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CHAPTER 1 
_________________________________________________________ 
 
INTRODUCTION 
 
 
 
 
 
 
 
Structural change is a continuous process, in which commodities and 
methods of production are renewed or replaced all the time.1 For a 
country where international trade represents a significant proportion of 
the economic activity the equilibrium of the domestic economy is to a 
great extent determined by the conditions given abroad. Sweden is a 
country which is sufficiently small to take foreign demand as given. 
Against this background, a crucial factor for Swedish exports is the 
extent to which the industry sector can adjust to changes in foreign 
market conditions.  

This study provides a model useful in such analyses. The explicit 
aim of this study is to adapt a model to the particular problem for 
estimating the comparative advantage in domestic production and trade 
for the Swedish economy, develop the data required, and explore and 
demonstrate the major features and capabilities of the model. The model 
is a linearized version of the Walras-Cassel general equilibrium model 
(linearized factor supply and commodity demand functions) which 
utilizes the basic Leontief input-output structure as a production 
relationship. This framework provides a logically consistent way to 
looking at problems involving more than one economic agent. Given 
the linearized factor supply and commodity demand functions, both the 
prices and quantities are determined endogenously. Thus, the theoretical 
content of the Leontief model is enhanced by the direct incorporation of 
the pricing mechanism in the model.  

A common characteristic during the seventies was the failure to 

                                                 
1 In this study, the term structural change refers primarily to arrangements affecting 
the use of resources, and the patterns of domestic production and trade resulting 
from their allocation (structural transformation) in different sectors of the economy.  
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meet the demands for structural change in the industrial sector of the 
Swedish economy. Economic disequilibrium arose, not only in the 
Swedish economy, many countries, both developed and under-
developed, have been faced with changes in external conditions that 
have required major adjustments. As a result of the development in the 
seventies growth stagnated, accompanied by rising inflation and 
unemployment. Hence, the structural problems in the industrial 
countries accentuated the problems facing stabilization policy at the 
start of the Eighties.2 Considering the Swedish economy, the lack of 
adjustment in the industrial sector to improve the ways of making use of 
its comparative advantages becomes a major problem. The underlying 
causes were the development of Swedish costs (1974-76) accompanied 
by basic changes in the competitiveness of certain parts of Swedish 
industry. There are two areas of domestic production where compete-
tiveness has shifted. The first comprises the raw-material industries, i.e. 
mining and forest products, and the other certain industries of manu-
facturing, i.e. the basic metal industry and the shipyards. A decline in 
demand for exports may in technically terms be offset by an increase in 
public sector demand. However, the industrial sector contracts and the 
problem of external balance may become permanent. A natural question 
in this situation concerns the elaboration of an economic policy 
necessary to increase the adaptability of the industrial sector to meet the 
demand for structural change. 
 
 
1. 1      Statement of the Problem 

 
If two countries engage in trade, each is assumed to have incentives to 
increase domestic production, and reduce consumption, of commodities 
in which it has the lower relative marginal cost prior to trade than the 
other.3 In free trade equilibrium, each country will export such 
commodities. In the theory of international trade, free trade raises the 

                                                 
2 The reasons why the Swedish economy has turned into stagnation during the 
Seventies have been extensively discussed in the Swedish Medium Term Reports. 
For details, see The 1980 Medium Term Survey (1981), and its later check-up in 
1982, Growth or Stagnation? (1982). Both reports published by the Swedish 
Ministry of Finance. 
3 We make the usual assumption that the agents are countries. This is a fiction. 
Except in centrally planned economies, trade is conducted by individual agents 
rather than by governments. 
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level of potential welfare (measured in terms of the welfare function) 
for a country above the level reached in autarchy. The increase in 
potential welfare can be subdivided into the gains from exchange that 
will result then a commodity is obtained at lower prices from abroad, 
and the gains in domestic production from specialization in the 
commodities in which the country has a comparative advantage.4 
Technically, this problem involves the choice between domestic 
production and imports, and between production for the domestic 
market or exports in different sectors of the economy. Only by 
evaluation of the economic efficiency of the industrial choices using the 
opportunity cost of resources can an economic choice be made. The 
present study is an attempt to set up a formal equilibrium model for the 
computation of this choice, based on mathematical programming and 
input-output analysis. More precisely, the model will be adapted to the 
particular problem for estimating the comparative advantage in 
production and trade for the Swedish economy, using data for a single 
year (1980) optimization. This provides the framework that will be used 
to examine the need for structural transformation of domestic resources 
in the Swedish economy, when the resources are assumed to follow the 
principles of adjustment to efficiency in domestic production and trade. 
Given this formulation, the mathematical programming model will 
follow the traditional framework emphasized in pure trade theory. An 
application in this tradition is Werin’s (1965) study of production, trade 
and allocation in Sweden within a linear programming formulation of 
the economy.5 An example more directly related to the empirical 
Heckscher-Ohlin literature is Flam´s (1981) study of Growth, Allo-
cation and Trade in Sweden. Apart from a recently presented study by 
Östblom (1986), where the method of triangulation is used to study 
changes in the basic structure of the Swedish production system,6 
research in the application of multisectoral equilibrium models related 
to empirical analysis of structural change has been rather sparse in 
Sweden.  

The problem of structural change has two interrelated aspects. One 

                                                 
4 Ricardo (1817) developed the doctrine of comparative advantage which showed 
that all nations can benefit from trade whatever their cost structure.  
5 The application follows in a tradition whose beginnings were laid in the 1950´s by, 
among others, Chenery and Kretschmer (1956). 
6 Östblom´s study is a collection of five papers dealing with various aspects of the 
application of input-output techniques for analyzing structural and technical change. 
For details, see Östblom, G., (1986).  
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is the need to close down uncompetitive capacity. The other is the lack 
of expansion in potentially competitive parts of industry, to be solved 
only by transferring resources from uncompetitive to more expansive 
sectors of the economy. However, under the conditions of structural 
disequilibrium, existing prices form a very imperfect guide to resource 
allocation. Strictly speaking, the existing price structure must be either 
modified or discarded as a tool of resource allocation. From a formal 
point of view, mathematical programming or activity analysis is capable 
of handling this type of problem. The core around which the pro-
gramming model in this study is applied is the Leontief input-output 
model.7 The essence of the Leontief input-output model is that it 
captures the crucial element of the interrelatedness of production arising 
through the flow of intermediate commodities among sectors.  

 
 

1. 2      Setting of the Model  
 

More recently, economic models have been developed that attempt to 
capture the endogenous role of prices and the workings of the market 
system, specified in terms of optimization or market simulation.8 The 
objective of this literature is to convert the Walrasian general equi-
librium structure from an abstract representation of an ideal economy 
into numerical estimates of actual economies. In the construction of 
applied general equilibrium models two different approaches must be 
emphasized. On one hand, the computable general equilibrium (CGE) 
models introduced by Adelman and Robinson (1978), extending the 
approach of Johansen (1960),9 which, given a set of excess demand 

                                                 
7 Empirical work associated with input-output analysis is based on estimating the 
unknown parameters of a general equilibrium model from an input input-output 
table. A more explicit description of the various components of the model, and how 
they are combined to generate the equilibrium solution, will be given in Chapter 2. 
8 The development of computational methods for solving nonlinear general 
equilibrium models originated with the work of Scarf (1973). A fixed point 
algorithm determines a price vector at which the supply of each commodity exceeds 
or equals the demand for the specific commodity. 
9 The first successful implementation of an applied general equilibrium model is due 
to the path-breaking study by Johansen (1960) of the Norwegian economy. Johansen 
retained the fixed-coefficients assumption in modeling intermediate demand, but 
employed Cobb-Douglas production functions in modeling the substitution between 
capital and labour services and technical change. He replaced the fixed-coefficients 
assumption for household behaviour by a system of demand functions originated by 
Frisch (1959). 
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equations, simulate the behaviour of producers and consumers to study 
the competitive adjustment mechanism of a system of interdependent 
markets. One the other hand, the activity analysis general equilibrium 

(AGE) models introduced by Ginsburgh and Waelbroeck (1975) and 
Manne (1977), which are characterized by inequality constraints and 
specified as a mathematical programming problem to examine the 
optimization solutions of which are competitive equilibrium. 

At the outset of our discussion it is essential to note that the 
objective of this study is not to constitute a plan of the economy. Nor is 
the model applied for policy making or decisions purposes. The object 
of this study is to postulate an interdependent model of the Swedish 
economy, estimate the coefficients of this model, and demonstrate its 
usefulness in providing a framework for analyzing problems of optimal 
resource allocation in the sectoral structure of production and foreign 
trade. For this purpose a straightforward extension of the linear pro-
gramming model, incorporating sectoral demand and factor supply 
functions, will be developed. From a complete set of sectoral demand 
and factor supply functions with only the sectoral demand and factor 
prices as endogenous variables, it is then possible to compute the set of 
prices and quantities that determines an economic equilibrium. The 
incorporation of demand and factor supply functions provides a more 
realistic description of the aggregate market conditions faced by 
individual decision makers.  

The Harrington (1973) formulation of the Takayama and Judge 
(1971) quadratic programming models of spatial price equilibrium 
operate in this way and will be followed to provide a linear activity 
model for modeling the empirical analysis of economic equilibrium. 
This approach represents a structure, where the technological data and 
estimates required to implement the problem are to a great extent com-
patible with traditional linear programming models, a quality not so 
easily met by the CGE models, which are very demanding in terms of 
data requirements. Most researchers who have constructed CGE models 
have been content to choose the parameters of their models, and 
"calibrate" the model to a base year observation, rather than to estimate 
them econometrically.10 However, although the quadratic programming 
model is better suited in terms of data requirements for sectoral 
applications it must be emphasized that the CGE model, on the other 

                                                 
10 Jorgenson (1984), describes a project to estimate a reasonably large model of the 
United States economy, using econometric estimates exclusively. 
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hand, is more flexible and adaptable, especially for policy experi-
mentation. In fact, to analyze the effects of changes in economic policy 
variables, such as taxes, tariffs, and transfer payments, the CGE models 
open the door to a more realistic framework. 

The theoretical basis of the model that will be presented in this 
study was outlined in 1952 when Samuelson pointed out that an 
objective function whose maximization guarantees fulfillment of the 
conditions of a competitive market exists. Samuelson defined this 
function as the "net social payoff" to avoid any association with 
conventional economic concepts. Samuelson was the first to mention 
the possibility of maximizing the sum of consumers´ and producers´ 
surpluses to compute a competitive equilibrium through an optimizing 
model by showing how the problem of partial equilibrium within 
spatially separated markets, as formulated by Enke (1951), could be 
solved through mathematical programming. In the 1964 papers, 
Takayama and Judge (1964a, b), using linear price dependent demand 
and supply functions to define an empirically oriented "quasi-welfare 
function", and hence, extended the Samuelson formulation so that the 
spatial structure of prices, production, allocation and consumption for 
all commodities could be determined endogenously within the model 
with quadratic programming. This work was followed by articles by 
Plessner and Heady (1965), Yaron, Plessner and Heady (1965), and 
Plessner (1967), which contributed to the formulation of the quadratic 
pro-gramming model. In the development of the quadratic input-output 
model, Plessner’s (1965) formulation of the Walras-Cassel model as a 
quadratic programming problem has been of particular methodological 
interest. Harrington (1973) followed the contribution of Plessner by 
showing how an input-output model can be solved as a quadratic 
programming model, hence the quadratic input-output model. The 
resulting quadratic input-output model is a theoretical improvement 
over the Leontief input-output model by the direct inclusion of the 
pricing mechanism endogenously in the model. Thus, the method-
logical contribution that enhances the empirical content of this study is 
the incorporation of the pricing mechanism in the programming model.  

The linear programming formulation of the Leontief input-output 
model, established as the linear activity analysis model, represents an 
advancement in the construction of applied general equilibrium models, 
because it introduces a great deal of flexibility into the basic linear 
input-output structure. The lack of price-induced substitution and the 
absence of a criterion of economic efficiency were overcome by the 
development of the linear activity model. By allowing inequality 
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constraints and the introduction of an endogenous mechanism of choice 
among alternative feasible solutions, the effects of sector capacity 
constraints and primary input availabilities may be investigated in the 
model. Consequently, a linear activity model, extended to include 
foreign trade, can allow endogenous choice of domestic capacity utili-
zation and endogenous determination of trade, i.e. in that amount a 
specific commodity will be supplied from domestic production or 
imported, and the production for domestic market or exports. 

However, the linear programming formulation retains the assump-
tions of horizontal supply functions (up to the point where capacity is 
reached) and vertical final demand functions for each sector as well as 
fixed proportion production functions. Hence, the demand for com-
modities and supply of factors are assumed to remain constant no matter 
what happens to prices. In the linear programming framework it is 
natural to interpret the shadow prices that result as a by-product of the 
solution as equilibrium prices. However, these prices cannot be 
interpreted as market-clearing prices of general equilibrium theory 
because endogenous prices and general equilibrium interaction to 
simulate competetive market behaviour cannot be achieved using the 
linear programming specification. Thus, by using a linear programming 
formulation, without representing a realistic price system in which 
endogenous price and quantity variables are allowed to interact, the 
interplay of market forces cannot be described properly. These are 
simplifying assumptions which severely restrict the usefulness of the 
linear programming formulation of the input-output model. 

In linear programming problems, the solution is guaranteed to 
occur at one (or more) of the vertices, of the feasible set. This implies 
that the optimal solutions are always to be found at one of the extreme 
points of the feasible set, and the solution will constitute a basic feasible 
solution of the linear programming problem. Consequently, all we need 
is a method of determining the set of all extreme points, from which we 
an optimum solution can be selected.11 However, this constitutes a sig-
nificant drawback of the applicability of the model because the linear 
programming specification restricts the field of choice to the set of 
extreme points. Unlike the points of tangency in differential calculus, 
the extreme points are insensitive to small changes in the parameters of 
the model. This reduces the attractiveness of the model for comparative 
static experiments. In order to include some elements of flexibility 

                                                 
11 The simplex method of linear programming represents such a method. 
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within the system and make the linear programming model more 
realistic, it is desirable to allow for the inclusion of several resource 
constraints and to work on a highly disaggregate level. On the other 
hand, this will substantially increase the amount of data required to 
implement the model. A technique which removes any of the short-
comings mentioned above will greatly improve the applicability of the 
input-output model, and constitute a model much closer to the general 
equilibrium model. The quadratic programming formulation of the 
input-output model represents just such a technique. 

In the quadratic programming formulation of the input-output 
model both the prices and quantities are determined endogenously 
within the model. In an optimization approach, the model is formulated 
in terms of the maximization of the sum of consumers´ and producers´ 
surplus. Based on empirically generated demand and supply relations, 
this formulation of the objective function is used to replace the utility 
and welfare functions of conventional economic theory. Thus, one 
significant aspect of this formulation is that it permits the use of 
empirical results. Constraints in the form of fixed proportion production 
functions, current capacities and primary resource availability are 
retained. Given downward sloping final demand and upward sloping 
factor supply curves, relative price changes occur between sectors, and 
a model, in which endogenous price and quantity variables of sectoral 
output are allowed to interact, is developed. In technical terms, the 
shadow prices are incorporated in the objective function. Hence, the 
solution of the quadratic programming problem can be characterized as 
a simulation of market behaviour under the assumption of competition.    

The feasible set for quadratic programming problems is completely 
similar to the feasible set for linear programming problems. On the 
other hand, the optimum value of the objective function might occur 
anywhere in the feasible set. An optimum solution may be on the 
boundary on the constraint region, but not necessarily at a vertex or an 
extreme point, as we would expect in linear programming. Hence, the 
quadratic programming model must permit consideration of no basic 
solutions.12 Consequently, the field of choice extends over the entire 
feasible set and not merely the set of its extreme points. In contrast to 

                                                 
12 The main disadvantage of most quadratic programming algorithms is the large 
number of calculations required for convergence to a solution. This implies that the 
quadratic programming formulation is considerably more difficult to solve numeri-
cally and hence requires more computer time for convergence than the linear 
programming model. 
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the linear programming model, we do not have to work with a highly 
dis-aggregated model to increase the number of the extreme points, and 
hence, extend the field of choice in the economic model. In the 
quadratic programming formulation of the input-output model, a 
framework has been developed, that firstly, attempts to capture the role 
of prices and the workings of a competitive market system, and 
secondly, the solution is not necessarily an extreme point. The later 
property implies that the solution is not so insensitive to small changes 
in the parameters of the model. In fact, two of the major shortcomings 
of the linear programming input-output model have been overcome. 

The version of the model that will be developed in this study is 
static and medium- to long-term in nature. The static framework implies 
that the equilibrium values of the endogenous variables depend only on 
the levels of the exogenous variables in the present solution. The static 
model is also used in a temporary equilibrium approach, in which the 
solution for each period is used to create the next period´s model 
parameters.13 It should be clear that the model cannot be used for the 
analysis of short-run cyclical variations around basic trends. As 
mentioned above, the model that will be developed in this study is best 
suited to analyze medium- to long-term tendencies, i.e. a periodization 
that is long enough for relative prices to adjust to markets and to make 
individual decisions mutually consistent. Considered in isolation, i.e. in 
treating the concept of a period as the ultimate nature of capital, the 
long-run orientation implies that capital stocks can be fully adjusted to 
desired levels. In our specification of the structure of the model we will 
assume that individuals are price takers and behave competitively. 
Finally, although the model has some macroeconomic features, all 
variables in the model are real, and there are no financial assets or 
money markets. Thus, money plays a neutral role in this model. This 
implies that it is inappropriate to employ this type of model for 
analyzing monetary phenomena such as inflation and international 
exchange rates. 

 
 
1. 3      Chapter Outline 

 
This study is organized in five chapters. After this introductory chapter, 
Chapter 2 presents the theoretical framework and develops the equili-

                                                 
13 However, the model does not take into account future markets despite the fact it 
explicitly consider time.  



 
 

~ 16 ~ 

 

brium model in a mathematical programming formulation. The concept 
of a quadratic quasi-welfare function, by the application of producer 
and consumer surplus, forms the basis for the specification of a linear 
activity model where both prices and quantities are determined endo-
genously. The discussion emphasizes the assumptions necessary to 
operationalize the model as a quadratic programming problem. In this 
context, the close link to economic equilibrium theory is emphasized. 
The role of shadow prices and their relation to market prices in a 
competitive market is described so that the reader may have a better 
idea of the biases incorporated in the parameters of the model.  

Chapter 3 contains a description of the statistical sources and 
estimation methods necessary to obtain numerical values. Relevant 
statistical data are presented in tables. One section of this chapter in-
cludes specification of final demand equations, followed by a dis-
cussion of the data used in their estimation.   

In Chapter 4 the experiments (base solutions) are outlined. The 
chapter is devoted to a description, interpretation, and analysis of the 
equilibrium mechanism governing the base solutions as representative 
solutions of the model. The treatment of trade, and in this context, the 
inherent limitation due to the assumed linearity of the model, provides a 
major focus of the discussion. In analyzing the representative solutions 
the reader is led through a complete set of tables, including supporting 
calculations to facilitate the presentation and discussion of obtained 
results.  

Chapter 5 provides a framework around which the solution for 
each period is used to create the next period´s model parameters. Thus, 
the model is in this chapter of the temporary equilibrium type. It will 
solve the market equilibrium prices and quantities for one period and 
then add the solution obtained to the predetermined variables that are 
needed to obtain market solution for the next period. Hence, a sequence 
of equilibria can be achieved. This specification provides the formal 
link between capital formation and production capacity. Thus, we 
endogenize investment and considerably extend the requirement of 
consistency in the model. The reminder of the chapter is devoted to an 
empirical evaluation of the results obtained. Although the model is 
simple, the experiments (applications) do capture, besides identifying 
structural imbalances, some important features of long-run capital 
formation. 

In a final section the shortcomings of the model, desirable modifi-
cations, and the directions of further specifications that may be ex-
amined within the context of the model, are the subject for discussion.  
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CHAPTER 2 
_________________________________________________________ 
 
THE THEORETICAL FRAMEWORK 
 
 
 
 
 
 
 
In this chapter the equilibrium model, with linear price dependent 
demand and supply relations, is developed and analyzed under con-
ditions of competitive market behaviour. To provide the reader with an 
under-standing of the nature of this model and its link to economic 
theory, the concept of Pareto efficiency and its logical relation to 
competitive equilibrium is used as a connecting thread between the 
concept of economic equilibrium and the mathematical programming 
formulation. This framework along with the concept of a quadratic 
quasi-welfare function in the terminology of Takayama and Judge, 
generated along the lines of producer and consumer surplus, forms the 
basis for the specification of a model where both the prices and 
quantities are determined endogenously. The following sections will 
highlight the major features of the model on a topic-by-topic basis. At 
the same time, the assumptions necessary to operationalize the model 
are made explicit. In this framework, both the strengths and weak-
nesses of the resulting model as a tool of empirical analysis will be 
discussed. 
 
 
2. 1 The Reformulation of the Walras-Cassel Model 

 
To provide the methodology for the reformulation of the Walras-Cassel 
general equilibrium model as a quadratic programming problem, and 
hence, the basic structure of the quadratic input-output model, 
Harrington (1973) linearizes the Walras-Cassel model and specifies the 
Walrasian factor supply and commodity demand functions into inverse 
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form.14 The inversion simplifies the mathematical exposition of the 
model while retaining the generality of the Walrasian factor supply and 
commodity demand functions. Dorfman, Samuelson and Solow (1958)15 
claim that this inversion is not admissible because there is no mathe-
matical reason for assuming the existence of inverse demand or supply 
relationships in a model were prices depend on quantities only. 
However, their argument, as demonstrated by Harrington, is well-
founded in the general case but does not apply to the linearized Walras-
Cassel model. The quadratic input-output model is a linearized version 
of the Walras-Cassel general equilibrium model which utilizes the 
interrelatedness of production established in the input-output structure. 
In this context, it is shown by Harrington that the conventional input-
output model is a limiting case of the linearized Walras-Cassel model. 
In the linear form of the Walras-Cassel model the assumptions of 
homogeneity of degree zero of factor supply and commodity demand 
functions can be relaxed because the homogeneity constraint is satisfied 
elsewhere in the model formulation. Furthermore, the Cassel-Wald 
specification of commodity demand quantities as a function of product 
prices alone, and factor supply quantities as a function of factor prices 
alone (Wald 1951), specify a consistent linear system without loss of 
generality of the Walras-Cassel model.   

In order to understand the underlying structure of the model that 
constitutes the framework of this study a mathematical exposition of 
Harrington’s (1973) contribution is given in this section.16 Let A denote 
a matrix of fixed coefficient production processes, homogenous of 
degree one, partioned into a primary factor transformation m×n matrix, 
Ar, and an intermediate commodity transformation n×n matrix Aq. Let 
G(w, p) denote a linear factor market supply function defined over all 
factor prices w (m×1) and commodity prices p (n×1), and let F(w, p) 
denote a linear commodity market demand function defined over all 
factor prices w and commodity prices p.17 Thus, the assumptions above 
linearize the Walras-Cassel model. Note, that the factor supply and 

                                                 
14 The Walras-Cassel model is specified in Dorfman, R., Samuelson, P. A. and 
Solow, R. M., (1958), pp.346-389. The Walrasian model of the market system was 
first sketched by the nineteenth-century French economist Léon Walras. 
15 Dorfman et al., (1958), p.352 (footnote). 
16 The exposition in this section is based on Harrington´s own presentation of the 
subject. 
17 The factor supply functions are specified in the factor markets, the commodity 
demand functions are specified in the commodity markets, and the transformation 
matrices are specified in the production sectors. 
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commodity demand functions are not assumed to be homogenous of 
degree zero in w and p.18 Under the assumption of linearity of the factor 
supply and commodity demand functions the G and F matrices (Gr 
(m×m), Gq (m×n), Fr (n×m), Fq (n×n)) may be partitioned as: 

 
Gr w  +  Gq p   =   r     and     Frw  +  Fq p   =   q          (2.1) 
 

where q specifies a vector of final demand quantities, and r a vector of 
factor supply quantities. Transforming factors into commodities require 
the following condition on primary factor transformations: 
 

Ar  z   =   r                                                                         (2.2) 
 
Intermediate commodity transformations (j ≡ q) require: 
 

[I  -  Aq] z   =   q                                                           (2.3) 
 

where z represents a vector of gross output per sector. [I  - Aq] referred 
to as the Leontief matrix, is based on the conditions of conventional 
input-output analysis, hence, its inverse exists. Consequently: 
 

[I  -  Aq] -1 q   =   z                                                       (2.4) 
 
Given the specification above, the condition of efficient pricing implies 
that the final commodity price must equal the sum of factor costs and 
the cost of intermediate commodities required in the production of a 
unit of the final commodity. Thus: 
 

A'r w   +   A'
q  p    =    p                                                    (2.5) 

 
The first term is the price component of rewards to primary factors and 
the second term is the price component of rewards to intermediate 
commodities at their market prices.19 

                                                 
18 It is impossible to meet both the specification of linearity and homogeneity of 
degree zero in the same function. Since F and G are matrices of constants they are by 
definition homogeneous of degree one. 
19 This equation is equivalent to the price formulation of input-output analysis. The 
price system appears as the dual of the quantity system, and vice versa, and the two 
can be studied independently. Following these principles, we obtain the transpose of 
Aq and Ar, which is denoted by A´q and A´r.   
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Solving equation (2.5) for p gives: 
 

A'r w    =    p  -  A'
q p                                                       (2.6) 

 
A'r w    =    [I  -  A'

q] p                                                        (2.7) 
 
[I  -  A'

q] -1  A'r w   =   p                                                     (2.8) 
 

Substituting from equations (2.4) and (2.8) into equation (2.1) gives: 
 

Gr w  +  Gq[I  -  A'
q]-1  A'r w    =    Ar [I  -  A'

q]-1  q             (2.9) 
 

 Fr w  +  Fq[I  -  A'
q]-1  A'r w    =    q                                (2.10) 

 
Pre-multiplaying equation (2.10) by Ar [I  -  A'

q]-1, direct and indirect 
factor requirements, gives:   
 

 Ar [I  -  Aq]-1  Fr w  +  Ar [I  -  Aq]-1  Fq [I  -  A'
q]-1  A'r w    =  

 
 Ar [I  -  Aq]-1  q                                                    (2.11) 
                                                        

It follows that: 
 

Gq   =     Ar [I  -  Aq]-1  Fq                                               (2.12) 
 
Gr    =     Ar [I  -  Aq]-1  Fr                                                (2.13) 
 

Equations (2.12) and (2.13) specify the effects of commodity demand 
functions on factor supplies (direct and indirect factor requirements) 
necessary for the efficient production, (2.2) and (2.3), and the efficient 
pricing condition (2.5) to hold. Equation (2.12) specifies these con-
ditions on the commodity price matrix assuming that Fq is specified, 
and equation (2.13) specifies these conditions on the factor price matrix 
assuming that Fr is specified. Given the assumption m ≥ n and the rank 
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of Ar is equal to n the generalized inverse20 of Ar exists. Thus, applying 
the generalized inverse of {Ar [I  -  Aq]-1} to equation (2.13) gives: 
 

Fr   =   [I  -  Aq] [A'r  Ar]-1 A'r  Gr                                   (2.14) 
 
Equation (2.14) specifies the generation of the income constraint on 
demand. Similarly, equation (2.13) specifies the generation of the 
income constraint on the factor supply functions. Hence, the commodity 
demand functions and the factor supply functions may be specified by 
the Cassel-Wald specification: 
 

F(p)  =   q        and        G (w)   =    r                                (2.15) 
 

which together with Ar and Aj specify a consistent linear system without 
loss of the generality of  Dorfman, Samuelson and Solow specification 
of the Walrasian equilibrium system. As a consequence, commodity 
prices can be expressed as function of factor prices alone, using the 
non-substitution theorem of Samuelsson (1951). The Fr and Gq matrices 
of the linearized Walras-Cassel model are completely specified by the 
Fq, Gr, Ar and Aj matrices together with the conditions of efficient 
production, equations (2.2) and (2.3), and the efficient pricing condition 
(2.5). Thus, the information contained in Gq and Fr in the Walrasian 
specification is redundant. Both functions (F and G) together with the 
specifications given above specify a system homogeneous of degree 
zero in w and p. This implies, that the F and G functions need no longer 
be specified with homogeneity of degree zero. The equations in (2.15) 
can be converted to inverse form: 
 

w     =   G-1 (r)        and       p     =    F-1 (q)                      (2.16) 
 
where G-1 and F-1 are the inverses of G and F, respectively. Hence, the 
objection by Dorfman, Samuelson and Solow that this inversion is not 
admissible in general does not hold for the linearized Walras-Cassel 
model. 
 

