 
variables, they may also be used t o  f o r eca s t  f u t u r e  events (changes 
in the  endogenous variables) that  occur as a result  of changes in the 
exogenous variables in the model. There are two points  t h a t  must be 
noted here. F i r s t ,  the  use of such a model as a forecasting t o o l  

assumes that  the same structural r e la t ionsh ips  among var iab les  t h a t  
ex i s ted  in t he  pas t  will exis t  at  leas t  approximately in the future. 
Second, i n  order t o  have any confidence in the  forecas ted values of 
t h e  endogenous v a r i  a b l e s  f o r  f u t u r e  years,  the  user must have 
confidence in the forecasted values of the exogenous var iab les  which 
are i n p u t  t o  the model. 

Clear ly  these  two condit ions d o  not always h o l d .  There i s  n o  
guarantee t h a t  f u t u r e  r e l a t i onsh ip s  wi l l  d u p l i c a t e  ( o r  even be 
s i m i l a r  t o )  t h e  p a s t .  Indeed i t  i s  l i k e l y  t h a t  the  passenger 
automobile fuel economy standards required b y  T i t l e  V of the  Energy 
P o l i c y  and Conserva t ion  Act of 1975 may a l t e r  the  h i s t o r i c a l  
re1 a t ionships  between new car  s a l e s  and v a r i o u s  macroeconomic 
i nd i ca to r s .  Since the econometric models that constitute the Wharton 
EFA auto model d o  n o t  e x p l i c i t l y  incorporate  t h i s  type of policy 
var iab le ,  t he r e  i s  1 i t t l e  reason t o  expect the model t o  predict well 
f o r  the  period covered by T i t l e  V s tandards.  The model w i l l  be 
c apab l e  of f o r e c a s t i n g  accurate ly  i f  and o n l y  i f  public policy 
measures such as T i t l e  V operate primari lv  through variables i ncl uded 



in the  econometric submodels on which the overall model i s  based. If 

t h i s  i s  the case, then these variables can be sa id  t o  be proxies f o r  
the  p u b 1  i c pol icy  variable. Whether there are suff ic ient ly  detailed 
measures included in the  models t o  a c t  as  p r o x i e s  f o r  a l l  t h e  

s t r u c t u r a l  changes tha t  are l ike ly  to  happen in the future i s  highly 
dubious. This uncertainty increases g r e a t l y  as t h e  f o r e c a s t  ~ e r i o d  
i s  extended further  into the future. 

In addition, the values of the independent variables used as input  
t o  the  model a r e  based on forecasts whose degree of accuracy remains 
unknown until  they  become h i s t o r i c a l  r e a l i z a t i o n s .  Nevertheless,  
bar r ing  any d r a s t i c  and unforeseen events, econometric models may be 
used successfully in long-term forecasting as long as the l i m i t a t i o n s  
on the accuracy of the forecasts are recognized. 

There i s  more than one version of the  Wharton E F A  Automobile 
Demand Model. The model analyzed in t h i s  paper i s  the version tha t  
was operational on the computer of the Transportation Systems Center 
in Ju ly  1977. During t h e  course of t h i s  analysis i t  was found tha t  
some minor por t ions  in t h e  f i n a l  r epor t  of t h e  model (Schink and 
Loxley 1977) were d i f f e r e n t  from the  model as i t  appeared on the 
magnetic t ape  ob ta ined  by HSRI s t a f f  from TSC. The a n a l y s i s  
presented here i s  based on the  bes t  information that  was available 
from both TSC and Wharton EFA. There are inconsistencies between t h e  
documentat ion and the  data received from TSC. These inconsistencies 
obviously have created problems in t h i s  a n a l y s i s ,  e s p e c i a l l y  in the  
attempt t o  r econs t ruc t  the  equations of the model. These problems 
are addressed in Section 3. 

Two newer versions of the  model are currently under development: 
the Wharton E F A  Motor Vehicle Demand Model: Mark I and Mark 11. 
These versions a re  being designed t o  update and improve the original 
version and t o  include l ight  trucks and vans in addition t o  passenger 
automobiles. Draft  documentation on t h e s e  versions i s  avai lable  
(Loxley e t  al .  1978; Loxley, Osiecki ,  and Rodenrys 1978),  although 
computer  tapes  of the  model a r e  not .  Review of these  documents 
suggests that  even though t h e  model i s  being revised  t h e  ana lys i s  



r epor ted  here wi l l  never the less  be useful  s i n c e  many of the basic 

c r i t i c i s m s  deal with problems inheren t  in t h e  model t h a t  a r e  not 
being addressed in these revisions. Two aspects of model c r i t i c i zed  
here, which are being revised in the newer versions, a r e  t h e  veh ic le  
mi les  t r a v e l e d  and t h e  f o r e i g n  and domestic shares equations. The 
HSRI analysis s taf f  plans t o  conduct fur ther  analyses of t h e  changes 
t o  the model as more complete documentation becomes avail able. 

Four steps were followed in analyzing the Wharton E F A  auto model. 
Since t h e  complete model i s  generally used in policy analyses, t h i s  
HSRI analysis aimed a t  understanding t h e  s t r u c t u r e  and dynamics of 
t h e  f u l l  model. The information obtained during the performance of 
each of the f i r s t  three steps of model a n a l y s i s  provided add i t iona l  
insight into the f u l l  model. 

F i r s t ,  i n  model s t r u c t u r e  a n a l y s i s ,  t h e  logic and theory of the 
f u l l  model were examined. I n t e r r e l a t i o n s h i p s  among v a r i a b l e s  and 
equations of the model were explored with the aid of flow diagrams. 

Second, reconst ruct ing  t h e  key equat ions  of t h e  model, using a 
mu1 t i p l e  1 i n e a r  r e g r e s s i o n  package, served the  purposes of ( 1 )  
providing a clear  understanding of the data and equations used in t h e  
model, ( 2 )  checking t h e  accuracy of the equation specif icat ions and 
c o e f f i c i e n t s  as ind ica ted  in t h e  o r i g i n a l  model r e p o r t ,  and ( 3 )  

providing s t a t i s t i c a l  informat i  on per ta in ing t o  the quali ty of the 
equations. 

Since t h e  Wharton EFA model i s  so large and complex, the breakdown 
of t h e  model i n t o  submodels f o r  a n a l y s i s  purposes f a c i l i t a t e d  an 
u n d e r s t a n d i n g  of t h e  dynamics and f o r e c a s t i n g  behavior of the  
complete model. In the th i rd  step, submodel evaluat ion ,  t h e  dynamic 
p r o p e r t i e s  of t h e  submodels were analyzed by examining the response 
of the submodel t o  specified changes in the independent v a r i a b l e s  or  
e s t i m a t e d  parameters;  t h e i r  f o r e c a s t i n g  behavior was s tud ied  by 
comparing the  resul t s  of submodel runs over a h i s t o r i c a l  period with 
actual observed values of the dependent vari ables. 

Finally, the forecasting behavior and dynamic p r o p e r t i e s  of t h e  
f u l l  model were examined. A t e s t  was also made t o  determine whether 



the model tends to accumulate errors.  
I t  i s  clearly not practical t o  analyze a l l  aspects of such a l a r g e  

model. The HSRI p ro jec t  team b e l i e v e s ,  however, that  the analysis 
performed adequately covers the most important aspects of the  Wharton 
€FA auto model. 

1.5 Organization of R e ~ o r t  
This r epor t  i s  organized as follows. Section 1 ,  the introduction, 

includes a s tatement on t h e  background of t h e  p r o j e c t  and i t s  
o b j e c t i v e s ,  a  b r i e f  background statement about the Wharton EFA auto 
model, and a summary of the technical approach. Sect ion 2 p resen t s  
t h e  a n a l y s i s  of t h e  s t r u c t u r e  of t h e  Wharton E F A  auto model, a  
discussion of the theory underlying t h e  model, a n d  a  d e s c r i ~ t i o n  of 
the  model and i t s  major computational blocks. In Section 3,  the 
reconst ructed  equations a r e  presented and discussed.  S e c t i o n  4 

d e s c r i b e s  the  submodels t h a t  were s e l e c t e d  f o r  a n a l y s i s  and the  
resul t s  of the i r  evaluation. Sect ion 5 presents  t h e  evaluat ion  of 
the  f u l l  model, inc luding discussions of i t s  dynamic properties and 
forecasting behavior. Section 6 summarizes the study's  f indings ,  and 
the conclusions are presented in Section 7. 



2.0 STRUCTURE OF THE WHARTON EFA AUTOMOBILE 
DEMAND MODEL 

2.1 Introduction 
The Wharton E F A  auto model i s  a  1  arge and complex econometric 

model that  contains over eighty s t a t i s t i c a l l y  derived equations and 

t h r ee  hundred i d e n t i t i e s .  The ~aramount  o u t p u t  of the model i s  a  
forecast of the size and composi t i  on of 1 ong-run automobi 1 e  demand 
( s a l e s )  and t o t a l  s tock,  piven f u t u r e  vehic le  character is t ics  and 
economic and demoqraphic conditions and/or assumptions t h a t  are  fed 
i n t o  t h e  model a t  the  beginning of a  simulation.  Other outputs 
include forecasts of vehicle fuel eff iciencies,  new car p r i c e s ,  used 
car prices, and used car market transactions. 

Although the model i s  complex, much of the basic the0r.y underlying 
i t  i s  typ ica l  of auto demand models that have been constructed over 
the past twenty years. The central concept under1 ving the  model i s  
t h a t  the  automobile market operates  by a  stock adjustment process. 
Fundamental t o  the  working of a  stock adjustment process i s  t h e  
a s s u m p t i o n  t h a t  g r o s s  e x p e n d i t u r e s  on a  commodity such as 
automobiles, measured in un i t s  so ld ,  can be calcula ted from t h e  
d i f f e r e n c e  between a  " d e s i r e d "  'stock and the  stock already in 
existence, also taking into account the need to  rep1 ace old stock as 
i t  wears o u t .  Desired s tock,  a  key concept i n  stock adjustment 
models, refers t o  the long-run "s teady s t a t e "  or equil ibrium level  
t h a t  e x i s t s  i f  a l l  f a c t o r s  a f f ec t i ng  automobile demand are held 
constant into the indefinite future. 

F i v e  s i z e  c l a s s e s  of v e h i c l e s  a r e  de f i ned  i n  t h e  model: 
subcompact, compact, mid-size, f u l l - s i z e ,  and 1uxur.y. The des i red 
t o t a l  stock of automobiles and the desired stock of cars in each size 
class are, essential ly,  the number of cars that  would be in exis tence  
if the  consuming public owned and operated al l  the cars i t  needed, 
wanted, and could pay for under existina price and income condi t ions .  



W i t h  t h i s  l o q i c a l  bas i s ,  d e s i r e d  s t o c k  and d e s i r e d  shares  a r e  d e r i v e d  

w i t h i n  t h e  mode l ,  u s i n q  e q u a t i o n s  b a s e d  on  c r o s s - s e c t i o n  d a t a  b y  

s t a t e  f o r  1972.  The u s e  o f  t h e  d e s i r e d  s t o c k  and  d e s i r e d  s h a r e  

v a r i a b l e s  i n  t h i s  manner  i s  an i n n o v a t i v e  v a r i a t i o n  o f  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 h e  v a l u e s  o f  t h e  d e s i r e d  v a r i a b l e s  a r e  

de te rmined  b y  k e y  demographic ,  i ncome,  and v e h i c l e  c o s t  v a r i a b l e s .  

The d e m o g r a p h i c  v a r i  a b l  es  i n c l  ude number o f  househo lds  and 1  i censed  

d r i v e r s  p e r  household.  The income v a r i a b l e s  i n c l  ude  r e a l  d i  s o o s a b l  e  

i n c o m e  p e r  f a m i l y  and t h e  p e r c e n t a g e  o f  U.S. f a m i l i e s  e a r n i n g  o v e r  

$15,000 i n  1970 d o l l a r s .  V e h i c l e  c o s t s  i n c l u d e  b o t h  t h e  c o s t  o f  t h e  

i n i t i a l  ou r chase  and t h e  accumulated o p e r a t i n g  c o s t s  o v e r  t h e  average 

u s e f u l  l i f e  o f  a  v e h i c l e .  

G i v e n  t h e  d e s i r e d  s t o c k ,  s u b t r a c t i n q  t h e  number  o f  v e h i c l e s  

a l r e a d y  i n  e x i s t e n c e  and  t h o s e  v e h i c l e s  t h a t  a r e  w e a r i n g  o u t  o r  

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

c a r  s a l e s .  S i m i l a r l y ,  g i v e n  t h e  d e s i r e d  s h a r e  o f  a  v e h i c l e  s i z e  

c l a s s  and t h e  gap  between t h e  d e s i r e d  share  and a c t u a l  share  o f  t h a t  

s i z e  c l a s s  o f  v e h i c l e  on  t h e  r o a d ,  t h e  new c a r  s h a r e  o f  t h a t  s i z e  

c l a s s  o f  v e h i c l e  c a n  b e  c a l c u l a t e d .  I n  s i m p l e s t  terms,  t h i s  i s  how 

t h e  model ope ra tes .  

The W h a r t o n  EFA mode l  I s  e q u a t i o n s  w e r e  d i v i d e d  b y  HSRI i n t o  s i x  

1  a rge  compu ta t i ona l  b l o c k s  t h a t  c o r r e s ~ o n d  t o  t h e  m a j o r  s u b r o u t i n e s  

o f  t h e  m o d e l ' s  computer proaram. These b l o c k s  a re :  

0 B lock  A - m i l e s  p e r  g a l l o n  e q u a t i o n s  

0 B lock  B  - new c a r  p r i c e  e q u a t i o n s  

0 B lock  C - c a p i t a l i z e d  c o s t  p e r  m i l e  equa t i ons  

0 B lock  D - d e s i r e d  s t o c k  and d e s i r e d  s t o c k  share  e q u a t i o n s  

0 B lock  E  - a c t u a l  demand e q u a t i o n s  

0 B lock  F - a c t u a l  s t o c k  equa t i ons  

I n  t h e  f o l l o w i n g  subsec t i ons  t h e  t h e o r y  and l o g i c  u n d e r l y i n q  t h e  

m o d e l  a r e  d i s c u s s e d .  W h a r t o n  E F A ' s  i n n o v a t i v e  a p p r o a c h e s  

i n c o r p o r a t e d  i n  t h e  mode l  a r e  emphas i zed .  F o l l o w i n g  t h a t ,  t h e  

o r g a n i z a t i o n  and o p e r a t i o n  o f  t h e  model a r e  d iscussed .  T h i s  i n c l u d e s  

d e t a i l e d  exam ina t i ons  o f  t h e  s i x  comou ta t i ona l  b l ocks .  



2.2 T h e o r e t i c a l  Background 

The Whar ton  EFA model  o ~ e r a t e s  e s s e n t i a l l y  as a  s tock  adjustment 

model o f  automobi le demand. Al though t h e  Whar ton  EFA model, a u t h o r s  

i n c o r p o r a t e d  a  number o f  i nnovat ions ,  t h e  s tock  adjustment approach 

t o  model ing automobi le demand dates back  t o  t h e  1 9 5 0 ' s  (Chow 1 9 5 7 ) .  

T h i s  s e c t i o n  s u m m a r i z e s  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 ,  i t s  

development, and t h e  i nnova t i ons  Wharton EFA made t o  it. 

S i n c e  abou t  1956-1957, most automobi le demand models have evolved 

f rom t h e  Chow and Ner love stock adjustment  models. However, m e n t i o n  

s h o u l d  be made o f  a  p i o n e e r i n g  s tudy  o f  automobi le demand conducted 

by  Roos and von S z e l i s k i  ( 1 9 3 9 ) .  T h e i r  model d i v i d e s  a u t o m o b i l e  

demand i n t o  two  components,  new o w n e r s h i p  demand and rep lacemen t  

demand. New ownership demand i s  es t imated w i t h  re ference t o  t h e  r a t e  

a t  w h i c h  o w n e r s h i p  l e v e l s  a p p r o a c h  a  s a t u r a t i o n  l e v e l ,  w h i l e  

r e p l a c e m e n t  demand i s  assumed t o  depend on t h e  r a t e  of u s e d  c a r  

scrappaqe. 

I n  1957 G r e g o r y  Chow s p e c i f i e d  automobi le demand i n  t h e  f o l l o w i n g  

general  way, which has s i n c e  been w i d e l y  copied. Chow f i r s t  assumes 

t h a t  t h e  d e s i r e d  s t o c k  o f  ca rs  depends on economic v a r i a b l e s  (income 

and r e l a t i v e  m i c e ) ,  and t h a t  t h e  speed a t  which ac tua l  s t o c k  a d j u s t s  

t o  d e s i r e d  s tock  i s  a  l i n e a r  f u n c t i o n  o f  t h e i r  d i f f e r e n c e .  

Mathematical 1  y these two assumoti ons are 

K* = f ( Income, R e l a t i v e  P r i c e )  
and 

K - KW1 = h(K* - K-]) 

where 

K* = d e s i r e d  s tock  o f  ca rs  

K = ac tua l  s tock  o f  ca rs  

h  = adjustment c o e f f i c i e n t  

The a d j u s t m e n t  t o  e q u i l i b r i u m  d e s i r e d  stock i s  n o t  cons idered t o  be 

i n s t a n t a n e o u s  because o f  u n c e r t a i n t y  abou t  t h e  l e v e l  o f  t a r q e t e d  

demand, because of t r a n s a c t i o n  c o s t s ,  and because o f  dec i s ion  and 

purchas i  nq 1 ags . 



T o  e x p l a i n  au tomobi le  demand Chow then  makes use of t h e  
re1 ationship 

where 
S = new car sales 
K = actual stock of cars 
d = depreciation ra te  

Subs t i t u t i ng  the  f i r s t  equation into the second, Chow arrives at  his 
stock adjustment model fo r  new car sales:  

For the  income variable Chow experiments with both real disposable 

income and a measure of permanent income, which he f i n d s  works 
s l i q h t l y  b e t t e r .  For the new car price variable Chow constructs his 
own price index based on newspaper adverti sements. 

At about the  same time Chow was publishinq his automobile demand 
model, Nerlove (1957) published a s im i l a r  model i n  response t o  a 
f o r e c a s t  oroposed by Hans Brems ( 1 9 5 6 ) .  Brems had described 
long-term trends in automobile demand as dependinq on new owners and 
rep1 acement owners, w i t h o u t  regard to  cyclical or price influences. 
Nerlove replaces  Brems's assumption t h a t  t he  stock i s  always a t  
equilibrium w i t h  an assumed stock adjustment process. 

While Nerlove seems t o  win the theoretical debate as to  t he  proper 
general spec i f i c a t i on  of automobile demand, his part icular  estimates 
are no t  believable, primarily because automobile demand depends o n  
more than  j u s t  p r i c e  and income va r i ab l e s .  In f a c t ,  cyc l i c a l  
economic vari  abl es are  now considered of paramount imoortance in 
es t imat ing the  demand f o r  new ca r s .  Simi l a r l v ,  the  price of used 
cars, t he  p r i c e  of gasol ine ,  and c r e d i t  market condi t ions  can be 
presumed t o  influence new car sales. 

W i t h  respect  t o  c r e d i t  market condi t ions ,  Daniel Su i t s  (1958) 



introduced a va r iab le  into the automobile demand equation t o  ref lec t  

credit  conditions. Credit market condit ions shoul d be an important 
i n f l u e n c e  on  new car  s a l e s  s ince  the  major i ty  of new car  buyers 
borrow money t o  pay f o r  t h e i r  new c a r .  S u i t s  d e v i s e s  a p r i c e  
va r i ab l e  t o  approximate the averaqe monthly payment for  a new car; he 
claims that  the credit  condition i s  so important t h a t  i f  i t  i s  not 
included, the  p r ice  e l a s t i c i t y  of the  demand f o r  new cars becomes 

positive. 
Generally then,  i n  a stock adjustment approach, an expression for 

desired stock i s  formulated that  assumes desired stock i s  a funct ion 
of economic and demographic conditions. Desired stock refers to  the 
equilibrium level of stock that  would exis t  if a l l  f a c t o r s  a f f ec t i ng  
the  demand f o r  i t  were held constant into the indefinite future,  New 
purchases for  a period, sa.y a year, are calculated as t he  sum of the  
d i f fe rence  between des i red stock and stock already on hand, and the 
depreciation of old stock. 

However, i t  can be argued that  consumers in aeneral do not adjust 
t h e i r  stock of vehic les  t o  t he  des i red l eve l  w i t h i n  a one-year  
period.  A consumer may be unwilling t o  chanqe his stock because of 
anticipation of chanqes in the current levels of economic var iab les ,  

o r  h i s  budget  may have been committed t o  o ther  items, such as 
installment payments of l i f e  insurance premiums. Thus an assumption 
i s  made t h a t  consumers will achieve only a fract ion of the change t o  
the equi 1 i  bri um level. 

Based on the assumptions outlined, a stock adjustment model of new 
car purchases can be f ormul ated as f 01 1 ows : 

where 

Xi = desired stock in year t 
e l ,  e2 = economic variables 

dl ,  d2  = demographic vari abl es 

a,b,c,q,h = constants 
Then 



where 

Xnew = new ca r  sa les  
K  = s tock  adjustment  f a c t o r  

Xt - 1  = s t o c k  o n  hand a t  t h e  b e g i n n i n g  o f  
year t 

S = s u r v i v a l  r a t e  

To s o l v e  e q u a t i o n  2.2 f o r  new c a r  s a l e s ,  e s t i m a t e s  a re  needed f o r  

des i red  stock, t h e  stock a d j u s t m e n t  f a c t o r ,  and t h e  s u r v i v a l  r a t e .  

S i n c e  t h e  d e s i r e d  s t o c k  f o r  a  y e a r  i s  gene ra1 l . y  n o t  known, an 

e x p l i c i t  e s t i m a t i o n  o f  d e s i r e d  s tock  was e l i m i n a t e d  b y  s u b s t i t u t i n q  

equat ion  2.1 f o r  X t  i n  equa t i on  2.2, y i e l d i n q  

Since t h e  h i s t o r i c a l  v a l u e s  o f  Xnew,  e l ,  e2, d l ,  d2, and X t - 1  a r e  

known,  ( K ) a ,  ( K ) b ,  ( K ) e ,  ( K ) g ,  ( K ) h ,  and  ( 1  - S - K )  can b e  

determined by  r e q r e s s i o n  a n a l y s i s  o r  some o t h e r  t e c h n i q u e .  E q u a t i o n  

2.3 rep resen ts  a  t y p i c a l  s tock  adjustment  model f o r  new ca r  sa les .  

Whi le  t h e  Wharton EFA auto  model i s  e s s e n t i a l l y  i n  t h e  t r a d i t i o n  

o f  s t o c k  a d j u s t m e n t  mode ls ,  i t  d i f f e r s  i n  t h r e e  ways f rom p rev ious  

mode ls  o f  t h i s  t y p e  t h a t  d e a l  w i t h  new c a r  demand: ( 1 )  t h e  wa,y 

d e s i r e d  s t o c k  i s  c o n s t r u c t e d ,  ( 2 )  t h e  f o r m  o f  t h e  s tock  adjustment  

equat ion  f o r  new ca r  sales,  and ( 3 )  t h e  way s c r a p p a g e  i s  i n t e g r a t e d  

i n t o  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 .  These t h r e e  d i f f e r e n c e s  a r e  

presented b r i e f l y  i n  t h e  f o l l o w i n g  s u b s e c t i o n s .  I n  a d d i t i o n ,  t w o  

o t h e r  i n n o v a t i v e  approaches a r e  used t h a t  a re  v e r y  i m ~ o r t a n t  t o  t h e  

o u t p u t  o f  t h e  mode l .  These app roaches  a r e  ( 1 )  t h e  p r o c e d u r e  f o r  

e s t i m a t i n g  new c a r  market shares by  s i z e  c l a s s  and ( 2 )  t h e  c o n c e ~ t  o f  

c a p i t a l i z e d  c o s t  pe r  m i l e  t o  c h a r a c t e r i z e  v e h i c l e  c o s t s .  These f i v e  

o r i g i n a l  concepts are  descr ibed i n  t h e  f o l l o w i n g  subsect ions.  



2.2.1 D e s i r e d  S t o c k  E q u a t i o n .  The t h e o r e t i c a l  concepts used i n  

t h e  Whar ton  EFA mode l  f o r  d e r i v i n q  d e s i r e d  s t o c k  a r e  i n n o v a t i v e .  

These  i n n o v a t i o n s  i n c l u d e  t h e  use o f  a  sepa ra te  equa t i on  t o  e s t i m a t e  

d e s i r e d  s tock  as opposed t o  bypass inq  i t s  e x p l i c i t  e s t i m a t i o n  as i s  

done i n  t h e  mode l  r e p r e s e n t e d  by equa t i on  2.3 above. T h i s  separa te  

e q u a t i o n  i s  es t ima ted  u s i n g  a  c r o s s - s e c t i o n a l  a n a l y s i s .  

The a u t h o r s  o f  t h e  W h a r t o n  EFA a u t o  mode l  a r g u e  t h a t  c l a s s i c a l  

economic t h e o r y  i n d i c a t e s  t h a t  t h e  d e t e r m i n a n t s  o f  d e s i r e d  s t o c k  

c a n n o t  be  d e r i v e d  f r o m  t i m e  s e r i e s  data.  The au tho rs  argue t h a t  i n  

o r d e r  t o  ana lyze  t h e  c h a r a c t e r i s t i c s  of consumer d e c i s i o n  m a k i n g ,  t h e  

cho i ce  and techno1 ogv ava i  1  a b l e  must be he1 d  cons tan t .  

The Wharton EFA au to  model uses 1972 c r o s s - s e c t i o n  d a t a  b y  s t a t e  

t o  e s t i m a t e  t h e  d e s i r e d  s t o c k  e q u a t i o n .  The au tho rs  s e l e c t e d  t h i s  

yea r  because o f  t h e i r  b e l i e f  t h a t  i n  1972,  i n  g e n e r a l ,  and a c r o s s  

s t a t e s ,  t h e  d e s i r e d  s t o c k  o f  au tomob i les  was app rox ima te l y  equal t o  

t h e  a c t u a l  s tock .  I n  t h a t  year,  t h e  economy was f a i r l y  s t a b l e ;  t h e  

r a t e s  o f  u n e m p l o y m e n t  a n d  i n f  1 a t  i o n  w e r e  a t  m o d e r a t e  l e v e l s ;  

~ o l l u t i o n  c o n t r o l s  had y e t  t o  make an i m ~ a c t ;  and smal l  d o m e s t i c  c a r s  

had  been p r e s e n t  i n  t h e  market  f o r  seve ra l  years .  Des i red  s tock  i s  a  

c r i t i c a l  concept  i n  t h e  Wharton EFA a u t o  mode l ,  and t h e r e f o r e  i t  i s  

a n a l y z e d  e x t e n s i v e 1  v 1  a t e r  i n  t h i s  r e p o r t  ( s e e  E q u a t i o n  

R e c o n s t r u c t i o n  i n  S e c t i o n  3.3 and Submodel E v a l u a t i o n  i n  S e c t i o n  4.2).  

2.2.2 Form o f  New Car  S a l e s  E q u a t i o n .  The second way i n  wh ich  

t h e  Wharton EFA a u t o  mode l  d i f f e r s  f r o m  ~ r e v i o u s  s t o c k  a d j u s t m e n t  

m o d e l s  i s  t h a t  Whar ton  EFA mode l  does n o t  use a  conven t i ona l  s tock  

ad jus tment  f o r m  o f  t h e  e q u a t i o n  f o r  new c a r  s a l e s .  P r e v i o u s  m o d e l s  

e x p r e s s e d  new c a r  s a l e s  as a  f u n c t i o n  o f  scrappage and t h e  d i f f e r e n c e  

between d e s i r e d  s tock  and t h e  beg inn ing -o f - t he -yea r  s tock  o f  c a r s .  I n  

t h e  Whar ton  EFA a u t o  model, new c a r  s a l e s  a re  f o r m u l a t e d  as a  " r a t e "  

r e 1  a t i v e  t o  t h e  bea inn inq -o f - t he -yea r  s tock ,  l e s s  c u r r e n t  sc raDpage,  

a n d  t h i s  r a t e  i s  e x p r e s s e d  as  a  f u n c t i o n  o f  t h e  d e s i r e d  s t o c k  

r e 1  a t i v e  t o  t h e  beg inn ing -o f - t he -yea r  s tock  l e s s  s c r a p p a q e .  Thus, as 



des i red  stock inc reases  r e l a t i v e  t o  t h e  stock of cars on the road, 
new sales tend t o  increase. 

The Wharton E F A  authors chose to  f i t  the i r  new car sales equation 
t o  a  " r a t e "  of new car  s a l e s .  They probably bel ieved t h a t  t h i s  
est imated equation would be be t t e r  a t  predictinq changes in new car 
sales than the standard form of the equation, which was f i t t e d  t o  new 
c a r  s a l e s  a l o n e .  The " r a t e "  form of the  equation i s o l a t e s  the  
changes in new car  s a l e s  t h a t  a re  not caused s o l e l y  by the  upward 
t rend changes in ac tual  s tock .  Thus the  equation corrects for  the 
s t rong  upward t rend in new ca r  s a l e s  and auto stock through t h e  

historical  period. 

2 . 2 . 3  Form of the  Scrapoage Equation. A third original c o n c e ~ t  
in the Wharton EFA auto model i s  the s p e c i f i c a t i o n  of t h e  scrappage 

equation.  The authors cons t ructed  t h e  scrappage equation so that  
yearly scrappage was also affected b y  t h e  stock adjustment process.  
This i s  done by formula t inq  scrappage as a  " r a t e "  r e l a t ive  to  the 
beginning-of-the-year s t o c k  p l u s  new c a r  s a l e s ;  t h i s  r a t e  i s  
expressed as an inverse function of the desired stock re la t ive  to  the 
beginning-of-the-year stock plus new car sales.  Thus, an inc rease  in 
d e s i r e d  s t o c k  r e l a t i v e  t o  the  stock of ca r s  on the  road causes 
scraDpage t o  decrease and new car sales t o  increase. Also, s ince  new 
ca r  s a l e s  appears in the scrappaqe equation and scraDpage appears in 
the new car sales equation, these two variables tend t o  move toge the r  
in the model. This r e f l ec t s  historical  trends. 

The form of the stock adjustment equations f o r  new ca r  s a l e s  and 

s c r a p p a g e  may t end  t o  c r e a t e  some i n s t a b i l i t y  in the  long-run 
predictions, however. I n  f a c t ,  i t  i s  easy t o  show mathematical ly 
t h a t  the  long-run, s t e a d y - s t a t e  prediction of actual stock need not 
equal the  long-run level  of d e s i r e d  s t o c k  as  t h e  t h e o r y  would 
i n d i c a t e .  Indeed, in genera l ,  s teady s t a t e  does not necessa r i ly  
imply the condition that  desired stock equals  ac tual  s tock .  Steady 
s t a t e  only implies no change in the auto f l e e t  from period to  period, 
i .e . ,  new car sales equals scrappage. However, s imula t ions  of t h e  



m o d e l  i n d i c a t e  t h a t  t h e  mode l  i s  e m p i r i c a l 1 . v  s t a b l e - - i . e . ,  t h e  

l ong - run  l e v e l  o f  a c t u a l  s tock  does t e n d  t o  have an e q u i l i b r i u m  e q u a l  

t o  t h e  l ong - run  l e v e l  o f  d e s i r e d  s tock .  

2.2.4 E s t i m a t i o n  o f  New Car  M a r k e t  Shares .  A n o t h e r  o r i g i n a l  

c o n c e p t  i n  t h e  Whar ton  EFA auto  model occurs i n  t h e  d e t e r m i n a t i o n  o f  

t h e  p e r c e n t a q e s  o f  new c a r  s a l e s  b.v s i z e  c l a s s .  The Whar ton  EFA 

a u t h o r s  e s t i m a t e  t h e  l ong - run  e q u i l i b r i u m  l e v e l  o f  shares, c a l l e d  t h e  

d e s i r e d  shares o f  t o t a l  d e s i r e d  s t o c k ,  s i m i l a r  t o  t h e  way i n  w h i c h  

t h e ~ y  e s t i m a t e  d e s i r e d  s t o c k .  As w i t h  t h e  d e s i r e d  s tock  equat ion,  

Wharton EFA es t ima tes  t h e  d e s i r e d  s h a r e  e q u a t i o n s  u s i n g  1972 s t a t e  

c r o s s - s e c t i o n a l  d a t a  f o r  t h e  i n d e ~ e n d e n t  v a r i a b l e s .  S ince no u s e f u l  

breakdown o f  t h e  1972 s tock  o f  ca rs  b y  s i z e  c l a s s  e x i s t s ,  t h e  Whar ton  

EFA a u t o  mode l  a ~ p r o x i m a t e s  t h e  dependen t  v a r i  a b l  es, t h e  d e s i r e d  

s tock  composi t ion,  by  averag ing  t h e  s a l e s  s h a r e s  f o r  1971 and 1972.. 

T h e r e  i s  no g u a r a n t e e  t h a t  t h e  d e s i r e d  s tock  by s i z e  c l a s s  f o r  t h e  

h i s t o r i c a l  p e r i o d  i s  i n  any way e q u i v a l e n t  t o  t h e  a v e r a g e  s a l e s  b y  

s i z e  c l a s s  f o r  1971 and 1972.  Since t h i s  assumption i s  c r i t i c a l  

t o  t h e  m o d e l ,  t h e  u n c e r t a i n t y  o f  t h i s  e q u i v a l e n c e  s t r o n g l y  

i n f l u e n c e s  t h e  a c c u r a c y  and dynamic p r o p e r t i e s  of t h e  model. 

W i t h  an e s t i m a t e  o f  d e s i r e d  s h a r e s ,  t h e  s h a r e s  o f  new c a r  s a l e s  b y  

s i z e  c l  ass a r e  exp ressed  as a  f u n c t i o n  o f  t h e  d i f f e r e n c e  between t h e  

d e s i r e d  shares and a c t u a l  shares. 

T h i s  p r o c e d u r e  f o r  e s t i m a t i n g  new ca r  market  shares i s  undermined 

by t h e  model a u t h o r s '  s t r o n g  assumpt ion t h a t  t h e  number o f  new c a r s  

s o l d  o f  a  p a r t i c u l a r  t y p e  i s  a  f u n c t i o n  o f  t h e  gap between d e s i r e d  

and a c t u a l  s tock  o f  t h a t  t y p e .  T h i s  a s s u m p t i o n  i m p l i e s ,  p o s s i b l y  

c o r r e c t l y ,  t h a t  t h e  number o f  new l u x u r y  ca rs  s o l d  i s  a  f u n c t i o n  of 

t h e  number o f  one-, two-, o r  t h r e e - y e a r - o l d  l u x u r y  c a r s  on t h e  r o a d .  

However,  i t  a l s o  i m p l i e s  t h a t  new l u x u r y  ca r  s a l e s  are  a  f u n c t i o n  o f  

t h e  number o f  o l d e r  l u x u r y  c a r s  on t h e  r o a d .  T h i s ,  h o w e v e r ,  i s  

p r o b a b l y  n o t  t r u e .  T h i s  a s s u m p t i o n  i s  i n v e s t i g a t e d  th roughou t  t h e  

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

Submodel Eva1 u a t  i on o f  Sect i on 4.2.2. 



2.2.5 C a p i t a l i z e d  C o s t  Concep t .  The d e s i r e d  s tock  and d e s i r e d  

share  equat ions  depend on  t h e  c o s t  of  o w n i n g  and o p e r a t i n g  a  c a r .  

T h e r e f o r e  t h e  Whar ton  EFA mode l  au thors  developed a  concept  o f  au to  

cos ts ,  c a l l e d  c a p i t a l i z e d  c o s t  p e r  m i l e ,  t h a t  ( 1 )  t r e a t s  t h e  c o s t  

i n c u r r e d  and b e n e f i t s  accrued t oday  i n  owninq and o p e r a t i n g  a  c a r  as 

b e i n g  o f  g r e a t e r  v a l u e  t h a n  t h o s e  a n t i c i p a t e d  i n  t h e  f u t u r e ;  ( 2 )  

i n c l u d e s  t h e  r e l e v a n t  c o s t s  i n c u r r e d  by  a l l  owners of t h e  c a r - - t h a t  

i s ,  n o t  o n l y  t h e  c o s t s  o f  t h e  o r i q i n a l  owner ;  and ( 3 )  i n c l u d e s  a l l  

c o s t s  o f  p u r c h a s e  and o p e r a t  i o n ,  i n c l u d i n q  purchase cos t ,  f i n a n c i n g  

cos ts ,  i nsu rance  cos ts ,  g a s o l i n e  e x p e n d i t u r e s ,  and so  on, i n t o  t h e  

c a l c u l a t i o n  w e i g h i n g  them a c c o r d i n q  t o  t h e i r  economic s i g n i f i c a n c e .  

D e t a i l s  o f  how c a p i t a l i z e d  c o s t  p e r  m i l e  v a r i a b l e s  a re  c a l c u l a t e d  a r e  

p resented  i n  Sec t i on  2.3.5. 

2.3 O r q a n i z a t i o n  o f  t h e  Model. 

I n  t h i s  s e c t i o n ,  t h e  b a s i c  l o g i c  of t h e  e n t i r e  system of equa t i ons  

o f  t h e  Wharton EFA au to  model i s  d e s c r i b e d .  A d e t a i l e d  e x a m i n a t i o n  

o f  t h e  computer  program f o r  t h e  model t h a t  H S R I  r e c e i v e d  f r o m  t h e  DOT 

T r a n s p o r t a t i o n  Systems Center  was u n d e r t a k e n  and fo rms t h e  b a s i s  o f  

t h i s  d i scuss ion .  

The f o l l  o w i n g  s u b s e c t i o n s  p resen t  t h e  genera l  r e l a t i o n s h i p  o f  t h e  

equat ions  i n  t h e  program, t h e  o ~ e r a t i o n  of t h e  p rog ram,  and t h e  s i x  

l o q i c a l  g r o u ~ i n g s  o f  t h e  equa t i ons  w i t h i n  it. These d i s c u s s i o n s  a r e  

accompanied by  f l o w  d iagrams t h a t  i l l u s t r a t e  t h e  d e t a i l e d  l o g i c  o f  

t h e  v a r i o u s  components o f  t h e  program. 

2.3.1 Overv iew.  The Whar ton  EFA a u t o  mode l  i s  an e c o n o m e t r i c  

mode l  d e s i g n e d  t o  f o r e c a s t  l o n q - r u n  e q u i l i b r i u m  l e v e l s  o f  t h e  s i z e  

and c o m p o s i t i o n  o f  U .S .  a u t o m o b i l e  demand and s t o c k  so t h a t  t h e  

economic  and m a r k e t  impacts o f  a l t e r n a t i v e  p o l i c i e s  c o u l d  be s t u d i e d  

i n  q u a n t i f i e d  f o r m .  The mode l  has  been  u s e d  t o  e v a l u a t e  p o l i c i e s  

such  as t h e  l o n g - t e r m  impacts o f  v e h i c l e  f u e l  economy, emission, and 

s a f e t y  s tandards.  These a p p l i c a t i o n s  o f  t h e  Whar ton  EFA a u t o  mode l  



a r e  d i s c u s s e d  i n  a companion r e p o r t  (Saa lbe rg ,  Richardson, and 

Joscel.yn 1979). I t  should be noted tha t  the model i s  not intended t o  
evaluate the short-term impacts of such policies.  

The Wharton E F A  auto model d iv ides  t h e  veh ic le  populat ion i n t o  
f i v e  s i z e  c a t e g o r i e s .  These c a t e g o r i e s ,  which a re  referred t o  as 
s i ze  classes, are based on wheelbase and price, as follows: 

1 )  Subcompact--up t o  100-inch wheelbase and not in class 5;  
2 )  Compact--100- t o  I l l - inch wheelbase and not in class 5;  

3 )  Mid-Size--111- t o  118-inch wheelbase and not in c lass  5;  

4 )  Full-Size--over 118-inch wheelbase and not in class 5; 
5 )  Luxury--a1 1 "high-priced" cars.  

In a d d i t i o n ,  t h e  model d i s t i n g u i s h e s  b e t w e e n  d o m e s t i c  and 
f o r e i  gn-made cars fo r  the subcompact, compact, and luxury classes. In 
a l l ,  eight classes of cars are modeled: domestic subcompact, fo re ign  
subcompact, domestic compact, foreign compact, mid-size, fu l l - s i ze ,  
domestic 1 uxury, and foreign 1 uxurv.  

In order  t o  f a c i l i t a t e  d iscuss ion and a n a l y s i s  of t h i s  complex 
model, HSRI has divided the model in to  six se t s  of l o g i c a l l y  re1 ated 
equat ions  c a l l e d  computational blocks.  These blocks correspond to  
the d i v i s i o n  of t h e  Wharton E F A  auto  model computer program i n t o  
major subroutines ( 2 ) .  The blocks are: 

0 Block A--miles per gallon equations, from which mi les  
per gal 1 on or  f u e l  eff iciency estimates are penerated 
fo r  each c l a s s  of new ca r  and f o r  t h e  t o t a l  new ca r  
f 1 eet . 

a Block B--new car  p r i c e  equat ions ,  fromwhich new car 
prices are estimated. 

0 Block C- -cap i t a l i zed  cos t  per mile equa t ions ,  from 
which the cos t  of opera t ing  a t y ~ i c a l  car  from each 
c l a s s  i s  e s t ima ted ,  taking into account both purchase 
c o s t s  and t h e  s t r e a m  of o p e r a t i n g  c o s t s  over  an 
aver age ten-year  1 i f  espan, discounted back t o  current 
do1 1 ar val ues. 

0 Block D--desired sha res  and desired stock equations, 



f r o m  w h i c h  t h e  d e s i r e d  s h a r e s  f o r  each c l a s s  o f  ca r  

and f o r  t h e  t o t a l  s tock o f  ca rs  are  est imated.  

e B l o c k  E - -ac tua l  demand equat ions,  f rom which t o t a l  new 

c a r  s a l e s ,  s c r a p p a g e ,  a n d  u s e d  c a r  p r i c e s  a n d  

t r a n s a c t i o n s  are est imated.  

e Block F- -ac tua l  s tock equat ions,  f rom which a c t u a l  ( a s  

opposed t o  d e s i r e d )  s t o c k  and s t o c k  b y  c l a s s  shares 

are  updated and est imated.  

The m a j o r  o u t p u t s  and r e q u i r e d  exogenous i n o u t s  f o r  each b lock  are 

l i s t e d  i n  T a b l e  2-1.  The r e l a t i o n s h i p  o f  t h e  b l o c k s  i s  shown i n  

F i g u r e  2-1 and i s  summarized b r i e f l y  below. A complete d e s c r i ~ t i o n  

o f  t h e  b locks  i s  p rov ided  i n  Sect ions  2.3.3 th rough 2.3.8. 

I n  B l o c k  A, es t imates  o f  f u e l  economy o r  m i l e s  per  g a l l o n  f o r  each 

o f  t h e  f i v e  ca tego r ies  o f  new cars  a r e  g e n e r a t e d .  I n d e p e n d e n t l y  o f  

B l o c k  A, B l o c k  B  p roduces  e s t i m a t e s  o f  t o t a l  purchase p r i c e  f o r  new 

cars by c lass  and f o r  each o f  t h e  f o u r  components t h a t  make up t h e  

p u r c h a s e  p r i c e :  t r a n s p o r t a t i o n  charges, base p r i c e ,  expend i tu res  f o r  

op t ions ,  and purchase taxes. 

B l o c k  A and B  f e e d  i n t o  Block C t o  c a l c u l a t e  t h e  c a p i t a l i z e d  c o s t  

pe r  m i l e  f o r  each c l a s s  o f  c a r .  The c a p i t a l i z e d  c o s t  p e r  m i l e  i s  

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

purchase, sale,  and o p e r a t i o n  o f  a c a r  w i t h  a  t e n - y e a r  1 i f e t i m e  and 

t h e  1  i f e t i m e  m i l e a g e  o f  100,000 assumed. These assumpt ions  a r e  

ques t i onab le  and are d iscusssed i n  Sec t i on  2.3.5. E s s e n t i a l l y ,  B l o c k  

A w i t h  an exoqenous gaso l i ne  p r i c e  per  g a l l o n  prov ides  t h e  f u e l  c o s t  

component o f  t h e  o p e r a t i n g  costs,  and B l o c k  B  p r o v i d e s  t h e  e s t i m a t e  

o f  purchase cos ts .  

The c a p i t a l i z e d  c o s t  p e r  m i l e  e s t i m a t e s  a r e  used i n  Block D t o  

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

s t o c k  f o r  each o f  t h e  f i v e  s i z e  c l a s s e s .  These e s t i m a t e s  a r e  of 

c r i t i c a l  importance t o  t h e  model, s i n c e  t h e y  c o n s t i t u t e  t h e  t a r g e t s  

t o w a r d  wh ich  e x i s t i n g  s tock  would move under t h e  conceptual  framework 

o f  t h e  stock adjustment p r o c e s s .  C o m p u t a t i o n  o f  t h e  d e s i r e d  s h a r e  

and d e s i r e d  s t o c k  e s t i m a t e s  i s  complex;  it i s  done on t h e  b a s i s  o f  





U  

C, 
v, 

E 
0 
n 
\ 
m  

& 
6 '7 

6 F 
0 

U'J- 

? 
'I- 

aJ 
n 

3 L 
s P a J  
0 o n  
.I- n E 

s-+ 3 
s 0 6 7 2  
0.f-F 6 
- r C ,  3 t ' v  
* 6 P O 6  

m m ~ o ~ t '  
a 0 
a J 3 n  ot -  
L P O - C ,  

< o n m  0 
n W C C ,  

8 - 0 0  
6 -  6C-I- m 
W a c ,  t ' m  
'r-+ 0 0 6 c ~  
F O C c , F  I 
O C  3 0  
Q O S P N  
O O C , O O  
LC, .I-& n 
C, sC, c 
a J S O 6 F O  
E 0.I-F m a r  

. I -C , I  LC, 
s t '  6 Q Q 6  
*I- 6 7  0 C F  

7 I n  aJ 3 
0 3  P O n  
C Q 0 - 0  0 

s r n  
> a  6 t '  
*I- S P ~ U  
A U ' r  0 0  S  

" r n S v , a J  
a , ' t - + W  u 
F .I- s -+ 
a U J 3 m m  
0 6 O a J a a J  
a ~ n r z ~ e  v, n a~ 

' t ' t ' t ' + . r c . r  
~ 0 0 0 0 0 r -  s 
~ J O O O O O ' E  u 'r .r .I- .r -I- 6 

LC,C,t'-+-+LL 
Q ) 6 6 6 m 6  
n e z z z c  

v, 
s 
0 
.r 
C, 
Q 

5 
v, 
v, < 
aJ 
U  
.I- 

L 
a 
u 
s 
m 
=-i 
C, 

> 
.I- 

t' 
U  
u 
U  
'I- 

E 
0 
s 
0 
U 
W  

C, 
a 
u 

E S  
I u 
0 X  X 
U aJ C raJ  
07 u m w  
'I- s o s x  
n u U U ~  

X u 
a J a J t ' a J v , C , s  
m w v 1 - t ~ ~  m u  
L-I- 0 s -  0 

L O W  0 U . Q  
GO, 
U at '%: 

a o  v, n . r U  
a J s r o c n 0  
U  r n  8 L 
C - L  *I- L - r  
6 0 3 a J Y O m  
s v ) v , L L t ' p  
-I- 6 S v - m  0 aJ 
L L a - I - n x e  

aJ 
F 

n 

'I- 
F 

0 
a i 





FIGURE 2-1 

FLOW DIAGRArl OF THE WHARTON EFA MODEL 
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the  r e l a t i v e  cos t s  of d i f f e r e n t  c a r s ,  the  r e l a t i onsh ip s  of these 
costs t o  family income, and various other  economic and demogra~hic 
f a c t o r s .  The estimate of total  desired stock i s  derived on the basis 
of t he  desired share ,  weighted cap i t a l i z ed  cost  per mile,  family 
income, the  number of licensed drivers, the number of U.S. families, 
and other economic and demographic variables. 

In Block E ,  to ta l  new car sales, scrapoage, total  stock, and total  
vehicle miles traveled (VMT) are estimated. Each of these  es t imates  
i s  deoendent o n  t h e  o t h e r  t h r e e ,  making t h e  es t imates  highly 
simultaneous. New car s a l e s  and s c r appaqe  a l s o  depend on t h e  
es t imates  of desired stock derived i n  Block D as well as on variables 
of Block F. 

Block F contains two se ts  of equations: one predicting the stock 
of cars b y  class and by age, and the other predic t ing the  number of 
new cars  by class. The medictions for  the total  stock by age depend 
on new car sales estimated in Block E and a vehic le  survival  model 
t h a t  de t e rmines  t h e  sc raPpage  of c a r s  by age. The scrappage 
estimates in the vehicle survival. model depend on the total  scrappage 
es t imate  of Block E .  The estimation of new car sales by s ize  class 
depends on the desired stock share estimates generated in Block D and 
on t he  actual  or ex i s t i ng  number of ca r s  on the  road of that  s ize 
c l a s s  a f t e r  scrappage, which i s  predicted w i t h i n  Block F .  The 
es t imat ion of the  fore ign and domestic shares  of new car sales by 

s i z e  c l a s s  i s  made exogenously, because the  equations t h a t  were 
devel oped t o  forecast  the shares produced imp1 ausi ble resul ts .  T h i s  

i n i t i a l  vers ion  o f  t h e  model i s  incapable  o f  p r e d i c t i n g  f o r e i g n  

and domestic shares. 

The complexity of the  model i s  highlighted in the above overview. 
One example of t h i s  c o m ~ l e x i t y  i s  t h a t  many of t h e  p r e d i c t i o n s  
qenerated i n  Block E depend on p r ed i c t i~ns  generated i n  the following 
Block F .  In addi t ion,  the  average M P G  e s t i m a t e s  over  a l l  s i z e  
c l a s s e s  of v e h i c l e s  depend on the  r e s u l t s  of Block F ,  and some 
calculations i n  Block F depend on the MPG estimates from Block A .  To 

aid the  reader i n  understanding how calculations can be made i n  one 



block when they requ i re  va r i ab les  t h a t  a re  est imated in a  l a t e r  

block, an explanation of the workings of the computer program follows. 

2 . 3 . 2  Model Operation. This section summarizes how the computer 

program of the model generates forecas ts .  As noted in the  previous 

s e c t i o n ,  many variables that  are needed for  a  prediction at one stage 
are, in f a c t ,  f o r e c a s t  f u r t h e r  down in the  program. The computer 

program hand les  t h i s  s i t u a t i o n  th rough  t h e  fo l lowins  general 

i te ra t ive  procedure. 

In a  f o r e c a s t  s imula t ion ,  a l l  endogenous var i  ab les - - tha t  i s ,  

variables predicted within the  model--are i n i  t i  a1 ized t o  the  most 

recent  h is tor ica l  ( i  .e., known) values avai 1 able. For the documented 

version of the Wharton E F A  auto model that  i s  analyzed in t h i s  s tudy,  

the  endogenous va r i ab les  a r e  i n i t i a l i z e d  a t  the  1974 values. All 

lagged va r i ab les  a re  i n i t i a l i z e d  accordinq t o  t h e i r  h i s t o r i c a l  

values.  A laqged va r i ab le  i s  a  v a r i a b l e  s e t  t o  i t s  value for  the 

year previous t o  the year of a  given simulation. Thus, t h e  1974 new 

ca r  p r i ce  lagged one year i s  the 1973's new car price. The exogenous 

variables--that i s ,  variables whose values are determined ou t s ide  of 

the  model--must be specified separately for  each year of the forecast 

period. Once the endogenous variables are in i t ia l ized  and the  values 
of the  exogenous va r i ab les  s e t ,  t he  computer program i s  said t o  be 

in i t ia l ized ,  and i t  can beqin to  generate a  forecast.  

The f o r e c a s t  i s  generated b y  solving the equations in each block 

sequentially, s ta r t ing  with Block A and endinq with Block F .  I f  an 

equation requ i res  a  value f o r  an independent var iable  that  i s ,  in 
f ac t ,  generated as the o u t p u t  from an equation f u r t h e r  down in the  

program, the  1974 i n i t i a l i z e d  value of that  independent variable i s  

used. If an equation requires the value of an independent v a r i a b l e  

t h a t  i s  predic ted  in a  previous ly  solved equation,  the  predicted 
value of t h a t  va r i ab le  i s  used. The v a l u e s  of t h e  endogenous 

va r i ab les  generated--that i s ,  the model predictions--are compared to 
the in i t ia l ized  values of the endogenous variables. If t h e r e  a re  no 

major d i f f e rences  ( a  major difference i s  defined as one greater than 



.05%), t h e n  t h e s e  s o l u t i o n  v a l u e s  become t h e  f o r e c a s t  values.  I f  

t h e r e  are major  d i f f e rences ,  t h e  computer  p rog ram ~ r o c e e d s  t o  s o l v e  

t h e  m o d e l  a g a i n .  The  e n d o g e n o u s  v a r i a b l e s  i n  t h e  mode l  a r e  

r e i n i t i a l i z e d  t o  t h e  f i r s t  i t e r a t i o n  p r e d i c t i o n s ,  and no changes a r e  

made t o  t h e  l a g g e d  o r  e x o g e n o u s  v a r i a b l e s .  The second s e t  o f  

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

i s  compared t o  t h e  f i r s t  s e t ,  and t h i s  procedure i s  repeated u n t i l  

t h e  model converges-- that  i s ,  u n t i l  t h e  d i f f e r e n c e s  between t h e  s e t s  

o f  ~ r e d i c t i  ons are  no g r e a t e r  t han  a  s p e c i f i e d  percentage. 

To oroduce a  f o r e c a s t  f o r  t h e  nex t  y e a r ,  t h e  exogenous v a r i a b l e s  

a r e  s e t  t o  t h e i r  p r e s p e c i f i e d  v a l u e s ,  and t h e  lagged v a r i a b l e s  are 

updated. Thus, f o r  t h e  new run, new car  p r i c e  1  aqged one y e a r  i s t h e  

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

p reced ing run .  The s t a r t i n q  values of t h e  endogenous v a r i a b l e s  a r e  

t h e  f o r e c a s t  values o f  t h e  p rev ious  year.  Wi th  t h i s  i n fo rma t ion ,  t h e  

computer program can qenerate a  f o r e c a s t  i n  an i t e r a t i v e  procedure. 

T h e  f l o w  d i a g r a m s  i n  t h i s  s e c t i o n  have been drawn t o  r e f l e c t  

a c c u r a t e l y  t h e  o rde r  i n  which t h e  e q u a t i o n s  o f  t h e  model a r e  s o l v e d  

b y  t h e  computer  p rogram.  The e q u a t i o n s  are so lved i n  each program 

i t e r a t i o n  f r o m  t o p  t o  b o t t o m  as d e p i c t e d  i n  e a c h  d i a g r a m .  T h e  

exogenous and 1  agged v a r i a b l e s  f o r  each equat ion  are l i s t e d  on t h e  

l e f t - h a n d  s i d e  o f  t h e  f l o w  d i a g r a m ,  and  t h e  e q u a t i o n s  f o r  t h e  

endogenous v a r i a b l e s  are  1  i s t e d  on t h e  r i g h t - h a n d  s ide.  

2.3.3 Block A - M i l e s  Per Ga l l on  Equations. Block A c o n t a i n s  t h e  

f u e l  economy equat ions  shown i n  F i g u r e  2-2. Two se ts  o f  f u e l  economy 

es t imates  are  s imu la ted  by  t h e  model. The f i r s t  s e t  i s  based on 723 

i n d i v i d u a l  r o a d  t e s t s  r e p o r t e d  i n  Consumer R e p o r t s  magaz ine  f rom 

1950-1975. The data  r e p o r t e d  f o r  each t e s t  i n c l u d e d  c i t y  and h ighway  

d r i v i n g  m i  1 es p e r  g a l  1  on (MPG) , and t h e  automobi le c h a r a c t e r i s t i c s :  

curb weight ,  engine d i sp lacemen t ,  horsepower ,  ax1 e  r a t i o ,  and body 

t y p e .  From t h e s e  data,  equat ions  are generated f o r  c i t , y  and highway 

d r i v i n g  MPG f o r  each c l a s s  o f  ca r  by r e q r e s s i n g  t h e  f u e l  economy t e s t  

r e s u l t s  on t h e  au tomob i l e  c h a r a c t e r i s t i c s .  The average f u e l  economy 
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f o r  each c l a s s  i s  c a l c u l a t e d  u s i n g  t h e  c i t y  and highway d r i v i n g  MPG 

p r e d i c t i o n s  and t h e  exogenously s p e c i f i e d  v a r i a b l e ,  r a t i o  o f  c i t , y  t o  

t o t a l  annual v e h i c l e  m i l e s  t r a v e l e d  (VMT) . 
T h e  s e c o n d  s e t  o f  f u e l  economy  p r e d i c t i o n s  e s t i m a t e  t h e  

E n v i r o n m e n t  a1 P r o t e c t i o n  Agency (EPA) f u e l  econom.v r a t i n q s  by c lass .  

These r a t i n g s  a r e  e s t i m a t e d  t h r o u g h  1 i n k i n g  r e 1  a t i  o n s h i  p s  t h a t  

t r a n s 1  a t e  t h e  Consumer Reports-based p r e d i c t i o n s  f o r  c i t y  and highway 

d r i v i n g  t o  t h e  EPA p r e d i c t i o n s .  I n  o t h e r  words,  g i v e n  f u e l  economy 

p r e d i c t i o n s  based on t h e  Consumer R e p o r t s  d a t a ,  t h e s e  e q u a t i o n s  

generate t h e  cor respond ing EPA f u e l  economy p r e d i  c t i  ons. 

A s i n g l e  ave rage  o f  EPA f u e l  economy r a t i n g s  f o r  c i t , y  and highway 

d r i v i n g  i s  generated u s i n g  a  weighted h a r m o n i c  mean f o r m u l  a  ( 3 ) ,  i n  

w h i c h  t h e  a v e r a g i n g  w e i g h t s  a r e  t h e  r a t i o  o f  c i t y  VMT t o  t o t a l  VMT 

and t h e  new ca r  market  share p r e d i c t i o n s  t h a t  a r e  g e n e r a t e d  i n  B l o c k  

F. 

2.3.4 B l o c k  B  - New Car  P r i c e  E q u a t i o n s .  B lock  B  con ta ins  t h e  

e q u a t i o n s  f o r  t o t a l  p u r c h a s e  p r i c e  o f  a  new c a r  by c l a s s .  F o u r  

c o m ~ o n e n t s  make up t h e  t o t a l  p u r c h a s e  p r i c e  i n  t h e  mode l .  These 

componen ts  a r e  t r a n s p o r t a t i o n  c h a r g e s ,  b a s e  p u r c h a s e  p r i c e ,  

e x p e n d i t u r e s  f o r  o p t i o n s ,  and purchase taxes.  F i g u r e  2-3 p resen ts  a  

f l o w  diagram o f  B lock  B. 

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

t r a n s p o r t a t i o n  c h a r g e s  b y  c l a s s  of c a r .  The e q u a t i o n s  f o r  t h e s e  

p r e d i c t i o n s  depend on t h e  U.S. p r i c e  i n d e x  f o r  t h e  t r a n s p o r t a t i o n  

sec to r ,  an exogenous v a r i a b l e .  

F o l l o w i n g  t h e  t r a n s p o r t a t i o n  c h a r g e  e q u a t i o n s  are  t h e  equat ions  

f o r  domestic base p r i c e s  by s i z e  c l a s s  ( p r i c e s  w i t h o u t  any o p t i o n s )  

a n d  f o r  i n s t a l l e d  o p t i o n s  e x p e n d i t u r e s  on d o m e s t i c  c a r s  b y  s i z e  

c l a s s .  P r e d i c t i o n s  o f  base  rice are  c a l c u l a t e d  i n  t w o  s t e ~ s .  The 

f i r s t  s t e p  i n v o l v e s  e s t i m a t i n q  an a v e r a g e  d o m e s t i c  base p r i c e  by 

r e g r e s s i n g  an average domestic base p r i c e  on a  p r o d u c t i o n  c o s t  i n d e x .  

The ave rage  d o m e s t i c  base p r i c e  i s  c o m ~ u t e d  by s u b t r a c t i n g  t h e  va lue  

o f  i n s t a l l e d  o ~ t i o n s  f r o m  t h e  base s t i c k e r  p r i c e  as r e p o r t e d  i n  
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various i s sues  of Wards Yearbook and Automotive News Almanac. The 
production index that  i s  developed b,v Wharton EFA i s  a weighted index 
of automobile indust ry  cos t s  of f a c t o r y  ~ r o d u c t i o n .  I t  should be 
noted t h a t  the  production index var iab le  i s  exogenous. However, 
production cos t s  can be chanqed s i gn i f  icant1.v by regulations, and 
there i s  some just if icat ion for hand1 ing t he  production index as an 
endogenous variable. As long as i t  remains an exogenous variable, i t  

i s  n o t  possible t o  f o r eca s t  the  cos t - re la ted  pol icy impact or the  
production index, and t h i s  could lead t o  misleading model results .  

The second s t ep  involves m u 1  t ip1,ying t he  averaqe domestic base 
p r i c e  by an exogenous1 y spec i f i ed  r a t i o  of the domestic base price 
f o r  each s i z e  c l a s s  t o  the  average domestic base  p r i c e  f o r  a l l  
veh ic les .  This produces es t imates  of domestic base prices by size 
cl ass. 

This process f o r  predi c t i  ng  domestic base prices by s ize  class, 
t he r e fo r e ,  r e l i e s  heavily on t h e  u se r  of t h e  model o r  a n a l y s t  
operating the  model. Although the model i s  capable of ~ r e d i c t i n q  an 
average domestic base price, i t  i s  n o t  capable of predicting the  base 

p r i c e  by s ize  class: the r a t i o  of the base price for  each size class 
t o  the average base price must be determined before exerc is ing t he  
model. 

This i s  important because the base price i s  a large portion of the 
purchase price, and the purchase p r i c e  i s  t he  major port ion of the  
c ap i t a l i z ed  cost  per mile variable. The re la t ive  value of th i s  cost 
by size class determines t o  a l a rge  extent  the  desired stock share 
and new car market share  f o r  each type of vehicle. Therefore, the 
determination of the ra t ios  of base p r i c e  by s i z e  c l a s s  t o  average 
base  p r i c e  f o r  a1 1 ca r s  i s  c r i t i c a l .  This matter  i s  made more 
com~lex according t o  the basic economic theory, because these  r a t i o s  
depend on the demand fo r  new cars by market share, which i s  no t  known 
un t i l  a f t e r  t h e  model i s  run .  Thus, t h e s e  r a t i o s  should  be 
determined endogenously. 

The est imation of expenditures on options installed on domestic 
ca r s  i s  a t h r ee - s t ep  process t h a t  i s  s im i l a r  t o  t h e  e s t i m a t i o n  



process f o r  domestic base prices. The f i r s t  step involves predicting 
the average price for  the maximum ins ta l  led options on domestic c a r s .  
T h i s  p r e d i c t i o n  i s  based a l s o  on the  production c o s t  index. The 
second s t e p  involves mul t ip ly ing t h i s  maximum average p r i c e  b y  a  
r a t i o  of domestic pr ice  options ins ta l led  for  each s i ze  class t o  the 
average domestic price of o ~ t i o n s  i n s t a l  led .  These r a t i o s  a r e  a l s o  
specified exoqenousl y.  

In t h e  t h i r d  s t e p  the  p red ic t ions  of expenditures for  options by 

s ize class are calculated. The r a t i o  of average domestic o r i c e  of 
i n s t a l  led opt ions  t o  the maximum price of ins ta l led  options fo r  each 
s i z e  c l a s s  i s  c a l c u l a t e d ,  using a  s e t  of s t a t i s t i c a l l y  d e r i v e d  
equat ions .  These equations depend on the consumer price index, real 
disposable income per fami ly ,  and the  percentage of f a m i l i e s  with 
income in excess of $15,000, in real dollars .  These ra t ios  are then 
multiplied b y  the maximum prices of ins ta l led  opt ions ,  determined in 
s t e p  two, t o  estimate the expenditures f o r  o ~ t i o n s  ins ta l led  f o r  each 
s ize  class.  

Foreign base p r i c e s  a r e  es t imated  as a  func t ion  of a  weighted 

average of a  fore ign ca r  export  p r i c e  index t h a t  was developed by 
Wharton E F A .  Th i s  index  must be s p e c i f i e d  exogenously. The 
expenditures f o r  options ins ta l led  on fo re ign  c a r s  a r e  s e t  equal t o  
those of the correspondinq domestic cars b y  s i ze  class.  

The l a s t  price component i s  t h e  purchase t ax .  An average s t a t e  
and local  t ax  r a t e  i s  s p e c i f i e d  exogenous1 y ,  and t h i s  tax r a t e  i s  
applied t o  the base price plus expenditures on i n s t a l l e d  opt ions  f o r  
each c l a s s .  The to ta l  purchase price for  a  new car i s  the sum of the 
transportation charqe, base price, expenditures on options i  n s t  a1 1 ed, 
and purchase tax. 

D e t a i l s  of t h e  s p e c i f i c a t i o n  of t h e  s t a t i s t i c a l l y  derived 
equations in Block B are presented in Section 3.2.3. 

2.3.5 Block C - Capi ta l i zed  Cost Per Mile Equations. Block C 

contains the equations fo r  capital ized c o s t  per mile ( C P M )  f o r  each 
c l a s s  of c a r .  The Wharton EFA authors  do not compute C P M  in the 



usual way ( i  . e . ,  a  miles-weighted average discounted ,yearly cost per 
mile). Instead the authors compute a  r a t i o  of c ap i t a l i z ed  cos t s  of 
owning and operating a  " t y p i c a l "  car  f o r  i t s  e n t i r e  lifetime ( the  
present value of the sum of vehicle costs over i t s  l i f e t i m e )  divided 

by the  cap i t a l i z ed  miles driven over the lifetime of th i s  "typical" 
car ( a  discounted sum of miles driven yea r l y ) .  A " t yp i ca l "  c a r ,  
according the  the  schedule i n  Table 2 - 2 ,  i s  one that was owned for  

ten years and was driven 100,000 miles. A capitalization concept i s  
used t o  discount the  cos t s  of owning and operating a  car t o  present 
value terms. Separate ly ,  t he  stream of se rv ices  over time--i . e . ,  
miles dr iven-- is  discounted using the  same discount factors. The 
Wharton EFA authors argue that  the streams of costs and services must 
be placed on the  same s ca l e ,  and they fur ther  argue unconvincinqly 
that  thei r  discountinq of these  two streams separa te ly  b u t  a t  the  
same rate achieves th is .  

A b e t t e r  explanation of the CPM equation than the one given by the 
Wharton EFA model authors i s  t o  consider CPM as a  cost per mi 1  e  t h a t ,  
i f  applied t o  the  ser ies  of "typical" miles driven and discounted t o  
the present, would equal t he  present  value of t h e  cos t  components. 
Thus 

can be rewritten as 

10 
r d i  x costi 

i=l  CPM = 

where d j  

C0st-i 

= discount factor in ,year i 

= total  cost of owning a n d  operat ing a 
car in year i  



Mi 1 e s i  = typ ica l  miles driven in year i  

In t h i s  de r iva t ion ,  t he  discount r a t e  i s  apolied t o  f i n a n c i a l  f a c t o r s  

on1 y ,  e l  iminating t he  somewhat bewildering explanation of discounting 
miles.  Thus with t h i s  explanation i t  can be argued t h a t  t h e  s t r e am of 

co s t s  and se rv ices  should be discounted a t  t he  same r a t e .  

Table 2-2 

WHARTON EFA'S ESTIMATES OF MILES DRIVEN 
IN A "TYPICAL" CAR'S YEAR 

Age in  Years 0 1 2 3 4 5 6 7 8 9  

Thousands of Miles 14.5 13.0 11.5 10.0 9.5 9.5 9.0 8 .3  7.6 7.1 

Source: (Schink and Loxley 1977, vol. 111, p. A1-23). 

Fol lowing a r e  d i s c u s s i o n s  of t h e  equations f o r  t he  CPM var iab les  

by c l a s s  and the data  used t o  generate these  var iab les  i n  the  Wharton 

€FA auto model. 

2 .3 .5 .1  Discount  F a c t o r s .  C a p i t a l i z e d  cos t  per mile var iab les  

a re  estimated in a process of several  s t eps ,  i l l u s t r a t e d  i n  t h e  f l ow  

diagram of F i g u r e  2-4. The f i r s t  s t e ~  i s  t o  c a l cu l a t e  t he  discount 

f a c t o r  (R1) used i n  d i s c o u n t i n g  c o s t s  per  m i l e s .  Th i s  d i s c o u n t  

f a c t o r  i s  t h e  maximum nominal i n t e r e s t  r a t e  payable on U.S. passbook 

s a v i n g s  accoun t s .  The nex t  c a l c u l a t i o n  de t e rmines  t h e  consumer 
i n s t a l l m e n t  i n t e r e s t  r a t e  (R2)  used i n  f inanc ing  t he  purchase of a 
new c a r .  T h i s  i n s t a l l m e n t  r a t e  i s  e s t i m a t e d  from Moody's t o t a l  

corporate  bond r a t e .  

2 . 3 . 5 . 2  F i n a n c e  Charges .  The i n s t a l l m e n t  r a t e  and d i s c o u n t  
f a c t o r  a r e  used t o  c a l c u l a t e  c a p i t a l i z e d  f i n a n c e  c h a r g e s  f o r  a 

" t , v p i c a l "  ca r  over i t s  l i f e t ime .  To ca l cu l a t e  the  f inance  charqes,  a 
car  is  assumed t o  be r e s o l d ,  t h a t  i s ,  r e f i n a n c e d ,  each y e a r .  For 
t h i s  c a l c u l a t i o n ,  es t imates  are  needed of :  ( 1 )  t he  average p r i c e  of 
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a  used c a r  o f  age i r e l a t i v e  t o  i t s  o r i g i n a l  purchase p r i c e  (PRi), 

(2 )  an average f r a c t i o n  f i n a n c e d  of t h e  ~ u r c h a s e  p r i c e  o f  a  c a r  o f  

age i ( F R i ) ,  and ( 3 )  t h e  i n s t a l l m e n t  c r e d i t  r a t e  f o r  a  c a r  o f  age i 

(CRi). Wharton EFA es t imates  these data  s e r i e s  based on a  v a r i e t y  o f  

s o u r c e s  and r e p o r t s  t h e  v a l u e s  of P R i  and FR i  ( S c h i n k  and L o x l e y  

1977, V O ~ .  111, p. A1-92). 

C R i  i s  c a l c u l a t e d  f rom t h e  new ca r  i n s t a l l m e n t  r a t e  as f o l l o w s :  

CR i = R2 + .01 ( i )  f o r  i = 0  t o  6 

= .20 f o r  i = 7 t o  9 

The f i n a n c e  charges are  d iscounted each year  a t  t h e  annua l  r a t e ,  R 1 ,  

w h i c h  i s  g i v e n  i n  f r a c t i o n a l  f o rm.  The f o r m u l a  f o r  c a p i t a l i z e d  

f i n a n c e  charge i s  t hus  

9 FRi PRi CRi 
CFC = (New Car Pr ice)  c 

i = o  (1.0 + RI)~ 

where t h e  new c a r  p r i c e  i s  determined endogenously f rom Block B. 

The assumption t h a t  a  c a r  i s  r e s o l d  each year  may t e n d  t o  i n f  1  a t e  

t h e  t o t a l  d iscounted f i n a n c e  charges o f  a  c a r  over i t s  l i f e t i m e .  Th is  

would be t r u e  i f ,  on t h e  average, a  c a r  were  owned b y  an i n d i v i d u a l  

f o r  more t h a n  a  one-year  p e r i o d - - i . e . ,  i f  a  c a r  i s  reso ld ,  on t h e  

average, l e s s  o f t e n  than every  year. To i l l u s t r a t e  t h i s ,  HSRI s t a f f  

c o n s t r u c t e d  an example i n  w h i c h  a  1972 v in tage  ca r  i s  assumed t o  be 

r e s o l d  e v e r y  o t h e r  y e a r .  I n  t h i s  example, i t  i s  assumed t h a t  a  

t h r e e - y e a r  l o a n  i s  t a k e n  o u t  on a  new c a r ,  and a  two-year l oan  a t  

each succeeding resa le .  Using t h e  1972 Wharton EFA e s t i m a t e s  o f  R1 

and R2 ( 5 %  and 1  I%, r e s p e c t i v e l y ) ,  t h e  Wharton EFA es t imates  o f  P R i ,  

FRi ,  and C R i  ( s e e  T a b l e  2 - 3 ) ,  and e q u a t i o n  2.4, t h e  HSRI s t a f f  

c a l c u l a t e d  t h e  c a p i t a l i z e d  f i n a n c e  c h a r g e  t o  be .298 t imes t h e  new 

ca r  p r i c e .  T h i s  d i s c o u n t e d  c h a r g e  i s  r o u g h l y  10% l o w e r  t h a n  t h e  

d i s c o u n t e d  f i n a n c e  c h a r g e  o f  . 3 3 2  t i m e s  t h e  new c a r  p r i c e  t h a t  

Wharton EFA est imates,  assuming a  ca r  was r e s o l d  each year. However, 

t h i s  d i f f e r e n c e  i s  minor  compared t o  t h e  o t h e r  cos ts  i nc luded  i n  t h e  

CPM va r iab les .  



TABLE 2-3 
VALUES OF PRICE RELATIVES (PRi), FRACTION FINANCED (FRi). 

AND CREDIT RATE (CRi) USED BY HSRI IN CALCULATING 
FINANCE CHARGES OF A CAR FINANCED EVERY OTHER YEAR 



2.3.5.3 C a p i t a l i z e d  M i l e s .  The n e x t  c a l c u l a t i o n  i n  B lock  C i s  

t h e  one f o r  c a p i t a l i z e d  m i l e s  d r i v e n  f o r  a  " t y p i c a l "  c a r .  T h e  

f o l l o w i n g  f o r m u l a  i s  used: 

9  M i l es i  
C a p i t a l i z e d  M i l e s  (CM) = c 

i-o ( 1  + RI/IOO)~ 

where 

R 1  = t h e  d i s c o u n t  f a c t o r  

Mi l e s i  = m i l e s  d r i v e n  p e r  ,year  f o r  a  " t y p i c a l "  

c a r  o f  age i (see Tab le  2-2)  

Wharton EFA does n o t  document  t h e  s o u r c e  o f  t h e i r  s e r i e s  o f  m i l e s  

d r i v e n  p e r  y e a r  ( M i l e s i ) .  H o w e v e r ,  t h e  s e r i e s  seems t o  b e  a  

v a r i a t i o n  o f  t h e  s e r i e s  used b y  L i s t o n  and G a u t h i e r  ( 1 9 7 2 )  i n  t h e i r  

p a p e r ,  C o s t  o f  O p e r a t i n g  an Automob i le  (see  Tab le  2 -4 ) .  The Wharton 

EFA and t h e  L i s t o n  and G a u t h i e r  s e r i e s  a r e  i d e n t i c a l  f o r  t h e  f i r s t  

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

However, when each  s e r i e s  i s  d i s c o u n t e d ,  t h e  c a p i t a l  i z e d  m i  l e s  

c a l c u l a t e d  a r e  e x t r e m e l y  c l o s e .  A t  a  5% d i s c o u n t  r a t e ,  t h e  

c a p i t a l i z e d  m i l e s  c a l c u l a t i o n  f o r  t h e  W h a r t o n  EFA s e r i e s  i s  83,545, 

and f o r  t h e  L i s t o n  and G a u t h i e r  s e r i e s ,  83,732. 

TABLE 2-4 

LISTON AND GAUTHIER'S ESTIMATES OF MILES DRIVEN 
I N  A  "TYPICAL" CAR'S rth YEAR 

Age i n  Years 0  1  2 3 4 5 6 7 8 9  

T h o u s a n d s o f M i l e s  14.5 13.0 11.5 10.0 9.9 9.9 9.5 8.5 7.5 5.7 

A  problem w i t h  t h e  c a p i t a l i z e d  m i l e s  c a l c u l a t i o n  i s  t h e  a s s u m p t i o n  

o f  a f i x e d  t e n - y e a r  d r i v i n q  schedu le  over  t ime.  As t h e  e q u a t i o n  i s  

p r e s e n t l y  fo rmu la ted ,  t h e  1955 v a l u e  o f  c a p i t a l i z e d  m i l e s  was 91,084, 



and t h e  1974 v a l u e  was 82,178. The d i f f e r e n c e  i n  t hese  two va lues  i s  

due t o  t h e  d i f f e r e n c e  i n  t h e  d i s c o u n t  r a t e s  f o r  t h e  t w o  y e a r s .  

However ,  a  1  a r g e r  c a p i t a l i z e d  m i l e s  v a l u e  f o r  1955 t h a n  f o r  1974 i s  

somewhat m i s l e a d i n g  i n  t h a t  c e r t a i n  f a c t o r s ,  such as t h e  a v a i  1  a b i  1 i t y  

o f  r o a d s ,  and t h e  movement o f  t h e  p o p u l a t i o n  from urban t o  suburban 

areas, have c e r t a i n l y  i n c r e a s e d  t h e  " t e n - y e a r  1  i f e t i m e "  m i  1 eage of 

c a r s .  Obv ious l y ,  t h e  p e r c e i v e d  ten-year  1  i f e t i m e  d r i v i n g  schedule a t  

t h e  t i m e  o f  new purchase f o r  a 1955 c a r  was d i f f e r e n t  f r o m  t h a t  f o r  a  

1974 c a r .  To a d j u s t  f o r  y e a r l y  d i f f e r e n c e s  i n  t h e  c a p i t a l i z e d  m i l e s  

v a r i a b l e ,  perhaps  Whar ton  EFA a u t h o r s  s h o u l d  have  u s e d  t h e  a n n u a l  

v e h i c l e  m i l e s  t r a v e l e d  (VMT) p e r  c a r  v a r i a b l e ,  p r e d i c t e d  i n  B lock  E, 

and t h e  s c r a p p a g e  p r o b a b i l i t i e s  b y  age, p r e d i c t e d  i n  B l o c k  F, as 

w e i g h t i n g  f a c t o r s  t o  t h e  M i l e s i  s e r i e s .  

2.3.5.4 Ope ra t i ng  Costs. The l a s t  s e t  o f  components n e c e s s a r y  t o  

c a l c u l a t e  t h e  CPM f o r  each  c l a s s  a r e  t h e  o p e r a t i n q  c o s t  components 

f o r  f u e l ,  r e p a i r s ,  i n s u r a n c e ,  t i r e s ,  m o t o r  o i l ,  and p a r k i n g  a n d  

t o l l s .  W h a r t o n  EFA c a l c u l a t e s  a  c a r ' s  f u e l  c o s t  p e r  m i l e  by  s i m p l y  

d i v i d i n g  t h e  p r i c e  o f  gas01 i n e ,  s p e c i f i e d  e x o q e n o u s l y ,  b y  t h e  f u e l  

e c o n o m y  e s t i m a t e  d e t e r m i n e d  e n d o q e n o u s l y  i n  B l o c k  A .  T h i s  

c a l c u l a t i o n  assumes t h a t  t h e  f u e l  economy o f  a  c a r  r e m a i n s  c o n s t a n t  

over  i t s  l i f e t i m e .  

The o t h e r  o p e r a t i n g  c o s t s  a r e  based on a  s e t  o f  es t ima ted  annual 

c o s t s  o f  v e h i c l e  o p e r a t i o n  f o r  t h e  y e a r  1972 r e p o r t e d  b y  L i s t o n  and 

G a u t h i  e r  ( 1 9 7 2 ) .  These e s t i m a t e d  c o s t s  a r e  o n l y  f o r  subcompacts, 

compacts, and s tanda rd  ( f  u l l - s i z e )  c a r s .  Thus, Whar ton  EFA a u t h o r s  

needed  t o  g e n e r a t e  o p e r a t i n g  c o s t  e s t i m a t e s  f o r  i n t e r m e d i a t e  and 

l u x u r v  cars .  The d e r i v a t i o n  o f  t h e s e  c o s t  es t ima tes  i s  n o t  e x p l a i n e d  

i n  t h e  W h a r t o n  EFA a u t o  m o d e l  d o c u m e n t a t i o n .  T h e  c o s t s  f o r  

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

compac ts  and f u l l - s i z e  c a r s .  F o r  l u x u r y  cars ,  o ~ e r a t i n g  c o s t s  a re  

qenera ted  as f o l l  ows: 

1 )  R e p a i r  Costs--10% h i g h e r  t h a n  f u l l - s i z e  cars .  

