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ABSTRACT

(
T i t l e  OT D is s e r ta t io n :  A Study o f  the Determinants o t  Factor Demand

by In d u s t ry

Anthony Joseph Barbera, Doctor o f  Ph ilosophy/ 1982

D is s e r ta t io n  d i re c te d  by: Clopper Almon, J r . ,  P ro fessor o f  Economics

Recent t h e o r e t ic a l  work in  d u a l i t y  t h e o r y  has lead  t o  f u n c t i o n a l  

fo rm s  f o r  p r o d u c t io n  and c o s t  fu n c t io n s  which e a s i ly  accommodate more 

than two in p u ts  ye t a l low  f o r  a m u lt i tu d e  o f s u b s t i t u t io n  p o s s i b i l i t i e s  

among the va r iou s  in p u ts .

A p a r a l l e l  program o f research has led to  the view th a t  adjustment 

o f  in p u ts  in  p rodu c tion  t o  t h e i r  "d e s ire d "  le v e ls  a re  i n t e r r e l a t e d  and 

th a t  t h i s  in te r re la te d n e s s  must be in co rpo ra ted  in t o  e m p ir ic a l  models o f  

f a c t o r  demand i n  o rd e r  t o  i d e n t i f y  p r o p e r l y  th e  dynam ics o f  fa c to r  

demand over t im e .

F in a l l y /  e m p ir ic a l  work on fa c to r  demand has u n i f o r m ly  assumed a 

g e o m e t r i c a l l y  d e c l i n i n g  p a t t e r n  o f  d e p r e c ia t i o n  o f  c a p i t a l /  th u s  

im p ly in g  t h a t  d e p r e c ia t i o n  and / hence/ rep la ce m e n t in v e s tm e n t  i s  a 

constant p ro p o r t io n  o f  the  c a p i ta l  s tock .

Th is  th e s is  in c o rp o ra te s  the  f i r s t  two l in e s  o f  research in  a study 

o f  investment and p r o d u c t i v i t y  w h i le ,  a t  the same t im e /  improving on the  

a ssu m p t io n  o f  a g e o m e tr ic a l ly  d e c l in in g  d e p re c ia t io n  p a t te rn .  A f a c to r  

demand mode i s  d e r iv e d  w h ich  c o n s is t s  o f  two e q u a t i o n s :  one f o r  

in v e s tm e n t  and one f o r  la b o r  employment pe r  u n i t  o f  o u t p u t .  I t  i s  

a p p l ie d  t o  each o f 53 separate in d u s t r ie s  which cover the  U.S. economy. 

The v a r ia b le s  used t o  e x p la in  f a c t o r  demand a r e ,  b a s i c a l l y /  r e l a t i v e  

in p u t  p r ic e s  and movements i n  in d u s t ry  demand. The p r ic e s  which appear
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i n  the  model are c a p i ta l  c o s ts ,  labo r  c o s ts ,  and energy p r ic e s .

There are a number o f fe a tu re s  o f  th e  model wh ich  d i s t i n g u i s h  i t  

f rom  o th e r  p u b l is h e d  works. F i r s t ,  f a c to r  demand i s  s tud ied  a t  a much 

g re a te r  le v e l  o f  d isagg rega tion  than in  o the r  s tu d ie s .  Second, a simple 

g e n e ra l iz a t io n  o f th e  D ie w e r t  c o s t  f u n c t i o n  i s  used r a t h e r  th a n  th e  

h i g h l y  p o p u la r  t r a n s lo g  fo rm .  I  know o f  o n ly  two o th e r  p u b l is h e d  

s t u d ie s  i n  w h ich  th e  D ie w e r t  f u n c t i o n  i s  used f o r  e m p i r i c a l  w o rk .  

T h i r d ,  an in v e s tm e n t  e q u a t io n  is  de r ived  and est im ated j o i n t l y  w ith  a 

labo r  requirements equ a tion . In  c o n t r a s t ,  p u b l is h e d  s tu d ie s  e s t im a te  

" c a p i t a l  demand" equations in  co n ju n c t io n  w i th  employment equations and 

p o s s ib ly  o the r  equ a tions , and should be viewed as suspec t b o th  because 

o f  th e  d i f f i c u l t i e s  o f  m easuring " c a p i t a l "  and because o f the trended 

na tu re  o t any c a p i ta l  s tock s e r ie s .  The approach o f  t h i s  s tu d y  p la c e s  

f a r  g r e a te r  demands upon the model d e r iv e d :  f i t t i n g  investment data is  

f a r  more t a x in g  t h a t  f i t t i n g  c a p i t a l  d a ta .  F o u r th ,  th e  model b o th  

m in im iz e s  th e  dependence o f  i t s  r e s u l t s  on a p r io r  measure o f c a p i ta l  

and in c o r p o r a te s  a s im p le  e x te n s io n  o f  t h e  g e o m e t r i c  p a t t e r n  o f  

d e p re c ia to n  w h ich  a l low s  "reasonab le "  and v a r ie d  d e p re c ia t io n  p a t te rn s  

across in d u s t r ie s .  F in a l l y ,  the  model i s ,  e s s e n t i a l l y ,  a f o r e c a s t i n g  

t o o l  w h ic h  i s  p a r t  o f  a new and h ig h l y  d is a g g re g a te d  macro model 

developed by INFORUM. With t h i s  in  m ind, c a re fu l  a t te n t io n  i s  g iv e n  t o  

the long run p ro p e r t ie s  o f  the model. Consequently, an ex tens ive  regime 

o f  " p r i o r s "  a r e  in t r o d u c e d  i n t o  th e  e s t im a t io n  p ro c e s s  t o  a s s u re  

con fo rm ity  w i th  f i r m ly  e s ta b l is h e d  f in d in g s  o f  past work. What s u f f e r s  

i n  t h i s  e f f o r t  i s  th e  a b i l i t y  o f  the model to  f i t  h i s t o r i c a l  in d u s t ry  

d a ta  on in v e s tm e n t  and p ro d u c t i v i t y  and i t s  a b i_ M t y  t o  g e n e r a te  

" r e a s o n a b le "  magnitudes f o r  c r u c ia l  e l a s t i c i t i e s .  I t  i s  w i th  an eye to



th e  f i t s  and e l a s t i c i t i e s  th a t  we judge the usefu lness o f the model f o r  

th e  pu rposes  f o r  w h ich  i t  i s  in te n d e d .  C o n s e q u e n t ly ,  t h e r e  i s  no 

p re te n s e  th a t  we are e s t im a t in g  "unb iased" c o e f f i c ie n t s .  The c la ims o f  

the  model are based upon i t s  a b i l i t y  to  f i t  h i s t o r i c a l  data by equations 

c o n s is te n t  w i th  our p r io r  view o f  a t le a s t  some o f th e  f e a t u r e s  o f  th e  

s t ru c tu re  o f p rodu c tion  a t the in d u s t ry  le v e l .

Long term fo re c a s ts  through 1983 o f  investment and p r o d u c t i v i t y  are 

th e n  made w i t h i n  th e  c o n te x t  o f  the macro model p re v io u s ly  mentioned. 

Assessment o f  the fo re c a s t in g  performance o f the equations i s  based upon 

a com par ison  o f  th e  f o r e c a s t  r e s u l t s  w i t h  a c t u a l  e m p lo y m e n t  and 

cons truc ted  investment through 1981.
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Chapter 1

Overview o f Study

1. In t r o d u c t io n

The I n te r in d u s t r y  Forecasting P ro je c t  o f  the U n iv e rs i t y  o f  Maryland 

(INFORUM) has had as i t s  task the des ign , c o n s t ru c t io n  and u t i l i z a t i o n  

o f  a long-te rm  in p u t -o u tp u t  fo re c a s t in g  model o f  the U.S. economy. The 

model embodies a high degree o f d isagg rega t ion  by d is t in g u is h in g  ou tpu ts  

f o r  190 p ro d u c ts ,  equipment purchases by 90 in d u s t r ie s ,  and the purchase 

o f  s t r u c t u r e s  by 30 t y p e s .  The in p u t - o u t p u t  component o f  the model 

a l lo w s  one t o  f o r e c a s t ,  i n  a d d i t i o n ,  th e  s a le s  o f  each o f  th e  190 

p ro d u c ts  wh ich  go i n t o  o th e r  p ro d u c ts  as m a te r ia l  in p u ts ,  as c a p i ta l  

goods, consumer demand, e x p o r ts ,  in v e n to ry  change, o r  government demand.

In  a d d i t io n ,  the re  e x is ts  a wage-price submodel developed by David  

B e lz e r  w h ich  endogen izes  p r ic e s  and wages w i th in  the INFORUM model so 

th a t  p r ic e s  not o n ly  d e te rm in e  b u t  a re  a ls o  d e te rm in e d  by r e a l  s id e  

a c t i v i t y .

The a rea  o f  i n t e r e s t  o f  t h i s  study i s  the in v e s tm e n t-p ro d u c t iv i ty  

submodel o f  the la rg e r  INFORUM model. The submodel possessed a number 

o f  in a d e q u a c ie s  w h ich  rende red  i t  u n a b le  t o  answer many im p o r ta n t  

q u e s t i o n s .  The n e x t  s e c t i o n  p r e s e n t s  an o v e r v i e w  o f  t h e  

in v e s tm e n t-p ro d u c t iv i ty  submodel as i t  stood p r io r  t o  com pletion o f  t h is  

s tu d y  and an o u t l i n e  o f  i t s  b a s ic  s h o r tc o m in g s .  The t h i r d  s e c t io n  

presen ts  a sho r t  d e s c r ip t io n  o f the model which has r e s u l t e d  from  t h i s  

study and a b r i e f  summary o f the  p lan  o f  the  s tudy .



2. Previous Investment and P r o d u c t iv i t y  in  INFORUM

The in v e s tm e n t-p ro d u c t iv i ty  component o f the INFORUM model inc luded  

some f e a t u r e s  o f  n e o c la s s ic a l  p r o d u c t io n  th e o r y  as w e l l  as ad hoc 

e q u a t io n  s p e c i f i c a t i o n s  f o r  p r o d u c t i v i t y .  There w e re  in v e s t m e n t  

e q u a t i o n s  f o r  87 i n d u s t r i e s  and p r o d u c t i v i t y  e q u a t io n s  f o r  100 

in d u s t r ie s .  The f u n c t i o n a l  fo rm  and b e h a v io r a l  assum p t io ns  f o r  th e  

in v e s tm e n t  e q u a t io n s  were i d e n t i c a l  f o r  a l l  i n d u s t r i e s .  Tha t i s ,  

" d e s i r e d "  c a p i t a l  s to c k  e q u a t io n s  were d e r iv e d ,  based upon p r o f i t  

m a x im iz in g  b e h a v io r  by th e  f i r m  and th e  use o f  th e  CES p r o d u c t io n  

fu n c t io n .  The ba s ic  e q u i l i b r i u m  c o n d i t i o n  i s  t h a t  th e  f i r m  demands 

c a p i t a l  up t o  th e  p o in t  where th e  m a rg in a l cost o f  the equipment, c , 

equals the va lue o f the marginal product o f  c a p i ta l :

c = P *  3Q/9K

where P i s  the p r ic e  o f  o u tp u t ,  Q, and K i s  the c a p i ta l  s to c k .  For th e  

CES p rodu c t ion  fu n c t io n ,  the marg ina l product o f  c a p i ta l  i s  g iven  by

3Q/8K = 6 *  (K/Q)° (2)

where 8 i s  a s c a la r ,  a is  the e l a s t i c i t y  o f  s u b s t i t u t io n .  S u b s t i tu t in g  

(2) i n t o  CD g iv e s  th e  r e l a t i o n s h i p  between " d e s i r e d "  c a p i t a l ,  K * ,  

o u tp u t ,  and the " r e la t i v e  user cost o f  c a p i t a l " ,  r  = c /P ,

K* = a Q r  a ( 3 )

where a = 1/8

E q u a t io n  ( 3 )  w i l l  h o ld  o n ly  i n  e q u i l i b r i u m .  At any t im e  t ,  

however, a c tu a l c a p i ta l  w i l l  depend upon p re s e n t  and lagged  v a lu e s  o f



o u tp u t  and the r e la t i v e  user cost o f  c a p i t a l .  Consequently, (3) should 

be re w r i t te n  as

3 -

w_. v , 
r

where w.. = 1 and v.. = - o .  Taking n a tu r a l  lo g s ,  f i r s t  d i f f e r e n c i n g ,  

and m u l t ip ly in g  both s ides by g ives  the net investment equa tion :

Nt  = Kt -1  l  wi  ±  Qt - i  + Kt - |  l  v iA r t - i  <4)

where A_ = (Qt  -  ^ - j  and r t  is  de f ined  s im i l a r l y .  The on ly  

step now l e f t  be fore  one may a c tu a l ly  es t im ate  (4) i s  t o  c o n s t r u c t  th e  

dependent v a r i a b l e ,  n e t  in v e s tm e n t.  There e x is ts  data cons truc ted  by 

the  INFORUM p ro je c t  on average tax  l i v e s  f o r  equipment by i n d u s t r y  and 

v a r y in g  from  ye a r  t o  y e a r .  W ith some m o d i f ic a t io n s ,  these l i v e s  were 

assumed to  be the average s e rv ice  l i v e s  f o r  equ ipm ent. Then, w i t h  th e  

use o f these d a ta ,  c a p i ta l  stocks were cons truc ted  as fo l lo w s :

KCt) = B<| ( t )  + B2 (t> (5)

where

B ^ t )  = I t  + (1 -d t ) *B 1( t - 1 )

B2 Ct> = d ^ C t - 1 )  + <1-dt >*B2 ( t - 1 > .

I ( t )  i s  g ro s s  in v e s tm e n t  a t  t im e  t ,  l_t  i s  the  average se rv ice  l i f e  o f  

c a p i t a l ,  and d^ -  2 /L ^ .  Then replacement investment is  g iven  by

R. = d * B - ( t - 1 )  (6)t  t  c
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and net inves tm en t, the dependent v a r ia b le  in  ( 4 ) ,  i s  g iven by

The method o f  c o n t ru c t in g  c a p i ta l  in  (5) represents  an improvement 

upon th e  g e o m e t r i c a l l y  d e c l in in g  d e p re c ia t io n  p a t te rn  used throughout 

the l i t e r a tu r e , ,  The im p l ied  d e p re c ia t io n  p a t te rn  a l low s  rep lacem ent t o  

be low e a r l y  i n  th e  e q u ip m e n t 's  l i f e ,  w i th  d e p re c ia t io n  in c re a s in g  as 

th e  equ ipm ent grows o l d e r .  C o n s e q u e n t ly ,  (5 )  g i v e s  d e p r e c i a t i o n  

p a t te rn s  which were thought more "reasonab le " than the geometric p a t te rn  

used by o the r  researchers . However, a shortcoming o f  t h is  e a r l i e r  model  

was t h a t  th e  d e p r e c ia t i o n  p a t t e r n  g iv e n  by (6 )  was imposed upon a l l  

in d u s t r ie s .

The p r o d u c t i v i t y  equa tions  were s im p ly  log  l i n e a r  r e la t i o n s h i p s  

w i t h  th e  log o f  employment per u n i t  o f  ou tpu t as the dependent v a r ia b le  

and some combination o f  an exponen t ia l t im e  t r e n d ,  lo g  o f  o u t p u t ,  th e  

change i n  t h e  lo g  o f  o u t p u t ,  and a lagr^dependent v a r i a b le  as th e  

independent v a r ia b le s .  A t te m p ts  were made t o  in t r o d u c e  measures o f  

c a p i t a l  i n t o  t h e  p r o d u c t i v i t y  e q u a t io n s  w i th o u t  s u c c e s s .  To my 

knowledge, no a t tem p t was made t o  d e r iv e  and e s t im a te  an employment 

equation  based upon the CES p rodu c tion  fu n c t io n .

The l i n k s  between c a p i t a l  f o r m a t io n  and p r o d u c t i v i t y  g ro w th ,  

consequently , were a t best in d i r e c t  and lacked t h e o r e t i c a l  f o u n d a t io n .

A change i n  p r o d u c t i v i t y ,  o th e r  than i t s  t re n d ,  could o n ly  occur as a t

r e s u l t  o f  a change i n  i n d u s t r y  demand. P r o d u c t i v i t y  g r o w t h  was 

u n a f fe c te d  by th e  te c h n o lo g ic a l  r e la t io n s h ip  between c a p i ta l  and labo r 

in  p rodu c t ion  as im p l ied  by the investment equa tions .

Thus, the f i r s t  se r ious  shortcoming o f  the in v e s tm e n t - p r o d u c t iv i t y



submodel was the complete lack o f  d i r e c t  in terdependence between c a p i ta l  

fo rm a t io n  and p r o d u c t i v i t y  g ro w th .  In d e e d ,  th e  long run g ro w th  in  

a v e ra g e  l a b o r  p r o d u c t i v i t y  was v i r t u a l l y  i n s e n s i t i v e  t o  economic 

a c t i v i t y ,  being determ ined, almost e n t i r e l y ,  by a t im e t re n d .

Because o f  th e  la c k  o f  in te rd e p e n d e n c e  as w e l l  as t h e o r e t i c a l  

u n d e rp in n in g ,  the I NFORUM model could not be used t o  study the response 

o f  p roduc t i v i t y  g r owth t o ,  s a y ,  ta x  p o l i c i e s  des igne d  t o  s t im u la t e  

in v e s tm e n t .  E s p e c ia l ly  in  a t im e o f  g rea t  debate about the causes and 

cures o f  the p r o d u c t i v i t y  s l id e  o f the 1 9 7 0 's ,  t h i s  s h o r tc o m in g  caused 

c o n s id e r a b le  une as in ess .  A long term model should have the c a p a b i l i t y  

o f  p ro v id in g  fo re c a s ts  which are use fu l i n  answ er ing  long te rm  p u b l i c  

p o l ic y  ques tions .

C a p i t a l  f o rm a t io n  i s  no t  th e  o n ly  d e te rm in a n t  o f  p r o d u c t i v i t y  

g row th , nor are changes in  o u tp u t ,  c a p i t a l  c o s t s ,  and la b o r  c o s ts  th e  

o n ly  d e te rm in a n ts  o f  in v e s tm e n t  b e h a v io r .  On the p r o d u c t i v i t y  s id e ,  

the re  a re c le a r  s igns o f  c y c l i c a l  p r o d u c t i v i t y  movement which appear t o  

be c o u n te r  t o  t h e o r e t i c a l  expec ta t io n s  w i th in  the  framework o f  a two 

fa c to r  p rodu c t ion  fu n c t io n .  C o n s e q u e n t ly ,  b u s in e s s  c y c le  v a r i a b l e s ,  

such as the percentage change in  demand, may have an im portan t sho r t  run 

e f f e c t  upon p r o d u c t i v i t y  movement. I n  a d d i t io n ,  both the demand and 

p r i c e  o f  ene rgy  may have a s i g n i f i c a n t  d i r e c t  e f f e c t  upon  b o th  

p r o d u c t i v i t y  and in v e s tm e n t  d e c is io n s  by th e  f i r m .  I f  one p ro p e r ly  

views energy as an a d d i t io n a l  in p u t  i n  p r o d u c t i o n ,  t h e n ,  s in c e  under 

o p t im iz in g  behavio r f a c to r  demand depends upon r e la t i v e  c o s ts ,  changing 

energy p r ic e s  would lead t o  changes in  investment and em p loym ent,  even 

i n  th e  p resence  o f  unchanged demand and unchanged c a p i ta l  and labo r 

c o s t s .  T h u s ,  t h e  s e c o n d  s h o r t c o m i n g  o f  t h e  e a r l y
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i n v e s t m e n t - p r o d u c t i v i t y  submodel was i t s  i n a b i l i t y  t o  accommodate 

• f le x ib ly  o the r  in p u ts  and in p u t  p r ic e s  in t o  the n e o c la ss ica l f ra m e w o rk .  

As i s  w e l l  known, an a t te m p t  t o  extend the CES p rodu c tion  fu n c t io n  to  

more than two in p u ts  leads t o  th e  re q u ire m e n t  t h a t  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  among the va r ious  in p u ts  be id e n t i c a l .

A t h i r d  s h o r tc o m in g  in  th e  e x i s t i n g  in v e s tm e n t  e q u a t ion  may be 

found in  the method o f de te rm in ing  replacement in ve s tm e n t by i n d u s t r y .  

As mentioned e a r l i e r ,  the p a t te rn  o f  d e p re c ia t io n  assumed by the e a r l i e r  

m ode l was perhaps more r e a l i s t i c  th a n  th e  g e o m e t r i c a l l y  d e c l i n i n g  

p a t te rn  o f te n  u t i l i z e d .  However, the obvious q u e s t io n  t o  r a is e  i s  Why 

must a l l  in d u s t r ie s  possess the same d e p re c ia t io n  pa tte rn ?  I t  would be 

both a p p ro p r ia te  and more d e s ira b le  to  in trodu ce  a method o f e s t im a t in g  

re p la ce m e n t in v e s tm e n t  w h ich  would p e rm it  average s e r v ic e  l i v e s  to  

d i f f e r  not on ly  by in d u s t r y ,  but a lso  over t im e ,  and t o  have d i f f e r e n t  

p a t t e r n s  o f  d e p re c ia t io n .  One in d u s t ry  may purchase equipment in  which 

most o f  i t s  d e p re c ia t io n  occurs e a r ly  in  i t s  l i f e ,  so th a t  the geometric  

p a t te rn  may be the most accurate  approx im ation  o f  d e p re c ia t io n  f o r  t h a t  

i n d u s t r y .  An example m ig h t  be th e  pu rchase  o f  au tom obiles by a car 

r e n t a l  agency . On th e  o th e r  hand, a n o th e r  i n d u s t r y  may p u rc h a s e  

equipment which dep rec ia tes  l i t t l e  e a r ly  in  i t s  l i f e ,  and begins t o  lose 

p r o d u c t i v e  e f f i c i e n c y  r a p id l y  o n ly  a f t e r  some p e r io d  o f  t im e .  An 

example m ig h t  be th e  purchase  o f  t a x i  cabs by a cab company. The 

geometric p a t te rn  would, consequently , not be an accurate  re p re s e n ta t io n  

o f  equipment d e p re c ia t io n  f o r  t h i s  in d u s t ry .

T h is  s t u d y 's  g o a l i s  t o  rep lace the model ju s t  descr ibed w i th  one 

which c o r re c ts  i t s  inadequacies.
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3 .  The New In v e s tm e n t-P ro d u c t iv i ty  Model

The in v e s tm e n t  and employment model d e r iv e d  in  th e  f o l l o w i n g  

c h a p te rs  i s  f i r m l y  ensconced i n  th e  re c e iv e d  n e o c la s s ic a l  theo ry  o f 

p ro d u c t io n .  The behav io ra l assumption i s  t h a t  f i r m s  seek t o  m in im iz e  

th e  c o s t  o f  p r o d u c t io n  s u b je c t  t o  exogeneous demand and a v e c to r  o f 

in p u t  p r i c e s .  To a l lo w  f o r  th e  e f f e c t s  o f  ene rgy  p r i c e s  and o th e r  

f a c t o r s  on c a p i t a l  and la b o r  demand, th e  g e n e r ^ l i ^ e d ^ e o n t ^ e ^ C o s t  

Funct io n  CGLF) is  used. For a subset o f  p o ss ib le  p a ra m e te r  e s t im a te s ,  

t he 6LF may be viewed as a second o rder approx im ation  to  an a r b i t r a r y ,  

con t inuous , concave cost f u n c t io n  wh ich  r e s u l t s  f rom  c o s t  m in im iz in g  

b e h a v io r  by the f i r m .  The fu n c t io n  is  " f l e x i b l e "  because i t  imposes no 

§ Erisni c o n s t r a in t s  upon th e  e l a s t i c i t y  o f  s u b s t i t u t i o n  among th e  

v a r io u s  i n p u t s .  C o n s e q u e n t ly ,  i t  p e r m i ts  a v a r i e t y  o f  s u b s t i t u t io n  

p o s s ib i l i t ie s » a m o n g  the va r ious  in p u ts .

Shephard's lemma a llow s one to  d e r iv e  the f a c t o r  demand e q u a t io n s  

f o r  each  o f  t h e  i n p u t s .  I n  t h i s  s t u d y ,  e q u a t io n s  f o r  c a p i t a l ,  

p rod u c t io n  workers*  nonp roduc tion  worker s ,  and energy are d e r iv e d .  From 

these e s s e n t ia l l y  e q u i l ib r iu m  re la t io n s h ip s ,  we c o n s tru c t  a c tu a l  f a c t o r  

demands. From th e  c a p i ta l  demand e q u a t ion ,  we d e r iv e  a net investment 

equ a t ion .  The c r u c ia l  l i n k  between investment and labo r employment w i l l  

be the c a p i ta l - la b o r  r e la t iv e  p r ic e .  Moreover, common parameters appear 

i n  both the investment equa tion  and the  employment equa tions .

The changes in  investment and employment r e s u l t  from  movements i n  

r e l a t i v e  p r i c e s  and demand. We do not view the in t e r - r e la t io n s h ip  as 

one in  which changes in  investment lead t o  changes in  p r o d u c t i v i t y .  Our 

■gdel-byoBtbesises. tha t  i t  i s  chana^ r » i at iu »  VMrh

s in u l ta n e o u s ty  t o  changes in  c a p i t a l - o u t p u t  r a t i o s  and Labor

7 -



Bl g d u c t i v i t y .  Consequently, n e i th e r  investment nor measures o f  c a p i ta l  

appear in  the p r o d u c t i v i t y  equ a t ion .

In  o rde r to  e x p la in  g ross in v e s tm e n t ,  we need an e x p re s s io n  f o r  

rep la cem en t investment as w e l l  as net investm en t. The method developed
\TN

in  t h i s  study is  a g e n e ra l iz a t io n  o f  the approach m entionedv s e c t io n  2 ,  

wh ich  a l lo w s  p a t t e r n s  o f  d e p r e c ia t i o n  t o  d i f f e r  a c ro s s  in d u s t r i e s .  

Replacement i s  g iven by the express ion

Rt  = <d1f (L )  + d2f ( L ) 2 + d3f (L > 3> ★ I t

where the d 's  are determined dur ing  the e s t im a t io n  o f the model and a re  

r e q u i r e d  t o  sum t o  u n i t y ,  f ( L )  = (1 -X )  /  (1 -A L )  where L i s  th e  lag  

o p e ra to r ,  and X i s  determined by t h e average s e rv ic e  l i f e  o f  equ ipm ent  

f o r  th a t  in d u s t r y .

The model wh ich i s  d e r iv e d  c o n s is ts  o f  fo u r  equa tions -  equipmen t 

inves tm en t,  demand f o r  p r o d u c t io n  w o rk e rs ,  demand f o r  n o n p ro d u c t io n  

w o rk e r s ,  and enerpy demand-  w h i le  the model a c tu a l ly  est im ated co n s is ts  

o f  on ly  an investment equa t io n  and a t o t a l  labo r  regu jrem en t£_e fluaM on, 

Data l i m i t a t i o n s  p re v e n te d  th e  e s t im a t io n  o f  th e  f u l l  fo u r  equa tion  

model. However, in d u s t ry  s p e c i f i c  energy p r ic e s  are in troduced  in t o  the 

model and p la y  a s i g n i f i c a n t  r o l e  i n  e x p l a i n i n g  in v e s t m e n t  and 

p r o d u c t i v i t y  by in d u s t r y .  The dynamics o f  investment and p r o d u c t i v i t y  

are c lo s e ly  re la te d .  Consequently, care i s  taken t h a t  th e  d i s t r i b u t e d  

lag  s t r u c t u r e s  on the  independent v a r ia b le s  in  the  resp e c t ive  equations 

are c o n s is te n t  w i th  the und e r ly in g  p rodu c t ion  fu n c t io n .

There are two d is t in g u is h in g  fe a tu re s  o f  t h i s  study which represent 

departu res  from much recent e m p ir ic a l  work in  f a c to r  demand. F i r s t ,  a l l  

dependent v a r ia b le s  in  t h i s  model are a c tu a l ly  observed. In  c o n tra s t
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th e  l a t e s t  p u b l is h e d  s tud ie s  u s u a l ly  in c lude  dependent v a r ia b le s  which 

must be cons truc te d .  T y p i c a l l y ,  th e  dependent v a r ia b le s  depend upon 

some measure o f the c a p i ta l  s tock and the user cost o f  c a p i t a l ,  n e i th e r  

o f  which are observed. As a c o r o l la r y  t o  t h i s  f i r s t  f e a t u r e ,  we have 

e a rn e s t ly  t r i e d  to  m inim ize the dependence o f the e m p ir ic a l r e s u l ts  upon 

a p r i o r  measure o f c a p i t a l .  Th is  d e s ire  has lead us to  avo id  a popu la r 

procedure o f  i n t r o d u c in g  measures o f  c a p i t a l  i n t o  th e  p r o d u c t i v i t y  

equation  as an e x p la in e r  o f  dynamic behav io r.

Second, th e  purpose o f  th e  model p re s e n te d  in  t h i s  study is  to

fo re c a s t  annual movements i n  investment and p r o d u c t i v i t y  up to  15 ye a rs

in to  the f u tu r e .  To accomplish t h i s ,  the model i s  embedded w i th in  a new

72 s e c t o r  i n p u t - o u t p u t  m odel d es igne d  by members o f  th e  INFORUM

2p r o je c t .  Th is  new model in c ludes  many im p o r ta n t  macro f e a t u r e s  wh ich  

th e  o ld e r  INFORUM model d id  not have. Consequently, g re a te r  s t ru c tu re  

in  imposed upon the in v e s tm e n t-p ro d u c t iv i ty  submodel than i s  requ ired  by 

the  p rodu c t ion  fu n c t io n  a lone , so th a t  fo re c a s ts  we deem reasonab le  a re  

g e n e ra te d .  S p e c i f i c a l l y ,  own p r ic e  e l a s t i c i t i e s  are not a llowed t o  be 

p o s i t i v e ,  and c a p i ta l  and la b o r  _aj^__not_ p e r m i t  te d _ to _ b e  complement s .  

The f i r s t  c o n d it io n  i s  most c r u c ia l  both because the  weight o f  e m p ir ic a l 

e v id e n c e  supports  i t ,  and because should the c o n d it io n  be v io la te d ,  the 

model would g ive  fo re c a s ts  wh ich, in  our v ie w ,  would  be i n d e f e n s ib le .  

The second c o n d it io n  i s  not as c r u c ia l ,  ye t was imposed because th e re  i s  

cons ide rab le  e m p ir ic a l evidence supporting  i t .  7

The p lan  o f the study i s  as fo l lo w s :  Chapter 2 p resents  a se lec ted  

re v ie w  o f  th e  r e le v a n t  l i t e r a t u r e .  In  Chapter 3 ,  we d e r iv e  the  model 

i t s e l f ,  w h i le  in  Chapter 4 ,  we d is c u s s  th e  c o n s t r u c t i o n  o f  th e  d a ta .  

C hap te r 5 presen ts  a d iscuss io n  and defense o f the method o f  e s t im a t in g
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the model, an overview o f the in d u s t ry  t im e s e r ie s  on p r o d u c t i v i t y  and 

c a p i t a l  g ro w th ,  and r e la t i v e  p r ic e  movement, and the e m p ir ic a l  re s u l ts  

o f  e s t im a t in g  the  model. F in a l l y ,  Chapter 6 p resents  s im u la t io n  re s u l t s  

by comparing " a c tu a l "  investment and employment through 1983 w i th  those  

p re d ic te d  by the model.



FOOTNOTES

See Almon e t . a l .  in  (2) f o r  a complete d e s c r ip t io n  o f  th e  INFORUM 

modeI•

See Almon (1) f o r  a d e s c r ip t io n  o f  a p re l im in a ry  ve rs ion  o f the LIFT 

mode I .
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Chapter 2 

Survey o f the L i te r a tu r e

1. In t ro d u c t io n

T h is  c h a p t e r  c o n t a i n s  a d i s c u s s i o n  o f  some o f  t h e  r e c e n t  

deve lopm ents  ,  both th e o r e t ic a l  and e m p ir ic a l ,  which have preceded and 

g iven  r is e  to  the present s tudy . The d iscuss io n  o f past investment work 

w i l l  emphasize developments s ince the appearance o f J o rg e n s o n 's  s u rv e y 

a r t i c l e  on investmenl_k_ehaYjj-0_r (231_ ld_1S Z H - A b r i e f  review of the 

e a r l i e r  work i s  m entioned  i n s o f a r  as t h a t  work rem a ins  r e le v a n t  and 

u s e fu l today.

A re v ie w  o f  e c o n o m e tr ic  work on employment behavior has re c e n t ly  

been p u b l is h e d  by Hamermesh ( 2 0 ) .  My comments i n  t h i s  a rea  w i l l ,  

c o n s e q u e n t l y ,  be b r i e f .  I  w i l l  c o n c e n t ra te  m a in ly  on th e  s a l i e n t  

fe a tu re s  o f  h is  a r t i c l e  which are re le va n t t o  the  present s tudy .

In  the next s e c t io n ,  th e re  i s  a b r i e f  summary o f  th e  e c o n o m e tr ic  

work on investm ent behavio r reviewed by Jorgenson and im portan t t o  t h i s  

work. In  s e c t io n  3 ,  the re  i s  a review o f  the employment l i t e r a t u r e  w i th  

s p e c ia l  emphasis upon the  e m p ir ic a l  f in d in g s  on the s e n s i t i v i t y  o f  labor 

demand t o  va r iou s  in p u t  p r i c e s .  S e c t io n  A c o n ta in s  a re v ie w  o f  th e  

e m p i r i c a l  work a f t e r  1970 and a d is c u s s io n  o f  th e  major t h e o r e t ic a l  

developments i n  f a c to r  demand a n a ly s is .  In  a d d i t io n ,  th e re  i s  a re v ie w  

o f a number o f e m p ir ic a l  s tud ie s  which have made use o f  t h i s  th e o ry .  In  

th e  c o n c lu d in g  s e c t io n ,  the re  i s  a b r i e f  c r i t i q u e  o f  the past work w i th  

a v iew  t o  th o s e  a reas  w h ich  t h i s  s tu d y  i s  e s p e c i a l l y  d e s ig n e d  t o
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address.

2 .  Investment Work t o  1970

There  were th re e  developments o f t h i s  per iod  upon which t h i s  study

has h e a v i ly  r e l i e d .  The f i r s t  was the fo rm u la t io n  o f  numerous m ethods

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

d e s i r a b i l i t y  and com putationa l s i m p l i c i t y .  As su rveyed  by G r i l i c h e s

( 1 6 ) ,  these  methods pe rm it ted  the researcher t o  impose what he be l ie ved

were reasonable p a t t e r n s  upon th e  d i s t r i b u t e d  la g s  w i th o u t  d i r e c t l y

c o n s t r a i n i n g  t h e  p a ram e te rs  th e m s e lv e s .  D u r ing  th e se  y e a r s ,  th e

g e o m e tr ic  d i s t r i b u t e d  la g  f u n c t i o n  was t h e  m ost p o p u la r  among
1

researchers , a lthough o the rs  were employed.

The second development was the  d e c is io n  t o  view investment behavior 

i n  two s tages . In  the f i r s t  s tage , an express ion  was e i t h e r  de r ived  or 

assumed which e x p la in e d  th e  " d e s i r e d "  c a p i t a l  s t o c k .  The " d e s i r e d "  

s to c k  i s  de f in ed  as the long run e q u i l ib r iu m  amount o f  c a p i ta l  employed 

i f  a l l  de te rm inan ts  o f  c a p i t a l ,  u s u a l l y  o u tp u t  and r e l a t i v e  p r i c e s ,  

rem ained unchanged from t h e i r  i n i t i a l  va lues . From the des ired  c a p i ta l  

r e la t io n s h ip ,  one may then r e a d i l y  d e r iv e  a " d e s i r e d "  n e t  in v e s tm e n t  

e q u a t io n  by ta k in g  d e r iv a t iv e s  o f both s ides and approx im ating the time 

d e r iv a t iv e  o f des ired  c a p i ta l  w i th  the f i r s t  d i f f e r e n c e  i n  th e  d e s i re d  

s to c k  o f  c a p i t a l ;  i . e . ,  des ired  net investm en t. In  the second s tage , 

one sought a s p e c i f i c a t i o n  f o r  th e  t im e  s t r u c t u r e  o f  a c t u g l  n e t  

in v e s tm e n t  by assum ing , d e r i v i n g  o r  im pos ing  upon th e  d e s i r e d  n e t  

investment express ion  a d i s t r ib u te d  lag f u n c t io n ,  se lec ted  from the many 

reviewed by G r i l i c h e s .  The d i s t r i b u t e d  la g  wou ld  r e l a t e  a c tu a l  n e t  

in v e s tm e n t  to  present and past changes in  des ired  net investm en t. From
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such a r e la t io n s h ip ,  the researcher could t ra c e  out the  ac tua l path over

t im e  o f  in v e s tm e n t  in d u c e d  by a o n e - t im e  change i n  one o f  t h e

independent v a r ia b le s .

The t h i r d  development, as Jorgenson p o in ts  o u t ,  was the  d i s t i n c t i o n

between net inves tm en t, i . e . ,  investment aimed a t in c rea s ing  the c a p i ta l

s t o c k ,  and rep la cem en t in v e s tm e n t ,  wh ich  r e s u l t s  from the fa c t  t h a t

equipment d e p re c ia te s  o ve r  t im e .  As a consequence, some in v e s tm e n t

w o u ld  be n e c e s s a r y  m e r e ly  t o  m a in t a i n  th e  c a p i t a l  s t o c k .  Most

researchers assumed th a t  replacement was a c o n s ta n t  p r o p o r t i o n  o f  th e

c a p i ta l  s to c k ,  suggesting th a t  the unde r ly ing  m o r ta l i t y  d i s t r i b u t i o n  f o r
2

investment goods was geom etr ic .

Much o f  the  debate o f t h i s  pe r iod  was over the de term inan ts  o f  the
3

des ired  c a p i ta l  s to c k ,  w h ile  the d is t r ib u te d  lag p a t te rn  f o r  ac tua l net

investment was s im ply a m atte r o f choosing th e  p a t t e r n  wh ich  p ro v id e d

th e  b e s t  f i t .  In  a d d i t io n ,  most s tud ie s  were done a t a very aggregate
4

le v e l  u s in g  q u a r t e r l y  d a ta .  F i n a l l y ,  none o f  th e  re s e a rc h e rs  who 

assumed a n e o c la s s ic a l  p r o d u c t io n  f u n c t io n  seemed concerned about or 

in te re s te d  in  the  p ro p e r t ie s  o f  the employment e q u a t io n  im p l ie d  by th e  

parameter es t im ates in  the investment equa tion .

3 .  Econometric Work on Employment

The s tu d ie s  on la b o r  employment have p r i m a r i l y  d e a l t  w i t h  and 

answered ques tions  re la te d  t o  the sho r t  run b e h a v io r  o f  la b o r  demand. 

As Hamermesh s t a t e s ,  th e r e  i s  a c o n s id e r a b le  aggreement among th e  

s tu d ie s  about the  sho r t  run Cone year) e l a s t i c i t y  o f  labo r  w i th  re s p e c t  

t o  i t s  own p r ic e ,  approx im ate ly  - . 1 5 ,  and o u tp u t ,  app rox im ate ly  .75 .
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Hamermesh d i v id e s  th e  labo r  demand s tu d ie s  in t o  th re e  c a te g o r ie s . 

The f i r s t  are those which employ the m arg ina l p r o d u c t i v i t y  c o n d i t io n  o f  

la b o r .  Th is  means noth ing  more than fo rm u la t in g  a labor demand equa tion  

as a f u n c t i o n  o f  o u tp u t  and th e  wage r a te .  The second type in c lud es  

th o s e  s tu d ie s  w h ich  in t r o d u c e  th e  u s e r  c o s t  o f  c a p i t a l  i n t o  t h e  

e q u a t i o n s  i n  a d d i t i o n  t o  t h e  wage r a t e .  The t h i r d  ty p e  i s  th e  

" in t e r r e la te d  fa c to r  demand and ad jus tm ent" approach which in te g ra te  the 

employment equation w i th in  an o v e r a l l  f a c to r  demand model which inc ludes  

a t  le a s t  an in v e s tm e n t  e q u a t io n  and p o s s i b l y  o t h e r  i n p u t  demand 

equa tions . This t h i r d  group o f s tu d ie s ,  w i th in  which t h i s  work be longs, 

w i l l  be d iscussed more f u l l y  in  the next s e c t io n .

There  seems t o  be no s ig n i f i c a n t  d isco rd  among the  s tu d ie s  w i th in  

th e  f i r s t  two c a t e g o r ie s ,  as s ta te d  above . As f a r  as th e  p r e s e n t  

i n v e s t i g a t i o n  i s  concerned, the major importance o f these e a r l i e r  works 

i s  th a t  the assumption o f  constant re tu rn s  t o  sca le  which i s  made in  the 

next chapter i s  not com ple te ly  unreasonable.

4 . Recent Work on Factor Demand

A number o f m a jo r  c r i t i c i s m s  have been d i r e c t e d  a t  J o rg e n s o n ’ s
5

w o rk .  P a r t l y  as a consequence , i n  th e  past 10 years th e re  have been 

im portan t improvements i n  two o f the  pre-1970 developments d iscu sse d  i n
S

s e c t io n  2 .  F i r s t ,  r e s e a rc h e rs  have e x p l i c i t e l y  recognized t h a t  the 

a d ju s tm e n t  p a t t e r n s  o f  d i f f e r e n t  i n p u t s  i n  p r o d u c t i o n  m ig h t  be 

i n t e r r e l a t e d .  T h is  r e c o g n i t i o n  has le d  t o  a g e n e r a l i z a t i o n  o f  the  

d i s t r ib u te d  lag models used e a r l i e r  in  investment s t u d ie s  by Jo rgenson  

and o t h e r s .  The second development, and most im po rtan t f o r  t h i s  s tu d y ,  

i s  the  p r o l i f e r a t i o n  o f  new, more f l e x i b l e  f u n c t i o n a l  fo rm s  f o r  b o th
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p rodu c tion  and cost fu n c t io n s  wh ich, in  t u r n ,  have Lead to  f a c to r  demand 

models capa b le  o f  a s k in g  and answering more ques tions . Each o f these 

deve lopm en ta l ' IL  be discussed in  tu rn .

Factor Demand Models w i th  In te r r e la te d  Dynamic Behavior

A number o f  re s e a rc h e rs  have ex tended th e  t h e o r e t i c a l  work on

a d ju s tm e n t  c o s ts  begun by E is n e r  and S t ro tz  (13) and H o l t ,  M od ig l ian i

and Simon (2 2 ) .  As a r e s u l t ,  o p t im iz in g  models o f  th e  f i r m  have been

^ d e r i v e d  wh ich  e x p l i c i t l y  ta k e  accoun t o f  th e  a d ju s tm e n t  c o s ts  o f
6

changing the le v e ls  o f  va r ious  in p u ts .  In  a d d i t io n ,  these s tu d ie s  have

f i r m l y  e s ta b l is h e d  th e  in te r r e la te d n e s s  o f  the adjustment p a t te rn s  o f

the d i f f e r e n t  in p u ts ,  suggesting  t h a t  d i s t r i b u t e d  la g  s p e c i f i c a t i o n s

m ust be c o n s i s t e n t  a c r o s s  f a c t o r  demand e q u a t io n s  and w i t h  th e

und e r ly in g  p rodu c tion  fu n c t io n .

N a d i r i  and Rosen (3 1 )  u n d e r to o k  t h e  m ost e x t e n s i v e  e a r l y

econometric a p p l ic a t io n  o f these new th e o r e t ic a l  models. They s p e c i fy  a
7

s e v e n - fa c to r  Cobb-Douglas p roduc tion  fu n c t io n  and so lve  f o r  the s t a t i c  

cost m in im iz ing  fa c to r  demand equations g iven  in p u t  p r i c e s  and o u t p u t :

Y* s B*Q + A*R (1)

where Y* i s  a column v e c to r  o f  loga r ithm s o f  des ired  in p u ts ,  Q i s  the 

lo ga r ithm  o f  o u tp u t ,  R i s  a column v e c to r  o f  loga r ithm s o f  in p u t  p r ic e s ,  

and B and A a r e  a c o lu m n  v e c t o r  and m a t r i x  o f  c o e f f i c i e n t s ,  

r e s p e c t i v e l y .  They th e n  impose upon t h i s  s t a t i c  model a log l in e a r
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adjustment system

"  Y-+ 1 = ,Z ,C . . * ( Y . .  -  Y ., . )  + e .. (2)i t  i t - 1  j*=l i j  j t  j t - 1  i t
7 *

where Y j^ i s  the des ired  ( lo g  o f )  inpu t  j  a t  t ime t ,  Y^^ i s  a c tu a l  log

o f  in p u t  j  a t  t im e  t ,  e - t  i s ' a  random, z e ro  mean, constant var iance

d is tu rbance  te rm , and C.j is  a f ix e d  adjustment c o e f f i c ie n t  r e la t in g  the

demand f o r  the i t h  in p u t  to  a d ivergence from e q u i l ib r iu m  o f th e  demand

f o r  t h e  j t h  i n p u t .  E q u a t io n s  (1 )  and ( 2 ) ,  combined w i th  c e r t a i n

r e s t r i c t i o n s  on the adjustment m a tr ix  in  order th a t  i t  remain co n s is te n t
8

w ith  the p roduc tion  fu n c t io n ,  then lead t o  a system o f  f a c t o r  demand

equations which are es tim ated both a t  the m anufacturing le v e l  and a t  the

t w o - d ig i t  SIC le v e l .

The N a d i r i - R o s e n  s tu d y  s h o u ld  be v ie w e d  as an im p o r t a n t

c o n t r ib u t io n  t o  econometric work on fa c to r  demand because i t  a t te m p te d

f o r  th e  f i r s t  t im e  t o  e s t im a te  a com p le te  system o f  f a c t o r  demand

equations which generated dynamic b e h a v io r  f o r  a l l  in p u t s  c o n s is te n t

w i t h  th e  u n d e r ly in g  p r o d u c t io n  fu n c t io n .  An im portan t shortcoming o f

the model, however, is  i t s  use o f the Cobb-Douglas p rodu c tion  f u n c t i o n .

T h is  d e f i c i e n c y  may now be co r re c te d  thanks t o  the development o f  new
9

fu n c t io n a l  forms f o r  p rodu c tion  and cost fu n c t io n s .

D u a l i ty  Theory o f Cost and P roduction  Functions
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The development o f  new fu n c t io n a l  forms f o r  f a c to r  demand a n a ly s i s  

was a d i r e c t  r e s u l t  o f  th e  D u a l i t y  Theory  o f  c o s t  and p r o d u c t io n s  

fu n c t io n s .  The word " d u a l i t y "  here re fe rs  to  the fa c t  t h a t ,  from  any n 

f a c t o r  p r o d u c t io n  f u n c t i o n  s a t i s f y i n g  c e r t a i n  r e g u la r i t y  c o n d it io n s  

(d iscussed be low ), we may d e r iv e  a " d u a l"  minimum t o t a l  c o s t  f u n c t i o n  

u n d e r  th e  assum p t io n  o f  m in im iz in g  b e h a v io r  and , c o n v e rs e ly  —  o r  

b e t t e r ,  " d u a l l y " — ,  from a g iven  minimum t o t a l  cost fu n c t io n  s a t i s f y i n g  

a p p ro x im a te ly  th e  same r e g u l a r i t y  c o n d i t i o n s ,  th e  "d u a l"  p rodu c tion  

f u n c t i o n  may be d e r iv e d ,  a g a in  under th e  assum pt io n  o f  m in im iz in g  

b e h a v io r .  The new p roduc tion  fu n c t io n  may, in  t u r n ,  be used t o  d e r ive  

th e  o r i g i n a l  co s t  f u n c t i o n .  C o n s e q u e n t ly ,  f o r  any " w e l l  b e h a v e d "  

p r o d u c t io n  f u n c t i o n  t h e r e  e x i s t s  a " w e l l  behaved" cost f u n c t io n ,  and 

v ic e  versa . This r e s u l t  has been very  im portan t f o r  those in te re s te d  in  

the de term inan ts  o f demand f o r  fa c to rs  o f p ro d u c t io n .  For, i t  has a ls o  

been shown th a t  a very simple r e la t io n s h ip  e x is ts  between minimum t o t a l  

cost fu n c t io n s  and fa c to r  demand equa tions .

The theo ry  o f d u a l i t y  begins w i th  the d e f i n i t i o n  o f the p r o d u c t io n  

fu n c t io n .  Define F(x) as the  maximum output which may be produced g iven 

i n p u t  b u n d le  x = < x ^ , . . . , x R> . L a b e l  t h e  i t h  b u n d le  as x^ = 

*Cx^1, . . . x n1>. In  a d d i t io n ,  x1 >= xJ w i l l  mean t h a t  each component o f  

th e  b u n d le  x.. i s  a t  le a s t  as la rg e  as th e  corresponding component in  

bundle x ^ .  By ft we mean th e  n o n -n e g a t iv e  o r t h a n t  i n  n d im e n s io n a l  

E u c l id ia n  space; and Q represents  o u tp u t .

Assume t h a t  t h e  p r o d u c t i o n  f u n c t i o n  s a t i s f i e s  th e  f o l l o w i n g  

r e g u la r i t y  c o n d i t i o n s ; ^
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(a) F i s  a rea l valued fu n c t io n  o f n re a l v a r ia b le s ,  and 

F i s  f i n i t e  f o r  f i n i t e  x.

(b) F(0) = 0 and f o r  x^ >= x ^ ,  FCxS >= F (x ^ ) .

(c )  For any p o s i t i v e  in te g e r  N, the re  e x is ts  a v e c to r ,  

say xN,  such th a t  F(xN) >= N.

(d) F i s  continuouso

(e) F i s  a quasi concave fu n c t io n  over ft ;  i . e . ,

the set L(Q) = <x: F(x) >= Q, x e ft > is  a convex 

set f o r  Q > 0 .

C o n d i t io n s  ( a ) ,  (b )  and (d )  impose th e  i n t u i t i v e l y  c o m p e l l in g  

p r o p e r t i e s  t h a t  th e  p roduc tion  fu n c t io n  be rea l va lued , non-decreasing 

and con tinuous , re s p e c t iv e ly .  C o n d i t io n  ( c )  means t h a t  any p o s i t i v e  

ou tpu t may be produced by some in p u t  com bination , w h i le  c o n d it io n  (e) i s  

a g e n e r a l i z a t io n  o f the n e o c la ss ica l c o n d it io n  th a t  F be concave, i . e . ,  

F e x h ib i t s  d im in is h in g  re tu rn s  w i th  respect t o  any one i n p u t .  D ie w e r t  

(12 ) showed t h a t  th e  concep t o f  quasi-ccJcavity  i s  a g e n e ra l iz a t io n  of 

the n o t io n  o f  c o n ca v ity .

Now, de f in e  the p roduc tion  p o s s i b i l i t y  se t f o r  a g iven  o u tp u t  Q as

LCQ) = *Cx: F(x) >= Q, x >= 0>.

The p r o d u c t io n  p o s s i b i l i t y  set i s ,  th e re fo re ,  the  set o f  in p u t  bundles 

which can be used to  produce a t  le a s t  a g iven le v e l  o f  o u t p u t ,  Q. The 

s e t  i s  a f u n c t i o n  o n ly  o f  Q, f o r  by v a ry in g  ou tpu t the  se t o f  in p u ts  

which may a t  le a s t  produce th a t  le v e l  o f  ou tpu t w i l l  v a ry .  D iewert (12) 

showed th a t  c o n d it io n s  (a) through (e) on p rodu c tion  fu n c t io n s  im p ly  the
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fo l lo w in g  c o n d it io n s  on the p roduc tion  p o s s i b i l i t y  s e t :

( a ' )  L(0) = Q ,  the se t o f a l l  p o ss ib le  in p u t  bundles.

(b '>  For every Q >= 0 /  L(Q) is  a convex s e t .

( c ' )  I f  x1 >= x^ and x^ e L(Q) then x^ e L(Q).

( d 1) I f  >= then L(Q<j) is  a subset o f  LCQ^).

( e ' )  For every x e n ,  the re  e x is ts  a Q such th a t  x e L(Q).

( f 1) 6 is  closed where 6 = -C(Q;x): x e L (Q ), x >= 0 ,  y >= 0>.

F i n a l l y ,  g iv e n  a f a m i l y  o f  p r o d u c t io n  p o s s i b i l i t y  s e t s ,  L (Q ) ,  

s a t is f y in g  c o n d it io n s  ( a 1) through ( f 1) ,  the fu n c t io n

F*(x) = max {Q: x e L(Q)>
Q>0

i t s e l f  s a t i s f i e s  co n d it io n s  (a) through ( e ) .  In  a d d i t io n ,  the fa m i ly  o f
iep roduc tion  p o s s i b i l i t y  sets  generated by F ( x ) ,  namely, L (Q ), c o inc ides 

w ith  the o r ig in a l  fa m i ly  o f  p rodu c tion  p o s s i b i l i t y  se ts  L (Q).
^ m̂ mmmmm9mmtm— — ........ . i .....

The d is c u s s io n  above re v e a ls  t h a t  t h e r e  e x is ts  a correspondence 

between p r o d u c t io n  f u n c t io n s  w h ich  s a t i s f y  c e r t a i n  c o n d i t io n s  and 

p r o d u c t i o n  p o s s i b i l i t y  s e ts  w h ich  s a t i s f y  c e r t a i n  c o n d i t i o n s .  A 

s im i l i a r  correspondence e x is ts  between p rodu c t ion  p o s s i b i l i t y  s e ts  and 

cost fu n c t io n s .

Suppose we have a p r o d u c t io n  f u n c t i o n  o f  n in p u t s  genera t ing  a 

s in g le  o u tp u t .  Assume t h i s  p rodu c tion  fu n c t io n  s a t i s f i e s  c o n d it io n s  (a) 

through ( e ) . Then the  p rodu c tion  p o s s i b i l i t y  s e t ,  L ( Q ) ,  g e n e ra te d  by 

t h i s  p rodu c t ion  fu n c t io n  must s a t i s f y  c o n d it io n  Ca') through ( f * ) .  Now, 

assume th e  p ro d u c e r  w ishes  t o  m in im iz e  the cost o f  producing a f ix e d
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o u t p u t ,  Q. Then we may d e f in e  th e  p r o d u c e r 's  minimum t o t a l  c o s t  

fu n c t io n  as

C(Q;p) = min -Cp^x : x e L(Q)> f o r  p > 0 (3)
x

where p i s  a v e c to r  o f  in p u t  p r ic e s .  Diewert (12) has shown th a t  the 

cost fu n c t io n  de f ined  by (3) , where L(Q) s a t i s f i e s  ( a ' )  th ro u g h  C f ' ) ,  

must s a t i s f y  the fo l lo w in g  c o n d it io n s :

(aM) C(Q;p) i s  a p o s i t i v e  rea l valued fu n c t io n  de fined  and 

f i n i t e  f o r  a l l  f i n i t e  Q > 0 and p > 0.

(b M) C(Q;p) is  a nondecreasing l e f t  continuous fu n c t io n  in  Q

such th a t  Lim C(Q;p) = °°.
Q-+00

(c " )  C(Q;p) i s  a nondecreasing fu n c t io n  in  p.

(d " )  C(Q;p) is  l i n e a r l y  homogeneous in  p.

(e M) C(Q;p) is  a concave fu n c t io n  in  p.

Now, u s in g  t h i s  cost fu n c t io n ,  which is  de f ined  g iven a p roduc tion  

p o s s i b i l i t y  s e t ,  we may generate a new fa m i ly  o f  p rodu c t ion  p o s s i b i l i t y  

s e ts ,  L (Q ). This new fa m i ly  i s  w r i t t e n  as

L*(0 ) = G 
*  TL (Q) = ( x :  p x >= C(Q;p) f o r  every p > 0 and x >= 0>.

D ie w e r t  has shown th a t  t h i s  new p rodu c t ion  p o s s i b i l i t y  se t w i l l  s a t i s f y  

c o n d it io n s  ( a ' )  th ro u g h  ( f ' ) .  I n  a d d i t i o n ,  i f  th e  o r i g i n a l  s e t ,  L ,  

s a t i s f i e s  c o n d it io n s  ( a ' )  through ( f 1) ,  then L w i l l  be id e n t ic a l  t o  L . 

The importance o f t h i s  p ro p o s i t io n  i s  o b v io u s .  I f  a p r o p e r l y  behaved
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p r o d u c t io n  p o s s i b i l i t y  set i s  d e r iv a b le  from a cost fu n c t io n  s a t is f y in g  

c o n d it io n s  (a ")  to  ( e " ) ,  and i f  a correspondence e x i s t s  between th e se  

s e ts  and th e  u n d e r ly in g  p rodu c t ion  fu n c t io n ,  then the cost fu n c t io n  is  

a l l  t h a t  i s  needed t o  analyze the  s t ru c tu re  o f p rodu c t ion .

F in a l l y ,  i f  th e  co s t  f u n c t i o n  C(Q;p) s a t i s f i e s  c o n d i t io n s  ( a " )  

th ro u g h  ( e " ) ,  and i s  d i f f e r e n t ia b le  w ith  respect to  f a c to r  p r ic e s ,  then 

accord ing to  Shephard*s Lemma

3C/9P. = X. i  i

where X.. i s  the  cost m in im iz ing  b u n d le  o f  in p u t  x,. needed t o  produce 

ou tpu t Q g iven fa c to r  p r ic e s  p.

D u a l i t y  t h e o r y ,  therefore#__alIflMS-Qpe—L s a d i l* - . t f l_ a s c e r ta in  f a c to r  

demand fu n c t io n s  wh ich  a re  th e  r e s u l t  o f  o p t im iz in g  b e h a v io r  by th e^ __ ____________ ____ ■ »

f i r m .  In  f a c t ,  a l l  we need do i s  f i n d  a f u n c t i o n  w h ich  s a t i s f i e s  

c o n d it io n s  (a ")  to  ( e " ) ,  and we know th a t  we have a cost f u n c t io n  wh ich  

i s  d e r iv a b le  from cost m in im iz ing  behavior by the f i r m .  Even though we 

know th a t  the fu n c t io n  comes from a "w e l l  behaved" p rodu c t ion  f u n c t i o n ,  

embodied w i t h i n  th e  d e f i n i t i o n  o f L (Q ),  we would never need t o  " lo o k  

a t "  th e  und e r ly in g  p roduc tion  fu n c t io n .  The cost f u n c t i o n  s u p p l ie s  us 

w i th  a l l  the in fo rm a t io n  we need.

As a r e s u l t  o f  th e  D u a l i t y  Theory  j u s t  d e s c r ib e d ,  a number o f 

f u n c t io n a l  forms have become a v a i l a b le  t o  re s e a rc h e rs  and have been 

u t i l i z e d  in  e m p ir ic a l  work. I  w i l l  d iscuss  two such fu n c t io n s ,  a lthough 

o the rs  nay be found in  the  l i t e r a t u r e .
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Translog Cost Function

C h ris ten sen ,Jo rgenso n  and Lau (9) have proposed the  fo l lo w in g  cost 

fu n c t io n :

In  C = an + Z a . In  P. + (1/2)Z Z b . . l n  P . In  P. (4)Oi l  i ij i] i ]
+ a . l n  Q + E b . _ l n  P . I n  Q Q i iQ i

where Q and P are observed o u tp u t  and in p u t  p r i c e s ,  C i s  th e  minimum

t o t a l  c o s t  and b . .  = b . . .  The symmetry c o n s t ra in t  on the b . . * s  g ives ij ji ij
p a r t i a l  d e r iv a t iv e s  o f the budget shares which are symmetric. The main

advan tage  o f  t h i s  fu n c t io n a l  form , as w i th  the one discussed below, i s

t h a t  i t  i s  a second o rd e r  a p p r o x im a t i o n  o f  an a r b i t r a r y  t w i c e -
11d i f f e r e n t i a b l e  c o s t  f u n c t i o n  w h ic h does  n o t  pLace  a p r i o r i

12r e s t r i c t i o n s  on the A l le n  p a r t i a l  e l a s t i c i t i e s  o f s u b s t i t u t io n  (AES).

In  p a r t i c u l a r ,  i f  b.^ = 0 fo r  a l l  i , j ,  then the cost fu n c t io n  reduces to

th e  d u a l o f the Cobb-Douglas p rodu c t ion  fu n c t io n .  In  a d d i t io n ,  (4) may

be used t o  te s t  re tu rn s  to  sca le  e co n o m e tr ic a I ly .  C ons tan t r e tu r n s  t o

s c a le  would be supported should aQ = 1 and b^Q = 0 f o r  a l l  i .  F in a l l y ,

i f  I  b .  . = Z b . . = 0 and Z a . = 1 ,  th e  f u n c t i o n  e x h i b i t s  l i n e a r
i  TJ j  J i  i  i

homogeneity in  in p u t  p r ic e s .

To use e c o n o m e tr ic a l ly ,  take log d e r iv a t iv e s  o f  both s ides o f  ( 4 ) :
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a ln  C /a ln  P. = a. + Z b . . l n  P. + b . Aln  Q1 1 j  1J J IQ

Since alnC/alnP.. = CaC/aP..)*(P../C) and aC/aP. = X. by Shephard's Lemma, 

where X.. i s  the  cost m in im iz ing  demand f o r  the i t h  in p u t ,  the  L e f t  s ide  

o f the  above equation  i s  P..X./C, which i s  th e  budge t sha re  o f  th e  i t h  

in p u t ,  S ., Thus

S. = a. + £  b . . l n  P. + b._ In  Q.
i  1 j  ^  3 iQ (5)

Now, s in c e  a l l  th e  v a r ia b le s  in  (5) are observab le , the parameters may 

be es t im ated and e l a s t i c i t i e s  and re tu rn s  t o  sca le  may be determ ined.

There  have been numerous s tu d ie s  w h ich  have made use o f  t h e  

t r a n s lo g  f u n c t i o n a l  fo rm .  They may be d i s t i n g u is h e d  by the  type o f  

ques tions  t h a t  they address.

The f i r s t  group o f  s tu d ie s  are those w h ich  t e s t  th e  s e p a r a b i l i t y

p r o p e r t i e s  o f  th e  u n d e r ly in g  te c h n o lo g y .  Berndt and Chris tensen (4)

showed th a t  a necessary and s u f f i c i e n t  c o n d it io n  f o r  weak s e p a r a b i l i t y

t o  e x i s t  w i t h  re s p e c t  t o  a p a r t i t i o n  o f  in p u t s  i s  c e r t a i n  e q u a l i t y
13r e s t r i c t i o n s  on the  AES. In  ( 5 ) ,  they t e s t  th e  h y p o th e s is  t h a t  b lu e  

c o l l a r  and w h ite  c o l l a r  workers are weakly separable from c a p i t a l .  The 

h y p o th e s is  i s  a ccep ted  i f  th e  AES between b lu e  c o l l a r  w o rk e rs  and 

c a p i ta l  i s  not s i g n i f i c a n t l y  d i f f e r e n t  from the  AES between w h ite  c o l l a r  

w o rk e rs  and c a p i t a l .  T h e i r  conc lus ion  i s  t h a t  the hypo thes is  must be 

re je c te d ,  which in  t u r n  im p l ie s  t h a t  t h e r e  i s  no way t o  c o n s t r u c t  a 

c o n s is t e n t  a g g re g a te  in d e x  o f  b lu e  and w h i te  c o l l a r  workers in  U.S. 

m anufac tu r ing . Berndt re p o r ts  i n  a separate study (3 )  t h a t  s t r u c t u r e s
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and equ ipm en t a re  n o t  s e p a ra b le  from  la b o r .  From t h i s ,  he concludes 

th a t  s t r u c t u r e s  and equ ipm en t s h o u ld  be s tu d ie d  i n  a d is a g g re g a te d  

framework.

A se co n d  g ro u p  o f  s t u d i e s  w e re  des ig n e d  t o  i n v e s t ig a te  th e  

re la t io n s h ip  between c a p i ta l  and va r iou s  k inds o f  energy in p u ts .  These 

s tu d ie s  have g e n e ra te d  an a c t i v e  deb a te  i n  th e  l i t e r a t u r e  about the  

c a p i ta l-e n e rg y  r e la t io n  s ince  the  na tu re  o f t h i s  r e l a t i o n s h i p  le ads  t o  

d iv e r g e n t  im p l i c a t i o n s  f o r  government p o l i c ie s .  The disagreement has 

come down t o  wheth e r  c a p i ta l  and energy are complements o r  s u b s t i t u te s  

i n p r o d u c t i o n . B e rnd t  and Wood (6 )  found  evidence o f capi ta l-e n e rg y  

c o m p le m e n ta r i ty  u s in g  t im e  s e r ie s  d a ta  from  1947 t o  1971 f o r  a l l  

m a n u fa c tu r in g .  In  a d d i t i o n ,  t h e i r  e l a s t i c i t y  measure was extrem ely 

h ig h ,  above 3 .0  i n  a b s o lu te  v a lu e ,  s u g g e s t in g  t h a t  c a p i t a l  i s  v e ry  

s e n s i t i v e  t o  changes ene rg y  p r ic e s .  On the  o th e r  hand, James G r i f f i n  

and Paul Gregory (17) and R obert  P in d yck  (32) r e p o r t  e n e r g y - c a p i t a l  

s u b s t i t u t a b i l i t y .  B e rnd t and Wood i n  (7) a ttempt t o  re c o n c i le  these 

d iv e rg e n t  f in d in g s .

A t h i r d  group o f  s tu d ie s  use th e  t r a n s lo g  f u n c t i o n a l  fo rm  as an 

a g g re g a t io n  fo rm u la  f o r  an index  o f  aggregate in p u ts .  D iewert showed 

t h a t  the t ra n s lo g  fu n c t io n a l  form p ro v id e s  a s u g g f ^ a t i y e  in d e x  number 

fo rm u la  f o r  th e  t r a n s lo g  p r o d u c t io n  f u n c t io n .  As a p p lied  by May and 

Denny ( 2 6 ) ,  one may use the  aggregation  fo rm ula  prov ided by the  t ra n s lo g  

fu n c t io n  t o  generate an aggregate index o f  in p u ts  w h ich  w i l l ,  i n  t u r n ,  

le a d  t o  p roper measures o f  t o t a l  f a c to r  p r o d u c t i v i t y .  May and Denny go 

on t o  show th a t  f u r t h e r  m o d i f ic a t io n  o f  the  p ro d u c t io n  f u n c t i o n  a l lo w s  

one t o  b e g in  t o  d is in ta n g le  the  va r io u s  k inds o f  te c h n ic a l  change th a t  

may occur in  p ro d u c t io n .
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There i s  one pub lished example o f a s tu d y  wh ich seeks t o  combine 

th e  t r a n s lo g  cost fu n c t io n  w ith  a model o f  dynamic behav io r-  Mohr (29) 

combined the cost fu n c t io n  w i th  a g e n e r a l i z e d  s to c k  a d ju s tm e n t  model 

which he hypothesized could adequately represent the dynamic behavio r o f  

the cost shares. More i s  sa id  about t h i s  study below.

Generalized L e o n t ie f  Cost Function

Diewert (12) proposed the fo l lo w in g  cost fu n c t io n :

C = h(Q) iz  b. . P . ' 5P .*5 
i j  1J 1 3

where h is  con tinuous, monotonic in  Q, and h(0) = 0 ; and B = ( b . . )  i s  a13
sym m etr ic  n by n m a tr ix  w i th  non-negative elements. I t  i s  e a s i ly  shown

th a t  under these c o n d it io n s ,  C s a t i s f i e s  c o n d i t io n s  ( a M) th ro u g h  ( e " )
14above . However, th e  n o n - n e g a t i v i t y  o f  B p laces severe r e s t r i c t i o n s

upon the parameter es t im ates o f the cost fu n c t io n .  This may be seen by

com puting  the i j t h  AES using the re la t io n s h ip  between the cost fu n c t io n
15and the  e l a s t i c i t y  f i r s t  e s ta b l ish e d  by Uzawa:

ES.. = .5 * C * h (Q ) * b . .P . " ,5 P.~*5/X .X .
13 13 3 l  1 3

In  the  case where a l l  b . . ’ s are p o s i t i v e ,  a l l  fa c to rs  in  p ro d u c t io n  a re  

s u b s t i t u t e s  i n  th e  p roduc tion  process. Bu t,  as was mentioned e a r l i e r ,  

i t  i s  e n t i r e l y  p o s s ib le  when d e a l in g  w i th  more th a n  two f a c t o r s  o f  

p r o d u c t io n  th a t  some in p u ts  a:*e a c tu a l ly  complements. Thus, i t  w i l l  be
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d e s i ra b le  t o  a l l o w ,  a t  le a s t  i n i t i a l l y ,  u n c o n s t ra in e d  s ig n s  on th e

b . j ' s ,  suggesting the p o s s i b i l i t y  o f  complementarity among some p a i rs  o f

i n p u t s .  T h e r e fo r e ,  i f  the b ^ ' s  were to  be est im ated e c o n o m e tr ic a l ly ,

and some were found to  be n e g a t ive ,  the re s e a rc h e r  would th e n  have t o

check f o r  th e  c o n c a v i t y  o f  C g iv e n  h i s t o r i c a l  p r ic e s ,  as w e l l  as the
16m o no ton ic ity  o f  C g iven fa c to r  p r ic e s .

Assuming h(Q) = Q and app ly in g  Shepard's Lemma g ives  f a c t o r  demand 

equations which are L inear in  the square roo t  o f  r e la t iv e  p r ic e s ;

X. = Q l b .  . ( P . / P . ) " 5 
i  j  U  1 i

One may th e n  e s t im a te  th e  f a c t o r  demand system u s in g  c o n v e n t io n a l

econometric techn iques , and be capable o f answering many questions about

the s t ru c tu re  o f techno logy.

The 6LF may e a s i ly  be extended to  in c o rp o ra te  n o n - p r ic e  v a r ia b le s
17t h a t  m ig h t  a f f e c t  f a c t o r  demand. Le t p be a n x 1 vec to r  o f  in p u t  

p r ic e s  and Z a m x 1 v e c to r  o f  o th e r  y e t  t o  be s p e c i f i e d  v a r i a b le s .  

Then the  rev ised  6LF CRGLF) may be w r i t t e n  as

C (Q ,P ,Z * )  =  0 * P -5  BP’ 5 + .5 * 2  A Z*

where B i s  descr ibed above and A i s  an Cn+m) by (n+m) symmetric m a t r ix ,  
T Tand Z *  (Z ;P ) .  We w i l l  re q u ire  a . .  = 0 f o r  a l l  P. and P. where P.

U  i 1 i
r e f e r s  t o  th e  i t h  in p u t  p r i c e .  Then th e  H ess ian  o f the rev ised  GLF 

reduces t o  th a t  o f  th e  GLF above . T h is  may be seen i f  we w r i t e  th e
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where is

an m x n symmetric m a t r ix ,  A^ = A^T = A*, and 0 i s  an n x n m a t r ix  o f  

ze ros . Then (7) becomes

C(Q,P,Z*) = Q*P-5 

= Q*P"5 

= CCQ,P

The H ess ian  o f  t h i s  c o s t  f u n c t io n ,  then ,  becomes e x a c t ly  id e n t ic a l  t o  

the Hessian o f the GLF, namely

,  C -.5»Q * I  b . . P.-1 ’ ^P. ’ 5 i  = j
3 C/9P.3P. = ) 3 ’ J J J

1 3 [  .5 *8 *15^ P. ■5Pj " * 5 i  f  j

T he re fo re ,  concav ity  o f  the RGLF depends e n t i r e l y  upon the  m a tr ix  B. I f  

a l l  b - j j ' s  are p o s i t i v e ,  im p ly ing  th a t  a l l  in p u ts  a re  s u b s t i t u t e s ,  th e n  

c o n c a v i t y  fo l lo w s  im m edia te ly . I f  some o f the are n e g a t ive ,  then

the  nega tive  se m i-d e f in i te n e s s  o f  B must be te s te d .

There are two pub lished s tud ie s  which I  am aware o f which have made 

use o f the GLF fu n c t io n a l  form. Almon, Be lzer and T a y lo r  i n  (1 )  a p p ly  

th e  GLF fu n c t io n  in  an attempt t o  es t im a te  the energy inpu t  per u n i t  o f 

ou tpu t f o r  20 two d i g i t  m a n u fa c tu r in g  i n d u s t r i e s  i n  48 s t a te s  u s in g  

c ro s s  s e c t io n  data in  1975. They found a h igh degree o f s e n s i t i v i t y  o f  

va r iou s  energy in p u ts  t o  t h e i r  own p r ic e .  The cross p r ic e  e l a s t i c i t i e s

.5 TBP"P + .5 * (Z  ;P ) h  A2 
A3 0

BP'5 + .5 *ZTA1Z + PTA*Z

,Z>

la t t e r  p a r t  o f  the RGLF in  p a r t i t io n e d  form . So le tA = A1 A2K  0
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in d ic a t e d  s u b s t i t u t i b i L i t y  among th e  v a r i o u s  i n p u t s ,  an ou tcom e  

r e s u l t i n g  f r o m  an e s t i m a t i o n  p r o c e d u r e  w h ic h  d i d  n o t  a l l o w  

com plementarity  between p a i rs  o f  in p u ts  e x c e p t  i n  th e  case o f  c a p i t a l  

and energy.

A second s tu d y  by Woodland (37) a p p l ie d  the RGLF to  annual t im e 

s e r ie s  data f o r  ten Canadian in d u s t r ie s .  The study attempted t o  measure 

the r e la t io n s h ip  between la b o r ,  s t ru c tu re s  and equipment i n  p r o d u c t io n  

i n  each o f  th e s e  in d u s t r i e s .  He assumed complete adjustment o f  in pu ts  

i n  a yea r.  His major f in d in g s  a re  t h a t  s t r u c t u r e s  and equ ipm ent a re  

h i g h l y  s e n s i t i v e  t o  t h e i r  respec tive , own p r ic e s  w h i le  labor i s  h ig h ly  

unresponsive t o  i t s  own p r ic e .

5 . C r i t iq u e  and Conclusions

The new fu n c t io n a l  forms f o r  p r o d u c t io n  and c o s t  f u n c t i o n s  have 

been shown t o  be most use fu l t o o ls  f o r  e m p ir ic a l  a n a ly s is .  However, the 

e m p i r i c a l  works t o  date which have made use o f these fu n c t io n s  are not 

w ith o u t  s ig n i f i c a n t  f la w s .

