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ABSTRACT 

Value added c o e f f i c i e n t s  have been  i n c o r p o r a t e d  i n t o  . 

Brookhaven's Energy Input-Output Model s o  t h a t  one can  calcu,- 

l a t e  t h e  i m p l i c i t  p r i c e  a t  which each s e c t o r  se l l s  i t s  o u t p u t  

t o  i n t e r i n d u s t r y . a n d  f i n a l  demand pu rchase r s .  C e r t a i n  ad- 

jus tments  t o  h i s t o r i c a l  1967 d a t a  a r e  r e q u i r e d  because  of  t h e  

un ique  s t r u c t u r e  o f  t h e  model. Procedures  a r e  a l s o  d e s c r i b e d  

f o r  p r o j e c t i n g  energy  s e c t o r  c o e f f i c i e n t s  i n  f u t u r e  y e a r s  

t h a t  a r e  c o n s i s t e n t  w i t h  exogenously.  s p e c i f i e d  energy  p r i c e s .  
.. \, 
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I. I n t r o d u c t i o n  

Value added c o e f f i c i e n t s  have  been  i n c o r p o r a t e d  i n  Brook- 

h a v e n ' s  Energy Input-Output  Model (1-0). These d e s c r i b e  sec- 

t o r a l  payments f o r  c a p i t a l  s e r v i c e s ,  l a b o r  s e r v i c e s ,  and  i n -  

d i r e c t  b u s i n e s s  t a x e s  pe r  u n i t  o f  ou tpu t .  With t h e s e  c o e f f i c -  

i e n t s  and t h e  c o e f f i c i e n t  of p roduc t ion  ma t r ix ,  one c a n  ca l cu -  . 
l a t e  t h e  i m p l i c i t  p r i c e  a t  which each s e c t o r  sel ls  i ts  o u t p u t  

t o  i n t e r i n d u s t r y  and f i n a l  demand pu rchase r s .  This would be a  

t r i v i a l  e x e r c i s e  f o r  the Bureau of  Economic A n a l y s i s  (BEA) 

h i s t o r i c a l  1-0 t a b l e s  i n  which a l l  t r a n s a c t i o n s  a r e  measured 

i n  d o l l a r s  and a l l  i m p l i c i t  p r i c e s  a r e  indexed a t  $1. I t  becomes 

u s e f u l ,  however, w i t h  p r o j e c t e d  1-0 t a b l e s  f o r  f u t u r e  y e a r s  

where one i s  i n t e r e s t e d  i n  examining changes i n  p r o d u c t i v i t y  

and r e l a t i v e  p r i c e s  o v e r  t i m e .  

Because t h e  BNL model d i f f e r s  i n  s t r u c t u r e  from BEA 1-0 

t a b l e s ,  some a l t e r a t i o n s  a r e  n e c e s s a r y  i n  t h e  normal procedure  

f o r  e s t i m a t i n g  s e c t o r a l  p r i c e s .  These techniques  a r e  des-  

c r i b e d  f i r s t ,  and t h e y  a r e  fol lowed by '  techr i iques  used  i n  pro- 
. . .  j e c t i o n s  f o r  f u t u r e  y e a r s .  

11. H i s t o r i c a l  1967 Prices 
. . .  

A. D e s c r i p t i o n  of BNL Model 

The g e n e r a l  s t r u c t u r e  and u n i t s  o f  measure i n  t h e  

BNL 1-0 Model a r e  d e p i c t e d  i n , F i g u r e  1. A g e n e r a l  d e s c r i p t i o n  

of  t h e  model i s  p r e s e n t e d  i n  r e f e r e n c e  1. BEA d a t a  used  i n  

s p e c i f y i n g  t h e  model is  con ta ined  i n  r e f e r e n c e  2 a n d . e n e r g y  
. . 

d a t a  i n  r e f e r e n c e  3 .  A l i s t i n g  o f  t h e  BNL' s e c t o r s  and t h e  co r -  

respondence w i t h  BEA s e c t o r s  i s  g i v e n . i n  F i g u r e  2. , 

Each column, j ,  of  c o e f f i c i e n t s  . ' i n  t h e  A m a t r i x  des-  

cribes t h e  i n t e r i n d u s t r y  purchases  n e c e s s a r y  t o  produce a  u n i t  
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o f  o u t p u t  of  s e c t o r  j. The corresponding v a l u e  added coef -  

f i c i e n t s  i n  column j of t h e  B mat r ix  r e p r e s e n t  pr imary f a c t o r  

purchases p e r  u n i t  o f  o u t p u t  of  s e c t o r  j. Three f d c t o r s  of 

product ion  a r e .  employed - l a b o r  s e r v i c e s ,  c a p i t a l  s e r v i c e s  

( o r  p r o p e r t y  t y p e  income),  and i n d i r e c t  b u s i n e s s  t a x e s .  I t  

i s  assumed t h a t  each s e c t o r  sells i t s  o u t p u t  t o  eve ry  i n t e r -  

i n d u s t r y  s e c t o r  and t o  each f i n a l  demand purchaser  a t  a  s i n g l e  

p r i c e , , a n d  t h a t  each primary f a c t o r  i s  a l s o  purchased a t  a  

s i n g l e  p r i c e  by  every  i n t e r i n d u s t r y  s e c t o r .  Under t h i s  assump- 

t i o n ,  one can  w r i t e  a  column equa t ion  f o r  each s e c t o r  which 

s a y s  t h a t  t h e  v a l u e  of  i n t e r i n d u s t r y  purchases pe r  u n i t  o u t p u t  

o f  s e c t o r  j p l u s  t h e  v a l u e  of primary f a c t o r  purchases p e r  

u n i t  o u t p u t  of  s e c t o r  -j e a u a l s  t h e  s e l l i n g  p r i c e  of  s e c t o r  j ' s  

ou tpu t .  The set of equa t ions  f o r  a l l  s e c t o r s  can  b e  expressed  

i n  ma t r ix  n o t a t i o n  a s ,  

where A = c o e f f i c i e n t  of  product ion  ma t r ix ,  
. j x j  

P = v e c t o r  of  i n t e r i n d u s t r y  p r i c e s ,  
j x l  

B = v a l u e  added c o e f f i c i e n t  ma t r ix ,  
m x  j 

W = vector of primary f a c t o r  p r i c e s ,  
m x  1. 

