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lntroduct ion 

S ince  t h e  e a r l y  1970s energy c o n s i d e r a t i o n s  have b e e n  g r o w i  n g  i n  

i m p o r t a n c e  i n  t h e  U n i t e d  S t a t e s  e c o n o m y .  Many n a t i o n a l - l e v e l  

mathemat ica l  models have been d e v e l o p e d  a s  a n  a i d  i n  s t u d y i n g  t h e  

r e l a t i o n s h i p  between energy and t h e  economy. These models a r e  g e n e r a l l y  

dynamic m u l t i - s e c t o r  models capab le  o f  s i m u l a t i n g  a1 t e r n a t i  v e  e n e r g y  

p o l i c i e s  and economic a n d  t e c h n o 1  o g i c a l  s c e n a r i o s .  B e c a u s e  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  a  ma jo r  consumer o f  e n e r g y ,  h a v i n g  c o n s u m e d  

about  33% o f  t h e  n e t  energy and 53% o f  a l l  t h e  p e t r o l e u m  u s e d  i n  t h e  

U n i t e d  S t a t e s  i n  1 9 7 8 ,  m o s t  o f  t h e s e  e n e r g y  m o d e l s  c o n t a i n  a  

t r a n s p o r t a t i o n  component. Model ing 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  a1 s o  

i m p o r t a n t  because o v e r  97% o f  i t s  energy requ i remen ts  a r e  b a s e d  o n  t h e  

v o l  a t i  1  e  w o r l d  pe t ro leum market  (U. S. Department o f  Energy 1980). 

T h i s  r e p o r t  p resen ts  t h e  r e s u l t s  o f  a  rev iew  by s t a f f  o f  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  The U n i v e r s i t y  o f  M i c h i g a n ' s  H i g h w a y  S a f e t y  

Research I n s t i t u t e  (HSRI) o f  n a t i o n a l  -1 eve1 energy models t h a t  c o n t  a  i n  

t r a n s p o r t a t i o n  sec to rs .  I t  i d e n t i f i e s  a n d  b r i e f l y  d e s c r i b e s  t h e  

t r a n s p o r t a t i o n  s e c t o r s  i n  t h e  c o n t e x t  o f  e a c h  o v e r a l l  m o d e l .  K e y  

aspec ts  o f  t h e s e  t r a n s p o r t a t i o n  c o m p o n e n t s  a r e  c o m p a r e d .  Some 

t r a n s p o r t a t i o n  components focus  on t h e  automobi le  s e c t o r ,  w h i  1  e  o t h e r  

models c o n s i d e r  severa l  modes. The i n f o r m a t i o n  presented i n  t h i s  r e p o r t  

was c o l l e c t e d  d u r i n g  t h e  p e r i o d  November 1979 th rough  J u l y  1980. As any 

survey  o f  t h i s  r a p i d l y  chang ing f i e l d  i s  l i k e l y  t o  b e  i n c o m p l e t e ,  

c o r r e c t i o n s  o r  a d d i t i o n s  a r e  a p p r e c i a t e d  by  t h e  authors.  

Four e n e r g y m o d e l i n g  systems a re  i n c l u d e d  i n  t h e  r e p o r t :  t h e  

Mid term Energy F o r e c a s t i n g  System (MEFS) , t h e  S t r a t e g i c  E n v i  r o n m e n t a l  

Assessment System (SEAS), t h e  SRI-Gul f E n e r g y  M o d e l  a n d  d e r i v a t i v e  

models, and t h e  Brookhaven N a t i o n a l  L a b o r a t o r y  ( BNL)  e n e r g y  m o d e l  s  . 
These mode l ing  systems have been s e l e c t e d  f o r  i n c l u s i o n  i n  t h i  s  r e p o r t  

because o f  t h e  i n f l  uence t h e y  may have on f e d e r a l  po l  i c y  d e a l  i n g  w i  t h  

t r a n s p o r t a t i o n  and energy consumption. 



I n t r o d u c t i o n  

TECHNICAL METHOD 

The c r i t e r i a  f o r  i n c l u d i n g  a  model i n  t h i s  paper a r e  (1)  i t  i s  a  

m a j o r  model of t h e  U.S. energy system, and ( 2 )  i t  has t h e  c a p a b i l i t y  t o  

be used i n  au tomot i ve  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 e s .  A p p r o p r i a t e  

models were i d e n t i f i e d  by c o n t a c t i n g  b u i l d e r s ,  users ,  a n d  s p o n s o r s  o f  

models and by sea rch ing  t h e  1  i t e r a t u r e .  

Du r ing  t h e  search  f o r  model s, seve ra l  i n v e n t o r i e s  o f  energy  m o d e l  s  

were i d e n t i f i e d .  One i s  - A  C a t a l o g  - of Energy Model s  ( K l  i n e  a n d  S w i f t  

1978) p u b l i s h e d  by t h e  Energy Mode l ing  Forum (EMF) a s  a n  o c c a s i o n a l  

paper i n  June 1978; t h e  second i s  e n t i  t l  e d  A p p l  i e d  A n a l y s i  s  M o d e l  

Summaries, prepared by t h e  O f f i c e  of A n a l y s i s  Ove rs igh t  a n d  A c c e s s  o f  

t h e  Energy I n f o r m a t i  on Admi n i  s t r a t i  on, U. S. Department o f  Energy (1979).  

The fo rmer  c o n t a i n s  models used th roughou t  t h e  wor ld ,  w h i l e  t h e  1  a t t e r  

c o n t a i n s  o n l y  model s  c u r r e n t l y  used by t h e  O f f i c e  o f  Appl i e d  An a1 y s  i s  , 
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  EMF a t t e m p t e d  t o  c o m p i  1  e  a  

comprehensive c a t a l o g ,  b u t  recogn ized t h a t  t h e  l i s t  was i ncomp l  e t e  a n d  

requested t h a t  t h e  mode l ing  community send d e s c r i  p t i  o n s  o f  e x c l  u d e d  

model s. 

A  t h i r d  compendium o f  e n e r g y  m o d e l s  was p r o d u c e d  b y  S y n e r g i c  

Resources C o r p o r a t i o n  (Limaye, Ste igelmann and Dav i s  1980). That  r e p o r t  

examined t h e  p o t e n t i a l  u s e f u l n e s s  o f  e x i s t i n g  e n e r g y  m o d e l s  i n  

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

government. I n  deve lop ing  t h a t  s tudy ,  a  work ing  paper on t r a n s p o r t a t i o n  

energy demand models was prepared ( C o l  v i  1 1  e  a n d  L i m a y e  1 9 8 0 ) .  T h e  

work ing  paper c o n t a i n s  a b s t r a c t s  o f  f i v e  t r a n s p o r t a t i o n  models sponsored 

by  t h e  Department o f  Energy, Energy I n f o r m a t i o n  Admini s t r a t i o n .  Four of 

t hese  models as w e l l  as r e v i s e d  v e r s i o n s  o f  t hose  models a r e  d i s c u s s e d  

h e r e  i n  t h e  summary o f  t h e  Mid term Energy F o r e c a s t i n g  S y s t e m  (MEFS)  

t r a n s p o r t a t i o n  components. The f i f t h  model was t h e  Shor t - t e rm Gas01 i n e  

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

s h o r t  f o r e c a s t i n g  h o r i z o n  and i n d i c a t i o n s  by t h e  model sponsors t h a t  i t  

p robab ly  would n o t  be used. 

The search f o r  models a l s o  i d e n t i f i e d  t h e  work o f  t h e  I n t e r n a t i o n a l  

I n s t i t u t e  f o r  Appl i e d  Systems A n a l y s i s  ( I IASA)  i n  L a x e n b u r g ,  A u s t r  i a .  

I IASA i s  a  nongovernmental , i n t e r n a t i o n a l  resea rch  i n s t i t u t i o n  f o u n d e d  

by  s c i e n t i f i c  o r g a n i z a t i o n s  f rom around t h e  w o r l d .  ( T h e  U.S. member  
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o r g a n i z a t i o n  i s  t h e  N a t i o n a l  Academy o f  Sciences.) I IASA has p u b l i  s h e d  

a  s e r i e s  o f  r e p o r t s  e n t i t l e d  - A  Review - o f  Energy Models w i t h  t h e  f o u r t h  

and most r e c e n t  r e p o r t  b e i n g  by Beaujean and C h a r p e n t i e r  (1978). Models 

rev iewed i n  t h e  s e r i e s  a r e  b o t h  n a t i o n a l  and i n t e r n a t i o n a l .  Many a r e  

n a t i o n a l  models p a r t i c u l a r  t o  c o u n t r i e s  o t h e r  t han  t h e  U.S. 

A1 t h o u g h  many e n e r g y  m o d e l  i n v e n t o r i e s  d o  e x i s t ,  i t  w a s  

n e v e r t h e l e s s  dec ided  t o  c o m p i l e  t h i s  i n v e n t o r y  b e c a u s e  n o n e  o f  t h e  

e x i s t i n g  ones addressed o n l y  t h o s e  models t h a t  met t h e  c r i t e r i a  s t a t e d  

above. To pe r fo rm t h i s  s tudy ,  documenta t ion  on models judged r e l e v a n t  

was c o l  l e c t e d  and reviewed.  I n f o r m a t i o n  f rom t h e  model ' s  documenta t i o n  

was then  o rgan ized  i n t o  a  s t a n d a r d i z e d  f o r m a t  u s e d  i n  t h i s  r e p o r t .  

I n f o r m a t i o n  on each ma jo r  energy model i s  o r g a n i z e d  b y  t h e  f o l  l o w i n g  

c a t e g o r i e s :  model name, o v e r v i e w ,  u s e s ,  i n p u t  d a t a ,  o u t p u t  d a t a ,  

mode l ing  s t r u c t u r e  and t e c h n i q u e s ,  r e 1  a t i o n s h i  p  t o  o t h e r  m o d e l  s ,  

computer r e q u i  rements, t r a n s p o r t a t i o n  component, and r e f e r e n c e s  . F o r  

t h e  t r a n s p o r t a t i o n  component o f  each m o d e l  t h e  f o l  1  o w i  n g  i t e m s  a r e  

1  i sted:  s t r u c t u r e ,  i n p u t ,  o u t p u t ,  key assumptions used i n  c o n s t r u c t  i n g  

t h e  model,  re1  a t i o n s h i p s  among v a r i a b l e s ,  and r e f e r e n c e s .  N o t e  t h a t  

i n f o r m a t i o n  was n o t  a lways  a v a i l a b l e  f o r  a l l  m o d e l s ,  a n d  t h a t  n o  

ana lyses  o f  t h e  model s  were performed. 

The emphasis and d e t a i l s  o f  t h e  summaries d i f f e r  s o m e w h a t  a c r o s s  

models and model systems. D i f f e r e n t  t r e a t m e n t s  f o r  t h e  v a r i o u s  m o d e l  s  

were r e q u i r e d  because o f  t h e  n a t u r e  o f  t h e  models, t h e  1 i m i t a t i o n s  o f  

t h e  p u b l i s h e d  documentat ion,  and t h e  focus  o f  t h i s  s tudy .  Fo r  exampl e ,  

MEFS has some o f  t h e  same c a p a b i l i t i e s  as t h e  o t h e r  n a t i o n a l  e n e r g y  

model systems, b u t  t h e  emphasis i n  t h e  MEFS s e c t i o n  and i n  t h e  summary  

i s  on t h e  d e t a i l s  o f  t h e  t r a n s p o r t a t i o n  components, The t r a n s p o r t a t i o n  

components i n  t h e  o t h e r  model systems a r e  more an i n t e g r a l  p a r t  o f  t h e  

system and a r e  u n l i k e  t h e  MEFS's t r a n s p o r t a t i o n  components i n  t h a t  t h e y  

genera l  l y  cannot  s tand a1 one. Because o f  t h e  s t r u c t u r e  o f  t h o s e  o t h e r  

systems, r e 1  a t i v e l y  more d e t a i l  i s  p resented on those  n o n t r a n s p o r t a  t i o n  

canponents t h a n  on those  o f  t h e  MEFS system. Readers i n t e r e s t e d  more i n  

t h e  d e t a i l s  o f  t h e  n o n t r a n s p o r t a t i o n  components o f  any o f  t h e s e  m o d e l s  

shou ld  c o n t a c t  t h e  model system au tho rs  o r  sponsors. 

As t h e  model summaries depend p r i m a r i l y  on m o d e l  d o c u m e n t a t i o n ,  

reade rs  shou ld  be aware t h a t  t h e  documentat ion general  l y  p r o v i d e s  o n 1  y  
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snapshots o f  c o n s t a n t l y  e v o l v i n g  model s, Revi s ions  t o  models somet imes 

remain undocumented. I n  a d d i t i o n ,  many o f  t h e  models presented i n  t h i  s  

r e p o r t  a r e  m o d i f i e d  f o r  use i n  s p e c i f i c  s tud ies .  T h i s  i s  p a r t i c u l a r l y  

t r u e  o f  models used by  t h e  U,S. Department o f  Energy (DOE). DOE has and 

w i l l  l i k e l y  c o n t i n u e  t o  m o d i f y  models '  s t r u c t u r e s ,  p a r a m e t e r s ,  a n d  

assumptions t o  produce p r o j e c t i o n s  f o r  v a r i o u s  s tud ies .  When known, t h e  

r e v i  s ions  and m o d i f i c a t i o n s  o f  t h e  models a r e  i n d i c a t e d .  U n d o c u m e n t e d  

i n f o r m a t i o n  on model r e v i  s ions  was o b t a i n e d  p r i m a r i l y  t h r o u g h  t e l e p h o n e  

conversa t i ons  and correspondence w i t h  m o d e l  a u t h o r s  , s p o n s o r s  , a n d  

users.  I n t e r e s t e d  readers  should c o n t a c t  t h e  m o d e l  u s e r  o r  b u i  1  d e r  

about  t h e  d e t a i l s  o f  a  s p e c i f i c  a p p l i c a t i o n  o f  a  model. 

ORGANIZATION OF THE REPORT 

The four  sec t i ons  f o l l o w i n g  t h e  I n t r o d u c t i o n  p r e s e n t  d e t a i  1  e d  

r e p o r t s  on each o f  f o u r  m a j o r  energy model ing  systems, w i t h  an emphasi s  

on t h e i r  t r a n s p o r t a t i o n  components. Models a r e  i d e n t i f i e d  by name a n d  

by t h e  access ion number used i n  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  

Models R e l a t i n g  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  S y s t e m  - a n d  

Assoc ia ted L i t e r a t u r e  (R ichardson e t  a1 . 1979),  t h e  f i r s t  supplement t o  

t h a t  r e p o r t  (Richardson,  Segel , and Josce lyn  1980) o r  by t h e  a c c e s s i  o n  

number t h a t  w i l l  be used i n  fo r thcoming  supplements o f  t h a t  i n v e n t o r y ,  

(Tha t  i n v e n t o r y  i s  a1 so compi led  by s t a f f  o f  The U n i v e r s i t y  o f  M i c h i g a n  

Highway Sa fe ty  Research I n s t i t u t e .  I t c o n t a i n s  models on  a  v a r i e t y  o f  

s u b j e c t s  i n  a d d i t i o n  t o  e n e r g y . )  The  d e t a i l e d  m o d e l  r e p o r t s  a r e  

summarized i n  a  f i f t h  s e c t i o n  t h a t  c o n t a i n s  b r i e f  comparisons o f  t h e  key  

f e a t u r e s  o f  b o t h  t h e  energy model s  and t h e i r  t r a n s p o r t a t i o n  componen t s.  

The Appendix c o n t a i n s  an annotated b i b l i o g r a p h y  o f  model s  r e 1  e v a n  t t o  

t h e  f o r e c a s t i n g  o f  motor  v e h i c l e  f u e l  consumption. Models d e s c r i b e d  i n  

t h e  body o f  t h e  r e p o r t  a r e  n o t  p resented aga in  i n  t h e  A p p e n d i x ,  T h e  

emphasis i n  t h e  Annotated B i b l i o g r a p h y  i s  on models t h a t  e i t h e r  d o  n o t  

have t h e  scope o f  a  ma jo r  e n e r g y  m o d e l  o r  e l  s e  a r 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  models t h a t  f o r e c a s t  f u e l  consumpt i o n .  M o d e l  s  i n  t h e  

Annotated B i b l i o g r a p h y  a r e  arranged a1 phabe t i ca l  l y  by m o d e l  name ; t h e  

r e f e r e n c e s  a r e  f o l l o w e d  by a  s h o r t  model summary  e m p h a s i z i n g  t h o s e  

aspects  r e l e v a n t  t o  f o r e c a s t i n g  motor  v e h i c l e  f u e l  consumption. I n  each 

a n n o t a t i o n ,  an access ion number i s  i n d i c a t e d ;  t h i s  number i s  a g a i n  t h e  
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access ion  number used by R ichardson e t  a1 . (1979) o r  t h a t  w i l  1  b e  u s e d  

i n  supplements t o  t h a t  i n v e n t o r y .  
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Mid term Energy Forecasting System (MEFS) 
($78 -419) 

Overview o f  Model 

MEFS i s  a  n a t i o n a l  energy f o r e c a s t i n g  s y s t e m  u s e d  t o  f o r e c a s t  

energy  p r i c e s ,  suppl  i e s ,  demands, and c o n v e r s i o n  a c t i v i t i e s .  MEFS, 

wh ich  i n c o r p o r a t e s  a  r e v i  s e d  v e r s i o n  o f  t h e  P r o j e c t  I n d e p e n d e n c e  

E v a l u a t i o n  System (PIES), i s  t h e  U.S. D e p a r t m e n t  o f  E n e r g y ' s  m a j o r  

mid term (6-19 y e a r s  o u t )  energy f o r e c a s t i n g  system. I t  uses many models 

i n  i t s  o p e r a t i o n  and i s  a  t o o l  t h a t  can be used t o  examine t h e  p o t e n t i a l  

impac ts  o f  changes i n  f e d e r a l  p o l i c i e s  by t h e  s p e c i f i c a t i o n  o f  a1 t e r n a t e  

scenar ios .  It i s  i n tended  t o  answer ques t i ons  p e r t a i n i n g  t o :  

o  U.S. energy requ i remen ts  i n  t h e  n e x t  s i x  t o  n i n e t e e n  years ;  

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

r e q u i  rement s; 

o  t h e  geograph ic  r e g i o n s  these  f u e l s  w i l l  be e x t r a c t e d  f r o m  ( o r  

expo r ted  t o ) ,  and where and how t h e y  w i  11 be conve r ted  f r o m  r a w  

m a t e r i a l  s  t o  r e f i n e d  p e t r o l  eum p roduc ts  o r  e l e c t r i c i t y ;  

o  method o f  f u e l  d i s t r i b u t i o n  th roughou t  t h e  coun t r y ;  and 

o  t h e  t y p e s  and c a p a c i t i e s  o f  new e n e r g y - r e l a t e d  f a c i l i t i e s  (e.g., 

mines, r e f i n e r i e s ,  e l e c t r i c  g e n e r a t i n g  p l  a n t s )  r e q u i r e d  t o  

s a t i  s f y  energy  demands. 

Uses 

The predominant  use o f  MEFS by  t h e  U.S. D e p a r t m e n t  o f  E n e r g y ' s  

(DOE) Energy I n f o r m a t i o n  A d m i n i s t r a t i o n  (E IA )  i s  i n  p r e p a r i n g  a n n u a l  

r e p o r t s  t o  Congress. MEFS i s  a1 so used t o  s i m u l a t e  a1 t e r n a t i  v e  p o l  i c y  

scenar ios .  S ince  EIA was n o t  i n t e n d e d  t o  b e  a  p o l  i c y - a d v o c a t i n g  

o r g a n i z a t i o n ,  t h e  a l t e r n a t i v e  p o l i c i e s  s imu la ted  a r e  u s u a l l y  i n  response 

t o  s p e c i f i c  r e q u e s t s  by  non-EIA o r g a n i z a t i o n s ,  b o t h  w i t h i n  and  o u t s i d e  

DOE. However, i n  o r d e r  t o  i n c r e a s e  i t s  own knowledge o f  t h e  i m p a c t s  o f  

p o l i c i e s  proposed by o t h e r  g o v e r n m e n t  a g e n c i e s ,  E I A  o c c a s i o n a l l y  

i n i t i a t e s  s i m u l a t i o n s .  
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Communication w i t h  DOE s t a f f  work ing w i t h  MEFS has i n d i c a t e d  t h a t  

t h e r e  i s  no comprehensive 1  i s t  of  i n p u t s  t o  MEFS. The f o l  1  owing 1  i s t  o f  

i n p u t s  i s  based on a  number o f  sources and i s  presented i n  o r d e r  t o  g i v e  

t h e  reader  an i d e a  o f  t h e  t y p e s  of d a t a  r e q u i r e d  f o r  a  s i m u l a t i o n .  

P lease n o t e  t h a t  t h e  1  i s t  shou ld  n o t  be  cons idered t o  b e  c o m p l  e t e  a n d  

t h a t  t h e  i n t e r e s t e d  reader  shou ld  c o n s u l t  w i t h  DOE s t a f f  a b o u t  a n y  

s p e c i f i c  model i n p u t s .  

a p r i c e  e x p e c t a t i o n s  o f  energy produc ing i n d u s t r i e s  

a p r i c e  and t a x  i n f o r m a t i o n  p e r t a i n i n g  t o  o i l  and n a t u r a l  gas 

a o i l  and n a t u r a l  gas p i  pe l  i n e  r a t e s  o f  f l o w  

a r a i l  road r a t e s  f o r  t r a n s p o r t i n g  coa l  

a c o s t  and c o n s t r u c t i o n  i n f o r m a t i o n  r e l a t e d  t o  a d d i t i o n a l  n u c l e a r  

c a p a c i t y  

a n u c l e a r  f u e l  c y c l e  c h a r a c t e r i s t i c s  

a env i ronmenta l  s tandards,  1  oad managements, p l a n t  addi  t i  o n s  a n d  

r e t i r e m e n t s ,  and systems compl iance o p t i o n s  r e 1  a t i  n g  t o  t h e  

e l  e c t r i c  power i n d u s t r y  

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

s tandards ,  and t a x  c r e d i t  and r e t r o f i  t s e r v i c e  i n f o r m a t i o n  

r e l a t e d  t o  t h e  r e s i d e n t i a l  s e c t o r  

a b u i l d i n g  s tandards  and Federal  Energy Management Program (FEMP) 

i n f o r m a t i o n  re1  a ted  t o  t h e  commercial s e c t o r  

e i n d u s t r i a l  s e c t o r  i n p u t s  r e l a t e d  t o  t h e  environment,  p o l  1  u t  i o n  

c o n t r o l  equipment, and t h e  Powerpl a n t  and I n d u s t r i a l  F u e l  Use  

Act 

a t r a n s p o r t a t i o n  s e c t o r  i n p u t s  re1 a ted  t o  e f f i c i e n c y  o f  d  i e s e l  s , 
v e h i c l e  f u e l  e f f i c i e n c y  standards,  and m a r k e t  p e n e t r a t i o n  o f  

d i e s e l  -powered v e h i c l e s  

macroeconomic f o r e c a s t s  b a s e d  o n  w o r k  p e r f o r m e d  b y  D a t a  

Resources, I nc .  (DRI) ,  e.g., G N P ,  i n f l a t i o n ,  i n c o m e ,  1  a b o r  

fo rce ,  and bus iness c a p i t a l  s t o c k  i n c r e a s e s ;  many o f  t h e s e  

f o r e c a s t s  a r e  by  r e g i o n  

a o i l  and n a t u r a l  gas r e s e r v e s  (p roven  and i n f e r r e d )  

a shal e  o i  1  p r o d u c t i o n  

a 1  ease sa l  es f o r  o i  1  and gas exp l  o r a t i o n  
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a n a t u r a l  gas i m p o r t  bounds 

a w o r l d  o i l  p r i c e  

a o i l  i n d u s t r y  c o s t s ,  e.g., d r i l l i n g  cos ts ,  c o s t s  o f  a d d i t i o n a l  

r e f i n e r y  c a p a c i t y ,  r e f i n i n g  c o s t s  

a mandated and proposed p l a n t  convers ion  a c t i v i t y  

a coa l  supp ly  i n f o r m a t i o n ,  e.g., p r o d u c t i v i t y ,  1  i f e  o f  a  m i n e ,  

rese rves  

a p r i c e  markups f o r  ma jo r  energy p roduc ts  

a aggregate p r i c e  e l a s t i c i t i e s  f o r  ma jo r  energy p roduc ts  

a p o p u l a t i o n  by  r e g i o n  

a va l  ue added i n  t h e  manu fac tu r ing  s e c t o r  b y  r e g i o n  

a va lue added i n  seven t w o - d i g i t  S I C  i n d u s t r i e s  by  r e g i o n  

Output  

E q u i l i b r i u m  q u a n t i t i e s  o f  e n e r g y  s u p p l i e d  a n d  demanded a r e  

f o r e c a s t .  A l so  produced a r e  c u s t o m i z e d  r e p o r t s  d e t a i l i n g  e n e r g y  

p r o d u c t i o n ,  consumption, convers ion,  and b o t h  r e t a i l  and marg ina l  p r i c e s  

assoc ia ted  w i t h  f u e l  p r o d u c t i o n  and consumption. R e s u l  t s  a r e  b r o k e n  

down by f u e l ,  reg ion ,  process,  and consuming s e c t o r  a n d  a r e  g i v e n  i n  

b o t h  BTU and s tandard  p h y s i c a l  u n i t s .  

Model i ng S t r u c t u r e  and Techniques 

MEFS has t h r e e  ma jo r  components: demand models, supp ly  models a n d  

a  mechanism t h a t  e q u i l  i b r a t e s  t h e  two. The r e l a t i o n s h i p  be tween  t h e s e  

components i s  shown i n  F i g u r e  1. 

The demand and supp ly  components as desc r ibed  by  t h e  DOE ( 1 9 8 0 b )  

a r e  as f o l l o w s :  

T h e  demand m o d e l s  a r e  e c o n o m e t r i c  a n d  s t r u c t u r a l  
r e p r e s e n t a t i o n s  o f  t h e  end-use sec to rs  t h a t  e s t i m a t e  cons umer  
demands f o r  f u e l s  and energy  a s  f u n c t i o n s  o f  p r i c e s ,  t h e  
g e n e r a l  l e v e l  o f  e c o n o m i c  a c t i v i t y ,  v a l u e  a d d e d  i n  
manufac tur ing ,  demographic t rends ,  t h e  n a t u r e  a n d  e x t e n t  o f  
c o n s e r v a t i o n  programs, and o t h e r  d e m a n d - r e 1  a t e d  s c e n a r i o  
convent ions .  Demands a r e  c a l c u l a t e d  i n  MEFS f o r  r e f i n e d  
pe t ro leum products ,  n a t u r a l  gas, c o a l ,  e l e c t r i c i t y ,  and o t h e r  
f u e l s  f o r  each o f  t h e  t e n  DOE r e g i o n s  a n d  f o r  e a c h  o f  t h e  
m a j o r  c o n s u m i n g  s e c t o r s :  r e s i d e n t i a l ,  c o m m e r c i  a 1  , 
t r a n s p o r t a t i o n ,  and i n d u s t r i a l  ( i n c l u d i n g  u s e  o f  e n e r g y  
m a t e r i a l  s  as raw m a t e r i a l  s)  . 
The MEFS supp ly  s y s t e m  i s  a  d e t a i l e d  r e p r e s e n t a t i o n  o f  
U.S. energy resources  and i n c l u d e s  i m p o r t a t i o n ,  p r o d u c t  i o n ,  
convers ion,  and 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 s e t  o f  
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F i g u r e  1 
Schematic o f  t h e  MEFS I n t e g r a t i n g  Framework 
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I 
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I 

Source: U.S. Department o f  Energy 1980b 

I 
I 
I 

s a t e l l i t e  models i s  used t o  r e p r e s e n t  t h e  supp ly  f o r  e a c h  o f  
t h e  m a j o r  raw m a t e r i a l  s :  c o a l  , o i l  , n a t u r a l  gas, and uranium. 
(pp. 263-264) 

A s i m p l i f i e d  f l o w  o f  m a t e r i a l s  i n  MEFS i s  p resen ted  i n  F i g u r e  2 .  

The r e p o r t  (U.S. Department o f  Energy 1980b) a l s o  d e s c r i b e s  t h e  m o d e l  

I 
I 

s t r u c t u r e :  

The v a r i o u s  s e c t o r s  o f  MEFS a r e  1  i n k e d  b y  a  d i  s t r i b u t i o n  
network t h a t  r e p r e s e n t s  t h e  m o v e m e n t  o f  r a w  m a t e r i a l s  o r  

v I 
Demand 

I Functions 
I 
I 
I 

I 
I 

I 
I 

I 
I I 
L -, , , , , , , 
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Conversion Demand 

Geothermal Geothermal 

F i g u r e  2 
Simp1 i f i e d  Flow o f  M a t e r i a l s  i n  t h e  MEFS I n t e g r a t i n g  Model 

Source: U.S. Department o f  Energy 1980b 

p roduc ts  from t h e  p o i n t s  o f  p roduc t i on ,  impor t ,  o r  c o n v e r s i o n  
t o  t h e  l o c a t i o n s  a t  which t h e y  a r e  conver ted o r  consumed. 



The p r i n c i p a l  economic assumptions imp1 i c i t  i n  t h e  MEFS m o d e l  
s t r u c t u r e  a r e  t h e  f o l  l ow ing :  

e Market  e q u i l  i b r i  um c o n d i t i o n s  govern t h e  p u r c h a s e  p r i c e s  
and q u a n t i t i e s  o f  f u e l  consumed s u b j e c t  t o  t h e  c o n s t r a i n t s  
i n t r o d u c e d  by government r e g u l  a t i o n s ,  

e Consumers s u b s t i t u t e  f u e l s  on t h e  b a s i s  of t h e i r  r e l a t i v e  
p r i c e s ,  

e S u p p l i e r s  a r e  c o m p e t i t i v e  and produce i f  t h e  m a r k e t  p r i c e  
i s  a t  o r  above t h e  minimum accep tab le  s e l l i n g  p r i c e .  

e The p r i c e s  p a i d  by energy  c o n s u m e r s  a r e  m a r g i n a l  f u e l  
p r i c e s ,  except  f o r  e l e c t r i c i t y  and n a t u r a l  gas, w h i c h  a r e  
s o l d  a t  average p r i c e s .  (p. 265)  

R e l a t i o n s h i p  t o  Other  Models 

S ince MEFS i s  comprised o f  many models, i t  i s  c o n s i d e r e d  t o  b e  a  

model ing  system. The MEFS s a t e l l i t e m o d e l s  a r e  shown i n  F i g u r e  3 .  A  

survey o f  these can be found i n  t h e  U.S. Department o f  E n e r g y  r e p o r t ,  

Appl i e d  A n a l y s i s  Model Sumnaries, (1979b). The ma jo r  m o d e l  s  o r  m o d e l  

systems o f  MEFS a r e  t h e  Mid-Term Energy Market  Model (MEMM) ( f o r m e r l y  

PIES), t h e  Mid-Teml O i l  and Gas Supply Model, t h e  Na t iona l  Coa l  M o d e l  , 
t h e  Regi onal Energy Demand Forecas t i ng  Model (RDFOR) , and t h e  Na t i o  n a l  

Aggregate R e f i n e r y  Model (NARM) . RDFOR has r e c e n t l y  been i n c o r p o r a t e d  

i n t o  t h e  Demand A n a l y s i s  System (DAS) , a  model system w i t h i n  MEFS. Only 

t h e  t r a n s p o r t a t i o n  models re1 a ted  t o  MEFS a r e  d i  scussed be1 ow. R e a d e r s  

i n t e r e s t e d  i n  t h e  d e t a i l s  and uses o f  t h e  o t h e r  MEFS m o d e l s  s h o u l d  

c o n t a c t  t h e  Energy I n f o r m a t i o n  Admini s t r a t i o n  o f  t h e  U.S. Department o f  

Energy. 

Computer Requi rement s  

Processor:  IBM 3701168 

Inpu t /Ou tpu t  dev ices :  d i  sk, t a p e  

Storage:  1850K core;  400 c y l i n d e r s  s c r a t c h  and/or  permanent d i s k  

space 

Language: FORTRAN, OMNI, MPSI I I  w i t h  WHIZARD, TSHS t a p e  u t i l  i t i e s .  
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T r a n s p o r t a t i o n  Component 

D u r i n g  1978 and 1979, MEFS emp loyed  a  n u m b e r  o f  m o d e l s  i n  t h e  

d e r i v a t i o n  o f  i t s  energy f o r e c a s t s  f o r  t h e  t r a n s p o r t a t i o n  s e c t o r ,  

i n c l u d i n g  t h e  use of i n p u t s  from models t h a t  a r e  n o t  i n t e r n a l  t o  t h e  

system. The o n l y  t r a n s p o r t a t i o n  model t h a t  i s  i n t e r n a l  t o  MEFS i s  

embodied as 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  R e g i o n a l  E n e r g y  

Demand F o r e c a s t i n g  Model (RDFOR) i n  t h e  Demand A n a l y s i s  System (DAS) . 
DAS f o r e c a s t s  t h e  q u a n t i t i e s  of  f ue l  demanded by  t h e  r e s i d e n t i  a1  , 

commercial , i n d u s t r i a l  , and 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. T h e  

r e s i d e n t i a l  s e c t o r  submodel o f  DAS i s  c u r r e n t l y  t h e  H i  r s t  M o d e l  , 
developed a t  Oak Ridge N a t i o n a l  Labora to ry .  The commerc ia l  s e c t o r  i s  

rep resen ted  by t h e  Jackson Model , a1 so o f  Oak Ridge N a t i o n a l  Labora to ry .  

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

o n l y  p a r t i a l l y  con ta ined  w i t h i n  DAS. The p a r t  w i t h i n  DAS was p r o d u c e d  

in -house a t  EIA. (The i n d u s t r i a l  s e c t o r  i s  a1 s o  r e p r e s e n t e d  b y  t h e  

I n d u s t r i a l  Fuel  Choice A l l o c a t i o n  Model [IFCAM] and by  a  p a r t  o f  MEMM). 

The t r a n s p o r t a t i o n  s e c t o r  i n  DAS i s  a  mu1 t imoda l  model. The automob i l e  

s e c t o r  i s  an E IA-mod i f i ed  v e r s i o n  o f  t h e  Sweeney T r a n s p o r t a t i o n  M o d e l  

au thored by James Sweeney o f  S t a n f o r d  U n i v e r s i t y .  The f u e l  requ i rements  

of t h e  o t h e r  modes a r e  f o r e c a s t  w i t h  r e l a t i v e l y  smal l  models t h a t  h a v e  

been developed in -house a t  EIA. 

The energy f o r e c a s t s  f o r  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  d e r i v e d  

t h r o u g h  a  s e r i e s  o f  on-1 i n e  model f o r e c a s t s  ( i n t e r n a l  t o  MEFS) and o f f -  

1  i n e  model adjustments.  The models t h a t  have been used o r  may b e  u s e d  

i n  t h e  f u t u r e  a r e :  

e Sweeney T r a n s p o r t a t i o n  Model; 

0 Passenger Car Gas01 i n e  Demand Model ( a  r e v i s e d  v e r  s i  o n  o f  t h e  

Sweeney T r a n s p o r t a t i o n  Model) ; 

a EEA L i g h t - D u t y  V e h i c l e  F l e e t  Fuel Consumption Model (LDVFFCM); 

e EEA Highway Fuel  C o n s u m p t i o n  M o d e l  ( a  r e v i s e d  v e r s i o n  o f  

LDVFFCM) ; 
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0 DOE/ Fauce t t  Automobi 1  e  Sec to r  F o r e c a s t i  ng Model ; 

0 ORNL S ta te -Leve l  T r a n s p o r t a  t i  o n  E n e r g y  Demand M o d e l  ( a 1  so  

r e f e r r e d  t o  as t h e  ORNL Highway Gas01 i n e  Demand Model) ; and 

0 Minor  f u e l  models. These m o d e l s  a r e  r e 1  a t i v e l y  s m a l l  a n d  

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

a i r p l  anes, sh ips ,  and p ipe1 ine .  H i s t o r i c a l  l y ,  t h e s e  models have 

been developed in -house a t  EIA, b u t  Sweeney  h a s  d e v e l o p e d  a  

model t h a t  f o r e c a s t s  t r u c k  and o f f - h i g h w a y  ga  s o l  i n e  s e c t o r s .  

T h i s  Sweeney model w i l l  1  i k e l y  be i n c o r p o r a t e d  i n t o  MEFS f o r  use 

i n  produc ing p r o j e c t i o n s  f o r  t h e  1980 DOEIEIA Annual R e p o r t  - t o  

Congress. Note t h a t  d o c u m e n t a t i o n  o n  t h e s e  m o d e l  s  i s  n o t  

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

desc r ibed  i n  t h i s  r e p o r t .  

F o r  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 (ARC 78) ,  which re1 i e s  h e a v i l y  on MEFS, f o r e c a s t s  f r o m  t h e  - 
Sweeney T r a n s p o r t a t i o n  Model were s e l e c t i v e l y  m o d i f i e d  u s i n g  f o r e c a s t  s  

f rom t h e  EEA L i g h t - D u t y  V e h i c l e  F l e e t  Fuel Consumpt i  o n  M o d e l  a n d  t h e  

D O E I F a u c e t t  m o d e l .  G i v e n  some D a t a  R e s o u r c e s ,  I n c .  ( D R I )  

macro forecasts ,  t h e  DAS t r a n s p o r t a t i o n  submodel f o r e c a s t  a  base1 i n e  f o r  

automobi 1  e  and 1  i g h t  t r u c k  f u e l  consumption. The Fauce t t  Model produced 

t h e  " c o n s e r v a t i o n  s h i f t "  i n  f u e l  consumption caused b y  t h e  a u t o m o b i  1  e  

f u e l  economy r e g u l  a t i o n s .  The L i g h t - D u t y  V e h i c l e  F l e e t  Fuel Consumption 

Model produced t h e  f u e l  c o n s e r v a t i o n  s h i f t  caused b y  li g h t - d u t y  t r u c k  

f u e l  e f f i c i e n c y  standards.  The DAS f o r e c a s t s  w e r e  m o d i f i e d  b y  t h e  

r e s u l t s  o f  t hese  o f f - l i n e  models and were then  i n p u t  i n t o  MEFS t o  b e  

used a long w i t h  t h e  o t h e r  mode f o r e c a s t s  t o  a r r i v e  a t  e s t i m a t e s  o f  f u e l  

p r i c e s  and f u e l  consumptions determined by t h e  e n t i r e  MEFS system. 

Fo r  i t s  1979 Annual R e p o r t  C o n g r e s s  (ARC 7 9 ) ,  E I A  u s e d  a  

s l i g h t l y  r e v i s e d  t r a n s p o r t a t i o n  s e c t o r  m o d e l .  T h e  S w e e n e y  

T r a n s p o r t a t i o n  Model remained as t h e  automobi 1  e  s e c t o r  model , b u t  w i  t h  

t h e  automobi 1  e  sal  es f o r e c a s t s  be ing  those suppl i e d  exogenously by D R  I. 

