View metadata, citation and similar papers at core.ac.uk brought to you by I’fCORE

provided by International Institute for Applied Systems Analysis (IIASA)

’ s International Institute for
- Applied Systems Analysis

[1AS A www.iiasa.ac.at

A Structural Change Model for
Regional Allocation of Investments

Johansson, B.

IIASA Working Paper

WP-83-029

February 1983



https://core.ac.uk/display/33893754?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Johansson, B. (1983) A Structural Change Model for Regional Allocation of Investments. IIASA Working Paper. WP-83-029
Copyright © 1983 by the author(s). http://pure.iiasa.ac.at/2283/

Working Papers on work of the International Institute for Applied Systems Analysis receive only limited review. Views or
opinions expressed herein do not necessarily represent those of the Institute, its National Member Organizations, or other
organizations supporting the work. All rights reserved. Permission to make digital or hard copies of all or part of this work
for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial
advantage. All copies must bear this notice and the full citation on the first page. For other purposes, to republish, to post on

servers or to redistribute to lists, permission must be sought by contacting repository @iiasa.ac.at


mailto:repository@iiasa.ac.at

NOT FOR QUOTATION
WITHOUT PERMISSION
OF THE AUTHOR

A STRUCTURAL CHANGE MODEL FOR
REGIONAL ALLOCATION OF
INVESTMENTS*

B&rje Johansson

February 1983
Wp-83-29

*A first version of this vaper was presented
at a conference in Hemavan, Sweden, 1980.
This revised version has been influenced by
recent joint efforts between the author and
Hakan Persson.

Working papers are interim reports on work of the
International Institute for Applied Systems Analysis
and have received only limited review. Views or
opinions expressed herein do not necessarily repre-
sent those of the Institute or of its National Member
Organizations.

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS
A-2361 Laxenburg, Austria



PREFACE

This paper presents an approach which integrates the
analysis of structural economic change on the national and
regional levels of a country. It represents a collaboration
between the Forest Sector Group and the Regional and Urban
Development Group at IIASA. A first version of the paper
was presented in 1980 at a conference related to IIASA's
Forest Sector Study. The current version is a contribution
to a special volume of TIMS Studies in Management Sciences
on "Systems Analysis in Forestry and Forest Industries" which
presents results obtained in the IIASA project on forestry
and forest industries.

B8rje Johansson

Acting Leader

Regional & Urban Development Group
ITASA

Laxenburg, February 1983
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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 INVESTMENTS

B8rje 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 calied "paper and paper
products industry", has a high average capital coefficient
and the capital equipment is characterized by

extraordinarily long durability. Third, different



sectors of the forest industry are highly concentrated in
a distinct set of separated regions.

In small regions in which the forest industry is
playing a dominant role, structural change may have
severe effects on the employment situation. In this
paper we suggest an approach to formulate investment
policies for the industry in a region such that the
structural change of the industry satisfies both certain
profitability conditions and regional employment targets.
Using a vintage type production model, we derive
structural change requirements from international and
national medium term scenarios. These scenarios are
combined with regionally specified employment and
production targets. We also suggest how this analysis
may be extended to an interregional framework. To
illustrate the method developed, we present a single-
region application which focuses on the forest industry.
1.2 A three-level system of models

Figure 1 presents a framework to which the models
presented in this paper belong. The top level in
Figure 1 consists of world trade models. For a country
in which a large share of the forest industry output
is exported, world trade scenarios form a necessary
basis for medium and long term analyses of the domestic
development of the forest industry. A minimum
requirement here is that a world trade scenario should

specify the development of world market prices.



WORLD TRADE MODEL

World market prices

DOMESTIC MULTISECTORAL
MODEL: Medium and long

term structural change

A

INTERREGIONAL AND
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National
level

Multiregional
and regional
level

Figure 1. Medium and long-term models designed to
analyze structural change of the forest

industry.



The national level in the figure contains a
multisectoral model which is designed to capture structural
change between and within sectors of the economy. World
market prices are obtained from the top level in the
system, while domestic prices are determined endogenously
by the national model. For each sector, this model [10]
utilizes a specification of how production techniques are
distributed over the production capacity of the sector.
Structural change emerges as a change of the capacity
associated with each production technique including new
techniques. Capacity increase is obtained by investment
in new capital equipment.

The regional level is depicted by the lower part of
the system in Figure 1. Here the structural change process
will have to satisfy certain employment and production
targets which may affect the set of feasible changes on
the national level, The national and regional models of
the system [4], [5], [10] are formulated so as to reflect
rigidities of the type described in models adhering to
the vintage tradition, with early contributions by
Houthakker [1], Johansen [2], [3] and Salter ([11].