Given A, B and W, t h i s  can  b e  so lved  f o r  i n t e r i n d u s t r y  p r i c e s ,  P, 

T -1 T 
P = ( I - A )  B W .  ( 2) 

Since  a l l  pr imary f a c t o r  purchases i n  t h e  BNL model a r e  ex- 

p res sed  i n  terms of a c t u a l  1 9 6 7 . d o l l a r  t r a n s a c t i o n s ,  each of 

t h e  t h r e e  f a c t o r  p r i c e s ,  W, a r e  $1. The on ly  t a s k  p r i o r  t o  

s o l v i n g  equa t ion  ( 2 )  i s  t o  express  t h e  B m a t r i x  i n  terms t h a t  

a r e  c o n s i s t e n t  w i t h  d e f i n i t i o n s  and convent ions used i n  t h e  BNL 

model, a s  desc r ibed  below. 



B. S e c t o r a l  C l a s s i f i c a t i o n  

Value added purchases  i n  t e r m s  .o l f ' the  BEA 85-indus- 

t r y  c a t e g o r i e s  a r e  p resen ted  i n  T a b l e . l  of r e f e r e n c e  2. They 

a r e  d i saggrega ted  i n t o  t h r e e  components: employee compensa- 
.. - 

t i o n  ( E C ) ,  i n d i r e c t  b u s i n e s s  t a x e s  (IBT), and proper ty- type  

income (PTI) .  C e r t a i n  BNL model s e c t o r s  a r e  d i s a g g r e g a t e s  o f  

t h e s e  s e c t o r s ,  however.* ,One must t h e r e f o r e  u s e  v a l u e  added 

d a t a  for  BEA 367-indus t r y  c a t e g o r i e s  f o r  . t h e s e  sectfirs which 

is  pub l i shed  i n  r e f e r e n c e  4. Because t h i s  d e t a i l e d  d a t a  i s  n o t  

d i saggrega ted  i n t o  t h e  t h r e e  v a l u e  added components, it h a s  

been  assumed t h a t  t h e  p r o p o r t i o n a l  s p l i t  'is t h e  same a s  t h a t  

i n  i t s  a g g r e g a t e  s e c t o r a l  c l a s s i f i c a t i o n  o n ' a n  85- indus t ry  

b a s i s .  

C. S t r u c t u r a l  ~ i ' f f e r e n c e  Between BEA and BNL Models 

S e c t o r a l  purchases  of t r a n s f e r r e d  ( c o m p e t i t i v e )  i m -  

p o r t s  a r e  p resen ted  a s  a n  i n t e r i n d u s t r y  row b y  BEA i n  t h e i r  

t r a n s a c t i o n s  t a b l e  ( s e c t o r  8 U B ) .  The BNL model hand les  them 

a s  n e g a t i v e  e n t r i e s  i n  one column o f  f i n a l  demand ( G N P ) ,  The 

BNL e n t r i e s  a r e  l a r g e r  i n  a b s o l u t e  v a l u e  t h a n  t h e  BEA row en- 

t r i e s  by t h e  amount of t h e i r  t r a n s p o r t a t i o n  and t r a d e  margins. 

BNL row t r a n s a c t i o n s * *  f o r  wa te r  t r a n s p o r t a t i o n  (BNL s e c t o r  92) 

and for. wholesa le  and r e t a i l  t r a d e  (BNL s e c t o r  99) a r e  the re -  

f o r e  l e s s  t h a n  t h e  cor responding  BEA row t r a n s a c t i o n s .  The . 

p r o p o r t i o n  b y  which t r a d e  and t r a n s p o r t a t i o n  margins on i m -  

p o r t e d  goods have reduced t o t a l  o u t p u t  of  t h e s e  two s e c t o r s  

i s  thus  used t o  s c a l e  down t h e  BNL v a l u e  added purchases  f o r  

* These a r e  t h e  new c o n s t r u c t i o n ,  maintenance and r e p a i r  
c o n s t r u c t i o n ,  r e f i n e d  o i l  p roduc t s ,  u t i l i t i e s ,  t r anspor -  
t a t i o n ,  f e d e r a l  government e n t e r p r i s e s ,  and s t a t e / l o c a l  
government e n t e r p r i s e  s e c t o r s ,  a s  noted i n  F igure  2. 

** These a r e  ob ta ined  by  t h e  m u l t i p l i c a t i o n  A i j  X . 
j 



sec to r s  92 and 99 from those documented by BEA. 

Commodity Cred i t  Corporation column purchases (BEA 

s e c t o r  78.03) have been included i n  t h e  Federal  Government- 

Other column of f i n a l  demand i n  t he  BNL model. The negative 

value added number f o r  BEA s e c t o r  78.03 i s  thus no t  included i n  

t h e  value added purchases of.BNL s e c t o r  107. 

The BNL 1-0 model does not  include two of t he  BEA 

s e c t o r s  - 80A ( d i r e c t l y  a l l oca t ed  imports) and 83 (scrap,  used 

and second-hand goods). These purchases m u s t  be  accounted f o r  

i n  t he  BNL model, however, because equation 2 says t h a t  t he  

t o t a l  value of input  purchases per  u n i t  output  of each s e c t o r  

m u s t  add up t o  t he  s e l l i n g  p r i c e  of t h a t  s e c t o r ' s  output .  This 

problem i s  corrected i n  t he  BNL model by adding an addi t iona l  

value added component ( ca l l ed  "o ther  value added") t h a t  repre- 

s e n t s  s e c t o r a l  purchases from BEA sec to r s  80A and 83. 

