




AN INVENTORY OF SELECTED 
MATHEMATICAL MODELS RELATING 

TO THE MOTOR VEHICLE TRANSPORTATION 
SYSTEM A N D  ASSOCIATED LITERATURE 

FIRST SU PPLEIVENT 





AN INVENTORY OF SELECTED 
MATHEMATICAL MODELS RELATING 

TO THE MOTOR VEHICLE 
TRANSPORTATION SYSTEM AND 

ASSOCIATED LlTE RATU RE 

FIRST SUPPLEMENT 

Barbara C. Richardson 
Lawrence D.  Segel 

Kent B. Joscelyn 

Policy Analysis Division 
Highway Safety Research l nstitute 

The University of Michigan 



Copyright O 1980 
The University of Michigan 
All Rights Reserved 

Published by UMI Research Press, 
an imprint of University Microfilms 
International, Ann Arbor, Michigan 48106. 
Printed and bound in the United States 
of America. 

Library of Congress Cataloging in Publication Data 

Richardson, Barbara C 1947- 
An inventory of selected mathematical models 

relating to the motor vehicle transportation system 
and associated literature. 

(Transportation policy studies) (Transportation series) 
"September 1980." 
"UM-HSRI-80-56." 
1. Transportation, Automotive-Mathematical models. 

2. Transportation, Automotive-Mathematical models- 
Bibliography. I. Segel, Lawrence D., joint author. 
II. Joscelyn, Kent B., joint author. I 11 .  Michigan. University. 
Highway Safety Research Institute. Policy Analysis Division. 
IV. Title. V.  Series. VI .  Series. 

HE5613.159 Suppl. 388.3'0724 80-25689 
ISBN 0-8357.1 11 5-3 



ACKNOWLEDGEMENTS 

The c o n t r i b u t i o n s  o f  seve ra l  i n d i v i d u a l s  a r e  g r a t e f u l l y  acknowledged. 

A  number o f  Highway S a f e t y  Research I n s t i t u t e  s t a f f  were i n d i s p e n s a b l e  
i n  t h e  p r e p a r a t i o n  o f  t h i s  r e p o r t .  R i c h a r d  A. D a r g i s  w ro te  summaries o f  
seve ra l  o f  t h e  models and r e p o r t s .  C o n t r i b u t i o n s  w e r e  a1 s o  made b y  
Rober t  W .  S t a i g e r ,  Caro l  A. Dahl ,  Dav id  C. Roberts,  W. Steven B a r n e t t ,  
and Prakash B. Sanghvi.  Ann C. Grimm o f  t h e  HSRI I n f o r m a t i  o n  C e n t e r  
o b t a i n e d  rnany o f  t h e  r e p o r t s  t h a t  a r e  r e v i e w e d  i n  t h i  s  d o c u m e n t  a n d  
c o o r d i  na ted t h e  computer-based 1  i t e r a t u r e  searches.  D o r i s  L. Dunger and 
Deborah M. Dunne t yped  t h e  r e p o r t .  James E .  Haney c o n t r i b u t e d  t o  i n -  
p rocess  e d i t i n g .  Anne I. Vanderworp c o o r d i n a t e d  t h e  r e p o r t  p r o d u c t i o n .  

The 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  (MVMA) suppor ted  t h i s  s t u d y  
by p r o v i d i n g  u n r e s t r i c t e d  g i f t  funds.  C h r i s t i a n  van Schayk o f  t h e  M V M A  
~ r o v i d e d  u s e f u l  comments, as d i d  members o f  t h e  MVMA Subcommi  t t e e  o n  
Federa l  S i m u l a t i o n  Models, wh ich  served as a n  a d v i s o r y  g r o u p  t o  t h e  
p r o j e c t .  Committee members i n c l u d e d  Jack H. M e r r i t t ,  S o l  D r e s c h e r ,  
Thomas N. Ronayne, and N e i l  E. South. 

W i thou t  t h e  c o o p e r a t i o n ,  suppor t ,  and c r i t i c a l  rev iews  p r o v i d e d  by t h e s e  
i n d i v i d u a l s ,  t h e  s tudy  would n o t  have been p o s s i b l e .  The r e s p o n s i b i l  i t y  
f o r  any e r r o r s  i n  t h i s  r e p o r t ,  however, l i e s  e n t i r e l y  w i t h  t h e  au tho rs .  

Kent B. J o s c e l y n  
P r i  n c i  pa l  I n v e s t i g a t o r  

Barbara C.  R ichardson 
P r i n c i p a l  I n v e s t i g a t o r  





CONTENTS 

Page 

ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . .  v 

LIST OF MODEL INVENTORY REPORTS . . . . . . . . . . . . . . . . .  i x 

LIST OF ASSOCIATED LITERATURE ABSTRACTS . . . . . . . . . . . . .  x i  i i 

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . .  1 

1.1 O r g a n i z a t i o n  o f  T h i s  Volume . . . . . . . . . . . . . .  1 

1.2 P r o j e c t  Background and O b j e c t i v e s  . . . . . . . . . . .  2 

1.3 Techn i ca l  Approach . . . . . . . . . . . . . . . . . .  3 

1.4 Format o f  I n f o r m a t i o n  Repor ted  . . . . . . . . . . . .  5 

1.4.1 General I n f o r m a t i o n  . . . . . . . . . . . . . .  5 

1.4.2 D e t a i l e d  I n f o r m a t i o n  on Models . . . . . . . . .  6 

1.4.3 I n f o r m a t i o n  on  S u p p o r t i n g  L i t e r a t u r e  . . . . . .  7 

1.4.4 I ndexes  . . . . . . . . . . . . . . . . . . . .  7 

2.0 MODEL INVENTORY REPORTS . . . . . . . . . . . . . . . . . .  9 

3.0 ASSOCIATED LITERATURE ABSTRACTS . . . . . . . . . . . . . .  203 

4.0 INDEXES . . . . . . . . . . . . . . . . . . . . . . . . . .  261 

4.1 Model Name . . . . . . . . . . . . . . . . . . . . . .  263 

4.2 Repo r t  T i t l e  . . . . . . . . . . . . . . . . . . . . .  267 

4.3 Keyword . . . . . . . . . . . . . . . . . . . . . . . .  278 

4.4 Persona l  A u t h o r  . . . . . . . . . . . . . . . . . . . .  281 

4.5 O r g a n i z a t i o n a l  A u t h o r  . . . . . . . . . . . . . . . . .  289 

. . . . . . . . . . . . . . . . . . . . . . . .  4.6 Sponsor 295 





L I S T  OF MODEL INVENTORY REPORTS 

A c c  . N o  . M o d e l  N a m e  P a g e  

. . . . . . . . . .  7 6 - 0 1 6  A U T O M O B I L E  SECTOR F O R E C A S T I N G  MODEL 11 

7 9 - 0 2 0  T R A N S P O R T A T I O N  ENERGY CONSERVATION NETWORK ( T E C N E T )  . . 18 

7 5 - 0 7 7  THRESHOLD R E G R E S S I O N  MODEL OF HOUSEHOLD AUTOMOBILE  
PURCHASES . . . . . . . . . . . . . . . . . . . . . . .  2 1  

7 4 - 2 0 3  T R A F F I C  N O I S E  MODEL . . . . . . . . . . . . . . . . . .  2 5  

7 8 - 2 0 4  AGGREGATE DEMAND MODEL FOR NEW AND USED A U T O M O B I L E S  . . 2 7 

7 2 - 2 0 5  A U T O M O B I L E  DEMAND MODEL COMB1 N I N G  A N T I C I P A T O R Y  AND . . . . . . . . . . . . . . . . . .  O B J E C T I V E  V A R I A B L E S  30 

7 6 - 2 0 6  I L L I Q U I D I T Y  O F  CONSUMER DURABLES AND MONETARY P O L I C Y  
MODEL . . . . . . . . . . . . . . . . . . . . . . . . .  33 

. . . . . . . . . . . . . . .  7 4 - 2 0 8  HIGHWAY N O I S E  P O L I C Y  MODEL 3 7  

. . . . . . . . . . . . .  7 0 - 2 0 9  D E P R E C I A T I O N  OF C A P I T A L  MODEL 4 0  

. . . . . . . . . . . . .  7 4 - 2 1 0  HIGHWAY P O L L U T I O N  TREND MODEL 4 3  

7 8 - 2 1 1  TEMPORAL C R O S S - S E C T I O N  S P E C I F I C A T I O N  OF THE R E G I O N A L  . . . . . . . . . . . . . . . . . .  DEMAND FOR G A S O L I N E  4 5  

. . . . . . . . . .  7 4 - 2 1 2  GENERAL  L E A S T - C O S T  A I K - Q U A L I T Y  MODEL 4 8  

. . . . . . . . . . . .  7 7 - 2 1 3  M I N N E S O T A  G A S O L I N E  DEMAND MODEL 5 1  

. . . . .  7 9 - 2 1 4  SHORT-RUN S U P P L Y  AND DEMAND MODEL FOR G A S O L I N E  5 5  

7 7 - 2 1 7  E L E C T R I C  PASSENGER V E H I C L E  MARKET I M P A C T  AND U T I L I T Y  . . . . . . . . . . . . . . . . . . . . . . .  LOAD MODEL 5 9  

7 8 - 2 1 8  AMERICAN.  C A N A D I A N .  AND EUROPEAN G A S O L I N E  CONSUMPTION 
MODEL . . . . . . . . . . . . . . . . . . . . . . . . .  6 2  

7 4 - 2 1 9  A U T O M O B I L E  EXHAUST E M I S S I O N  MODAL A N A L Y S I S  MODEL . . . .  6 6 

. . .  7 7 - 2 4 2  LONG-TERM I N T E R I N D U S T R Y  T R A N S A C T I O N S  MODEL ( L I T M )  6 9 

7 9 - 2 5 4  PASSENGER CAR G A S O L I N E  DEMAND MODEL . . . . . . . . . .  7 2  

7 3 - 2 6 1  S R I - G U L F  ENERGY MODEL . . . . . . . . . . . . . . . . .  7 8  

7 8 - 2 6 3  S T A T E - L E V E L  G A S O L I N E  DEMAND MODEL . . . . . . . . . . .  8 3  

. . . . . . . . . .  7 7 - 2 6 9  AUTO OWNERSHIP AND MODE C H O I C E  MODEL 8 9 



7 8 - 2 7 7  E M I S S I O N  ANU F U E L  USE MOUEL FOR TRUCKS AND BUSES . . . .  9 2 

URBAN V E H I C U L A R  CARBON MONOXIDE P O L L U T I O N  MODEL . . . . . . . . . . . . . . . . . . . . . . .  ( APRAC-IA) 

GENERAL E Q U I L I B R I U M  M O D E L I N G  SYSTEM (GEMS)  . . . . . . .  
DEMAND NODEL FOR G A S O L I N E  AND R E S I D E N T I A L  E L E C T R I C I T Y  . 

P A R T I A L  R E C U R S I V E  MODEL OF AUTOMOBILE  DEMAND . . . . . .  
AUTOMOTIVE  F L E E T  F U E L  CONSUMPTION MODEL ( F U E L 4 )  . . . .  

. . . . . . . .  F U E L  ECONOMY P R O J E C T I O N  PROGRAM ( F U E L 6 )  

. . . . . . . . . . . . .  F U E L - 1 2  C A F E  PROCESSING SYSTEM 

. . . . . . . . . .  MOTOR V E H I C L E  HOUSEHOLD C H O I C E  MODEL 

DEMANU FOR NEW AND USED A U T O M O B I L E S  CROSS-SECTION MODEL 

S.U.R.E. DEMAND MODEL OF AUTOMOBILE  S I Z E  C H O I C E  . . . .  
HEAVY GOODS V E H I C L E  F U E L  CONSUMPTION MODEL. . . . . . .  
D Y N A M I C  L I N E A R  E X P E N D I T U R E  MODEL . . . . . . . . . . . .  
SHORT-TERM PETROLEUM PRODUCT DEMAND F O R E C A S T I N G  MODEL . . . . . . . . . . . . . . . . . . . . . . .  ( S T P  PDFM) 

G A S O L I N E  P R I C E  E L A S T I C I T Y  E S T I M A T I O N  . . . . . . . . . .  
CENTER FOR ADVANCED COMPUTATIOF\I/BROOKHAVE N I N P U T - O U T P U T  . . . . . . . . . . . . . . . . . . . . . . . . .  MODEL 

D ISAGGREGATE B E H A V I O R A L  MODEL OF AUTO OWNERSHIP AND . . . . . . . . . . . . . . . . . . . . .  MODE OF TRAVEL  

J O I N T  AUTO OWNERSHIP WORK MODE C H O I C E  MODEL W I T H  
C A R P O O L A S A M O D E  . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  R E G I O N A L  ENERGY A V A I L A B I L I T Y  MODEL 

. . . . . . . . . . . . . . . . . .  F R E I G H T  ENERGY MODEL 

L I G H T - D U T Y  V E H I C L E  F L E E T  F U E L  CONSUMPTION MODEL . . . . . . . . . . . . . . . . . . . . . . .  ( L D V F F C M )  

. . . . . . . . . . .  COMMUTER P O L L U T I O N  EXPOSURE MODELS 



7 9 - 3 8 3  T I M E - S T E P P E D  ENERGY SYSTEM O P T I M I Z A T I O N  MODEL ( T E S O M )  . 1 6 6  

. . . .  7 i - 3 8 4  D Y N A M I C  ENERGY SYSTEM O P T I M I Z A T I O N  MODEL (DESOM) 1 6 9  

7 8 - 3 9 4  HOUSEHOLD SURVEY G A S O L I N E  DEMAND MODEL . . . . . . . . .  1 7 2  

7 8 - 3 9 8  MARKET  A L L O C A T I O N  MODEL ( M A R K A L )  . . . . . . . . . . . .  1 7 6  

. . . . .  7 8 - 4 3 6  WHARTON E F A  MOTOR V E H I C L E  DEMAND MODEL. MARK I 1 7 8  

. . . .  7 8 - 4 3 7  WHARTON E F A  MOTOR V E H I C L E  DEMAND MODEL. MARK I 1  188 

. . . . . . . . . .  7 8 - 4 6 2  L I V E K M O R E  ENERGY P O L I C Y  MODEL ( E P M )  198 





L I S T  OF A S S O C I A T E D  L I T E R A T U R E  ABSTRACTS 

Acc. No .  R e p o r t  T i t l e  p a g e  

A N A L Y S I S  OF THE P R O J E C T I O N S  OF 1 9 8 5  F U E L  CONSUMPTION 
BY MOTOR V E H I C L E S  . . . . . . . . . . . . . . . . . .  
F I N A L  I M P A C T  ASSESSMENT OF THE AUTOMOTIVE F U E L  
ECONOMY STANDARDS . . . . . . . . . . . . . . . . . .  
ENERGY P O L I C Y  AND CONSERVATION ACT.  . . . . . . . . .  
GENERAL MOTORS S U L F A T E  D I S P E R S I O N  E X P E R I M E N T :  
ASSESSMENT OF THE EPA H IWAY MODEL . . . . . . . . . .  
AUTO E M I S S I O N S :  WHY R E G U L A T I O N  H A S N ' T  WORKED . . . .  
TECHNOLOGY ASSESSMENT OF CHANGES I N  THE FUTURE USE 
AND CHARACTER1 S T I C S  OF THE AUTOMOBILE  T R A N S P O K T A T I O N  
SYSTEM. . . . . . . . . . . . . . . . . . . . . . . .  
TECHNOLOGY ASSESSMENT OF CHANGES I N  THE FUTiJRE U S E  
AND C H A R A C T E R I S T I C S  OF THE AUTOMOBI  L E  . . . . . . . .  
COMPUTER M O D E L I N G  OF TRANSPORTATION-GENERATED A I R  

. . . . . . .  P O L L U T I O N :  STATE-OF-THE-ART  SURVEY,  I I 

A N A L Y S I S  OF THE WHARTON E . F.A. AUTOMOBILE  DEMAND 
M O D E L . .  . . . . . . . . . . . . . . . . . . . . . .  
MOTOR G A S O L I N E  SUPPLY  AND DEMAND 1 9 6 7 - 1 9 7 8 .  . . . . .  
H I S T O R I C  ( 1 9 7 1 - 1 9 7 5 )  COST-REVENUE A N A L Y S I S  OF THE 
AUTOMOTIVE O P E R A T I O N S  OF THE MAJOR U . S . AUTOMOTIVE  
PRODUCTS MANUFACTURERS. . . . . . . . . . . . . . . .  
REPORT BY  T H E  FEDERAL  T A S K  FORCE ON MOTOR V E H I C L E  
GOALS BEYOND 1980 . . . . , . . . . . . . . . . . . .  
H I S T O R I C A L  F I N A N C I A L  DATA- -DOMESTIC  AUTOMOBILE  
MANUFACTURERS . . . . . . . . . . . . . . . . . . . .  
V E H I C L E  M I L E S  TRAVELED:  AN E V A L U A T I O N  OF E X I S T I N G  
D A T A  SOURCES. . . . . . . . . . . . . . . . . . . . .  
FACTORS I N F L U E N C I N G  T H E  DEMAND FOR NEW AUTOMOBILES .  . 

. .  CORPORATE S T R A T E G I E S  O F  AUTOMOBILE  MANUFACTURERS. 

S E M I N A R  ON A U T O M O B I L E  F U E L  E F F I C I E N C Y :  VOL. 11-- 
PROCEED I NGS . . . . . . . . . . . . . . . . . . . . .  
TRANSPORTAT ION ENERGY S C E N A R I O  A N A L Y S I S  : T E C H N I C A L  
REPORT NO. 1: E X A M I N A T I O N  OF FOUR E X I S T I N G  SCENARIOS 



S- 78-249 TRANSPORTAT ION ENERGY S C E N A R I O  A N A L Y S I S  : T E C H N I C A L  
MEMORANDdM NO. 2 :  H I S T O R I C A L  R A T E S  OF CHANGE I N  T H E  . . . . . . . . . . . . . . . .  TRANSPORTAT ION STOCK. 224 

A M B I E N T  A I R  Q U A L I T Y  AND AUTOMOTIVE  E M I S S I O N  CONTROL . 
I N T E R I M  REPORT ON MOTOR V E H I C L E  E M I S S I O N  E S T I M A T I O N  . 
REVIEW O F  L E A D I N G  S T A T E  EFFORTS I N  ENERGY D A T A  AND . . . . . . . . . . . . .  M O D E L I N G , . . . . . . . . .  

. . . . . . . . . . . . . . .  I N - S E R V I C E  F U E L  ECONOMY 

COMPARATIVE  A N A L Y S I S  OF H IWAY,  C A L I F O R N I A ,  AND 
C A L I N E 2  L I N E  SOURCE D I S P E R S I O N  MODELS . . . . . . . .  
ENEKGY P O L I C Y  AND C O N S E R V A T I O N  A C T  OF 1 9 7 5 - - P A R T  1-- . . . . . . . .  I T S  E F F E C T I V E N E S S  AND ECONOMIC I M P A C T  

D O M E S T I C  PASSENGER AUTOMOBILE  W E I G H T  P R O J E C T I O N S ,  . . . . . . . . . .  1 9 7 9 - 1 9 8 6  GM, FORD, CHRYSLER,  AMC 

APPLIED ANALYSIS MODELING CAPABILITY SURVEY,  "MODELS 
I N D E X " .  . . . . . . . . . . . . . . . . . . . . . . .  
D I F F I C U L T Y  O F  F O R E C A S T I N G  A M B I E N T  A I R  Q U A L I T Y - - A  WEAK . . . . . . . . . . . . . .  L I N K  I N  P O L L U T I O N  CONTROL 

ROLE OF T R A N S P O R T A T I O N  DEMAND MODELS I N  THE 
P R O J E C T I O N  OF FUTURE URBAN AND R E G I O N A L  A I R  Q U A L I T Y  . 
R AND D S T A T U S  REPORT:  ENERGY A N A L Y S I S  AND 
ENVIRONMENT D I V I S I O N .  . . . . . . . . . . . . . . . .  
AUTOMOBILE  P R I C E S  R E V I S I T E D :  E X T E N S I O N S  O F  THE 
H E D O N I C  H Y P O T H E S I S .  . . . . . . . . . . . . . . . . .  
L I G H T  DUTY AUTOMOTIVE  F U E L  ECONOMY., .TRENDS THROUGH 
1 9 7 9 .  . . . . . . . . . . . . . . . . . . . . . . . .  
F I N A L  I M P A C T  ASSESSMENT OF T H E  L I G H T  TRUCK AND VAN 
F U E L  ECONOMY STANDARDS FOR MODEL YEARS 1980 AND 1981. 

T O T A L  ENERGY DEMAND FOR A U T O M O B I L E S  . . . . . . . . .  
. . . . . . . . . . . . .  ENERGY COST OF AUTOMOBILES .  

P R I C E  OF G A S O L I N E :  F O R E C A S T I N G  COMPARISONS . . . . .  
E V A L U A T I O N  O F  CAR OWNERSHIP F O R E C A S T I N G  TECHNIQUES.  . 
E F F E C T  OF ENERGY C O N S T R A I N T S  ON T R A V E L  P A T T E R N S :  . . . . . . . . . . . . . . .  G A S O L I N E  PURCHASE STUDY 



P R O D U C T I O N  AND CONSUMPTION O F  A U T O M O B I L E S  : AN ENERGY 
A N A L Y S I S  OF THE MANUFACTURE. D I S C A R D  AND REUSE OF THE . . . . . . . .  A U T O M O B I L E  AND I T S  COMPONENT M A T E R I A L S  2 4 4  

FEDERAL  P O L I C Y  A P P L I C A T I O N S  OF THE WHARTON E F A  
AUTOMOBILE  DEMAND MODEL . . . . . . . . . . . . . . .  2 4 5  

I M P A C T  OF AUTOMOTIVE  EM1 S S I O N S  R E G U L A T I O N S  ON 
G A S O L I N E  DEMAND . . . . . . . . . . . . . . . . . . .  2 4 6  

F A C T  SHEET :  F O R E C A S T I N G  A U T O M O B I L E  G A S O L I N E  
CONSUMPTION . . . . . . . . . . . . . . . . . . . . .  2 4 7  

. . . . . . . . . . . .  M E A S U R I N G  ENERGY CONSERVATION 2 4 8  

P R O J E C T  INDEPENDENCE REPORT:  A N  A P P R A I S A L  OF 
U.S. ENERGY NEEDS UP T O  1 9 8 5  . . . . . . . . . . . . .  2 4 9  

L I M I T A T I O N S  ON THE USE OF M A T H E M A T I C A L  MODELS I N  . . . . . . . . . . . .  T R A N S P O R T A T I O N  P O L 1  CY A N A L Y S I S  250 

. . . . . . .  ON-ROAD F U E L  ECONOMY TRENDS AND I M P A C T S  2 5 1  

URBAN T R A N S P O R T A T I O N  AND ENERGY : THE P O T E N T I A L  
S A V I N G S  OF D I F F E R E N T  MODES . . . . . . . . . . . . . .  2 5 2  

CONSUMER B E H A V I O R  TOWARDS F U E L  E F F I C I E N T  V E H I C L E S  . . 2 5 3  

T E C :  T R A N S P O R T A T I O N  ENERGY CONSERVATION MODEL:  
U S E R ' S  G U I D E  . . . . . . . . . . . . . . . . . . . . .  2 5 4  

N A T I O N A L  T R A N S P O R T A T I O N  P O L I C I E S  THROUGH T H E  YEAR . . . . . .  2 0 0 0 :  E X E C U T I V E  SUMMARY AND F I N A L  REPORT 2 5 5  

. . . . .  DEMAND FOR A U T O M O B I L E S  I N  THE U N I T E D  S T A T E S  2 5 6  

S T A T I S T I C A L  DEMAND F U N C T I O N S  FOR A U T O M O B I L E S  AND . . . . . . . . . . . . . .  T H E I R  USE FOR F O R E C A S T I N G  2 5 8  

E I A  ANNUAL REPORT TO CONGRESS 1 9 7 8  . . . . . . . . . .  2 5 9  

. . . . . . . . . . .  A P P L I E D  A N A L Y S I S  MODEL SUMMARIES  2 6 0  





1.0 INTRODUCTION 

T h i s  volume c o n t i n u e s  an i n v e n t o r y  o f  s e l e c t e d  m a t h e m a t i c a l  m o d e l s  
(economet r i c ,  accoun t i ng ,  p h y s i c a l  , e t c . )  r e 1  a t i n g  t o  t h e  mo to r  v e h i  c l  e  
t r a n s p o r t a t i o n  system, and o f  1  i t e r a t u r e  r e l a t e d  t o  t h e  s u b j e c t  m a t t e r  
o r  o b j p c t i v e s  o f  t h e  m o d e l s .  T h i s  i s  a  s u p p l e m e n t  t o  a n  e a r l i e r  
volume t h a t  c o n t a i n s  d e s c r i p t i o n s  o f  90 m o d e l s  a n d  a b s t r a c t s  o f  6 2  
a s s o c i a t e d  documents. T h i s  volume c o n t a i n s  d e s c r i p t i o n s  o f  5 2  m o d e l  s  
added t o  t h e  i n v e n t o r y ,  and a  r e v i s e d  r e p o r t  on one o f  t h o s e  f r o m  t h e  
e a r l i e r  volume. There a r e  a l s o  54 a b s t r a c t s  o f  a s s o c i a t e d  d o c u m e n t s  
added t o  t h e  c o l  l e c t i o n .  

Each model p r e d i c t s  some v a r i a b l  e ( s )  r e l a t e d  t o  t h e  m o t o r  v e h i c l e  
t r a n s p o r t a t i o n  system as f u n c t i o n s  o f  po l  i c y - r e 1  a ted  va r i a  b l  e s .  M o s t  
models have t h e  p o t e n t i a l  f o r  use i n  p u b l i c  p o l  i c y  a n a l y s e s .  O t h e r  
models have been i n c l u d e d  b e c a u s e  t h e y  h a v e  e i t h e r  a d v a n c e d  t h e  
development o f  models p e r t a i n i n g  t o  t h e  mo to r  v e h i c l e  t r a n s p o r t a t i o n  
system o r  t h e y  p e r t a i n  t o  t h e  p u b l i c  p o l i c i e s  t h a t  may b e  a n a l y z e d  b y  
u s i n g  models. The a s s o c i a t e d  l i t e r a t u r e  t h a t  i s  s u m m a r i z e d  c o n t a i n s  
d a t a  t h a t  may be used i n  r u n n i n g  o r  b u i l d i n g  models, d e s c r i b e s  u s e s  o f  
models, o r  r e p o r t s  on  e v a l u a t i o n s  o f  models. 

The i n v e n t o r y  i s  a  p r o d u c t  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  
Mathemat ical  Models o f  t h e  Mo to r  V e h i c l e  System," sponsored by t h e  Motor  
V e h i c l e  Manu fac tu re rs  A s s o c i a t i o n  (MVMA) and c o n d u c t e d  b y  t h e  P o l  i c y  
A n a l y s i s  D i v i s i o n  o f  t h e  Highway S a f e t y  Research I n s t i t u t e  (HSRI) a t  The 
U n i v e r s i t y  o f  Mich igan.  

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  J u n e  1 9 7 9  t h r o u g h  
June 1980. The p r o j e c t  i s  a  c o n t i n u i n g  one, and more supplements t o  t h e  
i n v e n t o r y  w i  11 be pub1 i shed p e r i o d i c a l  l y .  

1.1 O r g a n i z a t i o n  o f  T h i s  Volume 

The purpose o f  t h i s  volume i s  t w o f o l d :  (1) t o  p r e s e n t  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  p o l  i c y - o r i e n t e d  models o f  t h e  
mo to r  v e h i c l e  t r a n s p o r t a t i o n  system, and ( 2 )  t o  p r e s e n t  a b s t r a c t s  o f  
r e l a t e d  model l i t e r a t u r e .  S e c t i o n  1.0 d e s c r i b e s  how t h e  i n f o r m a t  i o n  
c o n t a i n e d  i n  t h e  r e p o r t  i s  o rgan ized  a n d  p r e s e n t e d ,  a n d  how i t  was 
c o l l e c t e d ,  S e c t i o n  2.0 c o n t a i n s  t h e  d e t a i l e d  " l o n g - f o r m "  r e p o r t s  o n  
i n d i v i d u a l  models c o l l e c t e d  t h r o u g h  May 1980 .  S e c t i o n  3 .0  c o n t a i n s  
l e s s - d e t a i l e d  " s h o r t - f o r m "  a b s t r a c t s  on  t h e  model - r e 1  a t e d  d o c u m e n t s .  
S e c t i o n  4.0 i s  a  s e t  o f  indexes t h a t  may be used t o  l o c a t e  p a r t i c u l a r  

' ~ i c h a r d s o n ,  B.C.; Segel ,  L.D:; B a r n e t t ,  W.5:; J o s c e l y n ,  K .B. ,  & 
i n v e n t o r y  of s e l e c t e d  m a t h e m a t ~ c a l  model s  r e 1  a t 1  ng t o  t h e  motor  veh i c  1  e  
t r a n s p o r t a t i o n  system and a s s o c i a t e d  1  i t e r a t u r e ,  Ann A r b o r ,  M i  c h i  g a n  : 
U M I  Press,  an i m p r i n t  o f ~ n i v e r s i  t y  M i c r o f i l m s  I n t e r n a t i o n a l ,  1979. 



models  o r  documents a c c o r d i n g  t o  s i x  d i f f e r e n t  c a t e g o r i e s :  p e r s o n a l  
a u t h o r s ,  o r g a n i z a t i o n a l  a u t h o r s ,  sponsors ,  keywords,  m o d e l  n a m e s ,  a n d  
r e p o r t  t i t 1  es. T h i s  s e c t i o n  i n d e x e s  r e p o r t s  and a b s t r a c t s  c o n t a i n e d  i n  
b o t h  t h i s  supplement  and t h e  p r e v i o u s  volume. 

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

The s t a f f  o f  t h e  Highway S a f e t y  Research I n s t i t u t e  i n  1 9 7 6  b e g a n  a n  
e f f o r t  whose g e n e r a l  o b j e c t i v e  h a s  b e e n  t o  e x a m i  n e  a n d  d e s c r i b e  
ma thema t i ca l  models  t h a t  have t h e  p o t e n t i a l  t o  be used i n  f o r m u l  a t i  n g  
p o l i c y  r e l a t e d  t o  t h e  m o t o r  v e h i c l e  t r a n s p o r t a t i o n  system. The s p e c i f i c  
o b j e c t i v e s  have been t o :  

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

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

3)  p r o v i d e  t h e  c a p a b i l i t y  f o r  e x e r c i s i n g  s e l e c t e d  mode ls  v i a  computer ,  

4 )  a n a l y z e  s e l e c t e d  mode ls ,  and 

5 )  i n v e s t i g a t e  t h e  use o f  models  i n  p o l i c y  f o r m u l a t i o n .  

T h i s  volume r e p o r t s  on  t h e  p r o g r e s s  made d u r i n g  t h e  p e r i o d  J u n e  1 9 7 9  
t h r o u g h  May 1980 on t h e  f i r s t  t w o  o f  t h e s e  o b j e c t i v e s .  As m o r e  
l i t e r a t u r e  i s  c o l l e c t e d ,  a d d i t i o n a l  s u p p l e m e n t s  w i  1 1  b e  i s s u e d .  I n  
accordance  w i t h  t h e  o t h e r  o b j e c t i v e s  o f  t h e  p r o j e c t ,  s e v e r a l  o t h e r  
r e p o r t s  have been p repared .  T h r e e  o f  t h e s e  a r e :  a  r e p o r t  o n  t h e  
a n a l y s i s  o f  $he Whar ton Econome t r i c  F o r e c a s t i n g  A s s o c i a t e s '  A u t  omob i 1  e  
llereand ljlodel ; a  r e p o r t  on  t h e  use  o f  t h a t  m o d e l  i n  f e d e r a l  p o l  i c y  
s t u d i e s  , and a  r e p o r t  o n  t h e  l i m i t a t i o n 5  on t h e  u s e  o f  m a t h e m a t i c a l  
models  i n  t r a n s p o r t a t i o n  p o l i c y  a n a l y s i s  . A r e p o r t  on  an a n a l y s i  s  o f  
t h e  F a u c e t t  Au tomob i l e  S e c t o r  F o r e c a s t i n g  Model i s  f o r t h c o m i n g .  

' ~o l o rnb ,  D.H.; L u c k e y ,  M . M . ;  S a a l  b e r g ,  J .H . ;  R i c h a r d s o n ,  B.C. ;  
J o s c e l y n ,  K.B., An a n a l y s i s  -- o f  t h e  Whar ton EFA a u t o m o b i l e  -- demand m o d e l  , 
Ann A r b o r ,  ~ i c h i F n :  UMI Kesearch  P r e s s ,  a n  i m p r i n t  o f  U n i v e r s i t y  
M i c r o f i l m s  I n t e r n a t i o n a l ,  1979. 

3 ~ a a l b e r g ,  J.H.; R i cha rdson ,  B.C.; J o s c e l y n ,  K .  B. ,  F e d e r a l  p o l  i c y  
app l  i c a t i o n s  -- o f  t h e  Whar ton EFA a u t o m o b i l e  d e m a n d  m o d e l  , A n n  A r b o r ,  
M i c h i q a n :  UMI Research Press .  an i m p r i n t  o f  U n i v e r s i t y  M i c r o f i  l m s  

' ~ i c h a r d s o n ,  B.C.; J o s c e l y n ,  K.B.; Saal be rg ,  J.H., L i m i t a t i o n s  -- o n  t h e  
use o f  ma thema t i ca l  model s  i n  t r a n s p o r t a t i o n  p o l  i c y  a n a l y s i s ,  Ann A r b o r ,  -- -- 
M i c h i g a n :  UMI Research Press ,  an i m p r i n t  o f  U n i v e r s i t y  M i c r o f i  1  ms 
I n t e r n a t i o n a l ,  1979. 



1.3 Tec h n i  c a l  Approach 

L i t e r a t u r e  f o r  t h i s  i n v e n t o r y  was found and c o l  1  e c t e d  i n  f o u r  ways  : 
sea rch ing  l i b r a r y  c a t a l o g s ,  sea rch ina  c o m p u t e r i  z e d  1  i t e r a t u r e  d a t a  
bases, r e v i e w i n g  r e f e r e n c e s  c i t e d  i n  o t h e r  r e p o r t s ,  a n d  p e r s o n a l l y  
c o n t a c t i n g  model au tho rs ,  sponsors,  and o t h e r  know1 e d g e a b l  e  p e o p l  e  i n  
t h e  f i e l d .  

Models and r e l a t e d  documents  w e r e  c o n s ' i d e r e d  a p p r o p r i a t e  f o r  t h e  
i n v e n t o r y  i f  a  check o f  t i t l e s  and a b s t r a c t s  i n d i c a t e d  t h a t  t h e y  w e r e  
r e l a t e d  t o  t h e  mo to r  v e h i c l e  t r a n s p o r t a t i o n  system and (1) w e r e  j u d g e d  
t o  be usab le  i n  p o l i c y  ana lyses ,  o r  ( 2 )  a d v a n c e d  t h e  d e v e l o p m e n t  o f  
model s  . 
The te rm "model" has been b r o a d l y  used i n  t h i s  i n v e n t o r y .  Any system o f  
equa t i ons  t h a t  i s  i n t e n d e d  t o  r e p r e s e n t  a  process o r  a  system, s u c h  a s  
t h e m o t o r v e h i c l e m a r k e t ,  may b e c a l l e d  a m o d e l .  T a k i n g  t h i s  i n t o  
account ,  t h e  i n v e n t o r y  i n c l u d e s  models t h a t  c o n s i s t  m e r e l y  o f  s i n g l e -  
 quat ti on economet r ic  r e g r e s s i o n  s p e c i f i c a t i o n s  as we1 l as s o p h i s t i c a t e d  
programs w i t h  l a r g e  d a t a  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  ana lyses .  The complex models a r e  i n c l u d e d  h e r e  because t h e y  have 
t h e  p o t e n t i a l  f o r  b e i n g  used i n  resea rch  and po l  i cy -mak ing,  e s  p e c  i a1 l y  
by  t h e  f e d e r a l  government. The simp1 e  model s  have been i n c l u d e d  because 
t h e y  a r e  r e p r e s e n t a t i v e  o f  resea rch  t h a t  has advanced economic t h e o r y  as  
i t  a p p l i e s  t o  au tomob i l e  demand, f u e l  o r  e n e r g y  c o n s u m p t i o n ,  m a r k e t  
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  m o t o r  v e h i c l e  
t r a n s p o r t a t i o n  system. 

I n  genera l  , t h e  p r o j e c t  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 and documents w r i t t e n  a f t e r  1970. Some m o d e l s  w r i t t e n  b e f o r e  
t h e n  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  c o m p i l e  a  comple te  f i l e  o f  models b u i l t  b e f o r e  1 9 7 0 .  T h e  
m o d e l s  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  t h a n  1  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  b a s e d  o n  l o c a l  a r e a  
d a t a  have been i n c l u d e d  p r i m a r i l y  because t h e y  may be used i n  a n a l y s e s  
o f  r e g i o n s  o t h e r  t h a n  t h o s e  on wh ich  t h e y  were based. The re fo re ,  w h i  1  e  
t h e r e  a r e  t r a v e l  demand models i n c l u d e d  i n  t h i s  i n v e n t o r y ,  l o c a l  mode-  
s p l i t  models a r e  n o t  i n c l  uded because t h e y  a r e  u s u a l l y  c a l  i b r a t e d  f o r  
s p e c i f i c  r e g i o n s  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 m a  k  i n g .  
Models developed o u t s i d e  o f  t h e  U n i t e d  S t a t e s  a r e  i n c l u d e d  i f  t h e  
p o s s i b i l i t y  e x i s t s  o f  u s i n g  them i n  t h e  U.S. o r  i f  c e r t a i n  a s p e c t s  o f  
them m i g h t  be u s e f u l  i n  b u i l d i n g  U.S. models. 

I n  a d d i t i o n  t o  t h e  models and documents d e s c r i b e d  above, t h i s  supplement 
volume e x h i b i t s  t h e  r e s u l t s  o f  a  sgarch  f a r  n a t i o n a l - l e v e l  energy p o l i c y  
models. A  r e p o r t  has been d r a f t e d  t h a t  b r i e f l y  d e s c r i b e s  and comPares 
twenty-one o p e r a t i o n a l  computer models and s  u b m o d e l  s  o f  f o r e c a s t  i n g  

' ~ i c h a r d s o n ,  B.C. ; Dahl , C.A. ; B a r n e t t ,  W .S. ; Roberts,  D.C. ; J o s c e  1  y n  , 
K.B, 4 ove rv iew  of s e l e c t e d  n a t i o n a l  - 1  e v e 1  e n e r g y l t r a n s p o r t a t i o n  
mathemat ica l  models, Ann Arbor ,  Mich igan:  The U n i v e r s i  t y  o f  M i  c h i  g a n  
Highway S a f e t y  Research I n s t i t u t e ,  R e p o r t  n o .  U M - H S R I - 8 0 - 4 7 ,  1 9 8 0 .  



systems t h a t  a r e  used t o  ana lyze energy resource  s u p p l y ,  c o n s u m p t  i o n ,  
and p r i c e .  D e s c r i p t i o n s  o f  t hese  models w i l l  be found i n t h i  s v o l  ume 
under these  access ion numbers: 76-016, 79-020, 77-242, 78-243, 7 9 - 2 5 4 ,  
73-261, 79-263, 77-283, 77-286, 78-361, 79-368, 79-383, 79-384, 78 -398 ,  
and 78-462. 

T h i s  volume a l s o  c o n t a i n s  a b s t r a c t s  o f  some documents t h a t  r e 1  a t e  t o  a 
l a r g e  number o f  models o r  t o  m a j o r  f o r e c a s t i n g  e f f o r t s .  T h e s e  a r e  
d e s c r i  bed under: S-79-221, S-78-275, S-79-396, S-78-419, and S-79-468. 

A comparison o f  t h i s  supplement w i t h  t h e  o r i g i n a l  i n v e n t o r y  volume w i  1 1  
show t h a t  two model d e s c r i p t i o n s  a r e  repeated here. 7 6 - 0 1 6  h a s  m i n o r  
changes, and 79-254 i s  a m a j o r  r e v i s i o n  o f  75-004A. 

Each o f  t h e  models and documents has been assigned one o r  more k e y w o r d s  
t h a t  d e s c r i b e  t h e i r  s u b j e c t  m a t t e r .  T h e  1 i s t  o f  p o s s i b l e  k e y w o r d s  
appears i n  Tab le  1. 

........................................................................ 
TABLE 1 : KEYWORDS ........................................................................ 

Acc iden ts  Modal S p l i t  

Air Pol 1 u t i o n / A i  r Qua1 i t y  Model Assessment 

Automobi 1 e Demand Na t iona l  Economic Impact  

Automobi 1 e Design No ise  Pol  1 u t i o n  

Automobi l e  Supply P r i c i n g  

E m i  s s i  ons Scrappage 

Energy Consumpti on Trucks 

F l e e t  S i z e  V e h i c l e  Manu fac tu r ing  Resource 
U t i l i z a t i o n  

Fuel Consumption 
V e h i c l e  M i  1 es T rave led  

Fuel Economy 

Fuel P r i c e  

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

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 ing  Costs 

Weight 
Market  Share 

Every e f f o r t  was made t o  be as c o m p r e h e n s i v e  a s  p o s s i b l e ,  b u t  t h e  
au tho rs  recogn ize  t h a t  a n y  e f f o r t  o f  t h i s  n a t u r e  i s  b o u n d  t o  b e  
i ncomp le te  and somewhat ou tda ted  a t  t h e  t i m e  o f  p u b l i c a t i o n .  T h e y  
would, t h e r e f o r e ,  a p p r e c i a t e  r e c e i v i n g  any i n f o r m a t i o n  t h e  r e a d e r  may 



have p e r t a i n i n g  t o  new models o f  t h e  t y p e  r e p o r t e d  h e r e ,  u p d a t e s  o r  
c o r r e c t i o n s  t o  t h e  summaries o f  models i n c l u d e d  i n  t h i s  i n v e n t o r y ,  o r  
r e f e r e n c e s  t o  re1  a t e d  1  i t e r a t u r e .  

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

The i n v e n t o r y  r e p o r t s  i n  s e c t i o n  2.0 and a b s t r a c t s  i n  s e c t i o n  3.0 f o l l o w  
s tandard  fo rma ts ,  w i t h  s i m i l a r  i n f o r m a t i o n  about  each model o r  documen t  
summarized under a  c o n s i s t e n t  ou t1  i ne o f  c a t e g o r i c a l  head ings .  I t  h a s  
n o t  been p o s s i b l e  t o  p r o v i d e  i n f o r m a t i o n  f o r  every  c a t e g o r y  f o r  e v e r y  
model and document. T h i s  i s  because t h e  r e q u i r e d  i n f o r m a t i o n  was e i t h e r  
u n a v a i l a b l e  o r  i n a p p r o p r i a t e  f o r  t h e  s u b j e c t  model o r  r e p o r t .  The l e v e l  
o f  d e t a i l  f o r  each r e p o r t  i s  dependent on t h e  l e v e l  o f  d e t a i l  conta  i n e d  
i n  t h e  p u b l i s h e d  documentat ion f r o m  w h i c h  t h e  i n f o r m a t i o n  f o r  t h e  
i n v e n t o r y  was e x t r a c t e d .  

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

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

Access ion  Number: Each model o r  documen t  i s  a s s i g n e d  a  f i v e - d i g i t  
access ion  number. The f i r s t  two d i g i t s  r e p r e s e n t  t h e  y e a r  i n  which t h e  
r e ~ o r t  was w r i t t e n  and t h e  l a s t  t h r e e  t h e  o r d e r  i n  w h i c h  t h e  r e ~ o r t s  
weke r e c e i v e d  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 i s  b~ 
which t h e  r e p o r t s  a r e  o rde red  i n  t h i s  v o l u m e .  F o r  e x a m p l e ,  7 4 - 0 0 5  -- -- 
f 0 1  1 O W ~  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  m o d e l  , e a c h  
submodel i s  f u r t h e r  des igna ted  by appending a  l e t t e r  ( i  . e . ,  A, B ,  C ,  
e t c . )  t o  t h e  f i v e - d i g i t  access ion  number. A  sepa ra te  i n v e n t o r y  f o r m  i s  
i n c l u d e d  f o r  each submodel t o  f a c i l i t a t e  m o r e  c o m p l e t e  a n d  a c c u r a t e  
rep0 rt i ng , 

The access ion  numbers o f  t h e  non-model document a b s t r a c t s  i n  s e c t i o n  3.0 
a r e  p r e f i x e d  by " S - "  ( a  symbol r e f e r r i n g  t o  " s u p p o r t i n g "  m a t e r i a l  ) . 
T h i s  d i s t i n g u i s h e s  model d e s c r i p t i o n s  f r o m  d e s c r i  p t  i o n s  o f  d o c u m e n t s  
t h a t  a r e  n o t  on models as such. 

A l though t h e  r e p o r t s  a r e  o rde red  c o n s e c u t i v e l y ,  t h e r e  a r e  g a p s  i n  t h e  
sequence o f  access ion  numbers. These gaps occu r  because some documen ts  
proved t o  be dup l  i c a t e s  o r  i r r e l e v a n t  d u r i n g  t h e  i n - d e p t h  r e v i e w  process  
t h a t  occu rs  p r i o r  t o  f i n a l  i n c l u s i o n  i n  t h e  i n v e n t o r y .  These documen ts  
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  a c c e s s i o n  n u m b e r s  
had been assigned.  

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 a n d  a d d r e s s  o r  t h e  
o r g a n i z a t i o n  which sponsored t h e  s tudy  o r  t h e  c o n s t r u c t i o n  o f  t h e  model. 
I f  t h e r e  was more t h a n  one sponsor ing  o r g a n i z a t i o n ,  e a c h  o f  t h e s e  i s  
i n c l  uded. 

O r g a n i z a t i o n  Au tho r :  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 add ress  o f  



t h e  o r g a n i z a t i o n a l  a u t h o r  o r  au tho rs  o f  t h e  m o d e l  o r  s t u d y .  On t h e  
l o n g - f o n n  r e p o r t s  i n  S e c t i o n  2.0, t h i s  i n f o r m a t i o n  w i l l  be f o u n d  u n d e r  
t h e  "AUTHOR" heading. On t h e  s h o r t - f o r m  a b s t r a c t s  i n  S e c t i o n  3 .0  t h i  s  
i n f o r m a t i o n  appears under t h e  "PERFORMING ORGANIZATION" h e a d  i n g  . T h e  
"AUTHOR" heading on t h e  l ong - fo rm r e p o r t s  a l s o  i n c l  u d e s  t h e  names o f  
personal  au thors .  

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

Reference:  The sources f o r  t h e  i n f o r m a t i o n  p resen ted  a r e  c i t e d ,  T h e s e  
c i t a t i o n s  general  l y  f o l  low t h i s  f o rma t :  personal  a u t h o r s '  names, r e p o r t  
o r  paper t i t l e ,  o r g a n i z a t i o n a l  a u t h o r  o r  p u b l i c a t i o n  d a t a ,  r e p o r t  
number, da te ,  and N a t i o n a l  Techn ica l  I n f o r m a t i  on S e r v i c e  (NTIS) number ,  
i f  t h e r e  i s  one. 

1.4.2 D e t a i  1  ed I n f o r m a t i o n  -- on Model s  

The f o l l o w i n g  c a t e g o r i e s  o f  i n f o r m a t i o n  a r e  found  o n l y  on t h e  l o n g - f o r m  
i nven to ry  r e p o r t s  o f  Sect i o n  2 .O: 

Model Name: The model name r e f e r s  t o  t h e  commonly r e c o g n  i z e d  name o f  -- 
t h e  model if 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  1  i sted, 

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

O b j e c t i v e  o f  Model : The o b j e c t i v e  o f  t h e  model i s  t h e  purpose f o r  which 
t h e  model Z s m 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  ps  w h i  c h  a r e  
ana lyzed i n  t h e  model. 

R e l a t i o n s h i p  t o  O the r  Models: I f  t h e  model i s  a  submodel o f  a  1  a r g e r  
systern, t h i s  is m i n e d r e .  I n p u t s  f rom o r  o u t p u t s  t o  o t h e r  m o d e l s  
a r e  d i  scussed. 

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  m o d e l  i s  
summarized, i n c l u d i n g  t h e  reasons f o r  i t s  d e v e l  o p m e n t  , m o d e l  s  w h i c h  
preceded i t  and c o n s t i  t u t e d  developmental  an tecedents ,  and o t h e r  work by  
i t s  au tho rs .  

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  m o d e l  , 
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 a u t h o r s ,  a r e  i n d i c a t e d .  
T h e s e  may i n c l u d e  a s s u m e d  r e l a t i o n s h i p s  among v a r i a b l e s  a n d  
s u b s t i t u t a b i l i t y  o f  v a r i a b l e s ,  as we1 1 as o t h e r  imposed c o n d i t i o n s .  

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

L i m i t a t i o n s  and B e n e f i t s :  L i m i t a t i o n s  may i n c l u d e  t h e  f a c t  t h a t  a  model 
i s  o u t  o f  da te ,  t h a t  t h e  r e l a t i v e  impor tance o f  v a r i a b l  e s  h a s  c h a n g e d  
o v e r  t ime ,  o r  o t h e r  problems r e p o r t e d  by t h e  model a u t h o r s .  B e n e f  i t s  
m i g h t  i n c l u d e  a  s u c c e s s f u l ,  i n n o v a t i v e  approach t o  a  p a r t i c u l a r  a n a l y t i c  
problem, o r  s p e c i a l  a b i l i t i e s  o f  t h e  model, G e n e r a l l y  t h e  l i m i t a t i o n s  
and b e n e f i t s  l i s t e d  a r e  those  r e p o r t e d  b y  t h e  model au thors .  

S t r u c t u r e :  T h i s  heading d e s c r i b e s  t h e  a n a l y t i c a l  l o g i c  and f l o w  o f  t h e  
submodels, equa t i ons ,  and o u t p u t  o f  t h e  m o d e l .  T h e  f o r m  o f  k e y  o r  
r e p r e s e n t a t i v e  equa t i ons  may be presented.  

Model C o n s t r u c t i o n :  T h i s  s e c t i o n  d i scusses ,  f o r  economet r ic  models, t h e  
sources o f  t h e  h x t o r i c a l  d a t a  used t o  e s t i m a t e  t h e  e q u a t i o n s .  F o r  
n t h e r  t y p e s  o f  models t h e  t h e o r y ,  academic f i e 1  d, o r  bra'nch o f  s c  i e n c  e  
upon which t h e  model i s  based i s  presented.  

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

Computer Requ i remen ts :  When a v a i l a b l e ,  i n f o r m a t i o n  i s  p r o v i d e d  
~ e r t a i n i n g  t o  t h e  computer requ i remen ts  o r  s p e c i f i c a t i o n s  o f  t h e  m o d e l  , 
i n c l u d i n g  hardware, r u n n i n g  t ime ,  programming language, e t c .  

1.4.3 I n f o r m a t i o n  - on S u p p o r t i n g  L i t e r a t u r e  - 

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

Concern ing  Model : The names and access ion  numbers o f  model s  w i t h  w h  i c  h  
t h e  a b s t r a c t e d o c u m e n t  i s  concerned a r e  1  i s t e d .  T h i s  i s  a p p r o p r i a t e  i f  
t h e  document r e p o r t s  on t h e  use, v a l i d a t i o n ,  o r  assessment o f  a' s p e c i f i c  
model r e p o r t e d  i n  S e c t i o n  2.0 o f  t h i s  r e p o r t .  

A b s t r a c t :  T h i s  paragraph summarizes t h e  c o n t e n t s  o f  t h e  document. 

1.4.4 Indexes 

I n  t h e  f o u r t h  s e c t i o n  o f  t h i s  volume, a l l  o f  t h e  models a n d  d o c u m e n t s  
a r e  indexed.  There a r e  s i x  sepa ra te  i ndexes  i n  which personal  a u t h o r s ,  
o r g a n i z a t i o n a l  a u t h o r s ,  sponsors, keywords, m o d e l  names ,  a n d  r e p o r t  
t i t l e s  a r e  a1 1 li s ted  a l p h a b e t i c a l l y ,  f o l  lowed by t h e  access ion  numbers. 

I n  t h e  case o f  j o i n t  a u t h o r s h i p  o r  sponsorsh ip  each a u t h o r  o r  sponsor i s  
l i s t e d  s e p a r a t e l y .  Not a l l  documents o r  models have b o t h  p e r s o n a l  a n d  
o r g a n i z a t i o n a l  au tho rs  and sponsors, a n d  t h e r e f o r e  n o t  a1  1  o f  t h e m  
appear on each l i s t .  



Most models and documents have more than  one k e y w o r d ,  s o  t h e y  a p p e a r  
under seve ra l  keywords i n  t h e  index.  

To save t h e  u s e r  t h e  t r o u b l e  o f  hav ing  t o  search t h r o u g h  t w o  s e t s  o f  
indexes,  t h e  models f rom S e c t i o n  2.0 and t h e  assoc ia ted  1  i t e r a t u r e  f r o m  
S e c t i o n  3.0 a r e  i n c l u d e d  i n  each o f  t h e  i n d e x e s .  O n c e  an  a c c e s s i o n  
number i s  acqu i red  from t h e  indexes,  t h e  use r  may f i n d  e  i t h e r  a  m o d e l  
i n v e n t o r y  r e p o r t  i n  S e c t i o n  2.0 ( f o r  access ion  numbers w i t h o u t  t h e  "S- I '  
p r e f i x )  o r  an a b s t r a c t  i n  S e c t i o n  3.0 ( f o r  access ion  numbers preceded by 
"S-" ) .  W i t h i n  each s e c t i o n  t h e  r e p o r t s  o r  a b s t r a c t s  a r e  i n  a c c e s s i o n  
number o r d e r  (by  t h e  l a s t  t h r e e  d i g i t s ) ,  a n d  t h e  a c c e s s i o n  n u m b e r s  
appear i n  t h e  upper o u t s i d e  c o r n e r  o f  each page. 

The indexes a r e  cumula t ive ,  i n  t h a t  t h e y  1  i s t  m o d e l s  a n d  d o c u m e n t s  
con ta ined  i n  b o t h  t h i s  supplement and i n  t h e  o r i a i n a l  ( 1 9 7 9 )  r e p o r t .  
Accession numbers f o l l o w e d  by (79)  r e f e r  t o  a b s t r a c t s  o r  r e p o r t s  t h a t  
a re  t o  be found i n  t h e  e a r l i e r  volume o f  t h e  I n v e n t o r y .  



2.0 MOUEL INVENTORY REPORTS 





AUTOMOBILE SECTOR FORECASTING 1-1ODEL 

The Automobi 1  e  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 he  
F a u c e t t  Model,  was w r i t t e n  i n  1976 by Jack F a u c e t t  A s s o c i a t e s ,  I n c .  
under  t h e  sponso rsh ip  o f  t h e  F e d e r a l  E n e r g y  Admi 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  o n  
f u t u r e  g a s o l i n e  consumpt ion,  v e h i c l e  m i l e s  t r a v e l e d ,  new c a r  s a l e s ,  
f l e e t  s i z e ,  f l e e t  compos i t i on ,  s t o c k  o f  c a r s ,  new c a r  p r i c e s ,  a n d  f u e l  
economy. It has been used i n  p o l i c y  a n a l y s i s  b y  t h e  F e d e r a l  E n e r g y  
A d m i n i s t r a t i o n  ( F E A ) ,  t h e  E n e r g y  R e s e a r c h  a n d  D e v e l  o p m e n t  
A d m i n i s t r a t i o n ,  t h e  Energy I n f o r m a t i o n  A d m i n i s t r a t i o n ,  t h e  Whi te House ,  
The T r a n s p o r t a t i o n  Systems Center ,  t h e  Congressional  Budget Off i c e  a n d  
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) . 

SPONSOR 

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

AUTHOR 

Jack F a u c e t t  Assoc ia tes ,  I n c .  
5454 W i  scons i  n  Avenue 
Chevy Chase, Md. 20015 

KEY WORDS 

Automobi le  demand, v e h i c l e  m i l e s  t r a v e l e d ,  sc rapDage ,  m a r k e t  s h a r e s ,  
f u e l  cons umpt i 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  c o n s u m p t i o n ,  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 z e ,  f l e e t  compos i t i on ,  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 

A l l  o r  p a r t  o f  t h i s  m o d e l  h a s  b e e n  u s e d  o r  may  b e  u s e d  a s  t h e  
au tomob i l e  t r a n s p o r t a t i o n  c o m p o n e n t  o r  t h e  a u t o m o b i  1  e  i n d u s t r y  
s i m u l  a t i o n  c o m p o n e n t  o f  t h e s e  m o d e l s :  T r a n s p o r t a t i o n  E n e r g y  
Conse rva t i on  Model (TEC) (S-78-385) , Mid- te rm Energy F o r e c a s t i n g  S y s t e m  
(MEFS)  (S-78-419) , and L i g h t  Duty  V e h i c l e  F l e e t  Fuel Consumpt i o n  M o d e l  
(LDVFFCM) (78-368). There  a r e  f i v e  v e r s i o n s  o f  t h e  F a u c e t t  model , e a c h  
b e i n g  a  m o d i f i c a t i o n  o f  t h e  p r e v i o u s  v e r s i o n .  The one r e p o r t e d  h e r e  i s  
t h e  August 1977 v e r s i o n .  



HISTORICAL BACKGROUND 

There a r e  two m a j o r  p a r t s  o f  t h e  model: an e c o n o m e t r i c  a u t o m o b i l e  
demand b l o c k  a n d  a n  a u t o m o b i l e  i n d u s t r y  s i m u l a t i o n  b l o c k .  T h e  
au tomob i le  demand b lock  o f  t h e  model was prepared f o r  t h e  Marke t i nq  a n d  
M o b i l i t y  Panel o f  t h e  Federal  I n te ragency  Task Force on M o t o r  Ve h i  c l  e  
Goals Beyond 1980. The a u t o m o b i l e  i n d u s t r y  s i m u l a t i o n  b l o c k  was 
subsequent ly  developed under t h e  sponsorsh ip  o f  t h e  FEA. 

Several  ve rs ions  o f  t h e  computer program o f  t h e  m o d e l  e x i  s t .  The  
d i f f e r e n c e s  i n v o l v e  t h e  automobi le  i n d u s t r y  s i m u l a t i o n  b l o c k ,  and i n  a1 1  
o f  them t h e  b a s i c  s t r u c t u r e  o f  t h e  model i s  t h e  same. 

ASSUMPTIONS 

The fundamental concept  used t o  s p e c i f y  t h e  model o f  new c a r  s a l e s  i s  
t h a t  o f  a  s h o r t - r u n  s tock  ad jus tment  approach. I n  such a  model, new c a r  
s a l e s  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 t o c k  a n d  
t h e  e x i s t i n g  s tock  o f  automobi l  e s  a t  t h e  b e g i n n i n g  o f  t h e  c u r r e n t  
pe r iod ,  l e s s  t h o s e  c a r s  t h a t  w i l l  be sc rapped  d u r i n g  t h e  y e a r .  T h e  
t a r g e t  au tomob i le  ownersh ip  i s  assumed t o  b e  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 au tomob i le  o w n e r s h i p  
oe r  household i nc reases  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  au tho rs  o f  t h e  model o b s e r v e  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 ime ,  and 
t h u s  t h e y  assume t h a t  t h e  r e l a t i o n s h i p  be tween  t a r g e t  o w n e r s h i p  a n d  
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 .  

The p r o p o r t i o n s  o f  m i l e s  t r a v e l e d  by c a r s  by each age g r o u p  o f  c a r s  
a r e  a l s o  based on c r o s s - s e c t i o n a l  d a t a  and remain  cons tan t .  The s h a r e s  
o f  t h e  new c a r  s tock  t h a t  a r e  p r o d u c e d  b y  t h e  v a r i o u s  a u t o m o b i l e  
manufac turers  a r e  a1 so assumed cons tan t .  

VAL I DATI ON 

The model has b e e n  r u n  b y  t h e  m o d e l  a u t h o r s  u s i n g  t w e n t y - o n e  
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  
u r e d i c t  a  f a l l  i n  f u e l  consumpt ion th rough  1985 and v a r y i n g  i n c r e a s e s  
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  r a t e s .  
I nc reases  and decreases i n  a u t o  s t o c k  a r e  p r e d i c t e d  b y  d i f f e r e n t  
scenar ios .  Fuel  economy s tandards  a r e  j u d q e d  t o  b e  t h e  b e s t  way o f  
conserv ing  f u e l  w i t h  fewer n e g a t i v e  s i d e  e f f e c t s .  

A d e t a i l e d  a n a l y s i s  o f  t h i s  model has been performed a t  t h e  H i g h w a y  
S a f e t y  Research I n s t i t u t e  o f  The U n i v e r s i t y  o f  Mich igan.  A r e p o r t  o n  
t h i s  s tudy  i s  f o r thcoming .  

LIMITATIONS AND BENEFITS 

The model a u t h o r s  r e p o r t  t h a t  t h i s  m o d e l  i s  a n  i m p r o v e m e n t  o v e r  
p rev ious  models, i n  t h a t  a l t e r n a t i v e  f u e l  economy p o l i c i e s  can be t e s t e d  



by t h e  model. T h i s  i n c l u d e s  new-car e x c i s e  t a x e s  a n d  r e b a t e s ,  f u e l  
economy s tandards  a n d  p e n a l  t i e s ,  a n d  i n f l u e n c e s  o n  t h e  p r i c e  o f  
gas01 i ne. 

STRUCTURE 

The F a u c e t t  model i s  made up o f  two m a j o r  components: an automobi  1  e  
i n d u s t r y  s i m u l a t i o n  component a n d  a n  a u t o m o b i l e  demand  a n d  t r a v e l  
f o r e c a s t i  ng component. 

The au tomob i l e  i n d u s t r y  s i m u l a t i o n  c o m p o n e n t  d e t e r m i n e s  f u e l  
economies and p r i c e s  o f  t h r e e  s i z e  c l a s s e s  o f  c a r s :  s m a l l ,  m i d - s i z e ,  
and l a r g e .  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  t h r o u g h  a  
complex procedure  wh ich  a t t e m p t s  t o  m in im ize  t h e  sum o f :  (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  a u t o m o b i l e  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  t a x e s  
t o  t h e  consumer t h a t  may r e s u l t  under a  t a x l r e b a t e  p r o g r a m  w h i c h  i s  
based on t h e  f u e l  economy o f  ca rs ,  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 occu r  as a  r e s u l t  o f  t h e  f u e l  economy s tandards .  

The demand and t r a v e l  f o r e c a s t i n g  component de termines  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  c o n s u m p t i o n .  T h i s  c o m p o n e n t  o f  t h e  m o d e l  i s  b a s e d  
e s s e n t i a l l y  on a  s t o c k - a d j u s t m e n t  a p p r o a c h ,  a n d  i t  i s  c o m p o s e d  o f  
seve ra l  i n t e r r e l  a t e d  submodel s  , i n c l  u d i  ng t h o s e  f o r  s u r  v  i v i n  g  c a r s  o n  
t h e  road ,  g e n e r a l i z e d  p r i c e ,  t a r g e t  a u t o  o w n e r s h i p ,  new c a r  s a l e s ,  
marke t  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 r o d u c t  c o n s  u m p t  i o n ,  
v e h i c l e  p r i c e ,  and f u e l  economy. The model equa t i ons  a r e  as f o l l o w s :  

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

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

O*t = t a r g e t  ownersh ip  o f  automobi 1  es i n  y e a r  t 

Autost = t h e  s tock  o f  au tomob i l es  on  hand as o f  January 1 o f  y e a r  t 

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

X*t = an i ndex  o f  t h e  r e a l  genera l  i z e d  p r i c e  o f  new c a r s ,  1967 = 1.00 

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



P~ t 
= f r a c t i o n  o f  t o t a l  households i n  y e a r  t hav ing  income I 

HHLO = t h e  t o t a l  number o f  households e x i s t i n g  i n  y e a r  t 
t 

I = m i d p o i n t  o f  income b r a c k e t  f o r .  income group I 

C S = market  share o f  s i z e  c l a s s  C ( s m a l l ,  medium, and 1  a r g e  c a r s )  i n  
y e a r  t 

B1, B2, B3 = dummy v a r i a b l e s  w i t h  a  v a l u e  o f  one f o r  s m a l l ,  medium, a n d  
1  arge c a r  obse rva t i ons ,  r e s p e c t i v e l y ;  ze ro  o t h e r w i s e  

S M L 
Y t, Y t, Y = an i ndex  o f  t h e  r e a l  g e n e r a l i z e d  p r i c e  o f  s m a l l ,  medium, 

and l a r g e  c a r s ,  r e s p e c t i v e l y ,  r e l a t i v e  t o  t h a t  o f  a l l  
new c a r s  i n  y e a r  t, 1967 = 1 .OO 

SPGt = t h e  r a t e  o f  scrappage i n  y e a r  t o f  v e h i c l e s  e i g h t  o r  m o r e  y e a r s  
o f  age 

(Pn)t = an i ndex  o f  t h e  r e a l  p r i c e  o f  new c a r s  i n  y e a r  t, 1967 = 1.00 

Ut = t h e  unemployment r a t e  i n  y e a r  t 

VMTt = 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 n  y e a r  t 



D l t  = t o t a l  r e a l  d i  sposable income i n  y e a r  t 

CPMt = an i ndex  o f  t h e  f l e e t  r e a l  g a s o l i n e  c o s t s  p e r  m i  1  e  i n  y e a r  t , 
1967 = 1.00 

AMTM = 17.9729 - 9.57841 [l og(M)] 

AMTM = annual m i l e s  t r a v e l e d  p e r  automobi 1  e  a t  age M 

M = v e h i c l e  age i n  y e a r s  

F o r  each y e a r ,  1976-2000, t h e  model o u t p u t s  t h e  f o l l o w i n g :  

1 )  new c a r  sa les ,  

2)  new c a r  s a l e s  by  s i z e  c l a s s ,  

3 )  average f u e l  economy by new c a r  f l e e t ,  

4 )  f u e l  economy by c l a s s ,  

5) new c a r  p r i c e s ,  

6 )  new c a r  p r i c e s  by c l a s s ,  

7) number o f  c a r s  i n  o p e r a t i o n ,  

8)  c a r s  i n  o p e r a t i o n  b y  s i z e  c l a s s ,  

9 )  c a r s  scrapped d u r i n g  yea r ,  

10)  gasol  i ne p r i c e ,  

11) v e h i c l e  m i l e s  t r a v e l e d ,  

12)  t o t a l  gasol  i n e  consumed, and 

13) s i z e  c l a s s  we igh ted  average genera l  i zed 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  F i n a n c e s ,  S u r v e y  R e s e a r c h  C e n t e r ,  T h e  
u n i v e r s i t y  o f  M ich igan  

2 )  Na t i onw ide  Persona l  T r a n s p o r t a t i o n  S t u d y ,  F e d e r a l  H i g h w a y  
A d m i n i s t r a t i o n  

3)  C u r r e n t  P o p u l a t i o n  Repor ts ,  U.S. Bureau o f  t h e  Census 



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

5 )  Census o f  P o p u l a t i o n ,  U.S. Bureau o f  t h e  Census 

6 )  N a t i o n a l  Survey - of O c t o b e r  -- New C a r  B u y e r s ,  R o g e r s  N a t i o n a l  
Research 

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

Data f o r  t h e s e  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  e c o n o m y  
s t a n d a r d s / p e n a l t i e s ) .  Data f o r  t hese  v a r i a b l e s  a r e  b u i l t  i n t o  t h e  
program: income, p o p u l a t i o n ,  h i s t o r i c a l  s t o c k  o f  c a r s  a n d  f u e l  
economies, unempl oyment r a t e ,  t a r g e t  au to  ownership,  techno1 o g i  c a l  c o s t s  
o f  a c h i e v i  ng f u t u r e  f u e l  economy r a t i  ngs, and p r o j e c t e d  f u e l  economy. 
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OBJECTIVE OF MODEL 

The purpose of TECNET i s  t o  measure t h e  t o t a l  energy c o n s u m p t i o n  o f  
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  s t r a t e g i e s ,  o u t  t o  t h e  y e a r  2025. 

RELATIONSHIP TO OTHER MODELS 

Es t ima tes  o f  t h e  economic impacts  o f  a l t e r n a t i v e  p o l i c i e s  a f f e c t  i n g  
energy  use by  t h e  t r a n s p o r t a t i o n  s e c t o r  a r e  p r o v i d e d  t h r o u g h  t h e  
I n t e r i n d u s t r y  F o r e c a s t i n g  Model ( INFORUM) .  I t  p r o v i d e s  a g g r e g a t e  
economic s t a t i s t i c s  such as Gross N a t i o n a l  P roduc t .  TECNET o p e r a t e s  a s  
a  module o f  t h e  U.S. E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ' s  S t r a t e g i c  
Envi ronmental Assessment System (SEAS), i n  c o n j u n c t i o n  w i t h  INFORUM, and 
u s i n g  as i n p u t  f o r e c a s t s  f r o m  t h e  C h a s e  E c o n o m e t r i c s  A s s o c i a t e s  
Macroeconorni c Model . 



HISTORICAL BACKGROUND 

TECNET has been adapted from an e x t e n s i o n  o f  SEAS, w i  t h  a d d i  t i  o n a l  
d e t a i l  t o  exp l  i c i  t l y  ana lyze  t h e  t r a n s p o r t a t i o n  sec to r .  Ma jo r  r e v i  s ions  
t o  t h e  model, b y  t h e  MITRE C o r p o r a t i o n  a n d  t h e  CONSAD R e s e a r c h  
C o r p o r a t i  on, a r e  underway. 

ASSUMPTIONS 

The t o t a l  energy consumption o f  t h e  t r a n s p o r t a t i o n  s e c t o r  i s  d e f  i n e d  
as t h e  f u e l s  used d i r e c t l y  by v e h i c l e s ,  p l u s  t h e  p o t e n t i a l  f u e l  v a l u e s  
l o s t  d u r i n g  t h e  convers ion  o f  c rude energy resources i n t o  f u e l  p roducts ,  
and t h e  energy embodied i n  v e h i c l e s  and i n  i n f r a s t r u c t u r e  1  i k e  highways, 
p a r k i n g  garages, e t c .  

VALIDATION 

The model r e p o r t s  c o n t a i n  assumptions f o r ,  a n d  p r o j e c t i o n s  f r o m ,  
severa l  a l t e r n a t i v e  scenar io  s i m u l a t i o n s :  a  b a s e  c a s e  ( b u s i  n e s s  a s  
usua l  s c e n a r i o ) ,  a  h i g h  c o n s e r v a t i o n  s c e n a r i o ,  a n  a s s e s s m e n t  o f  
a l t e r n a t i v e  eng ine ( B r a y t o n  o r  S t i r l i n g )  a u t o m o b i l e s ,  a n d  a  g a s  
r a t i o n i n g  scenar io .  S e n s i t i v i t y  ana lyses o f  modal s h a r e s  a n d  e n e r g y  
i n t e n s i t y  changes a r e  a l s o  done. 

LIMITATIONS AND BENEFITS 

TECNET e x p l i c i t l y  r e l a t e s  energy use t o  f i n a l  demand  a n d  d i  s p l  a y s  
connect ions  between i n t e r m e d i a t e  uses; i t  i s  dynamic and i s  d r i v e n  b y  
1  ong-range economic f o r e c a s t s ;  i t  p e r m i t s  e x p l o r a t i o n  o f  t e c h n o 1  o g i  c a l  
s u b s t i t u t i o n ;  and i t  a l l o w s  s i m u l a t i o n  o f  a l t e r n a t i v e  s c e n a r i o s ,  a n d  
s e n s i t i v i t y  a n a l y s i s .  Passenger and f r e i g h t  t r a n s p o r t a t i o n  a c t  i v  i t i  e s  
a r e  modeled. 

STRUCTURE 

Energy use i s  viewed as  a  s e r v i c e ,  so t h a t  c o n s u m e r  demand c a n  b e  
s a t i s f i e d  by s u b s t i t u t i o n .  The m a j o r  t r a n s p o r t a t i o n  s e r v i c e  p r o v i d e d  i s  
Dassenger m i l  es t r a v e l  ed, t h u s  energy can be conserved w i t h o u t  reduc  i n  g  
t h e  s e r v i c e ,  by  i n c r e a s i n g  average v e h i c l e  occupancy o r  b y  i n c  r e a s i  n g  
v e h i c l e  f u e l  e f f i c i e n c y .  

I n d i r e c t  energy use i s  es t ima ted  f o r  t hese  modes: auto,  t r u c k ,  b u s ,  
a i r ,  water ,  r a i l ,  and p i p e l i n e .  It i s  f u r t h e r  d i s a g g r e g a t e d  f o r  e a c h  
mode i n t o  t h r e e  b a s i c  c a t e g o r i e s :  ( 1 )  t r a n s p o r t a t i o n  e q u i p m e n t  
manufacture,  i n c l u d i n g  energy consumed i n  t h e  p r o c e s s  o f  p r o d u c i n g  
f i n i s h e d  v e h i c l e s  from raw m a t e r i a l s ;  ( 2 )  t r a n s p o r t a t i o n  s e r v i c e s ,  
i n c l u d i n g  energy used by suppor t  a c t i v i t i e s  such as i nsu rance  , r e p a i r  , 
w a r e h o u s i n g ,  a n d  b a g g a g e  h a n d 1  i n g ;  a n d  ( 3 )  t r a n s p o r t a t i  o n  
i n f r a s t r u c t u r e ,  such as c o n s t r u c t i o n  a n d  m a i n t e n a n c e  o f  h i g h w a y s ,  
r a i l  roads, p o r t s ,  and p ipe1  ines .  



TECNET c o n s i s t s  o f  s i x  i n te rdependen t  modules. INFORUM makes do1 1  a r  
n u t p u t  p r o j e c t i o n s  o f  185 i n d u s t r i e s .  The TRANS module u s e s  t h e s e  t o  
e s t i m a t e  t h e  d i r e c t  energy requ i remen ts  o f  t h e  t r a n s p o r t a  t i  o n  s e c t o r ;  
RESGEN e s t i m a t e s  t h e  g e n e r a t i o n  o f  p o l l u t i o n  emi s s i o n s ,  a n d  ENERGY 
o r e d i c t s  energy use by t h e  n o n t r a n s p o r t a t i o n  s e c t o r s  o f  t h e  economy .  
The EMBODEN module e s t i m a t e s  t h e  i n d i r e c t  energy r e q u i r e m e n t s  o f  t h e  
t r a n s p o r t a t i o n  s e c t o r .  The TECSET module feeds user -spec i  f i e d  scen a r  i o  
uarameters, such as m a t e r i a l  s u b s t i t u t i o n  t rends ,  t o  o t h e r  p a r t s  o f  t h e  
model . 

Passenger m i l e s  t r a v e l e d  i s  a  f u n c t i o n  o f  GNP, a n d  i s  b r o k e n  down 
i n t o  urban and r u r a l ,  by mode. It i s  combined w i t h  v e h i c l e  o c c u p a n c y  
r a t i o s  and energy i n t e n s i t y  t o  e s t i m a t e  t o t a l  energy  use by  mode. 

MODEL CONSTRUCTION 

TECNET i s  p r i m a r i l y  an i npu t -ou tpu t  model. 

DATA USED I N  RUNNING MODEL 

The model use r  may s p e c i f y  exogenous s c e n a r i o  da ta  f o r  d e m o g r a p h i c  
p r o j e c t i o n s ,  government expend i tu res ,  d i s p o s a b l e  i n c o m e ,  t i m i n g  a n d  
s t r i n g e n c y  o f  f e d e r a l  po l  1  u t i o n  abatement standards,  m a t e r i a l  s  u s e d  i n  
manufac tur ing ,  r a t e  o f  p e n e t r a t i o n  f o r  t e c h n o l o g i c a l  i n n o v a t i  o n s  , e  t c .  
The TECNET system i n i t i a l l y  p rov ides  t h e  use r  w i t h  a  base case s c e n a r i o  
t h a t  can be m o d i f i e d  by c h a n g i n g  a s s u m p t i o n s  o f  e c o n o m i c  g r o w t h ,  
t r a n s p o r t a t i o n  a c t i v i t y ,  c o n s e r v a t i o n  i n i t i a t i v e ' s  , a n d  e n v i  r o n m e n t a l  
p o l i c y .  A use r  may s p e c i f y  t h e  shares o f  c a r  s i z e s  i n  t h e  m o d e l ,  t h e  
market  pene t rak ion  r a t e s  f o r  a1 t e r n a t i v e  automobi 1  e  e n g  i n e s  , a n d  t h e  
average 1  i f e  o f  au tos ,  which a f f e c t s  scrappage and automobi le  s tock .  
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THRESHOLD REGRESSION MODEL OF HOUSEHOLD AUTOMOBILE PURCHASES 

The Thresh01 d Regression Model o f  Household Automobi le Purchases wa s 
con ta ined  i n  a p a p e r  p r e s e n t e d  a t  t h e  m e e t i n g s  o f  t h e  " S o c i e t e  
Canadienne de Science Economique" h e l d  i n  Mont rea l  i n  May o f  1973. The  
research  and development o f  t h i s  model was f i nanced  i n  ma jo r  p a r t  by  t h e  
Canadian Counc i l  o f  A r t s .  The o b j e c t i v e  o f  t h i s  m o d e l  i s  t o  p r e d i c t  
household purchases o f  automobi les,  g i ven  t h e  i n d e p e n d e n t  v a r i  a b l  e s :  
permanent income, e d u c a t i o n  o f  h e a d  o f  h o u s e h o l d ,  a n d  n u m b e r  o f  
c h i l d r e n .  A t h r e s h o l d  r e g r e s s i o n  a p p r o a c h  i s  u s e d .  The  m o d e l  was 
o r i g i  nal  l y  developed i n  1969. 
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h i s  model i s  t o  a p p l y  a t h r e s h o l d  r e g r e s s i o n  
approach t o  t h e  p r e d i c t i o n  o f  household purchases o f  automobi les,  a i v e n  
t h e  independent v a r i a b l e s :  permanent i n c o m e ,  e d u c a t i  o n  o f  h e a d  o f  
household, and number o f  c h i l d r e n .  The  t h r e s h 0 1  d r e g r e s s i o n  m o d e l  
assumes t h a t  t h e  v a l u e  o f  t h e  dependent v a r i a b l e  remains f i x e d  u n t i l  t h e  
i o i n t  a c t i o n  of t h e  independent v a r i a b l e s  and t h e  e r r o r  t e r m  c a u s e s  i t 
t o  overcome i t s  r e a c t i o n  t h r e s h o l d .  Thus, w h i l e  t h e  o w n e r s h i p  o f  t h e  
f i r s t  c a r  would depend on t h e  househo ld 's  income, t h e  h o u s e h o l d  w o u l d  
purchase more c a r s  o n l y  when t h e  educa t ion  o f  t h e  head and t h e  number o f  
c h i l d r e n  reach a c e r t a i n  t h r e s h o l d .  T h i s  c h a r a c t e r i s t i c  makes  t h e  
t h r e s h o l d  r e g r e s s i o n  model a t h e o r e t i c a l  l y  p l  e a s i n g  m o d e l  f o r  t h e  
purchase of expensive du rab les  such as automobi 1 es. 