When u s in g  t h e  t r a n s l o g  f u n c t i o n a l  f o r m ,  t h e  p re s e n c e  o f  

measurement e r r o r  i n  th e  independent v a r ia b le s  makes in te r p r e t in g  the 

r e s u l t s  d i f f i c u l t .  I f ,  f o r  example, the  usercost i s  sub jec t t o  s e r io u s  

measurement e r r o r  unco rre la te d  w i th  the  cost shares, which may not be an 

u n rea sonab le  assumption, then the  c o e f f i c ie n t  es t im ates on the  usercost 

w i l l  be b iased towards zero ,  and the  e l a s t i c i t i e s  o f  s u b s t i t u t i o n  w i l l  

be b ia s e d  to w a rd s  1 .  C o n s e q u e n t ly ,  th e  lack  o f  c o r re la t io n  between, 

say, c a p i t a l ' s  share and i t s  own p r ic e  may be the  r e s u l t  o f  measurement 

e r r o r  i n  th e  u s e r c o s t ,  r a th e r  th a n  r e s u l t i n g  from  some u n d e r ly in g  

s t ru c tu re  o t  techno logy . Th is  problem a lso  e x is ts  i f  one should use the
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Diewert fu n c t io n .  The measurement e r r o r  w i l l ,  i n  t h i s  ca se .  Lead t o 

e L a s t i c i t y  measures b ia s e d  t o w a r d s  z e r o -  I f  one i s  i n t e r e s t e d  i n  

de te rm in ing  the  s e n s i t i v i t y  o f  the demand f o r  an in p u t  t o  a v e c to r  o f  

r e L a t i v e  p r i c e s ,  i t  seems more reasonabLe t o  t r y  t o  r e je c t  the nuLL 

hypothes is  t h a t  the  e L a s t i c i t y  i s  ze ro . O therw ise, one m ight concLude, 

u s in g  t h e  t r a n s L o g  f u n c t i o n ,  t h a t  t h e r e  i s  in d e e d  s i g n i f i c a n t  

c o r r e l a t i o n  when i n  f a c t  t h e r e  i s  no e v id e n c e  t o  s u p p o r t  such  a 

conc lus ion .

AIL b u t  one s tu d y  wh ich  have made use o f  the transLog fu n c t io n a l  

form and the  one study which has made use o f  th e  6LF w i th  t im e  s e r ie s  

d a ta  have assumed t h a t  obse rved  in p u t s  and r e la t i v e  p r ic e s  represent 

^  e q u i l ib r iu m  vaLues. This i s  unquestionab ly  an in c o r re c t  assumption, one 

which c o n t ra d ic ts  much work on investment behav io r o ve r  th e  y e a r s .  In  

a d d i t i o n ,  th e  t ra n sL o g  presents  a spec ia l d i f f i c u l t y  f o r  dynamics. In  

H o u r 's  w o rk ,  th e  a s s u m p t io n  i s  made t h a t  t h e  g e n e r a l i z e d  s t o c k  

a d ju s tm e n t  model may be a p p l ie d  t o  th e  c o s t  s h a re s .  There  are two 

problems w i th  h is  approach. F i r s t ,  a lthough t h e o r e t ic a l  work shows th a t  

the  stock adjustment model generates a reasonable dynamic s t r u c t u r e  f o r  

f a c to r  demand systems, i t  i s  not c le a r  th a t  such a model i s  best f o r  the 

dynam ics o t  c o s t  shares . For example, one 's  e x p e c ta t io n  would be th a t  

when the  p r ic e  o f an in p u t  goes up, the cost share o f  t h a t  in p u t  would 

go up, i n i t i a l l y ,  above i t s  even tua l e q u i l ib r iu m  v a lu e .  Thus, one would 

e x p e c t  a r a t h e r  u n i fo rm  o v e rs h o o t in g  o f  c o s t  s h a re s ,  i n i t i a l l y ,  in  

response t o  p r ic e  changes. T y p ic a l l y ,  how ever, th e  g e n e r a l i z e d  s to c k  

a d ju s tm e n t  model g e n e ra te s  dynamic b e h a v io r  which show th e  dependent 

v a r ia b le  moving m o no ton ica l ly  to w a rd s  i t s  new e q u i l i b r i u m  v a lu e ,  th e  

k in d  o t  dynamics which cost shares should not e x h ib i t .  Second, the  use
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o f the t ra n s lo g  in  Mohr's work p rov ides  in fo rm a t io n  on th e  dynam ics o f  

the cost shares, ye t does not g ive  d i r e c t  in fo rm a t io n  on the  dynamics o f 

th e  in p u t  demands. Mohr was in te re s te d  in  d is t in g u is h in g  between the 

Long run demand f o r  fa c to rs  and the  sh o r t  run c y c l i c a l  v a r ia t io n .  To do 

t h i s ,  he had t o  cons truc t  a s e r ie s  which represented th e  minimum t o t a l  

c o s t  i n  each y e a r .  A l th o u g h  he makes a se r ious  atempt t o  do so, h is  

method must be lo oked  a t  w i th  c a u t io n .  Had th e  GLF been used , th e  

d i s t i n c t i o n  between sho r t  run and long run fa c to r  demand could have been 

re a d i ly  made.

F i n a l l y ,  no s t u d i e s  t o  d a te  have a t te m p te d  t o  use th e s e  new 

fu n c t io n a l  forms t o  es t im a te  in v e s tm e n t  e q u a t io n s .  A l l  s t u d ie s  have 

e s t im a te d  o n l ^  c a p i t a l  demand equa tions . Thus, t h e i r  r e s u l t s  depend, 

h e a v i ly ,  upon the  method used t o  c o n s t ru c t  th e  c a p i t a l  s t o c k .  A more 

s t r i n g e n t  t e s t  o f  a p a r t i c u l a r  c o s t  f u n c t i o n  wou ld  be t o  d e r iv e  and 

es t im a te  an investment equ a tion . The next chapter does ju s t  t h i s .
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FOOTNOTES

1. For exam p le , G ru n fe ld  ( 1 8 ) ,  Meyer and Glauber ( 2 7 ) ,  Evans (1 5 ) ,  

Hickman ( 2 1 ) ,  and H a l l  and J o rg e n s o n  (1 8 )  a l l  u t i l i z e d  t h e  

g e o m e tr ic  d i s t r i b u t i o n  la g  f u n c t io n .  H o l t ,  M od ig l ian i and Simon 

(22) prov ided some th e o r e t ic a l  j u s t i f i c a t i o n  f o r  such a la g .  For 

o the r  examples, see Jorgenson (2 3 ) .

2 .  V i r t u a l l y  a l l  s tu d ie s  su rveyed  by Jorgenson  w h ich  attempted to  

measure c a p i ta l  assumed such a d i s t r i b u t i o n .  The p o p u la r i ty  o f  the 

geometric d i s t r i b u t i o n  appears t o  be due m ain ly  to  i t s  mathematical 

t r a c t a b i l i t y .  K le in  (24) p o in t s  o u t *  how vever„ t h a t  one o f  t h e 

i m p l i c a t io n s  o f the geometric d i s t r ib u t i o n ^  th a t  d e p re c ia t io n  be a 

co n s ta n t  p r o p o r t i o n  o f  th e  c a p i t a l  s t o c k ,  i s  n o t  s u p p o r te d  by 

survey da ta .

3 .  As an example o f  t h i s  d e b a te ,  see th e  E isner (14) and Coen (10) 

comments on H a l l  and Jorgenson 's  paper (19) which made use o f  th e  

Cobb Douglas (CD) p rodu c tion  fu n c t io n  t o  measure the a f fe c ts  o f  tax 

p o l ic y  on investment demand. See K le in  (24) f o r  a summary.

4 .  Among the  excep tions were Meyer and Kuh (28) and Almon, S. ( 2 ) .

5 . B r e c h l in g  (8 )  b r i e f l y  re v ie w s  the c r i t i c i s m s  and o f fe r s  a few o f 

h is  own. Also see K le in  (2 4 ) ,  E is n e r  (14) and Coen ( 1 0 ) .  Among 

the  c r i t i c is m s  a re :  ( i )  the Cobb Douglas i s  a much too r e s t r i c t i v e  

f u n c t i o n  t o  use f o r  in v e s tm e n t  work; ( i i )  the  de r ived  equations 

a c tu a l ly  used by Jo rgenson  a re  n o t  th e  f a c t o r  demand e q u a t io n s  

im p l ie d  by the CD p rodu c t ion  fu n c t io n  assuming o p t im iz in g  behavio r 

by the f i r m ;  and ( i i i )  the  d is t r ib u te d  lag p a t te rn  used i s  w ith o u t
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t h e o r e t ic a l  j u s t i f i c a t i o n  and in a d e q u a te ly  a c co u n ts  f o r  f u t u r e  

expe c ta t io ns  o f re leva n t exogeneous v a r ia b le s .

6 .  See B rech l in g  ( 8 ) ,  Treadway ( 3 3 ) , ( 3 4 ) , ( 3 5 ) ,  Craine (1 1 ) ,  Lucas (24) 

and Mortensen (30).

7 .  The i n p u t s  a r e :  c a p i t a l ,  p r o d u c t io n  w o rk e rs ,  n o n -p ro d u c t io n  

workers , t h e i r  respec t ive  u t i l i z a t i o n

8 . S u b s t i t u t i n g  (1 )  i n t o  (2 )  g iv e s  Yt =CBQ+CAR+( I - C ) Y   ̂ . T h is
i

e x p re s s io n  i s  entered in t o  the p roduc tion  f u n c t io n ,  Q=d Y, t o  g ive  

Q=d1 B*Q+d1 A*R+d• ( I -  A)Yt-<j where B*=CB and A*=CA. The e x p re s s io n  

i s  s a t i s f i e d  a t  a l l  t imes on ly  in  the case where d 'B *  = 1; d 'Q * = 

0 ;  and d * ( I -  A) = 0 .  Thus, we have th e  a d d i t i o n a l  c o n s t r a in t s  

imposed upon the model.

9 .  T h e re  w a s ,  i n  a d d i t i o n ,  s e v e r e  d a ta  p rob lem s wh ich  g r e a t l y  

r e s t r ic t e d  the model. For example, the  model was a b le  t o  in c lu d e  

o n ly  one r e l a t i v e  p r ic e -  namely, the  p r ic e  o f c a p i ta l  r e la t i v e  to  

the  wage ra te .

10. The d iscuss io n  on d u a l i t y  which fo l lo w s  i s  taken from Diewert (1 2 ) .

11. This i s  t ru e  on ly  i f  the  e s t im a te d  p a ra m e te rs  a re  such t h a t  th e  

t ra n s lo g  s a t i s f i e s  c o n d it io n s  (a " )  through ( e " ) .

12. The AES f o r  a technology w ith  n in p u ts  i s  de f ined  as the  percentage 

change i n  th e  i j t h  in p u t  r a t i o  i n  response t o  a percentage change 

in  the  j i t h  r e l a t i v e  p r i c e ,  h o ld in g  o u tp u t  and a l l  o t h e r  in p u t  

p r i c e s  c o n s ta n t .  Uzawa (36 ) showed th a t  the  AES may be w r i t t e n ,  

us ing the  cost f u n c t io n ,  as ES..J *  C C .^ /C ,.^  where the  s u b s c r ip t s  

r e f e r  t o  p a r t i a l  d e r iv a t i v e s  w i th  respect t o  in p u t  p r ic e s .  Using 

the  cost fu n c t io n  express ion  f o r  the  AES, i t  may be shown t h a t  th e  

AES f o r  the CD i s  u n i t y ;  and f o r  the  CES, i t  i s  cons tan t .
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13. A c o s t  fu n c t io n  i s  weakly separable w ith  respect to  a p a r t i t i o n  of

in p u ts ,  R, i f  the r a t i o  o f m arg ina l products o f any two i n p u t s ,  X.

and X . ,  f ro m  a s u b s e t  o f  R, say N ,  i s  in d e p e n d e n t  o f  th e  j  s
q u a n t i t i e s  o f  in p u t s  o u t s id e  Ns . A c o s t  f u n c t i o n  i s  s t r o n g ly  

s e p a r a b le  w i th  re s p e c t  t o  th e  same p a r t i t i o n  i f  th e  r a t i o  o f  

m arg ina l p roducts  o f X.. from N.. and X^ from  hL i s  in d e p e n d e n t o f  

the q u a n t i t ie s  o f  in pu ts  ou ts ide  o f N,. and N^.

14. See Diewert (1 2 ) .

15. See note 12.

16. C o n c a v i ty  may be d e te rm in e  by o b s e rv in g  w h e th e r  the  Hessian i s  

negative  s e m i-d e f in i te .  See Diewert (12) f o r  a d iscu ss io n .

17. The t ra n s lo g  may be extended in  l i k e  fa s h io n .
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Chapter 3 

A Model o f  Factor Demand

1. In t r o d u c t io n

In  t h i s  chap te r ,  a model o f  f a c to r  demand i s  presented. In  s e c t io n

2 ,  the un d e r ly in g  th e o r e t ic a l  assumptions are exp la ined  and a system o f  

demand equ a t ions  i s  d e r iv e d .  In  a d d i t io n ,  the re  i s  a d iscuss io n  o f the 

necessary e q u i l ib r iu m  p ro p e r t ie s  which im ply  c e r ta in  r e s t r i c t i o n s  on the 

s ign  p a t te rn s  and estim ated pa ra m e te rs  o f  th e  m ode l.  The e l a s t i c i t y  

m easure  used i n  th e  l a t t e r  p a r t  o f  th e  s tu d y  i s  a ls o  d e r iv e d .  In  

s e c t io n  3 ,  dynamic c o n s id e r a t io n s  le a d  t o  a m o d i f i c a t i o n  o f  t h e  

e q u i l i b r i u m  model o f s e c t io n  2 by in tro d u c in g  d is t r ib u te d  lags i n  a way 

which s a t i s f i e s  the  p rodu c t ion  fu n c t io n  c o n s t ra in t  and leaves i n v a r i a n t  

t h e  lo n g  ru n  p r o p e r t i e s  o f  th e  m ode l.  In  s e c t io n  4 ,  a method o f  

es t im a t in g  replacement investment i s  developed which a l low s p a t t e r n s  o t  

d e p r e c i a t i o n  t o  v a r y  among i n d u s t r i e s ,  g iv e n  an assumed maximum 

a llow ab le  average se rv ice  l i f e .  An express ion  f o r  measuring t h e c a p i ta l  

sto c k  i s  th e n  d e r i v ed. One sees t h a t  th e  measure o f  th e  s to c k  i s  

d e p e n d e n t,  n o t  o n ly  upon th e  assumed average s e rv ice  l i f e  o f  c a p i t a l ,  

but a ls o  upon the  parameters r e s u l t in g  from the e s t im a t io n  o f  the fa c to r  

demand model. F in a l l y ,  s e c t io n  5 i s  a b r i e f  r e c a p i tu la t io n ,  p r e s e n t in g  

th e  f i n a l  fram ew ork  w i t h i n  w h ich  th e  in d u s t r y  s p e c i f i c  f a c to r  demand 

models a re  es t im a ted .

Although we begin w i th  a fo u r  in p u t  p rodu c tion  f u n c t io n ,  we d e r iv e  

on ly  th re e  equations in  t h i s  chapter -  investm en t, demand f o r  p rodu c t ion  

w o rk e rs ,  and demand f o r  nonproduction workers. In  a d d i t io n ,  we re p o r t



r e s u l ts  f o r  on ly  a two e q u a t io n  system in  C hapte r 5- There a re  two 

reasons why the sm a lle r  system was es t im a ted . F i r s t ,  energy data a t  the 

i n d u s t r y  le v e l  was n o t  a v a i l a b le  when t h i s  study was undertaken. So, 

one equa tion  s im ply  could not be es t im a ted . Second, e a r ly  e s t im a te s  o f  

a t h r e e  e q u a t io n  system wh ich  d i s t i n g u i s h e d  between p r o d u c t io n  and 

nonproduction workers as w e l l  as c a p i t a l ,  gave parameter es t im ates which 

we f e l t  were unacceptable. A b r i e f  d iscuss io n  o f these re s u l ts  i s  found

in  Chapter 5 .  In  a d d i t i o n ,  we found  t h a t  f o r  f o r e c a s t i n g  p u rp o s e s ,  

t h e r e  was no r e a l  need t o  d i s t i n g u i s h  b e tw e e n  p r o d u c t i o n  and 

nonproduction workers. Consequently, we chose t o  a g g re g a te  la b o r  and 

es t im a te  one labo r requirements equa tion .

2 . Theory

We s h a l l  assume the re  e x is ts  f o r  each in d u s t ry  in  the  U.S. economy 

a tw ic e  d i f f e r e n t i a b le  p rodu c tion  fu n c t io n  r e la t in g  the  f lo w  o f o u tp u t ,  

Q, to  a v e c to r  o f  4 in p u t s :  c a p i t a l  ( K ) ,  p r o d u c t io n  w o rk e rs  ( L 1 ) ,  

n o n p ro d u c t io n  w o rk e rs  ( L 2 ) ,  and ene rgy  (E ) .  F u r th e r ,  we assume th a t  

p r o d u c t io n  i s  c h a r a c te r iz e d  by c o n s ta n t  r e tu r n s  t o  s c a le  and t h a t  

t e c h n ic a l  change i s  Labor augmenting and c a p i ta l  augmenting, growing at  

exp o n e n t ia l ra tes  ap and aT f o r  p ro d u c t io n  and n o n p ro d u c t io n  wo r k e r s ,  

r e s p e c t i v e l y ;  and a«j f o r  c a p i t a l .  D isem bodied te c h n ic a l  change is  

assumed t o  grow a t expo nen t ia l r a te  a&. The p r o d u c t io n  f u n c t i o n  may 

then be w r i t t e n  as
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Each in d u s t ry  i s  viewed as seeking t o  m inim ize aggregate cost sub jec t to  

the  p rodu c tion  fu n c t io n  in  ( 1 ) .  Then, as was discussed in  the  p re v io u s  

chap te r ,  und e r ly in g  t h i s  behavo r ia l assumption, the re  e x is ts  a dual cost 

f u n c t i o n  t o  th e  p r o d u c t io n  fu n c t io n  (1) which g ives  the  minimum t o t a l  

cost o t  producing a g iven o u tp u t ,  Q, sub jec t to  an exogeneous v e c to r  o f  

in p u t  p r ic e s .  These in p u t  p r ic e s  are g iven  by <P^, P ^ ,  P ^ *  P£>- The 

dual cost fu n c t io n  may then be w r i t t e n  as

where Z re p re s e n ts  a v e c to r  o f  n o n p r ic e  f a c t o r s  i n f l u e n c i n g  c o s t  

( p o s s ib l y  o n ly  i n  th e  sho r t  run) and C i s  the  cost per u n i t  o f  o u tp u t .  

The cost fu n c t io n  (2 ) must have c o n t in u o u s  f i r s t  and second p a r t i a l  

d e r i v a t i v e s  and e x h i b i t  c o n c a v i t y  w i th  re s p e c t  t o  p r i c e s  f o r  a l l  

p o s i t i v e  va lues o f  Q.

For th e  pu rposes  o f  t h i s  s t u d y ,  a v a r i a n t  o f  th e  G e n e r a l i z e d  

L e o n t i e f  Cost f u n c t i o n  (GLC) suggested by Diewert i s  employed. Thus, 

(2) may be e x p l i c i t l y  res ta te d  as

C(Pt ' W  = V C(P

where

B = a 4 by 4 symmetric m a tr ix  o f  cons tan ts ;

Q = o u tp u t ;

P* = *CPK,  Pu ,  PL2,  P£>;
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Z = a ve c to r  o f nonprice  de term inan ts  o f  c o s t ;  and

A = a 4 by n m a tr ix  o f  constants w ith  any poss ib le  s ign
1

p a t te rn  sho r t  o f  genera t ing  nega tive  cos ts .

Since the cost fu n c t io n  in  (3 ) i s  assumed t o  be th e  d u a l o f  th e  

un d e r ly in g  p rodu c t ion  fu n c t io n  in  ( 1 ) ,  Shepard's Lemma may be app lied  to  

d e r iv e  s t a t i c ,  cost m in im iz ing  fa c to r  demand equations which r e la te  the  

in p u ts  which are the arguments o f  (1 )  t o  r e l a t i v e  p r i c e s  and o u t p u t .  

Doing t h i s  g ives  the  fo l lo w in g  fa c to r  demand equa tions :

c e r ta in  s ign  p a t te rn s  on the b ^ ' s  can lead t o  a v io la t i o n  o f  one o r a l l  

o f  th e  n e c e s s a ry  c o n d i t io n s  w h ich  a l lo w  t h i s  f u n c t io n a l  form to  lay

c la im  t o  b e in g  th e  d u a l o f  a w e l l  behaved p r o d u c t io n  f u n c t i o n .  To 

r e c a p i tu la te ,  those c o n d it io n s  a re :

* Q * { Z b . . ( P . / P . ) * 5 + Z a . .Z .>  i  = 1  
J 13 3 1 j  13 3

4 (4)

where

X. = -CKe l
a1t  a?t  a , t

,L1e ,L2e *  ,E>; and

Pj and Zj are as p re v io u s ly  d e f in e d .

One may observe th a t  the  may be est im ated d i r e c t l y .  However,

( i )  C > 0 f o r  a l l  Q > 0 and P > 0;

( i i )  3C/3Q >= 0 f o r  a l l  P > 0;

( i i i )  3C/3P.. >= 0 f o r  i  = 1 4
2 2( i v )  a C/dP i s  nega tive  s e m i-d e f in i te
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I n  th e  case where > 0 f o r  a l l  i , j ,  c o n d i t io n s  ( i )  th ro u g h  ( i v )  

a u to m a t ic a l ly  ho ld .  In  the  case where n o t  a l l  th e  b ^ j ' s  a re  g r e a t e r

t h a n  0 ,  c o n d i t i o n s  ( i i i )  and ( i v )  w o u ld  be e x p l i c i t l y  checked .

o f  constant re tu rn s  t o  s c a le ,  r e s p e c t iv e ly .

The n o n -n e g a t iv i ty  requirement ( i i i )  s ta te s  th a t  the model generate 

p o s i t i v e  fa c to r  demands. Th is  may be immediate ly checked by o b s e rv in g  

t h e  p r e d ic t e d  v a lu e s  from  th e  e s t im a t io n .  As long  as th e y  rem ain 

p o s i t i v e ,  the r e s u l ts  remain c o n s is te n t  the und e r ly in g  th e o ry .

To check c o n c a v ity ,  the m a tr ix  o f  second p a r t i a l  d e r iv a t i v e s ,

must be shown t o  be n e g a t iv e  d e f i n i t e .  One may e s t a b l i s h  n e g a t iv e

d e f i n i t e n e s s  by showing th a t  the successive p r in c ip a l  minors o f  -M are

a l l  p o s i t i v e  in  h i s t o r i c a l  p r i c e s .  I f  th e  p r i n c i p a l  m in o rs  a re  a l l

p o s i t i v e ,  t h e n  -M would  be p o s i t i v e  d e f i n i t e ,  im p ly in g  t h a t  M i s
2

negative  d e f i n i t e .

I t  i s  r e a d i l y  seen  t h a t  a l l o w i n g  n e g a t i v e  Leads t o

cons iderab le  d i f f i c u l t i e s  s ince t h i s  l i b e r t y  makes i t  necessary t o  check 

w h e th e r  o r  n o t  th e  model a c t u a l l y  es tim ated continues t o  obey a l l  the 

d e s ira b le  c o n d i t io n s .  However, th e  n o n - n e g a t i v i t y  o f  e le m e n ts  o f  B 

p laces undes irab le  r e s t r i c t i o n s  upon the  parameter es t im ates o f  the cost 

f u n c t io n .

We may see the  r e la t io n s h ip  between the parameter es t im ates and the 

e l a s t i c i t i e s  by computing the  A l le n  p a r t i a l  e l a s t i c i t y  o f  s u b s t i t u t io n

C ond it ions  ( i )  and ( i i )  fo l lo w  im mediate ly from ( i i i )  and the assumption
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CAES). Uzawa (3) has shown th a t  the AES, S ^ , f o r  a p a i r  o f in p u ts  i  and 

j  i s  re la te d  t o  the  cost fu n c t io n  in  the fo l lo w in g  way:

S .. = C*C ../C .C . (5)
TJ 13 T 3

where C.. and are the p a r t i a l  d e r iv a t i v e s  o f  th e  c o s t  f u n c t i o n  w i th  

re s p e c t  t o  th e  i * ^  and p r ic e s ,  r e s p e c t iv e ly .  Apply ing (5) to  (3) 

g ives

S.. = C *Q *b ..P ." *5P . " " 5/2 *X .X . (6)
13 13 i  3 t 3

which i s  p o s i t i v e  fo r  p o s i t i v e  T h is  amounts t o  th e  re q u ire m e n t

th a t  a l l  fa c to rs  o f p roduc tion  be s u b s t i tu te s  in  the  p rodu c tion  process.

B u t , i t  i s  e n t i r e l y  p o ss ib le  when dea ling  w i th  more than two fa c to rs  o f
3

p roduc tion  th a t  some in p u ts  are a c tu a l ly  complements. Thus, one m ig h t  

t y p i c a l l y  a l l o w ,  a t  le a s t  i n i t i a l l y ,  unconstra ined s igns on the  b ^ ' s ,  

p e r m i t t i n g  th e  p o s s i b i l i t y  o f  c o m p le m e n ta r i ty  among some p a i r s  o f  

in p u ts .

E s t im a te s  o f  the AES between c a p i ta l  and labor in  (6) are reported  

in  Chapter 5 .  As may be seen in  (6) the  e l a s t i c i t y  measures may d i f f e r  

w i th  d i f f e r i n g  in p u t  p r i c e s ,  f a c t o r  demands and le v e l  o f  o u tp u t .  In  

a d d i t io n ,  the  e l a s t i c i t i e s  c le a r l y  w i l l  d i f f e r  among d i f f e r e n t  p a i r s  o f  

in p u ts .  This i s  a very d e s ira b le  p ro p e r ty  o f  t h i s  f a c to r  demand system.

3 .  Dynamics

E q u a t io n  (4 )  i s  b u t  an in c o m p le te  fo rm u la t io n  t o  use t o  es t im a te
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ac tu a l employment o f  c a p i t a l ,  labo r and ene rgy  by in d u s t r y  o v e r  t im e .

There are a number o f reasons f u r t h e r  m o o d i f ic a t io n  i s  c a l le d  f o r .

F i r s t ,  (4 )  re p re s e n ts  an e q u i l ib r iu m  c o n d i t io n .  That i s ,  i f  both

p r ic e s  and o u tp u t  were known w i t h  c e r t a i n t y  and i f ,  h a v in g  t h i s

i n f o r m a t i o n ,  c o s ts  o f  a d ju s t in g  f a c t o r  employment were z e r o ,  and ,

th e re fo re ,  adjustment were ins tan taneous , then (4) would be an adequa te

f o r m u la t i o n  t o  e m p i r i c a l l y  es t im a te  fa c to r  demand equa tions . However,

the ex is tence  o f u n c e r ta in ty  about fu tu re  p r ic e  behavior leads f i r m s  t o

re a c t  t o  e x p e c te d  r e l a t i v e  p r i c e s  and e xp e c te d  demand, i . e . ,  t h e i r

p e r c e p t io n s  abou t what p r i c e s  and demand w i l l  be f o r  th e  r e l e v a n t

f u t u r e .  I n  a d d i t i o n ,  th e  d e s i r e  t o  change fa c to r  p ro p o r t io n s  may be

c o s t ly .  The l i t e r a t u r e  on in v e s tm e n t  has f o r  some t im e  assumed t h a t

. th e re  e x i s t s  costs t o  a d ju s t in g  the c a p i ta l  s to ck .  And the  t h e o r e t ic a l

work on adjustment c o s ts  has d e m o n s tra te d  t h a t  these  ty p e s  o f  c o s ts

s u g g e s t  t h a t  a model such as (4 )  would f a i l  t o  c a p tu re  im p o r ta n t
4

beh av io r .

A second reason why (4) i s  o n ly  a p a r t i a l  deve lopm ent o f  a more 

c om p le te  model has t o  do w i th  how one est im ates the  d e m a n d - fo r -c a p i ta l ,  

on the  one hand, and the dem and-fo r- labo r ,  on the  o th e r .

We d e s ire  t o  es t im a te  a c a p i t a l  e q u a t io n  w h ich  i s  ro o te d  i n  th e  

m a ins tream  o f  e m p i r ic a l  work on investm en t. Consequently, (4) must be 

m od if ied  so th a t  an in v e s tm e n t  e q u a t io n  may be e s t im a te d  a lo n g  w i th  

employment e q u a t io n s .  In  a d d i t i o n ,  t he in v e s tm e n t  equa tion  must be 

capable o f  d is t in g u is h in g  between net inves tm en t,  w i th  wh ich  movements
■7

i n  r e l a t i v e  p r i c e s  and demand a r e  more c lo s e ly  c o r r e l a te d ,  and
a m a m m n ■BBBBmnaamppne imm ua ■ihjibbbb——

o f p h ys ica l d e p re c ia t io n  o f  the  c a p i ta l  s tock .
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The employment equa tion  presen ts  a d i f f e r e n t  k ind  o f  problem. The

p o s i t io n  taken in  t h i s  study is  t h a t  a d ju s t in g  the  le v e l  o f  employment

t o  a change i n  demand, a movement from  one is o q u a n t  t o  a n o th e r ,  i s

r e l a t i v e l y  c o s t le s s  and t h a t  t h i s  demand r e l a t e d  a d ju s t m e n t  may

c e r t a i n l y  o c c u r  w i t h i n  a y e a r .  C o n s e q u e n t ly ,  th e  la b o r  employment

equa tion  i s  re fo rm u la ted  as the inve rse  o f average la b o r  p r o d u c t i v i t y .

I t  i s  f e l t  t h a t  i n  so d o in g ,  l i t t l e  i s  l o s t  by assuming t h a t  labor

demand a d ju s ts  w i th in  a year t o  new o u tp u t  l e v e l s .  In  a d d i t i o n ,  th e

employment equa tion  then becomes what amounts t o  a d i r e c t  e s t im a t io n  o f

average la b o r  p r o d u c t i v i t y ,  a v a r i a b l e  w i t h  v e r y  f a r  r e a c h in g

im p l ic a t io n s  f o r  the re s t  o f  the economy.

Average labo r  p r o d u c t i v i t y  i s  n o t ,  however, com ple te ly  un re la ted  t o

c y c l i c a l  ch a n g e s  i n  demand. There i s  s t ro n g  e v id e n c e  t h a t  la b o r
5

e x h ib i t s  in c re a s in g  re tu rn s  over the b u s in e ss  c y c le .  There  i s  l i t t l e

re a s o n  t o  e x p e c t  movement i n  r e l a t i v e  p r i c e s  t o  e x p l a i n  t h i s  
6

phenomenon. C o nsequ en t ly ,  (4 )  must be m o d i f ie d  t o  in c o r p o r a te  t h i s

c y c l i c a l  b e h a v io r  w h i le  a t  the  same tim e not a l lo w in g  such behav io r to

a f fe c t  the long t e r m movement in  average la bo r  p r o d u c t i v i t y .

These s h o r tc o m in g s  o f  system  (4 )  may be g e n e r a l i z e d  i n  t h e

f o l l o w i n g  way: (4 )  i s  n o t  s u f f i c i e n t  as a dynamic model o f  f a c to r

demand. A lthough t h i s  c r i t i c i s m  should not come as a s u r p r i s e ,  i t  i s ,

n e v e r t h e le s s ,  ig n o re d  by c o u n t le s s  s tud ie s  over the  recent past which

have attempted to  e s t im a te  models o f  f a c t o r  demand w i t h  more th a n  2
7

f a c t o r s  in c lu d e d .  The model deve lop ed  below e x p l i c i t l y  in t ro d u c e s  

dynamics i n t o  (4) in  a way which p re s e rv e s  th e  lo ng  run  s t r u c t u r e  o t  

f a c to r  employment as r e f le c te d  in  the  e q u i l ib r iu m  c o n d it io n  (4) w h i le  a t  

t h e  same t im e  a l lo w in g  a d ju s tm e n t  among th e  in p u t s  w h ich  does n o t
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v i o l a t e  th e  p r o d u c t io n  f u n c t i o n  c o n s t r a in t  u n d e r l y in g  t h e  e n t i r e  

a n a ly s is .

I n  e m p i r i c a l  w o rk ,  dynamic b e h a v io r  im p l ie s  th e  e x is te n c e  o f  

d i s t r i b u t e d  la g s .  Thus, how may lags  be p r o p e r l y  imposed upon th e  

system o t  equations in  (4)? To answer t h i s  ques tion  w i th in  the  context 

o f  a two in p u t  m odel, we may make a d i s t i n c t i o n  between th e  la g s  on 

ch a n g e s  i n  o u t p u t ,  wh ich  r e f l e c t  th e  dynam ics o f  moving from  one 

isoquant t o  ano the r;  and lags on r e l a t i v e  p r i c e s ,  wh ich  r e f l e c t  th e  

movement a lo n g  any p a r t i c u la r  isoquan t.  The form er type o f lag may be 

d i s t i n c t  f o r  each in p u t .  The l a t t e r  must be i d e n t i c a l  among p a i r s  o f  

in p u ts .

To g a in  a c le a re r  p ic tu r e  o f the proper lag s t r u c tu r e s ,  cons ider a 

continuous concave p r o d u c t io n  f u n c t i o n  o f  two i n p u t s ,  K and L : Q = 

Q (K ,L ) .  The fu n c t io n  may be represented in  two dimensions by a p a i r  o f 

is o q u a n ts .  The two is o q u a n ts  d i s p l a y e d  i n  f i g u r e  1 show t h a t ,  

i n i t i a l l y ,  in p u ts  ■CLq,Kq> are employed a t  p r ic e s  t 0  generate

output Qq . Now assume t h a t ,  as r e la t i v e  p r ic e s  remain unchanged, demand 

in c re a s e s  t o  ,  wh ich  le a d s ,  i n  th e  new e q u i l i b r i u m ,  t o  f a c t o r  

employment o f  *CK^, > .  The que s tion  then becomes: what path does the  

f i r m  take t o  ge t from -CLq,Kq> to  ■CLj,K<j>? The answer i s  t h a t  t h e r e  a re  

many p o s s ib le  paths which m ight be taken which are not in c o n s is te n t  w i th  

th e  u n d e r ly in g  p rodu c tion  fu n c t io n .  In  f ig u r e  1 ,  arrows numbered 1 and

2 represent steps taken in  each o f the f i r s t  two p e r io d s  a f t e r  th e  new 

demand i s  d is c o v e r e d .  A c c o rd in g  t o  t h i s  p a th ,  th e  employment o f  L 

a d ju s ts  com ple te ly  in  the f i r s t  pe r io d  w h i le  K a d ju s ts  not a t  a l l  i n  the  

f i r s t  p e r io d ,  but com ple te ly  in  the  second p e r io d .  R e a l i s t i c  o r  n o t ,  

such a dynamic path from one e q u i l ib r iu m  to  another does not i n  any way
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v io la t e  the p rodu c tion  fu n c t io n  c o n s t r a in t .  The path in  f ig u r e  1 i s  an 

i l l u s t r a t i o n  o t  th e  f a c t  t h a t  the speed o f adjustment o f  one in p u t  in  

response t o  demand changes may be d i f f e r e n t  from the speed o f  adjustment 

o f  th e  o th e r  i n p u t .  One c o u ld  e a s i l y  draw a p a th  from  *CLq ,K q> t o  

<L<| / K<|> which would im p ly  the  same speed o f  ad jus tm ent, a s t r a ig h t  l in e  

from the p o in t  -CLq ,Kq> to  -CL^,K^>, but th e re  is  no requirement th a t  such 

a path should be taken .

Now look a t  f ig u r e  2 to  c o n s id e r  th e  dynamic b e h a v io r  o f  f a c t o r  

em ploym ent h o ld in g  o u tp u t  c o n s ta n t .  E q u i l i b r iu m  i s  a g a in  -CLq ,K q>

employed a t  p r ic e s  PK ^  g e n e r a t in g  o u tp u t  Qq . Now assume th e
1 0 p r i c e  o f  K d e c l in e s  t o  PK ,  w h i le  the p r ic e  o f L remains a t  PL . The

0 1new e q u i l ib r iu m  then becomes -CLj, K^> a t  p r ic e s  -CP̂  ,  P^ > . Assume th a t  

s u b s t i t u t in g  L f o r  K i s  n o t  c o s t le s s  so t h a t  th e  o p t im a l  p a t t e r n  o f  

a d ju s tm e n t  re q u i re s ,  say, two p e r io d s .  Let the arrows numbered 1 and 2 

each re p re s e n t  50 p e rc e n t  o f  th e  t o t a l  movement t o  th e  new f a c t o r  

p r o p o r t io n s  w h ich  o ccu r  i n  th e  f i r s t  and second p e r io d ,  re s p e c t iv e ly .  

As may be seen , th e  o n ly  way t o  rem a in  on th e  i n d i f f e r e n c e  c u r v e ,  

p r o d u c in g  o p t i m a l l y ,  w o u ld  be t o  r e q u i r e  b o th  L and K t o  a d ju s t  

accord ing  t o  the  same t im e p a t te rn .  Consequently, the  dynamic b e h a v io r  

p e r c ip i ta te d  by p r ic e  changes must be id e n t ic a l  among p a i rs  o f  in p u ts  i n  

o rder to  remain on the  p rodu c tion  fu n c t io n .

I n  t h e  t h r e e  i n p u t  c a s e ,  t h e  p ro b le m  becomes a l i t t l e  more 

com plica ted . For, a change in  one in p u t  p r ic e ,  ho ld ing  o the r  p r ic e s  and 

o u t p u t  c o n s t a n t ,  le a d s  t o  an a d ju s t m e n t  i n  a l l  t h r e e  i n p u t s  

s im u ltan eous ly .  Such a process may on ly  be modeled in  th re e  dimensional 

space , so th e  d i s c u s s io n  above i s  not com ple te ly  s a t is f a c t o r y .  Under 

what c o n d i t io n s ,  th e n ,  may the  dynamic s t r u c t u r e  be s p e c i f i e d  so t h a t
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the simultaneous movement o f  th re e  in p u ts ,  ho ld ing  ou tpu t cons tan t ,  does 

n o t  le a d  t o  in p u t  combinations which are b e t te r  than op t im a l?  Although 

the  que s tion  has occured t o  us , the  s o lu t io n  has n o t .  What i s  c le a r  i s  

t h a t  th e  la g  s t r u c t u r e s  must be r e la t e d  i n  a more complex way. For 

example, in  a th re e  in p u t  case ,  th e r e  e x i s t s  t h r e e  d i s t r i b u t e d  la g s  

w h ich  d e s c r ib e  the  response o f the re sp e c t iv e  in p u ts  t o  a change in  any 

one in p u t  p r ic e .  Given a le v e l  o f  ou tput and any two in p u t  l e v e l s ,  th e  

t h i r d  i s  d e te rm in e d .  C o rre s p o n d in g ly ,  g iven  any two of the th re e  lag 

d i s t r i b u t i o n s ,  the t h i r d  i s  determ ined. More c o n c re te ly ,  i f  we know the 

le v e l  o f  p ro d u c t io n ,  and we know th e  response p a t t e r n  o f  c a p i t a l  and 

la b o r  t o  a change i n  energy p r ic e s ,  we may then determine the response 

p a t te rn  o f energy to  i t s  own p r i c e .  To d a te ,  we have been u na b le  t o  

s p e c i f y ,  a n a l y t i c a l l y ,  th e  la g  s t r u c t u r e s  in  the  th re e  in p u t  case t o  

account f o r  th e  a p p a re n t  i n t e r r e la t e d n e s s .  However, t h e r e  a re  two 

reasons  why a f a i l u r e  t o  p ro v id e  a more genera l s p e c i f i c a t io n  f o r  the 

lag s t ru c tu re s  should not be viewed w i th  a la rm .  F i r s t ,  th e  manner i n  

w h ic h  t h e  la g s  a re  s p e c i f i e d  a t  le a s t  p e r m i ts  re a s o n a b le  dynamic 

be h a v io r ;  and, second, s ince we u l t im a te ly  es t im a te  o n ly  a two equa tion  

system, the  more genera l lag fo rm u la t io n  i s  no t d i r e c t l y  re le v a n t  t o  out- 

e m p ir ic a l  r e s u l t s .

With these co n s id e ra t io n s  in  m ind, equa tion  (4) may now be m od if ied  

t o  in c o rp o ra te  dynamic behav io r .  The investment equa tion  w i l l  be d e a l t  

w i th  f i r s t .

Investment

The d e s i r e d  c a p i ta l  s tock equa tion  i s  converted in t o  a d es ire d  net 

in v e s tm e n t  e q u a t io n  by t a k in g  d e r i v a t i v e s  and th e n  a p p r o x im a t i n g
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d e r iv a t iv e s  w ith  f i r s t  d if fe re n c e s ,  to  y ie ld :

a t  *  -a  t  *
* *  -  e " K A Qt  *  I  bRj ( P j / P , , ) ' 5 + e K Q *  I  bR. A (P . /PR) ' 5 (7)

- aKeV Q I bKj W ’

where th e  s t a r s  on th e  in depe nden t v a r ia b le s  s i g n i f y  t h a t  they are 

expected, unobserved v a r ia b le s ,  and aK = ♦ a^. This equa tion  may be 

w r i t t e n  i n  a more com p re h e n s ib le  form  by o b s e rv in g  th a t  the des ired  

c a p i ta l - o u tp u t  r a t i o  i s  g iven by

*  D 5*CK/Q) = e I  b „ .C P ./P „)  j  K; 3 K

so th a t  (7) may be re w r i t te n  as

Mt *  a * KV  | b K j (P . /P K) * 5* - a KICt *  (8)

So w r i t t e n ,  ( 8) a l lo w s  one t o  n e a t l y  d i s t i n g u i s h  between in v e s tm e n t  

p e j c i p i t a t e d  by chang ing  demand, which i s  the  f i r s t  term on the  r ig h t  

hand s ide o f ( 8) ,  and in v e s tm e n t  b ro u g h t  abou t by chang ing  r e l a t i v e  

p r i c e s ,  th e  second term on the r ig h t  hand s ide  o f ( 8) .  I f  a l l  b. . = 0 

fo r  k 4 j ,  and i f  embodied te c h n ic a l  change i s  ze ro ,  then c a p i ta l  would 

stand in  f ix e d  p ro p o r t io n s  t o  o u tp u t ,  where

CK/Q>* = bK|c.



51 -

and investment would respond on ly  to  changes in  demand:

Th is  re s u l t  w i l l  have im p l ic a t io n s  f o r  the p r o d u c t iv i t y  equa tions , as we 

w i l l  see below.

In  accordance w ith  the prev ious d is c u s s io n ,  a c tu a l  ne t in v e s tm e n t  

re s p o n d s  t o  o b s e rv e d  changes  i n  p r i c e s  and o u t p u t  w i th  a la g .  

The re fo re , approxim ating (K/Q)* by and in t ro d u c in g  lags y ie lo s

an express ion fo r  ac tua l net investm ent:

Nt  ■ <K /« t - r  •• w. 1 V i + e Rt <*.t  j  t - o (9)

-a„K,K t - 1

where

n

n = length  o f lag on changes in  o u tp u t ;  

m^j = length of lag on changes in  the r e la t i v e  p r ic e ;  and 

= ac tua l net investm ent.
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Tb a r r i v e  a t a model f o r  gross inves tm en t,  an express ion f o r  replacement 

investment must be appended t o  ( 9 ) .  The d e r iv a t io n  o f  t h i s  e x p re s s io n  

i s  exp la ined beiow as w e l l  as the measure o f the c a p i ta l  s tock .

P roduction  Workers

D iv id in g  th e  f i r s t  labor employment equation  in  (4) by Q g ives  an 

express ion f o r  the inve rse  o f  average la b o r  p r o d u c t i v i t y ,  c o n s is t e n t  

w i th  the und e r ly in g  p roduc tion  fu n c t io n :

*  - a L1t  I  5C U / Q V  = e L l  b . , .  C P . / P . , )  ■31 t  j=1 L1j ]  L1 t

where a =, a + a I n c o r p o r a t in g  lags as f o r  the investment
L l  2 D

equation  y ie ld s

*  *” a i 1 *  y  v  ( P  / P  )
(L1 /Q ) t  = e ^  j  L1 t -  Si

where

L1 j  , .
Z = bL1j ;  and

As mentioned above , th e r e  i s  e v id e n c e  o f  c y c l i c a l  p r o d u c t i v i t y  

b e h a v io r  w h ic h ,  t h i s  s tu d y  h o ld s ,  may not be exp la ined  by the th e o ry .  

Consequently, the product i v i t y  e q u a t io n  must_bg__ajL£Dd&fLXQMif l f i lu c l f i --5  

c y c l i c a l  component. The hypothesis is  th a t  a c tu a l p r o d u c t i v i t y  i s  g iven



( L1 /Q)  t  = (L1 /Q )  t *  *  (1 + ^  (AQ))

where CL1/Q) i s  d e f in e d  i n  ( 1 0 ) ,  and re p re s e n ts  the c y c l ic a l

v a r i a t i o n  o f  p r c . ' - 'u c t iv i t y  a to u t  i t s  p r i c e  d e te rm in e d  p a th .  d  i s  

r e q u i r e d  t o  have th e  p r o p e r ty  t h a t  i t  no t i n f l u e n c e  th e  long run 

behavior ot average labor p r o d u c t i v i t y .  I t ,  t h e r e f o r e ,  i s  d e f in e d  in  

the fo l lo w in g  way:

•  = A  i  V i

where th e  v 's  are requ ired  to  sum to  zero . This lag i s  cons tra ined  to  

A years s ince t h i s  lgp f l lh_ fl l_L iJ ii f i— anm LQ xim ate ly f  t o  th e  

average le n g th  o f  a b u s in e s s  c y c le  d u r in g  th e  pos t  war p e r io d .  To F  

support the hypothesis o f in c reas ing  re tu rn s  t o  la b o r  o v e r  th e  c y c l e , ,  

one wou ld  expe c t  th e  v 's  t o  be negative  in  the most recent p a r t  o t the 

la g ,  and p o s i t i v e  towards the end o f the la g .

With these m o d i f ic a t io n s ,  and a p p ro x im a t in g  ( L 1 /Q ) *  w i t h  a f o u r  

year moving average of p roduc tion  workers per u n i t  o f o u tp u t ,  lagged one 

p e r io d ,  the f i n a l  form fo r  the p r o d u c t i v i t y  equation  becomes:
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V Q ) t - e'a’-lC . =V'1J + a/QV i * 1 vi  Qt- i

Nonproduction Workers

The e q u a t io n  and c o n s t ra in ts  f o r  the  nonproduction worker equa tion  

are s im i l i a r  to  those f o r  p roduc tion  workers. The equation  i s :



One may note what happens t o  th e  p r o d u c t i v i t y  e q u a t io n s  shou ld  

c a p i t a l  be i n s e n s i t i v e  t o  r e l a t i v e  p r i c e s .  In  such a case, average 

p r o d u c t i v i t y  f o r  p r o d u c t io n  and n o n p r o d u c t io n  w o r k e r s  w o u ld ,  i n  

a d d i t i o n ,  be i n s e n s i t i v e  t o  c a p i t a l ' s  p r i c e .  The p r o d u c t i v i t y  o f  

d i f f e r e n t  k inds ot labor would then become a f u n c t i o n  o f  th e  r e l a t i v e  

p r ic e s  o t  d i f f e r e n t  k inds o f la b o r ,  a trend  and a c y c l i c a l  v a r ia b le .

A. Replacement Investment

L ike  w i th  o the r  work on investment b e h av io r ,  t h i€  study p o s i ts  t h a t  

rep la cem en t investment i s  determined by speeds and p a t te rn s  o f  ph ys ica l 

d e p re c ia t io n  o f the c a p i ta l  s tock .  To es t im a te  replacement in v e s tm e n t ,  

t h e r e f o r e ,  one must d e r iv e  an express ion  f o r  the p h ys ica l d e te r io r a t io n
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o f  th e  c a p i t a l  s t o c k .  L e t  be t h e  f r a c t i o n  o f  t h e  o r i g i n a l

p r o d u c t i v e  c a p a c i t y  o f  a c a p i t a l  good which is  lo s t  in  the i t 1̂ pe r iod  

a f t e r  i t s  a c q u is i t i o n .  D e p re c ia t io n  in  p e r io d  t ,  assuming d Q = 0 /  i s  

then g iven  by f

Rt  = i=o +1 Jt - i  <12)

where I  is  rea l gross investment in  year t - i  and

The most w ide ly  used p a t te rn  o f d e p re c ia t io n  i s  t h a t  o f  geometr ic  decay 

where the ra te  o t decay i s  a f u n c t i o n  o f  th e  in v e rs e  o f  th e  average 

s e r v ic e  l i f e  o f  th e  c a p i t a l  e q u ip m e n t .  In  t h i s  case/ d.. = X 1 (1 - ,x ) /  

where A i s  the  ra te  o f r e te n t io n .

The geometr ic  decay p a t te rn  o f d e p re c ia t io n  has one major advantage 

and one major d isadvantage. The advantaige i s  t h a t  i n  e s t im a t in g  and 

f o r e c a s t i n g  in v e s tm e n t /  one need not recompute ( 12) in  each ye a r ,  and/ 

th e r e fo re ,  no need e x is ts  t o  "remember”  the whole h i s t o r y  o f  equ ipm ent 

pu rcha ses  t o  d e te rm in e  rep lacem ent in  each year.  I t  i s  s u f f i c i e n t  to  

have a t  hand o n ly  th e  c u r r e n t  c a p i t a l  s to c k .  T h is  may be shown by 

r e w r i t in g  ( 12) /  using the  geometric  ra te  o f decay p a t te rn  as
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Now (1 -A )  i s  th e  r a te  o f decay, as s ta ted  above, so th a t  A i s  the  ra te  

o f  r e te n t io n .  I t  th e n  f o l l o w s  t h a t  A1 i s  th e  f r a c t i o n  o f  equ ipm ent 

purchased in  one year which i s  s t i l l  re ta ine d  in  the i * ^  pe r iod  a f t e r  i t  

i s  purchased. Since the c a p i ta l  s tock i s  de f ined  as the  sum o f a l l  past 

investment which i s  re ta ine d  (has not ye t d e p re c ia te d ) ,  we then have

V i  -  i l i  ^  V i  (13)

and

Rt  = (1 -A )*K t - 1

Thus, d e p r e c ia t i o n  a t  t im e  t  i s  a c o n s ta n t  p ro p o r t io n  o f the  c a p i ta l  

s tock .

The major d is a d v a n ta g e  o f  t h i s  p a t t e r n  o f  d e p r e c ia t i o n  i s  t h a t

equ ipm en t very  l i k e l y  d o e s_n o td e p r e c j^ t e _ in _ t h i s w a ^ L While the va lue

o f  c a p i t a l  may d im in is h  g e o m e t r i c a l l y ,  th e  q u a n t i t y  ( i n  te rm s  o f

p r o d u c t i v e  c a p a c i t y )  c e r t a i n l y  does n o t .  I f  equipment has an average

s e rv ic e  l i f e  o f  ten  yea rs ,  the geometric p a t te rn  would suggest t h a t  on ly

about 60 percent o f  the p ro d u c t ive  capac ity  o f  the equipment rem a ins  i n

use a f t e r  f i v e  y e a r s ,  when, most l i k e l y ,  n e a r ly  a l l  o f  the equipment
8

remains. Thus , th e  g e o m e tr ic  decay p a t t e r n  g iv e s  e s t im a te s  o f  th e  

q u a n t i t y  o f  c a p i t a l  wh ich te n d  t o  u n d e r s ta te  th e  t r u e  q u a n t i t y  o f  

c a p i t a l .

A more g e n e ra l  app roach has been s u g g e s te d .  Namely, c r e a te  a

second, f i c t i t i o u s ,  c lass  o f  c a p i t a l ,  i n t o  which the  d e p re c ia t io n  out o f
9

th e  f i r s t  c la s s  o f  c a p i t a l  f a l l s .  Thus , i f  K ^ ( t )  is  the  f i r s t  c lass
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c a p i ta l  a t  t im e t ,  and K2 ( t )  i s  the  second c lass  c a p i ta l  a t  t im e t ,  then 

we have

K 1 ( t )  =  I t  +  X ★ K . j C t - 0

K 2 ( t )  =  ( 1 - A )  *  I ^ C t - D  +  A *  K 2 ( t - 1 )

The t o t a l  c a p i ta l  s tock a t  t im e t  i s  then de f ined  as

K ( t )  = K ^ t )  + K2 ( t )  (14)

With t h i s  scheme, d e p re c ia t io n  i s  g iven by

Rt  = (1-A)*K2<t-1) (15)

Th is  p a t te rn  suggests t h a t ,  a t  f i r s t ,  d e p re c ia t io n  o f equipment i s  v e ry  

s lo w ,  th e n  in c re a s e s  t o  a maximum, th e n  recedes. See F igure 3 f o r  a 

comparison o f  d e p re c ia t io n  under the  two schemes. Going back t o  ( 1 2 ) ,  

t h e n ,  th e  cu rve  r e s u l t in g  from c o n s tru c t in g  the  two c lasses o f  c a p i ta l  

d e f in e s  the  4,. ' s ,  which as as may be seen from F igure 3 ,  d i f f e r  markedly 

from t h e  geometric  decay p a t te rn .

Th is  approach a l low s  f o r  what may be a more re a s o n a b le  p a t t e r n  o f  

p h y s i c a l  d e p r e c i a t i o n  f o r  some i n d u s t r i e s  w h i le  m a in ta in in g  th e  

com putationa l s im p l i c i t y  o f  the  geometric  decay p a t te rn .  The p ro c e d u re  

r e q u i r e s  o n ly  one e x t ra  p iece o f  in fo rm a t io n ,  namely, a second c lass  o r  

"bucke t”  o f  c a p i t a l ,  in  a d d i t io n  t o  the  f i r s t  one. This in fo r m a t io n  i s  

th e n  s u f f i c i e n t  t o  d e te rm in e  both d e p re c ia t io n ,  as shown in  (1 5 ) ,  and
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the measure o t the c a p i ta l  s to c k ,  as shown in  (1 4 ) .

A More General Approach

Both the geometric  decay p a t te rn  and the  "two b u c k e t "  approach  t o  

m easur ing  d e p r e c ia t i o n  a re  s p e c i f i c  a p p l ic a t io n s  o f imposing a Pascal 

lag d is t r v ib u t io n  on the  f t . 's  in  (12). For such a d i s t r i b u t i o n ,  we have

0 i f  i  = 0

•C < i+ r -1 > ! / i !C r -1 ) !> *C 1 -X ) r *X1 i f  i  > 1

w h e re  r i s  some p o s i t i v e  i n t e g e r .  I n  t h e  case  w h e re  r  = 1 ,

= ( 1 - A) X1,  which is  the. geometric  decay p a t te rn  mentioned above. In

2 *th e  case where r  = 2 ,  we have <f»̂ = ( i + 1 ) ( 1 - X )  X1,  which, I  w i l l  now

show, descr ibes  the  d e p re c ia t io n  r e s u l t in g  from the two bucket p a t t e r n .
o ® • ^In  g e n e r a l ,  f o r  any v a lu e  o f  r ,  we can w r i t e  the  c ^ s t r ib u te d  lag

assoc ia ted  w i th  the Pascal d i s t r i b u t i o n  as *

o

Rt  = (1 -X /1 -X L ) r  I t

G

where L i s  the  lag o p e ra to r .  0©
T h e r e fo r e ,  t o  show t h a t  th e  t y o  b u c k e t  d e p r e c ia t i o n  p a t t e r n ,  

R ( t )  *  F ( L ) * I t ,  shown i n  F ig u re  3 ,  i s  the  resu lts  o f  imposing a Pascal 

lag w i th  r  = 2 ,  one need o n ly  show th a t  ( j

0

O
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F (L) = { (1 -X ) /< 1 -X L >>2 

From (13) we may w r i t e  the fo l lo w in g :

K.,Ct) = Z X1 I ( t - l )  = l  (XL) = (1/1-XL) I

K2 ( t )  = I  I  = C1-X) E(XL) Ct) = (1 -X ) / (1 -X L )*K  ( t )

The re fo re ,

R ( t  ) = ( 1 - X )  K -  ( t  -  1 ) = ( 1 -X ) 2 /  ( 1 -  XL ) K „ ( t  ) =2 1
■C(1-X)/(1-XL)>2* I ( t )

which i s  what we wanted to  show.

For t h i s  s tu d y ,  a f u r t h e r  g e n e r a l iz a t io n  o f the two d e p re c ia t io n  

schemes presented above w i l l  be in t ro d u c e d .  T h is  g e n e r a l i z a t i o n  w i l l  

a l lo w  f o r  th e  p o s s i b i l i t y  t h a t  any convex combination o f Pascal lags 

w ith  r  = 1 ,  2 ,  or 3 may best r e f l e c t  the  d e p r e c ia t i o n  o f  equ ipm ent by 

in d u s t r y .  T he re fo re , the  p a t te rn  o f d e p re c ia t io n  as w e l l  as the  average 

s e rv ice  l i f e  o f  equipment may d i f f e r  by in d u s t ry .

The approach is  as fo l lo w s :  d e p re c ia t io n  i s  de f ined  as a weighted 

average o f  th e  la g  p a t t e r n s  g e n e ra te d  by a f i r s t ,  second and t h i r d  

degree Pascal la g ,  where the we igh ts  are determined in  the e s t im a t io n  o f 

the equ a t ion .  The re fo re ,
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Rt  = (1-A /1-AL) + d2 (1 -A /1 -A L ) 2 + d j  (1 -X /1 -X L )3> I t  (16)

where

3

W ith  t h i s  d e f i n i t i o n  o f  rep lacem ent,  ^  i s  then de fined  as a weighted 

average o f the  $ . '  s w h ich  co rre s p o n d  t o  Pasca l la g s  o f  one , two and 

t h r e e  d e g re e s .  C o m p u ta t io n a l ly ,  the im plem entation o f t h i s  p a t te rn  is  

s t r a ig h t  fo rw a rd .  Define th re e  "bucke ts "  as fo l lo w s :

B<j ( t )  = I ( t )  + x B ^ t - 1 )

B2 ( t )  = (1-x> *  B ^ t - 1 )  + X *  B2 ( t-1>

B j ( t )  = (1-X) *  B2 ( t - 1 ) + A *  B3 ( t - 1 )

Now d e f in e  th re e  " s p i l l s "  from the  th re e  buckets as fo l lo w s :

D1( t)  = (1-A> *  B1(t-1 )

D2 ( t )  *  (1-A) *  B2 ( t - 1 )

D3 ( t )  = (1-A) *  B jC t -D
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Then d e p re c ia t io n  i s  de f ined  as

where

Rt  = d. D . ( t )  (17)

3
£ d. = 1 

i = l  1

The d . . 's  e n te r  L in e a r ly  in t o  the  re g re s s io n ,  consequently , the  d ^ ' s  may 

be e a s i ly  es tim ated and w i l l  vary by in d u s t ry .

I t  may be e a s i l y  seen  t h a t  t h i s  approach a d m its  as p o s s ib le  

in d u s t ry  d e p re c ia t io n  p a t te rn s  e i t h e r  the  g e o m e tr ic  o r  th e  two b u cke t 

r e s u l t s .  R e fe rr ing  t o  (1 6 ) ,  in  the case where = d^ = 0 ,  then d.. = 1 

and the  d e p re c ia t io n  p a t te r  i s  geom etr ic . I f  d^ = 1 /  th e n  th e  p a t t e r n  

i s  t h a t  w h ich  r e s u l t s  from the two bucket approach. In  the  case where 

d . ' s  are between 0 and 1 ,  the r e s u l t  i s  some in te rm e d ia te  p a t te rn .

I t  i s  c le a r  why the sum o f the d J s m u s ^ J a j^ Q i^ y ,  f o r  onl y  i n  t h a t  

case w i l l  e a c jL d o l la r  o f  c a p i ta l  investmenL_be_deBi^M3 lgd_oncg__aO(LilDly 

once . As one d o l l a r  i n  in v e s tm e n t  passes th ro u g h  the "b u c k e ts " ,  d^ 

percent i s  w r i t t e n  o f f  as i t  leaves ,  d^ percent i s  w r i t t e n  o f f  as i t  

le a v e s  B^ and th e  remaining d^ percent i s  w r i t t e n  o f f  as i t  passes out 

o f  B j .  I f  th e  sum o f  th e  d ' s  were le s s  th a n  u n i t y ,  n o t  a l l  o f  th e  

d o l l a r ' s  w o r th  o f  c a p i t a l  would d e p re c ia te ;  w h i le ,  should the  sum o f 

the  d 's  be g re a te r  than one, th e  t o t a l  d e p r e c ia t i o n  wou ld  be g r e a t e r  

than the  o r ig i n a l  investm ent.

W ith  t h i s  method o f  de te rm in ing  d e p re c ia t io n ,  a s t r a ig h t -  forward 

express ion  f o r  the  c a p i ta l  s to c k  r e s u l t s .  S ince  a l l  in v e s tm e n t  goes
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i n t o  ,  a l l  o f  B  ̂ must be a p a r t  o f  th e  c a p i ta l  s tock .  Now, r e c a l l  

t h a t  the f r a c t io n  o f the s p i l l  from  B^ c o u n ts  as d e p r e c ia t i o n ,  so 

t h a t  1 -  d^ i s  th e  f r a c t io n  o f the s p i l l  which represents  c a p i ta l  held 

f o r  a w h i le  in  B2 . Hence, (1 -  d,j)*B2 represents  c a p i ta l  s tock  h e ld  i n  

B^. S i m i l a r l y ,  d2 r e p re s e n ts  t h a t  p o r t io n  o f the s p i l l  from B^ which 

counts as d e p re c ia t io n .  Consequently, (1-d , | -d 2) * B j  i s  t h a t  p o r t i o n  o f  

B j wh ich  represents  c a p i ta l  s to ck .  The t o t a l  c a p i ta l  s tock exp ress ion , 

then ,  i s  g iven  by the fo l lo w in g  sum:

Kt  = B̂  + (1 -d 1>*B2 + C1-d<j - d 2)*B 3 . (18)

5. Summary

Combining the s p e c i f i c a t io n  o f replacement investment (17) w ith  the 

net investment equation  (9) p rov ides  the gross investment equa tion  which 

i s  es t im a ted . The complete model in c lu d e s ,  th e n ,  th e  demand f o r  g ro s s  

inves tm en t,  p rodu c tion  workers (10) and nonproduction workers (1 1 ) .  The 

model i s  d isp layed  in  equa tion  system (1 9 ) .  What emerges i s  a model o f 

f a c to r  demand w i th  the fo l lo w in g  c h a r a c te r is t i c s :

( i )  Investment i s  a fu n c t io n  o f  changes in  ou tpu t and changes 

in  r e la t i v e  p r ic e s .  The in p u t  p r ic e s  in c lu d e  the wages o f 

p rodu c t ion  and nonproduction w o rkers , the  p r ic e  o f energy, 

and the  p r ic e  of, c a p i t a l .

( i t )  Should the  model lead t o  the  con lcus ion  th a t  investment is  

i n s e n s i t i v e  t o  r e l a t i v e  p r i c e s ,  the investment equa tion  

then reduces t o  the f a m i l i a r  fL e x ib L e  a c c e le r a t o r  model 

w i th  constant re tu rn s  t o  sca le .

( i i i )  Employment o f  p r o d u c t io n  and n o n p ro d u c t io n  workers are



where

IWt  = 1

Zdi  = 1

13
L1L2

B
L2L1

1 ,

I V ^ = i v; = o

L I  ■ p ro d u c tio n  workers
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L2 *  nonproduction  workers
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fu n c t io n s  o f  the le v e ls  o f  r e la t i v e  p r ic e s ,  an exponen t ia l 

t im e  t r e n d  w h ich  d i f f e r s  between th e  tw o ,  and c y c l i c a l  

v a r i a b l e s .  These cy c l i c a l  v a r i a b l e s  a l l o w  f o r  t h e  

p resence  o f in c rea s ing  re tu rn s  t o  labo r in  the  sho r t  run , 

as found  i n  o th e r  s t u d ie s .  The use o f  t he s t o c k  o f  

c a p i t a l  r e la t i v e  t o  Labor i s  avoided because the  s tock i s  

b o th  d i f f i c u l t  t o  m easu re  and may be a f f e c t e d  b y  

environm enta l or s a fe ty  re g u la t io n s  t h a t  have no impact on 

p r o d u c t i v i t y ,  except i n  the very  long run .

( i v )  The r e s u l t  o f  d e r i v i n g  th e  model leads  t o  a system in  

w h ich  i n d i v i d u a l  p a ram e te rs  a pp ea r i n  more t h a n  one 

e q u a t io n .  T h is  f a c t  becomes the c r u c ia l  l i n k  among the 

equa tions . Consequently, the  long run response o f c a p i ta l  

t o  th e  p r i c e  o f  l a b o r  r e l a t i v e  t o  c a p i t a l  m ust be 

i d e n t i c a l  t o  th e  long run response o f  labor to  the  p r ic e  

o f c a p i ta l  r e la t i v e  t o  la b o r .

(v )  The dynamic p ro p e r t ie s  o f  th e  model a re  c o n s is t e n t  w i th  

th e  u n d e r ly in g  p r o d u c t io n  f u n c t i o n .  Consequently, the 

adjustment paths o f  inpu t  demands r e s u l t in g  from chang ing  

o u t p u t  demand d i f f e r  among t h e  i n p u t s ;  w h i le  th e  

a d ju s tm e n t  p a th  o f  i n p u t  i  i n  r e s p o n s e  t o  t h e  

r e la t i v e  p r ic e  must be id e n t ic a l  to  the adjustment path o f 

in p u t  j  t o  the inve rse  o f  the  i j * ^  r e la t i v e  p r ic e ,  f o r  a l l  

V j -

( v i )  The method o f  e s t im a t in g  replacement investment leads t o  

in d u s t ry  s p e c i f i c  p a t te rn s  o f  d e p re c ia t io n .  The geometr ic  

p a t te rn  used by most researchers i s  a sp e c ia l case o f  th e
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f l e x i b l e  approach use in  t h i s  s tudy . A simple method f o r  

computing the  c a p i ta l  s tock r e s u l t s .



The q u a d ra t ic  express ion  in  p r ic e s  and " o th e r "  v a r ia b le s  i n  no way 

changes th e  nece ssa ry  p r o p e r t ie s  o f  the Diewert cost fu n c t io n  as 

was s ta te d  in  Chapter 2 .  For example, th e  c o s t  f u n c t i o n  must be 

homogeneous o f  degree zert> in  in p u t  p r ic e s  and g iv e  fa c to r  demand 

equa tions which are homogeneous o f  degree  z e ro  i n  i f lpg tt* - p r i c e s .  

One may o b s e rv e  by i n s p e c t io n  t h a t  th e  c o s t  f u n c t i o n  (4 )  i s  

l i n e a r l y  homogeneous in  p r ic e s  and th a t  the fa c to r  demand equations 

r e s u l t in g  from t h is  cost fu n c t io n  are homogeneous o f  degree zero in  

p r ic e s .

I f  any o f the  b ^ ' s  are n e g a t ive ,  the re  w i l l  always be some v e c to r  

o f  p r i c e s  i n  th e  p o s i t i v e  p r i c e  space f o r  w h ich  th e  c o n c a v i t y  

requirement i s  v io la te d .  What is  des ira b le ,ho w eve r,  i s  t o  lo o k  a t  

t h e ^ j r e a j^ n ^ w ^ t^ n ^  are reasonably f

A d m it te d ly ,  checking concav ity  on ly  a t  h i s t o r i c a l  p r i c e s  w i l l  no t  

e xh a u s t  th e  r e g io n .  I t  seems more p r a c t i c a l  to  check concav ity  

on ly  a t  h i s t o r i c a l  p r ic e s  and, in  the  cases where t h i s  re q u ire m e n t  

i s  v i o l a t e d ,  c e r t a in  pa ram e te rs  w i l l  s im p ly  not be a llowed t o  be 

nega tive  in  the  e s t im a t io n .  The usefu lness o f  the model w i l l  th e n  

be based upon i t s  a b i l i t y  t o  f i t  the data in  the  h is to r y  g iven  th a t  

i s  s a t i s f i e s  a l l  the d e s ira b le  p ro p e r t ie s  o f the cost f u n c t io n .

See Chapter 3 ,  se c t io n  3 f o r  d isc u s s io n .

The t h e o r e t i c a l  work has been done by Treadway, see re fe rences  to  

Chapter 2 .

Inc re as in g  re tu rn s  t o  labo r i n  the  sho r t  run i s  c o u n te r - th e o re t ic a l  

due t o  the  pe rcep tion  th a t  the sho r t  run p ro d u c t io n  f u n c t i o n  w i th  

c a p i t a l  f i x e d  s h o u ld  e x h i b i t  d im in is h in g  re tu rn s  t o  la b o r .  This

FOOTNOTES
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p e r c e p t io n  i s  j u s t i f i e d  by a rg u in g  t h a t  o ve r  th e  c y c l e ,  le s s  

p r o d u c t i v e  labor i s  employed t o  meet sho r t  run increases in  demand 

which in  tu rn  s h o u ld  lo w e r  average la b o r  p r o d u c t i v i t y  o v e r  th e  

c y c le .

6 . For a b r i e f  survey o f the h i s t o r i c a l  exp lana tions  o f  t h i s  c y c l i c a l  

b e h a v io r ,  see White and Berndt ( 2 ) .  A ls o ,  v a r io u s  is s u e s  o f  th e

§ I 2 2 !siD9 § - E iB g r § - 2 D - i£ 2 D2 !D i£ - . ^ £ t iy i i ^  deal e x te n s iv e ly  w ith  t h i s  

s u b je c t .

7 .  A number ot s tud ie s  are l i s t e d  in  Chapter 2 .

8 . The ra te  of d e p re c ia t io n  o f a geometric lag w i th  mean 10 ye a rs  i s

i s  0 .9 0 9  . With t h i s  d e p re c ia t io n  r a te ,  the amount re ta in e d  a f t e r
5

5 years i s  equal t o  .91 ,  which equals .62 .

9 .  See ( 1 ) .
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Chapter 4 

C ons truc t ion  o f Data

The model described in  the prev ious  chapter was estim ated f o r  each 

o f  53 i n d u s t r i e s  which cover the e n t i r e  U.S. economy. The t i t l e s  f o r  

th e se  i n d u s t r i e s  a re  l i s t e d  in  Append ix  A. C o n s e q u e n t ly ,  d a ta  on 

em p loym ent,  in v e s tm e n t ,  o u tp u ts ,  the re le va n t in p u t  p r ic e s  and a f i r s t  

guess a t the c a p i ta l  stock must be gathered and cons truc ted  f o r  each o f  

th e s e  in d u s t r i e s .  The methods and sources used to  compile the data f o r  

the model i s  reviewed in  t h i s  chap te r.

The in ves tm en t data used f o r  th a r  study i s  based upon a c o l le c t io n  

o f 87 1977 d o l la r  in v e s tm e n t  s e r ie s  b e g in n in g  i n  1927 wh ich  a re  th e  

r e s u l t  o f  research by the INFORUM p r o je c t .  These s e r ie s  have been used 

in  the past t o  es t im ate  investment equations which make up p a r t  o t  th e  

INFORUM m o d e l .  W ith  one e x c e p t i o n ,  t h e r e  e x i s t s  a c o n s is te n t  

aggregation  scheme from these 87 -o rder INFORUM investment sec to rs  t o  the

53 investment sec to rs  used in  t h i s  s tudy . Consequently, the sources f o r  

the investm ent data are those o f the  INFORUM investment se c to rs  and a re  

descr ibed in  d e t a i l  in  (2 ) .

F u r th e r  work was undertaken, however, t o  d isaggrega te the Finance, 

In s u ra n c e  and S e rv ic e  s e c to r  (F IS )  i n  th e  INFORUM c l a s s i f i c a t i o n  

( n o . 8 6 ) ,  i n t o  se v e n  s e r v i c e  s u b s e c t o r s ,  making use o t  r e c e n t l y  

cons truc ted  d a ta .  These sec to rs  a re :
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Sector T i t l e

49 Finance and Insurance

50 Real Estate

51 Hote ls  and Repairs Minus Auto

52 Business Services

53 Auto Repai r

54 Movies and Amusements

55 Medical and Educationa l Services

The c o n s t ru c t io n  o t s e rv ice  sec to r  investment was accomplished by making 

use o t  two separate sources o f in fo rm a t io n .

On the one hand, owing to  the data work completed f o r  th e  INFORUM 

m ode l,  t h e r e  e x i s t s  at le a s t  an approx im ation o f what t o t a l  investment 

by FIS was over the h is to r y .  T h is  a p p ro x im a t io n  was computed as th e  

d i f f e r e n c e  between th e  t o t a l  c u r re n t  d o l la r  purchases o f equipment a t 

t im e t  and the sum o f  equipment pu rchases  by a l l  o t h e r  i n d u s t r i e s  a t  

t im e  t ,  th e  l a t t e r  d e r iv e d  from  v a r io u s  sou rces  d e s c r ib e d  i n  ( 2 ) .  

Consequently, FIS investment i s  computed as a r e s id u a l  i n  th e  INFORUM 

m o d e l .  A l th o u g h  th e r e  a re  p rob lem s w i th  t h i s  method o f  com puting  

inves tm en t,  and th e re fo re  inaccu rac ie s  in  the r e s u l t in g  t im e s e r i e s ,  i t  

was f e l t ,  n e v e r th e le s s ,  th a t  the computed t im e s e r ie s  would be used as 

the bas is  f o r  de te rm in ing  in v e s tm e n t  by th e  s e r v ic e  s e c to r s  f o r  t h i s  

s tudy .

The Bureau o f  Labor S t a t i s t i c s  (BLS) p rov ides in  (4) seven se rv ice  

sec to r  investment s e r ie s  up t o  1974, and i n  bo th  c u r r e n t  and c o n s ta n t  

1972 d o l l a r s .  They co rre s p o n d  e x a c t ly  t o  the seven l i s t e d  above. We 

des ire d  t o  use t h i s  d a ta ,  combined w i th  the in fo rm a t io n  embodied i n  th e  

r e s id u a l  INFORUM s e c to r  n o . 8 6 ,  t o  con s tru c t  t ime s e r ie s  by in d iv id u a l
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se rv ice  sec to rs  in  1977 d o l la r s  through 1977. This combination was done

in  the fo l lo w in g  s teps : /

( i )  The BLS investment s e r ie s  were moved forward to  1977 by t h e i r

re sp e c t ive  c u rre n t  and 1972 d o l l a r  o u t p u t s .  T h is  p ro v id e d

t im e  s e r ie s  i n  c u r r e n t  and 1972 d o l l a r s  o f  in ves tm en t by
2

va r iou s  se rv ice  sec to rs  up to  1977.