Column 80A has no e n t r i e s  i n  t h e  BEA t a b l e ,  so  t h i s  

does not introduce a discrepancy between t h e  two models. 

Column 83 (scrap)  does have e n t r i e s ,  however, and t h e  BNL 

model has added them t o  t h e  diagonal t ransac t ions  f o r  each row 

i n  which they appear. Although t h i s  does not  b i a s  t o t a l  s a l e s  

o r  production f o r  each sec to r  ( t he  sum of i n t e r indus t ry  and 

f i n a l  demand purchases) ,  it does b i a s  upward the  value of each 

s e c t o r ' s  purchases. This b i a s  i s  removed i n  t h e  BNL model by 

adding another value added component ( ca l l ed  "diagonal scrap")  

t o  t he  B matrix. The value of t h i s  component f o r  any s e c t o r  i s  

equal  t o  t he  negative of t h a t  s e c t o r ' s  s a l e s  t o  s e c t o r  83 i n  

the BEA 1-0 table. 

D. Normalization of Coef f ic ien ts  

The f i v e  components of value  added purchases must be  

normalized, o r  divided,  by 1967 t o t a l  output  f o r  each of t h e  ' 



102 purchasing sec to r s .  * Tota l  outputs  (domestic production) i n  

t h e  BNL model d i f f e r  from t h e . t o t a l s  presented by BEA. BNL out-  

pu t s  a r e  lower than those  i n  BEA by t h e  amount of competi t ive 

imports spec i f i ed  i n  t h e  BNL import column of f i n a l  demand. 

Addi t ional ly ,  outputs  of t h e  BNL energy s e c t o r s  a r e  expressed 

i n  physical  u n i t s  (Btu) ;  s o  t he  value added c o e f f i c i e n t s  f o r  t he  
6 

energy sec to r s  have u n i t s  of 1967 $/lo B t u .  The 1967 BNL model 

energy s e c t o r  outputs  which a r e  used f o r  normalization a r e  l i s t e d  

i n  Table 1. 

Energy s e c t o r  1-0 p r i c e s  f o r  1967 a r e  a l s o  l i s t e d  i n  

Table 1. The coa l  pr ice ,  $ . 18/106 D t u ,  i s  an average f o r  l i g n i t e ,  

bituminous and an th rac i t e  coa l s  from Minerals Yearbook (10, 

pp. 20, 301, 380). Wellhead p r i ce s  f o r  the  crude o i l  and gas 
6 s e c t o r  (from t h e  same source) a r e  $.16/10 Btu f o r  n a t u r a l  gas 

6 
(10, p. 723) and $.52/10 B t u  f o r  crude petroleum (10, pp. 20, 

810) .  The average, weighted p r i c e  f o r  t h e  crude s e c t o r  i s  
6 

$.35/10 Btu. The p r i c e  f o x  t h e  ref ined o i l  products sec tor ,  
6 

$.97/10 Btu, i s  averaged over Minerals Yearbook p r i c e s  f o r  

gasol ine ,  kerosene, j e t  f u e l ,  d i s t i l l a t e ,  and r e s idua l  o i l s  a t  

var ious  U.S.  porLs (10, pp. 868-71). For the  pipeline gas 
6 

s e c t o r ,  an average p r i c e  of $.61/10 B t u  f o r  gas u t i l i t i e s  over 

customers i s  used from Gas Facts  (11, p. 111). E l e c t r i c  s ec to r  

p r i c e s  a re  a l s o  based on u t i l i t y  s a l e s  and revenues f o r  a l l  

customer types,  a s  l i s t e d  i n  H i s t o r i c a l  S t a t i s t i c s  of t he  U.S. 
G 

This p r i ce  of $4.57/10 Btu i s  based upon de l ivered  Btu of 

energy, a f t e r  transmission and d i s t r i b u t i o n  losses .  

E. Transactions Between Energy Supply Sec tors  

Physical  energy t r ansac t ions  between the  energy sec- 

t o r s  i n  t he  E m  modcl' w i l l  no t  correspond t o  d o l l a r  t ransac-  

t i o n s  i n  t h e  BEA t a b l e  f o r  severa l  reasons. F i r s t ,  these  

* The e igh t ,  dummy, energy'product  s ec to r s ,  13-20, have no 
value added purchases. J 

- 6 -  



s a l e s  w i l l  not  i n  general  be  made a t  t h e  same p r i c e  a s  s a l e s  t o  

o t h e r  s ec to r s  i n  t he  economy. Secondly, t he  diagonal e n t r i e s  

d i f f e r  by d e f i n i t i o n .  I n  t h e  BEA model they represent  s a l e s  

between companies which a r e  a l l  c l a s s i f i e d . w i t h i n  a s i n g l e  I.-0 

s ec to r .  1 n : t h e  BNL model they a r e  only an accounting method 

f o r  Btu conversion l o s s e s ' ( s a y  crude gas t o  p ipe l ine  q u a l i t y  

g a s ) ,  d i s t r i b u t i o n  losses ;  'and transmission losses .  I n  order  

t o  c a l c u l a t e  c o r r e c t  s e c t o r a l  p r i c e s  i n  t h e  BNL model it i s  

the re fo re  necessary t o  convert  physical  energy purchases by each 

of t h e  f i r s t  12 sec to r s  t o  t h e  c o r r e c t  d o l l a r  purchases speci-  

f i e d  i n  t h e  BEA 1-0 t a b l e .  

.With  t h e  i m p l i c i t  1-0 energy p r i ce s  l i s t e d  i n  Table 1 

one can.express  t h e  BNL physical  energy t r ansac t ions  i n  t e r n s  

of d o l l a r s  and compare them with BEA d o l l a r  t ransac t ions .  The 

most important i n t e r s e c t o r a l  f u e l  t ransac t ions  a r e  compared i n  

Table 2. 

