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FOREWORD 

This Co l l abora t ive  Paper is  one of a s e r i e s  embodying t h e  
outcome of a w o r k s h o ~  and conference on Economic S t r u c t u r a l  
change: Ana ly t i ca l  ~ i s u e s ,  he ld  a t  IIASA i n  J u l y  and nugust 
1983.  The conference .and workshop formed p a r t  of t h e  con- 
t i n u i n g  IIASA program on P a t t e r n s  of Economic S t r u c t u r a l  Change 
and I n d u s t r i a l  Adjustment. 

S t r u c t u r a l  change was i n t e r p r e t e d  very  broadly: t h e  t o p i c s  
covered included t h e  n a t u r e  and causes  of changes i n  d i f f e r e n t  
s e c t o r s  of t h e  world economy, t h e  r e l a t i o n s h i p  between i n t e r -  
n a t i o n a l  markets and n a t i o n a l  economies, and i s s u e s  of organi-  
z a t i o n  and i n c e n t i v e s  i n  l a r g e  economic systems. 

There i s  a g e n e r a l  consensus t h a t  important  economic 
s t r u c t u r a l  changes a r e  occurr ing  i n  t h e  world economy. There 
a r e ,  however, s e v e r a l  a l t e r n a t i v e  approaches t o  measuring t h e s e  
changes, t o  modeling t h e  process ,  and t o  dev i s ing  appropr ia t e  
responses i n  terms of p o l i c y  measures and i n s t i t u t i o n a l  re- 
design.  Other i n t e r e s t i n g  ques t ions  concern t h e  r o l e  of t h e  
i n t e r n a t i o n a l  economic system i n  t r a n s m i t t i n g  such changes, and 
t h e  m e r i t s  of a l t e r n a t i v e  modes of economic o rgan iza t ion  i n  
responding t o  s t r u c t u r a l  change. A l l  of t h e s e  i s s u e s  w e r e  
addressed by p a r t i c i p a n t s  i n  t h e  workshop and conference,  and 
w i l l  be t h e  focus of t h e  con t inua t ion  of t h e  r e s e a r c h  program's 
work. 

Geoffrey Heal 
Ana to l i  Smyshlyaev 
Ern6 Za la i  





STRUCTURAL CHANGE AND EXTERNAL SHOCKS: 
SOME SIMULATIONS USING A MODEL OF THE 
SWEDISH ECONOMY 

Lars Bergman* 

1. PURPOSE AND SCOPE OF THE PAPER 

During the 1970s the industrialized economies experienced 

a significant drop in labor productivity growth rates as well 

as two-digit rates of inflation. Together with other phenomena 

such as the emergence of the so-called Newly Industrialized 

Countries, these events have been interpreted as signs of a 

major shift in the pattern of economic development in the early 

industrialized world. 

Economists trying to identify the major forces behind this 

process, for instance Lindbeck (1983), tend to point to several 

different factors of which some have been operating for a long 

time. The abruptness of the change in economic trends, however, 

to a large extent is assigned to the "shocks" in the form of 

dramatic increases in the prices of oil and other raw materials, 

as well as to the ensuing recession, experienced in the begin- 

ning of the 1970s. 

The purpose of this paper is two-fold. The first is to 

analyze the impact on a national economy of the type of "shocks" 

experienced in the 1970s within the framework of a computable 

general equilibrium model implemented on Swedish data. The 

second purpose is to compare the computed impact of the oil 

price "shock" with the corresponding impact of the most recent 

* Stockholm School of Economics, Stockholm, Sweden. 
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shock,  t h e  i n c r e a s e  of  r e a l  i n t e r e s t  r a t e s .  The unde r ly ing  

i s s u e  i s  obvious:  w e r e  t h e  raw m a t e r i a l s  p r i c e  i n c r e a s e s  a ' m a j o r  

f a c t o r  behind t h e  bad economic performance i n  t h e  1970s,  and i f  

s o ,  i s  it l i k e l y  t h a t  t h e  upward s h i f t  i n  r e a l  i n t e r e s t  r a t e s  

w i l l  have e q u a l l y  d e t r i m e n t a l  e f f e c t s ?  

The cho i ce  of  method f o r  t h i s  a n a l y s i s  has  some impl ica -  

t i o n s  which should  be p o i n t e d  o u t  a l r e a d y  a t  t h e  o u t s e t .  Thus, 

a s  t h e  model e s s e n t i a l l y  i s  des igned  a s  a  n e o c l a s s i c a l  g e n e r a l  

e q u i l i b r i u m  model, goods and f a c t o r  p r i c e s  a r e  assumed t o  be 

f l e x i b l e  enough t o  c l e a r  a l l  goods and f a c t o r  marke t s  i n  each 

pe r iod .  Moreover, it d o e s n o t c o n t a i n  f i n a n c i a l  marke t s .  Th i s  

means t h a t  t h e  a n a l y s i s ,  a t  best ,  can shed some l i g h t  on t h e  

d i r e c t  impact  of changes  i n  e x t e r n a l  p r i c e s  and i n t e r e s t  r a t e s  

on r e a l  v a r i a b l e s ,  wh i l e  i n d i r e c t  e f f e c t s ,  induced by malfunc- 

t i o n i n g  goods and f a c t o r  marke t s ,  r e a l  e f f e c t s  of h i g h e r  i n f l a -  

t i o n  r a t e s  and v a r i o u s  p o l i c y  r e a c t i o n s ,  a r e  d i s r e g a r d e d .  

To some e x t e n t  t h i s  obv ious ly  l i m i t s  t h e  v a l u e  of  t h e  ana l -  

y s i s .  On t h e  o t h e r  hand t h e  p a r t i a l  n a t u r e  of t h e  a n a l y s i s  pro- 

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

d i r e c t  and i n d i r e c t  e f f e c t s  of t h e  t y p e  of  e x t e r n a l  shocks ex- 

pe r i enced  by t h e  i n d u s t r i a l  n a t i o n a l  economies d u r i n g  t h e  l a s t  

decade.  

2. THE MODEL: BASIC STRUCTURE* 

2.1 . General  Remarks 

The model i s  a  s i m u l a t i o n  model, des igned  t o  p r o j e c t  t h e  

development of  a  n a t i o n a l  economy, subd iv ided  i n t o  a  number of  

s e c t o r s ,  over  t i m e .  I t  i s  based on t h e  " sma l l  open economy" 

no t i on .  That  i s ,  p r i c e s  of  t r a d e a b l e s  a r e  determined on i n t e r -  

n a t i o n a l  markets  and a r e  n o t  a f f e c t e d  by t h e  a c t i o n s  of t h e  

domest ic  agen t s .  I n  t h e  same s p i r i t  it i s  assumed t h a t  t h e  

domest ic  i n v e s t o r s  ( i n  p h y s i c a l  c a p i t a l )  can borrow a s  much a s  

t hey  wish a t  an i n t e r n a t i o n a l l y  determined r e a l  i n t e r e s t  r a t e .  

Producers  a r e  assumed t o  maximize p r o f i t s  under g iven  techno- 

l o g i c a l  c o n s t r a i n t s ,  wh i l e  consumers, agqrega ted  i n t o  a  s i n g l e  

household s e c t o r ,  a r e  assumed t o  maximize u t i l i t y  under a  budget  

c o n s t r a i n t .  

* Thi s  s e c t i o n  on ly  g i v e s  a  r a t h e r  b r i e f  d e s c r i p t i o n  of  t h e  
model. A complete p r e s e n t a t i o n  i s  g iven  i n  Bergman and Por 
( fo r thcoming)  . 



The prices of nontradeables, as well as the real wage rate, 

are assumed to be determined by the interplay of supply and de- 

mand factors on domestic markets, all of which are assumed to 

be competitive. The model only determines relative prices, and 

the numeraire of the price system is the price (in domestic 

currency units) of imported manufactured goods, The supply of 

labor is exogenously determined. 