RELATIONSHIP TO OTHER MODELS 

T h i s  model does n o t  i n t e r a c t  w i t h  any o t h e r  models.  



HISTORICAL BACKGROUND 

T h i s  model i s  a  m o d i f i e d  v e r s i o n  o f  a  genera l  t h r e s h o l d  r e g r e s s i o n  
model developed p r e v i o u s l y  by t h e  a u t h o r .  ( S e e  D a g e n a i s ,  M.G. ,  A  
t h r e s h o l d  r e g r e s s i o n  model, Econometr ica,  v o l  . 37, pp. 1 9 3 - 2 0 3 ,  A p r  i 1  
1969.) The paper c o n t a i n i n g  t h e  m o d e l  was p r e s e n t e d  a t  t h e  1 9 7 3  
meet ings o f  t h e  " S o c i e t e  Canadienne de Science Economi que" . 
ASSUMPTIONS 

The t h r e s h o l d  r e g r e s s i o n  model i s  based on t h e  i d e a  t h a t  t h e  purchase 
o f  an au tomob i l e  d e a l s  w i t h  a  s u b s t a n t i a l  sum o f  money, a n d  t h a t  a s  a  
r e s u l t ,  a  t h r e s h o l d  v a l u e  does e x i s t ,  a t  w h i c h  p o i n t  t h e  h o u s e h o l d  
c o n s i d e r i n g  an au tomob i l e  purchase w i l l  d e c i d e  t o  commi t f u n d s  t o w a r d  
t h a t  purchase. 

Values f o r  t h e  "number o f  c h i l d r e n "  v a r i a b l e  a r e  c o n s t r a i n e d  b e t w e e n  
ze ro  and seven. The au tho r  assumes t h a t  t h e  e f f e c t  o f  a n y  a d d i t i o n a l  
c h i l d r e n  on t h e  v a l u e  o f  new c a r  purchases i s  z e r o .  T h e  a u t h o r  a l s o  
c o n s t r a i n s  t h e  c o r r e l a t i o n  c o e f f i c i e n t  and v a r i a n c e  o f  e r r o r  t e r m s  i n  
o r d e r  t o  a1 l e v i a t e  t h e  problem o f  end less  i t e r a t i o n s .  The s tudy  samp l  e  
i s  l i m i t e d  t o  o n l y  t hose  households owning one c a r  i n  1960 and 1961. 

VAL I DATI O N  

The a u t h o r  compares t h e  f i n a l  r e s u l t s  o f  t h e  m o d e l  e s t i m a t i o n  t o  
t hose  o f  o t h e r  t h r e s h 0 1  d  r e g r e s s i o n  s t u d i e s  a n d  f i n d s  p r o m i  s i n g  
s i m i l a r i t i e s  and improvement i n  h i s  model ove r  p a s t  s t u d i e s .  The a u t h o r  
a l s o  compares t h e  per formance o f  t h e  t h r e s h o l d  r e g r e s s i o n  m o d e l  a s  a  
s t a t i s t i c a l  model t o  t h e  p r o b i  t - t r u n c a t e d  r e g r e s s i o n  m o d e l  , a n d  f i n d s  
t h a t  when u s i n g  t h e  mean square e r r o r  as a  c r i t e r i o n  o f  performance, t h e  
o r o b i  t - t r u n c a t e d  r e g r e s s i o n  model i s  s u p e r i o r .  H o w e v e r ,  u n d e r  o t h e r  
c r i t e r i a ,  t h e  t h r e s h o l d  r e g r e s s i o n  model seems t o  b e  s u p e r i o r .  T h e  
a u t h o r  suggests t h a t  more t e s t i n g  must be done. 

LIMITATIONS AND BENEFITS 

Most models t h a t  employ c r o s s  s e c t i o n s  f rom survey  d a t a  c o n s i d e r  t h e  
consumpt ion o f  f l o w s  o f  au tomob i l e  s e r v i c e s .  Few focus o n  a u t o m o b i  1  e  
purchases as t h i s  model does. The model i s  designed t o  deal  o n l y  w i  t h  
households hav ing  one c a r ,  and t h u s  t h e  v a l u e  o f  a d d i t i o n a l  ca rs  c a n n o t  
be cons idered.  

STRUCTURE 

The model c a l c u l a t e s  b o t h  t h e  dependent v a r i a b l e  i n  t h e  a u t o m o b  i 1  e  
~ u r c h a s e  e q u a t i o n  (wh ich  i s  d e f i n e d  as t h e  d i f f e r e n c e  between t h e  r e a l  
va l  ue o f  t h e  c a r  p r e v i o u s l y  owned by t h e  household and t h e  r e a l  v a l u e  of 
t h e  new c a r  purchased) and a  t h r e s h o l d  v a l u e  t h a t  depends on h o u s e h o l  d  
a n t i c i p a t i o n s  of c a r  purchases as i n d i c a t e d  d u r i n g  t h e  p r e v i  o u s  y e a r .  



These a r e  c a l  cu l  a ted  as f o l  1 ows: 

where asympto t i c  s tanda rd  e r r o r s  a r e  i n  parentheses,  and 

Y h  = va lue  o f  au tomobi les  purchased i n  y e a r  t b y  household h  

yh = [ C ( t ) h l / [ C ( t - l ) h l  - 1 

C ( t i h  = va lue  o f  t h e  c a r s  owned by household h  a t  t h e  end o f  p e r i o d  t 

C ( t - l ) h  = va lue  o f  t h e  c a r s  owned by household h  a t  t h e  e n d  o f  p e r i o d  
t- 1 

Eh = 0  if t h e  head o f  household h  has a  h i g h  school e d u c a t i o n  o r  l e s s ,  = 
1 o t h e r w i s e  

Hh = number o f  c h i l d r e n  1  i v i n g  w i t h  household h  

Nh = i n c m e  normal ized by s tock  o f  c a r s  p r e v i o u s l y  owned 

Nh = ( I h ) / [ C ( t - l ) h l  

Ih = permanent i n c m e  o f  household h  

h  = household 

Sh = t h r e s h o l d  va lue  

Ah = 0  i f  t h e  household d i d  n o t  a n t i c i p a t e  changing i t s  c a r  i n  1961, = 1 
i f  t h e  household d i d  a n t i c i p a t e  changing i t s  c a r  i n  1961 

The t h r e s h o l d  va lue  e n t e r s  t h e  automobi le  p u r c h a s e s  e q u a t i o n  a s  a  
c u t o f f  va lue ,  be1 ow which t h e  independent  v a r i a b l e s  o f  t h e  a u t o m o b i  1  e  
purchases e q u a t i o n  as a  group have no e f f e c t  on t h e  dependent v a r i a b l e .  

MODEL CONSTRUCTION 

Most o f  t h e  d a t a  come f rom a  th ree -yea r  survey panel conducted by The 
U n i v e r s i t y  o f  M ich igan  Survey Research Center  (1961, 1962, 1 9 6 3 )  . T h e  
d a t a  p e r i o d  i s  o v e r  t h e  yea rs  1 9 5 9 - 1 9 6 1 .  T h e  s a m p l e  c o n t a i n s  3 1 8  



spending u n i t s ,  o f  which 68 rep laced  t h e i r  c a r  and 2 5 0  d i d  n o t .  T h e  
va lues o f  ca rs  h e l d  by households i n  yea rs  1961 and 1960 were determined 
by r e f e r r i n g  t o  t h e  O f f i c i a l  Used Car Guide. Automot ive  I n d u s t r y  was 
consu l ted  t o  check which spec ia l  equipment was more general  l y  f o u n d  o n  
t h e  d i f f e r e n t  k i n d s  o f  ca rs ,  f o r  each year .  
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TRAFFIC NOISE MODEL 

The T r a f f i c  Noise Model was developed i n  1974 a t  t h e  U n i v e r s i t y  o f  
Maryland. It p r e d i c t s  t h e  f l u c t u a t i o n s  i n  n o i s e  due t o  t h e  v a r i a t i o n s  
i n  highway t r a f f i c .  
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e m o d e l  i s  t o  p r e d i c t  f l u c t u a t i o n s  i n  t r a f f i c  
n o i s e  due t o  s t a t i s t i c a l  v a r i a t i o n  i n  p r o p e r t i e s  o f  h i g h w a y  t r a f f i c ,  
i n c l u d i n g  d i f f e r e n c e s  i n  v e h i c l e  types,  v a r i a t i o n  i n  i n d i v i d u a l  v e h i  c l  e  
emissions,  c l u s t e r i n g  o f  v e h i c l e s  by v e h i c l  e  t y p e ,  a n d  v a r i a t i o n  i n  
v e h i c l e  spacings w i t h i n  and between c l u s t e r s .  

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. 

ASSUMPTIONS 

V a r i a b i l i t y  i n  no i se  l e v e l s  f rom a  l o n g  s t r e t c h  o f  m o v i n g  t r a f f i c  
a r i  ses from severa l  sources:  ( a )  d i f f e r e n t  v e h i c l e  t y p e s  e m i t  d i f f e r e n t  
amounts o f  no ise ;  ( b )  d i f f e r e n t  v e h i c l e s  o f  t h e  same t y p e  e m i t  d i f f e r e n t  
amounts o f  no ise ;  ( c )  v e h i c l e s  tend  t o  c l u s t e r ,  f o rm ing  "p la toons, "  a n d  
d i f f e r e n t  t y p e  v e h i c l e s  have d i f f e r e n t  c l u s t e r i n g  p r o p e r t i e s ;  ( d )  
v e h i c l e  spacings,  w i t h i n  and between p la toons ,  a r e  n o t  equa l .  A f a c t o r  
n o t  t a k e n  i n t o  account  i s  t h a t  v e h i c l e s  i n  ad jacen t  l anes  o f  a  h i g h w a y  
do no t  a c t  independent ly  o f  each o t h e r .  Each v e h i c l e  can be d e s c r i b e d  
by i t s  s t a t e ,  i .e. ,  s low versus f a s t ,  p l a t o o n  l e a d e r  o r  f o l l o w e r ,  h i g h  
o r  low n o i s e - e m i t t i n g  v e h i c l e  type.  

The f o l l o w i n g  assumptions w e r e  made i n  t h e  c o n s t r u c t i o n  o f  t h e  
t r a f f i c  f l o w  model: (1) The s t a t e  o f  t h e  f o l l o w i n g  v e h i c l e  depends o n l y  
on t h a t  of t h e  l e a d i n g  v e h i c l e .  ( 2 )  The spacing d i s t r i b u t i o n  d e p e n d s  
o n l y  on t h e  s t a t e  of t h e  l e a d i n g  and f o l l o w i n g  v e h i c l e .  ( 3 )  Sound  i s  
i n s t a n t a n e o u s l y  t r a n s m i t t e d .  



VAL I DATI ON 

The t h e o r y  developed i n  t h i s  p a p e r  i s  u n t e s t e d ,  b u t  t h e  a u t h o r  
r e p o r t s  t h a t  i t  i s  r e a d i l y  amenable t o  o b s e r v a t i o n a l  t e s t i n g .  

STRUCTURE 

The model i n v o l v e s  t h r e e  s teps : .  a  t r a f f i c  f l o w  m o d e l ,  a  m o d e l  o f  
i n d i v i d u a l  n o i s e  emissions,  and a  t r a f f i c  n o i s e  model. T r a f f i c  f l o w  i s  
desc r ibed  by  a  Markov renewal process (MRP), and t h e  n o i s e  h e a r d  by a n  
o f f -h ighway  observer  as a  f i  1  t e r e d  MRP. The average n o i s e  power a t  t h e  
observer  due t o  a  v e h i c l e  i s  s p e c i f i e d  t o  be an i n t e g r a l  f u n c t i o n  o f  t h e  
average n o i s e  c o n t r i b u t i o n s  o f  v e h i c l e s  and t h e  c l u s t e r i n g  o f  v e h i c l e s .  

MODEL CONSTRUCTION 

The no ise  emiss ions o f  i n d i v i d u a l  v e h i c l e s  a r e  d e r i v e d  f rom a n a l y s i  s  
o f  e x t e n s i v e  obse rva t i ons .  The mean, var iance,  and cova r iance  f u n c t i o n s  
o f  no i se  i n t e n s i t y  can be exp l  i c i  t l y  de r i ved .  

DATA USED I N  RUNNING MODEL 

The a u t h o r  uses obse rva t i ons  f rom t h e  southbound c u r b  l a n e  o f  U.S. 40 
i n  Berke ley ,  C a l i f o r n i a  i n  t h e  t r a f f i c  f l o w  model t o  i l l u s t r a t e  v e h i  c l  e  
t y p e  c l  u s t e r i  ng tendenc ies .  
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AGGREGATE DEMAND MODEL FOR NEW AND USED AUTOMOBILES 

The Aggregate Demand Model f o r  New and Used Automobi les was developed 
i n  1978 a t  S t a n f o r d  Research I n s t i t u t e .  The o b j e c t i v e  o f  t h e  m o d e l  i s  
t o  improve on e a r l  i e r  e m p i r i c a l  work exami n i  ng t h e  demand f o r  automobi 1  e  
se rv i ces ,  t o  e x p l a i n  t h e  d e t e r m i n a t i o n  o f  used c a r  r e n t a l  p r i c e s ,  and t o  
t e s t  t h e  hypo thes i s  t h a t  new c a r  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 c a r  se rv i ces .  

AUTHOR . .- 
T e r r y  K. Johnson 
S tan fo rd  Research I n s t i t u t e  
S tan fo rd ,  Cal i f. 94305 

KEY WORDS 

Automobil  e  demand, p r i c i n g ,  model assessment 

OBJECTIVE OF MODEL 

The model e x p l a i n s  demand f o r  new c a r  s e r v i c e s ,  u s e d  c a r  r e n t a l  
p r i c e ,  and t h e  t o t a l  q u a n t i t y  o f  au tomobi le  se rv i ces .  The model i s  used 
t o  e x p l a i n  t h e  d e t e r m i n a t i o n  o f  used c a r  r e n t a l  p r i c e s  and t o  t e s t  t h e  
hypo thes i s  t h a t  new c a r  s e r v i c e s  a r e  a  s u p e r i o r  a o o d  w i t h  r e s p e c t  t o  
used c a r  se rv i ces .  

RELATIONSHIP TO OTHER MODELS 

The new c a r  s e r v i c e  demand equa t i on  uses t h e  same s p e c i  f i c a t  i o n  a s  
t h a t  o f  Wykoff (73-010). 

Another model by t h e  same au tho r  i s  desc r i bed  under 78-307. 

HISTORICAL BACKGROUND 

Most p rev ious  s t u d i e s  i gno red  t h e  h e t e r o g e n e i t y  o f  au tomobi le  s t o c k  ; 
a  s i n g l e  aggregate measure o f  s tock  was used, T h i s  s t u d y  a t t e m p t s  t o  
f i n d  s a t i s f a c t o r y  e m p i r i c a l  r e s u l t s  t o  e x p l a i n  used c a r  p r i c e s .  

ASSUMPTIONS 

R e l a t i v e  r e n t a l  p r i c e  r a t i o s  a r e  i n t e r p r e t e d  a s  w e i g h t s  t h a t  
t r a n s l a t e  t h e  s e r v i c e s  o f  au tomobi les  o f  d i f f e r e n t  makes and ages i n t o  a  
common numerai re u n i t  i n  o r d e r  t o  o b t a i n  v a r i o u s  aggregate m e a s u r e s  o f  
automobi l e  serv ices .  



VAL I DATI ON 

Used c a r  r e n t a l  p r i c e s  a r e  shown t o  d e p e n d  o n  i n c o m e  a n d  o n  t h e  
q u a n t i t y  o f  used c a r  se rv i ces .  T h e  i n c o m e  e l a s t i c i t y  f o r  new c a r  
s e r v i c e s  i s  c o n s i d e r a b l y  l a r g e r  t h a n  t h a t  f o r  used c a r  se rv i ces .  

LIMITATIONS AND BENEFITS 

The r e l i a b i l i t y  o f  demand e l a s t i c i t i e s  i s  l i m i t e d  by t h e  q u a l i t y  o f  
t h e  aggregate measures o f  t h e  v a r i a b l e s .  The model  a u t h o r ' s  r e s u l t s  
i n d i c a t e  t h a t  c a r e  must be taken  i n  c o n s t r u c t i n g  meaningful  aggregates. 

STRUCTURE 

There a r e  t h r e e  market  demand equa t ions :  t h e  demand f o r  new c a r  
se rv i ces ,  t h e  d e t e r m i n a t i o n  o f  used c a r  r e n t a l  p r i c e s ,  a n d  t h e  demand 
f o r  t h e  s e r v i c e s  o f  t o t a l  a u t o  s t o c k .  T h e s e  t h r e e  e q u a t i o n s  a r e  
e s t i m a t e d  w i t h  each o f  t h e  f o u r t e e n  makes o f  c a r s  a1  t e r n a t e l y  a s  t h e  
numeraire,  f o r  t h e  p e r i o d s  1954 t o  1972. As an i l l u s t r a t i o n ,  t h e  t h i  r d  
e q u a t i o n  i s  shown here :  

where: 

% ( t )  = t o t a l  q u a n t i t y  o f  au tomobi le  s e r v i c e s  i n  p e r i o d  t, m e a s u r e d  i n  
new make-M s e r v i c e  e q u i v a l e n t s  

ca(M,O,t) = a c t u a l  r e n t a l  p r i c e  o f  a  make-M, new au tomob i le  i n  p e r i o d  t 

Y ( t )  = consumer income i n  p e r i o d  t 

v M ( t )  = r a n d m  e r r o r  t e r m  

MODEL CONSTRUCT ION 

The model i s  based on t h e  use r -cos t  o f  c a p i t a l  t heo ry .  The impl  i c i  t 
r e n t a l  p r i c e s ,  d e r i v e d  f rom new and used purchase p r i c e s  and t h e  m a r k e t  
r a t e  o f  i n t e r e s t ,  a r e  r e p r e s e n t a t i v e  o f  t h e  r e a l  u s e r - c o s t  o f  t h e  
s e r v i c e s  p rov ided  by d u r a b l e  goods. Two a1 t e r n a t i v e  d e f i n i t i o n s  o f  t h e  
impl  i c i t  r e n t a l  p r i c e s  a r e  c o n s t r u c t e d ,  d e p e n d i  n g  o n  a s s u m p t i o n s  
r e g a r d i n g  t h e  va lue  o f  t h e  r e n t  p e r i o d ' s  e x p e c t e d  p r i c e .  R e l a t i v e  
r e n t a l  p r i c e  r a t i o s  a r e  employed as we igh ts  t h a t  t r a n s l a t e  t h e  s e r v i c e s  
o f  automobi les o f  d i f f e r e n t  makes and ages i n t o  a  common numera i re  u n i t .  
T h i s  common r a t i n g  i s  used t o  o b t a i n  v a r i o u s  a g g r e g a t e  m e a s u r e s  o f  
automobi 1  e  se rv i ces .  
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AUTOMOBILE DEMAND MODEL COMBINING ANTICIPATORY AND OBJECTIVE VARIABLES 

The Automobi le Demand Model Combining A n t i c i p a t o r y  a n d  O b j e c t i v e  
V a r i a b l e s  was prepared as a p a r t  of a l a r g e r  s tudy  b e i n g  c a r r i e d  o u t  b y  
t h e  N a t i o n a l  Bureau o f  E c o n o m i c  R e s e a r c h  i n  c o o p e r a t i o n  w i t h  t h e  
U,S, Bureau of Census and was p u b l i s h e d  i n  S e p t e m b e r  1 9 7 2 ,  I t  was 
funded i n  p a r t  by t h e  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 ,  I t  shows  how 
consumer survey  d a t a  can be i n c o r p o r a t e d  i n t o  f o r e c a s t  i n g  a u t  o m o b i  1 e 
demand . 
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F. Thomas J u s t e r  and Paul Wachtel 
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Automobi 1 e demand 

OBJECTIVE OF MODEL 

An optimum ba lance i s  sought  between u s i n g  survey  d a t a  o n  c o n s u m e r  
sent iment  and more o b j e c t i v e  v a r i a b l e s  f o r  f o r e c a s t i n g  a u t o m o b i l e  
demand. Three rnodels a r e  developed, one u s i n g  o n l y  o b j e c t i v e  v a r i a b l e s ,  
one r e l y i n g  on  consumer survey  data,  and a t h i r d  o p t i m a l l y  c o m b i n i n g  
aspects  o f  b o t h  techn iques,  

HISTORICAL BACKGROUND 

The s tudy  examines t h e  i n t r o d u c t i o n  o f  da ta  on consumer a n t i c i p a t i  o n  
i n t o  t h e  more t r a d i t i o n a l  t y p e  o f  m o d e l  t h a t  t e n d s  t o  e m p h a s i z e  
i n f o r m a t i o n  on c a p i t a l  s tocks  and i n c o m e  f l  ows. E x a m p l  e s  o f  t h e s e  
e a r l i e r  models a r e  by  G.C. Chow (57-413) and D.B. S u i t s  (58-033).  

ASSUMPTIONS 

I n  t h e  o b j e c t i v e  v a r i a b l e s  model, consumers a r e  v i e w e d  t o  h a v e  a 
t a r g e t  o r  d e s i r e d  s tock  o f  au tomobi les  t o  which t h e y  a d j u s t  a r a d u a l  l y .  
Net  inves tment  i n  au tomobi les  i s  viewed t o  have a p l  a n n e d ,  p e r m a n e n t  
component, dependent on  1 ong-run income e x p e c t a t i o n s  and an u n f o r e s e e n ,  



t r a n s i t o r y  component r e p r e s e n t i n g  t h e  immediate r e a c t i o n  t o  u n e x p e c t e d  
i ncome f 1  ows. 

The consumer s u r v e y  d a t a  m o d e l  v i e w s  c o n s u m e r  s e n t i m e n t  a n d  
e x p e c t a t i o n s  v a r i a b l e s  as a  s u b s t i t u t e  f o r  t h e  d e s i r e d  au tomob i l e  s t o c k  
v a r i a b l e s  and f o r  a1 1  l a g  and ad jus tment  mechanisms. The op t ima l  m o d e l  
views consumer a n t i c i p a t i o n  v a r i a b l e s  as a d d i t i o n a l  d e t e r m i n a n t s  o f  
d e s i r e d  s tock .  

VAL I OAT1 ON 

R e s u l t s  o f  t h e  t h r e e  m o d e l s  a r e  c o m p a r e d  w i t h  a c t u a l  d a t a  f o r  
au tomob i l e  demand u s i n g  s tandard  e r r o r s .  Accord ing  t o  t h e  authors ,  t h e  
a n t i c i p a t o r y  model i s  a c l o s e  s u b s t i t u t e  f o r  t h e  o b j e c t i v e  model as l o n g  
as consumer sen t imen t  and e x p e c t a t i o n s  can be measured w i t h  r e 1  a t  i v e l  y 
smal l  sampl ing e r r o r s ,  b u t  t h e  o b j e c t i v e  model i s  marked ly  s u p e r i o r  i n  
t h e  l o n g e r  pe r i od .  I n c o r p o r a t i n g  survey da ta  i n t o  t h e  o b j e c t i v e  m o d e l  
improves i t s  f o r e c a s t i n g  accuracy.  

STRUCTURE 

The f o l l o w i n g  economet r ic  e q u a t i o n  i s  u s e d  t o  p r e d i c t  a u t o m o b i  1  e  
demand w i t h  s o l e l y  o b j e c t i v e  da ta :  

where: 

AS = n e t  d u r a b l e s  inves tment  

p = c o e f f i c i e n t  o f  income e x p e c t a t i o n s  

6 = c o e f f i c i e n t  o f  s tock  ad jus tment  speed 

Z = d e s i r e d  s tock  

S  = a c t u a l  du rab les  s tock ,  l a s t  p e r i o d  - 1 

T = t r a n s i t o r y  inves tment ,  c u r r e n t  p e r i o d  

T - 1 = t r a n s i t o r y  inves tment ,  l a s t  p e r i o d  

The f o l l o w i n g  economet r ic  equa t i on  u s e s  c o n s u m e r  s u r v e y  d a t a  t o  
p r e d i c t  au tomob i l e  demand: 

X = a. + a1 ( P )  ' a2 ( A )  -I- a3 ( U )  

where : 



X = purchase r a t e  

p = consumer i n t e n t i o n s  

A = consumer a t t i t u d e s  

U = work ing hours o f  l a b o r  f o r c e  unemployed 

MODEL CONSTRUCTION 

T h i s  model uses U.S. q u a r t e r l y  economic data  f o r  measures o f  i n c o m e ,  
consumer d u r a b l e  investment,  and t h e  work ing hours  o f  t h e  1 a b o r  f o r c e  
t h a t  a r e  employed. The a t t i t u d e  v a r i a b l e  i s  c o n s t r u c t e d  f rom t h e  I n d e x  
o f  Consumer Sent iment.  The i n t e n t i o n s  da ta  a r e  a s p l i c e d  s e r i e s .  F r o m  
1953 t o  1959 t h e  source i s  t h e  Survey Research Center  (SRC) ; f r o m  1 9 5  9 
t o  1966, t h e  Census Bureau 's  Q u a r t e r l y  Survey o f  I n t e n t i o n s .  A f t e r  1966 
t h e  U.S. Census Consumer Buying Expec ta t i ons  (CBE) i s  used. 
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ILLIQUIDITY OF CONSUMER DURABLES AND MONETARY POLICY MODEL 

A model ana lyz ing  t h e  i l l i q u i d i t y  aspect  o f  consumer d u r a b l  e  a s s e t s  
and t h e  e f f e c t s  o f  monetary p o l i c y  on expend i tu res  f o r  d u r a b l  e  a s s e t s  
(automobi les)  was developed a t  t h e  Massachusetts I n s t i t u t e  o f  Technology 
i n  1976. The work was suppor ted b y  a  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  
Graduate F e l l  ows h i  p and by t h e  Federal Reserve Bank o f  Boston. 
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OBJECTIVE OF MODEL 

A model i s  developed t h a t  i n c o r p o r a t e s  t h e  e f f e c t s  o f  c o n s u m e r  
du rab le  i l l i q u i d i t y  on t h e  d e s i r a b i l i t y  o f  t h e  asset .  It i s  shown t h a t  
t h e  n a t u r e  o f  markets f o r  consumer durab les  f o r c e s  t h e  consumer t o  t a k e  
account  o f  h i s  ba lance sheet  s t a t u s ,  i.e., h i s  debt  and f i n a n c i a l  a s s e t  
~ o s i t i o n ,  as w e l l  as t h e  r i s k i n e s s  o f  h i s  i n p u t  stream, i n  d e t e r m i n i n g  
t h e  d e s i r e d  l e v e l  o f  h i s  consumer du rab le  s tock .  The t h e o r e t i c a l  m o d e l  
i s  s p e c i f i e d  f o r  consumer d u r a b l  e  e x p e n d i t u r e s  i n  g e n e r a l  ; i t  i s 
es t ima ted  w i t h  automobi les and p a r t s  e x p e n d i  t u r e s  a s  t h e  d e p e n d e n t  
v a r i a b l e ,  f o r  non-auto consumer durab les ,  and f o r  a1 1  consumer durab l  es. 

a 

RELATIONSHIP TO OTHER MODELS 

There i s  no re1 a t i o n  t o  o t h e r  models. 

HISTORICAL BACKGROUND 

I n  prev ious  s t u d i e s  on consumer du rab le  expend i tu re ,  monetary p o l  i c y  
was though t  t o  have a  ma jo r  impact th rough i n t e r e s t  r a t e  o r  l i q u i d  asse t  
e f f e c t s ,  b u t  e m p i r i c a l  w o r k  r a r e l y  f o u n d  t h e s e  e f f e c t s  t o  b e  



s u b s t a n t i a l .  T h i s  paper exp lo res  new channels th rough  w h i  c h  m o n e t a r y  
p o l i c y  may a f f e c t  consumer d u r a b l e  expend i tu res  by  a f f e c t i n g  c o n s u m e r  
f i n a n c i a l  asse t  ho ld ings ,  and by a f f e c t i n g  t h e  c o s t  and a v a i l a b i l i t y  o f  
c r e d i t ,  and t h u s  t h e  s i z e  o f  consumers' debt .  

ASSUMPTIONS 

A consumer d u r a b l e  i s  viewed as  an asset  i n  o n e ' s  p o r t f o l i o  t h a t  
y i e l d s  a  r e t u r n  o f  consumption serv ices .  The consumer d e r i v e s  b e n e f i t s  
f rom t h e  s e r v i c e s  o f  t h e  s tock ,  n o t  f rom t h e  purchases o f  d u r a b l e  goods. 
The consumer d e s i r e s  a  c e r t a i n  s tock  o f  du rab les  t h a t  i s  a  f u n c t i o n  o f  
nermanent income and t h e  use r  r e n t a l  c o s t  o f  c a p i t a l  . Consumer d u r a  b l  e  
e x p e n d i t u r e  i s  modeled w i t h  t h e  s tock  ad jus tment  o r  so-cal  1  ed f 1  e x i  b l  e  
a c c e l e r a t o r  model, which views consumers as ad jus  t i  n g  o n l y  s l  o w l  y t o  
t h e i r  d e s i r e d  s t o c k .  N e t  i n v e s t m e n t  i s  v i e w e d  a s  a  f u n c t i o n  o f  
t r a n s i t o r y  income. 

VAL IDATION 

The es t ima ted  c o e f f i c i e n t s  have t h e  c o r r e c t  s igns ,  a r e  s i a n i f i c a n t ,  
and have reasonable magnitudes, 

LIMITATIONS AND BENEFITS 

T h i s  s tudy develops new channels th rough  which m o n e t a r y  p o l  i c y  i s 
shown t o  a f f e c t  consumer d u r a b l e  expend i tu res .  The il l i q u i d i  t y  a s p e c t  
o f  t hese  a s s e t s  i s  a n a l y z e d .  T h e  m o d e l  a u t h o r  s t a t e s  t h a t  t h e  
hypo thes i s  i s  supported t h a t  monetary p o l i c y  h a s  a  s t r o n g  i m p a c t  o n  
consumer du rab le  e x p e n d i t u r e  th rough  two channe ls :  t h e  p r i c e  o f  assets ,  
which a f f e c t s  consumer f i n a n c i a l  a s s e t  h o l d i n g s ;  a n d  t h e  c o s t  a n d  
a v a i l a b i l i t y  o f  c r e d i t ,  i n f l u e n c i n g  t h e  s i z e  o f  c o n s u m e r s '  d e b t  
ho l  d i  ngs, 

STRUCTURE 

T h i s  econometr ic  model i s  e s t i m a t e d  w i t h  a u t o ,  n o n a u t o ,  a n d  a l l  
consumer du rab le  expend i tu res  a s  t h e  d e p e n d e n t  v a r i a b l e ,  a n d  w i t h  
d i f f e r e n t  e s t i m a t i o n  techn iques.  One o f  t h e  s p e c i  f i c a t i  o n s  o f  t h e  
model , w i  t h  autos and p a r t s  expend i tu res  as t h e  dependent v a r  i a b l  e  , i s 
presented here :  



- ,1731 (DEBT) + ,0398 ( F I N )  + ,5163 ( r )  
(-4.24) (4.09) 

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

EXPA = r e a l  p e r  c a p i t a  consumer expend i tu res  on autos  a n d  p a r t s  a t  a n  
annual r a t e  

Y = r e a l  t r a n s i t o r y  income p e r  c a p i t a  T  

Y p  = r e a l  p e r  c a p i t a  expected average (permanent) income 

CAPCA = = use r  r e n t a l  c o s t  o f  consumer du rab le  c a p i t a l  f o r  au tos  and p a r t s  
(RCB + D) (PCDIPCON) 

RCB = Moody's AAA c o r p o r a t e  bond r a t e  

D = annual d e p r e c i a t i o n  r a t e  = .25 

PCD = consumer du rab les  imp1 i c i t  p r i c e  d e f l a t o r  

PCON = consumption imp1 i c i t  p r i c e  d e f l a t o r  

KA = r e a l  p e r  c a p i t a  s t o c k  o f  d u r a b l e s  a t  t h e  end o f  t h e  q u a r t e r  f o r  
autos and p a r t s  

DEBT = r e a l  p e r  c a p i t a  deb t  ho ld ings  o f  households--beginning o f  q u a r t e r  

F I N  = r e a l  p e r  c a p i t a  gross  f i n a n c i a l  asse t  h o l d i  n g s  o f  h o u s e h o l d s - -  
beg i  nn i  ng o f  q u a r t e r  

r = f i r s t - o r d e r  s e r i a l  c o r r e l a t i o n  c o e f f i c i e n t  

MODEL CONSTRUCTION 

A s tock  ad jus tment  model i s  es t ima ted  based on q u a r t e r l y  a g g r e g a t e  
t i m e - s e r i e s  da ta  f o r  consumer  d u r a b l e s  a n d  t h e  t w o  c o m p o n e n t s  o f  
consumer du rab les :  ( 1 )  autos and p a r t s  e x p e n d i t u r e ,  a n d  ( 2 )  n o n a u t o  
consumer d u r a b l e  expend i tu res .  Var ious  s p e c i f i c a t i  o n s  a r e  u s e d  w i  t h  
da ta  f rom t h e  p e r i o d s  1954-1 th rough  1972-IV, e x c l u d i n g  q u a r t e r s  when 
t h e r e  were auto  s t r i k e s .  A l l  a u a n t i t i e s  a r e  i n  t h o u s a n d s  o f  1 9 5 8  
d o l l a r s  per  c a p i t a  w i t h  f lows as  seasona l l y  a d j u s t e d  annual r a t e s .  
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HIGHWAY NOISE POLICY MODEL 

The Highway Noise  P o l i c y  M o d e l  was d e v e l  o p e d  a t  Wyl e  R e s e a r c h  
L a b o r a t o r i e s  f o r  t h e  Envi ronmental P r o t e c t  i o n  Agency's O f f i c e  o f  No i s e  
Abatement and Con t ro l  and pub l i shed  i n  September 1974. I t s  p u r p o s e  i s  
t o  eva lua te  r e g u l  a t o r y  s t r a t e g i e s  of highway n o i s e  c o n t r o l .  

SPONSOR 

U.S. Environmental P r o t e c t i o n  Agency 
O f f i c e  o f  Noise Abatement and Con t ro l  
1921 J e f f e r s o n  Dav is  Highway 
A r l i n g t o n ,  Va. 22210 
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Kenneth J. P l o t k i n  
Wyl e  L a b o r a t o r i e s  
Wyl e  Research 
El Segundo, Cal i f .  

KEY WORDS 

Noise pol  1  u t i o n  

OBJECTIVE OF MODEL 

The model was developed t o  eva lua te  government regu l  a t i o n  s t r a t e g  i e  s  
i n  c o n t r o l l i n g  highway no ise .  Two t ypes  o f  r e g u l a t i o n  a r e  e v a l u a t e d :  
(1) o p e r a t i o n a l  regu l  a t i o n s ,  where t r u c k s  o p e r a t i n g  on t h e  h i  g  hway  may 
n o t  produce n o i s e  l e v e l s  above a  s p e c i f i e d  va lue,  and ( 2 )  new v e h i  c l  e  
standards,  w h e r e  t h e  maximum l e v e l  p r o d u c e d  b y  new v e h i c l e s  i s  
regu la ted .  I t a l s o  can be used t o  p r e d i c t  n o i s e  u p  t o  4 0 0  f e e t  away 
f rom a  mu1 t i - l a n e  highway. 

HISTOKICAL BACKGROUND 

T h i s  model can e v a l u a t e  i n d i v i d u a l  v e h i c l e  n o i s e  r e g u l a t i o n  p o l i  c  i e s  
f o r  e f f e c t i v e n e s s  i n  reduc ing  highway no ise .  P r e v i o u s l y  developed 1  e s s  
aggregated models t h a t  employ e m p i r i c a l  t e c h n i q u e s  a r e  n o t  a b l e  t o  
e v a l u a t e  such p o l i c i e s .  The model i s  e s s e n t i a l l y  a  s imp1 i f i  c a t i  o n  o f  
e a r l i e r  models, d rawing ma in l y  f rom a  method developed by Nelson i n  1973 
of combi n i  ng s t a t i s t i c s  from two independent n o i s e  sources. 

ASSUMPTIONS 

V e h i c l e  n o i s e  i s  assumed t o  b e  t h e  o n l y  c o n t r i b u t i o n  t o  n o i s e  
measured f rom a  g i v e n  d i s t a n c e  f rom a  highway. 



VAL I DATI ON 

F o r  a  comparison o f  p r e d i c t i o n s  o f  t h i s  m o d e l  t o  t h o s e  o f  o t h e r  
models, see S-77-105 i n  t h e  1979 volume o f  t h i s  i n v e n t o r y .  

Measurements were  made o n  f r e e w a y s  a n d  a r t e r i a l s  i n  s o u t h e r n  
C a l i f o r n i a  between Los Angel es and San Diego d u r i n g  t h e  summer and f a  1  1  
o f  1973. A t  50 f e e t  f rom t h e  h i g h w a y ,  n o i s e  i s  p r e d i c t e d  w i t h  a n  
accuracy of + 3 dB. P r e d i c t i o n s  o f  n o i s e  l e v e l s  f rom 4 0 0  f e e t  o f  t h e  
highway a r e  % t o  10 dB h i g h e r  t han  a c t u a l  measurements, 

LIMITATIONS AND BENEFITS 

The model i s  v a l i d  o n l y  f o r  f r e e l y  f l o w i n g  t r a f f i c  where v e h i c l e s  d o  
n o t  i n t e r a c t  and spacing i s  random.  A t  h i g h e r  t r a f f i c  f l o w s  w i t h  
congested o r  rush-hour  t r a f f i c  jams, t h e  model i s  n o t  a p p l i c a b l e ,  

STRUCTURE 

where : 

I k ( 0 )  = average sound i n t e n s i t y  o f  v e h i c l e s  i n  speed c l a s s  k  

= r e f e r e n c e  i n t e n s i t y  cor rgspond ing t o  t h s  s tandard  sound p r e s s u r e  Iref l e v e l  r e f e r e n c e  of 2x10' HewtonIMeters 

Pk = f r a c t i o n  o f  v e h i c l e s  a t  speed c l a s s  K 

where : 

1 = sound i n t e n s i t y  f rom one l a n e  
j 

d  = f i x e d  re fe rence  d i s t a n c e  

d  = d i s t a n c e  f rom t h e  l a n e  
j 

Ak = v e h i c l e s  per  u n i t  t i m e  

Vk = speed 

k = c l a s s  d e f i n e d  by  speed 
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COMPUTER REQUIREMENTS 

Two canpu te r  programs a r e  presented i n  t h i  s r e p o r t .  T h e  HIGHWAY 
program co~nputes highway no ise ,  u s i n g  Tymshare Super Bas ic .  The HINSCAM 
program a p p l i e s  n o i s e  r e g u l a t i o n  scenar ios  t o  t h e  e x i s t i n g  v e h i c l e  n o i s e  
s i t u a t i o n ,  and i s  w r i t t e n  as a b a t c h  Tymshare Super FORTRAN program. 



DEPRECIATION OF CAPITAL MODEL 

D e p r e c i a t i o n  r a t e s  f o r  au tomobi les  a r e  c a l c u l a t e d  us ing  a  model t h a t  
d e f i n e s  d e p r e c i a t i o n  i n  terms o f  t h e  p r i c e  o f  autos.  It was d e v e l o p e d  
i n  1970 a t  Pomona Col lege.  

AUTHOR 

Frank C, Wykof f  
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C l  aremont , Cal i f. 

KEY WORDS 

F l  e e t  s i z e ,  scrappage 

OBJECTIVE OF MOUEL 

A c t u a l  d e p r e c i a t i o n  r a t e s  f o r  new a n d  u s e d  a u t o m o b i l e s  a r e  
cons t ruc ted ,  u s i n g  a  model t h a t  d e f i n e s  d e p r e c i a t i o n  i n  t e r m s  o f  t h e  
p r i c e  o f  automobi les.  

RELATIONSHIP TO OTHEK MODELS 

Another model by t h i s  a u t h o r  i s  desc r ibed  under 73-010. 

ASSUMPTIONS 

I t  i s  assumed t h a t  owners o f  machines a c t  as i f  t h e y  were r e n t i n g  t o  
themselves, and t h a t  t h e  c o s t  o f  r e n t a l  can be measured c l o s e l y  by u s i n g  
market  i n t e r e s t  r a t e s  and market  purchase p r i c e s .  It i s a1 s o  a s s u m e d  
t h a t  p e r f e c t  c a p i t a l  markets  e x i s t ,  t h a t  t r a n s p o r t a t i o n  c o s t s  o f  t h e  
machines a r e  r e l a t i v e l y  sma l l ,  and t h a t  t h e r e  a r e  w e l l - d e v e l o p e d  u s e d -  
m a c h i n e  m a r k e t s .  T h e  a u t o m o b i l e  m a r k e t  g e n e r a l l y  f i t s  t h e s e  
assumptions. 

LIMITATIONS AND BENEFITS 

The general  model p resented he re  c o u l d  be a p p l i e d  t o  o t h e r  c a p i  t a l  
equi  pment such as appl  i ances o r  f u r n i t u r e .  

One c o n c l u s i o n  o f  t h e  model i s  t h a t  t h e  hypo thes i s  t h a t  d e p r e c i a t i  o n  
i s  independent o f  t i m e  c a n n o t  b e  r e j e c t e d ,  b u t  t h e r e  a r e  s u b t l e  
i nc reases  i n  d e p r e c i a t i o n ,  perhaps b e c a u s e  i n c r e a s i n g  i n c o m e s  h a v e  
r e s u l t e d  i n  h i g h e r  t u r n o v e r  o f  automobi les.  Other  c o n c l  u s i  o n s  o f  t h e  
s tudy a r e  t h a t  d i f f e r e n t  s i z e - c l a s s e s  o f  a u t o s  h a v e  d i f f e r e n t  
d e p r e c i a t i o n  r a t e s ,  and d e p r e c i a t i o n  r a t e s  a r e  n o t  exponent i  a1 . 



STRUCTURE 

The methodology f o r  c a l c u l a t i n g  d e p r e c i a t i o n  r a t e s  i s  a s  f o l  1  ows.  
I m p l i c i t  r e n t a l  p r i c e s  a r e  used as es t ima tes  o f ,  o r  p r o x i e s  f o r ,  u s e r  
c o s t s  ( s i n c e  t r u e  r e n t a l  markets  d o n ' t  e x i s t ) ,  and a r e  d e r i v e d  f rom new 
and used purchase p r i c e s :  

where: 

C (s , t )  = imp1 i c i t  r e n t a l  c o s t  o f  h o l d i n g  a  5-year  o l d  machine th roughout  
y e a r  t 

r ( t )  = market  i n t e r e s t  r a t e  

p ( s , t )  = purchase p r i c e  o f  t h e  machine o f  v i n t a g e  s  i n  y e a r  t 

where R(s , t )  i s  t h e  r a t i o  o f  t h e  use r -cos t  of a  s-year o l d  m a c h i n e  t o  
t h a t  o f  a  new machine, o r  t h e  dep rec ia ted  va lue  o f  an s -year  o l d  machine 
i n  y e a r  t. I f  i t  i s  assumed t h a t  t h e r e  i s  no t e c h n o l o g i c a l  change, t hen  
R(s , t )  = R ( s ) ;  i . e . ,  d e p r e c i a t i o n  i s  i n d e p e n d e n t  o f  t i m e .  I f  
d e p r e c i a t i o n  r a t e s  a r e  constant ,  t h e n  R i s  exponen t i a l  : 

where d  i s  t h e  cons tan t  r a t e  o f  d e p r e c i a t i o n .  

If R i s  independent  o f  t i m e  t h e n  t h e  aggregate c a p i t a l  s t o c k  c a n  b e  
found as:  

where: 

K ( t )  = t h e  s tock  o f  machines i n  p e r i o d  t 

M(s) = t h e  q u a n t i t y  of machines b u i l t  s  yea rs  ago 

n  = t h e  age o f  t h e  o l d e s t  machine s t i l l  i n  e x i s t e n c e  i n  y e a r  t 

D e p r e c i a t i o n  r a t e s  a r e  c o n s t r u c t e d  f o r  a  v a r i e t y  o f  au tomobi le  m a k e s  
and ages. 

MODEL CONSTRUCTION 

New and used passenger c a r  r e t a i l  p r i c e s  f rom 1950 t h r o u q h  1 9 6 9  o f  
n ine teen  c a r  models, t aken  f rom T h e   el l e y  - B l u e  -9 B o o k  a F e  u s e d  t o  
c o n s t r u c t  d e p r e c i a t i o n  ra tes .  
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HIGHWAY POLLUTION TREND MODEL 

The Highway P o l l u t i o n  Trend Model was  s p o n s o r e d  b y  t h e  N a t i o n a l  
Academy o f  Eng ineer ing ,  developed a t  t h e  M a s s a c h u s e t t s  I n s t i t u t e  o f  
Technology, and pub l i shed  i n  1973. It e x t r a p o l a t e s  c u r r e n t  t r e n d s  o f  
t r a n s p o r t a t i o n  resou rce  use and po l  1  u t i o n  p roduc t i ons  w i t h  v a r i o u s  modal 
s p l i t  scenar ios .  
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OBJECTIVE OF MODEL 

The mode l ' s  o b j e c t i v e  i s  t o  e v a l u a t e  t h e  approximate p o l l u t i o n  l e v e l s  
and resou rce  ( g a s o l i n e ,  s t e e l ,  cement, a s p h a l t )  u s e  r e s u l t i n g  f r o m  
d i  f f e r e n t  p r o p o r t i o n s  o f  automobi 1  e  and bus t r a n s p o r t a t i  on. An a t t e m p t  
i s  a l s o  made t o  p u t  c o s t s  on  conges t i on  and p o l l u t i o n  f o r  t h r e e  r e g i  o n s  
o f  a  t y p i c a l  urban area: c i t y  cen te r ,  i n n e r  suburbs, and o u t e r  suburbs. 

ASSUMPTIONS 

It i s  assumed t h a t  average f u e l  c o n s u m p t i o n  o f  a u t o m o b i l e s  w i l  1  
remain s teady th rough  t h e  y e a r  2000. Automobi 1  e  emi s s i o n  c o n t r o l s  w e r e  
assumed n o t  t o  a f f e c t  t h e  o u t p u t  o f  p a r t i c u l a t e s .  N u m e r o u s  o t h e r  
assumptions were made t o  make exp l  o r a t o r y  c a l c u l a t i o n s  o f  t h e  f u t u r e .  

VALIDATION 

The model shows t h a t  a  s u b s t a n t i a l  d i v e r s i o n  o f  au tomob i l e  commuters  
t o  p u b l i c  t r a n s p o r t a t i o n  would n o t  r e s u l t  i n  a m a r k e d  r e d u c t i o n  i n  
o v e r a l l  p o l l u t i o n ,  However, 1  ocal  p o l l u t i o n  and conges t i on  c o s t s  w o u l  d  
be marked ly  reduced i n  c e n t r a l  c i t i e s  where p o l  1 u t i  o n  c o s t s  a r e  t h e  
h i g h e s t .  



STRUCTURE 

T h i s  accoun t i ng  m o d e l  e x t r a p o l a t e s  c u r r e n t  t r e n d s  a n d  r e c e n t  
developments on t r a n s p o r t a t i o n  resou rce  use and po l  l u t i o n  l e v e l  s  up  t o  
t h e  y e a r  2000. A  s e r i e s  o f  graphs w i t h  l ow  and h i g h  p robab le  ranges  i s  
used. 

DATA USED I N  RUNNING MODEL 

T h i s  model used d a t a  f rom t h e  1970 A u t o m o b i l e  F a c t s  a n d  F i g u r e s ,  
Highway S t a t i s t i c s  1966 (u.s.DoT),~ World ~ l m a n a a n d  ----$ BX o f  F a c t s  
and t h e  Bureau o f  t h e  Census' S t a t i s t i c a l  A b s t r a c t  --- o f  t h e  U.S. 
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TEMPORAL CROSS-SECTION SPECIFICATION OF THE REGIONAL DEMAND FOR GASOLINE 

A  temporal  c r o s s - s e c t i o n  s p e c i f i c a t i o n  of t h e  r e g i o n a l  demand f o r  
a a s o l i n e ,  a l l o w i n g  f o r  d i f f e r e n c e s  a c r o s s  s t a t e s ,  a n d  b a s e d  o n  t h e  
lagged s tock  o f  automobi les,  income, and g a s o l i n e  p r i c e ,  was d e v e l o p e d  
i n  1978 by s t a f f  members of t h e  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  a n d  t h e  
U.S. Department o f  Energy. 
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OBJECTIVE OF MODEL 

A  temporal  c r o s s - s e c t i o n  s p e c i f i c a t i o n  i s  u s e d  t o  e s t i m a t e  t h e  
r e g i o n a l  demand f o r  gaso l i ne ,  based on g a s o l i n e  p r i c e ,  income, a n d  t h e  
lagged s tock  o f  automobi 1  es. 

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 

Prev ious  s t u d i e s  o f  t h e  demand f o r  g a s o l i n e  u s e  e i t h e r  a  f l o w  
ad jus tment  model o r  a  s tock  ad jus tment  model. The f l o w  ad jus tment  model 
expresses g a s o l i n e  c o n s u m p t i o n  a s  a  f u n c t i o n .  o f  r e a l  g a s  p r i c e ,  
d i sposab le  income and gas consumption i n  t h e  p r e v i o u s  p e r i o d .  I t  d o e s  
n o t  c a u t u r e  c h a n g e s  i n  t h e  a v e r a g e  e f f i c i e n c y  o f  t h e  s t o c k  o f  
automobi les.  The f l o w  ad jus tment  model poo l s  d a t a  i n t o  a n  a g g r e g a t e  
n a t i o n a l  e q u a t i o n  and p rov ides  no r e g i o n a l  i m p 1  i c a t i  o n s .  T h e  s t o c k  
ad jus tment  model i s  f e l t  t o  be s u p e r i o r  and i s  used i n  t h i s  s tudy .  

ASSUMPTIONS 

I t  i s  hypo thes i zed  t h a t  t h e  r e g i o n a l  demand f o r  g a s o l i n e  i s  b e s t  
es t ima ted  b y  a  s tock  ad jus tment  model . T h e  demand f o r  g a s 0 1  i n e  i s  
d e r i v e d  f rom t h e  demand f o r  gasol ine-consuming goods, and t h e  s t o c k  o f  



automobi les  serves as  a  p roxy  f o r  t h i s .  

LIMITATIONS AND BENEFITS 

Separate c o e f f i c i e n t s  t h a t  de te rm ine  gas consumpt ion as a  f u n c t i o n  o f  
aas p r i c e ,  income, and a u t o  s tock  were es t ima ted  f o r  each reg ion .  T h i s  
a l l o w s  f o r  t h e  i l l u s t r a t i o n  o f  r e g i o n a l  d i f f e r e n c e s  o v e r  t i m e  i n  g a s  
consumpt ion behav io r .  The A i t k e n - Z e l l n e r  g e n e r a l  i z e d  1  e a s t  s q u a r e s  
e s t i m a t e  was used i n  t h i s  model. T h i s  r e s u l t e d  i n  t h e  r e j e c t i o n  o f  t h e  
hypo thes i s  t h a t  t h e  es t ima ted  s l o p e  and i n t e r c e p t  c o e f f i c i e n t  s  a  r e  t h e  
same f o r  a l l  o f  t h e  s t a t e s  i n  each reg ion .  Thus, t h e  e s t i m a t i o n  o f  t h e  
r e g i o n a l  random c o e f f i c i e n t  s p e c i f i c a t i o n  model i s  an improvemen t  o v e r  
t h e  aggregate gasol  i n e  demand s p e c i f i c a t i o n  t h a t  i g n o r e s  v a r i a t i o n  i n  
b e h a v i o r  across  s t a t e s  and reg ions .  The s t o c k  v a r i a b l e  may r e f l e c t  
v a r i o u s  omi t t e d  f a c t o r s ,  which a r e  n o t  cap tu red  i n  t h e  o t h e r  v a r i a b l  e s ,  
t h a t  d e s c r i b e  t h e  i n f l u e n c e  on demand  o f  a u t o m o b i l e  s t o c k s  i n  t h e  
d i  f f e r e n t  r e g i  ons, 

STRUCTURE 

The general  e q u a t i o n  s p e c i f i c a t i o n  i s  a p p l i e d  t o  n i n e  r e g i o n s ,  
r e s u l t i n g  i n  n i n e  s e t s  o f  c o e f f i c i e n t  e s t i m a t i o n s .  T h e  m o d e l  
s p e c i f i c a t i o n ,  w i t h  t h e  es t ima ted  c o e f f i c i e n t s  f o r  t h e  Nor theas t  R e g i o n  
as an example, i s :  

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

Q = demand f o r  g a s o l i n e :  t o t a l  g a s o l  i n e  c o n s u m p t i o n  b y  a1 1  m o t o r  
v e h i c l e s  per  c a p i t a  

PGAS = r e t a i l  p r i c e  o f  g a s o l i n e  d i v i d e d  by consumer p r i c e  index 

YD = d i sposab le  income p e r  c a p i t a  

STK = s tock  o f  autornobi l e s :  t o t a l  au tomob i l e  r e g i s t r a t i o n s  p e r  c a p i t a  

The c o e f f i c i e n t s  f o r  a l l  n i n e  r e g i o n s  a r e  p r e s e n t e d  i n  t h e  p a p e r .  
They were found t o  be s i g n i f i c a n t  a t  t h e  one pe rcen t  c o n f i d e n c e  1  e v e 1  . 
S ince  t h e  v a r i a b l e s  a r e  i n  l o g a r i t h m i c  f o r m ,  t h e  c o e f f i c i e n t s  a r e  
e l a s t i c i t i e s .  These v a r y  c o n s i d e r a b l y  f rom r e g i o n  t o  r e g i o n  a n d  a r e  
d i f f e r e n t  f r om e a r l i e r  s t u d i e s .  P r i c e  and a l l o c a t i o n  w o u l d  t h u s  h a v e  
s t r o n g  r e g i o n a l  imp1 i c a t i o n s  i n  t h e  market  f o r  gasol  i ne. 

MODEL CONSTRUCTION 

Th i  s  econometr ic  model i s  e s t i m a t e d  wi t h  s t a t e - l e v e l  annual da ta  f rom 
1954 th rough  1972 a g g r e g a t e d  i n t o  n i n e  c e n s u s  r e g i o n s .  A  r a n d o m  
c o e f f i c i e n t  model was es t ima ted  w i t h  h e t e r o s k e d a s t i c  d i  s t u r b a n c e s  a n d  



v a r i a b l e  i n t e r c e p t  and s l o p e  c o e f f i c i e n t s  a c r o s s  s t a t e s  w i t h i n  a n y  
r e g i o n .  

Gaso l i ne  consumption and p r i c e  d a t a  came f rom t h e  American P e t r o l  eum 
I n s t i t u t e ' s  Pet ro leum -- Facts  and F igures ;  a u t o  r e g i s t r a t i o n  d a t a  came 
f rom t h e  U.S. Department o f  T r a n s p o r t a t i o n ' s  H i  hwa S t a t i s t i c s ;  i n c o m e  
d a t a  were f rom t h e  Bureau o f  L a b o r  Sta t is t *Handbook -- o f  L a b o r  
S t a t i s t i c s ;  and p o p u l a t i o n  da ta  came from t h e  B u r e a u  o f  t h e  C e n s u s '  
Census o f  Popu la t i on .  -- 
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GENERAL LEAST-COST AIR-QUALITY MODEL 

A  genera l  l i n e a r  programming model was d e v e l  o p e d  i n  1 9 7 4  a t  t h e  
C a l i f o r n i a  I n s t i t u t e  o f  Technol o g y  t h a t  f i n d s  t h e  m i n i m u m  c o s t  o f  
a p p l y i n g  c o n t r o l s  t o  emissions so t h a t  c e r t a i n  a i r  qual i t y  s tandards  a r e  
met. 
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OBJECTIVE OF MODEL 

T h i s  mathemat ical  l i n e a r  programming model i s  designed t o  d e t e r m i n e  
t h e  l e a s t  c o n t r o l  c o s t  assoc ia ted  w i t h  reach ing  s p e c i f i  e d  a  i r q u a l  i t y  
l e v e l s .  A i r  p o l l u t i o n  c o n t r o l  p o l i c y  shou ld  be based o n  a  s y s t e m a t i c  
comparison o f  a1 1  c o n t r o l  c o s t s  assoc ia ted  w i t h  po l  1  u t i o n  abatement, and 
on a l l  damage c o s t s  assoc ia ted  w i t h  a t m o s p h e r i c  p o l  1  u t i o n  l e v e l  s .  
Con t ro l  s t r a t e g i e s  and r e s u l t i n g  a i r  q u a l i t y  l e v e l s  shou ld  be chosen s o  
a s  t o  m in im ize  t o t a l  s o c i a l  c o s t ,  t h e  sum o f  p o l l u t i o n  c o n t r o l  a n d  
damage cos ts .  T r a n s p o r t a t i o n  impacts  a r e  one component o f  t h i s  g e n e r a l  
model . 

ASSUMPTIONS 

To make t h e  problem so lvab le ,  i t  i s  assumed t h a t  t h e r e  i s  n o  s p a c e  
and t i m e  p a t t e r n  o f  emissions;  t h a t  emiss ion c o n t r o l  p r o g r a m s  d o  n o t  
a l t e r  t h e  p a t t e r n  so t h a t  emiss ion l e v e l  c h a n g e s  o c c u r  i n  t h e  same 
p r o p o r t i o n  a t  a l l  p o i n t s  i n  space and t ime. Emissions a r e  m e a s u r e d  b y  
t o t a l  emiss ion l e v e l s  i n  t h e  a i r  b a s i n  f o r  each p r imary  contaminant .  

VALIDATION 

The model was a p p l i e d  and r e s u l t s  were o b t a i n e d  f o r  t h e  s p e c i f i c  
s i t u a t i o n  o f  photochemical smog i n  Los A n g e l e s  C o u n t y  i n  1 9 7 5 .  A i r  
q u a l i t y  models a r e  d e v e l o p e d  f o r  e y e  i r r i t a t i o n ,  p l a n t  damage ,  
v i s i b i l i t y  r e d u c t i o n ,  and h i g h  c o n c e n t r a t i o n s  o f  o x i d i z i n g  g a s e s  t h a t  
de termine how t h e  l e v e l s  o f  t h e s e  i r r i t a n t s  d e p e n d  o n  r e a c t i v e  
hydrocarbon and n i t r o g e n  ox ide  emissions.  The l e a s t  c o s t  o f  r e a c h i  n y  
v a r i o u s  emissions 1  eve1 s  i s  found by a p p l y i n g  1  i n e a r  programmi n g  t o  2 3  
ma jo r  source t ypes  and 3 1  p o t e n t i a l  "add-on" c o n t r o l s .  



LIMITATIONS AND BENEFITS 

It may be p o s s i b l e  t o  f o r m u l a t e  a  dynamic model t h a t  e x a m i n e s  t h e  
c o s t  o f  v a r i o u s  a i r  q u a l i t y  pa ths  ove r  t ime ,  b u t  t h e  s o l u t i o n  w o u l d  b e  
v e r y  complex. T h i s  i s  a  s t a t i c ,  long- te rm model t h a t  c a l c u l a t e s  t h e  
c o s t  o f  reach ing  v a r i o u s  a i r  q u a l i t y  l e v e l s  i n  t h e  f u t u r e .  

STRUCTURE 

T h i s  1  i n e a r  programming model chooses t h e  em iss ion  l e v e l  t h a t  has t h e  
minimum c o n t r o l  c o s t ,  s u b j e c t  t o  t h e  c o n s t r a i n t  t h a t  t h e  emiss ion  1  e v e l  
w i l l  a t  l e a s t  r e a c h  t h e  a i r  q u a l i t y  g o a l s .  T h e  m o d e l  d o e s  t h e  
f o l l o w i n g :  

Choose Ei , i = l  .. . n  

t h a t  min imizes  C = G(E.)  = G ( E ~  ... 
1 En) 

s u b j e c t  t o  P O > Fj(E1 . E n  j = 1 ... M 
j - 

where: 

Ei = emiss ions  1  eve l  o f  contaminant  i 

C = t o t a l  c o n t r o l  c o s t  

G(Ei) = minimum c o n t r o l  c o s t  o f  a c h i e v i n g  Ei,  a  t e c h n o - e c o n o m i c  
re1 a t i o n s h i  p  

j 
O = a i r  q u a l i t y  goal 

Fj(E1 ... En) = expected a i r  q u a l i t y  l e v e l s  as a  f u n c t i o n  o f  e m i s s i o n s  
l e v e l s ,  a  physiochemical  r e l a t i o n s h i p  

n  = number o f  p r imary  contaminants  

The f i r s t  s t e p  r e q u i r e d  b e f o r e  s o l v i n g  t h e  above equa t i on  i s  t o  f i  n d  
t h e  c o n t r o l  cos t -em iss ion  r e l a t i o n s h i p ,  G ( E . ) .  F i n d  t h e  l e v e l  o f  
c o n t r o l  a c t i v i t i e s  (e.g., t h e  number o f  c e r t a i h  dev ices  a d d e d  t o  1 9 7 0  
v e h i c l e s )  such t h a t  t h e  t o t a l  c o s t  o f  a l l  t h e  v a r i o u s  c o n t r o l  d e v i c e  
c o s t s  i s  min imized.  T h i s  i s  done s u b j e c t  t o  t h e  c o n s t r a i n t s :  t h a t  
emissions a re  reduced t o  some l e v e l  f o r  each contaminant ;  t h a t  n o  m o r e  
t h a n  t h e  t o t a l  number o f  sources f o r  each contaminant  can be c o n t r o l  1  ed; 
t h a t  t h e  supp ly  l i m i t s  o f  f i x e d  i n p u t s  a r e  n o t  exceeded (e.g., n o  m o r e  
n a t u r a l  gas i s  s u b s t i t u t e d  f o r  coa l  t h a n  i s  a v a i l a b l e ) ;  and t h a t  t h e r e  
can be no fewer than  zero  c o n t r o l  a c t i v i t i e s .  

To f i n d  t h e  em iss ion  l e v e l - a i r  q u a l i t y  r e l a t i o n s h i p ,  F ( E i ) ,  a  
s t a t i s t i c a l  - e m p i r i c a l  approach i s  used. Two models a r e  d e v e l  o p e d  f o r  
~ r i m a r y  and secondary contaminants  t h a t  use management-type a i r  qua 1  i t y  
i n d i c e s ;  t h e s e  measure t h e  expected number o f  days per  y e a r  v  i 01 a t  i n g  
s t a t e  standards. T h i s  expected number o f  days f o r  each contaminant  i s  a  
f u n c t i o n  o f  t h e  s tandard ,  t h e  e m i s s i o n  l e v e l ,  a n d  t h e  d i s t r i b u t i o n  



f u n c t i o n  measured a t  one emiss ion l e v e l .  The d i s t r i b u t i o n  f u n c t i o n s  a r e  
determined f rom atmospher ic m o n i t o r i n g  d a t a  a n d  a s e t  o f  p h y s i c a l  
assumptions about a i r  mass and weather behav ior .  

Once G and F have been determined, t h e  complete model i s s o l v e d  , u s  i n g  
n o n l i n e a r  mathemat ical  programming techniques.  Given t h e  v a r i o u s  l e v e l s  
o f  c o s t s  r e q u i r e d  t o  produce v a r i o u s  combinat ions o f  emi s s i  o n s  1 e v e 1  s 
f o r  t h e  s e t  o f  contaminants,  and t h e  f e a s i b l e  s e t  o f  a i r  q u a l i t y  l e v e l  s 
depending on t h e  standards f o r  t h e .  s e t  o f  contaminants,  t h e  combi na t i o n  
o f  emiss ion l e v e l s  i s  found where  t h e  f e a s i b l e  a i r  qua1  i t y  r e g i o n  
i n t e r s e c t s  t h e  1 owest p o s s i b l e  c o n t r o l  c o s t  l e v e l .  
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MINNESOTA GASOLINE DEMAND MODEL 

The Minnesota Gaso l i ne  Demand Model was developed by t h e  M i  n n e s o t a  
Energy Agency and pub l i shed  i n  May 1977. I t s  p u r p o s e  i s  t o  d e s c r i b e  
a a s o l i n e  demand and show ma jo r  de terminants  o f  consumption t h a t  p o l  i c y  
makers can i n f l  uence. 
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OBJECTIVE OF MODEL 

There are  two models desc r i bed  i n  t h i s  r e p o r t .  M o d e l  1 g e n e r a t e s  
e s t i m a t e s  o f  p r i c e  and income e l a s t i c i t y  o f  g a s o l i n e  demand. M o d e l  2 
r e l a t e s  g a s o l i n e  consumption t o  income and g a s o l i n e  p r i c e .  The  m o d e l  
es t ima tes  g a s o l i n e  u s e  t h r o u g h  c h a n g e s  i n  a v e r a g e  v e h i c l e  m i  1  e s  
t r a v e l e d ,  v e h i c l e  r e g i s t r a t i o n ,  t h e  m ix  between smal l  a n d  1  a r g e  c a r s ,  
and f u e l  economies o f  each t y p e  o f  ca r ,  The main o b j e c t i v e  o f  t h e  t w o  
models i s  t o  d e s c r i b e  and f o r e c a s t  g a s o l i n e  demand i n  t h e  s t a t e  o f  
M i  nnesota. 

ASSUMPT I ONS 

I n  Model 1, g a s o l i n e  consumption i s  p o s t u l a t e d  t o  respond w i t h  a  l a g  
t o  changes i n  r e a l  p r i c e  and i n c o m e .  M o d e l  2 c a l  c u l  a t e s  g a s 0 1  i n e  
consumption f rom average v e h i c l e  m i  1  es t r a v e l e d ,  automobi 1 e  r e g i s t r a t i o n  
counts ,  and average m i l e s  pe r  g a l l o n .  Automobi les a r e  s p l  i t  i n t o  t w o  
ca tego r ies ,  smal l  and l a rge .  

VAL I DATION 

Est imated and a c t u a l  va lues  f r o m  1 9 6 0  t o  1 9 7 4  a r e  c o m p a r e d  f o r  
a a s o l i n e  consumption f o r  Model 1 and f o r  c a r  r e g i s t r a t i o n  f o r  M o d e l  2 .  
The model r e s u l t s  prove t o  va ry  a t  most 4% f rom t h e  a c t u a l  f i g u r e s ,  

LIMITATIONS AND BENEFITS 

Both  models a1 low f o r  behav io ra l  changes o v e r  t i m e  so t h a t  l o n g - t e r m  
response i n  g a s o l i n e  consumption t o  changes i n  e c o n o m i c  v a r i a b l  e s  i s  



l a r g e r  than  f o r  t h e  sho r t - te rm response. A1 though t h e  models a r e  f i t t e d  
t o  data  f rom t h e  s t a t e  o f  Minnesota,  t h e  method01 o g y  i s  m o r e  b r o a d l y  
appl  i c a b l e .  

STRUCTURE 

Model 1: -- 

Real g a s o l i n e  p r i c e  and e l  a s t i c i t i e s  and r e a l  income e l a s t i c i t i e s  f o r  
a a s o l i  ne consumption a r e  e m p i r i c a l  l y  determined f o r  Minnesota i n  M o d e l  
1. 

where: 

C ( t )  = M inneso ta ' s  g a s o l i n e  consumpt ion p e r  c a p i t a  a t  t i m e  t 

B = es t ima ted  c o e f f i c i e n t s  

e ( t )  = e r r o r  t e r m  

Y ( t )  = p e r - c a p i t a  income d i v i d e d  by consumer p r i c e  index a t  t i m e  t 

P ( t )  = t h e  Twin C i t i e s  r e t a i l  p r i c e  o f  g a s o l i n e  d i v i d e d  by t h e  consumer  
p r i c e  index a t  t ime  t 

For  Model 1, p r i c e  e l a s t i c i t i e s  f o r  g a s o l i n e  demand i n  t h e  s h o r t  r u n  
u s i n g  o r d i n a r y  and general  i zed l e a s t  squares are ,  r e s p e c t i v e l y ,  -0.34440 
and -0.39054. P r i c e  e l a s t i c i t i e s  f o r  g a s o l i n e  demand i n  t h e  1  o n g  r u n  
u s i n g  o r d i  na ry  and general  i z e d  l e a s t  squares a re ,  r e s p e c t i v e l y ,  -0.55321 
and -0.46743. 

Model 2: -- 

The f o l l  owing e q u a t i o n  determines gas01 i n e  consumption: 

where: 

C ( t )  = f u e l  consumption by  automobi les  d u r i n g  t h e  y e a r  ( t )  

V ( t )  = average v e h i c l e  m i l e s  t r a v e l e d  

R i  = t o t a l  au tomobi le  r e g i s t r a t i o n  o f  t ype  i a t  t h e  end o f  t h e  y e a r  ( t )  

MPGi(t) = average m i l e s  per  g a l l o n  f o r  t y p e  i d u r i n g  t h e  y e a r  ( t )  

i = 1 f o r  smal l  ca rs  



i = 2 f o r  l a r g e  c a r s  

R e s u l t s  from t h e  f o l l o w i n g  two equat ions  a r e  u s e d  a s  i n d e p e n d e n t  
v a r i a b l e s  i n  t h e  f i r s t  e q u a t i o n  o f  Model 2:  

I n [ R ( t ) l  = a. + al ( l n [ Y ( t ) l )  + a2 ( I n [ P ( t ) l )  

+ ag ( I n [ V ( t ) l )  + a4 ( l n [ R ( t - l ) l )  

where: 

a O a e m a 4 ,  SO-. 4 = es t ima ted  c o e f f i c i e n t s  

Y ( t )  = income i n  y e a r  t 

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

U ( t )  = average unemployment r a t e  i n  y e a r  t 

R ( t - 1 )  = au tomobi le  r e g i s t r a t i o n  i n  t h e  p rev ious  y e a r  

V ( t -1 )  = v e h i c l e  m i l e s  t r a v e l e d  i n  t h e  p rev ious  y e a r  

The p r e d i c t e d  au to  r e g i s t r a t i o n  va lues  from t h e  f o l l  o w i  n g  e q u a t i o n  
may be i n p u t  t o  t h e  f i r s t  e q u a t i o n  t o  make p r e d i c t i o n s  o f  g a s o l  i n e  
consumption, 

2  
Ri ( t ' l )  = ( 1  - Di) Ri ( t )  + di ( t )  [ 1 Di Ri ( t )  + G ( t ) ]  

i =l 

where: 

Di = p r o p o r t i o n  o f  R i  ( t )  due f o r  replacement a t  t i m e  t 

di ( t )  = a l l o c a t i o n  cons tan t  o f  t h e  t o t a l  o f  replacement demand f o r  t y p e  
i automobi 1  es 

G ( t )  = demand f o r  new automobi les  above t h e  rep1 acement demand 

Income, p r i c e ,  and unemployment e l a s t i c i t i e s  a r e  d e t e r m i n e d  f o r  
gasol  i n e  consumption, v e h i c l e  r e g i s t r a t i o n ,  smal l  versus 1  arge ca rs ,  and 
v e h i c l e  m i l e s  t r a v e l e d .  

MODEL CONSTRUCTION 

The model was e s t i m a t e d  o v e r  t h e  p e r i o d  o f  1 9 6 0  t o  1 9 7 4 .  Two 
e s t i m a t i o n  techn iques  a r e  used, general  i z e d  l e a s t  squares and o r d  i n a r y  



l e a s t  squares. 

P r i c e  o f  g a s o l i n e  i s  t h e  average r e t a i l  p r i c e  i n  t h e  T w i n  C i t i e s  
(Minneapo l is  and St .  Paul ,  Minnesota) f o r  1953-74. P r i c e s  and i ncomes  
a r e  indexed t o  1967 d o l l a r s  by t h e  C P I  i n  t h e  Twin  C i t i e s .  A 1  t h o u g h  
n t h e r  da ta  a re  f o r  o n l y  passenger ca rs ,  v e h i c l e  m i l e s  t r a v e l e d  was u s e d  
f o r  b o t h  c a r s  and t r u c k s ,  s i n c e  no f u r t h e r  s e p a r a t i o n  was a v a i l  a b l e .  
The c a t e g o r i e s  o f  smal l  and l a r g e  ca rs  a r e  l a r g e l y  based on p r i c e  o f  t h e  
cars. 
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COMPONENTS OF SHORT-RUN DEMAND FOR GASOLINE MODEL 

T h i s  model was b u i l t  i n  1979 a t  Wayne S t a t e  U n i v e r s i  t y  . T h e  b a s i  c  
f i n d i n g s  o f  t h e  model were t h a t  i n  t h e  s h o r t - r u n  h a l 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  demand f o r  g a s o l i n e  o f  - . 4 4 2  o r  ha1 f t h e  a d j u s t m e n t  
f rom a  g a s o l i n e  t a x  comes f rom changing m i l e s  t r a v e l e d  a n d  h a 1  f comes  
f rom changing m i l e s  p e r  g a l l o n .  I n  t h e  l o n g  r u n  ove r  9 0 %  o f  t h e  1  o n g  
r u n  e l a s t i c i t y  ( g r e a t e r  t han  - , 7 8 )  came f r o m  c h a n g e s  i n  m i l e s  p e r  
a a l l o n .  The Counc i l  o f  Economic Adv i so rs  has r e f e r r e d  t o  t h i  s  m o d e l  . 
These r e s u l t s  were used t o  p r e d i c t  t h e  e f f e c t  o f  a  2 5 - c e n t  g a s 0 1  i n e  
t a x .  

AUTHOR 

Caro l  A. Dahl 
Wayne S t a t e  U n i v e r s i t y  
Department o f  Economics 
D e t r o i  t , M i  c  h. 48202 

KEYWORDS 

Fuel consumption 

OBJECTIVE OF MODEL 

The purpose of t h i s  model i s  t o  break t h e  p r i c e  e l a s t i c i t y  o f  demand 
f o r  g a s o l i n e  i n t o  i t s  component p a r t s :  an e l a s t i c i t y  o f  m i l e s  t r a v e l e d ,  
and an e l a s t i c i t y  o f  m i l e s  p e r  g a l l o n .  

RELATIONSHIP TO OTHER MODELS 

The c a l c u l a t i o n  o f  1  ong-run e l a s t i c i t y  o f  demand i s  based on a  s t u d y  
by t h e  O f f i c e  o f  Energy Systems a t  t h e  Federal  Energy A d m i n i s t r a t i o n .  

HIS TOR ICAL BACKGROUND 

The model was based on e a r l i e r  work by t h e  same a u t h o r  i n  a  Ph.D. 
t h e s i s ,  "Demand f o r  Gasol ine,"  under t h e  name o f  Carol  Dahl Nor1 i ng .  

ASSUMPTIONS 

The model assumes e l a s t i c i t i e s  of dernand and supp ly  a r e  cons tan t  o v e r  
income, p r i c e ,  and t ime.  



LIMITATIONS AND BENEFITS 

The model i s  es t ima ted  on a p e r i o d  o f  general  l y  fa1  l i n g  r e a l  gas01 i n e  
n r i c e s  and may be o f  ques t i onab le  use fu lness  i n  a p e r i o d  o f  i n c r e a s i n g  
r e a l  p r i c e s .  

STRUCTURE 

The complete model i s  a s i x - e q u a t i o n  s i m u l t a n e o u s  s y s t e m  m o d e l  
es t ima ted  u s i n g  two s tage  l e a s t  squares w i t h  a c o r r e c t  i o n  f o r  f i r s t -  
o r d e r  s e r i a l  c o r r e l a t i o n .  The r e s u l t s  f o r  t h e  t h r e e  e q u a t i o n s  o f  
i n t e r e s t  a re :  

QD = -4.109 - . 4 4 2 ( P G A S ) +  , 3 2 2 ( Y ) +  ,716 (SA) 
(-1.946) (-1.702) (2.213) (2.842) 

( 1  

2 R = .999 

AMT = -4.540 - ,101 (PGAS/MPG) + . I47  ( Y )  + 1.071 (SA) ( 2 )  
(-2.540) (-1.169) (1.205) (6.582) 

MPG = 2.714 + ,212 (PGAS) - .028 ( Y )  - .013 ( D )  
(9.019) (2.977) ( -  .751) (-1.616) 

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

QD = 1 og o f  p e r  c a p i t a  consumpt ion o f  g a s o l i n e  i n  au tos .  C o n s u r n p t i  o n  
p e r  c a p i t a  i s  measured i n  thousdnds o f  ga l  Ions .  