( i i )  These se r ie s  were then scaled in  each year o f  the h i s t o r y  t o  

th e  FIS t o t a l s  d e r iv e d  f o r  th e  INFORUM m ode l.  T h is  then 

prov ided s e r ie s  in  c u r re n t  and 1972 d o l l a r s  wh ich  remained 

c o n s is t e n t  w i th  work p re v io u s ly  done by INFORUM w h ile  a t the 

same t im e  in c o r p o r a t i n g  th e  in f o r m a t i o n  embodied in  th e  

d isaggregated data provided by BLS.^

( i i i )  Using t h e  in v e s t m e n t  s e r i e s  t h u s  c r e a t e d ,  in v e s tm e n t  

d e f la to r s  were then cons truc te d  f o r  each s e r v ic e  i n d u s t r y .  

Us ing th e s e  d e f l a t o r s ,  1977 d o l l a r  in ves tm en t to  1977 was 

then computed from the c u r re n t  d o l l a r  s e r ie s .

Investment in  years p r io r  to  1947 e x i s t s  f o r  a g g re g a te  F IS . The 

assum p t io n  made f o r  t h i s  study is  t h a t  the p ro p o r t io n  o f investment by 

in d iv id u a l  s e rv ice  in d u s t r ie s  t o  aggregate FIS i n  1947 h o ld s  p r i o r  t o  

1947. The e a r l i e r  FIS investment was apportioned a c c o rd in g ly .

Outgut

Outputs by in v e s t in g  in d u s t r ie s  are de r ived  from v a r io u s  s o u rc e s ,  

many o f  which p rov ide  indexes by which we move forward the ou tpu ts  g iven 

in  the  1972 BEA in p u t -o u tp u t  ta b le .  The t im e s e r ie s  used f o r  t h i s  study 

a g a in  d raw  h e a v i l y  upon work u n d e r ta k e n  on b e h a l f  o f  th e  INFORUM 

p r o j e c t .  The o u tp u ts  a r e ,  c o n s e q u e n t ly ,  s im p le  a g g re g a te s  o f  t h e
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INFORUM 200 le v e l  o u tp u ts .  The sources are descr ibed in  ( 2 ) .

Ejnglo^ment

Using d a ta  a v a i l a b le  from  Emglo^ment_and_Earning_s (E E ) ,  t o t a l  

em p loym ent o f  p r o d u c t io n  and n o n -p ro d u c t io n  w o rk e rs  from  1947 a re  

d i s t i n g u i s h e d  in  m a n u fa c tu r in g  i n d u s t r i e s .  In  some m a n u fa c tu r in g  

i n d u s t r i e s ,  how ever, employment data d id  not extend back t o  1947. In  

these cases, data was cons truc ted  in  one o f two ways.

In  most ca s e s ,  i t  was p o s s ib le  t o  compute employment b y ,  s a y ,  

t h r e e - d i g i t  SIC as a r e s id u a l  r e s u l t i n g  when s u b t r a c t i n g  from  th e  

tw o - d ig i t  SIC c la s s i f i c a t io n  the sum o f  employment o f  a l l  t h r e e - d i g i t  

SIC s e c to r s  wh ich  make up th e  t w o - d i g i t  category and wh ich, to g e th e r  

w i th  the re s id u a l s e c to r ,  exhaust the ca tegory .

In  fewer cases, data was cons truc ted  by m a in ta in in g  back t o  1947 

th e  e a r l i e s t  p o s s ib le  r a t i o  o f  employment o f  the re le v a n t  t h r e e - d ig i t  

SIC category to  the employment o f  the tw o - d ig i t  SIC category o f which i t  

was a member. A l l  tw o - d ig i t  ca tego r ies  had data back t o  1947.

To i l l u s t r a t e ,  l e t  E j^ t )  be the  t o t a l  employment a t  t im e  t  o f  th e  

k *^1 t w o - d i g i t  SIC s e c to r  and l e t  E , . ( t )  be th e  employment o f  the i t ^ 

t h r e e - d ig i t  SIC sec to r  such th a t  E..(t)  i s  a subset o f  E ^ ( t ) .  For each

i ,  l e t  T be th e  f i r s t  y e a r  f o r  w h ich  employment d a ta  e x i s t s  a t the 

t h r e e - d ig i t  le v e l .  E . . ( t ) ,  t  ® 1 , . . . T  -  1 ,  a re ,  c o n s e q u e n t ly ,  unknown. 

Th is  e a r l i e r  data i s  then cons truc ted  as fo l lo w s :

E. = E. * { E . ( t ) / E ,  ( t ) >  i  k l  k (1)
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where

1^ = set o t  t h r e e - d ig i t  SIC sec to rs  in  the tw o - d ig i t  

SIC s e c to r .

In  t h i s  way, th e  sum o f employment by t h r e e - d ig i t  SIC equals the t o t a l  

employment number o t the re le va n t tw o - d ig i t  sec to r  f o r  a l l  years:

Z E. = Z E . * { E . ( t ) /E .  ( t ) >  = E.Ct) t = 1 , . . . T - 1
^  1 ^  K 1 K K

since

Z E . ( t ) /E .  ( t )  = 1.
i  1 k

T o ta l  employment f o r  th e  n o n m a n u fa c tu r in g  s e c to r s  w e re  ta k e n  

d i r e c t l y  from work p re v io u s ly  undertaken.^

£yerage_Hourl2_>ComgeQsation_and_Ayerage_Week 1};._Hou£s

The c o n s t r u c t i o n  o f  a v e ra g e  h o u r l y  c o m p e n s a t io n  d a ta  f o r  

m a n u fa c tu r in g  proceeded i n  th re e  s tages. F i r s t ,  average ho u r ly  wages 

f o r  p rodu c t ion  workers were c o l le c te d ;  and, where necessary, wage d a ta  

was c o n s t r u c te d  back t o  1947. N e x t ,  wages f o r  nonproduction workers 

were in fe r r e d  from a com bina tion  o f  a g g re g a te  m a n u fa c tu r in g  d a ta  and 

i n d u s t r y  s p e c i f i c  wage d a ta  f o r  p rodu c t ion  workers. F in a l l y ,  average 

h o u r ly  com pensa tion  f o r  p r o d u c t io n  and n o n p r o d u c t io n  w o r k e r s  was 

c ons truc te d .  A d e s c r ip t io n  o f  each o f  these stages fo l lo w s .

EE p ro v id e s  data o n uaaes and hours worked,  in  most cases, back t o  

1947. In  cases where data does not e x is t  back t o  1947 , th e  p ro c e d u re s  

used t o  c o n s t r u c t  th e  employment s e r ie s  were l ik e w is e  used t o  p ro je c t
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back both wages and average weekly hours, i . e . ,

V I.( t )  = <W.(t)/W. ( t» *W .  Ct)i  i  k k

H ^ t )  = CHi (T ) /H k CT)>*Hj<( t )  t = 1 , . . . T - 1 ;  i eI k

where

T and 1^ are de f ined  as above, and:

W^(t) = average hou r ly  compensation o f the kt *1 tw o - d ig i t  

SIC s e c to r ;

H^Ct) = average weekly hours o f the k**1 tw o - d ig i t  SIC 

s e c to r ;

W^(t) = average hou r ly  wage o f the i **1 t h r e e - d ig i t  s e c to r ,  

such th a t  i  e 1^;

H,.(t) = average weekly hours o f the i **1 t h r e e - d ig i t  SIC 

s e c to r ,  such th a t  i  e 1^.

Th is  procedure a l low s the maintenance o f cons is tency between th e  w e ek ly  

wage b i l l  by t w o - d i g i t  SIC and the same wage b i l l  computed by summing 

over the t h r e e - d ig i t  SIC s e c to rs .

Using the fo l lo w in g  manufacturing data from the N g tiona llncom e^gnd  

P ro d u c t  AccountsCINIPA) „ average  h o u r ly  e a rn in g s  f o r  n o n -p ro d u c t io n  

workers in  t o t a l  manufacturing may be in fe r r e d .

( i )  average h ou r ly  earn ings f o r  p rodu c t ion  workers

( i i )  average weekly earn ings f o r  p rodu c tion  workers

( i i i )  t o t a l  p rodu c tion  workers

( i v )  t o t a l  wages and s a la r ie s ,  a l l  workers

(v )  t o t a l  hours f o r  a l l  employees in  p rodu c tion

( v i )  t o t a l  compensation f o r  a l l  employees.
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T o t a l  wages and s a l a r i e s  f o r  p r o d u c t i o n  w o r k e r s i s  g i v e n  by

( i )  ♦ ( i i )  *  ( i i i )  *  52 . S u b t r a c t in g  t h i s  q u a n t i t y  from ( i v )  g ives  

t o t a l  wages and s a la r ie s  f o r  n on -p rod uc t ion  w o rk e r s .  T o ta l  hou rs  f o r  

n o n - p r o d u c t ion workers i s  g iven by (v) -  ( i i )  *  ( i i i )  *  52. Once wages 

f o r  non -p roduc tion  workers are  com puted, th e  r a t i o  o f  n o n -p ro d u c t io n  

w o rke r 's  wages to  p roduc tion  worker wages is  then c o n s tru c te d ,  wh ich, in  

t u r n ,  i s  used t o  compute n o n -p ro d u c t io n  worker wages at the in d u s t ry  

le v e l .  Thus , f o r  s e c to r  M, a t  t im e  t ,  th e  wage f o r  n o n -p ro d u c t io n  

workers i s  g iven  by

W^(M,t) = ■CW2 ( t ) /W 1 ( t)>*W 1 (M ,t)

where

W^(M,t) = wage o f non -p roduc tion  workers f o r  sec to r  M 

a t t im e t

W^(M,t) = wage o f p rodu c t ion  workers f o r  sec to r  M a t  

t im e t

W2 ( t )  = a l l  manufacturing non-p roduc tion  wages a t t im e t  

W^(t) = a l l  m anufacturing p rodu c t ion  wages a t  t im e t .

A f t e r  t h i s  c a l c u l a t i o n ,  i t  remains t o  convert the average hou rly  

e a rn in g s  d a ta  t o  average  h o u r ly  c o m p e n s a t io n  f o r  p r o d u c t i o n  and 

n o n p ro d u c t io n  w o rk e rs ,  th e  cos t o f  employing labor which should e n te r  

the equ a tions . There e x is ts  Gross P ro d u c t  O r i g in a t i n g  (GPO) d a ta  on 

average  h o u r ly  compensation f o r  a l l  employees f o r  38 in d u s t r ie s ,  which 

are d i r e c t  aggregates o f  the 53 in v e s tm e n t /p ro d u c t iv i t y  i n d u s t r i e s .  I  

assumed t h a t  th e  r a t i o  o f  t o t a l  compensatio n  f o r  nonproduction workers 

to  t o t a l  compensation f o r  p rodu c t ion  workers was i d e n t i c a l  t o  th e  l i k e
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r a t i o  f o r  wages and s a l a r i e s .  The 53 wage s e r ie s  f o r  p rodu c tion  and 

nonproduction workers were then scaled upwards in  a way which p re s e rv e d  

th e  r e l a t i v e  s ize  o f the compensation b i l l  o f  the 53 sec to rs  w i th in  the 

a p p ro p r ia te  6P0 s e c to rs .

Once the wage, hours and employment d a ta  a re  c o n s t r u c te d  back t o  

1947, they are then aggregated in t o  the app ro p r ia te  53 o rder sec to rs  and 

scaled t o  equal the aggregate t o t a l s  in  the NIPA.

Average h o u r ly  com pensa tion  data  f o r  nonmanufacturing in d u s t r ie s  

were taken d i r e c t l y  from the 6P0 s e r ie s .

lQ ££9¥-E li£§§

E n e r g y  p r i c e s  f a c e d  by i n d u s t r y  were  com pu ted  u s in g  t h e  

i n p u t - o u t p u t  c o e f f i c i e n t s  i n  th e  1972 1 -0  t a b le  r e l e v a n t  t o  each  

in d u s t ry  being s tu d ie d .

L e t  e ^  e q u a l  t h e  r a t i o  o f  t h e  i * * 1 ene rgy  in p u t  t o  th e  j * * 1 

i n d u s t r y 's  o u tp u t .  For t h i s  work, th e re  are f i v e  ene rgy  i n p u t s .  They 

are

( i )  re f in e d  petroleum products  exc lud ing  fu e l  o i l

( i i )  coal

( i i i )  n a tu ra l  gas u t i l i t i e s

( i v )  e l e c t r i c  u t i l i t i e s

(v) fu e l  o i l

Le t P , . ( t )  be th e  o u tp u t  d e f l a t o r  f o r  th e  i **1 energy in p u t  a t  t im e t .  

Then the  energy p r ic e  faced by the in d u s t ry  a t t im e t  i s  g iven  by
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T h is  p ro v id e s  a t im e  s e r ie s  o f  ene rgy  p r i c e s  from  1947 t o  th e  

p re s e n t  f o r  each i n d u s t r y ,  d i f f e r i n g  by in d u s t r y .  The shortcoming o f 

t h i s  approach i s  t h a t  i t  assumes t h a t  th e  r e l a t i v e  p r o p o r t io n s  o f  

d i f f e r e n t  energy sources remains cons tan t.

y § § £ -£ 9 § t-2 l-£ iB iii i

The user cost o f c a p i ta l  i s  g iven  by

r  = rea l ra te  o f d is c o u n t ;  

dep *  the ph ys ica l d e p re c ia t io n  ra te ;

z *  the present va lue o f  a d e p re c ia t io n  stream from a 

d o l l a r ' s  worth o f  investm ent;

C = investment tax c r e d i t ;

T = corpo ra te  tax  r a te .

T and C were the eas ies t  components t o  compute s in c e  th e y  were ta k e n

The d e te rm in a t io n  o f  the p r ic e  o f  equipment i s  descr ibed in  (2) f o r  

the 87 INFORUM s e c to rs .  The c o r re s p o n d in g  equ ipm ent p r i c e s  used f o r  

t h i s  s tu d y  were computed as w e ig h te d  ave rages  o f  th e  87 equ ipm ent

U. = P *  Cr+dep) *  (1 -T z -C )/ (1-T) K eq

where

Peq = p r ic e  o f equipment;

d i r e c t l y  from In te rn a l  Revenue Serv ice P u b l ic a t io ns. No s p e c ia l e f f o r t  

was made to  compute e f f e c t i v e  ra tes  a t the in d u s t ry  le v e l . ^



p r ic e s ,  where the weights were the r a t io s  o f  investment in  each y e a r  i n

th e  i t *1 8 7 - o r d e r  s e c to r  t o  in v e s tm e n t  i n  th e  k t 1̂ 53 o rder sec to r  o f  

t  hwhich the i  sec to r  i s  a p a r t .

The p h y s ic a l ra te  o f d e p re c ia t io n ,  dep , and th e  p re s e n t  v a lu e  o f  

ta x  d e p r e c ia t i o n ,  z ,  depend upon th e  average se rv ic e  l i f e  o f  c a p i ta l  

purchased by in d u s t r y  and th e  average  ta x  l i f e  used by in d u s t r y  f o r  

com puting  the d e p re c ia t io n  stream, r e s p e c t iv e ly .  The average tax  l i v e s  

are w e igh ted  ave rages  o f  th e  ta x  l i v e s  c o n s t r u c te d  f o r  th e  INFORUM 

m ode l. The tax  l i v e s  r e f l e c t  the changing compos i t i o n  o f  the equipment 

purchased by in d u s try  as w e l l  as the changing tax  laws.^  The l i v e s  used 

t o  com pu te  t h e  p h y s i c a l  r a t e  o f  d e p r e c ia t i o n  a re  th o s e  used f o r  

computing z w ith ou t the adjustment f o r  the changing tax  laws.^

W h ile  th e  p h y s ic a l  d e p r e c ia t i o n  r a te  depends upon th e  average 

se rv ic e  l i f e  o f  c a p i t a l ,  the a c tu a l form o f  the re la t io n s h ip  must be one 

w h ich  i s  c o n s is te n t  wi t h  the method used t o  compute the capitaL s tock .  

As we saw in  Chapter 3 ,  th e  method o f  com puting  th e  d e p r e c ia t i o n  o f  

e q u ip m e n t  and , hence , th e  c a p i t a l  s t o c k ,  depends upon two s e ts  o f  

parameters: the "w e ig h ts "  on th e  th r e e  d e p r e c ia t i o n  s tream s and th e  

" s p i l l "  ra te s  used to  co n s tru c t  the buckets from which the d e p re c ia t io n  

s tream s a re  d e r iv e d .  The s e t  o f  w e ig h t s  a r e  d e t e r m in e d  i n  t h e  

e s t im a t io n  o f  the equations sub jec t to  the l in e a r  r e s t r i c t i o n  th a t  they 

sum to  u n i t y .  The s p i l l  ra te s  are chosen based upon the assumed average 

se rv ic e  l i f e  o f  the equipment and are id e n t ic a l  t o  the  d e p re c ia t io n  ra te  

which appears in  the user cost o f  c a p i t a l .

To see why i t  i s  d e s i ra b le  f o r  th e  s p i l l  r a te  so chosen and th e  

d e p r e c ia t io n  ra te  which en te rs  the usercost to  be the same, assume th a t  

the average se rv ic e  l i f e  i s  g iven by L * ,  and the w e ig h ts  a re  p ic k e d  so

-  77 -
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th a t  d,j = = 0 and d^ = 1. The d e p re c ia t io n  i s ,  then ,  g iven  by

D (t)  = (1 -X /1 -X L ) 3 I t

where L i s  th e  lag  o p e r a to r .  We, th e re fo re ,  wish the average se rv ice  

l i f e ,  L * ,  t o  equal the mean o f the lag d i s t r i b u t i o n  ( 1 -  x ) ^ / ( 1 “ X L ) 3 ,  

s in c e  b o th  r e p re s e n t  the length  o f t im e ,  on average, th a t  i t  takes f o r  

equipment t o  f u l l y  d e p re c ia te .  The mean lag i s  determined by ta k in g  the 

d e r iv a t iv e  o f the lag po lynom ina l and e v a lu a t in g  i t  a t  L = 1 .  Doing 

t h i s  g iv e s  the  average s e rv ice  l i f e ,  L * ,  expressed in  terms o f the ra te  

o f r e te n t io n ,  x ,  as

L* = 3X/C1-?)

The ra te  or re te n t io n  in  terms o f the  average se rv ice  l i f e  i s  then g iven  

by

A = L*/(L*+3)

and the  ra te  o t  d e p re c ia t io n  which e n te rs  th e  u s e rc o s t  (and th e  s p i l l  

ra te  used t o  compute the c a p i ta l  s tock) becomes

S ince  d e p r e c ia t i o n  i s  computed by assuming a p a r t i c u la r  v e c to r  o f  

d ' s ,  L*  a c tu a l ly  represents  the upper bound o f p o s s ib le  average  l i v e s .  

With d<| and d^ g re a te r  than ze ro ,  the im p l ied  average s e rv ice  l i f e  would

\



it

The r e a l  r a t e  o f  i n t e r e s t  i s  d e f in e d  as th e  nom ina l r a te  o f  

i n t e r e s t  m inus th e  e j e c t e d  r a t e  o f  i n f l a t i o n .  The p ro b le m  o f  

c o n s t r u c t i n g  a r e a l  r a te  s e r i e s ,  t h e r e f o r e ,  i s  one o f  f i n d i n g  th e  

a p p ro p r ia te  express ion f o r  the expected ra te  o f i n f l a t i o n .  T y p i c a l l y ,  

e xpe c ted  i n f l a t i o n  i s  represented by a weighted average o f present and 

past i n f l a t i o n  ra te s ;  consequently , the problem becomes one o f  f i n d i n g  

the e x p ro p r ia te  weights on present and past ra tes  o f i n f l a t i o n  which may 

be used t o  com pute  th e  expe c ted  r a te  o f  i n f l a t i o n .  The computed 

expected ra te  o f i n f l a t i o n  may t h e n ,  i n  t u r n ,  be s u b t r a c te d  from  th e  

nom ina l ra te  o f  in te r e s t  to  p rov ide  the expected re a l ra te  o f  d is c o u n t .

To f in d  app ro p r ia te  w e igh ts ,  we reasoned t h a t  s in c e  th e  expe c ted  

r a te  o t  i n f l a t i o n  was t o  be compared t o  the nominal ra te  o f i n t e r e s t ,  

the weights should show i n f l a t i o n  expe c ta t io ns  as they are r e f l e c t e d  i n  

th e  nom ina l r a t e .  So, th e  r e a l  r a te  o f  d is c o u n t  was de r ived  from a 

regress ion  equation  r e la t in g  the AAA bond r a te  t o  th e  g ro w th  r a te s  i n  

money, 6NP and p r ic e s :

n. = F(Q,M) + z v . A P. . t  ^ 1 —

where
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be s h o r te r  th a t L .

n^ = AAA bond ra te

F = a fu n c t io n  o f o u tp u t ,  Q, and money, M2; and, 

L_ Pt  = percentage change in  the GNP p r ic e  d e f la t o r .
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F tu rned  out t o  be a d i s t r ib u te d  Lag on the M2-GNP r a t i o .  The r a t io n a le  

f o r  t h i s  v a r i a b le  was t h a t  i t  r e f le c te d ,  app ro x im a te ly ,  the  degree o f 

monetary s t r in g e n c y  which in  tu rn  has a nega tive  short  run a f fe c t  on the 

nominal ra te  o f  in t e r e s t .  The re a l ra te  i s  then g iven  by

where V*s are the estim ated p a ra m e te rs  from  th e  r e g r e s s io n  e q u a t io n .

The re g re s s io n  r e s u l ts  are reported  in  ( 1 ) .  They g iv e  a t im e s e r ie s  on

re a l ra te s  which show a p o s i t i v e  tren d  over the h is to r y .

There were some d i f f i c u l t i e s  w i th  the re a l  ra te  so d e r iv e d .  In  the

f i r s t  p la c e ,  the  ra te  computed in  t h i s  way measured th e  exp e c te d  r e a l

r a te  o f  r e tu rn  f o r  a p a r t i c u la r  yea r;  and t h i s  p ro p e r ly  belongs in  the

user cost o n ly  under the  assum ption  o f  s t a t i c  e x p e c ta t io n s .  Second,

movement i n  th e  r e a l  ra te  changed s ig n i f i c a n t l y  depending upon whether

o r not one requ ired  the  nominal ra te  t o  e v e n tu a l ly  a d ju s t  f u l l y  t o  th e

r a t e  o t  i n f l a t i o n .  For t h i s  r»nu-ir»m«n+r »ka c m  rvf ^  ^

p re sent and past i n f l a t i o n  must be u n i t y .  Should t h i s  re q u i re m e n t  n o t

be im posed, the  weights would tend t o  sum t o  a number cons ide rab ly  less 
e

than one.

For th e s e  re a s o n s ,  we c hoose t o  use a c o n s t a n t  r e a l  r a t e  o f

d iscoun t over the  h i s t o r y ,  the  ra te  chosen t o  be the average o f  the  re a l

r a te s  computed by the procedures ju s t  desc r ib ed . The average re a l ra te
o

o f  in te r e s t  used tu rned out t o  be .0257.
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£§BiJ§i-S£ock

As was described in  the prev ious  chap te r ,  the f i n a l  c o n s t ru c t io n  o f 

th e  c a p i t a l  s to c k  must a w a i t  th e  f i n a l  e s t im a te d  p a ra m e te rs  o f the 

model. However, as may be seen in  equation  (19) o f chapter 3 ,  a t  le a s t  

some a p p ro x im a te  measure o f  c a p i ta l  must be used in  o rder to  es t im a te  

the  investm ent equa tion . In  o rder to  do t h i s ,  p r i o r  "g u e s s e s "  a t  th e  

d ' s  were made in  o rd e r  to  compute a f i r s t  es t im ate  o f c a p i t a l .  A more 

d e ta i le d  d iscuss io n  o f t h i s  procedure i s  found in  the next chap te r .
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Appendix A: In d u s t ry  T i t l e s

1 FARMS AGR. SERVICES,FORESTRY,FISHERY (1)
2 CRUDE PETROLEUM AND NATURAL GAS (4)
3 MINING (2 ,3 ,5 )
4 CONSTRUCTION ( 6 )
5 FOOD, TOBACCO (7)
6 TEXTILES ( 8 )
7 KNITTING, HOSIERY (9)
8 APPAREL AND HOUSEHOLD TEXTILES (10)
9 PAPER (11)

10 PRINTING (12)
11 AGRICULTURE FERTILIZERS (13)
12 OTHER CHEMICALS (14)
13 PETROLEUM REFINING & FUEL OIL (15,16)
14 RUBBER AND PLASTIC PRODUCTS (17,18)
15 FOOTWEAR AND LEATHER (19)
16 LUMBER (20)
17 FUNITURE (21)
18 STONE,CLAY & GLASS (22)
19 IRON AND STEEL (23)
20 NON-FERROUS METALS (24,25)
21 METAL PRODUCTS (26)
22 ENGINES & TURBINS (27)
23 AGRICULTURE MACHINERY (28)
24 EMPTY
25 METALWORKING MACHINERY (30)
26 RESIDENTIAL
27 SPECIAL INDUCTRY MACHINERY (31)
28 MISC.NONELEC. MACHINERY (29,32)
29 COMPUTERS & OTHER OFFICE MACHINERY (33,34)
30 SERVICE INDUCTRY MACHINERY (35)
31 COMMUNICATIONS MACHINERY (36)
32 HEAVY ELECTRICAL MACHINERY (37)
33 HOUSEHOLD APPLIANCES (38)
34 ELECTRICAL LIGHTING & WIRING EQUIP (39)
35 RADIO,T.V.RECEIVING,PHONOGRAPH (40)
36 MOTOR VEHICLES (41)
37 AEROSPACE (42)
38 SHIPS & BOATS (43)
39 OTHER TRANSPORTATION EQUIP. (44)
40 INSTRUMENTS (45)
41 MISC. MFG. (46)
42 RAILROADS (47)
43 AIR TRANSPORT (50)
44 TRUCKING AND OTHER TRANSPORT (48 ,49 ,51 ,52)
45 COMMUNICATIONS SERVICES (53)
46 ELECTRIC UTILITIES (54)
47 GAS,WATER & SANITATION (55,56)
48 WHOLESALE & RETAIL TRADE (57,58)
49 FINANCE & INSURANCE (60)
50 REAL ESTATE (61)
51 HOTELS & REPAIRS MINUS AUTO (63)



52 BUSINESS SERVICES (64)
53 AUTO REPAIR (65)
54 MOVIES & AMUSEMENTS (6 6 )
55 MEDICAL & ED. SERVICES (67)



T o ta l  c u r r e n t  d o l l a r  in v e s tm e n t  i s  found  in  th e  v a r i o u s  J u l y  

Sy£ve^s_of_Current_Business (SCB),  ta b le  5 .6 .

At the  t im e t h i s  study was unde rtaken , BLS was i n  th e  p ro c e s s  o f  

com pil ing  investment data through 1977.

The s c a l in g  lead  t o  t im e  s e r ie s  which looked very d i f f e r e n t  from 

the ones o r i g i n a l l y  p ro v id e d  in  ( 4 ) .  T h is  d id  n o t  cause g r e a t  

c o n c e rn  s in c e  th e  a cc u ra c y  o f  th e  BLS s e r ie s  c o u ld  be e a s i l y  

ques tioned . The investment numbers were cons truc ted  from I n t e r n a l  

Revenue S e r v i c e  p u b l i c a t i o n s  on c a p i t a l  consum p tion  and n e t  

d ep rec iab le  asse ts .  In  some cases, t h i s  method lead t o  in v e s tm e n t  

s e r ie s  wh ich  were u n re a s o n a b ly  v o l a t i l e  even by investment data 

s tandards. For exam p le , in v e s tm e n t  by REAL ESTATE AND RENTALS 

jumped from  77 m i l l i o n  in  1965 t o  o v e r  one b i l l i o n  in  1966 in  

c u r re n t  d o l la r s .  Investment by AUTO REPAIR increased by almost 600 

percent fom 1963 to  1964. (4) p rov ides an ex tended d is c u s s io n  o f  

the  d e f ic ie n c ie s  o f the IRS da ta .

The n o n m a n u fa c tu r in g  s e c to r s  a re  1 ,4 ,4 2 ,4 3 ,4 4 ,4 5 ,4 8 ,4 9 -5 5 .  See 

appendix A f o r  t i t l e  names. These d a ta  were com p iled  o v e r  th e  

y e a rs  by th e  INFORUM p r o j e c t .  The main sources are va r iou s  J u ly  

issues o f  SCB.

Almon and B a rbe ra  (2 )  in t ro d u c e d  in t o  t he user cost the r a t i o  o f 

debt t o  e q u i t y .  I t  was reasoned th a t  the form o f f in a n c in g  a f fe c ts  

the cost o f  c a p i ta l  se rv ices  s ince the in te r e s t  payment on d e b t i s  

d e d u c t i b l e  from  income w h i le  d iv ide nd  payments t o  s tockho lde rs  i s  

n o t .  The m o d i f ic a t io n  t o  th e  u s e rc o s t  p roved  t o  be o f  no m a jo r  

s i g n i f i c a n c e  t o  th e  f i t s  o f  th e  e q u a t io n s .  Part o t  the problem

FOOTNOTES
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could have been the  poor measurement o f  debt and e q u ity  used i n  th e  

s tudy .

6 . The t a x  l i v e s  t h r o u g h  1970 used f o r  t h i s  s tu d y  a re  base d , 

p r im a r i l y ,  upon the work undertaken by Mayor ( 6 ) w i t h  some m ino r  

m o d i f i c a t i o n s .  A Chase Econometrics re p o r t  (3) concludes th a t  the 

1962 change in  the d e p re c ia t io n  laws lowered the  average ta x  l i v e s  

f o r  equ ipm en t by 20 percent across a l l  in d u s t r ie s .  Thus, Mayor's 

pe 1962 d a ta  was a d ju s te d  s l i g h t l y  t o  ag ree  w i th  t h i s  r e c e n t  

c o n c lu s io n .  S ince  1971 , ta x  l i v e s  f o r  equipment have been based 

upon th e  Asse t D e p r e c ia t io n  Range (ADR) sys tem , w h ic h  a l l o w s  

in v e s to rs  t o  c h o o s e t^x _ lJ ^ g g _ M il la i f lM ^ L a Q a f i^ ^ ^ IL ja g rc e n t  above or 

below the  l i v e s  e s ta b l is h e d  in  1962 f o r  each asset c la s s .  For t h i s  

s t u d y ,  th e  assum p t io n  i s  made t h a t  th e  lo w e r  bound o f  th e  ADR 

system is  s e le c te d ,  im p ly ing  a fu r t h e r  20 percent drop in  ta x  l i v e s  

b e g in n in g  i n  1971. F i n a l l y ,  ta x  l i v e s  were not pe rm it ted  t o  go 

below seven yea rs , s ince should t h i s  occu r ,  in v e s to rs  would f o r f e i t  

the  investment tax  c r e d i t .  We, th e r e fo re ,  assumed t h a t  i n v e s t o r s  

ch o se  t o  m a in ta in  e l i g i b i l i t y  f o r  th e  ta x  c r e d i t ,  r a th e r t h a n  

w r i t e - o f f  equ ipm en t a t  a f a s t e r  r a t e .  See ( 3 )  f o r  f u r t h e r  

d is c u s s io n .

7 .  Coen (5 )  found  ev idence  th a t  the  1962 Gujdg^jpps l i v e s  correspond 

best t o  the  ac tua l se rv ic e  l i v e s  o f  e q u ip m e n t .  Thus , th e  service 

l i v e s  o f  equ ipm en t by i n d u s t r y  a re  i d e n t i c a l  t o  th e  ta x  l i v e s  

w i th o u t th e  adjustments p r io r  t o  1962 and b e g in n in g  i n  1971 due t o  

changes in  the tax  laws.

8 . The t r u e  n a tu re  o f  th e  " r e a l "  r a te  o f  in te r e s t  depends upon the  

outcome o f a number o f  c o n t r o v e r s ie s  p re s e n t  i n  th e  l i t e r a t u r e .
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Among th e  issues are the r e la t io n s h ip  between the nominal ra te  and 

t h e  e x p e c te d  r a t e  o f  i n f l a t i o n ;  t h e  m echan ism  by  w h ic h  

e x p e c ta t io n s  are generated; and the re la t io n s h ip  between the  re a l 

ra te  o f in te r e s t  and s t a b i l i z a t i o n  p o l ic y .

9 . We experimented w i th  th e  r e a l  r a te  d e s c r ib e d  in  (1 )  as w e l l  as 

o t h e r  r e a l  r a t e s  e s t im a te d  a long  th e  l i n e s  o u t l i n e d  i n  t h i s  

chap te r.  In  a d d i t io n ,  we t r i e d  va r ious  constant rea l ra tes  as w e l l  

as t h e  one s e t t l e d  o n .  The e m p i r i c a l  r e s u l t s  w e re  n o t  

s i g n i f i c a n t l y  d i f f e r e n t  in  the va r iou s  cases.
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Chapter 5 

E s t im a t ion

1. In t r o d u c t io n

The model d e s c r ib e d  i n  C hap te r  3 was e s t im a te d  u s in g  th e  d a ta  

o u t l i n e d  in  C hapte r 4 f o r  53 i n d u s t r i e s .  A number o f problems were 

encountered, however, which requ ired  a l t e r a t io n  o f the f i n a l  form o f the 

model described in  Chapter 3 .  Some o f the changes a re  s i m p l i f i c a t i o n s  

w h ich  re s u l te d  from data l im i t a t i o n s .  Other changes were in troduced  in  

o rd e r  t o  p roduce  a f o r e c a s t i n g  m ode l w i t h  d y n a m ic  and lo n g  ru n  

p r o p e r t i e s  c o n s is te n t  w i th  f i r m l y  e s ta b l is h e d  e m p ir ic a l  f in d in g s  o f 

o the r  s tu d ie s .  These m o d if ic a t io n s  are d iscussed in  th e  n e x t  s e c t io n ,  

fo l lo w e d  by a d e s c r ip t io n  o f the model a c tu a l ly  es t im a ted . In  the t h i r d  

s e c t i o n ,  th e  e s t im a te s  o f  th e  model i n c o r p o r a t i n g  the m o d if ic a t io n s  

d iscussed in  se c t io n  2 is  presented. I t  w i l l  be observed th a t  the model 

cum p r io r s  does reasonably w e l l  a t  e x p la in in g  f a c t o r  demand o v e r  th e  

h i s t o r y  f o r  most i n d u s t r i e s .  I t  appea rs  t h a t  the movement o f  energy 

p r ic e s  played a s ig n i f i c a n t  ro le  in  expl a i n i n g  f a c t o r  demand b e h a v io r  

o v e r  th e  p a s t  25 yp«rct in  a minnr-it v  o f  in d u s t r ie s .  The f i n a l  se c t io n  

o f fe r s  some concluding remarks.

2 . Problems o f  E s t im a t ion

The complete model descr ibed in  Chapter 3 re q u ire d  th e  e s t im a t io n  

o f  f o u r  f a c t o r  demand e q u a t io n s  —  in v e s tm e n t ,  p r o d u c t io n  w o rke rs , 

non -p roduc tion  w orkers , and energy f o r  each in d u s t r y .  However, d a ta  on 

e n e r g y  dem and by i n d u s t r y  do n o t  e x i s t  a t  t h e  p r e s e n t  t i m e .
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Consequently, an energy demand equa tion  could not be e s t im a te d  i n  t h i s  

s tudy .

The m e thod  o f  c o n s t r u c t i n g  a v e ra g e  h o u r ly  com pensa tion  f o r  

n o n - p r o d u c t i o n  w o r k e r s  d e s c r i b e d  i n  C h a p te r  3 i s  b u t  a c ru d e  

a p p r o x im a t i o n  t o  t h e  t r u e  m easu re  by i n d u s t r y .  I t  was hoped, 

n o n e th e le s s ,  t h a t  t im e  s e r ie s  so c o n s t ru c te d  would be s a t i s f a c t o r y  

enough t o  p ro v id e  re a s o n a b le  parameter es t im ates f o r  the re la t io n s h ip  

between non-p roduc tion  workers on the  one hand and p r o d u c t io n  w o rk e rs  

and c a p i t a l  on th e  o t h e r .  The e a r l y  a t te m p ts  t o  use t h i s  data in  a 

th re e  equation  model o f  c a p i t a l ,  p rodu c tion  w orkers , and n o n -p ro d u c t io n  

w o rk e rs  were not s u c c e s s fu l ,  however. These attempts led c o n s is te n t ly ,  

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

f i n d i n g s  and o n e 's  own i n t u i t i v e  t h e o r e t i c a l  p o in t  o f  v ie w .  For 

example, the  r e s u l ts  seemed t o show th a t  n o n -p ro d u c t io n  w o rk e rs  were a 

be t t e r  s u b s t i t u t e  f o r  c a p i ta l  than p rodu c tion  workers i n  a m a jo r i t y  o f  

i n d u s t r i e s .  I n  f a c t ,  p r o d u c t io n  w o rk e rs  and c a p i t a l  showed up as 

complements i n  a m a jo r i t y  o f  in d u s t r ie s ,  w h i le  non -p roduc tion  workers 

and c a p i t a l  were s t ro n g  s u b s t i t u t e s  i n  most i n d u s t r i e s .  F o r  t h e  

pu rpo ses  o f  long  te rm  f o r e c a s t i n g ,  i t  was f e l t  t h a t  the s im p le r two 

equa tion  model, wh ich  re s te d  upon a f i r m e r  d a ta  b a s e ,  wou ld  p ro v id e  

s u f f i c i e n t  in fo rm a t io n .  Consequently, the  r e s u l t s  presented in  the  next 

s e c t io n  are  those o f  a two equa tion  system e x p la in in g  investment demand 

and the  demand f o r  a g g re g a te  la b o r  employment p e r  u n i t  o f  o u tp u t  by 

in d u s t r y .

The re m a in in g  changes imposed upon the  nodel in vo lved  the  use o f  

p r i o r  in fo rm a t io n  acqu ired th ro u g h  o th e r  e m p i r i c a l  work o r  needed t o  

make sense o u t  o f  th e  e m p i r i c a l  r e s u l t s .  Thus, two separate se ts  o f
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c o n s t ra in ts  were imposed upon the e s t im a t io n  process; one t o  assure our 

i - B l iS C l  p a t te rn  o f response o f c a p i ta l  and labo r t o  th e  v a r io u s  in p u t  

p r i c e s ;  and a second t o  a s s u re  t h a t  a t  a l l  t im e s  d e p r e c ia t i o n  o f  

c a p i ta l  may never be n eg a t ive .

Much debate has taken p lace over the past years about the degree o f 

s u b s t i t u t a b i l i t y  o f  labo r and c a p i t a l .  Most o f  the debate has c e n te re d  

around the  wisdom o f using the Cobb-Douglas p rodu c t ion  fu n c t io n  t o  model 

f a c t o r  demand b e h a v io r .  As i s  w e l l  known, such a fu n c t io n  imposes a 

u n i ta r y  e l a s t i c i t y  o f  s u b s t i t u t io n  between c a p i t a l  and la b o r .  Such a 

fu n c t io n  would , th e re fo re ,  be an improper to o l  t o  use t o  de te rm ine , say, 

th e  im pac t o f  ta x  p o l i c y ,  wh ich  a f f e c t s  the user cost o f  c a p i t a l ,  on 

investment be h a v io r .  However, those who have used the  fu n c t io n  c o u n te r  

w i t h  th e  argum ent t h a t  the  preponderance o f evidence supports the view 

t h a t  th e  long  run e l a s t i c i t y  o f  s u b s t i t u t i o n  i s  indeed  u n i t y .  I n  

p a r t i c u l a r ,  t h ey p o in t  t o  th e  fa c t  o f  the e s s e n t ia l l y  constant income 

share o f c a p i ta l  and labo r over t im e .  J  -

The s tu d ie s  w h ich  have s u p p o r te d  t h i s  v iew  have been e s t im a te d  

u s in g  d a ta  a t  th e  a g g re g a te  m anufacturing le v e l .  However, e s t im a t in g  

equa tions a t  the  in d u s t ry  le v e l  leads t o  d i f f e r e n t  conc lus ions . S tudies 

done a t a more d isaggregated le v e l  tend t o  conclude 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  in  a m a jo r i ty  o f  in d u s t r ie s  i s  somewhere between 0 and 1 

but c le a r l y  less  than 1 .

As th e  d e b a te  has ra g e d ,  however, a genera l Consensus appears t o  

have developed th a t  c a p i ta l  and la b o r  are c e r ta in l y  n o t  complements i n

t ra n s lo g  c o s t / p r o d u c t i o n  f u n c t i o n ,  a l l  have fo u n d  e v id e n c e  o f  h ig h  

s u b s t i t u t a b i l i t y  between c a p i ta l  and labo r  a t  the  aggregate le v e l .  Due

p r o d u c t io n .  I n  th e  s tud ie s Chapter 2 which made use o f  the
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t o  the  problems mentioned in  Chapter 2 o f using the  t r a n s lo g  f u n c t i o n ,  

we b e l i e v e  t h e s e  r e s u l t s  t e n d  t o  o v e r s t a t e  t h e  d e g re e  o f  

s u b s t i t u t a b i l i t y  between c a p i ta l  and la b o r .  N everthe less , these s tu d ie s  

do c o n t r i b u t e  t o  t h e  w e a l t h  o f  e v id e n c e  s u g g e s t i n g  a t  l e a s t  

non-complem entarity  between c a p i ta l  and la b o r .

W ith  t h i s  e v id e n ce  in  mind, the  model was estim ated in  such a way 

t h a t  c a p i t a l  and la b o r  w ere  n o t  p e r m i t t e d  t o  be c o m p le m e n ts  i n  

p r o d u c t io n .  T h is  im p l ie s  t h 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  between 

c a p i ta l  and labo r  must be non -nega tive . I f  l e f t  u n c o n s t r a in e d ,

on ly  21 o f t h e 53 i nd u s t r ie s gaveev idence  o f noncomplement a r i t y  between 

ca p i t a l  and la b o r .  However, when so cons tra in ed , the  d e te r io r a t io n  in  

the  f i t s  were v i r t u a l l y  im p e rc e p t ib le .  Due t o  the s h o r ta g e  o f  d a ta  on 

ene rgy  demand by i n d u s t r y ,  as w e l l  as the  ques tionab le  na ture  o f both 

the  employment and investment data f o r  numerous in d u s t r ie s ,  we were n o t  

c om pe lled  t o  q u e s t io n  th e  c a p i t a l - l a b o r  s u b s t i t u t a b i l i t y  hypothesis 

b a se d  upon  o u r  u n c o n s t r a i n e d  e s t i m a t e s .  The c o n s t r a i n t  w a s ,  

consequently , imposed.

The e x p re s s io n  f o r  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  based upon the  

D iewert cost fu n c t io n  in c lud es  r e la t i v e  p r ic e s ,  o u tp u ts  and q u a n t i t i e s  

o f  in p u t s  f o r  each year o f the h i s to r y .  Consequently, the  requirement 

t h a t  ESkl be non-negative would appear t o  lead t o  the  im p o s i t io n  o f  one 

c o n s t ra in t  f o r  each year o f the e s t im a t io n  p e r io d .  However, t h i s  proves 

t o  be unnecessary s ince the  s ig n o f  ES„,( i s  com ple te ly  determined by the  

s ig n  o f  b ^ .  We may see t h i s  by w r i t in g  the  e l a s t i c i t y  o f  s u b s t i t u t io n  

as the  r a t i o  o f  th e  c a p i t a l - l a b o r  c ro s s  p r i c e  e l a s t i c i t y  t o  l a b o r ' s  

budget share.



ESKL = *5 *  (Q/K) *  bKL *  (PL/P Kr 5 / S L (1)

where

Q = output

PE = p r ic e  o f energy in p u t  

PK = p r ic e  o f c a p i ta l

= Labor 's  budget share.
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S ince a l l  v a lu e s  a re  p o s i t i v e ,  r e s t r i c t i n g  E S ^  i s  id e n t i c a l  t o  the 

requirement th a t  b ^  be g re a te r  than or equal t o  ze ro .

A second s e t  o f  r e s t r i c t i o n s  were imposed w h ich  a s s u re d  t h a t  

c a p i ta l  and labo r responded in v e rs e ly  to  changes in  t h e i r  own respec t ive  

p r i c e s .  I f  one i s  u s in g  a tw o - in p u t  p rodu c tion  fu n c t io n ,  the fa c t  o f 

s u b s t i t u t i b i l i t y  between the  in p u t s  n e c e s s a r i l y  im p l ie s  n e g a t iv e  own 

p r ic e  e l a s t i c i t i e s  f o r  each of the in p u ts .  In  the case o f more than two 

f a c t o r  p r o d u c t io n  fu n c t io n s ,  t h i s  i s  not so, however. In  terms o f  the 

Diewert cost f u n c t io n ,  f o r  example, c a p i t a l ' s  own p r i c e  e l a s t i c i t y  i s  

g iven  by

Ekk = - . 5  *  (Q/K) *  <bKL *  <pl / f V ’ 5 + bKE *  (PE/PK) 5 >

where K i s  th e  c a p i t a l  s tock  and the  o the r  v a r ia b le s  are de f ined  as in  

equa tion  ( 1 ) .  A necessary requirement f o r  ^KK<=0 is  the  fo l lo w in g :

bKL * (W 5 + bKE * < V V 5 >= °-

The n e g a t i v i t y  o f  own p r ic e  e l a s t i c i t i e s  through the h i s t o r y ,  th e re fo re ,  

would re q u ire  a c o n s t ra in t  f o r  each year o f  the h i s t o r y .  However, f o r  

p r a c t i c a l  reasons, we re q u ire  on ly  t h a t  the  in e q u a l i t y  hold a t  the  1977



va lues . The c o n s t ra in ts  may then be s im ply  expressed by th e  f o l l o w i n g  

in e q u a l i t ie s :

bLK + bEK >= 0 ; bKL + bEL >= ° *

Imposing the  r e s t r i c t i o n s  in  t h i s  way may a l low  f o r  the p o s s i b i l i t y  

o f  p o s i t i v e  own p r i c e  e l a s t i c i t i e s  a t  some p o in t  i n  th e  h i s t o r y .  

However, th e s e  e l a s t i c i t e s  w i l l  be s m a l l  i n  a b s o lu te  v a lu e ;  a n d ,  

t h e r e f o r e ,  w i l l  n o t  g iv e  e q u a t io n s  w h ich  im p ly  e x t re m e ly  p e rv e rs e  

behav io r .

No r e s t r i c t i o n s  are placed upon the  s ign  o f  the c a p i ta l - e n e r g y  and 

la b o r -e n e r g y  c ro s s  p r i c e  e l a s t i c i t i e s .  Thus, energy may be e i th e r  a 

complement o r  a s u b s t i tu te  w i th  capvtal^_and__l^bor. As the  d iscuss io n  in  

C hap te r  2 d e m o n s t r a te d ,  t h i s  i s s u e  i s  f a r  f ro m  s e t t l e d  i n  t h e  

l i t e r a t u r e .

As we showed i n  C hap te r 3 ,  replacement investment i s  cons truc ted  

p a r t l y  by weights determined in  the  e s t im a t io n  p ro c e s s .  As we argued 

t h e n ,  th e  we igh ts are requ ired  t o  sum to  u n i ty  so th a t  the  t o t a l  amoun t 

o f  equipment which dep rec ia tes  i s  n e i th e r  more nor le s s  th a n  th e  _ t o t a l  

e q u ip m e n t  p u r c h a s e d .  We fo u n d  i t  n e c e s a r y ,  how ever,  t o  impose 

a d d i t io n a l  c o n s t ra in ts  upon these we igh ts  because a t te m p ts  t o  e s t im a te  

unconstra ined w e igh ts ,  except t h a t  they sum to  u n i t y ,  gave re s u l t s  which 

im p l ie d  u n re a s o n a b le  p a t t e r n s  o f  d e p r e c ia t i o n ,  and , i n  some cases, 

n e g a t iv e  c a p i t a l  s to c k s .  For exam p le , o f t e n  a t  l e a s t  one o f  t h e  

u n c o n s t ra in e d  w e ig h ts  wou ld  be n e g a t i v e .  I f  th e  f i r s t  w e ig h t  were 

n e g a t iv e ,  i t  would im p ly  t h a t  d e p r e c ia t i o n  e a r l y  i n  th e  l i f e  o f  th e  

equipment was a c tu a l ly  neg a tive .  Th is  would suggest t h a t  some equipment 

a c t u a l l y  grows i n  p r o d u c t i v e  c a p a c i t y  a f t e r  i t  i s  in s t a l l e d  and o n ly
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a f t e r  some Lag does i t  b e g in  t o  wear down. N e g a t iv e  v a lu e s  f o r  th e

second and t h i r d  w e igh ts  lead t o  s im i la r  and unacceptable conc lus ions .

Consequently, nega tive  weights were viewed as unacceptable f o r  purposes
2

o f  f o r e c a s t in g .  Even w ith o u t p e rm it t in g  nega tive  w e igh ts ,  however, the 

range o f d e p re c ia t io n  p a t te rn s  a re  f a r  g r e a t e r  th a n  th o s e  a l lo w e d  i n  

o the r  s tu d ie s .

An a d d i t i o n a l  g roup  o f  m o d i f i c a t i o n s  in v o lv e d  s p e c i f y i n g  th e  

d i s t r ib u te d  lags on changes i n  o u tp u t  and th e  v a r io u s  r e l a t i v e  p r i c e  

v a r i a b l e s .  A sea rch  f o r  th e  b e s t  la g  s t r u c t u r e  f o r  the independent 

v a r ia b le s  began w i th  an e s t im a t io n  o f  a l l  la gs  w i th o u t  r e s t r i c t i o n s  

e x c e p t  th o se  im p l ie d  by th e  co s t  f u n c t i o n .  I t  was c le a r  from  th e  

beg inn ing th a t  unconstra ined lags would not g iv e  reasonable r e s u l t s .  We 

th e re fo re  found i t  necessary to  impose some s t ru c tu re  on the  d is t r ib u te d  

lags .

The d is t r ib u te d  lag on the  c a p i ta l - la b o r  r e la t iv e  p r ic e  was allowed 

a leng th  o f up t o  fo u r  years w ith o u t  f u r t h e r  c o n s t r a i n t s ,  e x c e p t  t h a t  

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

r e s t r i c t i o n .  Th is  d e c is io n  was based upon e a r l y  e x p e r im e n ta t io n  i n  

w h ich  OLS e s t im a te s  c l e a r l y  showed t h a t  th e  la g  s t ru c tu re s  d i f f e r e d  

s ig n i f i c a n t l y  from in d u s t ry  t o  i n d u s t r y .  As no ted  i n  C hapte r 3 ,  th e  

d i s t r i b u t e d  lag  on th e  c a p i t a l - l a b o r  r e la t i v e  p r ic e  in  the  in v estment 

e q u a t io n  i s  r e q u i r e d  t o  be i d e n t i c a l  t o  t h a t  i n  t h e  p r o d u c t i v i t y  

equa tion .

In s ta n ta n e o u s  adjustment o f  labo r requirements t o  the ene rg y - labo r  

r e la t i v e  p r ic e  was re q u ire d .  The contemporaneous p r ic e  proved s u p e r io r  

t o  a b road  range o f  lag  s t r u c t u r e s  t r i e d .  The la g  s t ru c tu re  on the 

e n e rg y -c a p ita l  r e l a t i v e  p r i c e  was r e q u i r e d  t o  be a f i v e - y e a r  moving
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a v e r a g e .  U n c o n s t r a in e d  OLS e s t im a te s  tended  t o  be U shaped and 

f re q u e n t ly  changed s ig ns .  The chosen lag  s t r u c t u r e  appeared t o  work 

b e s t  f o r  the in d u s t ry  d a ta ,  and conforms c lo s e ly  to  our p r io r  view th a t  

should th e  s iz e  o f  th e  o p t im a l  c a p i t a l  s to c k  change i n  response  t o  

ene rg y  p r i c e  changes, i t  wou ld  re q u ire  an extended pe r iod  o f t im e f o r  

the complete adjustment to  take p lace .

The lag on changes in  ou tpu t in  the investment equation  was a llowed 

a maximum length  o f f i v e  years ; lag weights were r e q u i r e d  t o  l i e  on a 

second degree  p o ly n o m ia l ,  and t o  be d e c l in in g  in  the f i f t h  yea r .  The 

p a t te rn  worked w e l l  in  a prev ious study o f  in v e s tm e n t  b e h a v io r  a t  th e  

in d u s t ry  le v e l  using the  CES p rodu c tion  fu n c t io n . 3

We chose, f i n a l l y ,  to  in trodu ce  an a d d i t io n a l  t ren d  v a r ia b le  in  the 

employment e q u a t io n  which begins in  1970 w ith  the va lue o f one. There 

were two reasons f o r  a l lo w in g  the  t ren d  growth in  employment per u n i t  o f  

o u tp u t  t o  change i n  th e  e s t im a t io n .  F i r s t ,  a re v ie w  o f  t h e  d a ta  

sugges ted  t h a t  th e r e  was, in d e e d ,  a d i s t i n c t i v e  s h i f t  i n  th e  t ren d  

growth in  p r o d u c t i v i t y  s t a r t in g  around 1970. Second, an e a r l i e r  ve rs ion  

o f the model which a llowed f o r  a constant t re n d  c o e f f i c i e n t  th ro u g h o u t  

the h is to r y  generated what appeared t o  be unreasonably high labor-energy 

p r i c e  e l a s t i c i t i e s .  In  e f f e c t ,  p r a c t i c a l l y  a l l  o f  th e  slowdown in  

p r o d u c t i v i t y  growth which occurred s ince  1970 was a t t r i b u t e d  t o  h ig h e r  

ene rg y  p r ic e s .  To be more c o n f id e n t  w ith  t h i s  r e s u l t ,  we allowed f o r  a

m o d i f ie d  t r e n d  i n  th e  1 9 7 0 's  t o  a c c o u n t  f o r  o t h e r  i n f l u e n c e s  on 

p r o d u c t i v i t y  wh ich  m ig h t  have been im p ro p e r ly  captured in  the  energy 

p r ic e  v a r ia b le .  The energy p r i c e  e l a s t i c i t i e s  p re s e n te d  i n  th e  n e x t  

s e c t i o n  a r e  s i g n i f i c a n t l y  lo w e r  i n  a b s o lu te  v a lu e  tha fc  th e  same 

e l a s t i c i t i e s  est im ated w i th  ju s t  one t re n d  c o e f f i c ie n t .



As may be seen from  th e  reg im e o f  c o n s t r a in t s  w h ich  have been 

imposed upon th e  model t o  assure what we view as "reasonab le " r e s u l t s ,  

the approach to  e s t im a t io n  in  t h i s  study i s  c l e a r l y  i n c o n s i s t e n t  w i t h  

th e  a t t i t u d e  to w a rd  e m p i r i c a l  work found  i n  many p u b l ic a t io n s .  The 

methods used in  t h i s  s tu d y  f o l l o w  from th e  o b je c t i v e s  t o  w h ich  t h i s  

s tu d y  i s  d i re c te d  and the  purposes t o  which the model w i l l  be employed.

The o b je c t iv e  o f t h is  study is  t o  produce a lo n g - te rm  f o r e c a s t i n g  

model w h ile  in  most pub lished e m p ir ic a l  work the  o b je c t iv e  i s  hypothesis 

t e s t i n g .  To achieve our s ta ted  o b je c t iv e ,  a ra th e r  genera l th e o r e t ic a l  

model has been d e r iv e d  w h ich  m ig h t  a d m it  a m u l t i t u d e  o f  e m p i r i c a l  

r e s u l t s  when f i t t e d  to  an e x is t in g  body o f da ta . However, in  an e f f o r t  

to  produce an acceptab le  f o r ecas t ing  model, th e re  i s  no reason t o  l i m i t  

th e  in f o r m a t i o n  used t o es t im a te  the model t o  the t im e s e r ie s  th a t  has 

been cons truc te d .  There i s  a body o f  b o th  t h e o r e t i c a l  and e m p i r i c a l  

w o rk  w h ic h  has p re c e d e d  t h i s  s t u d y  w h ic h  m ig h t  p r o v id e  u s e fu l  

in fo rm a t io n  t o  be used in  the  e s t im a t io n .  A l l  th a t  i s  being sought i s  a 

model, combined w i th  e m p ir ic a l  f in d in g s  by o the rs  g e n e ra l ly  accep ted  by 

econom ists, which might do a reasonable jo b  o f  e x p la in in g  employment and 

investment demand by in d u s t ry  in  the  h is to r y  and g ive  fo re c a s ts  i n  which 

one might have confidence.

Based upon th e  m o d i f ic a t io n s  o u t l in e d  in  the  preceding pages, the 

model a c tu a l ly  estim ated f o r  t h i s  study is  a r e s t r i c t e d  v e r s io n  o f  th e  

one descr ibed  in  Chapter 3 ,  and i s  d isp layed  in  equa tion  system ( 2 ) .

The p re s e n c e  o f  i n e q u a l i t y  c o n s t r a i n t s  r e q u i r e d  th e  use o f  

q u a d ra t ic  programming techn iques t o a r r i v e  a t  the pa ram e te r  e s t im a te s .  

The program  was s u p p l ie d  by th e  INFORUM p r o je c t  and adapted by t h i s  

au thor f o r  the present s tudy.
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The h is to r y  o f  th e  g ro w th  i n  average la b o r  p r o d u c t i v i t y  may be 

u s e f u l l y  d i v id e d  i n t o  a number o f  d i s t i n c t  ep isodes, as d isp layed  in  

Table 1 . One observes from t h i s  t a b le  e lem e n ts  o f  s i m i l a r i t y  i n  th e  

h i s t o r i c a l  p a t te rn  o f p r o d u c t i v i t y  growth among many in d u s t r ie s  as w e l l  

as cons ide rab le  v a r i b i l i t y  o f  growth ra te s .  The c le a re s t  example o f the 

s i m i l a r i t i e s  i s  th e  b re a d th  o f  th e  p r o d u c t i v i t y  slowdown wh ich  has 

o ccu red  s in c e  1973 . There  a re  14 i n d u s t r i e s  i n  w h ich  p r o d u c t i v i t y  

a c tu a l ly  dec l ined  in  abso lu te  te rm s  o v e r  th e  1973-77 p e r io d ,  w h i le  a 

t o t a l  o f  40 in d u s t r ie s  show evidence o f  labor p r o d u c t i v i t y  growth s ince 

1973 compared t o  th e  p e r io d  from  1947 t o  1973. In  a d d i t i o n ,  i n  34 

in d u s t r ie s *  p r o d u c t i v i t y  growth was lower in  the 1966-73 pe r io d  compared 

to  the e a rL ie r

The g e n e ra l  p a t t e r n  w h ich  emerges f o r  most i n d u s t r i e s  over the 

post-war p e r io d ,  th e re fo re ,  i s  one in  which p r o d u c t i v i t y  growth began to  

slow very s l i g h t l y  in  the l a t t e r  p a r t  o f  the 1960's and the  e a r l i e r  p a r t  

o f  the  1970 's ,  fo l lo w e d  by a p r e c ip i t o u s  d ro p  i n  p r o d u c t i v i t y  g ro w th  

from  1973 on . The model t e s te d  in  t h i s  study w i l l  a ttempt to  e x p la in  

t h i s  p e rv a s iv e  s lowdown w i t h  e s s e n t i a l l y  two g roups  o f  v a r i a b l e s :  

m ovem ents  i n  r e l a t i v e  p r i c e s *  energy-w age and c a p i ta l - w a g e ,  and 

percentage changes in  ou tput w h ich  r e f l e c t  th e  c y c l i c a l  movements i n  

p r o d u c t i v i t y ,  which a re ,  in  a d d i t io n ,  requ ired  t o  d isappear in  the  long 

run . The model, howeve r,  p rov ides  a u s e fu l framework w i t h i n  w h ich  one 

mig h t  in tro d u ce  s p e c i f i c  v a r ia b le s  f o r  each indus t r y  which m ight he lp  t o 

e x p la in  the  p e c u l ia r  h is to r y  of  t h a t  i ndu s try .

The p a t t e r n  found  i n  many i n d u s t r i e s  i n  c le a r l y  born out by the

3 . R esults



ANNUAL RATES OF GROWTH IN AVERAGE LAEOR PRODUCTIVITY

1 FARMS AGR. SERVICES,FORESTRY,FISHERY

4 7 -58

5 .5

58-66

6.1

66-73

3 .4

47-73

5 .0

73 -7 7  47-77  

3 .5  4 .9
2 CRUDE PETROLEUM AND NATURAL GAS (4 ) 1 .8 5 .7 3.1 3 .4 f e l l - 7 ^ 1 .4
3 MINING ( 2 , 3 , 5 ) 2 .9 4 .8 1 .5 3 .0 - 6 . 8 1 .8
4 CONSTRUCTION (6 ) 4 .7 2.1 - 2 . 2 2 .3 0 . 8 1 .9
5 FOOD, TOBACCO (7 ) 3 .3 2 .5 3 .1 2 .9 2 .3 2 .9
6 TEXTILES (8 ) 5 .3 3 .2 1 .9 3 .8 7 .6 4 .2
7 KNITTING, HOSIERY (9) 7 . 8 5 .2 8 .6 6 .7 3 .0 6 .6
8 APPAREL AND HOUSEHOLD TEXTILES (10 ) 3 .8 1 .5 3 .5 2 .9 3 .7 3 .1
9 PAPER (11) 1 .9 3 .1 2 .9 2 .2 1 .3 2 .4

10 PRINTING (12) 1 .9 2 .0 1 .6 1 .7 0 .9 1 .7
11 AGRICULTURE FERTILIZERS (13 ) 5 .0 5 .5 2 .1 4 .0 - 0 . 6 3 .7
12 OTHER CHEMICALS (14 ) 4 .6 5 .0 4 .8 4 .3 0 .7 4 .2
13 PETROLEUM REFINING 5 FUEL OIL (1 5 ,1 6 4 .6 5 .3 2 .0 4 .0 5 .5 4 .5
14 RUBBER AND PLASTIC PRODUCTS (1 7 ,1 8 ) 3 .4 3 .1 4 .0 3 .2 - 0 . 8 2 .9
15 FOOTUEAR AND LEATHER (19) 1 .5 - 0 .1 2.1 1.1 3 .0 1 .4
16 LUMBER (20) 3 .7 2 .5 2 .8 3 .2 2 .9 3 .1
17 FUNITURE (21) 2 .7 1 .5 2 .8 2 .3 2 .0 2 .3
18 STONE,CLAY & GLASS (22) 3 .6 2 .6 1 .5 2 .6 1 .2 2 .5
19 IRON AND STEEL (23 ) - 1 .1 2 .2 2 .0 0 .4 - 1 . 8 0 .4
20 NON-FERROUS METALS (2 4 ,2 5 ) 2 .8 2 .9 2 .5 2 .5 - 0 . 8 2 .3
21 METAL PRODUCTS (26) 1 .8 2 .6 1 .4 1 .8 0 .3 1 .7
22 ENGINES Z TUREINS (27) 3 .6 3 .4 5 .7 3 .7 2.1 3 . 8
23 AGRICULTURE MACHINERY (28) 2 .5 1 .9 3 .5 2 .3 4 .5 2 .8
25 METALVIORKING MACHINERY (30) 2 .4 1 .9 0 .9 1 .5 - 0 . 8 1 .5
27 SPECIAL IfJDUCTRY MACHINERY (31) 1 .5 4 .1 2 .5 2 .3 - 5 . 3 1 .5
28 MISC.fJONELEC. MACHINERY (2 9 ,3 2 ) 2 .5 2 .0 1 .9 1 .8 - 0 . 4 1 .8
29 COMPUTERS a OTHER OFFICE MACHINERY ( 6 .3 7 . 8 4 .3 5 .5 10 .3 6 .7
30 SERVICE IfJDUCTRY MACHINERY (35) 1 .9 6 .0 2 .1 3 .1 0 . 9 2 .9
31 COMMUNICATIONS MACHINERY (36) 8 .6 6 .5 4 .1 6 .2 3 .6 6 .3
32 HEAVY ELECTRICAL MACHINERY (37) 6 .6 4 .5 2 .5 2 .0 1 .5 2 .2
33 HOUSEHOLD APPLIANCES (38) 1 .3 3 .9 5 .0 2 .7 2 .6 3 .0
34 ELECTRICAL LIGHTING £ WIRING EQUIP ( 0 .3 2 .4 2 .4 1 .4 0 .4 1 .4
35 RADIO,T.V.RECEIVING,PHONOGRAPH (40) 6 .5 7 . 8 4 .6 5 .8 9 .8 6 .8
36 MOTOR VEHICLES (41 ) 2 .8 4 .2 3 .0 3 .0 — 3 .0 “ 3 .2
37 AEROSPACE (42) 9 .9 3 .4 2 .8 5 .5 - 1 . 6 5 .0
38 SHIPS £ BOATS (43 ) 4 .0 1 .8 3 .2 2 .7 0 .6 2 .8
39 OTHER TRANSPORTATION EQUIP. (44 ) - 4 . 8 1.2 5.1 - 0 . 4 0 .4 - 0 . 2
40 INSTRUMENTS (45) 2.1 3 .8 5 .5 3 .2 2 .4 3 .4
41 MISC. MFG. (46 ) 4 .4 3 .5 3 .3 3 .8 3 .1 3 .7
42 RAILROADS (4 7 ) 2 .0 5 .9 4 .0 3 .4 0 .4 3 .3
43 AIR TRANSPORT (50) 6 .3 5 .7 3 .4 5 .0 1 .4 4 .8
44 TRUCKING AND OTHER TRANSPORT ( 4 8 ,4 9 , - 0 . 8 1 .2 2 .8 0 .6 2 .6 1 .0
45 COMMUNICATIONS SERVICES (53 ) 6 .2 5 .1 3 .9 5^0 7 .0 5 .5
46 ELECTRIC U T IL IT IE S  (54 ) 5 .2 5 .6 4 .6 4 .8 “TT7 4 .7
47 GAS,WATER £ SANITATION (5 5 ,5 6 ) 4 .3 4 .7 1 .0 3 .6 - 2 .1 2 .8
48 WHOLESALE fi RETAIL TRADE (5 7 ,5 8 ) 2 .3 3 .5 2 .9 2 .6 0 .8 2 .6
49 FINANCE & INSURANCE (60) 0 .6 0 .7 1 .3 0 .8 - 0 .2 0 .7
50 REAL ESTATE (61 ) 2 .8 3 .0 - 2 . 3 1 .7 2 .4 1 .6
51 HOTELS & REPAIRS MINUS AUTO (63) 1 .2 1 .3 1 .7 1 .3 - 1 . 2 1.1
52 BUSINESS SERVICES (64) 1 .6 0.1 1 .6 1 .3 1.1 1.1
53 AUTO REPAIR (65 ) 2 .2 3 .2 2 .6 2 .2 - 3 .1 1 .9
54 MOVIES S AMUSEMENTS (66) - 1 . 7 0 .8 - 1 .6 - 0 . 8 2 .6 -0 .4
55 MEDICAL & ED. SERVICES (67 ) 0 .4 0 .6 1 .4 0 .7 0 .2 0 .7
56 TOTAL U.S . 2 .7 3 .0 2 .0 2 .4 & 2 .4

TABLE 1
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aggregate growth ra te s .  P ro d u c t iv i t y  grew at a 1.0 percent annua l r a te  

i n  th e  1973-77 p e r io d ,  down from 2 .4  percent over the p rev ious 25 year 

p e r io d .  In  a d d i t io n ,  p r o d u c t i v i t y  growth slowed over the 1966-73 pe r io d  

t o  2 .0  p e rce n t,  compared w i th  3 .0  percent over the  1958-66 p e r io d .

Table 2 d is p la y s  the  growth ra tes  o f the c a p i ta l - la b o r  r a t i o s  (KL) 

f o r  th e  53 i n d u s t r i e s  s tu d ie d  o ve r  s e le c te d  p e r io d  o f  th e  h i s t o r y .  

C a p i t a l  f o r  t h i s  t a b le  i s  measured as s im p ly  th e  sum o f  th e  t h r e e  

" b u c k e ts "  descr ibed in  Chapter 3 .  Consequently, the assumption i s  t h a t  

d^ = d^ = 0 and d^ = 1 .  One would  e xp e c t  t h a t ,  i n  th e  long  r u n ,  a 

h ig h e r  g row th  r a te  in  KL would be associa ted w ith  a h igher growth ra te  

i n  average labor p r o d u c t i v i t y .  At th e  a g g re g a te  l e v e l ,  g ro w th  i n  KL 

s lowed ove r the 1973-77 per iod  to  3 .5  percent compared w i th  4 .0  percent 

over the 1947-73 p e r io d .  There were 24 i n d u s t r i e s  i n  w h ich  KL slowed 

d u r i n g  t h e  same 1947-73 p e r io d  compared w i th  th e  e a r l i e r  p e r io d .  

T h re fo re ,  the slowdown ev iden t a t  the aggregate le v e l  i s  c e r t a i n l y  no t  

r e s t r ic t e d  t o  a small number o f in d u s t r ie s .  In  a d d i t io n ,  the  widespread 

slowdown in  KL growth combined w i th  the  p r o d u c t i v i t y  growth slowdown o f 

the  same per iod  would appear to  conform to  one 's  p r i o r  e x p e c ta t io n s  o f  

how these t im e  s e r ie s  should be c o r re la te d .

However, the  drop in  p r o d u c t i v i t y  growth seems, a t  a g lance , t o  be 

too  la rge  to  be f u l l y  accounted f o r  merely by the drop in  the  g ro w th  o f  

KL. The ra te  o f post-1973 growth in  average labo r p r o d u c t i v i t y  dropped 

by almost 60 percent a t  the  aggregate le v e l  compared w i t h  th e  p re -1 9 7 3  

growth ra te s  (from 2 .4  percent t o  1.0 p e rc e n t ) ,  w h i le  KL growth drops by 

o n ly  12 .5  p e rc e n t  o v e r  th e  same pe r iod  (from 4 .0  to  3 .5  p e rc e n t) .  In  

a d d i t io n ,  look ing  a t  in d iv id u a l  in d u s t r ie s  g ives  a mixed response to  the 

ques tion  o f whether or not th e  d e c l in e  i n  p r o d u c t i v i t y  g ro w th  may be



ANNUAL RATES OF GROWTH IN THE CAPITAL-LABOR RATIO

1 FARMS AGR. SERVICES,FORESTRY,FISHERY
2 CRUDE PETROLEUM AND NATURAL GAS (4 )
3 MINING ( 2 , 3 , 5 )
4 CONSTRUCTION (6 )
5 FOOD, TOBACCO (7 )
6 TEXTILES (8 )
7 KNITTING, HOSIERY (9 )
8 APPAREL AND HOUSEHOLD TEXTILES (10 )
9 PAPER (11 )

10 PRINTING (12)
11 AGRICULTURE FERTILIZERS (13)
12 OTHER CHEMICALS (14)
13 PETROLEUM REFINING £ FUEL OIL (1 5 ,1 6
14 RUDDER AND PLASTIC PRODUCTS (1 7 ,1 8 )
15 FOOTWEAR AND LEATHER (19)
16 LUMBER (20)
17 FUNITURE (21)
18 STONE,CLAY & GLASS (22 )
19 IRON AND STEEL (23 )
20 NON-FERROUS METALS (2 4 ,2 5 )
21 METAL PRODUCTS (26)
22 ENGINES 8 TURBINS (27 )
23 AGRICULTURE MACHINERY (28)
25 METALWORKING MACHINERY (30)
27 SPECIAL INDUCTRY MACHINERY (31)
28 MISC.NONELEC. MACHINERY (2 9 ,3 2 )
29 COMPUTERS S OTHER OFFICE MACHINERY (
30 SERVICE INDUCTRY MACHINERY (35)
31 COMMUNICATIONS MACHINERY (36)
32 HEAVY ELECTRICAL MACHINERY (37)
33 HOUSEHOLD APPLIANCES (38)
34 ELECTRICAL LIGHTING £ WIRING EQUIP (
35 RADIO,T.V.RECEIVING,PHONOGRAPH (40 )
36 MOTOR VEHICLES (41 )
37 AEROSPACE (42)
38 SHIPS 6 BOATS (43 )
39 OTHER TRANSPORTATION EQUIP. (44 )
40 INSTRUMENTS (45)
41 MISC. MFG. (46 )
42 RAILROADS (47)
43 AIR TRANSPORT (50)
44 TRUCKING AND OTHER TRANSPORT ( 4 8 , 4 9 ,
45 COMMUNICATIONS SERVICES (53)
46 ELECTRIC U T IL IT IE S  (54)
47 GAS,WATER a SANITATION (5 5 ,5 6 )
48 WHOLESALE £ RETAIL TRADE (5 7 ,5 8 )
49 FINANCE & INSURANCE (60)
50 REAL ESTATE (61 )
51 HOTELS & REPAIRS MINUS AUTO (63)
52 BUSINESS SERVICES (64 )
53 AUTO REPAIR (65 )
54 MOVIES 8 AMUSEMENTS (66 )
55 MEDICAL £■ ED. SERVICES (67 )
56 TOTAL U.S .

