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ABSTRACT

D is s e r ta t io n  T o p ic : E s tim a tin g  P r ic e  E f fe c ts  on
In p u t-O u tp u t C o e ff ic ie n ts

P e te r M a rs h a ll T a y lo r ,  D oc to r o f  P h ilo s o p h y , 1981

D is s e r ta t io n  d ire c te d  byi C lopper Almon, J r . ,  P ro fe s s o r ,
Departm ent o f  Economics

F o r e c a s t in g  th e  economy u s in g  in p u t - o u tp u t  te c h n iq u e s  re q u ire s  

a cc u ra te  p re d ic t io n s  o f  the  m a tr ix  o f  in p u t - o u tp u t  c o e f f i c i e n t s .  The 

t r a d i t i o n a l  a p p ro a c h  has been to  assume a c o n s ta n t  m a t r ix .  O th e r  

approaches have moved the  m a tr ix  fo rw a rd  u s in g  t re n d  te c h n iq u e s .  The 

o b je c t  o f  t h i s  d i s s e r t a t i o n  has  been  t o  ta k e  a d v a n ta g e  o f  new 

techn iques  * new da ta  on in d u s try  p r ic e s ,  and new d a ta  on in p u t - o u tp u t  

c o e f f ic ie n ts  in  the  areas o f  energy and t r a n s p o r ta t io n ,  to  de term ine the  

e f fe c ts  o f  p r ic e  change on th e  in p u t-o u tp u t  m a tr ix .

I n  o r d e r  to  e s tim a te  the  p r ic e  e f fe c ts ,  the  D iew ert o r  g e n e ra liz e d  

L e o n t ie f  c o s t  f u n c t io n  has b e e n  e m p lo y e d .  T h is  f u n c t i o n  m akes 

in p u t -o u tp u t  c o e f f ic ie n ts  depend on r e la t iv e  p r ic e s  in  a way w h ich  has a 

n u m b e r o f  u s e f u l  p r o p e r t ie s  f o r  t h i s  w o rk .  F i r s t ,  th e  depende n t 

v a r ia b le  o f  th e  e s t im a te d  f u n c t io n  i s  th e  in p u t - o u tp u t  c o e f f i c i e n t  

i t s e l f ,  u n l ik e  o th e r  p r o d u c t io n  f u n c t io n  s p e c i f ic a t io n s  such as the  

tra n s lo g  o r  the  CES. Second, the  D ie w e rt f u n c t io n  i s  c o n s is te n t  w i t h  

s ta n d a rd  economic th e o r ie s  on the  c o s t-m in im iz in g  b e h a v io r o f  the  f i r m .



T h is  b e h a v io r  r e la t e s  in p u t  “ o u tp u t c o e f f ic ie n ts  o f  s u b s t itu te s  to  one 

a n o th e r. The p ro p e r ty  o f  p r ic e  c o e f f ic ie n t  symmetry, w h ich  d e r iv e s  from  

th a t  r e la t io n s h ip s  reduces th e  number o f  p a ra m e te rs  to  be e s t im a te d ;  

t h i s  r e d u c t io n  is  o f te n  im p o rta n t when w o rk ing  w ith  a l im i te d  number o f  

o b s e rv a tio n s . L a s t ly ,  the  assum ption o f  s e p a r a b i l i t y  is  e a s i ly  im posed 

on th e  D ie w e r t  s p e c i f i c a t i o n .  T h is  a s s u m p tio n  l i m i t s  th e  c o s t 

m in im iz in g  d e c is io n s  o f  the  f i r m  to  a p p ro p r ia te  g roups  o f  in p u ts  o n ly ,  

so t h a t  a manageable number o f  v a r ia b le s  can be in c lu d e d  f o r  e s t im a t io n  

and s t i l l  a l lo w  f o r  a m o d e ra te ly  h ig h  le v e l  o f  d i s a g g r e g a t io n  o f  

in d u s try  d a ta .

I n  t h i s  s tu d y ,  th e  D ie w e r t  fu n c t io n  was a p p lie d  to  two groups o f  

in p u t - o u tp u t  c o e f f i c i e n t s — e n e rg y  and t r a n s p o r t a t io n .  Each g ro u p  

p re s e n te d  a d i f f e r e n t  c h a lle n g e  because o f  th e  type  o f  da ta  a v a i la b le .  

T h e re fo re , two d i f f e r e n t  approaches were ta k e n . I n  the  case o f  e n e rg y , 

c ro s s -s e c t io n  da ta  by s ta te  e x is te d  on fo u r  types o f  energy use f o r  hea t 

and  p o w e r b y  t w o - d i g i t  S ta n d a rd  I n d u s t r i a l  C la s s i f i c a t i o n  (S IC ) 

c a te g o r ie s  o f  m a n u fa c tu r in g .  The f o u r  e n e rg y  ty p e s  w ere  o i l ,  c o a l ,  

n a t u r a l  g a s ,  and e l e c t r i c i t y .  By a p p ly in g  th e  D iew ert fu n c t io n  to  the  

fo u r  energy c a te g o r ie s  and c a p i ta l  and la b o r ,  lo n g  run  p r ic e  e f f e c t s  on 

i n p u t - o u t p u t  c o e f f i c i e n t s  w e re  e s t im a te d  f o r  e a c h  t w o - d i g i t  

m a n u fa c tu rin g  in d u s t r y .  Combining these lo n g -ru n  e s tim a te s  w i th  y e a r ly  

d a ta  on c o e f f i c i e n t  change p ro d u ce d  e s tim a te s  o f  y e a r ly  in p u t-o u tp u t  

c o e f f i c i e n t  a d ju s tm e n ts  t o  p r i c e  c h a n g e s .  I n  t h e  c a s e  o f  

t r a n s p o r ta t io n #  a t im e - s e r ie s  o f  tonnage sh ipm en ts , d i f f e r e n t ia t e d  by 

commodity and mode, was a v a i la b le .  A p p lic a t io n  o f  the  D iew e rt f u n c t io n  

a l lo w e d  th e  e s t im a t io n  o f  modal shares o f  tons sh ipped by commodity f o r



tw o - d ig i t  SIC c a te g o r ie s *  The modal share e s tim a tes  were then  com bined 

w i t h  e s t im a te s  o f  t o t a l  to n s  o f  com m od ity  s h ip m e n ts  and measures o f  

d is ta n c e  hau led to  c re a te  m easures o f  t r a n s p o r t  s e r v ic e  demanded by 

in d u s t r y .  D iv id in g  th e s e  m easures by in d u s t ry  o u tp u t produced p r ic e  

s e n s it iv e  in p u t-o u tp u t  c o e f f ic ie n ts  f o r  the  t r a n s p o r ta t io n  row s o f  th e  

i n p u t - o u t p u t  m a t r i x .  O th e r  v a r i a b le s  w e re  c o n s id e r e d  i n  th e  

s p e c i f ic a t io n  o f  modal shares b u t few  proved to  be o p e r a t io n a l .  Those 

th a t  were o p e ra t io n a l added l i t t l e  to  the  e s t im a t in g  p ro ce ss .

T h is  d i s s e r t a t io n  has d e m o n s tra te d  the  f e a s i b i l i t y  o f  e s t im a t in g  

the  p r ic e  s e n s i t i v i t y  o f  rows o f  c o e f f ic ie n ts  in  an in p u t -o u tp u t  m a t r ix  

i n  o r d e r  to  p r o je c t  t h i s  m a t r ix  m ore a c c u ra te ly  in to  the  fu tu re  in  a 

w o rld  o f  r a p id ly  changing p r ic e s .  W ith  th e  h e lp  o f  th e  D ie w e r t  c o s t  

f u n c t io n ,  in d u s t ry  d a ta , and in d u s try  p r ic e  fo re c a s ts *  such m ode ling  is  

now p o s s ib le .
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CHAPTER I

In t r o d u c t io n

The purpose o f  t h is  d is s e r ta t io n  is  to  re p o r t  on the  developm ent o f  

a p r a c t ic a l  te c h n iq u e  f o r  a p p ly in g  econom ic  th e o ry  to  f o r e c a s t  m ore 

a c c u r a te ly  th e  in p u t - o u tp u t  ( I / O )  c o e f f i c ie n t s  o f  an in t e r in d u s t r y  

fo re c a s t in g  m o d e l.  An e q u a t io n  to  be used f o r  f o r e c a s t in g  w i l l  be 

p re s e n te d  w h ic h  re p re s e n ts  an im p rovem en t o v e r  e x is t in g  fo re c a s t in g  

te c h n iq u e s  f o r  I /O  c o e f f i c i e n t s .  T h is  e q u a t io n  i s  an im p ro v e m e n t 

because  i t  is  d e r iv e d  from  p ro d u c tio n  th e o ry  o f  the  f i r m  and takes  in to  

a c c o u n t, o v e r  and above th e  u s u a l t e c h n o lo g ic a l  t r e n d  e f f e c t s ,  th e  

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

p r o d u c t io n .  U s in g  t h i s  e q u a t io n ,  changes i n  I /O  c o e f f i c ie n t s  a re  

es tim a te d  and fo re c a s te d , w ith  in p u t p r ic e  e f fe c ts  e x p l i c i t l y  taken  in to  

account f o r  a number o f se c to rs  o f  INFORUM, a m u lt i - s e c to r  in te r in d u s t r y  

in p u t - o u tp u t  model o f  the  U .S . economy. These s e c to rs  a re  a l te r n a t iv e  

in p u ts  w i th in  the  t ra n s p o r ta t io n  and energy in d u s t r ie s .  D i f f e r in g  p r ic e  

sce n a rio s  a re  then  used to  examine s u b s t i tu t io n  among a l te r n a t iv e  in p u ts  

in to  p ro d u c tio n  r e s u l t in g  from  r e la t iv e  p r ic e  changes.

A s ta tem en t o f  the  problem s in v o lv e d  in  e s t im a t in g  and fo r e c a s t in g  

I /O  c o e f f ic ie n t s  w i l l  be p resen ted  in  C hapter I .  A summary o f  e x is t in g  

techn iques  in  th e  l i t e r a t u r e  f o r  I/O  c o e f f ic ie n t  e s t im a t io n  w i l l  f o l lo w  

i n  C h a p te r  I I .  C h a p te r  I I I  w i l l  p r e s e n t  th e  e q u a t io n  used f o r  

e s t im a t io n  in  t h is  s tudy a long  w ith  th e o r e t ic a l j u s t i f i c a t i o n s  f o r  i t s  

u s e .  T h is  e q u a t io n  w i l l  then  be used to  e s tim a te  and fo re c a s t  the  I/O

1



c o e f f ic ie n ts  in  the  energy and t r a n s p o r t a t io n  s e c to r s  o f  th e  INFORUM 

m ode l in  C h a p te rs  IV  and V r e s p e c t iv e ly .  C h a p te r V I summarizes the 

f in d in g s .

Statement, of -.the. Problem

INFORUM is  an in p u t -o u tp u t  type  fo re c a s t in g  model w h ich fo re c a s ts  

in d u s t r ia l  o u tp u t in  200 s e c to rs  o f  the  U .S . economy. The techn ique  o f  

fo re c a s t in g  in d u s try  o u tp u t u s in g  in p u t - o u tp u t  ta b le s  i n  th e  INFORUM 

model re q u ire s  the  s o lu t io n  o f  the  fo l lo w in g  se t o f  equa tions  f o r  fu tu re  

years

X. = T* a . . X. + F. -  M. + N. i  = 1 . 200 . (1 .1 )
a. . i i  j  i  i  l  

J

^

w h e re ,  X^ = o u tp u t  o f  each o f  th e  200 in d u s t r i e s .  The f o l lo w in g  

v a r ia b le s  a re  know n, f o r e c a s te d  p r i o r  to  s o l u t i o n  o r  e s t im a te d  

s im u lta n e o u s ly  w ith  the above e q u a tio n .

F. = f i n a l  demand f o r  each s e c to r ;  a summation

o f  demands fo r  in vestm en t equ ipm ent, s t ru c tu re s ,

government and defense a r t i c le s ,  e x p o r ts ,
jT‘ i ■ /' ' -

and pe rso n a l consum ption 

M^ = im po rts  o f  p ro d u c t i  

N^ = in v e n to ry  change o f  p ro d u c t i  

a . . = the  amount o f  in p u t i  th a t  is
I

demanded to  produce one u n i t  o f  

o u tp u t j .



R e d e fin in g  d^ = + IT and u s in g  m a tr ix  n o ta t io n ,

the  above se t o f  s im u ltaneous equ a tions  can be r e w r it te n  as

( I  -  A ) x = d (1 *2 )

w h e re  x  a n d  d a re  th e  o u t p u t  v e c t o r  and f i n a l  dem and v e c t o r  

r e s p e c t iv e ly ;  A is  the  m a tr ix  o f  in p u t-o u tp u t  c o e f f ic ie n ts ,  a £ j5  1  i s 

an id e n t i t y  m a tr ix .  S o lv in g  f o r  x ,  (1 .2 )  becomes.

x = ( I - A ) ^ d  • (1 .3 )

W h ile  INFORUM does n o t  in  p r a c t ic e  s o lv e  f o r  x  in  q u ite  t h is  manner 

( p r e fe r r in g  th e  S e id e l m ethod in s te a d )  th e  above e q u a t io n  shows th e  

im p o r ta n c e  o f  a c c u ra te  fo r e c a s ts  o f  A and d in  o rd e r  to  e s t im a te  

a c c u ra te ly  the  v e c to r  o f  in d u s t r y  o u tp u t ,  x ,  f o r  f u t u r e  y e a rs .  The 

fo re c a s t in g  o f  the  v e c to r  o f  f i n a l  demands has been th e  p re o ccu p a tio n  o f 

th e  M a ry la n d  I n t e r i n d u s t r y  F o re c a s tin g  P ro je c t  f o r  many years  and i t s  

p rog ress  is  w e ll  documented e lsew here . T h is  p a p e r w i l l  d e a l w i th  th e  

p ro g re s s  made in  im p ro v in g  th e  e s t im a t io n  o f  an expected A m a tr ix  f o r  

fu tu re  y e a rs .

a



D e f in i t io n  o f  the  A M a t r ix

S in c e  e v e ry  in d u s t r y 's  o u tp u t  goes e i t h e r  to  f i n a l  demand o r to  

a n o th e r  in d u s t r y  as in p u t *  th e  economy is  l in k e d  by  a n e tw o r k  o f  

in te rc o n n e c te d  f lo w  re la t io n s h ip s  between in d u s t r ie s ,  in c lu d in g  a s e c to r 

f o r  f i n a l  demand. W ass ily  L e o n t ie f*  the  o r ig in a to r  o f  I /O  te c h n iq u e s * 

f i r s t  d e fin e d  the in p u t s t ru c tu re  o f  an in d u s try  as a s e t o f  t e c h n ic a l

c o e f f i c ie n t s  r e p r e s e n t in g  th e  amount o f  each in p u t  absorbed by th a t

• . 3in d u s try  from  ano the r in d u s t ry  p e r  u n i t  o f  i t s  own o u tp u t .  I n d u s t r y

flo w s  a re  conve rted  to  te c h n ic a l c o e f f ic ie n ts  by d iv id in g  in p u t  f lo w s  by

in d u s try  o u tp u t .  These te c h n ic a l r e la t io n s h ip s  were assumed to  be f ix e d

a t  a n y  p o in t  i n  t im e *  s u b je c t  to  some o p t im a l m ix  o f  in p u ts  f o r

p r o d u c in g  o u t p u t .  T h e re  e x i s t s *  th e n *  a m a t r i x  o f  t e c h n i c a l

r e la t io n s h ip s  show ing te c h n ic a l c o e f f ic ie n ts  f o r  each in d u s try *  across

a l l  in d u s t r ie s .

INFORUM p re s e n tly  measures in p u ts  and o u tp u ts  in  te rm s  of: t h e i r  

v a lu e s  a t  1976 p r ic e s .  The a . ,  c o e f f i c i e n t  i n  INFORUM* th e re fo re *  

re p re s e n ts  th e  d o l la r  v a lu e  o f  in p u t i  needed to  p ro d u c e  one d o l l a r ' s  

w o rth  o f  o u tp u t j  a t  1976 p r ic e s ,  o r

a . . -  X. . /  X. (1 .4 )
i- j i j  J

where,

X ^ j = the  v a lu e  o f  the  t o t a l  amount o f  good i  go ing  to  

the  p ro d u c tio n  o f  good j *  in  1976 d o l la r s  

Xj. = v a lu e  o f  the  t o t a l  o u tp u t o f  good j  in  1976 d o l la r s .



H e re ,  t e c h n ic a l  c o e f f i c ie n t s  m easured in  p h y s ic a l  u n i t s  have been 

changed in t o  r e la t io n s h ip s  in  v a lu e  te rm s  s im p ly  by w e ig h t in g  a l l  

t e c h n ic a l  c o e f f i c ie n t s  go ing  to  an in d u s try  by a r a t io  o f  the  p r ic e  o f 

in p u t  i  to  the  p r ic e  o f  o u tp u t j  in  1976. We a re  in te r e s t e d  th e n ,  in  

s t r u c t u r a l  c o e f f i c i e n t s ,  known fro m  h e re  on as I /O  ( in p u t / o u t p u t ) 

c o e f f ic ie n ts ,  each c o e f f ic ie n t  show ing  th e  r e l a t i v e  im p o r ta n c e  o f  an 

in p u t  i n  a 1976 d o l l a r ’ s w o r th  o f  o u t p u t .  The m a t r ix  o f  th e s e  

c o e f f ic ie n ts  shows the  te c h n ic a l lin k a g e s  between a l l  in d u s t r ie s  in  th e  

economy and is  knbwn as the  A m a tr ix .

These c o e f f i c ie n t s  a re  assumed to  be f ix e d  a t  any p o in t  in  tim e 

b u t ,  over t im e , we can expect them to  change. Three re a s o n s  t h a t  have 

been c ite d  f o r  t h is  change a re : ^

1 . T e c h n o lo g ic a l In n o v a tio n

T e c h n o lo g ic a l in n o v a t io n  d e a ls  w ith  the  change in  the  m ix  o f  

te c h n ic a l in p u ts  in to  the  making o f  a p ro d u c t over t im e  as new 

m e th o d s^  o f  p r o d u c t io n  a re  d e v e lo p e d  and in t r o d u c e d *  New 

c a p i ta l  e q u ip m e n t g e a re d  to  th e  new te c h n o lo g y  w i l l  s lo w ly  

re p la c e  o u td a te d  m achinery as o ld  methods o f  p ro d u c tio n  become 

in c re a s in g ly  le s s  p ro d u c tiv e .  New r a t i o s  o f  f a c t o r s  o f  p r o 

d u c t io n  w i l l  r e p la c e  o ld  r a t io s  and in p u t-o u tp u t  c o e f f ic ie n ts  

w i l l  change.

2.: Changes in  P roduc t M ix

The second reason f o r  c o e f f ic ie n t  change de a ls  w ith  the  problem  

. o f  da ta  a g g re g a tio n  where a number o f  p ro d u c ts  a re  a g g re g a te d  

u n d e r  one in d u s t r y  h e a d in g .  G iven  a v a i la b le  d a ta ,  f lo w s
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g e n e ra lly  cannot be d is a g g re g a te d  to  lo v e r  th a n  th e  in d u s t r y  

l e v e l .  As p ro d u c t  demands change due to  s h i f t i n g  consumer 

ta s te s  o r  o th e r  in f lu e n c e s *  an in d u s t r y * s  p ro d u c t  m ix  w i l l  

change even th o u g h  th e  b a s ic  t e c h n ic a l  r e la t io n s h ip  between 

in p u t m ix  and o u tp u t  o f  a p a r t i c u l a r  p ro d u c t  may be f i x e d .  

O n ly  i f  e a ch  and e v e ry  p ro d u c t  w i t h in  an in d u s t r y  has an 

id e n t ic a l  te c h n ic a l in p u t m ix  w i l l  a change in  p ro d u c t m ix  have 

no e f f e c t  on th e  r e l a t i v e  am ounts o f  in p u ts  g o in g  to  t h a t  

i n d u s t r y .  O t h e r w is e *  we can  e x p e c t  a c h a n g e  i n  I /O  

c o e f f ic ie n ts  as an in d u s t r y * s  p ro d u c t  m ix  changes even w i th  

c o n s ta n t  t e c h n ic a l  c o e f f i c ie n t s  f o r  th e  p r o d u c t io n  o f  each 

p ro d u c t.

3 . P r ic e  Induced S u b s t i tu t io n

The t h i r d  reason f o r  c o e f f ic ie n t  change d e a ls  w i t h  th e  e f f e c t  

o f  c h a n g in g  r e l a t i v e  p r ic e s  o f  in p u ts  in t o  p r o d u c t io n  f o r  

in d u s t r ie s  a tte m p tin g  to  m in im ize  the  co s ts  o f  p ro d u c t io n .  As 

th e  p r ic e  o f  an in p u t  in c re a s e s  r e la t iv e  to  i t s  a l te r n a t iv e *  

f irm s  w i l l  s u b s t i tu te  away from  th e  more expensive  in p u ts  i n  an 

a tte m p t to  keep th e  c o s ts  o f  p r o d u c t io n  down. New c a p i t a l  

; equipm ent w h ich  uses th e  new cheaper in p u t  r a t io s *  w i l l  re p la c e  

o ld e r  c a p i t a l  e q u ip m e n t as o ld  m ethods o f  p ro d u c tio n  become 

in c re a s in g ly  le ss  co s t e f fe c t iv e *
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E s tim a tio n

P r io r  to  t h i s  d i s s e r t a t i o n ,  INFORUM, in  i t s  fo re c a s t in g  e f f o r t s ,  

has t r ie d  to  ta ke  in to  account these th re e  causes o f  c o e f f i c ie n t  change 

i n  a g e n e r a l  m a n n e r o n l y .  The t o t a l  e f f e c t  o f  th e s e  causes on 

c o e f f ic ie n ts  is  examined in  the  p a s t and e x tra p o la te d  in t o  th e  f u t u r e .  

The s e p a ra t io n  o r  p r o d u c t  m ix  changes from  te c h n o lo g ic a l changes has 

been s tu d ie d  on a case -by-case  b a s is  where th e  need w a r r a n t s ,  b u t  th e  

la c k  o f  s p e c i f i c  p r o d u c t  d a ta  a c ro s s  a l l  i n d u s t r i e s ,  o v e r  t im e ,  

p r o h ib it s  a g e n e ra l e x a m in a t io n .^  P r ic e  e f f e c t s  have  n o t  been ta k e n  

e x p l i c i t l y  in t o  a c c o u n t because  o f  th e  u n a v a i la b i l i t y  o f  an adequate 

p r ic e  model to  fo re c a s t  in d u s t ry  p r ic e s  f o r  fu tu re  y e a r s ,  as w e l l  as a 

la c k  o f  a t h e o r e t i c a l  a p p ro a c h  f o r  i n t r o d u c in g  p r i c e  e f f e c t s .  

C onsequen tly , the  m a jo r i ty  o f  changing c o e f f ic ie n ts  were fo re c a s t  u s in g  

a p ro c e d u re  known as " L o g is t i c  cu rve** e s t im a t io n .  T h is  approach was 

a p p lie d  to  two types o f  d a ta , ( 1 ) in d iv id u a l  in d u s try  c o e f f i c ie n t s ,  and 

( 2 ;  c o e f f i c i e n t  ro w s  o f  th e  A m a t r i x  u s in g  an "A c ro s s  th e  Row** 

te c h n iq u e . A row shows the  s t r u c tu r a l  c o e f f ic ie n ts  o f  one in p u t  to  each 

o f i t s  in te rm e d ia te  u s e rs . L o g is t ic  cu rve  e s t im a t io n  ta ke s  in to  account 

the  e f fe c ts  o f  the  th re e  causes above, in  t o t a l ,  on b o th  types  o f  d a ta .  

R e c e n t ly  a p r ic e  m ode l, the  r e s u l t  o f  the  d is s e r ta t io n  e f f o r t s  o t  David 

B e lz e r ,  has been added to  INFORUM, w h ich  fo re c a s ts  p r ic e s  y e a r ly  fo r  200 

se c to rs .**  The in te n t io n  o f  t h is  d is s e r ta t io n  is  to  ta k e  th e  p ro c e s s  o f  

f o r e c a s t in g  c h a n g in g  I /O  c o e f f i c ie n t s  one s tep  fu r t h e r  by e x p l i c i t l y  

ta k in g  in to  account p r ic e  changes in  a t h e o r e t ic a l ly  a c c e p ta b le  m anner 

now th a t  p r ic e  fo re c a s ts  a re  p o s s ib le .
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A cross-the-R ow  Change

A c o n s is te n t  m a tr ix  o f  I /O  c o e f f ic ie n ts  f o r  in d u s t r ie s  a t  a f a i r l y  

h ig h  le v e l  o f  d is a g g r e g a t io n  (367 o r d e r  le v e l)  e x is ts  o n ly  f o r  1963, 

1 9 6 7 , and 1972^ and c o n s e q u e n t ly  o n ly  a c ru d e  e x t r a p o l a t i o n  f o r  

f o r e c a s t in g  can be made f o r  i n d i v i d u a l  I/O  c o e f f ic ie n ts  on a g e n e ra l 

b a s is .  H o w eve r, th e  row  t o t a l s  o f  in p u t  f lo w s  o f  a p r o d u c t  t o  

in te rm e d ia te  users  can be d e r iv e d  y e a r ly  and t h is  in fo rm a tio n  can be p u t
Q

to  w o rk  to  h e lp  c o m p le te  th e  t a b le  f o r  la t e r  y e a rs . 0 S ta r t in g  w ith  a 

s e r ie s  on p ro d u c t s h ip m e n ts  f o r  each  y e a r ,  we s u b t r a c t  o u t p e rs o n a l 

c o n s u m p tio n  e x p e n d i tu r e s ,  p r o d u c e r ’ s d u ra b le  e q u ip m e n t, in v e n to r y  

change, e x p o rts  m inus im p o r ts ,  and government demands. The r e s id u a l  in  

y e a r  t ,  d e f in e d  as U ( t ) ,  re p re s e n ts  the  a c tu a l f lo w  o f  in p u t  to  th e  200 

in te rm e d ia te  users  in  the  INFORUM m ode l. A ls o ,  a h i s t o r i c a l  s e r ie s  i s  

c a lc u la te d  w h ic h  re p re s e n ts  what the  in te rm e d ia te  f lo w  would have been 

i f  the  row  o f  I /O  c o e f f i c i e n t s  had re m a in e d  c o n s ta n t  a t  t h e i r  1969 

le v e ls .  T h is  s e r ie s  is  c a lc u la te d  u s in g  th e  fo l lo w in g  e q u a tio n :

I . ( t )l

w here,

I . ( t )  i

S . ( t )
J

- g * *  x . ( t )  s . ( t )
4—t  1j  j  w  i j  j  j = i  j = i

= an " in d ic a to r * *  f o r  the  amount o f  in p u t i  

th a t  w ould have been used in  p e r io d  t  i f  

the  row c o e f f ic ie n ts  f o r  i t s  use had rem ained 

unchanged ove r the  h is to r y  p e r io d  

= the demand f o r  s t ru c tu re s  by in d u s t ry  j
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£ 9 )
i j

= the  1969 c o e f f ic ie n t  f o r  the r a t i o  o f  in p u t  i

needed to  produce a d o l la r s  w o rth  o f  c o n s tru c t io n  

f o r  in d u s t r y  j .

= the  1969 I /O  c o e f f ic ie n t

A t im e  s e r ie s  o f  th e  r a t i o  U ( t ) / l ( t ) ,  an in te rm e d ia te  use c o e f f ic ie n t

f o r  each yea r ove r the  h i s t o r i c a l  p e rio d s  shows the  changing s t r u c t u r a l

dem and f o r  in p u t  i  o v e r  t im e  by th e  t o t a l  o f  in te r m e d ia te  u s e r s .

INFORUM, th e n , fo re c a s ts  fu tu r e  tre n d s  in  in te rm e d ia te  use c o e f f i c ie n t s

by f i t t i n g  an **S~ shaped lo g i s t i c  cu rve  to  the  U / I  c o e f f ic ie n t  t re n d  and

e x te n d in g  t h is  cu rve  in to  the  fu tu r e .  The lo g is t i c  cu rve  is  a p p lie d  in

o rd e r to  p la c e  a c e i l i n g  o r  f l o o r  on th e  e x t r a p o la te d  t r e n d s .  The

percen tage change in  the  in te rm e d ia te  use c o e f f ic ie n t  is  then  a p p lie d  to

a l l  I /O  c o e f f i c i e n t s  i n  th e  ro w . The r e s u l t  o f  t h is  te ch n iq u e  is  to

fo re c a s t the  change in  an I /O  c o e f f ic ie n t  f o r  an ih p u t  to  one in d u s t r y

by m ov ing  i t  by th e  average change in  the  demand f o r  th a t  in p u t  by a l l

in te rm e d ia te  u s e rs . A row o f  the  A m a t r ix ,  w h ich  shows th e  s t r u c t u r a l

c o e f f i c ie n t s  f o r  one in p u t  to  each o f  i t s  in te rm e d ia te  u s e rs , changes,

th e n , by the  same pe rcen tage  amount ove r t im e . S ta te d  in  t h is  w a y , one

o f  th e  im p l i c i t  assum ptions beh ind  t h is  tech n iq u e  becomes o b v io u s ; a l l

in d u s t r ie s  behave i n  a p p ro x im a te ly  th e  same way in  m a t te r s  o f  in p u t

demand p e r  u n i t  o f  o u t p u t . A l l  in d u s t r ie s  must change demands f o r  an

in p u t  p e r u n i t  o f  o u t p u t  b y  th e  same p e r c e n t  i n  o r d e r  f o r  th e
a

A cross-the-R ow  te c h n iq u e  to  be e x a c t ly  c o r re c t .
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I n d iv id u a l In d u s try  Change

A le s s  s t r in g e n t  assum ption  i s  m a in ta in e d  when a t im e  s e r ie s  o f  

in p u t  demands is  s e p a ra te ly  a cq u ire d  fo r  a p a r t ic u la r  in d u s try *  u s u a lly  

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

IN F O R U M -com puted  i n d u s t r y  o u t p u t  to  p ro d u c e  a s e r ie s  o f  I /O  

c o e f f ic ie n ts  w h ich w i l l  v a ry  o v e r  t im e  f o r  a l l  th e  re a s o n s  s p e c i f ie d  

a b o v e . F u tu re  t re n d s  in  in d iv id u a l c o e f f ic ie n ts  f o r  a s in g le  in d u s try  

a re  fo re c a s te d  once a g a in , by f i t t i n g  a lo g is t i c  curve  to  the  h is t o r ic a l  

tim e  s e r ie s  o f  I /O  c o e f f ic ie n ts  and ex te n d in g  i t .

Both types o f  da ta  s t i l l  re q u ire  ano the r assum ption , how ever, when 

th e  l o g i s t i c  c u rv e  e s t im a t io n  te c h n iq u e  is  used; each in d u s try  w i l l  

fo l lo w  in  the  fu tu re  the same tre n d s  w ith  re s p e c t to  in p u t  demands p e r 

u n i t  o f  o u tp u t  as have been e v id e n c e d  in  th e  p a s t .  As w e l l ,  t h i s  

te chn ique  does n o t take  advantage o f  th e  a s s u m p tio n  t h a t  c o e f f i c i e n t  

change i s  in te rd e p e n d e n t  be tw een  ro w s . When the  share o f  the  o u tp u t 

d o l la r  in c re a se s  f o r  one in p u t  i t  must n e c e s s a r ily  decrease f o r  a n o th e r. 

S u b s t i tu t io n  w i l l  o c c u r  be tw een  in p u ts  w i t h in  an in d u s t r y ,  and t h i s  

in te rdependence  shou ld  be taken  in to  account in  e s t im a t io n .

An a tte m p t is  made in  t h is  s tudy to  im prove upon these p o in ts .  The
> .
s tu d y  is  c a r r ie d  o u t on an in d u s t r y - b y - in d u s t r y  b a s is  a l lo w in g  each

in d u s try  to  e x h ib i t  i t s  own p r o d u c t io n  f u n c t io n  re s p o n s e  to  c h a n g in g

p r ic e s .  H e re , we im p ro v e  on the  ~Across-the-Row~ assum ption above by 
/  -

e s t im a t in g  c o e f f ic ie n t  change on an in d u s t r y - b y - in d u s t r y  b a s is .  The
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te chn ique  developed here fo r  fo re c a s t in g  I /O  c o e f f ic ie n t  change u t i l i z e s  

th e  D ie w e r t  o r  g e n e r a l iz e d  L e o n t ie f  e q u a tio n  w h ich  takes in to  account 

changing p r ic e s  o f  a l te r n a t iv e  in p u ts  in  the  p ro d u c tio n  b e h a v io r o f  cost 

m in im iz in g  f i r m s .  The h is t o r ic a l  tre n d  assum ptions are  im proved upon by 

ta k in g  in to  accoun t* over a n d -a b o ve -tfe e -e x tra p o la te d  tre n d s , the  e f fe c ts  

on I /O  c o e f f i c ie n t s  o f  c h a n g in g  in p u t  p r ic e s .  As w e l l ,  c h a n g in g  

c o e f f i c i e n t s  a re  e s t im a te d  w i th  t h e i r  in te rd e p e n d e n c e  ta k e n  in t o  

a cco u n t. These improvements are  a n a tu ra l p ro g re s s io n  o f  th e  advances 

made in  e s t im a t in g  I /O  c o e f f i c i e n t  ch an ge . A s h o r t  re v ie w  o f  th e  

h is to r y  o f  those advances fo l lo w s .
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CHAPTER I I

P rogress in  E s tim a tin g  C o e f f ic ie n t  Change

In  o rd e r  to  fo re c a s t c o e f f ic ie n t  change c o r r e c t ly *  the  re a so n s  f o r  

c o e f f ic ie n t  change must be exam ined. P rog ress in  e x p la in in g  c o e f f ic ie n t  

change has deve loped from  two sepa ra te  p e rs p e c t iv e s ,  each s id e  fo c u s in g  

on d i f f e r e n t  aspects  o f  the  p rob lem . " in p u t-o u tp u t* *  th e o r is t s  have been 

in te re s te d  in  exam in ing and e x p la in in g  I /O  t a b le s  w h i le  " p r o d u c t io n  

t h e o r is t s  have been in te re s te d  in  in v e s t ig a t in g  th e  p ro d u c tio n  fu n c t io n  

r e la t io n s h ip  between in p u ts  and o u tp u t .  The d i f fe r e n c e  between them is  

c h a r a c te r iz e a  by the  scope o f  t h e i r  w o rk . The fo rm e r group has focused 

on th e  movement o f  the  I/O  c o e f f ic ie n ts  o f  the  d isa g g re g a te d  s e c to rs  o f  

th e  A m a t r i x .  The m a jo r i t y  o f  th e s e  r e p r e s e n t  in te r m e d ia te  f lo w s  

between in d u s t r ie s .  The l a t t e r  g ro u p  has fo c u s e d  on th e  f u n c t io n a l  

r e la t io n s h ip  o f  o n ly  a few aggregated c o e f f ic ie n t s ;  in  p a r t ic u la r ,  the 

b a s ic  re s o u rc e s , c a p i ta l  and la b o r .  The p ro d u c tio n  th e o r is t s  have added 

in te rm e d ia te  in p u ts  to  t h e i r  w ork to  fo rm u la te  b e t te r  the  c a p i t a l - la b o r  

r e la t io n s h ip .  The r e s u l t  o f  the  two approaches p o in ts  up the  im portance 

o f  th e  t h e o r e t i c a l  c o n te n t  in  th e  a n a ly s is  o f  c o e f f i c i e n t  chan ge , 

le a rn e d  from  the  w ork o f  the  p ro d u c tio n  t h e o r is t s ,  as w e l l  as a t t e n t io n  

to  d e t a i l  w i th  re s p e c t to  in d iv id u a l  d isa g g re g a te d  c o e f f ic ie n ts ,  le a rn ed  

fro m  th e  w ork o f  I /O  th e o r is t s .  Below is  a re v ie w  o f  the  p rog ress  th a t  

has been made on bo th  f r o n ts .
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Advances in  I /O  Techniques

One o t  th e  m a jo r  p rob lem s in v o lv e d  w i th  the  a p p l ic a t io n  o f  in p u t -  

o u tp u t techn iques  to  so lve  c u r re n t  econom ic p ro b le m s  i s  th e  f i v e  y e a r  

la g  p e r io d  in  th e  p r o d u c t io n  o f  an I /O  c o e f f ic ie n t  t a b le .  A ls o , t h is  

ta s k  i s  o n ly  p e r i o d i c a l l y  c a r r i e d  o u t .  The a s s u m p t io n  t h a t  a 

f i v e - y e a r - o ld  t a b le  r e f l e c t s  c u r re n t  b a s ic  te c h n ic a l r e la t io n s h ip s  in  

p ro d u c tio n  ra is e s  q u e s tio n s  as to  the  s t a b i l i t y  o f  I /O  c o e f f ic ie n ts .  In  

p a r t ic u la r ,  the  problem  o f  p ro d u c t m ix  may d e s ta b i l iz e  I /O  c o e f f i c i e n t  

t a b le s  e ve n  th o u g h  t e c h n ic a l  r e la t io n s h ip s  re m a in  th e  same. The 

d e s ta b i l iz in g  e f fe c t  o f  p ro d u c t m ix  on I/O  c o e f f ic ie n ts  is  aggravated as 

more and more com m odities a re  a g g re g a te d  in t o  co lum ns o f  a t a b le .  A 

co lum n  re p re s e n ts  th e  l i s t  o f  in p u ts  needed to  produce a d o l la r s  w o rth  

o f  one c a te g o ry  o f  o u t p u t .  An o p p o s ite  s t a b i l i z i n g  e f f e c t  i s  a ls o  

c r e a t e d  by  a g g r e g a t io n .  When ro w s  o f  p o s s ib le  s u b s t i t u t e s  a re  

agg re ga ted , the  r e s u l t in g  o f f s e t t in g  movements o f  c o e f f ic ie n ts  caused by 

p r ic e  o r  te c h n o lo g y  in d u c e d  s u b s t i t u t i o n  w i l l  le a v e  a g g r e g a te  

c o e f f i c i e n t s  u n ch a n g e d . I n  1 9 6 8 , V a c a rra  fo u n d ,  f o r  U .S . ta b le s  

d is a g g re g a te d  to  th e  64 s e c to r s  o f  th e  t w o - d ig i t  S IC  l e v e l ,  t h a t  

c o e f f i c ie n t s  w i t h in  a row  changed ove r tim e  and d id  n o t a l l  behave in  

the  same way. W h ile  some c o e f f ic ie n ts  decreased , o th e rs  in c re a s e d . I t  

a p p e a re d  t h a t  n o t  a l l  in d u s t r ie s  were s u b s t i t u t in g  tow ard o r away from  

in p u ts  i n  th e  same m a n n e r. Because o f  a la c k  o f  d a ta  ( s in c e  U .S .  

t a b le s  o n ly  e x is te d  f o r  1 9 5 4 , 1 9 5 8 , and 1961 a t  th a t  t im e ) ,  she was 

u n a b le  to  d e r iv e  th e  s e p a ra te  causes r e s p o n s ib le  f o r  i n d i v i d u a l  

c o e f f i c i e n t  c h a n g e .^  S tage n  and W esse ls  (1 9 7 1 ) ev idenced  in d iv id u a l 

c o e f f i c ie n t  change in  I /O  ta b le s  f o r  1 9 5 4 , 1 9 5 8 , and 1962 f o r  West
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G erm any b u t ,  a ls o ,  p ro v id e d  no f u n c t io n a l  e x p la n a to r y  e q u a t io n s .^  

Sevaldson (1 9 6 8 ), in v e s t ig a t in g  the  s t a b i l i t y  o f  I /O  c o e f f ic ie n ts ,  found 

tre n d s  in  changing c o e f f i c ie n t s  o v e r  t im e  f o r  I /O  ta b le s  o f  N o rw ay. 

A ls o ,  he observed th a t  more aggregated ta b le s  produced more s t a b i l i t y  in  

c o e f f i c i e n t s .  T h is  r e s u l t  m o s t l i k e l y  r e f l e c t s  h is  a t te m p t to  

a g g re g a te , as much as p o s s ib le ,  rows o f  s u b s t i tu ta b le  in p u ts .

From the  w ork above, i t  appears th a t  I /O  c o e f f ic ie n t  ta b le s  e x h ib i t  

changing in d iv id u a l  c o e f f ic ie n ts  ove r t im e ,  b u t  n o t  enough t a b le  d a ta  

have  been a v a i la b le  to  s e p a ra te  o u t  th e  causes  f o r  these movements. 

A c k n o w le d g in g  th e  la c k  o f  c o n s i s t e n t  t a b le s  o v e r  t im e  f o r  many 

c o u n t r i e s ,  F o n te la  (1 9 6 8 )^  in t r o d u c e d  a m ethod  f o r  i n t e r p o la t i n g  

c o e f f ic ie n ts  between ta b le s  th a t  is  a v a r ia t io n  on th e  **RAS~ te c h n iq u e  

o f  row  and column b a la n c in g .^  Using row c o n t r o ls ,  c o e f f ic ie n ts  in  a row 

o f  th e  ta b le  a re  a d ju s te d  to  r e f l e c t  th e  e x te n t  to  w h ic h  one in p u t  i s  

s u b s t i t u t e d  f o r  a n o th e r  th ro u g h o u t  th e  economy a n d , u s in g  co lum n 

c o n t r o ls ,  c o e f f ic ie n ts  in  a column a re  a d ju s te d  to  r e f l e c t  " fa b r ic a t io n * "  

as an in d u s t ry  abso rb s  a la r g e r  o r  s m a lle r  r a t i o  o f  in te r m e d ia te  to  

p r im a ry  in p u ts .  (C a p ita l and la b o r  a re  con s id e re d  p r im a ry  in p u ts . )  The 

s u b s t i t u t io n  o f  one in p u t  f o r  ano the r is  assumed to  be id e n t ic a l  across 

co lum ns, and the  a b s o rp tio n  o f  an in p u t  by an in d u s t r y  is  assumed to  be 

i d e n t i c a l  f o r  a l l  in te r m e d ia te  in p u ts  i n  th e  c o lu m n . A s e r ie s  o f  

i t e r a t io n s  o f  co lum n and row  a d ju s tm e n ts  g e n e r a l ly  p ro d u c e  a t a b le  

c o n s is te n t  w i th  a v e c to r  o f  known row and column t o t a ls .  F o n te la  p o in ts  

o u t  t h a t  fo re c a s te d  row  and co lum n c o n t r o ls  can be used to  u p d a te  

e x is t in g  ta b le s  f o r  fu tu re  y e a rs .



The weaknesses o f  HAS b a la n c in g  a re  exposed, however, when a second 

lo o k  i s  g iv e n  t o  th e  h o m o g e n e ity  p r o p e r t ie s  o f  s u b s t i t u t io n  and 

f a b r ic a t io n  processes across rows and colum ns. Both Vaccara (196 8 ) and 

P e te rs o n  (1974)** p o in t  o u t th a t  changing r e la t iv e  p r ic e s  and tech n o lo g y  

e f fe c t  c o e f f ic ie n t  change th ro u g h  th e  in t r o d u c t io n  o f  new t e c h n ic a l  

p ro c e s s e s  r e s u l t i n g  from  in ve s tm e n t. The h e te ro g e n e ity  o f  new c a p i ta l  

equipment and the  d is s im i la r i t y  o f  i t s  a c q u is i t i o n  a c ro s s  in d u s t r i e s ,  

a lo n g  w i t h  th e  in d u s t r y  s p e c i f i c  aspects  o f  te c h n ic a l in n o v a tio n  does 

n o t supp o rt th e  r a t io n a le  th a t  in p u t s u b s t i t u t io n  s h o u ld  be id e n t i c a l  

a c ro s s  in d u s t r ie s  a d ju s te d  o n ly  fo r  d i f f e r e n t  f a b r ic a t io n  r a te s .  A lso  

the  f a b r ic a t io n  ad jus tm en t f o r  each in d u s t ry  o f  a l l  in te rm e d ia te  in p u ts  

as a g ro u p  o m its  th e  p o s s ib i l i t ie s  o f  s u b s t i tu t io n  between a l te r n a t iv e  

in te rm e d ia te  in p u ts .  As new c a p i t a l  e q u ip m e n t i s  in t r o d u c e d ,  th e s e  

m a ch in es  s h o u ld  r e f l e c t  ch a n g in g  r e la t iv e  in p u t  p r ic e s  in  t h e i r  in p u t  

req u ire m e n t m ix  as f irm s  a tte m p t to  m in im ize  the  c o s ts  and m ax im ize  th e  

e f f i c i e n c y  o f  p r o d u c t i o n .  K .Sarm a (1 9 7 2 ) fo u n d  t h a t  A m a tr ic e s  

c a lc u la te d  by HAS between known I/O  ta b le s  f o r  1959 and 1962 p e r fo rm e d  

w o rse  in  s im u la t io n  te s ts  than  in te rp o la te d  c o e f f ic ie n ts  between those 

same y e a r s .  He c o n c lu d e d  t h a t  th e  " e r r o r s  i n  f o r e c a s t s  f ro m  

in te r p o la t e d  I /O  m a tr ic e s  a re , in  g e n e ra l,  s m a lle r  than  those o b ta in e d  

from  the  RAS m ethod .” ^

G iven the  ev idence th a t  c o e f f ic ie n ts  change, and la c k in g  th e  d a ta  

to  d iv in e  the  fu n c t io n a l r e la t io n s h ip s  to  e x p la in  these changes f o r  I/O  

c o e f f ic ie n t  ta b le s ,  F is h e r e t .  a l .  (1971)** and A u ja c  (1 9 7 1 )^  p ro p o se  

a c q u ir in g  u p d a te d  te c h n ic a l da ta  on p ro d u c tio n  processes from  in d u s try  

t e c h n i c i a n s .  A u ja c *  h o w e v e r ,  f i n d s  t e c h n i c a l  a n s w e r s  t o  be
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F o r s s e l l  (1971) deve lops a re g re s s io n  e q u a tio n  to  e x p la in  changing 

I /O  c o e f f ic ie n ts  where he takes in to  account e x p la n a to ry  v a r ia b le s  and 

uses d a ta  on in d iv id u a l  c o e f f ic ie n ts .  Using da ta  on F in la n d  from  1954 

to  1965, he c o n s id e rs  p ro x y  v a r ia b le s  f o r  th e  e f f e c t s  o f  t e c h n ic a l  

d e v e lo p m e n t  • c h a n g e s  i n  r e l a t i v e  p r ic e s ,  and changes in  o u tp u t .  

Measures used f o r  te c h n ic a l development a re  degrees o f  e l e c t r i f i c a t i o n  

and m e c h a n iz a t io n  and a tim e t re n d .  For p r ic e s ,  the  r a t io  o f  m a te r ia l 

in p u t p r ic e  to  o u tp u t p r ic e  is  used. The problem  o f  p ro d u c t m ix  a r is e s  

w hen, in  o rd e r  to  g en e ra te  com plete c o n s is te n t se ts  o f  I /O  ta b le s  ove r 

enough y e a rs  f o r  r e g r e s s io n  a n a l y s i s ,  c o lu m n s  and  ro w s  m u s t be 

a g g re g a te d .  T h is  p rob lem  is  handled by F o rs s e ll by l im i t i n g  the  scope 

o f  h is  in v e s t ig a t io n  to  o n ly  fo u r  s e c to rs : wood, f u r n i t u r e ,  p a p e r ,  and 

p r i n t i n g ,  and th e s e  a re  su b d iv id e d  in to  21 in d u s t r ie s .  The in p u ts  a re  

l im i te d  to  f i v e  s p e c i f ic  ty p e s . R egression  e q u a tio n  r e s u l t s  e x h ib i t  a 

n e g a tiv e  c o r r e la t io n  between p r ic e  and I/O  c o e f f ic ie n ts  f o r  in te rm e d ia te  

in p u ts  and a p o s i t i v e  c o r r e la t io n  be tw een t e c h n ic a l  change and I/O  

c o e f f ic ie n ts  f o r  la b o r  in p u ts .  The e v id e n ce  showed t h a t  p ro d u c t  m ix ,  

r e l a t i v e  p r ic e s ,  and t e c h n ic a l  p ro g re s s  had a h ig h  c o r r e la t io n  w ith  

c h a n g in g  c o e f f i c i e n t s .10  W h ile  we see h e re  an a t te m p t  t o  e x p la i n  

c h a n g in g  c o e f f i c ie n t s  f o r  one in d u s t r y  a t  a t im e ,  w h ich  reduces the  

problem  o f  p ro d u c t m ix  and a llo w s  f o r  in d iv id u a l in d u s try  re s p o n s e s , no 

c o n s id e r a t io n  i s  t a k e n  o f  th e  in te r d e p e n d e n c e  b e tw e e n  th e  I /O  

c o e f f ic ie n ts  f o r  a l te r n a t iv e  in p u ts  in to  p ro d u c tio n .  T h is  w o rk  can be 

f a u l t e d  f o r  p r o v id in g  no t h e o r e t ic a l  j u s t i f i c a t i o n  f o r  the  fu n c t io n a l 

fo rm  o f  the  re g re s s io n  e q u a tio n . No th e o r e t ic a l b a s is  i s  p r o v id e d  f o r

u n s a t is fa c to r y  f o r  im p rov ing  ta b le s .
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b e l i e v i n g  t h a t  th e  h ig h  c o r r e la t i o n  he o b s e rv e s  I s  e v id e n c e  o f  a 

c a u s e -a n d -e ffe c t r e la t io n s h ip .

P rogress in  P ro d u c tio n  F u n c tio n  Theory

P r o d u c t io n  th e o r is t s ,  on the  o th e r  hand* have la id  the  th e o r e t ic a l 

groundwork f o r  s tu d y in g  c a u s e -a n d -e ffe c t r e la t io n s h ip s  between r e le v a n t  

fa c to rs  a f fe c t in g  p ro d u c tio n  and in p u t demand.

P a rk s  (1 9 7 1 ) uses th e  th e o r y  and f u n t io n a l  equ a tions  o f  D iew e rt 

(1 9 7 1 )H  to  e s tim a te  c o e f f ic ie n t  change where the  in p u t  d e c is io n s  by a 

c o s t - m in im iz in g  f i r m  have been ta k e n  in t o  a c c o u n t.  (The th e o r e t ia l  

ju s t i f i c a t i o n s  f o r  D ie w e rtf s equ a tions  a re  p resen ted  in  C h a p te r  I I I  o f  

t h i s  d i s s e r t a t i o n . )  P a rk s  shows th a t  the  c a p i ta l- la b o r  e la s t i c i t y  o f  

s u b s t i tu t io n  genera ted  from  cos t m in im iz in g  f i r m s  w i l l  be u n d e rv a lu e d  

when in te r m e d ia te  in p u ts  a re  n e g le c te d  in  the  e s t im a t io n  o f  a f i r m Ys 

p ro d u c t io n  f u n c t io n .  T h is  c o n c lu s io n  i s  d raw n fro m  th e  r e s u l t s  o f  

r e g r e s s io n  a n a ly s i s  on  f i v e  a g g r e g a te  in p u t s  - -  a g r i c u l t u r e *  

t ra n s p o r ta t io n *  im p o rts *  c a p i ta l*  and la b o r  — in to  m a n u fa c tu r in g  f o r  a 

t im e  s e r ie s  o f  Sw ed ish  m a n u fa c tu r in g  d a ta  fro m  1870 to  1950. Using 

D ie w e rtf s d e r iv e d  demand e q u a tions  f o r  in p u ts *  Parks de term ines th a t  the  

e l a s t i c i t y  o f  s u b s t i t u t io n  f o r  many in p u ts  i s  n e i t h e r  z e ro  n o r  o n e , 

m ak ing  b o th  th e  Cobb-Douglas and L e o n t ie f  f ix e d  c o e f f ic ie n t  p ro d u c tio n  

fu n c t io n s  in a p p ro p r ia te  fo rm u la tio n s  f o r  e x p la in in g  c o e f f ic ie n t  ch a n g e . 

