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1.0 INTRODUCTION 

T h i s  volume presents  an i n v e n t o r y  o f  se lec ted  mathematical models 
(econometr ic ,  account ing,  p h y s i c a l ,  e tc . )  r e l a t i n g  t o  t h e  motor  v e h i c l e  
system. These models, which d e s c r i b e  some e f f e c t  on s o c i e t y  o r  t h e  
environment have been assembled because they  a r e  p o t e n t i a l l y  use fu l  i n  
p u b l i c  p o l i c y  r e l a t e d  analyses,  o r  because t h e y  have advanced t h e  
development o f  models p e r t a i n i n g  t o  t h e  motor  v e h i c l e  system. 

The i n v e n t o r y  i s  a  product  o f  t h e  second and t h i r d  phases o f  a  p r o j e c t  
e n t i t l e d  "An A n a l y t i c a l  Study o f  Mathematical Models o f  t h e  Motor  
V e h i c l e  System," sponsored by t h e  Motor  V e h i c l e  Manufacturers 
A s s o c i a t i o n  (MVMA) and conducted by t h e  Highway Sa fe ty  Research 
I n s t i t u t e  a t  The U n i v e r s i t y  of Michigan. The work f o r  t h i s  volume was 
done d u r i n g  t h e  p e r i o d  March 1977 through June 1978. The p r o j e c t  i s  t o  
be a  c o n t i n u i n g  one, and supplements t o  t h i s  f i r s t  volume w i l l  be 
pub1 i shed p e r i o d i c a l  l y .  

1.1 P r o j e c t  Background 

The s t a f f  o f  t h e  Highway Safety Research I n s t i t u t e  i n  1976 began an 
examinat ion o f  mathemat ical  models o f  t h e  motor  v e h i c l e  system, an 
e f f o r t  t h a t  became t h e  f i r s t  phase o f  a  l a r g e r  p r o j e c t  t o  r e p o r t  on 
mathematical models t h a t  have i m p l i c a t i o n s  f o r  p o l i c y  making. Phase I 
o f  t h e  study i n c l u d e d  t h e  p r e p a r a t i o n  o f  a  b r i e f  i n v e n t o r y  o f  models o f  
t h e  types used inlthe 1976 Federal  Task Force Study o f  Motor  Veh ic le  
Goal s  Beyond 1980 ( v e h i c l e  m i  l e s  t r a v e l e d ,  au tomobi le  demand, energy 
consumption, and v e h i c l e  dynamics). Dur ing  Phase 11 o f  t h e  study,  t h e  
i n v e n t o r y  was expanded by t h e  a d d i t i o n  o f  more model t ypes  and more 
examples o f  t h e  types i n c l u d e d  i n  Phase I .  I n  a d d i t i o n ,  models o f  
p a r t i c u l a r  i n t e r e s t  were se lec ted  f o r  ana lys i s ,  and a  p l a n  developed f o r  
t h e  t h i r d  phase o f  t h e  study.  Dur ing  Phase 111, f rom J u l y  1977 through 
June 1978, t h e  expansion of t h e  i n v e n t o r y  cont inued,  as d i d  t h e  a n a l y s i s  
o f  s e l e c t f d  models, and t h e  i n v e s t i g a t i o n  o f  t h e  use o f  models i n  p o l i c y  
ana lys i s .  The expansion o f  t h e  i nven to ry ,  t h e  a n a l y s i s  o f  models, and 
t h e  examinat ion o f  t h e i r  use a r e  be ing cont inued.  

1.2 P r o j e c t  Ob jec t i ves  

The general  o b j e c t i v e  of t h e  study has been t o  examine and desc r ibe  
mathematical models t h a t  have been, a r e  c u r r e n t l y ,  o r  cou ld  be used i n  
f o r m u l a t i n g  p o l i c y  r e l a t e d  t o  t h e  motor  v e h i c l e  system. The s p e c i f i c  

'u.s. Department o f  T ranspor ta t i on ,  The In teragency Task Force on Motor  
Veh ic le  ~ o a l s  Beyond 1980,'The Report by t h e  ~ e d e r a i  Task Force on Motor  ----- 
V e h i c l e  Goals Beyond 1980, D r a f t ,  Sept. 2, 1976. 

2 ~ w o  r e p o r t s  on these  t o p i c s  a r e  c u r r e n t l y  i n  p r e p a r a t i o n  by HSRI 
s t a f f :  Wharton EFA Automobile - Demand - ~ o d e l :  ~ n -  ~ n a l y s i s ,  and 
A p p l i c a t i o n s  of Mathemat ical  Models Motor  v e h i c l e  System Pol  i c y  
Maki IheU.LeWhartMAutmobileDernandModel-AI$s9Studve 



o b j e c t i v e s  have been t o :  

1 )  f i n d ,  c o l l e c t ,  and desc r ibe  e x i s t i n g  mathematical models o f  t h e  
motor  v e h i c l e  system ( t h a t  i s ,  compi le  t h i s  i n v e n t o r y ) ,  

2) p r o v i d e  t h e  capab i l  i ty  f o r  e x e r c i  s i n g  se lec ted  models v i a  computer, 

3 )  analyze s e l e c t e d  models , 

4 )  e x e r c i s e  t h e  models under a l t e r n a t i v e  f u t u r e  c o n d i t i o n s  o r  
scenar ios  , 

5 )  mod i f y  and i n t e g r a t e  models i n  response t o  s p e c i f i c  requirements,  
and 

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

1.3 Report O r q a n i z a t i o n  

The purpose of t h i s  r e p o r t - - a  p roduc t  of t h e  i n v e n t o r y  t a s k  o f  t h e  
s t u d y - - i s  t o  present  s u c c i n c t l y  and i n  a  s t r u c t u r e d  way u s e f u l  
i n f o r m a t i o n  about  po l  i c y - o r i e n t e d  models o f  t h e  motor  v e h i c l e  system. 
S e c t i o n  1.0 desc r ibes  t h e  t e c h n i c a l  approach used t o  compi le  t h e  
i nven to ry .  Sec t i on  2.0 c o n t a i n s  t h e  i n d i v i d u a l  r e p o r t s  on those  models 
examined through June 1978. The t h i r d  s e c t i o n  indexes t h e  models i n  
f i v e  ways: accord ing t o  author,  sponsor, model type,  model name, and 
accession number. The l a s t  of these, t h e  Accession Number Index, 
summarizes t h e  e n t i r e  i n v e n t o r y  of models; i t  g i v e s  t h e  accession 
numbers, model names, authors ,  model types,  and sponsors, 

1.4 Technical  Approach 

The term "model" has been b r o a d l y  used i n  t h i s  i nven to ry .  Any system o f  
equat ions  t h a t  i s  in tended t o  rep resen t  a  process o r  a  system, such as 
t h e  motor  v e h i c l e  market, may be c a l l e d  a  model. Tak ing t h i s  i n t o  
account, t h e  i n v e n t o r y  i n c l u d e s  models t h a t  c o n s i s t  mere ly  o f  s i n g l e  
equat ion ,  econometr ic  r e g r e s s i o n  s p e c i f i c a t i o n s  t h a t  were n o t  i n tended  
t o  be used as p o l i c y  e v a l u a t i o n  t o o l s  when t h e y  were developed, and 
s o p h i s t i c a t e d  programs w i t h  1  arge data  bases t h a t  have been developed 
s p e c i f i c a l l y  f o r  p o l i c y  analyses, The complex models a r e  incuded he re  
because they  have t h e  p o t e n t i a l  f o r  be ing  used i n  research and p o l i c y  
making, e s p e c i a l l y  by t h e  f e d e r a l  government. The s imple  models have 
been inc luded  because they a r e  r e p r e s e n t a t i v e  o f  research t h a t  has 
advanced economic t h e o r y  as i t  a p p l i e s  t o  automobi le  demand, f u e l  o r  
energy consumption, market  share, v e h i c l e  m i l e s  t r a v e l e d ,  o r  o t h e r  
aspects o f  t h e  motor  v e h i c l e  system. 

Several  s teps were r e q u i r e d  t o  compi le  t h e  i n v e n t o r y :  models had t o  be 
(1 )  found, ( 2 )  screened and c o l l e c t e d ,  (3 )  reviewed f o r  t h e i r  re levancy  
and c l a s s i f i e d  by type,  and ( 4 )  reviewed f i n a l l y  t o  e x t r a c t  t h e  
i n f o r m a t i o n  f o r  t h i s  r e p o r t .  



1.4.1 F i n d i n g  t h e  Models 

Four sources were used t o  f i n d  r e l e v a n t  models: l i b r a r y  ca ta logs ,  
computer f i l e s ,  persona l  c o n t a c t s  w i t h  peop le  i n  t h e  f i e l d ,  and f o l l o w -  
up o f  re fe rences  i n  r e p o r t s  on v a r i o u s  models. A1 1  f o u r  sources proved 
t o  be necessary as each uncovered a  number o f  models n o t  d i scove red  by  
any o f  t h e  o t h e r  t h r e e .  

F o r  t h e  1  i b r a r y  search i n  t h i s  s tudy ,  t h e  c a t a l o g s  o f  t h e  l i b r a r i e s  o f  
The U n i v e r s i t y  o f  M ich igan  were searched by t o p i c  f o r  t i t l e s  sugges t i ve  
o f  s u i t a b l e  l i t e r a t u r e .  The m a t e r i a l s  s t o r e d  a t  t h e  Highway S a f e t y  
Research I n s t i t u t e  a l s o  were searched i n  t h i s  way. A l i b r a r y  search i s  
t h e  most f a m i l i a r  way t o  f i n d  t h e  l i t e r a t u r e  on a  g i v e n  s u b j e c t ,  b u t  i t  
i s  l i m i t e d  by t h e  probab le  incompleteness o f  t h e  c a t a l o g s ,  t h e  p o s s i b l e  
narrowness o r  i n a p p r o p r i a t e n e s s  o f  t h e  t o p i c  terms chosen f o r  t h e  
search, and t h e  p o t e n t i a l  b iases  of t h e  searcher  i n  t h e  i n t e r p r e t a t i o n  
o f  a  t i t l e  o r  r e p o r t .  

The second search, repea ted  p e r i o d i c a l  l y  , was o f  t h r e e  computer-based 
f i l e s  o f  1 i t e r a t u r e :  (1) t h e  T r a n s p o r t a t i o n  Research I n f o r m a t i  on 
S e r v i c e  (TRIS) d a t a  base, sponsored by t h e  U.S Department o f  
T r a n s p o r t a t i o n  and t h e  T r a n s p o r t a t  i o n  Research Board, ( 2 )  t h e  N a t i o n a l  
Techn ica l  I n f o r m a t i o n  S e r v i c e  (NTIS) da ta  base, and ( 3 )  t h e  Compendex 
d a t a  base (Eng inee r ing  Index ) .  The l a t t e r  two a r e  a c c e s s i b l e  t h rough  
t h e  Lockheed DIALOG R e t r i e v a l  Serv ice .  To f i n d  a1 1  p o t e n t i a l l y  r e l e v a n t  
models, t h e  HSRI s t a f f  used broad search terms. Even so, seve ra l  models 
p r e v i o u s l y  known t o  be s i g n i f i c a n t  were n o t  i n c l u d e d  i n  any o f  t h e  
c i t a t i o n s  produced by t h e  computer f i l e  searches. 

Having nonethe less  compi led  a  cons ide rab le  1  i s t  o f  models u s i n g  1  i b r a r y  
and computer searches, t h e  p r o j e c t  s t a f f  made personal  c o n t a c t s  t h e i  r 
t h i r d  search method. They con tac ted  au tho rs ,  sponsors, and use rs  o f  
some o f  t h e  models by te lephone,  persona l  v i s i t s ,  o r  both. T h e i r  
purpose was t o  e l i c i t  more i n f o r m a t i o n  about  each model: i.e., i t s  
l o g i c ,  assumptions, s t r u c t u r e ,  d a t a  requ i rements ,  and use. T h e i r  
c o n t a c t s  i n c l u d e d  i n d i v i d u a l s  i n  key d i v i s i o n s  w i t h i n  t h e  Department o f  
T r a n s p o r t a t i o n ,  t h e  Envi  ronrnental P r o t e c t i o n  Agency, t h e  Department o f  
Energy, and o t h e r  f e d e r a l  o r g a n i z a t i o n s .  

Many o f  t h e  r e p o r t s  on t h e  models found by one o f  t hese  methods r e f e r r e d  
t o  o t h e r  models, i n c l u d i n g  models t y p i c a l  o f  t h e  s t a t e  o f  t h e  a r t ,  
models t h a t  p r o v i d e  i n p u t  t o  o r  use o u t p u t  f rom t h e  s u b j e c t  model, and 
models which a re  extended o r  superseded by t h e  s u b j e c t  model. The 
f o u r t h  method t h e  s t a f f  used t o  comp i l e  t h e  i n v e n t o r y ,  then,  was t o  
assemble i n f o r m a t i o n  about a d d i t i o n a l  models r e f e r r e d  t o  i n  r e p o r t s  on 
o t h e r  models. I f  these  new models seemed germane, t h e y  were added t o  
t h e  i n v e n t o r y .  

Every e f f o r t  was made t o  be as comprehensive as p o s s i b l e ,  b u t  
n e v e r t h e l e s s  i t  i s  1  i k e l y  t h a t  some models were over looked i n  t h e  search 
process. Moreover, i t  i s  p o s s i b l e  t h a t  some o f  t h e  i n f o r m a t i o n  ob ta ined  
f rom r e p r e s e n t a t i v e s  o f  sponsor ing  o r  model-us ing agencies o r  f r o m  
au tho rs  was n o t  a lways accu ra te  and comprehensive. T h i s  i s  l i k e l y  t o  
have occured because o f  s t a f f  t u r n o v e r ,  unpubl i shed  m o d i f i c a t i o n  o r  uses 



o f  model s, non-di  s c l  osure  of p r o p r i e t a r y  i n f o r m a t i o n ,  o r  t h e  
u n f a m i l i a r i t y  o f  some persons i n  l a r g e  o r g a n i z a t i o n s  w i t h  a c t i v i t i e s  i n  
o t h e r  branches. S ince  supplements t o  t h i s  volume a r e  t o  be p u b l i s h e d  
p e r i o d i c a l  l y ,  t h e  au tho rs  would a p p r e c i a t e  r e c e i v i n g  any i n f o m a t i o n  t h e  
reader  may have p e r t a i n i n g  t o  new models o f  t h e  t y p e  r e p o r t e d  he re  o r  
updates o r  c o r r e c t i o n s  t o  t h e  summaries o f  models i n c l u d e d  i n  t h i s  
i nven to ry .  

1.4.2 I n i t i a l  Screen ing and C o l l e c t i o n  

The models found by these  search methods were screened i n i t i a l l y  f o r  
t h e i r  appropr ia teness t o  t h e  p r o j e c t  by check ing t h e i r  complete names o r  
t i t l e s  and by r e v i e w i n g  a b s t r a c t s  when these  were a v a i l a b l e .  Models 
r e l a t i n g  t o  t h e  motor  v e h i c l e  system were cons idered a p p r o p r i a t e  i f  t h e y  
( 1 )  desc r ibed  an e f fec t  on s o c i e t y  o r  t h e  environment, ( 2 )  were judged 
t o  be usab le  i n  p o l i c y - r e l a t e d  analyses,  o r  ( 3 )  had advanced t h e  
development o f  models p e r t a i n i n g  t o  t h e  motor  v e h i c l e  system. Every 
e f f o r t  was made by t h e  p r o j e c t  s t a f f  a t  t h i s  p o i n t  t o  be as i n c l u s i v e  as 
poss ib le .  

I n  genera l ,  t h e  s t a f f  concen t ra ted  t h e i r  e f f o r t s  on i d e n t i f y i n g  models 
b u i l t  a f t e r  1970. Some models w r i t t e n  before then  a r e  i n c l u d e d  t o  
i l l u s t r a t e  t h e  pas t  s t a t e  o f  t h e  a r t ,  b u t  no e f f o r t  was made t o  compi le  
a  complete f i l e  o f  models b u i l t  be fore  1970. The models i n c l u d e d  a r e  
g e n e r a l l y  o f  n a t i o n a l ,  r a t h e r  than  l o c a l ,  a p p l i c a b i l i t y .  However, 
seve ra l  models t h a t  a r e  based on l o c a l  area data  have been i n c l u d e d  
p r i m a r i l y  because they  may be used i n  analyses o f  r e g i o n s  o t h e r  t h a n  
those on which they  were based. Therefore,  w h i l e  t h e r e  a r e  t r a v e l -  
demand model s  i n c l  uded i n  t h i s  i n v e n t o r y  , 1  oca l  mode-spl i t  model s  a r e  
n o t  i nc luded  because they  a r e  usual  l y  c a l i b r a t e d  f o r  s p e c i f i c  reg ions  
and a r e  n o t  g e n e r a l l y  used i n  n a t i o n a l  p o l i c y  making. 

The model t ypes  i n c l u d e d  i n  t h i s  s tudy a r e  1  i s t e d  i n  Tab le  1. 

The c o l l e c t i o n  o f  models was done p r i m a r i l y  i n  two ways: ( 1 )  by 
employing t h e  usual  a c q u i s i t i o n  procedures o f  t h e  Highway S a f e t y  
Research I n s t i t u t e  l i b r a r y ,  and ( 2 )  by c o n t a c t i n g  model au tho rs  and 
sponsors and r e q u e s t i n g  t h a t  r e p o r t s  on t h e  models, t h e i r  programs, o r  
whatever fo rm o f  documentat ion was a v a i l a b l e  be sent  t o  t h e  s t a f f .  The 
f i r s t  method was used more e x t e n s i v e l y  s i n c e  i t  proved p o s s i b l e  t o  
o b t a i n  documentat ion on most models found d u r i n g  t h e  l i b r a r y  and 
computer searches by t h i s  means. 

1.4.3 I n i t i a l  Model Review 

A f t e r  r e c e i v i n g  t h e  documentation, t h e  HSRI s t a f f  rev iewed each model 
tw ice .  The f i r s t  rev iew  was t o  check t h e  re levance  o f  t h e  model t o  t h e  
p r o j e c t  and t o  c l a s s i f y  i t  by type. The second rev iew wasmore 
e x t e n s i v e  and p rov ided  t h e  i n f o r m a t i o n  necessary t o  complete an 
i n v e n t o r y  fo rm f o r  t h e  model. A t  t h e  t i m e  o f  i n i t i a l  rev iew,  i f  a  model 
d i d  n o t  appear t o  be r e l e v a n t  t o  t h e  study,  i t  was e l i m i n a t e d  f rom 
f u r t h e r  cons ide ra t i on .  I f  i t  d i d  appear r e l e v a n t ,  i t  was assigned an 



TABLE 1: MODEL TYPES 

Acci dents Motorcycles 

Air Pollution/Air Quality 

Automobi 1 e Demand 

Automobile Design 

Emi ssi  ons 

Energy Consumption 

Fleet Size 

Fuel Consumpti on 

Fuel Economy 

Industrial Financial 
Performance 

Market Share 

Modal Spl i t  

National Economic Impact 

Noise Pollution 

Pri ci ng 

Scrappage 

Trucks 

Vehicle Manufacturing Resource 
Uti l izat ion 

Vehicle Miles Traveled 

Vehicle Operating Performance 

Vehicle User Costs/Vehicle 
Operating Costs 

Weight 

accession number and cataloged by type. (The accession number i s  
described in Section 2.0) 

1.4.4 Compl e t  i on of I nvent0r.y Forms 

Once i t  was decided t o  include a model in the inventory and an accession 
number was assigned, the model report was reviewed again--in depth--to 
extract  the information t o  . be entered on inventory forms and t o  be 
included i n  t h i s  report. At t h i s  time information pertaining t o  models 
that  was obtained from authors, sponsors, and users was also entered on 
the inventory forms. I t  must be noted, however, tha t  the information 
reported fo r  most models was derived solely from the model reports that  
are cited on the inventory forms. These forms were designed by the 
project s t a f f  t o  provide an overview of each model. They summarize 
information pertaining t o  each model, including i t s  history,  authors, 
s t ructure ,  documentation, data requirements, and other key points. The 
completed inventory forms fo r  those models reviewed are  contained in 
Section 2.0, 

1.5 The Indexes 

In the th i rd  section of th i s  volume, following the main body of the 
t ex t ,  the models are indexed according t o  author, sponsor, model type, 



model name, and access ion number. Each index g i ves  t h e  accession 
numbers by which t h e  models a re  ordered i n  t h i s  i nven to ry .  I n  a d d i t i o n  
t o  s e r v i n g  as guides t o  t h e  models i n  t h e  i n v e n t o r y ,  t h e  indexes may be 
used a l s o  t o  p rov ide  t h e  reader  w i t h  summary i n f o r m a t i o n  on such m a t t e r s  
as t h e  types o f  models apparen t l y  i n  use by agencies o f  t h e  f e d e r a l  
government and o thers ,  and t h e  f requency o f  model occurrence f o r  each 
category  o f  au thor ,  sponsor, and type.  



2.0 INVENTORY REPORTS 

T h i s  s e c t i o n  con ta ins  t h e  i n v e n t o r y  r e p o r t s  o f  t h e  r e l e v a n t  models 
assembled through June 1978, The r e p o r t s  f o l l o w  a  s tandard  fo rmat  w i t h  
s i m i l a r  i n f o r m a t i o n  about each model summarized under a  c o n s i s t e n t  
o u t l i n e  o f  c a t e g o r i c a l  headings. For  some models i n f o r m a t i o n  i s  n o t  
p rov ided  under a1 1  headings e i t h e r  because t h e  r e q u i r e d  i n f o r m a t i o n  was 
u n a v a i l a b l e  o r  because t h e  p a r t i c u l  a r  ca tegory  o f  i n f o r m a t i o n  was 
i r r e l e v a n t  t o  t h e  model. The l e v e l  o f  d e t a i l  r e p o r t e d  f o r  each model i s  
dependent, i n  l a r g e  p a r t ,  on t h e  l e v e l  o f  d e t a i l  con ta ined  i n  t h e  
pub l i shed  documentat ion o f  t h e  model. The f o l l o w i n g  paragraphs d e s c r i b e  
t h e  c a t e g o r i c a l  headings used i n  t h e  i n v e n t o r y  forms. 

Accession Number: Each model i s  assigned a  f i v e - d i g i t  accession number. 
The f i r s t  two d i g i t s  rep resen t  t h e  y e a r  i n  which t h e  model r e p o r t  was 
w r i t t e n  and t h e  l a s t  t h r e e  t h e  o r d e r  i n  which t h e  r e p o r t s  were rece ived  
by HSRI p r o j e c t  s t a f f .  It i s  t h e  l a s t  t h r e e  d i g i t s  by which t h e  models 
a r e  ordered i n  t h i s  sec t i on .  Fo r  example, 74-005 f o l l o w s  75-004. I f  
t h e r e  a r e  a  smal l  number o f  d i s t i n c t  submodels w i t h i n  a  model, each 
submodel i s  f u r t h e r  des ignated by appending a  l e t t e r  ( i  .e., A, B, C ,  
e tc . )  t o  t h e  f i v e - d i g i t  accession number. A separa te  i n v e n t o r y  fo rm i s  
i n c l u d e d  f o r  each submodel t o  f a c i l i t a t e  more complete and accu ra te  
r e p o r t  i ng . 
Although t h e  r e p o r t s  on t h e  models a r e  ordered consecu t i ve l y ,  t h e r e  a r e  
gaps i n  t h e  sequence o f  accession numbers. These gaps occur because 
some models proved t o  be dupl  i c a t e s  o r  i r r e l e v a n t  d u r i n g  t h e  i n -dep th  
rev iew process. These were d e l e t e d  f rom t h e  i n v e n t o r y ,  b u t  o n l y  a f t e r  
t h e  accession numbers had been assigned. 

Model Name: The model name r e f e r s  t o  t h e  commonly recogn ized name o f  -- 
t h e  model i f  i t  has one. Otherwise,  t h e  name o f  t h e  r e p o r t  i n  which t h e  
model i s  p resented i s  l i s t e d .  

Summary: The f i r s t  paragraph of each r e p o r t  i s  a  summary statement 
about  each model, i n c l u d i n g  i t s  name, au tho r ,  date,  sponsor, purpose, 
and i f  documented, i t s  use i n  p o l i c y  ana lys i s .  

Sponsor: I n c l u d e d  i n  t h i s  i t e m  a r e  t h e  name and address o f  t h e  
o r g a n i z a t i o n  which sponsored t h e  c o n s t r u c t i o n  o f  t h e  model. I f  t h e r e  
was more t h a n  one sponsor ing  o r g a n i z a t i o n ,  each o f  these i s  inc luded.  

Author :  T h i s  d e s i g n a t i o n  i n c l u d e s  t h e  name and address o f  t h e  
o r g a n i z a t i o n a l  au tho r  o f  t h e  model, and t h e  name o f  each i n d i v i d u a l  
au tho r ,  where these have been i d e n t i f i e d .  

Model l&g: Model t,ype r e f e r s  t o  t h e  o u t p u t  which t h e  model was b u i l t  
t o  produce, e.g., scrappage, f u e l  economy, v e h i c l e  m i l e s  t rave led ,  A1 1  
models a r e  c a t e g o r i z e d  i n t o  one o r  more o f  t h e  severa l  model t ypes  
l i s t e d  i n  Tab le  1. 

O b j e c t i v e  o f  Model: The o b j e c t i v e  o f  t h e  model i s  t h e  purpose f o r  wh ich  
t h e m o d e l  was b u i l t .  T h i s  o f t e n  i n c l u d e s  t h e  r e l a t i o n s h i p s w h i c h  a r e  
analyzed i n  t h e  model. 



R e l a t i o n s h i p  t o  O the r  Models: The names o f  o t h e r  models t o  wh ich  a  
model i s  re1  aGd? 1  i sted.  These i n c l u d e  models o f  wh ich  submodels 
a r e  components and o t h e r  models wh ich  may be f u n c t i o n a l l y  r e l a t e d  t o  t h e  
1  i s t e d  model . 
H i s t o r i c a l  Background: Re levant  h i  s t o r y  p e r t a i n i n g  t o  t h e  model, 
i n c l u d i n g  t h e  reasons f o r  i t s  development and any models wh ich  preceded 
i t  and c o n s t i t u t e d  developmental  antecedents,  i s  summarized. 

Assumptions: Bas i c  assumptions made i n  t h e  c o n s t r u c t i o n  o f  t h e  model, 
i n c l u d i n g  p r i m a r i l y  t h o s e  r e p o r t e d  by model au thors ,  a r e  i n d i c a t e d .  
These may i n c l u d e  assumed r e l a t i o n s h i p s  among v a r i a b l e s ,  assumed 
s u b s t i  t u t a b i  1  i t y  o f  f a c t o r s ,  and s i m i  l a r  imposed c o n d i t i o n s .  

V a l i d a t i o n :  V a l i d a t i o n  i n c l u d e s  any i n f o r m a t i o n  r e l a t i n g  t o  t h e  
f o r e c a s t i n g  behav io r  and dynamic p r o p e r t i e s  o f  t h e  model wh ich  have been 
r e p o r t e d  by model au tho rs  o r  o the rs .  F o r e c a s t i n g  b e h a v i o r  r e f e r s  t o  
comparing a c t u a l  va lues  w i t h  p r e d i c t i o n s  o f  t h e  model. Dynamic 
p r o p e r t i e s  r e f e r  t o  t h e  t i m e  pa ths  o f  changes i n  t h e  endogenous 
v a r i a b l e s  o f  t h e  model i n  response t o  a  change i n  one o r  more o f  t h e  
exogenous v a r i a b l e s  o f  t h e  model. 

L i m i t a t i o n s  - and B e n e f i t s :  P a r t i c u l a r  l i m i t a t i o n s  o r  b e n e f i t s  of t h e  
model a r e  i n d i c a t e d .  L i m i t a t i o n s  may i n c l u d e  t h e  f a c t  t h a t  a  model i s  
o u t  o f  d a t e  o r  t h a t  t h e  r e l a t i v e  impor tance o f  v a r i a b l e s  has changed 
over  t ime.  B e n e f i t s  m igh t  i n c l u d e  a  success fu l ,  i n n o v a t i v e  approach t o  
a  p a r t i c u l a r  a n a l y t i c  problem, 

S t r u c t u r e :  S t r u c t u r e  r e f e r s  t o  t h e  a n a l y t i c a l  s t r u c t u r e  o f  t h e  model, 
i n c l u d i n g  t h e  model fo rm o r  l o g i c  and t h e  equat ions ,  I f  t h e  equa t i ons  
o f  t h e  model a r e  numerous, r e p r e s e n t a t i v e  equa t i ons  o r  t h e  key  equa t i ons  
from t h e  model a re  presented.  

Model C o n s t r u c t i o n :  The d a t a  base used i n  t h e  c o n s t r u c t i o n  o f  t h e  model 
i s  i d e n t i f i e d ,  i f  t h i s  i n f o r m a t i o n  i s  a p p r o p r i a t e  and a v a i l a b l e .  Data 
s e r i e s  and f it p e r i o d s  a r e  i n d i c a t e d  i f  a v a i l a b l e .  I f  t h e  model has n o t  
been es t ima ted  on h i s t o r i c a l  data,  t h e  method o f  model c o n s t r u c t i o n  i s  
i n d i c a t e d .  

Data Used i n  Running Model : The d a t a  bases which a r e  r e q u i r e d  t o  r u n  --- 
t h e  model a r e  l i s t e d .  

Documentat ion: The sources f o r  t h e  i n f o r m a t i o n  about  t h e  mode1 a r e  
c i t e d .  Occas iona l l y ,  more t h a n  one re fe rence  has been used o r  i s  
a v a i l a b l e .  

Computer Requirements: When a v a i  1  ab le ,  i n f o r m a t i o n  i s  p r o v i d e d  
p e r t a i n i n g  t o  t h e  computer requ i rements  o r  s p e c i f i c a t i o n s  o f  t h e  model 
i n c l u d i n g  hardware, r u n n i n g  t i m e ,  programming language, e t c .  

Fo l  1 owi ng a r e  compl e t e d  i nven to ry  r e p o r t s  f o r  t h e  78 models encompassed 
i n  t h i s  s tudy  t o  date.  I t  must be k e p t  i n  mind t h a t  t h e  i n f o r m a t i o n  
presented i n  these i n v e n t o r y  r e p o r t s  i s  s u b j e c t  t o  change. D u r i n g  
subsequent phases o f  t h i s  p r o j e c t ,  addi  t i  onal  and up-dated i n f o r m a t i o n  



w i l l  be sought p e r t a i n i n g  t o  t h e  models p resen t l y  inc luded  i n  t h e  
inven to ry .  In add i t i on ,  new models w i l l  be i d e n t i f i e d  and incorporated 
i n t o  t h e  inven to ry  f i l e .  Th is  new ma te r i a l  w i l l  be inc luded  i n  
supplements t o  t h i s  volume t h a t  w i l l  be publ ished p e r i o d i c a l l y  i n  t h e  
f u tu re .  



GENERAL I ZED AUTOMOBILE DESIGN MODEL 

The General i zed Automobi 1 e Design Model, dated October 1974, was 
prepared by t h e  Rand Corporat ion f o r  t h e  Na t iona l  Science Foundation. 
The model assesses t he  ef fec ts  on resources, energy requirements, and 
auto ownership cos ts  o f  changes i n  e i t h e r  auto s ize,  performance, o r  
design. 

SPONSOR 

Research Appl i e d  t o  Na t i  onal Needs (RANN) 
Nat iona l  Science Foundation 
Washington, D.C. 20550 

AUTHOR 

T.F. Kirkwood and A.D. Lee 
Rand Corporat ion 
Santa Monica, C a l i f .  90406 

MODEL TYPE 

Automobi 1 e design 

OBJECTIVE OF MODEL 

The model assesses t he  e f f e c t s  o f  auto  s ize,  performance, o r  design 
on resources, energy requirements i n  t h e  product ion o f  autos, and t h e  
cos t  o f  auto ownership. 

RELATIONSHIP TO OTHER MODELS 

This  model i s  a submodel o f  t he  Rand Automobile Energy Conservation 
Model, which inc ludes  t h e  Automobile F l e e t  Mix Model (74-0016) and t h e  
New Car Sales/Auto Ownership/Vehicle M i l es  Traveled (NAV) Model 
(74-001C). 

HISTORICAL BACKGROUND 

Most engine design s imu la t i on  s tud ies  have modeled t h e  e f f e c t  on f u e l  
economy when auto weight i s  reduced w h i l e  engine s i z e  i s  he ld  constant. 
Th is  model holds auto performance constant;  thus  engine s i z e  would be 
reduced along w i t h  auto weight. 

ASSUMPTIONS 

The model assumes t h a t  autos o f  equal weight have equal r i d e  q u a l i t y ;  



t h u s  i f  t e c h n o l o g i c a l  improvements r e s u l t  i n  a  change o f  we igh t ,  i t  w i l l  
r e s u l t  i n  a  change i n  r i d e  q u a l i t y .  Each au to  des ign  produced by t h e  
model w i l l  have an eng ine w i t h  s u f f i c i e n t  power t o  p r o v i d e  t h e  d e s i r e d  
a c c e l e r a t i o n ,  t h e  a u t o  body w i  11 have dimensions t o  i n c l u d e  t h e  d e s i r e d  
s i z e  o f  passenger compartment, t r u n k ,  engine, and fue l  t ank ,  and t h e  
c u r b  w e i g h t  o f  t h e  c a r  w i l l  be t h e  sum o f  t h e  we ight  o f  i t s  component 
p a r t s .  

VALIDATION 

Actua l  and p r e d i c t e d  va lues  of c u r b  we ight ,  o v e r a l l  l eng th ,  i n s t a l l e d  
horsepower, and fue l  economy f o r  t w e l v e  a c t u a l  1973 autos  a r e  v e r y  
c lose.  

LIMITATIONS AND BENEFITS 

The model can e v a l u a t e  v a r i o u s  des ign  op t i ons ,  such as new eng ine 
types ,  t i r e  des ign  and pressure ,  aerodynamic design, new t r a n s m i s s i o n  
types,  new f u e l s ,  new m a t e r i a l s ,  and changes i n  t h e  s i z e s  o f  passenger 
compartments and t runks ,  

STRUCTURE 

The model c o n s i s t s  o f  a  s e t  o f  equa t i ons  f o r  keep ing t r a c k  o f  t h e  
e f f e c t s  o f  changes i n  component we ights ,  performance, and cos t ,  and f o r  
summing t h e  e f f e c t s  o f  t hese  changes on o v e r a l l  c o s t s  and energy 
consumpti  on. 

The ou tpu ts  o f  t h e  model i n c l u d e :  

1 )  a  d e s c r i p t i o n  o f  a  ca r ,  i n c l u d i n g  weight ,  o v e r a l l  dimensions, 
i n s t a l  1  ed horsepower, f u e l  economy ove r  two d r i v i n g  cyc les ,  and 
purchase p r i c e .  

2 )  a  l i s t  and we igh ts '  o f  t h e  m a t e r i a l s  necessary t o  produce t h e  car .  

3 )  a  l i s t  o f  a l l  t h e  energy consumed i n  producing,  d i s t r i b u t i n g ,  
s e l l i n g ,  and o p e r a t i n g  t h e  au to  th roughou t  i t s  assumed l i f e t i m e  o f  
t e n  yea rs  and 100,000 m i l e s .  

4 )  a  breakdown o f  t h e  t o t a l  c o s t  o f  buy ing  and o p e r a t i n g  t h e  a u t o  
th roughou t  i t s  1 i f e t i m e .  

MODEL CONSTRUCTION 

The model was c n l  i b r a t e d  u s i n g  a c t u a l  da ta  on t h e  re1  a t i o n s h i  ps 
between t h r o t t l  e  power, t ransmi  s s i  on e f f i c i e n c y  , engine rpm, road  speed, 
a u t o  weight ,  s p e c i f i c  f u e l  consumpti  on, eng ine  r a t e d  power, and v e h i c l e  
component weights.  



DATA USED IN RUNNING MODEL 

To run t h e  model t h e  des i red  c a r  dimensions, acce le ra t i on  t ime, range 
w i thou t  r e f u e l i n g ,  t r unk  volume, and a i r  cond i t i on i ng  s ta tus  must be 
suppl ied.  

DOCUMENTATION 

S. Wildhorn, B.K. Bu r r i gh t ,  J.H. Enns, and T.F. Kirkwood, How t o  Save 
Gas01 i ne: Pub1 i c  Pol i c y  A1 t e r n a t i v e s  for the Automobile, Rand 
Corporat i  on, prepared f o r  t h e  Nat iona l  Science Foundation, October 1974. 
NTIS NO. PB-242 755. 

T.F. Kirkwood and A.D. Lee, A General ized Model f o r  Comparing Automobile 
Design Approaches t o  Improved - Fuel Economy, R-1562-NSF, Rand 
Corporat ion,  Jan. 1 9 7 K  



AUTOMOBILE FLEET M I X  MODEL 

The Automobi le F l e e t  Mix  Mode1 was prepared by t h e  Rand Corpora t ion .  
The model, dated October 1974, was sponsored by t h e  Na t iona l  Science 
Foundation. The purpose o f  t h e  model i s  t o  assess t h e  impact  o f  autos 
o f  new des ign o r  o f  reduced s i z e  on t h e  c h a r a c t e r i s t i c s  o f  t h e  o v e r a l l  
f l  eet. 

SPONSOR 

Research Appl i e d  t o  N a t i o n a l  Needs (RANN) 
Na t iona l  Science Foundat ion 
Washington, D.C. 20550 

AUTHOR 

S. Wildhorn, B.K. B u r r i g h t ,  J.H. Enns, and T.F, Kirkwood 
Rand Corpo ra t i on  
Santa Monica, Cal i f ,  90406 

MODEL TYPE 

Emi ss ions,  v e h i c l e  user  c o s t s / v e h i c l e  o p e r a t i  ng cos ts ,  energy 
consumption, f u e l  consumpti on, f l e e t  s ize ,  v e h i c l e  p o p u l a t i o n  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  p r o v i d e  an assessment, by ca lendar  
year ,  o f  t h e  impact  on o v e r a l l  f l e e t  c h a r a c t e r i s t i c s  o f  autos o f  new 
des ign o r  o f  reduced s i z e  t h a t  a r e  i n t r o d u c e d  a t  s p e c i f i c  ra tes .  

RELATIONSHIP TO OTHER MODELS 

T h i s  model i s  a submodel of t h e  Rand Automobile Energy Conservat ion  
Model , which i n c l u d e s  t h e  General i z e d  Automobi l e  Design Model (74-001A) 
and t h e  New Car Sa les IAu to  Ownersh ip IVeh ic le  M i  l e s  T rave l  l e d  (NAV) Model 
(74-001C) . 
HISTORICAL BACKGROUND 

The model was developed f o r  t h r e e  pr imary  reasons: (1) prev ious 
s t u d i e s  were n o t  comprehensive, (2 )  t hey  d i d  n o t  compare pr ice-change 
measures w i t h  measures t h a t  improve average auto  f u e l  economy, and ( 3 )  
t hey  d i d  n o t  p rov ide  f o r  t h e  e v a l u a t i o n  o f  a1 t e r n a t i v e  p o l i c y  measures 
f o r  i n d u c i n g  t h e  adop t ion  o f  b e n e f i c i a l  t e c h n o l o g i c a l  changes. 



STRUCTURE 

The mix  o f  t h e  a u t o  f l e e t  each y e a r  f rom 1975 t o  1995 i s  determined 
w i t h  t h e  use o f  t h e  equat ion :  

where : 

N w i y  = number of au tos  i n  t h e  f l e e t  a t  t h e  end o f  t h e  y e a r  i n  we igh t  
c l a s s  w w i t h  t e c h n o l o g i c a l  f e a t u r e s  i 

T  = f r a c t i o n  of t h e  annual p r o d u c t i o n  ( i n  y e a r  y )  i n  we igh t  c l a s s  w  
WY 

B = f r a c t i o n  o f  t h e  p r o d u c t i o n  ( i n  y e a r  y )  i n  we igh t  c l a s s  w  w i t h  
Wiy t e c h n o l o g i c a l  f ea tu res  1  

P~ 
= t o t a l  annual p r o d u c t i o n  i n  y e a r  y  

K = scrappage r a t e  c o r r e c t i o n  f a c t o r  t o  a l l o w  f o r  t h e  d i f f e r e n c e  between 
a n t i c i p a t e d  scrappage r a t e s  and t h o s e  based on pas t  exper ience 

Sj 
= f r a c t i o n  of au tos  of  age j scrapped i n  t h e i r  . t h  y e a r  

J 

N = number o f  autos i n  t h e  o r i g i n a l  f l e e t  ( i .e.,  t h e  f l e e t  e x i s t i n g  a t  
fy t h e  s t a r t  o f  1975), remain ing a t  t h e  end o f  y e a r  y 

S  = f r a c t i o n  of t h e  o r i g i n a l  f l e e t  r e t i  r e d  i n  y e a r  y i f  r e t i r e m e n t  
occur red a t  a  r a t e  t y p i c a l  o f  pas t  exper ience 

The t o t a l  number o f  c a r s  a t  t h e  end o f  y e a r  y i s  ob ta ined  by summing 
over  w  and i. 

Other  equat ions  a r e  used t o  c a l c u l a t e  f l e e t  emissions, f l e e t  f ue l  
consumption, f l e e t  scrappage r a t e ,  f l e e t  annual cos t ,  p e r  v e h i c l e  annual 
c o s t  o f  ownership, and f l  e e t  energy consumption. 

MODEL CONSTRUCT1 ON 

T h i s  i s  an econometr ic  model whose p r o d u c t i o n  and scrappage r a t e s  i n  
f u t u r e  yea rs  a r e  es t ima ted  from t h e  NAV Model (74-001C). Scrappage 
r a t e s  a r e  es t ima ted  on t h e  b a s i s  of pas t  exper ience and t h e  age 
d i s t r i b u t i o n  o f  t h e  1975 f l e e t ,  



DATA USED I N  RUNNING MODEL 

Forecasts  o f  t h e  independent v a r i a b l e s  a r e  r e q u i r e d  f o r  f u t u r e  y e a r  
est imates.  

DOCUMENTAT ION 

S. Wildhorn, B.K. B u r r i g h t ,  J.H. Enns, and T.F. Kirkwood, How t o  Save 
Gasol ine:  P u b l i c  P o l i c y  A l t e r n a t i v e s  f o r  t h e  Automobile, Rand 
Corpora t ion ,  prepared f o r  t h e  Na t iona l  ~ c i e n T ~ o u % t i o n ,  October 1974. 
NTIS No. PB-242 755. 

T.F. Kirkwood and A. Lee, A Genera l ized -- Model f o r  Comparing Automobi le 
Design Approaches t o  ~ i p r o v e d  - Fuel Economy, R-1562-NSF, Rand 
C o r p o r a t i  on, Jan. 1975. 



NEW CAR SALESIAUTO OWNERSHIPIVEHICLE MILES TRAVELED 
(NAV) MODEL 

The New Car Sa les IAu to  Ownersh ip IVeh ic le  M i l e s  T rave led  (NAV) Model, 
dated October 1974, was prepared by t h e  Rand C o r p o r a t i o n  f o r  t h e  
Na t iona l  Science Foundation. The model f o r e c a s t s  changes i n  aggregate 
new c a r  sales,  a u t o  ownership (new cars ,  used ca rs ,  c a r s  scrapped), 
v e h i c l e  m i l e s  t r a v e l e d ,  and g a s o l i n e  consumption over  t ime. 

SPONSOR 

Research Appl i e d  t o  N a t i  onal Needs (RANN) 
Na t iona l  Sc ience Foundat ion  
Washington, D.C. 20550 

AUTHOR 

S. Wildhorn, B.K. B u r r i g h t ,  J.H. Enns, and T.F. Kirkwood 
Rand Corpora t  i on 
Santa Monica, C a l i f .  90406 

MODEL TYPE 

Automobi le demand, f u e l  economy, f u e l  consumption, f l e e t  s ize ,  v e h i c l e  
m i l e s  t r a v e l e d  

OBJECTIVE OF MODEL 

The model f o r e c a s t s  changes i n  aggregate  new c a r  sa les ,  a u t o  
ownership (new cars ,  used cars ,  c a r s  scrapped), v e h i c l e  m i l e s  t r a v e l e d ,  
and g a s o l i n e  consumption over  t ime. I t  i s  a l ong - run  impact model. 

RELATIONSHIP TO OTHER MODELS 

T h i s  i s  a submodel o f  p a r t  o f  t h e  Rand Automobi le Energy Conservat ion  
Model, wh ich  i nc1 udes t h e  General i zed Automobi l e  Des ign Model (74-001A) 
and t h e  Automobi l e  F l e e t  Mix Model (74-001B). 

HISTORICAL BACKGROUND 

The model was developed f o r  t h r e e  p r imary  reasons: (1) p rev ious  
s t u d i e s  were n o t  comprehensive, ( 2 )  t hey  d i d  n o t  compare pr ice-change 
measures w i t h  measures t h a t  improve average a u t o  f u e l  economy, and ( 3 )  
they  d i d  n o t  p rov ide  f o r  t h e  e v a l u a t i o n  o f  a1 t e r n a t i v e  p o l i c y  measures 
f o r  i n d u c i n g  t h e  adop t ion  o f  b e n e f i c i  a1 t e c h n o l o g i c a l  changes. 



ASSUMPTIONS 

The model assumes t h a t  t h e  p r i c e s  o f  new c a r s  and o f  g a s o l i n e  a r e  
f i x e d  o u t s i d e  t h e  model. Thus t h e  supp ly  o f  g a s o l i n e  f o r  au tomobi le  
t r a v e l  i s  assumed t o  be p e r f e c t l y  e l a s t i c .  

VALIDATION 

The model r e p o r t  compares a c t u a l  and p r e d i c t e d  va lues f o r  t h e  
e s t i m a t i n g  p e r i o d  (1954-72), and f o r  1973, The model u n d e r p r e d i c t s  new 
c a r  sa les  by 3.5% and r e a l  used c a r  p r i c e s  by 8.7%. 

LIMITATIONS AND BENEFITS 

The model cannot  be used t o  f o r e c a s t  f u t u r e  market  e q u i l i b r i u m .  It 
i s  used t o  make c o n d i t i o n e d  f o r e c a s t s  o f  how American f a m i l i e s  would 
a d j u s t  t o  changes i n  p r i c e s  o f  new c a r s  and gaso l ine .  

STRUCTURE 

The model i s  a r e c u r s i v e  system es t ima ted  by  o r d i n a r y  l e a s t  squares. 

Pu = -0.8960 + 1,7268 (Pn) - 0.87122 (Pg) + 0,44809 (Y) 

- 1.404 (A - 0.029592 (S) ,  PU > 0 

N = -0.5080 - 0.20869 (Pn) + 0.09318 (Pu) + 0.73050 (Y/Y - 
+ 0.01733 (S) 

U = -0.05894 - 0.26645 (Pu) + 0.63665 (Pn) - 0.59339 (Pg) 

+ 0.22529 ( Y )  - 0.01186 ( S )  , U ( At-1 

LE = 2.656 + 0.17015 (LPg) - 0.02228 (D) 

LM = 7,996 + 0.86405 (LA) - 0.44409 (LPg) + 0.44409 (LE) + 0.03532 (D) 

LG = LM - LE 

where: 

L = l o g r i t h m i c  va lue  



Pu = index o f  r e a l  used c a r  p r i c e s  

Pn = i ndex o f  r e a l  new c a r  p r i c e s  

Pg = i ndex  o f  r e a l  gas01 i n e  p r i c e s  

Y = permanent income p e r  household 

A = t h i s  y e a r ' s  au to  s tock  p e r  household 

A = l a s t  y e a r ' s  au to  s tock  p e r  household t h i s  yea r  - 1 
S = dummy v a r i a b l e  f o r  s t r i k e s  i n  a u t o  manufac tur ing  

N = annual new c a r  s a l e s  pe r  household 

U = used c a r  ownership p e r  household 

E = average m i l e s  p e r  g a l l o n  i n  automobi le  t r a v e l  

D = dummy f o r  f e d e r a l  r e g u l a t i o n  

M = v e h i c l e  m i l e s  d r i v e n  i n  automobi les  p e r  household 

G = g a s o l i n e  consumption by automobi le  p e r  household 

MODEL CONSTRUCTION 

T h i s  i s  an econometr ic  model i n  which t h e  equat ions  f o r  used c a r  
p r i c e s ,  new c a r  p r i c e s ,  and used c a r  ownership p e r  household were 
es t ima ted  w i t h  annual da ta  from 1954 t o  1972. Those f o r  average m i l e s  
p e r  g a l l o n  and v e h i c l e  m i l e s  t r a v e l e d  p e r  household were es t ima ted  w i t h  
annual da ta  f rom 1956 t o  1972. The sources o f  t h e  da ta  f o r  t h e  
independent v a r i a b l e s  a r e  i n d i c a t e d  i n  t h e  model r e p o r t .  

DATA USED I N  RUNNING MODEL 

Forecast  va lues f o r  new c a r  p r i c e ,  g a s o l i n e  p r i c e ,  number o f  
households, and permanent income a r e  requ i red .  

DOCUMENTATION 

S. Wildhorn, B.K. B u r r i g h t ,  J.H. Enns, and T.F. Kirkwood, How t o  Save 
Gaso l i ne :  Pub1 i c  P o l i c y  A1 t e r n a t i v e s  for j& Automoble, Rand 
Corpora t ion ,  prepared f o r  t h e  N a t i o n a l  Science Foundation, ~ c t o b e r  1974. 
NTIS NO. PB-242 755. 

B.K. B u r r i g h t  and J.H. Enns, -- Economic - Models -- o f  t h e  Demand f o r  Motor  
Fuel , Rand Corpora t ion ,  R-1561-NSF, Jan. 1975. 



NEW PASSENGER CAR SALES AND MARKET SHARES MODEL 

The Chase Econometric Associates,  I n c .  model o f  new passenger c a r  
sa les  and market shares was prepared i n  1974 f o r  t h e  Counci l  on 
Environmental  Q u a l i t y .  The model f o r e c a s t s  new c a r  sales,  i n  t o t a l  and 
by s i z e  c lass ,  a n n u a l l y  t h rough  1986 f o r  s i x  t a x  and r e g u l a t o r y  
a1 t e r n a t i v e s .  I t  has been superseded by a new model . The new model i s 
p r o p r i e t a r y  and i s  no t  i n c l u d e d  i n  t h i s  i nven to ry .  

SPONSOR 

Counci 1 on Environmental  Qua1 i ty  
722 Jackson Place, N.W. 
Washington, D.C. 20006 

AUTHOR 

Chase Econometric Assoc ia tes ,  I n c .  
One Chase Manhattan P laza 
New York, N.Y. 10015 

MODEL TYPE 

Automobi 1 e demand, market  share 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  f o r e c a s t  new passenger c a r  sales,  i n  
t o t a l  and by s i z e  c l a s s ,  th rough 1986 f o r  s i x  t a x  and r e g u l a t o r y  
a1 t e r n a t  ives .  

RELATIONSHIP TO OTHER MODELS 

Th is  model i s  a submodel whose ou tpu t  i s  used i n  t h e  g a s o l i n e  
consumption submodel (74-OOZB), which was a l s o  prepared by Chase 
Econometric Assoc ia tes ,  Inc .  as p a r t  o f  t h e  same study.  T h i s  model i s  
used i n  c o n j u n c t i o n  w i t h  t h e  Chase macroeconomic model. 

HISTORICAL BACKGROUND 

An e a r l i e r  v e r s i o n  o f  t h e  model d i d  n o t  i n c l u d e  t h e  r e l a t i v e  p r i c e  o f  
gas as an independent v a r i a b l e  because i t  had n o t  proved t o  be 
s i g n i f i c a n t  b e f o r e  t h e  Arab o i l  embargo. It was, however, i n c l u d e d  i n  
t h e  model f o r  1973. 



ASSUMPTIONS 

The new c a r  s a l e s  equa t ion  of t h e  model assumes t h a t  a  f o u r - q u a r t e r  
weighted average i s  a p p r o p r i a t e  f o r  b o t h  d i sposab le  income and t h e  s tock  
o f  passenger cars,  dep rec ia ted  a t  t h e  annual r a t e  o f  4.7%. The market  
shares equa t ion  assumes t h a t  reasonab le  es t ima tes  a r e  produced, a1 t hough 
t h e  da ta  va ry  s i g n i f i c a n t l y  o n l y  when a  new l i n e  o f  c a r s  i s  i n t roduced .  
The f o r e c a s t s  assume t h a t  r e l a t i v e  p r i c e s  and m i l e s  p e r  g a l l o n  remain 
unchanged a t  t h e  1973 l e v e l s ,  except  f o r  t h e  e f f e c t s  o f  1975 and 1976 - - 

emiss ion c o n t r o l s ,  as p r e d i c t e d  i n  ' H i t t m a n  Associates,  Inc.,  A Study o f  
I n d u s t r y  Response t o  P o l i c y  Measures Designed t o  Improve ~ u t o m o b i  1  e  F U ~  - 
Economy. The f o r e c a s t s  of shares by subclass-iere no rma l i zed  t o  sum t o  
100% f o r  each y e a r  by accep t ing  t h e  l u x u r y  share equa t ion  and assuminq 
t h e  f o l l o w i n g  va lues f o r  s tandard  c l a s s  share: 10% i'n 1974, 5% i n  1975; 
and 0% t h e r e a f t e r .  I n  e f fec t ,  t h e  f o r e c a s t  assumes t h a t  " f u l l - s i z e "  
ca rs  w i l l  be reduced i n  s i z e  t o  t h e  c u r r e n t  (1974) i n t e r m e d i a t e  c a r  
s i z e  and d isappear  as a  d i s t i n g u i s h a b l e  c lass .  

VAL I DATI ON 

The model r e p o r t  does n o t  d i s c u s s  s p e c i f i c  v a l i d a t i o n  e f f o r t s  f o r  
t h i s  model. 

LIMITATIONS AND BENEFITS 

The p r i c e  o f  gas01 i n e  was an i n s i g n i f i c a n t  independent v a r i a b l e  p r i o r  
t o  1973, and consumers may have ove r - reac ted  t o  i t  i n  t h a t  year .  
There fore ,  t h e  new c a r  r e g i s t r a t i o n s  equa t ion  may now p lace  undue 
emphasis on t h i s  v a r i a b l e .  The market  shares equat ions  a r e  n o t  
cons t ra ined  t o  sum t o  loo%, b u t  r a t h e r  a r e  normal ized t o  ach ieve t h a t  
r e s u l t .  

STRUCTURE 

T h i s  econometr ic  model c o n s i s t s  of a  s i n g l e  equa t ion  which p r e d i c t s  
t h e  t o t a l  new passenger c a r  r e g i s t r a t i o n s  annual l y  and f i v e  equat ions  
which p r e d i c t  t h e  market  share f o r  f i v e  s i ze -c lasses  o f  cars .  The t o t a l  
new c a r  r e g i  s t r a t i  ons equat ion ,  which i s  reproduced be1 ow, was es t ima ted  
by o r d i n a r y  l e a s t  squares u s i n g  q u a r t e r l y  data  f rom 1957 t o  1973. 

4 i T R 
NCPR = 18.63 + ,0211 e (.6) ( D I  - m)-i 

(4.5) i=O 

PNC - 7.86 (-1 - .37 (UN)  + -90  (DASTR) 
(-2.7) (-4.6) (6.8) 

4 P C I G O  - ,058 r (.6) i  (KNCR) - 7.00 (=) 
(-2.8) i = O  - i ( - 2 . 3 )  



1 4 - -36 g C (CRED) + -46 (DDITC) 
(-2.8) i=O - (2.3) 

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

NCPR = new passenger c a r  r e g i s t r a t i o n s ,  mi 11 i ons ,  seasona l l y  a d j u s t e d  a t  
annual r a t e s  

D I  = persona l  d i  sposable i ncome, b i  11 i o n s  o f  1958 do1 1 a rs ,  seasonal l y  
a d j u s t e d  a t  annual r a t e s  

TR = t r a n s f e r  payments t o  persons, b i l l i o n s  o f  c u r r e n t  d o l l a r s ,  
seasonal l y  a d j u s t e d  a t  annual r a t e s  

PC1 = consumer p r i c e  index,  1958 = 1.0 

PNC = consumer p r i c e  i ndex  f o r  new cars ,  1958 = 1.0 

UN = r a t e  of unemployment, % 

DASTR = dummy v a r i a b l e  f o r  au to  s t r i k e s  i n  1964, 1967, 1970 

KNCR = s tock  o f  new c a r s  on a new c a r  e q u i v a l e n t  bas i s ,  

KNCR = 1 (.953)' (NCPR) - i 
i =O 

PCIGO = consumer p r i c e  index f o r  gas and o i l ,  1958 = 1.0 

CRED = Chase index o f  c r e d i t  r a t i o n i n g  

DDITC = dummy v a r i a b l e  f o r  cancel  l a t i o n  and re ins ta temen t  o f  investment  
t a x  c r e d i t  

Market-shares equat ions  a r e  then  es t imated f o r  new c a r  sa les ,  
c l a s s i f i e d  as subcompact, compact, i n te rmed ia te ,  s tandard,  and l u x u r y .  
The equa t ion  f o r  i ntetmedi  a t e  cars ,  es t ima ted  u s i n g  o r d i n a r y  1 eas t  
squares f o r  annual da ta  f rom 1958 t o  1972, i s  reproduced below. 

P C I G O  t 1.87 (-1 + -031 (T)  
(6.6) (8.0) 

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

PCTXX = pe rcen t  o f  t o t a l  new c a r  sa les  i n  t h e  subclass X X  



MPGXX = m i l e s  p e r  g a l l o n  f o r  a  p a r t i c u l a r  subc lass  

PXX = average p r i c e  of a  new c a r  i n  a  p a r t i c u l a r  subc lass  

T  = t i m e  t r e n d  

The remain ing v a r i a b l e  d e f i n i t i o n s  appear above f o l l o w i n g  t h e  new c a r  
r e g i  s t r a t i  ons equat ion .  

Other  share equat ions  i n c o r p o r a t e  t h e  unemployment r a t e  as an 
i ndependent v a r i a b l e .  

MODEL CONSTRUCT1 ON 

To s p e c i f y  t h e  model da ta  f o r  a1 1  v a r i a b l e s  f rom 1957 t o  1973 a r e  
requ i red .  Some da ta  a r e  l i s t e d  i n  t h e  model r e p o r t  f o r  t h e  share 
equat ions.  However, t h e  remain ing da ta  must be ob ta ined  f rom Chase o r  
assembled f rom some o t h e r  source. 

DATA USED I N  RUNNING MODEL 

The model r e q u i r e s  f o r e c a s t  va lues f o r  a1 1  independent va r iab les .  
These fo recas ts  a r e  taken  f rom t h e  Chase macroeconomic f o r e c a s t ,  
a1 though a1 t e r n a t i v e  assumptions c o u l d  be used. The f o r e c a s t  va lues a r e  
i n c l u d e d  i n  Appendix I 1  o f  t h e  model r e p o r t .  

DOCUMENTATION 

The E f f e c t  o f  Tax and Regu la tory  Chase Econometric Assoc ia tes ,  I n c .  ? 
A l t e r n a t i v e s  on Car Sa les  and Gas01 i ne Consumption, p repared f o r  Counc i l  
on Environment a1 Qua1 i t.y under Con t rac t  NO. EQC004, F i n a l  Report ,  May 
1974. NTIS No. PB-234 622. 



GASOLINE CONSUMPTION MODEL 

T h i s  g a s o l i n e  consumption model was prepared i n  1974 by Chase 
Econometric Assoc ia tes ,  Inc .  f o r  t h e  Counci 1 on Envi  ronmental Qua l  i ty, 
It f o r e c a s t s  g a s o l i n e  consumption a n n u a l l y  t h rough  1986 f o r  s i x  t a x  and 
r e g u l a t o r y  a l t e r n a t i v e s .  I t has been superseded by a new model which i s  
p r o p r i e t a r y  and n o t  i n c l u d e d  i n  t h i s  i nven to ry ,  

SPONSOR 

Counci 1 on Envi  ronmental Qua l  i t y  
722 Jackson Place,  NW 
Washington, D.C. 20006 

AUTHOR 

Chase Econometric Assoc ia tes ,  I n c .  
One Chase Manhattan P laza  
New York, N.Y. 10015 

MODEL TYPE 

F l e e t  s i ze ,  scrappage, v e h i c l e  m i  1 es t r a v e l e d ,  f u e l  consumption 

OBJECTIVE OF MODEL 

The model f o r e c a s t s  gas01 i n e  consumption annual l y  t h rough  1986 f o r  
s i x  t a x  and r e g u l a t o r y  a l t e r n a t i v e s .  

RELATIONSHIP TO OTHER MODELS 

T h i s  submodel r e q u i r e s  i n p u t  f rom t h e  New Passenger Car Sales and 
Market  Shares submodel (74-002A), which was prepared by Chase 
Econometric Assoc ia tes ,  Inc .  as p a r t  o f  t h e  same study. It i s  used i n  
c o n j u n c t i o n  w i t h  t h e  Chase macroeconomic model. 

ASSUMPTIONS 

The model assumes t h a t  scrappage i s  based on a cub ic  t i m e  t r e n d  
r e l a t i o n s h i p ,  and t h a t  a l l  c a r s  o f  a s i n g l e  y e a r  s u r v i v e  a t  t h e  same 
r a t e .  The m i l e s  pe r  g a l l o n  c a l c u l a t i o n  assumes t h a t ,  f o r  t h e  b a s e l i n e  
case, 1973 mpg f i g u r e s  app ly  f o r  a l l  subsequent years ,  and t h a t  1957 mpg 
f i g u r e s  app ly  f o r  pre-1957 years.  

VALIDATION 

The au tho r  r e p o r t s  t h a t  t h e  c u b i c  scrappage equa t ion  t r a c k s  t h e  



a c t u a l  s u r v i v a l  r a t e  of c a r s  q u i t e  c l o s e l y .  The 1969-73 scrappage 
equat ions  a r e  a d j u s t e d  t o  conform more c l o s e l y  t o  a c t u a l  data,  s i n c e  
p r e d i c t e d  s tock  exceeded a c t u a l  s tock.  No o t h e r  v a l i d a t i o n  e f f o r t s  a r e  
repo r ted .  

LIMITATIONS AND BENEFITS 

The scrappage r a t e  i s  n o t  i n f l u e n c e d  by any economic v a r i a b l e s .  The 
m i l e s  pe r  g a l l o n  c a l c u l a t i o n  i s  s u b j e c t  t o  a  number o f  b iases  s i n c e  
t h e r e  a r e  no c o r r e c t i o n s  made i n  t h e  fue l  economy r a t i n g  f o r  t h e  model 
y e a r  and age o f  each model o f  car .  

STRUCTURE 

T h i s  econometr ic  model f i r s t  computes t h e  annual au tomobi le  s tock  i n  
t h e  aggregate and by model year.  These f i g u r e s  a r e  used as i n p u t  f o r  
t h e  c a l c u l a t i o n  o f  t o t a l  v e h i c l e  m i l e s  t r a v e l e d  p e r  year .  Data and 
assumptions on average mi leage p e r  g a l l o n  f o r  each model y e a r  a r e  t h e n  
used t o  c a l c u l a t e  annual average m i leage  p e r  g a l l o n  f o r  a1 1 c a r s  on t h e  
road i n  each f o r e c a s t  year .  The VMT and mi leage f o r e c a s t s  a r e  t h e n  
combined t o  genera te  annual f o r e c a s t s  of g a s o l i n e  consumption th rough  
1986. The scrappage r a t e  i s  computed f o r  each model y e a r  f rom an 
equa t ion  o f  t h e  f o l l o w i n g  form: 

where: 

R ~ ~ ,  t 
= r e g i s t r a t i o n s  i n  y e a r  t f o r  model y e a r  MY 

R~~ = t o t a l  o r i g i n a l  r e g i s t r a t i o n s  f o r  model y e a r  MY 

T  = age o f  t h e  model y e a r  c a r  

a, B = c o e f f i c i e n t s  

T h i s  equa t ion  i s  es t ima ted  u s i n g  annual c a r  r e g i s t r a t i o n  d a t a  f rom 1951 
t o  1972 f o r  model years  1951 t o  1968. Ca lcu la ted  values o f  a and B a r e  
l i s t e d  i n  t h e  s tudy r e p o r t ,  

V e h i c l e  m i l e s  t r a v e l e d  a r e  exp la ined  by a s i n g l e  equa t ion  es t ima ted  
us ing  o r d i n a r y  l e a s t  squares f o r  t h e  p e r i o d  1956 t o  1972. 

P C I G O  TVM = 3416.1 + 78.5 (CAR) - 3944.5 (-) + 5181.0 (APCI) 
(9.2) (-2.5) 

PC1 
( 2 . 3 )  

t 784.1 (PUVNC 2 )  + 8.81 (AYU) 
(2.1) (2.2) 



where t - s t a t i  s t i  cs a r e  i n  parentheses and 

TVM = v e h i c l e  m i l e s  t r a v e l e d  

CAR = t o t a l  number o f  persona l  passenger v e h i c l e s  r e g i s t e r e d  as o f  J u l y  

PCIGO = consumer p r i c e  i ndex  o f  g a s o l i n e  and o i l ,  1967 = 100 

PC1 = consumer p r i c e  index o f  a1 1 goods and se rv i ces ,  1967 = 100 

PUVNC = average p r i c e  o f  new c a r s  

YW = wages and s a l a r i e s  

Gaso l ine  consumption i s  computed f rom t h e  f o l l o w i n g  fo rmu la :  

where: 

GAST = gas01 i n e  consumed by passenger v e h i c l e s  i n  ca lendar  y e a r  T 

MPGMy = m i l e s  pe r  ga l  l o n  f o r  model y e a r  MY 

and t h e  o t h e r  v a r i a b l e s  a r e  as p r e v i o u s l y  def ined.  

MODEL CONSTRUCTION 

Passenger c a r  r e g i s t r a t i o n  d a t a  by model y e a r  as o f  J u l y  1 a r e  f rom 
t h e  s e r i e s  prepared by R.L. Polk and Co. V e h i c l e  m i l e s  t r a v e l e d  da ta  
a r e  f rom t h e  Federa l  Highway A d m i n i s t r a t i o n  f o r  1956 t o  1972. Data f o r  
t h e  o t h e r  v a r i a b l e s  i n  t h e  TVM equa t ion  must be c o l l e c t e d  f o r  t h e  p e r i o d  
1956 t o  1972. Envi  ronmental P r o t e c t i o n  Agency s u r v e i l  l ance  program 
s t a t i s t i c s  on m i l e s  per  g a l l o n  by model y e a r  a r e  a l s o  requ i red.  

DATA USED I N  RUNNING MODEL 

The model r e q u i r e s  new c a r  sa les  and market  share f o r e c a s t s  f rom t h e  
sa les  and market  shares submodel (74-002A). Forecasts  f o r  t h e  
independent v a r i a b l e s  i n  t h e  TVM equa t ion  were ob ta ined  f r o m  t h e  Chase 
macroeconomic base1 i n e  f o r e c a s t .  M i  1  es p e r  g a l l o n  and p r i c e  e f f e c t s  f o r  
t h e  s i x  scenar ios  a r e  ob ta ined  f rom a s tudy by H i t tman  Associates.  

DOCUMENTATION 

Chase Econometr ic  Assoc ia tes ,  Inc., The E f f e c t  o f  Tax and Regu la tory  
A1 t e r n a t i v e s  ---- on Car Sa les  and Gas Consumption, p repared f o r  t h e  Counc i l  
on Environmental  Qua1 i t y  under Con t rac t  No, EQC004, F i n a l  Report,  May 
1974, NTIS NO, PB-234 622. 



Wittman Associates,  Inc. ,  A Study o f  I n d u s t r y  Response - t o  Policy 
Measures Designed t o  Improve ru tomob i  1 e F u e l  Economy. 



TECHNOLOGY MODEL OF THE EEA GASOLINE CONSUMPTION MODEL 

The Technology Model o f  t h e  EEA Gasol i n e  Consumption Model, dated 
J u l y  1975, was prepared by Energy and Environmental  Ana lys i s ,  Inc .  
(EEA) f o r  t h e  Federal  Energy Admin i s t ra t i on .  The model computes new c a r  
f u e l  economy, we ight ,  and p r i c e  by manufac turer  and s i z e  c l a s s  f o r  a 
v a r i e t y  o f  f u t u r e  f u e l  e f f i c i e n c y ,  emmi ss ion,  and s a f e t y  standards. The 
model has been exe rc i sed  f o r  t h e  O f f i c e  o f  Technology Assessment i n  
t h e i r  s tudy  "Technology Assessment o f  Changes i n  t h e  Use and 
C h a r a c t e r i s t i c s  o f  t h e  Automobile." 

SPONSOR 

Federal  Energy A d m i n i s t r a t i o n  
O f f i c e  o f  Conservat ion  and Environment 
Off i c e  o f  T r a n s p o r t a t i o n  Programs 
Washington, D.C. 20461 

AUTHOR 

Energy and Environmental  Ana lys i s ,  Inc.  
1701 Nor th  F o r t  Myer D r i v e  
S u i t e  1211 
A r l i n g t o n ,  Va. 22209 

MODEL TYPE 

Fuel economy, we ight ,  p r i c i n g  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  compute new c a r  f u e l  economy, 
we ight ,  and p r i c e  us ing  a b a s e l i n e  and v a r i o u s  assumptions as t o  f u t u r e  
e f f i c i e n c y ,  emissions,  and s a f e t y  standards. 

RELATIONSHIP TO OTHER MODELS 

The new c a r  c h a r a c t e r i s t i c s  f rom t h i s  submodel serve as a b a s i s  f o r  
p r e d i c t i n g  new c a r  sa les ,  d i s t r i b u t i o n  of sa les  by market  c l a s s  and 
o t h e r  parameters i n  t h e  o t h e r  submodel s o f  t h e  EEA Gasol i ne Consumption 
Model , 75-003B and 75-003C. 

ASSUMPTIONS 

The model assumes t h a t  each manufac turer  ma in ta ins  h i s  1974 
percentage o f  c a r  sa les  i n  each s i z e  c lass ,  a1 though o v e r a l l  market  
p o s i t i o n  may change. The model a l s o  assumes c e r t a i n  c a l c u l a t e d  f e a s i b l e  
non-engine improvements f o r  each manufacturer .  Percentage weight  



changes a r e  assumed t o  equal t h e  percentage f u e l  economy changes, 
m u l t i p l i e d  by a  s e n s i t i v i t y  f a c t o r  f o r  each s i z e  c lass .  F i n a l l y ,  t h e  
model assumes t h a t  engi  ne-re1 a t e d  f u e l  economy improvements can be 
c a l  cu1 a ted  f rom f o u r  emissions scenar ios  and t h r e e  mutual  l y  e x c l u s i v e  
emi ss ion  c o n t r o l  systems. 

VAL IDATION 

No v a l i d a t i o n  e f f o r t s  a r e  r e p o r t e d  f o r  t h e  techno logy model. 
However, t h e  o v e r a l l  model p r e d i c t s  a c t u a l  gas01 i ne consumption 
reasonably we1 1  th rough  1974. 

LIMITATIONS AND BENEFITS 

The mode1 c u r r e n t l y  does n o t  i n c o r p o r a t e  a  s p e c i f i c  f u e l  economy 
standard,  a l t hough  i t  can be mod i f i ed  t o  i n c l u d e  such a  standard. 

STRUCTURE 

T h i s  i s  an econometr ic  model which computes new c a r  f u e l  economy, 
we ight ,  and p r i c e  u s i n g  a  b a s e l i n e  and t h e  most recen t  d a t a  on l i k e l y  
t rends  and i n d u s t r y  capabi  1  i t i e s .  I t  i n c o r p o r a t e s  f i v e  manufac turers  
( f o u r  domestic p l u s  a1 1  f o r e i g n  manufacturers)  and s i x  market  c l a s s e s  
(subcompact, compact, i ntermedi  a te ,  s tandard,  smal l  1  uxu ry  and 1  arge 
1  uxu ry )  . For  each manufac turer  and market  c lass ,  s a l  es-weighted 
harmonic averages o f  f u e l  economy, p r i c e ,  and weight  a r e  c a l c u l a t e d  f o r  
1974. A f u e l  economy improvement schedule i s  then developed by  
manufacturer  and market  c l  ass. Engi ne-re1 a ted  improvements a r e  
p r o j e c t e d  f o r  f o u r  emiss ion scenar ios  u s i n g  d a t a  f rom a  r e c e n t  EPA 
study, Annual p r o j e c t e d  cos t ,  weight ,  and f u e l  economy changes a r e  
added t o  t h e  1974 b a s e l i n e  o f  each manufac turer .  F i n a l l y ,  c o s t  and f u e l  
economy by c l a s s  a r e  c a l c u l a t e d  by  sa leswe igh t i ng  t h e  economy and c o s t  
da ta  u s i n g  t h e  1974 sa les  d i s t r i b u t i o n  data.  

MODEL CONSTRUCTION 

The c o n s t r u c t i o n  o f  t h i s  model r e q u i r e s  1974 sa les ,  f u e l  economy, 
p r i c e ,  and weight  da ta  by automobi le  model. A l t e r n a t i v e  f u e l  economy 
improvement schedules a r e  a1 so requ i red .  Some o f  t h e  da ta  a r e  i n c l u d e d  
i n  t h e  model r e p o r t ,  and some a r e  i n c l u d e d  i n  t h e  accompanying computer 
program use rs '  manual . 

DATA USED I N  RUNNING MODEL 

The model r e q u i r e s  a  c h o i c e  among t h e  f u e l  economy, s a f e t y  standard,  
and emiss ion scenar ios  b u i l t  i n t o  t h e  model. A l t e r n a t i v e l y ,  s p e c i f i c  
assumptions as t o  p r i c e ,  f u e l  economy, e tc .  can be i n c o r p o r a t e d  by  
a l t e r i n g  t h e  data  f i l e .  



DOCUMENTAT ION 

Energy and Env i ronmenta l  A n a l y s i s ,  I nc., Gasol i ne Consumpti on Model, 
Vol . I, prepared f o r  t h e  Federal  Energy A d m i n i s t r a t i o n ,  F i n a l  Report ,  
J u l y  22, 1975. 

Energy and Env i ronmenta l  A n a l y s i s ,  Inc. ,  Gasol i ne Consumption Model, 
Vol . I I: Users Manual, p repared f o r  t h e  Federa l  Energy A d m i n i s t r a t i o n ,  
F i n a l  Report ,  September 1975. 

T r a d e o f f s  Assoc ia ted  w i t h  P o s s i b l e  Auto Emiss ion  Standards,  Repor t  t o  
EPA prepared by Mobi 1  e  Source Po l  1 u t i  on C o n t r o l  Program, February 1975. 

COMPUTER REQUIREMENTS 

The model i s  programmed i n  t h e  FORTRAN I V  G language. I t  i s  
a c c e s s i b l e  f rom a  t i m e - s h a r i n y  computer t e r m i n a l .  An il l e g i b l e  p r i n t o u t  
o f  t h e  model appears i n  t h e  u s e r ' s  manual. 



ECONOMICS SUBMODEL OF THE EEA GASOLINE CONSUMPTION MODEL 

The Economics Submodel of t h e  EEA Gaso l i ne  Consumption Model, da ted 
J u l y  1975, was prepared by Energy and Environmental  Ana lys i s ,  I n c .  (EEA) 
f o r  t h e  Federa l  Energy A d m i n i s t r a t i o n .  It p rov ides  medium-(3-5 y e a r s )  
and long - te rm ( t h r o u g h  1990) p r o j e c t i o n s  of gasol  i ne consumpti on by 
passenger c a r s  f o r  a1 t e r n a t i v e  f u e l  economy, emissions and s a f e t y  
standards.  The model has been e x e r c i s e d  f o r  t h e  O f f i c e  o f  Technology 
Assessment i n  t h e i r  s tudy  "Technology Assessment o f  Changes i n  t h e  Use 
and C h a r a c t e r i s t i c s  o f  t h e  Automobile." 

SPONSOR 

Federal  Energy A d m i n i s t r a t i o n  
O f f i c e  o f  Conservat ion  and Envi ronment 
O f f  i ce o f  T r a n s p o r t a t i  on Programs 
Washington, D.C. 20461 

AUTHOR 

Energy and Env i  ronmental Ana lys i s ,  I nc .  
1701 F o r t  Myer D r i v e  
S u i t e  1211 
A r l i n g t o n ,  Va. 22209 

MODEL TYPE 

Automobi le demand, market  share, v e h i c l e  m i l e s  t r a v e l e d ,  f u e l  
consumption 

OBJECTIVE OF MODEL 

The model p r o v i d e s  medium- (3-5  y e a r s )  and long- term ( t h r o u g h  1990) 
p r o j e c t i o n s  o f  gasol  i ne consumption by passenger ca rs  f o r  a1 t e r n a t i v e  
fue l  economy, emi ss ions,  and s a f e t y  standards.  

RELATIONSHIP TO OTHER MODELS 

T h i s  submodel o f  t h e  EEA G a s o l i r s  Consumption Model r e q u i r e s  i n p u t  
from t h e  techno logy submodel (75-003A) and p r o v i d e s  o u t p u t  f o r  use i n  
t h e  emi ss ions submodel (75-003C) . 

ASSUMPTIONS 

The model assumes t h e  average v e h i c l e  p r i c e  t o  i n c l u d e  t h e  average 
c o s t  o f  o p t i o n s  a c t u a l l y  purchased. The p r e l i m i n a r y  e s t i m a t e  o f  
g a s o l i n e  demand assumes t h a t  scrappage r a t e  and v e h i c l e  m i l e s  o f  t r a v e l /  
c a r  r a t e s  remain cons tan t  ove r  t i m e  and a r e  t h e  same f o r  every  c l a s s  o f  



ca r .  

