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ABSTRACT 

The industrial establishments of the forest industry 
are often concentrated in distinct regions, in which they 
employ a significant part of the labor force. This paper 
presents a model which provides a means to analyze and 
evaluate investment patterns and programs in such regions. 
The model contains two integrated parts: one describes 
the obsolescence and renewal processes in the industry 
sectors of a region. This part of the model is formulated 
within the framework of a regionally specified multi- 
sectoral model. The other part is an optimization model 
which generates investment and production for regions, 
given national and regional constraints on production and 
employment levels. 
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A STRUCTURAL CHANGE MODEL FOR REGIONAL 
ALLOCATION OF INVESTllENTS 

Bdrje Johansson 

1 .  ANALYSIS OF THE FOREST INDUSTRY. A FRAMEWORK OF 
MODELS 

1.1 Introduction 

In Sweden the forest industry constitutes a sector 

which is extremely oriented towards the world market. 

At the same time this industry is characterized by a 

set of basic rigidities. First, the long run supply 

of inputs is determined by the slow growth process of 

forests in regionally concentrated areas. Second, the 

paper and pulp sector, here called "paper and paper 

products industry", has a high average capital coefficient 

and the capital equipment is characterized by 

extraordinarily long durability. Third, different 



s e c t o r s  of t h e  f o r e s t  i ndus t r y  a r e  h igh ly  concent ra ted i n  

a  d i s t i n c t  s e t  of  separa ted  reg ions .  

I n  smal l  reg ions i n  which t h e  f o r e s t  i ndus t r y  i s  

p lay ing  a dominant r o l e ,  s t r u c t u r a l  change may have 

severe  e f f e c t s  on t h e  employment s i t u a t i o n .  I n  t h i s  

paper we suggest  an approach t o  formulate  investment 

p o l i c i e s  f o r  t h e  i ndus t r y  i n  a  reg ion  such t h a t  t h e  

s t r u c t u r a l  change of t h e  i ndus t r y  s a t i s f i e s  both c e r t a i n  

p r o f i t a b i l i t y  cond i t i ons  and reg iona l  employment t a r g e t s .  

Using a v in tage  type product ion model, we d e r i v e  

s t r u c t u r a l  change requirements from i n t e r n a t i o n a l  and 

n a t i o n a l  medium term scenar ios .  These scenar ios  a r e  

combined wi th  r e g i o n a l l y  s p e c i f i e d  employment and 

product ion t a r g e t s .  We a l s o  suggest  how t h i s  a n a l y s i s  

may be extended t o  an  i n t e r r e g i o n a l  framework. To 

i l l u s t r a t e  t h e  method developed, we p resen t  a  s ing le -  

reg ion a p p l i c a t i o n  which focuses on t h e  f o r e s t  i ndus t r y .  

1 . 2  A t h r e e - l e v e l  system of models 

F igure 1 p r e s e n t s  a  framework t o  which the  models 

p resented  i n  t h i s  paper belong. The top  l e v e l  i n  

Figure 1 c o n s i s t s  of  world t r a d e  models. For a  country 

i n  which a l a r g e  sha re  o f  t h e  f o r e s t  i ndus t r y  ou tpu t  

i s  expor ted,  world t r a d e  scenar ios  form a necessary  

b a s i s  f o r  medium and long term ana lyses  of t h e  domestic 

development of t h e  f o r e s t  i ndus t r y .  A minimum 

requirement here  i s  t h a t  a  world t r a d e  scenar io  should 

s p e c i f y  t h e  development of  world market p r i c e s .  
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Figure 1. Medium and long-term models designed to 
analyze structural change of the forest 
industry. 



The n a t i o n a l  l e v e l  i n  t h e  f i g u r e  con ta ins  a  

m u l t i s e c t o r a l  model which i s  designed t o  cap tu re  s t r u c t u r a l  

change between and w i th in  s e c t o r s  of t h e  economy. World 

market p r i c e s  a r e  obta ined from t h e  top  l e v e l  i n  t h e  

system, wh i le  domestic p r i c e s  a r e  determined endogenously 

by t h e  n a t i o n a l  model. For each s e c t o r ,  t h i s  model [ I  01 

u t i l i z e s  a  s p e c i f i c a t i o n  of how product ion techniques a r e  

d i s t r i b u t e d  over  t h e  product ion capac i t y  of t h e  s e c t o r .  

S t r u c t u r a l  change emerges a s  a  change of t h e  capac i t y  

assoc ia ted  w i th  each product ion technique inc lud ing  new 

techniques.  Capaci ty i n c r e a s e  i s  obta ined  by investment 

i n  new c a p i t a l  equipment. 