PGAS = l o g  o f  t h e  p r i c e  o f  r e g u l a r  g a s o l i n e ,  F o r  t h e  t i m e - s e r i e s  
es t ima tes  i , t  i s  measured i n  d o l l a r s  p e r  g a l l o n  a n d  d e f l  a t e d  by 
t h e  consumer p r i c e  index w i t h  1958 as t h e  base yea r .  

Y = l o g  o f  income p e r  c a p i t a .  Fo r  U.S. d a t a ,  d i s p o s a b l e  i n c o m e  p e r  
c a p i t a  i n  thousands o f  1958 d o l l a r s  was used. 

S A =  l o g  o f  t h e  s tock  o f  au tos  pe r  c a p i t a  f o r  t h e  U.S. T h e  s t o c k  o f  
au tos  per  c a p i t a  i s  measured i n  thousands. 

AMT = l o g  of a u t o  m i l e s  t r a v e l e d  per. c l i i , i ta  f o r  t h e  U.S. 

MPG = l o g  o f  average m i l e s  p e r  g a l l o n  i n  passenger autos  f o r  t h e  U.S. 

D = p o l l u t i o n  dummy which i s  1 f o r  1968-1972 and ze ro  f o r  o t h e r  yea rs  



MODEL CONSTRUCTION 

The model was es t ima ted  on U.S. t i m e - s e r i e s  da ta  f o r  1 9 3 7 - 1 9 4 1  a n d  
1946-1972. 

The exogenous v a r i a b l e s  used i n  e s t i m a t i  n g  t h e  s y s t e m  w e r e  PRES, 
PDIST, Y ,  D, TAX, and PA. 

PRES = l o g  o f  t h e  r e l a t i v e  who lesa le  p r i c e  o f  a  b a r r e l  o f  r e s i d u a l  f u e l  
o i l  w i t h  respec t  t o  t h e  wholesale p r i c e  o f  a  g a l l o n  o f  g a s o l i n e  
f o r  t h e  U.S. 

PDIST = l o g  o f  t h e  r e l a t i v e  who lesa le  p r i c e  o f  a  g a l l o n  o f  d i s t i l l a t e  
f u e l  o i l  w i t h  respec t  t o  t h e  w h o l e s a l e  p r i c e  o f  a  g a l l o n  o f  
g a s o l i n e  f o r  t h e  U.S. 

TAX = 1  og o f  t h e  t a x  measured i n  1958 p r i c e s  f o r  t h e  U.S. 

PA = l o g  o f  t h e  p r i c e  index o f  new autos  and p a r t s  w i t h  base y e a r  1958 

Data sources a re :  

H i  hwa S t a t i s t i c s  i s  t h e  source o f  road  m i l e a g e s ,  a n d  m i l e s  p e r  
gal  f- on. 

The Economic Repor t  o f  t h e  P res iden t  i s  t h e  source o f  d.3. s t a t i s t i c s  - 
f o r  d i sposab le  income, E p f i t i o n ,  and t h e  consumer p r i c e  index.  

Business S t a t i s t i c s  updated by The Survey o f  Cu r ren t  Business i s  t h e  
source  o f  t h e  U.S. who lesa le  p r i c e f l o r  d i s t i l l a t e  f u e l  o i l ,  r e s i d u a l  
f u e l  o i l ,  and gaso l i ne .  

Pet ro leum -- Facts  and F igu res  updated by -- The Bas ic  Pet ro leum Data Book  -- 
i s  t h e  source f o r  U.S. g a s o l i n e  p r i c e ,  and g a s o l i n e  t a x .  

Auto Fac ts  and F i g u r e s  i s  t h e  source f o r  t h e  s tock  o f  a u t o s  f o r  t h e  
U.S. and f o r  t F s t a t e s .  

Petro leum -- Facts  and F i g u r e s  updated by H i g h w a y  S t a t i s t i c s  i s  t h e  
source of g a s o l i n e  consumption i n  au tos  and auto  m i l e s  t r a v e l e d .  

Survey o f  Cu r ren t  Business,  Na t i ona l  Income Accounts, i s  t h e  s o u r c e  
of t h e  au t o p r i  c e  i ndex. 
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COMPUTER REQUIREMENTS 

The model was estimated using the TSP program on an Arndahl 470V4. 



ELECTRIC PASSENGER VEHICLE MARKET IMPACT AND UTILITY LOAD MODEL 

The E l e c t r i c  Passenger V e h i c l e  Market  Impact and U t i l i t y  L o a d  M o d e l  
was prepared by  MATHTECH i n  1977 under t h e  sponsorsh ip  o f  t h e  E l  e c t r i c  
Power Research I n s t i t u t e ,  I t s  o b j e c t i v e  i s  t o  p r e d i c t  t h e  market  impact  
o f  e l e c t r i c  v e h i c l e s  and t h e i r  e f f e c t  on  e l e c t r i c  u  t i 1  i t y  1 o a d s .  An 
a d d i t i o n a l  s tudy u s i n g  t h i  s  m o d e l  was p e r f o r m e d  b y  MATHTECH a n d  
sponsored by  t h e  U.S. Department o f  T r a n s p o r t a t i o n  t o  e v a l u a t e  s e v e r a l  
p o s s i b l e  f e d e r a l  i n c e n t i v e  p o l i c i e s  in tended t o  s t i m u l a t e  e l e c t r i c a l  
v e h i c l e  demand. 
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KEYWORDS 

Automobi le demand, n a t i o n a l  economic impact, au tomobi le  d e s i g n ,  e n e r g y  
consumption, 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 

T h i s  model s imu la tes  t h e  market  impact o f  e l e c t r i c  passenger v e h i c l e s  
i n  t h e  f u t u r e  as w e l l  as t h e  i m p a c t  o f  t h e s e  v e h i c l e s  o n  e l e c t r i c  
u t i l i t y  loads ove r  t h e  p e r i o d  o f  1985-2000. 

RELATIONSHIP TO OTHER MODELS 

T h e  demand m o d u l e  o f  t h e  m o d e l  i s  b a s e d  o n  t h e  W h a r t o n  
E.F.A. Automobi le Demand Model (77-046). 

ASSUMPTIONS 

The p r o b a b i l i t y  o f  an i n d i v i d u a l ' s  c h o o s i n g  a  p a r t i c u l a r  t y p e  o f  
au tomobi le  i s  assumed t o  be based on v e h i c l e  o p e r a t i n g  c o s t ,  p a s s e n g e r  
c a p a c i t y ,  percent  o f  p o p u l a t i o n  i n  SMSA's, and k i l o m e t e r s  o f  r o a d s  p e r  
square k i  1  m e t e r  o f  1 and area. 



VAL IDATION 

The E l e c t r i c  V e h i c l e  Des ign Model component was t e s t e d  b y  c o m p a r i  n g  
i t s  p r e d i c t i o n s  t o  t h e  known va lues  o f  an a c t u a l  v e h i c l e ,  t h e  S e b r i  n g -  
Vanguard C i  t i c a r .  The r e s u l t s  were f a i r l y  accu ra te .  Though some we igh t  
components were h i g h l y  i naccura te ,  t h e  t o t a l  we ight  p r e d i c t i o n s  were o f f  
by o n l y  1 kg. 

LIMITATIONS AND BENEFITS 

S ince t h e  rnodel c o n s i s t e n t l y  underp red ic ted  demand f o r  smal l  c a r s  i n  
western s t a t e s  and c o n s i s t e n t l y  o v e r p r e d i  c t e d  s m a l l  c a r  demand i n  
southern  s t a t e s ,  and no v a r i a b l e s  were found t o  a c c o u n t  f o r  t h e  p o o r  
p r e d i c t i o n s ,  dummy v a r i a b l e s  had t o  be used f o r  t hese  reg ions .  

STRUCTURE 

The model i s  d i v i d e d  i n t o  t h r e e  components:  a  S u p p l y  M o d u l e ,  a n  
Econometric Demand Module, and an E l e c t r i c i t y  Consumption Modul e .  T h e  
supp ly  module i s  i n  t u r n  d i v i d e d  i n t o  an E l e c t r i c  V e h i c l e  D e s i g n  M o d e l  
(EVDM) and a  Cost Model. 

The EVDM i s  a  s e l f - c o n t a i n e d  compu te r  m o d e l  t h a t  c o m b i n e s  u s e r -  
p rov ided  performance s tandards  and b a t t e r y  techno logy  t o  des ign a  m o d e l  
v e h i c l e  and e s t i m a t e  i t s  we ight .  The c o s t  m o d e l  u s e s  EVDM i n p u t  t o  
determine componerlt c o s t s ,  v e h i c l e  purchase p r i c e ,  and annual opera t i n g  
cos ts .  These parameters a r e  i n t e g r a t e d  i n t o  an o v e r a l l  measure o f  f u l  1  
cos ts .  

The Demand ~ l l odu le  i s  a  m o d i f i c a t i o n  o f  t h e  W h a r t o n  EFA A u t o m o b i  1  e  
Demand model (77-046). The d e s i r e d  s tock  equd t ions  i n  t h e  Wharton a u t o  
model f o r  each t ype  o f  au tomobi le  a r e  rep laced  by an equa t ion  b a s e d  o n  
hedonic demand theo ry .  

The Econometric Hedonic Demand Equa t ion  i s :  

where: 

A  = f r a c t i o n  w i t h  automat ic  t r a n s m i s s i o n  

p  = p r i c e  ( cen ts l km)  

N = passenger c a p a c i t y  

1  = 1  uxury  dummy 



U = pe rcen t  o f  p o p u l a t i o n  i n  SMSA's 

2 R = k i l  m e t e r s  of roads lkm o f  l a n d  a rea  

W = dummy f o r  western  s t a t e s  

S  = dummy f o r  southern  s t a t e s  

V = t h e  p r o b a b i l i t y  t h a t  an i n d i v i d u a l  w i l l  choose an e l e c t r i c  c a r  

E l e c t r i c  v e h i c l e  s tock  i s  p r e d i c t e d ,  u s i n g  t h e  l e a s t  e x p e n s i v e  
c u r r e n t l y - a v a i l  a b l e  techno logy  f o r  e l e c t r i c  veh i c  1  e s  a n d  r e c o n c  i 1  i n g  
supp ly  and demand. 

Es t imates  o f  e l e c t r i c  u t i l i t y  l oads  r e s u l  t i  n g  f r o m  t h e  p r e d i c t e d  
e l e c t r i c  v e h i c l e  s tock  a r e  made f o r  t i m e  p e r i o d s  d u r i n g  t h e  d a y  i n  t h e  
E l e c t r i c i t y  Consumption Module. These t i m e  p e r i o d s  a r e  b a s e d  o n  t h e  
t i m e s  t h a t  commuters w i l l  most 1  i k e l y  b e  r e c h a r g i n g  t h e i r  v e h i c l e  
b a t t e r i e s .  P r o j e c t i o n s  i n d i c a t e  t h a t  t h e  impact  o f  e l e c t r i c  v e h i c l e s  on 
e l e c t r i c  u t i l i t y  l oads  w i l l  be n e g l i g i b l e ,  amounting t o  l e s s  t h a n  1% o f  
t o t a l  peak demand by 2000. 

DATA USED I N  RUNNING MODEL 

The f o l l o w i n g  a r e  sources o f  da ta  f o r  t h e  demand m o d e l  : The  U .  S. 
Department o f  T r a n s p o r t a t i o n ' s  T r a n s p o r t a t i o n  Systems C e n t e r  p r o v i d e d  
d a t a  on e s t i m a t e s  o f  f u t u r e  e l e c t r i c i t y  c o s t ,  n o n e l e c t r i c  v e h i c l e  
o p e r a t i n g  c o s t ,  f u e l  economy, o p e r a t i n g  c o s t ,  a n d  g a s 0 1  i n e  p r i c e s .  
P r o j e c t i o n s  o f  aggregate economic v a r i a b l e s  a r e  o b t a i n e d  f r o m  t h e  
Wharton EFA Automobi 1 e  Demand Model (77-046) da ta  base. 

Data on t h e  per formance and i n i t i a l  c o s t  f o r  e l e c t r i c  v e h i c l  e s  a r e  
i n p u t .  
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COMPUTER REQUIREFIENTS 

The programs f o r  t h e  EVDM, t h e  c o s t  model, and t h e  demand m o d e l  a r e  
w r i t t e n  i n  b a t c h  FORTRAN 1  anguage. 



AMERICAN, CANADIAIA, AND EUROPEAN GASOLINE CONSUMPTION MODEL 

An i n t e r n a t i o n a l  compar ison of gaso l  i n e  consumption was deve loped  a t  
t h e  Department o f  Economics a t  Wayne S t a t e  U n i v e r s i t y  i n 1 9 7 8 .  T h e  
c o n c l u s i o n s  sugges t :  ( 1 )  t h a t  t h e r e  i s  a h i g h e r  l o n g - r u n  p r i c e  
e l a s t i c i t y  f o r  g a s o l i n e  i n  t h e  U.S. t h a n  i n  Europe o r  Canada; and ( 2 )  if 
t h e  U.S. were faced w i t h  European incomes, p o p u l a t i o n  d e n s i t i e s ,  a n d  
a a s o l  i n e  p r i c e s ,  i t  w o u l d  h a v e  a s i m i l a r  p e r  c a p i t a  g a s o l  i n e  
consumption. 

AUTHOR 

Carol  A. Dahl 
Wayne S t a t e  U n i v e r s i t y  
Department o f  Economics 
D e t r o i t  , M i  ch. 48202 

KEYWORDS 
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t hese  models i s  t o  compare t h e  demand f o r  g a s o l  i n e  
f o r  t h e  U.S., Canada, and The European E c o n o m i c  C o m m u n i t y  ( E E C )  t o  
de te rm ine  whether t h e  U.S. would have t h e  same p e r  c a p i t a  g a s o l  i n e  
consuri ipt ion as t h e  EEC does i f  i t  were faced  w i t h  t h e  E E C ' s  e c o n o m i c  
s i t u a t i o n .  

KELATIOiiiSHIP TO OTHER FIOUELS 

The g a s o l i n e  demand e s t i m a t e s  i n  t h e  Components o f  Shor t -Run Demand 
f o r  Gaso l i ne  Model (79-214) a r e  used i n  t h i s  paper t o  p r e d i c t  t h e  change 
i n  s h o r t - r u n  g a s o l i n e  demand f o r  1975 f rom 1974. 

HISTORICAL BACKGROUND 

The models es t ima ted  were based on those  i n  a Ph,D. t h e s i  s by t h e  
same a u t h o r  under t h e  name o f  Caro l  Dahl N o r l i n g .  

ASSUMPTIONS 

Constant  e l a s t i c i t i e s  o f  demand a r e  assumed. Pooled c r o s s -  s e c t  i o n  
t i m e - s e r i e s  a r e  used wh ich  assume t h a t  U.S. s t a t e s  a1 1 h a v e  t h e  same 
demand schedule, t h a t  Canadian p r o v i n c e s  a1 1 h a v e  t h e  same demand  
cchedules,  and t h a t  f i v e  members o f  t h e  EEC a1 1 h a v e  t h e  same demand  
schedul e. 



VAL IDATION 

The s h o r t - r u n  gaso l  i ne demand e s t i m a t e  r e p o r t e d  above i n  7  9 - 2  1 4  was 
p r e d i c t e d  g a s o l i n e  consumpt ion f o r  t h e  U.S. i n  1975, t o  i nc rease  by l e s s  
t h a n  1% f rom 1974. Ac tua l  consumpt ion i n  1975 i nc reased  o n l v  s l  i g h t l  y  
f rom t h e  p r e v i o u s  yea r ,  

LIMITATIONS AND BENEFITS 

The use o f  c r o s s - s e c t i o n  t i m e - s e r i e s  d a t a  h a s  t h e  a d v a n t a g e  o f  
i n c r e a s i n g  sample s i z e ,  income v a r i a t i o n ,  and p r i c e  v a r i a t i o n .  

STRUCTURE 

F i v e  gaso l  i ne demand equa t i ons  were e s t i m a t e d  u s i n g  t w o - s t  a g e  1  e a s t  
squares w i t h  a  c o r r e c t i o n  f o r  f i r s t - o r d e r  s e r i a l  c o r r e l  a t i  o n  o n  f i v e  
d a t a  se ts .  The f i r s t  e q u a t i o n  was on  a  U.S. t i m e  s e r i e s  and i s  r e p o r t e d  
above i n  Components o f  S h o r t - r u n  Demand f o r  Gas01 i n e  M o d e l  ( 7 9 - 2 1 4 ) .  
The second was a  Canadian t i m e  s e r i e s .  These r e s u l t s  a r e  n o t  r e p o r t e d  
b u t  a r e  s i m i l a r  t o  t h o s e  f o r  t h e  U.S. t i m e - s e r i e s  except  t h a t  t h e  p r i c e  
e l a s t i c i t y  o f  demand was i n s i g n i f i c a n t ;  t h i s  i n s i g n i f i c a n c e  i s  1 i k e l y  
t.he r e s u l t  o f  a  sma l l  d a t a  s e t .  Bo th  o f  t hese  r e s u l t s  were c o n s i d e r e d  
t o  be s h o r t - r u n .  The o t h e r  t h r e e  d a t a  s e t s  f o r  w h i c h  r e s u l t s  w e r e  
r e p o r t e d  were c r o s s - s e c t i o n  t i m e - s e r i e s  d a t a  f o r :  ( 1 )  U.S. s t a t e s ;  ( 2 )  
f i v e  Canadian p rov inces ,  and ( 3 )  f i v e  E u r o p e a n  E c o n o m i c  C o m m u n i t y  
c o u n t r i e s .  The r e s u l t s  on t h e s e  t h r e e  c r o s s - s e c t i o n  t i m e - s e r i e s ,  a1  1 
cons ide red  l ong - run ,  a r e  presented i n  t h e  t a b l e  below. 

E l a s t i c i t i e s  

------------------+---------------------------------+----------  
U.S. S t a t e s  1 -1.048 0.322 0 . 5 4 5 ~  0,134 0.877 1.98 
1953-1972 I ( -7 .293)  (6.855) (7.735) (2.626) 

I 

............................................................... 

Demand 

EEC 1 -0.358 0.480 0.188 b  0.877 1.88 
1960-1970 (-5.404) (7.419) (2.556) 

V a r i  ab l  es I S t a t i  s t i c s  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - -  

Canadian P r o v i n c e s  -0.460 0.334 0.662 1 b  
1954-1973 (-1.424) (8,142) (8.403) 

............................................................... 
a. T o t a l  v e h i c l e s  p e r  c a p i t a  were used. 
b .  These were i n s i g n i f i c a n t  so t h e  e q u a t i o n  was r e - e s t i m a t e d  

e l  i m i  n a t  i ng them. 
The numbers i n  parentheses be1 ow t h e  c o e f f i c i e n t s  a r e  t- 
s t a t i s t i c s .  

Equa t i on  I PG Y SA AREA/POPI R~ DW 

0.991 1.89 



The v a r i a b l e s  used i n  t h i s  t a b l e  a r e  as f o l l o w s :  

PG = r e a l  p r i c e  o f  g a s o l i n e  

Y = d i sposab le  r e a l  income p e r  c a p i t a  f o r  U.S. and EEC, r e a l  p e r s o n a l  
income pe r  c a p i t a  f o r  Canada 

SA = t h e  s tock  o f  au tomobi les  per  c a p i t a  f o r  Canada a n d  t h e  EEC, a n d  
s tock  o f  v e h i c l e s  pe r  c a p i t a  f o r  t h e  U.S. 

AREAIPOP = p o p u l a t i o n  d e n s i t y  

The dependent v a r i a b l e  i s  t h e  q u a n t i t y  o f  t o t a l  highway f u e l  consumption 
p e r  c a p i t a  f o r  t h e  U.S., and t h e  gaso l  i n e  demanded f o r  highway t r a n s p o r t  
p e r  c a p i t a  f o r  Canada and t h e  EEC. 

U.S. s t a t e  d a t a  were d i f f e r e n c e d  f rom t h e  mean t o  a1 l ow  f o r  d i f f e r e n t  
s t a t e  i n t e r c e p t s ,  and Canadian p r o v i n c i a l  dummy v a r i a b l e s  were  u s e d  t o  
a1 low f o r  d i f f e r e n t  p r o v i n c i a l  i n t e r c e p t s .  

The i n s t r u m e n t a l  v a r i a b l e  f o r  g a s o l i n e  p r i c e  was g a s o l i n e  t a x  i n  U.S. 
s t a t e s  and Canadian p rov inces .  I n  t h e  E.E.C. t h e  p r i c e  o f  d i s t i l  l a t e  
f u e l  , t h e  p r i c e  o f  r e s i d u a l  f u e l  , and t h e  gasol  i n e  t a x  were a1 1  used a s  
i n s t r u m e n t s  f o r  t h e  p r i c e  o f  g a s o l i n e .  

MODEL CONSTRUCTION 

The f i v e  d i f f e r e n t  da ta  s e t s  used were: 

U.S. t i m e  s e r i e s  f o r  1936-1941 and 1946-1972, Canadian t i m e  s e r i e s  f o r  
1956-1971, U.S. s t a t e  d a t a  f o r  1953-1972, Canadian p r o v i n c i a l  d a t a  f o r  
1954-1973, and European Economic Community , except  f o r  Luxembourg , f o r  
1960-1970. 

DATA USED I N  RUNNING MODEL 

The demand e s t i m a t e  on U.S. c r o s s - s e c t i o n  t i m e - s e r i e s  da ta  was  u s e d  
t o  p r e d i c t  U.S. consumpt ion i n  1972 i f  f a c e d  w i t h  E u r o p e a n  g a s o l  i n e  
p r i c e s ,  incomes, p o p u l a t i o n  d e n s i t y ,  and s tock  o f  v e h i c l e s .  

COMPUTER REQUIREMENTS 

The es t ima tes  were made u s i n g  TSP on an Amdahl 470V4. 
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AUTOMOBILE EXHAUST EM1 SSION MODAL ANALYSIS MODEL 

The Automobi 1  e  Exhaust Enii s s i o n  Modal A n a l y s i s  Model was developed i n  
1974 by Cal span C o r p o r a t i o n  f o r  t h e  U.S. Environmental  P r o t e c t i o n  Agency 
(EPA). It c a l c u l a t e s  t h e  e m i s s i o n s  p r o d u c e d  b y  o n e  o r  a  g r o u p  o f  
au tomobi les  under v a r y i n g  speed and a c c e l e r a t i o n  c o n d i t i o n s .  I t  c o u l  d  
be used t o  e v a l u a t e  t h e  p o l l u t i o n  impact  o f  a l t e r n a t i v e  h ighway r o u t e s  
o r  designs.  

SPONSOR 

U.S. Environmental  P r o t e c t i o n  Agency 
O f f i c e  o f  A i r  and Water Programs 
O f f i c e  o f  Mobi 1  e  Source A i r  Pol 1  u t i o n  C o n t r o l  
C e r t i f i c a t i o n  and S u r v e i l  l a n c e  U i v i  s i o n  
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OBJECTIVE OF MODEL 

The model c a l c u l a t e s  t h e  amounts o f  emiss ions o f  hydrocarbons,  carbon 
monoxide, and n i t r o g e n  o x i d e s  t h a t  a r e  e m i t t e d  by  i n d i v i d u a l  v e h i c l e s  o r  
groups o f  v e h i c l e s  ove r  any o f  v a r i o u s  d r i v i n g  sequences. 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  e m i s s i o n s  u n d e r  v a r y i n g  s p e e d  a n d  
accel  e r a t  i on condi  ti ons. 

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 

The model was developed i n  two p h a s e s .  I n  t h e  s e c o n d  p h a s e  t h e  
o r i g i n a l  model was r e f i n e d  and extended t o  i n c r e a s e  i t s  c o m p u t a t i o n a l  
e f f i c i e n c y ,  t o  reduce t e s t i n g  requ i rements ,  t o  assess t h e  a c c u r a c y  a n d  
~ r e c i s i o n  w i t h  which group emiss ion  p r e d i c t i o n s  can be made, and t o  a d d  
on t h e  method o f  p r e d i c t i n g  f u e l  economy. 



ASSUMPTIONS 

D r i v i n g  sequences a r e  broken down i n t o  s e g m e n t s  h a v i n g  s p e c i f i e d  
l e n g t h s ,  speeds, and a c c e l e r a t i o n  and t h a t  a r e  we ighted b y  t h e i r  t i m e  
d u r a t i o n .  The segmen ts  a r e  r e f e r r e d  t o  a s  " m o d e s "  ( t h u s  " m o d a l  
a n a l y s i s " ) .  D i f f e r e n t  combinat ions  o f  speed and a c c e l e r a t i o n  r e s u l  t i n  
37 modes t h a t  a r e  p a r t  o f  t h e  EPA1s S u r v e i l l a n c e  D r i v i n g  Sequence. 

VALIDATION 

Cons iderab le  d i s c u s s i o n  i s  p resented i n  t h e  m o d e l  r e p o r t s  o f  t h e  
t h e o r e t i c a l  p r e c i s i o n  and accuracy  o f  t h e    re dictions f o r  g r o u p s  o f  
v e h i c l e s  and f o r  a r b i t r a r y  d r i v i n g  sequences. C o m p a r i s o n s  a r e  made  
between t h e  mean amount o f  e m i s s i o n s  f r o m  a  s a m p l e  o f  a  g r o u p  o f  
v e h i c l e s ,  and t h e  p r e d i c t i o n s  o f  t h e  model. F o r  one p a r t i c u l a r  d r i  v i  n g  
c y c l e  t h e  a b s o l u t e  e r r o r  was l e s s  t h a n  33%, and t h e  p r e d i c t e d  v a l u e s  
usual  l y  were w i t h i n  t h e  95% conf idence i n t e r v a l  around t h e  sample mean,  
f o r  hydrocarbons and ca rbon  monoxide. The ~ r e d i  c t  i o n s  o f  o x i d e s  o f  
n i t r o g e n  a r e  n o t  so good. 

LIMITATIONS AND BENEFITS 

The model shou ld  be used o n l y  w i t h i n  t h e  r e g i o n  o f  t h e  s p e e d  a n d  
a c c e l e r a t i o n  space t h a t  i s  spanned b y  t h e  i n p u t  d a t a .  I t  i s  m o s t  
e f f e c t i v e  as a p r e d i c t o r  o f  emiss ions  o f  a  group o f  warmed-up v e h i c l e s ,  

By p o s t u l a t i n g  an a n t i c i p a t e d  m i x  o f  v e h i c l e s  a n d  t h e  a n t i  c i  p a t e d  
d r i v i n g  sequences, t h e  r e l a t i v e  d e s i r a b i l i t y  o f  a l t e r n a  t i v e  r o u t e s  o r  
highway des igns  can be ranked acco rd ing  t o  t h e i r  p o l l u t i o n  impact .  

STRUCTURE 

Emissions f rom t h e  37 d i s c r e t e  modes a r e  expanded i n t o  a  c o n t i n u o u s  
f u n c t i o n  o f  t ime .  The i ns tan taneous  emiss ions  r a t e  i s  a  f u n c t i o n  o f  
speed and a c c e l e r a t i o n  a t  a  p o i n t  i n  t ime .  T h i s  f u n c t i o n  c h a r a c t e r i  z e s  
a  p a r t i c u l a r  v e h i c l e  o r  a  group o f  v e h i c l e s .  Two a c c o u n t i  n g  p r o g r a m s  
were developed. One computes emiss ions  f rom i n d i v i d u a l  v e h i  c l  e s  o v e r  
any s p e c i f i e d  con t i nuous  d r i v i n g  sequence, g i v e n  t h e  emiss ions  f o r  e a c h  
rnode f o r  each v e h i c l e .  The o t h e r  computes em iss i  o n s  f r o m  a  g r o u p  o f  
v e h i c l e s  o v e r  any sequence, g i v e n  t h e  emiss ions  f rom e a c h  v e h i  c l  e  f o r  
each mode. 

The emiss ions  r a t e  f u n c t i o n  i s  expressed as c o e f f i c i e n t s  d e t e r m i n e d  
by reg ress ion .  D u r i n g  t i m e s  o f  non-zero a c c e l e r a t i o n :  

where: 



e(v ,a)  = i ns tan taneous  emiss ion  r a t e  a t  speed v  and a c c e l e r a t i o n  a  

v  = speed 

a  = a c c e l e r a t i o n  r a t e  

bl-bg = c o e f f i c i e n t s  

The emissions r a t e  f u n c t i o n  f o r  a  group o f  v e h i c l e s  i s  t h e  average o f  
t h e  r a t e s  o f  t h e  v e h i c l e s  i n  t h e  group. 

The model was extended t o  p r e d i c t  f u e l  economy by t h e  carbon b a l  a n c e  
method: M i l e s  p e r  g a l l o n  i s  a  f u n c t i o n  o f  t h e  amount o f  c a r b o n  i n  t h e  
eini ss ions  produced per  rliil e  and t h e  amount o f  carbon pe r  g a l l o n  o f  f u e l .  

Emiss ion  d a t a  were g i v e n  f o r  1020 i n d i v i d u a l  l i g h t  d u t y  v e h i c l e s  
b u i l t  t h r o u g h  1 9 7 1  t h a t  r e p r e s e n t e d  v a r i a t i o n s  i n  m o d e l  y e a r ,  
manufac turer ,  eng ine  and d r i v e  t r a i n  equipment, a c c u m u l a t e d  m i l e a g e ,  
s t a t e  o f  ma in tenance,  a t t a c h e d  p o l  1  u t i o n  a b a t e m e n t  d e v i c e s ,  a n d  
geographic 1  oca t i on .  

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

The f o l l o w i n g  may be s p e c i f i e d  b y  t h e  u s e r :  l e n g t h  o f  d r i v i n g  
sequence, number o f  c a r s  i n  group, speed vs. t i m e  i n t e r v a l s ,  p o l  1  u t  a n  t 
c o e f f i c i e n t s ,  d e s c r i p t i o n  o f  v e h i c l e  group compos i t ion .  
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COMPUTER REQUIREMENTS 

The computer programs a r e  w r i t t e n  i n  FORTRAN, Program l i s t i n g s  and a 
sarnple o f  i n p u t  d a t a  and o u t p u t  r e s u l t s  a r e  i n c l u d e d  i n  t h e  m o d e l  
r e p o r t s .  



The Long-Term I n t e r i n d u s t r y  T ransac t i ons  Model (LITM) was prepared by 
Data Resources, I nc .  i n  1977. C o n s i s t i n g  o f  a m a c r o e c o n o m e t r i c  m o d e l  
and a t e n - s e c t o r  f l e x i b l e - c o e f f i c i e n t  i n t e r i n d u s t r y  m o d e l ,  i t  was 
designed f o r  t h e  General Se rv i ces  A d m i n i s t r a t i o n  t o  a i d  a n a l y s i s  o f  
in terdependence w i t h i n  t h e  energy s e c t o r  and between t h e  e n e r g y  s e c t o r  
and t h e  r e s t  o f  t h e  economy. F u r t h e r ,  i t  c a n  b e  u s e d  f o r  1 o n g - t e r m  
f o r e c a s t i n g  and a n a l y s i s  of economic growth  and s t r u c t u r a l  change. 

SPONSOR 
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OBJECTIVE OF MODEL 

LITM i s  a dynamic econometr ic  model o f  t h e  economy t h a t  c a n  b e  u s e d  
f o r  1 ong-term economic p r o j e c t i o n  and s t r u c t u r a l  a n a l y s i s .  S ince  i t i s 
a s e c t o r a l  model i t  car1 be used t o  ana lyze t h e  in te rdependence b e t w e e n  
energy and t h e  r e s t  o f  t h e  economy and between t r a n s p o r t a t i o n  a n d  t h e  
r e s t  o f  t h e  economy. 

RELATIONSHIP TO OTHER MODELS 

The model i s  used i n  c o n j u n c t i o n  w i t h  t h e  B r o o k h a v e n  1 - 0  M o d e l  
(78-361), t h e  Brookhaven L i n e a r  Programming Models, (e.g., Time-Stepped 
Energy Systems Opt imi  z a t i o n  Model TESOM (79-383). ) 

HISTORICAL BACKGROUND 

LITM i s  based on t h e  Hudson-Jorgenson growth  a n d  e c o n o m i  c m o d e l  s .  
The Dynamic General i z e d  Equi 1 i br ium Model (DGEM, 78-243) i s a s e c o n d -  
g e n e r a t i o n  LITM. 



The model was o r i g i n a l l y  b u i  1  t a t  D a t a  R e s o u r c e s ,  I n c . ,  b u t  i s  
c u r r e n t l y  under development by  Da le  W. Jorgenson Assoc ia tes .  

LIMITATIONS AND BENEFITS 

The model a1 lows a n a l y s i s  o f  t h e  i n t e r a c t i o n  o f  t h e  e n e r g y  s y s t e m  
w i t h  t h e  r e s t  o f  t h e  economy. It improves on s t a n d a r d  1 - 0  m o d e l s  b y  
making i n p u t - o u t p u t  c o e f f i c i e n t s  a  f u n c t i o n  o f  p r i c e s .  L i m i  t a t i o n s  
i n c l u d e  a  h i g h  degree o f  a g g r e g a t i o n  and t h e  assumpt ion t h a t  i m p o r t s  and 
e x p o r t s  a r e  exogenous. 

STRUCTURE 

T h e  m o d e l  c o n s i s t s  o f  t w o  f u l  l y  i n t e g r a t e d  c o m p o n e n t s :  a  
macroeconomic g rowth  model and a  t e n - s e c t o r  f l e x i b l e  c o e f f i c i e n t  i n p u t -  
o u t p u t  model. The macroeconomic model t a k e s  government a c t i v i t y ,  t i  me, 
p o p u l a t i o n ,  unemp loymen t ,  a n d  e x p o r t s  a s  e x o g e n o u s  a n d  p r e d i c t s  
aggregate  demand f o r  goods and s e r v i c e s  i n  t h e  U.S. by components a 1  o n g  
w i t h  t h e  p r i c e  o f  l a b o r  and t h e  p r i c e  o f  c a p i t a l  . I t  c o n s i s t s  o f  
equa t i ons  f o r  i nves tmen t  supp ly ,  1  a b o r  demand, a  p r o d u c t i o n  p o s s i  b i  1  i t y  
f r o n t i e r ,  consumpt ion demand, l e i s u r e  demand, c a p i t a l  m a r k e t  b a l a n c e ,  
and l i n k a g e s  t o  t h e  N a t i o n a l  Income Accounts. These 1  i nkage  e q u a t i o n s  
i n c l  ude i n p u t e d  s e r v i c e s  f o r  consumer du rab les ,  pu rchases  o f  c o n s u m e r  
du rab les ,  aggregate  c o n s u m p t i o n ,  a g g r e g a t e  i n v e s t m e n t ,  a g g r e g a t e  
aovernment  p u r c h a s e s ,  n e t  e x p o r t s ,  a n d  g r o s s  n a t i o n a l  p r o d u c t  
aggregates.  

The t e n  s e c t o r s  i n  t h e  i n t e r i n d u s t r y  model a r e : .  ( 1 )  a g r i c u l t u r e ,  
non fue l  m i n i n g  and c o n s t r u c t i o n ,  ( 2 )  manu fac tu r i ng ,  e x c l u d i n g  p e t r o l e u m  
r e f i n i n g ,  ( 3 )  t r a n s p o r t a t i o n ,  ( 4 )  communications, t r a d e ,  and s e r v i c e s ,  
( 5 )  coa l  m in ing ,  ( 6 )  c rude  pe t ro leum e x t r a c t i o n ,  ( 7 )  pe t ro leum r e f i n i n g ,  
( 8 )  e l e c t r i c  u t i l i t i e s ,  ( 9 )  n a t u r a l  gas u t i l i t i e s ,  and (10 )  n a t u r a l  g a s  
e x t r a c t i o n .  P r i c e  f r o n t i e r s  f o r  each o f  t h e  t e n  s e c t o r s  a r e  e s t i m a t e d  
e c o n o m e t r i c a l l y  and express  an o u t p u t  p r i c e  a s  a  f u n c t i o n  o f  o t h e r  
o u t p u t  p r i c e s ,  t e c h n i c a l  e f f i c i e n c y ,  p r i m a r y  i n p u t  p r i c e s  ( i  .e., c a p i t a l  
1  abor , and c o m p e t i t i v e  i m p o r t s )  , and producer  markups. These t e n  p r  i c  e  
f r o n t i e r s  a r e  so l ved  s i m u l t a n e o u s l y  f o r  o u t p u t  p r i c e s  i n  a1  1  t e n  
sec to rs .  From t h e  p r i c e  p o s s i b i l  i t y  f r o n t i e r s  can be d e r i v e d  t h e  s h a r e  
o f  each i n p u t  i n  t h e  p r o d u c t i o n  o f  a  g i v e n  i n p u t .  These shares a r e  used 
as i n p u t - o u t p u t  c o e f f i c i e n t s ,  a long  w i t h  f i  n a l  demand ,  b y  s e c t o r  t o  
de termine t h e  g ross  o u t p u t s  and i n p u t s  f o r  each s e c t o r ,  

Aggregate t r a n s p o r t a t i o n  i s  one s e c t o r  o f  t h e  m o d e l .  T h e  m o d e l  
p r e d i c t s  aggregate  end-use t r a n s p o r t a t i o n  d e m a n d ,  t o t a l  q u a n t i t y  o f  
t r a n s p o r t a t i o n ,  t h e  p r i c e  o f  t r a n s p o r t a t i o n ,  and t h e  r e s o u r c e  i n p u t s  
i n t o  t r a n s p o r t a t i o n ,  

MOdEL CONSTRUCTION 

The producer  submodels were e s t i m a t e d  on a  t i m e  s e r i e s  o f  i n p u t -  
o u t p u t  t r a n s a c t i o n s  d a t a  f rom 1947 t o  1971 d e v e l o p e d  b y  J a c k  F a u c e t t  



Assoc ia tes .  The behav io ra l  equa t i ons  i n  t h e  macroeconnmi c m o d e l  w e r e  
es t ima ted  on U.S. t i m e - s e r i e s  d a t a  f rom 1929-1971. 

DATA USED IN  RUNNING MODEL 

I n p u t s  t o  t h e  macro model i n c l u d e :  agg rega t i on  v a r i a b l e s  r e l a t i n g  
c a p i t a l  s tock  and c a p i t a l  p r i c e  t o  inves tment  and inves tment  p r i c e ,  a n d  
t o  asset  and inves tment  p r i c e ;  government purchases, p r o d u c t i  o n ,  t a x e s  
and t r a n s f e r  payments; impor t s ;  p o p u l a t i o n ;  t o t a l  t i m e  a v a i  1 a b l  e t o  
ronsumers; and imp1 i c i t  p r i c e  d e f l  a t o r s  f o r  v a r i o u s  c o m p o n e n t s  o f  
aggregate demand. I n p u t s  t o  t h e  i n t e r i n d u s t r y  m o d e l  f r o m  t h e  m a c r o  
model i n c l u d e  aggregate consumption, a o v e r n m e n t  s p e n d i n g  o n  g o o d s ,  
s e r v i c e s ,  i nvestrnent and l a b o r ,  g ross  p r i v a t e  domest ic  i n v e s t m e n t  , t h e  
p r i c e  o f  c a p i t a l  s e r v i c e s ,  t h e  p r i c e  o f  l a b o r  s e r v i c e s  a n d  p r i c e  
d e f l  a t o r s  f o r  v a r i o u s  components o f  aggregate demand. O the r  e x o g e n o u s  
v a r i a b l e s  a r e  markups f o r  goods s o l d  t o  v a r i o u s  sec to rs ,  p r o d u c t  i v i t y  , 
and a p r i c e  index o f  impor ted  goods and se rv i ces .  
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PASSENGER CAR GASOLINE DEMAND MODEL 

The Passenger Car G a s o l i n e  Demand Model was d e v e l  o p e d  a t  S t a n f o r d  
U n i v e r s i t y ,  and was documented i n  1979. 

It i s  sponsored by t h e  Energy I n f o n n a t i o n  A d m i n i s t r a t i o n  (EIA) o f  t h e  
U.S. Department o f  Energy (DOE), b u t  i s  n o t  y e t  cons ide red  an o f f i c i a l l y  
accepted EIA model, s i n c e  i t  i s  s t i l l  under d e v e l o p m e n t  a n d  h a s  n o t  
undergone thorough t e s t i n g ,  The model i s  a l s o  known by  o t h e r  names. I t  
i s  a  r e v i s e d  v e r s i o n  o f  t h e  A u t o m o b i l e  S i m u l a t i o n  M o d e l  o f  P I E S  
(75-004A). I t s  purpose i s  t o  f o r e c a s t  gas01 i n e  c o n s u m p t i o n  u s i n g  a  
v i n t a g e  c a p i t a l  approach t o  m o d e l  i n g  t h e  s i z e  a n d  c o m p o s i t i o n  o f  
au tomob i l e  s tock .  The model i s  a  submode l  o f  t h e  N a t i o n a l  H i g h w a y  
T r a n s p o r t a t i o n  Fuel  Demand Model and i t  i s  expected t h a t  t h e  model w i  1 1  
be i n c o r p o r a t e d  i n t o  t h e  M i d - t e r n  Energy F o r e c a s t i n g  System o f  DOE. 
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Fuel consumption, au tornob i le  demand, v e h i c l  e s  m i  1  e s  t r a v e l  e d ,  f 1  e e t  
s i z e ,  scrappage 

OBJECTIVE OF i4OUEL 

The fundamental purpose o f  t h e  m o d e l  i s  t o  f o r e c a s t  d e m a n d  f o r  
aaso l  i ne by passenger c a r s  ( i n c l u d i n g  mo to rcyc les )  . Forecas ts  a r e  made 
o f  new c a r  sa les ,  t o t a l  r e g i s t r a t i o n s ,  and r e l a t e d  v a r i a b l e s .  The model 
i s  i n t e n d e d  t o  be s u f f i c i e n t  t o  e x a m i n e  p o l i c i e s  a c t i n g  t h r o u g h  
t r a d i t i o n a l  e c o n o m i c  v a r i a b l e s  o r  d i r e c t e d  s p e c i  f i c a l  l y  a t  
c h a r a c t e r i  s t i c s  o f  t h e  c a p i t a l  equipment ( v e h i c l e s )  . 



RELATIONSHIP TO OTHER MODELS 

T h i s  i s  a  submodel o f  t h e  E I A ' s  Na t i ona l  Highway T r a n s p o r t a t i o n  F u e l  
Remand Model . The o t h e r  s e c t o r s  i n  t h a t  model a r e  t r u c k s  , b  u s e s  , a n d  
non-highway f u e l s .  

HISTOR ICAL BACKGROUND 

T h i s  model i s  a  r e v i s i o n  o f  75-004A, t h e  Automobi le S i m u l a t i o n  M o d e l  
o f  t h e  P r o j e c t  Independence E v a l u a t i o n  System (PIES). PIES i s  now known 
as t h e  Mid- te rm Energy Fo recas t i ng  System (MEFS) (S-78-419). That  f i r s t  
v e r s i o n  o f  t h e  model was developed by Dr.  Sweeney a t  t h e  Federal  E n e r g y  
A d m i n i s t r a t i o n .  It was subsequent ly  re -es t ima ted  w i t h  more r e c e n t  da ta .  
The second v e r s i o n  was known a s  t h e  V i n t a g e  C a p i t a l  M o d e l  o f  t h e  
Automobi le Demand f o r  Gaso l ine ;  i t  was developed by Dr. Sweeney a t  t h e  
Department o f  Engineering-Economics Systems o f  S t a n f o r d  i l n i  v e r s i  t y .  
T h i s  r e p o r t  desc r i bes  t h e  t h i r d  g e n e r a t i o n  of t h e  model . I t i s  known  
v a r i  ousl y  as  t h e  N a t i o n a l  Highway T r a n s p o r t a t i o n  Fuel  Dernand Model , t h e  
Na t i ona l  Auto Fuel Demand Model, t h e  P a s s e n g e r  C a r  Gas01 i n e  Demand 
Model, t h e  Sweeney Automobi le G a s o l i n e  Demand M o d e l ,  o r  s i m p l y  t h e  
Sweeney Model. T h i s  v e r s i o n  w i l l  e v e n t u a l l y  s u p e r s e d e  t h e  e a r l i e r  
ve rs ions  used u n t i l  now i n  MEFS as a  p a r t  o f  i t s  RUFOR T r a n s p o r t a t i o n  
Sec to r  Model . 

ASSUMPTIONS 

The f o l  l o w i  ng assumpti ons remain unchanged f rom t h e  p rev ious  v e r s i o n :  

1 )  average MPG f o r  each v i n t a g e  i s  cons tan t  o v e r  t ime ;  

2 )  consumers a d j u s t  t h e  e x i s t i n g  v e h i c l e  s tock  t o  e q u a l  t h e  d e s i r e d  
s tock  by purchas ing  new v e h i c l e s ;  

3)  gasol i n e  p r i c e s  ( b e f o r e  taxes )  a r e  n o t  i n f l u e n c e d  by p o l i c y  o p t i o n s ;  

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  reduced gasol  i ne demand; 

5) t h e  EPCA f u e l  e f f i c i e n c y  standards w i l l  be met on schedule.  

The f o l l o w i n g  assumptions rep resen t  m o d i f i c a t i  o n s  t o  t h e  p r e v i  o u s  
v e r s i o n :  

6 )  t h e  55 mph speed l i m i t  i s  r i g o r o u s l y  en forced;  and 

7 )  an exponent i  a1 f u n c t i o n  rep resen ts  t h e  scrappage r a t e  f o r  v e  h i  c  1  e s  
over  15  yea rs  o ld .  

The supp ly  o f  g a s o l i n e  i s  assumed t o  b e  p e r f e c t l y  e l a s t i c ,  T h e  
supp ly  s i d e  o f  t h e  auto  market  o n l y  e n t e r s  t h e  model imp1 i c i  t l y ,  t h rough  
a " t e c h n i c a l  e f f i c i e n c y "  t e rm and a  " p r i c e  e f f e c t "  t e rm used t o  c o m p u t e  
f u e l  economy. 



VAL I OAT I ON 

Sample runs  o f  t h e  new v e r s i o n  a r e  p rov ided  i n  t h e  1979 documenta t ion  
f o r  1978-1990. A  g a s o l i n e  t a x  reduces g a s o l i n e  c o n s u m p t i o n ,  t h r o u g h  
decreased VMT and i ncreased f u e l  economy, and veh i c  1  e  s a l  e  s  d e c  1 i n  e. 
The o l d  v e r s i o n  produced s i m i l a r  r e s u l t s  i n  response t o  a  gas t a x .  An 
i nc rease  i n  t h e  r a t e  o f  g r o w t h  o f  i n c o m e  r a i s e s  s a l e s ,  VMT, g a s  
consumption, and f u e l  economy. 

STRUCTURE 

A  v i n t a g e  c a p i t a l  framework has been employed t o  model t h e  s t o c k  o f  
au tomobi les  and t h e  use o f  t h a t  s tock .  T h i s  m o d e l  d e p a r t s  f r o m  t h e  
conven t i ona l  s tock-ad jus tment  f o r m u l a t i o n  o f  simp1 e d i s t r i b u t e d  l a a  s  b y  
exp l  i c i  t l y  r e p r e s e n t i n g  c a p i t a l  s tock  ad jus tments .  The new v e r s i o n  uses 
s u b s t a n t i a l l y  d i f f e r e n t  s t r u c t u r a l  forms f o r  some o f  t h e  e q u a t  i o n s  , 
i n c l u d i n g  t h e  v e h i c l e  m i l e s  t r a v e l e d  e q u a t i o n .  T h e  m o d e l  ' s  k e y  
equa t i ons  a r e :  

GAS = VMIAPIPG 

where: 

GAS = t h e  aggregate g a s o l i n e  consunipt ion by passenger c a r s  

VM = t h e  t o t a l  v e h i c l e  m i l e s  o b t a i n e d  by t h e  f l e e t  o f  au tomobi les  

AMPI; = t h e  lnean e f f i c i e n c y  o f  t h e  f l e e t  

R' = .997 D.W. = 1.9 

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

VM/Pop = t h e  t o t a l  v e h i c l e  m i l e s  o b t a i n e d  by t h e  f l e e t  o f  a u t o m o b i  1  e s ,  
expressed pe r  c a p i t a  

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

YD/Pop = d i sposab le  income p e r  c a p i t a  



HPEA = t h e  ave rage  week l y  h o u r s  o f  p r o d u c t i o n  o n  p r i v a t e  n o n a g r i c u l  t u r a l  
p a y r o l l  s  

PCR/Pop = t o t a l  number o f  passenger  c a r  r e g i s t r a t i o n s  p e r  y e a r  exp ressed  
p e r  c a p i t a  

DUMAH = a  dummy v a r i a b l e  i n c l u d e d  t o  a c c o u n t  f o r  c h a n g e s  i n  t h e  
h i s t o r i c a l  d a t a  s e r i e s  

DUM74 = a  dummy v a r i a b l e  f o r  t h e  y e a r  1 9 7 4  t o  a c c o u n t  f o r  g a s 0 1  i n e  
s h o r t a g e s  and -- ad hoc r a t i o n i n g  p l a n s  i n  t h a t  y e a r  

where: 

AMPGt = t h e  mean e f f i c i e n c y  o f  t h e  f l e e t  i n  y e a r  t 

ESt = t h e  e f f e c t i v e  s t o c k  o f  a u t o m o b i l e s  i n  y e a r  t 

NPCRi = t h e  number o f  new passenger  c a r  r e g i s t r a t i o n s  o f  v i n t a g e  i 

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

G A M H A ( ~ - ~ )  = t h e  i n t e n s i t y  o f  usage o f  a u t o m o b i l e s  f r o m  t h e  ith v i n t a g e  
i n  y e a r  t 

MPGi = f u e l  e f f i c i e n c y  f o r  a u t o m o b i l e s  o f  v i n t a g e  i 

ESAMOCt = t h e  r a t i o  o f  ESt/AMPGt c a l c u l a t e d  o n l y  f o r  c a r s  o l d e r  t h a n  15 
y e a r s  o f  age 

- 0.479 [ l o g ( ~ G ) ]  - 0.786 [ log(PCAR)]  - 0.049 (KU) 
( -1 .4 )  ( - 1  .4)  ( - 4  .O)  

where t - s t a t i s t i c s  a r e  i n  pa ren theses ,  and 

NPCK/POP = new passenger  c a r  r e g i s t r a t i o n s  p e r  c a p i t a  

ESLOIPOP = e f f e c t i v e  s t o c k  a v a i  1  a b l e  i n  a  g i v e n  y e a r  f r o r n  e a r l i e r  
v i n t a g e s ,  p e r  c a p i t a  

YU/POP = r e a l  d i  sposab l  e  income p e r  c a p i t a  

PG = r e a l  p r i c e  o f  g a s o l i n e  



PCR = t o t a l  passenger c a r s  r e g i s t e r e d  

RU = unemployment r a t e  

MOOEL CONSTRUCTION 

The economet r ic  equa t i ons  were e s t i m a t e d  by o r d i n a r y  l e a s t  s q u a r e s .  
Some o f  t h e  equa t i ons  had been e s t i m a t e d  f o r  t h e  e a r l i e r  v e r s i o n  o f  t h e  
model i n  1974, and a g a i n  i n  1976. T h i s  new v e r s i o n  used  d a t a  t h r o u g h  
1977. 

DATA USED I N  RUNNING MODEL 

Exogenous i n p u t  v a r i a b l e s  needed t o  r u n  t h e  model a r e :  ( 1 )  consumer 
p r i c e  i ndex ,  ( 2 )  p o p u l a t i o n ,  ( 3 )  d i s p o s a b l e  income, ( 4 )  unempl oymen t 
r a t e ,  ( 5 )  average weekly hou rs  o f  work, ( 6 )  average h o u r l y  e a r n i n g s  , 
( 7 )  average d r i v i n g  speed, ( 8 )  g a s o l i n e  and d i e s e l  f i l e 1  p r i c e s ,  ( 9 )  
t e c h n i c a l  f u e l  economy, ( 1 0 )  mean f u e l  economy o f  impor t s ,  (11 )  i m p o r t  
s a l e s  share,  and (12 )  f r a c t i o n  o f  v e h i c l e s  u s i n g  l e a d e d  a n d  u n l e a d e d  
gas and d i e s e l  f u e l  . 
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COMPUTER REQUIREMENTS 

The program o f  t h e  model i s  w r i t t e n  i n  WATFIV FORTRAN. T h e  i n p u t  
d a t a  a re  a t tached  t o  t h e  program, which i s  1350 l i n e s  1  o n g ,  i n c l u d i n g  
t h e  data .  The program c o s t s  a t  l e a s t  one d o l l a r  t o  run,  



SRI -GULF ENERGY MODEL 

The SRI-Gul f Energy Model i s  a  genera l  i z e d  e q u i l  i b r i u m  model  o f  t h e  
supp ly  and demand f o r  energy i n  t h e  U.S. It was o r i g i n a l l y  developed i n  
1973 a t  t h e  S t a n f o r d  Research I n s t i t u t e  under t h e  s p o n s o r s h i  p  o f  t h e  
G u l f  O i l  Corpora t ion .  It has been under c o n t i n u e d  d e v e l  o p m e n t  s i  n c e  
t h e n  a t  D e c i s i o n  Focus, I nc .  It has been u s e d  t o  a n a l y z e  s y n t h e t i c  
f u e l s  s t r a t e g y  and p o l i c y  and canmercia l  i z a t i o n ,  and p r i o r i t i  z a t i  o n  o f  
research and development on energy supp ly  techno log ies .  
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OBJECTIVE OF MODEL 

The model dynamica l l y  s i m u l a t e s  t h e  supp ly  and demand f o r  e n e r g y  i n 
t h e  U.S. i n  a  h i g h l y  d e t a i l e d  manner. I t c a n  b e  u s e d  f o r  a n a l y z i n g  
po l  i c y  and i n d u s t r i a l  s t r a t e g y .  I t  uses t h e  coo rd ina ted  decompos i t i  o n  
o f  complex d e c i s i o n  o r  o p t i m i z a t i o n  problems i n v o l v i  ny many r e s o u r c e s ,  
t ime,  u n c e r t a i n t y ,  and mu1 t i - a t t r i b u t e  pre ferences,  where  t h e r e  i s  n o  
s i n g l e  o v e r a l l  o b j e c t i v e  f u n c t i o n .  The s y n t h e s i s  o f  model i ng techn iques  
i s  c a l l e d  general  ize8888ium modeling. T r a n s p o r t a t i o n  i s  i n c l  u d e d  
as a  s e c t o r  t h a t  demands end-use energy se rv i ces .  

HISTORICAL BACKGROUND 

The model was o r i g i n a l l y  developed i n  1973 t o  analyze s y n t h e t i c  f u e l s  
s t r a t e g y  f o r  t h e  G u l f  O i l  C o r p o r a t i o n .  The m e t h o d o l  o g y  h a s  b e e n  
extended over  t h e  yea rs  w i t h  f i n a n c i a l  support  from S t a n f o r d  R e s e a r c h  
I n s t i t u t e ,  t h e  Counci l  on Environmental  Q u a l i t y ,  t h e  N a t i o n a l  S c i e n c e  
Foundation, t h e  Energy Research and Development A d m i n i s t r a t i o n ,  Lawrence 
L ivermore Labora to ry ,  and t h e  E l e c t r i c  Power Research I n s t  i t u t e .  The  
i n i t i a l  work was s t i m u l a t e d  by t h e  l i m i t a t i o n s  o f  b o t h  m a t h e m a t i c a l  
~ rog ramming  and s i m u l a t i o n .  The m e t h o d o l  o g y  h a s  b e e n  e x t e n d e d  a n d  
developed i n t o  t h e  DFI General i z e d  Equi 1  i br ium Model i ng System (77-283),  
t h e  Long-term Energy A n a l y s i s  Program (77-286),  and t h e  L i ve rmore  Energy 
P o l i c y  Model (78-462). 



ASSUMPTIONS 

The methodology o f  g e n e r a l i z e d  e q u i l i b r i u m  m o d e l i n g  i s  b a s e d  o n  
dec i  s i  or a n a l y s i s  and c o o r d i n a t e d  decomposi t ion.  D i  s t i  nc  t i o n  i s  made 
between ( a )  t h e  exogenous d e c i s i o n s  made by  dec is ionmakers  w i t h  t h e  a i d  
o f  t h e  endogenous d e c i s i o n s  made w i t h i n  t h e  r e s t  o f  t h e  w o r l d  a n d  ( b )  
t h e  c r u c i a l  d e c i s i o n  processes and p h y s i c a l  systems i n  t h e  model. 

Markets a r e  assumed t o  be p e r f e c t l y  c o m p e t i t i v e .  Rent i s  a l l o w e d  f o r  
i n  resou rce  markets.  New techno logy  o r  p r o d u c t s  a r e  r e s t r i c t e d  t o  a l l o w  
aradua l  market  p e n e t r a t i o n .  The own-pr ice  e l  a s t  i c  i t y  o f  demand  f o r  
au tomobi le  VMT i s  assumed t o  be a  c o n s t a n t  -0.38. 

LIMITATIONS AND BENEFITS 

Genera l i zed  e q u i l i b r i u m  model ing c o m b i n e s  t h e  b a s i c  c o n c e p t s  o f  
severa l  mode l ing  method01 og ies  i n t o  an i n t e g r a t e d  framework o r  1  anguage. 

Th i  s  genera l  equ i  1  i b r i  um model decomposes c m p l  ex d e c i  s i  on proce s  s e  s  
i n t o  a  number o f  s i m p l e  submodels. These submodels r e p r e s e n t  m a r k e t  
d e c i s i o n  problems and a r e  though t  t o  b e t t e r  c h a r a c t e r i z e  r e a l  i t y  a n d  
market  i n t e r a c t i o n s  t h a n  models t h a t  o p t i m i z e  an  o v e r a l l  o b j e c t i v e  
f u n c t i o n .  

The model i s  m o d i f i e d  t o  enhance o r  e l i m i n a t e  d e t a i l  as r e q u i r e d  t o  
e v a l u a t e  t h e  d e c i s i o n  a l t e r n a t i v e s  o f  each n r o b l  em. E n d - u s e  e n e r g y  
demand (such  as f o r  space hea t )  i s  d i s t i n g u i s h e d  f rom f u e l  demand ( t h e  
i n p u t  t o  a  fu rnace) .  The h i g h  degree o f  decornposi t ion m e a n s  t h a t  t h e  
process  submodels can be a t  a  1  e v e 1  o f  d e t a i l  a p p r o p r i a t e  t o  t h e  
e x p e r t i s e  and d a t a  a v a i l  ab le .  

L i m i t a t i o n s  i n c l u d e :  a  w i d e  v a r i e t y  o f  m a r k e t  s t r u c t u r e s  a1 1  
c h a r a c t e r i z e d  i n  t h e  same way; a  q u i t e  d e c e n t r a l  i z e d  f r a m e w o r k  t h a t  
r e q u i r e s  a  l a r g e  amount o f  exogenous i n f o r m a t i o n ,  much  o f  w h i c h  i s  
s u b j e c t i v e  and o v e r l y  s i m p l i f i e d ;  t h e  end-use demand s i d e  m o d e l i n g  i s  
weak; and i n t e r n a t i o n a l  i n t e r a c t i o n s  a r e  inadequate1 y  captured.  

STRUCTURE 

T h i s  g e n e r a l i z e d  e q u i l i b r i u m m o d e l  has t h e s e  b a s i c  e l e m e n t s :  ( 1 )  
processes d e s c r i b i n g  t h e  fundamental submodel s  ; ( 2 )  a  ne twork  d e s c r i  b i  ng 
t h e  i n t e r a c t i o n s  o r  l i n k s  among t h e  processes;  and ( 3 )  an a l g o r i t h m  f o r  
d e t e r m i n i n g  t h e  numer ica l  va lues  o f  a l l  o f  t h e  v a r i a b l e s  i n  t h e  m o d e l  . 
A process  i s  a  s e t  o f  economic and/or  s u b j e c t i v e  re1  a t i o n s  o r  equat  i o n s  
t h a t  rnay r e p r e s e n t  an e n t i r e  n a t i o n a l  economic o r  n a t u r a l  s y s t e m  o r  a  
fundamental techno1 o g i c a l  o r  d e c i  s i o n m a k i  n g  p r o c e s s .  P r o c e s s e s  
uenera l  l y  c o n t a i n  p h y s i c a l  and /o r  b e h a v i o r a l  re1  a t i o n s .  The a  1 g o r  i t h m  
f i n d s  t h e  s e t  o f  p r i c e s  and q u a n t i t i e s  t h a t  s a t i s f i e s  t h e  r e l a t i o n s  
embodied i n  t h e  processes and t h e i r  1  inkages i n  t h e  network .  P r i c e s  and 
a u a n t i t i e s  a r e  s u c c e s s i v e l y  a d j u s t e d  i n  a  s e r i e s  o f  i t e r a t i o n s  i n  e a c h  
t ir i le p e r i o d  t o  produce an e q u i l i b r i u m  s o l u t i o n .  The a l g o r i t h m  does n o t  
impose a r b i t r a r y  r e s t r i c t i o n s  on  t h e  s o l u t i o n  t o  e n s u r e  c o n v e r y  e n c e ,  



I ns tead ,  a  r e l a x a t i o n  methodology i s  used t o  dampen o s c i l l a t i o n s .  

A number o f  end-use .demands and g e o g r a p h i c  r e g i o n s  a r e  m o d e l e d .  
Supply o f  resou rces  by  r e g i o n s  and t h e i r  d e p l e t i o n  o v e r  t i m e  i s  modeled. 
Es t ima tes  o f  f u t u r e  p r i c e s  o f  p r imary  resou rces  a r e  used t o  d e t e r m i n e  
economic r e n t  on resou rces  i n  e a r l i e r  t i m e  pe r iods .  

The t y p e s  o f  b a s i c  processes i n  t h e  model a r e :  ( 1 )  s imp le  c o n v e r s i o n  
Drocesses, e.g., s y n t h e t i c  gas f rom c o a l ;  ( 2 )  a1 l o c a t i o n  p r o c e s s e s ,  
e.g., space heat  demand among a l t e r n a t i v e  f u r n a c e s  a n d  f u e l s ;  ( 3 )  
p r imary  resou rce  processes--depl  e t i  on and p r i c i n g  o f  resources ;  ( 4 )  end- 
use demand processes--growth i n  demand a n d  e f f e c t s  o f  p r i c e s ;  ( 5 )  
t r a n s p o r t a t i o n  processes- - techno logy  and economics o f  moving energy;  ( 6 )  
complex c o n v ~ r s i o n  p r o c e s s e s ,  e . g . ,  r e f i n e r i e s  a n d  e l e c t r i c i t y  
aene ra t i on ;  and ( 7 )  secondary i n d u s t r i a l  processes-- impact  on p r i c e s  o f  
demand f o r  i n a t e r i a l s  such a s  p r e s s u r e  v e s s e l s  a n d  s u r f a c e  m i n i n g  
equi  pment . 

I n  t h e  s imp le  conve rs ion  process ,  equa t i ons  a r e  i n c l u d e d  f o r  m a t e r i a l  
f l o w  and q u a n t i t y ,  c a p a c i t y  a d d i t i o n s  a n d  r e p 1  a c e m e n t ,  i n i t i a l  
condi  t i o n s ,  n e t  p resen t  va l  ue, o p e r a t i n g  c o s t ,  p r o d u c t  p r i c e  under s  1  ow 
and r a p i d  growth ,  g rowth  r a t e ,  i n f l a t i o n  and secondary m a t e r  i a 1  s  c o s t  
ad jus tments ,  and techno1 og i  c a l  change and p resen t  va lue  o f  c a p i t a l  c o s t .  
I n  t h e  a l l o c a t i o n  process,  equa t i ons  a r e  i n c l u d e d  f o r  p h y s i c a l  f l o w ,  
t o t a l  q u a n t i t y ,  new and e x i s t i n g  q u a n t i t y  demanded, m a r k e t  s h a r e ,  a n d  
s t a t i c  and dynamic a l l o c a t i o n  o f  demand ,  I n  t h e  p r i m a r y  r e s o u r c e  
process ,  equa t i ons  a r e  i n c l u d e d  f o r  p r o d u c t i o n ,  c a p a c i t y ,  i n i  t i  a1 
c o n d i t i o n s ,  1  o n g - r u n  m a r g i n a l  c o s t  a n d  p r i c e ,  i n f l a t i o n  a n d  
t e c h n o l o g i c a l  change f a c t o r s ,  secondary  ma t e r i  a1 r e q u i  r e m e n t  s  , a n d  
a d j u s t e d  p r imary  resou rce  p r i c e .  I n  t h e  end-use demand p r o c e s s  t h e r e  
a r e  r e f e r e n c e  demand a n d  p r i c e  s e n s i t i v e  demand e q u a t i o n s .  T h e  
t r a n s p o r t a t i o n  process i n c l u d e s  c a p i t a l  c o s t ,  o p e r a t i  ng  c o s t ,  a n d  
thermal  e f f i c i e n c y  ad jus tment  equat ions .  The cornpl ex conve rs ion  process  
has s e t s  o f  equa t i ons  f o r  e l e c t r i c  p o w e r  g e n e r a t i o n ,  r e f i n e r i e s ,  
a u x i l i a r y  i n p u t s ,  and j o i n t  p roducts .  The p r i c e  and q u a n t i t y  r e g u l a t i o n  
nrocess  has q u a n t i t y  and p r i c e  r e g u l a t i o n  equal i t i e s  and i n e q u a l  i t  i e s ,  
and re1  a t i o n s  f o r  a1 l o c a t i o n  process market  share and t h e  r e a u l  a t e d  o r  
~ ~ n r e y u l  a ted  conve rs ion  process.  The secondary  ma t e r  i a1 p r o c e s s  h a s  
equa t i ons  f o r  p r i c e s ,  demand t o  c a p a c i t y  r a t i o ,  and i n d u s t r y  c a p a c i t y  
and ha1 f - 1  i f e  response t ime,  

About 2700 processes were con ta ined  i n  t h e  model a t  one t ime .  

The o u t p u t  f rom t h e  model i n c l u d e s  i n p u t  a n d  o u t p u t  p r i c e s  a n d  
q u a n t i t i e s  f o r  each node ove r  t h e  t i m e  p e r i o d  i n  ques t i on .  C a l c u l a t i o n s  
i n  t h e  rnodel a r e  per fo rmed b y  m o v i n g  e i t h e r  " u p "  t h e  n e t w o r k ,  t o  
c a l c u l a t e  p r i c e s ,  o r  "down" t o  a l l o c a t e  q u a n t i t i e s .  Each n o d e  i n  t h e  
process  i s  t h u s  connected w i t h  two a1 g o r i  thms. The a1 g o r i  thm a s s o c i a t e d  
w i t h  a  downward i t e r a t i o n  i s  a  p h y s i c a l  r e l a t i o n  ( e . g . ,  q  o u t p u t  
r e q u i r e s  i i n p u t ) .  The a l g o r i t h m  assoc ia ted  w i t h  an upward i f e r a t i  o n  
i s  a  behavyoral  r e l a t i o n  ( g i v e n  cos ts ,  t h i s  i s  t h e  p r i c e  t h a t  w i l l  b e  
charged f o r  an o u t p u t ) .  

A t  t h e  bot tom o f  t h e  network i s  a  resou rce  node. Given an i n i t i a l  



resou rce  o u t p u t  v e c t o r  q, t h e  a l g o r i t h m ,  on an upward i t e r a t i o n  i n  e a c h  
t i m e  p e r i o d ,  c a l c u l a t e s  an o u t p u t  p r i c e  v e c t o r  p. To do so i t  needs a s  
i n p u t  a  marg ina l  c o s t  c u r v e  o f  resou rce  supp ly ,  a  r a t e  o f  d i s c o u n t .  a n d  
o t h e r  t e c h n i c a l  parameters. 

Moving f rom a  resou rce  node, t h e  energy resou rce  must be t r a n s p o r t e d  
v i a  a  t r a n s p o r t  node o r  conver ted  by a  process. F o r  a  t r a n s  p o r t a  t i  o n  
process,  t h e  o p e r a t i n g  and c a p i t a l  c o s t s  wi 11 be a  f u n c t i o n  o f  d i s tance .  
Al lowance can a l s o  be made f o r  a r o w t h ,  e x c e s s  c a p a c i t y ,  s e c o n d a r y  
m a t e r i  a1 s  , techno1 o g i c a l  change, and i n f l  a t i o n .  

From a  t r a n s p o r t  node t h e  resou rce  can go t o  a  conve rs ion  node. T h i s  
node may t a k e  up t o  f i v e  i n p u t s  and up t o  f i v e  s e c o n d a r y  i n p u t s  a n d  
c o n v e r t s  them i n t o  one o u t p u t .  The b a s i c  f o rmu la  f o r  p r i c e  o u t  o f  a  
conve rs ion  node i s  t h e  same as t h a t  f o r  a  t r a n s p o r t  node, where  o n e  o f  
t h e  c o s t s  i s  t h e  c o s t  o f  t h e  i n p u t s  f rom t h e  node below. 

Once th rough  a  conve rs ion  node, t h e  ou tpu t  c o u l d  be t r a n s p o r t e d  t o  
another  conve rs ion  node o r  conve r ted  t o  an e n d - u s e  demand  o r  m a r k e t  
node. End-use demand schedules, which a r e  e x o g e n o u s ,  c a n  b e  e i t h e r  
e l a s t i c  o r  t o t a l l y  i n e l a s t i c .  From t h e  p r i c e  o f  an end-use demand  a n d  
t h e  end-use demand schedule, a  q u a n t i t y  o f  end-use s e r v i c e  i s  computed. 

I f  more than  one energy p roduc t  i s  compet ing t o  s u p p l y  a n  e n d - u s e  
s e r v i c e  o r  any node, an a1 l o c a t i o n  node i s  necessary (e.g., when  u r b a n  
v e h i c l e  m i l e s  can come f rom yasol  i n e ,  d i e s e l  f u e l  o r  e l e c t r i c i t y ) .  Then 
t h e  share f o r  each f u e l  may be a  f u n c t i o n  o f  share l a s t  p e r i o d ,  r e l a t i v e  
c o s t s  o f  t h e  compet ing f u e l s ,  a  parameter d e s i g n a t i n g  how r a p i d l y  market  
shares can change, and a  p r i c e  s e n s i t i v i t y  parameter .  The p r i c e  o f  t h e  
end-use s e r v i c e  i n  t h i s  case i s  a  weighted average o f  t h e  p r i c e s  o f  t h e  
f u e l s  used. The we ighted ave rage  f u e l  p r i c e  i s  u s e d  t o  c a l c u l a t e  
q u a n t i t y  demanded on each i t e r a t i o n .  

Once an end-use q u a n t i t y  i s  computed, t h e  model i t e r a t e s  b a c k  down 
t h e  networks,  u s i n g  p h y s i c a l  re1  a t i o n s  t o  c a l c u l a t e  q u a n t i t i e s  a t  e v e r y  
conve rs ion  node. 

S i m i  1  a r  p r o v i  s i o n s  a r e  made f o r  secondary m a t e r i a l  f l  ows , and changes 
i n  c a p i t a l  s tock .  Working back down t h e  system, i n p u t  a u a n t i t i e s  a r e  
c a l c u l a t e d  a t  each node. Once a t  t h e  resou rce  node, t h e  process  s t a r t s  
a g a i n  and p r i c e s  a r e  c a l c u l a t e d  g o i n g  u p  t h e  n e t w o r k .  T h i s  who1 e  
nrocess  con t i nues  f o r  eve ry  end-use demand, i n t e r m e d i a t e  demand ,  a n d  
energy resou rce  demand u n t i l  p r i c e s  and q u a n t i t i e s  c o n v e r g e  f o r  a1 1  
pe r iods .  

Spec ia l  processes a r e  i n c l  uded t o  model : o i l  r e f i n e r i e s ,  e l e c t r i c i t y  
gene ra t i on ,  and c a p i t a l  equipment s u p p l i e r  i n d u s t r i e s .  

The t r a n s p o r t a t i o n  component i n c l u d e s  a n  e n d - u s e  s e r v i c e  demand  
(e.g., v e h i c l e  m i l e s  t r a v e l e d ) ,  and t h e  f u e l s  needed  t o  p r o d u c e  t h i s  
c e r v i c e .  Output  i n c l u d e s  p r i c e  and q u a n t i t y  o f  d i f f e r e n t  k i n d s  o f  f u e l  
needed t o  produce t h i s  end-use s e r v i c e .  



MODEL CONSTRUCTION 

The methodology i n v o l v e s  t h e  i t e r a t i v e  s o l u t i o n  o f  n o n l  i n e a r ,  
s imu l taneous equa t i ons  i n  a  dynamic f a s h i o n ,  i . e . ,  o v e r  s e v e r a l  t i m e  
pe r iods .  The methodo log ies  t h a t  a r e  combined i n  general  i z e d  equ i  1  i b r i u m  
mode l ing  i n c l u d e  economet r ic  m e t h o d s ,  o p t i m i z a t i o n  o r  p r o g r a m m i n g  
methods, genera l  c o m p e t i t i v e  e q u i l  i b r i u m  models, and s i m u l a t i o n  methods. 

DATA USED I N  RUNNING MODEL 

The d a t a  used t o  r u n  t h e  model were developed i n t e r n a l l y  b y  S K I .  

The b a s i c  i n p u t s  t o  t h e  model a r e :  (1) An e n e r g y  n e t w o r k  w h i c h  
s e t s  up resou rce  nodes, p rocess  nodes, demand  n o d e s ,  m a r k e t  n o d e s ,  
r e f i n e r y  l o c a t i o n s  o r  nodes, and t r a n s p o r t a t i o n  1  i n k a g e s ;  a n d  ( 2 )  A  
naranieter f i l e  t h a t  c o n t a i n s  ( a )  Data f o r  v a r i a b l e s  such  a s  c o r p o r a t e  
t a x  r a t e s ,  number o f  i t e r a t i o n s ,  l e n g t h  o f  t i m e  p e r i o d ,  r a t e  o f  
i n f l a t i o n ,  e t c . ;  ( b )  Parameters f o r  a l l  i n t e r m e d i a t e  c a l c u l a t i o n s ;  ( c )  
I n f o r m a t i o n  on each p r o c e s s - - i t s  t y p e  a n d  p a r a m e t e r s  n e c e s s a r y  f o r  
 rice-quanti t y  c a l c u l a t i o n s ;  ( d )  E n d - u s e  demand  s c h e d u l  e s ;  ( e )  
Resource supp ly  curves,  t r a c k i n g  depl  e t i o n  ove r  t i m e ;  ( f )  D i  s t a n c e s  o n  
r e y i o n a l  v e r s i o n s ;  ( g )  The i n i t i a l  market  q u a n t i t i e s  f o r  t h e  e n t i r e  
network.  
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COMPUTER REQUIKEMENTS 

An i t e r a t i o n  o f  t h e  model t a k e s  1.3 n i inu tes  o f  IBM 3701168 c o m p u t e r  
t i m e  and uses 600,000 by tes  o f  c o r e  s torage,  T h i r t y  t o  s i x t y  i t e r a t i o n s  
a r e  needed f o r  a  base case w i t h  poor  i n i t i a l  e s t i m a t e s  o f  p r i c e s  a n d  
q u a n t i t i e s .  Ten t o  t h i r t y  i t e r a t i o n s  g i v e  s a t i s f a c t o r y  convergence f o r  
a  s e n s i t i v i t y  t e s t .  



STATE-LEVEL GASOLINE DEMAND MODEL 

The Sta te-Leve l  Gaso l i ne  Demand Model h a s  b e e n  u n d e r  d e v e l o p m e n t  
s i n c e  1978 a t  Oak Ridge Na t iona l  Labora to ry ,  under t h e  s p o n s o r s h i  p  o f  
t h e  U.S. Department o f  Energy ' s  O f f i c e  of Conservat ion.  I t s  purpose i s  
t o  e v a l u a t e  p o l i c i e s  t a r g e t e d  t o  a1 t e r  t h e  f u e l  e f f i c i e n c y  a n d  
compos i t i on  o f  t h e  s t o c k  o f  v e h i c l e s ,  u s i n g  econometr ic  t e c h n  i q u e s  a n d  
da ta  d isaggregated t o  t h e  l e v e l  o f  i n d i v i d u a l  s t a t e s .  
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OBJECTIVE OF MODEL 

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

Demand f o r e c a s t s  a r e  a  f u n c t i o n  o f  exogenous demographic and economic 
v a r i a b l e s ,  Geographic and o t h e r  r e g i o n a l  l y  v a r y i n g  f a c t o r s  a1 so a f f e c t  
v e h i c l e  and fue l  demand. The model combines econometr ic  r e l a  t i o n s  h i  p s  
w i t h  e n g i n e e r i n g  r e l a t i o n s h i p s  t o  d e a l  w i t h  c h a n g e s  i n  v e h i c l e  
techno1 ogy. 



RELATIONSHIP TO OTHER MODELS 

T h i s  model may p o t e n t i a l l y  be used a s  t h e  t r a n s p o r t a t i o n  s e c t o r  
submodel o f  t h e  Midterm Energy Fo recas t i ng  System (MEFS) ( S - 7 8 - 4 1 9 ) ,  
which i s  used by  t h e  Energy In fo rma t ion  A d m i n i s t r a t i o n  o f  t h e  Department 
o f  Energy. 

HISTORICAL BACKGROUND 

T h i s  r e p o r t  r e f l e c t s  t h e  model as d e s c r i b e d  i n  t h e  d o c u m e n t a t i o n  
1  i sted  be1 ow. D r a f t  documentat ion on f u r t h e r  r e v i s i o n s  t o  t h e  model i s  
a v a i l a b l e ,  b u t  i s  n o t  r e p o r t e d  here,  s i n c e  i t  i s  c u r r e n t l y  s t  i 1 1  u n d e r  
devel opment . 