EIA d i d  n o t  use t h e  DOEIFaucett model f o r  t h e  r e p o r t .  However, t h e  EEA 

L i g h t - D u t y  V e h i c l e  F l e e t  Fuel Consumption Model (LDVFFCM) was aga in  used 

f o r  o f f - l i n e  a d j u s t m e n t s .  LDVFFCM was u s e d  t o  p r o d u c e  t h e  f u e l  

c o n s e r v a t i o n  s h i f t s  caused by t h e  l i g h t - d u t y  t r u c k  f u e l  e f f i c i e n c y  

s tandards  and t h e  impact  o f  t h e  market  p e n e t r a t i o n  o f  d i e s e l  eng ines  i n  
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b o t h  automobi les  and 1  i g h t - d u t y  t r u c k s ,  These s h i f t s  m o d i f i e d  t h e  DAS 

f o r e c a s t s  f o r  g a s o l i n e  and d i e s e l  consumpti o n  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 .  

F o r  t h e  1980 Annual Repor t  - t o  C o n g r e s s  (ARC 8 0 ) ,  E I A  p l a n s  t o  

r e p l a c e  t h e  Sweeney T r a n s p o r t a t i o n  M o d e l  ( t h e  DAS t r a n s p o r t a t i o n  

submodel ) wi  t h  t h e  Passenger Car Gas01 i ne Consumpti on Model. E  I A w  i 1  1  

have t h e  o p t i o n  o f  m o d i f y i n g  t h e  DAS f o r e c a s t s  t o  r e f l e c t  t h e  

p r o j e c t i o n s  f rom two new model s. The Sta te-Leve l  T r a n s p o r t a t i o n  E n e r g y  

Demand Model ( a  s tand-a lone model  d e v e l  o p e d  a t  Oak R i d g e  N a t i o n a l  

L a b o r a t o r y  [ORNL]) may be used f o r  t h e  r e g i o n a l  i z a t i o n  o f  n a t i o n a l  

f o r e c a s t s ,  among o t h e r  u s e s .  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  

Consumption Model has been expanded t o  i n c l u d e  m e d i u m - a n d  h e a v y - d u t y  

t r u c k s ,  The expanded v e r s i o n  i s  r e f e r r e d  t o  as t h e  EEA H i g h w a y  F u e l  

Consumption M o d e l  a n d  w i l l  a1 s o  b e  a v a i l a b l e  t o  E I A  f o r  u s e  i n  

deve lop ing  p r o j e c t i o n s  f o r  t h e  1980 Annual Repor t  t o  Congress. 

The m a j o r  models i n v o l v e d  i n  t h e  mid term f o r e c a s t i  n g  o f  t h e  f u e l  

consumpt ion 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  a r e  presented below. These a r e  

t h e  Sweeney T r a n s p o r t a t i o n  and P a s s e n g e r  C a r  G a s o l i n e  C o n s u m p t i o n  

Models, t h e  EEA L i g h t - D u t y  V e h i c l e  F l e e t  Fuel Consumpti o n  a n d  H i  ghway  

Fuel Consumption Model s, t h e  DOE/Faucett Automobi le  S e c t o r  F o r e c a s t  i n g  

Model , and t h e  ORNL S ta te -Leve l  T r a n s p o r t a t  i o n  E n e r g y  Demand M o d e l  . 
Each o f  t hese  t r a n s p o r t a t i o n  s e c t o r  model s  assumes a  p e r f e c t 1  y e l  a s t  i c  

supp ly  o f  f u e l  a t  t h e  g i v e n  p r i c e .  Fuel  p r i c e s  and a v a i l a b l e  q u a n t i t i e s  

a r e  determined e l  sewhere i n  MEFS. 

It shou ld  be no ted  t h a t  t h e  r e v i e w s  p r e s e n t e d  h e r e  a r e  b a s e d  

p r i m a r i l y  on  a v a i l a b l e  model documentat ion.  EIA has m o d i f i e d  and l i k e l y  

w i l l  c o n t i n u e  t o  modi fy t h e  s t r u c t u r e ,  parameters ,  o r  a s s u m p t i o n s  o f  

models i n  deve lop ing  p r o j e c t i o n s  f o r  v a r i o u s  s t u d i e s  o r  r e p o r t s .  When 

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

model d e s c r i  p t i o n s  here .  



SWEENEY TRANSPORTATION MODEL AND 
PASSENGER CAR GASOLINE CONSUMPTION MODEL (79-254) 

Overv iew o f  Model 

The Passenger Car Gaso l i ne  Consumption Model i s  a  m o d i f i e d  v e r s i o n  

o f  t h e  Sweeney T r a n s p o r t a t i o n  Model , which i s  c u r r e n t l y  a  p a r t  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  Model i n  t h e  Demand A n a l y s i s  System (DAS) o f  MEFS. 

The Passenger Car G a s o l i n e  Consumption Model i s  a  s tock  ad jus tmen t  model 

t h a t  pays p a r t i c u l a r  a t t e n t i o n  t o  t h e  p r o c e s s  o f  c a p i t a l  s t o c k  

ad jus tmen t  and s tock  u t i l i z a t i o n .  The model i s  i n t e n d e d  t o  a n a l y z e  

p o t e n t i a l  impacts  o f  f e d e r a l  p o l i c i e s  on t h e  demand  f o r  g a s o l  i n e  i n  

au tomob i l e  use. As no ted  above, Sweeney a l s o  models t h e  t r u c k  and o f f -  

highway g a s o l i n e  sec to rs .  These a r e  n o t  d iscussed here  as t h e r e  i s  n o  

a v a i l  a b l e  documentat ion.  

The Passenger Car Gasol i n e  Consumption Model wi  11 soon rep1 ace t h e  

o l d e r  Sweeney T r a n s p o r t a t i o n  Model i n  DAS. As t h e  two models a r e  v e r y  

s i m i l a r ,  t h i s  r e p o r t  a d d r e s s e s  o n l y  t h e  P a s s e n g e r  C a r  G a s o l  i n e  

Consumption Model. M a j o r  d i f f e r e n c e s  i n  s t r u c t u r e  o r  m e t h o d 0 1  o g y  

between t h e  two models a r e  i d e n t i f i e d .  

Model i ng S t r u c t u r e  and Techniques 

The P a s s e n g e r  C a r  G a s o l i n e  C o n s u m p t i o n  M o d e l  e m p l o y s  t w o  

fundamental de te rm inan ts  o f  a u t o m o b i l e  g a s o l  i n e  demand :  t h e  f u e l  

e f f i c i e n c y  o f  t h e  e x i s t i n g  s tock  o f  au tomobi les  and t h e  degree t o  w h i c h  

t h a t  s tock  i s  u t i l i z e d .  F l e e t  f u e l  e f f i c i e n c y  i s  b a s e d  o n  t h e  

e f f i c i e n c i e s  o f  au tomob i l es  by  v in tage ,  re1  a t i v e  v e h i c l e  m i l e s  t r a v e l  e d  

(VMT) by v e h i c l e  v i n t a g e  a n d  t h e  n u m b e r  o f  c a r s  o f  e a c h  v i n t a g e .  

U t i l i z a t i o n  o f  t h e  s tock  i s  measured as VMT and i s  much more r e s p o n s i v e  

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

To a r r i v e  a t  t h e  a v e r a g e  f u e l  e f f i c i e n c y  f o r  t h e  f l e e t  o f  

au tomob i l es  i n  any g i v e n  y e a r ,  a number o f  s i m p l i f i c a t i o n s  a r e  made.  

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

p r o p o r t i o n a l  t o  t h e  c u r b  we ight ,  w i t h  t h e  c o n s t a n t  o f  p r o p o r t i o n a l i t y  



MEFS: Sweeney 

v a r y i n g  f rom y e a r  t o  year.  Averaging ove r  t h e  e x i s t i n g  m o d e l s  o f  a  

g i v e n  v i n t a g e ,  mean f u e l  e f f i c i e n c i e s  o f  au tomobi les  f r o m  a n y  d  e s i  r e d  

v i n t a g e ,  o r  " v i n t a g e  e f f i c i e n c i e s , "  may b e  c a l c u l a t e d .  T h e  v i n t a g e  

e f f i c i e n c i e s  a r e  assumed t o  remain cons tan t  t h roughou t  t h e  l i f e  o f  t h e  

automobi les.  Second, t h e  " e f f e c t i v e  s t o c k "  i s  d e f i n e d  as  t h e  s t o c k  o f  

new c a r s  t h a t  would p r o v i d e  t h e  e q u i v a l e n t  l e v e l  o f  s e r v i c e  p r o v i d e d  b y  
t h e  ac tua l  s tock  o f  au tomobi les .  I t  i s  a s s u m e d  t h a t  t h e  l e v e l  o f  

au tomob i le  s e r v i c e s  d e c l i n e s  g e o m e t r i c a l l y  w i t h  t h e  a g e  o f  t h e  

automobi le.  The e f f e c t i v e  s tock  measure f o r  a  g i ven  y e a r  i s  ob ta ined  by 

summing a l l  new c a r s  i n  t h a t  y e a r  and t h e  r e s t  o f  t h e  e x i s t i n g  f l  e e t  

measured i n  new c a r  e q u i v a l e n t s .  The average f u e l  e f f i c i e n c y  o f  t h e  

s tock  of au tomobi les  i n  a  g i v e n  y e a r  i s  t hen  c a l c u l a t e d  as t h e  geometr ic  

mean of v i n t a g e  e f f i c i e n c i e s ,  w i t h  w e i g h t s  c o r r e s p o n d i n g  t o  t h e  

e f f e c t i v e  s tocks  f rom each v in tage .  T h i s  te rm v a r i e s  s l  owly a s  new c a r s  

a r e  purchased and o l d  c a r s  a r e  u t i l i z e d  t o  a  l e s s e r  e x t e n t  ove r  t ime. 

The 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  a  g i v e n  y e a r  i s  p r e d i c t e d  a s  a  

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

p o p u l a t i o n ,  d i sposab le  income, a n d  f u e l  c o s t s  p e r  m i  1  e. Gas01 i n e  

consumpt ion i s  s imp ly  t h e  q u o t i e n t  o f  t o t a l  v e h i c l e  m i l e s  t r a v e l e d  i n  a  

g i v e n  y e a r  and t h e  average f u e l  e f f i c i e n c y  o f  t h e  f l e e t  i n  t h a t  y e a r .  

The most s i g n i f i c a n t  d i f f e r e n c e  between t h i s  and t h e  p rev ious  v e r s i o n  o f  

t h e  model l i e s  i n  t h e  t r e a t m e n t  o f  scrappage r a t e s .  Wh i le  t h e  p r e v i o u s  

model assumes an exponen t ia l  scrappage r a t e  t h r o u g h o u t  t h e  1 i f e  o f  a  

v i n t a g e ,  t h e  p resen t  v e r s i o n  a t tempts  t o  e x p l a i n  sc rappage  r a t e s  a s  a  

f u n c t i o n  o f  v e h i c l e  m i l e s  per  c a r  and age. 

The s t r u c t u r a l  d e t a i l  o f  t h e  model i s  i n tended  t o  be s u f f i c i e n t  t o  

f a c i l i t a t e  examinat ion  o f  t hose  p o l i c i e s  t h a t  a c t  t h r o u g h  t r a d i t i o n a l  

economic v a r i a b l e s ,  a s  w e l l  a s  t h o s e  p o l i c i e s  t h a t  a r e  d i r e c t e d  

s p e c i f i c a l l y  towards i n f l u e n c i n g  c h a r a c t e r i s t i c s  o f  t h e  e x i s t  i n g  s t o c k  

o f  automobi l  es. 

The model i s  econometr ic .  E s t i m a t i o n  was p e r f o m e d  us ing  o r d i  n a r y  

1 eas t  squares. The m a j o r  equat ions  were es t ima ted  i n  1 ogar i  t hm ic  f o r m .  

Several o f  t h e  key equa t ions  i n  t h e  model a r e  p r e s e n t e d  b e 1  ow. The  

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

s p e c i f i c a t i o n s ;  t h o s e  presented were se lec ted  b y  t h e  model a u t h o r  t o  b e  

i n c o r p o r a t e d  i n t o  t h e  model . 
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GAS = VMIAMPG 

where: 

GAS = t h e  aggregate gaso l  i n e  consumpt ion b y  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  

AMPG = t h e  mean e f f i c i e n c y  o f  t h e  f l e e t  

L 

AMPG, = ESt/[ 1 NPCRi (Suit) GAMMA (t-i (l/MPGi) + ESAMOCt] 
i = t - 1 5  

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 tuck  o f  au tomob i l es  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 tock  o f  au tomobi les  o f  v i n t a g e  i 

d u r i n g  y e a r  t 

 GAMMA(^-^) = t h e  i n t e n s i t y  o f  usage o f  au tomob i l es  f r o m  v i n t a g e  i 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  au tomob i l es  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  1 5  

y e a r s  o f  age 

log(NCMPG) = 3.344 + 0.721 [ l og (PG[ - I ] ) ]  + 0.279 [ l o g ( E F F ) I  
(32.0) (7.9) (N/A) 

2 R = 0.86 DW = 2.1 Sample P e r i o d  = 1957-1974 

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

NCMPG = new-car f u e l  e f f i c i e n c y  

PG(-1) = 1  agged r e a l  gasol  i n e  p r i c e  

EFF = t e c h n i c a l  e f f i c i e n c y  o f  au tomobi les ,  = 1 i n  1974 

Sweeney (1979) i n d i c a t e s  t h a t  " f o r  t h e  automobi 1  e  s imul  a t i o n  model " 
t h e  c o n s t a n t  was a d j u s t e d  t o  3.4096 i n  t h e  NCMPG e q u a t i o n .  T h i s  was 

done " t o  b e t t e r  r e f l e c t  on- the- road mpg than  do t h e  EPA t e s t s . "  EIA has 

used d i f f e r e n t  c o e f f i c i e n t s  i n  t h e  new-car f u e l  e f f i c i e n c y  e q u a t i o n .  

F o r  ARC 79, t h e  c o n s t a n t  equa led 3.344, and t h e  e l a s t i c i t i e s  o f  f u e l  

p r i c e  and t e c h n i c a l  e f f i c i e n c y  were 0.63 and 0.37, r e s p e c t i v e l y .  F o r  

ARC 80, t h e  c o n s t a n t  w i l l  be 3.41 and t h e  e l a s t i c i t i e s  w i l l  be 0.721 and 

0.279, r e s p e c t i v e l y .  
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R~ = ,997 D.W. = 1.9 Sample P e r i o d  = 1957-1977 

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

VM/Pop = 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  b y  t h e  f l e e t  o f  a u t o m o b i l e s ,  

expressed pe r  c a p i t a  

NCGCPM = 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  

YDIPop = d i s p o s a b l e  income pe r  c a p i t a  

HPEA = a v e r a g e  w e e k l y  h o u r s  o f  p r o d u c t i o n  w o r k e r s  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  expressed 

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 o l  i n e  

sho r tages  and -- ad hoc r a t i o n i n g  p lans  i n  t h a t  y e a r  

1  ~ ~ ( N P C R I P O P )  = 16.993 - 3.002 [l og(ESLO/POP)] + 2.325 [1 og(YD/POP)] 
(4 .5)  (-3.8) (3 .5)  

- 0.479 [ l og (PG) ]  - 0.786 [ log(PCAR)] - 0.049 (RU) 
(-1.4) ( - 1  - 4 )  ( -4.0)  

R~ = 0.82 DW = 1.8 Sample P e r i o d  = 1953-1977 

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

NPCRIPOP = 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  

ESLO/POP = e f f e c t i v e  s tock  a v a i l a b l e  i n  a  g i v e n  y e a r  f r o m  e a r l i e r  

v i n tages ,  p e r  c a p i t a  

YDIPOP = r e a l  d i s p o s a b l e  income p e r  c a p i t a  

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

PCAR = i n d e x  o f  new-car p r i c e s  ( t h e  r a t i o  o f  t h e  consumer p r i c e  i n d e x  

f o r  new c a r s  t o  t h e  o v e r a l l  CPI) 

RU = unemployment r a t e  
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I n p u t  

Exogenous v a r i a b l e s  i n p u t  f o r  a  Passenger Car Gas01 i n e  Demand Model 

r u n  a re :  t h e  consumer p r i c e  i ndex  (CPI) ,  p o p u l a t i o n ,  d i s p o s a b l e  i n c o m e  

i n  c o n s t a n t  1972 d o l l a r s ,  unemployment r a t e ,  a v e r a g e  w e e k l y  h o u r s ,  

average h o u r l y  ea rn ings ,  average speed, p r i c e s  o f  l e a d e d  a n d  u n l  e a d e d  

gasol  i ne and o f  d i e s e l  f u e l  , t e c h n i c a l  f u e l  economy, e f f i c i e n c y  f a c t o r s ,  

mean f u e l  economy o f  impor ted  autos ,  t h e  i m p o r t  f r a c t i o n  o f  s a l  e s ,  a n d  

f o r  b o t h  domest ic  and f o r e i g n  c a r s  t h e  f r a c t i o n  u s i n g  leaded o r  unleaded 

g a s o l i n e  o r  d i e s e l  f u e l .  Two a d d i t i o n a l  exogenous v a r i a b l e s  a r e  t h e  

p o l i c y  v a r i a b l e s ,  g a s o l i n e  t a x  and mean f u e l  economy s t a n d a r d  ( i n  E P A  

te rms) .  

Out p u t  

The model develops annual n a t i o n a l  f o r e c a s t s  f rom 1978 t o  1995 f o r  

t h e  f o l l o w i n g :  

0 f u e l  demand f o r  automobi les;  

0 f l e e t  e f f i c i e n c y ;  

0 v e h i c l e  m i l e s  t r a v e l e d ;  

0 new-car sa les ;  and 

0 s i z e  o f  au tomob i l e  f l e e t .  

Fo recas ts  a r e  each d i  saggregated by f u e l  t y p e :  leaded,  u n l  e a d e d ,  

and d i e s e l  f u e l  . 
Note t h a t  t h e  i n tended  purpose o f  t h i s  model i s  t o  p r o j e c t  g a s o l i n e  

and d i e s e l  f u e l  demand f o r  a u t o m o b i  1  e  u s e .  A1 t h o u g h  i t  p r o d u c e s  

p r o j e c t i o n s  f o r  seve ra l  o t h e r  v a r i a b l e s ,  i t  i s  n o t  designed t o  deal  w i t h  

t h e s e  v a r i a b l e s  i n  t h e  d e t a i l  t h a t  i t  d e a l s  w i t h  g a s o l i n e  demand. 

Assumptions 

Except  where i n d i c a t e d ,  b o t h  Sweeney  m o d e l  s a r e  b a s e d  o n  t h e  

f o l l o w i n g  assumpt ions:  

0 average f u e l  e f f i c i e n c y  f o r  each a u t o m o b i l e  v i n t a g e  r e m a i n s  

c o n s t a n t  o v e r  t ime;  

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

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

e f f i c i e n c y  (EFF)  a r e  c o n s t r a i n e d  t o  sum t o  one; 
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consumers c a l c u l a t e  a  d e s i r e d  s tock  o f  automobi 1  e s  a n d  a d  j u s t  

t h e  t o t a l  s tock  o f  c a r s  from i t s  e x i s t i n g  l e v e l  t o  i t s  d e s i r e d  

1  eve1 th rough  automobi 1  e  purchases; 

consumers c o n s i d e r ,  among o t h e r  c h a r a c t e r i  s t  i c s  , t h e  c a p i  t a l  

c o s t s  and p r o j e c t e d  fue l  c o s t s  o f  t h e  d i  f f e r e n t  a u t o m o b i  1 e 

models when pu rchas ing  a  new car ;  

i n  e s t i m a t i n g  o p e r a t i n g  c o s t s ,  consumers expect  f u t u r e  gas01 i n e  

p r i c e s  t o  be equal  t o  c u r r e n t  p r i c e s ;  

under t h e  c u r r e n t  f e d e r a l  i n c e n t i v e  p r o g r a m  t h e  EPCA f u e l  

e f f i c i e n c y  s tandards  f o r  automobi 1  es w i l l  be met o r  exceeded; 

p r e t a x  g a s o l i n e  p r i c e s  a r e  n o t  a1  t e r e d  b y  f e d e r a l  p o l  i c y  

o p t i o n s ;  

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

Yleight , w i t h  t h e  c o n s t a n t  o f  p r o p o r t i o n a l  i t y  changing f rom y e a r  

t o  year ;  

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

f u n c t i o n  o f  au tomob i l e  age; 

exponen t i a l  scrappage r a t e  i s  assumed f o r  a l l  y e a r s ,  w i t h  t h e  

s u r v i v a l  r a t e  equal t o  0.93 (Sweeney T r a n s p o r t a t i o n  Model o n l y ) ;  

e x p o n e n t i a l  f u n c t i o n  s u f f i c i e n t l y  e x p l a i n s  s c r a p p a g e  r a t e  o f  

v e h i c l e s  o l d e r  t han  15 y e a r s  o f  age, w i t h  t h e  s u r v i v a l  r a t e  

equal t o  0.86. (Passenger Car Gas01 i ne Consumpti on Model o n l y )  ; 

and 

t h e  process  o f  r e f i n i n g  pe t ro leum i s  such t h a t  t h e  q u a n t i t i e s  o f  

g a s o l i n e  and d i e s e l  s u p p l i e d  a r e  assumed t o  e q u a l  q u a n t i t i e s  

demanded; and fu r thermore ,  t h e  q u a n t i t i e s  d e m a n d e d  o f  o t h e r  

pe t ro leum p r o d u c t s  can a1 so be met. 

Re1 a t i  onsh i  p Among V a r i a b l e s  

The t r a n s p o r t a t i o n  demand models assume t h a t  t h e  supp ly  o f  g a s o l i n e  

i s  p e r f e c t l y  e l a s t i c  a t  t h e  g i v e n  p r i c e .  O t h e r  m o d e l s  w i t h i n  MEFS 

s i m u l a t e  t h e  pe t ro leum p r o d u c t  markets.  The i n t e r a c t i o n  b e t w e e n  t h e  

demand and supp ly  s i d e s  o f  t h e  au tomob i l e  marke t  w i t h  r e s p e c t  t o  f u e l  

e f f i c i e n c y  l e v e l s  i s  modeled th rough  ( 1 )  i n c l u s i o n  o f  a  " t e c h n i c a l  

e f f i c i e n c y "  term, wh ich  measures t h e  supp ly  s i d e  changes t h a t  m o d i f y  t h e  

re1  a t i o n s h i p  between au tomob i l e  w e i g h t  and f u e l  e f f i c i e n c y  t h r o u g h  t h e  

i n t r o d u c t i o n  o f  such d e v i c e s  as e l e c t r o n i c  i g n i t i  o n s ,  m o r e  e f f i c i e n t  
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d r i v e  t r a i n s ,  and h i g h  compression engines,  and ( 2 )  an au tomob i l e  p r i c e  

e f f e c t  te rm,  wh ich  accounts f o r  any we igh t  r e d u c t i o n  m e a s u r e s  s u c h  a s  

u t i l i z a t i o n  o f  1  i g h t e r  m a t e r i a l  s  and "downsiz ing."  

One d i f f e r e n c e  between t h e  t w o  v e r s i o n s  o f  t h e  S w e e n e y  M o d e l  

appears i n  t h e  r e l a t i o n s h i p s  chosen f o r  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 .  F i r s t ,  u n l i k e  t h e i r  r e p r e s e n t a t i o n  i n  t h e  S w e e n e y  

T r a n s p o r t a t i o n  Model, v e h i c l e  m i l e s  o f  t r a v e l  a r e  e x p r e s s e d  a s  a  

f u n c t i o n  o f  t h e  number o f  au tomobi les  o n  t h e  road,  among o t h e r  t h i n g s ,  

i n  t h e  Passenger Car Gas01 i n e  Consumption Model . 
Second, t h e  o l d e r  v e r s i o n  o f  t h e  model uses a  comprehensive c o s t  per  

m i l e  measure as an e x p l a n a t o r y  v a r i a b l e  o f  v e h i c l e  m i l e s .  T h i s  c o s t  per  

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

p e r  m i l e .  The t i m e  c o s t  measure i s  a  f u n c t i o n  o f  wage r a t e ,  a v e r a g e  

v e h i c l e  speed, and r i d e r s  per  c a r .  F o r  t h e  r e v i  s e d  v e r s i o n  o f  t h e  

model,  Sweeney e s t i m a t e d  t h e  v e h i c l e  m i l e s  e q u a t i o n  w i t h  b o t h  a  

comprehensive c o s t  measure, as d e f i n e d  above, and a  simp1 e  gas01 i n e  c o s t  

p e r  m i l e  measure. He chose t h e  v e h i c l e  m i l e s  e q u a t i o n  t h a t  i n c l u d e d  

o n l y  g a s o l i n e  c o s t  pe r  m i l e .  

A t h i r d  d i f f e r e n c e  i s  t h e  i n c l u s i o n  o f  severa l  yea rs  o f  p o s t - 1 9 7 3  

d a t a  i n  t h e  r e v i s e d  model.  T h e  Sweeney  T r a n s p o r t a t i o n  M o d e l  was 

e s t i m a t e d  w i t h  d a t a  f rom t h e  pre-1975 p e r i o d .  The u s e  o f  a d d i t i o n a l  

post-1973 y e a r s  p e r m i t s  t h e  model t o  r e f l e c t  t h e  more r e c e n t  p a t t e r n s  o f  

f u e l  consumption and p r i c i n g ,  

A f o u r t h  d i f f e r e n c e  between t h e  two v e r s i o n s  o f  t h e  Sweeney M o d e l  

i s  i n  t h e  new-car s a l e s  equat ion .  The Sweeney T r a n s p o r t a t i o n  M o d e l  ' s  

e q u a t i o n  i s  i n  l o g - l i n e a r  f o r m  w i t h  new-car r e g i s t r a t i o n s  p e r  c a p i t a  a s  

t h e  dependent v a r i a b l e .  Independent v a r i a b l e s  a r e  e f f e c t i v e  s t o c k  p e r  

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

c a p i t a ,  and t h e  unempl oyment r a t e ,  A1 1  i ndependent v a r i a b l e s  appea r i n  

l o g  fo rm except  t h e  unemployment r a t e ,  which i s  i n  l i n e a r  f o r m .  T h e  

r e v i s i o n s  t o  t h a t  model i n v o l v e d  two a d d i t i o n a l  independent  v a r i  a b l  e s :  

t h e  r e a l  p r i c e  o f  g a s o l i n e  and an i ndex  o f  new-car p r i c e s .  Both  a r e  i n  

l o g  form. The r e v i s e d  e q u a t i o n  i s  p r e s e n t e d  a b o v e  i n  t h e  M o d e l  i n g  

S t r u c t u r e  and Techniques s e c t i o n .  

A f i f t h  d i f f e r e n c e  between t h e  two v e r s i o n s  i n v o l v e s  t h e  e s t i m a t i o n  

o f  scrappage. The Sweeney T r a n s p o r t a t i o n  Model assumed an e x p o n e n t  i a  1  
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scrappage f u n c t i o n  f o r  a l l  v i n t a g e  automobi les.  I n  t h e  P a s s e n g e r  C a r  

Gasol i n e  Demand Model , an exponen t i a l  scrappage f u n c t i o n  i s  assumed o n l y  

f o r  autos,  f i f t e e n  yea rs  and o l d e r .  Scrappage r a t e s  f o r  au tos  l e s s  than  

f i f t e e n  years  o l d  a r e  a  f u n c t i o n  o f  age and c u m u l a t i v e  v e h i c l e  m i l e s .  
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EEA HIGHWAY FUEL CONSUMPTION MODEL (HFCM) (80-563) 

Overv iew o f  Model 

The Energy and Environmental  Ana lys i s ,  I n c .  ( E E A )  H i  g h w a y  F u e l  

Consumption Model (HFCM) i s  d e s i g n e d  t o  f o r e c a s t  t h e  t o t a l  f u e l  

consumpt ion ( l eaded  g a s o l i n e ,  unleaded gaso l i ne ,  a n d  d i e s e l  f u e l  ) o f  

mo to r  v e h i c l e s  th rough  1995 as a  f u n c t i o n  o f  s e l e c t e d  p a s t  and 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 .  I t 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  c o n s e r v a t i o n  p o l i c y  o p t i o n s  r e 1  a t i  n g  t o  t h e  t r a n s p o r t a t i o n  

3ec to r .  

I n  i t s  o r i g i n a l  form, t h e  model p r o j e c t e d  f u e l  demand o n l y  f o r  

l i g h t - d u t y  v e h i c l e s .  That  v e r s i o n  o f  t h e  model i s  c a l l e d  t h e  L i g h t - D u t y  

V e h i c l e  F l e e t  Fuel  Consumption Model (LDVFFCM) (Energy and Environmental  

Ana lys i s ,  I nc ,  1978, 1979a, b, c ,  1980a). LDVFFCM was used i n  t h e  1 9 7 8  

DOEIEIA Annual Repor t  - t o  C o n g r e s s  t o  m o d i f y  s e l  e c t e d  p r o j e c t i o n s  

p r o v i d e d  by t h e  Sweeney T r a n s p o r t a t i o n  M o d e l  . F o r  i t s  u s e  i n  t h a t  

r e p o r t ,  many o f  t h e  exogenous i n p u t s  were s u p p l i e d  by a  Data Resources ,  

I n c .  (DRI)  macromodel. E 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  by 

au tomob i l es  w e r e  p r o v i d e d  b y  t h e  D O E / F a u c e 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  Model. N a t i o n a l  f o r e c a s t s  o f  annual f u e l  c o n s u m p t  i o n  b y  

v e h i c l e  c l a s s  and f u e l  t ype ,  d e r i v e d  f rom t h e  EEA model w i t h  t h e  a i d  o f  

DRI and F a u c e t t  i n p u t s  ( a s  w e l l  as o t h e r s ) ,  were f e d  i n t o  MEFS, w h i c h  

combined them w i t h  p r e d i c t i o n s  o f  f u e l  use f rom o t h e r  models t o  a r r i v e  

a t  mid- term mul 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  1979 DOEIEIA Annual Repor t  - t o  Congress, p r o j e c t i o n s  f r o m  

LDVFFCM were used t o  m o d i f y  p r o j e c t i o n s  p r o d u c e d  b y  t h e  Sweeney  

Automobi le  T r a n s p o r t a t i o n  M o d e l  . T h e  LDVFFCM p r o j e c t e d  t h e  f u e l  

c o n s e r v a t i o n  s h i f t  i n  l i g h t - d u t y  t r u c k s  ( L D T )  d u e  t o  t h e  LDT f u e l  

economy standards.  F o r  t h e  annual r e p o r t ,  DOEIE I A  i n c o r p o r a t e d  t h e  

assumpt ion  t h a t  d i e s e l  marke t  p e n e t r a t i o n  would r i s e  t o  10% o f  t h e  new-  

v e h i c l e  markets  f o r  b o t h  au tomob i l es  and l i g h t  t r u c k s  i n  1 9 8 5 .  O t h e r  
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assumpt ions i n c l u d e d  a r e  t h a t  1  i g h t - d u t y  t r u c k  f u e l  economy s t a n d a r d s  

a r e  met th rough 1985 and t h a t  d i e s e l s  a r e  50% m o r e  e f f i c i e n t  t h a n  

g a s o l i  ne-powered v e h i c l e s .  

LDVFFCM 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  da ta .  It has a1 so 

been expanded t o  i n c l u d e  medi um- and heavy-duty t r u c k s .  HFCM i s  t h e  

expanded v e r s i o n  (Energy and E n v i  r o n m e n t a l  A n a l y s i  s ,  I n c .  1 9 8 0 b ) .  

Present  EIA p lans  do n o t  i n c l  ude i n c o r p o r a t i n g  HFCM i n t o  MEFS ; i t may ,  

however, c o n t i n u e  t o  be used f o r  o f f - l i n e  ad jus tments  t o  MEFS f o r e c a s t s .  

Model i ng S t r u c t u r e  and Technique 

The Highway Fuel  Consumption Model i s  a n  a c c o u n t i n g  m o d e l  t h a t  

p r o j e c t s  f u e l  consumpt ion 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  n g  

two parameters:  annual v e h i c l e  mi 1  es o f  t r a v e l  , and average on-the-road 

f l e e t  f u e l  e f f i c i e n c y .  It i s  a  d e t e r m i n i s t i c  m o d e l  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  p a s t  a n d  p r o j e c t e d  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 .  There 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  u s e  

macroeconomic v a r i a b l e s  i n  an 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  

demand. 

The c a l c u l a t i o n  methods used t o  de termine f l e e t  v e h i  c l  e  m i  1  e s  o f  

t r a v e l  , average 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  f o r  l i g h t - d u t y  v e h i c l e s  appear below: 

where: 

TVMTj = t o t a l  VMT pe r  v e h i c l e  t y p e  j (one  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 )  

RGij = 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  = scrappage ( 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 g 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  road)  

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 = Z z 1 RGi j  x  VMTkj x  PCTijt/MPGijt x  ADJ 
i k j  

where: 

TFCt = t o t a l  f u e l  consumed o f  t y p e  t ( leaded,  unleaded, d i e s e l )  
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PCTi jt = percentage 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  

w i t h  eng ines  o f  f u e l  t y p e  t ( l eaded ,  unleaded, d i e s e l )  

MPGi jt = m i l e s  pe r  g a l l o n  (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 

and v e h i c l e  t y p e  j and f u e l  t y p e  t 

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 

MPG 

aMPGj = TVMTj/[z L  (RGijt x VMT / M P G ~ ~ ~ ) ]  
i k  k  j 

where: 

AMPG. = average f l e e t  mpg f o r  v e h i c l e  t y p e  j 
J 

RGi j t = 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 w i t h  f u e l  t y p e  t 

The equa t i ons  used t o  c a l c u l a t e  f l e e t  v e h i  c l  e  m i  1  e s  o f  t r a v e l  , 
average f l e e t  f u e l  e f f i c i e n c y ,  and f u e l  c o n s u m p t i o n  f o r  m e d i u m -  a n d  

heavy-duty t r u c k s  a r e  i d e n t i c a l  t o  t h o s e  used i n  t h e  l i g h t - d u t y  ve - ,  e  

segment o f  t h e  model except  f o r  two i m p o r t a n t  d i f f e r e n c e s :  

a The medium- and heavy-duty  t r u c k  f u e l  economy i n p u t s  a r e  on-road 

va lues ,  No ad jus tment  f a c t o r  i s  n e e d e d  t o  d i s c o u n t  t h e s e  

es t ima tes .  

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

e s t i m a t e s  o f  annual VMT pe r  t r u c k  by age and f u e l  t y p e  ( d i  e s e l  

vs. g a s o l i n e ) .  T h i s  r e f 1  e c t s  t h e  f a c t  t h a t  d i e s e l - f u e l e d  heavy- 

d u t y  t r u c k s  a r e  used p r i m a r i l y  i n  h igh-mi  1  e a g e  o v e r -  t h e -  r o a d  

appl  i c a t i o n s ,  whereas gas01 i n e - f u e l  ed heavy-duty  v e  h i  c l  e s  a r e  

g e n e r a l l y  1  i m i t e d  t o  l o c a l  and sho r t -hau l  use. 

I n p u t  

I n p u t  d a t a  a r e  d i  saggregated i n t o  t h e  f o l  1  owing v e h i c l  e  c a t e g o r i e s :  

domest ic  passenger au tomobi l  es, impor ted  passenger automob i 1  e s  , t h r e e  

c a t e g o r i e s  o f  l i g h t - d u t y  t r u c k s  b y  w e i g h t  a n d  o r i g i n ,  a n d  t h r e e  

c a t e g o r i e s  o f  medium- and h e a v y - d u t y  t r u c k s  c l a s s i f i e d  b y  w e i g h t .  

I n p u t s  t o  t h e  1  i g h t - d u t y  v e h i c l e  component o f  t h e  model i n c l u d e :  

a annual new-veh ic le  r e g i s t r a t i o n s  by f u e l  type- -1  eaded, unleaded, 

and d i e s e l  (Source:  Techn ica l  Assessment D i v i  s i o n  o f  Na t i o n a l  

Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  [NHTSA],  a n d  Wards  

Automot ive  Yearbook) ; 

a scrappage r a t e  o f  new v e h i c l e s  (Source:  NHTSA, DuPont); 
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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  v e h i c l e  y e a r  (Source: 

NHTSA) ; 

a 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]); 

a on-the-road m i l e s  pe r  g a l l o n  d i s c o u n t  f a c t o r ,  which accounts f o r  

i n-use d r i v i  ng c o n d i t i o n s  and reduces a c t u a l  f u e l  economy b e 1  ow 

t h e  EPA t e s t  va lues  (Source: U.S. Depar tmen t  o f  E n e r g y ,  a n d  

Energy Environmental  Ana lys i s ,  Inc.) ; and 

a d i e s e l  p e n e t r a t i o n  es t imates .  

A1 1  da ta  f o r  f u t u r e  yea rs  a r e  es t ima tes  p rov ided  by  D R I .  

I n p u t s  f o r  t h e  medium- and heavy-duty t r u c k  component o f  t h e  m o d e l  

i n c l  ude : 

a annual new v e h i c l  e  r e g i  s t r a t i o n s  ( S o u r c e :  M o t o r  V e h i c l e  

Manu fac tu re r ' s  A s s o c i a t i  on [MVMA]) ; 

a scrappage r a t e  of new t r u c k s  (Source: Mich igan T e c  h n o l  o g i  c a l  

U n i v e r s i t y  , Kenworth Truck Co .) ; 

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  v e h i c l e  yea r  (Source: 

Mich igan Techno1 og i  c a l  U n i v e r s i t y )  ; 

a new v e h i c l e  f u e l  economies (Source: EEA es t ima tes  d e r i v e d  f r o m  

DOT and t r u c k  i n d u s t r y  t r a d e  p u b l i c a t i o n s ) ;  and 

a d i e s e l  p e n e t r a t i o n  es t ima tes  (Source:  MVMA, EEA e s t i m a t e s ) .  

Data on new-truck r e g i s t r a t i o n s  f o r  f u t u r e  years  a r e  d e r i v e d  f r o m  

DRI and a r e  ad jus ted  based on an a n a l y s i s  o f  c u r r e n t  a n d  p r o j e c t e d  

t r e n d s  i n  t h e  m ix  o f  medi urn- and heavy-duty t r u c k  sa les .  

Output  

Output  f o r  each y e a r  and f o r  e i g h t  v e h i c l e  c a t e g o r i e s  th rough  1 9 9 5  

i n c l  udes : 

a average new-veh ic le  f u e l  economy, b o t h  on-road and EPA (EPA f o r  

1  i g h t - d u t y  v e h i c l e s  o n l y )  ; 

a average f l e e t  f u e l  economy, b o t h  on-road and EPA (EPA f o r  l i g h t -  

d u t y  v e h i c l  es o n l y )  ; 

a new-vehic le r e g i s t r a t i o n  f o r  spark i g n i t i o n  and d i e s e l  engines; 

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

engines; 

r t o t a l  v e h i c l e  m i l e s  o f  t r a v e l  d i  saggregated by v e h i c l e  type;  and 
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0 f u e l  consumpt ion by d i e s e l  f u e l ,  l eaded  g a s o l i n e ,  and u n l  e a d e d  

gaso l i ne ,  

Assumptions 

The model i s  based on t h e  f o l  l o w i n g  assumpt ions which a r e  necessary 

t o  extend d a t a  where t h e y  a r e  incomple te :  

0 The share o f  c l a s s  I l i g h t  t r u c k s  i s  assumed t o  i n c r e a s e  f r o m  

25.8 pe rcen t  o f  t o t a l  new 1  i g h t - t r u c k  r e g i s t r a t i o n s  i n  1 9 7 9  t o  

70 p e r c e n t  o f  t h e  t o t a l  i n  1985 and remain c o n s t a n t  t h e r e a f t e r ,  

Impor ted  l i g h t  t r u c k s  a r e  assumed t o  d rop  f rom 15.7 p e r c e n t  o f  

t h e  market  i n  1979 t o  10  pe rcen t  by  1985 a n d  r e m a i n  c o n s t a n t  

t h e r e a f t e r .  