                                                 
20 For details, see Penrose, R., (1955). A summary is given in Maddala, G. S., 
(1977). 
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2. 2 Commodities and Activities 
 
In this study we shall be considering an economy where there exist a 
finite number of commodities (commodity groups)21 subject to pro-
duction, consumption, or both. The commodity concept also includes 
services. A commodity is characterized by the property that two equal 
quantities of it are completely equivalent for each consumer and each 
producer. The commodities are here divided into two groups, according 
to whether they are produced within the production system or not. 
Commodities in the former group are called produced commodities, in 
the latter group, primary commodities.22 

This model is extended to include imports.23 Thus, total supply 
within the economic system specified in this study, is partly a result of 
the activity within the domestic production system, and partly the result 
of importation from abroad. In terms of the model, imports are regarded 
as primary commodities.  

At each given point of time, there exists a given technology which 
makes it possible to use different production methods. Each such 
production method represents a process, which converts certain 
commodities into certain others at given ratios of inputs to outputs, and 
is capable of being operated at any nonnegative activity level.24 The 
commodities are aggregated into a fixed number of sectors and there is 
for each process an aij unit activity, i.e. a vector aij ≠ 0, for each 
produced commodity i, where i=1, .. , n  and each sector j, where j=1, .. 
, n. In order to produce each unit from sector j, the input need for the 
i:th commodity must be a fixed amount, which we denote aij. Hence, we 
define the intermediate requirements of commodity q per unit of output 
of sector j, or the input coefficients aij as the number of input units of 
commodity i necessary to produce one unit of output from sector j.25 
                                                 
21 Generally, a commodity is defined by its physical characteristics, its location, and 
the date of its delivery. Commodities differing in any of these characteristics will be 
regarded as different. However, in this model a commodity is synonymous with the 
industry supplying the commodity (sector classification principle). 
22 Thus, there is only use of primary commodities, not production of them. 
23 A detailed specification of foreign trade will be presented and discussed in a 
subsequent section. 
24 Following Koopmans (1951) we may use the term basic activity for any activity aij 
(different from zero). There is a one-to-one correspondence between basic activities 
and sectors in the stipulated economy. 
25 The order of the subscripts in aij is easy to remember. The first subscript refers to 
the input, and the second to the output. 
 



 

 

~ 23 ~ 

 

Positive valued coefficients aij indicate that the commodity involved is 
produced, negative valued coefficients that the commodity is used up by 
the process, and zero valued coefficients indicate that the commodity is 
not involved in the process. The input coefficients correspond to 
Walras´s technological coefficients, the only difference being that in the 
original Walrasian system only primary inputs were considered. 

To simplify the presentation of the model it is assumed that each 
process leads to the production of only one commodity (no joint 
production), and that each commodity can be produced by one fixed-
coefficients process only. Thus, the model is defined in such a way that 
the process (industry) is synonymous with the commodity. The assump-
tion that the input coefficients aij are fixed leads to L-shaped isoquants, 
and signify that there is no substitution between inputs in the 
production of a given commodity. Consequently, with an input-output 
model the choice-of-techniques question does not arise. There is only 
one technique of production available in each industry for producing 
each of the commodities in the system. 

In this context, two fundamental assumptions are frequently 
adopted. The first assumption is called additivity, and the second is 
called proportionality. The two assumptions are concerned with ways in 
which additional processes can be obtained from those in the basis. The 
additivity assumption implies that the processes can be utilized jointly 
for the production of several commodities, one for each process, and 
that the resulting commodity bundle is equal to the sum of the net 
produced amounts in the utilization of the separate processes. This 
means that the production methods used to produce a given commodity 
are independent of whether other commodities are produced at the same 
time or not. Hence, the additivity assumption means that there is free 
enty, i.e. no institutional or other barrier to entry, and rules out external 
economics and diseconomies. 

The proportionality (divisibility) assumption implies that each 
process can be realized on a continuous proportional expansion. Thus, 
the input of each separate commodity in the production of a given 
commodity is proportional to the produced amount Zj, where j=1, .. , n. 
Generally, the proportionality assumption stipulates what is known as 
constant returns to scale in production. The set of all nonnegative 



 
 

~ 24 ~ 

 

multiples Zj states the produced (gross) amount, and at the same time 
the level at which the process is utilized.26 

From the conditions given above, let us extend the defined 
processes to include primary commodities and sectoral capital stocks 
(capacities). Similar input coefficients as for produced commodities are 
defined for primary commodities, denoted bhj, where h=1, .. , m and 
j=1, .. , n, and capacities, denoted cij, where i=1, .. , n and j=1, .. , n. 
Thus, aij, bhj and cij refer to the input of a produced commodity i, a 
primary commodity h27, and a capital commodity i respectively in the 
production of a unit of the commodity in sector j. The following 
expression (column vector) is obtained for the utilization of an arbitrary 
process: 

 
{ -a1j, .. , 1 - ajj, .. , - anj,  b1j, .. , bmj,  c1j, .. , cnj }´ Zj   (2.17) 

 
By this specification, any possible state of production can be repre-
sented by a nonnegative linear combination of separate processes with 
nonnegative multiples Zj of aij, bhj and cij The term activity will be used 
as a synonym for production activity. Technically, any activity within 
the production system can be expressed by the vectors (2.17) which 
state the n processes together with the values of Zj for the actually 
produced amount. Thus, an activity is composed of a non-negative 
linear combination of the n separate processes.  
 
  
2.2.1 Producers 
 
The n producers (industries) execute the production programs re-
presented by the n nonnegative multiples Zj of aij. The extent to which 
the activity is utilized must be feasible, i.e. to say the produced amount 
Zj must be an element of the production set Yj. 

For any producer j, where j=1, .. , n, there exists a given quantity 
of capital commodities, previously produced commodities, and in the 
short run specific for each produced commodity, and hence, each 
producer. In other words, capacities are assumed immobile. For the 

                                                 
26 According to Chenery and Clark (1959) the proportionality assumption is less 
valied the greater the degree of aggregation, and the additivity assumption is more 
valid the larger the aggregates. 
27 Note, the elements bhj form a primary factor transformation matrix, denoted Ar, in 
the previous section of this chapter.  
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producer each activity implies a given transformation of primary 
commodities into produced commodities, and to make this trans-
formation possible, a given quantity of capacities available. By this 
specification, the capacities are considered as primary commodities. 
Hence, the primary commodities can in the short run be partioned in 
two kinds of commodities. On one hand, capacities, which in the current 
point of time are fixed to the existent establishments and on the other 
hand resources, which the different producers (industries) are 
competing for in the market. 

Closely related to the assumptions given above is the assumption 
of irreversibility of production, i.e. the production process cannot 
reversed, thus, excluding negative activity levels from the solution. 
Further, free disposal is assumed, i.e. it is possible for all producers 
together to dispose of all commodities. Finally the assumption of free 
disposal together with the assumption of irreversibility implies the 
impossibility of free production, i.e. it requires inputs to produce 
outputs.28 

 
 
2.2.2 Consumers 
 
The s consumers are the only owners and final users of commodities. 
Each consumer, denoted i, where i=1, .. , s, owns the supplied quantity 
rih of the primary commodity, denoted h, where h=1, .. , m, and a share, 
denoted θij of the industry j, where j=1, .. , n. By this specification a 
special economy is then considered, namely the private ownership 
economy where consumers own the resources and control the producers. 
The rents may be assumed to be distributed following a certain rule, 
such as a fixed proportion. It should be noted that no matter how the 
rents are distributed, all the rents must be paid to consumers. 

The set of consumption which enables consumer i to survive is his 
attainable set Xi, defined for all combinations of demand of desired 
commodities xij, where j=1, .. , n, and supplies of his initial endow-ment 
of primary commodities (labour service) rih, which he can sell to obtain 
income. Thus, each consumer is assumed to have an endowment of 
leisure, a portion which can be sold as labour service, and the leisure 
remaining is a component (nonnegative) in his attainable set.  

                                                 
28 See further Debreu, G., (1959), p.42. 
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The consumer´s preferences among different vectors xij and rih are 
represented by a utility function Si(xij,-rih), where i=1, .. , s, defined for 
all nonnegative quantities of desired commodities xij and quantities of 
primary commodities rih, represented as a nonpositive quantity. The 
utility function Si(xij,-rih),is continuous and increasing, twice con-
tinously differentiable, strictly quasi-concave and its first derivatives 
are not all simultaneously equal to zero.  

Under the conditions of a private ownership economy, where 
primary commodities and capital commodities are owned by individual 
consumers, the i:th consumer´s income Ri will be the sum of the value 
of the supplied quantities of primary commodities and the sharesθij of 
the rents (returns of capital as a factor of production) of the producers.  

 
 

2.2.3 Foreign Trade 
 
Most commodities can be supplied not only by domestic production, but 
also by importation. A standard approach is to specify imports as an 
alternative source of supply of commodities classified by the input-
output sectors. A different approach is to specify imports as a primary 
input that is not produced in the economy. 

In the first approach, imports are specified as competitive, here 
denoted Mj, where j=1, .. , n, commodities which can be produced 
within the country but which are, as an alternative to domestic pro-
duction, also imported. The imported commodity is here viewed as a 
perfect substitute for the domestically produced commodity. Conse-
quently, those imported commodities which the agents are free to select 
for domestic production is classified as competitive imports. In this 
context, any particular commodity classified as competitive imports is 
assumed to be tradable in the international market, and has identical 
characteristics, whether it is produced at home or abroad. Formally, 
competitive imports are treated as if they were delivered to the 
corresponding domestic industries and then distributed by these in-
dustries together with the domestically produced amounts. Thus, the 
inputs aijZj state the sums of produced and imported amounts, and not 
merely the produced amounts.29  

In the second approach imports are specified as noncompetitive, 
here denoted mijZj, and instead of perfect substitutes for domestic pro-

                                                 
29 The exposition in this section is based on and similar to that of Werin (1965). 
 



 

 

~ 27 ~ 

 

duction, imports are treated as a complementary input, completely 
differrent from domestically produced commodities. This type of im-
ports consists of commodities which cannot be produced within the 
country. Non-competitive imports including predominantly those com-
modities which are technically infeasible, and commodities whose 
production is economically unviable because of the present market 
situation compared with their minimum scale of production. In our 
notation, mij denotes the input coefficient of noncompetitive imports 
and Zj the extent of which the process j is utilized.  

When a commodity is imported there is an outlay of foreign 
currency per unit of imported amount Mj respective mijZj. PW denotes 
the world market price in foreign currency, -PWjMj and -PWjmijZj 
express the outlay of foreign currency. On the other hand, when a 
commodity is exported, denoted Ej, where j=1, .. , n, there is a receipt, 
expressed by PWjEj, of foreign currency earned per unit of exported 
amount Ej. Consequently, foreign currency is here an intermediate 
commodity, where the import process requires foreign currency as 
input, and foreign currency is the output of the export process. Thus, in 
this context there are also given resources, but of foreign currency only. 
These resources are made up of net export earnings plus net foreign 
capital inflows, denoted F. In this model the amount of net foreign 
capital inflow is assumed exogenous. Given the exchange rate, it 
follows that foreign trade can be described as to be carried out by means 
of processes with fixed relations. Compatible with the assumption made 
for domestic production, it will be assumed that an import process 
involves importation of one single commodity. This assumption re-
places, as for domestic production, an optimization requirement.30 
Consequently, we also assume that an export process leads to the export 
of one commodity only. 

The effects of transportation costs and tariffs are taken into 
consideration by including transport costs and tariffs into import prices 
(tariff augmented world market prices). Hence, the currency spent on 
importing a unit of a commodity is generally somewhat larger than the 
amount earned by exporting it.31 If it were smaller, this would mean that 

                                                 
30 Optimization implies that the import process, given the smallest currency outlay, 
as well as the production process, given the best technique available, is chosen. 
31 Statistically, imports are calculated in c.i.f. prices and exports in f.o.b. prices. 
Given this specification, the currency outlay for imports will not be proportional to 
the existing world market prices. This implies that the foreign exchange constraint 
will not correctly reflect the conditions prevailing on the world market.  
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the price in the exporting country would exceed the price in the 
importing country, which is not compatible with interregional general 
equilibrium. 

In this model world market prices of traded commodities are 
assumed to be given. The assumption of given world market prices (the 
small country assumption) implies that the country is confronted with 
infinitely elastic demand for its exports and supply of its imports, so 
what the level as well as the pattern of imports and exports may be 
endogenously determined only subject to the foreign exchange re-
striction.  

Considering the assumptions made, the production system is re-
presented by an input-output model extended to include foreign trade as 
an alternative to domestic production. Each commodity can now in 
principle be supplied by two different activities. One of them is the 
production activity, the other the import activity, which is the result of 
the outlay of foreign currency. This means substitution possibilities 
between inputs for the supply of various commodities. A linear activity 
model which takes foreign trade into account is, in certain respects, 
quite similar to a neoclassical model.32 Given this specification, the term 
supply model33 is a better word than production model. 

Consistent with the above specifications, the notation which is 
used in formulation of the mathematical framework can now be summa-
ryzed. Let: 
 
Zj denote the amount of domestic production in sector j, j=1, .. , n. 
 
Mj denote the amount of imports, classified as competitive, to domestic 
production in sector j, j=1, .. , n,  
 
Ej denote the amount of exports supplied from sector j, j=1, .., n. 
 
Dj denote domestic final demand supplied from sector j, j=1, .. , n. 
Domestic final demand is the sum of private consumption, investment 
and government expenditures. If we add exports, the total final demand 
will be obtained. 
 
                                                 
32 However, if the model does not include any further restrictions on exports and 
imports, the assumption of constant returns of scale in production together with 
endogenous choice in trade may lead to an unrealistic specialization in either trade or 
domestic production.  
33 Werin. L., (1965), p.12. 
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rih  denote the supplied quantity of the primary commodity h, owned by 
the i:th consumer, where h=1, .. , m and i= 1, .. , s. 
 
Kij denote the given quantity of the capital commodity i, specified for 
each production sector j, where i=1, .. , n and j=1, .. , n. 
 
Xij denote the i:th consumer´s demand of the desired commodity j, In 
other words, the i:th consumer´s private consumption of the commo-
dity j, where j=1, .. , n and i=1, .. , s. 
 
θij denote the i:th consumer´s share of the rents of the producers, 
specified for each production sector j. 
 
Ri denote the income of the i:th consumer. 
 
F denote the amount of net foreign capital inflow. In this model an 
exogenously specified value.  
 
aij denote the intermediate requirements (input coefficient) of commo-
dity i, per unit of output of sector j.  
 
mij denote the input coefficient of the imported amount of commodity i, 
classified as noncompetitive, in sector j. 
 
bhj denote the input coefficient of each primary commodity h in  sector 
j, where h=1, .. , m. 
 
cij denote the input coefficient of each capital commodity i,  in sector j, 
where i=1, .. , n. 
 
PWj denote the world market price of each commodity classified by the 
input-output sectors, and thus, the receipt respective the outlay coeffi-
cient of foreign currency, valued in one foreign currency only. 
 
ER denote the exchange rate, here expressed as the domestic price level 
divided by the value, in world market prices, of a fixed bundle of 
commodities. 
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2.2.4 Feasible Activities 
 
For each process actually carried out within the economic system 
outlined above, the variables Zj, Mj and Ej will take specific values. This 
seems agreeable to common sense. Any feasible state of supply, i.e the 
ability of the economy to achieve an allocation within the limits of its 
resources, may be stated more formally. Thus, the commodity balance 
constraint (equation 2.2 below) states that each feasible allocation must 
contain at least one import or production activity. Final supply is made 
up of the total supply of a commodity minus the amount of the 
commodity used within the production system (intermediate demand). 
On the other hand, use outside of the production system is called final 
demand. Since the demand for exports is considered on the left-hand 
side of equation (2.2), the right-hand side, here denoted Diq, represents 
domestic final demand (assuming free disposal of commodities), i.e. the 
sum of private consumption, investment and government expenditures. 

 

Zj  +  Mj  - Ej  -   Σj , aij Zj        ≥    Σi Dij     (2.18) 
 

Zj  ≥ 0,    Mj  ≥ 0,    Ej  ≥ 0,    Dj  ≥ 0  
 

Equation (2.3), the primary commodity constraint, further restricts the 
feasible set. The primary commodity constraint represents here labour, 
supplied by the households. In this specification, equation (2.19) 
distinguishes different skill categories of labour.34 

 

Σj , bhj Zj    ≤        Σi , rih         (2.19) 
 

rih  ≥  0     
 

Equation (2.4) represents the sectoral capital stocks. At each point of 
time it is assumed that the supply of these commodities is given and 
specific for each production unit. With these characteristics we must 
have a restriction for each capital commodity k and each sector j35. This 

                                                 
34 In the empirical examples presented in Chapter 4, there is only one aggregate, and 
homogenous, primary commodity supplies by the households. 
35 This forms a matrix with capacity input coefficients in its principal diagonal and 
zero elements everywhere else. Hence, i=j for all cij. 
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is also the reason for classifying these commodities as primary com-
modities in the short run. 

 
ckj Zj   ≤    Kkj                                                              (2.20) 

 
Kkj  ≥ 0 

 
The foreign exchange constraint (equation 2.21) restricts the amount of 
foreign currency that can be spent on imports. The supply of foreign 
currency is generated through exports and net capital inflows. 

 

Σj , Σi , PWjmijZj   +  Σj , PWjMj    ≤   Σj , PWjEj  +  F     (2.21) 
 

Recapitulating, the total supply of commodities in the economic system 
is partly a result of the activity within the domestic production system 
and partly a result of supplies from abroad. Since each process implies 
use of primary commodities, and production and use of produced 
commodities, the possibility to carry on these processes are therefore 
dependent on the given quantities of primary commodities, the pro-
duced amount of produced commodities, and the availability of foreign 
currency. 
 
 
2. 3 The Programming Formulation 

 
The point of departure for the programming model presented below is 
an economic system where an excess demand for any commodity 
implies an increase of the corresponding commodity price without any 
upper limit, and an excess supply of any commodity that the corre-
sponding commodity prices decreases, given the restriction that the 
price will not take any negative value. Thus, while we would never 
accept a situation with positive excess demand in some market as 
equilibrium, an excess supply in a market where the price is zero is 
quite consistent with our notion of equilibrium. An economic system 
with these characteristics is compatible with a market economy. A state 
of equilibrium in this market economy is a situation where no 
individual. Given the price system and the actions of the other indivi-
duals, has any incentive to choose a different allocation of commo-
dities. 
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Stated more formally, the equilibrium conditions state that there 
will be no excess demand for any commodity and market pricing of 
each commodity. Thus, the equilibrium conditions state that each com-
modity has only one price throughout the economy, and specifies that 
when the market equilibrium price for the commodity is positive, there 
is no excess supply or demand. Since the consumers in spite of the 
positive commodity prices demand all supplied quantities of Zj and Mj, 
and supplies the sum of rih up to the quantity demanded by the pro-
ducers, commodities with a positive price are regarded as desired 
commodities.36 

The objective of our allocation problem is to find the set of supply 
activites that result in a bundle of desired commodities, in the sense that 
given the specified resources (resource constraints) it is impossible to 
increase the net amount of any desired commodity without decreasing 
the net amount of some other desired commodity. Such a bundle is 
called an efficient final commodity point, and the collection of all such 
efficient points traces the efficient supply frontier where each point is a 
possible efficient (Pareto efficient) state of allocation. In this 
framework, the well known concept of Pareto optimality, i.e. a state in 
which no one´s satisfaction can be raised without lowering someone 
else´s, is translated to efficiency, and a term like 'allocation efficiency' 
is a more accurately descriptive of the concept.37 A state of Pareto 
efficiency thus defined expresses a concept of allocate efficiency in 
converting resources into satisfactions. By the use of the concept of 
allocation efficiency, we can formulate the equilibrium model specified 
above within a mathematical programming format. The first step to 
accomplish this task is to define our objective function.  
 

 
2.3.1 The objective Function 

 
In order to reflect the characteristics of the problem and the corre-
sponding programming formulation, let us assume that instead of indi-
vidual supply of rih and individual demand of xij we know the total 
private consumption and primary input (factor) supply for each com-
modity respectively, where the private consumption and factor supply 
function is the summation of the individual functions. Consequently, we 

                                                 
36 A commodity is desirable if any increase in its consumption, ceteris paribus, in-
creases utility. 
37 Koopmans, T.C., (1957), p.84. 
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treat the aggregate demand and factor supply functions as if they could 
be generated by a single representative individual.  

In developing the model, Hotelling’s (1932) total benefit function, 
based on empirically generated demand and supply relations, is used to 
replace the utility and welfare functions of conventional economic 
theory. We assume a Walrasian system of private expenditures and 
factor supply functions, where the demand and supply quantities are 
given as linear functions of the commodity price pj and factor price wh 
respectively. One significant aspect of this formulation is that it permits 
the use of empirical results, and permits both the price and allocation 
solution for all commodities to be determined within the model.  

To incorporate price-dependent demand and supply functions and 
derive an economic equilibrium, mathematical models can be for-
mulated with an objective of maximising the sum of consumers’ plus 
producers’ surplus. Consumers´ plus producers’ surplus or net social 
benefit is measured as the area between the compensated demand and 
factor supply curves (after adjustment to remove income effects) to the 
left of their intersection. The most obvious reason for the use of this 
objective function is that its behavioural implications are consistent 
with theoretical economic behaviour of the participants by sector. An 
important, although obvious point, is that sector commodity supply 
curves and factor demand curves are not required as they are already 
accounted for in the system by the fixed factor proportion production 
functions calculated from the input-output table. 

The concept of consumer’s surplus is defined as the difference 
between the maximum amount the consumer would be willing to pay 
for the commodity and what he actually does pay for it.38 In equilibrium, 
the consumption of the i:th consumer is at the level at which the 
willingness to pay for the last consumed unit is equal to its price. 

The factor supply curve is upward sloping and measures the 
marginal cost of the factor specific to the sector. Diagrammatically, the 
producer’s surplus is measured as the area below the price and above 
the factor supply curve.39 This area has to be identified with what 
Marshall (1925) called quasi-rent. Marshallian quasi-rent is defined as 
the excess of the price over the marginal cost of the factor (labour) 
which accrues to the producer or the factor owner as a profit in the 
short-run. Within the short period, during which capital retains its 
                                                 
38 More rigorously, the difference between the money value of the total utility of the 
consumer’s purchase and the money he actually pays for it. 
39 Strictly speaking, the producer’s surplus is the difference between total revenue 
from his sales, minus the area under his marginal cost curve. 
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sector specific form and the other factor is fixed in price, the area above 
the supply curve as a measure of quasi-rent is clearly relevant. Quasi-
rents generally arise either because it takes time for new firms to enter 
or because certain factor prices may be fixed over the short-run. 
Generally, the term producer’s surplus is somewhat misleading, be-
cause it does not identify which particular factor, and hence, factor 
owner to whom the rents are to be imputed.40 Anyhow, economic rent 
can be defined to provide a measure of the welfare change arising from 
a movement of factor prices, commodity prices being constant; in 
exactly the same way that consumer’s surplus provides a measure of the 
welfare change arising from a movement in commodity prices, factor 
prices being constant. 

When this objective function is maximised, subject to the fixed 
proportion production functions, a perfectly competitive equilibrium 
solution results.41 Constraints reflecting the production capacities of the 
production sectors may alter the result, but in a manner which con-
tinues to maximise producers’ and consumers’ surplus. Thus, the market 
is viewed as a mechanism for maximising the sum of producers’ and 
consumers’ surplus. Given downward sloping final demand and upward 
sloping factor supply curves, relative price changes occur between 
sectors, and the major shortcoming of the linear programming activity 
model is overcome.42 Constraints on the model’s solution in the form of 
fixed proportion production functions, current capacities and primary 
resource availability are retained. Given this specification, the existence 
of a two-way feedback in which quantity can influence price and price 
can influence quantity for each sector, is developed.43 

Within the competitive framework, it is assumed that each do-
mestic production sector and the individual groups of consumers are 
composed of many competitive micro units, none of which can indi-
vidually influence quantity or commodity price. In this context the 
artificial nature of the objective function must be emphasized. As 

                                                 
40 Under perfect competition, the producers’ surplus is captured by the factor owner 
(owners of specific capital equipment) in form of rent. In this model all the rents 
must be paid to the households. Thus, it is possible to have a producers´ surplus and 
yet zero profit in competitive equilibrium. 
41 Takayama and Judge (1964a) present an existence proof based specifically on a 
mathematical programming model of a space-less economy. This proof establishes 
the existence of a perfectly competitive equilibrium in a mathematical programming 
framework of the general equilibrium of an economy. 
42 Shortcomings of the linear programming model is discussed in Chapter 1.  
43 For a formal discussion of the equilibrium mechanism, see section 2.3.2. 
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Samuelson (1952)44 noted: “This magnitude (the objective function) is 
artificial in the sense that no competitor in the market will be aware of 
or concerned with it. It is artificial in the sense that after an invisible 
hand has led us to its maximization, we need not necessarily attach any 
social welfare significance to the result,” 

In order to manage this problem computationally,45 we assume that 
linear functions are acceptable approximations for the private con-
sumption and factor supply functions. This specification results in a 
quadratic net-benefit or, in the terminology of Takayama and Judge, 
quasi-welfare function, and market equilibrium may therefore be com-
puted by the techniques of quadratic programming to obtain the 
optimum prices and quantities. 

Within this framework, the final demand and factor supply 
functions are specified by the Cassel-Wald (Wald 1951) specification, 
i.e. demand and factor supply functions are functions of demand 
respective factor supply prices alone. As demonstrated by Harrington 
(1973) the demand and factor supply functions specify, together with 
the specifications of the industry supply system, a consistent system 
without loss of generality of the Dorfman, Samuelson and Solow (1958) 
specification of the Walras-Cassel model of a perfectly competitive 
economy. 

To understand the nature of the programming formulation,46 let the 
consumption (private consumption) of the final commodity xj be a 
linear function of price such that: 
 

xj   =    γj   -  pj  Σi ,νij       (2.22) 
 
where we assume  γj > 0 and  νij > 0 for all j > 0. Xj is the quantity of 
demand of the desired commodity j, pj is the price of the sector’s 
product, γj is the intercept term, and νij represents the slope coefficient. 
Note that the demand function is independent of the sector activity, i.e. 
the income variable is dropped from the demand function.47 Alter-
                                                 
44 Samuelson (1952) page 288. 
45 For details, see Van de Panne (1975). 
46 A general survey of techniques for formulation and solving multimarket general 
equilibrium models in the mathematical programming framework have been spelled 
out in detail by Takayama and Judge (1971). 
47 This formulation does not incorporate the income generated by the sector as a 
simultaneous shifter of the model’s commodity demand function. If the sector under 
consideration is small relative to the entire economy, this should not be a serious 
problem. However, if a major sector or set of sectors is of interest the income 
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natively, the inverse of the demand-quantity function48 above is the 
demand-price function: 
         

pj   =    αj  -  Σi , ωij xij       (2.23) 
 
Where we, as for Equation (3.1), assume αij> 0 and ωij > 0 for all j > 0. 
αj is the intercept term, ωij represents the slope coefficient and xij the i:th 
consumer’s demand of the desired commodity. The matrix of slope 
coefficients is assumed to be symmetric and positive definite for all j. 
The demand functions are continuous, differentiable and monotonically 
decreasing functions of the consumed quantity xj, i.e. ∂(Dj((xj))/∂xj < 0 
for all j > 0. The adjustment of prices according to the market means 
that the pj´s may be regarded as functions of the xj´s, in spite of 
individual consumers considering the pj´s fixed. 