♦7-58 58-66 66-73 47-73 7 3 -77 47-77

7 .5 4 .6 2 .5 5 .0 4 .5 5 .2
6 .2 6 .2 2 .4 5.1 - 6 . 6 3 .6

1 3 .3 2 .7 3 .0 7 .0 -2 .1 6 .0
7 . 4 ^ ‘ 2 .0 3 .5 4 .6 6 .8 5 .0
6 .1 4 .0 4 .2 4 .6 3 .6 4 .8
9 .6 2.1 3 .6 5 .4 4 .5 5 .5
4 .4 - 2 . 0 5 .6 2 .4 4 .2 2 .9
5 .0 - 0 . 4 3 .1 2 .8 3 .5 2 .9
5 .7 2 .5 2 .8 3 . 8 4 .5 4 .0
6 .3 2 .9 4 .4 4 .4 2 .7 4 .5
9 .0 7 .3 4 .3 6 .9 1 1 .0 7 .7
5 .6 1 .9 2 .7 3 .6 4 .8 3 .8

4 .5 4 .9 7 .1 6 .6 7 .4
6 .9 0 .6 2 .6 3 .7 3 .3 3 .7
6 .4 1 .5 7 .1 4 .7 4 .4 5 .0
9 .5 3 .7 3 .8 5 .9 7 .1 ' 6 .3
3 .6 - 1 . 0 3 .5 2 .0 6 .3 2 .7
7 .3 2 .8 2 .4 4 .5 5 .7 4 .8

1 0 .8 2 .4 4 .2 . 6 .5 4 .2 6..1
10 .2 0 .8 4 .5 5 .8 4 .2 5 .5

4 .8 0 .1 2 .9 2 .9 4 .8 3 .1
6 .4 2 .2 7 .4 5.1 7 .3 5 .6
3 .6 - 2 . 2 3 .0 2 .0 7 .2 2 .4
8 .4 - 4 .1 2 .7 3 .4 1 .2 2 .8
6 .0 - 1 . 2 4 .5 3 .5 3 .8 3 .4
6 .7 - 0 . 5 4 .7 4 .0 5 .5 4 .2
7 .2 1 .6 5 .0 4 .8 4 .4 4 .8
4 .9 - 2 . 0 2 .2 2 .0 6 .8 2 .7
5 .0 0 .6 8 .0 4 .3 5.1 4 .5
4 .4 - 0 . 9 3 .4 2 .7 4 .8 2 .8
3 .2 - 2 . 3 1 .4 1.1 3 .5 1 .3
4 .5 - 1 . 3 3 .5 2 .4 4 .9 2 .8
3 .2 3 .0 8 .5 4 .3 9 .5 5 .2

1 0 .3 - 0 . 9 - 0 . 5 4 .2 - 0 . 4 3 .3
3 .7 6 .7 10.1 6 .4 1.1 5 .7

11 .5 3 .7 6 .2 7 .3 8 .9 7 .8
3 .5 - 7 . 0 7 .2 1 .1 4 .8 1 .7
4 .8 2 .9 6 .3 4 .4 4 .4 4 .6
7 .9 1 .8 3 .7 4 .7 4 .3 4 .8

1 0 .2 4 .8 5.1 6 .9 4 .4 6 .8
0 .0 6 .9 7 .3 3 .9 0 .8 3 .7
5 .6 0 .7 5 .2 3 .7 7 .6 4 .5
7 .2 6 .8 5 .3 6 .3 6 .0 6 .5

1 4 .3 4 .8 3 .7 8.1 3 .1 7 . 8
* . 3  " '1.2 - 0 . 9 4 .0 2.1 3 .8
3 .6 2 .1 3 .6 2 .8 4 .2 3 .3
4 .3 4 .5 6 .0 4 .4 4 .4 4 . 8
6 .9 3 .8 0 .1 4 .0 5 .3 4 .3
7 . 9 3 .8 7 .1 5 .8 4 .2 6 .1
2 .9 1 .6 5 .5 3 .0 5 .5 3 .5
7 .2 4 .3 4 .2 5 .2 0 .6 4 .8
9 .3 3 .6 - 1 .1 4 .6 2 .3 4 .4
3 .4 2 .1 1 .7 2 .4 1 .2 2 .4
6 .3 2.1 3 .2 4 .0 3 .5 4 .1

TABLE 2
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L a rg e ly  accou n te d  f o r  by a d e c l in e  in  the  c a p i ta l  s to ck .  As mentioned 

e a r l i e r ,  th e re  are 14 in d u s t r ie s  in  which p r o d u c t i v i t y  a c tu a l ly  dec l ined  

in  abso lu te  terms (nega tive  growth ra te s )  s in c e  1973. Among th o s e  14 

i n d u s t r i e s ,  two show an a b s o lu te  d e c l in e  in  KL as w e l l ,  namely, CRUDE 

PETROLEUM AND NATURAL GAS (2) and MINING ( 3 ) ,  w h ile  e ig h t  o the rs  e x h ib i t  

a lower post 1973 growth ra te  i n  KL r e l a t i v e  t o  th e  p re -1 9 7 3  p e r io d .  

C o n s e q u e n t ly ,  among the 14 in d u s t r ie s  w i th  the most severe d e c l in e s  in  

p r o d u c t i v i t y  g ro w th ,  te n  e x h i b i t  th e  " c o r r e c t "  p o s i t i v e  c o r r e l a t i o n  

be tween KL g ro w th  and p r o d u c t i v i t y  growth. However, the re  remain fo u r  

in d u s t r ie s  which e x h ib i t  d e c l in in g  p r o d u c t i v i t y  le v e ls  c o in c id e n t  w i th  

iD £ £ S i§ iD 9  KL g ro w th .  The most consp icuo us  o f  these i s  AGRICULTURE 

FERTILIZERS (1 1 ) ,  in  wh ich  th e  p o s t -1 9 7 3  g ro w th  r a te  i n  KL was 1 0 .9  

p e rc e n t  compared w i th  a p re -1 9 7 3  g ro w th  o f  6 .9  p e r c e n t ;  w h i le  the 

p r o d u c t i v i t y  growth ra te  went from 4 .0  percent du r ing  the  1947-73 per iod  

to  - . 6  percent du r ing  the 1973-77 p e r io d .  F in a l l y ,  o f  the rem a in ing  26 

i n d u s t r i e s  i n  w h ich  p r o d u c t i v i t y  growth dec l ined  s ince  1973, on ly  n ine 

in d u s t r ie s  s im u ltaneous ly  experienced d e c l in in g  KL growth.

The nega tive  c o r re la t io n s  between movements in  KL and movements i n

p r o d u c t i v i t y  appear in  many in d u s t r ie s  over the 1966-73 p e r io d ,  as w e l l .

At the  aggregate le v e l ,  as mentioned e a r l i e r ,  p r o d u c t i v i t y  growth slowed

d u r in g  t h i s  p e r io d  r e la t i v e  t o  the e a r l i e r  p e r io d .  KL a c tu a l ly  beg ins

to  a c c e le ra te  over the 1966-73 p e r io d ,  however, g iv in g  f u r t h e r  e v id e n c e

o f a s l i g h t  paradox in  the  h i s t o r i c a l  da ta .
"■ ■' " k

T h is  c u r s o ry  re v ie w  o f  th e  d a ta  r e v e a ls  a few u s e fu l  r e s u l t s .  

F i r s t ,  even though t h e r e  i s  b road  s i m i l a r i t y  a c ro s s  i n d u s t r i e s  w i t h  

r e s p e c t  t o  the  p a t te rn  o f  both p r o d u c t i v i t y  growth and KL g row th , th e re  

remains s ig n i f i c a n t  d i f fe re n c e s  between in d u s t r ie s .  During a p e r io d  o f
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b road  d e c l in e  i n  p r o d u c t i v i t y ,  1973-77, the re  were some 30 percent o f 

the  i n d u s t r i e s  s tu d ie d  w h ich  showed f a s t e r  g ro w th  i n  p r o d u c t i v i t y ,  

r e la t i v e  t o  the e a r l i e r  p e r io d s .  Furthermore, even in  those cases where 

the  broad p a t te rn s  are s im i la r ,  th e re  remains s ig n i f i c a n t  d i f fe re n c e s  in  

t h e  m a g n i t u d e s  o f  t h e  r a t e s .  F i n a l l y ,  one may o b s e rv e  th e  

d i s s i m i l a r i t i e s  between bo th  th e  p a t t e r n s  and m agn itudes  o f  KL and 

p r o d u c t i v i t y  growth compared w ith  t h e i r  corresponding aggregates. Much 

u s e fu l in fo rm a t io n  i s  missed by look ing  on ly  at aggregates.

Second, a s im p le  two f a c t o r  model o f  c a p i t a l  and la b o r  c l e a r l y  

would  n o t  be adequate to  e x p la in  the behavior o f p r o d u c t i v i t y ,  a t le a s t  

f o r  the  past 20 years . We see an abundance o f evidence sugges ting  t h a t  

d e c l i n i n g  c a p i t a l  f o r m a t io n ,  a lo n e ,  may n o t  e x p la in  th e  d e c l i n in g  

p r o d u c t i v i t y  growth th a t  began, f o r  a la rg e  number o f  i n d u s t r i e s ,  as 

e a r l y  as th e  l a t e  1 9 6 0 's  and a c c e le r a te d  d u r in g  th e  e a r l y  1 9 7 0 's .  

C onsequen t ly ,  ou r  model in c lu d e s  r e l a t i v e  ene rgy  p r i c e s  as w e l l  as 

c a p i ta l  costs  and labo r compensation as among the  independent v a r ia b le s .

The p a t t e r n  o f energy p r ic e s  r e la t i v e  to  o th e r  in p u t  costs  i s  most . 

s t r i k i n g  o v e r  th e  h i s t o r y .  As d e s c r ib e d  i n  C h a p t e r ^  we have 

c o n t r u c t e d  ene rg y  p r i c e  s e r ie s  f o r  each i n d u s t r y  wh ich ta k e s  i n t o  

c o n s id e r a t io n  th e  com p o s i t io n  o f  e n e rg y  demand by t y p e  f o r  each  

i n d u s t r y .  T h e r e fo r e ,  th e  s e r ie s  d i f f e r  from  in d u s t r y  t o  in d u s t r y .  

Tables 3 and 4 d is p la y  growth ra te s  f o r  e n e rg y -c a p ita l  and e n e rg y - la b o r  

r e l a t i v e  p r i c e s  f o r  s e le c te d  s u b -p e r io d s  o v e r  th e  h i s t o r y  f o r  each 

in d u s t r y .  As we see , t h e r e  was a d ra m a t ic  change i n  ene rg y  p r i c e s  

r e l a t i v e  t o  o th e r  in p u t  c o s ts  in  the  recent pa s t .  In  a l l  in d u s t r ie s ,  

the  average growth ra te  in  energy p r ic e  r e la t i v e  t o  b o th  th e  wage r a te  

and c a p i t a l  c o s t  was n e g a t iv e  o v e r  th e  1947-73 p e r io d .  In  a d d i t io n .



ANNUAL RATES OF GROWTH IN ENERGY-CAPITAL RELATIVE PRICE

4 7 -5 8  58 -66  66 -7 3  47 -73  7 3 -7 7  47 -77

1 FARMS AGR. SERVICES,FORESTRY,FISHERY
2 CRUDE PETROLEUM AND NATURAL GAS (4 )
3 MINING ( 2 , 3 , 5 )
4 CONSTRUCTION (6 )
5 FOOD, TOBACCO (7 )
6 TEXTILES (8 )
7 KNITTING, HOSIERY (9)
8 APPAREL AND HOUSEHOLD TEXTILES (10 )
9 PAPER (11)

10 PRINTING (12 )
11 AGRICULTURE FERTILIZERS (13)
12 OTHER CHEMICALS (14)
13 PETROLEUM REFINING G FUEL OIL (1 5 ,1 6
14 RUBBER AND PLASTIC PRODUCTS (1 7 ,1 8 )
15 FOOTWEAR AND LEATHER (19)
16 LUMBER (20 )
17 FUNITURE (21)
18 STONE,CLAY & GLASS (22 )
19 IRON AND STEEL (23)
20 NON-FERROUS METALS (2 4 ,2 5 )
21 METAL PRODUCTS (26)
22 ENGINES S TURBINS (27 )
23 AGRICULTURE MACHINERY (28)
25 METALWORKING MACHINERY (30)
27 SPECIAL INDUCTRY MACHINERY (31)
28 MISC.NONELEC. MACHINERY (2 9 ,3 2 )
29 COMPUTERS £ OTHER OFFICE MACHINERY (
30 SERVICE INDUCTRY MACHINERY (35)
31 COMMUNICATIONS MACHINERY (36)
32 HEAVY ELECTRICAL MACHINERY (37)
33 HOUSEHOLD APPLIANCES (38)
34 ELECTRICAL LIGHTING & WIRING EQUIP (
35 RADIO,T.V.RECEIVING,PHONOGRAPH (40)
36 MOTOR VEHICLES (41 )
37 AEROSPACE (42)
38 SHIPS 8 BOATS (43 )
39 OTHER TRANSPORTATION EQUIP. (44)
40 INSTRUMENTS (45 )
41 MISC. MFG. (46 )
42 RAILROADS (47 )
43 AIR TRANSPORT (50)
44 TRUCKING AND OTHER TRANSPORT (4 G ,4 9 ,
45 COMMUNICATIONS SERVICES (53 )
46 ELECTRIC U T IL IT IE S  (54 )
47 GAS,WATER & SANITATION (5 5 ,5 6 )
48 WHOLESALE & RETAIL TRADE (5 7 ,5 8 )
49 FINANCE & INSURANCE (60)
50 REAL ESTATE (61 )
51 HOTELS & REPAIRS MINUS AUTO (63)
52 BUSINESS SERVICES (64 )
53 AUTO REPAIR (65 )
54 MOVIES & AMUSEMENTS (66 )
55 MEDICAL & ED. SERVICES (67 )

- 4 . 0 - 1 . 3 0 .2 - 2 . 5 7 . 8 - 0 . 7
- 5 . 4 - 0 . 8 - 1 . 4 - 2 . 9 4 .9 - 1 . 9
- 5 . 2 - 1 .1 1 .6 - 2 . 2 7 .0 - 0 . 9
- 3 . 7 - 0 . 7 0 .7 - 2 . 3 8 .3 - 0 . 2
- 4 . 3 - 1 . 0 - 0 . 5 - 2 . 3 7 .3 - 1 . 0
- 5 . 5 - 1 . 6 - 1 . 9 - 3 . 2 1 .4 - 2 . 7
- 4 . 3 - 1 . 2 - 0 . 3 - 2 . 4 7 .5 - 1 . 0
- 5 . 3 - 1 . 0 - 0 . 7 - 2 . 8 5 .5 - 1 . 6
- 5 .1 - 1 . 3 - 0 . 2 - 2 . 7 7 .6 - 1 . 2
- 4 . 5 - 1 . 2 -1 .1 - 2 . 5 3 .7 - 1 . 7
- 3 . 6 - 0 . 4 - 0 . 9 - 1 . 8 8 .4 - 0 . 5
- 5 . 2 - 1 . 4 - 0 . 2 - 3 . 0 7 .5 - 1 . 3
- 4 . 4 - 0 . 9 0 .7 - 2 . 6 9 .7 - 0 . 4
- 6 . 4 - 2 . 9 - 1 . 2 - 3 . 8 4 .3 - 2 . 8
- 4 . 6 - 1 . 0 - 0 . 7 - 2 . 5 4 .5 - 1 . 5
- 4 . 4 - 1 . 0 0 .1 - 2 . 5 7 .1 - 0 . 9
- 4 . 4 - 1 . 0 - 0 . 5 - 2 . 4 5 .3 - 1 . 3
-3 .1 - 0 . 3 0 .2 - 1 . 4 8 .2 - 0 .1
- 4 . 9 - 1 . 5 0 .1 - 2 . 5 7 .2 - 1 . 2
- 4 . 5 - 1 . 3 - 0 . 9 - 2 . 5 4 .2 - 1 . 7
- 4 . 7 - 1 .1 - 0 . 8 - 2 . 5 5 .0 - 1 . 6
- 4 . 9 - 1 . 2 - 0 . 8 - 2 . 7 5 .2 - 1 . 6
- 4 . 5 - 1 .1 - 0 . 5 - 2 . 4 6 .6 - 1 . 2
- 4 . 8 - 1 . 4 - 0 . 7 - 2 . 8 5 .4 - 1 . 6
- 4 . 8 - 1 . 3 - 0 . 7 - 2 . 7 4 .7 - 1 . 6
- 4 . 5 - 1 . 4 - 0 . 2 - 2 . 5 6 .4 - 1 . 2
- 3 . 9 - 0 . 6 -0 .1 - 1 . 9 6 .7 - 0 . 7
- 4 . 2 - 1 . 0 - 0 . 0 - 2 . 3 7 .3 - 0 . 8
- 4 . 0 - 1 . 2 - 0 . 8 - 2 . 3 5 .0 - 1 . 3
- 4 . 2 - 1 . 0 - 0 . 4 - 2 . 3 6 .1 - 1 .1
- 4 .1 - 0 . 5 - 0 . 4 - 2 . 0 6 .3 - 0 . 9
- 4 . 4 - 1 . 2 - 1 . 2 - 2 . 5 4 .0 - 1 . 7
- 4 . 0 - 0 . 7 - 0 . 4 - 2 .1 6 .9 - 0 . 8
- 4 . 5 - 0 . 9 - 0 . 6 - 2 . 4 5 .9 - 1 . 3
- 3 . 9 - 0 . 8 - 0 . 6 - 2 . 2 6 .1 - 1 . 0
- 4 . 5 - 0 . 8 - 0 . 4 - 2 . 4 5 .7 - 1 . 2
- 4 . 3 - 0 . 7 - 0 . 5 - 2 . 2 6 .1 - 1 .1
- 4 . 4 - 1 . 2 0 .0 - 2 . 4 7 .1 - 1 . 0
- 4 . 4 - 1 . 2 - 0 . 3 - 2 . 5 5 .9 - 1 . 2
- 5 . 2 - 0 . 8 0 .2 - 2 . 7 9 .3 - 0 . 9
- 1 . 6 - 0 . 7 0 .5 - 1 . 5 1 0 .2 0 .7
- 5 . 5 - 1 . 3 0 .6 - 3 . 0 1 2 .4 - 0 . 6
- 4 . 2 -0 .1 - 1 . 0 - 2 . 0 5 .7 - 1 . 0
-5 .1 - 1 . 2 2 .4 - 2 .1 1 2 .0 - 0 . 0
- 3 . 2 - 0 . 0 - 0 . 2 - 1 . 5 1 2 .8 0 .5
- 4 . 0 - 0 . 3 - 0 .1 - 1 . 9 6 .7 - 0 . 7
- 2 . 7 - 1 . 3 3 .4 - 1 . 3 1 7 .8 1 .8
- 3 . 0 - 0 . 9 2 .6 - 1 . 4 1 9 .9 1 .9
- 2 . 4 0 .3 0 .4 - 0 . 9 *T 4 7 T 1 .2
- 2 . 9 - 0 . 3 2 .0 - 1 . 2 1 5 .6 1 .4
- 3 . 5 0 .5 0 .8 - 1 . 4 1 3 .9 0 .9
- 2 . 2 0 .1 0 .0 - 1 .1 16 .5 1 .4
- 3 . 6 - 0 . 8 0 .0 - 1 . 8 6 .8 - 0 . 6

TABLE 3



4 7 -5 8  58-66  66 -73  47 -73  7 3 -7 7  47-77

ANNUAL RATES OF GROWTH IN ENERGY-LA' OH ::~J ATIVE PRICE

1 FARMS AGR. SERVICES,FORESTRY,FISHERY
2 CRUDE PETROLEUfi AND NATURAL GAS (4 )
3 MINING ( 2 , 3 , 5 )
4 CONSTRUCTION (6 )
5 FOOD, TOBACCO (7 )
6 TEXTILES (8 )
7 KNITTING, HOSIERY (9)
8 APPAREL ADD HOUSEHOLD TEXTILES (10 )
9 PAPER (11)

1C PRINTING (12)
11 AGRICULTURE FERTILIZERS (13 )
12 OTHER CHEMICALS (14 )
13 PETROLEUM REFINING £ FUEL OIL (1 5 ,1 6
14 RUBBER AND PLASTIC PRODUCTS ( 1 7 , 1 S)
15 FOOTWEAR AND LEATHER (19)
16 LUMBER (20 )
17 FUNITURE (21)
18 STONE,CLAY ru GLASS (22)
19 IRON AND STEEL (23 )
20 NON-FERROUS METALS (2 4 ,2 5 )
21 METAL PRODUCTS (26)
22 ENGINES a TURBINS (27 )
23 AGRICULTURE MACHINERY (28)
25 METALWORKING MACHINERY (30)
27 SPECIAL IfJDUCTRY MACHINERY (31)
28 MISCoNONELEC. MACHINERY (2 9 ,3 2 )
29 COMPUTERS S OTHER OFFICE MACHINERY (
30 SERVICE INDUCTRY MACHINERY (35)
31 COMMUNICATIONS MACHINERY (36)
32 HEAVY ELECTRICAL MACHINERY (37)
33 HOUSEHOLD APPLIANCES (38)
34 ELECTRICAL LIGHTING £ WIRING EQUIP (
35 RADIO,T.V.RECEIVING,PHONOGRAPH (4G)
36 MOTOR VEHICLES (4 1 )
37 AEROSPACE (42)
38 SHIPS S BOATS (43 )
39 OTHER TRANSPORTATION EQUIP. (44 )
40 INSTRUMENTS (45)
41 MISC. MFG. (46 )
42 RAILROADS (4 7 )
43 AIR TRANSPORT (50)
44 TRUCKING AND OTHER TRANSPORT ( 4 8 , 4 9 ,
45 COMMUNICATIONS SERVICES (53 )
46 ELECTRIC U T IL IT IE S  (54 )
47 GAS,WATER £ SANITATION (5 5 ,5 6 )
48 WHOLESALE £ RETAIL TRADE (5 7 ,5 8 )
49 FINANCE & INSURANCE (60)
50 REAL ESTATE (61 )
51 HOTELS & REPAIRS MINUS AUTO (63 )
52 BUSINESS SERVICES (64 )
53 AUTO REPAIR (65 )
54 MOVIES 8 AMUSEMENTS (66 )
55 MEDICAL 8 ED. SERVICES (67 )

- 1 . 3 - 7 .1 - 3 . 6 - 3 . 8 8 .3 -2 .1
0 .9 - 2 . 6 - 3 . 8 - 1 . 4 5 .2 - 0 . 6

- 4 .1 - 3 . 4 - 2 . 4 - 3 . 4 9 .6 - 1 . 7
- 2 . 5 - 4 . 2 - 1 . 7 - 3 . 4 1 2 .2 - 0 . 8
- 4 . 2 - 3 . 7 - 2 . 7 - 3 . 6 8 .3 - 2 . 0
- 3 .1 - 3 . 6 - 3 . 7 - 3 . 3 6 .0 - 2 . 2
- 1 . 9 - 2 . 8 - 2 . 3 - 2 . 4 1 1 .9 - 0 . 4
- 1 . 2 - 2 . 2 - 2 . 0 - 1 . 7 7 . 8 - 0 . 5
- 4 . 0 - 3 . 9 - 2 . 0 - 3 . 4 9 .0 - 1 . 8
- 3 . 6 - 2 . 8 - 2 . 4 - 3 . 0 7 . 8 - 1 . 6
- 4 . 2 - 2 . 8 - 2 . 4 - 3 . 2 7 .4 - 1 . 9
- 4 . 7 - 3 . 4 - 1 . 7 - 3 . 7 7 .5 - 2 . 0
- 4 . 4 - 2 . 9 - 0 . 2 - 3 . 3 7 . 8 - 1 . 4
- 4 . 2 - 2 . 2 - 2 .1 - 3 . 0 6 .6 - 1 . 7
- 2 . 9 - 2 . 8 - 2 . 8 - 2 . 9 7 .9 - 1 . 4
- 2 . 9 - 3 . 7 - 2 . 9 - 3 . 4 8 .5 - 1 . 6
- 3 . 3 - 2 . 7 - 1 . 9 - 2 . 6 7 .3 - 1 . 4
- 4 . 3 - 3 . 2 - 2 . 0 - 3 . 2 8 .4 - 1 . 8
- 4 . 8 - 2 . 9 - 2 . 6 - 3 . 5 6 .7 - 2 . 3
- 4 . 5 - 3 .1 - 3 . 3 - 3 . 5 4 .3 - 2 . 7
- 4 .1 - 3 .1 - 2 . 2 - 3 . 2 6 .1 - 2 . 0
- 4 . 2 -3 .1 - 3 . 2 - 3 . 6 5 .2 - 2 . 4
- 3 . 9 - 4 . 0 - 3 . 4 - 3 . 8 6 .1 - 2 . 5
- 4 . 4 - 3 . 3 - 2 . 3 - 3 . 6 6 .9 - 2 .1
- 4 .1 - 3 . 6 - 2 . 8 - 3 . 6 5 .2 - 2 . 4
- 4 . 0 - 2 . 9 - 2 . 3 - 3 . 3 6 .8 - 1 . 8
- 4 . 3 - 3 . 8 - 2 . 0 - 3 . 5 5 .7 - 2 . 3
- 3 . 9 - 3 . 2 - 2 . 3 - 3 . 4 8 .4 - 1 . 7
- 4 . 4 - 2 . 8 - 3 . 6 - 3 . 6 4 .9 - 2 . 6
- 4 . 2 - 2 . 4 - 2 . 4 - 3 .1 7 .1 - 1 . 8
- 3 . 9 - 2 . 6 - 2 . 5 - 3 . 0 7 .8 - 1 . 7
- 4 .1 - 3 . 0 - 3 . 8 - 3 . 4 5 .2 - 2 . 5
- 4 .1 - 2 . 2 - 3 . 7 - 3 . 2 6 .5 - 2 .1
- 5 . 4 - 3 . 0 - 3 . 6 - 4 . 0 5 .2 - 2 . 9
- 4 . 5 - 4 . 3 - 3 . 0 - 4 .1 5 .7 - 2 . 7
- 3 . 7 - 3 . 7 - 1 . 8 - 3 . 3 6 .7 - 1 . 8
- 4 . 9 - 3 . 7 - 2 . 2 - 3 . 9 6 .5 - 2 . 5
- 5 . 3 - 2 . 8 - 2 . 0 - 3 . 7 8 .3 - 2 .1
- 3 . 5 - 2 . 8 - 2 . 2 - 3 .1 8 .0 - 1 . 5
- 3 . 5 - 3 . 3 - 3 . 7 - 3 . 4 1 1 .9 - 1 . 4
- 2 . 5 - 5 . 0 - 3 . 4 - 4 .1 1 0 .0 - 1 . 7
- 2 . 5 - 4 . 2 - 2 . 0 - 3 . 2 12 .7 - 0 . 8
- 3 . 4 - 4 . 6 - 4 . 9 - 4 . 0 2 .8 - 3 . 3
- 4 . 0 - 4 . 6 - 0 . 6 - 3 . 4 1 2 .2 - 1 . 2
- 4 . 0 - 2 . 9 - 1 . 9 - 3 .1 11.1 - 1 . 2
- 2 . 3 - 3 . 7 - 3 . 0 - 2 . 9 7 . 0 - 1 . 6
- 2 . 0 - 4 . 6 - 0 . 2 - 2 . 9 17 .5 0 .3
- 1 . 6 - 4 . 5 - 1 . 3 - 2 . 9 1 6 .9 0 .1
- 0 . 7 - 3 . 4 - 2 . 4 - 2 . 0 1 4 .8 0 .3
- 1 . 8 - 3 . 2 - 0 . 6 - 2 . 2 1 5 .7 0 .4
- 0 . 8 - 3 . 3 - 2 . 7 - 2 .1 1 5 .8 0 .3
- 1 . 0 - 3 . 6 - 0 .1 - 1 . 7 1 4 .8 0 .6
- 2 . 0 - 4 . 4 - 5 .1 - 3 . 5 7 .5 -2 .1

TABLE 4
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energy p r ic e s  r e la t i v e  to  labo r cost dec l ined  a t  a f a s te r  ra te  th a n  d id  

th e  e n e r g y - c a p i t a l  r e l a t i v e  p r i c e .  In  41 in d u s t r ie s  the energy-wage 

r e la t i v e  p r ic e  dec l ined  an average o f  th r e e  p e rc e n t  o r  more o ve r  th e  

1947-73 p e r io d ,  w h i le  th e  e n e r g y - c a p i t a l  r e l a t i v e  p r ic e  dec l ined  a t  

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

C o n s e q u e n t ly ,  p r i o r  t o  1973 , ene rgy  was becoming cheaper r e la t i v e  to  

labo r cost and c a p i ta l  cos t .

During the 1973-77 p e r io d ,  energy became more expensive r e la t i v e  to  

c a p i ta l  and labo r in  a l l  in d u s t r ie s .  In  a d d i t io n ,  t he increased c o s t  o f  

ene rgy  i s  most pronounced in  the  t r a n s p o r ta t io n ,  u t i l i t i e s ,  and se rv ice  

s e c to rs .  One c e r ta in ly  would e xp e c t  t h a t  th e  d ra m a t ic  change i n  the. 

s t ru c tu re  o f p r ic e s  o ccu rr in g  s ince  1973 would have some e f fe c t  upon the 

investment and employment d e c is io ns  by in d u s t ry .

T ab le  3 and 4 a ls o  re v e a l  t h a t  th e  d ra m a t ic  tu rnabou t in  energy 

p r ic e s  beg inn ing in  1973 was preceded by a more modest ye t c le a r  change 

i n  th e  p a t te rn  o f energy p r ic e s  dur ing  the  1966-73 p e r io d .  For, dur ing  

t h i s  p e r io d ,  the re  was a c le a r  slowdown in  the  d e c l in e  o f energy p r ic e s  

r e l a t i v e  t o  th e  o th e r  in p u t  p r i c e s .  The slowdown in  the d e c l in e  o f 

energy cost r e la t i v e  to  labo r  cost occurred in  41 o f the 53 i n d u s t r i e s ,  

w h i le  the  d e c l in e  in  energy cost r e la t i v e  to  c a p i ta l  cost occurred in  44 

o f the  53 in d u s t r ie s .

The model d is p la y e d  i n  (2 )  was used t o  e x p la in  th e  d a ta  wh ich

generated the  KL and p r o d u c t i v i t y  growth ra tes  used t o  c o n s t ru c t  T ab les

1 and 2 .  The p r i c e  d a ta  embodied i n  T a b le s  3 and 4 were used as
2

e xp lana to ry  v a r ia b le s .  The parameter es t im ates and R f o r  each in d u s t ry  

are d isp la yed  in  Table A1 in  Apendix A; and the  e l a s t i c i t i e s  computed 

from these parameters, eva luated a t  the 1977 values o f  the dependent and
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in d e p e n d e n t v a r i a b l e s /  a re  d is p la y e d  i n  T ab le  5 .  S ince  q u a d r a t i c  

program ming was used t o  es t im a te  the model in  o rder to  in c o rp o ra te  our 

p r io r  views about the s ign  p a t te rn s  o f  th e  e l a s t i c i t i e s /  c o n v e n t io n a l  

approaches t o  assessing the " q u a l i t y "  o f the models may not be a p p l ie d ;  

f o r  t h i s  reason/ standard e r ro rs  are not d isp la ye d .

R e fe rr ing  t o  Table A1 in  Appendix A/ the number labe led  RSQR g iv e s
2

th e  R f o r  th e  e n t i r e  system/ and may be neg a tive .  NIT represen ts  the 

number o f i t e r a t io n s  requ ired  f o r  convergence. 0Q1 through DQ4 a re  th e  

c o e f f i c i e n t s  i n  th e  p r o d u c t i v i t y  e q u a t io n  on percerifege changes i n  

o u t p u t /  and p r o v id e  i n f o r m a t i o n  on t h e  c y c l i c a l  m ovem ents o f  

p r o d u c t i v i t y .  The f i r s t  r e s u l t  one observes from these c o e f f i c ie n ts  i s  

the  f a c t  t h a t  a v e r a g e L a b o r  p r o d u c t i v i t y  (ALP) i s  p r o c y c l i c a l  i n  a 

m a jo r i t y  o f  i n d u s t r i e s *  c o n s i s t e n t  w i th  a s i m i l a r  macro phenomenon. 

That iS /  as ou tpu t in c rea ses /  ALP in c re a s e s  above i t s  long  run  p a th ;  

and as o u tp u t  decreases / ALP decreases. An example i s  found in  LUMBER 

(16) in  Table A1. The c o e f f i c ie n t  labe led  DQ1 says t h a t  a one p e rc e n t  

in c re a s e  i n  o u tp u t  leads in  the  same pe r iod  t o  a 13.8 percent decrease 

in  labo r  per u n i t  o f  ou tpu t below i t s  long  run  g ro w th  p a th /  wh ich  in  

t h i s  s tu d y  i s  e x p la in e d  by r e la t i v e  p r ic e  movements and a t im e t re n d .  

T he re fo re /  an increase in  ou tpu t Leads t o  an i ncrease i n  ALP above i t s  

lo ng  run  g ro w th  p a th /  b y ,  as i t  t u r n s  o u t /  s l i g h t l y  more th a n  13.8 

pe rcen t.  The c o e f f i c i e n t  la b e le d  DQ2 sugges t t h a t  th e  f i r s t  p e r io d  

in c re a s e  i n  o u tp u t  w i l l  Lead t o  a f u r t h e r  reduc t io n  in  the  next pe r iod  

i n  Labor requirements o f  approx im ate ly  7 .8  p e r c e n t .  F i n a l l y /  DQ3 and 

DQ4 a re  p o s i t i v e /  s u g g e s t in g  t h a t  any in c re a s e  i n  p r o d u c t i v i t y  o f  a 

p u re ly  c y c l i c a l  na ture  w i l l  d isappear by the  end o f  the bus iness  c y c le .  

I n c r e a s in g  re tu rn s  are found in  45 o f  the  53 in d u s t r ie s  d is p la y e d .  The
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on ly  in d u s t r ie s  which do not fo l lo w  t h i s  p a t te rn  a re  HOTEL AND REPAIRS

(5 1 ) ,  AEROSPACE (3 7 ) ,  FOOTWEAR AND LEATHER (1 5 ) ,  AGRICULTURE FERTILIZERS 

( 1 1 ) ,  AGRICULTURE ( 1 ) ,  FINANCE AND INSURANCE (4 9 ) ,  OTHER TRANSPORTATION 

(39) COMMUNICATIONS SERVICES (4 5 ) ,  and AGRICULTURE MACHINERY (2 3 ) .  ^

Again r e fe r r in g  t o  Table A1, c o e f f i c i e n t s  la b e le d  D1, D2, and D3 

are the  we igh ts  which to g e th e r  im p ly  p a t te rn s  o f  d ep re c ia ton .  They show 

in d u s t r y  le v e l  d e p re c ia t io n  p a t te rn s  which f o r  35 o f the 53 in d u s t r i e s 

d i f f e r  from the  g e o m e tr ic a l ly  d e c l in in g  p a t te rn  used i n  much e m p i r i c a l  

w o rk .  As we s ta te d  in  Chapter 3 ,  in d u s t r ie s  i n  which the es tim ated D1 

i s  d i f f e r e n t  from u n i ty  do not have g e o m e tr ic a l ly  d e c l in in g  p a t t e r n s  o f  

d e p r e c i a t i o n .  U s in g  t h e  e s t im a t e d  c o e f f i c i e n t s ,  p a t t e r n s  o f  

d e p re c ia t io n  are cons truc ted  and p lo t te d  in  Appendix B a t  the end o f  the 

chapter f o r  those i n d u s t r i e s  w h ich  have p a t t e r n s  d i f f e r e n t  f rom  th e  

g e o m e t r i c  p a t t e r n .  As one may see from  th e  p l o t s ,  t h e r e  e x i s t s  

cons iderab le  d i v e r s i t y  across in d u s t r ie s .

TRENDE and TRENDE2 correspond t o  the  t re n d  c o e f f i c i e n t s  a^ and ^  

i n  (.2) .  Consequently, a p o s i t i v e  TRENDE2 means th a t  the  ra te  o f  d e c l in e  

in  employment per u n i t  o f  ou tpu t i s  lower s t a r t in g  in  1970 compared w ith  

the  pre-1970 p e r io d .  Th is  r e s u l t  i n  tu rn  suggests t h a t  the  t re n d  growth 

the  p r o d u c t i v i t y  has slowed s t a r t in g  in  1970.

Append ix  C, a t  th e  end o f  th e  chap te r ,  g ives  the  p lo ts  o f  ac tua l 

v e rs u s  p r e d ic t e d  in v e s tm e n t  and p r o d u c t i v i t y  f o r  each  o f  t h e  53 

i n d u s t r i e s .  These p rov ide  another view o f the a b i l i t y  o f  the model to  

t ra c k  investment and employment over the  h i s to r y .

Table 5 presents  evidence o f the  s u b s t i t u t io n  p o s s i b i l i t i e s  among 

th e  in p u t s  as w e l l  as measures o f  f i t  and s e r ia l  c o r r e la t io n .  Looking 

a t  the f i r s t  in d u s t r y ,  AGRICULTURE,FORESTRY,FISHERY, and read ing  a c ro s s
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th e  CAPITAL row , we o b s e rv e ,  f i r s t ,  th e  e l a s t i c i t y  o f  c a p i t a l  w ith  

respect t o  i t s  own p r ic e ,  P^. Then we see th e  e l a s t i c i t y  o f  c a p i t a l  

w i t h  re s p e c t  t o  th e  p r i c e  o f  l a b o r ,  PL,  and the p r ic e  o f energy, P£ . 

The SIGMA column g ives  the Al l e n  e l a s t i c i t y  o f  subsj t ^ t h e  o n ly  

e l a s t i c i t y  wh ich we were a b le  t o  compute w i th  the data in  hand. This 

e I a s t i c i t y  measures the  pe rppntage change in  the  c a p i ta l  labor r a t i o  i n ­

r esponse tO a n p r rp n ta t ip  chanoP in  thf> r a t i o  nf thg p r i  r*> o f labo r to  

the  p r i ce o t c a p i ta l ,  ho ld ing  a l l  o the r  in p u t  p r ic e s  an ou tpu t cons tan t.  

Next, we see the cos t sha re  column ,CSTSHR, wh ich t o g e th e r  w i th  th e  

c a p i t a l - l a b o r  c ro s s  p r i c e  e l a s t i c i t y  g iv e s  th e  AES f o r  c a p i t a l  and 

la b o r .  FIT i s  the  ro o t  mean squared e r ro r  expressed as a pe rcen tage  o f  

the mean o f the dependent v a r ia b le .  The sm a lle r  t h i s  number, the  b e t te r  

t h e  f i t .  The f i n a l  c o lu m n ,  RHO, i s  t h e  c o e f f i c i e n t  o f  s e r i a l  

c o r r e la t io n  and i s  used in  the  fo re c a s t .

T ab le  5 sheds l i g h t  on th e  s u b s t i t u t i o n  p o s s i b i l i t i e s  between 

c a p i ta l  and energy. There are 16 in d u s t r ie s  i n  which c a p i ta l  and energy 

a re  s u b s t i t u t e s -  Among the  in d u s t r ie s  most s e n s i t iv e  t o  energy p r ic e s  

i n  t h i s  way a re  AGRICULTURE ( 1 ) ,  CONSTRUCTION ( 4 ) ,  AGRICULTURE 

FERTILIZERS ( 1 1 ) ,  OTHER CHEMICALS ( 1 2 ) ,  PETROLEUM REFINING ( 1 3 ) ,  

AEROSPACE (3 7 ) ,  and GAS,WATER AND SANITATION (4 7 ) ,  a l l  w i th  c ro s s  p r i c e  

e l a s t i c i t e s  g r e a t e r  th a n  0 . 2 .  Of the remaining 9 in d u s t r ie s  i n  which 

c a p i ta l  and energy are s u b s t i t u te s ,  th re e  have e l a s t i c i t i e s  between 0 .1  

and 0 . 2 ,  and the  remainder have e l a s t i c i t i e s  less  than 0 . 1 .

The re  a re  37 i n d u s t r i e s  which show evidence o f va ry ing  degrees o f 

c a p i t a l - e n e r g y  c o m p le m e n ta r i ty .  The m ost s e n s i t i v e  among t h e s e  

i n d u s t r i e s  a re  OTHER TRANSPORTATION (39 )  and RADIO, T .V . (35) w ith  

e l a s t i c i t i e s  g r e a t e r  th a n  0 .5  i n  a b s o lu te  v a lu e .  Of th e  re m a in in g
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i n d u s t r i e s  n in e  have e l a s t i c i t i e s  g r e a t e r  th a n  0 .2  w h i le  26 have 

e l a s t i c i t i e s  less  than 0 . 1 .

Table 5 a lso  p rov ides in fo rm a t io n  abou t th e  r e l a t i o n s h i p  between 

la b o r  and ene rgy  by i n d u s t r y .  There are 19 in d u s t r ie s  in  which labor 

and energy are s u b s t i tu e s ;  t h a t  i s ,  h igher energy p r i c e s  le ad  t o  more 

la b o r  em p loym ent, and lower average labo r  p r o d u c t i v i t y .  Consequently, 

h igher energy p r ic e s  r e l a t i v e  t o  th e  wage r a te  p la y e d  a r o le  i n  th e  

p r o d u c t i v i t y  slowdown i n  th e  1973-77 p e r io d  i n  a m in o r i t y  o f  th e  

i n d u s t r i e s .  F o r  t h o s e  i n d u s t r i e s  w h e re  l a b o r  and e n e rg y  a re  

s u b s t i t u t e s ,  two have e l a s t i c i t i e s  g re a te r  than 0 .5 ,  w h ile  twe lve  have 

e l a s t i c i t i e s  between 0 .1  and 0 . 5 .  The m ost s e n s i t i v e  o f  t h e  19 

i n d u s t r i e s  a r e  CRUDE PETROLEUM ( 2 ) ,  ENGINES & TURBINES ( 2 2 ) ,  and 

RAILROADS (4 2 ) .

There are 33 in d u s t r ie s  i n  which labor and energy are complements. 

T h e r e fo r e ,  i n  th e s e  i n d u s t r i e s  h ig h e r  ene rgy  p r ic e s  lead t o  reduced 

employment f o r  a g iven  le v e l  o f  o u tp u t .  Some o f  th e  i n d u s t r i e s  w h ich  

a re  most s e n s i t i v e  i n  t h i s  way a re  TEXTILES ( 6 ) ,  IRON & STEEL ( 1 9 ) ,  

AGRICULTURE MACHINERY (2 3 ) ,  and SERVICE INDUSTRY MACHINERY (3 0 ) .  Of the 

re m a in in g  29 i n d u s t r i e s ,  17 have e l a s t i c i t i e s  g r e a t e r  th a n  0 .1  i n  

abso lu te  va lu e .

The a t te m p t  t o  e s t im a te  the  labo r-energy  e l a s t i c i t y  had led us to  

t r y  two prev ious  v e r s io n s  o f  th e  model b e fo r e  s e t t l i n g  on ( 2 ) .  The 

f i r s t  v e r s io n  c o n s is te d  i n  e s t im a t in g  th e  employment equa tion  w i th  a 

s in g le  t re n d  c o e f f i c ie n t .  Those resu l t s  gave equations which s u g g e s ted 

t h a t  ene rg y  p r i c e s  played a major ro le  i n  the p r o d u c t i v i t y  slowdown of  

th e  1 9 7 0 /s .  W ith  a c o n s ta n t  e x p o n e n t ia l  t r e n d  s p e c i f i c a t i o n ,  34 

in d u s t r y  e q u a t io n s  showed t h a t  la b o r  and ene rg y  were s u b s t i tu te s  in
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p r o d u c t io n .  The e l a s t i c i t i e s  f o r  t h i s  v e r s i o n  o f  t h e  m ode l a re  

p re s e n te d  i n  Append ix  D. A second v e rs io n  o f the model m od if ied  the 

exponen t ia l  t ren d  c o e f f i c ie n t  w i t h a s lope dummy which was set e qu a l t o  

one from  1970 th ro u g h  1977 . The purpose o f t h i s  m o d i f ic a t io n  was t o  

perm it the  t re n d  growth in  labo r per u n i t  o f  ou tpu t t o  change b e g in n in g  

i n  1 97 0 . The a f f e c t  on th e  e s t im a te s  was t o  reduce  th e  number o f  

in d u s t r ie s  in  which labor and energy appeared as good s u b s t i tu te s  t o  31 , 

and reduce the  s ize  o f the e l a s t i c i t i e s  s l i g h t l y .  The e l a s t i c i t i e s  f o r  

t h i s  ve rs io n  are d isp layed  in  Appendix E.

The r e s u l t s  wh ic h  we have p re s e n te d  i n  t h i s  chapter are f o r  t h e 

t h i r d  v e rs io n  o f the model in  which an a d d i t i o n a l  t r e n d  i s  in t r o d u c e d  

which s ta r t s  w i th  the va lue o f one in  1970. However, t h i s  t h i r d  v e rs io n  

g a ve  e m p lo y m e n t  p r i c e  e l a s t i c i t i e s  f o r  COMPUTERS & OTHER OFFICE 

MACHINERY (29) and MOTOR VEHICLES (36 )  wh ich  were so la rg e  t h a t  th e  

e q u a t i o n s  a c t u a l l y  g e n e r a te d  n e g a t iv e  employment by 1983 when a 

p r e l im in a r y  f o r e c a s t  o f  th e  e q u a t io n s  was made.* C o n s e q u e n t ly ,  th e  

e q u a t io n s  i n  T a b le  5 f o r  these two sec to rs  are r e s u l t s  from e s t im a t in g  

the second v e rs io n  o f  the model.

As mentioned e a r l i e r ,  own p r ic e  e l a s t i c i t i e s  o f  c a p i t a l  and la b o r  

a re  r e q u i r e d  t o  be n o n - p o s i t i v e ,  w h i le  th e  c ro s s  p r ic e  e l a s t i c i t i e s  

b e tw e e n  c a p i t a l  and l a b o r  a r e  r e q u i r e d  t o  be n o n - n e g a t i v e .  

N e v e r th e le s s ,  th e  m agn itudes  o f  these e l a s t i c i t i e s  supply some u s e fu l 

in fo rm a t io n .  There are fo u r  i n d u s t r i e s  i n  w h ich  c a p i t a l ' s  own p r i c e  

e l a s t i c i t y  i s  g r e a t e r  th a n  0 .5  i n  a b s o lu te  v a lu e :  AGRICULTURE ( 1 ) ,  

AGRICULTURE FERTILIZERS ( 1 1 ) ,  AEROSPACE ( 3 7 ) ,  and GAS,WATER AND 

SANITATION ( 4 f ) ,  w h i le  th e re  are 18 in d u s t r ie s  where the  same i s  t ru e  o t 

l a b o r ' s  own p r i c e  e l a s t i c i t y .  In  a d d i t i o n ,  o f  th e  42 in d u s t r ie s  in
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which a t  le a s t  one o f the own p r ic e  e l a s t i c i t i e s  i s  n o n -z e ro ,  32 show 

la b o r 's  own p r ic e  e l a s t i c i t y  i s  la rg e r  in  abso lu te  va lue th a n c a p i t a l ' s .  

T h e re  i s ,  c o n s e q u e n t ly ,  e v id e n c e  t h a t  la b o r  i s  more a d ju s t a b le  i n  

p rodu c t ion  than i s  c a p i ta l .

F in a l l y ,  th e re  a re  th r e e  i n d u s t r i e s  i n  w h ich  th e  e l a s t i c i t y  o f  

s u b s t i t u t i o n  i s  z e ro ,  28 in  which i t  i s  between zero and .2 5 ,  seven in  

which i t  i s  between .25 and 0 .5 ;  f i v e  i n  w h ich  i t  i s  between 0 .5  and 

1 . 0 ,  and 10 in  which i t  i s  g re a te r  than u n i t y .  The in d u s t r ie s  w i th  the 

h ighes t e l a s t i c i t i e s  o f  s u b s t i t u t i o n  between c a p i t a l  and la b o r  a re  

K N IT T IN G , HOSIERY ( 7 ) ,  COMMUNICATIONS MACHINERY ( 3 1 ) ,  HOUSEHOLD 

APPLIANCES ( 3 3 ) ,  and RADIO,T.V. ( 3 5 ) .  There  seems t o  be l i t t l e  

evidence to  support the Cobb-Douglas fu n c t io n  a t  the in d u s t ry  le v e l .

4 .  Summary

E f f o r t s  t o  app ly  the D ie rw ert  cost fu n c t io n  t o  t im e s e r ie s  data on 

investment and p r o d u c t i v i t y  f o r  53 i n d u s t r i e s  w h ich  e xha us t  th e  U .S . 

economy have been f r u i t f u l .  Even w i th  p r io r  r e s t r i c t i o n s  on se lec ted  

e l a s t i c i t i e s ,  based upon w e l l  e s ta b l is h e d  past e m p ir ic a l  and t h e o r e t ic a l  

work, the  model f i t s  h i s t o r i c a l  data s a t i s f a c t o r i l y  f o r  a m a jo r i t y  o f  

in d u s t r ie s ;  and g ive r p r ic e  e l a s t i c i t y  measures w i th ,  f o r  the most p a r t ,  

re a s o n a b le  m a g n i tu d e s .  These r e s u l t s  sugges t t h a t  a combination o f 

c y c l i c a l  phenomena, r e la t i v e  p r i c e  movements and t r e n d  v a r i a b le s  a re  

s u f f i c i e n t  t o  e x p la in  th e  slowdown i n  p r o d u c t i v i t y  t h a t  began in  the 

la te  1960's and p icked up steam in  the  1970 's .

We see from the  r e s u l t s  t h a t  both labo r employment and in v e s tm e n t  

a re  in deed  s e n s i t iv e  t o  r e la t i v e  p r ic e  movements. C a p ita l appears as a 

complement w i th  energy in  most in d u s t r ie s  as does la b o r .  The r e s u l t s
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suggest, f u r t h e r ,  th a t  c a p i ta l  and labor are s u b s t i tu ta b le  in  p rodu c tion  

i n  most i n d u s t r i e s .  As mentioned b e fp re ,  on ly  th re e  in d u s t r ie s  show a 

zero  e l a s t i c i t y  o f  s u b s t i t u t i o n  between c a p i t a l  and l a b o r ,  w h i le  a 

m a jo r i t y  o f  th e  i n d u s t r i e s  show e l a s t i c i t i e s  c o n s id e ra b ly  less th a t  

u n i t y .

E xperim enta tion  w ith  va r iou s  m o d if ic a t io n s  o f  th e  model p re s e n te d  

i n  t h i s  c h a p te r  revea led  t h a t  the c a p i ta l - la b o r  e l a s t i c i t i e s  were, f o r  

th e  most p a r t ,  unchanged from  s p e c i f i c a t i o n  t o  s p e c i f i c a t i o n .  I n  

a d d i t io n ,  the c a p i ta l-e n e rg y  e l a s t i c i t i e s  were in v a r ia n t  w i th  respect to  

v a r iou s  ve rs ion s  o f  the model. However, t he labor-energy  e l a s t i c i t y  was 

e x t re m e ly  s e n s i t iv e  to  the in t r o d u c t io n  o f the  second t re n d  v a r ia b le  i n 

the  employment e q u a t ion. For example, we see from th e  r e s u l t s  i n  t h i s

c h a p te r  t h a t  la b o r  and ene rgy  are s u b s t i tu te s  in  19 in d u s t r ie s .  When 

the  model was run w i th  ju s t  a s in g le  t ren d  v a r ia b le ,  a^ in  equa tion  ( 2) ,  

evidence o f  la b o r -  energy s u b s t i t u t a b i l i t y  appeared in  32 in d u s t r ie s .

At the  beg inn ing  o f  t h i s  s t u d y ,  we s ta te d  t h a t  ou r  hope was t o  

e s t im a t e  a model wh ich  ( i )  was t h e o r e t i c a l l y  c o n s i s t e n t ,  ( i i )  f i t  

in d u s t r y  d a ta  w e l l ,  ( i i i )  would  be c apa b le  o f  a d d re s s in g  long  te rm  

p o l i c y  issu es  dea ling  w i th  c a p i ta l  fo rm a t ion  and p r o d u c t i v i t y ,  and ( iv )  

would be a u s e fu l fo re c a s t in g  t o o l .  In  a d d i t io n ,  we expected th e  model 

t o  shed l i g h t  on th e  causes o f  th e  p r o d u c t i v i t y  slowdown which has 

plagued the  economy du r ing  th e  1 9 7 0 's .  I t  i s  c le a r  from  th e  r e s u l t s  

p re s e n te d  i n  t h i s  c h a p te r  t h a t  ou r  hopes have been o n ly  p a r t i a l l y  

f u l f i l l e d .  The model does f i t  i n d u s t r y  d a ta  w e l l  as th e  p l o t s  i n  

Append ix  C d e m o n s t ra te .  A ls o ,  the  t h e o r e t ic a l  soundness o f  the  model 

makes i t  u s e fu l f o r  s tu d y in g  th e  e f f e c t s  o f  ta x  p o l i c i e s  on c a p i t a l  

f o r m a t io n  and p r o d u c t i v i t y .  Whether i t  i s  a u s e fu l fo re c a s t in g  t o o l
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must aw a it the  next c h a p te r .  F i n a l l y ,  we must a d m it  t h a t  th e  model 

sheds l i t t l e  l i g h t  on th e  causes o f  th e  p r o d u c t i v i t y  slowdown o f  the 

197 0 's .  F o r ,  most o f  th e  p r o d u c t i v i t y  slowdown i s  c a p tu re d  i n  th e  

se c o n d  t im e  t r e n d ,  la b e le d  TRENDE2 i n  Append ix  A. C o n s e q u e n t ly ,  

a l th o u g h  we a re  a b le  t o  f i t  th e  d a ta ,  we c o n t in u e  t o  be u n a b le  t o  

e x p la in  what economic v a r i a b le s ,  i f  any, were and are respons ib le  f o r  

the slowdown. The on ly  candidate v a r ia b le s ,  o th e r  th a n  a t im e  t r e n d ,  

wh ich  we in troduced  in t o  the model which might p rov ide  some exp lana tion  

f o r  the  p r o d u c t i v i t y  slowdown were r e la t i v e  p r ic e s  —  c a p i t a l - l a b o r  and 

e n e r g y - la b o r .  In d e e d ,  one v e r s io n  o f  th e  model gave support t o  the 

c o n te n t io n  t h a t  ene rgy  p r i c e s  p la y e d  a m a jo r  r o le  i n  th e  s lowdown. 

However, we do not suggest t h a t  these v a r ia b le s  represent an exhaustive  

l i s t .  We continue t o  b e l ie v e  th a t  the model i s  an adequate  fram ew ork  

w i t h i n  which a d d i t io n a l  v a r ia b le s  may be in troduced  which m ight i n  tu rn  

p rov ide  a fu r t h e r  e x p la n a t io n  o f  th e  p r o d u c t i v i t y  e x p e r ie n c e s  o f  th e  

1970 's .

Now we t u r n ,  i n  th e  n e x t  c h a p te r ,  t o  lo ok  a t  the  a b i l i t y  o f  the 

model t o  p re d ic t  employment and investment over the  l a t t e r  p a r t  o f  th e  

1970 's  and e a r ly  p a r t  o f  the  1980 's .
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FOOTNOTES

1 . See (1) and ( 2 ) .

2 .  The re  a re  ranges o f  n e g a t iv e  v a lu e s  f o r  th e  w e ig h ts  which would 

p e rm it  reasonable d e p re c ia t io n  p a t te rn s .  For example, d e p r e c ia t io n  

c o u ld  c o n t in u e  t o  be p o s i t i v e  should the  second we igh t be nega tive  

and s m a ll .  In  a d d i t io n ,  i t  m ig h t  be re a s o n a b le  i n  some cases t o  

a l lo w  f o r  nega tive  d e p re c ia t io n  e a r ly  in  the  l i f e  o f  the equipment, 

suggesting t h a t  the equipment a c tu a l ly  becomes more p ro d u c t iv e  some 

t im e  a f t e r  i t s  i n s t a l l a t i o n  d a te .  However, we c o u ld  f i n d  no 

fe a s ib le  way to  a l low  f o r  th e s e  p o s s i b i l i t i e s  w h i l e ,  a t  th e  same 

t im e ,  p re v e n t  u n re a s o n a b le  parameter es t im a tes .  Consequently, we 

s e t t le d  f o r  re q u i r in g  t h a t  they a l l  remain p o s i t i v e .

3 .  See ( 1 ) .  There was an a d d i t io n a l  m o d i f ic a t io n  t o  the  o u tp u t  s e r ie s  

b e fo r e  e s t im a t io n  commenced. From the  a c tu a l ou tpu t s e r ie s ,  Q, we 

cons truc ted  a new ou tpu t s e r ie s  de f ined  as fo l lo w s :

where d i s  the  same s p i l l  ra te  used t o  c o n s tru c t  the  buckets f o r  the 

d i f f e r e n t  i n d u s t r i e s .  The e f f e c t  o f  t h i s  t r a n s f o r m a t i o n  i s  t o  

reduce the  s iz e  o f  the  drop i n  in d u s t ry  ou tpu t which m ight appear in  

th e  e q u a t io n s .  The r a t io n a le  f o r  using the  transform ed t im e s e r ie s  

i s  t h a t  f i r m s  do n o t  v iew  a huge d ro p  i n  o u t p u t  as a d r o p  i n  

perm anent o u t p u t ;  a n d ,  c o n se q u e n t ly ,  they do no t re v is e  downward 

t h e i r  de s ire d  c a p i ta l  s tocks by as much as the  drop i n  o u tp u t  m ig h t  

s u g g e s t .  Since we are using the  same s p i l l  r a te  as we used f o r  the  

c a p i ta l  s tock  s e r ie s ,  we are suggesting t h a t  a huge d ro p  i n  o u tp u t

Yt

Qt  f o r  >= ( 1-d )*Q t _,j 

( 1-d )*Q t _,| o therw ise
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w i l l  be viewed as a re duc t io n  in  permanent ou tpu t j u s t  t o  the ex ten t 

t h a t  e x is t in g  c a p i ta l  i s  d e p re c ia ted .

4 .  For COMPUTERS AND OTHER OFFICE MACHINERY, the e l a s t i c i t y  o f  la bo r 

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

r e s p e c t i v e l y ,  3 . 3 6 6 ,  -2 .5 6 1  and - 0 .8 0 5 .  For MOTOR VEHICLES, the  

same e l a s t i c i t i e s  were 4 .670 , -1 .7 1 3 ,  and -2 .9 5 7 .
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APPENDIX A A - l

SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

1 FARMS AGR. SERVICES,FORESTRY,FISHERY 

RSQR = 0-769 NIT = 7 

COEFFICIENT ESTIMATES

DQ1 DQ2
-0 .0 1 1 8  -0 .0245

BKL
0.1677

D1
0.9271

DQ3 DQ4 TRENDE TRENDE2
0.0076 0.0287 0.0700 0.1007

D2 D3 PEK INTCPT
0.0000 0.0729 0.2668 -2 .0086

BLL BEL 
0.0309 -0 .0893

TRENDV
0 .0 0 0 0

2 CRUDE PETROLEUM AND NATURAL GAS (4) 

RSQR = 0.181 NIT = 4 

COEFFICIENT ESTIMATES

DQ1 DQ2
-0 .0449  -0 .0722

DQ3 DQ4
0.2442 -0.1271

TRENDE TRENDE2 BLL
0.0256 0.0671 -0 .0089

BEL
0.0192

BKL
0 .0 0 0 0

D1
0 .0 0 0 0

D2
0 .0 0 0 0

D3 
1.0000

PEK
0.3265

INTCPT
0.5830

TRENDV
0.0300

* * * * * * * * * * * * * * * * * * * * *

3 MINING (2 ,3 ,5 )

RSQR = 0.455 NIT = 7 

COEFFICIENT ESTIMATES

DQ1 DQ2
-0 .1853  -0 .0002

BKL
0.0135

D1 
1.0000

DQ3 DQ4 TRENDE TRENDE2 BLL BEL
0.1195 0.0660 0.0280 0.0514 -0 .0036  0.0147

D2 D3 PEK INTCPT TRENDV
0.0000 0.0000 0.1692 -0 .2713  0.0000

4 CONSTRUCTION ( 6 )

RSQR = 0.910 NIT = 6

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4
-0.5361 0.1660 0.4970 -0 .1269

TRENDE TRENDE2 
0.0298 0.0820

BLL BEL 
0.0594 -0 .0 238

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0238 1.0000 0.0000 0.0000 0.1147 -0 .3829  0.0000



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

a * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

5 FOOD, TOBACCO (7) 

RSQR = 0.902 NIT = 4

COEFFICIENT ESTIMATES

DQ1
-0 .2133

BKL
0.0041

DQ2
-0 .0188

D1
0.6870

DQ3
0.0355

D2
0 .0 0 0 0

DQ4
0.1967

D3
0.3130

TRENDE
0.0374

PEK
0.0077

TRENDE2
0.0185

INTCPT
-0 .1772

BLL
0.0245

TRENDV
0 .0 0 0 0

BEL
■0.0041

6 TEXTILES ( 8)

RSQR = 0 .834 NIT = 4

COEFFICIENT ESTIMATES

DQ1
-0.4091

BKL
0.1593

DQ2
-0 .2534

D1
0.2537

DQ3
0.2077

D2
0 .0 0 0 0

DQ4
0.4548

D3
0.7463

TRENDE
0.0700

PEK
-0.1592

TRENDE2
0.0703

INTCPT
-0.1446

BLL
0.0866

TRENDV
0 .0 0 0 0

BEL
-0 .1335

7 KNITTING, HOSIERY (9) 

RSQR = 0.891 NIT = 5

COEFFICIENT ESTIMATES

DQ1
-0 .1 378

BKL
0.1119

DQ2
0.0547

D1
0.5149

DQ3
0.0109

D2
0 .0 0 0 0

DQ4
0.0722

D3
0.4851

TRENDE
0.0627

PEK
-0 .1119

TRENDE2
0 .0 0 0 0

INTCPT
-0.0723

BLL
0.0521

TRENDV
0 .0 0 0 0

BEL
0.0121
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8 APPAREL AND HOUSEHOLD TEXTILES (10)

RSQR = 0.871 NIT = 7

COEFFICIENT ESTIMATES

DQ1
-0.0226

BKL
0.0736

DQ2
0.0346

D1
0.7042

DQ3
-0.2553

D2
0.0000

DQ4
0.2434

D3
0.2958

TRENDE
0.0436

PEK
-0 .0736

TRENDE2
0.0364

INTCPT
-0.0817

BLL
0.0971

TRENDV
0.0125

BEL
-0 .0736



A-3

SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

9 PAPER (11)

RSQR = 0.851 NIT = 4 

COEFFICIENT ESTIMATES

DQ1
-0 .2349

BKL
0.0111

DQ2
-0 .0173

D1
0.5425

DQ3
0.0971

D2
0 .0 0 0 0

DQ4
0.1552

D3
0.4575

TRENDE
0.0257

PEK
-0 .0034

TRENDE2
0 .0 0 0 0

INTCPT
0.3155

BLL
0.0198

TRENDV
0.0300

BEL
-0 .0013

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

10 PRINTING (12)

RSQR = 0.966 NIT = 8 

COEFFICIENT ESTIMATES

DQ1
-0 .2715

BKL
0.0510

DQ2
-0 .0208

D1
0.6559

DQ3
0.0212

D2
0 .0 0 0 0

DQ4
0.2710

D3
0.3441

TRENDE
0.0390

PEK
-0.0510

TRENDE2
0.0487

INTCPT
-0.0817

BLL
0.0562

TRENDV
0 .0 0 0 0

BEL
-0 .0510

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

11 AGRICULTURE FERTILIZERS (13)

RSQR = 0.934 NIT = 

COEFFICIENT ESTIMATES

DQ1 DQ2
0.0139 -0 .4788

BKL
0.0251

D1
0.6006

DQ3
0.1517

D2
0 .0 0 0 0

DQ4
0.3133

D3
0.3994

TRENDE TRENDE2 
0.0341 0.0351

PEK
0.4871

INTCPT
0.0125

BLL
-0 .0139

TRENDV
0 .0 0 0 0

BEL
0.0006

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

12 OTHER CHEMICALS (14) 

RSQR » 0 .918  NIT = 6 

COEFFICIENT ESTIMATES

DQ1
-0.3101

BKL
0 .0 0 0 0

DQ2
-0.0460

D1
0.8212

DQ3
0.0169

D2
0.0000

DQ4
0.3392

D3
0.1788

TRENDE
0.0405

PEK
0.3309

TRENDE2
0.0022

INTCPT
-0 .1546

BLL
0.0251

TRENDV
0.0300

BEL
0.0077



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

13 PETROLEUM REFINING & FUEL OIL (15,16 

RSQR = 0.729 NIT = 8

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .2784  -0 .1874  0.3357 0.1301 0.0458 0.0259 0.0033 0.0013

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0015 0.0000 0.0000 1.0000 0.0616 0.1669 0.0013

14 RUBBER AND PLASTIC PRODUCTS (17,18)

RSQR = 0.960 NIT = 4

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .0692  -0 .0887 0.0707 0.0873 0.0306 0.0086 -0 .0027  0.0264

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0232 0.0000 0.0000 1.0000 -0 .0232  0.1638 0.0300

15 FOOTWEAR AND LEATHER (19)

RSQR = 0.904 NIT = 4

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
0.2276 0.0419 -0 .1297  -0 .1 398  0.0155 0.0000 0.0573 -0 .0158

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0162 0.2861 0.0000 0.7139 -0 .0043  0.0073 0.0000

16 LUMBER (20)

RSQR = 0.947 NIT = 4

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .1387  -0 .0784  0.1221 0.0949 0.0391 0.0326 0.0442 -0 .0223

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0223 0.1439 0.8562 0.0000 -0 .0223  -0 .0076  0.0000



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

17 FUNITURE (21)

RSQR *  0.910 NIT = 6

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .0502  -0.2881 0.2337 0.1046 0.0216 0.0111 -0 .0180  -0 .0173

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0895 0.1154 0.0000 0.8846 -0 .0895 -0 .0328  0.0000

18 STONE,CLAY & GLASS (22)

RSQR = 0.733 NIT = 4

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .1 3 7 2  -0 .0596  0.0711 0.1257 0.0140 0.0077 0.0037 -0 .0010

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0260 0.7843 0.0000 0.2157 -0 .0260  0.1692 0.0282

ieitieieieitit^irkikititicitirkitirkirkif1tirk'kic‘irkicie'kiiit*irkiiitiirkirk^kicit-kit'k'k'irkirkirk'k<k'k'k1tic1t* 'kititit'ltic'k-k

19 IRON AND STEEL (23)

RSQR = -0 .6 32  NIT = 4

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .1 174  -0.0301 0.0517 0.0958 0.0221 0.0341 0.0159 -0 .0179

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0179 1.0000 0.0000 0.0000 -0 .0179  0.0997 0.0300

20 NON-FERROUS METALS (24,25)

RSQR = 0.494 NIT = 15

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .1 4 5 8  -0 .0953  0.1501 0.0911 0.0152 0.0162 -0 .0114  0.0029

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0222 0.1427 0.0000 0.8573 -0 .0222  0.1674 0.0300



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

21 METAL PRODUCTS (26) 

RSQR = 0.912 NIT = 8

COEFFICIENT ESTIMATES

DQ1
-0.1291

BKL
0.0489

DQ2
-0.0811

D1
0.1057

DQ3
0.1759

D2
0.8943

DQ4
0.0343

D3
0 .0 0 0 0

TRENDE
0.0439

PEK
-0 .0489

TRENDE2
0.0588

INTCPT
-0.0771

BLL
0.0466

TRENDV
0.0187

BEL
-0 .0489

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

22 ENGINES & TURBINS (27)

RSQR = 0.931 NIT = 5

COEFFICIENT ESTIMATES —

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .0296  -0 .1158  -0 .0526  0.1979 0.0261 0.0000 -0 .0367  0.0290

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0335 0.8197 0.0000 0.1803 -0 .0335  -0 .0097 0.0300 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

23 AGRICULTURE MACHINERY (28)

RSQR = 0.676 NIT = 6 

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
0.0155 -0.0141 0.0926 -0 .0940 0.0590 0.0557 0.0499 -0 .1056

BKL D1 D2 D3 PEK INTCPT TRENDV
0.1056 0.0000 1.0000 0.0000 -0 .1056  -0 .0803 0.0000



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

25 METALWORKING MACHINERY (30)

RSQR = 0 .599  NIT = 5 

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .0070  -0 .0417  0.0278 0.0210 0.0000 0.0006 -0 .0060  0.0031

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0277 1.0000 0.0000 0.0000 -0 .0277  -0 .1699  0.0197 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

27 SPECIAL INDUCTRY MACHINERY (31)

RSQR = 0 .614 NIT = 1 5

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .2916  0.0130 0.0192 0.2594 0.0628 0.0841 0.0481 -0 .0857

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0980 1.0000 0.0000 0.0000 -0 .0980  -0 .0310  0.0300 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

28 MISC.NONELEC. MACHINERY (29,32)

RSQR = 0.952 NIT = 5

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .1 129  0.0238 0.0312 0.0579 0.0101 0.0006 -0 .0146 0.0109

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0298 1.0000 0.0000 0.0000 -0 .0 298  -0 .2526  0.0040



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

29 COMPUTERS & OTHER OFFICE MACHINERY (

RSQR = 0.797 NIT = 6

COEFFICIENT ESTIMATES

DQ1
-0 .1477

BKL
0.4516

DQ2
0.0160

D1
0 .0 0 0 0

DQ3
0.0832

D2
0 .0 0 0 0

DQ4
0.0485

D3

TRENDE TRENDE2 BLL BEL
0.0700 0.0139 -0 .2810  -0 .0667

PEK INTCPT TRENDV
0.03001.0000 -0 .4515  -0 .0075 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

30 SERVICE INDUCTRY MACHINERY (35)

RSQR = 0 .879  NIT = 15

COEFFICIENT ESTIMATES

DQ1 DQ2
-0 .1963  -0 .1312

BKL
0.1144

D1 
1.0000

DQ3
0.1911

D2
0 .0 0 0 0

DQ4 TRENDE TRENDE2 
0.1365 0.0700 0.1213

D3 PEK INTCPT

BLL BEL
0.0348 -0.0941

TRENDV
0.00710.0000 -0 .1 144  -0 .0727 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

31 COMMUNICATIONS MACHINERY (36)

RSQR = 0.880 NIT = 7

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4
-0 .0562  -0 .1532  0.0764 0.1330

BKL D1 D2 D3
0.3619 0.5111 0.4889

TRENDE TRENDE2 BLL BEL
0.0700 0.0756 -0 .0515  -0 .2005

PEK INTCPT TRENDV
0 .0 0 0 00.0000 -0 .3619  -0 .3792 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

32 HEAVY ELECTRICAL MACHINERY (37)

RSQR *  0 .854  NIT = 9

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3
-0 .0515  -0 .1973  0.2090

BKL D1 D2
0.1160 1 .0 0 0 0  0 .0 0 0 0

DQ4 TRENDE TRENDE2
0.0398 0.0459 0.0521

D3 PEK INTCPT
0.0000 -0 .1160  -0 .1213

BLL BEL 
0.0491 -0 .1160

TRENDV
0.0177



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

33 HOUSEHOLD APPLIANCES (38)

RSQR = 0.462 NIT = 13

COEFFICIENT ESTIMATES

DQ1
-0 .2 318

BKL
0.3302

DQ2
-0 .1062

D1
0.7490

DQ3
0.1611

D2
0 .0 0 0 0

DQ4
0.1769

D3
0.2510

TRENDE
0.0700

PEK
-0.3301

TRENDE2 
0.0893

INTCPT
-0 .1048

BLL
-0.0090

TRENDV
0.0166

BEL
-0 .2550

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

34 ELECTRICAL LIGHTING & WIRING EQUIP (

RSQR = 0.902 NIT = 4

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .2013  -0 .0644  0.1019 0.1637 0.0000 0.0024 -0 .0363 0.0185

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0415 0.6206 0.0000 0.3794 -0 .0415  -0 .0235  0.0209 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

35 RADIO,T.V.RECEIVING/PHONOGRAPH (40) 

RSQR = 0.886 NIT = 11

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .0510  -0 .1435  0.0557 0.1387 0.0700 0.0525 -0 .2089  -0 .0775

BKL D1 D2 D3 PEK INTCPT TRENDV
0.4113 0.0000 0.0000 1.0000 -0 .3430  -0 .0282 0.0000 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

36 MOTOR VEHICLES (41) 

RSQR = -1 .521 NIT = 15

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .1057  -0 .0149  0.0417 0.0789 0.0483 0.0041 0.0077 -0 .0124

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0256 1.0000 0.0000 0.0000 -0 .0256  -1.6931 0.0300



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

37 AEROSPACE (42)

RSQR = 0.225 NIT ® 15 

COEFFICIENT ESTIMATES

DQ1
0.0221

BKL
0.0014

DQ2 DQ3 
0.1019 -0 .1 8 6 9

D1 
1.0000

D2
0 .0 0 0 0

DQ4 TRENDE TRENDE2
0.0629 0.0434 0.0555

D3 PEK INTCPT
0.0000 0.1763 -0 .1631

BLL BEL
0.0388 -0 .0001

TRENDV
0.0143

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

38 SHIPS & BOATS (43)

RSQR = 0-811 NIT = 7 

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3
-0 .0243  -0 .0132  -0 .0163

BKL
0.0617

D1
0.4728

D2
0.5272

DQ4 TRENDE TRENDE2 BLL BEL
0.0538 0.0197 0.0000 -0 .0 122  -0 .0 0 1 8

D3 PEK INTCPT TRENDV
0.0000 0.0161 -0 .0096  0.0000

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

39 OTHER TRANSPORTATION EQUIP. (44)

RSQR = 0 .434 NIT = 5 

COEFFICIENT ESTIMATES

DQ1 DQ2
0.0830 -0 .0 4 9 8

BKL
0.0836

D1 
1.0000

DQ3 DQ4
0.0069 -0.0401

TRENDE TRENDE2 
0.0253 0.0000

D2 D3 PEK INTCPT
0.0000 0.0000 -0 .0 836  -0 .0534

BLL BEL
0.0568 -0 .0836

TRENDV
0 .0 0 0 0

40 INSTRUMENTS (45) 

RSQR = 0 .974  NIT = 7 

COEFFICIENT ESTIMATES

DQ1
■0.1276

BKL
0.1230

DQ2 DQ3
0.0053 -0 .0419

D1
0.0000

D2
0.0608

DQ4 TRENDE TRENDE2
0.1642 0.0389 0.0000

D3 PEK INTCPT
0.9392 -0 .1 2 2 9  -0 .0042

BLL BEL
0.0153 -0 .0640

TRENDV
0.0000



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

41 MISC. MFG. (46)

RSQR = 0.855 NIT = 6

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3
-0 .4 0 4 4  -0 .0 3 0 9  0.1161

DQ4 TRENDE TRENDE2 BLL BEL
0.3192 0.0485 0.0444 0.0437 -0 .0 219

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0592 1.0000 0.0000 0.0000 -0 .0592  -0 .0061 0.0300

42 RAILROADS (47)

RSQR = 0 .816 NIT = 5

COEFFICIENT ESTIMATES

DQ1
-0 .1162

BKL
0.0695

DQ2
-0 .0 109

D1
0.7480

DQ3
0.0020

D2
0 .0 0 0 0

DQ4
0.1251

D3
0.2520

TRENDE
0.0302

PEK
-0 .0203

TRENDE2 
0.0107

INTCPT
-0.0151

BLL
-0 .0512

TRENDV
0.0158

BEL
0.0380

43 AIR TRANSPORT (50) 

RSQR = 0 .884 NIT = 4

COEFFICIENT ESTIMATES

DQ1
-0 .4 0 3 0

DQ2
0.2441

DQ3 DQ4
0.2576 -0 .0987

TRENDE TRENDE2 BLL BEL
0.0184 0.0119 -0 .0297  0.0116

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0446 0.6918 0.0000 0.3082 -0 .0446  -0 .0805  0.0300