The d i s p a r i t y  i n  t h e  c.rude o i l  s a l e s  t o  t h e  re f ined  

o i l  and p ipe l ine  gas s ec to r s  i s  a r e s u l t  of gas being very 

cheap r e l a t i v e  t o  o i l  i n  1967.  he lower BEA d o l l a r  f u e l  

s a l e s  t o  t he  e l e c t r i c  s e c t o r  pr imari ly  r e f l e c t  the:fact t h a t  

f u e l  s a l e s  t o  u t i l i t i e s  were a t  lower p r i ce s  than f u e l  s a l e s  

t o  o the r  s ec to r s .  

Thc BNL modcl co r r ea t s  t h e  problem with  t h e s e .  f i v e  

t ransac t ions  i n  t h e  following manner. The f i v e  A matr ix  co- 

e f f i c i e n t s  f o r  these  t ransac t ions  a r e  simply mul t ip l ied  by t h e  

r a t i o s  l i s t e d  i n  Table 2 p r i o r  t o  ca l cu l a t i ng  1-0 p r i ce s  i n  

equation 2. A subprogram i s  incorporated t o  do t h i s ,  as  well  

as  s t o r e  t h e  o r i g i n a l  A matr ix  c o e f f i c i e n t s  s o  t h a t  t he  " t rue"  

physical  values  can be p r in t ed  ou t  a t  t he  end of t he  program. 

This subprogram a l s o  zeros t he  twelve diagonal " loss"  coef f ic -  

i e n t s  before  1-0 p r i ce s  a r e  ca lcu la ted .  



TWLE 1. 

1967 Energy Sec to r  Outputs and P r i c e s  

. . Tota l  Output, 1-0 P r i c e ,  
Sec to r  . 1015 B ~ U  $/lo6 ~ t u  

14.804 .18 . . 
1.. Coal 

40.068 2. Crude O i l  and Gas -35 

6 .  ~ e f i n e d  O i l  Products. 23.244 . .97 

18.355. 7. P ipe l ine  Gas .61 

9. ~ o s s i l  ' E l e c t r i c  3.'362 . . , .. 4.57 
. . _ . _ _  . .  .. .. . . 

10: LWR. E l e c t r i c  0.026 : 4.57 

1 . - 0.756. 4.57 12. Hydroelect r ic  

TABLE 2 

Comparison of Major 1967 Fuel  ~ r a n s a c t i o n s .  l o 9  $ 

(1) BNL $ (2)  BEA $ Rat io  
Transaction Transaction (2 )  t (1) 

T2, 6 
(crude t o  re f ined  o i l )  8.21 11.56 1.408 

T (crude t o  p i p e l i n e  gas)  6.37 2 . 5 2  0.396 
2e7 

T (coal  t o  e l e c t r i c )  1.53 1.03 0.672 
1 , 9  

( re f ined  , t o  e l e c t r i c )  ' " . . T 
6 , 9  

T ( g a s  . t o  e l e c t r i c )  2 . 1 1  .70 
7 # 9  

~ i n a l  Adjustment Coef f i c ien t s  f o r  Energy Sec to r s  

"Other Value Added" 
Purchasing Sec to r  Coef f i c ien t  

1. Coal 

2 .  Crude O i l  and Gas 

6. Refined O i l  Products 

7. P ipe l ine  Gas ' ' 

9. F o s s i l  E l e c t r i c  

10. LWR E l e c t r i c  

12. ~ y d r o e l e c t r i c  
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Figure 2. Sectoral classification of BNL energy input- 
output model and alignment.with other classification 
systems. 
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61  primary i r o n  and s t e e l  manufacturin8 52 37 . 37 49 49-50 

62 p~.imary xmnfsrraua metale manufacturing 5 3  38 { ) "-57 
38.3 52 

6 3  h t e l  con t s ins ra  ' 54 39 . 39 53 58 

64 baa ti^. plumbiag and fabr ica ted  structural metal  producta 55 M 40 . 54 59-60 

65 Screw machine prod.. bo l t e .  aute.  s t c .  6 w t a l  s t a w l n g s  56 . 4 1  , 41 55 61 --------- -- 
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BNL 101 - Bmokhnsen National Laberatory In1 Zsernr v.-sqnn 
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BE4 - Bureau of E e d c  h l g e i e .  U.S. Oept. of E-etce 
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A.Carter- Professor Ann Carter .  Brsadais Universi ty 

8LS - Bureau of Labor S t a t i s t l e e .  U.S. Dapt. of Lebor 

DRI 18 - Data  resource^. Inc. 18 8ector In te r indus t ry  model 

- --------- 
71 netalsorking machinery and equipmant 62 47 47 61 

67 

72 Speeisl  industry machinery and equ ipmnt  63  48 48 62 
68 

73 Gerteral i n d u s t r i d  machinary and equipmaat 64 49 49 63  69 

74 h c h i n e  .bop products 65 50 50 64 70 

75 Office. c m u t i q  and accovmtina u c h i n e s  66 51 51 65 71-72 
7-- --------- -- 

76 Setvice industry machines 67 52 52 66 73 
68 53 

53.1 67 74 
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78 %usehold app l i lness  69 54 54 69 76 

79 e l e c t r i c  l i g h t i n 8  and r i r i n a  eqpui-t 70 55 55 70 77 

80 mi.. t a l e & i ~ n  and c-i~atiane e q u i p n t  71 56 56 71 78-80 -__-_---- - 

Figure 2 (Cont'd.). Sectoral classification of BNL 
energy input-output model and alignment with other 
classification systems. 
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With the  a b o ~ e  ad~ustments  one does s t i l l  not  :obtain 

the  desired energy sec tor  pr ices  because energy sec tor  transac-o 

t ions  on the a re  now zero i n  the  pr ice  calculat ion pro- 

gram of the  BNL model.: By t r i a l  and e r ro r ,  coeff ic ients ,  have 
. . 

been added t o  .the ."other value added" row t o  obtain the  .desired 

energy pr ices  .: These coeff ic ients  a re  l i s t e d  i n  Table 3 .  . . 
. . , .  . . .  . . .  