H e re * a g g re g a t io n  p ro b le m s  may a r is e  from  com bin ing a l l  m a n u fa c tu rin g  

p ro d u c ts  in to  one c a te g o ry  o f  o u tp u t and d iv id in g  a l l  in p u ts  in t o  o n ly  

f i v e  g ro u p s .  A g a in  we see th e  n e c e s s it y  o f  a g g re g a t io n  in  o rd e r to
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c re a te  a s u f f i c i e n t l y  lo n g  t im e  s e r ie s  w h ic h  in c o r p o r a t e s  a l l  

in p u t - o u tp u t  r e la t io n s h ip s .  S ince the d e r iv e d  demand equ a tions  a re  the 

r e s u l t  o f  a f i r m 's  cos t m in im iz in g  re a c t io n s  o n ly ,  the  n o n - f irm  r e la t e d  

p ro b le m s  o f  a g g re g a t io n  a re  n o t  a c c o u n te d  f o r  a d e q u a te ly  i n  P a rks  

a n a ly s is .  P roduc t m ix  e f fe c ts  may in v a l id a te  h is  p r o d u c t io n  f u n c t io n

c o n c lu s io n .^

I n  1 9 7 4 ,  P e te rs o n  to o k  a d v a n ta g e  o f  D ie w e r t ’ s d e r iv e d  demand 

e q u a tio n s  f o r  in p u ts  to  e s t im a te  th e  e f f e c t s  o f  p r ic e s  on c a p t i a l ,  

la b o r ,  and p r o d u c t i v i t y ,  w here  in te rm e d ia te  in p u ts  a re  cons ide red  f o r  

the  B r i t i s h  e n g in e e rin g  in d u s t r y .  An a tte m p t is  made to  in c o rp o ra te  I/O  

ta b le  da ta  by g e n e ra tin g  c o n s is te n t  ta b le s  be tw een  1954 and 196 8 f o r  

E n g la n d  u s in g  th e  RAS b a la n c in g  te c h n iq u e  and d iv id in g  in p u ts  in  the  

e n g in e e r in g  in d u s t r y  in t o  f i v e  c a te g o r ie s  —  la b o r ,  f u e l s ,  o t h e r  

m a te r ia ls ,  s e rv ic e s ,  and inves tm en t goods. H is  s t a t i s t i c a l  te s ts  o f  the  

e l a s t i c i t y  o f  s u b s t i t u t io n  a l lo w  him to  r e je c t  the  assum ption o f  f ix e d  

in te r m e d ia te  in p u t s .  H o w e v e r, he q u a l i f i e s  t h i s  c o n c lu s io n  by  

a c k n o w le d g in g  t h a t  o th e r  f a c t o r s ,  such as p ro d u c t m ix , may be a t  w ork 

when he aggregates 36 in te rm e d ia te  in p u ts  in to  f i v e  g r o u p s A l s o ,  th e  

assum ptions u n d e r ly in g  th e  RAS te chn ique  o f  da ta  g e n e ra tio n  th a t  he used 

may lead  to  in c o r r e c t  r e s u l t s ,  as p o in te d  o u t p re v io u s ly .

I n  an a tte m p t to  p ro v id e  adequate I/O  c o e f f ic ie n t  da ta  f o r  D iew ert 

e q u a tio n  a n a ly s is ,  Humphrey in  197 5 c o n s id e re d  s ix te e n  in p u ts  in t o  

p r o d u c t io n .  S ix te e n  e q u a t io n s  a re  e s tim a te d , each e q u a tio n  hav ing  as 

th e  d e p e n d e n t v a r ia b le  th e  I /O  c o e f f i c i e n t  f o r  each in p u t ,  and as 

independent v a r ia b le s ,  th e  r a t io  o f  the  p r ic e  o f th a t  in p u t  r e la t iv e  to :
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( 1 ) a p r ic e  in d e x  o f  i t s  c lo s e s t s u b s t i tu te s ,  ( 2 ) a p r ic e  in dex  o f  a l l  

o th e r  in te r m e d ia te  g o o d s , and (3 )  a p r ic e  in d e x  o f  th e  v a lu e  added 

ite m s ,  c a p i t a l  and la b o r ,  a lo n g  w i t h  a c o n s ta n t  te rm . The da ta  f o r  

re g re s s io n  a re  changes in  I /O  c o e f f ic ie n ts  be tw een th e  two y e a rs  1947 

and 1958 f o r  columns o f  U .S . I/O  ta b le s .  He f in d s  few  cases where the 

e l a s t i c i t y  o f  s u b s t i t u t io n  i s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  z e r o ,  

i n d i c a t i n g  t h a t  p r i c e  has no e f f e c t  on  th e  s t a b i l i t y  o f  I /O  

c o e f f ic ie n t s .14 We see here an a tte m p t to  te s t  the  e f fe c ts  o f  p r ic e s  on 

I /O  c o e f f ic ie n t s  in  I/O  ta b le s  f o r  a f a i r l y  d isagg rega ted  s e t o f  in p u ts  

in  o rd e r  to  p ic k  up s u b s t i t u t io n  e f f e c t s  be tw een a l t e r n a t i v e  in p u t s .  

H ow eve r, Humphrey's use o f c ro s s -s e c t io n  da ta  across  columns o f  the  I/O  

t a b le  r e q u ir e s  th e  a s s u m p tio n  t h a t  th e  e f f e c t  o f  p r i c e s  on in p u t  

s u b s t i t u t io n  is  id e n t ic a l  f o r  a l l  colum ns. As p o in te d  o u t by Vaccara , 

t h is  assum ption is  q u e s t io n a b le  in  l i g h t  o f  th e  a rg u m e n t t h a t  in p u t  

s u b s t i t u t i o n  i s  th e  r e s u l t  o f  un ique c a p i ta l  in ves tm en t d e c is io n s  made 

by each in d u s t r y . ^

U s in g  an a l t e r n a t i v e  e q u a t io n  t o  th e  D ie w e r t ,  th e  t r a n s lo g  

s p e c i f i c a t i o n ,  Humphrey and M oroney (1 9 7 5 ) t r y  to  e s t im a te  f a c t o r  

s u b s t i tu t io n  e la s t i c i t i e s  bu t a re  a b le  to  make le s s  h e r o ic  a s s u m p tio n s  

a b o u t  th e  c r o s s - s e c t i o n  I /O  d a ta  by  l i m i t i n g  th e  scope o f  t h e i r  

in v e s t ig a t io n .  16 Here they  a re  in te re s te d  o n ly  in  th e  p r ic e  e f f e c t s  on 

s u b s t i t u t i o n  b e tw e en  th re e  in p u t s :  c a p i t a l ,  la b o r ,  and an in p u t  

aggrega te  o f  n a tu ra l re s o u rc e s . By s t ip u la t in g  th a t  n a t u r a l  re s o u rc e s  

a re  f u n c t io n a l l y  sepa rab le^-?  from  o th e r  in te rm e d ia te  in p u ts ,  they  a re  

a b le  to  assume t h a t  th e  r e s u l t in g  e s t im a te d  p r ic e  e l a s t i c i t i e s  a re  

t h e o r e t i a l l y  u n b ia s e d  even th o u g h  a l l  in p u ts  i n  p r o d u c t io n  a re  n o t
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c o n s id e re d .  A ls o *  th e y  assume t h a t  p r ic e  e f f e c t s  on  c o e f f i c i e n t  

s u b s t i t u t i o n  a re  id e n t ic a l  o n ly  f o r  f o u r - d ig i t  SIC in d u s t r ie s  w i th in  a 

t w o - d ig i t  c a te g o r y ,  b u t may d i f f e r  be tw een t w o - d i g i t  c a t e g o r i e s .  

C o n s e q u e n t ly ,  t h e i r  d a ta  f o r  e s t im a t io n  ru n s  a c ro s s  f o u r - d i g i t  

i n d u s t r i e s  w i t h i n  a t w o - d i g i t  c a t e g o r y .  T he y  e s t im a t e  p r i c e  

e l a s t i c i t i e s  f o r  tw e lv e  tw o - d ig i t  c a te g o r ie s  u s in g  the  th re e  in p u ts .  

W h ile  d isa g g re g a te d  I /O  t a b le  d a ta  is  u t i l i z e d  a c ro s s  c o lu m n s , h e re  

a g a in ,  th e  a g g re g a t io n  o f  row s h id e s  many in te rm e d ia te  s u b s t i tu t io n  

s i t u a t i o n s .  S in c e  th e  m a j o r i t y  o f  in p u t s  t o  p r o d u c t i o n  a r e  

in te rm e d ia te , most p r ic e  e f fe c ts  a re  l e f t  u n e s tim a te d .

The t r a n s lo g  s p e c i f ic a t io n  is  used by H a lvorsen  (1977) to  e s tim a te  

in p u t  demand fu n c t io n s  and here the  da ta  is  d is a g g re g a te d  by b o th  rows 

and c o lu m n s . The p r o p e r ty  o f  s e p a r a b i l i t y  o f  groups o f  in p u ts  in  the  

p ro d u c tio n  fu n c t io n  o f  each in d u s t r y  is  r e l ie d  upon to  l i m i t  th e  number 

o f  ro w s  o f  a l t e r n a t i v e  in p u t s  w i th o u t  th e  need f o r  a g g re g a t io n .  

H a lvo rsen  developes c o e f f ic ie n ts  and p r ic e s  f o r  f o u r  f u e l  in p u ts  used 

f o r  hea t and power in  n in e te e n  tw o - d ig i t  SIC c a te g o r ie s , u s in g  tw o - d ig i t  

SIC d a ta  across s ta te s  f o r  1 9 7 1  H ere, he assumes th a t  th e  e f fe c ts  o f  

f u e l  p r ic e  changes w i l l  cause s u b s t i tu t io n  o n ly  among o i l ,  n a tu r a l  g a s , 

e l e c t r i c i t y ,  and o c c a s io n a lly  c o a l,  h o ld in g  t o t a l  f u e l  demand c o n s ta n t. 

P r ic e  e la s t i c i t i e s  a re  es tim a te d  f o r  these in p u ts  where the  p ro b le m s  o f  

p ro d u c t  m ix  and a g g re g a tio n  o f  s u b s t i tu te  in p u ts  a re  ke p t to  a minimum, 

a llo w in g  f o r  t h e o r e t ic a l ly  unb iased r e s u l t s .  Q u e s tio n s  may be r a is e d  

h o w e v e r, about the  assum ption o f  s e p a r a b i l i t y  o f  fu e ls  from  c a p i ta l  and 

la b o r  in p u ts ,  le a d in g  to  the  c o n c lu s io n  t h a t  t o t a l  e n e rg y  demand w i l l  

rem a in  unchanged as f u e l  becomes r e la t iv e ly  more expe ns ive .
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Synthesis

T h is  h is to r y  o f  in v e s t ig a t io n s  o f  I/O  c o e f f ic ie n t  change p o in ts  ou t 

the  problem s th a t  e x is t  w i th  m ode ling  c o e f f ic ie n t  change and th e  s te p s  

t h a t  have been ta k e n  to  d e a l w i th  th e s e  p ro b le m s . The w o rk  o f  the  

fo rm e r group o f  a u th o rs , la b le d  I /O  t h e o r is t s ,  e v id e n ce s  th e  t ra d e  o f f  

th a t  e x is ts  between the  use o f  aggregated da ta  in  o rd e r to  c re a te  a da ta  

s e r ie s  o f  s u f f i c ie n t  le n g th  ve rses  the  in c rea sed  c o m p le x ity  in  m ode ling  

th a t  is  c re a te d  by a g g re g a tio n  p rob lem s. In  o rd e r to  c re a te  c o n s is te n t  

d is a g g re g a te d  I /O  ta b le s  o f  d a ta ,  such  techn iques  as ~RAS~ b a la n c in g  

w e re  in t r o d u c e d .  No t h e o r e t i c a l l y  sound te c h n iq u e  was d e v e lo p e d ,  

h o w e v e r, to  e x p la in  th e  c h a n g in g  t a b le s ,  a necessary p re re q u s ite  f o r  

a c c u ra te ly  fo re c a s t in g  ta b le s .  On the  o th e r  hand, th e  l a t t e r  g ro u p  o f  

a u t h o r s ,  l a b le d  “ p r o d u c t io n  t h e o r i s t s , * *  a p p l ie d  te c h n iq u e s  f o r  

e s t im a t in g  c o e f f ic ie n t  change th a t  was c o n s is te n t w i th  the  th e o ry  o f  the  

f i r m  b u t  g lo s s e d  o v e r  th e  p ro b le m s  o f  a g g r e g a t io n .  The e a r l i e r  

e s t im a t io n  a tte m p ts  o f  t h is  group s u f fe rs  from  problem s o f  p ro d u c t m ix .

The m ethodology o f  t h is  d is s e r ta t io n  re p re s e n ts  an improvement ove r 

p re v io u s  in v e s t ig a t io n s  o f  c o e f f i c i e n t  change in  I /O  ta b le s  because 

a t t e n t i o n  i s  p a id  to  b o th  d e t a i l  and t h e o r y .  A b a la n c e  i s  s t r u c k  

between the  approaches o f  th e  two groups f o r  fo re c a s t in g  I /O  c o e f f ic ie n t  

change in  the  U .S . economy.
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D e ta i l

I n  t h i s  d i s s e r t a t i o n ,  c o e f f i c i e n t  change i s  e s t im a te d  on an 

in d iv i d u a l  in d u s t r y  b a s is  so t h a t  in d u s t r y  s p e c i f i c  ad jus tm en ts  f o r  

changing p r ic e  and te chno logy  can be accounted f o r  w ith  a minimum amount 

o f  p ro d u c t m ix  prob lem s. In p u ts  a re  cons ide red  a t  a d e t a i le d  le v e l  so 

t h a t  th e  e f f e c t s  on c lo s e  s u b s t i t u t e s  can be exam ined . In  o rd e r to  

a t t a in  t h i s  le v e l  o f  d e t a i l  i t  was n e c e s s a ry  to  abandon th e  use o f  

e x i s t i n g  d is a g g re g a te d  I /O  ta b le s  because too  few a c tu a l ta b le s  e x is t  

f o r  the  U .S . Data from  aggregated ta b le s  was d is m is s e d  because o f  th e  

in t r a c ta b le  problem s o f  p ro d u c t m ix  and the  a g g re g a tio n  o f  s u b s t i tu ta b le  

in p u t s .  The use o f  ta b le s  d e r iv e d  from  RAS b a la n c in g  was a ls o  re je c te d  

because o f  the  assum ption o f  hom ogeneity o f  c o e f f i c i e n t  change a c ro s s  

rows and colum ns» The SAS techn ique  genera tes  in d u s try  I /O  c o e f f ic ie n ts  

w i th o u t  c o n s id e r a t io n  o f  the  in d u s try  s p e c i f ic  in te rdependence  between 

s u b s t itu ta b le  in p u ts .

I n  t h i s  s tu d y ,  th e  n e c e s s a ry  le v e l  o f  d e t a i l  i s  a t t a i n e d  by 

a p p ly in g  the  assum ption o f  s e p a r a b i l i t y  to  in d u s t ry  p ro d u c tio n  fu n c t io n s  

w h ic h  a l lo w  in p u ts  i r r e le v e n t  to  th e  c o s t m in im iz in g  m ix  o f  s p e c i f ic  

s u b s t i tu ta b le  in p u ts  to  be d is re g a r d e d .  When i r r e le v e n t  in p u ts  a re  

ig n o re d , i t  i s  no lo n g e r necessary to  o b ta in  the  com prehensive d e t a i l  o f  

I /O  ta b le s  f o r  e s t im a t io n  and da ta  can be ga the red  f o r  s p e c i f ic  in p u ts  

in to  p ro d u c tio n  w h ich  a re  c o n s is te n t and o f  s u f f i c i e n t  le n g th  to  make 

e s t im a t io n  f e a s ib le .  I n  p a r t i c u la r ,  da ta  is  ga the red  f o r  a l te r n a t iv e  

fu e ls  used f o r  hea t and power in  m a n u fa c tu r in g  and f o r  t r a n s p o r t a t io n  

s e r v ic e s  demanded by in d u s t r y ,  d i f f e r e n t ia t e d  by mode o f  s h ip p in g  * By
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a p p ly in g  th e  a s s u m p tio n  o f  s e p a r a b i l i t y #  c o e f f i c i e n t  change can be 

e s tim a te d  u s in g  d e ta i le d  in p u t  da ta  w h ic h  a v o id s  th e  p ro b le m s  o f  d a ta  

a g g re g a t io n  and a l lo w s  f o r  a m ore a c c u ra te  e s t im a t io n  o f  c o e f f ic ie n t  

change•

Theory

The D ie w e r t  e q u a t io n  i s  used  f o r  e s t im a t i o n  b e c a u s e  o f  i t s  

t h e o r e t i c a l  b a s i s .  T h is  e q u a t io n  ta k e s  i n t o  c o n s id e r a t io n  th e  

in te rd e p e n d e n c e  be tw e en  a l t e r n a t i v e  in p u ts  r e s u l t i n g  fro m  th e  c o s t  

m in im iz in g  b e h a v io r  o f  th e  f i r m .  A ls o *  t h i s  e q u a t io n  i s  p r e fe re d  

because o f  i t s  ease o f  e s t im a t io n .  In p u t demands a re  s im p ly  a f u n c t io n  

Of  a s e r ie s  o f  a d d i t i v e  te rm s  r e p r e s e n t in g  th e  r e l a t i v e  p r ic e s  o f  

a l te r n a t iv e  in p u ts  and the  dep ende n t v a r ia b le  i s  th e  I /O  c o e f f i c i e n t  

i t s e l f a th e  v a r ia b le  to  be m o d e le d . I n  th e  f o l l o w in g  c h a p te rs  th e  

im p l ic a t io n s  o f  f i r m  b e h a v io r  on in p u t  demand a re  re v ie w e d  and th e  

equ a tio n s  in tro d u c e d  by D iew ert to  model in p u t  demand a re  d e r iv e d .
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Chapter I I I

D eve lop ing  An E q ua tion  f o r  E s t im a tio n

What does economic th e o ry  t e l l  us a b o u t th e  f i r m ’ s re s p o n s e s  to  

c h a n g in g  in p u t  p r ic e s ?  T h is  c h a p te r  p r e s e n t s  a s ta n d a rd  c o s t  

m in im iz a t io n  a p p ro a c h  to  f i r m  b e h a v io r  and d e r iv e s  th e  r e s u l t i n g  

c o n d i t i o n s  t h a t  t h i s  b e h a v io r  im p l ie s .  S econd , a s p e c i f i c a t io n  

in tro d u c e d  by W. E . D ie w e r t  i s  p re s e n te d  w h ic h  w i l l  be shown to  be 

c o n s i s t e n t  w i t h  th e  d e r iv e d  c o s t  m in i m i z a t i o n  t h e o r y .  T h is  

s p e c i f ic a t io n  is  then  compared to  an a l te r n a t iv e *  the  t ra n s lo g  fu n c t io n *  

w h ich  is  sometimes used as an a l te r n a t iv e  f o r  e s t im a t io n .

B ehav io r o f  the  F irm

F o l lo w in g  th e  u s u a l approach f o r  d e r iv in g  the  c o n d it io n s  f o r  cos t 

m in im iz a t io n *  a f i r m *  f a c in g  f i x e d  p r ic e s  o f  in p u t s  and  h a v in g  a

p r o d u c t io n  f u n c t io n  w i t h  c o n s ta n t  r e tu r n s  to  s c a le *  w i l l  a tte m p t to  

m in im ize  the  u n i t  cos ts  o f  p ro d u c tio n *  C* where

i  = 1* . . . * n (3 .1 )

= p r ic e  o f  in p u t i  

x^ = amount o f  in p u t i  pe r u n i t  o f  o u tp u t
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This  c o s t m in im iz a t io n  i s  s u b je c t  to  a p r o d u c t io n  f u n c t io n ,  f ,  f o r  

p roduc ing  one u n i t  o f  o u tp u t w ith  c o n s ta n t re tu rn s  to  s c a le  w here ,

f  ( x ^ • x  ) = 1 n
(3 .2 )

T h is  p r o d u c t i o n  f u n c t i o n  i s  assum ed to  be  a c o n t in u o u s ,  tw ic e  

d i f f e r e n t ia b le  fu n c t io n  in  in p u ts  w ith  f i r s t  o rd e r p a r t i a l  d e r i v a t i v e s ,  

b f /  d x ^  = f ^  > 0 . The m a tr ix  o f  second o rd e r p a r t ia ls  is  assumed to  

be n e g a tiv e  s e m i-d e f in ite  so th a t  the  fu n c t io n  is  concave and has convex 

is o q u a n ts •

Cost m in im iz a t io n  is  a c c o m p lis h e d  by p ic k in g  th e  o p t im a l m ix  o f  

in p u ts  so as to  m in im iz e  t o t a l  co s ts  f o r  any g iv e n  s e t o f  in p u t  p r ic e s .  

The m in im iz a t io n  o f  ( 3 .1 )  w i t h  r e s p e c t  to  a p r o d u c t io n  f u n c t io n  f o r  

p ro d u c in g  one u n i t  o f  o u t p u t ,  ( 3 .2 )  is  re p re s e n te d  by the  fo l lo w in g  

Lagrang ian  p rob lem ,

L = p. x . -  X [ f ( x , , . • . , x ) “ 1 ]L—i  i  i  1 n

where X is  a Lag ra ng ia n  m u l t i p l i e r .  The f i r s t  o rd e r  c o n d it io n s  f o r  th e  

m in im iz a t io n  o f  t h is  fu n c t io n  p roduce,
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(x
1*

X )n i  = 1 . (3 .3 )

The o p tim a l amount o f  each in p u t i s  purchased so t h a t ,  d e f in in g

f ,  f ,  £
- 1 = " Z = . . . . -  (3 .4 )
P 1 P 2  Pn

From th is  i t  can be seen th a t *  f o r  a c o s t-m in im iz in g  f i r m  e x p e r ie n c in g  

c o n s ta n t  r e tu r n s  to  s c a le *  th e  demand f o r  in p u t  i  pe r u n i t  o f  o u tp u t*  
»

, is  a fu n c t io n  o f  a l l  in p u t p r ic e s  in v o lv e d  in  the  co s t m in im iz in g  

p rocess o r *

The minimum cos t o f  p rodu c ing  a u n i t  o f  o u tp u t is  then*

C(p^ - * - Pn ) (3 .1 * )

»
where the  s re p re s e n t th e  minimum cos t in p u t b u n d le .

In p u t  demand fu n c t io n s  such as (3 .5 )  possess a u s e fu l c o n d it io n  o f  

sym metry. To make i t  e v id e n t*  we f i r s t  w r i te  the  f i r s t  o rd e r c o n d it io n s  

f o r  c o s t m in im iz a t io n  d e r iv e d  from  e q u a tio n  (3 .3 ) *
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|_ L _  = p . -  X = 0  i  = 1 ........................
a  X.  £  X.

(3 .6 )

d L = 1 -  f  (x . , . . , x  ) = 0 .
1 n

From  ( 3 . 5 ) »  we can see t h a t  th e  in p u ts  a re  a f u n c t io n  o f  p r ic e s .  

C o n se q u e n tly * ,th e  s u b s t i t u t io n  o f  (3 .5 )  fo r  x in  (3 .6 )  dem onstra tes th a t  

these fu n c t io n s  a re  id e n t ic a l ly  zero as fu n c t io n s  o f  p r ic e s .  Thus» th e  

p a r t i a l  d e r iv a t iv e  o f  (3 .6 )  w ith  re sp e c t to  one o f  the  p r ic e s *  p ^ , must 

a lso  equal ze ro* o r*

1 -  £  X £ -  f  | A _  = 0

11 a x *
2  *  £ - -  f - 4 —  = 0 i  = 2 ..................... ....
j=i 1J ^Pi 1 *pi

These equ a tio n s  may be w r i t t e n  in  m a tr ix  n o ta t io n  as*
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X  f l l  X  • • • *1
0  Xx 

6  P i
1

( i
f  12  X  f  2 2  • * • f  2 

•

2

6 ~

=

0

•

f ,  f n . » . 0 6 A

•

*

0
1 2 (3 p i

(3 .7 )

< i * i
and s o lv in g  f o r ^ - j — p r o d u c e s , — = S where S re p re s e n ts  th e

in v e rs e  o f  the  elem ents o f  the  above m a tr ix .^  Had we d i f f e r e n t ia t e d  w ith  

r e s p e c t  t o  P ^ ,  th e  m a t r ix  on th e  l e f t  o f  e q u a t io n  (3 * 7 )  w o u ld  be 

unchanged b u t the  1 in  the  v e c to r  on the  r ig h t  would be in  row j .

<Jx i  . . .T h e re fo re * \— = S ..  . S ince the  above m a tr ix  is  sym m etric* then
o pj  . ..

S. . = S . .  5. thus  *
i j  j i

( c o n d it io n  o f  symmetry) (3 .8 )
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A ls o ,  s o lv in g  f o r  the  demand f o r  in p u t  i  w i th  re s p e c t to  i t s  own

2
= S. . ,  w h ich  can be shown to  be S. 0 •

11

T h is  c o n d i t io n  s ta te s  t h a t  o n ly  n e g a t iv e ly  s loped  demand cu rves e x is t  

f o r  in p u ts  purchased by a co s t m in im iz in g  f i r m .

What im p l ic a t io n s  do th e s e  r e s u l t s  have  f o r  I /O  c o e f f i c ie n t s ?

c o e f f i c i e n t  i s  a fu n c t io n  o f  the  r e la t iv e  p r ic e s  o f  a l te r n a t iv e  in p u ts  

in to  the p ro d u c tio n  o f  a f i r m 's  o u t p u t .  A co lum n  o f  th e  I /O  m a t r ix  

shows th e  am ounts o f  a l t e r n a t i v e  in p u ts  i n  p ro d u c t io n  pe r d o l la r  o f  

o u tp u t f o r  a s in g le  in d u s t r y .  Assuming a l l  f irm s  in  th e  in d u s t r y  have 

a p p ro x im a te ly  th e  same p ro d u c tio n  fu n c t io n ,  we see from  e q u a tio n  (3 .5 )  

th a t  each c o e f f ic ie n t  in  the  column is  s e n s it iv e  to  the  r e la t i v e  p r ic e s  

o f  a l te r n a t iv e  in p u ts  in  the  co lum n. S ince the  p r ic e  o f  an in p u t  e n te rs  

th e  demand f u n c t io n s  o f  a l te r n a t iv e  in p u ts ,  a change in  one p r ic e  w i l l  

a f fe c t  the  demands f o r  a number o f  in p u ts .  The c o n d i t io n  o f  sym m e try .

( 3 . 8 ) ,  a ls o  a s s u re s  t h a t  th e  changes in  th e  demands f o r  a l te r n a t iv e  

in p u ts  a re  l in k e d .  I/O  c o e f f ic ie n ts  in  th e  co lum n o f  th e  m a t r ix  a r e ,  

t h e r e f o r e ,  r e la t e d  and m ust be d e a lt  w ith  on a co lum n-by-co lum n b a s is  

t a k in g  in t o  c o n s id e r a t io n  c h a n g in g  r e l a t i v e  p r ic e s  i n  o rd e r  t o  be 

c o n s is te n t w ith  s tanda rd  co s t m in im iz in g  th e o r ie s  o f  the  f i r m .

V iew ing x^ as an I/O  c o e f f ic ie n t ,  we see from  (3 .5 )  th a t  the  o p t im a l I/O
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E qua tion  f o r  E s tim a tio n

The cos t fu n c t io n  d e r iv e d  by D ie w e rt is  used to  e s t im a te  r e l a t i v e  

p r ic e  e f f e c t s  on I /O  c o e f f ic ie n ts  because the  fu n c t io n  takes  advantage 

o f  the  Shephard d u a l i t y  theorem  w h ich  d e fin e s  in p u t  demand in  term s o f  a 

cos t fu n c t io n  d e r iv e d  from  the  c o s t m in im iz in g  b e h a v io r o f  th e  f i r m  and 

a r e g u la r  p r o d u c t io n  f u n c t io n  such  as th e  one d e s c r ib e d  by ( 3 . 2 ) .  

Shephard 's Lemma, (a ls o  d e r iv e d  by Samuelson** and o th e rs )  is  d e f in e d  a s .

d C (p^» • • t p ^ )  ̂  ̂ ^

a  pk

T h is  e q u a tio n  s ta te s  th a t  the  d e r iv a t iv e  o f  th e  c o s t  o f  p ro d u c in g  one 

u n i t  o r  o u tp u t  w i th  r e s p e c t  to  th e  p r ic e  o f  an in p u t  is  equa l to  the  

demand f o r  th a t  in p u t .

To prove th is  we d i f f e r e n t ia t e  ( 3 .1 * )  w ith  re s p e c t t 6, p ^ ,

Using ( 3 .3 ) ,  the c o n d it io n s  f o r  co s t m in im iz a t io n  by the  f i r m ,  e q u a t io n  

(3 .1 0 ) becomes,

d c
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Since f ( x i , .  . . • x ) ,  from  ( 3 .2 ) ,  is  a c o n s ta n t, — = 0 . 
1 n d pk

C onsequently

—  » * k  dP k  k

w h ich  is  Shephardf s r e s u l t

D ie w e rt makes use o f  t h is  lemma to  s p e c ify  a co s t fu n c t io n  w h ich  is  

a g e n e ra liz a t io n  o f  the  L e o n t ie f  c o s t fu n c t io n  and produces a sys tem  o f  

d e r iv e d  demand equ a tions  th a t  can a t t a in  any se t o f  p a r t ia l  e l a s t i c i t i e s  

o f  s u b s t i tu t io n  u s in g  a m in im a l number o f  p a ra m e te rs .^

The cos t fu n c t io n  i s ,

C(p) = 2 5 2  b i ;  P i 1 /2  P ; 1 /2  <3 -n )
i .  j

where

b . .  = b . .  f o r  a l l  i  X  j . i j  j i

D i f f e r e n t ia t in g  (3 .1 1 ) w ith  re s p e c t to  p^ we have
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1/2

w hich* u s in g  (3 .9 )»  becomes

1/2
(3 .1 2 )

T h is  e q u a tio n  can be e s tim a ted  u s in g  a da ta  s e r ie s  o f  I /O  c o e f f i c ie n t s  

f o r  th e  d e p ende n t v a r ia b le  on the  le f th a n d  s id e  and a s e r ie s  o f  p r ic e s  

f o r  s u b s t i tu ta b le  in p u ts  on the  r ig h t *  T h is  is  the  b a s ic  e q u a tio n  used 

in  t h is  d is s e r ta t io n  f o r  e s t im a t in g  c o e f f ic ie n t  change.

The a p p e a ra n c e  o£  th e  s q u a re  r o o t  i n  ( 3 .1 2 )  a t  f i r s t  seems 

a r b i t r a r y .  A n a tu ra l g e n e ra liz a t io n  o f  (3 .1 2 ) would be

H ow ever* o n ly  w i t h  B = 1 /2  can (3 .1 3 )  r e p re s e n t  th e  b e h a v io r  o f  a 

c o s t - m in im iz in g  f i r m .  F o r*  fro m  ( 3 .1 3 )  th e  demand f o r  in p u t k  w ith  

re s p e c t to  a change in  p. is

B
(3 .1 3 )
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and the  symmetry o f  c r o s s -p a r t ia ls  f o r  a c o s t-m in im iz in g  f i r m *  e q u a t io n

(3 .8 ) *  re q u ire s  th a t

For B j* 0* t h is  c o n d it io n  w i l l  h o ld  f o r  a l l  p = 1 i f *  and o n ly  i f *

b i k  = b k i *  W itb  b i k  = bk i  and p i  *  pk* t h is  e<lu a t io n  w i l 1  h o ld  i f » and 

o n ly  i f ,  B = 1 /2 .

The T rans log: F u n c tio n

An a l t e r n a t i v e  s p e c i f i c a t io n  o f  a u n i t  c o s t  f u n c t io n  used f o r  

e s t im a t io n  by many6 is  the  t ra n s lo g  developed by C h ris te n s e n , Jorgenson* 

and Lau^. The s p e c i f ic a t io n  is *

In  C = a

1  1  i

(3 .1 4 )

0 f o r  i *  j  = 1 . n

To p roduce  a demand f u n c t io n  f o r  e s t im a t io n  we f i r s t  c a lc u la te  th e  

change in  the  co s t fu n c t io n  w ith  re s p e c t to  in p u t  p r ic e s *



d..ln  C = a . + Y .  b . .  In  p .
a in Pi 1 j 1J J

w hich  by d e f in i t io n  becomesv

^  C Pi  ^. ------- = a . + y  b . .  In  p . (3 .1 5 )
C 1 i j  Ja ? ,  j

^  c
A p p ly in g  Shephard 's lemma, -----  = x . , to  the  f i r s t  term  on the  l e f t

a 1

and m o v in g  th e  second te rm  to  th e  r ig h th a n d  s id e  p ro d u c e s  a demand 

fu n c t io n  f o r  in p u t  i ,  b u t t h is  fu n c t io n  is  d i f f i c u l t  to  e s tim a te  because 

i t  i s  n o n l in e a r  i n  th e  p a ra m e te rs .  H o w eve r, s in c e  C = ^  p^  • 

e q u a tio n  (3 .1 5 )  can be t ra n s la te d  in t o .

M. — -  = a .  + V b . . l n p .  (3 .1 6 )
1 £ ‘ j pj  1 T  lJ  J

w here is  th e  s h a re  o f  th e  t o t a l  cos t go ing  to  in p u t  i .  S ince th is  

fu n c t io n  is  l in e a r  in  p r ic e s ,  i t  i s  e s t im a b le  w i t h  s im p le  r e g r e s s io n  

te c h n iq u e s .  We see h e re ,  how ever, t h a t ,  u n l ik e  the  D ie w e rt fu n c t io n ,  

the  I /O  c o e f f ic ie n t  is  n o t es tim a te d  d i r e c t l y .

A no the r c h a r a c te r is t ic  o f  th e  t r a n s lo g  f u n c t io n  i s  t h a t ,  i f  a l l

b . = 0 ,  th e  c o s t  f u n c t io n  c o l la p s e s  to  a C obb-D oug las  fo rm  w ith  an 

e la s t i c i t y  o f  s u b s t i t u t io n ,  <r , e q u a l to  o n e . To see t h i s  we s im p ly  

note  th a t  w ith  a l l  b . ^ s  = 0 , e q u a tio n  (3 .1 6 ) would reduce t o ,
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S in c e  a . i s  a c o n s ta n t  we can see fro m  t h is  th a t  the  fa c to r  share is  i
a lways co n s ta n t re g a rd le s s  o f  th e  p ' s .  T h is  c o n d i t io n  i s  th e  n o rm a l 

r e s u l t  d e r iv e d  fro m  a p r o d u c t io n  f u n c t io n  w ith  u n i ta r y  e la s t i c i t y  o f  

s u b s t i t u t i o n .  The consequence  o f  t h i s  p r o p e r t y  w i t h  r e s p e c t  to  

e s t im a t io n  i s  t h a t  p o o r f i t s  o f  e q u a t io n  ( 3 .1 6 )  to  th e  d a ta  low ers 

v a lu e s  o f  th e  b . . * s  and  c o n s e q u e n t ly  b ia s e s  th e  e l a s t i c i t y  o f  

s u b s t i t u t io n  between in p u ts  tow ard one . On th e  o th e r  hand* poor f i t s  o f  

th e  D ie w e r t  e q u a t io n  do no t a llo w  a r e je c t io n  o f  <r = 0 . To see th is  

one need o n ly  no te  from  (3 .1 2 ) th a t  poor f i t s  on the  da ta  push a l l  b . . * s
13

f o r  i  f  j  to  ze ro * le a v in g  o n ly  the  c o n s ta n t term  b ^  to  be e s t im a te d .  

C o n s e q u e n tly *  f o r  poor f i t s ,  the  demand f o r  an in p u t ,  x^» w i l l  equal to  

a c o n s ta n t,  in d ic a t in g  z e ro  e l a s t i c i t y  o f  s u b s t i t u t i o n .  S in c e  ze ro  

s u b s t i t u t io n  has been the  s tanda rd  im p l i c i t  assum ption  o f  I/O  m ode ling , 

i t  seems in a p p ro p r ia te  to  a llo w  ° = 1 to  be th e  n u l l  h y p o th e s is  f o r  

th e  e s t im a t io n  o f  p r ic e  e f f e c t s .  The in te n t  o f  t h is  s tudy  is  to  te s t  

f o r  the  a l te r n a t iv e  assum ption th a t  p r ic e  s e n s i t i v i t y  e x is t s  w i t h  th e  

d e fa u l t  v a lu e  be ing  z e ro , and f o r  t h is  w ork the  D ie w e rt fu n c t io n  is  best 

s u ite d .



CHAPTER IV

I/O  C o e f f ic ie n ts  f o r  Energy

F ue ls  used f o r  hea t and power e n te r in to  the  p ro d u c tio n  fu n c t io n  o f  

n e a r ly  e ve ry  com m odity. C onsequen tly , th e  f u e l  row s o f  th e  INFORUM A 

m a t r ix  c o n ta in  m ore e n t r ie s  th a n  a lm o s t any o th e r  row , and a ccu ra te  

e s t im a t io n  o f  the  changes in  these c o e f f ic ie n ts  is  e s s e n t ia l to  a ccu ra te  

fo re c a s t in g .  W h ile  f u e l  consum ption is  u b iq u i t o u s ,  th e  e x te n t  o f  th e  

u se  o t  v a r io u s  f u e l s  i n  i n d u s t r y  p r o d u c t i o n  f u n c t i o n s  v a r ie s  

s ig n i f ic a n t l y  ove r tim e  and among in d u s t r i e s .  F o r th e  m a n u fa c tu r in g  

s e c to r s ,  w h ic h  consume a p p ro x im a te ly  25 p e r ce n t o f  the  t o t a l  energy 

requ ire m en ts  o f  the  economy, the  demands f o r  c o a l,  o i l ,  n a tu r a l gas, and 

e l e c t r i c i t y  used f o r  hea t and power have changed a p p re c ia b ly  in  the  la s t  

tw e lve  y e a rs . Between 1967 and 1975, co a l use d e c lin e d  from  19 p e rc e n t  

to  te n  p e r c e n t  o f  t o t a l  e n e rg y  consum ed  f o r  h e a t  and pow er in  

m a n u fa c tu r in g . R e s id u a l o i l  use in c rea sed  from  seven to  te n  p e rce n t and 

d i s t i l l a t e  f u e l ,  fro m  f o u r  p e rc e n t  to  f i v e  p e r c e n t .  N a t u r a l  gas 

d e c l in e d  fro m  53  to  52 p e r c e n t ,  w h i le  e l e c t r i c i t y  in c re a se d  the  most 

from  12 p e rc e n t in  1967 to  17 p e rc e n t by 1975. S ince 1975 th e se  t re n d s  

have changed som ew hat. W h ile  r e s id u a l  f u e l  o i l  and n a tu r a l gas use 

tre n d s  have c o n tin u e d  on t h e i r  o ld  p a th s , e le c t r ic  e n e rg y  and c o a l use 

t re n d s  have s ta r te d  to  tu rn  a round . In  1977, e le c t r i c  energy use , as a 

p e rce n t o f  t o t a l  energy use by a l l  m a n u fa c tu r in g  in d u s t r i e s ,  re m a in e d  

a p p r o x im a t e ly  a t  th e  same le v e l  as in  1 9 7 5 , a f t e r  in c r e a s in g  s ix  

percen tage p o in ts  in  the  p reced ing  e ig h t  y e a rs . C oal use , a f t e r  d ropp ing  

to  10 p e rc e n t o f  t o t a l  energy use in  197 5, in c re a se d  to  11 p e rc e n t by
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1977 . D i s t i l l a t e  f u e l  o i l  consum ption , as a percen tage o f  t o t a l  f u e l  

consum ption , rem ained f l a t  d u r in g  th e  197 5 to  1977 p e r io d .  A ls o ,  a 

la r g e  d i s p a r i t y  in  use e x is t s  among in d u s t r ie s .  For the 20 tw o - d ig i t  

SIC m a n u fa c tu rin g  in d u s t r ie s  in  1975, the  amount o f  e n e rg y  c o n s u m p tio n  

v a r ie d  fro m  a h ig h  o f  814.7 b i l l i o n  k i lo w a t t  hours (kwh) f o r  the  s e c to r
M ..I »C h e m ic a ls  ? to  6 . 6  b i l l i o n  f o r  th e  s e c t o r  L e a th e r  and L e a th e r  

P ro d u c ts ,* *  w here  a l l  e n e rg y  sources have been conve rted  in to  k i lo w a t t  

e q u iv a le n ts .  Energy in te n s i t y  a ls o  v a r ie s  w id e ly  among in d u s t r ie s .  The 

most energy in te n s iv e  tw o - d ig i t  in d u s try  in  1975 was **S tone , C la y ,  and 

G la s s  P r o d u c ts , * *  w i t h  1 2 .3  kwh consum ed p e r d o l l a r  o f  in d u s t r y

sh ipm en ts . The le a s t  energy in te n s iv e  was **A ppare l and O th e r T e x t i l e
„  ( o

P ro d u c ts  w i t h  .52  kwh p e r  d o l l a r  o f  in d u s t r y  s h ip m e n ts . C le a r ly ,

energy demand is  d iv e rs e  and must be modeled on an in d u s t r y - b y - in d u s t r y

b a s is  in  o rd e r to  model f a i t h f u l l y  t h is  changing demand s t r u c tu r e .

The D ie w e r t  e q u a t io n  is  a p p lie d  to  the 20 tw o - d ig i t  SIC commodity 

groups in  m a n u fa c tu rin g  in  o rd e r  to  e s t im a te  th e  r o le  w h ic h  c h a n g in g  

e n e rg y  p r ic e s  have p layed  in  d e te rm in in g  energy-use in te n s i t ie s  f o r  the 

m a jo r f u e ls :  o i l ,  c o a l,  n a tu ra l gas, and e l e c t r i c i t y .  In  o rd e r to  take  

in to  a c c o u n t th e  h e te r o g e n e ity  o f  e n e rg y  demand, a s e p a ra te  s e t  o f  

D ie w e r t  e q u a t io n s  i s  e s tim a te d  f o r  each s e c to r .  The p r ic e  e f fe c ts  are  

e s tim a te d  u s in g  c ro s s -s e c t io n a l da ta  across s ta te s  f o r  1 9 7 5 . W h ile  no 

in d u s t ry  was f u l l y  a d ju s te d  to  the  in c rea ses  in  f u e l  p r ic e s  in  1975, the  

e n e rg y  p r ic e  d i f f e r e n t ia l s  between s ta te s  due to  t ra n s p o r t  c o s ts  shou ld

be f u l l y  in c o rp o ra te d  in to  th e  f i r m 's  e n e rg y  in p u t  d e c is io n s .  U s in g
/

t h i s  d a t a ,  th e  D ie w e r t  e q u a t io n ,  t h e r e fo r e ,  e s t im a te s  th e  f i r m 's

lo n g -ru n  response to  p r ic e  d i f f e r e n t ia l s  f o r  a l t e r n a t i v e  f u e ls .  S in c e



no f i r m  can be e xpe c ted  to  make in s ta n ta n e o u s  ad jus tm en ts  to  “ desired** 

energy c o e f f ic ie n ts  as energy p r ic e s  change th rough  tim e* an a d ju s tm e n t 

la g  f u n c t io n  i s  a ls o  e s t im a te d  to  d e te rm in e  th e  y e a r ly  a d ju s tm e n t 

towards d e s ire d  c o e f f ic ie n ts .  For t h is  fu n c t io n  a c tu a l c o e f f ic ie n ts  are 

ga the red  from  an e ig h t  year s e r ie s  o f  da ta  and d e s ire d  c o e f f ic ie n t s  a re  

c a lc u la te d  fro m  th e  D ie w e r t  c ro s s -s e c t io n  e s t im a t io n s .  The r e s u lt in g  

e q u a tions  produce* fo r  columns o f  the  A m a t r ix *  fo r e c a s ts  o f  f u e l  I /O  

c o e f f ic ie n ts  w h ich are  s e n s it iv e  to  energy p r ic e  changes.

S te p  1* th e n *  i s  to  e s t im a te  th e  lo n g  ru n  p r ic e  e f f e c t s  fro m  

c ro s s -s e c t io n  d a ta . In  Step 2 these r e s u l t s  a re  r e c o n c i le d  w i t h  t im e  

s e r ie s  d a ta  in  o rd e r  to  c a lc u la te  the  y e a r ly  ad jus tm en t process toward 

d e s ire d  f u e l  c o e f f ic ie n ts .  The f i n a l  s te p  in c o r p o r a te s  th e  p r o je c te d  

f u e l  c o e f f i c ie n t s  in t o  th e  INFORUM A m a t r ix  and t e s t s  t h e i r  p r ic e  

s e n s i t i v i t y .  These s teps fo l lo w .

■ v 'r - „/ " x  •
Step 1;__Cross-Section., Estimation

In c lu d e d  w ith  the  fo u r  fu e ls  in  the  D iew ert e q u a tio n  a re  v a r ia b le s  

f o r  c a p i ta l  (K) and la b o r  ( L ) . In  a s im ila r  w ork by H a lvorsen^ in  w h ich 

he e s tim a te s  p r ic e  e f fe c ts  on fu e ls  u s in g  U .S . m a n u fa c tu r in g  d a ta  f o r  

1 9 7 1 *  th e  p o s s i b i l i t y  o f  s u b s t i t u t i o n  o f  e n e rg y  f o r  K and L is  

n e g le c te d . T h is  om iss ion  leads to  the  u n te n a b le  r e s u l t  t h a t  an e q u a l 

in c re a s e  in  a l l  f u e l  p r ic e s  w i l l  le a d  to  no change in  the  demand fo r  

ene rgy . Here* K and. L have been in c lu d e d  as arguments in  the  e s t im a tin g  

e q u a tio n  to  take  in to  account energy c o n s e rv a tio n  in  the  fa ce  o f  r i s i n g  

energy p r ic e s .  The fo l lo w in g  e m p ir ic a l s tu d ie s  r e in fo r c e  t h is  approach.
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B e rn d t and Wood re v ie w  s tu d ie s  w here  a tte m p ts  have been made to  

measure c a p ita l-e n e rg y  (K -E) s u b s t i t u t a b i l i t y  • T h e ir  own s tudy and the  

s tu d ie s  by Fuss, Swain and F r ie d e , and Magnus f in d  some ev idence  o f  K-E 

c o m p le m e n ta r ity .  O thers by G r i f fe n  and G regory , Pendyck, and H a lvorsen  

and F o rd , no te  K-E s u b s t i t u t i o n . ^  As to  la b o r .  Fuss a ls o  f in d s  some 

e v id e n c e  o f  e n e rg y - la b o r  s u b s t i t u t a b i l i t y  in  h is  w o rk .^  C o ns id e ring  

these r e s u l t s ,  i t  appears th a t  demands fo r  ene rgy, c a p i ta l  and la b o r  are  

in te rd e p e n d e n t and so are  cons ide red  in  the  e s tim a tio n s  h e re .

As in  the  H a lvorsen  w o rk , i t  is  assumed h e re  t h a t  changes in  th e  

p r ic e  o f  o th e r  in te r m e d ia te  goods have no im p a c t on th e  demand fo r  

energy and so an in te rm e d ia te  in p u t term  is  l e f t  o u t  o f  th e  e q u a t io n .  

Fuss a g a in  p ro v id e s  evidence to  s u b s ta n t ia te  t h is  assum ption . He f in d s  

th a t  the  c r o s s - e la s t ic i t y  between energy and o th e r  m a te r ia l  in p u ts  i s

no t s ig n i f ic a n t ly  d i f f e r e n t  from  z e ro . T h is  c o n c lu s io n  is  d e r iv e d  u s in g\
aggregate  m a n u fa c tu rin g  da ta  fo r  Canada.^

I n c lu d in g  c a p i t a l  and la b o r  a lo n g  w i t h  th e  f o u r  f u e ls  in  th e  

D iew e rt fu n c t io n  produces a demand e q u a tio n  w h ich  l i s t s  in p u t  demands as 

a fu n c t io n  o f  the  r a t io s  o f  t h e i r  p r ic e s  r e la t iv e  to  the  in p u t  p r ic e s  o f  

t h e i r  a l te r n a t iv e s .

(

Data

In  o rd e r to  o b ta in  energy in fo rm a tio n  w h ich  is  r ic h  in  d e t a i l  b o th  

in  ty p e  o f  use r and type  o f  f u e l  used, c ro s s -s e c t io n  da ta  is  used w h ich  

v a r ie s  across s ta te s  fo r  m a n u fa c tu rin g  in d u s t r ie s  in  1 9 7 5 . The use o f
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c r o s s - s e c t io n  d a ta  i s  a d va n ta g e o u s  f o r  a number o f  reason s . F i r s t *  

s in ce  the  da ta  covers o n ly  a s in g le  p e r io d  in  t im e *  i t  can be assumed 

t h a t  t e c h n o lo g ic a l  change is  h e ld  co n s ta n t and the  le v e l o f  techno logy  

is  id e n t ic a l  across s ta te s .  No e x p l i c i t  c o n s id e ra t io n  need be made in  

e s t im a t io n  f o r  changing te c h n o lo g y . Second* data  across s ta te s  p ro v id e s  

m any o b s e r v a t io n s .  The a c c u ra c y  o f  e s t im a t io n  i s ,  c o n s e q u e n t ly ,  

im proved. T h ird ,  w h i le  some e n e rg y  p r ic e s  have been c o n t r o l l e d ,  we 

s h o u ld  see p r i c e  d i f f e r e n t i a l s  b e tw e e n  s t a t e s  w h ic h  re p re s e n t  

t r a n s p o r t a t io n  and o th e r  lo c a t io n  s p e c i f i c  c o s t  d i f f e r e n c e s .  The 

v a r i a t i o n  in  energy p r ic e s  and q u a n t i t ie s  consumed across s ta te s  can be 

used to  e s tim a te  energy p r ic e  e f fe c ts  th rough  the D iew ert e q u a tio n .

The use o f  c ro s s -s e c t io n  data  a ls o  poses some l i m i t a t i o n s .  Some 

s ta te  d a ta  i s  m is le a d in g .  For example, the  p r ic e  d i f f e r e n t ia l  between 

p r ic e  c o n t ro l le d  i n t e r s t a t e  n a t u r a l  gas and u n c o n t r o l le d  in t r a s t a t e  

n a t u r a l  gas p ro d u c e s  an in c o r r e c t  p ic tu re  o f  p r ic e  e f fe c ts  on n a tu ra l 

gas demand where la rg e  p o r t io n s  o f  the  gas s u p p ly  i s  i n t r a s t a t e ;  th e  

s ta te s  w i th  la rg e  in t r a s ta te  s u p p lie s  would show la rg e  gas use and h ig h  

p r ic e s .  The reason f o r  t h is  is  t h a t ,  p re v io u s  to  gas p r ic e  c o n t r o ls ,  

th e  lo c a l  a v a i l a b i l i t y  and abundance o f  t h is  energy source would have 

made these s ta te s  a t t r a c t iv e  f o r  p la n t  l o c a t i o n .  Once in  p la c e  such 

p la n ts  w o u ld  have to  a c c e p t th e  r e la t iv e ly  h ig h e r  p r ic e s  genera ted  in  

1975. A second problem  is  t h a t ,  f o r  many s ta te s ,  s p e c i f ic  in d u s try  fu e l 

use da ta  is  u n rep o rted  because o f  government ru le s  c o v e r in g  d is c lo s u r e  

o f  f i r m  d a ta .7  A n o th e r  d raw back  i s  th e  p o s s ib le  upward b ia s  o f  p r ic e  

s e n s i t i v i t y  due to  lo c a t io n a l responses w i th in  a d iv e rs e  in d u s t r y .  The 

lo c a t io n  o f  p la n ts  w h ich  produce h ig h ly  energy in te n s iv e  p ro d u c ts  w i th in
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an in d u s try  w i l l  b e -s e n s it iv e  to  energy p r ic e  d i f f e r e n t ia l s .  Such f irm s  

w i l l  be lo c a te d  in  a s ta te  where an energy source is  cheap. The le s s  

energy in te n s iv e  p la n ts  w i l l  be more am b iva len t to  h ig h  e n e rg y  p r ic e s .  

C o n s e q u e n t ly ,  th e  i n d u s t r y  w i l l  d i s p la y ,  a c ro s s  s t a te s ,  a h ig h  

s e n s i t i v i t y  to  e n e rg y  p r ic e s  in  i t s  e n e rg y  demands as a r e s u l t  o f  

p ro d u c t  d i v e r s i t y .  However, changing energy p r ic e s  th rough  tim e would 

n o t lead  to  changing p ro d u c t m ix  f o r  a s in g le  p la n t  a n d . c o n s e q u e n t ly ,  

re s p o n s iv e n e s s  to  energy p r ic e  changes would be lo w e r. These problem s 

a re  d e a l t  w i t h  in  a number o f  ways and w i l l  be d is c u s s e d  i n  th e  

f o l lo w in g  s e c t io n s  s ta r t in g  w ith  the  s e le c t io n  and c o l le c t io n  o f  d a ta .

The Annual Survey o f  M a n u fa c tu re rs . 197 5 p ro v id e s  in fo r m a t io n  on

th e  q u a n t i t i e s  consumed and revenues p a id  fo r  o i l .  c o a l,  n a tu ra l gas.
\

and e l e c t r i c i t y  as w e ll  as m an-hours, wages, and th e  v a lu e  o f  in d u s t r y  

shipm ents f o r  20 tw o - d ig i t  SIC m a n u fa c tu rin g  in d u s t r ie s  across s ta te s  in  

197 5.® These in d u s t r ie s  a re  l i s t e d  in  Tab le  4 .1 .  The la s t  columns o f  

Appendix A show the  f o u r - d ig i t  c l a s s i f i c a t i o n  o f  th e  INFORUM s e c to rs  

t h a t  m a tch  these tw o - d ig i t  in d u s t r ie s .  W h ile  some da ta  a ls o  e x is ts  f o r  

a more d isagg rega ted  in d u s t r ia l  breakdown, d is c lo s u re  problem s p reven ted  

the  a v a i l a b i l i t y  o f  a c o m p le te  s e t .  F o r e s t im a t io n  o f  th e  D ie w e rt  

e q u a t io n ,  th e  ~ u n it~  o f  measurement f o r  the  in p u ts :  la b o r ,  o i l .  c o a l,  

n a tu ra l gas. and e l e c t r i c i t y ,  i s  d e f in e d  as one 197 5 d o l l a r ' s  w o r th ,  

c a lc u la te d  a t  th e  n a t io n a l average p r ic e .  P r ic e s  f o r  these in p u ts  are  

c a lc u la te d  as the  r a t i o  o f  the  s ta te  p r ic e  f o r  each in d u s try  d iv id e d  by 

th e  n a t io n a l  average p r ic e .  For f u e ls ,  the  s ta te  p r ic e  is  genera ted  by

c a lc u la t in g  a r a t io  o f  revenues p a id ,  d iv id e d  by q u a n t i t ie s  consumed by
\

each in d u s try  in  each s ta te ;  f o r  la b o r ,  wages a re  d iv id e d  by m an-hours.