44 TRUCKING AND OTHER TRANSPORT (4 8 ,4 9 , 

RSQR = 0 .900 NIT = 3

COEFFICIENT ESTIMATES

DQ1
-0 .0806

BKL
0.0132

DQ2
-0 .0 209

D1
1.0000

DQ3
-0 .0627

D2
0.0000

DQ4
0.1642

D3
0 .0 0 0 0

TRENDE
0.0180

PEK
-0 .0132

TRENDE2
0 .0 0 0 0

INTCPT
-0 .3 768

BLL
0.0460

TRENDV
0.0000

BEL
-0 .0132



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

45 COMMUNICATIONS SERVICES (53)

RSQR = 0.911 NIT = 5

COEFFICIENT ESTIMATES

DQ1 DQ2
0.0342 0.0941

BKL D1
0.0230 0.4002

DQ3 DQ4
-0 .1 7 1 8  0.0434

D2 D3
0.0000 0.5998

TRENDE TRENDE2
0.0557 0.0197

PEK INTCPT
-0 .0 230  0.8147

BLL BEL
0.1000 -0 .0 230

TRENDV
0.0300

'k'k'kirkic'k-kic'kieicicick'ic'k'icir'k'k'kirkicic'k'k'klc'kicit'k'k'kle'k'iiie'kicifkic'ickick'k-kifkit'kifk'k-kifk-kit'k-kifkic'kit'kic-k

46 ELECTRIC UTILITIES (54)

RSQR = 0 .867 NIT = 

COEFFICIENT ESTIMATES

DQ1
-0 .2682

BKL
0.0091

DQ2
0.1040

D1
0 .0 0 0 0

DQ3
0.1290

D2
0 .0 0 0 0

DQ4
0.0352

D3

TRENDE TRENDE2 
0.0491 0.0184

PEK INTCPT
1.0124

BLL
0.0219

TRENDV
0.0300

BEL
0.0053

1.0000 -0 .0091

47 GAS,WATER & SANITATION (55 ,56) 

RSQR = 0.217 NIT = 5 

COEFFICIENT ESTIMATES

DQ1 DQ2
-0 .3 2 6 2  0.0271

BKL D1
0.0000 0.6823

DQ3 DQ4
0.1491 0.1500

02 D3
0.0000 0.3177

TRENDE TRENDE2
0.0333 0.0396

PEK XNTCPT
0.1908 -0 .3 018

BLL BEL
0.0043 0.0044

TRENDV
0 .0 0 0 0

48 WHOLESALE & RETAIL TRADE (57 ,58) 

RSQR = 0 .975 NIT = 5

COEFFICIENT ESTIMATES

DQ1
-0 .2 064

BKL
0.0339

DQ2
-0 .0 336

D1
1.0000

DQ3
0.0940

D2
0.0000

DQ4
0.1461

D3
0 .0 0 0 0

TRENDE
0.0226

PEK
0.0184

TRENDE2
0.0058

INTCPT 
-1 .3683

BLL
0.0464

TRENDV
0.0044

BEL
0.0324



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

49 FINANCE & INSURANCE (60)

RSQR = 0 .973 NIT = 5

COEFFICIENT ESTIMATES

DQ1 DQ2
0.0142 -0 .0 286

DQ3 DQ4
0.0467 -0 .0323

BKL
0.0039

D1 
1.0000

D2
0 .0 0 0 0

D3
0 .0 0 0 0

TRENDE TRENDE2 BLL
0.0052 0.0000 0.0368

PEK INTCPT TRENDV
•0.0039 -0 .0105  0.0000

BEL
-0 .0037

50 REAL ESTATE (61)

RSQR = 0.833 NIT = 5

COEFFICIENT ESTIMATES

DQ1
-0 .4 1 1 8

BKL
0.0150

DQ2
-0.0391

D1 
1.0000

DQ3
0.2097

D2
0 .0 0 0 0

DQ4
0.2412

D3
0 .0 0 0 0

TRENDE
0.0228

PEK
0.0250

TRENDE2
0.0928

INTCPT
-0 .4 3 8 8

BLL
- 0.0002

TRENDV
0 .0 0 0 0

BEL
-0 .0 062

51 HOTELS & REPAIRS MINUS AUTO (63) 

RSQR = 0.890 NIT = 5 

COEFFICIENT ESTIMATES

DQ1 DQ2
0.1258 0.0235

BKL D1
0.0106 1 .0 0 0 0

DQ3 DQ4
0.0983 -0 .2476

D2 D3
0 .0 0 0 0  0 .0 0 0 0

TRENDE TRENDE2
0.0159 0.0085

PEK INTCPT
0.0602 0.0631

BLL BEL
0.1050 -0 .0105

TRENDV
0 .0 0 0 0

52 BUSINESS SERVICES (64) 

RSQR = 0 .986 NIT = 4

COEFFICIENT ESTIMATES

DQ1 DQ2 DQ3 DQ4 TRENDE TRENDE2 BLL BEL
-0 .1 6 1 8  0.0872 -0 .0321 0.1067 0.0108 0.0000 0.0365 -0.0041

BKL D1 D2 D3 PEK INTCPT TRENDV
0.0041 0.7061 0.0000 0.2939 -0.0041 -0 .1226  0.0000



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

53 AUTO REPAIR (6 5 )  

RSQR = 0 .9 0 6  N IT  = 3 

CO EFFIC IENT ESTIMATES

DQ1
- 0 .2 8 2 7

BKL
0 .0 0 7 1

DQ2
0 .0 1 4 1

D1 
1.0000

DQ3
0 .1 5 8 3

D2
0 .0 0 0 0

DQ4 TRENDE TRENDE2 
0 .1 1 0 4  0 .0 2 3 1  0 .0 1 1 9

D3 PEK INTCPT

BLL
0 .0 1 3 1

TRENDV
0 .0 3 0 0

BEL
0.0112

0 .0 0 0 0  - 0 .0 0 7 1  - 0 .0 0 0 6

54 MOVIES & AMUSEMENTS (6 6 )

RSQR = 0 .7 6 9  N IT  = 7 

CO EFFIC IENT ESTIMATES

DQ1 DQ2
-0 .2 0 2 1  - 0 .1 6 9 2

BKL
0 .0 1 2 3

D1
0 .0 8 6 1

DQ3
0 .2 3 1 8

D2
0 .0 0 0 0

DQ4
0 .1 3 9 5

D3
0 .9 1 3 9

TRENDE TRENDE2 
0 .0 0 0 0  0 .0 1 6 9

PEK
0 .6 0 9 2

INTCPT
0 .5 1 6 0

BLL BEL
0 .0 4 1 8  - 0 .0 1 2 3

TRENDV
0 .0 3 0 0

55 MEDICAL S ED. SERVICES (6 7 )

RSQR = 0 .9 7 4  N IT  = 6

CO EFFIC IENT ESTIMATES

DQ1 DQ2 DQ3 DQ4
- 0 .4 0 0 4  0 .2 2 1 4  - 0 .0 0 1 3  0 .1 8 0 2

BKL D1 D2 D3
0 .0 2 4 9  0 .6 3 4 3  0 .0 0 0 0  0 .3 6 5 7

TRENDE TRENDE2 
0 .0 0 0 0  0 .0 0 3 8

PEK
0 .1 5 9 6

INTCPT
0 .5 3 5 5

BLL
0 .0 1 4 5

TRENDV
0 .0 3 0 0

BEL
0 .0 1 2 9



Appendix B: P a tte rn s  o f  D e p re c ia tio n

DEPRECIATION PATTERN FOR SECTOR NUMBER 1 -  FARMS AGRICULTURE

DATE DEP D1
IS * IS + IS ★

48 0 .0 9 0 .1 0 0 .0 0
49 0 .0 8 0 .0 9 0 .0 0
50 0 .0 8 0 .0 8 0 .0 0
51 0 .0 7 0 .0 7 0 .0 0
52 0 .0 6 0 .0 7 0 .0 0
53 0 .0 6 0 .0 6 0 .0 0
54 0 .0 5 0 .0 5 0 .0 0
55 0 .0 5 0 .0 5 0 .0 0
56 0 .0 4 0 .0 4 0 .0 0
57 0 .0 4 0 .0 4 0 .0 0
58 0 .0 3 0 .0 3 0 .0 0
59 0 .0 3 0 .0 3 0 .0 0
60 0 .0 3 0 .0 3 0 .0 0
61 0 .0 3 0 .0 3 0 .0 0
62 0 .0 2 0 .0 2 0 .0 0
63 0 .0 2 0 .0 2 0 .0 0
64 0 .0 2 0 .0 2 0 .0 0
65 0 .0 2 0 .0 2 0 .0 0
66 0 .0 2 0 .0 2 0 .0 0
67 0 .0 1 0 .0 1 0 .0 0
68 0 .0 1 0 .0 1 0 .0 0  +
6 9 0 .0 1 0 .0 1 0 .0 0  +*
70 0 .0 1 0 .0 1 0 .0 0  +
71 0 .0 1 0 .0 1 0 .0 0  +*
72 0 .0 1 0 .0 1 0 .0 0  +*
73 0 .0 1 0 .0 1 0 .0 0  +
7 4 0 .0 1 0 .0 1 0 .0 0 + *
75 0 .0 1 0 .0 1 0 .0 0 + *
76 0 .0 1 0 .0 1 0 .0 0 +
77 0 .0 1 0 .0 0 0 .0 0 +

IS * IS + IS it

0 .0 0 5

*
*  +

*  +
*  +

*  +
*  +

*+
*+

*+
+

★+
+

+
+★
+

★ *  *  
0 .0 2 6  0 .0 4 8  0 .0 7 0

NOTE:
*  re p re s e n ts  the  d e p re c ia t io n  p a t te rn  f o r  in d u s try  

+  re p re se n ts  the  g e o m e tr ic a lly  d e c l in in g  d e p re c ia t io n  p a t te rn  

S p i l l  ra te  is  assumed to  be 0 .1  f o r  a l l  in d u s tr ie s



B-2

DEPRECIATION PATTERN FOR SECTOR NUMBER

DATE DEP D1
IS * IS  + IS ★

48 0 .0 0 0 .1 0 0 . 0 0 *
49 0 .0 0 0 .09 0 . 0 0 *
50 0 .0 0 0 .0 8 0 . 0 0 *
51 0 .0 0 0.07 0 .0 0  *
52 0 .0 0 0.07 0 .0 0  *
53 0 .0 1 0.06 0 .0 0  *
54 0 .0 1 0.05 0 .0 0
55 0 .0 1 0.05 0 .0 0
56 0 .0 1 0.04 0 .0 0
57 0 .0 2 0.04 0 .0 0
58 0 .0 2 0.03 0 .0 0
59 0 .0 2 0.03 0 .0 0
60 0 .0 2 0.03 0 .0 0
61 0 .0 2 0.03 0 .0 0
62 0.03 0 .0 2 0 .0 0
63 0.03 0 .0 2 0 .0 0
64 0.03 0 .0 2 0 .0 0
65 0.03 0 .0 2 0 .0 0
66 0.03 0 .0 2 0 .0 0
67 0.03 0 .0 1 0 .0 0
68 0 .03 0 .0 1 0 .0 0
69 0.03 0 .0 1 0 .0 0
70 0.03 0 .0 1 0 .0 0
71 0.03 0 .0 1 0 .0 0  +
72 0.03 0 .0 1 0 .0 0  +
73 0.03 0 .0 1 0 .0 0  +
74 0.03 0 .0 1 0 .0 0  +
75 0.03 0 .0 1 0 .0 0  +
76 0 .0 2 0 .0 1 0 .0 0  +
77 0 .0 2 0 .0 0 0 .0 0  +

IS * IS + IS ★
0 .0 0 0

2 -  PETROLEUM & NATURAL GAS 

*  *  *  *
+

+
+

+
+

+
+

+
+

+
+

*  +
★ +
*+
+*

+ *
*
*
*
*
*
★
*
★

*
*
*
*

★
★
★ *  ★ ★ 

0.023 0.045 0 .068  0.091



B-3

DEPRECIATION PATTERN FOR SECTOR NUMBER 5 -  FOOD, TOBACCO

DATE DEP D1
IS * IS + IS *

48 0.07 0 .1 0 0 .0 0
49 0.06 0 .09 0 .0 0
50 0.06 0 .08 0 .0 0
51 0.05 0.07 0 .0 0
52 0.05 0.07 0 .0 0
53 0.04 0.06 0 .0 0
54 0.04 0 .05 0 .0 0
55 0 .04 0.05 0 .0 0
56 0.03 0.04 0 .0 0
57 0.03 0.04 0 .0 0
58 0.03 0.03 0 .0 0
59 0.03 0.03 0 .0 0
60 0.03 0.03 0 .0 0
61 0.03 0.03 0 .0 0
62 0 .0 2 0 .0 2 0 .0 0
63 0 .0 2 0 .0 2 0 .0 0
64 0 .0 2 0 .0 2 0 .0 0
65 0 .0 2 0 .0 2 0 .0 0
66 0 .0 2 0 .0 2 0 .0 0
67 0 .0 2 0 .0 1 0 .0 0
68 0 .0 2 0 .0 1 0 .0 0  +
69 0 .0 2 0 .0 1 0 .0 0  +
70 0 .0 2 0 .0 1 0 .0 0  +
71 0 .0 1 0 .0 1 0 .0 0  + ’
72 0 .0 1 0 .0 1 0 .0 0  + 1
73 0 .0 1 0 .0 1 0 .0 0  + *
74 0 .0 1 0 .0 1 0 .0 0 + *
75 0 .0 1 0 .0 1 0 . 0 0 + *
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 .0 0 0 . 0 0 + *

IS * IS + IS *

★
★

it

it

*
*

★ +
*  +

*  +
*  +

*  +
*  +
+

+
+

+*
+*

+ *
+ *
+ *

*
*
*

*

*  *  *  *
0.026 0 .048 0.070 0.091



B-4

DEPRECIATION PATTERN FOR SECTOR NUMBER 6 -  TEXTILES

DATE DEP D1
IS * IS + IS *

48 0 .03 0 .1 0 0 .0 0
49 0 .0 2 0 .0 9 0 .0 0
50 0 .0 2 0 .0 8 0 .0 0
51 0 .0 2 0.07 0 .0 0
52 0 .0 2 0.07 0 .0 0
53 0 .0 2 0.06 0 .0 0
54 0 .0 2 0.05 0 .0 0
55 0 .0 2 0.05 0 .0 0
56 0 .0 2 0.04 0 .0 0
57 0 .0 2 0.04 0 .0 0
58 0 .0 2 0.03 0 .0 0
59 0 .0 2 0.03 0 .0 0
60 0 .0 2 0.03 0 .0 0
61 0 .0 2 0.03 0 .0 0
62 0 .0 2 0 .0 2 0 .0 0
63 0.03 0 .0 2 0 .0 0
64 0.03 0 .0 2 0 .0 0
65 0.03 0 .0 2 0 .0 0
66 0 .0 2 0 .0 2 0 .0 0
67 0 .0 2 0 .0 1 0 .0 0
68 0 .0 2 0 .0 1 0 .0 0
69 0 .0 2 0 .0 1 0 .0 0
70 0 .0 2 0 .0 1 0 .0 0
71 0 .0 2 0 .0 1 0 .0 0  +
72 0 .0 2 0 .0 1 0 .0 0  +
73 0 .0 2 0 .0 1 0 .0 0  +
74 0 .0 2 0 .0 1 0 . 0 0 +
75 0 .0 2 0 .0 1 0 . 0 0 +
76 0 .0 2 0 .0 1 0 . 0 0 +
77 0 .0 2 0 .0 0 0 . 0 0 +

IS ★ IS + IS *
0.005

*  *  *  *
*  + 

★ +
*  +
★ +
★ +
★ +
*  +
*  +
*  +

*  +
★ +
*  +

★+
+

+*
+ *

+ *
*
*
*
*

*
*
*
*

*
*
★

*
★

*  *  *  *
0.026 0 .048  0 .070 0.091



B-5

DEPRECIATION PATTERN IFOR SECTOR NUMBER 7

DATE DEP D1
IS * IS + IS * *

48 0 .05 0 .1 0 0 .0 0
49 0.05 0 .09 0 .0 0
50 0.04 0 .0 8 0 .0 0 *
51 0 .04 0.07 0 .0 0 ★
52 0.04 0.07 0 .0 0 ★
53 0.03 0.06 0 .0 0 *
54 0.03 0.05 0 .0 0 *
55 0.03 0.05 0 .0 0 ★
56 0.03 0.04 0 .0 0 *  +
57 0.03 0.04 0 .0 0 *  +
58 0.03 0.03 0 .0 0 *  +
59 0.03 0.03 0 .0 0 ★ +
60 0.03 0.03 0 .0 0 *+
61 0 .0 2 0.03 0 .0 0 +
62 0 .0 2 0 .0 2 0 .0 0 +* —
63 0 .0 2 0 .0 2 0 .0 0 +*
64 0 .0 2 0 .0 2 0 .0 0 + ★
65 0 .0 2 0 .0 2 0 .0 0 + *
66 0 .0 2 0 .0 2 0 .0 0 + *
67 0 .0 2 0 .0 1 0 .0 0 + *
68 0 .0 2 0 .0 1 0 .0 0 + *
69 0 .0 2 0 .0 1 0 .0 0 + *
70 0 .0 2 0 .0 1 0 .0 0 + *
71 0 .0 2 0 .0 1 0 .0 0  + *
72 0 .0 2 0 .0 1 0 .0 0  + ★
73 0 .0 2 0 .0 1 0 .0 0  + ★
74 0 .0 2 0 .0 1 0 . 0 0 + *
75 0 .0 2 0 .0 1 0 . 0 0 + *
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 .0 0 0 . 0 0 + *

IS * IS + IS ★ *

KNITTING, HOSIERY

*
★

*

★ *  
0 .048  0 .070

*
+

*
.091



B-6

DEPRECIATION PATTERN IFOR SECTOR NUMBER 8 -  APPAREL & HOUSEHOLD

DATE DEP D1
IS * IS + IS *  * *  ★ ★

48 0-07 0 .1 0 0 .0 0 *
49 0 .06 0 .09 0 .0 0 *  +
50 0 .06 0 .08 0 .0 0 *  +
51 0 .05 0.07 0 .0 0 ★ +
52 0.05 0.07 0 .0 0 *  +
53 0 .04 0.06 0 .0 0 *  +
54 0 .04 0 .05 0 .0 0 *  +
55 0 .04 0.05 0 .0 0 *  +
56 0.03 0 .04 0 .0 0  * +
57 0.03 0.04 0 .0 0  * +
58 0.03 0.03 0 .0 0  *  +
59 0.03 0.03 0 .0 0  *  +
60 0.03 0.03 0 .0 0  +
61 0.03 0.03 0 .0 0  +
62 0 .0 2 0 .0 2 0 .0 0  +
63 0 .0 2 0 .0 2 0 .0 0  +*
64 0 .0 2 0 .0 2 0 .0 0  +*
65 0 .0 2 0 .0 2 0 .0 0  + *
66 0 .0 2 0 .0 2 0 .0 0  + *
67 0 .0 2 0 .0 1 0 .0 0  + *
68 0 .0 2 0 .0 1 0 .0 0  + *
69 0 .0 2 0 .0 1 0 .0 0  + *
70 0 .0 2 0 .0 1 0 .0 0  + *
71 0 .0 1 0 .0 1 0 .0 0  + *
72 0 .0 1 0 .0 1 0 .0 0  + *
73 0 .0 1 0 .0 1 0 .0 0  + *
74 0 .0 1 0 .0 1 0 .0 0 + *
75 0 .0 1 0 .0 1 0 . 0 0 + *
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 .0 0 0 .0 0 + *

IS * IS  + IS *  * ★ *  *
0.005 0.026 0 .048  0 .070 O.C



B-7

DEPRECIATION PATTERN IFOR SECTOR NUMBER 9 -  PAPER

DATE DEP D1
IS * IS + IS ★ *  *

48 0 .05 0 .1 0 0 .0 0  *
49 0 .05 0 .0 9 0 .0 0  *
50 0 .04 0 .08 0 .0 0  *
51 0 .04 0.07 0 .0 0  *
52 0 .04 0.07 0 .0 0  *
53 0 .04 0 .06 0 .0 0  *  +
54 0.03 0.05 0 .0 0  *  +
55 0.03 0.05 0 .0 0  *  +
56 0.03 0.04 0 .0 0  *  +
57 0.03 0 .04 0 .0 0  *  +
58 0 .03 0.03 0 .0 0  *  +
59 0.03 0.03 0 .0 0  *  +
60 0.03 0.03 0 .0 0  *+
61 0 .0 2 0.03 0 .0 0  +
62 0 .0 2 0 .0 2 0 .0 0  +
63 0 .0 2 0 .0 2 0 .0 0  +*
64 0 .0 2 0 .0 2 0 .0 0  + *
65 0 .0 2 0 .0 2 0 .0 0  + *
66 0 .0 2 0 .0 2 0 .0 0  + *
67 0 .0 2 0 .0 1 0 .0 0  + *
68 0 .0 2 0 .0 1 0 .0 0  + *
69 0 .0 2 0 .0 1 0 .0 0  + *
70 0 .0 2 0 .0 1 0 .0 0  + *
71 0 .0 2 0 .0 1 0 .0 0  + *
72 0 .0 2 0 .0 1 0 .0 0  + *
73 0 .0 2 0 .0 1 0 .0 0  + *
74 0 .0 2 0 .0 1 0 . 0 0 + *
75 0 .0 1 0 .0 1 0 . 0 0 + *
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 .0 0 0 . 0 0 + *

IS * IS  + IS *  *  *  
0.005 0.026 0 .048

*  *
0.070 0.091



DEPRECIATION PATTERN FOR SECTOR NUMBER

DATE DEP D1
IS * IS + IS *

48 0 .07 0 .1 0 0 .0 0
49 0 .06 0 .09 0 .0 0
50 0.05 0 .08 0 .0 0
51 0.05 0.07 0 .0 0
52 0.04 0.07 0 .0 0
53 0.04 0.06 0 .0 0
54 0 .04 0 .05 0 .0 0
55 0 .04 0.05 0 .0 0
56 0.03 0 .04 0 .0 0
57 0.03 0 .04 0 .0 0
58 0.03 0.03 0 .0 0
59 0.03 0.03 0 .0 0
60 0.03 0.03 0 .0 0
61 0.03 0.03 0 .0 0
62 0 .0 2 0 .0 2 0 .0 0
63 0 .0 2 0 .0 2 0 .0 0
64 0 .0 2 0 .0 2 0 .0 0 +■
65 0 .0 2 0 .0 2 0 .0 0 + ■
66 0 .0 2 0 .0 2 0 .0 0 + *
67 0 .0 2 0 .0 1 0 .0 0 + *
68 0 .0 2 0 .0 1 0 .0 0 + *
69 0 .0 2 0 .0 1 0 .0 0 + *
70 0 .0 2 0 .0 1 0 .0 0 + ★
71 0 .0 2 0 .0 1 0 .0 0  + ★
72 0 .0 1 0 .0 1 0 .0 0  + *
73 0 .0 1 0 .0 1 0 .0 0  + *
74 0 .0 1 0 .0 1 0 . 0 0 + *
75 0 .0 1 0 .0 1 0 . 0 0 + *
76 0 .0 1 0 .0 1 0 . 0 0 + ★
77 0 .0 1 0 .0 0 0 . 0 0 + ★

IS * IS + IS *
O.OQ5

B-8

10 -  PRINTING

★ ★ *  *
★ +

*  +
*  +

*  +
*  +

*  +
*  +

★ +
*  +

★ +
*  +

*  +
+

*  *  ★ *
0 .026 0 .048  0 .070  0.091



B-9

DEPRECIATION PATTERN FOR SECTOR NUMBER 11 -  AGRICULTURE FERTILIZERS

DATE DEP D1
IS * IS  + IS *

48 0.06 0 .1 0 0 .0 0
49 0 .05 0 .0 9 0 .0 0
50 0 .05 0 .08 0 .0 0
51 0 .04 0.07 0 .0 0
52 0.04 0.07 0 .0 0
53 0 .04 0 .06 0 .0 0
54 0 .04 0 .05 0 .0 0
55 0.03 0.05 0 .0 0
56 0.03 0.04 0 .0 0
57 0.03 0.04 0 .0 0
58 0.03 0.03 0 .0 0
59 0.03 0.03 0 .0 0
60 0.03 0.03 0 .0 0
61 0.03 0.03 0 .0 0
62 0 .0 2 0 .0 2 0 .0 0  +
63 0 .0 2 0 .0 2 0 .0 0  +*
64 0 .0 2 0 .0 2 0 .0 0  + *
65 0 .0 2 0 .0 2 0 .0 0  + *
66 0 .0 2 0 .0 2 0 .0 0  + *
67 0 .0 2 0 .0 1 0 .0 0  + *
68 0 .0 2 0 .0 1 0 .0 0  + *
69 0 .0 2 0 .0 1 0 .0 0  + *
70 0 .0 2 0 .0 1 0 .0 0  + *
71 0 .0 2 0 .0 1 0 .0 0  + *
72 0 .0 2 0 .0 1 0 .0 0  + *
73 0 .0 1 0 .0 1 0 .0 0  + *
74 0 .0 1 0 .0 1 0 . 0 0 + *
75 0 .0 1 0 .0 1 0 . 0 0 + *
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 .0 0 0 . 0 0 + *

IS * IS + IS *

★
★

*
*

*
★ +

*  +
*  +
*  +

*  +
★+
+

★ ★ *  
0 .048  0.070 0.091



B-10

DEPRECIATION PATTERN FOR SECTOR NUMBER 12 *  OTHER CHEMICALS

DATE DEP D1
IS * IS + IS *

48 0 .08 0 .1 0 0 .0 0
49 0.07 0 .09 0 .0 0
50 0.07 0 .08 0 .0 0
51 0.06 0.07 0 .0 0
52 0 .05 0.07 0 .0 0
53 0 .05 0 .06 0 .0 0
54 0.05 0 .05 0 .0 0
55 0 .04 0 .05 0 .0 0
56 0 .04 0 .04 0 .0 0
57 0.03 0 .04 0 .0 0
58 0.03 0.03 0 .0 0
59 0.03 0.03 0 .0 0
60 0.03 0.03 0 .0 0
61 0.03 0.03 0 .0 0
62 0 .0 2 0 .0 2 0 .0 0
63 0 .0 2 0 .0 2 0 .0 0
64 0 .0 2 0 .0 2 0 .0 0
65 0 .0 2 0 .0 2 0 .0 0
66 0 .0 2 0 .0 2 0 .0 0  +1
67 0 .0 2 0 .0 1 0 .0 0  +■
68 0 .0 2 0 .0 1 0 .0 0  +*
69 0 .0 1 0 .0 1 0 .0 0  + *
70 0 .0 1 0 .0 1 0 .0 0  +*
71 0 .0 1 0 .0 1 0 .0 0  + *
72 0 .0 1 0 .0 1 0 .0 0  + *
73 0 .0 1 0 .0 1 0 .0 0  +*
74 0 .0 1 0 .0 1 0 . 0 0 + *
75 0 .0 1 0 .0 1 0 . 0 0 + *
76 0 .0 1 0 .0 1 0 . 0 0 +*
77 0 .0 1 0 .0 0 0 . 0 0 +*

IS * IS + IS *

★
*

*  +
★ +

★ +
*+

*+
+

+*

★ ★ *  ★ 
0.005 0.026 0 .048 0 .070 0.091



B - l l

DEPRECIATION PATTERN FOR SECTOR NUMBER 13 -  PETROLEUM REFINING & FUEL OIL

DATE DEP D1
IS * IS + IS * ★

48 0 . 0 0 0 .1 0 0 . 0 0 *

49 0 . 0 0 0 .09 0 . 00 *
50 0 . 0 0 0 .0 8 0 . 0 0 *

51 0 . 0 0 0.07 0 .0 0  *
52 0 . 0 0 0.07 0 . 0 0 *
53 0 .0 1 0.06 0 . 0 0 ★
54 0 .0 1 0 .05 0 . 0 0 ★
55 0 .0 1 0.05 0 . 0 0 *
56 0 .0 1 0.04 0 . 0 0 ★
57 0 .0 2 0.04 0 . 0 0 ★
58 0 .0 2 0.03 0 . 0 0 *
59 0 .0 2 0.03 0 . 0 0 *
60 0 .0 2 0.03 0 . 0 0 *  +
61 0 .0 2 0.03 0 . 0 0 *+
62 0.03 0 .0 2 0 . 0 0 +*
63 0.03 0 .0 2 0 . 0 0 + *
64 0.03 0 .0 2 0 . 0 0 + *
65 0.03 0 .0 2 0 . 0 0 + *
66 0.03 0 .0 2 0 . 0 0 + *
67 0.03 0 .0 1 0 . 0 0 + *
68 0.03 0 .0 1 0 . 0 0 + ★
69 0.03 0 .0 1 0 . 0 0 + *
70 0.03 0 .0 1 0 . 0 0 + *
71 0.03 0 .0 1 0 . 0 0 + *
72 0.03 0 .0 1 0 . 0 0 + *
73 0.03 0 .0 1 0 . 0 0 + ' *
74 0.03 0 .0 1 0 . 0 0 + *
75 0.03 0 .0 1 0 . 0 0 + ★
76 0 .0 2 0 .0 1 0 .0 0 + 4c

77 0 .0 2 0 . 0 0 0 . 0 0 + ★
IS * IS + IS * *

+
•f

+
+

+
+

*  *  *
0.000 0.023 0.045 0 .068  0.091



B-12

DEPRECIATION PATTERN FOR SECTOR NUMBER 14 -  RUBBER & PLASTIC PRODUCTS

DATE DEP D1
IS * IS + IS * *

48 0 .0 0 0 .1 0 0 . 0 0 *
49 0 .0 0 0 .0 9 0 . 0 0 *
50 0 .0 0 0 .08 0 . 0 0 *
51 0 .0 0 0.07 0 .0 0  *
52 0 .0 0 0.07 0 .0 0 *
53 0 .0 1 0.06 0 .0 0 ★
54 0 .0 1 0.05 0 .0 0 *
55 0 .0 1 0.05 0 .0 0 *
56 0 .0 1 0 .04 0 .0 0 *
57 0 .0 2 0.04 0 .0 0 *
58 0 .0 2 0.03 0 .0 0 *
59 0 .0 2 0.03 0 .0 0 *
60 0 .0 2 0.03 0 .0 0 *  +
61 0 .0 2 0.03 0 .0 0 *+
62 0.03 0 .0 2 0 .0 0 +*
63 0.03 0 .0 2 0 .0 0 + *
64 0.03 0 .0 2 0 .0 0 + *
65 0 .03 0 .0 2 0 .0 0 + ★
66 0.03 0 .0 2 0 .0 0 + *
67 0.03 0 .0 1 0 .0 0 + *
68 0.03 0 .0 1 0 .0 0 + *
69 0 .03 0 .0 1 0 .0 0 + *
70 0.03 0 .0 1 0 .0 0 + *
71 0 .03 0 .0 1 0 .0 0 + ★
72 0.03 0 .0 1 0 .0 0 + *
73 0.03 0 .0 1 0 .0 0 + ★
74 0.03 0 .0 1 0 .0 0 + *
75 0 .03 0 .0 1 0 .0 0 + ★
76 0 .0 2 0 .0 1 0 .0 0 + *
77 0 .0 2 0 .0 0 0 .0 0 + *

IS * IS + IS * ★

+
+

+
+

*  *  *
0.000 0.023 0.045 0 .068 0.091



B-13

DEPRECIATION PATTERN IFOR SECTOR NUMBER 15 - FOOTWEAR AND

DATE DEP D1
IS * IS + IS * ★ *  *

48 0.03 0 .1 0 0 .0 0 *
49 0 .03 0 .09 0 .0 0 *
50 0 .0 2 0 .08 0 .0 0 *
51 0 .0 2 0.07 0 .0 0 * +
52 0 .0 2 0.07 0 .0 0 * +
53 0 .0 2 0.06 0 .0 0 ★ +
54 0 .0 2 0.05 0 .0 0 * +
55 0 .0 2 0 .05 0 .0 0 * +
56 0 .0 2 0 .04 0 .0 0 * +
57 0 .0 2 0 .04 0 .0 0 * +
58 0 .0 2 0.03 0 .0 0 ★ +
59 0 .0 2 0.03 0 .0 0 *  +
60 0 .0 2 0.03 0 .0 0 *+
61 0 .0 2 0.03 0 .0 0 +
62 0 .0 2 0 .0 2 0 .0 0 +*
63 0 .0 2 0 .0 2 0 .0 0 + *
64 0 .0 2 0 .0 2 0 .0 0 + *
65 0 .0 2 0 .0 2 0 .0 0 f  *
66 0 .0 2 0 .0 2 0 .0 0  + *
67 0 .0 2 0 .0 1 0 .0 0  + ★
68 0 .0 2 0 .0 1 0 .0 0  + *
69 0 .0 2 0 .0 1 0 .0 0  + *
70 0 .0 2 0 .0 1 0 .0 0  + *
71 0 .0 2 0 .0 1 0 .0 0  + *
72 0 .0 2 0 .0 1 0 .0 0  + *
73 0 .0 2 0 .0 1 0 .0 0  + *
74 0 .0 2 0 .0 1 0 . 0 0 + *
75 0 .0 2 0 .0 1 0 . 0 0 + ★
76 0 .0 2 0 .0 1 0 . 0 0 + ★
77 0 .0 2 0 .0 0 0 . 0 0 + *

IS * IS + IS * ★ ★ ★
0.005 0.026 0.048 0.070

★
0.091



B-14

DEPRECIATION PATTERN IFOR SECTOR NUMBER 16

DATE DEP D1
IS * IS + IS ★ *

48 0 .0 1 0 .1 0 0 . 0 0 ★
49 0 .0 2 0 .09 0 . 0 0 *
50 0.03 0 .08 0 . 0 0 *

51 0.03 0.07 0 . 0 0 ★
52 0.03 0.07 0 . 0 0 *
53 0 .04 0.06 0 . 0 0 ★
54 0.04 0 .05 0 . 0 0 ★
55 0 .04 0 .05 0 . 0 0 *

56 0.04 0 .04 0 . 0 0 *  +

57 0 .04 0 .04 0 . 0 0 +
58 0 .04 0.03 0 . 0 0 + *
59 0 .04 0.03 0 . 0 0 +  *
60 0 .04 0.03 0 . 0 0 + ★

61 0.04 0.03 0 . 0 0 + ★
62 0.03 0 .0 2 0 . 0 0 + *

63 0.03 0 .0 2 0 . 0 0 + ★
64 0.03 0 .0 2 0 . 0 0 + *

65 0.03 0 .0 2 0 . 0 0 + *r

66 0.03 0 .0 2 0 . 0 0 +  *
67 0.03 0 .0 1 0 . 0 0 +  *

68 0 .0 2 0 .0 1 0 . 0 0 +  *

69 0 .0 2 0 .0 1 0 . 0 0 +  *
70 0 .0 2 0 .0 1 0 . 0 0 +  *

71 0 .0 2 0 .0 1 0 . 0 0  + *

72 0 .0 2 0 .0 1 0 . 0 0  + ★
73 0 .0 2 0 .0 1 0 . 0 0  + ★
74 0 .0 2 0 .0 1 0 . 0 0 + *
75 0 .0 2 0 .0 1 0 . 0 0 + *
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 . 0 0 0 . 0 0 + *

IS * IS + IS * ★

16 "  LUMBER

*  *  *
0 .048 0.070 0.091



B-15

DEPRECIATION PATTERN FOR SECTOR NUMBER 17 -  FURNITURE

DATE DEP D1
IS * IS + IS * *

48 0 .0 1 0 .1 0 0 .0 0  *
49 0 .0 1 0 .09 0 .0 0  *
50 0 .0 1 0 .08 0 .0 0  *
51 0 .0 1 0.07 0 .0 0  *
52 0 .0 1 0.07 0 .0 0  *
53 0 .0 1 0.06 0 .0 0  *
54 0 .0 1 0.05 0 .0 0  *
55 0 .0 2 0.05 0 .0 0 *
56 0 .0 2 0.04 0 .0 0 ★
57 0 .0 2 0.04 0 .0 0 *
58 0 .0 2 0.03 0 .0 0 ★
59 0 .0 2 0.03 0 .0 0 *
60 0 .0 2 0.03 0 .0 0 *  +
61 0 .0 2 0.03 0 .0 0 +
62 0.03 0 .0 2 0 .0 0 +*
63 0.03 0 .0 2 0 .0 0 + *
64 0 .03 0 .0 2 0 .0 0 + *
65 0.03 0 .0 2 0 .0 0 + ★
66 0.03 0 .0 2 0 .0 0  + ★
67 0.03 0 .0 1 0 .0 0  + ★
68 0.03 0 .0 1 0 .0 0  + ★
69 0.03 0 .0 1 0 .0 0  + *
70 0.03 0 .0 1 0 .0 0  + ★
71 0.03 0 .0 1 0 .0 0  + *
72 0 .0 2 0 .0 1 0 .0 0  + .  *
73 0 .0 2 0 .0 1 0 .0 0  + *
74 0 .0 2 0 .0 1 0 .0 0 + ★
75 0 .0 2 0 .0 1 0 . 0 0 + *
76 0 .0 2 0 .0 1 0 . 0 0 + *
77 0 .0 2 0 .0 0 0 . 0 0+ ★

IS * IS + IS * ★

+
+

+
+

★ • *  *
0-048 0 .070 0.091



B-16

DEPRECIATION PATTERN IFOR SECTOR NUMBER 18 - STONE, CLAY

DATE DEP D1
IS * IS + IS *  *  * *

48 0 .08 0 .1 0 0 .0 0
49 0.07 0 .09 0 .0 0 *
50 0.06 0 .08 0 .0 0 ★
51 0.06 0.07 0 .0 0 *  +
52 0.05 0.07 0 .0 0 *  +
53 0.05 0.06 0 .0 0  * +
54 0.04 0.05 0 .0 0  * +
55 0 .04 0 .05 0 .0 0  *  +
56 0.04 0 .04 0 .0 0  *  +
57 0.03 0 .04 0 .0 0  *  +
58 0.03 0.03 0 .0 0  *+
59 0.03 0 .03 0 .0 0  *+
60 0.03 0.03 0 .0 0  +
61 0.03 0 .03 0 .0 0  +
62 0 .0 2 0 .0 2 0 .0 0  +
63 0 .0 2 0 .0 2 0 .0 0  +
64 0 .0 2 0 .0 2 0 .0 0  +*
65 0 .0 2 0 .0 2 0 .0 0  +*
66 0 .0 2 0 .0 2 0 .0 0  + *
67 0 .0 2 0 .0 1 0 .0 0  +*
68 0 .0 2 0 .0 1 0 .0 0  + *
69 0 .0 1 0 .0 1 0 .0 0  + *
70 0 .0 1 0 .0 1 0 .0 0  + *
71 0 .0 1 0 .0 1 0 .0 0  + *
72 0 .0 1 0 .0 1 0 .0 0  + *
73 0 .0 1 0 .0 1 0 .0 0  + *
74 0 .0 1 0 .0 1 0 . 0 0 + *
75 0 .0 1 0 .0 1 0 . 0 0 + *
76 0 .0 1 0 .0 1 0 . 0 0+ *
77 0 .0 1 0 .0 0 0 . 0 0+*

IS * IS + is ★ ★ ★ ★ *
0.005 0 .026 0 .048  0 .070 0.091



B-17

DEPRECIATION PATTERN IFOR SECTOR NUMBER

DATE DEP D1
IS * IS + IS ★ *

48 0 .0 1 0 .1 0 0 .0 0 ★
49 0 .0 1 0.09 ’ 0 .0 0 *
50 0 .0 1 0 .08 0 .0 0 *
51 0 .0 1 0.07 0 .0 0 ★
52 0 .0 1 0.07 0 .0 0 ★
53 0 .0 1 0.06 0 .0 0 *
54 0 .0 2 0.05 0 .0 0 *
55 0 .0 2 0.05 0 .0 0 ★
56 0 .0 2 0 .04 0 .0 0 ★
57 0 .0 2 0 .04 0 .0 0 *
58 0 .0 2 0.03 0 .0 0 *
59 0 .0 2 0.03 0 .0 0 *
60 0 .0 2 0.03 0 .0 0 ★ +
61 0 .0 2 0.03 0 .0 0 +
62 0.03 0 .0 2 0 .0 0 +*
63 0.03 0 .0 2 0 .0 0 + *
64 0.03 0 .0 2 0 .0 0 + *
65 0.03 0 .0 2 0 .0 0 + *
66 0.03 0 .0 2 0 .0 0 + *
67 0.03 0 .0 1 0 .0 0 + *
68 0.03 0 .0 1 0 .0 0 + ★
69 0 .03 0 .0 1 0 .0 0 + *
70 0.03 0 .0 1 0 .0 0 + *
71 0 .0 2 0 .0 1 0 .0 0  + *
72 0 .0 2 0 .0 1 0 .0 0  + *
73 0 .0 2 0 .0 1 0 .0 0  + *
74 0 .0 2 0 .0 1 0 . 0 0 + *
75 0 .0 2 0 .0 1 0 . 0 0 + ★
76 0 .0 2 0 .0 1 0 . 0 0 + ★
77 0 .0 2 0 .0 0 0 . 0 0+ ★

IS * IS + IS * ★

20 -  NON-FERROUS METALS

+•
+

+
+

★ *  *
0 .048  0.070 0.091



B-18

DEPRECIATION PATTERN FOR SECTOR NUMBER 21 -  METAL PRODUCTS

DATE DEP D1
IS  * IS  + IS * *

48 0 .0 1 0 .1 0 0 .0 0  *
49 0 .0 2 0 .09 0 .0 0  *
50 0 .0 2 0 .08 0 .0 0 *
51 0.03 0.07 0 .0 0 *
52 0.03 0.07 0 .0 0 *
53 0.04 0 .06 0 .0 0 *
54 0 .04 0 .05 0 .0 0 ★
55 0.04 0.05 0 .0 0 ★
56 0.04 0 .04 0 .0 0 ★
57 0.04 0 .04 0 .0 0 +
58 0.04 0.03 0 .0 0 + *
59 0 .04 0.03 0 .0 0 + *
60 0 .04 0.03 0 .0 0 + *
61 0.04 0.03 0 .0 0 + *
62 0.03 0 .0 2 0 .0 0 + *
63 0.03 0 .0 2 0 .0 0  4 *
64 0.03 0 .0 2 0 .0 0  + *
65 0.03 0 .0 2 0 .0 0  + *
66 0.03 0 .0 2 0 .0 0  + *
67 0.03 0 .0 1 0 .0 0  + ★
68 0.03 0 .0 1 0 .0 0  + ★
69 0 .0 2 0 .0 1 0 .0 0  + *
70 0 .0 2 0 .0 1 0 .0 0  + ★
71 0 .0 2 0 .0 1 0 .0 0  + *
72 0 .0 2 0 .0 1 0 .0 0  + *
73 0 .0 2 0 .0 1 0 .0 0  + *
74 0 .0 2 0 .0 1 0 . 0 0+ *
75 0 .0 2 0 .0 1 0 . 0 0 + *
76 0 .0 2 0 .0 1 0 . 0 0+ *
77 0 .0 1 0 .0 0 0 . 0 0 + *

IS * IS + IS *
0.005

*
0 .026

+
+

★ *  *  
0 .048 0 .070 0.091



B-19

DEPRECIATION PATTERN FOR SECTOR NUMBER 22 -  ENGINES & TURBINS

DATE DEP D1
IS * IS + IS ★ *  *

48 0 .08 0 .1 0 0 .0 0
49 0.07 0 .09 0 .0 0
50 0.07 0 .08 0 .0 0
51 0.06 0.07 0 .0 0
52 0.05 0.07 0 .0 0
53 0.05 0.06 0 .0 0  *
54 0.05 0.05 0 .0 0  *
55 0.04 0.05 0 .0 0  *  +
56 0 .04 0.04 0 .0 0  *  +
57 0.03 0 .04 0 .0 0  *  +
58 0.03 0.03 0 .0 0  *+
59 0.03 0.03 0 .0 0  *+
60 0.03 0.03 0 .0 0  +
61 0.03 0.03 0 .0 0  +
62 0 .0 2 0 .0 2 0 .0 0  +
63 0 .0 2 0 .0 2 0 .0 0  +
64 0 .0 2 0 .0 2 0 .0 0  +*
65 0 .0 2 0 .0 2 0 .0 0  +*
66 0 .0 2 0 .0 2 0 .0 0  +*
67 0 .0 2 0 .0 1 0 .0 0  +*
68 0 .0 2 0 .0 1 0 .0 0  +*
69 0 .0 1 0 .0 1 0 .0 0  + *
70 0 .0 1 0 .0 1 0 .0 0  +*
71 0 .0 1 0 .0 1 0 .0 0  + *
72 0 .0 1 0 .0 1 0 .0 0  + *
73 0 .0 1 0 .0 1 0 .0 0  +*
74 0 .0 1 0 .0 1 0 . 0 0 + *
75 0 .0 1 0 .0 1 0 . 00+ *
76 0 .0 1 0 .0 1 0 . 0 0+*
77 0 .0 1 0 .0 0 0 . 0 0 +*

IS * IS + IS ★ ★ *
0.005 0.026 0 .048 0.070 0.091



B-20

DEPRECIATION PATTERN IFOR SECTOR NUMBER 23 -

DATE DEP D1
IS * IS + IS * *

48 0 .0 0 0 .1 0 0 . 0 0 *
49 0 .0 1 0 .09 0 .0 0 ★
50 0 .0 2 0 .08 0 .0 0 *
51 0 .0 2 0.07 0 .0 0 ★
52 0.03 0.07 0 .0 0 ★
53 0.03 0.06 0 .0 0 ★
54 0.04 0.05 0 .0 0 *
55 0 .04 0.05 0 .0 0 *
56 0 .04 0.04 0 .0 0 *  +
57 0 .04 0.04 0 .0 0 +
58 0.04 0.03 0 .0 0 + *
59 0.04 0.03 0 .0 0 + *
60 0.04 0.03 0 .0 0 + *
61 0.04 0.03 0 .0 0 + *
62 0.04 0 .0 2 0 .0 0 + *
63 0.03 0 .0 2 0 .0 0 + *
64 0.03 0 .0 2 0 .0 0 + *
65 0.03 0 .0 2 0 .0 0 + *
66 0.03 0 .0 2 0 .0 0 + ★
67 0.03 0 .0 1 0 .0 0 + *
68 0.03 0 .0 1 0 .0 0 + *
69 0.03 0 .0 1 0 .0 0 + *
70 0 .0 2 0 .0 1 0 .0 0 + *
71 0 .0 2 0 .0 1 0 .0 0 + *
72 0 .0 2 0 .0 1 0 .0 0 + *
73 0 .0 2 0 .0 1 0 .0 0 + *
74 0 .0 2 0 .0 1 0 .0 0 + *
75 0 .0 2 0 .0 1 0 .0 0 + *
76 0 .0 2 0 .0 1 0 .0 0 + *
77 0 .0 2 0 .0 0 0 .0 0 + *

IS * IS + IS * *
0.000 0.023 C

23 -  AGRICULTURE MACHINERY

*  *  
0 .068 0.091



B-21

DEPRECIATION PATTERN IFOR SECTOR NUMBER 31 -  COMMUNICATIONS

DATE DEP D1
IS * IS + IS * *  *  *

48 0.05 0 .1 0 0 .0 0 ★
49 0.05 0 .09 0 .0 0 ★
50 0.05 0 .08 0 .0 0 ★ +
51 0.05 0.07 0 .0 0 ★ +
52 0.05 0.07 0 .0 0 *  +
53 0.05 0.06 0 .0 0 *  +
54 0 .04 0.05 0 .0 0 ★ +
55 0.04 0.05 0 .0 0 ★ +
56 0.04 0.04 0 .0 0 *+
57 0 .04 0.04 0 .0 0 +
58 0.04 0.03 0 .0 0 +*
59 0.03 0.03 0 .0 0 +*
60 0.03 0.03 0 .0 0 + *
61 0.03 0.03 0 .0 0 + ★
62 0.03 0 .0 2 0 .0 0 + *
63 0.03 0 .0 2 0 .0 0 + *
64 0.03 0 .0 2 0 .0 0 + *
65 0 .0 2 0 .0 2 0 .0 0 + ★
66 0 .0 2 0 .0 2 0 .0 0 + *
67 0 .0 2 0 .0 1 0 .0 0 + *
68 0 .0 2 0 .0 1 0 .0 0 + *
69 0 .0 2 0 .0 1 0 .0 0 + *
70 0 .0 2 0 .0 1 0 .0 0 + ★
71 0 .0 2 0 .0 1 0 .0 0  + *
72 0 .0 1 0 .0 1 0 .0 0  + ★
73 0 .0 1 0 .0 1 0 .0 0  + *
74 0 .0 1 0 .0 1 0 . 00 + ★
75 0 .0 1 0 .0 1 0 . 00 + *
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 .0 0 0 . 0 0 + ★

IS ★ IS + IS * *  ★ * ★
0.091



B-22

DEPRECIATION PATTERN IFOR SECTOR NUMBER 33 - HOUSEHOLD APPLIANCES

DATE DEP D1
IS  * IS + IS * * *  *  *

48 0.07 0 .1 0 0.00 *  +
49 0.07 0 .09 0.00 ★ +
50 0.06 0 .08 0.00 *  +
51 0 .06 0.07 0.00 *  +
52 0 .05 0.07 0.00 ★ +
53 0.05 0.06 0.00 *  +
54 0 .04 0.05 0 .00 * +
55 0.04 0.05 0.00 ★ +
56 0 .04 0 .04 0.00 *  +
57 0.03 0.04 0.00 ★ +
58 0.03 0.03 0.00 *+
59 0.03 0.03 0.00 *+
60 0.03 0.03 0.00 +
61 0.03 0.03 0.00 +
62 0 .0 2 0 .0 2 0.00 +
63 0 .0 2 0 .0 2 0.00 +*
64 0 .0 2 0 .0 2 0.00 +*
65 0 .0 2 0 .0 2 0.00 +*
66 0 .0 2 0 .0 2 0.00 + *
67 0 .0 2 0 .0 1 0.00 +*
68 0 .0 2 0 .0 1 0.00 + *
69 0 .0 2 0 .0 1 0.00 + *
70 0 .0 1 0 .0 1 0.00 + *
71 0 .0 1 0 .0 1 0.00  + ★
72 0 .0 1 0 .0 1 0.00  +• *
73 0 .0 1 0 .0 1 0.00  +• *
74 0 .0 1 0 .0 1 0 . 0 0+ ★
75 0 .0 1 0 .0 1 0 . 0 0+ *
76 0 .0 1 0 .0 1 0 . 0 0+ *
77 0 .0 1 0.00 0 . 0 0+ *

IS * IS + IS * * *  *  *
0.005 0.026 0 .048  . 0 .070 0.091



B-23

DEPRECIATION PATTERN FOR SECTOR NUMBER 34 -  ELECTRICAL L IG H T .& WIRING EQUIPMENT

DATE DEP D1
IS * IS + IS *  *

48 0 .06 0 .1 0 0 .0 0
49 0.06 0 .09 0 .0 0
50 0.05 0 .08 0 .0 0
51 0.05 0.07 0 .0 0
52 0.04 0.07 0 .0 0
53 0 .04 0 .06 0 .0 0
54 0 .04 0 .05 0 .0 0
55 0.03 0.05 0 .0 0  *
56 0.03 0.04 0 .0 0  *
57 0 .03 0 .04 0 .0 0  *
58 0.03 0.03 0 .0 0  *  +
59 0.03 0.03 0 .0 0  *  +
60 0 .03 0.03 0 .0 0  *+
61 0.03 0.03 0 .0 0  +
62 0 .0 2 0 .0 2 0 .0 0  +
63 0 .0 2 0 .0 2 0 .0 0  +*
64 0 .0 2 0 .0 2 0 .0 0  +*
65 0 .0 2 0 .0 2 0 .0 0  + *
66 0 .0 2 0 .0 2 0 .0 0  + *
67 0 .0 2 0 .0 1 0 .0 0  + *
68 0 .0 2 0 .0 1 0 .0 0  + *
69 0 .0 2 0 .0 1 0 .0 0  + *
70 0 .0 2 0 .0 1 0 .0 0  + *
71 0 .0 2 0 .0 1 0 .0 0  + *
72 0 .0 2 0 .0 1 0 .0 0  + *
73 0 .0 1 0 .0 1 0 .0 0  + *
74 0 .0 1 0 .0 1 0 . 0 0+ *
75 0 .0 1 0 .0 1 0 . 00+ ★
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 .0 0 0 . 0 0 + *

IS * IS + IS ★ *  
0.005 0.026

★
*

★
★

★
i +

+
+

+

*  *  *  
0 .048  0.070 0.091



B-24

DEPRECIATION PATTERN FOR SECTOR NUMBER 35 -  RADIQ, TV RECEIVING, PHONOGRAPH

DATE DEP D1
IS * IS + IS * *

48 0 .0 0 0 .1 0 0 . 0 0 *
49 0 .0 0 0 .0 9 0 . 0 0 *
50 0 .0 0 0 .08 0 . 0 0 *
51 0 .0 0 0.07 0 .0 0  *
52 0 .0 0 0.07 0 .0 0 *
53 0 .0 1 0.06 0 .0 0 ★
54 0 .0 1 0.05 0 .0 0 ★
55 0 .0 1 0.05 0 .0 0 ★
56 0 .0 1 0.04 0 .0 0 *
57 0 .0 2 0 .04 0 .0 0 *
58 0 .0 2 0.03 0 .0 0 *
59 0 .0 2 0.03 0 .0 0 ★
60 0 .0 2 0.03 0 .0 0 *  +
61 0 .0 2 0.03 0 .0 0 * +
62 0.03 0 .0 2 0 .0 0 + *
63 0.03 0 .0 2 0 .0 0 + *
64 0 .03 0 .0 2 0 .0 0 + *
65 0.03 0 .0 2 0 .0 0 + *
66 0.03 0 .0 2 0 .0 0 + *
67 0*03 0 .0 1 0 .0 0 + ★
68 0.03 0 .0 1 0 .0 0 + it

69 0.03 0 .0 1 0 .0 0 + it

70 0.03 0 .0 1 0 .0 0 + it

71 0.03 0 .0 1 0 .0 0 + it

72 0.03 0 .0 1 0 .0 0 + it

73 0.03 0 .0 1 0 .0 0 + ★
74 0.03 0 .0 1 0 .0 0 + *
75 0.03 0 .0 1 0 .0 0 + ★
76 0 .0 2 0 .0 1 0 .0 0 + *
77 0 .0 2 0 .0 0 0 .0 0 + *

IS ★ IS + IS * *

+
+

+
+

★ *  *  
0.000 0.023 0.045 0 .068 0.091



B-25

DEPRECIATION PATTERN IFOR SECTOR NUMBER 38 -

DATE DEP D1
IS * IS  + IS ★ ★

48 0.05 0 .1 0 0 .0 0 ★
49 0.05 0 .0 9 0 .0 0 ★
50 0.05 0 .08 0 .0 0 ★
51 0.05 0.07 0 .0 0 *
52 0.05 0.07 0 .0 0 ★
53 0.05 0 .06 0 .0 0 *
54 0 .04 0.05 0 .0 0 *
55 0 .04 0.05 0 .0 0 *  +
56 0.04 0 .04 0 .0 0 *+
57 0 .04 0 .04 0 .0 0 +
58 0.04 0.03 0 .0 0 +*
59 0 .04 0.03 0 .0 0 + *
60 0.03 0.03 0 .0 0 + *
61 0.03 0 .03 0 .0 0 + ★
62 0.03 0 .0 2 0 .0 0 + *
6£ 0.03 0 .0 2 0 .0 0 + *
64 0.03 0 .0 2 0 .0 0 + *
65 0 .0 2 0 .0 2 0 .0 0 + ★
66 0 .0 2 0 .0 2 0 .0 0 + *
67 0 .0 2 0 .0 1 0 .0 0 + ★
68 0 .0 2 0 .0 1 0 .0 0 + ★
69 0 .0 2 0 .0 1 0 .0 0 + *
70 0 .0 2 0 .0 1 0 .0 0 + *
71 0 .0 2 0 .0 1 0 .0 0  + ★
72 0 .0 1 0 .0 1 0 .0 0  + ★
73 0 .0 1 0 .0 1 0 .0 0  + ★
74 0 .0 1 0 .0 1 0 . 0 0+ *
75 0 .0 1 0 .0 1 0 . 0 0 + ★
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 .0 0 0 . 0 0 + ★

IS ★ IS + IS ★ ★ 1 

0.005 0.026 0,

38 -  SHIPS & BOATS

*  *
0 .070 0.091
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DEPRECIATION PATTERN IFOR SECTOR NUMBER 40 -  INSTRUMENTS

DATE DEP D1
IS * IS + IS * *  *  *

48 0 .0 0 0 .1 0 0 . 0 0 *
49 0 .0 0 0 .0 9 0 .0 0 *
50 0 .0 0 0 .0 8 0 .0 0 *
51 0 .0 0 0 .0 7 0 .0 0  *  +
52 0 .01 0 .0 7 0 .0 0 *  +
53 0.01 0 .0 6 0 .0 0 *  +
54 0.01 0 .0 5 0 .0 0 *  +
55 0 .01 0 .0 5 0 .0 0 *  +
56 0 .0 2 0 .0 4 0 .0 0 *  +
57 0 .0 2 0 .0 4 0 .0 0 *  +
58 0 .0 2 0 .0 3 0 .0 0 *  +
59 0 .0 2 0 .0 3 0 .0 0 ★ +
60 0 .0 2 0 .0 3 0 .0 0 ★ +
61 0 .0 3 0 .0 3 0 .0 0 +
62 0 .0 3 0 .0 2 0 .0 0 +*
63 0 .0 3 0 .0 2 0 .0 0 + *
64 0 .0 3 0 .0 2 0 .0 0 + *
65 0 .0 3 0 .0 2 0 .0 0 + *
66 0 .0 3 0 .0 2 0 .0 0 + *
67 0 .0 3 0 .01 0 .0 0 + *
68 0 .0 3 0.01 0 .0 0 + *
69 0 .0 3 0.01 0 .0 0 + *
70 0 .0 3 0.01 0 .0 0 + *
71 0 .0 3 0.01 0 .0 0 + *
72 0 .0 3 0.01 0 .0 0 + *
73 0 .0 3 0.01 0 .0 0 + *
74 0 .0 3 0.01 0 .0 0 + *
75 0 .0 2 0.01 0 .0 0 + *
76 0 .0 2 0.01 0 .0 0 + *
77 0 .0 2 0 .0 0 0 .0 0 + *

IS * IS + IS * ★ *  * ★
0.091
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DEPRECIATION PATTERN IFOR SECTOR NUMBER 42 “  RAILROADS

DATE DEP D1
IS * IS + IS  * ★ *  *

48 0.07 0 .1 0 0 .0 0 *
49 0.07 0 .09 0 .0 0 *
50 0.06 0 .08 0 .0 0 ★
51 0.06 0.07 0 .0 0 ★ +
52 0.05 0.07 0 .0 0 *  +
53 0.05 0.06 0 .0 0 *  +
54 0 .04 0.05 0 .0 0 ★ +
55 0.04 0.05 0 .0 0 *  +
56 0.04 0.04 0 .0 0 *  +
57 0.03 0.04 0 .0 0 *  +
58 0.03 0.03 0 .0 0 ★+
59 0.03 0.03 0 .0 0 *+
60 0.03 0.03 0 .0 0 +
61 0.03 0.03 0 .0 0 +
62 0 .0 2 0 .0 2 0 .0 0 +
63 0 .0 2 0 .0 2 0 .0 0 +*
64 0 .0 2 0 .0 2 0 .0 0 +★
65 0 .0 2 0 .0 2 0 .0 0 +*
66 0 .0 2 0 .0 2 0 .0 0 + *
67 0 .0 2 0 .0 1 0 .0 0 +★
68 0 .0 2 0 .0 1 0 .0 0 + *
69 0 .0 2 0 .0 1 0 .0 0 + ★
70 0 .0 1 0 .0 1 0 .0 0 + *
71 0 .0 1 0 .0 1 0 .0 0  + *
72 0 .0 1 0 .0 1 0 .0 0  +■ *
73 0 .0 1 0 .0 1 0 .0 0  + ★
74 0 .0 1 0 .0 1 0 . 0 0+ *
75 0 .0 1 0 .0 1 0 . 0 0+ *
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 .0 0 0 . 0 0 + *

IS * IS + IS * *  *  * *
0.091
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DEPRECIATION PATTERN IFOR SECTOR NUMBER 43 -  AIR TRANSPORT

DATE DEP D1
IS * IS + IS * *  *  *

48 0.07 0 .1 0 0 .0 0 ★
49 0.06 0 .09 0 .0 0 ★
50 0.06 0 .08 0 .0 0 *  +
51 0.05 0.07 0 .0 0 *  +
52 0 .05 0.07 0 .0 0 ★ +
53 0.04 0.06 0 .0 0 *  +
54 0.04 0.05 0 .0 0 *  +
55 0.04 0.05 0 .0 0 *  +
56 0.03 0.04 0 .0 0 *  +
57 0.03 0.04 0 .0 0 ★ +
58 0.03 0.03 0 .0 0 *  +
59 0.03 0.03 0 .0 0 *  +
60 0.03 0.03 0 .0 0 +
61 0.03 0.03 0 .0 0 +
62 0 .0 2 0 .0 2 0 .0 0 +
63 0 .0 2 0 .0 2 0 .0 0 +*
64 0 .0 2 0 .0 2 0 .0 0 +*
65 0 .0 2 0 .0 2 0 .0 0 + *
66 0 .0 2 0 .0 2 0 .0 0 + *
67 0 .0 2 0 .0 1 0 .0 0 + *
68 0 .0 2 0 .0 1 0 .0 0 + *
69 0 .0 2 0 .0 1 0 .0 0 + *
70 0 .0 2 0 .0 1 0 .0 0 + *
71 0 .0 1 0 .0 1 0 .0 0  + ★
72 0 .0 1 0 .0 1 0 .0 0  + ★
73 0 .0 1 0 .0 1 0 .0 0  + *
74 0 .0 1 0 .0 1 0 . 0 0 + ★
75 0 .0 1 0 .0 1 0 . 0 0 + *
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 .0 0 0 . 0 0 + ★

IS ★ IS + IS * *  *  * *
0.091
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DEPRECIATION PATTERN IFOR SECTOR NUMBER 45

DATE DEP D1
IS * IS + IS * *

48 0.04 0 .1 0 0 .0 0 ★
49 0.04 0 .09 0 .0 0 *
50 0 .03 0 .08 0 .0 0 *
51 0.03 0.07 0 .0 0 *
52 0 .03 0.07 0 .0 0 *
53 0 .03 0.06 0 .0 0 ★
54 0.03 0.05 0 .0 0 *
55 0.03 0.05 0 .0 0 *
56 0.03 0.04 0 .0 0 *  +
57 0.03 0.04 0 .0 0 *  +
58 0.03 0.03 0 .0 0 ★ +
59 0.03 0.03 0 .0 0 ★ +
60 0.03 0 .03 0 .0 0 ★+
61 0 .0 2 0.03 0 .0 0 +
62 0 .0 2 0 .0 2 0 .0 0 +*
63 0 .0 2 0 .0 2 0 .0 0 + *
64 0 .0 2 0 .0 2 0 .0 0 + *
65 0 .0 2 0 .0 2 0 .0 0 + *
66 0 .0 2 0 .0 2 0 .0 0 + *
67 0 .0 2 0 .0 1 0 .0 0 + *
68 0 .0 2 0 .0 1 0 .0 0 + *
69 0 .0 2 0 .0 1 0 .0 0 + *
70 0 .0 2 0 .0 1 0 .0 0 + *
71 0 .0 2 0 .0 1 0 .0 0  + *
72 0 .0 2 0 .0 1 0 .0 0  + ★
73 0 .0 2 0 .0 1 0 .0 0  + *
74 0 .0 2 0 .0 1 0 . 0 0+ ★
75 0 .0 2 0 .0 1 0 . 0 0+ *
76 0 .0 2 0 .0 1 0 . 0 0 + *
77 0 .0 2 0 .0 0 0 . 00+ *

IS * IS + IS * *

- COMMUNICATIONS SERVICES

*  *  *
0 .048 0.070 0.091
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DEPRECIATION PATTERN FOR SECTOR NUMBER 46 -  ELECTRIC UTILITIES

)ATE DEP D1
IS  * IS + IS * *  *  *  *

48 0 .0 0 0 .1 0 0 . 0 0 *
49 0 .0 0 0 .09 0 . 0 0 * +
50 0 .0 0 0 .08 0 . 00 * +
51 0 .0 0 0.07 0 .0 0  * +
52 0 .0 0 0.07 0 .0 0 * +
53 0 .0 1 0.06 0 .0 0 * +
54 0 .0 1 0.05 0 .0 0 * +
55 0 .0 1 0.05 0 .0 0 * +
56 0 .0 1 0.04 0 .0 0 * +
57 0 .0 2 0 .04 0 .0 0 ★ +
58 0 .0 2 0.03 0 .0 0 * +
59 0 .0 2 0.03 0 .0 0 ★ +
60 0 .0 2 0.03 0 .0 0 *  +
61 0 .0 2 0.03 0 .0 0 *+
62 0 .03 0 .0 2 0 .0 0 +*
63 0.03 0 .0 2 0 .0 0 + *
64 0.03 0 .0 2 0 .0 0 + ★
65 0.03 0 .0 2 0 .0 0 + ★
66 0.03 0 .0 2 0 .0 0 + *
67 0.03 0 .0 1 0 .0 0 + *
68 0.03 0 .0 1 0 .0 0 + ★
69 0.03 0 .0 1 0 .0 0 + ★
70 0.03 0 .0 1 0 .0 0 + *
71 0.03 0 .0 1 0 .0 0 + ★
72 0.03 0 .0 1 0 .0 0 + ★
73 0.03 0 .0 1 0 .0 0 + ★
74 0.03 0 .0 1 0 .0 0 + ★
75 0.03 0 .0 1 0 .0 0 + *
76 0 .0 2 0 .0 1 0 .0 0 + ★
77 0 .0 2 0 .0 0 0 .0 0 + ★

IS * IS + IS * *  *  *  *
0.000 0.023 0.045 0 .068 0.091
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DEPRECIATION PATTERN FOR SECTOR NUMBER 47 -  GAS, WATER & SANITATION

DATE DEP D1
IS * IS  + IS *

48 0.07 0 .1 0 0 .0 0
49 0.06 0.09 0 .0 0
50 0.06 0 .08 0 .0 0
51 0.05 0.07 0 .0 0
52 0.05 0.07 0 .0 0
53 0.04 0.06 0 .0 0
54 0.04 0.05 0 .0 0
55 0.04 0.05 0 .0 0
56 0.03 0.04 0 .0 0
57 0 .03 0.04 0 .0 0
58 0.03 0.03 0 .0 0
59 0.03 0.03 0 .0 0
60 0.03 0.03 0 .0 0
61 0.03 0.03 0 .0 0
62 0 .0 2 0 .0 2 0 .0 0
63 0 .0 2 0 .0 2 0 .0 0  *
64 0 .0 2 0 .0 2 0 .0 0  +*
65 0 .0 2 0 .0 2 0 .0 0  + *
66 0 .0 2 0 .0 2 0 .0 0  + *
67 0 .0 2 0 .0 1 0 .0 0  + *
68 0 .0 2 0 .0 1 0 .0 0  + *
69 0 .0 2 0 .0 1 0 .0 0  + *
70 0 .0 2 0 .0 1 0 .0 0  + *
71 0 .0 1 0 .0 1 0 .0 0  + *
72 0 .0 1 0 .0 1 0 .0 0  + *
73 0 .0 1 0 .0 1 0 .0 0  + *
74 0 .0 1 0 .0 1 0 . 0 0 + *
75 0 .0 1 0 .0 1 0 . 0 0 + *
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 .0 0 0 . 0 0+ *

IS * IS + IS *

*
*

*
it

it

*
it +

★ +
*  +

*  +
*  +

*  +
+

*  *  *  *
0 .026 0 .048  0 .070 0.091
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DEPRECIATION PATTERN FOR SECTOR NUMBER 52 -  HOTELS & REPAIRS MINUS AUTO

DATE DEP D1
IS * IS + IS *

48 0.07 0 .1 0 0 .0 0
49 0.06 0 .09 0 .0 0
50 0.06 0 .08 0 .0 0
51 0.05 0.07 0 .0 0
52 0.05 0 .07 0 .0 0
53 0.04 0 .06 0 .0 0
54 0.04 0.05 0 .0 0
55 0.04 0.05 0 .0 0
56 0.03 0.04 0 .0 0
57 0.03 0 .04 0 .0 0
58 0.03 0.03 0 .0 0
59 0.03 0.03 0 .0 0
60 0.03 0.03 0 .0 0
61 0.03 0.03 0 .0 0
62 0 .0 2 0 .0 2 0 .0 0
63 0 .0 2 0 .0 2 0 .0 0  +■
64 0 .0 2 0 .0 2 0 .0 0  +*
65 0 .0 2 0 .0 2 0 .0 0  + *
66 0 .0 2 0 .0 2 0 .0 0  + *
67 0 .0 2 0 .0 1 0 .0 0  + *
68 0 .0 2 0 .0 1 0 .0 0  + *
69 0 .0 2 0 .0 1 0 .0 0  + *
70 0 .0 2 0 .0 1 0 .0 0  + *
71 0 .0 1 0 .0 1 0 .0 0  + *
72 0 .0 1 0 .0 1 0 .0 0  + *
73 0 .0 1 0 .0 1 0 .0 0  + *
74 0 .0 1 0 .0 1 0 . 0 0 + *
75 0 .0 1 0 .0 1 0 . 0 0+ *
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 .0 0 0 . 0 0 + *

IS * IS + IS *

*
*

★
★ +

★ +
★ +

*  +
*  +

*  +
+

+

*  *  *  ★
0.026 0 .048 0.070 0.091
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DEPRECIATION PATTERN FOR SECTOR NUMBER 54 -  MOVIES & AMUSEMENTS

DATE DEP D1
IS * IS + IS *

48 0 .0 1 0 .1 0 0 .0 0  *
49 0 .0 1 0.09 0 .0 0  *
50 0 .0 1 0.08 0 .0 0  *
51 0 .0 1 0.07 0 .0 0  *
52 0 .0 1 0.07 0 .0 0  *
53 0 .0 1 0.06 0 .0 0
54 0 .0 1 0.05 0 .0 0
55 0 .0 2 0.05 0 .0 0
56 0 .0 2 0 .04 0 .0 0
57 0 .0 2 0 .04 0 .0 0
58 0 .0 2 0.03 0 .0 0
59 0 .0 2 0.03 0 .0 0
60 0 .0 2 0.03 0 .0 0
61 0 .0 2 0.03 0 .0 0
62 0.03 0 .0 2 0 .0 0
63 0.03 0 .0 2 0 .0 0
64 0.03 0 .0 2 0 .0 0
65 0.03 0 .0 2 0 .0 0
66 0.03 0 .0 2 0 .0 0
67 0.03 0 .0 1 0 .0 0
68 0.03 0 .0 1 0 .0 0  ‘
69 0.03 0 .0 1 0 .0 0  +
70 0.03 0 .0 1 0 .0 0  +
71 ■ 0.03 0 .0 1 0 .0 0  +
72 0.03 0 .0 1 0 .0 0  +
73 0 .0 2 0 .0 1 0 .0 0  +
74 0 .0 2 0 .0 1 0 . 0 0+
75 0 .0 2 0 .0 1 0 . 0 0 +
76 0 .0 2 0 .0 1 0 . 0 0+
77 0 .0 2 0 .0 0 0 . 0 0 +

IS *  IS + IS *
0.005

*  *  *  *
+

+
+

+
+

+
+

+
+

+
*  +

*  +
★ +

+
+*

+ *
★
*
*
*
★
•k
*

*
*
*
★

*
★

*
*  *  *  *

0 .026 0 .048 0.070 0.091
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DEPRECIATION PATTERN FOR SECTOR NUMBER 55 -  MEDICAL & EDUCATIONAL SERVICES

DATE DEP D1
IS * IS + IS *  *

48 0.06 0 .1 0 0 .0 0
49 0.06 0 .09 0 .0 0
50 0.05 0 .08 0 .0 0
51 0.05 0.07 0 .0 0
52 0.04 0.07 0 .0 0
53 0.04 0.06 0 .0 0
54 0.04 0.05 0 .0 0
55 0.03 0.05 0 .0 0  *
56 0.03 0.04 o .oo  *
57 0.03 0 .04 0 .0 0  *
58 0.03 0.03 0 .0 0  *  +
59 0.03 0.03 0 .0 0  *  +
60 0.03 0.03 0 .0 0  *+
61 0.03 0.03 0 .0 0  +
62 0 .0 2 0 .0 2 0 .0 0  +
63 0 .0 2 0 .0 2 0 .0 0  +*
64 0 .0 2 0 .0 2 0 .0 0  +*
65 0 .0 2 0 .0 2 0 .0 0  + *
66 0 .0 2 0 .0 2 0 .0 0  + *
67 0 .0 2 0 .0 1 0 .0 0  + *
68 0 .0 2 0 .0 1 0 .0 0  + *
69 0 .0 2 0 .0 1 0 .0 0  + *
70 0 .0 2 0 .0 1 0 .0 0  + *
71 0 .0 2 0 .0 1 0 .0 0  + *
72 0 .0 1 0 .0 1 0 .0 0  + *
73 0 .0 1 0 .0 1 0 .0 0  + *
74 0 .0 1 0 .0 1 0 . 0 0+ *
75 0 .0 1 0 .0 1 0 . 0 0 + *
76 0 .0 1 0 .0 1 0 . 0 0 + *
77 0 .0 1 0 .0 0 0 . 0 0 + *

IS * IS + IS *  *

★
★

★
*

*  + 
+

+
+

*  *  *
0 .048  0.070 0.091
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Chapter 6 

Forecast 1977-1983

1 . In t r o d u c t io n

The est im ated equations presented in  the p rev ious chapter were used 

t o  fo re c a s t  investment and employment from  1977 , th e  Last y e a r  o f  th e  

e s t im a t io n  p e r io d ,  through 1983. Actua l data on employment by in d u s t ry  

e x is ts  through 1981. Consequently, we have an o p p o r t u n i t y  t o  compare 

fo re cas te d  employment t o  a c tu a l employment f o r  each in d u s t r y .  Equipment 

in v e s tm e n t  d a ta  a t  th e  in d u s t r y  le v e l  used in  t h i s  study do not e x is t  

beyond 1977. In d u s t ry  investment through 1980 has been c o n s t r u c te d  by 

INFORUM based upon p u b l is h e d  a g g re g a te  d a ta .  We have, th e re fo re ,  a 

rough benchmark w i th  which t o  judge the investment fo re c a s ts .

I n  s e c t io n  2 ,  th e r e  i s  a b r i e f  d e s c r i p t i o n  o f  how " a c t u a l "  

investment data were cons truc te d .  In  a d d i t io n ,  we o u t l in e  the manner i n 

wh ic h  th e  independent v a r ia b le s  in  the equations are generated in  LIFT. 