ASSUr4PT I ONS 

The model i s  based on household p r o d u c t i o n  t h e o r y ,  which r e p r e s e n t s  
t h e  consumer as c o n s t r a i n e d  by techno logy  a s  w e l l  a s  b y  a  b u d g e t  a n d  
seeks t o  separa te  t h e  e f f e c t s  of household p r o d u c t i o n  t e c h n o 1  o g y  f r o m  
those  o f  preferences on consumer behav ior .  Thus, t h e  model e  x p  1  i c  i t 1  y 
cons ide rs  t h e  impacts  o f  t r a n s p o r t a t i o n  techno loay  o n  e n e r g y  u s e ,  a s  
w e l l  as more t r a d i t i o n a l  economic f a c t o r s  such as p r i c e  and income. The 
long - run  focus o f  t h e  model i s  on  changes i n  t h e  s tock  o f  v e h i c l e s  t h a t  
a l t e r  f u e l  economy, and t h u s  g a s o l i n e  demand. I n  t h e  s h o r t  r u n ,  t h e  
aggregate s tock  o f  v e h i c l e s  i s  f i x e d ,  b u t  t h e  model a t t e m p t s  t o  a1 1  ow 
f o r  consumer s u b s t i t u t i o n  among i n p u t s  i n  produc ing t r a v e l ,  

STRUCTURE 

The model, as o r i g i n a l  l y  designed can be decomposed i n t o  f i v e  m a j  o r  
submodels: ( 1 )  used v e h i c l e  f l e e t  supp ly  and demand, ( 2 )  new v e h i c l  e  
supp ly  and demand, ( 3 )  v e h i c l e  f l e e t  mix,  ( 4 )  f l e e t  f u e l  e f f i c i e n c y ,  and 
( 5 )  g a s o l i n e  demand. I n  o p e r a t i o n  t h e  model was t o  proceed s e q u e n t i a l l y  
f rom submodel 1 t o  submodel 5 f o r  each yea r ,  w i t h  a  r e c u r s i v e  f e e d b a c k  
f rom submodel ( 3 )  t o  subrnodel (1). Thus, t h e  f l e e t  c o m p o s i t i o n  o f  t h e  
p r e v i o u s  y e a r  i n f l  uences used v e h i c l  e  demand i n  t h e  c u r r e n t  y e a r ,  w h  i c  h  
i n  t u r n  i n f l u e n c e s  c u r r e n t - y e a r  new v e h i c l e  demand. Each o f  t hese  f i v e  
submodel s  i s  d i  scussed be1 ow. 

Output i s  produced f o r  1977-1995.  P r i n t e d  o u t p u t  i n c l u d e s  t h e  
exogenous i n p u t  data ,  new v e h i c l e  demand by c l a s s ,  used v e h i c l e  s tock  by  
c l a s s ,  f l e e t  f u e l  economy, and g a s o l i n e  demand ( leaded,  u n l e a d e d ,  a n d  
t o t a l ) .  A l l  o u t p u t  da ta  a r e  presented a t  s t a t e ,  f e d e r a l  r e g i o n ,  a n d  
n a t i o n a l  l e v e l  s  o f  aggregat ion .  

Used and New V e h i c l e  Demand Submodel s  --- 

The model ' s  s tock  system approach t o  c a p t u r i n g  t h e  d y n a m i  c  s  o f  t h e  
v e h i c l e  p o p u l a t i o n  d i f f e r s  f rom t h e  usual  s tock  ad jus tment  model i n  t h a t  
new v e h i c l e s  a r e  n o t  s i m p l y  a d d i t i o n s  t o  t h e  s tock ,  b u t  a r e  c o n s i d e r e d  



t o  be d i s t i n c t ,  s u p e r i o r  goods t h a t  a r e  c l o s e  s u b s t i t u t e s  f o r  used ca rs .  
As i s  e x p l a i n e d  below, t h e  model ' s  approach had t o  be a1 t e r e d  s o m e w h a t  
because o f  d a t a  1  i m i t a t i o n s .  

Cars were c l a s s i f i e d  by a p p l y i n g  c l u s t e r  a n a l y s i s  t o  1965-1977 d a t a  
u s i n g  f i v e  c h a r a c t e r i s t i c s :  e x t e r i o r  a n d  i n t e r i o r  s i z e ,  p r i c e ,  
~ e r f o r m a n c e ,  and f u e l  economy. P i c k u p  t r u c k s  a n d  v a n s  c o n s t i t u t e  
separa te  c lasses.  Classes a r e  t r e a t e d  as c l o s e  s u b s t i t u t e s ,  a n d  new 
v e h i c l e  demand equa t ions  a r e  es t ima ted  f o r  e a c h  c l a s s .  New v e h i c l e  
supp ly  i s  assumed t o  be p e r f e c t l y  e l a s t i c .  S imul taneous u s e d  v e h i  c l  e  
supp ly  and demand equa t ions  were o r i g i n a l l y  p lanned t o  be es t ima ted  f o r  
each s t a t e ,  under t h e  simp1 i f y i n g  assumption t h a t  s t a t e  v e h i c l e  m a r k e t s  
a r e  independent. U n f o r t u n a t e l y ,  t h e  l a c k  o f  a d e q u a t e  d a t a  f o r  s u c h  
e s t i m a t i o n  l e d  t h e  model au tho rs  t o  i n s t e a d  e s t i m a t e  u s e d  c a r  p r i c e  
s imp ly  as a  f u n c t i o n  o f  new c a r  p r i c e .  T h e  u s e d  c a r  s t o c k  i s  t h e n  
c a l c u l a t e d  i n  t h e  F l e e t m i x  Submodel based on p rev ious  new c a r  s a l e s  a n d  
on scrappage. A t  t h e  p resen t  s tage o f  rnodel d e v e l  opmen t new v e  h i c 1  e  
p r i c e s  must be en te red  exogenously. S t a t e  new v e h i c l e  demand a n d  u s e d  
v e h i c l e  p r i c e s  by c l a s s  a r e  passed on t o  t h e  f l e e t m i x  submodel. 

F l  eetmix  Subrnodel 

The Fleetrn ix Submodel makes t h e  t r a n s i t i o n  f r o m  t h e  1  i m i  t s  o f  t h e  
behav io ra l  v e h i c l e  demand submodel t o  t h e  requ i rements  o f  t h e  f l e e t  f u e l  
e f f i c i e n c y  submodel. I t  f o r e c a s t s  scrappaae a n d  m i g r a t i o n  r a t e s  b y  
s t a t e ,  c l a s s ,  and v i n t a g e  i n  o r d e r  t o  t r a c k  t h e  f l e e t  compos i t ion .  

I n  t h e  model, scrappage r a t e s  depend on age and on used v e h i c l e  p r i c e  
r e l a t i v e  t o  r e p a i r  c o s t s .  Thus, scrappage i n d i r e c t l y  d e p e n d s  o n  new 
v e h i c l e  p r i c e ,  Fuel economy a f f e c t s  s c r a p p a g e  r a t e s  t h r o u g h  " f u e l  
economy r e n t "  which i s  c a p i t a l i z e d  i n  a  v e h i c l e ' s  m a r k e t  p r i c e .  T h e  
h i s t o r i c a l  p a t t e r n  o f  i n t e r s t a t e  m i g r a t i o n  f o r  two-, t h r e e - ,  a n d  f o u r -  
y e a r - o l d  v e h i c l e s  i s  imposed i n  c a l c u l a t i n g  s t a t e  v e h i c l e  s tock .  

New v e h i c l e  denland and used v e h i c l e  p r i c e s  a r e  i n p u t s  t o  t h e  F l e e t m i x  
Submodel . 

The number o f  v e h i c l e s  by  s t a t e ,  c l a s s ,  and v i n t a g e  a r e  p r o v i d e d  a s  
i n p u t s  f o r  t h e  F l e e t  Fuel  E f f i c i e n c y  Submodel. V e h i c l e  o w n e r s h i p  b y  
c l a s s  i s  s u p p l i e d  as an i n p u t  f o r  t h e  Gas01 i n e  Demand Submodel. 

V e h i c l e  E f f i c i e n c y  Submodel 

T h i s  submodel c o n t a i n s  t h e  eng ineer ing  r e l a t i o n s h i p s  n e c e s s a r y  t o  
deve lop s t a t e ,  f l e e t - w e i g h t e d ,  harmonic mean f u e l  e f f i c i e n c i e s  f o r  t h e  
t o t a l  s tock.  U.S. Environmental  P r o t e c t i o n  Agency (EPA) t e s t  r e s u l  t s  
p r o v i d e  t h e  b a s i c  data .  These da ta  a r e  a d j u s t e d  f o r  v a r i a t i o n s  i n  
o p e r a t i n g  c o n d i t i o n s  such as ambient t e m p e r a t u r e ,  t r i p  l e n g t h s ,  a n d  
urban vs, r u r a l  t r a v e l .  An on-the-road e f f i c i e n c y  c o r r e c t i o n  i s  a1 s o  
made t o  t h e  EPA data ,  Changes i n  techno logy t o  improve f u e l  economy a r e  
i n c o r p o r a t e d  by c l a s s  and v in tage.  



Gas01 i ne Demand Submodel 

T h i s  submodel uses v e h i c l e  ownersh ip  by c l a s s ,  v e h i c l e  f l e e t  f u e l  
e f f i c i e n c y ,  gaso l  i ne p r i c e  and o t h e r  p redetermined v a r i a b l e s  t o  f o r e c a s t  
g a s o l i n e  denland by s t a t e .  S t a t e  v e h i c l e  m i l e s  t r a v e l e d  by 1  i g h t  t r u c k s ,  
vans, and c a r s  i s  es t ima ted  by m u l t i p l y i n g  g a s o l  i n e  demand  b y  f u e l  
e f f i c i e n c y .  

V e h i c l e  Cost Module --- and F u e l s  and Technology Assumption Module 

Whi le perhaps n o t  f u l l y  submodels, two modules t h a t  a r e  n o t  c u r r e n t l y  
n a r t  o f  t h e  model may be added i n  t h e  1  ong-run. One, t h e  Veh i  c l  e  C o s t  
Module, b r i n g s  i n t o  t h e  model t h e  r e l a t i o n s h i p  b e t w e e n  ( f u t u r e )  f u e l  
economy i lnprovements and manu fac tu r i ng  c o s t s ,  making new v e h i c l e  f u e l  
e f f i c i e n c y  endogenous t o  t h e  model. T h i s  i s  accomp l i shed  b y  a d o p t  i n y  
t h e  niodel o f  v e h i c l e  manu fac tu re r  b e h a v i o r  c o n t a i n e d  i n  t h e  Jack F a u c e t t  
Assoc ia tes ,  I nc .  Automobi le  S e c t o r  Fo recas t  i n g  M o d e l  ( 7 6 - 0 1 6 )  . T h e  
F a u c e t t  model assumes t h a t  automakers a t temp t  t o  m in im i  z e  t o t a l  c o s t s  
( i n c l u d i n g  f u e l  c o s t s )  t o  t h e  consumer. C u r r e n t l y ,  t h e  ORNL m o d e l  i s  
s t r i c t l y  a  demand-side m o d e l  ; f u e l  e c o n o m y  a n d  v e h i  c l  e  p r i c e  a r e  
exogenous v a r i a b l e s .  

The model documenta t ion  s u g a e s t  s  t h a t  t h e  F u e l  s  a n d  Tec  h n o l  o g y  
Assumptions module i s  a l s o  n o t  c u r r e n t l y  a  p a r t  o f  t h e  m o d e l .  T h i s  
module c o u l d  p r o v i d e  f o r  t h e  i n c l u s i o n  i n  t h e  mode l  o f  v e h i c l e s  t h a t  
have e s s e n t i a l l y  t h e  same c h a r a c t e r i s t i c s  a s  a n  e x i  s t i n g  c l a s s ,  b u t  
which d r e  more f u e l  e f f i c i e n t .  The method proposed i s  s i m i l a r  t o  t h a t  
used by t h e  m o d e l  t o  a c c o u n t  f o r  l e a d e d  a n d  u n l e a d e d  g a s o l i n e  
consumption. Exampl es a r e  t h e  use o f  f u e l s  such as gasoho l ,  s y n c r u d e s ,  
and d i e s e l ,  o r  o f  a1 t e r n a t i v e  eng ines  such as t h e  Rankine and S t i  r l  i n g .  
V e h i c l e s  w i t h  v e r y  d i f f e r e n t  t e c h n o l o g i c a l  c h a r a c t e r i  s t i  c s ,  s u c h  a s  
e l e c t r i c  v e h i c l e s ,  c o u l d  n o t  b e  a d e q u a t e l y  h a n d l e d  b y  t h e  m o d e l ,  
however, a t  t h i s  t ime.  

MODEL CONSTRUCTIUN 

N e i t h e r  t h e  economet r i c  t e c h n i q u e s  b e i n g  u s e d  t o  e s t i m a t e  t h e  
equa t i ons  n o r  t h e  e x a c t  e q u a t i o n  s p e c i f i c a t i o n s  a r e  p r e s e n t e d  i n  t h e  
docunen ta t i  on re1  i e d  upon f o r  t h i s  r e p o r t ,  

DATA dSED I N  RUN? l ING MODEL 

A r e l a t i v e l y  l a r g e  i n p u t  d a t a  base i s  r e q u i r e d .  A l l  n u m e r i c  d a t a ,  
i n c l u d i n g  c o e f f i c i e n t s  o f  t h e  rr~odel equa t i ons ,  a r e  i n p u t  d a t a  f o r  t h e  
model b u t  need n o t  be s u p p l i e d  by t h e  use r .  There  a r e  t h r e e  t y p e s  o f  
i n p u t  da ta .  (1) Some d a t a  a r e  u n l i k e l y  t o  be a l t e r e d  f rom one c o m p u t e r  
r u n  t o  t h e  n e x t ,  f o r  example, c o e f f i c i e n t  v a l u e s  a n d  some b a s e  y e a r  
da ta .  These a re  s t o r e d  i n  a  b i n a r y  i n p u t  f i l e .  ( 2 )  The t i m e  s e r i e s  o f  
t h i r t e e n  s t a t e - 1  eve1 exoyenous v a r i a b l e s  i s  r e q u i r e d  t o  r u n  a  f o r e c a s t .  
These d a t a  d r i v e  t h e  computer program and must be  suppl  i e d  by t h e  u  s e r  . 
The t a b l e  below l i s t s  t h e  e x o y e n o u s  v a r i a b l e s ,  ( 3 )  O t h e r  m o d e l  



parameters cons idered t o  be i n p u t  d a t a  a r e  t h e  automobi le  f i n a n c e  r a t e  
and d e p r e c i a t i o n  r a t e s  f o r  used c a r s  by c lass .  However, t hose  need n o t  
be speci  f i e d  by t h e  u s e r  f o r  each f u t u r e  y e a r  o r  each model run.  

EXOGENOUS VARIABLES 

3  1 )  p o p u l a t i o n  ( 1 0  persons) 

2 )  number o f  households ( l o 3  households)  

3  
3)  p o p u l a t i o n  i n s i d e  Standard Metropol  i t a n  S t a t i s t i c a l  Areas (10 ) 

4 )  p o p u l a t i o n  under 18 yea rs  o f  age (10') 
3 

5 )  p o p u l a t i o n  between 18 and 44 yea rs  o f  age (10 ) 

6)  p e r  c a p i t a  d i s p o s a b l e  income (1967 do1 l a r s )  

7) unempl oyment r a t e  (%)  

8)  farm earn ings (1967 d o l l a r s )  

9)  new c a r  p r i c e s  by c l a s s  ( n a t i o n a l  l e v e l  o n l y ,  1967 d o l l a r s )  

10) s t a t e  gasol  i n e  p r i c e s  (1967 do1 l a r s )  

11) s t a t e  c o s t  o f  l i v i n g  i ndex  (an  i n d e x  f o r  1 9 7 7  i n  t e r m s  o f  1 9 6 7  
d o l l a r s  i s  s u p p l i e d  so t h a t  i t  i s  n o t  necessary t o  supp ly  t h e s e  d a t a  
f o r  each y e a r )  

12) t h e  decimal  f r a c t i o n  o f  new ca rs ,  by c l a s s ,  u s i n g  unleaded gaso l  i n e  
( n a t i o n a l  l e v e l )  

13) c i t y  and highway m i l e s  per  g a l l o n  o f  new c a r s  by c l a s s  i n  t e r m s  o f  
1977 EPA f u e l  economy t e s t  procedure ( n a t i o n a l  l e v e l  ) 

Source: Greene, Rose, and Thomas 1979. 
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COklPUTER REQUIREMENTS 

An i n t e r a c t i v e  program f a c i l  i t a t e s  t h e  m a n i p u l a t i o n  o f  i n p u t  d a t a  f o r  
p o l i c y  a n a l y s i s .  The u s e r  can c r e a t e  an e n t i r e l y  new d a t a  b a s e ,  o r  
m o d i f y  a1 1  o r  p a r t  o f  an e x i s t i n g  d a t a  base. Values o f  v a r i a b l e s  can be 
changed f o r  a  s p e c i f i c  s t a t e  and y e a r ,  o r  f o r  a  t i m e  i n t e r v a l ,  o r  f o r  
a1 1  s t a t e s .  As a  sa feguard ,  t h e  demand model program checks t h e  i n p u t  
da ta  f o r  g ross  e r r o r s  b e f o r e  execu t i on .  

I n s t r u c t i o n s  on t h e  use o f  t h e  p r o g r a m  a r e  g i v e n  i n  o n e  o f  t h e  
r e p o r t s .  



AUTO OWNERSHIP AND MODE CHOICE MODEL 

A model o f  a u t o  ownership and mode cho ices  b a s e d  o n  h o u s e h o l d  a n d  
l l rban s t r u c t u r e  c h a r a c t e r i s t i c s  was developed i n  1977 by t h e  D e p a r t m e n t  
o f  City and Regional P lann ing  a t  Harvard U n i v e r s i t y .  I t  was s p o n s o r e d  
by t h e  U.S. Department o f  T ranspor ta t i on .  P r o j e c t i o n s  f o r  t h e  y e a r  1990 
a r e  made which i n d i c a t e  a c o n t i n u i n g  long- term t r e n d  toward g r e a t e r  auto  
ownership and use. 
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OBJECTIVE OF MODEL 

Two s tages of t h e  model a r e  de f i ned .  One p r e d i c t s  t h e  p r o b a b i l i t i e s  
t h a t  a household w i l l  own zero,  one, o r  two o r  m o r e  a u t o m o b i l e s ;  t h e  
o t h e r  p r e d i c t s  t h e  p r o b a b i l i t i e s  t h a t  employed househo ld  members  w i l l  
commute t o  work a s  au to  d r i v e r s ,  au to  passengers, b u s  p a s s e n g e r s ,  o r  
r a i l  passengers, o r  by  wa lk ing .  P r o b a b i l i t i e s  a r e  based on a v a r i e t y  o f  
household, t r a n s i t  a v a i l  a b i l  i t y ,  and urban s t r u c t u r e  c h a r a c t e r i s t i c s ,  

RELATIONSHIP TO OTHER MODELS 

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

VALIDATION 

A p r o j e c t i o n  f o r  t h e  y e a r  1990 was done. I t  was p r e d i c t e d  t h a t  t h e r e  
would be a s h i f t  towards m o r e  a u t o  o w n e r s h i p  b y  h o u s e h o l d s ,  m o r e  
commuting by a u t o  d r i v i n g ,  and a 1 ower percentage o f  commuting f o r  e a c h  
o f  t h e  o t h e r  modes. T h i s  l a t t e r  f i n d i n g  d isagrees d r a m a t i c a l l y  w i t h  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  Repor t :  U r b a n  D a t a  S u p p l e m e n t  b y  t h e  -- 
U.S. Department o f  T r a n s p o r t a t i o n .  

Wi th  r e g a r d  t o  t h e  u r b a n  s t r u c t u r e  e x p l a n a t o r y  v a r i a b l e s ,  a 
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comparison i s  made w i t h  t h e  mode l 's  p r e d i c t i o n s  and t h e  a c t u a l  d a t a  f o r  
Boston and Phoenix. The model p r e d i c t s  we1 1. An i n t e r e s t i n g  compar ison 
i s  a1 so made between these two s t r i k i n g l y  d i f f e r e n t  c i t i e s .  

LIMITATIONS AND BENEFITS 

By l o o k i n g  a t  d i f f e r e n t  c i t i e s  r a t h e r  t h a n  a  s i n g l e  m e t r o p o l  i t a n  
area,  i t  can be shown how d i f f e r e n t  u rban s p a t i a l  s t r u c t u r e s  a n d  t h e  
l e v e l s  o f  highway and t r a n s i t  i nves tmen t  a f f e c t  h o u s e h o l d  d e c i s i o n s .  
A lso  t h e  d i s t i n c t i o n  b e t w e e n  t h e  r a c e s  i l l u s t r a t e s  how h o u s i n g  
d i s c r i m i r i a t i o n  causes b l a c k s  a n d  w h i t e s  t o  r e s p o n d  d i f f e r e n t l y  t o  
changes i n  l a n d  use p a t t e r n s  and t r a n s i t  supply,  

STRUCTURE 

L i n e a r ,  r e c u r s i v e  e q u a t i o n s  a r e  e s t i m a t e d ,  c o n s i  s  t i  n g  o f  
d i  saggregated probab i  1  i t i e s  t h a t ,  when added, r e s u l t  i n  t h e  p robab i  1 i t y  
t h a t  a  p a r t i c u l a r  household w i l l  choose a  l e v e l  o f  au to  o w n e r s h i  p  o r  a  
t r a v e l  - to-work mode. 

The number o f  c a r s  owned i s  based on f a m i l y  t y p e  a n d  c o m p o s i  t i  o n ,  
income, r e s i d e n t i a l  1  o c a t i o n ,  employment 1  o c a t i o n  o f  w o r k e r s ,  d e n s i  t y  
and age o f  housing s tock  i n  t h e  r e g i o n ,  and t h e  l e v e l s  o f  a v a i l a b l e  
highway and t r a n s i t  s e r v i c e ,  These v a r i a b l e s  and t h e  n u m b e r  o f  c a r s  
owned a r e  used t o  e x p l a i n  t h e  mode cho ice .  There a r e  a c t u a l l y  3 0  a u t o  
ownership and 120 mode c h o i c e  e q u a t i o n s ,  s i n c e  t h e  t o t a l  s a m p l e  o f  
households i s  s t r a t i f i e d  by race ,  t h e  number o f  employed members ( 0 ,  1, 
2 o r  more) ,  work p l a c e  l o c a t i o n  (CBD, c e n t r a l  c i t y ,  s u b u r b a n  r i n g ) ,  
household t y p e  (husband-wi f e ,  s i n g l e  head, p r i m a r y  i n d i v i d u a l  ) , a g e  o f  
head o f  household ( o l d e r  o r  younyer  t h a n  65 y e a r s ) ,  number o f  d r i v e r s  
(persons 18-65 y e a r s  o l d ) ,  number o f  c h i l d r e n ,  a n d  a n n u a l  h o u s e h o l d  
income. D w e l l i n g  t y p e s  a r e  s t r a t i f i e d  by  t y p e  o f  s t r u c t u r e  ( s i n g l e  
f a m i l y ,  1-4 u n i t s ,  5-19 u n i t s ,  20+ u n i t s ,  m o b i  1  e  h o m e s ) ,  a n d  b y  a g e  
( b u i l t  1960 o r  l a t e r ,  1940-60, 1 9 4 0  o r  e a r l i e r ) .  U r b a n  s t r u c t u r e  
v a r i a b l e s  i n c l u d e  road r o u t e  m i l e s  pe r  c a p i t a ,  annual bus sea t -m i l  es per  
c a p i t a ,  annual r a i l  sea t -m i l es  per  c a p i t a ,  f r a c t i o n  o f  hous ing  i n  r e g i o n  
b u i l t  b e f o r e  1920, and t h e  f r a c t i o n  o f  hous ing  t h a t  i s  s i n g l e  f a m i l y .  

Mean va lues  f o r  t h e  v a r i a b l e s  a r e  used i n  m a k i n g  p r o j e c t i o n s  f o r  
aggregate reg ions .  

MODEL CONSTRUCTION 

A two-stage 1  i near  p robab i  1  i t y  model i s  c a l  i b r a t e d  u s  i n g  a  s p e c  i a  1  
l e a s t  squares procedure  t h a t  p r o d u c e s  c o n v e n t i o n a l  o r d i n a r y  1  e a s t  
squares e s t i m a t o r s  b u t  p e r m i t s  t h e  use o f  l a r g e  numbers o f  v a r i a b l e s  and 
obse rva t i ons  w h i l e  sav ing  on computat ions.  Samples o f  d a t a  o n  3 4 6 , 8 9 3  
households and 407,731 w o r k e r s  i n  t h e  l a r g e s t  1 2 5  SMSA's  i n  t h e  
U.S. f rom t h e  1970 Census were used. 



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

I n  making p r e d i c t i o n s ,  t h e  general  long- term t r e n d s ,  a s  d e f i n e d  b y  
t h e  census da ta ,  were assumed f o r  t h e  e x p l a n a t o r y  v a r i a b l e s .  F o r  
i n s t a n c e ,  i t  was assumed t h a t  r e a l  h o u s e h o l d  i n c o m e  w o u l d  r i s e ,  
households would become more s ing le -pe rson  o r i e n t e d ,  m o r e  w o r k  p l  a c e s  
would be i n  t h e  suburban r i n g ,  bus and r a i l  supp ly  would d e c r e a s e ,  a n d  
housing d e n s i t y  would decrease. 
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EMISSION AND FUEL USE MODEL FOK TRUCKS AND BUSES 

An emiss ion  and f u e l .  use computer model f o r  t r u c k  and bus p o p u l a t i o n s  
was developed i n  1978 a t  M ich igan  T e c h n o l o g i c a l  U n i v e r s i t y .  I t  was 
sponsored by t h e  Environmental  P r o t e c t i o n  A g e n c y .  T h e  m o d e l  c a n  b e  
a p p l i e d  t o  t h e  e n t i r e  U.S. o r  an urban area,  and has t r u c k  p o p u l a t i o n ,  
m i  1  eage, f u e l  use, and emi s s i  ons submodel s. 
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OBJECTIVE OF MODEL 

The o p e r a t i o n a l  model can be u s e d  t o  a n a l y z e  t h e  t r u c k  a n d  b u s  
p o p u l a t i o n s  f o r  t h e  e n t i r e  U.S. o r  a  s e l e c t e d  urban area,  by e s t i m a t i n g  
t h e  urban and r u r a l  i n v e n t o r i e s  o f  up  t o  e i g h t  e m i s s i o n  s o u r c e s ,  
c l a s s i f i e d  by eng ine  type,  age, and gross  v e h i c l e  we ight .  The model i s  
based on t h e  m o d e l  y e a r  s a l e s  a n d  s c r a p p a g e  p r o c e s s  o f  v e h i c l e  
popu la t i ons .  

RELATIONSHIP TO OTHER MODELS 

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

HISTORICAL BACKGROUND 

Impetus f o r  t h i s  more up - to -da te  and general  a p p r o a c h  g r e w  o u t  o f  
i n i t i a l  model i n y  work by T i n g l e y  and Johnson (73-043). 

ASSUMPTIONS 

Model years  a r e  assumed t o  be ca lenda r  years ;  c a l  cu l  a t i o n s  a r e  d o n e  
on an annual bas i s ;  and t r u c k s  a r e  assumed t o  l a s t  up t o  30 years .  



VAL I DAT ION 

Several  a p p l i c a t i o n  exper iments  w i t h  t h e  model a r e  d i s c u s s e d  b y  t h e  
au tho rs .  The e f f e c t s  a r e  i n v e s t i g a t e d  o f  i n c r e a s e d  r a t e s  o f  d i e s e l  
eng ine  u s e  o n  v e h i c l e  s a l e s .  T h e  s e n s i t i v i t y  o f  t h e  m o d e l  t o  
n a r t i c u l a t e  emiss ions r a t e s  i s  shown. A  case s tudy  i s  done o f  t h e  New 
York m e t r o p o l i t a n  area t o  i l l u s t r a t e  t h e  c a p a b i l i t i e s  o f  t h e  m o d e l  a n d  
p o i n t  o u t  t h e  d a t a  c o l l e c t i o n  requ i remen ts  o f  t h e  model, b u t  a c t u a l  a n d  
p r e d i c t e d  va lues  a r e  n o t  compared. 

LIMITATIONS AND BENEFITS 

The model can be used f o r  s e n s i t i v i t y  and s c e n a r i o  a n a l y s i  s  . I t i s  
general  enough t o  be a p p l i e d  t o  i n d i v i d u a l  reg ions,  o r  t o  be g e n e r a l i z e d  
t o  i n c l u d e  automobi le  as w e l l  as  t r u c k  and bus c lasses ,  i f  t h e  necessary 
i n p u t  d a t a  bases were developed. The model can a l s o  express o u t p u t s  b y  
a  b u s l a x l e  c l a s s i f i c a t i o n  o f  v e h i c l e s ,  a n d  t e s t  t h e  e f f e c t  o f  f u e l  
a v a i l a b i l i t y  c o n s t r a i n t s  on t r u c k  p o p u l a t i o n  d i s t r i b u t i o n .  

STRUCTURE 

V e h i c l e s  a r e  c l a s s i f i e d  i n t o  n i n e  c lasses  o f  g ross  v e h i  c l  e  w e i g h t ,  
two o f  eng ine t y p e  (gas01 i n e  and d i e s e l  ) , and by model y e a r  o r  age. The 
model has seve ra l  component equat ions .  P r i o r - y e a r  v e h i c l e  p o p u l  a t  i o n ,  
c u r r e n t - y e a r  sa les ,  and scrappage determine c u r r e n t  y e a r  p o p u l  a t  i on .  
These es t ima tes  o f  m i l e s  t r a v e l e d ,  and t h e  u r b a n l r u r a l  m i  1  e a g e  s  p l  i t  , 
determine t o t a l  m i l e s  t r a v e l e d .  T o t a l  m i l e s  t r a v e l e d ,  a l o n g  w i t h  
payload es t ima tes ,  de termines t o t a l  t o n m i l e s ,  I t  a l s o  d e t e r m i n e s ,  
a1 ong w i t h  emiss ion  r a t e  es t ima tes ,  t o t a l  em iss ion  c o n t r i b u t i o n s  f o r  t h e  
c u r r e n t  year.  M i l e s  pe r  g a l l o n  e s t i m a t e s  a n d  t o t a l  m i l e s  t r a v e l e d  
determine t o t a l  f u e l  usage. A c o n s t r a i n t  on f u e l  a v a i l a b i l i t y  e f f e c t s  
t o t a l  v e h i c l e  p o p u l a t i o n  and m i l e s  t r a v e l e d .  The f o l l o w i  n g  s  u b m o d e l  s  
feed i n t o  t h i s  s t r u c t u r e :  t r u c k  popu la t i on ,  c o n s i s t i n g  o f  v e h i c l e  sa les  
and scrappage processes,  mi leage,  f u e l  u s a g e ,  a n d  e m i s s i o n s .  Some 
a d d i t i o n a l  o u t p u t s  o f  t h e  model i n c l u d e :  average urban and r u r a l  mi 1  e s  , 
m i l e s  by  eng ine  t ype  and we igh t  c l a s s ,  t o t a l  a n d  a v e r a g e  p a y l  o a d ,  
nayload by t y p e  and c l a s s ,  t o n - m i l e s  pe r  g a l l o n ,  emissions by t y p e  a n d  
c l a s s ,  emissions pe r  t o n  m i l e s  and p e r  g a l l o n .  Fuel usage i s  a  f u n c t i o n  
o f  eng ine t y p e  and c l a s s ,  m o d e l  y e a r ,  s p e e d  c o r r e c t i o n  f a c t o r s ,  
emiss ions standards,  and techno10,gical  u p g r a d i n g .  Emi s s i  o n s  a r e  a  
f u n c t i o n  o f  m o d e l  y e a r ,  d e t e r i o r a t i o n  d u e  t o  a g i n g ,  a n d  s p e e d  
c o r r e c t i o n .  

MODEL CONSTRUCTION 

Leas t  squares a n a l y s i s  was used t o  f i n d  t h e  r e l a t i o n s h i p  between new 
v e h i c l e  sa l  es and scrappage ( i  .e: , rep1 acement sa l  es)  . H i  s t o r i c a l  d a t a  
on scrappage, sa l  es, pay l  oads, m i l e s  t r a v e l e d ,  and emiss ions came f r o m  
s e v e r a l  s o u r c e s :  - M o t o r  - T r u c k  - 9  F a c t s  MVMA, 1 9 7 2  C e n s u s  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 ,  U.S. E n v i r o n m e n t a l  
P r o t e c t i o n  Agency, and U.S. Department o f  Energy. 



DATA USED I N  RUNNING MODEL 

F o r  t h e  model a u t h o r s '  s c e n a r i o  analyses,  t h r e e  s e t s  o f  as s u m p t  i o n s  
about  t h e  volume o f  t r u c k  s a l e s  weremade: low, medium a n d  h i g h .  To 
app ly  t h e  model t o  an urban area,  an i n p u t  d a t a  base must be d e v e l  o p e d  
t h a t  (1) d e f i n e s  t h e  geograph ica l  boundary o f  t h e  s t u d y  r e g i o n ,  ( 2 )  
es t ima tes  t r u c k i n g  a c t i v i t i e s ,  i n c l u d i n g  ( a )  pas t  a n d  f u t u r e  v e h i c l e  
popu la t i ons ,  ( b )  m i l e s  t r a v e l e d ,  ( c )  l o a d  c a r r i e d ,  and ( d )  b a s e l i n e  f u e l  
consumpt ion r a t e s ,  each d i f f e r e n t i a t e d  by  we ight  c l a s s  a n d  f u e l  t y p e ,  
and has ( 3 )  em iss ion  f a c t o r s ,  ( 4 )  age d e t e r i o r a t i  o n  c o r r e c t i  o n  c u r v e  
parameters, and ( 5 )  speed c o r r e c t i o n  f a c t o r s  t h a t  a r e  c o n s i  s t e n t  w i  t h  
t h e  study area. 
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COMPUTER REQUIREMENTS 

The computer program o f  t h e  model has been w r i t t e n  i n  FORTRAN and i s  
implemented on t h e  UNIVAC 1110 c o m p u t e r  a t  M i c h i g a n  T e c h n o l o g i c a l  
l l n i v e r s i t y .  T o t a l  r u n  t i m e s  v a r y  f rom one t o  two minutes ,  depend ing o n  
ou tpu t  r e q u i  rements. 



URBAN VEHICULAR CARBON MONOXIDE POLLUTION MODEL (APRAC-1A) 

The APRAC-1A model was d e v e l o p e d  i n  1 9 7 3  b y  S t a n f o r d  R e s e a r c h  
I n s t i t u t e  f o r  t h e  C o o r d i n a t i n g  R e s e a r c h  C o u n c i l  a n d  t h e  
11,s. Envi ronmental  P r o t e c t i o n  Agency. It p r e d i c t s  t h e  impact  o f  m o t o r  
v e h i c l e s  on a i r  q u a l i t y  i n  u rban areas by mode l i ng  c o n c e n t r a t i o n s  o f  
emi ss ions,  t a k i n g  i n t o  account  atmospher ic  c o n d i t i o n s .  
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KEYWORDS 

A i r  po l  l u t i o n l a i r  qual  i t y  

OBJECTIVE OF MODEL 

T h i s  model was developed t o  p r e d i c t  c o n c e n t r a t i o n s  o f  i n e r t ,  v e h i c l e -  
qenerated p o l l u t a n t s .  It can be used t o  s i m u l a t e  c u r r e n t  a n d  f u t u r e  
impact  o f  motor  v e h i c l e s  on t h e  a i r  qual i t y  i n  an urban c o r e  r e g i o n .  

HISTORICAL BACKGROUND 

APRAC-1A i s  a mod i f i ed  fo rm o f  a r e c e p t o r - o r i e n t e d  G a u s s i a n  p l  ume 
f o r m u l a t i o n  developed i n  1964. Atmospheric s t a b i l i t y  parameters i n  t h e  
model a r e  based on a n a l y s i s  o f  urban t r a c e r  t e s t s  done i n 1 9 7 2  b y  t h e  
model au thors .  

ASSUMPTIONS 

Since n e a r l y  a1 1 urban carbon monoxide emissions a r e  f r o m  i n t e r n a l  
canbus t i  on engines,  no o t h e r  carbon monoxide sources a r e  cons idered,  and 
ze ro  emiss ion  h e i g h t  i s  t h e  assumed source h e i g h t .  Emi s s i  o n s  w i  t h i  n 
each s e c t o r  a r e  assumed t o  be u n i f o r m l y  d i s t r i b u t e d .  W i  n d  s p e e d  i s  
t aken  t o  be un i fo rm i n  speed and d i r e c t i o n  o v e r  t h e  e n t i r e  u r b a n  a r e a ,  
made necessary  b y  t h e  f a c t  t h a t  many c i t i e s  h a v e  o n l y  o n e  w i n d  
measurement s i t e ,  



VALIDATION 

P r e d i c t i o n s  u s i n g  t h e  b a s i c  model a l o n e  were compared w i t h  m e a s u r e d  
da ta  f rom t h e  Cont inuous Air M o n i t o r i n g  Program (CAMP) s t a t i o n s  i n  t h e  
U.S. Observed and c a l c u l a t e d  va lues  o f t e n  d i f f e r e d  s i g n i f i c a n t l y  i n  
magnitude, though w i t h  f a i r  c o r r e l a t i o n .  Carbon monoxide c o n c e n t r a t i o n s  
were moni tored i n  urban c o r e  r e g i o n s  o f  San Jose, C a l  i f o  r n  i a  a n d  S t .  
Lou is ,  M i s s o u r i .  W i n d ,  t e m p e r a t u r e ,  a n d  t r a f f i c  d a t a  w e r e  a1 s o  
c o l l e c t e d  t o  e v a l u a t e  t h e  r e s u l t s  and g e n e r a l  a p p l  i c a b i  1  i t y  o f  t h e  
model. P r e d i c t e d  and observed c o n c e n t r a t i o n s  o f  c a r b o n  m o n o x i  d e  i n  
St. Lou is  d i f f e r  b y  r o o t  mean square va lues o f  app rox ima te l y  3 ppm w h i l e  
f requency d i  s t r i  b u t i o n s  o f  h o u r l y  c o n c e n t r a t i o n s  a r e  g i  v e n  w i t h  i n  2 - 3  
PPm* 

LIMITATIONS AND BENEFITS 

The model development and e v a l u a t i o n  programs have o n l y  f o c u s e d  o n  
t h e  p o l l u t a n t  c a r b o n  m o n o x i d e ,  t h o u g h  t h e  b a s i c  m e t h o d 0 1  o g y  i s  
a p p l i c a b l e  f o r  o t h e r  p o l l u t a n t s .  The model i s  p r a c t i c a l  i n  t h a t  i t  
r e q u i r e s  o n l y  r o u t i n e l y  a v a i l a b l e  m e t e o r 0 1  o g i c a l  a n d  t r a f f i c  d a t a .  
T r a f f i c  eng ineers  and c i t y  p lanners  c a n  u s e  i t  i n  t h e i r  e f f o r t s  t o  
deve lop t r a n s p o r t a t i o n  and l a n d  use p o l i c i e s  w i  t h  m i  n imum p o l  1  u t  i o n  
e f f e c t s .  

STRUCTURE 

Four model s  a r e  presented,  t h e  Bas ic  Model , APRAC-1A , t h e  B o x ,  a n d  
t h e  Z t r e e t  Canyon Model. The l a t t e r  two models account  f o r  t h e  b a r r i e r s  
t h a t  b u i l d i n g s  impose upon t h e  m i x i n a  o f  p o l  1  u t a n t s  w i t h  t h e  u p p e r  
atmosphere. I n  t h e  bas i c  model, p o l l u t i o n  c o n c e n t r a t i o n  a t  a  r e c e p t o r  
i s  de termined by  t h e  eri i issions between l o g a r i t h m i c a l l y  s p a c e d  a n g u l a r  
segments emanating f rom t h e  r e c e p t o r  p o i n t .  The wind d i r e c t i o n  b i s e c t s  
t h e  angle.  

Bas ic  Model -- 

where : 

- 3 C .  = c o n c e n t r a t i o n  f rom sources i n  segment i (gm ) 
1 

u = w i  nd speed (m/sec.) 

a  ,b = atmospher ic s t a b i  1 i t y  parameters 

Qi = average segment p o l  1 u t i o n  source s t r e n g t h  (gm-'/sec .) 

X = downwind d i s t a n c e  f rom t h e  source 



APRAC- 1A 

APRAC-1A uses an i n v e n t o r y  of average d a i l y  t r a f f i c  volume f o r  m a j o r  
roads,  based on h i s t o r i c a l  o r  f o recas t  da ta  r a t h e r  than  an i n v e n t o r y  o f  
segment po l  1  u t i o n  source s t reng th .  

where: 

E = emi s s i o n  r a t e  (grams carbon monox ide/veh ic le -mi l  es)  

a, p = cons tan ts  depending on c h a r a c t e r i  s t i c s  o f  em i  s s i o n  c o n t r o l  
dev i ces  i n s t a l l e d  i n  t h e  f l e e t  ( a  = 700, p = 0.75. These v a l  u e s  
a r e  a p p r o p r i a t e  t o  a  m i x t u r e  o f  a b o u t  h a l f  p r e - 1 9 6 8  a n d  h a l f  
newer cars . )  

S = speed ( m i l e s l h r . )  

Box Flodel -- 

The b a s i c  model changes t o  t h e  Box Model when t h e r e  a r e  r e s t r i c t i o n s  
t o  t h e  upward m i x i n g  o f  p o l l u t a n t s  f rom t h e  roadway. 

where: 

C i ,  Qi, X = same as b a s i c  model 

h  = h e i g h t  above which t h e r e  i s  no r e s t r i c t i o n  t o  upward m i x i  n g  o f  t h e  
po l  1  u t a n t  

S t r e e t  Canyon Model 

The S t r e e t  Canyon Model i s  an improved v e r s i o n  o f  t h e  Box Model. 

where: 

AC = amount o f  carbon monoxide added a t  t h e  r e c e p t o r  p o i n t  l o c a t e d  o n  
t h e  s i d e  o f  an upwind b u i l d i n g  

K = e m p i r i c a l  cons tan t  ( f o r  San Jose and S t .  L o u i s ,  t h e  c o n s t a n t  i s  
about  7 )  

r = s l a n t  d i s t a n c e  between t h e  r e c e p t o r  and t h e  neares t  t r a f f i c  l a n e  

u = r o o f - t o p  wind speed (m/sec.) 



QL = l o c a l  s t r e e t  emiss ions (g/m-sec.) 

MODEL CONSTRUCTION 

T h i s  i s  an account ing  model o f  a  p h y s i c a l - c h e m i c a l  s y s t e m .  D a t a  
c o l l e c t e d  i n  San Jose and S t .  L o u i s  w e r e  u s e d  i n  c a l i b r a t i n g  t h e  
e m p i r i c a l  cons tan t  i n  t h e  S t r e e t  Canyon Model . 

DATA USED I N  RUNNING MODEL 

The i n p u t  v a r i a b l e s  r e q u i r e d  f o r  a p p l i c a t i o n  o f  t h e  b a s i c  model a r e :  
t r a f f i c  emiss ions,  m i x i n g  h e i g h t ,  a t m o s p h e r i  c  s t a b i  1 i t y  t y p e ,  a n d  
t r a n s p o r t  wind speed. M i x i n g  h e i g h t s  and s t a b i l i t y  t y p e  a r e  e s t i m a t e d  
frorn a v a i l a b l e  a i r p o r t  o b s e r v a t i o n s  and emissions f rom t h e  d a i l y  t r a f f i c  
volume on ma jo r  c i t y  s t r e e t s .  
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GENERAL EQUILIBRIUM MODELING SYSTEM (GEMS) 

General E q u i l i b r i u m  Mode l ing  System (GEMS), a n o n r e g i  o n a l  g e n e r a l  
e q u i l  i br ium mode l ing  procedure,  was developed by Deci  s i o n  Focus, I n c .  i n  
1977 f o r  a n a l y s i s  o f  t h e  n a t i o n a l  energy  system by  t h e  F e d e r a l  E n e r g y  
Admini s t r a t i o n .  The s p e c i f i c  a n a l y s i s  conducted w i t h  t h e  system depends 
on  t h e  p a r t i c u l a r  sponsor f o r  whom an a n a l y s i s  i s  made. T r a n s p o r t a t i o n  
ana lyses  done w i t h  t h e  model have i n c l u d e d  s imul  a t i o n  of end-use s e r v i c e  
demands f o r  u rban and r u r a l  v e h i c l e  m i l e s ,  a n d  o f  p e n e t r a t i o n  o f  
~ l e c t r i c  c a r s  i n t o  t h e  au tomob i l e  market .  C l i e n t  users  o f  t h e  s y s t e m  
have i n c l u d e d  t h e  Chase Manhattan Bank, t h e  E l e c t r i c  P o w e r  R e s e a r c h  
I n s t i t u t e ,  and t h e  Tennessee Val l e y  A u t h o r i t y .  
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Energy consumpti  on, f u e l  p r i c e  

OBJECTIVE OF MODEL 

The system i s  designed t o  a i d  a n a l y s t s  i n  c o n s t r u c t i n g  m o d e l s  o f  
r e g i o n a l ,  n a t i o n a l ,  and i n t e r n a t i o n a l  e c o n o m i c  m a r k e t s  a n d  t h e i r  
l i n k a g e s  t o  t h e  r e s t  o f  t h e  economy. These m o d e l s  c o u l d  b e  u s e d  t o  
e v a l u a t e  t h e  impact  o f  s p e c i f i c  p u b l i c  p o l i c y  o r  p r i v a t e  s e c t o r  
inves tment  a1 t e r n a t i v e s .  GEMS has general  l y  been a p p l  i e d  t o  e n e r g y -  
economy model ing,  b u t  i t  c o u l d  be a p p l i e d  t o  o t h e r  problems and markets. 

HISTORICAL BACKGROUND 

GEMS developed o u t  o f  t h e  SRI-Gul f  Model (73-261) method01 o g y .  T h e  
Long-term Energy A n a l y s i s  Program (LEAP) (77-286) i s  a v e r s i o n  o f  GEMS 
t h a t  was s o l d  t o  t h e  U.S. Department o f  Energy. 



ASSUMPTIONS 

The methodology empl oyed i s t h a t  o f  general  i z e d  equ i  1  i b r i u m  mode l ing ,  
based on dec i s ion - focused  a n a l y s i s  and c o o r d i  n a t e d  d e c o m p o s i  t i  o n  o f  
complex dec i  s i o n  model s. The f o r e c a s t i  ng approach i s a  combi n  a  t i o n  o f  
myopic e x t r a p o l a t i o n ,  i n  wh ich  f u t u r e  va lues  o f  v a r i a b l e s  depend on t h e  
p a s t  and p resen t  va lues ,  and c l a i r v o y a n c e ,  i n  which a c t u a l  f u t u r e  v a l u e s  
a r e  used t o  compute p r e s e n t  p r o f i t s .  

LIMITATIONS AND BENEFITS 

The p r o v i s i o n  o f  model i ng convent ions ,  o f f - t he -she1  f process mode l  s  , 
and s o f t w a r e  r e l i e v e s  t h e  m o d e l e r  o f  r o u t i n e  t a s k s  a n d  p r o v i d e s  a  
aenera l  and h i g h l y  f l e x i b l e  s t r u c t u r e  w i t h i n  w h i c h  a  w i d e  r a n g e  o f  
economic models can be c o n s t r u c t e d  t h a t  a r e  t a i l o r e d  t o  s p e c i f i c  
d e c i s i o n  problems, t h u s  a v o i d i n g  t h e  need t o  r e l y  o n  o n e  1  a r g e  a1 l- 
purpose model o r  t h e  c o n s t r u c t i o n  o f  a  new model f o r  eve ry  problem. 

STKUCTURE 

GEMS c o n s i s t s  o f  t h r e e  c o m p o n e n t s :  ( 1 )  a  s y s t e m  o f  m o d e l i n g  
conven t i ons  t h a t  f a c i l i t a t e s  t h e  d e f i n i t i o n  o f  n e t w o r k  m o d e l  s  o f  
economic systems t h a t  1  i n k  t o g e t h e r  e i t h e r  m a c r o -  a n d  m i  c r o - 1  e v e 1  
process  mode ls  o f  s e c t o r s  o f  t h e  e c o n o m y ,  o r  s p e c i f i c  e c o n o m i c  
a c t i v i t i e s  such as c rude o i l  r e f i n i n y  o r  c o a l  m i n i n g ;  ( 2 )  a  b a s i c  
l i b r a r y  o f  gene r i c  p rocess  m o d e l s  t h a t  d e s c r i b e  t h e  p h y s i c a l  a n d  
b e h a v i o r a l  c h a r a c t e r i s t i c s  o f  b a s i c  economic a c t i v i t i e s ;  and ( 3 )  t h e  DFI 
Model Data Management System (MDMS) , which  f a c i  1  i t a t e s  t h e  d e f i n i t i o n  of 
mode l ing  conven t i ons  i n  t h e  c o n s t r u c t i o n  o f  process models, a n d  i n  t h e  
management o f  da ta  r e q u i r e d  i n  an a c t u a l  model.  

The b a s i c  e lements o f  a  model a re :  (1) process  models o f  economic o r  
n a t u r a l  systems, t e c h n o l o g i e s ,  o r  decis ionrnaki  ng processes,  c o n t a  i n  i n g  
p h y s i c a l  and/or  b e h a v i o r a l  r e l a t i o n s ;  ( 2 )  a  network d e f  i n  i n g  t h e  1  i n k  
between t h e  processes,  w i t h  end-use demand f o r  energy p r o c e s s e s  a t  t h e  
t o p  o f  t h e  network ,  p r i m a r y  r e s o u r c e  supp ly  processes a t  t h e  bot tom, and 
market  behav io r ,  conve rs ion ,  and t r a n s p o r t a t i o n  b e t w e e n ;  a n d  ( 3 )  a n  
a l g o r i t h m  t h a t  uses i t e r a t i v e  techn iques  t o  s u c c e s s i v e l y  a d j u s t  p r i c e s  
and q u a n t i t i e s  u n t i l  a  s o l u t i o n  i s  found.  

Models a r e  c o n s t r u c t e d  u s i n y  a  s e t  o f  processes f rom a b a s i c  1  i b r a r y  
o f  GEMS modul es, w i  t h  mi n o r  modi f i c a t i o n s .  These modul es s imul  a t e  b a s i c  
a1 l o c a t i o n ,  b a s i c  conve rs ion ,  e l e c t r i c  power conve rs ion ,  e l e c t r i c  p o w e r  
1  oad, e l e c t r i c  power a1 l o c a t i o n ,  depl  e t e a b l e  resources ,  t r a n s p o r t a t  i o n ,  
d i s t r i b u t i o n ,  end-use c o n v e r s i  o n ,  e n d - u s e  d e m a n d ,  f i n a n c i  a 1  , a n d  
governmental processes. 

C o n s t r a i n t s  on t h e  s o l u t i o n  o f  a  m o d e l ,  i n  t h e  f o r m  o f  p r i c e  
r e g u l  a t i  on o f  resources ,  may be a p p l i e d .  

Some changes f rom t h e  SRI -Gul f  Model i n c l u d e  d a t a  b a s e  r e v i s i o n ;  
s o f t w a r e  t h a t  i n c r e a s e s  f l e x i  b i l  i t y  and reduces d a t a  management c o s t s ;  a  



more h i e r a r c h i c a l  s t r u c t u r e  t h a t  a l l o w s  feedback f rom t h e  r e s t  o f  t h e  
econorny; new assumptions i n  t h e  p r o c e s s  1  o g i c  t h a t  k e e p  t r a c k  o f  
a d d i t i o n s  t o  energy p l a n t  c a p a c i t y ,  new i n v e s t m e n t  i n  r e s o u r c e s  a n d  
resource p roduc t i on ;  and a l t e r e d  assumptions a b o u t  p r o d u c e r  1 e a r n i n g  
processes. 

DATA USED I N  RUNNING MODEL 

Data can be o rgan ized  a long  e leven  dimensions: g l o b a l  r e g i o n ,  1  o c a l  
r e g i o n ,  s e c t o r ,  a c t i v i t y ,  o u t p u t  l i n k ,  i n p u t  l i n k ,  s u b - l i n k ,  g e n e r i c  
p r x e s s ,  s p e c i f i c  process,  t i m e ,  and a t t r i b u t e .  Network d a t a  a r e  t h e  
n o i n t e r s  needed t o  c o n s t r u c t  a  network,  and process da ta  a r e  t h e  a c t u a l  
i n p u t  parameters and v a r i a b l e s .  

COMPUTER REQU IREFSENTS 

n a t a  management i s  per formed by t h e  Model Data M a n a g e m e n t  S y s t e m ,  
c o n s i s t i n g  o f  an EXECUTIVE program t h a t  a1 lows t h e  user  t o  c r e a t e ,  e d i t ,  
s t o r e ,  and d i s p l a y  data ,  and a  TRANSFER system which t r a n s f e r s  d a t a  t o  
t h e  model and r e s u l t s  f rom i t ,  

The so f twa re  f o r  GEMS and t h e  Model Data Management S y s t e m  c a n  b e  
purchased f rom Deci s i  on Focus, I nco rpo ra ted  . 
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DEMAND MODEL FOR GASOLINE AND RESIDENTIAL ELECTRICITY 

A model o f  energy consumpt ion i s  a p p l i e d  t o  g a s o l i n e  and e l e c t r i  c i  t y  
demand by i n d i v i d u a l s ,  i n  wh ich  demand i s  r e l a t e d  t o  income and p r i c e  i n  
a  fl ow-adjustment model es t ima ted  by t h e  e r r o r  c o m p o n e n t s  t e c  h n i  q u e .  
The model was developed i n  1974 by  s t a f f  members  a t  D a t a  R e s o u r c e s ,  
I nc .  and Harvard U n i v e r s i t y .  T h e  w o r k  was s p o n s o r e d  b y  t h e  F o r d  
Foundat ion  and t h e  Counci 1  on Environmental  Qua l  i ty. 

SPONSOR 

Furd Foundat ion  
320 East 43 rd  St. 
New York, N.Y. 10017 

Counci 1  on Envi ronmental Qua l  i t y  
722 Jackson P lace  N.W. 
Washington, D.C. 

AUTHOR 

H.S. Houthakker 
Harvard U n i v e r s i t y  
Economi cs Department 
Cambridge, Mass. 

P h i l  i p  K, Ve r lege r ,  J r .  and Dennis P. Sheehan 
Data Resources, I n c .  
Lex ington,  Mass. 

KEYWORDS 
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  model i s  t o  f o r e c a s t  e n e r g y  ( g a s 0 1  i n e  a n d  
e l e c t r i c i t y )  consumption o f  i n d i v i d u a l s  as a  f u n c t i o n  o f  p r i c e ,  i n c o m e ,  
and the  q u a n t i t y  demanded i n  t h e  p r i o r  p e r i o d .  

VAL I UATIOIV 

It i s  shown t h a t  t h e  growth  i n  energy demand i s  due t o  r i s i n g  incomes 
and fa1 1  i ng p r i c e s ;  consequent ly ,  i nc reases  i n  p r i c e s  shou ld  b r i n g  about  
ad jus tments  i n  demand, w i t h o u t  t h e  use o f  r a t i o n i n g .  



ASSUMPTIONS 

A f l ow-ad jus tmen t  model o f  demand i s  used,  i n  w h i c h  t h e  s t o c k  o f  
energy-us ing c a p i t a l  i s  assumed t o  be f i x e d  o v e r  t h e  s h o r t  r u n ,  and t h e  
~ ~ t i l i z a t i o n  o f  i t  i s  assumed t o  b e  a  f u n c t i o n  o f  n o r m a l  e c o n o m i c  
i n f l  uences. 

LIMITATIOiIS AND BENEFITS 

The model assumes t h a t  t h e  u t i l i z a t i o n  r a t e s  o f  a 1  1  e n e r g y - u s i n g  
equipment a r e  t h e  same, r e g a r d l e s s  o f  v i n t a g e .  I t  w o u l d  h a v e  b e e n  
b e t t e r  t o  separa te  t h e  u t i l  i z a t i o n  and c a p i  t a l  e q u  i pmen t i n v e s t m e n t  
process i n t o  two equat ions .  

STRUCTURE 

The demand f o r  energy resources  i s  e x a m i  n e d  a t  a  r e g i o n a l  1  e v e 1  
because t h e r e  shou ld  be v a r i a t i o n  i n  p r i c e s  a n d  c o n s u m p t i o n  b e t w e e n  
s t a t e s ,  due t o  c l  i m a c t i c  and p o p u l a t i o n  c h a r a c t e r i s t i c s ,  The same model 
s p e c i f i c a t i o n  i s  used f o r  g a s o l i n e  and e l e c t r i c i t y ,  b u t  t hey  a r e  p r i c e d  
i n  c o n t r a s t i n g  ways. The e s t i m a t i o n  f o r  g a s o l i n e  c o n s u m p t i o n  i s  a s  
f o l l  ows: 

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

q i  t = q u a n t i t y  o f  g a s o l i n e  demanded by i n d i v i d u a l s  i n  s t a t e  i a t  t i m e  t 

P i  t = p r i c e  o f  g a s o l i n e  i n  s t a t e  i a t  t i m e  t 

= d i sposab le  income i n  s t a t e  i a t  t i m e  t ,  f o u n d  b y  d e f l a t i n g  
personal  i ncane  p e r  c a p i t a  by t h e  r a t i o  o f  a g g r e g a t e  n a t i o n a l  
personal  inccme t o  n a t i o n a l  d i  sposable personal  income 

MODEL CONSTRUCTION 

The e r r o r  components o r  v a r i a n c e  component t e c h n i q u e  was u s e d  t o  
e s t i m a t e  t h e  model, t o  a v o i d  b iased  es t ima tes  t h a t  wou ld  b e  c a u s e d  b y  
t h e  lagged dependent v a r i a b l e  i n  t h e  f l  ow-adjustment model. T h e  e r r o r  
ccmponents techn ique  a1 so accounts f o r  be tween-s ta te  f l  u c t u a t i  o n s  a n d  
p rov ides  t h e  b e s t  e s t i m a t e  o f  t h e  ad jus tment  parameter. Q u a r t e r l y  d a t a  
f rom 1963-1972 f rom 48 s t a t e s  and Washington, D.C. were used t o  f i t  t h e  
gas01 i n e  consumpt ion model. 



Gaso l i ne  consumpt ion d a t a  came f r o m  t h e  American Pet ro leum I n s t i t u t e ,  
aas p r i c e  f rom P l a t t ' s  survey ,  n e r s o n a l  i n c o m e  f r o m  t h e  B u r e a u  o f  
Economic Analyses (BEA)., p o p u l a t i o n  from t h e  C e n s u s  B u r e a u ,  a n d  t h e  
t o t a l  personal  consumpti  on expend i tu res  d e f l a t o r  f r om t h e  BEA. 
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LONG-TERM ENERGY ANALYSIS PROGRAM (LEAP) 

The Long-term Energy A n a l y s i s  Program (LEAP) i s  a  n a t i o n a l  v e r s i o n  o f  
a  dynamic g e n e r a l i z e d  equ i  1  i br ium model of energy s  u p p l  y  a n d  demand ,  
developed by D e c i s i o n  Focus, I n c .  (DFI )  i n  1977. It was designed t o  b e  
a  f l e x i b l e  t o o l  f o r  l o n g - t e r m  e n e r g y  p r o j e c t i o n  f o r  t h e  E n e r g y  
I n f o r m a t i o n  A d m i n i s t r a t i o n  (E IA )  o f  t h e  U,S, D e p a r t m e n t  o f  E n e r g y .  
P a r t s  o f  t h e  model were developed, and a r e  c o n t i n u a l  l y  upda ted ,  b y  t h e  
Long-Term A n a l y s i s  D i v i s i o n  o f  EIA. The model was used f o r  t h e  1  o n g -  
t e rm p r o j e c t i o n s  presented i n  b o t h  t h e  1978 and 1979 EIA Annual  R e p o r t  
t o  Congress. - 
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  t h e  Long-term Energy A n a l y s i s  Program i s  t o  p r o v i d e  
l ong - te rm economic p r o j e c t i o n s  o f  energy p roduc t  use and energy p r o d u c t  
p r i c e s ,  T r a n s p o r t a t i o n  i s  i n c l u d e d  as end-use energy s e r v i c e  demands  
f o r  urban and r u r a l  au to  m i l e s  as we1 1  as t r a n s p o r t  s e r v i c e  demands f o r  
modes. 

RELATIONSHIP TO OTHER MODELS 

LEAP i s  c a l i b r a t e d  t o  equal t h e  Mid- term Economic F o r e c a s t i n g  S v s t e m  
(MEFS) (S-78-419) model th rough 1995. LEAP i s  o p e r a t i o n a l  o n  EMS, a  
computer program developed by DFI, which makes i t  p o s s i  b l  e  t o  d e f i n e  
l a r g e  network models. EMS employs da ta  b a s e s  s t o r e d  o n  M R I  2 0 0 0 ,  a  
p r o p r i e t a r y  DFI d a t a  management system. EMS a n d  M R I  2 0 0 0  h a v e  b e e n  
superseded by a  more f l e x i b l e  and e f f i c i e n t  s o f t w a r e  s y s t e m ,  t h e  D F I  
General i zed Equi 1  i b r i  um Model i ng System (GEMS) (77-283)  . 



HISTORICAL BACKGROUND 

LEAP i s  d e r i v e d  f rom t h e  SRI-Gul f  Energy Model (77-261),  developed a t  
S t a n f o r d  Research I n s t i t u t e  and D e c i s i o n  Focus, I n c .  O the r  d e r i v a t i v e s  
of t h e  SRI-Gulf model a r e  t h e  GEMS (77-283) and t h e  L i v e r m o r e  E n e r g y  
P o l i c y  Model (EPM) (78-462). I t  i s c u r r e n t l y  u n d e r g o i n g  i n - h o u s e  
(Dec i  s i o n  Focus, I n c .  ) and s u b c o n t r a c t o r  re f i nemen ts .  

ASSUMPTIONS 

The model i s  a  r e g i o n a l  dynamic model o f  supp ly  and demand f o r  energy 
w i t h  assumpt ions s i m i l a r  t o  t hose  o f  t h e  SRI-Gul f  model (73-261).  LEAP 
combines an economet r ic  measure o f  s e r v i c e  demands w i  t h  e n g  i n e e r  i n g /  
economic r e p r e s e n t a t i o n s  o f  t h e  f u l l  range o f  processes i n  t h e  n a t i o n a l  
energy system. I t s  network s t r u c t u r e  models t h e  market  penet  r a t i  o n  o f  
new c o n v e r s i o n  and renewable r e s o u r c e  techno log ies ,  such  a s  s y n t  h e t i  c  
f u e l s ,  s o l a r ,  and renewable energy,  w i t h i n  t h e  c o n t e x t  o f  c o n v e n t i o n a l  
supp ly  and conve rs ion  techno log ies .  

VALIDATION 

The v e r s i o n  o f  LEAP used i n  t h e  EIA 1978 Annual R e p o r t  t o  Cony  r e s s  
and i t s  f o r e c a s t s  were assessed and v a l i d a t e d  by t h e  O f f i c e o f  E n e r g y  
I t i f o n n a t i o n  V a l i d a t i o n  o f  t h e  Energy I n f o r m a t i o n  Admi n i  s t  r a t i o n ,  i n  
c o n j u n c t i o n  w i t h  Oak Ridge N a t i o n a l  Labo ra to ry .  A  d r a f t  r e p o r t  o n  t h e  
LEAP assessment has been w r i t t e n  by DOE O f f i c e  of E n e r g y  I n f o r m a t i  o n  
V a l i d a t i o n  and i s  da ted  March 1980. 

LIMITATIONS AND BENEFITS 

Lirni t a t i o n s  and b e n e f i t s  a r e  s i m i l a r  t o  t hose  o f  t h e  SRI-Gul f Plodel , 
except  t h a t  LEAP i s  a  more f l e x i b l e  n o n r e g i o n a l  v e r s i o n .  P o s s i b l e  
a p p l i c a t i o n s  o f  t h e  model a r e  a  1  o n g - t e r m  c o m p a r a t i v e  a n a l y s i s  o f  
a1 t e r n a t i v e  energy techno1 og ies ,  programs and devel  opment scenar ios ;  t h e  
e f f e c t s  o f  t hese  on domest ic  economics; f o r e c a s t i n g  s u o p l  y a n d  demand  
f o r  t h e  E I A ' s  Annual Repor t  t o  Congress. The f i n a l  t r a n s p o r t  s e r v i  c e  
demands t h a t  have been ana lyzed i n c l u d e  i n t e r c i t y  and i n t r a c i  t y  v e h i  c l  e  
m i l e s  t r a v e l e d ,  1  i g h t  and heavy t r u c k  v e h i c l e  m i l e s ,  a i r  passenger, r a i l  
t o n ,  inar ine  t o n ,  and bus v e h i c l e  m i l e s .  An a n a l y s i s  o f  e l e c t r i c  v e h i c l e  
demand has been done, LEAP can a1 so be used t o  ana l yze  t h e  e f f e c t s  o f  
v a r i o u s  au tomob i l e  e f f i c i e n c y  assumpt ions and o f  h i g h e r  o i l  p r i c e s ,  

STRUCTURE 

T h i s  i s  a  n a t i o n a l - l e v e l  m o d e l  s i m i l a r  t o  t h e  S R I - G u l f  M o d e l  
( d e s c r i b e d  under 73-261 above).  The v e r s i o n  u s e d  f o r  t h e  1 9 7 9  E I A  
Annual Repor t  t o  Cont ress  has 225 nodes. LEAP d e s c r i b e s  t h e  o v e r a l  1  
energy system of t h e  U.S. f r om 1975 t o  2020 by 5-year i n t e r v a l s .  T h e  
v a r i o u s  processes of energy  p r o d u c t i o n ,  conve rs ion ,  t r a n s p o r t a t i o n ,  a n d  
end-use a r e  i n d i v i d u a l  l y  rep resen ted .  



LEAP i s  s i m i l a r  t o  t h e  SRI-Gul f and r e l a t e d  models, i n  t h a t  i t s  b a s i c  
components a r e  t h e  energy-economy network,  p r o c e s s  s u b m o d e l  s  , a n d  a  
s o l u t i o n  a1 gor i thm.  The s e c t o r s  represented a r e  u t i l  i t i e s ,  r e s i d e n t i a l ,  
commercial,  t r a n s p o r t a t i o n ,  i n d u s t r y ,  d i s t r i b u t i o n ,  u r a n i u m ,  c o a l /  
s y n t h e t i c s ,  and o i  l l g a s .  W i t h i n  t h e  t r a n s p o r t a t i o n  s e c t o r  t h e  m a t e r i a l  s  
and processes represented a r e  1 i g h t  o i l  and m a r i n e  f u e l  a1  1  o c a t i  o n ,  
a i r c r a f t ,  o i l - d r i v e n  and e l e c t r i c  a u t o m o b i l e s ,  1  i g h t  t r u c k s ,  b u s e s ,  
heavy t r u c k s ,  r a i l ,  mar ine,  a1 1  v e h i c l e  m i l e s  a1 l o c a t i o n ,  u rban v e h i  c l  e  
m i l  es, and f i n a l  l y ,  personal  t r a n s p o r t a t i o n  demand. 

The process  submodels i n c l u d e d  a r e  f o r  b a s i c  c o n v e r s i o n ,  b a s i c  
a1 l o c a t i o n ,  end-use demand, b a s i c  resource,  coa l  p r o c e s s ,  a 1  1  o c a t i  o n  
p r o c e s s ,  e l e c t r i c - p o w e r  c o n v e r s i o n ,  e l e c t r i c  p o w e r  l o a d  i n g  , 
t r a n s p o r t a t i o n ,  i m p o r t / e x p o r t ,  and a  nu1 1  process.  

MODEL CONSTRUCTION 

The model was based on t h e  data  base and methodology o f  t h e  SRI-Gu 1 f 
Model. The c u r r e n t  d a t a  b a s e  was d e v e l o p e d  b y  t h e  E I A  L o n g - T e r m  
A n a l y s i s  D i v i s i o n .  It i n c l u d e s  da ta  o n  p r i c e s  a n d  q u a n t i t i e s ,  a n d  
parameters on demand e l a s t i c i t i e s ,  techno1 oy i c a l  parameters, f u t u r e  GNP , 
and f u t u r e  impor ted  o i l  p r i c e s .  

DATA USE0 IN  RUNNING MODEL 

Data used i n  r u n n i n g  t h e  model cane f rom a  v a r i e t y  o f  sources such as 
MEFS, U.S. Department o f  T r a n s p o r t a t i o n ,  Na t i ona l  Coal Model , Oak R i  d g e  
N a t i o n a l  Labo ra to ry ,  Brookhaven Na t i ona l  Labo ra to ry ,  and i n - h o u s e  d a t a  
aenera t ion .  Data can be grouped i n t o  t h e  f o l l  owing t ypes :  c o n v e r  s i  o n ,  
resource,  demand, a1 l o c a t i o n ,  and t r a n s p o r t a t i o n .  W i t h i n  e a c h  o f  t h e  
f i f t e e n  process models, t h e r e  a re  requ i rements  f o r  p h y s i c a l  da ta  such as 
q u a n t i t i e s  and t e c h n o l o g i c a l  parameters, and economi c  v a l  u e s  s u c h  a s  
c o s t ,  t a x ,  and r e g u l a t o r y  data.  
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COMPUTER REQUIREMENTS 

The program runs  on an IBM 3701168 machine. It r e q u i r e s  1500 t r a c k s  
o f  d i s k  s t o r a g e  a n d  2000K b y t e s  o f  c o r e  s t o r a g e  f o r  a 5 0  y e a r  
s i rnu la t i on .  It i s  w r i t t e n  i n  FORTKAN. The average tu rna round  i s  3 0 - 3 5  
seconds pe r  i t e r a t i o n .  



PARTIAL RECURSIVE MODEL OF AUTOMOBILE DEMAND 

A s i m p l e  economet r ic  model o f  au tomobi le  demand was es t ima ted  i n  1973 
a t  t h e  Ford  Motor  Company. The o b j e c t i v e  i s  t o  d e m o n s t r a t e  t h a t  a 
s imp le  approach i s  as good as t h a t  o f  l a r g e - s c a l e  models. T h i s  approach 
i s  meant t o  be i l l u s t r a t i v e  o f  t h e  model t h a t  F o r d  a c t u a l l y  u s e s  i n  
f o r e c a s t i n g  automobi 1 e demand. 
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OBJECTIVE OF MOUEL 

A s imp le  p a r t i a l  r e c u r s i v e  m o d e l  i s  s p e c i f i e d  f o r  t h e  p e r i o d  
1961-1971 t h a t  desc r i bes  automobi le  demand as a f u n c t i o n  o f  economic and 
monetary a c t i v i t y  , and seasonal and s t r i k e  e f f e c t s .  The model a u t h o r '  s  
o b j e c t i v e  i s  t o  show t h a t  a s i m p l e  m o d e l  c a n  b e  a s  g o o d  a s  l a r g e r  
econonietr ic  model s. 

RELATIONSHIP TO OTHER MODELS 

The ac tua l  model used b y  Ford  t o  f o r e c a s t  au to  demand i s  p r o p r i e t a r y  
and i s n o t  shown here.  The model d i  scussed here  i s  an ill u s t  r a t  i o n  o f  
an approach and a p p l i c a t i o n  t h a t  was t e s t e d  by Ford  economists.  

ASSUMPTIONS 

An endogenous p r e d i c t o r  o f  c a r  demand i s  u s e d  i n  t h e  m o d e l .  T h e  
money supp ly  v a r i a b l e  i s  n o t  assumed t o  be exogenous. The e r r o r  t e r m  on 
t h e  economic a c t i v i t y  e q u a t i o n  i s  n o t  independent  o f  t h e  m o n e y  s u p p l y  
v a r i a b l e .  

VAL IDATION 

A comparison i s  shown between t h e  p r e d i c t e d  and a c t u a l  va lues  f o r  t h e  
t w e l v e  months o f  1972 f o r  t h e  two dependent v a r i a b l e s  (month ly  c a r  s a l e s  
and i n d u s t r i a l  p r o d u c t i o n  i ndex ) ;  t h e  va lues  appear  t o  b e  c l o s e .  No 
s t a t i s t i c s  a r e  g iven,  b u t  t h e  au tho r  f e e l s  t h a t  t h e  l a r g e - s c a l e  m o d e l s  
do no t  seem t o  have shown r e s u l t s  s u p e r i o r  t o  t h e  e c o n o m e t r i c a l l y  
simp1 e r  approach. 



LIMITATIONS AND BENEFITS 

The a u t h o r  shows t h a t  t h e  v a r i a n c e  o f  a  dependent v a r i a b l e  about  t h e  
c o n d i t i o n a l  e x p e c t a t i o n  o f  t h e  independent  v a r i a b l e ,  g i v e n  an endogenous 
v a r i a b l e ,  i s  smal l e r  t h a n  i t s  v a r i a n c e  about  t h e  c o n d i t i o n a l  e x p e c t a t i o n  
o f  t h e  dependent v a r i a b l e ,  g i v e n  t h e  exogenous v a r i  a b l  e  o n  w h i c h  t h e  
endogenous v a r i a b l e  i s  dependent. Thus, t h e  rnethodoloay b a s e d  o n  t h e  
c o n d i t i o n a l  e x p e c t a t i o n  o f  e n d o g e n o u s  v a r i a b l  e s ,  g i v e n  e x o g e n o u s  
v a r i a b l e s ,  w h i l e  y i e l d i n g  unbiased rnul t i p 1  i e r  e s t i m a t e s ,  d o e s  n o t ,  
t h e r e f o r e ,  y i e l d  e f f i c i e n t  f o r e c a s t s .  The s i z e  and c o m p l e x i t y  o f  t h e  
s tanda rd  l a r g e - s c a l e  economet r ic  model i s  due l a r g e l y  t o  t h e  use o f  t h i s  
methodology. The e f f i c i e n c y  o f  t h e  s i m p l e r  p rocedure  i s  p r e f e r r e d  b y  
t h e    nod el au tho r .  The p a r t i c u l a r  l a r g e - s c a l  e  models i n  q u e s t i o n  a r e  n o t  
i n d i c a t e d .  

STRUCTURE 

The general  fo rm o f  t h i s  economet r ic  model i s :  

Fo r  j = 1, 2 :  

where: 

Y = mon th l y  c a r  s a l e s  on a  U.S. d e l i v e r y ,  d a i l y  s e l l i n g  r a t e  b a s i s  1 

X1 t h rough  X12,1 = 0 , l  seasonal dummies 

'13,l = Federal  Reserve Board Index o f  I n d u s t r i a l  P r o d u c t i o n  

'19,l = 0,-1 ,+1 c a r  s t r i k e  dummy 

= Plixon e f f e c t  dummy, = 0  b e f o r e  August 1971, .5 i n  A u a u s t  , 1 i n 
X 2 0 9 1  September th rough  December 1971. T h i s  e f f e c t  r e p r e s e n t s  t h e  

irnpul s i o n  o f  t h e  pub1 i c ,  under p r i c e  c o n t r o l  s, t o  purchase c a r s  
i n  a n t i c i p a t i o n  o f  e x t e n s i v e  p r i c e  i nc reases  f o l l o w i n g  t h e  e n d  
o f  c o n t r o l s .  

Y2  = FRB Index o f  I n d u s t r i a l  P roduc t i on ,  = X13,1 

X1 ,2 t h rough  XI2 $2  = 0 , l  seasonal durnrnies 



' 1 3 , ~  
= money supp ly  (MI seasona l l y  ad jus ted )  

' 1 9 , ~  = c a r  s t r i k e  dummy d i f f e r i n g  from XlgY1 w i t h  respec t  t o  phase 

= a  s t e e l  c o n t r a c t  r e n e g o t i a t i o n  dummy, = 1 i n  t h e  f i  n a l  f o u r  
X 2 0 y 2  months o f  1962, 1965, 1968, and 1971, = 0 o therwise .  

The c o e f f i c i e n t s  (B ) ,  i = 13 t o  18, a r e  n o t  u n c o n s t r a i n e d  b y  t h e  
e s t i m a t i o n  procedure b u t  r e s u l t  f rom use o f  t h e  Almon l a g  techn ique  w i t h  
a  t h i r d - o r d e r  polynomial  and f i ve-month  1  ag. 

Y1 and Y a r e  f i t  s e p a r a t e l y  t o  t h e  X ' s ,  and Y2 i s  s u b s t i t u t e d  f o r  

X1331 t o  ob$ain t h e  so l ved  reduced fo rm f o r  Y1. 

The va lues  o f  t h e  es t imated c o e f f i c i e n t s  a r e  shown i n  t h e  paper. 

MODEL CONSTRUCTION 

The model was es t ima ted  w i t h  d a t a  f rom t h e  132 months f r o m  J a n u a r y  
1961 th rough December 1971. 
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AUTOMOTIVE FLEET FUEL CONSUMPTION MODEL (FUEL4) 

T h i s  g e n e r a t i o n  of t h e  Automot ive  F l e e t  Fuel  Consumpt i o n  M o d e l  was 
developed i n  1977 by Automated Sciences Group, I n c .  f o r  t h e  N a t i o n a l  
Highway T r a f f i c  Safety A d m i n i s t r a t i o n .  I t  i s  u s e d  t o  p r e d i c t  f u e l  
consumpt ion f o r  f i v e  d i f f e r e n t  c l a s s e s  o f  au tomobi les  u s i n g  a1 t e r n a  t i v e  
fue l  econmy  r a t i n g  scenar ios .  
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KEYWORDS 

Fuel consumption 

OBJECTIVE OF MODEL 

The model p r o j e c t s  f u e l  consumpt ion so as t o  a1 l o w  t h e  e v a l u a t i o n  o f  
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  r e s u l t i n g  f rom t h e  i m p l e m e n t a t i o n  
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. P r o j e c t e d  
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 r e  d e s c r i b e d  i n  t e r m s  o f  a n n u a l  f u e l  
sav ings ,  c u m u l a t i v e  f u e l  s a v i n y s ,  a n d  d i s c o u n t e d  c a s h  s a v i n g s  f o r  
severa l  sec to rs  o f  t h e  U.S. f l e e t  o f  autos.  