The area under these demand curves and above the price represent 
consumers surplus for each desired commodity. Integrating the set of 
the demand curves to determine the area under the curves, a market-
oriented net benefit function, denoted by W, for the economy (com-
prising all desired commodities) may be specified as a strictly concave 
quadratic function: 
 

W(x*)   ≡   
⌡


⌠

0

x*
∑
j 

  
  (αj  -  ∑

i 

  

ωijxij )  dxj     (2.24) 

 

Where x* is a vector. Given the specification above, ωij ≡ ωj. Hence: 
 

Σi ,ωjixij   =   ωj Σi ,xij  =  ωjxj        
 
This results in: 
 

                                                                                                                                          
generated within that sector (or sectors) may have a major impact on aggregated 
consumer demand. 
48 In making the model operational, inverted demand and supply functions are 
applied. The inversion simplifies the mathematical exposition of the model and the 
interpretation of the solutions rather than the direct demand and supply functions. 
Dorfman, Samuelson and Solow claim that this inversion is not admissible (Dorf-
man et al. 1958 p.352). However, their argument does not apply to the linearised 
Walras-Cassel model. 
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W(x*)   ≡   
⌡


⌠

0

x*
∑
j

 

  (αj  - ωjxj )  dxj      

 

Dropping the superscript, we obtain:  
                                  

W(x)   ≡   Σj ,αjxj   -  1/2  Σj ,ωjxj
2      (2.25) 

 
More compactly, the function (3.6) may be written as: 
 

W(x)   ≡   α´x -  1/2 x´Ω x                              (2.26) 
 
where the matrix of slope coefficients is a diagonal, with zeros as off-
diagonal elements. 

Similarly, we assume that the supply of factor quantities rih 
(primary commodities) depends on the market prices of its productive 
services. Hence, let the inverse factor supply function of commodity h 
(rih the supplied quantity of the primary commodity h owned by the i:th 
consumer) be given by: 
 

wh   =    βh  +   Σi , ηih rih       (2.27) 

 
Where we usually assume βh > 0 and ηih > 0 for all h > 0. Wh is the 
price of the primary commodity h. rh is the supplied amount of the 
primary commodity h. βh is the intercept term and ηih represent the 
slope coefficient. The matrix of slope coefficients is assumed to be 
symmetric and positive definite for all h. The supply functions are 
continuous, differentiable and monotonically increasing functions of the 
supplied quantity rih that is  ∂(Sh ((rh))/∂rh > 0 for all h > 0.  

The area under the factor supply curves (comprising all factor 
supply curves) is total cost and may mathematically be written as: 

 

W(r*)   ≡   
⌡


⌠

0

r*
∑
h

 

  (βh  +  ∑
i

 

 ηihrih )  drh     (2.28) 

 

Where r* is a vector. Given the specification above; ηih ≡ ηh. Dropping 
the superscript, this result in: 
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W(r)   ≡   Σh , βhrh  + 1/2  Σh , ηhrh
2       (2.29) 

 
More compactly, the function (2.29) may be written as: 
 
W(r)   ≡   βhrh  + 1/2 r’ Hr       (2.30) 

  
where the matrix H of slope coefficients is a diagonal, with zeros as off-
diagonal elements. According to the specifications above, we have here 
a model which will determine also the input market equilibrium prices 
on its primary commodities.   

The sum of producers´ and consumers´ surplus is then found by 
computing the difference between the area under the final demand 
curves and the area under the factor supply curves. 
                                        

W(x;r)   ≡   
⌡


⌠

0

x*
∑
j

 

  (αj - ωjxj )  dxj    -  
⌡


⌠

0

r*
∑
h

 

  (βh + ηhrh )  drh (2.31) 

 
Thus, total net benefit (comprising all desired commodities and all 
factor supply curves) for the stipulated economy is the line integral of 
individual demand and factor supply relations of which consumer’s and 
producer’s surplus is a part. The model can actually be looked on as 
combining Koopmans (1957) linear production model with Walras’s 
conception of the market, in a quadratic programming formulation.49 
Mathematically: 
          (2.32) 

W(x, r)   ≡   Σj , αjxj   -  1/2  Σj , ωjxj
2    -   Σh , βhrh  + 1/2  Σh , ηhrh

2   
 
Hence, we have here a model which will simultaneously determine the 
market demand price on final commodities (consumed quantities of xj) 
together with the input market equilibrium prices on its primary 
commodities (factor quantities of rh).  

Given the assumptions above, then the following properties must 
hold for the net benefit function: 
 

                                                 
49 Dulay and Norton (1975) have through the use of separable programming approx-
imated the quadratic objective function as a linear function enabling the simplex 
method to be utilized for solution, and thereby, expanding the size and scope of 
problems which can be considered.  
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∂ W
 ∂ xj

  =   pj   and 
∂ W
 ∂ rh

  =   - wh     (2.33) 

 

for all j and h, i.e., the partial derivatives of the quasi-welfare function 
with respect to the final demand and factor supply quantities must 
produce the demand function (negative of) the factor supply function 
for the commodity prices pj and wh. Further, the matrix of substitution 
terms in the demand and factor supply functions must be symmetric. 
These conditions are the so called integrability conditions. They play an 
important role in the formulation of the model. The integration process 
is known to be feasible when certain symmetry conditions are satisfied 
by the functions being integrated, provided that these functions are 
sufficiently smooth. Hence, the symmetry conditions are often simply 
called the integrability conditions. Given the symmetry conditions, a 
utility and cost function exists from which a consistent demand 
respective supply function can be derived.50 

However, symmetry in the above sense implies mathematical inte-
grability but not a sufficient condition for meaningful economic inter-
pretation (Hurwicz and Uzawa 1971). To guarantee the later, we also 
need conditions implying concavity properties. A sufficient condition of 
this type is, in the line with the mathematical specification above, the 
positive semi-definiteness of the substitution term matrices. Further-
more, if the substitution term matrices are positive definite then the 
global maximum is unique (the objective function is then strictly con-
cave) and the problem has a finite solution (Wolfe 1959 and Mang-
asarian 1969). Thus, the assumptions of symmetry and positive definite 
of the substitution term matrices assure that the there is a unique global 
solution to the quadratic programming problem.  

If the substitution term matrices do not conform to the assumption 
of symmetry the integrability conditions are not satisfied, then we are 
unable to construct the net benefit function given above. From an 
application standpoint, this presents difficulties. However, the impli-
cations of this requirement vary depending upon whether we are 
concerned with supply or demand. The classical assumptions of the 
theory of production yield the symmetry conditions of the supply 
functions (Zusman 1969). Takayama and Judge (1971) have pointed out 
that if the integrability conditions do not hold, then the system is still 
solvable and interpretable in terms of net social monetary gain  which is 
defined as total social revenue minus total social production cost. Only 

                                                 
50 For details, see Varian, R. H., (1984), pp.135-139. 
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the connection to utility maximisation and cost minimisation is lost by 
violation of the integrability conditions, not the solvability of the 
system.51 

As noted, integrability refers to conditions in which the matrix of 
first derivatives of the private expenditure and factor supply functions 
must be symmetric. The symmetric condition is a necessary and suffi-
cient condition for what is known as path-independence. This implies 
that the cross-price effects (compensated) are equal over all commodity 
pairs. In the present context, this means simply that in whatever way we 
calculate the order of the order of price changes, the adopted measure of 
consumer’s and producer’s surplus for the combination of these price 
changes, is uniquely determined.  

Regarding the integral W(x), the path dependence can be visua-
lized by a change in pj and pn. First assume a change in pj. By this 
change the demand curve for commodity n begins to change at the rate 
∂xn/∂pj. Then, we assume a change in price pn, the demand for com-
modity q now changes at the rate ∂xj/∂pn. Given the difference in the 
order at which these changes occur, the amount of change of these rates 
(first pj then pn, or vice versa) are not in general equal. These changes 
will affect the areas to the left of the demand curves, and hence, the sum 
of these areas. In other words, the sum f the amounts the consumer 
would be willing to pay (be paid) for facing the lower (higher) prices 
depends on the path of the price changes. The symmetry of the 
substitution term matrices (Slutsky terms) is exactly the condition under 
which the integral W(x,r) is solely dependent on the terminal price 
vectors, and thus, regardless of the order in which the price changes are 
taken, i.e. independent of the path. However, given a demand function 
including the income variable, the path-independence condition re-
quires; that the income elasticities are identical across all commodities 
of interest. Given the property that the weighted sum of the income 
elasticities, where the weights are the shares of income spent on each 
commodity, sums to one, all income elasticity’s are equal, and thus, 
equal to one.52 Unitary income elasticity’s are the demand functions 
derived from homothetic indifference maps. This implies that all Engel 
curves are straight lines through the origin, i. e. at all income levels, a 

                                                 
51 Takayama and Judge, (1971), pp.121-126 and pp.233-257. 
52 The path-independence condition is also fully satisfied if the income elasticity’s of 
demand of all commodities are zero (McCarl and Spreen 1980). In this model the 
income variable is dropped from the demand function. Thus, the path-independence 
condition is satisfied. 
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constant proportion of total expenditures is allocated to each com-
modity. 

 
 

2.3.2 The Equilibrium Conditions 
 

With the structural and behavioural assumptions about the economy 
formally stated, we are now in a position to derive the equilibrium 
conditions and their economic interpretation. 

Given the objective function and the constraint set as specified in 
section 2.2.4 the problem takes the following form, i.e. maximize: 
  

          (2.34) 

W(x, r)   ≡   Σj , αjxj   -  1/2  Σj , ωjxj
2    -   Σh , βhrh  - 1/2  Σh , ηhrh

2   

 
subject to 
 

Zj  +  Σj , mijZj   +   Mj  - Ej  -   Σj , aij Zj        ≥    Σi Dij   (2.35) 
 

Σj , bhj Zj    ≤      Σi , rih         (2.36) 
 
ckj Zj    =    Kij                                  (2.37) 
 

Σj , Σi , PWjmijZj   +  Σj , PWjMj    ≤   Σj , PWjEj  +  F              (2.38) 
 
 
Zj  ≥ 0,    Mj  ≥ 0,    Ej  ≥ 0,    Dj  ≥ 0,    rih  ≥ 0,    Kij  ≥ 0 
 
This is a typical programming problem and we use the Kuhn-Tucker 
theorem53 to derive the optimality conditions. If the assumptions regar-
ding the objective function and the constraint set are satisfied, then a 
necessary and sufficient condition that (xj

o, rh
o) is the optimum solution 

                                                 
53 Kuhn, H. W. and Tucker, A. W., (1950). The Kuhn-Tucker theorem for con-
strained optimization tells us that the necessary conditions for the solution of the 
primal are equivalent to finding the solution of the dual. It does not in itself provide 
us with a practical solution method for the problem. 
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to (xj, rh), is that there exists pj
o ≥ 0, wh

o ≥ 0, vij
o ≥ 0, ERo ≥ 0 such that 

the Lagrangean:        
          (2.39) 

L{xij, rih,Zj, Mj, pj, wh, vij,ϕ}   =  Σj , αjxj   -  1/2  Σj , ωjxj
2  -  

  

         Σh , βhrh  + 1/2  Σh , ηhrh
2  +  pj (Zj  + Mj  -  Ej   - Σj , aij Zj  -  Dj)  +   

 

+ wh (Σi , rih  - Σj , bhj Zj)  +  Σi , Σj , vij (Kij  - cij Zj )   +  
 

+  ER(Σj , PWjEj
o  +  F   -   Σi , Σj , PWjmijZj

o
   -  Σj , PWjMj

o) 
 
forms a saddle point at {xij

o, rih
o,Zj

o, Mj
o, pj

o, wh
o, vij

o, ERo}. 
 
Making use of the Kuhn-Tucker conditions, the necessary conditions 
which must hold for the optimum xij

o, rih
o,Zj

o, Mj
o, pj

o, wh
o, vij

o,ERo to 
be a nonnegative saddle point of the Lagrangean, are: 
 

∂ Lo

 ∂ xij
  =     αj  -  ωjxij

o   -   pj
o  ≤ 0      (3.40) 

 
- " - < 0  ⇒   xij

 o  = 0          
 
 
∂ Lo

 ∂ rih
  =   - βh  -  ηhrh

o   +   wh
o  ≤  0     (2.41) 

 
- " - < 0  ⇒   rih

 o  = 0          
 
           (2.42) 

∂ Lo

 ∂ Zj
  =  pj

o  - Σj , pj
oaij  - Σj , wh

obhj  - Σi , Σj , vij
ocij  -  

- Σi , ERoPWjmij    ≤   0   
 

- " - < 0  ⇒  Zj
o  = 0          
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∂ Lo

 ∂ Mj
  =  pj

o  -  ERoPWj    ≤    0     (2.43)  

 
- " - <    0  ⇒  Mjo  = 0          

 
 
∂ Lo

 ∂ pj
  =  Zj

o + Mj
o - Ejo  - Σj , aij Zj

o
  -  Dj    =  0   (2.44) 

 
- " - > 0  ⇒  pj

o = 0          

 
 
∂ Lo

 ∂ wh
  =  Σi , rih

o  -  Σj , bhj Zj
o    ≥   0    (2.45)  

 
 - " - > 0  ⇒ wh

o  =  0          
 
 
∂ Lo

 ∂ vij
  =  Kij  -  cij Zj

o
    ≥    0      (2.46)  

 
- " - >      0  ⇒ vij

o  =  0           
 
          (2.47) 

∂ Lo

 ∂ ER
  =  Σj , PWjEj

o  +  F  -  Σi , Σj , PWjmijZj
o
   -  Σj , PWjMj

o  ≥  0  

         
- " - >     0  ⇒ ERo  =  0           
 
 
We identify the Lagrangean multipliers pj

o, wh
o, vij

o and ERo, associated 
with the commodity constraints, as efficiency prices and rents. These 
efficiency prices or shadow prices of the mathematical program 
incorporate the effect of the constraints upon the activity level in the 
model, so that resources are allocated most efficiently. Supplies choices 
open to this model are to supply each commodity by domestic pro-
duction, by both domestic production and importing, or by exclusively 
importing the commodity. 



 
 

~ 44 ~ 

 

For any given objective function the i:th shadow price measures 
the opportunity cost of the last unit of the i:th resource or commodity 
employed in a binding constraint. The fact that the shadow prices are 
computed and measured in terms of the objective function (all 
efficiency concepts in our model is measured in terms of the objective 
function) implies that the objective function is crucial in determining 
and interpreting the shadow price system.54 If the constraint is not 
binding, i.e. carries the < or > sign at the optimum, the shadow price 
will be zero implying that the resource or commodity is free. In this 
context, it is worth mentioning that any resource omitted from the 
specification of the model is considered as free and having an oppor-
tunity cost of zero. Given this behaviour, it is natural to interpret the 
Lagrangean multipliers as equilibrium prices.  

For a given vector of pre-equilibrium prices pj and wh, these prices 
are revised until the shadow prices pj

o and wh
o associated with the 

constraints are equal to pj
o and wh

o.  If so, the solution is an equilibrium 
solution. Thus, the respective shadow prices equals the maximum price 
the consumers are willing to pay for the consumption of the commodi-
ties available to them, and the minimum price at which they are willing 
to supply labour service from their initial endowment of leisure. If not, 
the price vectors, pj

o and wh
o, will be changed and a new function 

evaluation starts. In this way shadow prices have a feedback effect on 
the demand and supply prices specified in the objective function. This 
kind of feedback provides the fundamental contribution to stimulate the 
market mechanism.  

Thus, the conditions (2.40) through (2.47) spell out the characte-
ristics of the market pricing and rent system at the optimum that is 
consistent with an efficient supply and allocation program. Starting with 
(2.40) the shadow demand price, pj

o, when the consumption of the j:th 
commodity is positive, must exactly be equal to the demand price pj, the 
maximum price the consumers are willing to pay for the consumption of 

                                                 
54 The shadow prices of the model cannot be considered as "ideal", because this 
interpretation would be valid only if the specification of the objective function 
quantitatively embodied all goals of the economy. Moreover, in the linear pro-
gramming framework it is natural to interpret the shadow prices that result as a by-
product of the solution as equilibrium prices. However, these prices cannot be 
interpreted as market-clearing prices of general equilibrium theory because 
endogenous prices and general equilibrium interaction to simulate competitive 
market behaviour cannot be achieved using the linear programming specification. 
See further Taylor (1975). 
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the quantity of the commodity xj
o, which in turn are generated by (2.24) 

the optimum demand quantity xj
o. However, if xj

o = 0, the shadow de-
mand price is greater than or equal to the demand price pj. Thus:  

if     xj
o
  >  0,     then     αj  -  ωjxj

o    =    pj
o  (≥ 0),    

if     xj
o
  =  0,     then     αj  -  ωjxj

o    ≤     pj
o  (≥ 0),    

                                                                  
for all j.  
 
The factor supply equilibrium (2.41) stipulates, that when the optimum 
supply quantity of the h primary commodity is positive, the shadow 
supply price wh

o must  exactly be equal to the supply price (factor cost) 
wh, the minimum price at which the resource owners (consumers) are 
willing to supply rh, where rh

o are generated by (2.28) the optimal 
supply quantities rh

o. However, if rh
o = 0, the shadow supply price is 

less or equal to the supply price wh. Thus:  

if     rh
o
  >  0,     then     βh  + ηhrh

o    =    wh
o  (≥ 0),     

if     rh
o
  =  0,     then     βh  + ηhrh

o    ≥     wh
o   (≥ 0),   

                                                                 
for all h. 
 
Condition (2.42) states that, at the optimum, total profits must be zero in 
all production activities actually used55 and no activity may show a 
positive profit, i.e. production costs will exactly equal the shadow 
prices pj

o for all commodities that are actually produced. The produced 
commodity is exhausted (Euler´s theorem is met) by paying to each of 
the contributing factor its full marginal product. If the strict inequality 

                                                 
55 Following Jaffe (1980),:"When Walras defined his entrepreneur as a fourth 
person, entirely distinct from the landowner, the worker and the capitalist, whose 
role it is to lease land from the landowner, hire personal faculties from the labourer, 
and borrow capital from the capitalist, in order to combine the three productive 
services in agriculture, industry and trade. Thus, then he (Walras) said 'in a state of 
equilibrium, les entrepreneurs ne font ni bénéfices ni pertes' (entrepreneurs make 
neither profit nor loss), he did not mean that there are no returns to capital in state of 
equilibrium, but only that there is nothing left over for the entrepreneur, qua 
entrepreneur, when selling price equal all cost of production including the cost of 
capital-services for payment is made to capitalists." See further Jaffe, W. - Mori-
shima, M., (1980). 
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holds, then the production costs exceed the shadow price pj
o and the 

commodity will not be produced.   
Next condition (2.43), relates to the alternative way of supplying a 

commodity, namely by importation. In line with condition (2.42) above, 
condition (2.43) states that when the optimum imports activity Mj

o is 
positive, the shadow price pj

o
 of the imported commodity must be 

exactly equal to the value (cost) of the outlay of foreign currency. If the 
shadow price pj

o is lower than the imputed cost of importing the 
commodity no importation of the commodity will take place. Pro-
duction will expand until domestic production costs rise to the world 
market price level, converted into a domestic price by the shadow 
exchange rate ERo. Consequently, as long as domestic production costs 
are lower than established world market prices, it will be profitable to 
expand domestic production for exports. On the other hand, if the 
domestic price is greater than the world market price, the commodity 
will not be produced. If the country can always import at a cost of pj

o it 
is never optimal to produce at a marginal domestic cost higher than pj

o. 
This leads to excess domestic capacity which is reflected by a shadow 
price of zero for installed capacity. Since, our model only contains 
tradables, the shadow exchange rate is simply defined as a conversion 
factor from foreign exchange units to domestic commodity units, and 
has no significance in terms of relative domestic prices.56  

The individual country becomes a price taker in the small open 
economy model, because the world market prices of traded commo-
dities are assumed to be determined in the international market. The 
domestic economy will at the optimum adjust to the relative world 
market price ratio. In a free trade economy,57 the direction of trade will 
be determined by the requirement of equality between the domestic and 
the world market price ratio. It is the difference between these ratios 
that leads to trade. Thus, efficiency requires equality among world 
market prices, domestic prices, and production costs. Since the world 

                                                 
56 With non-tradables, the shadow price of foreign exchange will reflect the relative 
scarcity of tradables with respect to non-tradables. 
57 Using the small-country assumption and also assuming that domestically pro-
duced and imported commodities are perfect substitutes this specification leads to 
extreme specialization in either trade or domestic production whenever there are no 
established domestic capacity constraints. The sector-specific capacity constraints in 
this model are used to limit this problem. This implies that the domestic shadow 
price system is no longer a simple reflection of world market prices. See later the 
discussion in Chapter 4.  
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market prices are assumed to be given, these prices determine the 
domestic shadow prices of tradables. 

Condition (2.44) states that if the shadow prices pj
o are zero at the 

optimum, then there exists excess supply of final commodities, and if 
the shadow prices are positive, there exists no excess supply of any final 
commodity. Considering the equilibrium price pj

o a few words must be 
said about the special problem that arises through the fact that total 
demand is made up of intermediate respective final demand. By 
partition the price pj in two components, pj1 and pj2, where pj1 reflects 
the use of the commodity in final demand and pj2 reflects the use of the 
commodity in intermediate demand, the matter may be stated more 
formally. At a first glance the existence of the two components seems to 
give rise to certain problems. But the complications are of formal nature 
only. Strictly speaking, for all transactions only one shadow price is 
valid. If pj2o > 0 there are no transactions at the shadow price pj1o. This 
is formally expressed as pj1o = 0. On the other hand, if there are 
transactions at the shadow price pj1o all transactions will take place at 
that shadow price, and thus, is formally expressed as pj2o = 0.58 

Condition (2.45) states that if the optimum shadow factor price wh
o 

is positive, the primary commodity rh must be used to the maximum 
availability, and if the shadow price is zero, then a part of the commo-
dity is left unused. 

Condition (2.46) states that rent vij
o, the shadow price of each 

sector´s capacity constraint, on processing plants may at the optimum 
exceed zero only if the capacities in each case are fully utilized. Since 
we are concerned with a short run model where capital is sectorally 
fixed, the rent concept can be viewed only within the context of 
scarcity, which implies that each sector has a sector-specific scarce 
factor with its own shadow price. Therefore, as noted, rents may be 
greater than zero only if the capacity is used to the limit. The rents 
represent the marginal return (measured in terms of the objective 
function) of capital employed in a particular sector and is therefore the 
marginal product (interest rate) of capital in this sector. The rents have 
significance for decision making because they will provide an estimate 
to the profitability of investments directed toward capacity expansion.  

Finally, condition (2.47) states that if the optimum price of foreign 
exchange is positive, the foreign exchange equilibrium requirement for 
the economy is exactly met. Note, that for any positive activity the 
shadow exchange rate ERo can never be zero because it is always possi-
                                                 
58 For a detailed treatment of this problem see Höglund, B., (1966), p.34. 
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ble to use foreign exchange to purchase commodities from abroad.59 If 
the shadow price of foreign currency is zero at the optimum no activity 
(production and importation) take place in the domestic economy. 
Given this specification, there is the assumption of a flexible exchange 
rate system, in which exchange rate adjusts continuously so as to 
maintain the foreign exchange constraint in equilibrium.60 However, 
specifying tariffs on currency outlay for imports implies that the 
domestic shadow prices would reflect the existing tariff structure, and 
the tariff-ridden domestic market prices will not be proportional to the 
existing world market prices. Hence, the foreign exchange constraint 
will not correctly reflect the conditions prevailing on the world market. 

The optimality conditions, conditions (2.40) through (2.47), are 
thus consistent with the requirements of a price and allocation equili-
brium, and the allocation which maximizes the objective function 
subject to the constraints, is a welfare optimum. In the following sec-
tion it will be shown that the optimality conditions not only are con-
sistent with the requirements of a price and allocation equilibrium, but 
also are consistent with the conditions for a competitive equilibrium. 
 
 
2.3.3 Competitive Equilibrium 
 
In order to establish conditions compatible with the characteristics of a 
competitive equilibrium, equilibrium must prevail, not only on the 
market, but also for each producer and each consumer. For each pro-
ducer in the sense that they cannot increase their profits by a change in 
the structure of production, and for each consumer in the sense that they 
cannot increase their utility by choosing a new combination of 
commodities specified in the utility function. Thus, a market equilib-
rium satisfying the system constraints consistent with the assumptions 
of competitive equilibrium must be characterized by the existence of a 
set of prices61 such that profit maximizing producers and utility maxi-
mizing consumers, subject to their constraints, will generate production 

                                                 
59 For a discussion of this mechanism, see Dervis, de Melo and Robinson, (1982), 
pp.75-77. 
60 Assuming given world market prices, an increase in domestic prices implies a de-
preciation of Swedish currency. Conversely, a decrease in domestic prices implies an 
appreciation of Swedish currency. See further, Södersten, B., (1980), pp.315-328. 
61 These prices, caries to each producer and each consumer a summary of infor-
mation about the supply possibilities, resource availabilities and preferences of all 
other decision makers.  
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and consumption decisions such that the choices together constitute a 
balanced allocation of commodities, i.e. excess demands are nonposi-
tive. 

 The producer equilibrium stipulates that each producer (industry) 
is assumed to maximize its profits ∏h at given prices pj

o, wh
o and the 

exchange rate ERo subject to the technological and institutional con-
straints. The producer´s profit is the difference between the total 
revenue from the sale of its commodity j and the expenditure upon all 
inputs. Stated mathematically, each producer chooses Zj among the 
points of Yj so as to maximize:        
          (2.48) 
∏h   =  pj

o
 Zj  - Σj ,  pj

o
 aij Zj  - Σh , Σj , wh

obhj Zj  -  Σj ,  ERoPWjmijZj   
 
subject to: 
 
cij Zj    ≤    Kij              (2.49) 

             
Zj   ≥   0,     Kij  ≥   0 
 
A necessary and sufficient condition that (Zj

o, vij
o) is a nonnegative 

saddle point, is: 
 
∂Lo

∂Zj
  =   pj

o -  Σj , pj
o

 aij   -  Σh , wh
obhj   -   Σi , Σj ,  vij cij   -   (2.50) 

- Σj , ERoPWjmij    ≤    0 
 

- " - <  0 ⇒  Zj  =  0 
 
∂Lo

∂vij
  = Kij  -   cij Zj  ≥ 0      (2.51) 

 
- " - > 0 ⇒ vij     =  0 
 
Condition (2.50) states that if production takes place at a positive level 
at the optimum, then the shadow price of the commodity must be equal 
to the cost of producing the commodity, where costs have two 
components, the explicit market costs of inputs and economic rents, 
which accrue to the use of the fixed capacities. Given our assumption of 
constant returns to scale, the unit cost equals the selling price, meaning 
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that total profits must be zero on all production activities used and no 
activity may show a positive profit. Condition (2.51) states that the rents 
are positive only when the capacity of the available capital stock is 
exhausted. These conditions are exactly the same as condition (2.42) 
and (2.46). This implies that the equilibrium situation outlined in this 
model forms for each of the individual producers a competitive profit 
maximizing equilibrium. Thus, the quadratic programming solution 
guarantees zero profits, equality of supply and demand for every 
commodity with non-zero prices, and equality of price and marginal 
costs for every producer in every commodity he actually produces. 
Consequently, it is clear that a decentralized decision-making process 
would lead to the same aggregate production pattern identical to the one 
which is provided by the solution of the programming model, provided 
that each producer faces the same set of prices and strives to maximize 
profits. 