0 The l e v e l  o f  new-veh ic le  r e g i s t r a t i o n s  i n  1 9 9 0  i s  a s s u m e d  t o  

remain c o n s t a n t  t h rough  1995. 

m Domestic passenger c a r s  a r e  a s s u m e d  t o  m e e t  t h e  C o r p o r a t e  

Average Fuel  Economy (CAFE) s tandards  th rough  1985. 

0 Impor ted  passenger c a r  f u e l  economy  i s  a s s u m e d  t o  r e m a i n  

c o n s t a n t  a t  1980 l e v e l s  t h rough  1985. 

r L i g h t  t r u c k s  a r e  assumed t o  meet t h e  CAFE s t a n d a r d s  t h r o u g h  

1 9 8 2 .  F u e l  e c o n o m i e s  f o r  1 9 8 3 - 1 9 8 5  a r e  b a s e d  u p o n  a  

U.S. Department o f  Energy--Energy and Envi ronmenta  1  A n a l  y s  i s  , 
I n c .  a n a l y s i s  o f  r e c e n t l y  p r o p o s e d  U . S .  D e p a r t m e n t  o f  

T r a n s p o r t a t i o n  mpg s tandards  f o r  1985 model y e a r  1  i g h t  t r u c k s ,  

0 Post-1985 f u e l  economy f o r  a1 1 c a t e g o r i e s  o f  new v e h i  c l  e s  a r e  

dssumed t o  remain unchanged a t  1985 l e v e l s .  

0 A  t w e n t y - f i v e  pe rcen 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  spark i g n i t i o n  eng ine i s  assumed f o r  l i g h t - d u t y  v e h i c l e s .  

0 Medium-duty t r u c k s  equipped w i t h  d i e s e l  eng ines  a r e  a s s u m e d  t o  

have a  59 p e r c e n t  advantage i n  f u e l  economy; l i g h t -  h e a v y  d u t y  

t r u c k s  w i t h  d i e s e l  eng ines  a r e  assumed t o  o b t a i n  a  6 9  p e r c e n t  

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

eng i nes. 

Re1 a t i o n s h i  ps Among V a r i a b l e s  

There a r e  no b e h a v i o r a l  r e l a t i o n s h i p s  among t h e  v a r i a b l e s  i n  t h i  s  

model. By t r e a t i n g  as exogenous a l l  s u c h  r e l a t i o n s h i p s ,  t h e  m o d e l  

i m p l i c i t l y  i n c o r p o r a t e s  i n t o  i t s  f o r e c a s t s  t h e  a s s u m p t i o n s  a n d  
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behav io ra l  re1 a t i o n s h i p s  o f  t h e  p a r t i c u l a r  models from which i t  d e r i v e s  

est imates o f  parameter values.  
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AUTOMOBILE SECTOR FORECASTING MODEL (76-016) 

Overv iew o f  Model 

The Automobi le  S e c t o r  F o r e c a s t i n g  Model, commonly r e f e r r e d  t o  a s  

t h e  F a u c e t t  Model, was w r i t t e n  i n  1976 by Jack Fauce t t  Assoc ia tes ,  Inc. ,  

under t h e  sponsorsh ip  o f  t h e  Federa l  Energy Admini s t r a t i o n .  The F a u c e t t  

Model i s  a  l o n g - t e r m  economet r ic  s tock-ad jus tment  f o r e c a s t i  n g  m o d e l .  

The model i s  re1  a t i v e l y  smal l  and i s  designed t o  f o r e c a s t  t h e  e f f e c t s  o f  

such p o l i c i e s  as f u e l  economy s tandards ,  g a s o l i n e  taxes ,  e x c i  se  t a x e s ,  

and r e b a t e s  on: gas01 i n e  consumption, v e h i c l e  mi 1 e s  t r a v e l  ed  (VMT)  , 
new-car p r i c e s  and sa les ,  t h e  number o f  c a r s  i n  use (by  s i z e  a n d  a g e )  , 
and f u e l  economy. These f o r e c a s t s  a r e  generated by  t h e  m o d e l  g i  v e n  a  

proposed p o l i c y ,  i n  t h e  c o n t e x t  o f  p r o j e c t e d  t e c h n o 1  o g i c a l  c o s t  

re1  a t i o n s h i  ps, demographic t r e n d s ,  and economic c o n d i t i o n s .  

Model i ng S t r u c t u r e  and Techniques 

The F a u c e t t  M o d e l  i s  made u p  o f  t w o  m a j o r  c o m p o n e n t s :  a n  

au tomob i l e  i n d u s t r y  s i m u l a t i o n  component and an 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 n g  component. 

The automobi le  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 :  sma l l ,  medium, a n d  

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  th rough  a  complex 

procedure  t h a t  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  au tomob 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  r e l a t e d  t o  f u e l  economy); ( 3 )  t h e  t u x e s  t o  t h e  c o n s u m e r  

t h a t  may r e s u l t  under a  t a x l r e b a t e  program 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  c a n  o c c u r  a s  a  

r e s u l t  o f  t h e  f u e l  economy standards.  

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-car 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  
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severa l  i n t e r r e l  a ted  equa t ions  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  on  t h e  

road,  general  i zed p r i c e ,  t a r g e t  au to  ownership, new-car s a l  e s  , m a r k e t  

shares,  v e h i c l e  m i l e s  t r a v e l e d ,  and g a s o l i n e  c o n s u m p t i  o n .  T h e  m a j o r  

equa t ions  i n  t h e  model a r e  as f o l l  ows: 

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

Nt = t o t a l  new-car sa les  i n  y e a r  t 

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

Autost = t h e  s tock  o f  au tomobi les  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  yea r  t 

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

where : 

HI = t h e  number o f  c a r s  per  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 having income I 

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

log(HI) = -1.7481 + 0.4743 [ l o g ( I ) ]  

where: 

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 

where standard e r r o r s  a r e  i n  parentheses,  and 
C S , = new-car market  share o f  s i z e  c l a s s  C ( s m a l l ,  m e d i u m ,  a n d  l a r g e  

L 

c a r s )  i n  y e a r  t 
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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  smal l ,  medium, a n d  

1  a rge  c a r  obse rva t i ons ,  r e s p e c t i v e l y ;  ze ro  o the rw i  se 
S M L  

Y t, Y t, Y = an index 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  sma l l ,  medium, 

dnd 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  a1 1  

new c a r s  i n  y e a r  t, 1967 = 1 .OO 

SPGt = 0.40675 - 0.078433 (Pn), - 0.015519 (Ut) 
(0.04127) (0.04104) (0.005085) 

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

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 index 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 

VMT - =  D1t -52979.8 + 15087 
HHLDt (14492.1) (4281) 

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

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 

DIt  = t o t a l  r e a l  d i s p o s a b l e  income i n  yea 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 l e  i n  y e a r  t ,  

1967 = 1.00 

MT, = 17.9729 - 9.57841 [ l o g ( M ) ]  

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

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

Data used t o  b u i l d  t h e  model were based i n  p a r t  on these  sources:  

e Survey - o f  C o n s u m e r  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  Mich igan;  

e Nat ionw ide  P e r s o n a 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 ;  
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0 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; 

a Highway S t a t i s t i c s ,  Federa l  Highway Admini s t r a t i o n ;  

a Census of Popu la t i on ,  U.S. Bureau o f  t h e  Census; and 

a N a t i o n a l  Survey - o f  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. 

I n p u t  

Data f o r  t hese  v a r i a b l e s  must be p rov ided  by t h e  u s e r :  g a s 0 1  i n e  

p r i c e s  and new-car f u e l  economy p o l i c i e s  ( e x c i s e  t a x i r e b a t e  d e s c r i p t i o n ,  

and f u e l  economy s tandards lpena l  t i e s ) .  Standard i n p u t s  suppl i e d  by t h e  

model au tho rs  a r e :  p o p u l a t i o n ,  income, unempl oyment r a t e ,  t e c  h n o l  o g y  

f o r e c a s t s ,  and s t a r t i n g - y e a r  f l e e t  c m p o s i  t i o n  and f u e l  economies. 

Output  

For  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 :  

a new-car sa les ;  

a new-car sa les  b y  s i z e  c l a s s ;  

a average f u e l  economy o f  new c a r  f l e e t ;  

a f u e l  economy by  c l a s s ;  

a new-car p r i c e s ;  

a new-car p r i c e s  by  c l a s s ;  

a number o f  c a r s  i n  o p e r a t i o n ;  

a c a r s  i n  o p e r a t i o n  by  s i z e  c l a s s ;  

a c a r s  scrapped d u r i n g  year ;  

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

a t o t a l  g a s o l i n e  consumed; and 

0 s i z e - c l  ass share  we ighted average genera l  i z e d  p r i c e  ( g e n  e r a 1  i z e d  

p r i c e  i s  purchase p r i c e  p l u s  o p e r a t i n g  c o s t ) .  

Assumptions 

The automobi 1  e  i n d u s t r y  s imul  a t i o n  component r e p r e s e n t s  t h e  su p p l  y 

s i d e  o f  t h e  automobi le  market .  Car p r i c e s  and fue l  economy r a t i n g  a r e  

f o r e c a s t  based on p o l i c y  c h o i c e s  and p r o j e c t i o n s  o f  t e c h n o l o g i c a l  c o s t s  
u s i n g  a  c o s t - m i n i m i z i n g  a l g o r i t h m .  T h i s  a l g o r i t h m  s i m p 1  i f i e s  t h e  

i n d u s t r y '  s  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  b y  assuming t h e  f o l  l ow ing :  

a a  h o r i z o n t a l  supp ly  curve;  
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a manufac tu re rs  m i n i m i z e  t o t a l  c o s t  t o  t h e  consumer ( i n c l u d i n g  f u e l  

c o s t s  and po l i cy - imposed  c o s t s  s u c h  a s  p e n a l t i e s  a n d  e x c i s e  

t a x e s )  ; 

a consumers b e a r  t h e  e n t i r e  burden o f  po l icy- imposed costs ;  and 

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

manu fac tu re rs  i s  c o n s t a n t  o v e r  t ime.  

On t h e  demand s i d e  o f  t h e  model, new-car s a l e s  a r e  a s s u m e d  t o  b e  

re1 a ted  t o  t h e  gap between a  " t a r g e t "  ( o r  d e s i r e d )  s tock  o f  automob i 1 e s  

dnd t h e  e x i s t i n g  s tock .  It i s  assumed t h a t  t a r g e t  au tomob i le  o w n e r s h i  p  

i s  p o s i t i v e l y  r e l a t e d  t o  household income and t h a t  t h e  r a t e  a t  w h i c h  

au tomob i le  ownership p e r  household i n c r e a s e s  w i  t h  r i  s i  n g  i ncome p e r  

household d e c l i n e s  a t  h i g h e r  income l e v e l s .  The model a u t h o r s  a s s u m e d  

t h a t  t h e  d e s i r e d  and e x i s t i n g  s t o c k s  o f  v e h i c l e s  were i n  e q u i l i b r i u m  i n  

1970 and e s t i m a t e d  t a r g e t  ownership c r o s s - s e c t i o n a l  l y  f r o m  1 9 7 0  d a t a  . 
The model does n o t  e x p l  i c i t l y  t a k e  i n t o  account  commercial f l e e t  demand. 

Comments 

The f u e l  economy techno logy  c o s t  r e l a t i o n s  i n c o r p o r a t e d  i n t o  t h e  

s u p p l y - s i d e  a l g o r i t h m  o f  t h e  Fauce t t  model have been r e v i s e d  b y  E n e r g y  

and Env i ronmenta l  Ana lys i s ,  I nc .  (1979).  Those r e v i s i o n s  have n o t  a n d  

p r o b a b l y  w i l l  n o t  be i n c o r p o r a t e d  i n t o  t h e  F a u c e t t  m o d e l  b e c a u s e  i t  

would r e q u i r e  a d d i t i o n a l  m o d i f i c a t i o n s  and r e v i s i o n s  o f  t h a t  m o d e l .  

I n s t e a d ,  t h o s e  updated techno1 o g i c a l  c o s t  re1 a t i o n s  w i  11 1  i k e l y  be u s e d  

i n  t h e  supp ly  s i d e  o f  t h e  new d i saggrega te  vehic le-demand m o d e l  b e i n g  

sponsored by t h e  U.S. Department o f  Energy. 
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ORNL HIGHWAY GASOLINE DEMAND MODEL (HGDM) (78-263) 

Overview o f  Model 

The Oak Ridge N a t i o n a l  L a b o r a t o r y  Highway Gasol i n e  Demand Model i s  

a  mid term (5-15 y e a r s  f o r e c a s t  h o r i z o n )  model  d e v e l o p e d  f o r  DOE/E IA  

O f f i c e  o f  A p p l i e d  A n a l y s i s  t o  be used i n  c o n j u n c t i o n  w i t h  t h e  M i d t e r m  

Energy F o r e c a s t i n g  System (MEFS). The m o d e l  i s  a  f o r e c a s t i n g  t o o l  

des igned f o r  use i n  e v a l u a t i n g  p o l i c i e s  and t r e n d s  a f f e c t i n g  r e g i o n a l  

economics, demographics, s p a t i a l  s t r u c t u r e ,  f u e l  p r i c e  1  e v e 1  s ,  a n d  

t e c h n o l o g i c a l  changes i n  l i g h t - d u t y  h i g h w a y  v e h i c l e s .  T h e  f o r e c a s t  

v a r i a b l e s  a r e  new-veh ic le  sa les ,  f l e e t  c m p o s i  t i  o n ,  f u e l  e f f i c i e n c y  

(mpg) , v e h i c l e  m i l e s  t r a v e l e d  (VMT) , and f u e l  demand. These v a r  i a b l  e s  

a r e  f o r e c a s t  a t  t h e  s t a t e ,  DOE r e g i o n a l ,  and n a t i o n a l  l e v e l s .  

The Oak Ridge N a t i o n a l  L a b o r a t o r y  (ORNL) Highway Ga s o l  i n e  Demand 

Model (HGDM) i s  r e f e r r e d  t o  by seve ra l  names. These i n c l u d e  t h e  OFtNL 

S ta te -Leve l  T r a n s p o r t a t i o n  Energy Demand Model and t h e  ORNL S t a t e - L e  v e l  

Gasol i ne Demand Model . The model has t h e  capab i  1  i t y  t o  i n c o r p o r a t e  t h e  

marke t  p e n e t r a t i o n  o f  v a r i o u s  m o t o r  v e h i c l e  t e c h n o l  og ies ,  n o t  j u s t  f o r  

gas01 i ne engines.  It wi  11 a1 so genera l  l y  f o r e c a s t  f u e l  consumpt i o n  b y  

eng ine  t y p e  o r  t echno l  ogy. The f u e l  t y p e s  c u r r e n t l y  i n c l u d e d  a r e  1  eaded 

and unleaded g a s o l i n e  and d i e s e l .  The documenta t ion  (Greene, Rose, a n d  

Thomas 1980) i n d i c a t e s  t h a t  t h e  o t h e r  v e h i c l e  t y p e s  a r e  S t e r l  i n g  a n d  

B ray ton  ( t u r b i n e )  engines,  and e l e c t r i c s .  These eng ine  t y p e s  a r e  l i k e l y  

t o  change as f u t u r e  t e c h n o l o g i e s  and m a r k e t  i n f l  u e n c e s  become m o r e  

apparent .  P r e s e n t l y ,  t h e  market  p e n e t r a t i o n  o f  e l e c t r i c  v e h i c l e s  can be 

s imul  a ted  by t h e  model b u t  t h e  f u e l  consumpt ion o f  t hose  v e h i c l e s  i s  n o t  

f o r e c a s t .  

The model o n l y  f o r e c a s t s  t h e  f u e l  c o n s u m p t i o n  o f  1  i g h t - d u t y  

v e h i c l e s .  The f u e l  consumpt ion o f  heavy-duty t r u c k s  i s  n o t  i n c l u d e d  i n  

t h e  model. (The model a u t h o r s  do  a l e r t  t h e  p o t e n t i a l  use r  t o  p o s s i  b l  e  

problems caused by t h e  assumpt ion conce rn ing  heavy t r u c k s . )  
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Model i ng S t r u c t u r e  and Technique 

The model i s  based on household p r o d u c t i o n  theo ry ,  wh ich  r e p r e s e n t s  

t h e  consumer as c o n s t r a i n e d  by techno logy  and a  b u d g e t ,  a n d  s e e k s  t o  

sepa ra te  t h e  e f f e c t s  on consumer b e h a v i o r  o f  h o u s e h o l d  p r o d u c t i o n  

techno logy  f rom those  o f  p r e f e r e n c e s .  T h u s ,  t h e  m o d e l  e x p l  i c i t l y  

c o n s i d e r s  t h e  impac ts  o f  t r a n s p o r t a t i o n  techno logy  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 

1  ong-run focus  of 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 l o w  

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  p roduc ing  t r a v e l .  

The model can be decomposed  i n t o  f i v e  m a j o r  s u b m o d e l s .  T h e  

re1  a t i  onsh i  ps o f  t h e  submodel s  i s  d i a g r a m a t i c a l  l y  p resented i n  F i g u r e  4. 

These m a j o r  submodels a re :  (1) t h e  Motor  V e h i c l e  Demand Model; ( 2 )  t h e  

F l e e t m i x  Model; ( 3 )  t h e  V e h i c l e  E f f i c i e n c y  M o d e l ;  ( 4 )  t h e  G a s o l i n e  

Demand Model; and ( 5 )  t h e  Fue ls  and Technology Assumptions Model. These 

submodels a r e  d iscussed i n  more d e t a i l  i n  t h e  s e c t i o n s  f o l l o w i n g  t h e  

d i s c u s s i o n  o f  i n p u t s  and ou tpu ts .  

I n p u t  

Because t h e  model f o r e c a s t s  a t  t h e  s t a t e  l e v e l ,  a  f o r e c a s t  r u n  f rom 

1977 t o  2000 r e q u i r e s  a p p r o x i m a t e l y  1 4 , 0 0 0  i n d i v i d u a l  d a t a .  To 

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

i n c o r p o r a t e d  d a t a  h a n d l i n g  aspects  i n t o  t h e  model ' s  program. The m o d e l  

a u t h o r s  d i v i d e d  t h e  da ta  base i n t o  two types ,  " s c e n a r i o  d e f i n i n g "  a n d  

" o t h e r " .  

The scenar io  d e f i n i n g  e x o g e n o u s  d a t a  a r e  t h o s e  l i k e l y  t o  b e  

m o d i f i e d  by t h e  model user .  The v a r i a b l e s  o f  t h i s  t y p e  a r e  g e n e r a l  l y  

t h e  economic and demographic d a t a  as w e l l  as t h e  t e c h n i c a l  d a t a  r e 1  a t e d  

t o  f u e l  e f f i c i e n c i e s .  These v a r i a b l e s  a r e  1  i s t e d  i n  T a b l e  1. 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  t h e s e  d a t a  f o r  

p o l i c y  a n a l y s i s ,  Model use rs  can c r e a t e  a  work ing  da ta  base f rom t h e i r  

own d a t a  o r  by  modi f y i n g  an e x i s t i n g  data  base. Users can s e l  e c  t d a t a  

f rom f o u r  d i f f e r e n t  da ta  bases p r o v i d e d  b y  t h e  m o d e l  a u t h o r s .  The  

u s e r ' s  gu ide  ( G r e e n e ,  R o s e ,  a n d  Thomas 1 9 8 0 )  i n c l  u d e s  d e t a i l  e d  

i n s t r u c t i o n s  on how t h e  v a r i o u s  o p t i o n s  can be implemented. 
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FUEL EFFICIENCY 

F i g u r e  4 
Highway G a s o l i n e  Demand Model S t r u c t u r e  

Source: Greene and Rose 1980 

I 

EXOGENOUS VARIABLES 
GASOLINE PRICE 

INCOME 
POPULATION 
SMSA POPULATION 
HOUSEHOLDS I VEHICLE COST 

The " o t h e r "  exogenous d a t a  base c o n t a i n s  t h o s e  d a t a  t h a t  a r e  n o t  

1  i k e l y  t o  be changed b y  t h e  model user .  These a r e  g e n e r a l l y  t h e  mode l ' s  

DRIVING AGE POPULATION 

NEW VEHICLE DEMAND MARKET INTEREST RATE 
REPAIR COSTS 

FLEETMIX MODEL 

r 

MIGRATION BY 

CLASS AND VINTAGE 
ACCOUNTING MODEL 

1 
FUELS AND TECHNOLOGY VEHICLE EFFICIENCY 

ASSUMPTIONS MODULE MODEL 

t 
ESTIMATED 

FUEL USE 
BY FUELTYPE 

MOTOR VEHICLE DEMAND MODEL 



MEFS: ORNL HDGM 

TABLE 1 
SCENARIO DEFINING EXOGENOUS DATA BASE* 

EPA C o r r e c t i o n  C o e f f i c i e n t s  
P r i c e  D i f f e r e n t i a l  of Unleaded t o  Leaded G a s o l i n e  
VMT vs. Age C o r r e c t i o n  F a c t o r s  
Gasol i ne P r i c e  
New-Vehicle P r i c e  
D isposab le  Income 
Unempl oyment Rate 
T o t a l  Popul a t i o n  
Number o f  Households 
Popul a t i  on Under 18 
SMSA Popul a t i o n  
Popul a t i  on 18-44 
Cost o f  L i v i n g  Index  
F r a c t i o n  o f  Cars Us ing  Unleaded Gasol i n e  
C i t y  Fuel  Economies f o r  D i e s e l  and I n t e r n a l  Combustion Engines 
Highway Fuel  Economies f o r  D i e s e l  and I n t e r n a l  Combustion Engines 
% Fue l  E f f i c i e n c i e s  f o r  Eng ine Types ( S t i r l i n g ,  Bray ton,  o t h e r ,  o r  

e l e c t r i c )  
F r a c t i o n  o f  Cars i n  Each C lass  Be long ing  t o  a  P a r t i c u l a r  Eng ine 

Type ( I n t e r n a l  Combustion, D i e s e l  , S t i  r l  i ng , Bray ton ,  o t h e r )  
Unleaded Gasol i n e  F r a c t i o n  by  C l  ass 
Rura l  VMT F r a c t i o n s  
S t a t e  T r i  p-Lengt  h  Fuel  - E f f i c i e n c y  C o r r e c t i o n  F a c t o r s  
S t a t e  Temperature F u e l - E f f i c i e n c y  C o r r e c t i o n  F a c t o r s  w i t h  A i r  

C o n d i t i o n i n g  
S t a t e  Temperature F u e l - E f f i c i e n c y  C o r r e c t i o n  F a c t o r s  w i t h o u t  A i r  

C o n d i t i o n i n g  
1977 Gasol i ne Consumpti on 
1977 New Car-Sales by  C lass  and S t a t e  
Area o f  t h e  S t a t e s  

* Note :  
S i n d i c a t e s  d a t a  by  S t a t e  
V i n d i c a t e s  d a t a  by V e h i c l e  C lass  
T  i n d i c a t e s  d a t a  by Eng ine Type 

Source: Greene, Rose and Thomas 1980 
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c o e f f i c i e n t s  and c o n s t a n t s  as w e l l  as  t h e  h i s t o r i c a l  d a t a  r e q u i r e d  f o r  

t h e  i n i t i a l  f o r e c a s t  year .  These v a r i a b l e s  a r e  shown i n  Tab1 e  2.  T h e  

v a l u e s  i n  t h i s  d a t a  base can be m o d i f i e d ,  b u t  t h e  process i n v o l v e s  u s i n g  

a  t e x t  e d i t o r  t h a t  i s  n o t  p a r t  o f  t h e  model 's  program. 

Out p u t  

Output  i s  produced f o r  1977 t o  1995. P r i n t e d  o u t p u t  c a n  i n c l  u d e  

t h e  exogenous i n p u t  d a t a  ( t o  f a c i l  i t a t e  i d e n t i f i c a t i o n s  and c o m p a r i  s o n  

o f  model r u n s ) ,  v a r i o u s  i n t e r m e d i a t e  c a l c u l a t i o n s ,  a n d  f o r e c a s t  

v a r i a b l e s .  The f o r e c a s t  v a r i a b l e s  a r e  presented a t  t h e  s t a t e ,  f e d e r a l  

r e g i o n ,  and n a t i o n a l  l e v e l s  o f  agg rega t ion  ( a l l  a r e  b y  c l a s s  and e n g i  n e  

t y p e ) .  Those v a r i a b l e s  a re :  

a u n i t  new-veh ic le  sa les ;  
a f l e e t  compos i t ion ;  
a m i l e s  p e r  g a l l o n ;  
a v e h i c l e  m i l e s  t r a v e l e d ;  and 
a f u e l  consumption. 

HGDM SUBMODEL NAME: MOTOR VEHICLE DEMAND MODEL 

The usual s tock  ad jus tment  a p p r o a c h  a s s u m e s  t h a t  new a n d  u s e d  

v e h i c l e s  a r e  aggregatab le  canmodi t ies .  HGDM i s  based on an a1 t e r n a t i  v e  

hypo thes i s  t h a t  new v e h i c l e s  a r e  n o t  s imp ly  a d d i t i o n s  t o  t h e  s tock ,  b u t  

a r e  cons ide red  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 cars .  Furthermore,  t h e  au tho rs  conc lude t h a t  d i f f e r e n t  t y p e s  

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

es t ima ted  s e p a r a t e l y .  Thus, r a t h e r  t h a n  having a  new- v e h i  c l  e  s h a r e s  

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

developed a  s e t  o f  demand equa t ions ,  one f o r  each v e h i c l e  c l a s s .  

S i x  v e h i c l e  c l a s s e s  a r e  d e f i n e d  by  t h e  model a u t h o r s .  F i  v e  a r e  

au tomob i le  c l a s s e s  whose c h a r a c t e r i s t i c s  a r e  d e f i n e d  th rough  a  c l  u s t e r  

a n a l y s i s  techn ique  developed by McRae (1971).  The s i x t h  veh i  c l  e  c l  a s s  

i s  l i g h t - d u t y  t r u c k s  (under  10,000 1  b s )  . T h e  c l  u s t e r  a n a l y s i  s  o f  

au tomob i les  i s  based on t h e  c l a s s  d i s t i n c t i o n s  o f  e i g h t  v a r i a b l e s :  ( 1 )  

wheel base, ( 2 )  curbweight ,  ( 3 )  eng ine d i s p l  a c e m e n t ,  ( 4 )  a  r o o m i n e s s  

i ndex ,  ( 5 )  number o f  passengers, ( 6 )  m a n u f a c t u r e r ' s  1  i s t  p r i c e ,  ( 7 )  
p r i c e  d i v i d e d  by number o f  passengers, and (8)  r a t i o  o f  h o r s e p o w e r  t o  

curbweight .  The average c h a r a c t e r i s t i c s  o f  each c l a s s  a r e  i n d i c a t e d  i n  

Tab le  3. The s i x  v e h i c l e  c l a s s e s  may be b r i e f l y  desc r ibed  as: 
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TABLE 2 
OTHER EXOGENOUS DATA BASE 

Name o f  Engine Types 
S t a t e  Names and FIPS Code Order 
Name o f  V a r i a b l e  Commands Used t o  M o d i f y  Exogenous Data Base 
Auto F inance Rate i n  Decimal F r a c t i o n  
Maintenance Cost I ndex  
S t a t e  R e l a t i v e  Budget Shares f o r  6 V e h i c l e  Classes 
S t a t e  H i s t o r i c a l  Average D i f f e r e n c e s  i n  V e h i c l e s  i n  O p e r a t i o n  f o r  6 

V e h i c l e  Classes (number o f  c a r s  i n  one-year o l d  e q u i v a l e n t s )  
By-Class New V e h i c l e  Demand Equa t i ons :  C o e f f i c i e n t s  and N a t i o n a l  

I n t e r c e p t  Terms 
S ta te -Leve l  New V e h i c l  e  Demand 
Equa t i on  I n t e r c e p t  Terms f o r  6 V e h i c l e  C lasses 
Gas01 i ne Demand Equa t i on  N a t i o n a l  I n t e r c e p t  Term and C o e f f i c i e n t s  
Sta te-Leve l  Gaso l i ne  Demand Equa t i on  I n t e r c e p t  Terms 
Sta te-Leve l  Scrappage and M i g r a t i o n  Equa t i on  
S ta te -Leve l  1977 F l e e t  1 Compos i t ion  by V i n t a g e  f o r  6 V e h i c l e  Classes 

Source: Greene, Rose and Thomas 1980 
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a Class  1: h i g h  performance, 1  uxu ry  s p o r t s  ca rs ;  
a Class  2: l a r g e  l u x u r y  cars ;  
a Class  3: smal l  economy ca rs ;  
a Class  4: medium-sized economy cars ;  
a Class 5: l a r g e  economy cars ;  and 
a C l  ass 6: 1  i g h t  t r u c k s  under 10,000 pounds GVW, 

Us ing a  v a r i a n c e  components e s t i m a t i o n  techn ique,  e q u a t i o n s  w e r e  

e s t i m a t e d  f o r  each o f  t h e  s i x  v e h i c l e  c l a s s e s .  T h e  demands  f o r  t h e  

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

own p r i c e ,  o t h e r  v e h i c l e  p r i c e s ,  f u e l  cos t ,  f u e l  e f f i c i e n c y ,  i n c o m e ,  

household s i z e ,  age (18-44),  p e r c e n t  SMSA, p o p u l a t i o n ,  and unemployment. 

The equa t ions  f o r  t h e  s i x  c l a s s e s  a r e  presented i n  Tab le  4. I m p l i c i t  i n  

t h e  s t r u c t u r e  o f  t h i s  model i s  t h a t  new-veh ic le  supp ly  i s  assumed t o  b e  

p e r f e c t l y  e l  a s t i c  a t  t h e  exogenously s e t  p r i c e ,  

The Motor  V e h i c l e  Demand M o d e l  a1 so  c o n t a i n s  e q u a t i o n s  t h a t  

e s t i m a t e  u s e d - v e h i c l e  p r i c e s  b y  c l a s s  as a  f u n c t i o n  new-veh ic le  p r i c e s .  

Used-veh ic le  p r i c e s  a r e  used i n  t h e  F l e e t m i x  Model t o  p r o j e c t  changes i n  

t h e  f l  e e t  compos i t i on .  

HGDM SUBMODEL NAME : FLEETMIX MODEL 

The F l e e t m i x  Model r e p r e s e n t s  t h e  used-car market  t h r o u g h  t h e  u s e  

o f  t h e  Scrappage and M i g r a t i o n  E s t i m a t o r ,  a n d  C l a s s  a n d  V i n t a g e  

Account ing  Model. The former  f o r e c a s t s  scrappage and m i g r a t i o n  r a t e s  by 

s t a t e ,  v e h i c l e  c l a s s ,  and v in tage .  The l a t t e r  u s e s  t h e  f o r e c a s t s  t o  

t r a c k  t h e  f l e e t  c o m p o s i t i o n  o v e r  t ime .  

T h e  r a t e  o f  v e h i c l e  s c r a p p a g e  i s  f o r e c a s t  b y  means  o f  a 

p r o b a b i l i s t i c  model t h a t  has scrappage r a t e s  as a  f u n c t  i o n  o f  v e h i  c l  e  

age and used-car p r i c e .  I n d i v i d u a l  equat ions  were e s t i m a t e d  f o r  e a c h  

s t a t e .  Separate scrappage equa t ions  a r e  i n c l  u d e d  f o r  t h e  p r i m a r i l y  

domest ic  v e h i c l e  c l a s s e s  2, 4, 5 ,  and 6 .  Classes 1 and 3 a r e  g e n e r a l  l y  

impor ted  v e h i c l e s ,  and equa t ions  c o u l d  n o t  be  es t ima ted  because o f  t h e  

d a t a  1  i m i t a t i o n s ,  The s p e c i f i c a t i o n  o f  t h e  Sc r a p p a g e  a n d  M i  g r a t i  o n  

E s t i m a t o r  cons ide rs  t h e  i n t e r s t a t e  m i g r a t i o n  o f  c e r t a i n  v  i n t a g e s  (1  - 4  

y e a r s  o l d )  as we1 1  as s t a t e  d i f f e r e n c e s  i n  v e h i c l e  1  i f e t i m e s .  B e c a u s e  

o f  t h e i r  s p e c i f i c a t i o n s ,  t h e  equa t ions  were e s t i m a t e d  b y  m e a n s  o f  a  

non l  i n e a r  l e a s t  squares techn ique.  



TABLE 3 
AVERAGE CHARACTERIST ICS OF V E H I C L E  CLASSES 

Curb Engine Wheel base Roomi ness P r i c e  Number P r i c e  per Power t o  weight 
weight displ 1975 $ passengers passenger hp/kg (Hp/lb) Group cm ( i n )  m3 ( f t 3 )  k g  bs)  ( i  n3) 

6 A1 1 l i g h t  trucks under 4535 kg (10,000 lbs)  Gross Vehicle Weight 

S o u r c e :  G r e e n e  a n d  R o s e  1980 



TABLE 4 
VARIANCE COMPONENTS ESTIMATES OF NEW-CAR CLASS DEMAND EQUATIONS 

USING TRANSFORMED DEPENDENT VARIABLE TECHNIQUE 

Own Household Age Percent Population Une,,,ploymnt 
Residual 

Intercept price class Cross ~ a r o l i n e  Income size 18-44 SMSA dens i ty varl  ance 
(df 

~ - -  - -  - - - - -  ~ 

Class 1 -5.523 -0.7 0.182 0.346 1.431 -1.450 - 0.237 0.050 
(3.554) t (0.381) (0.195) (0.195) (0.456) (0.071) (0.029) 

Class 2 3.754 -2.5 1.449 -0.092 0.809 - -1.878 0.090 - 
(2.375) a (0.261) (0.167) (0.135) (0.198) (0.046) 

Class 3 5.587 -0.9 0.463 0.271 0.338 -0.927 1.957 0.137 - 
(2.057) a (0.188) (0.148) (0.153) (0.435) (0.243) (0.053) 

Year 67 Year 68 Year 69 Year- 70 Year 71 
-1.334 -1.113 -0.881 4 .461  -0.201 
(0.078) (0.077) (0.073) (0.065) (0.062) 

Class 4 2.770 -0.4 0.366 -0.072 0.062 0.892 - - 0.056 
(2.017) * (0.202) (0.140) (0.111) (0.264) (0.013) 

Year 77 
0.317 

(0.192) 

Class 5 0.004 -2.5 2.160 -0.126 0.440 2.169 -1.864 - - 
(2.498) * (0.254) (0.162) (0.142) (0.380) (0.236) 

Year 77 
-0.483 
(0.155) 

S o u r c e :  G r e e n e ,  Rose, and C h e n  1980 
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HGDM SUBMODEL NAME : VEHICLE EFFICIENCY MODEL 

HGDM m a i n t a i n s  t h e  f l e e t  c o m p o s i t i o n ,  b y  s t a t e ,  b y  6 v e h i c l e  

c lasses ,  6  t e c h n o l o g y  ( e n g i n e )  t y p e s ,  a n d  1 8  v e h i c l e  a g e  g r o u p s  

( v i n t a g e s )  . T h i  s  model c o n t a i n s  t h e  e n g i n e e r i n g  re1  a t i o n s h i p s  necessary 

t o  deve lop  f l e e t - w e i g h t e d ,  harmonic mean f l e e t  f u e l  e f f i c i e n c i e s  a t  

v a r i o u s  1  eve1 s  o f  agg rega t i on .  F l e e t  f u e l  e f f i c i e n c y  shou ld  account  f o r  

t h e  r e 1  a t i v e  usage o f  v e h i c l e s  hav ing  d i f f e r e n t  f u e l  e f f i c i e n c i e s .  Many 

models c a l c u l a t e  r e l a t i v e  usage by  e s t i m a t i n g  VMT b y  each v e h i c l e  t y p e .  

HGDM has r e l a t i v e  usage as a  f u n c t i o n  o f  t h e  f l e e t  c o m p o s i t i o n  a n d  t h e  

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

t h r e e  simp1 i f y i n g  assumpt ions :  (1) a1 1  v e h i c l e s  o f  a  p a r t i c u l  a r  v i n t a g e  

a r e  d r i v e n  t h e  same number o f  m i l e s  a n n u a l l y ;  ( 2 )  t h e  d e c l i n i  n g  u s e  o f  

v e h i c l e s  w i t h  age i s  c o n s t a n t  a c r o s s  v e h i c l e  c l a s s e s ;  a n d  ( 3 )  t h e  

v e h i c l e  use lage r e l a t i o n s h i p  i s  independent  o f  w h e r e  t h e  v e h i c l e  i s  

d r i v e n .  

S t a t e - l e v e l  v e h i c l e  f u e l  economies (by  c l a s s ,  e n g i n e  t y p e ,  a n d  

v i n t a g e )  a r e  de termined by t h e  c a l c u l a t i o n  o f  n a t i o n a l  ave rage  o n -  t h e -  

road  f u e l  economies and t h e  subsequent  m o d i f i c a t i o n  b y  s t a t e - l e v e l  

" c o r r e c t i o n  f a c t o r s " .  The n a t i o n a l  average on- the- road f u e l  e c  o n o m i  e  s  

a r e  m o d i f i e d  EPA measured f u e l  economies. S t a t e  c o r r e c t i o n  f a c t o r s  

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

i n c o r p o r a t e d  i n t o  t h e  model a r e  ambient  tempera ture ,  t r i p  1  e n g t  h s ,  a n d  

u r b a n l r u r a l  d r i v i n g  s p l  i t. 

HGDM SUBMODEL NAME : GASOLINE DEMAND MODEL 

The Gas01 i ne Demand Model e s t i m a t e s  household gas01 i n e  demand  a t  

t h e  s t a t e  l e v e l .  G a s o l i n e  demand  i s  e s t i m a t e d  a s  a  f u n c t i o n  o f  

economic, demographic, env i ronmen ta l  and v e h i c l e  s tock  v a r i a b l  e s .  T h e  

doub le  l o g  e q u a t i o n  was e s t i m a t e d  u s i n g  a v a r i a n c e  c o m p o n e n t s  f o r m  o f  

t h e  genera l  i z e d  1  e a s t  squares techn ique.  The e q u a t i o n  i s :  

GSALES = -0.1396 (PRICE) + 0,3564 (HHINC) 

- 0.04722 (YPOP) + 0.03991 (SMCARS) 

+ 0.1556 (LGCARS) + 0.03025 (LTRUCKS) 

- 0.04918 (URBAN) - 0.04982 (POPDEN) 

- 0.7705 (MPG) + 0.5715 (MAINCST) 

+ (STATE INTERCEPT TERM) 

where: 
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GSALES = g a s o l i n e  demand d i v i d e d  by number o f  households 

PRICE = [ ( g a s  p r i c e )  + ( %  n o  l e a d )  x ( l e a d e d  a n d  u n l e a d e d  p r i c e  

d i f f e r e n t i a l  ) ] / ( c o s t  o f  1  i v i n g  i ndex )  

HHINC = household income 

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

SMCARS = s tocks  of c l a s s  1 and 3 ( sma l l  c a r s )  v e h i c l e s  p e r  household 

LGCARS = s t o c k s  o f  c l a s s  2, 4, and 5 ( l a r g e )  v e h i c l e s  pe r  household 

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

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

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

MPG = m i l e s  p e r  g a l l o n  

MAINCST = maintenance c o s t  ( i n  1967 d o l l a r s )  d i v i d e d  by a  c o s t  o f  1  i v i n g  

i ndex  

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

S t a t e  va lues  f o r  some o f  t h e  v a r i a b l e s  and s t a t e  i n t e r c e p t  t e r m s  

produce t h e  s t a t e - l e v e l  e s t i m a t e s  o f  g a s o l i n e  demand p e r  h o u s e h o l d ,  

These va lues  can then  be combined w i t h  household p o p u l a t i o n  e s t i m a t e s  t o  

produce aggregate gaso l  i ne demand. 