We should finally emphasize that the high capital
coefficients in the forest industry sectors means that
structural change in these sectors may use up large
proportions of the total "investment budget” in nations
with a large forest industry sector. This fact makes
it meaningful - perhaps necessary - to treat the

investment process in a multisectoral framework.



2. A VINTAGE MODEL WITH REGIOAL AND INTERSECTORAL
SPECIFICATION

The basic ideas in this section rely on the early
contributions to vintage analysis by Johansen [2] and Salter
[11). We shall identify industrial establishments as
production units. The design of an establishment is
defined as the choice of a specific capital equipment with
a given production capacity and an associated fixed relation
between labor and other inputs. This means that ex post,
i.e., after the investment in an establishment, its input
coefficients and the production capacity remain unchanged.
However, since an establishment generally consists of
separate subsystems, we assume that as a result of renewal
investments (i) new capacity may be added to the already
existing capacity in the establishment, and (ii) parts of
the old capacity may be removed simultaneously as new
capacity is added.

2.1 Distribution of vintages over the input space

Let xgr(t) denote the total output in period t from
the set of establishments, in sector j and region r,
which are applying vintage (production technique) T,
where 7 = 1,2,... . For this set of establishments we

shall introduce the following notations

=T

jr(t) = production capacity in period t
azj = input from sector i per unit of (1)
output in sector j, given technique T
Q; = labor input per unit of output in

sector j, given technique =t



T

We assume that ijr >0, 2; >0, a.. > 0. The

ajy 2
production technique specified in (1) represents the
average technique belonging to vintage (technique) class .
By a; we denote the average input vector ag = {azj ; Q;}
of this class.

For a single establishment, with capacity x and input

coefficient vector aj, we shall introduce the following

assumption

x(t+1) = x(t) if no capacity-increasing
investments in the establishment occurs
between t and t+1. (2)

aj(t+]) = aj(t) if no investment in the

establishment occurs between t and t+1.

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 i;r(t) and igr(t+1) may differ for
three reasons: capacity increasing investments in
existing establishments (indexed j,r,t), exit from,
and entry to the set of establishments with index j,r,T.
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 §j(t) and §jr(t) denote the total production

capacity in sector j in the whole economy and in region r,
respectively. Then we have that

T

(t)

(t)

wl

jr

jr

H

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

example, one may consider sequences like (E? 1/Q;),...,

jr’

=T
(xjrl

1/2;),... where ]/Q; represents the labor productivity
of units belonging to class 1. 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, wj, are economy-wide, i.e., equal
in all regions. Using the notation in (1) we may then define

the value added of a specific production unit as follows



[pj(t) - ipi(t)aij jr

The wage share of value added, 6; is then determined as

’

T _ T _
ej (t) = Wy (Atle/[pj (t) Ip; (t)a

T
ij] (5)
Consider now the sequence of techniques v = 1,2,..., each
with its average input vector. Assume that techniques are

arranged so that 1

ej(t) < 85 (k) < ... (6)

Let A? be an input set which becomes available at time t.

Suppose next that the average input wvector a?EA? satisfies
1
6 (t) < ej(tl < ... (7)

Suppose also that 1 - 9?(t) is greater than the capital
cost per value added which obtains when the new technique
is installed. Then establishments entering into this new
class, T = 0, may through competition force the price in
sector J to be lowered relative to wj(t) and other prices.
According to (5), this implies that eg(t) has to increase

for t = 1,2,... This process, characterized by growing

1) Observe that if the wage, wj, is egual for all establish-

. 1 2 . .
ments, and if Zaij < Zaij""' then the ranking according to

productivity, 1/2}, 1/2?,..., is necessarily equivalent to
2

the ranking according to gross profit share, (1—61),(1—6.),...

J J



values of ej, reflects economic ageing of the existing
establishments.

The ultimate effect of economic ageing is that 6.

J
approaches unity or becomes even greater. Suppose that
e;(t) > 1. If the objective is to retain the production

capacity of an establishment in class 1T, 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 a?eA?. The second
option is partial renewal. 1In that case new egquipment
is added to the o0ld, 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 1 to Yy such that
MO ENNOP
2.3 1International, 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. 1In 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
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relative terms.1) From (5) it follows that this change
in relative prices will cause economic ageing, i.e., the
wage share will increase in the sector experiencing a
reduced relative price. In this situation establishments
in sector j will have to search for new techniques and
renew their old techniques, if possible.