In a parallel way, consumer equilibrium is equivalent to the pro-
blem that each consumer maximizes his utility Si(xij,-rih) subject to his 
income constraint. Given this specification, the consumer derives utility 
from the consumed quantities of the desired commodities and the 
quantities of the primary factors he retains. When the consumer has an 
initial endowment of primary commodities, rather than a fixed income, 
he may be willing to supply his endowment in the competitive market, 
and then choose a bundle of desired commodities to maximize his 
preferences in the budget set, defined by the income he receives from 
his sale of labour plus his profit earnings. Since a producer optimum is 
attained, the pj

o, wh
o respective vij

o are known constants, and conse-
quently the individual´s income is fixed at Ri, where Ri is the maximum 
income attainable to him evaluated at the equilibrium point. Thus, the 
i:th consumer´s income Ri will be the sum of the values wh

o rih of the 
supplied quantities of rih and the shares θij of the rents vij

o of the 
producers. Mathematically:  
 

Σj , pj
o

 xij   ≤  Σh , wh
orih   +  Σi , Σj , θijvij

o
    ≡  Ri    (2.52) 

 
Given that each consumer maximizes his utility Si(xij,-rih) subject to his 
income Ri, we form the Lagrangean: 
 
          (2.53) 

L{xij, -ri, λi}  = Si(xij,-rih)  + λi (Σh , wh
o rih  +  Σi , Σj , θijvij

o
  -  Σj , pj

o
 xij) 
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xij  ≥  0,   ri   ≥  0,   λi  >  0  
 
A necessary and sufficient condition that {xij

o,-rih
o, λi} is a non-negative 

saddle point, is: 
 
∂Lo

∂xi 
  =   Si´  -  λipi

o  = 0 for all j   (2.54) 

 
∂Lo

∂ri 
  = - Si´  +  λiwl

o  =   0 for all h   (2.55) 

 
∂Lo

∂λi
  =  Σh , wh

o rih   +  Σi , Σj , θijvij
o
    -  Σj , pj

o
 xij     =   0  (2.56) 

 
In the equations above, S´i denotes the partial derivatives of Si with 
respect to xij and rih. The shadow price λi is the marginal utility of 
money, or the marginal utility of income.62 By the assumption that the 
utility function is differentiable, the equalities above establish certain 
classical relations between prices and marginal rates of substitution 
relating to consumer equilibrium xij

o and rih
o. These equalities imply 

that the marginal rate of substitution of any pair of commodities is equal 
to the ratio between any corresponding pair of prices. The condition 
(condition 2.56), which specifies that each individual spends all of his 
income to purchase xj seems to be trivial. However, the consumer 
efficiency condition does not stipulate that Ri must be equal to the sum 
of pjxij, i.e. the expenditures of each household exhaust its income, but 
from a general competitive equilibrium point of view income and 
expenditures must balance.63  

Thus, market equilibrium would be a more precise concept here. If 
such market equilibrium is consistent with profit maximization and 
utility maximization on the part of each producer and each consumer, 
then market equilibrium and competitive equilibrium are consistent. 
Clearly, a competitive equilibrium is a special case of market equili-

                                                 
62 Homothetic utility functions imply that the marginal utility of money income 
depends only on income and the utility level, and thus, independent of relative 
prices. This suggests that the marginal utility of money change at the same rate for 
each of the price changes. Michan (1981) p, 66. See also Silberberg (1978) p. 360. 
63 Assuming that each consumer is on his budget constraint, the system as a whole 
must satisfy Walras’s Law, i.e. the value of market demands must equal the value of 
market endowments at all prices. 
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brium (Plessner 1967) and the quadratic programming problem whose 
solution if it exists is a competitive equilibrium for the economy 
stipulated by this model. 

 
 

2. 4 Concluding Remarks 

 
In the equilibrium model presented and discussed so far, competitive 
behaviour has been specified for all participants, and competitive 
equilibrium has been taken as the norm. However, these specifications 
could be altered to accommodate other types of market behaviour.64 
Moreover, capacities are assumed to be given and sector-specific. By 
relaxing this restriction the model could be made applicable in a 
dynamic context. 

Before leaving this chapter let us mention, without going into 
detail, a few words concerning competitive equilibrium and optimality 
in a dynamic specification. All derived conditions in the sections above 
will be satisfied. What is new is that the equipments of capital 
commodities may vary over time. Then the desired commodities also 
are object for investment decisions, capacity expansion will become 
possible for the subsequent period. We can therefore say that invest-
ments result in production of capacity in the long run. In this context, 
there are two aspects of interest of the allocation of the capital 
commodities. On one hand, the allocation of a given capital commodity 
between different producers, on the other hand, the allocation of the 
total available quantity of capital on different kinds of commodities. 

If it now is possible to change the allocation of the capacities, then, 
at the optimum, the rents vkj on processing plants must be equal, i.e. the 
same rate of the marginal rate of return on capital is realized in all 
sectors after allowing for replacement of stock. Given the assumption 
that competition exists, in the sense that capital is free to move from 
one industry to another to capture differences in the rate of return of 
investments, it is reasonable to assume a tendency of a uniform rate of 
marginal return on capital in the stipulated economy, reflecting the view 
that over time the shares of investment gradually adjust to equalizing 
profitability across sectors. Further, at the optimum, the rate of return on 
investment must be equal for all commodities, because under com-
petition the net advantages of investing in the different commodities 

                                                 
64 Takayama and Judge (1971), pp. 208-231. 
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must be equal. This implies that the relations vij/pj (own-rate of interest) 
is equal for all commodities and for all producers. 

Given these specifications, no specific profit function concerning 
each individual producer can be obtained. Thus, in the dynamic speci-
fication the distribution of income is entirely determined by the 
allocation of the available quantity of the primary commodities. As is 
expected, the new conditions for competitive equilibrium and alloca-
tion efficiency will be different only with reference to the rents of the 
capital commodities. 

Given the assumption of sector specific sector constraints, the area 
above the factor supply curve, as a measure of producer’s surplus 
(quasi-rent) is clearly relevant. However, we cannot derive a pro-
ducer’s surplus from a supply curve along which all factors are variable 
in supply. Consequently, the area above the industry factor supply curve 
has no economic significance since each factor, including capital, 
receives its normal supply price (opportunity cost). Thus, there is no 
quasi-rent. In the dynamic specification, the produced commodity is 
exhausted (Euler’s theorem is met) by paying to each of the contri-
buting factor its full marginal product.  
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CHAPTER 3 
_________________________________________________________ 
 
DATA SOURCES AND ESTIMATION 
 
 
 
 
 
 
 
Whereas the previous chapter highlighted the theoretical structure, the 
purpose of this chapter is to present the statistical data base that will be 
used in the next chapter to analyze the operating characteristics of the 
model. As anyone who deals with empirical studies knows, obtaining 
adequate and reliable data for the model is the most time-consuming 
task faced in the study. Fortunately, vast amounts of information are 
contained in the input-output tables and other publications of the 
Swedish Central Bureau of Statistics (SCB).65 
 
 
3. 1    Sector Classification and Input-Output Data  

 
An important aspect of the construction of the model is the sectoral dis-
aggregation because the degree of aggregation is fundamental to under-
standing the magnitude of possible biases imposed by a linear approxi-
mation on the solution to a nonlinear system. Generally, linear approxi-
mations to nonlinear systems contain fewer biases the greater the sec-
toral disaggregation. The model used here comprises 24 sectors, where 
23 sectors are specified for both domestic production and foreign trade. 
Input-output sector 24 comprising imports and exports of foreign 
tourists services, and is specified exclusively as a foreign trade sector. 
The 24 sectors are defined in Table 3.1 below. This particular disaggre-
gation is based on international and Swedish industry classifications 

                                                 
65 Note that our attempt here is not to provide a comprehensive survey of estimation 
procedures. The subject of statistical estimation has been extensively examined in 
econometric textbooks, and the reader is recommended to look there for further 
details. See for instance Kmenta, J., (1971). 
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and it is the disaggregation applied in the Swedish Medium Term 
Survey.66 From a theoretical point of view, commodities should be set 
up in a way which would achieve internal homogeneity.67 In practice, 
however, commodity classification cannot discard the classification by 
establishments. 
 
Table 3.1    Sectors and their definitions in the model 
___________________________________________________________________ 
Sector      Definition 
___________________________________________________________________ 
 
      1        Agriculture, fishing                                                                   
      2        Forestry                                                                                      
      3        Mining and quarrying                                                                
      4        Sheltered food industry                                                             
      5        Exposed food industry                                                              
      6        Beverage and tobacco industry                                                  
      7        Textile and clothing industry                                                                                                     
      8        Wood, pulp and paper industry                                                    
      9        Printing industry                                                                        
    10        Rubber products industry                                                          
    11        Chemical industry 
    12        Petroleum and coal industry 
    13        Non-metallic mineral products 
    14        Basic metal industries 
    15        Engineering, excl. shipyards 
    16        Shipyards 
    17        Other manufacturing 
    18        Electricity, gas, heating and water 
    19        Construction 
    20        Merchandise trade 
    21        Transport and communications 
    22        Housing 
    23        Private services 
    24        Foreign tourist services 
___________________________________________________________________ 
 
 

Using the same sector classification as applied in the Medium Term 
                                                 
66 The real sector in the Survey model has been documented in, Medium Term 
Planning in Sweden: The System of Models, Ministry of Finance, Stockholm 1976. 
67 The homogeneity assumption requires that all commodities of a single sector 
should be produced in strictly fixed proportions, that each sector should have a 
single input structure, and that there should be no substitution between the 
commodities of different sectors. See further O´Connor, R. & Henry, E. H., (1975).  
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Survey, does not mean that the necessary calculations required for the 
model are readily available. On the contrary, required calculations in 
this study have been based on new source material of sector balances of 
resources for 1980, expressed in 1975 prices. The source material for 
the sector balances and the chief work of computations concerning the 
distribution by sectors and input deliveries has been undertaken by the 
NA-unit of the Central Bureau of Statistics. The amount of information 
which was not available from the sector balances was collected from 
Statistical Reports, published by the Central Bureau of Statistics. 

The sector balances of intermediate inputs (inter-industry matrix) 
form the basis of the input-output table. The input-output matrix Aq, 
which is a central feature of the model, is derived from the inter-
industry matrix, by dividing each element in a column by the row sum 
of the corresponding row. The Leontief matrix [I - A] is obtained from 
the input-output matrix by subtracting it from an n by n identity matrix. 
This changes the sign of all off-diagonal elements and makes all 
diagonal elements into their complements to one. The input-output 
matrix is presented in Table 3.2 (in the Appendix to this chapter). 
Theoretically, the input coefficients are in physical terms. Empirically, 
the coefficients are in monetary terms. As long as we assume that prices 
are constant, the input coefficients should be the same either in physical 
or monetary terms. The transactions may be valued at either the price 
received by the producer, producer’s value, or at the price paid by the 
consumer, purchaser’s value. The difference between these values is 
that transport margins, net indirect commodity taxes, i.e. indirect taxes 
less subsidies, and trade margins are added to the basic producer’s 
values in the national accounts. Since the demand components are 
computed at purchaser´s values, production and imports in this model 
are converted to these values too. 

 
 
3.1.1   Specification of Foreign Trade Data 

 
An equilibrium model of the type described here also requires some 
adjustment of data in order to make the different variables consistent 
with its purpose. Such adjustments are to be found in the treatment of 
foreign trade.68 In this model, imports will be treated both as an alter-
native source of supply of commodities classified by the input-output 

                                                 
68 Thage, B., (1973). 
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sectors and as another input that is not produced in the economy, 
analogous to capital and labour. Technically, competitive imports are 
placed outside the inter-industry part of the input-output table, specified 
by sector of origin, and non-competitive imports are kept within the 
inter-industry part of the input-output table, specified by sector of 
destination. Thus, the input-output table includes both a row of non-
competitive imports and a column of competitive imports. The data, 
which are presented in Table 3.3, will be further discussed below. 
 
Table 3.3    Foreign trade and currency  1980 - Million Skr – 1975 prices 
___________________________________________________________________ 
Sector  Column  1      2     3      4      5      6      7  

___________________________________________________________________ 

 
  1          1810     53  .1160    978     29    1.0  .9706 

  2           284      0  .0328    272      0    1.0 1.0000 

  3          6371      0  .5925   1712      0    1.0 1.0000 

  4            35      3  .0016   1350    134    1.0  .9011 

  5           615     30  .0481   2538    126    1.0  .9505 

  6           376      7  .0306    251      5    1.0  .9809 

  7           148      6  .0106   7329    307    1.0  .9581 

  8            51      0  .0012   2606     19    1.0  .9928 

  9             0      0  .0000    609      1    1.0  .9984 

 10            18      1  .0097   1062     35    1.0  .9667 

 11           983     12  .0559   8573    108    1.0  .9874 

 12            26      0  .0014   6158      1    1.0  .9998 

 13             0      0  .0000   1420     27    1.0  .9810 

 14            95      1  .0051   5271     71    1.0  .9866 

 15             0      0  .0000  32311    591    1.0  .9817 

 16             0      0  .0000    721      1    1.0  .9986 

 17             0      0  .0000   1024     21    1.0  .9795 

 18             0      0  .0000    110      0    1.0 1.0000 

 19             0      0  .0000      0      0    1.0 1.0000 

 20             0      0  .0000   1230      0    1.0 1.0000 

 21             0      0  .0000   3487      0    1.0 1.0000 

 22             0      0  .0000      0      0    1.0 1.0000 

 23             0      0  .0000   2860      0    1.0 1.0000 

 24             0      0  .0000   5861      0    1.0 1.0000 

___________________________________________________________________ 

Column Specification:   Trade values and currency coefficients 
 

1)  Value of non-competitive imports      5) Tariff value (competitive imports) 
2)  Tariff value (non-competitive imports)  6) Foreign currency and tariff outlay 
3)  Foreign currency and tariff outlay         7) Foreign currency receipt    
4)  Value of competitive imports                                           
___________________________________________________________________ 

 
The amounts of competitive imports are, however, in this model endo-
genously determined. The cost elements of the import activity, com-
petitive and non-competitive, are the tariff and the currency outlay. 
With reference to competitive imports, the output coefficient is unity. 
The unit amount is the amount worth 1 million at the 1975 prices, 
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measured in domestic currency, when the commodity is traded on the 
Swedish market. This value, which includes a tariff, corresponds to the 
production value for the domestically produced commodity.  

In the specification of the model a simpler rule is followed for 
exports, because exports are always set completely outside the inter-
industry part of the input-output table. Generally, in this model exports 
are specified as an exogenous activity, but in analyzing particular 
features of model behaviour, exports will in some experiments be 
specified as endogenous. In the endogenous case the export coefficient 
is minus unity for the exported commodity and unity, minus the tariff 
rate, for receipt of currency. The unit amount is the amount worth 1 
million at the 1975 prices, measured in domestic currency, when the 
commodity is traded on the foreign market. Thus, to make the model 
compatible with inter-regional general equilibrium we have assumed 
that the currency outlay for imports is larger than the currency receipt 
for exports of a given commodity. Given the specification above, the 
divergence is based on the calculated tariff values of imports.69 In the 
exogenous case, the specification of the export activity is given from 
the actually exported amounts in 1980, as these amounts are specified in 
the input-output table. When exports are fixed exogenously the foreign 
exchange requirement varies directly with the import requirements and 
becomes a constraint whenever an upper limit is placed on the foreign 
capital inflow. 

World market prices are here specified as unity prices because 
reliable statistical estimates (based on the sector classification used in 
this model) are nonexistent and difficult to realize in practice. More 
precisely, the weights representing the world market prices are here 
unity. Given this specification, the current competitive world outside 
the domestic economy is not statistically estimated. Consequently, the 
current actual world market prices may deviate markedly from the 
assumed "world" market prices. Under these circumstances the result 
may differ from the actual competitive market situation.  In the model 
this may be the case for sectors that are exposed to heavy competition 
from low-wage countries because the relative low world market price 
from these countries is not reflected in our specification. Thus, it must 
be made clear that the statistical specification considering the world 
market prices still represents a major challenge. 

Despite the 1980 input-output table lack the information of the 

                                                 
69 This is to assume that the tariff structure abroad corresponds to the tariff speci-
fication of Sweden. 
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distinction between competitive imports and non-competitive imports a 
notable feature in this model is the separate specification of non-
competitive imports, here aggregated as an input of a single commodity 
in each sector.70 Non-competitive imports have been constructed on the 
basis of the 1964 input-output tables.71 Unfortunately, there exists no 
other study compatible with the sector disaggregation used in this study. 
A ratio between competitive imports and non-competitive imports, 
based on the 1964 data, has been calculated for each sector in the 
model. On the basis of these ratios non-competitive imports have then 
been transformed into 1980 data. We are here faced with the traditional 
specification that treats imports as either perfect substitutes or perfect 
complements for domestic commodities. In the real world, however, 
sectors may be characterized by different degrees of substitutability in 
trade. As Table 3.3 shows, commodities classified as non-competitive 
imports, in general, only cover a small part of total imports. A sharp 
contrast to this picture is illustrated in the mining and quarrying sector 
(3). This has to do with the construction of the input-output matrix. 
Crude oil belongs to the mining and quarrying sector that take a large 
share of total imports. 

The element of uncertainty is, however, rather large since our 
calculations assume that the relation between competitive and non-
competitive imports for each sector is the same in 1980 as it was in 
1964, the year for which adequate data was available. In the long run 
commodities may move from the non-competitive category to become 
competitive imports in the sense that they might potentially be produced 
domestically. However, since no adequate data for the subsequent time 
period is available the development of the two concepts of imports is 
difficult to follow.  

Since non-competitive imports are viewed as a composite commo-
dity, comprising commodities classified as different from the domestic-
cally produced commodities, non-competitive imports are specified by 
sector of destination. Hence, non-competitive imports are treated as a 
non-produced input analogous to capital and labour. On the other hand, 
when the imported commodity is classified as identical to the do-
mestically produced commodity we specify the imported commodity by 
sector of origin. Thus, in the later case we have one-to-one correspon-
dence between the specification of the imported commodity and the 
domestically produced commodity, because the commodity is assumed 

                                                 
70 Thus, non-competitive imports are specified for intermediate use only. 
71 Statistical Reports SM N 1970:13, Input-Output Tables for Sweden 1964. 
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to be a perfect substitute for the domestically produced commodity. But 
in the non-competitive case, it seems more natural to choose the 
composite concept.72  
 
 
3.1.2    Labour and Capital 

 
Let us now turn our attention to the examination of the data that is 
arbitrarily labelled labour and capital. 

Labour is in this study measured in unit wage costs, which refer to 
all wage payments including collective payroll charges. This implies 
that factor payments data is used as observations on physical quantities 
of factors for use in the determination of parameters for the model. 
Despite different individuals will be of different productivities and 
provide different quantities of labour services, the labour input in each 
sector is in this study assumed to be an aggregation of labour of 
different skill categories. Consequently, labour is assumed perfectly 
mobile across sectors. The calculated data, which are illustrated in 
Table 3.4 are based on employment and compensation of employments 
statistics73 from the Central Bureau of Statistics. 

 Viewed by itself, Table 3.4 reveals the structural imbalances in the 
Swedish economy. In some sectors employment has been maintained to 
an extent, which exceeds the wage-paying potential a greater adjustment 
to the market would have ruled out. This is particularly evident for 
sectors that have been the largest recipients of industrial support in the 
period 1975-80.74 In the shipyard industry (16), which has been the 
largest recipient, the wage costs are more than double the value added. 

In the case of wage costs, the statistics from the agricultural sector 
only comprise a part of the number employed. The explanation is that 
only a small part of persons employed in the agricultural sector consists 
of employed workers. The dominant part is peasant proprietors, where 
family members participate. In addition, estimated wage costs may not 
be a correct indication of true wages because there are nonmarket food 
supplies in the agriculture sector. However, this statistical error has to 
be accepted in practice. But, in an attempt to make all sectors of the 

                                                 
72 However, the presented values representing non-competitive imports are derived 
by the estimated values (1980) of competitive imports. 
73 Statistical Reports. SM N 1981:2.5. Appendix 5, Employment and Compensation 
of Employments. 
74 Lundgren, N. and Ståhl, I., (1981).  
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model compatible with the optimization principal, our calculation is 
based on the assumption that all persons employed in the agricultural 
sector are employed on a payroll basis. 
 
Table 3.4   Labour cost - 1980 Data - Million Skr - 1975 prices 
___________________________________________________________________ 
 

Sector    Column    1         2        3         

___________________________________________________________________ 
 
   1                6865        8507       1.239       

   2                5546        2546       0.459       

   3                 911        1267       0.663         

   4                4464        2772       0.621       

   5                2029        1257       0.617       

   6                 745         350       0.470         

   7                3868        3125       0.808       

   8               14394       10309       0.716       

   9                3981        3097       0.778       

  10                 760         574       0.755         

  11                4952        3263       0.659       

  12                 498          76       0.158         

  13                2430        1728       0.711       

  14                4607        5215       1.132       

  15               29808       19599       0.658     

  16                1929        4153       2.153       

  17                 421         307       0.729         

  18                7471        1524       0.204       

  19               22995       17407       0.757     

  20               31999       23039       0.720     

  21               18956       12511       0.660     

  22               23904        1386       0.058       

  23               30480       19160       0.629     

  24                   0           0       0.000             

___________________________________________________________________ 
Column Specification:   Labour cost 1980                       
 
1) Value added 1980    3) Wage share of value added                                               
2) Wage cost 1980                                                                    
___________________________________________________________________ 

 
The total supply of labour resources is given exogenously, calculated 
on the basis of total labour force75 in 1979 (minus employed in the 
government sector) and we measure it in terms of wages (and salaries), 
where the unit amount is the amount worth 1 million at the 1975 prices. 
Thus, the labour balance requirement is stated in value terms and not in 
physical terms, i.e. labour. In all experiments, the labour resource con-
straint will be binding, i.e. our model solutions requiring full employ-

                                                 
75 See The 1980 Medium Term Survey of the Swedish Economy, Table 3:4, 9:1, 15, 
16 and 22. 
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ment of labour. However, it is necessary to note that computed market 
equilibrium (model solution) may, in principle, permit un-employment 
of labour. 

Compatible with the specification above, capacities (capital stocks 
by sector) are in this model considered as primary commodities, but in 
contrast to wages, specific for each producing sector. Hence, real capital 
cannot be transferred from one sector to another. Production by sector is 
thus constrained by the availability of capital installed in a particular 
sector. This implies that current investment (exogenously specified in 
final demand) will add to capacity only in future periods. However, in 
the subsequent chapters different assumptions concerning capital abun-
dance will be investigated. 

The real capital stock is a composite commodity and the com-
modity composition of capital differs across sectors. Consequently, the 
real capital stock is impossible to measure with any real precision. 
Nevertheless, in this model the capital stock in each sector is aggregated 
into a single commodity and no difference is made between the two 
definitions, the real and the utilized.76 The national accounts77 give 
separate data for fixed capital in the form of "buildings" and "machin-
ery". The two kinds of fixed capital have been added.  

Thus, we assume that sector capacities can be defined as the 
current stock of fixed capital (1980), in the national accounts measured 
on the valuations made for insurance purposes.78 Given these assump-
tions, the model requires constant capital/output ratios regardless of the 
scale of production. In that sense, our specification is inadequate with 
regard to sectors where the actual problem involves economics of scale 
in production. The stocks of fixed capital for each sector and corre-
sponding capital/output ratio are presented in Table 3.5. 

The empirical work supporting the view that the joint utilization of 
human capital and real capital are important determinants of compara-
tive advantages of industry is very strong. According to a study by Flam 
(1981)79 it seems that human capital is the most important determinant 
of Swedish trade. These findings would provide a strong argument for 

                                                 
76 Estimates of capacity utilization were undertaken by Werin (1965). However, the 
reliability of Werin´s estimates must be called into question.  
77 Statistical Reports. SM N 1981:2.5. Appendix 2, Capital Formation and Stocks of 
Fixed Capital. 
78 See SM 1974:52, Stocks of Fixed Capital 1950-73 and Capital Consumption 
1963-73, which describes the general technique. 
79 Flam, H., (1981), pp.27-36. 
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recognizing human capital as a factor of production in the present study. 
However, because the measurement of human capital is a task of major 
difficulty and our object is not to study the change in specific factor 
endowments, a specific estimation of this variable is excluded. On the 
other hand, if we assume that labour is employed up to the point where 
its marginal value product equals the wage rate, it is not unlikely that 
the obtained differences in unit wage costs between sectors reflect 
differences in amount of human capital embodied in the labour force. 
Thus, indirectly human capital is specified as an input, embodied in the 
sector wage cost. 

 
Table 3.5   Stock of fixed capital 1980 - Million Skr - 1975 prices 
___________________________________________________________________ 
 

Sector         Column   1       2   3        4  

___________________________________________________________________ 
 
    1               19262    34174    53436    3.762  

    2                5278     8321    13599    1.621 

    3                6426     5605    12031    2.746 

    4                6367     5406    11773    0.492 

    5                3075     3689     6764    0.530 

    6                1670     1903     3573    0.294 

    7                4492     4059     8551    0.592 

    8               38389    21112    59501    1.345 

    9                7200     3362    10562    0.915 

   10                1377     1019     2396    1.234 

   11               10511     6903    17414    1.037 

   12                3758      737     4495    0.234 

   13                7869     4420    12289    2.091 

   14               21313    11160    32473    1.720 

   15               37930    28693    66623    0.792 

   16                1736     5071     6807    1.325 

   17                 611      436     1047    0.360 

   18               29611    91241   120852   10.444 

   19               12151     5987    18138    0.363 

   20               28162    28616    56778    1.117 

   21               53935    69948   123883    3.519 

   22                 285   508008   508293   15.091 

   23               20042    43709    63751    1.067 

   24                   0        0        0    0.000 

___________________________________________________________________ 
Column Specification:   Stock of fixed capital 1980 
                                       
1) Machinery                            3) Total stock of fixed capital  
2) Building and construction          4) Capital-output ratio (total stock)                                                                                              
___________________________________________________________________ 
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3. 2 Estimation of Private Consumption 
 
The decision-making units that determine the final demand for commo-
dities are the various categories of households. In addition to private 
consumption, final demand includes government consumption, gross 
domestic capital formation (private and government), changes in busi-
ness inventories and exports. Together, final demand and intermediate 
demand constitute total demand for the various commodities produced 
by the system. In the following discussion, however, only private 
consumption will be considered because estimates of demand elastic-
cities have only been applied to personal consumption expenditures. 
This implies that the other categories of final demand (government 
consumption, fixed capital formation, inventory change and exports) are 
assumed exogenous, and thus, perfectly inelastic at the 1980 level. 

When it comes to the specification of private consumption 
expenditures and the estimation of consumption functions certain 
problems will arise. To start with the Swedish national accounts80 
private consumption is subdivided into a number of commodity groups 
that are designed to be homogenous in terms of use. In this model, 
consumption has to be arranged by producing sectors.81 By this 
specification, the assumption to explain private consumption in homo-
geneous user groups has to be abandoned.  

The estimated linear equations directly provide estimates of the 
price (uncompensated) and expenditure parameters defined in the 
estimated equations. Prices (p) are relative prices and total expenditures 
(PCT) are real expenditures,82 thus, excluding the possibility of money 
illusion. Notice, that total expenditures not disposable income is used to 
measure the income concept. This is in line with static demand theory, 
where income is defined as total expenditures, not as disposable 
income, which includes savings.83 The linear form restricts the marginal 
propensities to be constant over time. Using the above specification and 
assuming the variables have been observed accurately, the estimates of 
the coefficients have been obtained by the Ordinary Least Squares 
(OLS). The period of estimation is 1965-80, and the results of the esti-
mated equations will be presented in Table 3.6 below. 

                                                 
80 Statistical Reports, SM N 1981:2.5. Appendix 1, Final Consumption Expenditure. 
81 See Medium Term Planning in Sweden, The System of Models, Section 2.5. 
82 According to the specification (2.22) the income variable is dropped from the 
demand function. Consequently, estimates of total expenditures (PCT) are not 
included in the computations of the model. 
83 For a survey of the subject, See Phlips, L., (1974).  
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The major problem in the process of statistically estimating a 
system of demand equations is that the error terms of the equations are 
not independent, i.e., the error terms across the equations (for corre-
sponding observations) are correlated. This type of correlation would 
arise if there are some omitted variables that are common to all equa-
tions. A method devised by Zellner (1962)84 is therefore appropriate. 
Zellner suggests that the efficiency of the estimates of this system of 
equations, called a system of seemingly unrelated regression equations 
(SURE), could be improved by taking into explicit account the fact that 
cross-equation error correlation may not be zero. However, for the case 
of simplicity, each equation has been estimated separately. Thus, we are 
disregarding the information about the cross-equations error correlation, 
and the efficiency of the estimators becomes questionable.   

However, an alternative source of inefficiency arises because the 
quantity and price in each sector is determined by the equilibrium of 
supply and demand. Thus, quantity demanded is a function in part of 
prices as is the quantity supplied. Each variable is jointly determined, 
and the price variables are correlated with the error terms. Correlation 
between an independent variable and the error term leads, in general, to 
biased and inconsistent ordinary least squares parameter estimates. This 
is a violation of the assumptions of ordinary least squared regression. 
OLS should not normally be applied to each simultaneous equation 
(where a simultaneous-equations estimator is called for) as the residuals 
are not independent of the other endogenous explanatory variables 
(simultaneous- equations bias). Many methods such as Two Stage Least 
Squares; Instrumental variables; Maximum-Likelihood, etc. can be used 
in an attempt to overcome this problem. However, a further constraint 
must be met, namely that the model must be identified, i.e. it must be 
possible to distinguish each equation in the system and there must be as 
many equations as there are endogenous variables to explain. Although 
an equation cannot be estimated if it is under-identified, that is, the 
inability to determine all the coefficients of the model, the methods 
mentioned above may be used to estimate an over-identified equation. 