There are seven producing sectors, numbered from 0 to 6, in 

the model economy and there is no joint production and thus a one- 

to-one correspondence between domestically produced goods and 

domestic production sectors. In the description of the model 

production sectors are denoted with index j and goods with index 

i. The production sectors are defined in Table 1. It should be 

noted that the output of public services is exogenously deter- 

mined, and that the capital goods sector (Sector 7) is just a 

book-keeping sector which defines the aggregated capital good as 

a fixed proportions composite of the other goods. 

Table 1. Production sector definitions. 

Number Sector 

0 Petroleum refining 

Electricity production 

Import-competing industries (food, textiles, 
etc.) 

Export-~riented~energy-intensive industries 
(paper and pulp, iron and steel, etc.) 

Other export-oriented industries (mainly 
manufacturing) 

Low-trade industries, trade and private ser- 
vices 

6 Public services 

Capital goods 



2.2. Techno log i ca l  C o n s t r a i n t s  and Producer  Behavior  

The model i s  r a t h e r  e l a b o r a t e  on t h e  supp ly  s i d e .  Thus, 

t h e r e  i s  a d i s t i n c t i o n  between t h e  s u b s t i t u t a b i l i t y  of  c a p i t a l ,  

l a b o r ,  o i l ,  and e l e c t r i c i t y  ex ante and t h e  cor responding  sub- 

s t i t u t a b i l i t y  ex post. Moreover, i n  each p roduc t i on  s e c t o r  d i f -  

f e r e n t  v i n t a g e s  of  p roduc t i on  u n i t s a r e  d i s t i n g u i s h e d ,  r e f l e c t i n g  

t h e  " p u t t y - c l a y "  n a t u r e  o f  technology a s  w e l l  a s  t h e  impact  o f  

embodied t e c h n o l o g i c a l  change.  

The b a s i c  r e s t r i c t i o n s  on technology a r e  g iven  by ex ante 

s e c t o r a l  l i n e a r l y  homogenous p roduc t i on  f u n c t i o n s ,  s h i f t i n g  ove r  

t i m e  due t o  t e c h n o l o g i c a l  p r o g r e s s .  On t h e  ex ante s t a g e ,  l a b o r ,  

c a p i t a l ,  o i l ,  and e l e c t r i c i t y  a r e  s u b s t i t u t a b l e  f a c t o r s  of  pro-  

d u c t i o n ,  wh i l e  o t h e r  i n t e r m e d i a t e  i n p u t s  , and s e c t o r - s p e c i f i c  

complementary impor t s  i n  t h e  energy s e c t o r s ,  a r e  r e q u i r e d  i n  

f i x e d  p r o p o r t i o n  t o  o u t p u t .  With t h i s  much s t r u c t u r e ,  and t h e  

assumption abou t  p r o f i t  maximizing b e h a v i o r ,  t h e  t e c h n o l o g i c a l  

r e s t r i c t i o n s  ex ante can  be f u l l y  r e p r e s e n t e d  by a  set o f  sec -  

t o r a l  ex ante c o s t  f u n c t i o n s  o f  t h e  f o l l o w i n g  type* :  

where H is  t h e  ex ante u n i t  p roduc t i on  c o s t ,  W .  t h e  wage r a t e  
j J 

of l a b o r  employed i n  s e c t o r  j ,  Q .  t h e  u s e r  c o s t  of  c a p i t a l  i n  
D 3 

s e c t o r  j ,  Pi f o r  i = 0 , 1 ,  ..., 5 t h e  domest ic  market  p r i c e s  of 

i n t e r m e d i a t e  i n p u t s ,  and P' is  t h e  p r i c e ,  i n  t h e  domes t i c  cur -  
j 

r ency  u n i t ,  of complementary impor t s  t o  s e c t o r  j. The f i x e d  

c o e f f i c i e n t s  a  and b  a r e  u s u a l  i npu t -ou tpu t  c o e f f i c i e n t s  i j  j * 
( n o t e  t h a t  bi = 0 f o r  j - > 2 ) ,  wh i l e  Hi ( - )  can  be deno ted  t h e  ex 

J J 

ante n e t  u n i t  c o s t  f u n c t i o n .  I t  g i v e s  t h e  minimum c o s t  f o r  t h e  

s u b s t i t u t a b l e  i n p u t s  l a b o r ,  c a p i t a l ,  o i l ,  and e l e c t r i c i t y  p e r  

u n i t  of o u t p u t .  The t i m e  i ndex  v i n d i c a t e s  t h a t  t h e  n e t  u n i t  

c o s t  f u n c t i o n  s h i f t s  over  t i m e .  

*For s i m p l i c i t y ,  t i m e  i n d i c e s  a r e  o m i t t e d  where p o s s i b l e .  



The s e c t o r a l  wage r a t e s  W a r e  def ined  by 
j 

where w i s  a  s e c t o r - s p e c i f i c  c o n s t a n t  and W an index f o r  t h e  
j 

o v e r a l l  r e a l  wage l e v e l .  S t r i c t l y  speaking t h e  homogeneity of 

l abo r  i n  t h e  model imp l i e s  t h a t  a l l  w ' s  should be equa l  i n  
j 

equ i l i b r ium.  By g i v i n g  o t h e r  va lues  t o  t h e s e  parameters ,  how- 

eve r ,  l a b o r  market d i s t o r t i o n s  and t h e  he t e rogene i ty  of l abo r  

can roughly be taken  i n t o  account.  

The u s e r  c o s t  of c a p i t a l  i n  s e c t o r  j i s  de f ined  by 

where 6, i s  an exogenously determined r a t e  of c a p i t a l  deprec ia -  
J 

t i o n  and FIW t h e  exogenously determined world market r e a l  i n t e r -  

e s t  r a t e .  A s  t h e  aggregated c a p i t a l  good i s  de f ined  a s  a  convex 

combination of o t h e r  goods, it holds  t h a t  

- D 
5 

P 7 -  L Pi a i , 7  where 1 a i , 7  = 1 ( 4 )  
i = 2  i = 2  

The ex ante u n i t  c o s t  f u n c t i o n  i s  c r u c i a l  i n  a t  l e a s t  two ways. 

F i r s t  it i s  t h e  b a s i s  f o r  t h e  t echno log ica l  des ign  and inves t -  

ment d e c i s i o n s .  Second, once t h e  t echno log ica l  des ign  and in -  

vestment d e c i s i o n s  a r e  made, it d e f i n e s  t h e  ex post p r o f i t  func- 

t i o n s ,  i . e . ,  t h e  t e c h n o l o g i c a l  c o n s t r a i n t s  on produc t ion  dec i -  

s i o n s .  More p r e c i s e l y  t h e  r e l a t i o n  between t h e  ex ante u n i t  

c o s t  func t ions  and t h e  ex post p r o f i t  f u n c t i o n s  a r e  t h e  follow- 

ing .  