VAL IDATION 

The a u t h o r  no tes  t h a t  t h e  equat ions  g e n e r a l l y  f i t  h i s t o r i c a l  d a t a  
w e l l .  P r e d i c t i o n s  f o r  1974 a r e  genera l  l y  w i t h i n  1% o f  a c t u a l  values.  
The p r e l i m i n a r y  e s t i m a t e  o f  gasol  i ne demand, however, c o n s i s t e n t l y  
unders ta tes  a c t u a l  demand by t h i r t e e n  t o  s i x t e e n  percent ,  

LIMITATIONS AND BENEFITS 

The model measures t h e  e f f e c t  on g a s o l i n e  consumption o f  changes i n  
t h e  p a t t e r n  o f  usage o f  t h e  e x i s t i n g  f l e e t  o f  veh ic les .  

STRUCTURE 

T h i s  model o f  g a s o l i n e  consumption con ta ins  f o u r  sec t i ons :  ( 1 )  share 
o f  new c a r  sa les  by c l a s s  o f  v e h i c l e ,  ( 2 )  v e h i c l e  m i l e s  o f  t r a v e l ,  ( 3 )  
new c a r  sa les ,  and (4 )  m o d i f i c a t i o n s  t o  v e h i c l e  p o p u l a t i o n  and p r i c i n g  
p a t t e r n s .  F i r s t ,  s i x  "economic" c a r  c lasses  a r e  s p e c i f i e d  by combining 
wheel base and p r i c e  data.  Average p r i c e  p e r  v e h i c l e  c l a s s  i s  c a l c u l a t e d  
f rom t h e  fo rmula :  

where: 

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

BP = base p r i c e  o f  t h e  model 

Pi = p r i c e  o f  o p t i o n  i 

Oi = percentage o f  models s o l d  w i t h  o p t i o n  i 

For  each c l a s s  o f  c a r  a  market  share equa t ion  i s  es t ima ted  f r o m  1960 
t o  1974. Independent v a r i  b l  es t e s t e d  i n  these  equa t ions  i n c l u d e  
c y c l i c a l  economic v a r i a b l e s ,  new c a r  p r i c e ,  f u e l  e f f i c i e n c y ,  and 
gaso l  i ne p r i c e .  The share equa t ion  f o r  sub-compacts i s: 

SCS = - .26 + .0009 (AYDIHH) - 7.3 (AYDIYD) + ,024 (U )  
(-4.4) (4.8) ( -4.0)  (5.6) 

+ ,024 [%-I * ,00096 [w] [P(GAS)] 
(2.1) 

MPG SUB 
(3.1) 

MPG COM 

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



SCS = sub-compact market  share 

YD = r e a l  d i sposab le  income 

HH = number o f  households 

U = unemployment r a t e  

P(GAS) = p r i c e  o f  g a s o l i n e  p e r  g a l l o n  

MPG(SUB) = m i leage  p e r  g a l l o n  f o r  t h e  sub-compact c l a s s  

MPG(C0M) = m i leage  p e r  g a l l o n  f o r  t h e  compact c l a s s  

The share equa t ions  a r e  es t ima ted  w i t h o u t  c o n s t r a i n t s ,  b u t  t hen  a r e  
normal ized t o  sum t o  one f o r  each year .  

VMT i s  es t ima ted  f rom t h e  f o l l o w i n g  equa t ion :  

VMT YD - = 1.21 + .21 (U) + .0016 (rn) 
HH (1.3) (4.4) (30.2) 

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

VMT ,= v e h i c l e  m i l e s  t r a v e l e d  

C P I  = consumer p r i c e  index 

and t h e  o t h e r  v a r i a b l e s  a r e  as p r e v i o u s l y  def ined.  

New c a r  s a l e s  a r e  determined f rom t h e  equa t ion :  

P NC NCS = 24.5 + .036 (AVMT) - 1.36 [GI 
(18.5) (5.3) (*7) 

- 14.6 [,#I + 1.98 (AVMTISTOCK) - .89 (STRIKE) 
(5.9) (2.6) (2.9) 

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

NCS = new c a r  s a l e s  

P(NC) = new c a r  p r i c e  

P(UC) = used c a r  p r i c e  

AVMTISTOCK = a c t u a l  VMTISTOCK f o r  t h e  p rev ious  y e a r  minus es t ima ted  ( o r  



" t r e n d " )  VMTISTOCK 

STRIKE = dummy v a r i a b l e  f o r  s t r i k e  yea rs  

and o t h e r  v a r i a b l e s  a r e  as p r e v i o u s l y  def ined,  

F i n a l l y  a  " p r e l i m i n a r y "  es t ima te  o f  g a s o l i n e  consumption i s  ob ta ined  
f o r  g i ven  l e v e l s  o f  scrappage and VMT p e r  c a r  b y  age. The e s s e n t i a l  
r e l a t i o n s h i p  i s  

where: 

Vij = r e l a t i v e  VMT f o r  y e a r  i and c l a s s  j 

Aij = number o f  c a r s  purchased i n  y e a r  i o f  c l a s s  j 

SA(k) = v e h i c l e  scrappage f a c t o r  f o r  ca rs  k yea rs  o l d  

SV(k) = r e l a t i v e  VMT pe r  c a r  by age normal ized by d i v i d i n g  by VMT/car i n  
t h e  c u r r e n t  year,  

T h i s  p r e l  i m i n a r y  es t ima te  i s  ad jus ted  by t h e  f o l l o w i n g  equat ion :  

AGO= 2 8 . 5 -  118[+r]- . 4 ( U )  
(7.8) (2.5) CPIXMPG STOCK (2,0) 

+ 1.0 (Est imated Gaso l ine  Demand) 

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

AGD = a c t u a l  gaso l i ne  demand, 

and t h e  o t h e r  v a r i a b l e s  a r e  as p r e v i o u s l y  def ined.  

MODEL CONSTRUCTION 

The c a l i b r a t i o n  of t h i s  model r e q u i r e s  annual da ta  f rom 1960 t o  1974 
f o r  a l l  va r iab les .  These da ta  a re  n o t  i n c l u d e d  i n  t h e  model r e p o r t .  

DATA USED I N  RUNNING MODEL 

P r o j e c t i o n s  o f  a1 1  independent v a r i a b l e s  and o f  government 
r e g u l a t i o n s  a r e  requ i red .  The use rs '  manual l i s t s  a1 1  necessary da ta  i n  
Appendix D. 
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Vol, I, F i n a l  Report ,  prepared f o r  t h e  Federal  Energy Admin is t ra t i on ,  
J u l y  22, 1975. 

Energy and Environmental  Ana lys is ,  Inc., Gasol ine Consumption -, Model 
Vol . 11: Users Manual, F i n a l  Report,  prepared f o r  t h e  Federal  Energy 
Admin is t ra t i on ,  September 1975. 

COMPUTER REQUIREMENTS 

The program, w r i t t e n  i n  FORTRAN I V  G, operates i n t e r a c t i v e l y  i n  t ime- 
shar ing  mode. The program r e q u i r e s  57,200 by tes  o f  storage. 



EMISSIONS SUBMODEL OF THE EEA GASOLINE CONSUMPTION MODEL 

The Emissions Submodel o f  t h e  EEA Gaso l ine  Consumption Model, dated 
J u l y  1975, was prepared by Energy and Environmental  Ana lys i s ,  Inc .  
(EEA) f o r  t h e  Federal  Energy A d m i n i s t r a t i o n .  The model uses t o t a l  
v e h i c l e  m i  1 es o f  t r a v e l  (VMT) p r e d i c t i o n s ,  c h a r a c t e r i  s t i c s  o f  t h e  
automobi l e  popu la t i on ,  and emiss ion f a c t o r s  t o  p r e d i c t  na t i onw ide  t o t a l  
au tomot ive  exhaust  emissions o f  hydrocarbons (HC) , carbon monoxide (CO) , 
and n i t r o g e n  ox ides  (NO ) .  It has been exe rc i sed  f o r  t h e  O f f i c e  of 
Technol ogy Assessment i# t h e i r  s tudy "Technology Assessment o f  Changes 
i n  t h e  Use and C h a r a c t e r i s t i c s  o f  t h e  Automobile.' '  

SPONSOR 

Federal  Energy Admi n i  s t r a t i  on 
O f f i c e  o f  Conservat ion  and Env i  ronment 
O f f i c e  o f  T r a n s p o r t a t i o n  Programs 
Washington, D.C. 20461 

AUTHOR 

Energy and Environmental  Ana lys i s ,  I nc .  
1701 F o r t  Myer D r i v e  
S u i t e  1211 
A r l  i ngton, Va. 22209 

MODEL TYPE 

Emissions 

OBJECTIVE OF MODEL 

The model uses t o t a l  VMT p r e d i c t i o n s ,  c h a r a c t e r i s t i c s  o f  t h e  
automobi 1 e popul a t i  on, and emi s s i o n  f a c t o r s  t o  r e d i c t  na t i onw ide  t o t a l  
a u t m o t i  ve exhaust  emi s s i  ons o f  hydrocarbons (HC , carbon monoxide (CO) , 
and n i t r o g e n  ox ides  (NO,). 

Y 

RELATIONSHIP TO OTHER MODELS 

T h i s  model i s  a submodel o f  t h e  EEA Gaso l i ne  Consumption Model, which 
i n c l  udes t h e  Technol ogy Submodel (75-003A) and t h e  Economics Submodel 
(75-003B). 

ASSUMPTIONS 

The model assumes t h a t  f u t u r e  emissions f a c t o r s  f o r  a l l  au tomobi les  
were a c c u r a t e l y  c a l c u l a t e d  by t h e  Environmental  P r o t e c t i o n  Agency. The 
amount o f  use f o r  an i n d i v i d u a l  c a r  i s  assumed t o  be a f u n c t i o n  o f  o n l y  



t h e  age of t h e  car ,  w i t h  o l d e r  ca rs  t r a v e l i n g  l ess .  H i s t o r i c  da ta  on 
use by age i s  assumed t o  app l y  i n  t h e  fu ture .  

VAL I DATION 

Al though no s p e c i f i c  v a l i d a t i o n  e f f o r t s  a r e  r e p o r t e d  f o r  t h e  
Emissions Submodel, t h e  o v e r a l l  model p r e d i c t s  gas01 i n e  consumption 
reasonab ly  w e l l  f rom 1960 t o  1974. 

LIMITATIONS AND BENEFITS 

The f o r e c a s t s  o f  t h e  model a r e  a t  b e s t  o n l y  as r e l i a b l e  as t h e  VMT 
p r o j e c t i o n s  ob ta ined  f rom t h e  Economics Submodel. The model c u r r e n t l y  
i n c o r p o r a t e s  o n l y  f o u r  emiss ion  s tandard  scenar ios.  

STRUCTURE 

The model computes t o t a l  au tomobi le  emissions based on p r o j e c t e d  VMT 
and t h e  a p p r o p r i a t e  emissions r a t e s ,  expressed as volume o f  emissions 
pe r  m i l e  t r a v e l e d .  Emissions r a t e s  f o r  a1 1  v e h i c l e s  th rough t h e  1976 
model y e a r  a r e  ob ta ined  f r o m  e x i s t i n g  t e s t  d a t a  and f rom t h e  p r e l i m i n a r y  
e d i t i o n  o f  Supplement No. 5 f o r  Comp i la t i on  o f  A i r  P o l l u t a n t  Emission 
Factors ,  EPA, A p r i l  15, 1975. The emiss ion  r a t e s  f o r  v e h i c l e s  
manufactured a f t e r  1976 a r e  determined by t h e  s e l e c t i o n  o f  one o f  f o u r  
d i f f e r e n t  emiss ion  s tandard  scenar ios .  Each s tandard  i m p l i e s  a  
cor respond ing emi ss ion  schedule by age o f  veh i c le .  

The model computes t h e  percentage o f  t o t a l  t r a v e l  f o r  each v e h i c l e  
age group by m u l t i p l y i n g  h i s t o r i c  da ta  on t r a v e l  f o r  each v e h i c l e  age by 
t h e  p r e d i c t e d  number of c a r s  i n  each age group on t h e  road i n  a  g i ven  
year.  T o t a l  v e h i c l e  m i l e s  t r a v e l e d  p r e d i c t e d  i n  t h e  Economics Submodel 
i s  d i s t r i b u t e d  among c a r s  on t h e  road i n  each y e a r  acco rd ing  t o  t hese  
percentages. Emi ss ions  a r e  c a l  cu l  a ted  as m i  1  es t r a v e l e d  t i m e s  t h e  
a p p r o p r i a t e  emiss ion  f a c t o r  f o r  each age group. 

MODEL CONSTRUCTION 

The model r e q u i r e s  emiss ion  f a c t o r s  by v e h i c l e  age f o r  a1 1  v e h i c l e s  
on t h e  road i n  a  g i ven  yea r .  These data  a re  l i s t e d  i n  Appendix C o f  t h e  
use rs '  manual. P r o j e c t i o n s  o f  t o t a l  VMT and c a r s  on t h e  road  i n  a  g i ven  
y e a r  a r e  ob ta ined  f rom t h e  Economics Submodel. 

DATA USED IN  RUNNING MODEL 

The model r e q u i r e s  s e l e c t i o n  o f  one o f  f o u r  emiss ion  standards 
scenar ios.  Data d e s c r i b i n g  these  scenar ios  appear i n  Tab le  VI-2 o f  t h e  
model r e p o r t .  



DOCUMENTATION 

Energy and Environmental  Ana lys is ,  Inc.,  Gasol i ne Consumpti on Model , 
V o l  . I, F i n a l  Report,  prepared f o r  t h e  ~ e d m r g y  Admi n i  s t r a t i o n ,  
J u l y  22, 1975. 

Energy and Environmental Ana lys is ,  I nc., Gas01 i ne Consumpti on -9 Model 
Vol.  11: Users Manual, F i n a l  Report,  prepared f o r  t h e  Federal  Energy 
~ d m i  n i  s t r a t K s W e r  1975. 

COMPUTER REQUIREMENTS 

The program, w r i t t e n  i n  FORTRAN I V  G, operates i n  an i n t e r a c t i v e  
t ime-shar ing  mode. It occupies 57,200 by tes  o f  storage. 



AUTOMOBILE SIMULATION MODEL 
OF THE PROJECT INDEPENDENCE EVALUATION SYSTEM (PIES) 

The Automobi le S i m u l a t i o n  Model was w r i t t e n  i n  1975 a t  t h e  Federal  
Energy A d m i n i s t r a t i o n  (FEA) as p a r t  o f  t h e  P r o j e c t  Independence 
Eva1 u a t i o n  System (PIES). The purpose o f  t h e  model i s  t o  examine t h e  
e f f e c t s  o f  severa l  conse rva t i on  p o l i c y  o p t i o n s  on gasol  i ne consumpti on, 
new c a r  sales,  and t o t a l  v e h i c l e  m i l e s  t r a v e l e d .  I t  has been used by 
t h e  White House i n  t h e  p r e p a r a t i o n  o f  t h e  N a t i o n a l  Energy Plan, by t h e  
E l e c t r i c  Power Research I n s t i t u t e  f o r  energy use f o r e c a s t i n g ,  and by 
Washington S t a t e  U n i v e r s i t y  i n  energy p o l i c y  research.  

SPONSOR 

Federal  Energy Admi n i  s t r a t i  on 
Washington, D.C. 20461 

AUTHOR 

James Sweeney 
Federal  Energy Admini s t r a t i  on 
O f f i c e  o f  Energy Systems 
Washington, D.C. 20461 

MODEL TYPE 

V e h i c l e  m i l e s  t r a v e l e d  (VMT) , automobi le  demand, f l e e t  s i ze ,  f u e l  
economy, f u e l  consumption, v e h i c l e  user  c o s t s  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  f o r e c a s t  t h e  impact  on g a s o l i n e  
consumption, on new c a r  sa les ,  and on t o t a l  v e h i c l e  m i l e s  t r a v e l e d  o f  
severa l  conse rva t i on  p o l i c y  o p t i o n s  appl i c a b l  e  t o  passenger cars. The 
o p t i o n s  i n c l u d e  e f f i c i e n c y  standards,  t e c h n i c a l  changes, gasol i n e  taxes,  
and t a r i f f  op t ions .  

RELATIONSHIP TO OTHER MODELS 

The Automobi le S i m u l a t i o n  Model i s  one o f  t h r e e  submodels o f  t h e  
T r a n s p o r t a t i o n  Sec to r  o f  t h e  PIES energy demand model. Other  submodel s  
o f  t h e  T r a n s p o r t a t i o n  Sec to r  a r e  t h e  Other  Veh ic les  Model and t h e  
Na tu ra l  Gas T r a n s p o r t a t i o n  Model. Three o t h e r  s e c t o r s  (Household, 
Commercial , and I n d u s t r i a l  ) compr ise t h e  PIES energy demand model. 
Output  f rom t h e  FEA World Energy Model (75-0048) i s  used as i n p u t  t o  
PIES. 



ASSUMPTIONS 

The model i s  based on t h e  f o l l o w i n g  assumptions: 

1 )  average MPG f o r  each c a r  v i n t a g e  remains unchanged; 

2 )  consumers c a l c u l a t e  a  d e s i r e d  s tock  o f  au tomobi les  and buy new 
c a r s  i n  o r d e r  t o  a d j u s t  t h e  t o t a l  s tock  o f  c a r s  f rom i t s  e x i s t i n g  
l e v e l  t o  i t s  d e s i r e d  l e v e l ;  

3 )  g a s o l i n e  p r i c e s  ( b e f o r e  t a x e s )  a r e  n o t  i n f l u e n c e d  by p o l i c y  
op t i ons ;  

4 )  r e f i n e r y  y i e l d  c o n s t r a i n t s  w i l l  n o t  a c t  as a  s i g n i f i c a n t  
b o t t l e n e c k  r e t a r d i n g  t h e  r e a l  i z a t i o n  o f  t h e  reduc t i ons ;  and 

5 )  s u f f i c i e n t  po l  i c y  i nstruments e x i  s t  t o  implement e f f i c i e n c y  
standards. 

VAL IDATION 

The model has been r u n  f o r  t h e  p e r i o d  1975 t o  1985 t o  t e s t  t h e  impact  
o f  p o l i c y  o p t i o n s  on gasol i n e  demand f o r  passenger cars ,  v e h i c l e  m i l e s  
o f  passenger cars ,  f u e l  e f f i c i e n c y  o f  new cars ,  f u e l  e f f i c i e n c y  o f  t h e  
f l e e t  o f  cars,  new automobi le  sa les ,  and passenger c a r  r e g i s t r a t i o n s . ,  
It was found t h a t  r e d u c t i o n s  i n  g a s o l i n e  demand c o u l d  be ob ta ined  by t h e  
use o f  e f f i c i e n c y  standards,  g a s o l i n e  taxes,  o r  t a r i f f s .  Gas taxes  
reduce demand th rough  r e d u c t i o n s  i n  v e h i c l e  m i  1  es t r a v e l e d  and inc reased  
e f f i c i e n c y ,  i n  t h e  s h o r t  run. 

LIMITATIONS AND BENEFITS 

The model r e s u l t s  o n l y  i n d i c a t e  s h i f t s  i n  demand f o r  gasol  i ne ,  n o t  
supp ly  

STRUCTURE 

The econometr ic  equa t ions  were developed f rom o r d i n a r y  1  e a s t  squares 
techn iques,  except  f o r  v e h i c l e  m i l e s  t r a v e l e d ,  which was developed u s i n g  
n o n l i n e a r  l e a s t  squares w i t h  f i r s t - o r d e r  au to reg ress i ve  t rans fo rma t ion .  
The equat ions  o f  t h e  model a re :  

VMAUTO = N  x  exp[ .80967 (1  og[VMAUTO(-l)/N(-1) I )  
(12.683) 

t ,97561 (1 og[YD58%N]) + ,0026184 (RU) 
(11.1515) (0.9352) 



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

COSTPM = c o s t  p e r  m i l e  o f  d r i v i n g  an automobi le  

VMAUTO = t o t a l  v e h i c l e  m i l e s  o f  a l l  passenger ca rs  on t h e  road 
(mi 11 i o n s )  

Y0581N = d i sposab le  income p e r  person i n  1958 d o l l a r s  ( thousands) 

RU = unemployment r a t e  as de f i ned  by t h e  Bureau o f  Labor S t a t i s t i c s  

N = t o t a l  p o p u l a t i o n s  ( m i l l i o n s )  

NPCR = N  x exp[ 4.0792 - 3.7554 ( log[OMEGA(- l ) /N(- I ) ] )  
( -6564)  (-6.2754) 

+ 1,7780 (log[YD58%N]) - .078164 (RU)] 
(1.9503) (-3.6297) 

ii2 = .8964 

NPCR = new passenger c a r  s a l e s  ( thousands) 

OMEGA = age ad jus ted  s tock  o f  au tomobi les  

PCRAUTO = .930943 [PCRAUTO(-I)] + NPCR 
(629.97) 

-2 R = .9991 

PCRAUTO = s tock  o f  au tomobi les  ( thousands) 

OMEGA = !lPCR + DELTA x B x OMEGA(-1) 

DELTA = s u r v i v a l  r a t e ,  t h e  f r a c t i o n  o f  au tomobi les  t h a t  s u r v i v e  f rom one 
y e a r  t o  t h e  next ,  = .93 

B = age adjustment f a c t o r ,  which a d j u s t s  f o r  t h e  f a c t  t h a t  o l d e r  ca rs  
are d r i v e n  l e s s ,  = .92 



MPGAUTO = exp[ 3.22175 
(31.8728) 

+ ,68777 ( I  og[(PGAS[-1 ]/CPI[-11) / EFF]) + ( 1  og[EFFJ)] 
(7.5798) 

CPI = consumer p r i c e  i ndex  

PGAS = p r i c e  o f  gasol  i n e  i n  nominal do1 l a r s  p e r  g a l  l o n ,  i n c l u d i n g  t a x e s  

MPGAUTO = m i l e s  p e r  g a l l o n  o f  new c a r s  

EFF = measure o f  t e c h n i c a l  e f f i c i e n c y  

THETA = NPCRIMPGAUTO + DELTA x B x THETA(-1) 

THETA = f u e l  use p e r  m i l e  d r i v e n ,  a l l o w s  m i l e s  p e r  g a l l o n  o f  new c a r s  t o  
a f f e c t  t h e  m i l e s  p e r  g a l l o n  o f  t h e  s tock  

AMPGAUTO = OMEGAITHETA 

AMPGAUTO = average mi l e s  p e r  g a l l o n  o f  t h e  s tock  o f  automobi les on t h e  
road 

COSTPM = (RIDERSPC x WGFAC x AHEEAICPI) I (.5 [AVSPEED] + 10.0) 

RIDERSPC = number o f  passengers pe r  c a r  (assumed t o  equal 1.3) 

WGFAC = wage f a c t o r  o r  t h e  p r o p o r t i o n  of wages t h a t  people f e e l  t h e y  
l o s e  w h i l e  d r i v i n g  as opposed t o  work - re la ted  a c t i v i t i e s  
(assumed t o  equal 0.4) 

AHEEA = p e r  hour wage r a t e  i n  nominal do1 l a r s  

GASAUTO = VMAUTO/AMPGAUTO 

GASAUTO = t o t a l  gasol i n e  consumption o f  a1 1 c a r s  i n  g a l l o n s  o f  g a s o l i n e  
( m i  11 i o n s )  



MODEL CONSTRUCTION 

H i s t o r i c a l  va lues o f  t h e  independent v a r i a b l e s  were used i n  model 
e s t i m a t i o n .  Sources o f  t hese  d a t a  were: t h e  Federal  Highway 
A d m i n i s t r a t i o n ,  t h e  Environmental  P r o t e c t i o n  Agency, t h e  "Nat ionwide 
Personal  T r a n s p o r t a t i o n  Study, " t h e  Motor  V e h i c l e  Manufac turers  
Assoc ia t i on ,  t h e  Department of Commerce, and t h e  American Pet ro leum 
I n s t i t u t e .  

DATA USED I N  RUNNING MODEL 

Forecasts  o f  t h e  f o l l  owing v a r i a b l e s  a r e  r e q u i r e d  t o  r u n  t h e  model : 

1 )  t o t a l  popul a t i  on (mi 11 i o n s )  , 

2 )  c o s t  p e r  m i l e  o f  d r i v i n g  an auto,  

3 )  t o t a l  v e h i c l e  m i l e s  o f  a l l  au tos  on road,  

4 )  unemployment r a t e  as d e f i n e d  b y  Bureau o f  Labor S t a t i s t i c s ,  

5)  new passenger c a r  sa les ,  

6 )  age a d j u s t e d  s tock  o f  automobi les,  

7 )  s tock  o f  automobi les,  

8)  p r i c e  o f  gas01 ine ,  

9) consumer p r i c e  index,  

10) assumed m i l e s  p e r  ga l  l on ,  

11) average m i l e s  pe r  g a l l o n  o f  t h e  a u t o  s tock ,  

12) number o f  passengerslauto,  

13) l o s s  o f  wages r e s u l t i n g  f rom d r i v i n g ,  

14) per -hour  wage r a t e ,  and 

15) average speed on road. 

The macroeconomic v a r i a b l e s  used by  t h e  a u t h o r  i n  f o r e c a s t i n g  were 
d e r i v e d  from t h e  Data  Resources, I nc. macroeconomi c  model , 

DOCUMENTAT ION 

Federal  Energy A d m i n i s t r a t i o n ,  O f f i c e  o f  t h e  A s s i s t a n t  A d m i n i s t r a t o r  f o r  
P o l i c y  and Ana lys i s ,  O f f i c e  o f  Energy Systems, Pasenger Car Use o f  
Gaso l ine :  An A n a l y s i s  o f  P o l i c y  Opt ions,  February 7, 1975. 



WORLD ENERGY MODEL 

The World Energy Model was w r i t t e n  by t h e  Federal  Energy 
A d m i n i s t r t i o n  (FEA) i n  1975. I t s  purpose i s  t o  genera te  f o r e c a s t s  o f  
w o r l d  c rude o i l  p r i c e s  and t h e  U.S. crude o i l  i m p o r t s  a t  d i f f e r e n t  
l e v e l s  o f  p r i c e s .  Output  f rom t h i s  model i s  used by t h e  FEA as i n p u t  t o  
t h e  P r o j e c t  Independence E v a l u a t i o n  System (PIES) model w i t h  which i t  i s  
compat i b l  e. 

SPONSOR 

Federal  Energy A d m i n i s t r a t i o n  
Washington, D.C. 20461 

AUTHOR 

Federal  Energy Admi n i  s t r a t i  on 
Washington, D. C. 20461 

MODEL TYPE 

Energy consumpti on 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  World Energy Model i s  t o  genera te  f o r e c a s t s  o f  
w o r l d  crude o i l  p r i c e s  and U.S. crude o i l  impor t s  a t  d i f f e r e n t  p r i c e  
l e v e l s .  

RELATIONSHIP TO OTHER MODELS 

Output  f rom t h i s  model, as w e l l  as t h a t  f rom t h e  Automobi le 
S i m u l a t i o n  Model (75-004A), i s  used as i n p u t  t o  t h e  PIES model. 

STRUCTURE 

The FEA World Energy Model i s  an econometr ic  1  i n e a r  programming 
r e p r e s e n t a t i o n  o f  t h e  v a r i o u s  segments o f  t h e  wor ld  energy market, 
i n c l u d i n g  demand, r e f i n i n g ,  t r a n s p o r t a t i o n ,  supply,  f l o w s  and p r i c i n g  
processes. The s t r u c t u r e  and methodology o f  t h e  model i s  h i g h l y  
compat ib le  w i t h  PIES. The model has e i g h t  submodels: macroeconomic, 
econometr ic  demand fo recas t i ng ,  r e f i n e r y ,  energy t rans fo rma t ion ,  
t r a n s p o r t a t i o n ,  supp ly ,  economic, and equi  1 i brium. 

DOCUMENTAT I ON 

A1 i E z z a t i  , "FEA World Energy Model ," Federal  Energy A d m i n i s t r a t i o n ,  



presented a t  t h e  I n t e r n a t i o n a l  Energy A n a l y s i s  Seminar, June 9-10, 1975, 
Rosslyn, V i r g i n i a .  



MODIFIED ROLLBACK PROGRAM 

The M o d i f i e d  R o l l  back Program was w r i t t e n  by t h e  Environmental  
P r o t e c t i o n  Agency (EPA) i n  1974. I t s  purpose i s  t o  c a l c u l a t e  e i t h e r  
b o t h  p r o j e c t e d  a i r  qua1 i t y  and a i r  p o l l u t a n t  emissions,  o r  p o l l u t a n t  
emissions on ly ,  

SPONSOR 

Envi ronmental P r o t e c t i o n  Agency 
Research T r i a n g l e  Park, N.C, 27711 

AUTHOR 

Environmental  P r o t e c t i o n  Agency 
A i  r Management Technology Branch 
M o n i t o r i n g  and Data  A n a l y s i s  D i v i s i o n  
O f f i c e  o f  A i r  Qua1 i t y  P lann ing  and Standards 
Research T r i a n g l e  Park, N.C. 27711 

MODEL TYPE 

A i r  p o l l u t i o n / a i r  q u a l i t y  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  c a l c u l a t e  a i r  q u a l i t y  and a i r  
p o l l u t a n t  emissions,  o r  p o l l u t a n t  emissions on ly .  I t  i s  a  long-range 
model. 

RELATIONSHIP TO OTHER MODELS 

The m o d i f i e d  r o l l  back model may be used i n  c o n j u n c t i o n  w i t h  an 
Environmental P r o t e c t i o n  Agency (EPA) h e a l t h  model. Output  f rom t h e  
r o l l b a c k  model i s  used as i n p u t  t o  t h e  h e a l t h  model, which f o r e c a s t s  
marg ina l  increases i n  c e r t a i n  d iseases due t o  increased l e v e l s  o f  
po l  1  u tan ts .  

HISTORICAL BACKGROUND 

The Environmental  P r o t e c t i o n  Agency was e s t a b l i s h e d  i n  1970 t o  ensure 
t h a t  t h e  p r o v i s i o n s  o f  t h e  Clean Air Act  and i t s  1970 amendments were 
c a r r i e d  out .  The r o l l  back model i s  one t o o l  t h e  EPA uses i n  t h e i r  work. 



ASSUMPTIONS 

The model assumes t h a t  i f  emiss ion  sources were reduced by a  c e r t a i n  
f r a c t i o n ,  a i r  q u a l i t y  w i l l  improve by t h a t  f r a c t i o n ,  

VAL I DATI ON 

The model 's  p r o j e c t i o n s  a r e  compared t o  observed a i r  q u a l i t y  i n  t h e  
Los Angeles area f o r  t h e  y e a r s  1964 t o  1974. I n  genera l  t h e  model 
p r e d i c t e d  pas t  a i r  q u a l i t y  t r e n d s ,  which were s i m i l a r  t o  measured 
values.  I t s  a b i l i t y  t o  p r e d i c t  i n  t h e  f u t u r e  i s  judged t o  be b e t t e r  f o r  
r e l a t i v e  t r e n d s  t h a n  f o r  a c t u a l  p r o j e c t e d  values. 

LIMITATIONS AND BENEFITS 

The assumption about t h e  p r o p o r t i o n a l i t y  o f  emissions and a i r  qua1 i ty  
may n o t  h o l d  t r u e  i n  a l l  s i t u a t i o n s .  

STRUCTURE 
n 

where: 

'j 
= p r o j e c t e d  a i r  q u a l i t y  c o n c e n t r a t i o n  f o r  ca lendar  y e a r  j 

B = background c o n c e n t r a t i o n  

0 
= base y e a r  a i r  q u a l i t y  c o n c e n t r a t i o n  

Qi = base y e a r  emiss ion i n v e n t o r y  f o r  source ca tegory  i 

Gi = growth f a c t o r  f o r  source ca tegory  i i n  y e a r  j 

Fij = emiss ion f a c t o r  r a t i o  f o r  source ca tegory  i i n  y e a r  j 

Ki = emiss ion h e i g h t  f a c t o r  f o r  source ca tegory  i 

Ti j = t r a n s p o r t a t i o n  c o n t r o l  f a c t o r ,  if appl i c a b l e ,  f o r  source category  
i i n  yea r  j 

n = number o f  source c a t e g o r i e s  

i = source ca tegory  index 

j = c a l e n d a r  y e a r  index 



MODEL CONSTRUCTION 

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

DATA USED I N  RUNNING MODEL 

The model user  must choose and des igna te  t h e  areas f o r  which an a i r  
q u a l i t y  p r o j e c t i o n  i s  des i red ;  des igna te  t h e  name, base year ,  and base 
y e a r  c o n c e n t r a t i o n  o f  t h e  p o l l u t a n t  f o r  which an a i r  q u a l i t y  p r o j e c t i o n  
i s  des i red;  choose as many as  s i x  m o b i l e  sources and s i x  s t a t i o n a r y  
source c a t e g o r i e s  o f  t h e  t w e n t y - s i x  a v a i l a b l e ;  and s e l e c t  base y e a r  
emissions,  compound growth r a t e s ,  and compound r e t i r e m e n t  r a t e s  f o r  each 
ca tegory  chosen. 

DOCUMENTATION 

E. Tuerk, A i r  Q u a l i t y L  No ise  and Heal t h y  Repor t  o f  a  Panel o f  t h e  
In te ragency  Task Force on Motor  V e h i c l e  Goals Beyond 1980, March 1976. 

M o d i f i e d  R o l l  back Computer Program, Documentation, D r a f t ,  Environmental  
P r o t e c t i o n  Agency, A i  r Management Technology Branch, M o n i t o r i n g  and Data 
A n a l y s i s  D i v i s i o n ,  O f f i c e  o f  Air Q u a l i t y  P lann ing  and Standards, A p r i l  
7, 1977. T h i s  document g i v e s  i n s t r u c t i o n s  f o r  r u n n i n g  t h e  program and 
con ta ins  t h e  program 1  i s t i n g .  

COMPUTER REQUIREMENTS 

The model i s  w r i t t e n  i n  FORTRAN f o r  a  UNIVAC computer. 



HIGHWAY FUEL CONSUMPTION MODEL 

The Highway Fuel Consumption Model was prepared i n  A p r i l  1974 b y  t h e  
T r a n s p o r t a t i o n  Systems Center  (TSC) f o r  t h e  U.S. Department o f  
T ranspor ta t i on .  The o b j e c t i v e  o f  t h e  model i s  t o  p r o v i d e  an e s t i m a t e  o f  
f u t u r e  v e h i c l e  p o p u l a t i o n  mixes by  age of v e h i c l e  and f u e l  ca tegory ,  and 
t o  c a l c u l a t e  t h e  f u e l  consumption r a t e  o f  such a  v e h i c l e  d i s t r i b u t i o n .  

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
O f f i c e  o f  t h e  A s s i s t a n t  S e c r e t a r y  f o r  Systems Development and 
Technology, and Of f i ce  o f  t h e  A s s i s t a n t  Sec re ta ry  f o r  P o l i c y  and 
I n t e r n a t i o n a l  A f f a i r s  
Washington, D.C. 20590 

AUTHOR 

H.H. Gould and A.C. M a l l i a r i s  
U  .S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kenda l l  Square 
Cambridge, Mass. 02142 

MODEL TYPE 

V e h i c l e  m i l e s  t r a v e l e d ,  f u e l  consumption, f l e e t  s i z e  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  p r o v i d e  an e s t i m a t e  o f  f u t u r e  
v e h i c l e  p o p u l a t i o n  mixes by age of v e h i c l e  and f u e l  ca tegory ,  and t o  
c a l c u l a t e  t h e  f u e l  consumption r a t e  o f  such a  v e h i c l e  d i s t r i b u t i o n .  

RELATIONSHIP TO OTHER MODELS 

The model bears no d i r e c t  r e l a t i o n s h i p  t o  o t h e r  models. 

ASSUMPTIONS 

The model assumes a  s tandard  decay r a t e  as a  f u n c t i o n  o f  age f o r  a l l  
automobi 1 es. 

VALIDATION 

The model was t e s t e d  f o r  cons is tency  o f  o p t i o n s  i n  t h e  computer 
program. Eleven s c e n a r i o  p r o j e c t  i ons  a r e  presented i n  t h e  r e p o r t .  



However, t h e  r e p o r t  does n o t  d i  scuss any v a l  i d a t i o n  e f f o r t s .  

LIMITATIONS AND BENEFITS 

The model does n o t  f o r e c a s t  o r  p r e d i c t  g a s o l i n e  consumption based on 
exp lana to ry  v a r i a b l e s .  It est imates ,  on t h e  average, t h e  s e n s i t i v i t y  o f  
t o t a l  f u e l  consumption t o  changes i n  t h e  f u e l  economies o f  new c a r s  
i n t r o d u c e d  i n t o  t h e  v e h i c l e  p o p u l a t i o n  and t h e  e f f e c t s  o f  t h e  e x i s t i n g  
v e h i c l e  i n v e n t o r y .  An accoun t ing  i s  made e n t i r e l y  f rom d a t a  s u p p l i e d  b y  
t h e  user.  

STRUCTURE 

The model c a l c u l a t e s  f u e l  consumption over  t i m e  g i ven  t h e  user -  
s p e c i f i e d  va lues o f :  

1) t h e  d i s t r i b u t i o n  o f  i n i t i a l  y e a r  v e h i c l e  p o p u l a t i o n  by f u e l  economy, 

2 )  v e h i c l e  m i l e s  d r i v e n  p e r  y e a r  as a  f u n c t i o n  o f  v e h i c l e  age, 

3 )  s u r v i v a l  r a t e s  o f  t h e  v e h i c l e s  as a  f u n c t i o n  o f  age, 

4)  p r o j e c t e d  v e h i c l e  p o p u l a t i o n  ( o r  v e h i c l e  m i l e s )  as a  f u n c t i o n  o f  
t ime,  and 

5 )  p r o j e c t e d  f r a c t i o n a l  mix,  by f u e l  ca tegor ies ,  o f  new c a r s  added t o  
t h e  v e h i c l e  popul a t i  on d u r i n g  each p r o j e c t e d  year.  

Given t h e  data,  t h e  model c a l c u l a t e s  new c a r  sa les  f o r  each p r o j e c t e d  
y e a r  by s u b t r a c t i n g  s u r v i v i n g  v e h i c l e s  f rom t h e  t o t a l  v e h i c l e  
popu la t i on .  New c a r  sa les  a r e  d i s t r i b u t e d  by f u e l  ca tegory ,  and f u e l  
consumption i s  c a l  c u l  a t e d  f rom t h e  fo rmula :  

where: 

i = y e a r  

j = f u e l  consumption ca tegory  

k = age o f  v e h i c l e  

F  = f u e l  consumption 

N = number o f  v e h i c l e s  

C = f u e l  consumption, g a l / m i l e  

M = m i l e s  d r i v e n  p e r  y e a r  



MODEL CONSTRUCTION 

T h i s  model i s  a  s e t  o f  p h y s i c a l  t h e o r e t i c a l  r e l a t i o n s h i p s .  

DATA USED I N  RUNNING MODEL 

The model r e q u i r e s  i n i t i a l  y e a r  d a t a  f o r  a l l  v a r i a b l e s ,  and 
p r o j e c t i o n s  o f  a l l  t h e  i n p u t  v a r i a b l e s  f o r  each f o r e c a s t  year .  The d a t a  
va lues  f o r  severa l  scenar ios  a r e  1  i sted  i n  t h e  model r e p o r t .  

DOCUMENTATION 

Gould, H.H. and A.C. M a l l  i a r i s ,  Highway - Fuel Consumption Computer Model 
( V e r s i o n  I ) ,  F i n a l  Report ,  Department o f  T r a n s p o r t a t i o n ,  Report   NO.^ 
TSC-OST-73-43, A p r i l  i974.  

Theodore M. B a r n h i l l ,  "DOT Highway Fuel Consumpti on Model " ( V e r s i o n  I as 
r e v i s e d )  , Motor V e h i c l e  Manufac turers  Assoc ia t i on ,  1975. 

COMPUTER REQUIREMENTS 

The model i s  programmed i n  FORTRAN. A program l i s t i n g  i s  i n c l u d e d  i n  
t h e  model r e p o r t .  



AUTO FLEET SUBMODEL 

The Auto F l e e t  Submodel, da ted  February 1976, i s  a  computer program 
used by t h e  T r a n s p o r t a t i o n  Systems Center  (TSC) t o  implement t h e  
consumer s e c t o r  o f  i t s  model i n g  e f f o r t  f o r  t h e  Task Force  on Motor-  
V e h i c l e  Goals Beyond 1980. It was prepared f o r  TSC by Kent ron  Hawai i ,  
L td .  The model p rov ides  fo recas ts  o f  f l e e t  c h a r a c t e r i s t i c s ,  emissions,  
mi leage,  and f u e l  da ta  f o r  t h r e e  s i ze -c lasses  o f  c a r s  and up t o  f i v e  
" f a m i l i e s "  o f  s t r u c t u r a l  s p e c i f i c a t i o n s .  

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Data Se rv i ces  D i v i s i o n  
Systems Appl i c a t i  on and Programming Branch 
Kendal 1  Square 
Cambridge, Mass. 02142 

AUTHOR 

Alexander F. Robb 
S c i e n t i  f i c  Appl i c a t i o n s  Programmi ng S e c t i o n  
Kent ron  Hawai i , L td ,  
Cambridge, Mass. 02142 

MODEL TYPE 

Automobi 1  e  demand, market  share, v e h i c l e  mi 1  es t r a v e l e d  (VMT) , 
scrappage, emissions,  f u e l  economy 

OBJECTIVE OF MODEL 

The Auto F l e e t  Submodel i s  designed t o  p r o v i d e  f o r e c a s t s  o f  f l e e t  
c h a r a c t e r i s t i c s ,  emissions,  mi leage,  and f u e l  da ta  f o r  t h r e e  s i z e -  
c lasses  o f  c a r s  and up t o  f i v e  " f a m i l i e s "  o f  s t r u c t u r a l  s p e c i f i c a t i o n s .  

RELATIONSHIP TO OTHER MODELS 

T h i s  model c o n s t i t u t e s  t h e  consumer submodel o f  a  l a r g e r  mode l ing  
e f f o r t  by TSC. The model rece i ves  i n p u t s  f rom o t h e r  submodels which 
p r e d i c t  resou rce  requ i rements  and automobi le  p roduct ion .  It p rov ides  
o u t p u t s  t o  t h e  auto  des ign  e v a l u a t i o n  submodel and t h e  envi ronmental  
impact  assessment submodel. I n  p a r t i c u l a r ,  t h e  f l e e t  model i s  used as 
i n p u t  t o  ARAM (76-024A). 



ASSUMPTIONS 

The model assumes t h a t  up t o  f i v e  f a m i l i e s  o f  c a r s  w i l l  e x i s t  a t  any 
one t ime. Fami 1  i e s  a r e  def ined by engine,  t ransmiss ion ,  and s t r u c t u r a l  
s p e c i f i c a t i o n s ,  and by  whether c e r t a i n  1  eve1 s  o f  emiss ions and s a f e t y  
standards a r e  met. 

VAL IDATION 

The model r e p o r t  does n o t  d e s c r i b e  any v a l i d a t i o n  o f  t h e  model. 

STRUCTURE 

The model f o r e c a s t s  f l e e t  s i ze ,  VMT, new c a r  sales,  f u e l  consumption, 
and emissions f o r  a  s p e c i f i e d  number o f  years.  The model r e p o r t  does 
n o t  d e s c r i b e  t h e  a c t u a l  s t r u c t u r e  o f  t h e  model, 

MODEL CONSTRUCTION 

The model r e q u i r e s  t h e  f o l l o w i n g  da ta  base: 

1 )  da ta  f o r  t h e  i n i t i a l  f l e e t  (1975) by age, c lass ,  and f a m i l y ,  

2 )  m i l e s  d r i v e n  by age o f  c a r ,  

3 )  scrappage r a t e  by age o f  ca r ,  

4 )  t y p e  o f  f u e l  used, 

5) f u e l  e f f i c i e n c y  by year,  c l a s s ,  and f a m i l y ,  

6 )  v e h i c l e  we ight ,  

7 )  c rashwor th i  ness, 

8) emiss ion r a t e s  f o r  t h r e e  p o l l u t a n t s  f o r  each fam i l y ,  

9) new c a r  p r i c e  by year ,  c l a s s ,  and f a m i l y ,  

10) emiss ion ca tegory  by f a m i l y .  

Data va lues used i n  t h e  model a r e  l i s t e d  i n  Appendix A, pp. A-34 t o  
A-36, and Appendix D, p. D-1 o f  t h e  model r e p o r t ,  

DATA USED I N  RUNNING MODEL 

For each y e a r  o f  t h e  f o r e c a s t  t h e  mode1 r e q u i r e s  i n p u t  va lues f o r  t h e  
unemployment r a t e ,  new c a r  m ix  by c l a s s ,  s a l e s  mix by f a m i l y ,  and 
d e s c r i p t i v e  data  f o r  each new f a m i l y  o f  cars .  T o t a l  sa les ,  t o t a l  VMT, 
and t o t a l  v e h i c l e  p o p u l a t i o n  can be i n p u t ,  o r  t hey  can be f o r e c a s t  u s i n g  



q u a r t e r l y  i n p u t  va lues f o r  p o p u l a t i o n  over  t h e  age o f  16, p r i c e  o f  new 
cars ,  t o t a l  popu la t i on ,  unemployment r a t e ,  Moody's AAA i n t e r e s t  r a t e ,  
and h i s t o r i c a l  new c a r  sa les  f rom 1965 t o  1974. Annual va lues a r e  
r e q u i r e d  f o r  t h e  number o f  d r i v e r s ,  r e a l  d i sposab le  income, number of 
households, and r e a l  p r i c e  o f  gaso l ine .  Data values used a r e  l i s t e d  i n  
t h e  model r e p o r t  i n  Appendix D, pp. D-2 t o  D-5. 

DOCUMENTATION 

Alexander F. Robb, Auto F l e e t  Submodel , F i n a l  Report,  prepared by 
Kent ron Hawaii  , ~td.or TSC/DOT under c o n t r a c t  No. DOT/TSC-1146, 
February 23, 1976. 

A.F. Robb, Update of U s e r ' s  Manual f o r  t h e  Fuel  Forecast  Program, 
Ex te rna l  Memo ~ ~ 1 0 - ~ 2 9 2 0 -  581/75, November 14, 1975. 

COMPUTER REQUIREMENTS 

The model i s  programmed i n  FORTRAN I V  (F40). A copy o f  t h e  program 
i s  i n c l u d e d  i n  t h e  model r e p o r t .  



A USER COST APPROACH TO NEW AUTOMOBILE PURCHASES 

A User Cost Approach t o  New Automobi l e  Purchases, dated January, 
1973, was developed a t  Pomona Co l l ege  under a g r a n t  f rom t h e  Ford  
Foundation. The o b j e c t i v e s  of t h e  research  were t o  i n v e s t i g a t e  a 
s u p e r i o r  goods approach t o  model ing  new c a r  purchases and t o  compare 
t h i  s approach w i t h  t h e  commonly used "s tock-ad jus tment "  approach, 

SPONSOR 

Ford Foundat ion  
Grant  A1 l o c a t e d  by Pomona Co l l ege  Research Comni t t e e  

AUTHOR 

Frank C. Wykoff 
Pomona Col 1 ege 
C l  aremont, Cal i f o r n i  a 

MODEL TYPE 

Automobi 1 e demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e s  o f  t h i s  research  a r e  t o  examine a s u p e r i o r  goods 
approach t o  model ing new c a r  purchases and t o  compare t h i s  approach w i t h  
t h e  commonly used "s tock-ad jus tment "  approach, The hypo thes i s  i s  t e s t e d  
t h a t  new ca rs  a r e  viewed by consumers as s u p e r i o r  t o  used cars .  

RELATIONSHIP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

There has been much econometr ic  work i n v e s t i g a t i n g  t h e  use r -cos t  
element i n  c o r p o r a t e  investment  dec i  s ions.  There a r e  para1 l e l s  between 
investment  d e c i s i o n s  by  f i  m s  and d u r a b l e  purchase d e c i s i o n s  by 
consumers, y e t  use r -cos t  t h e o r y  has n o t  been appl  i e d  t o  consumer goods. 

ASSUMPTIONS 

The f o l l o w i n g  assumptions were made i n  t h e  c o n s t r u c t i o n  o f  t h e  model : 

1) U t i l i t y  t o  t h e  consumer i s  d e r i v e d  f rom t h e  s e r v i c e s  o f  d u r a b l e  
goods, and i t  i s  t h e  p r i c e  o f  t h e  se rv i ces ,  n o t  t h e  purchase 



p r i c e ,  t h a t  determines t h e  demand ( t h e  use r -cos t -o f - cap i  t a l  
t h e o r y )  . 

2) The r e n t a l  p r i c e  o f  a  c a r  f o r  a  y e a r  i s  t h e  o p p o r t u n i t y  c o s t  o f  
h o l d i n g  t h e  c a r  p l u s  t h e  l o s s  o f  va lue  o f  t h e  c a r  over  t h e  year .  

3 )  New-car s e r v i c e s  a r e  " s u p e r i o r  goods" r e l a t i v e  t o  used-car 
se rv i ces .  

4 )  P r i v a t e  t r a n s p o r t a t i o n  i s  a  necess i t y .  

5 )  Used c a r s  w i l l  i n f l u e n c e  new-car demand th rough  t h e i r  imp1 i c i t  
r e n t a l  p r i c e s  as i n f e r i o r  s u b s t i t u t e s .  

6 )  Used ca rs  a r e  n o t  p e r f e c t  s u b s t i t u t e s  f o r  new c a r s  b u t  a r e  
p e r f e c t  s u b s t i t u t e s  f o r  o t h e r  used cars.  

VALIDATION 

There a r e  no v a l i d a t i o n  procedures d iscussed i n  t h e  a r t i c l e  on t h e  
model. The data, however, appear t o  f i t  t h e  model w e l l .  From t h e  t e s t  
r e s u l t s  o f  t h e  use r  c o s t  and s u p e r i o r  goods hypo thes i s  seve ra l  
obse rva t i ons  a r e  poss ib le :  

1) New and used ca rs  a r e  n o t  p e r f e c t  s u b s t i t u t e s  and, t he re fo re , .  
purchases o f  t h e  fo rmer  cannot be t r e a t e d  as s imp le  a d d i t i o n s  t o  
e x i s t i n g  stock o f  cars .  

2 )  P r i c e  and i ncome e l  a s t i c i  t i e s ,  goodness-of- f  i t comparisons o f  
c m p e t  i ng models , and d e p r e c i a t i o n  p a t t e r n s  suggest new c a r  
s e r v i c e s  a r e  qua1 i t a t i v e l y  s u p e r i o r  t o  those  o f  used cars.  

3 )  New c a r  purchases a r e  p r i c e  i n e l a s t i c  when a  user -cos t  approach 
i s  used t o  es t ima te  automobi le  demand f rom r e n t a l  p r i c e s .  

4 )  New-car income e l a s t i c i t i e s  a r e  around one, i n d i c a t i n g  new c a r s  
a r e  normal , n o t  l u x u r y  goods. 

5 )  Using t h e  overs impl  i f i e d  s tock-ad jus tment  approach, s i x t y  t o  
e i g h t y  percent  o f  new demand r e s u l t s  i n  c u r r e n t - p e r i o d  purchases, 
i n d i c a t i n g  a  l a g  adjustment should be made f o r  t h i s  approach. 

6 )  Rental  p r i c e s  compare f a v o r a b l y  t o  purchase p r i c e s .  

7 )  Rental  p r i c e  c o e f f i c i e n t s  a r e  s m a l l e r  t han  those  o f  purchase 
p r i c e s  b u t  a l s o  have s m a l l e r  s tandard  e r r o r s .  

8 )  Rental  p r i c e  e l a s t i c i t i e s  a r e  smal le r ,  and t h e  es t ima tes  more 
p rec i se ,  t han  those  o f  purchase p r i c e s .  



LIMITATIONS AND BENEFITS 

It appears t h a t  b e h a v i o r  i n  t h e  used c a r  market  cannot  be e x p l a i n e d  
t o t a l l y  as a  r e s i d u a l  from new c a r  purchase d e c i s i o n s  o f  t h e  past .  

STRUCTURE 

The s u p e r i o r  goods model i s  rep resen ted  by two equat ions :  

A  = A ( I  ,C,U) 

where: 

A = demand f o r  new c a r  purchases 

I = consumers' income c o n s t r a i n t  

C = use r  c o s t  o f  a  new c a r  

U = use r  c o s t  o f  a  used c a r  

where: 

U = demand f o r  used ca rs  

I = consumers' income c o n s t r a i n t  

C = use r  c o s t  o f  new c a r  r e n t a l s  

S = e x i s t i n g  s tock  o f  c a r s  

The equat ions  were s t u d i e d  u s i n g  a  v a r i e t y  o f  f u n c t i o n a l  forms: 
aggregate-1 i n e a r ,  pe r - fam i l y -1  i n e a r ,  and 109-1 i nea r .  R e s u l t s  were 
i n v a r i a n t  over  these  forms. 

MODEL CONSTRUCTION 

Data i n c l u d i n g  d i sposab le  income, number o f  f a m i l i e s  i n  U.S., t o t a l  
e x ~ e n d i t u r e s ,  consumer p r i c e  i ndex ,  and f o u r  t o  s i x  month pr ime 
c h m e r c i a l  paper r a t e  were o b t a i n e d  f r o m  Survey o f  Cur ren t  ~ u s i n e s s ,  
C u r r e n t  P o p u l a t i o n  Repor t s  and t h e  Federal  Reserve B u l l  e t i  n. Stock and 
new-purchase d a t a  by make and model y e a r  were ob ta ined  f r o m  R.L. Polk 
and CO., w h i l e  new- and used purchase p r i c e s  by make and age were 
ob ta ined  f rom t h e  K e l l y  B lue Book. 



DOCUMENTATION 

Frank C. Wykoff,  "A User Cost Approach t o  New Automobi le Purchases," 
Review o f  Economic Stud ies ,  Volume 40, J u l y  1973. -- 



A METHOD FOR PROJECTING AGGREGATE AUTO MILES TRAVELED 

A Method f o r  P r o j e c t i n g  Asqreqate Auto  M i l e s  T rave led  was prepared a t  --- 
t h e  U.S. Department o f  T r a n s p o r t a t i o n  .m-, T r a n s p o r t a t i o n  Systems 
Center  (TSC) i n  1975. It p r o v i d e s  fo recas ts  o f  v e h i c l e  m i l e s  t r a v e l e d  
(VMT) t h a t  a r e  s e n s i t i v e  t o  t h e  p r i c e  of g a s o l i n e  and a u t o  f u e l  economy. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kendal 1 Square 
Cambridge, Mass. 02142 

AUTHOR 

Donald E. Ward and L i n d a  Horan 
U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kendal 1 Square 
Cambridge, Mass. 02142 

MODEL TYPE 

V e h i c l e  mi 1 es t r a v e l e d  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  f o r e c a s t  VMT i n  a model t h a t  i s  
s e n s i t i v e  t o  t h e  p r i c e  o f  gas01 i n e  and a u t o  f u e l  economy. 

RELATIONSHIP TO OTHER MODELS 

The model has been used i n  c o n j u n c t i o n  w i t h  t h e  model p resented i n  
Robert  Mellman, "An Econometr ic  Model o f  New Car Sales," TSCIDOT, 
Cambridge, Mass., October 1975 (75-013). 

HISTORICAL BACKGROUND 

The model was developed by TSC t o  p r o v i d e  f o r e c a s t s  o f  VMT u n t i l  a 
more comprehensive model became a v a i l a b l e .  

ASSUMPTIONS 

The model assumes t h a t  a s tock  ad jus tment  mechanism determines VMT. 



VAL I DAT I ON 

T$e model t r a c k s  annual VMT reasonab ly  we1 1 from 1954 t o  1974, w i t h  
an R o f  .99. 

LIMITATIONS AND BENEFITS 

The model has been superseded by  t h e  Environmental  Impact C e n t e r ' s  
(EIC) VMT model (76-022A) and o thers .  

STRUCTURE 

The model c o n s i s t s  o f  a s i n g l e  equa t ion  t h a t  i s  es t ima ted  by o r d i n a r y  
l e a s t  squares w i t h  annual da ta  f rom 1951 t o  1974. 

~ ( t )  = 1590 + .6233 [ V ( t - l ) ]  + 2153 (D) + ,3936 ( R )  
(1.06) (6.21) (2.07) (2.57) 

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

V ( t )  = v e h i c l e  m i l e s  t r a v e l e d  p e r  household i n  y e a r  t 

D = number o f  d r i v e r s  p e r  household 

R = r e a l  d i sposab le  i ncome p e r  household (1958 d o l l a r s )  

P = r e a l  p r i c e  o f  g a s o l i n e  (1967 d o l l a r s )  

E = average f l e e t  f u e l  e f f i c i e n c y  ( m i l e s  pe r  g a l l o n )  

MODEL CONSTRUCTION 

T h i s  model was c a l i b r a t e d  u s i n g  annual va lues f o r  t h e  independent 
v a r i a b l e s  f rom 1954 t o  1974. The sources a r e  n o t  i n d i c a t e d  i n  t h e  
r e p o r t  o f  t h e  model . 
DATA USED I N  RUNNING MODEL 

Assumptions a r e  necessary f o r  t h e  f u t u r e  va lues  o f  r e a l  d i sposab le  
income pe r  household, r e a l  p r i c e  o f  gaso l i ne ,  new c a r  sa les ,  and new c a r  
f u e l  economy, Represen ta t i ve  assumptions a r e  i n c l  uded i n  t h e  model 
r e p o r t .  



DOCUMENTATION 

D,E. Ward and L .  Horan, A Method f o r  P r o j e c t i n g  Aggregate -- Auto M i l e s  
Trave led ,  Working Paper, TSCIDOT, WP-230-U .2-78, May 1975. 



AN ECONOMETRIC MODEL OF NEW CAR SALES 

An Econometr ic  -- Model of Jgy Car Sa les ,  da ted October  1975, was 
prepared a t  t h e  T r a n s p o r t a t i o n  Systems Center  (TSC). The model was 
designed t o  be s e n s i t i v e  t o  macroeconomic c o n d i t i o n s  and t o  purchase 
p r i c e  and f u e l  c o s t s  o f  arrtomobiles. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kendal 1 Square 
Cambridge, Mass. 02142 

AUTHOR 

Rober t  Mei 1 man 
U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kendal 1 Square 
Cambridge, Mass. 02142 
(Rober t  Me1 lman i s  now w i t h  Char les  R i v e r  Assoc ia tes ,  Cambridge, Mass.) 

MODEL TYPE 

Automobi 1 e demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  e s t i m a t e  t h e  demand f o r  new 
automobi 1 es as a f u n c t i o n  o f  macroeconomic c o n d i t i o n s  and t h e  purchase 
p r i c e  and f u e l  c o s t s  o f  automobi les.  

RELATIONSHIP TO OTHER MODELS 

I n p u t  i n c l u d e s  f o r e c a s t s  o f  t h e  e f f e c t  o f  use r  c o s t s  on v e h i c l e  m i l e s  
t r a v e l e d  f rom Donald Ward and L i n d a  Horan, A Method f o r  P r o j e c t i n  
A r e  a t e  Auto M i l e s  Trave led ,  Working Paper, T s T / D W ~ ~ - - U . ~ - ~ ~ ,  Ma; *om - 

HI STORI CAL t3ACKGROIJND 

The r e p o r t  was prepared under PPA No. OS 514, Requirements A n a l y s i s  
Subpro jec t  o f  Automobi 1 e Energy E f f i c i e n c y  Program sponsored by t h e  
O f f i c e  o f  t h e  A s s i s t a n t  Sec re ta r~y  f o r  Systems Development and 
Technology, TST, U.S. DOT. 



ASSUMPTIONS 

User c o s t s  such as gas01 i ne p r i c e  and t a x  r a t e  e n t e r  t h e  model o n l y  
i n d i r e c t l y  t h rough  t h e i r  impact  on v e h i c l e  m i l e s  t r a v e l e d .  The s tock  o f  
c a r s  v a r i a b l e  assumes a  c o n s t a n t  d e p r e c i a t i o n  r a t e .  

VAL I UAT I ON 

A l l  c o e f f i c i e n t s  have t h e  p rope r  s igns ,  and a l l  b u t  one a r e  
s i g n i f i c a n t  a t  t h e  95% l e v e l .  The ? q u a t i o n  t r a c k s  a c t u a l  c a r  s a l e s  
q u i t e  w e l l  f rom 1958 t o  1975, w i t h  an R o f  ,88. 

LIMITATIONS AND BENEFITS 

The s t r u c t u r e  o f  t h e  e q u a t i o n  i s  due i n  l a r g e  p a r t  t o  
mu1 t i c 0 1  1 i n e a r i  t y  among seve ra l  o f  t h e  independent  v a r i a b l e s .  

STRUCTURE 

The e q u a t i o n  i s  e s t i m a t e d  u s i n g  o r d i n a r y  l e a s t  squares f o r  q u a r t e r l y  
d a t a  f rom 1958 11 t o  1974 111. 

VMT + 2.34 [log(-) ] + .12 (STRIKE) + .12 (DSA) 
(5.71) (3 .62)  (6.93) 

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

Q = q u a r t e r l y  s a l e s  o f  new c a r s  

N16 = p o p u l a t i o n  ove r  16 y e a r s  

YD = d i  sposable i ncome p e r  c a p i t a ,  1958 do1 l a r s  

P  - index  of r e a l  new c a r  p r i c e  

u  = n a t i o n a l  unemployment r a t e  

r = Moody's AAA bond i n t e r e s t  r a t e  

Pu = i ndex  o f  r e a l  used c a r  p r i c e  

VMT = a u t o  m i l e s  t r a v e l e d  p e r  q u a r t e r  

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



DSA = seasonal ad jus tment  dummy v a r i a b l e  

STRIKE = au to  i n d u s t r y  s t r i k e  dummy v a r i a b l e  

MODEL CONSTRUCTION 

T h i s  model was c a l i b r a t e d  u s i n g  q u a r t e r l y  d a t a  f o r  a l l  o f  t h e  
v a r i a b l e s  f rom 1958-11 t o  1974-111. The va lues o f  new c a r  sa les ,  
income, unemployment, and t h e  i n t e r e s t  r a t e  were ob ta ined  f rom Survey o f  
Cur ren t  Business. V e h i c l e  m i l e s  t r a v e l e d  was taken  f rom Highway 
S t a t i s t i c s ,  by The Federal  Highway A d m i n i s t r a t i o n .  P o p u l a t i o n  over  
s i x t e e n  yea rs  o l d  was f rom t h e  U.S. Bureau o f  t h e  Census. New and used 
c a r  p r i c e s  were f rom t h e  Bureau o f  Labor S t a t i s t i c s  consumer p r i c e  
i nd i  ces. 

DATA USED IN RUNNING MODEL 

The model r e q u i r e s  f o r e c a s t s  o f  r e a l  c a r  and r e a l  g a s o l i n e  p r i c e s ,  o f  
r e a l  d i sposab le  income, o f  g a s o l i n e  taxes,  and o f  average f u e l  
e f f i c i e n c y  . 
DOCUMENTATION 

R. Mellman, An Econometric - - - - - ¶  Model o f  New Car Sa les  TSC, Report  
No. ~ ~ - 2 1 0 - ~ 2 - n l ,  October 1975. 

Donald Ward and L inda  Horan, A Method f o r  P r o j e c t i n g  A r e  a t e  Auto 
M i  1  es Traveled,  TSC Working ~ j p e r  WP-230-U.2-78, May Y- 1975 7 5 - o m  
s u b j e c t  t o  change. 



AUTOMOBILE SECTOR FORECASTING MODEL 

The Automobi le S e c t o r  F o r e c a s t i n g  Model, commonly r e f e r r e d  t o  as t h e  
Fauce t t  Model, was w r i t t e n  i n  1976 b y  Jack Fauce t t  Assoc ia tes ,  I nc ,  
under t h e  sponsorsh ip  of  t h e  Federa l  Energy A d m i n i s t r a t i o n .  I t s  
o b j e c t i v e  i s  t o  model t h e  e f f e c t s  o f  a l t e r n a t e  f u e l  economy p o l i c i e s  on 
f u t u r e  g a s o l i n e  consumption, v e h i c l e  m i l e s  t r a v e l e d ,  new c a r  sa les ,  
f l e e t  s ize ,  f l e e t  compos i t ion ,  s tock  o f  ca rs ,  new c a r  p r i c e s ,  and f u e l  
economy. I t  has been used by t h e  Federa l  Energy A d m i n i s t r a t i o n ,  t h e  
Energy Research and Devel opment Admi n i  s t r a t i  on, t h e  White House, The 
T r a n s p o r t a t i o n  Systems Center, by t h e  Congressional  Budget O f f i c e  f o r  
e v a l u a t i n g  t h e  P r e s i d e n t ' s  N a t i o n a l  Energy Plan,  and by t h e  N a t i o n a l  
Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  (NHTSA) f o r  s t u d y i n g  t h e  e f f e c t s  
o f  pass i ve  r e s t r a i n t s .  

SPONSOR 

Federal  Energy Admi n i  s t r a t i  on 
Washington, D.C. 20461 

AUTHOR 

Jack Fauce t t  Assoc ia tes ,  I n c .  
5454 W i  scons i  n  Avenue 
Chevy Chase, Md. 20015 

MODEL TYPE 

Automobi 1  e  demand, v e h i c l e  mi 1  es t r a v e l e d ,  scrappage, market  shares, 
f u e l  consumpti on 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  e s t i m a t e  t h e  e f f e c t s  o f  a l t e r n a t i v e  
f u e l  economy p o l i c i e s  on f u t u r e  g a s o l i n e  consumption, v e h i c l e  m i l e s  
t r a v e l e d ,  new c a r  sa les ,  f l e e t  s i ze ,  f l e e t  compos i t ion ,  s tock  o f  c a r s  i n  
use, new c a r  p r i c e s ,  and f u e l  economy. 

RELATIONSHIP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

The model was prepared f o r  use i n  t h e  Motor  V e h i c l e  Goals Beyond 1980 
Study. 



ASSUMPTIONS 

The fundamental concept  used t o  s p e c i f y  t h e  model o f  new c a r  sa les  i s  
t h a t  o f  a  s h o r t - r u n  s tock  adjustment approach. I n  such a  model, new c a r  
sa les  i s  assumed t o  be r e l a t e d  t o  t h e  gap between a  " t a r g e t "  s tock  o f  
automobi les a t  t h e  beg inn ing  o f  t h e  c u r r e n t  p e r i o d  l e s s  those  ca rs  t h a t  
w i l l  be scrapped d u r i n g  t h e  year.  The t a r g e t  au tomobi le  ownership i s  
assumed t o  be p o s i t i v e l y  r e l a t e d  t o  household income. I n  a d d i t i o n ,  t h e  
r a t e  a t  which automobi le  ownership pe r  household increases decreases 
w i t h  r i s i n g  income p e r  household. To c a l c u l a t e  t h e  t a r g e t  ownership, 
t h e  authors  of t h e  model observe t h a t  au tomobi le  ownership by  income 
group i s  r e l a t i v e l y  s t a b l e  over  t i m e  and thus  t h e y  assume t h a t  t h e  
r e l a t i o n s h i p  between t a r g e t  ownership and household income can be 
es t ima ted  c r o s s - s e c t i o n a l  l y  w i t h  1970 data.  

VALIDATION 

The model has been r u n  u s i n g  twenty-one a l t e r n a t i v e  i n p u t  scenar ios  
th rough t h e  y e a r  2000. A1 1  o f  t h e  scenar ios  p r e d i c t  a  fa1  1  i n  f u e l  
consumption th rough 1985 and v a r y i n g  increases th rough  2000. Each 
scenar io  p r e d i c t s  a  r i s e  i n  VMT a t  v a r y i n g  ra tes .  Increases and 
decreases i n  au to  s tock  a r e  p r e d i c t e d  by d i f f e r e n t  scenar ios.  Fuel 
economy standards a r e  judged t o  be t h e  b e s t  way o f  conserv ing  f u e l  w i t h  
fewer nega t i ve  s i d e  e f f e c t s .  

LIMITATIONS AND BENEFITS 

The a1 t e r n a t i v e  f u e l  economy p o l i c i e s  t h a t  can be t e s t e d  by t h e  model 
a r e  new c a r  e x c i s e  taxes  and rebates ,  f u e l  economy standards,  and 
i n f l u e n c e s  on t h e  p r i c e  o f  gas01 ine .  

STRUCTURE 

The F a u c e t t  model i s  made up o f  two ma jo r  components: an automobi le 
i n d u s t r y  s i m u l a t i o n  component and an automobi l e  demand and t r a v e l  
f o r e c a s t i n g  component. 

The automobi le  i n d u s t r y  s imul  a t i o n  component determines f u e l  
economies and p r i c e s  o f  t h r e e  s i z e  c lasses  o f  ca rs :  smal l ,  mid-s ize,  
and la rge .  These f u e l  economies and p r i c e s  a r e  c a l c u l a t e d  th rough  a  
complex procedure which a t tempts  t o  min imize:  (1) t h e  c o s t  o f  a  c a r  t o  
t h e  consumer, ( 2 )  t h e  c o s t  o f  au tomobi le  t r a v e l  t o  t h e  consumer ( t h i s  i s  
i n v e r s e l y  p r o p o r t i o n a l  t o  f u e l  economy), (3)  t h e  taxes  t o  t h e  consumer 
t h a t  may r e s u l t  under a  t a x / r e b a t e  program which i s  based on t h e  f u e l  
economy o f  cars ,  and ( 4 )  t h e  c i v i l  p e n a l t i e s  t o  t h e  i n d u s t r y  t h a t  can 
occur  as a  r e s u l t  o f  t h e  fue l  economy standards. 

The demand and t r a v e l  f o r e c a s t i n g  component determines t h e  r e s u l t  o f  
t h e  p r i c e  and f u e l  economy d e c i s i o n s  on new c a r  sa les ,  t r a v e l  demand, 
and g a s o l i n e  consumption. T h i s  component of t h e  model i s  based 
e s s e n t i a l  l y  on a  s tock-ad jus tment  approach, and i t  i s  composed o f  



severa l  i n t e r r e l a t e d  submodels i n c l u d i n g  t h o s e  f o r  s u r v i v i n g  c a r s  on t h e  
road, genera l  i z e d  p r i c e ,  t a r g e t  a u t o  ownership, new c a r  sa les ,  market  
shares, v e h i c l e  m i l e s  t r a v e l e d ,  pe t ro leum p roduc t  consumption, v e h i c l e  
p r i c e ,  and f u e l  economy. The model equa t ions  a r e  as f o l l o w s :  

Nt = 286,721.3 (O*t - Autost 

VMT D I - = -52979.8 + 15087 [ 1 0 9 ( ~ ) I  HHLDt 

Autos - 2204.24 (CMP)t + 6337.24 (-) 

where: 

Nt = t o t a l  new c a r  s a l e s  i n  y e a r  t 

O*t = t a r g e t  ownership o f  au tomobi les  i n  y e a r  t 

( A ~ t o s ) ~  = t h e  s tock  o f  au tomobi les  on hand as o f  January 1 o f  y e a r  t 

HI = t h e  number o f  c a r s  pe r  household f o r  income group I 

Dt = t h e  number o f  au tos  scrapped d u r i n g  y e a r  t 



X*t = an index of the real general ized price of new cars, 1967 = 1.00 

S t ,  M t ,  L t  = market shares of small, medi u m ,  and  1 arge cars, 
respectively, in year t 

M xSt , X t ,  xLt  = an index of the real general i zed price of small , medi um,  
and large cars, respectively, relative t o  t h a t  of a1 1 
new cars in year t ,  1967 = 1 .OO 

SPGt = the rate of scrappage in year t of vehicles eight or more years 
of age. 

( ' n ) t  = an index of the real price of new cars in year t ,  1967 = 1.00 

Ut = t h e  unemployment rate in year t 

Dlt = t o t a l  real disposable income in year t 

VMTt = t o t a l  vehicle miles traveled in year t 

CPMt = a n  index of the f lee t  real gas01 ine costs per mi 1 es i n  year t ,  
1967 = 1.00 

HHLDt  = the total number of households existing in year t 

P I t  = fraction of t o t a l  households in year t having income I 

For each year, 1976-2000, the model outputs the following: 

1 )  new cal sales, 

2 )  new car sales by size class, 

3 )  average fuel economy by new car f l ee t ,  

4 )  fuel economy by class,  

5)  new car prices, 

6) new car prices by class,  

7 )  number of cars i n  operation, 

8)  cars in operation by size class, 

9) cars scrapped during year, 

10) gasoline price, 

11) vehicle miles traveled, 

12) t o t a l  gasoline consumed, and 



13) s i z e  c l a s s  we igh ted  average g e n e r a l i z e d  p r i c e .  

MODEL CONSTRUCTION 

Data used t o  b u i l d  t h e  model were based on a t  l e a s t  t h e s e  sources:  

1 )  Survey of Consumer Finances,  Survey Research Center ,  The 
U n i v e r s i t y  o f  Mich igan 

2 )  Nat ionwide Persona l  T r a n s p o r t a t i o n  Study, Federa l  Highway 
A d m i n i s t r a t i o n  

3 )  Cu r ren t  P o p u l a t i o n  Reports,  U.S. Bureau o f  t h e  Census 

4 )  Highway S t a t i s t i c s ,  Federa l  Highway A d m i n i s t r a t i o n  

5 )  -- Census o f  Popu la t i on ,  U.S. Bureau o f  t h e  Census 

6 )  N a t i o n a l  Survey - of October - -  New Car Buyers, Rogers N a t i o n a l  
Research 

DATA USED I N  RUNNING MODEL 

Data f o r  t hese  v a r i a b l e s  a r e  r e q u i r e d :  g a s o l i n e  p r i c e s  and new c a r  
f u e l  economy p o l i c i e s  ( e x c i s e  t a x l r e b a t e  d e s c r i p t i o n ,  and f u e l  economy 
s tandards lpena l  t i e s ) .  

DOCUMENTATION 

Jack Fauce t t  Assoc ia tes ,  Inc . ,  Automobi 1  e  S e c t o r  F o r e c a s t i n g  Model 
Documentat ion, submi t t ed  t o  t h e  Federa l  Energy A d m i n i s t r a t i o n ,  F i n a l  
Report ,  JACKFAU-76-137-7, August 1976, 

Jack Fauce t t  Assoc ia tes ,  I nc . ,  Fuel  Economy P o l i c i e s  -- and T h e i r  E f f e c t s  
on Automobi le  Ownership, Use, and Fuel  Consumption, submi t t ed  t o  t h e  - 
Federal  Energy Admi n i  s t r a t i  on, F i  na l  Report ,  JACKFAU-76-137-7, August 
1976. 

C. D i f i g l i o  and D. Kulash, Marke t i ng  M o b i l i t y :  Repor t  of a  panel o f  
t h e  In te ragency  Task Force  on Motor  V e h i c l e  Goals Beyond 1980, I n t e r i m  - 
Report ,  March 1976. 

COMPUTER REQU IREMENTS 

The model i s  w r i t t e n  i n  FORTRAN and i s  o p e r a t i o n a l  on t h e  IBM 370. 
The programs a r e  w r i t t e n  f o r  i n t e r a c t i v e  use by a  u s e r  a t  a  remote 
t e m i  na l  . 



GENERAL PURPOSE AUTOMOTIVE VEHICLE PERFORMANCE AND ECONOMY SIMULATOR 

GPSIM, General Purpose Automot ive V e h i c l e  Performance and Economy 
S imula tor ,  has been under development by t h e  s t a f f  o f  General Motors 
Corpo ra t i on  s i n c e  1960. I t s  purpose i s  t o  s imu la te  automot ive  v e h i c l e  
performance and economy. 

SPONSOR 

General Motors C o r p o r a t i  on 

AUTHOR 

W i l l i a m  C, Waters 
Engi n e e r i  ng S t a f f  
General Motors C o r p o r a t i  on 
Warren, M i  ch. 

MODEL TYPE 

V e h i c l e  o p e r a t i n g  performance, automobi le  des ign 

OBJECTIVE OF MODEL' 

The general  o b j e c t i v e  o f  t h e  model i s  t o  compute t h e  o p e r a t i n g  
c o n d i t i o n s  o f  t h e  eng ine and t r a n s m i s s i o n  ,and t h e  performance and 
economy o f  t h e  v e h i c l e  as t h e  v e h i c l e  i s  opera ted i n  a  p r e s c r i b e d  
manner. 

S p e c i f i c  o b j e c t i v e s  are :  

1) t o  p r o v i d e  a  f a s t ,  economical method t o  compute v e h i c l e  
performance and economy f o r  p r o d u c t i o n  and exper imenta l  
veh ic les ;  

2 )  t o  p r o v i d e  a  conven ient  fo rmat  t o  use, w i t h  e a s i l y  understood 
i n p u t  and ou tpu t ;  

3 )  t o  r u n  w i t h  a  minimum of i n p u t  da ta  d e s c r i b i n g  t h e  v e h i c l e ,  b u t  
t o  be ab le  t o  accept  more complete data, i f  a v a i l a b l e ;  

4 )  t o  p rov ide  f o r  easy l o c a t i o n  and d iagnos is  o f  i n p u t  da ta  e r r o r s .  

R E L A T I O N S H I P  TO OTHER ClODELS 

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



HISTORICAL BACKGROUND 

A v e h i c l e  s i m u l a t i o n  model was f i r s t  developed by General Motors  
Eng ineer ing  S t a f f  i n  1960. T h i s  model has been under c o n t i n u a l  
development s i n c e  then, t h e  r e s u l  t i n g  program b e i n g  GPSIM. 

ASSUMPTIONS 

GPSIM opera tes  under f i v e  b a s i c  assumptions: 

1 )  Tab les  can be used i n s t e a d  of a  comprehensive s e t  o f  equa t ions  t o  
d e s c r i b e  t h e  performance of engines,  conver te rs ,  r o t a t i  ng 1 osses, 
e t c .  

2 )  Steady -s ta te  eng ine and c o n v e r t e r  t e s t s  can be used t o  p r e d i c t  
t h e i r  dynamic opera t ions .  