2) I nsu rance  C o s t s - - f u l l - s i z e  c o s t s  p l  us  t h e  d i f f e r e n c e  



between fu l l - s i ze  and compact costs.  

3) Other Costs--set to  the same value as fu l l - s i ze  costs.  
The methods out1 i  ned for  estimati n q  these costs seem reasonable. 

To t rans la te  these 1972 operating costs t o  o ther  years ,  t h e  c o s t s  
a r e  m u 1  t i  p l  i  ed by an appropr ia t e  consumer product index ( i  . e . ,  
indices fo r  r e ~ a i r  c o s t s ,  insurance  c o s t s ,  e t c . ) .  These i n d i c e s ,  
which are a l l  equal to  1.0 in 1972, must be exogenously specified. 

2.3.5.5 Caoital ized Cost Per Mile. The equation f o r  c a ~ i t a l  ized 
cos t  per mile i s  ca lcu la ted  using three se ts  of variables: the new 
car purchase price, financing and ooerating costs per year, and mi l e s  
dr iven.  A discounted y e a r l y  value of each of these  components i s  
calculated, and these vearly values are aggregated over t h e  ten-year  
1 i f e  of the  veh ic le  to  estimate CPM by class.  The yearly values for  
financing and operating costs and fo r  miles driven were discussed in 
t h e  previous sections. In t h i s  section, the apportionment of new car 
purchase price over the l i f e  of a "typical"  car i s  discussed. 

The c o s t  schedule  per year  f o r  new car  purchase p r i c e  can be 
generated in many different  ways. One procedure assumes t h a t  a new 
c a r  owner p e r c e i v e s  the  e n t i r e  burden of the  ~ u r c h a s e  p r i c e  as 
f a l l ing  in the f i r s t  year .  Another procedure i s  t o  c a l c u l a t e  t h e  
d e p r e c i a t i o n  of the  car  f o r  each year using t h e  p r i c e  r e l a t i v e s  
( P R i ) ,  and to  add the i n t e r e s t  foregone on the  money used t o  buy a 
ca r  t o  the  deprec ia t ion .  The Wharton €FA authors ( i n  collaboration 

with Transportation Systems Center s t a f f )  decided t o  implement t h e  
f i r s t  procedure-- that  i s ,  t o  p lace  the  purchase cost completely in 
the f i r s t  year. Clear1 y, t h i s  procedure gives a heavy weight t o  new 
ca r  purchase p r i c e  in the  C P M  v a r i a b l e s .  This i s  defensable given 
exi s t i  ng market research. 

The t h r e e  components were combined for  each class of car by adding 
the new car price and the sum of discounted yea r ly  opera t ing  c o s t s ,  
and dividing t h i s  to ta l  by capitalized miles. 

The CPM variables, in a sense, are indices of vehicle cos t s .  These 
i n d i c e s  a r e  g e n e r a t e d  b e c a u s e ,  a s  t h e  Wharton € F A  a u t h o r s  



h y p o t h e s i z e d ,  t h e y  have  a  m a j o r  i n f  1  uence  b o t h  on t h e  t o t a l  demand 

f o r  au tomob i les  and on t h e  d i s t r i b u t i o n  o f  demand by  c l ass .  However ,  

because  t h e  CPM v a r i a b l e s  a re  composed of many f a c t o r s ,  t h e  computed 

i ndex  i s  r a t h e r  i n s e n s i t i v e  t o  changes i n  any one o f  t h e  f a c t o r s .  F o r  

e x a m p l e ,  t h e  e l a s t i c i t y  o f  c a r  s a l e s  w i t h  r e s p e c t  t o  i n s u r a n c e ,  

m a i n t e n a n c e  and r e p a i r ,  o r  p a r k i n g  a n d  t o l l s  i s  q u i t e  s m a l l .  

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

dominant component i n  t h e  CPM v a r i a b l e s  t h a t  i t  f u r t h e r  r e d u c e s  t h e  

c o n t r i b u t i o n  o f  t h e  o t h e r  components. 

To i l l u s t r a t e  t h e s e  p o i n t s ,  t h e  1972 v a l u e  o f  t h e  CPM f o r  a  

f u l l - s i z e  c a r  i s  examined here.  Tab le  2-5 l i s t s  t h e  aqgregated sums 

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

f u l l - s i z e  c a r s .  The p u r c h a s e  p r i c e  and t h e  f i n a n c i n g  c o s t  t h a t  i s  

d i r e c t l y  r e l a t e d  t o  purchase p r i c e  t o g e t h e r  account f o r  o v e r  o v e r  45% 

o f  t h e  t o t a l  d i s c o u n t e d  sum o f  c o s t s .  Thus, a  change o f  1% i n  t h e  

purchase p r i c e  o f  f u l l - s i z e  c a r s  w i l l  genera te  a  change o f  a b o u t  .5% 

i n  t h e  CPM f o r  t h a t  s i z e  c l a s s .  Such a  chanqe would have some e f f e c t  

on  t h e  p r e d i c t i o n s  c o n c e r n i n g  a u t o m o b i l e  demand a n d  HSRI  s t a f f  

e x p e r i m e n t e d  w i t h  chang inq  t h e  purchase p r i c e  and t h e  f i n a n c i n g  c o s t  

i n  t h e  submodel and f u l l - m o d e l  e v a l u a t i o n s  i n  S e c t i o n s  4.0 and 5.0. 

However ,  s i m i l a r  p e r c e n t a g e  changes  i n  t h e  o t h e r  c o s t  components 

would have n e g l i g i b l e  impac t  on t h e  model. 

T h e  i n s e n s i t i v i t v  o f  t h e  mode l  t o  t h e  v a r i o u s  o p e r a t i n g  c o s t  

c o m ~ o n e n t s  may be a  shor tcoming  o f  t h e  model. P r e v i o u s  s t u d i e s  have  

shown t h a t  a u t o m o b i l e  demand i s  r e l a t e d  t o  c r e d i t  c o n d i t i o n s ,  and 

t h a t  s c r a m a g e  i s  r e l a t e d  t o  r e p a i r  c o s t s  ( 4 ) .  I t  i s  c o n c e i v a b l e  

t h a t  s i m i  1  a r  r e 1  a t i o n s h i p s  may e x i s t  between i nsu rance  c o s t s  and new 

c a r  s a l e s  a n d / o r  s c r a p p a q e .  As t h e  W h a r t o n  E F A  a u t o  m o d e l  i s  

p r e s e n t l y  c o n s t r u c t e d ,  i t  d o e s  n o t  f u l l y  r e p r e s e n t  t h e s e  

r e l a t i o n s h i p s .  

2.3.6 B l o c k  D  - D e s i r e d  Shares and Des i red  Stock Equat ions .  B lock  

D c o n t a i n s  t h e  equa t i ons  f o r  t h e  " d e s i r e d "  v a r i a b l e s .  The d e s i r e d  

v a r i a b l e s  i n c l u d e  t h e  d e s i r e d  domest ic  shares o f  s tock  by  s i z e  c l ass ,  



TABLE 2-5 

COST COMPONENT VALUES OF THE 1972 CAPITALIZED 
COST PER MILE FOR FULL-SIZE CARS 

Cost Component 

Purchase P r i c e  

F inanc ing  Costs 

Repair  Costs 

Pa rk ing  and To1 1 Costs 

Insurance Costs 

T i r e  Costs 

Motor O i l  Costs 

Gas01 i n e  Costs 

Discounted Sum o f  Costs Percentage o f  
Over 10-Year L i f e  o f  Car T o t a l  Costs 

Source: Wharton EFA model t ime  s e r i e s  da ta  bank. 



d e s i r e d  s h a r e s  o f  s t o c k  b y  s i z e  c l a s s ,  and t h e  d e s i r e d  s t o c k  p e r  

f a m i l y .  These v a r i a b l e s  a re  used i n  t h e  s t o c k  a d j u s t m e n t  f r a m e w o r k  

t o  c a l c u l a t e  t h e  s h a r e s  o f  new c a r  s a l e s  b y  c l a s s ,  t o t a l  new c a r  

sa les ,  and annual scrappage i n  B locks  E and F. 

The c o m p u t a t i o n s  i n  B l o c k  D a r e  c o m ~ l e x  because  t w o  g r o u p s  o f  

v a r i a b l e s  i n  t h e  b l o c k  a re  s imul taneous.  I n  a  g r o u p  o f  s i m u l t a n e o u s  

e q u a t i o n s ,  t h e  p r e d i c t e d  va lue  o f  each o f  t h e  v a r i a b l e s  i s  dependent 

on t h e  p r e d i c t e d  v a l u e  of  t h e  o t h e r  v a r i a b l e s .  P r o c e d u r e s  f o r  

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

t h i s  s e c t i o n .  A f l o w  d iagram o f  B lock  D i s  p resented  i n  F i g u r e  2-5. 

The c o m p u t a t i o n s  i n  t h e  b l o c k  can be d i v i d e d  i n t o  f i v e  s e c t i o n s :  

( 1 )  c o m ~ u t a t i o n s  of r a t i o s  c a p i t a l i z e d  c o s t  p e r  m i l e  (CPM) of each  

c l a s s  o f  v e h i c l e  t o  t h e  a v e r a g e  CPM o f  t h e  o t h e r  c l a s s e s  and t o  

f a m i l y  income; ( 2 )  e s t i m a t i o n  o f  t h e  d e s i r e d  domest ic  s tock  s h a r e s  b y  

s i z e  c l a s s ;  ( 3 )  e s t i m a t i o n  of t h e  d e s i r e d  s tock  shares by  s i z e  c l ass ;  

( 4 )  computa t ion  o f  t h e  d e s i r e d  share  we igh ted  CPM; and ( 5 )  e s t i m a t i o n  

o f  d e s i r e d  s tock  p e r  f a m i l y  and t o t a l  d e s i r e d  s tock .  

The c a l c u l a t i o n s  i n  t h e  f i r s t  s e c t i o n  i n c l u d e  f i v e  s e t s  o f  r a t i o s :  

( 1 )  t h e  r a t i o s  o f  t h e  CPM f o r  each s i z e  c l a s s  t o  t h e  average d e s i r e d  

share-weighted CPM o f  t h e  o t h e r  s i z e  c l a s s e s ;  ( 2 )  t h e  r a t i o  o f  CPM 

f o r  subcompacts t o  t h e  d e s i r e d  share-weighted CPM f o r  subcompacts and 

compacts combined; ( 3 )  t h e  r a t i o  o f  f a m i l y  income t o  a  f i x e d  w e i q h t e d  

a v e r a g e  CPM o f  t h e  s i z e  c lasses ;  ( 4 )  t h e  r a t i o  o f  f a m i l y  income t o  a  

f i x e d  we igh ted  average CPM f o r  subcompacts and compacts ;  and ( 5 )  t h e  

r a t i o  o f  CPM f o r  a  d o m e s t i c  c a r  t o  a  CPM f o r  a  f o r e i g n  c a r  i n  each 

s i z e  c l ass .  

These r a t i o s  p l a y  an i m p o r t a n t  r o l e  i n  d e t e r m i n i n q  t h e  d e s i r e d  

s tock  shares, and, i n  t u r n ,  t h e  d e s i r e d  s tock  s h a r e s  e s t i m a t e d  l a t e r  

i n  t h e  b l o c k  p l a y  an i m p o r t a n t  r o l e  i n  d e t e r m i n i n g  t h e s e  r a t i o s .  

Thus, t h i s  f i r s t  s e t  o f  c a l c u l a t i o n s  i s  s imu l t aneous  w i t h  t h e  second  

and t h i r d  s e t  i n  wh ich  t h e  d e s i r e d  s tock  shares a re  es t imated .  T h e i r  

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

o u t l i n e d  i n  Sec t i on  2.3.2. 

The r a t i o s  o f  t h e  CPM f o r  a  domest ic  c a r  t o  a  f o r e i g n  c a r  f o r  each 
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s i z e  c l a s s  a r e  used in the  des i red domestic share  p red ic t ions .  
Essentially, as these ra t ios  increase, the desired domestic share  of 
the  corresponding s i z e  c l a s s  of car  decreases, and vice versa. In 
addition, the p red ic t ions  of des i red domestic shares  depend on an 
income distr ibution variable and several demogra~hic variables. 

The Wharton EFA model authors report that  the simulated r e s u l t s  of 
t he  des i red domestic share  equations were poor. In f a c t ,  in the 
v e r s i o n  of t h e  model program t h a t  H S R I  r e c e i v e d  f rom t h e  
Transportat ion Systems Center, the equations for  the desired domestic 
shares are no t  calculated; that  i s ,  these equations a re  skipped when 
t he  model i s  exercised. The same i s  t rue for  the equations of actual 
domestic shares  t h a t  depend on t he  des i red shares .  I n s t e a d ,  no 
p r e d i c t i o n s  a r e  made of t h e  d e s i r e d  domestic shares ,  and the  
p r e d i c t i o n s  of t h e  a c t u a l  domes t ic  s h a r e s  must be s p e c i f i e d  
exogenously. T h i s  means t h a t  f o r e c a s t s  o f  t h e  foreign-domest ic  

s p l i t  must be  t a k e n  f r o m  a  model o t h e r  t h a n  t h e  Wharton EFA 

a u t o  model ,  o r  d e r i v e d  f r o m  t h e  s u b j e c t i v e  assessments o f  t h e  

a n a l y s t s  who r u n  t h e  model o r  o f  t h e  users o f  t h e  model. 

The i n a b i l i t y  of t he  model t o  forecast the foreiqn-domestic s p l i t  
casts  serious doubts on Wharton EFA's treatment of the composition of 
s a l e s .  The stock adjustment approach does n o t  work in the modeling 
of the  foreign-domestic s p l i t ,  and, as w i l l  be shown in  l a t e r  
sec t ions  of t h i s  repor t ,  i t  does not work in the modeling of the new 
car market classes by s ize  class. The primary cause of t h i s  problem 
i s  t he  Wharton E F A  au thors '  poor assumption t h a t  the demand for  a 
pa r t i cu l a r  c l a s s  of car  i s  dependent on t he  actual  and "des i red"  

stock of t h a t  c l a s s  of car ,  as i f  the most distinquishing a t t r ibutes  
of a car are i t s  s i z e  c l a s s  and o r ig in  of manufacture. One of the  
primary a t t r i b u t e s  of a car i s  i t s  age, and the model probably would 
be improved greatl~v i f  the authors had realized th i s .  

The remaining r a t i o s  generated in the  f i r s t  set of calculations 
are required fo r  the estimation of the des i red stock shares  by s i z e  
c l a s s .  These ra t ios  interact  w i t h  the desired stock shares in a very 
reasonable manner. As the CPM of one s i z e  c l a s s  increases  re1 a t i ve  



t o  the averaqe CPM of the other s ize  classes, the desired stock share 
of the f i r s t  s ize class decreases. Decreases i n  the ra t ios  of family 
income t o  f ixed weighted average CPM tend t o  produce downshiftinq in 
the desired stock shares from f u l l - s i z e  t o  mid-size t o  compacts t o  

subcompacts. The resu l t s  i n  t h i s  case are a  lowering of the desired 
s h a r e  of f u l l - s i z e  c a r s  and a  r i s e  in  t h e  d e s i r e d  s h a r e  o f  

subcompacts, with minor e f f e c t s  on desired compacts and mid-size 
shares and no effect  on luxury shares. O n  the other hand, upsh i f t ing  
to larger s ize  classes occurs as these rat ios increase. 

The computations involved i n  estimating the  desired stock shares  
are  complicated because these variables must sum to  one. The Wharton 
E F A  auto model Drogram uses a  th ree -s tep  p rocess  t o  make t h e s e  

p r e d i c t i o n s .  In t h e  f i r s t  s t e p ,  equations a re  solved f o r  the  
combined desired shares of subcompacts and compacts, and f o r  t he  
d e s i r e d  s h a r e s  of m id - s i ze ,  f u l l - s i z e ,  and luxury c a r s ,  (The 
equations are presented i n  Section 3.3.2) In the second s t ep ,  these  

four solutions are normalized so that they sum t o  one, as follows: 
1 .  The solutions of the equations f o r  des i red combined 

shares of subcompacts and compacts, and the desired 
shares  of mid-size and f u l l - s i z e  c a r s  a r e  added 
toqet her. 

2 .  Th i s  sum i s  d iv ided  i n t o  one minus the  equation 
solution f o r  the  desired luxury share  t o  produce a  
normal ization factor.  

3. The n o r m a l i z a t i o n  f a c t o r  i s  mul t ip l ied  with the 
solutions of the equations f o r  the  des i red combined 
share of subcompacts and compacts and for the desired 
shares of mid-size and ful l -s ize  cars. 

In the  t h i r d  s t ep ,  the  equation for the desired subcom~act share of 
the desired combined share  of subcompacts and compacts i s  solved. 
This r e s u l t  i s  used t o  predic t  the desired share of subcompacts and 
compacts separately. 

The Wharton E F A  model authors indicate two reasons for usinq such 
a  complicated procedure. F i r s t ,  because the l u x u r y  market share  has 

46 



been so s t a b l e  over  t im e ,  t h e  authors f e e l  t h a t  the  es t imates  
produced b y  the desired luxury share equation are  accurate.  This 
ad jus tment  may be spurious s ince  qu i t e  of ten  the  s tabi1i t .y  of a 
dependent variable makes i t  d i f f i c u l t  t o  determine accurate lv  t he  
f a c t o r s  t h a t  influence i t .  Thus, t h e i r  procedure preserves the 
solution value of the desired 1uxur.y share  equation and normalizes 
the  other  desired stock share es t imates  with respect  t o  i t .  This 
procedure imolies that  the authors had more confidence in t he  desired 
luxury share equation than in the other desired stock share equations. 

The other reason behind the complicated ca lcu la t ions  i s  t h a t  the  
Wharton EFA model authors had great d i f f icul ty  in modeling small car 
shares. They point o u t  i n  the i r  report t h a t  they experimented with 
several  procedures and found that  the one adopted produced the best 
simulations over time. However, i t  i s  unclear in the report w h y  t h i s  
procedure i s  b e t t e r  than the  other procedures that they tested, and 
there i s  no clear indication of a theoretical just if icat ion for  i t .  

The four th  s e t  of computations i n  the  block i s  com~rised of the 
single equation for  computing the desired share  weiqhted CPM. This 
r e s u l t  feeds  i n t o  the  f i f t h  s e t  of calculat ions to  predict desired 
stock per family. In addition, desired stock per family depends on 
permanent f ami 1.v income, an income distribution variable, and several 
demographic variables. Desired stock per family i s  multipl i  ed b y  the  
number of U.S. families to  obtain to ta l  desired stock. 

2.3.7 Block E - Actual Demand Equations. Block E contains t h r ee  
of the  ke,y equations in the  model: new car sales or actual demand 
(from which the name of the block i s  de r ived) ,  t o t a l  scrappaqe, and 
vehic le  miles traveled (VMT). These variables are important n o t  only 
because they are inherently interest ing,  b u t  because the  predic t ions  
of many of t h e  v a r i a b l e s  i n  Blocks E and F depend upon t h e  
predict ions of these  key var iab les ,  e spec i a l l y  new car s a l e s  and 
scraupaqe. 

As can be seen in Figure 2-6, the computations i n  Block E revolve 
around the predictions fo r  new car sales and scrappage. Most of the  
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var iab les  i n  the  block, in f a c t ,  are simultaneous with new car sales 

and scrappage, and the equations for  new car sa les  and scrappage are  
themselves  highly simultaneous--that  i s ,  the  predicted value of 
scrappage i s  s t rong ly  r e l a t ed  t o  the  predicted value of new c a r  
s a l e s ,  and vice versa. In addition, the endogenous inputs from Block 
F--vintage-wei ghted f l e e t  fuel economy, vintage-weighted VMT, average 
age of s t o c k ,  and expec ted  sc rappage  of o lder  ca r s - -a re  a lso  
simultaneous w i t h  new car sales and scrappaqe. 

The calculat ions in Block E can be divided i n t o  three groups. The 
f i r s t  group contains the VMT equations; the second grow contains the  
new car s a l e s ,  t o t a l  scrappage, and end-of-year stock equations; and 
the third group contains the used car market equations. 

2 .3 .7 .1  VMT Equations. The \IMT ca lcu la t ions  are  based on a 
behavioral equation for VMT per family.  This equation expresses a 
strong r e l a t i o n  between the  VMT per family and the age distribution 
of vehicles on the road. (See Section 3.4.1 for  a fu l l  discussion of 

the  VMT equat ion. )  The aqe d i s t r i b u t i o n  of vehic les  on the  road 
works i t se l f  i n t o  the equation through the  vintage-weiqhted VMT and 
v i  ntage-weighted f l e e t  fuel economy variables derived i n  Block F.  The 
vintage-weighted VMT variable, which i s  discussed in g rea te r  deta i  1 

in Section 2.3.8, i s  a function of the number of cars on the road of 
given ages and the number of miles those cars are driven. The mileage 
a car  i s  driven i s  assumed t o  decrease fo r  increasing vehicle age. 
This ref lec ts  the  hypothesis t h a t  newer ca r s  are  driven more than 
01 der ones. 

The vintage-weighted f l e e t  fue l  economy f i g u r e ,  which i s  the  
harmonic average of the  average fuel  economy over aqe and s i z e  
c lasses  weighted by the  age d i s t r i b u t i o n  of stock, i s  then divided 
into the price of gasoline t o  measure a real gas01 ine cost  per mile. 
Th is  measure of r e a l  g a s o l i n e  c o s t  per m i l e  i s  s t r o n g l y  and 
negatively re la ted  t o  VMT per family;  in other words, higher rea l  
c o s t s  of q a s o l i n e  per m i l e  l e ad  t o  lower VMT per family.  The 
equation f o r  the  v in taqe-weiph ted  f l e e t  f u e l  economy i s  a l s o  



discussed in Section 2.3.8. 
The VMT oer fami ly  p red ic t ion  i s  used t o  calculate the r a t io  of 

VMT t o  to ta l  midyear stocks, which i s  a measure of t h e  average miles 
driven per vehic le  in a year .  This r a t i o  i s  fed  i n t o  t h e  second 
g r o u p  of equations in Block E ,  which p r e d i c t  t o t a l  s c r a p p a q e .  
Therefore,  VMT i s  re la ted  to  scrappaqe and also t o  the new car sales 
prediction that  i s  simultaneous with scrappage. I n t e r e s t i n g l y ,  t h e  
age d i s t r ibu t ion  of stock, derived in Block F and used t o  predict the 
endogenous inputs  f o r  t h e  VMT per fami ly  e q u a t i o n ,  i s  i t s e l f  a 
f u n c t i o n  of new c a r  s a l e s  and s c r a p p a q e .  T h e r e f o r e ,  VMT i s  
simultaneous with new car sales and scrappage, 

2 .3 .7 .2  Sc rappage ,  New Car S a l e s ,  and End-of-Year Stock 
Equations. The second group of equations of Block E i s  comprised of 
t h r e e  ve ry  i m p o r t a n t  e q u a t i o n s  i n  t h e  model. These a r e  the  
scrappaqe, new car sales,  and end-of-year stock equat ions .  Besides 
being re1 ated t o  VMT, the scrappage equation depends upon 1 )  desired 
stock predicted in Block D, 2 )  t he  exogenous i nputs--unem~l oyment 
r a t e  and s c r a p  meta l  p r i c e  index,  and 3 )  endogenous va r i ab les  
predic ted  in Block E and F-- to ta l  new ca r  s a l e s ,  average age of 
s tock,  and the average price of an older car. (See Section 3.3 fo r  a 
detailed discussion of the scrappage equa t ion . )  The des i red  stock 
v a r i a b l e  i s  i n c l u d e d  in the  equation within a stock adjustment 
framework. As the desired stock increases r e l a t i v e  t o  ac tual  s tock 
( a c t u a l  stock i s  approximated by the beginnins-of-the-year stock plus 
new car  s a l e s ) ,  scrapDage decreases and causes  a c t u a l  s t o c k  t o  
increase. The reverse process occurs i f  desired stock decreases. 

The scrappage equation i s  simultaneous with a l l  t h e  equations of 
t h e  endogenous i n p u t s  from Blocks E and F .  This can e a s i l y  be 
observed in Figures 2-6 and 2-7. The simultaneity with new ca r  s a l e s  
i s  e s p e c i a l l y  s t r o n g  s i n c e ,  as has been t r u e  throughout recent  
history, scrappage and new car sales are correlated. 

New ca r  s a l e s  depend upon the  annual change in the average price 
of a new car, the relat ion of disposable income t o  permanent income, 
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and des i red  s tock-- in  addition t o  scrappage. (See Section 3.2 fo r  a 
detailed discussion of the new car  s a l e s  equa t ion . )  New ca r  s a l e s  
and s c r a p p a g e  respond in opposi te  d i r e c t i o n s  as the  d i f f e r e n c e  
between desired stock and actual stock chanqes. ( I n  t h i s  equat ion ,  
ac tual  stock i s  approximated by beginninq-of-the-year stock minus 
scrappage.) Thus, as the gap between desired stock and ac tua l  stock 
increases  (decreases),  new car sales increase (decrease) which causes 
actual stock t o  increase (decrease).  

The l a s t  e q u a t i o n  i n  t h e  second group computes t h e  t o t a l  
end-of-year s tock.  This i s  c a l c u l a t e d  b y  adding new ca r  s a l e s  t o  
l a s t  yea r ' s  end-of-year stock and then subtracting to ta l  scrappage. 

2.3.7.3 Used Car Market Equations. The third se t  of equations in 
Block E i s  used t o  p r e d i c t  the  c h a r a c t e r i s t i c s  of t h e  used ca r  
market. These p red ic t ions  inc lude  used car  p r i ces  by s i z e  c l a s s ,  

used car  sa les  by s ize  class and aqe, number of used car trade-ins by 

aqe, and the averaqe price of a used car trade-in. 
The d a t a  t h a t  t h e  Wharton EFA model authors  use t o  bui ld  the  

used-car market equation are limited, and therefore  t h e  equations i n  

t h i s  group are based on strong, possibly arb i t rary  assumptions. 
For used car p r i c e s ,  da ta  were c o l l e c t e d  from the  1958 t o  1974 

National Automobile Dealers Association Used Car Prices fo r  a sample 
of cars within each s ize  class.  The used car prices reported a r e  f o r  

c a r s  from one t o  seven years  of age. From t h e s e  data, a model of 
used car prices was constructed that  does the  following: 

1 .  P r e d i c t s  t o t a l  used c a r  t r a n s a c t i o n s  from t o t a l  
end-of-year stock and changes in new car s a l e s .  This 
p r e d i c t i o n  i s  made with a behavioral  equation f o r  

L 

to ta l  used car sales.  
2. P red ic t s  the  r e l a t i v e  m i c e  of a one-year-old car t o  

a new car fo r  each s i ze  c lass ,  based on t h e  r a t i o  of 
used ca r  t r a n s a c t i o n s  to  to ta l  end-of-year stock and 
the annual change i n  the orice of t h e  c a r ,  excluding 
taxes. 



3. P r e d i c t s  t h e  r e l a t i v e  p r i c e  of two- th rough  
twenty-year-old cars t o  new car p r i c e  by s i z e  c l a s s ,  
assuming t h a t  t he  p r ice  declines exponentially with 
age. The exponential r a t e  used t o  c a l c u l a t e  t h e  
p r ices  of two- through twenty-year-old cars must be 
specified exogenously. 

In Wharton EFA's h i s t o r i c a l  ana lys i s ,  the  exponential r a t e  i s  
estimated on the basis of t he  data  f o r  one- t o  seven-year-old used 

ca r s ,  The very strong assumption i s  made that th is  same exponential 
decay in prices i s  valid for  eight- t o  twenty-.year-old used cars. 

Used c a r  t r an sac t i ons  by age of car  a re  based on the  vehic le  
survival probabilities calculated in Block F and on the  proport ions 

of used ca rs  (by age) t raded i n  f o r  new cars; the l a t t e r  data were 
orovided t o  Wharton E F A  by  General Motors Corporation ( G M ) .  The 
model authors f i r s t  c a l cu l a t e  the  number of used car transactions 
involved in the purchase of new cars, using the G M  es t imates  and the  

assumption t h a t  50% of new car  s a l e s  involve t r ade - i n s .  The age 
distribution of the  remainder of the  t r ansac t ions  in t he  used car  
market i s  predic ted by sub t rac t ing  the  sum of t r ade- ins  from the 
predicted f igure fo r  total  used car transactions used in c a l cu l a t i ng  
u sed  c a r  p r i c e s .  Th is  r e s u l t  i s  t hen  c l a s s i f i e d  by age by 
arbitrari1.y assuming that  the number of transactions for  used ca rs  of 
a given age i s  proport ional  t o  the surviving number of used cars of 
that  age that  were ever traded i n  for  new cars. 

The Wharton E F A  model of the used car market i s  not 
reasonable. I t s  most serious shortcoming i s  i t s  f a i l u r e  t o  
incorporate the interact ion among the demand, supply, and 
prices of used cars. The pr ices  of individual  makes and ages of 

ca r s  a re  determined by supply and demand. Thus, the existing supply 
(stock) and the desired stock of used cars for  s a l e  are  brought i n t o  

equil  ibrium by the  p r ic ing  process. The result  i s  a  system of used 
car prices. In the Wharton EFA auto model, the  p r ices  of used ca rs  
d o  n o t  depend on the supply and demand for  used cars. Instead, i t  i s  
assumed that used car prices decline exponent ia l ly  with age a t  some 



e x o g e n o u s l y  s p e c i f i e d  r a t e .  I t  i s  a l s o  assumed t h a t  t h e  number o f  

used c a r  t r a n s a c t i o n s  by  aqe i s  i n  no wav a f f e c t e d  b y  t h e  p r i c e  o f  

these  used ca rs  though c l e a r l y  p r i c e  shou ld  be considered.  

The used c a r  p r i c e  and t r a n s a c t i o n s  b y  age p r e d i c t i o n s  a r e  u s e d  t o  

e s t i m a t e  t h e  average used c a r  p r i c e  and t h e  averaqe p r i c e  o f  an o l d e r  

used car ,  which i s  an independent  v a r i a b l e  o f  m ino r  impo r tance  i n  t h e  

scrappage equat ion .  

Because o f  t h e  d a t a  l i m i t a t i o n s ,  t h e  g r o u p  o f  u s e d  c a r  m a r k e t  

e q u a t i o n s  i s  a  weak p a r t  o f  t h e  mode l .  H o w e v e r ,  i t  h a s  l i t t l e  

i n f l u e n c e  on o t h e r  p r e d i c t i o n s  i n  t h e  model. On l y  t h e  v a r i a b l e  f o r  

t h e  average p r i c e  o f  o l d e r  used c a r s  f eeds  back  i n t o  any  o t h e r  p a r t  

o f  t h e  mode l ,  s p e c i f i c a l l y  t h r o u g h  i t s  somewhat weak r e l a t i o n s h i p  

w i t h  scrappage. 

2.3.8 B l o c k  F  - A c t u a l  Stock Equat ions.  B lock  F, wh ich  i s  shown 

i n  F i g u r e  2-7, c o n t a i n s  two s e t s  of i m p o r t a n t  e q u a t i o n s .  The f i r s t  

s e t  i n c l u d e s  t h e  e q u a t i o n s  t o  p r e d i c t  t h e  s tock  of c a r s  b y  c l a s s  and 

age. T h i s  b l o c k  i s  named f o r  t h e s e  s e t s  o f  e q u a t i o n s .  The second  

s e t  i n c l u d e s  t h e  e q u a t i o n s  t o  p r e d i c t  t h e  new c a r  marke t  shares and 

t h e  number o f  new c a r s  by  c l a s s .  

2.3.8.1 Wharton EFA V e h i c l e  S u r v i v a l  Model. To p r e d i c t  t h e  s tock  

o f  c a r s  by  c l a s s  and age, t h e  au thors  o f  t h e  Whar ton  EFA a u t o  mode l  

d e v e l o p e d  a  v e h i c l e  s u r v i v a l  mode l .  The v e h i c l e  s u r v i v a l  mode l  

p r e d i c t s  t h e  p r o b a b i l i t y  t h a t  c a r s  o f  each aqe f r o m  0 yea rs  (new c a r )  

t o  20 y e a r s  w i  11 s u r v i v e  t o  t h e  end o f  t h e  year .  It i s  assumed i n  

t h i s  model t h a t  a l l  ca rs  s u r v i v i n q  t o  t h e i r  2 0 t h  yea r  a r e  s c r a p p e d  a t  

t h e  end o f  t h a t  y e a r .  Because d isaggregated  d a t a  a r e  n o t  a v a i l a b l e ,  

t h e  Wharton EFA model au tho rs  make t h e  a s s u m p t i o n  t h a t  t h e  s u r v i v a l  

p r o b a b i  1  i t i e s  f o r  a l l  ca rs  o f  a  g i v e n  age a re  t h e  same, r e g a r d l e s s  of 

t h e i r  s i z e  c l ass .  

D o c u m e n t a t i o n  o f  t h e  W h a r t o n  EFA v e h i c l e  s u r v i v a l  mode l  i s  

c o n f u s i n g .  T h e r e f o r e ,  an exoanded HSRI i n t e r p r e t a t i o n  o f  i t  i s  

presented  here. The v e h i c l e  s u r v i v a l  model opera tes  as f o l l ows :  



1. "Normal " scrappage i s  estimated initia1l.y. The normal to ta l  
scrappage i s  defined as the number of cars that  would be scrapped i f  

t he  "average" scrappage probabi 1  i  t i e s ,  qi  , a1 one determined total  
scrappage. The quan t i t y  qi i s  formal ly  defined as t h e  "normal"  
p robab i l i t y  t h a t  a  car  of age i  wi l l  be scrapped by the end of the 
current year, qiven that  i t  has survived t o  the  end of t he  previous 

year .  The q i ' s  a re  est imated using the  R . L .  Polk and Co. table of 
ca r s  s t i l l  in ope ra t i on  by model y e a r ,  pub l i shed  i n  t h e  - 1975 
Automotive News Almanac. These tables provide the number of cars b y  

model year r eg i s t e r ed  i n  t h e  U.S. o n  July 1  f o r  t h e  1959 t o  1974 
calendar years (Schink and Loxley 1977, p. A1-36). 

From these data, Wharton EFA authors estimate the f rac t ion of c a r s  
of a  given age t h a t  were not registered since the previous vear for  

f i ve  se t s  of calendar years ( no t  spec i f i ed  i n  t h e  documentation). 

These f i v e  s e t s  of data are averaged for  each aqe of car t o  derive a  
midyear s c r appaqe  p r o b a b i l i t y .  The e n d - o f - y e a r  s c r a p p a g e  
probabil i t ies,  q i ,  are estimated by the simple moving average: 

- 
qi - (qi-1/2 ' qi+1/2 ) / 2  for  i  = integers > o 
qo = ,002 

where qi+1/2 represents the midyear scrappaqe probabi 1  i t i e s .  
Since,  in qeneral ,  R . L .  Polk compiles reqistrat ions for  the most 

recent sixteen model years ,  scrappaqe probabi 1  i t i e s  could only be 
generated f o r  ca r s  u p  t o  fourteen-years-old.  To estimate q i ' s  for  
f i f t een  t o  twenty-year-old cars, the model authors assume t h a t  these  
p r o b a b i l i t i e s  as well as 912 t o  914, are equal t o  the rounded average 

of 912 t o  914, or  .3. ( 5 )  In add i t ion ,  qo i s  a r b i t r a r i l y  s e t  t o  
.002, and q 2 1  was s e t  t o  1.0, quaranteeing t h a t  no cars more than 
twenty years old a r e  on t h e  road .  The e q u a t i o n  f o r  "normal"  
scrappage i s  

2 0  
Normal Scrappage = r q i  x PSEi x (New Car Sales)-i ( 2 . 5 )  

i =O 



where 
PSE i = p robab i l i t y  a  car  survives 

t o  age i 

PSEo = 1 . O  

New Car S a l e ~ i  = new c a r  s a l e s  i  y e a r s  
b e f o r e  t h e  c u r r e n t  
y e a r - - i . e . ,  new car  s a l e s  
laqqed i 

2 .  Since,  in general ,  "normal" scrappaqe wi l l  n o t  equal  t h e  
predic ted value of the  t o t a l  scrappage ca lcu la ted  in Block E ,  an 
adjustment t o  the q i ' s  i s  r equ i red .  A simple adjustment f a c t o r  i s  

calculated as follows: 

(Scrappage - Given Scrappage) 
Adjustment Factor = 

( 2 . 6 )  
Normal Scrappage 

where 
Scrappaqe = Total scrappage predicted i n  Block E 

G i  ven Scr appage = t h e  number of c a r s  t h a t  h a v e '  
survived t o  the i r  20th year by the 
beginning of t h e  c u r r e n t  y e a r .  

Th i s  e q u a l s :  P S E 2 1  x (new car  

sa les )  , 21 
Each qi  i s  mul t ip l i ed  by the adjustment factor t o  derive an adjusted 
scraopage probabi 1  i  ty,  aqi . 

3. The l a s t  s t ep  in t h e  vehic le  survival model i s  to  update the 
probabi1it.y t h a t  a  car  survives  t o  age i ,  PSEi. This formula i s  
simply 

PSEi = PSEi-1 x (1 - aqi)  fo r  i = 1 t o  20 and PSEo = 1.0. ( 2  7 )  

In words, the formula says that  the p robab i l i t y  t h a t  a ca r  survives  
t o  age i (PSEi) ,  i s  equal t o  the probability that  a  car survives to  

age i-1 ( P S E ~ - ~ ) ,  times the  adjus ted p robab i l i t y  t h a t  a  c a r  i s  not 
scrapped when i t  i s  i-1 years old ( 1  - aqi) .  

Therefore, in order t o  forecast w i t h  the model, t he  PSEi ( i  equal 



t o  v a l u e s  between 1 and 20) mus t  be known f o r  t h e  year prev ious t o  

t h e  f i r s t  f o r e c a s t  year. The Wharton EFA auto  model  has g e n e r a t e d  a  

s e t  o f  PSEi I s  f o r  1953 through 1974 f o r  t h i s  purpose by  assuming t h e  

scramage p r o b a b i l i t i e s  b y  age a r e  c o n s t a n t  a t  t h e  ave rage  l e v e l s  

(q i )  f o r  t h e  t w e n t y  y e a r s  p r i o r  t o  1953. Then t h e  PSEi 's  f o r  1953 

can be computed by 

where qo = 0. 

The PSEi v a l u e s  a r e  used i n  e q u a t i o n  2.5 t o  es t ima te  a  "normal1' 

t o t a l  scrappage f o r  1953, and t h i s  r e s u l t  p l u s  t h e  known h i s t o r i c a l  

v a l u e  o f  t o t a l  sc rappage  a r e  used i n  e q u a t i o n  2.6 t o  d e r i v e  t h e  

a d j u s t m e n t  f a c t o r  f o r  1953. The a d j u s t m e n t  f a c t o r  i s  u s e d  i n  

e q u a t i o n  2.7 t o  upda te  PSEi f o r  t h e  1954 c a l c u l a t i o n s .  Th is  process 

i s  repeated t o  generate PSEi values f o r  1955 through 1974. 

The a p p l i c a t i o n  o f  t h e  a d j u s t m e n t  f a c t o r  i s  somewhat a r b i t r a r y ,  

and it i s  n o t  j u s t i f i e d  e m p i r i c a l l y  i n  t h e  Whar ton EFA a u t o  model  

d o c u m e n t a t i o n .  I t  seems more l i k e l y  t h a t  t h e  scrappaqe r a t e s  would 

va ry  more due t o  economic c o n d i t i o n s  i n  t h e  case  o f  o l d e r  c a r s  t h a n  

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

adjustment f a c t o r  f o r  a l l  ages o f  cars.  T h i s  assumption may g e n e r a t e  

e r r o r s  i n  t h e  p r e d i c t i o n  of t h e  s t o c k  o f  ca rs  by age, and o f  those 

v a r i a b l e s  which depend on t h e  age d i s t r i b u t i o n  o f  e x i s t i n g  stock.  

2.3.8.2 Age D i s t r i b u t i o n  o f  S tock  and R e l a t e d  Equat ions.  The 

scrappage p r o b a b i l i t i e s  generated by  t h e  v e h i c l e  s u r v i v a l  model a r e  

used t o  c a l c u l a t e  t h e  e n d - o f - y e a r  age d i s t i b u t i o n  o f  s tock by  c l a s s  

and t h e  midyear age d i s t r i b u t i o n  of t o t a l  s tock.  The end-o f - yea r  age 

d i s t r i b u t i o n  o f  s tock by c lass  i s  an i n te rmed ia te  c a l c u l a t i o n  used t o  

p r e d i c t  t h e  t o t a l  e n d - o f - y e a r  s t o c k  and sc rappage  b y  c l a s s .  The 

p r e d i c t e d  m i d y e a r  age d i s t r i b u t i o n  o f  s tock i s  used t o  c a l c u l a t e  t h e  

a v e r a g e  age o f  s t o c k ,  t h e  v i n t a g e - w e i g h t e d  VMT, a n d  t h e  



v i  ntage-weighted f 1  ee t  f u e l  economy. 

The end-of-year age d i s t r i b u t i o n  b y  c l a s s  i s  c a l c u l a t e d  b y  

t h e  f o l l o w i n g  formula :  

No. o f  Cars o f  Class j  and Age i = (2 .8)  

(1-aqi) x PSEi x (New Car Sales o f  Class j ,  i Years Ago) 

where 

Age i ranges f rom 0 t o  20 

aq i = ad jus ted  scrappage p r o b a b i l i t y  f o r  a  c a r  
o f  aqe i 

PSEj = p r o b a b i l i t y  a  c a r  s u r v i v e s  t o  age i 

The t o t a l  ca rs  i n  o p e r a t i o n  by  c l a s s  i s  s i m p l y  t h e  sum over  age o f  

t h e  s tock  o f  ca rs  by  c l a s s  computed i n  e q u a t i o n  2.8. Scrappage b y  

c l a s s  i s  c o m p u t e d  b y  a d d i n g  t h e  e n d - o f - y e a r  t o t a l  o f  c a r s  i n  

o p e r a t i o n  f o r  t h e  p rev ious  year  t o  new c a r  sa les  f o r  t h e  c u r r e n t  y e a r  

t h e n  s u b t r a c t i n g  t h e  e n d - o f - y e a r  t o t a l  o f  ca rs  i n  o p e r a t i o n  f o r  t h e  

c u r r e n t  year  i n  each c l a s s .  

The m i d y e a r  t o t a l  s tock  o f  ca rs  b y  age i s  c a l c u l a t e d  w i t h  a  s imp le  

m o v i n g  ave rage  o f  t h e  c u r r e n t  and p r e v i o u s  y e a r s '  v a l u e s  o f  t h e  

end-of-year s tock  by  age, as f o l l o w s :  

Midyear Stock o f  Age i = .5[(PSEi)-1 (New Car Sales i Years Ago) 

- PSEi (1-aqi) (New Car Sales i Years Ago)] 

f o r  i = 1  t o  20, and 

Midyear Stock o f  Cars = .5(1-aqo)(New Car Sales i n  Cur ren t  Year). 

The midyear age d i s t r i b u t i o n  o f  s t o c k  i s  used t o  c a l c u l a t e  t h e  

average age o f  stock, as f o l l o w s :  

20 i x Mid  e a r  Stock o f  Age i Average Age Of  Stock = Midyear Stock i =O 

A l s o ,  w e i g h t s  used i n  c a l c u l a t i n g  t h e  v in tage-weighted VMT a r e  f rom 

t h e  midyear d i s t r i b u t i o n  o f  s t o c k .  T h i s  v a r i a b l e  i s  c a l c u l a t e d  b y  



summing o v e r  age t h e  r e s u l t s  of t h e  m u l t i p l i c a t i o n s  of s tock  by  age 

and "average" m i l e s  f o r  t h a t  age of v e h i c l e ,  The " a v e r a g e "  m i l e s  b y  

age, l i s t e d  i n  T a b l e  2-6, a re  based on t h e  somewhat a r b i t r a r y  values 

l i s t e d  i n  L i s t o n  and G a u t h i e r ' s  p a p e r  ( 1 9 7 2 )  and  u s e d  i n  t h e  

c a p i t a l i z e d  c o s t  p e r  m i l e  c a l c u l a t i o n s .  They are  ad jus ted  so t h a t  

t h e  1972 va lue  o f  v in tage-we ighted VMT approximates t h e  1972 v a l u e  o f  

t o t a l  VMT. 

The v i n t a g e - w e i g h t e d  VMT v a r i a b l e  i s  t h e n  used t o  p r e d i c t  t h e  

average v i  ntage-weighted f l e e t  f u e l  economy, as f o l l o w s :  

Average v i  ntage-weighted f l e e t  f u e l  economy = 

20 M i  1  es . x Midyear Stock o f  Age j 
J 

(vintage-weighted VMT) / (  ' Average Fuel Economy o f  Cars o f  Age j j =O 
1 

where 

M i l e s j  = t h e  'average" m i l e  va lues  i n  Tab le  2-6. 

Ave rage  F u e l  Economy o f  C a r s  o f  Age j = h a r m o n i c  

a v e r a g e  o v e r  s i z e  c l a s s  o f  t h e  f u e l  economy o f  t h e  

s t o c k  o f  c a r s  o f  age  j when t h o s e  c a r s  w e r e  new, 

c a l c u l a t e d  by  Wharton EFA 

T h e  a v e r a g e  age  o f  s t o c k ,  t h e  v i n t a g e - w e i g h t e d  VMT, and t h e  

v in tage-we ighted f l e e t  f u e l  econom,y p r e d i c t i o n s  a r e  f e d  back  i n t o  

Block E t o  p r e d i c t  scrappage and VMT. 

2.3.8.3 New Car Market  Equat ions.  The second s e t  o f  e q u a t i o n s  i n  

B l o c k  F  a r e  used t o  p r e d i c t  new c a r  market  shares and sa les  by  c l a s s .  

These i n c l u d e  equat ions  f o r  t h e  new c a r  m a r k e t  s h a r e s  b y  s i z e  c l a s s  

( i  . e m ,  p e r c e n t a g e  o f  new c a r  m a r k e t  f o r  each s i z e  c l a s s ) ,  new c a r  

market  shares o f  d o m e s t i c  and f o r e i q n  c a r s  b y  s i z e  c l a s s ,  and t h e  

number o f  new c a r s  by  c l a s s .  

P r e d i c t i o n s  o f  new c a r  m a r k e t  shares by s i z e  c l a s s  are  f u n c t i o n s  

o f  t h e  d e s i r e d  shares o f  t o t a l  d e s i r e d  s tock  es t ima ted  i n  B l o c k  D and 

t h e  a c t u a l  s h a r e s  o f  t o t a l  s t o c k  es t imated w i t h i n  B lock  F. F o r  t h e  

e s t i m a t i o n  o f  t h e s e  e q u a t i o n s  t h e  Whar ton  EFA a u t o  model  a u t h o r s  





assumed t h a t  f o r  each s i z e  c lass  the difference between the new car 
market s h a r e  and d e s i r e d  s t ock  s h a r e  i s  p r o p o r t i o n a l  t o  t h e  
d i f fe rence  between the desired stock share and actual stock share. A 

detailed discussion of the specification of these new car  s i z e  c l a s s  
shares equations i s  presented i n  Section 3.5.3. 

P red ic t ions  of new car  shares  by c l a s s  a r e  gene ra t ed  by t h e  
computer program i n  a three-step process similar t o  the process used 
in generating t he  desired stock share  p red ic t ions .  In t he  f i r s t  

s t ep ,  the  equations are solved for  the combined market shares of new 
subcompacts and compacts, and f o r  t he  new c a r  market  s h a r e s  of 
m i d - s i z e ,  f u l l - s i z e ,  and l u x u r y  ca r s .  The four  equations a re  
l o g i c a l l y  constrained in t h a t  t h e i r  s o l u t i o n s  must sum t o  one.  
However, as with the desired stock share equations, the equations are 
not mathematically constrained in the model to  sum t o  one. Therefore,  
i n  t he  second s t ep ,  the  share  p red ic t ions  are normalized t o  one by 
summing the resul ts  of the four equations and dividing t h i s  sum in to  
each of t h e  equa t i on  so lu t ions .  In the  l a s t  s t ep ,  the  new car 
subcompact and compact shares predictions are separated by solving an 
equation for  the market share of new subcompacts. 

After  t he  new car  market share  p red ic t ions  by s i z e  c l a s s  a r e  
generated,  these  predictions are separated into domestic and foreign 
shares. Although equations are included in the computer program f o r  
determining the  domestic-foreign s p l i t ,  the model authors found that  
these  equations produced poor s i m u l a t i o n s .  T h e r e f  o r e ,  t h e s e  

e q u a t i o n s  a r e  b y p a s s e d  i n  t h e  o p e r a t i o n  o f  t h e  computer  

program, and t h e  d o m e s t i c - f o r e i g n  s p l i t  by s i z e  c l a s s  must be  

s p e c i f i e d  exogenous1 y.  These exogenous values are mu1 tip1 ied with 
the new car s ize  class share predictions t o  obtain the new car  market 
share  p red ic t ions  by class. These market share predictions by class 
of new cars are multiplied w i t h  t h e  t o t a l  new car  s a l e s  predic t ion 
from Block E t o  predict the number of new car sales by class. 

2.4 Summary 
The model s t r u c t u r e  analysis presented in th i s  paper examines the 



o v e r a l l  theory  and opera t ion  of the  Wharton E F A  Automobile Demand 

Model and orovides a detailed look into the complex in te r re l  atonshi  ps 
of the  equations of the model. At i t s  most basic level,  the Wharton 
EFA auto model i s  a stock adjustment model of automobile demand. 
However, the  model i s  very complex, since i t  i s  designed t o  forecast  
the s i z e  and composition of long-run automobile demand and t o t a l  
s tock ,  veh ic le  f u e l  e f f i c i e n c i e s ,  new c a r  prices, used car prices, 
used car market transactions, as well as many other variables. 

Five major original concepts are identif ied in the analysis: 

1 .  The develooment of a des i red  s tock e q u a t i o n  based on 
cross-sectional data by s t a t e .  

2. The construction of the  new car sales equation t o  express  
new car sales as a r a t e  r e l a t ive  t o  exist ing stock. 

3. The c o n s t r u c t i o n  of t h e  s c r a p p a g e  e q u a t i o n  so  t h a t  
scrappage i s  affected b y  the stock adjustment process. 

4. The development of the new ca r  market share  equat ions  so 
t h a t  the  new car  market shares  are determined in a stock 
adjustment framework. 

5. The development of the capitalized cost per mile concept. 
In order t o  f a c i l i t a t e  the discussion and ana lys i s  of t h e  model, 

t h e  model i s  d i v i d e d  i n t o  t h e  fol lowinq s i x  s e t s  of equat ions  
referred to  as computational blocks: 

1. Miles per gallon. 
2. New car price. 
3. Capitalized costs per mile. 
4. Desired shares and desired stock. 
5. Actual demand, including the equations fo r  new car sa les ,  

scrappage, vehicle miles t r a v e l  l ed ,  used ca r  p r i c e s ,  and 
used car market transactions. 

6. Actual s tock,  inc luding equat ions  f o r  new c a r  market  
shares, actual stock and stock by class shares. 

In the examinations of t h e  s e t s  of equat ions ,  severa l  important 
r e s u l t s  a re  obta ined.  These r e s u l t s ,  which a re  summarized below, 
serve as notes of caution in applications of the model. 



The model i s  n o t  complete ly  capable of predicting the 

domestic base price of each c la s s  of new cars, whereas i t  i s  
capable of predicting an average base price for al l  new cars. 
The r a t i o  o f  t h e  base p r i c e  f o r  each s i z e  c l a s s  t o  t h e  ave rage  base  

p r i c e  must be determined exogenously b e f o r e  us ing  t h e  model. 

The c a p i t a l i z e d  c o s t  pe r  m i l e  v a r i a b l e s  are  comprehens i ve  i n d i c e s  

o f  t h e  c o s t  o f  p u r c h a s i n g ,  owning,  and o p e r a t i n g  cars.  However, 

because these v a r i a b l e s  a r e  composed o f  many f a c t o r s ,  t h e  computed 

i n d i c e s  a r e  v e r y  i n s e n s i t i v e  t o  c h a n g e s  i n  a n y  one  o f  t h e i r  

components, w i t h  t h e  excep t i on  o f  t h e  p u r c h a s e  c o s t .  T h i s  may be a  

s h o r t c o m i n g  o f  t h e  model  s i n c e  p rev ious  s tud ies  have shown t h a t  t h e  

owning and o p e r a t i n g  cos ts  do have a  r e l a t i o n s h i p  t o  new c a r  s a l e s ,  

scrappage, and p o s s i b l y  o t h e r  v a r i a b l e s  i n  t h e  model. 

The l o g i c  used i n  t h e  deve lopmen t  of t h e  new c a r  m a r k e t  s h a r e  

e q u a t i o n s  i n  t h e  model  i s  d e f i c i e n t  s i n c e  t h e  age d i s t r i b u t i o n  o f  

each c l a s s  o f  car, a  v e r y  i m p o r t a n t  a t t r i b u t e ,  has been n e g l e c t e d .  

T h i s  d e f i c i e n c y  cou ld  l e a d  t o  poor model fo recas ts .  

The same f l a w  t h a t  undermines t h e  model I s  a b i l i t y  t o  f o r e c a s t  new 

c a r  m a r k e t  s h a r e s  i s  p r o b a b l y  t h e  major  cause o f  t h e  f a i l u r e  o f  t h e  

model t o  p r e d i c t  t h e  f o r e i g n - d o m e s t i c  s p l i t  o f  t h e  new c a r  m a r k e t .  

T h u s  t h e  m o d e l  s h o u l d  n o t  b e  u s e d  t o  m o d e l  o r  f o r e c a s t  t h e  

p e n e t r a t i o n  o f  impor ted  ca rs  i n  t h e  U.S. new ca r  market. 

The model  o f  t h e  used ca r  market i nc luded  i n  t h e  Wharton EFA auto 

model i s  n o t  reasonable. I t s  most se r i ous  shortcoming i s  i t s  f a i  1 u r e  

t o  i n c o r p o r a t e  t h e  i n t e r a c t i o n s  among t h e  demand, supply, and p r i c e  

o f  new cars. 





3.0 EQUATION RECONSTRUCTION 

3.1 I n t r o d u c t i o n  

I n  t h i s  s e c t i o n  t h e  r e s u l t s  o f  t h e  a t tempt  t o  r e c o n s t r u c t  t h e  t i m e  

s e r i e s  equat ions  o f  t h e  model  a r e  p r e s e n t e d .  The m a j o r i t y  o f  t h e  

t i m e  s e r i e s  e q u a t i o n s  o f  t h e  model were r e c o n s t r u c t e d  u s i n g  m u l t i p l e  

r e g r e s s i o n  a n a l y s i s .  An e f f o r t  was a l s o  made t o  r e p r o d u c e  t h e  

c r o s s - s e c t i o n  e q u a t i o n s  of t h e  model .  However, t h i s  l a t t e r  t ask  

c o u l d  n o t  be completed because t h e  documentation f o r  t h e  Whar ton EFA 

a u t o  mode1 c r o s s - s e c t i o n  da ta  tape  i s  l i m i t e d ,  and i t  would have been 

a  d i f f i c u l t  and t i m e - c o n s u m i n g  t a s k  t o  d e t e r m i n e  e x a c t l y  w h i c h  

v a r i a b l e s  were on t h e  tape.  

The t h r e e  b a s i c  purposes o f  equa t ion  r e c o n s t r u c t i o n  i n  t h i s  s tudy  

are: 

1. To check t h e  e q u a t i o n  s p e c i f i c a t i o n s ,  t h e  data, and t h e  

techn iques used i n  e s t i m a t i n g  equat ions  i n  t h e  model. 

2 .  To check t h e  a c c u r a c y  o f  t h e  e s t i m a t e d  equat ions  o f  t h e  

model as r e p o r t e d  by  t h e  model authors.  

3. To a l l o w  f o r  an e v a l u a t i o n  o f  t h e  s t a t i s t i c a l  i n f o r m a t i o n  

t h a t  i s  generated i n  t h e  course o f  b u i l d i n g  t h e  model. 

To meet t h e s e  o b j e c t i v e s ,  an a t tempt  was f i r s t  made t o  reproduce 

t h e  equat ions.  I f  an equa t ion  c o u l d  n o t  be reproduced, t h e  d a t a  used  

i n  e s t i m a t i n g  t h e  e q u a t i o n ,  t h e  f i t  p e r i o d  o f  t h e  equat ion,  and t h e  

e s t i m a t i o n  techn ique were examined t o  d e t e r m i n e  p o s s i b l e  causes o f  

t h e  p rob lem.  A f t e r  an equa t ion  was recons t ruc ted ,  t h e  s p e c i f i c a t i o n  

o f  t h a t  equa t ion  was analyzed. T h i s  a n a l y s i s  i n v o l v e d  e x a m i n i n g  t h e  

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

j u s t i f i c a t i o n ,  f o r  t h e i r  i n c l u s i o n  i n  t h e  equat ion,  and e x a m i n i n g  t h e  

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

Wharton EFA and HSRI t o  determine i f  t h e i r  s i z e  and s i g n  ( p o s i t i v e  o r  

n e g a t i v e )  make sense.  A l s o ,  t h e  s t a t i s t i c s  generated i n  t h e  course 

o f  e s t i m a t i n q  t h e  e q u a t i o n  were  examined t o  t e s t  t h e  s t a t i s t i c a l  



s i g n i f i c a n c e  of t h e  pa ramete r  e s t i m a t e s  ( e . g . ,  t o  t e s t  i f  a 
coefficient i s  different from zero) and to  t e s t  the  overa l l  goodness 
of f i t  of the equation. 

There are  many equations presented in th i s  section that  the HSRI 
s t a f f  were unable t o  reproduce ( 6 ) .  For t h e s e  e q u a t i o n s ,  t h e  
computer output results  (including HSRI's estimated coefficients ,  the 
data, f i t  period, and generated s t a t i s t i c s )  were sent  t o  the  Wharton 
EFA model authors f o r  the i r  review and comment. A personal v i s i t  t o  

Wharton EFA was made to  follow u p  on t h i s  mat ter .  In general ,  t h e  
model authors could not de tec t  any mistakes i n  the  HSRI analysis. 
They did sugqest that  some of the problems may have occurred because 
a few of the data timeseries were modified between the times that  the 
equations were modified and the data were sent t o  TSC. HSRI received 
t h e s e  d a t a  from T S C .  However, the  Wharton EFA authors lacked 
documentation on the  nature  and exis tence  of these  modif i c a t i ons .  
Another explanation offered was that the f i t  periods of some of the 
equations were improperly documented in t he  model repor t .  However, 
whenever a r e e s t  imat ion problem arose,  the HSRI s taf f  experimented 
with d i f f e r e n t  f i t  periods.  This experimentation usual ly  led t o  
larger discrepencies between the HSRI and Wharton EFA results .  

The equations discussed i n  t h i s  sect ion a re  grouped according t o  
t h e  computational blocks in which they a re  contained.  Only the  
equations contained in Blocks B ,  E, and F a re  reproduced. The fue l  
economy equations of Block A were n o t  reconst ructed because they 
require Wharton EFA's automotive c h a r a c t e r i s t i c s  data  base t h a t  was 
not avai lable  from TSC. Block C ,  which contains the capitalized cost 
per mile equations, i s  discussed in f u l l  i n  Section 2 . 3 . 5 .  Block D 

contains the  cross-sectional equations that HSRI was unsuccessful i n  

reconstructing. However, since these equations a re  import ant in the  
model, they are also discussed here. 

Specific information per ta in ing t o  many of t he  equations of  t h e  
Wharton E F A  auto model i s  presented here, organized in the following 
way. Fi rs t ,  the qeneral specification of the equation i s  indicated.  
Second, f o r  the time series equations, the estimated coefficients and 



summary s t a t i s t i c s  p r e p a r e d  b y  H S R I  a re  presented and compared w i t h  

t h e  Wharton EFA es t imates  i n  t a b u l a r  form. The s t a t i s t i c s  p r e s e n t e d  

a r e :  t h e  ad jus ted R-square (R2), t h e  s tandard  e r r o r  o f  t h e  es t imated 

equa t i on  (SEE), t h e  f i t  p e r i o d  (FP), and t h e  Durb in-Watson s t a t i s t i c  

(DW). Th i rd ,  t h e  s p e c i f i c a t i o n  o f  t h e  equat ion  i s  discussed. 

The p r i n c i p a l  r e s u l t s  o f  t h e  e q u a t i o n  r e c o n s t r u c t i o n  t a s k  a r e  

summarized a t  t h e  end o f  t h i s  sec t i on .  

3.2 New Car P r i c e  Equat ions - B lock  B 

I n  t h i s  s e c t i o n  t h e  s t a t i s t i c a l l y  de r i ved  equat ions o f  t h e  model 

concerning new c a r  p r i c e s  a r e  d i s c u s s e d .  The e q u a t i o n s ,  based on 

t i m e  s e r i e s  data, are as f o l l o w s :  

0 Average domestic base p r i c e  

0 Average domestic p r i c e  f o r  a1 1 op t i ons  

0 Expendi tures f o r  o p t i o n s  i n s t a l l e d  by s i z e  c l a s s  

3 . 2 . 1  A v e r a g e  D o m e s t i c  B a s e  Purchase  P r i c e ,  E x c l u d i n g  

Opt ions,  A l l  Classes 

The e q u a t i o n  f o r  t h e  average domestic base p r i c e  i s  s p e c i f i e d  

as f o l l o w s :  

where 

USTDPUBASEFW = f i x e d - w e i g h t e d  average domestic 

new ca r  p r i c e  

PINPUTA = f i x e d - w e i g h t e d  i n d e x  o f  i n p u t  

cos ts ,  automobiles 

DUM58.63 = dummy v a r i a b l e  e q u a l  t o  4.0 i n  

1 9 5 8 ,  - 3 . 0  i n  1962 ,  -2 .0  i n  

1963, zero  o therwise  

T a b l e  3 - 1  p r e s e n t s  a  c o m p a r i s o n  o f  t h e  Whar ton  EFA and HSRI 

c o e f f i c i e n t  e s t i m a t e s ,  s t a n d a r d  e r r o r s ,  and summary s t a t i s t i c s .  





W h a r t o n  EFA r e p o r t e d  t - s t a t i s t i c s ;  HSRI s t a f f  changed t h e s e  t o  

s t a n d a r d  e r r o r s  f o r  c o m p a r i s o n  p u r p o s e s .  I n  g e n e r a l  t h e r e  a r e  

n o n t r i  v i  a1 d i f f e r e n c e s  between t h e  two se ts  o f  c o e f f i c i e n t  es t imates ,  

w i t h  d i f f e r e n c e s  o c c u r r i n g  i n  t h e  f i r s t  and second d e c i m a l  p l a c e s .  

A l t h o u g h  t h e  d i f f e r e n c e s  between t h e  Wharton EFA and HSRI es t ima tes  

are n o t  s t a t i s t i c a l l y  m e a n i n g f u l ,  t h e y  a r e  l a r g e  enough t h a t  t h e i r  

cause mus t  be quest ioned.  A l i k e l y  exp lana t i on  o f f e r e d  by  one o f  t h e  

model authors i s  t h a t  t h e  i n p u t  c o s t s  v a r i a b l e  was changed between 

t h e  t i m e  t h e  e q u a t i o n  was e s t i m a t e d  by Wharton EFA and t h e  t i m e  t h e  

computer  t a p e ,  c o n t a i n i n g  t h e  Whar ton  EFA model  t i m e  s e r i e s  d a t a  

bank,  was d e l i v e r e d  t o  TSC. U n f o r t u n a t e l y ,  t h e  i n p u t  c o s t s  t i m e  

s e r i e s  i s  n o t  r e p o r t e d  i n  t h e  Wharton EFA model r e p o r t ,  and i t  i s  n o t  

p o s s i b l e  t o  v e r i f y  t h i s .  

The summary s t a t i s t i c s ,  w h i c h  appear  i n  t h e  Wharton EFA r e p o r t ,  

i n d i c a t e  t h a t  t h e  Wharton €FA v e r s i o n  o f  t h e  e q u a t i o n  f i t s  t h e  d a t a  

reasonab1 .y  we1 1, w i t h  o v e r  96% o f  t h e  v a r i a n c e  i n  t h e  dependent  

v a r i a b l e  be ing  exp la ined  by t h e  equat ion .  Also, t h e  s t a n d a r d  e r r o r s  

r e p o r t e d  i n d i c a t e  t h a t  a l l  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  a r e  

s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  t e n  pe rcen t  l e v e l  o r  lower .  

The s p e c i f  i c a t i  on o f  t h e  ave rage  domestic base p r i c e  equa t i on  i s  

based on t h e  s i m p l e  h y p o t h e s i s  t h a t  p r i c e  i s  a  m a r k u p  o v e r  an 

ad jus ted  cos t :  

P r i c e  = A ( ~ o s t ) B  

" A 1 '  i s  v i e w e d  as t h e  markup c o e f f i c i e n t ,  w h i c h  r e p r e s e n t s  t h e  

p e r c e n t a g e  pass  t h r o u g h  o f  i n p u t  c o s t  t o  r e t a i l  p r i c e .  "B" i s  t h e  

c o s t  adjustment  f a c t o r ,  which i s  a  percentage pass t h r o u g h  f a c t o r  o f  

i n p u t  c o s t  changes t o  r e t  a i  1  p r i c e  changes. Wharton EFA1s es t ima te  

of B  equal t o  .979 i s  n o t  s t a t i s t i c a l l y  d i f f e r e n t  f r o m  1.0. Thus, 

d o m e s t i c  base p u r c h a s e  p r i c e s  a r e  e s t i m a t e d  as a  f u l l  markup over 

i n p u t  costs,  and these p r i c e s  are  es t ima ted  such t h a t  changes i n  them 

are  d i r e c t l y  p r o p o r t i o n a l  t o  changes i n  i n p u t  cos ts  i n  t h e  l o n g  run.  

I n  t h e  s h o r t  run, new car  p r i c e s  a r e  a l s o  assumed t o  be a f f e c t e d  

by t h e  change i n  c o s t s .  Whar ton  EFA i n c l u d e s  t h e  change i n  c o s t  

v a r i a b l e  as an " e x p e c t a t i o n s  e f f e c t . "  I f  c o s t s  i n c r e a s e  t o d a y ,  



pr ices  are  increased s l igh t ly  more in anticipation of additional cost 
i n c r e a s e s  i n  t h e  f u t u r e .  Of c o u r s e ,  i n  s t e a d y  s t a t e ,  t h i s  
"expectations ef fec t"  has no ef fec t ,  as one would expect. 

One can also make the point  t h a t  t h e  equation i s  l imi ted  b y  t h e  
f a c t  t h a t  i t  only cons iders  r e t a i l  p r i c e  t o  be a function of cost 
elements, i .e . ,  price i s  only determined by supply cond i t ions .  In 
f a c t ,  p r i c e  i s  ve ry  l i k e l y  t o  be a l s o  de te rmined  by demand 
conditions, that  i s ,  by the strength of demand f o r  new c a r s  r e l a t i v e  
t o  inventories. 

3.2.2 Average Domestic P r i ce  fo r  All Options, All Classes. The 
average domestic options price equation i s  as follows: 

In(USTDP0PTMFW) = A + B1 [ln(PINPUTA)] + B2 (DUM58.59) 
where 

USTDPOPTMFW = fixed-weighted average p r i c e  of 
maximum ins ta l  led options 

PINPUTA = f i x e d - w e i g h t e d  index of input  
costs,  autos 

DUM58.59 = dummy v a r i a b l e  equal t o  1.0 in 
1958-59, zero otherwise 

T a b l e  3-2 c o n t a i n s  a compar ison of t h e  Wharton E F A  and HSRI 
c o e f f i c i e n t  e s t i m a t e s  and summary s t a t i s t i c s .  S u b s t a n t i a l  
d i f f e r e n c e s  exis t  between the two se ts  of coefficient  estimates, with 
the differences generally being in t h e  second decimal p lace .  When 
asked about t h i s ,  Wharton E F A ' s  response was t h a t  the input costs 
v a r i a b l e  had been r e v i s e d  and was p r o b a b l y  t h e  c a u s e  of t h e  
d i sc repanc ies .  This same var iable ,  inuut costs ,  was offered as the 
source of the differences in the average domestic base purchase p r i c e  
equation (See Section 3.2.1). 

The summary s t a t i s t i c s  indicate no problems with overall goodness 
of f i t  or s t a t i s t i c a l  signif icance of individual coefficients.  

The speci f ica t ion  of the options-price equation i s  very similar t o  
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t h a t  o f  t h e  a v e r a g e  base p u r c h a s e  P r i c e  e q u a t i o n .  The a v e r a q e  

domes t i c  P r i c e  f o r  a l l  o p t i o n s  i s  assumed t o  be a  markup  o v e r  an 

a d j u s t e d  c o s t ;  i . e . ,  O p t i o n s  P r i c e  = A ( ~ o s t ) ~ .  For  t h i s  equat ion ,  

Whar ton  EFA 's  e s t i m a t e  o f  t h e  m a r k u p  c o e f f i c i e n t  " A "  i s ,  n o t  

s u r p r i s i n g l y ,  t h e  same as t h e  markup c o e f f i c i e n t  f o r  t h e  averaqe 

d o m e s t i c  base  p r i c e  e q u a t i o n .  H o w e v e r ,  t h e  e s t i m a t e  f o r  t h e  

a d j u s t m e n t  f a c t o r  "B" o f  ,757 i s  s i g n i f i c a n t l y  d i f f e r e n t  f r om 1.0-- in  

f a c t ,  i t  i s  f o u r  s tandard  e r r o r s  f r o m  one.  Thus, d o m e s t i c  p r i c e  o f  

o p t i o n s  i s  e s t i m a t e d  as l e s s  t h a n  a  f u l l  markup over  cos t ,  and t h e  

equa t i on  i m p l i e s  t h a t  au tomob i le  manufac tu rers  pass  t h r o u g h  t o  t h e i r  

o p t i o n s  p r i c e  l e s s  t h a n  f u l l  p e r c e n t a g e  i n c r e a s e s  i n  i n p u t  cos t s .  

S p e c i f i c a l l y ,  f o r  a  g i v e n  p e r c e n t a g e  i n c r e a s e  i n  i n p u t  c o s t s ,  t h e  

o p t i o n s  p r i c e  i s  es t ima ted  t o  i nc rease  by  o n l y  76% o f  t h a t  percentage.  

The e q u a t i o n  a l s o  c o n t a i n s  a  dummy v a r i a b l e  t o  a c c o u n t  f o r  

i r r e g u l a r  v a r i a t i o n s  i n  o p t i o n s  p r i c e s  and c o s t s  i n  1958 and 1959. 

T h i s  equat ion  does n o t  c o n t a i n  a  " p r i c e  expec ta t i ons  e f f e c t 1 ' - - t h a t  

i s ,  a  c h a n g e  i n  t h e  i n p u t  c o s t s  t e r m - - a s  does t h e  a v e r a g e  base  

purchase p r i c e  e q u a t i o n .  T h i s  i s  n o t  s u r p r i s i n g ,  g i v e n  t h e  weak 

s t a t i s t i c a l  power o f  t h e  te rm i n  t h e  average base p r i c e  equat ion .  

3.2.3 E x ~ e n d i t u r e s  F o r  O ~ t i o n s  I n s t a l l e d  - Subcompacts.  The 

e q u a t i o n  f o r  e x p e n d i t u r e s  on o p t i o n s  i n s t a l l e d  i n  subcompacts i s  as 

f o l l o w s :  

where 

USSDPUOPT-2 = c o s t  o f  o p t i o n s  p u r c h a s e s ,  

subcompact 

USSDPOPTM = maximum c o s t  o f  op t i ons ,  subcompact 

USTDPOPTMFW = f i x e d - w e i  g h t e d  a v e r a g e  max imum 

c o s t  o f  o ~ t i o n s  



PC = consumer p r i c e  i n d e x ,  a l l  i t ems ,  

1972 = 1.0 

PER1 5+ = p e r c e n t a g e  o f  f a m i l i e s  w i t h  r e a l  

incomes o f  $1 5,000 o r  more 

DUM58 = dummy v a r i a b l e ,  e q u a l  t o  1.0 i n  

1958, zero  o the rw ise  

DUM59.61 = dummy v a r i a b l e ,  e q u a l  t o  1.0 i n  

1959-61, ze ro  o therwise  

RDIP4/FM = r e a l  permanent  d i s p o s a b l e  income 

per  f a m i l y  u n i t  

T a b l e  3 -3  c o n t a i n s  a  comparison o f  t h e  Wharton EFA and HSRI r e s u l t s .  

T h e r e  i s  good agreement be tween t h e  t w o  s e t s  o f  r e s u l t s ,  w i t h  

d i f f e r e n c e s  o n l y  i n  t h e  t h i r d  and f o u r t h  decimal p laces .  

The s p e c i f i c a t i o n  o f  c o n s u m e r  e x p e n d i t u r e s  f o r  o u t i o n s  on  

s u b c o m p a c t s  f o l l  ows t h e  c l  a s s i  c a l  demand app roach  o f  assuming 

expend i tu res  t o  be a  f u n c t i o n  o f  income and r e l a t i v e  p r i c e s .  F o r  t h e  

income v a r i a b l e ,  permanent income per  f a m i l y  i s  used and appears w i t h  

t h e  e x p e c t e d  p o s i t i v e  s i g n .  I n  a d d i t i o n ,  an income d i s t r i b u t i o n  

v a r i a b l e  was f o u n d  t o  be  s i g n i f i c a n t  w i t h  a  n e g a t i v e  s i q n .  T h i s  

imp1 i e s  a  b e w i l d e r i n g  r e 1  a t i o n s h i p - - m o r e  a f f l u e n c e  imp1 i e s  fewer  

expend i tu res  on op t i ons  i n  subcomuacts. 

The f i xed -we igh ted  average maximum o r i c e  (assumes c a r s  Pu rchased  

w i t h  a1 1  a v a i  1  a b l e  o p t i o n s )  r e l a t i v e  t o  t h e  al l- i tems-Consumer P r i c e  

Index i s  used as t h e  r e l a t i v e  p r i c e  v a r i a b l e  and has t h e  e x p e c t e d  

nega t i ve  s ign .  

F i n a l l y ,  t w o  dummy v a r i a b l e s  a re  i nc luded  t o  account f o r  unusual 

o b s e r v a t i o n s  i n  s e v e r a l  y e a r s .  H o w e v e r ,  t h e  u s e  o f  t h e  dummy 

v a r i a b l e  f o r  1958 b y  t h e  Whar ton  EFA model authors tends t o  d i s t o r t  

t h e  s t a t i s t i c s  o f  t h e  equat ion  i n  an u n j u s t i f i e d  manner.  T h i s  dummy 

v a r i a b l e  f o r c e s  t h e  r e g r e s s i o n  l i n e  t h r o u g h  t h e  1958 va lue  o f  t h e  

dependent v a r i a b l e ,  i n  e f f e c t  e l i m i n a t i n g  t h e  y e a r  1958 f r o m  t h e  

e s t i m a t i o n .  However, t h e  1958 data  p o i n t ,  which i s  p r e d i c t e d  by t h e  

r e g r e s s i o n  l i n e  w i t h  zero  e r r o r ,  i s  used i n  c a l c u l a t i n g  t h e  F2 and 

SEE. Thus, these s t a t i s t i c s ,  as the,y auuear i n  t h e  Wharton EFA model 
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documen ta t i on ,  appear t o  i n d i c a t e  a  v e r y  good f i t .  I f  t h e  r e g r e s s i o n  

l i n e  i s  es t ima ted  w i t h o u t  t h e  dummy v a r i a b l e  t h a t  a p p l i e s  o n l y  t o  t h e  

y e a r  1958, t h e  SEE r i s e s  by about twen ty  pe rcen t  and t h e  W2 f a l l s  t o  

.92. 

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

expend i tu re  f o r  subcompacts r e l a t i v e  t o  t h e  maximum c o s t  o f  o p t i o n s  

i n  subcompacts. These "shares"  a re  then  fo rmula ted i n  "odds" ( l o g i t )  

f o r m  so t h a t  a c t u a l  e x p e n d i t u r e s  on o p t i o n s  may n e v e r  exceed t h e  

maximum c o s t  of op t i ons .  

3.2.4 E x p e n d i t u r e s  f o r  O p t i o n s  I n s t a l  l e d  - Compacts, Mid-Size, 

F u l l - S i z e ,  and Luxury. The genera l  form of t h e  e q u a t i o n  f o r  o ~ t i o n s  

i n s t a l l e d  i n  compact ,  m i d - s i z e ,  f u l l - s i z e ,  and l u x u r y  c a r s  i s  as 

f o l l o w s :  

where 

USXXPUOPT-2 = c o s t  o f  o p t i o n s  p u r c h a s e d  b y  

c l a s s  ( c o m p a c t ,  m i d - s i z e ,  

f u l l - s i z e ,  and l u x u r y )  

USXXPOPTM = maximum c o s t  o f  o p t i o n s  b y  c l a s s  

( c o m p a c t ,  m i d - s i z e ,  f u l  l - s i z e ,  

and l u x u r y )  

USTDPOPTMFW = f i x e d - w e i g h t e d  a v e r a g e  maximum 

c o s t  o f  o p t i o n s  

PC = consumer p r i c e  index, a l l  i t e m s ,  

1972 = 1.0 

DUM58 = dummy v a r i a b l e ,  e q u a l  t o  1.0 i n  

1958, ze ro  o the rw ise  

DUM59 = dummy v a r i a b l e ,  e q u a l  t o  1 .0  i n  

1959, ze ro  o the rw ise  



RDIP41FM = r e a l  permanent  d i sposab le  income 

p e r  f a m i l y  u n i t  

T a b l e s  3 -4  t o  3 -7  c o n t a i n  c o m p a r i s o n s  o f  t h e  Whar ton  EFA and HSRI 

c o e f f i c i e n t  e s t i m a t e s  and summary s t a t i s t i c s  f o r  each o f  t h e  f o u r  

m a r k e t  segments  c o n s i d e r e d  i n  t h i s  s e c t i o n .  T h e r e  i s  e x c e l l e n t  

agreement  be tween t h e  t w o  s e t s  o f  r e s u l t s ,  w i t h  o n l y  t r i v i a l  

d i f f e r e n c e s  e x i s t i n g  i n  t h e  t h i r d  and f o u r t h  decimal p laces .  

The summary s t a t i s t i c s  f o r  a l l  f o u r  m a r k e t  c l a s s e s  a r e  b i a s e d  

because o f  t h e  use o f  t h e  dummy v a r i a b l e s  f o r  1958 and 1959.  I f  

these dummy v a r i a b l e s  a re  e l i m i n a t e d  f r o m  t h e  t i m e  s e r i e s  used i n  t h e  

es t ima t i on ,  t h e  f o l l o w i n g  r e s u l t s  a re  produced: 

a) Compact equat ion- - the  S E E  more  t h a n  d o u b l e s  t o  . 2 6 3  
and t h e  K2 f a 1  1s s h a r o l y  t o  .80. 

b )  M i d - s i z e  equa t i on - - the  SEE i n c r e a s e s  b y  a  t h i r d  and 

t h e  R 2  f a l l s  t o  .88. 

c )  F u l l - s i z e  e q u a t i o n - - t h e  SEE increases by about f i f t y  

pe rcen t  and t h e  R 2  f a1 1s t o  .81. 

d) L u x u r y  e q u a t i o n - - t h e  SEE i n c r e a s e s  b y  a b o u t  f i f t y  

pe rcen t  and t h e  K2 f a l l s  s l i g h t l y  t o  .95. 

S i n c e  t h e  y e a r s  1958 and 1959 have such a  n e g a t i v e  e f f e c t  on t h e  

goodness o f  f i t  o f  t h e  expend i tu res  f o r  i n s t a l l e d  o p t i o n s  e q u a t i o n s  

f o r  a l l  f i v e  c l a s s e s ,  i t  may b e  m o r e  l o a i c a l  t o  h a v e  s i m p l y  

e l i m i n a t e d  these  years  f r o m  t h e  f i t  p e r i o d  o f  t h e  r e g r e s s i o n  r a t h e r  

t h a n  e l i m i n a t i n g  t h e i r  e f f e c t s  w i t h  dummy v a r i a b l e s ,  as i s  done b y  

Wharton EFA. Removing t h e  p r o b l e m  y e a r s  and t h e i r  c o r r e s p o n d i n g  

dummies w o u l d  n o t  change t h e  s t a n d a r d  e r r o r  because  t h e  r e s u l t i n g  

degrees of freedom are  t h e  same and t h e r e  i s  no change i n  t h e  s i z e  of 

t h e  t o t a l  e r r o r  ( s i n c e  no e r r o r  i s  a s s o c i a t e d  w i t h  t h e  dummied 

y e a r s ) ;  b u t  t h e  R2 w i l l  be  r e d u c e d  i f  t h e  dummy v a r i a b l e s  a r e  

removed, a l though n o t  as much as i s  i n d i c a t e d  above. 