The reg iona l  l e v e l  is dep ic ted  by t h e  lower p a r t  of 

t h e  system i n  F igure  1 .  Here t h e  s t r u c t u r a l  change process  

w i l l  have t o  s a t i s f y  c e r t a i n  employment and product ion 

t a r g e t s  which may a f f e c t  t h e  s e t  of f e a s i b l e  changes on 

t h e  n a t i o n a l  l e v e l ,  The n a t i o n a l  and r e g i o n a l  models of 

t h e  system [ 4 ] ,  [ 5 ] ,  [ l o ]  a r e  formulated so a s  t o  r e f l e c t  

r i g i d i t i e s  of t h e  type descr ibed  i n  models adher ing t o  

t h e  v in tage  t r a d i t i o n ,  w i th  e a r l y  c o n t r i b u t i o n s  by 

Houthakker [1  1 , Johansen [ 2 ]  , [3 ]  and S a l t e r  [ I  1 ] . 
We should f i n a l l y  emphasize t h a t  t h e  high c a p i t a l  

c o e f f i c i e n t s  i n  t h e  f o r e s t  i ndus t r y  s e c t o r s  means t h a t  

s t r u c t u r a l  change i n  t h e s e  s e c t o r s  may use up l a r g e  

p ropor t ions  of t h e  t o t a l  " investment budget" i n  na t i ons  

w i th  a  l a r g e  f o r e s t  i ndus t r y  s e c t o r .  This f a c t  makes 

it meaningful - perhaps necessary  - t o  t r e a t  t h e  

investment process i n  a  m u l t i s e c t o r a l  framework. 



2 .  A VINTAGE PlODEL WITH REGIOTAL AND INTERSECTORAL 
SPECIFICATION 

The b a s i c  i d e a s  i n  t h i s  s e c t i o n  r e l y  on t h e  e a r l y  

c o n t r i b u t i o n s  t o  v i n t a g e  a n a l y s i s  by Johansen [21 and S a l t e r  

[ I l l .  W e  s h a l l  i d e n t i f y  i n d u s t r i a l  e s t a b l i s h m e n t s  a s  

p roduc t ion  u n i t s .  The des ign  o f  an e s t a b l i s h m e n t  i s  

d e f i n e d  a s  t h e  c h o i c e  o f  a  s p e c i f i c  c a p i t a l  equipment w i t h  

a  g i ven  p roduc t ion  c a p a c i t y  and an  a s s o c i a t e d  f i x e d  r e l a t i o n  

between l a b o r  and o t h e r  i n p u t s .  Th is  means t h a t  ex  p o s t ,  

i . e . ,  a f t e r  t h e  inves tment  i n  an e s t a b l i s h m e n t ,  i t s  i n p u t  

c o e f f i c i e n t s  and t h e  p roduc t ion  c a p a c i t y  remain unchanged. 

However, s i n c e  an e s t a b l i s h m e n t  g e n e r a l l y  c o n s i s t s  of  

s e p a r a t e  subsystems,  w e  assume t h a t  a s  a  r e s u l t  of renewal 

i nves tments  (.i] new c a p a c i t y  may be added t o  t h e  a l r e a d y  

e x i s t i n g  c a p a c i t y  i n  t h e  e s t a b l i s h m e n t ,  and (ii) p a r t s  of  

t h e  o l d  c a p a c i t y  may be removed s imu l taneous ly  a s  new 

c a p a c i t y  is  added. 

2 . 1  D i s t r i b u t i o n  of v i n t a g e s  over  t h e  i n p u t  space  

L e t  xT  ( t)  deno te  t h e  t o t a l  o u t p u t  i n  p e r i o d  t from 
j r  

t h e  set  o f  e s t a b l i s h m e n t s ,  i n  s e c t o r  j  and r e g i o n  r ,  

which a r e  app ly ing  v i n t a g e  (p roduc t ion  t echn ique )  T ,  

where T = 1 , 2 ,  ... . For t h i s  set  o f  e s t a b l i s h m e n t s  w e  

s h a l l  i n t r o d u c e  t h e  fo l l ow ing  n o t a t i o n s  

-T  x (t) = p roduc t i on  c a p a c i t y  i n  p e r i o d  t 
j  r 

a  i j  = i n p u t  from s e c t o r  i p e r  u n i t  o f  
o u t p u t  i n  s e c t o r  j ,  g i ven  techn ique  T ( 1  

f T  
j  

= l a b o r  i n p u t  p e r  u n i t  o f  o u t p u t  i n  
s e c t o r  j ,  g i ven  techn ique  T 



We assume that xT > 0, f T  > 0 , T 

j 
> 0. The 

1r - aij - 
production technique specified in (1) represents the 

average technique belonging to vintage (technique) class T. 

L L By aj we denote the average input vector a.' = {aij ; P j l  
j 

of this class. 

For a single establishment, with capacity x and input 

coefficient vector a we shall introduce the following 
j 

assumption 

2 Ct+3 1 = G ~ t l  if no capacity-increasing 

investments in the establishment occurs 

between t and t+l. (2) 

a .  (t+3 ) = a .  Ct) if no investment in the 
I 7 

establishment occurs between t and t+l. 

Given the assumption in (2) it is natural to assume 

that the production capacity in a production unit can be 

increased, and that the vintage classification T may be 

changed as a result of investment. From this assumption 

we may conclude that xT (t) and xT (t+l ) may differ for 
j r j r 

three reasons: capacity increasing investments in 

existing establishments (indexed j,r,-r) , exit from, 

and entry to the set of establishments with index j ,r ,~. 