3 )  Hydrodynamic laws o f  s i m i l a r i t y  app ly  t o  t h e  t o r q u e  conver te r .  

4 )  Simp1 i f i e d  s h i f t  models can be used t o  s i m u l a t e  t r a n s m i s s i o n  
s h i f t s ;  t h a t  i s ,  t h e  amount o f  energy t r a n s f e r r e d  d u r i n g  t h e  
s h i f t  i s  impor tan t ,  b u t  how i t  i s  t r a n s f e r r e d  i s  un impor tant .  

5 )  Steady -s ta te  o p e r a t i n g  c a p a b i l i t y  o f  a  v e h i c l e  can be d e f i n e d  
w i t h  a  s e t  o f  t a b l e s ,  and t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  t h a t  
v e h i c l e  can be a c c u r a t e l y  o b t a i n e d  by r e f e r r i n g  t o  t h e s e  t a b l e s .  

VAL IDATION 

A  complete v a l i d a t i o n  o f  t h e  model has never  been done. Severa l  
t e s t s  have been made, however, which show t h a t  f o r  t h r e e  a c t u a l  c a r  
t e s t s  and one s i m u l a t i o n  w i t h  t h e  model, 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  
were w i t h i n  t h e  range o f  t h e  t h r e e  t e s t s .  

LIMITATIONS AND BENEFITS 

T h i s  model may be used t o  s i m u l a t e  a l t e r n a t i v e  eng ine types,  such as 
e l e c t r i c  veh ic les .  

STRUCTURE 

T h i s  phys i ca l  o r  e n g i n e e r i n g  model c o n s i s t s  of s i x  b a s i c  equat ions :  

TE = (ENGHP - ALOSSES) x 375 
VMPH 



T E  - ROLRES 
ACCEQV = WTEQV 

ACC = (ACCEQV - GRDEQV) x ACCG 

V = V1 + ACC x D T  

M I L E S  
= GALLON 

where: 

2 ACC = vehicle acceleration ( f t / s  ) 

ACCEQV = equival ent acceleration ( g )  

2 ACCG = acceleration of gravity (32.171s ) 

ALOSSES = apparent drivel ine 1 osses ( h p )  

AMPG = fuel economy (mpg)  

D = distance a t  end of time interval ( f t )  

Dl = distance a t  s t a r t  of time interval ( f t )  

D T  = length of time interval ( s )  

ENGHP = gross engine power ( h p )  

GALLONS = qua1 i t y  of fuel used (gallons) 

GRDEQV = acceleration that  has the same effect  on vehicle as the given 
grade ( g )  

M I L E S  = distance traveled (miles)  

ROLRES = force required t o  maintain motion of vehicle on land ( l b s )  

T E  = t r ac t ive  e f fo r t  ( 1  bs) 

V = vehicle velocity a t  end of time interval ( f t / s )  

V1 = vehicle velocity a t  s t a r t  of time interval ( f t l s )  

WTEQV = equivalent weight ( 1  bs) 



VMPH = v e h i c l e  speed (mph) 

MODEL CONSTRUCTION 

The model i s  based on a s e t  o f  r e l a t i o n s h i p s  d e r i v e d  f r o m  t h e  b a s i c  
laws o f  mot ion.  

DATA USED I N  RUNNING MODEL 

I n p u t  data  a r e  d i v i d e d  i n t o  t h r e e  c a t e g o r i e s :  d a t a  b locks ,  
s p e c i f i c a t i o n s ,  and commands. A d a t a  b l o c k  i s  a r e l a t e d  group o f  d a t a  
t h a t  desc r ibes  a p a r t  o f  t h e  v e h i c l e ,  a rou te ,  a schedule, o r  some s e t  
o f  a c t i o n s  GPSIM i s  t o  take.  S p e c i f i c a t i o n s  a r e  s ta tements  wh ich  a l t e r  
t h e  way GPSIM n o r m a l l y  operates.  A command i s  a statmement t h a t  
r e q u i r e s  some a c t i o n  by GPSIM. 

DOCUMENTATION 

W i  11 i am C. Waters, General Motors Corp., General Purpose Automot ive 
V e h i c l e  Performance - and Economy S imu la to r ,  S o c i e t y  o f  Automot ive  
Engineers,  Paper No. 720043, January 1972. 

COMPUTER REQUIREMENTS 

GPSIM i s  w r i t t e n  i n  PL / I  and was o p e r a t i n g  ( i n  1972) on an IBM 360 
Model 65 Computer. The program c o n s i s t s  o f  40 e x t e r n a l  procedures 
c o n t a i n i n g  a t o t a l  o f  14,000 source statements.  There a r e  500,000 8 - b i t  
b y t e s  o f  machine i n s t r u c t i o n s  t h a t  a r e  ove r layed  i n t o  180,000 b y t e s  o f  
co re  storage.  The range of c o r e  requ i rements  i s  200,000 t o  300,000 
by tes .  Two t o  n i n e  e x t e r n a l  f i l e s  a r e  used. 



POLICY SEARCH MODEL FOR EVALUATING FUTURE 
NATIONAL TRANSPORTATION STRATEGIES 

The P o l i c y  Search Model f o r  E v a l u a t i n g  F u t u r e  Na t iona l  
T r a n s p o r t a t i o n a l  S t r a t e g i e s  was developed by t h e  Chicago T r a n s i t  
A u t h o r i t y  and Nor thwestern  U n i v e r s i t y .  The model p r o j e c t s  t h e  s t a t e  o f  
t h e  n a t i o n a l  t r a n s p o r t a t i o n  system i n t o  t h e  f u t u r e  under a  v a r i e t y  o f  
energy and environmental  c o n s t r a i n t s .  

AUTHOR 

M a r t i n  J. Bernard I 1 1  
O f f i c e  o f  Research 
Devel opment P l  anni  ng Department 
Chicago T r a n s i t  A u t h o r i t y  

Joseph L. Schofer  
C i v i  1 Engi n e e r i  ng 
Northwestern U n i v e r s i t y  

MODEL TYPE 

V e h i c l e  m i l e s  t r a v e l e d ,  modal sp l  it, energy consumption 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h i s  energy model i s  t o  p r o v i d e  suppor t  i n  t h e  
i d e n t i f i c a t i o n ,  eva lua t i on ,  and s e l e c t i o n  o f  t r a n s p o r t a t i o n  p o l i c i e s  a t  
t h e  n a t i o n a l  l e v e l .  I t  p r o j e c t s  t h e  s t a t e  o f  t h e  n a t i o n a l  
t r a n s p o r t a t i o n  system i n t o  t h e  f u t u r e  under a  v a r i e t y  o f  energy and 
environmental  c o n s t r a i n t s .  

RELATIONSHIP TO OTHER MODELS 

The model bears no d i r e c t  re1 a t i  onshi  p  t o  o t h e r  t r a n s p o r t a t i o n  
model s. 

ASSUMPTIONS 

S t a t e  v a r i a b l e s  a r e  assumed t o  have d e f a u l t  va lues which 1  i m i t  t h e i r  
maximum f e a s i b l e  i nc rease  o r  decrease. These c o n s t r a i n t s  a r e  based on 
h i s t o r i c a l  t r e n d s  and serve as p o l i c y  and economic l i m i t a t i o n s  on 
change. The model does n o t  assume an economic growth t rend.  Rather, 
any t rend ,  i n c l u d i n g  reverses,  may be s p e c i f i e d .  

VAL IDAT ION 

The model r e p o r t  does n o t  d i scuss  any v a l i d a t i o n  o f  t h e  model. 



STRUCTURE 

The model c o n s i s t s  o f  a  1  i n e a r  programming a1 g o r i  thm which maximizes 
an o b j e c t i v e  f u n c t i o n  s u b j e c t  t o  121 c o n s t r a i n t s .  The o b j e c t i v e  
f u n c t i o n  i s  

Max ( I ai xi + k I b .  y . )  
i = 1 j = 1 J J  

where: 

x  = p e r  c a p i t a  passenger m i l e s  by  age group i 
i 

Y i  = p e r  c a p i t a  t o n  m i l e s  by  commodity group j 

ai, bj, = p r i o r i t i e s  f o r  t r a v e l  r e p o r t  o r  shipment o f  a  group, s e t  by 
user  

k = p r i o r i t y  o f  passenger m i l e s  t o  t o n  m i l e s ,  s e t  by  use r  

The c o n s t r a i n t s  a r e  c l a s s i f i e d  i n t o  one o f  t h r e e  se ts :  conse rva t i on ,  
p r o p o r t i o n ,  o r  l i m i t a t i o n .  A  t y p i c a l  l i m i t a t i o n  c o n s t r a i n t  i s  

where: 

'i = passenger o r  t o n  m i l e s  f o r  mode o f  t r a v e l  i u s i n g  a  p a r t i c u l a r  
energy source 

a i = g a l l o n s  p e r  t o n  o r  passenger m i l e  f o r  mode i, i n p u t  by u s e r  

b  = p r o j e c t e d  supp ly  of energy source, s e t  by user. 

The model i n c o r p o r a t e s  43 modes o f  t r a n s p o r t a t i o n .  F o r  s p e c i f i e d  
f u t u r e  scenar ios ,  t h e  model computes t h e  most e f f i c i e n t  use o f  each mode 
o f  t r a n s p o r t a t i o n .  

MODEL CONSTRUCTION 

The model r e q u i r e s  d a t a  w i t h  which t o  c o n s t r u c t  t h e  l i n e a r  
c o n s t r a i n t s .  These d a t a  a r e  n o t  i n c l u d e d  i n  t h e  model r e p o r t .  

DATA USED I N  RUNNING MODEL 

The model r e q u i  r e s  p r o j e c t i o n s  o f  popu la t i on ,  energy a v a i l  a b i l  i t y ,  
and modal energy e f f i c i e n c i e s .  Values a r e  n o t  i n d i c a t e d  i n  t h e  r e p o r t ,  
The user  must a l s o  s p e c i f y  d e s i r e d  shipment and t r a v e l  p r i o r i t i e s  and 
maximum annual system changes. 



DOCUMENTATION 

Martin J .  Bernard I I 1  a n d  Joseph L .  Schofer, "Policy Search Model for 
Eva1 uati ng Future Transportation Strategies Under Energy and 
Envi ronmental Constraints," presented a t  the Intersociety Commi t tee on 
Transportation Technical Session on ResourcelEnergy Strategies, A t 1  a n t a ,  
July 16, 1975. 

COMPUTER REQUIREMENTS 
4 

The model runs interactively on the Northwestern University CDC 6400 
computer. 



VEHICLE MILES TRAVELED MODEL 

A V e h i c l e  M i l e s  T rave led  Model was prepared by t h e  Environmental  
Impact Center  (EIC) Inc .  f o r  t h e  T r a n s p o r t a t i o n  Systems Center  (TSC) as 
p a r t  o f  a  r e v i s i o n  of t h e  TSC's Automot ive  Energy E f f i c i e n c y  Program 
(AEEP) I n t e g r a t e d  F l e e t  Model. It i s  dated March 1976, The r e v i s e d  
I n t e g r a t e d  F l e e t  Model exami nes t h e  o v e r a l l  impact  o f  a1 t e r n a t i v e  energy 
and emissions p o l i c i e s  on v e h i c l e  m i l e s  t r a v e l e d ,  new c a r  sa les ,  f l e e t  
s i ze ,  f u e l  economy, t o t a l  f u e l  consumption, and a i r  q u a l i t y  o v e r  t h e  
n e x t  f i f t e e n  years .  TSC has used t h e  model i n  t h e  Fuel Economy 
Emissions Impact  Study. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kenda l l  Square 
Cambridge, Mass. 02158 

AUTHOR 

Envi ronmental Impact Center, I nc. 
55 Chapel S t r e e t  
Newton, Mass. 02158 

MODEL TYPE 

V e h i c l e  mi 1 es  t r a v e l e d  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  p r o v i d e  f o r e c a s t s  o f  v e h i c l e  m i l e s  
t r a v e l e d  as p a r t  o f  an i n t e g r a t e d  f l e e t  model designed t o  examine t h e  
o v e r a l l  impact  o f  a1 t e r n a t i v e  energy and emi ss ions p o l i c i e s  on v e h i c l e  
m i l e s  t r a v e l e d ,  new c a r  sa les ,  f l e e t  s i ze ,  f u e l  economy, t o t a l  f u e l  
consumption, and a i r  qua1 i t y  ove r  t h e  n e x t  f i f t e e n  years.  

RELATIONSHIP TO OTHER MODELS 

T h i s  model i s  a  submodel o f  t h e  Automot ive Energy E f f i c i e n c y  Program 
(AEEP) I n t e g r a t e d  F l e e t  Model. 

HISTORICAL BACKGROUND 

TSC developed i t s  own i n t e g r a t e d  f l e e t  model, and l a t e r  contpacted 
w i t h  EIC Corpo ra t i on  t o  p repare  a  r e v i s e d  model t h a t  r e c t i f i e s  problems 
i n  t h e  o r i g i n a l  model. 



VALIDATION 

The au tho r  r e p o r t e d  t h a t  reasonable f o r e c a s t s  were ob ta ined  f o r  
severa l  a1 t e r n a t i  ve f u t u r e  scenar i  0s. 

LIMITATIONS AND BENEFITS 

T h i s  model i s  an improvement over  t h e  p rev ious  TSC v e h i c l e  m i l e s  
t r a v e l e d  model. However, t h e  model does n o t  d isaggregate  by s i z e  of 
car .  

STRUCTURE 

The model c o n s i s t s  o f  an i d e n t i t y  d e f i n i n g  VMT and a  f i r s t  d i f f e r e n c e  
equa t ion  f o r  AVMT which i s  es t imated by  o r d i n a r y  l e a s t  squares f o r  
annual da ta  f rom 1953 t o  1974, These equat ions  a re :  

VMT = VMT(-1) + AVMT 

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

VMT = na t i onw ide  v e h i c l e  m i l e s  t r a v e l e d  i n  b i l l i o n s  o f  m i l e s  

VMT(-1) = l a s t  y e a r ' s  VMT 

A = a  one-year change i n  t h e  va lue  o f  t h e  v a r i a b l e s ,  e.g., AVMT = VMT - 
VMT(-1 ) 

HH = number o f  households i n  t h e  U.S., i n  m i l l i o n s  

Y = r e a l  d i sposab le  personal  income, i n  b i l l  i o n s  o f  1967 d o l l a r s  

COST = c o s t  pe r  m i l e  o f  d r i v i n g ,  i n  constant  1967 d o l l a r s ,  = PGASIMPG 

PGAS = r e a l  p r i c e  o f  gas01 i n e  

MPG average f l e e t - w i d e  f u e l  economy i n  m i l e s  per  g a l l o n  

TRANS = t h e  t o t a l  supp ly  o f  t r a n s i t  ( r a i l ,  t r o l l e y ,  and bus) measured i n  
b i l l i o n s  o f  v e h i c l e  m i l e s  

MODEL CONSTRUCTION 

The model was c a l i b r a t e d  u s i n g  annual va lues f o r  t h e  independent 
v a r i a b l e s  from 1953 t o  1974. The r e p o r t  does n o t  i n d i c a t e  s p e c i f i c  da ta  
sources. 



DATA USED I N  RUNNING MODEL 

Assumptions a re  necessary as t o  t h e  f u t u r e  values f o r  t h e  number o f  
households, d isposable  income, t h e  cos t  o f  d r i v i n g ,  and t h e  supply  o f  
t r a n s i t ,  A1 t e r n a t i v e  assumptions a re  inc luded  i n  t h i s  repor t .  

DOCUMENTATION 

EIC Corpora t i  on, Refinements t h e  AEEP In teg ra ted  - F l e e t  I Model 
prepared f o r  TSC, Order No. TS11513, March 29, 1976. 



NEW CAR SALES MODEL 

The New Car Sales Model, dated March 1976, was prepared by 
Environmental Impact  Center (EIC) Inc .  f o r  t h e  T r a n s p o r t a t i o n  Systems 
Center  (TSC) as p a r t  o f  a  r e v i s i o n  o f  t h e  Automot ive Energy E f f i c i e n c y  
Program (AEEP) I n t e g r a t e d  F l e e t  Model. The r e v i s e d  I n t e g r a t e d  F l e e t  
Model exami nes t h e  o v e r a l l  impact  o f  a1 t e r n a t i v e  energy and emi ss ions 
p o l i c i e s  on v e h i c l e  m i l e s  t r a v e l e d ,  new c a r  sales,  f l e e t  s ize,  f u e l  
economy, t o t a l  f u e l  consumption, and a i r  q u a l i t y  over  t h e  nex t  f i f t e e n  
years.  TSC has used t h e  model i n  t h e  Fuel Economy Emissions Impact 
Study. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center 
Kendal 1  Square 
Cambridge, Mass. 02142 

AUTHOR 

Envi ronmental Impact Center, Inc .  
55 Chapel S t r e e t  
Newton, Mass. 02158 

MODEL TYPE 

Automobi 1  e  demand 

OBJECTIVE OF MODEL 

The model f o r e c a s t s  new c a r  demand as p a r t  o f  an i n t e g r a t e d  f l e e t  
model designed t o  examine t h e  o v e r a l l  impact o f  a l t e r n a t i v e  energy and 
emissions p o l i c i e s  on v e h i c l e  m i l e s  t r a v e l e d ,  new c a r  sa les ,  f l e e t  s ize ,  
f u e l  economy, t o t a l  f u e l  consumption, and a i r  qua1 i t y  over  t h e  nex t  
f i f t e e n  years. 

RELATIONSHIP TO OTHER MODELS 

Th is  model i s  a  submodel o f  t h e  Automot ive Energy E f f i c i e n c y  Program 
(AEEP) I n t e g r a t e d  F l e e t  Model. 

HISTORICAL BACKGROUND 

TSC developed i t s  own i n t e g r a t e d  f l e e t  model, and l a t e r  con t rac ted  
w i t h  E I C  Corpo ra t i on  t o  prepare  a  r e v i s e d  v e r s i o n  t h a t  r e c t i f i e s  
problems i n  t h e  o r i g i n a l .  



ASSUMPTIONS 

The model assumes a  l i n e a r  f u n c t i o n a l  form, which i m p l i e s  t h a t  
e l a s t i c i t i e s  a r e  p r o p o r t i o n a l  t o  t h e  va lues  o f  t h e  r e s p e c t i v e  v a r i a b l e s .  
It a l s o  assumes t h a t  t h e  demand f o r  new c a r s  i s  d e r i v e d  f rom t h e  demand 
f o r  t r a v e l ,  as s p e c i f i e d  i n  t h e  v e h i c l e  m i l e s  t r a v e l e d  v a r i a b l e .  

VAL I DATI ON 

The au tho rs  r e p o r t e d  t h a t  reasonab le  fo recas ts  were ob ta ined  f o r  
seve ra l  a l t e r n a t i v e  f u t u r e  scenar ios .  

LIMITATIONS AND BENEFITS 

T h i s  model i n c l u d e s  improvements i n  e q u a t i o n  s p e c i f i c a t i o n  o v e r  a  
p r e v i o u s  TSC new c a r  s a l e s  model; however, i t  does n o t  d i s a g g r e g a t e  by 
s i z e  o f  car .  

STRUCTURE 

T h i s  economet r ic  model c o n s i s t s  of a  s i n g l e  e q u a t i o n  e x p l a i n i n g  new 
c a r  s a l e s  i n  terms o f  f i v e  independent  v a r i a b l e s ,  i n c l u d i n g  t h e  v a l u e  o f  
VMT. The e q u a t i o n  i s  es t ima ted  u s i n g  o r d i n a r y  l e a s t  squares. 

NCAR = 3.94 - .00103 (RPSTK) + .0594 (AY) - ,311 ( u )  
(2.7) ( -1.7)  ( 6 . 7 )  (-3.1) 

+ ,766 (STRIKE) + ,00849 (VMT) 
( 3 4  (16.2) 

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

NCAR = annual new c a r  s a l e s  i n  mi 11 i o n s  o f  c a r s  

RPSTK = t h e  s t i c k e r  p r i c e  o f  new c a r s  i n  c o n s t a n t  1967 d o l l a r s  

A Y  = annual change i n  r e a l  d i s p o s a b l e  personal  income i n  b i l l  i o n s  o f  
c o n s t a n t  1967 do1 1  a r s  

u  = d e v i a t i o n s  f rom "normal"  l e v e l s  o f  unemployment (unemployment r a t e  - 
4.0) 

STRIKE = dummy v a r i a b l e  f o r  s t r i k e s  i n  au tomob i l e  i n d u s t r y ,  = -1 i n  y e a r  
o f  t h e  s t r i k e ,  = 0 o t h e r w i s e  

VMT = annual n a t i o n a l  v e h i c l e  m i l e s  o f  t r a v e l  measured i n  b i l l i o n s  o f  
m i l e s ,  



MODEL CONSTRUCTION 

The model was c a l i b r a t e d  u s i n g  annual values f o r  t h e  v a r i a b l e s  f rom 
1953 t o  1974. No s p e c i f i c  da ta  sources a r e  i n d i c a t e d  i n  t h i s  r e p o r t ,  
except  f o r  new c a r  p r i c e ,  which came from Ward's Automot ive Yearbook, 
f o r  domestic c a r  p r i c e s  on ly .  

DATA USED I N  RUNNING MODEL 

To r u n  t h i s  submodel, t h e  fo recas t  o f  v e h i c l e  m i l e s  t r a v e l e d  (VMT) 
f rom t h e  VMT submodel i s  necessary, as a r e  f o r e c a s t s  o f  new c a r  p r i c e ,  
i n c m e  change, and unempl oyment. 

DOCUMENTATION 

EIC Corpora t ion ,  Refinements t o  t h e  AEEP I n t e g r a t e d  - F l e e t  - 9  Model 
prepared f o r  TSC, Order No. ~ ~ 1 1 ~ 3 , M a r c ~ ,  1976. 



FLEET MODEL 

The F l e e t  Model, da ted March 1976, was prepared f o r  Trans o r t a t i o n  
Systems Center  (TSC) by  t h e  Environmental  Impact  Center  (EIC ! Inc .  as 
p a r t  o f  a r e v i s i o n  o f  t h e  Automot ive  Energy E f f i c i e n c y  Program (AEEP) 
I n t e g r a t e d  F l e e t  Model. The r e v i s e d  model examines t h e  o v e r a l l  impact  
o f  a1 t e r n a t i v e  energy and emiss ions po l  i c i e s  on v e h i c l e  m i l e s  t r a v e l e d ,  
new c a r  sa les ,  f l e e t  s i ze ,  f u e l  economy, t o t a l  f u e l  consumption, and a i r  
qua1 i t y  over  t h e  n e x t  f i f t e e n  years .  TSC has used t h e  model i n  t h e  Fuel  
Economy Emi ss ions  Impact Study. 

SPONSOR 

Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kendal 1 Square 
Cambridge, Mass. 02142 

AUTHOR 

Envi ronmental Impact Center ,  I nc. 
5 5  Chapel S t r e e t  
Newton, Mass. 02158 

MODEL TYPE 

F l e e t  S i z e  

OBJECTIVE OF MODEL 

The model f o r e c a s t s  automobi le  f l e e t  s i z e  as p a r t  o f  an i n t e g r a t e d  
f l e e t  model designed t o  examine t h e  o v e r a l l  impact  o f  a l t e r n a t i v e  energy 
and emissions p o l i c i e s  on v e h i c l e  m i l e s  t r a v e l e d ,  new c a r  sa les ,  f l e e t  
s i ze ,  f u e l  economy, t o t a l  f u e l  consumption, and a i r  q u a l i t y  ove r  t h e  
nex t  f i f t e e n  years.  

RELATIONSHIP TO OTHER MODELS 

T h i s  model i s  a submodel o f  t h e  Automot ive Energy E f f i c i e n c y  Program 
(AEEP) I n t e g r a t e d  F l e e t  Model. 

HISTORICAL BACKGROUND 

TSC developed i t s  own i n t e g r a t e d  f l e e t  model, and l a t e r  c o n t r a c t e d  
w i t h  EIC C o r p o r a t i o n  t o  p repare  a r e v i s e d  model t h a t  r e c t i f i e s  a number 
of problems w i t h  equa t ion  s p e c i f i c a t i o n  i n  t h e  o r i g i n a l  model. 



ASSUMPTIONS 

The model assumes t h a t  a  s tock  ad jus tment  mechanism determines f l e e t  
s ize ,  

VALIDATION 

The au tho rs  r e p o r t e d  t h a t  reasonab le  f o r e c a s t s  were ob ta ined  f o r  
severa l  a1 t e r n a t i  ve f u t u r e  scenar ios.  

LIMITATIONS AND BENEFITS 

T h i s  model i n c l u d e s  improvements i n  t h e  s p e c i f i c a t i o n  o f  equat ions  
ove r  a  p rev ious  f l e e t  model. I t  does n o t  i n c l u d e  determinants  o f  t h e  
scrappage r a t e .  The model does n o t  d isaggregate  by s i z e  o f  ca r .  

STRUCTURE 

T h i s  econometr ic  model c o n s i s t s  o f  a  s i n g l e  t r e n d - t y p e  f l e e t  equa t ion  
es t ima ted  by o r d i n a r y  l e a s t  squares. 

FLEET = -10.8 + ,667 [FLEET(- l ) ]  + ,0160 ( Y )  + ,473 (HH) 
(-2.3) (7.4) (2.4) (2.7) 

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

FLEET = t h e  t o t a l  number o f  c a r s  r e g i  s te red  i n  m i l  1 i o n s  

FLEET(-1) = l a s t  y e a r ' s  f l e e t  s i z e  

Y = r e a l  d i sposab le  persona l  income measured i n  b i l l  i o n s  o f  cons tan t  
1967 do1 l a r s  

HH = number o f  households i n  U.S. i n  m i l l i o n s  

MODEL CONSTRUCTION 

The model was c a l i b r a t e d  u s i n g  annual va lues f o r  t h e  independent 
v a r i a b l e s  f rom 1953 t o  1974. T h i s  r e p o r t  does n o t  i n d i c a t e  s p e c i f i c  
da ta  sources, 

DATA USED I N  RUNNING MODEL 

Forecasts  o f  income and number o f  households a r e  r e q u i  red.  





APS: AUTOMOTIVE PROPULSION SIMULATOR 

The Automot ive P r o p u l s i o n  S i m u l a t o r  (APS) was developed i n  1974 a t  
t h e  U n i v e r s i t y  o f  Wisconsin under t h e  sponsorship o f  t h e  U.S. Department 
o f  T ranspor ta t i on .  It s imu la tes  t h e  phys i ca l  systems o f  au tomobi le  
engines and t ransmi  s s i  ons, us ing  a dynamic d i g i t a l  computer program and 
a r e a l - t i m e  program w i t h  i n p u t  f rom a human " d r i v e r . "  I t  may be used t o  
model f u e l  consumption, emi ss ions,  and v e h i c l e  o p e r a t i n g  performance. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
O f f i c e  o f  t h e  Sec re ta ry  
Washington, D.C. 20590 

AUTHOR 

N.H. Beachley and A,A. Frank 
U n i v e r s i t y  o f  W i  sconsi  n 
Eng ineer ing  Experiment S t a t i o n  
1500 Johnson D r i v e  
Madison, Wis, 53706 

MODEL TYPE 

Emissions, f u e l  economy, a i r  po l  l u t i o n l a i r  qua1 i t y ,  v e h i c l e  o p e r a t i n g  
performance 

OBJECTIVE OF MODEL 

The model i s  designed t o  s imu la te  dynamica l l y  v e h i c l e  f u e l  
consumption, emissions,  and o t h e r  performance c h a r a c t e r i s t i c s .  It may 
be used t o  t e s t  t h e  performance of engines o f  v a r y i n g  t ypes  ( i n c l u d i n g  
a1 t e r n a t i v e  power p l  a n t s )  and s p e c i f i c a t i o n s .  

RELATIONSHIP TO OTHER MODELS 

I n  a d d i t i o n  t o  t h e  APS d i g i t a l  computer program, t h e r e  i s  a r e a l - t i m e  
i n t e r a c t i v e  program a t tached  t o  a d r i v i n g  s imu la to r .  A human o p e r a t o r ' s  
r e a c t i o n s  t o  engine and t i r e  n o i s e  can thus  be used as human f a c t o r s  
i n p u t s  t o  t h e  model, r e s u l t i n g  i n  a more r e a l i s t i c  s imu la t i on .  

ASSUMPTIONS 

The model i s  c a l i b r a t e d  accord ing t o  t h e  proven performance 
s p e c i f i c a t i o n s  o f  a s e t  o f  automobiles. Where da ta  a r e  n o t  a v a i l a b l e ,  
c e r t a i n  c o n d i t i o n s  a r e  assumed. For  example, t h e r e  i s  no automat ic  
choke i n f o r m a t i o n ,  so t h e  v e h i c l e  i s  assumed t o  s t a r t  o u t  comple te ly  



warmed t o  o p e r a t i n g  tempera tures .  

VALIDATION 

Simul a t i o n s  o f  v e h i c l e  eng ines  were compared w i t h  measurements made 
of t h e  a c t u a l  per formance o f  t h e s e  engines.  P r e d i c t e d  and a c t u a l  va lues  
f o r  MPG f u e l  consumption a r e  q u i t e  c l o s e ,  b u t  a r e  l e s s  so f o r  emissions.  

LIMITATIONS AND BENEFITS 

The model depends on t h e  s p e c i f i c a t i o n s  o f  eng ine  performance t h a t  
can be acqu i red  and used t o  b u i l d  i t s  v a r i o u s  components. These d a t a  
a r e  n o t  r e a d i l y  a v a i l a b l e ,  as t h e y  may come o n l y  f rom a u t o  
manufac turers .  As new d a t a  a r e  acqu i red ,  however, t h e  model can be 
expanded t o  i n c l u d e  new eng ine  components t o  be s imula ted .  

STRUCTURE 

T h i s  i s  a p h y s i c a l  system model. The human d r i v e r  o r  t h e  automat ic  
d r i v e r  p r o v i d e s  a  t h r o t t l e  s e t t i n g .  Th is ,  w i t h  eng ine  speed, produces 
eng ine  to rque ,  which i s  combined w i t h  t r a n s m i s s i o n  t o r q u e  and accessory 
demand, t o  compute engi  ne a c c e l e r a t i o n .  Eng ine speed, t o r q u e  c o n v e r t e r  
ou tpu t ,  t r a n s m i s s i o n  to rque,  r e a r  a x l e  and t r a c t i v e  t o r q u e  a r e  then  
computed. T h i s  i s  combined w i t h  road l o a d  t o  g e t  v e h i c l e  a c c e l e r a t i o n  
a f t e r  t h e  e f f e c t i v e  v e h i c l e  mass has been found. V e l o c i t y ,  d r i v e s h a f t  
speed, and to rque -conve r te r -ou tpu t - speed  a r e  obta ined,  and a  new eng ine  
t o r q u e  i s  t h u s  computed. T h i s  c y c l e  i s  repeated t e n  t i m e s  p e r  second. 
Fuel consumption and emissions a r e  computed as a  f u n c t i o n  o f  eng ine  
speed and t o r q u e  a t  every  i n s t a n t .  

MODEL CONSTRUCTION 

Complete v e h i c l e  s p e c i f i c a t i o n s  on f i v e  au tos  and emiss ions  maps on 
seve ra l  o t h e r s  were used t o  b u i l d  t h e  model. Data a r e  presented i n  
graph f o m ~  i n  t h e  model r e p o r t .  

DATA USED I N  RUNNING MODEL 

Engine s i z e  f a c t o r s ,  t o r q u e  r a t i o s ,  and o t h e r  eng ine  parameters a r e  
i n p u t s  t o  t h e  model. 

DOCUMENTAT I O N  

N.H. Beach1 ey and A.A. Frank,  I nc reased  Fuel Economy i n  T r a n s p o r t a t i o n  
Systems of Energy Management, F i n a l  Report ,  Vols.  1-111, 
Department o f  T r a n s p o r t a t i o n ,  Repor t  No. DOT-TST-75-2, Dec. 1974. NTIS 



COMPUTER REQUIREMENTS 

Vols. I 1  and I 1 1  o f  t h e  model r e p o r t  p r o v i d e  a  d e t a i l e d  e x p l a n a t i o n  
o f  t h e  s t r u c t u r e  o f  t h e  programs and e x h a u s t i v e l y  documented cop ies  o f  
t h e  program code. The programs a r e  w r i t t e n  i n  FORTRAN 11. Vol . I 1  
con ta ins  t h e  Automot ive S i m u l a t i o n  Program and t h e  Performance A n a l y s i s  
Program. Vol . I I I con ta ins  t h e  Real -Time (Hydr id  and Computer) 
Simul a t i  on Program, 



MATERIALS AND ENERGY RESOURCE ACCOUNTING MODEL (ARAM) 

The M a t e r i  a1 s and Energy Resource Account ing  Model (ARAM) , dated 
February 1976, was prepared by The Char les  S t a r k  Draper Labo ra to ry ,  
I n c .  f o r  t h e  T r a n s p o r t a t i o n  Systems Center  o f  t h e  U.S. Department o f  
T r a n s p o r t a t i o n .  It f o r e c a s t s  t h e  f u t u r e  m a t e r i a l  s  and energy  
requ i remen ts  f o r  a l t e r n a t i v e  automobi le  t echno log ies .  ARAM i s  a  
submodel o f  t h e  Resources Accoun t i ng  Model, which has been used by t h e  
Task Force  on Motor  V e h i c l e  Goals Beyond 1980 f o r  impact  assessment o f  
f u t u r e  au tomob i l e  p r o d u c t i o n  and usage scenar ios  as p a r t  o f  t h e  o v e r a l l  
e f f o r t  t o  examine 1 ong-range energy goa ls  f o r  t h e  motor  v e h i c l e  f l e e t  
t h a t  a r e  compa t ib le  w i t h  env i ronmenta l ,  s a f e t y ,  and economic o b j e c t i v e s .  

SPONSOR 

U .S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kenda l l  Square 
Cambridge, Mass. 02142 

AUTHOR 

J. Ba r ton  DeWolf, C h r i s t i a n  Dav is ,  
P e t e r  C.  Heinemann, and John T. Prohaska 
The Char les  S t a r k  Draper L a b o r a t o r y ,  I n c .  
68 A1 bany S t r e e t  
Cambridge, Mass. 02139 

MODEL TYPE 

V e h i c l e  manu fac tu r i ng  resou rce  u t i l i z a t i o n ,  energy consumption 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  assess t h e  impact  o f  f u t u r e  
au tomob i l e  t echno logy  o p t i o n s  on resources.  I t t r a c k s  t h e  t o t a l  
scena r io  o f  resou rce  requ i remen ts  f o r  m a t e r i a l s  and energy and p resen ts  
t h i s  i n f o r m a t i o n  f o r  assessment, 

RELATIONSHIP TO OTHER MODELS 

The model i s  a  submodel o f  t h e  Resources Account ing  Model, wh ich  i s  
p a r t  o f  t h e  o v e r a l l  mode l ing  e f f o r t  under taken by  t h e  Task Force  on 
Motor  V e h i c l e  Goals Beyond 1980. ARAM r e q u i r e s  i n p u t  f r om t h e  F l e e t  
Model (76-007) .  



HISTORICAL BACKGROUND 

The Task Force on Motor  Veh ic le  Goals Beyond 1980 was c rea ted  i n  May 
1975 t o  examine long-range energy goals f o r  t h e  motor  v e h i c l e  f l e e t  t h a t  
a r e  compat ib le  w i t h  environmental  , s a f e t y ,  and economic o b j e c t i v e s .  

ASSUMPTIONS 

The model assumes t h a t  t h e  e f f i c i e n c y  o f  c o n v e r t i n g  heat  energy t o  
e l e c t r i c i t y  i s  40%. Also, t h e  model assumes annual va lues f o r  t h e  n e t  
impor t  f r a c t i o n  o f  each t y p e  o f  auto. The model excludes n e t  c a r  
impor t s  f rom t h e  m a t e r i a l s  and energy c a l c u l a t i o n s .  

VALIDATION 

The model r e p o r t  does n o t  i n d i c a t e  whether any v a l i d a t i o n  o f  t h e  
model was performed. 

STRUCTURE 

T h i s  model employs a f a m i l y - t r e e  approach t o  resource account ing.  I t  
t r a c e s  m a t e r i a l s  o r  energy t y p e s  on a phys i ca l  u n i t  b a s i s  f rom t h e i r  
f i n i s h e d  form back th rough i n t e r m e d i a t e  stages o f  p roduc t i on  t o  t h e i r  
raw m a t e r i a l  o r i g i n s .  The model fo recasts  t h e  annual demand f o r  
impor ted processed m a t e r i  a1 s, impor ted raw m a t e r i a l  s, domestic raw 
m a t e r i a l s ,  and domestic scrap m a t e r i a l s ,  and i t  f o r e c a s t s  t h e  energy 
requ i rements  f o r  t h e  process ing o f  t h e  m a t e r i a l s ,  t h e  f a b r i c a t i o n  o f  t h e  
automobi les,  and t h e  o p e r a t i o n  o f  t h e  automobiles. The model i t s e l f  
c o n s i s t s  of a s e t  o f  24 account ing  r e l a t i o n s h i p s .  A r e p r e s e n t a t i v e  
equa t ion  appears below: 

where: 

i = an index o f  f a m i l y  t y p e  o f  automobi le 

j = an index o f  m a t e r i a l s  

k = an index o f  years  

TMPjk = annual m a t e r i a l s  requ i rements  f o r  domestic auto  p r o d u c t i o n  

Pik = a l l  c l asses  o f  v e h i c l e s  o f  f a m i l y  i produced i n  y e a r  k 

QMijk = weighted average o f  m a t e r i a l  j requirement over  a l l  c lasses o f  
v e h i c l e s  o f  f a m i l y  i produced i n  y e a r  k 



MODEL CONSTRUCTION 

The model i n c l u d e s  i n t e r n a l  da ta  on t h e  energy r e q u i r e d  f o r  m a t e r i a l s  
process ing,  t h e  m a t e r i a l s  waste r a t i o ,  t h e  scrap f r a c t i o n ,  and i m p o r t  
f r a c t i o n s  f o r  b o t h  processed and raw m a t e r i a l  imports.  The da ta  va lues 
f o r  a  f i r s t  s e t  o f  scenar ios  f o r  a  v a r i e t y  o f  m a t e r i a l s ,  i n c l u d i n g  
meta ls ,  g lass ,  rubber,  p l a s t i c s ,  p a i n t s ,  e t c .  a r e  i n c l u d e d  i n  t h e  model 
r e p o r t .  The sources f o r  these d a t a  were r e p o r t s  f rom t h e  C h r y s l e r  
Corpora t ion ,  t h e  U n i v e r s i t y  o f  Chicago, t h e  Na t iona l  Commission on 
M a t e r i a l s  P o l i c y ,  and t h e  Department o f  Commerce. 

DATA USED I N  RUNNING MODEL 

The model r e q u i r e s  i n p u t  d a t a  f rom t h r e e  sources: 

1) I n t e r n a l  da ta  a r e  r e q u i r e d  on m a t e r i a l s  process ing energy, t h e  
m a t e r i a l s  waste r a t i o ,  t h e  scrap f r a c t i o n ,  and i m p o r t  f r a c t i o n s  
f o r  b o t h  processed and raw m a t e r i a l  impor ts .  Values used and t h e  
data  sources appear i n  t h e  model r e p o r t  on pp. 13-17. 

2)  I n p u t  i s  r e q u i r e d  f rom ano the r  program, MATCOM, on t h e  r e q u i r e d  
we ight  o f  each m a t e r i a l  p e r  a u t o  and on f a b r i c a t i o n  energy 
requ i rements  pe r  auto. MATCOM c a l c u l  a tes  p e r - v e h i c l e  m a t e r i a l  
requ i rements  based on g i v e n  cu rb  we ight ,  v e h i c l e  s t r u c t u r e ,  and 
eng ine type. 

3 )  I n p u t  da ta  a r e  r e q u i r e d  f rom t h e  F l e e t  Account ing Model (ano the r  
submodel o f  t h e  Resources Account ing  Model) f o r  annual s a l e s  by 
au to  f a m i l y  t ype  and c l a s s ,  f o r  autos r e t i r e d  a n n u a l l y  by t y p e  
and c lass ,  and f o r  t h e  annual g a l l o n s  o f  f u e l  necessary t o  
ope ra te  a l l  autos by t y p e  and c lass .  

DOCUMENTATION 

J. Bar ton  DeWolf, C h r i s t i a n  Davis,  P e t e r  C. Heinemann, and John 
T. Prohaska, compu te r -~ased  Resource Account ing  Model f o r  Automobi le 
Technology Impact Assessment, D r a f t ,  prepared by The Char les  S t a r k  
Draper Labora to ry ,  Inc. ,  f o r  TSC under Con t rac t  No. DOT-TSC-1021, 

Bruce Rubinger and Simon Prensky, A Computer-Based Resource Account in  
Model f o r  Genera t i  nq t h e  ~qqreqat; Resource Impacts o f  A1 t e rna t i v :  
Automobi le ~ e c h n o l o ~ i e s ,  T S ~ ;  work ing Paper, ~ e p o r t  NO. DOT-TSC- 
OS-714-WP-77-7, June 1977. 

COMPUTER REQUIREMENTS 

The computer programs a r e  w r i t t e n  i n  FORTRAN and P L / l ,  and were 
designed t o  run  on an IBM 360175. 



The C a p i t a l  and Labor  Resource Account ing  Model (INRAM), da ted 
February 1976, was prepared by The Char les  S t a r k  Draper Labo ra to ry ,  
Inc . ,  f o r  t h e  T r a n s p o r t a t i o n  Systems Center  (TSC). It computes t o t a l  
f u t u r e  c a p i t a l  and 1 abor r e q u i  rements f o r  t h e  automobi 1 e i n d u s t r y  based 
on p o s s i b l e  f u t u r e  au tomot ive  techno log ies ,  The Task Force on Motor  
V e h i c l e  Goals Beyond 1980 used t h e  model f o r  impact  assessment as p a r t  
o f  t h e  o v e r a l l  e f f o r t  t o  examine long-range energy goa ls  f o r  t h e  motor  
v e h i c l e  f l e e t  t h a t  a r e  compa t ib le  w i t h  envi ronmental  , s a f e t y ,  and 
economic o b j e c t i v e s .  

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kendal 1 Square 
Cambridge, Mass. 02142 

AUTHOR 

J. Bar ton  DeWol f , C h r i s t i a n  Davi s, 
P e t e r  C. Heinemann, and John T. Prohaska 
The Char les  S ta rk  Draper Labo ra to ry ,  I n c .  
68 A1 bany S t r e e t  
Cambridge, Mass. 02139 

MODEL TYPE 

V e h i c l e  manufac tur ing  resou rce  u t i l  i z a t i o n  

OBJECTIVE OF MODEL 

The model computes t o t a l  f u t u r e  c a p i t a l  and l a b o r  requ i rements  f o r  
t h e  automobi l2  i n d u s t r y  based on p o s s i b l e  f u t u r e  au tomot ive  
techno1 ogies. 

RELATIONSHIP TO OTHER MODELS 

T h i s  model i s  a submodel o f  t h e  Resource Account ing  Model, which i s  
p a r t  o f  t h e  o v e r a l l  mode l ing  e f f o r t  undertaken by t h e  Task Force  on 
Motor  V e h i c l e  Goals Beyond 1980. It uses i n p u t - o u t p u t  a n a l y s i s  t o  
p r e d i c t  f u t u r e  c a p i t a l  and 1 abor requirements.  The b a s i c  i npu t -ou tpu t  
model, INFORUM, was developed a t  t h e  U n i v e r s i t y  o f  Mary land by C. Almon. 
An i npu t -ou tpu t  model i n c o r p o r a t e s  c o e f f i c i e n t s  d e s c r i b i n g  t h e  i n t e r -  
i n d u s t r y  and f i n a l  demand f l ow  o f  p roduc ts  i n  t h e  economy. INRAM 
u t i  1 i z e s  da ta  suppl i e d  by ARAM (76-024A) t o  a1 t e r  s e l e c t e d  c o e f f i c i e n t s  
i n  Almon's model as r e q u i r e d  by t h e  d i f f e r e n t  economic and t e c h n o l o g i c a l  
envi ronment induced by a g i v e n  scenar io.  



HI STORICAL BACKGROUND 

The Task Force on Motor  V e h i c l e  Goals Beyond 1980 was c r e a t e d  i n  May 
1975 t o  examine long- range energy goa ls  f o r  t h e  motor  v e h i c l e  f l e e t  t h a t  
a r e  compa t ib le  w i t h  env i ronmenta l ,  s a f e t y ,  and economic o b j e c t i v e s .  

ASSUMPTIONS 

The model assumes t h a t  t h e  i n p u t - o u t p u t  methodology i s  a p p r o p r i a t e  
f o r  f o r e c a s t i n g  t h e  c a p i t a l  and 1  abor requ i rements  o f  v a r i o u s  automobi l  e  
techno logy and usage scenar ios,  Also,  i t  p r e s e n t l y  assumes t h a t  o n l y  a  
1  i m i  t e d  number o f  c o e f f i c i e n t s  i n  Almon's model r e q u i r e  m o d i f i c a t i o n ,  

VALIDATION 

The model r e p o r t  no tes  t h a t  t h e  i n p u t  c o e f f i c i e n t  m o d i f i c a t i o n  
equat ions  a r e  be ing  v a l i d a t e d  on h i s t o r i c a l  data.  I n  t h e  e x i s t i n g  
r e p o r t  t hey  a r e  unva l i da ted ,  

STRUCTURE 

The model uses i n p u t - o u t p u t  a n a l y s i s  t o  p r e d i c t  c a p i t a l  and l a b o r  
requirements.  Fourteen c o e f f i c i e n t s  f rom t h e  INFORUM Model were 
m o d i f i e d  i n  t h e  INRAM r e p o r t .  The genera l  f o rmu la  f o r  computing 
modi f i c a t i  ons appears be1 ow: 

where: 

= i n p u t - o u t p u t  c o e f f i c i e n t  i n  y e a r  k f o r  t h e  i t h  p roduc ing  i n d u s t r y  
A iJ and t h e  j t h  consuming i n d u s t r y  

= base y e a r  (1975) v a l u e  o f  t h e  c o e f f i c i e n t  i j 

Ri j = f r a c t i o n  o f  o u t p u t  i n  i n d u s t r y  j which i s  used i n  t h e  p r o d u c t i o n  
o f  new autos 

k TM i j  = m a t e r i a l  i n  p h y s i c a l  u n i t s  used i n  i n d u s t r y  j as produced i n  
i n d u s t r y  i f o r  t h e  annual p r o d u c t i o n  o f  au tos  i n  y e a r  k 

pk = number o f  autos produced i n  y e a r  k 



T M ~ ~  = base y e a r  (1975) va lue  o f  m a t e r i a l  i n  p h y s i c a l  u n i t s  consumed 
jJ by i n d u s t r y  j as produced by i n d u s t r y  i f o r  t h e  p r o d u c t i o n  o f  

new autos 

p75 = base y e a r  (1975) number o f  au tos  produced 

P r e l i m i n a r y  market  share va lues were assumed f o r  R based on 1972 
data.  Almon's model c u r r e n t l y  produces o u t p u t  f o r  1972 t o  1985. 

MODEL CONSTRUCTION 

Almon's i n p u t - o u t p u t  model r e q u i r e s  a  l a r g e  amount o f  data,  which a r e  
i n c o r p o r a t e d  i n t o  t h e  computer program. INRAM r e q u i r e s  ARAM output ,  so 
t h a t  a l l  da ta  necessary t o  b u i l d  ARAM must be a v a i l a b l e .  

Data a r e  a l s o  r e q u i r e d  on motor  v e h i c l e  c a p i t a l  investment  
requirements.  These do n o t  appear i n  t h e  model r e p o r t .  

DATA USED I N  RUNNING MODEL 

Annual f o r e c a s t s  f rom ARAM a r e  r e q u i r e d  f o r :  requ i rements  f o r  up t o  
t h i r t y  m a t e r i a l s  used i n  domestic au to  product ion ,  number o f  autos 
produced domest ical  l y ,  new c a r  sa les ,  and f l e e t  o p e r a t i n g  energy. 

The i npu t -ou tpu t  model r e q u i r e s  exogenous assumptions rega rd ing  t h e  
f u t u r e  annual va lues o f  d i sposab le  income p e r  c a p i t a ,  popu la t i on ,  long-  
te rm i nvestment r a t e ,  r e n t / c o n s t r u c t i o n  c o s t  index, households, 
investment  t a x  c r e d i t ,  average f o r e i g n  cur rency p r i c e ,  1  abor fo rce ,  and 
c i  v i  1  i an unemployment r a t e .  

DOCUMENTATION 

J. Bar ton  DeWolf, C h r i s t i a n  Davis, P e t e r  Heineman. and John T. Prohaska. 
Computer-Based Resource ~ c c o u n t i  n q  Model f o r  - ~ u t o m o b i  l e  ~ e c h n o l  og); 
Impact Assessment, D r a f t ,  Vol . I, prepared by t h e  Char les  S ta rk  Draper 
Labora tory ,  Inc . ,  f o r  TSC under Con t rac t  No. DOT-TSC-1021, February 
1976. 

1985: I n t e r i n d u s t r y  Forecasts  o f  t h e  American C. Almon e t ,  a l . ,  - -  
Economy, Lex ing ton  Books, Lex ington,  Mass., 1974. 

Bruce Rubi nger and Simon Prensky, A Computer-Based Resource Account i  n  
Model f o r  Genera t i ng  t h e  ~ g g r e g a t g  Resource Impacts of A t e r n a t i v e  -- - + 
Automobi 1  e  Techno1 o g N ,  TSC, Working Paper, Report  No. DOT-TSC- 
0s-714-WP-77-7, June 1977. 

COMPUTER REQU IREMENTS 

Almon's i n p u t - o u t p u t  model i s  designed t o  run  on a  UNIVAC 1106 w i t h  
an EXEC 8 o p e r a t i n g  system. The model i s  q u i t e  l a r g e .  



CRA HEDONIC MARKET SHARE MODEL 

The CRA Hedonic Market  Share Model , dated October 1976, was prepared 
by  Char les  R i v e r  Assoc ia tes  (CRA), Inc .  f o r  t h e  Bureau o f  I n t e r n a t i o n a l  
Labor A f f a i r s ,  Department of Labor  (DOL). The model es t ima tes  t h e  
e f f e c t s  of changes i n  impor ted  c a r  p r i c e s  on f o r e i g n  and domestic 
automobi le  market  shares. CRA and DOL have used t h e  model as p a r t  o f  an 
assessment o f  economic e f f e c t s  of  p o t e n t i a l  changes i n  U.S. t a r i f f s  and 
o f  t h e  i m p o s i t i o n  of quotas by t h e  U.S. on i m p o r t s  o f  f o r e i g n  cars .  The 
model i s  a1 so be ing  used by C R A  f o r  t h e  N a t i o n a l  Highway T r a f f i c  S a f e t y  
A d m i n i s t r a t i o n  i n  a s tudy  o f  t h e  impact  o f  f u e l  economy and c a r  s i z e  on 
market  shares and competi  t i  on among automobi 1 e companies. 

SPONSOR 

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

AUTHOR 

Char les  R i v e r  Assoc ia tes ,  Inc .  
1050 Massachusetts Avenue 
Cambridge, Mass. 02138 

MODEL TYPE 

P r i c i n g ,  market  share, v e h i c l e  manufac tur ing  resource  u t i l  i z a t i o n ,  
au tomobi le  demand 

OBJECTIVE OF MODEL 

The model es t ima tes  t h e  e f f e c t s  of changes i n  impor ted  c a r  p r i c e s  on 
f o r e i g n  and domest ic  market  shares, domest ic  automobi 1 e p r o d u c t i o n  and 
p r i c e s ,  and employment i n  t h e  U.S. au tomob i le  i n d u s t r y .  

RELATIONSHIP TO OTHER MODELS 

The model has no r e l a t i o n s h i p  t o  o t h e r  models. 

HISTORICAL BACKGROUND 

Cur ren t  t r a d e  b a r r i e r s  a g a i n s t  au tomobi le  i m p o r t s  a r e  low. T h i s  
s tudy  was prompted by i nc reased  pub1 i c  and Congressional  i n t e r e s t  i n  
u s i n g  t r a d e  b a r r i e r s  t o  reduce unempl oyment, which had r e s u l t e d  f rom t h e  
1974-75 slump i n  t h e  U.S. automobi le  i n d u s t r y .  



ASSUMPTIONS 

The e s t i m a t i n g  techn ique  assumes t h a t  i n d i v i d u a l  consumers v a r y  i n  
t h e i r  demand f o r  p a r t i c u l a r  au tomobi le  c h a r a c t e r i s t i c s ,  i n c l u d i n g  p r i c e ,  
because o f  d i f f e r e n c e s  i n  income, use p a t t e r n s ,  and persona l  t a s t e s .  
The model a l s o  assumes t h a t  market  s i z e  i s  f i x e d  and t h a t  t h e  u t i l i t y  
f u n c t i o n  i s  l i n e a r .  F i n a l l y ,  i t  assumes t h a t  consumer t a s t e s  a r e  s t a b l e  
as p r i c e s  a r e  changing. 

VALIDATION 

The p r e d i c t i o n s  d e r i v e d  f rom t h e  rr;odel have n o t  been v a l i d a t e d  by 
comparison w i t h  a c t u a l  h i s t o r i c a l  exper ience.  The a u t h o r  does n o t e  t h a t  
t h e  r e s u l t s  a r e  s i m i l a r  t o  es t ima tes  from t i m e  s e r i e s  reg ress ions  
i n c l u d e d  i n  t h e  r e p o r t  and t o  p r e d i c t i o n s  d e r i v e d  by q u e s t i o n n a i r e  
techn iques  i n  a  s tudy  by Market  Facts,  Inc .  

LIMITATIONS AND BENEFITS 

F o r  t h e  share es t ima tes  t o  be reasonable, t h e  s e t  o f  au tomobi le  
models i n c l u d e d  must cover  n e a r l y  t h e  e n t i r e  market. A1 so, i n  o r d e r  t o  
e s t i m a t e  new c a r  sa les ,  e s t i m a t e s  o f  t h e  t o t a l  p r i c e  e l a s t i c i t y  o f  new 
c a r  demand must be ob ta ined  f rom o t h e r  sources. 

STRUCTURE 

The model es t ima tes  t h e  d i s t r i b u t i o n  o f  consumer t a s t e s  and t h e n  uses 
t h e  es t ima tes  t o  p r e d i c t  t h e  market  share d i s t r i b u t i o n  produced by a  
change i n  p r i c e s  and c h a r a c t e r i s t i c s  of automobi les.  The model i s  t o o  
e x t e n s i v e  t o  reproduce here  i n  i t s  e n t i r e t y .  There fore ,  a  b r i e f  
d i s c u s s i o n  f o l l o w s .  

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

where: 

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

C .  = i s  a  v e c t o r  o f  c h a r a c t e r i s t i c s  o f  model j 
3 

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

a = i s  a  s e t  of parameters mapping C . and P , i n t o  U i J J i j  

The u t i l i t y  f u n c t i o n  i s  assumed t o  be l i n e a r ,  so t h a t  t h e  U . ' S  

rep resen t  marg ina l  r a t e s  o f  s u b s t i t u t i o n  between t h e  c h a r a c t e r i s t i c s  And 
p r i c e .  Then a i s  viewed as a  v e c t o r  o f  random v a r i a b l e s ,  gene ra t i ng  a 
p r o b a b i l  i t y  d i  s t r i  b u t  i o n  f o r  t h e  c h o i c e  among automobi le  models. 



The model assumes a  s imp le  f u n c t i o n a l  fo rm f o r  t h e  p r o b a b i l i t y  
d i s t r i b u t i o n  o f  t h e  a ' s ,  and seeks t o  f i n d  t h e  d i s t r i b u t i o n  o f  
consumers' u t i  1  i t y  f u n c t i o n s  which reproduces t h e  market  shares a c t u a l l y  
observed f o r  i n d i v i d u a l  models. 

MODEL CONSTRUCT1 ON 

T h i s  model i s  c o n s t r u c t e d  on i n p u t  da ta ,  i n c l u d i n g  p r i c e ,  p h y s i c a l  
c h a r a c t e r i s t i c s ,  and new c a r  s a l e s  between A p r i l  1974 and August 1974 
f o r  106 c a r  makes and models. A l i s t  of t h e  v a r i a b l e s  and da ta  sources 
appears i n  t h e  model r e p o r t .  

DATA USED I N  R U N N I N G  MODEL 

Forecasts  o f  t h e  i n c r e a s e  i n  i m p o r t  p r i c e s  and t h e  p r i c e s  and 
c h a r a c t e r i s t i c s  o f  new c a r s  by market  segment a r e  necessary t o  r u n  t h e  
model. 

DOCUMENTATION 

Char les  R i v e r  Assoc ia tes ,  Impact  of Trade P o l i c i e s  the 
Automobi 1  e  Market ,  p repared f o r  Bureau o f  I n t e r n a t i o n a l  Labor  A f f a i r s ,  
U.S. Department o f  Labor,  CRA Repor t  No. 219, October 1976, 

Char les  R i v e r  Assoc ia tes ,  The Development o f  a Methodology for 
P r e d i c t i n g  t h e  Demand f o r  New Goods w i t h  ~ l l u s ~ a t i v e  A p p l i c a t i o n s  t o  
R e s i d e n t i a l  Heat Pumps, under Con t rac t  No. RP 488-1 f o r  t h e  ~ l e c t t - %  
Power Research I n s t i t u t e ,  J u l y  1976. 

COMPUTER REQUIREMENTS 

The computer program c o n s i s t s  o f  an a l g o r i t h m  f o r  numer ical  
e v a l u a t i o n  o f  p r o b a b i l i t y  i n t e g r a l s  u s i n g  t h e  Monte-Car lo method. The 
computer program i s  w r i t t e n  i n  machine code, and i t  r e q u i r e s  severa l  
hand c a l c u l a t i o n s  a t  v a r i o u s  p o i n t s  i n  t h e  maximum l i k e l i h o o d  and Monte- 
Car l  o  procedures. 



SPECULATER: SIMULATION PROGRAM EXAMINING THE CAUSALITIES UNDERLYING 
LAND, AGRICULTURE, TRANSPORTATION, AND ENERGY RELATIONSHIPS 

The SPECULATER model, prepared i n  1975 a t  t h e  U n i v e r s i t y  of 
C a l i f o r n i a  a t  Davis,  s imul  a tes  t h e  re1  a t i o n s h i p s  between urban and 
n a t i o n a l  t r a n s p o r t a t i o n ,  t h e  o i l  i ndust ry ,  and t h e  wheat i n d u s t r y .  The 
p r o j e c t  was sponsored by t h e  Na t iona l  Science Foundation. The model can 
be used t o  p r e d i c t  f u e l  consumption and t r a n s p o r t a t i o n  modal s p l i t  
us ing  a v a r i e t y  of t r a n s p o r t a t i o n - r e 1  a t e d  and n o n - t r a n s p o r t a t i  on-re1 a ted  
assumptions. 

SPONSOR 

Research Appl i e d  t o  Na t iona l  Needs 
Na t iona l  Science Foundat ion 
Washington, D.C. 20550 

AUTHOR 

J.W. Young, J.L. Mi tchener ,  K.E.F. Watt, e t  a l .  
U n i v e r s i t y  o f  C a l i f o r n i a  
I n s t i t u t e  o f  Ecology 
I n t e r d i  s c i  p l  i nary  Systems Group 
Davis, C a l i f .  95616 

MODEL TYPE 

Veh ic le  m i l e s  t r a v e l e d ,  v e h i c l e  use r  c o s t s / v e h i c l e  o p e r a t i n g  cos ts ,  
energy consumption, modal spl  i t  

OBJECTIVE OF MODEL 

The model p r e d i c t s  o i l  and gas consumption, modal sp l  it, and urban 
and a g r i c u l t u r a l  l a n d  area, under t h e  bas i c  assumption t h a t  a g r i c u l t u r a l  
e x p o r t s  w i l l  i nc rease  t o  o f f s e t  t h e  un favo rab le  t r a d e  balance due t o  
increased f u e l  imports.  

T h i s  mode l ' s  s i m u l a t i o n  i s  n a t i o n a l  i n  scope. Some o f  i t s  ou tpu ts  
a r e  used i n  t h e  accompanying r e g i  onal -scope model SAM: Sacramento Area 
Model (75-0278). 

H I  STOR I CAL BACKGROUND 

K.E.F. Watt, The T i t a n i c  E f f e c t ,  1974, o r i g i n a l l y  desc r ibed  t h e  
re1 a t i  onshi p between petro leum i m p o r t s  and a g r i c u l t u r a l  expor ts .  Th i  s 
r e l a t i o n s h i p  was used as one o f  t h e  major  hypotheses i n  des ign ing  t h e  



ASSUMPTIONS 

The b a s i c  assumpt ion i s  t h a t  U.S. wheat e x p o r t s  w i l l  be i nc reased  and 
encouraged i n  o r d e r  t o  o f f s e t  t h e  unfavorab le  ba lance o f  t r a d e  due t o  
t h e  h i g h  c o s t  o f  o i l  impor t s .  

VAL I OAT I ON 

A l a r g e  v a r i e t y  of scena r ios  u s i n g  d i f f e r e n t  i n p u t  l e v e l s  o f  t h e  
exogenous v a r i a b l e s  were run.  Most o f  t h e  f o l l o w i n g  c o n d i t i o n s  were 
found t o  be unaf fected by t h e  scenar ios  used: t h e  r a t e  o f  urban sprawl ,  
t h e  urban p o p u l a t i o n  d e n s i t y ,  t h e  adequacy o f  U.S. f o o d  supp ly ,  t h e  
i nc reased  use o f  pub1 i c  t r a n s p o r t a t i o n ,  a  decrease i n  energy 
consumption, and an i n c r e a s e  i n  a g r i c u l t u r a l  a c t i v i t y .  

LIMITATIONS AND BENEFITS 

The r e p o r t  d e s c r i b i n g  t h e  model i n c l u d e s  s e c t i o n s  on t h e  t h e o r y  and 
methodology o f  s i m u l a t i o n  model ing,  wh ich  would be o f  a i d  i n  m o d i f y i n g  
t h i s  model o r  b u i l d t n g  o t h e r  models. T h i s  model i s  unconvent iona l  i n  
t h a t  i t  draws re1  a t i o n s h i  ps between v e r y  i n d i r e c t l y  r e 1  a t e d  segments o f  
t h e  economy. 

STRUCTURE 

Numerous i n t e r l o c k  i ng r e 1  a t i o n s h i  ps a r e  desc r i bed  between seve ra l  
s e c t o r s  o f  t h e  economy, i n c l u d i n g  t h e  n a t i o n a l  t r a n s p o r t a t i o n  i n d u s t r y ,  
t h e  o i l  i n d u s t r y ,  t h e  wheat i n d u s t r y ,  and t h e  composi te urban area, 
which i s  wade up o f  101 c i t i e s  c o n t a i n i n g  43% o f  t h e  U.S. popu la t i on .  
V a r i a b l e s  i n v o l v e d  i n c l u d e :  t h e  p r i c e s  o f  f u e l s  and g r a i n s ,  p o p u l a t i o n ,  
t h e  v o l  ume o f  i m p o r t s  and e x p o r t s ,  consumption, p roduc t i on ,  
t r a n s p o r t a t i o n  modal s p l i t s ,  and t h e  r a t e  o f  l a n d  conve rs ion  f rom 
a g r i c u l t u r a l  t o  urban use. The volume o f  wheat e x p o r t s  i s  p a r t l y  a  
f u n c t i o n  o f  t h e  c o s t  o f  o i l  i m p o r t s ,  i m p l y i n g  a  p o l i t i c a l  r e l a t i o n s h i p  
i n  what i s  o t h e r w i s e  an a l g e b r a i c  model. 

MODEL CONSTRUCTION 

Th i  s i s  a dynamic s imul  a t i  on ope ra t i ons  resea rch  model , d e s c r i b i n g  
cause and e f f e c t  re1  a t i  onshi  ps. Act.ua.1 h i  s t o r i  c a l  d a t a  have been used 
t o  ~ d e n t , i f y  parameters. The nurnerous equa t i ons  and parameters f o r  each 
v a r i a b l e  used i n  t h e  model a r e  desc r i bed  i n  t h e  t e x t  o f  t h e  model 
r e p o r t .  



DATA USED I N  RUNNING MODEL 

The f o l  1  owi ng v a r i a b l e s  a r e  exogenous t o  t h e  model, and t h e i r  va lues 
a r e  supp l i ed  i n  t h e  r e p o r t :  m i g r a t i o n  r a t e s ,  p r i c e  o f  gas01 ine ,  mode 
a v a i l a b i l i t y ,  p o p u l a t i o n  growth r a t e ,  p r i c e  o f  corn,  U.S. o i l  
p roduc t i on ,  p r i c e  o f  impor ted o i l ,  r e s i d u a l  f o r e i g n  demand f o r  wheat, 
and wheat y i e l d s .  

DOCUMENTATION 

J.W. Young, e t  al. ,  Land Use, Energy Flow, and Pol i c y  Making i n  Soc ie tv :  - 
F i n a l  Report,  U n i v e r s i t y  o f  C a l i f o r n i a  a t  Davis, ~ e p t e m b z  1, 1975. 
NTIS NO. PB-251 537, 

COMPUTER REQUIREMENTS 

A  u s e r ' s  manual and c a r d  deck c o n s i s t e n t  w i t h  an IBM 360/370 machine 
a r e  a v a i l a b l e  from John W. Brewer, U n i v e r s i t y  o f  C a l i f o r n i a ,  Davis, 
Cal i f o r n i  a  95616. 



SACRAMENTO AREA MODEL (SAM) 

The Sacramento Area Model (SAM) i s  meant t o  be used i n  c o n j u n c t i o n  
w i t h  t h e  SPECULATER model. Bo th  were developed a t  t h e  U n i v e r s i t y  o f  
C a l i f o r n i a  a t  Davis,  i n  1975, under a  g r a n t  f rom t h e  N a t i o n a l  Science 
Foundat ion.  The model can be used t o  p r e d i c t  v e h i c l e  m i l e s  t r a v e l e d  and 
modal sp l  i t  f o r  a  m e t r o p o l i t a n  r e g i o n  g i ven  a  v a r i e t y  o f  t r a n s p o r t a t i o n -  
re1  a ted  and non-transportation-related assumptions. 

SPONSOR 

Research Appl i e d  t o  N a t i o n a l  Needs 
Na t i ona l  Science Foundat ion  
Nashington, D.C. 20550 

AUTHOR 

J.W. Young, J.L. Mi tchener ,  K.E.F. Watt, e t  a l .  
U n i v e r s i t y  o f  C a l i f o r n i a  
I n s t i t u t e  o f  Ecology 
I n t e r d i  s c i  p l  i n a r y  Systems Group 
Davis,  C a l i f .  95616 

MODEL TYPE 

V e h i c l e  m i l e s  t r a v e l e d ,  v e h i c l e  u s e r  c o s t s / v e h i c l e  o p e r a t i n g  cos ts ,  
energy consumption, modal sp l  i t  

OBJECTIVE OF MODEL 

The model p r e d i c t s  v e h i c l e  m i l e s  t r a v e l e d  pe r  c a p i t a ,  p u b l i c  t r a n s i t  
usage per  c a p i t a ,  f reeway and p u b l i c  t r a n s i t  a v a i l a b i l i t y ,  and l a n d  
conve rs ion  r a t e .  

RELATIONSHIP TO OTHER MODELS 

T h i s  model i s  r e g i o n a l  i n  scope and uses o u t p u t s  f rom t h e  
accompanyi ng n a t i o n a l  -scope model, SPECULATER (75-027A). 

ASSUMPTIONS 

As t h i s  model uses r e s u l t s  f rom SPECULATER as i npu ts ,  any comb ina t i on  
o f  n a t i o n a l - l e v e l  assumptions can be used as i n p u t s  t o  it. Assumptions 
may be made about t h e  a v a i l a b i l i t y  o f  t r a n s p o r t a t i o n  modes i n  a  
met ropo l  i t a n  reg ion .  



VAL I OAT I ON 

A  l a r g e  v a r i e t y  o f  s c e n a r i o s  u s i n g  d i f f e r e n t  i n p u t  l e v e l s  o f  t h e  
exogenous v a r i a b l e s  a r ~ t i  o f  t h e  rest11 t s  f r o m  t h e  SPECULATER model were  
us2d i n  model r uns ,  It was f ~ ~ i n d  t h a X t 2  i e v e l  o f  p u b l i c  t r a n s i t  usage 
was a f f e c t e d  by  he p r i c e  o f  g a s o l i n e .  

LIMITATIONS AND BENEFITS 

T h i s  model can be used, in c o n j u n c t i o n  w i t h  SPECU!.ATER, '.o examine 
t h e  e f f e c t s  o f  n a t i o n a l  pkenomena on a  l o c a l  r e g i o n a l  a r e a  and t o  
e v a l  u a t e  1  o c a l  s t r a t e g i e s .  W h i l e  i t  was deve loped  f o r  t h e  Sacramento 
a rea ,  i t  i s  p r o b a b l y  t r a n s f e r r a b l e  t o  o t h e r  r e g i o n s  o f  t h e  c o u n t r , ~ .  

One l i m i t a t i o n  o f  t h e  modei i s  t h a t  i f  o u t p u t  f r o m  SPECULATFK i s  used 
d s  i n p u t  t o  SAM, t h e n  t h e  q u a i i t y  o f  f o r e c a s t s  f r o m  SAM a r e  c o n t i n g e n t  
upon t h e  qua1 i t y  o f  SPECULA:-ER. 

STRUCTURE 

The model was d e s i g n e d  w i t h  t h e  Sacramento, C a l i f .  m e t r o p o l i t a n  a r e a  
i n  mind,  b u t  p resumab ly  c o u l d  he used F o r  o t h e r  r e g i o n s .  Urban  a r e a  
t r a n s p o r t a t i o n  mode a v z i  1 a i .  1 i t y , ,  t r * a r i s p o r t a t s i o n  f u e l  s u p p l y  p e r  c a p i t a ,  
arid p e r  c a p i t a  t r a n s p o r r z t i  on f u e l  consumpt io r i  a r e  i n p u t  as r e s u l t s  f r o m  
SPECULI!TEH. T r a n s i t  f l rn t i i  n g ,  er;lpl oyment 1 o c a t i o r ~  i n d e x ,  t r a n s i t  f a r e ,  
and demographic  v a r i a b l e s  are ?xo$enous. Pub1 i c  t r a n s i t  and f r eeway  
a v a i l a b i l i t y  and t h e  l a n d  : .onvers ion  r a t e  ( a g r i c u l  t u r a l  use  t o  u rban  
use )  ma.y be e i t h e r  exogenor;s 17r ~ ; r e r l i c t e d  v a r i a b l e s .  

MODEL CONSTRUCTION 

T h i  s i s  a dynamic s i i ~ i u ?  a t i o n  o p e r a t i o n s  r e s e a r c h  model ,  d e s c r i b i n g  
cause and e f f e c t  r e l a t i u n s h i p s ,  A c t u a l  h i s t o r i c a l  d a t a  have been used 
t o  i d e n t i f y  paramete rs ,  E q l i i ~ t i o n s  dnd paran ie te rs  fo r .  each v a r i a b l e  used  
i n  t h e  inodel a r e  d e s c r i h c c i  .ir! t h e  model r e p o r t .  

DATA USED I N  RUNNING MODEL 

The n l rnerous e q u a t i o n s  and pa rame te r s  f o r  each v a r i a b l e  used i n  
r u n n i n g  t h e  model a r e  desc r i be t f  i n  the  r'iociel r e p o r t ,  Da t i l  must  be 
supp l  i e d  f o r  demographic  arid i,r5ansi t a v a i l  a b i ?  i t y  v a r i a b l e s .  

J . W .  Young, e t  a l ,  Land ! I s - ,  -;.nKr,i]y Flovi, a n d  Po! icy  Mak i r ig  i n  S o c i e t y :  
F i n a l  Report, U n i v e r s i t y  o f '  l i r r i a  a t  Dav i s ,  September 1, 1975.  
NTIS NO. PB-251 537. 



COMPUTER KEQU IREMENTS 

A U s e r ' s  Manual and c a r d  deck c o n s i s t e n t  w i t h  an IBM 360/370 machine 
a r e  a v a i l a b l e  f rom John W. Brewer, U n i v e r s i t y  o f  C a l i f o r n i a ,  Davis, 
C a l i f .  95616. 



TRANSPORTATION AND AIR SHED SIMULATION MODEL (TASSIM MODEL) 

The T r a n s p o r t a t i o n  and A i r  Shed S i m u l a t i o n  Model (TASSIM) i n t e g r a t e s  
an urban t r a n s p o r t a t i o n  p l a n n i n g  model, v e h i c l e  emiss ion  f a c t o r s ,  and 
s imp le  a i r  d i f f u s i o n  models i n  a  s i m u l a t i o n  framework t h a t  can be used 
t o  analyze t h e  a i r  qual i t y  e f f e c t s  o f  t r a n s p o r t a t i o n  p o l i c i e s .  I t  was 
developed i n  1974 a t  Harvard  U n i v e r s i t y  under t h e  sponsorsh ip  o f  t h e  
U.S. Department o f  T r a n s p o r t a t i o n .  The model was used i n  1974 by t h e  
~ a t i o n a l -    cad ern^ o f  sc iences i n  t h e  r e p o r t ,  The Costs and ~ e n e f i t s  of 
Automobi 1  e  Emi s s i o n  Con t ro l  , prepared f o r  t heXs.aenate~ommi t t e e  on 
P u b l i c  Works. I t  has a1 so been used t o  e v a l u a t e  t h e  impact  o f  v a r i o u s  
t r a n s p o r t a t i o n  p o l i c i e s  i n  t h e  Boston and Los Angeles areas. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
O f f i c e  o f  t h e  Sec re ta ry  
Washington, D.C. 20590 

AUTHOR 

Gregory K, Ingram and Gary R. Fauth  
Harvard  U n i v e r s i t y  
Cambridge, Mass. 02138 

MODEL TYPE 

A i r  p o l  1  u t i o n l a i r  qual  i t y ,  emiss ions  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  TASSIM model i s  t o  i n t e g r a t e  an urban 
t r a n s p o r t a t i o n  model, v e h i c l e  emiss ion  f a c t o r s ,  and s imp le  a i r  d i f f u s i o n  
models i n  a s i m u l a t i o n  framework t h a t  can be used t o  ana lyze t h e  impacts 
o f  v a r i o u s  t r a n s p o r t a t i o n  p o l i c i e s  on a i r  q u a l i t y .  The model i s  capab le  
o f  s i m u l a t i n g  c o n c e n t r a t i o n s  o f  carbon monoxide, hydrocarbons, ox ides  o f  
n i t r o g e n ,  and p a r t i c u l a t e  m a t t e r  i n  as many as 200 d i s t i n c t  zones w i t h i n  
a  m e t r o p o l i t a n  area. 

RELATIONSHIP TO OTHER MODELS 

The model i s  c o n s t r u c t e d  t o  be compa t ib le  w i t h  t h e  Federal  Highway 
A d m i n i s t r a t i o n ' s  s tandard  Urban T r a n s p o r t a t i o n  P lann ing  (UTP) model i n  
o r d e r  t o  min imize  da ta  problems and t o  i n s u r e  t h a t  parameters f rom 
e x i s t i n g  models can be used. 



HISTORICAL BACKGROUND 

The TASSIM model was o r i g i  na l  l y  developed under a  u n i v e r s i t y  resea rch  
g r a n t  f rom t h e  N a t i o n a l  Sc ience Foundat ion  e n t i t l e d  "The Automobi le and 
t h e  R e g u l a t i o n  of i t s  Impact  on t h e  Environment." The model was 
improved, expanded, and c a l  i b r a t e d  under a c o n t r a c t  f r o m  t h e  Department 
o f  T r a n s p o r t a t i o n .  

VALIDATION 

C a l c u l a t e d  annual a i r  q u a l i t y  va lues  from t h e  TASSIM model were 
compared w i t h  1971 annual measurements f rom e i g h t e e n  m o n i t o r i n g  s i t e s  i n  
t h e  Boston reg ion .  The r e s u l t s  f o r  s u l f u r  d i o x i d e  and p a r t i c u l a t e  
m a t t e r  were f a i r l y  c o n s i s t e n t .  The r e s u l t s  f o r  t h e  ox ides  o f  n i t r o g e n  
were n o t  as c o n s i s t e n t .  T h i s  problem i s  a t t r i b u t e d  t o  t h e  sampl ing  
techn ique  o f  t h i s  po l  1  u t a n t .  

LIMITATIONS AND BENEFITS 

Two p r i m a r y  au tomot i ve  p o l  1  u t a n t s ,  hydrocarbons and ox ides  o f  
n i t r o g e n ,  combine i n  t h e  presence o f  s u n l i g h t  t o  f o r m  photochemical  
ox idan ts .  A l though photochemical  o x i d a n t s  a r e  i m p o r t a n t  secondary 
p o l  1 u t a n t s ,  t h e  r e a c t i o n  processes t o  produce these  p o l l u t a n t s  a r e  n o t  
w e l l  known and, t h e r e f o r e ,  t hese  processes a r e  n o t  rep resen ted  i n  t h e  
model. 

STRUCTURE 

The TASSIM model i s  compr ised o f  t h r e e  ma jo r  components: a  
t r a n s p o r t a t i o n  submodel, an emiss ion  submodel, and an a i r  d i f f u s i o n  
submodel . 

The t r a n s p o r t a t i o n  submodel f o r e c a s t s  t h e  i n t e r z o n a l  d i s t r i b u t i o n  o f  
t r i p s  and t h e n  d i s t r i b u t e s  t h e  t r i p s  o v e r  t h e  highway and t r a n s i t  
network.  I n c l u d e d  i n  t h i s  model a r e  t h e  c a l c u l a t i o n  o f  a u t o  v e h i c l e  
m i l e s  t r a v e l e d  pe r  zone as w e l l  as au to  v e h i c l e  c o l d  s t a r t s  p e r  zone. 
These v a r i a b l e s  a r e  necessary i n p u t s  t o  t h e  em iss ion  submodel. 