A t  a  g iven p o i n t  i n  t ime ,  say t ,  producers  know t h e  ex ante 

produc t ion  f u n c t i o n ,  and they  hold c e r t a i n  e x p e c t a t i o n s  about 

t h e  f u t u r e  development of goods and f a c t o r  p r i c e s .  To s i m p l i f y  

t h e  e x p o s i t i o n ,  it i s  assumed t h a t  a l l  p roducers  have s t a t i c  

e x p e c t a t i o n s ,  i . e . ,  t h a t  t hey  expec t  c u r r e n t  r e l a t i v e  p r i c e s  t o  

p r e v a i l  i n  t h e  f u t u r e  a s  we l l .  By e v a l u a t i n g  t h e  ex ante u n i t  

c o s t  func t ion  a t  t h e s e  p r i c e s  and applying Shepherd's  lemma, t h e  



cost minimizing input coefficients in the new vintage of pro- 

duction units can be determined. Thus, the energy input coef- 

ficients in the production units, which are designed in period 

t, and taken into operation in period t+l, at+l,ij, become 

and the corresponding capital input coefficients become 

In the same way the cost minimizing labor input coefficients can 

be determined, but as these variables are not needed in the fur- 

ther exposition we directly define a measure of the expected 

rate of return on real investments in excess over the world mar- 

ket real interest rate in period t. This measure is denoted 

6 .  (t) and defined by 
3 

... P. (t) - H. (t) 
Rj (t) = I j = 0,1, ..., 6 (7) 

P7(t)kt+l, j 

where P is the producers'price of the goods produced by sector 
j 

j, and the notation H.(t) indicates that the e x  a n t e  cost func- 
3 

tion is evaluated in time period t. It should be noted that if 

all future prices are well anticipated, and markets competitive, 
-" 

R.(t) should be equal to zero. 
3 

On the basis of the variables gi (t) , sectoral gross invest- 
J 

ments are determined by means of investment functions defined 

later on in the exposition. Now it is assumed that once an in- 

vestment is made in a given sector, the capital goods in question 

are tied to that sector. It is also assumed that energy input 

coefficients cannot be varied ex post. That is, all the at+l, ij 

are variables in period t and constants from period t+l and so 

on. These added restrictions together with the ex a n t e  produc- 

tion functions define the ex post production functions of vin- 

tage t. By definition the e x  post production functions can be 



w r i t t e n  a s  f u n c t i o n s  of  t h e  i n p u t  of  l a b o r  o n l y ,  and t hey  ex- 

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

The ex  post p roduc t i on  f u n c t i o n s  d i f f e r  a c r o s s  v i n t a g e s  f o r  

two r e a s o n s .  F i r s t ,  t h e s e  f u n c t i o n s  r e f l e c t  t h e  t e c h n o l o g i c a l  

p r o g r e s s  on ly  up t o  t h e  p e r i o d  i n  which t h e  v i n t a g e  i n  q u e s t i o n  

was des igned .  Second, t h e  f i x e d  energy  i n p u t  c o e f f i c i e n t s  a r e  

most l i k e l y  t o  d i f f e r  a c r o s s  d i f f e r e n t  v i n t a g e s  o f  p roduc t i on  

u n i t s  i n  a  g i v e n  s e c t o r .  Moreover, t h e  sx post p roduc t i on  func- 

t i o n s  s h i f t  over  t i m e  due  t o  exogenously de te rmined  d e p r e c i a t i o n  

of t h e  f i x e d  c a p i t a l  s t o c k .  

On t h e  b a s i s  of t h e  ex  p o s t  p roduc t i on  f u n c t i o n s  and t h e  

p r o f i t  maximizat ion  assumpt ion,  a  set of  p r o f i t  f u n c t i o n s ,  

.rr ( * ) ,  one f o r  e a c h  v i n t a g e  of  p roduc t i on  u n i t s  i n  each  s e c t o r ,  
v  j 

c an  be d e r i v e d  and w r i t t e n  

where t h u s  IT i s  t h e  g r o s s  p r o f i t  i n  p roduc t i on  u n i t s  o f  v in -  
j 

t a g e  v  i n  s e c t o r  j, and 

Having d e f i n e d  t h e  p r o f i t  f u n c t i o n s ,  t h e  d e r i v a t i o n  of t h e  o u t p u t  

supp ly  and i n p u t  demand f u n c t i o n s  i s  q u i t e  s t r a i g h t f o r w a r d .  Thus, 

by H o t e l l i n g ' s  lemma t h e  supp ly  of  o u t p u t  from p roduc t i on  u n i t s  

of v i n t a g e  v  i n  s e c t o r  j i n  p e r i o d  t, X (t), becomes 
v  j 

a n v .  ( 0 )  

* = x ( t )  

a P v i  
v  j 

and by add ing  o v e r  v i n t a g e s ,  t h e  t o t a l  supp ly  o f  o u t p u t  from 

s e c t o r  j i n  t h a t  p e r i o d ,  X .  ( t ) ,  i s  determined.  That  i s  
3 



,The  supply of ou tput  from each t r a d e d  s e c t o r ,  i . e . ,  j = 

0 , 1 , .  . . , 5 ,  i s  assumed t o  be a  composite made up of goods f o r  

domestic use  and goods f o r  expor t .  The p r i c e s  of expor t s  a r e  

exogenously determined by world market c o n d i t i o n s ,  whi le  t h e  

p r i c e s  of domes t ica l ly  s o l d  goods a r e  endogenously determined 

by t h e  i n t e r p l a y  of supply and demand f a c t o r s  on domestic mar- 

k e t s .  I t  i s  assumed t h a t  thedemand f o r  i n p u t s  i s  independent 

of t h e  composit ion of ou tpu t ,  and t h a t  t h e r e  i s  a  c o n s t a n t ,  

scale-independent e l a s t i c i t y  of t ransformat ion  between t h e  two 

types  of ou tpu t .  Under t h e s e  cond i t ions  it holds  t h a t  

where P i s  t h e  producer u n i t  revenue of composite ou tput  i , N 
i - 

i s  t h e  p r i c e  of t h e  goods wi th  t h e  c l a s s i f i c a t i o n  i so ld  on t h e  
z domestic market ,  Pi t h e  expor t  p r i c e  of goods with  t h e  c l a s s i f i -  

c a t i o n  i and x i ( - )  i s  t h e  u n i t  revenue func t ion .  Observe t h e r e  

a r e  s e v e r a l  t ypes  of goods wi th  t h e  c l a s s i f i c a t i o n  i. This  

f e a t u r e  of t h e  model w i l l  be f u r t h e r  d i scussed  i n  subsec t ion  

2.3. 

On t h e  b a s i s  of equa t ion  ( 1 2 )  and Shephard's  lemma, t h e  

supply of domes t ica l ly  produced goods on domestic markets i n  

per iod  t ,  Ni ( t )  , i s  given by 

whi le  t h e  supply of e x p o r t s  i s  given by 

By H o t e l l i n g s ' s  lemma and t h e  s t r u c t u r e  of technology, t h e  demand 

f o r  l a b o r ,  Lj ( t )  , i n t e rmed ia t e  i n p u t s ,  Xi ( t )  , and complementary 
C imports ,  Mj ( t )  , by s e c t o r  j i n  per iod  t becomes 



t 
( t )  when i =  1 a v i j  v j  v=O or1  

X i j  ( t )  = ( 1 8 )  

a X .  ( t)  when i = 2 , 3 ,  ..., 6 
\ i j  I 

M p t )  = b .  X .  ( t)  , 
3 3 

which completes  t h e  d e r i v a t i o n  of t h e  mode l ' s  o u t p u t  supp ly  and 

i n p u t  demand f u n c t i o n s .  

2.3.  F i n a l  Demand f o r  Goods 

The demand f o r  goods i n  t h e  model economy can be subdivided 

i n t o  two c a t e g o r i e s ,  i n t e r m e d i a t e  and f i n a l  demand. A s  t h e  de- 

t e r m i n a t i o n  of i n t e r m e d i a t e  demand was d i s c u s s e d  above,  it re- 

mains t o  s p e c i f y  t h e  f i n a l  demand f u n c t i o n s .  Before  t h a t ,  how- 

e v e r ,  a  few words shou ld  be s a i d  about  t h e  d e f i n i t i o n  of  "goods" 

i n  t h i s  model. 

I t  h a s  a l r e a d y  been s t r e s s e d  t h a t  t h e r e  a r e  s e v e r a l  t y p e s  

of goods w i th  t h e  same c l a s s i f i c a t i o n  i n  t h e  model. The s i t u a -  

t i o n  can be c l a r i f i e d  by means of Table  2. 