Exit may occur as the result of either shut down or 

investments changing the production technique from T to T* 

for one or several existing establishments. 

Entry occurs analogously: either completely new 

units are entering the economic sector or existing units 

are changing technique from T' to T. 



Let x . (t) and x Ct) denote the total production 
J jr 

capacity in sector j in the whole economy and in region r, 

respectively. Then we have that 

Studies of industrial change should avoid relying on 

aggregates of the type desceibed in (3). The usefulness 

of such studies increases if they focus on the distributions 

of techniques and capacities forming the aggregates. For 

- 1 example, one may consider sequences like (xjr , 1 
l/Qj),..., 

-T (xjr1 1 /!? ;) , . . . where 1 /!? represents the labor productivity 
j 

of units belonging to class T. In the very short run these 

distributions can change only if production units in a 

class are closed down. In a medium term perspective new 

establishments may enter and existing establishments may 

renew their technique through renewal investments. This 

study focuses on how distributions,of the type described 

above,change as the compound result of simultaneous shut 

down and investment. 

2.2 Profits, exit and entry 

In the type of framework which is presented here, it 

is tempting to introduce regionally specified prices and 

wages. Resisting this temptation, we shall assume that 

the price of product j (output from sector j), pj, and the 

wage level in sector j, w are economy-wide, i.e., equal 
j 

in all regions. Using the notation in (1) we may then define 

the value added of a specific production unit as follows 



The wage s h a r e  o f  va lue  added, e T  i s  t h e n  determined a s  
j 

Consider  now t h e  sequence o f  t echn iques  T = 1 , 2 ,  ..., each 

w i t h  i t s  average  i n p u t  v e c t o r .  Assume t h a t  t echn iques  a r e  

a r ranged  s o  t h a t  3 

1  2  e j ( . t )  < 8 .  I ( t )  < ... 

L e t  ~4 be an  i n p u t  set  which becomes a v a i l a b l e  a t  t i m e  t. 
I 

Suppose n e x t  t h a t  t h e  average  i n p u t  v e c t o r  a O € ~ O  s a t i s f i e s  
I j  

Suppose a l s o  t h a t  1 - e 0 ( t )  i s  g r e a t e r  t han  t h e  c a p i t a l  
I 

c o s t  p e r  va lue  added which o b t a i n s  when t h e  new techn ique  

i s  i n s t a l l e d .  Then e s t a b l i s h m e n t s  e n t e r i n g  i n t o  t h i s  new 

c l a s s ,  T = 0 ,  may through compet i t i on  f o r c e  t h e  p r i c e  i n  

s e c t o r  j  t o  be lowered r e l a t i v e  t o  w . ( t )  and o t h e r  p r i c e s .  
3 

T According t o  ( 5 ) ,  t h i s  i m p l i e s  t h a t  8 .  ( t )  has  t o  i n c r e a s e  
I 

f o r  T = 1 , 2 , .  .. Th is  p r o c e s s ,  c h a r a c t e r i z e d  by growing 

1 )  Observe t h a t  i f  t h e  wage, w i s  equa l  f o r  a l l  e s t a b l i s h -  
j  ' 

1  
ments,  and i f  Laij 2 L a i j , . . . ,  2  t hen  t h e  rank ing  accord ing  t o  

1  2  
p r o d u c t i v i t y ,  1  , l / k  , . . . , i s  n e c e s s a r i l y  e q u i v a l e n t  t o  

1  2  t h e  rank ing  accord ing  t o  g r o s s  p r o f i t  s h a r e ,  ( I - 8 , ) , ( 1 - e . ) , . . .  . 
I 



values of 0 reflects economic ageing of the existing 
j ' 

establishments. 

The ultimate effect of economic ageing is that 0 
j 

approaches unity or becomes even greater. Suppose that 

T 
0 t - > 1. If the objective is to retain the production 

capacity of an establishment in class T, with non-positive 

gross profit, there are two options: the establishment 

can be shut down and replaced by a completely new 

production unit with an input vector ~"EAO 
J j' 

The second 

option is partial renewal. In that case new equipment 

is added to the old, or parts of the old production 

equipment are replaced by new equipment. Of course, this 

also includes reorganization. Partial renewal should 

result in a change from technique T to y such that 

2.3 International, national and regional interfaces 

In small countries many industry sectors are highly 

oriented towards the world market - both with regard to 

selling its output and buying its inputs. In Sweden, an 

extremely high proportion of the products from the forest 

industry is exported. Inputs are primarily domestic. 

In the previous section economic ageing was related 

to the introduction of new and competitive techniques. 