The emi s s i o n  submodel t r a n s f o r m s  i n f o r m a t i o n  on v e h i c l e  f l o w s  and 
speeds i n  each area i n t o  area emissions.  The speeds on each l i n k  o f  t h e  
t r a n s p o r t a t i  on network a r e  exogenous, and t h e  re1  a t i  on between v e h i c l  e 
speed and emiss ions  pe r  m i l e  i s  based on f u n c t i o n s  compi led  by t h e  
Envi  ronmental  P r o t e c t i o n  Agency. 

The d i f f u s i o n  submodel genera tes  p o l l u t a n t  c o n c e n t r a t i o n s  i n  each 
zone based on emiss ions  and meteor01 o g i  c a l  f a c t o r s .  

MODEL CONSTRUCTION 

The model must be c a l i b r a t e d  f o r  each r e g i o n  t o  which i t  i s  app l i ed .  



The types of da ta  needed i n c l u d e  t r i p  gene ra t i on  equa t i on  parameters, 
soc i  o-economic da ta  f o r  each zone, average annual wind speed, t h e  
percentage o f  t i m e  t h e  wind i s  b low ing  i n  each o f  s i x t e e n  d i r e c t i o n s ,  
non-mobi l e  area source emi ss ions  by zone f o r  each p o l l u t a n t ,  modal s p l i t  
i n f o r m a t i o n ,  e t c .  

DATA USED IN RUNNING MODEL 

E s s e n t i a l l y  t h e  d a t a  necessary t o  c a l i b r a t e  t h e  model a r e  a l s o  
r e q u i  red  t o  r u n  t h e  model. 

DOCUMENTATION 

Gregory Ingram and Gary Fauth, TASSIM: A T r a n s p o r t a t i o n  --- and A i r  Shed 
Simul a t i  on Model , Vol . I : Case Study of t h 7  Boston Region, prepared f o r  
DOT, May 1974. NTIS No. PB-232 933. 

Gregory Ingram and Gary Fauth, TASSIM: A T r a n s p o r t a t i o n  --- and A i r  Shed 
Simul a t i  on Model , Vol . I I : Program -- User'  s -~u ide ,  prepared f o r  DOT, May 
1974. N T I S X P B - ~ ~ ~  934. 

Gary Fauth and Eugene Kroch, A d d i t i o n a l  T r a f f i c  Assignment Opt ions f o r  
t h e  TASSIM Model, prepared f o r  DOT, November 1975. --- 
Frank P. Grad, e t  a1 . , The Automobi 1e and t h e  Regu la t i on  o f  i t s  Impact 
on t h e  Environment, U n i v e r s i t y  o f  Okl ahoma Press, 1975. -- 

COMPUTER REQU IREMENTS 

The model i s  w r i t t e n  i n  FORTRAN and was designed t o  be r u n  on an IBM 
370. The source code may be obta ined f rom t h e  model au thors  a t  Harvard 
U n i v e r s i t y .  



CONSUMER DEMAND FOR CARS I N  THE USA 

The Consumer Demand f o r  Cars i n  t h e  USA model was prepared i n  1975 a t  
Cambridge U n i v e r s i t y ,  The o b j e c t i v e  o f  t h e  model i s  t o  examine t h e  
f a c t o r s  t h a t  de termine t h e  consumer demand f o r  automobi les i n  t h e  U n i t e d  
Sta tes ,  

AUTHOR 

Ron P. Smi th  
Department o f  Appl i ed Economi cs  
Cambridge U n i v e r s i t y  
Cambridge, England 

MODEL TYPE 

Automobi 1 e demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  examine t h e  f a c t o r s  t h a t  de termine 
t h e  consumer demand f o r  au tomobi les  i n  t h e  U n i t e d  Sta tes .  The e n t i r e  
s tudy i s  p r i m a r i l y  i n tended  t o  p r o v i d e  a connected account  o f  t h e  
automobi le  market  t h a t  w i l l  be usefu l  t o  anyone i n t e r e s t e d  i n  t h e  
i n d u s t r y ,  

RELATIONSHIP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

T h i s  s tudy was prepared as t h e  a u t h o r ' s  Ph.D. t h e s i s  a t  Cambridge 
U n i v e r s i t y .  Some o f  t h e  work was performed a t  MIT, where he was a 
Kennedy Scholar .  

ASSUMPTIONS 

The s tudy i s  compr ised o f  t h r e e  p a r t s :  ownership, replacement, and 
purchase o f  au tomobi le  models. The ownership model assumes t h a t  t ime-  
s e r i e s  responses can be d e r i v e d  f rom c r o s s - s e c t i o n  es t imates .  The model 
om i t s  c o s t  as an exp lana to ry  v a r i a b l e  and assumes a p o s i t i v e  ownership 
probabi  1 i t y  f o r  incomes above zero.  

The replacement model assumes a low e l a s t i c i t y  o f  s u b s t i t u t i o n  
between new and used ca rs ,  so t h a t  s tock  d e p l e t i o n  cannot e x p l a i n  
rep1 acement purchases o f  new ca rs .  



The s h o r t - r u n  purchases model assumes t h a t  consumers respond t o  
personal  expec ta t i ons ,  as r e f l e c t e d  i n  survey a t t i t u d e  i n d i c a t o r s ,  and 
t o  con f i dence  i n  t h e  economy as a whole, as r e f l e c t e d  i n  macro-economic 
i n d i c a t o r s .  

VALIDATION 

The au tho r  compares h i s  r e s u l t s  w i t h  t hose  f rom a number o f  o t h e r  
s tud ies .  The ownership model generates p r e d i c t i o n s  which do n o t  agree 
w e l l  w i t h  a c t u a l  pre-Wor ld War 11 data.  

LIMITATIONS AND BENEFITS 

The model i s  n o t  designed as a complete econometr ic  s e t  o f  
f o r e c a s t i n g  equat ions .  I n  t a c t ,  t h e  au tho r  cau t i ons  t h a t  t h e  ownership 
model may n o t  be a p p r o p r i a t e  f o r  e x t r a p o l a t i o n  purposes. The model does 
p resen t  a new i n t e r p r e t a t i o n  o f  t h e  replacement demand f o r  autos,  and i t  
emphasizes t h e  importance of consumer expec ta t i ons  f o r  s h o r t - r u n  demand 
p r e d i c t i o n .  

STRUCTURE 

T h i s  s tudy  devel  ops and es t ima tes  t h r e e  compl ementary econometr ic  
model s  t h a t  e x p l a i n  ownership, replacement, and purchase o f  automobi les.  
The ownership model e x p l a i n s  t h e  p r o p o r t i o n  o f  s i n g l e -  and mu1 t i p l e - c a r  
f a m i l i e s  by income group i n  terms o f  income and t i m e  t rends.  The 
equa t i on  below i s  es t ima ted  us ing  genera l i zed  l e a s t  squares f o r  poo led  
c r o s s - s e c t i o n  and t ime  s e r i e s  da ta  f o r  1953-69. 

P ( Q .  ) = -6.254 - ,1157 ( t )  + ,8264 [ l o g ( Y j t ) ]  
Jt  ( -3 .3)  (-3.9) (18.7) 

+ 901495 ( t )  [ l o g ( Y j t ) ]  - .2466 ( D )  
(4.3) (-3.9) 

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

P (q .  ) = p r o p o r t i o n  o f  fami 1 i e s  i n  income group j who own a c a r  i n  y e a r  
J t  t 

t = t i m e  t r e n d  

Y j t  = mean r e a l  income by income group j i n  y e a r  t 

D = dummy v a r i a b l e  w i t h  va lue  1 p r i o r  t o  1963, and 0 e lsewhere 

The rep1 acement model which f o l  1 ows i s  es t ima ted  u s i n g  o r d i n a r y  1 eas t  
squares f o r  annual da ta  f rom 1950 t o  1969. 



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

U  = new c a r  purchases f o r  replacement 

G = normal replacement p ressu re  

P = new c a r  p r i c e  i ndex  

Y = r e a l  d i s p o s a b l e  income p e r  c a p i t a  

F i n a l l y ,  d a t a  d i sagg rega ted  by income group a r e  used t o  e s t i m a t e  
seve ra l  equa t i ons  r e l e v a n t  t o  t h e  s h o r t - r u n  purchase demand f o r  
automobi les.  E x p e c t a t i o n s  a r e  exp l  i c i t l y  i n c l u d e d  i n  t h e  model, l e a d i n g  
t o  t h e  c o n c l u s i o n  t h a t  no s t a b l e  demand f u n c t i o n  e x i s t s  i n  t h e  s h o r t  
run,  

MODEL CONSTRUCTION 

T h i s  model i s  c a l i b r a t e d  u s i n g  annual da ta  f o r  v a r i o u s  p e r i o d s  i n  t h e  
1950s and 1960s on a  number o f  v a r i a b l e s ,  i n c l u d i n g  income, p o p u l a t i o n ,  
p r i c e  o f  new cars ,  and consumer a t t i t u d e s .  The da ta  sources and a c t u a l  
d a t a  va lues  appear i n  t h e  model r e p o r t .  

DATA USED I N  RUNNING MODEL 

The model r e q u i r e s  f o r e c a s t s  of t h e  f u t u r e  va lues  o f  a l l  independent  
v a r i a b l e s ,  

DOCUMENTAT I ON 

R.P. Smith, Consumer Demand f o r  Cars i n  t h e  USA, Cambridge U n i v e r s i t y  
Press, Cambridge, England, 1975. 



ENGINEERING MODEL OF FUTURE MOTOR VEHICLES (EMFMV) 

The Eng ineer ing  Model o f  Fu tu re  Motor  Veh ic les  (EMFMV) was prepared 
by Volkswagenwerk AG i n  February 1977 f o r  t h e  U.S. Department o f  
T ranspor ta t i on .  The o b j e c t i v e  o f  t h e  model i s  t o  p r o j e c t  v e h i c l e  we igh t  
changes caused by planned a l t e r a t i o n s  o f  c e r t a i n  subs t ruc tu res  i n  o rde r  
t o  i nc rease  v e h i c l e  sa fe ty .  

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
Na t iona l  Highway T r a f f i c  S a f e t y  Admi n i  s t r a t i  on 
Washington, D.C. 20590 

AUTHOR 

H. Danckert,  H.W. Grove, and R. Schmidt 
Vol kswagenwerk AG 
Research D i v i s i o n  
3180 Wolf sburg 
Germany 

MODEL TYPE 

Automobi 1 e design,  v e h i c l e  o p e r a t i n g  performance 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  p r o j e c t  v e h i c l e  we ight  changes 
caused by planned a1 t e r a t i o n s  o f  c e r t a i n  subs t ruc tu res  i n  o rde r  t o  
i nc rease  v e h i c l e  sa fe ty .  

RELATIONSHIP TO OTHER MODELS 

The model bears no d i r e c t  re1 a t i o n s h i p  t o  o t h e r  models. 

HISTORICAL BACKGROUND 

The o b j e c t i v e  o f  t h e  s tudy was t o  develop a comprehensive eng ineer ing  
model o f  f u t u r e  motor  v e h i c l e s  which p rov ides  a r e a l i s t i c  and u n i f o r m  
b a s i s  f o r  deve lop ing s a f e t y  requ i rements  and assessing t h e i r  f u t u r e  
e f f e c t s .  

ASSUMPTIONS 

The weight -we ight  interdependency a n a l y s i s  i nco rpo ra tes  t h e  f o l l  owing 
assumptions : 



1 )  V e h i c l e  s t r u c t u r e  i s  o p t i m i z e d  a c c o r d i n g  t o  t h e  s t a t e  o f  t h e  a r t .  

2 )  Design change does n o t  i n f l u e n c e  t h e  main geomet r ic  d imensions o f  
t h e  body s t r u c t u r e .  

3 )  Changes i n  w e i g h t  of a  subsystem r e q u i r e  changes th roughou t  t h e  
v e h i c l e  body. 

4 )  S t a t i c  de format ion  o f  t h e  v e h i c l e  w i l l  be h e l d  c o n s t a n t  i n  t h e  
new iiiodel s . 

VAL I UATI ON 

No s p e c i f i c  v a l i d a t i o n  e f f o r t s  a r e  i n d i c a t e d  i n  t h e  model r e p o r t .  
However, t h e  r e p o r t  s t a t e s  t h a t  t h e  r e g r e s s i o n  a n a l y s i s  o f  subsystem 
weight  changes has been v a l i d a t e d  i n  Don Adams, e t  a l . ,  "H igh  S t r e n g t h  
M a t e r i a l s  and V e h i c l e  Weight Reduc t i on  Ana lys i s , "  SAE 750 221, D e t r o i t ,  
Mich., February 1975. 

LIMITATIONS AND BENEFITS 

The we igh t -we igh t  i nterdependency a n a l y s i s  appl  i e s  o n l y  t o  s l  i g h t  
l o a d  r e d i s t r i b u t i o n s  and moderate des ign  changes. 

STRUCTURE 

The EMFMV c o n t a i n s  an e x t e n s i v e  da ta  base c o n s i s t i n g  o f  up t o  104 
v a r i a b l e s  f o r  app rox ima te l y  4,000 i n d i v i d u a l  au tomobi le  makes and models 
from 1965 t o  1976, The d a t a  a v a i l a b l e  a r e  c l a s s i f i e d  as d e s c r i p t i v e  
v e h i c l e  da ta ,  e x t e r i o r  d imensions da ta ,  i n t e r i o r  d imensions d a t a  f o r  t h e  
engine,  1  uggage compartment, and passenger compartment, we igh t  data,  o r  
o t h e r  eng inee r ing  data .  F o r  h y p o t h e t i c a l  we igh t  changes i n  v e h i c l e  
components, i n s t i t u t e d  f o r  reasons o f  s a f e t y  o r  economy, t h e  model 
c a l c u l a t e s  secondary we igh t  changes and t h e  new v e h i c l e  we igh t  
d i s t r i b u t i o n .  T h i s  c a l c u l a t i o n  can be performed b y  a  r e g r e s s i o n  
a n a l y s i s  o f  t h e  f o l l o w i n g  form: 

where: 

m  = mass o f  subsystem i 
i 

m  = t o t a l  v e h i c l e  mass 

Dependent and independent  v a r i a b l e s  a r e  s e l e c t e d  as a p p r o p r i a t e .  
A1 t e r n a t i v e l y  , a  n o n - s t a t i s t i c a l  we igh t -we igh t  e s t i m a t i o n  procedure  i s  
empl oyed. T h i s  p rocedure  i nc reases  sheet-metal  t h i c k n e s s  i n  p r o p o r t i o n  
t o  t h e  increased e x t e r n a l  f o r c e s  a c t i n g  on each component, t h u s  
m a i n t a i n i n g  cons tan t  s t a t i c  de format ion .  T h i s  p rocedure  produces new 
body subsystem weights ,  and t h e  r e g r e s s i o n  a n a l y s i s  i s  t h e n  used t o  



determine c h a s s i s  subsystem weight  changes. 

MODEL CONSTRUCTION 

Th i  s eng i  n e e r i  ng model r e q u i  r e s  up t o  104 v a r i a b l e s  f o r  approx imate ly  
4,000 i n d i v i d u a l  au tomobi le  makes and models f rom 1965 t o  1976. These 
d a t a  a r e  n o t  r e a d i l y  a v a i l a b l e .  

DATA USED I N  RUNNING MODEL 

Assumptions a r e  r e q u i r e d  a, t o  t h e  i nc rease  i n  we igh t  o f  s e l e c t e d  
v e h i c l e  subsystems. 

DOCUMENTAT ION 

H. Danckert,  H.W. Grove, and R. Schmidt, Eng ineer ing  Model o f  F u t u r e  
Motor  Veh ic les ,  prepared by  Volkswagenwerk AG f o r  t h e  U.S. Department o f  
T r a n s p o r t a t i o n ,  Report  No. DOT HS-802-290, February 1977. 

COMPUTER REQUIREMENTS 

The program i s  a v a i l a b l e ,  f o r  a fee ,  on t h e  McDonnell Douglas, 
Automat ion Company (MCAUTO) computer system i n  St. Lou is .  A program 
1 i s t i n g  i n  FORTRAN I V  i s  i n c l u d e d  i n  t h e  model r e p o r t .  



DEMAND FOR NEW AUTOMOBILES I N  THE UNITED STATES 1929-1956 

A model o f  t h e  Demand f o r  New Automobi les i n  t h e  U n i t e d  S t a t e s  
1929-1956 was developed a t  t h e  U n i v e r s i t y  o f  Mich igan i n  1958 under a  
g r a n t  f rom t h e  Ford  Motor  Company. The o b j e c t i v e  o f  t h e  model i s  t o  
f o r m u l a t e  a  demand f u n c t i o n  f o r  au tomobi les  t h a t  i n c o r p o r a t e s  consumer 
c r e d i t  c o n d i t i o n s  and t h e  accumulated s tock  o f  c a r s  as exp lana to ry  
v a r i a b l e s .  The model advanced t h e  s t a t e  o f  t h e  a r t  f o r  model ing  e f f o r t s  
i n  t h i s  f i e l d .  I t  i s  now, however, o u t  o f  date.  

SPONSOR 

Ford Motor  Company 
Dearborn, Mich. 

AUTHOR 

Dan ie l  B. S u i t s  
U n i v e r s i t y  o f  Mich igan 
Ann Arbor,  Mich. 48109 

MODEL TYPE 

Automobi 1  e  demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  fo rmula te  a  demand f u n c t i o n  f o r  
au tomobi les  t h a t  i n c o r p o r a t e s  consumer c r e d i t  c o n d i t i o n s  and t h e  
accumulated s tock  o f  ca rs  as e x p l a n a t o r y  v a r i a b l e s .  

RELATIONSHIP TO OTHER MODELS 

The model bears no d i r e c t  r e l a t i o n s h i p  t o  o t h e r  models. 

ASSUMPTIONS 

The model assumes t h a t  t h e  supp ly  o f  used c a r s  i s  a  l i n e a r  f u n c t i o n  
o f  t h e  s a l e  o f  new ca rs .  I t  a l s o  assumes t h a t  t h e  e x i s t i n g  s tock  o f  
c a r s  i s  a  proper  independent v a r i a b l e ,  and t h a t  t h e  change i n  income 
l e v e l  i s  n o t  a  necessary independent v a r i a b l e .  

VAL IDATION 

The au tho r  r e p o r t s  c l o s e  agreement between a c t u a l  and c a l c u l a t e d  
demand f o r  t h e  e s t i m a t i o n  p e r i o d .  The model a l s o  p r e d i c t s  a  s a l e s  l e v e l  
i n  1957 o f  about 6.0 m i l  l i o n ,  compared w i t h  a  p r e l i m i n a r y  a c t u a l  



e s t i m a t e  o f  6.1 m i l l i o n .  

LIMITATIONS AND BENEFITS 

The model i s  c o n s i d e r a b l y  o u t  o f  d a t e  and has been superseded by 
l a t e r  models. It does n o t  c o n s i d e r  t h e  e f f e c t s  o f  g a s o l i n e  p r i c e  o r  
f u e l  e f f i c i e n c y  r e g u l a t i o n s  on new c a r  demand. 

STRUCTURE 

The model c o n s i s t s  o f  a  f o u r - e q u a t i o n  system e x p l a i n i n g  t h e  demand 
f o r  and supp ly  o f  new and used cars.  Three o f  t h e  equat ions  a r e  
combined t o  o b t a i n  an exp ress ion  f o r  t h e  demand f o r  new ca rs ,  t h e  
i n f l u e n c e  o f  t h e  used c a r  market  be ing  imp1 i c i t l y  t aken  i n t o  account. 
The equa t ion  i s  t h e n  es t ima ted  i n  f i r s t  d i f f e r e n c e  form u s i n g  o r d i n a r y  
1  e a s t  squares. The r e s u l t  f o r  t h e  p e r i o d  1929-1941, 1949-1956 f o l  lows:  

- ,507 (AS) - -827 (AX) 
( ,086) 1[ .261) 

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

R = r e t a i l  sa les  o f  new c a r s  

Y = r e a l  d i sposab le  income 

P = r e a l  r e t a i l  p r i c e  o f  new c a r s  

M = average c r e d i t  terms, i n  months 

S  = s tock  o f  used ca rs  

X = dummy v a r i a b l e  f o r  1941 and 1952 

MODEL CONSTRUCTION 

T h i s  model was c a l  i b r a t e d  u s i n g  h i s t o r i c a l  d a t a  f rom 1929-1956. 
These a r e  l i s t e d  i n  t h e  model r e p o r t .  Data sources a r e  a l s o  i n d i c a t e d .  

DATA USED I N  RUNNING MODEL 

Assumptions about t h e  f u t u r e  va lues o f  independent v a r i a b l e s  must be 
made, and t h e  model can be extended beyond 1956 w i t h  a c t u a l  data.  



DOCUMENTATION 

Danie l  B. S u i t s ,  "The Demand f o r  New Automobiles i n  t h e  U n i t e d  S ta tes  
1929-1956," Review o f  Economics S t a t i s t i c s ,  Vol. 39, November 1958. 



A MODEL OF THE AUTOMOBILE INDUSTRY RESPONSE TO GOVERNMENT REGULATIONS 

A Model o f  t h e  Automobi le I n d u s t r y  Response t o  Government Regu la t ions  
(Pugh-Roberts Model ) was prepared by Pugh-Roberts Associates,  Inc.  f o r  
t h e  U.S. Department o f  T r a n p o r t a t i o n ,  T r a n s p o r t a t i o n  Systems Center  
(TSC) i n  1977. The model was developed f o r  t h e  purpose o f  f o r e c a s t i n g  
and ana lyz ing  t h e  behav io r  o f  t h e  automobi le  i n d u s t r y  i n  a  v a r i e t y  o f  
pol  i c y  and economic s i t u a t i o n s .  

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kendal 1  Square 
Cambridge, Mass. 02142 

AUTHOR 

Kenneth G. Cooper, James M, Lyne is ,  and 
Alexander L. Pugh I 1 1  
Pugh-Roberts Associates,  I n c .  
5 Lee S t r e e t  
Cambridge, Mass. 02139 

MODEL TYPE 

P r i c i n g ,  i n d u s t r i a l  f i n a n c i a l  performance, automobi le demand, market 
share, scrappage 

OBJECTIVE OF MODEL 

The model f o r e c a s t s ,  by computer s imu la t i on ,  t h e  consequences o f  
changing economic c o n d i t i o n s ,  and f u e l  e f f i c i e n c y ,  emission, and s a f e t y  
r e g u l a t i o n s  on t h e  f o u r  major  U.S. au tomobi le  manufacturers and on t h e  
manufacturers of imported cars.  S i m u l a t i n g  these  e f f e c t s  i n  terms o f  
p r o f  i t a b i  1  i t y  , market  share, c a p i t a l  i nvestment requ i red ,  and t h e  p r i c e s  
and f e a t u r e s  o f  automobi les so ld ,  t h e  model f o r e c a s t s  (1 )  i n d u s t r y  
d e c i s i o n s  on product  s t r a t e g i e s ,  ( 2 )  t h e  l i k e l i h o o d  t h a t  each 
manufacturer  would meet t h e  mandate under v a r i o u s  r e g u l a t o r y  c o n d i t i o n s ,  
and (3 )  t h e  f i n a n c i a l  e f f e c t s  o f  t h e  i n d u s t r y ' s  a t tempts  t o  comply w i t h  
government r e g u l a t i o n .  The r e s u l t s  o f  these i n d u s t r y  d e c i s i o n s  a r e  then  
used t o  s imu la te  consumer d e c i s i o n s  rega rd ing  t h e  purchase and use o f  
automobi 1  es. 

RELATIONSHIP TO OTHER MODELS 

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



HISTORICAL BACKGROUND 

The model was developed as a  p a r t  o f  t h e  T r a n s p o r t a t i o n  Energy 
P o l i c i e s  P r o j e c t  a t  TSC. I t complements two ongoing automobi le  i n d u s t r y  
i n v e s t i g a t i o n s  a t  TSC, t h e  T r a n s p o r t a t i o n  Energy E f f i c i e n c y  Program 
(TEEP) , and t h e  Automobi 1  e  Fuel  Economy Regu la to ry  (AFER) Program. 

VALIDATION 

The model r e p o r t  no tes  t h a t  f o r  1970-76 t h e  a c t u a l  v a r i a b l e  va lues 
a re  s imu la ted  w i t h  " reasonab le  accuracy." 

STRUCTURE 

The model c o n s i s t s  o f  a  s i m u l a t i o n  o f  t h e  behav io r  o f  consumers and 
f i rms  i n  t h e  automobi le  i n d u s t r y .  The consumer s e c t o r  s i m u l a t e s  demand 
f o r  new ca rs  by s i z e  and manufacturer ,  The i n d u s t r y  s e c t o r  s imu la tes  
p r o d u c t i o n  c a p a c i t y ,  s e l e c t i o n  o f  new c a r  f e a t u r e s ,  p r i c e ,  management 
concerns, p r o d u c t i o n  cos ts ,  and investment  cos ts .  The model i n c l  udes 
severa l  thousand v a r i a b l e s .  The exogenous va lues a r e  s e t  a t  1970 a c t u a l  
va lues a t  t h e  beg inn ing  o f  t h e  s i m u l a t i o n .  The p r o d u c t i o n  c a p a c i t y  
equat ion ,  which f o l  lows, i s  r e p r e s e n t a t i v e  o f  equat ions  i n  t h e  model. 

LL = NLL x  ETA x ECPI x  ECRE 

where: 

LL = l i n e  1 i f e  ( yea rs )  

NLL = normal l i n e  l i f e  ( y e a r s )  

ETA = e f f e c t  o f  t e c h n o l o g i c a l  adequacy 

ECPI = e f f e c t  o f  concern  f o r  p roduc t  image 

ECRE = e f f e c t  o f  concern f o r  r e t u r n  on e q u i t y  

Values a r e  assumed f o r  ETA, ECPI, and ECRE and were s u b j e c t i v e l y  
d e r i v e d  through i n t e r v i e w s ,  pub1 i shed r e p o r t s ,  assembled data,  and o t h e r  
sources o f  t e c h n i c a l  e x p e r t i s e  a t  TSC. 

MODEL CONSTRUCTION 

The model i s  a s e r i e s  o f  a l g e b r a i c  r e l a t i o n s h i p s .  It r e q u i r e s  1970 
va lues f o r  a l l  exogenous v a r i a b l e s ,  as w e l l  as t i m e  s e r i e s  o f  v a r i a b l e s  
r e p r e s e n t i n g  government r e g u l a t i o n s  and n a t i o n a l  economic c o n d i t i o n s .  
Some o f  these v a r i a b l e  va lues a r e  a p p a r e n t l y  a v a i l a b l e  o n l y  f rom Pugh- 
Roberts.  



DATA USED I N  RUNNING MODEL 

Assumptions about t h e  f u t u r e  va lues  o f  household d i sposab le  income, 
number o f  households , i n f l  a t i  on, and gas01 i ne p r i c e  a r e  necessary,  as 
a r e  assumptions about f u t u r e  government r e g u l a t i o n s  on f u e l  e f f i c i e n c y ,  
s a f e t y ,  and emissions,  and about  f u t u r e  c o r p o r a t e  per formance goal  s. 

DOCUMENTATION 

K.G. Cooper, J.M. Lyne is ,  and A.L. Pugh 111, ---- A Model o f  t h e  Automobi le 
I n d u s t r y  Response to Government Regul a t i o n s ,  p repared by Pugh-Roberts 
Assoc ia tes ,  I nc .  under c o n t r a c t  No. DOT-TSC-1183 f o r  TSC, January 31, 
1977. 

COMPUTER REQUIREMENTS 

The model i s  q u i t e  1 arge and i s  programmed i n  t h e  computer language 
DYNAMO, a non- s tandard  computer language. Documentat ion o f  t h i s  
language appears i n  Alexander L. Pugh 111, Dynamo - Users -9 Manual MIT 
Press, Cambridge, Mass., 1976, 



TRANS (TRANSPORTATION RESOURCE ALLOCATION STUDY) - URBAN MODEL 

The T r a n s p o r t a t i o n  Resource A1 1  o c a t i o n  Study Urban Model, commonly 
r e f e r r e d  t o  as t h e  TRANS-Urban Model, evo lved  over  seve ra l  y e a r s  p r i o r  
t o  1975. It was developed by t h e  Department o f  T r a n s p o r t a t i o n  f o r  t h e  
purpose o f  assess ing n a t i o n a l  u rban t r a n s p o r t a t i o n  po l  i c y  a1 t e r n a t i v e s .  
It was used i n  t h e  1974 N a t i o n a l  T r a n s p o r t a t i o n  Study t o  assess t h e  
e f f e c t s  o f  a1 t e r n a t i v e  f u n d i n g  and p r i c i n g  p o l i c i e s  f o r  t h e  n a t i o n ' s  
s i x t y - f o u r  l a r g e s t  u rban ized  areas. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
Washington, D.C. 

AUTHOR 

Edward Wei n e r  
U,S. Department o f  T r a n s p o r t a t i o n  
O f f i c e  o f  T r a n s p o r t a t i o n  P lann ing  A n a l y s i s  
O f f i c e  o f  t h e  Sec re ta ry  
400 Seventh S t r e e t ,  S.W. 
Washington, D.C. 20590 

MODEL TYPE 

V e h i c l e  m i l e s  t r a v e l e d ,  modal s p l i t ,  v e h i c l e  use r  cos ts ,  acc iden ts ,  
emi ss ions,  f u e l  consumption 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  assess n a t i o n a l  urban t r a n s p o r t a t i o n  
p o l i c y  a l t e r n a t i v e s  r e l a t i n g  t o  b o t h  highways and t r a n s i t .  I t may be 
used t o  e v a l u a t e  t h e  i m p l i c a t i o n s  o f  f o u r  general  t ypes  o f  a l t e r n a t i v e s :  
p r o p o r t i o n s  o f  highway and t r a n s i t  investment,  l e v e l  o f  t o t a l  
investment,  peak-hour p a r k i n g  r a t e s  and t r a n s i t  f a res ,  and automobi le  
occupancy r a t e s .  

RELATIONSHIP TO OTHER MODELS 

There i s  no re1 a t i o n s h i p  t o  o t h e r  models except  e a r l i e r  ve rs ions  o f  
t h e  TRANS model f rom which t h e  c u r r e n t  model evolved.  

HI STORICAL BACKGROUND 

E a r l  i e r  v e r s i o n s  o f  t h e  TRANS model were h ighway-or ien ted and 
p r i m a r i l y  concerned w i  t h  t r e a t i n g  highway i nvestment t r a d e o f f s  under 
v a r y i n g  t r a n s i t  usage assumptions. The l a t e s t  v e r s i o n  i s  mu1 t i -modal  



and c o n t a i  ns an energy modul e. 

ASSUMPTIONS 

Several v a r i a b l e s  were h e l d  cons tan t  over  t h e  a n a l y s i s  p e r i o d  f o r  
which t h e  model was used, These i n c l u d e  f a t a l i t y  r a t e s ,  g a s o l i n e  
consumpti on r a t e s ,  r e s i d e n t i a l  and business d i  s l  o c a t i o n  r a t e s ,  and 
c a p i t a l  and o p e r a t i n g  cos ts .  

VALIDATION 

The model was r u n  f o r  f i v e  a l t e r n a t i v e  t r a n s p o r t a t i o n  programs f o r  
t h e  19-year p e r i o d  1972-1990, 

LIMITATIONS AND BENEFITS 

The mode l ' s  au tho r  r e p o r t s  t h a t  t h e  model i s  use fu l  i n  ana lyz ing  
a1 t e r n a t i v e  urban t r a n s p o r t a t i o n  programs and po l  i c i e s  on a  nat ionwide 
1  eve l  . The model r e s u l  t s, however, rep resen t  area-wide averages, and no 
a t tempt  was made t o  determine how t h e  r e s u l t s  vary  w i t h i n  .urban areas. 

STRUCTURE 

The TRANS-Urban Model System i s  a  s e t  o f  a n a l y t i c a l  procedures f o r  
e v a l u t i n g  a l t e r n a t i v e  l e v e l s  and mixes o f  t r a n s p o r t a t i o n  investments i n  
urban ized areas. It opera tes  a t  an aggregate l e v e l ,  t r e a t i n g  each urban 
area as a  bas i c  u n i t  of ana lys i s .  The model i n p u t  i s  a  s p e c i f i c a t i o n  o f  
a  l e v e l  of investment.  T rave l  p r o j e c t i o n s  a r e  made as a  f u n c t i o n  o f  
socio-economic v a r i a b l e s  and t h e  t r a n s p o r t a t i o n  system supp ly  
a1 t e r n a t i v e .  T rave l  i s  d i s t r i b u t e d  by mode and t i m e  o f  day, w i t h  
system-performance measures es t imated on t h e  b a s i s  o f  t h e  i n t e r a c t i o n  
between supply and demand. User e f fec ts  (such as changes i n  t r a v e l  
t i m e )  a r e  c a l c u l a t e d  f o r  each mode, a long w i t h  such e x t e r n a l  e f f e c t s  as 
f a t a l  i t i e s ,  d i s l o c a t i o n s ,  a i r  p o l l u t i o n  emissions, and gas01 i n e  
consumpti on. 

The ou tpu t  o f  t h e  model i n c l u d e s  t h e  r e s u l t i n g  l e v e l  o f  highway and 
t r a n s i t  f a c i  1  i t i e s ,  t r a v e l  demand by mode, system performance, and 
e x t e r n a l  impacts i n c l u d i n g  f a t a l  i t i e s ,  1  and consumed, a i r  pol  l u t i o n ,  
d i  s l  ocat ion ,  and energy consumed. 

MODEL CONSTRUCT ION 

The data  used t o  b u i l d  t h e  model inc luded,  among o t h e r  data, o u t p u t  
f rom m i  cro-1 eve l  modal spl  i t  simul a t i o n s  us ing  a  h y p o t h e t i c a l  u rban ized 
r e g i o n  o f  2.5 mi 11 i o n  persons and a  general  i zed mi cro-modal sp l  i t  model 
developed f rom a c t u a l  appl i c a t i o n s  t o  t h r e e  r e a l  c i t i e s .  



DATA USED IN RUNNING MODEL 

The da ta  necessary t o  r u n  t h e  model i n c l u d e  t h e  l e v e l  and m i x  o f  
c a p i t a l  funds f o r  t r a n s p o r t a t i o n  investments  among f o u r  t y p e s  o f  
t r a n s p o r t a t i o n  f a c i  1  i t i e s :  freeways, sur face a r t e r i a l  s, conven t iona l  
bus, and r a p i d  t r a n s i t  ( b o t h  bus and r a i l ) .  

DOCUMENTATION 

Edward. Weiner, "Assessing N a t i o n a l  Urban T r a n s p o r t a t i o n  Po l  i c y  
A l t e r n a t i v e s , "  T r a n s p o r t a t i o n  Research, Vol .  10, pp. 159-178, 1976. 



GASOLINE DEMAND MODEL 

The Gaso l ine  Demand Model was prepared i n  1974 by t h e  s t a f f  o f  t h e  
U.S. Department o f  T ranspor ta t i on ,  T r a n s p o r t a t i o n  Systems Center  (TSC) 
f o r  t h e i r  i n t e r n a l  use. The o b j e c t i v e  o f  t h e  model i s  t o  es t ima te  t h e  
demand f o r  gaso l i ne ,  u s i n g  a  d i s t r i b u t e d  l a g  mechanism. It i s  a  
submodel o f  t h e  I n t e g r a t e d  TSC Automobile and Gaso l ine  Model, which can 
be used t o  p r o v i d e  f o r e c a s t s  o f  new automobi le sales,  market  share, 
g a s o l i n e  use, and o v e r a l l  f l e e t  e f f i c i e n c y .  

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kendal 1  Square 
Cambridge, Mass. 02142 

AUTHOR 

Dav id  Anderson 
U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kenda l l  Square 
Cambridge, Mass. 02142 

MODEL TYPE 

Fuel Consumpti on 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  es t ima te  t h e  demand f o r  gaso l ine ,  
u s i n g  a  d i s t r i b u t e d  l a g  mechanism. 

RELATIONSHIP TO OTHER MODELS 

The model i s  a  submodel o f  t h e  I n t e g r a t e d  TSC Automobile and Gas01 i n e  
Model, which c o n s i s t s  o f  74-037A, B, and C. 

HISTORICAL BACKGROUND 

The model was developed as p a r t  o f  t h e  research e f f o r t  prompted by 
t h e  g a s o l i n e  shortages d u r i n g  t h e  w i n t e r  o f  1973-74. 

ASSUMPTIONS 

The model assumes t h a t  a  s tock  adjustment mechanism i s  a p p r o p r i a t e  



f o r  t h e  g a s o l i n e  market .  F u r t h e r ,  i t  assumes t h a t  t h e  same ad jus tment  
p a t t e r n  a p p l i e s  t o  each s t a t e  ove r  a  twen ty -yea r  pe r i od .  

VAL I DAT I ON 

The model r e p o r t  does n o t  d i s c u s s  t h e  v a l i d a t i o n  o f  t h i s  model. 

STRUCTURE 

The model e s t i m a t e s  t h e  demand f o r  g a s o l i n e ,  u s i n g  a  l i n e a r  Koyck 
d i s t r i b u t e d  l a g  s p e c i f i c a t i o n  i n  a  c r o s s - s e c t i o n  t i m e  s e r i e s  a n a l y s i s  
f rom 1952 t o  1972. The o r d i n a r y  l e a s t  squares of t h e  e q u a t i o n  f o l l o w s .  

GAS = ,03064 ( Y )  - 131.5 (GP) + ,824 (GAS 
( 1  1.68) ( -7.43)  (41.6) 

- 

58 
- 8.80 (MPGY) + bi (DUMi) 

(-3.17) i = 1 0  

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

GAS = g a s o l i n e  use p e r  c a p i t a  

Y = r e a l  d i sposab le  income pe r  c a p i t a  

GP = r e a l  p r i c e  o f  g a s o l i n e  

MPGY = f l e e t  e f f i c i e n c y  v a r i a b l e  

bi = t h e  c o e f f i c i e n t  o f  DUM f o r  s t a t e  i 

BUMi = dummy v a r i a b l e  f o r  s t a t e  i 

MODEL CONSTRUCTION 

The model was c a l i b r a t e d  u s i n g  annual da ta  by s t a t e  f o r  a l l  v a r i a b l e s  
f rom 1352 t o  1972, The model r e p o r t  does n o t  i n d i c a t e  sources, except  
t h a t  gasol  i n e  sa les  d a t a  come f rom t h e  Federa l  Highway A d m i n i s t r a t i o n .  

DATA USED I N  PUNNING MODEL 

The model f o r e c a s t s  gasol  i n e  demand f o r  s p e c i f i e d  assumptions 
r e g a r d i n g  t h e  va lues  o f  income, s a s o l i n e  p r i c e ,  and f l e e t  e f f i c i e n c y .  



DOCUMENTATION 

C. Chamberlain, P o l i c y  Opt ions :  Tax vs. Gas R a t i o n i n g  and/or  Auto 
Exc i  se Tax, TSC, Working Paper, Repor t  No. WP-SP-U2-65, 1974. 



A  P R E L I M I N A R Y  PODEL OF AUTO CHOICE BY 
CLASS OF C A R :  AGGREGATE STATF DATA 

,It P r e l i m i n a r y  Model o f  Au to  Cho i ce  by  C l a s s  o f  Car :  Agg rega te  S t a t e  
Data,  d a t e d  Janua ry  1974, was p r e p a r e d  by t h e  U.S. Depar tment  o f  
T r a n s p ~ : ~ t a t i  on, i r a n s p o r t a t i  on Systems C e n t e r  (TSC) f o r  i n t e r n a l  use. 
I t  t e s t s  consumer s e n s i t i v i t y  t o  d i f f e r e n c e s  i n  s a l e s  t a x  cha rges  f o r  
new c a r s  and gaso l  i ne c o s t s ,  h o l d i n g  income and u r b a n i z a t i o n  c o n s t a n t .  
It i s  a  submodei o f  t h e  I n t e g r a t e d  T r a n s p o r t a t i o n  Systems C e n t e r  (TSC) 
Ar tomob i  1  e  and Gasol i ne Model.  

SPONSOR 

U.S. l l epar tment  o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems C e n t e r  
Kendal l Square 
Cambridge, Mass. 02142 

AUTHOR 

C h a r l o t t e  Chambe r l a i n  
U.S. Depar tment  o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems C e n t e r  
Systems Research and A n a l y s i s  D i v i s i o n  
Kendal  1  Square 
Cambridge, Mass. 02142 

MODEL TYPE 

Marke t  sha re  

OBJECTIVE OF MODEL 

The model t e s t s  consumer s e n s i t i v i t y  t o  d i f f e r e n c e s  i n  s a l e s  t a x  
cha rges  f o r  new c a r s  and g a s o l i n e  c o s t s ,  h o l d i n g  income and u r b a n i z a t i o n  
c o n s t a n t .  T h i s  p r e l i m i n a r y  model may be  used t o  a n a l y z e  t h e  e f f e c t  on  
consumer a u t o  s e l e c t i o n  o f  an e x c i s e  t a x  on f u e l  i n e f f i c i e n t  c a r s .  

RELATIONSHIP TO OTHER MODELS 

The model i s  a  subrnodel u f  t h e  I ~ f e g r a t e d  TSC Au tomob i l e  and G a s o l i n e  
Model,  wh i ch  c o n s i s t s  o f  74-037A, B, and C. 

HISTORICAL BACKGROUND 

I t  has been f ound  t h a t  i n  Euroae t h e r e  e x i s t s  a  d i r e c t  r e l a t i o n s h i p  
between t h e  p r o p o r t i o n  o f  sn ia l i  ca i -s  and b o t h  t h e  l e v e l  o f  t a x e s  on  
l a r g e  c a r s  and t h e  p r i c e  o f  gaso l  i ne .  T h i s  s t u d y  a t t e m p t s  t o  examine 



and q u a n t i f y  t hese  r e l a t i o n s h i p s  f o r  t h e  U.S. 

ASSUMPTIONS 

The model assumes t h a t  l o g i t  a n a l y s i s  i s  a p p r o p r i a t e  f o r  
d e t e r m i n a t i o n  o f  market  shares. S ince a  c r o s s - s e c t i o n  f o r m u l a t i o n  i s  
es t imated,  t i t 1  i n g  o r  sa les  t a x  r a t e s  a re  used as a  proxy  t o  measure 
p r i c e  s e n s i t i v i t y .  Also,  a  s i z e  c l a s s i f i c a t i o n  o f  c a r s  i s  assumed, 
based i n  p a r t  on a  p r i c e  c l a s s i f i c a t i o n .  F i n a l l y ,  t h e  sum o f  market  
shares i s  n o t  cons t ra ined  so t h a t  t h e  f i t t e d  va lues w i l l  sum t o  u n i t y .  

VAL IDATION 

No v a l i d a t i o n  e f f o r t s  a r e  i n d i c a t e d  i n  t h e  model r e p o r t .  

LIMITATIONS AND BENEFITS 

The t a x  r a t e  v a r i a b l e  i n t r o d u c e s  o n l y  abso lu te  r a t h e r  t h a n  r e l a t i v e  
p r i c e  f l u c t u a t i o n s  i n t o  t h e  model. Also,  c r o s s - s e c t i o n  es t ima tes  f o r  
one y e a r  may be i n a p p r o p r i a t e  f o r  t i m e  s e r i e s  fo recas ts .  

STRUCTURE 

The model c o n s i s t s  o f  a  l o g i t  equa t ion  f o r  t h e  market share o f  each 
o f  f i v e  c lasses  o f  cars,  Each equa t ion  i s  es t ima ted  by o r d i n a r y  l e a s t  
squares us ing  annual s t a t e  c r o s s - s e c t i o n  data  f o r  1972, The es t ima ted  
re1 a t i o n s h i p  f o r  compacts and subcompacts f o l l o w s .  

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

Ps = p r o p o r t i o n  o f  c a r s  o f  t ype  s  r e g i s t e r e d  i n  each s t a t e  

X1 = percent  urban p o p u l a t i o n  

Xp = i n i t i a l  r e g i s t r a t i o n  t a x  r a t e  

Xg = p e r  c a p i t a  s t a t e  income 

X4 = r e g u l a r  grade g a s o l i n e  p r i c e  

The equat ion  was d i v i d e d  by t h e  square r o o t  o f  p o p u l a t i o n  as an 
adjustment f o r  h e t e r o s c e d a s t i c i  t y .  



MODEL CONSTRUCTION 

The model i s  c a l i b r a t e d  u s i n g  aggregate s t a t e  data  f o r  a1 1 v a r i a b l e s  
i n  1972. Tax r a t e s  by s t a t e  a r e  i n c l u d e d  i n  t h e  model r e p o r t .  Data 
sources f o r  o t h e r  v a r i a b l e s  a r e  n o t  i n d i c a t e d .  

DATA USED I N  RUNNING MODEL 

The model a t tempts  t o  measure l ong - run  adjustments t o  d i f f e r e n c e s  
across s ta tes .  To e s t i m a t e  t h e  impact  on market  share, assumptions a re  
necessary as t o  f u t u r e  g a s o l i n e  p r i c e  and t a x  changes. 

DOCUMENTATION 

C. Chamberlain, A P r e l i m i n a r l  Model of Auto Choice by Class  o f  Car: 
Aggregate S t a t e  Data,  D iscuss ion  Paper, Report  DP-SP-28, TSC, January 
1974. 

C. Chamberlain, P o l i c y  Opt ions :  - Gas - Tax -- vs. Gas R a t i o n i n g  and/or  - Auto 
Exc ise  Tax, Working Paper, Report  No. WP-SP-U2-65, TSC, 1974. -- 



HIGHWAY FUEL CONSUMPTION MODEL 

The Highway Fuel Consumption Model was prepared i n  1974 by t h e  U n i t e d  
S ta tes  Department o f  T r a n s p o r t a t i o n ,  T r a n s p o r t a t i o n  Systems Center  (TSC) 
f o r  i n t e r n a l  use. The o b j e c , t i v e  o f  t h e  model i s  t o  i n t e g r a t e  models 
74-037A and B  th rough  an a l g o r i t h m  t h a t  computes t h e  f u e l  e f f i c i e n c y  o f  
t h e  e n t i r e  automobi le  f l e e t .  The I n t e g r a t e d  Model can be used t o  
f o r e c a s t  new automobi 1  e  sa l  es, market  share, gas01 i ne use, and o v e r a l l  
f l e e t  e f f i c i e n c y .  

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kenda 11 Square 
Cambridge, Mass, 02142 

AUTHOR 

John K. P o l l a r d  
U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kenda l l  Square 
Cambridge, Mass. 02142 

MODEL TYPE 

Fuel consumpti on 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h i s  model i s  t o  i n t e g r a t e  models 74-037A and B  
th rough  an a l g o r i t h m  t h a t  computes t h e  f u e l  e f f i c i e n c y  o f  t h e  e n t i r e  
automobi le  f l e e t .  

RELATIONSHIP TO OTHER MODELS 

The model i s  a  submodel o f  t h e  I n t e g r a t e d  TSC Automobi le and Gas01 i n e  
Model, which c o n s i s t s  o f  74-037A, B y  and C. 

HISTORICAL BACKGROUND 

The model was developed as p a r t  o f  t h e  research e f f o r t  prompted by 
t h e  g a s o l i n e  shortages d u r i n g  t h e  w i n t e r  o f  1973-74. 



ASSUMPTIONS 

T h i s  model assumes an annual i n c r e a s e  o f  2.6% p e r  y e a r  i n  v e h i c l e  
mi 1 es t r a v e l e d .  

VALIDATION 

No v a l i d a t i o n  e f f o r t s  a r e  i n d i c a t e d  i n  t h i s  model r e p o r t .  

LIMITATIONS AND BENEFITS 

The i n t e g r a t e d  model assumes t h a t  t h e  submodel s, developed 
i ndependen t l y  , a r e  c o n s i s t e n t .  The i n t e g r a t e d  model does n o t  de te rm ine  
v e h i c l e  m i l e s  t r a v e l e d ,  and t h e  1  eve1 o f  new c a r  s a l e s  i s  de termined 
o n l y  f rom t h e  market  shares model. 

STRUCTURE 

T h i s  submodel c o n s i s t s  o f  an a1 g o r i t h m  which  j o i n s  t h e  market  share 
and g a s o l i n e  submodels. I t computes t h e  f u e l  e f f i c i e n c y  o f  t h e  e n t i r e  
au tomobi le  f l e e t  and e s t i m a t e s  t h e  s e n s i t i v i t y  o f  t o t a l  f u e l  consumption 
t o  changes i n  t h e  f u e l  economies o f  new c a r s  i n t r o d u c e d  i n t o  t h e  v e h i c l e  
p o p u l a t i o n  and t o  t h e  e f f e c t s  of t h e  e x i s t i n g  i n v e n t o r y  o f  v e h i c l e s .  
The e n t i r e  model t h u s  f o r e c a s t s  new c a r  sa les ,  g a s o l i n e  use, and o v e r a l l  
f l e e t  e f f i c i e n c y  a n n u a l l y  up t o  1980. T h i s  f l e e t  e f f i c i e n c y  submodel 
produces i nput f o r  t h e  gas01 i ne demand submodel. 

MODEL CONSTRUCTION 

The model i s  c o n s t r u c t e d  u s i n g  h i s t o r i c a l  va lues  o f :  

1) t h e  d i s t r i b u t i o n  o f  t h e  v e h i c l e  p o p u l a t i o n  i n  t h e  i n i t i a l  y e a r  by 
f u e l  economy ca tego ry  and age, 

2 )  t h e  v e h i c l e  m i l e s  d r i v e n  p e r  y e a r  as a  f u n c t i o n  o f  v e h i c l e  age, 

3 )  s u r v i v a l  f u n c t i o n s  o f  t h e  v e h i c l e s  by  age, and 

4 )  t h e  p r o j e c t e d  f r a c t i o n a l  mix ,  by f u e l  c a t e g o r i e s ,  o f  new c a r s  
d u r i n g  each p r o j e c t e d  year .  

DATA USED I N  RUNNING MODEL 

The i n t e g r a t e d  model r e q u i r e s  f o r e c a s t s  o f  t h e  f u t u r e  va lues  o f  
independent  v a r i a b l e s ,  i n c l u d i n g  g a s o l i n e  p r i c e ,  i n f l a t i o n ,  and r e a l  
d i s p o s a b l e  income, i n  a d d i t i o n  t o  i n p u t  f rom t h e  new c a r  s a l e s  submodel. 
V e h i c l e  m i l e s  t r a v e l e d  a r e  assumed t o  i n c r e a s e  a t  2.6% p e r  year .  
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MARKET SHARE MODEL 

The Market  Share Model was prepared i n  1974 by t h e  U.S. Department o f  
T r a n s p o r t a t i o n ,  T r a n s p o r t a t i o n  Systems Center  (TSC) . I t s  purpose i s  t o  
p r e d i c t  t h e  market  share o f  s i x  c l a s s e s  o f  automobi les.  I t i s  a work ing  
model and viewed by TSC as be ing  developmental.  

SPONSOR 

U.S. Department of T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kenda l l  Square 
Cambridge, Mass. 02142 

AUTHOR 

Robert  Schuess ler  and Rene Smi th  
U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kenda l l  Square 
Cambridge, Mass. 

MODEL TYPE 

Market share 

OBJECTIVE OF MODEL 

The o b j e c t i v e  of t h e  model i s  t o  p r e d i c t  t h e  market  share o f  s i x  
c l a s s e s  o f  automobi 1 es: subcompacts, compacts, i n te rmed ia tes ,  
s tandards,  h i g h - p r i c e  standards,  and 1 uxury  models. 

RELATIONSHIP TO OTHER MODELS 

An e a r l i e r  v e r s i o n  of t h e  market  share model was developed by 
Char1 o t t e  Chamberlain o f  TSC. 

HISTORICAL BACKGROUND 

Model development was undertaken by TSC t o  improve t h e i r  e a r l i e r  
v e r s i o n  o f  t h e  model. 

ASSUMPTIONS 

It i s  assumed t h a t  consumers a r e  s e n s i t i v e  n o t  t o  t h e  p r i c e  o f  
g a s o l i n e  pe r  se, b u t  t o  t h e  c o s t  o f  d r i v i n g ,  which i s  t h e  p roduc t  o f  
f u e l  p r i c e  and f u e l  e f f i c i e n c y ,  and t h a t  p o t e n t i a l  new c a r  buyers v iew a 



d o l l a r  o f  c o s t  t h e  same, whether i t  i s  f o r  base a u t o  p r i c e  o r  f o r  
t i t 1  i n g  charges. 

VAL I DAT I ON 

The model was r u n  f o r  1974, and t h e  r e s u l t s  compared reasonab ly  w i t h  
observed market  shares. 

STRUCTURE 

The f o l l  owing e q u a t i o n  r e p r e s e n t s  t h e  Market  Share Model f o r  t h e  
s tandard  s i z e  c l a s s  o f  v e h i c l e s :  

1  og[Standards/ ( T o t a l  Sa les  - Standards) ]  = 1.37 (Rate)  

- 9.37x10-~ (PCPY) - .023 (PGAS) + .886 (ENC) + ,126 (WNC) 

- ,091 (ESC) - ,036 (WSC) - .631 ( P a c i f i c )  - ,388 (Mountain)  

- .240 (S. A t l a n t i c )  - ,163 (Mid  A t l a n t i c )  - .332 (New England) 

where: 

Rate = r a t e  o f  i n i t i a l  r e g i s t r a t i o n  and s a l e s  taxes  

PCPY = p e r  c a p i t a  persona l  income 

PGAS = r e p o r t e d  pump p r i c e  o f  gas01 i n e  

ENC, WNC, e t c .  = dummy v a r i a b l e s  f o r  census reg ions  

Other  equat ions  were prepared f o r  t h e  s i x  o t h e r  s i z e  c lasses ,  b u t  t h e  
es t ima ted  equa t i ons  were n o t  p resented i n  t h e  r e p o r t  on t h e  model. 
Model o u t p u t  i n c l u d e s  t h e  pe rcen t  o f  new c a r  s a l e s  o f  each o f  t h e  s i x  
t y p e s  o f  veh i c les .  

MODEL CONSTRUCTION 

The model was c a l i b r a t e d  on 1972 c r o s s - s e c t i o n a l  ( s t a t e )  da ta  f o r  
r e g i s t r a t i o n s  and economic f a c t o r s .  The sum o f  shares i s  c o n s t r a i n e d  t o  
100% by an ex-post  n o r m a l i z a t i o n .  

DATA USED I N  RUNNING MODEL 

F u t u r e  va lues  o f  t h e  independent  v a r i a b l e s  a r e  r e q u i r e d  t o  r u n  t h e  
model. 



DOCUMENTATION 

R. Schuessler and R. Smith, Working Models of Fuel Consumption, 
Erni ssions, and Safety Rela ted & Auto Usage and Purchasing Behavior, 
TSC, Working Paper, WP-230-U2-52, November 1974, sub jec t  t o  change. 
pap&, WP-230-~2-52, November 1974, sub jec t  t o  change. 



AGGREGATE SALES MODEL 

The Aggregate Sa les  Model was developed i n  1974 by t h e  T r a n s p o r t a t i o n  
Systems Center  (TSC). I t s  purpose i s  t o  f o r e c a s t  aggregate new c a r  
sa les ,  and i t  i s  viewed by TSC as be ing  a  work ing model. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kendal 1  Square 
Cambridge, Mass. 02142 

AUTHOR 

Rober t  Schuessl e r  and Rene Smi th  
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T r a n s p o r t a t i o n  Systems Center  
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Cambridge, Mass. 02142 

MODEL TYPE 

Automobi 1  e  demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  f o r e c a s t  aggregate new c a r  sales.  

RELATIONSHIP TO OTHER MODELS 

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

LIMITATIONS AND BENEFITS 

P r i o r  work i n  t h i s  f i e l d  was i n s e n s i t i v e  t o  f u e l  e f f i c i e n c y .  The 
au tho rs  suggest two p o s s i b l e  d i r e c t i o n s  f o r  f u t u r e  work. F i r s t ,  t h e  use 
o f  q u a r t e r l y  data  and a  more recen t  t i m e  p e r i o d  would min imize t h e  
problems o f  changing b e h a v i o r a l  parameters ove r  t ime. Second, 
e x t r a c t i n g  t h e  f u e l  c o s t  e l a s t i c i t y  f rom a  c r o s s - s e c t i o n a l  e s t i m a t i o n  o f  
t h e  model m igh t  e l i m i n a t e  t h e  problem o f  t r e n d  c o r r e l a t i o n  i n  t h e  da ta  
se r ies .  

STRUCTURE 

The model i s  a  s t a t e - o f - t h e - a r t  s tock  adjustment model. The 
es t ima ted  equa t ion  i s :  



NCR = 11378.1 + ,0462 (PCE) - ,40372 (K 
(2.07) (7.49) (-6.22) 

- 

- 69030 [PGAS(adjusted)] - 4091.31 (PCAR) 
( -  .62) (-1.66) 

- 505.477 ( V )  + 144.373 ( U  
(-5.67) (1.62) 

- 

- 2864.72 (KWAR) 
(-6.22) 

where: 

NCR = new c a r  r e g i s t r a i o n s  ( thousands) 

~ ~ ~ ~ ( a d j u s t e d )  = r e a l  c o s t  o f  d r i v i n g  one m i l e  i n  a sa les-weighted 
"average" new c a r  ( p r i c e  o f  gas laverage g a l  l o n s  p e r  
mi 1 e )  

PCE = personal  consumption expend i tu res  (1967 do1 1 a r s )  

PCAR = CPI f o r  new cars/CPI 

U = unemployment r a t e  

u- 1 = unemployment r a t e  lagged one y e a r  

KWAR = dummy v a r i a b l e  f o r  Korean War p e r i o d  

K = s tock  of au tomobi les  i n  new c a r  e q u i v a l e n t s  a t  end o f  p rev ious  
y e a r  

K = r NCR x ( s u r v i v a l  f a ~ t o r ) ~  
-l 1 - i 

x ( d e p r e c i a t i o n  f a ~ t o r ) ~  

where: 

( s u r v i v a l  f a ~ t o r ) ~  = h i s t o r i c a l l y  observed s u r v i v a l  r a t e  o f  c a r s  o f  age 
i 

( d e p r e c i a t i o n  f a c t o r )  = f a c t o r  which d e p r e c i a t e s  v e h i c l e s  a t  r a t e  o f  
25% p e r  y e a r  (exponent i a1 1 y ) 



MODEL CONSTRUCTION 

The data  used t o  b u i l d  t h e  model were f rom t h e  p e r i o d  1950 t o  1973. 
The gas p r i c e  was a d j u s t e d  f o r  es t ima ted  f u e l  e f f i c i e n c y  changes over  
t h e  e s t i m a t i o n  pe r iod .  

DATA USED I N  RUNNING MODEL 

Est imates  o f  f o r e c a s t s  o f  f u t u r e  va lues o f  t h e  independent v a r i a b l e s  
a r e  needed t o  r u n  t h e  model. 
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VEHICLE-MILES MODEL 

The V e h i c l e - M i l e s  Model was developed i n  1974 a t  t h e  T r a n s p o r t a t i o n  
Systems Center  (TSC). I t s  purpose i s  t o  f o r e c a s t  n a t i o n w i d e  v e h i c l e  
m i l e s  o f  t r a v e l .  I t  i s  v iewed by TSC as a work ing  model. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kenda l l  Square 
Cambridge, Mass. 02142 

AUTHOR 

Robert  Schuess ler  and Rene Smi th  
U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
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Cambridge, Mass. 02142 

MODEL TYPE 

V e h i c l e  m i l e s  t r a v e l e d  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  f o r e c a s t  na t i onw ide  v e h i c l e  m i l e s  o f  
t r a v e l  (VMT) . 
RELATIONSHIP TO OTHER MODELS 

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

VALIDATION 

The model has been r u n  f o r  1974. 

LIMITATIONS AND BENEFITS 

The authors  r e p o r t  t h a t  t h e  model does n o t  account  f o r  f u e l  
e f f i c i e n c y  changes. T h i s  i s  l e s s  o f  a  problem i n  t h i s  model, however, 
t han  i n  some o t h e r s  s i n c e  t h e  du rab le  n a t u r e  o f  au tomobi les  tends t o  
dampen changes i n  e f f i c i e n c y  f rom y e a r  t o  yea r ,  and because n o t  only new 
ca rs  b u t  a1 so e x i  s t i n g  ca rs  i n  t h e  f l e e t  a r e  i n c l u d e d  i n  t h e  model. 



STRUCTURE 

Three equat ions  were es t ima ted  f o r  VMT u s i n g  t h r e e  d i f f e r e n t  1974 
es t ima tes :  1% inc rease  i n  VMT ove r  1973, a  1% decrease, and no change. 
The t h r e e  equat ions  are, r e s p e c t i v e l y :  

VMT = -56246 + 7.02 (Cars)  - 1 .09~10 '  (PGAS) 

+ 1 .96x108 (RDPYIPOP) 

VMT = 34918 + 6.98 (Cars)  - 1 .78x105 (PGAS) 

+ 1 .87x108 (RDPYIPOP) 

VMT = -10664 + 7.00 (Cars)  - 1 . 4 3 ~ 1 0 ~  (PGAS) 

+ 1 . 9 1 ~ 1 0 ~  (RDPYIPOP) 

where: 

VMT = t o t a l  v e h i c l e  m i l e s  t r a v e l e d  

Cars = number o f  c a r s  i n  t h e  f l e e t  es t ima ted  f rom sa les  data  and 
expected sc rappage 

PGAS = (CPI f o r  gas)/CPI 

RDPYIPOP = per  c a p i t a  r e a l  personal  d i sposab le  income 

MODEL CONSTRUCTION 

To es t ima te  t h e  equat ions,  20 yea rs  o f  Federal  Highway A d m i n i s t r a t i o n  
data  th rough  1974 were used. Three equat ions  were es t ima ted  u s i n g  
d i f f e r e n t  va lues f o r  t h e  1974 VMT. These 1974 es t ima tes  were a  1% 
inc rease  i n  t o t a l  VMT over  1973, a  1% decrease, and no change. The 
reasons f o r  t h i s  were ( 1 )  when t h e  da ta  s e r i e s  th rough  1973 was used, 
t h e  1974 f o r e c a s t  was f a r  t o o  s e n s i t i v e  t o  gas p r i c e ,  and ( 2 )  t h e  model 
was developed when o n l y  p r e l i m i n a r y  1974 counts  were a v a i l a b l e .  

DATA USED I N  RUNNING MODEL 

Fu tu re  va lues o f  t h e  independent v a r i a b l e s  a re  necessary t o  run  t h e  
model. 

DOCUMENTATION 
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QUARTERLY DEMAND FOR GASOLINE MODEL 

The Q u a r t e r l y  Demand f o r  Gaso l i ne  Model was prepared i n  1973 by Data 
Resources, I n c ,  and was sponsored by t h e  Environmental  P r o t e c t i o n  Agency 
and t h e  Counc i l  on Environmental  Qua l  i t y .  I t s  purpose i s  t o  f o r e c a s t  
s h o r t - t e r m  q u a r t e r l y  demand f o r  g a s o l i n e .  T h i s  has been e s t i m a t e d  by 
u s i n g  f o u r  separa te  s e t s  o f  h i s t o r i c a l  g a s o l i n e  consumption data. 

Envi ronn~en ta l  P r o t e c t i o n  Agency 
401 M S t r e e t  SW 
Washington, D.C. 20460 

The Counc i l  on Environmental  Qua l  i ty 
722 Jackson P lace,  NW 
Washington, D.C. 20006 

AUTHOR 

P.K. V e r l e g e r  and D. Sheehan 
29 H a r t w e l l  Avenue 
Data Resources, I nc .  
Lex ing ton,  Mass. 02173 

MODEL TYPE 

Fuel  consumption 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  c a l c u l a t e  how t h e  demand f o r  
g a s o l i n e  w i l l  respond t o  a l t e r n a t i v e  l e v e l s  o f  p r i c e s  and incomes f o r  
two years  i n t o  t h e  f u t u r e .  

RELATIONStlIP TO OTHER MODELS 

The model may be used i n  c o n j u n c t i o n  w i t h  t h e  Data Resources, 
I nc .  (DRI) macroeconon~i c  model o f  t h e  U.S. economy, 

VALIDATION 

The model was r u n  f o r  1972  th rough  t h e  t h i r d  q u a r t e r  o f  1975. The 
r e s u l t s  i n d i c a t e  c l e a r l y  t h e  poss i  b i l  i t y  f o r  s u b s t a n t i a l  r e d u c t i o n  i n  
t h e  consunipt ion o f  g a s o l i n e  as a  r e s u l t  o f  t a x  o r  p r i c e  changes. The 
model o v e r - p r e d i c t e d  gas01 i ne consumpt ion i n  t hose  areas o f  t h e  c o u n t r y  
where t h e r e  was g r e a t  d i s c u s s i o n  o f  t h e  g a s o l i n e  shor tage d u r i n g  t h e  
s p r i n g  o f  1373. 



LIMITATIONS AND BENEFITS 

The au tho rs  s t a t e  t h a t  t h e  b e s t  way t o  approach t h e  e s t i m a t i o n  o f  t h e  
demand f o r  g a s o l i n e  i s  f i r s t  t o  examine t h e  demand f o r  t h e  use o f  motor  
v e h i c l e s  and f rom t h a t  t o  e s t i m a t e  t h e  demand f o r  gaso l ine .  The da ta  
r e q u i r e d  t o  per form t h i s  a n a l y s i s  were n o t  a v a i l a b l e ,  however, and 
t h e r e f o r e ,  t h e  au tho rs  es t ima ted  a  d i r e c t  r a t h e r  t h a n  d e r i v e d  demand 
f u n c t i o n ,  

The model was es t ima ted  i n  1973, b e f o r e  t h e  energy c r i s i s ,  and 
i n d i c a t e s  t h a t  r e d u c t i o n s  i n  g a s o l i n e  consumption would r e s u l t  f rom 
p r i c e  increases.  However, i t  i s  known t h a t  t h e  demand f o r  gasol i n e  i s  
r e l a t i v e l y  p r i c e  i n e l a s t i c .  

STRUCTURE 

An econometr ic  model o f  t h e  q u a r t e r l y  demand f o r  g a s o l i n e  was 
es t ima ted  by t h e  e r r o r  components techn ique,  u s i n g  f o u r  s e t s  o f  g a s o l i n e  
consumption data. The one equa t ion  presented here  was es t ima ted  by 
u s i n g  Federal  Highway Admini s t r a t i o n  highway gasol  i ne data.  

where: 

q  = q u a n t i t y  

P = p r i c e  

Y = income 

MODEL CONSTRUCTION 

Four f u e l  consumption d a t a  bases were used t o  e s t i m a t e  f o u r  separa te  
equat ions  o f  t h e  fo rm above. These were A P I  (American Petro leum 
I n s t i t u t e )  gaso l i ne ,  API motor  gaso l i ne ,  FHWA motor f u e l ,  and FHWA 
highway gaso l ine .  P r i c e  da ta  f rom P l a t t ' s  O i l  P r i c e  S e r v i c e  were used 
and m o d i f i e d  by a  n a t i o n a l  d e f l a t o r ,  Income da ta  were p e r  c a p i t a  
personal  income da ta  f rom t h e  Regional  Economics D i v i s i o n  o f  t h e  Bureau 
o f  Economic Ana lys i s ,  U.S. Department o f  Commerce, and were d e f l a t e d  by 
t h e  r a t e  o f  aggregate n a t i o n a l  personal  income t o  n a t i o n a l  d i sposab le  
personal  income. 

DATA USED I N  RUNNING MODEL 

Fu tu re  va lues o f  t h e  independent v a r i a b l e s  a r e  necessary t o  r u n  t h e  
model. These i n c l  ude 1  agged gasol  i ne consumpti on, 1  agged income, 1  agged 



p r i c e  o f  g a s o l i n e ,  change i n  income, and change i n  t h e  p r i c e  o f  
gas01 i ne. 

DOCUMENTATION 

Data Resources, Inc.,  A Study of t h e  Q u a r t e r l y  Demand f o r  Gaso l i ne  
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Envi ronmental P r o t e c t i o n  Agency and t h e  Counc i l  on Environmental  
Qua1 i t y ,  December 1973. 

P h i l i p  K .  V e r l e g e r  Jr.  and Dennis P. Sheehan, "A Study o f  t h e  Demand f o r  
Gasol ine," i n  Da le  W. Jorgenson, ed., Econometr ic  S tud ies  -- o f  U.S. Energy 
Pol i c y ,  Data Resources S e r i e s  Vol . 1, Amsterdam: N o r t h  Hol l a n d  
Pub1 i s h i  ng Co. , 1976. 



AN ANNUAL MODEL OF PASSENGER CAR GAS CONSUMPTION IN THE U.S. 

An Annual Model o f  Passenger Car Gas Consumption was w r i t t e n  i n  1973 
a t  t h e  U.S. Department o f  T ranspor ta t i on ,  T r a n s p o r t a t i o n  Systems Center  
(TSC). It i s  a work ing l e v e l  model and has been superseded. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kendal 1 Square 
Cambridge, Mass. 02142 

AUTHOR 

Char1 o t t e  Chamberlain 
U.S, Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kendal 1 Square 
Cambridge, Mass. 02142 

MODEL TYPE 

Fuel consumption 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  q u a n t i f y  consumer s e n s i t i v i t y  t o  
g a s o l i n e  p r i c e  changes so as t o  be ab le  t o  p r e d i c t  t h e  impacts o f  p o l i c y  
i n i t i a t i v e s  such as g a s o l i n e  e x c i s e  taxes.  

RELATIONSHIP TO OTHER MODELS 

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

HI  STOR ICAL BACKGROUND 

The au tho r  reviewed two e x i s t i n g  gasol i n e  consumption models, by 
Houthakker and Ver lege r  (H-V) and by F i e l d s  o f  t h e  FHWA. S ince n e i t h e r  
o f  these were a p p r o p r i a t e  f o r  t h e  p o l i c y - r e l a t e d  needs o f  TSC, t h i s  
a1 t e r n a t e  model was devel  oped. 

ASSUMPTIONS 

Gaso l ine  demand i s  i n f l uenced  by t h e  p r i c e  o f  gas o n l y  i n d i r e c t l y  
t h rough  t h e  demand f o r  automobiles. The p r i c e  o f  gasol i n e  a f f e c t s  new 
au to  purchases, b u t  gas consumption among au to  owners i s  h i g h l y  



i n s e n s i t i v e  t o  gas p r i c e  changes. Consumer demand f o r  g a s o l i n e  i s  n o t  a  
demand f o r  a  f i n a l  p roduc t ,  b u t  r a t h e r  i s  a  f a c t o r  o f  p r o d u c t i o n  i n  t h e  
o u t p u t  o f  v e h i c l e  t r a v e l .  Thus f i r m  f a c t o r  demand t h e o r y  r a t h e r  t h a n  
consumer c h o i c e  t h e o r y  i s  used i n  mode l ing  g a s o l i n e  demand here.  

VALIDATION 

The model was r u n  f o r  1973 th rough  1975 t o  p r e d i c t  f u t u r e  g a s o l i n e  
consumption, g i v e n  v a r y i n g  r a t e s  o f  p r i c e  i n f l a t i o n ,  r e a l  income r i s e ,  
and g a s o l i n e  p r i c e  r i s e .  The r e s u l t s  showed t h a t  a  l a r g e  p r i c e  r i s e  
w i l l  decrease t h e  growth  of gaso l  i n e  demand t o  r e v e r s e  i t s  c u r r e n t  
t r end .  A l a r g e  e x c i s e  t a x  on g a s o l i n e  i n  a  normal economy w i l l  have a  
smal l  n e g a t i v e  impact  (1.1% p e r  y e a r )  on t h e  r a t e  o f  g row th  o f  gaso l  i n e  
demand, w h i l e  i n  an economy i n  an economic downturn w i t h  h i g h  i n f l a t i o n ,  
t h e  decrease i n  t h e  demand f o r  gaso l  i n e  would be 4.7% p e r  year.  

LIMITATIONS AND BENEFITS 

Not a1 1  c o e f f i c i e n t s  a r e  s i g n i f i c a n t  a t  t h e  10% l e v e l .  The a u t h o r  o f  
t h e  model f e l t  t h a t  1  ong-run use o f  i t  was u n j u s t i f i e d  because t h e  l ong -  
r u n  p r i c e  e l a s t i c i t i e s  i m p l i e d  i n  t h e  model were u n r e l i a b l e  f o r  l a r g e  
p r i c e  increases.  

STRUCTURE 

The es t ima ted  model e q u a t i o n  i s :  

PCGAS = 1.83914~10'  - 11815.8 (MPGY) + 72.2815 (Y)  
(6.8574) (-7.04209) (10.0751) 

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

PCGAS = motor  f u e l  consumption, m i l  1 i o n s  o f  g a l l o n s  

CPI = consumer p r i c e  i ndex  (1958 = !no)  

MPGY = average m i l e s  p e r  g a l l o n  o f  U.S. passenger c a r s  

PCARA = i n d e x  o f  new c a r  p r i c e s  

RPGY = r e t a i l  p r i c e  o f  gas ( e x c l u d i n g  t a x e s )  

Y = r e a l  persona l  d i s p o s a b l e  income (1958 do1 l a r s )  



MODEL CONSTRUCTION 

The model was c a l i b r a t e d  u s i n g  da ta  as f o l l o w s :  The v a r i a b l e s  motor  
f u e l  consumption and average m i l e s  p e r  g a l l o n  o f  U.S. passenger c a r s  
were taken  f rom t h e  S t a t i s t i c a l  A b s t r a c t s  o f  t h e  U.S. The consumer 
p r i c e  index and t h e  i ndex  o f  new c a r  pr ice? w K  from t h e  Survey of 
Cur ren t  Business. Real d i sposab le  income was taken  f rom t h e  Federal  
Reserve B u l l e t i n ,  The r e t a i l  p r i c e  o f  g a s o l i n e  e x c l u d i n g  t a x e s  i s  t h e  
average p r i c e  o f  r e g u l a r  g a s o l i n e  i n  5 5  c i t i e s  and i s  f rom t h e  Survey of 
Cur ren t  Business, 

DATA USED I N  RUNNING MODEL 

Est imated o r  f o r e c a s t  f u t u r e  va lues o f  t h e  independent v a r i a b l e s  a r e  
necessary t o  r u n  t h e  model. 

DOCUMENTATION 

C h a r l o t t e  Chamberlain, Models o f  Gaso l ine  Demand, TSC, D r a f t ,  Report  
No. RP-SP-21, s u b j e c t  t o  changeT0c tober  1973- 



U.S. BUS AND TRUCK POPULATION MODEL 

The U.S. Bus and Truck P o p u l a t i o n  Model was prepared as p a r t  o f  a  
m a s t e r ' s  t h e s i s  submi t ted  t o  Mich igan Techno log ica l  U n i v e r s i t y  i n  1973. 
It eva l  ua tes  t h e  immediate and 1  ong-range e f f e c t s  o f  f e d e r a l l y  imposed 
emiss ion s tandards  on t r u c k s  and buses. The model es t ima tes  t h e  p resen t  
and f u t u r e  c o n t r i b u t i o n  o f  t r u c k s  and buses t o  t o t a l  a i r  p o l l u t i o n .  

AUTHOR 

Dan ie l  S. T i n g l e y  
Mich igan Techno1 o g i c a l  U n i v e r s i t y  
Houghton, Mich igan 49931 

MODEL TYPE 

Trucks, emi ss ions , f u e l  consumption, v e h i c l e  m i  1  es t r a v e l e d  (VMT) , 
scrappage 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  e v a l u a t e  t h e  immediate and long-  
range e f f e c t  s  o f  f ede ra l  l y  imposed emi s s i o n  standards on t r u c k s  and 
buses. The model e s t i m a t e s  t h e  p resen t  and f u t u r e  c o n t r i b u t i o n  o f  
t r u c k s  and buses t o  t o t a l  a i r  p o l l u t i o n .  

RELATIONSHIP TO OTHER MODELS 

The model has no d i r e c t  re1 a t i o n s h i p  t o  o t h e r  models. 

HISTORICAL BACKGROUND 

The model was developed because o f  t h e  p r o s p e c t i v e  i n t r o d u c t i o n  i n  
1973 o f  emiss ion standards f o r  t r u c k s  and buses s i m i l a r  t o  those  f o r  
autornobi 1  es. 

ASSUMPTIONS 

The model assumes t h a t  v e h i c l e  model y e a r  corresponds w i t h  t h e  
ca lendar  year .  

VAL I DAT I ON 

The au tho r  r e p o r t s  t h a t  model o u t p u t  matches w e l l  w i t h  h i s t o r i c a l  
da ta  f o r  t h e  p e r i o d  1958-70. S e n s i t i v i t y  a n a l y s i s  f o r  v a r i o u s  i n p u t  
parameters i n d i c a t e d ,  f o r  example, t h a t  i n  1990 t h e  h i g h  p r o j e c t i o n  o f  
t o t a l  f a c t o r y  sa les ,  which exceeds t h e  median p r o j e c t i o n  by 42%, 



produces a  30% d i f f e r e n t i a l  i n  v e h i c l e  p o p u l a t i o n  and 28% d i f f e r e n t i a l  
i n  n i t r o g e n  d i o x i d e  emi ss ions .  

LIMITATIONS AND BENEFITS 

The model emphasizes t h a t  t r u c k  and bus emiss ions  a r e  a  s i g n i f i c a n t  
component o f  t h e  t o t a l  em iss ion  l e v e l .  The model o u t p u t s  a r e  r a t h e r  
s e n s i t i v e  t o  p r o j e c t e d  f u t u r e  s a l e s  l e v e l s .  Economic f a c t o r s  do n o t  
e n t e r  t h e  causa l  r e l a t i o n s h i p s  o f  t h e  model. 