I f  one now ca lcula tes  BNL 1-0 pr ices  a f t e r  the above 

modifications one s t i l l  does not come out  with a  pr ice  of $1.0 

f o r  a l l  non-energy sectors .  This i s  primarily a  r e s u l t ' o f  f u e l  

sa l e s  t o  non-energy sectors  being i n  some .cases a t  d i f f e r e n t .  

pr ices  from the  "average" 1-0. pr ices .  Adjustments t o  "other 

value added" purchases have therefore been made in  ce r t a in  non- 

energy sectors  t o  br ing t h e i r  calculated 1-0 pr ice  t o  within 5% 

of the  desired pr ice of $1'.0. Sectors so adjusted are  ident i -  

f i e d  i n  Table 4 .which tabulates  the value added coeff ic ients  by 

component f o r  a l l  110 sectors  in  the BNL model. Table 5 l i s t s  

the  f i n a l  s e t  of sec tora l  pr ices  a s  calculated from equation 

2 ,  t o t a l  value added purchases, and aggregated value added co- 

e f f  i c i en t s .  

111. Projected 1985 Prices 

Brookhaven's Energy Input-Output Model, when specif ied 

f o r  a fu ture  .planning year, can. be used t o  estimate r e l a t i v e  

pr ices  f o r  the  output of a l l  110 sectors  in  the.economy. To 

do t h i s  one must f i r s t  pro jec t  the  leve l  and s t ruc tu re  of Gross 

National Product (a  110 x 8 matr ix) ,  the  A matrix coeff ic ients  

of production ( a  110 x 110 matrix) and the  value added coef- 

f i c i e n t s  (a  5  x 110 m a t r i x ) ; .  Procedures f o r  doing t h i s  and f o r  

control l ing t o  a  s e t  of exoqenously specif ied energy pr ices  are  

described below. 



Table 5 Table 4 

-0 Prices 1967 Value Added Coefficients 
($/lo6 Btu, $/$I  

1-0 Price 

( $ / l o 6  Bru. 
$15)  

Orher 
labor Buslncss Capirsl Valve Scrap Ad. 

~ e ~ f o .  Servlcea Taxea Services  *dded Sector - 
I 
2 
3 

*.Tdlueted LO r e f l e c t  dlf terenrc In actual energy 
price* pold veraus 1-0 energy prlces .  



A. Non-Energy Sector  Coef f ic ien ts  

A 1985 A-matrix has been projected by the  U.S. Bureau 

of Labor S t a t i s t i c s .  (') This i s  spec i f i ed  i n  1958 d o l l a r s ,  a n d  

they furn i sh  s e c t o r a l  d e f l a t o r s  f o r  t he  years  1958-1971 so  t h a t  

c o e f f i c i e n t s  can be  converted t o  o the r  year  d o l l a r s .  For non- 

energy purchases by non-energy sec to r s ,  BLS A-matrix coef f ic -  

i e n t s  a r e  i n f l a t e d  t o  1967 d o l l a r s  and used d i r e c t l y .  For 

energy product purchases by non-energy sec to r s ,  Brookhaven has 

made i t s  own c o e f f i c i e n t  p ro jec t ions  based on the  1967 es t imates  

made by t h e  Center f o r  Advanced Computation and on t rends  i n  

energy consumption projected by the  Data Resources, Inc.,Long 
(6)  Term In t e r indus t ry  Model. 

For t h e  value added c o e f f i c i e n t s  it i s  assumed t h a t  

those des.cribing i n d i r e c t  business  t axes ,  property type income, 

sc rap  adjustment, and o ther  value added remain constant  over 

time. A l l  p roduc t iv i ty  changes a r e  captured i n  t he  pro jec t ions  

of employee compensation c o e f f i c i e n t s .  

The produc t iv i ty  r a t e s  used t o  p r o j e c t  t he  employee 

compensation c o e f f i c i e n t s  from 1967 t o  1985 were derived from 

est imates  made by Almon ('I and Bezdek (8) f o r  t h i s  per iod.  

They were judgementally adjusted based on information ava i l ab l e  ' 

f o r  1976. ,Annual percentage' changes i n  output  per  constant  hour 

man year f o r  t h e  periods 1967-1976, 1976-1985, and 1985-2000 

appear i n  Table 6. Figure 3 shows annual changes by sec to r  f o r  
\ 

t he  1967 t o  1985 period.  These produc t iv i ty  r a t e s  (R1967-1985) 

were applied t o  t he  1967 employee compensation c o e f f i c i e n t s  

( E C / ~ )  i n  t he  following manner: 

I f  the.mode1 i s  now run f o r  1985 using equation 2 and 

the  1985 da ta ,  t he  p r i ce s  obtained f o r  the  energy sec to r s  1 - 1 2  



TABLE 6 
- . . 

h u a l  Percent  Chaqge i n  bufc~f Per-Manyear 
f o r  1967-1976, 1976-19'85 

and 1985-2000 
( ~ e r c e n t l y e a r )  

-- - 
Sec tor  
Number 1967-1976 . ' 1976-1985 1985-2000 



Sector 
Number 

54 
55 . 
56 
5 7 
5 8 
5 9 
6 0 
61 
6 2  
6 3 
6 4 
65.'. 
6 6 
6 7 
6 8 
6 9 
70 
71 
7 2 
73 
74 
75 
76 
77 
7 8 
7 9 
8 0 
81 
8 2 
83 
8 4 

. . - 85 
86 
87 
8 8 
8 9 
90 
9 1 
9 2 
9 3 
94 
95 
9 6 
9 7 
9 8 
9 9 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

- 
TABLE 6 (cont'd.) 



Figure 3 .  Annual percentage changes i n  output per 
manyear, 1967-1985. 



may not  conform t o  exogenously spec i f i ed  p r i ce s .  Several  ad- 

justments m u s t  be.made to .  ob ta in  t h e  des i red  1985 p r i c e s  f o r  

s ec to r s  1-12.  These des i red  p r i c e s  a r e  discussed next ,  followed 

by t h e  parameter changes which were necessary t o  ob ta in  these  

p r i ce s .  