The s p e c i f i c a t i o n  o f  t hese  f o u r  e q u a t i o n s  i s  v e r y  s i m i l a r  t o  t h e  

e q u a t i o n  p r e v i o u s l y  d i s c u s s e d  f o r  o p t i o n s  e x p e n d i t u r e s  o n  

subcompacts. The p r i n c i p a l  d i f f e r e n c e  between t h e  t w o  i s  t h a t  t h e  

income d i s t r i b u t i o n  v a r i a b l e  i s  n o t  i n c l u d e d  i n  these f o u r  equat ions,  
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while i t  i s  included in the subcomuact equation. 

Permanent income i s  again the  income variable in each equat ion .  I t  
a p p e a r s  wi th  t h e  e x p e c t e d  p o s i t i v e  s i g n  and i s  s t a t i s t i c a l l v  
s igni f icant  in each case. The f  ixed-weighted average maximum op t ions  
p r i c e  r e l a t i v e  t o  t h e  al l- i tems-CPI i s  used as t h e  r e l a t ive  price 
v a r i a b l e  in  each equat ion .  I t  has a  n e g a t i v e  s i g n  i n  a l l  f o u r  
equat i ons, as economi c  theory woul d predict . 

3.3 Desired Stock and Desired Stock Share Equations - Block D 

This s e i t i o n  d i scusses  t h e  s i x  equat ions  t h a t  exp la in  des i red  
stock per f ami ly  and des i red  stock sha res  b,v s i z e  c l a s s .  These 
equa t ions ,  which a r e  in Block D of t h e  model, a r e  estimated using 

cross-section da ta  by s t a t e  f o r  t h e  year  1972. Due t o  inadequate 
documentation of t h e  c r o s s - s e c t i o n  d a t a ,  the  HSRI stud,y team was 

unable t o  reproduce these equa t ions .  However, they  a r e  of c e n t r a l  

importance in t h e  s t r u c t u r e  and opera t ion  of t h e  model, and hence 
t h e i r  specif icat ions are analyzed in some de ta i l .  

3.3.1 Desired Stock Per Family. The equat ion  f o r  the desired 
stock per family i s  as follows: 

- 0.0536642 [ I n  (MTwNA/FM)]  
( ,036) 

- 
~ 2  = 0.461, SEE = .0596 

where standard er rors  are in parentheses, and 



RDIP4lFM 

PER 1 St 

= number of c a r s  in operation a t  vear-end over 

number of family units 
= real permanent income per famil~v 
= percentage of f a m i l i e s  (excluding unre la ted  

i n d i v i d u a l s )  earning $15,000 or more ( i n  1970 

do1 1 a r s )  
CPMTTCAP = d e s i r e d  s h a r e  w e i g h t e d  c o s t  p e r  m i l e  

(including a l l  classes: domestic and foreign) 

LDIFM = number of l i censed  d r i v e r s  over number of 

family units  

PC = consumer price index, a l l  items 
MTWNAIFM = number of persons not  using an automobile t o  

travel t o  work over number of fami 1.y units 

NPMET = percentage of populat ion 1 iv ing  in Standard 

Metro~ol itan S t a t i s t i c a l  Areas (SMSAs) 

The estimated coefficients  and summary s t a t i s t i c s  d iscussed here 

a r e  those  repor ted  by Wharton EFA. The overall goodness of f i t  of 

the equation, as indicated by the R2 value of .461, seems t o  i n d i c a t e  

a poor f i t .  However, one must remember tha t  the equation was f i t t e d  
over c ross - sec t ion  data  t h a t  t y p i c a l l y  have c o n s i d e r a b l y  more 

v a r i a t i o n  about t h e  mean and a r e  not trend-dominated as a r e  many 

economic time ser ies .  Therefore, explaining 46.1% of the var iance  in 

des i red  stock per fami ly  i s  reasonable  and i s  within the range of 

typical R2 (about .40 t o  .80) for  cross-section data. 

What i s  d isappoint ing  about t h i s  equation i s  the lack of strength 

of the individual c o e f f i c i e n t  e s t ima tes .  Only t h r e e  c o e f f i c i e n t s  
(permanent income, income d i s t r i b u t i o n ,  and 1 icensed d r i v e r s  per 
family) are s igni f icant ly  different  from zero at t h e  5% s i g n i f i c a n c e  

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

capitalized-cost-per-mile v a r i a b l e ,  one of t h e  c e n t r a l  concepts of 

the  e n t i r e  model, i s  smal ler  in value than i t s  standard error .  The 

data appear to  indicate t h a t  average c a p i t a l i z e d  c o s t  per mi le ,  as 

defined in  t h e  model, has no s i g n i f i c a n t  influence on the stock of 

cars in operation by s t a t e  for  the  year 1972. A possible explanat ion  



of t h i s  i s  the fac t  that  the cost per mile variable probably has very 

l i t t l e  variation across s ta tes .  This means that  s t a t e  cross-sect ion 
data i s  poorly suited t o  estimating price effects .  

The c o e f f i c i e n t s  of the  va r iab les  t h a t  measure t h e  number of 
persons using nonauto t r an spo r t a t i on  t o  work and the percentage of 
the population living in SMSAs are also s t a t i s t i c a l l y  weak, although 
these two variables are of minor importance i n  the model. 

Finally, i t  should be noted that  t he  equation was est imated over 
f  o r ty - seven  s t a t e s ,  excluding Okl ahoma, A 1  aska, Hawaii, and the  
Distr ict  of Columbia, for  the year 1972. 

The f i r s t  explanatory var iab le  i n  the equation i s  real permanent 
income, which has the expected positive sign. An increase i n  income, 
ce ter is  paribus, should increase the desired stock of cars. 

An income "saturation effect" i s  represented by t he  percentage of 
f ami l i e s  with rea l  incomes greater than $15,000 i n  1970 dollars. As 
the percentage of f ami l i e s  with rea l  incomes g rea te r  than $15,000 
inc reases ,  the  des i red stock tends t o  decrease. In o ther  words, 
there i s  a  nonlinear relationship between des i red stock and income, 
and a t  higher income l e v e l s ,  increases  in income imply smaller and 
smaller increases in the desired stock of cars per family. 

The i n t e r ac t i on  of these  two income variables (permanent income 

and percent of f ami l i e s  with income g r ea t e r  than $15,000) i s  of 
i n t e r e s t .  For example, consider the long-run effect  on the desired 
stock of a one percent increase i n  r ea l  disposable income. In t he  
long run, permanent income a1 so increases  by one percent ,  and 

therefore the desired stock would r i s e  by 0.563% i f  permanent income 
were the  only income e f f e c t  on  desired stock. However, the income 
d i s t r i b u t i o n  var iab le  wi l l  o f f s e t  some or perhaps  a l l  of t h i s  
permanent- income-induced increase in desired stock. To calculate the 
magnitude of t he  decrease in des i red stock implied by the  income 
d i s t r i b u t i o n  var iab le ,  t he  equation t h a t  explains the  percent of 
families w i t h  income greater than $15,000 must be understood. This 
equation expresses the income distribution variable as a distributed 
lag function of real disposable income. The equation i s  as follows: 



t 1.25588 [(1 ~ ( R D I / F M ) - I ]  
( -128)  

- 
~2 = 0.967, SEE = 0.1124, DW = 0.749, F P  = 1954-74 

where standard e r rors  are  in parentheses, and 

P E R 1 9  = p e r c e n t a g e  o f  f a m i l y  u n i t s  w i t h  r e a l  
disposable incomes of $15,000 or more 

RDI/FM = real disposable income per family uni t  

T h u s ,  the long-run increase in the dependent variable,  ( p e r c e n t  of 

f a m i l i e s  with r e a l  income of $15,000 o r  more, over 100 minus the 
percent of famil ies  with real income of $15,000 o r  more) due t o  a 1 %  

percent  i n c r e a s e  in  r e a l  d i s p o s a b l e  income i s  5.1% ( the  sum of the 

coef f ic ien ts  of RDI/FM var iab les ) .  The variable,  percent of f  ami 1 i  e s  

with income of $15,000 o r  more, conven ien t ly  appears  i n  t h e  same 

log i t  form in the desired stock per f ami ly  equa t ion ,  so m u l t i p l y i n p  

5.1% by .I00994 produces an e s t i m a t e  of t h e  percentage decline in 

desired stock per family caused by the  income saturat ion e f f e c t .  The 

r e s u l t  i s  a 0.517% reduc t ion .  Therefore ,  t h e  net  e f f e c t  on  t h e  
desired stock of a 1% increase in real  disposable income, t ak ing  i n t o  

account t he  0.563% increase stimulated by the r i s e  in general income 
and t h e  0.517% decrease  t h a t  occurs  because of t h e  s h i f t  i n  t h e  

income d i s t r i b u t i o n  a t  t h e  $15,000 l e v e l ,  i s  a very modest 0.05% 
increase ( 7 ) .  One very important implication of t h i s  r e s u l t  i s  t h a t ,  

given t h e  s t r u c t u r e  of t h e  r e s t  of t h e  model, t h e  long-run income 
e1asticit .y with respect t o  new car sa les  volume i s  e s s e n t i a l l y  zero .  
In o t h e r  words, g r e a t e r  long-term affluence has no impact on new car 
s a l e s .  This i s  a very q u e s t i o n a b l e  r e s u l t  and one t h a t  w i l l  be 



d i s c u s s e d  i n  m o r e  d e t a i l  i n  S e c t i o n  5.3,  F u l l  M o d e l  Dynamic 

P r o p e r t  i es . 
The n e x t  r e g r e s s o r  i n  t h e  d e s i r e d  s t o c k  equa t i on  i s  t h e  average 

r e a l  c a p i t a l i z e d  c o s t  p e r  m i l e .  I t  e n t e r s  t h e  e q u a t i o n  w i t h  t h e  

e x p e c t e d  n e g a t i v e  s i g n  and, as n o t e d  p r e v i o u s l y ,  i s  s t a t i s t i c a l l y  

v e r y  weak, b e i n q  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  f r o m  z e r o  a t  a n y  

r e a s o n a b l e  s i g n i f i c a n c e  1  eve1 . T h i s  r a i s e s  t h e  obvious q u e s t i o n  o f  

why t h e  v a r i a b l e  i s  i n c l u d e d  i n  t h e  equat ion .  The answer p r o b a b l y  i s  

t h a t  t h e  W h a r t o n  EFA a u t h o r s  w e r e  c o m m i t t e d  t o  t h e  c o n c e p t  o f  

c a p i t a l i z e d  c o s t  p e r  m i l e  p l a y i n g  a  c e n t r a l  r o l e  i n  t h e  mode l  and 

t h e r e f o r e  c o u l d  n o t  e x c l u d e  i t  f rom t h e  d e s i r e d  s tock  equa t i on  (as  

l o n g  as i t  a t  l e a s t  had a  n e g a t i v e  s i g n ) .  

The number o f  l i c e n s e d  d r i v e r s  p e r  f a m i l y  i s  es t ima ted  t o  have a  

p o s i t i v e  impact  on d e s i r e d  s tock  p e r  f a m i l y ,  as one would expect .  

The number o f  p e r s o n s  u s i n g  nonauto  t r a n s p o r t a t i o n  t o  commute t o  

work  i s  meant  t o  a c t  as a  p r o x y  f o r  t h e  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 i t .  A n e g a t i v e  s i g n  i s  f ound  on t h i s  v a r i a b l e  as expected. 

F i n a l l y ,  t h e  m e t r o p o l i t a n  p o p u l a t i o n  i s  es t ima ted  t o  have a  s l  i g h t  

p o s i t i v e  i m p a c t  o n  t h e  d e s i r e d  s t o c k .  I t  i s  b e l i e v e d  t h e  

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

t h a t  t end  t o  have above-average numbers o f  ca rs  per  f a m i l y .  

3.3.2 D e s i r e d  S t o c k  Share .  The e s t i m a t e d  e q u a t i o n s  f o r  t h e  

d e s i r e d  s tock  shares are as f o l l o w s :  

( i )  Combined Subcompact and Compact Stock Share 

+ 0.54031 1  [1 n (NP20,29/FM)] + 0.4451 03 (DUMNEW) 
( .32)  ( .073) 

- 0.228363 (DUMWSC) + 0.321488 (DUMMTN) 
( .110) ( ,082) 

+ 0.559391 (DUMPAC) 
( .125) 



- 
R~ = 0.755, SEE = 0.1591 

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

SHR SC = d e s i r e d  s t o c k  share o f  subcompact and compact 

ca rs  

CPMSCIT-SC = c a p i t a l i z e d  c o s t  p e r  m i l e  o f  subcompact and 

compact c a r s  o v e r  c a p i t a l i z e d  c o s t  p e r  m i l e  

o f  a l l  ca rs  o t h e r  t han  subcompact and c o m ~ a c t  

YDI = c u r r e n t  do1 1 a r  d i sposab le  income 

F M = number o f  f a m i l y  u n i t s  

CT*Q = f i xed-wei gh ted average ' c o s t  p e r  mi 1 e o f  

passenger ca rs  

PER1 5+ = p e r c e n t a q e  o f  f a m i l i e s  w i t h  r e a l  income i n  

excess o f  $15,000 ( i n  1970 d o l l a r s )  

NP20.29 = number o f  peop le  aged 20-29 years  o l d  

DUMNEW = dummy v a r i a b l e  f o r  New England S ta tes  

DUMW SC = dummy v a r i a b l e  f o r  West-South-Central S ta tes  

DUMMTN = dummy v a r i a b l e  f o r  Mountain S t a t e s  

DUMPAC = dummy v a r i a b l e  f o r  P a c i f i c  S ta tes  

( i  i ) Subcompact Share o f  Combined Subcompact and Compact S t o c k  

Share 

+ 0.702456 [I n(LD/FM)] + 0.321 199 (DUMMTN) 
( .263) ( ,057) 

t 0.494263 (DUMPAC) 
( .093) 



- 
~2 = 0.792, SEE = 0.1315 

where standard errors a r e  i n  parentheses ,  and 
SHRS/SC = desired s tock share  of subcompacts i n  t o t a l  

subcompact and compact 
CPMS/C = cap i t a l i z ed  c o s t  per  mile of subcompacts 

over c ap i t a l  ized c o s t  per mile of compacts 
YDI/FM/SC*Q = do1 l a r s  of disposable  income over number 

of family u n i t s  over fixed-weighted 

average c o s t  per mile f o r  subcompacts and 

compacts 
LD/FM = number of 1 icensed d r i v e r s  over number of 

f ami l i e s  
Note: V a r i a b l e s  t h a t  have appeared  i n  p r i o r  d e s i r e d  s t o c k  

share  equat ions  (e .  g . ,  NP20.29) a re  not r ede f i ned  here. 
This p r ac t i c e  i s  followed throughout t h i s  s ec t i on .  

( i  i i )  Desired Mid-Size Stock Share 

SHRM = 0.21 1089 - 1.98095 [ I n  (CPMMIT-M)] 
l n ( '  - sHRJ ( , 541 )  ( ,433) 

+ 0.162809 ( D U M N E W )  - 0.125991 (DUMMTN) 
( .041)  ( ,035) 

- 
R~ = 0.683, SEE = 0.0779 

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

SHRM = desired stock share  f o r  mid-size ca rs  

CPMM/T-M = c a p i t a l i z e d  c o s t  pe r  m i l e  f o r  m i d - s i z e  

c a r s  o v e r  d e s i r e d  s h a r e  w e i g h t e d  
c a p i t a l i z e d  c o s t  pe r  m i l e  f o r  a l l  c a r s  

o ther  than mid-size 



CT*Q = f i x e d w e i g h t e d c o s t  p e r m i l e  

FM3+4 = number of f ami 1 i e s  w i t h  3 o r  4 members 

( i v )  Des i red  F u l l - S i z e  Share 

- 
~2 = 0.865, SEE = 0.1070 

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

SHRF = d e s i r e d  f u l l - s i z e  c a r  s tock  share 

CPMF/T-F = c a p i t a l i z e d  c o s t  p e r  m i l e  o f  f u l l - s i z e  c a r s  over  

d e s i r e d  s h a r e  w e i g h t e d  c a p i t a l i z e d  c o s t  p e r  m i l e  

f o r  a l l  ca rs  o t h e r  than f u l l - s i z e  

FM5+ = number o f  f ami 1 i e s  w i t h  5 o r  more members 

( v )  Des i red  Luxury  Stock Share 

+ 0.209938 [I n (PER1 5+)] + 0.001 8301 6 (NPMET) 
( ,099) ( .0012) 

- 0.298623 (DUMNEWJ + 0.2031 60 (DUMWSC) 
( ,064) ( .092) 

a 2  = 0.519, SEE = 0.1388 

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

SHRL = d e s i r e d  s tock  share f o r  l u x u r y  c a r s  



CPMLIT-L = c a p i t a l  i z e d  c o s t  p e r  m i l e  f o r  l u x u r y  c a r s  o v e r  

d e s i r e d  share we ighted,  c a p i t a l i z e d  c o s t  p e r  m i l e  

f o r  a1 1 ca rs  o t h e r  t han  l u x u r y  

NPMET = percentage o f  p o p u l a t i o n  1 i v i n g  i n  SMSAs 

I n  t e r m s  o f  o v e r a l l  goodness o f  f i t ,  t h e  d e s i r e d  s t o c k  s h a r e  

e q u a t i o n s  f i t  t h e  c r o s s - s e c t i o n  d a t a  v e r y  w e l l ;  t h e  a d j u s t e d  

c o e f f i c i e n t s  o f  d e t e r m i n a t i o n  (K2) range f rom 0.519 t o  0.865, which 

i s  q u i t e  r e s p e c t a b l e  f o r  c r o s s - s e c t i o n  d a t a .  Mos t  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  a r e  s i g n i f i c a n t l y  d i f f e r e n t  f r om ze ro  a t  t h e  20% l e v e l  

o r  lower  and are  o f  t h e  c o r r e c t  s ign .  There are t h r e e  e x c e p t i o n s  t o  

t h i s ,  however .  The v a r i a b l e s  NP20.29lFM i n  t h e  subcompact share of 

combined subcompact  and compact  s h a r e  e q u a t  i o r ,  FM5+/FM i n t h e  

f u l l - s i z e  s h a r e  e q u a t i o n  and CPMLIT-L i n  t h e  l u x u r y  share equa t i on  

a re  a l l  v e r y  weak s t a t i s t i c a l l y .  

S i n c e  t h e  s p e c i f i c a t i o n  o f  t h e  d e s i r e d  s tock  share equat ions  has 

seve ra l  common elements, i t  i s  c o n v e n i e n t  t o  a n a l y z e  t h e  e q u a t i o n s  

t o g e t h e r  as a group r a t h e r  t han  sepa ra te l y .  

R e l a t i v e  c o s t  pe r  m i l e ,  t h a t  i s ,  c o s t  p e r  m i l e  o f  t h e  i t h  s h a r e  

d i v i d e d  b y  t h e  average c o s t  per  m i l e  o f  a1 1 o t h e r  shares, i s  t h e  most 

impor tan t  f a c t o r  i n  a l l  t h e  s h a r e  e q u a t i o n s  e x c e p t  t h e  l u x u r y  c a r  

e q u a t i o n .  As w o u l d  be e x p e c t e d ,  t h i s  c o s t  has a n e g a t i v e  e f f e c t  

th roughout - -h igher  r e l a t i v e  c o s t  l eads  t o  1 ower r e 1  a t  i ve s h a r e .  I n  

t h r e e  o f  t h e  share equat ions  (subcompact share o f  combined subcompact 

and compact share, mid-s ize,  and f u l l - s i z e )  t h e  r e 1  a t i v e  c a p i t a l  i z e d  

c o s t  p e r  m i l e  v a r i a b l e  i s  h i g h l y  s i g n i f i c a n t  w h i l e  i n  t h e  o t h e r  two 

equat ions  (combined subcompact and compact  sha re ,  and l u x u r y  s h a r e )  

t h e  v a r i a b l e  i s  f a i r l y  weak s t a t i s t i c a l l y .  

The n e x t  most impor tan t  v a r i a b l e  i n  t h e  share e q u a t i o n s  i s  income 

r e 1  a t i v e  t o  ave rage  cos ts  per  m i l e  o f  au to  t r a v e l .  T h i s  v a r i a b l e  i s  

supposed t o  r e p r e s e n t  a " t r a d i n g  UD o r  down" phenomenon. I f  income 

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

automobile, i t  i s  hypothes ized t h a t  t h i s  w i l l  r e s u l t  i n  an u p g r a d i n g  

of new c a r  purchases, w i t h  more expensive ca rs  g a i n i n q  a t  t h e  expense 

o f  more economical ones. Conve rse1  y, i f  a u t o m o b i l e  c o s t s  i n c r e a s e  



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

downgrad ing  of new c a r  p u r c h a s e s ,  w i t h  l e s s  e x p e n s i v e  c a r s  b e i n g  

b o u g h t  m o r e  r e a d i l y  t h a n  more  e x p e n s i v e  ones.  I n  t e r m s  o f  t h e  

es t ima ted  share equat ions,  f u l l - s i z e  c a r s ,  f o r  example,  s u f f e r  t h e  

mos t  f r o m  " t r a d i n g  down," w i t h  s m a l l  c a r s  (subcompact and c o m ~ a c t )  

g a i n i n g  and m id -s i ze  hav ing  a  weak t e n d e n c y  f o r  a  s m a l l  n e t  l o s s  i n  

s h a r e .  As one m i g h t  e x p e c t ,  l u x u r y  c a r s  a r e  n o t  a f f e c t e d  by t h i s  

t y p e  o f  behav ior .  

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

share equat ions.  I n c r e a s i n g  a f f l u e n c e  imp1 i e s  g a i n s  i n  t h e  l u x u r y  

and s m a l l  c a r  shares a t  t h e  expense o f  t h e  f u l l - s i z e  share. The g a i n  

i n  t h e  l u x u r y  s h a r e  i s  c e r t a i n l y  t o  be e x p e c t e d ,  g i v e n  a  h i g h e r  

p e r c e n t a g e  of f a m i l i e s  w i t h  r e a l  incomes g r e a t e r  t h a n  $15,000 ( i n  

1970 d o l l a r s ) .  The g a i n  i n  s m a l l  c a r  s h a r e  i s  l e s s  o b v i o u s  a n d  

p r e s u m a b l y  r e f  1  e c t s  a d d i t i o n s  t o  t h e  household s tock  o f  ca rs  (second 

and t h i r d  c a r s )  i n  response t o  g r e a t e r  w e a l t h .  Why t h e s e  g a i n s  i n  

d e s i r e d  s h a r e  f o r  l u x u r y  and sma l l  ca rs  come o n l y  a t  t h e  expense o f  

f u l l - s i z e  c a r s  i s  p u z z l i n g .  One m i g h t  e x p e c t  m i d - s i z e  t o  a l s o  l o s e  

some share t o  1  uxu ry  and sma l l .  

N e x t  i n  g e n e r a l  s i g n i f i c a n c e  a r e  v a r i o u s  demograph ic  f a c t o r s .  

I n c r e a s i n g  numbers o f  t h r e e -  and four -member  f ami 1  i e s  i n c r e a s e  t h e  

m i d - s i z e  share,  and t h e  pe rcen t  o f  f a m i l i e s  w i t h  f i v e  o r  more members 

has a  smal l  p o s i t i v e  impact  on f u l l - s i z e  s h a r e .  P e o p l e  be tween  t h e  

a g e s  o f  2 0 - 2 9  y e a r s  d i s p l a y  a  m i n o r  p r e f e r e n c e  f o r  s m a l l  c a r s  

( subcompac t  and compac t ) ,  a c c o r d i n g  t o  t h e  mode l .  The n u m b e r  o f  

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

share, p r o b a b l y  r e f l e c t i n g  more second and t h i r d  c a r s  i n  t h e  f a m i l y .  

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

p o p u l a t i o n  tends t o  buy more l u x u r y  cars,  o t h e r  t h i n g s  b e i n g  equal .  

T h e  s h a r e  e q u a t i o n s  a l s o  i n c l u d e  r e g i o n a l  dummy v a r i a b l e s  t o  

account f o r  d i f f e r e n c e s  i n  buy ing  b e h a v i o r  t h a t  a r e  n o t  c a p t u r e d  b y  

i n c o m e ,  c o s t ,  a n d  d e m o g r a p h i c  v a r i a b l e s .  The r e g i o n a l  dummies 

suggest t h e  f o l l o w i n g :  

a New E n g l a n d  new c a r  b u y e r s  d e m o n s t r a t e  a  s t r o n g e r  



pre fe rence  f o r  small c a r s  and a weaker d e s i r e  f o r  

luxury c a r s  than would be expected g iven income, 
costs ,  and demographhic fac tors .  

a Mountain and Pacific region new ca r  buyers purchase 
more small c a r s  in  general and more subcompacts in 
 articular than would be e x p e c t e d  g iven  income, 
c o s t s ,  and demographics. The Mountain region also 
buys fewer mid-size cars,  other things being equal. 

a West, S o u t h ,  a n d  C e n t r a l  r e g i o n  new car  buyers 
purchase fewer small c a r s  and more luxury c a r s  than 
would be e x ~ e c t e d  g i v e n  i n c o m e ,  c o s t s ,  and 
demographi cs. 

One major c r i t i c i s m  of t h e  desired stock share equations i s  tha t  
they do not consider the issue of potential s u b s t i t u t i o n  between t h e  
low-priced end of the  new car  market and the used car market. Used 
car prices may have a s i g n i f i c a n t  impact on subcompact and compact 
new car  s a l e s .  For e x a m ~ l e ,  a 1 arge family with limited financial 
resources may decide t o  purchase a large used car r a t h e r  than " t r a d e  
down" t o  a small e r  new ca r  t h a t  does not f i t  t he i r  needs for  space 
and comfort.  This l i m i t a t i o n  of t h e  model c o n t r i b u t e s  t o  i t s  
i n a b i l i t y  t o  p r e d i c t  new car  s a l e s  and stock accurately by type of 
car. 

3.4 Actual Demand Eauations - Block E 

In t h i s  section, each of t h e  s t a t i s t i c a l l y  derived equat ions  of 
Block E a re  discussed.  These equations, which are a l l  based on time 
ser ies  data, are: 

a VMT per family equation 
a New car sales equation 
a Scrappage equation 
a Used car price equations 

3.4.1 Vehicle Miles Traveled (VMT) Per Family Equation. The 
equation fo r  VMT per family i s  as follows: 



where 
VMT/FM = v e h i c l e  miles traveled, passenger car ,  

per family unit 
WTDMVINTIFM = cons tan t  (1972) mileage weighted sum 

of vehicle miles by vintage per fami ly  
unit 

PRGAS = cons tan t  dol lar  (1972) r e t a i l  gasoline 
price per gallon including taxes 

AVMPGVINT = v in tage  weighted average f l e e t  miles 
per gal lon 

PC = consumer price index, t o t a l ,  1972 = 1.0 
PER 15+ = percent of famil ies  with r e a l  incomes 

of $15,000 or more ( i n  1970 dol lars )  
RDI P4lFM = real d i sposab le  permanent income per 

family unit 
Table 3-8 con ta ins  t h e  c o m ~ a r i s o n  of t h e  Wharton E F A  and HSRI 
c o e f f i c i e n t  e s t ima tes  and summary s t a t i s t i c s .  There i s  excellent 
agreement  between t h e  two s e t s  of r e s u l t s ,  w i th  o n l y  m i n o r  
d i f f e r e n c e s  existing in the th i rd  and fourth decimal place ( l e s s  than 
one percent difference) . 

The summary s t a t i s t i c s  indicate tha t  the equation f i t s  the sample 
data reasonably well with the 12 showing tha t  85% of the v a r i a t i o n  in 
the  dependent v a r i a b l e  i s  explained by the  equation. The standard 
e r r o r  of e s t ima te  of t h e  equation implies a  1 .4% w i t h i n - s a m p l e  

p red ic t ion  e r r o r .  The s tandard  e r r o r s  i n d i c a t e  a1 1 the estimated 
c o e f f i c i e n t s  (except  f o r  t h e  c o n s t a n t  t e r m )  a r e  s t a t i s t i c a l  l y  

s ignif icant  at the 5% level or lower. 
The s p e c i f i c a t i o n  of t h e  VMT-per-family equation e s s e n t i a l l y  

fo l lows the  conventional  format of assuminq VMT t o  be basical ly a  
function of the r ea l  gaso l ine  c o s t  per mile of auto t r a v e l  and of 





r e a l  income. A survey of VMT models was recently reported by Mellman 
(1976). In terms of the available l i t e ra tu re  on VMT models, severa l  
new concepts are  introduced i n  the  Wharton EFA auto model. F i r s t ,  
VMT i s  estimated in terms of the u t i l i z a t i o n  of the  auto s tock.  To 
a1 low f o r  the  impact of a changing age distribution of the stock, an 
index of VMT was const ructed,  c a l l ed  vintage-weighted VMT, t h a t  
r e f l e c t s  v a r i a t i o n s  in  mi leage  due t o  f l u c t u a t i o n s  in the  age 
composition of the stock. The value of the index, which i s  discussed 
in Section 2.3.8.2, i s  equal t o  actual 1972 mileage and r ises  above 
or below actual VMT in other years, depending on the age d i s t r i b u t i o n  

of the  s tock.  This e f f e c t  i s  represented in the  equation by the 
constant (1972) mi leage-weighted VMT variable. 

The rea l  gasol ine  cost  per mile of auto travel has the expected 
negative sign i n  the equation. The e l a s t i c i t y  of VMT with respec t  t o  
real gasoline cost per mile i s  calculated to  be approximately -.20. 

The equation conta ins  an i n t e r e s t i n g  and unusual i n t e r a c t i o n  
between r e a l  income and income d i s t r i b u t i o n .  The es t imated 
coefficients indicate a positive relationship between VMT per family 
and t h e  income d i s t r i b u t i o n  var iab le  and a negative assoc ia t ion  
between VMT per family and real permanent income. This spec i f i c a t i on  
i s  qu i t e  unusual i n  terms of the  other  models of VMT in economic 
l i tera ture .  The negative sign on real permanent d i s~osab l e  income i s  
pecul iar  a t  best  and i s  t o t a l l y  inconsis tent  with previous work on 
VMT. However, the Wharton EFA authors jus t i fy  t h i s  strange r e s u l t  by 
noting t h a t  the  income d i s t r i b u t i o n  var iable  will normally respond 
more rapidly t o  a  chanqe i n  cu r ren t  income than permanent income, 

t h u s  y i e l d i n g  a p o s i t i v e  impact on VMT in response t o ,  say,  an 
increase i n  real disposable income. 

One could argue, apar t  from the  above, that the pattern of signs 
on the income variable i s  the opposite of what one w o u l d  expect. The 
income d i s t r i b u t i o n  i s  meant t o  account f o r  an income sa tu ra t ion  
e f f e c t ,  which implies t h a t  a t  r e l a t i v e l y  high l eve l s  of income, 
addi t ional  income may r e s u l t  i n  ver,y small increases in automobile 
travel .  Then one would  expect a negative sign on the  c o e f f i c i e n t  of 



t h e  income d i s t r i b u t i o n  v a r i a b l e ,  n o t  a  p o s i t i v e  s ign .  Presumably 

VMT i s  a  normal good-- that  i s ,  a  good whose consumpt ion  i n c r e a s e s  i n  

r e s p o n s e  t o  an i n c r e a s e  i n  income,  Thus,  t h e  c o e f f i c i e n t  o f  t h e  

permanent income v a r i a b l e  shou ld  have a  p o s i t i v e  s ign ,  n o t  a  n e g a t i v e  

o n e .  I t  i s  n o t  c l e a r  why t h e  m o d e l  a u t h o r s  s e l e c t e d  t h i s  

s p e c i f i c a t i o n  i n  v iew o f  t h e  pe rve rse  s i g n s  on t h e  income v a r i a b l e s .  

Because o f  t h i s ,  t h e  H S R I  p r o j e c t  s t a f f  have reservat ions about 

t h e  s t r u c t u r a l  content o f  the  VMT per f a m i l y  equation. 

3.4.2 New Car S a l e s .  The Wharton EFA equa t i on  f o r  new ca r  sa les  

i s  as f o l l o w s :  

OMVUANR KEND*AY ) = A ' Bl [I n(OPMVUAYLND-l - SCMYUd 

t B2 (DUMAUTOS) + B3 [ l n ( M ) ]  

OMVUANR = new ca r  r e g i s t r a t i o n s  

OPMVUAY END = year-end s tock  o f  ca rs  i n  o p e r a t i o n  

SCMVUA = t o t a l  au to  scrappage 

KEN D*AY = d e s i r e d  s tock  

DUMAUTOS = dummy v a r i a b l e  f o r  s t r i k e s  

RDI/FM = r e a l  d i sposab le  income p e r  f a m i l y  

RD I P4/FM = permanent f a m i l y  income 

PUTOTNRL = p r e v i o u s  y e a r  a v e r a g e  new c a r  p r i c e ,  

sa les  weighted 

PUTOTNR = new c a r   rice, a v e r a g e ,  w e i g h t e d  b y  

p r e v i o u s  year  sa les  

T a b l e  3 - 9  c o n t a i n s  a  c o m p a r i s o n  o f  t h e  W h a r t o n  EFA a n d  HSRI  

c o e f f i c i e n t  e s t i m a t e s  and summary s t a t i s t i c s .  T h e r e  i s  e x c e l l e n t  

a g r e e m e n t  b e t w e e n  t h e  t w o  s e t s  o f  r e s u l t s ,  w i t h  o n l y  m i n o r  

d i f f e r e n c e s  e x i s t i n g  i n  t h e  t h i r d  o r  f o u r t h  decimal p l a c e  ( l e s s  than  - 
one p e r c e n t ) .  ~ 2 ,  t h e  a d j u s t e d  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  
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i n d i c a t e s  a  good f i t ,  w i t h  app rox ima te l y  86% o f  t h e  va r i ance  i n  t h e  

dependen t  v a r i a b l e  b e i n g  e x p l a i n e d  b y  t h e  e q u a t i o n .  S i n c e  t h e  

e q u a t i o n  i s  1 0 9 - 1  i n e a r ,  t h e  s t a n d a r d  e r r o r  o f  e s t i m a t e  o f  t h e  

e q u a t i o n  (SEE), i m p l i e s  an a v e r a g e  ~ e r c e n t a g e  e r r o r  o f  4 .84% i n  

p r e d i c t i n g  t h e  dependent v a r i a b l e  over t h e  same pe r iod .  The t - r a t i o s  

i n d i c a t e d  a l l  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  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  5% l e v e l  o r  lower .  

I n  t h e  s p e c i f i c a t i o n  o f  t h i s  equat ion,  t h e  dependent v a r i a b l e ,  new 

c a r  r e g i s t r a t i o n s ,  i s  e x p r e s s e d  r e l a t i v e  t o  t h e  stock o f  cars  t h a t  

would e x i s t  a t  t h e  end o f  t h e  y e a r  i f  no new c a r s  were  s o l d  d u r i n g  

t h e  y e a r .  Thus, t h e  s a l e  o f  new c a r s  i s  f o r m u l a t e d  as a  " r a t e "  

r e l a t i v e  t o  t h e  s tock  t h a t  i t  i s  augmenting. 

The f i r s t  e x p l a n a t o r y  v a r i a b l e  encountered i n  t h e  equa t i on  i s  t h e  

d e s i r e d  s tock  r e l a t i v e  t o  t h e  a c t u a l  s t o c k ,  l e s s  sc rappage .  S i n c e  

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

assumes t h e  new c a r  s a l e s  r a t e  t o  be  a  f u n c t i o n  o f  t h e  d i f f e r e n c e  

between t h e  d e s i r e d  and a c t u a l  s t o c k .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  

convent iona l  s tock  adjustment  approach, as d iscussed i n  Sec t i on  2.2. 

The second e x p l  a n a t o r y  v a r i a b l e  i s  r e a l  d i sposab le  income d i v i d e d  

by r e a l  permanent income. T h i s  v a r i a b l e  r e p r e s e n t s  t h e  l o g a r i t h m i c  

measure  o f  t r a n s i t o r y  income. I f  permanent income i s  i n t e r p r e t e d  as 

a v e r a g e  o r  " e x p e c t e d "  income, t h e n  t r a n s i t o r y  income r e p r e s e n t s  

above- o r  be1 ow-average income. It can be 1  ikened t o  an unforeseen 

w i n d f a l l  g a i n  o r  l o s s .  E m ~ i r i c a l l y ,  du rab le  goods i n  gene ra l  and new 

c a r  s a l e s  i n  p a r t i c u l a r  t e n d  t o  be q u i t e  r e s p o n s i v e  t o  changes i n  

t r a n s i t o r y  income, and t h e  s t r o n g  p o s i t i v e  c o e f f i c i e n t  (6 .04 )  on 

t r a n s i t o r y  income r e f l e c t s  t h i s  r e l a t i o n s h i p .  

The l a s t  behav io ra l  v a r i a b l e  i n  t h e  e q u a t i o n  i s  a  new c a r  p r i c e  

change v a r i a b l e .  T h i s  v a r i a b l e  e n t e r s  t h e  equa t i on  w i t h  t h e  expected 

nega t i ve  s i g n  and i m p l i e s  a  l a r g e  impact  e l a s t i c i t y  o f  a p p r o x i m a t e l y  

-1.30.  The i n t e r p r e t a t i o n  o f  t h i s  r e s u l t  i s  t h a t  when faced  w i t h  

increases i n  new ca r  ~ r i c e s ,  consumers w i l l  p o s t p o n e  b u y i n g  i n  t h e  

s h o r t  t e r m .  I n  s teady -s ta te  t h e  p r i c e  change v a r i a b l e  as w e l l  as t h e  

t r a n s i t o r y  income v a r i a b l e  have no i m p a c t  on a u t o  s a l e s .  Thus, new 



c a r  s a l e s  i n  t h e  1  ong r u n  a re  e s s e n t i a l l y  determined by  movements i n  

t h e  d e s i r e d  s tock .  

The e q u a t i o n  a l s o  c o n t a i n s  a  dummy v a r i a b l e  t o  account  f o r  t h e  

auto  s t r i k e s  i n  1964, 1967, and 1970. 

3 . 4 . 3  T o t a l  A u t o m o b i l e  Scrappage,  A u t o m o b i l e  s c r a p p a g e  i s  

s p e c i f i e d  as f o l l o w s :  

SCMVUA - SCMVAGIV KEND*AY 
~n(opMvuAyEND - 1 + OMvuANJ = A + B1 [1n(oPMvuAYEND -1 + oMvuANR 

PUOLD 
B2 [I n(AVAGEO-20)I + B3 [ln(pSCRAPA\r)~ 

where 

SCMVUA = t o t a l  au to  scrappage 

SCMVAG I V = g i ven  s c r a p p a q e  f o r  c a r s  o v e r  20 y e a r s  

01 d  

0  PMVUAY EN D = year-end s tock  o f  ca rs  i n  o p e r a t i o n  

OMVUANR = new c a r  r e g i s t a t i o n s  

KEND*AY = d e s i r e d  s tock  

AVAGEO- 20 = average age o f  s tock,  v i n tages  0  t h r o u g h  

2  0  

PUOLD = average p r i c e  o f  o l d  ca rs  

PSCRAPAV = scrap me ta l  p r i c e  

NRUT = unemployment r a t e  

VMT/K = r a t i o  o f  v e h i c l e  m i l e s  t r a v e l e d  t o  c a r s  

i n  o p e r a t i o n  a t  midyear 

T a b l e  3 - 1 0  c o n t a i n s  a  c o m p a r i s o n  o f  t h e  Whar ton  EFA and HSRI 

c o e f f i c i e n t  e s t i m a t e s  and summary s t a t i s t i c s .  F o r  t h i s  e q u a t i o n ,  

d i f f e r e n c e s  e x i s t  between t h e  two s e t s  o f  es t imates .  The d i f f e r e n c e s  

g e n e r a l l y  o c c u r  i n  t h e  second d e c i m a l  p l a c e  a n d  c o r r e s p o n d  t o  

v a r i a t i o n s  o f  1%-3%. Wharton EFA s t a f f  members were c o n s u l t e d  i n  an 

a t t e m p t  t o  u n d e r s t a n d  t h e  cause  o f  t h e s e  d i f f e r e n c e s ,  a n d  t h e y  
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offered  the  f o l  lowinq two explanat ions  as the l ike ly  causes of the 

differences: 

1 .  The a v e r a a e  age of s t o c k  data  had probably been 
revised  between the  time of model e s t i m a t i o n  and 

delivery of the data taue t o  TSC. 

2 .  The Almon 1 ag p r o c e d u r e  used i n  e s t i m a t i n q  t h e  

scrappage equation was revised  s l i g h t l y  by Wharton 

€FA in the course of the model buildinq ac t iv i ty  ( 8 ) .  

Both s e t s  of summary s t a t i s t i c s  i n d i c a t e  that  the equation f i t s  

t h e  da ta  with reasonable p r e c i s i o n ,  with t h e  s t a n d a r d  e r r o r  of 

e s t ima te  (SEE) implying a 4.72% within-sample prediction er ror .  The 

standard errors  of the estimated coefficients  show that  a l l  es t imated  

coefficients  are s t a t i s t i c a l l y  s ignif icant  a t  the 5% level or lower. 

The scrappage equation was reconstructed by HSRI s t a f f  using t h e  

Almon lag  procedure, with t h r e e  c o e f f i c i e n t s  of the VMTIK variable 

s p e c i f i e d  t o  l i e  on a second degree polynomial and w i t h  a z e r o  

res t r ic t ion  on the f a r  end point. 

The s p e c i f i c a t i o n  of the  scrappage equation i s  as follows. The 

dependent variable, scrappage less  given scrappage (cars  twenty years  

of age and o l d e r - - s e e  S e c t i o n  2.3.8.1 f o r  a d iscuss ion of the  

calculation of given scrappage), i s  expressed as a r a t e  r e l a t i v e  t o  

the  stock of c a r s  tha t  would exis t  a t  the end of the year i f  no cars 

were scrapped during the year. Scrappage i s  thus formulated r e l a t i v e  

t o  the stock i t  i s  decreasing. 

The r a t i o n a l e  behind the explanatory variables in the equation i s  

as follows. F i r s t ,  scrappage i s  estimated t o  depend inversely on t h e  

des i red  s tock ,  which i s  what one would expect a pr ior i .  An increase 
in the desired s tock ,  o ther  th ings  beinq equal ,  reduces scrappage 

since consumers want to hold more cars in the stock. 

The average age of the stock has a positive influence on scrappage 
as  i t  s h o u l d ;  t h a t  i s ,  as c a r s  become o lde r  t h e r e  i s  a g r e a t e r  
tendency for  them to  be re t i red  from the f l e e t ,  

The p r i c e  of old c a r s  r e l a t i v e  t o  the  scrap metal price reduces 

scrappage. As the price of used cars increases, holding scrap  metal 



pr ices  constant, i t  becomes financi a1 ly more a t t rac t ive  t o  repair and 

then se l l  an older used car rather than scrap i t .  Hence the negative 

sign on the coefficient (B3) in the equation. 

The unemnloyment r a t e  has t h e  expec ted  n e g a t i v e  impact  o n  
s c r a p p a g e .  As unemployment i n c r e a s e s  i t  c r e a t e s  f i n a n c i a l  

uncertainty among consumers (e.g., los ing a  j o b  or f e a r  of los ing a  

j o b )  a n d  lowers scrappage, s ince  people will generally maintain and 
repair the i r  older used cars rather than trade them in t o  be scrapped 

when buying a  "newer" used car. 

Changes i n  v e h i c l e  mi les  t r ave led  per auto a re  est imated t o  
s t r o n g l , ~  a f f e c t  scrappage. Increasing u t i  1 i z a t i on  of the  s tock,  
holding d u r a b i l i t y  cons tan t ,  implies increased scrappage as cars 

"wear out" fas te r  than normal. The Almon lag structure ind ica tes  t h e  

effects  are largest  with a  one- and two-year lag. 

3.4.4 Average Wholesale Pr ice  For Used Cars. The equation f o r  

the average wholesale price of used cars i s  

ln(PUSEDW) = A + B [ ~ ~ ( P u S E D R ) ]  

where 
PUSEDW = Automotive News average wholesale used car 

~r  i  ce 

PUSEDR = aqe and c l a s s -we igh t ed  average used car 

price, computed b y  Wharton EFA 

Table 3-1 1 contains a  comparison of the Wharton E F A  and HSRI resul ts .  

Excellent agreement exists  between the two se ts  of r e s u l t s  with only 

minor differences in the third or fourth decimal place. 

The summary s t a t i s t i c s  are reasonable with t h e  standard e r r o r  of 

es t  irnate indicating an averaqe percent age error of 3.74% 

The bas ic  purpose of t h i s  s imp le  equa t i on  i s  t o  r e l a t e  t h e  

Automotive News average wholesale used car p r ice  t o  Wharton EFA's 

vintage-weighted average used car price series.  The es t imate  of B1, 

1.047, i s  not s i g n i f i c a n t l y  d i f f e r e n t  from one t h a t  ind ica tes  an 
exact proportional re1 ationshi P between the  t w o  measures of average 
used c a r  p r i c e .  Wharton E F A  a u t h o r s  no t e  t h a t  t h i s  c l o s e  





r e 1  a t i o n s h i p  i s  an e n c o u r a g i n q  r e s u l t  f o r  t h e  m e t h o d o l o g y  t h e y  

employed i n  c o n s t r u c t i n g  t h e i r  average t r a d e d  used car  p r i c e  s e r i e s .  

3.4.5 Used Car P r i c e  R e l a t i v e  t o  New Car P r i c e  by  Market  Class. 

Subcompact. The equa t i on  f o r  t h e  p r i c e  o f  a one-year-o ld subcompact  

r e 1  a t i v e  t o  a new subcompact i s  

PURMVUA 
B4 [I n(OMVUANR)] + B5 [ b l  n (PNEWST)] (DUM69.74) 

where 

PU/NST 

PURMVUA 

OMVUANR 

A 

PNEWST 

p r i c e  o f  a one-,year-old subcompact over 

new ca r  p r i c e  o f  a subcompact 

dummy v a r i a b l e ,  e q u a l  t o  1 i n  1963-65, 

ze ro  o the rw ise  

dummy v a r i a b l e ,  e q u a l  t o  1 i n  1967-68, 

ze ro  o the rw ise  

dummy v a r i a b l e ,  e q u a l  t o  1 i n  1969-74, 

ze ro  o the rw ise  

number of used ca r  purchases 

number o f  new ca r  r e g i s t r a t i o n s  

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

purchase p r i c e  o f  a new subcompact 

Compact. The e q u a t i o n  f o r  t h e  p r i c e  o f  a one-year -o ld  compact 

ca r  r e l a t i v e  t o  a new compact ca r  i s  

PURMVUA PU/NCT ) = A t B~ (DUM67 -68)  + B2 [I n ( r n ) ]  
ln(l - PU/NCT 



where 
PU/NCT = p r i c e  o f  a  o n e - y e a r - o l d  compact  o v e r  

p r i c e  of a  new compact 

SHRCTNR = s h a r e  o f  new c a r  r e g i s t r a t i o n s  f o r  

compacts 

PNEWCT = new compact purchase p r i c e  

M i d - S i z e .  The e q u a t i o n  f o r  t h e  p r i c e  o f  a  one-year-o ld m id -s i ze  

c a r  r e l a t i v e  t o  a  new m id -s i ze  c a r  i s  

URMVUA I n ( - )  ' A + B1 (DUN61 ) t B2 (DUN681 + B3 [I ncMvuANR)~ 
SHRMDNR 

+ B~ [A~~(PNEWMD)I + g5 [ln(sHRMDIR-l)~ 

where 

PUINMD = p r i c e  o f  a  o n e - y e a r - o l d  m i d - s i z e  c a r  

over  p r i c e  o f  a  new m id -s i ze  c a r  

DUM6 1  = dummy v a r i a b l e ,  e q u a l  t o  1  i n  1961, 

ze ro  o the rw ise  

DUM68 = dummy v a r i a b l e ,  e q u a l  t o  1  i n  1968, 

zero  o the rw ise  

SHRMDNR = s h a r e  o f  new c a r  r e g i s t r a t i o n s  f o r  

m id -s i ze  ca rs  

PNEWMD = new m id -s i ze  c a r  purchase p r i c e  

Full-Size. T h e  e q u a t i o n  f o r  t h e  p r i c e  o f  a  o n e - y e a r - o l d  

f u l l - s i z e  c a r  r e l a t i v e  t o  a  new f u l l - s i z e  c a r  i s  

PURMVUA 
t B4 (DUM70) + B5 [ ~ n ( ~ ) ]  + B6 [ A ~ ~ ( P N E W F D ) I  



where 

PUINFD = p r i c e  o f  a  o n e - y e a r - o l d  f u l l - s i z e  c a r  

o v e r  p r i c e  o f  a  new f u l l - s i z e  c a r  

DUM59 = dummy v a r i a b ' l e ,  e q u a l  t o  1  i n  1959,  

z e r o  o t h e r w i s e  

DUM64 = dummy v a r i a b l e ,  e q u a l  t o  1  i n  1964,  

z e r o  o t h e r w i s e  

DUM65.66 = dumm,y  v a r i a b l e ,  e q u a l  t o  1  i n  

1965-1966, z e r o  o t h e r w i s e  

DUM70 = dummy v a r i a b l e ,  e q u a l  t o  1  i n  1970 ,  

z e r o  o t h e r w i s e  

PNEWFD = purchase  p r i c e  o f  a  new f u l l - s i z e  c a r  

Luxury. The e q u a t i o n  f o r  t h e  p r i c e  o f  a  o n e - y e a r - o l d  l u x u r y  c a r  

r e 1  a t i v e  t o  a  new l u x u r y  c a r  i s  

PURMVUA 
PU/NLT ) = A t B1 (DUM67) + B2 (DUM72) + B3 [1n(-)I (I - PU/NLT 

PU/NLT = p r i c e  o f  a  one-year -o ld  l u x u r y  c a r  o v e r  

p r i c e  of a  new 1 u x u r y  c a r  

DUM67 = dummy v a r i a b l e ,  e q u a l  t o  1  i n  1967,  

z e r o  o t h e r w i s e  

DUM72 = dummy v a r i a b l e ,  e q u a l  t o  1 i n  1972 ,  

z e r o  o t h e r w i s e  

PNEWLT = purchase  p r i c e  o f  a  new l u x u r y  c a r  

T a b l e s  3 - 1 2  t o  3 -16  c o n t a i n  t h e  W h a r t o n  EFA and H S R I  c o e f f i c i e n t  

e s t i m a t e s  and summary s t a t i s t i c s .  I n  a l l  cases t h e r e  i s  e x c e l l e n t  

agreement between t h e  two s e t s  o f  es t ima tes .  The summary s t a t i s t i c s  

a l l  appear t o  be reasonab le ,  w i t h  each e q u a t i o n  f i t t i n g  t h e  d a t a  w e l l .  

The s p e c i f i c a t i o n  o f  a l l  f i v e  used c a r  p r i c e - r e l a t i v e  e q u a t i o n s  i s  

s i m i  1  a r ,  and  t h e r e f o r e  t h e  e q u a t i o n s  can be c o n s i d e r e d  t o g e t h e r  as a  
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complete u n i t .  

Used c a r  s a l e s  r e l a t i v e  t o  new c a r  s a l e s  e n t e r  each equa t i on  w i t h  

a  p o s i t i v e  s iqn .  T h i s  i n d i c a t e s  t h a t  i f  t h e  demand f o r  used  c a r s  

r e 1  a t i v e  t o  new c a r s  i n c r e a s e s ,  used  c a r  p r i c e s  have a  tendency t o  

i nc rease  r e l a t i v e  t o  new ca r  p r i c e s .  T h i s  r e s u l t  i s  s e n s i b l e  and i s  

c o n s i s t e n t  w i t h  conven t i ona l  economic theo ry .  However, t h e  equat ions  

n e g l e c t  t o  i n c l u d e  one aspect  of supp ly - - t ha t  i s ,  t h e  a v a i l  a b i  1  i t y  o f  

o n e - y e a r - 0 1  d  c a r s .  A s u p p l y  v a r i a b l e  seems e s s e n t i  a1 i n  de te rm in ing  

used ca r  p r i c e s .  

A second  i n f  1  uence comes f r o m  t h e  new c a r  p r i c e  f o r  each market  

c l a s s .  I n c r e a s i n g  new ca r  ~ r i c e s  w o u l d  l o w e r  t h e  used  c a r l n e w  c a r  

p r i c e  r a t i o  un less  s u f f i c i e n t  new ca r  purchasers were d r i v e n  i n t o  t h e  

used c a r  m a r k e t  t o  i n d u c e  a  l a r g e r  p e r c e n t a g e  change i n  u s e d - c a r  

p r i c e s .  I n  t h e  case  o f  subcompacts and compacts, t h e  p o s i t i v e  s i g n  

o f  t h e  new ca r  p r i c e  v a r i a b l e  i n  each e q u a t i o n  i n d i c a t e s  t h a t  some 

p o t e n t i  a1 new c a r  buyers t u r n e d  t o  t h e  used c a r  market .  T h i s  i m p l i e s  

buyers o f  l a r g e  c a r s  are  l e s s  s e n s i t i v e  t o  p r i c e  i nc reases  t h a n  s m a l l  

ca rs  buyers, a  reasonab le  r e s u l t .  

F i n a l l y ,  a  t h i r d  e f f e c t  i s  es t ima ted  f o r  t h e  compact and m i d - s i z e  

c a r  equat ions ,  If t h e  share of new c a r  s a l e s  i nc reases  i n  t h e  m a r k e t  

c l a s s  o f  compacts ,  o r  m i d - s i z e  c a r s ,  t h e  used  c a r  p r i c e  f o r  t h a t  

c l a s s  a l s o  tends t o  r i s e .  

T h e r e  a r e  a l s o  numerous dummy v a r i a b l e s  i n  t h e  equat ions .  These 

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

d a t a  f o r  s e l e c t e d  y e a r s .  The dummy v a r i a b l e s  f o r  s i n g l e  y e a r s  

(DUM64, DUM65, e t c . )  s e r v e  t o  d e l e t e  t h o s e  y e a r s  f r o m  t h e  t i m e  

s e r i e s .  These dumm,y v a r i a b l e s  b i a s  t h e  s t a t i s t i c s  generated i n  t h e  

r e g r e s s i o n .  I f  t h e s e  dummy v a r i a b l e s  a r e  r e m o v e d  f r o m  t h e  

reg ress ion ,  t h e  f o l  l o w i n q  r e s u l t s  a re  produced: 

a) I n  t h e  p r i c e  o f  one-year -o ld  compact t o  a  new compact  

e q u a t i o n ,  t h e  R2 s t a t i s t i c s  drops t o  .47 and t h e  SEE 

a lmost  doubles t o  .21. 

b )  I n  t h e  p r i c e  o f  a  one-year -o ld  m id -s i ze  ca r  t o  a  new 

m id -s i ze  c a r  equat ion ,  t h e  n 2  s t a t i s t i c  f a 1  1s t o  .06.  



T h i s  i m p l i e s  t h a t  t h e  equat ion  i s  a  ve ry  poor f i t  f o r  

t h e  1958- 1974 per iod .  

c )  I n  t h e  p r i c e  o f  a  o n e - y e a r - o l d  l u x u r y  c a r  t o  a  new 

l u x u r y  c a r  e q u a t i o n ,  R2 d r o p s  t o  . 5 2  a n d  t h e  SEE 

increases by  a  t h i r d  t o  1.070. 

These r e v i s e d  r e s u l t s  i n d i c a t e  t h a t  t h e  p r i c e - r e 1  a t i v e  e q u a t i o n s  

f i t  t h e  d a t a  o v e r  t h e  chosen f i t  p e r i o d  r a t h e r  poor ly ,  and t h e y  a re  

l i k e l y  t o  be poor as p r e d i c t o r s  o f  used c a r  p r i c e s .  

The comments made p r e v i o u s l y  w i t h  rega rd  t o  dummy v a r i a b l e s  t h a t  

i s o l a t e  one y e a r  ( i n  t h e  s e c t i o n  on t h e  e x p e n d i t u r e s  f o r  o p t i o n s  

i n s t a l  1  ed e q u a t i o n s )  a l s o  app ly  here. E l i m i n a t i n g  t h e  problem years  

as w e l l  as t h e i r  corresponding dumnies f r o m  t h e  e q u a t i o n  r e s u l t s  i n  

t h e  same c o e f f i c i e n t s  b u t  reduced ?i2. 

3.5 Ac tua l  Stock Equations - Block F  

The o n l y  s t a t i s t i c a l l y  d e r i v e d  equat ions i n  Block F are  t h e  f i v e  

new ca r  market  share equat ions b y  s i z e  c l a s s  t h a t  a re  d iscussed here. 

The Wharton EFA a u t o  model  c o n t a i n s  f i v e  equat ions t h a t  e x p l a i n  

new c a r  r e g i s t r a t i o n s  s h a r e s  b y  m a r k e t  c l a s s .  The  f i v e  m a r k e t  

c l  asses a re :  combined subcompact  and compact, subcompact share o f  

combined subcompact and compact, mid-s ize,  f u l l - s i z e ,  and 1  u x u r y .  The 

general  fo rm o f  each equat ion  i s  as f o l l o w s :  

SHRX*A ) , A , [In(l TMXXK-SC ) 
n(l ?H!;&?) = [In(, - SHRX*A - TMXXK-SC 

where 

SHRXXNR = s h a r e  o f  new c a r  r e g i s t r a t i o n s ,  b y  

market c l a s s  XX 

SHRX*A = des i red  stock share, by  market c l a s s  X 

TMXXK-SC = s h a r e  ( f r a c t i o n )  o f  s t o c k  a f t e r  

s c r a p p a g e ,  b y  m a r k e t  c l a s s ;  s h a r e s  

ad jus ted  t o  sum t o  one 

T a b l e s  3-17 t o  3-21 c o n t a i n  comparisons o f  t h e  Wharton EFA and HSRI 













es t ima tes  of t h e  c o e f f i c i e n t s  and summary s t a t i s t i c s  of the market 
segment equations. In a l l  f i v e  equations d i f f e r e n c e s  e x i s t  between 
t h e  two s e t s  of e s t i m a t e s .  In four  of t h e  segments (combined 
subcompact and compact, mid-size, and f u l l - s i z e )  t h e  d i f f e r e n c e s  a r e  
re1 a t i v e l y  minor, g e n e r a l l y  occurr ing  in t h e  t h i r d  decimal place. 
However, i n  t h e  1uxur.y s h a r e  e q u a t i o n ,  t h e  d i f f e r e n c e s  a r e  
s u b s t a n t i a l .  For example, HSRI s t a f f  estimate a  standard er ror  of 
estimate fo r  the equation t h a t  i s  approximately f i v e  times g r e a t e r  
than the  Wharton E F A  e s t i m a t e  of t h e  s tandard  e r r o r .  In the same 

l igh t ,  the HSRI value of K2 i s  e s s e n t i a l l y  four  percentaqe po in t s  
lower  than  t h e  Wharton EFA value of R 2 .  When asked about t h e s e  
d i s c r e p a n c i e s ,  t h e  Wharton E F A  a u t h o r s '  on ly  r e s p o n s e  was t h a t  
perhaps the  equation was f i t t e d  over a  d i f f e r e n t  time period from 
that  r epor ted  in t h e  t e x t  (1954-1974). However, HSRI s t a f f  have 
t r i e d  var ious  o the r  plausible f i t  periods (e.g. ,  1958-1974) and have 
not been able t o  r e p l i c a t e  t h e  Wharton EFA r e s u l t s  f o r  t h e  luxury 

share equation. 
In genera l ,  both s e t s  of summary s t a t i s t i c s  show tha t  a l l  f ive  

market share eauations f i t  t h e  sample da ta  q u i t e  well with between 

93% and 99% of the variance in the dependent variable being explained 
in any given equat ion .  The t - r a t i o s  i n d i c a t e  t h a t  t h e  es t imated  

c o e f f i c i e n t s  on a l l  of the actual-stock-minus-desired-stock variables 
are highly s i g n i f i c a n t ,  which i n d i c a t e s  t h a t  t h e  stock adjustment 
approach employed i s  success fu l  in terms of f i t t i n g  the h is tor ica l  

data. 
The r a t i o n a l e  behind the new car regis t ra t ions  shares equations i s  

qui te  simple. As the model authors note,  s a l e s  b,y market c l a s s  a r e  
assumed t o  respond d i r e c t l y  t o  changes in desired stock shares at a  
r a t e  proportional t o  the diverqence between actual and desired stock. 

The market sha re  equat ions  a re  formulated using the logi t  model. 
Each market share variable i s  expressed in "odds" form. For example, 
t h e  f u l l - s i z e  market share variable actual ly apDears in the equation 
as: 

F u l l  -Size Market Share 
ln(l - Full-Size Market Share 



The l o g i t  model approach has the  advantage of constraining each 

predicted market share t o  l i e  between zero and one, as of course i t  
l o g i c a l l y  should. However, the  l o g i t  model does n o t  eliminate the 
problem of the shares addinq up t o  more than one. In f a c t  w i t h  f i v e  
market c l a s s e s ,  t he  l o g i t  model only constrains the f ive  shares to  

add up  to  less than 5.0. Thus, ex post normalization of t he  shares  
i s  required in the  model program, and t he  procedure fo r  doing t h i s  
has been discussed i n  Section 2.3.8.3. 

The dependent va r i ab l e  in each equation i s  the difference between 
the new car sales share and the desired stock share .  This approach 
cons t ra ins  the  coef f i c ien t  of the desired stock share variable t o  be 
one, since i n  equilibrium the new car sales share equals t he  des i red 
stock share. 

Each market  s h a r e  e q u a t i o n  c o n t a i n s  the  conventional stock 
adjustment expression of desired-stock-mi nus-actual -s tock,  a1 t h o u g h  

t h e  v a r i a b l e s  a re  a c tua l l y  expressed in the  l o g i t  format ( i . e . ,  

"odds" form) and the order i s  reversed. Therefore,  a negat ive  s ign 
on t h i s  variable ( the  estimate of B) i s  expected in each equation, as 
indeed the estimate resul ts  indicate. 

As the  Wharton E F A  model authors s t a t e ,  i f  the  shares of stock 
less  scrappage are held constant, the i n i t i a l  ( f i r s t  yea r )  response 
t o  a change in the  desired share i s  greater than one for  each market 
class.  A 1% increase in the desired share of each class i s  est imated 
t o  inc rease  the  small new car  s a l e s  share  by 1.4%, the subcompact 

share of small new car sales by 1.7%, the mid-size share by 1 .9%,  t he  
f u l l - s i z e  share by 1.8%, and the luxuryshare by 1.7%. Note that  for  
the small inc rease  considered,  t he  model authors assume t h a t  t he  
e l a s t i c i t i e s  a re  equal t o  t he  coefficients .  In general t h i s  i s  n o t  

the case, since the equations are specified i n  the logi t  format. The 
dynamic p rope r t i e s  of the market share equations will be analyzed in 
detai l  i n  the submodel and f u l l  model evaluat ion sec t ions  of t h i s  
report.  



3.6 Summary of Equation Reconstruction 
In terms of r e p l i c a t i n g  t h e  key time s e r i e s  e q u a t i o n s  of t h e  

model ,  t h e  r e s u l t s  were mixed. Some e q u a t i o n s  were e x a c t l y  
reproduced, some were c l o s e l y  reproduced, and some were p o o r l y  
r ep roduced .  "Closely reproduced" means t h a t  the  HSRI-estimated 
coefficients  are no more than 2% or 3% different  from the Wharton E F A  

c o e f f i c i e n t s .  "Poorly reproduced" means that  there i s  a  greater than 
3% difference or a  difference i n  signs. 

Some of the  e x a c t l y  reproduced equations include those predicting 
new c a r  r e g i s t r a t i o n s ,  veh ic le  miles t r a v e l e d ,  f o r e i g n  c a r  base  
purchase p r i c e  excluding options for  subcompact, compact, and luxury 
classes, expenditures fo r  options ins ta l led  fo r  a l l  s i ze  c l a s s e s ,  and 
re la t ive  price of one-year-old cars t o  new cars for  a l l  classes. 

Those equations tha t  were c l o s e l y  reproduced inc lude  t o t a l  auto  

scrappage,  and new c a r  market sha res  f o r  a l l  b u t  t he  luxury s ize  
class.  

Some of the  poorly reproduced equat ions  a r e  the  new car market 
share fo r  the l u x u r y  s i ze  c lass ,  the domestic new ca r  market sha res  

f o r  subcompact, compact, and luxury c l a s s e s ,  t h e  average domestic 
base purchase p r i c e  excluding opt ions  f o r  a l l  c l a s s e s ,  and t h e  
averaqe domestic price for  a l l  options, for  a l l  classes.  

With respect t o  the cross-section equations, i t  was found t h a t  t h e  

c ross - sec t ion  data  t ape  was very d i f f i c u l t  to  work with. After an 
attempt was made t o  repl ica te  these equations, i t  was found t h a t  t h i s  
was impossible t o  do within the constraints  of the project.  

These general  r e s u l t s  of equation recons t ruc t ion  s u g g e s t  t h e  

following summary points: 
1 .  The documentation concerning t h e  da ta  used in 

estimating the equat ions i s  o f t en  q u i t e  l i m i t e d  
and d i f f i c u l t  t o  understand. This i s  par t icular ly  
t rue  fo r  the cross-section data. 

2. The re  a p p e a r s  t o  be c a r e l e s s n e s s  on Wharton 
EFA's p a r t  i n  m a i n t a i n i n g  a  o n e - t o - o n e  
correspondence  between t h e  d a t a  s e r i e s  on the 



d a t a  t a p e  d e l i v e r e d  t o  TSC and t h e  d a t a  s e r i e s  

used i n  a c t u a l l y  e s t i m a t i n g  t h e  t i m e  s e r i e s  

e q u a t i o n s  of t h e  m o d e l ,  Indeed,  t h e  HSRI r e s u l t s  

suggest t h a t  i t  i s  h i g h l y  l i k e l y  t h a t  s e v e r a l  o f  t h e  

s e r i e s  on t h e  d a t a  t a p e  a re  n o t  t h e  ones used i n  t h e  

ac tua l  e s t i m a t i o n  o f  t h e  model .  G i v e n  t h e  f a c t  t h a t  

d a t a  s e r i e s  are  o f ten  r e v i s e d  as a  m a t t e r  o f  r o u t i n e ,  

t h e  q u e s t i o n  a r i s e s  as t o  w h a t  v e r s i o n  o f  t h e s e  

s e r i e s  was used i n  e s t i m a t i n g  t h e  model. I f  i t  was 

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

s e r i e s ,  t h e n  t h e  a p p r o p r i a t e  equat ion  c l e a r l y  shou ld  

be r e f i t t e d  w i t h  t h e  more r e c e n t  v e r s i o n  o f  t h e  d a t a  

s e r i e s .  T h i s  i s  a  f a i r l y  s imple  task  t o  per form and 

i t  d e f i n i t e l y  shou ld  have been done b y  Wharton EFA i f  

t h e  s e r i e s  had been rev i sed .  

3. E r r o r s  may have been made on t h e  p a r t  o f  Wharton 

EFA i n  t h e  e s t i m a t i o n  of s e v e r a l  t i m e  s e r i e s  

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

p o o r l y  reproduced ca teqory )  . 
The s p e c i f i c a t i o n  o f  t h e  i n d i v i d u a l  e q u a t i o n s  o f  t h e  model  was 

a l s o  d i s c u s s e d  i n  t h i s  sec t i on .  The f o l l o w i n g  a re  summary p o i n t s  on 

t h e  s p e c i f i c a t i o n  o f  t h e  model: 

1. T h e  m o d e l  c o v e r s  a  s u b s t a n t i a l  amoun t  o f  new 

t e r r i t o r y  compared t o  p r e v i o u s  work on a u t o m o b i l e  

demand mode l i nq .  The model r e p r e s e n t s  t h e  h ighest  

s t a t e  o f  t h e  a r t  f r o m  t h e  p e r s p e c t i v e  o f  d e g r e e  

o f  c o v e r a g e  o f  t h e  a u t o m o b i l e  m a r k e t .  I n  f a c t ,  

t h e r e  a re  o n l y  two  e q u a t i o n s  i n  t h e  model ,  new c a r  

s a l e s  and VMT, f o r  w h i c h  t h e r e  i s  any  s i g n i f i c a n t  

amount o f  p r i o r  p u b l i s h e d  work. The s p e c i f i c a t i o n  o f  

new c a r  s a l e s  as  a  s t o c k  a d j u s t m e n t  p r o c e s s  i s  

c o n s i s t e n t  w i t h  p r e v i o u s  s t u d i e s  o f  a u t o  demand. 

However, t h e  VMT e q u a t i o n  i s  q u i t e  p e c u l i a r  i n  t h a t  

permanent income appears as an i n d e p e n d e n t  v a r i  a b l e  



w i t h  a  n e g a t i v e  s i g n ,  and an income d i s t r i b u t i o n  

v a r i a b l e  a p p e a r s  w i t h  a p o s i t i v e  s i g n  i n  t h e  

e q u a t i o n .  If o n e  w e r e  t o  a rgue  t h a t  t h e  income 

d i s t r i b u t i o n  v a r i a b l e  b e l o n g s  i n  t h e  e q u a t i o n  t o  

c a p t u r e  an income s a t u r a t i o n  e f f e c t  on auto t r a v e l ,  

then one wou ld  e x p e c t  a  p o s i t i v e  s i g n  on permanent  

income and a  nega t i ve  s i g n  on t h e  income d i s t r i b u t i o n  

v a r i a b l e ,  t h e  o p p o s i t e  o f  what  o c c u r s .  Because o f  

t h i s  p e r v e r s e  s i g n  p a t t e r n ,  t h e  HSRI authors have 

s e r i o u s  d o u b t s  a s  t o  t h e  v a l i d i t y  o f  t h e  

s p e c i f i c a t i o n  o f  t h e  VMT equat ion.  

2 .  The r e s t  o f  t h e  equat ions o f  t h e  model have 1  i t t l e  o r  

no p r e c e d e n t  on w h i c h  t o  base an e v a l u a t i o n  o f  t h e i r  

s p e c i f i c a t i o n .  Very l i t t l e  e c o n o m e t r i c  work i n  t h e  

p u b l i c  domain has been done on scrappage,  new c a r  

demand by market segment, d e s i r e d  s t o c k s  and shares ,  

new c a r  p r i c e s  ( b a s e  p r i c e ,  o p t i o n s  p r i c e ,  and 

t r a n s p o r t a t i o n  charges), and t h e  used ca r  market. 

T h e r e f o r e ,  i t  i s  t h e  v i e w  o f  t h e  H S R I  au tho rs  t h a t  t h e  appropr ia te  

i n t e r p r e t a t i o n  o f  t h e  s t r u c t u r e  o f  t h e  model i s  s i m p l y  t h a t  Whar ton 

EFA has Ndiscovered"  a  number o f  hypotheses t h a t  are  a t  l e a s t  b r o a d l y  

c o n s i s t e n t  w i t h  t h e  d a t a .  I n  no c a s e  i s  an e q u a t i o n  d e r i v e d  a  

p r i o r i  f r o m  t h e  t h e o r y ,  and most a r e  j u s t i f i e d  a f t e r  t h e  f a c t .  

Therefore, one can o n l y  s u r m i s e  t h a t  t h e  e q u a t i o n s  were s p e c i f i e d  

u s i n g  h y p o t h e s i  s - s e a r c h i  ng t e c h n i q u e s  ( i  ,e., d a t a  m i n i n g ) .  T h i s  

indeed i s  q u i t e  convent iona l  i n  terms o f  t h e  methodo logy  employed i n  

b u i l d i n g  e c o n o m e t r i c  models t h a t  a re  used f o r  f o r e c a s t i n g  and p o l i c y  

a n a l y s i s .  However, i t  d o e s  h a v e  s e v e r a l  e x t r e m e l y  i m p o r t  a n t  

i m p l i c a t i o n s  i n  terms o f  t h e  " v a l i d i t y "  of t h e  model. 

I t  i s  i m p o r t a n t  t o  r e a l i z e  t h a t  Wharton EFA has n o t  " p r o v e d "  

a n y t h i n g  i n  t h e  d e d u c t i v e  sense o f  t h e  word. R a t h e r ,  t h e y  have 

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

f o r  w h i c h  t h e r e  i s  c l a s s i c a l  s t a t i s t i c a l  support  ( i g n o r i n g  t h e  i ssue  

o f  p r e l i m i n a r y  t e s t  e s t i m a t i o n ) ,  and i n  w h i c h  t h e  s i g n s  o f  t h e  



est imated c o e f f i c i e n t s  are generally consistent w i t h  economic theory 
and other ins t i tu t ional  knowledge. However, i n  many cases t he  data  
may be cons i s t en t  with more than one hypothesis .  In t h i s  case ,  
choosing among various experimental s p e c i f i c a t i o n s  of ten  comes down 

t o  a  v a r i e t y  of personal b iases  and subjective cri teria--best  f i t ,  
e l  a s t i c i t i e s  "look r i g h t , "  agrees  w i t h  p r i o r  e x p e c t a t i o n s  and 
be1 i e f  s ,  agrees with previous work or other evidence (perhaps survey 
d a t a ) ,  postsample fo r eca s t i ng  accu racy  i s  good, w i th in - s amp le  
simulation r e s u l t s  (dynamics and fo recas t ing)  are adequate, and so 
on. Therefore, i t  i s  the view of the HSRI authors t h a t  t he  r e s u l t s  

implied by the  s t r u c t u r e  of t h i s  model ( p a r t i c u l a r l y  the  dynamic 
properties and forecasting behavior) must be i n t e rp r e t ed  w i t h  t hese  
limitations in mind. 





4.0 SUBMODEL EVALUATION 
4.1 Introduction 

The purpose of submodel evaluation i s  t o  analyze the forecasting 
behavior and dynamic p rope r t i e s  of submodels--that i s ,  individual  
equation or groups of interrelated equations--within the fu l l  model. 
This analysis provides insights into the operation of key aspects  of 
t h e  model. An i n t e r r e l a t e d  group of equations i s  one where the  
solution of at  least  one of the equations influences the  so lu t ion  of 
the  other  equat ions .  A n  example i s  the  group comprised of the new 
car sales and scrappage equations. For t h i s  submodel, the  so lu t ion  
of t h e  new c a r  s a l e s  e q u a t i o n  depends o n  the  so lu t ion  of the  
scrappage equation and vice versa; i .e . ,  the two equations are  highly 
simultaneous. 

Analyzing the forecasting behavior of submodel s involves examining 
simulations generated by t he  submodel over a period i n  which the  
actual  values of the submodel variables are known, i .e . ,  a historical  
period,  The examination e s s e n t i  a1 1 y i n v o l v e s  l ook ing  a t  t h e  
d i f fe rence  between the simulated values and the actual values. Based 
on these differences, various s t a t i s t i c s  a re  ca lcu la ted  t o  measure 
f o r e c a s t  e r r o r s .  Also, s ince  t h i s  ' analys is  i s  performed over a 
period i n  which t he  model was c a l i b r a t e d ,  t he  fo r eca s t  e r r o r s  a re  
expected t o  be smaller  than i f  the model were tested outside of the 
f i t  period. Thus, the model i s  analyzed under i t s  "best" performance 
condi t ions .  The version of the  model used i n  t h i s  analysis i s  the 
Wharton EFA auto model that  HSRI obtained from TSC. The coe f f i c i en t s  
est imated by HSRI are  not used here. Use of the HSRI coefficients ,  
however, would make 1 i t t l e  difference i n  the simul ation results .  

The anal ys i  s of the  dynarni c properties of the submodel s involves 
examining the  response of t he  submodel simulations t o  s p e c i f i e d  
changes i n  the independent variables and estimated parameters. Since 
values a re  needed f o r  independent va r iab les  of the  submodel t h a t  



n o r m a l l y  w o u l d  be p r e d i c t e d  i n  t h e  f u l l  model, t h e  dynamic a n a l y s i s  

i s  a l s o  conduc ted  o v e r  a  h i s t o r i c a l  p e r i o d  when t h e  v a l u e s  o f  a l l  

independent  v a r i a b l e s  a r e  known. 

The submodel  e v a l u a t i o n  o f  t h e  Wharton EFA au to  model focuses  

on t h r e e  s e t s  o f  s u b m o d e l s  i n  t h e  m o d e l  c o m p r i s e d  o f  t h e  

f o l l o w i n g  equat ions :  

Set 1  - new c a r  s a l e s ,  s c r a p p a g e ,  VMT p e r  f a m i l y  ( f r o m  

B l o c k  E ) ,  and d e s i r e d  s t o c k  p e r  f a m i l y  ( f r o m  

B lock  0)  

Set  2 - new c a r  m a r k e t  s h a r e s  by  s i z e  c l a s s  ( f r o m  B lock  

F )  and d e s i r e d  shares b y  s i z e  c l a s s  ( f r o m  B l o c k  

D 
Set  3 - c a p i t a l i z e d  c o s t  p e r  m i l e s  v a r i a b l e s  ( f r o m  B lock  

C )  
The f i r s t  t w o  s e t s  o f  submode l s  were chosen because t h e y  c o n t a i n  

t h e  key  equa t i ons  o f  t h e  model. I n  t h e  f i r s t  s e t ,  t h e  r e l a t i o n s h i p s  

o f  t h e  i m p o r t a n t  mode l  o u t p u t s - - a u t o m o b i l e  demand, scrappaqe, and 

t r a v e l  demand--are examined. A l s o  e x a m i n e d  i s  t h e  manner  i n  w h i c h  

t h e  e s t i m a t e  f o r  d e s i r e d  s t o c k  a f f e c t s  t h e  f o r e c a s t i n g  accuracy and 

dynamic  p r o p e r t i e s  o f  t h e s e  m o d e l  o u t p u t s .  T h r o u g h  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 ,  d e s i r e d  s t o c k  i n f l u e n c e s  new c a r  s a l e s  and 

scrappage, wh ich  i n  t u r n  i n f  1 uence VMT. 

The second  s e t  o f  submode l s  exam ines  t h e  new c a r  marke t  segment 

equa t i ons  and how t h e  d e s i r e d  s t o c k  s h a r e  e q u a t i o n s  i n f l u e n c e  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  new c a r  s h a r e  

equat ions .  

F o r  t h e  t h i r d  s e t  o f  submode l s ,  t h e  dynamic  p r o p e r t i e s  o f  t h e  

c a p i t a l i z e d  c o s t  p e r  m i l e  (CPM) e q u a t i o n s  a r e  exam ined  i n  t e r m s  of 

how e a c h  o f  t h e  c o m ~ o n e n t s  o f  t h e s e  e q u a t  i o n s - - p u r c h a s e  p r i c e ,  

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

v a l u e  o f  t h e  CPM v a r i a b l e s  ove r  t ime.  

Note on Computer O p e r a t i o n  i n  Submodel E v a l u a t i o n  

I n  t h i s  s e c t i o n ,  a  b r i e f  e x p l a n a t i o n  i s  p resen ted  on how t h e  HSRI 



' version of the  computer program generates  o u t p u t  f o r  the submodel 

evaluations. A two-step process i s  necessary t o  generate submodel 

evaluat ions .  The f i r s t  steo involves identifying the equations t o  be 

included in a submodel. This i s  achieved by f l agg ing ,  as exogenous 

or endogenous, those equations in the computer program to  be included 
in the submodel. If the equation i s  f lagged as exogenous, then t h e  

e q u a t i o n  i s  ignored  in  a s imu la t i on  of the  model; ins tead the  

dependent variable i s  se t  t o  an exogenous value,  a  value spec i f i ed  

before the  model simulation i s  run. For a simulation run over a 

historical  period, the program automat ical ly  s e t s  t he  value of t he  

dependent va r iab le  t o  i t s  historical  value if no value i s  expl ic i t ly  

specified. If an equation i s  flagged as endogenous, the  equation i s  

solved in the  s imula t ion- - tha t  i s ,  the model generates a prediction 

for  the dependent vari abl e. 

Once t he  behavioral equations in the submodel are identif ied,  the 

second s t ep  in generat ing t he  submodel simulations i s  t o  run the  

model as outlined in Section 2.3.2. 