Referring to Figure 1, we may introduce a domestic

multisectoral model of the following kind
x(t) = A(t)x(t) + B(t)c(t) + £(t) , (8)

where all variables refer to the last year of period t

(e.g. five years), and where x(t) = {xi(t)} is a vector
of sector outputs, A(t) = {aij(t)} is a matrix of average
input-output coefficients, B(t) = {bij(t)} is a matrix

in which an element bij denotes investment deliveries
from sector i per unit of new capacity {(equipment) in
sector j, c(t) = {ci(t)} is a vector of annual capacity
increments in sector j during the period, and where
f£(t) = {fi(t)} is a vector summarizing export, import
and net final demand.

Different ways of solving a system of the kind
described in (8) are presented in [7], [9] and [10]. 1In
order to establish a link between the domestic and the
world economy, f(t) may be specified as a vector function
of domestic income and prices, and of the relation between

domestic and world market prices.

1) If this is not the case, there is no reqular interaction

between the domestic and the world market.
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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 [10], 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 (8), 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 (8) 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 xgr. 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

T 2T =
a.. =% I a,;.x._ /x. (9)
o B s B b

Entry of new production units applying technigue
T = 0 and renewal of existing units will change the
distribution of capacities §§r between time t-1 and t.

The same is of course true for regionally specified

(average) coefficients aijr such that



T =T

-1
a.._ = ra..X. IX. 10
ijr T i3 jr/T jr (10)

3. STRUCTURAL CEAMGE 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 estabiishments. 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.
3.1 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 eg for each class T.
Let Ej be a function describing the frequency of capacity
removed during the period for each value of 85. The

total capacity removed, ej, will then be

The function Ej will reflect the obsolescence policy
of sector j. For medium term periods empirical observations
show (see [4], [10]) that in general, the obsolescence

policy is delayed so that the following three conditions

are satisfied for each t: (1) ej(eg) > 0, (ii) aej/aeg > 0,
and (iii) Ej(e;) < 1 for 6; > 1., In a strict version of
vintage theory (3], [11] we should have that (i) e.(e?) =0

J° 3
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T

if and only if eg < 1, and (ii) e5(81) = 1 if and only

if eg > 1.

Having established the form of €., we can calculate
the value of ej as shown in (11). One may then determine
the new capacity, cj(t), which must be created in order to
reach the capacity level ij(t) at the end of the period

c.(t) = x.(t) + e.(t) - x. (=1 12

j( ) xj( ) j( ) xj( ) (12)
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

profits. By {aij,l?} we denote the input coefficients

which obtain from the new technique embodied in the new

capacity. The associated profits are
o) o o}
T, = pP. = Ips.a,. = A
37 P3 T (Pis%is T YTy
(13)
o) T,=T T
T, = wic.(t) + I, (t-1) - . (0.
i i j( ) L j[xj( ) j( J)]

where ﬂ? denote profits per unit output in the new
technique, and “j total sector profits after removal of
0ld 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 [10] an
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average return criterion is used such that Zpib < r.m.,

. .C.
13 J — 73
where rj is an estimated coefficient. With a standard rate

of return coefficient Bj the reguirement Bj > Bj yields

- o . _
Bj < Wj/ipibij , J=1,...,n (14)

. o) o) o) o o) o) o) o
, = 22 R ' - A = , .t LD
Since 9] wjlj/[wj wjzj] and 1 3 nj/[ﬂ] w] j]

a similar criterion may be expressed in terms of 6? or 1 - 63

Remark 1:; For given wages the n prices pqs---,P, are
directly determined by (14) if an equality sign is used
This remark may be related to the empirical observation
that for each sector the medium term average of 0% is

J
approximately constant over time. When 6? is falling as

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). 1In 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.).

o
J
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the same class are treated as a group. We shall do this
by focusing on the following property of observed

behavior [4]. Over time a high proportion of production
units are renewing their techniques as if their objective

was to keep the gross profit share, 1 - 6 approximately

jl
constant. We shall call this type of renewal a
restoration policy.

Consider establishments in technique class 71, and

imagine a change of prices and wages such that eg(t—1) < e;(t).

Let Yy be a technique such that e;(t) = eg(t—]) and let
ng be defined by
Y oYy T
o= 08l (t X 15
MJ j( )/Sj(t) (15)

We may now define restoration as an investment
policy by which production units shift from technique 1
to Y so as to satisfy the condition e;(t) = eg(t—1).
Let §§Y be the capacity in class Yy which obtains as
a result of a restoration shift from T to y. Assuming
that restored units are retaining their initial labor force

we may add the constraint

=Ty TY gy 0
x3 (1) < siV(e-1) /0] (16)

where SBY(t_]) denotes the number of persons employed during

period t-1 in units shifting from 1t to vy, and 2; is the

labor input coefficient of class y. The restoration is
called universal if either STY(t) = Sg(t-1) or €j(9§(t)) = 1.
The new capacity (in the form of new equipment) in class

TY

Y,cj , 1s approximated by



TY _ —y Ty RTY
C. (1 uj )xJ (17)

Remark 2: The exact value of ch is

TY ;oY /Ty 1 =T 8
-Uu. F./F. .y . .- .a..].
[1 iy ( j/ 3)]X3 where F [p] Ip; lj]

Formula (17) obtains for thF;.