RELATIONSHIP 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  Fuel  Economy P r o j e c t i o n  
Program--FUEL6 (77-295B) . 



HISTORICAL BACKGROUND 

The model was o r i g i n a l  l y  developed a t  t h e  T r a n s p o r t a t i o n  S y s t e m s  
Center .  E a r l i e r  g e n e r a t i o n s  o f  t h i s  m o d e l  a r e  d e s c r i b e d  i n  t h i s  
i n v e n t o r y  as 74-006 and 77-067. 

LIMITATIONS AND BENEFITS 

The p r imary  a p p l i c a t i o n  o f  t h e  model i s  t o  compare two f u e l  economy  
scenar ios ,  a  h y p o t h e t i c a l  base1 i ne and a  h y p o t h e t i c a l  improved scenar io .  
The niodel can be used i n t e r a c t i v e l y  t o  change i n p u t  da ta  scenar ios .  

The m a j o r  o u t p u t s  o f  t h i s  accoun t i ng  model a r e  p e r c e n t a g e  b a s e l i n e  
versus improved f u e l  sav ings  , y e a r l y  and cumul a t i  ve f u e l  consumption and 
v e h i c l e  m i l e s  t r a v e l e d  (VMT), d i s c o u n t e d  a c c u m u l  a t e d  c a s h  s a v i n g s ,  
average f l e e t  f u e l  economy  a n d  a g e ,  f l e e t  s i z e ,  a n d  t o t a l  new 
r e g i s t r a t i o n s  and scrappage. I n p u t  d a t a  a r e  new c a r  r e g i s t r a t i o n s  ( p a s t  
and f u t u r e ) ,  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  s u r v i v a b i l  i t y  b y  a g e  o f  
v e h i c l e ,  f u e l  economies i n  m i  1  e s  p e r  g a l  1  o n  f o r  t h e  b a s e 1  i n e  a n d  
improved scenar ios  ( p a s t  and f u t u r e ) ,  a n d  d i  s c o u n t e d  s a v i n g s  r a t e  
~ a r a m e t e r s .  The t o t a l  f l e e t  o f  v e h i c l e s  i s  d i v i d e d  i n t o  f i v e  s e c t o r s  ; 
t h e  model can be r u n  f o r  any combinat ion  o f  s e c t o r s :  domest ic  passenger 
automobi l  es, impor ted  passenger, domest ic  nonpassenger l e s s  t h a n  6 , 0 0 0  
I b s . ,  impor ted  nonpassenger l e s s  than  6 , 0 0 0  1  b s . ,  a n d  d o m e s t i c  a n d  
impor ted  nonpassenger au tomobi les  f rom 6,000 t o  10,000 I b s .  Each s e c t o r  
has i t s  own i n p u t  d a t a  f o r  r e g i s t r a t i o n s ,  f u e l  economy, s u r v i  v a b i  1  i t y  , 
and v e h i c l e  m i l e s  t r a v e l e d .  

Fo r  each s e c t o r ,  t h e s e  c a l c u l a t i o n s  a r e  d o n e :  t h e  b a s e 1  i n e  a n d  
improved f l e e t  f u e l  consumption, d i  scounted accumulated c a s h  s a v i  n g s  , 
t o t a l  a c t i v e  r e g i s t r a t i o n s ,  v e h i c l e  scrappage,  VMT, p e r c e n t a g e  f u e l  
savings,  average f u e l  economy and age, and average m i l e s  t r a v e l  e d  a n d  
f u e l  consumed per v e h i c l e .  The va lues  f o r  t h e  s e c t o r s  a r e  then  combined 
f o r  t h e  t o t a l  f l e e t .  

PlODEL CONSTRUCTION 

Th is  i s  an account ing  model. 

UATA USED IN  RUNNING MODEL 

The d a t a  n e c e s s a r y  t o  r u n  t h e  m o d e l  a r e  f i x e d :  h i s t o r i c a l  
r e g i s t r a t i o n s  and f u e l  economy. These i tems rnay have a l t e r n a t e  s e t s  o f  
da ta  s p e c i f i e d  by t h e  use r :  p r o j e c t e d  r e g i s t r a t i o n s  and f u e l  e c o n o m y ,  
VMT, s u r v i v a l  probabi  1  i t i e s ,  f r a c t i o n a l  d i s c o u n t  r a t e ,  y e a r  d i  f f e r e n c e  
f o r  d i  scount i  ng , and f u e l  economy c o r r e c t i o n  f a c t o r .  



REFERENCE 
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COMPUTER REQUIREMENTS 

The i n t e r a c t i v e  computer model  i s  w r i t t e n  i n  FORTRAN 1 0  a n d  i s  
o p e r a t i o n a l  on t h e  PDP-10 t i m e s h a r i n g  system o f  F i r s t  Data Corpora t  i o n .  
The model documentat ion p r o v i d e s  a u s e r ' s  guide,  a programmer's gu ide,  a 
da td  element d i c t i o n a r y ,  and a program 1 i s t i n g .  



FUEL ECONOMY PROJECTION PROGRAM (FUEL6) 

The Fuel Economy P r o j e c t i o n  Program--FUEL6 was developed i n 1 9 7 7  a t  
t h e  T r a n s p o r t a t i o n  Systems Center  f o r  t h e  N a t i o n a l  H i g h w a y  T r a f f i c  
S a f e t y  A d m i n i s t r a t i o n .  It i s  used t o  c a l c u l  a t e  t h e  f u e l  economy  o f  
f l e e t s  o f  au tomobi les ,  g i v e n  t h e  eng ine c h a r a c t e r i s t i c s  a n d  s a l e s  o f  
v a r i o u s  au to  model s. 
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OBJECTIVE OF MODEL 

The model i s  used t o  c a l c u l a t e  t h e  sa les-we ighted f u e l  economy  f o r  
f l e e t s  o f  f u t u r e  passenger and nonpassenger automobi 1  es, by model yea r .  

RELATIONSHIP TO OTHER MODELS 

T h i s  model may be used i n  c o n j u n c t i o n  w i t h  t h e  Automot ive F l e e t  F u e l  
Consumption Model--FUEL4 (77-295A). 

STRUCTURE 

I n  t h i s  accoun t i  n g - e s t i m a t i o n  model each model o f  automobi 1  e  i n  t h e  
f l e e t  i s  desc r i bed  by i t s  market  concept ,  name, e n g i n e  d i s p l a c e m e n t ,  
t r a n s m i s s i o n  type,  i n e r t i a  w e i a h t ,  r e a r  a x l e  r a t i o ,  e n g i n e  p o w e r ,  
v e h i c l e  f u e l  economy, and sa les .  Fuel  economy p r o j e c t i o n s  a r e  found  b y  
a p p l y i n g  percentage changes and equat ions ,  d e v e l o p e d  f r o m  r e g r e s s i o n  



t echn iques ,  t o  t h e  f u e l  economy o f  e q u i v a l e n t  c a r  m o d e l s  i n  a b a s e  
f l e e t .  

The model program produces t h e  f o l  1 owing o u t p u t  b y  m a r k e t  c o n c e p t ,  
model , a c t u a l  d i  splacement, t r a n s m i s s i o n ,  and r e a r  a x 1  e r a t  i o : f u e l  
economy performance, i n e r t i a  we igh t ,  s a l e s  f r a c t i o n ,  s a l e s  w e i g h t e d  
average d i  sp l  acement, and average horsepower p e r  i n e r t i a  we ight .  O t  h e r  
o u t p u t  i n c l  udes: t h e  sa les  percentage and c a r s  produced by e n  y i n e  a n d  
t r a n s m i s s i o n  combinat ion ,  and f u e l  economy a n d  s a l e s  p e r c e n t a g e  b y  
i n e r t i a  we igh t  and eng ine t ype .  A1 1 s a l e s  f r a c t i o n s  a r e  n o r m a l  i z e d  t o  
sum t o  100%. Each average o f  f u e l  economy i s a sa l  es-weighted h a r m o n i c  
mean f u e l  economy, c o n s t r u c t e d  by summing t h e  r a t i o  o f  a s a l e s  f r a c t i  o n  
and t h e  cor respond ing f u e l  economy i n  m i l e s  pe r  g a l l o n ,  and d i v i d i n g  t h e  
r e s u l t i n g  sum i n t o  t h e  sum o f  s a l e s  f r a c t i o n s .  T h i s  i s  e q u i v a l e n t  t o  
t a k i n g  a sa les-we ighted average o f  g a l l o n s  p e r  mi 1 e d r i v e n  , a s s u m i n g  
each c a r  s o l d  w i l l  be d r i v e n  t h e  same d i s t a n c e .  

DATA USED I N  RUNNING MODEL 

The f o l l o w i n g  a r e  i n p u t  t o  t h e  program: market  c o n c e p t  o f  t h e  c a r  
model, eng ine  d isp lacement ,  t r a n s m i s s i o n  t y p e ,  i n e r t i a  we ight ,  r e a r  a x l e  
r a t i o ,  eng ine  power, v e h i c l e  f u e l  economy, s a l e s ,  p r o j e c t e d  ~ e r c e n t a g e  
improvements due t o  t e c h n o 1  o g y ,  a n d  p e n a l  t i e s  d u e  t o  r e g u l  a t o r y  
c o n s t r a i n t s .  

Fuel economy models, Automated Sc iences Group, I n c .  , December 1977.  

COl~lPllTEK REQUIREMEIVTS 

The i n t e r a c t i v e  computer program i s  w r i t t e n  p r i m a r i l y  i n  FORTRAN 1 0 ,  
w i t h  p o r t i o n s  i n  assembly language, and i s  o p e r a t i o n a l  on t h e  D E C  PDP-10 
o f  F i r s t  Data C o r p o r a t i o n  i n  Waltham, Massachusetts. The mode l  r e p o r t  
i n c l u d e s  a u s e r ' s  gu ide ,  programmer 's  guide,  d a t a  e l e m e n t  d i c t i o n a r y ,  
and proy ram 1 i s t  i ny . 



FUEL-12 CAFE PROCESSING SYSTEM 

The FUEL-12 CAFE P r o c e s s i n g  System was deve loped  i n  1979 b y  Automated 
S c i e n c e s  G r o u p ,  I n c .  f o r  t h e  N a t i o n a l  H i g h w a y  T r a f f i c  S a f e t y  
A d m i n i s t r a t i o n  (NHTSA). I t  a 1  1  ows  NHTSA t o  c a l  c u l  a t e  a u t o m o b i  1  e  
m a n u f a c t u r e r ' s  f l e e t  f u e l  economies ( C A F E )  u s i n g  v e h i c l e  t e s t  d a t a  
p r o v i d e d  b y  t h e  E n v i  r onmen ta l  P r o t e c t i o n  Agency (EPA) . 
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KEYWORDS 

Fue l  economy 

OBJECTIVE OF MODEL 

The c o r p o r a t e  a v e r a g e  f u e l  e c o n o m y  ( C A F E )  f o r  t h e  a u t o m o b i l e  
m a n u f a c t u r e r s  i s  c a l c u l a t e d  by  t h e E P A  u s i n g  t h e i r  t e s t  d a t a .  T h e  
FUEL-12 p rogram sys tem i s  d e s i g n e d  f o r  NHTSA t o  a1 l o w  them t o  d u p l i c a t e  
t h e  c a l c u l a t i o n  and e v a l u a t i o n  o f  t h e  CAFE, u s i n g  t e s t  d a t a  p r o v i d e d  b y  
EPA, 

RELATIONSHIP TO OTHER MODELS 

The EPA M a n u f a c t u r e r s  Average  Program, used t o  c a l c u l a t e  t h e  o f f i c i a l  
measures o f  CAFE, a l s o  p roduces  o u t p u t  t h a t  i s  s e n t  v i a  m a g n e t i c  t a p e  t o  
NHTSA. T h i s  d a t a  undergoes  t r a n s l a t i o n  and i m p l e m e n t a t i  o n  o n  a  d a t a  
base  a n a l y s i s  sys tem b e f o r e  i t  i s  i n p u t  t o  t h e  FUEL-12 system. 

LIMITATIONS AND BENEFITS 

The p r o c e d u r e s  d e v e l o p e d  e n s u r e  t h a t  t h e  same d a t a  i s  used  by EPA and 
NHTSA a n d  t h a t  t h e r e  i s  n o  d u p l i c a t i o n  o f  c l e r i c a l  f u n c t i o n s .  
S e n s i t i v i t y  a n a l y s i s  may b e  p e r f o r m e d  a t  t h e  rnodel t y p e  l e v e l  . D i  r e c t  
access  i s  a l l o w e d  t o  t h e  model u s e r s  a t  NHTSA t o  t e s t  r e s u l t s  a n d  
v e h i c l e  i n f o r m a t i o n .  R e p o r t  and d a t a  f i l e  g e n e r a t i o n  i s  p o s s i b l e  a t  t h e  



l e v e l  o f  i n d i v i d u a l  t e s t s ,  v e h i c l e  c o n f i g u r a t i o n s ,  b a s e  1  e v e l  , m o d e l  
t ype ,  and manufac turer .  

STRUCTURE 

CAFE va lues  a r e  computed i n  t h i s  accoun t i ng  m o d e l  f r o m  s a m p l  e  EPA 
r i t y l h i g h w a y  f u e l  economylemission t e s t  r e s u l t s  i n  t h r e e  s t a g e s .  ( 1 )  
M a n u f a c t u r e r ' s  v e h i c l e  c o n f i g u r a t i o n s  a r e  grouped i n t o  base l e v e l s  t h a t  
have common t r a n s m i s s i o n  c l a s s  (manua l /au tomat ic )  , b a s i  c  e n g  i n e  t y p e ,  
and i n e r t i a  we igh t .  i3ase l e v e l  v a l u e s  o f  highway, c i t y ,  a n d  c o m b i n e d  
f u e l  economy a r e  computed a s  s a l  e s - w e i g h t e d  h a r m o n i c  m e a n s  o f  t h e  
c o r r e s n o n d i n g  t e s t e d  c o n f i g u r a t i o n  f u e l  e c o n o m i e s .  S a l e s  a r e  
~ a r t i  t i o n e d  among t h e  v a r i o u s  c a r  1  i n e s  and base 1  e v e l  s  . ( 2 )  S a l  e s -  
we ighted harmonic mean f u e l  economies a r e  t h e n  computed f r o m  t h e  b a s e  
l e v e l  f u e l  e c o n o m i e s  f o r  e a c h  m o d e l  t y p e .  ( 3 )  F i n a l l y  , t h e  
m a n u f a c t u r e r ' s  CAFE i s  computed as  t h e  sa les-we ighted mean o f  t h e  m o d e l  
t y p e  f u e l  economies. F o r  some m a n u f a c t u r e r s  t h e  CAFE may i n c l u d e  
impor ted  v e h i c l e  c o n f i g u r a t i o n s .  When c i t y  a n d  h i g h w a y  t e s t  f u e l  
economies a r e  found t h e  c i t y l h i g h w a y  m i l e a a e  s p l i t  i s  a s s u m e d  t o  b e  
55%/4 5%. 

MODEL CONSTRUCT ION 

T h i s  i s  an accoun t i ng  and d a t a  base management program. 

DATA USED I N  RUNNING MODEL 

EPA t e s t s  samples o f  t h e  v e h i c l e  c o n f i g u r a t i o n s  p r o d u c e d  b y  e a c h  
manu fac tu re r  f o r  emiss ions  and f u e l  economy. The d a t a  a r e  g e n e r a t e d ,  
e d i t e d ,  and v a l i d a t e d  a t  t h e  EPA l a b o r a t o r y  i n  Ann Arbor ,  Mich igan,  a n d  
a  copy i s  t r a n s f e r r e d  t o  NHTSA. 

REFERENCE 
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COMPUTER REQUIREMENTS 

The computer program i s  w r i t t e n  i n  FORTRAN, c a l l s  SYSTEM 1 0 2 2  DPL 
subprograms, and uses SYSTEM 1022 d a t a  bases. I t i s  o p e r a t i o n a l  on t h e  
ADPIF i r s t  DEC System 10 computer  opera ted by a  t ime-sha r ing  v e n d o r  f o r  
NHTSA. The d a t a  a r e  c r e a t e d  on The U n i v e r s i t y  o f  M i c h i g a n  c o m p u t e r  
sys tern. 



MOTOR VEHICLE HOUSEHOLD CHOICE MODEL 

The Motor  V e h i c l e  Household Choice Model was developed by Camb r i  d y e  
Sys temat ics ,  I n c .  and pub l i shed  i n  November 1978. The p u r p o s e  o f  t h e  
model i s t o  p r e d i c t  mo to r  v e h i c l e  demand by a n a l y z i n g  househol  d  c  h o i  c e  
f o r  new and used automobi les .  It was used u n d e r  s p o n s o r s h i p  o f  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  N a t i o n a l  Science Foundat ion  t o  
f o recas t  household v e h i c l e  t y p e  p u r c h a s e s  a n d  h o l d i n g s  o v e r  t h e  
1978-1985 p e r i o d .  
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KEY WORDS 

Automobi 1  e  demand, market  share 

OBJECTIVE OF MODEL 

T h i s  mode l ' s  o b j e c t i v e  i s  t o  p r e d i c t  m o t o r  v e h i c l e  demand  b y  
a n a l y z i n g  household c h o i c e  f o r  new and used automobi 1  es. 

HISTORICAL BACKGROUND 

The s tock  ad jus tment  approach f i r s t  appl  i e d  b y  Chow ( 5 7 - 4 1 3 )  a n d  
o t h e r s  was t h e  p r e v a i l i n g  method u n t i l  r e c e n t l y .  Some models u s i n g  t h i s  
approach v iew  t h e  mo to r  v e h i c l e  as a  homogeneous good w h i  1  e  o t h e r s  a t  
l e a s t  c r u d e l y  r e c o a n i z e  p r o d u c t  d i f f e r e n t i a t i o n ,  C h a r 1  e s  R i v e r  
Assoc ia tes  (76-025) and Lave and T r a i n  (77-055) examined cho i ce  o f  au to-  
t y p e  b u t  o n l y  c o n d i t i o n a l  on a  d e c i s i o n  t h a t  a  new v e h i c l e  i s  t o  b e  
purchased. 

ASSdMPT IONS 

The model assumes t h a t  each y e a r  a  household e v a l u a t e s  i t s  c u r r e n t  
v e h i c l e  h o l d i n g s  and determines  whether any changes shou ld  be made.  A 
househo ld ' s  d e c i s i o n s  i n  y e a r  y a r e  assumed t o  depend on i t s  h o l d i n g s  a t  



t h a t  t ime,  and hence, on i t s  d e c i s i o n s  a t  y e a r  y-1. 

V e h i c l e s  o f  a1 1  makes, models, and y e a r s  a r e  assumed t o  be a v a i l  a b l  e  
f o r  purchase by  a1 1 households. S i n c e  c o l  lege-educated household h e a d s  
were assumed t o  be more aware o f  an a u t o ' s  d e p r e c i a t i o n  r a t e  and sav ings  
r e s u l t i n g  f rom f u e l  e f f i c i e n c y ,  p r i c e  and fue l  c o s t  v a r i a b l e s  i n t e r a c t  
i n  t h e  model w i t h  an i n d i c a t o r  o f  e d u c a t i o n  l e v e l .  

LIMITATIONS AND BENEFITS 

The model au tho rs  i n d i c a t e  t h a t  t h i s  mode l  c o n s t i t u t e s  t h e  f i r s t  
e f f o r t  t o  deve lop  an econometr ic  model e x p l a i n i n g  t h e  make ,  m o d e l  a n d  
v i n t a g e  compos i t i on  o f  i n d i v i d u a l  household v e h i c l e  h o l d i n g s .  

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

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

STRUCTURE 

A househo ld ' s  c h o i c e  o f  a  motor  v e h i c l e  i s  modeled as a  f u n c t i o n  o f  
passenger c a r r y i n g  c h a r a c t e r i  s t i  c s ,  1  u g g a g e  s p a c e ,  p e r f o r m a n c e  
c h a r a c t e r i s t i c s ,  c a p i t a l  and o p e r a t i n g  c o s t s ,  and t r a n s a c t i o n  c o s t s .  

The one v e h i c l  e-househol d hedoni c  economet r ic  model i s :  -- -- 

U =  ( Z x  a)  + ( X  x b )  t E 

where: 

U = maximi zed u t i l  i t y  by mo to r  v e h i c l e  c h o i c e  

Z = v e c t o r  o f  f u n c t i o n s  and household a t t r i b u t e s  a s s o c i a t e d  w i  t h  m o t o r  
v e h i c l e  c h o i c e  

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

(a,b)  = parameter v e c t o r  t o  be e s t i m a t e d  

E = We ibu l l  d i  s tu rbance 

I n  t h e  t w o - v e h i c l e  household model,  t h e  u t i l i t y  o f  a  v e h i c l e  p a i  r i s  
assumed t o  be a  sum o f  s u b - u t i l  i t i e s  f o r  each v e h i c l e  i n  t h e  p a i r  p l u s  a  
f i c t i t i o u s  composi te v e h i c l e  c o n t a i n i n g  t h e  b e s t  a t t r i b u t e s  o f  bo th .  

The e f f e c t  o f  t h e  number o f  sea ts  i n  a d d i t i o n  t o  t h e  d r i v e r ' s  s e a t  on 



two-veh ic le -househo ld  u t i l  i t y  i s: 

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

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

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

t = a  household 

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

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

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

where : 

Uc = u t i l i t y  a t t r i b u t e d  t o  v e h i c l e  c o s t  pe r  m i l e  

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

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

The bas i c  data  source f o r  t h i s  model i s  The U n i v e r s i t y  o f  M i c h i g a n ' s  
Survey Research C e n t e r ' s  (SRC) w i n t e r  1976 survey o f  approximate11 1,200 
households drawn f rom i t s  r o t a t i n g  consumer panel .  T h i s  e d i t i o n  o f  t h e  
SRC survey ob ta ined  f rom each h o u s e h o l d  t y p i c a l  s o c i o e c o n o m i c  a n d  
demographic d a t a  p l u s  i n f o r m a t i o n  r e g a r d i n g  u p  t o  t h r e e  v e h i c l  e s  
c u r r e n t l y  h e l d  by t h e  household. I n  a d d i t i o n  t o  t h e  SRC da ta ,  a  f i l e  o f  
v e h i c l e  c h a r a c t e r i s t i c s  f o r  some 2,000 v i n t a g e  v e h i c l e s  was d e v e l  o p e d  
f rom t h e  Automot ive News Almanac and t h e  Consumer Un ion R e p o r t s .  U s e d  
c a r  p r i c e s  a r e  o b t a i n e d f r o m  t h e  -- Red Book. 
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DEMAND FOR NEW AND USED AUTOMOBILES CROSS-SECTION MODEL 

A c r o s s - s e c t i o n  a n a l y s i  s  o f  t h e  demand f o r  new and used au t omob i 1  e s  
by households e m p l o y i n g  t h e  c o n s t r u c t i o n  o f  a  mu1 t i n o m i a l  1  o g i  t 
p r o b a b i l  i t y  model was performed i n  1978 a t  S tanford  Research I n s t i t u t e  . 
The age and number o f  au tomobi les  owned i s  shown t o  be re1 a ted  t o  f a m i l y  
income, s i z e ,  and age o f  household head. 

T e r r y  R.  Johnson 
S t a n f o r d  Research I n s t i t u t e  
S tan fo rd ,  C a l i f .  94305 

KEY WORDS 

Automobi 1 e  demand 

OBJECTIVE OF MODEL 

The demand f o r  new and used automobi les  i s  e x p l a i n e d  as a  r e s u l  t o f  
household c h a r a c t e r i s t i c s .  The purpose o f  t h e  s tudy i s  t o  p resen t  m o r e  
c o n v i n c i n g  evidence s u p p o r t i n g  t h e  s u p e r i o r i t y  o f  new o v e r  used cars .  A 
m u l t i n o m i a l  l o g i t  p r o b a b i l i t y  model i s  d e v e l o p e d  t h a t  d e s c r i b e s  t h e  
n r o b a b i l i t y  o f  owning a  c e r t a i n  number o f  c a r s ,  g i v e n  t h e  h o u s e h o l d  
c h a r a c t e r i s t i c s .  T h e s e  p r o b a b i  1  i t i e s  c a n  t h e n  b e  c o m b i n e d  w i t h  
v a r i a b l e s  d e s c r i b i n g  households t o  c a l  c u l  a t e  t h e  s tock  o f  c a r s  owned. 

ASSUMPTIONS 

The p r o b a b i l i t y  t h a t  a  f a m i l y  w i l l  own a  c e r t a i n  number a n d  a g e  o f  
au tomobi les  i s  assumed t o  be a  f u n c t i o n  o f  t h e  f a m i l y  s i z e ,  income, a n d  
t h e  age o f  t h e  head of  t h e  household. 

VAL1 DATION 

The models appear t o  be s t a b l e  ove r  t h e  two t i m e  p e r i o d s  f o r  w h i c h  
t h e  model was es t ima ted ,  and t h e  c o e f f i c i e n t s  have t h e  e x p e c t e d  s i  g n s .  
Two methods o f  c a l  c u l a t i n g  t o t a l  au tomobi le  s t o c k  us ing  t h e  r e s u l  t s  o f  
t h e  household ownersh ip  model were employed t o  f u r t h e r  v a l  i d a t e  t h e  
model. These produced r e s u l t s  l e s s  t h a n  10% under  t h e  a c t u a l  v a l  ue .  
The model does n o t  account  f o r  business- and government-owned cars ,  

LIMITATIONS AND BENEFITS 

na ta  taken  f rom separa te  t i m e  p e r i o d s  a l l o w  f o r  a  m o r e  r e a s o n a b l e  
t e s t  f o r  d i f f e r e n c e s  i n  t h e  c o e f f i c i e n t s ,  



STRUCTURE 

An i n d i v i d u a l  f a m i l y  can own o n l y  an i n t e g r a l  number o f  automobi 1 e s .  
The s t a t i s t i c a l  model used t o  d e s c r i b e  t h i s  s i t u a t i o n  i s  t h e  m u l t i n o m i a l  
l o g i  t p r o b a b i l  i t y  model . The v a r i a b l e s  used a r e :  

A t ( i )  = age o f  c a r ,  i = 0 . .. m, d u r i n g  y e a r  t. A ( 0 )  i n c l u d e s  v i n t a g e s  
t and ttl. At(m) i n c l u d e s  a1 1 c a r s  c j rea te f  t h a n  o r  equal  t o  age 
m=6. 

Y ( t )  = l o g a r i t h m  o f  d i s p o s a b l e  income i n  y e a r  t 

FAM = l o g  o f  f a m i l y  s i z e  

AGEHEAD = 1 og o f  age o f  household head 

Several  s e t s  o f  model c o e f f i c i e n t s  a r e  es t ima ted ,  w i t h  t h e  f o l l o w i  n g  
dependent v a r i a b l e s :  household owns one used c a r ,  one new c a r ,  two used 
c a r s ,  two new ca rs ,  two cars--new and used, c a r  o f  age one t h r o u g h  s i x , 
and no ca r .  

Two a1 t e r n a t i v e  measures o f  t h e  t o t a l  s tock  o f  au tomob i l es  a r e  used: 

N ( i )  = c c c g ( y , f )  p i ( y , f ; i )  i 
y f i  

~ ( f )  = z c L h(y ,a)  pi(y,a;7) i 
y a i  

where: 

~ ( a )  = t o t a l  s t o c k  o f  au tomob i l es  owned by households,  u s i n g  mean age of 
household head 

N ( ? )  = t o t a l  s tock  o f  au tos  owned by households,  u s i n g  mean f a m i l y  s i z e  

g ( y , f )  = number o f  households o f  income l e v e l  y and f a m i l y  s i z e  f 

h (y ,a )  = number o f  households o f  income l e v e l  y a n d  a g e  o f  h o u s e h o l d  
head a 

Pi = p r o b a b i l i t y  o f  owning i c a r s  u s i n g  t h e  c o e f f i c i e n t s  o f  income ( y )  , 
f a m i l y  s i z e  ( f ) ,  and age o f  household head ( a ) ,  o r  t h e  means ac ross  
i 

MODEL CONSTRUCTION 

Cross -sec t i on  d a t a  on  f a m i l i e s  w e r e  u s e d  t o  e s t i m a t e  t h e  m o d e l  
c o e f f i c i e n t s  f rom t h e  1959 a n d  1 9 7 0  S u r v e y s  o f  C o n s u m e r  F i n a n c e s  
conducted by t h e  Survey Research Center .  
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S.U.R.E. DEMAND MODEL OF AUTOMOBILE SIZE CHOICE 

The S.U.R.E. Demand Model o f  Automobi le  S i ze  Choice was p r e p a r e d  a t  
L o u i s i a n a  S t a t e  U n i v e r s i t y  i n  Shrevepor t ,  and pub1 i shed i n  A ~ r i  1  1 9 7 8 .  
I t s  purpose i s  t o  e x p l a i n  t h e  demand f o r  au tomobi les  o f  d i f f e r e n t  s i z e s .  

AUTHOR 

Rodney L. Ca r l son  
L o u i s i a n a  S t a t e  U n i v e r s i t y  
Shrevepor t ,  La. 

KEYWORDS 

Automobil  e  demand, market  share  

OBJECTIVE OF MODEL 

The o b j e c t i v e s  o f  t h i s  rnodel a r e  t o  e x p l a i n  au tomob i l e  demand by s i z e  
c l a s s  and e s t i m a t e  automobi le  p r i c e  e l a s t i c i t i e s .  

HI STOR ICAL BACKGROUNU 

Chow (57-413) f i r s t  used t h e  d e s i r e d  s t o c k  a d j u s t m e n t  a p p r o a c h .  
S u i t s  (58-033) was t h e  f i r s t  t o  c o n s i d e r  c r e d i t  i n  h i s  demand model . I n  
1970, Houthakker and T a y l o r  used a  f i r s t - o r d e r  d i f f e r e n t i  a1 e q u a t i o n  t o  
d e r i v e  t h e  demand r e l a t i o n s h i p .  I n  1950, A t k i n s o n  f i t t e d  a  1  o g -  1  i n e a r  
model,  w h i l e  i n  1 9 6 4 ,  H u a n y  u s e d  p r o b i t  a n a l y s i s  a n d  mu1 t i p l e  
reg ress ion .  Smi th  (75-029) i n v e s t i g a t e d  t h e  e f f e c t s  o f  c h a n g e s  i n  
income d i s t r i b u t i o n  on a u t o  sa les .  These p r e v i o u s  s t u d i e s  no ted  by t h e  
a u t h o r  a1 1  use h i g h l y  a g g r e g a t i v e  techn iques ,  w h i l e  t h i s  one b reaks  down 
dernand i n t o  f i v e  separa te  marke ts  by s i z e  c l a s s .  

ASSUMPTIONS 

I n  de te rm in ing  t h e  p r i c e  o f  au tos ,  i t  i s  assumed t h a t  t h e  d e a l e r  w i l l  
l o s e  h a l f  h i s  markup i n  n e g o t i a t i o n s  w i t h  cus tomers .  A  d e p r e c i a t i o n  
r a t e  o f  6.25% p e r  q u a r t e r  i s  assumed f o r  c a r  p r i c e s ,  Replacement demand 
depends on t h e  gap between d e s i r e d  and e x i s t i n g  s tock  l e v e l s .  

LIMITATIONS AND BENEFITS 

The au tho r  i n d i c a t e s  t h a t  s i n c e  c a r  s i z e  i s  a  reasonab ly  a o o d  p r o x y  
f o r  gas consumption, t h e  d i s a g g r e g a t i o n  o f  autonlobi l e  demand i n  t o  f i v e  
s i z e  c l a s s e s  i s  u s e f u l  f o r  examining s a l e s  t r e n d s  i n  t h e  l i g h t  o f  t h e  
energy c r i s i s .  



STRUCTURE 

T h i s  f i v e - e q u a t i o n  l i n e a r  e c o n o m e t r i c  model emp l  o y s  a  g e n e r a l  i z e d  
l e a s t  squares  t e c h n i q u e  o f  Seeming ly  U n r e l a t e d  R e g r e s s i  o n  Es  t i  m a t  i o n  
(SURE) f o r  a1 1  parameters .  

The r e g r e s s i o n  c o e f f i c i e n t s  i n  t h e  f o l l o w i n g  e q u a t i o n s  w e r e  
t r a n s f o r m e d  i n t o  b e t a - c o e f f i c i e n t s  w h i c h  make t h e  d e p e n d e n t  v a r i a b l e  
change one s t a n d a r d  d e v i a t i o n  f o r  e v e r y  one s t a n d a r d  d e v i a t i o n  change i n  
any  i ndependen t  v a r i a b l e .  T h i s  makes t h e  c o e f f i c i e n t s  c o m p a r a b l  e  f r o m  
e q u a t i o n  t o  e q u a t i o n  f o r  t h e  same v a r i a b l e  and r e f l e c t s  t h e  i m p o r t a n c e  
o f  t h e  v a r i a b l e s  i n  each e q u a t i o n .  

oS = - .267 ( p S )  + .755 ( y D )  + ,154 ( G )  - .044 ( z E )  

C D = - ,677 ( p C )  + .881 ( y D )  + ,669 (G) - ,671 ( s C )  - . I 3 7  ( z E )  

I D = - ,377 (PI) + .502 ( y o )  - .551 (G) - .318 ( z E )  - .213 ( Z )  

F  F E  
D  = - ,422 (P ) + ,410 (C)  - ,418 ( G )  - .120 (Z  ) - ,101 ( Z )  

L  E  D  = - .307 ( p L )  + .741 ( y D )  - .360 (RG) t ,405 ( s L )  - . I 7 7  (Z  ) 

where: 

S u p e r s c r i p t s  S,C,I ,F,L s t a n d  f o r  subcompact,  compact,  i n te rmed i  a t e  , 
f u l l - s i z e d ,  and l u x u r y  c a r  c l a s s e s  r e s p e c t i v e l y .  

DX = demand p e r  c a p i t a  f o r  c a r  s i z e  X 

X P = average  o f  c a r  p r i c e s  f o r  s i z e  X ,  a d j u s t e d  t o  c o n s t a n t  d o l l a r s  

C = i n d e x  o f  consumer s e n t i m e n t  

yU = d i s p o s a b l e  income p e r  c a p i t a  a d j u s t e d  t o  c o n s t a n t  d o l l a r s  

G = g a s o l i n e  p r i c e  

RG = g a s o l i n e  p r i c e  a d j u s t e d  t o  c o n s t a n t  do1 l a r s  

E  Z = u a s o l i n e  s h o r t a g e  dummy v a r i a b l e  f o r  t h e  1 s t  a n d  2 n d  q u a r t e r  o f  
1974 

X S  = s t o c k  p e r  c a p i t a  f o r  c a r  s i z e  X 

Z = dummy v a r i a b l e  a c c o u n t i n g  f o r  t h e  e f f e c t s  o f  a  U n i t e d  A u t o  W o r k e r s  
s t r i k e  i n  t h e  f a l l  o f  1970 

The f o l l o w i n g  t a b l e  p r e s e n t s  t h e  model ' s  e s t i m a t e d  p r i c e  e l a s t i c i t i e s  
o f  a u t o m o b i l e  demand f o r  each s i z e  c l a s s :  



Subcompact .817 
Compact 1.21 
I n t e r m e d i a t e  1.30 
F u l l  1.54 
Luxu ry  2.07 

MODEL CONSTRUCTION 

The model was e s t i m a t e d  w i t h  d a t a  r a n g i n g  f r om t h e  f i r s t  a u a r t e r  o f  
1 9 6 5  t o  t h e  s e c o n d  q u a r t e r  o f  1 9 7 5 .  S i z e  c l a s s i f i c a t i o n  w a s  
accompl i shed u s i n g  Consumer R e p o r t s  magazine t o  e s t a b l  i sh gu ide1 i nes. 

The I ndex  o f  Consumer Sent iment ,  p u b l i s h e d  by t h e  S u r v e y  R e s e a r c h  
Cen te r  o f  The U n i v e r s i t y  o f  M i ch igan .  i s  u s e d  t o  i n d i c a t e  c o n s u m e r  
a t t i t u d e s .  R e t a i l  mark-up above d e a l e r  c o s t  was e s t i m a t e d  w i t h  t h e  h e l p  
o f  i n f o r m a t i o n  o b t a i n e d  f r o m  Consumer Repo r t s .  
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HEAVY GOODS VEHICLE FUEL CONSUMPTION MODEL 

An eng ineer ing -accoun t ing  model t o  p r e d i c t  t h e  f u e l  c o n s u m p t  i o n  o f  
heavy v e h i c l e s  on a s p e c i f i e d  roadway and t a k e  i n t o  cons ide ra  t i  o n  b o t h  
v e h i c l e  c h a r a c t e r i s t i c s  and d r i v e r  behav io r  was developed i n  1979 a t  t h e  
T r a n s p o r t a t i o n  and Road Research Labora to ry  i n  England. The m o d e l  was 
va l  i d a t e d  w i t h  c o n t r o l  1  ed roadway t e s t  runs .  

AUTHOR 

M.A. Renouf 
U.K. Department o f  t h e  Environment 
Transpor t  and Road Research Labora to ry  
T ranspor t  Systems Department 
T ranspor t  Eng ineer ing  D i v i s i o n  
Crowt horne, Berkshi  r e  
Engl and 

KEYWORDS 

Trucks,  f u e l  consumption, au tomobi le  des ign  

OBJECTIVE OF MODEL 

T h i s  eng ineer ing -accoun t ing  computer s i m u l a t i o n  model p r e d i  c t  s  t h e  
f u e l  consumption o f  heavy v e h i c l e s .  I t  can s i m u l a t e  d i f f e r e n t  v e h i c l e  
shapes, power p l a n t s ,  and t r a n s m i s s i o n  sys tems .  I n t e r a c t i o n  o f  t h e  
v e h i c l e  and t h e  d r i v e r ,  r e p r e s e n t i  ng  v a r y i n g  r o a d  r o u t e s ,  c a n  b e  
s imu la ted .  The methodology c o u l d  be app l i ed ,  w i t h  p roper  c a l i b r a t i o n ,  
t o  v a r i o u s  v e h i c l e s  and s i t u a t i o n s .  

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 

E a r l i e r  s i m i l a r  models used simp1 i f i e d  s i m u l a t i o n  r o u t e s  c o n s i  s t i n g  
o f  a sequence o f  a c c e l e r a t i o n s ,  c r u i s e s ,  b r a k i n g ,  and i d l i n g .  

VALIDATION 

The model was v a l  i d a t e d  by comparison w i t h  exper imenta l  measurements: 
on a  t e s t  t r a c k ,  on  a  r u r a l  r o u t e ,  a  motorway r o u t e ,  and u rban  r o u t e s .  
The t e s t  v e h i c l e  used had t h e  same v e h i c l e  c h a r a c t e r i s t i c s  as t h o s e  i n  
t h e  model. The v e h i c l e  was ins t rumen ted  t o  measure t ime ,  d i s t a n c e ,  f u e l  
used, a c c e l e r a t o r  ang le ,  and gear s e l e c t i o n ,  i n  o r d e r  t o  make  o v e r a l l  
and s rna l l - sec t i on  comparisons w i t h  t h e  model. Comparison o f  s i m u l a t i o n  



and measured r e s u l t s  i n d i c a t e s  good o v e r a l l  a g r e e m e n t .  T h e  l a r g e s t  
e r r o r s  occu r red  when o n l y  smal l  amounts o f  f u e l  w e r e  u s e d .  F i n d i n g s  
i n d i c a t e  t h a t  c o r n e r i n g  f o r c e s  make a  smal l  c o n t r i b u t i o n  t o  o v e r a l l  f u e l  
consumption; t h a t  t h e  number o f  s t o p s  and s lows had a  m a j o r  e f f e c t ;  a n d  
t h a t  t h e  unladen v e h i c l e  i n  t h e  c e n t r a l  u rban s e c t i o n  h a d  h i g h e r  f u e l  
consumpt ion than  t h e  f u l l y  l a d e n  v e h i c l e  on t h e  motorway. 

L I M I T A T I O N S  AND BENEFITS 

The model sirnul a t e s  t r u c k  c h a r a c t e r i s t i c s ,  road  c h a r a c t e r i s t i c s ,  a n d  
d r i v e r  behav io r .  I n s u f f i c i e n t  da ta  w e r e  a v a i l  a b l  e  t o  i n d i v i d u a l  l y  
d e f i n e  t h e  v a r i a t i o n  o f  back a x l e  e f f i c i e n c y  w i t h  r e s p e c t  t o  v a r i a t i o n  
i n  speed and f o r  each gear w i t h  speed and to rque .  

STRUCTURE 

The energy f l  ow th rough  t h e  components o f  t h e  a c c e l e r a t i n g  e n g i n e  i s  
d e f i n e d  i n  t h i s  sequence: f u e l  t a n k  ( f u e l  e q u i v a l e n t  e n e r g y )  , e n y  i n e  
( the rma l  c o n v e r s i o n  a n d  e f f i c i e n c y  1  o s s e s )  , e n e r g y  c o n s u m e d  b y  
a u x i l i a r i e s  (e.g.,  f a n ) ,  t r a n s m i s s i o n  (gearbox,  back a x l e ) ,  r e s i s t a n c e  
f o r c e s  ( g r a d i e n t s ,  aerodynamics, r o l l i n g  r e s i s t a n c e ,  c o r n e r i n g )  , v e h i c l e  
mass and i n e r t i a .  The eng ine  c h a r a c t e r i s t i c s  a r e  c o n t a i n e d  i n  an eng ine  
map used by t h e  model t o  de te rm ine  eng ine  t o r q u e  and f u e l  c o n s u m p t i o n  
f o r  a  g i v e n  eng ine  speed and l oad ,  o r  t o  c a l c u l a t e  t h e  r e q u i r e d  l o a d  and 
consumpt ion t o  g i v e  a  r e q u i r e d  o u t p u t  t o r q u e .  T h e n  t h e  c h a n g e s  i n  
t o r q u e  th rough  t h e  aux i  1  i a r i e s ,  t r a n s m i s s i o n  and d r i v e  1  i n e  a r e  f o u n d  . 
Aerodynamic drag i s  a f f e c t e d  by v e h i c l e  shape ,  s p e e d  a n d  w i  n d ,  b o t h  
v e h i c l e  and r o u t e  parameters.  R o l l  i n g  r e s i s t a n c e  depends o n  t h e  r o a d  
s u r f a c e .  I f  t h e  f o r c e  a p p l i e d  t o  t h e  wheels e x c e e d s  t h e  r o a d  1 o a d s ,  
t h e n  t h e  v e h i c l e  w i l l  a c c e l e r a t e .  

A road i s  rep resen ted  i n  t h e  model as  a  sequence o f  d i  s tance-def  i n e d  
p o i n t s ,  between which c e r t a i n  speeds a r e  r e q u i r e d  o r  c e r t a i n  a r a d  i e n  t s  
o r  c u r v a t u r e s  e x i s t .  Average w ind speed and d i r e c t i o n  a r e  used. 

The d r i v e r  i s  rep resen ted  by t h e  use o f  t h e  a c c e l e r a t o r  a n d  g e a r  
s e l e c t i o n .  When t h e  ~naximum eng ine  speed f o r  a  a e a r  i s  r e a c h e d ,  t h e  
aear  i s  changed. D e c e l e r a t i o n ,  d o w n s h i f t i n g ,  b r a k i n g ,  and c r u i s i n a  a r e  
a1 so s imu la ted .  The d r i v e r  dec is ionmak ing procedure  when e n c o u n t e r i  n g  
h i l l s  i s  modeled. 

One o f  e leven  m a j o r  equa t i ons  i s  shown below: 

where: 

WF = t h e  f o r c e  d e l i v e r e d  t o  t h e  road a t  t h e  wheels 

GT = y r o s s  eng ine  o u t p u t  t o r q u e  

F T  = t o r q u e  r e q u i r e d  by t h e  f a n  a t  t h e  eng ine  



GRAT = gear r a t i o  f o r  g i v e n  gear  (7.25-0,77:1) 

AXL = a x l e  r a t i o  (5 .34 : l )  

EA = f u l l  l o a d  d r i v e l i n e  e f f i c i e n c y  (0.90) 

WHLRAD = r o l l  i n g  r a d i u s  o f  wheel t i r e  comb ina t i on  (0.514m) 

Values i n  parentheses were used i n  t h e  va l  i d a t i o n  e x e r c i s e  

MODEL CONSTRUCTION 

T h i s  i s  an accoun t i ng  model o f  p h y s i c a l  a n d  e n g i n e e r i n g  s y s t e m s .  
Aerodynamic dray  c o e f f i c i e n t s  a r e  d e r i v e d  f r o m  w i n d  t u n n e l  t e s t s  o n  
s c a l e  m o d e l s .  O t h e r  p a r a m e t e r  v a l u e s  a r e  d e p e n d e n t  o n  t h e  
c h a r a c t e r i s t i c s  o f  t h e  p a r t i c u l a r  v e h i c l e .  

DATA USED IN  RUNNING MODEL 

Parameters r e 1  a t i n g  t o  t h e  v a r i o u s  v e h i c l e  c h a r a c t e r  i s t  i c s  m u s t  b e  
spec i f i ed ,  as we1 1  as t h e  d e s c r i p t i o n  o f  t h e  roadway r o u t e .  
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DYNAMIC LINEAR EXPENDITURE MODEL 

The Dynamic L i n e a r  E x p e n d i t u r e  Model was a p p l i e d  by L o u i s  P h l  i p s  i n  
1972 a t  t h e  U n i v e r s i t y  C a t h o l i c  de Louva in  i n  Belgium. He e s t i m a t e d  a  
comple te  system o f  demand equa t i ons  t h a t  a l l o w e d  f o r  h a b i t  f o r m a t i o n ,  
s tock  ad jus tment ,  d e p r e c i a t i o n ,  and subs i s tence  consumpt i o n  o f  g o o d s .  
Three o f  t h e  e leven  demand c a t e g o r i e s  c o n s i d e r e d  a r e  i n v o l v e d  w i t h  
t r a n s p o r t a t i o n .  They a r e :  au tomob i l es  and p a r t s ,  g a s o l i n e  and o i l  , and 
t r a n s p o r t a t i o n .  

L o u i s  Phl i p s  
Uni v e r s i  t y  Cat ho l  i c  de Louva in  
Louva i  n  , Be1 g i  um 
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OBJECTIVE OF MODEL 

P h l i p s  e s t i m a t e s  a  comple te  s y s t e m  o f  demand  e q u a t i o n s  f o r  a1 1  
consumer e x p e n d i t u r e s  by e s t i m a t i n g  dynamic demand equa t i ons  f o r  e l  e v e n  
c a t e g o r i e s  o f  goods. These equa t i ons  g i v e  s h o r t -  and 1  o n g -  r u n  i n c  ome 
and p r i c e  e l a s t i c i t i e s .  They i n d i c a t e  whet h e r  c o n s u m p t i  o n  i s  h a b i t  
f o n n i n g  o r  t h e  r e s u l t  o f  a  s t o c k  a d j u s t m e n t  p r o c e s s  a n d  w h e t h e r  
subs i s tence  income changes o v e r  t i m e  f o r  each ca tego ry .  Automobi les  and 
p a r t s ,  y a s o l i n e  and o i l ,  and t r a n s p o r t a t i o n  a r e  t h e  t h r e e  e x p e n d i t u r e  
c a t e g o r i e s  t h a t  r e l a t e  t o  t r a n s p o r t a t i o n .  

HISTORICAL BACKGROUND 

The 1  i n e a r  e x p e n d i t u r e  model was i n t r o d u c e d  by K l  e  i n  a n d  Rub i n  i n  
1947, c l a r i f i e d  by Samuel son i n  1947 and Geary i n  1950, appl i e d  by Stone 
i n  1954, 1964, and 1965, and P o l l a k  i n  1970. The purpose o f  t h i s  m o d e l  
i s  t o  p r o v i d e  a  comple te  system o f  demand equa t i ons  such t h a t  t h e  normal 
economic assumptions about  marke t  b e h a v i o r  i s  c o n s i s t e n t  w i t h  t h e  normal 
economic assumpt ions about  i n d i v i d u a l  behav i o r .  F o r  a  r e f e r e n c e  t o  
t h e s e  works see Phl i p s  1972. 

Consumers consume a  c e r t a i n  minimum o r  subs i s tence  q u a n t i t y  o f  e a c h  
good and t h e y  a1 l o c a t e  t h e  r e s t  o f  i ncome o v e r  a1 1  goods. 



LIMITATIONS AND BENEFITS 

The sample d a t a  ends i n  1967. Thus t h e  p r o p e r t i e s  o f  t h e s e  demand  
equa t i ons  may n o t  be  a p p l i c a b l e  t o  t h e  r e c e n t  p e r i o d  c h a r a c t e r i z e d  b y  
l a r g e  f u e l  p r i c e  increases.  

STRUCTURE 

The s t r u c t u r a l  model i s :  

where: 

Q i ( t )  = t h e  q u a n t i t y  o f  t h e  good i purchased i n  t i m e  p e r i o d  t 

Ki j = c o e f f i c i e n t  j f o r  t h e  good i, f o r  j = 0  ... 3  

t = t i m e  p e r i o d  t 

iJ = t h e  marg ina l  u t i l  i ty  o f  income 

P i ( t )  = t h e  p r i c e  o f  t h e  good i i n  t i m e  p e r i o d  t 

The model was e s t i m a t e d  u s i n g  a n  i t e r a t i v e  max imum 1 i k e l  i h o o d  
e s t i r n a t i  on w i t h  a  c o r r e c t i o n  f o r  s e r i a l  c o r r e l  a t i o n .  The e s t i m a t e s  were 
c o n s t r a i n e d  so t h a t  t h e  es t ima ted  expend i tu res  on i n d i v i d u a l  commodi t ies 
add up t o  t o t a l  expend i tu res  f o r  a l l  t i m e  pe r iods .  

The r e y r e s s i o n  c o e f f i c i e n t s  f o r  t h e  t h r e e  equa t i ons  o f  i n t e r e s t ,  w i t h  
s tandard  e r r o r s  i n  parentheses,  a r e  shown i n  t h e  t a b l e  f o l l o w i n g .  

COEFFICIENTS 
COMMODITY .......................................... 1 R~ 

Automobi les 
and P a r t s  

From these c o e f f i c i e n t s  can be c a l c u l a t e d :  r a t e s  o f  d e p r e c i a t i o n ;  
whether purchase o f  a  good i s  h a b i t  f o rm ing  o r  r e s p o n d s  t o  i n v e n t o r y  
ad jus tment ;  and s h o r t - a n d  l o n g - r u n  i n c o m e  a n d  c o m p e n s a t e d  p r i c e  
e l  a s t i c i  t i e s  o f  demand. 

-18,4291 ,2646 47.3496 -17.0363 
(7.9785) (.1374) (6.2407) (8.1697) 

,999 
' 

.993 

Gas01 i ne ,6573 .8871 4.4649 1.9077 
and O i l  / (2.544) (.0170) (.6075) (5.870) 

,950 

.................................................................. 
T r a n s p o r t a t i o n  2.5303 .7914 6.2486 -3.4220 

( .4355) (.0267) (.6919) (.9100) 



I n v e n t o r y  ad jus tment  seems t o  be t h e  response i n  t h e  automob i 1  e  a n d  
p a r t s  s e c t o r ,  w h i l e  h a b i t  f o r m a t i o n  seems t o  dominate i n  t h e  purchase of 
q a s o l i n e  and o i l .  The t r a n s p o r t a t i o n  s e c t o r  does n o t  show t h e  d y n a m i  c  
b e h a v i o r  o f  e i t h e r  o f  t h e  above two sec to rs .  

The c a l c u l a t e d  e l a s t i c i t i e s  f o r  t h e  s e c t o r s  o f  i n t e r e s t  a r e  s h o w n  
be1 ow. 

- - -- - - - - ................................................................... 
COMPENSATED 

COMMODITY RU ll INCOME PRICE 
ELASTICITY ELASTICITY 

................................................................... 
Autornobi 1  es s h o r t  5.48 -. 73 
and P a r t s  1  ong 1.75 -.74 

Gasol i ne s h o r t  .58 -,I1 
and O i l  1  ong 1.54 - ,68 

T r a n s p o r t a t i o n  s h o r t  .96 - . I7  
1  ong .95 -.43 

The d a t a  a r e  t h e  e leven  U n i t e d  S t a t e s  consumpt ion s e r i e s  p u b l i s h e d  i n  
t h e  Survey o f  Cu r ren t  Business f o r  1929-1967 orni t t i n g ,  1942-1945, 
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SHORT-TERM PETROLEUM PRODUCT DEMAND FORECASTING MODEL (STPPDFM) 

The Eneryy  I n f o r m a t i o n  A d m i n i s t r a t i o n  (E IA )  d i d  a  s t u d y  i n  1978  a t  
t h e  r e q u e s t  o f  t h e  Economic R e g u l a t o r y  Admi  n i  s t r a t i  o n  ( E R A )  o f  t h e  
U.S. Depar tment  o f  Energy,  T h i s  s t u d y  i s  a  p a r t  o f  t h e  E I A ' s  c o n t i n u i n g  
a n a l y s i s  o f  t h e  s h o r t - t e r m  t r e n d s  i n  p e t r o l e u m  p r o d u c t  s u p p l y  a n d  
demand, and i t  supp lements  an e a r l i e r  r e p o r t  t o  Congress o n  t h e  s u b j e c t  
o f  m o t o r  g a s o l i n e  d e c o n t r o l .  I n  t h e  s t u d y  f o r  t h e  ERA, a  r e g i o n a l  
econome t r i c  model was used t o  e s t i m a t e  f u t u r e  m o t o r  gaso l  i n e  demand, f o r  
t h e  1978-80 p e r i o d ,  based on a l t e r n a t i v e  a s s u m p t i o n s  a b o u t  e c o n o m i c  
a rowth ;  t h i s  i s  t h e  S h o r t - t e r m  P e t r o l e u m  P r o d u c t  Demand  F o r e c a s t  i n g  
Model d e s c r i b e d  here .  A  r e f i n e r y  model , t h e  R e f i n e r y  and P e t r o c h e m i  c a l  
R o d e l i n y  System (RPMS), was t h e n  used t o  e s t i m a t e  t h e  r e f i n i n g  c a p a c i t y  
r e q u i r e d  t o  meet t h e  p r o j e c t e d  d e m a n d  l e v e l s .  P r o j e c t e d  r e f i n i n g  
c a p a c i t y  r e q u i r e m e n t s  a r e  compared w i t h  p r o j e c t e d  a v a i  1 a b l  e r e f  i n e r y  
capac i  ty  t o  d e t e r m i n e  whet  h e r  m o t o r  gaso l  i ne  s u p p l y  wi 11 meet  dernand. 

Ercan  Tukenmez, R i c h a r d  Farmer, H i l d a  McDanie l  , C h a r l e s  E v e r e t t ,  H o w a r d  
Wal t o n ,  and Stephen F l anagan  
U.S. Depar tment  o f  Energy 
Eneryy  I n f o r m a t i o n  A d m i n i s t r a t i o n  
Off i c e  o f  Energy Source A n a l y s i  s  
D i v i s i o n  o f  O i l  and Gas A n a l y s i s  
Washington,  D.C. 

KEY WORDS 

Fue l  consumpt ion  

OBJECTIVE OF MOOEL 

The model e s t i m a t e s  demands f o r  e i g h t  r e f i n e d  p e t r o l  eum p r o d u c t s  
q u a r t e r l y  f o r  a  t h r e e - y e a r  h o r i z o n  i n  each o f  f i v e  r e g i o n s .  Demand f o r  
pach p r o d u c t  i s  r e l a t e d  t o  economic and weather  v a r i a b l  e s .  T h e  m o d e l  
was used t o  p r o j e c t  t h e  dernand f o r  m o t o r  g a s o l  i n e  t h r o u g h  t h e  y e a r s  
1978-80. 

RELATICINSHIP TO OTHER llODELS 

The   nod el was e s t i m a t e d  o v e r  a  p e r i o d  i n  w h i c h  a u t o m o b i l e  f l e e t  
e f f i c i e n c y  rema ined  c o n s t a n t  and so i t canno t  c a p t u r e  s t r u c t u r a l  changes 
i n  der~iand t h a t  would r e s u l t  from s i g n i f i c a n t l y  i n c r e a s i n g  e f f i c i e n c y  due 
t o  t h e  new c a r  f u e l  economy s tanda rds .  T h e r e f o r e ,  i t s  demand f o r e c a s t s  
a r e  a d j u s t e d  downward by e s t i m a t e s  o f  c o n s e r v a t i o n  o b t a i n e d  f r o m  t h e  
L i g h t  Du t y  Ve h i  c l  e  F l  e e t  Fue l  Consumpti  on  Model (LDVFFCM) (78-368) .  



ASSUMPTIONS 

Demand f o r e c a s t s  were a d j u s t e d  by s i m u l a t i n g  t h e  m o d e l  u n d e r  t w o  
s c e n a r i o s :  w i t h  a  t o t a l  f l e e t  e f f i c i e n c y  o f  1 3 . 6  MPG, a n d  w i  t h  new 
v e h i c l e  f u e l  e f f i c i e n c y  s tandards  b e i n g  met. The d i f f e r e n c e  i n  t o t a l  
f u e l  consumption i s  t h e  c o n s e r v a t i o n  sav ings  s u b t r a c t e d  f rom t h e  demand 
f o r e c a s t s .  I n c r e a s e d  d i e s e l  f u e l  u s e  i s  a l s o  a c c o u n t e d  f o r .  
C o r r e c t i o n s  a r e  made f o r  on- the-road versus EPA- t e s t e d  f u e l  economy  
r a t i n g s .  

VALIDATION 

Assumed f o r  t h e  a n a l y s i s  were o p t i m i s t i c ,  p e s s i m i s t i c ,  a n d  c o n t r o l  
economic g rowth  r a t e s ,  and 1  ow- and h igh -conse rva t i on  scenar ios .  A1 s o ,  
r e t a i l  mo to r  g a s o l i n e  p r i c e s  were assumed t o  remain c o n s t a n t .  

G a s o l i n e  demand i s  modeled as  a  f u n c t i o n  o f  U.S. p o p u l a t i o n  ( a  o r o x y  
f o r  t h e  number o f  p o t e n t i a l  d r i v e r s ) ,  r e a l  n a t i o n a l  income, and p r i c e  o f  
r e g u l a r  leaded g a s o l i n e  a t  f u l l - s e r v i c e  o u t l e t s ,  

MODEL CONSTRUCTIOi4 

The equa t i ons  a r e  s t a t i  s t i c a l  l y  es t ima ted ,  based on h i  s t o r  i c a l  d a t a  
frorn 1970 th rough  1976. 

DATA USED IN R U N t i I N G  MODEL 

Fo r  t h e  s tudy ,  p r o j e c t i o n s  o f  f u t u r e  econornic a c t i v i t y  were obta  i n e d  
from Data Resources, I n c . ,  f o r  t hese  v a r i a b l e s :  r e a l  n a t i o n a  1  i ncome , 
GNP p r i c e  d e f l a t o r ,  p roduc t  p r i c e s ,  indexes o f  n a t i o n a l  e l e c t  r i c  p o w e r  
a e n e r a t i o n  and chemical  i n d u s t r y  o u t p u t ,  and f e d e r a l  na t i o n a l  d e f e n s e  
purchases. 
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GASOLINE PRICE ELASTICITY ESTIMATION 

The p r i c e  e l a s t i c i t y  o f  g a s o l i n e  was f ound  b y  f o r e c a s t i n g  t h e  s a l e s  
o f  g a s o l i n e ,  u s i n g  a  t r e n d  model f i t  t o  C a l i f o r n i a  d a t a  f r o m  b e f o r e  t h e  
o i l  embargo of 1973, and  compar ing i t  t o  a c t u a l  a a s o l  i n e  s a l e s  a f t e r  
t h a t  t i m e .  T h i s  was done 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  S a n  D i e g o  
i n  1977. 

A l an  M. Schne ide r  
U n i v e r s i t y  o f  Cal i f o r n i a  
Depar tment  o f  Appl i e d  Mechanics and E n g i n e e r i n g  Sc iences  
La J o l l a ,  C a l i f .  92093 

KEYWORDS 

Fuel  consumpt i  on 

OBJECTIVE OF MODEL 

The p r i c e  e l a s t i c i t y  o f  g a s o l i n e  i s  f ound  by  compar ing  g a s o l i n e  s a l e s  
b e f d r e  and a f t e r  t h e  o i l  embargo o f  1973. 

HISTORICAL BACKGROUND 

T h i s  s t u d y  imp roves  upon an e a r l i e r  e s t i m a t i o n  by  t h e  a u t h o r .  

ASSdMPT IONS 

The e s t i n i a t i o n  assumes t h a t  t h e  c h a n g e  i n  s a l e s  o f  g a s 0 1  i n e  i s  
e n t i r e l y  due t o  t h e  chanae  i n  p r i c e .  Two o t h e r  f a c t o r s  may  h a v e  
c o n t r i b u t e d :  t h e  unempl oyment r e s u l t  i n g  f r o ~ n  t h e  r e c e s s i  o n  o f  t h e  
mid-1970s, wh i ch  wou ld  cause p e o p l e  t o  b u y  1  e s s  g a s ,  a n d  v o l u n t a r y  
c o n s e r v a t i o n .  I t  i s  be1 i e v e d  t h a t  t h e  e f f e c t  o f  v o l u n t a r y  conse rva  t i o n  
of gas, prompted by government warn ings ,  had l i t t l e  impac t .  

The d e r i v a t i o n  o f  t h e  e s t i m a t i o n  o f  gas p r i c e  e l a s t i c i t y  i s  e x p l a i n e d  
be low under  Model C o n s t r u c t i o n .  The e s t i m a t e d  v a l u e  i s  as  f o l l o w s :  

E = 0.2054 ( 1  - S14.78) 2 0.0378 

where: 

E  = e s t i m a t e d  p r i c e  e l a s t i c i t y  o f  g a s o l i n e  



S = sav ings  i n  g a s o l i n e  consumpt ion due t o  unemployment a n d  v o l  u n t a r y  
c o n s e r v a t i o n  ( p e r  c e n t )  

4.78 = ~ e r c e n t  o f  t o t a l  f o r e c a s t  gasol  i n e  s a l e s  saved a f t e r  o i  1  e m b a r g o  
p r i c e  i nc rease  

0.0378 = e r r o r  w i t h i n  95% c o n f i d e n c e  1 i m i t  

I f  t h e  sav ings  due t o  unempl oyment and v o l u n t a r y  conse rva t  i o n ,  a  s  a  
percentage o f  f o r e c a s t  sa les ,  were 0, t h e  e l a s t i c i t y  would be 0 . 2 0 5 4  + 
0.0378. I f  t h e  sav ings  were 4%, p r i c e  e l a s t i c i t y  w o u l d  b e  0 , 0 3 3 5  2 
0.0378. 

MODEL CONSTRUCTION 

A  Box-Jenkins t i m e - s e r i e s  model o f  month ly  g a s o l i n e  s a l e s  was f i  t t o  
d a t a  f r o m  January  1960 t o  October 1973 i n c l u s i v e ,  u s i n g  p a r a m e t e r s  
o b t a i n e d  f rom a  seasonal/nonseasonal moving average mode l  f i t t o  d a t a  
f rom January  1960 th rough  June 1972. T h e  r e g u l a r  m o n t h l y  s e a s o n a l  
v a r i a t i o r i  i n  g a s o l i n e  s a l e s  was t h e n  f o r e c a s t e d  f o r  N o v e m b e r  1 9 7 3  
th rough  ?larch 1976. The f o r e c a s t s  r e p r e s e n t  t h e  s a l e s  t o  be expected i f  
t h e r e  were no s i g n i f i c a n t  change i n  t h e  rnechani sm u n d e r l y i n g  consumers  ' 
purchase d e c i s i o n s .  The d i f f e r e n c e  between t h e  a c t u a l  s a l  e s  a n d  t h e  
f o r e c a s t ,  caused by t h e  g a s o l i n e  p r i c e  i n c r e a s e ,  i s  used w i t h  t h e  change 
i n  p r i c e  t o  f i n d  t h e  e l a s t i c i t y .  The d a t a  used were f o r  g a s o l i n e  s a l e s  
i n  C a l i f o r n i a .  

3.09% o f  t h e  decrease i n  t o t a l  g a s o l  i n e  s a l e s  was  a t t r i b u t e d  t o  
r e d u c t i o n  o f  t h e  speed l i m i t  t o  55 mph. The remain ing  s a v i n a s  ( 4 . 7 8 % )  
i s  a t t r i b u t e d  t o  h i g h e r  p r i c e s ,  i n c l u d i n g  t h e  e f f e c t  o f  b u y i n g  s m a l  1 e r  
c a r s ,  v o l u n t a r y  c o n s e r v a t i o n ,  and unempl oyment. 
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CENTER FOR ADVANCED COMPUTATION/BROOKHAVEN INPUT-OUTPUT MODEL 

The C .A,C/Brookhaven I n p u t  Output  ( 1-0) Model was o r i g i n a l  l y  designed 
by  t h e  Center  f o r  Advanced Computat ion a t  t h e  U n i v e r s i t y  o f  I 1  1 i n o i s  and 
by Brookhaven N a t i o n a l  Labo ra to ry  i n 1975 under t h e  sponsorsh i p o f  t h e  
U.S. Department o f  Energy. It has been r e v i s e d  and improved s i n c e  then.  
The model was designed t o  p r o v i d e  account ing  i n f o r m a t i o n  on t o t a l  a o o d s  
r e q u i r e d  f o r  each o f  110 s e c t o r s  t o  p r o d u c e  a g i v e n  s e t  o f  e n d - u s e  
q u a n t i t y  demands f o r  each sec to r .  It was l a t e r  m o d i f i e d  t o  connect  w i t h  
1 i near programming models t o  a1 1 ow a n a l y s i s  of energy s e c t o r  response t o  
changes i n  p r i c e s  and new techno log ies .  The 1-0 Model has been used i n 
c o n j u n c t i o n  w i t h  t h e  1 i near programming models (e.g., Brookhaven E n e r g y  
Sys te rn  O p t i m i z a t i o n  M o d e l  ( 7 8 - 3 7 8 ) )  i n  s t u d i e s  o f  i n t e r f  u e l  
s u b s t i t u t i o n ,  o i l  s t o c k p i l i n g ,  and a n u c l e a r  mora tor ium.  I t  h a s  b e e n  
used i n  c o n j u n c t i o n  w i t h  t h e  Long-term I n t e r i n d u s t r y  Transact  i o n  ; yode l  
(77-242) and t h e  Dynamic Energy System O p t i m i z a t i o n  Model (79 - 3 8 4 )  f o r  
a n a l y s i s  of energy-economy i n t e r a c t i o n ,  conse rva t i on ,  and s o l a r  energy. 

U.S. Department o f  Energy 
Eneryy I n f o n n a t i o n  Adrnini s t r a t i o n  
Wastiington, D.C. 

Brook haven N a t i o n a l  Labo ra to ry  
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Econoiiiic A n a l y s i s  D i v i s i o n  
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U n i v e r s i t y  o f  I l l i n o i s  
C e r ~ t e r  f o r  Advanced Cornputati on 

Eneryy consumption, n a t i o n a l  economic impact 

OBJECTIVE OF MODEL 

T i le  C . A . C / B r o o k h a v e n  1 - 0  M o d e l  was d e s i g n e d  t o  p r o v i d e  a 
d i  saggregated account ing  framework f o r  e s t i m a t i n g  t o t a l  energy,  c a p i t a l  , 
and m a t e r i a l  requ i rements  needed t o  produce e n d - u s e  e n e r g y  s e r v i c e ,  
end-use auto,  t r a n s p o r t  equipment, t r a n s p o r t  s e r v i c e ,  and o t h e r  end- u s e  
p roduc t  demands . 



RELATIONSHIP TO OTHER MODELS 

The model when used i n t e r a c t i v e l y  p r o v i d e s  an i n t e r f a c e  be t w e e n  t h e  
Time-Stepped Energy O p t i m i z a t i o n  Model (TESOM) ( 7  9 - 3 8 3 )  a n d  t h e  L o n g  
Term I n t e r i n d u s t r y  Model (LITM) (77-242). 

HISTORICAL BACKGROUND 

The p r e s e n t  110 s e c t o r  1-0 Model c u r r e n t l y  empl o y e d  a t  B r o o k h a v e n  
N a t i o n a l  L a b o r a t o r y  was expanded f rom t h e  o r i g i n a l  1 0 1  s e c t o r  CAC/ 
Brookhaven Model t o  i n c l u d e  more s e c t o r s  and new energy t e c  h n o l  o g i  e s .  
These models were des igned t o  c a l c u l a t e  t o t a l  q u a n t i  t i e s  s u p p l  i e d  i n  
each o f  t h e  110 s e c t o r s  t h a t  a r e  necessary  t o  s a t i s f y  exogenous e n d - u s e  
t o t a l  q u a n t i t i e s  demand i n  each o f  t h e  110 s e c t o r s .  T h e  q u a n t i t i e s  
s u p ? l i e d  i n c l u d e  t o t a l  end-use q u a n t i t i e s  d e m a n d e d  p l  u s  q u a n t i t i e s  
demanded as i ntermedi  a t e  goods ( e  .g . , t h e  model c a l  cu l  a t e s  t h e  quan t i t y  
s u p p l i e d  o f  au tos  necessary t o  s a t i s f y  an end-use q u a n t i t y  demanded o f  
au tos  o r  consumer deriiand p l u s  t h e  t o t a l  q u a n t i t y  demanded o f  a u t o s  f o r  
use i n  t h e  p r o d u c t i o n  o f  goods i n  a1 1  o t h e r  sec to rs , )  

ASSUMPTIONS 

The model i s  d i v i d e d  i n t o  20  energy s e c t o r s ,  w i t h  o u t p u t s  measured i n  
BTUs, and 90 nonenergy s e c t o r s  w i t h  o u t p u t  measured i n  c o n s t a n t  do1 l a r s .  
It i s  assumed t h a t  l o n g - r u n  e q u i l i b r i u m  p r e v a i l s  and t h a t  f a c t o r  i n p u t s  
a r e  p e r f e c t l y  m o b i l e  (e.g., s t e e l  can b e  i m m e d i a t e l y  s w i t c h e d  f r o m  
making autos  t o  making a i r c r a f t ) .  The i n p u t - o u t p u t  c o e f f i c i e n t s ,  w h i  c h  
i n d i c a t e  t h e  i n p u t  requ i rements  o f  o n e  g o o d  s u c h  a s  s t e e l  t h a t  i s  
necessary t o  produce a  u n i t  o f  o u t p u t  o f  ano the r  good such as autos  , o r  
t h e  A  m a t r i x  below, a r e  a 1  l o w e d  t o  g r a d u a l  l y  c h a n g e  t o  a1 1  ow f o r  
t e c h n o l o g i c a l  improvement. 

LIMITATIONS AND BENEFITS 

The s t a t i c  1-0 Model w i t h  f i x e d  c o e f f i c i e n t s  does n o t  a1 low i n t e r f u e l  
s u b s t i t u t i o n  o r  d i f f e r e n c e s  i n  thermal  e f f i c i e n c i e s  among f u e l  s  . Th i s  
l i m i t a t i o n  c a n  b e  c o r r e c t e d  b y  c o n n e c t i n g  t h e  1 - 0  M o d e l  t o  t h e  
Brookhaven L i  near  Programming (LP) Model s. Energy c o e f f i c i e n t s  d e r  i v e d  
f r o m  t h e  LP ModeJs can be used t o  a l l o w  t h e  energy 1-0 c o e f f i c i e n t s  t o  
v a r y  w i t h  p r i c e  and techno logy  changes. 

The c u r r e n t  v e r s i o n  o f  t h e  CAC/Brookhaven Inpu t -Ou tpu t  Model i s  a  110 
s e c t o r  model t h a t  can be rep resen ted  by t h e  f o l l o w i n g  m a t r i c e s :  



where : 

XS,  Xp ,  XI = t h e  t o t a l  p r o d u c t i o n  o f  b a s i c  energy p r o d u c t s  (e.g., c r u d e  
o i l  ) , energy s e r v i c e s  (e.g., m o t i v e  power), and n o n e n e r g y  
p r o d u c t s  (e.g., m o t o r  v e h i c l e s  and equipment) ,  r e s p e c t i v e l y  

Y s '  Y~ , Y I = f i n a l  end-use demands o r  consumer demand f o r  bas i c  e n e r g y  
p r o d u c t s ,  e n e r g y  s e r v i c e s ,  a n d  n o n e n e r g y  p r o d u c t s  
r e s p e c t i v e l y  

= i n p u t - o u t p u t  c o e f f i c i e n t s  d e s c r i b i n g  i n p u t  o f  one e n e r g y l s u p p l  y  Ass c o n v e r s i o n  s e c t o r  t o  ano the r  energy conve rs ion  s e c t o r  i n c l  u d  i n g  
~ r o d u c t i o n  and d i s t r i b u t i o n  l o s s e s  (e.g., s a l e  o f  c r u d e  o i l  t o  
r e f  i n e r i e s )  . 

ASP = i n p u t - o u t p u t  c o e f f i c i e n t s  d e s c r i b i n g  i n p u t  o f  b a s i c  e n e r g y  
p r o d u c t s  t o  produce energy s e r v i c e s .  (e .  g., r e f i n e d  o i l  p r o d u c t s  
r e q u i r e d  t o  produce m o t i v e  power) 

ASI = 0 i m p l y i n g  t h a t  b a s i c  energy p r o d u c t s  a r e  n o t  used by n o n e n e r g y -  
o roduc ing  s e c t o r s ;  energy  s e r v i c e s  a r e  u s e d  b y  t h e  n o n e n e r g y -  
p roduc ing  s e c t o r s  

= i npu t -ou tpu t  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 p u t  o f  energy  se rv  i c e s  
used by t h e  b a s i c  ene rgy -supp ly ing  i n d u s t r i e s .  I n c l u d e d  h e r e  
would be e l e c t r i c i t y  used f o r  l i g h t i n g  a  r e f i n e r y .  

= 0 i m p l y i n g  t h a t  energy s e r v i c e s  a r e  n o t  used t o  p r o d u c e  e n e r g y  
s e r v i  ces. 

= i npu t -ou tpu t  c o e f f i c i e n t s  d e s c r i b i n g  how energy  s e r v i c e s  a r e  u s e d  
by  nonenergy p roduc ing  s e c t o r s .  (e .  g., r e f i  ned pe t ro leum p r o d u c t s  
necessary t o  produce automobi 1  es)  

= i n p u t - o u t p u t  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  u s e s  o f  n o n e n e r g y  
m a t e r i a l  s  and s e r v i c e s  by  t h e  energy i n d u s t r y  (e.9 ., v e h i c l e s  used 
i n  p r o d u c t i o n  o f  c rude  o i l  ) 

AIP = 0 i m p l y i n g  t h e  energy s e r v i c e s  s e c t o r s  r e q u i r e  n o  m a t e r i a l  o r  
s e r v i c e  i n p u t s .  T h i s  i s  because t h e y  a r e  p s e u d o s e c t o r s  r a t h e r  
t han  r e a l  p roduc i  ng s e c t o r s .  

AI I = i npu t -ou tpu t  c o e f f i c i e n t s  d e s c r i b i n g  how nonenerqy p r o d u c t s  a r e  



l lsed i n  t h e  nonenergy p roduc ing  s e c t o r .  ( e . g . ,  g l a s s  u s e d  t o  
produce motor  v e h i c l e s  and equipment) .  

When t h e  above model i s  used i n  c o n j u n c t i o n  w i t h  L ITM ( 7 7 - 2 4 2 )  a n d  
TESOM (79-383),  Y , Y , and YI a r e  d i sagg rega ted  f rom LITM and ASS a n d  
ASP a r e  d e r i v e d  fpom PESOM. 

O f  t h e  110 s e c t o r s  i n  t h e  model, 11 deal  w i t h  t r a n s p o r t a t i o n ,  and  o f  
these,  4  deal  w i t h  t h e  mo to r  v e h i c l e  system. 

The b a s i c  s t r u c t u r e  o f  t h e  model can be e x p l a i n e d  more i n t u i t i v e l y  i n  
te rms o f  one o f  t h e  t r a n s p o r t a t i o n  sec to rs .  Given end -use  demand  f o r  
motor  v e h i c l e s  and equipment c o n t a i n e d  i n  Y, t h e  model c a l  c u l  a t e s  a 1  1  
t h e  i n p u t s  r e q u i r e d  f o r  p r o d u c t i o n  o f  Y .  T o t a l  demand c o n t a i n e d  i n  t h e  
X v e c t o r  and c a l c u l a t e d  by t h e  model i n c l u d e s  t h e  demand  f o r  m o t o r  
v e h i c l e s  and equipment as an i n p u t  t o  produce o t h e r  goods ,  p l  u s  f i  n a l  
consumer demand f o r  mo to r  v e h i c l e s  and equ i  pment. 