Energy Consuming 
M a n u fa c tu rin g  S ecto rs  

S tandard I n d u s t r ia l  C la s s i f ic a t io n s

2 - D ig i t
SIC Code _____

20 Food P roducts

21 Tobacco P roducts

22 T e x t i le  M i l l  P roducts

23 A p p a re l. O ther T e x t i le s

24 Lumber and Wood P roducts

25 F u rn itu re  and F ix tu re s

26 Paper, A l l ie d  P roducts

27 P r in t in g  and P u b lis h in g

28 C hem ica ls, A l l i e d  P roducts

29 " P e t ro le u m ,  Coal P roducts

30 Rubber, M isce llan eous  P la s t ic  P roducts

31 L e a th e r, L ea the r P roducts

32 S tone, C la y , G lass P roducts

33 P rim a ry  M e ta l In d u s tr ie s

34 F a b ric a te d  M e ta l P roducts

35 M ach ine ry , excep t e le c t r ic a l

36 E le c t r ic ,  E le c t ro n ic  Equipment

37 T ra n s p o rta t io n  Equipment

3 8 In s tru m e n ts , R e la ted  P roducts

39 Toys, S p o rts , M isc . M a n u fac tu ring

Tab le  4 .1
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by C. and P. • r e s p e c t iv e ly *  f o r  th e  i  in p u t  used by an in d u s t ry  in  i s  i s  r J
s ta te  s» the  D ie v e r t e q u a tio n  f o r  e s t im a t io n  i s .

D e s ig n a tin g  the  above d e fin e d  in p u t  u n its  and n a t io n a l ly  in dexed  p r ic e s

/  P . V1

s j  \  i s '

c ' 1/2 
Q- i i  = > : b , .  1 ^ - 1  ( 4 .D

i  = la b o r ,  o i l ,  c o a l,  n a tu ra l gas, e l e c t r i c i t y  

j  -  c a p i t a l ,  la b o r ,  o i l ,  c o a l,  n a tu ra l gas, e l e c t r i c i t y  

s = 1 , 48

Qs = v a lu e  o f  shipments in  197 5 f o r  an in d u s try  

in  s ta te  s .

S ince no s ta te  da ta  was a v a ila b le  f o r  c a p i ta l ,  no c a p i t a l  e q u a t io n  was 

e s t im a te d  and th e  p r ic e s  fo r  c a p i ta l  are  assumed to  be co n s ta n t across

s ta te s .  F iv e  e q u a tio n s  f o r  th e  re m a in in g  f i v e  in p u ts  a re  e s t im a te d
. ' *

s im u lta n e o u s ly  f o r  each o f  th e  20 tw o - d ig i t  m a n u fa c tu rin g  in d u s t r ie s .  

I t  would appear th a t  th e re  a re  s ix  c o e f f i c ie n t s  to  e s t im a te  f o r  each 

i n p u t ,  t im e s  f i v e  i n p u t s ,  w h ic h  e q u a ls  30 c o e f f i c ie n t s  f o r  each 

e q u a t io n .  H ow eve r, t a k in g  a d v a n ta g e  o f  th ie  s y m m e try  p r o p e r t y ,  

b ^ j  = k j i *  an<* s ta c k in g  th e  e q u a tio n s  f o r  a l l  f i v e  in p u ts  in  one 

s im u ltaneous equ a tio n  system , the  number o f  c o e f f ic ie n ts  reduces to  2 0 . 

Each o f f -d ia g o n a l c o e f f ic ie n t *  e n te rs  two e q u a tio n s . An example o f

th e  re d u c t io n  in  c o e f f ic ie n ts  f o r  e s t im a t io n  im p lie d  by the  p ro p e rty  o f 

symmetry can be observed in  the  da ta  s e t-u p  i n  A p p e n d ix  B f o r  a th re e  

in p u t  D iew e rt fu n c t io n .
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I f  no f u e l  p r ic e  cou ld  be c a lc u la te d  because da ta  was m is s in g , the 

average p r ic e  fo r  th a t  f u e l  in  th a t  s ta te  is  used. Where the  amount o f  

f u e l  consumed was n o n -z e ro  b u t was n o t re p o r te d  because o f  d is c lo s u re  

prob lem s, the o b s e rv a tio n  is  dropped; where the  f u e l  use was r e p o r te d  

as z e ro  th e  o b s e rv a tio n  is  used. Data on ene rgy, la b o r ,  and o u tp u t a re  

used f o r  48 s ta te s  o n ly .  Texas and L o u is ia n a  a re  d ro p p e d  because o f  

n o n - ty p ic a l in t r a s ta te  n a tu ra l gas p r ic in g  and s u p p ly .

An a d ju s tm e n t  was made to  th e  d a ta  in  o rd e r  to  c o r r e c t  f o r  

e s t im a t io n  problem s a sso c ia te d  w ith  h e te ro s c e d a s t ic  e r r o r  te rm s  w here 

f u e l  c o e f f ic ie n ts  a re  es tim a ted  s im u lta n e o u s ly  w ith  la b o r  c o e f f ic ie n ts .  

S ince the  la b o r  in p u t in to  p ro d u c tio n  is  o f te n  on the  o rd e r o f  te n  tim es 

la rg e r  than  the  fu e l  in p u ts ,  the  e r ro r  term s o f  the  la b o r  o b s e rv a t io n s  

a ro u n d  th e  re g re s s io n  f i t  a re  s ig n i f ic a n t ly  la rg e r  than  the  re s t  o f  the  

d a ta *  C onsequen tly , too  much w e ig h t is  g ive n  to  m in im iz in g  th e  s iz e  o f  

th e  la b o r  re s id u a l e r ro r  to  the  d e tr im e n t o f  the  e s t im a t io n  o f  the  fu e l 

use c o e f f ic ie n ts .  More fo rm a lly  s ta te d ,  the  v a r ia n c e  o f  the  d is tu rb a n c e  

term  is  n o t c o n s ta n t f o r  a l l  o b s e rv a tio n s . T h is  n o n c o n s ta n c y  p ro d u ce s

r e s u l t s  w h ich  are  unb iased b u t n o t e f f i c ie n t .  To im prove e f f ic ie n c y ,  a
u  u . . . .
^w e igh ted  le a s t  squa res  h e t e r o s c e d a s t lc i t y  c o r r e c t io n  te c h n iq u e  i s

a p p l ie d  to  the  d a ta .^  For t h is  p ro ce ss , i t  i s  assumed th a t  the  v a r ia n c e

o f  the  e r ro r  te rm , e. , f o r  s ta te  s and in p u t i ,  is  c o n s ta n t  and e q u a lis
2 . • to  f o r  each i .  A ls o , i t  is  assumed th a t  across in p u ts  i .
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c r ?  = ( C. /  Q ) • k
1 I S  S

(4 .2 )

where the  f i r s t  te rn  on the  r ig h t  hand s id e  is  the  square o f  the  average 

in p u t  c o s t  p e r  d o l l a r  o f  o u tp u t  a c ro s s  s ta te s  f o r  each i *  and k  is  a 

c o n s ta n t across a l l  in p u ts .  T h is  c o n d it io n  im p lie s  th a t  the  v a r ia n c e  o f 

the  d is tu rb a n c e  term  is  p ro p o r t io n a l to  the  squared v a lu e  o f  the  average 

o f  th e  d e p e n d e n t  v a r i a b l e  o f  e q u a t io n  ( 4 . 1 )  f o r  e a c h  i n p u t .  

C o n s e q u e n t ly *  d iv id in g  bo th  the  dependent and independent o b s e rv a tio n s  

o f  the  D ie w e rt e q u a tio n  by t h is  average f o r  each in p u t  produces an e r ro r  

term * e. / (C .  /Q ) •  whose v a r ia n c e *i e' '  i ef '

v a r  [  e. /  ( C. /  Q ) ]  = 1 /  ( C. /  Q ) • ( j ? = k  (4 .3 )
I S  I S  S I S  S 1

w h ic h  i s  c o n s ta n t  a c ro s s  a l l  o b s e r v a t io n s .  F o r th e s e  t ra n s fo r m e d
j

o b s e r v a t io n s *  th e n *  a l l  d is tu r b a n c e  te rm s  have  an e q u a l w e ig h t  in  

e s t im a t io n .

Results

The r e s u l t s  o f  th e  D iew ert equ a tions  appear in  A ppend ix C. Tab le  

4 .2  p re se n ts  an example o f  th e se  r e s u l t s  f o r  a f a i r l y  t y p i c a l  e n e rg y  

u s e r *  th e  p a p e r  i n d u s t r y .  H e re  th e  to p  p a n e l shows th e  a c tu a l  

r e g r e s s io n  c o e f f i c ie n t s  and th e  s e c o n d  p a n e l show s th e  im p l ie d  

e l a s t i c i t i e s  a t  th e  n a t io n a l  a v e ra g e  p r ic e  and use le v e ls .  Each row 

re p re s e n ts  an e q u a tio n  o f  the  fo rm  ( 4 .1 )  w i th  th e  d e p e n d e n t v a r ia b le



Tab le  4 .2

Energy 
D iew e rt E s tim a tio n s

2S PAPER» ALLIED PRODUCTS DIEWERT COEFS(MULTIPLIED BY 1000)

1 2 3 4 5 6
CAPITAL LABOR OIL COAL N GAS ELEC

2 LABOR ! 143.2 -101.3 .0 .0 24.7 53.3 !
3 OIL ! 10S.S .0 -113.3 S .l .0 12.2 !
4 COAL ! .0 .0 8.1 -3 .2 .0 .0 !
5 N GAS ! .0 24.7 .0 .0 -18.1 .0 !
S ELEC ! -31.9 53.3 12.2 .0 .0 -17 .7  !

PAPER, ALLIED PRODUCTS PRICE ELASTICITIES
1 2 3 4 5 6

CAPITAL LABOR OIL COAL N GAS ELEC

2 LABOR ! .6 - .9 - .0 .0 .1 .2  !

3 OIL ! 2.0 .0 -2 .4 .2 .0 .2  !
4 COAL ! .0 .0 .7 - .7 .0 .0 !
5 N GAS ! •0 1.5 .0 .0 -1 .5 .0 !
S ELEC ! - .8 1.5 .3 .0 .0 - .3  I



names l i s t e d  down th e  l e f t  hand co lum n and th e  names o f  th e  v a r io u s  

in p u t p r ic e s  a long  the  to p . Due to  a l im i te d  number o f p roduc ing  s ta te s  

and a s u b s t a n t ia l  number o f  d is c lo s u re  p rob lem s, too few o b se rva tio n s  

e x is te d  to  p e rm it the  e s t im a t io n  o f  S e c to r 2 1 : Tobacco P ro d u c ts ,  29 : 

P e tro leum  and Coal P ro d u c ts , and 31: Lea the r and Lea the r P ro d u c ts . For 

th e  s e v e n te e n  r e m a in in g  s e c t o r s ,  th e  D ie w e r t  e q u a tio n s  show a l l  

ow n -p rice  e l a s t i c i t i e s  to  be n e g a tiv e  o r zero and a l l  c ross e la s t i c i t i e s  

to  be p o s i t i v e  e x c e p t f o r  th e  c r o s s - p a r  t  ia  1 b e tw e e n  c a p i t a l  and 

e l e c t r i c i t y .  The n e g a t iv e  own e la s t i c i t i e s  in d ic a te  th a t  norm al cos t 

m in im iz in g  demand c u rv e s ,  w h ic h  a re  downward s lo p in g ,  e x is t  f o r  a l l  

in p u ts  and th e  p o s i t i v e  c ro s s  e l a s t i c i t i e s  in d ic a te  th a t  s u b s t i tu t io n  

o c c u rs  be tw een  a l t e r n a t i v e  f u e ls .  In d e e d ,  th e  o n ly  p la c e  w h e re  

c o m p le m e n ta r ity  m ig h t  e x is t  i s  be tw een c a p i ta l  and e l e c t r i c i t y  where 

c h e a p e r e l e c t r i c i t y  may cause more c a p i t a l  e q u ip m e n t s u c h  as a i r  

c o n d it io n e r s  to  be purchased. These r e s u l t s ,  w h ich  conform  to  economic 

th e o ry , were  d e r iv e d  by a c o n s t ra in e d  q u a d r a t ic  e s t im a t io n  te c h n iq u e  

w h ic h  p e r m i t t e d  no w ro n g  s ig n s  on th e  c r o s s  p a r t i a l s .  W here 

s u b s t i tu t io n  was assumed to  e x is t ,  the  o f f  d ia g o n a l b f s w ere  p e r m it te d  

to  be o n ly  g r e a te r  than o r equa l to  z e ro . W ithou t t h is  c o n s t ra in t  the  

da ta  would have p ro d u ce d  many w rong s ig n s .  A t  le a s t  one o u t  o f  th e  

f i f t e e n  c ro ss  p a r t ia ls  f o r  each e q u a tio n  tu rn e d  o u t n e g a tiv e  when u s in g  

an OLS re g re s s io n  te c h n iq u e . W h ile  f irm s  may be a tte m p tin g  to  m in im iz e  

c o s ts  a t  any p o in t  in  t im e , across s ta te s ,  n o t a l l  in d u s t r ie s  may be a t 

t h e i r  d e s ire d  f u e l  use  l e v e l s .  T h is  may r e s u l t  i n  some c r o s s  

e l a s t i c i t i e s  t a k in g  on th e  w rong  s ig n .  W h ile  ow n -p rice  e la s t i c i t i e s  

were p e rm itte d  to  be z e ro , o n ly  e le v e n  z e ro s  tu rn e d  up o u t  o f  n in e ty  

c o e f f i c i e n t s .  H ere t  s t a t i s t i c s  w ere  o m it te d  s in c e  th e y  a re  n o t
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a p p lic a b le  to  co n s tra in e d  re g re s s io n  e s t im a t io n .

In  a few  in s ta n c e s *  o w n - p r ic e  e l a s t i c i t i e s  a p p e a re d  to  be 

u n re a s o n a b ly  la rg e  and were a d ju s te d  down. T h is  ad jus tm en t occured in  

two cases o u t o f  n i n e t y .  F o r  e x a m p le *  T a b le  4 .2  show s an o i l  

o w n - e la s t i c i t y  o f  - 2 .4  f o r  26: Paper and A l l ie d  P ro d u c ts , b u t t h is  is  

an a d ju s te d  v a lu e . The o r ig in a l  v a lu e  was - 6 . 5 ,  w h ic h  seemed c le a r l y  

e x c e s s iv e .  As was p o in te d  o u t e a r l ie r ,s u c h  v e ry  h ig h  e l a s t i c i t i e s  most 

p ro b a b ly  stem  fro m  d i v e r s i t y  w i t h in  th e  in d u s t r y .  The S u rv e y  o f  

M a n u fa c tu r in g  d a ta  shows t h a t  the  more energy in te n s iv e  p la n ts  w i th in  

t h is  s e c to r ,  such as P a p e rm ills ,  tend to  lo c a te  in  energy cheap s t a te s ,  

w h i l e  le s s  i n t e n s i v e  p l a n t s ,  such as th o s e  m ak ing  m is c e lla n e o u s  

conve rted  paper p ro d u c ts , appear to  be le s s  in f lu e n c e d  by e n e rg y  c o s ts  

in  t h e i r  lo c a t io n  d e c is io n s .  For exam ple ,the  r a t i o  o f  s ta te  w ide energy 

consum ption by paper p ro d u c ts  p la n ts  to  energy consum ption by p a p e rm ills  

(m easured  in  k i l l o w a t t - h o u r  e q u iv a le n ts )  i s  s ig n i f i c a n t l y  h ig h e r in  

ene rgy-expens ive  s ta te s  than  in  energy-cheap s ta te s .  T h is  r a t i o  i s  16 

p e rc e n t  f o r  C o n n e c t ic u t ,  32 p e rc e n t  f o r  V e rm o n t, 31 p e rce n t f o r  New 

J e rs e y , and 5.9 pe rcen t f o r  New Ham pshire. These s ta te s  r e p re s e n t  th e  

to p  f o u r  in  e n e rg y -e xp e n s ive n e ss  th a t  produce bo th  p ro d u c ts . The fo u r  

energy cheapest s ta te s  th a t  produce bo th  p ro d u c ts  a re  L o u is ia n a , T e xa s , 

N o r th  C a ro l in a  and A rk a n s a s  w i t h  e n e rg y  c o n s u m p tio n  r a t io s  o f  paper 

p ro d u c ts  p la n ts  to  p a p e rm ills  o f  1 p e rc e n t, 9 p e rc e n t, fo u r  p e rc e n t, and

2 pe rcen t r e s p e c t i v e l y Such in d u s try  d iv e r s i f i c a t io n  as is  e v id e n c e d  

h e re , co n se q u e n tly , shows up as a huge p r ic e  e la s t i c i t y  in  ou r e q u a tio n . 

C le a r ly  t h i s  e l a s t i c i t y  c a n n o t be use<l as a g u id e  to  show how fu e l 

in p u ts  would change i f  p r ic e s  change. The fa c t  th a t  we are  d e a lin g  here
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w ith  a spu rio us  e la s t i c i t y  is  f u r t h e r  in d ic a te d  by th e  f a c t  t h a t  th e  

p r in c ip le  s u b s t i tu te  f o r  o i l  appears to  be no t some o th e r energy source* 

b u t  c a p i t a l .  S in c e  t h e r e  i s  no c a p i t a l  e q u a t io n *  th e  c a p i t a l  

c o e f f i c i e n t  a p p e a rs  o n ly  as a te rm  in  th e  o t h e r  e q u a t io n s .  The 

r e g r e s s io n  doe s  n o t  g e t  th e  u s u a l tw o  s h o ts  a t  e s t im a t in g  th e  

c o e f f i c i e n t  as i s  t r u e  f o r  th e  o th e r  c o e f f i c i e n t s .  The o w n -p r ic e  

e l a s t i c i t y  f o r  o i l  i s  made more re a s o n a b le  by l i m i t i n g  th e  c ro s s  

e la s t i c i t y  w ith  re s p e c t to  c a p ia l to  no g re a te r  than  2 .0 .  Because th e  

e l a s t i c i t i e s  m ust sum to  z e ro  a c ro s s  any row* the  n e g a tiv e  own p r ic e  

e la s t i c i t y  was ra is e d  by the amount th a t  the  p o s i t iv e  c ro s s  e l a s t i c i t y  

had to  be re d u c e d  to  b r in g  i t  down to  2 .0 .  In  the  case o f  o i l  use by 

paper f irm s *  the o w n -p rice  e la s t i c i t y  came down to  - 2 .4 .  In  t o t a l *  o n ly  

two o f  the  n in e te e n  o i l  demand equ a tions  had to  be a d ju s te d . The o th e r  

s e c to r bes ides paper was 24: Lumber and Wood P ro d u c ts .

Comparison W ith  U nconstra ined  E s tim a tes

How r e a s o n a b le  a re  th e  p r i c e  e l a s t i c i t y  e s t im a te s ?  H e re * 

c o e f f ic ie n ts  have been gu ided by a f i r m  hand to  f a l l  w i t h in  bounds o f  

p r ic e  e f fe c t  e x p e c ta tio n s  d e r iv e d  from  economic th e o ry  and common sense. 

Do th e s e  r e s u l t s  have a n y th in g  to  o f f e r  over s tandard  OLS re g re s s io n

e s tim a te s  f o r  f o r e c a s t in g  p u rp o se s?  A p p ly in g  an u n c o n s tra in e d  OLS\
r e g r e s s io n  techn ique  to  e q u a tio n  (4 .1 )  produces a l te r n a t iv e  c o e f f ic ie n t  

e s t im a te s  w h ic h  ca n  be u s e d  f o r  f o r e c a s t i n g .  F o r  p u rp o s e s  o f  

c o m p a ris o n *  fo re c a s ts  o f  two energy p r ic e  scena rios  are  genera ted  u s in g  

th e  INFORUM **p rice “  model and fe d  in to  the  c o n s tra in e d  q u a d ra t ic  and OLS 

p r ic e  c o e f f ic ie n t  e s t im a te s . The f i r s t  sce n a rio *  c a l le d  "base*** has the



p r ic e  o f  dom estic  c ru d e  o i l  in c r e a s in g  a t  th e  r a te  o f  th e  w h o le s a le  

p r ic e  in d e x  fro m  197 8 to  1985. An a l te r n a t iv e  "d e re g u la tio n **  scena rio  

in c rea ses  the  p r ic e s  o f  d o m e s tic  c ru d e  to  a p p ro x im a te ly  th e  p r ic e  o f  

f o r e ig n  c ru d e  by 1985 . A ls o  th e  p r ic e  o f  n a t u r a l  gas is  a llow ed  to  

in c re a se  a t the  same ra te  as the  p r ic e  o f  fu e l o i l  in  o rd e r to  s im u la te  

n a t u r a l  gas supp ly  r e s t r ic t io n s .  The d if fe re n c e s  in  o i l  p r ic e s  between 

the  two a re :

Crude O i l  P r ic e  

( d o l la r s  per b a r r e l)

1978 - 1 2 M l l f i i

Base-Dom estic 9 .12 12.29 19.21

D e re g u la tio n -D o m e s tic 9.12 14.34 23.63 '

F o re ig n -b o th  scena rios 15.39 18.00 24.26

The d e r e g u la t e d  c ru d e  o i l  p r ic e  pushes up th e  p r ic e  o f  c o a l and 

e l e c t r i c i t y  by a p p ro x im a te ly  one p e rce n t and th e  p r ic e  o f  f u e l  o i l  by 

s i x  p e rc e n t  o v e r  th e  base s c e n a r io  by 1985. The n a tu ra l gas p r ic e  is  

made to  fo l lo w  the  fu e l  o i l  in c re a s e .

Tab le  4 .3  p resen ts  f o r  each e s t im a t io n  te ch n iq u e * des igna ted  "Quad" 

; and "OLS»~ a com parison o f  the  d e s ire d  fu e l  c o e f f ic ie n ts  g e n e ra te d  fro m  

th e  tw o  p r i c e  s c e n a r io s .  L i s t e d  a r e  th e  f o r e c a s te d  1985 f u e l  

c o e f f ic ie n ts  as d e f in e d  in  th e  e q u a t io n  ( 4 .1 )  f o r  b o th  th e  base and

50



d e r e g u la t io n  s c e n a r io s .  I n  each column are the  c o e f f ic ie n ts  f o r  o i l *  

c o a l*  n a tu ra l gas* e l e c t r i c i t y  and la s t l y  t o t a l  f u e l  demand f o r  each o f  

th e  s e v e n te e n  t w o - d ig i t  in d u s t r y  c a te g o r ie s .  The t h i r d  column under 

each e s t im a t io n  techn ique  shows the  percen tage change in  the  c o e f f ic ie n t  

r e s u l t in g  from  the h ig h e r fu e l  p r ic e s .

R e su lts  show the  fo l lo w in g :

1 . The in c rea se  in  the  p r ic e  o f  fu e l o i l *  w h ich is  as la rg e  o r 

la rg e r  than the  o th e r  energy p r ic e  in c re a se s* leads to  an 

in c rea se  in  the  use o f  o i l  under OLS fo r  e ig h t  o f  th e  seven

teen fo re c a s te d  o i l  c o e f f ic ie n ts .  Quad shows a l l  o i l  c o e f

f i c ie n t s  decreas ing  as a r e s u l t  o f  the  o i l  p r ic e  in c re a s e .

2 . Looking  a t  t o t a l  energy consum ption* the  in c re a se  in  energy 

p r ic e s  caused the  t o t a l  energy c o e f f ic ie n ts  to  in c rea se  

under OLS fo r  e ig h t  o u t o f  the  seventeen s e c to rs .  A l l  

Quad t o t a l  energy c o e f f ic ie n ts  decreased o r s tayed  co n s ta n t 

as a r e s u l t  o f  h ig h e r  p r ic e s .

We see here  then* th a t  f o r  many s e c to rs *  OLS leads to  u n te n a b le  r e s u l t s  

w here  f i r m s  in c re a s e  th e  use o f  o i l  as o i l  becomes r e l a t i v e l y  more 

expensive* and in c rea se  the  use o f  e n e rg y  in  g e n e ra l as h ig h e r  c ru d e  

p r ic e s  le a d  to  a h ig h e r aggregate  energy p r ic e .  On the  o th e r  hand* Quad 

h o ld s  fo re c a s ts  w i th in  the  bounds o f  economic th e o ry  by p e rm it t in g  o n ly  

downward s lo p in g  o i l  demand curves and t o t a l  energy c o n s e rv a tio n  in  th e  

fa ce  o f  h ig h e r crude o i l  p r ic e s .
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T ab le  4 .3

FUEL COEFFICIENT FORECAST -  1985

QUAD QLS
BASE DEREG X CHG BASE DEREG X CHG

20 FOOD PRODUCTS
OIL .00325 .00302 -7.0 .00302 .00283 -6 .2
COAL .00058 .00058 -.4 .00076 .00077 1.7
N GAS .00179 .00184 3.0 .00179 .00182 2.0
ELEC .00487 .00501 2.8 .00417 .00432 3.5
TOTAL .01047 .01043 - .4 .00973 .00974 .1

22 TEXTILE MILL PRODUCTS .00753 .00733 -2.7 .00988 .00991 .3
COAL .00088 .00088 .0 .00039 .00037 -3 .9
N GAS .00222 .00238 7.1 .00254 .00279 8.7
ELEC ■.00079 -.00099 -24.0 .01482 .01494 .8
TOTAL .00983 .00959 -2.4 .02763 .02901 1.4

23 APPAREL,OTH TEXTILES
OIL .00048 .00045 -1 .3 -.00062 -.00063 -1.9
COAL .00001 .00001 .0 .00000 .00000 .0
N GAS .00053 .00053 .8 .00053 .00053 1.7
ELEC .00828 .00829 -.0 .00509 .00492 -3.5
TOTAL .00729 .00729 -.1 .00500 .00492 -3.7

24 LUMBER AND WOOD PRODUCTS^^
.00282 -17.7 -.00072 -.00238 -230.2

COAL .00005 .00005 4.2 .00005 .00008 40.0
N GAS .00085 .00070 -18.0 .00008 -.00008 -214.8

- ELEC .04842 .04833 -.2 .00552 .00474 -14.1
TOTAL .05374 .05289 -1.8 .00484 .00234 -52.S

25 FURNITURE AND FIXTURES
OIL .00178 .00188 -8.2 .00187 .00188 .4
COAL .00018 .00019 .6 .00008 .00010 59.4
N GAS .00111 .00112 .5 .00174 .00181 4.1
ELEC .00808 .00913 .8 .00545 .00564 3.5
TOTAL .01111 .01108 -.3 .00912 .00943 3.4

2S PAPER# ALLIED PRODUCTS
OIL .01859 .01285 -22.5 .01132 .00082 -92.8
COAL .00578 .00602 4.8 .01104 .01172 6.1
N GAS .00849 .00800 -7.5 .01073 .01037 -3.4
ELEC .02217 .02242 1.1 .02115 .02127 .5
TOTAL .05101 .04728 -7 .3 .05424 .04417 -18.8

27 PRINTING AND PUBLISHING
OIL .00078 .00074 -2.2 .00097 .00100 3.1
COAL .00027 .00022 -18.8 .00500 .00494 -1.1
N GAS .00082 .00093 1.3 .00110 .00113 2.8
ELEC .00558 .00556 -.1 .00528 .00527 -.2
TOTAL .00742 .00738 -.8 .01236 .01236 -.0

28 CHEMICALS/ALLIED PROD
OIL .01010 .00713 -29.4 .00984 .00684 -29.1
COAL .00530 .00590 -.1 .01071 .01104 3.1
N GAS .00811 .00735 -9.4 .00821 .00831 -9 .8
ELEC .01570 .01610 2.5 .02195 .02228 1.5
TOTAL .03982 .03647 -9.4 .05151 .04847 -5.9

20 RUBBER MISC PLASTIC PROD
OIL .00470 .00431 -8.1 .00478 .00438 -8 .0
COAL .00050 .00043 - .2 .00166 .00187 .4
N GAS .00202 .00137 -2 .8 .00241 .00237 -1.4
ELEC .02508 .02530 .8 .01281 .01303 1.7
TOTAL .03229 .03208 -.7 .02163 .02144 -.8
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Tab le  k . 3  (c o n tin u e d )

FUEL COEFFICIENT FORECAST -  1985

32 STONE/CLAY * GLASS PROD 
OIL 
COAL 
N CAS 
ELEC 
TOTAL

BASE

.01385

.01877

.02080

.02152

.07494
33 PRIMARY METAL INDUSTRIES

OIL .00893 
COAL .00158 
N GAS .00813 
ELEC .02579 
TOTAL .04443

34 FABRICATED MET^. PRODS
COAL 
N GAS 
ELEC 
TOTAL

35 MACHINERY EXCEPT ELEC
OIL 
COAL 
N GAS 
ELEC 

. TOTAL
36 ELECTRIC/ELECTRONIC EG

.00187

.00009

.00197

.00732

.01105

.00180

.00016

.00038

.02323

.02554

OIL 
COAL 
N GAS 
ELEC 
TOTAL

.00111

.00003

.00140

.00838

.01088
37 TRANSPORTATION EQUIPMENT

OIL .00150 
COAL .00019 
N GAS .00102 
ELEC .00801 
TOTAL .00872

38 INSTRUMENTS,RELATED PROD
OIL 
COAL 
N GAS 
ELEC 
TOTAL

.00085
-.00000

.00088

.00S74

.00835

39 TOYSi SPORTS/MISC MANUF
OIL .00148 
COAL .00004 
N GAS .00121 
ELEC .00725 
TOTAL .00889

QUAD

DEREG

.01153

.01887

.01880

.02139

.07229

.00799

.00158

.00808

.02582

.04328

.00164

.00009

.00197

.00734

.01104

,00175 
,00018 
,00035 
»02321 
,02547

,00100
,00009
,00138
,00848
,01095

.00147

.00019

.00099

.00803

.00868

.00082

.00000

.00088

.00882

.00831

.00116

.00005

.00121

.00740

.00981

1 CHG BASE

OLS

DEREG % CHG
••■mrrar-r

-16.8 .01287 .01038 -18.0
1.0 .01732 .01757 1.5

-4 .8 .02245 .02136 -4 .9
2.2 .01828 .01867 2.1

-3 .5 .07073 .08799 -3 .9

-10.8 .00979 .00947 -3 .2
- .1 .00463 .00466 .5
- .4 .00811 .00818 1.0
- .7 .02112 .02075 -1 .8

-2 .6 .04366 .04307 -1 .4

-2 .0 .00202 .00207 2.6
.0 .00023 .00022 -3 .0
.3 .00268 .00288 - .3
.2 .00748 .00774 3.4

-.1 .01243 .01272 2.3

-2 .8 .00117 .00122 4.6
.0 .00043 .00041 -4 .0

-2 .5 .00138 .00138 .1
....- .1 .00575 .00582 1.2

.00872 .00883 1.3

-10.2 .00126 .00131 3.8
.0 .00033 .00032 -1 .5

- .9 .00134 .00136 .9
1.2 .00877 .00688 1.7
- .2 .00970 .00987 1.7

-1 .6 .00188 .00202 19.8
.0 .00044 .00050 14.3

-3 .3 .00105 .00104 - .7
.3 .00492 .00485 -1 .5

- .4 .00810 .00842 3.9

-13.5 .00123 .00127 2.9
.0 -.00088 -.00070 -2 .3

1.8 .00082 .00087 6.3
1.2 .00512 .00528 2.6
- .4 . .00649 .00870 3.2

-21.7 .00298 .00284 -4.1
4.5 .00008 .00008 .0
- .2 .00200 .00197 -1 .4
2.1 .00539 .00550 2.0

-1 .7 .01044 .01039 - .4
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Step, 2 i__lime Series Reconciliation

W hile  ve cannot expect a f i r m  to  be f u l l y  a d ju s te d  to  ene rgy  p r ic e  

c h a n g e s  i n  197 5 , f u e l  p r i c e  d i f f e r e n t i a l s  be tw een s ta te s  due to  

t ra n s p o r t  co s ts  should be f u l l y  in c o rp o ra te d  in to  the  f i r m 's  p r o d u c t io n  

f u n c t i o n .  C o n s e q u e n t ly ,  th e  p r i c e  e f f e c t  e s t im a t io n s  fro m  th e  

c ro s s -s e c t io n  data  in d ic a te  d e s ire d  lo ng run  ad jus tm en ts  to  ene rgy  p r ic e  

ch a n g e s . In  o rd e r to  fo re c a s t f u e l  c o e f f ic ie n ts  th rough  t im e , however, 

i t  is  n e c e s s a ry  to  know th e  y e a r ly  a d ju s tm e n t in  f u e l  c o e f f i c ie n t s  

to w a rd  t h e i r  d e s ir e d  le v e ls .  To t h i s  e n d , a t im e  s e r ie s  o f  f u e l  

c o e f f ic ie n t  o b s e rv a tio n s  was combined w i th  a t im e  s e r ie s  o f  "d e s ire d * *  

f u e l  c o e f f i c ie n t s  g e n e ra te d  from  the  c ro s s -s e c t io n  e s tim a te s  above in  

o rd e r to  e s tim a te  the  change in  f u e l  c o e f f ic ie n ts  th rough  t im e .

Data Setup

The tim e  s e r ie s  o f  a c tu a l da ta  on tw o - d ig i t  m a n u fa c tu rin g  f u e l  use 

f o r  th e  f o u r  f u e ls  was g a th e re d  fro m  th e  Census o f  M anufactures and

Survey o f  M anufactures f o r  the years 1954, 1958, 1962, 1967, 1971, 1974,
I ■ .

12 '1975, and 1976. *  From th is  s e r ie s  a co n s ta n t d o l la r  measure o f  f u e l  use

f o r  each fu e l  type  and s e c to r was c a lc u la te d .  D iv id in g  t h is  by INFORUM

c o n s ta n t d o l la r  o u tp u t f o r  each s e c to r produced a c o n s ta n t  d o l l a r  t im e

s e r ie s  o f  f u e l  I /O  c o e f f i c i e n t s ,  C f 0r  th e  e ig h t  tim e  p e r io d s , t .

S e p e ra te ly , in d e x in g  energy p r ic e s  to  e q u a l one in  197 5 and fe e d in g  a

t im e  s e r ie s  o f  th e s e  num bers in t o  th e  c ro s s  s e c t io n  Q u a d -e s tim a te d

demand fu n c t io n s  produced a tim e s e r ie s  o f  "des ire d ** f u e l  c o e f f i c ie n t s

f o r  th e  c o r re s p o n d in g  y e a rs . D enoting  the  d e s ire d  c o e f f ic ie n ts  as C *,



we assume th a t  the  a c tu a l c o e f f ic ie n t  i s ,

oo
ct  = ( 1 -  A  ) Z )  A 1 ct - i  0 < A <  1 (4.4)

i= 0

where A. is estimated by regression analysis.

W h ile  i t  w o u ld  seem th a t  e ig h t  da ta  p o in ts  would be s u f f i c ie n t  to  

e s t im a te d ,  in  p r a c t ic e  i t  was n o t .  O th e r  f a c t o r s  e n te re d  in t o  f u e l  

c o n s u m p tio n  d e c is io n s  ove r the  h is to r y  p e r io d .  In  p a r t ic u la r ,  between 

1954 and 1 9 6 7 , o i l  and c o a l in p u ts  in t o  m ost i n d u s t r i e s  w e re  b o th  

f a l l i n g  s h a r p ly  w i th o u t  much change in  p r ic e s .  Here i t  appears th a t  

f irm s  were s im p ly  becoming more e f f i c ie n t  in  e n e rg y  u s e .  A f t e r  1967 , 

c o a l in p u ts  c o n t in u e d  to  d ro p ,  b u t o i l  consum ption p e r u n i t  o f  o u tp u t 

began to  r is e  r a p id ly .  L ik e w is e , n a tu ra l gas c o e f f ic ie n ts  ro se  be tw een 

1967 and 1971 in  n e a r ly  every  tw o - d ig i t  m a n u fa c tu rin g  in d u s t r y .  Here i t  

a p p e a rs  th a t  p o l lu t io n  c o n t ro l re p la ce d  economy as the  dom inant m o tiv e . 

A lo o k  a t  governm ent p o l ic y  d u r in g  the  p e r io d  i l lu m in a te s  t h is  im p e tu s .

Betw een 1961 and 1965 the  number o f s ta te ,  lo c a l ,  and re g io n a l a i r  

p o l lu t io n  agencies went from  44 to  93 . By 196 9 t h a t  num ber had m ore 

th a n  d o u b le d  a g a in , to  191. In  1961 the  F e d e ra l governm ent s u p p lie d  no 

funds to  these a g e n c ie s . The t o t a l  fu n d in g  fro m  o th e r  s o u rc e s  was $9 

m i l l i o n .  By 1 9 6 9 , n o n - fe d e r a l  s o u rc e s  s u p p l ie d  $30 m i l l i o n ;  th e  

F ede ra l governm ent, $21 m i l l io n  f o r  a t o t a l  o f  $51 m i l l i o n .  S ta te  law s 

and r e g u la t io n s  m u l t i p l i e d  d u r in g  t h i s  p e r io d  as w e l l .  B e fore  1965,
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t h i r t e e n  s ta te s  had a i r  s tandards la v s ;  by 1968 th a t  number was up to

1346 . C le a r ly  governm ent fo r c e s  w ere  in  m o tio n  to  p e rsu a d e  f i r m s  to  

co n s id e r c le a n e r fu e ls  such as o i l  and n a tu ra l gas.

B e tw e e n  1971 and 1 9 7 6 , w h i l e  o i l  use  c o n t in u e d  to  r i s e ,  a 

re g u la t io n - in d u c e d  n a tu ra l gas shortage  deve loped . L im ite d  s u p p lie s  o f  

n a t u r a l  gas w ere  d i s t r i b u t e d  among com peting use rs  th rough  a n a t io n a l 

gas c u r ta i lm e n t  sys tem  u n d e r th e  a u t h o r i t y  o f  th e  F e d e r a l  P ow er 

C o m m iss ion . T h is  sys tem  was e s ta b l is h e d  as e a r ly  as 1969 and was in  

f u l l  fo rc e  by 197114.

To account f o r  these deve lopm ents, two t re n d  v a r ia b le s  have been 

in t r o d u c e d .  One runs from  1954 onwards to  account f o r  in c rea sed  energy 

e f f i c ie n c y  in  g e n e r a l.  The o th e r  s t a r t s  i n  1967 to  a c c o u n t  f o r  

e n v ir o n m e n ta l c o n s id e r a t io n s .  As w e l l ,  to  h a n d le  th e  n a t u r a l  gas 

s h o rta g e , a shadow p r ic e  fo r  n a tu ra l gas was in tro d u c e d  a f te r  1971 w h ich 

r is e s  a p p ro x im a te ly  a t the  ra te  o f  o i l  p r ic e s ,  i t s  c lo s e s t  s u b s t i t u t e .  

The a s s u m p tio n  h e re  i s  t h a t  ease o f  s u b s t i t u t io n  between these c lo se  

a l te r n a t iv e  fu e ls  would have h e ld  t h e i r  r e l a t i v e  p r ic e s  a p p ro x im a te ly  

c o n s ta n t  had th e  e q u i l ib r a t in g  mechanism o f  the  m arket been a llo w e d  to  

w o rk . W ith  the  in t r o d u c t io n  o f  the  tre n d s , the  v a lu e s  o f  X a lo n g  w i th  

o u r  two new v a r ia b le s  become r a t h e r  d i f f i c u l t  to  e s tim a te  from  e ig h t 

d a ta  p o in t s .  H ow eve r, t a k in g  a d v a n ta g e  o f  th e  f a c t  t h a t X ,  th e  

a d ju s tm e n t f a c t o r  be tw een a c tu a l and d e s ire d  c o e f f ic ie n ts ,  is  re la te d  

f o r  a l l  fu e ls  used by an in d u s t r y  as f u e ls  a re  s u b s t i t u t e d  f o r  each 

o th e r  i t  is  assumed here th a t  X f o r  each fu e l  is  the  same. The da ta  can 

th e n  be g ro u p e d  a c ro s s  fu e ls  to  e s tim a te  a s in g le  X  fo r  each in d u s t ry .
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The equation, f o r  e s t im a t io n  i s ,

oo
C£ t -  - A )  £  / I 1 c ;  = bo f  ♦ b l f  X + b 2 f (T -1 3 )+ (4 .5 )

i=0

f = l , . . . , 4  t = ' l , . . . , 8

where f  and t  a re  in d ic e s  re p re s e n t in g  the  fo u r  fu e ls  and the  e ig h t  da ta  

p o in ts ,  r e s p e c t iv e ly .

T = (Y -1 9 5 3 ), a tim e  tre n d  s ta r t in g  w ith  1 in  the  f i r s t  yea r 

o f  the  da ta  1954. Y is  the  yea r o f  the  d a ta ; 1954, 1958, 

1962, 1967, 1971, 1974, 1975, and 1976.

(T-13 when t h is  is  p o s i t iv e

0 when T-13 is  n o n -p o s it iv e .

The re g re s s io n  m a tr ix  has a t o t a l  o f  12 param eters f o r  e s t im a t io n  and

4 x  8 = 32 da ta  p o in t s .  E q u a t io n  ( 4 .5 )  was e s t im a te d  f o r  d i f f e r e n t  

v a lu e s  o f  A  be tw een  z e ro  and .9 5  u n t i l  th e  A  v a lu e  was fo u n d  t h a t  

m in im ized  the  sum o f  squared e r r o r s .

Tab le  4 .4  re p re s e n ts  the  r e s u l t s  o f  t h i s  e s t im a t io n .  The b e s t  

f i t "  /V s  a re  l i s t e d  in  the  f i r s t  column and measures o f  the  c o e f f ic ie n ts  

a s s o c ia te d  w i t h  th e  c o n s ta n t  te rm , th e  c o n s e rv a t io n  t r e n d ,  and the  

p o l lu t io n  tre n d  f o r  each f u e l  f o l lo w .  The t re n d  te rm s  p re s e n te d  h e re  

a re  d e t in e d  as th e  b *s  e s t im a te d  in  e q u a t io n  ( 4 . 5 ) *  d iv id e d  by the  

average I/O  c o e f f ic ie n t  f o r  each f u e l .  P resented in  t h is  way, the  term s 

in d ic a te  a p p ro x im a te ly  the  pe rcen tage  change in  f u e l  use p e r  d o l l a r  o f
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Tab le  4 .4

A d justm ent E s tim a tio n s  From Time S e rie s

OIL COAL N GAS ELEC OIL COAL N GAS EL£E OIL COAL N GAS ELS!
SECTOR LANBDA CONU) C0N(2> C0N(3) COM4) T(l) T(2) TC31 T(4) T-1311) 7-13(2) 1-13(3) T-13(4) RS8

20 FOOD PRODUCTS
COEF
T

.99 .224
1.88

1.928
8.50

.158
1.72

-.022
.33

-.074
5.62

-.125
5.02

.012
1.16

.027
3.84

.109
3.S8

.070
1.34

-.008
.40

-.001
.06 .98

22 TEXTILE H ill PRODUCTS 
COEF 
T

.99
A S

2.579
14.83

-1.703
6.46 i§?8 " IS & -.028

5.61
.110
3.62

.112
2.79

-.080
1.48

.030
2.72 .38

23 AFFAfSL*OTH TEXTILES 
COEF 
T

.30 -.340
.75

.100
.08

-1.S53
3.17

-1.445
27.25

.088
1.51

.221
.39

.120
1.78

.041
7.13

-.175
1.35

-.570
1.15

-.141
.34

.028
2.13 .38

24 UMER ANB HODS PfiOCXTS 
COEF 
T

.35 -1.863
9.31

2.888
3.72

-2.993
12.63

-5.335
71.68

-.073
3.73

-.178
2.08

.074
2.87

-.013
1.55

.172
4.23

.160
.90

-.013
.24

.109
6.13 .97

25 FURNITURE AND FIXTURES 
COEF 
T

.SO -.150
.37

2.738
8.50

-.871
1.33

-.472
6.25

-.081
1.84

-.158
4.47

-.008
.22

.025
2.98

.225
2.48

.108
1.48

.134
1.70

-.002
.10 .87

28 PAPER* ALLIED PRODUCTS 
COEF 
T

.35 -1.734
22.14

1.379
12.21

-.288
1.82

.431
4.35

-.034
3.94

-.048
3.88

.038
2.52

.019
1.73

.131
7.33

-.023
.88

-.071
2.24

-.008
.35 .94

27 PRINTING AND PUBLISHING 
COEF 
T

.10 1.17S
.40

.000
.00

-2.928
.11

-.008
S.22 - s

.000
.00

.037
.08

.007
3.33

.002
.20

.000
.00

.000
.18

.000
.01 .97

28 CHEMICALS*ALLIED PROD 
COEF 
T

.35 -3.353
9.38

1.705
7.48

.052
.34

.938
10.18

-.154
3.33

-.099
3.38

-.004
.25

-.031
3.0S

.310
3.81

.038
.75

-.001
•03

.013
.61 .94

30 RUBBER NISC PLASTIC PROD 
COEF 
T

.S5 .058
.42

2.507
17.84

-.450
2.37

-.537
13.59

-.074
4.78

-.138
8.82

.023
1.11

.010
2.25

.128
3.89

.070
2.19

-.020
.47

.011
1.27 .89

32 STONE.CLAY/GLASS PROD 
COEF 
T

.35 -1.S51
13.21

.392
4.40

-.133
4.02

-.068
.37

-.085
8.83

-.100
10.27

.008
1.51

.024
3.08

.185
8.50

.088
4.23

-.043
3.91

-.012
.73 .97

33 PRIHARY IETAL INDUSTRIES 
COEF 
T

.35 .882
9.22

1.2S7
7.00

.298
4.54

-.580
13.60

-.087
8.27

-.028
1.32

.015
2.15

.014
2.98

.101
4.64

-.058
1.40

-.040
2.87

.028
2.72 .38

34 FABRICATED HETAL PRODS 
COEF 
T

.85 1.233
7.09

2.398
4.82

-.170
1.51

-.241
5.18

-.081
4.04

-.128
2.35

.020
1.58

.027
5.18

.090
2.17

.078
.67

.028
1.11

.020
1.89 .99

35 HACHINERY EXCEPT ELEC 
COEF 
T

.00 .788
2.00

2.318
3.54

.023
.07

-3.581
34.15

-.082
1.44

-.132
1.85

.019
.53

.042
3.63

.047
.53

.090
.60

.038
.52

.013
.55 .95

3S ELECTRIC,ELECTRONIC E8 
COEF 
T

.55 .420
.SB

2.825
2.85

-.334
.88

-.745
8.18

-.103
1.47

-.182
1.88

-.004
.08

.079
5.87

.200
1.38

.168
.75

.058
.51

-.111
4.03 .83

37 TRANSPORTATION EQUIPMENT 
COEF , 
T

.35 .240
1.16

I.876
II.95

-.378
2.38

-.157
3.88

-.058
2.47

-.075
4.38

.022
1.24

.021
4.78

.055
1.16

.007
.18

-.014
.39

-.022
2.40 .39

38 INSTRUOTS.SELATED PROD 
COEF , 
T

.50 .284
.80

.000
.00

-2.184
.09

-.020
3.38

.002
1.53

.000
.00

.314
.04

.007
2.2S

-.112
2.12

.000
.00

.000
.26

.000
1.12 .93

38 T0YS.SP09TS.NISC HANUF 
COEF , 
T

.40 1.354
2.54

3.208
1.84

.310
.42

.289
1.80

-.157
2.08

-.215
.88

.031
.30

.048
2.64

.273
1.61

.137
.38

-.115
.49

-.154
4.22 .90
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o u tp u t .  I n  th e  la s t  c o lu m n , u n d e r "*RSQ~» i s  th e  c o e f f i c i e n t  o f  

d e te r m in a t io n ,  R 2# f o r  th e  e x p la n a to r y  power o f  th e  w h o le  e q u a tio n  

in c lu d in g  C*.

The r e s u lts  o f  the  v a lu e  o f  A  show the  la rg e  e n e rg y  u s e rs  such as 

p a p e r ,  c h e m ic a ls ,  p r im a ry  m e ta ls ,  t r a n s p o r t a t io n  e q u ip m e n t, s to n e , 

g la s s ,  lum ber, t e x t i l e  m i l l s ,  and food p ro d u c ts , to  be slow in  a d a p t in g  

to  e n e rg y  p r ic e  changes. The X f o r  these in d u s t r ie s  a re  equa l to  .9 5 , 

the  s low est ad jus tm en t v a lu e  a l lo w e d .  We see f a s t e r  a d ju s tm e n ts  f o r  

le s s  e n e rg y  in te n s iv e  in d u s t r ie s  such as a p p a re l,  f u r n i t u r e ,  p r in t in g ,  

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

m isce lla n e o u s  m a n u fa c tu rin g .

Looking  a t  the  measures f o r  the  b^ c o e f f ic ie n ts  we see th a t  the  o i l  

and c o a l te rm s  show a tre n d  towards energy c o n s e rv a tio n , (b^ le s s  than  

z e r o ) ,  f o r  p r a c t i c a l l y  a l l  in d u s t r ie s  be tw een 1954 and 1967 . The 

c o e f f ic ie n ts  f o r  the  p o l lu t io n  c o n t ro l t re n d ,  (b^ + b ^ )*  show th a t  a f te r  

1967 th e  downward tre n d  in  o i l  use re ve rse s  f o r  most in d u s t r ie s  and is  

rendered n e g l ig ib le  f o r  the  r e s t .  These tre n d  term s a ls o  show c o a l use 

c o n t in u in g  to  d ro p  d u r in g  the  la t t e r  p e r io d .  E le c t r i c i t y  use over the  

w hole p e r io d  fo llo w s  a slow c lim b  in  most s e c to rs .  The f i t s  f o r  th e s e  

e q u a t io n s  p ro d u c e  R^»s t h a t  a re  .90  o r  above f o r  a l l  o f  them . The 

e s t im a te d  p a ra m e te rs  a re  u s e d  to  f o r e c a s t  c h a n g in g  e n e rg y  I /O  

c o e f f i c i e n t s .  F u tu re  c o e f f ic ie n ts  a re  c a lc u la te d  by add ing fo re c a s te d  

f u e l  p r ic e s  to  the  e s t im a te d  D ie w e r t  e q u a t io n  ( 4 .1 )  and p u t t in g  th e  

r e s u l t in g  C* a long  w ith  tre n d s  in to  e q u a tio n  ( 4 .5 ) .

59



To m easure  th e  s e n s i t i v i t y  o f  th e s e  e q u a t io n s  to"~ changing fu e l 

p r ic e s  the  two o i l  p r ic e  sce n a rio  fo re c a s ts  used in  the  p re v io u s  s e c to r  

w ere  a p p l ie d .  T a b le  4 .5  shows the  fo re c a s te d  f u e l  I /O  c o e f f ic ie n ts  in  

1985 fo r  bo th  the  base and d e r e g u la t io n  p r ic e  ru n s  d e s c r ib e d  a b o ve . 