For industries interacting with the world market we may 

add changes in world market prices as an important cause 

of economic ageing. In this case, we may argue as follows: 

if the world market price of the output from sector j is 

falling relative to other prices on the world market, the 

domestic price of sector j will also be reduced in 



r e l a t i v e  terms. ' )  From ( 5 )  it fo l lows t h a t  t h i s  change 

i n  r e l a t i v e  p r i c e s  w i l l  cause economic ageing,  i . e . ,  t he  

wage sha re  w i l l  i n c r e a s e  i n  t h e  s e c t o r  exper ienc ing a  

reduced r e l a t i v e  p r i c e .  I n  t h i s  s i t u a t i o n  es tab l i shments  

i n  s e c t o r  j  w i l l  have t o  search  f o r  new techniques and 

renew t h e i r  o l d  techn iques ,  i f  p o s s i b l e .  

Refer r ing t o  F igure 1 ,  we may in t roduce a  domestic 

m u l t i s e c t o r a l  model of  t h e  fo l lowing kind 

where a l l  v a r i a b l e s  r e f e r  t o  t h e  l a s t  year  of per iod  t 

(e .g .  f i v e  yea rs )  , and where x ( t )  = {xi ( t )  1 i s  a vec to r  

of s e c t o r  o u t p u t s ,  A ( t )  = {a i j  ( t )  1 i s  a mat r i x  of average 

input -output  c o e f f i c i e n t s ,  B (t) = {b i j  (t) 1 i s  a mat r i x  

i n  which an element b i j  denotes investment d e l i v e r i e s  

from s e c t o r  i per  u n i t  of new capac i ty  (equipment) i n  

s e c t o r  j  , c  (.t) = {c i  C t J  1 i s  a vec to r  of annual  capac i t y  

increments i n  s e c t o r  j  dur ing t h e  pe r iod ,  and where 

f  (t) = {f  C t )  1 i s  a vec to r  summarizing expo r t ,  import 

and n e t  f i n a l  demand. 

D i f f e r e n t  ways of so l v ing  a  system of t h e  k ind 

descr ibed  i n  ( 8 )  a r e  presented i n  L71 , [ 9 1  and [ I  01 . I n  

o rder  t o  e s t a b l i s h  a  l i n k  between t h e  domestic and the  

world economy, f C t )  may be s p e c i f i e d  a s  a  vec to r  func t ion  

of domestic income and p r i c e s ,  and of  t h e  r e l a t i o n  between 

domestic and world market p r i c e s .  

3 )  I f  t h i s  i s  not  t h e  case ,  t h e r e  i s  no r e g u l a r  i n t e r a c t i o n  

between t h e  domestic and the  world market.  



In addition, we may embed a structural change model 

in the multisectoral framework. With the features 

specified in the previous section, such a model will 

react to changes in prices, wages and demand. Those 

reactions include removal of existing capacities and 

construction of new capacities embodying new techniques. 

As described in CIO], the reactions in such a structural 

change model will also affect the formation of domestic 

prices. In this way each sector may simultaneously 

satisfy total demand and counteract economic ageing. 

A solution to the system in (81, together with its 

interacting model components, consists of a set of 

equilibrium prices and wages together with an associated 

balanced structure of outputs, investments, etc. 

The system in (81 could be regionalized in several 

ways. For the moment we just note that according to (2) 

the aggregates of the system in (8) consist of regionally 

specified quantities ~ 3 ~ .  A similar observation can be 

made with regard to the average input-output coefficients 

of the matrix A. Such an element is determined as follows 

Entry of new production units applying technique 

T = 0 and renewal of existing units will change the 

distribution of capacities xT between time t-l and t. 
j r 

The same is of course true for regionally specified 

(average) coefficients aijr such that 



3. STRUCTURAL CHAPJGE MODELS 

This section presents different ways of modeling 

structural change within sectors on the national level. 

In a first step structural change is analyzed without 

considering renewal of existing establishments. Thereafter 

renewal or restoration is considered explicitly. It is 

shown how these two approaches may be integrated. The 

structural change model which includes renewal is utilized 

in the regional models of sections 4 and 5. 

3.3 Structural change without renewal 

Consider a medium term period. Let the prices and 

wages during this period be given. By using formula (5) 

we may then calculate the wage share e T  for each class r. 
j 

Let E be a function describing the frequency of capacity 
j 

removed during the period for each value of 8'. The 
j 

total capacity removed, e will then be 
j '  

The function E will reflect the obsolescence policy 
j 

of sector j .  For medium term periods empirical observations 

show (see [41 , [I 0 1 l that in general, the obsolescence 

policy is delayed so that the following three conditions 

are satisfied for each r: (i) E.(O?) > 0, (ii) a€. /aer  > 0, 
1 3 -  J j 

and (iii) E v  (0;) < 1 for e T  > I .  In a strict version of I I j 

vintage theory [31, [I31 we should have that (i) E .  (0:) = 0 
3 3 



if and only if B T  < 3 ,  and (ii) E .  (0:)  = 3 if and only 
- j I I 

Having established the form of E we can calculate 
j ' 