In  s e c t io n  3 ,  we p re s e n t  th e  fo re c a s ts  and compare them w i t h  a c tu a l  

employment and c o n s t r u c te d  investm ent data through 1981. The im p l ied  

p r o d u c t i v i t y  growth appears t o  be excess ive  f o r  many i n d u s t r i e s  w h i le  

th e  in v e s tm e n t  e q u a t io n s  p r e d i c t  in ve s tm e n t which i s  h igher than the

cons truc ted  numbers .  We o f f e r  some e x p la n a t io n s  o f  th e s e  f o r e c a s t s .  

S e c t io n  A con ta ins  a summary o f  our re s u l ts  and comments about the need 

f o r  fu tu re  work.



2. P re l im in a ry  Data Work

The f o r e c a s t s  p re s e n te d  in  th e  n e x t  s e c t io n  a re  compared w i th  

in v e s tm e n t  numbers which were de r ived  from the

Survey which is  pub lished p e r io d ic a l l y  in  the Survey o f Current Business 

(SCB). The BEA survey g ives  a c tu a l p la n t  and equ ipm ent in v e s tm e n t  by 

v a r io u s  a g g re g a te  i n d u s t r i e s  i n  c u r r e n t  d o l l a r s .  In  a d d i t i o n ,  the 

survey d is t in g u is h e s  between p la n t  and equipment purchases f o r  a number 

o f  th e se  a g g re g a te s .  A s e r ie s  o f  regress ion  equations were estim ated 

which re la te d  the  53 investm ent s e r ie s  used in  t h i s  s tu d y  t o  th e  BEA 

s u rv e y  num bers. The in d e p e n d e n t v a r ia b le s  were e i t h e r  an equipment 

number f o r  one o f th e  a g g re g a te  i n d u s t r i e s  o r  a p la n t  and equ ipm ent
*

number from  one o f  the app ro p r ia te  d isaggregated in d u s t r ie s .  Then, by
2using the equation  w ith  the h ighes t R ,  in v e s tm e n t  was fo re c a s te d  f o r

th e  53 i n d u s t r i e s  through 1981. Consequently,  a lthough the investment

numbers f o r  1978-81 are o n ly  es t im a te s ,  they are de r ived  from aggregates

which do e x is t  through 1981.

In  o rder f o r  investment and employment to  be f o r e c a s t ,  v a lu e s  f o r

th e  in d e p e n d e n t v a r ia b le s  must be a v a i l a b l e .  S p e c i f i c a l l y ,  average

hou r ly  compensation, in d u s t ry  energy p r ic e s  and the user cost o f  c a p i ta l

are the p r ic e s  which e n te r  th e  employment and in v e s tm e n t  e q u a t io n s .

Average h o u r ly  compensation data e x is t  through 1979 and are fo recas ted

th e r e a f te r  by a combination o f r e la t i v e  wage equations and two aggregate
2

wage equ a tions , one f o r  m a n u fa c tu r in g  and one f o r  n o n m a n u fa c tu r in g .  

Energy p r ic e s  are generated by w e igh ting  the re le va n t fo recas ted  ou tpu t

d e f la to r s  w i th  the a p p ro p r ia te  1-0 c o e f f i c ie n t s ,  as described in  Chapter

4 .  The 1-0 c o e f f i c ie n ts  may v a ry  from  yea r  t o  y e a r  i n  th e  f o r e c a s t ;  

th e s e  v a r ia t io n s  may a l t e r  the energy p r ic e  v a r ia b le .  A d e s c r ip t io n  o f

-  114 -
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the  way in  which th e  f o r e c a s t i n g  o f  1 -0  c o e f f i c i e n t s  i s  made may be 

found in  ( 1 )

R e c a l l i n g  the d iscu ss io n  o f  Chapter 4 ,  the user cost c o n s is ts

o f  s ix  p ieces :  the  equipment d e f l a t o r ,  r a te  o f

p h y s i c a l  d e p r e c ia t i o n ,  c o r p o r a te  ta x  r a t e ,  and th e  i nves tm en t ta x  

c r e d i t . The equipment d e f la t o r  i s  computed as a w e ig h te d  average  o f  

o u tp u t  d e f l a t o r s ,  and i s  d e s c r ib e d  in  ( 1 ) .  The c o n s t ru c t io n  o f the 

presen t va lue o f  d e p r e c ia t i o n  depends upon th e  average  ta x  l i f e  f o r  

equ ipm en t and th e  nominal in te r e s t  ra te .  The present va lue form ula  i s  

the  same as the one used i n  th e  e s t im a t i o n ,  th e  sum o f  yea rs  d i g i t s  

m e thod , and i s  presented in  ( 1 ) .  The average tax  l i f e  o f  equipment was 

assumed to  be the 1977 value up t o  1981. T h e re a f te r ,  th e  ta x  l i f e  was 

assumed t o  be 5 y e a r s ,  c o n s is te n t  w i t h  th e  re c e n t  change in  the tax  

laws. The nominal in te r e s t  ra te  i s  generated by a r e g r e s s io n  e q u a t io n  

e s t im a te d  by INFORUM. The r e a l  ra te  o f  in te r e s t  i s  exogeneous t o  the 

LIFT model, so is  set t o  be th e  c o n s ta n t  v a lu e  w h ich  was used i n  th e  

e s t im a t i o n ,  .0 2 5 7 .  The p h ys ica l ra te  o f  d e p re c ia t io n  f o r  the fo re c a s t  

was assumed t o  be th a t  va lue which p re v a i le d  in  1977. I t s  c o m p u ta t io n  

i s  descr ibed in  Chapter 4 .  The corpo ra te  tax  ra te  i s  48 percent through 

197*5, 46 p e rc e n t  i n  1979 and 1980 , and 44 p e rc e n t  t h e r e a f t e r .  The 

investm ent tax  c r e d i t  i s  s e t  a t  10  p e rc e n t  th ro u g h o u t  th e  f o r e c a s t .  

F i n a l l y ,  ou tpu t f o r  each in d u s t ry  i s  s im ply  the  sum o f  f i n a l  demand and 

demand as an in te rm e d ia te  good in  o th e r  p rodu c ts .  F in a l demand c o n s is ts  

o f  consumption, equipment s a le s ,  sa les t o  c o n s t ru c t io n ,  sa les  t o  defense 

e x p e n d itu re s ,  and e x p o r ts .^  Conseauetlyf  investment by i n d u s t r y  i s  not  

o n ly  determ ined by o u tp u t ,  but a ls o  helps determine o u tp u t .
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3 . Forecast Results

To a s s e s s  t h e  f o r e c a s t i n g  pe r fo rm an ce  o f  th e  in v e s tm e n t  and 

employment equa tions  w i th in  the con tex t o f  the LIFT model. Tab les  1 and

2 w i l l  p ro ve  u s e f u l .  These two ta b le s  d is p la y ,  r e s p e c t iv e ly ,  p a i rs  o f  

investment and employment fo re c a s ts  through 1981. The columns la b e le d  

BASE g iv e  the fo re c a s ts  o f  investment and employment r e s u l t in g  from the 

equations es t im ated f o r  t h i s  s tudy . The columns la b e le d  ALT1 p ro v id e  

r e s u l t s  from a recent LIFT fo re c a s t  in  which cons truc ted  investment and 

a c tu a l employment were used as fo re c a s ts  through 1981. The two t a b le s  

p r o v id e  f o r e c a s t s  f o r  each o f  th e  53 i n d u s t r i e s ,  th e  t o t a l  f o r  the 

e n t i r e  economy, and s u b t o t a ls  f o r  v a r io u s  a g g re g a te  s e c to r s  o f  th e  

economy. Companion Tables B1 and B2 in  Appendix B p rov ide  growth ra tes  

f o r  the investment and employment fo re c a s ts ,  r e s p e c t iv e ly .  In  a d d i t io n ,  

th e  im p l ie d  le v e ls  and g ro w th  r a te s  o f  in d u s t r y  p r o d u c t i v i t y  a r e  

d isp layed  in  Tables B3 and B4.

F i n a l l y ,  th e  t a b le s  i n  Append ix  C p ro v id e  r e s u l t s  o f  th e  BASE

fo re c a s t  through 1983 along w ith  ta b le s  f o r  th e  in d e p e n d e n t v a r ia b le s

which e n te r  the  investment and employment equa tions : wage index ,  energy

4p r ic e ,  p r ic e  o f  c a p i t a l ,  and product shipments.

T ab le  1 p r o v id e s  e v id e n c e  on th e  fo r e c a s t in g  performance o f  the 

investment equa tions . At the aggregate le v e l  —  the  ALL INDUSTRIES row 

—  we see th a t  the investment r e s u l t in g  from our in d u s t ry  equations over 

p re d ic ts  equipment purchase in  every year through 1981. For example, in  

1978 th e  e q u a t io n s  p re d ic t  164.87 b i l l i o n  d o l la r s  in  inves tm en t,  w h i le  

th e re  was a c tu a l ly  o n ly  155.71 b i l l i o n  d o l l a r s  o f  pu rchases  i n  t h a t  

y e a r .  The a b s o lu te  p e rc e n ta g e  e r ro r  (APE) f o r  1978, a t  the aggregate 

le v e l ,  i s  approx im ate ly  5 .8  pe rcen t.  The APE a t  the aggregate le v e l  f o r



PRODUCER!
( PA1 if! ) I BASE) ( A LT 1 )

■, •; 7 7 1978 1978

ALL INDUSTRIES iv o  i s 164 87 155 71

AGRIC, M IN ING , CONSTRUCTION 34  98 33. 33
1 AG RICULTURE(1 > I I  17 14. 41 13 62
c? CRUDE O IL  & GAS ( 5 - 6 ) i 97 2. 50 1. 93
3 M IN ING  ( 2 - 4 . 7 ) 4 21 4 28 4. 26
4 CONSTRUCTION ( 8 ) I  1 95 13. 79 13 52

NON-DURABLE GOODS 15 23. 89 22. 82
5 FOOD. TOBACCO ( 9 ) > 90 4. 20 3. 89
o TE X TILES  (1 0 ) : 00 1. 72 0. 98
? K N IT T IN G  ( J l ) 0 11 0. 17 0. 10
>2 APPAREL & HHLD T EX TILE S  (1 2 ) 0. 61 0. 79 0. 65
V PAPER (1 3 ) :i. 16 2. B5 3. 15

10 PR IN TIN G  (1 4 ) 1 46 1. 81 1. 71
11 AGRICULTURAL F E R T IL IZ E R  (1 5 ) 1 10 1. 00 1. 20
jr? OTHER CHEMICALS (1 6 ) 7. 40 7. 61 7. 63
13 PETROLEUM R EFIN IN G  (1 7 ) i rf7 2 13 1. 88
14 RUBBER it PLASTIC  PROD ( 1 9 - 2 0 ) ) 37 1. 55 1. 54
l 5 FOOTWEAR & LEATHER (2 1 ) 0 09 0 10 0. 09

DURABLE GOODS 17 24. 77 22 . 61
16 LUMBER (2 2 ) L 31 I  76 1. 45
1? FURNITURE (2 3 ) 0 31 0. 44 0. 30
1 >A STONE, CLAY & GLASS (2 4 ) 1. 64 1. 77 1. 97
19 IRON & STEEL (2 5 ) 2  98 2. 01 2. 4 8 ’
*''0 NON-FERROUS METALS ( 2 6 - 2 7 ) 0. 76 1. 01 0. 73

I METAL PRODUCTS (2 8 ) 2. 17 2. 34 2. 16
ENGINES & TURBINES (2 9 ) 0  31 0. 32 0. 28

.3 AGRICULTURAL MACHINERY (3 0 ) 0  35 0. 41 0. 36
3 METALWORKING MACHINERY (3 2 ) 0. 44 0. 45 0. 43

,.7 SPECIAL IND MACH ( 3 3 ) o 0. 18 0. 22 ”
c.e, MI SC NONELEC MACH ( 3 1 ,3 4 ) i . 73 1. 81 1. 83
;.9 COMPUTERS, OFFICE EQ ( 3 5 - 3 6 ) 0 79 0. 90 0. 93
;<:• SERVICE INDUSTRY MACH (3 7 ) 0. ^ 8 0. 40 0. 26
:Vt COMMUNIC EQ, ELECTRON COMP (3 8 ) 1 .6 1 2. 17 1. 51
.: ■! ELEC APP tIt D IS T R IB  EQ (3 9 ) 0 59 0. 62 0. 63

HOUSEHOLD APPLIANCES (4 0 ) 0 21 0. 28 0. 20
.4 ELEC LIG HT *. W IRING EQ (4 1 ) u 58 0. 76 0. 62
’ TV SETS, RADIOS, PHONOGRAPH (4 2 ) 0. 14 0. 27 0  14
■ci MOTOR VEHICLES (4 3 ) 3 ^1 3. 97 3. 25
;;? AEROSPACE (4 4 ) 0 91 0. 92 1. 13
ze SHIPS & BOATS (4 5 ) 0 15 0. 21 0. 15

OTHER TRANSP EQ (4 6 ) 0 12 0. 12 0. 13
•10 INSTRUMENTS (4 7 ) 0. 87 0. 99 0. 99
41 MlSC MANUFACTURING (4 8 ) 0 45 0. 67 0. 45

TRANSPORTATION 11 26 14 00 11. 14
•.? RAILROADS (4 9 ) 3 t>3 3. 97 4 28
■*:* A IR  TRANSPORT (5 2 ) Z. "14 3. 33 3 14
44 TRUCKING,OTH TRANS( 5 0 - 5 1 , 5 3 - 5 4 ) 19 6. 70 3. 72

‘9ABLE EQUIPMENT INVESTMENT (B IL L IO N S  OF 19 77*>
5E) ( ALT1 ) ( BASE) ( ALT1 > ( BASE) ( A l . T l ) 

-9 7 9  1979  1700 1900 1981 1981

1

182. 90 164. 29 188. 10 157. 54 176. 35 162. 27

38. 42 33. 42 40. 85 31. 53 40 12 32 63
14. 55 13. 86 14. 10 12. 27 13. 53 11. 67

2. 16 1. 86 2. 37 1. 83 2. 11 2. 05
5. 70 3. 88 6. 76 3. 84 6. 54 4. 43

16. 02 13. 81 17. 62 13. 59 17. 93 14. 49

26. 26 25. 52 28. 43 27. 51 25 . 81 27 . 99
4. 42 4. 37 4. 78 4. 8 4 4. 55 5. 21
1. 97 0. 9 9 1. 97 1. 01 1. 55 1. 00
0. 21 0. 11 0. 18 0. 11 0. 22 0. 11
0. 87 0. 79 0. 94 0. 91 0. 92 0. 99
3. 00 3. 83 3. 44 4. 2 6 2. 82 4. 24
2. 01 2. 09 1. 91 2. 47 1. 76 2. 58
1. 32 1. 36 1. 62 1. 51 1. 91 1. 42
8. 55 8. 13 9. 79 8. 51 8. 41 8. 34
2. 16 2. 2 5 2. 14 2. 62 2. 08 2. 83
1. 65 1. 50 1. 55 1. 15 1 47 1 14
0. 10 0. 11 0. 11 0. 12 0. 11 0. 13

27. 89 25. 14 28. 74 25. 41 24 . 87 26. 92
1. 94 1. 36 1. 66 1. 43 1. 35 1. 64
0. 50 0. 29 0. 43 0. 31 0. 36 0. 37
1. 81 2. 30 1. 66 2. 00 1. 42 1. 65
2. 31 2. 51 2. 67 2. 44 2. 71 2. 10
1. 49 0. 76 1. 70 0. 87 1. 58 1. 02
2. 65 2. 05 2. 61 1. 81 2. 27 1. 77
0. 35 0. 39 0. 41 0. 40 0. 37 0. 47
0. 37 0. 44 0. 43 0. 44 0. 4 8 0. 50
0. 53 0. 48 0. 58 0. 52 0. 53 0. 54
0. 25 0. 26 0. 24 0. 28 0. 2 2 0. 30
2. 13 2. 28 2. 66 2. 27 2. 9 0 2. 57
1. 00 1. 09 1. 13 1* 07 1. 0 6 1. 20
0. 48 0. 35 0. 48 0. 35 0. 45 0. 41
2. 42 2. 00 2. 74 2. 03 2 25 2. 35
0. 82 0. 69 0. 95 0. 72 1. 0 2 0. 78
0. 35 0. 23 0. 33 0. 25 0. 30 0 27
0. 71 0. 70 0. 61 0. 75 0. 47 0. 81
0. 33 0. 17 0. 35 0. 18 O. 29 0. 20
4. 26 3. 32 3. 44 3. 27 1. 43 3. 67
1. 15 1. 65 1. 42 2. 06 1. 54 2. 19
0. 25 0. 16 0. 32 0. 18 0. 37 0. 18
0. 12 0. 14 0. 10 0. 14 0. 11 0. 14
0. 98 1. 12 1. 12 1. 19 0. 83 1. 28
0. 67 0. 42 0. 71 0. 44 0. 57 0. 51

17. 76 11. 22 18. 31 9. 06 16. 3 9 8. 31
4. 65 4. 31 4. 62 4. 00 3. 79 3. 92
4 15 3. 54 3. 72 3. 14 2. 8 9 3. 04
8. 97 3. 37 9. 96 1. 92 9. 71 1. 35

i
t
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TABLE 1 (continued)
LE EQUIPMC-N' 'NVESTMENT (B IL L IO N S  OF 1 9 7 7 * )

( BASE) ( A L T 1 > ( E) ( A L T 1 ) ( BASE) ( A L T !)  ( BASE) C ALT1 )
1-777 1978 1970 /7 9 1979 1900 1980 1981 1981

U 7 IL IT IE S I 71 10. 28 17 89 21. 48 18 44 21. 26 17. 78 19. 02 18. 61
m > COMMUNICATIONS SERVICES (5 5 ) U 86 10. 74 9 88 11. 72 10. 37 11. 28 10. 6 0 10. 37 11 39
4o ELECTRIC U T IL IT IE S  (5 6 ) ‘•j. 71 5. 10 5. 51 6. 90 3. 63 7. 17 5. 15 5. 76 5 20
•17 GAS. WATER & SAN ITATIO N  (5 7 , SB) 14 2. 44 2 50 2 86 2. 25 2. 81 2. 0 2 2. 70 2. 03

-i6 WHOLESALE & R E T A IL  TRADE ( 5 9 ,6 0 ) . 1 S. 14 17. 79 16. 75 19. 49 18. 27 18 37 16. 13 17. 70 13. 43

FINANCE,INSURANCE,REAL EST. T 97 1 1 .5 0 11. 33 12. 65 12. 62 13. 32 12. 0 3 13. 0 3 13. 0 7
49 FINANCE & INSURANCE (6 2 ) J . 96 4. 86 4. 73 5. 27 S. 2 6 3. 84 4. 8 9 6. 0 5 5. 91
S'O REAL ESTATE (6 3 ) ej 01 6. 64 6 60 7. 38 7. 36 7. 48 7. 17 7. 01 7 16

SERVICES 18 91 21 . 35 21. 56 22 . 65 23 . 3 7 22 . 39 21. 8 4 22 . 40 22 . 3 0
>1 HOTELS; REPAIRS EXC. AUTO (6 5 ) J. 26 3. 92 3 71 4. 34 4. 09 4. 32 3. 84 4. 31 3. 88
c'2  BUSINESS SERVICES (6 6 ) 5 10 6. 54 6 27 6. 96 6. 96 6. 71 6. 4 4 6. 47 6. 41
-,:3 AUTO REPAIR (6 7 ) c.. 26 2. 40 2. 37 2. 70 2. 37 2. 38 2. 43 2. 64 2. 34

MOVIES % AMUSEMENTS (6 8 ) 1. 07 2. 22 2. 35 2  29 2. 43 2. 30 2. 2 7 2 42 2. 29
55 M EDICINE, EDUC, NPO (6 9 ) 6 42 6. 27 6. 86 6. 37 7. 30 6. 27 6. 86 6. 56 7. 17

MISCELLANEOUS C, 57 - 1 .  67 - 1 .  72 - 3 .  71 - 3 .  71 - 3 .  77 -3 .  77 - 3 .  01 - 3 .  00
V<6 PERSONAL AUTOS C, 57 5. 66 5. 61 4. 94 4. 94 3. 89 3. 8 9 4. 65 4. 65

7 SALES OF USED EQUIP



• T/
HOURLY At

{ BASE > ( BASE) ( A L T l)
1977 1978 1978

TOTAL PRIVATE SECTOR JOBS 78. 53 81 . 51 82. 90

AGRIC, M IN ING , CONSTRUCTION 8 80 10. 26 9. 61
1 AGRICULTURE<1) 3. 30 3. 59 3. 37
2 CRUDE O IL  & GAS ( 5 - 6 ) 0. 39 0. 43 0. 44
3 M IN ING  < 2 - 4 ,7 ) 0. 46 0. 48 0. 42
4 CONSTRUCTION <B) 4. 73 5 76 5. 38

NON-DURABLE GOODS 8 09 8  18 8. 37
5 FOOD. TOBACCO ( 9 ) 1. 79 1. 76 1. 83
6 TEXTILES (1 0 ) 0  67 0. 71 0. 67
7 K N IT T IN G  (1 1 ) 0  23 0. 23 0. 24
8 APPAREL b. HHLD TEX TILE S  (1 2 ) 1 31 1. 38 1. 35
9 PAPER (1 3 ) 0. 69 0. 69 0. 71

10 PR INTING  (1 4 ) 1. 15 1. 19 1. 22
11 AGRICULTURAL F E R T IL IZ E R  (1 5 ) 0. 07 0. 07 0. 07
12 OTHER CHEMICALS (1 6 ) 1. 01 1. 01 1. 05
13 PETROLEUM REFIN ING  (1 7 ) 0. 20 0. 20 0. 21
14 RUBBER & PLASTIC  PROD ( 1 9 - 2 0 ) 0. 71 0. 72 0. 76
15 FOOTWEAR it  LEATHER (2 1 ) 0. 25 0. 23 0. 26

DURABLE GOODS 11. 64 11. 75 12. 50
16 LUMBER (2 2 ) 0  72 0. 70 0. 76
17 FURNITURE (2 3 ) 0. 46 0. 48 0. 50
13 STONE,CLAY *  GLASS (2 4 ) 0. 67 0. 66 0. 71
19 IRON & STEEL (2 5 ) 0. 78 0. 79 0. 81
20  NON-FERROUS METALS ( 2 6 - 2 7 ) 0  40 0  40 0. 42
21 METAL PRODUCTS (2 8 ) 1. 59 1. 65 1. 70
22 ENGINES V. TURBINES (2 9 ) 0. 12 0. 10 0. 14
23  AGRICULTURAL MACHINERY (3 0 ) 0  15 0. 16 0. 17
25  METALWORKING MACHINERY (3 2 ) 0  33 0. 34 0 35
27  SPECIAL IND MACH (3 3 ) 0. 19 0. 20 0. 20
2 8  MISC NONELEC MACH ( 3 1 ,3 4 ) 0. 93 0. 96 0. 97
29 COMPUTERS,OFFICE EQ ( 3 5 - 3 6 ) 0. 32 0. 30 0. 36
30 SERVICE INDUSTRY MACH (3 7 ) 0. 17 0. 18 0. 19
31 C0MMUN1C EG, ELECTRON COMP (3 8 ) 0. 86 0. 84 0. 98
32 ELEC APP & D IS T R IB  EQ (3 9 ) 0. 35 0. 37 0. 37
33 HOUSEHOLD APPLIANCES (4 0 ) 0. 18 0. 19 0. 19
",4 ELEC LIG H T & W IRING EG (4 1 ) 0. 36 0. 34 0. 38
.15 TV SETS, RADIOS, PHONOGRAPH (4 2 ) 0. 12 0. 13 0. 11
36  MOTOR VEHICLES (4 3 ) 0. 95 0. 89 1. 02

AEROSPACE (4 4 ) 0. 49 0. 54 0. 54
SHIPS & BOATS (4 5 ) 0. 22 0. 22 0. 23

39 OTHER TRANSP EQ (4 6 ) 0. 22 0. 23 0. 25
40 INSTRUMENTS (4 7 ) 0. 62 0. 61 0. 67
41 MISC MANUFACTURING (4 8 ) 0. 44 0. 48 0. 46

TRANSPORTATION 2. 90 3. 05 3. 14
42 RAILROADS (4 9 ) 0. 53 0. 54 0. 53
43 A IR  TRANSPORT (5 2 ) 0. 39 0. 42 0. 41
44 TRUCKING,OTH TRANS( 5 0 - 5 1 ,  5 3 - 5 4 ) 2. 05 2. 10 2. 20

-•*0  EMPLOYMENT (M ILL IO N S  OF JOBS)
E ) < A L T l)  ( BASE) ( A L T l)  < BASE) ( A L T l)

/7 9  1979  1980 1980 1981 1981

2

84. 18 86. 17 83 . 92 86. 79 83. 73 87. 06

10. 29 10. 03 10. 23 9. 9 2 10. 14 10 06
3. 48 3. 35 3. 43 3. 37 3 59 3. 61
0. 46 0. 49 0. 60 0. 56 0. 93 0. 54
0. 54 0. 49 0. 58 0. 51 0. 59 0 52
5. 81 5. 70 5. 62 5. 49 5. 47 5. 39

8. 28 8. 3 0 7. 85 8. 19 7. 93 8. 0 0
1. 75 1. 80 1. 72 1. 76 1. 73 1. 77
0. 70 0. 6 9 0. 95 0. 6 3 0. 43 0. 98
0. 23 0. 23 0. 22 0. 23 0. 21 0. 23
1. 43 1. 30 1. 39 1. 29 1. 41 1. 2 6
0. 70 0. 71 0. 68 0. 6 9 0. 67 0. 67
1. 13 1. 29 0. 96 1. 28 0. 82 1. 2 9
0. 07 0. 07 0. 08 0. 07 0. 07 0. 07
1. 09 1. 09 1. 06 1. 09 1. 04 1. 03
0. 20 0. 21 0. 2 0 0. 2 0 0. 19 0. 18
0. 76 0. 77 0. 78 0. 71 0. 73 0. 72
0. 22 0. 29 0. 22 0. 2 4 0. 22 0. 2 3

12. 29 12. 77 11. 6 4 12. 24 11. 19 12. 0 8
0. 69 0. 76 0. 60 0. 68 0. 97 0. 6 9
0. 51 0. 50 0. 46 0. 47 0. 49 0. 46
0. 68 0. 71 0. 64 0. 67 0. 61 0. 64
0. 84 0. 81 0. 80 0. 71 0. 77 0. 70
0. 44 0. 44 0. 45 0. 42 0. 39 0. 40
1. 70 1. 72 1. 66 1. 6 3 1. 71 1. 64
0. 12 0. 14 0. 15 0. 13 0. 14 0. 13
0. 16 0. 17 0. 16 0. 19 0. 14 0. 14
0. 38 0. 37 0. 37 0. 37 0. 3 3 0. 38
0. 21 0. 21 0. 17 0. 21 0. 16 0. 21
1. 09 0. 99 1. 19 1. 0 6 1. 14 1. 0 8
0. 31 0. 40 0. 31 0. 42 0. 26 0. 41
0. 20 0. 19 0. 19 0. 17 0. 20 0. 17
0. 91 1. 07 0. 81 1. 10 0. 77 1. 13
0. 38 0. 38 0. 35 0. 36 0. 37 0. 3 5
0. 18 0. 18 0. 19 0. 17 0. 18 0. 17
0. 38 0. 39 0. 39 0. 37 0. 37 0. 37
0. 15 0. 11 0. 19 0. 10 0. 19 0. 10
0. 83 0. 99 0. 69 0. 77 0. 57 0. 74
0. 60 0. 62 0. 66 0. 67 0. 66 0. 71
0. 24 0. 2 2 0. 24 0. 21 0. 24 0. 21
0. 20 0. 25 0. 13 0. 23 0. 0 9 0. 22
0. 61 0. 69 0. 93 0. 71 0. 46 0. 6 7
0. 48 0. 49 0. 44 0. 42 0. 41 0. 40

3. 16 3. 27 3. 16 3. 2 0 3. 17 3. 11
0. 57 0. 94 0. 98 0. 92 0. 56 0 90
0. 43 0. 44 0. 49 0. 46 0. 47 0. 44
2. 16 2. 29 2. 13 2. 22 2. 13 2. 17

*



TABLE 2 (continued)
ADJUSTED EMPLOYMENT 'M IL L IO N S  OF JOBS)

t BASE) ( BASE) ( A L T 1 ) ( 3E) ( A L T 1 ) ( BASE) ( A L T 1 ) ( BASE) ( ALT1 )
1977 1978 1978 .9 7 9 1979 1980 1980 1981 1981

U T IL IT IE S 1. 94 1. 99 2. 02 2. 02 2. 13 1. 99 2. 20 1. 96 2. 2 2
•1‘J C0MMUN1CAT IONS SERVICES (5 5 ) 1 19 1. 23 1. 24 1. 26 1. 32 1. 22 1. 36 1. 19 1. 39
46 ELECTRIC U T IL IT IE S  (5 6 ) 0. 51 0. 51 0. 55 0. 51 0. 57 0. 50 0 57 0. 50 0. 57
47 GAS.WATER h S AN ITATIO N  ( 5 7 ,5 8 ) 0. 24 0. 24 0. 23 0. 26 0. 2 4 0. 26 0. 26 0. 27 0. 26

48 WHOLESALE h R E TA IL  TRADE < 5 9 ,6 0 ) 20 . 3 8 20 . 85 21 . 43 21. 53 22. 31 21 . 92 22. 65 21 . 9 3 2 2  79

FINANCE, INSURANCE, REAL EST.
49 FINANCE fy. INSURANCE (6 2 )
50 REAL ESTATE (6 3 )

4. 91 
3. 67
1 . 25

5. 19 
3. 82  
1. 36

5. 24 
3. 89  
1. 36

5. 45 
3. 97  
1. 48

5. 30  
4. 0 3  
1. 46

5. 57 
4. 09  
1. 48

5. 71 
4. 18 
1. 53

5. 7 0  
4. 21 
1. 49

5. 8 4  
4. 31 
1. 52

SERVICES
51 HOTELS; REPAIRS EXC. AUTO (6 5 )
52 BUSINESS SERVICES (6 6 )
53 AUTO REPAIR (6 7 )
c34 MOVIES & AMUSEMENTS (6 8 )
55 M EDICINE, EDUC, NPO (6 9 )

17. 79
3. 0 6
4. 25
0. 71
1. 01 
8. 75

18. 3 2  
3 16 
4. 37
0. 77
1. 10 
8. 9 2

18. 66
3. 15
4. 69
0. 77
1. 03  
9. 02

19. 25
3. 21
4. 64  
0. 82  
1. 19 
9. 37

19. 94  
3. 3 3  
5. 11
0. 83
1. 06  
9. 6 0

19 66
3. 15
4. 69
0. 84
1. 22  
9. 76

20. 83  
3. 48  
5. 43
0. 85
1. 09  
9. 99

20 . 2 8
3. 19
4. 75
0. 8 4
1. 29  

10. 2 2

21 . 09  
3. 51 
5. 50 
0. 86  
1. 12 

10. 0 9

DOMESTIC SERVANTS 1. 92 1. 9 2 1. 92 1. 91 1. 91 1. 89 1. 89 1. 8 8 1. 88

C IV IL IA N  GOVERNMENT 
FEDERAL DEFENSE 
FEDERAL NON-DEFENSE 
STATE fy. LOCAL EDUCATION 
STATE & LOCAL OTHER 
FEDERAL GOVT ENTERPRISES 
STATE & LOCAL GOVT ENTERPRISES

15. 51 
0  98  
1. 10 
6. 56 
5. 37 
0. 84  
0. 6 6

15. 8 8
0. 9 0
1. 0 6  
6. 69  
5. 61 
0. 86  
0. 6 8

15. 88
0. 98
1. 06 
6. 69  
5. 61 
0. 86  
0. 68

16. 23
0. 96
1. 15 
6. 80  
5. 74  
0. 89  
0. 69

16. 2 3
0. 9 6
1. 15 
6. 8 0  
5. 74  
0. 89  
0. 6 9

16. 55
0. 96
1. 24  
6. 85  
5. 89  
0. 91 
0. 71

16. 55
0. 96
1. 24 
6. 85  
5. 89  
0 . 91 
0. 71

16. 21
0. 9 6
1. 0 0  
6 . 8 9  
5. 7 0  
0. 9 3  
0. 72

16. 56
0. 96
1. 13 
6. 8 9  
5. 9 2  
0. 9 3  
0. 72

TOTAL C IV IL IA N  JOBS 94 . 04 97 . 40 98 . 78 100. 42 102. 41 100. 47 103. 35 99 . 9 4 103. 6 2

TOTAL C IV IL IA N  EMPLOYMENT 90. 6 0 92 . 9 8 94. 36 94. 99 96 . 9 8 94 . 26 97 . 13 94 . IS 97 . 82

M ULTIPLE JOB HOLDERS 3 44 • 4. 42 4. 42 5. 43 5. 43 6. 21 6. 21 5. 8 0 3. 80

M IL IT A R Y  JOBS 2. 07 2. 06 2 06 2. 08 2. 0 8 2. 10 2. 10 2. 14 2. 10

C IV IL IA N  UNEMPLOYMENT RATE 7 00 7 43 6. 06 7. 78 5. 8 5 10. 01 7 .2 6 11. 53 8. 0 9

LABOR PRODUCTIVITY 
GNP /  C IV IL IA N  JOBS 
<GNP-GOVT) /  PRIVATE JOBS

20 . 40  
18. 58

20 . 71 
19. 04

20 . 31 
18. 60

20 . 98  
19. 39

20 . 38  
18. 70

21 . 2 2  
19. 58

20 . 28  
18. 54

21 . 6 3  
20 . 0 9

20 . 8 0  
19. 16
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1979/ 1980 and 1981 a re ,  re s p e c t iv e ly ,  1 1 .0 ,  19.3 and 9.1 pe rcen t.

I t  appears t h a t  most o f  the o v e r -p re d ic t io n  may be traced  t o  a few 

i n d u s t r i e s .  For example, in  1978 on ly  16 of the 53 in d u s t ry  equations 

p re d ic te d  less investment than a c tu a l ly  occurred . Of th e  n in e  b i l l i o n  

d o l l a r s  i n  excess  in v e s tm e n t  p r e d ic t e d  f o r  1978 , 33 p e rc e n t  o f  the 

excess may be traced  to  TRUCKING AND OTHER TRANSPORTATION ( 4 4 ) ,  where 

p r e d ic t e d  in v e s tm e n t  i n  1978 i s  t h r e e  b i l l i o n  d o l l a r s  above a c tu a l .  

Other la rge  sec to rs  which have s ig n i f i c a n t  m isses on th e  h ig h  s id e  i n  

1978 are AGRICULTURE ( 1 ) „  GRUDE OIL AND GAS ( 2 ) ,  COMMUNICATION EQUIPMENT 

( 3 1 ) ,  COMMUNICATION SERVICES (4 5 ) ,  WHOLESALE AND RETAIL TRADE (4 8 ) ,  and 

TEXTILES ( 6 ) .  Combining these sec to rs  w i th  TRUCKING (44 ) a c c o u n ts  f o r  

83 p e rc e n t  o f  th e  o v e r -p re d ic t io n  in  1978. Among the Large in d u s t r ie s  

w h ich  s e v e r ly  u n d e r - p r e d i c t  in v e s t m e n t  i n  1978 a r e  PAPER ( 9 ) ,  

AGRICULTURE FERTILIZERS (1 1 ) ,  IRON & STEEL (19) and AEROSPACE (3 7 ) ,  w i th  

a combined e r r o r  o f  - . 1 . 1 8  b i l l i o n ,  o r  an APE o f 14 .8 .

th e  h ig h e s t  m iss  a t  th e  aggrega te  le v e l  occurs in  1980, in  which 

the  equations over p re d ic t  by 30.56 b i l l i o n  d o l la r s  i n  investm en t. Over 

25 percent o f  t h i s  e r ro r  may be accounted f o r  by TRUCKING AND TRANSPORT 

( 4 4 ) .  In  t h a t  s e c t o r ,  th e  equ a t ion  fo re c a s ts  9.96 b i l l i o n  d o l la r s  in  

investment compared t o  a c tu a l in v e s tm e n t  o f  1 .9 2  b i l l i o n .  Among th e  

o t h e r  i n d u s t r i e s  i n  w h ic h  a s i g n i f i c a n t  excess o f  in v e s tm e n t  i s  

p re d ic te d  in  1980 a re : AGRICULTURE ( 1 ) ,  MINING ( 3 ) ,  CONSTRUCTION ( 4 ) ,  

OTHER CHEMICALS ( 1 2 ) ,  COMMUNICATION EQUIPMENT (3 1 ) ,  ELECTRIC UTILITIES 

(4 6 ) ,  WHOLESALE AND RETAIL TRADE (4 8 ) ,  and FINANCE AND INSURANCE ( 4 9 ) ,  

wh ich  to g e th e r  w i th  TRUCKING (44) account f o r  25.21 b i l l i o n  d o l la r s  in  

excess inves tm en t. Among the  la rg e r  in d u s t r ie s  in  w h ich  in v e s tm e n t  i s  

s i g n i f i c a n t l y  u n d e r - p r e d ic te d  in  1980 a re : PAPER ( 9 ) ,  PRINTING (1 0 ) ,
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STONE, CLAY AND GLASS (1 8 ) ,  AEROSPACE (3 7 ) ,  and PETROLEUM REFINING (1 3 ) .

As we saw in  th e  p re v io u s  c h a p te r ,  in v e s tm e n t  by i n d u s t r y  i s  

d e te rm in e d  by r e l a t i v e  p r i c e  movements and changes in  demand. So the 

que s tion  i s :  What p ro p e r t ie s  o f the  in v e s tm e n t  e q u a t io n  appear t o  be 

r e s p o n s i b l e  f o r  th e  poo r pe r fo rm an ce  o f  th e  model in  a number o f  

in d u s t r ie s ?  A clue may be found in  Table 5 o f  C hap te r 5 .  As we have 

a l r e a d y  m e n t io n e d ,  th e  in d u s t r y  which does poorest in  the  fo re c a s t  i s  

TRUCKING AND OTHER TRANSPORTATION (4 4 ) .  As Table 5 in  Chapter 5 shows, 

how ever,  t h i s  equation  i s  very  in s e n s i t i v e  to  r e la t i v e  p r ic e  movements. 

This i n s e n s i t i v i t y  suggests th a t  the assumption o f c o n s ta n t  r e tu r n s  t o  

s c a le  ( CRS) in  th e  t ru c k in g  in d u s t ry  was, perhaps, in a p p ro p r ia te .  The 

second p o o re s t  e q u a t io n  i s  CONSTRUCTION ( 4 ) ,  w h ich  shows g r e a t e r  

s e n s i t i v i t y  t o  r e l a t i v e  p r ic e s :  EKE .216 , f o r  example. Consequently, 

much p re d ic te d  investment appears t o  be g e n e ra te d  by r e l a t i v e l y  more 

e x p e n s iv e  ene rgy  p r ic e s  (see th e  t a b le s  i n  Append ix  C );  how ever,  

constant re tu rn s  t o  sca le  may be in a p p ro p r ia te  in  t h i s  in d u s t ry  as w e l l .  

An a d d i t i o n a l  example o f  where CRS may be r e s p o n s ib le  f o r  th e  poor 

f o r e c a s t s  i s  ELECTRIC U T IL IT IE S  ( 4 6 ) ,  which over p re d ic ts  in  1980 by 

n e a r ly  40 pe rcen t,  ye t a l l  es tim ated p r ic e  e l a s t i c i t i e s  are e s s e n t i a l l y  

ze ro . F in a l l y ,  WHOLESALE AND RETAIL TRADE (48) p rov ides a f i n a l  example 

o f  where CRS may have been in a p p ro p r ia te .  Although p r ic e  e l a s t i c i t e s  

are not z e r o ,  th e  one w h ich  i s  o f  most i n t e r e s t ,  EKE,  i s  e x t re m e ly  

s m a l l ,  . 0 5 .  The two b i l l i o n  d o l l a r  o v e r - p re d ic t io n  in  t h i s  in d u s t ry  

again suggests t h a t  CRS may be wrong f o r  t h i s  in d u s t ry .

The e f f e c t  o f  r e l a t i v e  p r i c e s  on in v e s t m e n t  do n o t  a p p e a r ,  

c o n s e q u e n t ly ,  t o  be a d e c i s iv e  f a c t o r  i n  th e  poor fo re c a s ts  through 

1981 . L o o k in g  a t  th e  t a b le s  i n  Append ix  C, we see t h a t ,  i n  m ost
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in d u s t r ie s ,  Labor i s  sL igh tLy  more expensive r e la t i v e  to  c a p i ta l  in  1980 

as compared t o  1977 . S ince  a l l  e l a s t i c i t i e s  o f s u b s t i t u t io n  between 

c a p i ta l  and Labor are re q u ire d  t o  be n o n -n e g a t iv e ,  th e  l a b o r - c a p i t a l  

r e la t i v e  p r ic e  movements would lead t o  g re a te r  investm en t, f o r  any g iven 

amount o f  in d u s t r y  demand. Energy p r ic e s  are h igher r e la t i v e  t o  the 

equipment p r ic e  through 1980 as w e l l .  Since h igher energy p r ic e s  should 

Lead t o  lo w e r  in v e s tm e n t  i n  most i n d u s t r i e s ,  i t  a p p e a rs  t h a t  t h e  

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

The re fo re ,  the  d r iv in g  fo rc e  behind the  investment fo re c a s ts  i s  in d u s t ry  

demand; and, i t  appears th a t  non-constant r e tu r n s  t o  s c a le  s h o u ld  be 

p e rm it ted  f o r  a number of in d u s t r ie s .

I n  1 9 8 1 ,  t h e  p e r fo rm a n c e  o f  th e  in v e s tm e n t  e q u a t io n s  a t  th e  

aggregate le v e l  have improved r e la t i v e  to  1980. In  f a c t ,  60 p e rc e n t  o f  

th e  o v e r - p r e d i c t i o n  i n  1981 may be a t t r ib u te d  to  one s e c to r ,  TRUCKING 

AND OTHER TARANSPORTATION ( 4 4 ) .  The slowdown i n  in v e s tm e n t  i s  most 

l i k e l y  o c c u r r in g  because ene rgy  p r i c e s  a re  r i s i n g  from 1978 through 

1981.

T ab le  2 p ro v id e s  th e  employment f o r e c a s t s  as w e l l  as a c t u a l  

employment th ro u g h  1981. An a g g re g a te  measure o f performance may be 

observed i n  T a b le  3 wh ich p ro v id e s  th e  p r e d ic t e d  unemployment r a te  

th ro u g h  1983 using the estim ated in d u s t ry  employment equ a t ions ,  and the 

a c tu a l  undemployment r a te  from  1978 t h r o u g h  1 9 8 1 .  The " a c t u a l "  

unemployment r a te  f o r  1982 is  a guess based upon the experience o f the 

f i r s t  q u a r te r  o f  1982. Most l i k e l y ,  the guess i s  on the  low s id e .
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Unemployment ra te

BASE ALT1 (A c tu a l)

1978 7.43 6.06

1979 7.78 5.85

1980 10.01 7.26

1981 11.55 8.09

1982 10.76 9.00

1983 8 .8 6 ★

Table 3

As may be seen, the in d u s t ry  equations p r e d i c t  e x c e s s iv e  unemployment 

from 1978 through 1982.

As t a b le  2 shows, in  the  f i r s t  year o f  the fo re c a s t ,  employment is  

u n d e r -p re d ic te d  by o ve r  1 .3 9  m i l l i o n  w o rk e rs .  By 1981 , th e  unde r­

p r e d i c t i o n  i s  a p p ro x im a te ly  3 .3  m i l l i o n  w o rk e rs .  The APE a t  th e  

a g g re g a te  le v e l  from  1978 th ro u g h  1981 a re  1 . 7 ,  2 . 3 ,  3 .2  and 3 . 8 ,  

r e s p e c t iv e ly .

Over 40 percent o f  the u n d e rp re d ic t io n  in  1978 is  due to  WHOLESALE 

& RETAIL TRADE ( 4 8 ) ,  wh ich  p r e d i c t s  .5 8  m i l l i o n  less  employment than 

a c t u a l .  A lm ost a l l  o f  th e  re m a in d e r  o f  th e  u n d e r -  p r e d i c t i o n  i s  

d i s t r i b u t e d  among th e  d u ra b le  goods in d u s t r i e s ,  which account f o r  an 

a d d i t i o n a l  u n d e r - p r e d i c t i o n  o f  .7 5  m i l l i o n  i n  1 9 7 8 .  The m ost 

c o n s p ic u o u s  o f  t h e s e  e q u a t i o n s  i s  MOTOR VEHICLES ( 3 6 ) ,  w h ic h  

u n d e r - p r e d i c t s  by .13  m i l l i o n ,  w i th  an APE o f  1 2 .7 .  In  t o t a l ,  35 

in d u s t ry  equations u n d e r -p re d ic t  employment in  1978.
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In  1981 / WHOLESALE & RETAIL TRADE accounts f o r  .8 6  m i l l i o n  o f  the 

under- p r e d ic t io n .  In  a d d i t io n /  BUSINESS SERVICES (52) accounts f o r  .75 

m i l l i o n  to o  few workers. Consequently/ these two e q u a t io n s /  com bined / 

accou n t f o r  n e a r ly  50 p e rc e n t  o f  the e r ro r  in  1981. Three a d d i t io n a l  

equa tions  wh ich  s i g n i f i c a n t l y  u n d e r - p r e d ic t  employment i n  1981 a re  

COMMUNICATIONS EQUIPMENT ( 3 1 ) /  MOTOR VEHICLES (36) and PRINTING (1 0 ) /  

which have a combined e r ro r  o f  .96 m i l l i o n n .  In  t o t a l /  29 i n d u s t r i e s  

p r e d i c t  le s s  employment and h ighe r  p r o d u c t i v i t y  in  1981 than a c tu a l ly  

occurred .

The im p l i c a t i o n s  o f  th e  employment f o r e c a s t s  f o r  p r o d u c t i v i t y  

growth a t  the aggregate le v e l  may be seen in  Table 4 ; w h i le  the im p l ied  

p r o d u c t i v i t y  growth ra tes  a t  the in d u s t ry  le v e l  are shown in  Table B4 in  

Appendix B.

Aggregate P r o d u c t iv i t y  Growth

BASE ALT1

1977-78 1.49 -0 .4 3

1978-79 1.33 0.31

1979-80 1.11 -0 .4 5

1980-81 2.03 2.50

1981-82 1.11 *

1982-83 2.24 *

1977-81 1.49 0 .48

Table 4

T a b le  4 shows t h a t  p re d ic te d  p r o d u c t i v i t y  growth a t  the aggregate 

le v e l  i s  h ighe r  than a c tu a l in  each year o f  the fo re c a s t  except 1980-81.
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Over the 1977-81 p e r io d ,  the equations o v e r -p re d ic te d  p r o d u c t i v i t y  by an 

average o f one percent per year (1 .49  to  0 .48) a t  th e  a g g re g a te  l e v e l .

Loo k ing  a t  th e  l a s t  column o f Table B4, we see th a t  the re  were 19 

in d u s t r ie s  which experienced d e c l in in g  p r o d u c t i v i t y  from 1977 th ro u g h  

1981 . Of th o se  19 i n d u s t r i e s ,  the equations c o r re c t ly  p re d ic te d  th a t  

e ig h t  would have d e c l in in g  p r o d u c t i v i t y  over th a t  p e r io d .  The e q u a t io n  

w h ich  d id  the worst  over t h i s  pe r iod  was OTHER TRANSPORTATION EQUIPMENT 

(39) which p re d ic te d  an annual p r o d u c t i v i t y  growth o f 21.95 percent over 

the 1977-81 p e r io d ,  w h ile  p r o d u c t i v i t y  a c t u a l l y  d e c l in e d  d u r in g  t h a t  

p e r io d  a t  a r a te  o f  - 2 . 5 9  p e rc e n t  pe r  y e a r .  An a d d i t io n a l  equation  

which performed p oo r ly  was PRINTING ( 1 0 ) ,  w i th  a p r e d ic te d  g ro w th  i n  

p r o d u c t i v i t y  o f  10 .29  p e rc e n t  per yea r ,  w h ile  ac tua l p r o d u c t i v i t y  was 

d e c l in in g  -0 .6 9  percent per yea r .  Among th e  i n d u s t r i e s  wh ich  do w e l l  

o v e r  th e  f o r e c a s t  p e r io d  a re  ENGINES & TURBINES ( 2 2 ) ,  APPAREL AND 

HOUSEHOLD TEXTILES ( 8) ,  PAPER ( 9 ) ,  and OTHER CHEMICALS (1 2 ) .  Among th e  

b i g  e m p lo y e r s ,  FINANCE AND INSURANCE (49) p e r fo rm s  b e s t ,  w i t h  a 

p re d ic te d  annual p r o d u c t i v i t y  growth over the pe r iod  o f 0.71 compared to  

an a c tu a l annual p r o d u c t i v i t y  g ro w th  o f  0 .4 7 .  The b ig g e s t  e m p lo y e r ,  

WHOLESALE AND RETAIL TRADE (4 8 ) ,  experienced a d e c l in e  in  p r o d u c t i v i t y  

o f 0 .19  percent per ye a r ,  w h ile  the  equation p re d ic te d  a p o s i t i v e  growth 

o f .90 percent per yea r.  In  t o t a l ,  on ly  14 in d u s t ry  e q u a t io n s  p r e d i c t  

lo w e r  p r o d u c t i v i t y  g r o w th  o ve r  th e  1977-81 p e r io d  th a n  a c t u a l l y  

occurred . F in a l l y ,  i t  appears c le a r  th a t  the  worst year o f the  fo re c a s t  

from the p o in t  o f  view o f p r o d u c t i v i t y  growth is  th e  f i r s t  y e a r ,  1978. 

I n  t h a t  y e a r ,  t h e  e q u a t i o n s  p r e d i c t e d  t h e  c o r r e c t  s ig n  on th e  

p r o d u c t i v i t y  g ro w th  r a te  i n  o n ly  22 i n d u s t r i e s .  The c o r re s p o n d in g  

numbers f o r  1979,1980, and 1981 are 35,32 and 44 re s p e c t iv e ly .



Why have some employment equations performed w e l l  w h ile  o the rs  have 

done p o o r l y  o ve r  th e  1977-81 period? A look a t  two la rge  sec to rs  w i th  

equa tions  which performed below e x p e c ta t io n s  may p ro v id e  some i n s i g h t  

i n t o  th e  q u e s t io n .  The la rg e s t  in d u s t ry  employer i s  WHOLESALE & RETAIL 

TRADE ( 4 8 ) ,  w h ich  a c c o u n ts  f o r  o v e r  25 p e rc e n t  o f  a l l  i n d i v i d u a l s  

em ployed i n  th e  U n i te d  S ta te s .  A c c o rd in g  t o  T ab le  5 i n  Chapter 5 ,  

employment in  t h i s  in d u s t ry  is  not in s e n s i t i v e  t o  r e l a t i v e  p r i c e s .  In  

a d d i t i o n ,  we see from  the p r ic e  ta b le s  in  Appendix C t h a t  the p r ic e  o f 

c a p i ta l  r e la t i v e  t o  wages s tays approx im ate ly  constant over th e  1977-81 

p e r i o d ,  and t h a t  th e  p r i c e  o f  ene rgy  r e l a t i v e  t o  wages f l u c t u a t e s  

n o t ic a b ly  over the  fo re c a s t .  In  1978, the p r ic e  o f ene rgy  r e l a t i v e  t o  

wages a c t u a l l y  d ro p s ;  th e n ,  i t  grows p r e c ip i t o u s ly  du r ing  the  1979-81 

p e r io d  r e la t i v e  t o  th e  wage r a t e .  C o n s e q u e n t ly ,  th e  r e l a t i v e  p r i c e  

which p lays  an im portan t r o le  i n  the  employment fo re a s ts  f o r  WHOLESALE & 

RETAIL TRADE i s  the  energy-wage r e la t i v e  p r ic e .  A cco rd in g ly ,  the  lower 

energy p r ic e  in  1978 helps g e n e ra te  a p r o d u c t i v i t y  f o r e c a s t  f o r  t h a t  

y e a r  o f  th r e e  p e rc e n t  g ro w th ,  w h i le  a c tu a l p r o d u c t i v i t y  dec l in ed  - .1 5  

p e r c e n t .  By 198 0 , once th e  h ig h e r  e n e rg y  p r i c e  has e n t e r e d  t h e  

e q u a t io n ,  p r e d ic t e d  and a c t u a l  p r o d u c t i v i t y  g ro w th  are much c lo s e r :  

-1 .9 2  f o r  the  p re d ic te d  compared t o  - 2 .3 1  f o r  a c t u a l .  These r e s u l t s  

s u g g e s t  t h a t  th e  e s t im a te d  r e l a t i o n s h i p  between ene rgy  p r i c e s  and 

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

p e r fo rm a n c e  i n  1978 , b u t  a ls o  p a r t l y  r e s p o n s ib le  f o r  i t s  in p ro v e d  

performance in  1980. These re s u l t s  a ls o  suggest t h a t  th e  a d d i t i o n  o f  

th e  1978 data in t o  the e s t im a t io n  m ight s i g n i f i c a n t l y  change the  energy 

p r ic e  v a r ia b le  i n  the  employment equa tion  f o r  t h i s  in d u s t ry .

A second la rge  in d u s t ry  which performs p o o r ly  i s  BUSINESS SERVICES
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( 5 2 ) ,  w h ic h ,  as we have s a id ,  u n d e r -p re d ic ts  employment throughout the  

fo re c a s t .  However, f o r  t h i s  in d u s t ry  a l l  r e l a t i v e  p r i c e  e l a s t i c i t i e s  

f o r  la b o r  a re  e s s e n t i a l l y  ze ro  ( see Tab le  5 in  Chapter 5 ) ;  so th a t  

employment i s  d e te rm in e d  a lm o s t e x c l u s i v e l y  by a t im e  t r e n d .  The 

e s t im a te d  t r e n d  g ro w th  in  p r o d u c t i v i t y  f o r  BUSINESS SERVICES i s  1.08 

percent over the h i s t o r y ,  as the  ta b le  in  Appendix A o f Chapter 5 shows. 

In  a d d i t io n ,  th e re  was no estim ated slowdown i n  th e  t r e n d  a f t e r  1970. 

C o n s e q u e n t l y ,  a l l  we can say  i s  t h a t  s in c e  1 9 7 8 ,  th e  t r e n d  in  

p r o d u c t i v i t y  g ro w th  s lo w e d , and t h a t  th e  f a c t o r s  w h ich  caused t h i s  

slowdown were not captured in  the  employment equa tion . Again/- BUSINESS 

SERVICES performed worse i n  1978 i n  wh ich  i t  p r e d ic te d  3 .8 3  p e rc e n t  

g r o w th  in  p r o d u c t i v i t y  w h i le  t h e r e  was an a c tu a l  d e c l in e  o f  - 3 .7 5  

pe rcen t.

As these two examples show, th e re  i s  n o t  one e x p la n a t io n  f o r  th e  

poor fo re c a s t in g  performance o f the in d u s t ry  equa tions . For WHOLESALE & 

RETAIL TRADE# th e  pe r fo rm an ce  appears  t o  be re la te d  t o  the manne r  in  

w h ich  ene rgy  t? n FP* » n t * r  th »  e q u a t io n .  Perhaps a d i f f e r e n t  la g  

s t r u c t u r e  on th e  energy  p r i c e  v a r i a b le  would p rov ide  b e t te r  r e s u l t s .  

For BUSINESS SERVICES, i t  i s  s im ply the  case th a t  the  on ly  e x p la in e r  i n  

th e  m ode l,  t im e ,  does n o t  have the  same re la t io n s h ip  t o  employment in  

1978 as i t  d id  p r i o r  to  1978. I t  i s  c le a r  t h a t  an a d d i t i o n a l  y e a r  o f  

data would change the r e s u l ts  o f  each equa tion .

Two equations which d id  remarkedly w e l l  in  1978 were AEROSPACE (37) 

and REAL ESTATE ( 5 0 ) .  The p r e d ic te d  p r o d u c t i v i t y  growth in  1978 f o r  

AEROSPACE i s  -1 .3 2  w h i le  a c tu a l  g ro w th  i s  - 1 . 3 3 .  The c o r re s p o n d in g  

g r o w th  r a t e s  f o r  REAL ESTATE a re  - 4 . 7 9  and - 4 . 4 8 .  In  each c a s e ,  

however, the  equa tion  im p l ie s  th a t  p r o d u c t i v i t y  g ro w th  s in c e  1970 has
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been n e g a t i v e .  We must a d m it  t h a t  these  n e g a t iv e  trends  are m ostly  

respons ib le  -for the  accurate  p re d ic t io n s  in  1978. U n fo r tu n a te ly ,  we can 

shed l i t t l e  l i g h t  on the  causes f o r  the negative  t re n d s .

4 .  Summary and Assessment

The performance o f the investment and employment equations over the 

19/7-81 pe r io d  are sho rt  o f  e x p e c ta t io n s .  The investment equations tend 

to  generate too  much investment w h i le  the employment equations genera te , 

on the whole, too  l i t t l e  employment and to o  much p r o d u c t i v i t y .  The 

recommended m o d if ic a t io n s  t o  the investment equations are manag£ble and 

s t r a ig h t  fo rw a rd .  F i r s t ,  a r e la x a t io n  o f the constant re tu rn s  t o  s c a le  

assum p t io n  m ig h t  c o r re c t  some o f the o v e r -p re d ic t io n .  Our b e l i e f  th a t  

t h i s  m o d i f ic a t io n  w i l l  improve the fo re c a s ts  i s  based upon th e  f i n d i n g  

t h a t  many s e c to r  e q u a t io n s  w h ich  o v e r - p r e d i c t  investm en t are h ig h ly  

in s e n s i t i v e  to  r e la t i v e  p r ic e s ;  so , p r ic e  parameters may not be blamed 

f o r  th e  e q u a t io n s '  poo r p e r fo rm a n c e .  Second, TRUCKING (44) alone i s  

respons ib le  f o r  a s iz a b le  p o r t io n  o f  th e  f o r e c a s t  e r r o r ;  so s p e c ia l  

a te n t io n  t o  t h i s  equa tion  i s  c a l le d  f o r .

M o d i f i c a t i o n s  t o  th e  employment equations are  more p ro b le m a t ic a l .  

For some equ a tions , the s o lu t io n  m ight be s im ply t o  add a year o f  d a ta .  

For o th e r s  eq u a t io n s ,  the e f f o r t  must continue t o  e x p la in  employment in  

some way o the r  than a t im e t re n d .  Perhaps w i th  the i n t r o d u c t i o n  o f  an 

ene rg y  demand eq u a t io n ,  more robust labor-energy  p r ic e  e l a s t i c i t i e s  may 

be est im ated which m ig h t ,  i n  t u r n ,  h e lp  g e n e ra te  a c c u ra te  f o r e c a s t s  

w i th o u t  r e s o r t i n g  t o  the second t im e t re n d .  F in a l l y ,  the re  appears t o  

be s u f f i c i e n t  need to  exp lo re  f o r  a d d i t io n a l  exp lana to ry  v a r ia b le s  which 

m ight be used t o  amend the  e x i s t i n g  m ode l.  I t  a p p e a rs ,  f o r  exam p le ,
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t h a t  th e  v a r ia b le s  used in  t h i s  study probab ly  would not be s u f f i c i e n t  

to  e x p la in  the drop in  p r o d u c t i v i t y  in  1978, a year i n  w h ich  t h e r e  was 

s u b s t a n t i a l  r e a l  g ro w th  i n  th e  economy and d e c l in in g  energy p r ic e s .  

Although the re  does not appear t o  be any reason t o  r e je c t  the  fram ew ork  

w h ich  t h i s  s tu d y  has e s ta b l is h e d ,  i t  i s  ev iden t t h a t  the  present model 

r e l i e s  too  h e a v i ly  upon r e la t i v e  p r ic e  movements and t re n d  v a r ia b le s  t o  

e x p la in  and fo re c a s t  employment and p r o d u c t i v i t y .
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Appendix A

Table A1: I n d u s t r ie s  i n  the  BEA Survey on P lan t  and Equipment

TOTAL NONFARM BUSINESS

MANUFACTURING

DURABLE GOODS 
PRIMARY METALS

BLAST FURNACES, STEEL WORKS 
NONFERROUS METALS 

FABRICATED METALS 
ELECTRICAL MACHINERY 
TRANSPORTATION EQUIPMENT 

MOTOR VEHICLES 
AIRCRAFT 

STONE,CLAY,AND GLASS 
OTHER DURABLES 

NONDURABLE GOODS
FOOD INCLUDING BEVERAGE
TEXTILES
PAPER
CHEMICALS
PETROLEUM
RUBBER
OTHER NONDURABLES 

NONMANUFACTURING 

MINING
TRANSPORTATION 

RAILROAD 
AIR 
OTHER 

PUBLIC, UTILITIES 
ELECTRIC 
GAS AND OTHER 

TRADE AND SERVICES
WHOLESALE AND RETAIL TRADE 
FINANCE,INSURANCE,AND REAL ESTATE 
PERSONAL,BUSINESS,AND PROF.SERVICES 

COMMUNICATION AND OTHER 
COMMUNICATION 
OTHER
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T a b le  A2: I n d u s t r i e s  f o r  which the  Survey d is t in g u is h e s  between p la n t  
and equipment

TOTAL NONFARM BUSINESS 
MANUFACTURING 

DURABLE GOODS 
NONDURABLE GOODS 

NONMANUFACTURING 
MINING
TRANSPORTATION 
PUBLIC UTILITIES 
TRADE AND SERVICES 
COMMUNICATION
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FOOTNOTES

1 . Tables A1 in  Appendix A shows the  t i t l e s  o f  the  in d u s t r ie s  f o r  which 

P lan t  & Equipment numbers e x i s t  th ro u g h  1981 . T a b le  A2 g i v e s  th e  

t i t l e s  o t  the  in d u s t r ie s  i n  which the  p la n t  and equipment components 

o f  investm ent a re  d is t in g u is h e d .

2 .  The r e l a t i v e  wage e q u a t i o n s  a r e  t h e  s u b j e c t  o f  M a t t  H y le 's  

fo r thcom in g  d i s s e r t a t i o n .  By r e l a t i v e  wages we mean th e  r a t i o  o f  

i n d u s t r y  wages t o  an aggregate wage. The aggregate wage equa tions  

were es t im a ted  by Clopper Almon.

3 .  The c o n s u m p t io n  e q u a t i o n s  a r e  t h e  s u b j e c t  o f  P a u l  D e v in e ' s  

fo r thcom in g  d i s s e r t a t io n .

A. The o u t p u t s  f o r  t h e  i n v e s t m e n t  and em ployment e q u a t io n s  a re  

aggregates o f  ou tpu t  s e c to rs  1 th ro u g h  69 i n  A ppend ix  C. On th e  

o t h e r  hand , th e  ta b le s  in  Appendix C d is p la y  wage indexes f o r  o n ly  

38 in d u s t r ie s  (e xc lu d in g  P r iv a te  Households and .v a r io u s  gove rnm en t 

s e c t o r s ) .  S ince  i t  was im p o s s ib le  t o  d isagg rega te  these indexes 

i n t o  the  53 s e c to rs  f o r  the f o r e c a s t ,  we s im p ly  matched up th e  38 

wage i n d u s t r i e s  t o  th e  53 in ves tm en t and employment in d u s t r ie s  as 

c lo s e ly  as p o s s ib le ,  and used the  a p p ro p r ia te  wage.



-  130 -

REFERENCES

1. Almon, C .,  B u c k le r ,  M .B ., H o rw itz ,  L .M .,  and R e im b o ld ,  T . C . ,  1985 
lQ ££riQ dust£y_Fo£ecasts_gf_ the_Am erican_Econgm 2 ,  L e x in g to n ,  M a * s s " I7  
Lex ing ton  Books, 1974. ”



APPENDIX C

1 FARMS AGR. SERVICES, FORESTRY.FISHERY

EMPLOYMENT PER UNIT OF OUTPUT

YEAR AC T < *  > PREDC+)

1932 9. 13 8. 83
1953 S 52 8. 16
1954 S. 24 7. 93
1955 7. 73 7. 62
1956 7. 10 6. 98
1957 6. 53 6. 80
195S 6. 04 6. 90
1959 5. 69 6. 29
I9 6 0 5. 36 5. 89
1961 5. 18 5. 49
1962 4. 93 3. 15
1963 4. 59 4. 44
1964 4. 27 4. 11
1965 4. 10 3. 86
1966 3. 70 3. 48
1967 3. 38 3. 21
1968 3 34 2. 97
1969 3. 18 2. 74
1970 3. 02 2. 86
1971 2. 80 3. 04
1972 2. 79 3. 11
1973 2. 87 2. 92
1974 2. 89 2. 70
1975 2. 86 2. 54
1976 2. 67 2. 65
1977 2. 60 2. 75

25
*

50 73 100 123 150 173 200
100X

INVESTMENT

YEAH ACT(*> PRED<+>

I 1932 6663. 4 3338. 3
1953 7472. 4 6396. 7
1954 6137. 4 6411. 3
1955 6823. 2 7654. 4
1956 5035. 2 6973. 7
1957 5159. 9 S782. 2
1958 6183. 8 6097. 3
1959 6625. 4 6378. 8
1960 5450. 7 6643. 7
1961 5905. 8 7249. 0
1962 6049. 6 6864. 1
1963 6998. 9 7996. 3
1964 6591. 7 7043. 2
1963 7345. 4 7191. 3
1966 7841. 8 6667. 1
1967 8091. 7 7054. 8
1968 7839. 6 6983. 4
1969 7653. 2 7423. 6
1970 7791. 7 7434. 1
1971 8167. 4 7906. 4
1972 8399. 1 8480. 9
1973 11740. 3 10153. 9
1974 11328. 6 10318. 3
1973 9382. 6 10044. 9
1976 10430. 3 10983. 7
1977 11172. 0 10785. 4

25 125
*

ISO 175

*

2 0 .

C
-l



2 CRUDE PETROLEUM AND NATURAL GAS (4 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT<*> PRED(+>

1952 1. 07 1. 08
1953 1. 06 1. 07
1954 1. 07 1. 11
1955 1. 10 1. 13
1956 1. 06 1. 03
1957 1. 04 0. 97
1950 1. 01 0  96
1959 0. 96 0. 92
1960 0. 87 0. 89
1961 0. 83 0. 88
1962 0. 79 0. 81
1963 0. 74 0. 78
1964 0. 73 0  74
19^5 0. 68 0  69
1966 0. 64 0. 64
1967 0. 59 0. 59
1968 0. 56 0. 54
1969 0. 55 0. 49
1970 0. 50 0. 48
1971 0. 49 0. 51
1972 0. 50 O. 53
1973 0. 52 0. 54
1974 0. 60 0. 64
1975 0. 69 0. 69
1976 0. 75 0. 74
1977 0. 82 0. 79

25 SO 75 100 125 130 175 200
1977 » 100%

INVESTMENT

YEAR ACT(*> PRED(♦ )

1 1952 826. 3 802. 5
1 1953 792. 0 658. 7
1 1954 767. 6 616. 7
1 1955 559. 5 724. 3
1 1956 1114. 7 786. 4
1 1957 1022. 6 653. 4
I 1958 690. 2 520. 7
J 1959 947. 9 722. 9
! 1960 778. 0 717. 5
1 1961 810. 9 870. 7
1 1962 904. 4 1048. 5
i 1963 960. 3 1129. 0
i 1964 1040. 5 1142. 2
i 1965 1190. 1 1119. 3
! 1966 1132. 8 1279. 9
\ 1967 1098. 6 1472. 5
1 1968 1220. 6 1428. 4
1 1969 1221. 2 1241. 9
! i9 7 0 1102. 9 1272. 3
I 1971 903. 5 1117. 4
i 1972 582. 8 944. 3
J 1973 785. 9 969. 5
1 1974 1128. 8 1065. 1
i 1975 1177. 4 1173. 8
i 1976 1303. 4 1087. 5
I 1977 1640 3 1137. 7

*  *  *  *
0 25 90 75 100 125 150 175 200

C
-2



3 MINING ( 2 .3 .  5>

EMPLOYMENT PER UNIT OF OUTPUT

YEAR AC T ( * ) PRED<+>

1952 2. 5 7 2 . 40
1953 2. 3 4 2. 3 2
1954 2. 2 7 2 . 2 5
1955 1. 96 2  01
1956 I .  9 5 1 9 9
1957 1. 9 4 2. 0 5
1950 1. 9 9 2. 07
1959 1. 9 0 1. 91
1960 1. 0 4 1. 0 0
1961 1. 77 1. 74
1962 1. 6 5 1. 6 3
1963 1. 54 1. 55
1964 1. 4 3 t .  47
1965 1. 3 9 1. 44
1966 1. 3 5 I  3 9
1967 1. 3 0 1. 36
1960 1. 2 9 1. 2 6
1969 1. 2 6 1. 2 3
1970 1. 4 0 1. 32
1971 1. 2 0 1. 2 7
1972 1. 2 2 1. 2 0
1973 1. 2 2 1. 21
1974 1. 2 0 1. 3 0
1975 1. 46 1. 46
1976 1. 40 1. 49
1977 1. 6 0 1. 56 1

* •  •  *
0  2 5  SO 75  100  125  150  175 200

1977 »  100%

INVESTMENT

YEAR ACT<*> PRED<+>

1952 1005. 7 700 . 5
1953 1151. 6 6 4 9 . 5
1954 1121. 1 0 0 9 . 0
1955 1249. 5 753 . 6
1956 1303. 0 1714 . 0
1957 1290. 4 1390 . 9
1950 1045. 0 1169. 7
1959 1054. 4 1109 . 6
1960 9 7 1 . 0 0 6 9 . 4
1961 9 6 0 . 5 13 53 . 5
1962 1041. 0 97 6 . 2
1963 931. 0 1105 . 6
1964 9 7 5 . 6 15 02 . 0
1965 1210. 0 1509 . 2
1966 1257. 1 1601 . 1
1967 1329. 3 1671 . 9
1960 1306. 7 1240 . 7
1969 1540. 5 1333 . 5
1970 1714 . 5 1615 . 6
1971 1090. 2 1770 . 9
1972 1543. 9 1605. 2
1973 1010. 7 2 1 3 1 . 9
1974 1006. 1 2 2 0 1 . 3
1975 1702. 9 1914 . 1
1976 1742. 6 1023 . 4
1977 41 62 . 1 2 3 3 0 . 0

* *  # »

0  2 5  50  7 5  100  125  150  17 5  2 0 0

£



4 CONSTRUCTION <6>

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT<#> PRED<+>

1952 9. 98 9. 31
1953 9. 23 9. 19
1954 4. 9 4 4 8 7
1959 4. 77 4. 97
1956 4. 6 9 4. 46
1957 4. 42 4. 59
1 958 4. 17 4. 4 9
1959 4. 01 4. 13
1 9 60 3. 91 4. 3 3
1961 3. 8 3 4. 2 7
1 962 3. 86 3 . 9 9
1 963 3. 8 2 3 . 8 3
1 9 64 3. 6 7 3. 6 7
1969 3. 99 3. 58
19 66 3. 93 3 . 6 0
1967 3. 47 3. 91
I9 6 0 3. 40 3. 3 2
19 69 3. 6 0 3 . 3 3
1 9 70 3 . 77 3 . 6 9
1971 3. 81 3 . 61
1972 3 . 91 3 . 79
1 9 73 4. 0 8 3. 9 8
1 9 7 4 4. 2 2 4. 0 0
1979 4. 18 4. 24
1976 3. 94 3. 9 8
1 9 77 4. 0 6 4. 2 4

*  #  *  *
0  2 9  SO 7 3  100  129  190  179 200

1977  «  100X

INVESTMENT

YEAR ACT<#> PRED<+>

1992 3 4 90 . 9 3 6 4 1 . 4
1953 3 1 8 1 . 7 3 9 9 8  7
1994 30 2 8 . 2 3 8 8 6 . 0
1999 34 03 . 3 3 6 4 9 . 4
1996 3 6 91 . 3 3 7 4 8 . 7
1997 36 15 . 9 4 1 2 3 . 9
1998 3 6 2 9 . 0 3 8 9 9 . 7
1999 49 73 . 9 4 0 4 9 . 3
1960 38 30 . 9 4 7 4 6 . 9
1961 37 36 . 6 4 4 3 2 . 9
1962 40 19 . 3 4 4 6 9 . 1
1963 48 10 . 8 4 9 1 8 . 7
1964 94 29 . 1 4 8 9 1 . 0
1969 6 0 3 7 . 8 99 0 7 . 3
1966 6 3 3 1 . 9 6 7 4 8 . 2
1967 6 1 2 0 . 4 7 1 4 7 . 7
1968 71 07 . 9 7 0 7 9 . 7
1969 84 9 3 . 0 7 9 8 6 . 8
1970 8 0 4 1 . 3 7 9 8 0 . 1
1971 74 91 . 8 7 9 2 3 . 6
1972 89 9 0 . 4 7 6 6 3 . 7
1973 11294 . 9 8 4 7 1 . 8
1974 12171. 9 1 0 30 9 . 0
1979 10803 . 4 1 1 42 2 . 0
1976 10977 . 8 1 1 3 9 7 . 4
1977 11949 . 1 1 2 9 2 4 . 6

*  *  *  *
0  2 9  90  7 9  100  129  190  1 7 9  2 0 0

£



5 FOOD, TOBACCO (7 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT( * )  PRED(+>

1792 1. 9 6 1. 96
1793 1. 9 0 I .  8 8
1754 1. 8 4 1. 8 2
1755 1. 8 2 1. 76
1756 1. 74 1. 68
1757 1. 6 8 1. 63
1 7 50 1. 90 1. 55
1 7 59 1. 46 I .  54
1760 1. 41 1. 48
1761 1. 3 8 1. 46
17fc2 1. 3 3 1. 38
1 7 63 1. 2 9 1. 3 3
1764 1. 2 3 1. 26
1 7 69 1. 24 1. 23
1766 1. 2 3 1. 19
1767 1. 16 1. 13
1768 1. 14 1. 10
1769 1. 13 1. 07
1 9 7 0 1. 11 1. 07
1771 1. 0 6 1 .0 4
1 9 7 2 1. 0 0 1 01
1973 0. 9 9 1. 0 0
1974 0. 9 9 0. 96
1 9 7 9 0. 9 4 0. 94
1976 0. 8 9 0. 8 9
1 9 77 0. 9 0 0 . 9 0

0  2 9
1 9 77  »  100%

*  *

•  *  *
9 0  7 9  100  12 9  190  179  2 0 0

INVESTMENT

YEAR A C T ( * ) P R £ D (+ )

1992 1079. 6 12 3 2  8
1953 1192. 9 1289 . 7
1994 1986 . 9 1 1 7 9 . 1
1999 1649. 7 1290 . 0
1996 1710. 2 1439 . 4
1997 1719. 9 1477 . 8
1998 1683. 8 1871 . 0
1999 1767. 6 2 1 0 6 . 9
1960 1773. 3 2 2 9 2 . 2
1961 1824. 4 2 2 9 7 . 4
1962 2 0 9 2 . 0 2 2 7 9 . 9
1963 2 0 8 6 . 4 2 1 0 7 . 4
1964 2 3 0 6 . 9 2 2 3 3 . 9
1965 2 3 8 9 . 8 2 2 3 4 . 3
1966 2 6 7 9 . 0 2 3 2 6 . 2
1967 2 6 9 8 . 8 2 9 9 2 . 6
1968 2 9 9 2 . 8 2 6 7 9 . 0
1969 2 6 2 9 .1 2 6 4 9 . 7
1970 2 7 4 6 . 8 2 7 9 3 . 1
1971 2 8 99 . 2 2 7 6 2 . 1
1972 30 11 . 3 2 8 9 7 . 1
1973 30 23 . 1 3 0 3 0 . 8
1974 3 3 0 0 . 0 3 3 0 2 . 6
1979 3 9 3 7 . 3 3 4 1 0 . 2
1976 3 6 1 2 . 8 3 8 1 1 . 4
1977 3 8 1 6 . 9 3 7 8 8 . 9

0  2 9  9 0  7 9  1 0 0  129  19 0  1 7 9  2 0 0

s



6 TEXTILES (8>

EMPLOYMENT PER UNIT OF OUTPUT

YEAR AC T( * >  PRED<+>

1952
1953
1954 
1995
1956
1957 
1956
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1 9 75
1976
1 9 77

4. 92  
4. 70 
4. 51 
4. 2 8  
4. 14 
3 . 94  
3 . 6 3  
3 . 48  
3. 43  
3. 16 
3 . 0 6  
3. 0 0  
2. 9 2  
2. 8 9  
2. 81 
2. 76  
2 . 75  
2 . 73  
2 . 58  
2. 43  
2. 32  
2 . 46  
2. 4 !  
2. 21 
2 11 
1. 81

68 
51
2 5  
9 3  
01
2 6  

4. 3 2  
3 . 8 2  
3. 81 
3. 6 6  
3. 31 
2. 9 8  
2. 8 5  
2. 6 4  
2. 50 
2  55  
2 . 55  
2. 4 7  
2. 5 4  
2. 5 5  
2. 3 6  
2. 4 0  
2. 4 0  
2. 2 7  
1. 9 5  
1. 9 0

0  2 5  5 0  7 5  100  125  150  175 2 0 0
1977  -  100X

INVESTMENT

YEAR ACT<*> PRED<+>

1952 539. 3 515. 9
1953 457. 8 48 5 . 5
1954 39 8 . 7 514 . 7
1955 464 . 6 3 8 1 . 9
1956 506. 0 49 7 . 0
1957 463. 6 520 . 0
1958 37 8 . 6 45 6 . 9
1959 494. 8 534 . 7
1960 557. 0 5 3 7  2
1961 530. 7 66 5 . 7
1962 634. 6 6 8 9 . 5
1963 65 8 . 1 76 3 . 2
1964 796. 7 69 3 . 6
1965 96 4 . 6 774 . 9
1966 1211. 4 9 1 7 . 8
1967 1057. 3 1029 . 9
1968 92 5 . 8 1093 . 1
1969 1003. 9 98 8 . 7
1970 94 0 . 5 9 0 1 . 9
1971 89 0 . 3 8 1 6 . 5
1972 1054. 8 95 9 . 6
1973 1152. 7 1081 . 9
1974 1091. 9 1105 . 1
1975 812. 7 849 . 1
1976 944. 5 95 6 . 0
1977 96 7 . 1 1168 . 0

2 5  50  7 5  100  125 150  1 7 5  2 0 0

I



i
7 KNITTING . HOSIERY <9>

EMPLOYMENT PER UNIT OF OUTPUT

YEAR A C T C *) PRED <♦)

1952 11. 8 8 11. 6 8
1953 10. 78 10. 91
1954 10. 6 0 10. 52
1955 9. 73 9. 58
1956 9. 31 9. 42
1957 8 . 61 9 . 0 0
1958 7. 8 4 8 . 54
1959 8. 0 6 8 . 0 0
1960 7. 73 7. 6 5
1961 6. 9 4 6. 81
1962 6. 8 7 6. 3 8
1963 5 9 7 5. 8 3
1964 5. 6 5 5. 55
1965 5. 54 5. 15
1966 5. 17 4. 91
1967 4. 4 6 4. 53
1968 4. 3 5 4. 2 5
1969 4. 0 0 4 11
1970 3 . 73 3. 9 3
1971 3. 47 3. 56
1972 2. 9 9 3 . 16
1973 2. 8 3 3. 0 6
1974 3. 0 4 3. 0 3
1975 2. 70 2. 81
1976 2 . 6 8 2. 6 3
1 9 77 2 . 51 2. 4 5

---------  * *
0  2 5  50  75

* *

100  125  150  175 2 0 0
1977 «  100%

INVESTMENT

YEAR ACT<*> PRED<+>

1952 67 . 1 74 . 1
1953 54. 8 79 . 8
1954 47. 7 32 . 5
1955 42. 8 78. 6
1956 45 . 6 47. 2
1957 48. 0 43. 3
1958 45. 6 56. 1
1959 54. 0 6 7 . 4
1960 60 . 9 32 . e
1961 65 . 1 87 . 4
1962 67 . 2 53. 2
1963 61 . 8 80 . 3
1964 6[7. 0 6 7 . 1
1965 104. 8 87 . 2
1966 128. 6 95 . 9
1967 102. 7 139. 7
1968 110. 7 144. 8
1969 144. 3 116. 3
1970 146. 6 126. 1
1971 20 8 . 5 190. 3
1972 34 7 . 1 30 2 . 7
1973 20 9 . 1 23 9 . 6
1974 143. 0 132  8
1975 102. 8 99 . 5
1976 98. 5 101. 2
1977 108. 3 107. 0

O 2 5  5 0  7 5  10 0  125  1 5 0  1 7 5  2 0 0

?