HGDM SUBMODEL NAME: FUELS AND TECHNOLOGY ASSUMPTIONS MODEL 

T h i s  model d i  saggregates t h e  f o r e c a s t  1  i g h t - d u t y  v e h i c l e  "gaso l  i n e "  

demand i n t o  s t a t e - l e v e l  f u e l  demand by v e h i c l e  c l a s s  and e n g i n e  t y p e .  

T h i s  d i s a g g r e g a t i o n  i s  accompl i s h e d  by u s i n g  t h e  s t a t e -  1  e v e l  g a s o l  i n e  

demand f o r e c a s t  f rom t h e  Gas01 i n e  Demand Model, t h e  o n - t  h e - r o a d  f u e l  

e f f i c i e n c i e s  ( s t a t e - l e v e l  f l e e t ,  v e h i c l e  c l a s s  and eng ine t y p e )  f rom t h e  

V e h i c l e  E f f i c i e n c y  Model, and a  measure o f  r e l a t i v e  usage o f  v e h i c l e s  by  

c l a s s  and techno logy  (eng ine )  t ype .  T h e  r e 1  a t i v e  u s a g e  m e a s u r e  i s  

de termined by use r  s p e c i f i e d  assumpt ions conce rn ing  usage o f  v e h i c l e s  o f  

a  p a r t i c u l a r  techno logy .  Model u s e r s  m u s t  a1  s o  i n p u t  a s s u m p t i o n s  

conce rn ing  t h e  market  p e n e t r a t i o n  o f  p a r t i c u l a r  t e c h n o l o g i e s  i n t o  

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

From t h i s  i n f o r m a t i o n ,  t h e  model c a l c u l a t e s  f u e l  demand and VMT b y  

v e h i c l e  c l a s s  and eng ine  t y p e  f o r  s t a t e ,  r e g i o n a l ,  and n a t i o n a l  1  e v e l  s  

o f  agg rega t i on .  Note t h a t  v e h i c l e  m i l e s  t r a v e l e d  i s d e t e r m i n e d  f r o m  

f u e l  demand r a t h e r  t han  t h e  r e v e r s e ,  as  i s  c h a r a c t e r i s t i c  o f  most o t h e r  

model s. 
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Strategic Environmental Assessment System (SEAS) 

Overview o f  Model 

SEAS i s  a  system o f  models 1  i nked  t o  a  n a t i o n a l  e c o n o m e t r i c  m o d e l  

t h a t  i n c l u d e s  a  200-sector  i n p u t - o u t p u t  (1 -0 )  model. The 1-0 m o d e l  i s  

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  M o d e l  o f  t h e  U n i v e r s i  t y  o f  M a r y 1  a n d  

(INFORUM), and i t  p r o v i d e s  f o r e c a s t s  f o r  t h e  o u t p u t  o f  2 0 0  s e c t o r s  o f  

t h e  economy as  w e l l  as GNP and i t s  components. S ince INFORUM was n o t  

designed t o  e s t i m a t e  energy consumpt ion and p o l l u t i o n  e m i  s s i  o n s  , SEAS 

p r o v i d e s  procedures t o  f u r t h e r  d i saggrega te  these  200 s e c t o r s  by  process 

o r  product ,  Approx imate ly  400 a d d i t i o n a l  s e c t o r s  r e s u l  t f r o m  t h i  s  

d i  saggregat ion .  

The o t h e r  models i n  t h e  s y s t e m  u s e  t h e  e c o n o m i c  f o r e c a s t s  t o  

e s t i m a t e  po l  1  u t a n t  1  eve1 s  and assoc ia ted  abatement cos ts ,  energy demands 

and supp l i es ,  t r a n s p o r t a t i o n  demands, and o t h e r  v a r i  a b l  e s  n e e d e d  t o  

assess t h e  env i ronmenta l  and economic i m p a c t s  o f  p o l l u t i o n  a n d  i t s  

abatement. 

Uses 

SEAS has been used b o t h  i n s i d e  a n d  o u t s i d e  t h e  t w o  p r i n c i p a l  

deve l  oping agencies,  t h e  U.S. Environmental  P r o t e c t i o n  Agency (EPA) a n d  

.he U.S. Department o f  Energy (DOE). W i t h i n  t h e  EPA i t  has been used i n  

s t u d i e s  o f  wa te r  q u a l i t y ,  i n d u s t r i a l  s l  u d g e ,  r e g i o n a l  t e c h n o 1  o g y  

assessment, and s t r a t e g i c  a n a l y s i s  r e 1  ated t o  l ong - te rm e n v i  r o n m e n t a l  

t rends .  I n  DOE, t h e  m o d e l  h a s  b e e n  u s e d  t o  d e v e l o p  t h e  A n n u a l  

Environmental  A n a l y s i s  Report ,  a  techno logy assessment o f  s o l a r  e n e r g y ,  

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

env i ro rmen ta l  i m p l i c a t i o n s  o f  a l t e r n a t i v e  e n e r g y  s u p p l y  a n d  demand 

scenar ios .  The Counc i l  on Environmental  Q u a l i t y  u s e d  i t  t o  p r o j e c t  

r e g i o n a l  p o l l u t i o n  l e v e l s .  SEAS has a1 so been used i n  a  s tudy  o f  energy 

c o n s e r v a t i o n  measures. 



I n p u t  

SEAS r e q u i r e s  t h e  economic and demographic a s s u m p t  i o n s  u s e d  f o r  

INFORUM, r e g i o n a l  economic da ta ,  emi ss ions data ,  eng ineer ing  c o s t  d a t a  , 
resources  da ta ,  energy data ,  and techno1 o g i c a l  and process data,  

Out p u t  

The model o u t p u t  i n c l u d e s  p o l l u t i o n  l e v e l s ,  a b a t e m e n t  c o s t s  a n d  

b e n e f i t s ,  energy demands, s o l  i d  waste and assoc ia ted  r e c y c l i n g  1  e v e 1  s  , 
1  and use requ i rements ,  m ine ra l  use and v i r g i n  s tock  s t a t u s ,  p r o c e s s e d  

o r e  i n v e n t o r i e s ,  t r a n s p o r t a t i o n  demand, and re1 a t  i v e  commodi  t y  p r i c e  

changes. 

T r a n s p o r t a t i o n  Component 

The t r a n s p o r t a t i o n  component o f  SEAS i s  t h e  T r a n s p o r t a t i  o n  E n e r g y  

Conserva t i on  Network (TECNET) . 



TRANSPORTATION ENERGY CONSERVATION NETWORK (TECNET) (79-020, 79-309) 

Overv iew o f  Model 

The o r i g i n a l  purpose o f  TECNET was  t o  e s t i m a t e  t h e  i m p a c t s  o f  

energy  c o n s e r v a t i o n  p o l i c i e s  o n  t r a n s p o r t a t i o n  a c t i v i t y .  S i x  

i nterdependent  models f o r e c a s t  d i  r e c t  and i n d i r e c t  energy r e q u i  reme n  t s  , 
and po l  1 u t i o n  mi ss ions.  These models (d iagramed i n  F i g u r e  5 )  a re :  

a INFORUM ( a  l a r g e  i n p u t - o u t p u t  model used t o  f o r e c a s t  v a l  u e s  

f o r  macroeconomic v a r i  ab l  es)  ; 

a TRANS (used t o  e s t i m a t e  d i r e c t  e n e r g y  r e q u i r e m e n t s  a n d  

p o l l u t i o n  emiss ions 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  b y  t r a v e l  

mode, f o r  example, au to ,  bus, a i r ) ;  

a EMBODEN (used t o  e s t i m a t e  i n d i r e c t  energy requ i rements  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 )  ; 

a ENERGY (used t o  e s t i m a t e  t h e  d i r e c t  e n e r g y  d e m a n d e d  b y  

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) ; 

a RESGEN ( a  model f o r  t h e  e s t i m a t i o n  o f  p o i n t  source p o l l u t i o n  

emi s s i  ons) ; and 

a TECSET ( a  "preprocessor"  t h a t  feeds user -spec i  f i  ed s c  e n  a r  i o  

parameters i n t o  t h e  TECNET system). 

TECNET' s  u s e f u l  ness i n  po l  i c y  a n a l y s i s  has been 1  i m i  t e d  by a  number 

of f a c t o r s  i d e n t i f i e d  i n  a  r e c e n t  proposa l  t o  r e v i s e  TECNET ( M I T R E  a n d  

CONSAD 1979). These f a c t o r s  a r e :  t h e  l a r g e  number o f  exogenous i n p u t s  

r e q u i r e d  b y  t h e  model, t h e  mode l ' s  l a c k  o f  s e n s i t i v i t y  t o  e c o n o m i c  a n d  

t e c h n i c a l  changes, and an ou tda ted  da ta  base. 

The proposa l  t o  r e v i s e  TECNET was sponsored by  t h e  P o l i c y  Anal y s  i s  

D i v i s i o n  o f  t h e  U.S. Department o f  Energy ' s  O f f i c e  o f  Environment. 

T h i s  s e c t i o n  c l o s e l y  f o l l o w s  t h e  t e x t  o f  t h e  r e p o r t  o f  t hose  r e v i  s i  o n s  

(MITRE and CONSAD 1979). The r e v i s i o n s  c e n t e r  on t h e  TRANS m o d e l  ( a n d  

i t s  need f o r  u s e r - s u p p l i e d  parameters th rough  TECSET), and, i n  k e e p i n g  

w i t h  t h e  usage o f  t h e  au tho rs  o f  t h e  r e v i s i o n ,  r e f e r e n c e s  t o  TECNET i n  

t h e  r e s t  o f  t h i s  s e c t i o n  shou ld  be cons ide red  t o  r e f e r  more s p e c i f i c a l l y  





SEAS: TECNET 

Model ing  S t r u c t u r e  and Technique 

An overv iew o f  t h e  o r i g i n a l  TECNET i s  p r e s e n t e d  i n  F i g u r e  6 .  

TECNET can be d i v i d e d  i n t o  submodul es  ar ranged accord ing t o  t h r e e  s tages 

o f  a n a l y s i s :  modal use, modal energy consumption, and modal emi s s i  o n s .  

TECNET i s  unusual i n  t h a t  i t  e x p l i c i t l y  p r o j e c t s  p a s s e n g e r  m i l e s  

t r a v e l e d  (PMT) b e f o r e  v e h i c l e  m i l e s  t r a v e l e d  (VMT). Other a u t o m o b  i 1 e -  

o r i e n t e d  po l  i c y  models do n o t  deal  d i r e c t l y  w i t h  PMT, b u t  r e l a t e  VMT t o  

t h e  s tock  o f  automobi les.  I n  t h e  o r i g i n a l  TECNET, t h e  automobi le  s t o c k  

a l g o r i t h m  e s s e n t i a l  l y  a1 l o c a t e s  VMT among automobi le  s i z e  c l a s s e s  b a s e d  

on e x t e r n a l l y  s p e c i f i e d  new-car sa les  d i s t r i b u t i o n s  a n d  a g e - s p e c i f i c  

scrappage r a t e s .  

The b a s i c  purpose o f  t h e  r e v i s i o n s  i s  t o  make TECNET more s e n s i t i v e  

t o  p o t e n t i a l  t r a n s p o r t a t i o n  and energy p o l i c i e s ,  as w e l l  as t o  economic  

and t e c h n o l o g i c a l  v a r i a b l e s .  The r e v i s i o n s  can be c a t e g o r i z e d  i n t o  f i v e  

areas:  (1) demand f o r  persona l  t r a v e l  , ( 2 )  a u t o m o b i  1 e  s t o c k ,  ( 3 )  

emiss ions,  ( 4 )  energy consumption, and ( 5 )  energy use and emiss ions f rom 

1  i g h t - d u t y  v e h i c l e s  (See F i g u r e  7 ) .  

1. Proposed improvemen ts  t o  t h e  demand f o r  p e r s o n a l  t r a v e l  

f o r e c a s t s ,  The exogenous i n p u t  requ i rement  o f  TECNET i s  r e d u c e d  b y  

i n t e r n a l i z i n g  t h e  dependence o f  t r a v e l  demand and modal c h o i c e  o n  b o t h  

monetary and t i m e  c o s t s  o f  t r a v e l .  I m p r o v i n g  t h e  m o d e l ' s  c o s t  

s e n s i t i v i t y  enab les  i t  t o  s i m u l a t e  a  g a s o l i n e  s h o r t a g e  b y  m e a n s  o f  a  

"shadow p r i c e "  t h a t  i n c l u d e s  t h e  c o s t s  o f  queuing and u n c e r t a i n t y .  T h e  

1  inkages and feedbacks diagramed i n  F i g u r e  6 e n s u r e  some c o n s i  s t e n c y  

between t h e  auto  s tock  and auto  t r a v e l  f o r e c a s t s ,  and t h e  f u e l  economy 

p r o j e c t i o n s  and f u e l  c o s t s  i n  t h e  t r a n s p o r t a t i o n  demand equat ion .  

The proposed des ign  p r o j e c t s  PMT, and then  d e r i v e s  VMT f r o m  PMT. Two 

t y p e s  o f  t r a v e l  a r e  d i s t i n g u i s h e d :  i n t e r c i  t y  a n d  1  o c a l  . F o r  e a c h  

t r a v e l  type,  two purposes a r e  d i s t i n g u i s h e d :  w o r k - r e l a t e d  and persona l .  

PMT f o r e c a s t s  a r e  made f o r  each o f  t h e s e  f o u r  c a s e s .  M o d a l  s p l i t  

equa t ions  a r e  then  used t o  a l l o c a t e  t h e  f o r e c a s t  PMT. The s t a t i s t i c a l  

e s t i m a t i o n  techn ique  used i s  o r d i n a r y  1  e a s t  squares. Due t o  a  1  ac  k  o f  

d e t a i l  ed data ,  t h e  h i s t o r i c a l  PMTs had t o  be d i  saggregated judgment a1 1  y 

b y  t r i p  t y p e  f o r  use i n  t h e  reg ress ions .  The equat ions  a r e  1  i s t e d  below 

i t h  d e f i n i t i o n s  f o l l o w i n g ,  a s  t h e y  w e r e  p r e s e n t e d  i n  t h e  d r a f t  

documentat ion.  I n  t h r e e  o f  t h e  f o u r  c a s e s  f o r  m o d a l  s p l i t ,  1  o g i t  
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Projec t  ions I = h I N F O R U M  

F R E I G H T  

H O D E L  

P A S S E N G E R  
T R A V E L  

S U B M O D U L E  S U B M O D U L E  
I TRUCK I AIR 1 RAIL 1 WATER 1 

I 1 I 

I BUS I CAR ( RAIL I I CAR I BUS 1 AIR ( RAIL I 
A L L O C A T I O N  L 

I I 
TRUCK TYPEIUARLPT D I S T R I B U T I C I  

B U S l C A R  
LOCAL I IXTCTY 

LIGET I B U V Y  I LIC3T I BZAVY C O N V E R S I O N S  
I 

I T R U C K  1 
L O A D  F A C T O R  
C O ~ N V E R S I O N S  4 

I T R U C K  V K T  1 

N O H - A U T O  
E N E R G Y  

E U I S S I O N S  
S U B M O D U L E  

E M I S S I O N S  
S U B M O D U L E  

Overv i ew  o f  t h e  ix i  s t i n g  TECNET Model 

Source :  M I T R E  and CONSAD 1979 
5 4 



SEAS: TECNET 

F i g u r e  7 
Simp1 i f i e d  F l o w  Schematic o f  t h e  Revised TECNET Design 

Source: M I T R E  and CONSAD 1979 
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equa t ions  were e s t i m a t e d  a s  1  i n e a r  e q u a t i o n s ,  w i  t h  t h e  d e p e n d e n t  

v a r i a b l e  b e i n g  t h e  l o g a r i t h m  o f  t h e  r a t i o s  o f  PMTs t o  a  n u m e r a i r e  PMT. 

The numera i re  mode i s  d e r i v e d  by s u b t r a c t i n g  t h e  o t h e r  shares f rom o n e .  

PMT f o r  l o c a l  w o r k - r e l a t e d  t r a v e l  ( e q u a t i o n  11)  was n o t  e c o n o m e t r i c a l  l y  

es t ima ted .  I n s t e a d  i t  i s  based upon t h e  c o n c l u s i o n  t h a t  a  r e 1  a t i v e l y  

unchanging t i m e  budget e x i s t s  f o r  such t r a v e l  (Zahav i  1979). 

The TECNET Personal  T rave l  Equat ions  

I n t e r c i t y  Work-Re1 a ted  

T o t a l  Passenger M i  1  es: 

PMTIW = e  -33.2471 , LF3.56685 PCD I ) -0.860966 
(CPPMIWT + 16xVIW 

(20.4) (3.9) 

Modal Spl i t s :  

Personal V e h i c l e  ( d r i v e r  and passengers) :  

PMTIW1,2 = PMTIW - PMTIW3 - PMTIW4 - PMTlW5 

Bus: 

T r a i n :  

P lane:  

PMTIW5 = e  -8.1186 x v 5 1 . 6 3 7 2  WJ)0.9453, ( CPPM5 1-0.806 
(8.3) 

(LF  
(3.2) 

CPPMIWTl (0.94) 
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I n t e r c i t y  Personal  

T o t a l  Passenger M i l e s  p e r  c a p i t a :  

- -  PMTIP - -35.689 + 5.051 [ l n (PCDI ) ]  - 0.85167 [ln(CPPMIPG + 40xVIP 
POP (12.4) (1.63) 

PCD1 )I ( 6 )  

Modal Spl  i t s :  

Personal V e h i c l e  ( d r i v e r  and passengers) : 

PMTIP1,2 = PMTIP - PMTIP3 - PMTIP4 - PMTIP5 

Bus: 

PMT1P3 
= exp[-3.73344 - 0.12500 (CPPMIP3 - CPPMIPGl) PMTIP1,2 (1.47) 

T r a i n :  

PMT1P4 = exp[-4.5043 - 0.44109 (CPPMIP4 - CPPMIPGl) PMTIP1,2 
(3.1) 

Plane:  

PMT1P5 
= exp[-2.4867 - 0.12616 (CPPMIP5 - CPPMIPGl) PMTIP1,2 

(2.7) 

Local Work-Re1 a ted  
T o t a l  Passenger M i  1 es: 

PMTLW = 0.2135 (VLW) LF ( 1  - R U )  
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Modal S p l i t s :  
Personal V e h i c l e  ( d r i v e r  o n l y )  : 

CPVMLWTl ) 1 PMTLW1 = erp[1.1612 + 0.50652 (-) - 39012 ( PCDI PMTL W 2 
(4.7) (6.9) 

Personal  V e h i c l  e (passengers)  : 

PMTLW2 = PMTLW - PMTLWl - PMTLW3 - PMTLW4 

Bus: 

PMTLW3 = exp[0.7016 + ln(TBA) - 0.04774 (CPPMLW3 - CPPMLWGl) 
PMTLW 2 

(3 .7)  

PCR - 1,775 (-) - 4.768 (DTW3,l)I  
(4.0) (2.7) 

Heavy Rai 1 : 

PMTLW4 = exp[-0.426 + 1 n(HRA) - 0.05468 (CPPMLW4 - CPPMLWGl) PMTLW2 (-9.6) (1.70) 
PCR - 0.906 (rn) - 1.230 (DTW4,l)I 

( -2.1)  ( -1.20) 

Local  Personal  

T o t a l  Passenger M i l e s :  

PMTLP = exp[-1.3866 - 2495.3 (1IPCDI) - 0.042 (CPPMLPG)] POPxVLP (-10.0) (-12.6) 
(16)  

( -0.91) 

Modal Spl i t s :  

Personal  V e h i c l e  ( d r i v e r  and passengers) : 

PMTLP1,2 = PMTLP - PMTL3 - PMTLP4 
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Bus: 

PMTLP3 = exp[6.274 - 0.12363 (CPPMLP3 - CPPMLPGl) PMTCP1,2 
( 6  .6) 

PCR - 4.5666 (rn) - 5.5147 (DTP3,1)] 
(7.2) (1.36) 

Heavy R a i l  : 

PMTLP4 = exp[-3.405 - 0.12508 (CPPMLP4 - CPPMLPGI) PMTLP1,2 
(2.0) 

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

CPPMxyz = c o s t  p e r  passenger m i l e  ( i n  c e n t s )  s p e c i f i c  t o  t r a v e l  t y p e  o r  

mode 

CPVMxyz = c o s t  pe r  v e h i c l e  m i l e  ( i n  c e n t s )  s p e c i f i c  t o  t r a v e l  t y p e  o r  

mode 

DTxy,z = d i f f e r e n c e  i n  l o c a l  t r a v e l  t i m e  d u r i n g  peak o r  o f f -peak  (P)  

p e r i o d s  as s p e c i f i e d  by t h e  x  f o l l o w i n g  t h e  1  e t t e r  T, between 

t h e  two modes s p e c i f i e d  by t h e  numbers y and z  separa ted b y  a  

comma. T h i s  d i f f e r e n c e  i s  eva lua ted  f o r  a  t r i p  o f  average 

l e n g t h  DWy o r  DPy; t h e  exp ress ion  i s  

G = f o l l o w i n g  CPPMxy, means t h a t  c a r  c o s t  i n c l  udes o n l y  t h e  c o s t  o f  f u e l  

I = i n t e r c i t y  

L = l o c a l  
6 LF = l a b o r  f o r c e  ( i n  10 ) 

6 PCR = s t o c k  o f  personal  v e h i c l e s  ( i n  10 ) 

P = persona l  

PCDI = p e r  c a p i t a  d i  sposal income ( i n  1972 do1 1  a r s )  
9 PMTxyz = passenger m i l e s  t r a v e l e d  p e r  y e a r  ( i n  10 ) 

POP = t o t a l  p o p u l a t i o n  
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POPDR = p o p u l a t i o n  o f  d r i v i n g  age (17-74) 

RU = r a t e  o f  unemployment (expressed as a f r a c t i o n )  

TBA = p e r c e n t  o f  popul a t i o n  hav ing  access t o  bus t r a n s i t  

HRA = p e r c e n t  o f  p o p u l a t i o n  hav ing  access t o  heavy r a i l  t r a n s i t  

T = f o l l o w i n g  CPPMxy o r  CPPMxyz, means t h a t  c a r  c o s t  i n c l u d e s  t h e  c o s t  

o f  f u e l  and t h e  c a p i t a l  c o s t  

Vxyz = t r a v e l  v e l o c i t y  (mph) by t r a v e l  t y p e  o r  mode; symbols f o r  xyz  a r e  

l e f t  o u t  when no a m b i g u i t y  r e s u l t s  

W = work re1 a t e d  

c x j  = sum o v e r  INFORUM s e r v i c e  s e c t o r  i n p u t s  

1 = c a r  ( d r i v e r  o n l y )  

1,2 = c a r  d r i v e r  and passengers 

2 = c a r  (passengers o n l y )  

3 = bus, t r o l l e y  and l i g h t  r a i l  

4 = t r a i n  i n  i n t e r c i t y  t r a v e l ,  heavy r a i l  i n  l o c a l  t r a v e l  

5 = p l a n e  

2. Proposed improvements t o  t h e  a u t o  s tock  f o r e c a s t s .  The amoun t  

o f  t r a v e l  , t h e  v e h i c l e  mi ss ions  and energy c o e f f i c i e n t s ,  and t h e  s i  z e  

and compos i t i on  o f  t h e  a u t o  s t o c k  t o g e t h e r  d e t e r m i n e  t h e  e n e r g y  

consumpt ion and po l  l u t i  on emiss ions r e 1  a ted  t o  autos.  F o r  t h i s  purpose, 

p o r t i o n s  o f  t h e  Sweeney P a s s e n g e r  C a r  Gas01 i n e  c o n s u m p t i  o n  M o d e l  

(p resen ted  above) a r e  i n c o r p o r a t e d  i n t o  TECNET b y  b o r r o w i  n g  t h e  

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

u t i  1 i z a t i o n  r a t e s .  The new-car-purchase e q u a t i o n  i s :  

ESLO YD72 [16.993 - 3.02 (ln[Fl) + 2.325 (ln[POPl) 
NpCR = (4.5) (3.8) (3 .5 )  

- 0.479 (1  n[PG]) - ,786 (ln[PCAR]) - ,049 (RU)] 
( 1  * 4 )  (1.4)  ( 4 * 0 )  

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

NPCR = new-passenger-car r e g i  s t r a t i o n s  

POP = t o t a l  U.S. p o p u l a t i o n  

ESLO = e f f e c t i v e  s tock  o f  passenger c a r s  l e f t  o v e r  f rom t h e  l a s t  p e r i o d  

YD72 = t o t a l  persona l  d i  sposabl e income i n  1972 do1 1 a r s  



SEAS: TECNET 

PG = t h e  average r e t a i l  p r i c e  o f  g a s o l i n e ,  d e f l a t e d  by t h e  o v e r a l l  

Consumer P r i c e  Index (CPI)  

PCAR = t h e  r e l a t i v e  p r i c e  index f o r  new ca rs ,  g i ven  by t h e  r a t i o  o f  t h e  

C P I  f o r  new c a r s  t o  t h e  o v e r a l l  CPI 

RU = t h e  unemployment r a t e ,  i n  pe rcen t  

Purchases (new r e g i s t r a t i o n s )  a r e  a  f u n c t i o n  o f  e f f e c t i v e  s t o c k  

(ESLO) which i s  t h e  auto  s tock  a d j u s t e d  f o r  age c m p o s i  t i  on .  ESLO i s  

c a l c u l a t e d  so t h a t  o l d e r  c a r s  add l e s s  t o  t h e  e f f e c t i v e  s tock  t h a n  newer 

c a r s  : 

t-1 
ESLOt = 1 NPCRi x Suit x GAMMA ( t - 1 )  

where: 

ESLO = e f f e c t i v e  stock o f  passenger c a r s  l e f t  o v e r  f rom t h e  l a s t  p e r i o d  

SU = s u r v i v a l  f r a c t i o n  

GAMMA = re1 a t i v e  u t i l  i z a t i o n  ( t o  account  f o r  d e c l i n i n g  u t i l  i z a t i o n  w i  t h  

age 
i = v i n t a g e  

t = y e a r  

Equat ions  (20 )  and (21 )  a r e  l i n k e d  t o  t h e  t r a v e l  f o r e c a s t  t h r o u g h  

t h e  s u r v i v a l  f r a c t i o n  (SU), w h i c h  i s  a n  e c o n o m e t r i c a l l y  e s t i m a t e d  

f u n c t i o n  o f  v e h i c l e  age and cumu la t i ve  m i l e s  t r a v e l e d :  

where: 

Suit = s u r v i v a l  f r a c t i o n  

CMi = cumul a t i v e  m i l e s  t r a v e l e d  by v e h i c l e s  o f  age i i n  y e a r  t 

Di = dummy v a r i a b l e s  es t ima ted  f o r  v e h i c l e s  o f  age i, i = 2  t o  15  

The new-car-purchase equa t ion  (20 )  f rom t h e  Sweeney model prod u c  e  s  

f o r e c a s t s  o f  passenger c a r s  o n l y .  To f o r e c a s t  a1 1  p e r s o n a l  v e h i  c l  e s ,  

i n c l u d i n g  l i g h t  t r u c k s ,  t h e  equa t ions '  r e s u l t s  a r e  sca led  up b y  TECNET: 

NPCRT = 1.17 (NPCR) ( 2 3 )  

where NPCRT = new passenger-car and personal  - t r u c k  r e g i s t r a t i o n s  
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Once t h e  number o f  v e h i c l e s  by  v i n t a g e  has b e e n  c a l  c u l  a t e d ,  t h e  

f o l l o w i n g  Sweeney e q u a t i o n  i s  used t o  c a l c u l a t e  average annual m i l e s  p e r  

v e h i c l e  by  v i n t a g e :  

= 16.56 x 0.921AGE 

R' = .84 

where VMMY = average annual m i l e s  pe r  v e h i c l e  b y  v i n t a g e  

The l i n k a g e s  d i a g r a m e d  i n  F i g u r e  7  a t t e m p t  t o  p r o v i d e  f o r  

c o n s i s t e n c y  between t r a v e l  and v e h i c l e  s t o c k  f o r e c a s t s .  K e y  t r a v e l  

equa t ions  i n c l  ude v e h i c l e  s t o c k  p e r  person o f  d r i v i n g  age as exp l  ana to ry  

v a r i a b l e s .  On t h e  s tock  s i d e ,  t r a v e l  a f f e c t s  s u r v i v a l  r a t e s .  A 

sa feguard  i s  t o  be p rov ided  i n  t h e  model t h a t  a l e r t s  t h e  user  i f  a n n u a l  

m i l e s  pe r  v e h i c l e  d i f f e r  f rom t h e  base y e a r  b y  more t h a n  t e n  p e r c e n t .  

An ad jus tment  a l g o r i t h m  can then  be used t o  e l i m i n a t e  t h e  d iscrepancy.  

The m i s s i o n s  and energy  c a l c u l a t i o n s  r e q u i r e  m a r k e t  s h a r e s  f o r  

t h r e e  v e h i c l e  c a t e g o r i e s  i n  o r d e r  t o  t r a c k  t h e  co r respond ing  p r o p o r t i o n s  

i n  v e h i c l e  s tock  and VMT. These c a t e g o r i e s  a re :  d o m e s t i c  p a s s e n g e r  

c a r s ,  impor ted  passenger c a r s ,  and personal  1  i g h t  t r u c k s .  These s h a r e s  

a r e  t r e a t e d  as exogenous i n p u t s  t o  TECNET. The d e f a u l t  va lues  p r o v i d e d  

a r e  d e r i v e d  f rom t h e  a v e r a g e  o v e r  1 9 7 5 ,  1 9 7 6 ,  a n d  1 9 7 7  w i t h  t h e  

passenger c a r - 1  i g h t  t r u c k  s p l i t  de termined f i r s t  by  t h e  model a u t h o r s  ' 
" b e s t  guess." The shares a r e  presented i n  F i g u r e  8. 

3. Proposed improvements t o  emi s s i  ons f o r e c a s t s ,  To a t t e m p t  t o  

improve t h e  accuracy and completeness o f  t h e  emissions f a c t o r s  u s e d  t o  

e s t i m a t e  modal emiss ions,  ad jus tmen ts  t o  these  f a c t o r s  a r e  t o  be made t o  

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

emi ss ions,  and more. A d d i t i o n a l  l y ,  t h e  model i s  t o  be made s e n s i t i v e  t o  

u s e r - v a r i e d  a s s u m p t i o n s  a b o u t  i n s p e c t i o n / m a i n t e n a n c e  p r o g r a m s ,  

tamper ing , d e t e r i o r a t i o n ,  and re1 a ted  aspects  o f  emi ss ions  c o n t r o l .  

4. Proposed improvements t o  energy consumpt i o n  f o r e c a s t  s  . The  

b a s i c  energy c a l c u l a t i o n  i s  t h e  t r a n s i t i o n  f rom VMT f o r  a  p a r t i  c u l  a r  

v e h i c l e  t o  g a l l o n s  o f  f u e l  consumption. T h i s  c a l c u l a t i o n  r e q u i r e s :  ( 1  ) 

t h e  g roup ing  o f  v e h i c l e s  i n t o  a p p r o p r i a t e  f u e l  consumpt ion c lasses ,  a n d  

( 2 )  t h e  e s t i m a t i o n  o f  f u e l  e f f i c i e n c i e s  f o r  these c l a s s e s .  T h e  m o d e l  

au tho rs  a n t i c i p a t e  p r o v i d i n g  t h e  u s e r  w i t h  t h r e e  a l t e r n a t i v e  approaches. 
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F i g u r e  8  
Market  Share Ca tegor ies  f o r  Personal Veh ic les  w i t h  1977 Es t ima tes  

'? 

SALES OF 
NEW PERSONAL 

VEHICLES 

I 
I I t 

Source: CONSAD C o r p o r a t i o n  

SALES OF 
PASSENGER 

CARS 

86.3% 
i 

The f i r s t  approach d e r i v e s  f u e l  e f f i c i e n c y  c o e f f i c i e n t s  f r o m  

Corpora te  Average Fuel Economy (CAFE) standards,  E s t i m a t e d  d o m e s t i c  

passenger-car f u e l  economy i s  se t  equal  t o  some cons tan t  t i m e s  t h e  CAFE. 

The d e f a u l t  v a l u e  o f  t h i s  c o n s t a n t  i s  1.05. The r e s u l  t i  n g  E P A - b a s e d  

g a l l o n s - p e r - m i l e  f i g u r e s  a r e  ad jus ted  t o  c o r r e s p o n d  t o  o n - t h e - r o a d  

va lues.  The f u e l  economy o f  impor ted ca rs  i s  c a l  c u l  a t e d  b y  t h e  same 

procedure  except  t h a t  t h e  d e f a u l t  v a l u e  o f  t h e  c o n s t a n t  i s  i n c r e a s e d  

(1.5 i n  1980, 1.3 i n  1985). Post-1980 f u e l  economies a r e  c a l c u l a t e d  o n  

t h e  b a s i s  o f  assumptions about  t h e  e x t e n s i o n  o f  c u r r e n t  r e g u l a t i o n s .  

The second approach uses t h e  h i g h e r  o f  t h e  two a l t e r n a t i  v e s :  ( 1  ) 
CAFE s tandards  and ( 2 )  t h e  Sweeney e q u a t i o n  f o r  t h e  r e l a t i o n s h i p  between 

g a s o l i n e  p r i c e  and f u e l  economy: 

SALES OF 
PERSONAL 

LIGHT TRUCKS 

13.7% 

I r 

DOMESTIC 
PASSENGER 

CARS 

84.4% 
* b 

IMPORTED 
PASSENGER 

CARS 

15.6% 
J 
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where: 

MPG = an e s t i m a t e  o f  on- the- road m i l e s  p e r  g a l l o n  f o r  a l l  new passenger- 

v e h i c l e  s a l e s  i n  a  g i v e n  y e a r .  Fo r  use i n  t h i s  model t h i s  t e r m  i s  

de f i ned  as t h e  i n v e r s e  of sa les-we ighted average o f  g a l  1  o n s  p e r  
m i l e  (GPM) c o e f f i c i e n t s  a d j u s t e d  t o  r e f l e c t  an e s t i m a t e  o f  a c t t ~ a l  

mpg f o r  domest ic  passenger c a r s  and impor ted  passenger ca rs .  

PG = p r i c e  of gas, average f o r  y e a r  p r i o r  t o  model yea r ,  i n  1967 d o l l a r s  

EFF = t e r m  used t o  measure changes i n  mpg p e r  v e h i c l e  we igh t  r e l a t i v e  t o  

1974 as t h e  base y e a r  

The Sweeney e q u a t i o n  was e s t i m a t e d  w i t h  1957-1974 da ta ,  a  p e r i o d  o f  

r e l a t i v e  g a s o l i n e  p r i c e  s t a b i l i  t y .  H o w e v e r ,  t h e  e q u a t i o n  i m p l  i e s  

s u b s t a n t i a l  p r i c e  responsiveness.  A  g a s o l i n e  p r i  c e  o f  1 . 2 5  ( i  n  1 9 7 9  

d o l l a r s )  impl i e s  t h a t  t h e  CAFE s tandard  o f  20.5 mpg f o r  1 9 8 0  w i  1 1  b e  

exceeded, w h i l e  a  p r i c e  o f  two d o l l a r s  imp l  i e s  a  new-car f l e e t  a v e r a g e  

(EPA-based) f u e l  economy o f  4 1  mpg.  T h e  m o d e l  a u t h o r s  r e c o m m e n d  

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

d e f a u l t  va l  ues o f  t hese  a r e  g i ven .  

The t h i r d  approach i s  t o  a1 l o w  t h e  u s e r  t o  i n p u t  v e h i c l e  mixes  a n d  

a s s o c i a t e d  f u e l  economies. 

An a d d i t i o n a l  improvement t o  TECNET i s  t h e  p r o v i s i o n  t o  account  f o r  

f i v e  f u e l  t y p e s  i n  c a l c u l a t i n g  f u e l  consumption: 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 ,  d i e s e l ,  and two a l t e r n a t e  f u e l  t y p e s .  D i e s e l  f u e l  u s e  i s  

assumed t o  be 25 p e r c e n t  more e f f i c i e n t  p e r  g a l l o n  t h a n  g a s 0 1  i n e .  

O v e r a l l  f l e e t  mpg f o r  a  model y e a r  i s  an average o f  mpg r a t i n g s  by  f u e l  

t ype ,  w i t h  market  shares as we ights .  

5. Proposed improvements t o  energy  use and emi s s i o n s  f o r e c a s t s  f o r  

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

d i e s e l s ;  t h u s  r e v i s i o n s  a r e  proposed t o  d e v e l o p  e s t i m a t e s  o f  d i e s e l  

market  p e n e t r a t i o n ,  energy use, and emissions,  Due t o  t h e  u n c e r t a i n t i e s  

imposed by p o t e n t i  a1 government r e g u l  a t i o n  and t e c h n o l o g i c a l  i n n o v a t i o n ,  

u s e r  i n p u t  o f  market  p e n e t r a t i o n  assumpt ions  i s  p r o v i d e d  f o r  by t h e  

model au thors .  
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I n p u t  

The r e v i s e d  TECNET model i s  i n tended  f o r  e i t h e r  " s tand  a lone"  u s e ,  

o r  use as p a r t  o f  t h e  SEAS model system. TECNET r e q u i r e s  p r o j e c t i o n s  o f  

v a r i o u s  economic and demographic data .  It i s  a n t i c i p a t e d  t h a t  INFORUM 

w i l l  be used f o r  t h i s  purpose, a l t hough  o t h e r  macroeconomic m o d e l  s o r  

demographic p r o j e c t i o n s  may be used. I n  a d d i t i o n ,  t h e r e  a r e  o t h e r  

exogenous v a r i a b l e s  f o r  which e i t h e r  u s e r - s p e c i f i e d  o r  d e f a  u l  t v a1  u e  s 

may be used, i n c l u d i n g  demographic p r o j e c t i o n s ,  government expend i tu res ,  

d i  sposabl e income, t i m i n g  and s t r i n g e n c y  o f  government r e g u l  a t i o n s ,  a n d  

r a t e  of p e n e t r a t i o n  o f  techno1 o g i c a l  i nnova t ions .  

Output  

The model f o r e c a s t s  passenger t r a v e l  demand, personal  v e h i c l e  sa l  es 

and s tock ,  goods t r a n s p o r t ,  v e h i c l e  emi  s s i  o n s ,  a n d  v e h i c l e  e n e r g y  

consumption. T rave l  demand i s d i  s a g g r e g a t e d  b y  mode,  a n d  e n e r g y  

consumpt ion i s  d i  saggregated by f u e l  type. 