I n  t h e  non- t raded,  p u b l i c  s e c t o r  t h e r e  i s  obv ious ly  no d i s -  

t i n c t i o n  between Pi, N D 
Pi ,  and Pi. Another way of  s ay ing  t h i s  i s  

t h a t  pM and pZ a r e  n o t  d e f i n e d  f o r  i = 6 .  I n  t h e  p r i v a t e  s e c t o r s ,  
i i 

however, a l l  t h e  p r i c e s  d e f i n e d  i n  Table  2 appear  i n  t h e  model 

and may d i f f e r  from each  o t h e r .  Adopting t h e  s o - c a l l e d  



Table 2. Types of goods denoted with a given index i in the 
mode 1. 

Price 
Type of good Quantity Price* determination 

Composite output from 
sector j = i 

Exports produced by 
sector j = i 

Non-traded goods produced 
by sector j = i Ni 

Imported goods 

Domestically used 
composite goods 

Endogenous 

Exogenous 

Endogenous 

Mi Exogenous 

Endogenous 

*In the domestic currency unit. 
**Does not explicitly appear in the model. 

Armington assumption (.see Armington [1969]) it is assumed that 

domestically produced goods for domestic use (N.) are relatively 
1 

close substitutes to imports with the same classification (M.). 
1 

Thus, in the model, domestic agents are assumed to demand a com- 

posite of imported and domestically produced, non-exported goods 

with the classification i, and the composite is defined by means 

of a "production" function aggregating goods fromthetwo sources 

of supply. 

This function is assumed to be homothetic and to apply to 

all domestic users of the goods in question. Consequently, the 

minimum unit cost of the composite good is solely a function of 
M N D 
Pi and Pi. Thus the price of the composite good, Pi, can be de- 

fined by the unit cost function of that good, i.e., it holds 

that 

where I)i(=) is the unit cost function of the composite good de- 

manded by domestic agents. By Shepard's lemma, the demand for 

imports and domestically produced goods, respectively, is given 

by the partial derivatives of the function I). ( 0 ) .  

1 



From t h e  assumpt ion about  exogenously de te rmined  e x p o r t  

p r i c e s ,  it fo l l ows  t h a t  e x p o r t  demand i s  comple te ly  e l a s t i c ,  and 

by t h e  c o n s t r u c t i o n  of  t h e  model, p u b l i c  s e c t o r  demand f o r  goods 

i s  t r e a t e d  a s  a  k ind  of  i n t e r m e d i a t e  demand. A s  i n v e n t o r y  changes 

a r e  d i s r e g a r d e d ,  two f i n a l  demand c a t e g o r i e s ,  household consump- 

t i o n  and g r o s s  inves tment ,  remain t o  be s p e c i f i e d .  I n  bo th  c a s e s  

t h e  t ime - r ecu r s ive  n a t u r e  of  t h e  model ha s  l e d  t o  simplifying 

assumpt ions .  

~ l l  consuming u n i t s  a r e  a g g r e g a t e d i n t o o n e  s i n g l e  household 

s e c t o r ,  which i s  assumed t o  maximize u t i l i t y  s u b j e c t  t o  a  budget  

c o n s t r a i n t .  Thus t h e  maximum consumption e x p e n d i t u r e s  by t h e  

household s e c t o r  i n  p e r i o d  t ,  E ( t ) ,  i s  g iven  by 

where s ( t )  i s  an  exogenously determined v a r i a b l e ,  i n d i c a t i n g  

domest ic  s av ing  and n e t  t a x a t i o n  a s  a  s h a r e  of t o t a l  f a c t o r  i n -  

come. 

I n  a  fu l l -b lown,  Arrow-Debreu t y p e  of m u l t i p e r i o d  g e n e r a l  

e q u i l i b r i u m  model, s ( t )  would be  endogenously determined by t h e  

wea l th  c o n s t r a i n t  of t h e  households  and t h e  demand f o r  p u b l i c  

s e r v i c e s .  I n  t h i s  model, however, t h e r e  i s  no mechanism a s s u r -  

i n g  t h a t  c u r r e n t  a b s o r p t i o n  l e v e l s  a r e  compat ib le  w i t h  t h e  econ- 

omy's wea l t h  c o n s t r a i n t .  I n s t e a d  s ( t )  i s  a  v a r i a b l e  which can 

be used f o r  d e f i n i n g  a l t e r n a t i v e  macroeconomic ad jus tment  p a t -  

t e r n s .  

Given t h e  d e f i n i t i o n  of E ( t )  and an assumption about  t h e  

u t i l i t y  f u n c t i o n  of t h e  household s e c t o r ,  t h e  household demand 

f u n c t i o n s  can e a s i l y  be determined.  For t h e  t i m e  be ing ,  t h e s e  

f u n c t i o n s  simply a r e  w r i t t e n  a s  

I n  c o n t r a s t  t o  t h e  o t h e r  s t r u c t u r a l  e q u a t i o n s  of t h e  model, 

t h e  inves tment  f u n c t i o n s  a r e  n o t  d e r i v e d  a s  s o l u t i o n s  t o  op t imi -  

z a t i o n  problems f aced  by t h e  a g e n t s  of  t h e  model economy. The 



r e a son  f o r  t h i s  i s  t h a t  i n  t h e  c a s e  of i nves tmen t ,  t h e s e  op t imi -  

z a t i o n  problems would i n v o l v e  r e l a t i o n s h i p s  between c u r r e n t  i n -  

ves tment  d e c i s i o n s  and f u t u r e  goods and f a c t o r  p r i c e s ,  i . e . ,  

r e l a t i o n s h i p s  which canno t  be i n c o r p o r a t e d  i n  t h i s  model. 

I n s t e a d ,  t h e  s e c t o r a l  inves tment  f u n c t i o n s  a r e  s p e c i f i e d a s  func- 

t i o n s  of t h e  expec ted  r a t e s  o f  e x c e s s  p r o f i t  i n  accordance  w i t h  

-. 
I + Ri "I 1 'j W - 

( 6 j  + g ) k  X. (t)  
t + l I j  7 

when R (t) + R .  I (t) - > 0 

I. (t) = 
I 

0 
W 

when R (t) +g.  I (t) < o 

where I . ( t )  a r e  t h e  s e c t o r a l  inves tment  volumes, wh i l e  g  and p 
I j 

a r e  exogenously g iven  c o n s t a n t s ,  and R ( t )  i s  an  exogenously  de- 

t e rmined  long-run r a t e  of  r e t u r n  requ i rement .  

The i n t e r p r e t a t i o n  of t h e s e  inves tment  f u n c t i o n s  i s  q u i t e  

s t r a i g h t f o r w a r d .  The terms i n  f r o n t  of t h e  p a r e n t h e s e s  d e f i n e  

t h e  s e c t o r a l  i nves tmen t s  r e q u i r e d  when a l l  s e c t o r s  of t h e  econ- 

omy grow a t  t h e  annua l  r a t e  g .  Under c o n d i t i o n s  of ba lanced  
W growth,  t h e r e  w i l l  be  no e x c e s s  p r o f i t s  and R ( t )  w i l l  c o i n c i d e  

w i t h  E ( t ) .  Thus t h e  v a l u e  of  t h e  l a s t  p a r e n t h e s i s  w i l l  be  u n i t y .  

However, i f  t h e  economy i s  n o t  on a  ba lanced  growth p a t h ,  p o s i -  

t i v e  e x c e s s  p r o f i t s  w i l l  be expec ted  i n  some s e c t o r s  and nega- 

t i v e  i n  o t h e r s .  I n  accordance  w i t h  t h e  inves tment  f u n c t i o n s  

above,  t h e  former  group of  s e c t o r s  w i l l  grow f a s t e r  t h a n  g  and 

t h e  l a t t e r  s lower  t h a n  g .  T o t a l  g r o s s  inves tment  becomes 

which,  by d e f i n i t i o n ,  e q u a l s  t h e  "p roduc t i on"  of t h e  agg rega t ed  

c a p i t a l  good, i . e . ,  X , ( t ) .  