4 .2  Forecasting Behavior of Submodel s  

This sec t ion  presents  an analys is  of the forecasting behavior of 

the f i r s t  two se ts  of submodels. The ana lys i s  involves generating 

s imulat ions  of the submodels over a historical period when the actual 

values of t he  submodel va r i ab l e s  a r e  k n o w n ,  and comparing t h e  

simulated values t o  the actual values. 

The comoarison i s  examined i n  t h r e e  d i f f e r e n t  ways. The f i r s t  

method i s  t o  p lo t  the  simulated and actual values of a variable of 

the submodel over time on a graph. The second method i s  t o  1 i s t  t h e  

s i m u l a t i o n  and a c t u a l  r e s u l t s  in a t a b l e .  Each t a b l e  has four  

headings labeled ACTUAL, SIMULATION, ERROR,  and % DIFF. E R R O R  r e f e r s  

t o  the  difference between the simul ated and actual values (SIMULATION 

minus ACTUAL), and % DIFF refers  t o  the precentage error w i t h  r e spec t  

t o  the actual value. 
The t h i r d  method i s  t o  examine the  e r r o r  s t a t i s t i c s  associated 

w i t h  the submodel simulation. Three e r r o r  s t a t i s t i c s  a r e  included.  



The f i r s t  i s  the  roo t  mean squared e r r o r  ( R M S E ) ,  which i s  equal to  

the square root of the average of the squared f o r e c a s t i n g  e r r o r s  and 

i s  a  measure of t h e  average y e a r l y  e r r o r s  of the simulated values. 

The second i s  t h e  roo t  mean squared e r r o r  as a percentage of t h e  

average ac tual  values of the  v a r i a b l e  over the  s imula t ion  period 

(lOO*RMSE/MEAN A C T U A L ) .  I t  i s  a  measure of t h e  a v e r a g e  y e a r l y  

percentage e r r o r s  with respect to  the actual values of the simulated 

var iables .  The t h i r d  i s  a  s imulated R *  s t a t i s t i c  (SIML R-SQ), a  

measure of the  p r e d i c t i v e  accuracy of the equation as solved in the 

model simulation. I t s  i n t e r p r e t a t i o n  i s  s i m i l a r  t o  t h a t  of t h e  ~2 

s t a t i s t i c - - w i t h  the exception tha t  the simulated ~2 can have negative 

values tha t  indicate t h a t  the underlying equation i s  very unrel i a b l e .  

A un i t  value of SIML R-SQ i n d i c a t e s  t h a t  the simulation experiment 

generated exact values of t h e  h i s t o r i c a l  da ta .  Negative values of 

SIML R-SQ i n d i c a t e  t h a t  the  underlying equation i s  very unreliable 

(9 )  @ 

Each of t h e  submodel f o r e c a s t i n g  experiments i s  run over the  

h i s t o r i c a l  period 1960 t o  1974. This permits  comparisons among 

var ious  simulations. This historical  period was chosen because i t  i s  

the largest  time period within which most of the model equations were 

es t imated .  Since i t  i s  l i k e l y  t h a t  the  economic and demogra~hic 

conditions under which the model was estimated a re  d i f f e r e n t  o u t s i d e  

of t h e  f i t  period f o r  the model and will change in the future,  these 

simulations may be assumed t o  represent the "best" performance of t h e  

model. 

4.2.1 Forecas t ing  Behavior of Submodel Set  1 - New Car Sales, 

Scrapuaqe, VMT per Family, and D e s i r e d  S t o c k .  Submodel s e t  1 

conta ins  t h r e e  important behavioral equations of the model--new car 

sales,  scrapDage, and VMT per fami ly .  The p r e d i c t i o n s  produced by 
these  equations in f luence  many o the r  predictions of the model (see 

Section 2.3.7 and 2.3.8) .  Therefore ,  t h e  f o r e c a s t i n g  accuracy of 
these  equations i s  c r u c i a l  t o  the  f o r e c a s t i n g  accuracy of a  major 
part of the model and of the model as a  whole. 



To e x a m i n e  t h e  f o r e c a s t i n g  b e h a v i o r  o f  t h e  new c a r  s a l e s ,  

scrappage, and VMT pe r  f a m i l y  equat ions,  t h e  f o l l o w i n g  f i v e  submodel 

exper iments have been fo rmu l  ated. 

1. I n  t h e  f i r s t  e x p e r i m e n t ,  t h e  submodel c o n s i s t i n g  o f  t h e  new car  

sa les  and scrappage equat ions  i s  examined over  t h e  h i s t o r i c a l  p e r i o d  

1960 t o  1974.  I t  was decided t o  examine new c a r  sa les  and scrappage 

t o g e t h e r  i n  t h e  f i r s t  s i m u l a t i o n s  because these t w o  v a r i a b l e s  a r e  so 

c l o s e l y  t i e d  t o g e t h e r - - a 1  t h o u g h  each v a r i a b l e  c o u l d  have been 

s imu la ted  sepa ra te l y .  New c a r  s a l e s  i s  an i m p o r t a n t  v a r i a b l e  i n  t h e  

sc rappage  equat ion,  and scrappage i s  an impor tan t  v a r i a b l e  i n  t h e  new 

ca r  s a l e s  equat ion .  

2.  I n  t h e  second e x p e r i m e n t ,  t h e  submodel c o n s i s t i n g  o f  t h e  s i n g l e  

equa t i on  f o r  VMT pe r  f a m i l y  equa t i on  i s  examined. 

3 .  I n  t h e  t h i r d  e x p e r i m e n t ,  a  s u b m o d e l  t h a t  c o n s i s t s  o f  t h e  

combinat ion o f  t h e  f i r s t  two submodel s  p l u s  a1 1  t h e  i d e n t i  t i e s  t h a t  

l i n k  t h e s e  t w o  submodels  i s  examined.  S i n c e  t h e  f i r s t  and second 

submodels are  r e 1  a ted  t o  one another, f o r e c a s t i n g  e r r o r s  g e n e r a t e d  i n  

one may i n f l u e n c e  t h e  f o r e c a s t i n g  e r r o r s  generated i n  t h e  o ther .  The 

a n a l y s i s  o f  t h e  f o r e c a s t i n g  b e h a v i o r  o f  t h e  t h i r d  submodel  w i l l  

i n d i c a t e  t h e  d e g r e e  o f  t h i s  i n f l u e n c e .  The i d e n t i t i e s  t h a t  l i n k  t h e  

second submodel t o  t h e  f i r s t  one are  t h e  t o t a l  VMT and t h e  r a t i o  o f  

VMT t o  t o t a l  m i d y e a r  s t o c k  equa t i ons .  The i d e n t i t i e s  t h a t  l i n k  t h e  

f i r s t  submodel t o  t h e  second submodel a r e  t h e  sc rappage  a d j u s t m e n t  

f a c t o r  and p r o b a b i l i t y  of s c r a p p a g e  b y  age equat ions  t h a t  comprise 

Wharton EFA's v e h i c l e  s u r v i v a l  model, p l u s  t h e  s t o c k  o f  c a r s  b y  age, 

v i n t a g e - w e i g h t e d  VMT, a n d  v i n t a g e - w e i g h t e d  f l e e t  f u e l  economy 

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

s a l e s ,  s c r a p p a g e ,  and VMT p e r  f a m i l y  e q u a t i o n s  i s  d i s c u s s e d  i n  

Sect ions  2.3.6 and 2.3.7. 

4 .  The  f o u r t h  e x p e r i m e n t  i n v o l v e s  an a n a l y s i s  o f  t h e  submodel 

c o n s i s t i n g  o f  t h e  d e s i r e d  s t o c k  p e r  f a m i l y ,  new c a r  s a l e s ,  a n d  

s c r a p p a g e  equat ions .  Since t h e  new c a r  sa les  and scrapDage equat ions  

a r e  e s s e n t i a l l y  s t o c k  a d j u s t m e n t  e q u a t i o n s ,  t h e  d e s i r e d  s t o c k  

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



e x p e r i m e n t  examines how t h e  es t ima tes  f o r  d e s i r e d  s tock  i n f  1  uence t h e  

f o r e c a s t i n g  accuracy o f  new c a r  s a l e s  and scrappage. 

I t  w o u l d  be  e x p e c t e d  t h a t  t h e  d e s i r e d  s t o c k  pe r  f a m i l y  equa t i on  

shou ld  n o t  i n f l u e n c e  t h e  e r r o r s  g e n e r a t e d  b y  t h e  new-ca r  s a l e s  and 

s c r a p p a g e  equat ions .  T h i s  expec ta t i on ,  t u r n s  o u t  t o  be f a l s e ,  due t o  

t h e  method used i n  gene ra t i ng  t h e  d e s i r e d  s tock  s e r i e s .  

The d e s i r e d  s t o c k  p e r  f a m i l y  equa t i on  was es t ima ted  based on 1972 

c r o s s - s e c t i o n  d a t a  b y  s t a t e .  To e s t i m a t e  t h e  new c a r  s a l e s  a n d  

s c r a p p a g e  e q u a t i o n s ,  e s t i m a t e s  a r e  needed of t h e  va lues  o f  d e s i r e d  

s t o c k  f o r  each h i s t o r i c a l  y e a r  o n  w h i c h  t h e  new c a r  s a l e s  a n d  

s c r a p p a g e  e q u a t i o n s  a r e  f i t t e d .  However,  t h e r e  i s  no h i s t o r i c a l  

s e r i e s  because d e s i r e d  s t o c k  i s  n o t  a  m e a s u r a b l e  v a r i a b l e .  These 

h i s t o r i c a l  v a l u e s  a r e  g e n e r a t e d  b y  s o l v i n g  t h e  d e s i r e d  s t o c k  pe r  

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

v a r i a b l e s  and m u l t i p l y i n g  t h i s  r e s u l t  t imes t h e  h i s t o r i c a l  va lues  o f  

t h e  number o f  U n i t e d  S ta tes  f a m i l i e s .  F o r  example, t h e  1970 e s t i m a t e  

o f  d e s i r e d  s t o c k  i s  e q u a l  t o  t h e  s o l u t i o n  o f  t h e  d e s i r e d  s tock  p e r  

f a m i l y  e q u a t i o n  w i t h  t h e  i n d e p e n d e n t  v a r i a b l e s  s e t  t o  t h e i r  1970 

v a l u e s  t i m e s  t h e  number o f  U n i t e d  S t a t e s  f a m i l i e s  i n  1970.  S ince  

d e s i r e d  s tock  pe r  f a m i l y  i s  n o t  i n f l u e n c e d  i n  any manner b y  new c a r  

s a l e s  and s c r a p p a g e - - i . e . ,  t h e r e  i s  no f e e d b a c k  f r o m  t h e  new c a r  

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

e q u a t i o n s - - t h e  independent  v a r i a b l e s  o f  t h e  d e s i r e d  s tock  pe r  f a m i l y  

equa t i on  a re  s e t  t o  t h e i r  a c t u a l  h i s t o r i c a l  v a l u e s  i n  t h e  submodel 

s i m u l a t i o n .  T h e r e f o r e ,  t h i s  submodel s i m u l a t i o n  shou ld  produce t h e  

" h i s t o r i c a l "  t i m e  s e r i e s  f o r  d e s i r e d  s tock  pe r  f a m i l y .  T h i s  same t i m e  

s e r i e s  was presumably used i n  t h e  f i r s t  submodel exper iment  desc r i bed  

above. 

However, t h e  Whar ton  EFA model au thors  found t h a t  t h e  t r a n s l a t i o n  

o f  d e s i r e d  s tock  t o  a  t i m e  s e r i e s  p roduced  w h a t  t h e y  c o n s i d e r  t o  be  

m i s l e a d i n g  v a l u e s ,  e s p e c i a l l y  d u r i n g  t h e  1950s and e a r l y  1960s. The 

model au thors  argue t h a t  t h i s  problem i s  due t o  t h e  l ow  v a l u e s  o f  t h e  

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

excess o f  $15,000 i n  1970 d o l l a r s )  d u r i n g  t h i s  p e r i o d .  The i ncome 



d i s t r i b u t i o n  va r i ab l e  i s  included i n  t h e  des i red stock per family 
equation t o  model t h e  income s a t u r a t i o n  e f f e c t .  (The income 
sa tu r a t i on  e f f e c t  assumes t h a t  t he  r a t e  at  which families increase 
t he i r  stock of cars decreases as f ami 1 i es become wealthier. ) 

For a h i s t o r i c a l  period i n  which the income distribution variable 
was a t  a low level, a misleading reverse income sa tu r a t i on  e f f e c t  i s  

produced by t he  des i red stock per family equation that  leads t o  too 
h i g h  values of desired stock. To correct  t h i s  problem, t he  Wharton 
E F A  model a u t h o r s  a d j u s t e d  t h e  d e s i r e d  s tock s e r i e s  t o  "more 
reasonable" values, although they never s t a t e  in t h e i r  r epor t  t he  
methodology used i n  the  adjustment process.  They then used the  
adjusted ser ies  t o  estimate the new car sales and scrappage equations. 

The adjusted desired stock series i s  used in the f i r s t  experiment, 
and the unadjusted ser ies  i s  used in the fourth experiment. Comparing 
these  two experiments wi l l  i nd i ca t e  what role of the adjustment t o  

desired stock has on the fo r eca s t i ng  behavior of t he  new car s a l e s  
and scrappage equations. 
5 .  In t he  f i f t h  experiment, the VMT per family equation i s  added to  
the submodel of the fourth experiment. Comparing t h i s  experiment t o  

the  t h i r d  experiment, t he  e f f e c t  of the adjustment t o  desired stock 
on the forecast ing behavior of t he  VMT per family  equation can be 
observed. 

In summary, the  f i v e  experiments performed on submodel s e t  1 
involving historical simulations of submodels f o r  t h e  years 1960 t o  
1974, consist of the following behavioral equations: 

1. New-car sales and scrappage 
2.  VMT per family 

3. New car sales,  scrappage, and VMT per family 
4. New car sales,  scrappage, and desired stock per family 
5 .  New car  sa les ,  scrappage, VMT per family, and desired 

stock per family 

4 . 2 . 1 . 1  R e s u l t s  f o r  Submodel S e t  1 .  The r e s u l t s  of t h e  
experiments t o  examine the forecasting behavior of submodel s one t o  



f i v e  o f  s e t  1  a r e  p resen ted  i n  t h i s  sec t i on .  Tables A-1 t o  A-11, i n  

Append ix  A, show t h e  y e a r l y  e r r o r s  o f  t h e  p r e d i c t i o n s  o f  t h e  

b e h a v i o r a l  e q u a t i o n s  i n  each e x p e r i m e n t .  F i g u r e s  4-1 t o  4-11 a re  

graphs o f  t h e  a c t u a l  and s imu la ted  v a l u e s  o f  i m p o r t a n t  v a r i a b l e s  i n  

each e x p e r i m e n t .  T a b l e s  4-1  t o  4-5 d i s p l a y  t h e  e r r o r  s t a t i s t i c s  

assoc ia ted  w i t h  each experiment. 

1. L o o k i n g  a t  t h e  f i r s t  experiment, one can see t h a t  t h e  f o r e c a s t i n g  

e r r o r s  o f  t h e  new c a r  s a l e s  and s c r a p p a g e  e q u a t i o n s  a r e  g e n e r a l l y  

modest .  F i g u r e s  4-1  and 4-2 show t h a t  t h e  s imu la ted  va lues  f o r  b o t h  

new-car sa les  and scrappage f o l l o w  t rends  i n  t h e  a c t u a l  v a l u e s .  The 

ave rage  y e a r l y  f o r e c a s t  i ng e r r o r  (RMSE) over  t h e  f o r e c a s t i n g  p e r i o d  

1960 t o  1974 i s  r o u g h l y  4 0 0 , 0 0 0  u n i t s ,  o r  6 . 4 %  p e r  y e a r ,  f o r  

sc rappage .  The h i g h  values o f  SIML R-SQ a l s o  c o n f i r m  t h e  accuracy o f  

t h i s  s i m u l a t i o n .  

2. The second submodel e x p e r i m e n t ,  t h e  s i m u l a t i o n  o f  t h e  VMT pe r  

f a m i l y  e q u a t i o n ,  g e n e r a t e s  much s m a l l e r  e r r o r s  t h a n  t h e  f i r s t  

submodel .  P r e d i c t i o n s  o f  t h i s  submodel a re  v e r y  c l o s e  t o  t h e  a c t u a l  

values over t h e  e n t i r e  exper imenta l  per iod ,  w i t h  an a v e r a g e  e r r o r  o f  

1.3% per  year .  

3. Comb in ing  t h e  f i r s t  two submodels, t h e  t h i r d  submodel exper iment  

i n d i c a t e s  t h a t  t h e  new c a r  s a l e s  and sc rappage  p r e d i c t i o n s  h a v e  

a l m o s t  no e f f e c t  on t h e  VMT p e r  f a m i l y  p r e d i c t i o n s .  T h i s  r e s u l t  i s  

expected because t h e  new c a r  sa les  and sc rappage  p r e d i c t i o n s  a f f e c t  

VMT t h r o u g h  t h e i r  impact  on t h e  d i s t r i b u t i o n  o f  s tock  by age t h a t  has 

remained f a i r l y  s t a b l e  over  t ime.  

On t h e  o t h e r  hand, t h e  VMT p e r  f a m i l y  p r e d i c t i o n s  a f f e c t  t h e  new 

ca r  sa les  and scrappage p r e d i c t i o n s .  There i s  a  s i z a b l e  i n c r e a s e  i n  

t h e  sc rappage  s i m u l a t i o n  e r r o r s  f o r  t h e  p e r i o d  1971 t o  1974 over  t h e  

e r r o r s  produced i n  t h e  f i r s t  experiment. Du r ing  t h i s  p e r i o d ,  t h e  VMT 

p e r  f a m i l y  p r e d i c t i o n s  are about 2% lower  than  t h e  a c t u a l  values, and 

t h i s  causes t h e  average e r r o r  i n  t h e  s c r a p p a g e  p r e d i c t i o n s  t o  r i s e  

d u r i n g  t h i s  same p e r i o d  f r o m  a b o u t  3.5% p e r  y e a r  i n  t h e  f i r s t  

exper iment  t o  over  12% per  y e a r  i n  t h e  t h i r d  e x p e r i m e n t .  Over  t h e  

e n t i r e  e x p e r i m e n t a l  p e r i o d ,  t h e  ave rage  e r r o r  i n  t h e  s c r a p p a g e  
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TABLE 4-1 

ERROR STATISTICS 
NEW CAR SALES AND SCRAPPAGE SUBMODEL 

Mean A c t u a l  RMS E 1 OO* RMSE/Mean SIML R-SQ 

New Car Sa les  8.693 0.4047 4.656 ,925 

Scrappage 6.171 0.3954 6.407 ,885 

TABLE 4-2 

ERROR STATISTICS 
VEHICLE MILES TRAVELED PER FAMILY SUBMODEL 

Mean Ac tua l  - RMSE 1 OO* RMSE/Mea n SIML R-SQ 

VMT p e r  Fam i l y  1 2.38 0.1647 1.330 ,983 

TABLE 4-3 

ERROR STATISTICS 
NEW CAR SALES, SCRAPPAGE, AND VMT PER FAMILY SUBMODEL 

Mean Ac tua l  RMS E 1 OO* RMSE/Mean SIML R-SQ 

New Car Sa les  8.693 0.3427 3.942 .946 

Scrappage 6.171 0.5432 8.802 .783 

VMT p e r  Fam i l y  12.38 0.1765 1.426 ,981 



TABLE 4-4 

ERROR STATISTICS 
NEW CAR SALES, SCRAPPAGE, AND DESIRED STOCK PER FAMILY SUBMODEL 

Mean Ac tua l  RMSE 1 OO* RMSEjMean SIML R-SQ 

New Car Sa les  8.693 0.7888 9.074 .713 

Scrappage 6.171 0.9905 16.05 ,278 

Des i red  S tock  
p e r  Fami 1 y 1 . I 9 9  0.051 58 4.303 .424 

TABLE 4-5 

ERROR STATISTICS 
NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER FAMILY, 

AND VMT PER FAMILY SUBMODEL 

Mean Ac tua l  - RMSE 100* RMSEjMean SIML R-SQ 

New Car Sa les  8.693 0.7572 8.710 .736 

Scrappage 6.171 0.7208 11.68 .618 

VMT p e r  Fam i l y  12.38 0.6646 5.366 ,728 

Des i red  S tock  
p e r  Fam i l y  1 . I 9 9  0.051 58 4.303 .424 



predictions r i ses  t o  8.8% per year. 
The new c a r  s a l e s  p r e d i c t i o n s  a r e  a f fec ted  t o  a much l e s s e r  

extent. The average e r r o r  in  t he se  p red ic t ions  a c t u a l l y  f a l l s  t o  
3.9% per year over t h e  experimental period, As in the two previous 
experiments, the trends in t h e  actual  da ta  a r e  well represented in 
the simulations. 
4 .  The f o u r t h  experiment i s  designed t o  examine the  e f f e c t  of 

Wharton E F A  au tho r s '  adjustment t o  t h e  des i red stock s e r i e s .  In 
Table A-8, t h e  A C T U A L  column of the  des i red stock table  l i s t s  the 
Wharton EFA adjusted desired stock ser ies ,  and the  SIMULATION column 
1 i s t s  t he  unadjusted r e s u l t s  t ha t  are produced by the desired stock 
per family equation. The l a r g e s t  adjustments a r e  made during t he  
e a r l y  1960s, when low values of t he  income d i s t r i b u t i o n  var iable  
produce misleading high values of desired stock. During t h i s  per iod,  
t he  des i red stock ser ies  are adjusted downward. However, Wharton EFA 

model authors also made adjustments t o  the se r ies  over t h e  remainder 
of t he  period including 1972, t h e  year f o r  which the desired stock 
per family equation was estimated. No explanation i s  provided in  t h e  

Wharton EFA report about the adjustments over the recent years. 
The unadjusted desired stock ser ies  has a substantial inf luence on 

t h e  new c a r  s a l e s  and scrappage p r ed i c t i ons .  As expected, t h e  
influence i s  greatest  over the early part of the experimental period.  

The average yearly errors fo r  1960 t o  1966 are nearly 10% for  new car 

sales and over 20% fo r  scrappage. The 1 arge overpred ic t ions  of new 
ca r  s a l e s  in these  years  a r e  due t o  t he  f a c t  t h a t  the  unadjusted 
value of desired stock i s  high. During these  years  new ca r  s a l e s  

must be l a rge  enough t o  ad jus t  t he  t o t a l  stock t o  approach desired 

stock. (This i s  the stock adjustment process discussed in Section 
2 . 2 . 1  . )  Simi l a r l y ,  scrappage i s  underpredicted due t o  t he  stock 
adjustment process during t h e  f i r s t  severa l  years .  Over t h e  e n t i r e  

experimental per iod,  1960 t o  1974, the  average yearly error in the 
new car  s a l e s  p r ed i c t i ons  i s  almost 800,000 c a r s ,  or  9%, and t h e  
ave r age  yea r l y  e r r o r  in t h e  scrappage p red ic t ions  i s  almost one 
million cars, or 16%. 



Although t h i s  submodel does produce l a r g e  er rors ,  the trends in 
the actual data are f a i r l y  well predicted. 
5 .  The adjustment made by t h e  model authors  t o  the  desired stock 
ser ies  also has a  sizable in f luence  on t h e  f o r e c a s t i n g  behavior of 
t h e  VMT per fami ly  equat ion .  The r e s u l t s  of the f i f t h  experiment, 
i n d i c a t e  t h a t  t h e  a v e r a g e  y e a r l y  e r r o r  i n  t h e  VMT pe r  f a m i l y  

p r e d i c t i o n s  a r e  almost four times as large as those errors  generated 
in the th i rd  experiment tha t  used the adjusted des i red  stock s e r i e s .  
In a d d i t i o n ,  t h e  VMT pe r  f a m i l y  e q u a t i o n  has produced severe  
overpredictions in each of t h e  f i r s t  ten  years  of t h e  experimental 
per iod ,  1960 t o  1969. The high, unadjusted desired stock values lead 
t o  overestimating sales and underestimating scrappage, and r e s u l t  in 
overpredic t ions  in the to ta l  stock values. Since VMT per family i s  a  
function of t o t a l  s tock ,  t h e  overp red ic t ion  in t o t a l  s tock values 
a l s o  causes overpredict ions in VMT per family. During the  l a s t  f ive  
years  of t h e  experimental per iod ,  1970 t o  1974,  t h e  u n a d j u s t e d  
des i red  stock ser ies  i s  lower than the adjusted desired stock ser ies .  
This causes a  lower p r e d i c t i o n  of t o t a l  s tock as compared t o  t h e  
t h i r d  experiment, and t h e r e f o r e  underpredictions in VMT per family 

resul t .  
The f o r e c a s t i n g  b e h a v i o r  of t h e  VMT per fami ly  equation has 

actually reduced the er rors  in scrappage p r e d i c t i o n s  of t h e  f o u r t h  
experiment. Because VMT per family i s  overpredicted during the early 

years of t h e  experimental pe r iod ,  t h i s  r e p r e s e n t s  an inc rease  in 
d r i v i n g  as  compared t o  t h e  a c t u a l  v a l u e s  used i n  t h e  f o u r t h  
experiment. The inc rease  i n  VMT per fami ly  p roduces  a g r e a t e r  
inc rease  in scrappage than the resul t s  in the fourth experiment. This 
i n t e r a c t i o n  between t h e  VMT per fami ly  and s c r a p p a g e  e q u a t i o n s  
reduced the average yearly forecast  e r ror  of scrappage t o  about 11.5%. 

4.2.1.2 Discussion of Resu l t s .  I t  i s  c l e a r  from t h e  previous 
s e c t i o n  t h a t  the Wharton EFA model authors' adjustment t o  the desired 
stock ser ies  great ly influences the f o r e c a s t i n g  accuracy of t h e  new 
ca r  s a l e s ,  scrappage, and VMT per family predictions. I t  also can be 



c o n c l u d e d  t h a t  s ince  many o f  t h e  p r e d i c t i o n s  i n  Blocks E and F  depend 

on t h e  new c a r  sa les ,  scrappage, and VMT p e r  f a m i l y  p r e d i c t i o n s ,  t h e  

f o r e c a s t i n g  a c c u r a c y  o f  t h e s e  p r e d i c t i o n s  i s  i n f l u e n c e d  also.  I n  

t h i s  sec t i on ,  t h e  i m p l i c a t i o n s  o f  t h e  adjustment t o  t h e  d e s i r e d  s t o c k  

s e r i e s  a r e  examined i n  t e r m s  o f  i t s  v a l i d i t y  and how i t  a f f e c t s  t h e  

use o f  t h e  Wharton EFA auto  model f o r  f o r e c a s t i n g  purposes. 

F i r s t ,  f o r  e x p l a i n i n g  a c c u r a t e l y  t h e  behav ior  o f  new ca r  sa les  and 

sc rappage  i n  t h e  p a s t ,  t h e  a d j u s t m e n t s  t o  d e s i r e d  s t o c k  seem 

r e a s o n a b l e .  Over t h e  h i s t o r i c a l  pe r iod ,  t h e  problems i n  t h e  des i red  

s tock  s e r i e s  may be e x p l o r e d  b y  c o m p a r i n g  t h e  u n a d j u s t e d  s e r i e s  t o  

t o t a l  s t o c k  and o t h e r  v a r i a b l e s ,  and based on t h i s  comparison, i t  i s  

p o s s i b l e  t o  f o r m u l a t e  arguments f o r  a d j u s t i n g  t h e  se r ies .  

On t h e  o t h e r  hand, t o  produce f o r e c a s t s  i n t o  t h e  f u t u r e ,  t h e  model 

r e l i e s  upon t h e  d e s i r e d  s tock  pe r  f a m i l y  equa t ion  t o  g e n e r a t e  f u t u r e  

v a l u e s  o f  d e s i r e d  s t o c k .  Because t h e  f u t u r e  i s  n o t  known, t h e r e  i s  

no b a s i s  f o r  making ex tens i ve  adjustments t o  t h e  f u t u r e  v a l u e s  o f  t h e  

d e s i r e d  s t o c k  s e r i e s .  N e v e r t h e l e s s ,  Wharton EFA authors  d i d  make a  

modest adjustment t o  t h i s  s e r i e s  t o  produce t h e  b a s e l i n e  f o r e c a s t s  i n  

t h e  W h a r t o n  EFA r e p o r t .  T h i s  a d j u s t m e n t  was b a s e d  o n  t h e i r  

adjustment o f  t h e  1974 d e s i r e d  s tock  value. The reason f o r  a d j u s t i n g  

b o t h  t h e  1974 va lue  and f u t u r e  values i s  n o t  exp la ined  i n  t h e  Wharton 

EFA r e p o r t ,  and i t  i s  t o t a l l y  unc lea r  t o  t h e  authors  of t h i s  r e p o r t .  

O f  c o u r s e ,  i t  m i g h t  b e  a rgued  t h a t  i f  t h e  assumpt ions  based on 

1972 da ta  and b u i l t  i n t o  t h e  e q u a t i o n  f o r  d e s i r e d  s t o c k  p e r  f a m i l y  

h o l d  t r u e  f o r  t h e  f u t u r e ,  and i f  t h e  1974 adjustment t o  t h e  d e s i r e d  

s tock  va lue  increases t h e  accuracy of f u t u r e  p r e d i c t i o n s  o f  d e s i r e d  

s t o c k ,  t h e n  t h e  r e s u l t s  o f  HSRI ' s  f i r s t  and t h i r d  experiments (when 

ad jus ted  values o f  d e s i r e d  s tock  were u s e d )  a r e  a  good i n d i c a t o r  o f  

t h e  f o r e c a s t i n g  accuracy o f  s e t  1  submodels. Under these cond i t i ons ,  

i t  cou ld  be concluded t h a t  t h e  adjustment i s  v a l i d .  

However, t h e s e  assumpt ions  seem u n l i k e l y .  The Wharton EFA model 

au thors  made these  adjustments because t h e  l o w  v a l u e s  o f  t h e  income 

d i s t r i b u t i o n  v a r i a b l e  d u r i n g  t h e  1950s and e a r l y  1960s c r e a t e d  

f o r e c a s t i n g  e r r o r s .  I t  h a s  b e e n  m e n t i o n e d  t h a t  t h e  i n c o m e  



d i s t r i b u t i o n  var iab le  ( t h e  percentage of U.S. families earning more 
than $15,000) i s  used t o  measure an income sa tu r a t i on  e f f e c t - - i . e . ,  
f  ami 1 i e s  above a certain income level increase the i r  stock of cars at  

a  lower ra te  re la t ive  t o  increases in income than families below t h i s  
level  d o .  Apparently, the estimated coefficient i n  the desired stock 
per family equation i s  n o t  va l id  when the  percentage of f ami l i e s  
e a r n i n g  over $15,000 i s  ou t s ide  the  range of values f o r  1 9 7 2  by 

s ta te .  Otherwise, as the model authors argue, adjustments would not 
be n e e d e d .  T h e r e  i s  no reason  t o  b e l i e v e  t h a t  t h e  income 
distribution variable w i l l  not f a l l  outside t h i s  range i n  the  f u tu r e .  

In f a c t ,  in Wharton EFA's base l ine  f o r e c a s t ,  t h i s  variable almost 
t r ip les  from 1975 t o  2000, and by 1985 t he  fo r eca s t  value of t h i s  
v a r i a b l e  i s  h ighe r  than a l l  b u t  four  1972 s t a t e  values of t h i s  
variable used t o  estimate the coefficient. Therefore, i t  seems very 
l i k e l y  t h a t  t h i s  v a r i a b l e  wi l l  cause problems s im i l a r  t o  those  
displayed i n  the fourth and f i f t h  experiments. 

The income d i s t r i b u t i o n  va r i ab l e  has been highl ighted i n  t h i s  
discussion because the  Wharton EFA model authors chose t o  d iscuss  
on ly  t h i s  va r iab le  in explanation of the  adjustment made t o  the  
desired stock series.  However, similar problems may e x i s t  with each 
of the independent variables i n  the desired stock per family equation. 

This d iscuss ion leads t o  t he  conclusion t h a t  t h e  f o r e c a s t i n g  
accu racy  of t h e  new c a r  s a l e s ,  s c r appage ,  and VMT per family  
equations i s  severe ly  1 i m i t e d  by t h e  d e s i r e d  s t o c k  pe r  f a m i l y  

e q u a t i o n .  Forecast ing e r r o r s  of over 10% i n  new car sales,  15% in 
scrappage, and 5% i n  VMT per family a re  l i k e l y  i n  t h e  shor t  term 
( f i v e  yea r s )  even i f  the values of the baseline scenario are assumed 

t o  be k n o w n  w i t h  c e r t a i n t y .  Therefore,  t he  model must be used 
c a u t i o u s l y  i n  p r e d i c t i n g  a b s o l u t e  l e v e l s  of these  or r e l a t ed  
variables. 

However, even with the  problems of the  desired stock per family 
equation, trends i n  t h e  va r iab les  a re  predic ted in t he  fou r th  and 
f i f t h  experiment. Therefore,  re la t ive  changes i n  the future i n  new 
car  s a l e s ,  scrappage, and VMT per family under v a r i o u s  a l t e r e d  



a s s u m p t i o n s  can be  measured t o  some e x t e n t .  I n  f a c t ,  t h e  s t a t e d  

purpose o f  t h e  Wharton EFA model au thors  i n  t h e i r  f i n a l  r e p o r t  i s  t o  

measure  r e l a t i v e  changes i n  t h e  long- run s i z e  and compos i t ion  o f  U.S. 

au tomobi le  s tock  under a l t e r e d  assumptions about t h e  c h a r a c t e r i s t i c s  

o f  f u t u r e  c a r s ,  g a s o l i n e  p r i c e s ,  and a u t o m o b i l e - r e l a t e d  t a x  laws. 

T h e i r  o b j e c t i v e  was n o t  t o  measure t h e  abso lu te  l e v e l s .  However, t h e  

f o r e c a s t i n g  a c c u r a c y  o f  t h e  equa t i ons  i n  t h e  f i r s t  s e t  o f  submodels 

may a f f e c t  t h e  e x t e n t  t o  which these  r e l a t i v e  changes may be measured. 

4.2.2 F o r e c a s t i n g  B e h a v i o r  of Submodel S e t  2 - New Car Market  

Shares by S i ze  Class and Des i red  Shares by S i ze  C l a s s .  Submodel s e t  

2 c o n t a i n s  t h e  new c a r  m a r k e t  segment equat ions .  These equat ions,  

which p r e d i c t  t h e  new c a r  market  shares by  s i z e  c l a s s ,  a r e  i m p o r t a n t  

i n  p r e d i c t i n g  t h e  ave rage  new c a r  f u e l  e f f i c i e n c y ,  v in tage-we ighted 

f l e e t  f u e l  e f f i c i e n c y ,  c a r s  i n  o p e r a t i o n  by  s i z e  c lass ,  and sc rappage  

b y  s i z e  c l a s s .  I n  f a c t ,  t h e  combinat ion o f  p r e d i c t i o n s  o f  t h e  s e t  1  

submodels w i t h  s e t  2 i n f l u e n c e s  every  p r e d i c t i o n  g e n e r a t e d  i n  B l o c k s  

E  and F. T h e r e f o r e ,  t h e  f o r e c a s t i n g  accuracy o f  t h e  submodel s e t  2  

equat ions  i s  impor tan t  t o  t h e  f o r e c a s t i n g  accuracy o f  t h e  model. 

To examine t h e  f o r e c a s t i n g  behav ior  o f  t h e  new c a r  market  by  s i z e  

c lass ,  f o u r  exper iments have been fo rmu l  a t e d .  The f i r s t  e x p e r i m e n t  

i n v o l v e s  a  s i m u l a t i o n  o f  t h e  submodel, c o n s i s t i n g  o f  t h e  f i v e  new car  

market  shares by  s i z e  c l a s s  equat ions,  over  t h e  p e r i o d  1960 t o  1974. 

I n  t h e  second experiment, t h e  f i v e  d e s i r e d  s tock  shares by  s i z e  c l a s s  

equat ions  are  added t o  t h e  f i r s t  submodel, and a  s i m u l a t i o n  o f  t h i s  

new submodel i s  examined o v e r  t h e  1960 t o  1974 pe r iod .  The d e s i r e d  

s tock  share equat ions  were es t ima ted  based on 1972 c ross -sec t  i on d a t a  

b y  s t a t e .  As i n  t h e  case o f  d e s i r e d  s tock  equat ions,  problems arose 

when Wharton EFA at tempted t o  genera te  a  " h i s t o r i c a l "  t i m e  s e r i e s  of 

d e s i r e d  s t o c k  s h a r e s  b y  s i z e  c l a s s .  The " h i s t o r i c a l "  s e r i e s  i s  

n e c e s s a r y  f o r  e s t i m a t i n g  t h e  new c a r  m a r k e t  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  ( s e e  S e c t i o n  3.5). The p r i m a r y  reason f o r  t h e  problems i n  

g e n e r a t i n g  t h e  d e s i r e d  s t o c k  s h a r e s  s e r i e s ,  as Whar ton  EFA model  

a u t h o r s  p o i n t  o u t ,  i s  t h a t  t h e  1 9 7 2  m o d e l  o f f e r i n g s  w e r e  



s u b s t a n t i a l l y  d i f f e r e n t  f r o m  t h e  mode l  o f f e r i n g s  o v e r  most o f  t h e  

h i s t o r i c a l  pe r i od .  The mos t  n o t a b l e  d i f f e r e n c e  was i n  t h e  g r e a t e r  

number o f  subcompacts a v a i l a b l e  i n  1972 i n  c o n t r a s t  t o  yea rs  p r i o r  t o  

1970 o r  thereabout .  

The W h a r t o n  EFA r e p o r t  p r e s e n t s  o t h e r  reasons f o r  t h e  p a r t i c u l a r  

a d j u s t m e n t s  made t o  each  d e s i r e d  s t o c k  s h a r e  t i m e  s e r i e s .  These 

a d j u s t m e n t s  a r e  o u t l i n e d  i n  ( S c h i n k  and L o x l e y  1972, pp.  3 - 2 2 ) .  

However, t h e  Wharton EFA au tho rs  d e s c r i b e  n e i t h e r  t h e  m e t h o d o l o g y  n o r  

t h e  d e t a i l s  o f  t h e  a d j u s t m e n t  p r o c e s s .  T h e r e f o r e ,  H S R I 1 s  second 

exper iment  d i s p l a y s  t h e  d e t a i  1  s  o f  t h e  ad jus tment  process.  

The t h i r d  e x p e r i m e n t  i s  a  v a r i a t i o n  o f  t h e  second  e x p e r i m e n t .  

Wharton EFA au tho rs  p o i n t  o u t  i n  t h e i r  r e p o r t  t h a t  t h e y  had  t r o u b l e  

m o d e l i n g  t h e  sma l l  c a r  d e s i r e d  s tock  sha res - - t ha t  i s ,  subcompacts and 

compacts. S ince  t h e  d e s i r e d  share  equa t i ons  a r e  c o n s t r a i n e d  i n  t h a t  

t h e y  m u s t  sum t o  one, a  p r o b l e m  w i t h  t h e  s m a l l  c a r  d e s i r e d  s t o c k  

share p r e d i c t i o n s  may cause s i g n i f i c a n t  problems i n  t h e  o t h e r  d e s i r e d  

s t o c k  s h a r e  p r e d i c t i o n s .  T h i s  p r o b l e m  c o u l d  c e r t a i n l y  c r i p p l e  t h e  

f o r e c a s t i n g  a c c u r a c y  o f  t h e  new c a r  m a r k e t  s h a r e  p r e d i c t i o n s .  To 

i n v e s t i g a t e  t h e  e x t e n t  o f  t h i s  problem, t h e  smal l  c a r  d e s i r e d  s tock  

s h a r e s  a r e  c o n s t r a i n e d  t o  t h e i r  a d j u s t e d  v a l u e s  i n  t h e  t h i r d  

e x p e r i m e n t .  O t h e r w i s e ,  t h e  t h i r d  e x p e r i m e n t  i s  t h e  same as t h e  

s e c o n d  e x p e r i m e n t .  T h e  c o m p a r i s o n  o f  t h e  s e c o n d  a n d  t h i r d  

exper iments i n d i c a t e s  t h e  e x t e n t  o f  t h e  problem. 

I n  t h e  f o u r t h  exper iment ,  t h e  i n f l u e n c e  t h e  d e s i r e d  s t o c k  s h a r e  

p r e d i c t i o n s  on t h e  p r e d i c t i o n s  genera ted  by  t h e  equa t i ons  o f  submodel 

s e t  1 i s  examined. The d e s i r e d  s tock  s h a r e  p r e d i c t i o n s  a r e  u s e d  i n  

p r e d i c t i  ng  c a p i t a l i z e d  c o s t  p e r  m i l e ,  wh ich  a f f e c t s  t h e  t o t a l  d e s i r e d  

s tock .  T h i s  t o t a l  d e s i r e d  s tock  i s  u s e d  i n  t u r n  t o  p r e d i c t  new c a r  

sa les  and scrappage. 

I n  summary, t h e  f o u r  f o r e c a s t i n g  e x p e r i m e n t s  on  submodel s e t  2 
i n v o l v e  h i s t o r i c a l  s i m u l a t i o n s  (1960 t o  1974) o f  submodels c o n s i s t i n g  

o f  t h e  f o l l o w i n g  b e h a v i o r a l  equat ions :  

1. New c a r  marke t  shares b y  s i z e  c l a s s  

2. New c a r  m a r k e t  s h a r e s  and d e s i r e d  s t o c k  s h a r e s  b y  



s i z e  c l a s s  

3 .  New c a r  marke t  shares by  s i z e  c l a s s  and d e s i r e d  s tock  

shares o f  mid-s ize,  f u l l - s i z e ,  and l u x u r y  ca rs  

4. D e s i r e d  s t o c k  shares by  s i z e  c lass ,  d e s i r e d  s tock  per  

f a m i l y ,  new c a r  sales,  scrappage, and VMT pe r  f a m i l y  

4.2.2.1 R e s u l t s  f o r  Submodel Set 2. Four exper iments t o  examine 

t h e  f o r e c a s t i n g  b e h a v i o r  o f  t h e  submodel s e t  2  w e r e  c o n d u c t e d .  

A p p e n d i x  t a b l e s  A -13  t o  A -26  d i s p l a y  t h e  y e a r l y  e r r o r s  o f  t h e  

p r e d i c t i o n s  o f  t h e  e q u a t i o n s  i n  each  e x p e r i m e n t .  F i g u r e s  4-12 t o  

4-18 a r e  g r a p h s  o f  t h e  a c t u a l  and s i m u l a t e d  v a l u e s  o f  a  sample o f  

v a r i a b l e s  i n  t h e  f o u r  e x ~ e r i m e n t s .  T a b l e s  4-6  t o  4-8 d i s p l a y  t h e  

e r r o r  s t a t i s t i c s  assoc ia ted  w i t h  each experiment. 

The f i r s t  exper iment 's  r e s u l t s  show t h a t  t h e  equat ions  f o r  new c a r  

m a r k e t  s h a r e s  b y  s i z e  c l a s s  s i m u l a t e  e x t r e m e l y  w e l l ,  u s i n g  t h e  

ad jus ted  d e s i r e d  s t o c k  s h a r e  v a l u e s .  The d i f f e r e n c e s  between t h e  

a c t u a l  and s i m u l a t e d  r e s u l t s  f o r  t h e  smal l  c a r  shares, subcompacts, 

and compacts, i s  f o r  t h e  m o s t  p a r t  l e s s  t h a n  3%; f o r  m i d - s i z e  and 

f u l l - s i z e  sha res ,  t h e  d i f f e r e n c e  g e n e r a l l y  i s  l e s s  than  1%; and f o r  

l u x u r y  shares, t h e  d i f f e r e n c e  i s  g e n e r a l l y  l e s s  t h a n  2%. F i g u r e s  

4 - 1 2  a n d  4-13 show c l e a r l y  how c l o s e  t h e  s i m u l a t i o n s  a r e  t o  t h e  

a c t u a l  values, and, i n  f a c t ,  i n  F i g u r e  4-13 t h e  a c t u a l  and p r e d i c t e d  

va lues  o f  f u l l - s i z e  new-car shares are a lmost  i n d i s t i n g u i s h a b l e .  

I n  t h e  second experiment, t h e  d e s i r e d  s t o c k  s h a r e s  a r e  s i m u l a t e d  

w i t h  t h e  new c a r  m a r k e t  s h a r e s .  The r e s u l t s  o f  t h i s  e x p e r i m e n t  

i n d i c a t e  t h e  e x t e n t  t o  which t h e  d e s i r e d  s t o c k  s h a r e s  were  a d j u s t e d  

b y  Whar ton  EFA, and what  e f f e c t  t h i s  ad jus tment  has on t h e  new c a r  

market  share p r e d i c t i o n s .  

The d e s i r e d  s m a l l  c a r  s h a r e s  were  a d j u s t e d  downwards f o r  years  

p r i o r  t o  1973 on t h e  average o f  e i g h t  percentage p o i n t s  pe r  y e a r ;  t h e  

d e s i r e d  m i  d - s i  z e  s h a r e s  w e r e  a d j u s t e d  upwards  f r o m  a b o u t  f o u r  

percentage p o i n t s  around 1972 t o  n i n e  percentage p o i n t s  i n  1965; t h e  

d e s i r e d  f u l l  - s i z e  s h a r e s  were  ad jus ted  e x t e n s i v e l y  b o t h  upwards and 

downwards over  t h e  h i s t o r i c a l  pe r i od ;  and d e s i r e d  l u x u r y  s h a r e s  were  
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TABLE 4-6 

ERROR STATISTICS 
PIElJ CAR MARKET SHARES BY SIZE CLASS SUBMODEL 

Mean A c t u a l  RMSE 1 OO* RMSE/Mea n SIML R-SQ 

New Subcompact Share ,134 .003 2.030 .999 

New Compact Share ,170 ,005 2.687 .937 

New M id -S i ze  Share ,252 ,002 .968 .998 

New F u l l  -S i ze  Share ,363 ,003 .756 .999 

New Luxu ry  Share ,081 .001 1.104 .991 

TABLE 4-7 
ERROR STATISTICS 

NEW CAR MARKET SHARES AND DESIRED STOCK SHARES OF 
MID-SIZE, FULL-SIZE, AND LUXURY CLASS SUGMODEL 

Mean A c t u a l  RMS E - 
Desi red  M id -S i ze  Share .304 . I 0 9  

D e s i r e d  F u l l  -S i ze  Share ,363 ,102 

D e s i r e d  Luxu ry  Share ,078 ,094 

New Subcompact Share ,134 .006 

New Compact Share .I 70 .006 

New M id -S i ze  Share .252 . I 3 1  

New F u l l  - S i z e  Share .363 . I 3 5  

New Luxu ry  Share ,081 ,106 

1 OO* RMS E/Mea n SIML R-SQ 

TABLE 4-8 
ERROR STATISTICS 

DESIRED SHARES, DESIRED STOCK PER FAMILY, NEW CAR SALES, 
SCRAPPAGE, AND VMT PER FAMILY SUBMODEL 

M e a n A c t u a l  RMSE 1 OO* RMSE/Mean SIML R-SQ 

New Car Sa les  8.69 .747 8.59 ,743 

Scrappage 6.17 -728 11.81 ,609 

VMT p e r  Fam i l y  12.38 .667 5.39 .725 

D e s i r e d  S tock  
pe r  Fam i l y  1.20 ,052 4.37 

Note: Des i r ed  Share S t a t i s t i c s  a r e  t h e  same as t hose  i n  Tab le  4-7. 



adjusted downwards roughly .one percentage point per year. 
Adjustment t o  the desired stock shares ser ies  has a severe  e f f e c t  

on t h e  new c a r  market  sha re  p r e d i c t i o n s .  Figures 4-14 t o  4-18 
i l l u s t r a t e  tha t  many of the  new car market share p r e d i c t i o n s  diverge 
g r e a t l y  from t h e  ac tual  va lues .  The subcompact new car  share  i s  
grossly overpredicted during t h e  mid-1960s, and only f o r  t h e  f i r s t  
few years  of the  experimental period do these predictions even follow 
the  trends in the  actual data. The average yearly forecast e r r o r  f o r  
t h e  experimental period i s  over 90%. The p red ic ted  values of the 
compact new car shares are not nearly as poor as t h e  p red ic t ions  of 
t h e  new subcompact. These predictions generally follow the trends in 
the actual data. However, as ind ica ted  by t h e  negat ive  SIML R-SQ 
s t a t i s t i c ,  t h e  compact sha re  equat ions  a r e  poor predictors of new 
compact market shares, In f a c t ,  t h e  higher negat ive  value of SIML 
R-SQ f o r  compact sha res  i n d i c a t e  t h a t  t h e  compact share equations 
account f o r  l e s s  v a r i a n c e  i n  t h e  h i s t o r i c a l  d a t a  t h e n  do t h e  
subcompact share equations. 

The new mid-s ize  sha re  p r e d i c t i o n s  a l s o  genera l ly  fo l low t h e  
actual t r e n d s  from 1965 t o  1972. However, t h e  submodel f a i l s  t o  

p r e d i c t  t h e  upturn in  mid-size shares in 1973 and 1974. Similarly, 
although t h e  submodel r e s u l t s  i n d i c a t e  t h e  downward t r end  in  new 
f u l l - s i z e  sha res  from 1965 t o  1970, t h e  submodel f a i l s  t o  continue 
t h i s  t r end  through 1974. The new luxury s h a r e  p r e d i c t i o n s  a r e  

genera l ly  good compared t o  the other new car share predictions. The 
luxury new car share predictions exh ib i t  a f a i r l y  random e r r o r  over 
t h e  1960 t o  1974 pe r iod  of about one percentage point  in about 
fourteen percent per year. However, the SIML R-SQ s t a t i s t i c  f o r  t h e  
new luxury share simulations also has a negative value tha t  indicates 
t h a t  t h e  luxury share  equat ions  a l s o  produce a poor f i t  t o  t h e  
historical  data. 

A poss ib le  reason f o r  t h e s e  r e s u l t s  in the  second experiment i s  
tha t  the  poor predictions of the  new small ca r  sha res ,  p a r t i c u l a r l y  
t h e  subcompact sha res ,  i s  causing errors  in the other new car share 
predictions. This i s  due t o  the  strong s imul tane i ty  of t h e  new ca r  



s h a r e  e q u a t i o n s .  The re fo re ,  t o  i n v e s t i g a t e  t h i s ,  a  t h i r d  exper iment  

was r u n  i n  wh ich  t h e  d e s i r e d  smal l  c a r  s t o c k  s h a r e s  a r e  c o n s t r a i n e d  

t o  t h e i r  a d j u s t e d  l e v e l s  and i n  wh ich  t h e  d e s i r e d  share  equa t i ons  f o r  

t h e  mid-s ize ,  f u l l - s i z e ,  and l u x u r y  c l a s s e s  on1.y w e r e  used.  T h i s  

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

marke t  shares (see  Tab les  4 -18  t o  4 - 2 2  and 4 - 7 ) .  However ,  t h e  new 

m i d - s i  z e  and f u l l - s i z e  share  p r e d i c t i o n s  e x h i  b i t  f o r e c a s t i n g  problems 

s i m i l a r  t o  t hose  i n  t h e  second exper iment .  

I n  t h e  f o u r t h  e x p e r i m e n t ,  t h e  e f f e c t  o f  t h e  a d j u s t m e n t  t o  t h e  

d e s i r e d  s t o c k  shares on t h e  equa t i ons  o f  submodel s e t  1  i s  t e s t e d .  As 

e x p l a i n e d  i n  S e c t i o n  2.3.6, t h e  d e s i r e d  s t o c k  s h a r e s  a r e  u s e d  as 

we igh t s  t o  d e t e r m i n e  t h e  a v e r a g e  c a p i t a l i z e d  c o s t  p e r  m i l e .  T h i s  

a v e r a g e  i s  u s e d  i n  d e t e r m i n i n g  d e s i r e d  s tock .  Comparing Tab les  A-23 

t h rough  A-26 w i t h  A-9 t h r o u g h  A-12 and T a b l e s  4 - 8  w i t h  4-5, one  can  

see  t h a t  p r e d i c t i n g  t h e  d e s i r e d  s t o c k  s h a r e s  i n s t e a d  o f  u s i n g  t h e  

a d j u s t e d  va lues  has l i t t l e  impac t  on t h e  equa t i ons  o f  submodel s e t  1, 

The l a r g e s t  i m p a c t s  a r e  i n  t h e  1966-1967 and i n  t h e  1973-1974 t i m e  

p e r i o d s .  D u r i n g  t h e  1966-1967 p e r i o d ,  t h e  r e s u l t s  o f  t h e  f o u r t h  

e x p e r i m e n t  t e n d  t o  p r e d i c t  s a l e s  1.5% h i g h e r  t h a n  i n  t h e  f i f t h  

exper iment  i n  submodel s e t  1. T h i s  i s  due t o  t h e  o v e r p r e d i c t i o n  of  

d e s i r e d  subcompact shares t h a t  tends  t o  l owe r  t h e  average c a p i t a l i z e d  

c o s t  p e r  m i l e .  The o p p o s i t e  impac t  i s  o b s e r v e d  i n  t h e  1973 t o  1974 

p e r i o d  when t h e  d e s i r e d  shares o f  f u l l - s i z e  ca rs  a r e  o v e r p r e d i c t e d .  

4.2.2.2 D i s c u s s i o n  o f  R e s u l t s  o f  E x p e r i m e n t s  on  Submodel S e t  2. 

The r e s u l t s  o f  t h e  p r e v i o u s  s e c t i o n s  d i s p l a y  severe  problems i n  t h e  

f o r e c a s t i n g  b e h a v i o r  o f  t h e  new c a r  m a r k e t  segment  e q u a t i o n s .  The 

l a r g e  f o r e c a s t i n g  e r r o r s  g e n e r a t e d  a r e  due t o  t h e  i n a b i l i t y  o f  t h e  

d e s i r e d  s tock  share  equa t i ons  t o  p r e d i c t  r e a s o n a b l e  r e s u l t s  o v e r  t h e  

e x p e r i m e n t a l  p e r i o d .  The r e s u l t s  o f  t h e  second exper iment  show t h a t  

when t h e  d e s i r e d  s tock  sha re  e q u a t i o n s  a r e  i n c l u d e d  i n  t h e  submode l  

e x p e r i m e n t ,  t h e  submodel i s  unab le  t o  p r e d i c t  t h e  r e c e n t  t r e n d s  (1973 

and 1974) i n  t h e  new m i d - s i z e  and f u l l - s i z e  shares ;  and  i t  i s  u n a b l e  

t o  p r e d i c t  new subcompact shares a t  a l l .  



Luxury shares are predicted with reasonable accuracy. B u t ,  as can 
be seen in Figure 4-18 (keeping in mind the large scale  of t h i s  
graph), new luxury shares have increased l inea r ly  with almost no 
variation over the experimental period, Such a smooth se r i e s  i s  
usually easy t o  estimate. The new compact shares are also somewhat 
reasonably estimated, However, as Figure 4-15 i l l u s t r a t e s ,  t h i s  
s e r i e s  i s  f a i r l y  f l a t ,  and thus the forecast ing accuracy of these 

predictions i s  no t  surprising. 
HSRI s t a f f  hypothesized, based on the Wharton EFA final report and 

on a discussion with one of the model authors, t ha t  the poor r e su l t s  
o f  t h e  second experiment may be due t o  t he  very poor desired 
subcompact share predictions, Since subcompacts had only recent ly 
penetrated the market on a sizable scale by 1972, the year from which 
the des i red  s tock  sha re  equa t ions  were e s t ima ted ,  i t  i s  n o t  
surpris ing tha t  the equations for the desired subcompact shares are 

unable t o  predict  low levels  f o r  the years pr ior  t o  1972, Also 
because the desired stock share equations are highly simultaneous and 
the new car market share equations are highly simultaneous, severe 
forecast ing er rors  in one share estimate could affect the others. 
However, the th i rd  experiment indicates  t h a t  even i f  the desired 
stock shares of subcompacts a n d  compacts are constrained t o  their 
adjusted levels, t h e  submodel i s  s t i l l  unable t o  predict  the recent 
trends in new mid-size and full-size shares. 

Based on the f i r s t ,  second, and th i rd  experiments, i t  can be 
concluded that the desired stock share equations are the cause of the 
forecasting problems in the new car share equations. The Wharton E F A  

model authors recognized t h i s  problem, and they made the necessary 
extensive adjustments t o  the "historical" desired stock share se r i e s  
t o  estimate the new car market share equations. The extent of the 
adjustments indicates the severe shortcomings of these equations. 

To forecas t  into the fu tu re ,  users of the Wharton EFA auto model 
must rely on the predictions of the desired stock share equations. 
Since the predictions of the levels  and trends in new car market 
shares for the years around 1972 are poor, the predictions into the 



f u t u r e  w o u l d  a l m o s t  c e r t a i n 1  y have s i m i l a r  o r  more severe problems. 

Thus, t h e  p r e d i c t i o n s  i n t o  t h e  f u t u r e  f o r  t h e  new c a r  m a r k e t  

s h a r e s  by s i z e  c l a s s  c a n n o t  be r e l i e d  upon f o r  f o r e c a s t i n g  t h e  

c o m p o s i t i o n  o f  new c a r  s a l e s  o r  t r e n d s  i n  t h e  new c a r  m a r k e t  

sha res .  

4.3 Dynamic Behavior  o f  Submodels 

T h i s  s e c t i o n  p r e s e n t s  an a n a l y s i s  o f  t h e  dynamic behav ior  o f  t h e  

t h r e e  s e t s  o f  submodels.  The a n a l y s i s  i n v o l v e s  e x a m i n i n g  t h e  

r e s p o n s e  o f  t h e  submodel s i m u l a t i o n s  t o  changes i n  t h e  independent 

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

i n s i g h t s  i n t o  t h e  complex dynamic behav ior  o f  t h e  f u l l  model. 

Several experiments are  conducted f o r  each s e t  o f  submodel s. These 

e x p e r i m e n t s  are c a l l e d  m u l t i p l i e r  experiments because, i n  most o f  t h e  

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

m u l t i p l y i n g  t h a t  v a r i a b l e  b y  some f a c t o r .  For  example, t o  examine 

t h e  response o f  t h e  p r e d i c t i o n s  o f  a  submodel t o  a  1% i n c r e a s e  i n  

n o m i n a l  pe rsona l  income, a  submodel s i m u l a t i o n  i s  r u n  w i t h  t h e  values 

of nominal personal  income m u l t i p l i e d  b y  1.01, The r e s u l t s  o f  t h i s  

s i m u l a t i o n  are  then compared t o  t h e  r e s u l t s  o f  t h e  s i m u l a t i o n  w i t h o u t  

any change i n  t h e  i n d e p e n d e n t  v a r i a b l e .  The s i m u l a t i o n  w i t h  no  

change i n  t h e  i n d e p e n d e n t  v a r i a b l e  i s  c a l l e d  a  c o n t r o l  s imu la t i on ,  

and t h e  s i m u l a t i o n  w i t h  t h e  change i s  c a l l e d  a  shock s i m u l a t i o n .  

The r e s u l t s  o f  each experiment a re  shown i n  t h e  t a b l e s  o f  Appendix 

A. Each t a b l e  c o n t a i n s  f o u r  columns o f  o u t p u t  l a b e l e d  CONTROL, 

SHOCK, DIFFERENCE, and % DIFFERENCE. CONTROL r e f e r s  t o  t h e  c o n t r o l  

s o l u t i o n  o f  t h e  submodel, and SHOCK r e f e r s  t o  t h e  p e r t u r b e d  s o l u t i o n  

o f  t h e  submodel .  The DIFFERENCE co lumn c o n t a i n s  t h e  d i f f e r e n c e  

between t h e  c o n t r o l  and shock p r e d i c t i o n s ,  and t h e  % DIFFERENCE 

c o l  umn c o n t a i n s  t h e  percentage d i f f e r e n c e  w i t h  respec t  t o  t h e  c o n t r o l  

value. 

Each o f  t h e  m u l t i p l i e r  e x p e r i m e n t s  i s  r u n  o v e r  t h e  h i s t o r i c a l  

p e r i o d  1960 t o  1974. 



4.3.1 D y n a m i c  B e h a v i o r  o f  Submode l  S e t  1  - New Car S a l e s ,  

Scrappage, VMT p e r  Fami ly ,  and D e s i r e d  S t o c k .  The p u r p o s e  o f  t h i s  

s e c t i o n  i s  t o  examine t h e  dynamic  p r o p e r t i e s  o f  t h e  new ca r  sales,  

scrappage, VMT p e r  f a m i l y ,  and d e s i r e d  s t o c k  p e r  f a m i l y  e q u a t i o n s .  

Mu1 t i p 1  i e r  e x p e r i m e n t s  a r e  r u n  on t h e  submodel t h a t  c o n s i s t s  o f  t h e  

new c a r  sa les  and s c r a p p a g e  e q u a t i o n s .  The f o l l o w i n g  changes ( o r  

shocks) a r e  made i n  t h e  f i r s t  f o u r  exper iments:  

1. One pe rcen t  i nc rease  i n  d e s i r e d  s tock  p e r  f a m i l y  

2. One pe rcen t  i nc rease  i n  VMT p e r  f a m i l y  

3. One percentage p o i n t  i n c r e a s e  i n  unemployment 

4. One p e r c e n t  i nc rease  i n  new c a r  p r i c e  f o r  a l l  c l asses  

of v e h i c l e s  

The r e s u l t s  o f  t h e  f i r s t  e x p e r i m e n t  ( s e e  T a b l e s  A-27 and A-28) 

show t h a t  when d e s i r e d  s tock  p e r  f a m i l y  increases by  1% new c a r  s a l e s  

i n c r e a s e  and s c r a p p a g e  d e c r e a s e s  s u b s t a n t i  a1 l y  i n  t h e  f i r s t  year,  

b o t h  b y  a b o u t  3%. T h i s  r e s p o n s e  i s  due t o  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  t h a t  causes a c t u a l  s tock,  a  f u n c t i o n  o f  sa les  and scrappage, 

t o  t e n d  toward t h e  r a i s e d  l e v e l  o f  d e s i r e d  s t o c k .  A f t e r  a b o u t  t e n  

y e a r s ,  b o t h  new ca r  sa les  and scrappage inc rease  t o  about 1% over t h e  

c o n t r o l  s imu la t i on .  

I n  t h e  s e c o n d  m u l t i p l i e r  e x p e r i m e n t  ( s e e  T a b l e  A-29),  t h e  1% 

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

s c r a p p a g e  t o  i n c r e a s e  b y  a b o u t  2.3% i n  t h e  f i r s t  year,  3.6% i n  t h e  

second  y e a r ,  and 2.0% i n  t h e  t h i r d  y e a r .  S i n c e  s c r a p p a g e  i s  a  

f u n c t i o n  o f  t h e  change i n  VMT p e r  y e a r  f o r  t h e  c u r r e n t  y e a r  and 

p r e v i o u s  t w o  y e a r s ,  t h e  i n c r e a s e  i n  VMT p e r  f a m i l y  has no d i r e c t  

i n f l u e n c e  o n  t h e  s u b m o d e l  a f t e r  t h e  t h i r d  y e a r  o f  t h e  shock 

s i m u l a t i o n ;  t h u s ,  t h e  shock s i m u l a t i o n s  e v e n t u a l l y  r e t u r n  t o  t h e  

c o n t r o l  s imul  a t  i on values a f t e r  t e n  years.  

I n  t h e  t h i r d  m u l t i p l i e r  e x p e r i m e n t ,  ( s e e  T a b l e s  A-30 and A-31) ,  

s c r a p p a g e  d e c r e a s e s  s u b s t a n t i a l l y  b y  5.5% i n  t h e  f i r s t  y e a r  i n  

response t o  t h e  one percentage p o i n t  i n c r e a s e  i n  unemployment.  The 

l o n g - t e r m  r e s p o n s e  seems t o  f l u c t u a t e  a r o u n d  a  1% d e c r e a s e  i n  

scrappage. New c a r  sa les  decrease by  a b o u t  1% i n  t h e  s h o r t  t e r m  i n  



r e s p o n s e  t o  t h e  d e c r e a s e  in scrappage.  In the  long run, s a l e s  
decrease by a~proximately .5%. 

The f o u r t h  mu1 t i ~ l  i e r  experiment (see  Tables A-32 and A-33) shows 
the strong short-term downward impact on new car sales in response t o  
an inc rease  in a l l  new car prices. This r e su l t  was also predicted in 
the discussion of the new car sales equation in Section 3.4.3. Since 
new ca r  s a l e s  in t h e  model a r e  a  func t ion  of the change in average 
purchase price from the previous t o  the current year, the  inc rease  in 
p r i c e  has no d i rec t  influence on sales fo r  the remaining years of the 
experiment. Thus, new c a r  s a l e s  in t h e  shock s imula t ion  qu ick ly  
converges t o  t h e  control simulation values by the fourth year of the 

simulation. In other words, a f t e r  four years there i s  essent i  a1 l y  no 
impact on sales due t o  the price increase. The response of scrappage 
fo l lows new c a r  s a l e s ,  b u t  w i t h  a much s m a l l e r  i m p a c t .  The 
f i r s t -yea r  impact i s  a  reduction in scrappage of about .35%. 

The f o l l o w i n g  m u l t i p l i e r  e x p e r i m e n t s  examine t h e  dynamic 
p r o p e r t i e s  of t h e  VMT pe r  f a m i l y  and des i red  stock per fami ly  
equations along with the new car sa les  and scrappage equations: 

5 .  One percent  increase in new car price fo r  a l l  classes 
of vehicles 

6. One percent increase i n  nominal personal income 
7. Ten percent increase in MPG fo r  a l l  classes 
8. Ten percent increase in gasoline price 

The resul t s  of the f i f t h  mult ipl ier  experiment,  a  1% inc rease  in 
new c a r  p r i c e s ,  a r e  v e r y  s i m i l a r  t o  t h e  r e s u l t s  of t h e  f o u r t h  
mult ipl ier  experiment ( s e e  Tables A-34 through A - 3 6 ) .  A s l i g h t l y  
l a r g e r  decl ine in sa les  i s  predicted fo r  the f i r s t  year. This i s  due 

to  the very s l igh t  decline in desired stock per family as a  r e s u l t  of 
t h e  p r i c e  inc rease .  The drop in des i red  stock per family of less  
than . l% does cause a long-term drop in  new c a r  s a l e s  and a drop in 
scrappage of about . I %  compared t o  the control simulation. 

The i m ~ a c t s  on VMT are negligible in the short  and long run. The 
small changes in t h e  second through eighth year are due t o  the minor 
perturbations t o  the age d is t r ibut ion  of stock tha t  are caused by t h e  



d e c l i n e  i n  sa les  and scrappage. 

The  s i x t h  m u l t i p l i e r  e x p e r i m e n t  examines t h e  i m p a c t s  o f  a  1% 

i n c r e a s e  i n  nomina l  p e r s o n a l  i n c o m e  o n  t h e  p r e d i c t i o n s  o f  t h e  

submodel. I n  t h i s  experiment, each v a r i a b l e  t h a t  depends on nominal 

p e r s o n a l  income i s  p r e d i c t e d  so t h a t  t h e i r  a d j u s t m e n t  t o  t h e  1% 

i n c r e a s e  i n  income can be seen, These v a r i a b l e s  i n c l u d e  permanent 

r e a l  d isposab le  income, r e a l  d i s p o s a b l e  income, and p e r c e n t a g e  o f  

f a m i l i e s  e a r n i n g  o v e r  $15,000 p e r  y e a r  i n  r e a l  d o l l a r s  ( i ncome 

d i s t r i b u t i o n  v a r i a b l e ) .  Each o f  t hese  v a r i a b l e s  i n c r e a s e s  w i t h  t h e  

i nc rease  i n  nominal persona l  income. 

The impact on new c a r  sa les  i n  t h e  f i r s t  year  i s  s u b s t a n t i a l  ( s e e  

T a b l e  A-37).  New c a r  s a l e s  a r e  p r e d i c t e d  t o  i nc rease  by  about 5.3% 

i n  t h e  f i r s t  year.  The impacts d i m i n i s h  r a p i d l y ,  and i n  t h e  l o n g  r u n  

s a l e s  i n c r e a s e  b y  o n l y  .3% p e r  y e a r  o v e r  t h e  c o n t r o l  s i m u l a t i o n .  

These increases a re  caused by  t h e  d i r e c t  impact on t h e  s a l e s  e q u a t i o n  

t h r o u g h  t h e  i n c o m e  v a r i a b l e  i n  t h a t  e q u a t i o n ,  and b y  t h e  m i n o r  

i nc rease  i n  des i red  stock p e r  f a m i l y .  

As p r e d i c t e d  i n  t h e  d i s c u s s i o n  o f  t h e  d e s i r e d  s t o c k  pe r  f a m i l y  

equat ion  i n  Sec t i on  3.3.1, t h e  i n c r e a s e  i n  d e s i r e d  s t o c k  p e r  f a m i l y  

i s  m i n o r .  The inc rease  due t o  t h e  r i s e  i n  permanent f a m i l y  income i s  

l i m i t e d  b y  t h e  " i ncome s a t u r a t i o n  e f f e c t "  c a u s e d  b y  t h e  i n c o m e  

d i s t r i b u t i o n  v a r i a b l e  ( s e e  T a b l e  A-38) .  I n  t h e  l o n g  te rm,  t h e  

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

o f f s e t s  t h e  i n c r e a s e  i n  d e s i r e d  s tock  pe r  f a m i l y  caused by t h e  r i s e  

i n  permanent f a m i l y  income v a r i a b l e .  

The i n c r e a s e  i n  s a l e s  causes scrappage t o  increase by  1.2% i n  t h e  

f i r s t  y e a r  ( s e e  T a b l e  A - 3 9 ) .  I n  t h e  l o n g  r u n ,  t h e  i m p a c t  on 

scrappage matches t h a t  o f  new ca r  sales.  

A f a i r l y  s t r o n g  impact o f  j u s t  l e s s  than  a  1% i n c r e a s e  i s  made on 

VMT p e r  f a m i l y  (see Tab le  A-40). The impacts on VMT a l so  d i m i n i s h  i n  

t h e  l o n g  r u n  t o  an i nc rease  i n  VMT p e r  f a m i l y  o f  a b o u t  .2% p e r  y e a r  

over t h e  c o n t r o l  s imu la t i on .  

I n  t h e  s e v e n t h  m u l t i p l i e r  e x p e r i m e n t ,  t h e  i m p a c t s  o f  a  10% 

i n c r e a s e  i n  MPG f o r  a l l  c l a s s e s  o f  v e h i c l e s  a r e  e x a m i n e d .  The  



predic ted  values of MPG generated in Block A are used in the control 
simulation, and these predictions are increased by 10% f o r  t h e  shock 
simulation. 

The increase  in MPG causes desired stock per family t o  increase by 

about .4% per year. The impact on des i red  stock per fami ly  causes 
new ca r  s a l e s  t o  increase also. The r i s e  in sales tends to  increase 
scrappage. However, increases in scrappage a r e  off s e t  somewhat by 
increases in VMT per family. 

The inc reases  of MPG has the largest  impact on the VMT per family 
predictions. VMT per family increases in the long term by 2.3% over 
the control simulations (see  Tables A-41 through A-44). 

The impacts of t h e  i n c r e a s e  in gaso l ine  p r i c e ,  t e s t e d  i n  t h e  
e i g h t h  m u 1  t i p l  i e r  experiment,  a r e  s i m i l a r  in magnitude b u t  t h e  
opposite in sign t o  the  impacts of the increase in MPG in t h e  seventh 

mu1 t i p l  i e r  experiment. Desired stock per family decreases r e l a t ive  
t o  the control simulation. This decrease in desired stock per fami ly  
causes s u b s t a n t i a l  decreases  in new c a r  sales and scrappage in the 
short term. VMT per fami ly  a l s o  decreases  s u b s t a n t i a l l y  by about 
2.3% per year  over the  control simulation in both the short and long 

term (see  Tables A-45 through A-48). 

4 .3 .2  Dynamic Behavior of Submodel Set 2 - New Car Market Shares 

and Desired Stock Shares. The purpose of t h i s  s e c t i o n  i s  t o  examine 
t h e  dynamic p roper t i e s  of the new car market share and desired stock 
share equations. 

The multiplier experiments run are: 

1. One percent increase in new car price fo r  a1 1 c l a s s e s  
of vehicles 

2. Ten p e r c e n t  i n c r e a s e  i n  M P G  f o r  a l l  c l a s s e s  of 
vehicles 

3. One percent increase in nominal personal income 

4. Ten percent increase in insurance cost 
5 .  Ten percent increase in repair  cost 
6 .  One percent increase in the population aged twenty t o  



twenty-nine years 01 d 

A1 though the  forecasting accuracy of the equations of submodel se t  
2 was shown to  be very poor, the dynamic propert ies of t h e  equations 
a r e  i n t e r e s t i n g .  Examining the impacts of the mult ipl ier  experiment 
i s  marginally useful in tha t  the direction and r e l a t i v e  magnitude of 
the responses of the submodel predictions are reasonable. 

In each experiment, the market segments exhibi t  e i t h e r  a " t rad ing  

up" or " t r ad ing  down" response: e i ther  an increase in new fu l l - s i ze  
shares and decrease in new subcompact and compact shares  ( t r a d i n g  

u p ) ,  o r  t h e  reverse  ( t r a d i n g  d o w n ) .  This movement from small t o  

large cars, or vice versa, i s  not necessarily a d i r e c t  one. What i s  

more l i k e l y  i s  t h a t  t he  t r ad ing  i s  from small t o  mid-size and then 

from mid-size t o  l a rge  ca r s ,  o r  v ice  versa ,  r e s u l t i n g  i n  no n e t  
impact i n  the mid-size new car segment. 

Trading up  ( o r  down) occurs in  t he  m u l t i p l i e r  experiments ( 1 )  
when family  income r i s e s  ( f a l l s )  r e la t ive  t o  the average capitalized 
cost per mile; ( 2 )  when the capitalized cost per mile of a small car  
r i s e s  ( f a l l s )  r e l a t i v e  t o  t h e  capitalized cost per mile of a larger 
car; and (3 )  when t he  percentage of f ami 1 i e s  earning over $15,000 

f a l l s  ( r i s e s ) ,  Also, demographics affect  the new car market shares. 
In the f i r s t  experiment, trading down i s  observed as a r e s u l t  of a 

p r i c e  inc rease  f o r  a l l  new cars .  This occurs because new car price 
i s  a larger component in t h e  c a p i t a l i z e d  cos t  per mile ( C P M )  f o r  a 

l a rge  car  than a small c a r .  Thus, t he  CPM increases  by a greater 
amount f o r  a large car than a small ca r  a f t e r  a p r i c e  increase .  The 
r e s u l t s  show a subs t an t i a l  inc rease  in new subcompact and compact 
shares, a minor increase in new mid-size shares, a moderate decrease 

in new fu l l - s i ze  shares, and no impacts on new luxury shares. 
In the second experiment, a 10% increase  in MPG f o r  a1 1 new ca r s  

generates  a trading up  response (see Tables A-49 through A-53). This 
occurs f o r  the same reason tha t  caused t h e  t r ad ing  down response t o  

higher new car  p r i c e s  in t h e  f i r s t  m u l t i p l i e r  experiment. Since 
gas01 ine  c o s t ,  which i s  a func t ion  of f ue l  economy, i s  a smaller  
component of the CPM of small cars than of large cars, a r i s e  in fuel 



economy i n  a l l  new c a r s  w i  11 produce g r e a t e r  savings i n  t h e  o v e r a l l  

cos ts  of l a r g e  cars. 

The t h i r d  mu1 t i  p l  i e r  e x p e r i m e n t  r e s u l t s  (see Tables A-54 th rough 

A-58) show a  s h o r t - r u n  t r a d i n g  up r e s p o n s e  and a  l o n g - r u n  t r a d i n g  

down response .  The s h o r t - r u n  r e s p o n s e  i s  due t o  t h e  i n c r e a s e  i n  

f a m i l y  income r e l a t i v e  t o  t h e  average CPM. The l o n g - r u n  r e s p o n s e  i s  

due t o  t h e  r i s e  i n  t h e  p e r c e n t a g e  o f  f a m i l i e s  ea rn ing  over $15,000 

p e r  y e a r  t h a t  o c c u r s  because o f  t h e  r i s e  i n  f a m i l y  i ncome.  The 

i n c r e a s e  i n  t h e  percentage o f  f a m i l i e s  ea rn ing  over $15,000 per year  

a l s o  causes new l u x u r y  shares t o  increase.  

T h e  n e x t  t w o  m u l t i p l i e r  e x p e r i m e n t s  show t h a t  i n c r e a s e s  i n  

insurance cos ts  o r  r e p a i r  cos ts  have f a i r l y  minor  i m p a c t s  on t h e  new 

c a r  m a r k e t  segments. The 1  a s t  mu1 t i p 1  i e r  experiment i n d i c a t e s  t h a t  

t h e  impact o f  a  1% i n c r e a s e  i n  t h e  t w e n t y  t o  t w e n t y - n i n e - y e a r - o l d  

p o p u l a t i o n  causes a  moderate t r a d i n g  down response. 

4.3.3 Dynamic Behavior  o f  Submodel Se t  3 - C a p i t a l i z e d  Cos t  Per  

M i l e .  The CPM equat ions are  each made up o f  many components--new ca r  - 
p r i c e ,  i n s u r a n c e  c o s t s ,  g a s o l i n e  c o s t s ,  and so on. T h i s  s e c t i o n  

examines t h e  f o l l o w i n g  quest ions :  What i s  t h e  impact o f  increases i n  

t h e  v a l u e s  o f  t h e  m a j o r  components  o f  t h e  CPM e q u a t i o n s ?  What 

p e r c e n t a g e  o f  CPM does each component rep resen t?  And how much impact 

do changes i n  these components have on o t h e r  p a r t s  o f  t h e  model? 

S i x  m u l t i p l i e r  experiments examine t h e  impacts o f  10% increases i n  

each o f  t h e  s i x  components o f  o p e r a t i n g  cos ts :  

1. Ten percent  i nc rease  i n  insurance c o s t  

2 .  Ten percent  i nc rease  i n  cos t  o f  t i r e s  

3. Ten percent  increase i n  p a r k i n g  cos ts  and t o l l s  

4. Ten percent  i nc rease  i n  motor o i l  cos ts  

5. Ten percent  i nc rease  i n  r e p a i r  cos ts  

6. Ten percent  i nc rease  i n  gas01 i n e  cos ts  

The s e v e n t h  m u l t i p l i e r  experiment examines t h e  impact o f  an i nc rease  

i n  new c a r  pu rchase  p r i c e ;  t h e  e i g h t h  examines t h e  i m p a c t s  of an 

i n c r e a s e  i n  f i n a n c e  cha rges ;  and t h e  n i n t h  experiment examines t h e  



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

c o s t s  i n  t h e  CPM equat ions .  These t h r e e  exper iments are: 

7 .  One p e r c e n t  i nc rease  i n  new c a r  p r i c e  f o r  a l l  c lasses  

of ca rs  

8, O n e  p e r c e n t a g e  p o i n t  i n c r e a s e  i n  t h e  c o n s u m e r  

i n s t a l l m e n t  c r e d i t  r a t e  

9. One  p e r c e n t a g e  p o i n t  i n c r e a s e  i n  t h e  d i s c o u n t  

r a t e - - t h e  maximum U.S. s a v i n g s  and l o a n s  passbook  

i n t e r e s t  r a t e  

The r e s u l t s  o f  t h e  f i r s t  s i x  m u l t i p l i e r  e x p e r i m e n t s  show t h a t  

o p e r a t i n g  costs,  w i t h  t h e  e x c e p t i o n  of g a s o l i n e  c o s t s ,  have  o n l y  a  

m i n o r  i n f l u e n c e  on t h e  CPM v a r i a b l e s .  T h i s  r e s u l t  was p r e d i c t e d  i n  

t h e  d i s c u s s i o n  o f  t h e  CPM equat ions ,  S e c t i o n  2.3.5. An i n c r e a s e  of 

10% i n  r e p a i r  c o s t s  r a i s e s  t h e  CPM f o r  each c l a s s  of v e h i c l e s  l e s s  

than  1.5%, and an i nc rease  o f  10% i n  m o t o r  o i l  c o s t s  r a i s e s  t h e  CPM 

f o r  each c l a s s  o f  v e h i c l e  l e s s  than  .I%. These minor  impacts on t h e  

CPM v a r i a b l e s  i m p l y  t h a t  changes i n  t h e s e  v a r i a b l e s  will  a l s o  have 

minor  impacts on a l l  o t h e r  v a r i a b l e s .  