Comments 

Programming o f  t h e  r e v i s i o n s  i s  scheduled f o r  August 1980. 
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SRI-Gulf and Derivative Models 
Overview o f  Model s 

T h i s  s e c t i o n  p resen ts  t h e  c l a s s  o f  dynami  c g e n e r a l  e q u i  1 i b r i  url 

models wh ich  i n c l u d e s  t h e  SRI-Gul f E n e r g y  M o d e l  ( 7 3 - 2 6 1 )  , G e n e r a l  

E q u i l  i b r i u m  Model ing  System (GEMS) (77-283), L i v e r m o r e  E n e r g y  P o l  i c y  

Model (EPMILLL) (78-462), and Long-term Energy Ana lys i  s  Program ( LEAP ) 

(77-286). They use a network i t e r a t i o n  a1 g o r i  thm t o  dynamical l y  compute 

e q u i l i b r i u m  p r i c e s  and q u a n t i t i e s  f o r  energy r e s o u r c e s  a n d  p r o d u c t s .  

F i g u r e  9 il l u s t r a t e s  t h e  re1 a t i o n s h i p s  among t h e  models. 

F i g u r e  9 
Re1 a t i o n  of t h e  Dynamic General Equi 1 i b r i  um Model s 

The methodo log ica l  d e s c r i p t i o n  presented below i s  t h a t  o f  t h e  S R I /  

G u l f  model. Whi le  each o f  t h e  o t h e r  m o d e l s  h a s  t h e  same g e n e r a l  

method01 o g y ,  EPM/LLL,  GEMS a n d  LEAP c o n t a i n  m o d i f i c a t i , o n s  a n d  

enhancements developed f o r  t h e i r  d i f f e r e n t  needs and purposes t h a t  a r e  

d iscussed i n  l a t e r  sec t i ons .  

Uses 

T h i s  c l a s s  o f  models can be used f o r  f o r e c a s t i n g ,  comparison o f  t h e  

l ong - run  impacts o f  v a r i o u s  f u t u r e  e n e r g y  s c e n a r i o s ,  e v a l u a t i n g  

techno1 ogy, o r  po l  i c y  a n a l y s i s .  



SRI-Gul f and D e r i v a t i v e  Model s  

Mode l ing  S t r u c t u r e  and Techniques 

These general  i z e d  e q u i l i b r i u m  models a r e  b u i  1  t a s  n e t w o r k s  t h a t  

t r a c e  t h e  f l o w  o f  energy f rom r e s o u r c e  marke ts  t o  end-use demands. ( F o r  

an example of a  ne twork ,  see F i g u r e  1 0 , )  T h e  m e t h o d o l o g y ,  t e r m e d  

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  a  c o m b i n a t i o n  o f  e c o n o m e t r i c  

methods, o p t i m i z a t i o n  o r  p rogrammi  n g  m e t  h o d s ,  g e n e r a 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. The models have these  b a s i c  

e lements :  (1) processes d e s c r i b i n g  t h e  fundamenta l  s u b m o d e l  s ;  ( 2 )  a  

ne twork  d e s c r i b i n g  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  p r o c e s s e s ;  a n d  

( 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  numeri c a l  v a l u e s  o f  a1 1  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 p r o c e s s  i s  a  s e t  o f  e c o n o m i c  a n d / o r  

s u b j e c t i v e  re1 a t i o n s  o r  equa t i ons  t h a t  may 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  system o r  a  fundamental t e c h n o 1  o g y  o r  d e c i  s i  o n -  

making process.  Processes genera l  l y  c o n t a i n  phys i ca l  and/or  behavi  o r a l  

r e l a t i o n s .  The a l 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  l i n k a g e s  i n  

t h e  network.  P r i c e s  and q u a n t i t i e s ,  t h e  1  i n k s  between t h e  n o d 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  each t i m e  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 .  T h e  a1 g o r i  t h m  d o e s  n o t  i m p o s e  

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  ensure convergence. I n s t e a d ,  

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 geographic r e g i o n s  may be  mode led .  

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 SRI-Gul f model des igna tes  i n p u t s ,  ou tpu ts ,  and t h e  a 1  g o r i  t hms 

a s s o c i a t e d  w i t h  each node. A parameter  f i l e  has a l l  t h e  i n f o r m a t i o n  

needed f o r  t h e  a l g o r i t h m  ass igned t o  a  node, The t ypes  o f  a1  g o r i  t h m s  

t h a t  can be u s e d  a r e  c o n v e r s i o n  p r o c e s s e s ,  r e s o u r c e  e x t r a c t i o n  

processes,  market  a1 l o c a t i o n  nodes, and spec ia l  models ( e l e c t  r i c  p o w e r  

p l a n t s ,  r e f i n e r y ,  and c a p i t a l  equ i  p e n t  s u p p l i e r ) .  Some o f  t h e  SRI-Gul f 

c l a s s  models, LEAP f o r  i n s t a n c e ,  a l l o w  b o u n d s  o r  c o n s t r a i n t s  t o  b e  

p laced  on t h e  s o l u t i o n  o f  each process a l g o r i t h m .  F o r  m o r e  d e t a i  1  e d  

d e s c r i p t i o n s  o f  t h e  a l g o r i t h m s  see papers by  Rousseau e t  a l .  (1978b) and 

Cazal e t  (1977).  



SRI-Gul f and D e r i v a t i v e  Models 

DISTRIBUTION 

URANIUM MINING, 
ENRICHMENT AND 
TRANSPORTATION p 

P P 0 RESOURCE SUPPLY CURVE 

F i g u r e  10 
Schematic Diagram o f  t h e  Network S t r u c t u r e  o f  t h e  SRI-Gul f Model 

Source: Cazal e t  1977 

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 o v e r  t h e  t i m e  p e r i o d  i n  q u e s t i o n .  Some 

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

C a l c u l a t i o n s  i n  t h e  model a r e  p e r f o r m e d  b y  m o v i n g  e i t h e r  " u p "  t o  

d e t e r m i n 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 .  E a c h  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 t h m  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 .  T h e  a l g o r i t h m  

a s s o c i a t e d  w i t h  an upward i t e r a t i o n  i s  a  b e h a v i o r a l  r e l a t i o n  ( g i v e n  

c o s t s ,  t h e  p r i c e  t h a t  w i l l  be charged f o r  an o u t p u t  i s  c a l c u l a t e d ) .  

A t  t h e  bo t tom o f  t h e  network  a r e  resource  nodes. Given an i n i  t i  a1  

r e s o u r c e  o u t p u t ,  t h e  a l g o r i t h m ,  on an upward i t e r a t i o n ,  c a l c u l a t e s  a n  
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o u t p u t  p r i c e .  To do so, i t  needs as i n p u t  a  m a r g i n a l  c o s t  c u r v e  o f  

r e s o u r c e  supp ly ,  a  r a t e  o f  d i  scount  and o t h e r  t echno l  o g i  c a l  p a r a m e t e r s  . 
A l l o w i n g  f o r  economic r e n t ,  t h e  r e s o u r c e  o w n e r  s e t s  a  p r i c e  t h a t  

maximi zes h i s  d i s c o u n t e d  p r e s e n t  va lue .  

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

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  conve r ted  by  a  p r o c e s s .  I n  L E A P ,  

some t r a n s p o r t a t i o n  c o s t s  a r e  imp1 i c i t l y  i n c o r p o r a t e d  as d i f f e r e n t  i a 1  s  

on t h e  l i n k s .  I n  an e q u i l i b r i u m  s i t u a t i o n  and w i t h  p e r f e c t  c o m p e t i t i o n  

t h e  producer  w i l l  make ze ro  economic p r o f i t s  ( t h a t  i s ,  a  reasonab le  b u t  

n o t  excess i ve  r a t e  of r e t u r n  on e q u i t y ) .  Thus, t h e  b a s i c  p r i c e  c h a r g e d  

w i l l  be t h e  one t h a t  makes n e t  p r e s e n t  v a l u e  o f  o u t p u t  equal  t o  zero.  

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  w i  1 1  

bc a  f u n c t i o n  of d i s tance .  Al lowance c a n  a l s o  b e  made  f o r  g r o w t h ,  

excess c a p a c i t y ,  s e c o n d a r y  m a t e r i a l  s ,  t e c h n o l  o g i c a l  c h a n g e ,  a n d  

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  c o n v e r  s i  o n  n o d e .  

The number o f  i n p u t s  t h a t  a  c o n v e r s i o n  node can accept  d e p e n d s  o n  t h e  

model (e.g., LEAP accep ts  o n l y  t h r e e ) ;  i n p u t s  and secondary i n p u t s  a r e  

conve r ted  i n t o  one o u t p u t .  F i g u r e  11 shows a  f l o w  c h a r t  o f  t h i s  t y p e  o f  

node and i n p u t  parameters necessary f o r  an upward i t e r a t i o n .  The b a s i  c  

f o r m u l a  f o r  p r i c e  o u t  o f  a  c o n v e r s i o n  node i s  t h e  same a s  t h a t  f o r  a  

t r a n s p o r t  node, where one 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 r o m  

t h e  node below. 

Once th rough  a  conve rs ion  node, t h e  o u t p u t  c o u l d  be t r a n s p o r t e d  t o  

ano the r  c o n v e r s i o n  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 schedu les ,  w h i c h  a r e  e x o g e n o u s ,  c a n  v a r y  i n  

e l a s t i c i t y .  From t h e  p r i c e  o f  an end-use demand and 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 r o d u c t  i s  compet ing t o  supp ly  a n  e n d - u s e  

s e r v i c e  o r  any node, an a l 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 g a s o l 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  w i l l  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 ,  and, depending o n  t h e  m o d e l  , a  

p r i c e  s e n s i t i v i t y  parameter  wh ich  des igna tes  how r a p i d l y  m a r k e t  s h a r e s  

can change. 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  we ighted 

average o f  t h e  p r i c e s  o f  t h e  f u e l s  used. Some m o d e l s  u s e  q u a n t i t y -  
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OUTPUT : 

Produc t  

P r i c e  

PROCESS 

NODE 

( A l g o r i  thms) 

I 
a C a p i t a l  c o s t  and l i f e  

P r i c e s  

a O p e r a t i n g  and maintenance c o s t  

a E f f i c i e n c y  

a I n f o r m a t i o n  on t e c h n i c a l  
change f o r  o p e r a t i n g  c o s t s ,  
c a p i t a l  c o s t s ,  e f f i c i e n c i e s ,  
and when techno logy  i s  
a v a i  1  a b l e  

a I n f l a t i o n  

a I n t e r e s t  r a t e s  

a Debt l i f e  

a Secondary m a t e r i a l s  
i n f o r m a t i o n  

a e t c .  

INTERNAL 
INPUT 

EXAMPLES OF EXTERNAL INPUT 
( f r o m  parameter  f i l e )  

F i g u r e  11 
Bas ic  Convers ion  Node on t h e  Upward I t e r a t i o n  

we ighted averages, o t h e r s  use m a r k e t - s h a r e  w e i g h t s ,  The  w e i g h t e d  

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

i t e r a t i o n .  
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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  back 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  

c o n v e r s i o n  node. 

Simi 1  a r  p r o v i  s i o n s  may be  made f o r  secondary mater  i a 1  f 1  ows , a n d  

changes i n  c a p i t a l  s t o c k .  W o r k i n g  b a c k  down  t h e  s y s t e m ,  i n p u t  

q 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  r e s o u r c e  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  process c o n t i n u e s  u n t i l  p r i c e s  and q u a n t i t i e s  converge, 

S i n ~ p l e r  v e r s i o n s  o f  b a s i c  processes may e x i  s t ,  w i  t h  n o  c a p i  t a l  

c o s t s ,  o r  w i t h  no o p e r a t i n g ,  maintenance,  o r  c a p i t a l  c o s t s .  

Severa l  c o n s t r a i n t  n o d e s  may b e  a v a i l a b l e ,  O u t p u t s  c a n  b e  

r e s t r a i n e d  t o  a  f i x e d  r a t i o .  T h e r e  c a n  b e  p r i c e  o r  q u a n t i t y  

c o n s t r a i n t s .  Government r e g u l a t i o n s  can be sirnul a t e d  by rep resen ta  t i o n  

as c o s t s  o r  t h e  e l i m i n a t i o n  o f  nodes f rom t h e  network .  

There can be s p e c i a l  p rocess  models i n  t h e  system. I n  t h e  S R I /  

Gul f model , one group s imul  a t e s  e l e c t r i c  power p r o d u c t i o n ,  by combi n  i n g  

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

r e p r e s e n t  d i f f e r e n t  l o a d  f a c t o r s .  One c o m b i n e s  s e v e r a l  c o n v e r s i  o n  

processes t o  model a  r e f i n e r y ,  and ano the r  models t h e  secondary m a t e r i a l  

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

GEMS/DFI o r  LEAP models. 

R e l a t i o n s h i p  t o  O the r  Models 

The e a r l i e s t  o f  t hese  models i s  S R I - G u l  f ,  a  p r o p r i e t a r y  m o d e l  

designed t o  e v a l u a t e  s y n t h e t i c  f u e l  p o l  i c y .  L a w r e n c e  L i v e r m o r e  

L a b o r a t o r y  developed a  more f l e x i b l e  r e g i o n a l i z e d  v e r s i  o n  f o r  p o l  i c y  

a n a l y s i s  c a l l e d  t h e  Energy P o l i c y  Model (EPMILLL) a1 ong w i t h  a  computer  

language t o  f a c i l i t a t e  b u i l d i n g  a n d  c h a n g i n g  e n e r g y  n e t w o r k s .  A 

non reg iona l  i zed v e r s i o n  w i t h  a  number o f  a l g o r i t h m  changes and i nc reased  

network  f l e x i b i l i t y ,  c a l  l e d  GEMS, was developed by D e c i s i o n  Focus, I n c ,  

An e a r l y  v e r s i o n  o f  GEMS was s o l d  t o  t h e  U,S. Department o f  Energy a n d ,  

w i t h  t h e i r  changes, has become t h e  Long-Term E n e r g y  A n a l y s i s  P r o g r a m  

(LEAP), ( F o r  more comple te  e x p l a n a t i  o n s ,  s e e  t h e  m o d e l  s '  s p e c i f i c  

d e s c r i p t i o n s  t h a t  f o l l o w . )  
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T r a n s p o r t a t i o n  Component 

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

t r a n s p o r t a t i o n  b y  mode, f o r e c a s t  t h e  e q u i l i b r i u m  p r i c e s  and q u a n t i t i e s  

o f  v e h i c l e  s e r v i c e s  (e.g., v e h i c l e  m i l e s  t r a v e l e d ,  passenger a i r  m i l e s ) .  

When m o r e  t h a n  o n e  t y p e  o f  e n e r g y  ( e . g . ,  g a s o l i n e ,  d i e s e l ,  o r  

e l e c t r i c i t y )  may b e  used i n  s u p p l y i n g  t h e  t r a n s p o r t a t i o n  s e r v i c e ,  t h e  

market  share  o f  each energy t y p e  used i s  f o r e c a s t .  Each t r a n s p o r t a  t i o n  

component i s  an end-use demand b u i l t  i n t o  t h e  m o d e l  n e t w o r k ,  w h i c h  

connects  t h e  end-use demand t o  f u e l  i n p u t s .  T h e  s t r u c t u r e  o f  t h e  

t r a n s p o r t  s e c t o r  i s  t h e  same as t h e  general  model s t r u c t u r e  d i  s c u s s e d  

e a r l i e r ,  w i t h  t h e  modeler  s u p p l y i n g  t h e  parameters n e c e s s a r y  f o r  t h a t  

s e c t o r .  





SRI-GULF ENERGY MODEL (73-261) 

Overv iew o f  Model 

T h i s  i s  a  n a t i o n a l  dynamic genera l  e q u i l i b r i u m  m o d e l  w i t h  e i g h t  

demand r e g i o n s  and t h i r t y  s u p p l y  r e g i o n s .  It i s  t h e  e a r l i e s t  and 1  e a s t  

f l e x i b l e  o f  t h e  models, s i n c e  t h e  c o m p u t e r  1 a n g u a g e  d o e s  n o t  a 1  1  ow 

networks  t o  be e a s i l y  changed. 

Uses 

The model was deve loped by S R I  I n t e r n a t i o n a l  t o  ana lyze s y n t h e t i c  

f u e l  po l  i c y  f o r  G u l f  O i  1  Co rpo ra t i on .  S y n t h e t i c  f u e l  t echno l  og ies  w e r e  

e v a l u a t e d  by t h e i r  impact  on d i scoun ted  company p r o f i t s .  S y n t h e t i c  f u e l  

t e c h n o l o g i e s  and o t h e r  m a j o r  e n e r g y  t e c h n o l  o g i e s  a f f e c t i n g  G u l f '  s  

d e c i s i o n s  were modeled i n  g r e a t  d e t a i l .  A  subsequent v e r s i o n  was  u s e d  

t o  e v a l u a t e  t h e  impacts  o f  a1 t e r n a t i v e  government p o l i c i e s  on s y n t h e t  i c  

f u e l s .  

I n p u t  

A d a t a  base was developed i n t e r n a l l y  a t  S R I  f o r  t h i s  model, 

The b a s i c  i n p u t s  t o  t h e  model a re :  (1) An energy network t h a t  s e t s  

up r e s o u r c e  nodes, p rocess  nodes, demand nodes, market  nodes, 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  l i n k a g e s ;  and ( 2 )  A p a r a m e t e r  

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 as 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  o n  

each p rocess - - i  t s  t y p e  and parameters n e c e s s a r y  f o r  p r i  c e - q u a n t  i t y  

c a l c u l a t i o n s ;  ( d )  End-use demand s c h e d u l  e s ;  ( e )  R e s o u r c e  s u p p l y  

cu rves ;  ( f )  D i s t a n c e s  on r e g i o n a l  v e r s i o n s ;  a n d  ( g )  T h e  i n i t i a l  

q u a n t i t i e s  f o r  t h e  e n t i r e  ne twork .  

S t r u c t u r e  
The processes and r e l a t i o n s  o f  t h e  SRI-Gul f  t y p e  o f  m o d e l  s  h a v e  

been d e s c r i b e d  above. The b a s i c  p r o c e s s e s  p a r t i  c u l  a r  t o  t h e  1 9 7 6  



SRI-Gul f and D e r i v a t i v e  Model s: SRI-Gul f 

v e r s i o n  o f  t h e  SRI-Gulf model ( C a z a l e t  1977) a r e  ou t1  i n e d  h e r e .  T h e y  

can be m o d i f i e d  t o  a i d  i n  t h e  a n a l y s i s  o f  a  p a r t i c u l a r  problem. 

a Simp le  Convers ion  Processes d e s c r i b e  t h e  t e c h n o l  o g y  a n d  
economics o f  c o n v e r t i n g  one e n e r g y  m a t e r i a l  t o  a n o t h e r  
(e.g., s y n t h e t i c  gas f rom c o a l  and r e s i d e n t i a l  s p a c e  h e a t  
f r o m  gas). 

0 A l l o c a t i o n  Processes d e s c r i b e  t h e  a1 1  o c a t i  o n  o f  demand  
among compet ing sources  o f  supp ly  ( i  .e., a1 l o c a t i o n  o f  g a s  
demand among a l t e r n a t i v e  s o u r c e s  a n d  s p a c e  h e a t  demand  
among a1 t e r n a t i v e  fu rnaces  and f u e l  s )  . 

a P r i m a r y  Resource P rocesses  d e s c r i b e  t h e  d e p l  e t i  o n  a n d  
p r i c i n g  o f  energy resou rces  ( i  .e., n a t u r a l  gas and c o a l ) .  

a End Use Demand Processes d e s c r i b e  t h e  g rowth  i n  demand f o r  
usab le  energy ove r  t i m e  and t h e  e f f e c t  on  demand o f  changes 
i n  p r i c e s  ( i . e . ,  space heat  and i n d u s t r i a l  steam). 

0 T r a n s p o r t a t i o n  Processes d e s c r i b e  techno logy  and e c o n o m i c s  
o f  moving an energy m a t e r i a l  f rom one l o c a t i o n  t o  a n o t h e r  
( i  .e., n a t u r a l  gas p i p e l i n e s  and c o a l  u n i t  t r a i n s ) .  

0 Compl ex Convers ion  Processes ( i  .e., r e f i n e r i e s  and e l  e c t r i c  
power g e n e r a t i  on) .  

a Secondary I n d u s t r y  P r o c e s s e s  d e s c r i b e  t h e  i m p a c t  o n  
s e c o n d a r y  m a t e r i a l  p r i c e s  o f  c h a n g e s  i n  demand  f o r  
secondary m a t e r i a l s  used i n  c o n s t r u c t i o n  o f  new e n e r g y  
f a c i l i t i e s  ( i . e . ,  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) . ( p. 4-1)  

W i t h i n  each b a s i c  p rocess  a r e  two t y p e s  o f  r e l a t i o n s :  p h y s i c a l  and 

b e h a v i o r a l ,  where p h y s i c a l  r e l a t i o n s  d e s c r i  b e  t h e  f l  ow o f  m a t e r i  a1  s  

w i  t h i n  a  process ,  and b e h a v i o r a l  re1  a t i o n s  d e s c r i b e  t h e  d e c i s  i o n m a k i  n g  

b e h a v i o r  t h a t  s e t s  p r i c e s  and q u a n t i t i e s .  

I n  t h e  s imp le  c o n v e r s i o n  p r o c e s s ,  e q u a t i o n s  a r e  i n c l u d e d  f o r  

m a t e r i a l  f l  ow 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  and rep1 a c m e n t ,  i n i  t i  a  1  

c o n d i t i o n s ,  n e t  p r e s e n t  va lue ,  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 l o w  

and r a p i d  growth,  g row th  r a t e ,  i n f l a t i o n  and secondary m a t e r i  a1  s  c o s t  

ad jus tments ,  and t e c h n o l  o g i c a l  change and p resen t  v a l u e  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  fl ow, 

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 a l  

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

thermal  e f f i c i e n c y  ad jus tmen t  equa t i ons .  The complex 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  on ,  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  

process  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  e q u a l i t i e s  and i n e q u a l  i t i  e s ,  

and r e l 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 g u l  a t e d  o r  

u n r e g u l a t e d  conve rs ion  process.  The secondary  ma t e r  i a1 p r o c e s s  h a s  

e q u a t i o n s  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 can be c o n t a i n e d  i n  t h e  model a t  one t ime.  

Computer Requi rements 

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  conve rgence  f o r  a  b a s e  

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 ,  T e n  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 .  

Each i t e r a t i o n  o f  t h e  model t a k e s  1.3 m inu tes  o f  IBM 3 7 0 1 1 6 8  c o m p u t e r  

t i m e  and uses about  600,000 b y t e s  o f  c o r e  s torage.  

T r a n s p o r t a t i o n  Component 

The end-use s e r v i c e  demand i s  measured i n  v e h i c l e  m i l e s .  The own-  

p r i c e  e l a s t i c i t y  o f  demand f o r  a u t o m o b i l  e  VMT i s  a s s u m e d  t o  b e  a  

c o n s t a n t ,  -0.38. Equ i l  i b r i u m  q u a n t i t y  and p r i c e  o f  VMT a r e  ou tpu t .  
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LAWRENCE LIVERMORE LABORATORY ENERGY POLICY MODEL (EPMILLL) (78-462) 

Overv iew o f  Model 

EPM was developed as an improvement  t o  t h e  S R I - G u l  f m o d e l  , t o  

p r o v i d e  f o r  g r e a t e r  f l e x i b i l i t y ,  and f o r  t h e  i n c o r p o r a t i o n  o f  government 

r e g u l a t i o n  i n  s i m u l a t i o n s .  Lawrence L i v e m o r e  L a b o r a t o r y ,  u s i  n g  t h e  

s t r u c t u r e  o f  t h e  SRI-Gul f model , made r e f i n e m e n t s  on t h e  microeconomics, 

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

f l e x i b i l i t y  o f  t h e  model by d e v e l  o p i n g  a  p a c k a g e  o f  p r o g r a m s - - t h e  

Economic Mode l ing  System ( E M S ) .  EMS a l l o w s  t h e  m o d e l  u s e r s  t o  b u i l d  

t h e i r  own networks  th rough  t h e  use o f  a  new mode l ing  computer l a n g u a g e  

des igned t o  ope ra te  w i t h  EMS. C a l c u l a t i o n s  a r e  done t h r o u g h  t h e  y e a r  

2025. 

Uses 

The model was designed t o  be a  f l e x i b l e  t o o l  f o r  po l  i c y  eva lua  t i  o n  

o r  compar ison o f  v a r i o u s  energy s c e n a r i o s .  P o s s i b l e  p o l  i c i e s  a n d  

s c e n a r i o s  can be rep resen ted  by e l i m i n a t i o n  o f  nodes f rom t h e  n e t w o r k ,  

changes i n  c o s t s ,  changes i n  t echno logy ,  new techno1 ogy, p r i c e  c o n t r o l s ,  

o r  q u a n t i t y  c o n t r o l  s. 

Analyses have been performed f o r  t h e  impacts  o f  t h e  i n t r o d u c t i o n  o f  

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

p r o p u l s i o n  (e.g., d u a l - f u e l e d  h y b r i d s ,  l i q u i d  hydrogen b road -cu t  f u e l s ) ;  

and f u e l  economy standards.  

S t r u c t u r e  

The most genera l  k i n d  o f  compu ta t i ona l  submodel, c a l l e d  t h e  SIMPLE 

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  model ed: g row th  pe r  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 c a n p u t a t i o n s  i n c l u d e :  c a p i t a l  

c o s t ,  bor rowings ,  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 resen t  v a l  u e  o f  

deb 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  
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insu rance ,  shutdown-expansion f a c t o r ,  c a p i t a l  equ i  pment c o s t  ad jus tment ,  

p resen t  v a l u e  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  

canpu ta t i ons ,  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 ncome,  a n d  f i n a l  

and re1 axed o u t p u t  p r i c e .  

I n p u t  

The i n p u t  d a t a  a r e  a  r e v i s i o n  o f  t h e  o r i g i n a l  SRI-Gul f  d a t a  b a s e .  

VMT demand e l a s t i c i t i e s  were based on t h o s e  o f  t h e  Wharton E c o n o m e t r i c  

F o r e c a s t i n g  Assoc ia tes  Automobi le  Demand Model. T h e  m o d e l  u s e r  m u s t  

d e s c r i b e  t h e  model network i n  t h e  model ing  language, and i n p u t  p r o g r a m  

v a r i a b l e s ,  process and marke t  node parameters, end-use demands, resource  

volume es t ima tes ,  i n i t i a l  marke t  shares, and t r a n s p o r t a t i o n  p r o c e s s  

d i s t a n c e s .  The model may c o n t a i n  o v e r  3000 nodes. 

Computer Requi rements 

The program i s  o p e r a t i o n a l  on a  C o n t r o l  Data C o r p o r a t i o n  (CDC) 7600 

on t h e  L i ve rmore  Time-Sharing System (LTSS). A base case a n a l y s i s  m i g h t  

be expected t o  t a k e  30-40 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  12-15 minutes.  S e n s i t i v i t y  a n a l y s i s  a f t e r  t h e  base case h a s  b e e n  

e s t a b l i s h e d  can be expected t o  t a k e  h a l f  a s  l o n g  a s  t h e  b a s e  c a s e  

s o l u t i o n .  Most o f  t h e  computer c o d e  i s  w r i t t e n  i n  FORTRAN; i t  i s 

d i v i d e d  i n t o  f o u r  main  programs, INPUT, SOLVE, PRINT, and PLOT. 

T r a n s p o r t a t i o n  Component 

One end-use t r a n s p o r t  demand v a r i a b l e  t h a t  h a s  b e e n  a n a l y z e d  i s 

v e h i c l e  m i l e s  t r a v e l e d ,  w i t h  t h e  demand schedule taken  f rom t h e  W h a r t o n  

EFA Automobi le  Demand M o d e l .  T r a n s p o r t a t i o n  f u e l s  i s  o n e  o f  2 1  

c a t e g o r i e s  o f  model ou tpu t .  
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GENERALIZED EQUILIBRIUM MODELING SYSTEM (GEMS) (77-283) 

Overv iew o f  Model 

GEMS i s  a non reg iona l  i z e d  v e r s i o n  o f  t h e  general  e q u i l  i b r i  um SR I- 

G u l f  Energy Model. It i s  a s o f t w a r e  system and c o l l e c t i o n  o f  component  

processes t h a t  can be used t o  cus tom-bu i l d  an energy-economy n e t w o r k .  

The s p e c i f i c  ne tworks  b u i l t  depend on t h e  c l i e n t  f o r  whom i t i s b e i  n g  

used. 

Uses 

C l i e n t s  f o r  whom GEMS network models have been b u i l t  i n c l u d e  C h a s e  

Manhattan Bank, t h e  E l e c t r i c  Power Research I n s t i t u t e  (EPR I ) , a n d  t h e  

Tennessee Val l e y  A u t h o r i t y  (TVA). 

Re1 a t i o n s h i  p t o  Other  Model s 

The changes f rom t h e  SRI-Gul f  model i n c l u d e :  changes i n  t h e  d a t a  

base; new 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  a n d  r e d u c e s  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  a l l o w i n g  feed  b a c k  f r o m  

t h e  r e s t  o f  t h e  economy; new assumptions i n  t h e  process l o g i c  t h a t  k e e p  

t r a c k  o f  c a p a c i t y  a d d i t i o n s ,  new d r i l l i n g  o r  investment  i n  r e s o u r c e s ,  

and resource  p r o d u c t i o n ;  and changes i n  1 e a r n i n g  assumptions. 

S t r u c t u r e  

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 ions  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  l 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  

model s 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 g  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  gener 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 l i t a t e s  t h e  d e f i n i t i o n  o f  

model ing  conven t ions  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  d a t a  r e q u i r e d  i n  an a c t u a l  model. 



SRI-Gul f and D e r i v a t i v e  Models: GEMS 

The b a s i c  e lements o f  a  network model i m p l e m e n t e d  w i t h  t h e  G E M S  

i n c l u d e :  (1) process models o f  i n d i v i d u a l  c o m p o n e n t s  o f  t h e  e n e r g y -  

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

t e c h n o l o g i e s ,  o r  dec is ionmak ing process,  c o n t a  i n i  n g  p h y s i  c a l  a n d / o r  

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 s  b e t w e e n  t h e  

processes,  w i t h  end-use demand-for-energy processes a t  t h e  t o p  o f  t h e  

network ,  p r imary - resource  supp ly  processes a t  t h e  b o t t o m ,  a n d  m a r k e t  

behav io r ,  conve rs ion ,  and t r a n s p o r t a t i o n  between; and ( 3 )  an a  1  g o r i  t hm 

t h a t  uses i t e r a t i v e  t e c h n i q u e s  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  a n d  

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 g  a  s e t  o f  p r o c e s s e s  f r o m  t h e  b a s i c  

l i b r a r y  o f  GEMS modules, w i t h  m i  n o r  m o d i f i c a t i o n s .  T h e s e  m o d u l  e s  

s imul  a t e  b a s i c  a1 1  o c a t i o n ,  b a s i c  convers ion ,  e l e c t r i c  power convers i o n ,  

e l e c t r i c  power 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  r e s o u r c e ,  

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 ,  e n d - u s e  c o n v e r s i o n ,  e n d - u s e  demand ,  

f i n a n c i a l  , and 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 o n  o f  resources,  may be appl i e d .  

T r a n s p o r t a t i o n  Component 

End-use demands t h a t  have been cons idered i n  some v e r s i o n s  i n c l  u d e  

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

e l e c t r i c  c a r s  i n t o  these  markets.  
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LONG-TERM ENERGY ANALYSIS PROGRAM (LEAP) (77-286) 

Overv iew o f  Model 

LEAP models t h e  energy system o f  t h e  U n i t e d  S t a t e s  f r o m  1 9 7 5  t o  

2020 i n  f i v e - y e a r  i n t e r v a l s ,  It i s  capab le  o f  d e v e l  o p i n g  1  o n g - t e r m  

energy supp ly ,  convers ion,  and demand f o r e c a s t s  a t  t h e  n a t i o n a l  l e v e l .  

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

( r e s i d e n t i a l ,  commercial,  i n d u s t r i a l ,  and t r a n s p o r t a t i o n )  , d o m e s t i c  

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

1  eve ls .  The r o l e s  o f  new t e c h n o l o g i e s  i n c l  ud ing s y n t h e t i c  f ue l s ,  s o l  a r  

power, and renewable energy can be accounted f o r  i n  t h e  m o d e l .  LEAP 

produces f o r e c a s t s  o f  t h e  energy market ,  and p r o j  e c t i  o n s  o f  m a r g i  n a l  

p r i c e s  f o r  f u e l s  and s e r v i c e s ,  and can keep t r a c k  o f  c a p a c i t y  a d d i t i o n s .  

LEAP i s  based on a  v e r s i o n  o f  t h e  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  

System (GEMS) t h a t  was purchased by DOE f rom Deci s i o n  Focus, I n c .  W i t h  

DOE'S changes t h e  model has become LEAP, F o r  t h e  A n n u a l  R e p o r t  - t o  

Congress 1979, DOE extended LEAP t o  i n c l u d e  2 2 5  n o d e s ,  The  c h a n g e s  

i n c o r p o r a t e d  i n t o  LEAP by DOE i n c l u d e :  

a Development o f  r e p o r t  w r i t e r s .  LEAP o u t p u t  c a n  b e  d i  s p l  a y e d  

b o t h  i n  summary t a b l e s  and d i  saggregated l i s t i n g s  t o  a  s p e c i f i e d  

l e v e l  o f  d e t a i l .  A u s e r  c a n  d e s i g n  a n  o u t p u t  r e p o r t  b y  

i d e n t i f y i n g  t h e  a p p r o p r i a t e  nodes. R e p o r t s  c a n  a1 s o  c o n t a i n  

user -spec i  f i e d  c a l  c u l  a t i o n s  o f  t h e  model ' s  o u t p u t  v a l  u e s .  T h e  

c u r r e n t  energy ba lance  r e p o r t s  d i s p l a y  energy supp ly  and demand 

summaries, s o u r c e s  o f  f u e l s ,  e n d - u s e  demands b y  s e c t o r ,  

e l  e c t r i c i  t y  genera t i on ,  and p e n e t r a t i o n  o f  new techno1 og i  es. An 

assoc ia ted  p r i c e  t a b l e  can a1 so be produced f o r  e a c h  q u a n t  i t y  

tab1 e. 

a PERUSE. A s o f t w a r e  package t h a t  f a c i l  i t a t e s  t h e  i n c o r p o r a t i  o n  

o f  user  s p e c i f i e d  da ta  changes i n t o  t h e  model. 

m Graphics.  Graphs can be genera ted f rom LEAP s o l u t i o n  f i l e s .  
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Uses 

The model i s  used f o r  l ong - te rm p r o j e c t i o n  t h r o u g h  2 0 2 0 ,  a n d  i s  

c a l  i b r a t e d  w i t h  MEFS th rough  1995. P r o j e c t i o n s  a f t e r  2020 a r e  p r o d u c e d  

t o  avo id  e n d - e f f e c t  problems. 

I n p u t  

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

grouped a s  f o l l o w s :  convers ion ,  r e s o u r c e ,  demand,  a1 1 o c a t i o n ,  a n d  

t r a n s p o r t a t i o n .  Each process r e q u i r e s  p h y s i c a l  d a t a  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 economic va lues  such as c o s t ,  t a x ,  and 

r e g u l  a t o r y  data .  

The d a t a  come f rom a  v a r i e t y  o f  sources such as:  M i d t e r m  E n e r g y  

F o r e c a s t i n g  System (MEFS), U.S. D e p a r t m e n t  o f  T r a n s p o r t a t i o n ,  t h e  

N a t i o n a l  Coal Model , Oak Ridge N a t i o n a l  Labora to ry ,  Brookhaven N a t i  o n a l  

Labora to ry ,  U. S. Bureau o f  Mines, and i n- house genera t i on .  

Computer Requi rements 

Processor:  IBM 3701168 

Storage:  1500 t r a c k s  o f  d i s k  s torage;  2000K b y t e s  o f  c o r e  f o r  a  50 y e a r  

s i m u l a t i o n .  

Language: FORTRAN 

110 mode: D isk ,  t ape .  

Average r u n  and t u r n  around t i m e s :  3 0 - 3 5  s e c o n d s  o f  CPU t i m e  p e r  

i t e r a t i o n .  

T r a n s p o r t a t i o n  Component 

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 - t r u c k  v e h i  c l  e  

m i l e s ,  heavy- t ruck  v e h i c l e  m i l e s ,  a i r  passenger m i l e s ,  r a i l  t o n  m i  1  e s ,  

bus v e h i c l e  m i l e s ,  and mar ine  t o n  m i l e s .  The model has a1 so b e e n  u s e d  

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

a p p l i c a t i o n  assumed e l e c t r i c  v e h i c l e s  canpete  o n l y  f o r  u r b a n  m i  1  e a g e ,  

p e n e t r a t e  t h e  market  a f t e r  1985, and become commercial1 y a v a i  1  a b l  e  i n  

1990. LEAP can a l s o  be u s e d  t o  a n a l y z e  t h e  e f f e c t s  o f  d i f f e r e n t  

au tomob i le  e f f i c i e n c y  (mpg) assumptions and t h e  e f f e c t s  o f  h i g h e r  w o r l d  

o i l  p r i c e s .  
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Brookhaven National Laboratory Modeling System 

Overview o f  Models 

F o r  energy p o l i c y  a n a l y s i s  and p r o j e c t i o n s ,  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  (BNL) uses t h r e e  mode1 s  i n t e r a c t i v e l y .  These a r e :  TE SOM, 

LITM, and t h e  Inpu t -Ou tpu t  (1 -0 )  Model, The 1  i n e a r  programmi n g  m o d e l  , 
TESOM (BESOM and DESOM a r e  e a r l i e r  v e r s i o n s )  s o l v e s  f o r  t h e  e n e r g y  

p r o d u c t s  t h a t  m in im ize  t h e  t o t a l  s y s t e m  c o s t s  o f  p r o d u c i n g  t h o s e  

p r o d u c t s  s u b j e c t  t o  energy resource ,  f i n a l  energy demand, po l  1  u t i  on, and 

energy c o n v e r s i o n  c a p a c i t y  c o n s t r a i n t s .  T h e  c o s t  o f  a  r e s o u r c e  i s  

exogenous u n l e s s  i t  i s  rep resen ted  as  a  stepwi se supp ly  s c  h e d u l  e  w i  t h 

more p r o d u c t i o n  a t  h i g h e r  p r i c e s .  The minimum energy p roduc t  c o s t s  f rom 

TESOM a r e  f e d  i n t o  t h e  Da le  W. Jorgenson Assoc ia tes  model, L ITM.  L I T M  

(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  Model) i s  a  dynamic model w i t h  t w o  

f u l  l y  i n t e g r a t e d  components: a  macromodel and an i n t e r i n d u s t r y  m o d e l  . 
(DGEM i s  a  second g e n e r a t i o n  LITM.) The m a c r o m o d e l  c a l  c u l  a t e s :  ( 1 )  

consumpt ion,  investment ,  government spending, and e x p o r t s  o f  g o o d s  a n d  

s e r v i c e s  f o r  t h e  e n t i r e  U.S.; and ( 2 )  p r i c e s  o f  l a b o r  and c a p i t a l .  T h e  

i n t e r i n d u s t r y  model i n  LITM c a l c u l a t e s  p r i c e s  f o r  t e n  produc ing s e c t o r s  

and impor t s .  T h e  f o u r  a g g r e g a t e  demand  c a t e g o r i e s  i n  L I T M  a r e  

d i saggrega ted  i n t o  110 i n d u s t r i e s  i n  t h e  I n p u t - O u t p u t  M o d e l  b y  u s i n g  

i n f o r m a t i o n  f rom t h e  LITM i n t e r i n d u s t r y  model. The 110 end-use demands 

t h a t  encompass t h e  whole economy a r e  used i n  t h e  1-0 model t o  s o l v e  t h e  

t o t a l  demands f o r  energy se rv i ces .  These energy s e r v i c e  demands  a r e  

used as  c o n s t r a i n t s  i n  TESOM. The s o l u t i o n  o f  e n e r g y  p r o d u c t i o n  i n  

TESOM i s  used t o  c r e a t e  i n p u t - o u t p u t  c o e f f i c i e n t s  f o r  t h e  energy s e c t o r  

o f  t h e  1-0 Model. The t h r e e  models i t e r a t e  u n t i l  t h e  s o l u t i o n s  f o r  a1 1  

t h r e e  converge ( s e e  F i g u r e  12). 