In many cases the estimated equations (Table 3.6) do not give 
sufficiently good estimates, as judged by the criteria of standard errors 
of regression coefficients, and the Durbin-Watson Statistic. The 
standard error (SE) of estimate is a measure of the scatter of the actual 
value around the regression coefficient. The Durbin-Watson (DW) 

                                                 
84 The system of seemingly unrelated equations is specified as a single large equation 
to be estimated. For details, see Zellner, A., (1962). 
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statistic is a powerful test against errors that follow a first order serial 
correlation, provided the estimated equation does not contain a lagged 
dependent variable. A value under two suggests positive serial corre-
lation and a value over two negative serial correlations. The presence of 
serial correlation will lead to the conclusion that the parameter 
estimates are more precise than they actually are, i.e. the estimates of 
the standard errors obtained from the regression will be smaller than the 
true standard errors. The Durbin-Watson measure in some sectors 
suggests a serious problem of positive serial correlation. There are 
several procedures available to prepare with the problem of serial 
correlation. However, no such procedure has been applied in this 
study.85 Finally, the coefficient of determination (R2), which serves as a 
measure of percentage of total variance of the dependent variable 
explained by the equation, is presented with each equation. In some 
sectors, some additional independent variables (AIV) were chosen. The 
estimates for the 24 sector model (1975 prices) are presented in Table 
3.6 below. 

To make the quadratic programming model operational, speci-
fication of (constant) own price coefficients are sufficient. Hence, it is 
possible to restrict the estimation question to a limited number of 
variables, which we hope are the most important ones. Thus, since only 
price coefficients matters and all off-diagonal elements are assumed 
zero, i.e. the exclusion of cross price coefficients, the assessments of the 
obtained coefficients have been based on the estimated own-price 
coefficients. Given this specification, the available information consists 
of crude estimates of own-price elasticities. This implies that the system 
does not reflect a complete range of price interdependence among com-
modities. Although the coefficients of some equations are reduced to an 
insignificant level, the level and sign of the relative price terms are 
theoretically plausible.86 Hence, the estimates obtained appear to be 
satisfactory and have been accepted for most sectors.  

The obtained intercepts of the estimated equations will not be 
reported in the study. However, the intercepts have been adjusted so 
that the demand curves pass through the equilibrium price-quantity 

                                                 
85 There are four procedures that have been commonly used. These are the 
Cochrane-Orcutt procedure, the Durbin procedure, the Hildreth-Lu procedure, and 
the ML procedure. See for instance Maddala, G. S., (1979). 
86 In the theoretical framework the demand functions are specified as compensated. 
Note however that the own-price elasticities are estimated as uncompensated. This 
implies that the values obtained include the income effect.  
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points where the adjusted intercept of the price axis is initially 
consistent with a vector of price indices (arbitrarily chosen) equal to 
1000. By this adjustment the solution of the model will reflect the 
information in the 1980 input-output system. The adjustment can be 
viewed as making the estimated equations consistent with the 
equilibrium system stipulated in the input-output table. More specifi-
cally, a benchmark data set is generated in which all equilibrium 
conditions inherent in the model are satisfied.  
 
Table 3.6   Elasticities of Private Consumption (1963-1980)  
___________________________________________________________________ 
 

Sector            p      PCT         SEp     SEPCT     DW            R2     AIV     SEAIV  
___________________________________________________________________ 
 
  1     - 0.32   0.90    0.12   0.04    1.19   0.996  

  2     - 0.27   0.43    0.06   0.26    0.81   0.610                     

  3     - 2.30   1.46    0.52   0.31    1.11   0.990 

  4     - 0.66   0.17    0.06   0.02    2.00   0.968 

  5     - 0.28   0.35    0.13   0.03    1.17   0.909  

  6     - 0.28   0.66    0.37   0.08    1.60   0.863   0.75   0.10 

  7     - 0.95   0.60    0.30   0.28    0.48   0.954 

  8     - 0.55   2.06    0.10   0.20    2.46   0.998 

  9     - 0.74   1.07    0.25   0.22    0.75   0.734 

 10     - 0.44   1.10    0.11   0.31    2.39   0.999 

 11     - 0.62   0.41    0.25   0.17    1.50   0.936   0.30   0.21 

 12     - 0.52   1.50    0.10   0.15    1.66   0.895 

 13     - 0.61   0.78    0.27   0.14    0.89   0.806 

 14          -      -       -      -       -       - 

 15     - 0.41   1.02    0.15   0.09    0.85   0.823 

 16     - 0.79   4.05    0.73   1.15    1.79   0.951   5.26   0.68 

 17     - 0.29   1.34    0.44   0.10    0.82   0.941 

 18     - 0.12   0.27    0.16   0.52    0.98   0.993   1.31   0.24 

 19          -      -       -      -       -       - 

 20          -      -       -      -       -       - 

 21     - 0.48   1.03    0.16   0.07    1.30   0.981 

 22     - 0.03   0.37    0.09   0.10    0.76   0.997   0.30   0.04 

 23     - 0.40   0.97    0.11   0.06    0.59   0.987 

 24     - 1.53   2.81    0.57   0.27    0.93   0.943 

_____________________________________________________________________ 
 

For the purpose of illustration the regression coefficients are trans-
formed into (constant) elasticities, i.e. the effect of the percentage 
change in the dependent variable associated with a given percentage 
change (one per cent) in the respective independent variable, defined in 
the estimated equation.87 Since the estimated regression coefficients 
have the correct signs and the magnitudes of the coefficients are not 

                                                 
87 To obtain the elasticity value, see Phlips, L., (1974), p.117. 
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unreasonable, the estimates have been accepted, except the one relating 
to the wood, pulp and paper industry (8). The sign of the price variable 
has changed to negative which is not acceptable from the theoretical 
point of view. An estimate for this sector has therefore been taken from 
a study by Flood and Klevmarken (1980). Note, however, that in three 
sectors, basic metal industries (14), construction (19), and merchandise 
trade (20), private consumption is excluded, and thus, no representative 
estimate is applicable to these sectors. 

To estimate the equations in some sectors, some additional inde-
pendent variables (AIV) were chosen. To start, in the beverage and to-
bacco industry (6) the largest sub-group is alcoholic beverages and 
tobacco. In the chemical industry (11) medicines is a large group. On 
the basis of the character of these commodities, it is suggested that 
people only change their behaviour slowly and the previous con-
sumption thus affects current consumption as well as current price and 
expenditures. To illustrate this behaviour a lagged value (t-1) of the 
dependent variable is incorporated in the respective equation. 

Moreover, in the 1980 Medium Term Survey (p.356) it is stated 
that the adjustment to changes in the relative price of energy is low 
initially and rises with the passage of time for adjustment. One reason 
for this delay is the close link between energy consumption and existing 
capital equipment. To capture this matter, a variable which measures the 
owner-ship of electric equipment and accessories is used when 
estimating private consumption in the electricity, gas, heating and water 
industry (18). Further, an estimation of demand (new construction) in 
the housing sector (22), which comprises permanent and recreational 
dwellings, a variable, which measure transfers of housing allowances to 
households, is used as an additional explanatory variable in this sector. 
On the other hand, several desirable variables such as different kinds of 
demographic changes have been omitted. Finally, the reduction of the 
average number of hours worked can be a consequence of several 
factors, but in combination with a rapid increase in labour productivity, 
it is generally assumed to serve in a normative sense as an immaterial 
component of increase welfare. Increased leisure is assumed to be an 
important cause of the rapid expansion of a variety of articles for 
recreation purposes produced by the engineering (15) and shipyard 
industry (16). In the engineering industry the estimations comprising 
leisure were not acceptable, and thus, have to be rejected. However, 
leisure is used as an additional explanatory variable in the estimation of 
private consumption in the shipyard industry. 
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3. 3 Concluding Remarks 

   
In the theoretical framework, the supply of labour is specified as a func-
tion of its own factor payment. However, research on estimating labour 
supply functions distinguishing between different skill categories or 
types of labour is virtually nonexistent. Therefore, this study assigns an 
infinite elasticity (up to the point where capacity is reached) for labour. 
The same principle has been applied to capital. Thus, we have retained 
the assumption of fixed coefficients for labour as well as for capital 
commodities. 

In this study the linear programming model has been extended, in a 
quadratic programming formulation, to capture price-sensitive general 
equilibrium market interactions. However, the computable model speci-
fied in this chapter diverges from the theoretical model specified in the 
previous chapter. Due to the lack of elasticity data on primary supply 
functions, the maximization of producers´ surplus has not been in-
corporated in the objective function. Hence, the factors of production 
will not affect the price adjustment process. The equilibrium model is 
thus stipulated around an objective of maximizing the consumers’ 
surplus.  

To close the model, it remains to form a symmetric and positive 

definite matrix of the quadratic portion of the objective function. Since 
the estimated consumption functions have no cross-price terms, that 
does not present any problem. The price intercepts and the own-price 
coefficients of the estimated demand functions are entered in the 
appropriate vector and matrix of the model in inverse form. At this 
point the statistical presentation of the model is complete. Necessary 
parameters have been estimated and determined. The model will select 
that set of activities which raises the value of the objective function to 
an optimal level. Commodities must be supplied either by domestic 
production or imports. However, the solution design and the operating 
characteristics of the equilibrium model are the subject of the following 
chapter. 

 
 

 



 
 

 
 

 

 

 

 

TABLE  3.2     Input-Output Coefficients for 1980   -  1975 Prices 
 

       To Sector  1 2 3 4 5 6 7 8 9 10 11 12 

From    

Sector 

 

 1  .02197 - - .25103 .11667 .02170 .00274 .00002 - .01684 .00034 - 

 2  .00056 .01488 .00019 - .00112 - .00041 .18829 - - .00084 - 

 3  .00156 .00069 .02846 - - - .00007 .00260 .00026 .00051 .01534 .34896 

 4  .00373 - - .17497 .05382 .00543 .00576 - - - .00264 - 

 5  .11665 - - .01611 .15983 .00239 .00007 .00153 - - .00826 - 

 6  - - - .00022 .01803 - - - - - - - 

 7  .00081 .00012 - .00017 - - .04050 .00255 .00026 .02245 .00022 - 

 8  .00193 .00173 .00047 .02505 .02468 .00790 .01110 .18678 .20998 .00816 .02333 .00213 

 9  .00143 .00069 .00335 .00743 .00067 .00838 .00562 .00655 .13054 .01122 .00849 .00255 

10  .00050 .00046 .00028 .00013 .00022 .00008 .00103 .00047 .00035 .03673 .00045 .00016 

11  .06156 .00196 .01135 .01603 .02028 .01819 .01871 .03542 .02460 .11480 .28818 .00874 

12  .03486 .02583 .01218 .00731 .00507 .00311 .00672 .02361 .00754 .01480 .04261 .02457 

13  .00249 - .00465 .00025 .00440 .00527 .00041 .00603 .00026 - .00956 - 

14  - - .00177 .00054 .00350 .00040 - .00208 .00026 - .00399 - 

15  .02596 .03863 .01990 .00384 .01208 .01644 .00767 .02095 .01040 .02704 .01484 .00390 

16  .00143 - - - - - - - - - - - 

17  .00230 .00046 .00019 .00008 .00030 .00008 .00884 .00068 .00139 .00051 .00062 - 

18  .01096 .00265 .01507 .00501 .00373 .00136 .00404 .02948 .01230 .01429 .02333 .00177 

19  .06206 .00865 .00530 .00305 .00268 .00160 .00171 .00402 .00589 .00408 .00478 .00068 

20  .15935 .13388 .01460 .16361 .23602 .14419 .38971 .09148 .04608 .19082 .12422 .30103 

21  .02409 .07461 .09608 .00271 .00201 .00798 .01377 .01645 .06185 .01939 .01461 .00193 

22  - - - - - - - - - - - - 

23  .04438 .01868 .01283 .03119 .02453 .01341 .02117 .03496 .08758 .03214 .03294 .01197 

24  - - - - - - - - - - - - 
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TABLE  3.2     Input-Output Coefficients for 1980   -  1975 Prices 
 

       To Sector  13 14 15 16 17 18 19 20 21 22 23 24 

From    

Sector 

 

 1  - - - - .00103 - .00070 .00031 .00165 .00122 .00415 - 

 2  .00051 - - - - - .00076 - - - - - 

 3  .05512 .07190 .00019 - .00172 .00026 .00822 - - - - - 

 4  - - - - .00378 - - - .01250 - .01426 - 

 5  - - - - - - - - .00483 - .01208 - 

 6  - - - - - - - - .00673 - .01436 - 

 7  .00034 .00011 .00090 .00136 .00138 .00009 .00040 .00037 .00077 - .00065 - 

 8  .01735 .00337 .00885 .02530 .04814 .00026 .08765 .01618 .00653 .00992 .00561 - 

 9  .01276 .00569 .00633 .00817 .01479 .00320 .00422 .02104 .01559 .00303 .02313 - 

10  .00068 .00053 .00444 .00136 .00241 .00017 .00102 .00094 .01332 .00003 .00156 - 

11  .03896 .01750 .01973 .04846 .05846 .00052 .01567 .00468 .00400 .00644 .01364 - 

12  .05835 .05983 .00949 .00740 .00928 .12747 .03866 .02879 .09001 .01642 .01675 - 

13  .12215 .01139 .00491 .00954 .00275 - .06969 .00016 - .00107 .00192 - 

14  .02756 .26251 .09175 .11094 .07118 - .02758 .00020 - - .00070 - 

15  .01531 .04923 .26126 .21857 .04092 .03543 .12235 .00708 .02153 .00543 .04641 - 

16  - - - .04807 - - - - .00815 - - - 

17  .00221 .01629 .00093 .00019 .04539 - .00096 .00199 .00071 .00024 .00559 - 

18  .02110 .03816 .00713 .00701 .00447 .02377 .00156 .00775 .00767 .01425 .01110 - 

19  .00698 .00506 .00499 .00681 .00241 .06240 - .00506 .06251 .16148 .01781 - 

20  .09255 .15476 .12006 .03795 .37001 - - .03150 - - .00249 - 

21  .05206 .01671 .02795 .02199 .02304 .00398 .02047 .14269 .09183 .00089 .04125 - 

22  - - - - - - - - - - - - 

23  .04508 .03901 .04271 .03970 .0886 .03258 .09343 .10158 .11205 .06992 .22108 - 

24  - - - - - - - - - - - - 

 



 
 

 
 

 

CHAPTER 4 
____________________________________________________________________ 
 
THE EQUILIBRIUM MECHANISM 
OF THE MODEL 
 
 
 
 
 
 
 
Having examined the statistical problems, we are now equipped with a 
numerically specified general equilibrium model designed as a tool to 
determine the optimum resource allocation and, given the numerical 
results, the significance of structural disequilibrium in the business 
sector of the Swedish economy. With reference to Dervis, de Melo and 
Robinson (1982),88 the model can easily degenerate into a magic black 
box that yields quantitative results but do not really add to our 
understanding of the mechanisms governing the model. Considering 
this comment, the experiments in this chapter are designed to outline 
the basic adjustment mechanisms that will determine the direction, and 
hence, the fundamental structure of our solutions. Technically, the com-
putations will be carried out under different specifications of endoge-
nous choice in trade and domestic capacity utilization. The choice of 
endogenous variables are crucial then to illustrate the equilibrium 
mechanism of the model, and hence implicitly, the specification of 
numerical experiments.89 

Our analysis focuses on structural adjustments in pure market 
variables only. This implies for instance that improvements in techno-
logy and technological substitution in the process of production, one of 
the most important source of industrial innovation and structural re-
newal,90 are omitted (as an endogenous fact) in the analysis. In this 
context it must be emphasized that the model will result in certain 

                                                 
88 Dervis, et al., (1982), p.183. 
89 The model developed in this study is solved by the reduced gradient method. This 
algorithm, presented in the Appedix, allows solution of large problems.  
90 See Freeman, C., (1974). 
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biases. The model excludes the possibility that input-output relations in 
production are inefficient,91 and does not include substitution possibi-
lities in the production of a given commodity. In addition, labour is 
homogenous and perfectly mobile across sectors. Finally, domestic 
production, importation and exportation can be perfectly varied within 
certain limits. Considering these and many other reasons for biases, the 
obtained results must be treated with caution. 

 
 

4. 1   Benchmark Equilibrium  -  Specification of Results 

 
The point of departure for the experiments below (here named Base 
Solutions) is the version of the model which describes the technological 
conditions, labour costs, capacities and estimated demand relations 
representing the Swedish economic situation in the year 1980, 
illustrated below in Table 4.1 (The table is presented in the Appendix to 
this chapter). This year is selected since it conforms to data avail-
ability, and capacity utilization during the whole of 1980 on the average 
can be characterized as normal full capacity. In all solutions, the same 
maxim-and is used, i.e. maximize the consumers’ surplus (2.24), subject 
to the constraints (2.18) - (2.21). Given the assumptions above, a 
foreign payments imbalance cannot arise. Moreover, we assume that the 
labour constraint (2.19) is binding, i.e. labour resources are used to the 
maxi-mum availability.  

Given the assumptions of the input-output model and the data 
presented in Chapter 3 the economy is assumed to be in equilibrium, so 
called benchmark equilibrium. A benchmark equilibrium data set is a 
collection of data in which equilibrium conditions of an assumed under-
lying equilibrium model are satisfied. By modifying the intercepts of the 
estimated demand equations, a benchmark data set is here generated in 
which all equilibrium conditions inherent in the model are satisfied. 
Thus, the 1980 data provide a comparative benchmark for the experi-
ments in this chapter. By using the benchmark equilibrium data set in 
this way the equilibrium computed by the model will replicate the 
benchmark equilibrium data set exactly. As demonstrated in Chapter 2, 
in equilibrium, all behaviour is consistent with the equilibrium prices in 
that consumers maximize utility, producers maximize profits, and 
market demands equal market supplies. 

                                                 
91 This is to assume that we are on the transformation surface. 
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The first task is to make a short summary of the presentation table, 
Table 4.1, and the calculations that are presented together with each 
experiment. These calculations, which make Table 4.1 self-contained, 
will accompany all experiments in the study.  

To start, the first column presents the values of domestic pro-
duction. Strictly in fix relation to the values of domestic production are 
the values of non-competitive imports. The second column presents this 
proportion. The third column tabulates the model computations of 
competitive imports. The resources that make imports possible, given 
the assumption of balance-of-payments equilibrium, are the currency 
created by exports. Export values are shown in column 4.  These values 
are the 1980 values of the input-output table, except for two experi-
ments, where exports are assumed endogenous in the model.92 

The respective change of domestic production, competitive im-
ports and exports with reference to the actual 1980 specification (bench-
mark data set) are calculated in column 5, 6 and 7.   

When evaluating the results obtained, it is important to be able to 
get a picture of the degree of the capacity utilization. Thus, column 8 
measures (in percentage values) the degree of capacity utilization of the 
capital resources assumed available in the model. In one experiment, 
however, the capital stock is assumed endogenous. In that case, column 
8 will measure the necessary rate of change in capacity as a percentage 
of the 1980 established capital stocks by sector. Thus, the actual 1980 
values constitute here the benchmark for our comparison. Note that the 
assumption has been made that the capital stock is used at full capacity 
as an initial position. 

Column 9 and 10 provide information about each sector’s share of 
production and competitive imports as a percentage of total production 
and competitive imports respectively. To put the matter differently, 
column 9 and 10 summarize the degree of concentration of domestic 
production and competitive imports respectively in different sectors.  

Due to the importance of net trade specialization in the 
presentation of obtained results, column 11 shows a calculation on the 
degree in which a sector is a net importer or a net exporter. The net 
trade ratio in this study is defined as (E-M) / (E+M), where E denotes 
exports and M denotes competitive imports. The value of the ratio is 1 
when a sector only exports, -1 when a sector only imports, and zero 

                                                 
92 In all experiments the amount of net foreign capital inflow (F) is assumed to be 
zero. The foreign exchange constraint only refers to exports and imports of mer-
chandise. 
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when exports and imports balance. It is important to stress, in the light 
of results to be discussed later, the presence of a substantial intra-
industry trade. On the basis of the 1980 data, few commodities can be 
classified as pure exportable or importable.93 However, the speciali-
zation problem and the mechanism that determines the direction and 
pattern of trade in the model will be discussed further below. 

The value of private consumption is shown in column 12. In 
column 13 the endogenous (demand) prices of the model are contained. 
Given the specification in Chapter 3, only prices of the private con-
sumption variables are calculated. These prices are defined here as the 
prices of the quadratic variables, which in this framework implies prices 
of the private consumption variables. Technically, to set the absolute 
price level as well as relative prices we have chosen private consump-
tion as the numéraire commodity (unit of account). This implies that 
changes in all prices are expressed in terms of the numéraire 
commodity. More specifically, we normalize around a price index 
(indexed at 1000) instead of setting a variable equal to one. The choice 
of an aggregate price index as the normalization rule provides the link 
between the equilibrium model, with its emphasis on microeconomic 
activity, and macro models in which the determination of the aggregate 
price index is an important element. In this context it is necessary to 
emphasize that the normalization rule only represents a choice of a 
numéraire and the model remains a barter model.94 In analyzing the 
results, all sector prices illustrated in Table 4.1 are assumed to be 
equilibrium prices. A reduction in these prices is expressed as an 

                                                 
93 Total trade can be decomposed into inter-industry trade, i.e. trade between sectors, 
and intra-industry trade, i.e. the degree of two-way trade of a given commodity. 
Hence, all trade will be classified as intra-industry trade when the value of exports is 
exactly equivalent to the value of imports. On the other hand, when there is complete 
specialization in trade, i.e. only exports or imports, all trade will be classified as 
inter-industry trade. For details, see Lundberg, L., (1981).  
94 The initially indexed values provide the benchmark against which all prices 
(marginal valuations) of the private consumption variables are relative price 
changes. In any Walrasian general equilibrium model, it is well known that only 
relative prices matter and that one is free to choose a numéraire to set the absolute 
price level. Since the demand prices are expressed in terms of an initially established 
index, the demand prices shown in Table 4.1 are to some extent an illustration of an 
endogenously change in the price level. However, the model does not include 
money-holding and monetary behaviour equations. This implies that we cannot use 
the model to analyze the causes of inflation or endogenously project the price level 
in monetary terms. It is in this respect the model remains a barter model. 
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increment of consumers’ surplus. This increment can be interpreted as 
the maximum amount of money the consumers as a whole would offer 
in order to have the prices reduced from the initially values. The greater 
the elasticity of demand, the greater is the increment, and thus, the 
quantity response of a sector. 

Having specified the information contained in Table 4.1 we are 
now prepared to draw attention to the elaboration of the experiments, 
and in this connection, evaluate the results of the computations. 

 
 
4. 2    The Equilibrium Mechanism at Work  -  Base Solutions 

 
We begin with Base Solution 1 and 2. In these two experiments we 
assume an increase95 in the sectorally fixed capital stocks by 10 percent 
and 25 percent respectively. This implies that domestic resources may 
be shifted to the lowest-cost sectors (given the capacity restriction) and 
thus increase the efficiency in resource allocation.96 Logically, the 
model chooses to import in some sectors rather than utilize the existing 
capital stock. In Base Solution 1 we obtain an increase in (among 
others) engineering (15). On the other hand, we obtain a total 
contraction of the shipyards (16). In Base Solution 2 we obtain a total 
contraction of two additional sectors of the economy; the mining and 
quarrying industry (3) and basic metal industries (14). Engineering (15) 
belongs to sectors where expansion of domestic production is requested. 
In all solutions the total supply of labour resources is given 
exogenously and assumed perfectly mobile and free to flow among all 
sectors of the economy. Hence, labour moves across sectors until the 
value of its marginal product is everywhere the same. This assumption 
that the value of marginal product of labour are equalized in all uses in 
equilibrium permits labour payments data by industry to be used as 
observations on physical quantities of labour in the determination of 
parameters for the model. 

In general terms, adjustment to structural equilibrium is a process 
where profitability in the different sectors will adjust to a "normal" level 
of profitability for the economy as a whole. For sectors where profit-
ability is high relative to this normal level, the adjustment to 
equilibrium implies an increase in domestic production relative to other 
sectors. On the other hand, a sector where profitability is low relative to 

                                                 
95 The assumed increase in the fixed capital stocks is completely arbitrary. 
96 Note, in our specification we disregard costs of capacity installation. 
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the normal level, an adjustment to equilibrium implies a decrease in 
domestic pro-duction relative to other sectors. Thus, a development 
which implies that a country adjusts to its comparative advantages is 
characterized as an adjustment towards equalizing the relative profit-
ability between sectors. The results of this adjustment are reflected in 
the direction of domestic production.97 

In the closed economy the basic technological and demand vari-
ables determine the domestic shadow price system.98 However, the situ-
ation is quite different in a free trade economy where the domestic 
market is small in relation to the world market. Given the assumption of 
perfect substitutability between imported and domestically produced 
commodities, the small-country assumption implies that the individual 
country becomes a price taker facing exogenous world market prices. 
The theory of international trade suggests that, as far as some commo-
dities are actually imported or exported, the domestic shadow prices 
among them tend to converge to their relative world market prices.99 
Consequently, world market prices determine the domestic shadow 
prices of tradables, and a given commodity has (at equilibrium) the 
same price whether it is imported or produced domestically. Hence, 
whereas supply and demand determine domestic shadow prices in a 
closed economy, they will adjust to world market prices in the small 
open economy. 

In technical terms, the domestic shadow prices adjust to the exo-
genous world market prices in this model. Thus, the concept of a normal 
level of profitability for the different sectors is determined by the 
relative world market prices. If the domestic shadow price is greater 
than the world market price, the domestic production of the commodity 
relative to other sectors will fall. If it is not possible to reduce domestic 
production costs to the level of world prices, the commodity will be 
imported altogether. On the other hand, if the domestic shadow price is 
lower than the world market price, domestic production relative to other 
sectors will expand at the expense of imports until domestic costs rise to 
the level of world market prices.100 If this equality is not satisfied in the 

                                                 
97 Given two sectors 1 and 2, the economy has a comparative advantage in sector 2 if 
the pre-trade ratio of sector 2 costs to sector 1 costs is lower than the world price 
ratio. 
98 The discussion that follows is based on Dervis, et al., (1982). 
99 Differences may exist due to transportation costs and tariff rates. 
100 Following Norman (1983) a domestic sector is competitive if (and only if) its 
marginal cost is lower or equal to its foreign competitor, measured in the same 
currency. To be compatible with the concept of comparative advantage, and hence 
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case when the adjustment to equilibrium implies a zero import level, it 
would be profit-able to expand domestic production for exports. 