The impact  o f  a  10% inc rease  i n  g a s o l i n e  c o s t  on t h e  CPM v a r i a b l e s  

i s  somewhat l a r g e r  t han  t h e  impacts o f  i n c r e a s i n g  t h e  o t h e r  o p e r a t i n g  

c o s t  components. A  10% inc rease  i n  g a s o l i n e  c o s t  causes a b o u t  a  2% 

i n c r e a s e  i n  t h e  CPM v a r i a b l e s ,  The impacts a re  l e s s  f o r  foreign-made 

c a r s  as compared t o  domest ic -made c a r s ,  because t h e  h i g h e r  f u e l  

economies  o f  f o r e i g n  c a r s  d r i v e  down t h e  c o s t  o f  gas r e l a t i v e  t o  t h e  

c o s t  o f  t h e  o t h e r  components o f  t h e  CPM va r iab les .  

The new c a r  p r i c e ,  on  t h e  o t h e r  hand, i s  a  major  component o f  t h e  

CPM v a r i a b l e s  (see Tables A-59 th rough  A-66) .  A 1% i n c r e a s e  i n  new 

c a r  p r i c e  f o r  a1 1  c l a s s e s  o f  v e h i c l e s  causes t h e  CPM f o r  smal l  ca rs  

t o  r i s e  by  about .4% and t h e  CPM f o r  l a r g e  ca rs  t o  r i s e  about .45%. 

The e i g h t h  e x p e r i m e n t  l o o k s  a t  t h e  i m p a c t  o f  an i nc rease  i n  t h e  

f i n a n c e  c h a r g e s  a s s o c i a t e d  w i t h  t h e  p u r c h a s e  o f  a  c a r .  A  o n e  

p e r c e n t a g e  p o i n t  i n c r e a s e  i n  t h e  consumer i n s t a l l m e n t  c r e d i t  r a t e  

causes t h e  CPM v a r i a b l e s  t o  i nc rease  s u b s t a n t i a l  l y  by a b o u t  .8% ( s e e  

Tab1 es A-67 th rough A-74). 



The n i n t h  m u l t i p l i e r  experiment examines the  e f f e c t  t h a t  t h e  
discount ra te ,  used t o  discount costs and miles in the CPM v a r i a b l e s ,  
has on t h e  CPM variables (see Tables A-75 through A-82). The resul t s  
show that  for  a one percentage point increase in the discount f a c t o r ,  
the  C P M  f o r  a l l  cars r i ses ;  the CPM r i s e s  b,y a greater percentage fo r  
luxury cars than fo r  fu l l - s i ze  cars,  and i t  r i s e s  more f o r  f u l l - s i z e  
ca r s  than for  smaller cars.  These relationships imply tha t  a trading 
down response should have r e s u l t e d  from such an i n c r e a s e  i n  t h e  
discount factor .  

4.4 Summary of Submodel Evaluation 

The submodel evaluation presented in t h i s  section focuses on three 
se ts  of equations in the model, including t h e  equat ions  f o r  new c a r  
demand ( t o t a l  and by s i z e  c l a s s ) ,  t r a v e l  demand, scrappage,  and 
vehicle costs.  These are important equations because so  many of t h e  

p r e d i c t i o n s  g e n e r a t e d  in the  model depend on them. Therefore,  
understanding t h e  f o r e c a s t i n g  accuracy, i n t e r r e l a t i o n s h i p s ,  and 
dynamic p r o p e r t i e s  of t h e s e  equat ions  helps in understanding the 
complex behavi or and properties of the f u l  1 model. 

The submodel evaluat ion  , i s  divided i n t o  two parts: forecasting 
behavior of the submodels and dynamic p r o p e r t i e s  of t h e  submodels. 
The f o r e c a s t i  ng  behavior analyses uncovered some serious problems in 
the forecasting accuracy of a major part of the model. The a b i  1  i t y  

o f  t h e  model t o  f o r e c a s t  new c a r  s a l e s ,  scrappage, and VMT i s  

l i m i t e d .  Forecasting errors  in excess of 10% in new-car s a l e s  and 
scrappage, and e r r o r s  more than 5% in VMT per family were generated 
over the historical  period fo r  which the model was ca l ibra ted .  These 

e r r o r s  would almost c e r t a i n l y  be much larger i f  the model were used 

t o  forecast beyond the cal ibrat ion period--that i s ,  i n t o  t h e  f u t u r e .  
However, t h e  t r e n d s  i n  new c a r  s a l e s ,  scrappage,  and VMT a r e  

a c c u r a t e l y  p r e d i c t e d  over t h e  h i s t o r i c a l  p e r i o d ,  and t h u s ,  t h e  

model can be used t o  s t u d y  t h e  t r e n d s  i n  these  v a r i a b l e s  i n t o  

t h e  f u t u r e  w i t h  some accuracy. 

The f o r e c a s t i n g  behavior of the submodel of new car market shares 



i s  shown t o  have serious problems. This submodel analysis shows tha t  

t he  model equations concerning market s h a r e s  a r e  n o t  only  
unable t o  p red ic t  t he  level  of new car shares,  b u t  a re  a l so  
unable t o  predict trends i n  new car shares. 

The anal ys i  s of the  dynamic properties indicates the re1 a t i  onship 
between the  submodel equat ions  and t h e  response of t h e  submodel 's 
p r e d i c t i o n s  t o  changes in exogenous v a r i a b l e s .  This a n a l y s i s  of 
submodel s e t  1 examines t h e  r e l a t i o n s h i p  of new c a r  s a l e s  and 
scrappage. A change in  one of t h e s e  va r i ab les  generally causes a 
s i m i l a r  b u t  smal ler  change i n  t h e  o t h e r .  HSRI a n a l y s i s  a l s o  
i n d i c a t e s  t h a t  changes in desired stock and unemployment tend t o  
have long-term e f f e c t s  on  new car  s a l e s ,  and scrappage, while 
changes in new car p r ice ,  income, VMT, and gas prices tend t o  
have short-term impacts. 

The a n a l y s i s  of t h e  dynamic propert ies  of submodel se t  2 reveals 
s h i f t s  i n  market sha res  due t o  changes in  t h e  veh ic le  c o s t  of one 
type of ca r  re1 a t i v e  t o  t h e  average cos t  of o the r  cars and due t o  
changes in veh ic le  c o s t  r e l a t i v e  t o  fami ly  income. Although t h e  
f o r e c a s t i n g  accuracy of t h i s  submodel i s  very poor, these resul t s  do 
seem reasonable. 

The analyses of the dynamic properties of submodel se t  3 show that  
t h e  Wharton E F A  measure of v e h i c l e  c o s t s - - t h a t  i s ,  t h e  
cap i t a l  i  zed cost  per mi 1 e variables--is insensitive to  changes 
in vehicle operating costs. On the  other hand, the CPM var iables  
a re  shown t o  be very s e n s i t i v e  t o  changes in new car purchase 
price and credit  rates for  financing cars. 

This i s  important .  Car p r i c e s  are one of the major determinants 
of desired stock, and re la t ive  car prices are c r i t i c a l l y  important i n  

t h e  des i red  stock shares,  I t  i s  the desired stock and desired stock 
shares tha t  drive sa les  in any long-run s imula t ion .  B u t  t h e  Wharton 
E F A  s tock equat ions  were estimated with 1972 cross-section data, and 
car prices hardly vary at a l l  from s t a t e  t o  s t a t e  ( a l l  t h e  variance 
i s  due t o  f r e i g h t  charges and o the r  minor components of p r i c e ) .  
Thus, the  estimated price ef fec ts  on s tock and stock sha res  a r e  not 



due t o  v a r i a t i o n  i n  the price o f  cars. Any simulation of a policy 

scenario involving a change in t h e  price of c a r s  with t h e  

Wharton EFA auto model has to be viewed with extreme caution 

and skepticism. 



5.0 FULL MODEL EVALUATION 

5.1 Introduction 
This  s e c t i o n  p r e s e n t s  an analysis of the forecasting behavior and 

dynamic p r o p e r t i e s  of t h e  complete Wharton E F A  Automobile Demand 
Model. The Wharton E F A  vers ion  of the model tha t  was obtained from 
TSC i s  the  version tha t  i s  used in t h i s  analysis.  

The analyses  in  t h i s  s e c t i o n  a re  an extension of those performed 
i n  t h e  submodel eva lua t ion  s e c t i o n .  In t h e  submodel e v a l u a t i o n ,  

t h r e e  groups of submodels containing key equations of the model were 
examined. Understanding t h e  p r o p e r t i e s  and i n t e r r e l a t i o n s h i p s  of 
t h e s e  groups of equat ions  provides a b e t t e r  understanding of the 
complex properties of the  f u l l  model. 

The a n a l y s i s  of t h e  f o r e c a s t i n g  behavior of t h e  f u l l  model i s  
performed by generating a simul a t i o n  over t h e  same per iod ,  1960 t o  

1974, used f o r  analyzing submodels so tha t  comparisons can be made. 
In addition, three other simul a t i o n  experiments a r e  conducted. In 

t h e  f i r s t  experiment,  t h e  p r e d i c t i v e  c a p a b i l i t y  of t h e  model i s  
examined over the  period 1960 t o  1967. This  experiment i s  compared 
t o  t h e  r e s u l t s  of a second simulation experiment conducted over the 
per iod  1968 t o  1974 t o  i n d i c a t e  how economic 'and demographic  
d i f f e r e n c e s  t h a t  exis ted  in these two periods af fec t  the forecasting 
accuracy of the  model. The 1 as t  experiment involves  an a n a l y s i s  of 
whether t h e  model has a tendency t o  accumulate forecast ing errors  as 
the  forecast ing hori ton increases. 

The dynamic p r o p e r t i e s  of t h e  model a r e  s tud ied  by conducting 
mult ipl ier  experiments. Most of the  m u l t i p l i e r  experiments involve 
t e s t i n g  t h e  response of the model's predictions t o  the same exogenous 

variables t h a t  were tested in the  submodel evaluat ion.  This  permits  
comparisons between the submodel and f ul 1 model experiments. 

Because the  model i s  large,  the discussion i s  focused on e i g h t  key 
endogenous  v a r i  a b l e s  t h a t  a r e  a l s o  h igh l igh ted  in  t h e  submodel 



e v a l u a t i o n .  These a r e :  new c a r  s a l e s ,  scrappage, VMT per family,  

new subcompact shares ,  new compact s h a r e s ,  new mid - s i ze  s h a r e s ,  new 

f u l l - s i z e  shares ,  and new luxury shares .  

5.2 Forecasting Behavior of Full  Model 

To ana lyze  t h e  f o r e c a s t i n g  accuracy of the  f u l l  model, HSRI s t a f f  

generated simulations over t h e  h i s t o r i c a l  pe r i od  used f o r  submodel 

e v a l u a t i o n .  S i m u l a t e d  v a l u e s  of t h e  v a r i a b l e s  a r e  compared i n  
t abu la r  and graphical  form wi th  t h e  known h i s t o r i c a l  v a l u e s  of t h e  

v a r i a b l e s  and s t a t i s t i c s  conce rn ing  t h e  accu racy  of the model a re  

calcula ted.  Section 4.2 of the submodel eva lua t ion  s e c t i o n  c o n t a i n s  

a  f u l l  discussion of t he  ana ly t i c  methods. 
Four simul a t ion  experiments a r e  performed t o  study t h e  f o r e c a s t i n g  

accuracy of the model : 

1. Simulation experiment - 1960 t o  1974 

2. Simulation experiment - 1960 t o  1967 

3. Simulation experiment - 1968 t o  1974 

4. Simul a t ion  experiment on e r r o r  accumulation 

5.2.1 S imu la t i on  Experiment - 1960 t o  1974. In t h i s  experiment 
t h e  fo recas t ing  capab i l i t y  of t h e  model i s  examined ove r  t h e  p e r i o d  

1960  t o  1 9 7 4 .  F i g u r e s  5-1 t o  5-8 a r e  g r aphs  of t h e  a c t u a l  and 

simulated values of t h e  key v a r i a b l e s ,  and Table  5-1 d i s p l a y s  t h e  

e r r o r  s t a t i s t i c s  associa ted with these  key var iab les .  
The r e s u l t s  a r e  l a r g e l y  s e l f - e x p l a n a t o r y .  New c a r  s a l e s  a r e  

f o r e c a s t  w i th  a  r o o t  mean squa red  e r r o r  (RMSE) of 820,000 un i t s  ( a  

pe r cen t age  e r r o r  of 9 .5%) wh i l e  s c r appage  i s  p r e d i c t e d  w i t h  an 

a v e r a g e  e r r o r  of 900,000 u n i t s  (14 .5% e r r o r ) .  These e r r o r s  a r e  
roughly t h e  same as those in t h e  f i f t h  exper iment  of submodel s e t  1  

( s e e  S e c t i o n  4 . 2 . 1 ) ,  and t h u s  i t  can be concluded t h a t  t h e y  a r e  
caused by t he  fo recas t ing  problems of t h e  d e s i r e d  s t ock  pe r  f a m i l y  

e q u a t i o n .  The predictions o f  new car sales by market segment 

s h a r e  a r e  v e r y  poor by any r e a s o n a b l e  c r i t e r i a  f o r  

within-sample econometric forecasting. The pe r cen t age  e r r o r s  
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r a n g e  f rom 13.9% f o r  t h e  l u x u r y  new ca r  market  share t o  97.1% i n  t h e  

subcompact new c a r  market sha re .  The SIML R-SQ s t a t i s t i c s  f o r  a1 1  

f i v e  new c a r  m a r k e t  s h a r e s  a r e  n e g a t i v e ,  which a l s o  i n d i c a t e s  ve ry  

poor s i m u l a t i o n  r e s u l t s .  

These i n a c c u r a t e  p r e d i c t i o n s  f o r  new ca r  market shares are  due t o  

t h e  severe problems i n  t h e  market  sha re  e q u a t i o n s  t h a t  were  p o i n t e d  

o u t  i n  t h e  p r e v i o u s  s e c t i o n s .  The m a i n  problem i s  p robab ly  i n  t h e  

method o f  d i v i d i n g  t h e  o v e r a l l  s tock  o f  ca rs  i n t o  market  sha res .  The 

g r o u p i n g s  a r e  made b y  c a r  s i z e  w i t h o u t  any r e g a r d  t o  ca r  age, which 

i s  o b v i o u s l y  one o f  t h e  most d i s t i n g u i s h i n g  a t t r i b u t e s  o f  a  v e h i c l e .  

T h i s  g r o s s  o v e r s i g h t  by  t h e  Wharton EFA model au thors  i s  e v i d e n t l y  a  

c o n t r i b u t i n g  f a c t o r  t o  t h e  i n a b i l i t y  o f  t h e  d e s i r e d  s t o c k  s h a r e  

e q u a t i o n s  t o  p r o d u c e  reasonable va lues  over t h e  h i s t o r i c a l  p e r i o d  as 

i n d i c a t e d  by  t h e  s i m u l a t i o n  exper iments o f  S e c t i o n  4.2.2. S i n c e  t h e  

d e s i r e d  s t o c k  s h a r e  e q u a t i o n s  are incapab le  o f  gene ra t i ng  r e a l i s t i c  

p r e d i c t i o n s ,  t h e  new ca r  market  share equat ions,  w h i c h  depend on t h e  

d e s i r e d  s t o c k  share p r e d i c t i o n s  th rough t h e  s tock  adjustment  process, 

a re  a1 so unable t o  generate reasonable p r e d i c t i o n s .  

The p l o t s  i n  F i g u r e s  5-1  t h r o u g h  5 -8  p r e s e n t  a  c l e a r  p i c t u r e  o f  

t h e  performance o f  t h e  model i n  t r a c k i n g  t h e  h i s t o r i c a l  r e c o r d .  The 

f o l l o w i n g  p o i n t s  a re  i 1  l u s t r a t e d :  

1. F o r  new c a r  s a l e s ,  s c r a p p a g e ,  a n d  VMT p e r  

f ami l y ,  t r e n d s  a r e  p r e d i c t e d  reasonably we1 1  b u t  

t h e  l e v e l s  o f  t h e  v a r i a b l e  a r e  n o t  f o r e c a s t  v e r y  

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

p r o b a b l y  m o r e  u s e f u l  i n  p r e d i c t i n g  c h a n g e s  ( a s  

o p p o s e d  t o  l e v e l s )  f o r  v a r i a b l e s  such  as new c a r  

sales, scrappage and VMT. 

2. The model e x h i b i t s  s e v e r a l  d e f i n i t e  tendencies  

toward  o v e r p r e d i c t i o n  o r  u n d e r p r e d i c t i o n .  F o r  

example,  new c a r  s a l e s  a r e  u n d e r p r e d i c t e d  over t h e  

p e r i o d  1 9 6 7 - 1 9 7 4  w h i l e  VMT i s  p e r s i s t e n t l y  

ove rp red i  c t e d  f rom 1960- 1969. 

3. The p l o t s  o f  new c a r  s a l e s  by m a r k e t  s e g m e n t  



share highlight the large errors indicated by 

the root mean squared error statistics. The 
subcompact share  i s  grossly overpredicted throughout 

most of t h e  per iod,  w i t h  t h e  e r r o r s  in some yea r s  
being on t he  order  of twenty-five percentage points. 
The compact share fa res  somewhat b e t t e r ,  with e r r o r s  
i n  t h e  neighborhood of f i ve  t o  ten percentage points. 

New mid-size shares d i sp lay  an i n t e r e s t i n g  pa t t e rn .  
The f i r s t  h a l f  of  t h e  s i m u l a t i o n  p e r i o d  i s  
cha r ac t e r i z ed  by g r o s s  u n d e r p r e d i c t i o n s  of t h e  
mid-size new car market share. In the second half of 
the period, t he  mid-size share  i s  predic ted f a i r l y  
accura te ly ,  with e r ro r s  of approximately one t o  f ive  
percentage p o i n t s .  The f u l l - s i z e  market  s h a r e  
s u f f e r s  from l a rge  p red ic t ion  errors throughout the 
en t i re  period ( ten  t o  twent,y percentage po in t s ) .  The 
luxury share i s  the only share that  i s  simulated with 
any reasonable degree of accuracy, with the e r r o r s  of 
about one t o  t w o  percentage points. Of course, the 

luxury share  remained very s t a b l e  t h roughou t  t h e  
p e r i o d  1960-1974, s o  pe rhaps  i t  was not such a 

d i f f i cu l t  task t o  predict i t .  
In f a c t ,  t h e  sample mean of the  luxury shares  

might be almost as good a p r ed i c to r  of t he  ac tua l  
h i s t o r i c a l  shares as the econometric model, using the 
root mean squared error as a basis of comparison. 

This r a i s e s  an interest ing question about the forecasting accuracy 
of the model as compared t o  some naive a1 t e r n a t i  ve model. Consider 
t he  f o l  lowing naive al ternative model for  predicting new car sales by 

market share: 



yts = ps S  = Subcompact c l a s s  

ytC = yC C = Compact c l a s s  

= gM M = Mid-s ize  c l a s s  

ytF = yF F  = F u l l - s i z e  c l a s s  

yt = -L Y L ~ u x u r y  c l a s s  

where 

Y = market  share o f  t h e  p a r t i c u l a r  c l a s s  

t = t i m e  s u b s c r i p t  (1960-1974) - 
Y = sample mean o f  t h e  market  share o f  t h e  

p a r t i c u l  a r  c l  ass 

To p r e d i c t  t h e  m a r k e t  share o f  a  p a r t i c u l a r  s i z e  c l a s s  f o r  any g i ven  

y e a r ,  t h e  n a i v e  model  says  t o  u s e  t h e  sample  mean o f  t h e  a c t u a l  

m a r k e t  shares  from 1960-1974 as t h e  p r e d i c t i o n .  Thus, t h e  n a i v e  uses 

t h e  sample  mean as a  p r e d i c t o r  o f  new c a r  s a l e s  b y  m a r k e t  s h a r e  

r a t h e r  t h a n  t h e  c o m p l i c a t e d  e c o n o m e t r i c  model. I n  o rde r  t o  assess 

t h e  f o r e c a s t i n g  accuracy o f  t h e  n a i v e  model  v e r s u s  t h e  Whar ton  EFA 

a u t o  model  o v e r  t h e  sample p e r i o d  1960-1974, r o o t  mean squared e r r o r  

s t a t i s t i c s  a r e  c a l c u l a t e d  f o r  t h e  n a i v e  model  and compared t o  t h e  

ones f o r  t h e  Wharton EFA auto  model. 

Tab le  5-2  con ta ins  such a  c o m p a r i s o n  o f  r o o t  mean s q u a r e d  e r r o r  

s t a t i s t i c s  f o r  t h e  f i v e  new c a r  m a r k e t  s h a r e s .  The r e s u l t s  a r e  

s t r i k i n g .  I n  no case does t h e  Wharton EFA model ou tpe r fo rm t h e  n a i v e  

model  i n  t e r m s  o f  f o r e c a s t i n g  accuracy. I n  a l l  f i v e  market  c lasses 

t h e  n a i v e  model has a  s m a l l e r  r o o t  mean s q u a r e d  e r r o r  t h a n  does t h e  

c o m p l e t e  Whar ton EFA mode l .  I n d e e d  i n  f o u r  o f  t h e  market  segments 

(subcompact, compact, m i d - s i  ze, and f u l l - s i  z e )  t h e  d i f f e r e n c e s  a r e  

q u i t e  s u b s t a n t i a l ,  w i t h  t h e  RMSE o f  t h e  n a i v e  model  b e i n g  on t h e  

o rde r  o f  f o u r  t o  e i g h t  p e r c e n t a g e  p o i n t s  l o w e r .  The d i f f e r e n c e  i s  

t r i v i a l  f o r  t h e  l u x u r y  share (0.1 percentage p o i n t s )  (10).  



TABLE 5-2 

ROOT MEAN SQUARED ERROR 
STATISTICS* OF WHARTON EFA MODEL 

AND NAIVE ALTERNATIVE MODEL (1 960-1 974) 

Market  Class Wharton EFA !lode1 Na ive  Model 

Subcompact 

Compact 

Mid-Size 

F u l l  -S ize  

Luxury  

*The r o o t  mean squared e r r o r s  a r e  measured i n  t h e  same u n i t s  as t h e  a c t u a l  
market  shares, i .e., f r a c t i o n s  o f  t h e  t o t a l  market .  Fo r  example, a r o o t  
mean squared e r r o r  o f  ,1300 can be i n t e r p r e t e d  as an average f o r e c a s t i n g  
e r r o r  of 13 percentage p o i n t s  i n  market  share.  



For comparison purposes consider the  same exerc i se  for  new car 

sales volume. The naive model simply fo r eca s t s  t he  sample mean of 
new car  s a l e s  f o r  1960-1974. Table 5-3 contains the RMSE s t a t i s t i c s  
fo r  the two models. In t h i s  case, the Wharton E F A  auto model tu rns  
o u t  t o  be a s u b s t a n t i a l l y  more accurate  p red ic to r  of t o t a l  sales 
volume than the naive model. This i s  n o t  s u rp r i s i ng .  The graph of 
s a l e s  volume shows t h a t  t h e  Wharton EFA model does a reasonably 
good job of t r ack ing  t he  t rends  in t o t a l  s a l e s  volume. 

What a re  the implications of th i s  analysis? F i r s t ,  from the point 
of view of pure fo r eca s t i ng ,  the  Wharton E F A  au to  model has n o  
advantage over t he  simple naive model in predicting new car sales by 

maket class. Indeed, the naive model has substantial ly small e r  e r r o r  
s t a t i s t i c s  i n  four  of the  f i v e  market c l a s s e s .  Second, from the 
point of view of f o r eca s t i ng  aggregate va r iab les  such as new car  
s a l e s ,  scrappage, and VMT, t h e  Wharton E F A  model has an advantage 
over t h e  n a i v e  model. T h e r e f o r e ,  t h e  model may have  some 
u s e f u l n e s s  i n  f o r e c a s t i n g  new c a r  s a l e s ,  s c r appage ,  and VMT 

( p a r t i c u l a r l y  f o r  changes  a s  opposed  t o  l e v e l s )  b u t  i t  i s  
i n a p p r o p r i a t e  i n  i t s  p r e s e n t  s t a t e  f o r  f o r e c a s t i n g  new c a r  
s a l e s  by market  c l a s s .  T h i s  r e s u l t  c a n  be  t a k e n  o n e  s t e p  
f u r t h e r :  f o r e c a s t s  of  any v a r i a b l e s  t h a t  depend h e a v i l y  on 
p red ic t ions  f o r  new c a r  s a l e s  by market  c l a s s  ( e . g . ,  new c a r  

f l e e t  ave r age  f u e l  economy) should be i n t e rp r e t ed  w i t h  a  g r ea t  

deal of caut ion.  
Why spend the  time and money t o  build a model t o  forecast new car 

sales by market segment when a naive model does much b e t t e r  over the  
h i s t o r i c a l  period and may in fac t  do just  as well in forecasting? The 

answer i s  two-fold. F i r s t ,  even t h o u g h  the  cur ren t  version of the  
Wharton € F A  auto demand model i s  de f i c i en t  in terms of forecasting 

market class new car sales,  the knowledge gained t o  date  from having 
b u i l t  the  model wi l l  presumably be of assistance i n  b u i l d i n g  a  new 
version of the model that  may turn o u t  t o  be s i g n i f i c a n t l y  b e t t e r  in 
p red ic t ing  new car  s a l e s  by s i z e  c l a s s .  Second, i t  i s  important t o  
remember that  the naive model has no behavioral content  and c l e a r l y  



TABLE 5-3 

Variable 

ROOT MEAN SQUARED ERROR 
STATISTICS* OF WHARTON EFA MODEL 

A N D  NAIVE ALTERNATIVE MODEL (1 960-1 974) 

Wharton EFA Model Naive Mode1 

New Car Sales ,8234 1.473 

*The root mean squared errors are measured in the same units 
as new car sales : mil 1 ions of passenger cars. 



c a n n o t  be  used as a  t o o l  i n  p o l i c y  i m p a c t  a n a l y s i s  ( t h e  "what i f "  

game). However, i f  a  model l i k e  t h e  c u r r e n t  v e r s i o n  o f  t h e  Whar ton  

EFA a u t o  model  p r o d u c e d  r e a s o n a b l e  r e s u l t s ,  i t  c o u l d  be used t o  

e s t i m a t e  t h e  e f f e c t s  o f  a l t e r n a t i v e  p o l i c i e s  on new c a r  s a l e s  b y  

market c l ass .  

5.2.2 S i m u l a t i o n  E x p e r i m e n t  1960-1967. I n  t h i s  experiment t h e  

f o r e c a s t i n g  capabi 1  i t y  o f  t h e  model o v e r  t h e  f i r s t  h a l f  ( 1  960-1 967 )  

o f  t h e  (1960-1974)  p e r i o d  i s  s tud ied .  The e r r o r  s t a t i s t i c s  f o r  t h e  

e i g h t  k e y  v a r i a b l e s  a r e  l i s t e d  i n  T a b l e  5-4, and t h e  a c t u a l  a n d  

s imula ted  values a re  d i sp layed  i n  F igu res  5-9 t o  5-16. 

The e r r o r  s t a t i s t i c s  a r e  s e l f - e x p l a n a t o r y ,  F o r  p u r p o s e s  o f  

c o m p a r i s o n ,  c o n s i d e r  t h e  e r r o r  s t a t i s t i c s  i n  T a b l e  5 - 1  t h a t  

correspond t o  t h e  complete sample p e r i o d  1960-1974. The p r e d i c t i o n s  

o f  new c a r  sa les  and VMT per  f a m i l y  have 1  arger  o v e r a l l  e r r o r s  (RMSE) 

i n  t h e  1960-1967 p e r i o d  than  i n  t h e  1960-1974 per iod .  T h i s  i n d i c a t e s  

t h a t  t h e  model p r e d i c t s  more a c c u r a t e l y  these v a r i a b l e s  i n  t h e  second 

h a l f  o f  t h e  sample p e r i o d  (1968-1974)  t h a n  i n  t h e  f i r s t  h a l f .  The 

r e s u l t s  o f  new c a r  s a l e s  fo recas ts  were expected, g i ven  t h e  problems 

i d e n t i f i e d  i n  Sec t i on  4.2.1 concern ing  t h e  d e s i r e d  s t o c k  p e r  f a m i l y  

e q u a t i o n  on w h i c h  new c a r  s a l e s  p r e d i c t i o n s  depend. However, t h e  

e r r o r s  i n  t h e  VMT per  f a m i l y  p r e d i c t i o n s  f o r  t h e  1960-67 p e r i o d  a r e  

s u r p r i s i n g .  I n  f a c t ,  t h e  n e g a t i v e  va lue  o f  t h e  SIML R-SQ s t a t i s t i c  

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

a c t u a l  v a l u e  f o r  t h e  p e r i o d  w o u l d  g e n e r a t e  a  sma l l e r  RMSE than t h e  

f u l l  model. 

A l t h o u g h  i t  i s  n o t  p o s s i b l e  t o  p i n p o i n t  t h e  cause o f  t h i s  problem, 

t h e  v intage-weighted VMT v a r i a b l e  seems t o  be a  m a j o r  c o n t r i b u t i n g  

f a c t o r .  The v i n t a g e - w e i g h t e d  VMT v a r i a b l e  i s  an index designed t o  

measure v a r i a t i o n s  i n  mi leage t r a v e l e d  due t o  f l u c t u a t i o n s  i n  t h e  age 

c o m p o s i t i o n  o f  s tock.  The index uses "average" m i l e s  d r i v e n  per  year  

f o r  a  g iven age o f  veh i c le .  These "average" m i l e s  by age a r e  a l i g n e d  

so t h a t  t h e  1972 v a l u e  o f  v in tage-we ighted VMT approximates t h e  1972 

va lue  o f  t o t a l  VMT. (See S e c t i o n  2.3.8.2 f o r  a  d i s c u s s i o n  of t h e  



TABLE 5-4 

V a r i a b l e  

Sa 1 es 

Scrappage 

VMT/FM 

Subcompact 

Compact 

M id -S ize  

F u l l  - S i z e  

Luxu ry  

V a r i a b l e  

Sal  es 

Scrappage 

VMT/FM 

Subcompact 

Cornpac t 

M id -S i ze  

F u l l  - S i z e  

Luxu ry  

ERROR STATISTICS 1960-1 967 
DYNAMIC SIMULATION 

Mean - RMS E 100* RMSE/Mean 

TABLE 5-5 

ERROR STATISTICS 1968-1 974 
DYNAMIC SIMULATION 

Mean RMS E - 1 OO* RMSE/Mean 

SIML R-SQ 

SIML R-SQ 

.67 

-1.30 
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FIGURE 5-13 
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f o r m u l a . )  T h e  e q u a t i o n  f o r  VMT p e r  f a m i l y  assumes t h a t  t h e s e  

"ave rage"  m i l e s  d r i v e n  p e r  y e a r  a r e  e q u i l i b r i u m  v a l u e s ,  and t h u s  

r e p r e s e n t  v i n t a g e - w e i g h t e d  VMT o v e r  t i m e .  H o w e v e r ,  t h e  

v in tage-we ighted VMT i s  on t h e  average 6% h i g h e r  t h a n  t o t a l  VMT f o r  

t h e  y e a r s  1960 t o  1967. Th i s  suggests t h a t  d r i v e r s  drove fewer m i l e s  

pe r  yea r  i n  t h e  e a r l y  t o  mid-1960s than  i n  1972. The h i g h  v a l u e s  o f  

t h e  v i n t a g e - w e i g h t e d  VMT v a r i a b l e  cause t h e  VMT pe r  f a m i l y  equa t i on  

t o  o v e r p r e d i c t  d u r i n g  t h e  1960 t o  1967 p e r i o d  ( s e e  F i g u r e  5 - 1 6 ) .  A 

s i m i l a r  d i f f e r e n c e  i n  d r i v i n g  h a b i t s  f rom those o f  1972 would cause 

c o n s i s t e n t  o v e r p r e d i c t i o n s  o r  u n d e r p r e d i c t i o n s  when t h i s  e q u a t i o n  i s  

used i n  f o r e c a s t i n g .  

T h i s  s i m u l a t i o n  i s  a l s o  notewor thy  because scrappage has a  sma l l e r  

RMSE f o r  1960-1967 t h a n  f o r  1960-1974.  T h i s  r e s u l t  i s  r a t h e r  odd  

s i n c e  sc rappage  i s  h i g h l y  dependent on t h e  d e s i r e d  s tock  pe r  f a m i l y  

p r e d i c t i o n s ,  w h i c h  a r e  p r o b l e m a t i c  d u r i n g  t h e  1960-1967 p e r i o d .  

Moreove r ,  t h e  sc rappage  p r e d i c t i o n s  a re  h i g h l y  dependent on t h e  new 

c a r  sa les  p r e d i c t i o n s  which a re  a l s o  somewhat poor i n  t h i s  pe r i od .  

The n e g a t i v e  v a l u e s  o f  t h e  SIML R - S Q  s t a t i s t i c s  f o r  t h e  new c a r  

market  shares p o i n t  o u t  t h e  worth lessness o f  t hese  p r e d i c t i o n s .  

The g r a p h s  o f  t h e  e i g h t  key  v a r i a b l e s  i n  F igu res  5-9 th rough 5-16 

i l l u s t r a t e  t h e  f o l l o w i n g  p o i n t s :  

1. T h e  t r e n d s  i n  new c a r  s a l e s ,  sc rappage ,  and VMT 

p e r  f a m i l y  a r e  p r e d i c t e d  w i t h  r e a s o n a b l e  

a c c u r a c y ,  a l t h o u g h  t h e  a c t u a l  l e v e l s  o f  t h e  

v a r i a b l e s  a r e  o f f  somewhat .  T h i s  i s  p a r t i c u l a r l y  

t r u e  f o r  VMT p e r  f a m i l y ,  w h i c h  i s  o v e r p r e d i c t e d  

th roughout  t h e  e n t i r e  pe r i od .  

2. T h e  m a r k e t  c l a s s  s h a r e s  a r e  not s i m u l a t e d  w i t h  

any  r e a s o n a b l  e  d e g r e e  o f  a c c u r a c y .  Subcompacts 

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

t h e  p e r i o d  ( f r o m  1 9 6 4 - 1 9 6 7 )  w h i l e  m i d - s i z e  a n d  

f u l l - s i z e  c a r s  s u f f e r  f r o m  s i m i l a r  p r o b l e m s  o f  

u n d e r p r e d i c t i o n  and o v e r p r e d i c t i o n ,  r e s p e c t i v e l y ,  

f r om 1960-1964. The compact and l u x u r y  market c lasses  



a r e  f o r e c a s t  w i t h  somewhat g r e a t e r  accuracy, a l though 

t h e i r  average p e r c e n t a g e  e r r o r s  o f  38.7% and 17.7% 

r e s p e c t i v e l y  1  eave much t o  be desired.  

5 . 2 . 3  S i m u l a t i o n  E x p e r i m e n t  1 9 6 8 - 1 9 7 4 .  T h i s  e x p e r i m e n t  

complements t h e  1960-1967 e x p e r i m e n t  i n  e x a m i n i n g  t h e  f o r e c a s t i n g  

c a p a b i l i t y  o f  t h e  model o v e r  t h e  second h a l f  o f  t h e  l a r g e r  sample 

p e r i o d  1960-1974.  The e r r o r  s t a t i s t i c s  f o r  t h i s  e x p e r i m e n t  a r e  

d i sp layed  i n  Table 5-5, and t h e  g raphs  o f  t h e  k e y  v a r i a b l e s  a r e  i n  

F igures  5-17 t o  5-24. 

F o r  t h i s  e x p e r i m e n t ,  new c a r  sa les ,  VMT p e r  f a m i l y ,  and m id -s i ze  

new c a r  market  shares a l l  exper ience s u b s t a n t i a l  r e d u c t i o n s  i n  t h e i r  

r o o t  mean squared  e r r o r s  r e l a t i v e  t o  t h e  f u l l  p e r i o d  r e s u l t s  (see 

T a b l e  5-1 f o r  1960-1974 r e s u l t s ) .  However, as i n d i c a t e d  b y  t h e  

n e g a t i v e  SIML R - S Q ,  t h e  new c a r  m a r k e t  share p r e d i c t i o n s  are s t i l l  

ex t remely  poor, and scrappage and subcompact new c a r  market  s h a r e  a r e  

p r e d i c t e d  w i t h  g r e a t e r  e r r o r s  than i n  t h e  f u l l  per iod .  I n  f a c t ,  t h e  

SIML R-SQ s t a t i s t i c  f o r  scrappage i s  h i g h l y  negat ive,  i n d i c a t i n g  t h a t  

t h e  sc rappage  p r e d i c t i o n s  i n  t h i s  e x p e r i m e n t  a r e  v e r y  poor. Th i s  

e x p e r i m e n t  p o i n t s  o u t  a  p e c u l i a r  p r o p e r t y  o f  t h e  s c r a p p a g e  

e q u a t i o n - - t h a t  i s ,  even when i t s  two major  endogenous inpu ts ,  new ca r  

sa les  and d e s i r e d  stock,  a re  p r e d i c t e d  w i t h  r e a s o n a b l e  accu racy ,  t h e  

sc rappage  p r e d i c t i o n s  w i  11 p r o b a b l y  be poor.  T h i s  c o n d i t i o n  cas ts  

doubts on t h e  s p e c i f i c a t i o n  of t h e  scrappage equat ion.  

The major  p o i n t s  o f  t h i s  experiment are: 

1. The l e v e l  o f  new c a r  s a l e s  i s  now p r e d i c t e d  q u i t e  

a c c u r a t e l y  w i t h  t h e  e x c e p t i o n  o f  one  l a r g e  e r r o r  

i n  1972. The p r e d i c t i o n s  f o r  s c r a p p a g e  a n d  VMT 

p e r  f a m i l y  a r e  s t i l l  b e s t  v i e w e d  i n  t e r m s  o f  

changes i n s t e a d  o f  a b s o l u t e  l e v e l s ,  

2. C o n s i d e r a b l e  p r o b l e m s  r e m a i n  i n  f o r e c a s t i n g  new 

c a r  s a l e s  by m a r k e t  s h a r e .  The subcompact  s h a r e  

i s  g r e a t l y  o v e r p r e d i c t e d  f o r  t h e  years  1968-1971 and 

i t s  t r e n d  i s  i n  t h e  wrong d i r e c t i o n  (down i n s t e a d  o f  
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u p ) .  The f u l l - s i z e  s h a r e  s u f f e r s  from s i m i l a r  

overpredictions fo r  the same years as well as tending 

downward a f t e r  1970 ins tead  of u p .  The remaining 

three market classes (compact, mid-si ze,  and 1 uxury) 
g e n e r a l l y  f o l l o w  t h e  t r ends  f a i r l y  well b u t  make 

substantial errors  in predicting the actual l e v e l s  of 

market shares. 

5 . 2 . 4  Simul a t i o n  Exper iment  on E r r o r  Accumulation. This 

experiment i s  designed t o  study the forecasting accuracy of t h e  model 
over d i f f e r e n t  f o r e c a s t i n g  horizon l eng ths .  The purpose of t h i s  

a n a l y s i s  i s  t o  de te rmine  i f  t h e  model d i s p l a y s  a t e n d e n c y  t o  
accumula te  e r r o r s  a s  t h e  l e n g t h  of the  f o r e c a s t i n g  horizon i s  

increased. The simulations are run over the sample period 1960-1974. 

T a b l e  5-6 p resen t s  t h e  s imula t ion  r e s u l t s  r e l a t e d  t o  ex post  

forecasting of the model over t h e  period 1960-1974. The root  mean 

squared e r r o r  a n d  SIML R-SO s t a t i s t i c s  are  presented fo r  the eight 

key time ser ies  va r i ab les  in t h e  model (new ca r  s a l e s ,  scrappage,  
veh ic le  miles t r a v e l e d ,  subcompact sha re ,  compact share, mid-size 

share, fu l l - s i ze  share, and luxury share) .  The r e s u l t s  were derived 
in the following manner. 

The one-year f o r e c a s t s  a r e  s t a t i c  simulations in which the model 
i s  r e i n i t i a l i z e d  each year  so t h a t  ac tual  v a l u e s  of a1  1 1 agged 

endogenous va r i ab les  a r e  always used in genera t ing  the one-period 
forecasts.  In t h i s  framework, the model i s  not permitted t o  compound 

i t s  own forecast ing errors .  This i s  c lear ly  an a r t i f i c i a l  s i tua t ion ,  

b u t  t h e  r e s u l t s  provide a useful  r e fe rence  point  from which t h e  

resul t s  of .dynamic simulations can be judged. 

The one-year r e s u l t s  in Table 5-6 i n d i c a t e  t h e  model produces 

r e l a t i v e l y  l a r g e  e r r o r s  in one-period forecasts.  New car sales are 
predicted with a root  mean squared e r r o r  ( R M S E )  of ,8762 mi l l ion  

u n i t s  t h a t  corresponds t o  an average percentage e r r o r  of 9.184%. 
Scrappage has a  roo t  mean squared e r r o r  of 542,000 u n i t s  o r  an 
ave rage  p e r c e n t a g e  e r r o r  of 7.855%. For subcompact, compact, 



TABLE 5-6 

V a r i a b l e s  

S a l e s  

Scrappage 

Subcompact Share  

Compact Share  

Mid-Size Share  

Ful l  -S i ze  Share  

Luxury Share  

VMT/ Fami 1 y 

V a r i a b l e s  

S a l e s  

Scrappage 

Subcompact Share  

Compact Share  

Mid-Size Share  

Ful l  -S i ze  Share  

Luxury Sha re  

VMT/Fami 1 y 

ERROR STATISTICS FOR 1960-1 974 
BY LENGTH OF FORECAST HORIZON 

Mean 
Actual s Root Mean Squared E r r o r  

SIML R~ 

1 - 2 - 4 - 6 - 
.04759 .5046 ,621 1 ,5683 

,1689 .03508 -2.414 -1.778 

-8.234 -6.273 -4.601 -4.368 

-1 3.30 -8.460 -5.803 -6.354 

-20.29 -17.03 -10.87 -5.717 

-.4014 -0.2435 m.2314 -0.4889 

-4.467 -3.371 -1.996 -1 .284 

-.go19 .7 287 ,5027 .4536 



m i d - s i z e ,  f u l l - s i z e ,  and l u x u r y  new c a r  marke t  shares, t h e  average 

percentage e r r o r s  a re  r e s p e c t i v e l y  137.3%, 41.7%, 38.7%, 26.46%, and 

21.0%. O n l y  t h e  VMT equa t i on  has a  " reasonab le"  percen tage e r r o r  o f  

1.892%. These one-year r e s u l t s  a r e  q u i t e  d i s a p p o i n t i n g  i n  t e r m s  o f  

f o r e c a s t i n g  accuracy. 

These p o o r  one-year r e s u l t s  have a t  l e a s t  two i m p l i c a t i o n s .  F i r s t ,  

t h e y  i m p l y  t h a t  t h e  mode l  i s  n o t  c a p a b l e  o f  g e n e r a t i n g  r e l a t i v e l y  

a c c u r a t e  f o r e c a s t s  one y e a r  ahead. Second, t h e  e r r o r s  con ta ined  i n  

t h e  one-year f o r e c a s t s  may compound t h e m s e l v e s  o v e r  1  o n g e r  f o r e c a s t  

h o r i z o n  l e n g t h s ,  c r e a t i n g  even  more  i n a c c u r a t e  f o r e c a s t s .  T h i s  

second i m p l i c a t i o n  i s  examined i n  t h e  r e m a i n d e r  o f  t h i s  s e c t i o n  b y  

s t u d y i n g  t h e  f o r e c a s t i n g  accuracy o f  t h e  model ove r  l a r g e r  f o r e c a s t s  

h o r i z o n  l eng ths .  

Two-year  f o r e c a s t s  a r e  o b t a i n e d  by  l e t t i n g  t h e  model genera te  i t s  

own lagged endogenous v a r i a b l e s  f o r  t h e  second y e a r  o f  t h e  f o r e c a s t .  

The mode l  f i r s t  f o r e c a s t s  1964 and t h e n  1965, u s i n g  i t s  own f o r e c a s t  

o f  1964 as lagged d a t a  f o r  t h e  f o r e c a s t  o f  1965.  The mode l  i s  t h e n  

r e i n i t i a l i z e d  as o f  1964, and i t  f o r e c a s t s  1965 and 1966 by  u s i n g  

1965 p r e d i c t i o n s  as t h e  b a s i s  o f  t h e  1966 f o r e c a s t s .  T h i s  p r o c e s s  i s  

r e p e a t e d  t h r o u g h  1 9 7 3 - 1 9 7 4 .  W i t h  t h i s  p r o c e d u r e  a  s e r i e s  o f  

f o r e c a s t s  f o r  1965-1974 i s  ob ta ined ,  w i t h  each b e i n g  a  two -yea r -ahead  

f o r e c a s t .  T a b l e  5 -6  c o n t a i n s  t h e  e r r o r  s t a t i s t i c s  (RMSE) f o r  t hese  

two-year  dynamic s i m u l a t i o n s .  

A s i m i l a r  p r o c e d u r e  was f o l l o w e d  w i t h  f o r e c a s t  h o r i z o n s  o f  f o u r  

and s i x  years .  The r e s u l t s  a l s o  shown i n  Tab le  5-6. 

T h e  r e s u l t s  o f  t h e s e  m u l t i y e a r  s i m u l a t i o n s  a r e  q u i t e  uneven.  

S i m u l a t i o n  r e s u l t s  f o r  new c a r  s a l e s  b y  m a r k e t  s h a r e  ( a t  l e a s t  a l l  

s h a r e s  e x c e p t  f u l l  - s i z e )  i n d i c a t e s  t h a t  t h e  s i x - p e r i o d  RMSEs a r e  

s m a l l e r  t h a n  t h e  s t a t i c  ( o n e - p e r i o d )  ones .  The f u l l - s i z e  m a r k e t  

s h a r e  RMSE i n c r e a s e s  m a r g i n a l l y  f r o m  t h e  s t a t i c  t o  s i x - y e a r  

s i m u l a t i o n .  These r e s u l t s ,  then, i n d i c a t e  t h a t  t h e r e  i s  no  t e n d e n c y  

t o w a r d  e r r o r  a c c u m u l a t i o n  i n  t h e  marke t  shares; indeed t h e  o p p o s i t e  
t akes  p l a c e  w i t h  t h e  s i x - p e r i o d  RMSEs b e i n g  g e n e r a l l y  smal  l e r  t h a n  

t h e  s t a t i c  RMSEs. 



Scrappage and VMT do d i s p l a y  a  t e n d e n c y  t o  accumulate e r r o r s  as 

t h e  f o r e c a s t i n g  h o r i z o n  i s  l e n g t h e n e d .  The RMSE f o r  s c r a p p a g e  

i n c r e a s e s  f r o m  542,000 u n i t s  i n  t h e  s t a t i c  s i m u l a t i o n  t o  990,000 

u n i t s  i n  t h e  s ix-year-ahead s i m u l a t i o n .  The SIML R-SQ s t a t i s t i c s  f o r  

s c r a p p a g e  i n d i c a t e  t h a t  t h e  s c r a p p a g e  f o r e c a s t s  have a  tendency t o  

accumulate e r r o r s  v e r y  r a p i d l y .  I n  f a c t ,  t h e  e r r o r  a c c u m u l a t i o n  i s  

s o  s e v e r e  t h a t  t h e  f o u r -  and s ix-year-ahead f o r e c a s t s  are  ex t reme ly  

poor. T h i s  r e s u l t  c a s t s  d o u b t s  on t h e  u s e f u l n e s s  of t h e  s c r a p p a g e  

e q u a t i o n  f o r  f o r e c a s t i n g  purposes. VMT pe r  f a m i l y  e x h i b i t s  a  s i m i l a r  

p a t t e r n  a l t hough  t h e  magni tude o f  t h e  i n c r e a s e  i n  t h e  RMSE f r o m  t h e  

s t a t i c  t o  s i x - p e r i o d  dynamic  s i m u l a t i o n  i s  much l a r g e r  (an i nc rease  

o f  over  100%). However, t h e  VMT p e r  f a m i l y  equa t i on  i s  s t i l l  a b l e  t o  

a c c o u n t  f o r  45% o f  t h e  v a r i a t i o n  i n  t h e  a c t u a l  v a l u e s  o f  VMT pe r  

f a m i l y  i n  t h e  s ix-year-ahead f o r e c a s t s .  

The r e s u l t s  f o r  new c a r  sa les  a re  r a t h e r  p e c u l i a r  i n  t h a t  t h e  RMSE 

f i r s t  decreases s u b s t a n t i a l l y  f r o m  ,8762 t o  ,553 and t h e n  i n c r e a s e s  

s i g n i f i c a n t l y  t o  .59 i n  t h e  s ix -year -ahead s i m u l a t i o n .  The r e s u l t s  

seem s t r a n g e  because  t h e  p a t t e r n  o f  f i r s t  a  d e c r e a s e  and t h e n  an 

i n c r e a s e  i n  t h e  RMSE f o r  new c a r  sa les  i s  t h e  exac t  oppos i te  o f  t h a t  

f o r  scrappage, i n  which t h e  RMSE inc reases  and then  decreases. G i v e n  

t h e  f a c t  t h a t  new c a r  s a l e s  and scrappage a re  h i g h l y  s imul taneous i n  

t h e  model and have tended t o  move t o g e t h e r  h i s t o r i c a l l y ,  one m i g h t  

e x p e c t  a  s i m i l a r  p a t t e r n  o f  i nc reases  and decreases i n  t h e i r  RMSEs. 

A l l  t h a t  can be s a i d  h e r e  i s  t h a t  t h e r e  does n o t  appear  t o  be any  

tendency f o r  e r r o r s  t o  accumulate f o r  new ca r  sa les  i n  t h e  model. 

To summarize,  the re su l t s  of these simulation experiments 
i n d i c a t e  t h a t  V M T  a n d  scrappage do display a tendency t o  
accumulate errors as the forecasting horizon lengthens, while 
new car s a l e s  a n d  the f i v e  market share c lasses  exhibit  no 
tendency to accumulate errors. 

T h e  l a c k  o f  e r r o r  a c c u m u l a t i o n  i n  t h o s e  t w o  f o r e c a s t s  i s  

i n t e r e s t i n g .  I n  f a c t ,  f o r e c a s t s  o f  s a l e s  and s h a r e s  g e t  b e t t e r  as 

t h e  h o r i z o n  l e n g t h e n s  ( a s i d e  f r o m  t h e  jump f r o m  .55 t o  .59 i n  sa les  

when t h e  h o r i z o n  goes f r o m  fou r  t o  s i x  y e a r s ,  b u t  t h a t  h a r d l y  seems 



t o  be of major importance).  This i s  symptomatic of a very poor 

model. The model does not r ea l ly  "understand" what i s  happening and 
i s  apt  t o  make huge errors in short-term predictions. In longer-term 
predic t ions ,  t h e  model i s  dominated by the  underlying t r ends  and 
wanders around t h e  h i s t o r i c a l  data almost randomly; being no worse, 
on the average, a t  predicting four years  ahead than p r e d i c t i n g  only 
two years ahead. 

T h e s e  r e s u l t s  a r e  most  damaging t o  t h e  model as a  
forecast ing  t o o l ,  b u t  not necessar i ly  as a t o o l  f o r  p o l i c y  
scenario analyses. 

5.3 Full Model Dynamic Properties 
The purpose  of t h i s  sec t ion  i s  t o  present  an ana lys i s  of the  

dynamic properties of the f u l l  model. As in the submodel evaluat ion  
in Section 4 . 3 ,  t h e  dynamic p r o p e r t i e s  of the model are studied by 
conducting m u l t i p l i e r  e x p e r i m e n t s .  In g e n e r a l ,  a m u l t i p l i e r  
experiment involves changing t h e  values of one o r  more exogenous 
variables t o  determine t h e  r e s u l t i n g  impacts on t h e  endogenous o r  
p r e d i c t e d  va r i ab les  of the  model. A d e t a i l e d  d iscuss ion of how 

multiplier experiments are run and how t o  i n t e r p r e t  t h e  r e s u l t s  of 
the experiments i s  provided in Section 4.3. 

The following nine mu1 tip1 i e r  experiments are examined: 
1.  One percent increase in nominal personal income 

2.  One percentage point inc rease  in t h e  s a l e s  t ax  r a t e  
on new cars 

3. Ten percent increase in gasoline price 

4. One percentage point increase in the  unemployment r a t e  
5 .  Ten percent increase in the insurance cost index 
6. Ten percent increase in the repair cost index 
7 .  Ten percent  inc rease  in the  production input  c o s t  

index 
8. One percent increase in the number of 1 icensed drivers 
9. One percent  inc rease  in t h e  number of i n d i v i d u a l s  

aged twenty t o  twenty-nine years 



A d e t a i l e d  discuss ion of each experiment follows, The discussion 

focuses on the effects  of the increases on the e igh t  key time s e r i e s  
va r i ab l e s  of t he  model: new car sa les ,  scrappage, subcompact share, 
compact share, mid-size share ,  f u l l - s i z e  share ,  luxury share ,  and 
VMT. The resul ts  of the mult ipl ier  runs are contained in Appendix B. 

In the f i r s t  multiplier experiment t h e  path of nominal personal 

income i s  increased by one percent over the sample period 1960-1974 

( s e e  Tables B-1 through B-8). New car  s a l e s  i n  t h e  f i r s t  y e a r  
experience a subs tan t i  a1 inc rease  of approximately 5.2% (470,000 
uni ts ) .  Over the longer term the e f f e c t  of t he  increased income on 
new car  s a l e s  f l u c t u a t e s  between very small pos i t i ve  and negative 

changes t h a t ,  f o r  p r a c t i c a l  pu rpose s ,  imply a long run income 
e l a s t i c i t y  of z e r o .  T h i s  r e s u l t  a l s o  occurred in t h e  s im i l a r  
experiment on submodel se t  1, (Sec t ion  4 .3 .1 ) ,  and i t  i s  caused by 
t w o  f a c t o r s  i n  the  model that  work t o  offse t  the i n i t i a l  increase in 
sales volume. F i r s t ,  the income d i s t r i bu t i on  va r i ab l e  in  t h e  t o t a l  
des i red stock equation l imits  the increase in the desired stock ( the  

so-called saturation e f f ec t ) .  Second, the increase in income causes 
" t r a d i n g  u p "  t o  l a r g e r ,  more expensive ca r s ;  t h i s  inc reases  t he  
average capitalized cost per mile variable, which depresses t h e  t o t a l  
desired stock, 

I t  should be mentioned t h a t  t h i s  r e s u l t  of an essen t ia l ly  zero 
income e l a s t i c i t y  i n  t h e  long run i s  t o t a l l y  i n c o n s i s t e n t  w i t h  

p r e v i o u s  s t ud i e s  of automobile demand, For a survey of o t h e r s '  
estimates of the income e l a s t i c i t y  of new car demand, t h e  i n t e r e s t e d  
reader  i s  referred t o  studies on the automobile industry (White 1971, 
p p .  94-95) and on automobile demand (Mellman 1 9 7 5 ) .  These t w o  
s t u d i e s  show t h a t  most auto demand models es t imate  t he  long-run 
income e l a s t i c i t y  w i t h  respect  t o  s a l e s  volume t o  be approximately 
1 .o. 

Scrappage inc reases  by 1.4% i n  the f i r s t  year of the increase i n  

income. In the long run t h e  inc rease  in scrappage i s  very minor, 
amounting t o  less than . 5%.  

In t he  market segments t he  i n i t i  a1 response t o  the  increase i n  



income i s  one of " t r a d i n g  up." In the  f i r s t  year  t h e  subcompact 
share drops 0.2 percentage po in t s ,  compacts f a l l  by 0.1 percentage 
po in t s ,  and fu l l - s i ze  cars gain 0.3 percentage points. Several years 

l a t e r ,  however, these e f f e c t s  e s s e n t i  a1 l y  r eve r se  themselves. The 
increase  in income has t h e  e f f e c t  of increas ing t h e  proportion of 
fami l ies  with incomes a t  or  above $15,000. This then implies an 
increase  in the subcompact, compact, and 1uxur.y shares a t  the expense 
of f u l l - s i z e  c a r s .  For example, in t h e  f i f t h  year  fo l lowing t h e  
permanent 1% increase  in income, the subcompact share has increased 
by 0.3 percentage points, compacts are up  0.1 percentage po in t s ,  t h e  
mid-size share  has increased 0.1 percentage points, and the luxury 
share has increased 0.1 percentage points. These inc reases  a l l  come 
a t  t h e  expense  of t h e  f u l l - s i z e  s h a r e  t h a t  has d e c r e a s e d  a  
subs tan t i a l  0.6 percentage po in t s .  In t h e  longer run ( f i f t e e n t h  

y e a r ) ,  t he  medium term resul ts  have diminished somewhat. Subcompacts, 
compacts, and luxury are each estimated t o  increase by 0.1 percentage 
points with fu l l - s i ze  losing 0.3 percentage points. 

The increase in income has a  r e l a t i v e l y  s t rong  impact on veh ic le  
miles t r ave led .  The l a r g e s t  impact--a 0.95% increase  in VMT-- i s  
experienced in the third year following the  inc rease  in  income. The 
increase then declines to  a  long-run e l a s t i c i t y  of approximately 0.2. 

In summary, the increase in income has a  substantial impact on new 
car  s a l e s  in the f i r s t  year b u t  essent ia l ly  a  zero ef fec t  in the long 

run. Scrappage and VMT have s i m i l a r  response p a t t e r n s ,  w i t h  t he  
shor t - run  e l a s t i c i t y  being s i g n i f i c a n t l y  greater than the long-run 
e las t i c i ty .  The resul t s  indicate tha t  the market segments go through 
a t  l e a s t  two d i s t i n c t  phases. In the short run, the fu l l - s i ze  share 
gains a t  the expense of small cars via the "trading up" e f f e c t .  Over 
the  longer term, 1 uxury and small cars gain a t  expense of fu l l - s i ze  
c a r s  due t o  t h e  "income d i s t r i b u t i o n "  e f f e c t  of t h e  i n c r e a s e  i n  
nominal personal income ( 1  1 ) .  

I n  t he  second m u l t i p l i e r  experiment, the  s a l e s  t ax  r a t e  on new 
cars i s  increased by one percentage po in t .  This can be i n t e r p r e t e d  

as a  1 %  inc rease  in the average price of a  new car.  The mult ipl iers  



are contained in Tables B-9 through B-16. 

New car  s a l e s  in t h e  f i r s t  y e a r  a r e  reduced by 1 .5%,  which 
i nd i ca t e s  a subs t an t i  a1 impact e l a s t i c i t y  of -1.5. In the long run 
the e l a s t i c i t y  declines t o  a  rather small value of -0.1. 

Scrappage i n i t i  a1 l y  ( i n  t h e  f i r s t  year) decreases about 0.34% in 
response t o  the lower new car sales caused by the increase in average 

new car  p r i c e .  In t he  long run scrappage i s  reduced by only 0.1 t o  

0.2%, which i s  cons i s t en t  with t h e  small decrease in t o t a l  s a l e s  
volume in the long run. 

The market  segments  d i s p l a y  a " t r a d i n g  down" response as a 
consequence of t h e  inc rease  in average new car  p r ice .  A u t o  co s t s  
have r i s e n  b u t  income i s  unchanged, which resul ts  in a decrease in 
the r a t i o  of income t o  average c a p i t a l i z e d  cos t  per mile.  In t h e  
model s t r u c t u r e  t h i s  va r i ab l e  accounts f o r  the trading up and down 
that  occurs when e i ther  income or auto c o s t s  change. In t he  f i r s t  

year of t h e  one percentage point sales tax increase, subcompacts and 
compacts each gain 0.1 percentage po in t s  in market  s h a r e  wh i l e  

f u l l - s i z e  c a r s  l o se  0.2 percentage points  i n  market share. These 
resu l t s  stay basically the same over the longer term, with small c a r s  
gaining a minor amount of market share  a t  the expense of fu l l - s i ze  
share (12).  

The impacts on VMT are essent ia l ly  zero in b o t h  the short and long 
run, which i s  consistent with the structure of t h e  model. The small 
changes  shown in Table 8-22 a r e  due t o  a s l i g h t l y  d i f f e r e n t  age 
distr ibution of the stock, which i s  caused by the  reduction i n  t o t a l  
auto scrappage. 

To summarize, t he  principal feature of t h i s  mult ipl ier  experiment 
i s  the response of to ta l  new car sales t o  the increase in average new 
c a r  p r i c e .  The impact  e l a s t i c i t y  i s  - 1 . 5 ,  and t h e  long run 
e l a s t i c i t y  i s  -0.1 (13).  

In t h e  t h i r d  mu l t i p l i e r  experiment, the real price of gasoline i s  
increased 10% over t h e  sample period 1969-1974. The r e s u l t s  a r e  
contained in Tables 8-17 through B-24. 

New car sales in each of the f i r s t  three years are reduced 2% as a 



consequence of t h e  10% inc rease  in gaso l ine  p r i c e .  Over the long 
term, new car sales follow a  cyclical pa t t e rn  of s l i g h t  divergences 
above and below the  baseline path tha t  indicates basically no impact 
in the long run. 

The impact  on s c r a p p a g e  i n  t h e  f i r s t  t h r e e  yea r s  i s  q u i t e  

substantial ,  with scrappage being reduced by 3.5% t o  6.0%. This i s  
caused by the  reduction of VMT/stock variable in the equation. The 
stock i s  being ut i l ized less ,  resul t ing in fewer miles driven by t h e  
average used c a r ,  thereby decreasing scrappage. In the long run, 
scrappage osc i l l a t e s  above and below t h e  base l ine  s o l u t i o n ,  w i t h  a  
minor reduction occurring in the l a s t  few years. 

The inc rease  in gaso l ine  p r i c e  causes a  s u b s t a n t i a l  amount of 
t r a d i n g  down in t h e  market segments. In the f i r s t  year, subcompacts 
gain 0.9 percentage points in market share, with compacts inc reas ing  
by 0 . 5  p o i n t s .  These i n i t i a l  gains come a t  t h e  expense of the  

fu l l - s i ze  share, which loses a very signif icant  1.5 percentage po in t s  
in market share .  Moreover, unl ike  most of the  mul t ip l iers  in the 

model, these i n i t i a l  impacts sustain themselves in t h e  long run. In 
t h e  1 a s t  y e a r  of t h e  s i m u l a t i o n  p e r i o d ,  t h e  subcompacts have 

increased 1.3 percentage po in t s  while compacts have f a l l e n  o f f  
somewhat with an inc rease  of only 0.1 points.  Full-size cars have 
experienced a  1.4 percentage point decline in market share. 

Vehicle miles t r ave led  per family decreases two percentage in the 
f i r s t  year of the  increase in gasoline price. This i n i t i a l  impact of 
a  2% reduct ion  a l s o  s u s t a i n s  i t s e l f  over t h e  long term, with the 
impact in the f i f teenth  year estimated to  be a  2.1% decline. 

In summary, t h e  10% inc rease  i n  gasoline price reduces to ta l  new 
car sales by 2% i n i t i a l l y  b u t  has l i t t l e  long-run impact. Vehicle 
miles t r ave led  per fami ly  un i t  decrease by approximately 2% in both 
t h e  s h o r t  run and long run. The market  segments e x p e r i e n c e  a  
s i g n i f i c a n t  amount of t r a d i n g  down, with subcompacts gaining 1.3 
percentage points in t h e  long run a t  t h e  expense of t h e  f u l l - s i z e  
market segment. 

In t h e  f o u r t h  m u l t i p l i e r  experiment, t h e  na t ional  unemployment 



r a t e  i s  i n c r e a s e d  one p e r c e n t a g e  p o i n t .  The m u l t i p l i e r s  a re  

contained in Tables B-25 through B-32. 
Scrappage decreases by 5.4% i n  the f i r s t  year i n  response t o  the 

one percentage point increase in the unemployment r a t e .  In t h e  long 
run t h e  decrease in scrappage i s  estimated t o  be only approximately 

1%. 
New car  sa les  in the short run decrease s l igh t ly  (1.0%) due t o  the 

concurrent  dec l ine  in scrappage ( r e c a l l  t h a t  new c a r  s a l e s  and 
scrappage are simultaneous and generally move in the same direction).  
In the long run sales volume declines by only approximately .5%. 

The market segments, except fo r  some very minor f luctuations,  are 
not affected by the  increase in the unemployment r a t e .  This i s  n o t  
s u r p r i s i n g  s i nce  t he  unemployment ra te  only appears in the scrappage 
equation i n  t h e  model ( i . e . ,  i t  does not appear as a r i g h t - h a n d  
variable in any of the desired stock share equations). 

There i s  a marginal reduction in  VMT per family  in t he  long run 
due t o  t he  decrease in scrappage; as scrappage declines, more older 
cars stay on the  road, b u t  they tend t o  be driven l e s s  than newer 
cars,  ceteri  s paribus. 

In summary, t he  major impact of an increase in the unemployment 
ra te  i s  a substantial f i rs t -year  decrease in automobile scrappage of 

5.4%. All o ther  e f f e c t s  on t he  eight key time ser ies  variables are 
qui te  small. 

In t h e  f i f t h  m u l t i p l i e r  expe r imen t ,  the  cos t  of automobile 
insurance i s  increased 10%. The resul ts  are reported in Tables B-33 
through B-40. 

The outstanding feature  of t h i s  experiment i s  the insensi t iv i ty  of 
t h e  model t o  t h e  i n c r e a s e  i n  i n s u r a n c e  c o s t s ,  T h i s  model 
i n s e n s i t i v i t y  was expected,  based on t he  submodel resul ts  for  the 

capitalized cost per mile (CPM) variables in Section 4.3.3. Increases  
i n  i n su rance  cos t s  in t h e  submodel experiments cause only minor 

increases in the CPM variables. Since the CPM va r i ab l e s  change very 
l i t t l e ,  t h e  impacts on s a l e s  volume, scrappage, market shares, and 
VMT are also quite small. 



New ca r  s a l e s  volume i n i t i a l l y  drops by 0.5%, with the long-run 

decline being something on the order of 0.1% t o  0.2%. 

Scrappage displays an interest ing pattern. In the f i r s t  two years 
scrappage actual ly increases s l ight ly ,  which means tha t  new ca r  s a l e s  
a n d  scrappage a r e  moving in opposite directions fo r  these two years 

(14) .  In the long run, scrappage behaves in a  manner s i m i l a r  t o  new 
car sales,  with a decrease of about 0.2%. 

The 10% inc rease  in auto insurance  has v i r t u a l l y  no impact on 
market share  new ca r  s a l e s .  Depending on what year  o r  years  one 

looks a t ,  there may be some very minor " t r a d i n g  down" taking place 

( g a i n s  a n d  losses  of 0.1 percentage points  in market s h a r e ) ,  b u t  

these ef fec ts  a r e  very small and genera l ly  a r e  not maintained f o r  

very 1 ong. 

For VMT, t h e r e  i s  a  long-run decrease of approximately 0.2% that  

i s  caused by the decrease in scrappage; t h i s  implies an o lde r  s tock 

of cars on the road, other things being equal. 
In the sixth experiment automobile repair  costs are increased 10%. 

The resul t s  are presented in Tables 8-41 t o  8-48. 

Again, t h e  p r inc ipa l  f e a t u r e  of t h e  r e s u l t s  i s  t h e  r e l a t i v e  

i n s e n s i t i v i t y  of t h e  model t o  t h e  inc rease  in  r e p a i r  c o s t s .  The 
average capitalized cost per mile variable r i ses  by 1 . 2 %  as a  r e s u l t  

of  t h e  10% i n c r e a s e  i n  r e p a i r  c o s t s .  T h i s  r i s e  i n  a v e r a g e  

capitalized cost per mile then implies the following changes f o r  t h e  

eight time ser ies  variables of in teres t .  
New car sales decrease 0.8% in the f i r s t  year ,  with t h e  long-run 

decline being only 0.1 t o  0.2%. 

As was the  case  with an inc rease  in insurance c o s t s ,  scrappage 

i n i t i a l l y  r i ses  b u t  then reve r ses  i t s e l f  and i s  reduced by a small 

amount over the long term. 

The market segments again demonstrate a  "trading down" response t o  
the increase in repair  cos t s .  In both t h e  s h o r t  term and the  long 
run, subcompact and compact c a r s  each g a i n  approximately 0.2 
percentage points in  market sha re ,  with f u l l - s i z e  c a r s  los ing  0.4 

percentage points in share. 



The i m p a c t s  on VMT are  q u i t e  t r i v i a l .  VMT d e c l i n e s  b y  0.2% i n  t h e  

l o n g  r u n  due t o  t h e  d e c r e a s e  i n  s c r a p p a g e  t h a t  imp1 i e s  an 01 d e r  

average age o f  c a r  s tock .  

I n  t h e  s e v e n t h  m u l t i p l i e r  e x p e r i m e n t ,  t h e  c o s t s  o f  p roduc ing  an 

automobi le  a re  i n c r e a s i n g  by  10%. The m u l t i p l i e r s  a r e  c o n t a i n e d  i n  

Tab les  B-49 t o  B-56. 

C o n s i d e r i n g  f i r s t  t h e  i m p a c t  on a v e r a g e  new c a r  base  p u r c h a s e  

p r i c e ,  t h e  f i r s t - y e a r  base purchase p r i c e s  are  e s t  i m a t e d  t o  i n c r e a s e  

b y  1 4 . 3 %  as  a  r e s u l t  o f  t h e  10% r i s e  i n  i n p u t  c o s t s .  T h i s  

nonp ropo r t i ona l  i n c r e a s e  i s  t h e  sum of t w o  f a c t o r s - - a  " n o r m a l "  o r  

p r o p o r t i o n a l  e l a s t i c i t y  o f  a p p r o x i m a t e l y  1.0 and an "expec ta t i ons  

e f f e c t "  e l a s t i c i t y  o f  0.4. (The reader  shou ld  r e c a l l  t h e  d i s c u s s i o n  

o f  t h e  s p e c i f i c a t i o n  o f  t h e  average base purchase p r i c e  equa t i on  i n  

S e c t i o n  3.2.1.) I n  t h e  second  a n d  f o l l o w i n g  y e a r s ,  t h e  p r i c e  

e x p e c t a t i o n s  e f f e c t ,  o f  t h e  i n c r e a s e  i n  p r o d u c t i o n  c o s t s  has  no 

e f f e c t  and t h e  l o n g - r u n  change i n  new c a r  p r i c e  i s  e s s e n t i a l l y  

p r o p o r t i o n a l  t o  t h e  change i n  i n p u t  cos ts .  

Opt ions  p r i c e s  i n c r e a s e  b y  l e s s  t h a n  t h e  10% i n c r e a s e  i n  i n p u t  

c o s t s ,  w i t h  b o t h  t h e  s h o r t -  and l ong - run  changes be ing  i d e n t i c a l  a t  

7.5%. 

New c a r  s a l e s  a r e  r e d u c e d  s h a r p l y  i n  t h e  f i r s t  year, w i t h  a  1.3 

m i l l i o n  d r o p  i n  t o t a l  u n i t  v o l u m e  t h a t  c o r r e s p o n d s  t o  a  14 .6% 

d e c l i n e .  I n  t h e  l o n g  r u n  t h e  l a r g e  i n i t i a l  drop i n  sa les  volume i s  

reduced cons iderab ly ,  and s a l e s  f a1 1  by  o n l y  approx imate ly  1.5%. 

I n  t h e  s h o r t  r u n  ( f i r s t  y e a r )  scrappage decreases by  3.3% due t o  

t h e  concu r ren t  drop i n  s a l e s  vo lume.  Scrappage o v e r  t h e  l o n g  t e r m  

shows a  m i n o r  r e d u c t i o n  o f  a b o u t  1% as a  r e s u l t  o f  t h e  10% r i s e  i n  

au to  p r o d u c t i o n  cos ts .  

A s u b s t a n t i  a1 a m o u n t  o f  " t r a d i n g  down'1 o c c u r s  i n  t h e  m a r k e t  

segments because o f  t h e  i n c r e a s e  i n  average new c a r  p r i c e .  Automobi  1  e  

o w n e r s h i p  c o s t s  r i s e  b u t  i n c o m e  i s  unchanged, r e s u l t i n g  i n  an 

i n c r e a s e  i n  a u t o  c o s t s  r e l a t i v e  t o  income. I n  t h e  f i r s t  y e a r ,  

subcompacts  a r e  e s t i m a t e d  t o  g a i n  7.5 p e r c e n t a g e  p o i n t s  i n  market  

share, compacts l o s e  3.0 percentage p o i n t s ,  and f u l l - s i z e  a r e  o f f  4 .5  



p e r c e n t a g e  p o i n t s .  These a r e ,  q u i t e  obv ious ly ,  very s i z a b l e  

redistr ibution effects  in terms of the  composition of new ca r  s a l e s  

volume. In t h e  long run t h e  principal gainers and losers of market 

share are again subcompact ( u p  1.5 percentage p o i n t s ) ,  compact ( u p  
0 .5 pe rcen tage  p o i n t s ) ,  and f u l l - s i z e  ca r s  (down 2.0 percentage 

points).  The reader should recal l  tha t  these r e d i s t r i b u t i o n  e f f e c t s  

a r e  caused primarily by the variable that  measures income re la t ive  t o  

average c a p i t a l i z e d  cos t  per m i l e  of au tomobi le  t r a v e l .  Th i s  
va r i ab le  appears in a l l  the desired stock share equations except fo r  

the  luxury segment. 

VMT per family displays a rather unusual pattern. I t  decreases 1% 

t o  2% in the short run. This i s  probably caused by t h e  concurrent  
decrease in scrappage t h a t  inc reases  the  average age of the  auto 

stock (15).  Over the longer term, the  decrease r eve r ses  i t s e l f  and 

VMT per family actually increases by a small amount ( l e s s  than 1%).  

In summary, t h e  main f e a t u r e s  of t h e  10% i n c r e a s e  i n  a u t o  
production costs are: ( 1 )  the sharp drop in auto sales volume in the 

f i r s t  year (14.6%); ( 2 )  the substantial  a m o u n t  of " t r a d i n g  down" in 
t h e  market  segments in  both  t h e  s h o r t  term and long run, with 

subcompacts generally gaining a t  the expense of f u l l - s i z e  c a r s ;  and 

( 3 )  t he  f i r s t - y e a r  inc rease  in average base purchase price of 14.3% 
due t o  a cost-price expectations e f f e c t  in the  equation expla in ing 

average base purchase price. 

In t h e  e igh th  experiment, t h e  number of licensed drivers in the 

United States i s  increased 1%. The r e s u l t s  a r e  contained in  Tables 
8-57 t o  B-64. 

In the  f i r s t  year ,  new car sales increase 1.4% as a resul t  of the 
1% r i s e  in the number of licensed d r ive r s .  The t o t a l  des i red  stock 

per fami ly  increases in response to  the increase in licensed drivers, 
which then through the stock adjustment process implies a  gain in new 

ca r  s a l e s .  The short-run increase in sales volume quickly declines, 
and in the long run sales are up  by only 0.5%. 

The impact on scrappage i s  minimal, w i t h  scrappage estimated t o  

r i s e  by approximately 0.5% in the long term. 



New c a r  s a l e s  by market segment are v i r tua l ly  unchanged by the  1% 

increase in the  number of 1  i  censed drivers. 
F i n a l l y ,  VMT per  family experiences a  s l i g h t  increase in the  long 

run (0.4%), which i s  probably caused by t h e  i n c r e a s e  in  scrappage 
tha t  implies a  "newer" auto stock on the  road. 

To summarize, the  major impact on t h e  model of a  1% i n c r e a s e  in  

t h e  number of l i censed  d r i v e r s  i s  a  f a i r l y  sharp (1.4%) r i s e  in new 

car sa les  in the  f i r s t  year. 
In t h e  f i n a l  experiment,  t h e  e f f e c t s  of a  1% inc rease  in  t h e  

number of individuals aged twenty t o  twenty-nine y e a r s  a r e  examined. 

The resu l t s  are contained in Tables B-65 through B-72. 
Examination of the  mul t ip l ier  r e su l t s  indicates the  impacts on t h e  

e i g h t  time s e r i e s  v a r i a b l e s  a r e  extremely minor. New ca r  s a l e s ,  

scrappage, and VMT are v i r t u a l l y  unaffec ted  by t h e  i n c r e a s e  in  t h e  
twenty t o  twenty-nine-year-old popula t ion .  In the market segments 

t h e r e  i s  a  very small change in  market s h a r e s ,  with subcompacts  
gaining 0.1% points a t  the expense of fu l l - s i ze  cars. 

This multipl i e r  experiment c l e a r l y  i n d i c a t e s  t h a t  t h e  model i s  

h ighly  insens i t ive  t o  changes of t h i s  type in the  age d is t r ibut ion  of 
the population. 

5.4 Summary - Full Model Evaluation 
The behavior of t h e  f u l l  model i s  s t u d i e d  by using s imula t ion  

experiments over the period 1960-1974. 
The f i r s t  s i m u l a t i o n  e x p e r i m e n t  i s  i n t e n d e d  t o  s t u d y  t h e  

f o r e c a s t i n g  accuracy of t h e  model over the sample period 1960-1974. 
On the  basis of root mean squared er ror  s t a t i s t i c s  and Calcomp p l o t s ,  
HSRI au thors  concluded t h a t  the model predicts the trends in new 
car s a l e s ,  scrappage,  a n d  v e h i c l e  m i l e s  t rave l ed  f a i r l y  
accurately, b u t  that the actual l e v e l s  of these variables are 
not forecast with much precision. For new car sa l e s  by market 
c l a s s ,  the re su l t s  c l ear ly  show that the model produces highly 
inaccurate  f o r e c a s t s  of t h e s e  v a r i a b l e s .  I n  f a c t ,  t h e  
f o r e c a s t i n g  accuracy of t h e  Wharton E F A  auto model was compared t o  



t h a t  o f  a  n a i v e  a l t e r n a t i v e  model us ing  sample means, and, on a  r o o t  

mean squared e r r o r  bas is ,  t h e  n a i v e  model outper forms t h e  Whar ton  €FA 

model f o r  a l l  f i v e  m a r k e t  c l a s s e s .  I ndeed ,  f o r  f o u r  o f  t h e  market 

c l a s s e s  ( s u b c o m p a c t ,  c o m p a c t ,  m i d - s i z e ,  and  f u l l - s i z e )  t h e  

d i f f e r e n c e s  a r e  q u i t e  s u b s t a n t i a l ,  w i t h  t h e  RMSE o f  t h e  na i ve  model 

be ing  on t h e  order  of f ou r  t o  e i g h t  percentage p o i n t s  lower, 

The second and t h i r d  experiments s tudy  t h e  f o r e c a s t i n g  behav ior  o f  

t h e  model over  t h e  f i r s t  and second halves o f  t h e  f u l l  sample p e r i o d  

(1960-1967 and 1968-1974 r e s p e c t i v e l y )  . I n  g e n e r a l ,  t h e  model, 
with the exception of scrappage, does a b e t t e r  job of t r a c k i n g  
t h e  h i s t o r i c a l  record over t h e  second half (1968-1974) of the 
f u l l  sample period than the f i r s t  h a l f .  T h i s  i s  t o  be  expec ted ,  

g i v e n  t h e  f a c t  t h a t  t h e  d e s i r e d  s t o c k  and d e s i r e d  share equat ions  

were es t imated w i t h  c ross -sec t i on  d a t a  f o r  t h e  y e a r s  1971 and 1972. 

I t  was a l s o  found t h a t  t h e  model g r o s s l y  overpredicts VMT per 
family during the f i r s t  half of t h e  f u l l  sample per iod ,  and i t  

f a i  1s  t o  p r e d i c t  scrappage w i t h  any reasonable accuracy, during 
the second half .  

The f i n a l  e x p e r i m e n t  was d e s i g n e d  t o  s t u d y  t h e  tendency o f  t h e  

model, i f  any, t o  accumulate f o r e c a s t i n g  e r r o r s  as t h e  l e n g t h  o f  t h e  

f o r e c a s t i n g  h o r i z o n  i s  increased.  I t  was found tha t  vehicle miles 

of t ravel  and scrappage display a tendency t o  accumulate e r r o r s  
as t h e  l eng th  of t h e  f o r e c a s t i n g  horizon i s  increased, while 
new car sa les  and the f i v e  market c l a s s e s  e x h i b i t  no tendency 
toward er ror  accumulation. 