T h is  t a b le  is  s im ila r  to  Tab le 4 .3  in  th a t  the  percen tage change in  the 

c o e f f ic ie n ts  r e s u l t in g  from  dom estic  o i l  p r ic e  d e re g u la t io n  is  shown in  

co lum n th r e e .  These ta b le s  d i f f e r ,  how ever, in  th a t  the  e a r l ie r  one 

shows d e s ire d  f u e l  c o e f f ic ie n ts  r e s u l t in g  o n ly  from  p r ic e  e f f e c t s .  On 

th e  o th e r  h a n d . T a b le  4 .5  fo re c a s ts  a c tu a l fu e l I /O  c o e f f ic ie n ts  where 

account is  taken o f  e x is t in g  tre n d s  in  f u e l  use as w e l l  as th e  y e a r ly  

a d ju s tm e n t o f  fu e l use to  d e s ire d  le v e ls  as the  r e s u l t  o f  changing f u e l  

p r ic e s .  H ere, once a g a in , we see th a t  the  in c re a se  in  o i l  p r ic e s  le a d s  

to  e i th e r  co n s ta n t o i l  use (one s e c to r )  o r dec rea s ing  o i l  use (re m a in in g  

s ix te e n  s e c to r s ) .  A ls o , the  in c re a se  in  energy p r ic e s  in  g e n e ra l leads 

to  ene rgy c o n s e rv a t io n  as e v id e n c e d  by th e  d e c re a s in g  t o t a l  e n e rg y  

c o e f f ic ie n ts  f o r  a l l  s e c to rs .

s tep  3 :__ A p p lic a t io n  to  the  A M aoris

The fo re c a s te d  f u e l  c o e f f i c ie n t s  in  T a b le  4 .5  a re  added to  th e  

INFORUM m o d e l by  a d j u s t i n g ,  to  th e  above  g ro w th  r a t e s ,  th e  I /O  

c o e f f ic ie n ts  f o r  a l l  INFORUM m a n u fa c tu rin g  s e c to rs  th a t-  f a l l  u n d e r th e  

s e v e n te e n  t w o - d ig i t  SIC c a te g o r ie s . The I/O  c o e f f ic ie n ts  a re  a d ju s te d  

in  the  o i l .  c o a l,  n a tu ra l gas. and e l e c t r i c i t y  rows o f the  A m a tr ix *  In  

a l l ,  130 INFORUM se c to rs  are  made s e n s it iv e  to  chan g in g  e n e rg y  p r ic e s .
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Tab le  4 .5

FUEL COEFFICIENT FORECAST -  I9S5

PRICE AND TRENDS 
BASE DEREG 1 CHG

20 FOOD PRODUCTS

22 TEXTILE MILL PRODUCTS

OIL 
COAL 
N GAS 
ELEC 
TOTAL

OIL 
COAL 
N GAS 
ELEC 
TOTAL

23 APPAREL,OTH TEXTILES

24 LUMBER AND WOOD

OIL 
COAL 
N GAS 
ELEC 
TOTAL

PRODUCTS
OIL 
COAL 
N GAS 
ELEC 
TOTAL

25 FURNITURE AND FIXTURES

26 PAPO, ALLIED PRODUCTS

OIL 
COAL 
N GAS 
ELEC 
TOTAL

OIL 
COAL 
N GAS 
ELEC 
TOTAL

27 PRINTING AND PUBLISHING
OIL 
COAL 
N GAS 
ELEC 
TOTAL

28 CHEMICALS*ALLIES PROD

30 RUBBER MISC PLASTIC

OIL 
COAL 
N GAS 
ELEC 
TOTAL

PROD 
OIL 
COAL 
N GAS 
ELEC 
TOTAL

.00198

.00000

.00379

.00810

.01387

.00536

.00005

.00236
•01084
.01880

.00046

.00000

.00041

.00668

.00755

.00113

.00016

.00159

.01506

.017S9

.00213

.00000

.00272

.00947

.01433

.01413

.00069

.00742

.03119
•05343

.00059

.00023

.00126

.00881

.01089

.00000

.00000

.01368

.02450
•03617

.00364
•00000
.00287
.02271
•02922

.00189

.00000

.00382

.00815
•0138S

.00526

.00005

.00244

.01078
•01853

.00045

.00000

.00041

.00668

.00755

.00098

.00016

.00155

.01503

.01772

.00201

.00000

.00274

.00954

.01430

.01296

.00079

.00729

.03127
•05219

.00057

.00017

.00129

.00991

.01082

.00000

.00000
•01347
.02464
.03811

.00350

.00000

.00287

.02279

.02916

- 4 .

-1.
3.

-I.

■17. 
-2. * • -1. 
-5 .

-9 .
13.-1.
- 2 .
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- 1 .

-3 .
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T ab le  4 .5  

FUEL COEFFICIENT FORECAST -  1985

PRICE AND TRENDS
BASE DEREG X CHG

STONE,CLAY,GLASS PROD
OIL .00075 .00000 -100.0
COAL .00281 .00285 1.4
N GAS .01151 .01125 -2 .3
ELEC .03021 .03037 .5
TOTAL .04528 .04447 -1 .8

PRIMARY METAL INDUSTRIES
OIL •00S34 .00601 -5 .1
COAL .00000 .00000 .0
N GAS .01227 .01227 .0
ELEC . 035S7 .03561 “ •2. TOTAL .05427 .05388 - . 7

FABRICATED METAL PRODS
OIL .00175 .00172 -1 .8
COAL .00000 .00000 .0
N GAS .00517 .00518 .3
ELEC .01438 .01438 .0
TOTAL .02130 .02128 - . 0

MACHINERY EXCEPT ELEC
OIL .00114 .00108 -4 .4
COAL .00001 .00001 .0
N GAS .00280 .00259 - . 3

1 ELEC .00962 .00961 - . 2
TOTAL .01337 .01330 - .6

ELECTRIC, ELECTRONIC EQ
OIL .00107 .00085 r lU 3COAL .00017 .00017 .0
N GAS .00219 .00218 - .3
ELEC .00759 .00763 1.4
TOTAL .01101 .01099 - . 2

TRANSPORTATION EflUIPMENT
OIL .00073 .00072 -1 .2
COAL .00000 .00000 .0
N GAS .00147 .00147 - .5

' ELEC •00668 .00668 .1
. -• TOTAL .00888 •00887 - .1

INSTRUMENTS,RELATED PROD
OIL .00220 .00206 -6 .3
COAL .00000 .00000 .0
N GAS .00142 .00144 1.2
ELEC .00678 .00697 1.3
TOTAL .01041 .01037 - .3

TOYS,SPORTS,MISC MANUF
OIL .00238 .00204 -14 .3
COAL .00000 .00000 .0
N GAS .00000 .00000 .0
ELEC .00013 .00029 118.1
TOTAL .00251 .00233 -7 .2



How is  t o t a l  e n e rg y  use a f fe c te d  by th e  a d d i t io n  o f  e n e rg y  p r i c e  

s e n s i t i v i t y  to  th e  m a n u fa c tu rin g  se c to rs?  To answer t h is  q u e s tio n  the 

INFORUM m odel was ru n  w i th  and w i th o u t  th e  p r ic e  a d ju s te d  f u e l  I /O  

c o e f f i c ie n t s  fo r  bo th  the base and the  d e re g u la te d  o i l  p r ic e  s c e n a rio s . 

The d i f fe re n c e  in  f u e l  demand from  these two runs in d ic a te s  th e  e x te n t  

o f  th e  im p a c t o f  th e  e s t im a te d  D iew ert equa tions  on energy use by the  

economy.

Dom estic crude o i l  p r ic e  d e re g u la t io n ,  as obse rve d  b e fo r e ,  r a is e s  

th e  p r ic e  o f  c o a l and e l e c t r i c i t y  by a p p ro x im a te ly  one p e rce n t and the  

p r ic e  o f f u e l  o i l  by s ix  p e rce n t over the base scena rio  by 1985. A g a in , 

the  n a tu ra l gas p r ic e  was made to  r is e  to  fo l lo w  the  f u e l  o i l  in c re a s e .  

Where th e  INFORUM model was run  w ith  the  d e re g u la te d  o r h ig h  o i l  p r ic e  

sce n a rio  and no f u e l  c o e f f i c i e n t  a d ju s tm e n t was m ade, th e  r e s u l t i n g  

im p a c t on e n e rg y  use would be s o le ly  the  r e s u l t  o f  changes in  consumer 

p u rc h a s e s  th ro u g h  th e  INFORUM P e r s o n a l C o n s u m p t io n  E x p e n d i tu r e  

e q u a t io n s .  A d d in g  th e  D ie w e r t  p r ic e  a d ju s te d  energy c o e f f ic ie n ts  fo r  

the  m a n u fa c tu rin g  s e c to rs  produces an im pact on t o t a l  fu e l  use o v e r  and 

above consumer responses. To c le a r ly  d i f f e r e n t ia t e  these im pac ts , th re e  

f o r e c a s ts  w e re  r u n :  a base o i l  p r ic e  run  (BASE), a h ig h  o i l  p r ic e  run  

w ith  o n ly  p e rso n a l consum ption responses (ALTPCE), and a h ig h  o i l  p r ic e  

ru n  w i t h  bo th  consum ption responses and a changed A m a tr ix ,  a d ju s te d  by 

the  D iew ert equa tions  f o r  energy use in  m a n u fa c tu rin g  (ALTDIEWERT) .  The 

d if fe re n c e  between BASE and ALTDIEWERT shows th e  t o t a l  im p a c t o f  b o th  

PCE and m a n u fa c tu rin g  demand changes f o r  energy and is  c a l le d  ALL. The 

d if fe re n c e s  between ALTPCE and ALTDIEWERT d e m o n s tra te s  th e  im p a c t on 

t o t a l  e n e rg y  use  r e s u l t i n g  s o le ly  fro m  changes in  demand by th e



m a n u fa c tu rin g  s e c to rs  and is  c a l le d  MFG. Tab le  4 .6  l i s t s  the  r e s u lts  o f  

these com parisons. The fo u r  columns show th e  a b s o lu te  d i f f e r e n c e  and 

percen tage d if fe re n c e  in  f u e l  demand (measured in  1976 d o l la r s )  from  the 

b a s e lin e  f o r  ALL and MFG in  1985.

By 1985 we see t h a t  t o t a l  o i l  use decreased by $247 m i l l io n  as a 

r e s u l t  o f  h ig h e r  o i l  p r ic e s .  T h is  re p re s e n te d  a p p ro x im a te ly  a one 

p e rce n t decrease in  t o t a l  o i l  use . Of t h is ,  $39 m i l l io n ,  o r  .17 p e rcen t 

o f  t o t a l  o i l  use was th e  r e s u l t  o f  s u b s t i tu t io n  away from  fu e l  o i l  by 

th e  m a n u fa c tu rin g  s e c to rs .  N a tu ra l gas demand by m a n u fa c tu rin g  was down 

b u t by le s s  — o n ly  .06 p e rce n t — due to  th e  h ig h e r  gas p r ic e s  w h ic h  

w ere  l in k e d  to  the  h ig h e r o i l  p r ic e s .  Of the  t o t a l  n a tu ra l gas drop o f  

$387 m i l l io n ,  $38 m i l l io n  came from  a decrease in  m a n u fa c tu rin g  demand. 

C o a l use by ALL was down $23 m i l l i o n  w h ich  re p re se n te d  a decrease o f  

o n ly  .12 p e rce n t o f  t o t a l  c o a l use as th e  r e s u l t  o f  in c re a s e d  e n e rg y  

p r ic e s .  T h is  drop would have been g re a te r  had m a n u fa c tu rin g  demand no t 

le d  to  an in c re a s e  o f  $9 m i l l i o n .  C oa l became m ore a t t r a c t i v e  to  

m a n u fa c tu re rs  as i t s  p r ic e  became r e la t iv e ly  cheaper. E le c t r i c i t y  a lso  

showed in c rea sed  m a n u fa c tu rin g  s e c to r demands as i t  became a r e l a t i v e l y  

c h e a p e r  e n e rg y  i n p u t *  The t o t a l  d ro p  o f  $90 m i l l i o n  w o r th  o f  

e l e c t r i c i t y  c o n s u m p tio n  w o u ld  h a v e  been  $149 m i l l i o n  lo w e r  had  

m a n u fa c tu r in g  n o t  in c re a se d  demand by $59 m i l l i o n .  The r e s u l t  is  th a t  

t o t a l  e l e c t r i c i t y  d e c re a s e d  o n ly  .1  p e rc e n t  as th e  r e s u l t  o f  h ig h e r  

energy p r ic e s .  Looking  a t the  n e t r e s u l t  across a l l  f u e ls ,  t o t a l  energy 

use  d e c re a s e d  by $747 m i l l i o n ,  o n ly  $9 m i l l io n  o f  w h ich was caused by 

energy c o n s e rv a tio n  in  m a n u fa c tu r in g .  H ow eve r, m a n u fa c tu r in g  e n e rg y  

s u b s t i t u t i o n  le d  to  s ig n i f ic a n t  movements away from  the  consum ption o f



Tab le  4 .6

Energy Demand in  1985: D if fe re n c e  from  B a se line  
(measured in  1976 d o l la r s )

ALL MFG

Million $ Percent______________Million. $____g£E£ent.

Coal -23 -*1 2 +9 + .05

O il -247 -1 .0 5 -39 - .1 7

N a tu ra l Gas -387 -•6 6 -38 - .0 6

E le c t r i c i t y -90 - .1 0 +59 + .07

Net -747



scarce f o s s i l  fu e ls  such as o i l  and n a tu ra l gas as the  r e s u l t  o f  

r e la t iv e ly  h ig h e r p r ic e s .  O i l  and n a tu ra l gas use by m a n u fa c tu rin g  

decreased by $77 m i l l io n  by 1985.



CHAPTER V

I/O  C o e ff ic ie n ts  f o r  T ra n s p o rta t io n  S e rv ices

The demand f o r  f r e i g h t  h a u l in g  by in d u s t r y  i s  a d e r iv e d  demand 

stem m ing fro m  th e  re q u ire m e n ts  f o r  s h ip p in g  in d u s t r i a l  o u tp u ts .  As 

such, the  demand f o r  t ra n s p o r ta t io n  s e rv ic e s  need n o t  be d is t in g u is h e d  

fro m  th e  demand f o r  o th e r  in p u ts  in to  in d u s try  p ro d u c tio n .  U sing the  

p ro d u c tio n  fu n c t io n  th e o ry  o u t l in e d  in  C hapter I I I *  we can h y p o th e s iz e  

th a t  f o r  each d o l la r  o f  o u tp u t th e re  is  a t  any tim e  a demand f o r  a g iven  

le v e l  o f  t r a n s p o r t  s e r v ic e s  ju s t  as th e re  is  a f ix e d  demand f o r  o th e r 

in p u ts .  T h is  in p u t-o u tp u t  r e la t io n s h ip  between t r a n s p o r t  s e r v ic e s  and 

in d u s t r y  o u tp u t  can be regarded  as an I/O  c o e f f ic ie n t  in  th e  A m a t r ix .  

S ince f o r  many in d u s t r ie s  the  modal cho ice  d e c is io n  f o r  s h ip p in g  o u tp u t  

i s  a f f e c te d  by th e  cos ts  o f  t r a n s p o r ta t io n ,  i t  is  im p o rta n t to  see how 

changing p r ic e s  o f  a l te r n a t iv e  modes a f fe c t  modal cho ice  and u l t im a t e l y  

the  I/O  c o e f f ic ie n ts  i n  the  t ra n s p o r ta t io n  rows o f  the  m a tr ix .  I f  i t  is  

assumed th a t  f irm s  are  m o tiv a te d  to  m in im ize  the  co s ts  o f  p ro d u c tio n *  i t  

i s  c le a r  fro m  th e  p r o d u c t io n  th e o ry  o u t l in e d  in  Chapter 3 th a t  f irm s  

w i l l  be re sp o n s ive  to  changes i n  th e  r e l a t i v e  p r ic e s  o f  a l t e r n a t i v e  

in p u ts  w here  in p u ts  such as t ra n s p o r t  s e rv ic e s  a re  s u b s t i tu ta b le .  As 

the  p r ic e  o f  a t ra n s p o r t  mode r i s e s ,  f i r m s  w i l l  s u b s t i t u t e  away fro m  

t h a t  mode to w a rd  a r e la t iv e ly  cheaper a l te r n a t iv e  in  o rd e r to  m in im ize  

c o s ts *  T h is  s u b s t i t u t io n  e f f e c t  shows th e  in te rd e p e n d e n c e  be tw een 

a l t e r n a t i v e  m odes* When th e  c o s t  s h a re  o f  th e  t ra n s p o r ta t io n  d o l la r  

in c rea ses  f o r  one mode, i t  must n e c e s s a r ily ,  decrease f o r  a n o th e r .  The
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D ie w e r t  fu n c t io n  is  used to  s p e c ify  t h is  r e la t io n s h ip  because i t  a llo w s  

f o r  p r ic e  re sp o n s ive  in p u t s u b s t i t u t io n  i n  p r o d u c t io n  w here b o th  th e  

b e h a v io r  o f  th e  f i r m  and th e  in te rdependence between modal shares are  

co n s id e re d .

T h e o r e t ic a l Approach

S ince n e a r ly  a l l  p ro d u c tio n  must be sh ipped in  o rd e r to  be s o ld *  we 

s h o u ld  see a c o n s ta n t  1 /0  c o e f f ic ie n t  r a t io  between o u tp u t sh ipped and 

o u tp u t produced and im p o r te d  (m inus  in v e n to r y  b u i ld u p ) .  T h is  r a t i o  

s h o u ld  re m a in  c o n s ta n t  re g a rd le s s  o f  d e c is io n s  about the  o p tim a l cos t 

m in im iz in g  a m o u n ts  o f  n o n - t r a n s p o r t  in p u t s  i n t o  p r o d u c t i o n .  

C onsequen tly , th e  f i r m 's  p ro d u c tio n  fu n c t io n  can be cons ide red  separab le  

in to  two p a r ts ;  the  cos t m in im iz in g  m ix  o f  n o n - tra n s p o r t  in p u ts  and the  

co s t m in im iz in g  m ix  o f  t ra n s p o r t  s e rv ic e s  needed to  meet t o t a l  t ra n s p o r t  

dem ands. W ith  t h i s  a s s u m p tio n , th e  r e l a t i v e  p r ic e s  and amounts o f  

n o n - tra n s p o r t  in p u ts  need n o t be cons ide red  in  the  D iew e rt e q u a tio n  f o r  

th e  d e t e r m in a t io n  o f  th e  demand f o r  t r a n s p o r t  s e r v ic e s  by m ode. 

P rev ious  w r i t e r s ,  in  a tte m p tin g  to  s p e c ify  the  f u l l  p ro d u c tio n  f u n c t io n  

r e la t io n s h ip  f o r  e s t im a t io n  where a l l  in p u ts  a re  co n s id e re d , found i t  

necessary to  aggregate  groups o f  in p u ts  in  o rd e r to  genera te  s u f f i c i e n t  

c o n s is te n t  d a ta . T h is  a g g re g a tio n  le d  to  problem s o f  p ro d u c t m ix . W ith  

the  assum ption o f  s e p a r a b i l i t y ,  i t  is  p o s s ib le  to  e s tim a te  p r ic e  e f fe c ts  

w h e re  s u b s t i t u t a b l e  t r a n s p o r t  in p u ts  a re  c o n s id e re d  a t  a f a i r l y  

d isagg rega ted  le v e l  o f  d e t a i l ,  s in ce  i t  i s  g e n e r a l ly  e a s ie r  to  o b ta in  

c o n s is te n t  da ta  f o r  ju s t  a few key in p u ts  such as t ra n s p o r t  s e rv ic e s  in  

the  p ro d u c tio n  process than  f o r  a com prehensive l i s t .
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Data

The da ta  used f o r  e s t im a t io n ,  ga thered  by Jack F a u c e tt  A s s o c ia te s  

(JF A ) , m easures i n t e r c i t y  tons sh ipped y e a r ly  fro m  1965 to  1974 f o r  45 

com m odities and by f iv e  modes; r a i l *  w a te r* com m erc ia l t r u c k ,  p r iv a t e  

t r u c k ,  and p ip e l in e s .^ *  A l i s t  o f  th e  200 INFORUM s e c to rs  appears in  

Append ix A and th e  F a u c e tt-s e c to r  INFORUM-sector matchup appears in  th e  

f i r s t  two columns o f  Tab le  5 .1 *  T h is  tim e  s e r ie s  da ta  is  un ique in  th a t  

i t  r e p re s e n ts  a f a i r l y  h ig h  le v e l  o f  d is a g g r e g a t io n  o f  a l t e r n a t iv e  

in p u ts  f o r  a d e ta i le d  number o f  p u rch a se rs . T h is  d e t a i l  m in im iz e s  th e  

p ro b le m s  o f  p r o d u c t  m ix .  A ls o ,  h a v in g  a t im e  s e r ie s  o f  d a ta  f o r  

in d iv id u a l  in d u s t r ie s  a l lo w s  f o r  th e  e s t im a t io n  o f  t r a n s p o r t  p r ic e  

s e n s i t i v i t y  by p ro d u c t sh ipped .

■ •' ■ ■ ■ - , '

F o r e s t im a t io n  p u rp o s e s , we m ig h t be in te re s te d  in  to n -m ile s  as a 

measure o f  the  amount o f  modal t ra n s p o r t  s e rv ic e s  demanded p e r  u n i t  o f  

o u t p u t .  H o w eve r, a c o n s is te n t tim e  s e r ie s  o f  th e  da ta  does n o t e x is t .  

As w e l l ,  w h ile  to n -m ile s  a re  the  u n i ts  t h a t  a re  p u rc h a s e d , m ile s  w i l l  

n o t  n e c e s s a r i ly  be a fu n c t io n  o f  th e  le v e l  o f  p ro d u c tio n  s in ce  d is ta n c e  

o f  s h ip m e n ts  i s  d e te rm in e d  by c h a n g in g  l o c a t i o n a l  r e q u i r e m e n t s .  

H o w e v e r, t a k in g  a d v a n ta g e  o f  th e  f a c t  t h a t  a l l  to n s  p ro d u c e d  m us t}
e v e n tu a l ly  be s h ip p e d , th e re  i s  a s t r a ig h t - f o r w a r d  d e r iv e d  demand 

r e la t io n s h ip  f o r  t r a n s p o r t  s e rv ic e s  measured in  tons as a fu n c t io n  o f  

th e  le v e l  o f  o u tp u t .  C o n s e q u e n t ly ,  to n s  i s  th e  m e a s u re  u s e d  f o r  

e s t im a t io n .

69



Tab le  5.1

F a u c e tt Data

T o ta l Tons 
M arket Q uo tien t.

F a u ce tt
Commodity

C la s s i f ic a t io n

1 G rains

2 F o re s try  & F is h e ry  
P roducts

3 I ro n  Ores

4 Copper Ore

5 Coal

6 Crude P e tro .  & 
N a tu ra l Gas

7 Stone & C lay 
M a te r ia ls

8 Chemial F e r t i l 
iz e r  M a te r ia ls

9 Logs

10 Lumber

11 P u lp * Paper & 
Paperboard

12 I n d u s t r ia l  Chemi- 
c a ls

13 M is c . P e tro leum  
P roducts

14 Fue l O i l

15 Cement

16 S te e l

17 M otor V e h ic le s

M atch ing Shipments 
INFORUM (1974 M i l l io n s  
S ecto rs  o f Tons)

Y e a rly  Avg. A b so lu te  
Percentage Percentage 

Change E r ro r

5

9

11

12

14

15

17

18

43

44

50,51

64

76

77 

89 

91

144,145

245

25

197

13

603

669

353

89

270

41

63

129

643

393

113

155

65

1.5  

-6 .5

1.2

-3 .6

-1 .4

- 0.6

0 .4

-0 .3

2.0

- 1.1

1.1

-1 *5

0.6

1.6 

- 1.6

0.2

-0 .7

7 .8

6 .4

2.7  

6.6  

1.1

3 .5

1.3

4.3

3 .9

3 .4  

1.2

2.7 

2.0

1.7

3.7

3.7  

2.0
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Tab le 5.1 (c o n tin u e d )

F au ce tt
Commodity

C la s s i f ic a t io n

M atch ing Shipments 
INFORUM (1974 M il l io n s  
S ecto rs  o f  Tons)

T o ta l Tons
Martast ...Qvotieffit,
Y e a rly  Avg. A b so lu te  

Percentage Percentage 
Change E rro r

18 M e ta l Scrap

19 L iv e s to c k  & 
P o u lt ry

20 O ther A g r ic u l
t u r a l  P roducts

21 O ther Non-Ferrous 
Ores

22 Food & Tobacco 
P roducts

23 T e x t i le s  &
Lea the r P roducts

. ■ - . , ■ - v, . /i ■
24 A p pa re l

25 Paper P roducts  ex
c e p tin g  C o n ta ine rs

26 P r in te d  M a tte r & 
Paperboard 
C o n ta ine rs

27 O ther Chemicals

28 P la s t ic s

29 Drugs & P a in ts

30 Paving M a te r ia ls

31 Rubber P roducts

32 O ther Wood 
P roducts

33 F u rn itu re  -  M isc . 
M anufactured 
P roducts

9 1 ,9 2 ,9 3 ,9 4 , 47 
9 5 ,9 6 ,9 7 ,9 8 ,
99

1 ,2 ,3  46

4 ,6 ,7  105

13 14

2 4 ,2 5 ,2 6 ,2 7 , 282
2 8 ,2 9 ,3 0 ,3 1 ,
3 2 ,3 3 ,3 4 ,3 5

3 6 ,3 7 ,3 8 ,3 9 , 17 
83,84,85

40 ,41 ,42  6

52,53 18

54 ,55 ,56 ,57  28 
58,59 ,60

65,66,67 53

68 ,69 .70 ,71  27

7 2 ,73 ,74  19

78 28

80 ,81 ,82  17

45 ,46 ,47  31.

4 8 ,4 9 ,1 6 3 , 17
164,165,166

2 .5

5.0 

-1 .5  

-0 .5

0 .4

0.2

0.9

-0 .3

2.1

- 2 .2

2.6 

-4 *2  

- 2 .8  

- 0.6

0 .2

- 1.0

4.1

2 .5

5 .2

7.7

1.5

5 .4

2.1

3 .0

2.0

4 .2

1 .4  

2.1

7 .2

3 .4

2.8

4.3

71



Tab le  5.1 (c o n tin u e d )

F a u ce tt
Commodity

C la s s i f ic a t io n

34 G lass P roducts

35 Stone & C lay 
P roducts

36 P rim ary  Non- 
fe rro u s  M eta l 
P roducts

37 F a b ric a te d  
S t r u c tu ra l M eta l 
P roducts

38 Ordnance & M isc . 
F a b ric a te d  M eta l 
P roducts

39 M e ta l W orking 
M achinery & 
Equipment

40 O ther M achinery 
excep t E le c t r ic a l

41 Communication 
Equipment

42 E le c t r ic a l  
M achinery & 
Equipment

43. O ther T rans
p o r ta t io n  
Equipment

44 In s tru m e n ts • 
e tc *

T o ta l Tons 
M arket Q u o tie n t 

M atch ing Shipments Y e a rly  Avg. A b so lu te
INFORUM (1974 M i l l io n s  Percentage Percentage 
S ecto rs  o f  Tons) Change E rro r

86 18 

87,88 ,90  75

9 2 ,9 3 ,9 4 ,9 5 , 28 
9 6 ,97 ,98 ,99

102,103,104 22

2 1 ,2 2 ,2 3 ,1 0 0 , 21
101 ,105 ,106 ,
107 ,108 ,109 ,
110

115 ,116 ,117 , 8
118 ,119 ,120 ,
121,122

111 ,112 ,113 , 17 
114 ,123 ,123 ,
125,126

136,137,138 2
139

129 ,130 ,131 , 12
132 ,133 ,134 ,
135 ,140 ,141 ,
14 Z

147 ,148 ,149 , 9
150 ,151 ,152 ,
153

156,157,158 1
159,160,162

0.1

-0 .5

1.0

-3 .3

0.1

- 1 .4

-5 .4

-3 .9  

- 2 .0

5.0

-1 .9

3 .4

4 .6

2 .8

6 .3

7.7

6.7

.2 .5

3 .6

2 .4

7.7

5.5

45 O ther Scrap 39,53 28 2.1 4 .9



Though a l l  tons produced must e v e n tu a lly  be sh ipped , the  r a t io  o f  t o t a l  

to n s  s h ip p e d  d iv id e d  by o u tp u t measured in  co n s ta n t d o l la r s  may change* 

E xp la n a tio n s  f o r  tren ds  in  t h is  r a t i o ,  c a l le d  th e  * * to ta l  to n s  m a rk e t 

q u o t ie n t , * *  a r e :  ( 1 ) ,  a change in  th e  p h y s ic a l w e ig h t o f  the  p rodu c t 

s h ip p e d , and ( 2 ) ,  re m a in in g  p ro d u c t  m ix  p ro b le m s —  changes in  th e  

p ro d u c t m ix  o f  commodites shipped under one aggregated F a u ce tt commodity 

head ing* Changes in  the  t o t a l  tons m arket q u o t ie n t  cou ld  a ls o  come from  

th e  d o u b le  c o u n t in g  o f  s h ip m e n ts  in v o lv e d  in  in te r -m o d a l t r a n s fe r s *  

However, we fe e l  th a t  t h is  is  n o t an im p o rta n t source o f  change f o r  o u r  

d a ta *3

Procedure

T a k in g  a d v a n ta g e  o f  the  F a u c e tt da ta  on commodity tons shipped by 

each mode, the  fo l lo w in g  e q u a tio n  is  used to  e s t im a te  I /O  c o e f f i c ie n t s  

f o r  t r a n s p o r ta t io n  rows in  the  A m a tr ix :

TM. T
--------- = --------  . S£ • M£ (5 .1 )

V ' Q Q . .

where,

TM^ s t ra n s p o r t  s e rv ic e s  measured in  to n -m ile s  o f  

o u tp u t sh ipped by mode i  

Q = o u tp u t measured in  1976 d o l la r s

=■ T ^ /T  , the  p o r t io n  o f  t o t a l  tonnage shipped by



mode i ;  a modal sha re . is  the  tons 

sh ipped by mode i  and T is  t o t a l  to n s -sh ip p e d  

by a l l  modes where T =

T/Q = t o t a l  tons m arke t q u o t ie n t  

M^ = average d is ta n c e  hau led  by mode i .

The r a t i o  on th e  le f t h a n d  s id e  o f  t h i s  e q u a tio n  is  a measure o f  

t ra n s p o r t  s e rv ic e s  by mode shipped per d o l l a r  o f  o u t p u t .  By assum ing  

t h a t  a f ix e d  r e la t io n s h ip  e x is ts  between t h is  r a t i o  and modal t ra n s p o r t  

exp e n d itu re s  pe r d o l la r  o f  o u tp u t ( a l l  measured in  1976 d o l la r s )  w h ic h  

is  the  INFORUM I/O  c o e f f ic ie n t ,  the  1976 A m a tr ix  t ra n s p o r t  c o e f f ic ie n ts  

can  be moved by th e  fo re c a s te d  t r a n s p o r t  s e r v ic e s  to  o u tp u t  r a t i o  

c a lc u la te d  in  e q u a tio n  ( 5 .1 ) .

The p r o c e d u r e  f o r  e s t im a t in g  p r i c e  e f f e c t s  on  t r a n s p o r t  

c o e f f i c i e n t s  in v o lv e s  th re e  s te p s . The f i r s t  is  the  e s t im a t io n  o f  the  

tre n d  in  the  t o t a l  tons m arke t q u o t ie n t  f o r  each co m m o d ity , T /Q ; th e  

second, the  e s t im a t io n  o f  modal shares o f  t o t a l  tons  sh ipped , S^» as a 

f u n c t io n  o f  r e l a t i v e  modal p r ic e s  u s in g  the  D iew e rt e q u a tio n ; and the

t h i r d ,  th e  e s t im a t io n  o f  m oda l t r a n s p o r t  s e r v ic e  c o e f f i c ie n t s  as a 

fu n c t io n  o f  and T/Q a d ju s te d  fo r  changes in  d is ta n c e  h a u le d ^  These 

c o e f f ic ie n ts  a re  then  used to  move the  INFORUM t ra n s p o r ta t io n  row s.

Step One: T o ta l Tons M arket Q u o tie n t
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I n  o rd e r to  de term ine the  tre n d s  in  the  t o t a l  tons  m arket q u o t ie n t , 

the  r a t io  o f  t o t a l  tons sh ipped o f  each o f  the  45 com m odities d iv id e d  by 

the  aggregate  o u tp u t measured in  1976 d o l la r s  o f  th e  m a tc h in g  INFORUM 

s e c to r s  was c a lc u la te d  f o r  the  1965 to  1974 p e r io d .  Im po rts  were added 

to  in d u s try  o u tp u ts ,  b u t in v e n to ry  ad jus tm ents  were ta k e n  in t o  a c c o u n t 

o n ly  f o r  th e  c o m m o d ity  g ro u p  "g ra in s * *  w h ic h  o f te n  c a r r ie s  la rg e  

in v e n to r ie s .  O the r in v e n to r ie s  were n e g le c te d  because o f  a la c k  o f  

s a t i s f a c t o r y  in v e n to r y  d a ta . However, s in ce  in v e n to r ie s  a re  sm a ll f o r  

m ost s e c to r s ,  t h i s  n e g le c t  s h o u ld  n o t  s i g n i f i c a n t l y  in f lu e n c e  th e  

r e s u l t s .  The tre n d  in  the  q u o tie n t  t im e -s e r ie s  was e s tim a te d  by f i t t i n g  

a l o g i s t i c  curve  th ro ugh  the  observed da ta  so as to  m in im ize  the  sum o f  

the  squared e r ro rs  around the  c u rv e . A lo g is t i c  cu rve  was used in  o rd e r 

to  p u t a  c e i l in g  o r  f l o o r  on any p r o je c t io n  o f  th e s e  t re n d s  so t h a t  

q u o t ie n ts  can n e v e r  be p r o je c te d  to  be too  la rg e  o r  le s s  than  z e ro .^  

Colum ns f o u r  and f i v e  o f  T a b le  5 .1  l i s t  r e s p e c t i v e l y  th e  y e a r l y  

p e rc e n ta g e  change in  th e  e s t im a te d  l o g i s t i c  c u rv e s  and th e  average 

a b s o lu te  p e rc e n ta g e  e r r o r  (AAPE) o f  th e  f i t t e d  c u rv e  to  th e  a c tu a l  

q u o t ie n ts .

C ons is tency  Check o f  F a u ce tt Data

The q u a l i t y  o f  the  F a u ce tt to n s  data  can a ls o  be checked u s in g  the  

t o t a l  to n s  m a rk e t q u o t ie n t s .  B e s id e s  in v e n to r y  c h a n g e s , th e  o n ly  

e x p la n a tio n  f o r  f lu c tu a t io n s  o f  the  t o t a l  tons  q u o t ie n t  around i t s  tre n d  

a re  a m ism atch between INFORUM and F a u ce tt commodity g roup s , p ro d u c t m ix  

s h i f t s ,  and e r r o r s  i n  th e  measurement o f  tons o f  sh ipm en ts . To check 

f o r  these f lu c t u a t io n s ,  th e  f i t s  o f  th e  a c tu a l  q u o t ie n ts  a ro u n d  th e
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l o g i s t i c  cu rve  tre n d s  were s tu d ie d  f o r  the 45 in d u s t r ie s .

By c o u n tin g  the  tre n d s  w ith  y e a r ly  changes o f  one p e rc e n t  o r  le s s  

i n  co lum n f o u r  o f  T ab le  5 .1 *  i t  can be seen th a t  the t o ta l- to n s  m arket 

q u o t ie n t  i s  a p p ro x im a te ly  c o n s ta n t  f o r  18 o u t o f  45 s e c to r s *  o r  40 

p e r c e n t .  These 18 show th e  p a t te rn  o f  sh ip p in g  to  be a p p ro x im a te ly  a 

co n s ta n t fu n c t io n  o f  t o t a l  o u tp u t p rodu ced . Of th e s e ,  h o w e v e r, th re e  

show la r g e  f lu c t u a t io n s  w h ich  are  r e f le c te d  in  h ig h  AAPE v a lu e s . They 

are  O ther N o n -fe rro u s  O res, T e x t i le s  and Lea the r P ro d u c ts , and O rdnance 

and M is c e lla n e o u s  F a b ric a te d  M eta l P ro d u c ts . An AAPE v a lu e  above f iv e  

p e rce n t is  assumed h e re  to  show s u b s t a n t ia l  v a r i a t i o n  o f  th e  a c tu a l  

q u o t ie n ts  a ro u n d  th e  c u rv e .  A l l  th re e  sh ip  r e la t iv e ly  sm a ll amounts 

ra n g in g  between 14 and 21 m i l l io n  tons in  1974. The t o t a l  to n s  s h ip p e d  

i n  1974 by each in d u s t r y  is  l i s t e d  i n  co lum n th re e  o f  T a b le  5 .1  in  

m i l l io n s  o f  to n s .

The rem a in ing  27 in d u s t r ie s  show some a p p re c ia b le  t re n d  in  t h e i r  

m a rk e t q u o t ie n ts  f o r  t o t a l  tons  sh ipped . The y e a r ly  percen tage  change 

f o r  these se c to rs  a re  above one p e rc e n t. Of the  tre n d e d  q u o t ie n t s ,  11 

t re n d s  w e n t up and 16 w ent dow n. T he re  seems to  be no g e n e ra l b ia s  

tow ard sh ip p in g  more o r le s s  w e ig h t pe r c o n s ta n t d o l la r  o f  o u tp u t across 

in d u s t r ie s  f o r  th e  p e r io d  1965 to  1974» The v a r i a t i o n  o f  th e  d a ta  

a ro u n d  th e  p r e d ic te d  t re n d s  f o r  th e  27 tre n d e d  q u o t ie n ts  shows AAPE 

va lu e s  le s s  than  f i v e  p e rce n t f o r  18 o f  them. The lo w e s t AAPE v a lu e  o f  

1 .1  p e rce n t occu rred  f o r  c o a l,  one o f  the  la rg e s t  t r a n s p o r ta t io n  s e rv ic e  

dem anders . The lo w  AAPE's f o r  these 18 g iv e  evidence th a t  d e f in i t i v e  

tre n d s  as opposed to  random e r ro rs  in  th e  m arke t q u o tie n ts  do o c c u r  f o r
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many in d u s t r ie s .  W ha teve r th e  re a s o n  f o r  ch a n g e » th e  tre n d s  in  th e  

t o t a l  t o n s  m a rk e t  q u o t ie n t s  seem to  be s t a b le  o v e r  t im e  f o r  

a p p ro x im a te ly  67 p e rce n t o f  th e  t re n d e d  m a rk e t q u o t ie n t s .  F o r th e s e  

s e c to r s *  th e  F a u c e tt  to n s  s h ip p e d  d a ta  appears to  be f a i r l y  a ccu ra te  

s in ce  changes in  tons sh ipped must move c o in c id e n ta l ly  w i th  changes in  

tons in  o rd e r to  produce AAPG's as low as were fo u n d .

The re m a in in g  12 s e c to r s  w i t h  AAPEf s above f iv e  p e rce n t a re  now 

g ive n  s p e c ia l a t t e n t io n  s in c e  th e y  e x h ib i t  w id e  f lu c t u a t io n s  a ro u n d  

t h e i r  tre n d e d  q u o tie n ts  o r  c o n s ta n t q u o t ie n ts .  The problem s w ith  these 

s e c to rs  f i t  in to  s ix  c a te g o r ie s :

1 . Anomalous Events

A la b o r  s t r ik e  in  the  copper in d u s try  a f f e c t in g  p r o d u c t io n  and 

d e s t a b i l i z in g  th e  m arke t q u o t ie n t  r a t io  o f  shipm ents to  o u tp u t f o r  

1967 and 1968 w o rsens  an o th e rw is e  good f i t  to  an AAPE o f  6 .6  

p e rc e n t•

2* In v e n to r ie s

Tonnage f lo w s  o f  G ra in s  even th o u g h  a d ju s te d  f o r  in v e n to r y  

change s t i l l  seems to  s u f fe r  from  a f lo w  problem  between p r o d u c t io n  

and s h ip m e n ts  i n  a g iv e n  y e a r  w h ich  p o in ts  up p o s s ib ly  s t i l l  more 

in v e n to ry  ad jus tm e n t p rob lem s»

3 . P ro d u c t M ix  and M ismatch

Where many INFORUM p ro d u c t s e c to rs  a re  a g g re g a te d  to  fo rm  one 

F a u c e t t  c a te g o ry  * a c h a n g in g  m ix  ove r tim e  o f  h e a v ie r  and l ig h t e r
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p ro d u c ts  h a u le d  w i t h in  t h is  ca te g o ry  w i l l  cause t o t a l  F a u ce tt tons 

to  v a r y  s e p a ra te ly  fro m  changes in  th e  l e v e l  o f  o u t p u t .  F o r  

exam p le* the  F a u ce tt ca te g o ry  Ordnance and M isce llan eous  F a b ric a te d  

M eta l P roducts  is  made up o f  e leven  INFORUM s e c to r s .  A change in  

i t s  p ro d u c t  m ix  o v e r  t im e  c o u ld  d e s ta b l iz e  the  t o t a l  tons  m arke t 

q u o tie n ts  and produce the  ra th e r  h ig h  AAPE o f 7 .7  p e rc e n t. As w e ll*  

any p ro d u c t m ismatch between the  p rodu c ts  in  the  INFORUM s e c to rs  and 

the  p ro d u c ts  under the one F a u c e tt heading w i l l  cause to n s  s h ip p e d  

and o u tp u t  le v e ls  to  d iv e rg e .  The o u tp u t f o r  the  F a u c e tt ca te g o ry  

F o re s try  and F is h e ry  P ro d u c ts  v a r ie s  e x te n s iv e ly  due to  c y c l i c a l  

t im b e r  demand. However* s in ce  the  o u tp u t o f  th e  F o re s try  in d u s try  

is  s ta n d in g  tim b e r ju s t  b e fo re  i t  is  c u t*  the  F a u c e t t  to n s  s h ip p e d  

f o r  F o r e s t r y  and F is h e r y  P ro d u c ts  r e f l e c t  m o s t ly  th e  w a terbo rne 

shipm ents o f  f r e s h ly  caught f i s h .  H ere we see a m is m a tc h  be tw een 

th e  m a jo r  good b e in g  sh ipped and th e  m a jo r good be ing  produced due 

to  th e  a g g re g a t io n  o f  th e  d a ta  by F a u c e t t .  To im p ro v e  on t h i s  

s i t u a t i o n ,  o n ly  F is h e r y  o u tp u t  was used w ith  the  F a u c e tt F o re s try  

and F is h e ry  tons d a ta . T h is  re a lin e m e n t low ered th e  AAPE fro m  o v e r

13 p e rc e n t  to  6 .7  p e rc e n t. S ecto r 37: F a b ric a te d  S t r u c tu ra l M eta l 

P ro d u c ts  a p p e a rs  to  s u f f e r  fro m  t h i s  p ro b le m  as w e l l  s in c e  i t  

in c lu d e s  as th e  la r g e s t  component o f  o u tp u t the  nebulous commodity 

group O ther M e ta l P ro d u c ts .

Data Jumps

For M e ta l W orking M achinery and Equipm ent, th e  t o t a l  tons  m arke t 

q u o t ie n t  drops p r e c ip i t o u s ly  in  1970 due to  a d ro p  in  r a i l  to n s  

sh ipped in  th a t  yea r to  o n e - th ird  o f  t h e i r  1969 v a lu e .  T h is  d r a s t ic
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' change was n o t  com pensated by an in c re a s e  in  th e  use o f ano the r 

mode. A ls o *  i t  appears th a t  tons sh ipped by t ru c k  a re  s ig n i f ic a n t ly  

d i f f e r e n t  in  1965 fro m  th e  r e s t  o f  th e  t r u c k  d a ta .  These d a ta  

in c o n s is te n c ie s  c o n tr ib u te d  to  the  h ig h  AAPE o f  6 .7  p e rce n t f o r  t h is  

s e c to r .  —The~AAPE-fit o f  the  t o t a l  tons m arke t q u o tie n t  f o r  T e x t i le s  

and L ea the r P roducts  s u f fe rs  from  a la rg e  upward jump in  th e  d a ta  in  

1974 f o r  to n s  s h ip p e d  by t ru c k ,  when, in  f a c t *  o u tp u t in  th a t  year 

dropped. T h is  aga in  c o u ld  be th e  r e s u l t  o f  p ro d u c t  m ix  p ro b le m s  

r e s u l t in g  from  the  a g g re g a tio n  o f  seven f a i r l y  heterogeneous INFORUM 

s e c to rs .

In te rp o la te d  Data

S in c e  a c o n s is te n t  t im e  s e r ie s  o f  d a ta  does n o t  e x i s t  f o r  

p r iv a te  t ru c k *  F a u c e tt A s s o c ia te s  had to  in t e r p o la t e  be tw een  th e  

known census y e a rs  o f  d a ta *  1963* 1967* and 1972* from  th e  U .S . 

Census o f  T ra n s p o rta t io n  in  o rde r  to  p r oduce th e  m is s in g  n u m b e rs . 

H o w eve r, w here  o u tp u t  le v e ls  f lu c t u a t e  o v e r  t im e *  in te r p o la t e d  

p r iv a te  t ru c k  p o in ts  w i l l  n o t le ad  to  s ta b le  m arke t q u o t ie n ts .  The 

r e s u l t  i s  p o o r d a ta  f i t s  to  a t o t a l  tons m arke t q u o t ie n t  tre n d  and 

h ig h  AAPE's i f  the  p r iv a te  t ru c k  share is  a s i g n i f i c a n t  p o r t io n  o f  

th e  t o t a L .  The p r iv a te  t ru c k  shares o f  th e  t o t a l  tons  sh ipped fo r  

O th e r  A g r i c u l t u r a l  P r o d u c t s ,  P a v in g  M a t e r i a l s ,  a nd  O th e r  

T r a n s p o r ta t io n  Equipm ent is  47 p e rc e n t, 69 p e rc e n t, and 41 p e rce n t 

re s p e c t iv e ly  in  1974* Such h ig h  shares may in d ic a te  t h a t  th e  h ig h  

AAPE v a lu e s  f o r  th e s e  s e c t o r s  c o u ld  be th e  r e s u l t  o f  th e  

in te rp o la te d  p r iv a te  t ru c k  d a ta *
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6* Sm all S ecto rs

For In s tru m e n ts  the  AAPE v a lu e  o f  5 .5  p e rce n t is  most l i k e l y  the  

r e s u l t  o f  e r ro rs  i n  d a ta  c o l l e c t i o n  due. to  th e  s m a lln e s s  o f  th e  

num bers s in ce  t h is  s e c to r demands a r e la t iv e ly  in s ig n i f ic a n t  amount 

o f  t r a n s p o r t  s e r v ic e s — one m i l l i o n  to n s  in  1974 com pared to  an 

in d u s try  average o f 112 m i l l io n  to n s .)

O v e ra ll*  how does the  F a u c e tt da ta  h o ld  up? The to ta l- to n s  sh ipped 

to  o u tp u t  r a t i o s  a re  f a i r l y  c o n s ta n t, showing no t re n d , f o r  18 o u t o f 

the  45 in d u s t r ie s  w ith  o n ly  th re e  o f  th e se  show ing  w id e  f l u c t u a t io n s .  

O f th e  re m a in in g  27 s e c to rs  showing some tre n d  in  t h e i r  r a t io s ,  18 show 

g o o d  f i t s  o f  th e  d a ta  a ro u n d  t h e i r  t r e n d s  and  n in e  show  some 

f lu c tu a t io n s .  C ounting  the  15 good co n s ta n t c o e f f ic ie n t  f i t s  and the  18r

good t re n d  f i t s ,  a t o t a l  o f  33 o f  th e  45 s e c to rs  show the  F a u ce tt tons 

da ta  d o in g  a c r e d i t a b le  jo b  o f  t r a c k in g  in d u s t r y  o u tp u t .  These 33 

s e c to r s  r e p r e s e n t  a p p ro x im a te ly  90 p e rc e n t  o f  t o t a l  tons sh ipped in  

1974. The rem a in ing  12 s e c to r s ,  m ak ing  up te n  p e rc e n t  o f  t o t a l  to n s  

sh ipped , appear to  s u f fe r  from  in v e n to ry  p rob lem s, poor da ta  f o r  p r iv a te  

tru c k s  and some bad da ta  p o in ts .
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Step Two: E s tim a tio n  o f  Modal Shares

By a p p ly in g  th e  c o n d i t io n  o f  s e p a r a b i l i t y  d is c u s s e d  above to  

separa te  the t ra n s p o r t  c o s t m in im iz in g  d e c is io n  from  the  p ro d u c tio n  cos t 

m in im iz in g  d e c is io n  f o r  n o n - tra n s p o r t  in p u t s ,  we may w r i t e  th e  demand 

fu n c t io n  f o r  tons tra n s p o r te d  by mode i  as ,

T. = d . (T , Px ......................... Pk )

where to n n a g e , T ^ , s h ip p e d  by mode i  i s  a fu n c t io n ,  d ^ , o f  t o t a l  

tons f o r  w h ich  s h ip p in g  s e rv ic e s  a re  demanded, T , and the  p r ic e s ,  P , o f  

k  a l t e r n a t i v e  modes o f  t r a n s p o r t .  By assuming the  demand fu n c t io n  is  

l i n e a r l y  homogeneous in  T , th e  m oda l s h a re  demand f u n c t io n  can be 

w r i t t e n  a s ,

S = T. /  T = d . (  P . ......................... P ) (5 .2 )
1 1  1 1  k

t '

I f  we now assume th e  d^  f u n c t io n  to  be th e  D ie w e rt e q u a tio n , t h is  

e qu a tio n  f o r  t ra n s p o r t  in p u ts  becomes.

1/2
l  = 1 * . . . i  4 (5 .3 )

i  = Modes: R a i l ,  W ate r, T ru c k , P ip e l in e .  S ince 

no p r ic e  da ta  e x is ts  f o r  P r iv a te  T ru c k , i t  is  

assumed here th a t  i t s  im p l i c i t  p r ic e  is  a p p ro x i-



m a te ly  the  same as com m ercia l t r u c k  and the  two 

modes were combined.

T h i r t y - n in e  com m od ity  groups drawn from  the  F a u c e tt da ta  fo r  the  years

1965 to  1974 were used f o r  e s t im a t in g  e q u a t io n  ( 5 .3 )  . ^ A g a in , ta k in g

a d v a n ta g e  o f  th e  s y m m e try  p r o p e r t y ,  b . .  = b . . #  th e  s im u lta n e o u si j  j i
e s t im a t io n  o f  (5 .3 )  f o r  a l l  modes re q u ire s  th e  e s t im a t io n  o f  o n ly  te n  

c o e f f i c i e n t s .  The d a ta  s e tu p  w ould be s im i la r  to  the  example f o r  the  

in p u ts  in  Append ix B. T h is  e s t im a t io n  te ch n iq u e  assures c o n s is te n c y  o f  

s u b s t i t u t i o n  be tw een  modes by r e ta in in g  t h e i r  in terdependence th ro u g h  

s im u ltaneous e s t im a t in g .  R e la t iv e  p r ic e  c o e f f ic ie n ts  es tim a ted  in  t h i s  

way w i l l  cause s u b s t i t u t i o n  be tw e en  modes w h ile  m a in ta in in g  expected 

le v e ls  o f  t o t a l  tons sh ipped .

Independent V a r ia b le s

The independent v a r ia b le s  o f  e q u a tio n  (5 .3 )  a re  r e la t iv e  p r ic e s .  A
. t •

w e igh ted  p r ic e  term  was c a lc u la te d  f o r  each mode where the  im portance o f 

t ra n s p o r t  revenues c o l le c te d  f o r  each com m od ity  s h ip p e d  is  ta k e n  in t o  

a c c o u n t.  C a lc u la te d  in  t h is  m anner, the  t o t a l  t ra n s p o r t  p r ic e  fo r  each 

mode is  f re e  o f  the  b ia s  in tro d u c e d  by h ig h  p r ic e s  on s h ip m e n ts  w he re  

t ra n s p o r t  s e rv ic e s  a re  d y in g  o u t .  For exam ple, i t  may be the case th a t ,  

o v e r  t im e ,  a d e c r e a s in g  am oun t o f  f r e i g h t  i s  b e in g  s h ip p e d  o f  a 

commodity whose t ra n s p o r t  r a te  is  h ig h .  A t the  same tim e  an in c r e a s in g  

amount o f  f r e ig h t  is  be ing  hau led  o f  a commodity whose ra te  fo r  the same 

mode is  lo w . A t o t a l  m oda l p r ic e ,  unw eighted by in d iv id u a l commodity 

t ra n s p o r t  revenues would r e g is te r  t h is  s i t u a t io n  as a drop in  th e  m odal
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t ra n s p o r t  p r ic e  when* in  fa c t *  o n ly  f r e ig h t  s u b s t i t u t io n  has o c c u r r e d .  

To account f o r  t h is  s u b s t i tu t io n *  commodity shipm ent cos ts  were w e igh ted  

b y  t h e i r  c h a n g in g  im p o r ta n c e  in  th e  p r o v is io n  o f  t o t a l  t r a n s p o r t  

s e rv ic e s  by each mode.

I t  m ig h t seem a p p ro p r ia te  to  use t r a n s p o r t  t a r i f f s  by com m od ity  

s h ip p e d  as th e  p r ic e  te rm *  how eve r* t h i s  a p p ro a c h  was n o t  p o s s ib le  

because: (1 ) c o n s is te n t ra te s  a re  a v a ila b le  o n ly  a t  too  d isagg rega ted  a 

le v e l*  (2 ) ra te s  v a ry  by lo c a t io n  and commodity s h ip p e d *  and (3 )  r a te s  

a re  n o n - l in e a r  in  d is ta n c e .  S in c e  th e  to n s  d a ta  is  a t  the  n a t io n a l 

le v e l*  c o r re c t  s p e c i f ic a t io n  would re q u ire  com prehensive a g g re g a t io n  o f  

r a t e s  f o r  a l l  m odes o v e r  t im e *  a h e r o ic  t a s k  s in c e  th e  o n ly  

c o m p re h e n s iv e  c o n s is te n t  d a ta  comes fro m  th e  I n t e r s t a t e  Com m erce 

C om m iss ion  w h ic h  g o v e rn s  100 p e rc e n t  o f  r a i l  s h ip m e n ts  b u t o n ly  84 

p e rc e n t f o r  P ip e lin e s *  44 p e rce n t f o r  T rucks* and 20 p e rc e n t  f o r  W a te r 

C a rr ie rs .* *  The la c k  o f  com prehensive ra te s  by commodity n e c e s s ita te s  the  

use o f  modal p r ic e s  w h ich  a re  no t d i f f e r e n t ia t e d  by commodity h a u le d .