♦ 
>



8 APPAREL AND HOUSEHOLD TE X T ILE S  (1 0 )

EMPLOYMENT PER U N IT  OF OUTPUT 

YEAR A C T (*>  PRED<+>

1992 7. 11 6 8 3
1953 6. 9 6 6. 54
1954 6. 2 9 6. 19
1959 6. 15 6 13
1956 5. 8 4 6 17
1957 5. 6 7 5. 8 7
1958 9. 2 9 5. 8 8
1959 9. 90 5. 74
1960 9. 21 9. 53
1961 9. 0 2 9. 2 8
1962 9. 0 7 9. 01
1963 4. 8 3 4. 8 2
1964 4. 7 7 4. 97
1 965 4. 72 4. 3 7
1966 4. 71 4. 31
1967 4. 2 2 4. 14
1968 4. 16 4. 12
1969 4. 10 3. 90
1 970 4. 0 6 4. 13
1971 3. 9 4 3. 9 6
1972 3. 6 7 3. 94
19 73 3. 7 0 3. 73
1974 3. 8 0 3. 94
1975 3. 4 9 3. 50
1976 3. 57 3. 50
1977 3 18 3 2 6

*  # *
0  2 9  9 0  7 9  100  129

1977 - 100%

INVESTMENT

YEAR AC T(»>

1992 21 0 . 0
1993 2 3 4 . 3
1954 25 6 . 4
1959 30 1 . 8
1996 35 2 . 3
1957 39 0 . 6
1998 28 0 . 1
1999 287 . 0
1960 267 . 8
1961 27 7 . 3
1962 309 . 7
1963 39 0 . 3
1964 36 0 . 9
1969 509. 7
1966 968. 3
1967 441 . 7
1968 924. 6
1969 60 1 . 1
1970 60 0 . 9
1971 66 6 . 3
1972 669 . 0
1973 661 . 1
1974 63 1 . 0
1979 913. 7
1976 969. 4
1977 60 4 . 4

PRED<+>

20 9 . 3
246 . 2
20 8 . 9
2 8 7 . 6
32 0 . 9
33 9 . 8
30 8 . 7
3 3 8 . 7
30 6 . 2
28 9 . 2
33 8 . 8
37 4 . 1
41 3 . 8
41 7 . 6
46 3 . 4
976 . 3
999 . 2
991 . 6
99 9 . 6
980 . 4
6 0 3 . 9
69 9 . 7
69 0 . 3
986 . 8
60 7 . 0
60 7 . 2



YEAR

1952
1953
1954
1955
1956
1957 
1950
1959
1960
1961
1962
1963
1964
1965
1966
1967 
1960
1969
1970
1971
1972
1973
1974
1975
1976
1977

9 PAPER (1 1 )

EMPLOYMENT PER UNIT OF OUTPUT

ACT( * )  PRED< + >

2. 71 
2  53  
2 . 44
2. 3 3  
2 . 3 6  
2 . 3 4  
2. 2 7  
2. 2 7  
2. 10

00 
0 7  
9 7  
9 0  
0 3  
70  

1. 02 
1. 73  
1. 6 9  
1. 70  
1. 6 2  
1. 55  
1. 45  
1. 3 0  
1. 45  
1. 3 9  
1. 3 0

2.
2.
2.
2.
2.
2 .
2.
2 .
2.
2.
2.
2.
1.
I.
1.
1.
1.
1.
1.
I.
I.
1.
X.
1.
1.
1.

6 0
55  
46  
35
39  
3 3  
20 
19 
16 
12 
07  
00 
91 
04  
79 
77 
71 
67  
66 
63
56 
50 
45
40  
3 5  
3 2

2 5
»

50 75
*

100 125
*

150 175 200
1977 -  100X

INVESTMENT

YEAR A C T (« ) PRED<+>

J 1 9 52 77 3 . 3 9 6 3 . 6
! 1953 031. 6 1006 . 7
1 1954 903. 5 1301 . 6
I 1955 1114. 9 1015 . 4
1 1956 1469. 4 1100 . 4
I 1957 1541. 1 12 90 . 1
1 1950 1022. 5 1019 . 0
1 1959 1054. 5 1050 . 2
I 1960 1070. 3 96 9 . 5
1 1961 1124. 7 1106 . 3
i 1962 1246. 0 1311 . 9
1 1963 1200. 9 1403 . 6
1 1 9 64 1513. 7 15 17 . 0
> 1965 1904. 9 1 5 9 4  1
2 1966 2 1 57 . 5 1771 . 4
J 1967 2 4 11 . 2 1965 . 0
! 1960 1765. 4 1010 . 2
i 1969 1941. 1 2 0 2 2 . 3
J 1970 1797. 3 2 0 2 0 . 0
i 1971 1402. 2 1630 . 1
1 1972 1477. 2 17 59 . 0
I 1973 1690. 5 1047 . 0
1 1974 20 65 . 0 2 1 6 2 . 2
1 1975 2 2 4 5 . 0 2 3 5 7 . 0
! 1976 2 7 03 . 2 2 4 1 0 . 1
! 1977 2 0 23 . 7 2 7 4 7 . 1

#  *  *  *
0  2 5  50  7 5  100  125  19 0  1 7 5  2 0 0

£



10 PRINTING (1 2 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR A C T ( * ) P R E D (+ )

1952
1 953
1954
1 9 55
1 956
1957 
1950
1 9 59
19 60
1961
19 62
1 9 63
19 64
1 9 65
1 9 66
1 967  
19 60
19 69
1 9 7 0
1971
1 9 7 2
1 9 7 3
1 9 74
1975
1 9 7 6
1 9 77

3. 8 6  
3. 0 9  
3. 70  

6 3  
54  
5 3  
19 
11 

3. 0 3  
3. 0 0  
2 . 9 4  
2 . 9 2  
2. 8 2  
2 . 7 9  
2 . 73  
2 . 66 
2. 6 4  
2. 6 3  
2. 70  
2 . 7 0  
2 . 49  
2. 45  
2 . 4 6  
2 . 58  
2 . 47  
2 . 3 6

3. 8 6  
3 . 73  
3. 61 
3 . 52  
3. 49  
3. 56  
3 . 41 
3 . 41 
3. 2 6  
3 . 15 
2 . 9 7  
2 . 8 7  
2 . 73  
2 . 6 7  
2 . 59  
2 . 59  
2 . 59  
2 . 6 0  
2 . 7 3  
2 . 6 5  
2 . 55  
2 . 4 9  
2 . 51 
2. 55  
2. 44  
2. 3 6

1 977  *  100%
2 5

*

50 75
*

100 125
*

150 175 200

9

INVESTMENT

YEAR ACT<*> PRED<+>
M. M

i 1952 38 1 . 4 3 67 . 8  1
w w ♦

1 1953 39 0 . 9 35 0 . 8  1 ■I
i 1954 439. 0 3 98 . 4  1
I 1955 471. 6 44 8 . 8  1 ' i
1 1956 48 7 . 0 501. 5 1 4+
\ 1957 530. 2 504 . 6  1
1 1958 599. 9 6 2 7 . 4  1 \
! 1959 574. 4 65 4 . 9  1 f +
\ 1960 63 7 . 8 72 9 . 5  1 4+
t 1961 62 6 . 4 752 . 3  1 1 +
t 1962 6 6 6 . 5 71 3 . 3  1 Y
S 1963 728. 1 65 0 . 4  1 I
S 1964 70 2 . 4 733 . 4  1
t 1965 83 1 . 8 7 6 1 .7  1 ■♦K
1 1966 1064 . 4 9 3 1 .9  1* ' + \
i 1 9 67 1 1 0 9 .9 1070 . 1 1 '■I
i 1968 1064. 5 1 1 1 9 .5  1 ■I
1 1969 1141. 4 1 1 0 2 .3  1
5 1970 1116. 8 1070 . 4  1
1 1971 1145. 7 1068 . 7  1 + V
1 1972 1335. 5 1 2 6 1 .4  1
1 1973 1358 . 5 1355 . 0  1
J 1974 1263. 3 1298 . 2  1
i 1975 1201 . 2 1254 . 1 1
1 1976 1273. 7 1317 . 4  1 V *
i 1977 1443. 6 1542 . 0  1 \ '+

-------- ------------- ------------- « *  » *
0  2 5  5 0  7 5  10 0  125  150  1 7 5  2 0 0

C
-10



11 AGRICULTURE FER TILIZER S ( 1 3 )

EMPLOYMENT 

YEAR ACT( * )  PRED(+>

1952 1. 29 1. 3 5
1953 1. 24 1. 26
1954 1. 16 1. 2 5
1955 1. 2 8 1. 19
1956 1. 31 1. 2 4
1957 1. 2 6 1. 15
1958 1. 0 5 1. 0 4
1959 0. 9 5 0 . 9 5
1960 0. 9 8 1. 01
1961 0. 9 2 0. 9 8
1962 0. 8 7 0. 8 6
1 963 0. 8 0 0. 79
19 64 0. 71 0. 70
1 965 0. 71 0 . 70
1966 0. 6 8 0. 72
1967 0. 6 6 0 . 6 7
19 68 0. 6 6 0. 6 5
1 969 0 . 6 5 0 . 6 8
1 9 70 0 . 6 6 0. 70
1971 0. 6 6 0 . 6 3
1 9 72 0. 61 0. 61
1 973 0. 58 0. 56
1974 0. 51 0. 58
1975 0. 58 0 . 53
1976 0. 6 2 0. 6 3
1977 0. 6 0 0. 6 0

«
0  2 5

! U N IT  OF OUTPUT 

*  *  «

50  7 5  1 0 0  12 5  15 0  175  2 0 0
1977  »  100X

INVESTMENT

YEAR A C T ( * ) PRED<+)

1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1 9 65
1966
1 9 67
1968
1969
1970
1971
19 72
1973
1974
1975
1976
19 77

48. 6  
52. 4 

119. 3  
111. 4  
103. 8  
105. O 
105. 6  
102. 1 
138. 8  
28 8 . 2  
183. 6  
149. 2  
178. 5 
200 . 4  
312 . O 
505. 4  
20 8 . 5 
23 1 . 5 
204 . 2  
181. 1 
180. 1 
31 6 . 9  
490. 7  
91 4 . 9  
88 7 . 0  
995 . 4

68. 8 
64 . 2  
89 . 9  
99 . 4  
77 . 7  
50. 5 
60 . 2  

112. 6 
161. 2  
2 2 5 . 7
2 3 0 . 3  
20 6 . O
2 7 9 . 7 
32 0 . 0  
2 8 5 . 3
2 8 0 . 1 
2 9 3 . 5 
2 2 7 . 5  
201. 0 
2 4 1 . 8
2 3 1 . 3  
30 0 . 2  
47 4 . 5 
866. 3 
93 6 . 6  
9 2 9 . 9

*  « *  *
O 2 5  5 0  7 5  10 0  125  1 5 0  . 1 7 5  2 0 0



12 OTHER CHEMICALS <14>

EMPLOYMENT PER UNIT OF OUTPUT

YEAR AC T<«) PRED<+)

1952 2. 79 2. 79
1953 2. 74 2. 6 8
1954 2. 53 2 . 49
1959 2. 29 2. 24
1956 2 . 16 2 . 2 3
1957 2  16 2 . 18
1958 2. 0 9 2  19
1959 1. 8 4 1. 8 9
1960 1. 89 1. 8 6
1961 1. 8 0 1. 78
1962 1 71 1 76
1963 1. 6 2 1. 6 0
1964 1. 52 1. 93
1 9 69 1. 4 3 1. 50
1966 1. 40 1 43
1967 I .  45 1. 41
1968 1. 36 1. 31
1969 1. 31 1. 2 9
19 70 1. 2 8 1. 19
1971 1. 21 1. 19
1972 1. 07 1. 0 9
19 73 1. 0 0 1. 0 3
1974 0. 9 9 1. 0 6
19 7 9 1. 11 1. 12
1976 0. 9 9 0 . 9 8
19 77 0. 9 7 0 . 93

*
0  2 9

*  *  *

9 0  7 9  100  129  19 0  179  2 0 0
1977  -  100X

INVESTMENT

YEAR AC T ( * ) PRED<+>

i 1992 2 1 73 . 2 1462 . 2 » ♦ #
#

i 1993 2 0 16 . 4 1641 . 2 1 V *
i 1994 1893. 7 1704 . 0 1 /
\ 1999 1748. 6 14 62 . 0 1 +1
i 1996 1844. 9 1 9 84 . 8 1 w
I 1997 1968. 7 2 2 8 1 . 1 1 y +
1 1998 1829. 2 2 0 7 4 . 2 1
1 1999 1396. 9 1812 . 2 1
i 1960 1860. 2 2 0 2 9 . 2 1 y +
1 1961 21 IB . 9 1943 . 8 1
S 1962 20 7 0 . 7 2 1 9 8 . 2 1 i
1 1963 2 2 9 2 . 7 2 6 9 9 . 3 1
i 1964 2 7 1 3 . 9 2 4 0 3 . 3 1 +W
1 1969 3 9 6 9 . 9 3 0 2 3 . 3 1
1 1966 3 9 3 0 . 0 3 9 8 0 . 9 1 + *
1 1967 3 8 9 4 . 6 3 8 4 9 . 0 1 y
! 1968 3 4 9 2 . 4 3 4 4 6 . 8 1 /
1 1969 3 4 4 2 . 2 3 6 6 6 . 6 1 i
I 1970 3 6 8 0 . 9 3 6 8 9 . 0 1 i
S 1971 3 3 2 6 . 0 3 4 0 6 . 2 1
1 1972 3 0 9 3 . 4 3 9 0 4 . 1 1 u
1 1973 3 3 72 . 9 4 1 4 2 . 3 1 V . '
1 1974 46 29 . 6 9 0 4 7 . 0 1
» 1979 90 13 . 2 93 2 1 . 9 1 V *
1 1976 9438 . 1 9 1 6 7 . 4 1 + v
! 19 77 6 6 9 3 .0 9 9 2 7 . 9 I ' '♦ N l

— — --- — « •  * *
0  2 9  90  7 9  100  129 19 0  1 7 9  2 0 0

C
-12



13 PETROLEUM REFINING & FUEL O IL  ( I S .  16

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR A C T ( * ) PRED<+>

1952 0 . 49 0 . 4 9
1953 0 . 49 0. 49
1954 0. 45 0 . 4 5
1955 0 . 43 0 . 4 2
1956 0 . 41 0  41
1957 0 . 41 0 . 39
1958 0 . 37 0. 36
1959 0. 33 0. 3 3
I9 6 0 0. 33 0. 3 4
1961 0 . 31 0 . 3 3
1 9 62 0. 2 9 0 . 3 0
1 9 63 0. 2 7 0 . 2 8
1964 0 . 2 5 0 . 2 6
1 9 65 0 . 2 5 0. 2 5
1 9 6 6 0 . 2 4 0. 2 4
1967 0. 2 3 0. 2 3
1 9 6 8 0. 22 0. 2 2
1969 0 . 21 0. 21
1 9 70 0. 21 0 . 21
1971 0 . 2 2 0 . 2 0
1 9 7 2 0. 21 0 . 2 0
1973 0 . 21 0 . 2 0
1974 0  2 0 0. 2 0
1973 0. 19 0 . 19
1 9 76 0. 18 0 . 18
1 9 77 0. 17 0. 18

2 3
*

3 0 7 5  1 0 0  12 5  1 3 0  175  2 0 0

INVESTMENT

YEAR A C T (« ) PRED(+>

1952 66 6 . 8 4 1 9 . 4
1953 698. 0 4 0 8 . 4
1954 613 . 8 49 9 . 6
1955 37 8 . 6 44 1 . 1
1956 33 1 . 4 41 3 . 6
1957 514. 4 3 9 2 . 5
1 958 336 . 9 4 3 0 . 8
1959 306 . 3 4 3 4 . 7
1960 267 . 4 3 8 3 . 4
1961 264 . 2 300 . 0
1962 3 7 7 . 8 324. 3
1963 271 . 9 511 . 6
1964 30 3 . 1 570 . 4
1965 372 . 1 3 9 8 . 4
1966 461 . 3 6 2 3 . 8
1967 84 7 . 8 6 2 0 . 3
1968 1177. 3 6 3 3 . 0
1969 87 9 . 3 6 3 6 . 9
1970 8 1 3 . 7 7 0 4 . 6
1971 716. 5 7 3 7 . 9
1972 517. 9 7 8 0 . 6
1973 639 . 9 7 8 3 . 0
1974 1177. 8 1100 . 0
1973 1484. 3 1200 . 4
1976 1557. 6 14 59 . 8
1977 1551. 6 1735 . 7

2 3
*

5 0 7 5  100  125  15 0  1 7 3  2 0 0

t 0-13



EMPLOYMENT PER U N IT  OF OUTPUT

14 RUBBER AND PLASTIC PRODUCTS ( 1 7 . 1 8 )

YEAR AC T ( * ) PRED(+>

1952 3. 9 6 3 . 9 9
1953 3. 8 2 3 . 8 9
1954 3. 59 3 . 6 6
1955 3. 6 6 3. 57
1956 3. 70 3. 46
1957 3. 73 3. 46
1958 3. 16 3  24
1959 2. 9 6 3 . 0 8
1960 2. 8 8 3. 0 6
1961 2. 76 2. 9 6
1962 2. 76 2 . 79
1963 2. 6 6 2. 64
1964 2. 54 2. 54
1965 2. 49 2. 50
1966 2. 48 2. 42
1967 2. 3 6 2. 32
19fe8 2. 2 8 2 . 2 3
1969 2. 2 2 2. 18
1970 2. 2 0 2. 16
1971 2. 0 3 2. 0 4
1972 1. 9 3 1. 9 3
1973 1. 8 7 1. 8 8
1974 1. 9 6 2. 01
1975 2. 0 6 2. 0 9
1976 2. 0 0 2. 01
1977 1. 9 4 I .  8 7

1977 »  100X

* *  ■» *
0  2 5  90  7 5  10 0  125 150  175 2 0 0

INVESTMENT

YEAR ACT<*> P R E D (+)

1952 3 6 3 . 4 28 5 . 4
1953 35 7 . 3 3 4 2 . 3
1954 364 . 0 37 3 . 2
1955 356. 7 2 9 2 . 6
1956 38 9 . 8 33 4 . 7
1957 346. 7 28 7 . 4
1958 32 3 . 7 29 4 . 7
1959 37 4 . 4 51 3 . 3
1960 494. 0 548 . 9
1961 472. 3 507. 7
1962 594. 4 60 7 . 0
1963 565. 8 69 9 . 3
1964 63 1 . 9 62 9 . 0
1965 82 5 . 4 79 8 . 4
1966 92 4 . 2 94 9 . 0
1967 98 6 . 4 8 9 8 . 9
1968 1037. 8 1002 . 4
1969 1185. 8 1156 . 6
1970 1070. 7 1004 . 7
1971 90 8 . 6 9 5 5 . 8
1972 1245. 1 1343 . 6
1973 1517. 8 1600 . 5
1974 1446. 0 1396 . 8
1975 1023. 8 1194 . 4
1976 1160. 3 1103 . 4
1977 1354. 9 1201 . 6

#  *  *  *
O 2 5  50  7 5  100  125  150  175

t

200

tlT
-0



IS  FOOTWEAR AND LEATHER (1 9 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT<*> PREDC+)

1952 3. 20 S. 18
1953 5. 10 S. 09
1954 4. 93 4. 93
1955 4. 91 4 87
1956 4. 88 4. 85
1957 4. 68 4. 83
1958 4. 54 4. 78
1959 4. 76 4. 79
I9 6 0 4. 73 4. 67
1961 4. 70 4. 63
1962 4. 79 4. 53
1963 4. 47 4. 30
1964 4. 35 4. 43
1965 4. 35 4. 33
1966 4. 56 4. 23
1967 4. 23 4. 25
1968 4 12 4. 25
1969 4. 10 4. 12
1970 4. 09 4. 09
1971 4. 08 4. 08
1972 4. 01 4. 05
1973 3. 95 3. 92
1974 3. 78 3. 73
1973 3 60 3. 64
1976 3. 71 3. 68
1977 3. 51 3 61

23 SO 75 12S
1977 -  100%

INVESTMENT

YEAR ACT<*> PRED<+>

1932 32. 8 37. 2
19S3 41. 0 41. 4
1934 46. 6 31. 2
1953 67. 3 60. 7
1936 61. 4 63. 3
1957 32. 6 36. 3
1998 49. 3 S3. 3
1939 53. S 37. 6
1960 53. 9 50. 8
1961 30. 3 S3. S
1962 54. 1 62. 7
1963 S3. 2 60. 0
1964 34. 2 62. 0
1963 71. 7 68. 3
1966 81. 0 73. 1
1967 79. 7 77. 8
1968 98. 8 83. 8
1969 81. 2 82. 0
1970 7 9 .0 79. 7
1971 89. 0 84. 7
1972 90. 8 90. 3
1973 90. 0 79. 3
1974 73. 7 77. 4
1973 76. 9 73. 1
1976 77. 8 78. 9
1977 87. 9 83. 2

23 50
*  *

73 100 123 ISO 173

«

200

C
-15



16 LUMBER (2 0 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT<*> PRED(+>

19S2 3. 62 3. SO
1953 3. 43 3. 36
1954 3. 18 3. 22
1955 3. 02 3. 07
1956 3. 01 3. 00
1957 2. 80 3. 03
1958 2. 82 3. 00
1959 3. 15 2. 84
1960 2. 64 2. 68
1961 2. 49 2  58
1962 2. 50 2. 50
1963 2. 33 2. 37
1964 2. 28 2. 30
1965 2  33 2. 25
1966 2. 30 2. 19
1967 2. 06 2. 09
1968 2. 10 2. 04
1969 2. 14 2. 04
1970 1. 96 2. 06
1971 2. 00 2. 00
1972 1. 79 1. 88
1973 1. 88 1. 85
1974 1. 82 1. 83
1975 1. 75 1. 80
1976 1. 75 1. 70
1977 1. 68 1. 63

* *  * *
0 25 50 75 100 125 150 175 200

1977 -  100%

INVESTMENT

YEAR ACT<#) PRED(+>

1952 353. 8 423. 7
1953 342. 1 396. 7
1954 297. 5 316. 4
1955 390. 8 320. 0
1956 467. 0 346. 8
1957 342. 0 401. 7
1958 40S. 7 396. 9
1959 467. 9 360. 2
1960 506. 6 406. 1
1961 363. 4 467. 0
1962 446. 4 590. 0
1963 549. 1 621. 9
1964 556. 9 648. 2
1965 758. 2 686. 9
1966 764. 7 715. 9
1967 662. 7 723. 2
1968 751. 9 739. 9
1969 867. 0 783. 3
1970 753. 8 811. 6
1971 949. 5 797. 4
1972 1091. 3 1080. 9
1973 1124. 1 1168. 2
1974 1395. 3 1375. 9
1975 1223. 2 1225. 1
1976 1110. 3 1156. 1
1977 1290. 2 1271. 6

25
*

50
*  *

75  100 125 150 175 200

C
-16



17 FUNITURE (2 1 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT(#  > PRED<*>

1952 5. 12 4. 97
t9 5 3 4. 95 4. 78
1954 4. 49 4. 49
1955 4 42 4. 51
1996 4 44 4. 43
1957 4. 38 4. 59
1958 4. 28 4. 53
1959 4 57 4. 59
1960 4. 30 4. 47
1961 4. 25 4. 30
1962 4. 17 4. 28
1963 3. 95 3. 96
1964 3. 91 3. 77
1965 3. 90 3 72
1966 3. 81 3. 58
1967 3. 70 3. 54
1968 3. 76 3 66
1969 3. 58 3. 57
1970 3. 57 3. 59
1971 3. 53 3  58
1972 3. 14 3. 36
1973 3. 12 3. 21
1974 3. 31 3. 36
1975 3. 23 3. 27
1976 3. 11 3. 03
1977 2. 88 2. 73

25
*

SO 73
*

100 125
«

150 175 200
1977 ■ 100%

INVESTMENT

YEAR AC T(«) PRED(+>

1952 89. 3 113. 8
1953 87. 6 97. S
1954 98. 4 110. 1
1955 120. S 117. 8
1956 119. 4 99. 8
1957 131. 0 119. 3
1958 110. 1 93. 8
1959 103. 8 84. 1
1960 104. 1 103. 9
1961 100. 1 113. 2
1962 105. 3 119. 1
1963 144. 1 147. 9
1964 142. 8 192. 1
1965 188. 6 183. 6
1966 221. 7 223. 6
1967 216. 9 207. 9
1968 206. 4 1 8 1 .3
1969 203. 6 199. 2
1970 273. 6 193. 8
1971 203. 7 203. 3
1972 320. 0 301. 3
1973 318. 0 343. 8
1974 314. 3 313. 9
1975 218. 4 238. 8
1976 240. 6 270. 9
1977 307. 9 306. 9

*  *  *
0 29  SO 75 100

*

*
123 150 179 200

LZ
-o



IS  STONE.CLAY & GLASS (2 2 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT<«> PRED<*>

1952
1953
1954
1955
1956
1957 
1950
1959
1960
1961
1962
1963 
1 9 *4
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

3 21 
3. 28 
3. 03
2. 93  
2 . 68
3. 01 
2. 84 
2. 72 
2. 79 
2. 69 
2. 63 
2. 48 
2. 45 
2. 35 
2. 30  
2. 30 
2. 26  
2. 25  
2. 25  
2. 26 
2 . 12 
2. 07  
2 . 11 
2. 05  
2. 02 
1. 98

3. 26 
3. 23  
3. 03 
2. 90 
2. 92 
2. 95 
2  89 
2. 76 
2. 77 
2. 71 
2. 62 
2. 51 
2. 40 
2. 34 
2. 32 
2. 29 
2. 27 
2. 26 
2. 26 
2. 19 
2. 14 
2. 11 
2 11 
2. 10 
2 . 00 
t  . 95

25
«-

so 75 100 125 150 175
1977 100%

200

I

INVESTMENT

YEAR ACT<*> PRED<+>

! 1932 532. 4 835. 8
J 1953 523. 7 703 6
} 1954 579. 4 581. 7
1 1955 933. 6 683. 3
S 1956 1 1 4 4 .9 765. 1
1 1957 1089. 7 823. 8
t 1958 726. 6 742. 2
i 1959 816. 1 1000. 3
I 1960 787. 2 906. 2
1 1961 864. 0 863. 6
1 1962 820. 7 805. 9
1 1963 907. 4 997. 7
1 1964 995. 6 1057. 6
1 1965 1109. 9 1236. 4
J 1966 1379. 6 1314. 9
J 1967 1162. 9 1189. 0
1 1968 1022. 2 1060. 2
1 1969 1197. 7 1059. 9
S 1970 1124. 4 969. 0
1 1971 1068. 6 912. 4
1 1972 1376. 3 1366. 6
J 1973 1557. 1 1733. 3
! 1974 1529. 0 1638. 0
! 1975 1432. 3 1360. 9
1 1976 1303. 7 1422. 1
\ 1977 1569. 8 1483. 4

* *  *
25 SO 73 100 125 ISO 173

i

200

C
-18



19 IRON AND STEEL (2 3 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT(■*) PRED( + >

1932
1953
1954
1 9 55
1956
1957
1958
1959
1 960
1961
1962
1963
1964
1 9 65
1966
1967
1 9 68
1969
1970
1971
1972
1973
1974
1 975
1976
1977

1. 20 
1. 14 
1. 28  
I  31 
1. 33  
1. 3 8  
1. 43  
1. 32  
1. 3 4  
1 31 
1. 2 5
1 30  
1 26  
1. 21 
1. 19 
1. 21 
1. 17 
1. 18 
1. 2 3

21
14
04
01
16
11
12

t .  2 7  
1. 2 8  
1. 34  
1. 2 5  
1. 2 9  
1. 3 4  
1. 4 0  
1. 34  
1. 3 2  
1. 27  
1. 2 4  
1. 19 
1. 17 
1. 16 
1. 19 
1. 21 
1. 21 
1. 22 
1. 2 9  
1. 2 5  
1. 19 
1. 14 
I .  0 7  
1. 10 
1. 0 8  
1. 05

2 5 50 75
*  *

100 125  150 175 200

INVESTMENT

YEAR ACT<«> PRED(+>

1952 2 1 9 0 . 6 1214 . 0
1953 1549. 3 1797 . 3
1954 1259. 7 1997 . 2
1955 1266. 4 1935 . 4
1956 2 0 0 9 . 3 1266 . 4
1957 2 2 5 9 . 7 1 3 9 9 .0
1958 1417. 5 79 3 . 1
1959 1131. 2 7 9 3 . 4
1960 1882. 2 8 0 1 . 1
1961 1363. 8 86 0 . 5
1962 1362. 3 1037 . 6
1963 1442. 7 1071 . 5
1964 2 3 6 0 . 8 1577 . 9
1965 2 5 6 8 . 4 2 2 3 0 . 5
1966 2 9 8 3 . 5 2 6 4 7 . 0
1967 3 3 23 . 6 2 5 7 0 . 3
1968 3 1 9 1 . 9 2 9 1 7 . 4
1969 2 6 23 . 5 2 5 1 3 . 0
1970 2 2 4 2 . 2 1943 . 7
1971 1663. 7 1751 . 9
1972 1465. 0 2 1 6 1 . 2
1 9 73 1667 . 4 3 1 6 6 . 2
1974 2 3 0 9 . 4 3 5 4 2 . 9
1975 2 2 20 . 6 3 6 6 3 . 6
1 976 2 4 1 7 . 2 3 7 3 6 . 2
1977 2 4 1 4 . 0 3 1 9 7 . 9

25
«

50 7 5
«

100 125
»

150 1 7 5

t

200

C-19



20  NON-FERROUS METALS (2 4 .2 3 )

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR ACT<*> PRED<+>

1952 1. 6 8 1. 61
1953 1. 59 1. 58
1954 1. 53 1. 53
1955 1. 45 1. 46
1956 1. 46 1. 46
1957 1. 45 1. 49
1 9 58 1. 42 1. 49
1959 I .  43 1. 4 3
1960 1. 41 1. 41
1961 1. 2 8 1. 3 4
1962 1. 26 1. 2 5
1963 1. 21 1. 2 5
1964 1. 2 3 1. 19
1 9 65 1. 2 0 1. 13
19 66 I .  13 1. 11
1967 1. 18 1. 12
1968 1. 15 1. 12
19 6 9 1. 14 1. 14
1 9 70 1. 16 1. 16
1971 1. 0 9 1. 07
1972 0. 9 9 1. 0 0
1 9 73 0. 9 4 0 . 9 8
1974 1. 0 3 1. 0 4
1 9 75 I  0 4 1. 0 6
1 9 76 1. 0 0 0 . 9 9
1977 0  9 7 0 . 9 3

O 23

t

*  *  *
3 0  7 3  1 0 0  123  1 5 0  173 200

1977 = 100%

INVESTMENT

YEAR ACT<«> PRED<+>

t 1932 62 6 . 0 4 3 1 . 3
: 1933 507. S 50 9 . 5
I 1934 37 7 . 9 52 0 . 3
1 1933 435. 2 4 9 6 . 3
1 1956 693. 9 4 8 3 . 0
1 1937 738. 3 503 . 3
1 1938 572. 4 4 2 4 . 9
1 1939 423. 6 4 0 6 . 1
t 1960 39 3 . 2 3 6 7 . 1
1 1961 38 3 . 9 45 6 . 2
i 1962 4 3 2 .2 328 . 8
i 1963 339. 3 6 2 1 . 6
1 1964 368. 9 6 2 8 . 3
t 1963 8 5 6 . 2 68 4 . 4
i 1966 1073. 8 8 3 3 . 3
S 1967 1173. 0 9 8 3 . 3
1 1968 1101. 3 1033 . 3
1 1969 1063. 2 94 2 . 8
1 1970 1063 . 8 80 4 . 2
t 1971 766 . 3 6 4 6 . 8
! 1972 80 9 . 9 73 7 . 8
! 1973 762. 0 1067 . 4
1 1974 1128. 2 1353 . 0
I 1973 1041. 3 1413 . 2
1 1976 93 5 . 0 1203 . 9
1 1977 6 3 3 . 3 9 9 5 . 6

*
0  2 3

*  *  »
30  7 3  100 123  130  1 7 3  2 0 0



21 MElAL PRODUCTS (2 6 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT<*> PRED(+>

1952 3 . 2 5 3  2 5
1953 3 . 2 0 3. 11
1954 2. 96 2 . 9 6
1955 2. 94 2. 8 9
1956 2. 87 2. 8 5
1957 2. 95 2 . 9 0
1958 2. 57 2 . 79
1959 2 . 51 2. 70
1 9 60 2 . 53 2 . 67
1961 2. 4 3 2 . 51
1 9 62 2. 41 2 . 3 3
1963 2. 2 9 2 . 17
1964 2. 2 6 2 . 14
1965 2. 15 2 . 0 9
1 9 66 2. 0 9 2 . 0 3
1967 2. 05 2 . 0 2
19 68 2. 01 2 . 01
1 969 2 . 0 8 2 . 0 2
1 9 70 2 . 13 2 . 14
1971 2  01 2. 0 7
1 9 7 2 1. 93 1. 9 8
1 9 73 1. 9 0 1. 9 4
19 74 1 9 7 1. 9 9
1 9 7 5 2 . 01 I .  9 9
1 9 76 1. 9 0 1. 9 0
19 77 1. 8 8 1. 8 2

* * «
5 0  7 5  1 0 0  1 2 5  15 0  1 /5 200

19 77  *  100%

INVESTMENT

YEAR ACT<#) PRED<+>

1952 768. 1 79 6 . 9
1953 86 4 . 6 8 8 7 . 8
1954 912. 1 9 5 4 . 1
1955 90 6 . 6 8 0 3 . 0
1956 896 . 6 74 5 . 3
1957 89 5 . 7 75 6 . 9
1958 790. 1 6 5 4 . 0
1959 862. 0 8 9 7 . 2
1960 865 . 0 8 9 1 . 5
1961 769. 6 8 9 2 . 1
1962 98 5 . 1 9 0 9 . 2
1963 1018. 6 1101 . 9
1964 1276. 4 11 63 . 1
1965 1379. 7 1435 . 6
1966 1639. 6 1865 . 5
1967 1768. 6 19 58 . 8
1968 1663. 4 1968 . 9
1969 1877. 3 1 7 92 . 1
1 9 70 1601 . 5 15 32 . 4
1971 1433. 0 12 68 . 9
1972 1639. 0 1440 . 7
1973 2 0 6 9 . 6 18 45 . 2
1974 1973. 7 1973 . 9
1975 1896. 9 I8 6 0 .  4
1976 1891. 1 2 1 1 7 . 1
1977 2 1 3 8 . 6 2 2 7 0 . 4

O 2 5  50  7 5  100  125 150  1 7 5  2 0 0

(



22 ENGINES & TURBINS (2 7 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT<#> PRED<+>

1952
1953
1954
1955
19 56
1957
1958
1 9 59
1 9 60
1961
1 9 62
1 9 63
1964
1965
1 9 66
1967
19 6 8
19 6 9
19 70
1971
1972
19 7 3
19 74
19 75
1976
1977

2. 86 
2. 81
2. 97
3. 10 
3. 2 0  
3. 13 
2. 33  
2 21 
2. 36  
2. 19 
2 . 0 4  
1. 97  
1. 88 
1. 8 3  
1. 77  
1. 68 
1. 52  
1. 40  
1. 38  
1. 45  
1. 2 7  
1. 19 
1. 15 
1. 2 8  
1. 18 
1. 10

3. 0 9  
2 . 9 8
2 . 9 5
3 . 0 7  
2 . 8 3  
2 . 59

53  
45  
42  
31 
10 
9 0  
76  

1. 7 9  
1. 6 9  
1. 59  
1. 52  
1. 54  
1. 47  
1. 3 5  
1 2 6  
1. 19 
1 2 3  
1. 2 3  
1. 2 4  
1. 17

25
*

50
1977 100%

* *
7 5  100  125  150  175  2 0 0

j

INVESTMENT

YEAR ACT<*> PRED<+>

1932 61. 2 95 . 6
1953 68 . 7 110. 6
1954 64 . 2 80 . 0
1955 63 . 1 50. 8
1956 73 . 3 46 . 9
1957 117. 6 39 . 1
1958 95 . 0 75 . 0
1959 71. 1 101. 4
1960 52. 6 86 . 3
1961 71. 3 58. 1
1962 70 . 8 8 0 . 1
1963 84 . 9 96 . 4
1964 94 . 1 107. 3
1965 127. 8 117. 2
1966 145. 7 165. 1
1967 2 0 1 . 6 189. 0
1968 24 1 . 9 2 3 3 . 3
1969 2 8 8 . 4 2 6 4 . 7
1970 27 6 . 1 2 4 3 . 2
1971 21 8 . 1 2 1 4 . 7
1972 20 9 . 8 2 2 4 . 7
1973 33 1 . 0 2 9 8 . 9
1974 36 1 . 9 3 5 1 . 0
1975 29 9 . 2 3 1 4 . 6
1976 2 6 1 . 3 27 8 . 7
1977 31 0 . 3 3 3 6 . 1

0  2 5  50  7 5  100  125 ISO  1 7 9  2 0 0



23 AGRICULTURE MACHINERY (2 8 )

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR AC T < * ) PRED<+>

1952 2. 6 8 2  95
1953 2. 8 8 3 . 0 4
1954 3. 14 2 . 8 2
1955 2. 8 4 2. 6 4
1956 3. 18 2. 8 2
1957 3 17 3 . 0 3
1958 2. 2 8 2. 79
1959 2. 3 6 2. 79
1960 2 . 6 3 2. 8 3
1961 2. 4 8 2. 40
1962 2. 3 0 2. 16
1963 2  2 7 2 . 11
1964 2  12 1. 98
1965 2. 14 1 8 9
19 66 1. 9 6 1. 9 3
1967 1. 9 0 1. 8 2
1968 1. 8 4 1. 8 9
1969 1. 8 7 1. 91
1970 1. 8 9 1. 9 8
1971 1. 8 5 1. 77
1972 1. 61 1. 70
19 73 1. 54 1. 6 5
1974 1. 5 0 1. 55
1975 1. 4 6 1. 36
1976 1. 3 5 1. 32
1977 1. 2 8 1. 24

1977 « 100%
2 9

*
SO 75 175 2 0 0

9

INVESTMENT

YEAR ACT<*> PRED<+>

1932 87 . 7 91 . 4
1953 107. 7 104. 6
1954 106. 8 64 . 7
1955 102. 9 74 . 4
1936 88 . 7 17. 8
1937 77. 3 26 . 6
1958 93 . 3 80 . 1
1959 82 . 4 99 . 8
1960 102 1 109. 3
1961 79. 7 114. 9
1962 76. 1 133. 1
1963 108. 0 89 . t
1964 132. 3 127. 4
1965 1S5. 2 142. 0
1966 152. 2 2 1 6 . 2
1967 191. 2 21 6 . 9
1968 185. 8 2 1 2 . 5
1969 165. 7 167. 0
1970 137. 1 143. 1
1971 137. 4 101. 4
1972 2 0 9 . 5 148. 3
1973 163. 1 2 1 3 . 3
1974 2 3 5 . 5 2 8 6 . 6
1975 3 49 . 0 3 26 . 8
1976 2 5 2 . 7 3 4 5 . 0
1977 34 8 . 1 2 6 9 . 3

0  2 5  5 0  7 5  100  125 150  1 7 5  2 0 0

t



25 METALWORKING MACHINERY (3 0 )

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR AC T ( * ) PRED(+>
M J* J*

YEAR ACT< *  ) PRED<+)

1952 2. 6 3 2. 7 0  1 *♦ S 1952 38 4 . 9 45 9 . 0
1953 2 55 2. 7 4  I 1 + S 1953 418. 9 499 . 2
1954 2. 58 2 . 7 5  1 44 5 1954 4 3 9 . 9 450 . 4
1955 2. 78 2 . 7 0  1 1 1955 3 8 4 . 5 407 . 4
1956 2. 6 8 2 . 6 6  1 ( 1 1956 460 . 1 3 3 6 . 5
1957 2. 8 8 2 . 71 1 V* 1 1957 458 . 3 26 1 . 1
1 9 58 2. 84 2 . 8 0  I ‘4 1 1958 2 1 1 . 3 20 8 . 2
1959 2  8 0 2. 8 0  1 1 1959 180. 0 20 2 . 6
1960 2. 77 2. 7 5  J / 1 1960 21 0 . 0 22 9 . 9
1961 2. 8 0 2 . 7 5  1 1 1961 185. 1 137. 5
1962 2. 6 3 2. 6 2  1 1 1962 21 9 . 3 193. 3
1963 2 . 6 7 2 . 53  1 t  / 1 1963 2 7 4 . 9 26 5 . 7
1964 2. 56 2 . 50  : ■HI t 1964 3 3 6 . 6 3 1 5 . 2
1965 2 . 4 3 2 . 4 5  i / 1 1965 426 . 3 45 3 . 1
1 9 66 2 . 4 3 2 . 49  1 I » 1966 584. 0 98 5 . 6
1967 2. 49 2 . 50  1 5 1967 541. 8 553 . 7
1968 2. 55 2. 5 0  1 i 1968 47 1 . 4 510. 0
1969 2  4 6 2. 5 3  1 y+ i 1969 4 50 . 2 42 0 . 7
1970 2. 47 2 . 6 0  1 jU i 1970 3 4 8 . 1 3 3 2 . 8
1971 2. 6 3 2 . 6 0  1 > I 1971 2 6 5 . 0 173. 9
1972 2. 44 2. 4 6  I / 1 1972 31 7 . 1 2 1 0 . 3
1973 2. 2 9 2. 3 6  : / 1 1973 36 0 . 8 44 5 . 9
1974 2. 47 2 . 41 1 \ J 1974 49 5 . 1 543 . 2
1975 2. 5 8 2 . 5 2  1 A J 1975 32 9 . 0 4 4 6  2
1976 2. 59 2. 50  1 i 1976 37 7 . 9 4 3 1 . 6
1977 2. 3 6 2  4 8  1 1 1977 436. 2 49 3 . 1
-------- —— —— ------------- * *  *  * -------- — -------- -------------

INVESTMENT

+'

2 5 90 7 5  10 0  125  150  175  2 0 0
1977 100%

O 2 5  50  7 5  10 0  125  15 0  17 5 200



27  SPECIAL INDUCTRY MACHINERY (3 1 )

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR AC T ( * ) PRED(+>

1992 3. 2 4 3  37
1953 3. 4 3 3. 44
1954 3 14 3 . 3 2
1955 3. 3 3 2 . 91
1956 3. 2 6 2 . 90
1997 3. 3 5 3 . 0 5
1958 2 8 7 2 . 84
1959 2. 6 6 2 . 80
1960 2. 4 4 2. 64
1961 2. 3 4 2 . 53
1962 2. 3 6 2 . 35
1963 2. 4 2 2 . 33
1964 2. 2 7 1. 96
1965 2. 16 1. 90
1 9 66 2. 0 7 1. 82
1967 2. 18 1. 94
1 9 6 8 2  10 1. 87
1 9 69 2  13 1. 86
1 9 7 0 2. 10 1. 91
1971 2. 0 8 1. 87
1 9 7 2 1. 8 2 1. 78
1 9 73 1. 74 1. 75
1974 1. 7 7 1. 69
1 9 75 1. 9 4 1. 84
1976 1. 8 9 1. 74
1977 2. 15 I .  78

1977 « 100%
25

«
90 7 5  10 0  125  150  175 200

INVESTMENT

YEAR ACT<*> PRED<+>

1952 99 . 2 111. 0
1 953 113. 6 97 . 2
1954 95 . 4 103. 8
1955 107. 7 80 . 8
1956 139. 1 54 . 4
1 957 128. 2 69 . 4
1 958 95 . 8 78 . 7
1959 98 . 8 127. 1
1960 118. 1 179. 9
1961 118. 4 156. 8
1 962 133. 9 155. 6
1963 129. 2 135. 3
1964 161. 1 171. 1
1965 20 3 . 6 194. 2
1966 24 6 . 8 2 5 7 . 0
1967 24 6 . 3 2 4 5 . 8
1968 21 3 . 0 2 3 1 . 5
1969 197. 9 2 0 1 . 3
1970 22 5 . 2 171. 5
1971 177. 8 128. 9
1972 20 8 . 9 19B. 2
1973 25 6 . 5 3 0 6 . 3
1974 29 6 . 4 28 6 . 0
1975 21 5 . 5 2 7 7 . 2
1976 21 7 . 6 26 4 . 2
1977 22 6 . 8 187. 4

0  2 5  50  7 5  10 0  125  1 5 0  1 7 5  2 0 0

i



28 H I SC. NONELEC. MACHINERY (2 9 ,3 2 )

EMPLOYMENT PER U N IT  OF OUTPUT 

YEAR ACT( * )  P R E D (+)

1952 2. 92 2 . 8 9
1953 2. 84 2 . 9 0
1954 2. 93 2. 9 0
1959 2. 79 2 . 72
1956 2. 6 9 2 . 69
1957 2. 78 2 . 72
1958 2. 59 2. 72
1959 2 . 46 2 . 6 2
1960 2. 6 4 2 . 6 9
1961 2. 6 3 2. 96
1962 2  53 2 . 45
1 9 63 2. 29 2. 3 9
1964 2. 21 2 . 2 3
1969 2. 17 2. 21
19 66 2. 2 0 2 . 2 0
1967 2. 21 2. 19
19 68 2. 2 4 2. 17
1969 2. 2 2 2. 18
19 70 2. 19 2 . 16
1971 2. 0 9 2. 10
1 9 7 2 2. 0 7 2 . 0 3
19 73 I .  9 3 1. 9 4
1 9 74 1. 90 1. 97
1 9 79 1. 98 1. 9 9
1976 1. 97 1. 9 6
1977 1. 96 1. 9 3

*
O 2 9  9 0  7 9  10 0  129

INVESTMENT

YEAR ACT<*> PRED<+>

1992
1993
1994 
1999
1996
1997
1998
1999
1960
1961
1962
1963
1964 
1969
1966
1967
1968
1969
1970
1971
1972
1973
1974 
1979
1976
1977

39 9 . 3  
407. 9  
396 . 6  
43 3 . 8  
916. 4
493 . 1 
444 . 4  
470. 2
494 . 9 
381 . 6  
44 2 . 9  
900. 6  
60 9 . 2  
799 . 4
89 7 . 9 

1102. 6
909. 8  
97 4 . 0  
89 2 . 2  
8 2 4 . 8
89 8 . 9  

1198. 9  
1498. 7 
1988 . 7  
1484. 6  
1708. I

39 3 . 8  
49 0 . 0  
430 . 6  
4 3 6 . 2  
3 9 1 . 6  
3 6 2  1 
3 4 6 . 4 
4 8 7 . 2  
4 8 7 . 8  
3 8 3 . 0  
4 9 9 . 8  
6 9 1 . 2  
69 4 . 3  
82 6 . 8  

1092 . 9 
1014 . 9  

9 1 8 . 2  
8 9 6 . 6 
8 2 9 . 8  
6 9 1 . 9 
7 9 4 . 3  

1197 . 3  
1491 . 7 
16 20 . 9 
16 63 . 6  
1708 . 8

« *  *  *
0  2 9  90  79  100  129  19 0  1 7 9  2 0 0

zo\



29  COMPUTERS *  OTHER OFFICE MACHINERY (

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT(*> PRED<+>
•

1992 12. 79 12.60 1
1993 11.99 11. 79 1
1994 10. 70 10.68 1
1999 10. 18 9. 72 1
1996 10. 24 9. 19 1
1997 8. 79 8.61 1
1998 7. 11 8. 40 1
1999 7.02 8. 22 1
1960 6. 98 7. 71 1
1961 6. 16 6. 64 1
1962 9. 89 6. 02 1
1963 4. 69 4. 97 1
1964 4.30 4. 16 1
1969 4. 92 3.90 1
1966 3.83 3.37 1
1967 3.97 3.33 1
1968 3. 78 3.26 1
1969 3. 99 3. 12 1
1970 3. 73 4. 14 1
1971 3.92 3. 77 8
1972 3.24 3. 41 1
1973 2.83 2.89 I
1974 2. 99 2. 90 1
1979 2.67 2. 34 1
1976 2.28 2. 10 1
1977 1.87 1. 79 1

—————— —————— «
O 29 90 79 100 129 190 179

1977 -  IOOX

INVESTMENT

YEAR ACT<*> PRED(+)

A! 1992 98. 2 49. 0
it 1993 79.2 68. 9
U 1994 76. 6 79. 2
U 1999 89. 3 61. 3
kl 1996 118. 4 99.9
kl 1997 169. 8 76.6
i l 1998 119.8 81. 4
i \ 1999 107. 3 104.8
i \ 1960 139. 7 119. 1

a l 1961 177. 9 139. 2
<kl 1962 190. 3 132.2
at 1963 209. 6 209. 4

1964 187. 6 266.0
Ail 1969 279.9 261. 4

1 1966 289.0 366.6
1 1967 286.9 372.2
I 1968 309. 4 362. 9
1 1969 491. 3 376.3

>1 1970 472.3 411. 9
1 1971 394. 1 282. 4
1 1972 398.0 293. 9
1 1973 372. 0 419. 9
1 1974 463. 7 462.9
1 1979 400. 1 967.2
1 1976 471.2 688. 4
1 1977 786. 9 779.0

200

« *  »

•  # \
0 29 90 79 100 129

*

190 179 200

C
-27



30  SERVICE INDUCTRY MACHINERY (3 5 )

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR A C T (*> PRED<+>

1952 3. 9 6 3. 79
1953 3 4 8 3. 4 8
1954 3. 0 6 3 . 2 3
1955 2. 91 3 . 0 0
1956 3. 0 9 2 . 98
1957 3. 0 7 3 . 10
1958 2. 94 3  15
1959 2 6 2 2 . 76
1960 2. 44 2 . 47
1961 2. 3 2 2. 44
19fe2 2. 21 2 . 14
1963 2. 19 1. 90
1964 2. 0 2 1. 84
1965 1. 8 4 1. 70
1966 1. 8 2 1. 6 5
1967 1. 77 1. 67
1968 1. 70 1. 63
1969 1. 6 0 1. 55
1970 1. 6 3 1. 78
1971 1. 56 1. 85
19 72 1. 97 1. 6 8
19 73 1. 58 1. 6 0
1974 1. 6 4 1. 61
1975 1. 8 0 1. 75
1976 1. 61 1. 59
1977 1. 5 3 1. 46

25
1977

9 0
100%

7 9  1 0 0  12 5  19 0  175  2 0 0

INVESTMENT

YEAR A C T (« ) PRED<+>

1952 61. 7 63 . 6
19 53 88 . 8 47 . 1
1994 122. 0 97. 9
1955 94 . 6 64 . 7
1956 106. 1 72 . 1
1957 72. 9 98. 1
1958 53. 6 35 . 1
1959 59. 7 59. 1
1960 66 . 9 106. 1
1961 93. 4 120. 6
1962 75  6 116. 0
1 963 78. 6 104. 8
1964 80 . 0 98 . 2
1969 118. 0 122. 4
1966 179. 6 173. 4
1967 183. 1 2 0 1 . 4
1 968 183. 1 199. 1
1969 189. 2 2 0 6 . 6
1970 189. 9 2 2 1 . 6
1971 24 8 . 2 2 3 1 . 8
1972 31 5 . 2 2 7 1 . 5
1973 30 3 . 3 31 9 . 8
1974 316 . 9 2 7 3 . 0
1979 198. 4 2 3 0 . 4
1976 190. 4 2 2 3 . 7
1977 2 7 8 . 8 2 6 5 . 7

2 9
*

50
« *

7 5  100  125  19 0  1 7 9  2 0 0



31 COMMUNICATIONS MACHINERY (3 6 )

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR AC T ( *  ) PRED(+>

1952 7. 8 0 7. 8 8
1953 6. 8 9 7. 27
1954 7. 0 3 7. 2 3
1955 7. 01 7 05
1956 7. 12 6. 48
1957 7. 0 8 6. 06
1958 5. 8 9 6. 12
1959 5. 76 5. 91
1960 5. 2 3 5. 58
1961 4 7 3 5. 25
1962 4. 59 4. 6 2
1963 3. 8 9 4. 26
1964 3. 8 9 3. 75
1965 3. 6 0 3. 3 9
1966 3. 50 3 . 11
1967 3. 4 7 3 . 11
1968 3. 3 5 3  2 5
1969 3. 2 7 3. 23
1970 3. 2 2 3 . 3 0
1971 3. 0 7 3 . 3 5
1972 2. 8 3 3. 2 0
1973 2. 6 4 2 . 9 7
1974 2. 8 6 2. 57
1975 2. 8 4 2 . 6 3
1976 2. 59 2 . 46
1977 2. 2 9 2 . 2 6

25
«

SO 75 100 125 150 175 200
1977 »  100%

INVESTMENT

YEAR ACT<*> PREO (+)

1952 35 4 . 1 30 6 . 1
1953 29 2 . 3 4 6 8 0
1954 23 4 . S 3 8 2 2
1955 31 9 . 9 2 7 9 6
1956 36 2 . 8 197. 2
1957 418. 0 143 7
1958 31 3 . 3 94 . 4
1959 418. 0 2 9 6 . 5
1960 518. 1 533 . 0
1961 474. 8 67 7 . 7
1962 543. 6 8 3 9 . 2
1963 61 8 . 8 80 9 . 0
1964 648 . 2 78 5 . 0
1965 87 5 . 3 7 7 0  4
1966 1129. 3 9 4 7 . 3
1967 1126. 6 1 1 10 3
1968 1111. 5 1174 8
1969 1285. 4 1217. 5
1 9 70 1061. 6 1 2 5 3 8
1971 1071. 5 936 . 2
1972 1078. 4 1041 3
1973 1540. 6 1389 . 8
1974 1628. 8 1468 2
1975 1156. 8 1160 2
1976 1327. 8 1470. 8
1977 1602. 1 17 60 3

* *



32 HEAVY ELECTRICAL MACHINERY (3 7 )

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR A C T ( * ) PRED<+>

1952 2. 9 0 3 . 0 0
1953 3. 0 4 3 . 2 8
1954 3. 0 2 3 . 2 6
1955 3. 2 0 3 . 07
1956 2. 9 9 3 . 0 9
1957 2. 9 8 3 . 13
1958 3. 4 8 3. 31
1959 3 . 3 2 3 . 38
1960 3 . 2 3 3. 04
1961 3 . 2 0 2. 95
1 9 62 3 . 0 5 2. 75
1 9 63 2. 91 2. 62
1964 2 . 6 8 2. 52
19 65 2 . 46 2 . 33
1966 2 . 4 4 2 . 35
1 9 67 2. 46 2. 36
1968 2. 44 2. 49
1969 2. 37 2 . 54
1 9 70 2. 3 8 2. 61
1971 2 . 2 5 2. 52
1 9 72 2 . 16 2 . 46
1973 2 . 0 4 2. 35
1974 2 . 0 6 2 . 05
1975 2. 15 2. 00
1976 2. 0 9 1. 93
1977 1. 9 2 1. 69

2 9
*

SO 75
*

100 129
*

ISO 175 200
1977 -  1007.

YEAR A C T < *) PREDC+)

INVESTMENT

! 1952 25 4 . 3 2 6 4 . 2
S 1953 28 3 . 1 3 0 2 . 7
1 1954 2 8 5 . 6 3 3 4 . 6
1 1955 2 4 4 . 9 2 9 5 . 4
1 1956 27 9 . 8 2 4 5 . 8
1 1957 3 1 0 . 2 2 1 9 . 0
1 1958 196. 7 188. 0
1 1959 2 0 3 . 6 2 0 7 . 2
1 1960 22 8 . 2 2 4 3 . 5
1 1961 23 4 . 6 181. 2
1 1962 24 5 . 7 2 0 4 . 4
1 1963 22 9 . 1 2 1 0 . 6
1 1964 26 4 . 2 2 6 5 . 0
1 1965 36 5 . 6 3 4 7 . 6
t 1966 43 8 . 6 49 4 . 0
1 1967 513. 1 50 3 . 1
1 1968 44 4 . 6 49 0 . 5
1 1969 512. 0 4 6 8 . 5
i 1970 46 8 . 4 4 4 1 . 3
1 1971 39 0 . 5 3 4 9 . 6
1 1972 37 0 . 0 3 6 3 . 2
1 1973 44 7 . 3 54 9 . 7
1 1974 484. 7 50 3 . 8
1 1975 41 5 . 0 4 7 9 . 4
1 1976 479. 6 4 9 1 . 2
i 1977 582. 3 528 . 4

*  •  *  *
0  2 5  5 0  7 5  10 0  125  15 0  17 5 200

C-30



33 HOUSEHOLD APPLIANCES (3 8 )

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR ACT( * )  PRED(+>

1752
1753 
1954 
1735
1756
1757
1758
1759
1760
1961
1962
1963
1764
1765
1766
1767
1968
1969
1970
1971
19 72
1973
1974
1975
1976
1977

4. 96  
4 9 3  
4. 2 9  
3 9 7
3. 9 5
4. 18 
3. 79  
3. 59  
3. 57  
3. 44  
3. 2 3  
3. 01 
2 . 9 2  
2 . 7 0  
2 . 77  
2. 68 
2. 57  
2 . 58  
2 . 47  
2. 2 4  
2. 10
1. 9 4
2 . 0 6  
2. 01 
1. 8 9  
I .  75

4 8 2  
4. 6 8  
4. 31
3. 9 5
4. 0 9  
4. 3 2  
4. 3 5  
4. 17 
3  9 6  
3 . 7 3  
3. 18 
2 . 6 9  
2. 3 5  
2. 26  
2 . 26  
2 . 34  
2 . 3 2  
2 . 31 
2 . 55  
2 . 6 3  
2 . 46

38  
02 
88 
61 
40

0 25 50 75 100 125 150 175 200
1977 - 100%

INVESTMENT

YEAR A C T (*>  PRED<+>

1992 181. 1 142. 4
1993 222 . 0 199. 9
1994 192. 1 190. 0
1959 20 0 . 3 169. 6
1956 122. 9 157. 2
1997 88. 9 182. 4
1998 88 . 7 123. 7
1999 95. 7 160. 3
1960 113. 8 90 . 0
1961 95. 5 103. 7
1962 97. 4 112. 8
1963 138. 7 136. 6
1964 142. 2 141. 0
1969 24 1 . 2 20 3 . 2
1966 193. 1 21 0 . 8
1967 198. 9 20 5 . 3
1968 20 3 . 8 209 . 8
1969 29 9 . 8 175. 1
1970 22 6 . 8 168. 4
1971 187. 1 178. 2
1972 22 0 . 4 22 2 . 9
1973 24 8 . 6 2 8 6 . 1
1974 239 . 7 2 6 6 . 8
1979 199. 7 21 3 . 1
1976 20 2 . 1 2 3 9 . 8
1977 20 9 . 8 209 . 7

*  *  *  *
0  2 9  50  7 9  100  129  19 0  1 7 9  2 0 0



34  ELECTR IC AL L IG H T IN G  & W IR ING EQUIP (

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR ACT(* >  PRED<+>

1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
19 63
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

3. 46  
3. 49  
3. 29
2. 98
3 . 39  
3. 47  
3. 2 7  
3  13 
3. 21 
3. 0 8  
2. 89  
2 . 77  
2. 6 0  
2. 61 
2 . 69  
2. 75  
2. 6 5  
2. 58  
2. 58  
2. 53  
2 . 31 
2. 2 8  
2 . 35  
2. 61 
2. 36  
2. 25

3 . 4 3  
3 . 50  
3. 3 9  
3 . 16 
3  35  
3. 3 6  
3 31 
3  04  
3. 15 
3. 0 7  
2. 85  
2. 77  
2. 6 5  
2. 61 
2. 6 3  
2. 64  
2. 59 
2. 65  
2. 74  
2. 55  
2. 36  
2. 27  
2. 39  
2. 57  
2. 31 
2. 2 6

25 50
*  *

75  100  125  150  175 200
1977 -  100%

INVESTMENT

YEAR A C T ( * ) PRED<+>

1952 186. 4 2 1 3 . 1
1953 172. 6 191. 7
1954 20 8 . 0 187. 2
1955 20 3 . 0 187  9
1 956 23 7 . 3 2 0 4 . 9
1957 138. 2 182  9
1 958 132. 1 124. 4
1959 145. 8 192. 0
1960 167. 0 2 1 4 . 8
1961 162. 2 197. 9
1962 196. 6 191. 0
1963 194. 8 2 4 6 . 6
1964 22 8 . 7 2 6 6 . 3
1965 30 0 . 1 2 9 7 . 9
1966 353 . 4 3 4 9 . 6
1967 38 9 . 5 34 7 . 2
1968 416 . 6 3 1 1 . 0
1969 40 1 . 9 3 2 9 . 5
1970 3 8 6 . 8 3 3 6 . 1
1971 332 . 1 2 9 0 . 8
1972 3 8 3 . 0 3 4 7 . 2
1973 543. 4 99 7 . 8
1974 6 6 8 . 5 6 3 1 . 3
1975 41 6 . 5 921 . 7
1976 440 . 9 4 7 7 . 8
1977 974. 0 6 2 9 . 3

2 5 50 73
*

100 125
*

150 1 7 5  2 0 0

C-32



35 RADIO. T. V. RECEIVING. PHONOGRAPH <40)

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR ACT<*> P R E D (+ )

1952 11. 6 2 12. 0 9
1953 10 50 11. 81
1954 10. 26 10. 53
1955 10. 96 10. 6 5
1956 11 39 9. 78
1957 11. 14 8. 56
1958 7. 6 2 7. 9 3
1959 7. 0 9 7. 4 7
1960 6. 9 0 7. 64
1961 6  26 7. 3 2
1962 5. 71 6  0 6
1963 5. 35 5. 3 6
1964 4. 9 9 4. 76
1965 4. 53 4. 27
1966 4. 09 3 . 91
1967 4. 17 3. 8 2
1 9 68 3. 8 2 4 . 0 9
1 9 69 3. 70 3 . 91
1 9 70 3  77 3. 72
1971 3. 3 7 3 . 7 0
1972 3. 27 3 . 4 3
1 9 73 2. 97 3 . 12
1974 2 . 9 5 2. 70
1975 2. 75 2 . 60
1976 2 . 50 2. 3 8
1977 2. 01 2 . 10

c!5 90 79 100 129 190 175 200
1977 ■ 100%

INVESTMENT

YEAR A C T U ) PRED<+>

1952 20 . 8 23 . 0
1993 24. 8 43 . 1
1954 20. 1 41 . 0
1959 19. 0 19. 0
1956 24 . 7 9. 3
1957 22. 1 8. 9
1958 22. 7 20 . 9
1959 32. 3 41 . 1
1960 33. 2 36 . 9
1961 34. 9 33 . 9
1962 40. 7 49 . 9
1963 53. 8 39 . 8
1964 58. 9 92. 9
1965 91. 5 76 . 1
1966 159. 4 118. 8
1967 126. |7 131. 8
1968 67. 8 101. 9
1969 99. 3 99 . 9
1970 100. 8 107. 3
1971 73. 9 70 . 3
1972 90 . 6 74 . 4
1973 129. 9 138. 8
1974 160. 9 161. 9
1979 86 . 0 70 . 8
1976 113. 4 120. 3
1977 137. 8 163. 3

0 , 29  90 79 100 129 190 179 200



36 MOTOR VEHICLE8 (41 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT<*> PRED(+)

1992 1.90 1.80
V

1
1993 1. 77 1.67 1
1994 1.63 1. 97 1
1999 1. 90 1. 44 1
1996 1. 97 1. 94 1
1997 1. 47 1. 49 1
1998 1. 94 1. 46 1
1999 1.39 1.30 1
1960 1.27 1.27 1
1961 1.26 1. 19 1
1962 1. 19 1.06 1
1963 1. 19 1.01 1
1964 1. 17 0.96 1
1969 1.09 0. 94 1
1966 1. 10 0. 91 1
1967 1. 14 0.89 1
1968 1.06 0. 84 1
1969 1.07 0.86 1
1970 1. 12 0. 99 1
1971 0.99 0. 78 1
1972 0.93 0. 70 1
1973 0.89 0.66 1
1974 0.96 0.69 1
1979 0. 92 0.63 1
1976 0.83 0. 94 1
1977 0. 79 0. 90 1
---- — ————— ————— •

23 90 73
1977 -  100X

INVESTMENT

YEAR ACT<»> PRED(+)

1992 1791. 3 949.2
1993 2293. 9 1198. 1
1994 2936. 7 1219. 4
1999 2263.2 1799. 4
1996 3239. 1 2999. 2
1997 2638. 4 2767. 9
1998 1936.8 1779. 4
1999 1940. 2 1422.3
1960 2312. 9 704. 9
1961 1994. 7 1484.6
1962 2298.3 2447. 8
1963 2833. 4 3069. 6
1964 3917. 3 2909. 9
1969 3848.9 3224. 4
1966 3680. 1 3742. 4
1967 3216. 1 2807.3
1968 3210. 6 3119.2
1969 2719. 9 3269. 1
1970 2917. 9 2339. 4
1971 2320.8 3063.6
1972 2864. 9 3604. 7
1973 2331.3 3890. 7
1974 2634.9 4307.6
1979 1829. 7 3766. 9
1976 2016.2 3109. 1
1977 3171. 9 3847. 1

♦ /

♦ *

*  ♦

O 29 90 79 100 129 190 179 200

t7
£-

0



37 AEROSPACE ( 4 2 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR AC T ( * ) P R E D (+ )

1952 3  73 3. 53
1953 3. 0 2 2. 9 3
1954 2. 52 2. 54
1955 2  77 2. 70
1956 2 . 91 2 . 59
1957 2 . 42 2. 6 3
1958 2. 3 4 2. 4 2
1959 2 . 0 2 2 . 16
1960 1. 9 3 2 . 3 2
1961 1. 8 0 2. 0 4
1962 1. 8 9 2 . 0 8
1 963 1. 8 0 I .  91
1964 1. 72 1. 8 6
1 965 1. 73 1. 75
1966 I .  7 8 1. 71
1 967 1. 81 1. 6 4
1 968 1. 70 1. 52
1 969 1. 74 1. 4 8
1 970 1. 7 4 I .  47
1971 1. 36 1. 52
1 9 72 1. 37 1. 57
1 9 73 1. 47 1. 57
1974 1. 58 1. 6 0
1 975 1. 6 9 1. 53
1976 1. 6 2 1. 6 2
1977 1. 57 1. 6 6

1977 100%
0  23  50  7 5  10 0  125  1 3 0  173  2 0 0

INVESTMENT

YEAR ACT<*> P R E D (+)

1952
1953
1954 
1953
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1 9 73
1974
1975
1976
1977

31 1 . 2  
32 1 . 1 
31 7 . 9  
3 9 4 . 1
574. 0  
62 8 . 9  
40 1 . 2  
39 2 . 3  
37 7 . 7 
44 8 . 0
575. 9  
53 7 . 6  
398. 6  
597. 4

1147. 0  
1448 . 6  
1219 . 6  
1224. 7  

725 . O 
48 7 . 3  
39 8 . 7  
510 . 4 
550. 1 
586. 3  
68 6 . 9  
90 2 . 2

70 7 . O 
77 1 . 7 
63 4 . 3  
49 1 . 5 
4 2 9 . 7 
50 8 . 1 
4 0 3 . 2  
3 9 5 . 7 
3 6 7 . 8  
45 8 . 8  
3 4 4 . 5 
43 1 . 4 
3 6 2 . 6  
4 2 4 . 9  
564 . 4 
8 2 3 . 7 

1061 . 8  
1065 . 
10 85 . 