B. Determination of Energy Sec tor  Pr ices  

In  order  t o  s e t  up the  model i n  terms of exogenously 

spec i f i ed  energy p r i ce s ,  one m u s t  f i r s t  determine t h e  des i red  

1-0 p r i c e s  t h a t  you wan.t.equation 2 t o  ca l cu l a t e .  This in-  

volved t h e  following s teps :  ' .(l)  d e f l a t i n g  spec i f i ed  energy 

p r i ce s  t o  1967 do l l a r s*  t o  obta in  t h e  " r ea l "  19.85. energy, .price 
2. . I -. -: i+? 

( i n  67 $ )  with respec t  t o  t h e  " r e a l "  1985 p3i.'&:l:of:'all o t h e r  

goods and se rv ices  ($1.0 i n  1967 $ ) ,  and ( 2 )  ad jus t ing  f o r  

p roduc t iv i ty  gains i n  t he  production of o the r  goods and se r -  

v ices .  Because of aggregate p roduc t iv i ty  gains expected be- 

tween 1967 and 1985, ca l cu l a t ed  1-0 pr i ce s  i n  (67 $ )  of most 

non-energy goods and se rv ices  w i l l  be  lower i n  1985 than i n  

1967. To maintain c o r r e c t  r e l a t i v e  1985 p r i ce s ,  energy p r i c e s  

must be  reduced i n  proport ion t o  t h e  average reduction i n  t h e  

c o s t  of non-energy goods and se rv ices .  

For t h e  second s t e p ,  an aggregate p r i c e  index'* of 

non-energy goods and se rv ices  i s  constructed for .1967 and t h e  

p l a n i n g  year ,  i n  t h i s  case  1985. This i s  computed with t h e  

so lu t ion  p r i ce s  t o  equation 2 and t h e  vec tor  of t o t a l  s e c t o r a l  

outputs  : 

* The following d e f l a t o r  i s  used: 1967-1975 = 1.586 (Survey 
of Current Business GNP deflator). 

** C.E. ~ u r g u s o n " ~  index of income change i s  employed. 



For 1967 t h i s  p r i c e  index i s  1.0, and f o r  1985 it i s  .878 i n  

t h i s  example. The I985 X vec to r  was est imated with a p ro jec ted  

GNP (Y vec tor )  according t o  t he  standard input-output equation,  

(Since non-energy p r i c e s  f o r  1985 changed s l i g h t l y  as  energy 

s e c t o r  p r i ce s  were adjusted,  a 1985 p r i c e  index was a c t u a l l y  

r eca l cu l a t ed  seve ra l  times a s  energy p r i ce s  were brought i n t o  

abigwment,) Now, given de f l a t ed  enerqy p r i ce s  f o r  t h e  c o r r e s ~  
85 67 

ponding 1-0 d e f i n i t i o n s ,  they a r e  mul t ip l ied  by PI /PI t o  

obta in .  the  r e l a t i v e  p r i c e  t h a t  one wants t h e  model t o  ca l cu l a t e .  

Calcula t ion of des i red  1-0 p r i c e s  a r e  discussed be- 

low using BNL es t imates  f o r  a recen t  planning exerc i se  as  an 

example, f i r s t  f o r  conventional technologies and secondly f o r  

new technologies.  

1. Coal 

The 1985 BNL coa l  p r i c e  i s  $.64/106 Btu (1967 $ )  

a t  t h e  minemouth. This p r i c e  m u s t  be  mul t ip l ied  b g . 8 7 8  t o  
i 6 

f i n d  t h e  r e l a t i v e  coa l  p r i c e  i n  1967 do l laqs ,  $.5%/10 B t u ,  

t h a t  should be  ca l cu l a t ed  by t h e  1-0 p r i c e  program.' Since 

t h e  p r i c e  of coa l  was $.18/106 Btu i n  1967, a s i g n i f i c a n t  de- 

c,rease i n  t h i s  s e c t o r ' s  p roduc t iv i ty  i s  presumed. 

.: . 2 .  Crude O i l  and Gas 

Deflated 1985 p r i ce s  assumed f o r  crude o i l  and 

crude gas a t  t h e  wellhead a r e ,  respec t ive ly ,  $1. 34/106 Btu 
6 

and $1.48/10 Btu i n  1967 do l la r s . .  The s i n g l e  s e c t o r a l  p r i ce ,  . 

weighted by t h e i r  respec t ive  1985 production l e v e l s ,  i s  
6 

$1.40/10 Btu. Correcting f o r  p roduc t iv i ty  change, t he  de- 

s i r e d  1985 1-0 p r i c e  f o r  crude o i l  and gas is $1.23/106 Btu. 

( Ind iv idua l  p r i ce s  t h a t  correspond t o  t h i s  aggregate 1-0 



6 
p r i c e  a r e  $1.18/106 Btu of crude o i l  and $1.30/10 Btu of crude 

gas. 

3 .  Refined O i l  Products 

The 1985 re f ined  petroleum products p r i c e  which 

i s  assumed is  $1.79 i n  1967 d o l l a r s .  This $.45 markup from 

crude o i l  i s  t h e  same as  t h e  1967 markup, and .it. i s  assumed 

t h a t  t h e r e  i s  no aggregate change i n  p roduc t iv i ty  f o r  t h e  re- 

f i ned  o i l  s e c t o r  over t h i s  period.  Correcting f o r  p roduc t iv i ty  

change (by mult iplying by .878), t h e  des i red  1985 p r i c e  f o r  re- 

f i ned  o i l  products i s  $1.57/106 Btu. 