The fo l lo w in g  e q u a tio n  was used f o r  c a lc u la t in g  modal p r ic e s  where 

the  d i v e r s i t y  o f  t r a n s p o r t  r a te s  and c h a n g in g  t r a n s p o r t  demands by 

commodity sh ipped a re  c o n s id e re d . A t ra n s p o r t  p r ic e  in dex* P * f o r  each 

mode was c a lc u la te d  u s in g *
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TR

t
TR

c

where.

T; M?
« : = E ( « ! 2 ' 4  • 4 r  > (5 .4 )

j
j  T?2 M?2

TRfc = t o t a l  revenue c o l le c te d  in  year t  f o r  a l l  

commodity shipm ents by a s in g le  mode 

TR^ s t o t a l  Revenue c o l le c te d  in  yea r t  f o r

a lL  commodity shipm ents by a s in g le  mode,

measured in  co n s ta n t 1972 d o l la r s
72 .R ^ = revenues c o l le c te d  f o r  sh ip p in g  commodity j

by a s in g le  mode in  1972

T j = tons sh ipped o f  commodity j  by a s in g le

72mode in  yea r t ;  T ^ measures tons sh ipped

in  1972

1  ~
M? = m ile s  sh ipped o f  commodity j  by a s in g le

72mode in  yea r t ,  H ^ measures tons  sh ipped 

i n  1972#

The r ig h th a n d  te rm  in  (5 .4 )  shows what t o t a l  revenues would have been in  

yea r t  had ra te s  p e r to n -m ile  f o r  each commodity been co n s ta n t a t  t h e i r  

19721 v a lu e s . I t  is  c a lc u la te d  as an in d e x , measured in  to n s , m ile s ,  and 

1972 s h ip m e n t re v e n u e s , f o r  th e  change in  t ra n s p o r t  s e rv ic e s  provided.
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f o r  each com modity. D iv id in g  the  t o t a l  re ve n u e  by t h i s  in d e x  f o r  a l l  

com m odities removes r e a l changes in  t ra n s p o r t  s e rv ic e s  from  the e q u a tio n  

and leaves o n ly  the  change in  the  tra n s p o r t  p r ic e .

To e s t im a te  t h is  e q u a tio n , da ta  from  a number o f  sources had to  be 

combined. Data on 1972 revenues by commodity sh ipped f o r  each mode came 

from  fu r th e r  t ra n s p o r t  da ta  b u i l t  from  th e  197 2 C ensus , c o m p ile d  o n ly  

f o r  197 2 by JFA* Tons by commodity sh ipped f o r  each mode came from  the  

JFA tons da ta  d e sc rib e d  a t  the  b e g in n in g  o f  t h is  c h a p te r*  S in ce , as was 

m entioned  p r e v io u s ly ,  no t im e  s e r ie s  e x is t s  f o r  com m od ity  m i le s ,  a 

s e r ie s  had to  be c o n c o c te d .  To do t h i s ,  i t  was f i r s t  assumed th a t  a 

tre n d  e x is ts  in  the  m ile s  pe r ton  r a t io  f o r  each com m od ity  o v e r  t im e .  

The th re e  y e a rs  o f  d a ta  (1 9 6 3 , 1967, 1972) on tons and to n -m ile s  from  

th e  U .S . Census o f  T ra n s p o r ta t io n  was used to  e s t im a te  t h a t  t r e n d .^  

M u l t ip l y in g  the  JFA tons d a ta , by the  to n -m ile  tre n d  produced the

fo l lo w in g  es tim a te d  m ile s  in  year t  f o r  commodity j ,  f o r  each mode:

TTIA . t  = 1965 to  1974 (5 .5 )JFA, j

The f i r s t  term  on the  r ig h t  was es tim a te d  by a l i n e a r  t r e n d  r e g r e s s io n  

on th e  th re e  Census d a ta  p o in t s .  A l l  tre n d  f i t s  w ith  AAPE's above 20 

were d ropp ed  fro m  th e  c a lc u la t i o n s .  T h is  a c c o u n te d  f o r  two o f  th e  

c o m m o d it ie s  s h ip p e d  by w a te r ,  f o u r  by t r u c k ,  and none by r a i l .  The 

Census o f  T ra n s p o rta t io n  does n o t  r e p o r t  d a ta  f o r  p ip e l in e s  and so a 

t o t a l  p ip e l in e  r a te  was used  f o r  th e  th re e  s e c to rs  th a t  use p ip e l in e
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s e rv ic e s .  T h is  r a te  is  th e  a ve ra g e  re ve n u e  p e r  to n  m i le ,  r e p o r te d
Q

y e a r ly  to  the  In te r s ta te  Commerce Commission,

A t im e  s e r ie s  o f  r a te s  by com m od ity  sh ipped  does e x is t  f o r  R a il

o n ly *  and t h i s  d a ta  has been in c o rp o r a te d  in t o  th e  t r a n s p o r t  p r ic e

c a lc u la t io n s .  The Bureau o f  Labor S ta t is t ic s  has p u b lis h e d , s in ce  1969,

q u a r t e r ly  p r ic e  in d e x e s  f o r  e le v e n  s e le c te d  com m od ities  o f  r a i l r o a d

9f r e ig h t  as w e ll  as an agg rega te  f r e i g h t  p r ic e  in d e x .  A r a t i o  o f  th e  

i n d iv i d u a l  p r ic e s  to  th e  a g g re g a te  p r ic e  in d e x  was used to  a d ju s t the  

r a i l  p r ic e  in d e x  d e r iv e d  from  e q u a tio n  ( 5 .4 ) .  The e leven  BLS com m odity  

p r i c e  in d e x e s  w e re  d is a g g r e g a te d  to  31 o f  th e  JFA c o m m o d ity  

c la s s i f ic a t io n s  shown in  Tab le  5 .1 .  To c a lc u la te  va lu e s  f o r  th e  p e r io d  

fro m  196 5 to  196 8 , when th e r e  was no in d iv i d u a l  d a ta ,  th e  r a t i o  o f  

in d iv id u a l p r ic e s  to  the  BLS aggregate p r ic e  in d e x  f o r  a l l  r a i l  f r e i g h t  

was e s tim a te d  by OLS u s in g  a tim e  tre n d  on the  e x is t in g  d a ta . The tre n d  

o f  t h is  r a t io  was then  backcast to  1965. The a d d it io n  o f these s e c to ra l 

r a i l  p r ic e s  changed the  r e s u lts  o n ly  m a rg in a lly  from  the  e s tim a te s  th a t  

were o b ta in e d  u s in g  the  w e ig h te d  r a i l  p r ic e  c a lc u la te d  fro m  e q u a t io n  

( 5 . 4 ) .  The s e c to r a l  r a i l  p r ic e s  p ro v e d  to  have l i t t l e  im pact on the  

r e s u lts  because the  in d iv id u a l  p r ic e s  a l l  moved in  a p p ro x im a te ly  th e  

same manner.

To ta k e  in t o  a c c o u n t la gs  between p r ic e  changes and modal s h i f t s ,  

the  p r ic e  te rm  is  a com posite  o f  p re se n t and one y e a r  p re v io u s  p r ic e s ,  

e q u a l ly  w e ig h te d . T h is  scheme was p ic k e d  as the  b e s t a f t e r  a number o f  

a l te r n a t iv e s  were t r i e d .

86



Appendix D p resen ts  the  e s t im a t io n  r e s u lts  o f  the  D iew e rt e q u a t io n  

f o r  th e  3 9 com m od ity  c a te g o r ie s .  The r e s u l t s  f o r  two o f  th e s e , 13: 

F u e l O i l  and 14: Cement, a re  p resen ted  in  Tab le  5 .2 .  The top  pane l fo r  

each commodity shows the  re g re s s io n  c o e f f ic ie n ts  and , f o r  some s e c to rs  

such as Cement, the  co rre spond ing  t  s t a t i s t i c s .  Each row re p re s e n ts  an 

e q u a tio n  o f  the  form  o f  e q u a tio n  (5 .3 )  above w ith  the  dependent v a r ia b le  

names l i s t e d  down the  le fth a n d  column and the  names o f  the  v a r io u s  modal 

p r ic e s  a long  the  to p .  The second p a n e l f o r  each com m od ity  shows th e  

im p l ie d  own and c ro s s  p r ic e  e la s t i c i t i e s  w h ich  a re  c a lc u la te d  from  the  

D iew e rt e q u a tio n  f o r  1972 when a l l  p r ic e s  are  indexed to  equa l one.

Of the  3 9 commodity g roups , 23 produced es tim a te s  where a l l  c o e f f i 

c ie n ts  show s u b s t i tu t io n  between a l te r n a t iv e  modes, a r e s u l t  c o n s is te n t  

w i t h  c o s t  m in im iz in g  b e h a v io r  o f  th e  f i r m .  These a re  marked w ith  an 

a s t e r is k  b e s id e  t h e i r  nam es. Be low  th e  c o e f f i c i e n t s  i n  t h e  ro w  

d e s ig n a te d  ~T** a re  the  a s s o c ia te d  t  s t a t i s t i c s .  Only 4 o f  th e  23 show 

c o e f f ic ie n t s  w i t h  t  s t a t i s t i c s  b e lo w  th e  s ig n i f i c a n t  ra n g e  u s in g  a 

o n e - ta i le d  te s t  a t: the  f i v e  p e rce n t le v e l  o f  th e  t e s t .  The rem a in ing  16 

s e c to r s  have a t  le a s t  one n e g a tiv e  o f f  d ia g o n a l ( i  *  j )  r e la t iv e  p r ic e  

te rm  — tw en ty  term s in  a l l .  These c o e f f ic ie n ts  a re  pe rve rse  in  t h a t  a 

decrease in  the  p r ic e  o f  one mode r e la t iv e  to  ano the r is  a ss o c ia te d  w ith  

an in c re a s e d  demand f o r  th e  mode w h ic h  has e x p e rie n c e d  the  r e la t iv e  

in c re a se  in  p r ic e .  Three o f  these se c to rs  can be d is c o u n te d ,  h o w e ve r, 

s in c e ,  upon in s p e c t io n ,  they  show e s s e n t ia l ly  no change in  modal shares 

th ro u g h  the  h is to r y  p e r io d .  They a re  , 1 0 : P a p e r, 2 0 : T e x t i le s  and

R e su lts
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Tab le  5 .2  

T ra n s p o rta t io n  D ie w e rt E s tim a tio n s

13

13

14

14

FUEL O I L DIEWERT COEFS ( MU LT I PL I ED  QY
1 2 3 4

RAIL WATER TRUCK PIPE

1 RAIL » oo• . 0 0 . 0 0 . 0 0  •

2 WATER > • o o 4 8 3 . 9 0 % 0 0 . 0 0  •

3 TRUCK i . 0 0 ^ t o o 1 6 4 . 3 0 4 1 . 0 0  !

4 PIPE i oo• . 0 0 4 1 . 0 0 2 4 7 . 2 0  !

FUEL O I L PRICE E L A S T I C I T I E S

1 2 3 4
RAIL WATER TRUCK PIPE

1 RAIL t |

2 WATER i • 00

oo.

3 TRUCK V . 0 0 - . 1 0 . 1 0  !

4 PIPE • . 0 0 . 0 7 - . 0 7  *

CEMENT DIEWERT COEFS ( MU LT I PL I ED  BY
1 2 3 4

r a i l WATER TRUCK PIPE

1 RAIL i - 3 6 8 . 1 0 . 0 0 672 • 10 . 0 0  •
T f 3 . 3 6 . 0 0 6 . 3 7 . 0 0  !

2 WATER i . 0 0 . 0 0 . 0 0 . 0 0  •
T • . 0 0 . 0 0 . 0 0 . 0 0  !

3 TRUCK f 6 7 2 . 1 0 . 0 0 - 7 4 . 3 0 . 0 0  !
T | 6 . 3 7 . 0 0 . 7 2 . 0 0  *

4 PIPE t . 0 0 . 0 0 . 0 0 . 0 0  •
T i . 0 0 . 0 0 . 0 0 . 0 0  !

CEMENT PRICE E L A S T I C I T I E S

1 ? 3 4
RAI L WATER TRUCK PIPE

T RAIL i - 1  . 1 7 1 . 1 7 •

2 WATER • »

3 TRUCK • . 5 5 - . 5 5 t

4 PIPE « »
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L e a th e r  P ro d u c ts * and 36: Communication Equipment* A c c o rd in g ly *  the  t  

s t a t i s t i c s  a s s o c ia te d  w i t h  th e  c o e f f i c ie n t s  f o r  th e s e  s e c to rs  a re  

i n s i g n i f i c a n t .  Of the  17 rem a in ing  n e g a tiv e  c o e f f ic ie n ts ,  t  s t a t i s t i c s  

show t h a t  14 a pp ea r to  be s i g n i f i c a n t l y  le s s  th a n  z e ro  u s in g  a 

o n e - ta i le d  te s t  a t  the  f i v e  p e rcen t le v e l  o f  the  t e s t .  These are  marked 

w i t h  a #  n e x t  to  t h e i r  c o e f f i c ie n t s  w h ic h  a pp ea r m o s t ly  as z e ro s .  

(Because each D iew e rt c o e f f ic ie n t  appears tw ic e  in  the  pane ls  due to  the  

symmetry p ro p e r ty  o f  c o e f f ic ie n ts *  each n e g a tiv e  c o e f f i c ie n t  i s  m arked 

i n  tw o  p la c e s  w i t h  th e  #  * )  One o f  th e  s i g n i f i c a n t l y  n e g a t iv e  

c o e f f ic ie n ts  can be observed f o r  F ue l O i l  in  Tab le  5 .2 .  Four o f  th e  14 

s ig n i f ic a n t ly  n e g a tiv e  c o e f f ic ie n ts  show p r ic e  e f fe c ts  between 2) W ater, 

and 3) T ru c k .  F o u r a re  be tw een  1) R a i l ,  and 3) T ru c k ,  and s ix  are  

between 1) R a i l*  and 2) W ater.

The e x p la n a tio n  f o r  th e s e  te rm s  m ost p ro b a b ly  i s  t h a t  th e y  a re  

p ic k in g  up the  movement o f  modal shares caused by fa c to rs  th a t  have n o t 

been cons ide red  in  the  re g re s s io n . A lth o u g h  th e  d o u b le  a c c o u n t in g  o f  

to n s  c re a te d  by in te r -m o d a l t ra n s fe rs  m ig h t a t  f i r s t  appear to  le a d  to  

com p le m e n ta rity  w h ic h  w o u ld  c re a te  n e g a t iv e  te rm s , t h i s  a rg u m e n t i s  

r e je c t e d  because* as p o in te d  o u t e a r l ie r *  in te r -m o d a l t ra n s fe rs  make up 

an in s ig n i f ic a n t  p r o p o r t io n  o f  th e  F a u c e t t  i n t e r c i t y  s h ip m e n t d a ta .  

C o n s e q u e n tly *  com p lem en ta rity  is  r e je c te d  as an e x p la n a tio n  o f  n e g a tiv e  

r e la t iv e  p r ic e  c o e f f ic ie n ts  r e s u l t in g  from  the  F a u c e tt d a ta .

In  o rd e r to  p ic k  up p r ic e  e f f e c t s  w h ic h  a re  c o n s is te n t  w i t h  th e  

n o rm a l c o s t  m in im iz a t io n  th e o ry  o f  th e  f i r m  la id  o u t in  the  p re v io u s  

s e c t io n *  a q u a d ra t ic  programming re g re s s io n  techn ique  is  used w h ich  does
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n o t p e rm it wrong s ig n s  on r e la t iv e  p r ic e  te rm s .  M a rk e t q u o t ie n t  d a ta  

w h ic h  c re a te s  p e rv e rs e  p r ic e  e f f e c t s  i s  cha lked  up to  the  e f fe c ts  o f  

o m it te d  v a r ia b le s  and i s  e s s e n t ia l l y  ig n o re d  in  th e  e s t im a t io n  o f  

D ie w e r t  p r ic e  s e n s i t i v e  e q u a t io n s .  C o n s tra in ts  on the  va lu e s  o f  the  

r e la t iv e  p r ic e  c o e f f ic ie n ts  move th e  tw e n ty  n e g a t iv e  c o e f f i c ie n t s  to  

z e ro .  S ince  the  ad jus tm ent o f  the  tw en ty  c o e f f ic ie n ts  is  the  r e s u l t  o f  

a c o n s tra in e d  e s t im a t io n  te c h n iq u e *  th e  u s u a l t  s t a t i s t i c s  f o r  th e  

s ix t e e n  c o n s t r a in e d  e q u a t io n s  a re  in a p p r o p r ia te  m easures o f  th e  

s t a t i s t i c a l  s ig n if ic a n c e  o f  the  e q u a tions  and have been d e le te d .  The 

t r u e  t e s t  o f  th e  e x p la n a to ry  power o f these equ a tions  re s ts  w ith  t h e i r  

a b i l i t y  to  fo re c a s t  w e l l .  T h is  t o p ic  w i l l  be ta k e n  up l a t e r  in  t h i s  

c h a p te r .

O ther V a ria b le s  Considered

——— A.—l i t e r a t u r e  s e a rc h  o f  o th e r  v a r ia b le s  th a t  m ig h t e x p la in  p r ic e  

pe rve rse  changes in  modal shares produced many th e o r e t ic a l  p o s s ib i l i t ie s  

b u t fe w  o p e ra t io n a l measures. F a c to rs *  o th e r  th a n  m oda l p r ic e *  o f te n  

c i t e d  in  th e  d e te rm in t io n  o f  modal cho ice  by an in d iv id u a l demander o f  

m o d a l s e r v ic e s  a re  in v e n to r y  c o s ts *  o r d e r in g  c o s ts *  t r a n s i t  t im e *  

c a r r i e r  r e l i a b i l i t y *  h a n d lin g  and packaging c o s ts *  and lo s s  and damage 

in  t r a n s i t  c la im s . ^  Most s tu d ie s  o f  m oda l c h o ic e  t h a t  have t r i e d  to  

ta ke  these fa c to rs  in to  account have had to  w ork w ith  e i th e r  t im e -s e r ie s  

da ta , o f  a g g re g a te d  com m od ity  s h ip m e n ts *  o r  c ro s s -s e c t io n  da ta  across 

com m odities f o r  o n ly  a few  tim e  p e r i o d s T h e  p rob lem s o f  p ro d u c t  m ix  

in h e re n t in  the  aggregated t im e -s e r ie s  da ta  have a lre a d y  been d iscu sse d . 

R e s e a rc h e rs *  a t te m p t in g  to  e s tim a te  modal p r ic e  e l a s t i c i t i e s  from  da ta
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across com m od ities• have fo u n d  i t  n e c e s s a ry  to  s t r a t i f y  th e  d a ta  by

c o m m o d ity  c h a r a c t e r is t i c s  i n  o rd e r  to  s p e c i f y  c o m p le te ly  th e  modal

cho ice  d e c is io n .  Commodity c h a r a c t e r i s t i c s  th e o r iz e d  to  e x p la in  th e

o th e r  f a c t o r s  in  th e  modal cho ice  d e c is io n  bes ides p r ic e  a re  commodity

s iz e *  d e n s i t y *  v a lu e  p e r  pound* p e r i s h a b i l i t y *  ease o f  h a n d l in g *

s u s c e p t a b i l i t y  to  t h e f t *  and f r a g i l i t y .  The a c q u is i t i o n  o f  d a ta

m easuring these c h a r a c te r is t ic s  has been g e n e ra lly  u n s u c c e s s f u l . ^  Ann

F r ie d la n d e r *  f o r  exam p le* n o te s  t h a t  d a ta  c o n s t r a in t s  l i m i t  he r to

d e f in in g  commodity c h a r a c te r is t ic s *  in  term s o f  le n g th  o f  h a u l*  v a lu e *

d e n s i t y *  and a v e ra g e  lo a d  s iz e  in  o rd e r  to  e s tim a te  p r ic e  e f fe c ts  on

t ru c k  and r a i l  shares fo r  e ig h t  aggrega te  com m od ity  g ro u p s . **No d a ta

was a v a i la b le  on r e l i a b i l i t y  and the  use o f  lo s s  and damage c la im s  added

*•13n o th in g  to  th e  a n a ly s is .  T h is  te c h n iq u e  o f  p ro d u c t c h a r a c te r is t ic  

d i f f e r e n t ia t io n  is  n e c e s s a ry  in  o r d e r  to  e x p la in  th e  le v e l  o f  m oda l 

shares by commodity* b u t the  ra th e r  r e s t r i c t i v e  im p l i c i t  assum ption here 

i s  t h a t  t r a n s p o r t  p r ic e  e f f e c t s  on m oda l cho ice  a re  id e n t ic a l  across 

com m od ities. T h is  assum ption need n o t be made when t im e -s e r ie s  d a ta  by 

com m od ity  e x is t s  such as th e  F a u c e tt d a ta . By u s in g  the  F a u ce tt da ta  

f o r  re g re s s io n  a n a ly s is *  the  im portance o f  th e  t r a n s p o r t  p r ic e  in  th e  

t o t a l  m odal cho ice  d e c is io n  f o r  each commodity w i l l  be r e f le c te d  in  the  

r e g r e s s io n  e s t im a t io n  o f  p r ic e  s e n s i t i v i t y  s in c e  r e g r e s s io n s  a re  

e s t im a te d  on a com m od ity  b a s is .  S in c e  e s t im a t io n  i s  by com m odity* 

commodity c h a r a c te r is t ic s  have a lre a d y  been taken in to  a ccou n t.

Where p r ic e  e f fe c ts  appear pe rve rse  fo r  the  fo u r te e n  s i g n i f i c a n t l y  

n e g a t iv e  c o e f f i c ie n t s *  the  e x p la n t io n  cou ld  e n t a i l  a change in  the  the  

p ro d u c t  c h a r a c t e r is t i c s  le a d in g  to  a c h a n g e  i n  th e  m o d a l c h o ic e
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d e c is io n .  The use o f  a ve ra g e  lo a d  and d is ta n c e  o f  shipm ents to  he lp  

e x p la in  modal cho ice  has been used by some. However* the  use o f  changes 

in  th e s e  m easures o v e r  t im e  to  e x p la in  c h a n g in g  m oda l sh a re s  i s  a 

q u e s t io n a b le  p r o c e d u r e  due to  re v e rs e  c a u s a t io n .  The Census o f  

T ra n s p o r ta t io n ,  p u b lis h e d  by th e  U .S . Census B u rea u* i s  th e  m a jo r  

s o u rc e  on th e  s iz e  o f  sh ip m e n ts  and th e  le n g th  o f  h a u l by commodity 

sh ipped . The Bureau re p o r ts  th a t  some o f  i t s  s t a t i s t i c s  come from  b i l l s  

o f  la d in g  w h ich  des ig n a te  shipments by w e ig h t o f  th e  lo a d  in  a r a i l c a r  

o r  t r a i l e r *  ra th e r  than  the  w e ig h t o f  the  t o t a l  sh ipm en t. Consequently* 

i n  many cases th e  mode d e te rm in e s  th e  s iz e  o f  th e  re p o r te d  shipment 

r a th e r  than the  re v e rs e . The change th rough  tim e  in  r e p o r te d  sh ip m e n t 

s iz e *  t h e r e fo r e *  o f te n  r e f le c t s  ra th e r  than de term ines the  mode and is  

in a p p ro p r ia te  as an e x p la n a to ry  v a r ia b le .  As to  th e  le n g th  o f h a u l*  i t  

has  b e e n  show n t h a t  r a i l  has a c o s t  a d v a n ta g e  in  s h ip p in g  lo n g  

d is ta n c e s *  and t ru c k *  in  sh ip p in g  s h o rt d is ta n c e s H o w e v e r *  i t  i s  n o t  

c le a r  w h e th e r  c h a n g in g —a v e ra g e  le n g th  o f  h au l in d ic a te s  in c re a se d  o r 

decreased demand f o r  a p a r t i c u la r  mode* F o r exam p le * i f  th e  a ve ra g e  

h a u l b y  R a i l  in c r e a s e s *  i t  i s  n o t  c le a r  w h e th e r  t h i s  w i l l  cause 

in c re a se d  R a il  use due to  th e  c o s t  a d va n ta g e  o r  w h e th e r  t h i s  i s  th e  

r e s u l t  o f  in ro a d s  made by T ruck  in to  R a i l 's  s h o r te r  ha u ls  le a v in g  few er 

b u t lo n g e r hau ls  f o r  R a i l .

O ther V a ria b le s  In c lu d e d

In  t h is  s tudy two v a r ia b le s  bes ides p r ic e  have been c o n s id e re d  f o r  

in c lu s io n  i n  th e  D ie w e r t  m odal share e q u a tio n . An a tte m p t is  made to  

use commodity v a lu e  and commodity w e igh t to  e x p la in  f a c t o r s  o th e r  th a n



t ra n s p o r t  co s ts  in  the  modal ch o ice  d e c is io n .  Each v a r ia b le  is  in c lu d e d  

by a d d in g  e x t r a  te rm s  a lo n g  w i t h  p r ic e s  to  e q u a t io n  ( 5 .3 ) .  When an 

e x tra  e x p la n a to ry  te rm *  Z* i s  c o n s id e re d *  th e  expanded e q u a t io n  f o r  

e s t im a t io n  is *

Si  “  ^  b i j  )  

s u b je c t to  ^  a^ = 0 .

1/2
+ a . Z i  = 1* • . *n modes (5 .6 )  l

l

S ince

/P  \ 1 /2
£  •1 - XT, by Ur)

1 1 J J \  1 /

th e  added e x p la n a to ry  term  is  e s tim a te d  across  a l l  modes to  in s u re  th a t  

th e  a 's  sum to  zero across a l l  sha res .

Commodity Value

Commodity v a lu e  has been used as an e x p la n a to ry  te rm  in  th e  m oda l 

c h o ic e  d e c is io n  in  a number o f  th e  c r o s s - s e c t io n a l  d a ta  s t u d ie s . ^  

R o b e r ts ^  has p o s tu la te d  th a t  commodity v a lu e  im pacts  on in v e n to ry  co s ts  

and s p o ila g e  c o s ts *  w h ich  a re  a rg u m e n ts  i n  th e  m oda l c h o ic e  f u n c t io n  

d e te r m in in g  th e  m ost econom ic  mode. Commodity v a lu e  a ls o  a f fe c ts  the  

c o s ts  o f  ru n n in g  o u t o f  s to c k .  The c o s ts  in c u r r e d  by ru n n in g  o u t  o f  

s to c k  d e te rm in e  th e  im p o r ta n c e  in  the  modal cho ice  d e c is io n  o f  modal
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a t t r ib u te s  such as speed and r e l i a b i l i t y .  To co n s id e r commodity v a lu e *  

a p r ic e  was c re a te d  fo r  each F a u c e tt commodity c a te g o ry . T h is  measure 

was an a v e ra g e  o f  th e  p r ic e s  o f  th e  INFORUM s e c to rs  m ak ing  up t h a t  

g r o u p .  Each INFORUM s e c to r  p r ic e  was w e ig h te d  by th e  s iz e  o f  th e  

s e c to r 's  o u tp u t in  o rd e r to  c a lc u la te  i t s  im portance  in  th e  t o t a l  g ro u p  

p r i c e .  The F a u c e tt  group p r ic e  was then d e f la te d  by a w h o le sa le  p r ic e  

in d e x  f o r  a l l  in d u s t r ia l  com m odities in  o rd e r to  de term ine the  r e l a t i v e  

in c re a s e  o r  d e c re a s e  in  th e  com m od ity  g ro u p 's  v a lu e  th ro u g h  t im e . A 

1965 to  1974 t im e -s e r ie s  o f  th e s e  com m odity  p r ic e s  was added as th e  

e x tra  v a r ia b le  to  e q u a tio n  ( 5 .4 ) .  The r e s u lts  o f  t h is  e s t im a t io n  showed 

s ig n i f i c a n t  t  v a lu e s  f o r  the  commodity p r ic e  term  and improved f i t s  o f  

the  e q u a tio n  f o r  f iv e  s e c to rs .  They a re* 4 : Coal* 24 : P la s t ic s *  2 9 : 

G la s s  P ro d u c ts *  3 0 : S tone  and C la y  P ro d u c ts  and 34: M e ta l W orking 

M a ch in e ry . Though none o f  these se c to rs  a re  among th e  g ro u p  t h a t  had 

s i g n i f i c a n t l y  n e g a t iv e  m oda l p r ic e  c o e f f ic ie n ts  under OLS e s t im a tio n *  

th e  m oda l s h a re  re sp o n se  to  com m od ity  p r i c e  c h a n g e s  seems q u i t e  

p la u s ib le  f o r  these f i v e .  For c o a l*  the  s h i f t  away from  w a te r s e rv ic e s  

to  r a i l  s e rv ic e s  cou ld  be e x p la in e d  by th e  o b s e rv e d  in c re a s e  in  c o a l 

p r ic e s  fro m  1945 to  1 9 7 4 . F o r th e  re m a in in g  f o u r *  w h ic h  re p re s e n t 

p ro c e s s e d  co m m o d itie s *, c h a n g in g  v a lu e  c o u ld  i n d ic a t e  s i g n i f i c a n t  

p ro d u c t*  q u a l i t y » o r  p a c k a g in g  changes r e q u ir in g  modal s e rv ic e s  w ith  

d i f f e r e n t  t ra n s p o r t  a t t r ib u te s *  M oreover* i t  is  observed th a t  the  t ru c k  

share o f  t ra n s p o r t  s e rv ic e s  is  p o s i t iv e ly  r e la te d  to  the  commodity va lu e  

te rm  in  eve ry  one o f  these fo u r  s e c to rs .  T h is  r e s u l t  is  c o n s is te n t w i th  

e x i s t i n g  th e o r ie s  t h a t  r e la t e  h ig h  v a lu e  goods w i t h  th e  demand f o r  

g e n e ra lly  h ig h e r  q u a l i t y  t r u c k  s e r v ic e s .  The r e s u l t i n g  m oda l p r ic e  

c o e f f i c ie n t s  and e l a s t i c i t i e s  a re  l i s t e d  i n  A p p e n d ix  D f o r  the  f iv e
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s e c to rs .

W eight

R oberts* in  the  same pap e r, a ls o  th e o r iz e d  th a t  sh ip m e n t s iz e  and

d e n s i t y  a f fe c ts  o rd e r in g ,  h a n d lin g , and s to ra ge  c o s ts , a l l  v a r ia b le s  in

the  modal cho ice  d e c is io n . ^  R a il appears to  have a co s t advan tage  when

18s h ip p in g  h ig h  b u lk  lo w -c o s t  com m od ities . An a tte m p t is  made here to

c o n s id e r  changes in  th e  w e ig h t - t o - v a l u e  r a t i o  as an a d d i t i o n a l

e x p la n a to r y  v a r ia b le  in  e q u a t io n  ( 5 .4 )  in  o rd e r to  take  in to  account

changing commodity w e ig h t. G iven the  a t t ra c t iv e n e s s  o f  r a i l  s e rv ic e  f o r

h e a v ie r  p ro d u c ts , in c rea ses  in  commodity w e ig h t shou ld  le ad  to  in c rea sed

r a i l  sh ipm ents . A measure c o n s id e re d  i s  t o t a l  to n s  s h ip p e d , d e r iv e d

f ro m  th e  F a u c e tt  d a ta ,  d iv id e d  by INFORUM c o n s ta n t  d o l l a r  o u tp u t .

H o w eve r, because th e  F a u c e tt  to n n a g e  d a ta  i s  used d i r e c t l y  as an

in d e p e n d e n t v a r ia b le ,  th e  f a c t  t h a t  e r r o r s  i n  m easurem ent o f  t h i s

v a r ia b le  a re  a l i n e a r  f u n c t io n  o f  th e  e r r o r s  i n  m easurem ent o f  th e

19d e p e n d e n t v a r i a b le  can le a d  to  b ia s e d  r e g r e s s io n  e s t im a te s .  To 

s id e s te p  t h i s  is s u e ,  a t re n d  i s  used as a p ro x y  f o r  changes in  th e  

o u tp u t - to - to n s - s h ip p e d  r a t i o .  I n  a d d it io n  to  the  p r ic e  te rm s , u s in g  a

t im e  t r e n d  i n  e q u a t io n  ( 5 . 4 ) »  as a p r o x y  f o r  a w e ig h t  t r e n d ,

• • 2 s i g n i f i c a n t l y  in c re a s e d  the  R f o r  2 : I r o n  O re, 23: O ther C hem ica ls,

and 37: E le c t r ic a l  M achinery and Equipm ent. For th e s e  s e c to r s ,  t re n d

c o e f f i c ie n t s  e n te re d  w ith  t  s t a t i s t i c s  above 2 .0  in d ic a t in g  th a t  th e re

seems to  be s ig n i f ic a n t  tre n d s  in  th e  modal sha res . W ith  th e  a d d i t io n

o f  th e  e x t r a  v a r ia b le ,  th e  r a i l - t r u c k  p r ic e  c o e f f i c i e n t  f o r  O th e r

C hem ica ls, w h ich  had been s i g n i f i c a n t l y  n e g a t iv e  when e s t im a te d  w i t h
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p r ic e  a lone * tu rn s  s ig n i f ic a n t l y  p o s i t iv e  w ith  a t  v a lu e  above 2 .0 .  For 

I r o n  O re* w h ich  a ls o  had shown a s ig n i f ic a n t ly  n e g a tiv e  p r ic e  term * the 

a d d it io n  o f  the  tim e  tre n d  b r in g s  the  t  a s s o c ia te d  w i th  th e  p r ic e  te rm  

in t o  th e  n e g a tiv e  b u t n o n -s ig n i f ic a n t  range . The p r ic e  c o e f f ic ie n t  f o r  

E le c t r ic a l  M achinery had been n e g a tiv e  b u t n o n -s ig n i f  ic a n t  • H e re * th e  

t re n d  v a r ia b le  e n te rs  w i th  a t  o f  3 .8  and p u l ls  the  p r ic e  c o e f f ic ie n t  

p o s i t iv e  b u t in  the  n o n -s ig n i f ic a n t  range .

How a c c u ra te  a p ro x y  f o r  changes in  p ro d u c t  w e ig h t  i s  th e  t im e  

t r e n d  f o r  th e s e  t h r e e  s e c to r s ?  T a b le  5 *1  show s t o t a l - t o n s -  

- m a r k e t - q u o t ie n ts  w h ic h  a re  m easures o f  th e  o u tp u t  w e ig h t  r a t i o s  

c o n s id e re d  h e re *  and a lo o k  a t  t h a t  t a b le  co n firm s  th a t  a l l  th re e  o f  

these s e c to rs  have s ig n i f ic a n t  w e ig h t t re n d s .  For the  two s e c to rs  O ther 

Chemicals and E le c t r ic a l  M ach inery* i t  i s  p o s s ib le  t h a t  th e s e  s e c to rs  

a r e  e x p e r ie n c in g  a w e ig h t  change as p a r t i c u l a r  p ro d u c ts  a re  b e in g  

s u b s t i t u t e d  f o r  o th e rs  w i th in *  th e  c o m m o d ity  g r o u p .  H o w e v e r*  an 

in s p e c t io n  o f  the  da ta  shows w e ig h t decrea s ing  ove r tim e  w h ile  the  r a i l  

s h a re  i s  in c r e a s in g .  W h ile  t h i s  I s  c o n t r a r y  to  th e  u s u a l  w e ig h t  

a rgue m en t f o r  in c re a s e d  r a i l  demand the  tre n d  may be p ic k in g  up o th e r  

changes in  p ro d u c t c h a r a c te r is t ic s  le a d in g  to  in c re a s e d  r a i l  demand. 

F o r  I r o n  Ore* the  to ta l- to n s -m a rk e t-q u o t ie n ts  in d ic a te  th a t  ir o n  o re  is  

becoming l ig h t e r *  a p o s s ib le  r e s u l t  o f  the  shipm ent o f  more conce n tra ted  

ores •

We see here* then* th a t  f o r  some s e c to r s *  s i g n i f i c a n t  t re n d s  a re  

e v id e n t in  modal s u b s t i tu t io n  w h ich  a p p a re n tly  a re  in d u s try  s p e c i f ic  and 

u n r e la te d  to  th e  u s u a l commodity w e ig h t argum ent. For O the r Chemicals
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and E le c t r ic  M ach ine ry , we cou ld  be o b s e rv in g  th e  e f f e c t s  o f  c h a n g in g  

modal demands as the  r e s u l t  o f  a change in  the  commodity m ix  o f,p ro d u c ts  

w ith  modal s p e c i f ic  t ra n s p o r t  re q u ire m e n ts . W ith in  the  chem ica ls  g roup , 

f o r  exam ples th e re  has been a te n  p e rc e n t  in c re a s e  in  the  o u tp u t o f  

INFORUM s e c to r  66 : P e s tic id e s  and A g r ic u l t u r a l  C hem ica ls , and an e leven  

pe rcen t decrease in  th e  o u tp u t  o f  INFORUM s e c to r  67 : M is c e lla n e o u s  

C h e m ic a l P r o d u c t s ,  o v e r  th e  1965 to  1974 p e r io d .  W h a te ve r th e  

e x p la n a tio n s  f o r  the  tre n d s  in  the  modal shares f o r  these th re e  s e c to rs ,  

the  es tim a te d  tre n d  c o e f f ic ie n ts  a re  re ta in e d  as a l te r n a t iv e  e x p la n a to ry  

v a r ia b le s  i n  th e  D ie w e r t  f u n c t io n ,  f o r  c o m p a ris o n  w i t h  a l t e r n a t i v e  

e s t im a t io n  techn iques  p resen ted  in  the  n e x t s e c t io n .

Summing u p , we see th a t  modal p r ic e  e f fe c ts  a re  e s tim a b le  f o r  most 

s e c to rs .  Of the  o r ig in a l  45 F a u c e t t  s e c to r s ,  s ix  w e re  fo u n d  to  have 

o n ly  one m a jo r mode o f  t ra n s p o r t  and, th e re fo re ,  were in a p p ro p r ia te  f o r  

e s t im a t io n  w i t h  th e  D ie w e r t  e q u a t io n .  The D ie w e r t  e q u a t io n s  w e re  

e s t im a te d  f o r  th e  re m a in in g  39 s e c to r s .  F iv e  o f  these were im proved 

upon by a c o n s id e ra t io n  o f  commodity v a lu e  in  e x p la in in g  m oda l s h a re s . 

T h re e  w e re  im p ro ve d  by a:dding a tim e  tre n d  to  e x p la in  commodity m ix  o r  

w e ig h t changes. N ine se c to rs  remained w i t h  one o r  more s i g n i f i c a n t l y  

n e g a t iv e  o f f - d ia g o n a l modal p r ic e  c o e f f ic ie n ts .  These were c o n s tra in e d  

by a q u a d ra t ic  e s t im a t io n  techn ique  to  p e rm it no wrong s ig n s .
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Comparison

How w e ll  do the  e s tim a te d  D iew e rt equ a tions  w ork in  p r e d ic t in g  tons 

shipped? By m u lt ip ly in g  the  p re d ic te d  modal shares c a lc u la te d  fro m  th e  

D ie w e r t  e q u a t io n  ( 5 .3 )  t im e s  th e  t o t a l  to n s  m a rk e t q u o t ie n t  tre n d s  

e s tim a te d  in  Step One* i t  is  p o s s ib le  to  p re d ic t  tons  sh ipped by mode o f 

each com m odity. These p re d ic t io n s  can be compared to  the  a c tu a l F a u ce tt 

da ta  f o r  the  p e r io d  1965-1974. I n  o rd e r to  make a c o m p a ris o n  w i t h  th e  

D ie w e r t  te c h n iq u e *  th e  " s k i r t "  m ethod o f  fo re c a s t in g  tons  sh ipped is  

a p p lie d  to  the  F a u ce tt d a ta .  T h is  m e thod* th e  one c u r r e n t l y  used  in  

INFORUM f o r  f o r e c a s t in g  c o e f f i c i e n t  change* a t te m p ts  to  add to  the  

e x is t in g  INFORUM m a tr ix  o f  I /O  c o e f f ic ie n ts  a d d it io n a l rows w h ich  d e fin e  

tons o f  modal t ra n s p o r t  s e rv ic e s  demanded p e r u n i t  o f  o u tp u t o f  v a r io u s  

INFORUM s e c to r s .  These to n s - to - o u tp u t  r a t io s  s k i r t  the  b o rd e r o f  the  

e x is t in g  m a tr ix  to  fo rm  a submodel o f  I /O  c o e f f ic ie n ts  w h ich  can then  be 

m u l t i p l i e d  by in d u s t r y  o u tp u ts  t o  p r e d ic t  f r e i g h t  demands by mode 

sh ipped* f o r  each in d u s t r y .  The fo re c a s t in g  o f  the  modal to n s - to -o u tp u t  

r a t i o  u s in g  th e  INFORUM s k i r t  ro u t in e  in v o lv e s  the  e x t ra p o la t io n  o f  a 

tre n d  e s tim a te d  by f i t t i n g  a lo g is t i c  c u rv e  t r e n d  th ro u g h  th e  h i s t o r y  

s e r ie s  o f  F a u c e t t  to n s - to -o u tp u t  r a t io s  f o r  each mode. For com parison 

w i t h  th e  D ie w e r t  p r e d i c t i o n s  f o r  t h e  1 9 6 5 - 1 9 7 4  p e r i o d *  t h e  

s k i r t - p r e d i c t e d  to n s  sh ipped a re  e s tim a te d  by m u lt ip ly in g  the  tre n d  in  

the  in d iv id u a l  m odal t o n s - t o - o u t p u t  r a t i o  t im e s  th e  a c tu a l  in d u s t r y  

o u tp u t .20
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S im u la t io n : H is to r ic a l  P e rio d

T a b le  5 .3  shows th e  r e s u lts  o f  the  com parison between the  D iew ert 

and s k i r t  te c h n iq u e s  o f  e s t im a t in g  to n s .  L is te d  a re  th e  a v e ra g e  

a b s o lu te  p e rc e n ta g e  e r ro rs  (AAPE) o f  p re d ic te d  tons  around th e  F a u ce tt 

da ta  p o in ts  f o r  the  years 1965 to  1974 f o r  b o th  th e  D ie w e r t  te c h n iq u e  

and th e  l o g i s t i c  s k i r t  te c h n iq u e . Each number in  the  ta b le  re p re s e n ts  

the  average amount o f  e r ro r  o f  the  p re d ic t io n s  compared to  th e  s iz e  o f  

th e  a c tu a l  to n n a g e  n u m b e rs . The low er the  AAPE number the  b e t te r  the  

f i t  o f  the  p re d ic te d  p o in ts  around the  a c tu a l .  The ~AAPEf s~ a re  l i s t e d  

f o r  each mode f o r  3 8 F a u ce tt s e c to rs .21 The la s t  column shows the  AAPE 

f i t s  o f  tons  sh ipped by a l l  modes f o r  each s e c t o r .  A t  th e  end o f  th e  

t a b le *  l i s t e d  in  th e  row  la b le d  **A11 f i t s  -  F a u c e t t  t o n s , "  a re  the  

average a b s o lu te  percen tage e r ro rs  across a l l  in d u s t r ie s  f o r  each mode 

and a l l  modes to g e th e r .  A q u ic k  g lance  a t  the  AAPE's f o r  a l l  modes in  

th e  la s t  column shows the  D iew e rt and lo g is t i c  e r ro rs  to  be i d e n t i c a l .  

The AAPE Ta i n  t h is  column are  equa l because the  lo g is t i c  cu rve  e s tim a te s  

have been a d ju s te d  to  compensate f o r  a t h e o r e t ic a l  b ia s  towards a b e t te r  

t o t a l  to n s  sh ipped by a l l  modes f i t  f o r  the  D ie w e rt e q u a tio n  and b e t te r  

in d iv id u a l  modal f i t s  f o r  the  lo g is t i c  cu rve .. The f o l lo w in g  d e s c r ib e s  

the  method o f  a d ju s tm e n t.

T h e  b e t t e r  D ie w e r t  " t o t a l * *  f i t s  a r e  th e  r e s u l t  o f  th e  

in te rdependence  assum ptions im p l i c i t  in  the  D ie w e rt te ch n iq u e  w here  a l l  

m oda l c o e f f i c ie n t s  a re  e s tim a te d  s im u lta n e o u s ly . The D iew e rt e q u a tio n  

t r i e s  to  m in im ize  the  sum o f  squared e r ro rs  ove r a l l  modes a t  th e  same 

t im e  w h i le  th e  l o g i s t i c  p r e d ic t io n s  come from  o rd in a ry  le a s t  squares
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SUMMARY TABLE 
AVERAGE ABSOLUTE PERCENTAGE ERROR

FITS OF PRICE PREDICTED AND LOGISTIC PREDICTED POINTS AROUND ACTUAL

Tab le  5 .3  ^

RAIL WATER TRUCK PIPE TOTAL
1 GRAINS (1965-1874) 

DIEWERT PRED 5.3 7.0 3.1 .0 .1
LOGISTIC PRED 3.4 4.9 4.4 .0 .1

3 IRON ORE (1965-1974) 
DIEWERT PRED 1.6 2.3 .0 .0 .2
LOGISTIC PRED 1.5 2.1 .0 .0 .2

4 COPPER ORE (1965-1974) 
DIEWERT PRED 4.1 .0 16.5 .0 .0
L0GI9TIC PRED 1.7 .0 6.1 .0 .0

5 COAL (1965-1974) 
DIEWERT PRED .7 1.9 .0 .0 .9
LOGISTIC PRED 1.0 1.3 .0 .0 .9

S CRUD PETRO+NA (1965-1974) 
DIEWERT PRED .0 7.2 .0 .9 .6
LOGISTIC PRED .0 7.0 .0 .8 .6

7 STONE+CLAY MI (1965-1974) 
DIEWERT PRED 7.8 2.6 13.2 .0 .3
LOGISTIC PRED 1.0 1.3 1.1 .0 .3

8 CHEM+FERT MIN (1985-1974) 
DIEWERT PRED 2.7 8.1 20.7 .0 .0
LOGISTIC PRED 3.6 4.2 9.1 .0 .0

9 LOGS (1965-1974) 
DIEWERT PRED 2.6 9.9 3.0 .0 .2
LOGISTIC PRED 1.4 4.8 .8 .0 .2

10 LUMBER (1965-1974) 
DIEWERT PRED - 2.8 .0 2.3 .0 .8
LOGISTIC PRED 3.1 .0 3.5 .0 .8

11 PULP/PAPER/PP (1965-1974) 
DIEWERT PRED 1.0 .0 2.3 .0 .3
LOGISTIC PRED .9 .0 2.4 .0 .3

12 INDUST CHEMIC (1965-1974) 
DIEWERT PRED 3.8 9.8 3.3 .0 .0
LOGISTIC PRED 1.9 3.0 2.1 .0 .0

t 3 MISC PETRO PR (1965-1974) 
DIEWERT PRED .0 2.7 2.9 1.4 .8
LOGISTIC PRED .0 1.8 1.6 l.S .8

14 FUEL OIL (1965-1974) 
DIEWERT PRED .0 3.1 3.1 2.9 .3
LOGISTIC PRED .0 2.4 2.9 2.5 .3

15 CEMENT (1965-1974) 
DIEWERT PRED S.7 .0 3.3 .0 1.0
LOGISTIC PRED 4.7 .0 4.5 .0 1.0

IS STEEL (1965-1974) 
DIEWERT PRED 7.7 .0 8.9 .0 .4
LOGISTIC PRED 3.4 .0 3.9 .0 .4

17 MOTOR VEHICL (1965-1974)
- DIEWERT PRED 2.4 .0 1.9 .0 .2

LOGISTIC PRED 2.5 .0 1.9 .0 .2

100



T a b le  5 :3  (C ont'd ).

SUMMARY TABLE 
AVERAGE ABSOLUTE PERCENTAGE ERROR

FITS OF PRICE PREDICTED AND LOGISTIC PREDICTED POINTS AROUND ACTUAL

RAIL WATER TRUCK PIPE TOTAL
20 GTH AGRIC PR (1965-1974) 

DIEWERT PRED 12.6 .0 4.9 .0 .2
LOGISTIC PRED 2.1 ~ .0 .7 .0 .2

21 OTH NON-FERR (1965-1374) 
DIEWERT PRED 6.5 32.5 18.4 .0 .1
LOGISTIC PRED 3.7 23.6 11.9 .0 .1

22 FOOB,TOBAC P (1985-1374) 
DIEWERT PRED 2.7 .0 2.3 .0 .1
LOGISTIC PRED 1.1 .0 .9 .0 .1

23 TEXT+LEATH PR (1965-1974) 
DIEWERT PRED 4.4 .0 1.3 .0 1.4
LOGISTIC PRED 3.1 .0 1.4 .0 1.4

25 PAP PROD(-)CO (1985-1974) 
DIEWERT PRED 1.5 .0 4.0 .0 1.7
LOGISTIC PRED 4.4 .0 5.6 .0 1.7

28 PRINT MATT+PP (1985-1974) 
DIEWERT PRED 14.0 .0 2.3 .0 .3
LOGISTIC PRED 4.5 .0 .8 .0 .3

27 OTH CHEMICAL (1985-1974) 
DIEWERT PRED 2.1 .0 2.8 .0 1.7
LOGISTIC PRED 4.5 .0 2.6 .0 1.7

28 PLASTICS (1985-1974) 
DIEWERT PRED 2.1 .0 2.0 .0 .3
LOGISTIC PRED 3.4 •0 2.1 .0 .9

29 DRUGS+PAINTS (1985-1974) 
DIEWERT PRED 3.4 .0 .8 .0 .2
LOGISTIC PRED 8.1 .0 1.3 .0 •2.

31 RUBBER PROD (1985-1974) 
DIEWERT PRED 5.1 .0 1.8 .0 .1
LOGISTIC PRED 6.1 .0 2.1 .0 .1

32 OTH WOOD PROD- (1965-1974) 
DIEWERT PRED 2.0 .0 6.1 .0 1.7
LOGISTIC PRED 2.0 .0 2.3 .0 1.7

33 FURNIT+rtISC M (1965-1974) 
DIEWERT PRED 9.5 14.1 3.4 .0 .1
LOGISTIC PRED 5.1 12.3 1.9 .0 .1

34 GLASS PROD (1985-1974) 
DIEWERT PRED 11.6 .0 2.6 .0 .4LOGISTIC PRED 2.7 .0 1.0 .0 .4

35 STONE+CLAY PR (1985-1974) 
DIEWERT PRED 4.0 .0 8.3 .0 .5
LOGISTIC PRED 2.9 .0 4.1 ..0 .5

36 PRIM NON-FERR (1985-1974) 
DIEWERT PRED 2.9 .0 2.6 .0 .6
LOGISTIC PRED 1.9 .0 1.5 .0 .8
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Tab le  5 .3  (C on t’ d)

SUMMARY TABLE 
AVERAGE ABSOLUTE PERCENTAGE ERROR

FITS OF PRICE PREDICTED AND LOGISTIC PREDICTED POINTS AROUND ACTUAL

37 FAB STRU MET {1965-1S74)
DIEWERT PRED 
LOGISTIC PRED

38 ORD+MISC FAB (1365-1974)
DIEWERT PRED 
LOGISTIC PRED

40 OTH MACH EXC (1365-1374)
DIEWERT PRED 
LOGISTIC PRED

41 COMMUNICATION (1365-1974)
DIEWERT PRED 
LOGISTIC PRED

42 ELEC MACH+EQP (1965-1974)
DIEWERT PRED 
LOGISTIC PRED

43 OTH TRANSP EG (1365-1974)
DIEWERT PRED 
LOGISTIC PRED

45 OTH SCRAP (1965-1374)
DIEWERT PRED 
LOGISTIC PRED

ALL FITS-FAUCETT TONS (1965-1974)
DIEWERT PRED 
LOGISTIC PRED

RAIL WATER TRUCK PIPE TOTAL

5.5 .0 3 .a .0 .0
5 .5 .0 3.9 .0 .0

5.7 .0 1.4 .0 .6
10.4 .0 3.2 .0 •6

4.7 .0 1.9 .0 .4
3.5 .0 1.5 .0 .4

7.2 .0 2.0 .0 .2
6.7 .0 1.7 .0 .2

3.2 .0 1.3 .0 .1
3 .2 .0 1.3 .0 .1

13.4 .0 17.4 .0 1.6
4.3 .0 2 .8 .0 1.6

10.9 7.0 .0 .0 .9
2.0 1.5 .0 .0 .9

5.3 8.3 5.2 1.7 .2
3.5 5.4 2.9 1.6 .2
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re g re s s io n  f i t s  where the  sum o f  squared e r ro rs  a re  m in im iz e d  f o r  each 

mode. The r e s u l t  is  th a t  the  D iew ert e q u a tio n  w i l l  a lways do b e t te r  in  

e s t im a t in g  t o t a l  tons w h ile  the  lo g is t i c  cu rve  has an edge in  in d iv id u a l 

modal e s t im a t io n .  To compensate f o r  these b iases  the  modal p r e d ic t io n s  

o f  th e  l o g i s t i c  te chn ique  were a d ju s te d  so as to  reduce the  t o t a l  e r ro r  

o f  the  e s tim a te  across a l l  modes f o r  each in d u s try  to  th e  le v e l  o f  th e  

D ie w e r t  p r e d ic t i o n s .  T h is  was done by a d ju s t in g *  by the  same amount, 

the  lo g is t i c  p re d ic t io n  f o r  each mode so t h a t  th e  sum o f  th e s e  m oda l 

p r e d ic t io n s  e q u a le d  the  sum o f  D iew e rt e s tim a te d  modal p re d ic t io n s  f o r  

each p e r io d .