Thus, world market prices are assumed given from the inter-
national market. These prices determine the relative domestic shadow 
prices of tradables. However, it is worth to emphasize that due to tariffs 
and constraints imposed on the model the domestic shadow price 
system, at equilibrium, is no longer a simple reflection of world market 
prices. When the shadow prices, associated with the non-primary 
commodity balance equation (2.44), are equal to the demand prices the 
solution is equilibrium. Thus, the dual variable from (2.44) equals the 
maximum price the consumers are willing to pay for the consumption of 
the commodities available to them. If not, the demand prices are revised 
and start a new function evaluation. In this way shadow prices have a 
feedback effect on the demand prices specified in the objective func-
tion.101 As stipulated in Chapter 2, this is what leads to the similarity 
between the market mechanism and the optimization formulation of the 
model. A planning authority can use the shadow prices generated by the 
plan to decentralize decisions because they are signals of relative 
scarcity of the constraint to which they are attached. However, when 
imposing a number of additional ad-hoc constraints to make the 
solution more realistic, the constraints result in distortions in the 
shadow price system. If such constraints can be justified as additional 
system constraints that define a reasonable notion of economic 
equilibrium, there is no theoretical problem to interpret the solution as 
reflecting the operation of a market system.102 

Generally, due to the assumed linearity of the underlying techno-
logy, the solution in this model imposes complete specialization in 
either domestic production or trade whenever there are no established 
capacity constraints. Fewer commodities will be produced domestically, 
but in increased quantities in the least-cost sectors. On the other hand, 
the specialization will lead to an increasing amount of import in the 
high-cost sectors. In all experiments, it is the difference between the 

                                                                                                                                          
meanigful, marginal cost is here defined as long run marginal cost. This implies that 
the concept of marginal cost includes payment to factors that are fixed in the short 
run, e.g. capital.  
101 The value of the objective function is not presented because its value will not be 
reflective of the true gross revenues or gross expenditures in the perfectly 
competitive formulation. 
102 See Taylor, L., (1975).  
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word market prices (here assumed to be given)103 and the pre-trade 
domestic commodity transformation rates that leads the model to take 
part in trade. To obtain a reasonable pattern of specialization, exports 
are assumed exogenous. As exogenous values of exports we have 
maintained the 1980 values. By this assumption we prevent extreme 
specialization. Unfortunately, these constraints reduce the experimental 
attractiveness of the model. As will become apparent in the analysis 
below, these constraints (capacity and/or trade) will be unavoidable if 
an essentially nonlinear economic structure is to be fitted into a linear 
framework.  

Next, we consider Base Solution 3. Instead of having sector-
specific capacity constraints, we are now treating capital as endogenous, 
i.e., there is no capacity constraints placed on the producing sectors.104 
As in the experiment above, resources will be shifted to the lowest-cost 
sectors, but domestic production may be expanded without the 
constraints given by sectorally fixed capital stocks. In other words, 
capital is assumed perfectly mobile across sectors.105 This will lead to an 
increased specialization in domestic production and imports. The total 
volume of imports (non-competitive and competitive) will be un-
changed due to the exogenously given export values. 

Most of the features in the solutions above are preserved in all 
subsequent experiments. Among the most important results is that the 
obtained results of the equilibrium model call for a substantial structural 
transformation of resources in major business sectors of the Swedish 
economy. In quantitative terms, at the equilibrium, no domestic pro-
duction will take place in three sectors of industry. These are mining 
and quarrying (3), basic metal industry (14) and shipyards (16). On the 
other hand, the obtained results also reveal the potentially expansive 
parts in the Swedish business sector. Due to aggregation, expansion (in 
absolute size) is considerable in engineering (15) and private services 
(23).  
                                                 
103 As stipulated in Chapter 2, the assumed world market prices are specified as unity 
prices. 
104 Note, that in base solution 3, column 8 (Table 4.1) measures the necessary rate of 
change in capacity as a percentage of the 1980 sectorally established capital stocks, 
and not the degree of capacity utilization. 
105 The difference in specification reflects two distinct approaches in time for 
adjustment to occur. Despite both specification are an integral part of a static 
framework, the former is intended to represent medium-term adjustment, and the 
later is intended to represent long-term adjustment. Long run simply means that 
sectoral capital stocks are endogenously determined  
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The domestic expansion in the textile and clothing industry (7) is 
somewhat surprising. The obtained results concerning the textile and 
clothing sector should be emphasized. If the actual cost in this sector is 
not reflected correctly in the statistics used in the computations of the 
model, the result will diverge from the expected. This sector has for a 
long time been subject to a heavy competition from low-wage countries, 
which have a comparative advantage in the production of clothing. 
However, the Swedish textile and clothing industry have for a long time 
been protected by support from the state. The support has also been 
received indirectly, for example by commission by the state. The 
revenues have in this way been created by an arbitrarily demand, not by 
a competitive market position. No matter how the support is given, the 
support conceals the true cost of the industry.106 From this example, it is 
important to realize that strong deviations from the assumed cost 
structure constitute an important constraint on the reliability of any par-
ticular equilibrium solution. Although the results provide a picture (in 
terms of the model) of the comparative advantage of the different 
sectors of the Swedish economy, there is no guarantee that the obtained 
results in this model are a simple reflection of international competitive-
ness in practice.  

Instead of assuming sectoral capital stocks to be fixed, we have in 
Base Solution 3 defined sectoral capital stocks as endogenous variables. 
To provide the characteristics of a long run specification, it is con-
venient to start with this definition of capital. However, to specify this 
model as a long run model the problem is more difficult because there 
are important obstacles to overcome, such as rigidities that affect model 
behaviour. One of these obstacles is the assumption of fixed factor 
coefficients in the model. This assumption requires a careful attention in 
the analysis of results obtained in this study, because to some extent 
substitutability between domestic production and imports may be a 
substitute for adjustments in relative factor utilization. Another obstacle 
worth mentioning, is that we in this framework (due to specification) 
disregard the impacts of the income elasticises in the demand functions, 
so crucial in the long run.107 

                                                 
106 The model is calculated with the existing tariff structure. In quantitative terms, 
the weights representing the world market prices of imports include the tariff (tariff-
augmented world market prices). 
107 By definition total income generated in the system always equals total national 
product at market prices. Increasing efficiency in resource allocation will lead to a 
fall in demand prices. This fall will make it possible for the i:th consumer to increase 
his private consumption. In other words, an increase in private consumption will 
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The tendency for sector specialization in trade will be more 
empha-sized if both imports and exports are treated as endogenous. This 
assumption, accomplished in Base Solution 4 and 5, will extend the 
region of possible solutions and thus add a lot of choice to the model. 
Hence, the level of exports is determined within the model rather than 
being given as a part of final demand. Sectoral production is in these 
two experiments constrained by the availability of capital installed in a 
particular sector. Following the formulation in Base Solution 2, where 
we assumed an increase in the sectorally fixed capital stock by 25 
percent this capacity specification is now re-established in Base So-
lution 4. Base Solution 5 is analogous to Base Solution 4, except that 
we here assume that the sectorally fixed capital stocks are increased by 
40 percent. Thus, in Base Solution 5 we further increase the sub-
stitutability, and hence, the tendency to specialization in the model. 
From Table 4.1 it is clear that the increased freedom of resource 
allocation implies an expansion of the activities stipulated in the model. 
However, as will become apparent below, we have to be careful in 
interpreting the results in a too mechanical fashion.108 

These equilibrium experiments are designed to reflect the foreign 
trade specialization in the model. The mechanisms for specialization in 
trade have a noticeable effect in some sectors. As can be seen from 
column 11, which illustrates net trade specialization, some sectors will 
become specialized in exports, others in imports. One feature that 
should be noted immediately is the large variation in the total volume of 
trade between Base Solution 4 and 5. Compared to Base Solution 4, the 
total trade volume is considerable greater in Base Solution 5.109 This be-

                                                                                                                                          
follow. On the other hand, this increase (ceteris paribus) will generate and determine 
the size of the increase in total income. However, the income variable is dropped 
from the demand functions. An increase in factor prices (factor income) will increase 
costs, increase demand prices, and a decrease in private consumption will follow. 
Consequently, total income (ceteris paribus) will fall. Not surprisingly, because the 
stipulated increase in the i:th consumer's income, given constant prices, will leave 
his demand of the commodity in question unaffected.  
108 In connection with this discussion, we must consider the relationship between 
diminishing or increasing returns and the number of (nonzero) domestic production 
sectors in the optimal solution. When a linear model is employed to compute with 
domestic production sectors which involve diminishing returns, the linear 
approximation will recommend too few domestic activities, whereas if the domestic 
sectors involve increasing returns, the linear approximation will recommend too 
many domestic activities.  
109 There will also be a dramatic change in sector 8 (wood, pulp and paper industry). 
In size, domestic production is decreasing, imports are increasing. As a conse-
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haviour is associated with the assumed difference in the availability of 
capacity installed in the various sectors. Regarding Base Solution 4, the 
total volume of foreign trade is decreasing in size. The increase in 
private consumption (due to falling prices) is here a clear restriction on 
exports, and hence, the total volume of foreign trade. However, the 
assumed capacity expansion in Base Solution 5 is sufficient to generate 
an increase in both private consumption and exports. Given the model 
specification, the total volume of trade is increasing in size. It is thus 
quite clear that increased efficiency, not only reallocates resources for 
domestic production, but is also accompanied by an increase in import 
dependence reflecting a higher degree of international specialization.  

The inclusion of exports as endogenous variables, together with 
the basic linearity of the model, leads to a tendency toward extreme 
specialization that is not always desirable. As can be seen from Base 
Solution 4 and 5, intra-industry trade is eliminated and inter-industry 
trade remains.110 The underlying assumption of substitutability between 
domestic and foreign commodities rules out the possibility of two-way 
trade. In a model that does not include any restrictions on trade; a 
commodity is either imported or exported, but never both. The explana-
tion of this is that the commodity imported and the commodity exported 
is assumed identical in the model.111 The tendency for specialization 
would be even more explicit, if we were to leave sectoral capital stocks 
as endogenous variables. Perfect substitutability within a particular 
sector implies that exports consist only of domestically produced 
commodities. In this context is should be mentioned that exports in-
directly embody imports through intermediate commodities required for 
their production. However, the indirect effect works only through the 
input-output matrix and hence exports are measured in units of 
domestic output. Needless to say, extreme specialization in production 
                                                                                                                                          
quence, domestic production from the forestry sector (2) is exported, not used as an 
input in the wood, pulp and paper industry (8). 
110 It is important to note that the level of aggregation will affect the value of the 
measures of intra-industry trade. The higher the level of aggregation, the greater will 
be the share of intra-industry trade (Grubel & Lloyd, 1975). Although the share of 
intra-trade is reduced by disaggregation, substantial two-way trade remains on the 
most detailed aggregation level (Blattner, 1977).  
111 A common approach to avoid unrealistic specialization in multicounty trade 
models is to use the Armington (1969) formulation, which treats similar commode-
ties produced in different countries as different commodities (commodity differen-
tiation by country of origin). Bergman (1986) makes use of the Armington formula-
tion and applies a numerical solution technique in order to solve the model.  
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and trade conflicts with empirical evidence, which on the contrary, 
shows a relatively little specialization on the sectoral level. However, as 
pointed out by Werin (1965), the observed combination of domestic 
production and trade may be in complete accordance with the 
theoretical model. First, the country under study consists of many 
regions, which implies that a commodity may be imported to one region 
and exported from another, but never be both imported to and exported 
from one single region. Second, the same argument is applicable to the 
fact that the model is specified to cover a period of some length. Hence, 
a commodity may be both produced and traded at different points of 
time during the period of specification. Finally, the commodities of the 
model are aggregates of different commodity categories. For each of 
these commodities the theoretical requirement may be fulfilled. 

Export supplies in Base Solution 4 and 5 are derived residually by 
subtracting domestic demand from total domestic production. Pro-
duction will expand until domestic costs rise to the level of world 
prices. At optimum, the domestic shadow price will equal the world 
market price. If this equality is not satisfied, it will be profitable to 
expand domestic production for exports. This treatment of exports 
supply may encounter problems, if the exports in a large aggregate 
sector are quite distinct from the domestically used commodities 
because commodities belonging to any sector are defined, and 
computed, as identical. Further, if the small-country assumption holds, 
the export price must be fixed in the world market independently of the 
quantities exported. The small-country assumption together with the 
assumption that the supply of exports is simply the difference between 
total domestic production and domestic absorption may in several cases 
greatly overestimate the re-sponsiveness of export supply, and again, 
the problem increases with the degree of aggregation. This specification 
must be put into question on empirical grounds. Despite world market 
prices are assumed given it is realistic to assume that additional selling 
costs will reduce the net return from exports as the quantity is increased. 
The most satisfying way of solving this problem would be 
specifications where export demand is a decreasing function of the price 
in foreign currency.112 

 
 

                                                 
112 By the incorporation of price dependent export and import functions foreign trade 
is elaborated in a more sophisticated way in Bergman’s (1978) model. For details see 
Bergman (1978, 1983).  
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4.2.1    Import Prices and the Perfect Substitutability Assumption  

 
The assumption of perfect substitutability in use between domestic and 
foreign commodities implies that there is no commodity differentiation 
between imports and domestic commodities, that two-way trade does 
not make sense because the commodity imported and the commodity 
exported are identical, and (given the small-country assumption) that 
changes in world market prices, exchange rates and tariff rates, are 
entirely translated into changes in domestic shadow prices. The experi-
ment in this section will illustrate the problem of perfect substitutability 
in combination with foreign price changes. As a reference point for our 
comparisons and as a basis for our experiment, the structure of the 
model used in this section follows the specification of Base Solution 2 
and 3 respectively. Thus, Base Solution 2 and 3 provide separately a 
comparative benchmark for the experiment presented (Base Solution 2A 
and Base Solution 3A) in this section.113 

To illustrate the mechanism at work the experiment is focusing on 
an assumed fall (50 percent) in the price of crude oil. According to 
sector aggregation crude oil belongs the mining and quarrying sector (3) 
that takes a large share of total imports. As expected, a fall in the price 
of crude oil decreases costs. However, due to the fact that there is no 
commodity differentiation between imports and domestic production, 
the small country assumption implies that a given percentage fall in the 
import price of crude oil will lead to a corresponding percentage fall in 
the extraction cost of ores. Thus, the assumed change in the world 
market price for crude oil is fully translated into a change in the 
domestic price for the whole mining sector, because crude oil and ores 
are regarded as equivalent. 

Hence, we must regard the illustrated expansion (Base Solution 
2A) of domestic production114 in the mining and quarrying industry (3) 

                                                 
113 It has been demonstrated (base solution 1 and 2) that the sectorally fixed capital 
stocks substantially reduce the choice available. In base solution 3, however, capital 
stocks are treated as endogenous variables and hence increase the substitutability 
between domestic and foreign commodities. The former specification seems more 
realistic but the later specification increases our possibility to study the directions of 
change for the designed experiment. 
114 Note that no domestic extraction of ore takes place in Base Solution 3A. Thus, 
the reduced price for crude oil implies an increase in the currency resources available 
and hence a reallocation towards increasing imports in some other sectors. In 
particular, imports are increasing for the exposed food industry (5). Moreover, 
domestic production is increasing in the chemical industry (11). This increase 
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as a result of the fact that there is no commodity differentiation between 
imports and domestic production, not as an increasing efficiency in ore 
extraction. Given this judgement, the assumptions of perfect substitute-
ability will exaggerate the effects over the domestic shadow price 
system and the domestic economic structure. Thus, in this model, which 
is aggregated into 24 commodities, each associated with one specific 
business sector and where each commodity is subject to international 
trade, the assumption of perfect substitutability will in such case be 
inapplicable as a workable approximation, especially as the problem 
increases with the degree of aggregation.  
 
 
4.2.2    International Competitive Equilibrium 
 
In the discussion above we have repeatedly stressed the requirement of 
equality between relative domestic and world market prices. However, 
in an economy with tariffs the existing tariff-ridden market prices will 
not be proportional to world market prices but will reflect the structure 
of tariffs. Thus, world market prices will differ from the shadow prices 
generated by our equilibrium model. This leads us to consider a tariff-
ridden equilibrium. By imposing a tariff the government can induce a 
wedge between world market prices and domestic prices of traded 
commodities. In this section we will demonstrate the allocation effects 
of a total removal of the sectoral tariff rates. Hence, if tariffs are set 
equal to zero (given the specification of this model) so that free trade is 
established,115 we obtain an international competitive equilibrium.116 As 
a reference point for our comparisons and as a basis for our experiment, 
the structure of the model used in this section follows the specification 
of Base Solution 2 and 3 respectively. 

As the reader will recall world market prices are assumed given 
and determine the domestic prices of tradables. A tariff on imports does 
not only increase the domestic price of the imported commodity, but 
also the price of the domestically produced import competing commo-
dity. Thus, tariffs are crucial in a small open economy model. More-
over, domestic prices can be altered by the government by changing the 

                                                                                                                                          
indicates this sector’s marked dependence of commodities delivered from the mining 
and quarrying sector (3).  
115 To obtain an international competitive equilibrium we assume that the conditions 
for this model also hold for each country trading commodities on the international 
market. 
116 Ginsburgh, V. and Waelbroeck, J., (1980), pp.8-13. 
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tariff rate and hence affecting the economic structure. All Base Solu-
tions have included the current (1980) tariff rate (tariff-augmented 
world market prices) on imports. We have  

 

pj  = (1 + tmj)PWj ER                                                      (4.1) 
 

where tmj is the ad valorem tariff rate, instead of pj = PWj ER. This 
implies that the exchange-rate constraint will not reflect the actual con-
ditions prevailing on the world market. In the experiment below, Base 
Solution 2B respective 3B, we will demonstrate the effects of a total 
removal of these tariffs. Thus, we will obtain (given the assumptions 
above) an international competitive equilibrium.117 

As can be seen from Table 3.3, Chapter 3, the general tariff rate is 
low, but the variation in the tariff rate between sectors is considerable. 
The main reason for the relative high tariff rate in agriculture and 
fishing (1) and exposed food industry (5) is that Sweden follows a 
policy of a high degree of self sufficiency in food production. What are 
now the effects of a removal of tariffs on imports? Not surprisingly, the 
results obtained indicate a contraction of sectors processing food 
commodities. In Base Solution 2B we obtain a significant decrease in 
agriculture (1) production. In Base Solution 3B, as expected, the 
optimization model does not longer choose to establish agriculture 
production in the Swedish economy.118 In addition, we obtain a total 
contraction of shelter-ed food industry (4). In this sector, as for the 
exposed food industry (5), there is an important inter-industry linkage 
to the domestic agriculture sector. Turning to the expanding sectors, 
expansion of domestic pro-duction (of considerable proportions) is 
requested (Base Solution 3B) in the printing industry (9) respective the 
chemical industry (11).  
 
 
4. 3    Concluding Remarks 

 
Although we cannot present an exhaustive set of experiments, the Base 
Solutions, in the terminology of this chapter, illustrates well the 
inherent possibilities and limitations of the model. The obtained results 
of these experiments have forced us to abandon a specification based on 
                                                 
117 For details, see Dervis, et al., (1982), pp.85-86. 
118 We have found (base solution 3) that the optimization model would no longer 
choose to establish agriculture production in the Swedish economy even with the 
tariffs at their given (1980) level. 
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an assumption of perfect substitutability between imported and do-
mestically produced commodities. Moreover, capital stocks are assumed 
exogenous without taken into consideration the effect that is created by 
the supply of investment from industries producing capital commo-
dities. Thus, it is desirable to endogenize investment in the model.  

With these requirements in mind, the next chapter provides a 
frame-work around which the solution for each period is used to create 
the next period’s model parameters. Thus, the model is of the temporary 
equilibrium type. It will solve the market for equilibrium prices and 
quantities for one period and then add the solution obtained to the 
predetermined variables that are needed to obtain a market equilibrium 
solution for the next period. This specification provides the formal link 
between capital formation and production capacity. Given this specifi-
cation, the model will work step-wise and, is on the whole, restricted by 
sector specific capacity constraints (adjusted for each period) and exo-
genous specification (1980 values) of exports. In view of the foregoing 
discussion, the domestic shadow price system is no longer a simple 
reflection of world market prices. However, assuming world market 
prices of imports and exports to remain fixed and exogenous, the small-
country assumption can be maintained in the sense that the terms-of-
trade are fixed. 

 
 



 
 

 
 

APPENDIX - Chapter 4   Sectors and their definitions in the model 
_____________________________________________________________________________________________________________ 
Sector      Definition     Column Definition 
_____________________________________________________________________________________________________________ 
 
      1        Agriculture, fishing                              1 Domestic production (Z) 
      2        Forestry                                               2 Non-competitive imports (m) 
      3        Mining and quarrying                          3 Competitive imports (M) 
      4        Sheltered food industry                           4 Exports (E), 1980 values 
      5        Exposed food industry                              5 Change in Domestic production 
      6        Beverage and tobacco industry                   6 Change in Competitive imports 
      7        Textile and clothing industry                7 Change in Exports 
      8        Wood, pulp and paper industry       8 Capacity Utilization in percent of the sectorally established capital stocks 
      9        Printing industry                            9 Percentage share of Domestic production 
    10        Rubber products industry                        10 Percentage share of Competitive imports 
    11        Chemical industry    11 Net trade ratio (E - M)/(E + M), 1 only exports, -1 only imports, 0 balance 
    12        Petroleum and coal industry  12 Private Consumption (x)     
    13        Non-metallic mineral products  13 Equilibrium Prices (p) of the quadratic variables (x) - indexed at 1000 
    14        Basic metal industries    
    15        Engineering, excl. shipyards    
    16        Shipyards      
    17        Other manufacturing    
    18        Electricity, gas, heating and water 
    19        Construction 
    20        Merchandise trade 
    21        Transport and communications 
    22        Housing 
    23        Private services 
    24        Foreign tourist services 
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TABLE  4.1     1980  STATISTICS - Million Skr - 1975 Prices 
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1 14202 1863 1007 1174 0 0 0 100 2.69 1.13 0.08 6617 1000 

 2 8388 284 272 129 0 0 0 100 1.55 0.30 -0.36 230 1000 

 3 4381 6371 1712 2457 0 0 0 100 0.81 1.92 0.18 43 1000 

 4 23915 38 1484 773 0 0 0 100 4.41 1.66 -0.32 16549 1000 

         

 5 12769 645 2664 758 0 0 0 100 2.36 2.99 -0.56 9333 1000 

 6 12149 383 256 93 0 0 0 100 2.24 0.29 -0.47 11285 1000 

 7 14439 154 7636 2599 0 0 0 100 2.66 8.54 -0.49 17549 1000 

 8 44252 51 2625 19680 0 0 0 100 8.17 2.94 0.76 4374 1000 

         

 9 11544 0 610 413 0 0 0 100 2.13 0.68 -0.19 2772 1000 

10 1941 19 1097 599 0 0 0 100 0.36 1.23 -0.29 991 1000 

11 16796 995 8681 6096 0 0 0 100 3.10 9.73 -0.18 4479 1000 

12 19188 26 6159 2300 0 0 0 100 3.54 6.90 -0.46 6125 1000 

         

13 5878 0 1447 1022 0 0 0 100 1.08 1.62 -0.17 396 1000 

14 18875 96 5342 8123 0 0 0 100 3.48 5.99 0.21 - - 

15 84100 0 32902 38045 0 0 0 100 15.52 36.88 0.07 13122 1000 

16 5138 0 722 1660 0 0 0 100 0.95 0.81 0.39 1363 1000 

         

17 2908 0 1045 506 0 0 0 100 0.54 1.17 -0.35 2125 1000 

18 11571 0 110 108 0 0 0 100 2.14 0.12 -0.01 4386 1000 

19 49971 0 0 0 0 0 0 100 9.22 0 0.00 - - 

20 50818 0 1230 1561 0 0 0 100 9.38 1.38 0.12 - - 

         

21 35208 0 3487 7685 0 0 0 100 6.50 3.91 0.38 7047 1000 

22 33683 0 0 0 0 0 0 100 6.22 0 0.00 31459 1000 

23 59752 0 2860 3258 0 0 0 100 11.03 3.21 0.07 19719 1000 

24 0 0 5861 2960 0 0 0 - 0 6.57 -0.37 3171 1000 

 

TOTAL 541866 10925 89209 101728 0 0 0     163134 
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TABLE  4.1     BASE SOLUTION 2 - Capacity Expansion by 25 % 
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1  13085 1716 5059 1174 -117 4052 0 74 2.17 5.31 -0.62 7379 654 

 2 9940 337 0 129 1552 -272 0 95 1.65 0 1.00 255 154 

 3 0 0 12688 2457 -4381 10976 0 0 0 13.31 -0.68 79 639 

 4 29893 48 557 773 5978 -927 0 100 4.96 0.58 0.16 20050 699 

         

 5 15960 806 940 758 3191 -1724 0 100 2.65 0.99 -0.11 10227 667 

 6 15080 475 0 93 2931 -256 0 99 2.50 0 1.00 13756 245 

 7 17913 191 11019 2599 3474 3383 0 100 2.97 11.56 -0.62 24241 662 

 8 51022 59 0 19680 6770 -2625 0 92 8.47 0 1.00 5892 418 

         

 9 14288 0 0 413 2744 -610 0 99 2.37 0 1.00 3789 431 

10 2426 24 998 599 485 -99 0 100 0.40 1.05 -0.25 1142 656 

11 20995 1244 7264 6095 4199 -1417 0 100 3.49 7.62 -0.09 5537 644 

12 23991 32 2973 2300 4803 -3186 0 100 3.98 3.12 -0.13 6928 636 

         

13 7347 0 234 1022 1469 -1213 0 100 1.22 0.25 0.63 481 647 

14 0 0 20827 8123 -18875 15485 0 0 0 21.85 -044 - - 

15 105124 0 18749 38045 21024 -14153 0 100 17.46 19.67 0.34 15322 647 

16 0 0 6073 1660 -5138 5351 0 0 0 6.37 -0.57 1760 637 

         

17 3636 0 425 506 728 -620 0 100 0.60 0.45 0.09 2352 648 

18 12003 0 0 108 432 -110 0 83 1.99 0 1.00 4757 199 

19 50838 0 0 0 867 0 0 81 8.44 0 0.00 - - 

20 58388 0 0 1561 7570 -1230 0 92 9.70 0 1.00 - - 

         

21 43073 0 0 7685 7865 -3487 0 98 7.15 0 1.00 9298 372 

22 34330 0 0 0 647 0 0 82 5.70 0 0.00 32106 138 

23 72813 0 0 3258 13061 -2860 0 97 12.09 0 1.00 24276 345 

24 0 0 7507 2690 0 1646 0 - 0 7.88 -0.47 4817 636 

 

TOTAL 602145 4932 95313 101728 60279 6104 0     194444 
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TABLE  4.1     BASE SOLUTION 3 - No Capacity Constraints  
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1 0 0 20653 1174 -14202 19646 0 -100 0 21.21 -0.89 7698 509 

 2 9281 314 0 129 893 -272 0 11 1.50 0 1.00 254 284 

 3 0 0 13807 2457 -4381 12095 0 -100 0 14.18 -0.70 93 499 

 4 33042 53 0 773 9127 -1484 0 38 5.34 0 1.00 22105 522 

         

 5 15559 786 0 758 2790 -2664 0 22 2.52 0 1.00 10638 514 

 6 14997 473 0 93 2848 -256 0 23 2.43 0 1.00 13677 269 

 7 33411 356 0 2599 18972 -7636 0 131 5.40 0 1.00 28227 461 

 8 47492 55 0 19680 3240 -2625 0 7 7.68 0 1.00 5766 466 

         

 9 0 0 12606 413 -11544 11996 0 -100 0 12.65 -0.94 3674 496 

10 3665 36 0 599 1724 -1097 0 89 0.59 0 1.00 1232 451 

11 18581 1101 8945 6095 1785 264 0 11 3.00 9.19 -0.19 5960 501 

12 27341 37 0 2300 8153 -6159 0 42 4.42 0 1.00 7548 355 

         

13 7641 0 0 1022 1763 -1447 0 30 1.24 0 1.00 527 456 

14 0 0 22908 8123 -18875 17566 0 -100 0 23.53 -0.48 - - 

15 131025 0 0 38045 46925 -32902 0 56 21.19 0 1.00 16428 470 

16 0 0 6208 1660 -5138 5486 0 -100 0 6.38 -0.58 1914 496 

         

17 0 0 4103 506 -2908 3058 0 -100 0 4.21 -0.78 2444 506 

18 11827 0 0 108 256 -110 0 2 1.91 0 1.00 4769 173 

19 50000 0 0 0 29 0 0 0 8.09 0 0.00 - - 

20 64375 0 0 1561 13557 -1230 0 27 10.41 0 1.00 - - 

         

21 43394 0 0 7685 8186 -3487 0 23 7.02 0 1.00 9247 386 

22 34330 0 0 0 647 0 0 2 5.55 0 0.00 32106 138 

23 72423 0 0 3258 12671 .2860 0 21 11.71 0 1.00 24063 375 

24 0 0 8143 2690 0 2282 0 - 0 8.36 -0.50 5453 495 

 

TOTAL 618385 3210 97373 101728 76519 8164 0     203823 
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TABLE  4.1     BASE SOLUTION 4 - Capacity Expansion by 25 % - Eq Endogenous 
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1 0 0 19003 0 -14202 17996 -1174 0 0 24.98 -1.00 7991 376 