Uses 

Recent i n t e r a c t i v e  uses o f  t h e  models a t  BNL i n c l u d e  ( 1 )  a  c o s t -  

b e n e f i t  a n a l y s i s  o f  energy  p o l i c i e s  under t h r e e  scenar ios :  s t a t u s  quo, 

a  l a r g e  c o n s e r v a t i o n  i n i t i a t i v e ,  and a  m a j o r  s y n f u e l  s  p r o g r a m ;  ( 2 )  
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Source: Groncki and Marcuse, 1979 

TESOM INPUT PARLYETERS 
r Energy Technologres 

o Costs 
o Load and Plant Factors 
o Conversion Efficiencies 

r Environmtntal Eaission 
Relations 

r Energy Supply Relations 
o Furl Costa 
o Fuel Availabilities 
o Capacity Constraints 

r Initial Energy Capital Stock 

LITH INPUT PARANETERS 
r Covtrnment Purchases 
r Depreciation Rates 
r Unemployment Rate 
a Population 
a Inventory Change 

Exports 
r Tax Rates 
r Production Coefficients 
r Utility Function Coefficients 

Initial Capital Stock 

* 
Tint-stepped Energy Systen 

Optimization Hodel Long-term Interindustry 

. 
r Primary Energy Q u a n t i t ~ e s  
r Oil and Gas Imports 9 r Oil and Cas Inporz Prices - 
r New Technology Levels and 

Product ion iuncr ions 
d 

Adjusted Level and Structure of 
Energy Service Demands 

A 

r 
r 
r Average C o n v c r s ~ o n  

Efficiencies by 
Energy Service 
C a t e g o v  

r Aggregate Energy 
System Efficiency 

* 

. f b 

r Aggregate Sectoral 
Outputs 

r Delivered Energy Flows 
by Aggregate Sector 

• Total Primary 
Energy Consumption 

b 

i 

b )I 

3 

Initial Energy Product 

r Solution Energy Solution CNP 
Imports and Demands and Components 

Solution Energy 
Product Coefficients 

Adjustment of Enerzy Service 
Demands to Reflect: 

r DJA Sectoral Outputs 
r DJA Energy/Output Ratios 

by Aggregtre Sec:or 
r BNL Conversion Efficiencies 

by Energy Servic. Category 
r Total Prinary Energy 

4 



comprehensive energy p r o j e c t i o n s  through 2025; and ( 3 )  a n  a n a l y s i  s o f  

s o l a r  pol i c y  opt ions.  
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BROOKHAVEN ENERGY SYSTEM OPTIMIZATION MODEL (BESOM) (78-378) 

Overview o f  Model 

BESOM i s  a  l i n e a r  programming model o f  t h e  e n e r g y  s e c t o r  o f  t h e  

economy t h a t  m in im izes  an o b j e c t i v e  f u n c t i o n  s u b j e c t  t o  c o n s t r a i n t s .  

The f u n c t i o n s  t h a t  can be m in im ized  a r e  t o t a l  system c o s t ,  o i l  i m p o r t s ,  

c a p i t a l  requ i rements ,  env i ronmenta l  e f f e c t s ,  o r  n a t u r a l  resource  use, o f  

p roduc ing  a  g i v e n  s e t  o f  energy s e r v i c e s .  A m u l t i p l e  c r i t e r i a  f u n c t i  o n  

can be o p t i m i z e d  w i t h  t h e  use o f  t r a d e - o f f  curves.  The m o s t  c o m m o n l y  

used o b j e c t i v e  f u n c t i o n  i s  m in im ized  t o t a l  s y s t e m  c o s t s ,  s u b j e c t  t o  

t o t a l  energy demand, resource,  po l  1  u t i o n ,  and p l  a n t  c o n s t r a i n t s .  

Uses 

BESOM, r e f e r r e d  t o  as a  process model by  Brookhaven N a t i o n a l  L a b  

(BNL) ,  i s  no l o n g e r  used. E a r l i e r  work u s i n g  BESOM i n c l u d e d  s t u d i e s  o n  

e l e c t r i f i c a t i o n ,  t echno logy  assessment, i n t e r f u e l  s u b s t i t u t i o n ,  o i  1  

s t o c k  p i l i n g ,  and a  n u c l e a r  m o r a t o r i  um, ( F o r  r e f e r e n c e s  o n  t h e s e  

s t u d i e s  see Groncki  and Marcuse 1979.) 

I n p u t  

I n p u t  i n c l u d e s  s u p p l y  a n d  demand 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 ,  and f u e l  c o s t s ;  e n v i r o n m e n t a l  i m p a c t  f a c t o r s ;  r e s o u r c e  

a v a i l  a b i l  i t i e s ;  b a s i c  energy demand; p e r m i t t e d  market  p e n e t r a t i  o n ;  a n d  

l o a d  c h a r a c t e r i s t i c s  o f  a1 1  e l e c t r i c  s e r v i c e  demands. 

Output  

Output  i n c l u d e s  q u a n t i t i e s  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 ,  

resources ,  and f u e l  use; o p t i m a l  c a p a c i t y  l o a d  f a c t o r s  f o r  e l  ec  t r i  c a l  

g e n e r a t i n g  p1 ants;  env i ronmenta l  e f f e c t s  o f  p roduc ing energy p r o d u c t s  ; 

shadow p r i c e s  o f  v a r i a b l e s  and c o n s t r a i n t s ;  c o s t  r e d u c t i o n  necessary  t o  

b r i n g  a  nonproduced p r o d u c t  i n t o  t h e  s o l u t i o n ;  t o t a l  o p t i m a l  s y s t e m  

cos t ;  and va lues  o f  a1 t e r n a t i v e  o b j e c t i v e s .  
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Model i n g  S t r u c t u r e  and Techniques 

BESOM i s  a  l i n e a r  programming model. The m o s t  common o b j e c t i v e  

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

i n t e r m e d i a t e  energy p roduc ts  Z . o r :  
J 

min im ize  C .  Z .  s u b j e c t  t o :  
J J  

where: 

Zi = v e c t o r  o f  j i n t e r m e d i a t e  energy p roduc ts  
J 

C .  = t h e  c o s t  v e c t o r  f o r  t h e  j energy products ,  
J 'j 

E u j ,  Dvj, Fwj, Gy j  = m a t r i c e s  r e p r e s e n t i  ng t h e  r e f e r e n c e  energy s y s t e m ,  

These m a t r i c e s  t r a n s l  a t e  t h e  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  Z .  i n t o  r e s o u r c e  u s e ,  e n d - u s e  s e r v i c e  
J 

demands, p o l l u t i o n  p r o d u c t i o n ,  a n d  e n e r g y  p l  a n t  

use. ( see  F i g u r e  13 f o r  t e c h n i c a l  r e l a t i o n s )  

Bu = t h e  c o n s t r a i n t  v e c t o r  f o r  u  energy resources  

Bv = t h e  demand c o n s t r a i n t  f rom t h e  1-0 model f o r  t h e  v  end-use e n e r g y  

demands 

Bw = t h e  c o n s t r a i n t  f o r  t h e  w  p o l l u t a n t s  assoc ia ted  w i t h  p r o d u c t i  o n  o f  

zj 
B  = t h e  y  p l a n t  c o n s t r a i n t s  assoc ia ted  w i t h  p r o d u c t i o n  o f  Z 

Y j 

E  . and D can a l l o w  f o r  t e c h n o l o g i c a l  change ove r  t ime.  
UJ v  j 

Re1 a t i o n s h i  p t o  Other  Model s  

See ove rv iew  o f  Brookhaven Models above and DESOM AND TESOM below. 

Computer Requi rement s  

BESOM i s  c m p a t i  b l  e  wi t h  C o n t r o l  Data C o r p o r a t i  on computers. 

TRANSPORTATION COMPONENT 

The end-use t r a n s p o r t a t i o n  demands  i n c l  u d e  a u t o m o b i  1  e  m i  1  e s  

t r a v e l e d ,  as w e l l  as t r a v e l  by t h e  o t h e r  modes ( r a i l  , a i r ,  a n d  b u s ) .  

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

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

l i q u i f i c a t i o n .  A Reference Energy System d e p i c t s  t h e  fl ow o f  e n e r g y  

from t h e  resource  t o  t h e  p o i n t  o f  a c t u a l  end-use, A t y p i c a l  system f o r  

a  p o s s i b l e  energy s c e n a r i o  i n  a  f u t u r e  yea r  i s  shown i n  F i g u r e  13. 

S t r u c t u r e  

The model ing  s t r u c t u r e  f o r  t h i s  component i s  s i m i l  a r  t o  t h a t  f o r  

t h e  e n t i r e  model d iscussed above. T o t a l  end-use v e h i c l e  m i l e s  t r a v e l  e d  

a r e  p r e d i c t e d  b y  t h e  1-0 Model and a r e  a  c o n s t r a i n t  i n  t h i  s  1  i n e a r  

programming model. The c o s t  o f  p roduc ing t h e s e  end-use s e r v i c e s  e n t e r s  

t h e  c o s t  f u n c t i o n ,  and energy p roduc ts  used i n  t h e i r  p r o d u c t i o n  a r e  

chosen t h r o u g h  t h e  o p t i m i z a t i o n  procedure.  Thus t h e  c o s t  o f  e n d - u s e  

s e r v i c e  p r o d u c t i o n  i s  m in im ized  w i t h o u t  exceeding resource  a v a i l  a b i  1 i ty, 

p l a n t  c a p a c i t y ,  o r  p o l l u t i o n  standards.  

I n p u t  

I n p u t  necessary f o r  t h e  t r a n s p o r t  s e c t o r  i n c l u d e s  e f f i c i e n c i e s  f o r  

c o n v e r t i n g  e n d - u s e  demands  ( v e h i c l e  m i l e s )  i n t o  e n e r g y  demand 

( g a s o l i n e ) ,  env i ro rmen ta l  i m p a c t s  o f  p r o d u c i n g  g a s o l  i n e ,  c o s t  a n d  

e f f i c i e n c y  of p roduc ing gasol i ne, and p e r m i t t e d  market  p e n e t r a t  i o n  f o r  

o i l  sha le  and coa l  l i q u i  f i c a t i o n  i n  g a s o l i n e  p roduc t ion .  

Output  

Output  i n c l  udes gasol  i n e  consumption, p r o d u c t s  used f o r  g a s o l  i n e  

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

Assumptions 

When BESOM i s  used alone,  end-use energy s e r v i c e  demands a r e  f i x e d .  

Thus BESOM o n l y  c a p t u r e s  t h e  p a r t  o f  demand  e l a s t i c i t y  t h a t  i s  t h e  

r e s u l t  o f  s u b s t i t u t i n g  one energy fo rm f o r  another  i n  produc ing e n d - u s e  

energy se rv i ces .  I t  does n o t  c a p t u r e  changes i n  end-use energy s e r v i c e s  

i n  response t o  p r i c e  changes. 
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DYNAMIC ENERGY SYSTEM OPTIMIZATION MODEL (DESOM) (79-384) 

Overv iew o f  Model 

DESOM i s  a  dynamic v e r s i o n  o f  BESOM and a  sequence o f  s i n g l e - p e r i o d  

1  i n e a r  programming models. It o p t i m i z e s  an o b j e c t i v e  f u n c t i o n ,  u s u a l  1  y 

t h e  c o s t  o f  p roduc ing  a  g i v e n  s e t  o f  end-use energy s e r v i c e s ,  k n o w i  n g  

s u p p l y  a v a i l a b i l  i t i e s ,  demand p r i c e s ,  and techno1 o g y  o v e r  t h e  e n t i  r e  

~ i m e  frame under a n a l y s i s .  The model i s  d y n a m i c  b e c a u s e  t h e  n - t i m e  

p e r i o d s  o f  t h e  model a r e  l i n k e d  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  a n d  

r e s o u r c e  a v a i l a b i l i t y  c o n s t r a i n t s .  T h e  e q u a t i o n s  1 i n k i n g  t h e  t i m e  

p e r i o d s  ensure  t h a t  (1) c u m u l a t i v e  resou rce  use equa ls  t o t a l  r e s o u r c e  

consumption; ( 2 )  c a p a c i t y  and resou rce  g rowth  1 i m i 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 r e v i o u s  usage; (3)  i n  o r d e r  t o  l i m i t  end-use d e v i c e  

r e t i r e m e n t ,  f u e l  i n p u t s  t o  end-use dev i ces  must n o t  be  1  e s s  t h a n  some 

f r a c t i o n  o f  t h e  p reced ing  p e r i o d ;  a n d  ( 4 )  e n r i c h e d  u r a n i u m  may b e  

s tock  p i  1  ed . 
Since t h e  model has been u s e d  t o  p e r f o r m  a n  e l e c t r i c  u t i l i t y  

a n a l y s i s  f o r  t h e  E l e c t r i c  Power Research I n s t i t u t e ,  i t  i n c l u d e s  a  m o r e  

d e t a i l  ed r e p r e s e n t a t i o n  o f  e l e c t r i c i t y  p r o d u c t i o n  than  BESOM. Among t h e  

changes was t h e  e x t e n s i o n  o f  t h e  e l e c t r i c a l  s e c t o r  t o  i n c l  u d e  1  o a d  

cu rves  by season and by t i m e  o f  day. 

Computer Requi rements 

DESOM i s  r e a d i l y  t r a n s f e r a b l e  t o  any CDC, IBM, o r  Univac c o m p u t e r  

t h a t  suppor t s  t h e  PDSIMagen s o f t w a r e  package. 

T r a n s p o r t a t i o n  Component 

The t r a n s p o r t a t i o n  component f o r  t h i s  model i s  s i m i l a r  t o  t h a t  f o r  

BESOM, d iscussed e a r l i e r .  The model i n g  s t r u c t u r e  f o r  t h i s  component i s  

a l s o  s i m i l a r  t o  t h a t  f o r  BESOM, w i t h  t h e  changes f o r  DESOM as ment i  o n e d  

above. 
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MARKET ALLOCATION MODEL (MARKAL) (78-398) 

Overv iew o f  Model 

MARKAL i s  t h e  r e s u l t  o f  a  c o o p e r a t i v e  e f f o r t  by t h e  I n t e r n a t i o n a l  

Energy Agency, Brookhaven Na t i ona l  Labo ra to ry ,  and Kern forschungsan l  a g e  

(KFA, t r a n s 1  a t e d  Nuc lea r  Research L a b o r a t o r y )  i n  J u l  i c h ,  Germany. I t i s  

a  s i n g l e - c o u n t r y  demand-driven, t ime-phased, 1  i n e a r  p r o g r a m m i n g  m o d e l  

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  

Model (DESOM) (79-384) .  It has demand-side f l  e x i b i l  i t y  a n d  i n t e r f  u e l  

s u b s t i t u t i o n  p o t e n t i a l .  Supply a v a i l a b i l i t i e s ,  demand, and t e c h n o l o g i e s  

a r e  assumed known o v e r  t h e  e n t i r e  t i m e  p e r i o d  a s  i n  DESOM, b u t  t h e  

rema in ing  techno1 o g i c a l  c h a r a c t e r i z a t i o n s  ( e x c e p t  f o r  c o s t )  a 1  1  ow f o r  

u n c e r t a i n t y ,  as  i n  TESOM (be low) .  The s u p p l y - s i d e  f l  e x i b i  1  i t y  a n d  

process  d e t a i l  were adopted f rom a  KFA model. 

Uses 

MARKAL has been used f o r  t e c h n o l o g i c a l  assessmen t  , c o n s e r v a t  i o n  

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

c o n s e r v a t i o n  e f f o r t s ,  u s i n g  s e c u r i t y ,  c o s t ,  and " s o c  i a1 c o n c e r n s "  a s  

o p t i m i z i n g  c r i t e r i a .  

Reference 
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TIME-STEPPED ENERGY SYSTEM OPTIMIZATION MODEL (TESOM) (79-383) 

Overview o f  Model 

TESOM i s  a  t ime-s tepped v e r s i o n  o f  BESOM. It r e f l e c t s  unce r ta  i n t y  

i n  t h e  energy p l a n n i n g  process  s i n c e  i t  assumes i m p e r f e c t  f o r e s i g h t  w i t h  

r e s p e c t  t o  f u t u r e  suppl i e s ,  demands, p r i c e s ,  and a v a i l a b l e  techno1 ogies.  

Opt imal  l e v e l s  o f  d e c i s i o n  v a r i a b l e s  a r e  de te rm ined  f r o m  o p t i m a l  

1 e v e l s  i n  p r e v i o u s  p e r i o d s ,  a long  w i t h  assumpt ions on  r e t i r e m e n t  r a t e s  , 
a v e r a g e  1  i f e s p a n s ,  a g e - r e 1  a t e d  f u n c t i o n s  ( s u c h  a s  d e c l  i n  i n g  

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

c o s t s ) ,  c o s t s  o f  s tock  i n  p lace ,  and c u r r e n t  economic c o n d i t i o n s  and t h e  

s t a t e  o f  t echno logy .  C u r r e n t  w o r k  o n  t h e  m o d e l  i n c l u d e s  s e v e r a l  

c o n t r o l l e d  approaches t o  market  p e n e t r a t i o n .  

Uses 

TESOM i s  t h e  e n g i n e e r i n g  process  model , o r  1  i n e a r  p r o g r a m m i  n g  

model,  t h a t  has been used a t  Brookhaven N a t i o n a l  L a b o r a t o r y  s i n c e  1 9 7 8 ,  

rep1 a c i n g  t h e  e a r l  i e r  v e r s i o n s  (BESOM and DESOM) . For  a  more s p e c  i f i c  

d i s c u s s i o n  o f  uses see t h e  Overv iew o f  Models s e c t i o n  o f  t h e  B rookhaven  

N a t i o n a l  Labo ra to ry  Model i n g  System above. 

T r a n s p o r t a t i o n  Component 

The t r a n s p o r t a t i o n  component f o r  t h i s  model i s  s i m i l a r  t o  t h a t  f o r  

BESOM, d i  scussed e a r l  i e r .  The model i n g  s t r u c t u r e  f o r  t h i s  cornponen t i s  

a l s o  s i m i l a r  t o  t h a t  f o r  BESOM d iscussed  e a r l i e r  w i t h  t h e  c h a n g e s  f o r  

TESOM d iscussed i n  t h e  ove rv iew  above. 

The m a j o r  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  b y  t h r e e  b a s i c  s e c t o r s :  ( 1 )  a u t o  t r a n s p o r t  m e a s u r e d  i n  

v e h i c l e  m i l e s ;  ( 2 )  a i r  t r a n s p o r t  which i s  a n  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  and 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 a g g r e g a t e  

o f  a l l  t h e i r  s e r v i c e s .  F o r  t hese  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  
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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  1 i q u i d  

f u e l s  from 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  

c o a l .  
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LONG-TERM INTERINDUSTRY TRANSACTIONS MODEL (LITM) (77-242) 

Overview o f  Model 

LITM i s  an economet r ic  simul a t i o n  model o f  t h e  U.S. economy by Da le  

W .  Jorgenson Assoc ia tes  and c o n s i s t s  o f  f o u r - s e c t o r  macroeconomic m o d e l  

and a  t e n - s e c t o r  v a r i a 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  model  ( s e e  F i  g u r e  

14 ) .  

Uses 

The model,  u s e f u l  f o r  1  o n g - t e r m  e c o n o m i c  a n a l y s i s ,  p r o j e c t s  

m a c r o a c t i v i t y ,  a  m a t r i x  o f  i n p u t - o u t p u t  c o e f f i c i e n t s ,  and t h e  1  e v e 1  o f  

a c t i v i t y  and p r i c e s  i n  each o f  t h e  t e n  i n d u s t r i a l  s e c t o r s .  A t y p i c a l  

p r o j e c t i o n  would be f rom 1975 t o  2000. F o r  t h e  model use i n  c o n j u n c t i o n  

w i t h  t h e  BNL models see t h e  O v e r v i e w  o f  M o d e l s  o f  t h e  B r o o k h a v e n  

Model i ng System above. 

I n p u t  

I n p u t  t o  t h e  i n t e r i n d u s t r y  model i n c l u d e s  producer m a r k -  u p s ,  t h e  

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

i n t e r i n d u s t r y  model f rom t h e  macromodel i n c l u d e s  t o t a l  r e a l  p e r s o n a l  

consumpt ion o f  goods and s e r v i c e s  f o r  t h e  U.S., p r i v a t e  d o m e s t i c  

i nves tmen t ,  goverrment  e x p e n d i t u r e s  ( o n  i n v e s t m e n t ,  c o n s u m p t  i o n ,  a n d  

l a b o r ) ,  p r i c e s  f o r  c a p i t a l  a n d  l a b o r ,  a n d  p r i c e  d e f l a t o r s  f o r  

consumpt ion and i n v e s t m e n t .  I n p u t  t o  t h e  m a c r o m o d e l  i n c l  u d e s  a n  

aggregate  p r o d u c t i v i t y  i n d e x ,  r a t e  o f  d e p r e c i a t i o n ,  a g g r e g a t i o n  

v a r i a b l e s  re1  a t i n g  c a p i t a l  s tock  t o  i nves tmen t  and t o  c a p i t a l  s e r v i  c e s  , 
a g g r e g a t i o n  v a r i a b l e s  r e l a t i n g  t h e  p r i c e  o f  i nves tmen t  t o  t h e  p r i c e  o f  

c a p i t a l  s tock  and t o  a s s e t  p r i c e ,  unemployment, t i m e  a v a i l  a b l e  t o  t h e  

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

components o f  aggregate  demand go ing  t o  government o r  t o  expo r t s .  

Out put 

Output  f r o m  t h e  i n t e r i n d u s t r y  m o d e l  i n c l u d 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 ;  consumption, government spending, and i n v e s t m e n t  demand  
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Figure 14 
Economic Flows in LITM 

Source: Groncki a n d  Marcuse 1979 

for  goods in each of the ten sectors; t o t a l  demand f o r  c a p i t a l  and 

labor; o u t p u t  price for each sector; price of good i paid by s e c t o r  j ; 

price of energy input and intermediate materials t o  each sec tor ;  p r i c e  

of each good t o  consumers, goverment and investors; demand for imports; 
real o u t p u t  of each sector; and  total r ea l  demand f o r  each o u t p u t .  
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Output  f rom t h e  macromodel i n c l u d e s  consumption, i n v e s t m e n t ,  c a p i t a l  

s tock ,  c a p i t a l  s e r v i c e s ,  s u p p l y  o f  l a b o r ,  p u r c h a s e s  o f  l a b o r  b y  

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

d e f l  a t o r s  f o r  consumption, investment ,  1 abor, sav ings,  and weal th.  

Model i ng S t r u c t u r e  and Techniques 

The i n t e r i n d u s t r y  model i s  a  v a r i a 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 o f  t h e  whole economy t h a t  uses t h e  exogenous p r i c e s  o f  c a p i t a l  , 
l a b o r ,  and i m p o r t s  t o  p r e d i c t  p r i c e s  i n  t h e  f o l l o w i n g  sec to rs :  

1 )  a g r i c u l t u r e ,  non fue l  m in ing ,  and c o n s t r u c t i o n ;  

2 )  manufac tur ing ,  e x c l u d i n g  pet ro leum r e f i n i n g ;  

3 )  t r a n s p o r t a t i o n ;  

4 )  communication, t r a d e ,  and se rv i ces ;  

5 )  coa l  min ing;  

6 )  c rude pet ro leum and n a t u r a l  gas; 

7 )  p e t r o l  eum 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)  gas u t i l i t i e s ;  and 

10) n a t u r a l  gas e x t r a c t i o n .  

P r i c e s  and i n p u t - o u t p u t  c o e f f i c i e n t s  a r e  c a l  c u l  a t e d  b y  t h e  

s imul taneous s o l u t i o n  o f  a  system o f  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 .  T h e  

c o e f f i c i e n t s  a long w i t h  d isaggregated f i n a l  demand f rom t h e  m a c r o m o d e l  

compr ise t h e  i n p u t - o u t p u t  model t h a t  i s  so l ved  f o r  t o t a l  p roduc ts  i n  t h e  

t e n  sec to rs .  

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

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

spending and n e t  e x p o r t s  as  exogenous. The model i n c l  u d e s  e s t i m a t e d  

equa t ions  f o r  investment  supply,  l a b o r  demand,  c o n s u m p t i o n  demand ,  

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

f o r  consumer durab les .  The remainder o f  t h e  model c o n s i s t s  o f  c a p i t a l  

equa t ions  t h a t  show accumula t ion  and c a p i t a l  se rv i ces ,  m a r k e t  b a l  a n c e  

equat ions ,  and l i n k a g e  equat ions.  

Re1 a t i o n s h i  p t o  Other  Model s  

The model has been used i n  c o n j u n c t i o n  w i t h  t h e  B r o o k h a v e n  1 - 0  

Model and TESOM. F o r  t h e  r e l a t i o n s h i p  t o  t h e  B r o o k h a v e n  N a t i o n a l  
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L a b o r a t o r y  Mode l ing  System see t h e  Overv iew o f  M o d e l  s e c t i o n  o f  t h a t  

system. DGEM, d e s c r i b e d  be1 ow, i s  a  second-genera t ion  LITM. 

Computer Requi rements  

LITM i s  p r o p r i e t a r y  t o  D a l e  W. Jorgenson Assoc ia tes ,  

TRANSPORTAT ION COMPONENT 

Aggregate t r a n s p o r t a t i o n  i s  one o f  t h e  t e n  p roduc ing  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.  

S t r u c t u r e  

T r a n s p o r t a t i o n ,  i n c o r p o r a t e d  i n t o  t h e  i n t e r i n d u s t r y  m o d e l  , i s 
rep resen ted  as t h r e 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 :  one f o r  t h e  p r i c e  o f  

t r a n s p o r t a t i o n ,  one f o r  t h e  a g g r e g a t e  p r i c e  o f  e n e r g y  i n p u t s  f o r  

t r a n s p o r t a t i o n ,  and one f o r  t h e  aggregate  p r i c e  o f  m a t e r i a l  i n p u t s  f o r  

t r a n s p o r t a t i o n .  These t h r e 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 ,  t o g e t h e r  w i  t h  

t h r e e  f r o n t i e r s  f o r  each o f  t h e  o t h e r  n i n e  s e c t o r s  ( a l l  e s t i m a t e d  

economet r i ca l  l y )  , a r e  so l ved  s i m u l t a n e o u s l y  f o r  p r i c e s .  

I n p u t  

I n p u t  i n c l u d e s  p r o d u c t i v i t y  a n d  p r o d u c e r  m a r k - u p  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 .  The aggregate  demand f o r  t r a n s p o r t a t i o n  i s  i n p u t  

from t h e  macromodel. 

Out p u t  

T r a n s p o r t a t i o n  o u t p u t  i n c l  udes i n p u t - o u t p u t  c o e f f i c i e n t s  r e 1  a  t i  n g  

t r a n s p o r t a t i o n  t o  t h e  o t h e r  p roduc ing  s e c t o r s ,  p r i c e  o f  t r a n s p o r t a t i o n ,  

p r i c e  o f  m a t e r i a l  s  and energy used i n  t r a n s p o r t a t i o n ,  and i n t e r m e d i a t e  

and f i n a l  demand f o r  t r a n s p o r t a t i o n .  
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DYNAMIC GENERALIZED EQUILIBRIUM MODEL (DGEM) (78-243) 

Overview of Model 

I n  D G E M ,  a second-generation L I T M  under development by Data 

Resources, Inc., the interindustry model i s  being expanded from t e n  t o  

t h i  rty-six sectors. 

Transportation Component 

The transportation component of the interindustry model has been 
divided into three p roduc t ion  s e c t o r s :  ( 1 )  motor v e h i c l e s ;  ( 2 )  

transportation equi pment and ordinance, except motor vehicles ; a n d  ( 3 )  
transportation. The model, when completed, shoul d p r e d i c t  aggrega te  

end-use demand and  the price of o u t p u t  and i n p u t  i n t o  t h e s e  t h r e e  
sectors, as well as for the other 33 sectors. Other input  and o u t p u t  

are similar t o  t h a t  of  LITM. 

Uses 

This model had not been completed as of February 1980, b u t  ini t i  a1 
work o n  the model was e s t i m a t e d  using 1974 d a t a .  Jack Fauce t t  

Associates, Inc., has a contract for data preparation. I t  i s  expected  
t h a t  i t will be used by the General Services Admini s t ra t i  on ,  one of i t s 

sponsors, and t h a t  i t  w i l l  r e p l a c e  L I T M  a t  Brookhaven National  
Laboratory. 
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CENTER FOR ADVANCED COMPUTATIONIBROOKHAVEN 
ENERGY INPUT-OUTPUT MODEL (78-361) 

Overview o f  Model 

The 1-0 model i s  a  1 1 0  s e c t o r  i n p u t - o u t p u t  m o d e l  o r i g i n a l l y  

developed by  t h e  Center  f o r  Advanced Computation 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 m o d i f i e d  by  Brookhaven Na t iona l  Labora to ry .  G i  v e n  t o t a l  

f i n a l  demands f rom t h e  macro i n t e r i n d u s t r y  model, t h e  1-0 model p r o v i d e s  

a  d i saggrega te  account ing  f r a m e w o r k  f o r  e s t i m a t i n g  t o t a l  e n e r g y ,  

c a p i t a l ,  and m a t e r i a l  requ i rements  t o  produce t o t a l  energy demands f o r  

t h e  110 sec to rs .  These t o t a l  energy demands a r e  used as c o n s t r a i n t s  i n  

t h e  1  i near programming model . 
Uses 

T h i s  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 n e a r  programming 

model t o  i n v e s t i g a t e  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 s  o f  o i l  

s t o c k p i l i n g  on a  n u c l e a r  morator ium. It has been used i n  c o n j u n c t i o n  

w i t h  t h e  l i n e a r  programming models and L I T M  t o  i n v e s t i g a t e  e n e r g y -  

economy i n t e r a c t i o n s ,  t h e  e f f e c t  o f  c o n s e r v a t i o n ,  a n d  t h e  e f f e c t  o f  

s o l a r  techno1 ogy. 

I n p u t  

t i n a l  demands f o r  each o f  t h e  10 s e c t o r s  i n  LITM a r e  d i s a g g r e g a t e d  

i n t o  110 s e c t o r s  and a r e  f e d  i n t o  t h e  1 - 0  m o d e l  ( e  Y S ,  Y p ,  YI, 

be1 ow) The i n p u t - o u t p u t  c o e f f i c i e n t s  f o r  t h e  energy s e c t o r  ( 1  .e., A S S ,  

*SP , below a r e  f e d  i n  f rom TESOM. 

Output  

T o t a l  demands f rom a l l  110 s e c t o r s  ( i .e . ,  X s ,  Xp, XI,  b e l o w )  a r e  

o u t p u t .  

Model i ng S t r u c t u r e  and Techniques 

F rase r  (1978, p. 8,9) r e p o r t s  t h e  equat ions  o f  t h e  1-0 model can be 

w r i t t e n  as: 
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where t h e  m a t r i x  c o e f f i c i e n t s  a re :  

ASS(12x12) = 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  sa les  of  t h e  o u t p u t  o f  

one energy l supp ly  c o n v e r s i o n  s e c t o r  t o  a n o t h e r  e n e r g y  

convers ion  s e c t o r  a n d  c o n v e r s i o n  l o s s e s  i n c u r r e d  i n  

p roduc ing  o r  d i s t r i b u t i n g  energy (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(12x8) = 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  ng how d i  s t r i  bu ted  energy 

p r o d u c t s  a r e  conver ted  t o  end-use forms (e.g., r e f i n e d  o i  1  

p roduc ts  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  energy s u p p l i e s  a r e  n o t  used b y  n o n e n e r g y  

p r o d u c i n g  s e c t o r s ;  e n e r g y  p r o d u c t s  a r e  u s e d  b y  t h e  

nonenergy-produc i ng sectors .  

ApS(8x12) = 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 p r o d u c t s -  - 
f i n a l  energy f o r m s - - a r e  u s e d  b y  t h e  e n e r g y - s u p p l y i n g  

i n d u s t r i e s .  I n c l u d e d  here  would be e l e c t r i c i t y  u s e d  f o r  

1 i g h t i  ng a  r e f i n e r y ,  

App = 0  i m p l y i n g  t h a t  energy p roduc ts  a r e  n o t  u s e d  t o  p r o d u c e  

energy p roduc ts  

Apl (8x90)  = 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 p r o d u c t s -  - 
f i n a l  energy f o r m s - - a r e  u s e d  b y  n o n e n e r g y - p r o d u c i n g  

sec to rs .  Th i  s  submatr ix  desc r ibes  t h e  ways end-use e n e r g y  

forms a r e  u s e d  i n  t h e  n o n e n e r g y - p r o d u c i n g  s e c t o r s .  

Examples a r e  b l a s t  f u rnace  h e a t i n g  o r  space h e a t i n g .  

AIS(90x12) = 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  uses o f  nonen 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  such as p ipes  

o r  pumps 

AIP = 0 i m p l y i n g  energy p roduc t  s e c t o r s  e q u i p m e n t  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  b e c a u s e  t h e y  a r e  

pseudosectors and n o t  r e a l  p roduc ing sec to rs ,  

AI I (90x90) = 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 nonenergy p roduc ts  

a r e  used i n  t h e  nonenergy-produc i ng s e c t o r  

XS(12x1) = p r o d u c t i o n  o f  b a s i c  energy 
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X p ( 8 x l )  = p r o d u c t i o n  o f  energy  p roduc ts  o r  s e r v i c e s  s u c h  a s  s p a c e  

hea t  

XI (90x1 ) = p r o d u c t i o n  o f  nonenergy p roduc ts  

YS(12x1) = end-use demands f o r  b a s i c  energy resources 

Y p ( 8 x l )  = end-use demands f o r  energy p roduc ts  o r  s e r v i c e s  

Y (90x1) = end-use demands f o r  nonenergy p r o d u c t s  

ASS and ASP i n  t h e  most r e c e n t  v e r s i o n  come frm TESOM ( 7 9 - 3 8 3 ) .  

Y S ,  and Y 1  a r e  d isaggregated f rom LITM (77-242).  Output  f rom t h e  m o d e l  

a r e  XS, X p ,  and XI. XS and X p  a r e  used as  c o n s t r a i n t s  i n  TESOM. 

Re1 a t i  onsh i  p t o  Other  Model s  

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  a n  i n t e r f a c e  b e t w e e n  

TESOM and LITM. YS, Yp, and YI a r e  d isaggregated f rom L I T M ,  a n d  A S S  

and Asp a r e  d e r i v e d  f rom TESOM. The c u r r e n t  110 s e c t o r  v e r s i  o n  i s an 

expans ion o f  t h e  o r i g i n a l  101 s e c t o r  CAC/Brookhaven 1-0 model . 
Computer Requi rements 

The model i s  CDC compat ib le .  

TRANSPORTATION COMPONENT 

O f  t h e  110 s e c t o r s  o f  t h e  model, 11 r e 1  a t e  t o  t r a n s p o r t a t i o n ,  

s p e c i f i c a l  l y .  These s e c t o r s  i n c l u d e  m o t o r  v e h i  c l  e s  a n d  e q u i  p m e n t ;  

a i r c r a f t  and pa r t s ;  o t h e r  t r a n s p o r t a t i o n  e q u i  p m e n t ;  r a i  1  r o a d s  a n d  

r e l a t e d  se rv i ces ;  l o c a l ,  u r b a n ,  a n d  i n t e r u r b a n  h i g h w a y  p a s s e n g e r  

t r a n s p o r t ;  m o t o r  f r e i g h t  t r a n s p o r t a t i o n  a n d  w a r e h o u s i n g ;  w a t e r  

t r a n s p o r t a t i o n ;  a i r  t r a n s p o r t a t i o n ;  p i p e l i n e  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  se rv i ces ;  and automobi le  t r a n s p o r t a t i o n  and se rv i ces .  

The b a s i c  s t r u c t u r e  o f  t h e  model can be exp la ined  more i n t u i t i v e l y  

i n  terms o f  one o f  t h e  t r a n s p o r t a t i o n  sec tors .  Given end-use demand f o r  

mo to r  v e h i c l e s  and equipment, t h e  m o d e l  c a l c u l a t e s  a1 1  t h e  i n p u t s  

r e q u i r e d  t o  produce t h i s  f i n a l  demand con ta ined  i n  t h e  Y I v e c t o r  p l  u s  

t h e  q u a n t i t y  o f  motor  v e h i c l e s  dnd equipment r e q u i r e d  t o  p r o d u c e  o t h e r  

goods. 
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I n p u t  

F i n a l  demand f o r  t h e  t r a n s p o r t a t i o n  s e c t o r s  i s  d i s a g g r e g a t e d  f r o m  

end-use demand f o r  t r a n s p o r t a t i o n  i n  LITM and used as a n  i n p u t  t o  t h e  
1-0 model . 
Out p u t  

T r a n s p o r t a t i o n  o u t p u t  i n c l u d e s  t o t a l  demands  f o r  t h e  a b o v e  11 

s e c t o r s  and i n p u t s  necessary f o r  t h e i r  p r o d u c t i o n .  T o t a l  demand  f o r  

m o t i v e  power and f o r  energy i n p u t s  a r e  used as a  c o n s t r a i n t  i n  TESOM. 

Assumptions 

The d i s a g g r e g a t i o n  o f  demand f rom t h e  t e n  i n d u s t r i e s  i n  L I T M  i n t o  

110 s e c t o r s  i n  t h e  1-0 model i s  done exogenously f o r  a l l  b u t  t h e  e n e r g y  

s e c t o r .  The d i s a g g r e g a t i o n  o f  t h e  energy s e c t o r  i s  c a l i b r a t e d  w i t h  t h e  

1  i n e a r  programming model. The 1-0 c o e f f i c i e n t s  a r e  c o n s t a n t  except  f o r  

t e c h n i c a l  change f o r  a l l  s e c t o r s  b u t  t h e  energy  s e c t o r .  Thus, t h e  m o d e l  

i s  designed t o  c a p t u r e  s u b s t i t u t i o n  e f f e c t s  o n l y  i n  t h e  energy sec to rs .  
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Summary and Comparison 
of Energy Model Transportation Sectors 

The mode ls  e x a m i n e d  i n  t h i s  p a p e r  c a n  b e  d i v i d e d  i n t o  t w o  

c a t e g o r i e s .  T h e  f i r s t  c a t e g o r y  c o n t a i n s  m i d r a n g e  e c o n o m e t r i c  

f o r e c a s t i n g  models, i n c l u d i n g  t h e  MEFS and TECNET model ing  systems. The 

second c a t e g o r y  c o n t a i n s  1  ong-range, noneconometric scenario-compar i s o n  

models, i n c l u d i n g  t h e  SRI-Gul f  t y p e  models and t h e  Brookhaven N a t i o n a l  

Labora to ry  (BNL) models. The EEA Highway Fuel Consumption Mode l  i s  a n  

accoun t ing  model and i s  n o t  i n c l u d e d  i n  e i t h e r  o f  t h e s e  t w o  g e n e r a l  

ca tegor ies .  