.2 U O

The remark follows from (15) where uj Tw. gl /F =W . RY/FY

373 373
For F; = F; this yields ugY = 2;/1; = §;/xj , where
§; = S?Y/QT and i;Y = S?Y/QY. This implies that
1=ui %Y = ZIY - §T = IV,
(1=u; )x X3 Y5 5
By setting t=Yy=0 and ugo=0 for completely new units,
these are included in (17). Consistency between the

multisectoral model and universal restoration requires

that the following additivity condition is satisfied

1Y _ TY =
Ic:' = c. d L= X
ch cj(t) , an EXJ xj(t) (18)
Similar conditions may be formulated for structural change
with partial or non-universal restoration.

The investment costs corresponding to (17) may be

expressed as IgY = Zipibijcgy. From this one may determine
an investment coefficient, ij, which relates to wvalue

‘s vi Y _ - Y
added. This yields kj = Zl i lj/[p L. plalj] and we

may write

TY TY TY,~TY
I.' = k. 1=y, . -Z. 1
3 3 ( u] )x] [pj plalj] (19)
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4. REGIONALLY SPECIFIED STRUCTURAL CHANGE

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 Lundgvist [8]. 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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solutions are consistent on the national level and in an
interregional perspective. One constraint of this type
concerns the breakdown of §j(t) to a regionally specified

vector {§jr(t)} such that
x.(t) = Iz, (t) (20)

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 (10) together with employment constraints
as restrictions. 1In 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)

sY = Y%7
jr iTIr
Syp = Tz:sgfr (21)
S_ = Is.
r . r
573

In the sequel we assume universal restoration so that there

are unique pairs (t,y) for which STY(t—1)=SY (t), and S;r

jr jr
¥
denotes Sjr(t).



We shall formulate a restoration policy, as specified
in section 3.2, for region r with the following objective

function which implies universal restoration

Ly = 22pthYs§r - zzagYsgr (22)
vj ) J Y3

where pj denotes an interest rate (discount factor), where

6;Y denotes the gross profit per person employed in all

establishments which are changing technique from t in

period t-1 to vy in period t so that1)

§5Y = (1-e0)Ip; - T.p;al. 1% /st 23
307 U783 Ry = ByRyagg g Sy (23)

and where th denotes the investment cost per person

employed in establishments changing technique from 1t to ¥y

during period t. From (19) we have that1)

L TY TY TY Y 1zY /gY
he' = kg' (1- .-Ip.a;.lx! /s! 24
] 5 (=u ") Ipy iplal]]xjr/ Sr. (24)

Using (22) we introduce the following multiregional

objective
Min ZLr ,

0
r

subject to

1) Observe that for new establishments, y=0, we write 6?0 and
h9°. These coefficients are calculated separately, according

to the specification of technique y=0.



. .0 =0 .
(l) Sjr(t) i Sjr for all J (25)
T .
Sgr(t) < Sjr(t—1) for all r,3j, and (1,Y)
.o Y _ A
(ii) Iz Sjr(t) = 5, for all r,

Y3J

(iii) Tz sY_(&)/2Y = %.(t) for all j
Yr
where (i) restrains the introduction of the new technigque
and states that transition from T 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 1=0 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 (t,Yy)-pairs
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r - Y Y
L = LY - o x. (8) - z3s) (v) /0]
ro 5373 yr 3T 3
- s[5, - sy (0] (26)
.rtor . jr ™
r Y3

Y T _ &Y 1)
ingr[sjr(t 1) Sjr(t)]

1

The optimum conditions may be described as follows

Y=
. i Sjr 0 or (27)
gjr[aL/Sjr] =0 = , o -

§._ = N LD D S D

jr = P3Py AR R,

For this solution we may interpret Xr as a regional policy

Y
3

with respect to technique class Yy, where policy parameter

parameter and Aj/l a sectoral policy parameter specified
means "subsidy" of '"tax". Finally, x;r represents the
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
the objective function Lg in (22). The first version
utilizes constraints (i) and (ii) in (25), 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 §?r is denoted by S?r(t-J), in order
to simplify notation. Observe that technique t=0 did not

exist in period t-1, by definition.
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be applied to a small region, since it has no mechanism

which relates it to the sector balance on the national

level in (20). The Lagrangian becomes for (t,Y)-pairs
_ 2Ty e orreY 1 — vy Y el e_41y - &Y
L. = Ly Xr[Sr ?isjr] ?ixjr[sjr(t 1) Sjr(t)] (28)