 2 10485 355 124 2 2097 -148 -127 100 1.68 0.16 -0.97 251 373 

 3 0 0 10342 0 -4381 8630 -2457 0 0 13.59 -1.00 106 369 

 4 29893 48 3211 0 5978 1727 -773 100 4.80 4.22 -1.00 23495 402 

         

 5 15960 806 0 700 3191 -2664 -58 100 2.56 0 1.00 11037 366 

 6 15186 479 0 563 3037 -256 470 100 2.44 0 1.00 13361 366 

 7 17913 191 14008 0 3474 6372 -2599 100 2.87 18.41 -1.00 29822 380 

 8 55312 64 0 21864 11060 -2625 2184 100 8.87 0 1.00 6029 365 

         

 9 14431 0 0 173 2887 -610 -240 100 2.31 0 1.00 3907 365 

10 2426 24 548 0 485 -549 -599 100 0.39 0.72 -1.00 1264 378 

11 20995 1244 1483 0 4199 -7198 -6095 100 3.37 1.95 -1.00 6350 370 

12 23991 32 2019 0 4803 -4140 -2300 100 3.85 2.65 -1.00 7524 365 

         

13 7347 0 88 0 1469 -1359 -1022 100 1.18 0.12 -1.00 547 372 

14 0 0 12995 0 -18875 7653 -8123 0 0 17.08 -1.00 - - 

15 105124 0 0 16136 21024 -32902 -21909 100 16.86 0 1.00 17079 365 

16 0 0 4695 0 -5138 3973 -1660 0 0 6.17 -1.00 2056 366 

         

17 3081 0 630 0 173 -415 -506 85 0.46 0.83 -1.00 2529 374 

18 14465 0 0 2426 2894 -110 2318 100 2.32 0 1.00 4680 365 

19 62460 0 0 0 12489 0 0 100 10.02 0 0.00 - - 

20 63522 0 0 8601 12704 -1230 7040 100 10.19 0 1.00 - - 

         

21 44009 0 0 7694 8801 -3487 9 100 7.06 0 1.00 9322 365 

22 42105 0 0 0 8422 0 0 100 6.75 0 0.00 31936 365 

23 74692 0 897 3927 14940 -1963 669 100 11.98 1.18 0.63 24134 365 

24 0 0 6039 2 0 178 -2688 - 0 7.94 -1.00 6038 365 

 

TOTAL 623398 3242 76082 62088 81532 -13127 -39640     209458 
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TABLE  4.1     BASE SOLUTION 5 - Capacity Expansion by 40 % - Eq Endogenous 
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1 0 0 20429 0 -14202 19422 -1174 0 0 19.68 -1.00 8417 183 

 2 11743 398 0 10851 3355 -272 10722 100 1.85 0 1.00 258 165 

 3 0 0 11382 0 -4381 9670 -2457 0 0 10.97 -1.00 125 179 

 4 33481 53 2848 0 9566 1364 -773 100 5.27 2.74 -1.00 25888 196 

         

 5 15875 802 0 0 3106 -2664 -758 89 2.50 0 0.00 11523 185 

 6 17009 536 0 1631 4860 -256 1538 100 2.68 0 1.00 13976 178 

 7 20212 216 15553 0 5773 7917 -2599 100 3.18 14.98 -1.00 33697 185 

 8 3822 4 22002 0 -40430 19377 -19680 6 0.60 21.20 -1.00 6514 179 

         

 9 16162 0 0 1043 4618 -610 630 100 2.55 0 1.00 4242 178 

10 2717 27 480 0 776 -617 -599 100 0.43 0.46 -1.00 1349 185 

11 23515 1393 0 1001 6719 -8681 -5094 100 3.70 0 1.00 6920 178 

12 26869 36 198 0 7681 -5961 -2300 100 4.23 0.19 -1.00 7938 178 

         

13 8229 0 0 314 2351 -1447 -708 100 1.30 0 1.00 594 177 

14 0 0 14077 0 -18875 8735 -8123 0 0 13.56 -1.00 - - 

15 117738 0 0 23670 33638 -32902 -14375 100 18.55 0 1.00 18249 178 

16 0 0 4943 0 -5138 4221 -1660 0 0 4.79 -1.00 2261 179 

         

17 0 0 3776 0 12908 2731 -506 0 0 3.64 -1.00 2653 181 

18 16200 0 0 5049 4629 -110 4941 100 2.55 0 1.00 4767 177 

19 69953 0 0 17123 19982 0 17123 100 11.02 0 1.00 - - 

20 71144 0 0 16968 20326 -1230 15407 100 11.21 0 1.00 - - 

         

21 49292 0 0 10407 14084 -3487 2722 100 7.77 0 1.00 9994 178 

22 47158 0 0 12857 13475 0 12857 100 7.43 0 1.00 32076 178 

23 83655 0 1219 8300 23903 -1641 5042 100 13.18 1.17 0.74 25439 178 

24 0 0 6890 4 0 1029 -2686 - 0 6.64 -1.00 6885 178 

 

TOTAL 634774 3465 103797 109218 92908 14588 7490     223765 
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TABLE  4.1     BASE SOLUTION 2A - A Fall in the Price of Crude Oil 
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1 7276 954 11624 1174 -5809 6565 0 41 1.21 12.57 -0.82 7515 592 

 2 9959 337 0 129 19 0 0 95 1.66 0 1.00 256 224 

 3 4942 7187 916 2457 4942 -11772 0 90 0.82 0.99 0.46 102 409 

 4 29893 48 1312 773 0 755 0 100 4.97 1.42 -0.26 20816 633 

         

 5 15960 806 349 758 0 -591 0 100 2.65 0.38 0.37 10396 604 

 6 15160 478 0 93 80 0 0 100 2.52 0 1.00 13830 222 

 7 17913 191 12255 2599 0 1236 0 100 2.98 13.26 -0.65 25482 599 

 8 51129 59 0 19680 107 0 0 92 8.50 0 1.00 5993 379 

         

 9 14402 0 0 413 114 0 0 100 2.39 0 1.00 3857 393 

10 2426 24 1037 599 0 39 0 100 0.40 1.12 -0.27 1169 595 

11 20995 1244 7183 6095 0 -81 0 100 3.49 7.77 -0.08 5718 583 

12 23991 32 3095 2300 0 122 0 100 3.99 3.35 -0.15 7061 575 

         

13 7347 0 271 1022 0 37 0 100 1.22 0.29 0.58 495 589 

14 0 0 20841 8123 0 14 0 0 0 22.54 -0.44 - - 

15 105124 0 19197 38045 0 448 0 100 17.47 20.77 0.33 15704 586 

16 0 0 6137 1660 0 64 0 0 0 6.64 -0.57 1826 577 

         

17 3636 0 451 506 0 26 0 100 0.60 0.49 0.06 2391 588 

18 12132 0 0 108 129 0 0 84 2.02 0 1.00 4765 181 

19 50561 0 0 0 -277 0 0 81 8.40 0 0.00 - - 

20 57521 0 0 1561 -867 0 0 91 9.56 0 1.00 - - 

         

21 44009 0 0 7685 936 0 0 100 7.31 0 1.00 9254 384 

22 34340 0 0 0 10 0 0 82 5.71 0 0.00 32116 125 

23 72932 0 0 3258 119 0 0 98 12.12 0 1.00 24493 314 

24 0 0 7779 2690 0 272 0 - 0 8.41 -0.49 5089 575 

 

TOTAL 601648 11360 92447 101728 -497 -2866 0     198328 
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TABLE  4.1     BASE SOLUTION 3A - A Fall in the Price of Crude Oil 
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1 0 0 19026 1174 0 -1627 0 -100 0 18.81 -0.88 7848 441 

 2 9294 315 0 129 13 0 0 11 1.50 0 1.00 255 254 

 3 0 0 14275 2457 0 468 0 -100 0 14.12 -0.71 113 299 

 4 33029 53 0 773 -13 0 0 38 5.34 0 1.00 22870 456 

         

 5 973 49 13157 758 -14586 13157 0 -92 0.16 13.01 -0.89 10811 450 

 6 15110 476 0 93 113 0 0 24 2.44 0 1.00 13786 236 

 7 34578 369 0 2599 1167 0 0 139 5.59 0 1.00 29355 404 

 8 47587 55 0 19680 95 0 0 8 7.70 0 1.00 5920 407 

         

 9 0 0 12823 413 0 217 0 -100 0 12.68 .0,94 3793 429 

10 3700 36 0 599 35 0 0 91 0.60 0 1.00 1257 394 

11 30371 1799 0 6095 11790 -8945 0 81 4.91 0 1.00 6161 434 

12 28062 38 0 2300 721 0 0 46 4.54 0 1.00 7749 263 

         

13 7729 0 0 1022 88 0 0 31 1.25 0 1.00 543 389 

14 0 0 22961 8123 0 53 0 -100 0 22.70 -0.48 - - 

15 131590 0 0 38045 565 0 0 56 21.29 0 1.00 16794 411 

16 0 0 6283 1660 0 75 0 -100 0 6.21 -0.58 1987 429 

         

17 0 0 4161 506 0 58 0 -100 0 4.11 -0.78 2488 437 

18 12092 0 0 108 265 0 0 4 1.96 0 1.00 4782 145 

19 50060 0 0 0 60 0 0 0 8.10 0 0.00 - - 

20 63055 0 0 1561 -1320 0 0 24 10.20 0 1.00 - - 

         

21 43627 0 0 7685 233 0 0 24 7.06 0 1.00 9433 334 

22 34344 0 0 0 14 0 0 2 5.56 0 0.00 32120 120 

23 72856 0 0 3258 433 0 0 22 11.79 0 1.00 24390 328 

24 0 0 8443 2690 0 300 0 - 0 8.35 -0.52 5753 428 

 

TOTAL 618058 3189 101129 101728 -327 3756 0     208208 
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TABLE  4.1     BASE SOLUTION 2B - Removal of Tariff Rates 
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1 7079 929 11753 1174 -6006 6694 0 40 1.18 13.07 -0.82 7427 632 

 2 9938 337 0 129 -2 0 0 95 1.65 0 1.00 255 254 

 3 5316 7731 0 2457 5316 -12688 0 97 0.88 0 1.00 80 629  

 4 29893 48 1310 773 0 753 0 100 4.97 1.46 -0.26 20818 633 

         

 5 15960 806 245 758 0 -695 0 100 2.65 0.27 0.51 10320 633 

 6 15109 476 0 93 29 0 0 99 2.51 0 1.00 13781 237 

 7 17913 191 11607 2599 0 588 0 100 2.98 12.90 -0.63 24834 632 

 8 51022 59 0 19680 0 0 0 92 8.49 0 1.00 5922 406 

         

 9 14342 0 0 413 54 0 0 99 2.39 0 1.00 3809 420 

10 2426 24 1020 599 0 22 0 100 0.40 1.13 -0.26 1152 634 

11 20995 1244 7023 6095 0 -241 0 100 3.49 7.81 -0.07 5571 632 

12 23991 32 2964 2300 0 -9 0 100 3.99 3.30 -0.13 6936 632 

         

13 7347 0 261 1022 0 27 0 100 1.22 0.29 0.59 484 634 

14 0 0 20842 8123 0 15 0 0 0 23.17 -0.44 - - 

15 105124 0 18904 38045 0 155 0 100 17.48 21.02 0.34 15415 632 

16 0 0 6075 1660 0 2 0 0 0 6.75 -0.57 1765 632 

         

17 3636 0 420 506 0 -5 0 100 0.60 0.47 0.09 2362 633 

18 12129 0 0 108 126 0 0 84 2.02 0 1.00 4758 196 

19 50546 0 0 0 -292 0 0 81 8.41 0 0.00 - - 

20 57474 0 0 1561 -914 0 0 90 9.56 0 1.00 - - 

         

21 44009 0 0 7685 936 0 0 100 7.32 0 1.00 9194 401 

22 34333 0 0 0 3 0 0 82 5.71 0 0.00 32109 134 

23 72727 0 0 3258 -86 0 0 97 12.09 0 1.00 24348 334 

24 0 0 7522 2690 0 15 0 - 0 8.36 -0.47 4832 632 

 

TOTAL 601310 11876 89946 101728 -835 -5367 0     196172 
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TABLE  4.1     BASE SOLUTION 3B - Removal of Tariff Rates 
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1 0 0 12059 1174 0 -8954 0 -100 0 12.30 -0.82 7772 476 

 2 9856 334 0 129 575 0 0 18 1.61 0 1.00 255 254 

 3 0 0 14242 2457 0 435 0 -100 0 14.52 -0.71 95 479 

 4 0 0 27722 773 -33042 27722 0 -100 0 28.27 -0.95 22634 476 

         

 5 12500 632 2394 758 -3059 2394 0 -2 2.04 2.44 -0.52 10741 476 

 6 15080 475 0 93 83 0 0 24 2.46 0 1.00 13741 249 

 7 34126 364 0 2599 715 0 0 136 5.56 0 1.00 28910 426 

 8 50558 58 0 19680 3066 0 0 14 9.23 0 1.00 5855 432 

         

 9 14411 0 0 413 14411 -12606 0 25 2.35 0 1.00 3731 464 

10 3703 36 0 599 38 0 0 91 0.60 0 1.00 1247 417 

11 30480 1805 0 6095 11899 -8945 0 81 4.96 0 1.00 6066 466 

12 27964 38 0 2300 623 0 0 46 4.55 0 1.00 7592 335 

         

13 7805 0 0 1022 164 0 0 33 1.27 0 1.00 535 422 

14 0 0 23017 8123 0 109 0 -100 0 23.47 -0.48 - - 

15 131778 0 0 38045 753 0 0 57 21.46 0 1.00 16637 436 

16 0 0 6237 1660 0 29 0 -100 0 6.36 -0.58 1936 476 

         

17 0 0 4156 506 0 53 0 -100 0 4.24 -0.78 2463 476 

18 12235 0 0 108 408 0 0 6 1.99 0 1.00 4775 160 

19 50145 0 0 0 145 0 0 0 8.17 0 0.00 - - 

20 61292 0 0 1561 -3083 0 0 21 9.98 0 1.00 - - 

         

21 44299 0 0 7685 905 0 0 26 7.22 0 1.00 9348 358 

22 34338 0 0 0 8 0 0 2 5.59 0 0.00 32114 128 

23 73397 0 0 3258 974 0 0 23 11.95 0 1.00 24257 348 

24 0 0 8229 2690 0 86 0 - 0 8.39 -0.51 5539 476 

 

TOTAL 613967 3742 98056 101728 -4418 683 0     206243 
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TABLE  4.1     BASE SOLUTION 1 - Capacity Expansion by 10 % 
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1 15590 2082 816 1174 1388 -191 0 100 2.69 0.91 0.18 7168 750 

 2 9227 312 266 129 839 -6 0 100 1.59 0.20 0.35 238 750 

 3 4819 7008 1271 2457 438 -441 0 100 0.83 1.42 0.32 68 750 

 4 26306 42 2642 773 2391 1158 0 100 4.55 2.94 -0.55 19453 750 

         

 5 14044 709 2549 758 1275 -115 0 100 2.43 2.84 -0.54 10005 750 

 6 13364 421 0 93 1215 -256 0 100 2.31 0 1.00 12150 735 

 7 15884 169 11219 2599 1445 3583 0 100 2.75 12.50 -0.62 22504 750 

 8 48675 56 256 19680 4423 -2369 0 100 8.41 0.29 0.97 5027 750 

         

 9 12699 0 465 413 1155 -145 0 100 2.19 0.52 -0.06 3219 750 

10 2135 21 1117 599 194 20 0 100 0.37 1.24 -0.30 1101 750 

11 18476 1094 8659 6095 1680 -22 0 100 3.19 9.65 -0.17 5222 750 

12 21113 29 5789 2300 1925 -370 0 100 3.65 6.45 -0.43 6677 750 

         

13 6466 0 1082 1022 588 -365 0 100 1.12 1.21 -0.03 456 750 

14 16422 84 7426 8123 -2453 2084 0 79 2.84 8.28 0.04 - - 

15 92508 0 27832 38045 8408 -5070 0 100 15.99 31.02 0.16 14683 750 

16 0 0 5917 1660 -5138 5195 0 0 0 6.59 -0.56 1637 750 

         

17 3200 0 967 506 292 -78 0 100 0.55 1.08 -0.31 2287 750 

18 12399 0 0 108 828 -110 0 97 2.14 0 1.00 4744 226 

19 50637 0 0 0 666 0 0 92 8.75 0 0.00 - - 

20 55899 0 61 1561 5081 -1169 0 100 9.66 0.07 0.92 - - 

         

21 38728 0 2716 7685 3520 -771 0 100 6.69 3.03 0.48 7944 750 

22 34298 0 0 0 615 0 0 93 5.92 0 0.00 32074 181 

23 65729 0 1687 3258 5977 -1173 0 100 11.36 1.88 0.32 21460 750 

24 0 0 6991 2690 0 1130 0 - 0 7.79 -0.44 4301 750 

 

TOTAL 578617 12027 89728 101728 36751 519 0     182418 

 



 
 

 
 

CHAPTER 5 
____________________________________________________________________ 
 
A SEQUENCE OF TEMPORARY EQUILIBRIA 
 
 
 
 
 
 
 
The model in Chapter 2, estimated in Chapter 3, and computed and 
discussed in Chapter 4, provides the framework around which this 
chapter is organized. However, in this chapter the solution for each 
period is used to create the next period’s model parameters. Thus, the 
model is in this chapter of the temporary equilibrium type. It will solve 
the market for equilibrium prices and quantities for one period and then 
add the solution obtained to the predetermined variables that are needed 
to obtain the market equilibrium solution for the next period. The model 
does not take into account future markets despite the fact it explicitly 
consider time. There is no intertemporal optimization119 and the agents 
have no expectations about future prices. Given this formulation, the 
model do not embody the true concept of a dynamic model but rather is 
akin to comparative statics, which analyses periods as number of 
discrete moments, using a static model for each of these moments. This 
concept of equilibrium as static and temporary imply that we are more 
interested in the outcomes of the adjustment that yields a new temporary 
static equilibrium position than in the dynamics of the adjustment pro-
cess itself.120  
 

                                                 
119 In intertemporal models, agents have rational expectations and future markets are 
considered when optimizing. Endogenous variables follow an optimal path over time 
and there are no incentives to deviate from this path at any point of time. 
120 Hence, we can overlook the issue of adjustment. 
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5. 1    Specification of the Model 
 
The static model as presented above has no formal link between capital 
formation and production capacity. Capital commodities are assumed 
exogenous without any correspondence to the effect that is created by 
the supply of investment from sectors producing capital commodities 
(investment in final demand). However, the temporary equilibrium 
specification endogenizes investment and considerably extends the re-
quirement of consistency in the model. The period output of the capital 
stock requirement is inserted as a predetermined variable for the next 
period optimization.121 Once capital stock requirement by sector of 
destination is established, its sectoral allocation into a demand for 
investment commodities by sector of origin must be specified. 

Investment is made up of two parts, replacement investment and 
net investment. Replacement investment is that portion of the total 
which exactly maintains the capital stocks while net investment is that 
portion which depends on the level of demand. In this specification, 
only net (private) investment in buildings and machinery is considered. 
Logically, we abstract from depreciation. Another component of capital 
formation is inventories. However, the model treats inventories as an 
exogenously given component of final demand, and thus, does not 
incorporate inventories in the investment concept. 

The change in capital stock is by definition the amount of invest-
ment. As long as domestic demand is unchanged, the capital stock is 
adequate and no investment is needed. Increases in domestic demand, 
however, call for additional capital and net investment is positive. 
Formally, we assume investment (given the assumption of full capacity) 
to be linearly dependent on the current period’s request for new 
capacity. This implies that investment adjusts immediately to changes in 
capacity requirement within a single period.122 Nevertheless, there is 
certainly reason to suspect that in the real world firms do not respond 
immediately, so that a model that assumes that they do may yield 
misleading results.123 In quantitative terms, the request for capital 

                                                 
121 Given the specification of the model, also private consumption is inserted as a 
pre-determined variable for the next period optimization. 
122 This is the famous accelerator principle. In its simplest form, the accelerator rest 
upon the assumption, that the firm or industry at each level of distribution seeks to 
maintain its optimal capital stock at some constant ratio to sales. 
123 It is assumed that each period is long enough for relative prices to adjust to clear 
markets. 
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commodities by sector of destination ∆Kj is translated into a demand for 
investment commodities by sector of origin Ij (producing sectors of 
capital commodities). Thus we have  

 

Ik (t)  =  Σj , τij ∆Kj (t)       (5.1)  
         

whereτij denotes the matrix of investment allocation shares by sector, 
i.e., the proportion of capital stock in sector j originating in sector i. 
Note that Σj,τij = 1 for all j (summation is taken over j). The matrix of 
sectoral investment shares is compiled by the Ministry of Finance for 
the 1984 Medium Term Survey Model of the Swedish economy.124 The 
matrix is shown in Table 5.1 below.  
   
Table 5.1   Investment matrix for 1980 
___________________________________________________________________ 
Investing     Producing sector 
sector         
___________________________________________________________________ 
            1     2      7      8     15     16     17     19     23 

___________________________________________________________________ 

 
  1     .0058        .0009  .0027  .6308  .0027         .3123  .0448 

  2           .4573  .0008  .0017  .3424                .1716  .0262 

  3                  .0033  .0065  .5747                .3555  .0600 

  4                  .0031  .0194  .6288                .2981  .0506 

  5                  .0114  .0228  .6993                .2278  .0387 

  6                  .0037  .0150  .5656                .3558  .0599 

  7                  .0066  .0153  .6178                .3079  .0524 

  8                  .0038  .0075  .7381                .2146  .0360 

  9                  .0053  .0267  .8011                .1429  .0240 

 10                  .0260  .0348  .7044                .2000  .0348 

 11                  .0061  .0105  .7664                .1859  .0311 

 12                  .0392  .0327  .8562                .0588  .0131 

 13                  .0048  .0064  .6965                .2508  .0415 

 14                  .0029  .0088  .7071                .1808  .1004 

 15                  .0020  .0014  .6999                .2211  .0765 

 16                         .0125  .3188                .5562  .1125 

 17                  .0851  .0851  .7021                .1064  .0213 

 18                  .0011  .0011  .2497                .6845  .0636 

 19                  .0016  .0059  .7118  .0054         .2101  .0652 

 20                  .0119  .0204  .5470                .3342  .0865 

 21                  .0014  .0047  .5184  .1640         .2696  .0419 

 22                                .0021                .9504  .0475 

 23     .0416        .0102  .0093  .4667         .0028  .3835  .0859 

___________________________________________________________________ 
      

                                                                                                                                          
 
124 SOU 1984:7, LU 84 (The 1984 Medium Term Survey of the Swedish Economy), 
Appendix 17, Table 2:18. Note, that only 9 sectors produce investment commodities 
for domestic capacity expansion. 
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It is important to note that the model, in this version, only considers 
positive net investments. In other words, given a decrease in the capital 
stock requirement by sectors of destination (∆K<0) the net investments 
by sectors of origin are zero. For this alternative, only sectoral capital 
stocks are adjusted (scrapping) for the next period optimization. 
Moreover, fixed coefficients are used to allocate investment among 
sectors. Thus, profitability across sectors is assumed fixed over time.125 
Consequently, the sectoral capital stocks have a fixed compositional 
structure (by sector of origin). This implies that the capital stock in each 
sector is a well defined aggregate of various commodities. Finally, 
following the formulation in Chapter 4, there are assumed to be fixed 
incremental capital-output ratio by sectors.126   
 
 
5. 2    Computations and Empirical Findings  -  Applications 

 
As stipulated above, the model works step-wise from period to period, 
and solves the market for prices and quantities. The solution for each 
period (four periods in total) is used to create the next period’s model 
parameters. Hence, a sequence of equilibria can be achieved. The period 
output of capital stock requirement, investment demand (determined by 
the use of the matrix presented in Table 5.1) and private consumption 
are inserted as predetermined variables for the next period optimization. 
For each period the sectorally adjusted capital stocks are assumed 
increased by 10%. Given full capacity, this increase is translated to 
investment by sectors of origin.127 

Following the specification in Chapter 4, the demand prices of the 
private consumption variables are expressed in terms of an initially 
established index, assigned as 1000. Moreover, the equilibrium data of 
the former period provide in this chapter a comparative benchmark for 
each experiment (three experiments in total). Base Solution 1 provides 

                                                 
125 In contrast to the discussion in Chapter 2, section 2.4, we have no allocation 
process explicitly modelled, in which investment gradually adjust to equalize 
profitability across sectors. Moreover, the working of financial markets in the 
investment allocation process is ignored. 
126 The temporary equilibrium approach used in this chapter does not imply that the 
underlying economic system is viewed as discrete. Instead, the discrete moments are 
simply approximations (artificial to some extent) of the essentially continuous 
system being modelled.  
127 Adjustment costs for the installation of capital are not considered.  
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the benchmark data for the first experiment.128 Hence, Base Solution 1 is 
considered as the first period. The results of the experiments are 
presented in Table 5.3, which is identical with Table 4.1. It is important 
to emphasize that the results have been obtained under strong simpli-
fying assumptions. 

Turning to the experiments (here named Applications) we start 
with Application 1. As stipulated above we assume an increase in the 
sectorally fixed capital stocks by 10%. The allocation consequences of 
this experiment follow, in lesser magnitude, the results obtained for 
Base Solution 2. As expected, we obtain an increase in engineering (15) 
and a total contraction of the shipyards (16). Moreover, the result 
obtained shows a decline of domestic production in the basic metal 
industries (14). As specified above, the sectoral demand for capacity 
expansion, evaluated in the former period (Application 1), is translated 
into investment by producing sectors in the current period (Application 
2). In this connection, the reader has to note the increase in some sectors 
of the index representing sectoral demand prices. The explanation for 
this increase in demand prices is that investment required for capacity 
expansion (given as input from Application 1) have increased for most 
sectors producing capital commodities. Consequently, in some sectors a 
decrease (crowding out) of other demand components (here, private 
consumption only) is necessary to make capacity expansion possible. 
However, in the next two experiments (Application 3 and 4) it is quite 
obvious that the demand for net investment by sectors will fall. These 
calculations are presented in Table 5.2. Successively increasing in-
vestments in new technology, introduction of new commodities, and in 
its extension, the formation of new activities (operations), are strongly 
needed to maintain the capacity for industrial renewal. At the 
beginning, Application 1 and Application 2, the request for capacity 
expansion is considerable. However, a continuing fall in mobility, due 
to the limited supply of labour resources (measured in terms of wages), 
increasing capital stocks in the investment sectors, and the linear 
specification of the model, will in the long run reduce the demand for 
capacity. The diminishing welfare effect, due to reduced potential in 
resource allocation, is the main factor behind this development. 

In assessing these results it must be emphasized that investment is 
restricted to capacity expansion, i.e. net investment. Moreover, all in-
                                                 
128 The first experiment (Application 1) provides the benchmark data for the second 
experiment (Application 2) provides the benchmark data for the third experiment 
(Application 3). 
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vestments are in established industries and hence, according to the 
specification of the model, directed to the production of a given set of 
commodities. In the real world, however, investments made to increase 
the total capacity as well as the replacement and scrapping of old 
production units change the production characteristics. Investments in 
new capacity embodying best-practice techniques will decrease the 
sector’s input coefficient at full capacity. Thus, new capacity has in 
general input-output proportions different from those of existing 
production units due to changed relative prices and technical progress, 
which may be embodied or disembodied (learning by doing). Further-
more, investments introduce input-output combinations, and in the long 
run, production of commodities which cannot be found within the initial 
production possibility set. 