2 . 4 .  Equ i l i b r i um Cond i t i ons  

Having d e r i v e d  t h e  s t r u c t u r a l  e q u a t i o n s  of t h e  model,  i t  

remains t o  s p e c i f y  t h e  e q u i l i b r i u m  c o n d i t i o n s  f o r  t h e  goods 



markets as well as for the labor market. Within the model econ- 

omy, there are three groups of goods markets: the markets for 

domestically produced goods, the markets for imports (other than 

complementary imports), and the markets for complementary im- 

ports. On the basis of equations (I), (11), (13), (14), (18), 

and (22), and use of equation (20), the equilibrium conditions 

for the first group of markets becomes: 

axi(*) 
xi (t) = I xij (t) + Ci (t) 

ap; j =o I 

where C6(t) is the exogenously determined consumption of public 

services. 

In the same way, and noting that the supply of imports is 

assumed to be completely elastic, the equilibrium conditions for 

the imported goods becomes 

Mi(t) = Xij(,t) +Ci(t) , 
j =.o I 

On the basis of equations (16) and (17), and the assumption 

about exogenously determined labor supply, ~ ( t ) ,  the labor mar- 

ket equilibrium condition becomes 

M Z C 
Thus, given the values of L(t) , C6 (t) , Pi (t) , Pi (t) . Pj (t) 

and R' (t) , the model endogenously determines the equilibrium 



domest ic  p a t t e r n  of  r e s o u r c e  a l l o c a t i o n  and r e l a t i v e  goods p r i -  

ces, a s  w e l l  a s  t h e  e q u i l i b r i u m  r e a l  wage r a t e .  Moreover, t h e  

c u r r e n t  accoun t  d e f i c i t  ( o r  s u r p l u s )  , D ( t )  , which does  n o t  

d i r e c t l y  a f f e c t  t h e  a l l o c a t i o n  o f  r e s o u r c e s ,  i s  de te rmined  by 

F i n a l l y ,  it shou ld  be mentioned t h a t  t h e  model a l s o  c o n t a i n s  

a  number o f  commodity t a x  pa r ame te r s ,  b u t  t h e r e  i s  no e x p l i c i t  

budget  c o n s t r a i n t  f o r  t h e  p u b l i c  s e c t o r .  

3 .  EMPIRICAL BASIS AND THE REFERENCE CASE 

I n  o r d e r  t o  implement t h e  model p r e s e n t e d  i n  t h e  p r eced ing  * 
s e c t i o n ,  it i s  neces sa ry  t o  s p e c i f y  t h e  f u n c t i o n s  H.(*), x j ( = ) ,  

3 
qi ( * )  and Ci ( 0  1 ,  and a l l  t h e  pa ramete r s  of  t h e  model have t o  be 

e s t i m a t e d .  I t  is  beyond t h e  scope o f  t h i s  paper  t o  go i n t o  de- 

t a i l s  of t h e  implementa t ion  p r o c e s s .  Only a  b r i e f  accoun t  can  

be  g iven  h e r e .  I n  g e n e r a l ,  however, t h e  mode l ' s  d a t a  ba se  is  

c o n s t r u c t e d  on t h e  b a s i s  of  a v a i l a b l e  econometr ic  r e s u l t s .  
* 

The ex ante u n i t  c o s t  f u n c t i o n s  H . ( * )  a r e  d e r i v e d  from a  
3 

n e s t e d  Cobb-Douglas-CES f u n c t i o n .  Thus t h e r e  i s  a  c o n s t a n t  

e l a s t i c i t y  of  s u b s t i t u t i o n  between a  composite  c a p i t a l - l a b o r  i n -  

p u t ,  d e f i n e d  by a  Cobb-Douglas p roduc t i on  f u n c t i o n ,  and an o i l -  

e l e c t r i c i t y  i n p u t ,  d e f i n e d  by a n o t h e r  CES f u n c t i o n .  Both sets 

of e l a s t i c i t y  o f  s u b s t i t u t i o n  pa ramete r s  were s e t  e q u a l  t o  0 .75 ,  

a  f i g u r e  which seemed r e a s o n a b l e  i n  view of  r e s u l t s  p r e s e n t e d  

by Pindyck (1980) and t h e  r e s u l t i n g  ex post p r i c e  e l a s t i c i t i e s .  

The u n i t  revenue f u n c t i o n s  x . ( *  ) were d e r i v e d  from a  CET 
3 

( s e e  Powell and Gruen [1968] )  t y p e  o f  t r a n s f o r m a t i o n  f r o n t i e r .  

On t h e  b a s i s  o f  a v a i l a b l e  econometr ic  e s t i m a t e s  of e x p o r t  re- 

sponses  t o  r e l a t i v e  p r i c e  changes ,  t h e  e l a s t i c i t y  of t r ans forma-  

t i o n  was set  e q u a l  t o  u n i t y  i n  a l l  s e c t o r s ,  I n  much t h e  same 

way, t h e  f u n c t i o n s  $ i ( - )  were d e r i v e d  from a  CES d e f i n i t i o n  of  

t h e  composi te  good demanded by domest ic  a g e n t s ,  and t h e  



elasticities of substitution, which can be interpreted as import 

demand price elasticities, were determined on the basis of esti- 

mated import demand functions. The numbers thus derived ranged 

from 3.0 for sector 2 to 1.5 for sector 5. 

The household demand functions Ci(-) were derived from a 

linear expenditure system estimated on 10 consumer commodity 

groups. Thus, the 10 consumer commodity groups, and the corres- 

ponding price indices, were defined as convex combinations of 

the seven types of composite goods explicitly treatedinthe model. 

Consequently, the model was extended with a matrix "transformingv 

the demand for the 10 consumer commodity groups into demand for 

composite goods. 

The parameters p in the investment functions, however, are 
j .., 

rather difficult to estimate, since the variables R. (t) cannot 
I 

be observed. However, by assuming "static" expectations, i.e., 

that producers expect current prices to prevail also in the 

future, there is a rather close correlation between the sum 
W 

R (t) + R .  (t) and conventionally estimated current rates of re- 
3 

turn on capital. Thus, in this case, estimated investment func- 

tions can indicate reasonable values for the parameters p . 
j 

In Lindbeck (1983) a cross-country regression of gross in- 

vestment on the profit rate and value added growth in the busi- 

ness sector is presented. The estimated elasticity of gross 

investment with respect to the profit variable is 0.23, but 

Lindbeck argues that, for several reasons, this estimate is on 

the low side. On the basis of this, and a number of test runs 

with the model, the numerical value of the parameters p was 
j 

set equal to 0.5 in all sectors. 

The parameters a and b i.e., the fixed input-output i j j 
coefficients, were estimated on the basis of input-output data 

for 1975, and the exogenous variable s(t) was estimated on the 

basis of the national accounts and kept at the base-year value. 

However, for the purpose of the type of simulations presented 

here, some adjustments were made in the 1975 data. The reason 

why and the procedure are as follows. 

It is quite likely that the impact of external shocks, such 

as world market oil price increases, depends on the initial 



state of the economy;. an economy which is reasonably close to a 

balanced state is probably less vulnerable than one which has 

not adjusted to previous changes in external conditions. How- 

ever, the model used here is not well suited for depicting an 

economy in disequilibrium. In 1975, however, there were a num- 

ber of disequilibrium phenomena in the Swedish economy, and some 

of these were reflected in the input-output statistics. For 

example, the input-output statistics in conjunction with the 

capital stock statistics revealed quite significant differences 

across sectors in the rate of return on capital, and the current 

account was deteriorating. Moreover, we now know that the ad- 

justment of oil input coefficients in the production system to 

the 1973/74 oil price increase had just begun in 1975. 