4. Pipe l ine  Gas 

The 1985 assumed p r i c e  f o r  de l ivered  p ipe l ine  gas 
6 i s  $1.93/10 Btu. A s  with o i l ,  it i s  assumed t h a t  t he re  i s  no 

aggregate change i n  p roduc t iv i ty  f o r  t h i s  s e c t o r  between 1967 
6  

and 1985, and t h e  1967 markup of $.45/10 Btu over crude gas 

i s  assumed. Adjusting f o r  p roduc t iv i ty  change i n  non-energy 

goods and se rv ices ,  t h e  des i red  1-0 p r i c e  f o r  p ipe l ine  gas i s  
6  

$1.70/10 B t u .  

5. Coal Cornhined Cycle E l e c t r i c ,  F o s s i l  ~ l e c t r i c ,  
Light  Water Reactor, High Temperature Gas 
Cooled Reactor, and Hydroelectr ic 

The 1985 p r i c e  of del ivered e l e c t r i c i t y  f o r  t h e s e '  

s ec to r s  i s  obtained from so lu t ion  of t he  Brookhaven Energy 
6  

System Optimization Model, $6.17/10 Btu i n  1967 d o l l a r s .  

This model (BESOM) which i s  l inked t o  t h e  1-0 model b r ings  

i n  t he  d e t a i l e d  c o s t  s t r u c t u r e  of the  u t i l i t y  i n d u s t q ,  t h e  

f u e l  mix, and t h e  mix between base,  in termediate  and peak load 

demands f o r  e l e c t r i c  power. (') Multiplying by t h e  produc t iv i ty  

f a c t o r  of .878 then gives  t h e  des i red  1985 1-0 p r i c e  of 
6  

$5.42/10 Btu f o r  a l l  e l e c t r i c  s ec to r s ,  with a l l  outputs  mea- 



sured i n  B t u  of de l ivered  e l e c t r i c i t y .  A s ing l e  p r i c e  i s  used 

f o r  a l l  e l e c t r i c  s ec to r s  t o  avoid b i a s  i n  ca l cu l a t i ons  of 

energy product p r ices .  

6. Shale O i l ,  Coal Gas i f ica t ion  and Coal Lique- 
f a c t i o n  

The p r i c e s  f o r  t he se  f u e l s  a r e  t i e d  t o  t he  de- 

s i r e d  1-0 p r i c e s  of crude o i l  and crude gas. The des i red  crude 

sha l e  o i l  p r i c e  of $1.50/106 Dtu i s  1M above t h e  crude o i l  

p r i c e ;  so t h e  des i red  1-0 p r i c e  of sha l e  o i l  i s  $1.39/106 B t u  

i n  1967 d o l l a r s .  S imi la r ly ,  the  assumed coa l  l i q u i d s  p r i c e  of 
6 

$2.40/10 Btu i s  79% above t h e  crude o i l  p r i ce ;  s o  t h e . d e s i r e d  

1-0 p r i c e  of coa l  l i q u i d s  i s  $2.11/106 B t u .  F ina l ly ,  t he  as- 

sumed coa l  gas p r i c e  of $2.36/106 B t u  i s  5% above t h e  crude 

gas p r i ce ;  s o  t h e  des i red  1-0 p r i c e  of coa l  gas i s  $2.07/10 
6 

Btu. 

The method f o r  ca l cu l a t i ng  a l l  twelve des i red  

1-0 energy p r i c e s  i s  summarized i n  Table 7. 

C. Alignment of Coef f ic ien ts  t o  Desired 1985 Pr ices  

A s  i n  1967, t he  major t ransac t ions  between t h e  energy 

supply sec to r s  must be adjusted t o  t ake  i n t o  account t h e  f a c t  

t h a t  these  s a l e s  w i l l  no t  jn general  be made a t  t h e  same p r i c e  

a s  s a l e s  t o  o the r  s ec to r s  of t he  economy. I n  1967, we were 

ab l e  t o  compare t h e  BNL t ransac t ions  values with t he  BEA 

values i n  o rder  t o  make t h i s  adjustment. In  1985, however, it 

i s  no t  known what the  values of these  t ransac t ions  should be 

and t h e  values i n  Table 8 were judgementally chosen. These 

e i g h t  adjustment f a c t o r s  m u s t  be i n se r t ed  i n t o  the  p r i ce  ca l -  

c u l a t i o n  program so  t h a t  t h e  corresponding A matr ix  c o e f f i c i e n t s  

a r e  mul t ip l ied  by these  f a c t o r s  p r i o r  t o  ca l cu l a t i ng  1-0 p r i c e s .  

I n  addi t ion ,  c o e f f i c i e n t s  f o r  coa l  t o  coa l  l i q u i d s  

and coa l  t o  coa l  conibined cycle  e l e c t r i c  generation were ca l -  



Sec to r  

c o a l  

crude o i l  

crude gas 

s h a l e  o i l  

c o a l  gas 

c o a l  l i q u i d s  

r e f i n e d  o i l  

TABLE 7 

c a l c u l a t i o n  of Desired 1-0 Energy P r i c e s  

Measurement 
. Unit  

raw c o a l  

crude 

crude 

procsd. gas 

syncrude 
, . 

r e f i n e d  

S p e c i f i e d  Desired 1-0 
P r i c e ,  67$/106 Btu P r i c e ,  67$/106 Btu 

I 0  
PI* = PC 

p i p e l i n e  gas 'de l ivered  gas . P x PI = plo 
P  9  Pg 

c o a l  combd. cyc le  dlvd.  e l e c .  

f o s s i l  e l e c t r i c  dlvd.  e l e c .  

LWR e l e c t r i c  dlvd.  e l e c .  

HTGR e l e c t r i c  dlvd.  e l e c .  

h y d r o e l e c t r i c  . dlvd.  e l e c .  

* P r i c e  index' f o r  non-energy goods and s e r v i c e s ;  approx. -878 f o r  1985/1967. 
** Average p r i c e  of e l e c t r i c i t y  from BESOM s o l u t i o n .  