the value of e as shown in (33). One may then determine 
j 

the new capacity, cj (.t), which must be created in order to 

reach the capacity level 2 ,  (t) at the end of the period 
I 

For every vector of given prices, the investment 

costs per unit capacity in sector j are determined as 

Zipibij. We shall compare these costs with the associated 

0 0 profits. By {aijrk $ 1  we denote the input coefficients 
I 

which obtain from the new technique embodied in the new 

capacity. The associated profits are 

-r --r -r n = nOc. (t) + z n .  [x. (t-1) - E .  (Bj)l 
j I I 1 I 

where no denote profits per unit output in the new 
j 

technique, and n total sector profits after removal of 
j 

old capacities. For every wage level the first function 

is exclusively determined by the price structure. With 

each of the functions one may associate an investment 

criterion such that the investment process is reflected 

in the determination of equilibrium prices of the 

multisector model. In Persson and Johansson [ l o ]  an 



average return criterion is used such that zpibijcj 5 rjnj, 

where r is an estimated coefficient. With a standard rate 
j 

of return coefficient B the requirement B .  > B .  yields 
j I -  I 

0 0 Since e0 = w .  !L?/ [n + w .  !,?I and I - = ng/ [no + w ,  !L . ] 
j 3 1  j J 3 J j J J 

0 a similar criterion may be expressed in terms of 0 or 1 - 
j e g  . 

R e m a r k l :  For given wages the n prices pl,...,Pn are 

directly determined by ( . I 41  if an equality sign is used. 

This remark may be related to the empirical observation 

that for each sector the medium term average of e0 is 
j 

approximately constant over time. When e0 is falling as 
j 

time goes by we observe contracting sectors. 1 )  

In this subsection we have described structural change 

without renewal. It is possible to embed this change 

process in the national model related to (8). In a second 

step one may apply to the regional level a change process 

which includes renewal. By requiring mutual consistency 

between the two levels, the two approaches may be 

integrated. The renewal or restoration type of process 

is presented in the subsequent section. 

3.2 Structural change with restoration 

In this section we are introducing a way of 

distributing the new capacity, cj(t), over the set of old 

and entirely new establishments, where units belonging to 

1). This may for example be caused by external competition 
from countries which are increasing their production and 
which have lower wages and other input costs (raw materials, 
etc. ) . 



t h e  same c l a s s  a r e  t r e a t e d  a s  a  group.  W e  s h a l l  do t h i s  

by f ocus ing  on t h e  f o l l ow ing  p r o p e r t y  o f  observed 

behav io r  [ 4 ] .  Over t i m e  a  h igh  p r o p o r t i o n  o f  p roduc t ion  

u n i t s  a r e  renewing t h e i r  t echn iques  a s  i f  t h e i r  o b j e c t i v e  

was t o  keep t h e  g r o s s  p r o f i t  s h a r e ,  1 - B j ,  approx imate ly  

c o n s t a n t .  W e  s h a l l  c a l l  t h i s  t y p e  o f  renewal  a  

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

Cons ider  e s t a b l i s h m e n t s  i n  t echn ique  c l a s s  T ,  and 

imagine a  change of  p r i c e s  and wages such t h a t  eT ( t - 3  ) < e ?  ( t )  . 3 3 

Le t  y  be a  t echn ique  such t h a t  e ? ( t )  = 4: ( t - 3 )  and l e t  
3 3 

9 T Y  be d e f i n e d  by 
j  

W e  may now d e f i n e  r e s t o r a t i o n  a s  an  inves tment  

p o l i c y  by which p roduc t i on  u n i t s  s h i f t  from techn ique  T 

t o  y  s o  a s  t o  s a t i s f y  t h e  c o n d i t i o n  B ?  (t) = B ?  ( t - 1 )  . 
3 3 

Le t  xTY be  t h e  c a p a c i t y  i n  c l a s s  y  which o b t a i n s  a s  
j  

a  r e s u l t  o f  a  r e s t o r a t i o n  s h i f t  from T t o  y .  Assuming 

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

w e  may add t h e  c o n s t r a i n t  

where s ; ~  ( t - I )  deno tes  t h e  number o f  pe rsons  employed d u r i n g  

p e r i o d  t - 3  i n  u n i t s  s h i f t i n g  from r t o  y ,  and R '  i s  t h e  
j 

l a b o r  i n p u t  c o e f f i c i e n t  o f  c l a s s  y. The r e s t o r a t i o n  i s  

T T c a l l e d  u n i v e r s a l  i f  e i t h e r  sTY ( t )  = S .  ( t - 1 )  o r  E~ ( 0 .  ( t )  ) = 1 .  
3 3 3 

The new c a p a c i t y  ( i n  t h e  form o f  new equipment)  i n  c l a s s  

y  , c T Y t  i s  approximated by 
j 



Remark  2: The exact value of c:' is 
J 

[l-u;' (F;/F~) I xT , where F6 = [pj-Lpiaijl d 
j j 

T Formula ( 17) obtains for F:~F,. 