I n  g e n e r a l ,  o f  t h e  e i g h t  k e y  dependent  v a r i a b l e s  o f  t h e  model, 

only new car  s a l e s  i s  p red ic t ed  w i t h  any reasonable  accuracy 
(SIML R-SQ o f  25% o r  h i g h e r )  i n  a l l  t h e  experiments performed. In 
no experiment i s  any of t h e  new c a r  market sha res  p r e d i c t e d  

w i t h  any accuracy, and t h e  scrappage predictions are very poor 
in several of the experiments. I n  terms o f  p r e d i c t i n g  t r e n d s ,  t h e  

model i s  ab le  t o  t r a c k  t r e n d s  in new car sa les ,  scrappage, and 
VMT per fami ly ,  b u t  i t  i s  unable t o  do t h e  same f o r  new c a r  
market shares,  



The dynamic p r o p e r t i e s  of the  f u l l  model a r e  analyzed using 

multiplier experiments. A mu1 t i p1  i e r  experiment involves changing 
one o r  more exogenous var iab les  t o  determine t he  impact on the  
endogenous variables of t he  model . The f 01 1 owing nine mu1 t i pl i e r  
experiments were conducted: 

1 .  One percent increase in nominal personal income 
2.  One percentage p o i n t  inc rease  i n  t h e  s a l e s  tax  r a t e  

on new cars 
3. Ten percent increase i n  gas01 ine price 

4. One percentage point increase i n  the unemployment ra te  
5. Ten percent increase in the insurance cost index 

6. Ten percent increase in the repair cost index 
7 .  Ten percent  inc rease  in t he  production input cos t  

index 
8. One percent increase i n  the number of 1 icensed drivers 
9 .  One percent  inc rease  in  t h e  number of i nd iv idua l s  

aged twenty t o  twenty-nine years 
I n  general, the re su l t s  indicate that the model i s  rather 

insens i t ive  t o  changes in the exogenous variables l i s ted above. 
This i s  part icularly  true in the long run, although in some 
cases  there can be a  substantial short-run impact that then 

quickly declines over the long term. The effect  of a permanent 1 %  

inc rease  in cur ren t  d o l l a r  income on new car sales provides a good 
example of t h i s  type of behavior. New car  s a l e s  i n  t h e  f i r s t  year 
experience a subs tan t i  a1 inc rease  of approximately 5.2% (470,000 
units)  as a r e s u l t  of t he  1% increase  in income, Over t h e  longer 
term, however, the  change in new car  sa les  f luctuates between very 
small pos i t i ve  and negative values;  f o r  p r ac t i c a l  purposes, t h i s  
behavior imp1 i e s  a long-run income e l a s t i c i t y  of zero. I t  was noted 
that  t h i s  resul t  i s  t o t a l l y  incons i s ten t  with previous work on new 
car demand. 





6.0 SUMMARY OF FINDINGS 

The analysis of the Wharton EFA Automobile Demand Model produced 

the following major findings. 
1. The model i s  large and complex and i s  designed to  forecast 

t he  s i z e  and composition of long-run U.S .  automobi le  
demand ( s a l e s )  and t o t a l  s tock.  While the  t r ad i t i ona l  

stock adjustment approach i s  used, the model never theless  
i  ncl udes several innovations in modeling automobile demand 
including, for  example, separate equations fo r  t he  desired 
shares  of vehicles by size class,  the use of a ra te  in the 
new car s a l e s  equation,  and the  inclus ion of a desired 
stock variable as an influence on scrappage. 

2 .  Using a conventional m u 1  t i p l e  1 inear  regress ion package 
and the  data supplied by Wharton E F A  t o  the Transportation 
Systems Center ( T S C ) ,  i t  was p o s s i b l e  t o  r e c o n s t r u c t  
several  equations of the  model as reported in the model 
documentat ion.  I t  was n o t  p o s s i b l e ,  howeve r ,  t o  
r econs t ruc t  many of them because of poor documentati on. 

The data s e r i e s  used i n  es t imat ing the  equation of t he  
model may have been revised between the times the Wharton 
EFA authors wrote the  model repor t  and t he  t ape  of t he  
model was prepared for  delivery t o  TSC. 

3. Over the historical  period the model can t rack t he  t rends  
in such variables as new car sales,  scrappage, and vehicle 
miles of travel f a i r l y  well, b u t  i t  c a l cu l a t e s  the  l eve l s  
of t h e s e  var iab les  poorly, w i t h  over 10% e r r o r  in the  

levels of new car sales and scrappage, and over 5% e r r o r  
i n  vehic le  miles of travel .  Both the levels and trends of 
market shares of new car s a l e s ,  however, a r e  " fo r eca s t "  
poorly over the  h i s to r ica l  period. Because of the way in 



w h i c h  t h e  model was cons t ruc ted ,  t h e  e r r o r s  i n  f o r e c a s t i n g  

w i l l  be even worse i n  u s i n g  t h e  mode l  t o  f o r e c a s t  f u t u r e  

yea r  va lues  o f  t hese  v a r i a b l e s .  

4. The model does n o t  t e n d  t o  accumulate e r r o r s  as i t  i s  r u n  

f u r t h e r  i n t o  t h e  f u t u r e  i n  t h e  cases of new c a r  s a l e s  and 

marke t  s h a r e s .  I t  does,  howeve r ,  a c c u m u l a t e  e r r o r s  i n  

f o r e c a s t i n g  v e h i c l e  m i l e s  o f  t r a v e l  and scrappage. 

5.  The mode l  i s  i n s e n s i t i v e  i n  t h e  l o n g  r u n  t o  changes  i n  

income,  s a l e s  t a x  r a t e  on new c a r s ,  g a s o l i n e  p r i c e ,  t h e  

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

demographic v a r i a b l e s .  



7.0 CONCLUSIONS 

Models such as the Wharton EFA Automobi 1e Demand Model genera l ly  
,have two major  u s e s :  f o r e c a s t i n g  and p o l i c y  a n a l y s i s .  The 
forecasting application i s  conceptually s t r a igh t fo rward .  I t  simply 
involves  p r e d i c t i n g  t h e  va r i ab les  in question with as much accuracy 

as poss ib le  ( e i t h e r  i n  l e v e l s  o r  changes) .  The pol icy  a n a l y s i s  
app l i ca t ion  of t h e  model i s  more complicated. I t  consists of using 
the model t o  p red ic t  t h e  impacts of a l t e r n a t i v e  p o l i c i e s  r e l a t i v e  
e i t h e r  t o  each o the r  or  t o  some base l ine  or  both. The principal  
conclusions of t h i s  study are organized around t h e s e  two major uses 
of the model. 

7.1 Forecasting Applications 
The short-run forecasting use of the model can be dismissed rather 

e a s i l y .  The model i s  based on annual da ta  and t h e r e f o r e  c a n n o t  

f o r e c a s t  any time period shorter than one year. The structure of the 
model does not emphasize short-run type variables (e .g. ,  unemployment 
r a t e ,  index of consumer sent iment ,  t r a n s i t o r y  income, e t c . )  and 
therefore the Wharton EFA Automobile Demand Model should not be used 

fo r  short-term forecasting (0-2 years) .  
One of t h e  s t a t e d  purposes of t h e  model i s  t h a t  of long- run  

f o r e c a s t i n g .  In long-run f o r e c a s t i n g ,  one i s  i n t e r e s t e d  in t h e  
a b i l i t y  of the model t o  track both the basic trends and the  l e v e l s  of 
t h e  v a r i a b l e s .  In the  Wharton EFA Automobile Demand Model the basic 
historical  trends (1960-1974) i n  new c a r  r e g i s t r a t i o n s ,  scrappage,  
and veh ic le  miles t raveled are simulated f a i r l y  well. This suggests 
tha t  i f  t h e  bas ic  s t r u c t u r e  of t h e  automobile market remains t h e  
same, t h e  model can be expected t o  f o r e c a s t  t h e  f u t u r e  long-run 
t r e n d s  f o r  t h e s e  t h r e e  v a r i a b l e s  wi th  a  r e a s o n a b l e  d e g r e e  of 
accuracy. However, i f  the basic s t ruc ture  o f  consumer behavior with 



r e spec t  t o  automobile buying changes d ramat ica l ly  in the next ten 
years or so, then there would be no guarantee t h a t  t h e  model would 

close1.y t r ack  t h e  t r ends  in t h e s e  t h r e e  variables. Another way of 
saying t h i s  i s  t h a t ,  in t h e  absence of a change in s t r u c t u r e ,  t h e  
model i s  s a t i s f a c t o r y  f o r  p r e d i c t i n g  c h a n g e s  i n  new c a r  
regis t ra t ions ,  scrappage, and VMT, b u t  not sa t i s fac tory  a t  p red ic t ing  
t h e i r  levels.  

C r i t i c a l  h e r e  i s  t h e  r e l i a b i l i t y  of t h e  e s t i m a t e d  p r i c e  
e l a s t i c i t i e s  in the  stock and stock share equations. They a r e  apt  t o  
be a weak 1 ink t h a t  could severely damage the model's c red ib i l i ty  in 
forecasting future long-run trends in r eg i s t r a t ions ,  scrappage, VMT, 

and, of course, sales shares by c lass .  
With respect to  new car sales by s i ze  c lass ,  t h e  model i s  c l e a r l y  

inadequate a t  p red ic t ing  e i t h e r  t h e  h i s to r i ca l  trends or levels of 
these f ive  variables (subcompact, compact, mid-size,  f u l l - s i z e ,  and 
luxury) .  The model does not understand the basic determinants of new 
car sales by s i z e  c l a s s .  Thus, t h e  Wharton E F A  Automobile Demand 

Model should never be used to  forecast new car sales by s i ze  c lass .  

7 . 2  Policy Analysis Applications 
The model i s  g e n e r a l l y  q u i t e  i n s e n s i t i v e  i n  t h e  long run t d  

changes in exogenous var iables  such as income, new c a r  p r i c e s ,  and 
opera t ing  costs.  These dynamic properties of the model have a rather 
s t r a igh t fo rward  impl ica t ion  f o r  t h e  use of t h e  model i n  p o l i c y  
a n a l y s i s .  For example,  c o n s i d e r  t h e  f a m i l i a r  case  of f e d e r a l  
regulators proposing policies tha t  increase e i ther  the  purchase p r i c e  

or  t h e  opera t ing  cos t s  of a new car.  In t h i s  example the problem of 
estimating the price ef fec ts  on desired stock from cross-sect ion da ta  
i s  d i r e c t l y  r e l e v a n t .  The Wharton EFA Automobile Demand Model will 
reassure the policymaker t h a t  such p o l i c i e s  wi l l  have l i t t l e  or  no 
ef fec t  on the new car market in the long run (16).  

This makes sense in some cases, b u t  not i n  o the r s .  Small changes 
in v a r i a b l e s  such as insurance ,  maintenance and repa i r  costs ,  and 
parking fees are not l ike ly  t o  generate s ign i f i can t  long-run impacts 



on au tomobi le  demand s ince  i t  i s  genera l ly  believed t h a t  f i r s t  

purchase price i s  the primary factor inf luencing new car  s a l e s  from 
the  cos t  s ide .  However, one may reasonably assume that  changes in 
real disposable income in the long run will affect  new car s a l e s ,  b u t  

t h e  model p r e d i c t s  t h a t  t h e  new c a r  s a l e s  r a t e  w i l l  remain 
essential ly the same given an increase in income. Even i f  one were 

t o  assume a s i t u a t i o n  of s a tu r a t i on  ( i . e . ,  zero growth in the auto 
f l e e t ) ,  an inc rease  in  r e a l  d isposable  income should presumably 
s t  imul a t e  sales volume by increasing rep1 acement demand by shortening 

the length of the average trading cycle. This would resul t  in higher 
s a l e s  volumes t h roughou t  t h e  r e l a t i v e l y  younger au to  f l e e t .  

Therefore, i t  must be concluded t h a t  t h e  model i s  n o t  p a r t i c u l a r l y  
useful i n  p red ic t ing  the impact on car sales of public policies that  
would cause changes in real d isposable  income or o ther  economic o r  
demographic variables. 

7 . 3  General Conclusions 

The Wharton E F A  Automobile Demand Model has some positive aspects 
in that  i t  includes some new and i n t e r e s t i n g  r e l a t i onsh ip s .  I t  i s  

the  end r e su l t  of an extensive research process involving b o t h  theory 
and data analysis. As such, the HSRI authors believe t h i s  version of 
t h e  model i s  b e s t  viewed as an i n t e r i m  p r o d u c t ,  s u b j e c t  t o  
respecification and reestimation as b o t h  knowledge and data  expand. 
In s h o r t ,  t h e  model r e p r e s e n t s  a t e n t a t i v e  s t a t e m e n t  of t he  
interactive logic of automobile demand. 

As t h i s  repor t  has shown, t he r e  are a number of serious problems 
w i t h  the model that  may only be addressed by a considerable amount of 
work on t h e  s p e c i f i c a t i o n  and es t imat ion of the  equations.  A 

fundamental weakness of the model involves the p r i c e  e l a s t i c i t i e s  i n  

t h e  d e s i r e d  share  stock and share  equations.  Desired stock and 
desired stock shares by vehicle class a re  c r i t i c a l  t o  t h e  operation 

of the  model ei ther in long-term forecasting or policy analysis. Yet 
these c r i t i c a l  equations are estimated over a 1972 cross-sect ion of 
s t a t e  data .  The cos t  of o w n i n g  and operat ing a car  will vary only 



m i n i m a l l y  a c r o s s  s t a t e s ,  and t h e  v a r i a t i o n  t h a t  does e x i s t  w i l l  n o t  

be due t o  fundamental d i f f e r e n c e s  i n  t h e  p r i c e  o f  a  ca r ,  t h e  l e v e l  o f  

f e d e r a l  t a x e s ,  and so on. I n  t hese  c i rcumstances,  one can have v e r y  

l i t t l e  con f i dence  i n  t h e  es t ima ted  c o s t  o r  p r i c e  e l a s t i c i t i e s .  They 

s i m p l y  do n o t  r e f l e c t  r e s p o n s e s  t o  p r i c e  v a r i a t i o n s  t h a t  would be 

observed over  t i m e  as t h e  r e s u l t  o f  changes i n  p o l  i c y .  I n  e f f e c t ,  

t h i s  r u l e s  o u t  t h e  p o s s i b i l i t y  o f  u s i n g  t h e  model w i t h  any conf idence 

i n  a  number o f  i n t e r e s t i n g  p o l i c y  s i m u l a t i o n  e x p e r i m e n t s .  I n  i t s  

p r e s e n t  s t a t e  t h e  model  s h o u l d  be used by  p o l i c y  a n a l y s t s  o n l y  w i t h  

extreme cau t i on .  
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TABLE A - 1  

YEAR 
1960  
1 9 6 1  
1 9 6 2  
1963  
1964  
1965 
1966  
196 7 
196 8 
1 9 6 9  
1970  
1971  
1972 
1973  
1974 

NEW CAR SALES AND SCRAPPAGE SUBMODEL 
DYNAMIC S I M U L A T I O N  OF 

NEW CAR SALES 

ACTUAL 
6.577 
5.855 
6 939 
7 .557 
8 .065 
9 .314 
9.008 
8.357 
9.404 
9.527 
8.460 
9 .  964 

10.608 
11.478 

9.286 

SIMULATION 
6.437 
5.969 
6.753 
7.053 
8.427 

10.042 
9 - 4 5 6  
7.955 
8.719 
9.107 
8.935 
9.961 

10.444 
11.940 

9.250 

ERROR 
0 .140  

-0.114 
0.186 
0 .504 

- 0 -  362 
-0.728 
-0.448 

0.402 
0.685 
0 420  

-0.475 
0 003  
0.164 

-0.462 
0 .036  

TABLE A - 2  

NEW CAR SALES AND SCRAPPAGE SUBMODEL 
DYNAMIC S I M U L A T I O N  OF 

SCRAPPAGE 

YEAR ACTUAL 
1 9 6 0  4 .693 
1 9 6 1  3.976 
1 9 6 2  4.6 19 
1 9 6 3  4 .961 
1 9 6 4  5 .342 
1965  6 707 
1966  6 .994  
1967  6.310 
1 9 6 8  6 6 4 0  
1969  6 .982 
1 9 7 0  6 .139  
1 9 7 1  6 .968 
1 9  7 2  7.274 
1 9 7 3  8 .393 
1 9 7 4  6 568  

S IMU LAT I ON 
4 0 303  
4.138 
4 .636 
5 .069 
5 .894 
6 - 4 5 8  
6 .790 
5 .920 
6.437 
7 * 3 2 5  
7 .160 
6 .703 
7 .118 
7 8 5 4  
6.480 

ERROR 
0.390 

-0 .162 
-0.017 
-0.108 
-0.552 

0.249 
0 .204  
0.390 
0 .203  

-0.343 
-1.021 

0.265 
0 .156  
0 .539 
0 0 8 8  

% DIFF 
2.123 
1 .946 
2.674 
6 .664 
4.492 
7.819 
4.971 
4.806 
7 .279 
4.413 
5.618 
0.026 
1 542  
4.028 
0.382 

X DIFF 
8 . 3 1 1  
4.086 
0 359 
2 .173  

10.337 
3 .712 
2 .912 
6 .181  
3-0.59 
4 906 

16 .631  
3 809 
2.143 
6 420 
1.346 



TABLE A - 3  

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

VMT PER FAMILY SUBMODEL 
DYNAMIC SIMULATION OF 

VEHICLE M I L E S  TRAVELED PER FAMILY 

ACTUAL 
10.421 
10.616 
10.810 
11.009 
11.453 
11.740 
12.243 
12.433 
12.737 
13.139 
13.452 
13.853 
14.113 
14.225 
13.519 

SIMULATION 
10.418 
10.809 
10.818 
11.232 
11.576 
1 1  750 
12.187 
12.521 
12.855 
13.331 
13.612 
13.562 
13.876 
13.950 
13.504 

ERROR 
0.003 

-0.193 
-0 008 
-0.223 
-0.123 
-0.010 

0.056 
-0 088 
-0.118 
-0.192 
-0.160 

0.291 
0.237 
0.275 
0.015 

% DIFF 
0.026 
1.818 
0.071 
2.028 
1.075 
0.085 
0-460 
0.710 
0.925 
1.461 
1.191 
2.102 
1.681 
1.937 
0.114 

TABLE A - 4  

NEW CAR SALES, SCRAPPAGE, AND VMT PER FAMILY SUBMODEL 
DYNAMIC SIMULATION OF 

NEW CAR SALES 

ACTUAL 
6.577 
5 0 855 
6.939 
7.557 
80065 
9.314 
9 * 008 
8.357 
90404 
9.527 
8.460 
9 964 

10.608 
11.478 

9.286 

SIMULATION 
6.442 
6 027 
6.837 
7.104 
8.318 
9.879 
9.282 
8.088 
9.024 
9.280 
8.821 
90581 
9.921 

11.535 
9 a 383 

ERROR 
0.135 

-0.172 
0.102 
0.453 

-0.253 
-0.565 
-0.274 

0.269 
0.380 
0.247 

-0 361 
0.383 
0.687 

-0.057 
-0.097 

I DIFF 
2 050 
20 943 
1.468 
50996 
3.135 
60063 
3.043 
3.222 
4.044 
2.5 98 
4.267 
3.846 
6.475 
0 493 
1.044 



TABLE A-5 
NEW CAR SALES, SCRAPPAGE, AND VMT PER FAMILY SUBMODEL 

DYNAMIC SIMULATION OF 
SCRAPPAGE 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

ACTUAL 
4.693 
3.976 
4.619 
4.961 
5 342 
6.707 
6 994 
6.310 
6.640 
6.982 
6.139 
6.968 
7.274 
8.393 
6.568 

ERROR. 
0.376 

-0.342 
-0.131 
-0.093 
-0.181: 

0 440 
0 435 

-0.255 
-0.371 
-0.280 
-0.392 

1.088 
0 925 
0.623 

-0.928 

% DIFF 
8.022 
8.598 
2.829 
1.878 
3.442 
6.560 
6.225 
4.035 
5.583 
4.006 
6 387 

15.620 
12.713 

7.429 
14.130 

TABLE A-6 
NEW CAR SALES, SCRAPPAGE, AND VMT PER FAMILY SUBMODEL 

DYNAMIC SIMULATION OF 
VEHICLE MILES TRAVELED PER FAMILY 

YEAR 
1960 
196 1 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

ACTUAL 
10.421 
10.616 
10.810 
11-009 
11.453 
11.740 
12.243 
12.433 
12.737 
13.139 
13.452 
13  853 
14.113 
14.225 
13.513 

S LWLATION 
10.436 
10.81 1 
10.815 
11.173, 
11.435 
11.709 
12.315 
12.688 
12.915 
13.273 
13.495 
13.526 
13.855 
13.905 
13.458 

ERROR 
-0.015 
-0.195 
-0 005 
-0.164 

0.018 
0.031 

-0.072 
-0.255 
-0.178 
-0.134 
-0.043 

0.327 
0 258 
0.320 
0.061 

2 DIFF 
0.140 
1.839 
0.049 
1.491 
0.161 
0.266 
0.589 
2 053 
1.396 
1.020 
0.318 
2.357 
1.825 
2.250 
0.45; 



T A B L E  A - 7  

NEW CAR SALES,  SCRAPPAGE, AND D E S I R E D  STOCK PER F A M I L Y  SUBMODEL 
DYNAMIC S I M U L A T I O N  OF 

NEW CAR SALES 

:L DIFP 
29.779 
11.322 

0.902 
9.628 

383  
13.743 
12.004 

1.095 
7.753 
8.836 
2.265 
1 896 
3.611 
2.214 
2.649 

T A B L E  A - 8  

NEW CAR SALES,  SCRAPPAGE, AND D E S I R E D  STOCK PER F A M I L Y  SUBMODEL 
DYNAMIC S I M U L A T I O N  OF 

D E S I R E D  STOCK P E R  F A M I L Y  

YEAR 
1960  
1 9 6 1  
1962  
1963  
1964  
1965 
1966 
1967  
1968 
1969 
1970  
1 9 7 1  
1972  
1973 
197L 

ACTUAL 
1 .071  
1 * 0 9 0  
1 .oga 
1.129 
1.163 
1.188 
1.220 
1 a238 
1 238 
1.245 
1.250 
1.260 
1 .261 
1.273 
1.256 

ERROR 
-0.099 
-0.085 
-0.083 
-0.070 
-0.061 
-0 .051 
-0.036 
-0.023 
-0.006 

0.015 
0.020 
0.022 
0.025 
0.024 
0 025 



TABLE A - 9  

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER FAMILY,  AND VMT PER FAMILY SUBMODEL 
DYNAMIC SIMULATION OF 

NEW CAR SALES 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
196 9 
1970 
1971 
1972 
1973 
1974 

ACTUAL 
6.577 
5.855 
6.939 
7.55 7 
8.065 
9.314 
9 008 
8.357 
9.404 
9.527 
8 460 
9 964 

10.608 
11.478 

9.286 

ERROR 
-2.025 
-0 929 
-0.500 

0.159 
-0.375 
-0.552 
-0.078 

0 .513  
0.833 
0.860 
0.000 
0.629 
0 902 
0.019 

-0.034 

% DIFF 
30.790 
15.864 

7.199 
2.107 
4.647 
5.929 
0.866 
6.142 
8.863 
9.027 
0.004 
6.317 
8.507 
0.161 
0.362 

TABLE A - 1 0  

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER FAMILY,  AND VMT PER FAMILY SUBMODEL 
DYNAMIC SIMULATION OF 

SCRAPPAGE 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
196 9 
1970 
1971 
1972 
1973 
1974 

ACTUAL 
4 -  693 
3.976 
4.619 
4.961 
5.342 
6.707 
6.994 
6.310 
6.640 
6.982 
6.139 
6.968 
7.274 
8.393 
6.568 

ERROR 
1.227 

-0.047 
-0.264 
-0.659 
-0.560 

0 033 
-0.043 
-0.704 
-0.905 
-0.979 
-0.801 

0.886 
0.726 
0.445 

-1.020 

% DIFF 
26.140 

1.189 
5.714 

13.285 
10.482 

0.498 
0.613 

11.165 
13.628 
14.020 
13.049 
12.720 

9.974 
5.298 

15.532 



T A B L E  A - 1 1  

NEW CAR SALES,  SCRAPPAGE, D E S I R E D  STOCK PER F A M I L Y  AND VMT PER F A M I L Y  SUBMODEL 
DYNAMIC  S I M U L A T I O N  OF 

V E H I C L E  M I L E S  TRAVELED PER F A M I L Y  

ACTUAL 
10 .421  
10.616 
10.810 
11 .009  
11 .453  
11 .740  
12.243 
1 2 . 4 3 3  
12 .737  
13.139 
13.452 
13.853 
14 .113  
14 .225  
13.519 

ERROR 
-0.204 
-0.901 
-0.872 
-1.072 
-0 845  
-0.727 
-0.699 
-0.702 
-0.440 
-0.166 

0 .140 
0.621 
0 .607 
0.692 
0 .405 

% DIFF 
1 962 
8 .b88  
8 . 0 6 3  
9 .737  
7.377 
6 .197  
5 .708  
5 .644  
3 .456 
1 . 2 6 7  
1 .040  
4 .483 
4 .304 
4 * 865 
2 .994 

T A B L E  A - 1 2  

NEW CAR SALES,  SCRAPPAGE, D E S I R E D  STOCK PER F A M I L Y  AND VMT PER F A M I L Y  SUBMODEL 
DYNAMIC  S I M U L A T I O N  O F  

D E S I R E D  STOCK PER F A M I L Y  

ACTUAL 
1.071 
1 * 090 
1 * 0 9 8  
1 .129 
1 .163 
1 . 1 8 8  
1 .220 
1 238 
1 .238  
1 245 
1 * 2 5 0  
1 .260 
1 .261  
1 273 
1 .256  

ERROR 
-0.099 
-0 085  
-0.083 
-0.070 
-0.061 
-0.051 
-0.036 
-0.023 
-0.006 

0 .015 
0 .020 
0 .022 
0 .025  
0 024 
0 .025 

% DIPF 
9 .223  
7 757 
7.558 
6.207 
5 .244 
4 .303 
2 974 
1 .879 
0 .449  
1 .234 
1.594 
1 .714  
1 .983 
1 908 
1 .977 



T A B L E  A - 1 3  

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

YEAR 
1960 
1961 
1962 
i963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

NEW CAR SHARES BY S I Z E  CLASS SUBMODEL 
DYNAMIC S I M U L A T I O N  OF 

SUBCOMPACT CLASS NEW CAR MARKET SHARE 

ACTUAL 
0.117 
0.132 
0 .10i 
0.092 
0.078 
0.078 
0.075 
0.085 
0.095 
0.102 
0.148 
0.209 
0.210 
0.230 
0.257 

ERROR 
C .0@6 
0. OOi 
0.003 
0 .000 
-0.000 
-0.000 
-0.003 
-0.002 
-0.003 
-0,001 
0.002 
0.001 
-0.001 
0.000 
0.006 

TABLE A - 1 4  

NEW CAR SHARES BY S I Z E  CLASS SUBMODEL 
DYNAMIC S I M U L A T I O N  OF 

COMPACT CLASS NEW CAR MARKET SHARE 

ERROR 
-0.014 
0.004 
0.005 
0.004 
0.004 
-0.002 
-0.003 
-0 .ooo 
-0.004 
-0.002 
0.003 
0 .001 
-0.001 
0.001 
0.002 

% DIFF 
5.523 
0.905 
2.552 
0.443 
0.509 
0.236 
4.342 
2.213 
3.091 
1.246 
1.258 
0.576 
0.428 
0.053 
2.153 

% DIFF 
8.418 
2.451 
2.606 
2.586 
2.449 
1.307 
1.703 
0.215 
2.462 
1.291 
1.238 
0.550 
0.753 
0.489 
0.936 



TABLE A-1 5 

YEAR 
1960 
1961 
1952 
1963 
1964 
i965 
1966 
1967 
1968 
1969 
1970 
1971 

NEW CAR SHARES BY S I Z E  CLASS SUBMODEL 
DYNAMIC SIMULATION OF 

M I D - S I Z E  CLASS NEW CAR MARKET SHARE 

SIMULATION 
0.369 
0.339 
0.312 
0.292 
0.252 
0.216 
0.238 
0.216 
0.239 
0.217 
0.215 
0.193 
0.208 
0.218 
0.259 

ERROR 
0.004 
-0.004 
-0,005 
0 .ooo 
-0.002 
-0 .000 
0.003 
-0.002 
0.003 
-0.000 
-0.001 
-0.001 
0.001 
-0.000 
0.001 

TABLE A-16 

NEW CAR SHARES BY S I Z E  CLASS SUBMODEL 
DYNAMIC SIMULATION OF 

F U L L - S I Z E  CLASS NEW CAR MARKET SHARE 

ACTUAL 
0.273 
0.285 
0.331 
0.406 
0.443 
0.488 
0.456 
0.442 
0.418 
0.407 
0.349 
0.338 
0.321 
0.274 
0.211 

S IMULATION 
0.270 
0.286 
0.333 
0.409 
0.445 

ERROR 
0.003 
-0.001 
-0.002 
-0.003 
-0.002 
0.001 
0 .003 
0.004 
0.002 
0.002 
-0.002 
-0.001 
0.000 
0 .ooo 
-0.007 

% DIFF 
1.183 
1.282 
1.593 
0.003 
0.938 
0 .i26 
1.055 
0.707 
i.167 
0.011 
0.547 
0.665 
0.626 
0.062 
0.229 

% DIFF 
1.084 
0.431 
0.645 
0.669 
0.487 
0.234 
0.553 
0.893 
0.594 
0.439 
0.5C4 
0.233 
0.005 
0.061 
3.340 



YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

TABLE A - 1 7  

NEbJ CAR SHARES BY S I Z E  CLASS SUBMODEL 
DYNAMIC S IMULATIONS OF 

LUXURY CLASS NEW CAR MARKET SHARE 

ACTUAL 
0.070 
0.075 
0.073 
0.070 
0.069 
0.074 
0.078 
0.086 
0.085 
0.093 
0.077 
0.094 
0.097 
0.095 
0.085 

SIMULATION 
0.070 
0.075 

ERROR 
0 .ooo 
0.000 
-0.000 
-0.001 
0.00i 
0.002 
-0. OC0 
-0.000 
0 .001 
0.001 
-0.002 
-0.000 
-0 .ooo 
-0.000 
-0.001 

% D I F F  
0.321 
0.120 
0.619 
i. 889 
1.422 
2.389 
C. 34r 
0.211 
0.640 
0.892 
2.020 
0.061 
0.215 
0.055 
0.976 

TABLE A - 1 8  

NEW CAR MARKET SHARES AND DESIRED STOCK SHARES OF M I D - S I Z E ,  F U L L - S I Z E  
AND LUXURY CARS SUBMODEL 

DYNAMIC S I M U L A T I O N  OF 
SUBCOMPACT CLASS NEW CAR HARKET SHARE 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

ACTUAL 
0.117 
0.132 
0.101 
0.092 
0.078 
0.078 
0.075 
0.085 
0.095 
0 .LO2 
0.148 
0.209 
0.210 
0.230 
0.257 

SIMULATION 
0.099 
0.120 
0.093 
0.089 
0.078 
0.079 
0.079 
0.088 
0.099 
0.103 
0.146 
0.207 
0.210 
0.230 
0.254 

ERROR 
0.018 
0.012 
0.008 
0.003 
-0.000 
-0.001 
-0. ooa 
-0.003 
-0.004 
-0.001 
0.002 
0.002 
0.000 
-0.000 
0.003 

% D I F F  
15.314 
9.251 
7.727 
2.978 
0.217 
1 .867 
5.802 
3.842 
3.841 
1.349 
i. 38€! 
0.909 
0 .lo8 
0.072 
1.356 



TABLE A - 1 9  
NEW CAR MARKET SHARES AND DESIRED STOCK SHARES OF M I D - S I Z E ,  F U L L - S I Z E  

AND LUXURY CARS SUBMODEL 
DYNAMIC S I M U L A T I O N  OF 

COMPACT CLASS NEW CAR MARKET SHARE 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

ACTUAL 
0.167 
0.173 
0.188 
0 .id0 
0 .l60 
0.145 
0 .i49 
0.173 
0.i59 
0.180 
0.212 
0.167 
0 .I62 
0.184 
0.187 

SIMULATION 
0.162 
0 .i57 
0.175 
0 .i34 
0 .156 
0.149 
0.153 
0.176 
0.164 
0.182 
0.209 
0 .165 
0.162 
0.183 
0.187 

ERROR 
0.005 
0.016 
0.013 
0.006 
0.004 
-0.004 
-0.004 
-0.003 
-0.005 
-0.002 
0.003 
0.002 
-0.000 
0.OOi 
0.000 

% DIFF 
2.825 
9.243 
6.888 
4.583 
2.476 
2.904 
2.883 
1.499 
2.865 
1.134 
1.549 
0.981 
0.177 
0.398 
0.134 

TABLE A - 2 0  

NEW CAR MARKET SHARES AND DESIRED STOCK SHARES OF M I D - S I Z E ,  F U L L - S I Z E  
AND LUXURY CLASS SUBMODEL 

DYNAMIC S I M U L A T I O N  OF 
M I D - S I Z E  CLASS NEW CAR MARKET SHARE 

YEAR 
1960 
195i 
1962 
1953 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 

ERROR 
0.296 
0.251 
C.204 
0 .i78 
0.117 
0.053 
0.060 
0.013 
0.028 
-0.019 
-0.010 
-0.033 
-0.018 
0.028 
0.088 

3 EIFF 
79.403 
74.855 
66.610 
60.922 
46.679 
24.533 
25.022 
6.272 
11.732 
8.667 
4. 775 
17.136 
8.661 
12.832 
33.947 



TABLE A-21 

NEW CAR MARKET SHARES AND DESIRED STOCK SHARES OF M I D - S I Z E ,  F U L L - S I Z E  
AND LUXURY CARS SUBMODEL 

F U L L - S I Z E  CLASS NEW CAR MARKET SHARE 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

ACTUAL 
0.273 
0.285 
0.331 
0.406 
0.443 
0.488 
0.456 
0.442 
0.418 
0 .407 
0.349 
0.338 
0.321 
0.274 
0.211 

S IMULAT I GI4 
0.578 
c .557 
0.548 
0.580 
0.553 
0.524 
0.500 
0.446 
0.429 

ERROR 
-0.3C5 
-0.272 
-0.217 
-0.174 
-0.110 
-0.036 
-0.044 
-0.004 
-0.011 
0.030 
0.028 
0.040 
0.025 
-0.027 
-0.096 

% DIFF 
111.585 
95.524 
65.505 
42.889 
24.721 
7.342 
9.706 
1.010 
2.608 
7.261 
7.944 
11.961 
7.943 
9.917 
45.415 

TABLE A - 2 2  

NEW CAR MARKET SHARES AND DESIRED STOCK SHARES OF M I D - S I Z E ,  F U L L - S I Z E  
AND LUXURY CARS SUBMODEL 

LUXURY CLASS NEW CAR MARKET SHARE 

YEAR 
1950 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

ACTUAL 
0.070 
0.075 
0.073 
0.070 
0.069 
0.074 
0.078 
0.086 
0.085 
0.093 
0.077 
0.094 
0.097 
0.095 
0.085 

SIMULATICN 
0.084 
0.082 
0.081 
0.083 
0.080 
0.084 
0.086 
0.089 
0.095 
0 .lo1 
0.100 
0.105 
O.iO5 
0.095 
0.081 

ERROR 
-0.014 
-0.007 
-C.008 
-0.013 
-0.011 
-0.010 
-0.008 
-0.003 
-0 .OlO 
-0.008 
-0.023 
-C.Oll 
-0.008 
-0.000 
0 .GO4 

% DIFF 
20.261 

e .970 
11.534 
18.456 
15.912 
14.184 
10.763 
3.501 
12.100 
8.955 
29.658 
11.773 
8.594 
0.387 
4.501 



TABLE A - 2 3  

DESIRED SHARES, DESIRED STOCK PER FAMILY,  NEW CAR 
SALES, SCRAPPAGE, AND VMT PER FAMILY SUBMODEL 

DYNAMIC S IMULATION OF 
DESIRED STOCK PER FAMILY 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

ACTUAL 
1.071 
1.090 
1. 098 
1.129 
1.163 
1.188 
1.220 
1.238 
1.238 
1.245 
1.250 
1.260 
1.26i 
1. 273 
1.256 

SIMULATION 
1 .170 
1.173 
1 .179 
1 .i99 
1.224 
i. 241 
1.260 
1.270 
1.254 
1.239 
1.235 
1.248 
1.241 
1.248 
1.226 

ERROR 
-0.099 
-0.083 
-0.081 
-0.070 
-0.061 
-0.053 
-0.040 
-0.032 
-0.016 
0.006 
0.015 
0.012 
0.020 
0.025 
0.030 

% DIFF 
9.209 
7.588 
7.335 
6.157 
5.209 
4.501 
3.243 
2.549 
1 .277 
0.511 
1.191 
0.985 
1.597 
1.995 
2.415 

TABLE A-24 

DESIRED SHARES, DESIRED STOCK PER FAMILY,  NEW CAR 
SALES, SCRAPPAGE, AND VMT PER FAMILY SUBMODEL 

DYNAMIC S IMULATION OF 
NEW CAR SALES 



TABLE A - 2 5  

DESIRED SHARES, DESIRED STOCK PER FAMILY,  NEW CAR 
SALES, SCRAPPAGE, AND VMT PER F A M I L Y  SUBMODEL 

DYNAMIC S I M U L A T I O N  OF 
SCRAPPAGE 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

ACTUAL 
4.693 
3.976 
4.619 
4.961 
5.342 
6.707 
6.994 
6.310 
6.640 
6.982 
6.139 
6.968 
7.274 
8.393 
6.568 

SIMULATION 
3.467 
4.042 
4.896 
5.596 
5.881 
6.629 
7.013 
6.940 
7.501 
7.993 
7.050 
6.084 
6.613 
8.098 
7.738 

ERROR 
1.226 
-0.066 
-0.277 
-0. fi35 
-0.539 
0.078 

-C. 019 
-0.630 
-0.861 
-1.011 
-0.911 
0.884 
0.661 
0.295 
-i. 170 

% DIFF 
26.118 
1.661 
6.007 
12.809 
10.097 
1.164 
0.275 
9.984 
12.970 
14.482 
14.835 
12.682 
9.086 
3.517 
17.813 

TABLE A - 2 6  

DESIRED SHARES, DESIRED STOCK PER FAMILY,  NEW CAR 
SALES, SCRAPPAGE, AND VMT PER F A M I L Y  SUBMODEL 

DYNAMIC S I M U L A T I O N  OF 
VEHICLE M I L E S  TRAVELED PER F A M I L Y  

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

ACTUAL 
10.421 
10.616 
10.810 
11.009 
11.453 
11.740 
i2.243 
12.433 
12.737 
13.139 
13.452 
13.853 
14.113 
14.225 
13.519 

% DIFF 
1.959 
8-44? 
7.918 
9.560 
7.267 
6.179 
5.849 
5.961 
4.034 
2.019 
0.326 
3.863 
3.657 
4 * 449 
2.977 



TABLE A - 2 7  

YEAR 
1 9 6 0  
196 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1965  
1966  
1967  
1968  
1969  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

YEAR 
1 9 6 0  
1 9 6 1  
1962  
1 9 6 3  
1964  
1965  
1966  
1967  
1968  
1969  
1970  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

NEW CAR SALES AND SCRAPPAGE SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  DESIRED STOCK PER F A M I L Y  
NEW CAR SALES 

CONTROL 
6 437 
5 .969 
6.753 
7 .053 
8.427 

10.042 
9.456 
7.955 
8.719 
9.107 
8.935 
9  * 961  

10.444 
11.940 

9.250 

SHOCK 
6.639 
6  0057 
6 .784  
7  065 
8 .470 

10.152 
9 .591 
8 .064 
8  0823 
9 .194  
9 , 0 1 0  

10.046 
10.540 
12 .060  

9 .346 

DIFFERENCE 
0.201 
0 .088 
0 .031  
0 .011 
0 .043 
0 . 1 1 0  
0.135 
0.109 
0.104 
0 .087 
0 .075  
0 .084 
0.096 
0.119 
0 .095 

TABLE A-28 

NEW CAR SALES AND SCRAPPAGE SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  DESIRED STOCK PER F A M I L Y  
SCRAPPAGE 

CONTROL 
4.303 
4.138 
4.636 
5.069 
5 .894 
6.458 
6.790 
5.920 
6.437 
7 .325 
7.160 
6.703 
7.118 
7.854 
6.480 

SHOCK 
4.174 
4.018 
4.510 
5 .018 
5.965 
6 .604  
6 .945 
6 . 0 1 1  
6  - 4 8 9  
7 .357 
7 .197  
6 .755 
7 .192 
7 .946 
6 * 5 5 4  

DIFFERENCE 
-0.129 
-0.120 
-0.125 
-0 .050 

0 .070 
0 .146 
0 .154 
0 .091  
0.052 
0  033  
0 .037 
0.053 
0 * 0 7 4  
0 .092 
0 .075 

% DIFF 
3.128 
1 * 4 7 0  
0 .453 
0.158 
0 .511  
1 , 0 9 2  
1.428 
1  * 3 6 9  
1 .191  
0.958 
0.841 
0 .847 
0 .917 
0  998 
1 .032  

% DIFF 
2 .994  
2  9 0 1  
2  7 0 2  
0.993 
1 .195 
2 .254  
2 .274 
1 .534 
0.813 
3.444 
0 .521  
0  7 9 0  
1 . 0 4 0  
1 .172  
1 .152  



TABLE A - 2 9  

YEAR 
1960  
1 9 6 1  
1 9 6 2  
1963  
1 9 6 4  
1965  
1966  
1967 
1968  
1969  
1 9 7 0  
1 9 7 1  
1972  
1 9 7 3  
1974  

YEAR 
1 9 6 0  
1 9 6 1  
1962  
1 9 6 3  
1964  
1965  
1966 
1967 
1968  
1969  
1970  
1 9 7 1  
1972  
1 9  7 3  
1974  

NEW CAR SALES AND SCRAPPAGE SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  VMT PER F A M I L Y  
SCRAPPAGE 

CONTROL 
4.303 
4.138 
4.636 
5  069 
5.894 
6.458 
6  7 9 0  
5.920 
6.437 
7  325 
7 .160  
6.703 
7.118 
7 .854  
6.480 

SHOCK 
4.401 
4 .287 
4.727 
4.950 
5.764 
6.349 
6  769 
5 .962 
6  a495 
7 .370  
7 . 1 7 1  
6 .692 
7 .098  
7 .837 
6  * 4 7 4  

DIFFERENCE 
0.098 
0.148 
0  * 0 9 1  

-0.119 
-0.130 
-0.109 
-0 .021 

0 .042 
0.058 
0.046 
0.011 

-0.011 
-0.020 
-0.017 
-0.005 

TABLE A-30 

NEW CAR SALES AND SCRAPPAGE SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 

I N  UNEMPLOYMENT RATE 
SCRAPPAGE 

CONTROL 
4.303 
4.138 
4.636 
5.069 
5  894  
6.458 
6.790 
5.920 
6.437 
7.325 
7 .160 
6.703 
7.118 
7.854 
6.480 

SHOCK 
4.065 
4 .011 
4.479 
4 .975 
5 .824  
6 .372  
6 .661  
5 .830 
6  a299 
7 . 1 5 9  
7 .183  
6 7 4 3  
7 .080  
7 .689  
6 .379 

DIFFERENCE 
-0.238 
-0.127 
-0.156 
-0.094 
-0.070 
-0.086 
-0.129 
-0.090 
-0.138 
-0.166 

0.023 
0.040 

-0.038 
-0.165 
-0 .101 

% DIFF 
2.272 
3 .580 
1 .961  
2 .343 
2.209 
1 . 6 8 8  
0 .313  
0 .711 
0.903 
0.626 
0 .152 
0 .164 
0.277 
0 .222 
0 .083 

% DIFF 
5.527 
3  068 
3.370 
1 .852 
1  1 8 3  
1.339 
1 .904 
1 .515 
2 .143 
2.267 
0.319 
0.596 
0.533 
2 .104 
1  555 



TABLE A - 3 1  

YEAR 
1960  
1961  
1962  
1963  
1964  
1965 
1966 
1967  
1968 
1969 
1970  
1 9 7 1  
1 9  72 
1973  
1 9 7 4  

YEAR 
1960  
1 9 6 1  
1 9 6 2  
1963  
1 9 6 4  
1965 
1966  
1967 
1968 
1969  
1970  
19  7 1 
1972  
1 9  73 
1 9 7 4  

NEW CAR SALES AND SCRAPPAGE SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  UNEMPLOYMENT RATE 
NEW CAR SALES 

CONTROL 
6.437 
5 969 
6 .753  
7.053 
8.427 

10.042 
9.456 
7.955 
8.719 
9.107 
8.935 
9 .961 

10 444  
11.940 

9.250 

SHOCK 
6.356 
5 a883 
6.635 
6 942 
8.313 
9.923 
9.345 
7 .874 
8 .612 
8 - 9 7 6  
8 .863 
9.925 

10.407 
11.846 

9 .180 

D IFFERENCE 
-0.082 
-0.086 
-0 .119 
-0.112 
-0.114 
-0 .119 
-0.111 
-0.081 
-0.107 
-0.131 
-0.072 
-0.036 
-0.037 
-0.094 
-0.070 

TABLE A - 3 2  

NEW CAR SALES AND SCRAPPAGE SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  NEW CAR P R I C E  
NEW CAR SALES 

CONTXOL 
6.437 
5.969 
6.753 
7.053 
8.427 

10 042 
9 - 4 5 6  
7.955 
8.719 
9.107 
8.935 
9.961 

10 * 4 4 4  
11.940 

9.250 

SHOCK 
6 .364  
5 * 9 8 8  
6 .770 
7 .060 
8 * 4 2 4  

10.033 
9 .451 
7.956 
8 722 
9.110 
8 936 
9.957 

10.443 
11.936 

9 * 2 4 8  

DIFFERENCE 
-0.073 

0.019 
0.017 
0.007 

-0.003 
-0.0 10 
-0.004 

0 .000 
0.002 
0 .004 
0 .001  

-0.004 
-0.002 
-0.004 
-0.002 

% D I F F  
1 .271  
1 .447 
1 757 
1 .586 
1 .359 
1 .188 
1 .169  
1 a024 
1 .227 
19435 
0.808 
0.365 
0.358 
0 .791 
0 .761 

% DIFF 
1.138 
0.323 
0 .252 
0 .099 
0 .038 
0.096 
0.047 
0.002 
0.025 
0.040 
0.007 
0.041 
0.015 
0 035 
0.025 



TABLE A - 3 3  

YEAR 
1960 
196 1 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

NEW CAR SALES AND SCRAPPAGE SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  NEW CAR P R I C E  
SCRAPPAGE 

CONTROL 
4.303 
4.138 
4.636 
5.069 
5.894 
6.458 
6.790 
5.920 
6.437 
7.325 
7.160 
6  703 
7.118 
7.854 
6.480 

SHOCK 
4.288 
4.146 
4.639 
5.055 
5  e870 
6.444 
6.789 
5.926 
6  -446 
7.329 
7.157 
6.697 
7.113 
7  *850 
6.478 

DIFFERENCE 
-0.015 

0  007 
0 004 

-0.014 
-0.024 
-0.014 
-0.002 

Q.006 
0.009 
0.004 

-0.003 
-0.006 
-0.005 
-0.004 
-0.002 

% DIFF 
0.347 
0.171 
0.078 
0.280 
0.402 
0.222 
0.024 
0.107 
0.136 
0.055 
0  036 
0.086 
0.076 
0.056 
0.023 

TABLE A - 3 4  

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER FAMILY,  
AND VMT PER F A M I L Y  SUBMODEL 

M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 
I N  NEW CAR P R I C E  

NEW CAR SALES 

YEAR CONTROL 
1 9 6 0  9 .092  
1 9 6 1  6 . 8 9 1  
1 9 6 2  7 . 4 4 7  
1 9 6 3  7 . 3 8 8  
1 9 5 4  8 . 4 2 3  
1 9 6 5  9 . 8 7 0  
1 9 6 6  9 .122  
1 9 6 7  7 . 8 9 0  
1 9 6 8  8 . 6 3 3  
1 9 6 9  8 . 7 4 5  
1 9 7 0  8 .536 
1 9 7 1  9 . 4 2 1  
1 9 7 2  9 .808  
1 9 7 3  1 1 . 5 5 7  
1 9 7 4  9 .410  

SHOCK EIFFERENCE % DIFF 
8 .950  -0 .143  1 . 5 6 7  
6 . 0 1 2  0 . 0 2 1  0 . 3 1 1  
7 . 4 5 6  0 .008  0 . 1 1 3  
7 .388  - 0 . 0 0 0  0 .000  
8 .428  0 .006  0 .067  
9 .876  0 . 0 0 6  0 .057 
9 . 1 2 3  0 . 0 0 2  0 .017  
7 .889  - 0 . 0 0 1  0 . 0 1 4  
8 . 6 2 9  -0 .004  0 .043  
8 .736  -0 .008  0 .034  
8 . 5 2 5  -0 .010  0 . 1 2 1  
9 . 4 0 8  - 0 . 0 1 2  0 . 1 2 8  
9 . 7 9 4  - 0 . 0 1 3  0 . 1 3 7  

1 1 . 5 5 1  - 0 . 0 1 6  0 . 1 3 9  
9 . 4 0 0  -0 .010  0 . 1 0 6  



TABLE A-35 

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER F A M I L Y  
AND VMT PER F A M I L Y  SUBMODEL 

M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 
I N  NEW CAR P R I C E  

DESIRED STOCK PER FAMILY 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CONTROL 
1.173 
1.181 
1.189 
1.208 
1.233 
1.248 
1.265 
1.270 
1.252 
1.239 
1.239 
1.248 
1.245 
1.258 
1.241 

SHOCK DIFFERENCE 9 DIFF 
1.172 -0.001 0.086 
1.180 -0.001 0.086 
1.188 -0.001 0.057 
1.207 -0,001 0.087 
1.232 -0.001 0.086 
1.247 -0.001 0.085 
1.264 -0.001 0.085 
1.259 -0.GO1 0.084 
1.251 -0.001 0.086 
1.238 -0.001 0.085 
1.238 -0.001 0.084 
1.247 -0.001 0.084 
1.244 -0.001 0.082 
1.257 -0.001 0.082 
1.240 -0.001 0.079 

TABLE A-36 

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER F A M I L Y  
AND VMT PER F A M I L Y  SUBMODEL 

M U L T I P L I E R  EXPERIMENT - 1% INCREASE 
I N  MEW CAR P R I C E  

VEHICLE M I L E S  TRAVELED PER F A M I L Y  

YEAR 
1950 
1961 
1962 
1963 
1964 
1965 
1965 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CONTROL 
10.629 
11.597 
11.768 
12.150 
12.354 
12.507 
12.966 
13.146 
13.153 
13.308 
13.314 
13.236 
13.515 
13.549 
13.134 

SHOCK 
1C.621 
11.564 
11.742 
12.129 
12.335 
12.490 
12.952 
13.136 
13.174 
13.3CO 
13.307 
13.229 
13.506 
13.539 
13.123 

DIFFERENCE 
-0.008 
-0.032 
-0.026 
-0.020 
-0.019 
-0.016 
-0,013 
-0.010 
-0.009 
-0.007 
-0.007 
-0.007 
-0.009 
-0.010 
-0.011 

% DIFF 
0.076 
0.279 
0.221 
0.167 
0.155 
0.131 
C.104 
0.077 
0.065 
0.055 
C1.051 
0.055 
0.065 
0.075 
0.084 



TABLE A-37 

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER FAMILY 
AND VMT PER FAMILY SUBMODEL 

M U L T I P L I E R  EXPERIMENT - 1% INCREASE 
I N  PERSONAL INCOME 

NEW CAR SALES 

YEAR CONTROL 
1 9 6 0  8 .733  
1 9 6 1  7 .026  
1 9 6 2  7 .484  
1 9 6 3  7.486 
1 9 6 4  8 . 4 8 1  
1 9 6 5  9.848 
1 9 6 6  9.162 
1 9 6 7  7 .877  
1 9 6 8  8 . 6 2 1  
1 9 6 9  8 . 6 9 1  
1 9 7 0  8.284 
1 9 7 1  9 . 0 8 3  
1 9 7 2  9 .953  
1 9 7 3  1 1 . 3 1 7  
1 9 7 4  8 .959  

SHOCK O I F F E R E N C E  % D I F F  
9 .192  0.459 5 .257  
7.097 0 . 0 7 1  1 .005  
7 .452 -0 .031  0 .420 
7.439 -0 .047 0 ,630  
8 . 4 2 1  -0 .059 0 .701  
9.800 -0.048 0 .486 
9 . 1 2 9  -0 .033 0 .356 
7 .855  -0 . 0 2 2  0 .275 
8.610 - 0 . 0 1 1  0 .129 
8 .699 0.008 0 .089 
8 .297  0 .013  0.160 
9 .104 0 .021  0.235 
9 .992  0.039 0.390 

1 1 . 3 5 1  0.034 0 . 3 0 1  
8 .989  0.030 0 .334 

TABLE A - 3 8  

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER FAMILY 
AND VMT PER FAMILY SUBMODEL 

M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 
I N  PERSONAL INCOME 

DESIRED STOCK PER FAMILY 

YEAR CONTROL 
1 9 6 0  1.176 
1 9 6 1  1.194 
1 9 6 2  1 .199  
1 9 6 3  1 . 2 2 1  
1 9 6 4  1 .240  
1 9 6 5  1.244 
1 9 6 6  1.252 
1 9 6 7  1 .249  
1 9 6 8  1 . 2 3 2  
1 9 6 9  1 .225  

SHOCK D I F F E R E N C E  % D I F F  
1 ,178  0.002 0.148 
1 . 1 9 6  0.002 0.20(! 
1 . 2 0 1  0.002 0 .185 
1 . 2 2 3  0.002 6.129 
1 . 2 4 1  0 . 0 0 1  0 .056 
1 .245  0 .001  0.055 
1 . 2 5 2  0 . 0 0 1  0 .056  
1 . 2 4 9  0 . 0 0 1  0. C60 
1 . 2 3 3  0 . 0 0 1  0.064 
1 .226  0 .001  0.067 
1 .226  0 .001  0 .Q66  
1 .233  0 . 0 0 1  0 .064 
1 . 2 5 0  0 . 0 0 1  0.065 
1 .259  0 . 0 0 1  0 .064 
1 . 2 2 5  0 .001  0.066 



TABLE A - 3 9  

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER FAMILY 
AND VMT PER FAMILY SUBMODEL 

M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 
I N  PERSONAL INCOME 

SCRAPPAGE 

YEAR 
1 9 6 0  
1 9 5 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

CONTROL 
3.380 
3.702 
4.574 
5 .502 
5 .243  
7 .313  
7 .952 
7 .589  
7,565 
7 .382 
6.410 
5.887 
6.043 
7 .442  
8 . 0 8 1  

SHOCK 
3,419 
3.725 
4 .646  
5 .612  
5 .257  
7 . 2 9 1  
7 .915 
7 .558  
7 .566  
7 .417 
6 .455  
5 .930  
6 .085  
7 .479  
8 .102 

DIFFERENCE 
0 .039  
0 .023  
0 . 0 7 1  
0 .110  
0 .015 

-0 ,022 

TABLE A - 4 0  

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER FAMILY 
AND VMT PER FAMILY SUBMODEL 

M U L T I P L I E R  EXPERIMENT - 1% INCREASE 
I N  PERSONAL INCOME 

VEHICLE M I L E S  TRAVELED PER FAMILY 

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

CONTROL 
10 .575  
1 1 . 3 7 8  
11 .636  
12 .019  
12 .299  
12.533 
13.026 
13.238 
13 .239  
13.312 
13.380 
13 .316  
13.342 
1 3 . 4 9 8  
13 .242  

SHOCK 
10 .592  
11 .480  
11.748 
12 .114  
12 .380  
12.594 
1 3 . 0 7 3  
1 3 . 2 7 3  
13 .265  
13 .332  
13.398 
13 .334  
13 .364  
13 .528  
13 .277  

DIFFERENCE 
0.018 
0.102 
0.112 
0.095 
0 .082 
0 . 0 6 1  
0.047 
0 .035 
0.026 
0 .020 
0 .018 
0 .018 
0 .022 
0.030 
0.034 

% CIFF 
1.157 
0 .615  
1 . 5 6 2  
2.004 
0 .237  
0 .306  
0 .460 
0,406 
0.013 
0.463 
0 .707 
0.726 
0 .685 
0 .506  
0 .264 

% DIFF 
0.167 
0.896 
0 . 9 6 1  
0 .793 
0 .663  
0 .486 
0.362 
0 .262  
0 .199  
0 .152 
0 .131 
0.132 
0 .167 
0.219 
0.260 



TABLE A-41 
NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER FAMILY 

AND VMT PER FAMILY SUBMODEL 
MULTIPLIER EXPERIMENT - 10% INCREASE 

IN MPG 
DESIRED STOCK PER FAMILY 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

SHOCK 
1.174 
1.179 
1.185 
1.203 
1.228 
1.244 
1.261 
1.265 
1.248 
1.234 
1.235 
1.243 
1.240 
1.253 
1.237 

DIFFERENCE 
(2.004 
0.004 
0.004 
0.004 
0.004 
0.005 
0.005 
0.005 
0.005 
0.005 
0.004 
0,OOC 
0.004 
0.005 
0.005 

% DIFF 
0.384 
0.372 
0.367 
0.360 
0.359 

TABLE A-42 
NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER FAMILY 

AND VMT PER FAMILY SUBMODEL 
MULTIPLIER EXPERIMENT - 10% INCREASE 

IN MPG 
NEW CAR SALES 

YEAR CONTROL SHOCK DIFFERENCE % DIFF 
1960 8.601 8.716 0.115 1.336 
1961 6.784 6.841 0.057 0.841 
1962 7.439 7.514 0.075 1.010 
1963 7.398 7.487 0.089 1.207 
1964 8 ~ 4 0  8.532 0.092 1.090 
1965 9.867 9.959 0.092 0.936 
1966 9.087 9.148 0.062 0 .678  
1967 7.843 7.884 0.041 0.520 
1968 8.570 8.593 0.023 0.269 
1969 8.666 8.678 0.011 0.128 
1970 8.459 8.466 0.007 0.082 
1971 9.333 9.342 0.009 0.093 
1972 9.705 9.723 0.019 0.191 
1973 11.459 11.493 0.035 0.303 
1974 9.319 9.375 0.056 0.598 



TABLE A - 4 3  

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER F A M I L Y  
AND VMT PER F A M I L Y  SUBMODEL 

M U L T I P L I E R  EXPERIMENT - 10% INCREASE 
I N  MPG 

SCRAPPAGE 

YEAR CONTROL 
1960 3.466 
1961 4.023 
1962 4.882 
1963 5.620 
1964 5.902 
1965 6.674 
1966 7.038 
1967 7.016 
1968 7.545 
1969 7.959 
1970 6.938 
1971 6.082 
1972 6.548 
1973 7.948 
1974 7.588 

SHOCK CIFFEREMCE 
3.442 -0.024 
4.045 0.022 
4.975 0.032 
5.741 0.121 
5.966 0.064 
6.722 0.048 
7.061 0.023 
7.012 -0.004 
7.532 -0.013 
7.948 -0.011 
6.944 0.006 
6.091 0.010 
6.564 0.015 
7.977 0.029 
7.611 0.023 

% DIFF 
0.689 
0.547 
1.888 
2.152 
1.080 
0.720 
0.333 
0.051 
0.168 
0.137 
0.082 
0.159 
0.242 
0.364 
0.306 

TABLE A - 4 4  

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER FAMILY 
AND VMT PER F A M I L Y  SUBMODEL 

M U L T I P L I E R  EXPERIMENT - 10% INCREASE 
I N  MPG 

VEHICLE M I L E S  TRAVELED PER F A M I L Y  

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CONTROL 
10.625 
11.517 
11.681 
12.081 
12.298 
12.468 
12.943 
13.135 
13.177 
13.305 
13.312 
13.231 
13.504 
13.531 
13.112 

SHOCK DIFFERENCE % DIFF 
10.644 0.018 0.173 
11.597 0.080 0.698 
11.799 0.117 1.005 
12.233 0.153 1.263 
12.489 0.191 1.551 
12.697 0.229 1.840 
13.213 0.270 2.056 
13.430 0.295 2.244 
13.487 0.310 2.352 
13.525 C.320 2.402 
13.631 0.319 2.400 
13.544 0.313 2.363 
13.218 0.314 2.326 
13.843 0.312 2.303 
13.415 0.303 2.309 



TABLE A - 4 5  

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER F A M I L Y  
AND VMT PER F A M I L Y  SUBMODEL 

M U L T I P L I E R  EXPERIMENT - 10% INCREASE 
I N  GAS P R I C E  

DESIRED STOCK PER F A M I L Y  

YEAR CONTROL 
1960 1.173 
1961 1.181 
1962 1.189 
1963 1.208 
1964 1.233 
1965 1.248 
1966 1.265 
1967 1.270 
1968 1.252 
1969 1.239 
1970 1.239 
1971 1.248 
1972 1.245 
1973 1.258 
1974 1.241 

SHOCK D I F F E R E N C E  % DIFF 
1.168 -0,005 0.412 
1.176 -0.005 0.399 
1.184 -0.005 0,395 
1.203 -0.005 0.388 
1.228 -0.005 0.386 
1.243 -0.005 0.394 
1.260 -0.005 0.398 
1.255 -0.005 0.421 
1.247 -0.005 0.410 
1.234 -0.005 0.405 
1.234 -0.005 0.390 
1.243 -0.005 0.379 
1.240 -0.005 0.386 
1.253 -0.005 0.400 
1.235 -0.006 0.477 

TABLE A - 4 6  

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER F A M I L Y  
AND VMT PER F A M I L Y  SUBMODEL 

M U L T I P L I E R  EXPERIMENT - 10% INCREASE 
I N  GAS P R I C E  

NEW CAR SALES 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CONTROL 
9.092 
6.891 
7.447 
7.3t38 
8.423 
9.870 
9.122 
7.890 
8.633 
8.745 
8.536 
9.421 
9.808 
11.567 
9.410 

SHOCK 
8,897 
6.734 
7.269 
7.332 
8.421 
9.910 
9.166 
7.910 
8.644 
8.730 
8.504 
9.375 
9.745 
11.480 
9.324 

D I F F E R E R C E  % EIFF 
-0.195 2.145 
-0.157 2.275 
-C.178 2.389 
-C.056 0.758 
-0.002 0.020 
0.040 0.407 
0.044 0.486 
0.02C 0.258 
0.011 0.127 

-0.015 0.168 
-0.031 0.367 
-0.046 0.488 
-0.063 0.637 
-0.086 0.747 
-0.085 0.911 



TABLE A - 4 7  
NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER F A M I L Y  

AND VMT PER F A M I L Y  SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1 0 %  INCREASE 

I N  GAS P R I C E  
SCRAPPAGE 

YEAR CONTROL SHCCIZ DIFFERENCE % DIFF 
1960 3.481 3.368 -0.113 3.257 
1961 3 . 9 8 4  3.740 - 0 . 2 4 4  5.115 
1962 4.863 4.671 -0.192 3,943 
1963 5.651 5.827 0.176 2.115 
1964 5.884 5.997 0.113 1.922 
1965 6.587 5.799 0.113 1.684 
1966 7.084 7.166 0.081 1.146 
1967 7.065 7.089 0.025 0.348 
1968 7.606 7.585 -0.021 0.277 
1969 8.044 7.980 -0.0 64 0.791 
1970 7.020 6.917 -0.073 1.037 
1971 6.151 6.086 -0.066 1.066 
1972 6.621 6.551 -0.070 1.058 
1973 8.025 7.951 -0.0 74 0.919 
1974 7.548 7.611 -0.037 0.484 

TABLE A - 4 8  

NEW CAR SALES, SCRAPPAGE, DESIRED STOCK PER F A M I L Y  
AND VMT PER F A M I L Y  SUBMODEL 

M U L T I P L I E R  EXPERIMENT - 1 0 %  INCREASE 
I N  GAS P R I C E  

V E H I C L E  M I L E S  TRAVELED PER F A M I L Y  

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
197C 
1971 
1972 
1973 
1974 

CONTROL 
10.629 
11.597 
11.768 
12.150 
12.35.? 
12.507 
12.966 
13.146 
13.183 
13.308 
13.314 
13.236 
13.515 
13.549 
13.134 

SHOCK 
10.418 
11.345 
11.500 
11.842 
12.020 
12.159 
12.628 
12.819 
12.868 
13.005 
13.021 
12.949 
13.221 
13.249 
12.832 

DIFFERENCE 
-0.211 
-0.252 
-0.268 
-0.307 
-0.334 
-0.337 
-0.33:! 
-0.328 
-0.314 
-0.303 
-0.293 
-0.287 
-0.294 
-0.301 
-0.302 

% DIFF 
1.984 
2.173 
2.274 
2.530 
2.702 
2.698 
2.609 
2.491 
2.386 
2.274 
2.200 
2.169 
2.178 
2.220 
2.298 



TABLE A - 4 9  

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 

NEW CAR SHARES AND DESIRED SHARES SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 10% INCREASE 

I N  MPG 
SUBCOMPACT CLASS NEW CAR MARKET SHARE 

CONTROL 
0.125 
0.130 
0.175 
0.091 
0.186 
0.205 
0.209 
0.284 
0.356 
0.327 
0.291 
0.249 
0.188 
0.143 
0.172 

SHOCK 
0.114 
0.121 
0.165 
0.086 

DIFFERENCE 
-0.010 
-0,008 
-0.010 
-0.005 
-0.011 
-0.012 
-0.011 
-0.015 
-0.015 
-0.015 
-0.013 
-0.011 
-0.009 
-o.ooe 
-0.013 

TABLE A - 5 0  

NEW CAR SHARES AND DESIRED SHARES SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1 0 %  INCREASE 

I N  MPG 
COMPACT CLASS NEW CAR MARKET SHARE 

% DIFF 
8.333 
6.522 
5.881 
5.562 
6.009 
5.711 
5.403 
5.258 
4.126 

CONTROL 
0.281 
0.217 
0.157 
0.196 
0.118 
0.105 
0.107 
0.087 
0.079 
0.114 
0.162 
0.189 
0.212 
0.203 
0.186 

SHOCK DIFFERENCE % DIFF 
0.278 -0.003 1.172 
0.214 -0.002 1.147 
0.156 -0.001 0.681 
0.193 -0.003 1.633 
0.118 0.000 0.342 
0.105 0.000 0.123 
0.107 0.000 0.038 
0.088 0.001 1.142 
0.080 0.001 0.986 
0.116 0.002 1.664 
0.163 0.002 1.001 
0.190 0.001 0.426 
0.212 0.001 0.242 
0.202 -0.000 0.114 
0.186 0.000 0.155 



TABLE A - 5 1  

YEAR 
1960 
1961 
1962 
1963 
1954 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

NEW CAR SHARES AND DESIRED SHARES SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 10% INCREASE 

I N  MPG 
M I D - S I Z E  CLASS NEW CAR MARKET SHARE 

C O N T R C L  
0.060 
0.076 
0.096 
0.103 
0.129 
0.157 
0.178 
0.203 
0.209 
0.220 
0.216 
0.207 
0.214 
0.194 
0.186 

SHOCK 
0.059 
0.075 
0.095 
0.102 
0.129 
0.157 
0.179 
0.203 
0.211 
0.221 
0.217 
0.208 
0.214 
0.194 
0.185 

D I F F E R E N C E  
-0.00i 
-0,001 
-0.001 
-0.001 
-0.000 
-0.000 
0.000 
0.000 
0.001 
0.001 
0.001 
0.001 
0.000 

-0.000 
-0.001 

TABLE A - 5 2  

NEW CAR SHARES AND DESIRED SHARES SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 10% INCREASE 

I N  MPG 
F U L L - S I Z E  CLASS NEW CAR MARKET SHARE 

C O N T R O L  
0.454 
0.495 
0.489 
0.526 
0.481 
0.442 
0.411 
0.330 
0.260 
0.243 
0.237 
0.260 
0.292 
0.365 
0.363 

S H O C K  
0.468 
0.507 
0.502 
0.535 
0.492 
0.454 
0.422 
0.344 
0.272 
0.255 
0.247 
0.269 
0.301 
0.374 
0.375 

% D I F F  
1.035 
0.786 
0.833 
0.645 
0.250 
0.073 
0.104 
0.199 
0.550 
0.466 
0.494 
0.247 
0.140 
0.181 
0.536 

D I F F E R E N C E  % D i F F  
0.014 3.179 
0.012 2.353 
0.012 2.507 
0.009 1,719 
0.011 2.330 
0.012 2.662 
0.011 2,701 
0.013 4.086 
0.013 4.843 
0.012 5.066 
0.010 4.077 
0.010 3.743 
0.008 2.855 
0.008 2.279 
0.013 3.662 



TABLE A - 5 3  

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

NEW CAR SHARES AND DESIRED SHARES SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 10% INCREASE 

I N  MPG 
LUXURY CLASS NEW CAR MARKET SHARE 

CONTROL 
0 . 0 8 1  
0.082 
0.083 
0 .085 
0 .086 
0 .090  
0 .093 
0 .096 
0 .096  
0 .096 
0 .095 
0 .095 
0 .094  
0 .095 
0 .093  

SHOCK E I F F E R E N C E  % D I F F  
0 .080  -0 .000 0 .122  
0 .082  -0 .000 0 .149 
0 .083  -0 .000 0.143 
0 . 0 8 5  -0 .000 0 .129 
0 .086 -0. C 00 0 .090  
0 .090  -0 .000 0 .056  
0 .093  -0 .000  0 .018  
0 .096  0.000 0.047 
0.097 0.000 0 .177  
0 .096  0.000 0 .227  
0 .095 0.000 0.197 
0 .095  0 .000  0 .180 
0.094 C.000 0 . 1 1 1  
0.095 0 .000  0 . 0 8 7  
0 .093 -0 .000 0.044 

TABLE A - 5 4  

NEW CAR SHARES AND DESIRED SHARES SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  PERSONAL INCOME 
SUBCOMPACT CLASS NEW CAR MARKET SHARE 

CONTROL 
0.138 
0.109 
0 .130 
0 .112 
0 .164  
0 .215  
0 . 2 2 6  
0 .319 
0.339 
0 .272 

SHOCK D I F F E R E N C E  
0.136 -0.0 0 2  
0 .108  - 0 . 0 0 1  
0 .129  -0.000 
0 . 1 1 2  0.000 
0 .165 0 . 0 0 1  
0 .216 O . O C 1  
0 .227  0 . 0 0 1  
0 .320 0 . 0 0 1  
0.340 0 . 0 0 1  
0 .272  -0.000 
0 .227 -0.000 
0.309 -0.000 
0 .205 -0.000 
0 .153  -0.000 
0 .129 -0.000 

% D I F F  
1.687 
0.?62 
0 .213  
0 .258 
0 .647 
0 . 5 5 1  
0 .366  
0 . 2 8 1  
0.153 
0.015 
0 .076  
0 .020 
0.095 
0.098 
0 .155 



TABLE A - 5 5  

NEW CAR SHARES AND DESIRED SHARES SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  PERSONAL INCOME 
COMPACT CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 2 8 1  
1 9 6 1  0.233 
1 9 6 2  0.188 
1 9 6 3  0 .187  
1 9 6 4  0.125 
1 9 6 5  0 .099  
1 9 6 6  0 ,099  
1 9 6 7  0.075 
1 9 6 8  0.085 
1 9 6 9  0 . 1 4 1  
1 9 7 0  0.188 
1 9 7 1  0 .173  
1 9 7 2  0.206 
1 9 7 3  0.199 
1 9 7 4  0.197 

SHOCK 
0.280 
0 .233  
0 .189 
0 . 1 8 9  
0 .125  
0 .100 
0.100 
0 .075 
0 .086 
0 .142 
0 .189 
0 .174 
0.207 
0.200 
0.198 

DIFFERENCE % DIFF 
- 0 . 0 0 1  0 .437  

0.000 0.063 
0 . 0 0 1  0 .586 
0 .002 1 .094 
0 .002 1 . 4 1 4  
0 . 0 0 1  1 .386  
0 .001  1 .272  
0 . 0 0 1  1 .203  
0 . 0 0 1  1.088 
0 .001  0.902 
0 .001 0.790 
0 . 0 0 1  0 .818  
0.002 0.742 
0 . 0 0 1  0 .724 
0 . 0 0 1  0 .695 

TABLE A - 5 6  

NEW CAR SHARES AND DESIRED SHARES SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 

I N  PERSONAL INCOME 
M I D - S I Z E  CLASS NEW CAR MARKET SHARE 

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 5 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

CONTROL 
0 . 0 6 1  
0 . 0 7 1  
0.089 
0.097 
0.119 
0 . 1 5 1  
0 .172 
0.196 
0 .202 
0 .219  
0.215 
0 .207 
0.213 
0.193 
0.184 

SHOCK 
0 . 0 6 1  
0 . 0 7 1  
0 . 0 8 9  
0 .097 
0.120 
0 . 1 5 1  
0 . 1 7 1  
0 .196 
0 .202 
0 .219  
0 .215  
0 .207  
0 .213 
0.193 
0 .184  

DIFFERENCE 
-0 .000 
-0.000 
-0.000 

0.000 
0 .000 
0.000 

-0.000 
-0 .000 
-0.000 
-0.000 
-0 .000 
-0.000 
-0.000 
-0.000 
-0 .000 

% DIFF 
0.272 
0 . 1 9 1  
0 . 0 7 2  
0 .016 
0.048 
0 . 0 2 1  
0 .024 
0.094 
0 .125 
0 .116  
0 .112 
0.170 
0 .105 
0 ,061  
0 .060 



TABLE A - 5 7  

YEAR 
1960 
1961 
1952 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
197 3 
1974 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

NEW CAR SHARES AND DESIRED SHARES SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  PERSONAL INCOME 
F U L L - S I Z E  CLASS NEW CAR MARKET SHARE 

SHOCK DIFFERENCE 
0.443 0.003 
0.506 0.000 
0.508 -0.002 
0.517 -0.004 
0.502 -0.004 
0.441 -0.004 
0.407 -0.003 
0.312 -0.003 
0.273 -0.002 
0.269 -0.002 
0.272 -0.002 
0.215 -0.002 
0.280 -0.002 
0.360 -0.002 
0.396 -C.002 

TABLE A - 5 8  

NEW CAR SHARES AND DESIRED SHARES SUBMODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  PERSONAL INCOME 
LUXURY CLASS NEW CAR MARKET SHARE 

CONTROL 
0.080 
0.082 
0.083 
0.085 
0.086 
0.090 
0.094 
0.096 
0.097 
0.097 
0.096 
0.094 
0.094 
0.094 
0.092 

SHOCK 
0.081 
0.083 
0.084 
0.086 
0.087 
0.091 
0.C95 
0.097 
0.098 
0.098 
0.097 
0.095 
0.095 
0.095 
0.093 

DIFFSRENCE 
0.000 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

% DIFF 
0.768 
0.069 
0.380 
0.687 
0.925 
0.846 
0.755 
0.811 
0.753 
0.675 
0.701 
0.853 
0.703 
0.567 
0.490 

% DIFF 
0.434 
0.837 
1.212 
1.452 
1.500 
1.309 
1.127 
0.988 
0.907 
0.882 
0.891 
0.901 
0.932 
0.934 
0.968 



T A B L E  A - 5 9  

C A P I T A L I Z E D  COST PER M I L E  SUBMODEL 
M U L T I P L I E R  A N A L Y S I S  - 1% INCREASE 

I N  NEW CAR P R I C E  
SUBCOMPACT DOMESTIC CLASS C A P I T A L I Z E D  CPM 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CONTROL 
0.082 
0.082 
0 083 
0.084 
0.086 
0.089 
0.091 
0.096 
0.099 
0.104 
0.100 
0.105 
0.109 
0.116 
0.139 

SHOCK 
0.082 
0.083 
0 083 
0.084 
0 086 
0 089 
0.092 
0 096 
0.099 
0.104 
0.101 
0.106 
0.109 
0.117 
0.140 

DIFFERENCE 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 

T A B L E  A - 6 0  

C A P I T A L I Z E D  COST PER M I L E  SUBMODEL 
M U L T I P L I E R  A N A L Y S I S  - 1% INCREASE 

I N  NEW CAR P R I C E  
COMPACT DOMESTIC CLASS C A P I T A L I Z E D  CPM 

CONTROL 
0.087 
0.086 
0.089 
0.088 
0.091 
0.095 
0.099 
0.106 
0.111 
0.115 
0.120 
0.128 
0.130 
0.138 
0.159 

SHOCK 
0.087 
0.086 
0 089 
0.088 
0.091 
0 096 
0.100 
0.107 
0.112 
0.116 
0.121 
O* 128 
0- 130 
0 138 
0.160 

DIFFERENCE 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.001 
0.001 
0.001. 