The r e s u lts  o f  t h is  a d ju s te d  com parison  a r e ,  f o r  th e  85 n o n -z e ro  

f i t  c o m p a r is o n s , 20 AAPE f i t s  were b e t te r  f o r  the  D iew ert e q u a tio n  and 

60 were b e t te r  f o r  the  l o g i s t i c ;  f i v e  w e re  th e  same. B re a k in g  t h i s  

down by mode, 29 p e rcen t o f  the  r a i l  f i t s  were b e t te r  u s in g  D iew e rt and 

66 p e rc e n t were b e t te r  u s in g  the  lo g is t i c  t re n d s ;  f o r  w a te r ,  l o g i s t i c :  

100 p e r c e n t ;  f o r  t r u c k ,  D ie w e r t :  26 p e rc e n t, l o g i s t i c :  65 p e rc e n t; 

and f o r  p ip e ,  D ie w e rt: 33 p e rc e n t, l o g i s t i c :  66 p e r c e n t .  L o o k in g  a t  

the  summary AAPE'S in  the  la s t  row o f  the  ta b le  we see th a t  the  e r ro r  o f  

p r e d ic t i o n  o f  th e  D ie w e r t  e q u a tio n s  across a l l  s e c to rs  was on average 

h ig h e r  f o r  a l l  modes r e la t iv e  to  the  lo g is t i c  p r e d ic t io n s .

Why d id n ' t  more o f  the  D iew e rt equa tions  do b e t te r ?  To a c e r t a in  

e x te n t  th e  deck was s tacked in  fa v o r  o f  the  lo g is t i c  curve  f i t s  because 

these p re d it io n s  come from  o rd in a ry  le a s t  squares re g re s s io n s  w here  th e  

sum o f  th e  s q u a re d  e r r o r s  a re  m in im ized  f o r  each mode w ith  no imposed 

c o n s t r a in t s .  H ow eve r, s in c e  e c o n o m ic  t h e o r y  d i c t a t e s  t h a t  th e
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c r o s s - p r ic e  e f f e c t s  between modes a re  equa l ( b ^  = im posing t h is

c o n d it io n  on the  e s t im a t in g  e q u a t io n ,  as th e  D ie w e r t  te c h n iq u e  d o e s , 

produces a f i t  w h ich  is  n e a r ly  always worse than  a minimum le a s t  squares 

f i t  f o r  each mode.

A c lo s e r  lo o k  a t  some o f  the  s u p e r io r  l o g is t i c  p re d ic te d  f i t s  can 

a ls o  shed some l i g h t  on why the  lo g is t i c  t r e n d  te c h n iq u e  so o f te n  o u t  

p e r fo rm e d  D ie w e r t .  L o o k in g  a t  AAPE's f o r  t r u c k ,  15 s e c to r s  show 

lo g is t i c  f i t s  to  be s ig n i f ic a n t ly  b e t te r .  (These a re  s e c to rs  w here  th e  

D ie w e r t  AAPE i s  m ore th a n  50 p e rc e n t  g re a te r  than the  l o g i s t i c . )  Of 

th e s e , e ig h t  show more than  50 p e rce n t o f  the  t ru c k  shares to  be h a u le d  

by p r iv a t e  t r u c k .  The w o rs t D iew e rt f i t s  a re  f o r  "O the r T ra n s p o rta t io n  

Equipment,** and "S tone and C lay M in in g "  w ith  AAPETs o f  17 .4  p e rc e n t, and 

13.2 p e rc e n t re s p e c t iv e ly .  For the f i r s t ,  the  p r iv a te  t ru c k  share is  70 

p e rc e n t.  The h ig h  AAPE's f o r  the  se c to rs  w ith  h ig h  p r iv a te  t ru c k  shares 

p ro b a b ly  r e f l e c t  in te rp o la te d  p o in ts  s in c e  th e  o n ly  r e a d i l y  a v a i la b le  

d a ta  f o r  t h i s  mode comes fro m  th e  Census of  T ra n s p o r ta t io n ,  w h ich  is  

p u b lis h e d  a p p ro x im a te ly  every  f iv e  y e a rs . C onsequently , tons sh ipped by 

t r u c k ,  made up m o s tly  o f' in te rp o la te d  p r iv a te  t ru c k  d a ta , w i l l  n o t be as 

re sp o n s ive  to  p r ic e  changes from  the  D iew ert e q u a tio n s  as i t  w i l l  be to  

t r e n d  e q u a t io n s  such as th e  l o g i s t i c  c u rv e  s in c e  the  da ta  i t s e l f  is  

c re a te d  u s in g  a tre n d  between known p o in ts .  Trend a n a ly s is  w i l l  a lw a y s  

o u tp e r fo rm  o th e r  e q u a tio n s  e x p la in in g  these p o in ts .  The second s e c to r 

w ith  a p a r t ic u la r ly  la r g e  AAPE, "S to n e  and C la y  M in in g "  has o n ly  12 

p e rc e n t  o f  the  t ru c k  tonnage hau led  p r iv a t e ly .  However, the  da ta  shows 

a lm o s t p e r f e c t  l i n e a r i t y  in  th e  t re n d s  f o r  b o th  th e  p r i v a t e  and 

c o m m e rc ia l t r u c k in g  w h ic h  le a d s  one to  s u s p e c t th e  com m ercia l t r u c k
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numbers f o r  t h is  s e c to r a re  a ls o  in te rp o la te d  p o in ts .

The e x is te n c e  o f  p o s s ib le  e r r o r s  i n  th e  d a ta  b a s e *  s u c h  as 

in t e r p o la t e d  num bers* p o in ts  up the  s tre n g th s  o f  the  D iew e rt e q u a tio n . 

G iven in e x a c t da ta  w ith  p o s s ib le  e r ro rs  in  m easurem ent, t h i s  te c h n iq u e  

b a la n c e s  th e  raw  p r e c is io n  o f  re g re s s io n  a n a ly s is  w ith  economic th e o ry  

by p u t t in g  c o n s t r a i n t s ,  d e r iv e d  f r o m  t h e o r y ,  on th e  e s t im a te d  

p a ra m e te rs ,  in  o rd e r  to  c o r r e c t  f o r  im p e rfe c t d a ta . By in fo r c in g  the  

p r o p e r t y  o f  s y m m e try  on  th e  p r i c e  c o e f f i c i e n t s  th e  n u m b e r o f  

o b s e r v a t io n s  f o r  e s t im a t in g  e a c h  p r i c e  c o e f f i c i e n t  i s  d o u b le d .  

C o n s e q u e n t ly ,  p r i c e  e f f e c t s  a re  e s t im a te d  w h e re  d a ta  t h a t  i s  

i n c o n s i s t e n t  a c ro s s  modes i s  d is c o u n te d .  H o w eve r, a p p ly in g  t h i s  

c o n s t ra in t  n a tu r a l ly  lo w e rs  th e  s im u la t io n  f i t  f o r  p a r t i c u l a r  modes 

s in c e  le s s  w e ig h t is  g ive n  to  some d a ta . Here we see, th e n , th a t  w h ile  

n o t a l l  D ie w e rt e q u a tio n  f i t s  a re  the  b e s t p o s s ib le ,  th e  r e s u l t s  make 

economic sense.

Comparing F o recas ts

How do the  D iew ert and lo g is t i c  cu rve  fo re c a s ts  compare? Graph 5.1 

p r e s e n ts  p r e d ic t io n s  f o r  two s e le c te d  s e c to r s .  These g ra p h s  show 

p lo t t e d  p o in ts  f o r  the  F a u ce tt a c tu a l d a ta  ( * )  » th e  D ie w e r t  p r e d ic te d  

d a ta  (+ )»  and th e  lo g i s t i c  cu rve  p re d ic te d  da ta  ( 0 ) .  In c lu d e d  fo r  each 

s e c to r  a re  fo r e c a s ts  f o r  each  mode and a l l  modes c o m b in e d .  A ls o  

in c lu d e d  i s  a 1985 p o in t  p r e d ic t io n  made by J a c k  F a u c e tt A sso c ia te s  

u s in g  th e  same da ta  s e t as in  t h is  s tu d y . The ~F~ on each p lo t  and th e  

v a lu e  i n  th e  f i r s t  co lum n  f o r  1985 show th e  F a u c e tt  p r e d ic t i o n  in



Graph 5 .1  

Comparison o f  P re d ic t io n s
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Graph 5 .1  CCont'd)

COMPARISON : ALTERNATIVE FORECASTS FAUCETT FTOECAST(F) ACTUAL(*> DIEMERT BAS RUN<+) LOGISTIC SKIRT RUN(O)
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thousands o f  tons sh ipped . F o r th e  D ie w e r t  p r e d ic t i o n s ,  th e  in d e x e d  

t r a n s p o r t  p r ic e  s e r ie s  developed f o r  the  e s t im a t io n  p rocedure  was used 

o u t to  1976. The re m a in d e r o f  th e  fo re c a s te d  p e r io d  was c a lc u la te d  

u s in g  t r a n s p o r t  p r ic e s  genera ted  by a s tandard  run  o f  the  INFORUM p r ic e  

m odel.

The s e t  o f  p lo t s  f o r  6 :  C rude P e tro le u m  and N a tu r a l Gas show 

s u b s t i tu t io n  tow ard  more w a te r t ra n s p o r ta t io n  and le s s  p ip e l in e  use than 

w o u ld  be e x p e c te d  fro m  p u re  tre n d  e x tra p o la t io n s  such as the  lo g is t i c  

cu rve  e s tim a te s . W ater t r a n s p o r t  tu rn s  up r a th e r  th a n  c o n t in u in g  to  

d e c l in e  and p ip e l in e  slows i t s  in c rea se  s l i g h t l y  due to  changes in  the  

r e la t iv e  p r ic e s  fo r  these modes. Both F a u c e tt  1985 p r e d ic t io n s  a g re e  

w i t h  t h i s  s c e n a r io .  For tons shipped by a l l  modes i t  can be seen th a t  

th e  summation o f  the  in d iv id u a l lo g is t i c  curve  e x t r a p o la t io n s  fo r e c a s t  

h ig h e r  tons  sh ipped than  does the  D iew e rt e q u a tio n . S ince the  summation 

o f  th e  D ie w e r t  p r e d ic t io n s  m ust e q u a l,  on a v e ra g e , th e  t o t a l  to n s  

l o g is t i c  cu rve  we see here th a t  th e  sum m ation o f  th e  in d iv i d u a l  mode 

l o g i s t i c  curves can m iss a to ta l- to n s  t re n d .  The D iew e rt e q u a tio n s , o f  

cou rse , a re  bound by t h i s  c o n s t r a in t .  The F a u c e t t  p r e d ic t i o n  i s  i n  

c lo s e  a g ree m en t w i t h  th e  D iew e rt v a lu e  f o r  t o t a l  tons sh ipped in  1985.

The n e x t s e t of. p lo ts  — tonnage fo re c a s ts  f o r  1 5 ; Cement —  show 

s u b s t i t u t i o n  f i r s t  away fro m , and th e n , s lo w ly ,  tow ard r a i l  s e rv ic e s . 

By 1984, r a i l  s e rv ic e s  a re  above t re n d  w h i le  t r u c k  s e rv ic e s  s t a r t  to  

f a l l  b e lo w  tre n d  in  1980 as the  r e s u l t  o f  r e la t iv e ly  h ig h e r  t ru c k  ra te s  

than  in  e a r l ie r  y e a rs . A g a in , the  F a u ce tt p r e d ic t io n s  a g re e ,  and h e re  

a g a in ,  th e  summed l o g i s t i c  c u rv e  e s tim a tes  o ve r p r e d ic t  the  tre n d  f o r
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t o t a l  tons by a l l  modes. We see t h a t  w h i le  th e  l o g i s t i c  c u rv e  o f te n  

produces the  b e s t f i t *  the  lo g is t i c  e x tra p o la t io n s  produce r e s u lts  w h ich  

a re  in c o n s is ta n t  s in ce  they  a re  n o t c o n s tra in e d .

Ex-Post F o re c a s tin g

To te s t  the  fo re c a s t in g  a b i l i t y  o f  the  D iew ert techn ique  ve rsus  the  

lo g is t i c  te ch n iq u e * a p e r io d  o u ts id e  the  e s t im a t io n  p e r io d  is  p ic k e d  f o r  

s im u la t io n .  Though d a ta  on to n s  s h ip p e d  by mode e x is ts  o n ly  f o r  the  

p e r io d  1965 to  1974* t o t a l  to n s  s h ip p e d  by each mode i s  a v a i la b le  

t h r o u g h  197 8 f ro m  t r a d e  a s s o c ia t i o n s *  th e  I n t e r s t a t e  Commerce 

Commission* and o th e r  sou rces . T h is  da ta  is  g a th e re d  and p u b lis h e d  by 

th e  T r a n s p o r ta t io n  A s s o c ia t io n  o f  Am erica (TA A )^^. By summing across 

com m odities f o r  each mode* D ie w e rt and l o g i s t i c  c u rv e  fo r e c a s te d  to n s  

can be aggregated and compared to  a c tu a l t o t a ls .

The p lo t s  in  Graph 5 .2  show the  r e s u lts  o f  t h is  e x e rc is e . P lo t te d  

a re  the  TAA a c tu a l tonnage da ta  ( * )  * the  D iew e rt e s tim a te d  tonnage  (+ )»  

and th e  l o g i t i c  c u rv e  d a ta  (0 )  f o r  th e  1965 to  1978 p e r io d .  The TAA 

d a ta  has been in d e x e d  to  e q u a l th e  JFA d a ta  i n  1 9 7 2 *  The p l o t s  

p re s e n te d  a re  f o r  tons  sh ipped by r a i l *  w a te r* t ru c k *  p ip e l in e *  and a l l  

to n s  sh ipped by a l l  modes. AAPE va lu e s  have been c a lc u la te d  f o r  b o th  

ty p e s  o f  e s t im a te s  around th e  TAA a c tu a ls  f o r  the  p e r io d  1975 to  1978. 

These va lu e s  appear a t  the  top  o f  each g raph .
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Graph 5 .2

T o ta l Tons P re d ic t io n s

SUHHfWY of nodal shipments by all industries

conmrison : alternative forecasts 

TOTAL TONS SHIPPED BY RAIL

FAUCETT FORECAST(F) ACTUAL!*) DIEWERT BASE RUN<*> LOGISTIC SKIRT RUN(O)
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AAPE*

S.S
4.8

ACTUAL DIEWERT PRED L08IST PRED
*• *  » ' » * * -

783172. 821742. 830484. 1863 *0
834802. 878223. 883871. 1968 *  0
841174. 877803. 885101. 1987 *0

-820246. ■883513m -1988 -*C-
818838. 823282. 904638. 1988 0*
848606. 93332. 929432. 1870 0*
943225. 902324. 908325. 1971 0 *
880274. 948799. 980258. 1972 0*
982463. 988384. 1008814.' 1973 *0
974798. 988440. 99Z122. 1974 +0

947416. 948737. 994104. 1973 0
978888. 1033977. 1023980. 1978 *  0 *
970418. 1065032. 1038376. 1977 # o

1002180. 1110313. 1070351. 1978 •  0*
0.- 1148433. 1100108. 1979 * 0 ♦
0. 1184120. 1128130. 1980 • 0
0. 1208484. 1148854. 1981 * 0 *•
0. 1233388. 1188873. 1882 * 0 ♦
0. 1238119. 1191115. 1983 * 0 ♦
0. 1282223. 1212042. 1884 * 0 *

1320093. 1303289. 1232282. 1383 0 * f
0. 1331048. 1254730. 1888 * 0 ♦
0 . 1358781. 1277125. 1987 * 0 ♦
0. 1382887. 1298808. 1998 * o *-
0. 1409333. 1322704. 1989 * 0 ♦
0. 1438220. 1345823. 1990 * 

*-

0;

0 ♦
* * - * * ♦

250000. 300000. 750000. 1000000. 1250000. 15000C
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I
Graph 5 .2  (.C ont'd)

a m ftis o N  : alternative forecasts FAUCETT FORECASTS) ACTUAL!*) DIEWERT BASE RW(+> LOGISTIC SXIRT RUN(O)

TOTAL TONS SHIPPED 8Y TRUCK

** fIT * *  O IBO T PRED 1977 -  1378 AAPE* 6.2
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*- t  • *  *  *  *
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1383105. 1522158. 1507351. 1375 *  0
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0. 2135337. 2233228. 1384 * ♦0

2184010. 2250058. 2302768. 1385 F+ 0
0. 2302870. 2363514. 1388 • ♦0
0. 2358018. 2425131. 1387 * + 0
0. 2410373. 2487728. 1388 * ♦ 0
0. 2485413. 2550842. 1383 • ♦ 0. 0. 2521453. 2815101. ISO  » ♦ 0

0. 400000. 800000. 1200000.
TOTAL TONS SHIPPED BY PIPE

1600000% 2000000. 2400000. 2800000. 3200000.

♦♦FIT** DIEWERT PRED 1375 -  1378 
H fJ T H  L0QI8TIC PRED 1373 -  1378

AAPE*
AAPE*

3.8
7.8

ACTUAL OIEMERT PRED LflGIST PRED
»- * *  *  ♦ #

820283. 614188. 833870. 1385 ♦0
SB4568. 888940. 879047. 1SSS 0
718257. 728105. 718205. 1987 0
785838. 772923. 788480. 1388 0
801701. 822843. 808840. 1389 0*
833347. 877504. 844843. 1970 *0*
S512B0. 883992. 880897. 1971 0+
324088 32S&7 314803. 1972 0
3820*1.: 855218. “*985071 « 1373
333580. 332087. 382085. 1974 ♦ 0

327231. 873215. 1002973. 1975 *♦ 0
385248. 1044819. 1098815. 1978 *  •► o

1060144. 1048723. 1123227. 1977 +- 0
1112888. 1078887. 1170183. 1978 ♦ * 0

0. 1088534. 1208784. 1373 * ♦ o
0. 1120671. 1248388. 1380 » ♦ 0
0. 1138855. 1285330. 1381 * ♦ 0
0. 1153201. 1318478. 1382 * ♦ 0
0. 1187805. 1348383. 1983 • *- 0
0 . 1183005. 1373921. 1384 * + 0

1142734. ussoas. 1410103. 1385 F + 0
0. 1214748. 1448392. 1388 •
0. 1232131. 1480853. 1387 * t-
0 . 1248714. 1515254. 1388 * ♦
0 . 1287245. 1548548. 1888 • ♦
0. 1284800. 1583785. 1990 * 

*■ ♦
■ ♦

*- #- *■
0. 230000. 500000. 750000. 1000000. 1250000. 1500000. 1730000. 2000000.
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The re s u lts  show th a t  the AAPEf s are  h ig h e r*  im p ly in g  w orse f i t s *  

f o r  th e  D ie w e rt  e q u a tio n s  th a n  f o r  th e  l o g i s t i c  equ a tions  fo r  r a i l *  

w a te r, and t ru c k .  The D iew ert f i t  is  o n ly  s l ig h t ly  worse fo r  t o t a l  tons 

shipped by a l l  modes and the D iew ert f i t  is  b e t te r  fo r  p ip e l in e s .

W hile  i t  appears th a t  the lo g is t ic  c u rve s  come o u t th e  w in n e r*  a 

lo o k  a t  the a c tu a l p o in ts  fo r  1975 th rough  197 8 shows th a t  bo th  lo g is t ic  

and D ie w e rt  p r e d ic t io n s  are c lose  and both  s ig n i f ic a n t ly  o ve r-e s tim a te  

t o t a l  to n s  sh ip p e d  by r a i l ,  w a te r ,  and t r u c k  f o r  th e  197 5 to  197 8 

p e r io d .  T h is  p o in t  i s  b e s t seen in  th e  la s t  p lo t .  Here* t o t a l  tons 

shipped by a l l  modes show th a t  to n s  d ropped s ig n i f i c a n t l y  d u r in g  th e  

re c e s s io n  o f  197 4 and never f u l l y  recove red . The lo g is t ic  and D iew ert 

p re d ic t io n s  fo r  t o t a l  to n s , which are  e s s e n t ia l ly  the same, a re  t ie d  to  

th e  o u tp u t  o f  th e  economy w h ic h  re c o v e rs  a f t e r  1974 . The TAA data 

s u rp r is in g ly  never does. I t  appears from  t h is  d a ta  th a t  to n s  sh ip p e d  

p e r d o l l a r  o f  o u tp u t drops o f f  a f te r  1974 and never f u l l y  re c o v e rs . I t  

is  in t e r e s t in g  to  n o te  th a t  th e  F a u c e tt  p r e d ic t io n s  a g re e  w i th  th e  

D iew ert and lo g is t ic  e xp e c ta tio n s  o f a snap back a f te r  1974.

I t  appears th e n , th a t the poor AAPE f i t s  show less  th a t  the  D iew ert 

te c h n iq u e  is  a poore r p re d ic te r  than the lo g is t ic  method than th a t  bo th  

techn iques m issed the unexp la ined  drop o f f  in  t ra n s p o r t  demand a f te r  the 

1974 re ce ss io n  — a drop o f f  wh ich is  u n fo r tu n a te ly  o u ts id e  the range o f 

the data  on commodity shipments used fo r  e s t im a t io n .
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P r ic e  S e n s i t iv i t y  Test

How s e n s it iv e  are  the  in d u s try  modal s p l i t  d e c is io n s  to  a change in  

t ra n s p o r t  p r ic e s ?  T h is  s e c t io n  ana lyzes t h is  q u e s tio n  by a p p ly in g  th e  

D ie w e r t  p r i c e  s e n s i t i v e  e q u a t io n s  to  a l t e r n a t i v e  t r a n s p o r t  p r ic e  

s c e n a rio s . A com parison is  made o f fo re c a s te d  m oda l demands f o r  to n s  

s h ip p e d  under d i f f e r in g  p r ic e  s c e n a rio s . Y e a rly  fo re c a s ts  to  1990 were 

made o f  tons  sh ipped by each mode f o r  each in d u s t r y .  The p ro c e d u re  f o r  

f o r e c a s t in g  to n s  s h ip p e d  was c a r r ie d  o u t u s in g  the  fo l lo w in g  e q u a tio n  

f o r  each in d u s try *

Tons o f  an in d u s t r y 's  o u tp u t *T^» sh ipped by mode i  a re  fo re c a s te d  by 

m u l t ip l y in g  p r o je c te d  in d u s try  o u tp u t *Q» tim es the  trended  t o t a l  tons 

marked q u o t ie n t  *T/Q» and t h is  i s  m u l t i p l i e d  by th e  fo re c a s te d  m oda l

s h a re  The in d u s t r y  o u tp u ts  a re  fo re c a s te d  from  1976 to  1990 fo r

200 s e c to rs  o f  the  U .S* economy u s in g  the  INFORUM fo re c a s t in g  model and 

these numbers a re  aggregated up to  th e  F a u c e tt  com m od ity  l e v e l .  The 

t o t a l  to n s  m a rk e t q u o t ie n ts  a re  e x tra p o la t io n s  o f  the  q u o t ie n t  tre n d s  

e s tim a ted  in  Step One u s in g  th e  lo g is t i c  cu rve  te c h n iq u e . M odal sh a re s  

a re  fo re c a s te d  by a d d in g  fo re c a s te d  t ra n s p o r t  p r ic e s  to  the  e s tim a ted  

D iew ert p r ic e  equa tions  shown in  Appendix D.
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Two t r a n s p o r t  p r ic e  fo r e c a s ts  w e re  g e n e ra te d .  The f i r s t  was

produced from  a s tandard  o r  "b a s e " ru n  o f  the  INFORUM p r ic e  m ode l. T h is

m o d e l f o r e c a s t s  p r i c e s  f o r  th e  200 INFORUM s e c t o r s  u s in g  a

c o s t-p a s s -th ro u g h  techn ique  where o u tp u t p r ic e s  change as the  r e s u l t  o f

23the  changing cos ts  o f  in p u ts  in to  t h e i r  p ro d u c tio n .

An a l t e r n a t i v e  p r ic e  ru n  was made where i t  was assumed th a t  t ru c k  

p r o d u c t iv i t y  would rem ain a t  i t s  1976 le v e l  r a th e r  th a n  c o n t in u e  th e  

u p w a rd  t r e n d  e v id e n c e d  i n  th e  b a se  r u n .  The f l a t  p r o d u c t i v i t y
j

assum ption , when added to  the  INFORUM m o d e l, g e n e ra te d  new fo re c a s te d  

la b o r  re q u ire m e n ts  to  meet expected t ra n s p o r t  s e rv ic e  demands. Adding 

these la b o r  requ irem en ts  to  the  p r ic e  submodel caused s i g n i f i c a n t  u n i t  

la b o r  c o s t  in c re a s e s  le a d in g  to  h ig h e r  t r u c k  t r a n s p o r t  p r ic e s .  The 

fo l lo w in g  ta b le  shows the  two se ts  o f  fo re c a s te d  t ru c k  t ra n s p o r t  p r ic e s .

T ruck S e rv ice  P r ic e  F o recas ts  (Indexed to  1976)

1976 1980 1985

Base run  p r ic e  A.'.:. 1 .00  1 .30  1 .6 8

C onstan t t r u c k  p r o d u c t iv i t y  p r ic e  1.00 1 .35 1.80

A l te r n a t iv e  S cenario  Ton F orecas ts

Feeding the  two p r ic e  fo re c a s ts  in to  th e  D ie w e r t  p r ic e  e q u a t io n s  

and a d d in g  the  r e s u l t in g  modal share p re d ic to n s  to  e q u a tio n  (5 .5 )  above 

produced two fo re c a s ts  o f  tons  s h ip p e d .  These r e s u l t s  a re  l i s t e d  in

P r ic e  S cenarios
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T a b le  5 .4  f o r  th e  38 in d u s t r ie s  f o r  w h ic h  D ie w e r t  p r ic e  s e n s i t i v e  

equ a tions  have been e s tim a te d . The f i r s t  two groups o f  numbers show the  

change in  to n s  s h ip p e d  u s in g  the  b a s e lin e  p r ic e  fo re c a s t .  "BASE,** and 

th e  a l te r n a t iv e  c o n s ta n t t ru c k  p r o d u c t iv i t y  p r ic e  fo re c a s t ,  “ A L T ."  The 

num bers show th e  p r e d ic te d  1980 and 1985 to n s  s h ip p e d  by each mode 

d iv id e d  by th e  1976 v a lu e .  The la s t  two co lum ns show th e  p e r c e n t  

d i f f e r e n c e  be tw een the  b a s e lin e  and a l te r n a t iv e  r a t io s  f o r  b o th  y e a rs . 

The la s t  se t o f  numbers a t  the  bo ttom  o f  the  ta b le  a re  c a lc u la te d  from  a 

summation o f  modal shipm ents ove r a l l  in d u s t r ie s .  A lo o k  a t  th e s e  l a s t  

num bers sum m arizes th e  im p a c t o f  h ig h e r  t r u c k  t r a n s p o r t  p r ic e s .  By 

1985, tons  sh ipped by t ru c k  have decreased 4 .9  p e rce n t r e la t iv e  to  BASE 

w h i le  r a i l ,  p ip e *  and w a te r  to n s  have in c re a s e d  by 2 .8  p e rc e n t, 1 .2  

p e rc e n t, and 1 .5  p e rc e n t  r e s p e c t iv e ly  due to  an a p p ro x im a te ly  seven 

p e rc e n t  in c re a s e  in  the  p r ic e s  f o r  t r u c k  s e rv ic e s .  The com plete e f fe c t  

o f  an in c re a se  in  the  p r ic e  o f  t r u c k  s e rv ic e s  w ould a ls o  have to  in c lu d e  

a decrease in  the  demand f o r  s h ip p in g  s e rv ic e s  in  g e n e ra l,  as p ro d u c tio n  

o f  th e  r e s t  o f  the  economy a d ju s te d  to  low ered t r u c k  p r o d u c t i v i t y .  To 

m o d e l t h i s  i t  w o u ld  have been n e c e s s a ry  to  fe e d  th e  h ig h e r  p r ic e  

sce n a rio s  back in to  th e  INFORUM m ode l in  o rd e r  to  see th e  change i n  

t o t a l  t r a n s p o r t  s e r v ic e s  demanded by each o f  the  200 s e c to rs  as t h e i r  

p ro d u c tio n , le v e ls  changed. T h is  was n o t c a r r ie d  o u t*  however, s in c e  i t  

w o u ld  have obscured the  s u b s t i tu t io n  between modes coming s t r i c t l y  from  

the  D iew e rt p r ic e  s e n s it iv e  e q u a tio n s . By h o ld in g  t o t a l  to n s  s h ip p e d  

c o n s ta n t *  T a b le  5 .4  e x p l i c i t l y  shows th e  p r ic e  s e n s i t i v i t y  o f  th e  

D ie w e r t  p r ic e  e q u a t io n s  because o n ly  th e  p u re  s u b s t i t u t io n  e f f e c t  

be tw een  m odes* as th e  r e s u l t  o f  c h a n g in g  modal p r ic e s *  is  a llow ed  to  

o c c u r .
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Tab le  5 .4

TRANSPORTATION PRICE SENSITIVITY TEST

COMPARISON : ALTERNATIVE DIEWERT FORECASTS (TONS DIVIDED BY 1976 TONS)

BASE
-1910 199ST 1980 1985

^HCT~DIFF - 
1980 1985

GRAINS
RAIL 1.15 1.40 1.15 1.40 .0 .0

MATER 1.16 1.38 1.18 1.44 1.7 4.9
TRUCK 1.15 1.41 1.14 1.38 - .7 -2 .1

PIPE .00 .00 .00 .00 .0 .0
3 IRON ORE

RAIL 1.27 1.41 1.27 1.41 .0 .0
MATER 1.30 1.46 1.30 1.46 .0 .0
TRUCK .00 .00 .00 .00 .0 .0

PIPE .00 .00 .00 .00 .0 .0
4 COPPER ORE

RAIL 1.18 1.17 1.18 1.17 .0 .0
MATER .00 .00 .00 .00 .0 .0
TRUCK 1.18 1.17 1.18 1.17 .0 .0

PIPE .00 .00 .00 .00 .0 .0
5 COAL

RAIL .93 1.07 .93 1.07 - .1 .0
MATER .96 1.05 .97 1.05 .2 - .0
TRUCK .00 .00 .00 .00 .0 .0
PIPE .00 .00 .00 .00 .0 .0

6 CRUD PETRO+NA
• m b i :« 8 t:8 ? r . n i : 28 :§ - :2
TRUCK .00 .00 .00 -  .o a — .0 .0

PIPE 1.07 1.13 1.07 1.13 - . i .0
7 STONE+CLAY MI 

RAIL 1.18 1.38 1.20 1.48 2 .2 7.3
MATER 1.23 1.38 1.25 1.46 1.8 5.2
TRUCK 1.28 1.47 1.23 1.27 -4 .3 -13 .2

PIPE .00 .00 .00 .00 .0 .0
8 CHEM+FERT MIN

RAIL 1.32 1.53 1.32 1.53 .0 .0
: MATER 1.32 1.53 1.32 1.53 .0 .0

TRUCK 1.32 1.53 1.32 1.53 .0 .0
PIPE .00 .00 .00 .00 .0 .0

9 LOGS
RAIL 1.18 1.40 1.20 1.44 .7 2 .5

MATER 1.26 1.23 1.37 1.80 9.3 30.7
TRUCK 1.20 1.42 1.18 1.34 -1 .8 -5 .1

PIPE .00 .00 .00 .00 .0 .0
10 LUMBER

RAIL 1.09 1.13 1.10 1.20 1.7 5.7
MATER .00 .00 .00 .00 .0 .0
TRUCK 1.13 1.13 1.11 1.07 -1 .9 -5 .9

PIPE .00 .00 .00 .00 .0 .0
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Tab le  5 .4  (C o n t'd )

COMPARISON
TRANSPORTATION PRICE SENSITIVITY TEST
ALTERNATIVE DIEWERT FORECASTS (TONS DIVIDED BY 1S76 TONS)

BASE 
1980 1985

ALT 
1980 1985

PCT DIFF 
1980 1985

11

12

13

14

15

18

17

20

PULPrPAPER,PP
RAIL

WATER
TRUCK

PIPE

1.21
.00

1.21
.00

1.42 
.00

1.42 
.00

1.21
.00

1.21
.00

1.42 
.00

1.42
.00

.0

.0

.0

.0

.0

.0

.0

.0
INDUST CHEMIC 

RAIL 
WATER 
TRUCK 

PIPE

1.20
1.20
1.20

.00

1.35
1.35
1.35 

.00

1.20
1.20
1.20

.00

1.35
1.35
1.35 

.00

.0

.0
- .0

.0

.1

.0
- .1

.0
MISC PETRO PR 

RAIL 
WATER 
TRUCK 

PIPE

.00
1.20
1.20
1.09

.00
1.38
1.42
1.20

.00
1.20
1.19
1.09

.00
1.38
1.35
1.25

.0

.5
-1 .0

.6

.0
- .1

-4 .6
3.9

FUEL OIL
RAIL

WATER
TRUCK

PIPE

.00
1.06
1.07
1.05

.00
1.12
1.14
1.10

.00
1.06
1.07
1.05

.00
1.12
1.13
1.11

.0

.0
- .3

.2

.0

.0
-1 .5

.9
CEMENT

wSfii?
TRUCK

PIPE
l M
1.31

.00
1.37

.00

UM
1.28

.00
1.27

.00

5:8
-2 .3

.0

18:8
-7 .4

.0
STEEL

RAIL
WATER
TRUCK

PIPE

1.14
.00

1.19
.00

1.26
.00

1.22
.00

1.18
.00

1.15
.00

1.41
.00

1.11
.00

3.5
.0

-2 .9
.0

11.7
.0

-9 .5
.0

MOTOR VEHICL 
RAIL 

WATER 
TRUCK 

PIPE

1.24
.00

1.25 
.00

1.37
.00

1.36
.00

1.25
.00

1.24
.00

1.38
.00

1.35
.00

.4

.0
- .4

.0

1.4
.0

-1 .2
.0

QTH AGRIC PR 
RAIL 

WATER 
TRUCK 

PIPE

1.00
.00

1.04
.00

1.11
.00

1.08
.00

1.04
.00

1.02
.00

1.25
.00

1.04
.00

4.0
.0

-1 .2
.0

13.3
.0

-3 .9
.0
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Tab id  5 .4  (C on t’ d)

COMPARISON
TRANSPORTATION PRICE SENSITIVITY TEST

ALTERNATIVE DIEWERT FORECASTS (TONS DIVIDED BY 1976 TONS)

BASE 
1980 1385

ALT 
1880 1885

PCT DIFF 
1880 1885

21 OTH NON-FERR * 
RAIL 

WATER 
TRUCK 

PIPE

1.23 
1.45 
1.28 

.00

1.46
1.33
1.44

.00

1.22
1.47
1.26

.00

1.46
1.33
1.44

.00

- .2
1.0

.0

.0

.0
- .0

.0

.0
22 FOODrTOBAC P 

RAIL 
WATER 
TRUCK 

PIPE

1.13
.00

1.15
.00

1.32
.00

1.30
.00

1.15
.00

1.14
.00

1.39
.00

1.25
.00

1.6
.0

-1 .3
.0

5.2
.0

-4 .0
.0

23 TEXT+LEATH PR 
RAIL 

WATER 
TRUCK 

PIPE

1.23 
.00

1.23 
.00

1.35 
.00

1.35 
.00

1.23 
.00

1.23 
.00

1.35 
.00

1.35 
.00

.0

.0

.0

.0

.0

.0

.0

.0
25 PAP PROD(-)CO 

RAIL 
WATER 
TRUCK 

PIPE

1.18
.00

1.18
.00

1.40
.00

1.34
.00

1.21
.00

1.16
.00

1.51
.00

1.23
,00

2.5
.0

-2 .6
•o

8.2
.0

-8 .5
.0

26 PRINT MATT+PP

TRUCK
PIPE

l : U
1.23

.00
*:58
1.44

.00
4:84
1.22

.00

l :88
1.39

.00

8:8
- .8

.0

27:8
-2 .8

.0
27 OTH CHEMICAL 

RAIL 
WATER 
TRUCK 

PIPE

1.08
.00
.88
.00

1.14
.00
.85
.00

1.08
.00
.96
.00

1.16
.00
.91
.00

.5

.0
-1 .3

.0

1.7
.0

-4 .5
.0

28 PLASTICS
RAIL

WATER
TRUCK

PIPE

1.47
.00

1.45
.00

1.88
.00

1.82
.00

1.48
.00

1.43
.00

1.96
.00

1.76
.00

1.0
.0

-1 .0
.0

3.3
.0

-3 .1
.0

28 DRUGS+PAINTS
RAIL

WATER
TRUCK

PIPE

1.11
.00

1.14
.00

1.28
.00

1.23
.00

1.17
.00

1.13
.00

1.52
.00

1.18
.00

6.0
.0

- l . l
.0

18.2
.0

-3 .4
.0
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Tab le  5 .4  (C o n t’ d)

TRANSPORTATION PRICE SENSITIVITY TEST

COMPARISON : ALTERNATIVE DIEWERT FORECASTS (TONS DIVIDED BY 1976 TONS)

BASE ALT PCT DIFF
I960 1995 1980 1985 1990 1995

31 RUBBER PROD
RAIL

WATER
TRUCK

PIPE

1.28
.00

1.32
.00

1.52
.00

1.50
.00

1.31 
.00

1.31 
.00

1.63
.00

1.47
.00

2.3
,0

- .8
.0

7.7
.0

-2 .4
.0

32 OTH MOOD PROD 
RAIL 

WATER 
TRUCK 

PIPE

1.39
.00

1.44
.00

1.70 
.00

1.70 
.00

1.40
.00

1.41 
.00

1.83
.00

1.57
.00

2.1
.0

-2 .3
.0

7.1
.0

-7 .4
.0

33 FURNIT+MISC M 
RAIL 

WATER 
TRUCK 

PIPE

1.20
1.21
1.20

.00

1.29 
1.25
1.29 

.00

1.20
1.24
1.20

.00

1.30
1.33
1.26

.00

.6
2.3
- .4

.0

1.9
6.6

-1 .2
.0

34 GLASS PROD
RAIL

WATER
.......  TRUCK

PIPE

1.21
.00

1.19
.00

1.63
.00

1.32
.00

1.31
.00

1.16
.00

2.02
.00

1.25
.00

9.1
.0

-1 .7
.0

23.8
.0

-5 .4
.0

35 STONE+CLAYRgJL
WATER
TRUCK

PIPE

1.23
.00

1.22
.00

1.43
.00

1.33
.00

1.24
.00

1.20
.00

1.47
.00

1.27
.00

.9

.0
-1 .4

.0

2.6
.0

-4 .5
.0

36 PRIM NON-FERR 
RAIL 

WATER 
TRUCK 

PIPE

1.33 
.00

1.34 
.00

1.61
.00

1.59
.00

1.34
.00

1.33
.00

1.67
.00

1.54
.00

1.2
.0

- .9
.0

3.9
.0

-3 .0
.0

37 FAB STRU MET
RAIL

WATER
TRUCK

PIPE

1.21
.00

1.21
.00

1.29
.00

1.27
.00

1.21
.00

1.21
.00

1.30
.00

1.26
.00

.5

.0
- .4

.0

1 .7
.0

-1 .3
.0

39 ORD+MISC FAB
RAIL

WATER
TRUCK

PIPE

1.10
.00

1.19
.00

1.34
.00

1.31
.00

1.18
.00

1.17
.00

1.67
.00

1.24
.00

7.9
.0

-1 .7
.0

24.9
.0

-5 .6
.0

40 OTH MACH EXC
RAIL

WATER
TRUCK

PIPE

1.04
.00

1.06
.00

1.09
.00

1.07
.00

1.06
.00

1.05
.00

1.14
.00

1.05
.00

1.9
.0

- .7
.0

6.2
.0

-2 .1
.0
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Tab le  5 .4  (C on t’ d)

SUMMARY OF MODAL SHIPMENTS BY ALL INDUSTRIES

TRANSPORTATION PRICE SENSITIVITY TEST
COMPARISON : ALTERNATIVE DIEWERT FORECASTS (TONS DIVIDED BY 1876 TONS)

BASE ALT PCT DIFF
1980 1985 1980 1985 1980 1985

TOTAL TONS SHIPPED BY
RAIL 1.12 1.29 1.12 1.32 .8 2.8

WATER 1.13 1.25 1.14 1.27 .7 1.5
TRUCK 1.19 1.35 1.18 1.28 -1 .5  -4 .8

PIPE 1.07 1.14 1.07 1.16 .1 1.2
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Step Three : C o n s id e ra tio n  o f  D is ta n ce  Hauled

Tons s h ip p e d  by mode p e r  d o l l a r  o f  o u tp u t  can be c a lc u la te d  by 

m u lt ip ly in g  th e  to ta l- to n s  m arke t q u o tie n ts  tim es modal shares e s tim a ted  

in  s teps one and two above re s p e c t iv e ly .  However, in  o rd e r to  c a lc u la te  

and fo re c a s t  an I/O  c o e f f ic ie n t  o f  t ra n s p o r t  s e rv ic e s  demanded p e r  u n i t  

o f  o u tp u t ,  c o n s id e ra t io n  must be taken  o f  the  changing d is ta n c e  o f  hau ls  

f o r  each mode s in c e  t h i s  w i l l  a ls o  e f f e c t  th e  m easure o f  s h ip p in g  

s e rv ic e s  p ro v id e d . The o n ly  da ta  th a t  id e n t i f ie s  th e  d is ta n c e  o f  h a u l 

by mode and commodity is  found in  the  Census o f  T ra n s p o r ta t io n . 24 Using 

t h is  da ta  f o r  1972, the  most re c e n t ye a r o f  th e  censu s  a v a i la b le  when 

t h i s  w o rk  was do n e , and assum ing  th e  t o t a l  s h ip m e n t d is ta n c e  by a l l  

modes f o r  each commodity rem ains co n s ta n t o v e r t im e , an a d ju s tm e n t can 

be made to  th e  d is ta n c e  o f  h au l by mode sh ipped as th e  r e s u l t  o f  modal 

s u b s t i t u t io n .  The 1972 da ta  shows the  a v e ra g e  le n g th  o f  h a u l by mode 

and  c o m m o d ity  s h ip p e d  and r e f l e c t s  th e  f a c t  t h a t  d i f f e r e n t  modes 

s p e c ia l iz e  in  d i f f e r e n t  le n g th s  o f  h a u l*  To th e  e x te n t  t h a t  one mode 

c a p tu re s  th e  f r e i g h t  hau ls  o f  a no the r mode, th e  g a in in g  m ode's average 

f r e ig h t  h a u ls  s h o u ld  in c re a s e  o r  d e c re a se  d e p e n d in g  on w h e th e r  th e  

c a p tu re d  h a u ls  a re  coming from  a mode w h ich  averages lo n g e r o r  s h o r te r  

h a u ls *  Using a techn ique  deve loped by J a c k  F a u c e t t  A s s o c ia te s  ( J F A ) , 

each m ode 's  average d is ta n c e  o f h a u l is  a d ju s te d  to  r e f l e c t  the  g a in  o r  

lo s s  o£ i t s  lo n g e r o r  s h o r te r  ha u ls  as is  modal share changes d e p e n d in g  

on the  average le n g th  o f  h a u l o f  th e  s u b s t itu te  modes,^5
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A p p lic a t io n  to  the  A M a tr ix

L o o k in g  a t  e q u a t io n  ( 5 .1 )  we can see th a t  in c lu d in g  the  average 

d is tance^ o f  h a u l f o r  each mode* ^j_* in  the  e q u a tio n  p ro d u ce s  a m easure 

o f  t r a n s p o r t  s e r v ic e s  demanded p e r  d o l l a r  o f  o u tp u t f o r  r a i l #  w a te r* 

p ip e l in e *  and t r u c k .  These t r a n s p o r t a t io n  I /O  c o e f f i c i e n t s  w e re  

c a lc u la te d  f o r  th e  3 8 s e c to r s  w here th e  D iew e rt equ a tions  were used. 

F o r c o n s is te n c y *  th e  t r a n s p o r t  I /O  c o e f f i c ie n t s  f o r  th e  re m a in in g  

s e c to r s  (w h ic h  re p re s e n te d  le s s  than  te n  p e rce n t o f  the  t o t a l  tonnage 

s h ip m e n ts )  w ere  c a lc u la te d  u s in g  th e  l o g i s t i c  c u r v e  e s t im a t io n s  

c a lc u la te d  and p resen ted  in  s tep  two above.

W h ile  th e r e  e x is t s  m a tc h in g  INFORUM A m a tr ix  t ra n s p o r ta t io n  rows 

f o r  r a i l *  w a te r*  and p ip e l in e s  so th a t  th e  changes in  th e s e  t r a n s p o r t  

I /O  c o e f f ic ie n t s  can be added d i r e c t ly  to  INFORUM* the  A m a tr ix  handles 

t ru c k  in p u ts  d i f f e r e n t ly *  b re a k in g  t ru c k  shipm ents in t o  c o m m e rc ia l and 

p r i v a t e » Commercial t r u c k  has is  own row w h ile  p r iv a te  t r u c k  demand is  

rep resen ted  by purchases o f  th e  com ponents o f  p r iv a t e  t r u c k  s e rv ic e s  

w h ic h  a re  in p u ts  in t o  each in d u s t r y .  The m a jo r in te rm e d ia te  component 

in p u t s  r e p r e s e n t in g  p r i v a t e  t r u c k  a r e  INFORUM s e c t o r s :  6 7 :  

M isce llan eous  Chemical P ro d u c ts *  76 : P e tro leum  R e fin in g *  77 : F ue l O i l*  

8 0 : T i r e s  and In n e r  Tubes*. 145: M oto r V e h ic le s *  183: Insu rance  and* 

190: A u to  R e p a ir.

For t ru c k in g  s e rv ic e s  th e n *  th e  c a lc u la te d  t r u c k in g  s e r v ic e  I /O  

c o e f f i c ie n t s  were d iv id e d  in to  p r iv a te  and com m ercia l u s in g  modal share 

s p l i t s  e s tim a te d  w ith  l o g is t i c  c u rv e s  above i n  S tep  tw o * f o r  th e  two
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m oda l c a te g o r ie s  • The com m ercial t ru c k  row was a d ju s te d  by the  change 

i n  th e  c o m m e rc ia l t r u c k  p o r t i o n  o f  th e  t r u c k  I /O  c o e f f i c i e n t  

c a lc u la t io n s  d e r iv e d  by e q u a t io n  ( 5 . 3 ) .  F o r p r iv a t e  t ru c k *  f i r s t  a 

w e ig h t  had to  be c a lc u la te d  w h ic h  d e te r m in e d  th e  p o r t i o n  o f  th e  

com ponent in p u t  t h a t  d i r e c t l y  w ent f o r  the  purchase o f  p r iv a te  t ru c k  

s e rv ic e s  ra th e r  than  some o th e r  use such as p r iv a t e  c a r  o r  v e h ic u la r  

m a c h in e ry  s e rv ic e s .  The component in p u ts  were then  moved by the  change 

in  the  p r iv a te  t r u c k  I /O  c o e f f i c i e n t  c a lc u la te d  fro m  e q u a t io n  ( 5 .3 )  

m u l t i p l i e d  by  th e  c a l c u la t e d  p r i v a t e  t r u c k  w e ig h ts .  A d e t a i le d  

d e s c r ip t io n  o f  t h is  procedure  is  p resen ted  in  Appendix E.
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A

CHAPTER V I

Summing Up

F o re c a s tin g  th e  economy u s in g  I /O  te c h n iq u e s  r e q u i r e s  a c c u ra te  

p r e d ic t io n s  o f  th e  m a t r ix  o f  I /O  c o e f f ic ie n ts .  T h is  d is s e r ta t io n  has 

a ttem pted  to  im prove es tim a te s  o f  th e se  p r e d ic t io n s .  P re v io u s  to  t h i s  

w o rk  I /O  m a tr ic e s  w e re  p r o je c te d  u s in g  v a r io u s  form s o f  e x t ra p o la t in g  

te c h n iq u e s  such as l o g i s t i c  c u rv e  f i t t i n g .  These te c h n iq u e s  w e re  

em p loyed  to  p ic k  up* in  t o t a l *  the  tre n d  movements o f  the  d e te rm inan ts  

o f  c o e f f ic ie n t  change such as te c h n o lo g ic a l  change* p ro d u c t  m ix  and 

c h a n g in g  in p u t  p r ic e s .  L i t t l e  a t te n t io n  was p a id  to  a p p ly in g  economic 

th e o ry  because o f  a la c k  o f  com prehensive da ta  th ro u g h  tim e w h ic h  w o u ld  

have  a llo w e d  an in v e s t ig a t io n  o f  th e  re le v a n t economic r e la t io n s h ip s .  

As w e l l ,  c o m p re h e n s ive  p r o je c t io n s  o f  in d u s t r y  v a r ia b le s  s u c h  as 

in d u s t r y  p r ic e s *  e s s e n t ia l  to  th e  fo r e c a s t in g  o f  c o e f f ic ie n t  change* 

were u n a v a ila b le .  The o b je c t  o f  t h i s  d i s s e r t a t io n  has been to  ta k e  

a d v a n ta g e  o f  new te c h n iq u e s *  new da ta  on in d u s t ry  p r ic e s *  and new data  

on I/O  c o e f f ic ie n ts  in  p a r t ic u la r  s e c to rs *  to  d e te rm in e  th e  e f f e c t s  o f  

in p u t  p r ic e  change on p o r t io n s  o f  th e  I /O  m a t r ix .  S p e c i f ic a l ly *  the  

areas th a t  were modeled were th e  e n e rg y  s e c to r s ;  o i l *  c o a l* ,  n a t u r a l  

g a s * e l e c t r i c i t y *  and the  t ra n s p o r ta t io n  s e c to rs ;  r a i l *  w a te r*  t ru c k *  

and p ip e l in e .
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Approach

The D ie w e r t  f u n c t io n  was used to  e s t im a te  p r ic e  e f fe c ts  on I/O  

c o e f f i c ie n t s  because i t  in c o rp o r a te s  th e  t h e o r ie s  o f  p r o d u c t io n  

f u n c t i o n s  a n d  th e  c o s t  m in im iz in g  n a tu r e  o f  th e  f i r m  to  r e la t e  

s u b s t itu ta b le  I/O  c o e f f i c ie n t s  i n  one f u n c t io n a l  r e la t i o n s h ip .  The 

re q u ire m e n t o f  sym m etry be tw een p r ic e  e f f e c t s  on a l te r n a t iv e  in p u ts  

reduced the  number o f  param eters to  be e s tim a te d , o f te n  im p o r ta n t  when 

w o rk in g  w i t h  a l im i t e d  num ber o f  o b s e r v a t io n s .  A ls o *  u n l ik e  o th e r  

p ro d u c tio n  fu n c t io n  s p e c if ic a t io n s  such as the  CES o r  the  t r a n s lo g *  th e  

d e p e n d e n t v a r ia b le  o f  th e  D ie w e r t  f u n c t io n  i s  th e  I /O  c o e f f i c i e n t  

i t s e l f *  the  v a r ia b le  to  be m odeled.

I n  p re v io u s  s tu d ie s *  in te rm e d ia te  in p u ts  were a g g re g a te d  in  o r d e r  

to  re d u c e  th e  n u m b e r o f  s u b s t i t u t e s  t o  a m a n a g e a b le  le v e l  f o r  

e s t im a t io n *  b u t t h is  a g g re g a t io n  c re a te d  p ro b le m s  o f  s e p a ra t in g  th e  

e f f e c t s  o f  p r o d u c t  m ix . f r o m  o t h e r  e f f e c t s .  I n  t h i s  s tu d y *  th e  

assum ption o f  s e p a r a b i l i t y  was a p p lie d  to  a p p ro p r ia te  g ro u p s  o f  in p u ts  

so t h a t  a m anageab le  num ber o f  v a r ia b le s ,  w o u ld  be in c lu d e d  in  th e  

D ie w e r t  f u n c t io n  and s t i l l  a l lo w  f o r  a m o d e r a te ly  h ig h  l e v e l  o f  

d is a g g re g a tio n  o f  in d u s try  d a ta . In  t h is  way* c o e f f ic ie n t  change due to  

changes in  p ro d u c t m ix  was m in im iz e d . In  the  case o f  energy use* i t  was 

assumed th a t  fu e ls  used f o r  hea t and power s u b s t itu te d  w ith  c a p i ta l  and 

la b o r  b u t  th e s e  d e c is io n s  w e re  s e p a r a te  f ro m  th e  dem ands f o r  

in te r m e d ia te  in p u ts  used in  p ro d u c tio n . For t ra n s p o r ta t io n *  s in c e  a l l  

tons  o f  o u tp u t produced must e v e n tu a lly  be sh ipped* i t  was assumed t h a t  

th e  t o t a l  demand f o r  t ra n s p o r ta t io n  s e rv ic e s  is  a co n s ta n t fu n c t io n  o f
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in d u s t ry  o u tp u t*  and d e c is io n s  about the  o p tim a l mode f o r  s h ip p in g  t h i s  

to n n a g e  a re  sepa ra te  from  d e c is io n s  about the  m ix  o f  o th e r  in te rm e d ia te  

in p u ts  used in  p ro d u c tio n . C onsequently* o n ly  a l te r n a t iv e  m odal in p u ts  

need be cons ide red  in  the  t ra n s p o r ta t io n  cos t m in im iz in g  d e c is io n .