MODEL CONSTRUCTION 

The e a r l i e r  101 s e c t o r  model used 1967 Bureau o f  E c o n o m i c  A n a l y s i  s 
i npu t -ou tpu t  c o e f f i c i e n t s .  The c u r r e n t  110 s e c t o r  m o d e l  u s e s  i n  p u t -  
o u t p u t  c o e f f i c i e n t s  es t ima ted  by t h e  Bureau o f  L a b o r  S t a t i  s t i  c s  f o r  
1985, New energy techno logy  supp ly  c o e f f i c i e n t s  were s u p p l i e d  by MITRE 
Corp. The model uses f i n a l  demands d i  saggregated f rom LITM (77-242).  
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nISAGGREGATE BEHAVIORAL MODEL OF AUTO OWNERSHIP AND MODE OF TRAVEL 

Two s e t s  o f  model s d e s c r i b i n g  t h e  p r o b a b i l  i ty  o f  automobi 1 e ownersh ip  
and c h o i c e  o f  mode f o r  t r a v e l i n g  t o  w o r k  w e r e  d e v e l o p e d  i n  1 9 7 6  b y  
Cambridge Sys temat ics ,  I n c .  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 .  
Bo th  models use t h e  same d a t a  base. The p r i m a r y  model , descr  i b e d  h e r e  
under 76-364A, a1 lows f o r  two modes, c a r  and t r a n s i t .  
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OBJECTIVE OF MODEL 

Automobi le  ownership i s  modeled as  a f u n c t i o n  o f  s e r v i c e  l e v e l  o f  
t r a n s p o r t a t i o n  t o  work, a u t o  ownersh ip  c o s t s ,  l o c a t i o n a l  a t t r i b u t e s ,  
hous ing  a t t r i b u t e s ,  s p a t i a l  o p p o r t u n i t y ,  and socio-economic v a r i a b l e s ,  
u s i n g  a m u l t i n o m i a l  l o g i t  m o d e l .  T h e  o b j e c t i v e s  o f  t h e  m o d e l  
development were t o  de te rm ine  t h e  r e 1  a t i o n s h i  ps between au to  o w n e r s  h i  p 
and t h e  t r a n s p o r t a t i o n  system, t o  assess t h e  r o l e  t h a t  l e v e l  o f  t r a n s i  t 
s e r v i c e  p l a y s  i n  d e t e r m i n i n g  a u t o  ownersh ip ,  a n d  t o  i n v e s t i g a t e  t h e  
impac ts  of 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 d i f f e r e n t  s o c i o - e c o n o m i  c 
yroups, 

RELATIONSHIP TO OTHER MODELS 

T h i s  model i s  used as a b a s i s  f o r  a c o m b i n a t i o n  m o d e l  i n c l u d i n g  
shared r i d e s  as a mode, d e s c r i b e d  i n  76-364B. 



ASSUMPTIONS 

The average c o s t  per. y e a r  o f  owning an au to  i s  assumed t o  b e  1 , 0 0 0  
d o l l a r s .  A c c e s s i b i l i t y  t o  nonwork d e s t i n a t i o n s  i s  a  f u n c t i o n  o f  t h e  
l e v e l  o f  s e r v i c e  t o  them and t h e  p r o b a b i l i t y  o f  t r a v e l  t o  t h e m .  A u t o  
ownersh ip  i s  assumed t o  depend o n  a  c o m b i n e d  i n c o m e  v a r i a b l e  t h a t  
measures t h e  rema in ing  income a f t e r  e s s e n t i a l  expend i tu res .  I t  e q u a l  s  
annual household income minus 800 d o l l a r s  f o r  each h o u s e h o l  d  member ,  
minus 1,000 d o l l a r s  f o r  each automobi le ,  and minus 250 days o f  o u t - o f -  
pocke t  c o s t s  o f  t h e  work t r i p .  

VAL I DATI ON 

The es t ima ted  c o e f f i c i e n t s  a r e  c o n s i  s t e n t  w i t h  t h e  t h e o r e t i c a l  
s t r u c t u r e  and a r e  s t a t i s t i c a l l y  s i g n i f i c a n t .  I m p l i e d  e l a s t i c i t i e s  a r e  
s a i d  t o  be reasonable.  

LIMITATIONS AND BENEFITS 

Auto ownership i s  r e l a t e d  t o  urban l a n d  use and t h e  t r a n s p o r t a t i o n  
p l a n n i n g  a n d  f o r e c a s t i n g  p r o c e s s .  T h i s  m o d e l  a d d r e s s e s  t h e  
b a s i c  b e h a v i o r a l  f a c t o r s  u n d e r l y i n g  h o u s e h o l d  a u t o  o w n e r s h i p  
dec i  s ions .  

T h i s  model i s  an improvement o v e r  o t h e r s  because o f  i t s  s e n s  i t i  v  i t y  
and r e p r e s e n t a t i o n  o f  a  b e h a v i o r a l  p r o c e s s .  I t  c a n  b e  shown  w h a t  
measurable e f f e c t  t r a n s i t  s e r v i c e  improvements may have o n  a u t o m o b  i 1 e  
ownershi p. 

STRUCTURE 

I n  t h i s  m u l t i n o m i a l  l o g i t ,  o r  d i s a g g r e g a t e  p r o b a b i  1  i t y  m o d e l  , t h e  
n r o b a b i l i t y  o f  a  household choos ing  t o  own a  g i v e n  number o f  a u t o s  a n d  
t o  t r a v e l  t o  work b y  a  mode i s  e q u a l  t o  t h e  u t i l i t y  o f  t h e  a u t o  
ownership and mode t o  work comb ina t i on  o v e r  t h e  sum o f  t h e  u t i l  i t i e  s  o f  
a l l  combinat ions .  The u t i l i t y  f u n c t i o n s  a r e  a  l i n e a r  c o m b i n a t i o n  o f  
c o e f f i c i e n t s .  The c o e f f i c i e n t s  a r e  d e t e r m i n e d  u s i n g  t h e  v a r i a b l e s  
desc r i bed  below: 

Households a r e  d i v i d e d  i n t o  d i s t i n c t  1  i f e - c y c l e  groups:  h o u s e  h o l  d s  
c o n s i s t i n g  o f  s i n g l e  persons, households w i t h  a  m a r r i e d  coup le  under  4 5  
yea rs  o l d  and no c h i l d r e n ,  households w i t h  c h i l d r e n ,  and coup1 e s  01  d e r  
t h a n  45  yea rs  w i t h o u t  c h i 1  dren.  Households a r e  a1 so grouped d e p e n d i  n g  
on whether t h e  p r imary  worker  i s  b l u e  o r  w h i t e  c o l  1  a r  o r  t h e r e  i s n o  
n r i m a r y  worker .  The s e t  o f  ownership-mode comb ina t i on  v a r i  a b l  e s  u s e d  
a r e :  household owns z e r o  a u t o s  a n d  t r a v e l s  t o  w o r k  v i a  t r a n s i t ;  
household owns one auto  and uses t r a n s i t ;  one au to  owned and t r a v e l  s  t o  
work by  ca r ;  two autos  owned, and t r a v e l s  by  c a r ;  a n d  t w o  a u t o s ,  a n d  
t r a v e l s  by t r a n s i t .  The o t h e r  v a r i a b l e s ,  t h e  use o f  which depend on t h e  
household g roup ing ,  a r e :  au tos  pe r  1  i censed  d r i v e r s ,  r e m a i n i n g  i ncome , 
household l i v e s  i n  s i n g l e  f a m i l y  hous ing ,  t i m e  spent  i n  v e h i c l e  on  d a i l y  



r o u n d  t r i p  t o  work,  o u t - o f - v e h i c l e  t i m e  spen t  o v e r  d i s t a n c e  t o  work o n e  
way, g e n e r a l  i z e d  c o s t  f o r  shopp ing  t r a v e l ,  and i f  w o r k p l a c e  i s  downtown. 

The e s t i m a t e d  c o e f f i c i e n t s  f o r  t h e  v a r i o u s  owne rsh i p  and mode c h o i c e  
c o m b i n a t i o n s  a r e  shown i n  t h e  model r e p o r t .  

MODEL CONSTRUCTION 

Data used t o  e s t i m a t e  t h e  model a r e  f r o m  t h e  home i n t e r v i e w  s u r v e y  
conduc ted  i n  1968 by t h e  M e t r o p o l i t a n  W a s h i n g t o n  ( D . C . )  C o u n c i l  o f  
Governments, wh i ch  i n c l u d e d  26,544 households.  The method01 ogy u s e d  i s  
t h a t  o f  d i s a g g r e g a t e  p r o b a b i l i s t i c  c h o i c e  models  w i t h  a  j o i n t  s t r u c t u r e  
f o r  h i g h l y  i n te rdependen t  cho i ces .  

DATA USED I N  RUNNING MODEL 

The model lnay be  used t o  p r e d i c t  a u t o  owne rsh i p  t r e n d s ,  g i v e n  va 1  u e  s  
f o r  income, d w e l l i n g  and h o u s e h o l d  c h a r a c t e r i s t i c s ,  1  o c a t i o n s  o f  
househo lds  and workp laces ,  and l e v e l s  o f  t r a n s i t  s e r v i c e .  
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JOINT AUTO OWNERSHIP WORK MODE CHOICE MODEL WITH CARPOOL AS A  MODE 

Two s e t s  o f  model s  d e s c r i b i n g  t h e  p r o b a b i l  i t y  o f  au tomobi le  ownership 
and c h o i c e  o f  mode f o r  t r a v e l i n g  t o  w o r k  w e r e  d e v e l  o p e d  i n 1 9 7 6  b y  
Cambridge Sys temat ics ,  I n c .  f o r  t h e  U.S. Department o f  T r a n s ~ o r t a t i  on .  
Both  models use t h e  same d a t a  base. The p r imary  model, r e p o r t e d  u n d e r  
76-364A, a l l o w s  f o r  two modes .  O t h e r  m o d e l s  w e r e  s p e c i f i e d  t h a t  
d e s c r i b e  o n l y  mode cho ice .  The model r e p o r t e d  he re  as 76-364B c o m b i n e s  
these  i n t o  a  combinat ion  model t h a t  desc r i bes  au to  ownership a n d  t h r e e  
modes, d r i v e r  a lone,  shared r i d e ,  and t r a n s i t .  
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OBJECTIVE OF MODEL 

A  model i s  s p e c i f i e d  t h a t  d e s c r i b e s  t h e  p r o b a b i l  i t y  o f  o w n i n g  a  
c e r t a i n  number o f  au tomobi les  and o f  u s i n g  a  p a r t i c u l a r  mode t o  t r a v e l  
t o  work . 

RELATIOriSHIP TO OTHER MODELS 

T h i s  model i s  a  comb ina t i on  o f  t h e  au to  o w n e r s h i p  a n d  mode s p l  i t  
model desc r i bed  i n  76-364A, and t h r e e  mode c h o i c e  models. These l a t t e r  
t h r e e  model s p e c i f i c a t i o n s  i n c l u d e  c a r p o o l  a s  a  mode.  T h u s ,  t h e  
combinat ion  model has b o t h  t r a n s i t ,  s h a r e d  r i d e ,  a n d  d r i v e r - a 1  o n e  
a1 t e r n a t i v e s  f o r  mode o f  t r a v e l i n g  t o  work. 



VAL I DAT I ON 

The e s t i m a t e d  c o e f f i c i e n t s ,  shown i n  t h e  model r e p o r t ,  g e n e r a l l y  have 
t h e  expected s i g n s  and t h e  t - s t a t i s t i c s  i n d i c a t e  t h a t  t h e y  a r e  a l m o s t  
a1 1  s i g n i f i c a n t .  

LIMITATIONS AND BENEFITS 

E i g h t  a l t e r n a t i v e s  a r e  a v a i l a b l e  f o r  p r e d i c t i o n :  t h r e e  h o u s e h o l d  
ownersh ip  l e v e l s  ( z e r o  c a r s ,  one c a r ,  two o r  more) w i t h  t h r e e  m o d e s  t o  
work ( d r i v e  a1 one, shared r i d e ,  t r a n s i t ) .  The a1 t e r n a t i v e ,  no c a r s  a n d  
d r i v e  a lone  t o  work,  i s  i n v a l i d .  

The independent  v a r i a b l e s  i n  t h i s  m u l t i n o m i a l  l o g i t  o r  d i s a g g r e g a t e  
p r o b a b i l i t y  model i n c l u d e :  au tos  pe r  l i c e n s e d  d r i v e r ,  1  o g a r i t h m  o f  
r e s i d u a l  d i sposab le  household income ( income rni nus 800 do1 l a r s  f o r  e a c h  
household member, minus 1,000 d o l l a r s  f o r  each a u t o  owned, and minus 250 
days o f  o u t - o f - p o c k e t  t r a v e l  c o s t s ) ,  h o u s i n g  t y p e  ( s i n g l e  f a m i l y  o r  
n o t ) ,  i n - v e h i c l e  t r a v e l  t ime  (add ing 10  m i n u t e  p i c k - u p  a n d  d r o p  o f f  
p e n a l t y  f o r  shared r i d e  a l t e r n a t i v e s ) ,  o u t - o f - v e h i  c l  e  t r a v e l  t i m e  
d i v i d e d  by d i s t a n c e ,  genera l  i z e d  c o s t  f o r  shopping t r a v e l  , i f  w o r k p l  a c e  
i s  downtown, y e a r l y  t o t a l  ou t -o f -pocke t  t r a v e l  c o s t s  a s  s o c  i a t e d  w i  t h  
each a l t e r n a t i v e  ( d i v i d i n g  by 2.5 f o r  s h a r e d  r i d e )  , i f  j o b  i s  w i t h  
aovernment (wh ich  has r i d e - s h a r i n g  i n c e n t i v e s ) ,  n u m b e r  o f  w o r k e r s  i n  
household,  and empl oyment d e n s i t y  i n  work zone t i m e s  t r a v e l  d i s t a n c e  f o r  
shared r i d e s .  

MODEL CONSTRUCTION 

n a t a  used t o  e s t i m a t e  t h e  model a r e  f rom t h e  home i n t e r v i e w  s u r v e y  
conducted i n  1968 by t h e  M e t r o p o l i t a n  W a s h i n g t o n  (D .C . )  C o u n c i l  o f  
Governments .  T h e  b e h a v i o r a l  u n i t  i s  t h e  h o u s e h o l d ,  w i t h  o n l y  
breadwi nl,er work t r i p s  cons idered.  I n  t h e  p r e l  i m i  n a r y  mode c h o i c e  
models, which a r e  combined i n t o  t h i s  model,  t h e  u n i t  was t h e  i n d i v i d u a l  
worker .  
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REGIONAL ENERGY AVAILABILITY MODEL 

The Regional  Energy A v a i l a b i l i t y  Model was prepared i n  1 9 7 7  a t  Oak 
Ridge N a t i o n a l  L a b o r a t o r y  and was sponsored by t h e  U.S. D e p a r t m e n t  o f  
Commerce, Economic Development A d m i n i s t r a t i o n .  I t s  p u r p o s e  i s  t o  
e s t i m a t e  f u t u r e  energy a1 l o c a t i o n  s i t u a t i o n s  f o r  U.S. r e g i o n s .  
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OBJECTIVE OF MODEL 

T h i s  model was prepared t o  p r o v i d e  a  c o n s i s t e n t  base o f  h i s t o r i c  a n d  
p r o j e c t e d  energy i n f o r m a t i o n  i n  a  s t a n d a r d  f o r m a t  i n  o r d e r  t o  a i d  
r e y i o n a l  po l  icymakers i n  t h e i r  c o n s i d e r a t i o n  o f  how t h e  1  o c a l  e c o n o m y  
may be i n f l u e n c e d  by energy a v a i l  a b i  1 i t y .  

RELATIONSHIP TO OTHER MODELS 

U n i v e r s i t y  o f  M a r y l a n d ' s  INFORUP.1 model and t h e  PIES m o d e l  ( 7 5 - 0 0 4 )  
a r e  used t o  f o r e c a s t  f u t u r e  n a t i o n a l  economic scenar ios  f o r  i n p u t  t o  t h e  
model . A  rnodel c a l  l e d  MULTIREGION, a1 so devel  oped a t  Oak Ridge N a t i o n a l  
Labo ra to ry ,  d i sagg rega tes  these  scenar ios  by r e g i o n .  

ASSUMPT IONS 

The o n l y  impact  on energy c o n s e r v a t i o n  i n  t h e  economic s c e n a r i o s  i s  
assumed t o  be normal demand responses t o  h i g h e r  p r i c e s ,  



STRUCTURE 

Energy demand and supp ly  a r e  fo recas ted f o r  each Bureau o f  E c o n o m i c  
A n a l y s i s  (BEA) l o c a l  economic area,  a n d  t h e  e s t i m a t e d  s h o r t f a l l  o f  
energy supp ly  t o  t h e  demand i s  made. T h i s  i s  done f o r  f i v e  f u e l  sources 
such as c rude o i l  and uranium, seven energy forms,  i n c l u d i n g  a a s o l  i n e ,  
t h r e e  r e f i n i n g  sec to rs ,  i n c l u d i n g  pet ro leum r e f i n e r i e s ,  and f o u r  f i n a l  
consuming sec to rs ,  one o f  which i s  t r a n s p o r t a t i o n .  

Energy dernand o r  use a n a l y s i s  i n v o l v e s  f o u r  s teps :  

1) Choose a  n a t i o n a l  economic scenar io .  

2)  Choose a  n a t i o n a l  energy use scenar io .  

3)  Regional i z e  t h e  economic scenar io ,  

4 )  Reg iona l i ze  t h e  energy scenar io  b a s e d  o n  r e g i o n a l  e c o n o m i c  a n d  
p o p u l a t i o n  l e v e l s .  

Wi th  a l l o c a t i o n s  o f  demand complete, a l t e r n a t i v e  ways o f  s a t i s f y i n g  
p r o j e c t e d  demands w i t h  s u p p l i e s  a r e  analyzed.  T h i s  c o n t r a s t s  w i  t h  t h e  
more t r a d i t i o n a l  economet r ic  m e t  h o d  o f  i m p o s i  n g  s u p p l y  a n d  demand 
e q u i l  i b r i u n i  c o n d i t i o n s  th rough a  p r i c e  adjustment  mechanism. 

Energy supp ly  o r  a v a i l a b i l i t y  a n a l y s i s  i n v o l v e s  f i v e  s teps :  

1) Determine t h e  present  1  o c a t i o n  o f  f u e l  sources. 

2 )  Determine t h e  p resen t  l o c a t i o n  o f  energy forms. 

3 )  Determine t h e  reg ion -spec i  f i  c  r o l e  o f  impor ted  energy. 

4 )  Examine t h e  c a p a c i t y  o f  r e g i o n a l  t r a n s p o r t  systems. 

5 )  Reconc i l  e  p r o j e c t e d  energy uses and a v a i l  a b i l  i t i e s .  

MODEL CONSTRUCTION 

The l o c a l  economic areas chosen i n  t h i s  m o d e l  a r e  t h e  BEA a r e a s ,  
developed by t h e  U.S. Department  o f  Commerce.  T h e  a g g r e g a t i o n  o f  
consuniiny s e c t o r s  general  l y  corresponds t o  t h a t  used by t h e  B u r e a u  o f  
Mines. 

DATA USED I N  RUNNING MODEL 

Fuel consumption and energy supp ly  and t r a n s f o r m a t i o n  r e g i  o n a l  d a t a  
a r e  taken  from Federal  Energy A d m i n i s t r a t i o n  f o r e c a s t s  i n  t h e  1 9 7 6  
Na t i ona l  Energy Out look .  Regional  economic a c t i v i t y  p r o j e c t i o n  d a t a  a r e  
frorn -- 1972 OBERS p r o j e c t i o n s :  Economic a c t i v i t x  - i n  - t h e  U 2 . 3  S  S e r i e s  f 
p o p u l a t i o n .  Other  da ta  sources a r e  a l s o  used, m o s t l y  t o  d i s a g g r e g a t e  
r e g i o n a l  data.  
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TSC FREIGHT ENERGY MODEL 

A  n a t i o n a l - s c a l  e  f r e i g h t  t r a n s p o r t a t i o n  network  e n e r g y  u s e  m o d e l  , 
i n c l u d i n g  t h e  highway mode, was developed by CACI, Inc. ,  i n  1 9 7 8 ,  f o r  
t h e  T r a n s p o r t a t i o n  Systems Center  (TSC). It i s  designed t o  p r e d i c t  t h e  
impacts,  on t h e  c o s t  o f  t r a n s p o r t a t i o n  o f  f r e i g h t ,  modal shares, s e r v i c e  
l e v e l s ,  and energy consumption, of changes i n  t echno loay  , o p e r a  t i o n s  , 
and energy c o n s e r v a t i o n  p o l i c i e s .  
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OBJECTIVE OF MODEL 

T h i s  network model a1 1  ocates i n t e r c i t y  f r e i g h t  t r a f f  i c  t o  s  p e c  i f i c  
t . ranspor t  modes and r o u t e s ,  and p r e d i c t s  t r a n s p o r t a t i o n  p r i c e s ,  s e r v i c e  
l e v e l s ,  and energy use, g i v e n  commodity f l o w  data  and t h e  c a p a c i t y  o f  
t h e  elements o f  t h e  network.  

I t  i s  d e s i g n e d  t o  e s t i m a t e  t h e  e n e r g y  s a v i n g s  p o s s i b l e  i n  
U.S. i n t e r c i t y  f r e i g h t  t r a n s p o r t a t i o n  t h a t  i s  p o s s i b l e  w i t h  new 
techno logy ,  methods o f  o p e r a t i o n ,  and network a l t e r a t i o n s  w i  t h i  n  e a c h  
mode. 

RELATIONSHIP TO OTHER MODELS 

T h i s  model i s  an agg rega t i on  o f  d e t a i l e d  network model  s  o r i g i n a l  l y  
d e v e l  o p e d  b y  s e v e r a l  f e d e r a l  a g e n c i e s :  t h e  F e d e r a l  R a i  1 r o a d  
A d m i n i s t r a t i o n ,  t h e  F e d e r a l  H i g h w a y  A d m i n i s t r a t i o n ,  t h e  C o r p s  o f  
Engineers (waterways),  and TSC (p ipe1  i n e s ) .  The highway model s i m u l a t o r  
i n c l u d e s  a  t r u c k  c o s t  model developed by TSC and measures o f  t r u c k  speed 
developed by Oak Ridge Na t i ona l  Labo ra to ry .  The t r u c k  c o s t  m o d e l  was 
o r i g i n a l  l y  developed f o r  t h e  r a i l  roads. 



ASSUMPTIONS 

Minimum pa ths  th rough  t h e  system a r e  s h i p p e r  o p t i m a l ,  r a t h e r  t h a n  
g l  obal l y  op t ima l  . T h i s  cor responds t o  t r a n s p o r t  market  b e h a v i o r  w i t h o u t  
c e n t r a l  i z e d  c o n t r o l .  Some shipments may be  c o n s t r a i n e d  t o  c e r t a i n  pa ths  
o r  modes, Paths  a r e  c o n s t r a i n e d  so as n o t  t o  be t o o  c i r c u i t o u s .  Sorne 
shipments may be c o n s t r a i n e d  t o  r e p e a t  h i s t o r i c a l  modal sp l  i t  p a t t e r n s  , 
which  r e f l e c t s  r e a l i t i e s  o f  l o n g - t e r m  s h i p p e r  c o n t r a c t s  a n d  p r e v e n t s  
o s c i l  l a t i o n  due t o  smal l  i n te rmoda l  c o s t  d i f f e r e n t i a l s .  

VAL I OAT I0 N 

Comparison o f  model p r e d i c t i o n s  and a c t u a l  d a t a  f o r  1 9 7 2  i n d i c a t e  
t h a t  t h e y  agree q u i t e  w e l l ,  The l a c k  o f  s h o r t - h a u l  i n t e r c i t y  t r u c k  
t r a n s p o r t  i n  t h e  model t ends  t o  push t h e  e s t i m a t e d  c o s t  p e r  t o n  m i  1  e  
be1 ow t h e  n a t i o n a l  average. The modal s p l i t  accuracy o f  t h e  rnode l  i s  
iudged t o  be good s i n c e  t h e  p r e d i c t e d  t o n - m i l e  share i s  w i t h i n  15% o f  
t h e  observed share f o r  a l l  share l e v e l s  and modes. 

An exper iment  t e s t i n g  t h e  use o f  doub le  t r a i l e r s  on d i v i d e d  h i g h w a y s  
i n d i c a t e d  c o n s i d e r a b l e  sav ings  i n  highway c o s t  and energy use w i t h i n  t h e  
t r u c k i n g  i n d u s t r y  and w i t h o u t  c a p t u r i n g  a n y  m o r e  r a i l  t r a f f i c .  I t  
appears t h e r e  i s  c o n s i d e r a b l e  r o o m  f o r  e n e r g y  a n d  c o s t  s a v i n g s  i n  
f r e i g h t  t r a n s p o r t a t i o n .  

LIMITATIONS AND BENEFITS 

N a t i o n a l  aggregate  impacts  on t h e  c o s t  o f  t r a n s p o r t a t i o n  o f  a l l  
f r e i g h t ,  on o v e r a l l  s e r v i c e  l e v e l s  and o n  m o d a l  r n a r k e t  s h a r e s ,  a r e  
revea led .  The rnethodology may b e  u s e d  t o  g e n e r a t e  e n e r g y - o p t i m a l  
f r e i g h t  t r a n s p o r t  system c o n f i a u r a t i o n s  a n d  u s a g e  p a t t e r n s  t o  a i d  
development o f  government po l  i c y .  It may be used t o  e s t i m a t e  p o t e n t i  a 1  
modal share impacts  f o r  c p e c i f i c  m a r k e t s  w h i c h  w o u l d  r e s u l t  f r o m  
s p e c i f i c  energy c o n s e r v a t i o n  s t r a t e g i e s .  

The main  d i f f i c u l t y  i n  assess ing  t h e  accuracy o f  t h e  m o d e l  i s  t h e  
l a c k  o f  comparable a c t u a l  da ta .  T h e  a u t h o r s  s a y  t h a t  u n r e g u l a t e d  
i n t e r c i t y  t r u c k  t r a f f i c  i s  under represented,  and t h a t  t h e  model  s  h o u l  d  
be used o n l y  i n  e v a l u a t i n g  d i f f e r e n c e s  i n  s y s t e m  p e r f o r m a n c e .  I f  
a b s o l u t e  es t ima tes  o f  n a t i o n a l  f r e i g h t  s t a t  i s t  i c s  w e r e  r e q u  i r e d ,  i t 
would be necessary t o  s c a l e  model o u t p u t s  t o  r e f l e c t  a c t u a l  t r a f f i c .  

The F r e i g h t  Energy Model c o n s i s t s  o f  a  T r a n s p o r t a t i o n  N e t w o r k  M o d e l  
and Modal S i m u l a t o r s  f o r  r a i l ,  waterway, p i p e l i n e ,  and t r u c k  t o  w h i c h  
d a t a  on o p t i o n s ,  networks,  and c o m m o d i t y  f l o w s  a r e  i n p u t .  E n e r g y  
c o n s e r v a t i o n  impacts  a r e  o u t p u t  f r om t h e  network  model. I n  t h e  g e n e r a l  
methodology,  t h e  u s e r - s p e c i f i e d  energy  c o n s e r v a t i o n  o p t i o n s  a f f e c t  t h e  
t r a n s p o r t a t i o n  network ,  s h i p p e r  behav io r ,  a n d  commodi  t y  f l  ows.  T h e  
network r e p r e s e n t s  t r a n s p o r t  s u p p l y ,  a n d  m o d a l  c h o i c e  a n d  r o u t e  



s e l e c t i o n  by sh ippe rs  r e p r e s e n t  t r a n s p o r t  demand.  T h e  r e s u l t i n g  
d e c i s i o n s  and commodity f l o w  changes produce energy c o n s e r v a t i o n  impacts  
on t h e  network,  modes, c a r r i e r s ,  sh ippe rs ,  and consumers. Changes i n  a  
a i v e n  mode's supp ly  o f  t r a n s p o r t a t i o n ,  o r  a d j u s t m e n t s  i n  demand  b y  
sh ippe rs  caused by changes i n  t r a n s p o r t a t i o n  p r i c e s ,  can have an i m p a c t  
t h roughou t  t h e  n a t i o n ' s  mu1 t i m o d a l  t r a n s p o r t a t i o n  system. 

Each mode network c o n s i s t s  o f  n o d e s  c o n n e c t e d  t o  e a c h  o t h e r  b y  
1  inehau l  1  i n k s .  Commodities t r a v e l  b e t w e e n  p r o d u c i n g  o r  c o n s u m i n g  
r e g i o n s  and t h e  network modes a l o n g  a c c e s s  1  i n k s .  T r a n s f e r  l i n k s  
connect  nodes i n  d i f f e r e n t  mode networks.  Each node and l i n k  has c o s t ,  
c a p a c i t y ,  and energy f u n c t i o n s .  Commodity f l o w s  a r e  s p e c i f i e d  by o r i g i n  
r e g i o n ,  d e s t i n a t i o n  r e g i o n ,  and tons .  Some f l o w s  may r e q u i r e  t h e  u s e  o f  
a s p e c i f i c  mode o r  r o u t e .  Shipments a r e  assigned t o  p a t h s  ( m o d e s  a n d  
r o u t e s )  t h rough  t h e  system t h a t  m in im ize  i m p e d a n c e  ( t i m e ,  c o s t ,  a n d  
energy) .  

The p a t h  impedance o r  d i s u t i l  i t y  t h a t  i s  t o  be min imized i s  d e f i  n e d  
as: 

Z i j =  a m t k + b m c k t w m e k  
'i j 

where: 

'i j = d i s u t i l  i t y  between o r i g i n  r e g i o n  i and d e s t i n a t i o n  r e g i o n  j 

Pij = c o l l e c t i o n  o f  network e lements  i n  t h e  pa th  f rom i t o  j 

a  = t i m e  w e i g h t i n g  f a c t o r  f o r  commodity m, depends on v a l u e  pe r  t o n  and 
" i n v e n t o r y  charge" 

tk = f a c i l i t y  t r a n s i t  t i m e  

b, = c o s t  w e i g h t i n g  f a c t o r  f o r  commodity m  

k  = f a c i l i t y  s h i p p i n g  c o s t  

w = e n e r g y  w e i g h t i n g  f a c t o r  f o r  c o m m o d i t y  i n  ( z e r o  i n  m o s t  m a p p l i c a t i o n s ,  s i n c e  energy c o s t s  a r e  i n c l u d e d  i n  c  ) 
k  

ek = f a c i l i t y  energy use 

The reg ions  used i n  t h e  model a r e  those  d e f i n e d  b y  t h e  B u r e a u  o f  
Economic Ana lys i s .  Outputs  p rov ided  i n c l u d e  p a t h  d i s p l a y ,  t r a f f i c  
volume, t r a n s i t  t ime,  c o s t ,  and eneray  u s e  f o r  e a c h  e l e m e n t  o f  t h e  
network ,  mode f a c i  1  i t y  c l a s s ,  and shipment. 

The highway l i n k  d a t a  i n c l u d e  l e n g t h ,  p h y s i c a l  t y p e ,  t e r r a i n ,  a n d  
i d e n t i f i c a t i o n  o f  t o l l  roads. The highway ne twork  h a s  582  n o d e s  a n d  
1,292 l i n k s .  



DATA USED I N  RUNNING MODEL 

Fo r  each commodity, t h e  o r i g i n ,  d e s t i n a t i o n ,  t r a n s p o r t a t i o n  mode, and 
annual shipment tonnage a re  s p e c i f i e d  by t h e  model user ,  

The t r u c k  c o s t  model has t h e  f o l l o w i n g  i n p u t s :  t r a v e l  t i m e  and f u e l  
consumpt ion es t ima tes ,  t r u c k  purchase a n d  m a i n t e n a n c e  c o s t ,  d r i v e r  
wages, f u e l  p r i c e ,  t i r e  c o s t ,  o i l  c o s t ,  l i c e n s e  fees ,  t a x e s ,  d i s c o u n t  
r a t e ,  cargo d e n s i t y ,  o v e r h e a d  c o s t s ,  v e h i c l e  u t i l  i z a t i o n ,  e m p t y  
backhaul , t r i p  l e n g t h ,  and p l  a t f o r m  charges.  The main  o u t p u t s  e s t i m a t e d  
a r e  c o s t  pe r  t o n  and t o n - m i l e  1 i n e h a u l  and t e r m i n a l  p o r t i o n s  o f  t h e  c o s t  
a r e  i n p u t  t o  t h e  T r a n s p o r t a t i o n  Network Model. 
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COPIPUTEK REQUIREMENTS 

Graph ica l  d i s p l a y  w i t h  t h e  model i s  p o s s i b l e ,  showing p l o t s  o f  t h e  
network e lements,  economic r e g i o n s ,  p l a c e  n a m e s ,  o r i g i n - d e s t i n a t i o n  
naths ,  and c o s t ,  c a p a c i t y ,  and energy  usage f u n c t i o n s  f o r  each e l  emen t .  
The program i s  cornpl e t e l y  documented i n  Vol ume I I o f  t h e  r e p o r t .  I t i s  
w r i t t e n  i n  SIFlSCRIPT 11.5. and i s  o p e r a t i o n a l  o n  t h e  C D C  CYBER 1 7 5  
computer a t  CDC's f a c i l i t y  i n  K o c k v i l l e ,  Md. It i s  a c c e s s i b l e  t h r o u g h  
t h e  CYBEKNET system. 



LIGHT DUTY VEHICLE FLEET FUEL CONSUMPTION MODEL (LDVFFCM) 

The Energy and Environmental  A n a l y s i s ,  Inc .  L i g h t  Duty  V e h i c l e  F l  e e t  
Fuel Consumption Model (LDVFFCM) was sponsored by t h e  U.S. Department of 
Energy and was b u i l t  i n  1978. It i s  i n tended  t o  f a c i l i t a t e  a  b e t t e r  
unders tand ing o f  t h e  t r e n d s  i n  f u e l  consumption r e s u l t i n g  f r o m  c  e r  t a  i n  
n o l i c y  o p t i o n s  r e l a t i n g  t o  t h e  t r a n s p o r t a t i o n  s e c t o r .  T h e  m o d e l  was 
llsed i n  t h e  1978 Energy I n f o r m a t i o n  A d m i n i s t r a t i o n  (EIA)  Annual  R e p o r t  
t o  Congress t o  o v e r r i d e  t h e  in-model p r o j e c t  i o n s  o f  a u t  o m o b i  1  e  f u e l  - 
demand p rov ided  by t h e  PIES Automobi le S i m u l a t i o n M o d e l  ( 7 5 - 0 0 4 A ) .  I t  
i s  be ing  r e v i s e d  t o  i n c l u d e  medium and heavy d u t y  t r u c k s .  

SPONSOR 

U.S. Department o f  Energy 
O f f i c e  o f  Conservat ion  and Advanced Energy Systems P o l i c y  
Washington, D.C. 20461 

AUTHOR 
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A r l i n g t o n ,  Va. 22209 
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F l e e t  s i z e ,  v e h i c l e  m i l e s  t r a v e l e d ,  scrappage, f u e l  e c o n o m y ,  t r u c k s ,  
f u e l  consumption 

OBJECTIVE OF MODEL 

T h i s  model i s  designed t o  f o r e c a s t  t h e  t o t a l  f u e l  consumption ( l eaded  
a a s o l i n e ,  unleaded gaso l i ne ,  and d i e s e l  f u e l )  o f  passenger a u t o m o b i l e s  
and l i g h t - d u t y  t r u c k s  th rough  1986 as a  f u n c t i o n  o f  s e l  e c t e d  p a s t  a n d  
p r o j e c t e d  c h a r a c t e r i s t i c s  o f  t h e  v e h i c l e  f l e e t .  

RELATIONSHIP TO OTriER MODELS 

F o r  i t s  use i n  t h e  1978 EIA Annual Repor t  t o  Congress,  many o f  t h e  
Pxogenous i n p u t s  were s u p p l i e d  by t h e  Data ~ e z u r c e s ,  Inc .  ( D R I )  m a c r o  
model. ~ s t i m a t e s  o f  f u e l - c o n s e r v a t i o n  s h i  f t  s  w e r e  p r o v i d e d '  b y  t h e  
F a u c e t t  Automobi le S e c t o r  F o r e c a s t i  n y  M o d e l  ( 7 6 - 0 1 6 ) .  N a t i o n a l  
f o r e c a s t s  o f  annual f u e l  consumption b y  v e h i c l e  c l  a s s  a n d  f u e l  t y p e  
d e r i v e d  f rom LDVFFCM w i t h  t h e  a i d  o f  D R I  and F a u c e t t  i n p u t s  ( a s  we1 1  a s  
o t h e r s )  were f e d  i n t o  t h e  Sweeney  T r a n s p o r t a t i o n  M o d e l  ( o r  P I E S  
Automobi le S i m u l a t i o n  Model) (75-004A), which combi  n e d  t h e m  w i  t h  i n -  
niodel p r e d i c t i o n s  o f  f u e l  use from o t h e r  models t o  a r r i  v e  a t  t h e  m i d -  
t e r m  mu1 t imoda l  t r a n s p o r t a t i o n  f u e l  use f i g u r e s  f o r  t h e  M i d t e r m  E n e r g y  
F o r e c a s t i  ny System (MEFS) (S-78-419). 



HISTORICAL GACKGROUr4D 

Tn i t s  o r i g i n a l  fo rm,  wh i ch  was used i n  t h e  E I A  1 9 7 8  r e p o r t ,  t h e  
model d e s c r i b e d  h e r e  p r o j e c t s  f u e l  demand f o r  o n l y  1  i g h t - d u t y  v e h i c l  e s .  
I t has been r e c a l i b r a t e d  u s i n g  more c u r r e n t  d a t a .  I t  h a s  a l s o  b e e n  
expanded t o  i n c l u d e  medium and h e a v y - d u t y  t r u c k s  and h a s  b e e n  r e n a m e d  
t h e  Highway Fue l  Consumpt ion M o d e l  (HFCM)  . T h i s  r e v i s i o n  w i  1 1  b e  
r e p o r t e d  on  i n  a  l a t e r  e d i t i o n  o f  t h i s  i n v e n t o r y .  P r e s e n t  p l a n s  do  n o t  
c a l l  f o r  i n c l u d i n g  HFCM i n  MEFS, b u t  i t  may c o n t i n u e  t o  be  used f o r  o f f -  
1  i n e  a d j u s t m e n t s  t o  MEFS f o r e c a s t s .  

ASSdFlPT IONS 

Scrappage r a t e s  o f  c a r s  a r e  assumed t o  r ema in  t h e  same i n  t h e  f u t u r e  
as  i n  t h e  25 y e a r s  p r e c e d i n g  1978. V e h i c l e  m i l e s  t r a v e l e d  p e r  v e h i  c l  e  
i s  assumed t o  dec rease  w i t h  t h e  age o f  each  v e h i c l e .  

The model i s  based on t h e  f o l l o w i n g  assump t i ons  w h i c h  a r e  n e c e s s a r y  
t o  e x t e n d  d a t a  where t h e y  a r e  i n c o m p l e t e :  

0 i m p o r t e d  t r u c k s  a r e  assumed t o  grow a t  an ave rage  dnnual  r a t e  of 
3.5 p e r c e n t  p e r  y e a r  f r o m  a  l e v e l  o f  250,000 u n i t s  i n  1978; 

0 t h e  l e v e l  o f  new v e h i c l e  r e g i s t r a t i o n s  a t  t h e  e n d  o f  t h e  y e a r  
f o r  each p r o j e c t i o n  i s  assumed t o  r ema in  c o n s t a n t  t h r o u g h  1995;  

0 between 1982 and 1985, t h e  f u e l  economy o f  new 1  i g h t  t r u c k s  i s  
a s s u m e d  t o  i n c r e a s e  a t  t h e  same r a t e  a s  t h e  mpg o f  p a s s e n g e r  
c a r s ;  

a t h e  annual  un leaded  f u e l  p e n e t r a t i o n  r a t e  f o r  1 9 8 0 - 1 9 8 5  i s  
assumed t o  be equa l  t o  t h e  1979 p e n e t r a t i o n  r a t e ;  

0 a  t w e n t y - f i v e  p e r c e n t  i n c r e a s e  i n  f u e l  economy i n  d i e s e l  o v e r  
t h e  spa rk  i g n i t i o n  e n g i n e  i s  assumed f o r  l i g h t  d u t y  v e h i c l e s .  

STRUCTURE 

The L i g h t  D u t y  V e h i c l e  F l e e t  Fue l  Consumpt ion Model i s  an a c c o u n t  i n g  
model t h a t  f o r e c a s t s  f u e l  consump t i on  i n  t h e  t r a n s p o r t a t i o n  s e c t o r  b y  
c a l c u l  a t i  rly two pa rame te r s :  annua l  v e h i c l e  m i l e s  o f  t r a v e l  , and a v e r a g e  
on - t i l e - r oad  f l e e t  f u e l  e f f i c i e n c y .  I t  i s  a  d e t e r m i n i s t i c  model i n  t h a t  
o u t p u t  v a r i a t i o n s  can  be d i r e c t l y  a t t r i b u t e d  t o  assun lp t ions  m a d e  a b o u t  
h i  s t o r i c a l  and f u t u r e  d a t a  on v e h i c l e  f l  e e t  c h a r a c t e r i  s t i c s .  The re  a r e  
no  b e h a v i o r a l  e q u a t i o n s  t h a t  use rnacroeconomic pa rame te r s  i n  a n  e f f o r t  
t o  d e r i v e  f o r e c a s t s  o f  f u t u r e  f u e l  d e m a n d .  A1 1  f u t u r e  v a l u e s  o f  
~ a r a r n e t e r s  needed t o  f o r e c a s t  f u e l  consumpt i  on a r e  d e r i v e d  f r o m  s o u r c e s  
o u t s i d e  t h i  s  model . 

The c a l c u l a t i o n  methods used t o  d e t e r m i n e  f l e e t  v e h i c l e  m i l e s  o f  
t r a v e l  , ave rage  f l e e t  f u e l  e f f i c i e n c y ,  and f l e e t  f u e l  c o n s u m p t i o n  i n  a  
g i v e n  y e a r  appear  be1 ow: 



TVMT. = E 2 SP x RGij x VMTkj 
J i k  k  j 

where: 

TVMT. = t o t a l  VMT p e r  v e h i c l e  t y p e  j ( o n e  o f  f i v e  c a t e g o r i e s  o f  1  i g  h t -  
d u t y  v e h i c l e s )  

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

S P k j  
= w r a p p a g e  ( p e r c e n t  o f  new v e h i c l e  r e g i s t r a t i o n s  o f  a y e  k  a n d  

v e h i c l e  t y p e  j l e f t  on  t h e  r o a d )  

VMTkj = v e h i c l e  m i l e s  t r a v e l e d  o f  v e h i c l e  t y p e  j and age k 

TFCt = r E r RGi j  x VMTkj x PCTijk/MPGij x ADJ 
i k j  

where: 

TFCt = t o t a l  f u e l  consumed o f  t y p e  t ( l eaded ,  un leaded ,  d i e s e l )  

PCTi jt = ~ e r c e n t a g e  o f  r e g i s t r a t i o n s  i n  y e a r  i o f  v e h i  c l  e  t y p e  j a n d  
f u e l  t y p e  t ( l e a d e d ,  un leaded ,  d i e s e l )  

MPGij = t h e  EPA-rated MPG o f  r e g i s t r a t i o n s  o f  v e h i c l e s  i n  y e a r  i a n d  
v e h i c l e  t y p e  j 

ADJ = an o p t i o n a l  d i s c o u n t  f a c t o r  t h a t  a d j u s t s  t h e  EPA MPG t o  an on- road  
MP G 

AMPti. = TVIIT . / [c C (Rtiij x VMT ./MPGi j ) ]  
J i k  kJ  

where: 

AIIIPG. = ave rage  f l e e t  MPG f o r  v e h i c l e  t y p e  j 
J 

DATA USED I N  RUNNING MODEL 

I n p u t s  t o  t h e  model i n c l u d e :  

a annual  new v e h i c l e  r e g i s t r a t i o n s  (Source :  T e c h n i c a l  A s s e s s m e n t  
n i v i s i o n  o f  N a t i o n a l  H i g h w a y  T r a f f i c  S a f e t y  A d m i  n  i s t r a t i  o n  
[ N H T S A ] .  ~ r a n s ~ o r t a t i o n  S y s t e m s  ~ e n ' t e r  [ T S C ]  , a n d  
U.S. Depar tment  o f  T r a n s p o r t a t i o n  [DOT] ) . 

r scrappage r a t e  o f  new v e h i c l e s  (Source :  NHTSA, TSC, and DOT). 

a annual  v e h i c l e  m i l e s  o f  t r a v e l  p e r  v i n t a g e  c a r  y e a r  ( S o u r c e :  
NHTSA, TSC, and DOT. 



e EPA t e s t  f i g u r e s  f o r  v e h i c l e  average f u e l  e c o n o m i e s  ( S o u r c e :  
U.S. Envi ronmental P r o t e c t i o n  Agency [EPA]) , 

e on- the- road m i l e s  p e r  g a l l o n  d i s c o u n t  f a c t o r ,  wh ich  accounts  f o r  
i n - u s e  d r i v i n g  c o n d i t i o n s  a n d  r e d u c e s  a c t u a l  f u e l  e c o n o m y  b e 1  ow 
t h e  EPA t e s t  va lues  (Source:  U.S. EPA). 

A l l  d a t a  p o i n t s  f o r  f u t u r e  y e a r s  a r e  e s t i m a t e s  p r o v i d e d  b y  D a t a  
Resources, Inc. ,  W h a r t o n  E c o n o m i c  F o r e c a s t i n g  A s s o c i a t e s ,  I n c . ,  
U.S. Department of EnergylEnergy I n f o r m a t i  on Admini s t r a t i o n ,  DuPont, and 
Mich igan Techno1 o g i c a l  U n i v e r s i t y .  
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COMMUTER POLLUTION EXPOSURE MODELS 

The f i r s t - p h a s e  des ign  o f  numer ica l  computer and manua l  m o d e l  s  f o r  
p r e d i c t i n g  t h e  e x p o s u r e  o f  c o m m u t e r s  t o  emi s s i o n s  p o l  1  u t i o n  was 
developed i n  1979 by SRI I n t e r n a t i o n a l  f o r  t h e  U.S. E n v i r o n m e n t a l  
P r o t e c t i o n  Agency, The m o d e l s  c a l c u l a t e  t r a f f i c ,  e m i s s i o n s ,  a n d  
d i s p e r s i o n  f o r  d i f f e r e n t  r o a d w a y  t y p e s ,  u s i n g  a  c o m b i n a t i o n  o f  
methodologies.  The computer program and t h e  s p e c i f i c s  o f  t h e  m a n u a l  
model a r e  t o  be completed i n  another  phase o f  t h e  work. 
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KEYWORDS 

Emissions, 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 exposure o f  commuters t o  emi ss ions i s  modeled by two m e t  h o d s  , a 
computer ized numer ical  model , and a  manual approach.  M a j o r  c o m m u t e r  
r o u t e s  a r e  i d e n t i f i e d ;  t h e  t r a f f i c  on them and t h e  emissions g e n e r a t e d  
and d i spe rsed  a r e  c a l c u l a t e d ,  t a k i n g  i n t o  account  whether t h e  roadway i s  
l im i ted -access ,  u n l i m i t e d  access, o r  a  s t r e e t  canyon, and t h e  e f f e c t s  o f  
conges t i on  because o f  t r a f f i c  s i g n a l  s. Background source po l  1  u t  i o n  i s 
t r e a t e d  i n  a  s i m p l e r  f ash ion .  The mode l ing  a rea  t o  be  d e f i n e d  f o r  a n  
a p p l i c a t i o n  o f  t h e  model shou ld  c o i n c i d e  w i t h  a  Standard  M e t r o p o l  i t a n  
S t a t i s t i c a l  Area o r  an A i r  Qua1 i t y  Con t ro l  Region. 

RELATIONSHIP TO OTHER MODELS 

The model makes use o f  e x i s t i n g  d i s p e r s i o n  a lgo r i t hms .  F o r  l i m i t e d -  
access pathways t h e  Dabberdt ROADWAY model i s  used. On u n l  i m i  ted-access 
roadway segments a  techn ique f rom t h e  CALINE-2 model i s  used ( d e s c r i b e d  
i n  76-084). S t r e e t  c a n y o n  p a t h w a y s  u s e  APRAC ( 7 3 - 2 7 8 )  a n d  f o r  
nonpathway sources t h e  Hanna-Gi f f o r d  d i  s p e r s i  on t r e a t m e n t  i s used. F o r  
emi s s i  Jns model i ng , t h e  Automobi 1  e Exhaust Emission Model A n a l y s i s  Model 



(74-219) i s  used. 

ASSUMPTIONS 

V e h i c l e  a c c e l e r a t i o n  a n d  d e c e l e r a t i o n  r a t e s  a r e  assumed  t o  b e  
cons tan t .  Annual average ambient a i r  temperature  i s  used when t h e  model 
i s  i n  annual mode. I n  t h e  morning a1 1 v e h i c l e s  a r e  assumed t o  be warmed 
up b e f o r e  g e t t i n g  t o  t h e  commute rou tes .  Cold and h o t - s t a r t  percentages 
a r e  f i x e d  f o r  each l o c a l e  t y p e  f o r  morning and evening.  On- the- roadway 
and i n - t h e - v e h i c l e  c o n c e n t r a t i o n s  o f  pol  1  u t i o n  a r e  assumed t o  be equal .  

VALIDATION 

Since t h e  model has n o t  been completed, i t  has n o t  b e e n  v a l  i d a t e d ,  
b u t  procedures f o r  d o i n g  s o  a r e  o u t 1  i n e d .  I d e a l l y ,  a  s a m p l e  o f  
commuters would c a r r y  dev i ces  t o  c o l l e c t  d a t a  on t h e i r  e x p o s u r e ,  w h i  c h  
would be compared w i t h  t h e  mode l ' s  p r e d i c t i o n s .  A1 t e r n a t i v e l y ,  t h e  
i n d i v i d u a l  components o f  t h e  model c o u l d  be e v a l u a t e d .  The  t r a f f i c  
module and d i s p e r s i o n  module c o u l d  b e  c o m p a r e d  b y  t a k i n g  f r e q u e n t  
measurements o f  t r a f f i c  f l  ow and emi ss ions  c o n c e n t r a t i o n s ;  t h e  emi ss ions  
module i s  l e s s  easy t o  t e s t .  Aggregate d a t a  f o r  t e s t i n g  t h e  m o d e l  i s  
a v a i l a b l e  b u t  t h e  d i saggrega te  d a t a  g e n e r a l l y  a r e  n o t .  T h e  p o t e n t i  a1  
accuracy o f  t h e  model i s  d iscussed a t  l e n g t h  by  t h e  model au thors .  

LIMITATIONS AND BENEFITS 

The numer ica l  model g i ves  two k i n d s  o f  o u t p u t :  (1) annual s t a t i s t i c s  
and ( 2 )  t h e  sho r t - te rm,  w o r s t - c a s e  e x p o s u r e  f o r  a  s i n g l e  commute .  
General l y ,  s t a t e - o f - t h e - a r t  methodo log ies  were i n c o r p o r a t e d  i n t o  t h e  
model, b u t  t hese  techn iques assume a  s t e a d y - s t a t e  s i t u a t i o n .  Some 
d e f i c i e n c i e s  o f  t h e  model fo reseen b y  i t s  au tho rs  a r e  t h a t  i t  d o e s  n o t  
t r e a t  a l l  commuters, a  s e m i - o b j e c t i v e  m e t h o d  o f  c o m m u t e r  p a t h w a y  
s e l e c t i o n  i s  u s e d ,  G a u s s i a n  d i  s p e r s i o n  t r e a t m e n t s  c a n n o t  t r e a t  
f u m i g a t i o n  o r  s tagna t ion ,  t h e  nonpathway d i  spe rs ion  t r e a t m e n t  d o e s  n o t  
a l l o w  v a r i a t i o n  o f  g r i d  square emiss ion r a t e s ,  and no p r o v i s i o n  i s  made 
f o r  t h e  e f f e c t s  o f  p r e c i p i t a t i o n .  

STRUCTURE 

I n  t h e  numerical  model, on pathways, t h e  ave rage  r o u t e  s p e e d s  a n d  
emiss ion  r a t e s  f o r  each road  segment a r e  c a l c u l a t e d .  S i g n a l  i z a t i  o n ,  
congest ion ,  and modal emiss ions a r e  accounted f o r .  Fo r  t h e  annual mode 
b o t h  morning and even ing r a t e s  a r e  found; f o r  t h e  s h o r t - t e r m  mode a  
s i n g l e  emiss ion r a t e  f o r  each segment i s  f o u n d  w i  t h  t r a f f i c  v o l  ume 
v a r y i  ng w i  t h  t ime .  

Normal ized exposures f o r  each segment a r e  c o m p u t e d  f r o m  e m i s s i o n  
r a t e s ,  us ing  d i f f e r e n t  d i s p e r s i o n  me thodo log i  e s  f o r  s t r e e t  c a n y o n s ,  
1  i m i  ted-access,  o r  u n l i m i t e d  access roads. 



F o r  nonpathway sources, emissions a r e  c a l  cu la ted ,  g i v e n  t h e  t r a f  f i c 
and l a n d  use l o c a l e  d a t a .  C o n c e n t r a t i o n s  a r e  f o u n d  g i v e n  w i n d  
c o n d i t i o n s .  

Concent ra t ions  f rom pathway and nonpathway sources a  r e  c o m b i  n e d  t o  
produce s t a t i s t i c s  on commuter exposure. Concent ra t ions  on each segment 
a r e  combined, m u l t i p l i e d  by wind speed, and summed f o r  e a c h  p a t h w a y .  
Pathways a r e  weighted by e i t h e r  t h e  morninq o r  e v e n i n g  f r e q u e n c y  o f  
occurrence o f  weather c o n d i t i o n s .  

The methodology o f  t h e  m a n u a l  m o d e l  i s  s i m i  1  a r  t o  t h a t  o f  t h e  
numer ical  model, b u t  fewer and l e s s  complex c a l c u l a t i o n s  may b e  d o n e .  
I t c o n s i s t s  o f  a  s e t  o f  worksheets, i n s t r u c t i o n s ,  c h a r t s ,  t a b 1  e s ,  a n d  
nomographs. The manual model i s  in tended t o  be used as a  screen ing t o o l  
f o r  f i n d i n g  p o t e n t i a l  problem areas t o  be s t u d i e d  i n  g r e a t e r  d e t a i l .  

MODEL CONSTRUCTION 

T h i s  i s  a  phys i ca l  systems model, u s i n g  a  v a r i e t y  o f  t e c h n i q u e s  t o  
de termine exhaust  emi ss ions,  d i f f u s i o n  and c o n c e n t r a t i o n  o f  ~ o l  1  u t  i o n ,  
and t r a f f i c  movement and congest ion .  

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

The s tudy  area must be d e f i n e d ,  and commuter pathways d e f i n e d  by t y p e  
and d i r e c t i o n .  Fo r  nonpathway emissions,  v e h i c l e  m i  1  e s  t r a v e l e d  a n d  
l a n d  use f o r  t h e  area g r i d  system must be  i npu t .  F o r  a n n u a l  o u t p u t ,  
wind c o n d i t i o n  f requency d i s t r i b u t i o n s  a r e  i n p u t ;  f o r  t h e  s h o r t - t e r m  
ou tpu t ,  h o u r l y  weather c o n d i t i o n s  a r e  needed. About 70  d i f f e r e n t  k i n d s  
n f  i n f o r m a t i o n  may be r e q u i r e d  as i n p u t  t o  t h e  numer ica l  model ; 3 0  f o r  
t h e  manual model . 
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COMPUTER REQUIREMENTS 

The numer ical  model program has n o t  been w r i t t e n .  It i s  f l o w c h a r t e d  
and t h e  methodologies a r e  designed. The manual model a l s o  n e e d s  t o  b e  
c m p l  eted. 



BROOKHAVEN ENERGY SYSTEM OPTIMIZATION MODEL (BESOM) 

BESOM i s  a  one-per iod  1 i near  programming model . The model , developed 
by Brookhaven Na t iona l  L a b o r a t o r y  i n  1974, i s  designed t o  m i  n  i m i  z e  a n  
o b j e c t i v e  f u n c t i o n ,  such as e n t i r e  c o s t  of p roduc ing a  s e t  o f  e n d - u s e  
energy  s e r v i c e s  by choosing t h e  m i x  o f  e n e r g y  p r o d u c t s ,  s u b j e c t  t o  
resource,  demand, p o l l u t i o n ,  and p l a n t  c o n s t r a i n t s .  BESOM'S s p o n s o r s  
i n c l u d e  t h e  Energy Research and Development A d m i n i s t r a t i o n  and 1  a t e r  t h e  
U.S. Department of E n e r g y .  I t  h a s  b e e n  u s e d  t o  e v a l u a t e  e n e r g y  
t e c h n o l o g i e s  and p o l i c i e s  a t  a  n a t i o n a l  l e v e l  i n c l  ud ing c o n s i d e r a t i o n  o f  
e l e c t r i c  s to rage  dev ices ,  i n t e r f u e l  s u b s t i t u t i o n ,  a n d  t h e  r o l e  o f  
e l e c t r i f i c a t i o n ,  coa l  as a  t r a n s i t i o n  f u e l ,  and i m p a c t s  o f  r e n e w a b l  e  
energy on c o s t s  and environmental  q u a l i t y .  

SPONSOR 

U.S. Department o f  Energy 

AUTHOR 

Kenneth C.  Hoffman and E l l e n  A. Cherniavsky 
Brookhaven Na t iona l  Labora to ry  
Upton, N.Y. 11973 

KEYWORDS 
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OBJECTIVE OF MODEL 

BESOM i s  a  s t a t i c  l i n e a r  p r o g r a m m i n g  m o d e l  d e s i g n e d  t o  e x a m i n e  
i n t e r f u e l  s u b s t i t u t i o n  and e v a l u a t e  e n e r g y  t e c h n o l o g i e s  a n d  e n e r g y  
p o l i c i e s  w i t h i n  t h e  t o t a l  energy system, The model i s  g e n e r a l l y  used t o  
min imize t o t a l  energy systems c o s t s .  

RELATIONSHIP TO OTHER MODELS 

I n  o p e r a t i o n  BESOM has been used a l o n e  and i n  c o n j u n c t i o n  w i t h  e i t h e r  
o r  b o t h  o f  t h e  Long Term I n t e r i n d u s t r y  Model (L ITM)  ( 7 7 - 2 4 2 )  a n d  t h e  
Brookhaven 1-0 Model (78-361). 

HI STOR ICAL BACKGROUND 

BESOM i s  t h e  e a r l i e s t  o f  t h e  Brookhaven N a t i o n a l  L a b o r a t o r y  1  i n e a r  
programmi ng model s, L a t e r  v e r s i o n s  o f  i t  i n c l  ude Dynamic Energy S y s t e m  
O p t i m i z a t i o n  Model (DESOM) (79-384) a n d  T i m e - S t e p p e d  E n e r g y  S y s t e m  
O p t i m i z a t i o n  Model (TESOM) (79-383). 



ASSUMPTIONS 

BESOM i s  a  one-per iod n a t i o n a l  model r e p r e s e n t i n g  t h e  e n t i  r e  e n e r g y  
system and a  wide range of i n t e r f u e l  s u b s t i t u t i o n  poss i  b i  1  i t i  e s .  T h e  
t e c h n i c a l  assumptions i n  t h e  model a r e  c a p t u r e d  i n  t h e  c o n s t r a i n t s  
c a l  l e d  t h e  Reference Energy System (RES) developed by Kenneth H o f f m a n  . 
The model r e p r e s e n t s  t h e  e n e r g y  s e c t o r  f r o m  r e s o u r c e s ,  t h r o u g h  
convers ion ,  t o  end-use demands. End-use demands, resou rce  a v a i l  a b i l  i ty, 
p o l l u t i o n  r e g u l a t i o n s ,  and energy c o n v e r s i o n  p l  a n t  c a p a c i t y  a r e  a 1  1  
exogenous. One may assume 1  i m i  t s  t o  market  p e n e t r a t i o n  o f  a  p a r t i c  u l  a r  
f u e l  t o  rep resen t  c a p a c i t y  c o n s t r a i n t s  o r  1  i m i t s  t o  r e t i r e m e n t  o f  01  d  
c a p a c i t y .  

LIMITATIONS AND BENEFITS 

The model i s  designed t o  examine i n t e r f u e l  s u b s t i t u t i o n  a n d  t h e  
e f f e c t  o f  new techno logy ,  and t o  do p o l i c y  a n a l y s i s  w i t h i n  t h e  c o n t e x t  
o f  t h e  e n t i r e  energy system. It i s  a  nondynamic one-per iod  model w h i c h  
when used a lone  does n o t  comp le te l y  c a p t u r e  end-use demand n o r  r e s o u r c e  

supp ly  e l a s t i c i t i e s .  Represent ing  c o s t s  by a 1  i n e a r  f u n c t i o n  i s  a  
f u r t h e r  simp1 i f i c a t i o n ,  

STRUCTURE 

The model i s  a  1  i n e a r  p r o g r a m m i n g  m o d e l .  Assume t h e r e  a r e  J  
i n t e r m e d i a t e  energy products ,  U  n a t u r a l  resources,  V end-use demands , W 
po l  1  u t i o n  c o n s t r a i n t s ,  and Y p l  a n t  o r  c a p i t a l  c o n s t r a i n t s .  

The model p i c k s  a  v e c t o r  Z o f  i n t e r m e d i a t e  e n e r g y  p r o d u c t s  t h a t  
min imizes  some o b j e c t i v e  f u n c t i o n ,  usual  l y  system c o s t :  

Sub jec t  t o  a  s e t  o f  c o n s t r a i n t s :  

[ ( U+V+W+Y ) xJ ]  [ J x l ]  [ J x l ]  

where: 

C = t h e  c o s t  v e c t o r  o f  p roduc ing  J  i n t e r m e d i a t e  energy forms rep resen ted  



by v e c t o r  Z 

Eu = a  m a t r i x  o f  t e c h n i c a l  c o e f f i c i e n t s  t h a t  c a l c u l a t e s  energy resources  
r e q u i r e d  f o r  p roduc ing energy p r o d u c t  v e c t o r  Z .  Bu a r e  t h e  U 
resource  c o n s t r a i n t s .  

Ev = a  m a t r i x  o f  t e c h n i c a l  c o e f f i c i e n t s  r e p r e s e n t i n g  t h e  e f f i c i e n c i e s  o f  
c o n v e r t i n g  Z i n t o  end-use se rv i ces .  Bv a r e  t h e  V e n d - u s e  demand 
c o n s t r a i n t s .  

= a  m a t r i x  o f  c o e f f i c i e n t s  t h a t  r e p r e s e n t  emissions f r o m  v e c t o r  Z .  Ew B  r e p r e s e n t  t h e  a i r  p o l l u t i o n  c o n s t r a i n t s  f o r  W t y p e s  o f  
e # i  ss ions.  

E = t e c h n i c a l  c o e f f i c i e n t s  f o r  p l a n t  c a p a c i t y  needed f o r  t h e  p r o d u c t i o n  
o f  Z. B a r e  Y p l a n t  c a p a c i t y  c o n s t r a i n t s .  

Y  
The end-use energy s e r v i c e  demands f o r  t r a n s p o r t a t i o n  a r e  rep resen ted  

by t h r e e  b a s i c  sec to rs :  (1) auto  t r a n s p o r t  measured i n  v e h i c l e  m i  1  e s ,  
( 2 )  a i r  t r a n s p o r t  which i s  an a g g r e g a t e  o f  p a s s e n g e r  m i l e s  a n d  t o n  
m i l e s ,  and ( 3 )  bus, t r u c k ,  and r a i l  which i s  an aggregate o f  a1  1  t h e i r  
s e r v i c e s .  F o r  these  end-use energy s e r v i c e  demands, t h e  c o s t  o f  t h e i r  
p r o d u c t i o n  i s  i n c l u d e d  i n  t h e  o b j e c t i v e  f u n c t i o n  t o t a l  system c o s t ;  t h e  
t e c h n i c a l  c o n s t r a i n t s  a r e  embodied i n  t h e  c o n s t r a i n t  m a t r i c e s  E , E , 
Ew, and E ; and t h e  p o s s i b l e  f u e l s  used f o r  t h e i r  p r o d u c t i o n  a r e  Y i  q u r d  
f u e l s  f r o i  t h e  resources:  c rude o i l ,  s h a l e  o i l ,  c rude o i l  i m p o r t s ,  o r  
coa l  . The documentat ion imp1 i e s  t h a t  some ve rs ions  i n c l u d e  e l  e c t r i  f i e d  
mass t r a n s p o r t  as an end-use s e r v i c e  demand and a l l o w  some auto  v e h i c l e  
m i l e s  t o  be produced by e l e c t r i c  ca rs .  

MODEL CONSTRUCTION 

The t e c h n i c a l  c o n s t r a i n t s ,  Eu, Ev, Ew, and E  , i n  BESOM a r e  based on  
t h e  Reference Energy System developed by ~ e n n e t j  Hoffma n  , f o  rme r 1  y  o f  
Brookhaven N a t i o n a l  Labora to ry ,  and were f u r t h e r  modi f i e d  a t  Brookha v e n  
Na t iona l  Labora to ry .  

DATA USED I N  RUNNING MODEL 

End-use demands a r e  exogenous o r  i n p u t  f r o m  a  l i n k a g e  w i t h  L I T M  
(77-242) and t h e  Brookhaven 1-0 model (78-361). Other  n e c e s s a r y  i n  p u t  
i n c l u d e s  demand and supp ly  e f f i c i e n c i e s ,  c o n v e r s i o n ,  e x t r a c t i o n ,  a n d  
f u e l  cos ts ,  environmental  c o n s t r a i n t s ,  r e s o u r c e  a v a i l a b i l i t i e s ,  a n d  
market  p e n e t r a t i o n  c o n s t r a i n t s  f o r  v a r i o u s  f u e l s .  
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COMPUTER REQUIREMENTS 

BESOM i s  c m p a t i b l e  w i t h  Con t ro l  Data C o r p o r a t i o n  computers. 



TIME-STEPPED ENERGY SYSTEM OPTIMIZATION MODEL (TESOM) 

TESOM i s  a  s i n g l e - r e g i o n  time-phased l i n e a r  programming mode l  b u i  1  t 
a t  Brookhaven Na t iona l  Labora to ry  i n  1978 under t h e  s p o n s o r s h i p  o f  t h e  
US, Department o f  Energy. T h i s  energy model was developed t o  improve on 
e a r l i e r  models t h a t  examine i n t e r f u e l  s u b s t i t u t i o n ,  energy t e c  h n o l  o g y  , 
and energy po l  i c y .  These models a1 l o c a t e  energy r e s o u r c e s  a n d  e n e r g y  
p r o d u c t s  and choose t h e  mix  o f  supp ly ,  energy c o n v e r s i o n ,  a n d  demand 
techno log ies  t h a t  min imize t o t a l  energy system c o s t  o r  o p t i m i  ze  o v e r  
qome o t h e r  o b j e c t i v e  f u n c t i o n  s u c h  a s  r e s o u r c e  c o n s u m p t i o n  o r  
env i  ronmental e f f e c t s ,  S t u d i e s  us ing  TESOM i n c l u d e  1 ong-term e c  o n o m i  c  
a n a l y s i  s  o f  f u t u r e  coa l  consumption. 
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OBJECTIVE OF MODEL 

TESOM i s  a  1  i n e a r  programming model t h a t  can a s s i s t  i n  s t u d y i n g  t h e  
n a t i o n a l  energy system. The purpose o f  TESOM was t o  i m p r o v e  o n  t h e  
Dynamic Energy System O p t i m i z a t i o n  Model (DESOM) (79-384) and p r o v i d e  an 
a1 t e r n a t i v e  t o  t h e  Market  A1 l o c a t i o n  Model (MARKAL) ( 7 8 - 3 9 8 )  . Th i s  
improved v e r s i o n :  

a) r e f l e c t s  u n c e r t a i n t i e s  by  assuming i m p e r f e c t  know1 e d g e  o f  f u t u r e  
supp l i es ,  demands, and techno log ies ,  

b )  has an improved market  p e n e t r a t i o n  a1 g o r i  thm, 

c )  has a  b e t t e r  r e p r e s e n t a t i o n  o f  t h e  v i n t a g e  c a p i t a l  s tock ,  and 

d )  has t h e  o p t i o n  o f  s tep-wi  se resource  supp ly  f u n c t i o n s .  



RELATIONSHIP TO OTHER MODELS 

TESOM can be used i n  c o n j u n c t i o n  w i t h  t h e  Long T e r m  I n t e r i n d u s t r y  
Transact ions  Model (77-242) and t h e  Brookhaven 1-0 Model (78-361). 

H I  STOR ICAL BACKGROUND 

TESOM i s  a  second-generat ion DESOM (79-384), an a1 t e r n a t i v e  t o  MARKAL 
(78-398), and a  t h i  r d -genera t i on  BESOM (78-378). 

ASSUMPTIONS 

The t e c h n i c a l  assumptions f o r  energy conve rs ion  i n  TESOM a r e  cap tu red  
i n  t h e  Reference Energy System as i n  DESOM (79-384). End-use d e m a n d s ,  
s tep-wi  se resou rce  supp ly  schedules, p o l  1  u t i o n  r e g u l  a t i  o n s  a n d  e n e r g y  
conve rs ion  p l a n t  c a p a c i t y  a r e  a1 1  exogenous. One can assume 1  i m i  t s  t o  
market  p e n e t r a t i o n  o f  a  p a r t i c u l a r  f u e l  o r  energy t e c h n o 1  o g y .  T h e s e  
assumptions a r e  s i m i l a r  t o  DESOM e x c e p t  t h a t :  ( 1 )  The  a m o u n t  o f  
resource a v a i l  a b l e  i n  a  g i ven  t ime  p e r i o d  i s  f i x e d  i n  DESOM, whereas i n  
TESOM resou rce  a v a i l a b i l i t y  can be made a  f u n c t i o n  o f  p r i c e ,  a n d  ( 2 )  
TESOM cap tu res  u n c e r t a i n t y  by o p t i m i z i n g  t o t a l  system c o s t .  

LIMITATIONS AND BENEFITS 

L i m i t a t i o n s  and b e n e f i t s  a r e  s i m i  1  a r  t o  DESOM e x c e p t  f o r  t h e  
improvements c i t e d  above. 

STRUCTURE 

TESOM i s  a  t ime-stepped l i n e a r  p r o g r a m m i n g  m o d e l ,  o r  a  t e m p o r a l  
sequence o f  t h e  BESOM model (78-378). It o p t i m i z e s  by  m i n i m i z i n g  t o t a l  
qystem c o s t ,  based on optimum l e v e l s  f o r  p r e v i o u s  p e r i o d s ,  c a p i t a l  
r e t i r e m e n t ,  l i f e t i m e s ,  e f f i c i e n c i e s ,  a g e  r e l a t e d  o p e r a t i n g  a n d  
maintenance cos ts ,  and c o s t s  o f  s tock  i n - p l  ace. 

The end-use energy s e r v i c e  demands f o r  t r a n s p o r t a t i o n  a re  rep resen ted  
by  t h r e e  b a s i c  s e c t o r s :  ( 1 )  au to  t r a n s p o r t  measured i n  v e h i c l  e  m i  1  e s ,  
( 2 )  a i r  t r a n s p o r t  which i s  an agg rega te  o f  p a s s e n g e r  m i l e s  a n d  t o n  
m i l e s ,  and ( 3 )  bus, t r u c k ,  and r a i l  which i s  an aggregate o f  a 1  1  t h e i r  
s e r v i c e s .  Fo r  these end-use energy s e r v i c e  demands: t h e  c o s t  o f  t h e i r  
p r o d u c t i o n  i s  i n c l u d e d  i n  t h e  o b j e c t i v e  f u n c t i o n  t o t a l  system c o s t ;  t h e  
t e c h n i c a l  c o n s t r a i n t s  a r e  embodied i n  c o n s t r a i n t  m a t r i c e s ;  a n d  t h e  
p o s s i b l e  f u e l s  used f o r  t h e i r  p r o d u c t i o n  a r e  l i q u i d  f u e l s  f r o m  t h e  
resources,  c rude o i l ,  s h a l e  o i l ,  c r u d e  o i l  i m p o r t s  o r  c o a l .  The  
documentat ion i m p l i e s  t h a t  some v e r s i o n s  i n c l u d e  e l e c t r i f i e d  mass 
t r a n s p o r t  as an end-use s e r v i c e  demand and a l l o w  some auto  v e h i c l e  m i l e s  
t o  be produced by e l e c t r i c  ca rs .  



MODEL CONSTRUCTION 

The d a t a  base used i s  s i m i l a r  t o  t h a t  f o r  BESOM. T h e  t e c h n i c a l  
c o n s t r a i n t s  Eu, E  , E , and E  , a r e  based on t h e  Reference Energy System 
deve looed  b y  ~ e { n e t %  ~ o f f i a n ,  f o r m e r l y  o f  B r o o k h a v e n  N a t i o n a l  
Labora to ry ,  and have been f u r t h e r  m o d i  f i e d  b y  B r o o k  h a v e n  Na t i  o n a l  
Labora tory .  

DATA USED I N  RUNNING MODEL 

End-use demands a r e  exogenous o r  i n p u t  f r o m  a  1  i n k a g e  w i t h  L I T M  
(77-242) and t h e  Brookhaven 1-0 model (78-361). Other  n e c e s s a r y  i n p u t  
i n c l u d e s  demand a n d  s u p p l y  e f f i c i e n c i e s ,  c o s t s ,  e n v i r o n m e n t a l  
c o n s t r a i n t s ,  s tep-wise resource s u p p l y  c u r v e s ,  m a r k e t  p e n e t r a t i o n  
c o n s t r a i n t s  f o r  v a r i o u s  f u e l s  o r  t echno log ies ,  age-re1 a ted  v a r i a b l e s  f o r  
t h e  c a p i t a l  s tock ,  such as r e t i r e m e n t ,  d e t e r i o r a t i o n ,  a v e r a g e  1  i f e  
t imes,  and assoc ia ted  cos ts .  

REFERENCE 

Kydes, A.S.; Rab inowi tz ,  J., Time-stepped energy s y s t e m  o p t i m i z a t i o n  
model (TESOM): Overview and s p e c i a l  f e a t u r e s ,  B r o o k  h a v e n  N a t i o n a l  
Labora to ry ,  Report  no. BNL 26456, August 1979. 

Kydes, A.S. , Brookhaven Energy System O p t i m i z a t i o n  Model - - i t s  v a  r i a n t s  
and uses, Brookhaven N a t i o n a l  Labora to ry ,  R e p o r t  n o .  B N L - 5 0 8 7 3 ,  May -- 

Gronck i ,  P.J.; Marcuse, W . ,  B r o o k h a v e n  i n t e g r a t e d  e n e r g y l e c o n o m y  
model i ng system and i t s  use i n  c o n s e r v a t i o n  p o l  i c y  a n a l y s i s ,  p r e l i m i n a r y  
copy, Brookhaven N a t i o n a l  Labora to ry ,  Repor t  no. BNL 51056, J u l y  1979. 

COMPUTER REQUIREMENTS 

TESOM i s  compa t ib le  w i t h  Con t ro l  Data C o r p o r a t i o n  machines. 



DYNAMIC ENERGY SYSTEM OPTIMIZATION MODEL (DESOM) 

DESOM i s  a  m u l t i - p e r i o d  1  i n e a r  p r o g r a m m i n g  m o d e l  d e v e l  o p e d  a t  
Brookhaven Na t i ona l  Labo ra to ry  i n  1979 and sponso red  b y  t h e  E l  e c t  r i c 
Power Research I n s t i t u t e .  It i s  a  n a t i o n a l  model t h a t  r e p r e s e n t s  t h e  
e n t i r e  energy system from resources  th rough end-u s e  s e r v i c e  demands .  
The model min imizes  t o t a l  d i  scounted system cos ts ,  s u b j e c t  t o  r e s o u r c e ,  
end-use demand, p o l l u t i o n ,  and c a p a c i t y  c o n s t r a i n t s .  A p p l i c a t i o n s  
p r e d i c t  resource use f rom 1972 t o  2017. 
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OBJECTIVE OF MODEL 

The o b j e c t i v e  o f  DESOM was t o  improve on t h e  Brookhaven Energy System 
O p t i m i z a t i o n  Model (BESOM) (78-378), enab l i ng  b e t t e r  a n a l  y s i  s  o f  t h e  
e l e c t r i c a l  sec tor .  DESOM i s  a  m u l t i p e r i o d  n a t i o n a l  d y n a m i c  1  i n e a r  
programming model t h a t  chooses optimum energy p roduc ts  o v e r  an e x t e n d e d  
p e r i o d  o f  t ime.  Time pe r iods  a r e  1  i nked  t o g e t h e r  b y  c a p a c i t y  t r a n s f e r  
and resource a v a i l  a b i l  i ty  c o n s t r a i n t s .  Sof tware  was developed t o  make 
s t r u c t u r a l  and parameter changes e a s i e r .  The  r e p r e s e n t a t i o n  o f  t h e  
e l e c t r i c a l  s e c t o r  was extended t o  i n c l u d e  l oad  curves  by season a n d  b y  
t i m e  o f  day. 

RELATIONSHIP TO OTHER MODELS 

DESOM has been used a lone  and i n  c o n j u n c t i o n  w i t h  t h e  L o n g  T e r m  
I n t e r i n d u s t r y  T ransac t i ons  Model (LITM) (77-242) and t h e  Brookhaven 1 - 0  
Model (78-361 ) . 



HISTORICAL BACKGROUND 

DESOM i s  an ex tens ion  o f  BESOM ( 7 8 - 3 7 8 )  a n d  a  p r e c u r s o r  o f  t h e  
Brookhaven Market  A1 l o c a t i o n  Model (MARKAL) (78-398) and t h e  B rookhaven  
Time-Stepped Energy System Opt imi  z a t i  on Model (TESOM) (78-383). 

ASSUMPTIONS 

The t e c h n i c a l  assumptions f o r  energy conve rs ion  i n  DESOM a r e  cap tu red  
i n  t h e  Reference Energy System as i n  BESOM (78-378). End-use d e m a n d s ,  
resou rce  a v a i l a b i l i t y ,  p o l l u t i o n  r e g u l a t i o n s ,  a n d  e n e r g y  c o n v e r s i o n  
p l a n t  c a p a c i t y  a r e  a l l  exogenous. One c a n  assume 1  i m i  t s  t o  m a r k e t  
p e n e t r a t i o n  o f  a  p a r t i c u l a r  f u e l  o r  e n e r g y  t e c h n o l o g y .  T h e s e  
assumptions f o r  DESOM a r e  s i m i l a r  t o  t h o s e  f o r  BESOM ( 7 8 - 3 7 8 )  e x c e p t  
t h a t  DESOM o p t i m i z e s  dynamica l l y .  It chooses energy r e s o u r c e s ,  e n e r g y  
p roduc ts ,  and energy c o n v e r s i o n  t e c h n o 1  o g i  e s  t h a t  m i n i m i z e  t o t a l  
d i scoun ted  energy system c o s t  w h i l e  knowing pas t  and f u t u r e  s u p p l  i e s ,  
demands, p r i c e s ,  and techno log ies .  