% DIFF 
0 420 
0.422 
0.424 
0.422 
0.431 
0.427 
0.427 
0.420 
0 420 
0.415 
0.374 
0.368 
0.366 
0.374 
0.391 

% D I F F  
0.423 
0.418 
0 428 
0.420 
0 9 424 
0.428 
0.431 
0.426 
0.433 
0.420 
0.407 
0.407 
0.389 
O* 394 
0.387 



TABLE A-61 

YEAR 
1960 
196 1 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 

IN NEW CAR PRICE 
MID-SIZE DOMESTIC CLASS CAPITALIZED CPM 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CONTROL 
0.100 
0.099 
0.099 
0.101 
0.100 
0.102 
0.106 
0.113 
0.120 
0.126 
0,136 
0.147 
0.150 
0.159 
0.180 

SHOCK 
0.100 
0.100 
0.100 
0.101 
0.101 
0.103 
0.107 
0.113 
0.121 
0.127 
0.137 
0.148 
O *  150 
0.160 
0.181 

DIFFERENCE 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.001 
O I O O l  
0.001 
0.001 
0.001 
0.001 

TABLE A-62 
CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 

IN NEW CAR PRICE 
FULL-SIZE DOMESTIC CLASS CAPITALIZED CPM 

CONTROL 
0.111 
0.110 
0.111 
0.111 
0.112 
0.116 
0.120 
0.127 
0.134 
0.142 
0.152 
0.164 
0.167 
0.175 
0.197 

SHOCK 
0.111 
0.110 
0.112 
0.111 
0.112 
0.116 
0.120 
0.127 
0.134 
0.142 
0.152 
0.164 
0.167 
0.176 
0.198 

DIFFERENCE 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

% DIFF 
0.439 
0.441 
0.444 
0.450 
0.437 
0.426 
0.428 
0.423 
0.437 
0.431, 
0.435 
0.440 
0.426 
0.431 
0.410 

% DIFF 
0.460 
0.458 
0.463 
0.459 
0.458 
0.453 
0.455 
0.450 
0.460 
0.460 
0.461 
0.464 
0.454 
0.452 
0.426 



T A B L E  A - 6 3  

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

C A P I T A L I Z E D  COST PER M I L E  SUBMODEL 
M U L T I P L I E R  A N A L Y S I S  - 1% INCREASE 

I N  NEW CAR P R I C E  
LUXURY DOMESTIC CLASS C A P I T A L I Z E D  CPM 

CONTROL 
0.140 
0.142 
0.145 
0.145 
0.149 
0.151 
0.155 
0.163 
0.169 
0.177 
0.189 
0.203 
0.206 
0.216 
0.248 

SHOCK 
0.141 
0.143 
0.145 
0.146 
0.150 
0.152 
0.156 
0.163 
0.170 
0.178 
0.190 
0.204 
0.207 
0.217 
0.249 

DIFFERENCE 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0 001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

T A B L E  A - 6 4  

C A P I T A L I Z E D  COST PER M I L E  SUBMODEL 
M U L T I P L I E R  A N A L Y S I S  - 1 % INCREASE 

I N  NEW CAR P R I C E  
SUBCOMPACT FOREIGN CLASS C A P I T A L I Z E D  CPM 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CONTROL 
0.072 
0.071 
0.073 
0.074 
0.075 
0.076 
0.081 
0 085 
0.089 
0.095 
0.102 
O *  107 
0.112 
0.122 
0 143 

SHOCK 
0.072 
0.072 
0.074 
0.074 
0.075 
0.077 
0 082 
0 085 
0.089 
0.095 
0.102 
0.107 
0.113 
0.123 
0.143 

DIFFERENCE 
0.000 
0.000 
0.000 
0.000 
0.000 
0 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.001 

% DIFF 
0.548 
0.552 
0.558 
0.557 
0.563 
0.551 
0.549 
0.543 
0.545 
0.541 
0.541 
0.541 
0.534 
0 532 
0.518 

% DIFF 
0.407 
0.398 
0.410 
0.410 
0.408 
0.398 
0.409 
0.402 
0.405 
0.412 
0.406 
0.391 
0.402 
0.423 
0.435 



TABLE A-65 

YEAR 
1960 
196 1 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

YEAR 
1960 

'1961 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 

IN NEW CAR PRICE 
COMPACT FOREIGN CLASS CAPITALIZED CPM 

CONTROL 
0.084 
0 083 
0 087 
0.089 
0.091 
0.093 
0.098 
0.104 
0.109 
0.116 
0.127 
0.137 
0.144 
0.157 
0.182 

SHOCK 
0 084 
0.084 
0.087 
0 089 
0.091 
0 094 
0 099 
0.104 
0.109 
0.117 
0.128 
O *  137 
0.145 
0.158 
0.183 

DIFFERENCE 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.001 
0.001 
0.001 
0 001  
0.001 
0.001 

TABLE A-66 
CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 

IN NEW CAR PRICE 
LUXURY FOREIGN CLASS CAPITALIZED CPM 

CONTROL 
0.133 
0.134 
0.139 
0.141 
00 144 
0.148 
0.155 
0.160 
0.163 
0.171 
0.188 
0.197 
0.220 
0.250 
0.285 

% DIFF 
0.454 
0.445 
0.462 
0.468 
0.463 
0.467 
0.479 
0.476 
0.479 
0.480 
0 487 
0.489 
0 500 
0.521 
0.527 



TABLE A-67 
CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 
IN CONSUMER INSTALLMENT CREDIT RATE 

SUBCOMPACT DOMESTIC CLASS CAPITALIZED CPM 

YEAR CONTROL 
1960 0.082 
196 1 0.082 
1962 0 083 
1963 0.084 
1964 0.086 
1965 0 089 
1966 0.091 
196 7 0 096 
1968 0.099 
1969 0.104 
1970 0.100 
1971 0.105 
1972 O *  109 
1973 0.116 
1974 0.139 

SHOCK 
0.082 
0 083 
0.084 
0.084 
0.087 
0.089 
0.092 
0.096 
0.100 
0.104 
0.101 
0.106 
0.110 
0.117 
0.140 

DIFFERENCE 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

TABLE A-68 
CAPITALIZED COST PER MILE SUBMODEL 
MULTPILIER ANALYSIS - 1% INCREASE 
IN CONSUMER INSTALLMENT CREDIT RATE 

COMPACT DOMESTIC CLASS CAPITALIZED CPM 

YEAR CONTROL 
1960 0 087 
1961 0 086 
1962 0.089 
1963 0 088 
1964 0 091 
1965 0 095 
1966 0.099 
196 7 0.106 
1968 0.111 
1969 0.115 
1970 0.120 
1971 0.128 
1972 0 -  130 
1973 0.138 
1974 0.159 

SHOCK 
0.087 
0 087 
0.089 
0.089 
0 092 
0.096 
0.100 
0.107 
0.112 
0.116 
0.121 
0.129 
0.131 
0.139 
0.161 

DIFFERENCE 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

% DIFF 
0.814 
0.818 
0.813 
0.811 
0.826 
0.819 
0 808 
0.791 
0 -  782 
0.763 
0.677 
0.671 
0.668 
0.679 
0.699 

% DIPF 
0.820 
0.811 
0.821 
0 * 806 
0.814 
0.821 
0.816 
0 803 
0.807 
0.773 
0.737 
0.741 
0.711 
0.715 
0.692 



TABLE A-69 

CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1 %  INCREASE 

IN CONSUMER INSTALLMENT CREDIT RATE 
MI D-SIZE DOMESTIC CLASS CAPITALIZED CPM 

YEAR 
1960 
196 1 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
196 9 
1970 
1971 
1972 
1973 
1974 

CONTROL 
0.100 
0.099 
0.099 
0.101 
0.100 
0.102 
0.106 
0.113 
0.120 
0.126 
0.136 
0.147 
0.150 
01159 
0.180 

SHOCK 
0.101 
0.100 
0.100 
0.102 
0.101 
0.103 
0.107 
0.114 
0.121 
0.127 
0.137 
0.148 
0.151 
0.161 
0.181 

DIFFERENCE 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

TABLE A-70 
CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1 %  INCREASE 

IN CONSUMER INSTALLMENT CREDIT RATE 
FULL-SIZE DOMESTIC CLASS CAPITALIZED CPM 

YEAR 
1960 
196 1 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CONTROL 
0.111 
0.110 
0.111 
0.111 
0.112 
0.116 
0.120 
0 ,127  
0.134 
0.142 
0.152 
0.164 
0.167 
0 -  175 
0.197 

SHOCK 
0.112 
0.110 
0.112 
0.112 
0.113 
0.117 
0.121 
0.128 
0.135 
0.143 
0.153 
O *  165 
0.168 
0.176 
0.199 

DIFFERENCE 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0 * 001 
0.001 
0.002 

% DIFF 
0.850 
0.856 
0.85 1 
0.865 
0.838 
0.817 
0.811 
0.797 
0.813 
0.799 
0.786 
0.801 
0.779 
0.781 
0.734 

% DIFF 
0.891 
0.889 
0.888 
0.882 
0.878 
0.869 
0.862 
0.846 
0.856 
0.847 
O *  834 
0.845 
0.830 
0.821 
0.762 



TABLE A-71 

YEAR 
1960 
196 1 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1 %  INCREASE 
IN CONSUMER INSTALLMENT CREDIT RATE 

LUXURY DOMESTIC CLASS CAPITALIZED CPM 

CONTROL 
0.140 
0.142 
0.145 
0.145 
0 -  149 
0.151 
0.155 
0.163 
0.169 
0.177 
0.189 
0.203 
0.206 
0.216 
0.248 

SHOCK 
0.142 
0.143 
0.146 
0.147 
0.151 
0.153 
0.157 
0.164 
0.171 
0.179 
0.191 
0.205 
0.208 
0.218 
0.250 

DIFFERENCE 
0.001 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 

TABLE A-72 
CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1 %  INCREASE 

IN' CONSUMER INSTALLMENT CREDIT RATE 
SUBCOMPACT FOREIGN CLASS CAPITALIZED CPM 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
196 9 
1970 
1971 
1972 
1973 
1974 

CONTROL 
0.072 
0.071 
0.073 
0.074 
0.075 
0.076 
0.081 
0 085 
0.089 
0 095 
0.102 
0.107 
0.112 
0.122 
0.143 

SHOCK 
0.073 
0.072 
0.074 
0.075 
0.075 
0 e 077 
0.082 
0.085 
0.090 
0 096 
0.103 
0.107 
0.113 
0.123 
0.144 

DIFFERENCE 
0 001 
0.001 
0.001 
0 001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

% DIFF 
1.062 
1.070 
1.070 
1.070 
1.080 
1.057 
1.039 
1.021 
1.014 
O *  996 
0.978 
0.986 
01975 
0 965 
0.926 

% DIFF 
0.788 
0.773 
0.786 
0.787 
0.782 
0 0 764 
0.775 
0.756 
0.755 
0.759 
0.735 
0.712 
0.734 
0.768 
0.778 



TABLE A-73 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 

YEAR 
1960 
196 1 
1962 
1963 
1964 
1965 
196 6 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 
IN CONSUMER INSTALLMENT CREDIT RATE 

COMPACT FOREIGN CLASS CAPITALIZED CPM 

CONTROL 
0.084 
0.083 
0.087 
0 089 
0 091 
0.093 
0.098 
0 104 
O *  109 
0.116 
0.127 
0.137 
0.144 
0.157 
0.182 

SHOCK 
0.085 
0.084 
0 088 
0.090 
0 091 
0.094 
0.099 
0.105 
0.110 
0.117 
0.128 
0.138 
0.146 
0.159 
0.184 

TABLE A-74 
CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 
IN CONSUMER INSTALLMENT CREDIT RATE 

LUXURY FOREIGN CLASS CAPITALIZED CPM 

CONTROL 
0.133 
0,134 
0 -  139 
0.141 
0.144 
0 148 
0.155 
0.160 
0.163 
0.171 
0.188 
O *  197 
0 220 
0.250 
0.285 

SHOCK 
0.135 
0.136 
0.141 
0.143 
0.145 
0.150 
0.156 
0.162 
0.165 
0.172 
0.190 
0.199 
0 222 
0.253 
0.288 

DIFFERENCE 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.003 
0 003 

% DIFF 
0.879 
0 862 
0.887 
0.899 
O *  889 
0.896 
0.907 
0.895 
0.892 
0.884 
0.881 
O *  891 
0.914 
0.946 
0.942 

% DIFF 
1.161 
1.164 
1.169 
1 170 
1.173 
1.166 
1.156 
1.132 
1 108 
1.090 
1 087 
1.078 
1.132 
1.179 
1.154 



TABLE A-75 
CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 

IN DISCOUNT RATE 
SUBCOMPACT DOMESTIC CLASS CAPITALIZED C 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
196 9 
1970 
1971 
1972 
1973 
1974 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CONTROL 
0.082 
0.082 
0.083 
0.084 
0.086 
0.089 
0.091 
0.096 
0.099 
0.104 
0.100 
0.105 
0.109 
0.116 
0.139 

SHOCK 
0.083 
0 083 
0.084 
0.084 
0.087 
0.090 
0.092 
0 096 
0.100 
0.105 
0.101 
0.106 
0.110 
0.117 
0.141 

DIFFERENCE 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

TABLE A-76 
CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 

IN DISCOUNT RATE 
COMPACT DOMESTIC CLASS CAPITALIZED CPM 

CONTROL 
0.087 
0.086 
0.089 
0.088 
0.091 
0.095 
0.099 
0.106 
0.111 
0.115 
09120 
0.128 
0.130 
0.138 
0.159 

SHOCK 
0.087 
0.087 
0 090 
0.089 
0.092 
0.096 
0 100 
0.107 
0.113 
0.116 
0.122 
0.129 
0-131 
0.139 
0.161 

DIFFERENCE 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

Z DIFF 
1.034 
1.040 
1.010 
1 003 
1.029 
1.020 
1.004 
0.984 
0.971 
0.944 
O* 791 
0.772 
0.767 
0.786 
0.849 

% DIFF 
1.035 
1.018 
1.014 
0 985 
1.001 
1.017 
1.013 
1 004 
1.012 
0.961 
0.902 
0.902 
0 850 
0.856 
0.846 



TABLE A-77 
CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 

IN DISCOUNT RATE 
MID-SIZE DOMESTIC CLASS CAPITALIZED CPM 

YEAR 
1960 
196 1 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 

CONTROL 
0.100 
0.099 
0.099 
0.101 
0.100 
0.102 
0.106 
0.113 
0.120 
0.126 
0.136 
0.147 
0.150 
0 -  159 
0.180 

SHOCK 
0.1@1 
0.100 
0.100 
0.102 
0.101 
0.103 
0.107 
0.114 
0.121 
0.128 
0.138 
0.149 
0.151 
0.161 
0.182 

DIFFERENCE % DIFF 
0.001 1.098 
0.001 1.104 
0.001 1.071 
0.001 1 090 
0.001 1.046 
0.001 1.012 
0.001 1.007 
0.001 0.995 
0.001 1.024 
0.001 1.008 
0.001 0.991 
0.001 1.010 
0.001 0.971 
0.002 0.974 
0.002 0 920 

TABLE A-78 
CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 

IN DISCOUNT RATE 
FULL-SIZE DOMESTIC CLASS CAPITALIZED CPM 

YEAR 
1960 
1961 
1962 
196 3 
1964 
1965 
1966 
1967 
196 8 
1969 
1970 
1971 
1972 
1973 
1974 

CONTROL 
0.111 
0.110 
0.111 
0.111 
0.112 
0.116 
0.120 
0.127 
0.134 
0.142 
0.152 
0.164 
0.167 
0.175 
0.197 

SHOCK 
0.112 
0.111 
0.112 
0.112 
0.113 
0.117 
0.121 
0.128 
O *  135 
0.143 
0.153 
0.165 
0.168 
0.177 
0.199 

DIFFERENCE 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 

% DIFF 
1.171 
1.163 
1.138 
1.125 
1.117 
1.106 
1 099 
1 082 
1.101 
1.093 
1.076 
1.087 
1.058 
1.040 
0.970 



TABLE A-79 

Y EAP. 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 

IN DISCOUNT RATE 
LUXURY DOMESTIC CLASS CAPITALIZED CPM 

CONTROL 
0.140 
0.142 
0.145 
0.145 
0.149 
0.151 
0.155 
0.163 
0.169 
0.177 
0.189 
0.203 
0.206 
0.216 
0.248 

SHOCK DIFFERENCE 
0.142 0.002 
0.144 0.002 
0.147 0.002 
0.147 0.002 
0.151 0.002 
0.153 0.002 
0.158 0.002 
0 165 0.002 
0.172 0.002 
0.179 0.002 
0.192 0 003 
0.205 0.003 
0.209 0.003 
0.219 0.003 
0.251 0 003 

TABLE A-80 
CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 

IN DISCOUNT RATE 
SUBCOMPACT FOREIGN CLASS CAPITALIZED CPM 

YEAR 
1960 
196 1 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CONTROL 
0.072 
0.071 
0.073 
0-074 
0.075 
0.076 
0 081 
0 085 
O *  089 
0.095 
0.102 
0.107 
0.112 
0.122 
0 -  143 

SHOCK 
0.073 
0.072 
0.074 
0.075 
0.076 
0.077 
0 9 082 
0.086 
0.090 
0.096 
0.103 
0.107 
01113 
0.123 
0.144 

DIFFERENCE 
0 001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

% DIFF 
1.463 
1.475 
1.448 
1 444 
1.462 
1 425 
1 400 
1.379 
1.370 
1 348 
1.322 
1 *327 
1 305 
1 283 
1 245 

W DIFF 
0.967 
0.939 
0.941 
0.939 
0.931 
0.902 
0.928 
0.905 
0.905 
0.919 
0.883 
0.838 
0.874 
0 -  931 
0.973 



TABLE A-81 
CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 

IN DISCOUNT RATE 
COMPACT FOREIGN CLASS CAPITALIZED CPM 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CONTROL 
0.084 
0.083 
0.087 
0.089 
0.091 
0.093 
0.098 
0.104 
0.109 
0.116 
0.127 
0.137 
0.144 
0.157 
0.182 

SHOCK 
0.085 
0.084 
0.088 
0.090 
0 092 
0.094 
0.100 
0.105 
0.110 
0.118 
0.128 
0.138 
0.146 
0.159 
0.185 

DIFFERENCE 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.002 
0.002 
0.002 
0.002 

TABLE A-82 

CAPITALIZED COST PER MILE SUBMODEL 
MULTIPLIER ANALYSIS - 1% INCREASE 

IN DISCOUNT RATE 
LUXURY FOREIGN CLASS CAPITALIZED CPM 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
196 6 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

CONTROL 
0.133 
0.134 
0.139 
0.141 
0.144 
0.148 
O *  155 
0.160 
0.163 
0.171 
0.188 
0.197 
0.220 
0.250 
0 285 

SHOCK 
0.135 
0.136 
0.141 
0.144 
0.146 
0.151 
0.157 
0.162 
0.165 
0.173 
0.191 
0.200 
0.223 
0 e25.5 
0 290 

DIFFERENCE 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.003 
0.003 
0.003 
0.003 
0.004 
0.005 

% DIFF 
1.119 
1.089 
1.109 
1.126 
1.113 
1.124 
1.147 
1.139 
1.135 
1.131 
1.133 
1.143 
1.179 
1.231 
1 250 

% DIFF 
1.605 
1.609 
1.591 
1.589 
1.594 
1 586 
1.575 
1.544 
1.505 
1.484 
1 487 
1.463 
1 552 
1.627 
1.610 





APPENDIX B 

TABLES FOR SECTION 5.0 





TABLE B-1 

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

FULL MODEL 
MULTIPLIER EXPERIMENT - 1 % INCREASE 

IN U.S. PERSONAL INCOME 
NEW CAR SALES 

CONTROL 
8 . 9 9 3  
6 . 6 4 2  
7 . 6 0 7  
7 . 5 2 4  
8 . 0 9 1  

1 0 . 1 1 3  
9 . 1 7 7  
8 . 1 1 7  
9 . 0 3 8  
8 . 9 0 0  
7 . 9 4 8  
9 . 7 5 4  
9 . 6 1 1  

1 1 . 1 9 0  
8 . 4 9 0  

SHOCK D I F F E R E N C E  
9  * 4 5 8  0 . 4 6 6  
6 . 7 0 4  0 . 0 6 3  
7 . 5 7 1  - 0 . 0 3 6  
7 . 4 7 2  - 0 . 0 5 2  
8 . 0 3 4  - 0 . 0 5 7  

1 0 . 0 6 3  - 0 . 0 5 1  
9 . 1 4 5  - 0 . 0 3 1  
8 . 0 9 8  - 0 . 0 2 0  
9 . 0 3 1  - 0 . 0 0 7  
8 . 9 1 1  0 . 0 1 1  
7 . 9 6 3  0 . 0 1 6  
9 . 7 8 0  0 . 0 2 5  
9 . 6 4 7  0 . 0 3 6  

1 1 . 2 2 2  0 . 0 3 2  
8 . 5 1 5  0 . 0 2 5  

TABLE B-2 
FULL MODEL 

MULTIPLIER EXPERIMENT - 1 %  INCREASE 
IN U.S. PERSONAL INCOME 

SCRAPPAGE 

CONTROL 
3 . 5 4 5  
3 . 6 9 8  
4 . 5 3 1  
5 . 4 2 0  
6 . 0 5 2  
7 . 3 6 1  
7 . 9 3 9  
7 . 5 7 6  
7 . 6 6 5  
7 . 4 4 6  
6 . 5 8 9  
6 . 0 2 1  
6 . 0 3 6  
7 . 4 7 1  
8 . 0 6 7  

SHOCK D I F F E R E N C E  
3 . 5 9 5  0 . 0 5 1  
3 . 7 2 3  0 . 0 2 5  
4 . 5 9 4  0 . 0 6 3  
5 . 5 1 9  0 . 0 9 9  
6 . 0 6 4  0 . 0 1 2  
7 . 3 3 8  - 0 . 0 2 3  
7  - 9 0 7  - 0 . 0 3 2  
7 . 5 4 8  - 0 . 0 2 8  
7 . 6 6 6  0 . 0 0 1  
7 . 4 8 1  0 . 0 3 6  
6 . 6 3 7  0 . 0 4 9  
6 . 0 6 6  0 . 0 4 4  
6 . 0 7 6  0 . 0 4 0  
7 . 5 0 6  0 . 0 3 5  
8 . 0 8 3  0 . 0 1 6  

4 D I F F  
5 . 1 7 8  
0 . 9 4 2  
0 . 4 7 0  
0 . 6 9 0  
0 . 7 0 7  
0 . 5 0 0  
0 . 3 4 3  
0 . 2 4 0  
0 . 0 7 9  
0 . 1 1 9  
0 . 1 9 7  
0 . 2 5 9  
0 . 3 7 2  
0 . 2 8 8  
0 . 2 9 6  

% DIFF 
1 . 4 2 6  
0 . 6 6 6  
1 . 3 9 3  
1 . 8 2 8  
0 . 1 9 0  
0 . 3 1 7  
0 . 4 0 5  
0 . 3 7 3  
0 . 0 1 8  
0 . 4 8 3  
0 . 7 4 0  
0 . 7 3 8  
0 . 6 6 5  
0 . 4 7 4  
0 . 1 9 6  



TABLE B-3 

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  U .S. PERSONAL INCOME 
SUBCOMPACT CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 1 2 7  
1 9 6 1  0 . 1 0 5  
1 9  6  2  0 . 1 3 0  
1 9 6 3  0 . 1 1 3  
1 9 6 4  0 . 1 7 5  
1 9 6 5  0 . 2 1 0  
1 9 6 6  0 . 2 1 3  
1 9 6 7  0 . 2 9 4  
1 9 6 8  0 . 3 5 8  
1 9 6 9  0 . 3 2 8  
1 9 7 0  0 . 2 9 2  
1 9  7  1 0 . 2 6 0  
1 9 7 2  0 . 1 7 6  
1 9 7 3  0 . 1 3 1  
1 9 7 4  0 . 1 7 0  

S H O C K  DIFFERENCE 
0 . 1 2 5  - 0 . 0 0 2  
0 . 1 0 5  - 0 . 0 0 0  
0 . 1 3 1  0 . 0 0 1  
0 . 1 1 5  0 . 0 0 1  
0 . 1 7 8  0 . 0 0 3  
0 . 2 1 3  0 . 0 0 3  
0 . 2 1 5  0 . 0 0 2  
0 . 2 9 7  0 . 0 0 3  
0 . 3 6 0  0 . 0 0 3  
0 . 3 3 0  0 . 0 0 2  
0 . 2 9 4  0 . 0 0 2  
0 . 2 6 2  0 . 0 0 2  
0 . 1 7 7  0 . 0 0 1  
0 . 1 3 2  0 . 0 0 1  
0 . 1 7 1  0 . 0 0 1  

TABLE 8-4 

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 

I N  U.S.  PERSONAL INCOME 
COMPACT CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 2 8 0  
1 9 6 1  0 . 2 3 1  
1 9 6 2  0 . 1 8 1  
1 9 6 3  0 . 1 8 2  
1 9 6 4  0 . 1 2 2  
1 9 6 5  0 . 1 0 2  
1 9 6 6  0 . 1 0 5  
1 9 6 7  0 . 0 8 3  
1 9 6 8  0 . 0 7 8  
1 9 6 9  0 . 1 1 3  
1 9 7 0  0 . 1 6 1  
1 9 7 1  0 . 1 8 3  
1 9 7 2  0 . 2 1 8  
1 9 7 3  0 . 2 0 6  
1 9 7 4  0 . 1 9 0  

SHOCK DIFFERENCE 
0 . 2 7 9  - 0 . 0 0 1  
0 . 2 3 0  - 0 . 0 0 1  
0 . 1 8  1 0 . 0 0 0  
0 . 1 8 4  0 . 0 0 1  
0 . 1 2 3  0 . 0 0 1  
0 . 1 0 2  0 . 0 0 1  
0 . 1 0 6  0 . 0 0 1  
0 . 0 8 3  0 . 0 0 0  
0 . 0 7 8  0 . 0 0 0  
0 . 1 1 3  0 . 0 0 0  
0 . 1 6 2  0 . 0 0 1  
0 . 1 8 4  0 . 0 0 1  
0 . 2 1 9  0 . 0 0 1  
0 . 2 0 7  0 . 0 0 1  
0 . 1 9 0  0 . 0 0 1  

% D I F F  
1 . 5 0 8  
0 . 1 6 1  
0 . 4 6 8  
1 . 1 9 2  
1 . 4 9 5  
1 . 3 1 5  
1 . 1 7 1  
0 . 9 4 1  
0 . 7 9 1  
0 0 7 4 2  
0 . 7 3 2  
0 . 7 2 0  
0 . 6 9 1  
0 . 6 7 6  
0 . 5 8 4  

% D I F F  
0 . 4 2 7  
0 . 6 1 6  
0 . 1 3 4  
0 . 6 6 3  
0 . 8 1 2  
0 . 7 2 2  
0 . 6 0 1  
0 . 4 6 7  
0 . 4 0 3  
0 . 3 4 5  
0 . 3 6 0  
0 . 4 0 5  
0 . 4 1 7  
0 . 3 6 6  
0 . 3 3 8  



TABLE B-5 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

FULL MODEL 
MULTIPLIER EXPERIMENT - 1 % INCREASE 

I N  U.S. PERSONAL INCOME 
M I D - S I Z E  CLASS NEW CAR MARKET SHARE 

CONTROL 
0.060 
0.076 
0.095 
0.103 
0.129 
0.157 
0.179 
0.203 
0.210 
0.220 
0.216 
0.207 
0.214 
0.194 
0.186 

SHOCK 
0.060 
0.077 
0.096 
0.104 
0.130 
0.159 
0.179 
0.204 
0.209 
0.220 
0.215 
0.207 
0.213 
0.193 
0.185 

DIFFERENCE % D I F F  
-0.000 0.206 
0.001 1.257 
0.001 1.324 
0.001 1.228 
0.001 1.013 
0.001 0.706 
0.001 0.371 
0.000 0.052 

-0.000 0.168 
-0.001 0.257 
-0.001 0.300 
-0.001 0.292 
-0.000 0.230 
-0.000 0.178 
-0.000 0.164 

TABLE B-6 

FULL MODEL 
MULTIPLIER EXPERIMENT - 1% INCREASE 

I N  U.S. PERSONAL INCOME 
F U L L - S I Z E  CLASS NEW CAR MARKET SHARE 

CONTROL 
0.453 
0.505 
0.511 
0.516 
0.488 
0.441 
0.410 
0.324 
0.259 
0.242 
0.237 
0.254 
0.298 
0.374 
0.362 

SHOCK 
0.456 
0.505 
0.508 
0.5 11 
0.482 
0.435 
0.406 
0.319 
0.255 
0.239 
0.234 
0.252 
0.296 
0.372 
0.360 

DIFFERENCE % D I F F  
0.003 0.638 

-0.000 0.016 
-0.003 0.605 
-0.005 0.969 
-0.006 1.260 
-0.006 1.300 
-0.005 1.171 
-0.004 1.294 
-0.004 1.409 
-0.003 1.280 
-0.003 1.228 
-0.003 1.125 
-0.003 0.839 
-0.002 0.576 
-0.002 0.611 



TABLE 8 - 7  

Y E A R  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  U.S.  PERSONAL INCOME 
LUXURY CLASS NEW CAR MARKET SHARE 

CONTROL 
0 . 0 8 0  
0 . 0 8 3  
0 . 0 8 4  
0 . 0 8 5  
0 . 0 8 6  
0 1 0 9 0  
0  0  94  
0 . 0 9 6  
0 . 0 9 6  
0 . 0 9 6  
0 . 0 9 5  
0 . 0 9 5  
0 . 0 9 4  
0 . 0 9 5  
0 . 0 9 3  

S H O C K  
0 . 0 8 1  
0 . 0 8 3  
0 . 0 8 5  
0 . 0 8 6  
0 . 0 8 7  
0 . 0 9 1  
0 . 0 9 5  
0 . 0 9 6  
0 . 0 9 7  
0 . 0 9 7  
0 . 0 9 6  
0 . 0 9 6  
0 . 0 9 5  
0 . 0 9 6  
0 . 0 9 4  

DIFFERENCE 
0 . 0 0 0  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  

TABLE 8-8 

FULL MODEL 
M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 

I N  U. S. PERSONAL INCOME 
VEHICLE M I L E S  TRAVELED PER FAMILY 

YEAR CONTROL 
1 9 6 0  1 0 . 5 8 0  
1 9 6 1  1 1 . 3 9 8  
1 9 6 2  1 1 . 5 9 1  
1 9 6 3  1 1 . 9 9 6  
1 9 6 4  1 2 . 2 8 1  
1 9 6 5  1 2 . 4 8 0  
1 9 6 6  1 3 . 0 4 0  
1 9 6 7  1 3 . 3 0 0  
1 9 6 8  1 3 . 3 9 9  
1 9 6 9  1 3 . 5 9 2  
1 9 7 0  1 3 . 6 9 2  
1 9  7  1 1 3 , 5 9 3  
1 9 7 2  1 3 . 6 7 8  
1 9 7 3  1 3 . 7 3 4  
1 9 7 4  1 3 . 3 6 4  

SHOCK DIFFERENCE 
1 0 . 5 9 7  0 . 0 1 7  
1 1 . 4 9 9  0 . 1 0 1  
1 1 . 7 0 0  0 . 1 1 0  
1 2 . 0 8 9  0 . 0 9 3  
1 2 . 3 6 1  0 . 0 8 0  
1 2 . 5 4 1  0 . 0 6 1  
1 3 . 0 8 7  0 . 0 4 7  
1 3 . 3 3 5  0 . 0 3 5  
1 3 . 4 2 7  0 . 0 2 8  
1 3 . 6 1 6  0 . 0 2 4  
1 3 . 7 1 4  0 . 0 2 2  
1 3 . 6 1 5  0 . 0 2 3  
1 3 . 7 0 6  0 . 0 2 8  
1 3 . 7 6 8  0 . 0 3 4  
1 3 . 4 0 2  0 . 0 3 8  

% D I F F  
0 . 4 2 6  
0 . 8 7 5  
1 . 1 7 9  
1 . 3 8 9  
1 * 4 3 5  
1 . 2 5 2  
1 . 0 9 1  
0 . 9 6 9  
0 . 8 9 0  ' 

0 . 8 7 8  
0 . 8 8 4  
0 . 9 0 0  
0 . 9 2 3  
0 . 9 0 8  
0 . 9 4 8  

% D I F F  
0 . 1 6 3  
0 . 8 8 6  
0 . 9 4 5  
0 . 7 7 8  
0 . 6 5 3  
0 . 4 8 6  
0 . 3 6 1  
0 . 2 6 5  
0 . 2 1 1  
0 . 1 7 4  
0 . 1 6 1  
0 . 1 6 6  
0 . 2 0 4  
0 . 2 5 0  
0 . 2 8 5  



TABLE B-9 

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

FULL MODEL 
MULTIPLIER EXPERIMENT - 1 % INCREASE 

IN TAXES ON NEW AUTOS 
NEW CAR SALES 

CONTROL 
8 . 9 9 3  
5 . 6 4 2  
7 . 6 0 7  
7 .524  
8 . 0 9 1  

1 0 . 1 1 3  
9 . 1 7 7  
8 .117  
9 . 0 3 8  
8 . 9 0 0  
7 .948  
9 .754  
9 . 6 1 1  

1 1 . 1 9 0  
8 . 4 9 0  

SHOCK DIFFERENCE 
8 . 8 5 3  -0 .139 
6 . 6 6 2  0 . 0 2 0  
7 . 6 1 7  0 . 0 1 0  
7 . 5 2 6  0 . 0 0 2  
8 . 0 9 8  0 .006  

1 0 . 1 2 2  0 .009  
9 . 1 8 0  0 . 0 0 3  
8 . 1 1 8  0 . 0 0 1  
9 . 0 3 7  -0 .001  
8 . 8 9 3  -0 .007 
7 . 9 3 9  -0 .008  
9 . 7 4 3  -0 .011  
9 . 5 9 8  -0 .014 

1 1 . 1 7 3  -0 .017  
8 . 4 7 9  -0 .010 

TABLE B-10 
FULL MODEL 

MULTIPLIER EXPERIMENT - 1 %  INCREASE 
IN TAXES ON NEW AUTOS 

SCRAPPAGE 

YEAR CONTROL 
1 9 6 0  3 . 5 4 5  
1 9 6 1  3 . 6 9 8  
1 9 6 2  4 . 5 3 1  
1 9 6 3  5 . 4 2 0  
1 9 6 4  6 . 0 5 2  
1 9 6 5  7 . 3 6 1  
1 9 6 6  7 .939  
1 9 6 7  7 .576 
1 9 6 8  7 . 6 6 5  
1 9 6 9  7.446 
1 9 7 0  6 . 5 8 9  
1 9 7 1  6 . 0 2 1  
1 9  7 2  6 .036  
1 9 7 3  7 . 4 7 1  
1 9 7 4  8 . 0 6 7  

S H O C K  DIFFERENCE 
3 . 5 3 3  - 0 . 0 1 2  
3 . 6 9 6  - 0 . 0 0 2  
4 . 5 1 9  - 0 . 0 1 2  
5 . 4 0 9  - 0 . 0 1 1  
6 . 0 6 8  0 .016  
7 . 3 6 8  0 . 0 0 7  
7 .936  - 0 . 0 0 3  
7 . 5 7 1  - 0 . 0 0 5  
7 .656  -0 .009  
7 . 4 3 1  - 0 . 0 1 4  
6 . 5 7 5  - 0 . 0 1 4  
6 . 0 1 0  - 0 . 0 1 1  
6 . 0 2 5  - 0 . 0 1 1  
7 .460  - 0 . 0 1 1  
8 . 0 6 0  - 0 . 0 0 8  

% DIFF 
1 . 5 5 0  
0 . 2 9 9  
0 . 1 3 1  
0 .026  
0 .080 
0 .088  
0 .034 
0 . 0 1 0  
0 . 0 1 0  
0 . 0 8 1  
0 .106  
0 .116  
0 . 1 4 3  
0 . 1 5 2  
0 .124 

% DIFF 
0 . 3 3 9  
0 . 0 5 6  
0 . 2 6 3  
0 . 2 0 1  
0 . 2 6 7  
0 . 0 9 3  
0 .032  
0 .069  
0 . 1 1 2  
0 . 1 9 3  
0 . 2 1 4  
0 . 1 9 1  
0 . 1 7 5  
0 . 1 4 1  
0 . 0 9 8  



TABLE 8 - 1 1  

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  TAXES ON NEW AUTOS 
SUBCOMPACT CLASS NEW CAR MARKET SHARE 

CONTROL 
0 . 1 2 7  
0 . 1 0 5  
0 . 1 3 0  
0 . 1 1 3  
0 . 1 7 5  
0 . 2 1 0  
0 . 2 1 3  
0 . 2 9 4  
0 . 3 5 8  
0 . 3 2 8  
0 . 2 9 2  
0 . 2 6 0  
0 . 1 7 6  
0 . 1 3 1  
0 . 1 7 0  

SHOCK DIFFERENCE 
0  1 2 8  0 . 0 0 1  
0 . 1 0 6  0 . 0 0 1  
0 . 1 3 1  0 . 0 0 1  
0 . 1 1 4  0 . 0 0 1  
0 . 1 7 6  0 . 0 0 1  
0 . 2 1 1  0 . 0 0 2  
0 . 2 1 4  0 . 0 0 1  
0 . 2 9 6  0 . 0 0 2  
0 . 3 6 0  0 . 0 0 2  
0 . 3 3 0  0 . 0 0 2  
0 . 2 9 4  0 . 0 0 2  
0 . 2 6 2  0 . 0 0 2  
0 . 1 7 7  0 . 0 0 1  
0 . 1 3 1  0 . 0 0 1  
0 . 1 7 0  0 . 0 0 0  

TABLE B-12 

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 %  INCREASE 

I N  TAXES ON NEW AUTOS 
COMPACT CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 2 8 0  
1 9 6 1  0 . 2 3 1  
1 9 6 2  0 . 1 8 1  
1 9 6 3  0 . 1 8 2  
1 9 6 4  0 . 1 2 2  
1 9  6 5  0 . 1 0 2  
1 9 6 6  0 . 1 0 5  
1 9 6 7  0 . 0 8 3  
1 9 6 8  0 . 0 7 8  
1 9 6 9  0 . 1 1 3  
1 9 7 0  0 . 1 6 1  
1 9 7 1  0 . 1 8 3  
1 9 7 2  0 . 2 1 8  
1 9 7 3  0 . 2 0 6  
1 9 7 4  0 . 1 9 0  

SHOCK DIFFERENCE 
0 . 2 8 1  0 . 0 0 1  
0 . 2 3 3  0 . 0 0 2  
0 . 1 8 2  0 . 0 0 1  
0 . 1 8 3  0 . 0 0 1  
0 . 1 2 3  0 . 0 0 0  
0 . 1 0 2  0 . 0 0 0  
0 . 1 0 5  O * O O O  
0 . 0 8 3  0 . 0 0 0  
0 . 0 7 7  - 0 . 0 0 0  
0 . 1 1 3  0 . 0 0 0  
0 . 1 6 1  0 . 0 0 0  
0 . 1 8 4  O * O O O  
0 . 2 1 9  0 . 0 0 1  
0 . 2 0 7  0 . 0 0 1  
0 . 1 9 0  0 . 0 0 1  

X D I F F  
0 . 9 8 6  
0 . 7 5 5  
0 . 9 0 9  
0 . 7 9 8  
0 . 8 1 3  
0 . 7 7 2  
0 . 6 8 7  
0 . 6 1 0  
0 . 6 6 4  
0 . 6 1 2  
0 . 6 6 8  
0 . 6 7 8  
0 . 5 0 6  
0 . 3 8 5  
0 . 2 8 8  

% D I F F  
0 . 3 8 5  
0 . 6 8 9  
0 . 5 0 1  
0 . 5 4 2  
0 . 4 0 4  
0 . 2 5 9  
0 . 2 8 5  
0 . 1 5 0  
0 . 0 4 0  
0  1 3 6  
0 . 2 1 6  
0 . 2 4 6  
0 . 4 1 1  
0 . 4 3 5  
0 . 3 0 0  



TABLE B-13 

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  TAXES ON NEW AUTOS 
M I D - S I Z E  CLASS NEW CAR MARKET SHARE 

CONTROL 
0 . 0 6 0  
0 . 0 7 6  
0 . 0 9 5  
0 . 1 0 3  
0 . 1 2 9  
0 . 1 5 7  
0 . 1 7 9  
0 . 2 0 3  
0 . 2 1 0  
0 . 2 2 0  
0 . 2 1 6  
0 . 2 0 7  
0 . 2 1 4  
0 . 1 9 4  
0 . 1 8 6  

SHOCK D  I F F E R E N  CE X D I F F  
0 . 0 6 0  0 . 0 0 0  0 . 1 8 6  
0 . 0 7 6  - 0 . 0 0 0  0 . 2 1 0  
0 . 0 9 4  - 0 . 0 0 0  0 . 0 9 1  
0 . 1 0 3  - 0 . 0 0 0  0 . 0 8 6  
0 . 1 2 9  0 . 0 0 0  0 . 0 2 7  
0 . 1 5 8  0 . 0 0 0  0 . 0 7 6  
0 . 1 7 9  O*OOO 0 . 0 8 2  
0 . 2 0 4  0 . 0 0 0  0 . 0 4 0  
0 . 2 0 9  - 0 . 0 0 0  0 . 0 1 7  
0 . 2 2 0  - 0 . 0 0 0  0 . 0 3 0  
0 . 2 1 6  - 0 . 0 0 0  0 . 0 3 4  
0 . 2 0 7  - 0 . 0 0 0  0 . 0 2 2  
0 . 2 1 4  0 . 0 0 0  0 . 0 3 7  
0 . 1 9 4  0 . 0 0 0  0 . 0 5 0  
0 . 1 8 6  - 0 . 0 0 0  0 . 0 0 7  

TABLE 8 - 1 4  

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  TAXES ON NEW AUTOS 
F U L L - S I Z E  CLASS NEW CAR MARKET SHARE 

YEAR COMTROL 
1 9 6 0  0 . 4 5 3  
1 9 6 1  0 . 5 0 5  
1 9 6 2  0 . 5 1 1  
1 9 6 3  0 . 5 1 6  
1 9 6 4  0 . 4 8 8  
1 9 6 5  0 . 4 4 1  
1 9 6 6  0 . 4 1 0  
1 9 6 7  0 . 3 2 4  
1 9 6 8  0 . 2 5 9  
1 9 6 9  0 . 2 4 2  
1 9 7 0  0 . 2 3 7  
1 9 7 1  0 . 2 5 4  
1 9 7 2  0 . 2 9 8  
1 9 7 3  0 . 3 7 4  
1 9 7 4  0 . 3 6 2  

SHOCK D I F F E R E N C E  
0 . 4 5 0  - 0 . 0 0 2  
0 . 5 0 3  - 0 . 0 0 2  
0 . 5 0 9  - 0 . 0 0 2  
0 . 5 1 5  - 0 . 0 0 2  
0 . 4 8 6  - 0 . 0 0 2  
0 . 4 3 9  - 0 . 0 0 2  
0 . 4 0 8  - 0 . 0 0 2  
0 . 3 2 2  - 0 . 0 0 2  
0 . 2 5 7  - 0 . 0 0 2  
0 . 2 4 0  - 0 . 0 0 2  
0 . 2 3 5  - 0 . 0 0 2  
0 . 2 5 2  - 0 . 0 0 2  
0 . 2 9 6  - 0 . 0 0 2  
0 . 3 7 3  - 0 . 0 0 1  
0 . 3 6 1  - 0 . 0 0 1  

% D I F F  
0 . 5 2 5  
0 . 4 2 7  
0 . 3 8 2  
0 . 3 4 0  
0 . 3 8 9  
0 . 4 4 1  
0 . 4 4 9  
0 . 5 9 4  
0 . 8 5 5  
0 . 8 2 5  
0 . 8 9 9  
0 . 8 2 0  
0 . 5 9 9  
0 . 3 8 1  
0 . 2 6 8  



TABLE B - 1 5  

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 

I N  TAXES ON NEW AUTOS 
LUXURY CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 0 8 0  
1 9 6 1  0 . 0 8 3  
1 9 6 2  0 . 0 8 4  
1 9 6 3  0 . 0 8 5  
1 9 6 4  0 . 0 8 6  
1 9 6 5  0 . 0 9 0  
1 9 6 6  0 . 0 9 4  
1 9 6 7  0 . 0 9 6  
1 9 6 8  0 . 0 9 6  
1 9 6 9  0 . 0 9 6  
1 9  70 0 . 0 9 5  
1 9  7  1  0 . 0 9 5  
1 9 7 2  0 . 0 9 4  
1 9 7 3  0 . 0 9 5  
1 9 7 4  0 . 0 9 3  

SHOCK 
0 . 0 8 0  
0 . 0 8 3  
0 . 0 8 4  
0 . 0 8 5  
0 . 0 8 6  
0 . 0 9 0  
0 . 0 9 3  
0 . 0 9 5  
0 . 0 9 6  
0 . 0 9 6  
0 . 0 9 5  
0 . 0 9 5  
0 . 0 9 4  
0 . 0 9 5  
0 . 0 9 3  

DIFFERENCE 
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
-0  . o o o  
- 0 . 0 0 0  
- 0 . 0 0 0  

X D I F F  
0 . 0 8 1  
0 . 0 8 4  
0 . 0 6 4  
0 . 0 6 0  
0 . 0 6 3  
0 . 0 6 5  
0 1 0 7 0  
0 . 0 8 6  
0 . 1 0 0  
0 . 0 9 7  
0 . 0 9 8  
0 . 0 9 0  
0 . 0 8 2  
0 . 0 7 7  
0 . 0 8 1  

TABLE B - 1 6  

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 

I N  TAXES ON NEW AUTOS 
VEHICLE M I L E S  TRAVELED PER F A M I L Y  

YEAR CONTROL 
1 9 6 0  1 0 . 5 8 0  
1 9 6 1  1 1 . 3 9 8  
1 9 6 2  1 1 . 5 9 1  
1 9 6 3  1 1 . 9 9 6  
1 9 6 4  1 2 . 2 8 1  
1 9 6 5  1 2 . 4 8 0  
1 9 6 6  1 3 . 0 4 0  
1 9 6 7  1 3  - 3 0 0  
1 9  6  8  1 3 . 3 9 9  
1 9 6 9  1 3 . 5 9 2  
1 9 7 0  1 3 . 6 9 2  
1 9 7 1  1 3 . 5 9 3  
1 9 7 2  1 3 . 6  7 8  
1 9 7 3  1 3 . 7 3 4  
1 9 7 4  1 3 . 3 6 4  

SHOCK DIFFERENCE X D I F F  
1 0 . 5 7 3  - 0 . 0 0 8  0 . 0 7 2  
1 1 . 3 6 8  - 0 . 0 3 0  0 . 2 6 7  
1 1 . 5 6 6  - 0 . 0 2 4  0 . 2 1 1  
1 1 . 9 7 7  - 0 . 0 1 9  0 . 1 5 5  
1 2 . 2 6 4  - 0 . 0 1 7  0 . 1 3 9  
1 2 . 4 6 6  - 0 . 0 1 4  0 . 1 1 3  
1 3 . 0 3 0  -0  . O  1 0  0 . 0 7 9  
1 3 . 2 9 4  - 0 . 0 0 6  0 . 0 4 8  
1 3 . 3 9 4  - 0 . 0 0 4  0 . 0 3 1  
1 3 . 5 9 0  - 0 . 0 0 2  0 . 0 1 6  
1 3 . 6 9 1  - 0 . 0 0 2  0 . 0 1 1  
1 3 . 5 9 1  - 0 . 0 0 2  0 . 0 1 4  
1 3 . 6 7 4  - 0 . 0 0 4  0 . 0 2 6  
1 3 . 7 2 9  - 0 . 0 0 6  0 . 0 4 1  
1 3 . 3 5 6  - 0 . 0 0 7  0 . 0 5 6  



TABLE B-17 

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

FULL MODEL 
MULTIPLIER EXPERIMENT - 10% INCREASE 

IN GAS PRICE 
NEW CAR SALES 

C O N T R O L  
8 . 9 9 3  
6 . 6 4 2  
7 .607  
7 . 5 2 4  
8 . 0 9 1  

1 0 . 1 1 3  
9 . 1 7 7  
8 .117  
9  0 0 3 8  
8 . 9 0 0  
7 . 9 4 8  
9 . 7 5 4  
9 . 6 1 1  

1 1 . 1 9 0  
8 . 4 9 0  

S H O C K  
8 . 8 1 3  
6 . 4 9 7  
7 . 4 3 3  
7 . 4 7 1  
8 . 1 0 0  

1 0 . 1 7 6  
9 . 2 3 7  
8 . 1 5 8  
9 . 0 7 2  
8 . 8 9 3  
7  * 9 2 6  
9 .707  
9 . 5 4 4  

1 1 . 0 9 7  
8 . 4 1 2  

D I F F E R E N C E  4 D I F F  
- 0 . 1 7 9  1 . 9 9 2  
- 0 . 1 4 4  2 . 1 7 4  
- 0 . 1 7 4  2 .289  
- 0 . 0 5 3  0 . 6 9 8  

0 . 0 0 8  0 . 1 0 4  
0 . 0 6 2  0 . 6 1 6  
0 . 0 6 0  0 .658  
0 . 0 4 1  0 . 5 0 0  

. 0 .034  0 . 3 1 3  
- 0 . 0 0 7  0 . 0 8 0  
- 0 . 0 2 2  0 . 2 7 6  
- 0 . 0 4 7  0 . 4 8 3  
- 0 . 0 6 7  0 . 6 9 6  
- 0 . 0 9 3  0 . 8 3 0  
- 0 . 0 7 8  0.9 1 4  

TABLE 8-18 
FULL MODEL 

MULTIPLIER EXPERIMENT - 10% INCREASE 
IN GAS PRICE 

SCRAPPAGE 

Y E A R  C O N T R O L  
1 9 6 0  3 . 5 4 5  
1 9 6 1  3 . 6 9 8  
1 9 6 2  4 . 5 3 1  
1 9 6 3  5 . 4 2 0  
1 9 6 4  6 . 0 5 2  
1 9 6 5  7 . 3 6 1  
1 9 6 6  7 .939  
1 9 6 7  7 .576  
1 9 6 8  7 .665  
1 9 6 9  7 . 4 4 6  
1 9 7 0  6 . 5 8 9  
1 9 7 1  6 . 0 2 1  
1 9 7 2  6 .036  
1 9 7 3  7 . 4 7 1  
1 9 7 4  8 . 0 6 7  

S H O C K  
3 . 4 2 2  
3 . 4 7 1  
4 . 3 5 1  
5 . 5 8 7  
6 . 1 7 1  
7 . 4 8 7  
8 .025  
7 . 5 9 4  
7 . 6 4 1  
7 . 3 8 8  
6 . 5 2 6  
5 . 9 6 2  
5 . 9 7 4  
7 . 4 0 3  
8 . 0 2 3  

D I F F E R E N C E  % D I F F  
- 0 . 1 2 3  3 . 4 6 8  
- 0 . 2 2 7  6 . 1 3 4  
-0 .18C 3 . 9 7 1  

0 . 1 6 7  3 . 0 9 0  
0 . 1 1 9  1 . 9 6 1  
0 . 1 2 6  1 . 7 1 0  
0 . 0 8 6  1 . 0 8 8  
0 . 0 1 8  0 . 2 3 6  

-0 .024  0 . 3 0 9  
- 0 . 0 5 7  0 . 7 6 8  
- 0 . 0 6 3  0 . 9 4 9  
- 0 . 0 5 9  0 . 9 8 2  
- 0 . 0 6 1  1 . 0 1 7  
- 0 . 0 6 9  0 . 9 1 7  
- 0 . 0 4 5  0 . 5 5 4  



Y E A R  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

TABLE B - 1 9  

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 0 %  INCREASE 

I N  GAS P R I C E  
SUBCOMPACT CLASS NEW CAR MARKET SHARE 

C O N T R O L  
0.127 
0 .105  
0 .130  
0 .113  
0 .175 
0 . 2 1 0  
0 .213 
0 .294  
0 .358 
0.328 
0 .292  
0 .260  
0 .176  
0 . 1 3 1  
0 .170  

S H O C K  
0 .136  
0 . 1 1 0  
0 .137  
0 . 1 2 0  
0 . 1 8 5  
0 . 2 2 1  
0 . 2 2 5  
0 . 3 1 1  
0 . 3 7 4  
0 . 3 4 5  
0 . 3 0 5  
0 . 2 7 2  
0 . 1 8 7  
0 . 1 4 0  
0 .182  

D I F F E R E N C E  
0  0 0 9  
0 . 0 0 6  
0 . 0 0 7  
0 .006  
0 . 0 1 0  
0 . 0 1 2  
0 . 0 1 2  
0 .017  
0.016 
0 .017  
0 . 0 1 4  
0 . 0 1 2  
0 . 0 1 1  
0 .009  
0 . 0 1 3  

TABLE B - 2 0  

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 0 %  INCREASE 

I N  GAS P R I C E  
COMPACT CLASS NEW CAR MARKET SHARE 

Y E A R  C O N T R O L  
1 9 6 0  0 .280  
1 9 6 1  0 . 2 3 1  
1 9 6 2  0 . 1 8 1  
1 9 6 3  0 .182  
1 9 6 4  0 . 1 2 2  
1 9 6 5  0 .102  
1 9 6 6  0 . 1 0 5  
1 9 6 7  0 .083  
1 9 6 8  0 .078  
1 9 6 9  0.113 
1 9 7 0  0 . 1 6 1  
1 9 7 1  0.183 
1 9 7 2  0 .218  
1 9 7 3  0 .206  
1 9 7 4  0 .190  

S H O C K  D I F F E R E N C E  
0 .285  0 .005 
0 .237  0 . 0 0 5  
0 . 1 8 5  0 . 0 0 4  
0 . 1 8 6  0 . 0 0 3  
0 . 1 2 2  0 . 0 0 0  
0 . 1 0 2  0 . 0 0 0  
0 .105  - 0 . 0 0 0  
0 . 0 8 2  - 0 . 0 0 1  
0 . 0 7 6  - 0 . 0 0 1  
0 . 1 1 1  - 0 . 0 0 2  
0 . 1 5 9  - 0 . 0 0 2  
0 . 1 8 3  - 0 . 0 0 1  
0 .217  - 0 . 0 0 0  
0 . 2 0 7  0 . 0 0 1  
0 . 1 9 1  OeO01 

% D I F F  
7.279 
5 .346  
5 .146  
5 . 5 7 3  
5 . 9 1 3  
5 . 4 8 2  
5 . 6 9 4  
5 . 6 4 4  
4.475 
5 . 1 4 7  
4 .665  
4 .625  
6 .125  
7 .105 
7 .374  

% D I F F  
1 . 7 1 8  
2 . 2 5 1  
2 . 0 9 3  
1 . 8 5 1  
0 . 2 0 9  
0 . 1 6 8  
0 . 1 6 0  
1 . 6 7 5  
1 . 5 4 7  
2 . 0 2 8  
1 . 1 6 0  
0 . 4 0 9  
0 . 2 2 7  
0 . 3 0 8  
0 . 4 6 3  



TABLE 8-21 

Y E A R  
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

FULL MODEL 
MULTIPLIER EXPERIMENT - 10% INCREASE 

IN GAS PRICE 
MID-SIZE CLASS NEW CAR MARKET SHARE 

C O N T R O L  
0.060 
0.076 
0.095 
0.103 
0.129 
0.157 
0.179 
0.203 
0.210 
0.220 
0.216 
0.207 
0.214 
0.194 
0.186 

SHOCK 
0.060 
0.076 
0.095 
0.103 
0.129 
0.158 
0.179 
0.204 
0.209 
0.219 
0.215 
0.207 
0.214 
0.194 
0.187 

DIFFERENCE % DIFF 
0.001 1.064 
0.000 0.422 
0.000 0.144 
0.000 0.121 

-0.000 0.037 
0.000 0.175 
0.001 0.308 
0.000 0.143 

-0.001 0.344 
-0.001 0.427 
-0.001 0.508 
-C.OOl 0.325 
-0.000 0.150 
0.000 0.233 
0.001 0.470 

TABLE B-22 
FULL MODEL 

MULTIPLIER EXPERIMENT - 10% INCREASE 
IN GAS PRICE 

FULL-SIZE CLASS NEW CAR MARKET SHARE 

Y E A R  C O N T R O L  
1960 0.453 
1961 0.505 
1962 0.511 
1963 0.516 
1964 0.488 
1965 0.441 
1966 0.410 
1967 0.324 
1968 0.259 
1969 0.242 
1970 0.237 
1971 0.254 
1972 0.298 
1973 0.374 
1974 0.362 

SHOCK D I F F E R E N C E  % D I F F  
0.438 -0.015 3.276 
0.494 -0.011 2.237 
0.500 -0.011 2.118 
0.506 -0.010 1.933 
0.477 -0.011 2.185 
0.429 -0.012 2.717 
0.398 -0.012 3.024 
0.308 -0.015 4.735 
0.245 -0.014 5.320 
0.229 -0.013 5.493 
0.226 -0.010 4.395 
0.244 -0.010 4.093 
0.288 -0.010 3.300 
0.364 -0.010 2.754 
0.347 -0.014 3.956 



TABLE 8 - 2 3  

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 10% INCREASE 

I N  GAS P R I C E  
LUXURY CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 0 8 0  
1 9 6 1  0 . 0 8 3  
1 9 6 2  0 . 0 8 4  
1 9 6 3  0 . 0 8 5  
1 9 6 4  0 . 0 8 6  
1 9 6 5  0 . 0 9 0  
1 9 6 6  0 . 0 9 4  
1 9 6 7  0 . 0 9 6  
1 9 6 8  0 . 0 9 6  
1 9 6 9  0 . 0 9 6  
1 9 7 0  0 . 0 9 5  
1 9 7 1  0 . 0 9 5  
1 9 7 2  0 . 0 9 4  
1 9 7 3  0 . 0 9 5  
1 9 7 4 '  0 . 0 9 3  

SHOCK DIFFERENCE 
0 . 0 8 1  0 . 0 0 0  
0 . 0 8 3  0 . 0 0 0  
0 . 0 8 4  0 . 0 0 0  
0 . 0 8 5  0 . 0 0 0  
0 . 0 8 6  0 . 0 0 0  
0 . 0 9 0  0 . 0 0 0  
0 . 0 9 3  - 0 . 0 0 0  
0 . 0 9 5  - 0 . 0 0 0  
0 . 0 9 6  - 0 . 0 0 0  
0 . 0 9 6  - 0 . 0 0 0  
0 . 0 9 5  - O * O O O  
0 . 0 9 4  - 0 . 0 0 0  
0 . 0 9 4  - 0 . 0 0 0  
0 . 0 9 5  - 0 . 0 0 0  
0 . 0 9 3  0 . 0 0 0  

TABLE B-24 

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 10% INCREASE 

I N  GAS P R I C E  
VEHICLE M I L E S  TRAVELED PER F A M I L Y  

YEAR CONTROL 
1 9 6 0  1 0 . 5 8 0  
1 9 6 1  1 1 . 3 9 8  
1 9 6 2  1 1 . 5 9 1  
1 9 6 3  1 1 . 9 9 6  
1 9 6 4  1 2 . 2 8 1  
1 9 6 5  1 2 . 4 8 0  
1 9 6 6  1 3 . 0 4 0  
1 9 6 7  1 3 . 3 0 0  
1 9 6 8  1 3 . 3 9 9  
1 9 6 9  1 3 . 5 9 2  
1 9 7 0  1 3 . 6 9 2  
1 9  7  1 1 3 . 5 9 3  
1 9 7 2  1 3 . 6 7 8  
1 9 7 3  1 3 . 7 3 4  
1 9  7 4  1 3 . 3 6 4  

SHOCK DIFFERENCE 
1 0 . 3 7 2  - 0 . 2 0 8  
1 1 . 1 5 8  - 0 . 2 4 0  
1 1 . 3 3 6  - 0 . 2 5 4  
1 1 . 7 0 4  - 0 . 2 9 2  
1 1 . 9 6 2  - 0 . 3 1 8  
1 2 . 1 5 9  - 0 . 3 2 1  
1 2 . 7 2 1  - 0 . 3 1 9  
1 2 . 9 9 5  - 0 . 3 0 5  
1 3 . 1 1 2  - 0 . 2 8 6  
1 3 . 3 2 2  - 0 . 2 7 0  
1 3 . 4 3 1  - 0 . 2 6 1  
1 3 . 3 3 6  - 0 . 2 5 6  
1 3 . 4 1 6  - 0 . 2 6 2  
1 3 . 4 6 1  - 0 . 2 7 3  
1 3 . 0 8 5  - 0 . 2 7 9  

% D I F F  
0 . 1 8 6  
0 . 2 1 3  
0 . 2 3 5  
0 . 1 8 7  
0 . 1 2 5  
0 . 0 3 3  
0 . 0 8 1  
0 . 2 0 3  
0 . 3 2 6  
0 . 3 3 9  
0 . 2 4 6  
0 . 2 1 2  
0 . 1 2 8  
0 . 0 7 7  
0 . 0 5 9  

% D I F F  
1 . 9 6 3  
2 . 1 0 8  
2 . 1 9 4  
2 . 4 3 7  
2 . 5 9 2  
2 . 5 7 0  
2 . 4 4 5  
2 . 2 9 1  
2 . 1 3 6  
1 . 9 8 8  
1 . 9 1 0  
1 . 8 8 6  
1 . 9 1 8  
1 . 9 8 8  
2 . 0 8 8  



TABLE 8-25 
FULL MODEL 

MULTIPLIER EXPERIMENT - 1 %  INCREASE 
IN UNEMPLOYMENT RATE 

NEW CAR SALES 

YEAR CONTROL 
1 9 6 0  8 . 9 9 3  
1 9 6 1  6  e 6 4 2  
1 9 6 2  7 . 6 0 7  
1 9 6 3  7 . 5 2 4  
1 9 6 4  8 . 0 9 1  
1 9 6 5  1 0 . 1 1 3  
1 9 6 6  9 - 1 7 7  
1 9 6 7  8 . 1 1 7  
1 9 6 8  9 . 0 3 8  
1 9 6 9  8 .900  
1 9 7 0  7 .948  
1 9  7  1 9 .754  
1 9 7 2  9 . 6 1 1  
1 9 7 3  1 1 . 1 9 0  
1 9 7 4  8 . 4 9 0  

SHOCK D IFFERENCE 
8 . 9 0 2  - 0 . 0 9 1  
6 . 5 7 3  - 0 . 0 6 8  
7 . 4 9 7  - 0 . 1 1 0  
7 . 4 0 4  - 0 . 1 1 9  
7 . 9 5 8  - 0 . 1 3 4  
9  a928  - 0 . 1 8 5  
9 . 0 1 5  - 0 . 1 6 2  
8 . 0 0 0  - 0 . 1 1 7  
8 .915  - 0 .124  
8 . 7 9 0  - 0 . 1 1 0  
7 . 9 0 5  - 0 . 0 4 3  
9 . 7 3 5  - 0 . 0 1 9  
9 . 5 9 0  - 0 . 0 2 1  

1 1 . 1 2 4  - 0 . 0 6 6  
8 . 4 3 5  - 0 . 0 5 5  

X D I F F  
1 . 0 0 9  
1 a 0 3 1  
1 . 4 4 2  
1 . 5 8 3  
1 . 6 5 0  
1 . 8 3 0  
1 . 7 6 3  
1 . 4 4 4  
1 . 3 6 9  
1 . 2 3 6  
0 . 5 3 6  
0 . 1 9 7  
0 . 2 2 3  
0 . 5 9 3  
0 . 6 5 0  

TABLE B-26 
FULL MODEL 

MULTIPLIER EXPERIMENT - 1 %  INCREASE 
IN UNEMPLOYMENT RATE 

SCRAPPAGE 

YEAR CONTROL 
1 9 6 0  3 . 5 4 5  
1 9 6 1  3 . 6 9 8  
1 9 6 2  4 . 5 3 1  
1 9 6 3  5 . 4 2 0  
1 9 6 4  6 . 0 5 2  
1 9 6 5  7 . 3 6 1  
1 9 6 6  7 . 9 3 9  
1 9 6 7  7 .576  
1 9 6 8  7 .665  
1 9 6 9  7.446 
1 9 7 0  6 .589  
1 9 7 1  6 . 0 2 1  
1 9 7 2  6 .036  
1 9 7 3  7 . 4 7 1  
1 9 7 4  8 . 0 6 7  

SHOCK DIFFERENCE % D I F F  
3 . 3 5 4  - 0 . 1 9 1  5 . 3 8 2  
3 . 5 8 3  - 0 . 1 1 5  3 . 1 0 5  
4 . 3 6 6  - 0 . 1 6 6  3 . 6 5 4  
5 . 2 6 5  - 0  1 5 5  2 . 8 5 3  
5 . 9 1 2  - 0 . 1 4 0  2 . 3 2 0  
7 . 1 8 0  - 0 . 1 8 1  2 . 4 5 6  
7 . 7 5 4  - 0 . 1 8 5  2 . 3 2 8  
7 . 4 8 3  - 0 . 0 9 3  1 . 2 2 6  
7 . 5 6 0  - 0 . 1 0 4  1 . 3 6 1  
7 . 3 5 2  - 0 . 0 9 3  1 . 2 5 5  
6 . 6 5 1  0 . 0 6 2  0 . 9 4 8  
6 . 0 6 7  0 . 0 4 6  0 . 7 5 7  
6 . 0 0 8  - 0 . 0 2 8  0 . 4 6 5  
7 . 3 4 1  - 0  1 3 0  1 . 7 4 1  
7 . 9 7 7  - 0 . 0 9 0  1 . 1 2 1  



TABLE B-27 

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  UNEMPLOYMENT RATE 
SUBCOMPACT CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 1 2 7  
1 9 6 1  0 . 1 0 5  
1 9 6 2  0 . 1 3 0  
1 9 6 3  0 . 1 1 3  
1 9 6 4  0 . 1 7 5  
1 9 6 5  0 . 2 1 0  
1 9 6 6  0 . 2 1 3  
1 9 6 7  0 . 2 9 4  
1 9 6 8  0 . 3 5 8  
1 9 6 9  0 . 3 2 8  
1 9 7 0  0 . 2 9 2  
1 9 7 1  0 . 2 6 0  
1 9  72  0 . 1 7 6  
1 9 7 3  0 . 1 3 1  
1 9 7 4  0 . 1 7 0  

SHOCK DIFFERENCE 
0 . 1 2 7  0 . 0 0 0  
0 . 1 0 5  - 0 . 0 0 0  
0 . 1 3 0  0 . 0 0 0  
0 . 1 1 4  0 . 0 0 0  
0 . 1 7 5  0 . 0 0 1  
0 . 2 1 1  0 . 0 0 1  
0 . 2 1 4  0 . 0 0 1  
0 . 2 9 6  0 . 0 0 1  
0 . 3 5 9  0 . 0 0 1  
0 . 3 2 9  0 . 0 0 1  
0 . 2 9 3  0 . 0 0 1  
0 . 2 6 1  OeO01 
0 . 1 7 6  0 . 0 0 0  
0 . 1 3 1  0 . 0 0 0  
0 . 1 7 0  0 . 0 0 0  

TABLE B-28 

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  UNEMPLOYMENT RATE 
COMPACT CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 2 8 0  
1 9 6 1  0 . 2 3 1  
1 9 6 2  0 . 1 8 1  
1 9 6 3  0 . 1 8 2  
1 9 6 4  0 . 1 2 2  
1 9 6 5  0 . 1 0 2  
1 9 6 6  0 . 1 0 5  
1 9 6 7  0 . 0 8 3  
1 9 6 8  0 . 0 7 8  
1 9 6 9  0 . 1 1 3  
1 9 7 0  0 . 1 6 1  
1 9 7 1  0 . 1 8 3  
1 9 7 2  0 . 2 1 8  
1 9 7 3  0 . 2 0 6  
1 9 7 4  0 . 1 9 0  

SHOCK DIFFERENCE 
0 . 2 8 0  0 . 0 0 0  
0 . 2 3 2  0 . 0 0 1  
0 . 1 8 2  0 . 0 0 1  
0 . 1 8 3  0 . 0 0 1  
0 . 1 2 3  0 . 0 0 0  
0 . 1 0 2  0 . 0 0 0  
0 . 1 0 5  0 . 0 0 0  
0 . 0 8 3  0 . 0 0 0  
0 . 0 7 8  0 . 0 0 0  
0 . 1 1 3  - 0 . 0 0 0  
0 . 1 6 1  - 0 . 0 0 0  
0 . 1 8 3  - 0 . 0 0 0  
0 . 2 1 8  -0eOOO 
0 . 2 0 6  - 0 . 0 0 0  
0 . 1 9 0  - 0 . 0 0 0  

X D I F F  
0 . 0 3 8  
0 . 0 0 2  
0 . 1 1 6  
0 . 2 0 6  
0 . 2 9 5  
0 . 3 9 8  
0 . 4 9 5  
0 . 4 6 9  
0 . 4 1 1  
0 . 4 0 1  
0 . 3 3 3  
0 . 2 5 2  
0 . 2 2 6  
0 . 1 9 6  
0 . 0 7 1  

% D I F F  
0 . 0 3 6  
0 . 2 1 3  
0 . 3 1 6  
0 . 3 3 8  
0 . 4 0 3  
0 . 4 2 0  
0 . 3 8 9  
0 . 2 7 4  
0 . 0 9 9  
0 . 0 7 9  
0 . 1 4 9  
0 . 1 4 9  
0 . 0 9 4  
0 . 0 5 7  
0 . 0 3 6  



Y E A R  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9  6  7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

Y E A R  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

TABLE B - 2 9  

FULL MODEL 
M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 

I N  UNEMPLOYMENT RATE 
M I D - S I Z E  CLASS NEW CAR MARKET SHARE 

C O N T R O L  
0 . 0 6 0  
0 .076  
0 .095  
0 .103 
0 . 1 2 9  
0 . 1 5 7  
0 . 1 7 9  
0 . 2 0 3  
0 . 2 1 0  
0 .220  
0 .216  
0 . 2 0 7  
0 .214  
0 . 1 9 4  
0 . 1 8 6  

S H O C K  
0 . 0 6 0  
0 . 0 7 6  
0 . 0 9 4  
0 . 1 0 2  
0 . 1 2 7  
0 . 1 5 5  
0 . 1 7 6  
0 . 2 0 0  
0 . 2 0 7  
0 .219 
0 . 2 1 5  
0 . 2 0 7  
0 . 2 1 4  
0 . 1 9 4  
0 . 1 8 6  

D I F F E R E N C E  X D I F F  
0 . 0 0 0  0 . 0 1 0  

- 0 . 0 0 0  0 .376  
- 0 . 0 0 1  0 . 6 4 3  
- 0 . 0 0 1  0 . 9 8 6  
- 0 . 0 0 2  1 . 2 7 9  
- 0 . 0 0 2  1 . 5 6 1  
- 0 . 0 0 3  1 . 7 1 4  
- 0 . 0 0 3  1 . 5 4 0  
-0.0 0 3  1 .259  
- 0 . 0 0 2  0 . 7 9 6  
- 0 . 0 0 1  0 .316 
- 0 . 0 0 0  0 . 0 1 2  

0 . 0 0 0  0 . 1 6 4  
0 . 0 0 1  0 . 2 9 4  
0 . 0 0 1  0 . 3 3 3  

TABLE B - 3 0  

FULL MODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  UNEMPLOYMENT RATE 
F U L L - S I Z E  CLASS NEW CAR MARKET SHARE 

C O N T R O L  
0 . 4 5 3  
0 . 5 0 5  
0 . 5 1 1  
0 .516 
0 .488  
0 . 4 4 1  
0 . 4 1 0  
0 .324  
0 . 2 5 9  
0 .242  
0 . 2 3 7  
0 . 2 5 4  
0 . 2 9 8  
0 . 3 7 4  
0 . 3 6 2  

S H O C K  
0  0 4 5 3  
0 . 5 0 5  
0 . 5 1 0  
0 .517  
0 . 4 8 8  
0 . 4 4 2  
0 . 4 1 2  
0 . 3 2 5  
0 . 2 6 0  
0 . 2 4 3  
0 .237  
0 . 2 5 4  
0 . 2 9 8  
0 . 3 7 4  
0 . 3 6 1  

X DIFF 
0 . 0 3 9  
0 . 0 5 8  
0 . 0 3 2  
0 .016  
0 . 1 0 5  
0 . 2 2 7  
0 . 3 2 4  
0 . 3 7 8  
0 . 3 1 4  
0 . 1 3 1  
0 . 0 6 7  
0 . 1 5 5  
0 . 1 8 4  
0 . 1 9 0  
0 . 1 8 2  



TABLE B - 3 1  

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 

I N  UNEMPLOYMENT RATE 
LUXURY CLASS NEW CAR MARKET SHARE 

C O N T R O L  
0 . 0 8 0  
0 . 0 8 3  
0 . 0 8 4  
0 .085  
0 .086  
0 . 0 9 0  
0 . 0 9 4  
0 .096 
0 .096  
0.096 
0 .095 
0 .095  
0 . 0 9 4  
0 .095  
0 .093 

S H O C K  D I F F E R E N C E  
0 . 0 8 0  0 . 0 0 0  
0 . 0 8 3  0 . 0 0 0  
0 . 0 8 4  0 . 0 0 0  
0 . 0 8 5  0 . 0 0 0  
0 . 0 8 6  0 . 0 0 0  
0 . 0 9 0  0 . 0 0 0  
0 . 0 9 4  0 . 0 0 0  
0 . 0 9 6  0 . 0 0 0  
0 . 0 9 7  0 . 0 0 0  
0 . 0 9 6  0 . 0 0 0  
0 . 0 9 5  0 . 0 0 0  
0 . 0 9 5  0 . 0 0 0  
0 . 0 9 4  0 . 0 0 0  
0 . 0 9 5  O * O O O  
0 . 0 9 3  - 0 . 0 0 0  

% D I F F  
0 . 0 2 4  
0 . 0 2 1  
0 . 0 5 8  
0 . 0 9 5  
0 . 1 4 6  
0 .219  
0 . 2 9 1  
0 . 3 1 7  
0 . 2 8 7  
0 .220  
0 .112  
0 .038 
0 . 0 0 4  
0 . 0 0 1  
0 . 0 1 3  

TABLE 8 - 3 2  

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 %  INCREASE 

I N  UNEMPLOYMENT RATE 
VEHICLE M I L E S  TRAVELED PER F A M I L Y  

YEAR C O N T R O L  S H O C K  D I F F E R E N C E  X D I F F  
1 9 6 0  1 0 . 5 8 0  1 0 . 5 8 7  0 . 0 0 7  0 . 0 6 9  
1 9 6 1  1 1 . 3 9 8  1 1 . 4 0 3  0 . 0 0 5  0 . 0 4 5  
1 9 6 2  1 1 . 5 9 1  1 1 . 5 9 3  0 . 0 0 3  0 . 0 2 2  
1 9 6 3  1 1 . 9 9 6  1 1 . 9 9 2  - 0 . 0 0 4  0 . 0 3 4  
1 9 6 4  1 2 . 2 8 1  1 2 . 2 6 6  - 0 . 0 1 5  0 . 1 2 0  
1 9 6 5  1 2 . 4 8 0  1 2 . 4 5 4  - 0 . 0 2 6  0 . 2 1 1  
1 9 6 6  1 3 . 0 4 0  1 2 . 9 9 9  - 0 . 0 4 1  0 .312  
1 9 6 7  1 3 . 3 0 0  1 3 . 2 5 0  - 0 . 0 5 0  0 . 3 7 6  
1 9 6 8  1 3 . 3 9 9  1 3 . 3 4 5  - 0 . 0 5 3  0 . 3 9 6  
1 9 6 9  1 3 . 5 9 2  1 3 . 5 3 8  - 0 . 0 5 4  0 . 3 9 8  
1 9 7 0  1 3 . 6 9 2  1 3 . 6 3 3  - 0 . 0 6 0  0 . 4 3 5  
1 9 7 1  1 3 . 5 9 3  1 3 . 5 3 3  - 0 . 0 5 9  0 . 4 3 7  
1 9 7 2  13 .6  7 8  1 3 . 6 2 9  - 0 . 0 4 9  0 . 3 5 8  
1 9 7 3  1 3 . 7 3 4  1 3 . 7 0 1  - 0 . 0 3 3  0 . 2 3 9  
1 9 7 4  1 3  - 3 6 4  1 3 . 3 4 2  - 0 . 0 2 1  0 . 1 6 1  



TABLE 8-33 
FULL MODEL 

MULTIPLIER EXPERIMENT - 10% INCREASE 
IN AUTO INSURANCE PRICE INDEX 

NEW CAR SALES 

YEAR CONTROL 
1 9 6 0  8 . 9 9 3  
1 9 6 1  6 . 6 4 2  
1 9 6 2  7 .607  
1 9 6 3  7 .524  
1 9 6 4  8 . 0 9 1  
1 9 6 5  1 0 . 1 1 3  
1 9 6 6  9 .177  
1 9 6 7  8 .117  
1 9 6 8  9 .038  
1 9 6 9  8 .900  
1 9 7 0  7 .948  
1 9 7 1  9 . 7 5 4  
1 9 7 2  9 . 6 1 1  
1 9 7 3  1 1 . 1 9 0  
1 9 7 4  8 . 4 9 0  

SHOCK DIFFERENCE % D I F F  
8 . 9 5 0  - 0 . 0 4 3  0 . 4 7 3  
6.626 -0 .016 0 . 2 4 0  
7 .594  - 0 . 0 1 3  0 . 1 7 1  
7 . 5 1 2  -0.0 11 0 . 1 4 9  
8 . 0 8 0  - 0 . 0 1 1  0 . 1 4 2  

1 0 . 0 9 9  - 0 . 0 1 5  0 . 1 4 8  
9 . 1 6 4  - 0 . 0 1 3  0 .139  
8 . 1 0 6  - 0 . 0 1 1  0 . 1 4 1  
9 . 0 2 5  - 0 . 0 1 4  0 .152  
8 . 8 8 5  -0 .015  0 .169  
7 . 9 3 2  - 0 . 0 1 6  0 . 2 0 4  
9 . 7 3 2  - 0 . 0 2 2  0 .227  
9 . 5 9 5  -0 .016 0 . 1 6 9  

1 1 . 1 7 5  - 0 . 0 1 5  0 - 1 3 2  
8 . 4 8 1  - 0 . 0 0 8  0 .098 

TABLE B-34 
FULL MODEL 

MULTIPLIER EXPERIMENT - 10% INCREASE 
IN AUTO INSURANCE PRICE INDEX 

SCRAPPAGE 

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

CONTROL 
3 . 5 4 5  
3 .698  
4 . 5 3 1  
5 . 4 2 0  
6 . 0 5 2  
7 . 3 6 1  
7 .939  
7.576 
7 .665 
7 .446 
6 . 5 8 9  
6 . 0 2 1  
6 .036  
7 . 4 7 1  
8 .067  

SHOCK 
3 . 5 5 5  
3 . 7 0 4  
4 . 5 3 1  
5 .415 
6 . 0 5 1  
7 .360  
7 . 9 3 4  
7 . 5 6 8  
7 . 6 5 4  
7 .434  
6 . 5 7 7  
6 . 0 1 0  
6 . 0 2 2  
7 . 4 5 2  
8 . 0 4 7  

DIFFERENCE % D I F F  
0 . 0 1 1  0 . 3 0 4  
0 . 0 0 6  0 . 1 5 3  

- 0 . 0 0 0  0 . 0 0 9  
- 0 . 0 0 5  0 . 0 9 5  
- 0 . 0 0 1  0 . 0 1 2  
- 0 . 0 0 1  0 . 0 1 5  
- 0 . 0 0 5  0 . 0 6 6  
- 0 . 0 0 8  0 . 1 1 0  
-0eO10  0 . 1 3 5  
- 0 . 0 1 2  0 . 1 5 7  
- 0 . 0 1 2  0 . 1 8 1  
- 0 . 0 1 1  0 . 1 7 9  
-0 .014  0 .224  
- 0 . 0 1 9  0 . 2 5 1  
- 0 . 0 2 1  0 .258 



TABLE 8 - 3 5  

Y E A R  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 10% INCREASE 

I N  AUTO INSURANCE P R I C E  INDEX 
SUBCOMPACT CLASS NEW CAR MARKET SHARE 

S H O C K  D I F F E R E N C E  
0 . 1 2 7  0 . 0 0 0  
0 . 1 0 5  0 . 0 0 0  
0 . 1 3 0  0 . 0 0 0  
0 . 1 1 4  0 . 0 0 0  
0 . 1 7 5  - 0 . 0 0 0  
0 . 2 0 9  - 0 . 0 0 0  
0 . 2 1 2  - 0 . 0 0 1  
0 . 2 9 3  - 0 . 0 0 1  
0 . 3 5 6  - 0 . 0 0 2  
0  - 3 2 6  - 0 . 0 0 2  
0 . 2 9 0  - 0 . 0 0 2  
0 . 2 5 9  - 0 . 0 0 1  
0 . 1 7 6  - 0 . 0 0 0  
0 . 1 3 1  0 . 0 0 0  
0 . 1 7 0  0 . 0 0 0  

TABLE B - 3 6  

FULL MODEL 
M U L T I P L I E R  EXPERIMENT - 10% INCREASE 

I N  AUTO INSURANCE P R I C E  INDEX 
COMPACT CLASS NEW CAR MARKET SHARE 

Y E A R  C O N T R O L  
1 9 6 0  0 . 2 8 0  
1 9  6  1 0 . 2 3 1  
1 9 6 2  0 . 1 8 1  
1 9  6  3 0 . 1 8 2  
1 9 6 4  0 . 1 2 2  
1 9 6 5  0 . 1 0 2  
1 9 6 6  0 . 1 0 5  
1 9 6 7  0 . 0 8 3  
1 9 6 8  0 . 0 7 8  
1 9 6 9  0 . 1 1 3  
1 9 7 0  0 . 1 6 1  
1 9 7 1  0 . 1 8 3  
1 9 7 2  0 . 2 1 8  
1 9 7 3  0 . 2 0 6  
,1974 0 . 1 9 0  . 