In view of this a static long run equilibrium model (see 

Bergman (1982)), was used to compute a hypothetical equilibrium 

allocation of resources in the Swedish economy, designed to re- 

flect the allocation after a complete adjustment to the 1973/74 

oil price increase had been carried out. Thus, it was assumed 

that the observed 1975 oil input coefficients reflected the 1972 

technology and the 1975 prices; that the higher cost of oil was 

completely balanced by lower profits; that the higher cost of oil 

imports had not led to any macroeconomic adjustments and thus 

only showed up in the current account. On the basis of these 

assumptions, an equilibrium allocation of resources and domestic 

absorption, characterized by such an allocation of capital that 

the rate of return on capital was the same in all sectors, was 

computed. This allocation of resources was then taken as the 

point of departure for a projection used as a reference case in 

the analysis. 

The reference case projection extends overasix-year period 

and the model is explicitly solved for the initial year and every 

second year after that. The labor force is assumed to remain 

constant in man-hours, but an assumed rate of labor-augmenting 

technical progress makes the labor force measured in efficiency 

units grow by 0.75 percent per annum. In addition, there is em- 

bodied technical progress, i.e., shifts of the ex ante production 

functions, ranging from 3.5 percent per annum in the manufactur- 

ing sector (sector 4) to 1.5 percent per annum in the public sec- 

tor. Moreover, it is assumed that world market prices remain 



constant in real terms, and that the internationally determined 

real rate of interest is 3.5 percent. Finally, it is assumed 

that the output of public services grows by 3.8 percent per an- 

num. The projected development of some macroeconomic indicators 

are summarized in Table 3. 

The reference case is, in what follows, used as a basis for 

comparisons, i.e., the impact of various external shocks is 

evaluated in terms of deviations from the reference case projec- 

tion. This projection is not .intended to exactly replicate the 

actual development of the Swedish economy after 1975; yet it 

includes some features which were typical of Swedish economic 

development during that period. For instance, a relatively slow 

growth of GDP, and public-sector growth in excess of the GDP 

growth rate; relatively rapid growth of real wages and the share 

of wages inthe national income; slow growth of gross investments 

and a gradual deterioration of the current account. Thus, in 

terms of the mode1,theadopted values of the exogenous variables 

s(t) (in equation 21) and C6(t) (consumption of public services) 

do not seem to be compatible with balanced growth. 

Table 3. Macroeconomic development inthe reference case. Annual 
rates of change (percent per year) over a six-year 
period. 

Private consumption* 2.2 

Public consumption* 3.8 

Gross investments * 1 5  

Export* 1.8 

Import* 2.6 

Gross domestic product (GDP) * 2.4 

Gross domestic (factor) income (GDI)** 2.8 

Real wages per man-hour 2.9 

*In constant base-year prices. 
**In terms of the numeraire good. 



4 .  SOME SIMULATION RESULTS 

-4.1. The Impact o f  O i l  P r i c e  I n c r e a s e s  

I n  t h e  f i r s t  s t e p  o f  t h e  a n a l y s i s ,  t h e  impact  of changes i n  

world market  p r i c e s  was s imula ted .  Thus, i n  one s i m u l a t i o n  t h e  

world market  p r i c e  of  o i l  was assumed t o  i n c r e a s e  by 100 p e r c e n t  

i n  t h e  second y e a r  and t o  remain a t  t h a t  l e v e l  th roughout  t h e  

s i m u l a t i o n  p e r i o d .  I n  a n o t h e r  s i m u l a t i o n  a  10 p e r c e n t  d rop  i n  

t h e  e x p o r t  p r i c e  of  a  major e x p o r t  good, t h e  o u t p u t  of t h e  b a s i c  

m a t e r i a l s  i n d u s t r i e s  i n  s e c t o r  3 ,  was assumed. T h i s  cou ld  be 

i n t e r p r e t e d  a s  t h e  r e s u l t  of a  g l o b a l  r e d u c t i o n  of  t h e  demand 

f o r  energy i n t e n s i v e  goods,  induced by t h e  o i l  p r i c e  i n c r e a s e .  

Although t h e  numbers a r e  somewhat a r b i t r a r i l y  chosen,  t h e s e  

s i m u l a t i o n s  bo th  r e p r e s e n t  e x t e r n a l  " shocks" ,  g e n e r a l l y  regarded  

a s  impor tan t  f a c t o r s  behind Sweden's b l eak  economic development 

i n  t h e  1970s. I t  should  be no ted  t h a t  by i n t e r n a t i o n a l  s t a n d a r d s  

t h e  p e r  c a p i t a  consumption o f  energy i s  h i g h  i n  Sweden, and i n  

1975 imported o i l  accounted f o r  about  70 p e r c e n t  o f  t h e  energy 

supply .  Moreover, abou t  25 p e r c e n t  o f  Sweden's e x p o r t  o r i g i n a t e d  

i n  t h e  i n d u s t r i e s  h e r e  a s s i g n e d  t o  s e c t o r  3. The s imu la t ed  

macroeconomic impact  i n  y e a r  2 of t h e s e  shocks  i s  summarized i n  

Table  4 .  

Large ly  t h e s e  f i g u r e s  speak f o r  themse lves .  Yet a  few com- 

ments shou ld  be made. To begin  w i t h  it should  be no ted  t h a t  t h e  

assumed wage f l e x i b i l i t y  p r e v e n t s  unemployment, and consequen t ly  

t h e r e  i s  h a r d l y  any impact  on GDP i n  c o n s t a n t  p r i c e s .  Thus t h e  

r e a l  income l o s s e s  and s t r u c t u r a l  changes r e s u l t i n g  from t h e  ex- 

t e r n a l  shocks e s s e n t i a l l y  r e f l e c t  changes i n  r e l a t i v e  p r i c e s * .  

Y e t ,  t h e  r e a l  income l o s s e s  a r e  s i g n i f i c a n t  i n  bo th  c a s e s .  

I n  t e r m s  of  aggrega ted  r e a l  income l o s s e s ,  t h e  two shocks 

have roughly  t h e  same macroeconomic impact ,  b u t  t h e y  seem t o  i n -  

duce q u i t e  d i f f e r e n t  ad jus tment  p a t t e r n s .  Thus, wh i l e  wages a r e  

squeezed more t h a n  p r o f i t s  i n  t h e  c a s e  of  t h e  o i l  p r i c e  i n c r e a s e ,  

* In  Bergman and Maler ( 1983 ) ,  it i s  shown t h a t  i f  e x p o r t  
demand i s  less t h a n  comple te ly  e l a s t i c ,  an o i l  p r i c e  i n c r e a s e  
induces  a d d i t i o n a l  t e r m s  o f  t r a d e ,  and t h u s  r e a l  income, l o s s e s  
th rough  r e d u c t i o n s  o f  e x p o r t  p r i c e s .  



Table 4 .  Immediate macroeconomic impact of selected external 
shocks (percentage deviation from the reference case 
values) 

- - 

10% decrease in world 
100% increase market basic material 
in world narket prices (exports from 
price of oil sector 3) 

- - 

Private consumption* 

Public consumption* 

Gross investments* 

Export* 

Import* 

GDP* 

GDI** 

Real wages per 
man-hour** 

a By assumption 

*In constant base-year prices. 
**In terms of the numeraire good. 

the opposite holds when sector 3 export prices are assumed to 

drop. Moreover, in the case of the oil price increase, an in- 

crease in the relative price of the commodity bundle demanded by 

households tends to squeeze real private consumption more than 

aggregated real income. Again the opposite holds in the case of 

the export price reduction. In both cases, however, the adjust- 

ment mechanism operating in the model seems to differ consider- 

ably from the one that actually operated in the Swedish economy. 