STRUCTURE 

The model c o n s i s t s  o f  a  s e r i e s  o f  submodels f o r  f a c t o r y  sa les ,  
scrappage, mi leage,  f u e l  usage, v e h i c l e  p o p u l a t i o n ,  and a i r  p o l l u t i o n .  
I n  t h e  s a l e s  submodel, h i s t o r i c a l  s a l e s  d a t a  a r e  p l o t t e d  by we igh t  c l a s s  
o f  t r u c k  f o r  t h e  y e a r s  1932-1970. P r o j e c t i o n s  a r e  then  made f o r  t o t a l  
s a l e s  and s a l e s  by c l a s s  annual l y  t o  t h e  y e a r  2000. These p r o j e c t i o n s  
a r e  d e r i v e d  f rom a  1963 s tudy  o f  Amer ica 's  f u t u r e  resou rce  requ i rements  
and a v a i l a b i  l i t i e s  and on t h e  b a s i s  o f  communications w i t h  two m a j o r  
t r u c k  manufac turers .  Sales f i g u r e s ,  combined w i t h  t h e  c a l c u l a t e d  
scrappage, y i e l d  t o t a l  t r u c k  and bus p o p u l a t i o n  a n n u a l l y  t o  t h e  y e a r  
2000. M i l eage  pe r  y e a r  p e r  v e h i c l e  i s  es t ima ted  by c l a s s  and age, and 
combined w i t h  e s t i m a t e s  o f  average m i l e s  p e r  g a l l o n  t o  y i e l d  annual f u e l  
consumption. F i n a l l y ,  a i r  p o l l u t i o n  es t ima tes  a r e  ob ta ined  f o r  v a r i o u s  
average emiss ion  r a t e s ,  Some p r o j e c t i o n s  used i n  t h i s  r e p o r t  a r e  
p l o t t e d  on graphs, w h i l e  o t h e r s  a r e  s imp ly  1  i s t e d  by year.  

MODEL CONSTRUCTION 

The model i s  c a l i b r a t e d  u s i n g  h i s t o r i c a l  d a t a  on scrappage r a t e s ,  
t o t a l  f a c t o r y  sa les ,  age d i s t r i b u t i o n  o f  t h e  v e h i c l e  popu la t i on ,  new 
v e h i c l e  averape m i l e s  pe r  y e a r ,  average m i l e s  pe r  g a l l o n ,  and average 
emiss ion  r a t e s  f o r  v a r i o u s  p o l  1  u t a n t s ,  The r e p o r t  i n c l u d e s  necessary 
da ta  values.  

DATA USED I N  R U N N I N G  P80DEL 

The model r e q u i r e s  p r o j e c t i o n s  o f  t h e  annual va lues  o f  a l l  i n p u t  
v a r i a b l e s .  

DOCUMENTATION 
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Truck and Bus Pop t r l a t i on  Model w i t h  an A n a l y s i s  o f  t h e  Fuel  Usage and 
Air Pol  1  u t i o n  C o n t r i b u t i o n s  ," m a s t e r ' s  t h e s i s  submi t t ed  t o  Mich igan 
Techno log i ca l  U n i v e r s i t y ,  1973. 



COMPUTER REQUIREMENTS 

The computer model was w r i t t e n  i n  FORTRAN f o r  use on Mich igan 
Techno log ica l  U n i v e r s i t y ' s  I B M  360144 computer. A program 1 i s t  i s  
i n c l u d e d  i n  t h e  model r e p o r t .  



WHARTON E. F  .A. AUTOMOBILE DEMAND MODEL 

The Wharton E.F.A. Automobi le Demand Model, commonly known as  t h e  
Wharton model , i s  perhaps t h e  most complex econometr ic  model o f  1  cng-run 
automobi l  e  demand be ing  used today.  The Department o f  T r a n s p c r t a t i  on 
has used t h e  model f o r  p o l i c y  a n a l y s i s ,  as have t h e  Counci l  o f  Economic 
Advi sors,  t h e  White House, t h e  Department o f  Energy, t h e  Congressional  
Research Serv ice,  t h e  I n t e r n a t i o n a l  Trade Commi ss ion,  t h e  O f f  i c e  o f  
Techno1 ogy Assessment, and t h e  Envi ronmental P r o t e c t i o n  Agency, The 
model was designed t o  s tudy t h e  e f f e c t s  on t h e  l ong - run  s t z e  and 
compos i t i on  o f  U.S. automobi le  demand and s tock ,  g i ven  v a r i o i ~ s  pol  i c y  
proposal  s  and a1 t e r n a t i v e  socio-economic f u t u r e s .  I n  p a r t i c u l  a r ,  t h e  
model may be used t o  e v a l u a t e  t h e  e f f e c t s  o f  twe lve  c a t e g o r i e s  o f  
au tomobi le  taxes,  e igh teen  economic v a r i a b l e s  t h a t  a f f e c t  t h e  automobi le 
market ,  and f i f t e e n  separa te  demographic t rends.  

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i  on Systems Center  
Kendal 1  Square 
Cambridge, Mass. 02142 

AUTHOR 

George R. Schink and C o l i n  J. Loxe ly  
Wharton Econometr ic  Fo recas t i ng  Associates,  I n c .  
3624 Science Center  
P h i l a d e l p h i a ,  Pa. 19104 

MODEL TYPE 

Automobi 1  e  demand, scrappage, market  shares, v e h i c l e  m i l e s  t r a v e l e d ,  
p r i c i n g  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  study t h e  impact o f  a l t e r e d  
assumptions concern ing such f a c t o r s  as t h e  e f f i c i e n c y  and weight  o f  new 
cars ,  gas01 i ne p r i c e s ,  and automobi l e - r e 1  a ted  t a x  laws on t h e  1  ong-run 
s i z e  and compos i t ion  o f  U.S. automobi le  demand and s tock ,  t h rough  t h e  
y e a r  2000. 

RELATIONSHIP TO OTHER MOGELS 

T h i s  model i s  se l f - con ta ined .  



ASSUMPTIONS 

As w i t h  any l a r g e  model, many assumptions were made i n  c o n s t r u c t i n g  
t h e  model, Therefore, o n l y  t h e  m a j o r  assumptions a r e  presented here. 

The p r e d i c t  i o n s  of t h e  s i z e  and compos i t i on  o f  au tomobi le  demand 
( s a l e s )  and t o t a l  s tock  depend on t h e  p r e d i c t i o n s  of t h e  d e s i r e d  
v a r i a b l e s :  d e s i r e d  s tock  and d e s i r e d  s tock  shares. ( A  " d e s i r e d "  1  eve l  
i s  t h e  long- run,  steady s t a t e  o r  e q u i l i b r i u m  l e v e l  t h a t  would e x i s t  i f  
a l l  f a c t o r s ,  such as demographics, taxes,  and t h e  l i k e ,  which a f fec t  
au tomobi le  demand were h e l d  constant . )  The importance o f  t h e  d e s i r e d  
v a r i a b l e s  i s  d iscussed below i n  STRUCTURE. 

To e s t i m a t e  t h e  equat ions  f o r  d e s i r e d  s tock  and d e s i r e d  s tock  shares, 
Wharton used 1972 c r o s s - s e c t i o n  da ta  by s t a t e .  The assumption i s  made 
i n  t h i s  e s t i m a t i o n  t h a t  t h e  a c t u a l  s tock  and s tock  shares were 
approx ima te l y  equal t o  t h e i r  d e s i r e d  o r  " e q u i l  i b r i u m "  1 eve l  s  i n  1972. 
T h i s  assumption i s  defended i n  t h e  r e p o r t  w i t h  severa l  arguments: t h e  
y e a r  1972 was immedia te ly  p r i o r  t o  t h e  o i l  c r i s i s  p r e c i p i t a t e d  by  t h e  
1973 OPEC b o y c o t t ;  t h e  economy was reasonab ly  stab1 e; p o l  1  u t i o n  c o n t r o l s  
had y e t  t o  have an e f f e c t ;  and s m a l l e r  domestic ca rs  had been i n  t h e  
market  f o r  severa l  years.  

To e s t i m a t e  t h e  equa t ions  f o r  new c a r  r e g i s t r a t i o n s ,  scrappage, and 
new c a r  market  shares, i t  was necessary t o  produce a  t i m e - s e r i e s  o f  t h e  
d e s i r e d  v a r i a b l e s .  T h i s  was done by s e t t i n g  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  equa t ions  t o  t h e i r  h i s t o r i c a l  va lues and u s i n g  t h e  
equat ions  t o  p r e d i c t  t h e  d e s i r e d  t ime-se r ies .  But  t hese  equat ions  d i d  
n o t  produce a  " reasonab le"  t i m e - s e r i e s .  Thus, Wharton made a  s e r i e s  o f  
major  assumptions t o  a d j u s t  t h e  h i s t o r i c a l  va lues o f  d e s i r e d  s tock  and 
shares t o  more reasonab le  va lues.  These assumptions were based, as 
Wharton argues, on t h e  ma jo r  economic and demographic d i f f e r e n c e s  
between t h e  y e a r  1972 and e a r l i e r  years .  

VALIDATION 

The Wharton r e p o r t  on t h e  model no tes  t h a t  t h e  model per forms v e r y  
w e l l  i n  matching 1975 and 1976 new c a r  sa les- -both  t o t a l  and by c l a s s - -  
w i t h  o n l y  m ino r  ad jus tments  needed t o  a l i g n  t h e  i n i t i a l  f o r e c a s t s  w i t h  
t h e  data  c u r r e n t l y  a v a i l a b l e ,  There i s ,  however, no numerical  a n a l y s i s  
o f  t h e  mode l ' s  performance i n  1975 and 1976 o r  i n  any o t h e r  h i s t o r i c a l  
t i m e  p e r i o d  i n  t h e  r e p o r t .  

Fo r  an a n a l y s i s  o f  t h i s  model see: Wharton - EFA Automobi le Demand 
Model: &I Ana lys i s ,  Highway Safe ty  Research I n s t i t u t e ,  U n i v e r s i t y  o f  
Michigan,  c u r r e n t l y  i n  p repara t i on .  

LIMITATIONS AND BENEFITS 

The model i s  in tended  f o r  1  ong-run a n a l y s i s  o f  au tomobi le  demand 
r a t h e r  than  f o r  p r e c i s e  y e a r l y  es t ima tes  o f  t h e  demand. 



STRUCTURE 

The Wharton auto  demand model i s  a  l ong - run  e q u i l i b r i u m ,  econometr ic  
model - - tha t  i s ,  i t  i s  designed t o  f o r e c a s t  t h e  l ong - run  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 compos i t i on  o f  U.S. automobi le  demand and s tock .  
It i s  a  ve ry  l a r g e  and complex model c o n t a i n i n g  a lmost  400 mathemat ical  
s ta tements  i n v o l v i n g  about  600 v a r i a b l e s .  O f  i t s  mathemat ical  
s tatements,  about  t h r e e  hundred a r e  i d e n t i t i e s  and ove r  e i g h t y  a r e  
s t a t i s t i c a l  l y  der ived.  

A l though t h e  model i s  complex, much o f  t h e  b a s i c  t h e o r y  u n d e r l y i n g  i t  
i s  t y p i c a l  o f  au to  demand models wh ich  have been c o n s t r u c t e d  over  t h e  
l a s t  20 years.  The c e n t r a l  concept  u n d e r l y i n g  t h e  model i s  t h a t  t h e  
automobi 1  e  market  opera tes  by a  s tock  ad jus tment  process. Fundamental 
t o  t h e  work ing  o f  a  s tock  ad jus tment  i s  t h e  assumption t h a t  g ross  
e x p e n d i t u r e  on a  commodity such as automobi les,  measured i n  u n i t s  so ld ,  
can be c a l c u l a t e d  f rom t h e  d i f f e r e n c e  between a  d e s i r e d  s tock  and t h e  
s tock  a l r e a d y  i n  ex i s tence ,  t a k i n g  i n t o  account  t h e  need t o  r e p l a c e  o l d  
s tock  as i t  wears out .  

The model opera tes  as f o l l o w s :  From t h e  a p p r o p r i a t e  exogenous i n p u t  
a  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  each s i z e - c l a s s  o f  v e h i c l e  i s  computed. 
There a r e  f i v e  s i ze -c lasses  d e f i n e d  i n  t h e  model, f rom subcompacts t o  
l u x u r y  cars.  The c a p i t a l i z e d  c o s t  pe r  m i l e  i s  e s s e n t i a l l y  t h e  present  
v a l u e  o f  a1 1  c o s t s  assoc ia ted  w i t h  t h e  purchase, sa le ,  and o p e r a t i o n  o f  
a  c a r  ( a  ten -yea r  l i f e t i m e  and a  l i f e t i m e  m i leage  o f  100,000 i~ 
assumed). T h i s  v a r i a b l e ,  a long w i t h  t h e  r a t i o  o f  f a m i l y  income t o  
automobi le  cos ts ,  income d i s t r i b u t i o n ,  and v a r i o u s  demographic f a c t o r s ,  
i s  used t o  determine t h e  d e s i r e d  s tock  va lues o f  t h e  f i v e  s i ze -c lasses  
o f  veh ic les .  

The d e s i r e d  shares a r e  used t o  compute an average c a p i t a l i z e d  c o s t  
p e r  m i le .  T h i s  average, a long w i t h  income p e r  f a m i l y ,  income 
d i s t r i b u t i o n ,  v a r i o u s  demographic f a c t o r s ,  and non-automobi le r e l a t e d  
t r a n s p o r t a t i o n  i n d i c a t o r s ,  i s  used t o  determine d e s i r e d  s tock  p e r  
f a m i l y .  

T o t a l  d e s i r e d  s tock  i s  used t o  f o r e c a s t  new c a r  s a l e s  (based on new 
c a r  r e g i s t r a t i o n s )  and scrappage, and t h e  d e s i r e d  shares a r e  used t o  
f o r e c a s t  new c a r  market  shares by s i ze -c lass ,  A  s tock  ad jus tment  
process i s  used t o  l i n k  t h e  d e s i r e d  l e v e l s  t o  t h e  a c t u a l  l e v e l s ,  

A l so  i n c l u d e d  i n  t h e  model a r e  equat ions  f o r  VMT p e r  f a m i l y ,  new and 
used c a r  p r i c e s ,  used c a r  t r a n s a c t i o n s ,  and t o t a l  s tock  by  age. 

Several  o f  t h e  key equa t ions  o f  t h e  model a r e  as f o l l o w s :  

Des i red  Stock 



R2 = 0.461 SEE = 0.596 

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

KENDIFM = number of c a r s  i n  o p e r a t i o n  a t  y e a r  end o v e r  number o f  f a m i l y  
u n i t s  

RDIP4lFM = permanent fami l y  income 

PER15+ = percentage of fami 1  i e s  ( e x c l u d i n g  u n r e l a t e d  i n d i v i d u a l s )  
e a r n i n g  15,000 d o l l a r s  o r  more i n  1970 d o l l a r s  

CPMTTCAP = d e s i r e d  share  we ighted c o s t  p e r  m i l e  ( i n c l u d e s  a l l  c lasses:  
domest ic  and f o r e i g n )  

LD/FM = number o f  l i c e n s e d  d r i v e r s  o v e r  number o f  f a m i l y  u n i t s  

PC = consumer p r i c e  index,  a l l  i t ems  

MTWNAIFM = number o f  persons n o t  u s i n g  an automobi le  t o  t r a v e l  t o  work 
ove r  number o f  f a m i l y  u n i t s  

NPMET = percentage o f  p o p u l a t i o n  1  i v i n g  i n  SMSAs 

Mid-S ize  C lass  D e s i r e d  Share 

+ 0.162809 (DUMNEW) - 0.125991 (DUMMTN) 
(4.01) (3.65) 

$ = 0.683 SEE = 0.0779 

SHRM = d e s i r e d  share  o f  m i d - s i z e  c a r s  

CPMM/T-M = c o s t  pe r  m i l e  f o r  m i d - s i z e  c a r s  ove r  d e s i r e d  share we ighted 
c o s t  pe r  m i l e  f o r  a1 1 o t h e r  c lasses  

YDI/FM/SC*Q = do1 1  a r  d i  sposabl e  income over  number o f  f a m i l y  u n i t s  ove r  
f i x e d  weighted c o s t  p e r  m i l e  

FM3+4/FM = number o f  3  and 4 member f a m i l i e s  ove r  number o f  f a m i l y  u n i t s  



DUMNEW = dummy, = 1.0 f o r  New England s ta tes ,  = 0.0 o the rw ise  

DUMMTN = dummy, = 1.0 f o r  Mounta in  s t a t e s ,  = 0.0 o the rw ise  

New Car Sales --- 
OMVUANR 

l n ( o ~ ~ v ~ ~ ~ ~ ~ ~ ( - ~ )  - SCMVUA) = 

KEND*AY ) - 0.255190 (DUMAUTOS) t 3 ~ 7 9 2 9 4 [ 1 n ( ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ( - 1 )  (9.90) - S C M V U A  (2,49) 

ii2 = 0.864 SEE = 0.0473 DW = 2.28 

OMVUANR = new c a r  r e g i s t r a t i o n s  

OPMVUAYEND = year-end s tock  o f  c a r s  i n  o p e r a t i o n  

SCMVUA = t o t a l  a u t o  scrappage 

KEND*AY = d e s i r e d  s tock  

DUMAUTOS = s t r i k e  dummy v a r i a b l e  

RDIIFM = r e a l  d i sposab le  i ncome p e r  f a m i l y  

RDIP4lFM = permanent f a m i l y  income 

PUTOTNRL = p r e v i o u s  y e a r  average new c a r  p r i c e ,  sa les  weighted 

PUTOTNR = new c a r  p r i c e ,  average, weighted by p rev ious  y e a r  s a l e s  

Scrappage 

SCMVUA - SCMVAGIV ) = -6.98289 n ( ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ( - i )  t OMVUANR ( 7  

- 3.82763 [ l n (  KE ND*AY 
OPMVUAYEND(-1) + OMVUANR ) (4.50) 

PUOLD ) 
+ 2.91080 [ln(AVAGEO-20)] - ,145089 

(5.32) (2.20) 



SCMVUA = t o t a l  au to  scrappage 

SCMVAGIV = g i ven  scrappage f o r  c a r s  ove r  20 yea rs  o l d  

OPMVUAYEND = year-end s tock  o f  c a r s  i n  o p e r a t i o n  

OMVUANR = new c a r  r e g i s t r 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 t a g e s  0 th rough  20 

PUOLD = average p r i c e  o f  o l d  c a r s  

PSCRAPAV = scrap-metal 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  mid-year  c a r s  i n  o p e r a t i o n  

Mid-S ize  Class Share o f  New Car Sa les  

SHRMDNR SHRM*A ) - 0.00198516 l n ( l  - SHRMDNR) = l n ( l  - SHRM*A 
(0.66) 

TMMDK-SC SHRM*A - 0*873077 [In( - TMMDK-SC ) - - SHRM*A)I 
(82.94) 

-2 R = 0.997 SEE = 0.0101 DW = 1.26 

SHRMDNR = share o f  new r e g i  s t r a t i o n s ,  m id -s i ze  c l a s s  

SHRM*A = d e s i r e d  s tock  share, m id -s i ze  c l a s s  

TMMDK-SC = share  o f  s tock ,  mi d - s i  ze c lass ,  a f t e r  scrappage, shares 
a d j u s t e d  t o  sum t o  one 

V e h i c l e  M i l e s  T rave led  



R' = 0.852 SEE = .014 DW = 1.662 

VMTIFM = v e h i c l e  m i l e s  t r a v e l e d  p e r  f a m i l y  by  c a r  

WTDMVINT/FM = c o n s t a n t  (1972) m i l  eage-weighted sum o f  v e h i c l e  m i l e s  by 
v i n t a g e  

PRGAS = r e t a i l  gas01 i n e  p r i c e  pe r  ga l  1 on i n c l u d i n g  t a x e s  

AVMPGVINT = v in tage-weighted average f l  e e t  mi 1 es p e r  g a l  1 on 

P C  = consumer p r i c e  index,  t o t a l ,  1972 = 1.0 

PER15t = percentage o f  f a m i l i e s  w i t h  r e a l  incomes o f  15,000 d o l l a r s  o r  
more (1970 do1 l a r s )  

RDIP41FM = permanent income p e r  f a m i l y ,  weighted sum o f  c u r r e n t  and 
lagged r e a l  d i sposab le  fami l y  income 

MODEL CONSTRUCTION 

The data  base used t o  b u i l d  t h e  model i s  q u i t e  e x t e n s i v e  and w e l l - ,  
documented i n  t h e  t h i r d  volume o f  t h e  model r e p o r t .  

DATA USED I N  RUNNING MODEL 

There a r e  about 30 t y p e s  o f  i n p u t  v a r i a b l e s  which can be c a t e g o r i z e d  
i n t o  f o u r  ma jo r  groups: economic v a r i a b l e s ,  demographic v a r i a b l e s ,  
t r a n s p o r t a t i o n  mode assumptions, and au to  c h a r a c t e r i s t i c s  assumptions. 
Forecasts  o f  most of t h e  economic i n p u t  v a r i a b l e s  a r e  o b t a i n a b l e  
d i r e c t l y  f rom Wharton E.F.A. ' s Annual Long-Term Econometric Model. 
Forecasts  o f  most o f  t h e  demographic v a r i a b l e s  a r e  a v a i l a b l e  f rom t h e  
Bureau o f  t h e  Census. A t a b l e  o f  model i n p u t  i s  p rov ided  below: 

A. Economic A c t i v i t y  and P r i c e  Assumptions: 

1 )  personal  income 

2) i ncome t a x  payments 

3)  t r a n s f e r  payments 

4)  unemployment r a t e  

5 )  empl oyment 

6 )  consumer p r i c e  i n d i c e s  ( i n c l u d i n g  CPIs r e l a t e d  t o  a u t o  o p e r a t i o n  
and maintenance) 



7 )  r e t a i l  gas01 i n e  p r i c e  ( i n c l u d i n g  t a x )  

8) i n t e r e s t  r a t e s  

9) auto  ownership and o p e r a t i o n  t a x  r a t e s  by  s i z e  c l a s s  

10) domestic au to  p r o d u c t i o n  c o s t  index 

11) f o r e i g n  au to  e x p o r t  p r i c e  

12) t r a n s p o r t a t i o n  p r i c e  index 

13) scrap metal  p r i c e  i ndex  

B. Demographic Assumptions: 

1 )  number o f  f a m i l y  u n i t s  

2 )  f a m i l y  s i z e  d i s t r i b u t i o n  

3 )  percent  o f  p o p u l a t i o n  l i v i n g  i n  SMSA's 

4)  p o p u l a t i o n  by r e g i o n  

5 )  p o p u l a t i o n  20-29 yea rs  o l d  

6)  number o f  1  icensed d r i v e r s  

C. T r a n s p o r t a t i o n  Mode Assumptions: 

1)  growth i n  urban t r a n s i t  passengers r e l a t i v e  t o  employment 

2)  growth i n  urban t r a n s i t  passengers r e l a t i v e  t o  t r a n s i t  t r a v e l e r s  t o  
work 

3 )  growth i n  non-auto, n o n - t r a n s i t  t r a v e l e r s  t o  work r e l a t i v e  t o  
empl oyment 

D. Auto C h a r a c t e r i s t i c s  Assumptions: 

1)  cu rb  we ights  f o r  new ca rs  by c l a s s  

2)  eng ine displacements f o r  new c a r s  by c l a s s  

3 )  number o f  c y l  i n d e r s  f o r  new c a r s  by c l a s s  

4 )  t r a n s m i s s i o n  t ypes  f o r  new c a r s  by c l a s s  

5 )  MPG e f f i c i e n c y  f a c t o r s  f o r  new c a r s  by c l a s s  

6) urban f r a c t i o n  o f  v e h i c l e  m i l e s  t r a v e l e d  

7) used ca rs  p r i c e  decay parameters 



8) r a t i o s  c l a s s  p r i c e s  t o  average, domestics 

DOCUMENTATION 

George R, Schink and C o l i n  J. Loxe ly ,  &I A n a l y s i s  o f  t h e  Automobi le 
Market :  Model i n g  t h e  Long-Run Determi nants  o f  Demand for Automobi 1 es, 
t h r e e  volumes, Wharton E.F.A. Inc.,  February 1977. 

COMPUTER REQU IREMENTS 

The model program i s  w r i t t e n  i n  FORTRAN and r e q u i r e s  o v e r  150 pages 
o f  d i s k  storage, 



TRANSPORTATION SAFETY ANALYSIS MODEL (HIGHWAY SUBMODEL) 

The T r a n s p o r t a t i o n  S a f e t y  A n a l y s i s  Model was developed i n  1976 by  The 
Center  f o r  t h e  Environment and Man, I n c .  under t h e  sponsorsh ip  o f  t h e  
T r a n s p o r t a t i o n  Systems Center  (TC) . I t s  Highway Submodel expresses 
highway a c c i d e n t  deaths  as a  f u n c t i o n  of v e h i c l e  m i l e s  t r a v e l e d ,  and i t  
fo recas ts  highway a c c i d e n t  deaths  f o r  f i v e  c l a s s e s  of highways. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kenda l l  Square 
Cambridge, Mass. 02142 

AUTHOR 

Hans C. Joksch 
The Center  f o r  t h e  Environment and Man, I n c .  
275 Windsor S t r e e t  
H a r t f o r d ,  Conn. 06120 

MODEL TYPE 

Acc iden ts  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  f o r e c a s t  highway a c c i d e n t  deaths  on 
d i f f e r e n t  t y p e s  o f  highways as a  f u n c t i o n  o f  v e h i c l e  m i l e s  t r a v e l e d  on 
those  highway types .  The highway t y p e s  are :  r u r a l  i n t e r s t a t e ,  urban 
i n t e r s t a t e ,  main r u r a l  roads, o t h e r  r u r a l  roads,  and urban highways and 
s t r e e t s .  

RELATIONSHIP TO OTHER MODELS 

The T r a n s p o r t a t i o n  S a f e t y  A n a l y s i s  Model i s  composed o f  t h r e e  sub- 
model s, one f o r  each o f  t h e  f o l l o w i n g  modes: a i r ,  r a i l ,  and highway. 
They a r e  of a  s i m i l a r  s t r u c t u r e ,  b u t  n o t  f u n c t i o n a l l y  dependent upon 
each o t h e r .  

HISTOR ICAL BACKGROUND 

The model was developed i n  o r d e r  t o  exp l  o r e  t h e  consequences o f  
a l t e r n a t i v e  p o l i c y  d e c i s i o n s  r e l a t i n g  t o  t h e  highway environment. The 
model p resented here  i s  a  f i r s t - l e v e l ,  o r  p r e l i m i n a r y ,  model wh ich  was 
devel  oped u s i n g  e x i  s t i n g  da ta  and re1  a t ionshps.  A second- leve l  model 
has been ou t1  i ned which empl oys more e x t e n s i v e  r e 1  a t i o n s h i  ps. However, 



c u r r e n t l y  i t  i s  n o t  p o s s i b l e  t o  c a l i b r a t e  t h i s  second- level  model w i t h  
t h e  e x i s t i n g  data, 

ASSUMPTIONS 

As good da ta  a r e  n o t  a v a i l a b l e ,  t h e  model assumes t h a t  deaths  pe r  
highway m i l e  a r e  s t r i c t l y  a  f u n c t i o n  o f  v e h i c l e  m i l e s  t r a v e l e d  and 
highway type.  A1 so, f o r  f o r e c a s t i n g  purposes, 1973 highway mi leage 
f i g u r e s  have been h e l d  cons tan t  u n t i l  1990, 

VALIDATION 

The model p r o j e c t i o n s  f o r  1974 and 1975 f o r  t o t a l  motor  v e h i c l e  
deaths were about 5,000 h i g h e r  t h a n  a c t u a l  occurrences. Two reasons f o r  
t h i s  suggested by t h e  a u t h o r  a r e  t h e  1974-1975 r e c e s s i o n  and t h e  
imp1 ementa t ion  o f  t h e  55 mph speed 1  i m i  t. 

LIMITATIONS AND BENEFITS 

Because o f  t h e  p a u c i t y  of h i s t o r i c a l  da ta ,  t h e  model does n o t  present  
an accu ra te  r e p r e s e n t a t i o n  of t h e  r e a l  -wor ld  s i t u a t i o n .  The a u t h o r  
i n d i c a t e s  t h i s  and proposes a  second-1 eve1 model. 

STRUCTURE 

The model c o n s i s t s  o f  t h e  f o l  l ow ing  s i n g l e  equat ion :  

where t h e  parameters a r e  d e f i n e d  as f o l l o w s :  

V I O t  = v e h i c l e  i n t e r a c t i o n  f a c t o r  f o r  y e a r  t 

A ( I ) h  = r e g r e s s i o n  i n t e r c e p t  f o r  highway t y p e  h  i n  t r a f f i c  d e n s i t y  range 
I 

B ( I ) h  = r e g r e s s i o n  s lope  f o r  highway t y p e  h  i n  t r a f f i c  d e n s i t y  range I 

TFA(I)h,t = t i m e  f a c t o r  f o r  A(I),, i n  y e a r  t 

TFB(I)h,t = t i m e  f a c t o r  f o r  B ( I ) h  i n  y e a r  t 

V MT = v e h i c l e  m i l e s  t r a v e l e d  ( i n  m i l l i o n s )  f o r  highway t y p e  h  i n  
h 9 s 9 t  s t a t e s  s  i n  y e a r  t 

HM 
h,s,t 

= highway mi leage f o r  highway t y p e  h  i n  s t a t e  s  i n  y e a r  t 



MODEL CONSTRUCTION 

Data on f a t a l i t i e s  p e r  highway m i l e  by  highway t y p e  and v e h i c l e  m i l e s  
t r a v e l e d  p e r  highway m i l e  by highway t y p e  were used t o  c o n s t r u c t  t h e  
model . 
DATA USED I N  RUNNING MODEL 

The model r e q u i r e s  fo recas ts  of v e h i c l e  m i l e s  t r a v e l e d  by  road  type,  
s t a t e  and v e h i c l e  type,  v e h i c l e  p o p u l a t i o n  by  t y p e  (auto ,  t r u c k ,  bus),  
highway mi leage by s t a t e  and road t ype ,  and v e h i c l e  f a c t o r s .  

DOCUMENTATION 

Hans C. Joksch, T r a n s p o r t a t i o n  Safety Ana lys i s ,  The Center  f o r  t h e  
Environment and Man, prepared f o r  TSC, F i n a l  Report ,  Nov. 1976. T h i s  
document 1  i s t s  t h e  computer program and s p e c i f i e s  t h e  model i n p u t  
requirements.  

COMPUTER REQU IREMENTS 

The model i s  w r i t t e n  i n  FORTRAN. 



AN ANALYSIS OF THE PRIVATE AND COMMERCIAL DEMAND FOR GASOLINE 

A model a n a l y z i n g  t h e  p r i v a t e  and commercial demand f o r  gasol i ne, 
dated February 1974, was prepared a t  Mich igan S t a t e  U n i v e r s i t y .  The 
model s p e c i f i e s  t h e  supp ly  s i d e  o f  t h e  market  and can be used t o  
e s t i m a t e  t h e  p r i c e  e l a s t i c i t i e s  o f  p r i v a t e  and commercial demand f o r  
gaso l i ne .  These e l a s t i c i t i e s  a r e  used t o  ana lyze t h e  e f f e c t  o f  changes 
i n  t h e  p r i c e  o f  g a s o l i n e  and t o  p r e d i c t  m a r k e t - c l e a r i n g  g a s o l i n e  p r i c e s  
under v a r i o u s  c o n d i t i o n s .  

J, Ramsey, R, Rasche, and B. A l l e n  
Department o f  Economi cs 
Mich igan S t a t e  U n i v e r s i t y  
East  Lansing,  Mich. 

MODEL TYPE 

Fuel consumpti on 

OBJECTIVE OF MODEL 

The o b j e c t i v e  i s  t o  e s t i m a t e  t h e  p r i c e  e l a s t i c i t i e s  o f  t h e  p r i v a t e  
and commercial demand f o r  g a s o l i n e  i n  a  model which s p e c i f i e s  t h e  supp ly  
s i d e  o f  t h e  market. These e l a s t i c i t i e s  a r e  then  used t o  analyze t h e  
e f f e c t  o f  changes i n  t h e  p r i c e  o f  g a s o l i n e  and t o  p r e d i c t  market-  
c l e a r i n g  gasol  i ne p r i c e s  under va r ious  c o n d i t i o n s .  

RELATIONSHIP TO OTHER MODELS 

The model bears no d i r e c t  r e l a t i o n s h i p  t o  any o t h e r  models. 

HISTORICAL BACKGROUND 

The s tudy was m o t i v a t e d  by t h e  apparent n e c e s s i t y  i n  1973 f o r  a  
p o l i c y  cho ice  between g a s o l i n e  r a t i o n i n g  and a l l o w i n g  t h e  p r i c e  o f  
g a s o l i n e  t o  r i s e  t o  c l e a r  t h e  market. 

ASSUMPTIONS 

The model assumes t h a t  t h e  supp ly  of  g a s o l i n e  depends on t h e  r e l a t i v e  
p r i c e s  o f  a1 1  d i s t i l l a t e s  and t h e  t o t a l  supp ly  o f  c rude o i l  a v a i l a b l e .  
These v a r i a b l e s  a r e  assumed t o  be exogenous. T o t a l  p r i v a t e  demand i s  
assumed t o  i nc rease  i n  d i r e c t  p r o p o r t i o n  t o  t h e  number o f  households. 
The authors  assume t h a t  t h e  t h e o r y  u n d e r l y i n g  t h e  model has been t e s t e d  
e l  sewhere. The model i s  s t a t i c ,  assuming t h a t  equi  1  i b r i u m  i s  achieved 
i n  t h e  g a s o l i n e  market  w i t h i n  one year .  



VALIDATION 

Using a c t u a l  da ta  va lues  o f  t h e  independent  v a r i a b l e s  f o r  1970 t o  
1972, t h e  model es t ima ted  annual p r i v a t e  demand p e r  household f o r  
g a s o l i n e  w i t h i n  one s tanda rd  e r r o r  o f  t h e  a c t u a l  value,  a l t h o u g h  t h e  
a c t u a l  va lue  c o n s i s t e n t l y  exceeded t h e  f o r e c a s t .  

LIMITATIONS AND BENEFITS 

The model does n o t  i n c o r p o r a t e  changes i n  au tomob i l e  f u e l  e f f i c i e n c y .  
The e q u i l i b r i u m  and supp ly  assumpt ions may n o t  be a p p r o p r i a t e  f o r  t h e  
post-1973 pe r iod .  Never the less ,  t h e  demand supp ly  s p e c i f i c a t i o n  i s  
a  u s e f u l  approach, as i s  t h e  d i v i s i o n  of demand i n t o  p r i v a t e  and 
commerci a1 sec to rs .  

STRUCTURE 

The s t r u c t u r a l  s p e c i f i c a t i o n  of t h e  model c o n s i s t s  o f  a  supp ly  
equat ion ,  equa t i ons  f o r  p r i v a t e  and commercial demand, and two 
i d e n t i t i e s .  The two demand equa t i ons  which f o l l o w  were e s t i m a t e d  by 
two-stage l e a s t  squares, u s i n g  annual o b s e r v a t i o n s  f rom 1946 t o  1969. 

R* = .89 DW = 1.91 

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

Q = annual  p r i v a t e  demand p e r  household f o r  g a s o l i n e  

Qc = annual coma'ercial demand f o r  g a s o l i n e  

g  
= r e t a i l  p r i c e  o f  g a s o l i n e  d e f l a t e d  by Consumer P r i c e  Index  (CPI)  

Pt = p r i c e  index o f  t r a i n  t r a v e l  d e f l a t e d  by CPI 

t = p r o p o r t i o n  o f  t h e  p o p u l a t i o n  i n  t h e  16-24 age group 
P  

y = r e a l  d i sposab le  income p e r  household 



P = r e t a i l  p r i c e  o f  g a s o l i n e  d e f l a t e d  by t h e  p r i c e  index o f  t r u c k  
Cg f r e i g h t  r a t e s  

Pd = p r i c e  index o f  d i e s e l  f u e l  d e f l a t e d  by t h e  p r i c e  index o f  t r u c k  
f r e i g h t  r a t e s  

f = i ndex  o f  t o t a l  t o n  m i l e s  demanded o f  a1 1  f r e i g h t  c a r r i e r s  
C 

MODEL CONSTRUCTION 

The model i s  c o n s t r u c t e d  u s i n g  annual d a t a  f o r  a l l  v a r i a b l e s  f rom 
1946 t o  1969. The necessary v a r i a b l e s  and d a t a  sources f o r  them a r e  
l i s t e d  i n  t h e  Appendix t o  t h e  model r e p o r t .  

DATA USED I N  RUNNING MODEL 

The model i s  used p r i m a r i l y  t o  genera te  p r i c e  e l a s t i c i t i e s .  I n  o r d e r  
t o  run  t h e  model f o r  f u t u r e  pe r iods ,  f o r e c a s t s  a r e  r e q u i r e d  f o r  va lues 
o f  a l l  t h e  independent v a r i a b l e s .  Such f o r e c a s t s  a r e  n o t  i n c l u d e d  i n  
t h e  model r e p o r t .  

DOCUMENTATION 

J. Ramsey, R. Rasche, and B. A l l e n ,  "An A n a l y s i s  o f  t h e  P r i v a t e  and 
Commercial Demand f o r  Gas01 ine , "  Department o f  Economics, Mich igan S t a t e  
U n i v e r s i t y ,  February 18, 1974. 



INFREQUENT PURCHASE BEHAVIOR I N  A STOCK ADJUSTMENT MODEL 

"The E m p i r i c a l  Imp1 i c a t i o n s  of I n f r e q u e n t  Purchase Behav ior  i n  a  
Stock Adjustment Model" was w r i t t e n  by R icha rd  B. West in and appeared i n  
t h e  American Economic Review i n  1975. The o b j e c t i v e  o f  t h e  au to  demand 
model i s  t o  analyze t h e  i n f r e q u e n t  purchase b e h a v i o r  o f  new c a r  buyers.  
Th is  new d i s c r e t i o n a r y  replacement model i s  compared w i t h  t h e  
convent iona l  s tock ad jus tment  model, and t h e  po l  i c y  impl  i c a t i  ons o f  b o t h  
a r e  d i  scussed. 

AUTHOR 

R icha rd  B, West in 
Scarborough Col 1  ege 
U n i v e r s i t y  o f  Toronto  

MODEL TYPE 

Automobi l e  demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  of t h i s  model of au to  denland i s  t o  t e s t  t h e  e m p i r i c a l  
impl  i c a t i o n s  o f  i n f r e q u e n t  purchase behav ior .  I n d i v i d u a l  purchasers o f  
new automobi les  e n t e r  t h e  market  a t  i n f r e q u e n t  i n t e r v a l s  and a r e  
i n a c t i v e  t h e  r e s t  o f  t h e  t ime, I n  t h i s  regard ,  t h e t r a d i t i o n a l  
assumpti on o f  t h e  s tock  ad jus tment  model t h a t  r e p l  acement demand i s  
equal  t o  d e p r e c i a t i o n  on t h e  e x i s t i n g  s tock  becomes quest ionab le ,  Many 
h o l d e r s  o f  automobi l e s  have no i n t e n t i o n  o f  e n t e r i n g  t h e  new c a r  market  
i n  t h e  near  f u t u r e  and, t h e r e f o r e ,  do n o t  t r a n s l a t e  t h e i r  l o s s  o f  
s e r v i c e s  f rom t h e i r  used c a r  s t o c k  i n t o  e f f e c t i v e  demand f o r  new cars .  

RELATIONSHIP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

T h i s  model was developed i n  ccnnec t ion  w i t h  t h e  a u t h o r ' s  d o c t o r a l  
d i s s e r t a t i o n  a t  t h e  U n i v e r s i t y  o f  Minnesota e n t i t l e d ,  "An Echo Theory o f  
Automobi 1 e  Demand," 1971. 

ASSUMPTIONS 

The d i s c r e t i o n a r y  r e p l  acement model assumes au to  demand can be 
d i v i d e d  i n t o  two components: r e p l  acement demand and nonrepl  acement 
demand. Replacement demand i s  assumed t o  depend on t h e  e x i s t i n g  s tock  
o f  c a r s  by v i n t a g e  and on d i s c r e t i o n a r y  v a r i a b l e s  t h a t  a f f e c t  the t i m i n g  



o f  normal replacement demand. Nonreplacement demand i s  assumed t o  be a  
f u n c t i o n  o f  economic v a r i a b l e s  such as d i sposab le  and permanent income 
and t h e  r e l a t i v e  p r i c e  o f  new automobi les .  

VALIDATION 

Us ing h i s t o r i c a l  da ta ,  t h e  d i s c r e t i o n a r y  r e p l  acement model was t e s t e d  
a g a i n s t  t h e  conven t i ona l  s tock  ad jus tment  model. I n  genera l ,  t h e  a  
p r i o r i  p r e d i c t i o n s  o f  t h e  d i  s c r e t i  onary r e p l  acement model a r e  borne o u t  
by  t h e  data.  I n  p a r t i c u l a r ,  t h e  c o e f f i c i e n t s  o f  t h e  lagged 
d i s c r e t i o n a r y  v a r i a b l e s  a r e  o p p o s i t e  i n  s i g n  and app rox ima te l y  equal  i n  
magni tude t o  t h e  c o e f f i c i e n t s  o f  t h e  c u r r e n t  d i s c r e t i o n a r y  v a r i a b l e s  i n  
most o f  t h e  es t ima ted  equat ions .  The c o e f f i c i e n t s  o f  t h e  lagged s tock  
v a r i a b l e s  a r e  p o s i t i v e  f o r  t h e  newer s tock ,  which i s  c o n s i s t e n t  w i t h  t h e  
t h e o r y  o f  t h e  d i  s c r e t i  onary r e p l  acement model. 

LIMITATIONS AND BENEFITS 

The es t ima ted  r e s u l t s  i n d i c a t e  no s u b s t a n t i a l  d i f f e r e n c e s  between t h e  
exp l  a n a t o r y  power o f  t h e  d i  s c r e t i o n a r y  r e p l  acement model and t h e  
t r a d i t i o n a l  s tock  ad jus tment  model. 

From a  t h e o r e t i c a l  p o i n t  o f  v iew t h e  d i  s c r e t i o n a r y  r e p l  acement model 
c o n s i d e r s  an aspect  o f  consumer d u r a b l e  goods demand t h a t  has been 
g e n e r a l l y  neg lec ted.  The model e x p l i c i t l y  t a k e s  account  o f  t h e  f a c t  
t h a t  i n d i v i d u a l  purchasers  o f  d u r a b l e  goods commonly e n t e r  t h e  market  
o n l y  a t  i n f r e q u e n t  i n t e r v a l s  and a r e  i n a c t i v e  t h e  r e s t  o f  t h e  t ime.  
T h i s  imp1 i e s  t h a t  t h e  assumpt ion t h a t  c u r r e n t  replacement demand i s  
equal t o  c u r r e n t  d e p r e c i a t i o n  on t h e  e n t i r e  e x i s t i n g  s tock  i s  
ques t i onab le .  Many h o l d e r s  o f  d u r a b l e s  have no i n t e n t i o n  o f  e n t e r i n g  
t h e  market  and do n o t  t r a n s 1  a t e  t h e  l o s s  o f  s e r v i c e s  f rom t h e i r  p resen t  
s tock  i n t o  e f f e c t i v e  demand f o r  new s tock .  

STRUCTURE 

The s t r u c t u r e  o f  t h e  d i s c r e t i o n a r y  replacement model i s  as f o l l o w s :  

where: 

Nt = number o f  new c a r s  purchased 

N*t = nonrep l  acement demand 

a  = p r o p o r t i o n  o f  c a r s  o f  age i t h a t  a r e  r e p l  aced w i t h  new c a r s  i 



c = c o e f f i c i e n t  r e p r e s e n t i n g  t h e  s a t u r a t i o n  e f f e c t  o f  t h e  e x i s t i n g  
stock on nonreplacement demand 

V = number o f  c a r s  o f  v i n t a g e  t- i  e x i s t i n g  i n  p e r i o d  t t- i 

Dt = d i s c r e t i o n a r y  v a r i a b l e  

B = c o e f f i c i e n t  on d i s c r e t i o n a r y  v a r i a b l e  

MODEL CONSTRUCTION 

The model i s  c o n s t r u c t e d  u s i n g  da ta  sources which a r e  documented i n  
t h e  data  appendix o f  t h e  paper. I n  genera l ,  most o f  t h e  d a t a  come f rom 
t h e  Survey o f  Cu r ren t  Business. 

DATA USED IN  RUNNING MODEL 

Est imated o r  f o r e c a s t  va lues  f o r  a l l  t h e  independent v a r i a b l e s  o f  t h e  
model a r e  necessary t o  genera te  p r e d i c t i o n s  f o r  au to  demand. 

DOCUMENTATION 

Richard  B. Westi n, "Emp i r i ca l  Imp1 i c a t i o n s  o f  I n f r e q u e n t  Purchase 
Behav ior  i n  a Stock Adjustment  Model," American Economic Review, 
Vol . 65, No. 3 ,  pp. 384-396. 
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submi t ted  a t  t h e  U n i v e r s i t y  o f  Minnesota, March 1971. 



GASOLINE USE MODEL 

The Gaso l i ne  Use Model, da ted 1975, was prepared by t h e  Urban 
I n s t i t u t e  f o r  t h e  N a t i o n a l  Science Foundation. The o b j e c t i v e  o f  t h e  
model i s  t o  f o r m u l a t e  and e s t i m a t e  a  g a s o l i n e  demand equat ion .  It was 
used by t h e  a u t h o r  t o  p r o v i d e  es t ima tes  o f  t h e  p r i c e  e l a s t i c i t y  o f  
demand f o r  gasol  ine .  

SPONSOR 

Research Appl i e d  t o  N a t i o n a l  Needs (RANN) 
Na t iona l  Science Foundat ion 
Washington D. C. 20550 

AUTHOR 

Robert  G. McGi 11 i vray  
Urban I n s t i t u t e  
Washington, D.C. 

MODEL TYPE 

Fuel consumption 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  f o r m u l a t e  and e s t i m a t e  a  gasol  i n e  
demand equa t ion  and u l t i m a t e l y  t o  p r o v i d e  es t ima tes  o f  t h e  p r i c e  
e l a s t i c i t y  o f  t h e  demand f o r  gaso l ine .  

RELATIONSHIP TO OTHER MODELS 

The model has no d i r e c t  r e l a t i o n s h i p  t o  o t h e r  models. I t i s  a  
v a r i a n t  o f  t h e  n a t u r a l  gas model i n  P. B a l e s t r a  and M. Ner love,  "Poo l i ng  
Cross-Sect ion and Time S e r i e s  Data i n  t h e  E s t i m a t i o n  o f  a  Dynamic Model: 
The Demand f o r  N a t u r a l  Gas," Econometrica, Vol .  34, No. 3 ,  J u l y  1966, 
pp. 585-612. 

HISTORICAL BACKGROUND 

T h i s  model i s  t h e  ou tg rowth  o f  a  rev iew  o f  p rev ious  gasol  i n e  demand 
models, many o f  which i g n o r e  ad jus tments  i n  ownership, purchase, and use 
o f  automobi 1 es. 

ASSUMPTIONS 

The model assumes t h a t  new automobi le  purchases, use o f  t h e  



automobi 1 e s tock ,  and gasol  i ne p r i c e  a r e  predetermined.  

VAL I DAT I ON 

The model was r u n  t o  f o r e c a s t  gasol  i n e  consumption i n  1970-1972 u s i n g  
a c t u a l  va lues f o r  t h e  independent v a r i a b l e s .  The a u t h o r  r e p o r t s  t h a t  
t h e  f o r e c a s t s  a r e  q u i t e  c l o s e  t o ,  though u n i f o r m l y  l a r g e r  than,  t h e  
a c t u a l  values.  

LIMITATIONS AND BENEFITS 

The model does n o t  app ly  t o  t h e  p e r i o d  from l a t e  1973 t o  e a r l y  1974 
because o f  t h e  extreme s h i f t  i n  t h e  supp ly  o f  gaso l i ne .  The model can 
be used f o r  f u t u r e  f o r e c a s t i n g  o n l y  w i t h  some assumption o r  f o r e c a s t  
f rom another  model as t o  t h e  l e v e l  o f  new c a r  sales.  

STRUCTURE 

T h i s  econometr ic  model c o n s i s t s  o f  a s i n g l e  equa t ion  f o r  g a s o l i n e  
demand which i s  es t ima ted  by o r d i n a r y  1 eas t  squares u s i n g  annual da ta  
f rom 1951 t o  1969. 

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

Gt = passenger-car gasol  i ne consumption, p e r  c a p i t a ,  i n  g a l l o n s ,  i n  y e a r  
t 

P 9 t  
= p r i c e  o f  g a s o l i n e ,  d e f l a t e d ,  i n  y e a r  t 

At = new-passenger-car r e g i s t r a t i o n s ,  p e r  c a p i t a ,  i n  automobi les,  i n  
year t 

Lt = average gasol  i ne consumption p e r  automobi le,  i n  g a l l o n s ,  i n  y e a r  t 

MODEL CONSTRUCTION 

The model i s  es t ima ted  u s i n g  data  f rom 1951 t o  1969. Data sources 
and t h e  ac tua l  da ta  va lues a r e  1 i s t e d  i n  t h e  model r e p o r t .  

DATA USED I N  RUNNING MODEL 

The model r e q u i r e s  fo recas ts  o f  t h e  indepentlent v a r i a b l e s  ( o r  t h e i r  
a c t u a l  va lues)  a f t e r  1959. 
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Robert  G. McGi 11 i v r a y ,  "Gas01 i n e  Use By Automobiles," T r a n s p o r t a t i o n  
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MODELING THE RESPONSE OF THE DOMESTIC 
AUTOMOBILE INDUSTRY TO MANDATES FOR 

INCREASED FUEL ECONOMY: AN INDUSTRY MODEL 

Model i ng t h e  Response of t h e  Domestic Automobi 1  e  I n d u s t r y  t o  Mandates 
f o r  Increased Fuel Economy: An I n d u s t r y  Model was w r i t t e n  i n  1977 by  
t h e  Rand Corpo ra t i on  under t h e  sponsorship o f  t h e  N a t i o n a l  Science 
Foundation. The purpose of t h e  model i s  t o  p r o j e c t  t h e  l o n g - r u n  
response o f  t h e  automobi le  i n d u s t r y  t o  t h e  f u e l  economy s tandards  
mandated by  t h e  Energy Pol i c y  and Conservat ion  Ac t  o f  1975. The model 
es t ima tes  t h e  equi  1  i br ium changes i n  p r i c e s ,  cos ts ,  sa les ,  p r o f i t s ,  
i n d i v i d u a l  and aggregate fue l  economies, and governmental revenues when 
v a r i o u s  l e v e l s  o f  f u e l  economy mandates a r e  imposed f o r  1985. 

SPONSOR 

Na t iona l  Science Foundat ion  
Washington, D.C. 20550 

AUTHOR 

J.P. Stucker ,  B.K. B u r r i g h t ,  W.E. Mooz 
Rand C o r p o r a t i  on 
Santa Monica, C a l i f .  90406 

MODEL TYPE 

Automobi l e  demand, f u e l  economy, p r i c i n g  

OBJECTIVE OF MODEL 

The purpose o f  t h e  model i s  t o  rep resen t  t h e  automobi le  i n d u s t r y ' s  
behav io r  i n  response t o  v a r i o u s  f u e l  economy mandates by t h e  y e a r  1985, 
assuming t h a t  t h e  i n d u s t r y  can s t a r t  i t s  adjustments,  p lans ,  and 
processes today ( i n  1977). The i n d u s t r y ' s  b e h a v i o r  i s  modeled i n  terms 
of changes i n  i t s  sa les ,  p r i c e s ,  revenues, f u e l  economies, cos ts ,  and 
p r o f i t s .  

HISTORICAL BACKGROUND 

T h i s  model was developed t o  ana lyze t h e  response o f  t h e  domest ic  
automobi le  i n d u s t r y  t o  mandates f o r  i nc reased  new c a r  f u e l  economy as 
l e g i s l a t e d  i n  t h e  Energy P o l i c y  and Conservat ion  Act  o f  1975. 

ASSUMPTIONS 

The model assumes t h a t  t h e  domest ic  automobi le  i n d u s t r y  a c t s  as i f  i t  
were a  s i n g l e  f i r m  (monopoly assumption) which maximizes i t s  p r o f i t s  by 



choos ing t h e  f u e l  economy l e v e l  and number o f  each t y p e  o f  c a r  i t  
produces and s e l l s ,  It was c a l i b r a t e d  on t h e  assumption t h a t  i n  1976 
t h e  i n d u s t r y  was n e a r l y  a t  1  ong-term e q u i l i b r i u m .  

VALIDATION 

The model was examined f o r  s e n s i t i v i t y  t o  c o s t  l e v e l  es t ima tes  by 
t e s t i n g  how t h e  behav io r  o f  t h e  i n d u s t r y  was a f f e c t e d  by changes i n  t h e  
t a x  r a t e  assoc ia ted  w i t h  t h e  f u e l  economy mandate. I t was found t h a t  a  
f i n e  o f  l e s s  than  20 d o l l a r s  pe r  mpg would cause f u e l  economy 
improvements, b u t  n o t  enough t o  meet t h e  mandated mpg standard.  

LIMITATIONS AND BENEFITS 

T h i s  i s  one o f  a  few models developed t o  analyze t h e  i n d u s t r y ' s  
response t o  t h e  f u e l  economy mandates, The authors  p o i n t  o u t  two 
l i m i t a t i o n s  o f  t h e  model: 

1) t h e  model assumes t h e  i n d u s t r y  a c t s  as a  monopoly and shou ld  be 
rep laced  w i t h  a  model t h a t  more a c c u r a t e l y  r e f l e c t s  t h e  
o l i g o p o l  i s t i c  n a t u r e  o f  t h e  i n d u s t r y ;  and 

2)  t h e  parameters o f  t h e  model a r e  n o t  based on t i m e - s e r i e s  i n f o r m a t i o n  
t h a t  r e f l e c t s  t h e  c o n t i n u a l  dynamic adjustments t a k i n g  p l a c e  i n  t h e  
i n d u s t r y ' s  markets.  

STRUCTURE 

The model assumes t h a t  t h e  domest ic  automobi le  i n d u s t r y  a c t s  as a  
s i n g l e  f i r m  t h a t  produces and s e l l s  t h r e e  t y p e s  o f  ca rs :  l a r g e ,  mid- 
s i ze ,  and smal l .  T h i s  f i r m ' s  o b j e c t i v e  i s  t o  maximize t h e  j o i n t  p r o f i t s  
o f  i t s  members, as f o l l o w s :  

Maximize P r o f i t s :  L = (R-C) (1-d)  - F 

where: 

L = p r o f i t s  

R = t o t a l  revenue o f  i n d u s t r y  

C = t o t a l  c o s t s  o f  i n d u s t r y  ( p r o d u c t i o n  and s e l l i n g )  

d  = c o r p o r a t e  income t a x  r a t e  

F  = t o t a l  i n d u s t r y  f u e l  economy f i n e  

Revenue, cos ts ,  and t h e  f u e l  economy f i n e  a r e  d e f i n e d  by t h e  
f o l l  owing equat ions :  

Revenue: R = pbQb t pmQm t P ~ Q ~  



where: 

pi = new c a r  p r i c e  of c a r  t y p e  i, i = b i g ,  mid-s ize ,  smal l  

Q~ = new c a r  s a l e s  of c a r  t y p e  i, 

i i i  i i i  
i b a l  pma2 p ~ a 3  Eba4 Ema5 Esa6 

= a0 P 

Ei = new c a r  f u e l  economy o f  c a r  t y p e  i 

ai = demand e l a s t i c i t i e s  
j 

Costs: C = cb + cm + cS 

where: 

i C = i n d u s t r y  c o s t s  o f  c a r  t y p e  i, 

B~ = c o s t  parameter  f o r  c a r  t y p e  i 
j 

Fuel  Economy F ine :  F = T ( M  - E )  Q 

where: 

T = f u e l  economy t a x  r a t e  

M = f u e l  economy mandate 

Q = t o t a l  new c a r  s a l e s  = Q~ + Q~ + gs 

E = new c a r  f u e l  economy, 



MODEL CONSTRUCTION 

The model was c o n s t r u c t e d  u s i n g  1976 va lues f o r  t h e  exogenous 
v a r i a b l e s  and parameters, which were gathered f rom these  sources: 

1)  new c a r  sales--Jan. 10, 1977, i s s u e  o f  Automot ive News 

2) f u e l  economy v a l  ues--Envi ronrnental P r o t e c t i o n  Agency es t ima tes  

3)  p r i c e  and c o s t  es t ima tes - -p r imar i  l y  d e r i v e d  f rom m a t e r i  a1 re1 eased 
by  t h e  Counc i l  on Wage and P r i c e  S t a b i l i t y  

4 )  demand e l a s t i c i t i e s - - d e t e r m i n e d  based on a  rev iew  o f  t h e  recen t  
1 i t e r a t u r e  

DATA USED IN RUNNING MODEL 

A t a x  r a t e  assoc ia ted  w i t h  t h e  f u e l  economy mandate and maximum 
f e a s i b l e  f u e l  economy l e v e l s  f o r  each t ype  o f  c a r  bo th  need t o  be 
s p e c i f i e d .  

DOCUMENTATION 

D.P. Stucker,  B.K. B u r r i g h t ,  and W.E. Mooz, Model ing - t h e  Response -- o f  t h e  
Domestic Automobi 1 e  I n d u s t r y  t o  Mandates - f o r  Increased Fuel Economy: An - 
I n d u s t r y  -9 Model Rand ~ o r p o r a t z n ,  P-5858. December 1 9 7 7 7  



QUANTIFICATION OF TRANSPORTATION NOISE 

A  model o f  Q u a n t i f i c a t i o n  of T r a n s p o r t a t i o n  No ise  was prepared i n  
1975 by Wyle L a b o r a t o r i e s  f o r  t h e  Mo to r  V e h i c l e  Manu fac tu re rs  
A s s o c i a t i o n ,  I t s  purpose i s  t o  q u a n t i f y  community n o i s e  due t o  road 
t r a f f i c .  

SPONSOR 

Motor  V e h i c l e  Manu fac tu re rs  A s s o c i a t i o n  
320 New Center  Bu i  1 d i  ng 
D e t r o i t ,  Mich. 48202 

AUTHOR 

Rober t  Rack1 , L o u i s  Suther land,  and Jack Swing 
Wyl e  L a b o r a t o r i e s  
E l  Segundo, Cal if. 90245 

MODEL TYPE 

Noise p o l l u t i o n  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  q u a n t i f y  community n o i s e  due t o  road 
t r a f f i c .  The o b j e c t i v e  o f  t h e  s tudy  i n  wh ich  t h e  model was b u i l t  was t o  
p r o v i d e  s u p p o r t i n g  i n f o r m a t i o n  f o r  use i n  f o r m u l a t i n g  motor  v e h i c l e  and 
highway n o i s e  p o l i c i e s  w i t h i n  an o v e r a l l  n a t i o n a l  p o l i c y  o f  community 
n o i s e  abatement. 

RELATIONSHIP TO OTHER MODELS 

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

ASSUMPTIONS 

The model assumes t h a t  t h e  a d v e r w  responses o f  human be ings  t o  n o i s e  
can be q u a n t i f i e d  and t h a t  t h e s e  q u a n t i f i c a t i o n s  a r e  r e p r e s e n t a t i v e  o f  
t h e  community. I n  r u n n i n g  t h e   mod^: f o r  cases i n  t h e  f u t u r e ,  v a r i o u s  
assumptions were made conce rn ing  t h e  u s e f u l  l i f e  o f  t h e  a u t o  f l e e t ,  t h e  
range o f  c o s t s  f o r  n o i s e  countermeasures, t h e  i nc reased  v e h i c l e  
o p e r a t i n g  cos ts ,  e t c .  

VAL IDATION 

The model was eva lua ted  f o r  1978 and r e f i n e d  on t h e  b a s i s  o f  



exper iences i n  Spokane, Washington, whose l e v e l  o f  n o i s e  was though t  t o  
be t y p i c a l .  The model a u t h c r s  f e e l  , t h e r e f o r e ,  t h a t  t h e  r e s u l t s  o f  t h e  
a n a l y s i s  conducted f o r  Spokane a r e  a p p l i c a b l e  t o  many areas o f  t h e  
c o u n t r y ,  b u t  c a u t i o n  t h a t  t h e r e  a re  r e g i o n a l  l i m i t a t i o n s  t o  t h e  
appl  i c a b i  1  i t y .  

STRUCTURE 

The model process i s  as f o l l  ows: 

1) The c i t y  o r  a rea b e i n g  analyzed i s  d i v i d e d  i n t o  a c o u s t i c a l l y  
homogeneous c e l l  s. 

2 )  The n o i s e  sources a r e  i d e n t i f i e d  by c e l l .  

3)  The l e v e l  o f  source a c t i v i t y  (e.g., t r a f f i c  f l ow)  i s  q u a n t i f i e d  by 
t i m e  per iod .  

4 )  The composi te t o t a l  n o i s e  exposure f o r  each c e l l  f o r  each t i m e  
p e r i o d  i s  q u a n t i f i e d ,  based on n o i s e  l e v e l s  f rom each source. 

5 )  T r a n s f e r  f u n c t i o n s  a r e  a p p l i e d  t o  t h e  n o i s e  exposure l e v e l  i n  each 
c e l l  t o  produce t h e  percentage o f  people i n  t h e  c e l l  who w i l l  
respond adve rse l y  t o  t h e  n o i s e  exposure, 

6 )  Based on t h e  t o t a l  p o p u l a t i o n  o f  t h e  c e l l ,  t h e  number o f  people who 
w i  11 respond adve rse l y  i s  es t imated.  

MODEL CONSTRUCTION 

T h i s  i s  a  p h y s i c a l  systems model i n  which parameter va lues  a r e  based 
on a c t u a l  no i se  measurements and o t h e r  c u r r e n t  r e l a t i  onships.  

DATA USED IN  RUNNING MODEL 

Requ i red  f o r  each c l a s s  o f  v e h i c l e s  (au tomobi les ,  t r u c k s ,  e t c . )  a r e  
t h e  number o f  v e h i c l e s  pe r  u n i t  d i s t a n c e  o f  roadway and a  r e f e r e n c e  
no i se  l e v e l  measured a t  a s tandard  d i s tance .  I n  a d d i t i o n ,  t h e  
p e r p e n d i c u l a r  d i s t a n c e  o f  t h e  observer  f rom t h e  roadway must be known. 

Other  t ypes  o f  da ta  a r e  r e q u i r e d  and a r e  1  i s t e d  i n  t h e  model r e p o r t .  
These i n c l u d e  t r a n s f e r  f u n c t i o n s  r e l a t i n g  n o i s e  l e v e l s  t o  a  human 
response, p o p u l a t i o n  d i s t r i b u t i o n s  by day and n i g h t  and l a n d  use, and 
s t r e n g t h  o f  t h e  n o i s e  sources. 

DOCUMENTATION 

R ,  Rack1 , L. Sut her land,  and J . Swing , Community Noi se Countermeasures: 
Cos t -E f fec t i veness  Ana lys i s ,  p repared f o r  t h e  Motor  V e h i c l e  
Manufacturers A s s o c i a t i o n  by Wyl e  L a b o r a t o r i e s ,  Wyl e  Research Report  



WCR75-2, 2 Volumes, J u l y  1975. Appendices A, B, and C,  WCR-76-15, June 
1977. 

COMPUTER REQUIREMENTS 

The program i s  designed t o  b e  r u n  on a l a r g e  computer w i t h  t h e  use r  
a t  a remote t e r m i n a l .  



ECONOMETRIC MODELS OF THE DEMAND FOR MOTOR FUEL 

Econometric Models o f  t h e  Demand f o r  Motor Fuel was prepared i n  A p r i l  
1975 by t h e  Rand Corporat ion.  The study was sponsored by t h e  Nat iona l  
Science Foundation and t h e  Federal Energy Admi n i  s t r a t i  on. It 
develops econometric measures o f  t he  shor t - run and long-run demand f o r  
highway motor f u e l  and gas01 ine.  

SPONSOR 

Nat iona l  Science Foundation 
Washington, D.C. 20550 

Federal Energy Admi n i  s t r a t i o n  
Washington, D.C. 20461 

AUTHOR 

Burke K. B u r r i g h t  and John H. Enns 
Rand Corporat ion 
Santa Monica, C a l i f .  90406 

MODEL TYPE 

Fuel consumption, veh i c l e  m i l es  t rave led ,  automobile demand, f u e l  
economy 

OBJECTIVE OF MODEL 

The purpose o f  t h e  study i n  which t h e  models were prepared was t o  
develop econometric measures o f  t h e  shor t - run and long-run demand f o r  
highway motor f u e l  and gasol ine.  

RELATIONSHIP TO OTHER MODELS 

This  study i s  p a r t  o f  Rand's con t i nu i ng  research program on t h e  
eva lua t i on  o f  measures t o  conserve energy. Other models i n  t he  se r ies  
i nc l ude  74-001A - General i zed  Automobi l e  Design Model , 74-0018 - 
Automobi l e  F l ee t  Mix Model , and 74-001C - New Car SalesIAuto Ownership1 
Veh ic le  M i  1 es Traveled (NAV) Model. Th i s  r e p o r t  expands on work 
appearing i n  74-001B and 74-001C. 

ASSUMPTIONS 

The study est imates bo th  t h e  shor t - run  and long-run demand f o r  
gasol ine under a v a r i e t y  o f  assumptions as t o  f unc t i ona l  form and 
re l evan t  var iab les.  The shor t - run  model assumes t h a t  t h e  b i as  o f  
simultaneous equat ions i s  no t  a ser ious problem; t h e r e f o r e  on ly  o rd i na ry  



and general i zed  1  east  squares es t ima t i on  procedures a re  presented. The 
t h e o r e t i c a l  ana l ys i s  assumes t h a t  v e h i c l e  m i  1  es t r a v e l e d  a r e  produced 
f o r  each household accord ing t o  t h e  sho r t - r un  p roduc t ion  func t ion .  The 
model a1 so assumes t h a t  a1 1  automobi les a re  a1 ike.  The long-run model 
assumes t h a t  new and used cars  have t h e  same average f u e l  e f f i c i e n c y .  
Real p r i ces  o f  gasol i n e  and new c a r s  a r e  exogenous t o  t h e  model. 

VAL I D A T I  ON 

The models' r e s u l t s  a r e  compared and con t ras ted  w i t h  t h e  r e s u l t s  
produced by o the r  models. 

L I M I T A T I O N S  AND BENEFITS 

The study prov ides a  good comparison of va r ious  est imates o f  t h e  
e l  a s t i c i  t y  o f  demand f o r  gaso l i  ne. However, t h e  long-run model assumes 
a  p e r f e c t l y  e l  a s t i c  supply o f  gaso l i ne  and new cars,  so t h a t  market- 
c l e a r i n g  p r i c e - q u a n t i t i e s  combinat ions cannot be pred ic ted.  

STRUCTURE 

The study est imates b o t h  t h e  shor t - run  and long-run demand f o r  motor 
fue l .  The shor t - run  demand f u n c t i o n  i s  der i ved  from a  s imple model of 
household dec i  sion-making which exp la i ns  t h e  demand f o r  v e h i c l e  m i l e s  
t rave led .  The f u n c t i o n  i s  est imated us ing  two data bases: ( 1 )  a  pooled 
t ime-ser ies  o f  s t a t e  data f rom 1955 t o  1970, and ( 2 )  na t i ona l  t ime-  
se r i es  data from 1950 t o  1972. Est imates us ing t h e  pooled data a re  
obtained by general i zed l e a s t  squares and o rd i na ry  1  east squares (OLS) . 
A r ep resen ta t i ve  equat ion est imated by genera l i zed  l e a s t  squares i s: 

+ .93 [log(A/POP)] - .09 (uPOP) 
(42.3) (1.8) 

R~ = .95 D.F. = 763 

where t - s t a t i  s t i c s  a re  i n  parentheses, and 

F = f u e l  consumption 

Pf = average r e a l  p r i c e  o f  r e g u l a r  gasol i n e  

Y = d isposable  personal income 

A  = r e g i  s tered veh ic les  (mi 11 ions )  

UPOP = X o f  s t a t e  popu la t i on  r e s i d i n g  i n  urban areas 

POP = popu la t i on  



Other  equa t i ons  , inc luded a  mi l es -pe r -ga l  I o n  v a r i a b l e .  Sho r t - run  
e s t i m a t e s  a r e  a l s o  o b t a i n e d  u s i n g  n a t i o n a l  t i m e - s e r i e s  d a t a  f o r  f u e l  
used i n  au tomobi les  on l y .  A s h o r t - r u n  f u e l  demand f u n c t i o n  i s  e s t i m a t e d  
and combined w i t h  an e q u a t i o n  exp l  a i  n i  ng mi 1  es -pe r -ga l l  on t o  o b t a i n  
s h o r t - r u n  f u e l  demand f u n c t i o n s  such as t h e  f o l l o w i n g :  

+ * I 9 0  [ l o g ( w ) I  + ,010 [ l o g ( Z ) ]  + .849 [ l o g ( A / P ) ]  + .42 ( D )  

where: 

M = average a u t o  fue l  e f f i c i e n c y  ( m i l e s  p e r  g a l l o n )  

Z  = unemployment r a t e  (%)  

D  = dummy v a r i a b l e  f o r  s a f e t y  and emiss ion  s tanda rd  y e a r s  (1968-72) 

The equa t i ons  a r e  es t ima ted  f o r  1950 t o  1972. 

The l ong - run  f u e l  demand model focuses on changes i n  t h e  t o t a l  number 
o f  au tomobi les  owned. New c a r  sa les ,  t h e  used c a r  s tock ,  and used c a r  
p r i c e  a re  es t ima ted  u s i n g  b o t h  o r d i n a r y  l e a s t  squares and two s tage 
l e a s t  squares f o r  a  v a r i e t y  o f  f u n c t i o n a l  forms. A r e p r e s e n t a t i v e  
equa t i on ,  es t ima ted  by OLS f o r  1954 t o  1972, appears below, 

+ .958 [ l o g ( P u ) l  + 5.316 [ l og (Y /H) ]  + . I 3 1  (ST) 
(2.031) (2.412) (3.170) 

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

N = U.S. new c a r  u n i t  s a l e s  

DPOP = d r i v i n g  age p o p u l a t i o n  

Pn = average r e a l  p r i c e  o f  new c a r s  

Pu = average r e a l  p r i c e  o f  used c a r s  

Y = permanent d i sposab le  personal  income 

H = households 

ST = dummy au to  s t r i k e  v a r i a b l e  ( =  -1, s t r i k e  year ;  = 1, y e a r  f o l l o w i n g  
s t r i k e ;  = 0, o t h e r w i s e )  



MODEL CONSTRUCTION 

Data sources f o r  t h e  s h o r t - r u n  and l ong - run  demand models a r e  1  i s t e d  
i n  t h e  model r e p o r t .  Automobi le gas01 i n e  use, au tomobi le  m i l e s  d r i v e n ,  
automobi l e  ownership, and average f l e e t  e f f i c i e n c y  were taken  f rom . - 
Highway S t a t i s t i c s .  Automobi le r e g i s t r a t i o n  and F a d u c t i o n  da ta  were 
ob ta ined  f rom t h e  Federal  Highway A d m i n i s t r a t i o n .  The a c t u a l  da ta  - - 
va lues  f o r  a1 1  v a r i a b l e s  a r e  a l s o  l i s t e d  i n  t h e  r e p o r t .  

DOCUMENTATION 

Burke K. B u r r i g h t  and John H. Enns, Econometr ic  Models o f  t h e  Demand f o r  
Motor  Fue l ,  The Rand Corpo ra t i on ,  R-1561 - NSFIFEA, A p r i l  1975. -- 



ELASTICITIES OF DEMAND FOR NEW AUTOMOBILES 

"The E l a s t i c i t i e s  o f  Demand f o r  New Automobi les"  was w r i t t e n  a t  t h e  
General Motors C o r p o r a t i  on Research L a b o r a t o r i e s  and i s  dated May 1976. 
The demand f o r  new automobi les  i s  examined by us ing  s i n g l e  equa t ion  
models and monthly r e g i s t r a t i o n  data. The model es t ima tes  t h e  impact o f  
income, new c a r  p r i c e ,  used c a r  p r i c e ,  and f u e l  p r i c e s  on au to  demand. 
These es t ima tes  a r e  s e l e c t e d  on t h e  b a s i s  o f  t h e i r  s t a t i s t i c a l  
p r o p e r t i e s ,  t h e i r  p o t e n t i a l  f o r  f o recas t i ng ,  and t h e  r e s u l t s  o f  r i d g e  
r e g r e s s i o n  ana lys i s .  

SPONSOR 

General Motors Corpo ra t i on  

AUTHOR 

H. F. Ga l lasch,  Jr. 
General Motors Research L a b o r a t o r i e s  
Warren, Mich. 48090 

MODEL TYPE 

Automobi 1  e  demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  s tudy and es t ima te  t h e  impact o f  new 
c a r  p r i c e ,  income, used c a r  p r i c e ,  and g a s o l i n e  p r i c e  on au to  demand. 

RELATIONSHIP TO OTHER MODELS 

No r e l a t i o n s h i p  t o  o t h e r  o p e r a t i n g  f o r e c a s t i n g  models i s  i n d i c a t e d  i n  
t h e  model r e p o r t .  

HISTORICAL BACKGROUND 

The au tho r  notes  t h a t  t h e  m a j o r i t y  o f  automobi le demand s t u d i e s  have 
been p r i m a r i l y  concerned w i t h  t e s t i n g  v a r i o u s  t h e o r i e s  o f  du rab le  goods 
demand. The Gal l a s c h  model was developed t o  pay more a t t e n t i o n  t o  
s t r u c t u r a l  parameter es t ima tes  such as income, new c a r  p r i c e ,  used c a r  
p r i c e ,  and fue l  p r i c e .  

ASSUMPTIONS 

The model assumes t h a t  demand depends on income, new c a r  p r i c e ,  used 
c a r  p r i c e ,  gas01 i ne p r i c e ,  and unemployment. Seasonal dummies a r e  



i n c l u d e d  as r i g h t  hand v a r i a b l e s .  Ridge r e g r e s s i o n  e s t i m a t i o n  was used 
t o  t e s t  t h e  e f f e c t  of mu1 t i c 0 1  1  i n e a r i  t y  i n  t h e  exp lana to ry  v a r i a b l e s .  

VALIDATION 

The parameter es t ima tes  a r e  compared w i t h  o t h e r  es t ima tes  t h a t  have 
appeared i n  t h e  economics 1  i t e r a t u r e .  The e l a s t i c i t i e s  o f  t h e  G a l l a s c h  
model compare f a v o r a b l y  w i t h  o t h e r  h i s t o r i c a l  e l a s t i c i t i e s  ( p r i c e  and 
income). It i s  r e p o r t e d  t h a t  one es t ima ted  equa t ion  has an average 
f o r e c a s t i n g  e r r o r  o f  14% which i s  e q u i v a l e n t  t o  100 thousand u n i t s  on a  
monthy b a s i  s. 

LIMITATIONS AND BENEFITS 

A l i m i t a t i o n  o f  t h e  model i s  t h a t  s i n c e  t h e  model i s  monthly,  i t s  use 
as a  po l  i c y  a n a l y s i s  t o o l  i s  r a t h e r  1  i m i  t e d  due t o  t h e  extreme s h o r t - r u n  
n a t u r e  o f  t h e  model. Shor t - run  c y c l  i c a l  f a c t o r s  dominate t h e  model as 
expected. A b e n e f i t  i s  t h a t  a  f a i r l y  i n n o v a t i v e  e s t i m a t i o n  techn ique,  
r i d g e  reg ress ion ,  i s  empl oyed. 

STRUCTURE 

S i n g l e  e q u a t i o n  models a r e  examined. Both  s t a t i c  and dynamic 
equat ions  a r e  es t imated.  The equa t ions  a r e  a l l  o f  t h e  form: 

where: 

X = new c a r  sa les  (domest ic  and i m p o r t s )  

A  = c o n s t a n t  t e rm 

'nc = new c a r  p r i c e  w i t h  c o e f f i c i e n t  al 

= used c a r  p r i c e  w i t h  c o e f f i c i e n t  a2 

P = g a s o l i n e  p r i c e  w i t h  c o e f f i c i e n t  a3 
!3 

Y = d i sposab le  income w i t h  c o e f f i c i e n t  a4 

U = unemployment r a t e  w i t h  c o e f f i c i e n t  B 

Du = month ly  dummy v a r i a b l e s  w i t h  c o e f f i c i e n t s  Gi 



MODEL CONSTRUCTION 

The model i s  c a l i b r a t e d  us ing  month ly  da ta  f o r  1967-75, i n c l u d i n g :  

1 )  New c a r  r e g i s t r a t i o n s  f rom t h e  Survey of Cur ren t  Business 
(Department o f  Commerce), 

2 )  Consumer P r i c e  Index  f o r  new ca rs  from t h e  Department o f  Commerce, 

3 )  Consumer P r i c e  Index  f o r  used ca rs  f rom t h e  Department o f  Commerce, 

4 )  Gaso l i ne  p r i c e  f rom t h e  Pet ro leum Pub1 i s h i n g  Company, 

5 )  Income f rom t h e  Department o f  Commerce, and 

6 )  Unemployment r a t e  f rom t h e  Department o f  Commerce. 

DATA USED IN  RUNNING MODEL 

F o r  f u t u r e  p r o j e c t i o n s ,  f o r e c a s t s  o f  t h e  independent  v a r i a b l e s  a re  
r e q u i r e d .  F o r  w i  th in-sampl  e v a l i d a t i o n ,  t h e  h i s t o r i c a l  da ta  a r e  
r e q u i  red .  