TABLE 8 

1985 Adjustment Factors f o r  Major Fuel  Transact ions  

T2,6 
(crude t o  r e f i n e d  o i l )  .77 

T (crude t o  p i p e l i n e  gas) -61  
287 

T ( c o a l  t o  e l e c t r i c )  
1.9 

T ( r e f i n e d  t o  e l e c t r i c )  -75 
6,q 

T ( p i p e l i n e  gas t o  e l e c t r i c )  .75 
7,9 

T ( s h a l e  t o  r e f i n e d )  .77 
3,6 

T ( c o a l  gas t o  pipel ine.  gas)  .61 
4,7 

T ( c o a l  l i q u i d s  t o  r e f i n e d )  . 7 7  
5,6 



. cu la t ed  from. BESOM and in se r t ed  i n  t h e  A matr ix  s o  t h a t  p r ices '  

could be  es t imated c o r r e c t l y  f o r  these  technologies,  even 

though t h e i r  output  l e v e l s  were zero i n  t h e  1985 example. . . . . 

I n  order  t o  obta in  t h e  des i red  p r i c e s  discussed . 

above, the  Property-Type Income (PTI) c o e f f i c i e n t s  f o r  t he  

energy supply s e c t o r s  a r e  adjusted u n t i l  t he  des i r ed -p r i ce s  

a r e  obtained.  The 1967 PTI c o e f f i c i e n t s  and the  1985 PTI co- 

' e f f i c i e n t s  a r e  compared i n  Table 9. A l l  o the r  value added.co- 

e f f i c i e n t s  f o r  t h e  energy sec to r s  a r e  unchanged from t h e i r  

1967 values.  

Table 10 shows t h e  value added c o e f f i c i e n t s  f o r  a l l  

110 sec to r s  of t h e  BNL model and Table 11 shows t h e  f i n a l  s e t  

of s e c t o r a l  p r i ce s  as  ca lcu la ted  from equation 2 f o r  1985. 

I£ one wishes t o  s e t , u p  the  model f o r  a d i f f e r e n t  

s e t  of 1985 energy p r i ce s ,  it i s  necessary t o  f i r s t  ask what 

f a c t o r s  a r e  causing t h e  d i f f e r ence  i n  energy p r i c e s  from the  

base  case.  The reasons then provide a b a s i s  f o r  changing A 

matr ix  and value added c o e f f i c i e n t s  i n  t h e  aligriment process.  

A s h i f t  toward g r e a t e r  s t r ipmining,  fo r  example, would be re- 

f l e c t e d  through c e r t a i n , A  matr ix  changes i n  t h e  coa l  column 

and changes i n  t he  property type income' and employee compen- 

s a t i o n  c o e f f i c i e n t s .  Fur ther ,  changes i n  government tax r a t e s  

can be r e f l e c t e d  i n  t he  i n d i r e c t  business  t.ax c o e f f i c i e n t s .  



TABLE 9 

Comparison of 1967 and 1985 Proper ty  Type 
Income C o e f f i c i e n t s  ( $/lo6 BTU) 

c o a l  -036 .217 

crude  o i l  and gas  .175 1.038 

s h a l e  o i l  - - 1.045 

c o a l  gas  -- 1.134 

c o a l  l i q u i d s  -- .937 

r e f i n e d  o i l  .064 .064 

p i p e l i n e  gas  .155 .155 

c o a l  combd. c y c l e  e l e c .  - - 3.108 

f o s s i l  e l e c t r i c  2.039 2.635 

LWR e l e c t r i c  

HTGR e l e c t r i c  

h y d r o e l e c t r i c  2.039 1.714 



Table 10 , 

1985 Value Added Coeff ic ients  
(1967 $ / l o 6  Btu, $I$)  

Labor Bualneao C o p l r a l  Other S c r a p  Ad- 



Table  11 . 

1985 1-0 P r i c e s  

1-0  P r i c e  
($ / lo6  Btu.  $/$L 

vA Purchaeee 
(1967 $1- 

VA C o e f f i c i e n t s  
( $ / l o 6  s t " ,  $/$L Sector 

1-0 P r i c e  
.f$/l06 Bt", $/$l 

, 807947  
. 912231  
, 873745  
. 855311  
. 920684  
, 941540  
, 957327  
. a54420  
. 869608  
. 833956  
, 871954  
, 836616  
, 826643  
, 886405  
, 821911  
. 797058  
.758225 
. 798699  
, 818607  
, 820922  
, 853908  
, 794790  
. 809908  
. a26394  
. 697498  
, 730725  
, 879273  
. a16331  
, 763052  
. a72976  
, 162481  
, 861684  
, 761797  
, 733435  
. a41659  
. 728946  
. a19483  
. 793221  . 
. 849113  
,844427 
. 813606  
. go7181  

. 964672  
907242 

, 901485  
, 963368  

, 9 4 1 2 0 3  
. 918468  
, 837360  
, 9 7 3 5 3 0  
, 916613  

1 . 0 2 4 1 7 5  
. 968342  
.RS5RnS 
, 845763  

VA Purchases  
11967 $ 1  

8 .726616  
, 378458  

1 .758786  
2 .683872  
6 .934955  

20 .026623  
10 .865559  

1 .419578  
7 .726779  
5 .305999  
8 .592424  
2 .374897  
1 .475864  
3 .692585  
1 .670048  
4 .596747  
2 .815554  
4 .217924  
2 .653384  
5 .089030  
2 .846899  
5-714161 
2 .821759  
3 .057132  
6 .879829  
3 .883559  
1 .952606  

19 .682601  
5 .676816  
5 .723497  
2 .752403  
4 . 1 6 8 7 4 5  
5 .046531  
9 . 5 2 3 8 9 0  
3 .972853  

13 .811430  
1 .459215  
5 .718230  

, 861888  
1 .794800  

27 .292223  
2 .568763  
1 .193263  

195 .343915  
45 .262413  

158 .759641  
19 .318484  
50 .245762  
10 .909700  

7 .876714  
64 .176126  
11 .906039  

5 .959573  
n.nnnonn 
0 .000000  
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