The second version differs from version I in only one
respect. The target Sr is taken away and replaced by sector-

~

specific targets, Then the following Lagrangian

Sjrﬂ

applies for distinct (t,y)-pairs

_ _ e _vaY _ Y
Lp = Ly ;Ajr[sjr zsjr(t)] ZIXl_[S

To(e=-1)-sY_(t)]
] Y Jy )

jr 73T ir
(29)
Observe finally that the price-wage scenario affects
Lg through th and GEY in (22). For each such scenario,
(28) and (29) generate associated structural change
scenarios. In the following section we provide a

comparison between scenarios generated by (28) and (29).

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

In this section we shall illustrate an application
of the models associated with (28) and (29). We call
them Program I and II, respectively. The programs have
been applied to a Swedish region, V&rmland, for the period
1978-1985. In table 1, the initial employment structure
(1978) is described. The techniques are aggregated to
5 technique classes, of which 1=0 represents the new
technique. The restoration profile for the period
1978-1985 is illustrated by Figure 3, which shows that

the period has been divided into 2+5 years.
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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 sﬁmmarizes 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 II, 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 II. 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 II operates with one employment target per



- 25 -

sector. The outcome of the two progréms is specified in
percent of a base alternative which is also presented in
table 2.

In table 3 we illustrate Program I and II 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 T includes at least three
establishments, since this is a confidentiality criterion
in the industrial statistics of Sweden. If we regard
Program II and focus on the wood products sector, the
parameter value Ai = 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 Strémguist [4] and Johansson [5].



Table 1. Initial Employment Structure and Capacity
Constraints. V&rmland 1978.
Paper Wood Summation
Products Products over re-
maining
16 industry
sectors
Employment target 6 250 911 24 850
Capacity constraints
in terms of persons
employed in class:
T =20 620 300 2 520
1 2 750 730 4 580
2 2 560 490 11 040
3 750 4uo 6 410
4 190 260 2 850
Total capacity
constraint 6 870 220 27 400

Source:

Johansson [5]
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Table 2. Structural change scenarios with Program I and II.

Wood Paper All 18 Annual
products products sectors net sur-
rlus per
Annual growth of person
economic age = 1,0 2,3 2,5
BASE Employment 1978 2 91 6 250 34 011
ALTERNATIVE 1) vestment 1972-78 35 400
per year (1.000
Swkr) 48 500 197 200 604 100
PROGRAM Employment percent 102 107 99 50 554
I Investment percent 45 100 104
PR?? M Employment percent 100 100 99 49 155
Investment percent 45 53 85

Net surplus = Gross profits minus costs associated with the invest-
ment (1.000 Swkr).

Remark: Annual growth of economic age refers to the difference
o - B, where a, in percent, is the annual growth of the
wage level and B is the annual growth of the value added
price index, in percent.




Table 3. Illustration of Program I and II for the forest industry.

Index Capacity Gross Inv. Regional Wage
class utilization profit costs shadow share,
in percent prices per
Ty Ty Y cent
T 85 Py Ay Ay
PROGRAM 0 100 106.1 59.2 46.9 == 39
I
Wood 1 100 106.1 10.4 95.7 39
products 2 100 47.1 2.8 44.3 -- 59
3 100 16.9 0.5 16.4 =-- 80
4 0 - 10.3 - - - 118
PROGRAM 0 100 106.1 59.2 30.5 16.4 39
II 1 100 106.1  10.4 79.3 16.4 39
Wood
products 2 100 47.1 2.8 27.9 16.4 59
3 89 16.9 0.5 0 16.4 80
4 0 - 10.3 - - -— 118
PROGRAM 0 10Q 172.1 172.1 0 - 30
. 1 100 149.8 0 149.8 -- 33
aper
products 2 100 51.3 17.9 33.4 == 59
3 100 18.4 6.0 12.4 -- 80
4 0 - 21.1 - - - 140
PROGRAM 0 31 172.1 172.1 0 0 30
pames 1 100 149.8 0 149.8 0 33
aper
products 2 100 51.3 17.9 33.4 0 59
3 100 18.4 6.0 12.4 0 80
4 0 - 21.1 - - - 140
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