Y Y The remark follows from (15 1 where uTYw . ~ T / F T = ~ .  R . /F 
j 1 1  I 1 3  j' 

For FT = F'? this yields uTY = R?/eT = ;3/xiY, where 
j I j I j 

= srY/RT and .TY = S;'/%;. This implies that 
I j I 

By setting T = ~ = O  and u?O=O for completely new units, 
I 

these are included in (1 7) . Consistency between the 

multisectoral model and universal restoration requires 

that the following additivity condition is satisfied 

zcTy = c ,  (t) , and zxTY = xj (t) 
T I I T j 

Similar conditions may be formulated for structural change 

with partial or non-universal restoration. 

The investment costs corresponding to (17) may be 

expressed as 1:' = C.p- b cTY. From this one may determine 
I 1 1 i j j  

an investment coefficient, kTY , which relates to value 
j 

1 1 1 1  j ] and we added. This yields kTY = H.p.b../[p -Zipiaij 
j 

may write 



4 .  REGIONALLY SPECIFIED STRUCTUXAL CEAnTGE 

In this section we start by specifying regional and 

interregional constraints which may be derived from a 

national multisectoral model. This is illustrated in 

Figure 2 where production and employment targets and an 

economic ageing scenario for a region or a system of 

regions are derived from a multisectoral model on the 

national level. 

With this as a background we focus on a single region 

and present two optimization models which generate 

structural change solutions for the region. If the 

approach presented is applied to the complete set of 

regions simultaneously, it provides a means to examine 

the feasibility of the national multisector model when 

regional rigidities and employment policies are taken 

into account. Formulating an interactive scheme between 

the national and multiregional structural change model, 

removal and investment in the national model may be 

adjusted so as to reflect the rigidities on the regional 

level. 

4.1 Interregional interdependencies and constraints 

A structural change model may either focus on one 

single region or it may, for example, be formulated as a 

multiregional programming model utilizing an interregional 

input-output system as in Lundqvist 181. In the latter 

case the national and regional levels of structural change 

merge into one multiregional level. In both cases we 

have to consider balance constraints such that regional 
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Figure 2. Basic components of a structural change model. 



solutions are consistent on the national level and in an 

interregional perspective. One constraint of this type 

concerns the breakdown of x. (t) to a regionally specified 
7 

vector {g (t)) such that 
jr 

In order to capture all regional interdependencies 

we should need a complete multiregional input-output 

system. Information from such a system may be added as 

constraints to the more simple scheme presented here which 

basically utilizes (30) together with employment constraints 

as restrictions. In this context we shall sketch an 

optimization model which is able to generate consistent 

scenarios of multiregional structural change. 

First, assume that we can determine an employment 

target, Sr(t), denoting the desired number of persons 

employed in the industry sectors in region r. Observe 

then the following relationships based on ( 1 )  

In the sequel we assume universal restoration so that there 

are unique pairs (T, y) for which sTY (t-1) =sY (t) , and sY 
jr jr jr 

denotes S' (t). 
jr 



We shall formulate a restoration policy, as specified 

in section 3.2, for region r with the following objective 

function which implies universal restoration 

where p denotes an interest rate (discount factor)., where 
j 

6TY denotes the gross profit per person employed in all 
j 

establishments which are changing technique from T in 

period t-3 to y in period t so that 1 )  

and where hTY denotes the investment cost per person 
j 

employed in establishments changing technique from T to y 

during period t. From ( 39 )  we have that 1) 

Using (22) we introduce the following multiregional 

objective 

r Min ELo , 
r 

subject to 

00 1 )  Observe that for new establishments,y=O, we write 6 and 
j 

hyO. These coefficients are calculated separately, according 
J 

to the specification of technique y=O. 



~ Y ~ ( t - 1  - < So jr for all j (25) 

S' (t] c s L  (t-1) for all r , j ,  and ( ~ , y )  
j r - jr 

A 

(ii) ZZ sY (.t) = Sr for all r ,  
Y j jr 

(iii) zz sJrct)/eJ =x.(t)  for all j 
yr 7 

where (iJ restrains the introduction of the new technique 

and states that transition from -r to y does not increase 

the labor force in the establishments, (ii) states that 

the regional employment target for the industry must be 

satisfied, and (iii) states that the national production 

target as specified in (20) must be satisfied. Observe 

that (i) is an indirect capacity constraint and that (iii) 

is the solution to the national multisectoral model. 

Observe finally that the interregional objective in (25) 

is equivalent to a maximization of the difference between 

annual gross profits and annual costs associated with 

investment in the new technique T=O and with the 

restoration investments. Ultimately the gross profit 

determined by the solution to (25) must be consistent with 

the income formation in the national multisectoral model. 

In particular, one may introduce a consistency criterion 

for regional profits, formulated in a similar way as the 

additivity condition in (18). 

From (25) we may specify the following Lagrange 

function for distinct (-r,y)-pairs 



L = Z L ~  - z;ij [x. (t) - zzsY (t)/a;l 
r j 

3 Yr j r 

The optimum conditions may be described as follows 

For this solution we may interpret Xr as a regional policy 

parameter and A ./aY a sectoral policy parameter specified 
3 j 

with respect to technique class y, where policy parameter 

means "subsidy" of "tax". Finally, A' represents the 
jr 

additional profit that obtains if the capacity constraint 

is binding. 