DOCUMENTAT ION 

H. F. Ga l l asch  J r . ,  " E l a s t i c i t i e s  o f  Demand f o r  New Automobiles," 
Research L a b o r a t o r i e s ,  General Motors Corpora t ion ,  May 21, 1976, 



DECISION ANALYSIS OF AUTO EMISSION CONTROL 

A model o f  Auto Emiss ion  C o n t r o l  was prepared i n  1976 a t  S t a n f o r d  
U n i v e r s i t y  , w i t h  t h e  o b j e c t i v e  of p r o v i d i n g  a  genera l  a n a l y t i c a l  
framework t o  exami ne automobi 1  e  emi ss ions  as a  s o c i a l  problem, 
S p e c i f i c a l l y ,  a  d r i v e r  b e h a v i o r  model i s  used t o  compare t h e  e f f e c t s  o f  
" d i r e c t  r e g u l a t i o n "  p o l i c i e s  and "market"  p o l i c i e s  i n  c o r r e c t i n g  t h e  
a u t o  emi s s i o n  problem. 

AUTHOR 

Bruce R. Judd 
S t a n f o r d  U n i v e r s i t y  
S tan fo rd ,  Cal i f .  94305 

MODEL TYPE 

Emi s s i  ons, economic impact  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  e v a l u a t e  t h e  s o c i a l  c o s t s  and 
b e n e f i t s  o f  a1 t e r n a t i v e  emi ss ions  c o n t r o l  s t r a t e g i e s .  

RELATIONSHIP TO OTHER MODELS 

There i s  no f o r m a l ,  d i r e c t  r e l a t i o n s h i p  t o  o t h e r  models. However, 
much o f  t h e  d a t a  used i n  J u d d ' s  model comes f rom Dewees' work on 
au tomob i l e  a i r  p o l l u t i o n .  See, f o r  example, Donald W. Dewees, Economics 
and P u b l i c  Pol i c y :  a Automobi le  P o l l u t i o n  Case. Cambridge, Mass., -- 
MIT Press,  1974. 

HISTORICAL BACKGROUND 

The s tudy  was prepared as t h e  a u t h o r ' s  Ph.0. t h e s i s  i n  Eng ineer ing-  
Economic Systems a t  S t a n f o r d  U n i v e r s i t y .  

ASSUMPTIONS 

Numerous assumptions a r e  made c  ~ c e r n i n g  v e h i c l e  t ype ,  v e h i c l e  s i ze ,  
v e h i c l e  age, o p e r a t i n g  c o s t s ,  m i s s i o n  c o n t r o l  dev ices ,  v e h i c l e  
d e p r e c i a t i o n ,  w i  11 i ngness t o  pay t o  reduce automot ive  emiss ions  by  50%, 
emiss ions  taxes ,  gasol  i n e  taxes ,  e t  :, These a r e  ou t1  i n e d  i n  Chapter  4 
o f  t h e  model r e p o r t .  



VAL IDATION 

S e n s i t i v i t y  a n a l y s i s  w i t h  r e s p e c t  t o  t h e  parameters o f  t h e  model was 
conducted, It i s  concluded t h a t  a u t o  emissions s tandards  a r e  n o t  t h e  
most s o c i a l  l y  b e n e f i c i a l  of r e g u l a t o r y  a1 t e r n a t i v e s ,  as compared t o  gas 
taxes,  emiss ions taxes,  o r  t o  no c o n t r o l s .  

LIMITATIONS AND BENEFITS 

A l i m i t a t i o n  o f  t h e  a n a l y s i s  i s  t h a t  t h e  numbers generated by t h e  
model a r e  i l l u s t r a t i v e  and a r e  i n tended  o n l y  t o  produce i n s i g h t  i n t o  
which f a c t o r s  a r e  most i m p o r t a n t  i n  choos ing among emiss ion c o n t r o l  
p lans .  Thus, t h e  model i s  n o t  meant t o  be used as a  f o r e c a s t i n g  t o o l  
p e r  se. A b e n e f i t  o f  t h e  model i s  t h a t  i t  e x p l i c i t l y  deal  s  w i t h  i ssues  
t r a d i t i o n a l l y  n o t  q u a n t i f i e d ,  such as va lues d e r i v e d  f rom moto r ing  and 
t h e  s o c i a l  w i  11 i ngness t o  pay f o r  e l  i m i n a t i  ng p o l l u t i o n .  

STRUCTURE 

There a r e  two main models used i n  t h e  a n a l y s i s ,  a  d r i v e r  model and a  
b r e a t h e r  model. These i n t e r a c t  t o  y i e l d  a  s o c i a l  p r o f i t  i n d i c a t o r  f o r  
each emi ss ions c o n t r o l  pol  i c y  considered.  The p r i n c i p a l  components o f  
t h e  d r i v e r  model a re :  demand cu rve  genera tor ,  supp ly  c u r v e  genera tor ,  
v e h i c l e  e v a l u a t i o n ,  market  t r a d i n g  , new v e h i c l e  p r i c e s ,  and d r i v e r  
p r o f i t  computation. The b r e a t h e r  model does n o t  have any submodels. 

MODEL CONSTRUCTION 

The model was c o n s t r u c t e d  u s i n g  data  sources which a r e  documented i n  
Appendix A o f  t h e  model r e p o r t .  The Los Angeles area was used as t h e  
s u b j e c t  a rea f o r  s tudy.  

DATA USED I N  RUNNING MODEL 

To r u n  t h e  model, p r o j e c t i o n s  o r  assumptions about t h e  d a t a  used i n  
t h e  c o n s t r u c t i o n  o f  t h e  model a r e  requ i red .  

DOCUMENTATION 

Bruce R. Judd, D e c i s i o n  A n a l y s i s  of Auto Emission C o n t r o l ,  d o c t o r a l  
d i  s s e r t a t i  on a t  S t a n f o r d  U n i v e r s i t y ,  Dept. o f  Engineering-Economic 
Systems, May 1976. 

COMPUTER REQUIREMENTS 

The computer model code, w r i t t e n  i n  FORTRAN, i s  1  i s t e d  i n  Appendix C 
o f  t h e  d i s s e r t a t i o n .  Appendix D  has computer o u t p u t  f o r  y e a r s  
1976-1980. 



THE MOTOR VEHICLEIHIGHWAY NOISE MODEL 

The Motor  Veh ic le lH ighway Noise  Model was r e p o r t e d  i n  " A  Study o f  t h e  
Magnitude o f  T r a n s p o r t a t i o n  No ise  Genera t i  on and P o t e n t i a l  Abatement ," a 
seven-vol ume r e p o r t  which i n c l u d e s  an assessment o f  t r a n s p o r t a t i o n -  
n o i  se-abatement problems and t h e i r  p o t e n t i a l  s o l u t i o n s .  It was w r i t t e n  
i n  1970 by  S e r e n d i p i t y ,  Inc .  under sponsorsh ip  o f  t h e  U.S. Department o f  
T r a n s p o r t a t i o n .  

SPONSOR 

Department o f  T r a n s p o r t a t i o n  
O f f i c e  o f  t h e  Sec re ta ry  
O f f i c e  o f  Noise Abatement 
Washington, D.C. 20590 

AUTHOR 

Serendi p i  ty , I nc. 
Eas te rn  Operat ions  D i v i  s i o n  
S u i t e  701, 2001 Je f fe rson -Dav i  s  Highway 
Arl i n g t  on, Va. 22202 

MODEL TYPE 

Noise p o l l u t i o n  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  Motor  Veh ic le lH ighway Noise Model i s  t o  e s t i m a t e  
t h e  n o i s e  generated as a  r e s u l t  o f  a l t e r n a t i v e  t r a f f i c  f l o w s  and v e h i c l e  
mixes and t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  of n o i s e  abatement a1 t e r n a t i v e s .  

RELATIONSH IP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

The model was developed under U.S. Department o f  T r a n s p o r t a t i o n  
sponsorsh ip  as a  p a r t  o f  t h e i r  progmam t o  assess n o i s e  problems stemming 
from a l l  modes o f  t r a n s p o r t a t i o n ,  

ASSUMPTIONS 

The model i s  based on t h e  f o l l o w i n g  s i m p l i f y i n g  assumptions: 



1) The sound source i s  o m n i - d i r e c t i o n a l  , 

2 )  Sound r a y s  t r a v e l  i n  a  s t r a i g h t  l i n e  on t h e  s h o r t e s t  p a t h  between 
p r e d e f i n e d  p o i n t s ,  

3 )  The phase phenomenon o f  sound i s  o m i t t e d  f rom c o n s i d e r a t i o n .  

4 )  When t h e  a i r  a b s o r p t i o n  o p t i o n  i s  used, no extreme c o n d i t i o n s  o f  
tempera ture  o r  r e l a t i v e  h u m i d i t y  wi 11 p r e v a i l ,  

5 )  Any excess a t t e n u a t i o n  w i l l  occur  ove r  a  ground s t r i p  para1 l e l  t o  
t h e  road element. 

6 )  The r e f l e c t i o n  su r faces  a r e  f l a t  and r i g i d  so t h a t  no resonance due 
t o  b a r r i e r  v i b r a t i o n  occurs. 

7 )  The road  element i s  s t r a i g h t .  

8)  The d i r e c t i o n  edge i s  a  s t r a i g h t  1 i ne .  

9 )  S u f f i c i e n t  accuracy i s  ma in ta ined  by s e p a r a t i n g  a  cont inuous sound 
spectrum i n t o  e i g h t  oc tave bands. 

10)  No sound d i s t o r t i o n s  such as f rom s h i e l d i n g  and f o c u s i n g  occur  due 
t o  t h e  presence o f  o t h e r  highway v e h i c l e s .  

VALIDATION 

No va l  i d a t i o n  o f  t h e  model was r e p o r t e d  i n  t h e  model r e p o r t .  

STRUCTURE 

The model i s  a  general  i z a t i o n  o f  t h e  motor  veh ic le -h ighway system 
which c o n t a i n s  t h e  f o l l o w i n g  t h r e e  elements: n o i s e  source, n o i s e  paths ,  
and r e c e i v e r ,  Pr imary  c a l c u l a t i o n s  i n  t h e  model a r e  per formed i n  t h e  
main l o o p  o f  t h e  computer program which c o n s i s t s  o f  a  s e r i e s  o f  f i v e  
h i e r a r c h i c a l  loops .  The e i g h t - o c t a v e  band spectrum va lues  a t  each o f  
t h e  r e c e i v e r  p o i n t s  f rom a l l  source p o i n t s  t h rough  each des igna ted  p a t h  
a r e  c a l c u l a t e d  here. 

MODEL CONSTRUCTION 

The model i s  based on e m p i r i c a l  n o i s e  r e l a t i o n s h i p s .  

DATA USED IN  RUNNING MODEL 

I n p u t s  t o  t h e  model i n c l u d e  d e s c r i p t i o n s  o f  t h e  roadbed and a d j o i n i n g  
b a r r i e r s  i n  terms o f  w id ths ,  h e i g h t s ,  and placement angles; a b s o r p t i o n  
s p e c t r a  f o r  road  su r faces  ( o p t i o n a l )  ; n o i s e  source spac ing  ( o r  v e h i c l e s  
pe r  hour per  1  ane) ; percentages o f  veh i  c l  e  t ypes  ( o p t i o n a l  ) ; r e c e i v e r  



p o i n t s ;  sound r a y  behav io r ;  sound path ;  and a i r  a b s o r p t i o n  and excess 
a t t e n t u a t i  on va lues  ( o p t i o n a l  ) . 

DOCUMENTAT I ON 

A Study of the Magni tude of T r a n s p o r t a t i o n  No ise  Genera t i on  and - 
p o t e n t i a l  Abatement, F i n a l  Repor t ,  Vol . I--Summary, Serendi  p i t y ,  Inc.,  
Repor t  No. OST-ONA-71-1, November 1970. NTIS No. PB-206 067. 

A Study of the Magni tude of T r a n s p o r t a t i o n  No ise  Genera t i on  and - - 
P o t e n t i a l  Abatement, F i n a l  Repor t ,  Vol . IV--Motor  Veh ic le lH ighway System 
.. . 

COMPUTER REQUIREMENTS 

The computer program i s  w r i t t e n  i n  FORTRAN I V  f o r  t h e  Burroughs 5500 
computer. The u s e r s '  manual f o r  t h e  model program i s  Appendix A o f  Vol.  
I V  o f  t h e  r e p o r t ,  c i t e d  above. 



MODELING THE DEMAND FOR AUTOMOBILES IN THE UNITED STATES 

A model o f  t h e  Demand f o r  Automobi les i n  t h e  U n i t e d  S ta tes  was 
w r i t t e n  i n  1977 as a  d i s s e r t a t i o n  a t  The U n i v e r s i t y  o f  Michigan.  The 
general  o b j e c t i v e  o f  t h e  model i s  t o  improve upon t h e  t y p i c a l  s i n g l e -  
e q u a t i o n  models of au to  demand by i n c r e a s i n g  t h e  number o f  endogenous 
v a r i a b l e s  cons idered (e.g., market  segment, new c a r  demand, new c a r  
p r i c e ,  and used c a r  p ln ice) .  

AUTHOR 

Michael  M. Luckey 
The U n i v e r s i t y  o f  Mich igan 
Ann Arbor,  Mich. 48109 

MODEL TYPE 

Auto demand, market  share, v e h i c l e  m i l e s  t r a v e l e d  (VMT) , p r i c i n g  

OBJECTIVE OF MODEL 

The o b j e c t i v e s  o f  deve lop ing  t h i s  model a r e  as f o l l o w s :  

1 )  To b u i l d  an o p e r a t i o n a l  f o r e c a s t i n g  model o f  au tomobi le  demand, 
o r ,  a t  t h e  very  l e a s t ,  t o  p r o v i d e  t h e  f o u n d a t i o n  f o r  a  model t h a t  
c o u l d  be used i n  an ex-ante f o r e c a s t i n g  program. 

2 )  To expand t h e  s i n g l e - e q u a t i o n  models o f  au to  demand t y p i c a l l y  found 
i n  t h e  1  i t e r a t u r e .  T h i s  i n c l u d e s  improv ing t h e  s p e c i f i c a t i o n  o f  
au to  demand p e r  se as w e l l  as i n c r e a s i n g  t h e  number o f  endogenous 
v a r i a b l e s  i n  t h e  model (e.g,, market  segment new c a r  demand, new 
c a r  p r i c e ,  and used c a r  p r i c e ) .  

3 )  To i n c o r p o r a t e  t h e  f o l l o w i n g  d i s t i n g u i s h i n g  f e a t u r e s  i n t o  an 
i n t e g r a t e d  demand model : 

a)  The change i n  t h e  supp ly  of unso ld  new c a r s  i s  assumed t o  
i n f l u e n c e  new c a r  demand through i t s  impact  on new c a r  p r i c e .  

b )  The used c a r  market  i s  assumed t o  a f f e c t  new c a r  demand th rough  
used c a r  p r i c e s .  

c )  The model de termines t h e  compos i t i on  o f  new c a r  sa les  by  t h r e e  
b a s i c  market  segments: domest ic  small  (wheel base under 112" ) ,  
domest ic  l a r g e  (wheel base 112"and over ) ,  and impor t s  ( f o r e i g n -  
t y p e  c a r s  and c a p t i v e  impor ts ;  domest ics produced i n  Canada a r e  
e x c l  uded) . 



RELATIONSHIP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

The model was developed as  t h e  a u t h o r ' s  d o c t o r a l  d i s s e r t a t i o n  i n  
Economics a t  The U n i v e r s i t y  o f  Michigan.  

VAL1 DATION 

Two t y p e s  o f  e v a l u a t i o n  e x e r c i s e s  a r e  r e p o r t e d  i n  t h e  paper. F i r s t ,  
t h e  dynamic p r o p e r t i e s  o f  t h e  new c a r  p r i c e  equa t ion  a r e  analyzed. I n  
p a r t i c u l a r ,  i t  i s  shown t h a t  i nc reases  i n  t h e  r e t a i l  p r i c e  o f  new c a r s  
a r e  a lmost  e x a c t l y  p r o p o r t i o n a l  t o  i nc reases  i n  t h e  who lesa le  p r i c e  o f  
new ca rs  i n  t h e  l o n g  run.  Second, t h e  f o r e c a s t i n g  behav io r  o f  t h e  new 
c a r  demand equa t ion  i s  analyzed.  Both  w i th in -sample  and post-sample 
p r e d i c t i o n s  a r e  considered.  The e q u a t i o n  performs q u i t e  w e l l  i n  t h e  
wi th in-sampl e  p e r i o d  (1969.1-1971.4) w i t h  a  mean a b s o l u t e  percentage 
e r r o r  o f  l e s s  t h a n  one pe rcen t .  F o r  t h e  post-sample p e r i o d  
(1972.1-1974.4) t h e  p r e d i c t i o n s  o f  t h e  equat ions  a r e  n o t  as accu ra te  as 
those  f rom w i t h i n  t h e  sample. However, t h i s  i s  t o  be expected, based on 
t h e  econometr ic  methods employed. The r o o t  mean squared e r r o r  f o r  t h e  
post-sample p e r i o d  i s  560,000 u n i t s ,  which i s  n o t  comp le te l y  o u t  o f  1 i n e  
w i t h  t h e  s tandard  e r r o r  o f  e s t i m a t e  o f  330,000 u n i t s .  

LIMITATIONS AND BENEFITS 

The l i m i t a t i o n s  o f  t h e  model a re :  

1 )  A l though n o t  s p e c i f i c a l l y  ment ioned i n  t h e  paper, t h e  i n v e n t o r y  
equa t ion  o f  t h e  model has a  d e f i n i t e  tendency t o  u n d e r p r e d i c t  
domestic new c a r  i n v e n t o r y  l e v e l s .  T h i s  may be caused by an 
un fo r tuna te  s p e c i f i c a t i o n  o f  t h e  e q u a t i o n  i n  which i n v e n t o r y  l e v e l s  
were assumed t o  depend on t h e  n a t u r a l  l o g a r i t h m  o f  domest ic  new c a r  
sa l  es. 

Most o f  t h e  equa t ions  o f  t h e  model were f i t t e d  w i t h  d a t a  o n l y  
th rough  t h e  t h i r d  q u a r t e r  of 1973 ( t h e  new c a r  p r i c e  e q u a t i o n  i s  an 
excep t ion ,  b e i n g  f i t t e d  th rough  1974.4). T h i s  was done 
i n t e n t i o n a l l y  t o  avo id  hav ing t o  t a k e  i n t o  account  t h e  d i s r u p t i v e  
e f f e c t s  o f  t h e  Arab o i l  embargo i n  t h e  s p e c i f i c a t i o n  and e s t i m a t i o n  
o f  t h e  model. However, i t  a1 so 1  i m i  t s  t h e  use fu lness  o f  t h e  model 
f o r  f o r e c a s t i n g ,  s i n c e  t h e  model does n o t  understand t h e  l a r g e  
i nc reases  i n  automobi 1  e o p e r a t i n g  c o s t s  t h a t  have occur red s i n c e  
1973. Thus t h e  model needs t o  be r e f i t t e d  w i t h  more recen t  data .  

The b e n e f i t s  o f  t h e  model a re :  

1) The approach t o  t h e  model ing  o f  t h e  market  segments i s  unique i n  
terms o f  t h e  p u b l i c  l i t e r a t u r e .  The segments a r e  viewed as an 



example o f  t h e  p rob l em  o f  seem ing l y  u n r e l a t e d  r e g r e s s i o n s  and a r e  
s p e c i f i e d  i n  such a  way t h a t  t h e  add ing-up  p rob lem i s  avo ided .  I n  
a d d i t i o n ,  t h e  m a r k e t  segments d i  s p l  ay some v e r y  i n t e r e s t i n g  dynamic 
p r o p e r t i e s  w i t h  r e s p e c t  t o  changes i n  income o r  t h e  unemployment 
r a t e .  

2 )  The model a l s o  e x p l a i n s  and p r e d i c t s  a  number o f  a u t o  m a r k e t  
v a r i a b l e s  t h a t  a r e  gene ra l  l y  n e g l e c t e d  i n  models  o f  a u t o  demand 
(e.g. , new c a r  p r i c e ,  used c a r  p r i c e ,  i n v e n t o r i e s )  . 

STRUCTURE 

The model c o n t a i n s  n i n e  endogenous v a r i a b l e s  t h a t  a r e  e x p l a i n e d  i n  
s t o c h a s t i c  equa t i ons .  They a r e :  r e t a i l  new c a r  p r i c e ,  r e t a i l  used c a r  
p r i c e ,  new c a r  demand, m a r k e t  segment new c a r  demand (domes t i c  s m a l l ,  
domes t i c  l a r g e  and i m p o r t s ) ,  domes t i c  new c a r  i n v e n t o r i e s ,  used c a r  
s t o c k ,  and v e h i c l e  m i l e s  t r a v e l e d  (VMT). I n  a d d i t i o n ,  t h e r e  a r e  two  
i d e n t i t i e s  t h a t  e x p l a i n  t o t a l  domes t i c  new c a r  demand and t o t a l  s m a l l  
new c a r  demand. 

The change i n  t h e  s u p p l y  o f  u n s o l d  new c a r s  i s  assumed t o  i n f l u e n c e  
new c a r  s a l e s  t h r o u g h  i t s  impac t  on new c a r  p r i c e .  New c a r  p r i c e  a t  t h e  
r e t a i l  l e v e l  i s  e x p l a i n e d  as a  f u n c t i o n  o f  t h e  w h o l e s a l e  p r i c e  f o r  new 
c a r s  and t h e  r e c e n t  change i n  i n v e n t o r y  l e v e l s ,  T h i s  e s t a b l  i s h e s  
feedback  f r o m  new c a r  demand t o  r e t a i l  p r i c e .  A  l o o p  i s  c r e a t e d  between 
new c a r  demand, i n v e n t o r i e s ,  and r e t a i l  p r i c e .  E s s e n t i a l l y  what  has 
been done i s  t o  endogen ize  new c a r  p r i c e .  Most a u t o  demand models  t r e a t  
p r i c e  as exogenous. 

The used c a r  m a r k e t  i s  assumed t o  a f f e c t  new c a r  demand t h r o u g h  used 
c a r  p r i c e s .  An i n c r e a s e  i n  used c a r  p r i c e s ,  o t h e r  t h i n g s  equa l ,  w i l l  
l o w e r  t h e  n e t  purchase  p r i c e  o f  a  new c a r  and s t i m u l a t e  demand. New c a r  
sa l es ,  i n  t u r n ,  i m p a c t  on t h e  s t o c k  o f  used c a r s  h e l d  b y  f r a n c h i s e d  new 
c a r  d e a l e r s .  F i n a l l y ,  used c a r  p r i c e s  a r e  n e g a t i v e l y  c o r r e l a t e d  w i t h  
t h e  l e v e l  of t h e  used c a r  s t ock .  C i r c u l a r i t y  has been e s t a b l i s h e d  
between new c a r  demand, used c a r  s t o c k ,  and used c a r  p r i c e s .  

The model d e t e r m i n e s  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  by m a r k e t  
segments d e f i n e d  on t h e  b a s i s  o f  l e n g t h  o f  wheel base: domes t i c  s m a l l  
(wheel  base under  112") , domes t i c  l a r g e  (wheel  base 112" and o v e r ) ,  and 
i m p o r t s  ( f o r e i g n - t y p e  c a r s  and c a p t i v e  i m p o r t s ;  domes t i c s  p roduced  i n  
Canada a r e  e x c l  uded) . 

MODEL CONSTRUCTION 

The model was b u i l t  w i t h  q u a r t e r l y  d a t a  g e n e r a l l y  a v a i l a b l e  f r o m  t h e  
f o l l  owing sources :  Survey  of C u r r e n t  Bus iness ,  Wards Au tomo t i ve  
Repo r t s ,  Au tomo t i ve  News, M o t o r  V e h i c l e  M a n u f a c t u r e r s  A s s o c i a t i o n  
S t a t i s t i c s  Depar tment .  



DATA USED I N  RUNNING MODEL 

Values f o r  a1 1 t h e  exogenous v a r i a b l e s  a r e  necessary t o  s i m u l a t e  t h e  
model over  any t i m e  p e r i o d .  

DOCUMENTATION 

Michael  M. Luckey, "Model ing t h e  Demand f o r  Automobi les i n  t h e  U n i t e d  
S t a t e s " ,  i n  An Overview o f  S i m u l a t i o n  i n  Highway T r a n s p o r t a t i o n ,  
S i m u l a t i o n  c o u n c i l s  p roceed ings  S e r i e s ,  V O ~  7, Number 1, June 1977, 
pp19-25. 

COMPUTER REQUIREMENTS 

The model may be r u n  u s i n g  t h e  MIST (M ich igan  I n t e r a c t i v e  S i m u l a t o r  
o f  Time S e r i e s )  s i m u l a t i o n  program a t  The U n i v e r s i t y  o f  Michigan.  



MANUFACTURING ASSESSMENT SYSTEM 

Automot ive Data Base f o r  Manufac tur ing  Assessment System was prepared 
bv Rath and Stronq,  I n c .  i n  1975 f o r  t h e  U.S. D e ~ a r t m e n t  o f  
~ i a n s ~ o r t a t i o n ,   ranip port at ion Systems Center. The purpose o f  t h e  s tudy 
was t o  develop a computer based methodology t o  eva lua te  t h e  impact on 
manufac tur ing  resources i n t h e  automot ive and t r u c k  i n d u s t r y  o f  v a r i o u s  
a1 t e r n a t i v e  v e h i c l e s  and imp1 ementa t ion  plans.  A b a s i c  concept  employed 
i n  t h e  r e p o r t  i s  t o  group products  and t h e i r  component resources 
accord ing t o  how t h e y  a r e  made r a t h e r  than  how t h e y  a r e  s o l d  o r  used. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kendal 1 Square 
Cambridge, Mass. 02142 

AUTHOR 

L.H. L indgren and R. G. F i  t z g i  bbons 
Rath and Strong,  Inc.  
Boston, Mass. 

MODEL TYPE 

V e h i c l e  manufac tur ing  resource u t i  1 i z a t i o n ,  au tomobi le  design, p r i c i n g  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  Manufac tur ing  Assessment System i s  t o  develop a 
computer based methodology and data  base capable o f  ana lyz ing  t h e  impact 
on manufac tur ing  resources of v a r i o u s  a l t e r n a t i v e  v e h i c l e  designs and 
c o n f i g u r a t i o n s .  

RELATIONSHIP TO OTHER MODELS 

T h i s  model i s  a p a r t  o f  t h e  DRI Motor  V e h i c l e  Assessment System. 

HISTORICAL BACKGROUND 

Thi  s r e p o r t  expands t h e  Na t iona l  Academy o f  Sciences/Commi t t e e  on 
Motor  V e h i c l e  Emissions I 1  da ta  base completed i n  December 1974. The 
added data  elements i n c l u d e  a f te r -marke t  usage and p r i c e s ,  re1  i a b i l  i t y  
and li f e  c y c l e  maintenance c o s t s  and qua1 i t y  cos ts .  Improved s t r u c t u r a l  
elements c o n s i s t  o f  a more d e t a i l e d  component d e f i n i t i o n  o f  t h e  body and 
d r i v e  system. The model was o r i g i n a l l y  developed f o r  use by t h e  
T r a n s p o r t a t i o n  Systems Center  i n  t h e  Automot ive Energy E f f i c i e n c y  



Program (AEEP) . 

ASSUMPTIONS 

The b a s i c  assumpt ion u n d e r l y i n g  t h e  e n t i r e  da ta  base and model i s  
t h a t  t h e  au to  i n d u s t r y  can be ana lyzed by i d e n t i f y i n g  t h e  s i g n i f i c a n t  
p roducts ,  components, and s u p p o r t i n g  resources  used i n  t h e  manu fac tu r i ng  
and assembly o f  v e h i c l e s .  More s p e c i f i c a l l y ,  t h e  d a t a  base i s  
s t r u c t u r e d  around t h e  concept  o f  how a  p roduc t  i s  made r a t h e r  t h a n  how 
i t  i s  s o l d  o r  used. The d a t a  base and model a t t emp t  t o  d e s c r i b e  and 
ana lyze t h e  manu fac tu r i ng  process i n  t h e  automobi le  i n d u s t r y .  

LIMITATIONS AND BENEFITS 

Much o f  t h e  d a t a  used i n  t h e  areas o f  c o s t  and resou rce  u t i l i z a t i o n  
a r e  now o u t  o f  d a t e  and s u b j e c t  t o  c o n s i d e r a b l e  change i n  t h e  f u t u r e  as 
t h e  auto  companies deve lop  new p r o d u c t s  and manu fac tu r i ng  techno log ies .  
T h i s  imp1 i e s  t h a t  t h e  a b i l i t y  o f  t h e  model t o  p r e d i c t  t h e  c o s t  and 
resou rce  u t i l  i z a t i o n  o f  f u t u r e  v e h i c l e  c o n f i g u r a t i o n s  depends on a  
c o n t i n u a l  upda t i ng  o f  t h e  data,  

STRUCTURE 

The Manu fac tu r i ng  Assessment System i s  composed o f  t h e  f o l l o w i n g  data  
bases: 

1) Product  -- Data Base, t h e  i d e n t i f i c a t i o n  o f  t h e  end i t e m  v e h i c l e s  and 
t h e  components. 

2 )  Resource Data Base, t h e  i d e n t i f i c a t i o n  o f  t h e  f a c i l i t i e s  and 
t o o l i n g  r e q u i r e d  t o  manufac ture  t h e  components and assemble t h e  
v e h i c l e s .  

3 )  Product-Resource Master  Data Base, t h e  c r o s s  r e f e r e n c e  o r  c h a i n i n g  
d a t a  base t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  o f  t h e  p roduc ts  t o  t h e  
p rope r  resource.  

4 )  C o n f i g u r a t i o n  and Cost Data Base, t h e  s p e c i f i c  da ta  base o f  t h e  end 
i t e m  v e h i c l e  and a l l  t h e  components t h a t  c o m ~ r i s e  t h e  v e h i c l e  
c o n f i g u r a t i o n .  The manu fac tu r i ng  c o s t s  a r e  i n c l u d e d  i n  t h i s  d a t a  
base f o r  use i n  t h e  development ?f v e h i c l e  s t i c k e r  p r i c e s .  

5 )  R e t r i e v a l  Number Data Base, t h e  s i g n i f i c a n t  p a r t  numbering o r  
cod ing  system used i n  t h e  i d e n t i f i c a t i o n  o f  s p e c i f i c  v e h i c l e  
c o n f i g u r a t i o n s .  

6 )  Fuel Economy, Emission,  Maintenance, M i  1  eage P a t t e r n s  - Data -3 Base 
t h e  end i t e m  v e h i c l e  per formance d a t a  t h a t  i s  used i n .  t h e  
simul a t i o n  programs f o r  t h e  d e t e r m i n a t i o n  o f  t o t a l  o p e r a t i n g  cos ts ,  



MODEL CONSTRUCTION 

The da ta  sources used t o  b u i l d  some o f  t h e  da ta  bases a r e  documented 
i n  t h e  model r e p o r t ;  however, some a r e  undocumented. 

DOCUMENTATION 

L.H. L indg ren  and R.G. F i t zg ibbons ,  Automot ive --- Data Base f o r  
Manufac tur ing  Assessment System, Rath  and Strong,  Inc .  f o r  DOTITSC 
No. 803, June 1975. 



URBAN TRAFFIC CONTROL SYSTEM--PROGRAM 1 SIMULATION MODEL (UTCS-1 MODEL) 

The Urban T r a f f i c  Con t ro l  System - Program 1 S i m u l a t i o n  Model, da ted 
February 1976, was prepared by Honeywell ,  I n c .  f o r  t h e  Federa l  Energy 
A d m i n i s t r a t i o n  and t h e  Federal  Highway Admini s t r a t i o n  (FHWA). The 
purpose o f  t h e  model i s  computer s i m u l a t i o n  t e s t i n g  o f  t r a f f i c  c o n t r o l  
scenar ios  t o  de termine t h e  e f f e c t s  of v a r i o u s  t r a f f i c  c o n d i t i o n s ,  
network c o n f i g u r a t i o n s  and t r a f f i c  c o n t r o l  p o l i c i e s  on t h e  consumption 
o f  f u e l  by v e h i c l e s  i n  a  network. The impact  on f u e l  consumption o f  
one-way s t r e e t s ,  a  p e d e s t r i a n  scramble system, f i x e d - t i m e  and ac tua ted  
t r a f f i c  s i g n a l s ,  s i g n a l  c o n t r o l l e r  c y c l e  l e n g t h s ,  t r a f f i c  volume l e v e l s ,  
and e x c l u s i v e  bus l anes  was examined. 

SPONSOR 

Federal  Energy A d m i n i s t r a t i o n  
O f f i c e  o f  T r a n s p o r t a t i o n  Pol  i c y  Research 
1 2 t h  and Pennsy lvan ia  Avenue, N.W. 
Washington, D.C. 20461 

U.S. Department o f  T r a n s p o r t a t i o n  
Federal  Highway A d m i n i s t r a t i o n  
O f f i c e s  o f  Research and Development 
Washington, D.C. 20590 

AUTHOR 

Honeywell T r a f f i c  Management Center  
Honeywell , Inc .  
600 Second S t r e e t ,  N.E. 
Hopki ns, Minn. 55343 

MODEL TYPE 

Fuel economy 

OBJECTIVE OF MODEL 

The b a s i c  o b j e c t i v e  o f  t h e  model i s  t o  s tudy  t h e  impact  on v e h i c l e  
f u e l  consumption o f  v a r i o u s  t r a f f i c  c o n t r o l  s t r a t e g i e s ,  i n c l u d i n g  one- 
way s t r e e t s ,  a  p e d e s t r i a n  scramble system, f i x e d - t i m e  and a c t u a t e d  
t r a f f i c  s i g n a l  s, s i g n a l  c o n t r o l l e r  c y c l e  l eng ths ,  t r a f f i c  volume l e v e l s ,  
and e x c l u s i v e  bus lanes.  

The UTCS-1 model s i m u l a t e s  t r a f f i c  ope ra t i ons  on s t r e e t  networks. 
T h i s  model was o r i g i n a l l y  designed t o  a s s i s t  i n  deve lop ing  t r a f f i c  
c o n t r o l  s t r a t e g i e s  f o r  use on t h e  TCS network i n  Washington, D.C. I t  
i s ,  however, a  general -purpose model , and can be appl i e d  t o  a  wide range 
o f  networks and t r a f f i c  c o n d i t i o n s .  



RELATIONSHIP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

The UTCS-1 s i m u l a t i o n  mode1 r e p o r t e d  h e r e  i s  an in-house FHWA model 
and was p rov ided  t o  Honeywell by t h e  FHWA. The b a s i c  model was n o t  
developed by Honeywell ,  Inc . ,  a l t hough  t h e y  d i d  make t h e  f o l l o w i n g  
m o d i f i c a t i o n s  t o  t h e  model f o r  use i n  t h e i r  research,  

1 )  Rather  than  s t o r i n g  v e h i ~ l e  t r a j e c t o r i e s  on a  mass s torage dev i ce  
f o r  l a t e r  use, t r a j e c t o r i e s  a r e  used a t  each program t i m e  s t e p  t o  
compute va lues f o r  f u e l  consumption e f f i c i e n c y  and emi ss ions f o r  
each veh ic le .  

2 )  The c a p a b i l i t y  o f  t h e  program was expanded t o  p e r m i t  s i m u l a t i o n  of 
up t o  160 l i n k s ,  85 nodes, and 20 ac tua ted  i n t e r s e c t i o n s .  

ASSUMPTIONS 

The f o l l o w i n g  t r a f f i c  c o n t r o l  scenar ios  were r u n  on t h e  model 

1 )  one-wayltwo-way s t r e e t s  

2)  p e d e s t r i a n  scramble system 

3) f u l l y  ac tua ted  versus pre- t imed s i g n a l  systems 

4 )  comparisons o f  c y c l e  l e n g t h s  

5)  v a r i a t i o n s  i n  t r a f f i c  demand 

6 )  e x c l u s i v e  bus l a n e s  

For  each scenar io ,  t h e  s p e c i f i c  i n p u t  assumptions a c t u a l l y  used i n  
runn ing  t h e  UTCS-1 Model a r e  d e t a i l e d  i n  Sec t i on  3 o f  t h e  model r e p o r t .  

VALIDATION 

The p r i n c i p a l  r e s u l t s  o f  t h e  research w i t h  respec t  t o  each s i m u l a t i o n  
exper iment f o l l o w .  The impact on f u e l  consumption o f  each t r a f f i c  
c o n t r o l  s t r a t e g y  i s  s t a t e d :  

1) One-Wa Two-Wa S t r e e t s :  On average, f u e l  consumpti on e f f i c i e n c y  
d e  m i l e s  pe r  s a l l o n  i s  es t imated t o  i nc rease  by 12 
percent  a s  a  r e s u l t  o f '  changing some two-way s t r e e t s  t o  ong-way 
s t r e e t s  i n  t h e  UTCS network i n  Washington, D.C. 

2)  Pedes t r i an  Scramble System: The use o f  a pedes t r i an  scramble 
system implemented by an a l l - r e d  i n t e r v a l  i s  es t ima ted  t o  decrease 



f u e l  consumption e f f i c i e n c y  (FCE) by 35-48 percent ,  depending on 
t h e  l e v e l  o f  t u r n i n g  movements i n  t h e  t r a f f i c  f l ow .  

3)  F u l l y  Ac tuated 5 Pre-Timed S igna ls :  Ful l y  ac tua ted  s i g n a l s  a r e  
es t ima ted  t o  i nc rease  FCE s i g n i f i c a n t l y ,  based on da ta  f o r  M S t r e e t  
i n  Washington, D.C. w i t h  a  main-streetlcross-street volume r a t i o  o f  
7 : l .  The improvement i n  FCE was i n v e r s e l y  r e l a t e d  t o  t h e  amount o f  
c r o s s - s t r e e t  t r a f f i c ,  

4 )  Cyc le  Lengths:  FCE i s  es t ima ted  t o  i nc rease  as c y c l e  l e n g t h  i s  
increased.  

5 )  T r a f f i c  Demand: The s i m u l a t i o n  r e s u l t s  i n d i c a t e  t h a t  FCE i n  an 
urban network i s  i n v e r s e l y  r e 1  a ted  t o  v e h i c l e  t r a f f i c  demand, as 
expected . 

6 )  & T r a f f i c :  The s i m u l a t i o n  r e s u l t s  showed t h a t  t h e  a d d i t i o n  o f  
bus t r a f f i c  t o  an a r t e r i a l  caused a  decrease i n  FCE. The r e s u l t s  
a l s o  i n d i c a t e d  t h a t  au to  t r a f f i c  i s  pena l i zed  ( l o n g e r  de lays ,  more 
f u e l  consumed) by  t h e  use o f  e x c l u s i v e  bus lanes,  

STRUCTURE 

The UTCS-1 model opera tes  by  g e n e r a t i n g  v e h i c l e s  a t  t h e  i n p u t  sources 
as s p e c i f i e d  by t h e  i n p u t  data .  The p o s i t i o n ,  speed, and a c c e l e r a t i o n  
o f  each v e h i c l e  generated i s  recorded i n  t h e  s i m u l a t i o n  d a t a  base. 
Veh ic les  move throughout  t h e  network acco rd ing  t o  t h e  r u l e s  t h a t  d r i v e r s  
observe when on a  t r a f f i c  network;  f o r  example, v e h i c l e s  t u r n  i n  
p r o p o r t i o n  t o  t h e  p r o b a b i l  i t i e s  i n c l u d e d  f o r  each i n t e r s e c t i o n ,  and t h e y  
s w i t c h  l anes  acco rd ing  t o  demands imposed by conges t ion  and t h e  need t o  
execute t u r n i n g  movements. I n  a d d i t i o n ,  urban bus opera t i on ,  p e d e s t r i a n  
i n t e r f e r e n c e ,  and shor t - te rm,  d i s r u p t i v e  events  such as t a x i c a b  p ickups 
and s t a l l e d  v e h i c l e s  can be r e a d i l y  s imulated.  Regress ion a n a l y s i s  was 
performed w i t h  which i t  was determined t h a t  f u e l  consumption e f f i c i e n c y  
i s  most h i g h l y  c o r r e l a t e d  w i t h  average network speed and can be 
p r e d i c t e d  by  t h e  equa t ion :  

FCE = 0.142 (S)  + 3.61 

where: 

FCE = f u e l  consumption e f f i c i e n c y  i n  m i l e s  pe r  g a l l o n  

S  = average network speed i n  m i l e s  pe r  hour 

MODEL CONSTRUCTION 

T h i s  i s  a network-based account ing  model u s i n g  t r a f f i c  genera t i on  and 
d i r e c t i o n a l  da ta  c o l  l e c t e d  by t h e  Federal  Highway A d m i n i s t r a t i o n .  



76-066 
DATA BASE USED I N  RUNNING MODEL 

T y p i c a l  i n p u t  d a t a  requ i rements  i n c l u d e  d e s c r i p t i o n  o f  network 
geometry, network c h a r a c t e r i s t i c s ,  and t h e  s i g n a l  c o n t r o l  s t r a t e g i e s .  
Data i n p u t s  must a1 so d e s c r i b e  t h e  t r a f f i c  stream i t s e l f ,  i n c l u d i n g  t h e  
volumes o f  t r a f f i c  e n t e r i n g  o r  l e a v i n g  a t  t h e  p e r i p h e r y  o f  t h e  network 
and a t  midb lock  sources and s inks ,  and t h e  percentage o f  t u r n i n g  
movements a t  each i n t e r s e c t i o n  i n  t h e  t e s t  network. Whi le  n o t  r e q u i r e d ,  
t h e  f o l l o w i n g  t ypes  of i n p u t s  can be a p p l i e d  u s e f u l l y :  t h e  percentage o f  
t r u c k  and bus t r a f f i c  i n  t h e  network,  bus r o u t e  d e s c r i p t i o n s ,  and 
s im i  1 a r  t y p e s  o f  i n f o r m a t i  on. 

DOCUMENTATION 

Honeywell Inc. ,  Fuel  Consumption Study. Urban T r a f f i c  Con t ro l  System 
1UTCS) Sof tware  G o r t  P r o j e c t ,  p repared for FHWA, Repor t  No. FHWA- 
RD-76-81, February 1 9 z .  NTIS No. PB-259 003. 

A summary d e s c r i p t i o n  o f  UTCS-1 s i m u l a t i o n  model i s  a v a i l a b l e  from: 
Dr. Guido Rade la t ,  O f f i c e  o f  Research HRS-31, Federa l  Highway 
A d m i n i s t r a t i o n ,  Washington, D.C. 20590. 

P r e l i m i n a r y  Documentat ion - o f  A d d i t i o n s  t o  t h e  UTCS-1 Model t o  P rov ide  
c c n r i a t a c  Inc,,  

8251, August 1975. 



AUTOMOTIVE FLEET FUEL CONSUMPTION MODEL (FUEL) 

The Automot ive  F l e e t  Fuel Consumption Model (FUEL) i s  an accoun t i ng  
model t o  e v a l u a t e  t h e  p o t e n t i a l  f u e l  c o n s e r v a t i o n  b e n e f i t s  a t t r i b u t a b l e  
t o  t h e  imp l  ementa t i  on of v a r i o u s  h y p o t h e t i c a l  schedules o f  au tomot i ve  
f u e l  e f f i c i e n c y .  The model was developed a t  t h e  T r a n s p o r t a t i o n  Systems 
Center  and used by t h e  N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  i n  
suppor t  o f  t h e  1981-84 passenger automobi 1  e  average f u e l  economy 
standards,  and r e p o r t e d  i n  "Passenger Automobi 1  e  Average Fue l  Economy 
Standards," Federa l  R e g i s t e r ,  June 1977. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Kenda l l  Square 
Cambridge, Mass. 02142 

AUTHOR 

J.R. Hor ton  
U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  Systems Center  
Energy Programs D i  v i  s i  on 

MODEL TYPE 

Fuel  Consumpti on 

OBJECTIVE OF MODEL 

The o b j e c t i v e  of t h e  model i s  t o  e v a l u a t e  p o t e n t i a l  f u e l  c o n s e r v a t i o n  
b e n e f i t s  a t t r i b u t a b l e  t o  t h e  imp l  ementa t ion  o f  v a r i o u s  h y p o t h e t i c a l  
schedules o f  au tomot i ve  f u e l  economy. B e n e f i t s  a r e  r e p o r t e d  i n  terms o f  
(1) annual f u e l  sav ings  ( b i l l i o n s  o f  g a l l o n s ) ,  ( 2 )  c u m u l a t i v e  f u e l  
sav ings  ( b i  1  l i o n s  o f  b a r r e l  s) , and ( 3 )  d i scoun ted  c u m u l a t i v e  cash 
sav ings  ( b i  11 i o n s  o f  do1 1  a r s )  . 
RELATIONSHIP TO OTHER MODELS 

T h i s  model has  no d i r e c t  r e l a t i o : ~ c - h i p  t o  o t h e r  ~ ! ~ b d e l s .  

HISTORI CAI BF,C!;!;f~OIJl4D 

The   nod el , / as  const.r-ucted c p e c i i . l c a l l y  t o  ana iyze  t h e  r e l a t i v e  f u e l  
c o n s e r v a t i o n  bei ief  i t s  of  , I  .... h ? d u l  es o f  aii:;omotive f u e l  economy 
for -  t h e  NtiT.;A s tandards  i r -s t iec l  C) f 3 0 / 7 7 ,  It. rep1 aced t h e  F1 e e t  
Accodnt i  ny Moc!el (76- i107i  1 1 1  t h i s  t ; l t ;ct  iori. 



STRUCTURE 

The FUEL model i s  an account ing  model. It c a l c u l a t e s  f u e l  
consumption d u r i n g  yea r  i by a11 v e h i c l e s  o f  age j, FCij, w i t h  t h e  
f o l l  owing formula :  

where: 

i = ca lendar  y e a r  index 

j = v e h i c l e  age index 

k = i - j + 1 = model y e a r  index 

FCi = f u e l  consumption by a l l  v e h i c l e s  o f  age j d u r i n g  y e a r  i 

REGk = new c a r  r e g i s t r a t i o n s  o f  model y e a r  k  

VMj = y e a r l y  t r a v e l  o f  c a r s  o f  age j 

SURVj = 1  i k e l i  hood of a  new c a r  s u r v i v i n g  t o  age j 

FEk = average new c a r  f u e l  economy o f  model y e a r  k.  

To ta l  f l e e t  f u e l  consumption d u r i n g  y e a r  i, SFCi, i s  ob ta ined  from: 

MODEL CONSTRUCTION 

F i v e  se ts  o f  d a t a  r e q u i r e d  t o  r u n  t h e  FUEL model a r e  presented i n  t h e  
model r e p o r t .  They are:  

1 )  New c a r  r e g i s t r a t i o n s  by  model y e a r  

2 )  M i  1  es t r a v e l e d  a n n u a l l y  by c a r  as a  f u n c t i o n  o f  i t s  age 

3 )  Schedule o f  v e h i c l e  s u r v i v a b i l i t y  as a  f u n c t i o n  o f  age 

4 )  Average new c a r  f u e l  economy by model y e a r  f o r  e x i s t i n g  f l e e t  

5 )  H y p o t h e t i c a l  " b a s e l i n e "  new c a r  f u e l  economy by model y e a r  

DATA USED IN RUNNI.NG MODEL 

The user  must supp ly  a  schedule o f  h y p o t h e t i c a l  " improved" new c a r  



f u e l  economy b y  model yea r .  

DOCUMENTATION 

J e r r y  Horton,  Automot ive F l e e t  Fuel  Consumption Model : FUEL: FOR, F i n a l  
Report ,  TSC, Repor t  No. DOT-TSC-NHTSA-78-1, March 1978. 



URBAN AREA AUTOMOBILE EMISSIONS ACCORDING TO TRIP TYPE 

A model o f  Urban Area Automobi le Emissions According t o  T r i p  Type was 
prepared i n  1974 by  s t a f f  a t  t h e  Environmental  P r o t e c t i o n  Agency and t h e  
U n i v e r s i t y  o f  A1 aska under t h e  sponsorsh ip  o f  t h e  T r a n s p o r t a t i o n  
Research Board, It may be  used w i t h  t r a f f i c  survey data  i n  a 
m e t r o p o l i t a n  area t o  p r e d i c t  t h e  emissions generated acco rd ing  t o  t r i p  
purpose. Th i s  i n f o r m a t i o n  can be used f o r  p lann ing  t r a n s i t  improvements 
t o  reduce emissions.  

SPONSOR 

T r a n s p o r t a t i o n  Research Board 
Na t i ona l  Academy o f  Sciences 
2101 C o n s t i t u t i o n  Avenue N.W. 
Washington, D.C. 20418 

AUTHOR 

Joe l  L. Horowi tz  
U.S. Envi  ronmental P r o t e c t i o n  Agency 
401 M S t r e e t  SW 
Washington, D.C. 20460 

L l o y d  M. Perne la  
U n i v e r s i t y  o f  A1 aska 
Fairbanks,  Alaska 99701 

MODEL TYPE 

Emissions 

OBJECTIVE OF MODEL 

T h i s  model p r e d i c t s  t h e  amount o f  p o l l u t a n t  emissions t h a t  a r e  
produced by motor  v e h i c l e s  acco rd ing  t o  t r i p  purpose i n  a m e t r o p o l i t a n  
area. T h i s  i n f o r m a t i o n  can be used t o  i d e n t i f y  t h e  s t r a t e g i e s  f o r  
reduc ing  v e h i c l e  t r i p s  and mi 1 es t r a v e l e d  t h a t  would most e f f e c t i v e l y  
reduce emissions. 

RELATIONSHIP TO OTHER MODELS 

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



H I  STOR I C A L  BACKGROUND 

The model was a p p l i e d  t o  d a t a  f r o m  two m e t r o p o l i t a n  a reas :  A l l egheny  
County, PA ( P i t t s b u r g h ) ,  ( r e p o r t e d  i n  1974) ,  and Washington, D.C., 
( r e p o r t e d  i n  1976). 

ASSUMPTIONS 

Data used were from l a r g e - s c a l e  t r a f f i c  surveys  done i n  Washington i n  
1968 and i n  P i t t s b u r g h  i n  1967. I t  was assumed t h a t  t h e  r e l a t i v e  
t r a f f i c  p a t t e r n s  were t h e  same i n  1975 when t h e  em iss ions  e s t i m a t e s  were 
made. 

VAL IDATION 

No known e f f o r t  was made t o  v a l i d a t e  t h e  model r e s u l t s .  

LIMITATIONS AND BENEFITS 

The model p r e d i c t s  o n l y  t h e  t o t a l  amount o f  emiss ions  b y  t r i p  t ype ,  
n o t  t h e i r  d i s t r i b u t i o n .  The i n f o r m a t i o n  can  be used i n  p l a n n i n g  t r a n s i t  
improvements. Fo r  example, i t  was f ound  t h a t  i n  Washington, 
D.C. improvements i n  l ong - range  suburban bus s e r v i c e  would reduce 
emiss ions ,  w h i l e  i n  A1 legheny  County, Pa. demand-response bus s e r v i c e  t o  
t h e  c e n t r a l  a rea  wou ld  be advised.  

STRUCTURE 

The model s t r u c t u r e  i s  as f o l l o w s :  

where: 

E~ 
= emiss ions  o f  p o l l u t a n t  p,  k g  



E (1) = r u n n i n g  emissions o f  p o l l u t a n t  p, kg 
P 

E ( 2 )  = c o l d - s t a r t  emiss ions o f  p o l l u t a n t  p, kg  
P 

E ( 3 )  = hot-soak e v a p o r a t i v e  emiss ions o f  p o l l u t a n t  p, kg  (non-zero f o r  
P hydrocarbons o n l y )  

L = t r i p  l eng th ,  m i l e s  

n = ca lendar  y e a r  1975 

e = low-mi leage r u n n i n g  exhaust emi ss ions o f  p o l l u t a n t  p by c a r  o f  
ip model y e a r  1, kg lm i  l e  

d .  ( n - i )  = d e t e r i o r a t i o n  f a c t o r  f o r  p o l l u t a n t  p by c a r  o f  model y e a r  i 
1 P when i t  i s  n - i  yea rs  o l d  

m ( n - i )  = f r a c t i o n  o f  VMT a t t r i b u t a b l e  t o  ca rs  o f  model y e a r  i i n  
ca lendar  y e a r  n 

Sip(v) = speed ad jus tment  f a c t o r  f o r  t r i p  speed v 

Kip = crankcase emiss ions o f  p o l l u t a n t  p by c a r  o f  model y e a r  i, k g l m i l e  
(non-zero o n l y  f o r  hydrocarbons) 

a = 1 i f  t r i p  beg ins  w i t h  a c o l d  s t a r t ,  0 o the rw ise  

'i = 1 ow-mi l eage  c o l d - s t a r t  emi ss ions f o r  c a r  o f  model y e a r  i, kg 

hi = hot-soak e v a p o r a t i v e  emiss ions of p o l l u t a n t  p by c a r  o f  model y e a r  
i, kg (non-zero f o r  hydrocarbons o n l y )  

MODEL CONSTRUCTION 

T h i s  i s  an account ing  model, f o r  which t h e  emissions r a t e s  used come 
f rom a v a r i e t y  o f  sources c i t e d  i n  t h e  model documentation. 

DATA USED I N  RUNNING MODEL 

To run  t h e  model, da ta  on t r i p  purpose, d i r e c t i o n ,  and l e n g t h  a r e  
needed f o r  t h e  e n t i r e  m e t r o p o l i t a n  area. 

DOCUMENTATION 

Joe l  L. Horow i t z  and L l o y d  M. Perne la ,  " A n a l y s i s  o f  Urban Area 
Automobi le Emissions Accord ing t o  T r i p  Type,"   ran sport at ion Research 
Record 492, pp. 1-8, 1974. 

Joe l  L. Horow i t z  and L l o y d  M. Pernela,  "Comparison o f  Automobi le 
Emi ss ions Based on T r i p  Type i n  Two Met ropo l  i t a n  Areas," T r a n s p o r t a t i o n  
RPsParch 1-d 580, pp. 13-21, 1976. 



NOISE ANNOYANCE IMPACT ALGORITHM 

The No ise  Annoyance Impact  (NAI)  A l g o r i t h m  was developed a t  McMaster 
U n i v e r s i t y  and p resen ted  i n  an a r t i c l e  i n  t h e  T r a n s p o r t a t i o n  Research 
Record 580, 1976, e n t i t l e d ,  "Toward a  Community Impact  Measure f o r  
Assessment o f  T r a n s p o r t a t i o n  Noise." The purpose o f  t h e  a l g o r i t h m  i s  t o  
p r o v i d e  procedures t o  assess t h e  t o t a l  impact  on a  community o f  
t r a n s p o r t a t i o n - p r o d u c e d  no ise .  A  sample appl  i c a t i o n  was presented t o  
c l a r i f y  t h e  d i s c u s s i o n  and demonst ra te  t h e  p r a c t i c a b i l  i t y  o f  t h e  n o i s e  
annoyance impact  measure. 

SPONSOR 

N a t i o n a l  Research Counci 1  o f  Canada 
Mont rea l  Road 
Ottawa, O n t a r i o  KIA OR6 

AUTHOR 

Fred L. H a l l  and B r i a n  L. A l l e n  
McMaster U n i v e r s i t y  
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MODEL TYPE 

Noise  p o l l u t i o n  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  a l g o r i t h m  was t o  p r o v i d e  procedures  f o r  
i d e n t i  f y i  ng t h e  t o t a l  impact  on a  communi t y  o f  t r a n s p o r t a t  i on-produced 
n o i  se. The n o i  se annoyance impac t  measure was developed f o r  measur ing 
t h e  t o t a l  impact  i n  a  v a r i e t y  o f  u n i t s ,  such as t h e  t o t a l  number o f  
peop le  annoyed, t h e  t o t a l  monetary c o s t  o f  t h e  n o i s e  annoyance, e t c .  

RELATIONSHIP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

The au tho rs  s t a t e  t h a t  concern  about  t h e  n o i s e  produced by 
t r a n s p o r t a t i o n  f a c i  1 i t i e s  has 1 ed t o  b e t t e r  t echn iques  f o r  measur ing and 
p r e d i c t i n g  n o i  se, b u t  procedures a r e  needed t o  i n c o r p o r a t e  t h e  
i n f o r m a t i o n  i n t o  an o v e r a l l  assessment o f  t h e  n o i s e  impact  on t h e  
cornrr~uni t y  of a  new t ranspor1 ;a t iun  f i i c  i l  i t y .  



ASSUMPTIONS 6 
The model assumes t h a t  t h e  s e n s i t i v i t y  t o  n o i s e  o f  t h e  sample 

p o p u l a t i o n  i s  s i m i l a r  t o  t h a t  o f  t h e  whole p o p u l a t i o n .  I t  f u r t h e r  
assumes t h a t  t h e  p o p u l a t i o n  annoyed by a  g i v e n  n o i s e  a t  a  g i v e n  l o c a t i o n  
can be r e p r e s e n t e d  by a  s i n g l e  f u n c t i o n .  

VALIDATION 

There i s  no v a l i d a t i o n  o f  t h e  a l g o r i t h m .  Ra the r  a sample a p p l i c a t i o n  
o f  n o i s e  s t u d y  d a t a  was used t o  c l a r i f y  t h e  d i s c u s s i o n  and demonst ra te  
i t s  p r a c t i c a b i l i t y .  

STRUCTURE 

The n o i s e  annoyance impac t  measure (NAI)  i s  c a l c u l a t e d  as a  doub le  
i n t e g r a l  f u ~ c t i o n  o f  an a p p r o p r i a t e  measure o f  n o i s e  a t  a  p a r t i c u l a r  
l o c a t i o n ,  t h e  d e n s i t y  o f  peop le  a t  t h a t  l o c a t i o n ,  and a  f u n c t i o n  t h a t  
d e s c r i b e s  t h e  annoyance e f f e c t  o f  a  g i v e n  l e v e l  o f  n o i s e  on peop le  and 
t h a t  w i l l  change a c c o r d i n g  t o  t h e  u n i t s  chosen t o  express  NAI (e.g., 
t o t a l  number o f  peop le  annoyed, t o t a l  monetary c o s t  o f  t h e  n o i s e  
annoyance, e t c .  ) . 

MODEL CONSTRUCTION 

T h i s  i s  a  p h y s i c a l  a c c o u n t i n g  model. 

DATA USED IN RUNNING MODEL 

Values o f  t h e  f o l l o w i n g  independent  v a r i a b l e s  o f  t h e  e q u a t i o n  a r e  
necessary t o  c a l  c u l  at.e t h e  n o i s e  annoyance impac t  measure: popul  a t i  on 
d e n s i t y  a t  p o i n t  ( x , y ) ;  measure o f  n o i s e  a t  p o i n t  (x ,y ) ;  and annoyance 
e f f e c t  of t h e  n o i s e  on t h e  p o p u l a t i o n  expressed i n  t o t a l  number o f  
peop le  annoyed, t o t a l  monetary c o s t  o f  t h e  n o i s e  annoyance, o r  any o t h e r  
a p p r o p r i a t e  u n i t .  

F red  L. H a l l  and B r i a n  L. A l l e n ,  "Toward a  Community Impact  Measure f o r  
Assessment of i r a n s p o r t a t i o n  Noise,"  -- T r a n s p o r t a t i o n  Research Record 580, 
pp. 22-35,  1976, 





AIRPOL-4 was designed by t h e  V i r g i n i a  Highway and T r a n s p o r t a t i o n  
Research Counci 1 and i s presented i n  ~ r a n s p o r t a t i  on Research Record 580, 
1976. The model r e p o r t  compares t h e  p r e d i c t i v e  and c o s t  performances o f  
AIRPOL-4 w i t h  those  o f  two o t h e r  a i r  p o l l u t i o n  models: CALAIR 
( C a l i f o r n i a  D i v i s i o n  o f  Highways) and HIWAY (U.S. Environmental  
P r o t e c t i o n  Agency). The r e s u l t s  demonstrate t h a t  t h e  p r e d i c t i v e  
capabi 1 i ty and re1  i a b i  1 i t y  o f  A1 RPOL-4 a r e  general l y  s u p e r i o r  t o  those  
o f  t h e  o t h e r  two model s . 
SPONSOR 

V i  r g i  n i a  Department o f  Highways and T r a n s p o r t a t i o n  
Char1 o t t e s v i  11 e,  Va. 

AUTHOR 

W i l l i a m  A. Carpenter  and Gerardo G. Clemena 
V i  r g i  n i a  Highway and T r a n s p o r t a t i o n  Research Counci l  
C h a r l o t t e s v i  1 l e ,  Va. 

MODEL TYPE 

Air pol  1 u t  i o n l a i  r qua1 i t y  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  AIRPOL-4 i s  t o  p r e d i c t  carbon monoxide (CO) 
c o n c e n t r a t i o n s  i n  t h e  v i c i n i t y  o f  roadways. 

RELATIONSHIP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

AIRPOL-4 was developed as an improvement t o  two e x i s t i n g  a i r  
p o l l u t i o n  models. The e x i s t i n g  models (CALAIR and HIWAY) were 
cumbersome and expensive t o  use. They were, fu r thermore,  g e n e r a l l y  
i n a c c u r a t e  and tended t o  seve re l y  o v e r p r e d i c t  p o l l u t i o n  1 eve1 s i n  t h e  
c r i t i c a l  cases o f  low wind speeds and smal l  road-wi nd angles. 

ASSUMPTIONS 

The b a s i c  assumption o f  t h e  model i s  t h a t  o f  t h e  Gaussian l i n e - s o u r c e  
formul  a t i o n .  



VALIDATION 

The p r e d i c t i v e  performances o f  t h r e e  model s  (AIRPOL-4, CALAIR, and 
HIWAY) were eva lua ted  a g a i n s t  measured data.  The v a r i a b l e s  cons ide red  
i n c l  uded wi nd speed, road-wi  nd angl  e, atmospher ic s t a b i  1  i ty  c l  ass, 
source h e i g h t ,  and r e c e p t o r  l o c a t i o n .  Data f rom f i v e  s i t e s  i n  V i r g i n i a  
were used, 

Three c r i t e r i a  were used i n  a n a l y z i n g  t h e  p r e d i c t i v e  c a p a b i l i t i e s  o f  
t h e  t h r e e  models. F i r s t ,  mean squared e r r o r s  were examined and compared 
among t h e  t h r e e  models. Second, r e g r e s s i o n s  o f  a c t u a l  va lues on 
p r e d i c t e d  va lues were r u n  and s tud ied .  T h i r d ,  100% con f idence  l i m i t s  on 
t h e  p r e d i c t i o n  e r r o r s  were cons t ruc ted .  

The r e s u l t s  demonstrated t h a t  t h e  p r e d i c t i v e  c a p a b i l  i t y  and 
r e l i a b i l i t y  o f  AIRPOL-4 a r e  g e n e r a l l y  s u p e r i o r  t o  those  o f  t h e  o t h e r  two 
models. 

LIMITATIONS AND BENEFITS 

It i s  s i g n i f i c a n t l y  more c o s t  e f f e c t i v e  t o  use AIRPOL-4 t h a n  CALAIR 
o r  HIWAY; t h e  Gaussian f o r m u l a t i o n ,  however, i s  n o t  capable o f  a n a l y z i n g  
highway s e c t i o n s  t h a t  a r e  e l e v a t e d  by ea r then  f i l l .  

STRUCTURE 

The b a s i c  s t r u c t u r e  i s  t h a t  o f  a  Gaussian l i n e - s o u r c e  a i r  p o l l u t i o n  
model. 

MODEL CONSTRUCT ION 

AIRPOL-4 i s a  p h y s i c a l  system model. 

DATA USED I N  RUNNING MODEL 

Data d e s c r i b i n g  t h e  s i t e ,  t r a f f i c  v o l  umes, speeds, percentage o f  
heavy d u t y  v e h i c l e s ,  and wind d i r e c t i o n  and speed a r e  c o l l e c t e d  t o  r u n  
t h e  model . 
DOCUMENTATION 

W i l  l i a m  A. Carpenter  and Gerardo G. Clemena, " E v a l u a t i o n  and Comparison 
o f  Three A i r  Pol 1  u t i o n  P r e d i c t i o n  Models ,I1 T r a n s p o r t a t i o n  Research 
Record 580, pp. 76-89, 1976. 

W i l  1  iam A. Carpenter  and Gerardo G.Clemena, A n a l y s i s  and Comparative 
Eva1 u a t i o n  of AIRPOL-4, V i r g i n i a  Highway and T r a n s p o r t a t i o n  Research 
Counci 1, Rept. VHTRC 75-R55, May 1975. 



MANUAL MODEL TO PREDICT HIGHWAY RELATED CARBON MONOXIDE CONCENTRATIONS 

A  Manual Model t o  P r e d i c t  Highway Re la ted  Carbon Monoxide 
Concent ra t ions ,  da ted A p r i  1  1975, was prepared by t h e  Southeast  Mich igan 
Counci l  o f  Governments and t h e  Mich igan Department o f  S t a t e  Highways and 
T r a n s p o r t a t i o n  and sponsored by t h e  U.S. Department o f  T ranspo r ta t i on .  
The model, making use o f  i n f o r m a t i o n  g e n e r a l l y  a v a i l a b l e  t o  a  highway 
p l a n n i n g  agency, p r e d i c t s  whether a  t r a n s p o r t a t i o n  f a c i l  i t y  c o u l d  
v i  01 a t e  t h e  Na t i ona l  Ambient Air Qua1 i t y  Standards i n  southeast  
Michigan.  Carbon monoxide c o n c e n t r a t i o n s  a r e  p r e d i c t e d  and used as an 
i n d i c a t o r  f o r  o t h e r  p o l l u t a n t s .  The model i s  adapted f rom t h e  
computer ized C a l i f o r n i a  model developed by Beaton, Skog, R a n z i e r i ,  which 
i s  now superseded by CALINE-2 (76-084). 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  

Federal Highway A d m i n i s t r a t i o n  and 
Urban Mass T r a n s p o r t a t i o n  A d m i n i s t r a t i o n  
Washington, D.C. 20590 

AUTHOR 

Dav id  A. Doc to r  
Southeast  Mich igan Counci 1 o f  Governments 
800 Book B u i l d i n g  
D e t r o i  t , M i  ch. 

Mich igan Department of S t a t e  Highways and T r a n s p o r t a t i o n  
Lansing,  Mich. 

MODEL TYPE 

A i r  p o l l u t i o n / a i r  q u a , l i t y ,  emiss ions  

OBJECTIVE OF MODEL 

The model i s  i n tended  t o  p r e d i c t  whether a  t r a n s p o r t a t i o n  f a c i l  i t y  
would v i o l a t e  t h e  N a t i o n a l  Ambient A i r  Q u a l i t y  Standards. It i s  a  
manual model t h a t  uses i n f o r m a t i o n  r e a d i l y  a v a i l a b l e  t o  highway p lanne rs  
so t h a t  a1 t e r n a t i v e  f a c i l i t i e s  can be q u i c k l y  eva lua ted  f o r  p o s s i b l e  
v i o l  a t i  ons f o r  carbon monoxi de and o t h e r  po l  1  u t a n t  c o n c e n t r a t i  on 
standards.  Carbon monoxide c o n c e n t r a t i o n s  a r e  p r e d i c t e d  and used as an 
i n d i c a t o r  f o r  o t h e r  po l  l u t a n t  v i o l a t i o n s ,  such as n i t r o g e n  d i o x i d e s  and 
hydrocarbons. 



RELATIONSHIP TO OTHER MODELS 

T h i s  manual model i s  an a d a p t i o n  o f  t h e  computer ized C a l i f o r n i a  a i r  
p o l l u t i o n  model developed by Beaton, Skog, and R a n z i e r i  i n  a  r e p o r t  
e n t i t l e d ,  Meteoro logy  and I t s  I n f l u e n c e  on t h e  D i s p e r s i o n  of ~ o l l u t a n t s  
f rom Highwa,y L i n e  Sources, Vol,  I, 1972. 

ASSUMPTIONS 

The b a s i c  assumpt ion o f  t h e  model i s  t w o f o l d :  p o l l u t a n t s  a r e  
immed ia te l y  expanded t o  c e l l  s i z e ,  based on t h e  mechanical  m i x i n g  c e l l  
t heo ry ;  and p o l l u t a n t s  a r e  t h e n  d i f f u s e d  b y  Gaussian equa t i ons  t o  
p r e d i  c t  c o n c e n t r a t i o n s  away f rom t h e  c e l l  . 

The model f u r t h e r  assumes t h a t  ambient p o l  1  u t a n t  c o n c e n t r a t i o n s  a r e  
p r o p o r t i o n a l  t o  t o t a l  emissions.  The model does n o t  c o n s i d e r  s p a t i a l  
and temporal  c h a r a c t e r i s t i c s  of a i r  p o l l u t a n t s .  

VALIDATION 

The model r e p o r t  does n o t  d i s c u s s  any v a l i d a t i o n  procedures.  

LIMITATIONS AND BENEFITS 

The p r imary  b e n e f i t  o f  t h e  model i s  i t s  manual c h a r a c t e r i s t i c s .  The 
look-up t a b l e s  f o r  l e v e l s  o f  p o l l u t a n t  c o n c e n t r a t i o n s  can e a s i l y  be used 
t o  i n d i c a t e  areas where more r e f i n e d  a n a l y s i s  i s  needed. 

The ma jo r  l i m i t a t i o n s  o f  t h e  model a r e  t h a t  i t  i s  n o t  a  p r e c i s e  
p r e d i c t o r  o f  carbon monoxide c o n c e n t r a t i o n s  and o t h e r  p o l  1  u t a n t s  and 
t h a t  i t  i s  a  model a p p a r e n t l y  o n l y  v a l i d  f o r  a  s p e c i f i c  r e g i o n .  

I n  a d d i t i o n ,  more complex methods a r e  needed because t h e  model 
c a l  c u l  a t e s  t h e  p o l  1  u t a n t  c o n c e n t r a t i o n s  based on t h e  wors t  
m e t e o r o l o g i c a l  and use s i t u a t i o n s .  I t s  i n tended  use i s  as an e a r l y  t o o l  
i n  t r a n s p o r t a t i o n  p lann ing ,  n o t  as a  f i n a l  a n a l y t i c a l  t o o l .  

STRUCTURE 

The model has two main equat ions ,  The f i r s t  e q u a t i o n  i n c o r p o r a t e s  
meteor01 o g i c a l  , t r a f f i c ,  m i x i n g  c e l l  , and carbon monoxide emiss ion  
v a r i a b l e s  t o  de termine t h e  carbon mpnoxide c o n c e n t r a t i o n s .  

- - (1.06) ( 1 . 7 3 ~ 1 0 - ' )  (VPH) (EF) - -- (SAF) 
'mmc (4 .24)  ( u )  ( s i n P )  

where: 

'mmc = t h e  p o l l u t a n t  c o n c e n t r a t i o n  ~i t h i n  t h e  mechanical m i x i n g  c e l l  

VPH = v e h i c l e s  per  hour  



EF = t h e  a p p r o p r i a t e  emiss ion f a c t o r  

SAF = a  speed f a c t o r  t o  a d j u s t  emissions 

u = w ind speed i n  meters/second 

SinP = t h e  s i n e  o f  t h e  w ind  d i r e c t i o n  

The e m p i r i c a l  f a c t o r s  r e p r e s e n t  t h e  f o l  l o w i n g  ad jus tments :  

( 1  -06)  r e l a t e s  t h e  c o n c e n t r a t i o n  i nc rease  i n  t h e  mechanical m i x i n g  c e l l  
due t o  v e r t i c a l  v e h i c u l a r  t u r b u l e n c e  

( 1 . 7 3 ~ 1 0 - ~ )  accounts f o r  a l l  u n i t  changes i n  t h e  equat ion ,  modi fy ing  i t  
so t h a t  t h e  r e s u l t a n t  u n i t  i s  i n  grams pe r  c u b i c  meter  

(4.24) r e l a t e s  t h e  c o n c e n t r a t i o n  decrease i n  t h e  mechanical m i x i n g  due 
t o  h o r i z o n t a l  veh i  c u l  a r  t u r b u l e n c e  

For  c o n c e n t r a t i o n s  away f rom t h e  m i x i n g  c e l l  t h e  Gaussian d i f f u s i o n  
equat ions  f o r  h e i g h t  and h o r i z o n t a l  d i s t a n c e  a r e  used t o  a d j u s t  t h e  
c a l c u l a t e d  m i x i n g  c e l l  c o n c e n t r a t i o n :  

H 2  exp[-112 (=) ] i s  used t o  a d j u s t  f o r  e leva ted  s e c t i o n s  

z 2  exp[+l /2 (=) ] i s  used t o  a d j u s t  f o r  depressed s e c t i o n s  

exp[-112 ($)*I i s  used t o  a d j u s t  f o r  h o r i z o n t a l  d i s t a n c e  

where: 

H = h e i g h t  o f  e l e v a t e d  s e c t i o n  above t h e  r e c e p t o r  i n  meters 

Z = dep th  o f  t h e  depressed s e c t i o n  be1 ow t h e  r e c e p t o r  i n  meters 

Y = nonnal d i s t a n c e  f rom t h e  r e c e p t o r  t o  t h e  neares t  edge o f  t h e  highway 
i n  meters 

sz = h o r i z o n t a l  tu rbu ' l  e n t  parameter i n  meters 

sy = v e r t i c a l  t u r b u l e n t  parameter i n  meters 

MODEL CONSTRUCTION 

T h i s  i s  a  p h y s i c a l  systems model. 

DATA USED I N  RUNNING MODEL 

The model r e q u i r e s  t h e  f o l l o w i n g  i n p u t  v a r i a b l e s  t o  p r e d i c t  



c o n c e n t r a t i o n  o f  carbon monoxide: t h e  y e a r  o f  t h e  p r e d i c t i o n ,  t h e  
number o f  v e h i c l e s  i n  t h e  v e h i c l e  p o p u l a t i o n  on t h e  highway s e c t i o n ,  t h e  
percentage o f  heavy-duty v e h i c l e s  i n  t h e  v e h i c l e  p o p u l a t i o n ,  t h e  average 
speed o f  t h e  v e h i c l e s ,  and t h e  v e r t i c a l  and h o r i z o n t a l  d i s t a n c e  o f  t h e  
r e c e p t o r  f rom t h e  highway s e c t i o n .  

DOCUMENTATION 

Dav id  A. Doctor ,  A -- Manual Model & P r e d i c t  Highway Re la ted  Carbon 
Monoxide concen t ra t i ons ,  Southeast  M ich igan  Counci 1  o f  Governments, 
T r a n s p o r t a t i o n  Working Paper No. 15, A p r i l  1975. NTIS No. PB-245 407/2. 

COMPUTER REQUIREMENTS 

There a r e  no computer requ i rements  s i n c e  t h i s  i s  a  manual model. 



LIGHT-DUTY EM1 SSION AND CONTROL COST SIMULATION MODEL 

The L i g h t - D u t y  Emission and Con t ro l  Cost S i m u l a t i o n  Model was 
prepared by Mathematica, I n c .  f o r  t h e  Motor  V e h i c l e  Manufac turers  
A s s o c i a t i o n  (MVMA) i n  1975. I n  general  terms, t h e  model may be used t o  
examine t h e  c o s t  and t h e  1  i k e l y  consequences f o r  a i r  qual  i t y  o f  
a1 t e r n a t i v e  po l  i c i  es and s t r a t e g i e s  f o r  t h e  c o n t r o l  o f  po l  1  u t i  on f rom 
mobi 1  e  sources. 

Motor  V e h i c l e  Manufac turers  k s s o c i a t i  on 
300 New Center  Bu i  1 d i  ng 
D e t r o i t ,  Mich. 

AUTHOR 

Mathematica, I n c .  
P.O. Box 2392 
P r i n c e t o n ,  N.J. 08540 

MODEL TYPE 

A i r  po l  1  u t i o n l a i r  qual  i ty, emissions,  v e h i c l e  user  c o s t s / v e h i c l  e  
o p e r a t i  ng c o s t s  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  e s t i m a t e  t h e  c o s t s  and e f f e c t i v e n e s s  
o f  a1 t e r n a t i v e  p o l i c i e s  f o r  a c h i e v i n g  c l e a n e r  a i r .  P o l i c y  a1 t e r n a t i v e s  
examined can be eva lua ted  acco rd ing  t o  two p r i n c i  pa1 c r i t e r i a :  (1) t h e  
d i r e c t  and i n d i r e c t  cos ts ,  i n c l u d i n g  c a p i t a l  ou t1  ay and o p e r a t i n g  
expendi t u r e s ,  and ( 2 )  t h e  e f f e c t i v e n e s s  i n  improv i  ng ambient a i r  
qual  i t y .  

RELATIONSHIP TO OTHER MODELS 

There i s  no d i rec t ;  o p e r a t i n g  r e l a t i o n s h i p  t o  o t h e r  models. 

HISTORICAL BACKGROUNO 

MVMA's purpose i n  sponsor ing  t h e  s tudy  was t o  have an independent and 
o b j e c t i v e  e v a l u a t i o n  o f  a1 t e r n a t i v e  p o l i c i e s  t o  abate  po l  1  u t i o n  f rom 
motor  veh i c les .  Unl i ke o t h e r  s t u d i e s  o f  mob i le -source  po l  1  u t i o n  
c o n t r o l ,  t h e  e f f o r t  was t o  focus  on t h e  q u e s t i o n  o f  how can t h e  t i m e l y  
abatement o f  p o l l u t i o n  be encouraged r a t h e r  t h a n  on ques t i ons  about  
j u s t i f y i n g  any p a r t i c u l a r  s e t  o f  p o l l u t i o n  standards o r  t i m e t a b l e s  f o r  
compl i ance. 