M ethodology

The D ie w e r t  f u n c t i o n  was a p p l ie d  t o  th e  tw o  g ro u p s  o f  I /O  

c o e f f i c i e n t s - - e n e r g y  and t r a n s p o r t a t io n .  Each g ro u p  p re s e n te d  a 

d i f f e r e n t  c h a l le n g e  b e c a u s e  o f  t h e  t y p e  o f  d a t a  a v a i l a b l e *  

consequen tly * two d i f f e r e n t  approaches had to  be ta ke n .

Energy

I n  th e  case o f  e n e rg y  use by  m a n u fa c tu r in g  f o r  h e a t and power* 

e x te n s iv e  c ro s s -s e c tio n .d a ta .. fo r_ s ta te s  was a v a i la b le .  T h is  d a ta  s e t  

had a num ber o f  a d va n ta g e s  f o r  e s t im a t in g  p r ic e  e f f e c t s .  F i r s t *  a 

r e la t iv e ly  la rg e  number o f o b s e rv a tio n s  were a v a i la b le  f o r  e s t im a t io n .  

Second* h o ld in g  t im e  c o n s ta n t e f f e c t iv e ly  removed te c h n o lo g ic a l change 

as an e x p la n a tio n  f o r  v a r ia t io n  in  the  d a ta * le a v in g  o n ly  the  e f fe c ts  o f  

p r ic e s  and p ro d u c t m ix .  The use o f  a tw o - d ig i t  le v e l  o f  d is a g g re g a t io n  

reduced p ro d u c t m ix  in f lu e n c e s .

A ls o *  some problem s w ith  the  da ta  were encountered such as s m a ll o r  

m is le a d in g  d a ta  p o in t s .  I n  s ta te s  w ith  s m a ll o b s e rv a tio n s *  i . e .  few 

i n d u s t r i e s  o f  one  t y p e *  some f u e l  use  was u n r e p o r t e d  d u e  t o  

n o n - d is c lo s u r e  la w s .  A ls o *  t o t a l  s ta te  n a tu ra l gas use made up m o s tly



o f  in t r a - s ta te  n a tu r a l  gas may p re s e n t  a d i s t o r t e d  p i c t u r e  o f  p r ic e  

e f f e c t s .  T h is  i s  b e c a u s e • in  th e s e  s ta te s ,  u n c o n tro lle d  n a tu ra l gas 

p r ic e s  on the  in t r a - s ta te  gas would n o t r e f l e c t  the  same t r a n s p o r t  and 

o t h e r  c o s t  d i f f e r e n t i a l s  c o n s id e re d  by i n t e r - s t a t e  u s e rs  who fa c e  

c o n t ro l le d  p r ic e s .  To hand le  these p rob lem s, o b s e rv a tio n s  n o t  r e p o r te d  

due to  d is c lo s u r e  law s w ere  dropped; where zero use was re p o r te d  th e  

o b s e rv a tio n  was used. Two s ta te s  were dropped from  the  a n a ly s is  because 

o f  t h e i r  la rg e  n a tu ra l gas p ro d u c tio n  and in t r a - s ta t e  use.

The D iew e rt fu n c t io n  was se t up to  in c lu d e  the  r e l a t i v e  p r ic e s  o f  

c o a l .  o i l .  n a t u r a l  g a s . and e l e c t r i c i t y  as w e l l  as la b o r  and c a p i t a l .  

F iv e  in p u ts  were es tim a ted  s im u lta n e o u s ly  in  o rd e r to  ta ke  advangage o f  

th e  p ro p e r ty  o f  symmetry o f  c o e f f ic ie n ts .  The s ix th  in p u t ,  c a p i ta l ,  was 

l e t t  o u t  as a d e p ende n t v a r ia b le  because we had no da ta  on i t ;  i t s  

p r i c e  was assum ed t o  be  c o n s t a n t  a c r o s s  s t a t e s .  The D ie w e r t  

c o e f f i c i e n t s  e s t im a te d  f ro m  th e  c r o s s - s e c t io n  d a ta  re p re s e n te d  

ad jus tm en ts  to  p r ic e  d i f f e r e n t ia l s  across s ta te s  and th e re fo re  in d ic a te d  

o n ly  lo n g -ru n  responses to  energy p r ic e  changes. The n e x t  s te p  was to  

e s t im a te  s h o r t  r u n .  y e a r ly  re s p o n s e s  to  p r ic e  changes. To do t h is ,  

f i r s t ,  a s e r ie s  was com piled o f  a c tu a l da ta  on f u e l  use by in d u s t r y  f o r  

e ig h t  p o in ts  in  tim e spanning tw e n ty - th re e  y e a rs . For the  same p e r io d ,  

long  run  o r  "des ired ** energy in p u ts  were c a lc u la te d  u s in g  th e  e s t im a te d  

c r o s s - s e c t io n  D ie w e r t  e q u a t io n s .  T hen , an a d ju s tm e n t v a r ia b le  was 

e s t im a te d  to  d e te rm in e  th e  y e a r ly  a d ju s tm e n t i n  a c tu a l  use t o  th e  

d e s ire d  le v e l .  T h is  was done across fu e ls  f o r  each in d u s t r y .  In  o rd e r 

to  r e c o n c i le  th e  c r o s s - s e c t io n  lo n g  r u n  a d ju s tm e n t  w i t h  a c t u a l  

m ovem ents, two t im e  t re n d s  had to  be added to  the  e q u a tio n  to  account
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f o r  c o e f f ic ie n t  change due t o ,  f i r s t ,  e n e rg y  c o n s e rv a t io n ,  and th e n  

p o l lu t io n  c o n t r o l .

T ra n s p o rta t io n

The s tu d y  o f  m odal s u b s t i t u t io n  f o r  f r e ig h t  t ra n s p o r ta t io n  posed 

d i f f e r e n t  p ro b le m s . No d a ta  on m oda l demands by in d u s t r y  t h a t  i s  

c o n s is te n t  across modes is  a v a i la b le .  However» a y e a r ly  t im e -s e r ie s  was 

c o m p ile d  by J a c k  F a u c e t t  A s s o c ia te s  on tons  sh ipped by commodity and 

mode f o r  th e  1965 to  1974 p e r io d .  C lose  a t t e n t i o n  was g iv e n  to  t h i s  

d a ta  f o r  c o n s is te n c y  a c ro s s  m odes. T h is  c o n s is te n c y  w o u ld  a l lo w  

a ccu ra te  measurement o f  modal s u b s t i t u t io n .

To ta k e  a d v a n ta g e  o f  t h i s  d a ta ,  th e  f o l lo w in g  m e th o d o lo g y  was 

d e v is e d . F i r s t ,  i t  was assumed th a t  the  t ra n s p o r t  in p u t  c o e f f ic ie n ts  o f  

an in d u s t r y  c o u ld  be b ro k e n  in to  th re e  fa c to r s .  The f i r s t  fa c to r  was 

th e  demand f o r  t o t a l  to n s  o f  p ro d u c t  s h ip m e n ts  p e r  u n i t  o f  p ro d u c t  

o u t p u t .  T h is  demand was assumed to  be u n r e la te d  to  th e  c o s t  o f  

t r a n s p o r ta t io n .  The second fa c to r  was the  share o f  t o t a l  to n s  s h ip p e d  

by each  m ode, assumed to  be a fu n c t io n  o f  r e la t iv e  modal p r ic e s .  The 

t h i r d  fa c to r  was a measure o f  th e  le n g th  o f  h a u l by each mode. T h is  was 

needed to  ta k e  in to  accpunt the  d is ta n c e  aspect o f  the  t ra n s p o r t  in p u t .  

The m u l t i p l i c a t i o n  o f  th e s e  th re e  fa c to rs  produced a measure o f  modal 

t r a n s p o r t  in p u ts  demanded by in d u s t r y  and was u s e d  t o  add  p r i c e  

s e n s it iv e  t ra n s p o r t  I /O  c o e f f ic ie n ts  to  the  INFORUM A m a tr ix .
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The e s t im a t io n  o f  th e  f i r s t  f a c t o r • a t o t a l  tons  to  o u tp u t r a t io  

f o r  each in d u s t r y ,  was done by u s in g  lo g is t i c  curves to  p r o je c t  t re n d s  

in t o  th e  f u t u r e .  Here the  denom ina to r, in d u s try  o u tp u t,  was augmented 

w ith  im p o rts  in  o rd e r to  be c o n s is te n t w i th  the  in d u s try  shipm ents d a ta . 

The second f a c t o r ,  m oda l s h a re s ,  was e s t im a te d  u s in g  th e  D ie w e r t  

e q u a t io n .  Tonnage sh a re s  sh ipped  by r a i l ,  w a te r , t r u c k ,  and p ip e l in e  

were e s tim a te d  s im u lta n e o u s ly  f o r  each in d u s try  u s in g  as th e  independent 

v a r ia b le s ,  r e l a t i v e  m oda l p r ic e s .  W h ile  th e  F a u c e t t  d a ta  p ro v id e d  

to n n a g e  in fo r m a t io n  f o r  b o th  com m ercial an p r iv a te  t ru c k in g ,  no p r ic e  

e x is te d  f o r  th e  l a t t e r .  C o n s e q u e n t ly ,  i t  was assumed t h a t  th e  two 

p r ic e s  moved c o in c id e n ta l ly  and the  tonnage da ta  was combined to  fo rm  a 

s in g le  t ru c k in g  c a te g o ry .

In p u t p r ic e s  proved to  be a more d i f f i c u l t  p ro b le m  f o r  t h i s  s tu d y  

s in ce  t ra n s p o r t  p r ic e s  can d i f f e r  n o t o n ly  by mode b u t a ls o  by commodity 

s h ip p e d . I n  p a r t i c u l a r ,  i t  i s  p o s s ib le  t h a t  a d rop  in  an aggrega te  

modal p r ic e  may s im p ly  be the  r e s u l t  o f  in c re a s e d  t r a n s p o r t a t io n  o f  a 

com m od ity  w i t h  a lo w e r  t r a n s p o r t  p r ic e .  U n fo r tu n a te ly ,  no c o n s is te n t 

s e t o f  t im e -s e r ie s  da ta  e x is ts  f o r  modal t ra n s p o r t  p r ic e s  d i f f e r e n t ia t e d  

by commodity sh ipped* C onsequen tly , a techn ique  was deve loped to  w e ig h t 

t o t a l  modal p r ic e s  by th e  changing im portance o f  in d u s t r y  s h ip m e n ts  i n  

t o t a l  re ve n u e s  c o l le c t e d  by each mode* I n  t h is  way any change in  an 

aggrega te  modal p r ic e  due to  th e  c h a n g in g  im p o r ta n c e  o f  a p a r t i c u l a r  

c o m m o d ity  s h ip p e d  w o u ld  be ta k e n  o u t  o f  th e  p r ic e  s e r ie s .  A ls o ,  

t ra n s p o r t  ra te  da ta  w h ich  does e x is t  f o r  r a i l  o n ly ,  was in c o rp o ra te d  to  

a d ju s t  th e  t o t a l  r a i l  r a t e  d e p e n d in g  on th e  com m od ity  g ro u p  b e in g  

sh ipped*



An in v e s t ig a t io n  was made o f  o th e r  fa c to rs  u n re la te d  to  p r ic e  t h a t  

m ig h t  a f f e c t  m oda l s h a re s  b u t  t h i s  s tu d y  tu rn e d  up few  o p e ra t io n a l 

measures. Two th a t  were added to  the  D iew ert e q u a tio n  were m easures o f  

commodity w e ig h t and commodity v a lu e .  Each im proved th e  e s t im a t io n  o f  a 

few s e c to rs  b u t on the  w hole they  added l i t t l e  to  th e  s tu d y .

The t h i r d  f a c t o r  t o  be c o n s id e r e d  in  th e  t r a n s p o r t  s e r v ic e  

e q u a tio n , d is ta n c e  t ra v e le d ,  was c a lc u la te d  by ta k in g  advantage o f  1972 

d a ta  on a v e ra g e  d is ta n c e  o f  h a u ls  by mode and commodity* Assuming a 

c o n s ta n t t o t a l  d is ta n c e  o f  hau l f o r  each com m odity, the  average d is ta n c e  

o f  hau l by each mode was a d ju s te d  up o r  down d e p e n d in g  on w h e th e r  i t s  

m oda l sh a re  was g a in in g  o r  lo s in g  hau ls  to  modes w ith  lo n g e r o r  s h o r te r  

ha u ls  on ave rage .

C om b in ing  th e  th re e  f a c to r s  o f  th e  t r a n s p o r t  s e r v ic e  e q u a t io n  

p ro d u c e d  p r ic e  s e n s i t i v e  I /O  c o e f f i c ie n t s  f o r  th e  r a i l ,  w a te r ,  and 

p ip e l in e  rows o f  the  INFORUM A m a t r ix *  Because th e  t r u c k  row  o f  th e  

m a t r ix  r e p re s e n ts  o n ly  c o m m e rc ia l t r u c k  w h i le  p r iv a t e  t r u c k  e n te rs  

th ro u g h  i t s  com posite  p ie c e s , com m ercia l t r u c k  and p r iv a te  t r u c k  sh a re s  

o f  th e  t o t a l  D iew e rt t r u c k  e s tim a te  were s p l i t  u s in g  th e  lo g is t i c  curve 

te c h n iq u e . The com m ercial p r ic e  en te red  as c o e f f i c ie n t s  i n  th e  t r u c k  

row  and p r i v a t e  t r u c k  demands en te re d  th ro u g h  changes in  c o e f f ic ie n ts  

f o r  such item s as t i r e s ,  f u e l ,  and au tom o tive  p a r ts ,  e tc .

R e su lts
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The r e s u lts  showed th a t  the  a p p l ic a t io n  o f  the  D ie w e rt f u n c t io n  to  

e n e rg y  c o n s u m p tio n  by t w o - d ig i t  in d u s t r ie s  p ro d u c e d  on th e  w h o le *  

s a t is f a c t o r y  r e s u l t s  f o r  th e  e s t im a t io n  o f  lo n g  ru n  p r ic e  e f f e c t s .  

E s t im a te s  w e re  c o n s tra in e d  to  r u le  o u t s m a ll o r m is le a d in g  d a ta  p o in ts  

th a t  would produce c o e f f i c i e n t s  t h a t  v io la t e d  econom ic  a s s u m p t io n s .  

H e re *  a l l  in p u t s  w e re  assum ed  t o  be s u b s t i t u t e s  e x c e p t f o r  th e  

re la t io n s h ip  between c a p i ta l  and e l e c t r i c i t y  w h ic h  was a l lo w e d  to  be 

com plem entary.

I n  t o t a l *  th e  e s t im a t io n s  p ro d u c e d  th e  a g g re g a te  own lo n g - ru n  

e l a s t i c i t i e s  shown in  column one o f  Tab le  6 .1 .

Tab le  6 .1

Energy P r ic e  E la s t i c i t i e s  ( A l l  M a n u fa c tu rin g  S e c to rs )

T h is  Study f la lv p rs n n

O il  - 3 .0  -2 .8

Coal - . 9  -1 .5

N a tu ra l Gas -1 .3  -1 .5

E le c t r i c i t y  -1 .1  - . 9

These e s t im a te s  a re  s im i l a r  to  ones made by H a lv e rs o n ^ . H is  approach

d i f f e r s  in  th a t  t o t a l  c r o s s - s e c t io n  d a ta  f o r  th e  same in d u s t r i e s  was

used f o r  th e  e a r l i e r  p e r io d *  1971; the  t ra n s lo g  fu n c t io n  was a p p lie d ;

and no a llow ance  was made in  h is  e s tim a te s  fo r  s u b s t i t u t io n  w ith  c a p i ta l

and la b o r .  The t o t a l  e l a s t i c i t i e s  p resen ted  in  the  second co lum n above

w ere  g e n e ra te d  by H a lv e rs o n  by c o m b in in g  h is  e s tim a te s  w ith  c a p i t a l ,

la b o r and e n e rg y  s u b s t i t u t i o n  e l a s t i c i t i e s  f o r  t o t a l  m a n u fa c tu r in g
2produced by B ernd t and Wood .
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To observe the  s h o r t run  p r ic e  s e n s i t i v i t y  o f  the  D ie w e rt e q u a t io n  

w ith  the e s tim a ted  la g  a d ju s tm e n ts , the  t im e -s e r ie s  e q u a tio n s  were added 

to  th e  INFORUM m ode l and a f u l l  model s im u la t io n  was c a r r ie d  o u t .  In  

t h is  s im u la t io n ,  dom estic  crude o i l  p r ic e s  were d e re g u la te d  and made to  

r i s e  to  th e  fo re ig n  p r ic e  by 1985. In  the  b a s e lin e  s c e n a r io , crude o i l  

p r ic e s  rose a t the  ra te  o f  the  w h o le sa le  p r ic e  in d e x . The h ig h e r  p r ic e  

s c e n a r io  g e n e ra te d  a p p ro x im a te ly  a s ix  p e rc e n t  in c re a s e  in  f u e l  o i l  

p r ic e s  and a p p ro x im a te ly  a one p e rc e n t in c re a se  in  c o a l and e l e c t r i c i t y  

p r ic e s  above th e  b a s e lin e  s c e n a rio  by 1985. The n a tu ra l gas p r ic e  was 

made to  f o l l o w  th e  c ru d e  o i l  p r ic e  in c r e a s e .  The r e s u l t s  o f  t h i s  

e x e r c is e  on energy use f o r  m a n u fa c tu rin g  by 1985 were to  lo w e r n a t io n a l 

demand f o r  o i l  by a p p ro x im a te ly  .2 p e rc e n t, n a tu ra l gas by .07 p e r c e n t ,  

and~ co a l demand by .05 p e rc e n t r e la t iv e  to  the  b a s e lin e  s c e n a r io .  H ere , 

th e  in c re a s e d  demand f o r  f o s s i l  f u e ls  to  m eet in c re a s e d  e l e c t r i c i t y  

requ ire m en ts  was taken  in to  a c c o u n t.

When a p p lie d  to  the  t r a n s p o r ta t io n  s e c to r s ,  th e  D ie w e r t  e q u a t io n
t >

p ro d u c e d  m ixe d  r e s u l t s .  Many o f  th e  D ie w e r t  e s t im a te s  behaved  as 

expected b u t o th e rs  pe rfo rm ed  q u i te  p o o r ly ,  in d ic a t in g  h e te ro g e n e ity  in  

m oda l demand d e p e n d in g  on th e  p ro d u c t be ing  sh ipped . Of the  o r ig in a l  

f o r t y - f i v e  s e c to rs ,  seven had o n ly  one m a jo r mode o f  t r a n s p o r ta t io n  and, 

t h e r e f o r e ,  w e re  in a p p r o p r ia te  f o r  th e  e s t im a t io n  o f  s u b s t i t u t i o n  

e f f e c t s .  O f th e  re m a in d e r ,  tw e n ty -n in e  s e c to rs  produced c o e f f ic ie n ts  

w ith  e i th e r  the  c o r re c t  s ig n s  o r s ig n s  th a t  were wrong b u t s t a t i s t i c a l l y  

in s ig n i f ic a n t .  Each o f  the  re m a in in g  n in e  s e c to r s  c o n ta in e d  a t  le a s t  

one c o e f f i c ie n t  w i th  a s t a t i s t i c a l l y  s ig n i f ic a n t  wrong s ig n .  Of th e s e , 

th re e  produced c o e f f ic ie n ts ,  a l l  w ith  the wrong s ig n ,  and t  s t a t i s t i c s
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i n  th e  s ig n i f i c a n t  ra n g e .  The th re e  w e re  C opper Ore* Chemicals and 

F e r t i l i z e r  M in in g , and O the r S crap . Here a p p a re n tly  o th e r  f a c t o r s  n o t  

in c lu d e d  in  th e  e q u a tio n  were c re a t in g  s h i f t s  in  modal shares and were 

c o l in e a r  w ith  p r ic e  changes. Because t h is  data  se t was a t im e - s e r ie s ,  

o th e r  f a c to r s  a s s o c ia te d  w ith  the  e v o lu t io n  o f  t ra n s p o r t  s e rv ic e s  cou ld  

n o t be separa ted  o u t o f  the  d a ta . A ttem p ts  to  in c lu d e  o th e r  v a r ia b le s  

f o r  th e s e  e f f e c t s  w e re  s u c c e s s fu l in  a few  cases b u t  p ro d u c e d  no 

improvement f o r  the above th re e  s e c to rs .

To e va lu a te  the  accu racy  o f  the  D ie w e rt t r a n s p o r ta t io n  p re d ic t io n s *  

the  average a b s o lu te  pe rcen tage  e r ro r  (AAPE) o f  the  p r e d ic t io n s  a ro u n d  

th e  a c tu a l  to n n a g e  d a ta  was c a lc u la te d  f o r  each mode and com m odity. 

These were compared to  AAPE's c a lc u la te d  from  l o g i s t i c  c u rv e  e s t im a te s  

on the  same d a ta . In  g e n e ra l the  D ie w e rt e q u a tions  perfo rm ed worse than  

th e  lo g is t i c  curve  e s t im a te s . Upon r e f le c t io n *  t h is  is  n o t a s u rp r is in g  

r e s u l t  s in c e  th e  a p p l i c a t io n  o f  the  D iew e rt e q u a tio n  is  an a tte m p t to  

impose th e o r e t ic a l c o n s t r a in t s  on th e  raw  d a ta .  T h e o ry  in d ic a te s  a 

l in k a g e  o f  c o e f f ic ie n t  change between a l te r n a t iv e  in p u ts  r e s u l t in g  from  

r e la t iv e  p r ic e  changes between those in p u ts .  T h is  l in k a g e  i s  em bod ied 

in  th e  sym m etry o f  c o e f f ic ie n ts  in  the  D ie w e rt fu n c t io n  and im p l i c i t l y  

im posed in  th e  s im u lta n e o u s  e s t im a t in g  p r o c e d u r e  u s e d  h e r e  f o r  

a l t e r n a t i v e  in p u t s .  On the  o th e r  hand* the  f i t t i n g  o f  l o g is t i c  curves 

t o  a t im e - s e r i e s  o f  i n d i v i d u a l  in p u t  t o  o u t p u t  r a t i o s  u s in g  

u n c o n s tra in e d  o rd in a ry  le a s t  squares p rocedures w i l l  g e n e ra lly  produce a 

good f i t  i f  c o e f f i c ie n t  change approx im ates a t re n d . As a consequence 

o f  t h i s  te c h n iq u e *  h o w e v e r *  th e  s u m m a tio n  a c r o s s  m odes o f  th e  

l o g i s t i c a l l y  e s t im a te d  c o e f f i c i e n t s  i s  n o t c o n s t r a in e d  to  f o l lo w  a
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c o n s is te n t p a t te rn  o f  t o t a l  t r a n s p o r ta t io n  demand as i s  th e  case w i t h  

th e  D ie w e r t  e s t im a te s .  H ere  we see t h a t  w h i le  th e  l o g i s t i c  c u rv e  

produces the  b es t f i t  on the  raw da ta  the  summation o f  the  r e s u l t s  does 

n o t make v e r y  good s e n s e . A n o th e r e x p la n a tio n  f o r  the  success o f  the  

lo g is t i c  cu rve  cou ld  be due to  th e  in a c c u ra c y  o f  th e  p o r t io n s  o f  th e  

d a ta  t h a t  had to  be e s t im a te d  by J a c k  F a u c e tt A s s o c ia te s  to  m a in ta in  

c o n s is te n c y  and c o m p le te n e s s . I n a d v e r t e n t  t r e n d s  may h a v e  b e e n  

in tro d u c e d  in to  the  da ta  in  t h is  way. The "s o f tn e s s ”  in  g e n e ra l o f  da ta  

on  to n s  s h ip p e d  by  mode i s  e x e m p l i f i e d  by th e  e s t im a te s  o f  th e  

T ra n s p o rta t io n  A s s o c ia t io n  o f  Am erica on t o t a l  tons  sh ipped . T h is  d a ta  

was p lo t te d  in  Graph 5 .2  o f  C hapter 5 . H e re , i t  can be seen th a t ,  a f t e r  

197 4 , th e  sum m ation  o f  the  da ta  showed a s ig n i f ic a n t  decrease in  t o t a l  

tons -shipped o f  a l l  c o m m o d it ie s  by a l l  modes p e r  c o n s ta n t  d o l l a r  o f  

t o t a l  n a t io n a l  o u tp u t  and im p o r ts .  W h ile  i t  is  c o n c e iv a b le  th a t  th e re  

w ere  la r g e  changes in  p r o d u c t  w e ig h t ,  s u c h  a la r g e  s h i f t  seems 

q u e s t io n a b le .  I n  t h is  s tu d y , the  im p o s it io n  o f  the  D ie w e rt fu n c t io n a l

r e la t io n s h ip ,  w h ile  n o t n e c e s s a r ily  p ro d u c in g  the  b e s t  f i t ,  has fo rc e d
i ■

th e  d a ta  to  co n fo rm  to  r e la t io n s h ip s  d e r iv e d  from  economic th e o ry  and 

b a s ic  lo g ic .  T h is  I  b e le iv e  w ould p roduce  a t h e o r e t i c a l l y  more sound 

b a s is  f o r  fo re c a s t in g .

To l o o k  a t  t h e  p r i c e  s e n s i s t i v i t y  o f  m o d a l dem ands f o r  

t r a n s p o r t a t io n  a s im u la t io n  was done u s in g  th e  e s t im a te d  D ie w e r t  

e q u a t io n s .  H ere, s ta r t in g  in  1977, the  p r ic e  f o r  t ru c k in g  s e rv ic e s  was 

increased  to  be a p p ro x im a te ly  7 p e rce n t g re a te r  than  th e  b a s e l in e  case 

by 1985 . The o th e r  modal p r ic e s  were k e p t the  same as in  the  b a s e lin e .  

The r e s u l t  o f  t h is  was to  decrease tons sh ipped by t ru c k  to  4 .9  p e rc e n t

135



b e lo w  th e  b a s e lin e  case by 1985. Tons sh ipped by r a i l  in c re a se d  by 2 .8  

p e rc e n t,  w a te r  by 1 .5  p e r c e n t ,  and p ip e l in e  by  1 .2  p e r c e n t .  These 

r e s u l t s  show o n ly  changes th a t  w o u ld  r e s u l t  from  the  s u b s t i tu t io n  o f  

modes and does n o t in c lu d e  any d e c re a s e  in  t o t a l  t r a n s p o r t a t io n  t h a t  

m ig h t  o c c u r  fro m  re d u c e d  in d u s t r y  o u tp u t coming from  the  h ig h e r  t ru c k  

p r ic e .  These e f fe c ts  would most l i k e l y  be q u i te  s m a ll.

C o n c lu s io n s

The e s t im a t io n  o f p r ic e  e f fe c ts  on I /O  c o e f f ic ie n ts  has always been 

a d i f f i c u l t  ta s k  because o f  s ig n i f ic a n t  da ta  p rob lem s. However, the  use 

o f  th e  D ie w e r t  f u n c t i o n  f o r  e s t im a t i o n  has re d u c e d  some o f  th e  

d i f f i c u l t i e s  and made the  ta s k  a fe a s a b le  one on a l im i te d  b a s is .

The da ta  l im i ta t io n s  g e n e ra lly  a re  the  a v a i l a b i l i t y  o f  a d e t a i le d  

I/O  m a tr ix  o n ly  every fo u r  o r f iv e  y e a rs . C onsequ en tly , n o t enough data  

has been a v a i la b le  on a la r g e  s c a le  to  c o m p re h e n s iv e ly  a n a ly s e  the
C '

e f fe c ts  o f  p r ic e  changes on c o e f f ic ie n ts .  O th e r  d e t a i le d  d a ta  can be 

fo u n d ,  h o w e v e r, on a l im i t e d  b a s is  f o r  p a r t ic u la r  rows o f  the  m a tr ix .  

Where t h is  da ta  covers rows o f  c lo se  s u b s t i t u t e s  th e  D ie w e r t  f u n c t io n  

can be a p p lie d  to  e s tim a te  p r ic e  s e n s i t i v i t y .  The D ie w e rt fu n c t io n  has 

the  advantage, ove r o th e r  p re v io u s ly  used m ethods, o f  be ing  d e r iv e d  from  

s tanda rd  economic th e o ry  on the  cos t m in im iz in g  b e h a v io r  o f  th e  f i r m .  

The sym m etry  o f  c o e f f i c ie n t s  im p l i c i t  in  t h is  fu n c t io n ,  t ie s  to g e th e r 

movements o f  a l te r n a t iv e  in p u ts  and reduces the  number o f  c o e f f i c ie n t s  

n e c e s s a ry  fo r  e s t im a t io n .  W hile  the  e s tim a te d  f i t s  to  the  da ta  may no t 

be th e  b e s t  p o s s ib le ,  g iv e n  th e  p a u c i t y  o f  d a ta  t h i s  a p p ro a c h  f o r
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e s t im a t in g  p r ic e  s e n s i t i v i t y  i s  th e  m ost sound because  i t  ba lances 

e c o n o m e tr ic  te c h n iq u e s  w i t h  p r i o r  kn o w le d g e  d e r iv e d  fro m  e c o n o m ic  

th e o ry .

The lo n g - r u n  p r i c e  e l a s t i c i t i e s  f o r  th e  a re a s  o f  e n e rg y  and 

t r a n s p o r ta t io n  demand appear to  be f a i r l y  la rg e  as has been dem onstrated 

by t h is  and o th e r  s tu d ie s .  C onsequen tly • i t  is  d e s i r a b le  and* in d e e d , 

n e c e s s a ry  to  r e p la c e  the  im p l i c i t  assum ption  o f  p r ic e  in s e n s i t i v i t y  in  

I/O  m a tr ic e s  w ith  the  D iew e rt e s tim a te d  p r ic e  s e n s i t i v e  c o e f f i c i e n t s .  

The D ie w e r t  f u n c t io n  has p ro v e n  to  be a v a lu a b le  to o l  to  f u r th e r  th a t  

end* and I  am sure i t  w i l l  be u s e fu l in  th e  f u t u r e  f o r  e s t im a t in g  th e  

p r ic e  s e n s i t i v i t y  o f  o th e r  rows o f  c o e f f ic ie n ts .

T h is  d i s s e r t a t i o n  has d e m o n s tra te d  the  f e a s i b i l i t y  o f  e s t im a tin g  

the  p r ic e  s e n s i t i v i t y  o f  rows o f  c o e f f ic ie n ts  in  an in p u t -o u tp u t  m a t r ix  

i n  o r d e r  to  p r o je c t  t h i s  m a t r ix  m ore a c c u ra te ly  in to  the  fu tu re  in  a 

w o r ld  o f  r a p id ly  changing p r ic e s .  W ith  th e  h e lp  o f  th e  D ie w e r t  c o s t 

f u n c t io n ,  in d u s try  d a ta , and in d u s try  p r ic e  fo re c a s ts ,  such m ode ling  is  

now p o s s ib le .
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Append ix A

DEFINITIONS FOR THE 200 SECTORS IN THE INFORUM MODEL

THE 90-ORDER AGGREGATE SECTOR NUMBER, FOR INVESTMENT AND EMPLOYMENT, 
FOLLOWS THE SECTOR TITLE. THE 4-D IG IT SIC CODES ARE THOSE USED FOR 
THE 1967 CENSUS OF MANUFACTURES. A CODE ENDING WITH A *0* DESIGNATES 
AN ENTIRE 3-D IG IT GROUP; A CODE ENDING WITH *00* DESIGNATES AN ENTIRE 
2-DIG IT GROUP. A MINUS SIGN INDICATES THAT THIS SIC IS  EXCLUDED FROM 
THE SECTOR.

SECTOR TITLES 90-ORDER STANDARD INDUSTRIAL 
CLASSIFICATION

1 DAIRY FARM PRODUCTS ( 1) 132
2 POULTRY AND EGGS ( 1) 133
3 MEAT ANIMALS, OTH LIVESTK ( 1) 135 136 139 193
4 COTTON ( 1) 112
5 GRAINS ( 1) 113
6 TOBACCO ( 1) 114
7 FRUIT,VEGETABLES,OTH CROPS ( 1) 119 120 192
8 FORESTRY & FISHERY PRODUCTS ( 1) 740

910
810 820 840

9 EMPTY
10 AGR.FORESTRY+FISH SERVICES ( 1) 710 720 730 850
11 IRON ORES ( 2 ) 1010 1060
12 COPPER ORE ( 2) 1020
13 OTHER NON-FERROUS ORES ( 2) 1030 1050 1090
14 COAL MINING ( 2) 1110 1210
15 CRUDE PETROLEUM, NAT. GAS ( 3) 1310 1320
16 EMPTY
17 STONE AND CLAY MINING ( 2) 1410 1420 1440 1450
18 CHEMICAL FERTILIZER MINING ( 2) 1470
19 NEW CONSTRUCTION ( 4) 1600
20 MAINTENANCE CONSTRUCTION ( 0) 1500
21 COMPLETE GUIDED MISSILES ( 5) 1925
22 AMMUNITION C 5) 1929 1960
23 OTHER ORDNANCE ( 5) 1910 1930 1940 1950
24 MEAT PRODUCTS ( 6) 2010
25 DAIRY PRODUCTS ( 7) 2020
26 CANNED AND FROZEN FOODS ( 8) 2030
27 GRAIN MILL PRODUCTS ( 9) 2040
28 BAKERY PRODUCTS (10) 2050
29 SUGAR (11) 2060
30 CONFECTIONERY PRODUCTS (12) 2070
31 ALCOHOLIC BEVERAGES (13) 2082 2083 2084 2085
32 SOFT DRINKS AND FLAVORINGS (13) 2086 2087
33 FATS AND OILS (14) 2091 2092 2093 2094
34 MISC FOOD PRODUCTS (14) 2095 2097 2098 2099
35 TOBACCO PRODUCTS (15) 2110 2120 2130 2140

860
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36 BROAD AND NARROW FABRICS (16) 2210 2220 2230
2262

37 YARN, THREAD, FINISHING (16) 2269 2280
3 8 FLOOR COVERINGS (17) 2270
39 MISC TEXTILES (18) 2290
40 KNITTING (19) 2250
41 APPAREL (20) 2310 2320 2330

23 80 3992 2360
42 HOUSEHOLD TEXTILES (21) 23 90
43 LOGGING CAMPS (22) 2410
44 SAW AND PLANING MILLS (22) 2420
45 VENEER AND PLYWOOD (23) 2432
46 MILLWORK AND WOOD PRODUCTS (23) 2431 2433 2490
47 WOODEN CONTAINERS (24) 2440
48 HOUSEHOLD FURNITURE (25) 2510
49 OTHER FURNITURE (25) 2520 2530 2540
50 PULP MILLS (27) 2610
51 PAPER AND PAPERBOARD MILLS (27) 2620 2630
52 PAPER PRODUCTS, NEC (27) 2641 2642 2643

2649 2647
53 WALL & BUILDING PAPER (27) 26 44 2660
54 PAPERBOARD CONTAINERS (28) 2650
55 NEWSPAPERS (29) 2710
56 PERIODICALS (30) 2720
57 BOOKS (30) 2730
58 BUSINESS FORMS, BLANK BOOKS (30) 2760 27 82
59 COMMERCIAL PRINTING (30) 2751 2752
60 OTHER PRINTING, PUBLISHING (30) 2740 2753 2770
61 EMPTY
62 EMPTY
63 EMPTY
64 INDUSTRIAL CHEMICALS (31) 2810
65 FERTILIZERS (32) 2871 2872
66 PESTICIDES + AGRIC. CHEM. (32) 2879
67 MI SC CHEMICAL PRODUCTS (33) 2860 2890
68 PLASTIC MAT'LS. + RESINS (34) 2821
69 SYNTHETIC RUBBER (34) 2822
70 CELLULOSIC FIBERS (34) 2823
71 NON-CELLULOSIC FIBERS (34) 2824
72 DRUGS (35) 2830
73 CLEANING +■ TOILET PROD. (36) 2840
74 PAINTS (37) 2850
75 EMPTY
76 PETROLEUM REFINING (38) 2911 2990
77 FUEL OIL [ 1 ] (38) 2911
78 PAVING AND ASPHALT (38) 2950
79 EMPTY
80 TIRES AND INNER TUBES (39) 3010
81 RUBBER PRODUCTS (40) 3020 3030 3060
82 MISC PLASTIC PRODUCTS (41) 3070
83 LEATHER + IND LTHR PROD (42) 3110 3120
84 FOOTWEAR (EXC. RUBBER) (43) 3130 3140
85 OTHER LEATHER PRODUCTS (43) 3150 3160 3170
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86 GLASS (44) 3210 3220 3230
87 STRUCTURAL CLAY PRODUCTS (45) 3250
88 POTTERY (45) 3260
89 CEMENT, CONCRETE, GYPSUM (45) 3240 3270
90 OTHER STONE + CLAY PROD. (45) 3280 3290
91 STEEL (46) 3310 3320 3391
92 COPPER (47) 3331 3340 3351
93 LEAD (47) 3332
94 ZINC (47) 3333
95 ALUMINUM (47) 3334 3352 3361
96 OTH PRIM NON-FER METALS (47) 333 9
97 OTH NON-FER ROLL + DRAW (47) 3356
98 NON-FERROUS WIRE DRAWING (47) 3357
99 NON-FER CASTING + FORGING (47) 3369 3392
00 METAL CANS (48) 3410
01 METAL BARRELS AND DRUMS (48) 3491
02 PLUMBING + HEATING EQUIP. (49) 3430
03 BOILER SHOPS (50) 3443
04 OTH STRUCTURAL METAL PRD. (50) 3441 3442 3444
05 SCREW MACHINE PRODUCTS (51) 3450
06 METAL STAMPINGS (51) 3460
07 CUTLERY,HAND TOOLS,HARDWR (52) 3420
08 MISC FABRICATED WIRE PRODS. (52) 3480
09 PIPES.VALVES.FITTINGS (52) 3494 3498
10 OTH FABRICATED METAL PRD. (52) 3470

3499
3492 3493

11 ENGINES AND TURBINES (53) 3510
12 FARM MACHINERY (54) 3520
13 CONSTR,MINE,OILFIELD MACH. (55) 3531 3532. 3533
14 MATERIALS HANDLNG MACH. (55) 3534 3535 3536
15 MACH.TOOLS,METAL CUTTING (56) 3541
16 MACH.TOOLS,METAL FORMING (56) 3542
17 OTHER METAL WORKING MACH. (56) 3544 3545 3548
18 SPECIAL INDUSTRIAL MACH. (57) 3550
19 PUMPS.COMPRESSORS,BLOWERS (58) 3561 3564
20 BALL & ROLLER BEARINGS (58) 3562
21 POWER TRANSMISSION EQUIP. (58) 3566
22 INDL FURNACES, INDL PATTERNS (58) 3565 3567 3569
23 COMPUTERS + RELATED MACH* (60) 3573 3574
24 OTHER OFFICE MA.CHNERY (6 0 )) 3572 3576 357 9
25 SERVICE- INDUSTRY MACHINERY (61) 3580
26 MACHINE SHOP PRODUCTS (59) 3590
27 EMPTY
28 EMPTY
29 ELECTRICAL MEASURING INSTRUME (62) 3825
30 TRANSFORMERS + SWITCHGEAR (62) 3612 3613
31 MOTORS AND GENERATORS (63) 3621
32 INDUSTRIAL CONTROLS (63) 3622
33 WELDING APP, GRAPHITE PROD (63) 3623 3624 3629
34 HOUSEHOLD APPLIANCES (64) 3630
35 ELEC LIGHTING + WIRING EQ. (65) 3640
36 RADIO AND TV RECEIVING (66) 3651
37 PHONOGRAPH RECORDS (66) 3652

3449

3497
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38 COMMUNICATION EQUIPMENT
39 ELECTRONIC COMPONENTS
40 BATTERIES
41 ENGINE ELECTRICAL EQUIP.
42 X-RAY, ELEC EQUIP,NEC
43 EMPTY
44 TRUCK, BUS, TRAILER BODIES
45 MOTOR VEHICLES
46 EMPTY
47 AIRCRAFT
48 AIRCRAFT ENGINES
49 AIRCRAFT EQUIPMENT, NEC
50 SHIP AND BOAT BUILDING 
51. RAILROAD EQUIPMENT
52 CYCLES, TRANS EQUIP NEC
53 MOBILE HOMES & CAMPERS
54 EMPTY
55 EMPTY
56 ENGR. + SCIENTIFIC INSTR.
57 MECH. MEASURING DEVICES
58 OPTICAL + OPHTHALMIC GOODS
59 MEDICAL + SURGICAL INSTR.
60 PHOTOGRAPHIC EQUIPMENT
61 EMPTY
62 WATCHES AND CLOCKS
63 JEWELRY AND SILVERWARE
64 TOYS,SPORT,MUSICAL INSTR.
65 OFFICE SUPPLIES
66 MISC MANUFACTURING, NEC

67 RAILROADS
68 BUSSES AND LOCAL TRANSIT
69 TRUCKING
70 WATER TRANSPORTATION
71 AIRLINES
72 PIPELINES
73 FREIGHT FORWARDING
74 TELEPHONE AND TELEGRAPH
7 5 RADIO AND TV BROADCASTING
76 ELECTRIC UTILITIES
77 EMPTY
78 NATURAL GAS
79 WATER AND SEWER SERVICES
80 WHOLESALE TRADE
81 RETAIL TRADE

82 BANKS,CREDIT AGEN. , BROKERS
83 INSURANCE
84 OWNER-OCCUPIED DWELLINGS
85 REAL ESTATE
86 HOTEL AND LODGING PLACES
87 PERSONAL + REPAIR SERVICES

67) 3660
68) 3670
69) 3691 3692
69) 3694
69) 3693 3699

70) 3713 3715
70) 3711 3714

71) 3721
71) 3724 3764
71) 3728 3769
72) 3730
73) 3740
74) 3750 3799
74) 2451 37 92

75) 3810
76) 3820
7 8) 3830 3 850
77) 3840
78) 3860

7 8) 3870
79) 3910 3 961
7 9) 3930 3940
79) 3950
79) 3962 3963 3964

3995 3996 3999
80) 4000 4740
82) 4100
81) 4200 4730
82) 4400
83) 4500
82) 4600
82) 4700 -4740 -4730
85) 4800 -4830
85) 4830
87) 4910 4930

88) 4920 4930
88) 4930 4940 4950
84) 5000
84) 5200 5300 5400

5700 5800
5960 7390

86) 6000 6100 6200
86) 6300
0) 6400

86) 6500 6600 -6561
86) 7000
86) 7600 -7692 -76 94

3993
3994

4970

5600
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188 BUSINESS SERVICES (86) 7300 7692 8100 8900 -7310
-7396 -8921

189 ADVERTISING (86) 7310
190 AUTQ REPAIR (86) 7500
191 MOVIES + AMUSEMENTS (86) 7800 7900
192 MEDICAL SERVICES (86) 8010 8020 8030 8040 8060

8090 0722 8070
193 PRIVATE SCHOOLS + NPO (86) 8200 8400 8600 8921
194 POST OFFICE
195 FED AND S&L GOV. ENTERPRISES
196 NON-COMPETITIVE IMPORTS
197 BUSINESS TRAVEL(DUMMY)
198 OFFICE SUPPLIES(DUMMY)
199 UNIMPORTANT IND.(DUMMY)
200 COMPUTER RENTAL(DUMMY)

SECTOR 76 SHOWS SHIPMENTS OF ALL PETROLEUM REFINING. HOWEVER ALL FUEL 
O IL  IS  SOLD TO SECTOR 7 7 ; THEREFORE, THE SALES TO OTHER SECTORS SHOW 
PURCHASES OF GASOLINE, AVIATION FUEL, AND PETROCHEMICAL FEEDSTOCKS. THE 
DISTRIBUTION OF SALES FOR SECTOR 77 SHOWS PURCHASES OF RESIDUAL AND 
DISTILLATE FUEL O IL , DIESEL FUEL, AND KEROSENE.
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APPENDIX B
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Appendix C

Energy 

D ie w e rt E s tim a tio n s

20 FOOD PRODUCTS DIEWERT C0EFS{MULTIPLIED BY 1000)

cap I tal l a I or 0?L cSal N I aS----- eEec

2 LABOR ! 95 .5 -3 8 .8 • 0 1.6 .  1 .0

3 OIL ! 1.1 .0 -9 .3 .0 6.1 4 .6

4 COAL ! .0 1 .8 .0 -1 .1 .0 .0

5 N GAS ! .1 .1 6.1 .0 -3 .7 .0
6 E L K --------3 .8 .0 4 .6 .0 .0 3 .8

FOOD PRODUCTS
.. ... .

PRICE ELASTICITIES

- —
1

C*«TAL
*7

LABOR
3

— OIL.-
4

COAL
• 5
H GAS

6
ELEC

2 LABOR ! .8 - . 8 .0 .0 .0 .0
3 OIL ! .2 .0 -2 .4 .0 1 .2 .9

4 COAL ! .0 1 .3 .0 -1 .3 .0 .0
5 N GAS ! .0 .0 1.1 .0 -1 .1 .0

8 ELEC ! - • 4 .0 .5 .0 .0 - .1

22 TEXTILE MILL PRODUCTS DIEWERT COEFS(MULTIPLIED BY 1000)

1 2 3 4 5 6
CAPITAL LABOR OIL COAL N GAS ELEC

2 LABOR ! 291.7 -139.3 .1 .0 .0 11.3
3 OIL ! .0 .1 -12.0 .0 17.4 .0
4 COAL ! .0 .0 .0 .9 .0 .0
5 H GAS ! .0 .0 17.4 .0 -13.3 .0

6 ELEC ! 100.9 11.3 .0 .0 .0 -1 1 2 .2

22 TEXTILE MILL PRODUCTS PRICE ELASTICITIES
... j  2  -------- 3------  4 5 8

CAPITAL' LABOR OIL COAL N GAS- ELEC

2 LABOR f .9 - . 9 .0 .0 .0 .0 f

3 OIL t .0 .0 -1 .5 .0 1 .5 .0 i

4 COAL i .0 .0 .0 .0 .0 .0 !
5 H GAS ! .0 .0 2 .0 .0 -2 .0 .0 !
6 ELEC f 3 .5 .4 .0 .0 .0 -3 .9 I



23 APPAREL/OTH TEXTILES DIEWERT COEFS(MULTIPLIED BY 1000)
1

CAPITAL
2

LABOR"
3

OIL
4

COAL
5 ...........

N GAS
s

ELEC

2 LABOR i 428.S ■-202.9 . 0 . 0 .1 . 0  !

3 OIL j . 0 . 0 - . 1 . 0 .5 . 0  !

4 COAL j . 0 . 0 . 0 . 0 . 0 . 0  !

5 N GAS f . 0 .1 .5 . 0 - . 0 . 0  !

S ELEC i .7  - . 0 . 0 . 0 . 0 5.S !

23 APPAREL#OTH TEXTILES PRICE ELASTICITIES
____  ... __ 1 - 2 "3 “ 4 5 ......... - S

_ CAPITAL LABOR OIL COAL N GA9 - ELEC

2 LABOR i . 8 - . 8 . 0 . 0 . 0 . 0  !

3 OIL 1 . 0 . 0 - . 8 . 0 . 8 . 0  !

4 COAL 1 . 0 . 0 . 0 . 0 . 0 . 0  !

5 N GAS i . 0 .1 .4 . 0 - . 5 . 0  !

6  ELEC ! .1 . 0 . 0 . 0 . 0 - . 1  !

24 LUMBER AND WOOD PRODUCTS DIEWERT COEFS(MULTIPLIED BY 100<
1 2 3 4- . . .  5  _ 8

CAPITAL LABOR OIL COAL N GAS ELEC

2 LABOR r 318.3 -149 .1 . 0 . 0 . 0 . 0  !

3 OIL i 19 .S . 0 -2 0 .4 .1 3 .9 . 0  !

4 COAL f . 0 . 0 . 1 - . 0 . 0  _ . 0  !
5 N GAS ! 1 1 . 2 . 0 3 .9 . 0 -1 2 .5 . 0  !

8  ELEC j 59.7 . 0 . 0 . 0 . 0 - 6 . 2  !

24 LUMBER AND MOOD PRODUCTS PRICE ELASTICITIES

1 2 3 • ...... 4 - 5 - 6
CAPITAL LABOR OIL COAL N GAS ELEC

- 2 LABOR ! .9 - . 9 . 0 . 0 . 0 . 0  !

‘ 3 OIL j 2 . 0 . 0 -2 .4 . 0 .4 . 0  !

4 COAL i . 0 . 0 .3 - . 4 .1 . 0  !

5 N GAS » 1.9 . 0 .7 . 0 - 2 . 8 . 0  !

8 : ELEC i 2 .5 . 0 . 0 . 0 . 0 - 2 .5  !
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25 FURNITURE AND FIXTURES DIEWERT COEFStMULTIPLIED BY 1000)

- 1
CAPITAL

2
LABOR

a
OIL

4
COAL

BE.
N GAS

- 6 
ELEC

2 LABOR ! 419.1 -235.5 .0 .0 1.3 .0 !
3 OIL ! .0 .0 -4 .5 .0 3.3 2.S !
4 COAL ! .0 .0 .0 .1 .0 .0 !
5 N GAS ! .0 1.3 3.3 .0 -3.1 .0 !
6 ELEC ! 2.9 .0 2.S .0 .0 2.7 !

FURNITURE AND FIXTURES PRICE ELASTICITIES
1 2 3 4 5 S

CAPITAL LABOR OIL COAL N GAS ELEC

2 LABOR ! 1.1 -1.1 .0 .0 .0 .0 !
3 OIL ! .0 .0 -2 .4 .0 1.4 1.1 !
4 COAL ! .0 .0 .1 - .1 .0 .0 !
5 N GAS ! .0 .4 1.0 .0 -1 .4 .0 !
S ELEC i .......  ,2 .0 .2 .0 .0 - .4  !

26 PAPER, ALLIED PRODUCTS DIEWERT COEFStMULTIPLIED BY 1000)
1

CAPITAL
n

LABOR
3

OIL
4

COAL
er

N GAS
S

ELEC

2 LABOR ! 143.2 -101.3 .0 .0 24.7 53.3 !
3 OIL ! 109.6 .0 -113.3 9.1 .0 12.2 !
4 COAL ! .0 .0 9.1 -3 .2 .0 .0 !
5 N GAS ! •0 24.T .0 .0 -19.1 .0 !
8: ELEC ! -31.9 53.3 12.2 .0 .0 -17.7 !

PAPER/ ALLIED PRODUCTS PRICE ELASTICITIES
1 2 3 4 K.w 6

CAPITAL LABOR OIL COAL N GAS ELEC

2 LABOR ! .6 - .9 .0 .0 .1 .2 !
3 OIL ! 2.0 .0 -2 .4 .2 .0 .2 !
4 COAL ! .0 .0 .7 - .7 .0 .0 !
5 N GAS ! .0 1.5 .0 .0 -1 .5 .0 !
6 ELEC ! - .9 l . f .3 .0 .0 - .9  !
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28

28

PRINTING AND PUBLISHING DIENERT COEFS{ MULTIPLIED BY 1000)

c af I tal la Sor Q?L cSal N SAS eEec

o LABOR ! 388.8 -2 2 1 .3 . 0 37.3 . 0 . 0 I

3 OIL ! . 0 . 0 - .7 .1 1 . 2 . 0 j

4 COAL ! . 0 w # • w .1 -4 0 .8 . 0 . 0 i

5 M GAS ! . 0 . 0 1 . 2 . 0 - . 2 . 0 i

8 ELEG ! 1 .3 . 0 . 0 . 0 . 0 4.2 i

PRINTING AND PUBLISHING PRICE ELASTICITIES
1

CAPITAL LABOR 0?L
4------

COAL
5

N GAS
6

ELEC

2 LABOR ! 1 . 0 - 1 . 1 . 0 .1 . 0 . 0 j
ow GIL ! . 0 . 0 - . 9 .1 . 8 . 0 i

4 COAL ! . 0 . 0 • 0 . 0 . 0 . 0 t

5 N GAS ! . 0 . 0 . 8 . 0 - . 6 . 0 i

8 ELEC ! .1 . 0 . 0 . 0 . 0 - . 1 j

CHEMICALS,ALLIED PROD DIEWERT COEFS(MULTIPLIED BY 1000)

1
CAPITAL

n

LABOR
3

OIL
4

COAL
5

N GAS
6

ELEC
«

*r LABOR ! 2 1 1 . 1 -1 9 3 .7 8 . 8 8 .3 41.3 2 . 2 i

3 OIL ! 74 .8 8 . 8 -9 8 .5 . 2 4 .5 18.1 f

4 COAL ! . 0 8 .3 ^ 2 -3 .3 . 0 . 0
C N GAS ! . 0 41.3 4 .5 . 0 -3 6 .2 . 0 i

6^ ELEC ! 84 .0 2 . 2 18.1 . 0 . 0 -6 7 .4 I

CHEMICALS,ALLIED PROD PRICE ELASTICITIES

1
CAPITAL

2
LABOR

3
OIL

4
COAL

5
N GAS

6
ELEC

2 LABOR ! 1 .5 -1 .3 .1 .1 .3 . 0 !

3 O IL !  4.1 .5 -5 .8 . 0 . 2 1 . 0 j

♦ COAL ! . 0 .7 . 0 - . 7 . 0 . 0 I

N GAS ! . 0 1 . 8 . 2 . 0 - 2 . 0 . 0 !
8; . ELEC ! 1 . 2 . 0 .3 . 0 . 0 -1 .5 j
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30 RUBBER «ISC PLASTIC PROD DIEWERT COEFS(MULTIPLIED BY 1000)

capI tal
2

LABOR 0?L
4

COAL N GAS 6
ELEC

2 LABOR ! 306.3 -187.S 3.4 1.1 4.5 .0 !
3 OIL ! .0 3.4 -11.7 .0 4.0 8.2 !
4 COAL ! .0 1.1 .0 - .7 .0 .0 !
5 N GAS ! .0 4.5 4.0 .0 -6 .0 .0 !
S ELEC ! 2.3 .0 8.2 .0 .0 14.7 !