In the real Swedish economy, there was a considerable lag 

between the 1973/74 oil price increase and the adjustment of 

real wages. In fact real wages increased considerably in the 

years immediately after the oil price increase. The wage adjust- 

ment lag was made possible, to a large extent, by an expansion 

of the public sector and measures preventing a fall in the dis- 

posable income of the household sector. Consequently, net export 



r a t h e r  t h a n  domes t i c  a b s o r p t i o n  was h e l d  back.  I n  t h e  model 

s i m u l a t i o n ,  on t h e  o t h e r  hand,  t h e  immediate rea l  wage a d j u s t -  

ment b rough t  a b o u t  a n e t  e x p o r t  expans ion  l a r g e  enough t o  re- 

s t o r e  l a b o r  market  e q u i l i b r i u m  i n  s p i t e  of  t h e  r e d u c t i o n  i n  

domes t i c  a b s o r p t i o n .  

I t  c a n  be a rgued  t h a t  unexpected  changes  i n  wor ld  market  

c o n d i t i o n s  t h a t  c a l l  f o r  r a p i d  r e d u c t i o n s  i n  household  consump- 

t i o n  l e v e l s  and rea l  wage rates are p a r t i c u l a r l y  d i f f i c u l t  t o  

h a n d l e  i n  a modern w e l f a r e  s t a t e  l i k e  Sweden. I f  t h i s  i s  s o ,  

t h e  model r e s u l t s  s u g g e s t  t h a t  a  100 p e r c e n t - i n c r e a s e  i n  o i l  

p r i c e s  produced a good d e a l  more a d j u s t m e n t  problems t h a n  a 10 

p e r c e n t  d r o p  i n  s e c t o r  3  e x p o r t  p r i c e s .  

Before  t u r n i n g  t o  t h e  n e x t  s i m u l a t i o n ,  a few a d d i t i o n a l  

r e s u l t s  s h o u l d  be mentioned.  Thus, l o o k i n g  a t  t h e  s i m u l a t e d  

development  o v e r  t h e  e n t i r e  s i x - y e a r  p e r i o d ,  one s h o u l d  e x p e c t  

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

l a r g e r  r e d u c t i o n  i n  t h e  GDP growth ra te  i n  t h e  case of  f a l l i n g  

s e c t o r  3  e x p o r t  p r i c e s .  Although t h i s  e f f e c t  t u r n e d  o u t  t o  be 

un impor tan t  (GDP less t h a n  1  p e r c e n t  lower t h a n  i n  t h e  r e f e r -  

ence  case) ,  t h e  o u t p u t  l e v e l  o f  s e c t o r  3  w a s  more t h a n  8 p e r -  

c e n t  lower t h a n  i n  t h e  r e f e r e n c e  case a t  t h e  end o f  t h e  simu- 

l a t i o n  p e r i o d .  

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

p l i e s  a s lower  growth of o i l  consumption,  1 .3  p e r c e n t  p e r  annum 

as compared t o  3 .0  p e r c e n t  p e r  annum. However, i n  s p i t e  o f  

t h i s  c o n s i d e r a b l e  c u t  i n  o i l  consumption growth,  less t h a n  h a l f  

of t h e  a d j u s t m e n t  t o  t h e  h i g h e r  o i l  p r i c e  l e v e l  w a s  comple ted  

a t  t h e  end of  t h e  s i x t h  y e a r .  I n  t h e  r e l a t i v e l y  energy- 

i n t e n s i v e  s e c t o r  3 ,  f o r  example, t h e  d o u b l i n g  o f  o i l  p r i c e s  i n -  

duced a 35 p e r c e n t  r e d u c t i o n  o f  o i l  i n p u t  c o e f f i c i e n t s  i n  new 

v i n t a g e s  of p r o d u c t i o n  u n i t s .  By t h e  end o f  t h e  s i m u l a t i o n  

p e r i o d ,  i . e . ,  f o u r  y e a r s  a f t e r  t h e  o i l  p r i c e  i n c r e a s e ,  t h e  i n -  

c o r p o r a t i o n  o f  t h e s e  p r o d u c t i o n  u n i t s  had reduced t h e  a v e r a g e  

o i l  i n p u t  c o e f f i c i e n t  of  s e c t o r  3 by 1/3 o f  t h a t ,  o r  13 p e r c e n t .  

4 . 2 .  The Impact  o f  Higher  R e a l  I n t e r e s t  R a t e s  

The n e x t  s t e p  i n  t h e  a n a l y s i s  i s  t o  compare t h e  computed 

impact  o f  an  o i l  p r i c e  i n c r e a s e ,  t h e  main e x t e r n a l  " shock t t  



exper ienced  i n  t h e  1970s,  and t h e  cor responding  impact  of an  i n -  

c r e a s e  i n  i n t e r n a t i o n a l l y  determined r e a l  i n t e r e s t  r a t e s ,  i . e . ,  

t h e  t y p e  of  e x t e r n a l  "shock" exper ienced  a t  t h e  beg inn ing  o f  t h e  

1980s. The model s i m u l a t i o n  c a r r i e d  o u t  was based on t h e  assump- 

t i o n  t h a t  t h e  i n t e r n a t i o n a l l y  determined r e a l  i n t e r e s t  r a t e  i n -  

c r e a s e s  from 3 .5  p e r c e n t  t o  5.0 p e r c e n t  two y e a r s  a f t e r  t h e  

i n i t i a l  p o i n t  i n  t i m e ,  and remains  a t  t h a t  l e v e l  th roughout  t h e  

s i m u l a t i o n  p e r i o d .  However, t h e  long-run r a t e  of  r e t u r n  r e q u i r e -  

ments ,  i . e . ,  t h e  v a r i a b l e  E ( t ) ' i n  t h e  inves tment  f u n c t i o n s  (equa- 

t i o n  2 3 ) ,  remain u n a f f e c t e d .  The main r e s u l t s  a r e  summarized 

i n  Tab l e  5.  

Needless  t o  say  t h e  computed impact  of  t h i s  e x t e r n a l  shock 

i s  d r a m a t i c ,  pe rhaps  d r ama t i c  t o  t h e  p o i n t  w h e r e t h e n u m e r i c d l  

v a l u e s  of  t h e  r a t e  of p r o f i t  e l a s t i c i t i e s  i n  t h e  i nves tmen t  

Tab le  5. Immediate macroeconomic impact  of  s e l e c t e d  e x t e r n a l  
shocks  (pe r cen t age  d e v i a t i o n  from r e f e r e n c e  c a s e  
v a l u e s )  

1 00% i n c r e a s e  I n c r e a s e  of  r e a l  
i n  world market  i n t e r e s t  r a t e s  from 
p r i c e  o f  o i l  3.5% t o  5% 

- - 

P r i v a t e  consumption* 

P u b l i c  consumption* 

Gross  inves tments*  

Expor t*  

Import  * 
GDP* 

Rea l  wages p e r  
man-hour** 

a By assumpt ion.  

* In  c o n s t a n t  base-year  p r i c e s .  
**In t e r m s  of t h e  numera i re  good. 



func t ions  should be s e r i o u s l y  ques t ioned .  Also it i s  perhaps 

u n r e a l i s t i c  t o  a s s i g n  t h e  same r e a l  i n t e r e s t  s e n s i t i v i t y  t o  

p r i v a t e  and p u b l i c  r e a l  investments .  However, t h e  p r e c i s e  p a t t e r n  

of t h e  computed impact obviously  depends very  much on t h e  spec i -  

f i c a t i o n  of t h e  model. Thus t h e r e  i s  reason t o  b r i e f l y  p o i n t  o u t  

some f e a t u r e s  of t h e  model which a r e  p a r t i c u l a r l y  important  here .  