The econometr ic  model s  es t ima te  behav io ra l  re1 a t i o  n s  h i  ps  t h r o u g h  

t h e  a p p l i c a t i o n  o f  economic and s t a t i s t i c a l  t h e o r y  t o  h i s t o r i  c a l  d a t a .  

These models a r e  o f  spec ia l  i n t e r e s t  i n  a n a l y z i n g  p o l i c i e s  t h a t  a r e  

i n tended  t o  a l t e r  economic b e h a v i o r  i n  t h e  l i g h t - d u t y  v e h i c l e  sec to r ,  as 

t h e y  a r e  g e n e r a l l y  designed f o r  t h i s  purpose. Examples o f  such p o l i c i e s  

a r e  g a s o l i n e  taxes,  f u e l  economy s t a n d a r d s ,  a n d  e x c i s e  t a x e s  a n d  

rebates .  The 1  i g h t - d u t y  v e h i c l e  sec to rs  a r e  mode 1 e d  i n c o n s i  d e r a h l  e  

d e t a i l ,  canpared t o  t h e  second ca tegory  o f  m o d e l s ,  a n d  h a v e  " s t a n d -  

a lone"  c a p a b i l i t i e s .  The TECNET m o d e l  i s  b r o a d e r  t h a n  t h e  o t h e r  

econometr ic  models i n  t h a t  i t  cons ide rs  t h e  env i ronmenta l  aspects o f  t h e  

motor  v e h i c l e  system. 

The econometr ic  models va ry  i n  t h e i r  t h e o r e t i c a l  approaches t o  b o t h  

demand and supp ly  s i d e s  o f  t h e  v e h i c l e  market. T h r e e  o f  t h e  m o d e l  s ,  

Sweeney, F a u c e t t ,  a n d  TECNET, e s t i m a t e  n e w - v e h i c l  e  demand w i t h  

v a r i a t i o n s  o f  t h e  s tock-ad jus tment  model . Fauce t t  a1 so es t ima tes  s  i z e -  

c l a s s  market  shares o f  new-veh ic le  demand. The ORNL H i  ghway  Gas01 i n e  

Demand Model (HGDM) i s  b a s e d  o n  t h e  h y p o t h e s i s  t h a t  new c a r s  a r e  

d i s t i n c t l y  d i f f e r e n t  from used c a r s  and a r e  n o t  aggregatab le  t h r o u g h  a  

s tock-ad jus tment  process. F u r t h e r m o r e ,  HGDM i s a1 s o  b a s e d  o n  t h e  

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

1  i m i  t e d  s u b s t i  t u t a b i l  i ty. These two hypotheses a r e  r e f 1  ec  t e d  b y  t h e  

e s t i m a t i o n  o f  separa te  demand equat ions  f o r  each v e h i c l e  c l a s s .  None o f  



Summa ry 

t h e  models e s t i m a t e  t h e  f o r e i g n  and domest ic  market  shares. D i  f f e r e n t  

v e h i c l e  t e c h n o l o g i e s  ( leaded,  unleaded, and d i e s e l )  c a n  b e  s i m u l a t e d  

w i t h  Sweeney, TECNET, and HGDM. TECNET (proposed) a n d  HGDM c a n  a1  so  

s i m u l a t e  t h e  impact  o f  o t h e r  v e h i c l e  t e c h n o 1  o g i e s  ( e . g . ,  e l e c t r i c ,  

t u r b i n e ,  and S t e r l i n g ) .  The Fauce t t  and Sweeney models i n c o r p o r a t e  a  

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

economies. Approaches t o  model ing  scrappage, v e h i c l e  m i  1  e s  t r a v e l  e d  , 
and v e h i c l e  f u e l  consumption a l s o  v a r y  ac ross  t h e  models, 

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

noneconometric models do n o t  emphasize t h e  m o d e l i n g  o f  c o n s u m e r  a n d  

i n d u s t r y  behav ior .  Rather ,  economic behav io ra l  re1 a t i o n s h i  p s  ( i n  t h e  

form o f  supp ly  and demand e l a s t i c i t i e s )  g e n e r a l l y  m u s t  b e  i n t r o d u c e d  

from o u t s i d e  t h e  models. These noneconometric models focus Inore on t h e  

s e c t o r a l  i n t e r a c t i o n s  o f  a  1  arge range o f  e c o n o m i  c  a c t i  v  i t i  e s - - s u c  h 

t h i n g s  as i n t e r f u e l  s u b s t i t u t i o n ,  i n t r o d u c t i o n  o f  new techno log ies ,  a n d  

"energy-economy" i n t e r a c t i o n s - - o f  which 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  a  

few of many economic sec to rs .  

The SRI-Gul f - type model a t t e m p t s  t o  s i m u l a t e  t h e  t h e o r e t i c a l  

o p e r a t i o n  o f  a  market  economy. D e c e n t r a l  i z e d  d e c i  s i  o n - m a k i  n g  i s  

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

"markets"  and o t h e r  processes. Assumptions a r e  made a b o u t  t h e  e x t e n t  

and speed o f  ad jus tment  these  m a r k e t s  a r e  s u b j e c t  t o  i n  a t t a i n i n g  

equi  1  i brium. 

The BNL model system c o n s i s t s  o f  an i n t e r c o n n e c t e d  macroeconometric 

model , i n p u t - o u t p u t  model, and l i n e a r  programming (LP) m o d e l  . T h e  LP 

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

f u n c t i o n ,  f o r e x a m p l e m i n i m i z i n g  t o t a l  sys tem c o s t .  S i n c e  i t  i s  a n  

e n g i n e e r i n g  process o r  a c t i v i t y  a n a l y s i s  model, t h e  LP model i m p o s e s  a  

number o f  c o n s t r a i n t s  on t h e  econoinics t i l l i t  a r e  u n n e c e s s a r y  i n  o t h e r  

t y p e s  o f  models, one o f  wh ich  i s  cons tan t  r e t u r n s  t o  sca le .  

The 1 i g h t - d u t y  v e h i c l e  s e c t o r s  o f  t h e  noneconometric models a r e  n o t  

as  comprehensive as those  o f  econometr ic  models, a t  p r e s e n t  g e n e r a l l y  

go ing l i t t l e  beyond f u e l  p r i c e s ,  q u a n t i t i e s ,  and t r a v e l  by t r a n s i t  mode, 

However, f o r  s p e c i f i c  a p p l i c a t i o n s  a  s e c t o r  can be developed i n  g r e a t e r  

d e t a i l .  Genera l l y ,  t h e  models can be used t o  ana lyze such t r a d i t i o n a l  

macroeconomic p o l i c y  v a r i a b l e s  as taxes ,  subs id ies ,  p r i  c e  c o n t r o l  s  o r  
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suppor t s ,  and supp ly  r e s t r i c t i o n s ,  I n  a d d i t i o n ,  t h e  BNL model s  c a n  b e  

used t o  ana lyze  t h e  impacts  o f  macroeconomic and environmental  po l  i c i e s  

and f u e l  economy s tandards ,  Thus many o f  t h e  same p o l  i c i  e s  c a n  b e  

ana lyzed  b y  b o t h  genera l  t y p e s  o f  models, b u t  t h e  l e v e l s  o f  d e t a i l  a n d  

forms o f  i n p u t  and o u t p u t  a r e  d i f f e r e n t .  

The t a b l e s  t h a t  f o l l o w  p resen t  a  more d e t a i l e d  summary c o m p a r i  s o n  

o f  t h e  energy model t r a n s p o r t a t i o n  sec tors ,  The model s  can b e  d i v i d e d  

i n t o  f o u r  groups t h a t  r e p r e s e n t  d i f f e r e n t  t y p e s  o f  model ing  systems: t h e  

MEFS model s, t h e  TECNET model , t h e  SRI-Gul f model and i t s  d e r  i v a t  i v e  s  , 
and t h e  BNL model i ng system. Tab1 e  5 p r e s e n t s  an i n t e r g r o u p  comparison. 

Tab les  6, 7 ,  8, and 9 p r e s e n t  i n t r a g r o u p  comparisons w i t h  TECNET grouped 

w i t h  MEFS. Tab le  6  compares TECNET a n d  t h e  v a r i o u s  MEFS m o d e l s ,  

e x c l  u d i  ng t h e  EEA Highway Fuel  Consumption Model ( a n  accoun t i  n g  m o d e l  ) 

and t h e  m i n o r  f u e l s  models o f  MEFS. Tab le  7 s u m m a r i  z e s  t h e  s t a t u s ,  

i n p u t ,  o u t p u t ,  and p o l i c y  uses o f  t h e  EEA H i g h w a y  F u e l  C o n s u m p t i o n  

Model. Tab le  8  compares t h e  SRI-Gul f  model and i t s  descendants. T a b l e  

9 compares t h e  v a r i o u s  v e r s i o n s  o f  t h e  LP and macroeconometr ic  m o d e l  s ,  

and maps t h e  1  inkages between t h e  macro, LP, and i n p u t -  o u t  p u t  m o d e l  s  

t h a t  make up t h e  BNL model ing  system. 



TRANSPORTATION COMPONENT CIIARACTERI STICS 
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FORECASTING MODELS 

TYPES ............................................... 
MEFS 1 TECNFT 
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Forecast t l o r i zon  Mid-range (6-19 y r s )  Mid-range (Revised) ( Long-range ( O r i g i n a l )  

.................... 
Gasol i ne t a x ~ ~  
l u e l  economy 
standards 
V e h i c l e  taxes/  
reba tes  
Emissions 
regu l  a t i o n s  
Gasol i n e  

--------------------+-----------------------+--- 

.................... 
Pol i c y  impact 
v a r i a b l e s  

a Fuel consumption 
a Veh ic le  m i l e s  

t r a v e l e d  (VMT) 
a New-vehicle sa les  
a Veh ic le  f l e e t  

c h a r a c t e r i s t i c s  

a 
a 

a 

a 

P o l i c i e s  user can 
s imu la te  
( v a r i e s  somewhat 
f o r  each model 
w i t h i n  a  model 
c lass )  

5amr as MEFS, b u t  
a l s o :  
a Personal t r a v e l  

demand 
a Goods t r a n s p o r t  
a V e h i c l e  emissions 

a Gasol ine taxes  
a Fuel economy 

standards 
a V e h i c l e  taxes/  

reba tes  

I a Fuel e f f i c i e n c y  1 a ;;;a1 s p l i t  f o r  
a Veh ic le  p r i c e s  

................................................... 
SCENARI 0 COMPARISON M0I)FLS 

................................................... 
SRI/GULF AN11 DERIVATIVES ( RROOKHAVEN MODELS 

--------------------------+------------------------  
Long-range ( t o  2020) ( Long-range ( t o  2025) 

P r i c e  c o n t r o l s  o r  
suppor ts  
Q u a n t i t y  c o n t r o l s  
Tax c r e d i t s  and 
s u b s i d i e s  f o r  
techno log ies  o f  
f u e l s  and 
t r a n s p o r t a t i o n  
(e.g., sha le  o i l  . 
e l e c t r i c  v e h i c l e s )  
P o l i c i e s  t h a t  
a l t e r  p r o d u c t i o n  
c o s t s  

V e h i c l e  m i l e s  
t r a v e l e d  
Fuel p r i c e s  and 
q u a n t i t i e s  
I n t e r f  ue l  
s u b s t i t ~ ~ t i o n  
Market p e n e t r a t i o n  
o f  new-vehic le  o r  
f u e l  techno log ies  
Modal s p l i t  f o r  

----------------------+------------------------ 
Opt imize user ' s  
o b j e c t i v e  f u n c t i o n  
(e.g., min imize 
t o t a l  systems c o s t  
o r  environmental 
impacts)  g iven:  
a Fuel supply  

r e s t r i c t i o n s  
a Fuel s t o c k p i l i n g  
a Feedback e f f e c t s  

o f  energy and 
economic p o l i c i e s  
on  each o t h e r  

a Tax c r e d i t s  and 
s u b s i d i e s  f o r  
techno log ies  o f  
f u e l s  and 
t r a n s p o r t a t i o n  

a Fuel economy 
standards f o r  
autos 

a End-use energy 
s e r v i c e  demands 

----------------------+------------------------ 
a V e h i c l e  m i l e s  

t r a v e l e d  
a To ta l  energy c o s t  
a Environmental 

c o s t s  
a Fuel p r i c e s  and 

q u a n t i t i e s  
I n t e r f u e l  
s u b s t i t u t i o n  

a Market p e n e t r a t i o n  
VMT o f  new-vehic le  o r  

f u e l  techno1 og ies  
a Shadow p r i c e s  o f  

f i x e d  f a c t o r s  
a Balance o f  t r a d e  



TABLE 5 

TRANSPORTATION COMPONENT CHARACTERISTICS (Continued) 

TYPES 

Technique 

- - - - - - - - - - - - - - - - - 
Econanic aspects 

Level o f  d e t a i l  

Demand 

.................... 
FORECAST I N  

.................... 
MEFS 

Econometr ic/  
Equi 1  i b r i  m 

Auto market by  
v e h i c l e  c l a s s  
Auto i n d u s t r y  
m o n o l i t h i c  

Rehaviora l  
r e 1  a t i o n s h i p s  
es t imated  

Auto s e c t o r  
behav io ra l  
r e l a t i o n s h i p s  
assuned 
Fuel supply  
s  imul a  t e d  b y  
o t h e r  MEFS models 
o r  p e r f e c t l y  
e l a s t i c  a t  user  
s e t  p r i c e  

----------------- 
MODELS 
----------------- 

TECNET 
----------------- 
Econometr ic 

S i m i l a r  t o  
MEFS 

Rehaviora l  
re1  a t i o n s h i p s  
es t imated  

Auto s e c t o r  
behav io ra l  
r e 1  a t i o n s h i p s  
assumed 
Fuel supply  
shor tage can 
be s imulated 

I SCENARIO COP 

SRI/GULF AND DERIVATIVES 
.------------------------- 
General equi  1  i b r i u m  
'market  ( d e c e n t r a l i z e d  
d e c i  s iormaking)  
......................... 

o VMT can b e  s p l i t  by 
mode o r  t y p e  (urban 
vs  r u r a l )  
D e t a i l  can be expanded 

, f o r  s p e c i f i c  purposes 

VMT demand 
schedules r e q u i r e d  

Needs resource 
supply  curves 
and c o s t  
i n f o r m a t i o n  
f o r  produced 
i n p u t  
Temporal supply  
ad justment  
represented by 
c o n s t r a i n t s  on 
market  penetra- 
r i o n  o f  new 
technology 

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

'ARI SON MODELS 

BROOKHAVEN MODELS 

L i  near  Programmi ng 
Input-Output ,  

land Econanetr ic  

0 VMT can be s p l i t  b y  
mode o r  t ype  i n  LP 
model 

I n  Econometr ic model 
aggregate t r a n s p o r t a t i o n  

, i s  one s e c t o r  

, I n  1-0 model , 
t r a n s p o r t a t i o n  i s  
represen ted  by 
severa l  s e c t o r s  

VMT demand-- 
exogenous 
schedule o r  
es t imated  by 
1 i n k e d  macro- 
econometr ic growth 
model and 1-0 
model 
1-0 energy 
c o e f f i c i e n t s  
es t imated  as 
f u n c t i o n s  o f  
p r i c e s  

Requi res exogenous 
f i x e d  suppl i e s  o r  
stepwi se supply  
schedules 
Temporal supply  
ad justment  
represented by 
c o n s t r a i n t s  on  
market  p e n e t r a t i o n  
o f  new technology 





TABLE 6 

COMPARl SON OF MEFS TRANSPORTAT ION AND TECNET MODlILS 

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

REV1 SED 
TECNET 

(CONSAD/MITRE) 

MEF S 
.............................................................................. 

I 
AUTOMOBILE SECTOR 

PASSENGER CAR FORECASTING MODEL 
GASOLINE DEMAND MODEL (Jack Faucet t  

(Sweeney) Associates)  

HIGHWAY GASOLINE 
DEMAND MODEL 

(ORNL) 
..................................................................................................................... 

STATUS 
..................................................................................................................... 

a Updated i n  11/79 
L a t e s t  da ta  used 
t o  es t imate  
equations, 1977 

Updated i n  1977 
a Equations n o t  

reest imated.  
L a t e s t  da ta  used 
i n  es t imat ion .  
1975 

..................................................................................................................... 
RASIC THEORETICAL APPROACH 

Programmed 
a L a t e s t  data used 

i n  es t imat ion ,  
1977 

Demand 
s i d e  

a D r a f t  
documentat ion 
a v a i l a b l e  
Not programmed as 
o f  7/80 
L a t e s t  da ta  used 
i n  es t imat ion ,  
1977 

Aggregate demand 
f o r  automobi 1 e 
g a s o l i n e  use 
d e r i v e s  f rom 
consumer d e s i r e  
f o r  m o b i l i t y  as 
t rans1  ated i n t o  
VMT and consuner 
preferences over  
t h e  c a p i t a l  s tock 
o f  au tos  
New-car p r i c e  i s  
an expl anatory 
v a r i a b l e  i n  t h e  
new-car sa les  
equat ion,  assumed 
t h a t  p r i c e  i s  
p r  i m a r i  1 y 
determined by c o s t  
and does n o t  
s i g n i f i c a n t l y  
depend on demand 

..................................................................................................................... 
S i m i l a r  t o  
Sweeney 

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

Household 
p r o d u c t i o n  t h e o r y  
approach 
Separates elements 
o f  household 
p r o d u c t i o n  
techno1 ogy f rom 
t a s t e s  

T rave l  demand 
p r i m a r i l y  
determined by  
economic growth 
and cos t ,  except  i f  
t r a v e l  approaches 
s a t u r a t i o n  l e v e l s  
t h e n  t ime budgets 
a r e  c o n t r o l l i n g  
Person m i l e s  
t r a v e l e d  (PMT) 
more c l o s e l y  
approximates 
s e r v i c e  demanded 
chan does VMT and 
a1 1 ows model t o  
s h i f t  PMT among 
modes 



Summary 

I 
I... I 
I I 
I I 
I I 
I - I 



TABLE 6 

COMPARISON OF MEFS TRANSPORTATION AND TECNET MODELS (Continued) 

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

F l e e t  s i z e  

REV I SED 
TECNET 

(CONSAD/MITRE) 

MEFS 
............................................................................. 

PASSENGCR CAR 
GASOLINE DEMAND MODEL 

(Sweeney ) 

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

r Measured i n  new 
c a r  e q u i v a l e n t s  
Depends on v e h i c l e  
s u r v i v a l  r a t e s  

............................................................................................................... 
INPUT (Continued) 

AUTOMOBILE SECTOR 
FORECASTING MODEL 

(Jack Faucet t  
Associates)  

Other 
exogenous 
v a r i a b l e s  

r Measured i n  no. o f  
v e h i c l e s  

r Depends on 
scrappage r a t e s  

HIGHWAY GASOLINE 
DEMAND MODEL 

(ORNL) 

r Popul a t ion ,  
d i sposab le  income, 
unemployment, CPI, 
CPI f o r  autos, 
avg. weekly hours, 
avg. h o u r l y  wage, 
avg. speed, f u e l  
p r i c e s ,  f u e l  
economy 
techno1 ogy, f u e l  
economy o f  
impor ts ,  impor t  
f r a c t i o n  o f  sa les,  
f r a c t i o n  us ing  
u i i l  eaded ga so l  i ne 
and d i e s e l  

r Same as Faucet t ,  b u t  
on  s t a t e ,  r e g i o n a l ,  
and n a t i o n a l  l e v e l s  

OUTPUT 

r Sarne as Sweeney 

............................................................................................................... 
r Populat ion,  

d i sposab le  inconie, 
unemployment r a t e ,  
techno1 ogy 
fo recas ts ,  
e x i s t i n g  f l e e t  
canpos i t i on ,  base 
f u e l  economies, 
and base 
a u t o  p r i c e s  

r Constant p r o p o r t i o n s  
o f  each s i z e  c l a s s  a r e  
assumed f o r  each o f  5 
"manufacturers",  
i n c o r p o r a t e s  f o r e i g n /  
d a n e s t i c  shares 

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

New 
v e h i c l e  
demand 

r S t a t e  l e v e l :  
popul a t  i on, no. o f  
households, SMSA pop., 
pop. age <18, pop. age 
18-44, d isposab le  
i ncome. unempl oyment, 
farm earn ings,  c o s t  o f  
l i v i n g  index, r u r a l  VMT 
f r a c t i o n s ,  c o r r e c t i o n  
f a c t o r s  f o r  f u e l  
e f f i c i e n c i e s  

r Nat iona l :  a u t o  f i n a n c e  
r a t e ,  maintenance 
c o s t  index 

r V e h i c l e  c l a s s :  p r i c e s ,  
% us ing  v e h i c l e  tech-  
n o l o g i e s  (unleaded and 
leaded gas, d i e s e l ,  
e l e c t r i c ,  e tc . ) ,  c i t y  
and highway f u e l  
economies (EPA) 

r Stock adjustment 
model 

r Demand per  c a p i t a  
es t imated  as a  
f u n c t i o n  o f  
unempl oyment . 
gas01 i n e  
and au to  p r i c e s ,  
income and 
e f f e c t i v e  stock 

r Economic and 
demographic d a t a  
p rov ided  by  
I NFORUM 

r Other  exogenous 
v a r i a b l e s  needed 
f o r  "Sweeney" 
p a r t s  o f  t h e  model 

r Car vs. t r u c k  
shares o f  s a l e s  

............................................................................................................... 
r Stock adjustment  

model 
r Des i red  s tock 

es t imated  f rom 
c r o s s - s e c t i o n  da ta  
as  f u n c t i o n  o f  
i ncane 

r U n i t  demand es t imated  
as  a  f u n c t i o n  o f  
d e s i r e d  and e x i s t i n g  
stocks, index of 
purchase p r i c e ,  
and f u e l  cos ts  

New v e h i c l e s  a r e  
d i s t i n c t l y  d i f f e r e n t  
f rom used v e h i c l e s  

r Demand es t imated  
f o r  c a r s  (5  c l a s s e s ) ,  
l i g h t  t r u c k s  and vans 

r S t a t e - l e v e l  demands 
a r e  a  f u n c t i o n  o f  
v e h i c l e  and f u e l  
p r i c e s ,  income, pop., 
age, s p a t i a l  d i s t r i b u -  
t i o n  and s ize,  
onenpl oyment 

Same as Sweeney, 
except  mu1 t i p 1  i e d  
by 1.17 t o  i n c l u d e  
1  i g h t  t r u c k s  





TABLE 6 

COMPARISON OF MEFS TRANSPORTATION AND TECNET MODELS (Continued) 

MEFS 

Fuel 
demand 

Fuel demand 
shares 

REVISED 
TECNET 

(CONSAD/MITRE) 

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

Leaded and 
unleaded gasol ine,  
and d i e s e l  

PASSENGER CAR 
GASOLINE DEMAND MODEL 

(Sweeney) 

r Leaded and 
unleaded gasol ine,  
d i e s e l ,  2 o t h e r  
u s e r - s p e c i f i e d  f u e l s  

r E l e c t r i c i t y  consumption 
n o t  considered 

..................................................................................................................... 
OUTPUT (Continued) 

Leaded and 
unleaded gasol ine,  
d i e s e l ,  2 o t h e r  
a1 t e r n a t i v e  f u e l s  

r Assunes f o r  each 
model year  e i t h e r  
a1 1  unleaded o r  
a l l  leaded f o r  g a s o l i n e  

AUTOMOBILE SECTOR 
FORECASTING MODEL 

(Jack Faucet t  
Associates) 

VMT demand 

..................................................................................................................... 
COMMENTS 

H IGllWAY GASOLINE 
DEMAND MODEL 

(ORNL) 

r VMT ( p e r  c a p i t a )  
est imated as a  
f u n c t i o n  o f :  
d i sposab le  incane, 
g a s o l i n e  p r i c e  and 
a v a i l a b i l i t y ,  
number o f  cars,  
popu la t ion ,  and 
a v a i l a b l e  t ime  

r VMT i s  d isaggre ta ted  
by  f u e l  t ype  
( un l  eaded and 
leaded gas01 ine ,  
d i e s e l  f u e l )  

Ca lcu la ted  as t h e  
r a t i o  o f  VMT t o  
average f u e l  
economy 

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

..................................................................................................................... 
r VMT (per  household) 

es t imated  as a  
f u n c t i o n  o f :  
d i sposab le  incane, 
g a s o l i n e  p r i c e .  
number o f  ca rs ,  
and p o p u l a t i o n  

r Calcu la ted  f rom 
es t imated  VMT's 
and f u e l  economy 
r a t i n g s  by v i n t a g e  
and c l a s s  

r R e c e n t l y m o d i f i e d f o r  A l s o p r o v i d e s  
ana lyz ing  t h e  impacts I es t imates  o f  
o f  e l e c t r i c  v e h i c l e  v e h i c l e  emissions 
market  p e n e t r a t i o n  and goods t r a n s p o r t  

r B e i n g m d i f i e d t o  
i n c l u d e  1  i g h t - d u t y  
t r u c k s  

VMT c a l c u l a t e d  
f rom demand f o r  
f u e l  and f u e l  
e f f i c i e n c y  
f o r  s ta te ,  r e g i o n a l  
and n a t i o n a l  l e v e l s  
by  v e h i c l e  c l a s s  and 
techno1 ogy 

r Est imated on s t a t e  
l e v e l  as a  f u n c t i o n  
o f  v e h i c l e  ownership 
by c l a s s  and g a s o l i n e  
p r i c e ,  incane, pop. 
s p a t i a l  d i s t r i b u t i o n ,  
average f u e l  economy, 
maintenance costs ,  
and s t a t e  i n t e r c e p t  terms 

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

r Fueleconomy 
techno logy  c o s t  
r e 1  a t i o n s h i p s  have 
been updated 

Der ived  f rom 
demand f o r  PMT 

r Est imated 
separa te ly  f o r  
c a t e g o r i e s  d i v i d e d  
accord ing t o  work 
r e 1  ated 
vs. personal . 
i n t e r c i t y  
vs. l o c a l  

r Modal s p l i t s  a r e  
es t imated  f o r  
these  c a t e g o r i e s  

r VMT does not 
depend on v e h i c l e  
s tock  

r Calcu la ted  us ing  
VMT and f u e l  
economy 
3 a l t e r n a t i v e  
procedures 



Summa r y  

TABLE 7 

EEA HIGHWAY FUEL CONSUMPTION MODEL SUMMARY 

S t a t u s  \Expanded i n  5/80 t o  i n c l u d e  medium- and heavy-duty t r u c k s  

I n p u t  Annual new-vehic l  e  r e g i  s t r a t i o n s  
Scrappage r a t e  o f  new v e h i c l e s  
Annual VMT pe r  v i n t a g e  
New-veh ic le  average f u e l  economy f o r  E P A  t e s t s  
On-the-road m i l e s  pe r  ga l  1  on d i  scount  f a c t o r  accoun t i ng  
f o r  i n -use  d r i v i n g  c o n d i t i o n s  t o  reduce a c t u a l  f u e l  economy 
below EPA t e s t  v a l u e s  
New-vehicl  e  d i e s e l  p e n e t r a t i o n  e s t i m a t e s  

- - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Output  

An accoun t i ng  model w i t h o u t  b e h a v i o r a l  re1  a t i o n s h i p s  
01 Method- OgY I 
- - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

e Average new-veh ic le  f u e l  economy, b o t h  on- the- road and EPA 
e Average f l e e t  f u e l  economy, on- the-road and EPA 
e New-vehic le r e g i s t r a t i o n s  f o r  spark i g n i t i o n  and d i e s e l  

eng i  nes 
e F l e e t  v e h i c l e  r e g i s t r a t i o n s  f o r  spark i g n i t i o n  and 

d i e s e l  eng ines  
e T o t a l  v e h i c l e  m i l e s  o f  t r a v e l  d i  saggregated by v e h i c l e  t y p e  
B Fuel consumpt ion by d i e s e l  f u e l ,  leaded g a s o l i n e ,  and 

unleaded gas01 i ne 

P o s s i b l e  
p o l i c y  
uses 

- - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

e E f f e c t s  o f  changes and s tandards  on f u e l  e f f i c i e n c i e s  
e E f f e c t  o f  i n t r o d u c t i o n  o f  d i f f e r e n t  f u e l  o r  eng ine  t y p e s  
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TABLE 9 

Assumptions 

COMPARISON OF BROOKHAVEN MODFLS 

I n p u t  

O r i g i n  and 
c h a r a c t e r i s t i c s  

Out pu t  

a Technology c h a r a c t e r i z a t i o n s  
a Envi rormenta l  emiss ion r e l a t i o n s  
a Energy supply  r e l a t i o n s  

....................................................................................................................... 
I LINEAR PROGRAMING MODELS -----------------+----------------------------------------------------------------------------------------------------- 

----------------------------------------------------------------------------4------------------------------------ 

LINEAR PROGRAMING MODELS 
................................................................................................. 

BESOM I DESOM I MARKAL 1 TESOM 

If o n l y  connected t o  1-0 model: 
a Sec to ra l  energy demands, f rom 1-0 model 
a To ta l  energy o u t p u t s  f o r  demand c o n s t r a i n t s ,  f rom 1-0 model 
I f  connected t o  macromodel and 1-0 model : 
a Energy end-use demands ad jus ted  t o  r e f l e c t  macromodel ou tpu ts  mapped th rough  "reduced form" 

of t h e  1-0 model, and i n i t i a l  energy product  c o e f f i c i e n t s  from t h e  1-0 model 

a E a r l i e s t  v e r s i o n  
a Min imizes t o t a l  

system c o s t  sub jec t  
t o  supply, demand 
c a p i t a l  , and 
p o l l u t i o n  c o n s t r a i n t s  

a Has been superseded 

To 1-0 model and Macromodel : 
a Energy f lows,  aggregate energy demands 
a O i l  and gas impor ts- -pr ices and q u a n t i t i e s  
a New techno1 ogy 

---------------+-------------------------+----------------------+----------------------+------------------------- 
a 1 s t  dynamic 

v e r s i o n  
a Sequence o f  

BES(X.ls t i e d  
t o g e t h e r  

a P e r f e c t  knowledge 
o f  pas t  and f u t u r e  
f o r  o p t i m i z a t i o n  

a Trea ts  p l a n t  
expansion, 
e x h a u s t i b l e  
resources, c a p i t a l  
requi rments 
e x p l i c i t l y  

a Improved so f tware  
a More d e t a i l e d  

r e p r e s e n t a t i o n  o f  
e l e c t r i c  u t i l i t i e s  ................................................................................................................. 

a Improved DESOM a Improved DESOM 
a More f l e x i b l e  and I a Ref1 e c t s  u n c e r t a i n t y  

d e t a i l e d  supply  
s i d e  

a Improves demand 
s i d e  behav io r  o f  
market p e n e t r a t i o n  
o f  new 
techno log ies  

by  o p t i m i z i n g  us ing  
on1 y know1 edge o f  
p a s t  and present ,  
u n l i k e  p rev ious  
vers ions  uses 
" c u r r e n t "  
assumptions about  
suppl i es  

a A v i n t a g e  c a p i t a l  
s tock approach 

r Improved market  
p e n e t r a t i o n  a l g o r f t h n  

a Step-wi se resources 
supply  r a t h e r  than  
resource  ava i  1 a b i  1 i t y  

a Vers ion  c u r r e n t l y  used 
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p r i v a t e  and commercial demand.  P r i v a t e  demand i s  s p e c i f i e d  t o  a 

f u n c t i o n  o f  g a s o l i n e  p r i c e ,  p r i c e  index o f  t r a i n  t r a v e l ,  p r o p o r t i o n  o f  

t h e  p o p u l a t i o n  i n  t h e  1 6 - 2 4  a g e  g r o u p ,  a n d  p r i o r - p e r i o d  i n c o m e .  

Commercial demand i s  s p e c i f i e d  as a f u n c t i o n  o f  r e t a i l  g a s o l i n e  p r i c e ,  a 

p r i c e  i ndex  o f  d i e s e l  f u e l  d e f l a t e d  by  t h e  p r i c e  i n d e x  o f  t r u c k  f r e i g h t  
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Massachuset ts :  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  r e p o r t  no. RP-SP-21. 

Aggregate g a s o l i n e  consumpt i  o n  i s  f o r e c a s t  b y  a n  e c o n o m e t r i c  

e q u a t i o n  t h a t  has t h e  f o l l o w i n g  independent  v a r i a b l e s :  a v e r a g e  m i l e s  

p e r  g a l l o n ,  r e a l  d i s p o s a b l e  i n c o m e ,  r e a l  g a s o l i n e  p r i c e ,  g a s o l  i n e  

consumpt ion lagged,  and an i ndex  o f  new-car p r i c e s .  

AUTOMOB I LE AND GASOLINE DEMAND MODEL (7 5-073) 
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Manufac turers  A s s o c i a t i o n .  NTIS no. PB-256 640/4ST. 

I n  t h i s  t h e o r e t i c a l  model, t h e  demand f o r  g a s o l i n e  i s  d e r i v e d  f r o m  

t h e  demand f o r  mo to r  v e h i c l e  t r a n s p o r t a t i o n .  Sho r t - run  g a s o l i n e  demand 

i n v o l v e s  a s e l e c t e d  u t i l  i z a t i o n  r a t e  o f  t h e  e x i s t i n g  c a r  s tock ,  
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AUTOMOBILE FLEET MIX MODEL (74-0010) 

N i l d h o r n ,  S.; B u r r i g h t ,  B.K.; Enns, J.H.; and Kirkwood,  T.F. 1974. - How 
t o  save gasol  i n e :  Pub1 i c  p o l  i c y  a1 t e r n a t i v e s  f o r  t h e  automobi le.  Santa -- 
Monica, C a l i f o r n i a :  Rand C o r p o r a t i o n .  ~ r e p Z e T f o r  t h e  N a t i o n a l  
Science Foundat ion  NTIS no. PB-242 755. 

Aggregate gaso l  i n e  consumpt ion i s  c a l  cu l  a ted  by an a1 g o r i t h m  u s  i n g  

model p r e d i c t i o n s  o f  m i l e s  pe r  g a l l o n  and number of v e h i c l e s  b y  w e i g h t  

groups w i t h  p a r t i c u l  a r  t e c h n o l o g i c a l  f ea tu res ,  and  a g g r e g a t e  v e  h i  c l  e 

mi 1 es t r a v e l e d .  T h i s  model i s a submodel o f  t h e  Rand Automobi 1 e E n e r g y  

Conse rva t i on  Model. 

AUTOMOTIVE FLEET FUEL CONSUMPTION MODEL (FUEL4) (77-295A) 

Automated Sc iences Group, I n c .  1977. - Fuel economy  m o d e l  s  . S i  l v e r  
Sp r ing ,  Maryland. 

T h i s  accoun t i ng  model uses h i s t o r i c a l  d a t a  and p r o j e c t i o n s  o f  new 

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

r a t e s  t o  p r o v i d e  comparisons o f  v a r i o u s  f u e l  economy s c e n a r i  0 s .  T h e  

s t o c k  o f  c a r s  i s  d i v i d e d  i n t o  f i v e  c l a s s e s :  ( 1 )  d o m e s t i c  p a s s e n g e r  

a u t o m o b i l e s ;  ( 2 )  i m p o r t e d  p a s s e n g e r  a u t o m o b i  1 e s ;  ( 3 )  d o m e s t i c  

nonpassenger au tomobi les ;  ( 4 )  impor ted  nonpassenger a u t o m o b  i 1 e s  ( G V W  

1 ess than  6000 1 bs.) ; and ( 5 )  nonpassenger automobi 1 es ( G V W  6000 1 bs. t o  

10,000 l b s . ) .  

COMMODITY HIERARCHY MODEL FOR GASOLINE DEMAND (7 5-285) 

Cato, D.; Rodekohr, M . ;  a n d  S w e e n e y ,  J . L .  1 9 7 5 .  C a p i t a l  s t o c k  
ad jus tmen t  p rocess  a n d  t h e  demand  f o r  g a s o l  i n e :  A m a r k e t  s h a r e  
approach. I n  Economic Dimensions of Energy Demand - a n d  S u p p l y ,  e d s .  
A.B. Aski n and J. K r a f f ,  pp. 29-52. L e x i n g t o n  Books. 

I n  t h i s  economet r ic  model,  a g g r e g a t e  g a s o l  i n e  c o n s u m p t i  o n  i s 

c a l c u l a t e d  by d i v i d i n g  v e h i c l e  m i l e s  t r a v e l e d  (VMT) by average ,nil c s  p(?. 

g a l l o n  o f  t h e  s tock .  VMT i s  es t ima ted  as a f u n c t i o n  o f  t h e  c o s t  p e r  

m i l e  (wh ich  i s  a f u n c t i o n  o f  g a s o l i n e  c o s t s  and t h e  o p p o r t u n i t y  c o s t  o f  

au tomob i l e  t r a v e l ) ,  income, and t h e  unemployment r a t e .  A v e r a g e  : n i l e s  

p e r  g a l l o n  i s  a v e h i c l e  s i z e - c l a s s  s h a r e  w e i g h t e d  m i l e s  p e r  g a l l o n  

c a l c u l a t i o n  based on scrappage and usage r a t e s .  The model i s  based on a 

hedonic c l a s s i f i c a t i o n  scheme and a s tock-ad jus tment  process. 
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CONSUMPTION OF GASOLINE BY HOUSEHOLDS (77-087A) 

Stucker ,  J.P. and Kirkwood, T.F. 1977. Economic i m  a c t  o f  a u t o m o b i l e  
t r a v e l  c o s t  i nc reases  on households. Santa M o n i c a A i ~ r n  i a : T h e  
Rand C o r p o r a t i  on R - ~ ~ ~ ~ N S F / F E A .  

Household g a s o l i n e  c o n s u m p t i o n  i s  e s t i m a t e d  a s  a  f u n c t i o n  o f  

household income i n  f i v e  e q u a t i o n  forms: 1 i n e a r ,  q u a d r a t i c ,  s e m i  1 o g ,  

1 o g a r i  thmic ,  and power. I n  a d d i t i o n ,  household gasol  i n e  consumpt ion b y  

income l e v e l  i s  c a l c u l a t e d  based on e s t i m a t e s  o f  a v e r a g e  m i l e s  p e r  

gal  l o n  and survey e s t i m a t e s  o f  VMT. 

DEMAND MODEL FOR GASOLINE AND RESIDENTIAL ELECTRICITY (74-284) 

Houthakker,  H.S.; Ve r lege r ,  P.K.; and Sheehan, D.P. 1 9 7 4 .  D y n a m i c  
demand ana lyses f o r  g a s o l i n e  and r e s i d e n t i a  1  e l  e c t r i c i  t y .  A m e r i c a n  
Jou rna l  - o f  A g r i c u l t u r a l  Economics 56:412-418. 

The demand f o r  gasol  i n e  and e l e c t r i c i t y  by consumers i s  s p e c  i f i e d  

u s i n g  poo led d i saggrega ted  t i m e - s e r i e s  da ta  f rom d i f f e r e n t  s t a t e s  f i t t e d  

t o  dynamic demand f u n c t i o n s  o f  t h e  f l o w  ad jus tment  type.  The dernand f o r  

energy  i s a  f u n c t i o n  o f  income, p r i c e ,  and t h e  demand i n t h e  p r e v i o u s  

pe r iod .  