4.2 Structural change in one region 

In section 5 the structural change analysis is 

illustrated by an application to a single region. There 

we utilize two different "mini-versions" of the 

optimization model in (25). In both versions we minimize 

r 
the objective function Lo in (221. The first version 

utilizes constraints (i) and (ii) in (251, which means 

that it allows free allocation between sectors up to the 

limits set by the constraints. This version should only 

1 )  In this formulation SO is denoted by SO (t-1) , in order 
jr jr 

to simplify notation. Observe that technique T = O  did not 

exist in period t-1, by definition. 



be  a p p l i e d  t o  a  sma l l  r e g i o n ,  s i n c e  it has no mechanism 

which r e l a t e s  it t o  t h e  s e c t o r  ba lance  on t h e  n a t i o n a l  

l e v e l  i n  ( 2 0 ) .  The Lagrangian becomes f o r  ( T , Y ) - p a i r s  

A 

Y Y T 
L~ = L: - h r  [ S r - 2 ~ s .  ] - 2 z h j r  [S j r  ( t - I )  - sTr ( t )  ] (28)  

j  Y I r  j~  

The second v e r s i o n  d i f f e r s  from v e r s i o n  I i n  on l y  one 
A 

r e s p e c t .  The t a r g e t  Sr i s  t aken  away and r e p l a c e d  by s e c t o r -  
A 

s p e c i f i c  t a r g e t s .  S j r .  Then t h e  fo l l ow ing  Lagrangian 

a p p l i e s  f o r  d i s t i n c t  ( T , Y ) - p a i r s  

r A 

- LII - Lo - 2hjr [Sj r -ZSjr  (t) ] - Z L A : ~ [ S ?  ( t - l ) - ~ Y  ( t ) ]  
j Y j Y 1 r  1 r  - 

(.291 

Observe f i n a l l y  t h a t  t h e  pr ice-wage s c e n a r i o  a f f e c t s  

L: th rough hTY and 6 T Y  i n  (22) . For each such s c e n a r i o ,  
j  j  

(28)  and (29)  g e n e r a t e  a s s o c i a t e d  s t r u c t u r a l  change 

s c e n a r i o s .  I n  t h e  f o l l ow ing  s e c t i o n  w e  prov ide  a  

comparison between s c e n a r i o s  gene ra ted  by (28)  and ( 2 9 ) .  

5. ILLUSTRATION OF STRUCTURAL CHANGE SCENARIOS WITH 
SINGLE-REGION ALLOCATION 

I n  t h i s  s e c t i o n  w e  s h a l l  i l l u s t r a t e  an  a p p l i c a t i o n  

o f  t h e  models a s s o c i a t e d  w i t h  (28 )  and (29)  . W e  c a l l  

them Program I and 11, r e s p e c t i v e l y .  The programs have 

been a p p l i e d  t o  a  Swedish reg ion ,  Vtirmland, f o r  t h e  p e r i o d  

1978-3985. I n  t a b l e  1 ,  t h e  i n i t i a l  employment s t r u c t u r e  

(1978) i s  d e s c r i b e d .  The techn iques  a r e  aggrega ted  t o  

5  techn ique  c l a s s e s ,  of which r=O r e p r e s e n t s  t h e  new 

techn ique .  The r e s t o r a t i o n  p r o f i l e  f o r  t h e  p e r i o d  

1978-1985 i s  i l l u s t r a t e d  by F igu re  3 ,  which shows t h a t  

t h e  p e r i o d  has  been d i v i d e d  i n t o  2+5 y e a r s .  
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Figure 3. The change of the wage share in a specific 
sector and profit share class with a 
restoration program. 

5.1 Two structural change scenarios 

Table 2 summarizes two structural change scenarios 

with associated investment allocations. The two scenarios 

are based on the same price-wage scenario. The scenarios 

utilize Program I and 11, respectively. 

In table 2 we have not described the distribution of 

techniques. This is illustrated in table 3. Program I 

generates the same total employment as Program 11. It 

does so by requiring a greater total investment effort. 

At the same time it generates a higher net surplus which 

is the difference between the annual gross profits and 

the annual costs associated with the investment allocation. 

One should then observe that Program I, which refers to 

(28), allows free allocation between sectors, while 

Program I1 operates with one employment target per 



sector. The outcome of the two programs is specified in 

percent of a base alternative which is also presented in 

table 2. 

In table 3 we illustrate Program I and I1 in more 

detail for the two subsectors of the forest industry. 

The similarity between the two outcomes makes it easy 

to grasp the structure of the solutions. One should 

observe that every class r includes at least three 

establishments, since this is a confidentiality criterion 

in the industrial statistics of Sweden. If we regard 

Program I1 and focus on the wood products sector, the 

parameter value Xi = 16.4 indicates the taxation per 

employee on a marginal unit in class y = 3 that would 

force the reduction of this class to 89 percent of full 

capacity utilization. For further details, we may refer 

to Johansson and Strdmquist [4] and Johansson [ 5 ]  . 