RUBBER MISC PLASTIC PROD PRICE ELASTICITIES
1

CAPITAL
2

LABOR
3

OIL
4

COAL
5

N GAS
6

ELEC

2 LABOR ! 1.0 -1 .0 .0 .0 .0 .0 !
3 OIL ! .0 .4 -2 .0 .0. .5 1.0 !
4 COAL ! .0 1.1 .0 -1.1 .0 .0 !
5 N GAS ! .0 .8 .7 .0 -1 .8 .0 !
8 ELEC ! .1 .0 .3 .0 .0 - .4  !

STONE/CLAY/ GLASS PROD DIEWERT COEFS(MULTIPLIED BY 1000)
♦

CAPITAL
2

LABOR
3

OIL
4

COAL
K

N GAS
6

ELEC

2 LABOR ! 2*5.6 -188.4 .0 50.1 36.4 .0 f
3 OIL ! 58.5 .0 -70.5 4.3 4.5 17.0 !
4 COAL ! 1.1 50.1 4.3 -47.5 5.9 .0 !
5 N GAS ! 13.5 36.4 4.5 5.9 -36.4 .0 !
S ELEC ! 4.7 .0 17.0 .0 .0 .1 !

STONE,CLAY, GLASS PROD PRICE ELASTICITIES
1

CAPITAL
2

LABOR
3

OIL
4

COAL
5

N GAS
6

ELEC

2 LABOR ! .7 -1 .0 .0 .2 .1 .0 !
3 OIL ! 2.4 .0 -3 .5 .2 .2 .7 !
4 COAL ! .0 1.5 .1 -1 .9 .2 .0 !
5 N GAS ! .3 .7 .1 . t -1 .2 .0 !
8 ELEC ! .1 .0 .3 .0 .0 - .4  !
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33 PRIMARY METAL INDUSTRIES DIEWERT COEFS(MULTIPLIED BY 10005

CAPITAL
n

LABOR
3

OIL
4

COAL
5

M GAS
S

ELEC

•9 LABOR ! 12S.0 -.oer e
•  w 27.8 1.4 1.8 .0 !

3 OIL ! .0 27. S -26.3 .0 4.5 .0 !

1 COAL ! .0 1.4 .0 .0 .0 .0 !

C
w N GAS ! 2.5 l.S 4.5 .0 .2 .0 !

S ELEC ! 105.8 .0 .0 .0 . 0 -77.8 !

33 PRIMARY METAL INDUSTRIES PRICE ELASTICITIES
...............  1 2 3 4 5 S

CAPITAL LABOR- OIL COAL N GAS ELEC

2 LABOR ! .5 - .8 .1 .0 .0 .0 !
3 OIL ! .0 2.7 -3.1 .0 .4 .0 !
4 COAL ! .0 .4 .0 - .4 .0 .0 !
5 N GAS ! .1 .1 n« 9m- .0 - .4 .0 !
6 ELEC ! 1.5 .0 .0 .0 .0 -1 .5  !

FABRICATED METAL PRODS DIEWERT COEFS(MULTIPLIED BY 100C
- „ ... _ ' 1 n 3 4 5 S

CAPITAL LABOR OIL COAL N GAS ELEC

2 LABOR ! 2S0.3 -107.5 .0 .1 .5 .0 \
3 OIL ! .0 .0 -1 .7 .0 3.0 .0 !
4 COAL ! .0 .1 .0 - .1 .0 .0 !
5 N GAS ! .0 .5 3.0 .0 -1 .8 .7 !
6 ELEC ! - .7 .0 .0 .0 -.7 7 .2  !

FABRICATED METAL PRODS PRICE ELASTICITIES
............- 1- • n 3 ...........- 4 ......... ____ «w 8

• ......................... -  - CAPITAL LABOR OIL COAL N GAS ELEC

Z  LABOR ! .8 - .8 .0 .0 .0 .0 !
2 OIL ! .0 .0 -1 .2 .0 1.2 .0 !
4 COAL ! .0 .7 .0 -  -7 •  1 .0 .0 !
5 H GAS ! .0 .1 .S .0 —.8 .1 !
6 ELEC ! - .0 .0 .0 .0 .0 - .0  !
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35 MACHINERY EXCEPT ELEC
1 2

DIEWERT COEFS{MULTIPLIED BY 1000)

CAPITAL LABOR OIL COAL N GAS ELEC

n LABOR ! 128.2 o i  n .0 .4 1.8 .0
nw. OIL ! .0 .0 -2 .0 .0 2 .8 .7
4 COAL ! .0 .4 .0 - .3 .0 .0

N GAS ! .0 1.8 2 .8 .0 -3 .9 .0
8 ELEC ! 21.8 .0 .7 .0 .0 1.3

35 MACHINERY EXCEPT ELEC PRICE ELASTICITIES

capI tal la I or 0?L cSal N I aS
6

ELEC

n4m LABOR .4 - .4 .0 .0 .0 .0
3 OIL .0 .0 -1 .9 .0 1.8 .4
4 COAL .0 1.1 .0 -1 .1 .0 .0
5 M GAS .0 .8 .9 .0 -1 .5 .0
S ELEC 1.7 .0 .1 .0 .0 -1 .7

38 ELECTRIC,ELECTRONIC EG DIEWERT COEFS(MULTIPLIED BY 1000)

CAPITAL
o

LABOR
3

OIL
4

COAL
5

M GAS
8

ELEC

2 LABOR j 75.1 74.9 .0 n
m .0 .0

3 OIL i .0 .0 -3 .7 .0 1.0 3 .7
1 COAL j .0 n .0 _ n

m 4im .0 .0
5 N GAS i 1.2 .0 1.0 .0 - .5 .0
8 ELEC i 1.8 .0 3 .7 .0 .0 2 .8

ELECTRIC, ELECTRONIC EQ PRICE ELASTICITIES

1
CAPITAL

2
LABOR

3
OIL

4
COAL H GAS

S
ELEC

2 LABOR t • - .2 .0 .0 .0 .0
3 OIL j .0 .0 -2 .S .0 .5 2.1
4 COAL I .0 1.2 .0 -1 .2 .0 .0
5 N GAS j .4 .0 .3 .0 - .8 .0
8 ELEC i .1 .0 .2 .0 .0 - .3
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37

38

TRANSPORTATION EQUIPMENT DIEWERT COEFS( MULTIPLIED BY 1000)

1
CAPITAL la I or 0?L

4
COAL

5 „  
N GAS

S
ELEC

<7 LABOR t 403.1 -2S 0.9 .0 .3 2 .0 .0 , !

OIL j
..

.5 I3 • 0 “ .0 • 3 .0 • 7
1 COAL f .0 .3 .0 - .1 .0 .0 i

3 N GAS j .0 2 .0 .5 .0 -1 .3 .0 j

6 ELEC j - . 7 .0 .7 .0 .0 S.O 1

TRANSPORTATION EQUIPMENT PRICE ELASTICITIES

-
. .. 1

CAPITAL
2

LABOR
3

OIL
4

COAL
5

N GAS
6

ELEC

2 LABOR i 1 .3 -1 .3 .0 .0 .0 .0 r

3 OIL i .0 .0 - .4 .0 .2 .2 !

4 COAL } .0 .7 .0 - . 7 .0 .0 f

5 N GAS i .0 .8 .2 .0 -1 .0 .0 !

6 - ELEC ! - .1 .0 .1 .0 .0 - . 0 j

INSTRUMENTS ^RELATES PROD DIEWERT COEFS < MULT I  PL I  ED _ B Y_1 1000)
1

CAPITAL
2

LABOR OIL
4

COAL
5

N GAS
S

ELEC •

2 LABOR 1 459. S -3 1 0 .4 .9 .0 .0 .0 I

3 OIL ! .0 .9 -4 .5 .0 1 .3 3.1 j

4 COAL I .0 .0 .0 - .0 .0 .0 !

* N GAS I .0 .0 1.3 .0 - . 5 .0 !

6 ELEC j 2 .4 .0 3 ,1 .0 .0 1 .3 t

INSTRUMENTS # RELATED PROD PRICE ELASTICITIES

1
CAPITAL

2
LABOR

3
OIL

4
COAL

5
N GAS

S
ELEC

Z LABOR 1.3 -1 .5 . 0 .0 oO .0 i

3 OIL f . 0 .5 -2 .9 .0 .7 1 .7 j

4 COAL j .0 .0 .0 .0 .0 .0 j

5 N GAS I .0 . 0 .9 .0 - . 8 .0 !

6 ELEC t . 2 .0 . 2 .0 .0 - .4 ;



1 2 3 4 5 S
CAPITAL LABOR OIL COAL N BAS ELEC

29 TOYS/SPORTS/MISC MANUF DIEWERT COEFS(MULTIPLIED BY 1000)

2 LABOR ! 196.5 *W / • W 4.1 .0 1.2 .0 !
3 OIL ! .0 4.1 -11.6 .0 2.4 5.7 !
4 COAL ! .0 .0 .0 - .1 .1 .1 !
5 N GAS ! .0 1.2 2.4 .1 -2 .2 .0 !
6 ELEC \ 7.3 .0 5.7- .1 -5 .7  !

TOYS/SPORTS, MISC MANUF PRICE ELASTICITIES
----- -  2 3 4 - 5 6

CAPITAL LABOR OIL COAL N GAS ELEC

2 LABOR ! .6 - .6 .0 .0 .0 .0 !
3 OIL ! .0 1.5 -4 .4 .0 .9 2.1 !
4 COAL ! .0 .0 .0 .0 .0 .0 !
5 M GAS ! .0 .4 .9 .0 -1 .2 .0 !
S ELEC ! .5 .0 .4 .0 .0 - .9  f
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APPENDIX D

T ra n s p o rta t io n  
D ie w e rt E s tim a tio n s

1 GRAINS DIEWEPT COEFS ( MU LT I PL I ED  BY 1 0 0 0 )

T 2 3 4
RA IL WATER TRUCK PIPE

1 RAIL t 542 . 00

oo

1

• 00 . 0 0 i

2 WATE R i ooft" 4 2 . 5 0 9 5 . 6 0 • o o t

3 TRUCK * oo• 9 5 . 6 0 2 2 3 . 5 0

oo
• i

4 PIPE » • 00 • 00 • o o

O 
I 

O 
I 

• 
IIII

9

,RAINS PRICE E L A S T I C I T I E S
1

RAIL
2

WATER
3

TRUCK
4

PIPE

1 RAIL « • CO

oo• 1

2 WATER » oo• - . 2 9 • 29 1

3 TRUCK » • o o . 1 4 - . 1 4 1

4 PIPE » 1

2 IRON ORE DIEWERT COEFS ( M U LT I PL I ED  BY 1 0 0 0 )
1

RAIL
2

WATER
3

TRUCK
4

PIPE

1 R A I L f 5 P 9 .6 0
#

.0 0 .0 0 .0 0 V

2 WATER » ^ 0 0 3 8 1 .4 0 • 00 .0 0 i

3 TRUCK « .0 0 .0 0 .0 0 .0 0 t

4 P IPE i .0 0 • 00 • 00 .GO i

IRON ORE PRICE E L A S T I C I T I E S
1

RAIL
2

WATER
3

TRUCK
4

PIPE

1 RAIL • . 0 0 i

2 WATER i . 0 0 »

3 TRUCK » t

4 PIPE » •
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3 COPPER ORE DIEWERT COEFS ( M U L T I P L I E D  BY 1 0 0 0 )

1 2  3 4
R A I L WATER TRUCK PI PE

1 p a i l t 7 9 0 . 3 0 . 0 0 * 0 0 . 0 0 r

z WATER t . 0 0 . 0 0 . 0 0 . 0 0 t

3 TRUCK t # . 0 0 .CO 2 0 8 . 7 0 . 0 0 I
4 P I PE i . 0 0 . 0 0 . 0 0 . 0 0 t

COPPER ORE PRICE E L A S T I C I T I E S

1
R A I L

2
WATER

3
TRUCK

4
P I P E

1 R A I L i . 0 0 ♦

2 WATER i »

5 TRUCK » . 0 0 i

4 P IPE t *

4 *  COAL DTEWERT COEFS (MULTIPLIED BY 1 0 0 0 )

• 1 2 J  4
RAIL WATER TRUCK PIPE

T RAIL » 5 4 0 .4  0 14 0 .3 0 .0 0 .0 0 »
T » 1 0 .11 2 .5 6 .0 0 .0 0 »

2 WATER » 1 4 0 .3 0 1 3 1 .3 0 .0 0 .0 0 »
T r 2 .5 6 2 .31 .0 0 .0 0 i

3 TRUCK « .0 0 .0 0 .0 0 .0 0 r
T » *00 *00 .0 0 .0 0 i

4 PIPE » .00 .0 0 .0 0 .00 t
r » .00 *00 .00- .0 0 i

COAL PRICE E LA S TIC IT IES
■ 1' 2 3 4

RAIL WATER TRUCK PIPE

T R A I L f -► 1 0 -TO f

2 WATER i .23 - . 2 3 t

S TRUCK t »

4- PIPE *



5 * CRUD PETROVNA DIEWERT COEFS ( MU LT I PL I ED  BY 1000)
1 2  3 4

RAIL  WATER TRUCK PIPE

1 RAIL  ! .00 .00  .00  .0 0  !
T ! .00 .00  .00  .0 0  !

2 WATER ! .00  55 .20  .00  9 0 .6 0  •
T ! .00 2 .4 8  .00  4 .7 7  !

3 TRUCK ! .00  .00  .00  .00  !
T ! .00 .0 0  .00  .00  !

4 PIPE ! .00 9 0 .6 0  .00  7 3 3 .8 0  !
T ! .00 4 .7 7  .00  4 2 .6 8  !

5 CRUD PETRQ+NA PRICE ELASTI CI TI ES
1 2  3 4

RAIL  WATER TRUCK PIPE

1 RAIL  ! *
2 WATER ! - . 3 0  .30  !
3 TRUCK ! !
4 PIPE ! .05 - . 0 5  !

6 STONE+CLAY MI DIEWERT COEFS ( MU L T I P L I E D B Y ' 1000)
1 2 3 4

R AI L  WATER TRUCK PIPE 

#
1 PA I L  ! - 6 .8 0  .00 394 .60  .00  !
2 WATER ! # .0 0  8 4 .5 0  23 9 .1 0  .00  *
3: TRUCK ! 3 9 4 .6 0  239 .10  -3 4 8 .6 0  .00  !
4 PIPE ! .00 .00  .00  .00  !

6 STONE + CL AY MI PRICE E L A S T I C I T I E S

1 2  3 4
RAIL  WATER TRUCK P IPE

1 R A I L  ! - . 5 5  .00  .55  !
2 WATER ! .00 - . 3 6  .36  !
3 TRUCK ! .64  .38  - 1 .0 2  !
4 PIPE ! !
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7 CHEM+FERT MIN DIEWERT COEFS (MULTIPLIED BY 1000)
1 2  3 4

RAIL WATER TRUCK PIPE

1 RAIL ! 589 .4 0  # 0 0  # 0 0  .0 0  !
2 WATER ! # 0 0  270 .40  ^ 0 0  .00  !

3 TRUCK • ^ 0 0  ^ 0 0  140 .20  .00  !
4 PIPE ! .00 .00  .00  .00 *

7 CHEM+FERT MIN PRICE ELASTICITIES
1 2  3 4

RAIL WATER TRUCK PIPE

1 RAIL
2 WATER
3 TRUCK
4 PIPE

8 * LOGS DIEWERT COEFS (MULTIPLIED BY 1000)
1 2  3 4

RAIL WATER TRUCK PIPE

T RAIL i 1 74 .70 4 2 .6 0 12 8 .0 0 • 00 «
T i .90 .27 1 .4 0 .00 i

2 WATER i 42 .60 -2 7 1 .2 0 30 7 .7 0 .00 i
T * .27 1 .7 5 3 .8 5 .00 i

3 TRUCK i 128 .00 307 .7 0 137 .30 .00 f
T i 1 .40 3 .8 5 1 .5 7 .00 •

4 PIPE i . 0 0 . 0 0 . 0 0 . 0 0 »
T • . 0 0 . 0 0 . 0 0 . 0 0 t

LOGS PRICE ELASTICITIES
1 2 3 4

RAIL WATER TRUCK PIPE

T RAIL i - . 2 5 . 0 6 .19 «

2 WATER t . 2 7 - 2 . 2 0 1 .9 3 i

3 TRUCK i *11 . 2 6 - . 3 7 t

4 PIPE » i

,00
,00

.00

.00

.0 0

.00
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LUMBER DIEWERT COEFS ( MU L T I P L I E D BY 1 0 0 0 )

RAIL WATER TRUCK PIPE

1 RAIL i 8 8 . 9 0 . 0 0 3 3 9 . 4 0 . 0 0 •
T » 1 . 1 7 . 0 0 5 . 2 6 . 0 0 |

2 WATER • . 0 0 . 0 0 . 0 0 . 0 0 t
T » . 0 0 . 0 0 . 0 0 . 0 0 »

3 TRUCK i 3 8 9 . 4 0 . 0 0 5 3 . 5 0 . 0 0 t
T i 5 . 2 6 . 0 0 . 7 4 . 0 0 »

4 PIPE » . 0 0 . 0 0 . 0 0 . 0 0 t
T » . 0 0 . 0 0 . 0 0 . 0 0 i

LUMBER PRICE E L A S T I C I T I E S
1 2 3 4

RAIL WATER TRUCK PIPE

1 RATL » - . 4 1 .41 i

2 WATER » «

3 TRUCK I . 44 - . 4 4 •

4- PIPE i

10 PULPjPAPERfPP DIEWERT COEFS ( MU L T I P L I ED  8Y 1 0 0 0 )

10

1
RAIL

1 R A I L  ! 6 9 2 . 4 0

2 WATER • . 0 0

3 TRUCK ! . 0 0  

4~ PIPE ! . 0 0

PULP,PAPERt PP

1 RATl

2 WATER

3 TRUCK

4 PIPE

2
WATER

3
TRUCK

.00  .00 

.00  .00

. 0 0  2 6 3 . 7 0

.00 .00

4
PIPE

.00

.00

.00

.00

PRICE E L A S T I C I T I E S
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11 INDUST CHEHIC DIEWERT COEFS ( MU LT I PL I ED  BY 1 0 0 0 )

11

1
RAIL

2
WATER

3
TRUCK

4
PIPE

1 RAIL  * 4 7 2 . 8 0

oo

4 . 1 0

oo.

2 WATER !

oow

2 7 0 . 9 0

oo oo.

3 TRUCK ! 4 . 1 0

oo<*• 2 4 8 . 1 0

oo.

4 PIPE !

oo. oo. oo. oo.

INDUST CHEWIC

1 RAIL

2 WATER

3 TRUCK

4 PIPE

PRICE E L A S T I C I T I E S

12 WISC PETRO PR DIEWERT COEFS ( MU LT I PL I ED  BY 1 0 0 0 )

12

1 R A I L

2 WATER

3 TRUCK

4 PIPE

MI SC PETRO PR

1 RAIL

2: WATER

3 TRUCK

4 PIPE

T
RAIL

2
WATER

3
TRUCK

4
PIPE

. o o • o o . 0 0 . 0 0  !

. 0 0 9 6 . 3 0

oo

1 0 8 . 6 0  !

. 0 0 . 0 0 1 2 4 . 4 0 2 1 4 . 9 0  !

• o o 1 0 8 . 6 0 2 1 4 . 9 0 7 5 . 6 0  !

PR PRICE E L A S T I C I T I E S

1
RAIL

2
WATER

3
TRUCK

4
PIPE

- . 2 6

oo.

i

. 2 6  !

. o o - . 3 2 . 3 2  !

. 1 4 . 2 7 - . 4 1  !
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13 FUEL O I L DIEWERT COEFS ( MU LT I PL I ED  BY 1 0 0 0 )

13

1 RAIL

2 WATER

3 TRUCK

4 PIPE

FUEL O I L

1
RAIL

.00

.00

.00

.00

1
RAI L

2
WATER

3
TRUCK

4
PIPE

. 0 0 -

4 8 3 . 9 0
^ 0 0

. 0 0

.0 0 -  
^ 0 0  

1 6 4 . 3 0  

41 . 0 0

- ^ a Q r - f r

.00 ! 
4 1 . 0 0  ! 

2 4 7 . 2 0  !

PRICE E L A S T I C I T I E S

2
WATER

3
TRUCK

4
PIPE

1 RAIL
2 WATER

3 TRUCK

4 PIPE

.0 0

.00

.00
- . 1 0

. 0 7

.00  •

.1 0  • 

- . 0 7  !

14 CEMENT DIEWERT COEFS ( MU LT I PL I ED  BY 10 00 )

14

1
RAIL

2
WATER

3
TRUCK

4
PIPE

1 RAIL i - 3 6 8 . 1 0 . 0 0 6 7 2 . 1 0 •QS >
T » 3 . 3 6 . 0 0 6 . 3 7 • GO i

2 WATER « -  . 0 0 . 0 0 . 0 0 . 0 0 •
T ! . 0 0 . 0 0 . 0 0 . 0 0 i

J  TRUCK V 6 7 2 . 1 0 . 0 0 - 7 4 . 3 0 . 0 0 *
T i 6 . 3 7 . 0 0 . 7 2 . 0 0 i

4 P IPE r .0 0 .0 0 .0 0 .0 0 *
T * .0 0 .0 0 .0 0 .0 0 i

CEMENT PRICE E L A S T I C I T I E S

1 ? 3 4
RAIL WATER TRUCK PIPE

1 RAIL > - 1  . 1 7 1 . 1 7 •

2 WATER t i

3 TRUCK t . 5  5 - . 5 5 •

4  PIPE * •

159



15 *STE EL  DIEWERT COEFS ( MU L T I P L I E D BY 1 0 0 0 )

1 2 3 4
RAIL WATER TRUCK PIPE

1 RAIL f - 2 4 8 * 3 0 . 0 0 7 0 5 . 8 0 • 00 V
T j 1 . 1 0 . 0 0 3 . 2 4 •u o •

2 WATER » . 0 0 . 0 0 . 0 0 . .00 •
T » . 0 0 . 0 0 . 0 0 •  CO •

3 TRUCK • 7C5 . 8 0 . 0 0  - 2 3 2 . 2 0 • 00 i
T i 3 . 2 4 . 0 0 1 . 1 0 • 00 »

4 PIPE 1 . 0 0 .CO • CO • 00 i
■ T i . 0 0 . 0 0 . 0 0 • 00 i

STEEL PRICE E L A S T I C I T I E S

1 2 4
RAIL WATER TRUCK PIPE

1 RAIL » - . 8 *

0000• i

Z WATER » i

3 TRUCK » . 6 8 - • 6 8

A PIPE » t

16 ""MOTOR VEHICL DIEWERT COEFS ( MU LT I PL I ED  BY 10 00 )
1 2 3 4

RAIL WATER TRUCK PIPE

1 R A IL t 3 3 4 . 8 0 • 00 9 0 . 1 0 . 0 0 »
T » 5 . 3 0 • 00 1 . 4 8 • UU i

2 WATER » . 0 0 - 0 0 . 0 0 . 0 0 >
T » . 0 0 • 00 . 0 0 • 00 i

3 TRUCK » 9 0 . 1 0 • 00 4 7 3 . 9 0 • CO f
T | 1 . 48 . 0 0 7 . 9 8 . 0 0 i

4 PIPE i . 0 0 . 0 0 . 0 0 • 00 i
T i . 0 0 • 00 . 0 0 • 00 i

MOTOR VEHICL PRICE E L A S T I C I T I E S
1 2 3 4

RAIL WATER TRUCK PIPE

T RAIL « - . 1 1 .11 •

2 WATER i i

3 TRUCK t 00o• 000
 .1 i

4 PIPE i •
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17

17

18

18

*  OTH A6R1C PR DIEWERT COEFS ( MU LT I PL I ED  BY

1 2 3 4
RAIL WATER TRUCK PIPE

1 RAIL  ! - 1 7 4 . 8 0 . 0 0 4 1 7 . 4 0 . 0 0  •
T ! . 7 7 . 0 0 1 . 9 1 . 0 0  *

2 WATER ! . 0 0 . 0 0 . 0 0 . 0 0  !
T » . 0 0 . 0 0 . 0 0 . 0 0  •

3 TRUCK ! 4 1 7 . AO . 0 0 3 2 7 . 1 0 . 0 0  !
T ! 1 .91 . 0 0 1 . 5 4 . 0 0  !

4 PIPE ! . 0 0 . 0 0 . 0 0 . 0 0  !
T * . 00 . 0 0 . 0 0 . 0 0  !

OTH A6RIC PR PRICE E L A S T I C I T I E S

1 2 3 4
RAIL WATER TRUCK PIPE

1 RAIL  ! - . 9 9 . 9 9 »

2 WATER ! i

3 TRUCK ! . 27 - . 2 7 i

4 PIPE ! i

OTH NON—FERR DIEWERT COEFS ( MU L T I P L I E D  BY

1 2 3 4
RAI L WATER TRUCK PIPE

1 RAIL  ! 201 . 7 0 5 5 0 . 9 0 # o o . 0 0  !

2 WATER ! 5 5 0 . 9 0 - 4 6 4 . 9 0 . o o . 0 0  !

3 TRUCK ! o o . o o 1 6 0 . 5 0 . 0 0  !

4 PIPE ! I i I i • I o
 

I Q I * o o I
O 

I 
O 

I 
• 

IIII . 0 0  *

OTH NON—FERR PRICE E L A S T I C I T I E S
1' 2 3 4

RAIL WATER TRUCK PIPE

1 RAIL  * - . 3 4 . 3 4

oo.

2 WATER ! 5 . 5 7 - 5 . 5 7

oo. i

3 TRUCK !

oo. * o o i

4 PIPE ! t
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19 FOOD*T09AC P DIEWERT COEFS ( MU L T I P L I ED  BY 1 0 0 0 )
1 '

RAIL
2

WATER
3

TRUCK
4

PIPE

19

20

20

1 RAIL  ! 
T •

1 0 3 . 3 0  
1 . 4 2

. 0 0

. 0 0
3 1 3 . 2 0

4 . 4 6
. 0 0  ! 
. 0 0  *

2 WATER ! 
T !

. 00

. 0 0
. 0 0
. 0 0

. 0 0

. 0 0
. 0 0  •
. 0 0  !

3 TRUCK ! 
T !

3 1 3 . 2 0
4 . 4 6

. 0 0

. 0 0
2 2 6 . 3 0

3 . 3 1
. 0 0  ! 
. 0 0  !

4 P IPE ! 
T !

. 00

. 0 0
. 0 0
. 0 0

. 0 0

. 0 0
. 0 0  • 
. 0 0  !

FOQ D » TO BAC p PRICE E L A S T I C I T I E S
1

RA IL
2

WATER
3

TRUCK
4

PIPE

1 RA IL  • - . 3 9 . 3 9 t

2 WATER ! f

3 TRUCK ! . 2 8 - . 2 8 i

4 PIPE ! i

TEXT+LEATH PR DIEWERT COEFS ( M U LT I PL I ED  BY
T

RAIL
2

WATER
3

TRUCK
4

PIPE

1 RAIL  ! 101 . 0 0 . 0 0 . 0 0 . 0 0  !

2 WATER ! . 0 0 . 0 0 . 0 0 . 0 0  !

3 TRUCK ! . 0 0 . 0 0 8 9 3 . 5 0 . 0 0  !

4 P IPE ? .0 0 .0 0 .0 0 .0 0  »

TEXT+LEATH PR PRICE E L A S T I C I T I E S
1

RAIL
2

WATER
3

TRUCK
u

PIPE

1 RAIL  ! . 0 0 i
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21

21

PAP PROD ( - )C0 DIEWERT COEFS ( MU LT I PL I ED

1 2 3 4
RAIL WATER TRUCK PIPE

1 RAIL i I o • o •  00 5 8 3 . 1 0 . 0 0
T » . 78 . 0 0 6 • 66 . 0 0

2 WATER « . 0 0 . 0 0 . 0 0 . 0 0
T i . 0 0 . 0 0 . 0 0 . 0 0

3 TRUCK » 5 8 3 . 1 0 . 0 0  - 1 3 2 . 1 0 • 00
T i 6 . 66 . 0 0 1 . 5 5 • 00

4 PIPE t . 0 0 • 00 • 00 . 0 0
T t . 0 0 • 00 •  00 • 00

PAP PRO D ( - )C0 PRICE E L A S T I C I T I E S

1 2 3 4
RAIL WATER TRUCK PIPE

1 RAIL i - . 5 9 . 5 9

2 WATER t

3 TRUCK » • 66 - . 6 6
4 PIPE t

22 P RI NT  MATT+PP DIEWERT COEFS ( MULT I PL I ED BY 10 00 )

22

1
RAIL

2
WATER

3
TRUCK

4
PIPE

1 RAIL V -2 5 1  .5 0 .0 0 3 6 5 .5 0 • 00 t
r » 1 .9 3 .0 0 2 .8 9 • 00 i

2 WATER i • 00 .0 0 .0 0 • 00 •
T » • 00 • 00 • 00 • 00 i

3 TRUCK i 3 6 5 .5 0 .0 0 5 0 2 .6 0 .0 0 r
T i 2 .8 9 .0 0 4 .0 7 .0 0 i

4 PIPE * .0 0 .0 0 .0 0 .0 0 i
T » .0 0 • 00 .0 0 .0 0 i

PRINT MATT+PP

1 RAIL

2 WATER

3 TRUCK

4 P IPE

PRICE E L A S T I C I T I E S
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23 o t h  c h e m i c a l DIEWERT COEFS ( MU LT I PL I ED  8Y 1 0 0 0 )

23

1
RAIL

2
WATER

3
TRUCK

4
PIPE

1 RAIL i 2 4 8 . 3 0 . 0 0
#

i  6 4 . 3 0 . 0 0 t
T » 2 .8  3 . 0 0 2jl04 T tro -- f-

2 WATER i . 00 . 0 0 . 0 0 . 0 0 i
T » . 0 0 . 0 0 . 0 0 . 0 0 t

3 TRUCK » 1 6 4 . 3 0 . 0 0 3 0 5 . 9 0 . 0 0 »
T » 2 . 0 4 . 0 0 4 . 1 1 . 0 0 i

4 PIPE i . 0 0 . 0 0 . 0 0 . 0 0 »
T » . 0 0 .CO . 0 0 . 0 0 i

OTH CHEf* ICAL PRICE E L A S T I C I T I E S

1 2 3 4
RAIL WATER TRUCK PIPE

1 RAIL * - . 1 6 . 1 6 i

2 WATER i »

3 TRUCK » .24 - . 2 4 i

4 PIPE i »

24 PLASTICS DIEWERT COEFS ( MU LT I PL I ED  BY 1 0 0 0 )

24

1
RAIL

2
WATER

3
TRUCK

4
PIPE

1 RA I L • 3 3 3 . 9 0 ' '  . 0 0 2 2 1 . 5 0 . 0 0 •
T » 5 . 4 5 . 0 0 3 . 6 0 . 0 0 i

2 WATER i . 0 0 . 0 0 . 0 0 . 0 0 i
T » . 0 0 . 0 0 .CO . 0 0 i

3 TRUCK t 221 . 5 0 . 0 0 1 8 9 . 0 0 . 0 0 f
T » 3 . 6 0 . 0 0 2 . 4 2 . 0 0 »

4 PIPE » . 0 0 . 0 0 . 0 0 . 0 0 »
T » . 00 . 0 0 . 0 0 . 0 0 i

PLASTICS PRICE E L A S T I C I T I E S

1 2 3 4
RAIL WATER TRUCK PIPE

1 RAIL » - . 2  5 . 2 5 i

2 WATER i i

3 TRUCK t . 21 - . 2 1 V

4 P IPE i
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25 *  DRUGS+PAINTS DIEWERT COEFS ( MU L T I P L I E D  BY 1 0 0 0 )

1 2 * 3 4
RAIL WATER TRUCK PIPE

1 RAIL i - 2 2 5 . 2 0 . 0 0 3 9 5 . 1 0 • 00 i
T i 5 . 8 5 • 00 1 0 . 6 1 •  00 i

2 WATER i . 0 0 . 0 0 • 00 , . 0 0 »
T » •00 • 00 • 00 • 00 »

3 TRUCK t 3 9 5 . 1 0 • 00 4 1 9 * 9 0 • 00 •
T » 1 0 . 6 1 • 00 1 1 . 5 5 . 0 0 »

4 PIPE i . 0 0 • 00 • 00 . 0 0 i
T » . 00 . 0 0 . 0 0 . 0 0 i

>RUGS + PAINTS PRICE E L A S T I C I T I E S
1 2 3 4

RAIL WATER TRUCK PIPE

1 RAIL t - 1  . 1 6 1 . 1 6 •

2 WATER » ✓
i

3 TRUCK * .24 - . 2 4 t

4 PIPE t i

26 *  RUBBER PROD DIEWERT COEFS ( M U L T I P L I E D  BY 10 0 0 )

1 2  3 4
RAIL WATER TRUCK PIPE

1 RAIL » - 1 6 * 9 0 . 0 0 2 5 4 • 0 0 • 00 i

T i • 24 . 0 0 3 . 7 1 •  00 i

Z WATER i •SQ . 0 0 . 0 0 • 00 i
T i •00 . 0 0 • 00 • 00 i

3 TRUCK ; 2 5 4 . 0 0 .00 5 0 1 . 7 0 • 00 »
T » 3*71 .00 7 . 5 4 • 00 i

4  PIPE » • 00 • 00 .00 • 00 t
r » •00 • 00 .00 • 00 i

tUBBER PROD PRICE E L A S T I C I T I E S
1 2 3 4

RAIL WATER TRUCK PIPE

1 RAIL i - . 5 2 . 5 2 i

2 WATER » »

3 TRUCK i • 17 - . 1 7 i

4, P IP E i t
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27 OTH WOOD PROD DIEWERT COEFS (MULTIPLIED BY 1000)
1

RAIL
2

WATER
3

TRUCK
4

PIPE

27

28

28

1 RA IL  ! 
T !

• 40 
. 0 0

. 0 0

. 0 0
5 1 2 . 8 0

4 . 0 9

I 
o

o
 

I 
o

o
 

I 
• 

•
«
>

2 WATER ! 
T !

. 0 0

. 00
. 0 0
. 0 0

. 0 0

. 0 0
. 0 0
• CO

i
»

3 TRUCK ! 
T !

5 1 2 . 8 0  
A . 0 9

. 0 0

. 0 0
- 5 8 . 3 0

. 4 8
. 0 0
.GO

•
»

4 PIPE ! 
T !

. 0 0

. 0 0
. 0 0
. 0 0

. 0 0

. 0 0
. 0 0
. 0 0

i
i

OTH WOOD PROD PRICE E L A S T I C I T I E S
1

RAIL
2

WATER
3

TRUCK
4

PIPE

1 RAIL  ! - . 5 2 . 5 2 i

2 WATER ! ».

3 TRUCK ! .5 3 - . 5 3 V

4 PIPE ! t

FURNIT+MISC\ M DIEWERT COEFS ( MU L T I P L I ED 8 Y

1
RAIL

2
WATER

3
TRUCK

4
PIPE

1 RAIL  ! 1 3 4 . 2  0 . 0 0 5 4 . 0 0 . 0 0 t

2 WATER ! . 0 0 6 . 3 0 7 1 . 7 0 . 0 0 »

3 TRUCK ! 5 4 . 0 0 71 . 7 0 6 0 7 . 0 0 . 0 0 •

4 P IPE ! .0 0 .0 0 .0 0 .0 0 »

FUPNIT+MISC W PRICE E L A S T I C I T I E S

1
R A I L

2
WATER

3
TRUCK

4
PIPE

1 RAI L  ! - . 1 5 . 1 5 I

z WATER • - . 4 4 . 4 4

3 TRUCK ! . 0 4 . 0 5 - . 0 8

4 PIPE ! »
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29 * GLASS PROD DIEWERT COEFS (MULTIPLIED BY 1000)
1 2  3 4

RAIL  WATER TRUCK PIPE

1 RAIL  ! 1 2 . 2 0 . 0 0 5 9 6 . 8 0 - . 0 Q _ »
T ! . 08 . 0 0  _ .. 4 .52 . ........ . 0 0 -t------------------------

2 WATER » 
T *

. 0 0

. 00
. 0 0

^ . 0 0
. 0 0
. 0 0

. 0 0

. 0 0
»
•

3 TRUCK ! 
T !

5 9 6 . 8 0  
4 .5 2

. 0 0  -

. 0 0
2 1 6 . 6 0  

1 . 0 2
. 0 0
. 0 0

t
i

4 PIPE ! 
T !

. 0 0

. 0 0
. 0 0
. 0 0

. 0 0

. 0 0
. 0 0
. 0 0

t
»

GLASS PROD PRICE E L A S T I C I T I E S
1

RAIL
2

WATER
3

TRUCK
4

PIPE

1 RAIL  ! - 1  . 8 9 1 . 8 9 i

2 WATER ! i

3 TRUCK ! . 3 6 - . 3 6
4 PIPE ! i

STONE+CLAY PR OIEWERT COEFS ( MU LT I PL I ED BY 1 0 0 0 )
1

RAIL
2

WATER
3

TRUCK
4

PIPE

1 RAIL  * 
T !

7 4 4 . 5 0
3 . 2 9

. 0 0

. 0 0
2 4 0 . 9 0

1 . 7 7
. 0 0
. 0 0

i
»

2 WATER ! 
T . . *

• 00 
. 0 0

. 0 0

. 0 0
. 0 0
. 0 0

. 0 0  
• GO

•
•

3 TRUCK ! 
T !

2 4 0 . 9 0  
1 . 7 7

. 0 0  -  

. 0 0
2 4 2 . 3 0

. 8 2
. 0 0
. 0 0

«
i

4 PIPE ! 
T !

. 0 0

. 0 0
. 0 0
. 0 0

. 0 0

. 0 0
. 0 0
. 0 0

»
i

STONE+CLAY PR PRICE E L A S T I C I T I E S
1

RAIL
2

WATER
3

TRUCK
4

PIPE

1 RAIL  ! - . 2 1 .21

2 WATER ! ;

3 TRUCK ! . 2 9 - . 2 9
4 PIPE ! »
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31 # PRIM NON-FERR DIEWERT COEFS (MULTIPLIED BY 1000)
1 2 3 4

RAIL WATER TRUCK PIPE

1 RAIL i 1 7 4 . 3  0 . 0 0 2 3 5 . 3 0 . 0 0 »
T » 2 . 0 7 . 0 0 2 . 9 0 . 0 0 »

2 WATER > . 0 0 . 0 0 . 0 0 . 0 0 t
T i . 0 0 . 0 0 . 0 0 . 0 0 i

3 TRUCK • 2 3 5 . 3 0 . 0 0 3 2 4 . 4 0 . 0 0 t
T i 2 . 9 0 . 0 0 4 . 1 2 . 0 0 •

PIPE • . 0 0 . 0 0 . 0 0 . 0 0 t
T i . 0 0 . 0 0 . 0 0 . 0 0 i

•RIM NON FERR PRICE E L A S T I C I T I E S
1 2 3 4

RAIL WATER TRUCK PIPE

1 RAIL « - . 2 9 . 2 9 «

2 WATER i i

3 TRUCK i •21 - . 2 1 i

4 PIPE i t

32 *  FAB STRU MET DIEWERT COEFS ( MU L T I P L I E D BY 1 0 0 0 )

1 2 I  4
RAIL WATER TRUCK PIPE

1 RAIL » 2 9 2 . 6 0 . 0 0 9 9 . 3 0 . 0 0 V
T » 2 *23 . 0 0 . 7 8 . 0 0 t

2 WATER » . 0 0 . 0 0 . 0 0 . 0 0 i
T » . 0 0 . 0 0 . 0 0 . 0 0 i

3 TRUCK • 99 . 3 0 . 0 0 4 6 2 . 6 0 . 0 0 i
t ; » . 78 . 0 0 3 . 7 7 . 0 0 i

4 PIPE i . 0 0 . 0 0 . 0 0 . 0 0 i

T j . 00 . 0 0 . 0 0 . 0 0 •

AB STRU MET PRICE E L A S T I C I T I E S
1 2 3 4

RAIL WATER TRUCK PIPE

1 RAIL » - . 1 4 . 1 4

2 WATER » i

3 TRUCK • 00o. I . o 00 •

4 P I PE i
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ORD+MISC FAB 0 1 EWER T COEFS (MULTIPLIED BY 1000)

RAIL WATER TRUCK PIPE

1 RAIL » - 4C3  . 0 0 . 0 0 6 2 8 . 3 0 . 0 0 •
T i 5 . 6 9 . 0 0 9 . 2 0 . 0 0 f

2 WATER • . 0 0 . 0 0 . 0 0 . 0 0 «
T » . 0 0 . 0 0 . 0 0 . 0 0 i

3 TRUCK » 6 2 3 . 8 0 . 0 0 1 3 9 . 9 0 . 0 0 i
T j 9 . 2 0 . 0 0 2 . 1 0 • 00 i

4 PIPE t . 0 0 .CO . 0 0 • 00 i
T i . 0 0 . 0 0 . 0 0  . • 00 •

IRD + MISC FAB PRICE E L A S T I C I T I E S
*t 2 3 4

RAIL WATER TRUCK PIPE

1 r a i l • - 1  . 38 1 . 3 8 »

2 WATER i i

3 TRUCK i .41 - . 4 1 i

A PIPE i i

NETWORK “ ACH + DIEWERT COEFS ( MU LT I PL I ED  BY 1 0 0 0 )
1

R A IL

RAIL
T

WATER ! 
T !

7 6 7 . 0 0  
1 . 7 9

.0 0

.00
TRUCK ! 2 7 2 1 . 4 0  
T ! 1 0 . 42-

PIPE
T

.00

.GO

METWORK MACH+

1 RAIL

2 WATER 

J  TRUCK 

4 P IPE

2
WATER

3
TRUCK

4
PIPE

. 0 0  2 7 2 1 . 4 0  
•GO 1 0 . 4 2
• GO 
.00

•  00 
.CO

. 0 0 - 5 2 2 5 • 3 0  
•GO 8 . 1 6

.0 0  
•  00

•  00 
.00

.00

.00

.GO

.00

.GO

.0 0

.00

.00

PRICE E L A S T I C I T I E S



35 *  OTH MACH EXC DIEWERT COEFS (MULTIPLIED BY 1000)
1 2  3 4

RAIL WATER TRUCK PIPE

1 RAIL  • 2 9 . 1 0 . 0 0 2 1 6 . 8 0 . 0 0
T • . 3 7 . 0 0 2 . 8 2 . 0 0

2 WATER ! . 0 0 . 0 0 . 0 0 • GO
T ! . 0 0 . 0 0 . 0 0 . 0 0

3 TRUCK ! 2 1 6 . 8 0 . 0 0 5 0 6 . 0 0 . 0 0
T ! 2 . 8 2 . 0 0 6 . 7 7 . 0 0

4 PIPE ! . 0 0 . 0 0 . 0 0 . 0 0
T » . 0 0 . 0 0 . 0 0 . 0 0

35 OTH MACH EXC PRICE E L A S T I C I T I E S

1 2  3 4
RAIL  WATER TRUCK PIPE

1 RAIL  ! - . 4 7 . 4 7 i

2 WATER ! i

3 TRUCK ! . 1 * - . 1 5 »

4 PIPE ! i

36 COMMUNICATION DIEWERT COEFS ( MU LT I PL I ED  BV 1 0 0 0 )
t  2 3 4

RAIL WATER TRUCK PIPE

T RAIL r 2C1 . 4 0 . 0 0

oo• • GO t

2: WATER • . 0 0

oo• oo. • o o i

3 TRUCK i •CO • o p 7 8 2 . 6 0

oo. i

4 PI  P E t

11
o 

I
O 

1 
• iiiI

oo•

I • o o I
O 

I 
O 

I 
• IIII

i

lOMMUNI C ATION PRICE E L A S T I C I T I E S
1 2 3 4

RAIL WATER TRUCK PIPE

1 RA IL t • o o »

2 WATER i

3 TRUCK i . 0 0 •

4 PIPE » i
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37 ELEC MACH+EQP DIEWERT COEFS (MULTIPLIED BY 1000)

37

RAIL WATER TRUCK PIPE

1 RAIL  » 2 4 2 . 4 0

<

• o o 3 4 . 1 0 . 0 0

2 WATER ! • o o

oo. oo. oo.

3 TRUCK ! 34 . 1 0

oo. 6 7 4 . 3 0

oo.

4 PIPE ! . o o . o o

oo. oo.

ELEC MAC H + EQP

1 R A I L
2 WATER

3 TRUCK

4 PIPE

PRICE E L A S T I C I T I E S

38 OTH TRANSP EQ DIEWERT COEFS ( MU L T I P L I E D BY 1 0 0 0 )

38

1
RAIL

2
WATER

3
TRUCK

4
PIPE

1 RAIL • - 3  2 0 . 8 0 . 0 0 7 9 1 . 1 0 . 0 0 •
T » .85 . 0 0 2 . 1 7 . 0 0 i

2 WATER i . 0 0 . 0 0  ^ . 0 0 . 0 0 i
T » .00 . 0 0 . 0 0 . 0 0 i

3 TRUCK » 791 . 1 0 . 0 0  - 3 0 9 . 7 0 . 0 0 »
T * 2 . 1 7 . 0 0 . 8 7 . 0 0 i

4 PIPE » . 0 0 . 0 0 . 0 0 . 0 0 f
T » . 00 . 0 0 . 0 0 . 0 0 i

OTH TRANSP EQ PRICE E L A S T I C I T I E S
1 2 3 4

RAIL WATER TRUCK PIPE

1 RAIL - . 9 2 . 9 2 i

2 WATER i

3 TRUCK . 7 3 - . 7 3

4 PIPE t
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39 O-TH SCRAP DIEWERT COEFS ( MU L T I P L I E D BY 1 0 0 0 )
1 2 3 A

- RAIL WATER TRUCK PIPE

1 RAIL  ! 3 6 0 .0 0 • o o

I

oo. . o o

2 WATER !

oo. 5 A 0 •6 0
oo• .0 0

3 TRUCK ! . o o • 00
oo. oo.

A PIPE !

oo. . o o

oo.

I I I I. I o
 

I o

OTH SCRAP PRICE E L A S T I C I T I E S

1
RAIL

2
WATER

3
TRUCK

A
PIPE

1 R A IL  ! • 00
2 WATER * . 0 0

3 TRUCK ! 

A PIPE !
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Append ix E

E s tim a tio n  o f  P r iv a te  T ruck C o e f f ic ie n t  Changes

P r iv a t e  t r u c k  s e r v ic e  demands f o r  in d u s t r ie s  i n  th e  INFORUM A 

m a t r ix  o f  I/O  c o e f f ic ie n ts  a re  re p re se n te d  by the  component in p u ts  in to  

the  p ro d u c tio n  o f  t ru c k  s e rv ic e s .  There are  n ine  m a jo r in p u ts ,  seven o f  

w h ic h  a re  l i s t e d  above in  S tep  3 o f  C h a p te r V . The seven a re  67 : 

M isce llan eous  Chemical P ro d u c ts , 76: P e tro leum  R e f in in g ,  77 : F ue l O i l ,  

8 0 : T i r e s  and In n e r  Tubes, 145: M otor V e h ic le s , 183: In s u ra n c e , and 

190: Auto R e p a ir . The rem a in ing  two are  the  r e t a i l  and w h o le sa le  tra d e  

m a rg in s .  B e s id e s  r e p r e s e n t in g  p r i v a t e  t r u c k  s e r v ic e s  th e y  a ls o  

r e p r e s e n t  in p u ts  used f o r  o th e r  purposes such as m a in ta in in g , a p r iv a te  

c a r f l e e t  o r  o th e r  m ach ine ry . I n  o rd e r  to  c a lc u la te  how much o f  th e  

in p u t  c o e f f i c i e n t  needs to  be a d ju s te d  to  re p re s e n t a change in  demand 

f o r  pr iv a te  t ru c k  s e rv ic e s ,  a w e ig h t was c a lc u la te d  w h ich  re p re s e n ts  the  

p r iv a te  t ru c k  share o f  each in p u t .  Even though the  r e t a i l  and w ho lesa le  

m arg ins a re  the  la rg e s t  components o f  t ru c k  s e rv ic e s  these p r iv a te  t ru c k  

s e rv ic e  components w i l l  g e n e ra lly  re p re s e n t v e ry  s m a ll p o r t io n s  o f  th e  

t o t a l  r e t a i l  and w h o le s a le  c o e f f ic ie n ts *  S ince the  e f fe c t  o f  changing 

p r iv a te  t r u c k  demands w ould have l i t t l e  im pact on these  c o e f f ic ie n ts ,  no 

ad jus tm en t f o r  p r iv a te  t ru c k  s e rv ic e s  were made f o r  these tw o . F o r  th e  

rem a in ing  seven in p u ts  the  fo llo w in g  w e ig h t, w ^, was c a lc u la te d :
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w.
2
j

a . .

RPT
i  = 1 , . . . , 7  in p u ts

where

RPT

a. .

Qi

= amount spent on component in p u t  i  pe r d o l la r  o f  t o t a l  

p r iv a te  t ru c k  revenue in  1972. Data was taken  from  

JFA c a lc u la t io n s .

= p r iv a te  t ru c k  revenue in  1972 c o l le c te d  f o r  each o f 

the  45 JFA commodity c a te g o r ie s  l i s t e d  in  Tab le  5 .1 .

= I/O  c o e f f ic ie n t  f o r  p r iv a te  t ru c k  component in p u t  i  

pe r d o l la r  o f  o u tp u t j  in  1972, taken  from  the  

INFORUM 1972 A m a tr ix .

= INFORUM o u tp u t o f  in d u s try  j  measured in  1972 d o l la r s .  

In  the  e qu a tion  o u tp u ts  a re  summed ove r a l l  in d u s t r ie s  

making up each JFA commodity c a te g o ry .

U n fo r tu n a te ly ,  the  com bin ing o f  two s e p a ra te  d a ta  s o u rc e s  - -  JFA and 

INFORUM - -  le d  to  b o th  th e  c a lc u la t io n  o f  w e ig h ts  g re a te r  than  one in  

some cases and to  no w e ig h ts  a t  a l l  in  o th e r s  w he re  JFA p r i v a t e  t r u c k  

in p u t  e x p e n d itu re s  had no co rre spond ing  INFORUM in p u t f lo w s .  Of the  315 

p o s s ib le  w e ig h ts  (45  s e c to rs  tim es seven in p u ts )  e ig h t  p e rc e n t were o f  

the  fo rm e r type  and n ine  p e rce n t were o f the  l a t t e r  t y p e .  I n  f a c t ,  in  

many cases th e  two s e ts  o f  d a ta  seemed in c o n s is te n t .  In  o rd e r no t to  

in t r o d u c e  m ore e r r o r  in t o  th e  p r iv a t e  t r u c k  in p u ts  i n  th e  INFORUM 

s e c to r s ,  th re e  p a th s  w ere  f o l lo w e d .  F i r s t ,  a l l  p r iv a te  t ru c k  shares 

t h a t  w e re  le s s  th a n  20 p e rc e n t  o f  t o t a l  t r u c k  w e re  g ro u p e d  w i t h
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c o m m e rc ia l t r u c k  and th e  c o m m e rc ia l t r u c k  row  was m oved as i f  i t  

re p re s e n te d  a l l  t r u c k  s e rv ic e s .  Where p r iv a te  t ru c k  component w e igh ts  

were le s s  than  ten  p e rc e n t o f  the  t o t a l  in p u t the  w e ig h t was dropped and 

the  c o e f f ic ie n t  was moved by the  norm al INFORUM "a c ro s s -th e -ro w -c h a n g e **  

a d ju s tm e n t .  The re m a in in g  la r g e r  w e ig h ts  w ere  re ta in e d  and used to  

w e ig h t the  p r iv a te  t ru c k  I/O  changes e s t ima ted  above.
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