LIMITATIONS AND BENEFITS 

L i m i t a t i o n s  of t h e  model i n c l u d e  t h e  f o l l o w i n g .  (1) The r o l l - b a c k  
methodo logy  used i n  t h e  amb ien t  a i r  q u a l i t y  submodel n e g l e c t s  knowledge 
abou t  t h e  s p a t i a l  and t e m p o r a l  d i f f u s i o n  o f  p o l l u t i o n .  ( 2 )  No 
e s t i m a t e s  a r e  made o f  t h e  c o s t s  and e f f e c t i v e n e s s  o f  p o l i c i e s  des i gned  
t o  r educe  VMT. ( 3 )  P o s s i b l e  changes i n  e m i s s i o n  c o n t r o l  c o s t s  o v e r  
t i m e  as l e a r n i n g  and t e c h n i c a l  change o c c u r  a r e  n o t  c o n s i d e r e d .  ( 4 )  
P o l l u t i o n  p rob lems r e l a t e d  t o  m o b i l e  s o u r c e  e m i s s i o n s  such  as  n o i s e ,  
l e a d  em iss i ons ,  and s u l f a t e s  a r e  n o t  i n c l u d e d .  

B e n e f i t s  o f  t h e  model i n c l u d e :  (1) t h e  c a p a b i l i t y  t o  q u a l i t a t i v e l y  
a n a l y z e  t h e  economic s t r e n g t h s  and weaknesses o f  c u r r e n t  a i r  p o l  1  u t i o n  
c o n t r o l  p o l i c y ;  and ( 2 )  t h e  c a p a b i l  i t y  t o  a n a l y z e  a l t e r n a t i v e  p o l i c i e s  
f o r  r e d u c i n g  amb ien t  a i r  p o l  l u t i o n  and e s t i m a t e  t h e  c o s t - e f f e c t i v e n e s s  
o f  such p o l i c i e s .  

STRUCTURE 

The model i s  e x e r c i s e d  as  f o l l o w s .  A  p a r t i c u l a r  s t r a t e g y  o r  s e t  o f  
s t r a t e g i e s  i s  s p e c i f i e d  a l o n g  w i t h  i t s  i m p a c t  on  l i g h t - d u t y  v e h i c l e  
emi s s i o n  r a t e s ,  e m i s s i o n  c o n t r o l  d e v i c e  c o s t s ,  f u e l  c o s t s ,  VMT g row th  
f a c t o r s ,  e t c .  Then, based on d a t a  on e m i s s i o n s  p e r  m i l e  o f  t r a v e l  by 
1  i g h t - d u t y  m o t o r  v e h i c l e s ,  emi s s i o n s  a r e  computed. S t a t i o n a r y  sou rce  
e m i s s i o n s  and em iss i ons  f r o m  o t h e r  v e h i c l e s  and f r o m  a i r c r a f t  a r e  
s p e c i f i e d  exogenous ly ,  T h i s  y i e l d s  t o t a l  em iss i ons .  A  r o l l - b a c k  model 
i s  used t o  c o n v e r t  e m i s s i o n s  f i g u r e s  t o  an  e s t i m a t e  o f  t h e i r  e f f e c t  on  
amb ien t  a i r  qua l  i ty.  C a p i t a l  c o s t s  and t h e  p r e s e n t  v a l u e  o f  o p e r a t i n g  
c o s t s  o f  each s t r a t e g y  a r e  a l s o  c a l c u l a t e d .  The a g g r e g a t i o n  o f  t h e s e  
c o s t s  a l o n g  w i t h  t h e  e f f e c t  on amb ien t  a i r  q u a l i t y  p r o v i d e s  t h e  b a s i s  
f o r  an assessment o f  t h e  c o s t - e f f e c t i v e n e s s  o f  v a r i o u s  s t r a t e g i e s .  

There  a r e  t h r e e  b a s i c  submodels c o n t a i n e d  i n  t h e  f u l l  model :  

1) Emi s s i o n s  Model : The e m i s s i o n s  model combines d e t a i l e d  c a l c u l a t i o n s  
o f  em iss i ons  f o r  1  i g h t - d u t y  v e h i c l e s  w i t h  simp1 e  g r o w t h  p r o j e c t i o n s  
o f  emi s s i o n s  f r o m  heavy-du ty  v e h i c l e s ,  m o t o r c y c l e s ,  a i r c r a f t ,  and  
s t a t i o n a r y  sources .  

2 )  Ambient  - A i r  Qua1 i t y  Model : The amb ien t  a i r  qua1 i t y  model uses  t h e  
r o l l - b a c k  methodo logy ,  T h i s  approach i s  based on t h e  assump t i on  t h a t  
amb ien t  c o n c e n t r a t i o n s  l e s s  any background  c o n c e n t r a t i o n s  a r e  
p r o p o r t i o n a l  t o  t o t a l  emi s s i o n s .  

3 )  Cos t  Model : The c o s t  model e v a l u a t e s  t h e  p r e s e n t  v a l u e  o f  t h e  
c a p i t a l  , o p e r a t i n g ,  and ma in tenance  c o s t s  a s s o c i a t e d  w i t h  c o n t r o l  
d e v i c e s  a p p l i e d  t o  new and used  v e h i c l e s  o v e r  t h e  s i m u l a t i o n  p e r i o d .  



Data p resen ted  ! r  "he  I ( ) p o r t  used t o  c o n s t r u c t  t h r  model i n c l u d e :  
v ~ h i c l e  m i l e s  o f  tmave l  , 1 i:ltrt.-duty v ~ i i i c l e  e m i s s i o n s  f a c t o r s ,  speed 
c o r r e c t  i 711 f a c t o r s ,  a1 t e r  r 1 2 t  i v c  e n g i  ne emi s s i o n s ,  r e t r o f i t  d e v i c e  
e f f e c t i v e n e s s ,  scrapp3qe,  ncu c a r  r e g i s t r a t i o n s ,  speeds, e m i s s i o n s  f r o m  
o t h e r  sources ,  c o s t s  3 f  c o n t r b l  s and a1 t e r n a t i v e  eng ines ,  r t c .  

DATA USED 114 RUNNIWC '4ClDEI. 

The re  a r e  two  t j p e s  o f  i n p u t  d a t a  t o  t h e  model.  The f i r s t  s e t  
r e f l e c t : ;  t h e  impac t  o f  a partlc 111ar  s t r a t e g y  o r  s e t  o f  s t r a t e g i e s ,  T h i s  
t y p e  o f  d a t a  i n c l  udec v e h l r l ?  en11 s s i o n  r a t e s ,  emi s s i o n  c o n t r o l  dev ic t !  
c o s t s ,  fuel c o s t s ,  r l t f  . T ~ I C S I ?  i n p u t s  a r e  t h e n  combined w i t h  t b e  second 
t y p e  o f  da ta ,  nameld.  t h o s e   hat do n o t  v a r y  w i t h  t h 2  q t r a t c s i e c  h e i n 5  
s i m u l a t e d .  These i n c l  ude s t a t i o n a r y  sou rce  emi s s i o n s ,  t r a v e l  g r o w t h  
f a c t o l - s ,  e t c .  

P o l i c i e s  t o  Aba te  Po i  l u t i o n  f r o m  F lo to r  V e h i c l e s :  A n  E v a l u a t i o n  o f  Some -- 
A l t e r n a t i v e s ,  Mathemat ica,  I n c . ,  J u l y  1, 1975, 2 vox rnes .  



Th.: it11 tomolj i l e and Gaso I i tie ILe~naiiJ '4:iic1 was prepz+-ccl i n  1075 f o r  t h e  
M o t o r  V e h i c l  c M a n u f a c t u r e r s  !,:socia L j n r  ( MVbAk) by I l a t a  Resources,  
I n c .  and 1-ht: U n i v e r s i t y  o f  A r i zona .  The niodel wss d e s i g n z d  t o  de te rm i r l e  
t h e  impdc t  o f  a : t e r n a t i v e  f u e l  -conomj  p ~ l i c i e s  on new c a r  s a l e s ,  
g a s o l i q ~ ~  c ~ ~ n s u n p t i o n ,  and new c a r  p r i c e s .  

Mo to r  Vcl : ic;e M a n u f a c t u r e r s  A s s o c i a t i o n  
300 NPW C z n t e r  Uu i  1  d i n g  
D e t r o i t  , lil.:ch. 

AUTHOR 

L e s t e r  ri, T a y l o r  
U n i v e r s i t y  o f  4 r i z o n z  
i u c s c n ,  Ariz, 85721 

P h i l  i p  K .  V e r l c g e r  and C a t h e r i n e  J .  Hert,zel  
Oatd Resources,  !nc. 
29 Har twe1  i Avenue 
L e x i n g t o n  , Mass, 02173 

MODEL TYPE 

Fue l  consumpt ion ,  a u t o m o b i l e  demand, P I - i c i  ng, m a r k e t  sha re  

OBJECTIVE 9F PIODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  d e t e r m i n e  t h e  imp& o f  a l t e r n a t i v e  
f u e l  econo r~y  p o l i c i e s  on  new c a r  s a l e s ,  t h e  c ~ ; n p o s i t i o n  o f  new c a r  
s a l e s ,  ~ ~ $ 0 1  i ne consump t i on  and used  c 3 r  prs i ces .  

There  i s  nc d i r e c t  r e l a t i o n s h i p  t o  c ~ t h e r  r :odeIs.  

The S ~ ' 1 0 w i  ng b a s i c  assur i lp t ions art2 t f o u n d a t i o n  o f  t h e  gas01 i n e  
a n d  a d t o  demand model : 

1) The demdnd f o r  new c a r s  i s  d e t e r m i n e d  i n d i r e c t l y  a s  a  f u n c t i o n  o f  
t h e  d ~ s i r e d  number o f  c a r  m i l e s  t o  be t r a v e l e d .  

2 )  The nllmber o f  new c a r s  s o l d  i s  an i n p u t  t o  a s e t  o f  segment 



e q u a t i o n s  w h i c h  d e t e r m i n e s  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  i n  
t e r m s  o f  w e i g h t ,  ho rsepower ,  e t c .  

3)  I n  t h e  1 ong r u n  t h e  r a t i o  o f  used c a r  p r i c e s  t o  new c a r  p r i c e s  i s  
d e t e r m i n e d  by t h e  g a s o l i n e  e f f i c i e n c y  o f  used c a r s  r e l a t i v e  t o  t h e  
g a s o l i n e  e f f i c i e n c y  o f  new c a r s  dnd t h e  c o s t  o f  ma in tenance .  

4 )  The demand f o r  g a s o l i n e  i s  d e r i v e d  f r o m  t h e  demand f o r  t r a v e l .  

VALIDATION 

The re  i s  no  v a l i d a t i o n  o f  t h e  model s i n c e  i t  had n o t  been e s t i m a t e d  
w i t h  a c t u a l  d a t a  i n  t h e  r e p o r t .  

LIMITATIONS AND BENEFITS 

The a u t h o r s  r e p o r t  t h a t  t h e  model possesses t h e  f o l l o w i n g  b e n e f i t s :  

1) The demand f o r  new c a r s  and t h e  demand f o r  g a s o l i n e  a r e  approached 
i n  t h e  f ramework o f  an i n t e g r a t e d  model t h a t  sees b o t h  demands as  
b e i n g  d e r i v e d  f r o m  t h e  demand f o r  m o t c r - c a r  t r a n s p o r t a t i o n .  

2 )  The demand f o r  an e q u i l i b r i u m  c a r  s t o c k  ( w h i c h  i t s e l f  d e r i v e s  f r o m  
t h e  demand f o r  a d e s i r e d  number o f  c a r - m i l e s  t o  b e  t r a v e l e d )  i s  
f o r m u l a t e d  as a  f u n c t i o n  o f  t h e  1  eve1 o f  income and t h e  u s e r - c o s t  
o f  m o t o r - c a r  t r a v e l .  

3 )  A s h o r t f a l l  o f  a c t u a l  c a r  s t o c k s  f r o m  d e s i r e d  c a r  s t o c k s  i s  assumed 
t o  a f f e c t  t h e  demand f o r  new c a r s  t h r o u g h  t h e  used c a r  m a r k e t  
r a t h e r  t h a n  d i r e c t l y .  

4 )  The s h o r t - r u n  de~nand f o r  g a s o l i n e  i s  d e r i v e d  f r o m  t h e  s e l e c t i o n  o f  
a u t i l i z a t i o n  r a t e  o f  t h e  e x i s t i n g  c a r  s t ock .  

STRUCTURE 

The model r e p o r t e d  i s  an a n a l y t i c a l  model o f  gaso l  i n e  and a u t o  
derr:and. As p resen ted ,  i t  i s  r e a d y  t o  be e s t i m a t e d  and t e s t e d ,  b u t  t h i s  
has n o t  heen done becaus(t  3 f  l i m i t r d  r esou rces .  

The model c o n t a i n s  f o ~ r r  m a i  I ,  i .ompi inents:  

1: Demand f o r  neb; L a r s  

2) D e t e m i n a t i o n  o f  riserl c a r  p i . ices 

3 )  Compos i t i on  o f  new c d r  b a l e s  

4 j Demand f o r  gaso l  i n e  

li t y p i c a l  e q u a t i o r ~  s p e c i f i c a t i o n  i s :  



where : 

E = average t o t a l  energy consumed p e r  m i l e  i n  p e r i o d  T T  

My = t o t a l  demand f o r  c a r  m i l e s  i n  p e r i o d  T 

q. = number o f  v e h i c l e s  o f  t y p e  i o f  a l l  v i n t a g e s  on t h e  r o a d  i n  
1 p e r i o d  T 

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

= expected number o f  t o t a l  m i l e s  o f  v e h i c l e  o f  t y p e  i over  i t s  
M ~ i  l i f e t i m e  

i = share  o f  v e h i c l e s  o f  t ype  i i n  t o t a l  s a l e s  

'i j = percentage o f  c a r s  of t y p e  i of v i n t a g e  j rema in ing  on t h e  road  i n  
p e r i o d  T 

rn = average m i l e s  per  p e r i o d  d r i v e n  by a  v e h i c l e  of t y p e  i and v i n t a g e  
i j  

= average g a l l o n s  pe r  m i l e  consumed by a  v e h i c l e  o f  t y p e  i and 
giJ v i n t a g e  j 

MODEL COl4STRUCTI  ON 

An e s t i m a t i o n  o f  t h e  model was n o t  done; t h e r e f o r e  no d a t a  were used 
i n  b u i  1  d i n g  t h e  model,  

DATA USED I N  RUFINING MODEL 

I t  i s  no t  c l e a r  what da ta  a r e  necessary t o  r u n  t h e  model. 

DOCUMENTATION 

L.D. Tay lo r ,  P.K. Ver lege r ,  and C.W. H i r t z e l ,  "The Wel fa re  E f f e c t s  o f  
Fuel Economy Po1 i c i e s " ,  J u l y  1375. The r e p o r t  i s  a v a i l a b l e  f rom MVMA o r  
t h rough  NTTS. 



AUTOMOBILE DEMAND EQUATIONS 

Several  au tomobi le  demand equat ions  were es t imated by Alan C. Hess o f  
t h e  U n i v e r s i t y  o f  Washington and pub1 i shed i n  Econometrica, A p r i l  1977. 
The models were b u i l t  t o  i n v e s t i g a t e  t h r e e  main i ssues :  t h e  l e n g t h  o f  
t h e  household p lann ing  hor izon;  t h e  range o f  s u b s t i t u t i o n  among assets;  
and t h e  r e l a t i v e  importance of s u b s t i t u t i o n  and wea l th  e f f e c t s .  The 
equat ions  were es t ima ted  over  t h e  same s e t  o f  da ta  t o  r e f l e c t  d i f f e r e n t  
assumptions about  t h e  p lann ing  h o r i z o n  and range o f  s u b s t i t u t i o n s  among 
assets .  

A lan C. Hess 
U n i v e r s i t y  o f  Washington 
S e a t t l e ,  Wash. 98195 

MODEL TYPE 

Automobi 1  e  demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  of t h e  models i s  t o  answer t h e  f o l l o w i n g  quest ions  
concern ing automobi le  stock demand: (1) whether t h e  household i s  b e t t e r  
viewed as p lann ing  over  a  s i n g l e - p e r i o d  o r  a  mu1 t i - p e r i o d  hor izon;  ( 2 )  
whether t h e  household i s  b e t t e r  viewed as p lann ing  i n  a  s i n g l e - a s s e t  o r  
a  mu1 t i - a s s e t  framework; and ( 3 )  what i s  t h e  r e l a t i v e  importance o f  
s u b s t i t u t i o n  and w e a l t h  e f f e c t s  as sources o f  change i n  t h e  s tock  demand 
f o r  automobiles. It was n o t  an o b j e c t i v e  t o  b u i l d  an o p e r a t i o n a l  
s imul  a t i  on model . 
RELATIONSHIP TO OTHER MODELS 

There i s  no d i r e c t  re1  a t i o n s h i p  t o  o t h e r  o p e r a t i n g  f o r e c a s t i n g  
model s. 

ASSUMPTIONS 

The b a s i c  assumption f rom which t h e  a1 t e r n a t  i v e  household automobi 1  e  
demand equat ions  i n  t h i s  s tudy a r e  d e r i v e d  i s  t h a t  t h e  goal  o f  t h e  
household i s  t o  maximize t h e  v a l u e  o f  a  l i f e t i m e  u t i l i t y  f u n c t i o n  which 
i s  t h e  sum o f  each p e r i o d ' s  u t i l  i t y  d iscounted by a  t i m e  p re fe rence  
parameter. 

VAL I DAT I ON 

There i s  no v a l i d a t i o n  o u t s i d e  t h e  sample p e r i o d  f o r  t h e  v a r i o u s  



equat ions .  W i  th in -sample  summary s t a t i s t i c s  a r e  presented.  
E l a s t i c i t i e s  f o r  severa l  a1 t e r n a t i v e  equa t i on  s p e c i f i c a t i o n s  a r e  
c a l  c u l  ated.  

STRUCTURE 

Four b a s i c  s i  ng le -equa t i on  s p e c i f i c a t i o n s  were examined. They were: 

1) M u l t i - p e r i o d ,  m u l t i - a s s e t  model. 

2 )  Mu1 t i - p e r i o d ,  s i n g l e - a s s e t  model. 

3 )  S ing le -pe r iod ,  s i n g l e - a s s e t  model. 

4 )  S i n g l e - p e r i o d ,  mu1 t i - a s s e t  model. 

The mu1 t i - p e r i o d ,  m u l t i - a s s e t  model was judged t o  be s u p e r i o r  t o  t h e  
o t h e r  t h r e e  s p e c i f i c a t i o n s .  The f o l l o w i n g  a d d i t i o n a l  conc lus ions  were 
drawn: (1) t h e  household i s  b e t t e r  viewed as p lann ing  ove r  a  m u l t i -  
p e r i o d  as compared t o  a  s i n g l e - p e r i o d  h o r i z o n  w i t h  respec t  t o  au tomobi le  
s tock  demand; ( 2 )  t h e  household i s  b e t t e r  viewed as s u b s t i t u t i n g  between 
consumption, autos,  d u r a b l e  goods, and hous ing  r a t h e r  t han  j u s t  between 
consumption and autos; and ( 3 )  s u b s t i t u t i o n  e f f e c t s  have 1 a r g e r  impacts  
on auto  s tock  demand t h a n  do w e a l t h  e f f e c t s .  I n  comparison w i t h  t h e  
w e a l t h  e f f e c t s ,  s u b s t i t u t i o n  e f f e c t s  account f o r  app rox ima te l y  seven 
t imes  more o f  t h e  v a r i a t i o n  i n  au to  s tock  demand. 

MODEL CONSTRUCT ION 

The da ta  base used t o  e s t i m a t e  t h e  model i n c l u d e s  i m p l i c i t  p r i c e  
d e f l  a t o r s  f o r  autos,  o t h e r  goods, res idences,  and personal  consumption, 
i n f l a t i o n  r a t e s ,  i n t e r e s t  r a t e s ,  d i sposab le  income, weal th,  households, 
and r e a l  s tock  o f  autos.  

DATA USED I N  RUNNING MODEL 

An o p e r a t i o n a l  f o r e c a s t i n g  model was n o t  cons t ruc ted .  

DOCUMENTATION 

Alan C.  Hess, " A  Comparison o f  Automobi le Demand Equat ions,"  
Econometr ica, A p r i l ,  1977, pp. 683-701. 

COMPUTER REQUIREMENTS 

Not appl i c a b l  e. 



ESTIMATING AUTO EM1 SSIONS OF ALTERNATIVE TRANSPORTATION SYSTEMS 

Es t  i m a t i n g  Auto Emi ssions of A1 t e r n a t i v e  T ranspor ta t ion  Systems, 
datea A p r i l  1972, was w r i t t e n  by t h e  Me t ropo l i t an  Washington Counci l  o f  
~overnments  under t h e  sponsorship o f  t h e  U.S. Department of 
T ranspor ta t ion .  The o b j e c t i v e  o f  t h e  model i s  t o  es t imate  t h e  magnitude 
of carbon monoxide, hydrocarbons, and oxides o f  n i t r o g e n  from automobi l e  
emi ssions f o r  a1 t e r n a t i  ve r eg iona l  t r a n s p o r t a t i o n  systems. The 
es t imates  a re  made r e l a t i v e  t o  t h e  base1 i n e  o f  no improvements i n  t h e  
t r a n s p o r t a t i o n  system, i .e., ze ro -con t ro l  s t ra tegy .  

SPONSOR 

U.S. Department o f  T ranspo r t a t i on  
O f f i c e  o f  t h e  Ass i s t an t  Secretary  f o r  Environment and Urban Systems 
Washington, D.C. 20590 

AUTHOR 

Sydney D. Rerwager and George V.  Wickstrom 
Metropol  i t a n  Washi ngton Counci 1 o f  Governments 
Department o f  T ranspo r t a t i on  P lanning 
1225 Connect icut  Avenue NW 
Washington, D.C. 20036 

MODEL TYPE 

Emissions, a i r  pol  l u t i o n l a i r  qua1 i t y ,  v e h i c l e  m i l e s  t r ave led ,  automobi le 
demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  es t imate  t h e  magnitude o f  carbon 
monoxide, hydrocarbons, and oxides of  n i t r o g e n  from automobi le emissions 
f o r  a l t e r n a t i v e  r eg iona l  t r a n s p o r t a t i o n  systems. 

RELATIONSHIP TO OTHER MODELS 

There i s  no d i r e c t  r e l a t i o n s h i p  t o  o t h e r  models. However, a p o r t i o n  
o f  t h e  program l o g i c  i s  based on model development by t h e  T r i - S t a t e  
T ranspor ta t ion  Commission f o r  es t ima t i ng  highway f a c i l i t y  requirements. 

HISTORICAL BACKGROUND 

The i n t r o d u c t i o n  t o  t h e  model r e p o r t  s t a tes  t h a t  t h e  model was 
developed t o  b r i n g  soc ia l  and environmental  f a c t o r s  i n t o  t h e  dec is ion -  
making framework t h a t  eng ineer ing  concerns enjoy.  



ASSUMPTIONS 

The m a j o r  assumpt ion i s  t h a t  a i r  p o l l u t a n t  emiss ions r a t e s  a r e  a  
f u n c t i o n  o f  t h e  age d i s t r i b u t i o n  of au tomobi les ,  average emiss ions 
f a c t o r s  o f  au tos  o f  age t, v e h i c l e  m i l e s  t r a v e l e d ,  and socio-economic 
c h a r a c t e r i s t i c s  o f  t h e  p o p u l a t i o n .  Truck emiss ions r a t e s  were n o t  
cons ide red  t o  be a  s i g n i f i c a n t  p a r t  o f  t o t a l  em iss ion  r a t e s ,  and 
t h e r e f o r e ,  a r e  n o t  p a r t  of t h e  model. Va r ious  assumpt ions were made 
about  t h e  l a y o u t  o f  d i f f e r e n t  highway systems and t r a n s i t  a l t e r n a t i v e s .  

VAL I DAT I ON 

There a r e  no v a l i d a t i o n  procedures  d i scussed  i n  t h e  model r e p o r t .  

LIMITATIONS AND BENEFITS 

The p r imary  b e n e f i t  o f  t h e  model i s  i t s  s i m p l i c i t y .  It i s  an 
a n a l y t i c a l  t o o l  wh ich  can be used t o  r a p i d l y  e v a l u a t e  t h e  r e l a t i v e  
magni tude and 1  o c a t i o n  of a u t o  emi ss ions f o r  a1 t e r n a t i  ve r e g i o n a l  
t r a n s p o r t a t i o n  systems. 

A m a j o r  l i m i t a t i o n  o f  t h e  model r e s u l t s  f rom t h e  method o f  
c o n s t r u c t i n g  t r a f f i c  volumes. These volumes were determined from 
r e l a t i o n s h i p s  between veh ic le -m i  l e s  of t r a v e l  , t h e  use o f  d i f f e r e n t  
t ypes  o f  f a c i l i t i e s ,  v e h i c l e  t r i p  o r i g i n  d e n s i t y ,  and expressway 
c a p a c i t y .  T h i  s  bypassed t h e  t r a d i t i o n a l  and expens ive  process o f  
d e t e r m i n i n g  o r i g i n s  and d e s t i n a t i o n s  f o r  a1 1  f u t u r e  t r i p s ,  a s s i g n i n g  
them t o  l i n k s  i n  t h e  network ,  and e s t i m a t i n g  speeds on each 1  i n k .  
There fo re ,  e s t i m a t e s  o f  t r a f f i c  v o l  umes o n l y  r e p r e s e n t  average 
c o n d i t i o n s  across  each sub-area. The f u l l  range o f  o p e r a t i n g  c o n d i t i o n s  
found w i t h i n  a  sub-area i s  n o t  modeled. 

STRUCTURE 

The model c o n s i s t s  o f  t h e  f o l l o w i n g  t h r e e  sub-model s: 

1) The t r i p  g e n e r a t i o n  submodel computes v e h i c l e  t r i p  o r i g i n s  by sub- 
a rea  f rom socio-economic da ta  and t r a n s i t  system c h a r a c t e r i s t i c s ,  

2 )  The t r a v e l  d e s c r i p t i o n  submodel computes v e h i c l e  m i l e s  o f  t r a v e l  
(VMT) and speeds by  t h e  highway f a c i l i t y  t y p e  f r o m  v e h i c l e  t r i p  
o r i g i n  e s t i m a t e s  and highway supp ly  data .  

3 )  The po l  1  u t a n t  emiss ions submodel e s t i m a t e s  t h e  carbon monoxide, 
hydrocarbon, and n i t r o g e n  o x i d e s  emiss ions r a t e s  f o r  each sub-area 
from average speed and VMT data .  

DATA USED IN RUNNING MODEL 

The f o l l o w i n g  c a t e g o r i e s  o f  d a t a  a r e  r e q u i r e d  t o  r u n  t h e  model : 



v e h i c l e  t r i p  o r i g i n s ,  p o p u l a t i o n ,  employment, au tomobi le  ownership, 
v e h i c l e  m i l e s  of t r a v e l  , v e h i c l e  ages, highway system d e s c r i p t i o n ,  
au tomobi le  emiss ion r a t e s ,  sub-area d e s c r i p t i o n ,  and t r a n s i t  system 
a1 t e r n a t i v e s .  

D e s c r i p t i o n s  o f  f u t u r e  highway f a c i  1 i t i e s  a r e  r e q u i r e d  f o r  
a1 t e r n a t i v e  highway a n a l y s i s  and es t ima tes  o f  a i r  po l  l u t a n t  emi ss ions 
ra tes .  

DOCUMENTAT ION 

Sidney D. Berwager and George V. W i  ckstrom, E s t i m a t i n g  Auto Emissions o f  
A1 t e r n a t i v e  T r a n s p o r t a t i o n  Systems, Repor t  No. DOT-20004, ~ p r 7  
1972. NTIS NO. PB-208 914. 

COMPUTER REQUIREMENTS 

The model programs a r e  o p e r a t i o n a l  on an I B M  360 Model 50, 



MATHA I R 

MATHAIR was prepared i n  1976 by MATHTECH, I n c .  f o r  t h e  C o r v a l l  i s  
Envi ronmental  Research Labora to ry ,  U.S. Envi  ronmental  P r o t e c t i o n  Agency. 
The model enab les  t h e  user  t o  pe r fo rm exper iments  e v a l u a t i n g  t h e  impact  
o f  a i r  p o l  1 u t i  on c o n t r o l  s t r a t e g i e s  i n  d i f f e r e n t  geograph ic  reg ions .  
Fo r  each p a r t i c u l a r  s t r a t e g y ,  t h e  model c a l c u l a t e s  b o t h  t h e  e f f e c t  on 
a i r  q u a l i t y  and t h e  d o l l a r  b e n e f i t s  and c o s t s  a s s o c i a t e d  w i t h  t h a t  
s t r a t e g y  f o r  a  u s e r - s p e c i f i e d  geograph ic  r e g i o n .  The c a l c u l a t i o n s  a r e  
made r e l a t i v e  t o  a  b a s e l i n e  o f  z e r o - c o n t r o l  s t r a t e g y .  

SPONSOR 

U. S. Env i ronmenta l  P r o t e c t i o n  Agency 
Corval  1  i s Env i ronmenta l  Research L a b o r a t o r y  
Off i c e  o f  Research and Devel opment 
Corva l  1  i s, Ore. 97330 

AUTHOR 

MATHTECH, I nc. 
P.O. Box 2392 
P r i n c e t o n ,  N.J. 

MODEL TYPE 

Air p o l l u t i o n / a i r  q u a l i t y ,  emiss ions,  v e h i c l e  m i l e s  t r a v e l e d ,  modal 
sp l  i t .  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  MATHAIR Model i s  t o  e s t i m a t e  t h e  impact  o f  
s t r a t e g i e s  f o r  c o n t r o l 1  i n g  m o b i l e  source a i r  p o l l u t i o n  f o r  b o t h  t h e  
e f f e c t  on a i r  q u a l i t y  and t h e  a s s o c i a t e d  b e n e f i t s  and c o s t s  ( i n  
do1 1  a r s )  . 

RELATIONSHIP TO OTHER MODELS 

There i s  no d i r e c t  o p e r a t i n g  r e l a t i o n s h i p  t o  o t h e r  models. However, 
parameters e s t i m a t e d  by Char les  R i v e r  Assoc ia tes  o f  Cambridge, Mass., i n  
a  s tudy  of P i t t s b u r g h  (March 1972) were used t o  c a l i b r a t e  t h e  
T r a n s p o r t a t i o n  Model o f  MATHAIR. 

HISTORICAL BACKGROUND 

MATHAIR was developed t o  be used as  an a n a l y t i c a l  t o o l  i n  t h e  eve r -  
p resen t  c o n t r o v e r s y  over  a i r  p o l  1  u t i  on standards.  



ASSUMPTIONS 

One important assumption of the model i s  t h a t  the benefits of a 
particular a i r  pollution control strategy are calculated in do1 l a r  
terms. I t  i s  therefore possible t o  calculate the net benefits of any 
particular strategy since costs are also in dollars. Many models and 
analyses of a i r  p o l l u t i o n  control only estimate their  benefits in 
physical terms, which then dictates a cost-effectiveness approach as 
opposed t o  a cost-benefi t one. 

VAL IDATION 

Sensitivity analysis was performed on MATHAIR t o  determine which 
inputs have a cr i t ical  effect on strategy outcomes. The following three 
experiments were conducted: 

1) The f i r s t  experiment assumed a n  accelerated rate of removing 
automobiles from the stock. This was estimated t o  have a minimal 
effect on pol icy imp1 icati  ons. 

2 )  The second experiment simulated a set of "worst case" assumptions 
for  Los Angeles: increased control device costs, low baseline 
dollar damages due t o  a i r  pollution and low estimates of the 
pol 1 u t a n t  reduction efficiencies of auto control devices. The 
combined impact of these assumptions resulted in a dramatic 
decrease in net benefits. 

3 )  The l a s t  experiment simulated three versions of the s t r i c t e s t  
control strategy, each containing a different transportation control 
measure. The marginal cost of the strategy exceeded the marginal 
benefit i n  a1 1 cases. 

Several of the o u t p u t  series of the transportation model were 
compared with a n  independent d a t a  series. I t  was shown that the 
percentage of t r ips  predicted by the model originating in central c i ty  
or suburb by mode i s  similar in four major metropolitan areas t o  figures 
from the 1974 -- Urban Transportation Factbook. 

LIMITATIONS AND BENEFITS 

A unique feature of MATHAIR i s  that i t  includes, on the cost side, 
the cost incurred when a traveler abandons his preferred mode of 
transportation a n d  either switches t o  a less convenient mode or foregoes 
the t r i p  altogether. Using the number and prices of different types of 
t r ip s ,  the cost module of the model calculates the cost to travelers of 
reduced (or  enhanced) mobi 1 i t y  due t o  transportation control measures. 

A limitation of MAT'HAIR i s  contained in the a i r  quality module of the 
model. A simp1 e 1 iriear roll back model i s used for  predicting a i r  
qua1 i ty .  This formulation i s  based on the assumption t h a t  ambient 
pol 1 utant concentrations are proportional t o  t o t a l  emissions. This 
approach f a i l s  t o  consider information on the spatial and temporal 



d i f f u s i o n  o f  p o l l u t i o n .  The e s t i m a t e d  r o l l  back c o e f f i c i e n t s  may a l s o  be 
s u b j e c t  t o  c o n s i d e r a b l e  e r r o r  s i n c e  t h e y  a r e  d e r i v e d  f r o m  d a t a  on 
p o l l u t i o n  m i s s i o n s  and c o n c e n t r a t i o n s  f o r  a  s i n g l e  base y e a r .  

STRUCTURE 

MATHAIR c o n s i  s t s  o f  t h e  f o l  1  owi ng s i x  modul es ( o r  sub-model s) : 

1 )  Automobi 1 e  Stock Module--computes t h e  compos i t i on  o f  t h e  au to  
s tock .  

2 )  T r a n s p o r t a t i o n  Model - - fo recasts  v e h i c l e  m i l e s  o f  t r a v e l  f o r  each 
mode o f  t r a n s p o r t a t i o n .  

3 )  Emissions Module--cal c u l  a t e s  po l  l u t i o n  emi ss ions  f o r  m o b i l e  sources 
and s t a t i o n a r y  sources s u b j e c t  t o  t h e  i n s t a l l a t i o n  o f  c o n t r o l  
dev ices .  

4 )  Air Q u a l i t y  Modu le - -ca l cu la tes  ambient  c o n c e n t r a t i o n s  o f  t h e  
p o l  1  u t a n t s .  

5 )  B e n e f i t s  Modul e - -ca l  c u l  a t e s  do1 1  a r  1  osses due t o  p o l  1  u t i o n  damage 
and t h e  b e n e f i t s  ( i . ,  r e d u c t i o n  i n  l o s s e s )  w i t h  r e s p e c t  t o  a  
base1 i ne case. 

6 )  Cost  Modul e - -ca l  c u l  a t e s  t h e  c o s t  o f  imp1 ementi  ng t h e  c o n t r o l  
s t r a t e g y .  

The o u t p u t  o f  a  MATHAIR s i m u l a t i o n  c o n t a i n s  t h e  f o l l o w i n g  
i n f o r m a t i o n :  

1 )  P r e d i c t e d  emi ss ions  ( t o n s l d a y )  o f  carbon monoxide, hydrocarbons,  
n i t r o g e n  ox ides ,  s u l f u r  ox ides ,  and l e a d  f r o m  automobi les ,  f r o m  a1 1  
mobi 1  e  sources, and f rom a1 1  s t a t i o n a r y  sources, r e s p e c t i v e l y .  

2 )  P r e d i c t e d  ambient  c o n c e n t r a t i o n s  ( ppm) o f  carbon monoxi deS n i t r o g e n  
ox ides ,  o x i d a n t s ,  and s u l f u r  ox ides  and o f  l e a d  (mean g/m ). 

3 )  D iscoun ted  c o s t s  and b e n e f i t s  f o r  t h e  s t r a t e g y  which has been 
s imul  ated.  

The o u t p u t s  above a r e  genera ted f o r  each y e a r  o f  t h e  s i m u l a t i o n  
ho r i zon .  A d d i t i o n a l  o u t p u t  i n c l u d e s :  

4 )  D iscounted p resen t  v a l u e  o f  b e n e f i t s  and c o s t s  ove r  t h e  comple te  
f o r e c a s t  pe r iod .  

5 )  D e t a i l e d  o u t p u t  o f  t h e  t r a n s p o r t a t i o n  module. T h i s  i n c l u d e s  t h e  
number o f  passenger t r i p s ,  passenger m i l e s ,  and v e h i c l e  m i l e s  f o r  
each t y p e  o f  t r i p  as w e l l  as  m o d e - s p l i t  and t r i p  f requency  
probab i  1  i ti es. 



MODEL CONSTRUCTION 

MATHAIR i s  an account i  ng model. 

DATA USED I N  RUNNING MODEL 

S i x  c a t e g o r i e s  o f  da ta ,  cor respond ing t o  t h e  s i x  MATHAIR modules, a r e  
r e q u i r e d  f o r  a MATHAIR s i m u l a t i o n  run. The d a t a  i nc lude :  new auto  
r e g i  s t r a t i o n s ,  scrappage, p a r k i n g  cos ts ,  t r i p  l eng th ,  speed, t i m e  and 
f a r e ,  modal s p l i t  parameters, number o f  t r i p s ,  v e h i c l e  occupancy, 
v e h i c l e  m i l e s  t r a v e l e d ,  emi ss ions f a c t o r s  and costs ,  c o n t r o l  s t r a t e g y  
cos ts ,  e t c .  

The i n p u t  da ta  r e q u i r e d  f o r  t h e  MATHAIR Model a r e  desc r ibed  i n  d e t a i l  
i n  t h e  model r e p o r t .  

DOCUMENTAT ION 

MATHTECH, Inc. ,  A Computer S i m u l a t i o n  Model f o r  Ana lyz ing Mob i l e  Source 
A i r  Pol l u t i o n  ~ o 7 t r o l  Sept. 1976, EPA-600/5-76-100. NTIS No. PB-260 - 
877. 

COMPUTER REQUIREMENTS 

A l l  MATHAIR programs and da ta  a r e  s t o r e d  as f i l e s  on an IBM 371-68. 
The model can be accessed th rough  t h e  NCSS t ime-shar ing  computer 
network.  



P R I C I N G  I N  THE AUTOMOBILE INDUSTRY : A SIMPLE ECONOMETRIC MODEL 

" P r i c i n g  i n  t h e  Automobi le  I n d u s t r y :  A  Simple Econometr ic  Model" was 
w r i t t e n  a t  V i r g i n i a  Commonwealth U n i v e r s i t y  and Mary Washington Col l e g e  
and pub l i shed  i n  t h e  Southern  Economic J o u r n a l ,  V. 43, No. 1, 1976. The 
purpose o f  t h e  model i s  t o  t e s t  t h e  impor tance o f  v a r i o u s  c o s t  f a c t o r s  
and admin i s te red  p r i c i n g  i n  t h e  d e t e r m i n a t i o n  o f  a u t o  p r i c e s .  

AUTHOR 

George H o f f e r  and James Marchand 
V i r g i n i a  Commonwealth U n i v e r s i t y  
910 West Frank1 i n  S t r e e t  
Richmond, Va. 23220 

John A1 b e r t  i ne 
Mary Washington C o l l  ege 
F red r i cksburg ,  Va. 22401 

MODEL TYPE 

P r i c i n g  

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  t e s t  t h e  re1 a t i v e  impor tance o f  c o s t  
f a c t o r s  and a n t i c i p a t e d  market  demand i n  t h e  d e t e r m i n a t i o n  o f  a u t o  
p r i c e s .  

RELATIONSHIP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

The au tho rs  s t a t e  t h e  model was developed t o  c o n t r i b u t e  t o  t h e  debate 
concern ing  t h e  reasons f o r  t h e  i nc reases  i n  a u t o  p r i c e s  i n  1974 and 1975 
i n  s p i t e  o f  decreased s a l e s  volume. 

ASSUMPTI ON5 

The model assumes t h a t  t h e  who lesa le  p r i c e  o f  new c a r s  i s  a  f u n c t i o n  
o f  f a c t o r  c o s t s  and a n t i c i p a t e d  growth  i n  s a l e s  volume. It assumes a l s o  
t h a t  p r i c i n g  d e c i s i o n s  f o r -  new c a r  models a r e  made i n  mid-summer, so t h e  
annual p r i c e  index i s  c o n s t r u c t e d  w i t h  J u l y  values.  



VALIDATION 

There i s  no v a l i d a t i o n  o f  t h e  model o u t ~ i d e  t h e  sample per iod .  The 
usual  summary s t a t i s t i c s  ( t - r a t i o s  and R ) a re  presented w i t h  t h e  
es t ima ted  equat ion.  Resul t s  o f  e x e r c i  s i n g  t h e  model a re :  

1) F a c t o r  c o s t s  and a n t i c i p a t e d  s t r e n g t h  o f  domestic new c a r  sa les  
were found t o  be s i g n i f i c a n t  de terminants  o f  who lesa le  au to  p r i c e s .  

2 )  F a c t o r  c o s t s  were t h e  most s i g n i f i c a n t  de terminant  o f  p r i c e  
changes. 

3 )  Cont rary  t o  t h e  admin is te red p r i c i n g  hypothes is ,  wholesale new c a r  
p r i c e s  were es t ima ted  t o  be a d i r e c t  f u n c t i o n  o f  a n t i c i p a t e d  market 
demand . 

4) Market  f o r c e s  have become a s t ronge r  i n f l u e n c e  on new c a r  p r i c e s  
more r e c e n t l y .  

STRUCTURE 

The s i n g l e  equa t i on  model i s  o f  t h e  form: 

where: 

Pt = a wholesale p r i c e  i ndex  f o r  au tos  i n  y e a r  t 

Vt  = a v a r i a b l e  i n d i c a t i n g  expected growth i n  sa les  volume i n  y e a r  t 

Ct-l = a composite c o s t  index  f o r  au to  manufac tur ing  

MODEL CONSTRUCTION 

The model was es t imated w i t h  annual da ta  from 1953-1975, 

S p e c i f i c  da ta  are :  

1) Bureau o f  Labor S t a t i s t i c s  wholesale p r i c e  index f o r  new cars.  

2 )  Pub l ished es t ima tes  of General Motors f o r  approaching model y e a r  
sa1 es volume. 

3 )  Bureau o f  Labor S t a t i s t i c s  wholesale p r i c e  index f o r  m a t e r i a l s  i n  
du rab le  manufactur ing.  

4 )  Bureau o f  Labor S t a t i s t i c s  s e r i e s  on gross h o u r l y  wage r a t e s  f o r  
t h e  motor  v e h i c l e  and p a r t s  i n d u s t r y .  



DATA USED I N  RUNNING MODEL 

H i s t o r i c a l  da ta  o r  assumed f u t u r e  va lues f o r  t h e  independent 
va r i ab l es  a re  necessary t o  generate p r e d i c t i o n s  f o r  t h e  who1 esal  e  p r i c e  
index f o r  new cars.  

DOCUMENTATION 

G. Ho f fe r ,  J. Marchand, and J. A1 b e r t i n e ,  " P r i c i n q  i n  t h e  Automobile 
Indus t ry :  A Simp1 e  ~ c o n o m e t r i c  Model ,I1 s o u t h e r n  -~conom ic  Journa l ,  
Vol. 43, No. 1, 1976. 



THE MOTOR VEHICLE EMISSION AND COST MODEL (MOVEC) 

The Motor  V e h i c l e  Emission and Cost Model (MOVEC) , pub1 i shed  i n  
December 1973, was developed by t h e  Rand Corpo ra t i on  as p a r t  o f  t h e  
C1 ean A i r  P r o j e c t  o f  San Diego County 's  Envi ronmental Development Agency 
under t h e  sponsorship o f  t h e  U. S. Envi ronmental P r o t e c t i o n  Agency. The 
MOVEC model pe rm i t s  an e v a l u a t i o n  o f  a l t e r n a t i v e  l i g h t - d u t y  motor  
v e h i c l e  r e t r o f i t  and inspect ion lmain tenance s t r a t e g i e s ,  For  s p e c i f i e d  
s t r a t e g i e s ,  t h e  t o t a l  annual c o s t s  ( b o t h  purchase and o p e r a t i n g )  a r e  
c a l c u l a t e d  f o r  t h e  reg ion ,  

SPONSOR 

O f f i c e  o f  Environmental  Management 
Envi ronmental Devel opment Agency 
County o f  San Diego, C a l i f o r n i a  
(under a  g r a n t  f rom t h e  U.S. Environmental P r o t e c t i o n  Agency) 

AUTHOR 

W.T. Mikolowsky 
Rand Corpo ra t i on  
Santa Monica, C a l i f .  90406 

MODEL TYPE 

A i r  qua1 i t y ,  emissions,  economic impact, v e h i c l e  user  c o s t s / v e h i c l  e  
o p e r a t i n g  cos ts .  

OBJECTIVE OF MODEL 

The Motor  V e h i c l e  Emissions and Cost Model (MOVEC) was developed f o r  
use i n  ana lyz ing  t h e  impact o f  motor  v e h i c l e  emissions on an urban 
reg ion.  The main purpose o f  MOVEC i s  t o  analyze l i g h t - d u t y  motor  
v e h i c l e  emissions f o r  any s p e c i f i e d  ca lendar  y e a r  between 1960 and 1999. 
Several a t tendan t  f e a t u r e s  o f  t h e  model a r e  t h a t  i t :  

1) appl i e s  u s e r - s p e c i f i e d  a d d i t i o n a l  emi s s i o n  c o n t r o l  s t r a t e g i e s  t o  
v e h i c l e s  i n  se lec ted  1955-1974 model years;  

2 )  c a l c u l a t e s  t h e  t o t a l  annual c o s t s  t h a t  a  r e g i o n  would i n c u r  by 
mandating a  p a r t i c u l a r  r e t r o f i t - i n s p e c t i o n l m a i n t e n a n c e  c o n t r o l  
s t r a t e g y ;  

3 )  c a l c u l a t e s  t h e  d i s t r i b u t i o n  o f  c o s t s  among v a r i o u s  income groups 
f o r  t h r e e  d i f f e r e n t  payment schemes by which t h e  c o s t  o f  t h e  
c o n t r o l  s t r a t e g y  m igh t  be funded; 

4 )  p l o t s  four  emiss ion parameters f o r  v a r i o u s  po l  1 u t a n t s  versus annual 
c o s t  o f  d i f f e r e n t  s t r a t e g i e s  f o r  a g i ven  ca lendar  year;  and 



5) p l o t s  f o u r  em iss ion  parameters versus ca lendar  y e a r  f o r  a  t i m e  
h i s t o r y  o f  t h e  r e g i o n  w i t h  a g i v e n  c o n t r o l  s t r a t e g y  i n  f o r c e .  

RELATIONSHIP TO OTHER MODELS 

MOVEC i s  one o f  seve ra l  models developed by  t h e  Rand C o r p o r a t i o n  t o  
i d e n t i f y  s t r a t e g i e s  f o r  meet ing  o f  t h e  N a t i o n a l  A i r  Q u a l i t y  Standards i n  
San Diego as s p e c i f i e d  by t h e  1970 Amendment t o  t h e  Clean A i r  Act ,  The 
models and methods were des igned t o  emphasize b r e a d t h  r a t h e r  t h a n  dep th  
o f  impact .  A1 though t h e  models were designed t o  San D i e g o ' s  p a r t i c u l a r  
c h a r a c t e r i s t i c s ,  t h e y  have been made pu rpose ly  genera l  enough f o r  use i n  
s i m i l a r  s t u d i e s  o f  o t h e r  reg ions.  The methodology and models used i n  
t h e  Clean Air P r o j e c t  i n c l u d e :  

1) F i x e d  Source A n a l y s i s  Techniques t o  e v a l u a t e  t h e  c o s t  and 
e f f e c t i v e n e s s  o f  c o n t r o l s  on f i x e d  sources;  

2 )  MOVEC e v a l u a t e s  t h e  c o s t  and e f f e c t i v e n e s s  o f  r e t r o f i t  and 
inspec t i on lma in tenance  s t r a t e g i e s  f o r  i n -use  v e h i c l e s ;  

3 )  T r a n s p o r t a t i o n  Model e v a l u a t e s  t h e  c o s t s  and e f f e c t s  o f  
t r a n s p o r t a t i o n  management s t r a t e g i e s ;  

4 )  Bus System -- Cost Model e v a l u a t e s  t h e  annua l i zed  c o s t s  o f  p r o v i d i n g  a  
p a r t i c u l a r  qua1 i t y  and q u a n t i t y  o f  bus s e r v i c e  f o r  a  reg ion ;  

5)  T r a d e o f f  Model e v a l u a t e s  r e t r o f  i t-i n s p e c t i  on/mai ntenance c o n t r o l  
s t r a t e g i e s  and t r a n s p o r t a t i o n  management s t r a t e g i e s  f o r  a  g i v e n  
f i x e d  source c o n t r o l  s t r a t e g y ;  

r e q u i r e d  t o  meet each a i r  q u a l i t y  standard;  

7 )  Larsen Model e s t i m a t e s  how a i r  q u a l i t y  v a r i e s  between d i f f e r e n t  
p a r t s  o f  t h e  reg ion ;  and 

8) -- T o t a l  Base - Year Emissions compi les  a  1970 emiss ions i n v e n t o r y  
e s t i m a t i n g  b o t h  f i x e d  and m o b i l e  sources. 

ASSUMPTIONS 

The f o l l o w i n g  e x p l i c i t  assumpt ions were noted i n  t h e  model r e p o r t :  

1 )  The v e h i c l e  p o p u l a t i o n  and m i leage  d i s t r i b u t i o n s  by  age o f  v e h i c l e  
a r e  s t a t i c ;  

2 )  The v e h i c l e  emiss ions f o r  each model y e a r  a r e  desc r ibed  by average 
emiss ion  f a c t o r s  f o r  exhaust ,  e v a p o r a t i v e ,  and blowby sources 
expressed i n  terms o f  grams p e r  m i l e ;  

3)  The f u l l  i m p l i c a t i o n  o f  a  c o n t r o l  s t r a t e g y  i s  assumed t o  occur  
w h o l l y  w i t h i n  one a n a l y s i s  y e a r ,  and a n n u a l i z e d  c o s t s  a r e  



c a l c u l a t e d  on t h a t  b a s i s ;  

4 )  D e t e r i o r a t i o n  and speed c o r r e c t i o n  f a c t o r s  a p p l y  o n l y  t o  t h e  
exhaust  emiss ions,  w h i l e  c rankcase blowby and e v a p o r a t i v e  emiss ions 
remain a t  t h e  l e v e l  s p e c i f i e d  f o r  a  new v e h i c l e ;  

5 )  1975 and l a t e r  model y e a r  v e h i c l e s  a r e  exc luded f r o m  r e t r o f i t  
s t r a t e g i e s  because t h e y  a r e  assumed t o  meet t h e  f e d e r a l  em iss ion  
s tandards  f o r  hydrocarbons,  carbon monoxide, and t h e  Cal i f o r n i a  
s tandards  f o r  o x i d e s  o f  n i t r o g e n  w i t h  o r i g i n a l  equipment; 

6 )  It i s  assumed t h a t  a  l i n e a r  r e l a t i o n s h i p  e x i s t s  between ambient  
p o l l u t a n t s  and t o t a l  emissions;  and 

7 )  It i s  assumed t h a t  c e r t a i n  emiss ion  spec ies  se rve  as proxy f o r  
ambient  c o n c e n t r a t i o n s  o f  o t h e r  spec ies ;  r e a c t i v e  hydrocarbons f o r  
o x i d a n t ,  n i t r o g e n  o x i d e s  f o r  n i t r o g e n  d i o x i d e ,  and s u l f u r  ox ides  
f o r  s u l f u r  d i o x i d e s ,  

VAL IDATION 

The model r e p o r t  does n o t  d i s c u s s  s p e c i f i c  v a l i d a t i o n  e f f o r t s  f o r  
t h i s  model. 

LIMITATIONS AND BENEFITS 

A un ique f e a t u r e  o f  t h e  MOVEC model i s  t h e  f l e x i b i l i t y  o f  i t s  d a t a  
base. MOVEC i s  s t r u c t u r e d  t o  p r o v i d e  a  compu ta t i ona l  framework t h a t  
wi  11 r e a d i l y  p e r m i t  new t e c h n i c a l  assumpt ions concern ing  emi s s i  on 
f a c t o r s ,  e f f e c t i v e n e s s  o f  c o n t r o l s ,  c o s t s ,  and o t h e r  new d a t a  t o  be 
i nco rpo ra ted .  S ince  t h e  impacts  o f  t h e  c o n t r o l  s t r a t e g i e s  a r e  s t r o n g l y  
dependent on t h e  t e c h n i c a l  assumptions, i t  i s  i m p o r t a n t  t h a t  MOVEC 
p e r m i t s  "1 a t e s t "  s c i e n t i f i c  i n f o r m a t i o n  t o  be i n c o r p o r a t e d  i n  a n a l y s i s .  

MOVEC i s  coup led t o  a  computer g r a p h i c s  system which produces two 
k i n d s  o f  p l o t s :  c o s t  p l o t s  and t i m e  p l o t s .  

STRUCTURE 

MOVEC c o n s i s t s  o f  t h e  f o l l o w i n g  modules: 

1 )  v e h i c l e  p o p u l a t i o n  d i s t r i b u t i o n  by  age o f  v e h i c l e ;  

2 )  v e h i c l e  m i leage  d i s t r i b u t i o n  by age o f  v e h i c l e ;  

3 )  v e h i c l e  emiss ions  w i t h o u t  a d d i t i o n a l  c o n t r o l  s; 

4 )  v e h i c l e  emiss ions  under a  c o n t r o l  s t r a t e g y ;  

5)  i nc remen ta l  c o s t s  o f  a c o n t r o l  s t r a t e g y  t o  t h e  reg ion ;  and 



6 )  d i s t r i b u t i o n a l  impac ts :  c o s t s  t o  d i f f e r e n t  income groups. 

Fo r  a  p a r t i c u l a r  y e a r  and s e t  of s t r a t e g i e s ,  MOVEC r e p o r t s  t h e  
emi ss ions by  spec ies  ( t o t a l  and r e a c t i v e  hydrocarbons,  carbon monoxide, 
n i t r o g e n  ox ides,  s u l f u r  d i o x i d e ,  l e a d  and p a r t i c u l a t e  m a t t e r )  i n  t h e  
f o l l o w i n g  way: 

1 )  r e g i o n a l  1  i g h t - d u t y  mo to r  v e h i c l e  emissions;  

2 )  r e g i o n a l  r e d u c t i o n  o f  1 i g h t - d u t y  mo to r  v e h i c l e  emiss ions r e s u l t i n g  
f rom t h e  c o n t r o l  s t r a t e g y ;  

3 )  t o t a l  r e g i o n a l  emiss ions f rom a l l  sources; 

4 )  t o t a l  r e g i o n a l  em iss ions  i n  excess o f  t h e  r e g i o n a l  s tandards ;  

5 )  t o t a l  r e g i o n a l  annua l i zed  c o s t  o f  t h e  c o n t r o l  s t r a t e g i e s ;  and 

6 )  d i s t r i b u t i o n a l  impac ts  by income group f o r  f i n a n c i n g  t h e  c o n t r o l  
s t r a t e g i e s .  

MODEL CONSTRUCTION 

MOVEC i s  a  p h y s i c a l  accoun t ing  model. 

DATA USED I N  RUNNING MODEL 

The d a t a  base necessary t o  r u n  t h e  model i n c l u d e s :  e f f e c t i v e n e s s  and 
c o s t  o f  t h e  1  i g h t - d u t y  motor  v e h i c l e  r e t r o f i t  and i nspect ion /main tenance 
c o n t r o l  t a c t i c s ;  v e h i c l e  p o p u l a t i o n  d i s t r i b u t i o n  by  age o f  v e h i c l e ;  
v e h i c l e  m i leage  d i s t r i b u t i o n  by  age o f  v e h i c l e ;  new v e h i c l e  emiss ion  
f a c t o r s  by model year ;  a g e - d e t e r i o r a t i o n  f a c t o r s  f o r  exhaust  emissions;  
speed c o r r e c t i o n  f u n c t i o n s  f o r  exhaust  e n i  ss ions ;  r e g i o n a l  income 
d i s t r i b u t i o n  data ;  and v e h i c l e  ownersh ip  b y  income group. 

DOCUMENTATION 

W.T. M i  k i l o w s k y ,  The Motor  V e h i c l e  Emiss ion - and -- Cost Model (MOVEC): 
Model D e s c r i p t i o n  and I 1  1 u s t r a t i v e  Appl i c a t i o n s ,  Rand Corpo ra t i on ,  
R-1364-SD/Appendi x  2, December 1973, 

Bruce L. Goel l e r ,  San Diego Clean A i r  P r o j e c t ,  Rand Corpo ra t i on ,  
R-1364-SD, December 1973. 

COMPUTER REQUIREMENTS 

MOVEC was developed on t h e  I B M  3701158 computer and i s  des igned t o  
be coup led w i t h  an S-C 4060 computer g r a p h i c s  system. However, t h e  
g raph ics  system i s  n o t  r e q u i r e d  f o r  most of t h e  model ou tpu t .  



CAL INE-2: CALIFORNIA LINE SOURCE DISPERSION MODEL 

The Cal i f o r n i  a  L i n e  Source D i  spe rs i  on Model , c a l l  ed CALINE-2, i s 
designed t o  p r e d i c t  t h e  l e v e l  of carbon monoxide ad jacen t  t o ,  and 
d i spe rsed  from, a  l i n e  source such as a  highway. The l a t e s t  v e r s i o n  was 
developed i n  1977 by t h e  C a l i f o r n i a  Department o f  T r a n s p o r t a t i o n  under 
t h e  sponsorship o f  t h e  Federa l  Highway A d m i n i s t r a t i o n  and may be used t o  
assess t h e  impact  on a i r  q u a l i t y  o f  proposed highway improvements. 

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
Federal  Highway Admi n i  s t r a t i o n  
O f f i c e s  o f  Research and Devel opment 
Washington, D.C. 20590 

AUTHOR 

C.E. Ward J r . ,  A.J. R a n z i e r i ,  E.C. S h i r l e y  
Cal i f o r n i  a  Department o f  T r a n s p o r t a t i o n  
O f f i c e  o f  T r a n s p o r t a t i o n  Labora to ry  
5900 F o l  som Boul evard  
Sacramento, C a l i f .  95819 

MODEL TYPE 

Air p o l l u t i o n / a i r  q u a l i t y  

OBJECTIVE OF MODEL 

T h i s  model s imu la tes  t h e  d i s p e r s i o n  o f  carbon monoxide p o l l u t i o n  f rom 
a  l i n e  source, such as a  highway, u s i n g  t h e  Gaussian d i s p e r s i o n  theo ry .  
It i s  i n tended  f o r  use i n  assess ing t h e  impact  on a i r  q u a l i t y  o f  
proposed t r a n s p o r t a t i o n  p r o j e c t s  as a p a r t  o f  a  r e q u i r e d  Environmental  
Impact Report.  

RELATIONSHIP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

CALINE-2 i s  t h e  second ma jo r  v e r s i o n  o f  t h e  C a l i f o r n i a  L i n e  Source 
D i s p e r s i o n  Model developed by t h e  C a l i f o r n i a  Department o f  
T r a n s p o r t a t i o n .  It supersedes t h e  e a r l  i e r  ve rs ion ,  c a l l e d  CAL%DISP, 
developed i n  1972. 



ASSUMPTIONS 

Gaussian d i s p e r s i o n  equa t ions  a r e  t h e  b a s i s  o f  t h e  model. The model 
assumes t h a t  winds a r e  uni form, emiss ions a r e  con t inuous ,  p o l  l u t a n t s  a r e  
d i spe rsed  f rom a  r e g i o n  i n  t h e  highway r i gh t -o f -way  c a l l e d  t h e  " m i x i n g  
c e l l  ," and p r e d i c t i o n s  a r e  o n l y  made above ambient l e v e l s .  

VAL I DATI ON 

An a i r  s a m p l i n ~  s tudy  was done a t  f ou r  l o c a t i o n s  on t h e  Los Angeles 
f reeway system, and t h e  observed d i  spersed p o l  1  u t i  on 1  eve1 s  were 
compared w i t h  t h e  p r e d i c t i o n s  o f  t h e  model u s i n g  r e g r e s s i o n  a n a l y s i s .  
The model was found t o  p r e d i c t  b e s t  a t  s i t e s  w i t h  depressed roadways and 
para1 l e l  winds,  b u t  i t  g e n e r a l l y  came reasonab ly  c l o s e  t o  p r e d i c t i n g  
a c t u a l  c o n d i t i o n s .  

LIMITATIOPIS AND BENEFITS 

T h i s  model as designed i s  s u i t a b l e  o n l y  f o r  p r e d i c t i n g  t h e  d i s p e r s i o n  
o f  carbon monoxide, b u t  i t  r e p r e s e n t s  t h e  p resen t  s t a t e - o f - t h e - a r t  f o r  
t h i s  purpose. It p r e d i c t s  p o l l u t i o n  l e v e l s  o n l y  i n  t h e  m i c r o - s c a l e  area 
a d j a c e n t  t o  t h e  1  i n e  source. 

STRUCTURE 

The genera l  f o rm o f  t h e  Gaussian d i f f u s i o n  e q u a t i o n  i s :  

1 Z+H 2 1 Z-H 2 
[exp(-- [---I ) + exp(-- [-I )I 

s z  s~ 

where: 

C = c o n c e n t r a t i o n ,  ppm o r  mean g/mJ 

x,y,z = r e c e p t o r  1  o c a t i o n  i n  3-d imens iona l  space, meters  

H = e f f e c t i v e  s tack  h e i g h t ,  meters  

Q = source s t r e n g t h ,  gmslsec 

s  s  = h o r i z o n t a l  and v e r t i c a l  d i s p e r s i o n  parameters, meters  
Y '  z 

U = mean wind speed, me te rs l sec  

F = c o n v e r s i o n  f a c t o r  t o  change i n p u t  u n i t s  t o  o u t p u t  u n i t s  

The e q u a t i o n  i s  v a r i e d  depending on wind d i r e c t i o n .  



MODEL CONSTRUCTION 

T h i s  i s  a phys i ca l  model f o rmu la ted  on t h e  b a s i s  o f  mathemat ical  
r e l a t i o n s h i p s .  

DATA USED I N  RUNNING MODEL 

To r u n  t h e  model t h e  f o l l o w i n g  must be used f o r  i n p u t :  t r a f f i c  
vo l  ume, average emi ss ions,  wind speed and angle,  s u r f a c e  atmospheric 
s t a b i l  i t y ,  pavement e l e v a t i o n  and wid th ,  and r e c e p t o r  d i s t a n c e  from t h e  
road and h e i g h t  f r o ~ n  t h e  ground. 

DOCUMENTATION 

C.E. Ward J r . ,  A.J. R a n z i e r i ,  and E,C. S h i r l e y ,  CALINE-2: An Improved 
M ic rosca l  e Model f o r  t h e  D i s p e r s i o n  f Air P o l l u t a n t s  --- T o m  a L i n e  
Source, Cal i f o r n i  a Department o f  T r a n s p o r t a t i o n ,  June 1977. 

The r e p o r t  i s reproduced i n  Assess ing T r a n s p o r t a t i  on-Re1 a ted  - A i  r 
Qua1 i ty Impacts, Spec ia l  Report  167, T r a n s p o r t a t i o n  Research Board, 
p. 97, 1976, 

COMPUTER REQUIREMENTS 

The source program 1 i s t i n g  and sample runs  a r e  i n c l u d e d  i n  K.E. 
Jones and A .  ~ i l  bur ,  P U s e r ' s  Manual f o r  t h e  CALINE-2 Computer Program, 
Environmental  Design and C o n t r o l  D i v i  s ion,  O f f i c e s  o f  Research and 
Development , ~ e d e r a l  Highway Admini s t r a t i  on. - A magnet ic  tape  c o n t a i n i n g  
t h e  program i s  a v a i l a b l e  f rom NTIS. The program i s  w r i t t e n  i n  FORTRAN 
I V .  



DYNAMIC MODEL OF THE U.S. AUTOMOBILE FLEET 

A Dynamic Model o f  t h e  U.S. Automobi le F l e e t  was prepared i n  1977 by 
t h e  Environmental  Impact  Center ,  I nc .  f o r  t h e  T r a n s p o r t a t i o n  Systems 
Center. I t s  purpose i s  t o  e x p l a i n  dynamica l l y  t h e  p r o p e r t i e s  o f  t h e  
o v e r a l l  U.S. automohi 1  e  f l e e t .  

SPONSOR 

U.S. Department o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t  i o n  Systems Center  
Kenda l l  Square 
Cambridge, Mass. 02142 

AUTHOR 

F.T. Rabe 
Environmental  Impact  Center ,  I n c .  
55 Chapel S t r e e t  
Newton, Mass. 02158 

MODEL TYPE 

F l e e t  s i z e  

OBJECTIVE OF MODEL 

The o b j e c t i v e  of t h e  model i s  t o  s i m u l a t e  dynamica l l y  t h e  p r o p e r t i e s  
o f  t h e  automobi le  f l e e t ,  i n c l u d i n g  new c a r  sa les ,  scrappage, and t o t a l  
f l e e t  s i ze ,  Equa t ion  s p e c i f i c a t i o n s  and es t ima tes  e m p i r i c a l  l y  developed 
i n  o t h e r  s t u d i e s  were i n c o r p o r a t e d  i n t o  t h i s  model . 

RELATIONSHIP TO OTHER MODELS 

Other  work i n c o r p o r a t e d  i n  t h e  development o f  t h i s  model i n c l u d e s  
t h a t  o f  Rand (74-001A,B,C), Chase (74-002A,B), TSC, General Motors,  e t c .  

HISTORICAL BACKGROUND 

Thi  s model was developed under t h e  T r a n s p o r t a t i o n  Systems C e n t e r ' s  
T r a n s p o r t a t i o n  Energy E f f i c i e n c y  Program. 

ASSUMPTIONS 

The automobi le  f l e e t  was d i  saggregated by age on ly .  



VALIDATION 

Comparisons were made between t h e  mode l ' s  p r e d i c t i o n s  and a c t u a l  
va lues f o r  t h e  yea rs  1960, 19.65, and 1970. The model d i d  a poor  j o b  o f  
p r e d i c t i n g  a c t u a l  t rends ;  t h i s  was judged by t h e  model a u t h o r  t o  be due 
t o  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  by Rand. S e n s i t i v i t y  ana lyses were a1 so 
performed. 

LIMITATIONS AND BENEFITS 

The r e l a t i o n s h i p s  d e r i v e d  i n  p rev ious  s t u d i e s  l e n d  e m p i r i c a l  credence 
t o  t h e  model, T h i s  was a t e s t  made t o  see i f  a group o f  independent ly  
es t ima ted  pa ramet r i c  r e l a t i o n s h i p s  c o u l d  be amalgamated. Most o t h e r  
model s exp l  i c i  t l y  r e p r e s e n t  new c a r  sa l  es and f l  e e t  s i z e  w i t h  scrappage 
as t h e  r e s i d u a l  ; t h i s  model t e s t s  t h e  approaches o f  model ing  scrappage 
and sa les  w i t h  f l e e t  s i z e  as t h e  r e s i d u a l  and model i n g  scrappage and 
f l e e t  s i z e  w i t h  sa les  as t h e  r e s i d u a l .  The model does n o t  i n c l u d e  a 
mechanism f o r  l i m i t i n g  t h e  growth  o f  t h e  f l e e t  when a s a t u r a t i o n  p o i n t  
has been reached. 

STRUCTURE 

The f l e e t  i s  d i saggrega ted  i n t o  t h e  i n i t i a l  age group, which i s  
dependent on new c a r  sa les ,  t h e  i n t e r m e d i a t e  age group, and t h e  t e r m i n a l  
age group. A1 1 t h r e e  o f  t hese  age groups feed i n t o  b o t h  t h e  t o t a l  f l e e t  
s i z e  and scrappage. E i t h e r  f l e e t  s i ze ,  sa les ,  and scrappage may be 
determined by v a r y i n g  econometr ic  s p e c i f i c a t i o n s ,  o r  one o f  them may be 
dynamica l l y  s imu la ted  as a r e s u l t  o f  t h e  o t h e r  two. For  example, a 
t y p i c a l  equa t ion  i s: 

where: 

Ft = f l e e t  s i z e  a t  t i m e  t 

Ft-l 
= f l e e t  s i z e  a t  t i m e  t - 1  

NCSAt = new c a r  sa les  between t-1 and t 

S*t 
= scrappage between t-1 and t 

MODEL CONSTRUCTION 

Since t h i s  model i s  based on t h e  es t ima tes  o f  o t h e r  s tud ies ,  no da ta  
were r e q u i r e d  t o  e s t i m a t e  it. The model i s  c o n s t r u c t e d  u s i n g  t h e  System 
Dynamics approach t o  model ing,  which was developed by t h e  System 
Dynamics Group a t  t h e  Massachuset ts I n s t i t u t e  o f  Technology. 



DATA USED I N  RUNNING MODEL 

The f o l l  owing may be r e q u i r e d  i n p u t  t o  t h e  model : t h e  p r i c e  o f  new 
ca rs ,  t h e  p r i c e  of used ca rs ,  household income, t h e  ten -yea r  average o f  
used-car p r i c e s ,  t h e  e f f e c t  of m i leage  on scrappage, t h e  p r i c e  o f  
gas01 i n e ,  t h e  number of d r i v e r s  p e r  household, t h e  average f l e e t  f u e l  
economy, and t h e  i n i t i a l  s tock  o f  au tomobi les .  

DOCUMENTAT ION 

F.T. Rabe, Dynamic Models of t h e  U.S. Automobi le  F l e e t ,  Env i ronmenta l  
Impact Center ,  Inc. ,  p repar2d f o r  U.S. Department of T r a n s p o r t a t i o n ,  
under C o n t r a c t  No. TS-9961, August 1977. 

COMPUTER REQUIREMENTS 

T h i s  model i s  programed i n  t h e  DYNAMO language, wh ich  i s  e s p e c i a l l y  
s u i t e d  t o  t h e  Systems Dynamics model ing  approach. See A.L. Pugh 111, 
DYNAMO Users Manual, 3 r d  E d i t i o n ,  M I T  Press, 1967. 



DETERMINANTS OF SCRAPPING RATES FOR POSTWAR VINTAGE AUTOMOBILES 

A model o f  t h e  Determinants  o f  Scrapp ing Rates f o r  Postwar V in tage  
Automobi les by R icha rd  W .  Parks  was sponsored by  t h e  N a t i o n a l  Science 
Foundat ion  and was p u b l i s h e d  i n  Econometrics, J u l y  1977. The model 
ana lyzes U.S. produced automobi les  f o r  t h e  yea rs  1947 t h r o u g h  1973. 
P r o b a b i l i t i e s  t h a t  a c a r  w i l l  be scrapped a r e  dependent upon t h e  c a r ' s  
age, make, r e l a t i v e  c o s t  o f  r e p a i r s ,  and d u r a b i l i t y  c h a r a c t e r i s t i c s .  

SPONSOR 

N a t i o n a l  Science Foundat ion  
1100 G S t r e e t ,  N.W. 
Washington, D.C. 20550 

AUTHOR 

R icha rd  W. Parks 
U n i v e r s i t y  o f  Washington 
S e a t t l e ,  Wash. 98195 

MODEL TYPE 

Scrappage 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  d e s c r i b e  sc rapp ing  r a t e s  f o r  U.S. 
- produced automobi les  as a f u n c t i o n  o f  t h e  s p e c i f i c  make, age, r e l a t i v e  

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

RELATIONSHIP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

The respons iveness o f  scrappage r a t e s  t o  economic v a r i a b l e s  has 
i m p o r t a n t  i m p l i c a t i o n s  f o r  a t t e m p t s  t o  r e g u l a t e  au tomob i le  
c h a r a c t e r i s t i c s ,  as c o s t  changes b rough t  about  by r e g u l a t i o n s  may have 
an e f f e c t  on scrappage r a t e s .  

ASSUMPTIONS 

The model i s  based on t h e  f o l l o w i n g  assumpt ions:  

1) Durab i  1 i t y  c h a r a c t e r i s t i c s  a r e  simp1 i f i e d  i n t o  a s i n g l e  parameter 



c a l l e d  d u r a b i l i t y ,  rep resen ted  by d, f o r  a l l  a -year  o l d  ca rs .  

2 )  Cars o f  a l l  ages p r o v i d e  t h e  same l e v e l  o f  t r a n s p o r t a t i o n  s e r v i c e s .  

3 )  Renta l  o r  s e r v i c e  c o s t  o f  a  c a r  i s  i t s  p resen t  d i scoun ted  v a l u e  o f  
t h e  expected c o s t  o f  p r o v i d i n g  a  c o n t i n u a l  s e r v i c e  p lan.  

4 )  Scrapp ing r a t e  i s  desc r ibed  i n  terms o f  c o n d i t i o n a l  p r o b a b i l i t i e s ,  
c o n d i t i o n a l  on s u r v i v a l  o f  t h e  c a r  t o  age a  and i n c r e a s i n g  w i t h  age 
o f  ca r .  

VAL I DAT I ON 

There a r e  no v a l i d a t i o n  procedures  d i  scussed i n  t h e  model r e p o r t .  
The r e s u l t s  c o n s i s t  o f  r e g r e s s i o n s  o f  t h e  l o g i t  o f  pos twar  domest ic  
automobi 1  e  sc rapp ing  r a t e s  on economic and dummy v a r i a b l e s .  The r a t i o  
of new c a r  p r i c e s  t o  r e p a i r  p r i c e s  i s  t h e  o n l y  s i g n i f i c a n t  o b s e r v a t i o n -  
y e a r  v a r i a b l e .  The r e g r e s s i o n s  account  f o r  about  90 p e r c e n t  o f  t h e  
v a r i a t i o n  i n  t h e  l o g i t  o f  sc rapp ing  r a t e s  f o r  most makes. The age 
v a r i a b l e s  account  f o r  a  m a j o r  p a r t  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 s .  The s e t s  o f  v i n t a g e  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  f o r  most o f  
t h e  makes. R e g i s t r a t i o n  d a t a  f o r  1973 were compared w i t h  p r e d i c t e d  1973 
d a t a  f o r  age and v i n t a g e  v a r i a b l e s .  The p r e d i c t e d  r e s u l t s  were 
c o n s i s t e n t  w i t h  observed va lues  a t  t h e  5 p e r c e n t  l e v e l  o f  s i g n i f i c a n c e .  

LIMITATIONS AND BENEFITS 

The p r imary  b e n e f i t  o f  t h e  model can be found i n  t h e  scrappage 
f u n c t i o n .  

STRUCTURE 

An econometr ic  model i s  c o n s t r u c t e d  which expresses t h e  p r o b a b i l  i t y  
t h a t  a  c a r  w i l l  be scrapped as a  f u n c t i o n  o f  t h e  c a r ' s  age, t h e  r e l a t i v e  
c o s t  o f  r e p a i r s ,  and t h e  d u r a b i l i t y  c h a r a c t e r i s t i c s  o f  t h e  c a r .  The 
d u r a b i l i t y  c h a r a c t e r i s t i c s  a r e  hypo thes i zed  t o  be i n f l u e n c e d  by  econornic 
v a r i a b l e s  a n t i c i p a t e d  a t  t h e  t i m e  o f  manufacture.  The scrappage r a t e s  
a r e  f i t t e d  t o  a  l o g i t  f u n c t i o n :  

= p r o b a b i l i t y  t h a t  a  c a r  o f  model t y p e  m, age a, and v i n t a g e  v, 
Lrnav w i l l  f a i l  t o  s u r v i v e  t o  age a  -t 1. 

d  = make-v intage dummy v a r i a b l e  m v  

agema = age dummy v a r i a b l e  



bm = cons tan t  te rm f o r  model t y p e  m 

Cm = c o e f f i c i e n t  

v  = new c a r  p r i c e  index f o r  v i n t a g e  v ca rs  

q t  = i ndex  o f  au tomobi le  r e p a i r s  i n  y e a r  t 

The age v a r i a b l e  dominates t h e  regress ions,  and t h e  r e p a i r  p r i c e  
v a r i a b l e  e n t e r s  s i g n i f i c a n t l y .  The v i n t a g e  v a r i a b l e s  a1 so e n t e r  
s i g n i f i c a n t l y  i n  many o f  t h e  regress ions.  However, t h e  va lues o f  t h e  
v i n t a g e  v a r i a b l e s  cannot  be exp la ined  by movements i n  economic v a r i a b l e s  
assoc ia ted  w i t h  t h e  v i n t a g e  yea r ,  as was hypothesized.  

MODEL CONSTRUCTION 

The f o l l o w i n g  da ta  were r e q u i r e d  t o  b u i l d  t h e  model : t h e  number o f  
automobi les r e g i s t e r e d  i n  t h e  U.S. c r o s s - c l a s s i f i e d  by make and model 
f o r  yea rs  193611967, f rom Automot ive I n d u s t r i e s  Annual S t a t i s t i c a l  I ssue  
and t h e  R.L. Polk Company; t h e  c o s t  o f  new automobi les (Bureau o f  Labor . - .  

S t a t i s t i c s  Consumer P r i c e  Index,  New Car P r i c e ,  Se r ies  'K-3) ; t h e  index 
o f  t h e  p r i c e  of au tomobi le  r e p a i r s  (Bureau of Labor S t a t i s t i c s ,  Consumer 
P r i c e  Index,  Auto Repa i rs  and Maintenance Index) ;  t h e  i n t e r e s t  r a t e  
s e r i e s  f o r  yea rs  1924-1973; t h e  i ndex  of p r i c e  o f  scrap s t e e l  
( c o n s t r u c t e d  from t h e  P i t t s b u r g h  p r i c e  s e r i e s  f o r  scrap s t e e l  r e p o r t e d  
i n  va r ious  i ssues  of The Survey - o f  Current  Business).  

DOCUMENTATION 

R icha rd  W. Parks, "Determinants o f  Scrapping Rates f o r  Postwar V in tage 
Automobiles," Econornetrica, Volume 45, No. 5 ,  J u l y  1977, pp.1099-1115. 