The assumed i n c r e a s e  i n  world market i n t e r e s t  r a t e s ,  c e t e r i s  

pa r ibus ,  i n c r e a s e s  t h e  u s e r  c o s t  of c a p i t a l  and t h u s  squeezes 

t h e  expected p r o f i t  r a t e s  which determine s e c t o r a l  g r o s s  i nves t -  

ments. This  reduces  t h e  demand f o r  c a p i t a l  goods, and i n  t h e  

end t h e  demand f o r  l abo r .  I n  o rde r  t o  main ta in  l a b o r  market 

e q u i l i b r i u m , r e a l  wages s t a r t  t o  f a l l .  T h i s ,  i n  conjunc t ion  wi th  

t h e  reduced domestic demand f o r  goods, t ends  t o  b r i n g  about  a 

swi tch  of domestic supply from domestic t o  i n t e r n a t i o n a l  markets 

a s  we l l  a s  a swi tch  i n  domestic demand from imported t o  domesti- 

c a l l y  produced goods. But t h e  lower p r i c e s  of domestic ou tpu t  

tend t o  dep res s  p r o f i t  expec ta t ions  even more, t hus  inducing 

a d d i t i o n a l  c u t s  i n  g r o s s  investments  and another  round of a d j u s t -  

ments. These mechanisms a r e  a l l  q u i t e  reasonable ,  b u t ,  a s  men- 

t i oned  above, t h e  model might o v e r s t a t e  t h e i r  speed and power. 

By co inc idence  t h e  adjustment of t h e  r e a l  wage i n  terms of 

t h e  numeraire good i s  t h e  same i n  both s imula t ions  under lying 

t h e  r e s u l t s  p resen ted  i n  Table  5 .  I n  t h e  case  of t h e  r e a l  r a t e  

of i n t e r e s t  i n c r e a s e ,  however, t h e  p r i c e s  of consumer goods f a l l  

whereas t h e  oppos i t e  ho lds  i n  t h e  case  wi th  t h e  o i l  p r i c e  in -  

c r ease .  Consequently, r e a l  wages i n  terms of consumer goods, 

which a r e  c l o s e  t o  what is  commonly meant by " r e a l  wage", a r e  

cons iderab ly  l e s s  a f f e c t e d  by t h e  former type of e x t e r n a l  shock. 

The sharp  drop i n  g r o s s  investments r e s u l t i n g  from t h e  r e a l  

r a t e  of i n t e r e s t  i n c r e a s e  of course  has a n  impact on t h e  r a t e  of 

GDP growth over  t n e  e n t i r e  s imu la t ion  pe r iod .  Thus, whi le  GDP 

grows by 2.4 percen t  p e r  annum i n  t h e  r e fe rence  case ,  it only  

grows by 2 . 0  pe rcen t  p e r  annum i n  t h e  case  of t h e  r e a l  r a t e  of 

i n t e r e s t  i n c r e a s e .  This  i s  c l e a r l y  a s i g n i f i c a n t  r educ t ion ,  bu t  

y e t  n o t  t h e  end of economic growth. 



5 .  CONCLUDING REMARKS 

For  obv ious  r e a s o n s  t h e  r e s u l t s  o b t a i n e d  i n  t h i s  t y p e  of  

model s i m u l a t i o n  shou ld  n o t  be s t r e t c h e d  i n t o  d e f i n i t e  conclu-  

s i o n s  abou t  t h e  r e a l  world.  Y e t  a  few o b s e r v a t i o n s  can  be made. 

One s t r i k i n g  r e s u l t  i s  t h a t  bo th  t h e  s h o r t -  and long-run 

impact  on c o n s t a n t  p r i c e  GDP of  t h e  assumed o i l  p r i c e  shock i s  

ve ry  sma l l .  Thus t h e  remarkable  d rop  i n  r e a l  GDP growth exper-  

i enced  i n  Sweden and most i n d u s t r i a l i z e d  c o u n t r i e s  a f t e r  t h e  

1973/74 o i l  p r i c e  i n c r e a s e  c l e a r l y  is n o t  reproduced by t h e  

model. T h i s  can  be i n t e r p r e t e d  i n  two, n o t  mu tua l l y  e x c l u s i v e ,  

ways. One i s  t h a t  o t h e r  exogenous f a c t o r s  t h a n  t h o s e  d e a l t  w i t h  

i n  t h i s  paper  have l e d  t o  a  slow-down of economic growth.  The 

o t h e r  p o s s i b l e  i n t e r p r e t a t i o n  i s  t h a t  t h e  smooth ad ju s tmen t  o f  

r e l a t i v e  p r i c e s  t a k i n g  p l a c e  i n  t h e  model economy does  n o t  have 

a c o u n t e r p a r t  i n  t h e  r e a l  world.  

The l a t t e r  i n t e r p r e t a t i o n  can  a c t u a l l y  be g i v e n  a  good d e a l  

of  s u p p o r t  by means of  a d d i t i o n a l  s i m u l a t i o n s  w i t h  t h e  same 

model. Thus, i f  t h e  l a b o r  market  e q u i l i b r i u m  c o n d i t i o n  i s  drop- 

ped,  and t h e  r e a l  wage r a t e  exogenously f i x e d  a t  t h e  r e f e r e n c e  

c a s e  v a l u e s ,  a  100 p e r c e n t  o i l  p r i c e  i n c r e a s e  l e a d s  t o  b o t h  un- 

employment and a s i g n i f i c a n t  r e d u c t i o n  i n  c o n s t a n t  p r i c e  GDP. 

Moreover, t h e r e  i s  a  d rop  i n  i nves tmen t s  and a  s h a r p  d e t e r i o r a -  

t i o n  of t h e  c u r r e n t  accoun t .  I n  o t h e r  words,  t h e  behav ior  of  

t h e  model economy becomes q u i t e  s i m i l a r  t o  t h e  behav io r  of t h e  

r e a l  Swedish economy d u r i n g  t h e  mid-1970s. 

T h i s  s u g g e s t s  t h a t  t h e  t y p e  and magnitude of t h e  impact  o f  

e x t e r n a l  shocks ,  i n  t h e  form of  s i g n i f i c a n t  u n a n t i c i p a t e d  changes 

i n  i n t e r n a t i o n a l l y  de te rmined  p r i c e s ,  t o  a  l a r g e  e x t e n t  depends 

on t h e  f l e x i b i l i t y  of t h e  domes t i c  f a c t o r  p r i c e s .  I n  t u r n  t h i s  

s u g g e s t s  t h a t  t h e  change i n  domest ic  f a c t o r  p r i c e s  needed t o  re- 

s t o r e  e q u i l i b r i u m  a f t e r  a  g i v e n  e x t e r n a l  shock cou ld  s e r v e  a s  

an  index  by which d i f f e r e n t  e x t e r n a l  shocks  cou ld  be  compared. 

On t h e  b a s i s  of t h e  computed impact  on t h e  r e a l  wage i n  

t e rms  of consumer goods ,  t h e  r e s u l t s  of t h e  model s i m u l a t i o n s  

i n d i c a t e  t h a t  a  100 p e r c e n t  o i l  p r i c e  i n c r e a s e  (above t h e  1974 

l e v e l )  is  "worse" t h a n  a  1 . 5  pe r cen t age  p o i n t s  temporary  i n c r e a s e  



i n  r e a l  i n t e r e s t  r a t e s .  Whether t h i s  means t h a t  t h e  r e a l  i n -  

t e r e s t  i n c r e a s e s  exper ienced  a t  t h e  beg inn ing  of t h e  1980s w i l l  

b e  less d e t r i m e n t a l  t o  economic growth t h a n  t h e  o i l  p r i c e  i n -  

c r e a s e s  of  t h e  1970s i s  an  open q u e s t i o n .  The r e s u l t s  do  sug- 

g e s t ,  however, t h a t  t h e r e  i s  a c o n s i d e r a b l e  need f o r  f l e x i b i l i t y  

i n  t h e  domes t i c  r e s o u r c e  a l l o c a t i o n  mechanisms i n  an  economy 

f aced  w i t h  s i g n i f i c a n t  changes  i n  exogenously de te rmined  r e l a -  

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