Table 1  . I n i t i a l  Employment S t r u c t u r e  and Capac i ty  
C o n s t r a i n t s .  Varmland 1 9 7 8 .  

Paper Wood Summation 
Produc ts  Produc ts  over  re- 

maining 
16  i n d u s t r y  
s e c t o r s  

Employment t a r g e t  6 250 2  9 1 1  24  8 5 0  

Capac i ty  c o n s t r a i n t s  
i n  terms of persons  
employed i n  c l a s s :  

T o t a l  c a p a c i t y  
c o n s t r a i n t  

Source: Johansson [ 5 ]  



Table 2 .  S t r u c t u r a l  change s c e n a r i o s  w i t h  Program I and 11. 

Annual growth o f  
economic age = 

Wo o d Paper A l l  1 8  Annual 
p roduc ts  p roduc ts  s e c t o r s  n e t  su r -  

p l u s  p e r  
person 

I f 0  2 , 3  2 f 5  

BASE Employment 1 9 7 8  2  9 1 1  6 2 5 0  3 4  0 1 1  

'IiTERNATIVE Investment  1 9 7 2 - 7 8  3 5  4 0 0  
p e r  y e a r  ( 1 . 0 0 0  
Swkr l 4 8  5 0 0  1 9 7  2 0 0  6 0 4  1 0 0  

PROGRAM Employment p e r c e n t  1 0 2  1 0 7  9 9  5 0  5 5 4  
I Investment  p e r c e n t  4 5  1 0 0  1 0 4  

PROGRAM 
T T  Employment p e r c e n t  1 0 0  
II 

Investment  p e r c e n t  4 5  

N e t  s u r p l u s  = Gross p r o f i t s  minus c o s t s  a s s o c i a t e d  w i t h  t h e  i n v e s t -  

ment ( 1 . 0 0 0  Swkrl .  

Remark: Annual growth o f  economic age r e f e r s  t o  t h e  d i f f e r e n c e  
a - B ,  where a ,  i n  p e r c e n t ,  i s  t h e  annual  growth o f  t h e  
wage l e v e l  and 8 is t h e  annual  growth o f  t h e  va lue  added 
p r i c e  index ,  i n  pe rcen t .  



- 2 8  - 

Table  3 .  I l l u s t r a t i o n  of  Program I and I1 f o r  t h e  f o r e s t  i n d u s t r y .  

Index Capac i t y  Gross Inv .  Reg iona l  Wage 
c l a s s  u t i l i z a t i o n  p r o f i t  c o s t s  shadow s h a r e ,  

i n  p e r c e n t  p r i c e s  Pe r  

PROGRAM 
I 

Wood 
p roduc ts  

PROGRAM 
I1 

Wood 
p roduc ts  

PROGRAM 
I 

Paper 
p roduc ts  

PROGRAM 
I1 

Paper 
p roduc ts  



REFERENCES 

[I] Houthakker, H.S., The Pareto distribution and 

the Cobb-Douglas production function in activity 

analysis, Rev. of Econ. Studies 23 (1955) . 
[2] Johansen, L. , Substitution versus fixed production 

coefficients in the theory of economic growth: 

a synthesis, Econometrica 27 No 2 (1959). 

[31 Johansen, L., Production Functions (North-Holland, 

Amsterdam, 1972). 

[4] Johansson, B., and U. StrBmquist, Vinster och 

SysselsAttning i Svensk Industri (SIND 1980:2, 

Statens Industriverk, Stockholm 1980). 

[5] Johansson, B., FBrutsAttningar fBr Industriell 

Utveckling; VArmland under 1980-talet (VArmlands 

lans landsting, Karlstad 1981). 

[6] Johansson, B., Structural change in the forest 

industry - a framework of models, IIASA CP-81-3, 

Int. Inst. for Applied Systems Analysis, Laxenburg 

Austria, (19811. 



[7] Johansson, B., and H. Persson, Dynamics of Capital 

Formation, capacity constraints and trade patterns 

in a multisectoral model, IIASA WP-83-3, Int. Inst. 

for Applied Systems Analysis, Laxenburg, Austria 

(3983). 

[8] Lundqvist, L., A Dynamic multiregional input-output 

model for analyzing regional development, 

employment and energy use, TRITA-MAT 1980:20, Royal 

Inst. of Techn., Stockholm (1980). 

[9] Persson, H., On extensions of a medium-term input- 

output model, Working Paper, Dept. of Mathm., 

Royal Inst. of Techn., Stockholm (3980). 

[lo] Persson, H., and B. Johansson, A dynamic 

multisector model with endogenous formation of 

capacities and equilibrium prices: an application 

to the Swedish economy, IIASA PP-82-8, Int. 

Inst. for Applied Systems Analysis, Laxenburg, 

Austria (1982). 

[I11 Salter, W.E.G., Productivity and Technical Change 

(Cambridge Univ. Press, London 3960). 