CONSUMPTION OF GASOLINE BY HOUSEHOLDS 

Two models a r e  developed i n  t h e  Rand s tudy  e n t i t l e d  "The Economic 
Impact o f  Automobi 1 e T rave l  Cost I nc reases  on Households ," t o  determine 
t h e  e f f e c t s  o f  governmental p o l  i c y  o p t i o n s  f o r  conserv ing  gas01 i n e  and 
improv ing  a i r  q u a l i t y  on f a m i l i e s  t h a t  own and opera te  au tomob i les  i n  
t h e  U n i t e d  S ta tes .  S p e c i f i c a l l y ,  t h e  s tudy  i s  concerned w i t h  t h e  income 
d i s t r i b u t i o n  e f f e c t s  o f  governmental p o l  i c y  o p t i o n s  t h a t  may cause t h e  
c o s t s  o f  owning and o p e r a t i n g  a c a r  t o  increase.  These models were 
r e p o r t e d  i n  1977 and sponsored by t h e  N a t i o n a l  Science Founda t ion  and 
t h e  Federa l  Energy Admini s t r a t i o n .  The f i r s t  model , Consumption o f  
Gaso l i ne  by  Households, which i s  d e s c r i b e d  here,  focuses on t h e  i n i t i a l  
impacts  o f  an i nc reased  g a s o l i n e  t a x  on households. The au tho rs  
conclude t h a t  such a g a s o l i n e  t a x  i s  r e g r e s s i v e  because t h e  t a x  would be 
more o f  a burden t o  a p o o r e r  f a m i l y  t h a n  t o  more wea l thy  f a m i l  i es .  

The second model i s  d e s c r i b e d  i n  77-087B. 

N a t i o n a l  Sc ience Foundat ion  
Washington, D.C. 20550 

Wi th  a d d i t i o n a l  Suppor t  f rom: 
Federal  Energy Admini s t r a t i  on 
Washington, D.C. 20461 

AUTHOR 

J.P. S tucke r  and T.F. K i rkwood 
Rand C o r p o r a t i o n  
Santa Monica, C a l i f .  90406 

MODEL TYPE 

V e h i c l e  mi l e s  t r a v e l e d ,  f u e l  consumpti on 

OBJECTIVE OF MODEL 

The purpose o f  t h i s  model ' i s t o  examine t h e  i n i t i a l  impact  o f  
g a s o l i n e  p r i c e  i nc reases ,  s p e c i f i c a l l y  g a s o l i n e  t a x  increases,  on 
households o f  d i f f e r e n t  i ncomes. 

RELATIONSHIP TO OTHER MODELS 

T h i s  model was developed i n  c o n j u n c t i o n  w i t h  t h e  Household 
Expend i tu res  on Automobi 1 e Ownershi? and O p e r a t i o n  Model (77-087B). 



HISTORICAL BACKGROUND 

I n  t h e  pas t  t h e  g a s o l i n e  t a x  was commonly assumed t o  be ex t remely  
reg ress i ve .  Elore r e c e n t  s t u d i e s  conc lude t h a t  a gasol i n e  t a x  may n o t  be 
reg ress i ve .  However, most o f  t hese  r e c e n t  s t u d i e s  a r e  1 i m i  t e d  because 
t h e y  use n a t i o n a l  o r  s t a t e  aggregate data .  The Rand s tudy  uses survey 
d a t a  d i  saggregated by household i ncorne l e v e l s .  An a n a l y s i s  o f  t hese  
d a t a  p r o v i d e  b e t t e r  i n s i g h t  on whether a g a s o l i n e  t a x  i s  reg ress i ve .  

VAL I DATI ON 

To v a l i d a t e  t h e  model r e s u l t s ,  da ta  f rom t h e  N a t i o n a l  Personal 
T r a n s p o r t a t i o n  Survey were used. The r e s u l t s  o f  t h e  v a l i d a t i o n  e f f o r t  
i n d i c a t e d  s i m i l a r  t r e n d s  i n  t h e  income e l a s t i c i t i e s  by income group. 

LIMITATIONS AND BENEFITS 

The a n a l y s i s  assumes t h a t  a1 1 households w i t h i n  an income group have 
s i m i l a r  d r i v i n g  h a b i t s .  T h i s  i s  c e r t a i n l y  n o t  t r u e  f o r  l ower  income 
households s i n c e  o n l y  one- ha1 f o f  t hese  households have access t o  a ca r .  
Thus, h a l f  o f  t hese  households would n o t  share t h e  burden o f  a g a s o l i n e  
t a x  and t h e  o t h e r  h a l f  would f e e l  t h e  t a x  more seve re l y  t h a n  i n d i c a t e d  
i n  t h e  a n a l y s i s .  

STRUCTURE 

Several  smal l  models a r e  es t imated.  The model r e s u l t s  a r e  examined 
t o  determine t h e  re1 a t i  onshi  p between gasol  i ne expend i tu res  and 
house ho l  d i ncome. 

Two r e s u l t s  o f  t h e  models a r e  t h a t  (1) t h e  income e l a s t i c i t y  o f  
household auto  m i l e s  d r i v e n  i s  nea r  1.0 f o r  l ower  income f a m i l i e s ,  and 
t h i s  e l a s t i c i t y  decreases w i t h  income; and ( 2 )  t h e  income e l a s t i c i t y  o f  
household gasol i n e  consumption has a s imi  1 a r  t rend .  

MODEL CONSTRUCTION 

The data  used t o  b u i l d  t h e  models were ob ta ined  f rom t h e  1973 
L i f e s t y l e s  and Energy Supply Survey c o l  1 ec ted  by Response A n a l y s i s  
Corpo ra t i on  f o r  t h e  Washington Center  f o r  M e t r o p o l i t a n  Stud ies .  

Other  da ta  used i n  t h e  analyses were Environmental  P r o t e c t i o n  Agency 
es t ima tes  o f  au tomobi le  f u e l  economy, and 1969 and 1970 survey d a t a  f rom 
t h e  Nat ionwide Personal  T r a n s p o r t a t i o n  Study o f  t h e  U.S. Department o f  
T ranspor ta t i on .  

DOCUMENTATION 

J.P. Stucker  and T.F. Kirkwood, J3.e rconomir: Jnpac.t nf Alit.omnbil~ TrAVPl 



Cost Inc reases  on Households, R-1842-NSF/FEA, The Rand Corpo ra t i on ,  July  
1977. 



HOUSEHOLD EXPENDITURES ON AUTOMOBILE OWNERSHIP AND OPERATION 

Two models a r e  developed i n  t h e  Rand s tudy  e n t i t l e d ,  "The Economic 
Impact o f  Automobi 1 e T rave l  Cost I nc reases  on Households," t o  determine 
t h e  e f f e c t s  o f  governnlental p o l i c y  o p t i o n s  f o r  conserv ing  g a s o l i n e  and 
improv ing  a i r  q u a l i t y  on f a m i l i e s  t h a t  own and o p e r a t e  c a r s  i n  t h e  
U n i t e d  S ta tes .  S p e c i f i c a l l y ,  t h e  s tudy  i s  concerned w i t h  t h e  e f f e c t  on 
income d i s t r i b u t i o n  o f  governmental p o l i c y  o p t i o n s  t h a t  may cause t h e  
c o s t s  o f  owning and o p e r a t i n g  a c a r  t o  increase.  The models were 
r e p o r t e d  i n  1977 and were sponsored by  t h e  N a t i o n a l  Science Foundat ion  
and t h e  Federa l  Energy A d m i n i s t r a t i o n .  The second model, Household 
Expend i tu res  on Automobi 1 e Ownership and Operat ion ,  wh ich  i s  d e s c r i b e d  
here,  was developed t o  e v a l u a t e  p o s s i b l e  t a c t i c s  t h a t  c a r  owners o f  
d i f f e r e n t  income groups may use t o  reduce t h e i r  a u t o  ownership c o s t s  i n  
an a t tempt  t o  o f f s e t  an i n c r e a s e  i n  f u e l  cos t .  The au tho rs  conc lude 
t h a t  a powerful means of o f f s e t t i n g  t r a v e l  c o s t  i n c r e a s e s  f o r  a1 1 income 
groups i s  t o  purchase a new c a r  w i t h  be t te r - than -ave rage  f u e l  economy. 

The f i r s t  model i s  d e s c r i b e d  i n  77-087A. 

SPONSOR 

N a t i o n a l  Science Foundat ion  
Washington, D.C. 20550 

Wi th  a d d i t i o n a l  Support  from: 
Federal  Energy Admi n i  s t r a t i  on 
Washington, D.C. 20461 

AUTHOR 

J.P. S tucke r  and T.F. K i rkwood 
Rand C o r p o r a t i  on 
Santa Monica, C a l i f .  90406 

MODEL TYPE 

V e h i c l e  user  c o s t s / v e h i c l e  o p e r a t i n g  c o s t s  

OBJECTIVE OF MODEL 

The purposes o f  t h i s  model a r e  t o  assess t h e  e f f e c t s  o f  an i n c r e a s e  
i n  f u e l  p r i c e  on households o f  d i f f e r e n t  income groups and t o  e v a l u a t e  
p o s s i b l e  t a c t i c s  t h a t  owners may use t o  reduce t h e i r  a u t o  ownership 
c o s t s  i n  an a t tempt  t o  o f f s e t  a f u e l  c o s t  increase.  The t a c t i c s  
examined by t h e  model a r e :  (1) d r i v i n g  l e s s ,  ( 2 )  u s i n g  a u s t e r e  
maintenance, ( 3 )  b u y i n g  used ca rs ,  ( 4 )  e l i m i n a t i n g  second ca rs ,  and ( 5 )  
buy ing  new f u e l  - e f f i c i e n t  cars .  



RELATIONSHIP TO OTHER MODELS 

T h i s  model was developed i n  c o n j u n c t i o n  w i t h  t h e  Consumption o f  
Gas01 i ne by Households Model (77-087A). 

HISTORICAL BACKGROUND 

Past  s t u d i e s  have a r r i v e d  a t  e s t i m a t e s  o f  a u t o  ownersh ip  c o s t s  f o r  
a l l  owners on t h e  assumpt ion of c e r t a i n  au to  l i f e t i m e s  and d r i v i n g  
mi leage.  However, peop le  i n  d i f f e r e n t  income groups buy c a r s  o f  
d i f f e r e n t  ages and d r i v e  them d i f f e r e n t  amounts; and they  may keep t h e i r  
c a r s  i n  d i f f e r e n t  s t a t e s  o f  r e p a i r s  and c a r r y  d i f f e r e n t  l e v e l s  o f  
insurance.  T h i s  model addresses i t s e l f  t o  these  d i f f e r e n c e s  i n  
ownership p r a c t i c e s  by d i f f e r e n t  income groups. 

ASSUMPTIONS 

The es t ima tes  o f  t h e  number o f  m i l e s  each c a r  i s  d r i v e n  assume t h a t  
t h e  average second-hand c a r  i s  d r i v e n  l e s s  as i t  g e t s  o l d e r .  However, 
once a c a r  i s  purchased, i t  i s  assumed t o  he d r i v e n  t h e  same d i s t a n c e  
each yea r ,  as determined by t h e  income groups and age o f  t h e  v e h i c l e ,  
f o r  as l o n g  as t h e  c a r  i s  kep t .  

STRUCTURE 

The annual c o s t  of  ownership i s  g i v e n  by: 

where : 

At = annual ownership c o s t  ( d o l l a r s )  of one au to  i n  y e a r  t 

Pt = va lue  o f  c a r  a t  b e g i n n i n g  o f  y e a r  t 

Pttl = va lue o f  c a r  a t  end o f  y e a r  t 

M = t o t a l  maintenance c o s t  f o r  y y e a r s  

I = annual i nsu rance  c o s t  

C = c o s t  o f  gas01 i ne p e r  ga l  l o n  

r = i n t e r e s t  r a t e  = 7% 

y = y e a r s  c a r  i s  owned 



30.1 = n a t i o n a l  average annual c o s t  o f  r e g i s t r a t i o n  and l i c e n s e  

mpg = c a r  m i l e s  pe r  g a l l o n  

The d e p r e c i a t i o n  and maintenance c o s t s  a r e  es t ima ted  f o r  new and used 
c a r  purchases f o r  each income group. These two es t ima tes  a r e  combined 
by w e i g h t i n g  them i n  accordance w i t h  t h e  f r a c t i o n  o f  new and used c a r s  
t h a t  each income group purchases. 

MODEL CONSTRUCTION 

New and used c a r  p r i c e s  were ob ta ined  f rom NADA O f f i c e s  Used Car - -- 
Guide, December 1970 and 1974. 

Maintenance c o s t  f i g u r e s  were based on Highway Research Board, 
Running Costs of Motor  Veh ic les  A f f e c t e d  Road Design and T r a f f i c ,  --- - - 
Nat iona l  Coopera t ive  Highway Research Program, Repor t  I I I, Washi ngton, 
D.C., 1971; a l s o  Consumer Reports,  1974. 

Insurance c o s t s  a r e  based on Consumer Reports, 1970. 

DATA USED IN  RUNNING MODEL 

The r i g h t - h a n d - s i d e  v a r i a b l e s  of t h e  equa t i on  f o r  au to  ownership c o s t  
must be s p e c i f i e d  f o r  v a r i o u s  income groups. 

DOCUMENTAT ION 

J.P. Stucker  and T.F. Kirkwood, The Economic Impact o f  Actornobi le Trave l  
Cost Increases on Households, R - ~ ~ - N S F / F E A ,  The ~ a %  c o r p o r a t i  on= - - 
1977. 



MODEL OF TRAFFIC NOISE 

A  Model o f  T r a f f i c  No ise  was developed by B o l t ,  Baranek, and Newman 
under t h e  sponsorsh ip  of t h e  American A s s o c i a t i o n  o f  S t a t e  Highway and 
T r a n s p o r t a t i o n  O f f i c i a l s  and t h e  Federa l  Highway A d m i n i s t r a t i o n  i n  1976. 
It i s  i n tended  f o r  use by highway p lanners  i n  d e s i g n i n g  roads t o  meet 
n o i s e  l e v e l  des ign  s tandards  i n  a d j a c e n t  l a n d  use areas. 

SPONSOR 

American A s s o c i a t i o n  o f  S t a t e  Highway and T r a n s p o r t a t i o n  O f f i c i a l s  
341 N a t i o n a l  Press B u i l d i n g  
Washington, D.C. 20045 

Federal  Highway Admini s t r a t i o n  
U.S. Department o f  T r a n s p o r t a t i o n  
Washington, D.C. 20590 

AUTHOR 

6. Andrew Kug le r ,  Dan ie l  E. Cummins, and W i l l i a m  T. Gal loway 
B o l t ,  Baranek and Newman 
Los Angeles, C a l i f .  

MODEL TYPE 

Noise p o l l u t i o n  

OBJECTIVE OF MODEL 

T h i s  model p r e d i c t s  t h e  n o i s e  l e v e l  produced by highway t r a f f i c  a t  
s e l e c t e d  o b s e r v a t i o n  p o i n t s ,  g i v e n  t h e  volume and speed o f  t r a f f i c ,  t h e  
d i s t a n c e  t o  t h e  roadway f rom t h e  o b s e r v a t i o n  p o i n t ,  and t h e  p h y s i c a l  
c o n f i g u r a t i o n  o f  t h e  road and t h e  su r round ing  landscape. A  method i s  
desc r ibed  by wh ich  highway p lanners  can use t h e  model t o  d e s i g n  roads 
and sound b a r r i e r s  o r  choose t h e  a l i gnmen t  o f  new roads,  so as t o  meet 
n o i s e  l e v e l  s tandards  f o r  a b u t t i n g  l a n d  uses. The d e s c r i b e d  method i s  
i n tended  t o  h e l p  highway p lanners  comply w i t h  f e d e r a l  and s t a t e  n o i s e  
c o n t r o l  l e g i s l a t i o n .  

RELATIONSHIP TO OTHER MODELS 

The u s e r  i s  adv ised t o  use f i r s t  a  " s h o r t  method" i n v o l v i n g  hand 
c a l  c u l  a t i o n s  and nomographs t o  o b t a i n  gross  approx imat ions  and i d e n t i f y  
p o t e n t i a l  problem areas. Then t h e  "comple te  method" i s  used, i n v o l v i n g  
t h e  computer model and p r e c i s e  d a t a  i n p u t ,  t o  e v a l u a t e  a1 t e r n a t i v e  road 
des ign  f e a t u r e s .  



HISTORICAL BACKGROUND 

T h i s  s tudy  i s  t h e  f o u r t h  i n  a  s e r i e s  o f  highway n o i s e  research  
s t u d i e s  c a r r i e d  o u t  under t h e  N a t i o n a l  Coopera t i ve  Highway Research 
Program. 

ASSUMPTIONS 

The n o i s e  emiss ions l e v e l s  a r e  assumed t o  be d i f f e r e n t  f o r  t h r e e  
c l a s s e s  o f  v e h i c l e s :  au tomobi les ,  medium t r u c k s ,  and heavy t r u c k s .  
These va lues a r e  d e r i v e d  f rom complex eng ineer ing  s t u d i e s  o f  n o i s e  
sources,  i n c l  u d i  ng engi  nes, exhaust  systems, t i r e s ,  e t c .  

VALIDATION 

No v a l i d a t i o n  e f f o r t s  a r e  presented i n  t h e  r e p o r t  o f  t h e  model. 

LIMITATIONS AND BENEFITS 

The model a1 lows f o r  a  1  arge v a r i e t y  o f  v a r i a b l e s  t h a t  may a f f e c t  
n o i s e  d i f f u s i o n ,  and t h u s  r e q u i r e s  a  complex s e t  o f  i n p u t  da ta  t o  be 
prepared.  The model d e a l s  p r i m a r i l y  w i t h  changes t o  t h e  p h y s i c a l  
environment r a t h e r  t h a n  w i t h  changes t o  mo to r  v e h i c l e s  wh ich  may be made 
t o  m in im ize  n o i s e  p o l l u t i o n .  However, some d i s c u s s i o n  i s  devoted t o  
changes i n  motor  v e h i c l e s  wh ich  may be made, b u t  t h e s e  p o t e n t i a l  
a1 t e r a t i o n s  a r e  n o t  i n c l u d e d  i n  t h e  model. 

STRUCTURE 

The model p r e d i c t s  L  , t h e  sound l e v e l  i n  d e c i  be1 s  t h a t  i s  exceeded 
101 o f  t h e  t ime,  produces by an i n f i n i t e  l i n e  source. Adjustments a r e  
made f o r  f i n i t e  a t t e n u a t e d  l i n e  sources,  ang le  f r o m  source, road  w i d t h  
v a r i a t i o n s ,  grades, curves,  pavement type,  imbalanced f l o w ,  d i f f e r e n c e s  
i n  d i  r e c t i o n a l  average speed, b a r r i e r s ,  and d i f f e r e n c e s  i n  d i r e c t i o n a l  
f l o w  e l e v a t i o n .  Those elements o f  t h e  proposed roadway t h a t  a r e  
e x c e s s i v e l y  n o i s y  a r e  i d e n t i f i e d ,  as  a r e  t h e  s h i e l d i n g  elements r e q u i r e d  
a t  t h a t  p o i n t  t o  reduce n o i s e  l e v e l s  t o  t h e  des ign  goa l .  

MODEL CONSTRUCTION 

T h i s  i s  a  p h y s i c a l  r e l a t i o n s h i p s  model u s i n g  a  computa t iona l  
a l g o r i t h m ,  w i t h  some ad jus tment  t o  b r i n g  i t  i n  l i n e  w i t h  observed 
r e s u l t s .  

DATA USED I N  RUNNING MODEL 

To r u n  t h e  model, t h e  u s e r  must  i d e n t i f y  obse rve r  l o c a t i o n s ,  roadway 
l e n g t h  and w id th ,  d i v i s i o n  i n t o  e lements due t o  a l i gnmen t ,  t r a f f i c  



c h a r a c t e r i s t i c s ,  ramps, s h i e l d i n g ,  and b a r r i e r s .  

DOCUMENTATION 

Bol t , Baranek and Newman, Highway Noi se-Generat i  on C o n t r o l  , 
N a t i o n a l  Coopera t i ve  Highway Research Program Repor t  173, T r a n s p o r t a t i o n  
Research Board, Washington, D.C., 1976. 

B o l t ,  Baranek and Newman, Highway Noise-A Design -- Guide f o r  P r e d i c t i o n  
and C o n t r o l  , N a t i o n a l  Coopera t i ve  Highway Research Program Repor t  174, 
T r a n s p o r t a t i o n  Research Board, Washington, D.C., 1976. 

COMPUTER REQUIREMENTS 

N a t i o n a l  Coopera t i ve  Highway Research Program Repor t  174 i s  a s t e p  by 
s t e p  gu ide t o  u s i n g  t h e  computer model and t h e  " s h o r t  method." The 
complete program, w r i t t e n  i n  FORTRAN, i s  i nc luded .  



A model o f  auto  f u e l  economy, performance, and emissions, sometimes 
r e f e r r e d  t o  as VEHSIM, was prepared a t  t h e  U.S. Department o f  
T ranspor ta t ion  (DOT) i n  1976. It s imulates t h e  performance o f  t h e  auto 
engine, and may be used t o  p r e d i c t  performance, f u e l  economy, and 
emissions, g iven  changes i n  engine spec i f i ca t i ons .  It was used by DOT 
i n  t h e  Motor Veh ic le  Goals Beyond 1980 Study. 

SPONSOR 

U.S. Department o f  T ranspor ta t ion  
Washington, D.C. 20590 

AUTHOR 

A.C. M a l l i a r i s ,  H. Gould, T. T r e l l a ,  E. Wi th jack 
U.S. Department o f  T ranspor ta t ion  
Washington, D.C. 20590 

MODEL TYPE 

Fuel economy, erni s s i  ons, vehi c l  e  ope ra t i  ng performance 

OBJECTIVE OF MODEL 

This  model s imu la tes  t h e  phys ica l  performance o f  t he  automobi 1  e  
engine, i n c l u d i n g  i t s  f u e l  economy, emissions, and acce le ra t i on  r a t e ,  
g i ven  i t s  weight, t h e  number o f  c y l i nde rs ,  and t ype  o f  t ransmiss ion.  

RELATIONSHIP TO OTHER MODELS 

Th is  model has c a p a b i l i t i e s  s i m i l a r  t o  those o f  GPSIM (72-017). 

HISTORICAL BACKGROUND 

An e a r l i e r  ve r s i on  o f  t h i s  model was c a l l e d  VEHSIM. 

ASSUMPT IONS 

The ope ra t i on  o f  t h e  i n t e r n a l  combustion engine i s  s imulated w i t h  t h e  
engine mani fo ld  system t r e a t e d  as a  sequence o f  many small bu t  f i n i t e  
c o n t r o l  volumes, each obeying t he  f i e l d  form o f  conserva t ion  equations. 
Th is  i s  a new approach i n  t h e  t reatment  o f  engine b rea th i ng  dynamics. 



VALIDATION 

R e s u l t s  o f  t h e  s i m u l a t i o n  a r e  compared w i t h  Environmental  P r o t e c t i o n  
Agency f u e l  -economy and emi ss ions  measurements. Fuel  economy i s  
p r e d i c t e d  w i t h i n  f i v e  t o  t e n  p e r c e n t  of a c t u a l  measurements, NO i s  
w i t h i n  t w e n t y - f i v e  percent ,  w h i l e  t h e r e  a r e  s u b s t a n t i a l  e r r o r s  f o b  CO 
and HC. 

LI!IITATIOWS AND BENEFITS 

The model i s  s t r o n g e r  i n  produc ing r e l a t i v e  r a t h e r  t h a n  a b s o l u t e  
r e s u l t s .  The r e s o l u t i o n  o f  i n d i v i d u a l  a p p l i c a t i o n s  i s  found t o  be 
1  i m i  t e d  by s u b s t a n t i a l  u n c e r t a i n t i e s  i n  i n p u t s  such as combust ion 
i n i t i a t i o n  and d u r a t i o n ,  and i n  t h e  e s t i m a t i o n  o f  t h e  r e s i d u a l  f r a c t i o n  
i n  t h e  c y l i n d e r .  

STRUCTURE 

T h i s  i s  an e n g i n e e r i n g  model whose computa t ions  r e l y  on a n a l y t i c a l l y  
t r a c t a b l e  aspects  of a u t o  o p e r a t i o n  and on e x t e n s i v e  e n g i n e e r i n g  t e s t  
d a t a  o f  p i v o t a l  components. Equa t ions  i n v o l v e  f o r c e ,  a c c e l e r a t i o n ,  
t o rque ,  eng ine speed, and v e h i c l e  load.  

MODEL CONSTRUCT1 ON 

D e t a i l e d  e n g i n e e r i n g  t e s t  d a t a  r e g a r d i n g  components and parameters o f  
1975 autos were used t o  b u i l d  t h e  model, 

DATA USED IN RUNNING MODEL 

Engine performance maps, i n c l u d i n g  i n f o r m a t i o n  on eng ine  l o a d s  and 
speeds, spec i  f i  c  f u e l  consumpti on, NOT performance, t o r q u e  c o n v e r t e r  
c h a r a c t e r i s t i c s ,  gear  and a x l e  r a t i o s ,  s h i f t  l o g i c s ,  r o t a t i n g  i n e r t i a s ,  
t i r e  parameters and accessory 1  oads a r e  i n p u t s  t o  t h e  s i m u l a t i o n .  

DOCUMENTAT ION 

A.C. Ma1 l i a r i s ,  E. W i  t h j a c k ,  and H. Gould, S imula ted S e n s i t i v i t i e s  o f  
Auto Fuel  Economy, Performance Emissions,  S o c i e t y  o f  ~ u t o m o t i c  -- 
Engineers Paper No. 760157. 

A.C. Ma1 l i a r i s ,  T. T r e l  l a ,  and H. Gould, I n q i n e  Cyc le  S i m u l a t i o n g  and 
Compari sons t o  Real Engine Per fomance,  s o c i e t y  o f  Automot ive  Eng ineers  
Paper No. 760155. 



D IFKIN PHOTOCHEMICAL POLLUTION DIFFUSION MODEL 

The DIFKIN Photochemical P o l l u t i o n  D i f f u s i o n  Model was developed by 
t h e  General Research Corpora t ion  i n  1976 under t h e  sponsorship o f  t h e  
Envi ronmental P r o t e c t  i on Agency and t h e  Department o f  Heal th ,  Education, 
and Welfare.  It i s  in tended f o r  use by  t r a n s p o r t a t i o n  p lanners  i n  
s i m u l a t i n g  t h e  e f f e c t s  o f  a s i n g l e  segment o f  a t r a n s p o r t a t i o n  p l a n  on 
t h e  a i r  qua1 i t y  o f  a m e t r o p o l i t a n  reg ion .  

SPONSOR 

Na t iona l  Air Pol  1 u t i o n  Con t ro l  A d m i n i s t r a t i o n  
Department o f  Heal th,  Educat ion and Wel fare  
330 Independence Avenue SW 
Washington, D.C. 20201 

Coordi n a t i  ng Research Counci 1 
30 Rockefel  1 e r  Plaza 
New York, N.Y. 10020 

Air Pol l u t i o n  Con t ro l  O f f i c e  
Envi ronmental P r o t e c t i o n  Agency 
401 M S t r e e t  SW 
Washington, D.C. 20460 

AUTHOR 

A. Eschenroeder, J. Mar t inez,  and R. Nordsieck 
General Research C o r p o r a t i  on 
Santa Barbara, C a l i f .  93105 

MODEL TYPE 

Air po l  1 u t i o n / a i  r qua1 i t y  

OBJECTIVE OF MODEL 

Th is  model simul a tes  t h e  t r a n s p o r t ,  chemical reac t ions ,  and d i f f u s i o n  
o f  p o l l u t a n t s  i n  t h e  r e g i o n  sur round ing a highway. It i s  in tended f o r  
use by t r a n s p o r t a t i o n  planners.  

RELATIONSHIP TO OTHER MODELS 

The DIFKIN Model i s  i n tended  f o r  use i n  p r o j e c t  l e v e l  comparisons-- 
f o r  t e s t i n g  t h e  e f f e c t s  o f  a sSngle segment o f  a l o c a l  t r a n s p o r t a t i o n  
plan.  Other models would be used on a system l e v e l  f o r  s i m u l a t i n g  t h e  
e f f e c t s  o f  an e n t i r e  t r a n s p o r t a t i o n  p l a n  on t h e  reg ion.  



HISTORICAL BACKGROUND 

The au tho rs  began work on t h i s  s u b j e c t  i n  t h e  l a t e  1960s. 

ASSUMPTIONS 

T h i s  i s  a  Lagrang ian model t h a t  s imu la tes  a  column o f  a i r  t r a v e l l i n g  
w i t h  t h e  wind th rough  a  g r i d  system i n  a  met ropo l  i t a n  area. 

VAL I DAT I O N  

S e n s i t i v i t y  a n a l y s i s  o f  t h e  model was done. It was found t h a t  t h e  
model was most s e n s i t i v e  t o  i n i t i a l  p o l l u t a n t  c o n c e n t r a t i o n s ,  r e a c t i o n  
r a t e  cons tan ts ,  and d i f f u s i v i t y  c o e f f i c i e n t s .  

LIMITATIONS AND BENEFITS 

The model i s  n o t  appl  i c a b l e  f o r  convergent  o r  d i v e r g e n t  w ind  f l o w  
f i e l d s ,  where v e r t i c a l  w ind shear  i s  i n v o l v e d ,  o r  f o r  m u l t i - d a y  
s i m u l a t i o n s .  

STRUCTURE 

A  simp1 i f i e d  mass c o n t i n u i t y  e q u a t i o n  i s  so l ved  f o r  each v e r t i c a l  
c e l l  o f  t h e  column o f  a i r  as i t  moves a long  i t s  t r a j e c t o r y .  The mass 
c o n c e n t r a t i o n  o f  t h e  p o l l u t a n t  w i t h  r e s p e c t  t o  t ime,  speed, and 
d i r e c t i o n  i s  c a l c u l a t e d  as a  f u n c t i o n  o f  t h e  v e r t i c a l  t u r b u l e n t  
d i f f u s i o n  c o e f f i c i e n t ,  t h e  r e a c t i o n  (production/destruction) r a t e ,  and 
t h e  source f l u x  emiss ion  r a t e .  The chemical  module o f  t h e  model 
c o n t a i n s  s i x t e e n  chemical  r e a c t i o n  equat ions .  

MODEL CONSTRUCTION 

Chemical r e a c t i o n  and k i n e t i c  d i  f f u s i o n  equa t ions  were d e r i v e d  by t h e  
au tho rs  based on e a r l i e r  work by  themselves and o thers .  

DATA USED IN RUNNING NODEL 

I n v e r s i o n  base h e i g h t ,  d i f f u s i v i  t y  c o e f f i c i e n t s ,  i n i t i a l  
c o n c e n t r a t i o n s ,  and a  t r a j e c t o r y  must be i n p u t  t o  t h e  model. 

DOCUMENTATION 

P.D. A1 l e n ,  W.B. Crews, A.J. R a n z i e r i ,  and E.C. S h i r l e y ,  T r a n s p o r t a t i o n  
Systems and Regional  Air Qua1 i t y - - A  DIFKIN S e n s i t i v i t y  Ana lys i s ,  O f f i c e  
o f  T r a n s p o r t a t i o n  Labora to ry ,  Cal i f o r n i a  Department o f  T r a n s p o r t a t i o n ,  



A.Q. Eschenroeder and J.R. Mart inez,  "Concepts and Appl i c a t i o n s  o f  
Photochemical Smog Models ," i n  Advances - i n  Chemi s t r y  Ser ies  113, 1972, 
pp. 101-168. 

COMPUTER REQUIREMENTS 

A run  o f  t he  program on an I B M  370 cos ts  about twenty  do l l a r s .  A 
sample o f  data cards i n p u t  t o  t h e  program i s  provided i n  t h e  A1 l e n  e t  
a1 . repor t .  



CONSUMER CREDIT AND CONSUMER DEMAND FOR AUTOMOBILES 

A model o f  Consumer C r e d i t  and Consumer Demand f o r  Automobi les was 
prepared a t  t h e  U n i v e r s i t y  of  Lowe l l  Environmental  Law I n s t i t u t e  and 
appeared i n  The Jou rna l  of Finance i n  March 1976. The o b j e c t i v e  o f  t h e  
model i s  t o p r o v i d e  an a l t e r n a t i v e  measure o f  consumer i n s t a l l m e n t  
c r e d i t  c o n t r a c t  l e n g t h  and t o  t e s t  t h e  e x p l a n a t o r y  power o f  t h e  new 
v a r i a b l e  as a  de te rm inan t  o f  automobi 1  e  demand. 

AUTHOR 

Dav id  B. Eastwood 
U n i v e r s i t y  o f  Lowel 1  
Lowel l ,  Mass. 01854 

Robert  Anderson 
Envi ronmental Law I n s t i t u t e  
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MODEL TYPE 

Automobi 1  e  demand 

OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  deve lop an a l t e r n a t i v e  e s t i m a t i o n  
procedure f o r  c o n t r a c t  l e n g t h  of consumer i n s t a l l m e n t  c r e d i t  and t o  t e s t  
t h e  exp lana to ry  power of t h e  new s e r i e s  as a  de te rm inan t  o f  au tomobi le  
demand. 

RELATIONSHIP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

Prev ious  s t u d i e s  o f  t h e  r o l e  o f  consumer i n s t a l l m e n t  c r e d i t  have used 
t h e  a v a i l a b i l i t y  o f  c r e d i t  as a  determinant  o f  consumer d u r a b l e  
expend i tu re .  The d e f i n i t i o n  o f  average c o n t r a c t  l e n g t h  used i n  these  
s t u d i e s  s u f f e r s  f rom two d e f i c i e n c i e s :  c o n t r a c t  1 ength  i s  b i a s e d  when 
t h e  volume o f  c r e d i t  extended changes, and i t  i s  d e r i v e d  f r o m  an average 
o f  a1 1  o u t s t a n d i n g  c r e d i t  r a t h e r  t h a n  f rom a  measure o f  c u r r e n t  c r e d i t  
c o n d i t i o n s .  T h i s  model i s  designed t o  remedy t h e s e  two d e f i c i e n c i e s .  

VAL1 DATION 

The s t a t i s t i c a l  p r o p e r t i e s  o f  t h e  e q u a t i o n  over  t h e  f i t  p e r i o d  a r e  



analyzed,  No post-sample e v a l u a t i o n s  a r e  conducted, 

LIMITATIONS AND BENEFITS 

The a n a l y s l s  i s  r e s t r i c t e d  t o  o n l y  one c r e d i t  term, l e n g t h  o f  
c o n t r a c t .  No aggregate t i m e  s e r i e s  data  a r e  a v a i l a b l e  f o r  a1 1  t h r e e  
c r e d i t  terms: t h e  downpayment percent ,  t h e  f inance charge, and t h e  
l e n g t h  o f  c o n t r a c t .  S ince t h e  authors  choose t o  deal o n l y  w i t h  t h e  
l e n g t h  o f  c o n t r a c t ,  i t  must be assumed t h a t  t h e  average m a t u r i t y  i s  a  
measure o f  ease of c r e d i t  i n genera l .  

A new method o f  e s t i m a t i n g  one of t h e  terms of c r e d i t - - l e n g t h  o f  
c o n t r a c t - - 1  s  developed. T h e o r e t i c a l  l y  i t  avo ids  t h e  problem o f  t h e  
sys temat i c  b i a s  con ta ined  i n  t h e  average m a t u r i t y  f o r  a1 1 ou ts tand ing  
debt .  The new s e r i e s  i s  a1 so d e s i r a b l e  because i t  r e f l e c t s  c u r r e n t  
c r e d i t  c o n d i t i o n s ,  not a  we ighted average o f  c u r r e n t  and e x i s t i n g  loans.  

STRUCTURE 

The b a s l c  s tock  ad jus tment  model o f  au to  demand t h a t  was es t ima ted  i s  
as f o l l o w s :  

S* = a  + b  (Y) + c (Pd) + f (N*) 

where; 

S* = d e s i r e d  s tock  a f  au tos  

Y = r e a l  d i sposab le  income 

Pd = r e l a t i v e  p r i c e  o f  autos 

N* = average m a t u r i t y  o f  new debt  

The f o l  l ow lng  r e l a t i o n s h i p s  a r e  used: 

where: 

S = a c t u a l  s tock  o f  c a r s  

Cd = consumer du rab le  e x p e n d i t u r e  f o r  au tos  and p a r t s  

T  = ad jus tment  c o e f f i c i e n t  

D = rep1 acement expend i tu re  



el = d e p r e c i a t i o n  of c u r r e n t  p e r i o d  expend i tu re  

e2 = d e p r e c i a t i o n  o f  e x i s t i n g  s tock  

The f o l  l o w i  ng b a s i c  s tock  ad jus tment  equa t ion  i s  ob ta ined :  

The es t ima ted  r e s u l t s  i n  t h e  model r e p o r t  i n d i c a t e  t h a t  t h e  new 
c o n t r a c t  l e n g t h  s e r i e s  N*, performs b e t t e r  i n  t h e  model t h a ~  t h e  
t r a d i t i o n a l  c o n t r a c t  1 ength  s e r i e s  which measures average maturity o f  
a1 1 ou ts tand ing  c r e d i t ,  

MODEL CONSTRUCTION 

The model i s  n o t  i n tended  t o  be an o p e r a t i o n a l  s i m u l a t i o n  modal t o  be 
used f o r  ex-ante 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 d a t a  sources used 
i n  b u i l d i n g  t h e  model a r e  n o t  we1 1  documented I n  t h e  model r e p o r t ,  

DATA USED I N  R U N N I N G  MODEL 

V a l  ues f o r  a1 1 t h e  exogenous v a r i a b l e s  1 n t h e  model are necessary t o  
genera te  p r e d i c t i o n s  f o r  au to  demand, 

DOCUMENTATION 

David E l ,  Eastwood and Rober t  Anderson, "Consumer C r e d i t  and Consumer 
Demand f o r  Automobiles," - The Journa l  of Finance, Vol. X X X I ,  No, 1, March 
1976, pp. 113-123. 
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The t i t l e s  o r  commonly accepted name o f  each o f  t h e  models a r e  l i s t e d  i n  
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ACCESSION NUMBER INDEX 

Each model i s  1 i s t e d  i n  o r d e r  o f  access ion  number. The access ion  
number, model name, au tho rs ,  model types ,  and sponsors o f  each model a r e  
g iven,  The meaning o f  a b b r e v i a t i o n s  used i n  t h i s  i ndex  may be found i n  
t h e  l i s t  on t h e  f o l l o w i n g  page, 

Once a  model has been i d e n t i f i e d  by access ion  number u s i n g  these  
indexes,  t h e  summary d e s c r i b i n g  i t  may be l o c a t e d  i n  t h i s  r e p o r t  e i t h e r  
by us ing  t h e  access ion  numbers i n  t h e  upper co rne rs  o f  t h e  pages, o r  by 
f i n d i n g  t h e  page on which ~t i s  l o c a t e d  by r e f e r r i n g  t o  t h e  Tab le  o f  
Contents.  



ABKREV IATIONS USED I N  ACl:ESSION NUMBER INDEX 

A A S H T O  American A s s o c i a t i o n  o f  S t a t e  Highway and T r a n s p o r t a t i o n  
O f f i c i a l s  

C E Q  Counc i l  on Env i ronmenta l  Qua1 i t y  

C R C  C o o r d i n a t i n g  Research Counci 1 

DOE o r  USDOE Department o f  Energy 

DOT o r  USDOT Department o f  T r a n s p o r t a t i o n  

C P A  Env i  ronmental  P r o t e c t i o n  Agency 

FE A Federal  Energy Admi n  i s t  r a t  i o n  

FHWA Federa l  Highway Adrni n i s t r a t i o n  

GMC General Motors  C o r p o r a t i  on 

HEW Department o f  I lea l  t h ,  Educat ion ,  and Wel fa re  

MVMA Motor  V e h i c l e  Manu fac tu re rs  A s s o c i a t i o n  

NHTSA N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  

NS F N a t i o n a l  Science F o u ~ l d a t  I on 

RANFl K e s e a r ~ h  Appl i e d  t o  N a t i  onal Needs 

TR B T r a n s p o r t a t i o n  Research Board 

TS C T r a n s p o r t a t i o n  Systems Center  

UMTA Urban Mass T r a n s p o r t a t i o n  A d m i n i s t r a t i o n  



AUTHOR INDEX - P a r t  1 

PERSONAL AUTHORS 

A l b e r t i n e ,  J, 

A l l e n ,  B, 

A l l e n ,  0, L, 

Anderson, D, 0, 

Anderson, R .  J. 

Anderson, R ,  

Beachley, N. H. 

Bernard, M. J , ,  I 1 1  

Berwager, S, D. 

B u r r i g h t ,  0 ,  K, 

Carpenter ,  W, A .  

Chamberlain, C, 

Clemena, G. G, 

Commins, D, E ,  

Cooper, K. G. 

Danckert ,  H, 

Davis, C, 

DeWolf, 0 ,  

Doctor ,  P, A, 

Eastwood, D. 0 .  

Enns, I), H. 

Eschenroeder, A .  Q. 

Fauth, G. R. 

F i  tzg ibbons,  R ,  G. 

Frank, A .  A,  

Ga l lasch,  H. F,, Jr ,  

ACCESSION NUMBER 



AUTHOR INDEX - Part 1 

PERSONAL AUTHORS 

Gal loway,  W, T. 

Gould,  H. H. 

Grove, H. W, 

H a l l ,  F. L .  

Heinemann, P. C, 

Hess, A. C .  

H i  r t z e l  , C.  J. 

H o f f e r ,  G ,  

Horan, L. 

Ho row i t z ,  J .  L .  

Ho r ton ,  J. R .  

Hu l s ,  T. A. 

Ingram, G .  K,  

Joksch,  H. C. 

Judd, El. R .  

K i rkwoad,  T. F .  

Kroch,  E .  

K u g l e r ,  B.  A. 

Lee, A, O .  

L indg ren ,  L ,  H, 

Lox ley ,  C.  J, 

Luckey, M. M, 

Lyne i s ,  J.  M. 

M a l l i a r i s ,  A.  C, 

Marchand, J, 

M a r t i n e z ,  J .  R ,  

ACCESSION NUMBER 



AUTHOR INDEX - P a r t  1 

PERSONAL AUTHORS 

M c G i l l i v r a y ,  R .  G .  

Mellman, R .  

M i  k o l  owsky, W. T , 

M i l l s ,  E, S ,  

M i t c h i n e r ,  J .  L. 

Mooz, W. E ,  

Nordsieck,  R. 

Parks,  R. W, 

Perne la ,  L. M. 

P o l l a r d ,  J .  K, 

Prohaska, J. T, 

Pugh, A. L., I 1 1  

Rabe, F. T. 

Rack l ,  R e  

Ramsey, J ,  

R a n z i e r i ,  A. J ,  

Rasche, R. 

Robb, A. F *  

Sch ink ,  G. R, 

Schmidt,  R. 

Schofer ,  J. L. 

Schuessl e r ,  R . 
S h i r l e y ,  E. C. 

Smith, R e  

Smith, R .  P. 

S tucker ,  J .  P. 

ACCESSION NUMBER 



AUlHUR JNDEX - Part 1 

PERSONAL. AIJ1 HORS 

Sui ts ,  D. B.  

Sutherland, L. C .  

Swing, J .  

Taylor, L .  D, 

Tingley, 0. S .  

Trella ,  T .  

Verleger, P .  K . ,  J r .  

Ward, C ,  E . ,  J r .  

Ward, D. E. 

Waters, W. C ,  

Watt, K .  E. F .  

Weiner, E .  

Westin, R. B. 

Wickstrom, G .  V ,  

Wildhorn, S .  

Withjack, E. 

Wykoff, F .  C ,  

Young, J .  W. 

!\CCESSI ON N U M B E R  



AUTHOR INDEX - P a r t  2 

ORGANIZATIONAL AUTHORS ACCESSION NUMBER 

B o l t  , Baranek and Newrnan 76-089 

C a l i f o r n i a  Dept. o f  T r a n s p o r t a t i o n ,  
O f f i c e  o f  T r a n s p o r t a t i o n  Labora to ry  76-084 

Cambridge U n i v e r s i t y  75-029 

Center  f o r  t h e  Envi  rclnrnent 
and Man, Inc ,  7 6 - 04 7 

Char les  R i v e r  Assoc ia tes ,  Inc .  76-025 

Char les  S t a r k  Draper  
Labora to ry ,  I n c .  76-024 

Chase Econornetrlc Assoc ia tes ,  I nc .  74-002 

Chicago T r a n s i t  A u t h o r i t y  75-019 

Data Resources, I nc, 73-040, 75-073 

Energy and Env i  ronmental 
Ana lys i s ,  I nc ,  75-003A,B ,C 

Envi ronrnental Impact Center ,  Inc.  76-022A,B,C, 77-085 

Environmental  Law I n s t i t u t e  76-092 

Envi  ranmental P r0 tec t . i  on Agency 74-005, 76-068 

Faucet t ,  Jack,  Assoc ia tes  76-016 

Federa l  Energy Admi n i  s t r a t i  on, 
O f f i c e  of Energy Systems 75-004 

General Motors  Gorporat  i on 72-017, 76-061 

General Research C o r p o r a t i  on 76-091 

Harvard  U n i v e r s i t y  75-028 

Honeywell , I nc, 76-066 

Ken t ron  Hawai i, Ltd ,  76-007 

Mary Washington Co l l ege  76-080 

Mathematics, Inc ,  75-072 

Mathtech, Inc .  76-076 



AUTHOR INDEX - P a r t  2 

ORGANIZATIONAL AUTHORS ACCESS1 ON NUMBER 

McMaster U n i v e r s i t y  76-069 

M e t r o p o l i t a n  Washington 
Counci 1 of Governments 7  2-075 

M ich igan  Dept, o f  S t a t e  Highways 
and T r a n s p o r t a t i o n  75-071 

M ich igan  S t a t e  U n i v e r s i t y  74-048 

M ich igan  Techno log i ca l  U n i v e r s i  t y  73-043 

Nor thwestern  U n i v e r s i t y  75-019 

Pomona Col l e g e  73-010 

Pugh-Roberts Assoc ia tes ,  I n c .  77-035 

Rand C o r p o r a t i o n  

Rath and S t r o n g  I n c o r p o r a t e d  75-065 

Serendi  p i t y  , I nc, 70-063 

Southeastern  M i  c h i  gan Counci 1  
of Governments 75-071 

S tan fo rd  U n i v e r s i t y  76-062 

U,S. Dept. o f  T r a n s p o r t a t i o n  75-036, 76-090 

U.S. Dept. o f  T r a n s p o r t a t i o n ,  75-006, 75-013, 74-037A ,B ,C 
T r a n s p o r t a t i o n  Systems Center  74-039A,B ,C , 73-041, 74-042, 

77-067 

U.S. Env i  ronmental  P r o t e c t i o n  
Agency 76-068 

U n i v e r s i t y  o f  A laska 76-068 

U n i v e r s i t y  o f  A r l  zona 75-073 

U n i v e r s i t y  o f  C a l i f o r n i a ,  Davi  s  75-027A,B 

U n i v e r s i t y  o f  Lowel 1  76-092 

U n i v e r s i t y  o f  M i  ch lgan  58-033, 77-064 

U n i v e r s i t y  o f  Toronto,  
Orarborouyl  ! (11  1 t v e  : 1 - 049 



AUTHOR INDEX - P a r t  2 

ORGANIZATIONAL AUTHOR:; ACCESSION NUMBER 

U n i v e r s i t y  o f  Washington 77-074, 77-086 

l l n i v e r s i t y  o f  Wiscons in  74-023 

Urban I n s t i t u t e ,  Washington, D.C. 75-052 

V i r g i n i a  Commonwealth U n i v e r s i t y  76-080 

V i r g i n i a  Highway and 
T r a n s p o r t a t i o n  Research Cuunci 1 76-070 

Vol kswagenwerk AG 77-030 

Voorhees, A lan  M., and 
Assoc ia tes ,  I nc .  

Wharton Econometr ic  F o r e c a s t i n g  
Assoc ia tes ,  I n c .  77-046 

Wyl e L a b o r a t o r i e s  75-057 



!.LCESSION - -- NUMBER 

Arne~-~  ciin A s s o c i a t  l o r ~  ~ j t  S t a t e  
Highway and T r a n s p o r t a t i o n  
O f f i c i a l s  76-089 

(;uortli n a t l n g  Research Counci  1 76-091 

C o u n ~ i  1 o f  E I I L~~  ronmenta l Qua1 1 t y  74-002, 73-040 

Env i  r-onmenta? Development  Agency, 
San h i e g o  County  73-078, 73-082 

Env i  r onmen ta l  P r o t e c t  i o n  Agency 73-040, 76-076, 73-082, 76-091 

t.ederd 1 Enerc;y Adrni n i  s t r a t i o n  75-003A,B ,C, 76-016, 75-058, 
76.066, 77-087A,B 

F o r d  Foundat  i o n  73-010 

Fol ( I  Motor Compdny 58-033 

I lo tok-  V e h i c l e  M a n u f a c t u r e r s  
A s s o c i d t i o n  75-057, 75-072, 75-073 

N a t i o n a l  Research  Counci  1  o f  Canada 76-069 

N a t i o n a l  S c i e n c e  F o u n d a t i o n  74-001A,B ,C, 75-027A,B, 75-052, 
71-056, 75-058, 76-062, 76-086 
77-087A,8 

T r a n s p o r t a t  i o n  Research  P o a r d  75-052, 76-068 

U.S. ~ ) e p d ,  trner,l I i t ) ( i l  th,  F S l u c a t i a n  
and l ie l far .e ,  I ~ a t , l o r ~ d l  A1 r 1'011 u t i o n  
C o n t r ~ l  b d r n l r l l s t i d i i ~ ~ f l  76-091 

U.S, Dept  of Labor ,  Bureau o f  
I n t e r n a t i o n a l  ~ a b o r  A f f a i r s  76-025 

U.S.  Depar tment  o f  T r a n s p o r t a t i o n ,  
F e d e r a l  Highway Adiiii n i  s t . r a t i o n  76-066, 75-071, 76-084, 76-089 

U.5. I l e p a r t r ~ i c ~ n t  o f  r t - d r i s l ) o r t i r t l  ; ,n ,  
N a t i o n a l  ti I y h w a ~  !,afet,y Bureacr 
(now I l a t i o n d l  t l i c ~ h w a ~ l  T t ' d f f  I (  
S d f e t y  Adnii n i  s t r a t i  ~ r i  i 69-009 



SPONSOR INDEX 

SPONSOR ACCESSION NUMBER 

U.S. Department o f  T r a n s p o r t a t i o n ,  
N a t i o n a l  Highway T r a f f i c  S a f e t y  
Admi n i  s t r a t i  on 77-030 

U.S. Department o f  T r a n s p o r t a t i o n  75-006, 74-023, 75-028, 
75-036, 72-075, 76-090 

U.S. Department o f  T r a n s p o r t a t i o n ,  
O f f i c e  of No ise  Abatement 70-063 

U.S. Department o f  T ranspo r ta t i on ,  76-007, 75-008, 75-011, 75-013, 
T r a n s p o r t a t i o n  Systems Center  76-022A,B ,C, 76-024, 77-035, 

74-037A,B ,C, 74-039, 73-041, 
74-042, 77-046, 76-047, 
75-065, 77-067, 77-085 

V i r g i n i a  Dept. o f  Highways 
and T r a n s p o r t a t i  on 76-070 
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MODEL TYPE ACCESSION NUMBER 

Acc iden ts  

A i r  Po l  l u t i o n / A i  r Qua1 i ty  

Automobi le Demand 

Automobi le Des ign  

Economl c Impact 

Emi s s i  ons 

Energy Consumpti on 

F l e e t  S i z e  

Fuel Consumption 

Fuel  Economy 

I n d u s t r i a l  F i n a n c i  a1 Perforniance 77-035 

Market Share 

Modal S p l i t  75-019, 75-027A,B, 75-036, 76-076 

No ise  P o l l u t i o n  7 5-057, 70-063, 76-069, 76-089 



MODEL TYPE INDEX 

MODEL TYPE 

P r i c i  ng 

Scrappage 

Trucks  

V e h i c l e  Manu fac tu r i  ng Resource 
U t i l i z a t i o n  

V e h i c l e  M i l e s  T rave led  

V e h i c l e  Opera t i ng  Performance 

V e h i c l e  User Cos ts /Veh ic le  
Opera t i ng  Costs 

Weight o f  V e h i c l e  

ACCESSION NUMBER 



ACCESSION NUMBER 

Aggregate Auto F l i  l e s  T rave led  

Aggregate Sa les  Model 

A1 RPOL-4 

Annual Model o f  Passenger Car Gas Consumption 
i n  t h e  U.S. 

Automobi 1 e and Gdsol i ne Demand Model 

Automobi 1 e Demand Equa t i ons  

Auto F l e e t  Fuel  Cor~sumpt i o n  Model ( F U E L )  

Auto F l e e t  Submodel 

Auto I n d u s t r y  Response to Government Regul a t  i ons  

Autoniobi 1  e  S e c t o r  F o r e c a s t i n g  Model 
( F a u c e t t  Model ) 

Automot ive Propul  s i  on S i m u l a t o r  (APS) 

CALINE-2: C a l i f o r n i a  L i n e  Source 
D i s p e r s i o n  Model 

Consumer C r e d i t  and Consumer Demand f o r  Autos 

Consumer Demand f o r  Cars i n  t h e  USA 

Consumpti on o f  Gaso l i ne  by Households 

CRA Hedonic Market  Share Model 

Demand f o r  Autos i n  t h e  U.S. 

bemand f o r  New Autos i n  t h e  U.S.  1929-1956 

D e c i s i o n  A n a l y s i s  o f  Auto  Emiss ion  C o n t r o l  

Determinants  o f  Scrapp ing Rates fo r *  
Postwar V in tage  Autos 

DIFKIFI Photochernical P o l l u t i o n  D i f f u s i o n  Model 

DOT Model (VEHSIMI 

Dynamic Model of t h e  U.5. Airtomobi 12 Fleet 

Econon~e t r i c  Model5 o f  the  [)emand f (  rlatc;~ Fuel  



MODEL NAME INDEX 

MODEL NAME ACCESSION NUMBER 

Econometric Model o f  New Car Sales 

EEA Gasol i ne Consumption Model 

Economi cs Submodel 

Emissions Submodel 

Techno1 ogy Model 

E l a s t i c i t i e s  o f  Demand f o r  New Autos 

Engi n e e r i  ng Model o f  F u t u r e  Motor  Veh ic les  (EMFMV) 

E s t i m a t i n g  Auto Emissions o f  A1 t e r n a t i v e  
T ranspor ta t  1 on Systems 

Gasol i ne Consumpti on Model 

Ga so l  i ne Use Model 

General Purpose Auto V e h i c l e  Performance and 
Economy S imu la to r  (GPSIM) 

Highway Fuel Consumpti on Model 

Household Expend i tu res  on Auto Ownership and 
Operat i o n  

I n f r e q u e n t  Purchase Behav ior  i n  a Stock 
Adjustment Model 

I n t e g r a t e d  F l e e t  Model 

F l e e t  Submodel 

New Car Sales Submodel 

VMT Submodel 

I n t e g r a t e d  TSC Auto and Gaso l ine  Model 

Auto Choice by C lass  o f  Car: Aggregate 
S t a t e  Data 

Gasol i ne Demand Model 

Highway Fuel  Consumption Model 

L i g h t  Duty and Con t ro l  Cost S i m u l a t i o n  Model 
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MODEL NAME ACCESSION NUMBER 

Manual Model t o  P r e d i c t  Highway Re la ted  
Carbon Monoxide Concen t ra t i  ons 

Manufac tur i  ng Assessment System 

Flarket Share Model 

MAT HA I R 

Modi f i e d  R o l l  back Program 

Motor  Veh ic le  Emiss ion  and Cost Model (MOVEC) 

Motor  Vehic leIHighway Noise Model 

New Passenger Car Sales and Market  Shares Model 

Noise Annoyance Impact  A1 g o r i  thm 

P o l i c y  Search Model f o r  E v a l u a t i n g  F u t u r e  
Na t i ona l  T r a n s p o r t a t i o n  S t r a t e g i e s  

P r o j e c t  Independence Eva1 u a t  i on System (PIES) 

Automobi le S i m u l a t i o n  Model 

World Energy Model 

P r i c i n g  i n  t h e  Auto I n d u s t r y :  A Simple 
Econometr ic Model 

P r i v a t e  and Commercial Dernand f o r  Gasol i ne 

Q u a n t i f i c a t i o n  o f  Transpor ta t . ion  No ise  

Q u a r t e r l y  Demand f o r  Gasol i ne Model 

Rand Autamobi l e  Energy Conservat ion  Model 

Automobi le F l e e t  Mix  Model 

Genera l ized Automobi le Design Model 

New Car Sales/Automobi 1e Ownership/ 
V e h i c l e  Wi les  T rave led  Model (NAV) 



MODEL NAME. 

Resource Account  i ng Model 

C a p i t a l  and Labor  Resource Accoun t i ng  
Model ( I NRAM) 

M a t e r i a l s  and Energy Resource Accoun t i ng  
Model (ARAM) 

Response t o  Mandates f o r  I nc reased  Fue l  
Economy: An I n d u s t r y  Model 

SAM: Sacramento Area Model 

SPECULATER: Land, A g r i c u l t u r e ,  
T r a n s p o r t a t  i o n ,  and Energy 

T r a f f i c  No ise ,  Plodel o f  

T r a n s p o r t a t i o n  and A i  r shed  S i m u l a t i o n  
Model (TASSIM) 

T r a n s p o r t a t i o n  Sa fe t y  A n a l y s i s  Model 
(Highway Submodel ) 

TRAblS-Urban Model (T ranspor t .a t  i on Resource 
A1 l o c a t i o n  S tudy )  

U.S. T ruck  and Bus P o p u l a t i o n  Model 

Urban Area Auto  Emiss ions  Acco rd ing  t o  T r i p  Type 

Urban T r a f f i c  C o n t r o l  Systeni--Program 1 
S i m u l a t i o n  Model 

User  Cost  Approach t o  New Auto Purchases 

Veh i c l e -M i  l e s  Model 

Wharton EFA Automobi l e  Demand Model 

MODEL NAME INDEX 

ACCESS I ON NUMBER 
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74-001A !~e r ,e i , o l  I icil A L I ~ o I ~ : ~ ~  i l e  ?and C o r p o t ' a t i  on A u t o ~ - , o L i ' ~  e  D e s i g n  IiSF 
[Jes lgn !!oae; 

! J - ~ I - I I E  ~ ~ U I ~ O I : , O > I  ; e  F l ? e t  ;'I f F a m  C c r p o r a t i  i ~ r ;  F i e e t  21:e NSF 
:icle I 

''4-00.1; , e r ~  1;ar : ' ~ 1 ? 5 ,  :tir;-. l kar~d ! \ ~ r p [ i t  s t l o n  d ~ ~ t c m o b i  l e  Cemand, IISF 
Y ~ b i ? ?  d k , r t r - i f i 1 ~ !  F l e e t  S i z e ,  VMT 
' / e p ~ , c i  - ! I  , . l ? s  
T i -abc le  I I ; > d  ! j u L ~ , 7 i  

7.4-flf12P iiew F a J s ?  i,er Ca r  S a l e s  Lbase  F r ~ i ~ o r ~ e t l - ~ c  A u t o n o b i l e  Demand, CEO 
and P a r v e t  ;I d r e s  : s s ? i i  a t e  P a r k e t  Sha res  

:4-002B Gaso I  I ri? . , ~nsu rn i : t :  cn  i h a t e  F i c ~ r ~ ~ m e t r i c  F l e e t  S r z e ,  Sc rappage ,  CEQ 
Model A s s o s l a t e s  VMT, Fuel Cons l i c i p t l on  

~ I D I  I echni-  o ; ",u,.i I n e r v  dn i i  ~ r i \ ~ i  ron- F u e i  Economy, L l e i g h t ,  F E A  
n i e r ~ t d l  nna y s l b  P r i c i n b  
: n r  cr: 

Auton!obi l e  Demand, FE A  
F la r ke t  ,hare ,  VF'T, 
5 i e i  Consumpt i on  

75-00 j i  t ~ i i  s s l  ins % ~ r ~ m o o e  I E F I ~  kmi s s i o n s  FEP 

F u e l  Economy? Ene rgy  FEA 
C o n s ~ l m p t i c n ,  V f I T ,  F u e l  
Consumpt i on ,  A u t o  
Eemana, M a r k e t  Share 

F u e l  !.ionomy, Ene rgy  FEA 
Consumpt i on ,  V e h i c l e  
M i l e s  T r a v e l e d ,  F u e l  
Consumpt ion,  A u t o  
Demand. M a r k e t  Sha re  

A1 Oudl  i t y , ' A i r  EP A 
P o l  l u t i o n  

1 5  .Or16 : i i ' ; t , . , d ,~  ; , , d l  7 S r ,  Gut, I , : ,  V e h i c l e  V i l e s  DOT 
~ i~s i t k , r  .,, ? o d e ?  P a l  I : C ~ I \  T r a v e l e d ,  Fuel  Ton- 

sumpr i o n ,  F l e e t  S i z e  

' 6 -  I ) '  t r i t e t  :UPI O U C '  b e r l t r . i ~ ~  r i .  a 1  F u e l  t conomy ,  A u t o  TSC 
I : d . ,  F 1 1  I Semand, F la r ke t  Share,  

VIIT, .crappage, Em1 s s i o n s  

1 ,  I i l i e r a  C o ; t  ApprCaill t o  liomona 1 a'l i e g e  4 u t o  Eemand F o r d  
Ilsw NTO Pu rchd~e : ,  ~ y h o f  f F o u n d a t i o n  

7 . - 0 1 1  b a g r e g a t e  A u t o  F 4 i  12s r t i ,  \ l a r d .  t j s r a n  V e h i c l e  P i l e s  TSC 
7 r a v e l e r l  T r a v e l e d  

15-013 ' ~onc rn * '  r i c  Pode l  of i S I ,  V e i l i l ~ a n  A u t o m o b i l e  Demand TSC 
i1t.d Ca r  , 3 1 e ~  
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76-016 Automobi le  S e c t o r  Jack F a u c e t t  Automobi le  Demand, FEA 
Forecas t1  ng Flodel ASSOC,, I n c .  VMT, Scrappage, 
( F a u c e t t  Model ) Market  Share, Fuel  

Consumption 

72-017 General Purpose Au to  General Motors V e h i c l e  O p e r a t i n g  General 
V e h i c l e  Per formance Corp., Waters Performance, Auto N o t o r s  
and Economy S i m u l a t o r  Des ign  Corp, 
(GPSIM) 

75-019 P o l i c y  Search Model Chicago T r a n s i t  V e h i c l e  M i l e s  Chicago 
f o r  E v a l u a t i n g  F u t u r e  A u t h o r i t y ,  Nor th -  T rave led ,  Modal T r a n s i t  
N a t i o n a l  T r a n s p o r t a t i o n  wes te rn  U n i v e r s i t y ,  S p l i t ,  Energy A u t h o r i t y  
S t r a t e g i e s  Bernard,  Schofer  Consumption 

76-022A VMT Submodel o f  Env i ronmenta l  V e h i c l e  M i l e s  TSC 
I n t e g r a t e d  F l e e t  Model Impact  Cen te r  (EIC) T r a v e l e d  

Corp. 

76-0228 New Car Sales E I C  Corp. Automobi l e  Demand TSC 
Submodel o f  I n t e g r a t e d  
F l e e t  l l ode l  

76-022C F l e e t  Submodel o f  EIC Corp, F l e e t  Si  ze 
I n t e g r a t e d  F l e e t  Plodel 

TSC 

74-023 Automot ive P r o p u l s i o n  U n i v e r s i t y  of  V e h i c l e  O p e r a t i n g  DOT 
S i m u l a t o r  (APS) b l i  scons i  n, Performance, Fuel 

Beach1 ey, Frank Economy, Em1 ss ions ,  
A i r  P o l l u t i o n / A i r  
Qua1 i t y  

76-024A t l a t e r i a l s  and Energy Draper  Lab V e h i c l e  M a n u f a c t u r i n g  TSC 
Resource Accoun t ing  Resource U t i l i z a t i o n ,  
Model (ARAM) Energy Consumpti on 

76-0240 C a p i t a l  and Labor Draper  Lab V e h i c l e  Manufacturing TSC 
Resource Accoun t ing  Resource U t i l  i z a t f o n  
Model ( I NRAM) 

76-025 CRA Hedonic Market  Char les  R i v e r  P r i c i n g ,  Market  Share, Department 
Share Model Assoc ia tes ,  I n c .  V e h i c l e  M a n u f a c t u r i n g  o f  Labor 

Resource U t i l  i z a t l o n ,  
Autp Demand 

75-027A SPECULATER : Land, U n i v e r s i t y  o f  Energy Consumption, NSF, 
A g r i c u l t u r e ,  Transpor-  C a l i f o r n i a  a t  V e h i c l e  M l l e s  RANN 
t a t i o n ,  and Energy Dav is ,  Young Trave led ,  V e h i c l e  

e t  a l .  User  Costs, Modal 
S p l i t  

75-0278 SAM: Sacramento U n i v e r s i t y  o f  Energy Consumption, NSF, 
Area Model C a l i f o r n i a  a t  V e h i c l e  M i l e s  RANN 

Dav is ,  Young Trave led ,  V e h i c l e  
e t  a l .  User  Costs, Modal 

S p l i t  

75-028 T r a n s p o r t a t i o n  and Harvard  U n i v e r -  A i r  P o l l u t i o n / A i r  DOT 
A i r s h e d  S i m u l a t i o n  s i t y ,  Fauth,  Qua1 l t y  
Model (TASSIM) Kroch  
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75-029 Consumer Demand f o r  Cambridge U n i v e r -  Au tomob i le  Demand 
Cars i n  t h e  USA s i t y ,  S m i t h  

77-030 E n g i n e e r i n g  Model Volkswagon, Au tomob i le  Destgn,  NHTSA 
c f  F u t u r e  I.!otor Dancker t  e t  a1 . V e h i c l e  O p e r a t i n g  
V e h i c l e s  (EMFMV) Per formance 

58-033 Demand f o r  New Autos U n i v e r s i t y  o f  A u t m o b i  l e  Demand F o r d  I l o t o r  
i n  t h e  U.S, 1929-1956 M ich igan ,  S u i t s  Co, 

77-035 Model o f  Auto Pugh-Roberts industrial F i n a n c i a l  TSC 
I n d u s t r y  Response t o  Assoc ia tes ,  I n c . ,  Per formance,  Au to  
Government Cooper e t  a l ,  Demand, Marke t  Share, 
R e g u l a t f  ons Scrappage, P r l c lny  

75-036 TRANS-Urban Model DOT, biei n e r  VMT, Modal S p l i t ,  DOT 
( T r a n s p o r t a t i o n  V e h i c l e  User  Costs,  
Resource A1 l o c a t i o n  Acc iden ts ,  Emiss ions ,  
S tudy )  Fuel  Consumption 

74-037A G a s o l i n e  Demand Model TSC, Anderson Fuel Consumpti on TSC 

74-0376 Auto Choice by C lass  TSC, Chamber la in  Marke t  Shares TSC 
of Car :  Aggregate 
S t a t e  Data 

74-037C Highway Fue l  TSC, P o l l a r d  Fue l  Consumption TSC 
Consumpti on Model 

74-039A Market  Share Model TSC, Schuess le r ,  Marke t  Share TSC 
Smi t h  

74-0398 Aggregate Sa les  Model TSC, Schuessl  e r ,  Automob i le  Demand TSC 
Smi t h  

74-039C Veh ic le -M i  l e s  Model TSC, Schuess le r ,  V e h i c l e  M i l e s  TSC 
Smi th  T r a v e l e d  

73-040 q u a r t e r l y  Demand f o r  Data Resources, Fue l  Consumption EPA, CEQ 
Gas01 1 ne Flodel [ nc. 

73-041 Annual Flodel of TSC, Chamber la in  Fue l  Consumption TSC 
Passenger Car Gas 
Consumption i n  t h e  U.S. 

73-043 U.S. Truck and Bus M i c h i g a n  Tech. Trucks,  Emiss ions,  
P o p u l a t i o n  !,ladel Un iv . ,  T i n g l e y  Fue l  Consumption, 

VMT, Scrappage 

77-046 Wharton EFA Au tomob i le  i l h a r t o n  Economet r i c  Auto Demand, Scrappage, TSC 
Demand Model F o r e c a s t i n g  Assoc- Marke t  Share, V e h i c l e  

i a t a s ,  I n c . ,  Schi nk, M i l e s  T rave led ,  
L o x l e y  P r i c i n g  

76-047 T r a n s p o r t a t i o n  S a f e t y  Cen te r  f o r  E n v i r o n -  Acc iden ts  
A n a l y s l s  Model ment and Man, Inc. ,  
(Highway Submodel ) Joksch  

TSC 
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74-048 P r i v a t e  and Commerc~a l  P l i ch igan  S t a t e  Fue l  C o n s ~ ~ r n p t i o n  
Jemana f o r  G a s o l i n e  U n i v e r s i t y  , Ramsey , 

e t  a l .  

71-049 I n f r e q u e n t  Purchdse ~ J n i  i e r s i  t y  o f  Automobi 1  e  aemand 
Re' lav ior  i n  a  Stock T o r o q t s ,  ;Jest in 
Ad jus tmen t  l l ode l  

75-052 u a s o l i n e  Use Model ' r n a n  Institute, Fue l  Consumption ranspor -  
' f c d i  11 i v r a y  t a t i o n  

Researcb 
Roar-a, NSF 

77-056 Response t o  Pandates Rand Corp., Auto Demand, Fuel  IISF 
f o r  I n c r e a s e d  Fuel  S t u c k e r ,  e t  a l .  Economy, P r i c i n g  
Economy 

75-057 Q u a n t i f i c a t i o n  o f  W y l e L a b . , R a c k l ,  N o i s e P o l l u t i o n  PVVA 
T r a n s p o r t c t i  on P1oise S u t h e r i a n d ,  S ~ i i n g  

75-058 Economet r i c  Models Rand ; o m .  , Enns, Fuel Economy, VMT, NSF ,  FEA 
o f  t h e  Demand f o r  B u r r ~ g h t  Au to  Demand, 
Moto r  Fue l  Fuel  Consumption 

75-061 E l a s t i c i t i e s  o f  GF lC ,  G a l l a s c h  Auto Demand GI'C 
Deqand f o r  Nerv Autos 

76-062 D e c l s i o n  A n a l y s i s  o f  S t a n f o r d  U . ,  Judd Emiss ions ,  Economic H S F  
Auto Emiss ion  C o n t r o l  Impact  

70-063 k 'o tor  Vehic le , /Highway c e r e n d i p i t y ,  I n c .  N o i s e  P o l l u t i o n  DOT, O f f i c e  
bloise I.!odel o f  No ise  

Abatement 

77-064 Demand f o r  Autos ~n  11. of Mich., VMT, P r i c i n g ,  Auto 
t h e  U.S. Luckey Demand, Marke t  Share 

75-065 M a n u f a c t u r i n g  Ra th  and S t rong ,  P r i c i n g ,  V e h t c l e  TSC 
Assessment System i n c . ,  L l n d g r e n ,  M a n u f a c t u r i n g  Resource 

F i  t z g i  bbons U t i l i z a t i o n ,  Au to  Des ign  

76-066 Urban T r a f f i c  C o n t r o l  L ioneywel l ,  I n c .  Fue l  Economy FEA, FHIIP 
System-Program 1 
S i m u l a t i o n  Model 

77-06? A ~ t o  F l e e t  Fue l  TSC, H o r t o n  ~ u e i  Consumption TSC 
Consl imptton Mod1.i [FUEL 

76-068 Urban Area Auto E P P , t i .  o f A l a s k a ,  Emissions 
Emiss ions  Accord ing  t o  Hc,rowit;, P e r n e l a  
T r i p  Type 

TRB 

76-069 N o i s e  Annoyance Impac t  I :cMaster Univ . ,  N o i s e  P o l l u t i o n  N a t i o n a l  Res- 
A1 g o r i t h m  H a l l ,  A l l e n  e a r c h  Counci 1  

o f  Canada 

Va. Hwy. and Trans.  A i r  P o l l u t i o n / A i r  Va. Oept. 
Research Counci 1 , Qua1 i t y  o f  Hwys. 
C a r p e n t e r ,  Cl  emena and Trans. 



'5-0': ; ,anuai "cce l  t o  ; . , l t h e d ~ t  ";(:I:. Air %j;i u t i o n i A i 7 -  USCOT, 
,'re<!? r.r ! : igbk .ay  L , .J~~~i~i  i a f  i u a l  1 ' )  , E m i s s i o n s  JNTA, FHUP 
' e l d r e c  , 1 .  8 ~ ~ , , v ? ~ ~ 7 i 7 e l l t j ,  

S l lCEr l t r3 t 'oPS ' ; i j i t ~ ~ .  

: i i .  , ; I :  1;1;tj 2 n d  C c n t r c i  ' a t n e l - , a t i  2 Air ? i ' l  I u t i o n J A i r  FAVPiA 
(1st ' . i n u l 3 t i  .in !.:caei i u a l i t y ,  E m i s s i o n s ,  

i e h i c l e  ~ i p e r a t i n g  
;<,sts 

, 3 -11t~1'::i:i I n  3114 ~ ~ a s o l :  ni. 1 .  o f  :t-i?;r;.,. ',ri,!n;;, Au to  Demand, t,iVfl.A 
?emand Y o c ? ~  Clata .8 i l .sd l~r -ce j ,  i i d r  e t  Sha re ,  F t ~ e i  

I n c . ,  T a y l o r ,  I-1:el Consuinpt i o n  
V e r l e g e r ,  i i i r t r e l  

7 - 0 7  .,~tornol:i i e  3emand ( I .  o f  \ . /ash i  n g t o ! ,  A u t o   eman and 
I ' ~ ; ~ ~ a t i c ; n s  Hes s 

7 -  s t i m a t i r $  d ~ t u  M e t r o .  rJa:n. E I I I -  ,s i ons , VMT,  USOOT 
- - S S I ~ I ~ S  L T  : o u n c i l  o f  2 o v e r n -  A u t o  Demand, A i r  
t e r r , a V i  t 'r i n s p .  ne t i ,  i i e r r . ~agp r ,  P o 1 l u t i o n n : f i i r  

i s tern< , I i c k s t r ~ n  Qua1 i t y  

! !at  rlt ech , I t ic,  E m i s s i o n s ,  \FIT, A u t i i  EPP 
Denend, i l o d a l  S p l i t  . 
A i r  P o l  l u t i o n / A i r  
Q u a l i t y  

76-33? ? r i c i n l i  I :ne cbut,, ' . ' a .  C o ~ m b n ~ ~ e a l  t h  i i r i i i n g  
i n d u s t r y  : S l i p i ?  I J . ,  Par:: k rash i r?s ton 
Ec0noii:et r , i  b 'odel C o l l e g e ,  Y o f f e r ,  

I!arina;n, A i b e r t i n e  

7 3 -  1 2  " o r o r  Ve i  I kt.  Em1 , s l o r  ?and  o r ? .  , P l r  Q u a l i t y ,  Coun ty  o f  
-r id C o s t  i c d e l  " ~ D V E T I  " i l \ o i s w s k y  [mi s s i  ons ,  Economic  San D i e g o ,  

I m p a c t ,  V e h i c l e  C a l i f . ,  
l l s e r / 0 p e r a t i n g  C o s t s  EPA 

76-Q84 C A L I N E - 2  ; a I i ; L i n e  Calif .  ! ~ e p t .  o f  A i r  P o l  I u t i o n I A i r  FHLIA 
5 0 1 1 r t e  "11 j p e t ' s i o n  Inc !e l  T r a p ' .  , ; l a rd  e t  a  1 .  l j u a l  i t y  

- 
' 1 -  1°5 ' J ynami i  i$!ode'  of  L i l : .  i n i . ,  Raoe F l e e t  S i z e  

t i  J .  . I . ~ . J  F l e e r  

: i - i )86 . ie term:  r ~ a r i .  s of U ~ I ~ ,  I I ~  ~ 6 s t :  ~ c r a p p a g e  
:I r a p p l  P C .  n a t e s  r o r  i r ~ g t o n ,  Par t  s 
r o s t h a r  . i n t a s e  Au tos  

/ -#)37A ~ , o n s i : i ~ t ;  ,;ri :f 12anl?, - ; t i ic1.tr  i ' e n i c l e  I.11 l e s  T r a v e l e d ,  N S F ,  FE4 
;aso' i i  ne cy  Houseno lds  t< l r~ i ' i ! ood  F u e l  i o n s u m p t i o n  

77-08!B t i d ~ ~ ; ! . ~ i ,  I -: i + p e n d i t . u r e s  Ranu, \rLl i  k e r ,  V e h i c l e  U s e r  C o s t s /  F I S F .  FEA  
#I: hti t $ : ~ n e r s l i i  p  ,illti i' i rk i root l  Y e h i c l e  ~ C p e r a t i n g  C o s t s  
0; ??.? r 1 1 

:6-081 % d e l  i'i ' r . - t f ' c  ? l ~ i  j c  I , ! I luoi:? P o l l u t i o n  AASHTO, 
\IC,,, 3 2 .  r , # t ?  H bi A 
:. 21 



ACCESSION NUMBER T NDEX 

ACC, NO. NAME AUTHOR FiODEL TYPE SPONSOR 

76-090 DOT Node1 (VEHSIM) USDOT, Ela l l  i a r i  s Fue l  Economy, USDOT 
e t  a l .  Emiss ions,  V e h i c l e  

O p e r a t l  ng Per formance 

76-091 DIFKIN Photochemical  Genera l  Research A i r  Po l  1 u t i o n J A i r  HEI.1, CRC, 
P o l l u t l o n  D i f f u s i o n  Corp., Eschenroeder  Qua11 t y  EP A 

e t  a l .  

76-092 Consumer C r e d i t  and U. o f  L o w e l l ,  Au to  Demand 
Consumer Demand Env i ron .  Law I n s t . ,  
f o r  Autos Eastwood, Anderson 