LIMITATIONS AND BENEFITS 

The model i s  designed t o  examine i n t e r f u e l  s u b s t i t u t i o n  a n d  t h e  
e f f e c t  o f  new techno logy ,  and t o  do p o l i c y  a n a l y s i s  i n  t h e  c o n t e x t  o f  
t h e  e n t i r e  e n e r g y  s y s t e m .  I t  i m p r o v e s  o n  BESOM b y  o p t i m i z i n g  
dynami c a l  l y .  When used a1 one t h e  model does n o t  compl e t e l  y  c a p t u r e  end- 
use demand n o r  resou rce  supp ly  e l a s t i c i t i e s .  Represent i n g  c o s t  s  b y  a  
1  i near f u n c t i o n  i s  a  f u r t h e r  simp1 i f i c a t i o n .  

STRUCTURE 

DESOM i s  a  sequence o f  s i  n g l e - p e r i o d  1  i near  programming m o d e l  s  w i  t h  
c o n s t r a i n t s  t h a t  l i n k  t i m e  p e r i o d s  t o g e t h e r .  (See BESOM ( 7 8 - 3 7 8 )  f o r  
t h e  b a s i c  one -pe r iod  model ) . The equa t i ons  1  i n k i n g  t i m e  p e r i o d s  en s u r e  
t h a t :  c u m u l a t i v e  resou rce  use e q u a l s  t o t a l  r e s o u r c e  c o n s u m p t i o n ;  
c a p a c i t y  and r e s o u r c e  g rowth  1  irni  t usage i n  any y e a r  t o  some p r o p o r t  i o n  
o f  p rev ious  usage; f u e l  i n p u t s  t o  end-use dev i ces  must n o t  be l e s s  t h a n  
some f r a c t i o n  f o r  t h e  p r e c e d i n g  p e r i o d ,  t o  1  i m i  t e n d - u s e  d e v i c e  
r e t i r e m e n t ;  and t h a t  e n r i c h e d  uranium may be s t o c k p i  l e d .  The o b j e c t  i v e  
f u n c t i o n  m in im ized  f o r  DESOM i s  t o t a l  d i scoun ted  system c o s t .  

The end-use energy s e r v i c e  demands f o r  t r a n s p o r t a t i o n  a r e  rep resen ted  
by t h r e e  b a s i c  s e c t o r s :  (1) au to  t r a n s p o r t  measured i n  v e h i c l  e  m i  1  e s ,  
( 2 )  a i r  t r a n s p o r t  which i s  an a g g r e g a t e  o f  p a s s e n g e r  m i l e s  a n d  t o n  
m i l e s ,  and ( 3 )  bus, t r u c k ,  and r a i l  which i s  an aggregate o f  a 1  1  t h e i r  
s e r v i c e s .  F o r  t h e s e  e n d - u s e  e n e r g y  s e r v i c e  d e m a n d s :  t h e  t o t a l  
d i scoun ted  c o s t  o f  t h e i r  ~ r o d u c t i o n  i s  i n c l u d e d  i n  t h e  o b j e c t i v e  
f u n c t i o n  t o t a l  system c o s t ;  t h e  t e c h n i c a l  c o n s t r a i n t s  a  r e  embod i e d  i n  
c o n s t r a i n t  m a t r i c e s ,  and t h e  p o s s i b l e  f u e l s  used f o r  t h e i  r p r o d u c t i o n  
a r e  l i q u i d  f u e l s  f rom t h e  resources ,  c rude  o i l ,  s h a l e  o i l ,  c r u d e  o i l  
i m p o r t s  o r  coa l .  The documenta t ion  imp1 i e s  t h a t  some v e r s i o n  s  i n c l  u d e  
e l e c t r i f i e d  mass t r a n s p o r t  as an end-use s e r v i c e  demand and a  1  1  ow some 



auto  v e h i c l e  m i l e s  t o  be produced by e l e c t r i c  cars .  

MODEL CONSTRUCTION 

The model i s based on BESOM (78-378) da ta  w i t h  m o d i f i c a t i o n s  done b y  
Brookhaven N a t i o n a l  Labo ra to ry .  The t e c h n i c a l  c o n s t r a i n t s  o f  t h e  m o d e l  
a r e  based on t h e  Reference Energy System developed by Kenneth H o f f m a n ,  
f o r m e r l y  o f  Brookhaven N a t i o n a l  L a b o r a t o r y ,  a n d  h a v e  b e e n  f u r t h e r  
m o d i f i e d  by Brookhaven Na t i ona l  Labora tory .  

DATA USED I N  RUNNING MODEL 

End-use demands a r e  i n p u t  f rom l i n k a g e s  w i t h  LITM and t h e  B rookhaven  
1 - 0  m o d e l .  O t h e r  n e c e s s a r y  i n p u t  i n c l u d e s  demand  a n d  s u p p l y  
e f f i c i e n c i e s ,  cos ts ,  env i  ronrnental f a c t o r s ,  resou rce  a v a i l  a b i  1 i t i e s ,  t h e  
d i s c o u n t  r a t e ,  and market  p e n e t r a t i o n .  

COMPUTER REQUIREMENTS 

DESOM i s w r i t t e n  i n  t h e  PDS Magen so f twa re  package and i s  c m p a t  i b l  e 
w i t h  any CDC, IBM, o r  UNIVAC machine t h a t  has Magen o p e r a t i o n a l  on i t . 
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HOUSEHOLD SURVEY GASOLI t iE DEMAND MODEL 

The Household Survey G a s o l i n e  Demand M o d e l  was p r e p a r e d  a t  t h e  
Co l lege o f  W i l l i a m  and Mary and t h e  Bureau o f  Labor S t a t i s t i c s ,  D i v i s i o n  
of P r i c e  and Index Number Research, and presented i n r e v i  s e d  f o r m  i n 
November 1978. I t s  p r imary  purpose i s  t o  e s t i m a t e  g a s o l  i n e  demand 
e l a s t i c i t i e s .  
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OBJECTIVE OF MODEL 

T h i s  model was des igned  t o  e s t i m a t e  s h o r t - r u n  e l a s t i c i t i e s  o f  
q a s o l i n e  consumpt ion t o  determine whether g a s o l i n e  p r i c e  m a n i  p u l  a t i  o n  
can be used t o  l ower  consumption. A1 so, t h e  model es t ima tes  t h e  e f f e c t  
o f  demographic c h a r a c t e r i s t i c s  on gasol  i n e  demand. 

HISTORICAL BACKGROUND 

The authors  s t a t e  t h a t  r e c e n t  models o f  a a s o l  i n e  demand ,  s u c h  a s  
those  by  Chamberlain (73-041),  M c G i l l i v r a y  (75-054),  Rasche, Ramsey, and 
A l l e n  (71-048),  and B u r r i g h t  and Enns (75-058) a l l  used aggregated data ,  
e i t h e r  a t  t h e  s t a t e  o r  n a t i o n a l  l e v e l .  T h i s  model uses househo l  d d a t a  
i n  i n t e r v i e w  and d i a r y  form. 

ASSUMPT I O N S  

The model assumes t h a t  c o n s u m e r s  c o m b i n e  g a s o l  i n e ,  a u t o m o b i l e  
s e r v i c e s ,  and o t h e r  goods w i t h  t h e i r  own t i m e  t o  produce t r a n s p o r t a t i o n  
s e r v i c e s  which e n t e r  i n t o  t h e  househo ld ' s  u t i l i t y  f u n c t i o n .  It i s  a l s o  
assumed t h a t  i n  t h e  s h o r t  r u n  consumer p re fe rences  a r e  c o n d i t i o n a l  o n  
t h e  (exogenous) demographic c h a r a c t e r i s t i c s  o f  t h e  household. 



LIMITATIONS AND BENEFITS 

The household l e v e l  da ta  a1 l ow  examinat ion  o f  t h e  e f f e c t s  o f  a w i d e  
range o f  househo ld -spec i f i c  demographic v a r i a b l e s  on t h e  consumpt ion o f  
gasol  i ne. 

Cars were i d e n t i f i e d  by t h e  number o f  c y l  i n d e r s  r a t h e r  than  b y  t h e i r  
f u e l  e f f i c i e n c y  p e r  se. 

The demand equat ions  a r e  es t ima ted  i n  l o g  l i n e a r  form w i t h  t h e  square 
o f  t h e  l o g a r i t h m  o f  t o t a l  expend i tu re  added t o  t h e  model s p e c i f i c a t i o n .  

where: 

g = q u a n t i t y  o f  gasol i n e  consumed 

p = r e l a t i v e  g a s o l i n e  p r i c e  

u = r e a l  t o t a l  expend i tu re  on goods and se rv i ces  

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

al...an = v e c t o r  of c h a r a c t e r i s t i c s  o f  e a c h  a u t o m o b i l e  owned  b y  a 
household 

a1 .. .a4 = es t ima ted  c o e f f i c i e n t s  

E l  a s t i c i t i e s  a r e  determined us ing  data  on average m o n t h l y  g a s o l  i n e  
expend i tu res ,  t o t a l  gasol i n e  expend i tu res ,  a n d  r e g i  o n  a n d  d e g r e e  o f  
u r b a n i z a t i o n  o f  res idence  1 oca t ion .  Fami ly  t y p e  and compos i t ion  i s  a1 so 
used, as w e l l  as number and t ype  o f  c a r  and season o f  t h e  year.  

Two hypotheses were t e s t e d  t o  e x p l a i n  why post-OPEC e m b a r g o  p r i c e  
e l a s t i c i t i e s  were l ower  than  expected. One hypothes is ,  s p e c i f i c a t i o n  I, 
c a l c u l a t e s  p r i c e  e l a s t i c i t y  a s  a f u n c t i o n  o f  t h e  l e v e l  o f  r e l a t i v e  
p r i c e s .  S p e c i f i c a t i o n  I 1  c a l c u l a t e s  p r i c e  e l a s t i c i t y  as a f u n c t i o n  o f  
t h e  r a t e  o f  change of r e l a t i v e  p r i ces .  The c a l c u l a t e d  e l a s t i c i t i e s  a r e  
shown i n  the  t a b l e s  below. 

MODEL CONSTRUCTION 

T h i s  model draws on 1 9 7 2 - 7 3  Consumer  E x p e n d i t u r e  S u r v e y  (CES)  
i n t e r v i e w  and d i a r y  da ta  compi led by t h e  Bureau o f  t h e  C e n s u s  f o r  t h e  
Bureau o f  Labor S t a t i s t i c s .  Gaso l ine  p r i c e  d a t a  were ob ta ined  f rom t h e  
Bureau o f  L a b o r  S t a t i s t i c s  a v e r a g e  r e t a i l  p r i c e  f i g u r e s  f o r  2 3  
m e t r o p o l i t a n  areas, pub1 i shed s t a r t i n g  i n  October 1973. E s t i m a t e s  f o r  
e a r l i e r  t ime  pe r iods  were d e r i v e d  by d e f l a t i n g  t h e  average r e t a i l  p r i c e s  
f o r  October 1973 by  unpub l ished p r i c e  indexes used i n  t h e  c o n s t r u c t i o n  



E l a s t i c i t i e s  Us ing  D i a r y  Data 

Est imated To ta l  Household Expend i tu re  E l a s t i c i t i e s  o f  Gasol i ne Demand 

....................................................................... 
Sampl e I S p e c i f i c a t i o n  I I S p e c i f i c a t i o n  I 1  

--------------------------+-----------------------+---------------------- 
A1 1 households i .248 ,248 
One c a r  households .224 .224 
Mu1 t i - c a r  households .277 ,278 

Est imated Shor t - run  Gaso l i ne  P r i c e  E l a s t i c i t i e s  of Gasol i n e  Demand 

o f  t h e  Consumer P r i c e  Index.  

........................................................................ 

REFERENCE 

A r c h i b a l d ,  R.; G i l l i ngham,  R., A n a l y s i s  o f  consumer demand f o r  gas01 i n e  
us ing  ev idence f rom household survey data.  Presented a t  t h e  meet ings  o f  
t h e  American S t a t i s t i c a l  Assoc ia t i on ,  August 1978, San D i e g o ,  O c t o b e r  
1978. 

S p e c i f i c a t i o n  I 1  
(mean va lue )  

- ,642 -. 695 
- ,556 

Sampl e 

A1 1 households 
One c a r  households 
Mu1 t i - c a r  households 

A r c h i b a l d ,  R. ; G i  1 l ingham, R., Consumer demand f o r  g a s o l i n e :  e v i d e n c e  
f rom household d i a r y  data ,  November 1978. 

........................................................................ 

S p e c i f i c a t i o n  I .............................. 
One s td .  

dev. t o  
t h e  r i g h t  

o f  mean 

- ,382 
- ,548 -. 195 

One s td .  
dev. t o  
t h e  1 e f t  
o f  mean 

- ,942 
- .930 
- ,918 

Mean 
v a l  ue 

----------------------+----------+-------+-----------+------------------  
- .662 
-.739 
- .557 



E l a s t i c i t i e s  U s i n g  I n t e r v i e w  Data - 

Estimated To ta l  Household Expend i tu re  E l a s t i c i t i e s  o f  Gas01 i n e  Demand 

....................................................................... 
Sarnpl e  I S p e c i f i c a t i o n  I I S p e c i f i c a t i o n  I 1  

--------------------------+---------------------+---------------------- 
A1 1  households i ,402 I ,403 
One c a r  households .320 ,321 
Mu1 t i - c a r  households .603 I .603 ....................................................................... 

Est imated Shor t - run Gaso l ine  P r i c e  E l a s t i c i t i e s  o f  Gaso l ine  Demand 

........................................................................ 

S p e c i f i c a t i o n  I 1  
(mean va lue )  

-. 549 
- .651 - ,387 

Sampl e  

A1 1  households 
One c a r  households 
Mu1 t i - c a r  households 

S p e c i f i c a t i o n  I .............................. 
One s td .  
dev. t o  
t h e  l e f t  
o f  mean 

- ,609 
- ,930 
-.918 

Mean 
va lue  

----------------------+------------+-------+-----------+-------------------- 
-.511 
- .739 
- ,557 

One s td .  
dev. t o  

t h e  r i g h t  
o f  mean 

- ,412 
- ,548 
- . I95 



MARKET ALLOCATION MODEL (MARKAL) 

MARKAL i s a time-phased l i n e a r  programming model d e v e l  o p e d  f o r  t h e  
I n t e r n a t i o n a l  Energy Agency by t h e  I n t e r n a t  i o n a l  E n e r g y  A g e n c y ,  t h e  
Na t iona l  Center  f o r  A n a l y s i s  o f  Energy Systems a t  Brook h a v e n  Na t i  o n a l  
Labora to ry ,  and Kernforschungsanlaye i n  Ju l  i c h ,  Germany i n  1978. It was 
designed t o  s tudy  t h e  e f f e c t s  o f  new t e c h n o l o g i e s ,  c o n s e r v a t i o n  
p r a c t i c e s ,  and t h e  c u r r e n t  v a l u e  o f  f u t u r e  r e s o u r c e  s c a r c i t y  b y  
o p t i m i z i n g  an o b j e c t i v e  f u n c t i o n .  It has been used t o  determine e n e r g y  
p o l  i c y  and s t r a t e g y  g i v e n  u n c e r t a i n  f u t u r e  energy r e s o u r c e s  , d e m a n d s ,  
c o s t s ,  and techno log ies .  

I n t e r n a t i o n a l  Energy Agency 
P a r i  s , France 

AiJT HOR 
I n t e r n a t i o n a l  Energy Agency 
P a r i  s, France 

Brook haven Na t iona l  Labora to ry  
Na t iona l  Center  f o r  A n a l y s i s  o f  Energy Systems 
Upton, N.Y. 11973 

Kernforschungsanl  age 
J u l  i c h, Germany 

KEY WORDS 

Energy consumpti on, n a t i o n a l  economic impact  

OBJECTIVE OF MODEL 

MARKAL i s a s i n g l e - r e g i o n  t ime-phased l i n e a r  programming model and i s  
a second g e n e r a t i o n  o f  t h e  Dynamic Energy S y s t e m  O p t i m i  z a t i o n  M o d e l  
(DESOM) (79-384). I t s  b a s i c  purpose i s  t o  a n a l y z e  new t e c h n o 1  o g i e s ,  
c a p i t a l  r e q u i  rements, energy conserva t i on ,  and f u t u r e  e n e r g y  r e s o u r c e  
s c a r c i t y  t o  determine energy s t r a t e g y  and p o l i c y  op t i ons .  

HISTORICAL BACKGROUND 

MARKAL i s  a h y b r i d  o f  t h e  Dynamic Energy System O p t i m i z a t i o n  M o d e l  
(DESOM) (79-384), t h e  Time-Stepped Energy S y s t e m  O p t  i m i  za  t i o n  M o d e l  
(TESOM) (78-383) , and model s b y  Kernforschungsanl  age (KFA) . 



LIMITATIONS AND BENEFITS 

New c h a r a c t e r i s t i c s  o f  MARKAL t h a t  improve on DESOM (79-384) i n c l  u d e  
b e t t e r  r e p r e s e n t a t i o n :  o f  p l  a n t  s h u t - d o w n s ,  o f  1  a g s  i n  n u c l e a r  
c o n s t r u c t i o n  and s t o c k  p i 1  i n g ,  o f  o i l  r e f i n e r y  m i x ,  o f  s e a s o n a l  
h y d r o e l e c t r i c  a v a i l  a b i l  i ty  o f  resource  supply,  and a  da ta  base generated 
through t h e  use o f  a  da ta  base management system. L i m i t a t i o n s  i n c l  u d e  
t h e  incomple te  r e p r e s e n t a t i o n  o f  end-use demand and t h e  a s s  umpt  i o n  o f  
p e r f e c t  f o r e s i g h t  o f  f u t u r e  energy supp l i es ,  demands, techno log ies ,  a n d  
p r i c e s .  

STRUCTURE 

MARKAL i s  a  t i m e - p h a s e d  1  i n e a r  p r o g r a m m i n g  e n e r g y  m o d e l  t h a t  
op t im izes  an o b j e c t i v e  f u n c t i o n  such as t o t a l  s y s t e m  c o s t ,  s e c u r i t y ,  
s o c i a l  concerns, o r  some h i e r a r c h y  o f  these c r i t e r i a .  S i n c e  MARKAL 
o p t i m i z e s  over  t h e  e n t i r e  p lann ing  ho r i zon ,  i t  o p t i m i z e s  u s i n g  s u p p l y  , 
demand, p r i c e s ,  and techno logy i n f o r m a t i o n  f o r  t h e  p a s t ,  p r e s e n t ,  a n d  
f u t u r e ,  as i n  DESOM ( 7 9 - 3 8 4 ) .  T e c h n o l o g y ,  e x c e p t  f o r  c o s t ,  i s  
represented as i n  TESOM. It i n c o r p o r a t e s  a  more f l e x i b l e  and d e t a i l e d  
supp ly  s i d e  from t h e  KFA models. 

MODEL CONSTRUCTION 

The t e c h n i c a l  c o n s t r a i n t s  o f  t h e  model a r e  based  o n  t h e  R e f e r e n c e  
Energy System developed by Kenneth H o f f m a n ,  f o r m e r l y  o f  B r o o k h a v e n  
Na t iona l  Labora tory ,  and have b e e n  f u r t h e r  m o d i  f i e d  b y  B r o o k h a v e n  
Na t iona l  Labora tory ,  Kernforschungsanl age, and t h e  I n t e r n a t i o n a l  E n e r g y  
Agency. 

DATA USED IN RUNNING MODEL 

Resource a v a i l a b i l i t y ,  techno logy c h a r a c t e r i z a t i o n ,  c o s t ,  e n d - u s e  
demand, and cho ice  o f  o b j e c t i v e  f u n c t i o n ,  w i t h  a  p r i o r i t y  o r d e r  f o r  t h e  
c o u n t r y  under study,  a r e  i n p u t s .  Demand and supp ly  can be aggregated t o  
v a r y i n g  degrees, depending on a v a i l  a b l e  data.  

REFERENCE 

Kydes, A.S., Brookhaven Energy System O p t i m i z a t i o n  Mode l - - i t s  v a r i  a n t s  
and uses, Brookhaven Na t iona l  Labora tory ,  R e p o r t  n o .  BNL-50873 ,  May - 
1 9 7 8 7  



WHARTON EFA MOTOR VEHICLE DEMAND MODEL, MARK I 

The M o t o r  V e h i c l e  Demand M o d e l ,  M a r k  I, i s  a l a r g e  c o m p l e x  
econometr ic  model designed by Wharton Econometric Fo recas t i ng  Assoc ia tes  
(WEFA) t o  f o r e c a s t  t h e  l o n g - r u n  automobi le  market. The Mark I model i s  
a r e v i s e d  v e r s i o n  o f  t h e  Wharton EFA A u t o m o b i l e  Demand M o d e l .  T h e  
r e v i s i o n s  occur red i n  1978 and were sponsored b y  t h e  T r a n s p o r t a t i o n  
Systems Center  (TSC) o f  t h e  U.S. Department o f  T r a n s p o r t a t i o n .  T h e  
o b j e c t i v e s  o f  t h e  r e v i s i o n s  were t o  i n c o r p o r a t e  more c u r r e n t  da ta  and t o  
have t h e  model s i m u l a t e  o n l y  t h e  automobi le  market. The M a r k  I m o d e l  
was d e s i g n e d  t o  s t u d y  t h e  i m p a c t  o f  a l t e r n a t i v e  p o l i c i e s  a n d  
socioeconomic s c e n a r i o s  o n  t h e  1 o n g - r u n  s i z e  a n d  c o m p o s i t i o n  o f  
U.S. automobi le  demand and s tock .  One a p p l i c a t i o n  o f  t h e  model has been 
a s tudy o f  t h e  impact  o f  e l e c t r i c  v e h i c l e  market  p e n e t r a t i o n .  

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. 

AUTHOR 

C o l i n  J. Lox ley ,  Tim O s i e c k i ,  Ka te  Rodenrys, and Sheela Thanawala 
Wharton Econometric Fo recas t i ng  Assoc ia tes ,  I nc .  
3624 Science Center  
P h i l a d e l p h i a ,  Pa. 19104 

KEYWORDS 

Automobi le demand, scrappage, market  shares, veh i  c l  e m i  1 e s  t r a v e l  e d ,  
p r i c i n g ,  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  f o r e c a s t  t h e  i m p a c t s  o f  v a r i o u s  
f e d e r a l  p o l i c i e s  on g a s o l i n e  consumpt ion ,  s c r a p p a g e ,  v e h i  c l  e m i  1 e s  
t r a v e l e d  , and t h e  demand f o r  automobi 1 es. 

RELATIONSHIP TO OTHER MODELS 

The model uses i n p u t s  from t h e  Wharton EFA Annual Model . 
HISTORICAL BACKGROUND 

The model i s  a r e v i s i o n  o f  t h e  Wharton EFA Automobil  e Demand M o d e l  
(77-046). The equat ions  t h a t  a r e  s u b s t a n t i a l l y  r e v i s e d  f o r  t h e  M a r k  I 



model a r e  s i z e - c l  ass market  shares, f o r e i g n  and domestic shares, v e h i c l e  
m i l e s  t r a v e l e d ,  and f u e l  e f f i c i e n c i e s .  Rev i  s i o n s  w e r e  p e r f o r m e d  i n  
c o n j u n c t i o n  w i t h  another  e f f o r t  t o  i n c o r p o r a t e  1  i g h t  d u t y  t r u c k  demand 
i n t o  t h e  Wharton EFA Motor V e h i c l e  Demand M o d e l  , M a r k  I I ( 7 8 - 4 3 7 )  . 
Whereas t h e  auto  model c o n t a i n s  c e r t a i n  vans as f u l l - s i z e  a u t o m o b i  1  e s ,  
t h e  Mark I v e r s i o n  i s  concerned s o l e l y  w i t h  automobi les .  The  M a r k  I 1  
v e r s i o n  e s s e n t i a l l y  i s  t h e  Mark I v e r s i o n  w i t h  l i g h t  d u t y  t r u c k  demand 
i n c o r p o r a t e d  i n t o  it. For  a  summary o f  t h e  Wharton A u t o  Demand M o d e l  
see 77-046; f o r  a  summary o f  t h e  Mark I 1  v e r s i o n  see 7 8 - 4 3 7 .  F u r t h e r  
r e v i s i o n s  and improvements t o  t h e  model and i t s  c o m p u t e r  p r o g r a m  a r e  
p r e s e n t l y  underway a t  WEFA and TSC, 

ASSUMPTIONS 

As i n  t h e  auto demand model, new c a r  s a l e s  and t h e  s i z e - c l a s s  m a r k e t  
shares a r e  es t ima ted  by us ing a  s tock  a d j u s t m e n t  a p p r o a c h .  D e s i r e d  
automobi le  s tock  and d e s i r e d  s t o c k  s h a r e s  a r e  p r e d i c t e d  u s i n g  a n  
econometr ic  equat ion .  A  "des i red "  1  eve1 i s  t h e  1  ong-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  w o u l d  e x i s t  i f  a l l  f a c t o r s ,  s u c h  a s  
demographics, taxes,  and t h e  1  i k e ,  which a f f e c t  automobi 1  e  demand, w e r e  
h e l d  constant .  The importance o f  t h e  d e s i r e d  s t o c k  v a r i a b l e s  a r e  
d i  scussed be1 ow under s t r u c t u r e .  

VAL I DATION 

A d e t a i l e d  a n a l y s i s  o f  t h e  Wharton EFA Automobi le Demand M o d e l  h a s  
been performed b y  t h e  H i g h w a y  S a f e t y  R e s e a r c h  I n s t i t u t e  o f  t h e  
U n i v e r s i t y  o f  Michigan. See Golomb, D.H.; Luckey, M.M.; Saalberg,  J.H.; 
Richardson, B.C.; and Joscelyn,  K.B., An Ana lys i s  -- o f  t h e  W h a r t o n  EFA 
Automobi le -- Demand Model, Ann Arbor,  ~ i c h i g a n ;  UMI R e s e a r c h  P r e s s ,  a n  
i m p r i n t  o f  U n i v e r s i t y  M i c r o f i l m s  I n t e r n a t i o n a l  , 1 9 7 9 .  ( S - 7 9 - 2 2 4 )  A  
cchpar i son  between t h e  v a r i o u s  ve rs ions  o f  t h e  model has  b e e n  d o n e .  b y  
Richardson, B.C.; Roberts, D.C.; Sanghvi, P.B.; and J o s c e l y n ,  K. B, , A 
rev iew  o f  t h e  r e v i s i o n s  t o  t h e  Wharton EFA A u t o m o b i l e  Demand M o d e l  : --- 
Mark I and 11, An 1 n t e r i m ~ G r t .  Ann Arbor ,  Michigan:  U n i v e r s i t y  o f  ---- 
Mich igan Highway Sa fe ty  R e s e a r c h  I n s t i t u t e ,  1 9 8 0 ,  R e p o r t  no .  U M -  
HSRI-80-2. Under sponsorship o f  t h e  T r a n s p o r t a t i o n  S y s t e m s  C e n t e r ,  
Char les R i v e r  Assoc ia tes ,  Inc .  i s  c u r r e n t l y  engaged i n  a n  a n a l y s i  s  o f  
t h i s  model. 

LIMITATIONS AND BENEFITS 

The model i s  i n tended  f o r  t h e  l 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  s h o r t - t e r m  ( i  . e . ,  1 - 2  y e a r s )  e s t i m a t e s  o f  
demand. The model has been used by Wharton EFA, Inc .  t o  s  i mu1 a t e  t h e  
impact o f  e l  e c t r i c  v e h i c l e  market  pene t ra t i on .  



STRUCTURE 

The Mark I model i s  .an econometr ic  model d e s i a n e d  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  a n d  c o m p o s i t i o n  o f  t h e  
U.S. automobi le  demand and s tock .  

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  t h e  auto  demand models which have been c o n s t r u c t e d  o v e r  
t h e  l a s t  20 years.  Fundamental t o  t h e  work ing o f  a  s t o c k  a d j u s t m e n t  
process 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  a s  
automobi les,  measured i n  u n i t s  s o l d ,  c a n  b e  c a l c u l a t e d  f r o m  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  e x i  s t e n c e ,  
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 ou t .  T h e  
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  e x o g e n o u s  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 c l a s s  o f  v e h i c l e  i s  c o m p u t e d .  The  
e i g h t  c lasses  o f  v e h i c l e s  a re :  f o r e i g n  subcompact, domest ic  subcompact, 
f o r e i g n  compact, domest ic  compact, domest ic  m ids i ze ,  domest ic  f u l l - s i z e ,  
f o r e i g n  1  uxury ,  and domestic 1  uxury.  The c a p i t a l i z e d  c o s t  p e r  m i  1  e  i s  
e s s e n t i a l  l y  t h e  p resen t  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-year  l i f e t i m e  and a  l i f e t i m e  m i l e a g e  
o f  100,000 i s  assumed). T h i s  v a r i a b l e ,  a long w i t h  v a r i o u s  economic a n d  
demographic v a r i a b l e s ,  a r e  used t o  determine t h e  d e s i r e d  s tock  shares o f  
t h e  e i g h t  c l a s s e s  o f  v e h i c l e s .  

The d e s i r e d  shares a r e  used t o  compute an average ca p i  t a  1 i z e d  c o s t  
p e r  m i l e .  T h i s  a v e r a g e ,  a l o n g  w i t h  i n c o m e  p e r  f a m i l y ,  i n c o m e  
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 n o n a u t o m o b i  1  e  r e 1  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  u s e d  t o  d e t e r m i n e  d e s i  r e d  s t o c k  p e r  
fam 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  r e g i  s t r a t i o n s  
and scrappage. The d e s i r e d  s tock  shares a r e  used t o  f o r e c a s t  new c a r  
market  shares by  c l a s s .  Stock ad jus tment  p rocesses  1  i nk  t h e  d e s i  r e d  
l e v e l s  t o  t h e  ac tua 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  urban and r u r a l  VMT p e r  
v e h i c l e ,  new and used c a r  p r i c e s ,  scrappage, g a s o l i n e  consumpt i o n ,  a n d  
f u e l  e f  f i c  i enc i  es ( b o t h  EPA and on- t he- road)  . 

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 :  



Desi r e d  Stock 

= ,461 DW = 1.684 SEE = ,059563 

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

KEND*AY/FM = d e s i r e d  stock--number o f  c a r s  i n  o p e r a t i o n  pe r  f a m i l y  u n i t  

RDIP4/FM = fou r -yea r  moving averagg o f  r e a l  d i sposab le  income p e r  f a m i l y  
u n i t  

PER15+ = f r a c t i o n  o f  f a m i l i e s  w i t h  income o f  15,000 d o l l a r s  o r  more 

CPMTTCAPIPC = c a p i t a l  i zed c o s t  p e r  mi l e  o f  purchase and opera t i o n ,  a 1 1 
new autos,  d e s i r e d  s tock  share  we ighted average 

MTWNA/FM = number o f  non-auto commuters p e r  f a m i l y  u n i t  

NPMET = f r a c t i o n  o f  t h e  s t a t e  p o p u l a t i o n  w i t h i n  s t a n d a r d  m e t r o p o l  i t a n  
s t a t i s t i c a l  areas 

LDIFM = 1 icensed d r i v e r s  per  f a m i l y  u n i t  

M i d s i z e  C lass  Des i red  Share 

R~ = ,681 DW = 1.462 SEE = .078171 

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



ODDMD = d e s i r e d  share o f  m i d s i z e  c a r s  d i v i d e d  by one minus t h a t  d e s i  r e d  
share 

CPMMIT-M = 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  m i d s i z e  c a r s ,  r e 1  a t i v e  t o  a  
weighted average o f  t h e  s u b s t i t u t a b l e  s h a r e s  ( c o m p a c t  a n d  
f u l l - s i z e )  

[YDI/FM]/CT*Q = d i sposab le  income p e r  f a m i l y  r e l a t i v e  t o  c a p i t a l  i z e d  
c o s t  p e r  m i l e  f o r  a1 1  c a r s  averaged u s i n g  1972 d e s i  r e d  
shares 

NCFM3+4/FM = number o f  f a m i l i e s  w i t h  t h r e e  o r  f o u r  members p e r  f a m i  l y  
u n i t  

NPRNEW/R = p o p u l a t i o n  i n  t h e  New England census r e g i o n  r e 1  a t i  v e  t o  t h e  
r e s t  o f  t h e  U.S. 

NPRMTNIR = p o p u l a t i o n  i n  t h e  mountain census r e g i o n  r e l a t i v e  t o  t h e  r e s t  
o f  t h e  U.S. 

M id -s i ze  C lass  Share o f  New Car Sales ------ 

R *  = ,991 DW = 1.927 SEE = 0.15492 

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

ODDMDTNR = m i d s i z e  c l a s s  new r e g i s t r a t i o n s  s h a r e  d i v i d e d  b y  t h e  
q u a n t i t y ,  one minus t h a t  share 

ODDTMMDK-SC = m i d s i z e  c l a s s  share o f  a c t u a l  s tock ,  a f t e r  c u r r e n t  y e a r  
scrappage, w i t h  t h e  sum o f  t h e  s h a r e s  e q u a l  t o  o n e ,  
d i v i d e d  by t h e  q u a n t i t y ,  one minus t h a t  share 

ODDMD*A = m i d s i z e  c l a s s  d e s i r e d  share  d i v i d e d  by t h e  q u a n t i t y ,  one minus 
t h a t  d e s i r e d  share  



New Car Sa les  --- 

1 ~(OMVUANR/ [OPMVUAYEND( -1 )  - SCMVUA]) = -2.64204 
( -32.2094) 

- 1.06590 [I n(PUTOTNRL/PUTOTNR[-11 ) ]  - ,288736 (DUMAUTOS) 
(-2.64462) (-3.19509) 

R~ = ,906 DW = 1.841 SEE = ,038985 

OMVUANR = t o t a l  new passenger au to  r e g i s t r a t i o n  

OPMVUAYEND = a c t u a l  s tock  o f  au tos  i n  ope ra t i ons ,  y e a r  end 

SCMVUA = t o t a l  au to  scrappage 

KEND*AY = d e s i r e d  s tock  

RDIIFM = r e a l  d i sposab le  incane p e r  f a m i l y  

RDIP4lFM = f o u r  y e a r  moving average o f  r e a l  d i sposab le  income p e r  f a m i l y  

PUTOTNRL = average new c a r  p r i c e ,  weighted by  p r e v i o u s  y e a r  s a l e s  m ix  

PUTOTNR = s a l e s  weighted average new c a r  p r i c e  

DUMAUTOS = automobi 1 e  s t r i k e  dummy 



Scrappage 

1 n([SCMVUA - SCMVAGIV]/[OPMVUAY END(-1 ) + OMVUANR]) = -7.72820 
(-8,03122) 

- 3.22087 [l n(KEND*AY/[OPMVUAYEND(-1 ) t OMVUANR])] 
(-5.3199) 

R' = ,905 DW = 2.634 SEE = ,053941 

SCMVUA = t o t a l  au to  scrappage 

SCMUAGIV = "g i ven "  scrappage, a1 1 c a r s  o v e r  20 y e a r s  

OPMVUAYEND = a c t u a l  s tock  o f  au tos  i n  o p e r a t i o n s ,  year-end 

OMVUANR = t o t a l  new passenger a u t o  r e g i s t r a t i o n  

KEND*AY = d e s i r e d  s tock  

AVAGEO-20 = average age o f  a u t o  s t o c k  

PUOLD = average p r i c e  o f  o l d  c a r s  

PSCRAPAV = average s c r a p  metal  p r i c e  s e r i e s  

NRUT = unemployment r a t e  

VMT/K = m i l e s  d r i v e n  p e r  v e h i c l e  



Urban VMT per v e h i c l e  -- 

+ .61974 [ l n ( .25  [ Y ]  + . 5  [ Y ( - I ) ]  + .25 [Y ( -2 ) ] ) ]  
(19,9262) 

R' = ,988 DW = 2.618 SEE = .010656 

VMTU*/K = urban VMT p e r  mid-year  s tock  o f  c a r s  

PURG = g a s o l i n e  p r i c e  i n  c e n t s  pe r  g a l l o n  

AVMPGCVI NT = average f l  e e t  c i t y  f u e l  economy, ( Wharton es t ima te )  

PC = o v e r a l l  consumer p r i c e  index,  1967 = 100 

NPMET = pe rcen t  o f  popul a t i o n  i n  SMSAs 

LDMV = 1  icensed d r i v e r s  

KMIO = mid-year s tock  o f  c a r s  i n  o p e r a t i o n  

Y = r e a l  d i sposab le  income pe r  c a p i t a ,  l e s s  taxes  and c e r t a i n  t r a n s f e r  
payments 

MODEL CONSTRUCTION 

The database 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 i n d i c a t e d  
i n  t h e  Mark I r e p o r t  and t h e  W h a r t o n  EFA A u t o m o b i  1  e  Demand M o d e l  
documentat ion. 

Wharton EFA es t ima ted  t h e  d e s i r e d  s tock  and s t o c k  s h a r e  e q u a t i o n s  
ove r  1972 c r o s s - s e c t i o n  d a t a  by  s t a t e .  The assumption i s  made t h a t  t h e  
a c t u a l  a n d  d e s i r e d  v a l u e s  o f  t h e  s t o c k  a n d  s t o c k  s h a r e s  a r e  
app rox ima te l y  equal i n  1972. 

To e s t i m a t e  t h e  equat ions  f o r  new c a r  r e g i s t r a t i o n s ,  s c r a p p a g e ,  a n d  
new c a r  market  shares, Wharton EFA produced a  h i s t o r i c a l  t i m e - s e r i e s  o f  
d e s i r e d  s tock  v a r i a b l e s .  T h i s  was d o n e  b y  s e t t i n g  t h e  i n d e p e n d e n t  
v a r i a b l e s  o f  t h e  d e s i r e d  equa t i ons  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 i m e - s e r i e s .  I n  p r e d i c t i n g  t h e  
h i s t o r i c a l  va lues  o f  t h e  d e s i r e d  s tock  s e r i e s ,  W h a r t o n  EFA made some 
assumptions t h a t  would produce more reasonab le  values.  



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  wh ich  can be c a t e g o r i z e d  
i n t o  f o u r  m a j o r  groups:  economic v a r i a b l e s ,  d e m o g r a p h i c  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  a  s s u m p t  i o n s .  
Fo recas ts  o f  most economic i n p u t  v a r i a b l e s  a r e  f rom Wharton EFA's Annual 
Model . Forecas ts  o f  some demographic v a r i a b l e s  a r e  a v a i l  a b l e  f r o m  t h e  
Bureau o f  t h e  Census; o t h e r  demographic f o r e c a s t s  a r e  from Wharton EFA. 
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) Average growth  r a t e  o f  GNP 

2) I n f l a t i o n  r a t e s  

3)  Gaso l i ne  p r i c e s  

4)  Personal income 

5) Personal income taxes  

6 )  T r a n s f e r  payments 

7 )  Real d i sposab le  income 

8) Income d i s t r i b u t i o n  

9)  Empl oyment 

10) Unempl oyment r a t e  

11) Consumer c r e d i t  r a t e  f o r  new autos  

12) P r i c e  indexes ( i n c l u d i n g  C P I ' s  r e 1  a t e d  t o  a u t o  o p e r a t i o n  a n d  
maintenance) 

13) S tee l  scrap p r i c e  

B. Demographic Assumptions : 

1 )  Number o f  f a m i l i e s  

2)  Number o f  u n r e l a t e d  i n d i v i d u a l s  

3)  L icensed d r i v e r s  

4) Resident  p o p u l a t i o n  aged 20 t o  29 

5 )  D i s t r i b u t i o n  o f  f a m i l i e s  b y  s i z e  

6 )  Average p o p u l a t i o n  growth  r a t e  



7) Average f a m i l y  u n i t  g rowth  r a t e  

8) P o p u l a t i o n  by r e g i o n  

C. T r a n s p o r t a t i o n  Mode Assumptions: 

1 )  Number o f  nonauto t r a v e l e r s  t o  work 

2)  Number o f  i n t e r s t a t e  highway m i l e s  

3)  Urban f r a c t i o n  o f  VMT 

4) Growth i n  urban t r a n s i t  passengers r e l a t i v e  t o  employment 

5 )  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) 

Auto C h a r a c t e r i  s t i c  Assumptions: 

Curb w e i g h t s  f o r  new c a r s  by s i z e - c l a s s  

Engine d i  sp1 acements f o r  new c a r s  by c l a s s  

Transmiss ion  t ypes  f o r  new c a r s  by  c l a s s  

Number o f  c y l i n d e r s  f o r  new c a r s  b y  c l a s s  

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  b y  c l a s s  

R a t i o s  o f  c l a s s  p r i c e s  t o  average, domest ics 

Used c a r  p r i c e  decay parameters 
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WHARTON EFA MOTOR VEHICLE DEMAND MODEL, MARK I I 

The Mo to r  V e h i c l e  Demand M o d e l ,  M a r k  11 ,  i s  a 1 a r g e  c o m p l  e x  
econometr ic  model designed by Wharton Econometr ic  F o r e c a s t i n g  Assoc ia tes  
(WEFA) t o  f o r e c a s t  t h e  l ong - run  au tomob i l e  and l i g h t  t r u c k  markets.  The 
Mark I 1  v e r s i o n  i s  a r e v i s e d  and expanded v e r s i o n  o f  t h e  W h a r t o n  EFA 
Motor  V e h i c l e  Demand Model, Mark I. The r e v i s i o n s  occu r red  i n  1978 a n d  
were sponsored by  t h e  T r a n s p o r t a t i o n  S y s t e m s  C e n t e r  ( T S C )  o f  t h e  
U.S. Department of T r a n s p o r t a t i o n .  The o b j e c t i v e s  o f  t h e  r e v i s i o n s  a n d  
expansion were t o  i n c o r p o r a t e  i n t o  t h e  model t h e  l i g h t  t r u c k  m a r k e t  
( b o t h  commercial and personal  -use) .  T h i s  model i s  capab le  o f  a n a l y  z i  n g  
t h e  impacts  o f  p o l i c i e s  o n  t h e  d i r e c t l y  a f f e c t e d  v e h i c l e  market  as we1 1 
as on t h e  s u b s t i t u t e  v e h i c l e  m a r k e t .  T h e  i m p a c t  o f  a l t e r n a t i v e  
socioeconomic scenar ios  can a1 so be examined. 
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OBJECTIVE OF MODEL 

The o b j e c t i v e  of t h e  Mark I 1  model i s  t o  f o r e c a s t  t h e  i m p a c t  o f  
v a r i o u s  f e d e r a l  p o l i c i e s  on  gas01 i n e  consumpt ion,  s c  r a p p a g e ,  v e h i  c l  e 
m i l e s  t r a v e l e d ,  and t h e  demand f o r  b o t h  a u t o m o b i l e s  a n d  1 i g h t  d u t y  
t r u c k s .  

RELATIONSHIP TO OTHER MODELS 

The model uses i n p u t s  f rom t h e  Wharton EFA Annual model, 



HISTORICAL BACKGROUND 

The Wharton EFA Motor  V e h i c l e  Demand Models, Mark I and Mark 11, a  r e  
r e v i s e d  ve rs ions  o f  t h e  Wharton EFA Automobi le Demand M o d e l  ( 7 7 - 0 4 6 ) .  
The Mark I v e r s i o n  (78-436) s imu la tes  impacts s o l e l y  on t h e  a u t o m o b i  1  e  
market .  The M a r k  I 1  e s s e n t i a l l y  e x t e n d s  t h e  M a r k  I v e r s i o n  b y  
i n c o r p o r a t i n g  t h e  1  i g h t  d u t y  t r u c k  market. 

F u r t h e r  r e v i s i o n s  t o  t h e  model and i t s  computer program a r e  p r e s e n t l y  
underway a t  WEFA and TSC. 

ASSUMPTIONS 

The Mark I 1  model f o r e c a s t s  t h e  impacts  o f  p o l i c i e s  on p e r s o n a l  - u s e  
and commercial-use veh ic les .  Personal use v e h i c l  e s  a r e  c o m p r i  s e d  o f  
automobi les and personal-use l i g h t  d u t y  t r u c k s  (LDTs). C o m m e r c i a l - u s e  
v e h i c l e s  a r e  comprised o f  commercial-use LDTs. LDTs a r e  d i v i d e d  i n t o  
t h e  two t y p e s  by  assuming t h a t  c e r t a i n  model namepl a t e  LDTs a r e  u s e d  
s o l e l y  f o r  personal use w h i l e  o the rs  a r e  used o n l y  commerc ia l ly .  

The p r e d i c t i o n s  o f  t h e  s i z e  and compos i t ion  o f  v e h i c l e  demand a n d  
t o t a l  v e h i c l e  s tocks  depend on t h e  p r e d i c t i o n s  o f  t h e  d e s i r e d  s tock  a n d  
d e s i r e d  c l a s s  share v a r i a b l e s .  A " d e s i r e d "  1  e v e 1  i s  t h e  1  o n g - r u n ,  
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  a1 1  f a c t o r s ,  s u c h  
as  demographics, taxes,  and t h e  1  i k e ,  which a f f e c t  a u t o m o b i  1  e  demand 
were h e l d  cons tan t .  The importance o f  t h e  d e s i r e d  v a r i a b l e  i s  d iscussed 
under t h e  model s t r u c t u r e  below. 

Equat ions were es t imated f o r  d e s i r e d  p e r s o n a l  - u s e  v e h i  c l  e  s t o c k ,  
d e s i r e d  automobi le s tock ,  d e s i r e d  s tock  o f  commercial-use LDTs, and f o r  
t h e  d e s i r e d  s tock  shares o f  automobi les.  The d e s i r e d  s tock  o f  persona l -  
use LDTs i s  c a l c u l a t e d  as t h e  d i f f e r e n c e  between t h e  d e s i r e d  s t o c k s  o f  
personal  v e h i c l e s  and automobi 1  es. The personal  v e h i c l e  des i  r e d  s t o c k  
a n d  t h e  c o m m e r c i a l - u s e  LDT d e s i r e d  s t o c k s  w e r e  assumed  t o  b e  
approx ima te l y  equal i n  1976. The automobi 1  e  d e s i r e d  and a c t u  a  1  s t o c k s  
and stock shares were assumed t o  be i n  e q u i l i b r i u m  i n  1972. 

VAL I DATION 

A d e t a i l e d  a n a l y s i s  o f  t h e  Wharton EFA Automobi le Demand M o d e l  h a s  
been performed b y  t h e  H i g h w a y  S a f e t y  R e s e a r c h  I n s t i t u t e  o f  t h e  
U n i v e r s i t y  of Michigan. See Golomb, D.H.; Luckey, M.M.; Saalberg,  J.H.; 
Richardson, B.C.; and Josce lyn ,  K.B. An A n a l y s i s  o f  t h e  W h a r t o n  EFA -- - 
Automobi le -- Demand Model. Ann Arbor,  ~ z h i g a n :  UMI R e s e a r c h  P r e s s ,  a n  
i m p r i n t  o f  U n i v e r s i t y  M i c r o f i l m s  I n t e r n a t i o n a l .  1979. ( S - 7 9 - 2 2 4 )  A - ,  
c k p a r i s o n  o f  t h e  v a h o u s  ve rs ions  o f  t h e  m o d e l  h a s  b e e n  made;  s e e  
Richardson, B.C.; Roberts,  D.C.; Sanghvi, P.B.: and J o s c e l y n .  K . B .  A  
Review o f  t h e  ~ e v i s i o n s  t o  t h e   harto on EFA ~ u t o m o b i l  e  ~ e k a n d  ~ o d e l f  --- -- - 
Mark I and 11, An I n t e r i m  Report ,  Ann Arbor ,  Mich igan:  The U n i v e r s i t y  ---- 
o f  Mich igan Highway Sa fe ty  Research I n s t i t u t e ,  1 9 8 0 ,  R e p o r t  no .  UM- 
HSRI-80-2. Under sponsorship o f  t h e  T r a n s p o r t a t i  o n  S y s t e m s  C e n t e r ,  
Char les R i v e r  Associates,  Inc .  i s  c u r r e n t l y  pe r fo rm ing  a n  a n a l y s i  s  o f  



t h e  model . 
LIMITATIONS AND BENEFITS 

The model i s  i n tended  f o r  t h e  l ong - run  a n a l y s i s  o f  t h e  au tomob i l e  and 
t r u c k  demand r a t h e r  t h a n  f o r  p r e c i s e  y e a r l y  e s t i m a t e s  o f  t h e  demand ,  
The model i s  capab le  o f  s i m u l a t i n g  t h e  impact  o f  f e d e r a l  p o l i c i e s  o n  
s u b s t i t u t e  v e h i c l e  markets,  T h i s  i s  p a r t i c u l a r l y  u s e f u l  f o r  s i m u l a t i  n g  
those  p o l i c i e s  t h a t  a f f e c t  o n l y  one m a r k e t ,  T h e  e s t i m a t i o n  o f  t h e  
persona l -use LDT d e s i r e d  s tock  a s  t h e  d i f f e r e n c e  b e t w e e n  p e r s o n a l  
v e h i c l e  and au tomob i l e  d e s i r e d  s t o c k s  i s  n o t e d  b y  t h e  a u t h o r s  a s  a  
1  i m i t a t i o n .  

As t h i s  summary i s  based on d r a f t  d o c u m e n t a t i o n ,  t h e  e s t i m a t i o n  
process r e p o r t e d  he re  may be  r e v i s e d .  

STRUCTURE 

The W h a r t o n  EFA M o t o r  V e h i c l e  Demand M o d e l ,  M a r k  1 1 ,  i s  a n  
econometr ic  model 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  um 1  e v e 1  s  
o f  t h e  s i z e  and compos i t i on  o f  t h e  U.S. au tomob i l e  and l i g h t  d u t y  t r u c k  
s tock .  

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  a u t o  demand models wh ich  have been c o n s t r u c t e d  o v e r  t h e  
l a s t  20 years .  Fundamental t o  t h e  work ing  o f  a  s tock  ad jus tment  process 
i s  t h e  assumpt ion t h a t  g r o s s  e x p e n d i t u r e  o n  a  c o m m o d i t y  s u c h  a s  
automobi les ,  measured i n  u n i t s  s o l d ,  c a n  b e  c a l c u l a t e d  f r o m  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  a1 ready i n  e x i  s t e n c e ,  
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 o u t .  

The model opera tes  as f o l  1  ows: f rom t h e  a p p r o p r i a t e  exogenous d a t a ,  
t h e  d e s i r e d  s tocks  o f  personal  v e h i c l e s ,  au tomobi les ,  persona l  use LDTs, 
commercial-use LDTs, and t h e  d e s i r e d  s tock  shares o f  a u t o m o b i  1  e s  a r e  
es t imated.  These d e s i r e d  v a r i a b l e s  a r e  used t o  f o r e c a s t  new v e h i c l e  
r e g i  s t r a t i o n s ,  scrappage, and new c a r  market  shares by s i z e - c l a s s .  T h e  
model i n c l u d e s  o t h e r  equa t i ons  t h a t  f o r e c a s t  s c r a p p a g e  b y  t y p e  o f  
v e h i c l e ,  u rban and r u r a l  v e h i c l e  m i l e s  t r a v e l e d  (VMT) f o r  au t  omob i 1 e s  , 
VMT by personal  -use LDTs , VMT by  commerci a1 -use LDTs, purchase p r  i c  e  s  , 
and gas01 i n e  consumption. Several  o f  t h e  key equa t i ons  a r e :  



Des i red  Automobi le Stock:  

R~ = ,526 DW = 1.825 SEE = 0.073471 

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

KEND*A = d e s i r e d  s tock  o f  automobi 1 es 

NPTLD = number o f  1 icensed d r i v e r s  

RDIP4 = f o u r  y e a r  moving average o f  r e a l  t o t a l  p e r s o n a l  i ncome m i  n u s  
personal  t axes  and t r a n s f e r  payments 

CPMTTCAP+TX/PC = c a p i t a l  i zed c o s t  pe r  mi 1 e, automobi 1 es 

NCHOC = number o f  households, o u t s i d e  c e n t r a l  c i t y  i n  SMSAs (suburbs)  

NCH = number o f  households, t o t a l  

PER15+ = % o f  f a m i l  i e s  w i t h  income 15,000 do1 l a r s  o r  more i n  1975 

Des i red  Commercial-Use -- LDT Stock 

-2 R = ,764 DW = 1.646 SEE = 0.24024 

KEND*CT = d e s i r e d  s tock  o f  commercial -use LDTs 

NPTLD = number o f  1 icensed d r i v e r s  

YAC = personal  income earned i n  a g r i c u l t u r e ,  c o n s t r u c t i o n ,  who lesa le  and 
r e t a i l  t r a d e ,  and s e r v i c e s  



YPS = t o t a l  personal  income 

CPMCVCAP = c a p i t a l  i z e d  c o s t  pe r  m i l  e, commercial -use t r u c k s  

PC = s t a t e  c o s t  o f  1 i v i n g  i ndex  

RWFMVR = road and s t r e e t  mi leage,  r u r a l  , i n  1975 

RWMMV = road and s t r e e t  mi leage,  urban,  i n  1975 

NPR65t = p o p u l a t i o n  aged 65 and ove r  

NPR = t o t a l  r e s i d e n t  p o p u l a t i o n  

NCHOC = number o f  households, o u t s i d e  c e n t r a l  c i t y ,  i n  SMSAs (suburbs)  

NCH = number o f  households, t o t a l  

New Automobi le  R e g i s t r a t i o n s  

1 n(0MVUANK [OPMVUAYEND(-1 ) - SCMVUA]) = -2.54817 
(-32.8001) 

+ 1.57795 [I n(KEND*AY/[OPMVUAYEND(-1 ) - SCMVUA])] 
(4.94024) 

- 1.21568 [l n(PUTOTNRL/PUTOTNR[-l ]) ]  - 0.35741 (DUMAUTOS) 
(-2.81217) (-3.3948) 

R' = .866 DW = 1.566 SEE = 0.048115 P e r i o d  = 1960-1976 

OMVUANR = new r e g i s t r a t i o n s ,  automobi 1 es 

OPMVUAYEND = year-end s tock  o f  v e h i c l e s  i n  o p e r a t i o n ,  au tomobi les  

SCMVUA = scrappage, au tomobi les  

KEND*AY = d e s i r e d  s tock ,  au tomob i l es  

R D I  = r e a l  d i sposab le  income 

RDIP4 = f o u r - y e a r  moving average o f  r e a l  d i sposab le  permanent income 

FM = number o f  f a m i l y  u n i t s  

PUTOTNRL = v e h i c l e  m ix  

PUTOTNR = t o t a l  purchase p r i c e ,  automobi 1 es 

DUMAUTOS = motor  v e h i c l e  i n d u s t r y  s t r i k e  dummy 



New Commercial LDT Regi s t r a t i  on - - 

R~ = .567 DW = 1.195 SEE = 0.10164 P e r i o d  = 1959-1976 

OMVUCTNROK = new r e g  i s t r a t i o n s ,  commercial LDTs 

OPMVUCTYEND = year-end s tock  o f  v e h i c l e s  i n  o p e r a t i o n ,  commercial LDTs 

SCMVUCT = sc rappage, commerci a1 LDTs 

KEND*CT = d e s i r e d  s tock  o f  commercial LDTs 

YAC = sum o f  personal  income f rom a g r i c u l t u r e ,  c o n s t r u c t i o n ,  who1 e s a  1 e 
and r e t a i l  t r ade ,  and s e r v i c e s  

YPS = t o t a l  personal  income 

YACP4 = f o u r - y e a r  moving average o f  YAC 

PRCTPUTOT = t o t a l  purchase p r i c e ,  c m m e r c i  a1 LDTs 



Personal  V e h i c l e  Scrappage 

1 n([SCMVUPV - SCMVPVGIV] / [OPMVUPVYEND(-1  ) + OMVUPVNROK]) = -7.38438 
(-5.67406) 

- 0.869979 [I n(KE ND*PV/[OPMVUPVYEND(-1 ) + OMVUPVNROK])] 
(-2,47045) 

- 0.402411 [l n(NRUT)] - 0.264277 (DUMAUTOS) + 0.116095 (DUM73) 
(-5.0819) (-3.17074) (2.5919) 

R' = .916 DW = 2.336 SEE = 0.0038617 P e r i o d  = 1960-1976 

SCMVUPV = t o t a l  scrappage, persona l  v e h i c l e s  

SCMVPVGIV = g i v e n  scrappage, persona l  v e h i c l e  

OPMVUPVYEND = year -end s tock  o f  v e h i c l e s  i n  o p e r a t i o n ,  a l l  persona l  

OMVUPVNROK = new r e g i  s t r a t i  ons, a1 1 persona l  v e h i c l e s  

KEND*PV = d e s i r e d  s tock  o f  personal  v e h i c l e s  

PUOLD = we ighted average o l d  used c a r  p r i c e  

PSCRAPAV = sc rap  meta l  p r i c e  i ndex  

AVAGEPV = we ighted average age o f  s t o c k ,  persona l  v e h i c l e s  

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

DUMAUTOS = motor  v e h i c l e  i n d u s t r y  s t r i k e  dummy 

DUM73 = dummy v a r i a b l e  f o r  1973 

VMPVIK = t o t a l  m i l e s  t r a v e l e d  pe r  v e h i c l e ,  persona l  v e h i c l e s  



V e h i c l e  M i l e s  Trave led ,  Commercial LDTs 

R' = .889 DW = .92 SEE = 0.028103 P e r i o d  = 1960-1976 

VMCTIK = t o t a l  v e h i c l e  m i l e s  pe r  v e h i c l e ,  commercial LDTs 

PURG = r e t a i l  p r i c e  o f  r e g u l a r  g a s o l i n e ,  c e n t s  pe r  g a l l o n  

AVCTMPGVI NT = f l  e e t  average fue l  economy, commercial LDTs 

PC = consumer p r i c e  index 

YAC = sum o f  personal  income f rom a g r i c u l t u r e ,  c o n s t r u c t i o n ,  who1 e s a l  e  
and r e t a i l  t r ade ,  and s e r v i c e s  

YPS = t o t a l  personal  income 

DUM73.74 = dummy v a r i a b l e  f o r  1973 and 1974 

MODEL CONSTRUCTION 

The database 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 p o r t  i o n s  
a r e  desc r i bed  i n  t h e  auto  model d o c u m e n t a t i o n  ( 7 7 - 0 4 6 ) ,  t h e  M a r k  I 
v e r s i o n  documenta t ion  (78-436) and t h e  Mark I 1  d o c u m e n t a t i o n .  C r o s s -  
c e c t i o n  da ta  f rom 1976 were used t o  e s t i m a t e  t h e  e q u a t i o n s  o t h e r  t h a n  
t h e  auto  shares, f o r  which 1972 da ta  were used. 

To e s t i m a t e  t h e  equa t i ons  f o r  new r e g i s t r a t i o n s ,  scrappage, a n d  new 
c a r  market  shares, t h e  model au tho rs  p r o d u c e d  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 i ons  t o  t h e i r  h i s t o r i c a l  v a l u e s  a n d  u s i n g  t h e  
equa t i ons  t o  p r e d i c t  t h e  d e s i r e d  t i m e - s e r i e s .  I n  p r e d i c t i  n g  t h e  
h i s t o r i c a l  va lues  o f  t h e  d e s i r e d  s tock  s e r i e s ,  t h e  a u t h o r s  made  some 
assumptions t h a t  would produce more reasonab le  values.  



DATA USED IN  R U N N I N G  MODEL 

The i n p u t  v a r i a b l e s  can be c a t e g o r i z e d  i n t o  f o u r  m a j o r  g r o u p s :  
economic, demographic, t r a n s p o r t a t i o n  mode, and a u t o  c h a r a c t e r i  s t  i c s  . 
Forecasts  o f  t h e  economic i n p u t  v a r i a b l e s  a r e  f rom Wharton EFA's A n n u a l  
Model. The demographic f o r e c a s t s  come f rom t h e  Bureau o f  t h e  Census and 
Wharton EFA. A t a b l e  o f  model i n p u t  i s  p r o v i d e d  below: 

A. Economic A c t i v i t y  -- and P r i c e  Assumptions: 

I )  average GNP g rowth  r a t e s  

2 )  i n f l a t i o n  r a t e s  

3) g a s o l i n e  p r i c e s  

4 )  personal  income 

5 )  persona l  income t a x e s  

6 )  t r a n s f e r  payments 

7 )  r e a l  d i  sposable income 

8)  income d i s t r i b u t i o n  

9 )  empl oyment 

10) unempl oyment r a t e  

11) consumer c r e d i t  r a t e  f o r  new au tos  

12) n r i c e  indexes ( i n c l u d i n g  C P I ' s  r e 1  a t e d  t o  a u t o  o p e r a t i o n  a n d  
maintenance) 

13) s t e e l  scrap p r i c e  

B. Demographic Assumptions: 

1)  number o f  f a m i l  i e s  

2)  number o f  u n r e l a t e d  i n d i v i d u a l s  

3)  1  icensed d r i v e r s  

4 )  r e s i d e n t  p o p u l a t i o n  aged 20-29 

5 )  f a m i l y  s i z e  d i s t r i b u t i o n  

6 )  average popul a t i o n  g rowth  r a t e  

7 )  average f a m i l y  u n i t  g row th  r a t e  



8 )  p o p u l a t i o n  by r e g i o n  

C. T r a n s p o r t a t i o n  Mode Assumptions: 

1 )  number o f  nonauto t r a v e l e r s  t o  work 

2 )  number o f  i n t e r s t a t e  highway m i l e s  

3 )  urban f r a c t i o n  o f  VMT 

4) growth i n  urban t r a n s i t  passengers r e l a t i v e  t o  employment 

5) arowth  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  
wo r k  

V e h i c l e  C h a r a c t e r i s t i c  Assumptions: 

cu rb  we igh ts  f o r  new c a r s  by s i z e - c l a s s  

eng ine d i  spl  acements f o r  new c a r s  b y  c l a s s  

t r a n s m i s s i o n  t ypes  f o r  new ca rs  by  c l a s s  

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  

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  

r a t i o s  o f  au tomobi le  c l a s s  p r i c e s  t o  average, domest ics 

used c a r  p r i c e  decay parameters 

LDT f u e l  economies 
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LIVERMORE ENERGY POLICY MODEL (EPM) 

The L i ve rmore  Energy P o l i c y  Model (EPM) i s  a g e n e r a l  e q u i l i b r i u m  
model o f  t h e  U.S. energy economy, based on t h e  S R I - G u l  f E n e r g y  M o d e l  
(77-261).  It was developed i n  1978 a t  Lawrence L i v e r m o r e  L a b o r a t o r y ,  
under t h e  s p o n s o r s h i p  o f  t h e  U.S. D e p a r t m e n t  o f  E n e r g y ,  a n d  i s  
imp1 emented on t h e  L i ve rmore  Economic Mode l ing  System. It has been used 
i n  a s tudy  of t h e  e f f e c t  on  f u t u r e  U.S. e n e r g y  f l  ows o f  t h e  m a r k e t  
p e n e t r a t i o n  of au tomobi les  w i t h  v a r i o u s  t y p e s  o f  energy  s to rage  systems. 
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OBJECTIVE OF MODEL 

The purpose o f  t h e  model i s  t o  ana lyze t h e  U.S. energy economy.  I t  
a1 lows c m p a r i  son o f  1 ong-term e f f e c t s  o f  a1 t e r n a t i v e  energy scenar i o s  , 
novernment energy  p o l i c i e s ,  and a l t e r n a t i v e  t e c h n o 1  o g i  e s  o n  e n e r g y  
c o n s u m p t i o n  a n d  p r i c e ,  f u e l  m i x ,  i n t e r m e d i a t e  e n e r g y  p r o d u c t s  
consu~np t i on  and p r i c e ,  and energy r e s o u r c e  consumpt ion and p r i c e .  

RELATIONSHIP TO OTHER MODELS 

The L i ve rmore  Economic Mode l ing  System (EMS) i s  a s o f t w a r e  p a c k a g e  
f o r  c o n s t r u c t i n g ,  s o l v i n g ,  and p r i n t i n g  r e s u l t s  o f  genera l  e q u i  1 i b r i  um 
macro-model s b u i  1 t f rom a network o f  microeconomi c submodel s, o r  n o d e s .  
It was designed t o  s i m p l i  f y  c o n s t r u c t i o n  o f ,  m a i n t e n a n c e  o f ,  a n d  
e x p e r i m e n t a t i o n  w i t h  t h e  L i ve rmore  Energy P o l i c y  Model (EPM) , b u t  c o u l  d 
be a p p l i e d  t o  o t h e r  s e c t o r s  o f  t h e  economy a s  w e l l .  A new s y m b o l i c  
computer language was designed t o  be used w i t h  EMS t o  f a c i  1 i t a t e  t h e  
des i  gn and c o n s t r u c t  i o n  o f  1 arge model s. 

V e h i c l e  m i l e  demand p r i c e  e l a s t i c i t i e s  used i n  EPM were d e r i v e d  f r o m  
t h e  Wharton EFA Automobi 1 e Demand Model (77-046).  



HI STOR ICAL BACKGROUND 

EPM i s  based on t h e  SRI-Gul f Energy Model (77-261). It was developed 
because t h e  SRI-Gul f  model i s  p r o p r i e t a r y  t o  G u l f  O i l  C o r p o r a t i o n  and i s  
n o t  p u b l i c l y  a v a i l a b l e .  It i s  s imp le r ,  f a s t e r ,  and l e s s  e x p e n s i v e  t o  
use t h a n  t h e  SRI-Gul f  model, and network m o d i f i c a t i o n s  a r e  e a s i e r  t o  
make. A1 so, r e g u l  a ted  energy markets  ( w i t h  p r i c e  and volume c o n t r o l  s )  
can be modeled, whereas SRI-Gul f i s  a  f ree-market  model. 

ASSUMPTIONS 

The assumptions a r e  s i m i l  a r  t o  t hose  o f  t h e  SRI-Gul f Energy Model. 

LIMITATIONS AND BENEFITS 

The model can be as complex as  needed by comb ina t i on  o f  e l  emen t s  a t  
t h e  s i m p l e s t  1  eve1 . Regional  d i f f e r e n c e s  a r e  mode l  e d  , a n d  d e c  i s i  o n s  
depend dynamica l l y  on b o t h  p rev ious  d e c i s i o n s  and p r o j e c t  i o n s  o f  t h e  
f u t u r e ,  These economic r e a l  i t i e s  a r e  modeled: economic r e n t ,  depending 
on t h e  d e p l e t i o n  o f  resources ;  end-use demand e l  a  s t  i c i t y  ; f i n a n c  i n g  ; 
accoun t i ng  and taxes ;  market  share; i n i t i a l  energy b a l a n c e  ; e x  p a n s  i o n  
and shutdown o f  i n d u s t r y ;  behav io ra l  1  ags; and techno1 o g i  c a l  change. 

The s p e c i a l  mode l ing  language a1 lows f o r  t h e  easy conceptua 1  i z a  t i o n  
o f  processes, m a t e r i a l s ,  and parameters f o r  nodes, and t h e  g r o u p i  n g  o f  
processes i n t o  submodels and t h e  n e t w o r k .  D e t a i l e d  r e s u l t s  c a n  b e  
r e t a i n e d  f o r  use as t h e  s t a r t i n g  p o i n t  o f  a  new s o l u t i o n .  

STRUCTURE 

EPM i s  a  general  e q u i l i b r i u m  model w i t h  9 demand r e g i o n s  a n d  1 2  
supp ly  reg ions .  It i s  s i m i l a r  i n  s t r u c t u r e  t o  t h e  S R I - G u l f  M o d e l  
(77-261),  except  f o r  i t s  i nc reased  f l e x i b i l i t y ,  a n d  t h e  f e a t u r e  t h a t  
a1 1  ows r e g u l  a t i o n  t o  be represented by  seve ra l  c o n s t r a i n e d  a1 g o  r i t hms . 
Two o u t p u t s  can be c o n s t r a i n e d  t o  a  s p e c i f i e d  r a t i o .  P r i c e  o r  quan t i t y  
c o n t r o l s  and r e g u l a t i o n s  t h a t  can be rep resen ted  b y  c h a n g e s  i n c o s t ,  
techno logy ,  o r  t h e  energy network,  can be e a s i l y  s imu la ted .  

The bas i c  e l e m e n t s  o f  t h e  m o d e l  a r e  t h e  e n e r g y  n e t w o r k ;  t h e  
c o m p u t a t i o n a l  s u b m o d e l  s ,  r e p r e s e n t i n g  c o n v e r s i o n  p r o c e  s  s e  s  , 
t r a n s p o r t a t i o n ,  markets,  resou rce  e x t r a c t i o n ,  o r  government r e g u l  a t  i on ;  
and a r c  v a r i a b l e s  c o n n e c t i n g  t h e  s u b m o d e l s ,  r e p r e s e n t i n g  p r i c e ,  
q u a n t i t y ,  shadow p r i c e ,  and s p e c i a l  e x t r a  q u a n t i t y .  A  model s o l u t i o n  i s  
a  s e t  of va lues  f o r  t h e  a rc  v e c t o r s  t h a t  s a t i s f y  t h e  r e 1  a t i o n s h i p s  o f  
eve ry  computa t iona l  submodel, f ound  th rough  an i t e r a t i v e  p r o c e s s  t h a t  
employs r e l a x a t i o n  techn iques  t o  f i n d  a conve rgen t  s o l  u t i o n  i n  f e w e r  
i t e r a t i o n s .  The model c o n t a i n s  more t h a n  3000 nodes. 

A network i s  a r ranged w i t h  resou rce  s u p p l y  c u r v e s  a t  t h e  b o t t o m ,  
usab le  energy demand  c u r v e s  a t  t h e  t o p ,  a n d  v a r i o u s  m a t e r i a l s ,  
processes,  and t r a n s p o r t a t i o n  1  i n k s  between. The s o l  u t  i o n  a1 g o r i  t hm 



moves u p  t h e  n e t w o r k  c a l c u l a t i n g  p r i c e s ,  a n d  down  c a l c u l a t i n g  
q u a n t i t i e s .  

Output  o f  t h e  model i s  a r ranged i n t o  some twenty-one c a t e g o r i e s ,  o n e  
o f  wh ich  i s  au to  t r a n s p o r t a t i o n  f u e l s .  C a l c u l a t i o n s  a r e  d o n e  t h r o u g h  
t h e  y e a r  2025. 

The SIMPLE (and most g e n e r a l )  k i n d  o f  compu ta t i ona l  submodel c o n t a i n s  
t h e  f o l l o w i n g  q u a n t i t y  computa t ions  f o r  t h e  p r o c e s s  b e i n g  m o d e l e d :  
a row th  per  p e r i o d ,  p l  a n t  1  i f e ,  rep1 acements, c o n s t r u c t i o n  and c a p a c i  t y  , 
e f f i c i e n c y ,  p r i m a r y  and secondary i n p u t  q u a n t i t i e s ,  a n d  c a p i t a l  c o s t  
l e a r n i n g  f a c t o r ,  P r i c e  computa t ions  i n c l u d e :  c a p i t a l  c o s t ,  bo r row ings ,  
e q u i t y  d i s c o u n t  and i n t e r e s t  r a t e s ,  p r e s e n t  v a l u e  o f  d e b t ,  e q u i t y  
f i n a n c i n g ,  d e p r e c i a t i o n  t a x  c r e d i t ,  r e a l  e s t a t e  t a x e s  a n d  i n s u r a n c e ,  
shutdown-expansion f a c t o r ,  c a p i t a l  equipment c o s t  a d j u s t m e n t ,  p r e s e n t  
va lue  o f  f i x e d  charges,  f u e l  c o s t ,  o p e r a t i n g  c o s t ,  p r e s e n t  v a l  u e  
computa t ions ,  a c t u a l  f u t u r e  and p e r c e i v e d  o p e r a t i n g  i n c o m e ,  a n d  f i n a l  
and r e l a x e d  o u t p u t  p r i c e ,  

DATA USED IN  RUNNING MODEL 

The d a t a  base i s  based on t h a t  f o r  t h e  SRI-Gul f Model w i t h  r e v i s  i o n s  
by Lawrence L i v e m o r e  Labora to ry ,  The network must be  d e s c r i b e d  i n  t h e  
mode l ing  language. A s o l u t i o n  r e q u i r e s  t h e  i n p u t  o f  program v a r i a b l  e s  , 
process  and marke t  node parameters,  end-use demands, r e s o u r c e  v o l  ume 
es t ima tes ,  i n i t i a l  market  shares, and t r a n s p o r t a t i o n  process d i s tances .  
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COMPUTER REQUIREMENTS 

The EMS c o n s i s t s  o f  f o u r  programs, INPUT, SOLVE, PRINT,  a n d  PLOT. 
Most o f  t h e  code i s  w r i t t e n  i n  FORTRAN. The programs a r e  implemented on 
t h e  CDC 7600 computer a t  L i v e r m o r e  L a b o r a t o r y .  T h e  d o c u m e n t a t i o n  
p r o v i d e s  program documentat ion and a  l i s t i n g ,  a  u s e r ' s  m a n u a l ,  a n d  a  
w i d e  t o  t h e  model ing  language. A base case a n a l y s i s  m igh t  t a k e  3 0 - 4 0  
minutes.  100 i t e r a t i o n s  o f  t h e  m o d e l  m i g h t  t a k e  1 2 - 1 5  m i n u t e s .  
S e n s i t i v i t y  a n a l y s i s  m i g h t  t a k e  h a l f  as  l o n g  as t h e  base case. 
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ABSTRACT 

T h i s  paper d e s c r i b e s  t h e  p r o j e c t i o n s  o f  1 9 8 5  m o t o r  v e h i c l e  f u e l  
consumption t h a t  appear t o  be used by  p o l i c y  makers  a n d  t h a t  c o n t a i n  
we1 1-documented assumptions and methodologi  e s .  T h e  p r o j e c t  i o n s  a r e  
aggregated t o  o b t a i n  an es t ima te  o f  t h e  t o t a l  c o n s u m p t i o n  o f  m o t o r  
v e h i c l e  f u e l  i n  1985. H i s t o r i c a l  t rends  i n  f u e l  c o n s u m p t i o n  a r e  a1 so  
descr ibed.  P r o j e c t i o n s  from several  models were inc luded,  s u c h  a s  t h e  
Faucet t  and Wharton automobi 1  e  models. 
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ABSTRACT 

T h i s  s tudy eva lua tes  v a r i o u s  micro-and m a c r o e c o n o m i c  i m p a c t s  o f  t h e  
average f u e l  economy standards f o r  m o d e l  y e a r  1 9 8 1 - 8 4  a u t o m o b  i 1 e s .  
Microeconomic impacts  analyzed i n c l u d e  c o s t  and p r i c e  changes f o r  b o t h  
domestic manufac turers  and t h e  consumer. Macroeconomic impacts  suc h a s 
empl oyment, energy consumption, and G.N.P. a r e  a1 so analyzed. 