S H O C K  D I F F E R E N C E  
0 . 2 8 1  0 . 0 0 1  
0 . 2 3 2  0 . 0 0 1  
0 . 1 8 2  0 . 0 0 1  
0 . 1 8 3  0 . 0 0 1  
0 . 1 2 3  0 . 0 0 1  
0 . 1 0 2  0 . 0 0 1  
0 . 1 0 6  0 . 0 0 1  
0 . 0 8 4  0 . 0 0 1  
0 . 0 7 9  0 . 0 0 1  
0 . 1 1 4  0 . 0 0 1  
0 . 1 6 2  0 . 0 0 1  
0 . 1 8 4  0 . 0 0 1  
0 . 2 1 8  0 . 0 0 0  
0 . 2 0 7  0 . 0 0 0  
0 . 1 9 0  O * O O O  

2 D I F F  
0 . 0 0 9  
0 . 4 3 2  
0 . 2 1 3  
0 . 2 8 0  
0 . 0 9 3  
0 . 2 2 7  
0 . 2 6 9  
0 . 4 4 7  
0 . 5 8 6  
0 . 6 2 0  
0 . 6 0 2  
0 . 5 5 6  
0 . 1 2 7  
0 . 2 0 2  
0 . 1 3 2  

I DIFF 
0 . 2 4 8  
0 . 2 4 0  
0 . 3 6 5  
0 . 3 1 5  
0 . 6 8 0  
0 . 9 3 9  
0 . 9 2 5  
1 . 2 0 5  
1 . 2 8 6  
0 . 9 0 1  
0 . 5 2 2  
0 . 3 8 5  
0 . 1 6 1  
0 . 2 0 6  
0 . 2 2 6  



TABLE B-37 
FULL MODEL 

MULTIPLIER EXPERIMENT - 10% INCREASE 
IN AUTO INSURANCE PRICE INDEX 

MID-SIZE CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 .060  
1 9 6 1  0 .076 
1 9 6 2  0 . 0 9 5  
1 9 6 3  0 . 1 0 3  
1 9 6 4  0 .129 
1 9 6 5  0 .157  
1 9 6 6  0 .179  
1 9 6 7  0 .203 
1 9  6 8  0 .210 
1 9 6 9  0 .220  
1 9 7 0  0 .216 
1 9 7 1  0 .207  
1 9 7 2  0 .214 
1 9 7 3  0 .194  
1 9 7 4  0 .186 

SHOCK D I F F E R E N  CE % D I F F  
0 . 0 6 0  - 0 . 0 0 0  0 .125 
0 .076  -0 .000  0 . 1 7 4  
0 . 0 9 4  - 0 . 0 0 0  0 . 2 1 1  
0 . 1 0 3  -0 .000  0 . 1 3 1  
0 .129 - 0 . 0 0 0  0 . 1 8 1  
0 . 1 5 7  - 0 . 0 0 0  0 . 2 2 9  
0 . 1 7 8  -0 .000  0 . 1 8 4  
0 . 2 0 3  -0 .000  0 .173  
0 .209  -0 .000  0 . 1 0 3  
0 . 2 2 0  -0 .000  0 . 0 8 9  
0 . 2 1 6  - 0 . 0 0 0  0 .064  
0 . 2 0 7  -0 .000  0 . 0 6 9  
0 .214  - 0 . 0 0 0  0 . 0 8 0  
0 . 1 9 4  0 . 0 0 0  0  - 0 0 8  
0 . 1 8 6  0 .000  0 .023  

TABLE B-38 

FULL MODEL 
MULTIPLIER EXPERIMENT - 10% INCREASE 

IN AUTO INSURANCE PRICE INDEX 
FULL-SIZE CLASS NEW CAR MARKET SHARE 

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9  70  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

CONTROL 
0 .453  
0.505 
0 . 5 1 1  
0 . 5 1 6  
0 .488  
0 . 4 4 1  
0 .410  
0 .324  
0 .259 
0 .242 
0 .237 
0.254 
0 . 2 9 8  
0 .374  
0 . 3 6 2  

SHOCK D I F F E R E N C E  
0 . 4 5 2  - 0 . 0 0 1  
0 .504  - 0 . 0 0 1  
0 .510  - 0 . 0 0 1  
0 .516  - 0 . 0 0 1  
0 .487  - 0 . 0 0 1  
0 . 4 4 1  - 0 . 0 0 0  
0 . 4 1 0  -0 .000  
0 .324  0 . 0 0 1  
0 .260  0 . 0 0 1  
0 .244  0 . 0 0 1  
0 .238  0 . 0 0 1  
0 .255  0 . 0 0 1  
0 . 2 9 8  -0 .000  
0 . 3 7 4  - 0 . 0 0 1  
0 . 3 6 1  - 0 . 0 0 1  

% D I F F  
0.156 
0 .188  
0 .159  
0 . 1 6 1  
0 .107  
0 .047  
0 .038  
0 . 1 7 8  
0 .468  
0 . 4 5 8  
0 .399  
0 . 3 0 6  
0 .015 
0 .209 
0 .210  



TABLE B - 3 9  

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 10% INCREASE 

I N  AUTO INSURANCE P R I C E  INDEX 
LUXURY CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 0 8 0  
1 9 6 1  0 . 0 8 3  
1 9 6 2  0 . 0 8 4  
1 9 6 3  0 . 0 8 5  
1 9 6 4  0 . 0 8 6  
1 9 6 5  0 . 0 9 0  
1 9 6 6  0 . 0 9 4  
1 9 6 7  0 . 0 9 6  
1 9 6 8  0 . 0 9 6  
1 9 6 9  0 . 0 9 6  
1 9 7 0  0 . 0 9 5  
1 9 7 1  0 . 0 9 5  
1 9 7 2  0 . 0 9 4  
1 9  7 3  0 . 0 9 5  
1 9 7 4  0 . 0 9 3  

SHOCK DIFFERENCE 
0 . 0 8 1  0 . 0 0 0  
0 . 0 8 3  0 . 0 0 0  
0 . 0 8 4  0 . 0 0 0  
0 . 0 8 5  0 . 0 0 0  
0 . 0 8 6  0 . 0 0 0  
0 . 0 9 0  0 . 0 0 0  
0 . 0 9 4  0 . 0 0 0  
0 . 0 9 6  0 . 0 0 0  
0 . 0 9 7  0 . 0 0 0  
0 . 0 9 6  0 . 0 0 0  
0 . 0 9 5  0 . 0 0 0  
0 . 0 9 5  0 . 0 0 0  
0 . 0 9 4  0 . 0 0 0  
0 . 0 9 5  0 . 0 0 0  
0 . 0 9 3  0 . 0 0 0  

TABLE 8 - 4 0  

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 0 %  INCREASE 

I N  AUTO INSURANCE P R I C E  INDEX 
VEHICLE M I L E S  TRAVELED PER F A M I L Y  

YEAR CONTROL 
1 9 6 0  1 0 . 5 8 0  
1 9 6 1  1 1 . 3 9 8  
1 9 6 2  1 1 . 5 9 1  
1 9 6 3  1 1 . 9 9 6  
1 9 6 4  1 2 . 2 8 1  
1 9 6 5  1 2 . 4 5 0  
1 9 6 6  1 3 . 0 4 0  
1 9 6 7  1 3 . 3 0 0  
1 9 6 8  1 3 . 3 9 9  
1 9 6 9  1 3 . 5 9 2  
1 9 7 0  1 3 . 6 9 2  
1 9 7 1  1 3 . 5 9 3  
1 9 7 2  1 3 . 6 7 8  
1 9 7 3  1 3 . 7 3 4  
1 9 7 4  1 3 . 3 6 4  

S H O C K  
1 0 . 5 7 7  
1 1 . 3 8 5  
1 1 . 5 7 4  
1 1 . 9 7 8  
1 2 . 2 6 1  
1 2 . 4 6 0  
1 3  . O  1 8  
1 3 . 2 7 8  
1 3 . 3 7 6  
1 3 . 5 6 9  
1 3 . 6 6 8  
1 3 . 5 6 8  
1 3 . 6 5 2  
1 3 . 7 0 9  
1 3 . 3 4 1  

DIFFERENCE 
- 0 . 0 0 3  
- 0 . 0 1 3  
- 0 . 0 1 6  
- 0 . 0 1 8  
- 0 . 0 1 9  
- 0 . 0 2 1  
- 0 . 0 2 2  
- 0 . 0 2 2  
- 0 . 0 2 3  
- 0 . 0 2 3  
- 0 . 0 2 4  
- 0 . 0 2 4  
- 0 . 0 2 6  
- 0 . 0 2 5  
- 0 . 0 2 2  

Z D I F F  
0 . 0 9 7  
0 . 0 8 8  
0 . 0 8 8  
0 . 0 9 0  
0 . 0 9 9  
0 . 0 9 8  
0 . 0 9 3  
0 . 0 9 6  
0 . 1 0 7  
0 . 1 0 7  
0 . 1 1 2  
0 . 1 1 1  
0 . 0 9 5  
0 . 0 8 2  
0 . 0 7 0  

X D I F F  
0 . 0 3 1  
0 . 1 1 2  
0 . 1 4 0  
0 . 1 5 0 '  
0 . 1 5 7  
0 . 1 6 5  
0 . 1 7 0  
0 . 1 6 9  
0 . 1 6 9  
0 . 1 7 0  
0 . 1 7 3  
0 . 1 8 0  
0 . 1 8 6  
0 . 1 8 1  
0 . 1 6 7  



TABLE 8-41 

Y E A R  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9  7  1 
1 9  7  2  
1 9 7 3  
1 9 7 4  

Y E A R  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

FULL MODEL 
MULTIPLIER EXPERIMENT - 10% INCREASE 

IN AUTO REPAIRS PRICE INDEX 
NEW CAR SALES 

C O N T R O L  
8 . 9 9 3  
6 . 6 4 2  
7 . 6 0 7  
7 . 5 2 4  
8 . 0 9 1  

1 0 . 1 1 3  
9 . 1 7 7  
8 . 1 1 7  
9 . 0 3 8  
8 . 9 0 0  
7 . 9 4 8  
9 .754  
9 . 6 1 1  

1 1 . 1 9 0  
8 . 4 9 0  

S H O C K  
8 . 9 2 2  
6 . 6 1 4  
7 . 5 8 4  
7 . 5 0 5  
8 . 0 7 5  

1 0 . 0 9 7  
9 . 1 6 3  
8 . 1 0 4  
9 . 0 2 2  
8 . 8 8 1  
7 . 9 3 0  
9 . 7 2 9  
9 .586  

1 1 . 1 5 9  
8 . 4 6 8  

D I F F E R E N C E  
- 0 . 0 7 0  
- 0 . 0 2 8  
- 0 . 0 2 3  
- 0 . 0 1 9  
- 0 . 0 1 6  
- 0 . 0 1 7  
- 0 . 0 1 4  
- 0 . 0 1 3  
- 0 . 0 1 7  
- 0 . 0 1 9  
- 0 . 0 1 8  
- 0  0 0 2 5  
- 0 . 0 2 6  
- 0 . 0 3 1  
- 0 . 0 2 1  

TABLE 8-42 
FULL MODEL 

MULTIPLIER EXPERIMENT - 10% INCREASE 
IN AUTO REPAIRS PRICE INDEX 

SCRAPPAGE 

C O N T R O L  
3 . 5 4 5  
3 .698  
4 . 5 3 1  
5 . 4 2 0  
6 . 0 5 2  
7 . 3 6 1  
7 .939  
7 .576  
7 .665  
7 .446  
6 . 5 8 9  
6 . 0 2 1  
6 .036  
7 . 4 7 1  
8 . 0 6 7  

S H O C K  
3 . 5 6 2  
3 . 7 0 8  
4 . 5 3 2  
5 . 4 1 3  
6 . 0 4 9  
7 . 3 5 5  
7 . 9 2 6  
7 . 5 6 3  
7 . 6 5 0  
7  * 4 2 8  
6 . 5 6 8  
6 . 0 0 3  
6 . 0 1 7  
7 . 4 4 7  
8 . 0 4 2  

D I F F E R E N C E  
0 . 0 1 8  
0 . 0 1 0  
0 . 0 0 1  

- 0 . 0 0 7  
- 0 . 0 0 3  
- 0 . 0 0 6  
- 0 . 0 1 2  
- 0 . 0 1 3  
- 0 . 0 1 4  
- 0 . 0 1 8  
- 0 . 0 2 1  
- 0 . 0 1 9  
- 0 . 0 1 9  
- 0 . 0 2 4  
- 0 . 0 2 5  

% D I F F  
0 . 7 8 1  
0 . 4 1 9  
0 . 3 0 2  
0 . 2 5 1  
0 . 2 0 1  
0 . 1 6 5  
0 . 1 4 9  
0 . 1 6 3  
0 . 1 8 7  
0 . 2 1 3  
0 . 2 2 4  
0 . 2 6 1  
0 . 2 6 9  
0 . 2 7 9  
0 . 2 5 2  

'% D I F F  
0 . 4 9 8  
0 . 2 8 3  
0 . 0 2 6  
0 . 1 3 0  
0 . 0 4 4  
0 . 0 8 6  
0 . 1 5 6  
0 . 1 7 7  
0 . 1 8 6  
0 . 2 3 7  
0 . 3 1 2  
0 . 3 1 1  
0 . 3 1 5  
0 . 3 1 6  
0 . 3 1 5  



T A B L E  B - 4 3  

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 0 %  INCREASE 

I N  AUTO R E P A I R S  P R I C E  I N D E X  
SUBCOMPACT CLASS NEW CAR MARKET SHARE 

C O N T R O L  
0 . 1 2 7  
0 . 1 0 5  
0 . 1 3 0  
0 . 1 1 3  
0 . 1 7 5  
0 .2  1 0  
0 . 2 1 3  
0 . 2 9 4  
0 . 3 5 8  
0 . 3 2 8  
0 . 2 9 2  
0 . 2 6 0  
0 . 1 7 6  
0 . 1 3 1  
0 . 1 7 0  

S H O C K  D I F F E P . E N C E  
0 . 1 2 9  0 . 0 0 2  
0 . 1 0 7  0 . 0 0 2  
0 . 1 3 2  0 . 0 0 2  
0 . 1 1 5  0 . 0 0 2  
0 . 1 7 7  0 . 0 0 2  
0 . 2 1 1  0 . 0 0 1  
0 . 2 1 4  0 . 0 0 1  
0 . 2 9 5  0 . 0 0 1  
0 . 3 5 7  - 0 . 0 0 0  
0 . 3 2 8  - 0 . 0 0 0  
0 . 2 9 2  0 . 0 0 0  
0 . 2 6 1  0 . 0 0 1  
0 . 1 7 7  0 . 0 0 1  
0 . 1 3 2  0 . 0 0 2  
0 . 1 7 1  0 . 0 0 2  

T A B L E  B - 4 4  

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 0 %  INCREASE 

I N  AUTO R E P A I R S  P R I C E  I N D E X  
COMPACT CLASS NEW CAR MARKET SHARE 

Y E A R  C O N T R O L  
1 9 6 0  0 . 2 8 0  
1 9 6 1  0 . 2 3 1  
1 9 6 2  0 . 1 8 1  
1 9 6 3  0 . 1 8 2  
1 9 6 4  0 . 1 2 2  
1 9 6 5  0 . 1 0 2  
1 9 6 6  0 . 1 0 5  
1 9 6 7  0 . 0 8 3  
1 9 6 8  0 . 0 7 8  
1 9 6 9  0 . 1 1 3  
1 9 7 0  0 . 1 6 1  
1 9 7 1  0 . 1 8 3  
1 9 7 2  0 . 2 1 8  
1 9 7 3  0 . 2 0 6  
1 9  74  0 . 1 9 0  

S H O C K  
0 . 2 8 3  
0 . 2 3 3  
0 . 1 8 3  
0 . 1 8 4  
0 . 1 2 4  
0 . 1 0 3  
0 . 1 0 7  
0 . 0 8 5  
0 . 0 7 9  
0 . 1 1 5  
0 . 1 6 2  
0 . 1 8 5  
0 . 2 1 9  
0 . 2 0 8  
0 . 1 9 1  

D I F F E R E N C E  
0 . 0 0 2  
0 . 0 0 2  
0 . 0 0 2  
0 . 0 0 2  
0 . 0 0 2  
0 . 0 0 2  
0 . 0 0 2  
0 . 0 0 2  
0 . 0 0 2  
0 . 0 0 2  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 2  
0 . 0 0 1  

% D I F F  
1 . 4 6 8  
1 . 9 9 5  
1 . 5 1 6  
1 . 6 1 7  
0 . 9 0 7  
0 . 6 4 9  
0 . 5 5 1  
0 . 2 1 7  
0 . 0 4 2  
0 . 0 4 4  
0 . 0 5 9  
0 . 2 1 1  
0 . 8 0 8  
1 . 2 4 2  
0 . 9 9 3  

% Q I F F  
0 . 8 7 8  
0 . 9 1 5  
1 . 0 7 9  
1 . 0 3 0  
1 . 5 0 1  
1 . 7 5 4  
1 . 6 3 8  
1 . 9 7 3  
2 . 0 9 3  
1 . 4 8 9  
0 . 9 0 4  
0 . 7 3 7  
0 . 5 8 7  
0 . 7 4 6  
0 . 7 7 4  



TABLE B-45 

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9  6  5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 0 %  INCREASE 

I N  AUTO REPAIRS PRICE INDEX 
M I D - S I Z E  CLASS NEW CAR MARKET SHARE 

CONTROL 
0 . 0 6 0  
0 . 0 7 6  
0 . 0 9 5  
0 . 1 0 3  
0 . 1 2 9  
0 . 1 5 7  
0 . 1 7 9  
0 . 2 0 3  
0 . 2 1 0  
0 . 2 2 0  
0 . 2 1 6  
0 . 2 0 7  
0 . 2 1 4  
0 . 1 9 4  
0 . 1 8 6  

SHOCK DIFFEXE??CE 
0 . 0 6 0  0 . 0 0 0  
0 . 0 7 6  0 . 0 0 0  
0 . 0 9 5  0 . 0 0 0  
0 . 1 0 3  0 . 0 0 0  
0 . 1 2 9  0 . 0 0 0  
0 . 1 5 7  0 . 0 0 0  
0 . 1 7 9  0 . 0 0 0  
0 . 2 0 3  - 0 . 0 0 0  
0 . 2 0 9  - 0 . 0 0 0  
0 . 2 2 0  - 0 . 0 0 0  
0 . 2 1 6  - 0 . 0 0 0  
0 . 2 0 7  - 0 . 0 0 0  
0 . 2 1 4  0 . 0 0 0  
0 . 1 9 4  0 . 0 0 0  
0 . 1 8 6  0 . 0 0 0  

I DIFF 
0 . 3 4 1  
0 . 2 4 4  
0 . 1 4 9  
0 . 2 5 4  
0 . 1 4 8  
0 . 0 2 6  
0 . 0 2 4  
0 . 0 6 5  
0 . 0 8 2  
0 . 0 9 6  
0 . 0 6 8  
0 . 0 4 0  
0 . 0 0 3  
0 . 1 8 7  
0 . 1 7 5  

TABLE B - 4 6  

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 0 %  INCREASE 

I N  AUTO REPAIRS PRICE INDEX 
F U L L - S I Z E  CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 4 5 3  
1 9 6 1  0 . 5 0 5  
1 9 6 2  0 . 5 1 1  
1 9 6 3  0 . 5 1 6  
1 9 6 4  0 . 4 8 8  
1 9 6 5  0 . 4 4 1  
1 9 6 6  0 . 4 1 0  
1 9  6  7  0 . 3 2 4  
1 9 6 8  0 . 2 5 9  
1 9 6 9  0 . 2 4 2  
1 9 7 0  0 . 2 3 7  
1 9 7 1  0 . 2 5 4  
1 9 7 2  0 . 2 9 8  
1 9 7 3  0 . 3 7 4  
1 9 7 4  0 . 3 6 2  

SHOCK DIFFERENCE % D I F F  
0 . 4 4 8  - 0 . 0 0 5  1 . 0 2 1  
0 . 5 0 1  - 0 . 0 0 4  0 . 8 8 9  
0 . 5 0 6  -0 .0  0 4  0 . 8 1 6  
0 . 5 1 2  - 0 . 0 0 4  0 . 7 8 8  
0 . 4 8 4  - 0 . 0 0 4  0 . 7 6 0  
0 . 4 3 8  - 0 . 0 0 3  0 . 7 3 7  
0 . 4 0 7  - 0 . 0 0 3  0 . 7 2 6  
0 . 3 2 1  - 0 . 0 0 2  0 . 6 7 3  
0 . 2 5 8  - 0 . 0 0 1  0 . 5 1 7  
0 . 2 4 1  - 0 . 0 0 1  0 . 5 6 1  
0 . 2 3 5  - 0 . 0 0 2  0 . 6 3 9  
0 . 2 5 3  - 0 . 0 0 2  0 . 7 2 7  
0 . 2 9 5  - 0 . 0 0 3  0 . 9 2 0  
0 . 3 7 1  - 0 . 0 0 4  0 . 9 5 4  
0 . 3 5 8  - 0 . 0 0 4  0 . 9 7 5  



TABLE B-47 

YEAR 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

Y E A R  
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
19 7 2 
1973 
1974 

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 0 %  INCREASE 

I N  AUTO REPAIRS P R I C E  INDEX 
LUXURY CLASS NEW CAR MARKET SHARE 

CONTROL 
0.080 
0.083 
0.084 
0.085 
0.086 
0.090 
0.094 
0.096 
0.096 
0.096 
0.095 
0.095 
0.094 
0.095 
0.093 

S H O C K  D I F F E R E X C E  % DIFF 
0.081 0.000 0.121 
0.083 0.000 0.125 
0.084 0.000 0.120 
0.085 0.000 0.114 
0.086 0.000 0.112 
0.090 0.000 0.077 
0.094 0.000 0.047 
0.096 0.000 0.037 
0.097 0.000 0.038 
0.096 0.000 0.034 
0.095 0.000 0.034 
0.095 0.000 0.033 
0.094 O * O O O  0.039 
0.095 0.000 0.044 
0.093 O.OGO 0.054 

TABLE 8-48 

FULL  MODEL 
M U L T I P L I E R  EXPERIMENT - 10% INCREASE 

I N  AUTO REPAIRS P R I C E  INDEX 
VEHICLE M I L E S  TRAVELED PER F A M I L Y  

S H O C K  D I F F E R E N C E  
10.575 -0.005 
11.378 -0.021 
11.564 -0.027 
11.966 -0.030 
12.249 -0.031 
12.448 -0.032 
13.009 -0.032 
13.270 -0.030 
13.370 -0.029 
13.564 -0.028 
13.664 -0.028 
13.565 -0.027 
13.650 -0.028 
13.705 -0.029 
13.335 -0.028 

X D I F F  
0.050 
0.181 
0.229 
0.246 
0.255 
0.254 
0.242 
0.225 
0.215 
0.208 
0.203 
0.200 
0.205 
0.209 
0.211 



TABLE B-49 
FULL MODEL 

MULTIPLIER EXPERIMENT - 10% INCREASE 
IN AUTO INPUT COSTS INDEX 

NEW CAR SALES 

Y E A R  C O N T R O L  
1 9 6 0  8 . 9 9 3  
1 9 6 1  6 . 6 4 2  
1 9 6 2  7 . 6 0 7  
1 9 6 3  7 . 5 2 4  
1 9 6 4  8 . 0 9 1  
1 9 6 5  1 0 . 1 1 3  
1 9 6 6  9 . 1 7 7  
1 9 6 7  8 . 1 1 7  
1 9 6 8  9 .038  
1 9 6 9  8 . 9 0 0  
1 9 7 0  7 . 9 4 8  
1 9 7 1  9 . 7 5 4  
1 9 7 2  9 . 6 1 1  
1 9 7 3  1 1 . 1 9 0  
1 9 7 4  8 . 4 9 0  

S H O C K  D I F F E R E N C E  
7 . 6 8 2  - 1 . 3 1 1  
7 . 1 5 3  0 . 5 1 1  
7 . 6 4 3  0 . 0 3 6  
7 . 5 3 6  0 . 0 1 2  
8 . 1 8 9  0 . 0 9 8  

1 0 . 2 0 8  0 . 0 9 5  
9 . 2 6 2  0 . 0 8 5  
8 . 2 0 1  0  .O 8 4  
9 . 1 2 1  0 . 0 8 3  
8 . 8 9 9  - 0 . 0 0 1  
7 . 8 8 8  - 0 . 0 6 0  
9 . 5 9 1  - 0 . 1 6 4  
9 . 5 0 2  - 0 . 1 1 0  

1 1 . 0 2 1  - 0 . 1 6 9  
8 . 3 7 4  - 0 .116  

Y E A R  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

TABLE 8-50 
FULL MODEL 

MULTIPLIER EXPERIMENT - 10% INCREASE 
IN AUTO INPUT COSTS INDEX 

SCRAPPAGE 

% D I F F  
1 4 . 5 7 4  

7 . 6 9 2  
0 . 4 7 6  
0 . 1 6 2  
1 . 2 1 2  
0 .936  
0 . 9 2 7  
1 . 0 3 3  
0 . 9 1 6  
0 . 0 1 2  
0 . 7 4 9  
1 . 6 7 9  
1 . 1 4 1  
1 . 5 1 0  
1 . 3 6 5  

C O N T R O L  
3 . 5 4 5  
3 . 6 9 8  
4 . 5 3 1  
5 . 4 2 0  
6 . 0 5 2  
7 . 3 6 1  
7 .939  
7 .576  
7 .665  
7 .446  
6 . 5 8 9  
6 . 0 2 1  
6 . 0 3 6  
7 . 4 7 1  
8 . 0 6 7  

S H O C K  D I F F E R E N C E  % D I F F  
3 . 4 2 7  -0 .1  1 8  3 . 3 1 8  
3 . 6 5 9  - 0 . 0 3 9  1 . 0 5 0  
4 . 4 0 5  - 0 .126  2 . 7 9 0  
5  m329 - 0 . 0 9 1  1 . 6 8 4  
6 . 2 0 0  0 . 1 4 8  2 . 4 4 8  
7 . 3 6 4  0 . 0 0 3  0 . 0 3 7  
7 . 9 1 4  - 0 . 0 2 5  0 . 3 1 2  
7 . 5 4 9  - 0 . 0 2 7  0 . 3 5 3  
7 . 6 1 3  - 0 . 0 5 2  0 . 6 7 8  
7 . 3 7 1  - 0 . 0 7 5  1 . 0 0 5  
6 . 5 2 6  - 0 . 0 6 3  0 . 9 5 2  
5 9 9 7 3  - 0 . 0 4 8  0 . 7 9 7  
5 . 9 7 4  - 0 . 0 6 1  1 . 0 1 6  
7 . 3 7 2  - 0 . 0 9 9  1 . 3 1 9  
7 . 9 8 1  - 0 . 0 8 6  1 . 0 6 7  



TABLE B-51  

FULL MODEL 
M U L T I P L I E R  EXPERIMENT - 1 0 %  INCREASE 

I N  AUTO . INPUT COSTS INDEX 
SUBCOMPACT CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 1 2 7  
1 9 6 1  0 . 1 0 5  
1 9 6 2  0 . 1 3 0  
1 9 6 3  0 . 1 1 3  
1 9 6 4  0 . 1 7 5  
1 9 6 5  0 . 2 1 0  
1 9 6 6  0 . 2 1 3  
1 9 6 7  0 . 2 9 4  
1 9 6 8  0 . 3 5 8  
1 9 6 9  0 . 3 2 8  
1 9 7 0  0 . 2 9 2  
1 9 7 1  0 . 2 6 0  
1 9 7 2  0 . 1 7 6  
1 9 7 3  0 . 1 3 1  
1 9  74  0 . 1 7 0  

S H O C K  
0 . 2 0 2  
0 . 1 1 7  
0 . 1 4 7  
0 . 1 3 3  
0 . 2 1 8  
0 . 2 5 5  
0 . 2 7 4  
0 . 3 7 1  
0 . 4 4 3  
0 . 4 1 2  
0 . 3 6 4  
0 . 2 9 7  
0 . 2 0 0  
0 . 1 5 0  
0 . 1 8 6  

DIFFERENCE 
0 0 75 
0 . 0 1 2  
0 . 0 1 7  
0 . 0 1 9  
0 . 0 4 3  
0 . 0 4 6  
0 . 0 6 1  
0 . 0 7 6  
0 . 0 8 5  
0 . 0 8 4  
0 . 0 7 2  
0 . 0 3 7  
0 . 0 2 4  
0 . 0 1 9  
0 . 0 1 6  

Y E A R  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

TABLE B-52 

FULL MODEL 
M U L T I P L I E R  EXPERIMENT - 1 0 %  INCREASE 

I N  AUTO INPUT COSTS INDEX 
COMPACT CLASS NEW CAR MARKET SHARE 

CONTROL 
0 . 2 8 0  
0 . 2 3 1  
0 . 1 8 1  
0 . 1 8 2  
0 . 1 2 2  
0 . 1 0 2  
0 . 1 0 5  
0 . 0 8 3  
0 . 0 7 8  
0 . 1 1 3  
0 . 1 6 1  
0 . 1 8 3  
0 . 2 1 8  
0 . 2 0 6  
0 . 1 9 0  

SHOCK 
0 . 2 5 0  
0 . 2 3 7  
0 . 1 7 9  
0 . 1 7 9  
0 . 1 0 9  
0 . 0 8 8  
0 . 0 8 8  
0 . 0 6 6  
0 . 0 6 0  
0 . 0 9 2  
0 . 1 4 3  
0 . 1 8 1  
0 . 2 2 1  
0 . 2 1 1  
0 . 1 9 4  

DIFFERENCE 
- 0 . 0 3 0  

0 . 0 0 6  
- 0 . 0 0 2  
- 0 . 0 0 4  
- 0 . 0 1 4  
- 0 . 0 1 3  
- 0 . 0 1 7  
- 0 . 0 1 7  
- 0 . 0 1 8  
- 0 . 0 2 1  
- 0 . 0 1 8  
- 0 . 0 0 2  

0 . 0 0 3  
0 . 0 0 5  
0 . 0 0 4  

%: D I F F  
5 9 . 2 6 0  
1 1 . 3 0 3  
1 3 . 0 9 2  
1 6 . 8 2 3  
2 4 . 3 3 7  
2 1 . 6 8 4  
2 8 . 6 9 1  
2 5 . 9 3 2  
2 3 . 7 5 5  
2 5 . 6 5 7  
2 4 . 8 4 0  
1 4 . 2 7 1  
1 3 . 7 3 0  
1 4 . 6 8 2  

9 . 4 9 0  

% D I F F  
1 0 . 6 9 3  

2 . 5 4 2  
0 . 9 0 4  
2 . 1 3 3  

1 1 . 0 7 7  
1 2 . 8 1 9  
1 6 . 6 0 7  
2 0 . 7 6 8  
2 2 . 6 2 1  
1 8 . 5 1 8  
1 0 . 9 1 1  

1 . 1 2 5  
1 . 3 2 2  
2 . 4 1 8  
2 . 3 3 2  



TABLE B-53 

FULL MODEL 
MULTIPLIER EXPERIMENT - 10% INCREASE 

I N  AUTO INPUT COSTS INDEX 
M I D - S I Z E  CLASS NEW CAR MARKET SHARE 

Y E A R  CONTROL 
1 9 6 0  0 . 0 6 0  
1 9 6 1  0 . 0 7 6  
1 9 6 2  0 . 0 9 5  
1 9 6 3  0 . 1 0 3  
1 9 6 4  0 . 1 2 9  
1 9 6 5  0 . 1 5 7  
1 9 6 6  0 . 1 7 9  
1 9 6 7  0 . 2  0 3  
1 9 6 8  0 . 2 1 0  
1 9 6 9  0 . 2 2 0  
1 9 7 0  0 . 2 1 6  
1 9 7 1  0 . 2 0 7  
1 9 7 2  0 . 2 1 4  
1 9 7 3  0 . 1 9 4  
1 9 7 4  0 . 1 8 6  

SHOCK D IFFEP,ENCE 
0 . 0 6 0  0 . 0 0 1  
0 . 0 7 3  - 0 . 0 0 3  
0 . 0 9 3  - 0 . 0 0 2  
0 . 1 0 1  - 0 . 0 0 2  
0 . 1 2 9  - 0 . 0 0 0  
0 . 1 5 8  0 . 0 0 1  
0 . 1 8 1  0 . 0 0 2  
0 . 2 0 4  0 . 0 0 1  
0 . 2 0 6  - 0 . 0 0 3  
0 . 2 1 7  - 0 . 0 0 4  
0 . 2 1 3  - 0 . 0 0 3  
0 . 2 0 6  - 0 . 0 0 1  
0 . 2 1 6  0 . 0 0 2  
0 . 1 9 7  0 . 0 0 3  
0 . 1 8 7  0 . 0 0 2  

% D I F F  
1 . 0 3 2  
3 . 7 7 6  
2 . 1 2 0  
2 . 2 0 4  
0 . 1 4 1  
0 . 5 9 5  
1 . 3 9 9  
0 . 4 3 9  
1 . 6 5 0  
1 . 7 7 2  
1 . 4 5 5  
0 . 4 1 5  
0 . 7 7 9  
1 . 5 2 3  
0 . 8 3 1  

TABLE B-54 

FULL MODEL 
MULTIPLIER EXPERIMENT - 10% INCREASE 

I N  AUTO INPUT COSTS INDEX 
FULL-SIZE CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 4 5 3  
1 9 6 1  0 . 5 0 5  
1 9 6 2  0 . 5 1 1  
1 9 6 3  0 . 5 1 6  
1 9 6 4  0 . 4 8 8  
1 9 6 5  0 . 4 4 1  
1 9 6 6  0 . 4 1 0  
1 9 6 7  0 . 3 2 4  
1 9 6 8  0 . 2 5 9  
1 9 6 9  0 . 2 4 2  
1 9 7 0  0 . 2 3 7  
1 9 7 1  0 . 2 5 4  
1 9 7 2  0 . 2 9 8  
1 9 7 3  0 . 3 7 4  
1 9 7 4  0 . 3 6 2  

SHOCK DIFFERENCE % D I F F  
0 . 4 0 8  - 0 . 0 4 5  9 . 9 2 4  
0 . 4 9 1  - 0 . 0 1 4  2 . 6 2 4  
0 . 4 9 8  - 0 . 0 1 3  2 . 5 2 1  
0 . 5 0 4  - 0  ..O 1 2  2 . 3 9 1  
0 . 4 6 0  - 0 . 0 2 8  5 . 7 5 6  
0 . 4 0 8  - 0 . 0 3 2  7 . 3 6 9  
0 . 3 6 6  - 0 . 0 4 5  1 0 . 9 2 0  
0 . 2 6 6  - 0 . 0 5 8  1 7 . 9 4 0  
0 . 1 9 7  - 0 . 0 6 1  2 3 . 7 1 3  
0 . 1 8 6  - 0 . 0 5 7  2 3 . 4 0 4  
0 . 1 8 7  - 0 . 0 5 0  2 0 . 9 5 9  
0 . 2 2 2  - 0 . 0 3 3  1 2 . 8 3 3  
0 . 2 7 1  - 0 , 0 2 7  9 . 1 6 1  
0 . 3 4 8  - 0 . 0 2 6  6 . 9 1 6  
0 . 3 4 1  - 0 . 0 2 1  5 . 7 9 6  



TABLE 8 - 5 5  

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 10% INCREASE 

I N  AUTO I N P U T  COSTS INDEX 
LUXURY CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 0 8 0  
1 9 6 1  0 . 0 8 3  
1 9 6 2  0 . 0 8 4  
1 9 6 3  0 . 0 8 5  
1 9 6 4  0 . 0 8 6  
1 9 6 5  0 . 0 9 0  
1 9 6 6  0 . 0 9 4  
1 9 6 7  0 . 0 9 6  
1 9 6 8  0 . 0 9 6  
1 9 6 9  0 . 0 9 6  
1 9 7 0  0 . 0 9 5  
1 9 7 1  0 . 0 9 5  
1 9 7 2  0 . 0 9 4  
1 9 7 3  0 . 0 9 5  
1 9 7 4  0 . 0 9 3  

SHOCK DIFFERENCE 
0 . 0 8 0  - 0 . 0 0  1  
0 . 0 8 2  - 0 . 0 0 1  
0 . 0 8 3  - 0 . 0 0 1  
0 . 0 8 4  - 0 . 0 0 1  
0 . 0 8 5  - 0 . 0 0 1  
0 . 0 8 9  - 0 . 0 0 1  
0 . 0 9 2  - 0 . 0 0 1  
0 . 0 9 4  - 0 . 0 0 2  
0 . 0 9 4  - 0 . 0 0 3  
0 . 0 9 4  - 0 . 0 0 3  
0 . 0 9 3  - 0 . 0 0 2  
0 . 0 9 3  - 0 . 0 0 2  
0 . 0 9 3  - 0 . 0 0 1  
0 . 0 9 4  - 0 . 0 0 1  
0 . 0 9 2  - 0 . 0 0 1  

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

TABLE B - 5 6  

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 10% INCREASE 

I N  AUTO I N P U T  COSTS INDEX 
V E H I C L E  M I L E S  TRAVELED PER F A M I L Y  

% O I F F  
1 . 1 5 2  
0 . 7 1 3  
0 . 6 1 5  
0 . 6 8 4  
0 . 9 0 0  
1 . 0 4 0  
1 . 3 1 1  
2 . 0 2 5  
2 . 6 7 4  
2 . 6 5 4  
2 . 2 1 4  
1 . 6 5 6  
1 . 4 7 1  
1 . 3 2 3  
1 . 1 7 1  

CONTROL 
1 0 . 5 8 0  
1 1 . 3 9 8  
1 1 . 5 9 1  
1 1 . 9 9 6  
1 2 . 2 8 1  
1 2 . 4 8 0  
1 3 . 0 4 0  
1 3 . 3 0 0  
1 3 . 3 9 9  
1 3  - 5 9 2  
1 3 . 6 9 2  
1 3 . 5 9 3  
1 3 . 6 7 8  
1 3 . 7 3 4  
1 3 . 3 6 4  

SHOCK DIFFERENCE X D I F F  
1 0 . 5 1 1  - 0 . 0 7 0  0 . 6 5 7  
1 1 . 1 4 0  - 0 . 2 5 8  2 . 2 6 7  
1 1 . 4 4 3  - 0 . 1 4 7  1 . 2 7 2  
1 1 . 8 9 2  - 0 . 1 0 4  0 . 8 6 7  
1 2 . 1 8 7  - 0 . 0 9 4  0 . 7 6 1  
1 2 . 4 2 5  - 0 . 0 5 5  0 . 4 3 9  
1 3 . 0 3 0  - 0 . 0 1 0  0 . 0 7 7  
1 3 . 3 4 2  0 . 0 4 2  0 . 3 1 5  
1 3 . 4 8 1  0 . 0 8 3  0  1 6  1 7  
1 3 . 7 1 4  0 . 1 2 2  0 . 8 9 5  
1 3 . 8 2 8  0 . 1 3 6  0 . 9 9 2  
1 3 . 7 1 3  0 . 1 2 1  0 . 8 8 7  
1 3 . 7 5 9  0 . 0 8 1  0 . 5 9 3  
1 3 . 7 8 7  0 . 0 5 2  0 . 3 8 2  
1 3 . 3 8 4  0 . 0 2 1  0 . 1 5 4  



TABLE B-57 

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

YEAR 
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

FULL MODEL 
MULTIPLIER EXPERIMENT - 1% INCREASE 

IN NO. OF U.S. LICENSED DRIVERS 
NEW CAR SALES 

CONTROL 
8 . 9 9 3  
6 . 6 4 2  
7 . 6 0 7  
7 . 5 2 4  
8 . 0 9 1  

1 0 . 1 1 3  
9 . 1 7 7  
8 . 1 1 7  
9 . 0 3 8  
8 . 9 0 0  
7 . 9 4 8  
9 . 7 5 4  
9 . 6 1 1  

1 1 . 1 9 0  
8 . 4 9 0  

SHOCK 
9 . 1 2 2  
6 . 6 9 0  
7 . 6 4 9  
7 . 5 5 9  
8 . 1 2 2  

1 0 . 1 4 5  
9 . 2 0 4  
8 . 1 4 3  
9 . 0 6 8  
8 . 9 3 3  
7 . 9 8 0  
9 . 7 9 7  
9 . 6 5 5  

1 1 . 2 4 3  
8 . 5 3 0  

DIFFEREMCE 
0 . 1 2 9  
0 . 0 4 9  
0 . 0 4 2  
0 . 0 3 5  
0 . 0 3 0  
0 . 0 3 1  
0 . 0 2 7  
0 . 0 2 5  
0 . 0 2 9  
0 . 0 3 2  
0 . 0 3 3  
0 . 0 4 3  
0 . 0 4 3  
0 . 0 5 3  
0 . 0 4 0  

TABLE B-58 
FULL MODEL 

MULTIPLIER EXPERIMENT - 1% INCREASE 
IN NO. OF U.S. LICENSED DRIVERS 

SCRAPPAGE 

CONTROL 
3 . 5 4 5  
3 . 6 9 8  
4 . 5 3 1  
5 . 4 2 0  
6 . 0 5 2  
7 . 3 6 1  
7 . 9 3 9  
7 . 5 7 6  
7 . 6 6 5  
7 . 4 4 6  
6 . 5 8 9  
6 . 0 2 1  
6 . 0 3 6  
7 . 4 7 1  
8 . 0 6 7  

SHOCK DIFFERENCE 
3 . 5 1 3  - 0 . 0 3 2  
3 . 6 8 1  - 0 . 0 1 7  
4 . 5 3 2  0 . 0 0 1  
5 . 4 3 6  0 . 0 1 6  
6 . 0 5 8  0 . 0 0 6  
7 . 3 7 3  0 . 0 1 2  
7 . 9 5 8  0 . 0 2 0  
7 . 5 9 8  0 . 0 2 2  
7 . 6 9 0  0 . 0 2 5  
7 . 4 7 8  0 . 0 3 3  
6 . 6 2 3  0 . 0 3 4  
6 . 0 5 4  0 . 0 3 2  
6 . 0 6 9  0 . 0 3 3  
7 . 5 1 2  0 . 0 4 1  
8 . 1 0 8  0.OAO 

% D I F F  
1 . 4 3 6  
0 . 7 3 4  
0 . 5 5 0  
0 . 4 6 6  
0 . 3 7 5  
0 . 3 0 9  
0 . 3 0 0  
0 . 3 1 4  
0 . 3 2 6  
0 . 3 6 2  
0 . 4 1 1  
0 . 4 3 9  
0 . 4 5 2  
0 . 4 7 5  
0 . 4 7 7  

% D I F F  
0 . 9 0 1  
0 . 4 6 2  
0 . 0 2 4  
0 . 3 0 2  
0 . 1 0 0  
0 . 1 5 9  
0 . 2 4 7  
0 . 2 9 2  
0 . 3 3 1  
0 . 4 3 7  
0 . 5 1 5  
0 . 5 3 6  
0 . 5 5 3  
0 . 5 5 1  
0 . 4 9 9  



T A B L E  B - 5 9  

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  NO. OF U.S. L I C E N S E D  DRIVERS 
SUBCOMPACT CLASS NEW CAR MARKET SHARE 

YEAR CONTROL 
1 9 6 0  0 . 1 2 7  
1 9 6 1  0 . 1 0 5  
1 9 6 2  0 . 1 3 0  
1 9 6 3  0 . 1 1 3  
1 9 6 4  0 . 1 7 5  
1 9 6 5  0 . 2 1 0  
1 9 6 6  0 .213  
1 9 6 7  0 . 2 9 4  
1 9 6 8  0 . 3 5 8  
1 9 6 9  0 . 3 2 8  
1 9 7 0  0 .292  
1 9 7 1  0 . 2 6 0  
1 9 7 2  0 . 1 7 6  
1 9  7  3  0 1 3  1 
1 9 7 4  0 . 1 7 0  

SHOCK D I F F E R E K C E  
0 . 1 2 8  0 . 0 0 1  
0 . 1 0 6  0 . 0 0 1  
0 . 1 3 1  0 . 0 0 1  
0 . 1 1 4  0 . 0 0 1  
0 . 1 7 6  0 . 0 0 1  
0 . 2 1 0  0 . 0 0 1  
0 . 2 1 3  0 . 0 0 1  
0 . 2 9 5  0 . 0 0 1  
0 . 3 5 8  0 . 0 0 1  
0 . 3 2 9  0 . 0 0 1  
0 . 2 9 3  0 . 0 0 1  
0 . 2 6 1  0 . 0 0 1  
0 . 1 7 7  0 . 0 0 1  
0 . 1 3 1  0 . 0 0 1  
0 . 1 7 0  0 . 0 0 1  

T A B L E  B - 6 0  

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 

I N  NO. OF U.S. L ICENSED DRIVERS 
COMPACT CLASS NEW CAR MARKET SHARE 

Y E A R  CONTROL 
1 9 6 0  0 . 2 8 0  
1 9 6 1  0 . 2 3 1  
1 9 6 2  0 . 1 8 1  
1 9 6 3  0 . 1 8 2  
1 9 6 4  0 . 1 2 2  
1 9 6 5  0 . 1 0 2  
1 9 6 6  0 . 1 0 5  
1 9  6 7  0 . 0 8 3  
1 9 6 8  0 . 0 7 8  
1 9 6 9  0 . 1 1 3  
1 9 7 0  0 . 1 6 1  
1.9 7  1 0 . 1 8 3  
1 9 7 2  0 . 2 1 8  
1 9 7 3  0 . 2 0 6  
1 9 7 4  0 . 1 9 0  

SHOCK D I F F E R E N C E  
0 .279  - 0 . 0 0 1  
0 . 2 3 0  - 0 . 0 0 1  
0 . 1 8 0  - 0 . 0 0 1  
0 . 1 8 2  - 0 . 0 0 1  
0 . 1 2 2  - 0 . 0 0 1  
0 . 1 0 1  - 0 . 0 0 0  
0 . 1 0 5  - 0 . 0 0 0  
0 . 0 8 3  - 0 . 0 0 0  
0 . 0 7 7  - 0 . 0 0 0  
0 . 1 1 2  - 0 . 0 0 1  
0 . 1 6 0  - 0 . 0 0 1  
0 . 1 8 3  - 0 . 0 0 1  
0 . 2 1 7  - 0 . 0 0 1  
0 . 2 0 6  - 0 . 0 0 0  
0 . 1 8 9  - 0 . 0 0 1  

X D I F F  
0 . 3 0 6  
0 . 3 8 6  
0 . 4 0 7  
0 . 3 4 0  
0 . 4 3 4  
0 . 4 7 6  
0 . 4 7 1  
0 . 5 3 6  
0 . 5 6 5  
0 . 5 0 1  
0 . 4 0 7  
0 . 3 4 9  
0 . 2 5 3  
0 . 2 2 2  
0 . 2 8 2  



TABLE B-61 

P E A R  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

Y E A R  
1 9 6 0  
1 9 6 1  
1 9  6  2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  

FULL MODEL 
MULTIPLIER EXPERIMENT - 1% INCREASE 

IN NO. OF U.S. LICENSED DRIVERS 
MID-SIZE CLASS NEW CAR MARKET SHARE 

D I F F E R E N C E  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  

- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  

TABLE B-62 
FULL MODEL 

MULTIPLIER EXPERIMENT - 1 % INCREASE 
IN NO. OF U.S. LICENSED DRIVERS 

FULL-SIZE CLASS NEW CAR MARKET SHARE 

C O N T R O L  
0 . 4 5 3  
0 . 5 0 5  
0 . 5 1 1  
0 . 5 1 6  
0 . 4 8 8  
0 . 4 4 1  
0 . 4 1 0  
0 . 3 2 4  
0 . 2 5 9  
0 . 2 4 2  
0 . 2 3 7  
0 . 2 5 4  
0 . 2 9 8  
0 . 3 7 4  
0 . 3 6 2  

S H O C K  
0 . 4 5 3  
0 . 5 0 5  
0 . 5  1 0  
0 . 5 1 6  
0 . 4 8 8  
0 . 4 4 0  
0 . 4 1 0  
0 . 3 2 3  
0 . 2 5 8  
0 . 2 4 2  
0 . 2 3 6  
0 . 2 5 4  
0 . 2 9 8  
0 . 3 7 4  
0 . 3 6 2  

D I F F E R E N C E  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  

% D I F F  
0 . 0 6 0  
0 . 0 1 5  
0 . 0 4 3  
0 . 0 4 9  
0 . 0 8 4  
0 . 1 0 8  
0 . 1 0 8  
0 . 1 4 1  
0  1 7 0  
0 . 1 6 3  
0 . 1 5 0  
0 . 1 2 9  
0 . 0 7 6  
0 . 0 4 1  
0 . 0 5 3  



T A B L E  B - 6 3  

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 1YL INCREASE 

I N  NO. OF U.S. L I C E N S E D  DRIVERS 
LUXURY CLASS NEW CAR MARKET SHARE 

Y E A R  C O Y T R O L  
1 9 6 0  0 . 0 8 0  
1 9  6  1  0 . 0 8 3  
1 9 6 2  0 . 0 8 4  
1 9 6 3  0 . 0 8 5  
1 9 6 4  0 . 0 8 6  
1 9 6 5  0 . 0 9 0  
1 9 6 6  0 . 0 9 4  
1 9 6 7  0 . 0 9 6  
1 9 6 8  0 . 0 9 6  
1 9 6 9  0 . 0 9 6  
1 9 7 0  0 . 0 9 5  
1 9 7 1  0 . 0 9 5  
1 9 7 2  0 . 0 9 4  
1 9 7 3  0 . 0 9 5  
1 9 7 4  0 . 0 9 3  

S H O C K  
0 . 0 8 0  
0 . 0 8 3  
0 . 0 8 4  
0 . 0 8 5  
0 . 0 8 6  
0 . 0 9 0  
0 . 0 9 4  
0 . 0 9 6  
0 . 0 9 6  
0 . 0 9 6  
0 . 0 9 5  
0 . 0 9 5  
0 . 0 9 4  
0 . 0 9 5  
0 . 0 9 3  

D I F F E R E M C E  
- 0 . 0 0 0  

0 . 0 0 0  
0 . 0 0 0  

- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  
- 0 . 0 0 0  

T A B L E  8 - 6 4  

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  NO. OF U.S. L I C E N S E D  DRIVERS 
V E H I C L E  M I L E S  TRAVELED PER F A M I L Y  

Y E A R  C O N T R O L  
1 9 6 0  1 0 . 5 8 0  
1 9 6 1  1 1 . 3 9 8  
1 9 6 2  1 1 . 5 9 1  
1 9 6 3  1 1 . 9 9 6  
1 9  6  4  1 2 . 2 8 1  
1 9 6 5  1 2 . 4 8 0  
1 9 6 6  1 3 . 0 4 0  
1 9 6 7  1 3 . 3 0 0  
1 9 6 8  1 3 . 3 9 9  
1 9 6 9  1 3 . 5 9 2  
1 9 7 0  1 3 . 6 9 2  
1 9 7 1  1 3 . 5 9 3  
1 9 7 2  1 3 . 6 7 8  
1 9 7 3  1 3 . 7 3 4  
1 9 7 4  1 3 . 3 6 4  

S H O C K  D I F F E R E N C E  
1 0 . 5 9 0  0 . 0 1 0  
1 1 . 4 3 8  0 . 0 3 9  
1 1 . 6 4 1  0 . 0 5 0  
1 2 . 0 5 2  0 . 0 5 6  
1 2 . 3 4 1  0 . 0 6 0  
1 2 . 5 4 2  0 . 0 6 2  
1 3 . 1 0 3  0 . 0 6 2  
1 3 . 3 6 1  0 . 0 6 1  
1 3 . 4 5 7  0 . 0 5 9  
1 3 . 6 5 0  0 . 0 5 7  
1 3 . 7 4 8  0 . 0 5 6  
1 3 . 6 4 7  0 . 0 5 4  
1 3 . 7 3 3  U . 0 5 5  
1 3 . 7 9 0  0 . 0 5 6  
1 3 . 4 1 9  0 . 0 5 6  

% D I F F  
0 . 0 9 5  
0 . 3 4 5  
0 . 4 3 4  
0 . 4 6 8  
0 . 4 9 1  
0 . 4 9 4  
0 . 4 8 1  
0 . 4 5 8  
0 . 4 4 0  
0 . 4 2 1  
0 . 4 0 7  
0 . 4 0 1  
0 . 4 0 4  
0 . 4 0 8  
0 . 4 1 6  



TABLE B - 6 5  

FULL MODEL 
M U L T I P L I E R  EXPERIMENT - 1 % INCREASE 

I N  U.S. POPULATION AGES 2 0 - 2 9  
NEW CAR SALES 

Y E A R  CONTROL 
1 9 6 0  8 . 9 9 3  
1 9 6 1  6 . 6 4 2  
1 9  6  2  7 .607  
1 9 6 3  7 .524  
1 9 6 4  8 . 0 9 1  
1 9 6 5  1 0 . 1 1 3  
1 9 6 6  9 . 1 7 7  
1 9 6 7  8 . 1 1 7  
1 9 6 8  9 .038  
1 9 6 9  8 . 9 0 0  
1 9 7 0  7 .948  
1 9 7 1  9 . 7 5 4  
1 9 7 2  9 . 6 1 1  
1 9 7 3  1 1 . 1 9 0  
1 9 7 4  8 . 4 9 0  

SHOCK D I F F E R E N C E  % D I F F  
8 . 9 9 4  0 . 0 0 2  0 . 0 1 8  
6 . 6 4 2  0 . 0 0 0  0 . 0 0 6  
7 . 6 0 8  0 . 0 0 1  0 . 0 0 7  
7 . 5 2 4  0 . 0 0 1  0 . 0 1 2  
8 . 0 9 2  0 . 0 0 1  0 . 0 0 7  

1 0 . 1 1 4  0 . 0 0 1  0 . 0 0 7  
9 . 1 7 8  0 . 0 0 1  0 . 0 0 7  
8 . 1 1 8  0 . 0 0 1  0 . 0 1 2  
9 . 0 4 0  0 . 0 0 2  0 . 0 1 7  
8 . 9 0 1  0 . 0 0 1  0 . 0 0 8  
7 . 9 4 9  0 . 0 0 1  0 . 0 1 2  
9 . 7 5 5  0 . 0 0 1  0 . 0 0 7  
9 . 6 1 1  - 0 . 0 0 0  0 . 0 0 2  

1 1 . 1 9 0  - 0 . 0 0 0  0 . 0 0 3  
8 . 4 8 9  - 0 . 0 0 0  0 . 0 0 4  

TABLE B - 6 6  

FULL MODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  U.S. POPULATION AGES 2 0 - 2 9  
SCRAPPAGE 

Y E A R  CONTROL 
1 9 6 0  3 . 5 4 5  
1 9 6 1  3 . 6 9 8  
1 9 6 2  4 . 5 3 1  
1 9  6  3  5 . 4 2 0  
1 9 6 4  6 . 0 5 2  
1 9 6 5  7 . 3 6 1  
1 9 6 6  7 . 9 3 9  
1 9 6 7  7 . 5 7 6  
1 9 6 8  7 . 6 6 5  
1 9 6 9  7 . 4 4 6  
1 9 7 0  6 . 5 8 9  
1 9 7 1  6 . 0 2 1  
1 9 7 2  6 . 0 3 6  
1 9 7 3  7 . 4 7 1  
1 9 7 4  8 . 0 6 7  

SHOCK 
3 . 5 4 4  
3 . 6 9 8  
4 . 5 3 2  
5 . 4 2 1  
6 . 0 5 2  
7 . 3 6 1  
7 .939  
7 . 5 7 6  
7 . 6 6 5  
7 . 4 4 6  
6 . 5 8 9  
6 . 0 2 2  
6 . 0 3 6  
7 . 4 7 1  
8 . 0 6 7  

D I F F X R E N C E  
- 0 . 0 0 0  

0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 1  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  

- 0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 0  
0 . 0 0 0  

- 0 . 0 0 0  

% D I F F  
0 . 0 0 6  
0 . 0 0 0  
0 . 0 1 0  
0 . 0 1 2  
0 . 0 0 1  
0 . 0 0 3  
0 . 0 0 3  
0 . 0 0 1  
0 . 0 0 3  
0 . 0 0 9  
0 . 0 0 8  
0 . 0 0 8  
0 . 0 0 6  
0 . 0 0 5  
0 . 0 0 2  



TABLE B - 6 7  

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  U.S. POPULATION AGES 2 0 - 2 9  
SUBCOMPACT CLASS NEW CAR MARKET SHARE 

Y E A R  C O N T R O L  
1 9 6 0  0 . 1 2 7  
1 9 6 1  0 . 1 0 5  
1 9 6 2  0 . 1 3 0  
1 9 6 3  0 . 1 1 3  
1 9 6 4  0 .175 
1 9 6 5  0 . 2 1 0  
1 9 6 6  0 . 2 1 3  
1 9 6 7  0 . 2 9 4  
1 9 6 8  0 .358  
1 9 6 9  0 .328 
1 9 7 0  0 .292 
1 9 7 1  0 .260  
1 9 7 2  0 .176  
1 9 7 3  0 . 1 3 1  
1 9 7 4  0 . 1 7 0  

S H O C K  
0 . 1 2 8  
0 . 1 0 5  
0 . 1 3 1  
0 . 1 1 4  
0 . 1 7 6  
0 . 2 1 1  
0 .213  
0 . 2 9 6  
0 .359  
0 .329  
0 . 2 9 3  
0 . 2 6 1  
0 . 1 7 7  
0 . 1 3 1  
0 . 1 7 0  

D I F F E R E N C E  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 1  

TABLE B - 6 8  

F U L L  MODEL 
M U L T I P L I E R  EXPERIMENT - 1% INCREASE 

I N  U.S. POPULATION AGES 2 0 - 2 9  
COMPACT CLASS NEW CAR MARKET SHARE 

YEAR C O X T R O L  
1 9 6 0  0 . 2 8 0  
1 9 6 1  0 . 2 3 1  
1 9 6 2  0 . 1 8 1  
1 9 6 3  0 . 1 8 2  
1'9 6  4  0 . 1 2 2  
1 9 6 5  0 .102  
1 9 6 6  0 .105  
1 9 6 7  0 . 0 8 3  
1 9 6 8  0 . 0 7 8  
1 9 6 9  0 . 1 1 3  
1 9 7 0  0 . 1 6 1  
1 9  7  1 0 . 1 8 3  
1 9 7 2  0 . 2 1 8  
1 9 7 3  0 ,206  
1 9 7 4  0 . 1 9 0  

S H O C K  
0 . 2 8 1  
0 . 2 3 2  
0 . 1 8 2  
0 . 1 8 3  
0 . 1 2 3  
0 . 1 0 2  
0 . 1 0 5  
0 . 0 8 3  
0 . 0 7 8  
0 . 1 1 3  
0 . 1 6 1  
0 . 1 8 3  
0 . 2 1 8  
0 . 2 0 7  
0 . 1 9 0  

D I F F E R E N C E  
0 . 0 0 1  
0 . 0 0 1  
0 . 0 0 0  
0 . 0 0 1  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  

X DIFF 
0 . 6 2 7  
0 . 5 9 6  
0 . 5 5 5  
0 . 5 4 9  
0 . 4 9 5  
0 . 4 5 6  
0 . 4 4 1  
0 . 3 7 8  
0 . 3 3 3  
0 . 3 3 9  
0 . 3 4 6  
0 . 3 5 9  
0 . 4 0 4  
0 . 4 4 1  
0 . 4 0 1  

% D I F F  
0 . 2 4 5  
0 . 2 7 5  
0 . 2 6 4  
0 . 2 8 7  
0 . 2 4 8  
0 . 2 2 4  
0 . 2 1 3  
0 . 1 5 2  
0 . 1 0 2  
0 . 0 9 6  
0 .104  
0 . 1 2 1  
0 . 1 7 2  
0 . 2 1 2  
0 1 7 0  



TABLE B-69 
FULL MODEL 

MULTIPLIER EXPERIMENT - 1 % INCREASE 
IN U.S. POPULATION AGES 20-29 

MID-SIZE CLASS NEW CAR MARKET SHARE 

Y E A R  CONTROL 
1 9 6 0  0 . 0 6 0  
1 9 6 1  0 . 0 7 6  
1 9 6 2  0 . 0 9 5  
1 9 6 3  0 . 1 0 3  
1 9 6 4  0  1 2 9  
1 9 6 5  0 . 1 5 7  
1 9 6 6  0 . 1 7 9  
1 9 6 7  0 . 2 0 3  
1 9 6 8  0 . 2 1 0  
1 9 6 9  0 . 2 2 0  
1 9 7 0  0 . 2 1 6  
1 9 7 1  0 . 2 0 7  
1 9 7 2  0 . 2 1 4  
1 9 7 3  0 . 1 9 4  
1 9 7 4  0 . 1 8 6  

SHOCK 
0 . 0 6 0  
0 . 0 7 6  
0 . 0 9 4  
0 . 1 0 3  
0 . 1 2 9  
0 . 1 5 7  
0 . 1 7 8  
0 . 2 0 3  
0 . 2 0 9  
0 . 2 2 0  
0 . 2 1 5  
0 . 2 0 7  
0 . 2 1 4  
0 . 1 9 3  
0 . 1 8 6  

TABLE 5-70 
FULL MODEL 

MULTIPLIER EXPERIMENT - 1% INCREASE 
IN U.S. POPULATION AGES 20-29 

FULL-SIZE CLASS NEW CAR MARKET SHARE 

Y E A R  CONTROL 
1 9 6 0  0 . 4 5 3  
1 9 6 1  0 . 5 0 5  
1 9 6 2  0 .5  11 
1 9 6 3  0 . 5 1 6  
1 9 6 4  0 . 4 8 8  
1 9 6 5  0 . 4 4 1  
1 9 6 6  0 . 4 1 0  
1 9 6 7  0 . 3 2 4  
1 9 6 8  0 . 2 5 9  
1 9 6 9  0 . 2 4 2  
1 9 7 0  0 . 2 3 7  
1 9 7 1  0 . 2 5 4  
1 9 7 2  0 . 2 9 8  
1 9 7 3  0 . 3 7 4  
1 9 7 4  0 . 3 6 2  

S E O C R  D I F F E R E N C E  
0 . 4 5 1  - 0 . 0 0 1  
0 . 5 0 4  - 0 . 0 0 1  
0 . 5 1 0  - 0 . 0 0 1  
0 . 5 1 5  - 0 . 0 0 1  
0 . 4 8 7  - 0 . 0 0 1  
0 . 4 4 0  - 0 . 0 0 1  
0 . 4 0 9  - 0 . 0 0 1  
0 . 3 2 3  - 0 . 0 0 1  
0 . 2 5 8  - 0 . 0 0 1  
0 . 2 4 2  - 0 . 0 0 1  
0 . 2 3 6  - 0 . 0 0 1  
0 . 2 5 4  - 0 . 0 0 1  
0 . 2 9 7  - 0 . 0 0 1  
0 . 3 7 4  - 0 . 0 0 1  
0 . 3 6 1  - 0 . 0 0 1  

X DIFF 
0 . 2 1 1  
0 . 1 7 6  
0 . 1 6 7  
0 . 1 4 8  
0 . 1 4 0  
0 . 1 4 2  
0 . 1 3 4  
0 . 1 5 0  
0 . 1 6 6  
0 . 1 6 3  
0 . 1 6 1  
0 . 1 5 2  
0 . 1 3 1  
0 . 1 0 3  
0 . 1 1 1  

7; D I F F  
0 . 2 9 3  
0 . 2 2 0  
0 . 2 0 2  
0 . 1 9 0  
0 . 2 0 1  
0 . 2 1 6  
0 . 2 2 1  
0 . 2 8 4  
0 . 3 4 8  
0 . 3 4 5  
0 . 3 4 1  
0 . 3 2 2  
0 . 2 6 4  
0 . 2 1 4  
0 . 2 1 6  



TABLE B-71 
FULL MODEL 

MULTIPLIER EXPERIMENT - 1% INCREASE 
IN U.S. POPULATION AGES 20-29 

LUXURY CLASS NEW CAR MARKET SHARE 

Y E A 2  CONTROL 
1 9 6 0  0 . 0 8 0  
1 9 6 1  0 . 0 8 3  
1 9 6 2  0 . 0 8 4  
1 9 6 3  0 . 0 8 5  
1 9 6 4  0 . 0 8 6  
1 9 6 5  0 . 0 9 0  
1 9 6 6  0 . 0 9 4  
1 9 6 7  0 . 0 9 6  
1 9 6 8  0 . 0 9 6  
1 9 6 9  0 . 0 9 6  
1 9 7 0  0 . 0 9 5  
1 9 7 1  0 . 0 9 5  
1 9 7 2  0 . 0 9 4  
1 9 7 3  0 . 0 9 5  
1 9 7 4  0 . 0 9 3  

SHOCK D I F F E R E N C E  
0 . 0 8 0  - 0 . 0 0 0  
0 . 0 8 3  - 0 . 0 0 0  
0 . 0 8 4  - 0 . 0 0 0  
0 . 0 8 5  - 0 . 0 0 0  
0 . 0 8 6  - 0 . 0 0 0  
0 . 0 9 0  - 0 . 0 0 0  
0 . 0 9 4  - 0 . 0 0 0  
0 . 0 9 6  - 0 . 0 0 0  
0 . 0 9 6  - 0 . 0 0 0  
0 . 0 9 6  - 0 . 0 0 0  
0 . 0 9 5  - 0 . 0 0 0  
0 . 0 9 5  - 0 . 0 0 0  
0 . 0 9 4  - 0 . 0 0 0  
0 . 0 9 5  - 0 . 0 0 0  
0 . 0 9 3  - 0 . 0 0 0  

TABLE B-72 
FULL MODEL 

MULTIPLIER EXPERIMENT - 1% INCREASE 
IN U. S. POPULATION AGES 20-29 

VEHICLE MILES TRAVELED PER FAMILY 

CONTROL 
1 0 . 5 8 0  
1 1 . 3 9 8  
1 1 . 5 9 1  
1 1 . 9 9 6  
1 2 . 2 8 1  
1 2 . 4 8 0  
1 3 . 0 4 0  
1 3 . 3 0 0  
1 3 . 3 9 9  
1 3 . 5 9 2  
1 3 . 6 9 2  
1 3 . 5 9 3  
1 3 . 6 7 8  
1 3 . 7 3 4  
1 3 . 3 6 4  

SHOCK C I F F E X E : ? C E  
1 0 . 5 8 0  0 . 0 0 0  
1 1 . 3 9 9  0 . 0 0 1  
1 1 . 5 9 2  0 . 0 0 1  
1 1 . 9 9 7  0 . 0 0 1  
1 2 . 2 8 2  0 . 0 0 1  
1 2 . 4 8 2  0 . 0 0 2  
1 3 . 0 4 2  0 . 0 0 2  
1 3 . 3 0 2  0 . 0 0 2  
1 3 . 4 0 1  0 . 0 0 2  
1 3 . 5 9 5  0 . 0 0 3  
1 3 . 6 9 5  0 . 0 0 3  
1 3 . 5 9 5  0 . 0 0 3  
1 3 . 6 8 1  0 . 0 0 3  
1 3 . 7 3 7  0 . 0 0 3  
1 3 . 3 6 6  0 . 0 0 2  

% D I F F  
0 . 0 3 3  
0 . 0 1 7  
0 . 0 1 4  
0 . 0 1 2  
0 . 0 1 1  
0 . 0 1 1  
0 . 0 1 3  
0 . 0 1 7  
0 . 0 2 3  
0 . 0 2 4  
0 . 0 2 3  
0 . 0 2 3  
0 . 0 1 9  
0 . 0 1 8  
0 . 0 1 7  

7; D I F F  
0 . 0 0 2  
0 . 0 0 7  
0 . 0 0 8  
0 . 0 0 9  
0 . 0 1 1  
0 . 0 1 3  
0 . 0 1 4  
0 . 0 1 6  
0 . 0 1 7  
0 . 0 2 0  
0 . 0 2 0  
0 . 0 2 1  
0 . 0 2 0  
0 . 0 1 8  
0 . 0 1 6  



FOOTNOTES 

1. I n  t h i s  r e p o r t  t h e  terms Wharton EFA Automobi1e.Demand Model and 
Whar ton  EFA a u t o  model  r e f e r  t o  t h e  same mode l .  Whar ton  EFA, 
r e f e r s  t o  Wharton Econometri c  Fo recas t i ng  Associates,  I nc .  

2. T h e  e q u a t i o n s  o f  t h e  m o d e l  a r e  a c t u a l l y  d i v i d e d  i n t o  f i v e  
computat ional  b locks  o r  sub rou t i nes  w i t h i n  t h e  computer  p rogram,  
T h e s e  s u b r o u t i n e s  c o r r e s p o n d  t o  t h e  c o m p u t a t i o n a l  b l o c k s  as 
f o l l o w s :  

Wharton EFA Program 
Computat ional B lock  

Block A 
  lock B 
Block C 
B lock  D 
Block E 
Block F  

3. The harmonic mean o f  x  = 

Subrout ine  ~ a m e  
LINKS 
PRICES 

1 s t  h a l f  o f  DSIRES 
2nd h a l f  o f  DSIRES 

DMANDS 
STOCKS 

4. T h e  1 9 7 4  m o d e l  b y  Chase E c o n o m e t r i c s  I n c . ,  t h e  1976 model  b y  
Eastwood and Anderson,  and t h e  1958 mode l  b y  S u i t s  examine t h e  
e f f e c t  o f  c r e d i t  t e r m s  on new c a r  demand. Walker ,  i n  h i s  1968 
model, found a  r e 1  a t i o n s h i p  be tween sc rappage  r a t e s  and r e p a i r  
cos ts .  

The a s s u m p t i o n  was a l s o  made i n  t h e  model  r e p o r t e d  i n  t h e  U.S. 
Depar tmen t  o f  T r a n s p o r t a t i o n ' s  M a r k e t i n g  a n d  m o b i  1  i t y  p a n e l  
r e  o r t ,  pub1 i s h e d  i n  1976 b y  t h e  In te ragency  Task Force on Motor  
$Lr e h i c  e  Goals Beyond 1980.  However, i n  a  r e c e n t  s t u d y  [Golomb 
D.H., and Bunch H.M. 1978. S t o c h a s t i c  a n a l y s i s  o f  f u t u r e  v e h i c l e  
~ o p u l a t i o n s .  Ann Arbor, Michigan:  The U n i v e r s i t y  o f  M i c h i g a n  J, 
i t  was f o u n d  t h a t  t h e  q i ' s  may a c t u a l l y  decrease t o  c l o s e  t o  zero  
f o r  v e h i c l e s  aged t w e l v e  t o  t w e n t y  y e a r s .  I n  a d d i t i o n ,  i t  was 
f o u n d  t h a t  t h e  scrappage p r o b a b i l i t i e s ,  q i ,  d i f f e r  by s i z e  c lass .  
Therefore,  Wharton EFA's aggregate s u r v i v a l  model  and assumpt ions  
c o n c e r n i n g  t h e  q i ' s  may produce b iased scrappage es t imates  by age 
and s i z e  c lass .  

6. An e q u a t i o n  i s  i d e n t i f i e d  a s  r e p r o d u c i b l e  i f  t h e  HSRI r e s u l t s  
(which i n c l u d e  t h e  es t ima ted  c o e f f i c i e n t s ,  s t a n d a r d  e r r o r s  o f  t h e  



est imated c o e f f i c i e n t s ,  t he  adjusted R~ (a?)  s t a t i s t i c s ,  and the 
standard e r ro r s  of t h e  est imated equation ( S E E ) )  matched those  
r e s u l t s  reported in the Wharton EFA auto model documentation to a t  
least  the fourth or f i f t h  s ignif icant  d ig i t .  Discrepancies in t h e  
four th  or f i f t h  s ignif icant  d ig i t  may be due to  differences in the 
computer algorithms used by HSRI and Wharton E F A  t o  e s t ima te  t h e  
equations. 

7. This ca lcula t ion  neglects at leas t  one other impact on  the desired 
stock caused by an inc rease  in income. The inc rease  in income 
causes " t r a d i n g  up" t o  l a r g e r  c a r s  in the  market seqments; t h i s  
then implies an increase in the average capitalized cost per mi 1 e ,  
which t e n d s  t o  d e c r e a s e  t h e  d e s i r e d  s t o c k .  However, t h e  
calculation does serve t o  i l l u s t r a t e  the basic point  t h a t  t h e  net  
e f f e c t  of t h e  inc rease  of an income on the  des i red  stock per 
family i s  v i r tua l ly  zero in the long run. 

8. The Almon l a g  p r o c e d u r e  i s  one in which the  lag  weights are  
assumed t o  follow a  polynomial of a  given degree. To formulate i t  
one must spec i fy  the  appropr ia t e  degree of the  polynomial and 
s t a t e  the number of periods before the  weights can be assumed t o  
be z e r o .  The o r i g i n a l  a r t i c l e  on t h i s  sub jec t  i s :  Almon, S. 
1965. The d i s t r i b u t e d  lag  between c a p i t a l  appropr ia t ions  and 
expenditures. Econometrica 33: 178-96. 

9. The formula fo r  SIML R-SO i s  

b 
r ( S i  - h i )  

2 

i  =a 
SIML R-SQ = 1 - ,, - 2 

1 ( h i  - h )  
i  =a 

where 
a  = s tar t ing  year of simulation 
b = ending year of simulation 
S  = simulated value for  year i  
h = historical  (ac tual )  value for  year i  

= average historical  value 

The formula above i s  similar to  the one used t o  c a l c u l a t e  
the  ~2 f o r  a  s i n g l e  equation model. The on1 difference 
between the SIML R-SQ and the  single equation R$ i s  in t h e  
computat i on of the  endogenous (predicted) value, which in 
t h i s  case i s  t h e  simulat ion value,  S i *  In t h e  s i n g l e  
equation model, the  endogenous variable i s  computed using 
the actual values of the  independent va r i ab les  f o r  each 
year .  In the  case of SIML R-SQ, the endogenous variable, 



S i ,  i s  computed f r o m  va lues  generated by t h e  model r a t h e r  
t han  f r o m  ac tua l  values.  

Over  t h e  f o r e c a s t i n g  i n t e r v a l  ( a  t o  b ) ,  t h e  SIML R-SQ 
s t a t i s t i c  expresses t h e  v a r i  a t  i o n  between t h e  h i s t o r i c a l  
and s i m u l a t e d  v a l u e s  as a  f r a c t i o n  o f  t h e  t o t a l  v a r i a t i o n  
i n  t h e  h i s t o r i c a l  v a l u e s .  S i n c e  t h e  t o t a l  v a r i a t i o n  o f  
t h e  s i m u l  a ted  va lues  f rom t h e  ac tua l  va lues  may exceed t h e  
t o t a l  v a r i a t i o n  o f  t h e  a c t u a l  va lues  f r o m  t h e i r  mean, t h e  
SIML R-SQ, u n l i k e  t h e  R ~ ,  may have a  nega t i ve  value. That  

2  i s ,  r (Si - hi)2 may be g r e a t e r  t han  r (hi - hi) . 
T h e  SIML R-SQ has t h e  same i n t e r p r e t a t i o n  f o r  t h e  

m u l t i - e q u a t i o n  model as t h e  ~ 2  has f o r  t h e  s i n g l e  e q u a t i o n  
model  o v e r  t h e  p o s i t i v e  range. That  i s ,  t h e  p o s i t i v e  SIML 
R-SQ values i n d i c a t e  t h e  p r o ~ o r t i o n  o f  t h e  v a r i a t i o n  o f  
t h e  endogenous  v a r i a b l e  t h a t  can be  a t t r i b u t e d  t o  t h e  
p r e d i c t i v e  c a p a c i t y  o f  t h e  mode l .  N e g a t i v e  v a l u e s  can be 
t a k e n  t o  i n d i c a t e  t h e  m o d e l ' s  p o o r  a b i l i t y  t o  p r e d i c t .  
These n e g a t i v e  v a l u e s  may a l s o  i n d i c a t e  chanqes i n  t h e  
s t r u c t u r e  o f  t h e  mode led  system, o r  i n s t a b i l i t y  o f  t h e  
es t imated c o e f f i c i e n t s .  

10. The SIML R-SQ s t a t i s t i c  p r e d i c t s  t h i s  same r e s u l t .  A nega t i ve  
SIML R-SQ--which a l l  t h e  new ca r  market  sha res  h a v e - - i n d i c a t e s  
t h a t  t h e  sum o f  s q u a r e d  e r r o r s  o f  t h e  s i m u l a t i o n s  i s  h ighe r  
t han  t h e  sum o f  squared d i f f e r e n c e s  o f  t h e  h i s t o r i c a l  v a l u e s  
f rom t h e i r  mean, which i s  t h e  same as HSRI's n a i v e  f o r e c a s t .  

I f  t h e  sum o f  squared e r r o r s  i n  t h e  s i m u l  a t i o n  i s  1  a r g e r  
t h a n  t h e  sum o f  s q u a r e d  d i f f e r e n c e s  i n  t h e  v a r i a b l e  f rom i t s  
mean, t h e  same i s  t r u e  f o r  t h e  squared r o o t s  o f  these sums. The 
s q u a r e d  r o o t s  o f  t h e s e  sums d i v i d e d  b y  t h e  number o f  y e a r s  
i n c l u d e d  i n  t h e  s i m u l a t i o n  i s  t h e  RMSE. Thus, a  n e g a t i v e  S I M L  
R - S Q  i m p l i e s  t h a t  a  n a i v e  f o r e c a s t  u s i n g  t h e  h i s t o r i c a l  mean 
has a  lower  RMSE over  t h e  h i s t o r i c a l  p e r i o d  t h a n  t h e  s i m u l a t e d  
values generated by t h e  model. 

11. The Wharton EFA a u t h o r s  n o t e  i n  t h e i r  r e p o r t  t h a t  t h e r e  i s  a  
t h i r d  phase i n  t h i s  p r o c e s s  t h a t  t h e  HSRI r e s u l t s  do n o t  show 
due t o  t h e  l e n g t h  o f  t h e  s i m u l a t i o n  pe r iod .  Apparen t l y ,  i f  t h e  
s i m u l a t i o n  p e r i o d  i s  extended enough, t h e  i nc rease  i n  smal l  c a r  
shares e v e n t u a l l y  i s  eroded u n t i l  s m a l l  c a r  s h a r e s  f a1 1  b e l o w  
t h e  b a s e l i n e  s o l u t i o n  and f u l l - s i z e  c a r  shares g a i n  and r i s e  
above t h e  b a s e l i n e  s o l u t i o n .  

12. I t  s h o u l d  be n o t e d  t h a t  these r e s u l t s  do n o t  n e c e s s a r i l y  i m p l y  
a  o n e - f o r - o n e  s w i t c h i n g  f r o m  f u l l - s i z e  c a r s  t o  s m a l l  c a r s  
( subcompac t  and c o m p a c t ) .  What t h e y  more  l i k e l y  i n d i c a t e  i s  
t h a t  f u l l - s i z e  new ca r  buyers t r a d e  down t o  m i d - s i z e  and t h a t  



m i d - s i z e  b u y e r s  t r a d e  down t o  s m a l l  c a r s  i n  e q u a l  numbers, 
r e s u l t i n g  i n  no n e t  impact on t h e  m id -s i ze  new ca r  segment. 

13. The b a s i c  l o g i c  of impact e l a s t i c i t y  be ing  g r e a t e r  i n  magnitude 
than t h e  long- run o r  s teady -s ta te  e l a s t i c i t y  i s  w e l l  f o u n d e d  i n  
t h e  l i t e r a t u r e  o f  automobi le demand. It i s  s t r i c t l y  i m p l i e d  by 
t h e  convent iona l  Chow-Nerlove stock adjustment  model as we1 1  as 
b y  o t h e r  more e m p i r i c a l  approaches t o  model ing auto demand. For  
a  survey o f  new c a r  p r i c e  e l a s t i c i t y  e s t i m a t e s  see W h i t e  1971, 
pp. 94-95; and Mellman 1975. 

14. T h i s  r e s u l t  i s  t o  b e  c o m p a r e d  w i t h  t h e  r e s u l t s  o f  t h e  
m u l t i p l i e r  exper iment  i n  w h i c h  t h e  p r i c e  o f  g a s o l i n e  ( a l s o  a 
component o f  o p e r a t i n g  c o s t s ) i s  increased.  New ca r  sa les  and 
scrappage move i n  t h e  same d i r e c t i o n  i n  t h a t  experiment. 

15. T h i s  i s  due t o  t h e  assumption t h a t  o l d e r  ca rs  are d r i v e n  less ,  
on t h e  average, t han  newer cars .  Thus, number o f  m i l e s  d r i v e n  
p e r  y e a r  i s  be1 i e v e d  t o  be a  decreasing f u n c t i o n  o f  t h e  age of 
a  veh i c le .  

16. N o t e  t h e  emphasis on t h e  p h r a s e  " l o n g  r u n "  he re .  The model 
does have a  very  troublesome r e s u l t  f rom t h e  p o i n t  o f  v i e w  o f  a  
p o l  i c y m a k e r  i n t e r e s t e d  i n  t h e  s h o r t  r u n  impact on sa les  volume 
o f  an i n c r e a s e  i n  new c a r  p r i c e .  The model has a  s h o r t  r u n  
(one  y e a r )  p r i c e  e l a s t i c i t y  w i t h  r e s p e c t  t o  s a l e s  volume o f  
-1.5 w h i c h  says, f o r  example, t h a t  i f  a  f e d e r a l  r e g u l a t i o n  
i n c r e a s e s  t h e  p r i c e  o f  a  new c a r  b y  5%, t h e n  s a l e s  can be 
expected t o  d e c l i n e  b y  7.5% i n  t h e  f i r s t  y e a r ,  o t h e r  t h i n g s  
be ing  equal.  
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ABSTRACT 

The Wharton EFA A u t o m o b i l e  
Demand Model is an econometric 

computerized model that forecasts 

the long-run sales and scrappage of 

automobiles, in total and for five 

size classes. An analysis of the 

model was performed, consisting of 

four tasks: a detailed analysis 

and critique of its structure and 

t h e o r y ,  r e e s t i m a t i o n  a n d  

examination of the key equations by 

use of historical data, historical 

simulations of submodels and of the 
f u l l  m o d e l ,  and multiplier or 

s e n s i t i v i t y  a n a l y s i s  o f  t h e  
submodels and the full model. It 

was found that the model contains 
s e v e r a l  i n n o v a t i o n s  i n  t h e  

forecasting of auto demand, but 
t h a t  it h a s  several s e r i o u s  

shortcomings. 