DYNAMIC DEMAND FUNCTIONS FOR GASOLINE WITH DIFFERENT SCHEMES OF 
PARAMETER VARIATION (78-567) 

Mehta, J.S.; Narasimham, G.V.L.; and Swamy, P.A.V.B. 1978. E s t i m a t i o n  
o f  dynamic demand f u n c t i o n s  f o r  gasol  i n e  w i t h  d i f f e r e n t  s c h e m e s  o f  
parameter v a r i a t i o n ,  Jou rna l  - o f  Econometr ics 7  : 263-279. 

These authors  s tudy  t h e  a g g r e g a t e  demand f o r  g a s o l  i n e  u s i n g  

q u a r t e r l y  s t a t e  d a t a  f o r  1 9 6 3 . 1 - 1 9 7 3 . I V  a n d  a  d y n a m i c  r a n d o m  

c o e f f i c i e n t s  model. They f i n d  t h a t  t h e  parameters i n  t h e i r  m o d e l  v a r y  

ac ross  s t a t e s  w i t h  a  mean income e l a s t i c i t y  o f  ,8675 a n d  a mean p r i c e  

e l a s t i c i t y  o f  -.0441. 

DYNAMIC LINEAR EXPENDITURE MODEL (72-329) 

P h l i p s  L. 1972. Dynamic v e r s i o n  o f  t h e  1  i n e a r  e x p e n d i t u r e  m o d e l .  
Review - o f  Economics - and S t a t i s t i c s  54(4):450-455. 

Gaso l i ne  and o i l  e x p e n d i t u r e  i s  es t ima ted  by an equat ion  a1 1  o w i n g  

f o r  h a b i t  f o r m a t i o n ,  s tock  adjustment,  and d e p r e c i a t i o n .  The m o d e l  i s  

based on r e f i n e m e n t s  of t h e  Geary u t i l i t y  f u n c t i o n .  
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ECONOMETRIC MODELS OF THE DEMAND FOR MOTOR FUEL (75-058) 

B u r r i g h t ,  B.K., and Enns, J.H. 1975. Economet r ic  models o f  t h e  demand 
f o r  mo to r  f u e l .  Santa Monica, C a l  i f o r n i a :  T h e  ~ a n d C o F o r a t i o n  --- 
R-1561-NSF/FEA. 

T h i s  s t u d y  produced seve ra l  economet r ic  e q u a t i o n s  e s t i m a t i n g  s h o r t -  

r u n  and l o n g - r u n  f u e l  demand. The s h o r t - r u n  f u n c t i o n s  a r e  d e r i v e d  f r o m  

a  model o f  household dec is ionmak ing,  w h i l e  l ong - run  demand f o c u s e s  o n  

changes i n  t h e  au tomob i l e  s tock .  D i f f e r e n t  d a t a  s e r i e s  and e  s t  i m a t i  o n  

t e c h n i q u e s  a r e  used. 

EEA GASOLINE CONSUMPTION MODEL: ECONOMICS SUBMODEL (75-0038) 

Energy and Env i ronmenta l  A n a l y s i s ,  I n c .  1975. Gas01 i n e  c o n s u m p t i o n  
model,  Vo l .  I .  F i n a l  Repor t .  A r l i n g t o n ,  V i r g i n i a .  P r e p a r e d  f o r  t h e  
Federal  Energy A d m i n i s t r a t i o n .  

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

consumpt ion b y  d i v i d i n g  aggregate  v e h i c l e  m i  1  e s  t r a v e l  e d  b y  a v e r a g e  

m i l e s  pe r  g a l l o n .  The average mpg i s  computed by an a1 g o r i t h m  u s i n g  mpg 

and VMT by  c l a s s  a n d  v i n t a g e .  A  m o d i f i e d  f o r e c a s t  o f  g a s o l  i n e  

consumpt ion i s  found by an economet r i c  e q u a t i o n  w i t h  t h e  f o l l o w i n g  

independent  v a r i a b l e s :  t h e  p r e l i m i n a r y  e s t i m a t e  o f  g a s o l  i n e  demand ,  

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

unemployment r a t e ,  change i n  d i s p o s a b l e  income, and c h a n g e  i n  VMT p e r  

v e h i c l e .  The p r e l i m i n a r y  e s t i m a t e  o f  gas demand i s  a  f u n c t i o n  o f  t o t a l  

VMT and average mpg. 

EMISSION/FUEL USE MODEL FOR TRUCKS AND BUSES (78-277) 

Jambekar, A.B.; and Johnson, J.H. 1 9 7 8 .  E m i s s i o n  -- a n d  f u e l  u s a g e  
computer  model f o r  t r u c k s  and buses. Warrendal e, Pennsyl van ia :  S o c i e t y  - -- 
o f  Automot ive  Eng ineers ,  I n c .  paper  no. 780630. 

G a s o l i n e  and d i e s e l  f u e l  consumpt ion f o r  n i n e  c l a s s e s  o f  v e h i c l e s  

(based on w e i g h t )  i s  c a l c u l a t e d  by an a1 g o r i t h m  u s i n g  annual VMT, urban/  

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

e s t i m a t e s  a r e  i n f l u e n c e d  by urban o r  r u r a l  d r i v i n g ,  t h e  NOx emi  s s i  o n s  

s tandards ,  and techno1 o g i  c a l  improvements. 

GASOLINE CONSUMPTION MODEL (CHASE) (74-002B) 

Chase Econometr ic  Assoc ia tes ,  I n c .  1974. E f f e c t  o f  t a x  and r e  u l a t o r  
---- - a1 t e r n a t i v e s  on c a r  s a l e s  and gas c o n s u m p t i ~ i ~ l ~ p ~ .  P r e p a r e  
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f o r  t h e  Counc i l  on Environmental  Qua1 i t y  under C o n t r a c t  No. EQC004, NTIS 
NO. PB-234-622. 

Gasol i ne consumpti  on i s  c a l c u l a t e d  ,by an a1 g o r i  thm u s i n g  a g g r e g a t e  

v e h i c l e  m i l e s  t r a v e l e d ,  c a r s  i n  use by model year ,  and model-year m i  1  e s  

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

e q u a t i o n ,  which has t h e  f o l l o w i n g  i ndependen t  v a r i a b l e s :  n u m b e r  o f  

persona l  passenger v e h i c l e s  r e g i s t e r e d ,  r e l a t i v e  r e a l  p r i c e  o f  gaso l  i n e  

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

s e r v i c e s ) ,  average v e h i c l e  p r i c e  1  a g g e d  t w o  y e a r s ,  a n d  c h a n g e  i n  

aggregate  wages and s a l  a r i e s .  The 1974-1986 veh i  c l  e - c l  a s s  m i  1  e s  p e r  

g a l  1  on e s t i m a t e s  a r e  based on 1973 r e 1  a t i o n s h i  ps between i n e r t i a  we i g  h  t 

and f u e l  economy. 

GASOLINE CONSUMPTION MODELS (77-213) 

Wong, E. i  Venegas, E.C.; and A n t i p o r t a ,  D.B. 1 9 7 7 .  S i m u l a t i n g  t h e  
consumpt ion o f  gasol  i n e ,  S i m u l a t i o n  28(5)  :145-152 

Two model s  o f  aggregate  gaso l  i n e  consumpt ion were e s t i m a t e d .  One 

model has g a s o l i n e  consumpt ion as a  f u n c t i o n  o f  p r i c e ,  i n c o m e ,  a n d  

p r i o r - p e r i o d  c o n s u m p t i o n ;  t h e  o t h e r  m o d e l  c a l c u l  a t e s  g a s o l  i n e  

consumpt ion f rom e s t i m a t e s  o f  v e h i c l e  m i l e s  t r a v e l  e d ,  c a r s  i n  u s e  b y  

t y p e ,  and average m i l e s  pe r  g a l l o n  by  t ype .  The l a t t e r  was concluded t o  

be t h e  more u s e f u l  t o o l  f o r  p o l  icymakers.  

GASOLI NE DEMAND MODEL (74-037) 

Chamber la in,  C. 1974. P o l i c y  o p t i o n s :  --- Gas t a x  vs. gas r a t i o n i n g  a n d /  
o r  a u t o  e x c i s e  t a x .  W o r k i n g  P a p e r .  C a m b r i d g e ,  M a s s a c h u s e t t s :  -- - 
U.S. Department o f  T r a n s p o r t a t i o n ,  T r a n s p o r t a t i o n  Systems Center  r e p o r t  
no. W P - ~ ~ - ~ 2 - 6 5 .  

T h i s  model i s  a  submodel o f  t h e  I n t e g r a t e d  T r a n s p o r t a t i o n  S y s t e m s  

Center  Automobi le  and G a s o l i n e  M o d e l .  G a s o l  i n e  u s e  p e r  c a p i t a  i s  

f o r e c a s t  by an econometr ic  e q u a t i o n  t h a t  has as independent  v a r i a b l  e s :  

r e a l  d i s p o s a b l e  income p e r  c a p i t a ,  r e a l  g a s o l i n e  p r i c e ,  f l e e t  f u e l  

economy, and lagged gasol  i n e  consumption. 

GASOLINE P R I C E  ELASTICITY ESTIMATION (77-358) 

Schneider ,  A.M. 1977. E l  a s t i c i t y  o f  demand f o r  g a s o l i n e  s i n c e  t h e  1973 
o i  1 embargo. Energy 2:45-52. 
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A Box-Jenkins t i m e s  s e r i e s  model o f  g a s o l i n e  s a l e s  f o r  t h e  s t a t e  o f  

C a l i f o r n i a  i s  eva lua ted  f o r  post-1973 years .  E l a s t i c i t i e s  u s i n g  t h e  

model f rom t h e  pre-1973 and post-1973 a r e  a l s o  compared. The es t ima ted  

e l a s t i c i t y  i s  determined as f o l l o w s :  

E = 0.2054 ( 1  - S14.78) - + 0.0378 

where S i s  t h e  sav ings due t o  unemployment and v o l u n t a r y  c o n s e r v a t i  o n  

and i s  a pe rcen t  o f  g a l l o n s  so ld .  

GASOLINE PRICE MODELS (78-31 1 )  

Bopp, A.E., and N e r i ,  J.A. 1978. P r i c e  o f  g a s o l i n e :  F o r e c a s t i n g  
c a n p a r i  sons. Q u a r t e r l y  Review - of Economics and Bus iness 18 (4 )  :23-33. - 

Three d i f f e r e n t  methodo log ies  a r e  used t o  f o r e c a s t  g a s o l i n e  p r i c e s .  

These a r e  a Box-Jenkins techn ique ,  a s imp le  r e g r e s s i o n  techn ique,  and an 

econometr ic  techn ique.  The a u t h o r s  c o n c l u d e  t h a t  t h e  B o x - J e n k i n s  

techn ique  i s  b e t t e r  f o r  one -pe r iod  ahead f o r e c a s t s  w h i l e  t h e  econometr ic  

model i s  s u p e r i o r  f o r  1 ong-run f o r e c a s t s .  

GASOLINE USE MODEL (75-052) 

McGi 1 l i v r a y ,  R.G. 1976. Gas01 i n e  use b y  automobi les.  T r a n s p o r t a t i o n  
Research Record no. 561. 

The p e r  c a p i t a  g a s o l i n e  consumpt ion m o d e l  c o n s i  s t s  o f  a s i n g l e  

econometr ic  e q u a t i o n  w i t h  t h e  f o l l o w i n g  i ndependen t  v a r i a b l e s :  r e a l  

g a s o l i n e  p r i c e ,  new-car r e g i s t r a t i o n s  p e r  c a p i t a ,  a v e r a g e  g a s 0 1  i n e  

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

consumpt ion pe r  c a p i t a .  

HIGHWAY FUEL CONSUMPTION MODEL (74-006) 

Gould, H.H., and M a l l i a r i s ,  A.C. 1 9 7 4 .  H i g h w a y  f u e l  c o n s u m p t i o n  
computer model, ( V e r s i o n  I). F i n a l  Report .  Cambridge, M a s s a c h u s e t t s  : 
U.S. Department o f  T r a n s p o r t a t i o n ,  T r a n s p o r t a t i o n  Systems Center  r e  p o r t  
no. DOT-TSC-OST-73-43. 

A v e r s i o n  o f  t h i s  accoun t ing  model i s  a submodel o f  t h e  I n t e g r a t e d  

T r a n s p o r t a t i o n  Systems Center  Automobi le and Gaso l i ne  and Demand Mode l  . 
The model r e q u i r e s  u s e r  i n p u t s  o f  f u e l  economies, v e h i c l e  m i l e s  t r a v e l e d  

by v i n t a g e ,  scrappage r a t e s ,  c a r s  i n  use, and new-car market  s h a r e s  b y  

fuel-economy ca tegor ies .  Fuel  consumpt ion b y  c a t e g o r y  i s  computed u s i n g  

f u e l  economy, v e h i c l e  m i l e s  t r a v e l e d ,  and number o f  v e h i  c l  e s  b y  f u e l  
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consumpt ion c a t e g o r y  and age o f  v e h i c l e .  T h i s  model has been superceded 

b y  t h e  Automot ive F l e e t  Fuel  Consumption Model--FUEL 4 ( see  above). 

HOUSEHOLD SURVEY GASOLINE DEMAND MODEL (78-394) 

A r c h i b a l d ,  R., and G i l l i ngham,  R. 1978. A n a l y s i s  o f  c o n s u m e r  demand 
f o r  g a s o l i n e  u s i n g  household survey data .  Presented a t  t h e  mee t ings  o f  
t h e  American S t a t i s t i c a l  A s s o c i a t i o n  i n  San Diego, C a l i f o r n i a  i n  A u g u s t  
1978. 

A r c h i b a l d ,  R., and G i l l i ngham,  R. November 1978. Consumer demand f o r  
gasol  i ne: Evidence f rom household d i a r y  data.  Unpubl i shed paper. 

Gaso l i ne  e x p e n d i t u r e  equat ions  f o r  o n e  c a r ,  m u l t i c a r ,  a n d  a l l  

consumer u n i t s  a r e  e s t i m a t e d  w i t h  s u r v e y  d a t a .  T h e  i n d e p e n d e n t  

v a r i a b l e s  deal  w i t h  gasol  i n e  p r i c e ,  changes i n  gasol  i ne p r i c e ,  number o f  

c a r s  owned, sex, race,  two-income f a m i l i e s ,  l o c a t i o n  o f  consumer u n i t ,  

t i m e  o f  i n t e r v i e w ,  e d u c a t i o n  o f  consumer u n i t  head, age o f  consumer u n i t  

head, members o f  t h e  consumer  u n i t ,  w o r k  s t a t u s  o f  c o n s u m e r  u n i t  

members, and t y p e s  o f  automobi l e s  o f  t h e  u n i t .  

INCOME AND PRICE LAGS I N  CONSUMER-DEMAND ANALYSIS (69-565) 

Heien, D.M. 1969. Income and p r i c e  l a g s  i n  consumer-demand a n a l y s i  s .  
Jou rna 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  132:265-271. 

T h i s  a u t h o r  e c o n o m e t r i c a l l y  e s t i m a t e s  c o n s u m e r  demand f o r  2 3  

c a t e g o r i e s  o f  consumer e x p e n d i t u r e  u s i n g  d i s t r i b u t e d  l a g s  on income a n d  

p r i c e s  f o r  annual U.S. da ta  f o r  1946-1965. T h e  s i x  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  a r e :  p e t r o l  a n d  o i l ;  new c a r s  a n d  n e t  

purchases o f  used cars ;  t i r e s  and tubes;  user -opera ted t r a n s p o r t a  t i o n  

s e r v i c e s ;  1  ocal t r a n s p o r t a t i o n ;  purchased i n t e r - c i  t y  t r a n s p o r t a t i  o n  

m i  nus a i r l  i ne t r a n s p o r t a t i o n ;  and a i r l  i n e  t r a n s p o r t a t i o n .  Shor t - run  and 

l o n g - r u n  income and p r i c e  e l a s t i c i t i e s ,  and t h e  1  e n g t h  o f  t h e  1  a g  o n  

b o t h  income and p r i c e  a r e  es t imated.  

NEW CAR SALESIAUTO OWNERSHIPIVEHICLE MILES TRAVELED (NAV) 
MODEL (74-001C) 

Wi ldhorn,  S.; B u r r i g h t ,  B.K.; Enns, J.H.; and Kirkwood, T.F. 1974. How 
t o  save gasol i n e :  Pub1 i c  p o l  i c y  a l t e r n a t i v e s  f o r  t h e  automobi le.  S a f i  -- -- 
Monica, C a l i f o r n i a :  Rand C o r p o r a t i o n .  P r e p a r e d  f o r  t h e  N a t i o n a l  
Science Foundat ion.  NTIS No. PB-242 755. 

T h i s  model i s  a  submodel o f  t h e  Rand Automobi le Energy Conservat ion  

Model. Gaso l i ne  consumpt ion i s  computed by  d i v i d i n g  aggrega te  v e h i c l e  
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m i l e s  t r a v e l e d  by  average f u e l  economy.  A v e r a g e  f u e l  economy i s  

p r e d i c t e d  th rough  t h e  use o f  an econometr ica l  l y  e s t i m a t e d  e q u a t i o n  w i  t h  

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

independent v a r i a b l e s ,  Ve h i c l  e  m i  1  e s  t r a v e l  e d  i s  e s t i m a t e d  a s  a  

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

dummy v a r i a b l  e  f o r  f e d e r a l  r e g u l  a t i o n .  

01 L MARKET SIMULATION MODEL (OMS) (78-397) 

K i l g o r e ,  W.C. 1979. I n t e r n a t i o n a l  Energy A s s e s s m e n t .  W a s h i n g t o n ,  
D. C. : U .S. Department o f  Energy, Repor t  no. DOEIEIA-0184/1. 

K i n c e l ,  K.L.; K i l g o r e ,  W.C.; and Rodekohr, M.  1 9 7 8 .  E v a 1  u a t i o n  of 
f u t u r e  -- w o r l d  o i l  p r i c e s .  Washington, D.C.: U.S. Department o f  E n e r g y  
r e p o r t  no. DOE/ EIA-0102/4. 

T h i s  r e g i o n a l  model c o n s i s t s  o f  supp ly  and demand e q u a t i o n s  f o r  

each o f  seven r e g i o n s  co r respond ing  t o  t h e  m a j o r  produc ing and consuming 

r e g i o n s  o f  t h e  wor ld .  Supply,  demand, and l a g  parameters a r e  c a l  c u l  a ted  

f rom s i m u l a t i o n s  o f  t h e  P r o j e c t  Independence E v a l u a t i o n  system ( P I  ES--  

now t h e  M i  d- term Energy Fo recas t i ng  System) and t h e  I n t e r n a t i o n a l  Energy 

E v a l u a t i o n  System ( IEES).  DRI macro model s i m u l a t i o n s  a r e  a l s o  used i n  

t h e  model . 
PROJECT INDEPENDENCE TRANSPORTATION ACCOUNTING MODEL (74-004) 

Federal  Energy A d m i n i s t r a t i o n ,  and Counci l  on Env i r o n m e n t a l  Q u a l  i t y .  
1974. ~ r o ' e c i  i n d e  endence and energy c o n s e r v a t i  o n  : T r a n s p o r t  a t  i o n  
s e c t o r s  *-?-T Was i n g t o n ,  D. NTIS no. PB-248 509/2. 

T h i s  s tudy  examines t h e  d i s t r i b u t i o n  o f  passenger and f r e i g h t - m i l  es 

ac ross  d i f f e r e n t  modes. Passenger m i l e s  a r e  d i  v i  d e d  i n t o  1  o c a l  a n d  

i n t e r c i t y ,  and each i s  p r o j e c t e d  u s i n g  an econometr ic  equa t ion .  F r e i g h t  

m i l e  p r o j e c t i o n s  a r e  based on i n d u s t r y  o u t p u t  p r o j e c t i o n s  f rom an i n p u t -  

o u t p u t  model . 

QUARTERLY DEMAND FOR GASOLINE MODEL (73-040) 

Data Resources, I nc .  1973. Study -- o f  t h e  q u a r t e r l y  demand - f o r  gas01 i n e  
and impacts  o f  a1 t e r n a t i v e  gasol  i n e  taxes.  Lex ing ton ,  M a s s a c h u s e t t s .  - 
Prepared f o r t h e  Env i ronmenta l  P r o t e c t i o n  A g e n c y  a n d  t h e  Counc i 1  o f  
Env i r o m e n t a l  Qual  i t y  . 

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

techn iques .  Comparison o f  s h o r t - r u n  and long - run  e l  a s t i c i  t i e s  a r e  a  1  s o  
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i n c l u d e d .  The independent v a r i a b l e s  a r e  v a r i o u s  measures o f  g a s o l  i n e  

p r i c e  ( b o t h  c u r r e n t  and lagged) ,  income ( b o t h  c u r r e n t  and l a g g e d )  , a n d  

1 agged gaso l  i ne consumpti on. 

REFINERY AND PETROCHEMICAL MODELING SYSTEM (RPMS) (78-336B) 

U.S. Department o f  Energy. 1978. Motor  g a s 0 1  i n e  s u p p l y  - a n d  demand 
t h r o u g h  1980. Washington, D.C.: U.S. D e p a r t m e n t  o f  E n e r g y  r e p o r t  
no. ~ O ~ / E I A - 0 1 0 2 / 1 1 .  

Th i  s  1 i n e a r  programming model canpl  ements t h e  Short-Term P e t r o l  eum 

Produc t  Demand F o r e c a s t i n g  Model (78-336A) by m o d i f y i n g  t h e  s u p p l  y  o f  

g a s o l i n e  b y  s i m u l a t i n g  U.S. r e f i n e r y  o p e r a t i o n s ,  i n c l  u d i n g  c r u d e  

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

p r o d u c t  b l e n d i n g .  I n  f o r e c a s t i n g  supp l i es ,  t h e  model c o n s i d e r s  f u t u r e  

p r o d u c t  demand, p r o d u c t  impor t s ,  r e f i n e r y  u n i t  c a p a c i t i e s  and opera t i n g  

r a t e s ,  and t h e  use o f  oc tane  b o o s t i n g  a d d i t i v e s .  

REGIONAL ENERGY AVAILABILITY MODEL (77-366) 

R ice ,  P.L.; Vogt, D.P.; C o r e y ,  T.A.; a n d  P a i  
a v a i  l a b i l  i t i e s - f o r  s t a t e  and l o c a l  development: 
d a t a  overview--1973- x u m e .  Oak R i d a e  . T  

A - 
e n n  

. P .  1 9 7 7 .  E n e r g y  
m e t h o d o l o g i c a l  a n d  
e s s e e :  Oak ~ idge  - . . 

N a t i o n a l  ~ a b o r a t o r ~  r e p o r t - n o .  O R N L / T M - ~ ~ ~ ~  I ' 
T h i s  model a1 l o c a t e s  n a t i o n a l  energy use e s t i m a t e s  among r e g i  o n s  

a c c o r d i n g  t o  socioeconomic a c t i v i t y m e a s u r e s .  I t  u s e s  i n p u t s  f r o m  

INFORUM and Oak Ridge N a t i  onal Lab'  s  MULTIREGION Model . Transpor ta  t i o n  

energy consumpt ion i s  c a l c u l a t e d  u s i n g  popul a t i o n  and empl oyment data.  

SHORT RUN SUPPLY AND DEMAND MODEL FOR GASOLINE (78-214) 

Dahl , C. 1979. Consumer a d j u s t m e n t  t o  a  g a s 0 1  i n e  t a x ,  R e v i e w  - o f  
Economics - and S t a t i s t i c s ,  61  (3 ) .  

T h i s  s t r u c t u r a l  model, t o  be used f o r  l ong - run  a n a l y s i s ,  c o n t a i n s  

econometr ic  equa t ions  f o r  gasol  i n e  supp ly  and demand, s t o c k  o f  c a r s ,  

v e h i c l e  m i l e s  t r a v e l e d ,  and m i l e s  pe r  g a l l o n .  The demand f o r  g a s o l i n e  

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

s t o c k  o f  au tomob i les .  T h e  p u r p o s e  o f  t h e  m o d e l  i s  t o  b r e a k  t h 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  t h e  p r i c e  e l a s t i c i t y  o f  demand  

f o r  VMT and t h e  p r i c e  e l a s t i c i t y  o f  t h e  mpg o f  au tomobi les .  
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SHORT-TERM PETROLEUM PRODUCT DEMAND FORECASTING MODEL 
(STPPDFM) (78-336A) 

Tuckenmez, E.; Farmer, R.; McDaniel ,  H.; E v e r e t t ,  C . ;  a n d  W a l t o n ,  H. 
1978. -- 1980 moto r  g a s o l i n e  s u p p l y  - a n d  demand .  W a s h i n g t o n ,  D. C .  : 
U.S. Department o f  Energy r e p o r t  no. DOEIEIA-0102-32. 

Th i  s s h o r t - t e r m  q u a r t e r l y  econometr ic  model e s t i m a t e s  t h e  demand 

f o r  r e f i n e d  pet ro leum p r o d u c t s  i n  e a c h  o f  f i v e  r e g i o n s .  T h e  k e y  

v a r i a b l e s  i n  t h e  g a s o l i n e  demand e q u a t i o n  a r e  p o p u l  a t i o n ,  n a t i o n a l  

income and g a s o l i n e  p r i c e .  

SUPPLY AND DEMAND OF ENERGY RESOURCES MODEL (73-351) 

Plordhaus, W,D, 1973. A1 1 o c a t i o n  o f  energy resources,  B rook i  ngs P a p e r s  
on Economic A c t i v i t y  (3):529-576. - 

T h i s  1 i n e a r  programming model f o r e c a s t s  t h e  ve ry  l o n g  r u n  (1970 t o  

2120 and beyond). The t r a n s p o r t a t i o n  s e c t o r  i s  d i v i d e d  i n t o  t w o  

components i n  which nonpetro leum-based f u e l  s a r e  s u b s t i t u t a b l e  a n d  

nonsubs t i  t u t a b l e  f o r  gaso l  i n e .  The o b j e c t  o f  t h e  model i s  t o  a1 1 o c a t e  

energy resources o v e r  t ime,  space, and uses, such t h a t  t h e  d i s c o u n t e d  

c o s t s  o f  meet ing a s e t  o f  f i n a l  demands a r e  min imized.  

TEMPORAL CROSS-SECTION SPECIFICATION OF THE REGIONAL DEMAND 
FOR GASOLINE (78-211) 

K r a f t ,  J, , and Rodekohr, M. 1978. Regional  demand f o r  g a s o l  i n e :  A 
tempora l  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 .  J o u r n a l  of R e g i o n a l  S c i e n c e  
18 (1 )  :45-55. 

Using s t a t e - l e v e l  temporal  c r o s s - s e c t i o n  data ,  gasol  i ne consumption 

equa t ions  a r e  es t ima ted  f o r  n i n e  c e n s u s  r e g i o n s .  T h e  demand f o r  

g a s o l i n e  i s  es t ima ted  as a f u n c t i o n  o f  g a s o l  i n e  p r i c e ,  d i s p o s a b l e  

income, and t h e  s tock  o f  a u t o m o b i l e s  1 a g g e d  o n e  p e r i o d .  A s t o c k -  

ad jus tmen t  method i s  used t o  f i n d  d i f f e r e n c e s  among r e g i o n s  a n d  o v e r  

t ime.  

TRANS (TRANSPORTATION RESOURCE ALLOCATION STUDY) - URBAN MODEL (75-036) 

Weiner, E. 1976. A s s e s s i n g  n a t i o n a l  u r b a n  t r a n s p o r t a t i o n  p o l  i c y  
a1 t e r n a t i v e s ,  T r a n s p o r t a t i o n  Research 10:  159-178. 

Gaso l i ne  consumpt ion i s  computed b y  m u l t i p l y i n g  v e h i c l e  m i l e s  

t r a v e l e d  by average g a l l o n s  p e r  m i l e ,  V e h i c l e  m i l e s  t r a v e l e d  e n t e r s  t h e  

model exogenously, and f u e l  economies a r e  he1 d c o n s t a n t  o v e r  t h e  model ' s 

f o r e c a s t i n g  p e r i o d ,  1972-1990. 
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URBAN SIZE AND STRUCTURE AND PRIVATE EXPENDITURES FOR GASOLINE I N  LARGE 
CITIES MODEL (75-566) 

S tewar t ,  C.T., and Bennet t ,  J.R. 1975. Urban s i z e  and s t r u c t u r e  a n d  
p r i v a t e  e x p e n d i t u r e s  f o r  g a s o l i n e  i n  1  a r g e  c i t i e s .  L a n d  E c o n o m i c s  
L I  ( 4 )  :365-373. 

These au tho rs  i n v e s t i g a t e  t h e  e f f e c t s  o f  c i t y  s i z e  and s t r u c t u r e  on 

p e r  c a p i t a  e x p e n d i t u r e  f o r  gaso l  i n e  and l u b r i c a n t s .  Us ing  da ta  f o r  1 3 4  

SMSAs w i t h  p o p u l a t i o n s  o f  200,000 o r  g r e a t e r ,  t h e y  found t h a t  g a s o l  i n e  

and l u b r i c a n t  demand was: i n v e r s e l y  r e l a t e d  t o  c i t y  s i z e ,  r a t e  o f  c i t y  

growth,  and p r o p o r t i o n  o f  workers  us ing  mass t r a n s i t ;  p o s i t i v e l y  r e l a t e d  

t o  t h e  p r o p o r t i o n  o f  nonwhi te  p o p u l a t i o n ;  and n o t  s i g n i f i c a n t l y  r e 1  a t e d  

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

v a r i a b l e s ,  n o r  t h e  p r i c e  o f  gasol  i ne .  They f o u n d  some v a r i a t i o n  b y  

census reg ion .  D i v e r s i f i e d  m a n u f a c t u r i  n g  c i t i e s  a n d  t o u r i s t  a r e a s  

consumed more g a s o l i n e  p e r  c a p i t a ,  w h i l e  p o r t  c i t i e s  consumed l e s s .  

U.S. BUS AND TRUCK POPULATION MODEL (73-043) 

T i n g l e y ,  D.S. 1973. F o r m u l a t i o n  and development o f  a  U n i t e d  S t a t e s  
t r u c k  and bus p o p u l a t i o n  model w i t h  an a n a l y s i s  o f  t h e  f u e l  u s a g e  a n d  
a i r  p o l  1  u t i o n  c o n t r i b u t i o n s .  M a s t e r ' s  t h e s i s ,  Mich igan T e c  h n o l  og  i c a l  
U n i v e r s i t y .  

M i l eage  p e r  y e a r  p e r  v e h i c l e  i s  e s t i m a t e d  by c l a s s  a n d  a g e ,  a n d  

combined w i t h  e s t i m a t e s  o f  average m i l e s  pe r  g a l l o n  t o  y i e l d  annual f u e l  

consumption. Both  gaso l  i n e  and d i e s e l  f u e l  consumpt ion a r e  p r e d i c t e d .  

WHARTON EFA MOTOR VEHICLE DEMAND MODEL, MARK I (78-436) 

L o x l e y ,  C.J.; O s i e c k i ,  T.; R o d e n r y s ,  K.; a n d  T h a n a w a l a ,  S .  1 9 7 8 .  
R e v i s i o n s  t o  t h e  Wharton EFA au tomob i l e  demand model, - t h e  W h a r t o n  - EFA 
m o t o r  v e h i c l e  demand =del[MarkJ.Draft. P h i  1  a d e l  p h i  a ,  
Pennsyl van i  a: W h G X 6 T F A , .  

Aggregate au tomob i l e  gaso l  i n e  consumpt ion i s  c a l  cu l  a t e d  th rough  t h e  

use o f  an a l g o r i t h m  t h a t  i n v o l v e s  t h r e e  economet r ic  e q u a t i o n s .  T h e s e  

e s t i m a t e  average m i l e s  t r a v e l e d  p e r  v e h i c l e  i n  a  p a r t i c u l a r  y e a r ,  a n d  

r u r a l  and urban m i l e s  t r a v e l e d  p e r  mid-year  s tock  o f  ca rs .  Urban VMT i s  

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

average mpg), r e a l  d i s p o s a b l e  income p e r  c a p i  t a ,  a n d  u r b a n  1  i c e n s e d  

d r i v e r s  p e r  v e h i c l e .  Rura l  VMT i s  a  f u n c t i o n  o f  r e a l  g a s o l i n e  c o s t  p e r  

m i l e  ( u s i n g  highway f l e e t  average mpg) , 1  icensed d r i v e r s  p e r  v e h i  c l  e ,  

income d i  s t r i b u t i o n ,  and t o t a l  i n t e r s t a t e  road  m i l e a g e  p e r  v e h i c l e .  
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WHARTON EFA MOTOR VEHICLE DEMAND MODEL, MARK I 1  (78-437) 

Lox ley ,  C.J.; Os ieck i ,  T.; and Rodenrys, K. 1978. The demand f o r  l i g h t  
d u t y  t r u c k s  t h e  Wharton EFA motor  v e h i  c l  e d e m a n d x d m ~ a r k  I I ) . 
~raft%ahiladel~hia,nennsylm: Wharton EFA, 1nc- 

Fuel  consumpt ion i s  b r o k e n  down b y  t y p e  o f  v e h i c l e :  a u t o s ,  

p e r s o n a l - u s e  l i g h t  d u t y  t r u c k s  ( L D T ) ,  a n d  c o m m e r c i a l - u s e  LDT. 

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

economet r i ca l  l y  d e r i v e d  equa t ions  f o r  urban and r u r a l  automob i 1 e m i  1 e s  

t r a v e l e d  p e r  f a m i l y ;  persona l -use LDT m i l  es t r a v e l e d  p e r  t o t a  1 v e h i  c l  e 

s tock ;  and canmerc ia l -use LDT m i l e s  t r a v e l e d  p e r  t o t a l  v e h i  c l  e s t o c k .  

The automobi l e  f u e l  economies a r e  endogenous t o  t h e  model , whi 1 e t h e  LDT 

f u e l  e c o n m i  es a r e  exogenous. 



ABBREVIATIONS AND ACRONYMS 

ARC 

BESOM 

BN L  

C AC 

CAFE 

CDC 

CP I 

CP U  

DA S 

UESOM 

DF I 

DGEM 

DJA 

DOE 

DO T 

DR I 

E  EA 

EF A  

EIA 

EMF 

EMS 

EPA 

EPM 

EPR I 

F I  PS 

GEMS 

GN P  

HF CM 

HGUM 

HSRI 

Annual Repor t  t o  Congress 

Brookhaven Energy System O p t i m i z a t i o n  Model, o f  BNL 

Brookhaven N a t i o n a l  L a b o r a t o r y  

Center  f o r  Advanced Computat ion, U n i v e r s i t y  o f  I 1  1  i n o i s  

Corpo ra te  average f u e l  economy 

Con t ro l  Data C o r p o r a t i o n  

Consumer p r i c e  i ndex  

Cen t ra l  p rocess ing  u n i t  

Demand A n a l y s i s  System, MEFS 

Dynamic Energy System O p t i m i z a t i o n  Model, o f  BNL 

Deci s i  on Focus, I n c .  

Dynamic Genera l i zed  E q u i l i b r i u m  Model, o f  D R I  

D a l e  W. Jorgenson Assoc ia tes  

U.S. Department o f  Energy 

U.S. Department o f  T r a n s p o r t a t i o n  

Data Resources, I n c .  

Energy and Environmental  Ana lys i s ,  I n c .  

(Wharton)  Econometr ic  F o r e c a s t i n g  Assoc ia tes  

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 ,  DOE 

Energy Model i ng Forum, S t a n f o r d  U n i v e r s i t y  

E c o n m i  c Model i ng System, o f  LLL 

U .S. Env i ronmenta l  P r o t e c t i o n  Agency 

Energy Pol i c y  Model, o f  LLL 

E l  e c t r i c  Power Research I n s t i t u t e  

Federal  I n f o r m a t i o n  Process ing  Standards 

General i z e d  E q u i l  i br ium Model ing  System, o f  DFI 

Gross n a t i o n a l  p r o d u c t  

Highway Fuel  Consumption Model , o f  EEA 

Highway Gas01 i n e  Demand Model , o f  ORNL 

Highway S a f e t y  Research I n s t i t u t e ,  The U n i v e r s i t y  o f  M ich igan  



A b b r e v i a t i o n s  and Acronyms 

1-0 

IEA 

IE ES 

IFCDI 

I IASA 

INFORUP,l 

IRT 

J  FA 

KF A  

LDT 

LDVFFCM 

LEAP 

L  ITP 

I L L  

LP 

LTSS 

MARKAL 

MDMS 

MEFS 

MEMM 

MP6 

ISVMA 

NA RM 

NHTSA 

NTIS 

ORNL 

PIES 

PMT 

RDFOR 

SEAS 

SR I 

TECNET 

TESOM 

TSC 

TV A  

V MT 

I n p u t - o u t p u t  

I n t e r n a t i o n a l  Energy Agency 

I n t e r n a t i o n a l  Energy Eval u a t i o n  System 

I n d u s t r i a l  Fuel  Choice A1 l o c a t i o n  Model,  MEFS 

I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl i e d  Systems A n a l y s i s  

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 o f  t h e  U n i v e r s i t y  o f  Mary1 and 

I n t e r n a t i o n a l  Research and Technology C o r p o r a t i o n  

Jack F a u c e t t  Assoc ia tes ,  I n c .  

Ke rn fo rsc  hungsanl age ( N u c l e a r  Research L a b o r a t o r y )  

L i g h t - d u t y  t r u c k s  

L i g h t - D u t y  V e h i c l e  F l e e t  Fuel  Consumption Model , o f  EEA 

Long-term Energy Ana lys i  s  Program, o f  DOE 

Long-term I n t e r i n d u s t r y  T ransac t i ons  Model, o f  DJA 

Lawrence L i ve rmore  L a b o r a t o r y  

L i n e a r  programming 

L i ve rmore  Time-Shar ing System 

Marke t  A1 l o c a t i o n  Model , o f  IEA, BPIL, and KFA 

Model Data Management System, o f  DFI 

Mid term Energy F o r e c a s t i n g  System, o f  DOEIEIA 

M i d t e m  Energy Market  Model,  MEFS 

M i l  es pe r  g a l  1  on 

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  

N a t i o n a l  Aggregate R e f i n e r y  Model , MEFS 

N a t i o n a l  Highway T r a f f i c  S a f e t y  Admini s t r a t i o n ,  DOT 

N a t i o n a l  Techn ica l  I n f o r m a t i o n  S e r v i c e  

Oak Ridge N a t i o n a l  L a b o r a t o r y  

P r o j e c t  Independence Eval u a t i o n  System, o f  DOE 

Persona l  mi 1  es t r a v e l e d  

Reg iona l  Energy Demand F o r e c a s t i n g  Model, MEFS 

S t r a t e g i c  Env i ronmenta l  Assessment System, o f  DOE, EPA 

S R I  I n t e r n a t i o n a l  , f o r m e r l y  S t a n f o r d  Research I n s t i t u t e  

T r a n s p o r t a t i o n  Energy Conse rva t i on  Network, SEAS 

Time-Stepped Energy System O p t i m i z a t i o n  Model,  o f  BNL 

T r a n s p o r t a t i o n  Systems Center ,  DOT 

Tennessee Val 1  ey A u t h o r i t y  

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