Conclusions f rom t h e  s tudy  a r e :  t o t a l  g a s o l i n e  consumption would n o t  b e  
reduced a p p r e c i a b l y  as a r e s u l t  o f  t h e  standard,  manufac turers  would n o t  
encounter  d i f f i c u l t y  i n  meet ing  t h e s e  s t a n d a r d s ,  a u t o m o b i  1 e p r i c e s  
shou ld  n o t  r i s e  s i g n i f i c a n t l y  as  a r e s u l t  o f  f u e l  e f f i c i e n c y  i n d u c e d  
changes, and consumers would r e a l i z e  s u b s t a n t i a l  sav ings  i n o p e r a t  i n g  
and maintenance c o s t s  o f  these f u e l  e f f i c i e n t  au tomobi l  e s .  [ A u t h o r '  s  
a b s t r a c t  m o d i f i e d ]  
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ABSTRACT 

T h i s  document i s  a  copy o f  t h e  Energy P o l i c y  and C o n s e r v a t i o n  A c t  a s  
enacted by  t h e  U.S. Senate and t h e  House o f  Represen ta t i ves  on December 
27, 1978, The i n t e n t  o f  t h e  a c t  i s  t o  i nc rease  domest ic  energy s u p p l i e s  
and a v a i l a b i l i t y ,  t o  r e s t r a i n  energy demand, and t o  p repare  f o r  e n e r g y  
emergencies. The f u e l  economy standards,  en fo rced  by  penal t i e s ,  t h a t  t h e  
automobi le  manufac turers  a r e  r e q u i r e d  t o  meet a r e  e n a c t e d  b y  t h e  1  aw. 
Several s t u d i e s  have been e x e c u t e d  w h i c h  a t t e m p t  t o  m o d e l  how t h e  
standards w i  11 a f f e c t  au tomobi le  sa l  es, market  shares, f u e l  consumption, 
and au tomob i le  i n d u s t r y  r e s p o n s e  a n d  p e r f o r m a n c e ,  T h e  F a u c e t t  
Automobil  e  S e c t o r  Fo recas t i ng  Model (76-016) i s an exampl e. 
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ABSTKACT 

A ma jo r  o b j e c t i v e  o f  t h e  s tudy was t o  i n v e s t i g a t e  t h e  v a l  i d  i t y  o f  t h e  
EPA's HIWAY d i s p e r s i o n  model. T h i s  model was t h e  b a s i s  f o r  t h e  h i g h  
roads ide  p r e d i c t i o n s  o f  s u l f a t e  e m i s s i o n s  made b y  EPA i n  1 9 7 5 .  
Cornpari sons o f  measurements w i t h  p r e d i c t i o n s  show t h a t  a t  t h e  p e d e s t r i a n  
l e v e l  downwind frm t h e  road, t h e  model works f a i r l y  w e l l  under u n s t a b l e  
c o n d i t i o n s ,  b u t  o v e r p r e d i c t s  f o r  s t a b 1  e  c o n d i t i o n s .  S t a b i  1  i t y  i s  
d e f i n e d  as a  f u n c t i o n  o f  roughness o f  t e r r a i n ,  p l a n t  l i f e ,  and man-made 
o b j e c t s ,  a l s o  o f  f r i c t i o n  v e l o c i t y  and v e r t i c a l  g r a d i e n t s  o f  w i n d  a n d  
temperature  i n  t h e  atmosphere. Fo r  t h e  upwind d i s p e r s i o n ,  however, t h e  
model i s  i n a p p l i c a b l e ,  New d i s p e r s i o n  parameters were determined w h i  c  h  
s u b s t a n t i a t e  t h e  e x p e c t a t i o n  t h a t  mechanical m i x i n g  due t o  t h e  t r a f  f i c  
wake comp le te l y  dominates t h e  e f f e c t s  o f  atmospher ic s t a b i l  i t y  , e x c e p t  
u n d e r  e x t r e m e l y  s t a b l e  c o n d i t i o n s .  I t  i s  b e l i e v e d  t h a t  t h e  
o v e r p r e d i c t i o n  o f  t h e  HIWAY model a t  ground l e v e l  becomes worse  a s  t h e  
number o f  t r a f f i c  l anes  increases,  [ A u t h o r ' s  a b s t r a c t  m o d i f i e d ]  
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ABSTRACT 

T h i s  paper i s  an a b s t r a c t  o f  t h e  paper prepared by Pro fessors  M i l l s  a n d  
White f o r  t h e  Workshop on A i r  P o l l u t i o n  and A d m i n i s t r a t i v e  Con t ro l ,  h e l d  
a t  M.I.T., December 1976. It p r o v i d e s  a  b r i e f  b u t  c o m p r e h e n s i v e  
h i s t o r y  o f  emissions r e g u l a t i o n  b y  t h e  U .S .  a n d  t h e  E n v i r o n m e n t a l  
P r o t e c t i o n  Agency f rom t h e  e a r l y  1950s t o  t h e  present .  The U.S. program 
t o  c o n t r o l  noxious motor  v e h i c l e  emissions was a  w e l l - i  n t e n t i  o n e d  b u t  
p o o r l y  designed e f f o r t ,  a c c o r d i n g  t o  t h i  s  p a p e r .  T h i  s  p r o g r a m ' s  
progress  i n  c o n t r o l l i n g  emissions has been slow, c o s t s  have b e e n  h i g h ,  
and i n c e n t i v e s  t o  h e l p  reduce t h e  amount o f  v e h i c l e  emissions have b e e n  
d i s t o r t e d ,  Problems i n h e r e n t  i n  motor  v e h i c l e  e m i s s i o n  c o n t r o l  t h a t  
d i s t i  ngui sh i t  from o t h e r  p o l l u t i o n  c o n t r o l  problems a r e  d iscussed.  The 
1965 and 1970 amendments t o  t h e  C l e a n  A i r  A c t  a r e  e v a l u a t e d .  An 
e f f l u e n t  f e e  program i s  proposed by t h e  authors ,  i n  which m a n u f a c t u r e r s  
who produce c l e a n  c a r s  a r e  rewarded, and manufac turers  who d o  n o t  a r e  
punished. The e f f l u e n t  fee program w o u l d  p l  a c e  a  t a x  o n  d i f f e r e n t  
emiss ion gases r e l a t e d  t o  t h e  c o s t  of abatement f o r  each veh i  c l  e.  The  
f o r m u l a t i o n  o f  t h e  e f f l u e n t  t a x  i s  desc r ibed  i n  t h e  paper. 
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ABSTRACT 

T h i s  r e p o r t  dea ls  w i t h  changes i n  t h e  f u t u r e  use and c h a r a c t e r i s t i c s  o f  
t h e  automobi le  t r a n s p o r t a t i o n  system t h a t  a r e  expected i n  t h e  s h o r t  t e r m  
(by  1985) and those t h a t  m igh t  evo lve  over  a  1  onger p e r i o d  ( t h r o u g h  2000 
and beyond). The scope o f  t h e  s tudy  i s  broad and i n c l u d e s  a1 1  o f  t h e  
i n d u s t r i e s  and s e r v i c e s  t h a t  c o n t r i b u t e  t o  use o f  t h e  a u t o m o b i  1  e  a s  a  
m o d e o f  personal  t r a n s p o r t a t i o n .  A  summary  o f  m a j o r  f i n d i n g s  i s  
nresented i n  Volume I. D e t a i l e d  p r o j e c t i o n s ,  p o l  i c y  a n a l y s e s  a n d  
t e c h n o l o g i c a l  f o r e c a s t s  may be found i n  Volume I 1  : T e c h n i c a l  R e p o r t .  
The o b j e c t i v e s  o f  t h i s  s tudy  a r e  t o  ( 1 )  d e s c r i b e  t h e  f a c t o r s  t h a t  
i n f l u e n c e  t h e  c h a r a c t e r i s t i c s  o f  t h e  automobi le  system, i t s  use, and t h e  
s e r v i c e s  s u p p o r t i n g  i t s  use, ( 2 )  t o  i d e n t i f y  and c h a r a c t e r i z e  p o t e n t i a l  
changes i n  automobi le  c h a r a c t e r i s t i c s  and use, and ( 3 )  t o  a s s e s s  t h e  
near- term and f a r - t e r m  e f f e c t s  o f  v a r i o u s  a1 t e r n a t i  ve f e d e r a l  government 
pol  i c i e s  re1 a t i  ng t o  automobi le  c h a r a c t e r i s t i c s  and use. 

Con t rac to rs  i n v o l v e d  i n  t h e  s tudy i n c l u d e :  Raytheon S e r v i c e  Co., Energy 
and Environmental  Ana lys i s ,  I n t e r n a t i  o n a l  R e s e a r c h  a n d  Tec  h n o l  o g y  , 
Purdue U n i v e r s i t y  C e n t e r  f o r  I n t e r d i s c i p l i n a r y  S t u d i e s ,  S c i e n c e  
Appl i c a t i o n s ,  S R I  I n t e r n a t i o n a l  , Systems Design Concepts, I n s t i t u t e  f o r  
Sa fe ty  A n a l y s i s  and t h e  Urban I n s t i t u t e .  See t h e  f o l l o w i n g  a b s t r a c t  f o r  
t h e  r e p o r t  o f  some o f  t hese  f i r m s .  [ A u t h o r ' s  fo reword m o d i f i e d ]  
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T h i s  i s  a phase I t e c h n i c a l  b a c k g r o u n d  r e p o r t  f o r  t h e  O f f i c e  o f  
Technol ogy Assessment's r e p o r t  o f  t h e  same name (S-79-221). T h i s  r e p o r t  
develops p o t e n t i a l  po l  i c y  a1 t e r n a t i v e s  d i r e c t l y  re1  a ted  t o  a u t o m o b  i 1 e 
t r a n s p o r t a t i o n  and ana lyzes t h e i r  e f f e c t s  upon p r i v a t e  i n d u s t r y  and t h e  
p u b l i c .  F i n d i n g s  i n d i c a t e  t h a t  t h e  automobi le  w i l l  c o n t i n u e  t o  b e  t h e  
ma jo r  fo rm o f  passenger t r a n s p o r t a t i o n  t o  t h e  y e a r  2 0 0 0  a n d  t h e  o n l y  
t h r e a t  t o  such c o n t i n u e d  a u t o  use w i l l  be p o t e n t i  a1 p e t r o l e u m  s u p p l y  
p r o b l  ems. 

An i n - d e p t h  a n a l y s i s  i s  conducted o f  t h e  a u t o m o b i  l e  t r a n s p o r t a t i o n  
system and o f  f i v e  scenar ios  f o r  t h e  f u t u r e :  a b a s e  c a s e ,  p e t r o l  eum 
conserva t i on ,  improved environment,  i nc reased  mob i l  i t y ,  a n d  i n c r e a s e d  
a c c e s s i b i l i t y .  F o r  each case p o t e n t i a l  f e d e r a l  p o l  i c i e s ,  t e c  h n o l  o g y  
assumptions, and impact  assessment i s out1  ined.  These model s were u s e d  
i n  t h e  a n a l y s i s :  Wharton EFA Automobi le Demand Model , Mathtech E l e c t r i c  
V e h i c l e  Demand Model, and t h e  CRA Hedonic Market  Share Model. 
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ABSTRACT 

T h i s  r e p o r t  updates a  p r e v i o u s  U.S. Department o f  T r a n s p o r t a t i o n  s u r v e y  
(S-72-153)  o n  t h e  m a t h e m a t i c a l  m o d e l i n g  o f  a i r  p o l l u t i o n  f r o m  
t r a n s p o r t a t i o n  sources. C u r r e n t  i n f o r m a t i o n  i s  p r e s e n t e d  o n  t h e  
c h a r a c t e r i s t i c s  o f  22 p r e s e n t l y  o p e r a t i o n a l  a i r  p o l  1  u t  i o n  d i  s p e r s i  o n  
models and on t h e  a v a i l a b i l i t y  o f  a i r  q u a l i t y  d a t a  f o r  u s e  i n  
t r a n s p o r t a t i o n - g e n e r a t e d  a i r  p o l l u t i o n m o d e l i n g ,  [ A u t h o r ' s  p r e f a c e  
modi f i ed] 
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ABSTRACT 

T h i s  document r e p o r t s  t h e  r e s u l t s  o f  an a n a l y s i s  o f  t h e  1977 v e r s i o n  o f  
t h e  Wharton E.F.A. Automobi le Demand Model. The purpose o f  t h i s  r e p o r t  
i s  t o  ana lyze s p e c i f i c  c a p a b i l i t i e s  o f  t h e  model: t h e m o d e l ' s  a b i l i t y  
t o  f o r e c a s t  t h e  l ong - run  s i z e  and compos i t i on  o f  U.S. au tomobi le  demand 
and s tock ,  i n  t o t a l  and by t y p e  o f  v e h i c l e ,  and i t s  a b i l i t y  t o  p r e d i c t  
t h e  response o f  these l o n g - r u n  v a r i a b l e s  t o  c h a n g e s  i n  e c o n o m i c ,  
t e c h n o l o g i c a l ,  and demographic c o n d i t i o n s  t h a t  c a n  b e  i n f l u e n c e d  b y  
government pol  i c y ,  

The a n a l y s i s  c o n s i s t s  of  four  s teps :  ( 1 )  Model s t r u c t u r e  a n a l y s i s ,  ( 2 )  
Equat ion  r e c o n s t r u c t i o n ,  ( 3 )  Submodel e v a l u a t i o n ,  a n d  ( 4 )  F u l  1 m o d e l  
e v a l u a t i o n .  

Model s t r u c t u r e  a n a l y s i s  was a p p l i e d  t o  t h e  model as a  whole, and t o  t h e  
components--i .e., re1  a ted groups o f  equa t ions - - t  h a t  make up t h e  m o d e l  . 
The o r g a n i z a t i o n  and o p e r a t i o n  of  t h e  model a r e  o u t 1  i n e d ,  i n c l u d i n g  
complete d e t a i l s  o f  t h e  i n p u t ,  ou tpu t ,  i d e n t i t i e s ,  and equat ions  o f  t h e  
model. 



I n  equa t ion  r e c o n s t r u c t i o n ,  t h e  behav io ra l  equa t ions  a r e  a n a l y z e d  i n a  
two-s tage process. F i r s t ,  t h e y  a r e  r e c o n s t r u c t e d  b y  means  o f  a  
r e g r e s s i o n  package and t h e  rees t ima ted  equa t ions  a r e  c h e c k e d  a g a i n s t  
t hose  r e p o r t e d  b y  t h e  author .  HSRI  s t a f f  w e r e  a b l e  t o  e x a c t l y  o r  
c l  o s e l y  rep1 i c a t e  about  75% o f  t h e  equat ions  a t tempted.  

The s p e c i f i c a t i o n s  o f  t h e  i n d i v i d u a l  equat ions  a r e  examined i n  o r d e r  t o  
l lnderstand t h e  complete s t r u c t u r e  o f  t h e  m o d e l .  T h e  s i g n s  o f  t h e  
es t ima ted  parameters a r e  general  l y  c o n s i s t e n t  w i t h  economic theo ry .  

I n  t h e  submodel e v a l u a t i o n ,  t h e  f o r e c a s t i n g  b e h a v i o r  a n d  d y n a m i c  
p r o p e r t i e s  o f  t h r e e  submodels o f  t h e  model a r e  analyzed. 

I n  f u l l  model e v a l  u a t i o n ,  t h e  f o r e c a s t i n g  b e h a v i o r  a n d  d y n a m i c  
p r o p e r t i e s  o f  t h e  model a r e  examined o v e r  t h e  same p e r i o d  a s  i n t h e  
submodel a n a l y s i s  so t h a t  d i r e c t  comparisons can be made. I n  a n o t h e r  
s e r i e s  o f  exper iments,  ana lyses a r e  made o f  t h e  tendency o f  t h e  model t o  
accumulate f o r e c a s t i n g  e r r o r s  as  t h e  f o r e c a s t i n g  h o r i z o n  increases.  

The model was found b y  t h e  a u t h o r s  t o  f o l l o w  t h e  t r e n d s  o f  s u c h  
v a r i a b l e s  as new c a r  sa les ,  au tomobi le  t r a v e l  demand, and scrappage. 

The model does n o t  f o l l o w  t h e  t r e n d s  o f  new c a r  sa les  by  type,  and s tock  
of ca rs  by  t y p e  and age. 

I n  s i m u l a t i o n s  ove r  t h e  p e r i o d  t o  which t h e  model was  f i t t e d ,  y e a r l y  
e r r o r s  average 9.5% f o r  new c a r  s a l e s  and 14.5% f o r  scrappage. E r r o r s  
range f rom 13% t o  97% f o r  new c a r  s t o c k  s i z e - c l a s s  s h a r e s .  Some 
equat ions  tend  t o  accumulate l a r g e  e r r o r s  as t h e  f o r e c a s t i n g  h o r i z o n  i s 
inc reased  . 
The model was found t o  be i n s e n s i t i v e  t o  c h a n g e s  i n  p o l  i c y  r e l a t e d  
v a r i a b l e s  and does n o t  f o l l o w  t r e n d s  we1 1  o f  new c a r s  b y  s i z e - c l a s s .  
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The amounts o f  g a s o l i n e  supp ly  and demand f o r  1967-77 a r e  d e s c r i b e d  i n  
d e t a i l .  Fo recas ts  a r e  made f o r  1978-79 u s i n g  a  p r o j e c t  i o n  o f  t r e n d s ,  
a i v e n  h igh,  medium o r  l ow  demand, based on a s s u m p t i o n s  f o r  t h e  g r o s s  
n a t i o n a l  p roduc t  and r e a l  n a t i o n a l  income. 
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ABSTRACT 

I n  t h i s  accoun t ing  study,  a  cos t - revenue a n a l y s i s  i s  per formed f o r  t h e  
manufac ture  o f  au tomot ive  v e h i c l e s  between 1 9 7 1  a n d  1 9 7 5 .  The  f o u r  
m a j o r  U.S. automot ive  manufac turers ,  American M o t o r s  C o r p . ,  C h r y s l  e r  
Corp., Ford Motor  Co. and General Motors Corp. were t h e  s u b j e c t s  o f  t h i s  
study.  Corpora te  f i n a n c i a l  d a t a  were d i  saggregated and da ta  p e r t  i n e n  t 
t o  automot ive  opera to rs  were i d e n t i f i e d  o r  es t ima ted  a t  t h r e e  1  e v e 1  s  : 
( 1 )  wor ldwide automot ive  opera t i ons ,  ( 2 )  N o r t h  A m e r i c a n  a u t o m o t i v e  
opera t i ons ,  and ( 3 )  U.S. manufac turers  o f  passenger v e h i c l e s  a n d  1  i g h t  
t r u c k s .  
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ABSTRACT 

A t a s k  f o r c e  was e s t a b l i s h e d  i n  1975 w i t h  r e p r e s e n t a t i v e s  f rom t h e  U. S. 
Department o f  T r a n s p o r t a t i o n ,  t h e  Environmental  P r o t e c t i o n  A g e n c y ,  t h e  
Energy Research a n d  D e v e l  o p m e n t  Admi n i  s t r a t i  o n ,  F e d e r a l  E n e r g y  
A d m i n i s t r a t i o n ,  and t h e  Na t iona l  Science Foundat ion.  There w e r e  e i g h t  
s tudy  panels,  and t h r e e  volumes were produced: t h e  Execu t i ve  Summary ,  
t h e  Task Force Report ,  and Appendices. The purpose of t h i s  s tudy  i s  t o  
s e t  f o r t h ,  i n  a  s i n g l e  comprehensive paper, t h e  v a r i o u s  a c t i o n s  w h i c h  
can be taken  t o  improve t h e  f u e l  economy of i n d i v i d u a l  au tomobi les  t h a t  
w i l l  be b u i l t  i n  t h e  f u t u r e ,  a s  w e l l  as  t o  make c l e a r  t h e  imp1 i c a t i o n s  
of t a k i n g  one o r  more of  such ac t i ons .  The s tudy  conc ludes t h a t  a  50% 
r e d u c t i o n  i n  p r o j e c t e d  f u e l  use by t h e  n a t i o n a l  a u t o m o b i  1 e  f l e e t  i s  
p o t e n t i  a1 l y  ach ievab le .  Sec t i ons  a r e  i n c l u d e d  on t h e  method01 og ies  a n d  
r e s u l t s  o f  severa l  pane ls :  Marke t i ng  and M o b i l i t y  (Au t  o m o b i  1  e  S e c t o r  
Fo recas t i ng  Model 76-016) ; Air Qual  i ty,  Noise and H e a l t h  ( A i  r Q u a l  i t y  
Model ) ; M a t e r i a l  Requirements and A v a i l a b i l i t y ;  and Cur ren t  A u t o m o b  i 1 e  
I n d u s t r y  Research and Development. [ A u t h o r ' s  i n t r o d u c t i o n  m o d i f i e d ]  
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ABSTRACT 

A h i s t o r i c a l  d a t a  base i s  developed u s i n g  accoun t ing  procedures f o r  t h e  
f o u r  m a j o r  U.S. au tomobi le  manufac turers  focus ing  o n  d a t a  a  s s o c  i a t e d  
w i t h  p r o d u c t i o n  and marke t ing  o f  au tomobi les  and l i g h t  t r u c k s  f o r  t h e  
p e r i o d  1 9 6 7 - 1 9 7 6 .  A c c o u n t i n g  a n d  r e p o r t i n g  p o l i c i e s  o f  e a c h  
manu fac tu re r  a r e  s tud ied .  Accounts s e l e c t e d  f o r  ana lys  i s i n c  1  u d e  ( 1 ) 
p r o p e r t y ,  p l  an t  and equi  pment - annual c a p i t a l  investment ;  ( 2  ) s  p e c  i a 1  
t o o l s  - annual c a p i t a l  i n v e s t m e n t ;  ( 3 )  m a i n t e n a n c e ,  r e p a i r s  a n d  
rearrangements - annual o p e r a t i n g  cos t ;  ( 4 )  research  and d e v e l  opmen t - 
annual o p e r a t i n g  expense; ( 5 )  d e p r e c i a t i o n  and amor t i  z a t i o n  o f  a s s e t s  - 
annual o p e r a t i  on c o s t .  
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T h i s  r e p o r t  e v a l u a t e s  e x i s t i n g  data  sources f o r  v e h i c l e  m i l e s  t r a v e l  e d  
(VMT) and g a s o l i n e  consumption. C o l l e c t i o n ,  r e p o r t i n g  c o n s o l  i d a t i  o n ,  
and e s t i m a t i o n  procedures a r e  addressed. The ass u m p t  i o n s  t h a t  e n t e r  
i n t o  VMT e s t i m a t e s  and t h e i r  i m p l i c a t i o n s  f o r  h y p o t h e s i s  t e s t i n g  a r e  
examined, Two n a t i o n a l  methodo log ies  and f o u r  s t a t e  p r o c e d u r e s  f o r  
e s t i m a t i n g  automobi le  VMT a r e  rev iewed.  [ A u t h o r ' s  a b s t r a c t  m o d i f i e d ]  
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ABSTRACT 

I n  t h i s  study,  f a m i l y  c h a r a c t e r i s t i c s  and t h e i r  r e l a t i o n s h i p  t o  new c a r  
purchases a r e  examined. These c h a r a c t e r i s t i c s  i n c l  ude ( 1 ) d i  s p o s a b l  e 
income, ( 2 )  c a r  ownership s t a t u s ,  ( 3 )  f i n a n c i a l  w e l l  be ing,  ( 4 )  new c a r  
purchase p lans,  ( 5 )  a c t u a l  and expected ea rn ing  r a t e s ,  ( 6 )  a g e  o f  t h e  
head o f  spending u n i t ,  ( 7 )  m a r i t a l  s t a t u s  o f  t h e  spending u n i t ,  and ( 8 )  
s i z e  o f  t h e  community, The r e l a t i o n s h i p  o f  t hese  f a c t o r s  t o  n e w - c a r  
purchases b y  f a m i l i e s  i s  t e s t e d  s imu l taneous ly  t h r o u g h  a mu1 t i  v a r i  a t e  
s t a t i s t i c a l  techn ique.  I n t e n t i o n s  t o  purchase new c a r s  a r e  found t o  b e  
b y  f a r  t h e  most power fu l  c h a r a c t e r i s t i c s ,  o f  t hose  t e s t e d ,  i n  e x p l a i n i n g  
f a m i l y  purchases o f  new cars .  
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ABSTRACT 

T h i s  s tudy  d e s c r i b e s  a n d  a s s e s s e s  t h e  c o r p o r a t e  d e c i  s i  o n - m a k i n g  
processes o f  e i g h t  domest ic  and f o r e i g n  a u t o m o t i v e  m a n u f a c t u r e r s :  
American Motors,  Chrys l  e r ,  Ford, General Motors, Honda, Nissan, T o y o t a  , 
and Vol kswagen. 

The most i m p o r t a n t  i n f o r m a t i o n  r e s o u r c e  f o r  t h i s  s t u d y  was h i g h l y  
focused i n t e r v i e w s  w i t h  e x e c u t i v e s  o f  t h e  e i g h t  automobi l  e  manu fac tu r i ng  
companies and numerous a u t o m o b i  1  e  i n d u s t r y  e x p e r t s  o u t s i d e  t h e s e  
companies. S t r a t e g i c  h i s t o r i e s  and a  d e s c r i ' p t i o n  o f  t h e  dec is ion-mak ing 
process  o f  each o f  t h e  e i g h t  companies a r e  presented,  beg inn ing  i n  1 9 4 5  
and p r o j e c t e d  th rough  1985. A d e s c r i p t i o n  of p r i c i n g  i n  t h e  a u t o m o b i l e  
i n d u s t r y  i s  presented,  as w e l l  a s  an  e x a m i n a t i o n  o f  t h e  m a r k e t i n g  
p r a c t i c e s  o f  t h e  a u t o m o b i l e  i n d u s t r y .  L i k e l y  a u t o m o b i  1  e  c o m p a n y  
responses t o  government r e g u l  a t i o n  a r e  d i  scussed. Because o f  government 
r e g u l a t i o n ,  Ford,  General Motors, o r  b o t h  companies a r e  p r e d i c t e d  t o  
i nc rease  t h e i r  market  shares a t  t h e  expense o f  C h r y s l  e r  a n d  A m e r i c a n  
Motors. 
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T h i s  document i s  a  r e c o r d  o f  t h e  p r o c e e d i n g s  o f  t h e  S e m i n a r  o n  
Automobi le Fuel E f f i c i e n c y  sponsored by t h e  Metrek D i v i s i o n  o f  t h e  MITRE 
Corpora t ion ,  h e l d  on May 11, 1978. The purpose o f  t h e  s e m i n a r  was t o  
examine t h e  t r a d e - o f f s  t h a t  e x i  s t  b e t w e e n  e n d - u s e  m o t o r  v e h i c l e  
t r a n s p o r t a t i o n  techno logy,  f u e l  requ i rements ,  energy p o t e n t  i a1 o f  t h e  
resources p r o v i d i n g  t h e  f u e l ,  and t h e  env i ronmenta l  , h e a l t h ,  s a f e t y ,  and 
economic impacts  o f  t h e  e n t i r e  motor  v e h i c l e  f u e l  c y c l e .  A v e r b a t i m  
t r a n s c r i p t  o f  t h e  d i s c u s s i o n  a t  t h e  seminar i s  i n c l u d e d .  [ A u t h o r ' s  
i n t r o d u c t i o n  m o d i f i e d ]  
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ABSTRACT 

The purpose o f  t h i s  r e p o r t  i s  t o  p r o v i d e  DOE/TEC w i t h  a  l o n g - r a n g e  
f o r e c a s t i n g  framework i n  which t o  e v a l u a t e  p o t e n t i a l  changes t o  t h e  U.S. 
t r a n s p o r t a t i o n  s y s t e m .  T h i s  i n i t i a l  r e p o r t  i s  t h e  r e s u l t  o f  a  
c o n s i s t e n t  examina t i on  o f  f o u r  e x i  s t  i ng ,  b u t  d i v e r s e ,  f i f t y - y e a r  
scenar ios  o f  t h e  f u t u r e .  It d e s c r i b e s  t h e  scenar ios  and summarizes t h e  
changes i n  t h e  ma jo r  t r a n s p o r t a t i o n  system v a r i a b l e s  which w o u l  d  o c c u r  
t h rough  t h e  y e a r  2 0 2 5  i n  e a c h  s c e n a r i o ,  [ A u t h o r s '  i n t r o d u c t i o n  
modi f i e d ]  
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ABSTRACT 

T h i s  s tudy examines t h e  h i s t o r i c a l  e f f e c t s  o f  t e c h n o l o g i c a l  c h a n g e  o n  
a l l  m a j o r  modes. S o c i a l  a n d  e c o n o m i c  c o n d i t i o n s  a r e  a s s u m e d  t o  
determine t h e  i m p l e m e n t a t i o n  a n d  a c c e p t a n c e  o f  new t e c h n o 1  o g i c a l  
developments. Modal shares a r e  found t o  s t a b i l i z e  s h o r t l y  a f t e r  a  m a j o r  
t e c h n o l o g i c a l  change. Change i n  modal s p l i t  has o f t e n  r e s u l t e d  f r o m  
harness ing a  new energy source. Ma jo r  t r a n s p o r t a  t i o n  s y s t e m  c h a n g e s  
have been caused by  economic c o n d i t i o n s .  T h i s  document i n t e n d s  t o  g i v e  
background i n f o r m a t i o n  w i t h  w h i c h  t o  p r e d i c t  f u t u r e  r e s u l t s  o f  
t r a n s p o r t a t i o n  techno log ies .  
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T h i s  paper i s  concerned w i t h  u n c e r t a i n t i e s  i n v o l v e d  i n  p r o j e c t i n g  
ambient a i r  q u a l i t y .  Ambient a i r  q u a l i t y  i s  p r o j e c t e d  b y  a s s u m i n g  a  
l i n e a r  dependence on es t ima ted  f u t u r e  emiss i o n s .  F u t u r e  a u t o m o t i  v e  
emiss ions a r e  es t ima ted  by a  method recommended by  t h e  EPA t h a t  i n v o l v e s  
p r o j e c t i n g  t r e n d s  o v e r  t i m e  (S-72-251). P r o j e c t i o n s  a r e  made f o r  t h e  
l o c a t i o n s  r e p o r t e d  t o  have t h e  h i g h e s t  ambient a i r  c o n c e n t r a t i o n s  o f  
each p o l l u t a n t .  The s e n s i t i v i t y  o f  t h e  p r o j e c t i o n s  t o  s e v e r a l  i n p u t  
parameters i s  t h e n  determined. The f i n d i n g s  o f  t h i  s  s t u d y  a r e  t h a t  
u n c e r t a i n t y  i n  p r o j e c t i o n  of a i r  q u a l i t y  due t o  t h e  u s e  o f  a  max imum 
once-per-year c o n c e n t r a t i o n  i s  1  arge. The e f f e c t s  o f  unce r ta  i n t i e s  i n 
arowth  r a t e s  and f r a c t i o n  of emiss ions a t t r i b u t e d  t o  t h e  automobi le  a r e  
a1 so s i z a b l e .  [ A u t h o r ' s  a b s t r a c t  m o d i f i e d ]  



REFERENCE 

Ki  r c h e r ,  D.S.; Armstrong, D.P., I n t e r i m  r e p o r t  on motor  v e h i c l e  emiss ion  
~ s t i m a t i o n ,  U.S. E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  R e p o r t  no .  
EPA-450/2-73-003, October 1972. NTIS no. PB 2301931AS. 

KEY WORDS 

Emissions, a i r  po l  l u t i o n l a i r  qual  i t y  

PERFORMING ORGANIZATION 

U.S. Environmental  P r o t e c t i o n  Agency 
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 

ABSTRACT 

I n  t h i s  paper, new gas01 ine-powered mo to r  v e h i c l e  emiss ion f a c t o r s  f o r  
carbon monoxide, hydrocarbons, and ox ides  o f  n i t r o g e n  a r e  p r e s e n t e d  
based on a  r e c e n t  na t i on -w ide  s tudy  o f  o v e r  1,000 au tomob i  1  e s .  T h e s e  
f a c t o r s  account  f o r  t h e  model yea r ,  d e t e r i o r a t i o n ,  and v a r i a t i o n  w i t h  
average speed. Sample c a l c u l a t i o n s  a r e  i n c l u d e d  t o  il l u s t r a t e  t h e  
method o f  o b t a i n i n g  emiss ion f a c t o r s  t h a t  a r e  most r e p r e s e n t a t i  v e  o f  a  
p a r t i c u l a r  r e g i o n ,  v e h i c l e  m i x  ( a g e  a n d  t y p e )  , a n d  a v e r a g e  s p e e d .  
Methods a r e  presented f o r  o b t a i n i n g  area-wide emissions a  t t  r i b u t  e d  t o  
nasol ine-powered v e h i c l e s  u s i n g  l o c a l  t r a f f i c  s u r v e y  d a t a .  T h e  new 
emiss ion  f a c t o r s  a l l o w  a  more a c c u r a t e  c o m p u t a t i o n  o f  a i r  q u a l  i t y ,  
whether a  p r o p o r t i o n a l  ( " r o l l b a c k " )  o r  a  d i f f u s i o n  m o d e l  i s  u s e d .  
[ A u t h o r ' s  a b s t r a c t  m o d i f i e d ]  
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ABSTRACT 

T h i s  r e p o r t  p resen ts  a comprehensive p i c t u r e  o f  t h e  energy i n f o r m a t  i o n  
system i n  n i n e  l e a d i n g  s t a t e s  o r  r e g i o n s  which have i n t e g r a t e d  e n e r g y  
p l a n n i n g  a c t i v i t i e s .  Data g a t h e r i n g ,  p rocess ing ,  and mode l i ng  e f f o r t s  
a r e  examined f o r  t h e  n i n e  s t a t e s  o r  r e g i o n s  i n  hopes t h a t  an a w a r e n e s s  
o f  what o t h e r  s t a t e s  a r e  do ing  may genera te  f r e s h  i deas  f o r  new e n e r g y  
p lann ing  programs. [ A u t h o r ' s  p re face  m o d i f i e d ]  
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ABSTRACT 

Ford Motor  Company surveyed Ford  management p e r s o n n e l  who d r i v e  F o r d  
Motor  Company lease  v e h i c l e s .  From t h e  responses, i n-use f u e  1 economy 
data  were canputed on o v e r  10,600 1978 model y e a r  cars .  Analyses o f  t h e  
da ta  a r e  presented which  i n c l u d e :  f u e l  economy summary  s t a t i  s t  i c s ;  
r e g r e s s i o n s  o f  f u e l  economy r a t i n g s  versus in -use f u e l  economy; measures 
o f  t h e  a b i l i t y  of t h e  U.S. EPA r a t i n g s  t o  rank i n - u s e  f u e l  economy; a n d  
t h e  i n f l u e n c e  o f  c a r  s i z e  c l a s s  o r  t r a n s m i s s i o n  t y p e  o n  f u e l  economy 
r e g r e s s i o n  and c o r r e l a t i o n .  Wide ranges o f  f u e l  economi e s  w e r e  f o u n d  
f o r  each v e h i c l e  model type.  The a n a l y s i s  shows no s i g n i f i c a n t  t r e n d  by 
s i z e  c l a s s  i n  t h e  r e l a t i o n s h i p  between in -use f u e l  e c o n o m y  a n d  m e t r o  
highway f u e l  economy r a t i n g s .  [Au tho rs '  a b s t r a c t ]  



REFERENCE 

N o l l ,  K.E.; M i l l e r ,  T.L.; C lagge t t ,  M., Comparative a n a l y s i s  o f  HIWAY, 
C a l i f o r n i a ,  and CALINE2 l i n e  source d i s p e r s i o n  models, T r a n s p o r t a t i o n  
Research Record 648, 1977. 

CONCERNING MODEL: 

H I  WAY (76-095) 
C A L I N E Z  (76-084) 

KEYWORDS 

Model assessment, emissions,  a i r  po l  1 u t i o n / a i r  qua1 i t y  

PERFORMING ORGANIZATION 

I 1  l i n o i  s  I n s t i t u t e  o f  Technology (No1 1)  
Department o f  Envi  ronmental Eng ineer ing  
Chicago, 111. 

Envi ro-Measure, I nc .  (Mi  11 e r ,  C l  a g g e t t )  
Knoxvi 1 l e ,  Tenn, 

ABSTRACT 

T h i s  paper p rov ides  a comparison o f  t h r e e  d i  f f e r e n t  , i d e a l  i z e d  1 i n e  
source d i  spe rs ion  models--HIWAY, C a l i f o r n i a  L i n e  Source, and C A L I  NE2- -  
t h a t  p r e d i c t  carbon monoxide c o n c e n t r a t i o n s  n e a r  h i  g h w a y s .  A1 1 a r e  
based on t h e  Gaussian d i s p e r s i o n  equat ions.  They a r e  compared by means  
o f  s e n s i t i v i t y  a n a l y s i s  a n d  m o d e l  v a l  i d a t i o n  b y  c o m p a r i n g  c a r b o n  
monoxide c o n c e n t r a t i o n s  measured near a h i a h w a y  w i  t h c o n c e n t r a t i  o n s  
p r e d i c t e d  by t h e  models. I n p u t  parameters used a r e  s t a b i  1 i t y  c l  a s s ,  
wind ang le  w i t h  respec t  t o  t h e  roadway, and r e c e ~ t o r  d i  s t a n c e  t o  t h e  
highway. [Au tho rs '  a b s t r a c t  m o d i f i e d ]  
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T h i s  s tudy eva lua tes  t h e  Energy P o l i c y  and C o n s e r v a t i o n  A c t  o f  1 9 7 5  
(EPCA) i n  terms o f  i t s  l i k e l i h o o d  o f  s u c c e s s  i n  a c c o m p l  i s h i n g  i t s  
o b j e c t i v e s .  EPCA i s  eva lua ted  w i t h  r e s p e c t  t o  i t s  e f f e c t  o n  U . S .  
domest ic  energy  supp ly ,  energy demand a n d  a l s o  w i t h  r e s p e c t  t o  i t s  
macroeconomic impact .  The C h a s e  m a c r o e c o n o m i c  m o d e l  was u s e d  t o  
e s t i m a t e  t h e  impacts o f  EPCA. [Au tho rs '  a b s t r a c t  m o d i f i e d ]  
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ABSTRACT 

A p r e l i m i n a r y  a n a l y s i s  f o r  p r o j e c t i n g  cu rb  we igh ts  o f  domest ic  passenger 
automobi les  f o r  t h e  1979 t o  1986 model yea r  p e r i o d  i s p r e s e n t e d .  An 
e s t i m a t e  o f  p o t e n t i a l  we ight  r e d u c t i o n  which each m a n u f a c t u r e r  m i g h t  
i n c o r p o r a t e  towards reach ing  t h e  1985 f u e l  economy goa ls  was made b a s e d  
on known p r o d u c t  p lans  and a v a i l a b l e  techno logy.  W e i g h t  l o s s e s  f r o m  
seven t o  t h i r t y - t w o  percent  (depending on v e h i c l e  s i z e )  were e s t i m a t e d .  
A l so  es t ima ted  a r e  p o t e n t i a l  f u e l  sav ings f rom we igh t  r e d u c t i o n .  Weight 
r e d u c t i o n  methodo log ies  i n c l u d e  v e h i c l e  r e d e s i g n ,  a n d  s h e e t  m e t a l ,  
component, and eng ine changes. [Au tho rs '  a b s t r a c t  m o d i f i e d ]  
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T h i s  document i s  an index o f  models u s e d  b y  t h e  E n e r g y  I n f o r m a t i o n  
A d m i n i s t r a t i o n  concern ing a1 1 aspects  o f  energy use and deve l  o p m e n t  i n 
t h e  U.S. Models a r e  presented w i t h  s h o r t  d e s c r i p t i o n s  o f  d e s i g n  a n d  
Irses, A d d i t i o n a l  i n f o r m a t i o n  sources a r e  i nc luded ,  One o f  t h e  m o d e l  s 
i n c l u d e d  i s P r o j e c t  Independence Eva1 u a t i o n  System ( 7 5 - 0 0 4 )  . A n o t h e r  
document t h a t  indexes s i m i l a r  models i s  desc r ibed  under S-79-468. 
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ABSTRACT 

I n  implement ing t h e  Clean A i  r A c t  a m e n d m e n t s  o f  1 9 7 0 ,  i t  i s v e r y  
d i f f i c u l t  t o  q u a n t i f y  t h e  r e l a t i o n s h i p  b e t w e e n  emi  s s i  o n s  i n t o  t h e  
atmosphere and ambient a i r  q u a l i t y .  S h o r t - ,  m i d d l  e - ,  a n d  1 o n g - t e r m  
c o n t r o l  s t r a t e g i e s  a r e  d iscussed w i t h  an emphasis o n  t h e  i n f o r r n a t  i o n  
needed f o r  t h e i r  e f f e c t i v e  assessment and imp lementa t ion ,  It i s shown  
t h a t  a t  t h e i r  p resen t  s tage o f  development, e v e n  t h e  b e s t  d i f f u s i o n  
models a r e  l i m i t e d  i n  t h e i r  a p p l i c a t i o n  t o  d e c i s i o n  m a k i n g  i n  a i r  
po l  1 u t i o n  l e g i  s l  a t i o n .  [ A u t h o r ' s  a b s t r a c t  m o d i f i e d ]  
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ABSTRACT 

The au tho rs  i n d i c a t e  t h a t  an i n t e r f a c e  o f  t h e  t r a n s p o r t a t i o n  system a n d  
t h e  a i r  p o l l u t i o n  c o n t r o l  p lann ing  processes i s  r e q u i  r e d  f o r  o p t i m a l  
urban and r e g i o n a l  p lann ing.  Present  p lann ing  models used i n  b o t h  t h e  
t r a n s p o r t a t i o n  and environmental  f i e l d s ,  s p e c i f i c a l  l y  t r a f f i c  p a t t e r n s  
and emiss ion  p r o j e c t i o n s ,  were i n t e g r a t e d  i n t o  a  t r a n s p o r t a t  i o n - a i  r 
n o l l u t i o n  p o l i c y  e v a l u a t i o n  m o d e l ,  t h e  A r g o n n e  T r a n s p o r t a t i o n - A i r  
P o l l u t i o n  Mode l ,  An a p p l i c a t i o n  o f  t h i s  m o d e l  f o r  t h e  C h i c a g o  
m e t r o p o l i t a n  area i s  descr ibed.  To t h e  e x t e n t  t h a t  m a n i p u l a t i o n  o f  
t r a n s p o r t a t i o n  demand models a f f e c t s  t h e  r a t e  o f  e m i s s i o n  a n d  s p a t i a l  
d i s t r i b u t i o n  o f  a i r  p o l l u t a n t s ,  t h i s  model can serve as an e f f e c t i v e  a i r  
n o l l u t i o n  c o n t r o l  p o l i c y  and s t r a t e g y  e v a l u a t i o n  t o o l  f o r  t h e  1  a n d  u s e  
p l  anni  ng process. 
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ABSTRACT 

The l a t e s t  developments and a c t i v i t i e s  i n  t h e  E l e c t r i c  P o w e r  R e s e a r c h  
I n s t i t u t e ' s  energy a n a l y s i s  and environment d i v i s i o n  a r e  repo r ted .  T h e  
r o l e  o f  t h e  Wharton EFA T r a n s p o r t a t i o n  Model i n  f o r e c a s t i n g  e n e r g y  u s e  
f o r  t r a n s p o r t a t i o n  i s  d iscussed.  P r e l  i m i  n a r y  c a 1  c u l  a t i  o n s  o f  t h e  
MATHTECH E l e c t r i c  Veh ic le  Demand Model a r e  d i s c u s s e d  a n d  show t h a t  
e l  e c t r i c  v e h i c l e s  may n o t  s i g n i f i c a n t l y  impact  t ime-o f -day 1  oad p a t t e r n s  
o f  e l  e c t r i c i  t y  demand b e f o r e  t h e  y e a r  2000. 
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ABSTRACT 

T h i s  paper r e p r e s e n t s  an a p p l i c a t i o n  o f  t h e  h e d o n i c  h y p o t h e s i s  t o  
au tomob i le  p r i c i n g  i n  an a t tempt  t o  advance t h e  s t a t e  o f  t h e  a r t  o f  
hedonic model ing.  The s tudy  e x a m i n e s  a  f e w  l i m i t e d  t o p i c s  i n  t h e  
a n a l y s i s  o f  automobile p r i c e s ,  f o c u s i n g  on: (1) t h e  r o l e  o f  "makes" o r  
"brands" i n  e x p l a i n i n g  p r i c e  d i f f e r e n t i a l s  among d i  f f e r e n t  m o d e l  s  o f  
autornobi l  es, ( 2 )  t h e  a d d i t i o n a l  i n f o r m a t i o n  t o  be d e r i v e d  f rom anal  y s  i s  
o f  used c a r  p r i c e s ,  and ( 3 )  t h e  a i n s  t o  be h a d ,  i f a n y ,  f r o m  u s i n g  
performance i n s t e a d  o f  phys i ca l  9 s p e c i f i c a t i o n )  c h a r a c t e r i s t i c s  i n  
d e f i n i n g  t h e  r e l e v a n t  a t t r i b u t e s  o f  a  c o m m o d i t y .  " H e d o n i c "  p r i c e  
indexes f o r  au tomobi les  a r e  c o n s t r u c t e d  a n d  c o m p a r e d  t o  o f f i c i a l  
Consumer P r i c e  Indexes. It i s  found t h a t ,  due t o  t h e  f r a g m e n t a r y  d a t a  
bases a v a i l  ab le ,  t h a t  t h e r e  i s  l i t t l e  t o  be ga ined f rom moving away f rom 
p h y s i c a l  c h a r a c t e r i s t i c s  t o  performance v a r i a b l e s  f o r  automob i 1  e  p r  i c e  
indexes.  [Au tho rs '  i n t r o d u c t i o n  m o d i f i e d ]  
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ABSTRACT 

I n  t h i s  paper, da ta  bases r e l a t i n g  t o  a u t o m o t i v e  f u e l  economy a r e  
developed and expanded. The pre-1975 Environmental P r o t e c t  i o n  A g e n c y  
f u e l  economy da ta  base i s  expanded t o  ove r  6,600 cars ,  and these  da ta  on 
o l d e r  ca rs  a r e  a d j u s t e d  f o r  odometer mi leage e f f e c t s  on f u e l  economy.  
The d a t a  base f o r  model yea rs  1975-1977 c e r t i f i c a t i o n  c a r s  i s  a l s o  
updated, r e f 1  e c t i n g  a c t u a l  sa les  f i g u r e s .  The r e s u l t i n g  t r e n d  a n a l y s e s  
a r e  t h u s  ( f o r  t h e  f i r s t  t i m e )  c o n s i s t e n t  f rom y e a r  t o  y e a r  w i t h  r e g a r d  
t o  t h e  r e p r e s e n t a t i o n  o f  a c t u a l  s a l e s  w e i g h t e d  n e w - c a r  f l  e e t  f u e l  
Pconomy. The paper a l s o  p r e s e n t s  a  s t u d y  o f  i n t e r a c t i o n s  b e t w e e n  
v e h i c l e  techno logy,  f l e e t  p h y s i c a l  a t t r i b u t e s ,  a n d  p o s t - 1 9 7 9  f u e l  
economy standards. [ A u t h o r ' s  a b s t r a c t  m o d i f i e d ]  
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ABSTRACT 

T h i s  document p resen ts  an a n a l y s i s  o f  impacts  o f  an a1 t e r n a t i  v e  t o  t h e  
f u e l  economy s tandards  f o r  1  i g h t  t r u c k s  and vans f o r  mode l  y e a r s  1 9 8 0  
and 1981. The paper i n c l u d e s  a  d e t a i l e d  d i s c u s s i o n  o f  t h e  a l t e r n a t i v e ' s  
impacts  on t h e  automobi le  i n d u s t r y ,  on purchases o f  1  i g h t  t r u c k s  a n d  
vans, and on t h e  n a t i o n a l  economy. I tems covered i n c l u d e  t h e  c a p i t a l  
investments  o f  t h e  auto  i n d u s t r y  r e q u i r e d  by  these  s tandards ,  p o s s i  b l  e  
r e t a i l  p r i c e  i n c r e a s e s ,  e m p l o y m e n t  i m p a c t s ,  a n d  n a t i o n a l  f u e l  
consumpt ion reduc t i ons .  The s tudy  a1 so examines a1 t e r n a t i  ves t o  t h e s e  
s tandards  and conc l  udes t h a t  t h e  proposed course o f  a c t  i o n  b e s t  m e e t s  
t h e  c r i t e r i a  e s t a b l i s h e d  i n  t h e  1  e g i  s l  a t i o n  f o r  p r o m u l g a t i n g  f u e l  
econorny standards.  
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ABSTRACT 

T h i s  paper examines t h e  d i r e c t  and i n d i r e c t  e n e r g y  r e q u i r e m e n t s  f o r  
au tomobi les  i n  t h e  Un i ted  S t a t e s .  F i n d i n g s  i n d i c a t e  t h a t  d i r e c t  
aasol  i n e  consumption b y  automobi les  amounted t o  8,900 t r i  1 1  i o n  BTU i n 
1970, e q u i v a l e n t  t o  13% o f  t h e  t o t a l  U.S. e n e r g y  b u d g e t .  I n d i r e c t  
energy consumption f o r  automobi les,  which i n c l u d e s  e n e r g y  c o n s u m e d  i n  
ne t ro leum r e f i n i n g ,  a u t o m o b i l e  m a n u f a c t u r i n g  a n d  s a l e s ,  r e p a i r s ,  
maintenance, p a r t s ,  a n d  h i g h w a y  c o n s t r u c t i o n  was f o u n d  t o  b e  an  
a d d i t i o n a l  5,500 t r i l l i o n  BTU i n  1970. [Au tho rs '  i n t r o d u c t i o n  m o d i f i e d ]  
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ABSTRACT 

T h i s  paper examines t h e  energy c o s t  o f  m a n u f a c t u r i n g  a u t o m o b i  1  e s ,  
t r a c i n g  t h e  c o s t  o f  manu fac tu r ing  f rom t h e  a u t o m o b i l e  i n p u t  i n d u s t r y  
energy requ i rements ,  t o  t h e  f i n i s h e d  automobi le.  An i n - d e p t h  e n e r g y  
c o s t  map f o r  t h e  automobi le  i s  p resented w i t h  energy va lues  ass igned  t o  
each step.  A l t e r n a t e  p o l i c i e s  t o  reduce energy c o s t s  f o r  a u t o m o b i  1  e  
p r o d u c t i o n  a r e  cons idered.  
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ABSTRACT 

The purpose o f  t h i s  paper i s  t o  c o m p a r e  t h e  r e s u l t s  o b t a i n e d  f r o m  
f o r e c a s t i n g  t h e  p r i c e  o f  m o t o r  g a s o l i n e  u s i n g  t h r e e  d i f f e r e n t  
methodologies,  a  Box-Jenkins ( 0 - J )  t e c h n i q u e ,  a  s i m p l  e  r e g r e s s i o n  
techn ique,  and a  more complex econometr ic  techn ique,  over  two d i f f e r e n t  
f o r e c a s t  pe r iods .  The S i m p l e  R e g r e s s i o n  M o d e l  i s  a  n a i v e  s i n g l e  
e q u a t i o n  model t h a t  l i n k s  g a s o l i n e  p r i c e s  t o  c r u d e  o i l  p r i c e s .  The  
model i s  used as a  "base" model a g a i n s t  which t h e  o t h e r  t w o  m o d e l  s  i n  
t h i s  s tudy  can be compared. The ARIMA (1,1,1) model i s  a  t i m e - s e r i e s  
model be1 ongi  ng t o  t h e  general  c l a s s  o f  au to - reg ress i ve  mov ing a v e r  a g e  
models. A compar ison o f  summary s t a t i s t i c s  f rom t h e  t h r e e  models s h o w s  
t h a t  t h e  ARIMA model per forms w e l l  i n  t h e  s h o r t  run ,  b u t  n o t  as we1 1  a s  
t h e  o t h e r s  i n  t h e  l o n g  run.  The I n v e n t o r y  Adjustment M o d e l  i s a  t w o -  
equa t ion  dynamic system t h a t  was so l ved  f o r  t h e  p r i c e  and s impl  i f i e d  t o  
one equat ion .  The s tudy concludes t h a t  t h e  econometr ic  m o d e l  i s  much  
s u p e r i o r  i n  p o l i c y  e v a l u a t i o n  u s e  a n d  t h a t ,  c o n t r a r y  t o  p r e v i o u s  
f i n d i n g s ,  t h e  econometr ic  model s h o w s  i t s  g r e a t e s t  a d v a n t a g e  o v e r  
s i m p l e r  models i n  t h e  long- run.  [Au tho rs '  i n t r o d u c t i o n  m o d i f i e d ]  
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ABSTRACT 

T h i s  paper rev iews  t h e  h i s t o r i c a l  development o f  d i f f e r e n t  t e c h n i q u e s  
f o r  d e r i v i n g  c a r  ownersh ip  f o r e c a s t s .  Simple e x t r a p o l a t i o n  m o d e l  s  a r e  
rev iewed as  w e l l  as econometr ic  models. These models a r e  now o u t d a t e d  
b u t  a r e  o f t e n  r e f e r r e d  t o  i n  t h e  d e v e l o p m e n t  o f  a u t o m o b i  1  e  demand 
model ing.  Some o f  t h e  most f r e q u e n t l y  r e f e r e n c e d  a r t i c l e s  t h a t  a r e  
d iscussed i n  t h i s  paper a r e :  de W o l f f ,  P., The demand f o r  p a s s e n g e r  
c a r s  i n  t h e  U n i t e d  S ta tes ,  Econometr ica,  pp, 113-129, A p r i l  1938. Roos, 
C.F. ; von S z e l i  s k i ,  V .  ? Fac to rs  govern ing changes i n  automobi le  demand, 
i n  Dynamics o f  Automobi le Demand, General Motors Corp., 1939. F a r r  e l  1  , 
M.J.; The demand f o r  m o t o r c a r s ' i n  t h e  U n i t e d  S t a t e s  J o u r n a l  -- o f  t h e  
Royal S t a t i s t i c a l  S o c i e t y ,  pp. 334-347, 1959. Houthaker,  H. ; H a l d i  , J., 
Household investment  i n  automobi les ;  an i n t e r t e m p o r a l  c r o s s - s e c t i o n  
a n a l y s i s ,  i n  Proceedings -- o f  t h e  conference on consumpti o n  - a n d  S a v i  n g ,  
Vol . 1, Pennsyl van ia  U n i v e r s i t y  Press,  1960. 
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ABSTRACT 

Gaso l ine  purchases ove r  t h e  f i ve -mon th  p e r i o d  f rom A p r i l  1 t o  August 31, 
1974 were s t u d i e d  i n  t h i s  r e p o r t .  M a j o r  c o n c l u s i o n s  w e r e  t h a t  t h e  
demand f o r  g a s o l i n e  was n o t  p r i c e  respons ive  f o r  t h e  s tudy  p o p u l  a t i  o n ,  
which was high-income and s m a l l - c i t y  o r i e n t e d ,  and t h a t  t h e  o n l y  means  
a v a i l a b l e  t o  reduce t h i s  amount o f  g a s o l i n e  p u r c h a s e d  f o r  t h e  s t u d y  
~ o p u l a t i o n  was c o n s t r a i n e d  a v a i l a b i l i t y  e i t h e r  b y  gas r a t i o n i n g  o r  b y  
reduced a1 1 o c a t i o n s  t o  s t a t i  ons. 
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ABSTRACT 

T h i s  r e p o r t  desc r ibes  t h e  system o f  t h e  m a n u f a c t u r e  o f  a u t o m o b i  1 e s ,  
t h e i r  d i s c a r d ,  and t h e  r e t u r n  o f  t h e i r  components i n t o  t h e  m a t e r i a l s  
pool o f  our  i n d u s t r i a l  s o c i e t y .  The a n a l y s i s  i n v o l v e s  t h e  c o n s u m p t i o n  
o f  energy  and s t o r e d  thermodynamic p o t e n t i a l  a s s o c i a t e d  w i t h  v a r i o u s  
nrocesses i n  t h e  p r e p a r a t i o n  o f  t h e  c o n s t i t u e n t  m a t e r i a l  s  a n d  t h e  
f a b r i c a t i o n  o f  an automobi le ,  and t h e  e x t r a c t i o n  o f  i n f e r e n c e s  f rom t h e  
r e s u l t i n g  f i g u r e s .  A  d e t a i l e d  p i c t u r e  o f  m a t e r i a l s  f l o w  f o r  a u t o m o b i l e  
manufacture,  beg inn ing  w i t h  b a s i c  resources i n  t h e  g r o u n d  a n d  e n d i n g  
w i t h  t h e s e  same resources,  r e t u r n e d  t o  t h e  e a r t h  i n  t h e i r  " f i n a l "  
degraded form, i s  d e v e l o ~ e d  a n d  u s e d  i n  t h e  a n a l y s i s .  [ A u t h o r s '  
i n t r o d u c t i o n  m o d i f i e d ]  
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ABSTRACT 

T h i s  document r e p o r t s  appl  i c a t i o n s  o f  t h e  Wharton EFA Automobi le Demand 
Model by f e d e r a l  agencies as a  t o o l  i n  p o l i c y  ana lyses  r e 1  a t e d  t o  t h e  
motor  v e h i c l e  t r a n s p o r t a t i o n  system. The o b j e c t i v e s  w e r e  t o  i d e n t  i f y  
these  agencies,  what p o l i c y  i s s u e s  were eva lua ted  us ing  t h e  m o d e l  , how 
t h e  model was used, and t o  de termine how e f f e c t i v e l y  and a p p r o p r i a t e l y  
i t  was a p p l i e d .  S i x t y - f i v e  p e r s o n s  i n  t h i  r t y - e i g h t  a g e n c i e s  w e r e  
con tac ted  i n  1978-79. It was found t h a t  t h e  model was used by t h e  U.S. 
nepartment  o f  T ranspo r ta t i on ,  t h e  I n t e r n a t i o n a l  Trade Commi s s  i o n ,  t h e  
Environmental P r o t e c t i o n  Agency, t h e  O f f i c e  o f  Techno logy  A s s e s s m e n t  , 
t h e  Counci l  o f  Economic Adv isers ,  t h e  Department o f  t h e  T r e a s u r y ,  a n d  
o the rs .  P o l i c i e s  a n a l y z e d  i n c l u d e  f u e l  economy  s t a n d a r d s ,  t a x  
proposal  s  , s a f e t y  and emi ss ions  standards,  and i n t r o d u c t i  on o f  e l  ec t r i c 
v e h i c l e s .  It was found t h a t  users  were genera l  l y  unaware o f  t h e  rr~odel ' s  
more s e r i o u s  l i m i t a t i o n s  b e f o r e  u s i n g  i t ,  and t h a t  i n  some i n s t a n c e s  
t h i s  r e s u l t e d  i n  misuse o f  t h e  model. 
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ABSTRACT 

T h i s  paper rev iews  t r e n d s  i n  c a r  d e s i g n  and usage t h a t  h a v e  a f f e c t e d  
a a s o l i n e  consumpt ion i n  t h e  pas t  and d iscusses such f a c t o r s  as e m i s s i o n  
c o n t r o l s  t h a t  w i l l  a f f e c t  f u t u r e  consumption, espec ia l  l y  i n  1  i g h t - d u t y  
v e h i c l e s .  Between 1973 and 1985, demand f o r  gas01 i n e  i s e x p e c t e d  t o  
i nc rease  50%, and perhaps 70% i f  t h e  1976 ox ides  o f  n i t r o g e n  emi  s s i  o n  
s tandard  were t o  s t a y  i n  e f fec t .  The paper exp lo res  ways t o  m o d e r a t e  
t h i s  demand, i n  terms o f  r e l a x a t i o n  o f  erni ss ion  standards,  i nc reased  use 
n f  smal l e r  c a r s ,  and inc reased  use o f  pub1 i c  t r a n s p o r t a t i o n .  [ A u t h o r s '  
a b s t r a c t  modi f i e d ]  
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ABSTRACT 

T h i s  r e p o r t  was prepared t o  p r e s e n t  t h e  m e t h o d  u s e d  b y  t h e  E n e r g y  
I n f o r m a t i o n  A d m i n i s t r a t i o n  i n  f o r e c a s t i n g  a u t o m o b i l e  g a s o l  i n e  
consumption f o r  t h e  EIA Annual Repor t  t o  C o n g r e s s ,  May 1 9 7 8 .  T h i  s  
method i n v o l v e s  t h e  Fauce t t  A u t o m o b i  1  e  S e c t o r  F o r e c a s t i n g  M o d e l  ' s  
p r o j e c t i o n s  o f  t o t a l  f l e e t  f u e l  e c o n o m y ,  t h e  a p p l i c a t i o n  o f  a  
deg rada t ion  f a c t o r  t o  c o n v e r t  t o  on-road f u e l  e f f i c i e n c i e s ,  and t h e  u s e  
of t h e  P r o j e c t  Independence E v a l u a t i o n  System t r a n s p o r t a t i o n  f u e l  demand 
model, Impacts o f  t h e  use o f  a l t e r n a t i v e  assumptions on p r o j e c t e d  1 9 8 5  
automobi le  gasol  i n e  consumption a r e  d i  scussed. 
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ABSTRACT 

T h i s  p a p e r  d i s c u s s e s  a1  t e r n a t i v e  m e t h o d s  f o r  m e a s u r i n g  e n e r g y  
conserva t i on .  Cur ren t  methods used by t h e  O f f i c e  o f  Energy Use A n a l y s i s  
t o  f o r e c a s t  t h e  impacts  o f  e n e r g y  c o n s e r v a t i o n  p r o g r a m s  a r e  a l s o  
nresented.  S i x  econometr ic  models w h i c h  a r e  u s e d  b y  t h e  O f f i c e  o f  
Energy Use A n a l y s i s  a r e  desc r ibed  i n  t h e  r e p o r t ' s  appendix. T h e s e  a r e  
t h e  F a u c e t t  Automobi le Sec to r  Fo recas t i ng  Model , t h e  L i g h t  Duty  Veh i c l  e  
F l e e t  Fuel Consumption Model, Na tu ra l  Gas P r i c i n g  M o d e l ,  I n d u s t r i a l  
Sec to r  Technology Use Model, t h e  Commercial S e c t o r  Energy Model, and t h e  
R e s i d e n t i a l  Energy Use Model . 
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ABSTRACT 

T h i s  a r t i c l e  p resen ts  a c r i t i q u e  o f  t h e  a n a l y t i c a l  t e c h n i q u e s  a n d  
assumptions used i n  p r e p a r i n g  t h e  f i r s t  P r o j e c t  I n d e p e n d e n c e  R e p o r t  
(75-004). The o r i g i n a l  system con ta ined  a number o f  approx imat ions  a n d  
s i m p l i f i c a t i o n s  which enabled i t  t o  deal  w i t h  t h e  complex i s s u e s  o f  t h e  
i n i t i a l  s tudy.  S ince t h e  comp le t i on  o f  t h e  f i r s t  r e p o r t ,  PIES has b e e n  
used e x t e n s i v e l y  f o r  energy p o l i c y  e v a l u a t i o n .  D u r i n g  t h i  s p e r i o d ,  
r e v i s i o n s  and a d d i t i o n s  o f  PIES have been undertaken,  some o f  which a r e  
d i r e c t e d  a t  l i m i t a t i o n s  c i t e d  b y  Hausman i n  t h i s  a r t i c l e .  T h u s ,  some 
o f  t h e  c r i t i c i s m s  pub l i shed  he re  may be outdated.  
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ABSTRACT 

Th is  paper desc r ibes  models designed f o r  use i n  p o l i c y  ana lyses r e l a t i n g  
t o  t h e  automot ive  t r a n s p o r t a t i o n  system, d iscusses 1  i m i t a t i o n s  o f  t h e s e  
models, and poses quest ions  po l icymakers  shou ld  ask about  a  model t o  b e  
s u r e  i t s  use i s  a p p r o p r i a t e .  These q u e s t i o n s  c e n t e r  o n  t h e  m o d e l  ' s  
~ e r f o m a n c e  reco rd ,  r e s u l t s  o f  model assessment  , t h e  p u r p o s e  o f  t h e  
model, i t s  app rop r ia teness  i n  s p e c i f i e d  a p p l i c a t i o n s ,  a s s u m p t i o n s  
con ta ined  i n  t h e  model, a n d  a v a i l a b i l i t y  o f  m o d e l  d o c u m e n t a t i o n .  
[Au tho rs '  a b s t r a c t  and summary m o d i f i e d ]  
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ABSTRACT 

T h i s  r e p o r t  compares Env i ronmen ta l  P r o t e c t i o n  A g e n c y  f u e l  e c o n o m y  
measures t o  a c t u a l  on-road f u e l  economy. EPA f u e l  economy  s t a n d a r d s  
were found t o  b e  a c c u r a t e  f o r  1 9 7 4 ,  b u t  f r o m  1 9 7 5  t o  1 9 7 7 ,  EPA 
nve res t ima tes  f u e l  economy  u p  t o  3 0 % .  T h e  r e s u l t s  a r e  u s e d  i n  
c o n j u n c t i o n  w i t h  t h e  L i g h t  D u t y  V e h i c l e  F l e e t  F u e l  C o n s u m p t i o n  
Account ing Model. The model p r o j e c t s  f u e l  consumption f o r  1978 t o  1 9 9 0  
by b o t h  v e h i c l e  and f u e l  type.  Other  i n p u t s  used a r e  e c o n o m e t r i c a l  l y  
based auto  sa les  es t ima tes ,  i n f o r m a t i o n  on v e h i c l e  m i l  es t r a v e l  e d  , a n d  
au to  scrappage data .  P r o j e c t e d  automobi le  f u e l  demand peaks n e a r  1 9 8 0  
and then f a l l s  and l e v e l s  o f f  by 1990. 
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ABSTRACT 

T h i s  paper a t tempts  t o  d e s c r i b e  t h e  energy requ i rements  o f  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  modes. I n  o r d e r  t o  genera te  e s t i m a t e s  o f  e n e r g y  
use f o r  each mode, a  c o m p r e h e n s i v e  r e v i e w  was made o f  a v a i l  a b l e  
es t ima tes  o f  urban t r a n s p o r t a t i o n  energy use, i n c l u d i n g  b o t h  t h e o r e t i c a l  
and appl i e d  s tud ies .  Van-pools were found t o  be t h e  most f u e l  e f f i c i e n t  
mode of urban t r a n s p o r t a t i o n .  T h i s  i s  due t o  i t s  peak-hour-only,  s i n g l e  
d i r e c t i o n ,  p rear ranged na tu re .  Fuel e f f i c i e n c y  on a  per-passenger-mi 1  e  
b a s i s  i s  f o l l owed ,  i n  o rde r ,  by c a r  poo ls ,  buses, and l i g h t  r a i l .  Rapid 
r a i l  ranks  l ow  i n  o v e r a l l  energy economy. I n  terms o f  o p e r a t i n g  energy,  
r a p i d  r a i l  i s  t h e  most f u e l  e f f i c i e n t .  However ,  when c o n s t r u c t i o n ,  
c t a t i o n  o p e r a t i o n ,  mode o f  access ( d r i v i n g  t o  t h e  s t a t i o n  b y  c a r )  , a n d  
t h e  c i r c u i t y  o f  r o u t e  a r e  f i g u r e d  i n ,  t h e  energy p e r  p r o d u c t i v e  m i l e  f o r  
t h e  whole t r i p  i s  l a r g e r  than  f o r  a l l  p u b l i c  modes except  d i a l - a - r i d e .  
Because o f  low l o a d  f a c t o r s  and h i g h  r o u t e  c i r c u i t y ,  d i a l  - a - r i d e  i s  
energy w a s t e f u l .  D i a l - a - r i d e  i s  o f  use t o  t h e  e l d e r l y  and hand icapped,  
t h e r e f o r e  i t s  e n e r g y  u s e  m u s t  b e  w e i g h e d  a g a i n s t  i t s  s o c i a l  
c o n t r i b u t i o n s .  Automobi les a r e  expected t o  ga i n  o n  p u b 1  i c  modes  i n  
energy e f f i c i e n c y  i n  t h e  f u t u r e ,  d u e  t o  t h e  m i n i m u m  f u e l  economy 
standards.  
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ABSTRACT 

T h i s  s tudy  i s  d i r e c t e d  toward  unders tand ing and a n t i c i p a  t i n g  c o n s u m e r  
b e h a v i o r  toward m o t o r  v e h i c l e s  t h a t  w o u l d  b e  r e d e s i g n e d  t o  m e e t  
f e d e r a l  l y  1 eg i  s l  a ted  automot ive  f u e l  economy standards.  A t  t i t u d e s  o f  
consumers were surveyed i n  group i n t e r v i e w s  i n  f o u r  m a j o r  met r o p o l  i t a n  
r e g i o n s :  Boston, A t l a n t a ,  Chicago, a n d  San F r a n c i  s c o .  E a c h  g r o u p  
rep resen ted  c a r  owners whose members were a1 1  o f  t h e  same s e x  a n d  a g e  
aroup and were owners o f  t h e  same s i z e  c l a s s  o f  ca r .  T h i s  r e p o r t  f i n d s  
t h a t  a  general  r e s i s t a n c e  t o  government r e g u l a t i o n s  c u r r e n t l y  e x i  s t  s  
w i t h i n  a1 1  market  segments, b u t  t h a t  a t t i t u d e s  d i f f e r  b y  market  segment. 
Small c a r  d r i v e r s  a r e  more open-minded t o w a r d  t h e  l e g i s l a t i o n  t h a n  
d r i v e r s  i n  o t h e r  markets.  Large c a r  o w n e r s  a r e  c o n v i n c e d  t h a t  t h e  
outcome of t h e  1  eg i  s l  a t i o n  w i  11 be " l e s s  c a r  f o r  more money". [ A u t h o r ' s  
i n t r o d u c t i o n  and summary m o d i f i e d ]  
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ABSTRACT 

T h i s  r e p o r t  e x p l a i n s  how t o  run t h e  T r a n s p o r t a t i o n  Energy C o n s e r v a t i o n  
Model , a  mu1 t imoda l  model , The Automobil  e  S e c t o r  Fo recas t i ng  Model may 
be used as p a r t  o f  TEC. Fo r  s p e c i f i c  i n s t r u c t i o n s  see t h e  A u t o m o b i  1  e  
Sec to r  Fo recas t i ng  Model U s e r ' s  Guide. The o t h e r  m o d e s  i n v o l  v e d  a r e  
desc r ibed  b y  submodels, each p rov ided  w i t h  d e t a i l  e d  i n s t r u c t i o n s  o n  
nrogrammi ng . The o t h e r  modes a r e :  r a i l  road, bus , a  i r , s  h  i p  , t r u c  k  , 
1  i g h t  t r u c k ,  p ipe ,  and mo to rcyc le .  The management  o f  t h e  TEC m o d e l  
w i t h i n  t h e  computer i s  e x p l a i n e d  a l s o ,  f o r  users  d e s i r i n g  t o  a d a p t  t h e  
model t o  t h e i r  s p e c i a l  needs. 
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ABSTRACT 

The o b j e c t i v e  o f  t h i s  s tudy ,  per formed by a  Congressional  commission, i s  
t o  f o r m u l a t e  t h e  b r o a d  o u t 1  i n e s  a n d  p r i m a r y  t h e m e s  o f  i m p r o v e d  
t r a n s p o r t a t i o n  p o l i c y  f o r  t h e  U n i t e d  S ta tes .  The r e p o r t  d i s c u s s e s  t h e  
p resen t  and t h e  f u t u r e  o f  t h e  U.S. t r a n s p o r t a t i o n  s y s t e m  i n c l u d i n g  
e x t e r n a l i t i e s ,  energy, and p o l i c y .  T h e  INFORUM m o d e l  was u s e d  t o  
n r e d i c t  f u t u r e  economic t rends .  The SKI N a t i o n a l  E n e r g y  M o d e l  (NEM) 
a i v e s  es t ima tes  o f  f u t u r e  consumption o f  f u e l s ;  TRANS, a  s u b m o d e l  o f  
I n fo rum es t ima tes  t h e  p e r f o r m a n c e  o f  t h e  t r a n s p o r t a t i o n  m o d e s ;  a  
Na t i ona l  T r a n s p o r t a t i o n  P lann ing  model (NTP) f o r e c a s t s  p a s s e n g e r  a n d  
commodi t y  f l  ows, 

P r o j e c t i o n s  o f  severa l  mathemat ical  models and s t u d i e s  a r e  c o m p a r e d  i n  
t h e  areas o f :  v a r i o u s  aspects  o f  GNP, popul a t i o n  p r o j e c t i o n s  , v e  h i  c l  e  
m i l  es t r a v e l e d ,  energy consumption, and automobi l  e  demand. P r o j e c t  i o n s  
rompared a r e  those  from t h e  U . S .  E n e r g y  R e s e a r c h  a n d  D e v e l o p m e n t  
Adrni n i  s t r a t i o n  (ERDA) , T r a n s p o r t a t i o n  Energy Conservat ion  D i v i s i o n ;  t h e  
TECNET model ; S t a n f o r d  Research I n s t i t u t e ;  Commi t t e e  o n  N u c l  e a r  a n d  
A l t e r n a t i v e  Energy Systems; Jack F a u c e t t  A s s o c i a t e s ;  ERDA 's  M a r k e t  
Or ien ted  Program P lann ing  Study; U.S. Department o f  T r a n s p o r t a t i o n ;  Ford  
Energy P o l i c y  P r o j e c t ;  t h e  Wharton EFA Automobi le Demand Model; and t h e  
Federal A v i a t i o n  Admi n i s t r a t i o n .  

Several models were used i n  produc ing  f o r e c a s t s .  
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ABSTRACT 

The problem o f  demand f o r  c o n s u m e r  d u r a b l e s  i s  d i v i d e d  i n t o  t w o  
components: demand f o r  t o t a l  s tock  o f  d u r a b l e s  a t  a  p o i n t  i n  t i m e  a n d  
t h e  demand f o r  new purchases p e r  p e r i o d  of t i m e  t o  a d j u s t  t o  d e s i r e d  
s tock .  

Two t h e o r i e s  a r e  proposed w i t h i n  t h i s  f r a m e w o r k :  t h e  f i r s t  t h e o r y  
accounts f o r  s e r v i c e s  f rom d u r a b l e  goods, such as a u t o m o b i  1  e s ,  t o  b e  
components o f  an i n d i v i d u a l  ' s  consumpt ion plan.  The second hypothes izes  
t h a t  d u r a b l e  goods w i l l  be cons idered as asse ts  as w e l l  as c o n s u m p t i o n  
pxpendi t u r e s .  The two t h e o r i e s  a r e  modeled m a t h e m a t i c a l l y  t o  d e t e r m i  n e  
des i  red  s tock .  

These d u r a b l e  goods t h e o r i e s  a r e  used t o  examine e m p i r i c a l l y  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  f r o m  1 9 2 1  t o  1 9 5 3 .  T h e  f i r s t  
t h e o r y  u t i l  i z e s  two concepts o f  income, d i sposab le  persona l  i ncome a n d  
M i l t o n  Fr iedman 's  "expected i n c o m e . "  P r i c e  e l a s t i c i t y  a n d  i n c o m e  
e l a s t i c i t y  a r e  es t ima ted  i n  round f i g u r e s  a t  -1 a n d  2  r e s p e c t i v e l y .  
When d i s p o s a b l e  income i s  used, a t r e n d  i n d i c a t i n g  a  c o n s t a n t  r a t e  o f  
i nc rease  a t  1.5% pe r  y e a r  i n  demand f o r  t o t a l  s tock  i s found, a 1  t h o u g h  
when expected income i s  used, t h i s  t r e n d  disappears.  

The s tock  o f  money i s  used i n  a  demand f u n c t i o n  c o n s i s t e n t  w i t h  t h e  
second theory .  P r i c e  and income e l a s t i c i t i e s  a r e  e s t i m a t e d  a t  a b o u t  
-1.5 and 1.5 r e s p e c t i v e l y .  Expected incane i s  asse r ted  t o  be t h e  b e s t  
v a r i a b l e  f o r  t h e  demand f u n c t i o n s ,  f o l l o w e d  by t h e  s t o c k  o f  m o n e y  a n d  
personal  d i  sposable income. 

A s t a t i c  t h e o r y  o f  t h e  demand f o r  t o t a l  s t o c k  o f  a u t o m o b i l e s  i s  



presented.  Des i red  purchase d u r i n g  a  p e r i o d  e q u a l  s  t h e  d i  f f e r e n c e  
between t h e  d e s i r e d  s tock  a t  t h e  end o f  t h e  p e r i o d  and t h e  d e p r e c i a t e d  
o l d  s tock  s u r v i v i n g  f rom l a s t  per iod ,  

A more accu ra te  dynamic model i s  p resented us ing  expected income, t o t a  1  
s t o c k ,  o l d  s tock ,  and d i sposab le  income as independent v a r i a b l e s .  

Two o t h e r  s t u d i e s  o f  au tomobi le  demand  a r e  s u m m a r i z e d .  [ A u t h o r ' s  
i n t r o d u c t i o n  m o d i f i e d ]  
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ABSTRACT 

T h i s  paper assesses t h e  f i n d i n g s  o f  Chow's e a r l  i e r  w o r k ,  Demand f o r  
Automobi l e s  --- i n  t h e  U n i t e d  S t a t e s ,  u t i l  i z i n g  f o u r  y e a r s '  a d d i t i o n a l  data.  
The model i s  shown t o  make 1  ong-run f o r e c a s t s  i n d i c a t i n g  t h e  e f f e c t s  o f  
p r o j e c t e d  i nc reases  i n  p e r  c a p i t a  income and p o p u l a t i o n  o n  t h e  demand 
f o r  au tomobi les  under t h e  a r b i t r a r y  assumpt ion t h a t  re1  a t i  v e  p r i c e  o f  
au tomobi les  i s  cons tan t .  The emphasis i s  o n  a d j u s t m e n t  o f  e x i  s t i n g  
s tock  r a t h e r  t h a n  a d j u s t m e n t  o f  d e s i r e d  s t o c k  a s  i n  l o n g - t e r m  
f o r e c a s t i n g .  The s h o r t - r u n  model f o r  purchase p r i c e  i s  n o t  ve ry  u s e f u l  
because i t  y i e l d s  a  l a r g e  s tandard  e r r o r .  

The model and r e s u l t s  f rom Chow's e a r l i e r  s tudy a r e  a1 so discussed.  See 
t h e  p rev ious  a b s t r a c t .  
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T h i s  i s  t h e  f i r s t  supplement t o  a  v o l u m e  t h a t  

p r e s e n t s  ( 1 )  d e s c r i p t i o n s  o f  s e l e c t e d  

mathemat ical  models ( e c o n o m e t r i c ,  p h y s i c a l  , 
account ing ,  e t c . )  r e l a t i n g  t o  t h e  mo to r  v e h i c l e  

t r a n s p o r t a t i o n  sys tem,  a n d  ( 2 )  a b s t r a c t s  o f  

assoc ia ted  documents t h a t  r e l a t e  t o  m o d e l  s  a n d  

t h e  p o l i c i e s  analyzed by t h e  models. The model s  

i n c l  uded general  l y  d e s c r i b e  some impact t h a t  i s  

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

system and may have t h e  p o t e n t i a l  f o r  u s e  i n  

p o l i c y - r e l a t e d  analyses.  Compl e t e  r e f e r e n c e s  

and summaries a r e  g i v e n  f o r  t h e  m o d e l s  a n d  

assoc ia ted  1  i t e r a t u r e .  The models a r e  f u r t h e r  

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

s t r u c t u r e ,  da ta  and computer r e q u i  remen t s  , a  n d  

o t h e r  re1 evant  i n f o r m a t i o n .  I n d e x e s  i n c l  u d e d  

may be used t o  i d e n t i f y  m o d e l s  a n d  d o c u m e n t s  

acco rd i  ng t o  model name, r e p o r t  t i  tl e, keywords, 

p e r s o n a l  a n d  o r g a n i z a t i o n a l  a u t h o r s ,  a n d  

s p o n s o r s .  T w e n t y - f i v e  s u b j e c t  a r e a s  a r e  

covered, i n c l u d i n g :  a u t o m o b i  1  e  demand,  f u e l  

consumpt ion and economy, a i r  po l  1  u t i  on, veh i c l  e  

s i z e - c l a s s  m a r k e t  s h a r e ,  a n d  v e h i c l e  m i  1  e s  

t r a v e l e d .  