8 4 7 . 
6 1 9 . 
6 9 5 . 
721 . 
7 3 0 . 5  
6 7 8 . 6  
7 5 8 . O

2 3 50 73
*

100 125 1 5 0  1 7 5  2 0 0



38 SHIPS & BOATS ( 4 3 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT( * )  PRED<+>

1932
1933
1 954
1955
1956
1957
1 9 58
1959
1960
1961
1 9 62
1 9 63
1964
1965
1966
1967
1 9 6 8
1969
1 9 7 0
1971
1 9 7 2
1 9 73
19 74
1 9 7 5
1 9 76
1 977

61 
81 
8 2  
82  
6 7  
41 
9 3  
01 

4. 3 7  
4. 2 7  
4. 0 0  
3 . 93  
3. 36  
3. 29  
3. 41
2. 99
3. 2 9  
3 . 46  
3 . 2 9  
3 . 14 
2 . 9 7  
2 . 72  
2. 86 
2. 46  
2 . 72  
2. 6 5

4. 59  
4. 6 3  
4. 81 
4. 75  
4. 55  
4. 44  
4. 3 2  
4. 3 9  
4. 4 3  
4. 0 8  
3. 9 0  
3. 77  
3. 49  
3. 40  
3. 2 9  
3. 21 
3. 24  
3. 2 6  
3. 20 
3. 0 0  
2. 9 7  
2. 91 
2. 77  
2. 6 5  
2 . 6 3  
2 . 6 0

1 977  «  100%
2 3

*
3 0 7 5  10 0  123

*
150 175 200

INVESTMENT

YEAR ACT<*> PRED<+>

1 1952 25. 7 29 . 3
J 1953 36 . 2 48. 5
I 1954 35 . 6 47 . 3
! 1955 36 . 3 43 . 5
S 1956 40. 9 27 . 2
1 1957 68 . 9 27 . 2
1 1958 61 . 0 36. 1
! 1959 33. 6 60 . 0
i 1960 38. 8 37. 3
1 1961 58. 3 60 . 8
I 1962 46. 2 49 . 1
1 1963 48. 8 32. 4
1 1964 60 . 7 82 . 2
I 1963 71. 7 99 . 5
i 1966 87 . 3 115. 4
1 1967 91 . 4 134. 1
t 1968 88 . 8 119. 4
1 1969 107. 3 97 . 1
1 1970 146. 2 92 . 2
1 1971 86 . 7 90 . 6
1 1972 178. 8 101. 2
1 1973 152. 4 173. 7
1 1974 22 7 . 9 2 2 6 . 0
I 1975 28 5 . 7 23 6 . 8
i 1976 33 2 . 6 2 3 8 . 4
1 1977 149. 5 2 3 0 . 0

« •  *  *
0  2 3  SO 7 3  100  123 15 0  1 7 3

*

200

C-36



39 OTHER TRANSPORTATION EQUIP. ( 4 4 )

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR AC T ( * ) P R E D (+ )

1952 3 . 98 4. 4 2
1953 3. 96 4. 6 6
1954 4. 3 7 4. 31
1955 3 . 74 4. 45
1956 3. 52 4. 52
1957 3. 25 4. 7 0
1958 4. 26 4. 6 3
1959 5. 39 4. 81
1960 5. 37 4. 7 3
1961 6. 94 4. 2 7
1962 6. 21 4. 31
1 9 63 5. 48 4. 0 5
1964 4. 62 4. 0 6
1965 4. 14 3. 8 6
1966 3. 8 8 3. 9 0
1967 4. 0 0 3. 7 8
1968 4. 18 3. 9 4
1969 3 . 8 0 4. 15
1970 3. 46 4. 15
1971 3 . 36 3. 9 0
1972 2. 79 3. 81
1973 2 . 71 3. 44
1974 2. 52 3. 10
1975 2. 65 2. 7 9
1976 2. 83 2. 7 2
1977 2 . 66 2. 6 4

« *  « *
0  2 5  5 0  7 5  100  125  150  175  2 0 0

1977  -  100X

INVESTMENT

YEAR A C T (« ) PRED(+> A M.
1 1952 59. 3 21 . 3 1 ♦ Jk

•H

i 1953 39 . 7 59. 0 1
1 1954 64 . 6 44 . 5 1
1 1955 59. 8 63 . 5 1 -  -  T +
1 1956 62 . 5 2 5  7 1
J 1957 44 . 9 49 . 2 1
i 1958 38 . 0 3 6 . 8 1 * * '
1 1959 30 . 7 42 . 3 1 t
1 1960 33 . 3 57. 0 1 r
! 1961 27 . 9 36 . 3 1 V
1 1962 40 . 5 42 . 7 1
1 1963 47 . 4 63 . 0 1
1 1964 6 4 . 4 101. 5 1 > •  ~ ~+
1 1965 80 . 3 9 3 . 7
I 1966 93 . 6 130. 6 1
I 1967 84 . 1 110. 8 1
1 1968 75 . 9 99 . 7 1
1 1969 100. 0 63 . 3 1
J 1970 113. 8 68 . 3 1 ♦ \
1 1971 105. 8 8 1 . 5 1
1 1972 123. 9 125. 3 1 \ } +
1 1973 104. 0 108. 5 1 4 ^ '
i 1974 117. 7 1 1 4 .6 1
1 1975 109. 5 119. 3 1
1 1976 105. 6 105. 5 1 ^ J /
1 1977 122. 9 86 . 2 1

ji
0 2 5  5 0  7 5  100  125

■n
15 0  1 7 5  2 0 0

C-37



40 INSTRUMENTS ( 4 5 )

EMPLOYMENT PER U N IT  OF OUTPUT 

YEAR A C T (*>  PRED(+>

1952 5. 99 6. 18
1953 6 . 2 3 6. 3 6
1954 5. 97 6. 15
1955 5. 81 5. 9 0
1956 5. 85 5. 74
1957 5. 8 0 5. 55
1958 5. 43 5. 51
1959 5. 2 3 5. 2 8
1960 5. 0 5 5. 2 3
1961 5. 31 4. 9 6
1962 5. 0 6 4. 6 8
1963 4. 6 8 4. 4 7
1964 4. 3 2 . 4. 0 7
1965 4. 0 0 3. 9 4
1966 3. 9 9 3 . 8 5
1967 3. 8 3 3 . 7 9
1 9 6 8 3  7 6 3 . 7 8
1 969 3. 57 3. 77
1970 3. 53 3. 7 8
1971 3. 18 3 . 48
1972 2 . 9 3 3 . 2 7
1973 2. 71 2. 9 8
1974 2 . 6 5 2 . 61
1975 2 . 6 3 2. 53
1976 2 . 51 2 . 3 3
1977 2 . 47 2  2 5

*  *
0  2 5  50

*  •

75  100  125  150 175 2 0 0
1 9 77  «  100%

INVESTMENT

YEAR A C T ( * ) PRED<+)

1952 119. 2 178. 5
1953 149. 3 235 . 0
1954 173. 7 21 3 . 5
1955 170. 9 182. 6
1956 195. 2 174. 0
1957 2 0 2 . 9 133. 9
1958 175. 6 132. 3
1959 2 2 4 . 8 164. 6
1960 2 4 0 . 1 22 2 . 3
1961 2 2 7 . 3 217.. 6
1962 2 6 4 . 9 23 5 . 9
1963 3 1 8 . 0 2 9 0 . 5
1964 2 7 7 . 9 31 5 . 9
1965 3 7 2 . 5 37 3 . 5
1966 42 9 . 7 48 4 . 8
1967 544 . 5 545 . 4
1968 531. 1 55 7 . 0
1969 56 6 . 6 548 . 0
1970 548 . 5 539 . 2
1971 49B. 0 47 7 . 4
1972 6 1 1 . 0 5 6 2 . 2
1973 72 8 . 6 7 5 5 . 2
1974 8 5 4 . 6 8 2 4 . 3
1975 77 3 . 7 77 5 . 0
1976 787 . 5 83 3 . 1
1977 8 5 3 . 2 86 8 . 0

2 5  5 0  7 5  100  125 150  175

i

200



41 MISC. MFG < 46 >

EMPLOYMENT PER UNIT OF OUTPUT

YEAR AC T ( * ) PRED(+>

1952 6. 12 6. 11
1953 5. 8 5 S. 71
1954 5. 45 5. 43
1955 5. 2 9 5. 2 6
1956 5. 14 5. 2 0
1 957 5. 13 4. 9 6
1 958 4. 3 8 4. 54
1959 4. 3 8 4. 45
19 60 4. 15 4. 31
1961 3. 9 4 4. 19
1 9 62 3. 8 7 3 . 8 9
1 963 3. 51 3. 63
1964 3. 4 9 3 . 48
1963 3. 4 0 3. 2 6
1966 3 31 3 . 18
1967 3. 16 3. 0 5
19 68 3. 0 3 2 . 9 4
1969 2. 9 0 2 . 8 2
1970 2 . 9 2 2 . 91
1971 2. 8 2 2 . 8 2
1 9 72 2. 53 2 . 6 0
1973 2. 6 4 2 . 6 9
1974 2. 77 2  7 3
1975 2. 71 2 . 81
1976 2. 52 2 . 37
1977 2. 3 3 2 . 3 6

* *
O 2 5  5 0

* #

75 100 I2 S  150 175 200
1977 -  100%

INVESTMENT

YEAR ACT<*> PRED<+>

i 1952 152. 0 123. 4
! 1953 21 7 . 8 162. 0

1954 20 5 . 0 170. 2
1955 194. 0 165. 3
1956 2 0 5 . 0 172. 6
1957 181. 7 183. 6
1958 20 8 . 9 2 0 1 . 7
1959 20 0 . 9 2 1 6 . S
1 960 194. 2 23 5 . 9
1961 20 5 . 3 2 4 6 . 9
1 9 62 24 2 . 0 25 8 . 8
1963 22 6 . 0 2 7 0 . 0
1964 24 5 . 1 2 7 2 . 9
1965 26 9 . 3 3 1 0 . S
1 966 2 7 7 . 0 3 2 5 . 4
1967 29 6 . 8 32 6 . 0
1968 300 . 5 3 1 8 . 9
1 969 3 3 2 . 3 33 4 . 1
1970 349 . 6 30 9 . 0
1971 34 2 . 4 29 5 . 0
1972 396 . 0 40 9 . S
1973 402 . 0 33 8 . 2
1974 38 1 . 8 36 2 . 3
1975 29 1 . S 339 . 3
1976 326. 1 463 . 7
1977 44 0 . 9 45 0 . 2
—— — — *  «

2 5  5 0  7 5  100  125

*

«
ISO 173 20 0



42 RAILROADS ( 4 7 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT (•* ) P R E D (+ )

1952 5. 78 9 8 0
1953 5. 75 5. 87
1954 5. 74 9. 72
1955 5. 3 9 5. 3 7
1956 5. 26 5. 2 6
1957 5. 26 5 0 9
1958 5. 0 9 5. 0 2
1959 4. 71 4. 7 2
I9 6 0 4. 59 4. 97
1961 4. 3 0 4. 3 9
1 9 62 4. 13 4. 12
1 9 63 3. 8 7 3. 8 9
1964 3. 6 2 3 . 99
1965 3 . 3 2 3. 3 4
1966 3 . 17 3. 2 2
1967 3. 0 7 3. 12
1968 2. 9 9 2. 9 2
’ 9 6 9 2. 76 2 . 8 0
1770 2 . 78 2 . 76
1971 2. 71 2. 6 9
1972 2 . 91 2 . 91
1973 2. 40 2 . 41
1974 2. 3 2 2 . 49
1975 2. 4 6 2 . 91
1976 2. 40 2. 31
1977 2. 3 9 2. 31

* *  *
O 2 3  5 0  7 5  100  129

1977 -  100X

INVESTMENT

YEAR ACT<*> PR EO (+)

1992 28 2 5 . 0 2 4 0 1 . 1
1993 2 8 0 3 . 9 2 1 9 5 . 9
1994 1516. 6 1999 . 2
1999 1976. 2 2 1 9 2 . 0
1996 2 2 6 9 . 2 2 6 7 6 . 1
1997 27 1 1 . 1 2 9 2 9 . 6
1998 1279 . 5 1806 . 1
1999 1860. 9 1979 . 6
1960 20 0 4 . 8 2 1 0 2 . 3
1961 1376. 9 1944 . 4
1962 1846. 7 1872. 9
1963 22 4 4 . 2 24 9 6 . 2
1964 31 0 6 . 4 3 0 3 9 . 3
1969 40 0 1 . 6 3 5 6 7 . 3
1966 49 2 0 . 4 4 2 1 9 . 9
1967 38 49 . 0 4 0 6 4 . 4
1968 27 0 8 . 9 3 4 4 7 . 2
1969 34 9 1 . 0 3 1 3 5 . 5
1970 34 0 6 . 9 3 1 8 3 . 7
1971 29 3 7 . 6 2 6 9 0 . 1
1972 28 3 1 . 2 2 7 4 6 . 8
1973 32 7 2 . 6 3 8 0 7 . 0
1974 39 9 3 . 2 4 2 8 1 . 2
1979 33 9 3 . 4 3 4 7 2 . 4
1976 3 2 6 7 . 7 2 8 9 7 . 9
1977 36 3 1 . 3 3 2 1 8 . 1

« *  «
2 9  50  7 9  100  129  190  1 7 9  2 0 0



43 AIR  TRANSPORT ( 5 0 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR AC T < •*) PRED<+>

1952 4. 53 4. 3 8
1 953 4. 2 5 4. 18
1954 3 . 8 2 3. 76
1955 3. 49 3. 6 3
1956 3. 50 3 . 67
1 957 3. 44 3. 52
1958 3. 47 3. 58
1959 3. 15 3. 2 2
1 960 3. 31 3. 34
1961 3. 3 6 3. 3 3
1962 3. 12 2 . 92
1 963 2. 77 2. 67
1964 2 . 54 2. 48
1 965 2 . 2 6 2 . 33
1 966 2. 2 0 2. 21
1967 2 . 15 2. 0 6
1 968 2. 10 2. 11
1 969 2. 0 2 2. 0 6
19 70 2 . 04 2 . 0 0
1971 1. 94 1. 9 7
19 72 1. 8 0 1. 8 8
19 73 1. 74 1. 8 0
1 9 74 1. 74 1. 8 0
1 973 1. 85 1. 73
1 976 1. 75 1. 6 3
1 977 1. 64 1. 73

*
0  2 5

* « «

•  *  *
0 7 5  10 0  12 5  ISO  17S 2 0 0

1977 = 100X

INVESTMENT

YEAR ACT<*> PRED<+>

19S2 408. 4 76 4 . 0
1953 424. 6 751 . 6
1954 411. 3 7 3 9 . 7
1955 497. 2 75 6 . 3
1956 386. 7 8 6 4 . 9
1957 701. 3 9 1 0 . 1
1958 614. 4 73 6 . 3
1959 1386 5 6 6 8  3
1960 1134. 3 8 4 6 . 6
1961 1269. 7 62 1 . 3
1962 8 9 9 . 3 753 . 4
1963 684 . 6 1047 . 9
1964 1773. 3 1496 . 0
1965 22 33 . 2 2 1 6 2 . 6
1966 3 2 6 9 . 3 2 7 0 3 . 3
1967 43 32 . 9 3 4 7 4 . 7
1968 48 64 . 9 4 3 4 3 . 7
1969 43 78 . 9 4 4 8 6 . 0
1970 46 73 . 8 3 7 8 2 . 1
1971 2S87. 6 2 7 1 7 . 4
1972 3 0 74 . 9 2 7 3 8 . 6
1973 3 4 3 5 . 6 3 3 0 8 . 8
1974 2 8 06 . 4 3 6 9 3 . 3
1973 2 2 0 1 . 0 2 7 5 3 . 7
1976 1684. 5 23 3 2 . 1
1977 2 4 37 . 3 2 9 5 5 . 1

*  * *  *
O 2 3  SO 7 3  100  123 IS O  17 3  2 0 0



44 TRUCKING AND OTHER TRANSPORT ( 4 8 . 4 9 .

EMPLOYMENT PER U N IT  OF OUTPUT 

YEAR AC T(«> PRED(+>
----- ---------  ---------  * « * *

1952 4. 0 7 4. 0 9
19 53 4 11 4. 13
1954 4 2 8 4. 2 0
1955 3. 96 3. 9 5
1956 3. 9 0 3. 9 3
1957 3. 81 3. 8 5
1958 3. 8 5 4. 01
1959 3. 9 3 3. 9 3
1960 3  79 3. 8 7
1961 3. 74 3. 75
1962 3. 6 4 3. 6 8
19 63 3. 6 9 3. 59
1964 3. 67 3. 53
1965 3. 58 3  47
1966 3 . 51 3. 4 3
1967 3. 58 3. 3 8
1968 3. 42 3. 3 4
1969 3. 3 0 3. 3 2
1 9 70 3. 2 8 3. 2 9
1971 3. 16 3. 2 6
1 9 7 2 3 . 0 2 3. 16
1 9 73 2 . 8 8 2. 9 9
1 9 74 2. 6 9 2. 7 9
1 9 75 2. 8 0 2. 77
1976 2. 74 2. 7 3
1 977 2. 6 6 2. 6 2

---------  * # * «
0  2 9  50  75  100  125  150 175 200

1977  -  100%

INVESTMENT

YEAR ACT<*> PR£D(+>

1952 1841. 1 1669 . 5
1 9 53 1998. 9 2 3 9 8 . 7
1 9 54 1822. 5 2 1 3 4 . 3
1955 2 1 1 0 . 7 1830 . 1
1956 1781. 6 1900 . 7
19 37 1723. 4 2 4 9 2 . 5
19 58 1335. 4 2 7 9 9  4
1959 1799 . 5 2 0 4 3 . 7
19 60 1729. 9 1751 . 3
1961 1658 . 4 1898. 3
19 62 2 2 2 5 . 9 2 3 6 4 . 3
19 63 2 0 9 4 . 9 2 0 3 9 . 1
1964 2 0 8 8 . 0 2 2 2 4 . 5
1 9 65 2 5 9 8 . 4 2 7 4 5 . 0
19 66 2 7 4 4 . 8 2 8 3 9 . 2
1967 2 6 1 3 . 1 2 9 8 5 . 4
19 68 3 8 7 5 . 7 3 6 7 3 . 8
1969 49 45 . 5 3 6 0 8 . 6
1 9 7 0 4 0 8 8 . 2 3 3 9 7 . 0
1971 4 9 7 5 . 2 4 5 9 8 . 1
1972 57 47 . 5 4 9 0 9 . 4
19 73 6 3 5 3 . 5 95 05 . 9
1974 6 8 1 4 . 0 6 4 3 0 . 9
1975 77 64 . 9 7 3 7 2 . 3
1 9 76 8 0 2 8 . 7 7 4 4 9 . 4
1977 51 87 . 3 6 8 8 6 . 2

25 50 7 5  100  125  150  1 7 5  2 0 0

ro



45 COMMUNICATIONS SERVICES <53)

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR ACT < * ) P R E D (+)

1952 7. 0 9 7. 10
1953 6. 6 4 6. 6 8
1954 6. 44 6. 3 9
1955 6. 16 5. 9 0
1956 6. 0 9 5. 8 3
1957 5. 61 3. 50
1958 5 11 5. 2 6
1959 4. 6 6 4. 9 6
1960 4. 56 4. 77
1961 4 15 4. 40
1 962 4. 0 0 4. 12
1 963 3  8 0 3. 9 2
1964 3. 6 3 3. 71
1965 3. 51 3. 54
1 966 3. 3 9 3. 35
1 967 3. 2 2 3. 19
19 68 3. 16 3. 0 2
1 9 6 9 3. 0 2 2. 94
1970 3. 0 4 2. 8 6
1971 2. 8 5 2. 64
1 9 72 2. 6 6 2 . 57
1 9 73 2. 59 2 . 49
1974 2. 44 2 . 3 6
1975 2. 2 3 2 . 2 5
1976 2. 0 6 2 . 19
1977 1. 9 6 2 . 0 8

2 5
«

SO 75  10 0  1 2 3  1 5 0  175  2 0 0
1977 »  100X

INVESTMENT

YEAR A C T < *) PRED<+>

1952 1259. 7 20 3 1 . 5
1 9 53 1461. 9 2 3 0 2 . 7
1954 1410. 9 2 0 7 4 . 9
1955 1769. 0 2 1 6 5 . 8
1 956 2 0 4 5 . 6 2 1 8 2 . 5
1957 2 4 46 . 1 2 3 3 7 . 1
1958 2 0 8 8 . 3 2 3 6 3 . 8
1 959 20 77 . 1 2 3 7 3 . 9
1960 2 4 6 5 . 9 2 4 1 7 . 1
1961 2 8 08 . 2 2 6 7 4 . 4
1 962 33 71 . 3 2 7 7 6 . 3
1 963 3 4 3 6 . 3 2 9 5 5 . 7
1964 36 62 . 6 3 3 5 1 . 6
1 965 43 66 . 7 3 7 9 9 . S
1966 49 72 . 7 4 5 5 6 . S
1967 5104 . 1 4 9 4 3 . 3
1968 5867 . 1 30 21 . 2
1969 6 7 7 7 . 6 39 96 . 2
t9 7 0 7 3 0 8 . 7 6 7 5 0 .1
1971 73 36 . 2 6 3 7 0 . 7
19 72 75 83 . 3 6 2 8 3 . 0
1973 8 2 3 2 . 2 7 6 2 5 . 0
1974 8 4 4 8 . 6 8 2 9 8 . 1
1975 6 6 4 1 . 8 8 2 9 3 . 4
1976 6 8 0 8 . 2 8 3 7 7 . 9
1977 8 8 2 6 . 4 9 6 4 7 . 0

2 3  3 0  7 5  10 0  123  130  1 7 3  2 0 0

Iu>

I



46  ELECTRIC U T IL IT IE S  0 4 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT (■*) PREDC+)

1952 2  98 2. 9 7
1953 2  8 0 2 . 8 0
1954 2. 6 7 2. 6 5
1955 2. 51 2. 48
1956 2. 37 2. 3 6
1957 2. 2 2 2. 2 8
1958 2. 16 2  18
1959 1. 99 2. 01
1960 1. 8 9 1. 9 2
1961 1. 79 1. 8 0
1962 1. 6 6 I .  67
1963 1. 58 1. 58
1964 1. 49 1. 49
1965 1. 47 1. 43
1966 1. 3 8 1. 3 5
1967 1. 3 3 1. 2 9
19 68 1. 2 3 1. 21
1969 1. 18 1 17
1970 1. 13 1. 15
1971 1. 0 8 1. 10
19 72 1. 04 1. 0 5
1 9 7 3 1. 0 0 1. 01
1974 1. 0 5 1. 0 4
1975 0. 9 7 0. 9 7
1976 0. 95 0. 9 5
1977 0. 93 0. 9 2

2 5
«

50 75  100  125  150  175 2 0 0
1977  *  1007.

INVESTMENT

YEAR ACT<*> PRED<+>

1952 2 0 38 . 7 1844 . 0
1953 2 4 4 7 . 4 18 01 . 6
1954 2 2 4 7 . 8 1846 . 5
1955 2 4 16 . 7 1786 . 3
1956 2 1 8 0 . 0 1918 . 6
1957 2 7 2 5 . 4 2 2 5 2 . 5
1958 2 4 6 1 . 2 2 3 4 8 . 6
1959 24 7 1 . 0 1752 . 4
1960 2 4 2 7 . 9 2 3 3 9 . 7
1961 2 5 9 8 . 8 2 6 3 0 . 3
1 9 62 25 4 8 . 7 2 5 2 0 . 3
1963 24 9 0 . 9 2 9 3 2 . 4
1964 25 2 4 . 9 3 1 1 2 . 3
1965 2 6 2 6 . 0 3 2 7 7 . 1
1966 28 8 3 . 6 3 4 4 3 . 2
1967 38 0 2 . 3 3 9 0 1 . 7
1968 39 8 0 . 4 4 0 5 6 . 3
1969 46 2 5 . 9 4 8 0 7 . 2
1970 46 4 4 . 8 3 0 88 . 9
1971 51 54 . 9 4 9 7 6 . 1
1972 4 8 4 6 . 1 32 23 . 7
1973 53 06 . 9 3 1 0 2 . 0
1974 5 4 12 . 3 34 6 8 . 7
1975 29 0 0 . 6 3 3 9 3 . 2
1976 4 0 53 . 0 41 8 1 . 9
1977 45 6 6 . 9 41 7 7 . 7

«
0

*  *

*  *
2 5  50 7 5  100  125

*
1 5 0  17 3  2 0 0

i



47 GAS.WATER fit SANITATION < 5 3 , 5 6 )

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR AC T < * ) PRED<*>

19S2 0. 69 0 . 6 8
1953 0. 6 6 0 . 6 7
1954 0 . 67 0 . 6 6
1955 0. 6 3 0. 6 3
1956 0. 62 0 . 61
1 957 0. 55 0. 57
1958 0  59 0. 59
1 9 59 0. 56 0. 55
i9 6 0 0 . 53 0  53
1961 0 . 52 0 . 51
1 9 62 0. 49 0. 4 9
1963 0 . 46 0. 47
1964 0. 44 0. 44
1965 0. 43 0. 4 3
1 966 C. 40 0  41
1967 0. 4 0 0. 40
19 68 0. 3 8 0. 3 7
19 69 0. 3 7 0. 3 6
1970 0. 3 7 0 . 3 6
1971 0 . 3 6 0  3 7
1972 0. 36 0. 3 7
19 73 0. 3 8 0. 3 8
1974 0. 40 0. 3 9
19 75 0. 41 0. 41
19 76 0. 41 0. 41
1977 0. 41 0 . 41

2 5
*

90 73  100  12 3  150  175 200
1977  -  100%

INVESTMENT

YEAR ACT<*> PRED(+>

1952 72 9 . 9 337 . 3
1933 8 5 4 . 2 523 . 3
1954 527  8 306 . 0
1955 579. 1 505. 6
1956 753. 9 6 6 9 . 0
1957 1147. 4 93 6 . 9
1958 90 7 . 4 8 4 1 . 3
1959 6 7 6 . 4 72 0 . 2
1960 1032. 7 1012 . 9
1961 61 7 . 8 1011 . 6
1962 706. 4 1061 . 6
1963 723. 3 1055 . 2
1964 8 1 5 . 4 1096 . 2
1965 73 6 . 7 10 93 . 2
1966 6 9 5 . 7 8 9 7 . 2
1967 742. 9 8 9 1 . 3
1968 787. 3 9 1 1 . 1
1969 1126. 3 8 9 7 . 2
1970 1000. 3 8 3 6 . 6
1971 1133. 9 8 5 6 . 9
1972 71 7 . 1 8 1 8 . 4
1973 9 5 5 . 3 7 9 9 . 7
1974 9 9 0 . 3 8 7 2 . 4
1975 1123. 8 1108 . 3
1976 1101. 2 1130 . 4
1977 1713. 9 1345 . 4

+ •
+'



46 WHOLESALE fc RETAIL TRADE 0 7 ,  58)

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR AC T ( * ) P R E D (+ >

1952 1 1 2 0 11. 2 6
1953 1 0. 9 9 10. 99
1954 1C. 8 0 10. 63
1955 10. 14 10. 20
1956 9. 8 8 10. 02
1957 9. 8 2 9 . 83
19 58 9 74 9 . 71
1959 9 2 3 9 . 21
I9 6 0 9 0 5 9. 04
1961 8. 8 5 8. 79
19 62 8. 4 2 8 . 46
19 63 8  18 8 . 08
1 9 64 7. 7 3 7. 75
1965 7. 5 0 7. 55
1 9 66 7. 3 5 7. 3 2
1967 7. 0 9 7. 17
1 9 68 6. 6 7 6 . 88
1 9 69 6  7 6 6 . 72
19 7 0 6. 7 4 6 . 59
1971 6. 56 6 . 43
1 9 72 6. 2 4 6 . 2 3
1 9 7 3 5 9 8 6 . 10
1974 6. 12 6 . 21
19 7 5 6 11 6 . 14
19 76 5 9 7 5. 90
1 9 77 5. 81 5. 79

2 5
*

50
1977

7 5
100%

«
100 125

#
150 175 200

INVESTMENT

YEAR! A C T (*> P R E D (+ )

1952 3 4 6 8 . 5 3 4 5 6 . 1
1953 42 00 . 0 3 3 8 7 . 3
1954 41 36 . 4 3 3 8 5 . 4
1955 5143 . 6 41B 6. 0
1956 51 73 . 4 5 3 2 1 . 6
1957 43 84 . 4 4 8 6 6 . 6
1958 4 0 23 . 8 3 8 1 1 . 1
1959 4 9 5 9 . 7 4 5 7 5 . 4
1960 50 25 . 8 52 92 . 0
1961 4 8 9 9 . 3 4 9 3 5 . 9
1962 53 42 . 2 5 3 2 1 . 0
1963 56 83 . 1 6 4 9 2 . 2
1964 6 3 3 9 . 2 6 9 7 8 . 0
1965 7 5 7 0 . 3 7 8 7 2 . 4
1966 8 1 8 5 . 3 8 8 5 3 . 1
1967 7 7 3 6 . 1 8 6 7 6 . 2
1968 8 3 3 4 . 7 8 8 7 5 . 6
1969 8 9 0 7 . 5 9 1 4 5 . 9
1970 9 5 6 5 . 1 8 7 5 6 . 4
1971 9 6 5 8 . 1 9 4 7 0 . 7
1972 11 43 1 . 9 1 1 70 9 . 1
1973 1 4 34 4 . 1 13 86 6 . 6
1974 14203 . 3 13 30 7 . 9
1975 11 02 4 . 0 11 57 9 . 5
1976 1 2 28 4 . 3 12 29 8 . 3
1977 15083 . 5 14 69 2 . 8 <

*  *  *  *
O 2 9  5 0  7 5  10 0  125  15 0  17 5 200



49 FINANCE & INSURANCE ( 6 0 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT( * )  PRED<+>

1952
1 953
1954
1955
1956
1957
1958
1 959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
19 72
19 73
1974
1975
1976
1 977

3. 6 4  
3  71 
3. 70  
3. 76  
3. 56  
3. 6 0  
3. 6 5  
3. 6 4  
3 . 6 2  
3. 6 0  
3 . 57  
3 . 57  
3 . 58  
3 . 57  
3. 54  
3 . 51 
3 . 44  
3 . 3 5  
j .  41 
3 . 4 0  
3 . 2 3  
3. 3 4  
3 . 2 2  
3 . 18 
3. 18 
3. 17

3. 71 
3 . 72  
3 . 6 8  
3. 67  
3 6 5  
3 . 6 2  
3 66 
3. 6 2  
3 . 6 2  
3 . 6 0  
3 . 56  
3 . 53  
3 . 52  
3 . 4 9  
3 . 4 8  
3. 4 7  
3. 44  
3. 4 3  
3. 4 2  
3. 4 2  
3 . 3 6  
3 . 3 2  
3. 21 
3 . 19 
3. 17 
3. 15

2 5
*

5 0
*  *

7 5  10 0  125  15 0  175 200

INVESTMENT

. YEAR ACT<#> PRED<+)

1952 472. 0 540. 9
1953 531. 6 569 . 5
1954 524. 2 67 2 . 9
1955 702. 9 6 3 4 . 9
1956 693 . 9 90 3 . 2
1957 733. 8 8 5 9 . 4
1958 701. 9 75 7 . 8
1959 781. 8 8 1 3 . 0
1960 88 4 . 9 96 1 . 9
1961 90 7 . 9 9 8 5 . 7
1962 1017. 1 1016 . 0
1963 1045. 7 1077 . 3
1964 1160. 2 1162 . 6
1965 1425. 5 1268 . 1
1966 1 6 8 4 .0 1422 . 5
1967 1606. 8 1744 . 0
1968 1967. 0 2 0 7 5 . 6
1969 2 2 64 . 7 2 3 9 8 . 2
1970 21 8 8 . 0 2 1 5 0 . 6
1971 24 2 6 . 7 2 2 2 4 . 4
1972 29 3 0 . 1 2 7 4 5 . 8
1973 35 58 . 4 3 0 1 1 . 1
1 9 74 3 5 3 3 . 9 3 2 5 6 . 1
1975 32 0 6 . 1 3 5 4 0 . 3
1976 33 69 . 6 3 5 1 2 . 4
1977 39 44 . 7 3 9 5 9 . 3

# *  *  *

0  2 5  50  7 5  100  125  15 0  17 5  2 0 0

£



50 REAL ESTATE <61>

EMPLOYMENT PER UNIT OF OUTPUT

YEAR AC T ( *  ) PRED(+>

1952 0 . 91 1. 0 0
1953 1. 3 9 1. 41
1954 1. 34 1. 39
1955 1. 3 9 1. 2 9
1956 1. 3 3 1. 0 9
1957 1. 21 1. 15
1958 1 11 1. 13
1959 1. 0 9 1. 10
1960 1. 0 4 1. 15
l ^ i i  1 0. 9 8 1. 05
1962 0. 9 3 0 . 97
1963 0 . 9 4 0. 96
1964 0 . 9 0 0 . 92
1965 0 . 8 7 0 . 87
1966 0 . 8 9 0. 86
1967 0. 84 0. 84
1968 0. 8 5 0 . 83
1969 0. 8 8 0 . 84
1970 0 . 92 0. 91
1971 0. 90 0. 86
1972 0 . 9 3 0 . 93
1973 0 . 96 0 . 96
1974 0. 9 2 0 . 90
1979 0. 96 0 . 95
1 9 76 0 . 8 9 0  8 8
1977 0 . 8 4 0 . 88

. *
0 29

* * *

*  * *
9 0  7 5  100  129  19 0  179 200

1977 » 100%

INVESTMENT

YEAR ACT<*> PRED<+>

S 1952 93 7 . 2 13 60 . 2
! 1993 1094. 3 1718 . 8
1 1994 1038. 8 1 7 0 9  7
1 1959 1308. 3 1989 . 7
1 1996 1187. 0 1256 . 1
1 1997 1271. 8 8 0 1 . 7
1 1998 1277 . 7 1 0 41 . 9
1 1999 1910. 3 1392 . 3
1 1960 1694 . 2 1494 . 7
1 1961 1732. 2 17 14 . 6
1 1962 2 0 3 0 . 2 1900 . 9
I 1963 2 0 7 4 . 0 1983 . 9
1 1964 1890 . 9 2 1 1 8 . 6
1 1969 1973. 9 2 3 4 2 . 3
1 1966 1963. 4 2 3 9 3 . 0
1 1967 1931. 6 2 4 0 3 . 0
1 1968 1983 . 1 2 2 3 4 . 7
1 1969 2 3 8 3 . 3 2 0 8 9 . 3
1 1970 2 4 2 2 . 9 2 0 4 8 . 1
1 1971 3 0 4 9 . 0 2 4 6 9 . 9
1 1972 3 7 7 9 . 0 2 8 9 0 . 8
1 1973 4 4 9 2 . 1 3 3 9 1 . 2
» 1974 4 3 3 8 . 1 3 8 1 8 . 4
1 1979 3 9 1 9 . 2 3 9 4 2 . 9
1 1976 39 9 3 . 7 4 1 4 6 . 7
J 1977 90 08 . 1 9 2 4 3 . 9

# *  *  *
0  2 9  90  7 9  10 0  129  19 0  17 9  2 0 0

£oo



51 HOTELS & REPAIRS MINUS AUTO ( 6 3 )

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR A C T (» ) PRED(+>

1 952 10. 07 9. 91
1953 9 . 92 9. 6 5
1954 9 . 57 9 . 61
1 9 55 9 . 30 9 . 3 6
1 9 56 9 . 18 9 . 2 2
1957 9 . 12 9 . 11
1 9 58 8 . 76 8 . 9 4
1959 8 . 47 8 . 8 4
1960 8 . 54 8 . 6 7
1961 8. 47 8 . 6 2
1962 8. 34 8 . 34
1 9 63 8 . 18 8 . 21
1 9 64 8 . 32 8 . 11
1 9 6 5 8 . 17 7. 9 7
1966 8 . 12 7. 91
1 9 67 7. 52 7. 76
1 9 6 8 7. 6 3 7. 57
1 9 69 7. 72 7. 4 8
1 9 70 7. 41 7. 4 4
1971 7. 50 7. 45
1 9 7 2 7 . 18 7 . 3 6
1 9 7 3 7. 0 9 7. 2 5
1 9 74 7. 19 7. 21
1 9 75 6 . 98 6 . 9 5
1 9 76 6 . 97 6. 9 3
1 9 77 7. 0 2 6 . 9 4

2 5
«

SO
* «

7 5  10 0  125  IS O  175 200
1977 » 10054

INVESTMENT

YEAR ACT<*> PRED(+>

1932 6 2 2 . 8 37 3 . 0
1953 700. 2 6 3 8 . 1
1934 6 9 0 . 6 74 0 . 1
195S 9 9 6 . 2 8 2 2 . 3
1956 9 2 2 . 0 9 5 8 . 8
1957 9 7 3 . 9 10 33 . 9
1958 92 3 . 8 1027 . 3
1959 1045 . 7 1 0 73 . 2
1960 1163. S 1233 . 0
1961 1188. 8 1316 . 3
1962 1343. 4 14 37 . 0
1963 1379 . 1 1367 . 3
1964 1369 . 1 1653 . 3
1965 1546. 3 1872 . 3
1966 1696 . 6 2 0 0 6 . 8
1967 1483 . 4 2 0 9 9 . 6
1968 1797 . S 1942 . 0
1969 2 0 6 3 . 4 1812 . 7
1970 20 7 4 . 1 1884 . 3
1971 22 3 7 . 0 1876 . 4
1972 2 8 1 3 . 6 2 2 6 0 . 3
1973 33 0 8 . 9 2 6 8 3 . 1
1974 3 0 8 4 . 1 2 6 7 2 . 0
1975 2 6 8 8 . 9 2 8 1 2 . 2
1976 28 1 3 . 8 2 9 7 0 . 4
1977 3 2 4 8 . 3 3 1 9 1 . 0

2 3 50  7S 100  123
*

ISO 173 200



52 BUSINESS SERVICES ( 6 4 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT( * ) PRED<+>

1 9 52 3 . 59 3. 49
1953 3. 62 3. 52
1954 3. 46 3. 4 3
1955 3. 37 3. 40
t9 5 6 3. 35 3  37
1957 3 . 25 3 . 3 6
1958 3. 29 3 . 37
1959 3. 26 3 . 2 9
I9 6 0 3. 17 3. 2 9
1961 3. 16 3. 2 0
1962 3. 19 3. 18
1963 3. 13 3. 13
1964 3 . 11 3 . 10
1963 3. 05 3. 0 8
1 966 2. 98 3. 0 3
1967 3. 24 3. 0 4
1 9 68 3. 10 2. 9 8
1969 3. 09 2. 9 8
1970 2. 99 2. 9 5
1971 2. 90 2. 9 0
19 72 2. 69 2 . 8 2
1973 2. 76 2. 8 4
1974 2 . 68 2 . 70
19 73 2. 79 2. 77
1976 2 . 62 2. 6 0
1977 2. 64 2. 6 3

*
O 2 5

<
•  *  «

5 0  7 5  lO O  125  150  175 200
1977 » 100%

INVESTMENT

YEAR ACT<*> PREDC+)

1952 472. 0 44 2 . 7
1953 530. 6 3 1 3  3
1954 52 3 . 3 359 . 0
1955 578. 6 6 6 1 . 6
1956 565. 3 8 2 4 . 8
1957 6 2 0 . 0 8 7 1 . 0
1958 60 5 . 9 74 7 . 0
1959 71 9 . 8 8 0 6 . 3
1960 82 2 . 3 8 9 3 . 0
1961 85 5 . 4 9 3 7 . 3
1962 98 1 . 9 93 1 . 2
1963 1044 . 8 1041 . 1
1964 1241 . 8 12 03 . 5
1965 1598 . 1 1346 . 3
1966 20 1 1 . 0 1632 . 2
1967 1913. 2 1753 . 4
1968 22 5 1 . 9 1923 . 6
1969 25 5 4 . 3 2 3 7 3 . 8
1970 25 2 1 . 2 2B 04. 0
1971 2 7 7 7 . 7 2 8 2 9 . 7
1972 35 4 4 . 4 3 6 1 1 . 1
1 973 43 06 . 6 4 0 2 8 . 3
1 974 44 86 . 9 44 2 6 . 1
1973 37 3 9 . 4 3 9 1 5 . 6
1976 4 2 3 9 . 3 4 3 2 9 . 6
1977 50 80 . 6 5 1 7 3 . 0

2 5 50 7 3  100  125 150  17 5  2 0 0



53 AUTO REPAIR ( 6 5 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR AC T ( * ) PRED<+>

1952 2. 0 6 2. 73
1953 2. 76 2. 6 0
1954 2. 70 2. 64
1955 2. 53 2. 50
1956 2. 01 2. 24
1957 2. 42 2. 55
1950 2. 3 7 2. 51
1959 2. 21 2. 2 0
1960 2. 24 2. 22
1961 2. 2 9 2. 27
1962 2. 10 2. 15
1963 2. 00 2. 0 3
1964 2. 0 2 1. 94
1965 1. 9 0 1. 9 2
1966 1. 91 1. 0 4
1967 1. 0 5 1. 0 0
1960 1. 73 1. 72
1969 1. 6 4 1. 6 6
1970 1. 6 0 1. 6 9
1971 1. 6 9 1. 6 7
1 9 72 1. 6 7 1. 6 5
1 9 73 1. 52 1. 50
1974 1. 55 1. 71
1975 1. 6 0 1. 74
1976 1. 77 1. 6 9
1977 1. 7 3 1. 64

*  « « *
0  2 5  50  75  100  125  150 175 200

1977 = 100X

INVESTMENT

YEAR ACT<*> P R E O (+ )

1952 407. 0 23 4 . 9 | 4
1953 45 0 . 0 2 7 3 . 9 1 +■
1954 451. 7 2 9 7 . 1 1 +
1955 49 5 . 1 421 . 5 1
1956 592. 5 9 1 9  2 1
1957 52 1 . 7 8 4 3 . 0 1
1950 513. 0 74 6 . 9 1
1959 6 1 9 . 0 9 0 1 . 1 1
1960 717. 2 9 3 0 . 5 1
1961 71 1 . 5 6 3 1 . 7 1
1962 0 4 1 . 2 77 9 . 6 1
1963 90 1 . 5 9 1 9 . 3 1
1964 1 0 0 4 .4 10 20 . 6 1
1965 1356 . 3 10 55 . 2 1
1966 1664. 6 1274 . 5 1
1967 1579. 6 1307 . 4 1
1960 1 7 0 0 .5 1495 . 5 1
1969 1702. 3 1702 . 6 1
1970 1506. 3 1636 . 4 1
1971 1559 . 0 1665 . 9 1
1972 1693. 8 1023 . 3 1
1973 2 2 3 1 . 1 2 2 7 8 . 7 1
1974 2 0 7 6 . 4 2 0 4 9 . 2 1
1975 1725. 2 1907 . 7 1
1976 1055 . 7 1893 . 7 1
1977 2 2 5 4 . 9 2 2 0 4 . 1 1



54 MOVIES St AMUSEMENTS ( 6 6 )

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT<*> PRED<+>

1952 4. 3 4 4. 53
1953 4. 53 4. 54
1954 4. 4 0 4 . 54
1955 4. 31 4. 47
.9 5 6 4. 2 2 4. 53
1957 4. 58 4. 66
1958 4. 6 7 4 . 6 9
1959 4. 71 4. 53
1960 4 75 4. 50
1961 4 75 4. 58
1962 4. 7 6 4. 6 2
1 963 4. 8 2 4. 6 5
1964 4. 79 4. 54
1965 4. 6 3 4. 49
1966 4. 57 4. 53
1967 4. 49 4. 58
1 9 6 8 4. 4 6 4 . 6 2
1969 4. 53 4. 6 5
19 70 4. 53 4. 7 0
1971 4. 6 4 4. 75
1 972 4. 8 2 4. 84
1 9 73 4. 9 6 4. 92
1974 4. 9 2 4. 75
1 9 75 5. 0 2 4. 79
1976 4. 8 6 4. 81
1977 4. 4 7 4 75

*
0  2 5

*  *  *
5 0  7 5  10 0  12 5  150  175 200

1977  »  100%

INVESTMENT

YEAR ACT<*> P R E D (t')

1952 4 23 . 8 4 9 5 . 3
1953 47 7 . 6 4 6 6 . 4
1 954 4 7 0 . 1 53 8 . 3
1959 8 8 3 . 8 6 2 0 . 5
1 956 8 1 0 . 9 6 4 0 . 2
1957 753. 1 6 4 8 . 3
1958 68 7 . 3 6 5 5 . 8
1959 758. 6 6 4 3 . 5
1960 83 7 . 7 6 3 8 . 0
1961 84 5 . 7 73 8 . 1
1962 93 0 . 1 8 2 3 . 1
1 963 939 . 9 8 5 7 . 2
1964 83 0 . 8 8 8 2 . 9
1965 8 4 4 . 4 9 4 1 . 4
1966 83 4 . 0 96 1 . 7
1967 65 0 . 4 10 40 . 6
1968 8 0 6 . 9 1105 . 2
1969 92 0 . 2 10 87 . 5
1970 9 2 8 . 9 1051 . 3
1971 1061 . 1 10 93 . 6
1972 1285 . 6 1120 . 0
1973 1555. 0 1203 . 8
1974 1538. 2 1428 . 6
1975 1348. 4 1542 . 3
1976 1505 . 1 16 38 . 4
1977 1868. 0 1972 . 3

2 9 50 75
*

100 125
»

19 0 1 7 5  2 0 0

/



55 MEDICAL & ED. SERVICES ( 6 7 )

EMPLOYMENT PER U N IT  OF OUTPUT

YEAR ACT (■*) PREDC+)

1952 6. 30 6. 3 8
1953 6. 35 6. 46
1934 6. 28 6 . 3 3
1955 6 . 40 6 . 42
1956 6. 42 6. 3 9
1957 6. 41 6  3 8
1958 6. 3 8 6 . 31
1959 6. 34 6 . 3 7
1960 6. 41 6. 4 3
1961 6. 3 7 6. 2 9
1 9 62 6. 3 0 6. 21
1 9 63 6 . 19 6. 13
1964 5. 7 3 5. 81
1965 5. 8 9 5. 8 8
1966 5. 8 7 5. 81
1967 5. 6 9 5. 6 9
1968 5. 58 5. 56
1 9 69 5. 75 5 61
1 9 70 5. 37 5 47
1971 5. 37 5. 46
1 9 72 3. 3 6 5. 4 0
1 9 73 S. 3 5 5. 4 0
1974 5. 31 5. 41
1975 5. 49 9. 3 3
1 9 76 5. 3 5 3. 3 0
19 77 5. 4 3 5. 44

* *  #
0  2 5  5 0  75  10 0  125

*

150  175  2 0 0
1977 »  100%

INVESTMENT

YEAR ACT<*> PRED<+>

1932 1 3 2 0 .9 1306 . 9
1933 1489. 8 1339 . 8
1934 1464. 4 1929. 9
1935 1762. 7 1676 . 2
1956 1650. 9 1688 . 9
1997 1774. 2 1871 . 9
1 998 1776 . 0 2 0 1 4 . 3
1999 2 0 5 0 . 6 2 1 6 8 . 3
1960 2 3 0 9 . 7 2 3 1 9 . 8
1961 2 4 0 7 . 8 2 4 4 4 . 6
1962 2 7 6 4 . 0 2 7 1 9 . 4
1963 2 9 2 2 . 8 2 9 3 4 . 2
1964 3 1 9 7 . 8 3 2 7 9 . 8
1969 3 7 8 2 . 3 3 8 3 9 . 8
1 966 43 19 . 1 3 9 6 8 . 0
1967 3 9 92 . 2 3 6 6 4 . 8
1968 4 3 7 6 . 3 4 0 7 2 . 2
1969 4 4 46 . 3 4 4 3 3 . 9
1970 4 0 83 . 8 4 3 6 2 . 2
1971 4 2 0 0 . 7 4 8 1 8 . 0
1972 46 90 . 3 4 9 4 1 . 1
1973 97 13 . 2 3 4 7 7 . 8
1974 95 29 . 9 5 7 0 4 . 4
1979 90 26 . 9 5 0 6 2 . 3
1976 95 42 . 9 5 4 4 1 . 4
19 77 6 4 1 6 . 2 6 2 9 2 . 0

2 3  5 0  7 5  10 0  125 15 0  1 7 9  2 0 0



APPENDIX D: ESTIMATES WITH A CONSTANT TIME TREND d-1

ELASTICITIES

PK PL PE SIGMA CSTSHR FIT RHO

1 FARMS AGR. SERVICES,FORESTRY,FISHERY

CAPITAL -0 .3 5 2  0 .058 0 .294 ★ *  12.4  0.501

LABOR 0.246 -0 .285  0 .038 0.290 0 .200 7 .5  0 .859

2 CRUDE PETROLEUM AND NATURAL GAS (4)

CAPITAL -0 .161  0.000 0.161 *  * 2 1 . 8  0 .604

LABOR 0.000 -1 .0 4 8  1 .048  0.000 0.161 9 .7  0.820

3 MINING (2 ,3 ,5 )

CAPITAL -0 .2 3 3  0.002 0.231 *  * 3 1 . 9  0.801

LABOR 0.031 -0 .6 9 4  0 .662 0 .006 0.337 4 .4  0.527

4 CONSTRUCTION ( 6 )

CAPITAL -0 .2 17  0.000 0.217 *  *  14.5 0 .524

LABOR 0.000 -0 .3 5 8  0 .358  0 .000 0.657 7 .3  0.870

5 FOOD, TOBACCO (7)

CAPITAL -0 .0 37  0.003 0.033 *  *  9 .9  0.500

LABOR 0.020 -0 .1 2 0  0 .099  0 .024  0.133 3 .2  0.817

6 TEXTILES ( 8)

CAPITAL -0 .0 0 0  0 .112 -0 .1 1 2  *  *  15.3 0.567

LABOR 0 .444 -0 .0 4 7  -0 .3 9 6  0.421 0.265 8 .6  0.857

7 KNITTING, HOSIERY (9)

CAPITAL -0 .0 0 0  0 .432 -0 .4 3 2  *  * 2 1 . 5  0.500

LABOR 0 .319  -0 .3 5 3  0 .034 2 .124 0 .203 3 .9  0.426

8 APPAREL AND HOUSEHOLD TEXTILES (10)

CAPITAL -0 .0 0 0  0 .144  -0 .1 4 4  *  *  12.8  0.502

LABOR 0.276 -0 .211 -0 .0 6 5  0.607 0.237 5 .3  0 .648



D-2

CAPITAL -0 .0 0 3  0.005 -0 .001 *  *  13.5 0.502

LABOR 0.182 -0 .161  -0 .021 0.020 0.242 1 .7  0 .388

10 PRINTING (12)

CAPITAL 0.000 0.033 -0 .0 33  *  *  8 .7  0.553

LABOR 0.158  -0 .2 7 9  0 .122 0.091 0 .359  4.1 0 .788

11 AGRICULTURE FERTILIZERS (13)

CAPITAL -0 .711  0.026 0.685 *  *  23.8  0 .518

LABOR 0.829  -1 .281  0 .452 0.241 0 .108 6 .4  0 .319

12 OTHER CHEMICALS (14)

CAPITAL -0 .2 3 3  0.000 0.233 *  *  12.2 0.581

LABOR 0.000 -0 .1 3 6  0.136 0.000 0.190 2 .8  0.477

13 PETROLEUM REFINING & FUEL OIL (15 ,16

CAPITAL -0 .251 0.007 0.245 *  *  30 .8  0.515

LABOR 0.168  -0 .5 2 6  0 .358 0.165 0.042 3 .2  0 .618

14 RUBBER AND PLASTIC PRODUCTS (17 ,18 )

CAPITAL 0.000 0 .010 -0 .0 1 0  *  *  9 .8  0 .576

LABOR 0.244 -0 .6 3 6  0.392 0 .034 0 .289  3 .7  0.587

15 FOOTWEAR AND LEATHER (19)

CAPITAL -0 .0 4 5  0.062 -0 .0 1 6  *  *  8 .0  0.505

LABOR 0.143 -0 .0 0 3  -0 .1 3 9  0.186 0.331 2 .5  0.190

16 LUMBER (20)

CAPITAL -0 .0 0 0  0 .0 1 9 - 0 .0 1 9  *  *  11.0 0.500

ELASTICITIES

PK PL PE SIGMA CSTSHR FIT RHO

9 PAPER (11)

LABOR 0.105 -0 .1 4 2  0.037 0.085 0 .219  4 .6  0.057



17 FUNITURE (21)

CAPITAL -0 .0 0 0  0-211 -0 .211 *  *  13.1 0.500

LABOR 0.827 -0 .8 2 6  -0 .0 0 2  0 .639 0.331 3.1 0 .638

18 STONE,CLAY & GLASS (22)

CAPITAL -0 .0 0 0  0 .015 -0 .0 1 5  *  ★ 14.7 0.506

LABOR 0.461 -0 .5 4 7  0.086 0.047 0 .319 1 .5  -0 .2 1 0

19 IRON AND STEEL (23)

CAPITAL -0 .0 0 0  0 .006 -0 .0 0 6  *  *  38.6  0.520

LABOR 0.268  -0 .1 0 4  -0 .1 6 3  0.025 0 .257 4 .9  0.665

20 NON-FERROUS METALS (24 ,25 )

CAPITAL -0 .0 0 0  0 .009 -0 .0 0 9  *  *  25.6  0.573

LABOR 0.561 -0 .8 7 8  0 .316 0.045 0.191 2 .5  0.243

21 METAL PRODUCTS (26)

CAPITAL -0 .0 0 0  0 .016 -0 .0 1 6  *  *  11.1 0 .518

LABOR 0.228  -0 .5 8 6  0 .358 0.053 0 .309 3 .7  0.570

22 ENGINES & TURBINS (27)

CAPITAL 0.000 0 .039 -0 .0 3 9  *  *  16.1 0 .518

LABOR 0.681 -1 .271  0.590 0 .173 0 .228 8.5 0.380

23 AGRICULTURE MACHINERY (28)

CAPITAL -0 .0 0 0  0 .174  -0 .1 7 4  *  *  29.2  0 .538

LABOR 1.024 -0 .5 7 3  -0 .4 5 0  0.721 0.241 9 .0  0.475

D-3
ELASTICITIES

PK PL PE SIGMA CSTSHR FIT RHO



D-4

25 METALWORKING MACHINERY (30)

CAPITAL -0 .0 0 0  0 .047 -0 .0 47  *  ★ 18.8 0.513

LABOR 0 .568  -0 .6 3 5  0 .067 0 .109 0 .436 3 .3  0 .288

27 SPECIAL INDUCTRY MACHINERY (31)

CAPITAL -0 .0 0 0  0.037 -0 .0 3 7  *  *  22.3 0.507

LABOR 0.406 -0 .7 7 5  0 .370 0.102 0.367 6 .2  0.525

28 MISC.NONELEC. MACHINERY (29 ,32)

CAPITAL -0 .0 0 0  0.091 -0 .091 *  *  11.2 0.500

LABOR 0.557 -0 .7 6 9  0 .212 0.262 0.346 2 .6  0.247

29 COMPUTERS & OTHER OFFICE MACHINERY (

CAPITAL -0 .0 0 0  0 .244 -0 .2 4 4  *  *  28 .8  0 .500

LABOR 1.221 -0 .8 6 2  -0 .3 5 9  0.790 0 .309  11.5 0.777

30 SERVICE INDUCTRY MACHINERY (35)

CAPITAL -0 .0 0 0  0 .070 -0 .0 7 0  *  *  22 .8  0.500

LABOR 0.602 -1 .2 8 8  0.685 0.291 0 .239  5 .5  0 .488

31 COMMUNICATIONS MACHINERY (36)

CAPITAL -0 .0 0 0  0 .438  -0 .4 3 8  *  *  20.2 0.543

LABOR 1.851 -1 .971  0 .119  1.171 0 .374 7 .8  0 .469

32 HEAVY ELECTRICAL MACHINERY (37)

CAPITAL -0 .0 0 0  0 .139 -0 .1 3 9  *  *  12.9 0.516

LABOR 1.111 -0 .861  -0 .2 5 0  0.457 0 .305 7 .1  0.702

ELASTICITIES

PK PL PE SIGMA CSTSHR FIT RHO



33 HOUSEHOLD APPLIANCES (38)

CAPITAL -0 .0 0 0  0 .244 -0 .2 4 4  *  *  23.7 0.513

LABOR 2.754 -2 .6 07  -0 .1 47  0.923 0.264 11.8  0.863

34 ELECTRICAL LIGHTING & WIRING EQUIP (

CAPITAL -0 .0 0 0  0.043 -0 .0 4 3  *  *  14.8  0.525

LABOR 0 .874  -1 .2 8 6  0 .412 0 .118 0 .366 2 .6  0.301

35 RADIO,T. V.RECEIVING,PHONOGRAPH (40)

CAPITAL -0 .0 8 2  0 .770 -0 .6 8 8  *  *  22.1 0.565

LABOR 1.225 -1 .2 2 4  -0 .0 0 2  2.768 0 .278  13.3 0.546

36 MOTOR VEHICLES (41)

CAPITAL -0 .0 0 0  0.067 -0 .0 6 7  *  *  34.7 0.510

LABOR 0.287 0.000 -0 .2 8 7  0.331 0.202 23.3  0.981

37 AEROSPACE (42)

CAPITAL -0 .6 2 4  0.000 0 .624  *  * 4 2 . 4  0.506

LABOR 0.000 -0 .4 6 7  0.467 0.000 0 .334 9 .6  0.616

38 SHIPS & BOATS (43)

CAPITAL -0 .2 4 3  0.193 0.050 *  *  33.2 0.610

LABOR 0.632 -0 .6 1 3  -0 .0 1 9  0 .464 0 .415 4 .4  0.225

39 OTHER TRANSPORTATION EQUIP. (44)

CAPITAL -0 .0 0 0  0 .609 -0 .6 0 9  *  *  31.3 0.547

LABOR 0 .718  -0 .0 0 0  -0 .7 1 8  1.185 0 .514  22 .6  0.752

40 INSTRUMENTS (45)

CAPITAL -0 .0 0 0  0.187 -0 .1 87  *  *  9.1 0.503

LABOR 0.746 -0 .3 5 8  -0 .3 8 8  0 .476 0 .394 4 .7  0.662

ELASTICITIES D“ 5

PK PL PE SIGMA CSTSHR FIT RHO



D-6

41 MISC. MFG. (46)

CAPITAL -0 .0 0 0  0 .070 -0 .0 7 0  *  *  12.5 0 .502

LABOR 0.330  -0 .7 0 2  0 .372 0.253 0.277 3 .5  0 .599

42 RAILROADS (47)

CAPITAL -0 .0 1 0  0 .014 -0 .0 0 4  *  *  13.5 0 .522

LABOR 0.572 -0 .9 8 4  0 .412 0.027 0 .528 1 .9  0 .175

43 AIR TRANSPORT (50)

CAPITAL -0 .0 0 0  0 .008  -0 .0 0 8  *  *  23.9  0.522

LABOR 0.771 -1 .071  0 .300 0.020 0.380 3 .6  0 .519

44 TRUCKING AND OTHER TRANSPORT (4 8 ,4 9 ,

CAPITAL -0 .0 0 0  0.015 -0 .0 15  *  *  18.7 0.633

LABOR 0.142 -0 .0 0 0  -0 .1 4 2  0 .034 0.431 2 .5  0.580

45 COMMUNICATIONS SERVICES (53)

CAPITAL 0.000 0.001 -0 .001  *  *  16.2 0.523

LABOR 0 .036 -0 .1 5 5  0 .119  0 .002 0 .414 4 .0  0.842

46 ELECTRIC UTILITIES (54)

CAPITAL -0 .0 0 0  0.001 -0 .001  *  *  12.2 0 .518

LABOR 0.105 -0 .3 0 3  0 .198 0 .006 0 .209 1 .4  0.383

47 GAS,WATER & SANITATION (55 ,56 )

CAPITAL -0 .7 3 4  0 .000 0 .734 *  *  24.8  0.555

LABOR 0.000 -0 .5 2 9  0 .529 0.000 0.067 4 .5  0.790

48 WHOLESALE & RETAIL TRADE (57 ,58 )

CAPITAL -0 .1 2 8  0 .075 0 .054 *  *  7.1 0 .509

LABOR 0.132 -0 .3 5 2  0.220 0 .124  0 .604  1 .2  0.315

ELASTICITIES

PK PL PE SIGMA CSTSHR FIT RHO



49 FINANCE & INSURANCE (60)

CAPITAL -0 .0 0 0  0 .0 1 5 - 0 .0 1 5  *  *  10.5 0.500

LABOR 0.052 -0 .0 0 2  -0 .0 5 0  0.031 0.471 1 .4  0.235

50 REAL ESTATE (61)

CAPITAL -0 .1 1 8  0 .014 0 .104 *  * 2 1 . 1  0.505

LABOR 0.161 -0 .4 5 3  0.292 0.177 0.080 7 .9  0.720

51 HOTELS & REPAIRS MINUS AUTO (63)

CAPITAL -0 .1 0 7  0.007 0.100 *  *  16.2 0.501

LABOR 0.020 -0 .0 3 9  0 .018  0 .012 0.595 1 .9  0 .394

52 BUSINESS SERVICES (64)

CAPITAL -0 .0 0 0  0.013 -0 .0 1 3  *  *  8 .9  0.506

LABOR 0.056 -0 .0 0 0  -0 .0 5 6  0 .030 0.451 2 .5  0.552

53 AUTO REPAIR (65)

CAPITAL 0.000 0 .005 -0 .0 0 5  *  *  15.5 0.501

LABOR 0.086 -0 .3 5 4  0 .268  0 .020 0.247 4 .3  0.590

54 MOVIES & AMUSEMENTS ( 6 6 )

CAPITAL -0 .1 7 3  0.000 0 .173 *  *  17.7 0 .508

LABOR 0.000 0.000 -0 .0 0 0  0 .000 0.415 4 .3  0.794

55 MEDICAL & ED. SERVICES (67)

CAPITAL -0 .1 4 4  0.015 0 .129 *  *  7 .0  0 .509

LABOR 0.174 -0 .3 1 5  0.141 0.026 0.581 1 .3  0.290

ELASTICITIES D~7

PK PL PE SIGMA CSTSHR FIT RHO



E“ 1
APPENDIX E: ESTIMATES WITH SLOPE DUMMY FOR TREND IN  1970

ELASTICITIES

PK PL PE SIGMA CSTSHR FIT RHO

1 FARMS AGR. SERVICES,FORESTRY,FISHERY

CAPITAL -0 .421  0.121 0 .299  *  *  11.9 0 .502

LABOR 0.390 -0 .2 23  -0 .1 6 7  0 .608 0 .200 7 .5  0.725

2 CRUDE PETROLEUM AND NATURAL GAS (4)

CAPITAL -0 .161  0.000 0.161 *  * 2 1 . 8  0 .604

LABOR 0.000 -1 .3 7 8  1 .378 0 .000 0.161 6 .2  0.476

3 MINING (2 ,3 ,5 )

CAPITAL -0 .2 4 0  0.010 0 .230 *  *  32 .0  0.802

LABOR 0.152 -0 .7 3 0  0 .578 0 .029  0.337 3 .5  0.357

4 CONSTRUCTION ( 6 )

CAPITAL -0 .2 17  0.000 0.217 *  *  14.5 0 .524

LABOR 0.000 -0 .1 8 5  0.185 0 .000 0.657 3 .7  0.490

5 FOOD, TOBACCO (7)

CAPITAL -0 .0 37  0.004 0.033 *  *  9 .9  0 .500

LABOR 0.024  -0 .041 0 .018 0.031 0 .133 2 .9  0.745

6 TEXTILES ( 8)

CAPITAL 0.000 0 .202 -0 .2 0 2  *  *  14.0 0 .570

LABOR 0.630 -0 .0 8 2  -0 .5 4 8  0.760 0.265 9 .4  0 .748

7 KNITTING, HOSIERY (9)

CAPITAL 0.000 0 .432 -0 .4 3 2  *  *  21.5 0.500

LABOR 0 .319  -0 .3 5 3  0 .034 2 .124 0.203 3 .9  0 .426

8 APPAREL AND HOUSEHOLD TEXTILES (10)

CAPITAL 0.000 0 .190 -0 .1 9 0  *  *  12.7 0.501

LABOR 0.315 -0 .1 5 5  -0 .1 5 9  0.801 0.237 5 .2  0.587



E-2

CAPITAL -0 .0 0 3  0.005 -0 .001  *  *  13.5 0 .502

LABOR 0.182 -0 .161  -0 .021 0 .020 0.242 1 .7  0 .389

10 PRINTING (12)

CAPITAL 0.000 0 .052 -0 .0 5 2  *  *  8.5 0.555

LABOR 0.216 -0 .2 0 3  -0 .0 13  0 .144 0 .359 2 .9  0 .660

11 AGRICULTURE FERTILIZERS (13)

CAPITAL -0 .7 1 2  0 .028 0.685 *  *  23.8 0 .518

LABOR 0.840 -1 .2 3 6  0.396 0.256 0 .108 5 .8  0.140

12 OTHER CHEMICALS (14)

CAPITAL -0 .2 3 3  0.000 0.233 *  *  12.2 0.581

LABOR 0.000 -0 .1 0 5  0.105 0 .000 0.190 2 .7  0.475

13 PETROLEUM REFINING & FUEL OIL (15 ,16

CAPITAL -0 .251 0.005 0.246 *  *  30 .8  0.515

LABOR 0.110 -0 .3 1 3  0.204 0 .120 0.042 2 .4  0.353

14 RUBBER AND PLASTIC PRODUCTS (17 ,18)

CAPITAL 0.000 0.010 -0 .0 1 0  ★ *  9 .8  0.577

LABOR 0.251 -0 .6 15  0 .364 0 .036 0 .289 3 .7  0.581

15 FOOTWEAR AND LEATHER (19)

CAPITAL -0 .0 4 5  0.061 -0 .0 1 6  *  *  8 .0  0.505

LABOR 0.142 -0 .0 0 3  -0 .1 3 9  0 .186 0.331 2 .5  0.190

16 LUMBER (20)

CAPITAL -0 .0 0 0  0.026 -0 .0 2 6  *  *  10.9  0 .500

ELASTICITIES

PK PL PE SIGMA CSTSHR FIT RHO

9 PAPER (11)

LABOR 0.142 -0 .1 3 7  -0 .0 0 5  0 .120 0 .219 4 .5  -0 .0 1 8



E-3

17 FUNITURE (21)

CAPITAL -0 .0 0 0  0 .2 1 1 - 0 .2 1 1  *  *  13.1 0.500

LABOR 0.827 -0 .8 2 6  -0 .0 0 2  0 .639 0.331 3.1 0 .638

18 STONE,CLAY & GLASS (22)

CAPITAL 0.000 0 .014  -0 .0 1 4  *  *  14.7 0.506

LABOR 0 .429 -0 .4 8 6  0.056 0.045 0 .319 1 .4  -0 .3 85

19 IRON AND STEEL (23)

CAPITAL -0 .0 0 0  0 .006 -0 .0 06  *  *  38 .6  0.520

LABOR 0 .268  -0 .1 0 5  -0 .1 6 3  0.025 0.257 4 .9  0.665

20 NON-FERROUS METALS (24 ,25 )

CAPITAL -0 .0 0 0  0 .009  -0 .0 0 9  *  *  25.5 0.573

LABOR 0.596 -0 .8 7 6  0 .279 0 .049  0.191 2 .4  0 .212

21 METAL PRODUCTS (26)

CAPITAL 0.000 0 .020 -0 .0 2 0  *  *  11.0 0 .519

LABOR 0.241 -0 .4 4 4  0.203 0 .064 0 .309 2 .8  0.217

22 ENGINES & TURBINS (27)

CAPITAL 0.000 0 .040 -0 .0 4 0  *  *  16.1 0 .518

LABOR 0.682 -1 .2 7 2  0.590 0 .173 0 .228 8.5 0.380

23 AGRICULTURE MACHINERY (28)

CAPITAL 0.000 0.203 -0 .2 03  *  *  28.8  0.545

LABOR 0.974 -0 .3 6 9  -0 .6 0 5  0.841 0.241 9 .3  0.490

ELASTICITIES

PK PL PE SIGMA CSTSHR FIT RHO



25 METALWORKING MACHINERY (30)

CAPITAL 0.000 0.047 -0 .0 47  *  *  18.8  0.513

LABOR 0 .568  -0 .6 3 5  0 .067 0 .109 0 .436  3 .3  0 .288

27 SPECIAL INDUCTRY MACHINERY (31)

CAPITAL 0.000 0.053 -0 .0 5 3  *  *  22.1 0.509

LABOR 0.526 -0 .7 9 0  0 .264 0.145 0 .367 6 .0  0.437

28 MISC.NONELEC. MACHINERY (29 ,32)

CAPITAL -0 .0 0 0  0.091 -0 .091 *  * 1 1 . 2  0.500

LABOR 0.558 -0 .7 6 9  0 .212 0 .262 0.346 2 .6  0.247

29 COMPUTERS & OTHER OFFICE MACHINERY (

CAPITAL -0 .0 0 0  0.275 -0 .2 75  *  *  28.3 0.500

LABOR 2.114 -1 .8 0 2  -0 .3 1 2  0.890 0 .309 9 .7  0.635

30 SERVICE INDUCTRY MACHINERY (35)

CAPITAL 0.000 0.101 -0 .101  *  *  22.3 0.500

LABOR 0.700 -1 .191 0.491 0.423 0 .239 5 .2  0 .378

31 COMMUNICATIONS MACHINERY (36)

CAPITAL 0.000 0 .504 -0 .5 0 4  *  *  19.8 0 .539

LABOR 2.804 -3 .3 17  0.513 1.349 0 .374 9.1 0.551

32 HEAVY ELECTRICAL MACHINERY (37)

CAPITAL 0.000 0 .139  -0 .1 3 9  *  *  12.9  0.516

LABOR 1.111 -0 .861  -0 .2 50  0.457 0.305 7 .1  0.702

E-4
ELASTICITIES

PK PL PE SIGMA CSTSHR FIT RHO



E-5

33 HOUSEHOLD APPLIANCES (38)

CAPITAL -0 .0 0 0  0 .459  -0 .4 5 9  *  *  24.3 0 .508

LABOR 0.933 -0 .9 0 5  -0 .0 2 8  1.737 0.264 22.0  0.980

34 ELECTRICAL LIGHTING & WIRING EQUIP (

CAPITAL -0 .0 0 0  0.043 -0 .0 4 3  *  *  14.8  0 .525

LABOR 0.874 -1 .2 8 6  0.412 0 .118 0 .366  2 .6  0.301

35 RADI0,T.V.RECEIVING,PHONOGRAPH (40)

CAPITAL -0 .0 9 5  0.787 -0 .6 9 2  *  *  22.0  0 .564

LABOR 3.560 -5 .1 4 6  1.586 2.832 0 .278 12.6  0.491

36 MOTOR VEHICLES (41)

CAPITAL -0 .0 0 0  0 .043 -0 .0 43  *  *  34 .8  0 .510

LABOR 0.411 -0 .2 1 2  -0 .1 9 9  0.213 0.202 14.8  0.962

37 AEROSPACE (42)

CAPITAL -0 .6 2 4  0.000 0 .624 *  *  42.4  0.506

LABOR 0.000 -0 .2 9 5  0.295 0 .000 0 .334 8.1 0.512

38 SHIPS & BOATS (43)

CAPITAL -0 .2 45  0.195 0 .049 *  *  33 .2  0.610

LABOR 0.624 -0 .5 8 3  -0 .0 4 2  0 .470 0.415 4 .4  0 .204

39 OTHER TRANSPORTATION EQUIP. (44)

CAPITAL -0 .0 0 0  0 .609 -0 .6 0 9  *  * 3 1 . 3  0.547

LABOR 0.718  -0 .0 0 0  -0 .7 1 8  1.185 0 .514 22 .6  0.752

40 INSTRUMENTS (45)

CAPITAL -0 .0 0 0  0.187 -0 .1 87  *  *  9.1 0.503

LABOR 0.746 -0 .3 5 8  -0 .3 8 8  0 .476 0 .394  4 .7  0.662

ELASTICITIES

PK PL PE SIGMA CSTSHR FIT RHO



E-6

41 MISC. MFG. (46)

CAPITAL 0.000 0 .086 -0 .0 8 6  *  *  12.4 0.502

LABOR 0.374  -0 .6 2 9  0 .256 0.310 0 .277 2 .9  0.331

42 RAILROADS (47)

CAPITAL -0 .011  0.015 -0 .0 05  *  *  13.5 0.522

LABOR 0.612  -1 .0 1 6  0 .404 0 .029 0 .528  1 .8  0 .108

43 AIR TRANSPORT (50)

CAPITAL 0.000 0 .008  -0 .0 0 8  *  *  23.9  0.522

LABOR 0.810 -1 .101  0.291 0.021 0.380 3 .6  0.511

44 TRUCKING AND OTHER TRANSPORT (4 8 ,4 9 ,

CAPITAL 0.000 0.015 -0 .0 15  *  *  18.7 0.633

LABOR 0.142 0 .000 -0 .1 4 2  0 .034 0.431 2 .5  0.580

45 COMMUNICATIONS SERVICES (53)

CAPITAL 0.000 0.003 -0 .0 03  *  *  16.2 0 .524

LABOR 0.098 -0 .0 0 0  -0 .0 9 8  0.007 0 .414 3.1 0.691

46 ELECTRIC UTILITIES (54)

CAPITAL 0.000 0.001 -0 .001  *  *  12.1 0 .518

LABOR 0.105 -0 .3 0 0  0.195 0.006 0 .209 1 .4  0.383

47 GAS,WATER & SANITATION (55 ,56 )

CAPITAL -0 .7 3 4  0.000 0 .734 *  *  24 .8  0.555

LABOR 0.000 -0 .4 8 0  0.480 0 .000 0 .067 2 .6  0 .378

48 WHOLESALE & RETAIL TRADE (57 ,58)

CAPITAL -0 .1 3 5  0.086 0.050 *  *  7.1 0.510

LABOR 0.148  -0 .3 3 8  0.190 0 .142 0 .604  1 .0  0 .119

ELASTICITIES

PK PL PE SIGMA CSTSHR FIT RHO



E-7

49 FINANCE & INSURANCE (60)

CAPITAL -0 .0 0 0  0.015 -0 .0 1 5  *  *  10.5 0 .500

LABOR 0.052 -0 .0 0 2  -0 .0 5 0  0.031 0.471 1 .4  0.235

50 REAL ESTATE (61)

CAPITAL -0 .1 2 7  0.026 0.101 *  * 2 1 . 1  0 .504

LABOR 0.290 -0 .4 4 9  0 .159  0.326 0.080 6 .3  0.563

51 HOTELS & REPAIRS MINUS AUTO (63)

CAPITAL -0 .1 0 7  0.007 0.100 *  *  16.3 0.501

LABOR 0.020 -0 .0 3 0  0.010 0 .012 0.595 1 .9  0 .332

52 BUSINESS SERVICES (64)

CAPITAL -0 .0 0 0  0 .013 -0 .0 1 3  *  *  8 .9  0.506

LABOR 0.056 -0 .0 0 0  -0 .0 5 6  0 .030 0.451 2 .5  0 .552

53 AUTO REPAIR (65)

CAPITAL 0.000 0.005 -0 .0 0 5  *  *  15.5 0.501

LABOR 0.086 -0 .3 4 4  0 .259  0 .020 0.247 4 .3  0.592

54 MOVIES & AMUSEMENTS (66)

CAPITAL -0 .1 7 4  0.001 0 .173 *  ★ 17.7 0.507

LABOR 0.033 -0 .0 0 9  -0 .0 2 5  0.002 0.415 3 .7  0.714

55 MEDICAL & ED. SERVICES (67)

CAPITAL -0 .1 4 4  0.015 0 .128 *  *  7 .0  0 .508

LABOR 0 .174 -0 .3 1 5  0.141 0.026 0.581 1 .3  0.290

ELASTICITIES

PK PL PE SIGMA CSTSHR FIT RHO
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