 
Table 5.2    Net private investment by producing sectors - Million Skr - 1975 
prices 
___________________________________________________________________ 
Sector   Application: 

         Period 1          2          3          4     Request in 5 

___________________________________________________________________ 
 
  1           281        326        358          0          0 

  2           346        684          0          0          0 

  7           161        296        203        100         87 

  8           807        500        334        155        175 

 15         21840      34862      26841      11405       6253 

 16          1299       2251       2476          0          0 

 17            28         20         22          0          0 

 19         26118      15978      12562       3697       1904 

 23           650       3214       2490        967        324 

___________________________________________________________________ 

 
Returning to Table 5.3 (Application 3), the optimization model does not 
longer choose to establish agriculture and fishing (1) and the mining 
and quarrying industry (3) in the Swedish economy. On the other hand, 
engineering (15), wood, pulp and paper industry (8) and chemical 
industry (11) belongs to sectors, highly exposed to foreign competition, 
where expansion of domestic production is requested.129 Besides manu-
facturing, private services (23) indicate an increasing share of domestic 

                                                 
129 The engineering industry is usually analyzed in terms of five sub-branches, i.e. 
metal goods industry, machine industry, electrical industry, transport equipment 
(excl. shipyards), and measuring and controlling equipment industry. The machine 
industry is the largest sub-branch (measured in number of employees and value 
added respectively). The sub-branches for metal goods, electrical equipment and 
transport equipment are all roughly of the same size.  
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production. Because domestic demand is without influence on the allo-
cation it does not come as a surprise that the results obtained in broad 
outline follow the results presented in Chapter 4 (Base Solution 2 and 3 
in particular). 

As the reader will recall, in all experiments labour is assumed to be 
an aggregation of different skill categories. In other words, labour is 
specified as homogenous in the model. Hence, we cannot value labour 
services (labour productivity) by skill group. Nevertheless, the chemical 
industry and engineering are particularly intensive in terms of techni-
cians and skilled labour. In this respect, it seems that the joint utili-
zation of human and physical capital provides an important determinant 
of comparative advantages for Swedish industry.130 

In order to evaluate the picture of the need for structural transfor-
mation obtained by the experiments it may be useful to study in some 
detail technical progress and how the pattern of intermediate deliveries 
has changed between various sectors of the Swedish economy. These 
two concepts measure, at various degrees, changes in the structure of 
the Swedish production system. Consequently, it is natural to ask if, and 
in which direction, the rate of technical change and the allocation of 
intermediate commodities has indicated a need for structural transfor-
mation in the seventies. Then we have to compare in which way our 
observations conform to the requirements obtained in the experiments. 
In an attempt to manage this question operationally we will examine 
estimates of sectoral rates of total factor productivity change and how 
the magnitude of domestically produced intermediates has developed in 
relation to that of imported intermediates. 

Following Flam (1981), where the calculations are based on the 
assumption that producers are in equilibrium and that technology is 
represented by a constant returns production function with Hicks-
neutral technical change (capital-labour ratio assumed constant),131 it 
was found that private services (23), sheltered food industry (4), 
printing industry (9), and, to a lesser degree, construction (19), are 
sectors with slow technical progress (estimates of sectoral rates of total 

                                                 
130 Nearly all available evidence indicates that Sweden has a comparative advantage 
in human capital intensive production. A survey of these studies is given in Flam 
(1981), pp.97-101. 
131 The calculations comprise averages for the three sub-periods 1950-58, 1958-65 
and 1966-74. Thus, Flam’s study extends over a period when the growth of the 
Swedish economy was favoured by a rapid expansion of its traditional exporting 
industries. For details, see Flam, H., (1981), pp.56-62. 
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factor productivity change). All three are highly protected from foreign 
competition, which may be an explanation. The three sectors with the 
highest rates of technical progress are, exposed food industry (5), basic 
metal industries (14), and engineering (15), all of which are highly 
exposed to foreign competition, both at home and abroad. Conse-
quently, the sizable effect of total factor productivity change in these 
sectors reflects technological change in response to international 
competition. 

In a study by Östblom (1986), where the method of triangulation is 
used to study changes in the basic structure of the Swedish production 
system,132 it seems that the overall ability of the production system to 
produce final output by means of intermediate commodities (domestic 
and imported intermediates) remained almost unchanged over the years 
studied. However, a rather dramatic decline from 1957 to 1980 in the 
production system is noted, when comparing the share of deliveries of 
domestically produced intermediates over time. A simultaneous rise in 
the share of imported intermediates can be observed, thus indicating an 
overall substitution of imported intermediates for domestically 
produced intermediates. Commodities133 for which domestic interme-
diate demand has decreased are agriculture (1), forestry (2), basic 
metals (14), and shipbuilding (16). Turning to the imported inter-
mediates, engineering products (15) account for a large share of demand 
for imported intermediates. This share has increased over time. Import 
competing food (5), textile and clothing (7), chemicals (11), petroleum 
and coal (12) construction (19) and transport and communications (21) 
account for a relatively large, and in most cases increasing, share of 
demand for imported intermediates. For basic metals (14), however, its 
share of imported intermediates demanded has decreased for the 
corresponding period of time. 

Starting with the demand for intermediates, a considerable part of 
the increase registered in imported intermediates is related to commo-
dities produced by expansive sectors in the equilibrium model. On the 

                                                 
132 Changes in the basic structure of the Swedish production system were studied by 
comparing triangulated input-output tables for different years (1957, 1968, 1975 and 
1980). To compensate for differences in the use of inputs due to changes in final 
demand, the calculations were carried out twice. First, with the current final demand 
vector for the different years. Second, with the final demand vector of 1968 for all 
four years. According to the results obtained, changes in final demand contributed 
very little to the observed increase in the proportion between imported intermediates 
and domestically produced intermediates. 
133 In Östblom’s study the commodity (sector) classification is somewhat different. 
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other hand, the decrease observed in the demand for domestic inter-
mediates, apart from forestry (2), reflects, in terms of the model, de-
clining sectors in the Swedish economy. Judging these facts, it is not 
unlikely that this development134 is an indication, at various degrees, of 
a continuing need for structural adjustment. 

When we compare the experiments performed in this study with 
Flam’s estimates of total factor productivity change, we find that sectors 
highly exposed to foreign competition seem to be of the greatest 
importance. More specifically, the estimated highest rates of technical 
progress as well as the request for structural adjustment belong to the 
same sectors, highly exposed to foreign competition. In engineering 
(15), it is not unlikely that technical change, as the increased demand 
for imported intermediates (engineering products) may, to some extent, 
be a reflection of resource shortage.135 In other words, technical change 
may be regarded as a factor of production to materialize growth. In this 
respect the estimates serve to indicate a demand for greater flexibility in 
adjustment to maintain sectoral growth. As regards basic metal 
industries (14) the situation is more difficult. The structural problem 
facing this sector started to appear in the late Sixties and the early 
Seventies. Thus, it is intuitively obvious that the estimate for this sector 
does not reflect the situation revealed in the experiments. It is more 
likely that the estimate is a picture of a technically advanced production 
sector, sufficient in volume to confer economies of scale. 

 
 

5. 3    Concluding Remarks 

 
The imbalances in the economy and the discussion of the need for 
greater flexibility of resources to meet the demands for structural 
change in the market are not new. A study by Svennilson (1954) of the 
economic development of Europe between the two world wars indicated 
that, in most cases, the resistance to a structural renewal, i.e. a structural 

                                                 
134 Closing-down and the integration of smaller production units (agriculture and 
basic metal industries), domestic restrictions on growth of expansive parts of 
industry (forestry and engineering), establishment of new materials (chemicals) and 
increased domestic capacity (petroleum and coal). 
135 Historically, the engineering industry has become increasingly important for 
industrial production in Sweden. According to the Business Tendency Surveys 
(National Institute of Economic Research, Stockholm), the shortage of skilled 
workers was high throughout the Seventies, even though capacity utilization was 
very low. 
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transformation directed to investments in new technology and the 
establishment of new industries, was based not only on imperfections in 
the competitive system but also on private agreements (vested inter-
ests).  

In a recent study (Krantz, Schön 1983)136 it is argued that the in-
creased competition from abroad at the beginning of the Seventies was 
not met with a necessary structural renewal, but with an increased 
structural transformation in the existing structure of production (struc-
tural rationalization in the terminology of Krantz and Schön).137  This, 
in a period then the outlook for growth of the sectors involved in the 
process of structural transformation become worse.138 Resistance to 
structural renewal is, according to Krantz and Schön, often matched by 
a modernization of the uncompetitive part of the industry, or in a 
competing industry. The result will be an increase in capacity, despite 
stagnating demand. In this way the structural regeneration of the 
economy as a whole is held back and the general economic growth 
slowed down. Hence, it is important to distinguish and also consider the 
inherent conflict between the three, often used concepts of structural 
change, i.e. structural renewal, transformation and rationalization. 

The Swedish economy, as expounded by the temporary equili-
brium experiments, is in technical terms an illustration of the situation 
dis-cussed by Krantz and Schön. Capacity expansion and the process of 
structural transformation are restricted to the existing structure of pro-
duction. The technological structure is kept the same. Not unexpected, 
the results presented in Table 5.2 indicate that the resource trans-
formation process alone is not sufficient to sustain a high rate of growth 
in industrial real capital formation. In this connection, the limitation of 
the model as a general framework for structural analysis has been made 
explicit. From an evolutionary theoretical point of view (Schumpeter is 
among the classics in this field) the model (and theory) outlined in this 
study is inadequate to capture the process of structural renewal, and 
                                                 
136  By structural rationalization the authors comprise structural transformation in the 
existing domestic production structure (analyzed in this study). 
137 An important element in this development has been the policy of selective 
support of certain parts to branches that should be contracted, e.g. shipbuilding and 
basic metal industries. 
138 Seventies can be said to fall into two periods. Industrial investments rose at much 
the same rate as industrial production in the Sixties and early Seventies. After 1976, 
however, industrial investments fell very steeply, accompanied by a weak 
development of industrial production. Hence, the investment ratio, i.e. investments 
as a share of value added, fell successively. For details, see Growth or Stagnation?, 
(1982). 



 

 

~ 109 ~ 

 

hence, the specification of the mechanisms that creates incentives for 
the entrepreneur to enforce new investments to maintain the capacity for 
growth. 139 

However, by using the opportunity cost approach the most effi-
cient allocation of resources (in terms of this model) between domestic 
production and imports, and between production for the domestic 
market or exports, has been revealed. Once this has occurred, the 
opportunity cost principle indirectly exposes the most efficient factor 
proportion. In this respect, and the most fundamental one, the results 
obtained in this study provide us with a preliminary account of which 
sectors of the Swedish economy and on that basis, expansion and 
necessary renewal of the economy may originate.  
 
 

                                                 
139 The perfect competition theory defines the equilibrium state and not the process 
of adjustment. (Kirzner, 1973, p.130). For a discussion of studies employing an 
evolutionary theoretical approach, see Laestadius (1986). 
 
 



 
 

 
 

APPENDIX - Chapter 5     Sectors and their definitions in the model 
_____________________________________________________________________________________________________________ 
Sector      Definition     Column Definition 
_____________________________________________________________________________________________________________ 
 
      1        Agriculture, fishing                              1 Domestic production (Z) 
      2        Forestry                                               2 Non-competitive imports (m) 
      3        Mining and quarrying                          3 Competitive imports (M) 
      4        Sheltered food industry                           4 Exports (E), 1980 values 
      5        Exposed food industry                              5 Change in Domestic production 
      6        Beverage and tobacco industry                   6 Change in Competitive imports 
      7        Textile and clothing industry                7 Change in Exports 
      8        Wood, pulp and paper industry       8 Capacity Utilization in percent of the sectorally established capital stocks 
      9        Printing industry                            9 Percentage share of Domestic production 
    10        Rubber products industry                        10 Percentage share of Competitive imports 
    11        Chemical industry    11 Net trade ratio (E - M)/(E + M), 1 only exports, -1 only imports, 0 balance 
    12        Petroleum and coal industry  12 Private Consumption (x)     
    13        Non-metallic mineral products  13 Equilibrium Prices (p) of the quadratic variables (x) - indexed at 1000 
    14        Basic metal industries    
    15        Engineering, excl. shipyards    
    16        Shipyards      
    17        Other manufacturing    
    18        Electricity, gas, heating and water 
    19        Construction 
    20        Merchandise trade 
    21        Transport and communications 
    22        Housing 
    23        Private services 
    24        Foreign tourist services 
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TABLE  5.3     APPLICATION 1- Temporary Equilibrium - Period 1 
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1 15590 2082 816 1174 1388 -191 0 100 2.69 0.91 0.18 7168 750 

 2 9227 312 266 129 839 -6 0 100 1.59 0.20 0.35 238 750 

 3 4819 7008 1271 2457 438 -441 0 100 0.83 1.42 0.32 68 750 

 4 26306 42 2642 773 2391 1158 0 100 4.55 2.94 -0.55 19453 750 

         

 5 14044 709 2549 758 1275 -115 0 100 2.43 2.84 -0.54 10005 750 

 6 13364 421 0 93 1215 -256 0 100 2.31 0 1.00 12150 735 

 7 15884 169 11219 2599 1445 3583 0 100 2.75 12.50 -0.62 22504 750 

 8 48675 56 256 19680 4423 -2369 0 100 8.41 0.29 0.97 5027 750 

         

 9 12699 0 465 413 1155 -145 0 100 2.19 0.52 -0.06 3219 750 

10 2135 21 1117 599 194 20 0 100 0.37 1.24 -0.30 1101 750 

11 18476 1094 8659 6095 1680 -22 0 100 3.19 9.65 -0.17 5222 750 

12 21113 29 5789 2300 1925 -370 0 100 3.65 6.45 -0.43 6677 750 

         

13 6466 0 1082 1022 588 -365 0 100 1.12 1.21 -0.03 456 750 

14 16422 84 7426 8123 -2453 2084 0 79 2.84 8.28 0.04 - - 

15 92508 0 27832 38045 8408 -5070 0 100 15.99 31.02 0.16 14683 750 

16 0 0 5917 1660 -5138 5195 0 0 0 6.59 -0.56 1637 750 

         

17 3200 0 967 506 292 -78 0 100 0.55 1.08 -0.31 2287 750 

18 12399 0 0 108 828 -110 0 97 2.14 0 1.00 4744 226 

19 50637 0 0 0 666 0 0 92 8.75 0 0.00 - - 

20 55899 0 61 1561 5081 -1169 0 100 9.66 0.07 0.92 - - 

         

21 38728 0 2716 7685 3520 -771 0 100 6.69 3.03 0.48 7944 750 

22 34298 0 0 0 615 0 0 93 5.92 0 0.00 32074 181 

23 65729 0 1687 3258 5977 -1173 0 100 11.36 1.88 0.32 21460 750 

24 0 0 6991 2690 0 1130 0 - 0 7.79 -0.44 4301 750 

 

TOTAL 578617 12027 89728 101728 36751 519 0     182418 
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TABLE  5.3     APPLICATION 2 - Temporary Equilibrium - Period 2 
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1 17149 2290 0 1174 1559 -816 0 100 2.90 0 1.00 7135 1015 

 2 9975 338 0 129 748 -266 0 98 1.69 0 1.00 260 436 

 3 5162 7507 0 2457 343 -1271 0 97 0.87 0 1.00 64 1042 

 4 28937 46 199 773 2631 -2443 0 100 4.89 0.22 0.59 18933 1045 

         

 5 15448 780 1557 758 1404 -992 0 100 2.61 1.75 -0.35 9884 1045 

 6 14700 463 0 93 1336 0 0 100 2.48 0 1.00 13383 624 

 7 17474 186 8947 2599 1590 -2272 0 100 2.95 10.07 -0.55 21616 1045 

 8 49430 57 0 19680 755 -256 0 92 8.35 0 1.00 5925 655 

         

 9 13969 0 0 413 1270 -465 0 100 2.36 0 1.00 3591 792 

10 2349 23 983 599 214 -134 0 100 0.40 1.11 -0.24 1081 1045 

11 20323 1204 7383 6095 1847 -1276 0 100 3.43 8.31 -0.10 5089 1045 

12 23227 31 3175 2300 2114 -2614 0 100 3.93 3.57 -0.16 6578 1045 

         

13 6933 0 0 1022 467 -1082 0 97 1.17 0 1.00 527 703 

14 202 1 20093 8123 -16220 12667 0 1 0.03 22.62 -0.42 - - 

15 101760 0 32424 38045 9252 4592 0 100 17.20 36.50 0.08 14403 1045 

16 0 0 6855 1660 0 938 0 - 0 7.72 -0.61 1588 1045 

         

17 3519 0 427 506 319 -540 0 100 0.59 0.48 0.08 2258 1045 

18 12429 0 0 108 30 0 0 91 2.10 0 1.00 5057 324 

19 41088 0 0 0 -9549 0 0 74 6.94 0 0.00 - - 

20 57836 0 0 1561 1937 -61 0 94 9.77 0 1.00 - - 

         

21 42602 0 0 7685 3874 -2716 0 100 7.20 0 1.00 8023 978 

22 34870 0 0 0 572 0 0 92 5.89 0 0.00 32646 238 

23 72302 0 0 3258 6573 -1687 0 100 12.22 0 1.00 22248 887 

24 0 0 6789 2690 0 -202 0 - 0 7.64 -0.43 4099 1045 

 

TOTAL 591683 12926 88832 101728 13066 -896 0     184388 
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TABLE  5.3     APPLICATION 3 - Temporary Equilibrium - Period 3 
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1 7912 1057 11689 1174 -9237 11689 0 42 1.30 12.28 -0.82 7569 803 

 2 9638 326 0 129 -337 0 0 88 1.58 0 1.00 283 328 

 3 1464 2129 9622 2457 -3698 9622 0 26 0.24 10.11 -0.59 84 803 

 4 31831 51 259 773 2894 60 0 100 5.21 0.27 0.50 21220 803 

         

 5 16992 858 0 758 1544 -1557 0 100 2.78 0 1.00 10774 668 

 6 16168 510 0 93 1468 0 0 100 2.65 0 1.00 14789 570 

 7 19218 205 11101 2599 1744 2154 0 100 3.15 11.67 -0.62 25541 803 

 8 51131 59 0 19680 1701 0 0 94 8.38 0 1.00 7165 524 

         

 9 15236 0 0 413 1267 0 0 99 2.50 0 1.00 4407 544 

10 2584 25 916 599 235 -67 0 100 0.42 0.96 -0.21 1168 803 

11 22359 1324 6211 6095 2033 -1172 0 100 3.66 6.53 -0.01 5674 803 

12 25549 35 1372 2300 2322 -1803 0 100 4.19 1.44 0.25 7012 803 

         

13 6808 0 0 1022 -125 0 0 87 1.12 0 1.00 636 547 

14 0 0 21104 8123 -202 1011 0 0 0 22.18 -0.44 - - 

15 111940 0 17665 38045 10180 -14759 0 100 18.34 18.56 0.37 15631 803 

16 0 0 7296 1660 0 441 0 - 0 7.67 -0.63 1804 803 

         

17 3872 0 250 506 353 -177 0 100 0.63 0.26 0.34 2385 803 

18 12842 0 0 108 413 0 0 94 2.10 0 1.00 5404 250 

19 37409 0 0 0 -3679 0 0 61 6.13 0 0.00 - - 

20 60381 0 0 1561 2545 0 0 89 9.89 0 1.00 - - 

         

21 44496 0 0 7685 1894 0 0 95 7.29 0 1.00 9930 468 

22 35493 0 0 0 623 0 0 86 5.81 0 0.00 33269 170 

23 77067 0 0 3258 4765 0 0 97 12.63 0 1.00 26187 434 

24 0 0 7679 2690 0 890 0 - 0 8.07 -0.48 4989 803 

 

TOTAL 610387 6578 95164 101728 18704 6332 0     205921 
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TABLE  5.3     APPLICATION 4 - Temporary Equilibrium - Period 4 
 

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 

 

Sector 

 

 1 21 3 21893 1174 -7891 10204 0 0.24 0 22.32 -0.90 8446 602 

 2 9943 337 0 129 305 0 0 94 1.59 0 1.00 308 240 

 3 0 0 13973 2457 -1464 4351 0 0 0 14.25 -0.70 124 602 

 4 35014 56 2372 773 3183 2113 0 100 5.60 2.42 -0.51 25839 602 

         

 5 17587 888 0 758 595 0 0 94 2.81 0 1.00 12200 469 

 6 17787 561 0 93 1619 0 0 100 2.84 0 1.00 16348 524 

 7 21140 225 17057 2599 1922 5956 0 100 3.38 17.39 -0.74 33451 602 

 8 52694 61 0 19680 1563 0 0 94 8.43 0 1.00 8748 393 

         

 9 16752 0 0 413 1516 0 0 100 2.68 0 1.00 5457 413 

10 2842 28 908 599 258 -8 0 100 0.45 0.93 -0.21 1343 602 

11 24591 1457 5474 6095 2235 -737 0 100 3.93 5.58 0.05 6856 602 

12 28102 38 0 2300 2553 -1372 0 100 4.49 0 1.00 8114 500 

         

13 6318 0 0 1022 -490 0 0 84 1.01 0 1.00 778 408 

14 0 0 21506 8123 0 402 0 - 0 21.93 -0.45 - - 

15 118694 0 0 38045 6754 -17665 0 96 18.98 0 1.00 19311 409 

16 0 0 5266 1660 0 -2030 0 - 0 5.37 -0.52 2239 602 

         

17 4258 0 145 506 386 -105 0 100 0.68 0.15 0.55 2642 602 

18 13368 0 0 108 526 0 0 95 2.14 0 1.00 5789 168 

19 28456 0 0 0 -8953 0 0 69 4.55 0 0.00 - - 

20 62939 0 0 1561 2558 0 0 95 10.07 0 1.00 - - 

         

21 47320 0 0 7685 2824 0 0 97 7.57 0 1.00 12285 343 

22 36152 0 0 0 659 0 0 93 5.78 0 0.00 33928 122 

23 81343 0 0 3258 4276 0 0 96 13.01 0 1.00 30911 321 

24 0 0 9476 2690 0 1797 0 - 0 9.66 -0.56 6786 602 

 

TOTAL 625322 3653 98070 101728 14935 2906 0     241903



 
 

 
 

 
CONCLUDING WORDS 
 
 
 
 
 
The major objective of this study was to develop a linear activity model 
to capture the role of prices and the workings of the market system to 
yield market-clearing prices and equilibrium values for all variables, 
applicable to optimization questions. The fundamental objective of this 
study has been to adapt the model to the particular problem for esti-
mating the comparative advantage in domestic production and trade for 
the Swedish economy, to develop the data required by the model, 
explore and demonstrate the major features and capabilities of the 
model. 

The model, formulated as a quadratic programming problem, is a 
linearized version of the Walras-Cassel general equilibrium model140, 
which utilizes the basic Leontief input-output structure as a production 
relationship. This framework provides a logically consistent way to 
look at problems involving more than one economic agent. Given the 
linear-ized demand functions, both the prices and quantities are 
determined endogenously. Thus, the theoretical content of the Leontief 
model is enhanced by the direct incorporation of the pricing mechanism 
in the model. 

To incorporate the price dependent demand functions from the 
Walras-Cassel model and derive an economic equilibrium, the model is 
developed with an objective of maximizing the consumers’ surplus. 
Given the objective function, the model calculates the values of 
variables consistent with maximization of this objective function. The 
most obvious reason for the use of this objective function is that its 
behavioral implications are consistent with theoretical economic 
behaviour of the participants. The quadratic programming model 
provides a comprehensive and effective technique for selecting a set of 
industries which are consistent, in the competitive equilibrium frame-
work, with a goal of efficiency in resource allocation. The results of the 
quadratic program-ing model, which are illustrative and experimental, 
may provide a fundamental guideline (after extensive supporting ana-

                                                 
140 Due to the lack of empirical data, only demand functions are incorporated. 
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lysis) to allocation policy questions. However, there are still import-ant 
rigidities that affect model behaviour. A major weakness is the fact that 
the model does not include variables that reflect the major policy 
instruments (e.g. indirect taxes, subsidies and the exchange-rate) that 
work through the market mechanism and which governments typically 
use in mixed-market economies. For that purpose141 the CGE models 
provides a more realistic framework.  

Operationally, the objective in this study was to apply the model to 
a number of situations in order to test and demonstrate its capabilities. 
Base Solutions, exploring the equilibrium mechanism of the model, and 
applications, designed as a series of temporary equilibria, with Swedish 
data were reported in this study. All data required by the model are 
empirically based on sector balances for 1980. However, the statistics 
concerning the relation between different import categories were based 
on rather old studies. Another possible source of data inaccuracy relates 
to sectoral capacity and calculated capital-output ratios. The relation-
ship between investment and the business cycles may reduce the 
reliability of capital coefficients during years of rapid increase or 
decrease in economic activity. The specification of the experiments has 
been analyzed in detail in order to stimulate criticisms and further 
discussion of the model as a tool of empirical analysis.  

Discussion of further research falls conveniently into two cate-
gories, improvement of data and improvements of the model. At this 
stage of development, there are many improvements which remain to be 
made. The improvements include model specification and statistical 
estimation of the coefficients in the model as well as an outline of inter-
esting scenarios for which the model may be used. The data is possibly 
the weakest part of the study and presents the most serious obstacle to 
the application of the optimization model. First, research is needed to 
develop better data related to capital coefficients as well as to determine 
the appropriateness of the concept. Second, it might be advantageous to 
incorporate a labour availability constraint distinguishing different level 
of skill. Availability of labour and skills play a crucial role in the 
growth process. Given the constraints on this study, it was not possible 
to specify and estimate the primary input supply functions (unused in 
this study). Thus, empirical work on the specification of the factor 
supply functions distinguishing different skill categories of labour is 
                                                 
141 And in situations where the model must be specified for a continuum of 
tradability, i.e. domestic and foreign commodities are characterized by a degree of 
substitute-ability that varies across sectors. 
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essential. Finally, when it comes to the demand functions, the limiting 
assumptions with regard to the path-independence conditions must be 
taken into consideration. Prices not only allocate resources, but also 
generate income. A methodological approach which in a conceptually 
accurate way will let income enter the demand system must be in-
corporated for the development of a more realistic dynamic specifi-
cation. In this connection, the addition of a more realistic approach in 
the investment allocation process must be considered.  

A primary assumption in the model is that the individual country 
becomes a price taker facing exogenous world market prices and these 
prices determine the relative domestic prices of tradables. Needless to 
say, it is necessary to obtain reliable statistical estimates of prevailing 
world market prices. Consequently, better data, and especially more and 
better elasticity estimates seem to be crucial to advancement of the 
field.  

Several other alternative specifications should be considered for 
future experimentation. In this respect, the export constraint might be 
improved by using functions, or by estimating export demand functions 
separately by sector, and by incorporating these results into the 
objective function (trade welfare function). Thus, export price elasticit-
ies could be specified to give the model an endogenous indication of the 
declining foreign exchange potential from greater expansion of exports. 
Although the world market price is unaffected it is realistic to assume 
that export demand is a decreasing function of the price in foreign 
currency. Selling costs will normally reduce the net return from exports 
as the quantity is increased. If neither export demand nor supply 
depends on price, the solution becomes considerably simpler, but the 
implication that any balance of payment problem can be solved by an 
indefinite expansion of exports of the most profitable commodities is 
rarely realistic.  

Aggregation can quickly overcome computational problems but 
always at the expense of the most important characteristic of the pro-
gramming model, namely the choice of activities. The aggregation of all 
sectoral parameters, such as consumption functions, stock coefficients 
as well as imports and domestic production, allows intra-sectoral substi-
tution of commodities to exaggerate due to more averaging. More 
specifically, the study of the nature of aggregation bias indicates that 
the problem stems from the proportionality assumption for parameters 
which are basically non-linear over time and a restriction of the number 
of choices, i.e. the divisibility of the system causing an unnecessary 
degree of specialization using incorrectly averaged coefficients. This 
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illustrates that the linearity of the model leads to an unacceptable degree 
of specialization in an aggregate model. 

The aggregate input-output coefficients matrix is an important 
component needed to project the future transformation surface for the 
economy. The specification of the engineering sector is too aggregate. 
All five sub-sectors; metal goods industry, machine industry, electrical 
industry transport equipment industry, and the remaining subsector, 
measuring and controlling equipment, are aggregated into one sector 
accounting for more than 15 per cent of domestic production and more 
than 36 per cent of imports. Consequently, this model fails to give 
sufficient detail to the potential development of this sector. A more 
disaggregated model in general gives a more accurate measure of 
opportunity costs. Less averaging will provide us a closer approxi-
mation to the true valuation of resources specified in the model.  

There are of course possibilities for making numerous experiments 
with the model. But although we cannot present an exhaustive set of 
experiments, the workings of the model has been clarified, and at the 
same time, indicated how empirical applications might be implemented. 
Thus, we have been able to examine the importance of different initial 
conditions, resource endowments and the economic structure within a 
framework that imposes inter-sectoral consistency. 
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APPENDIX 
_________________________________________________________ 
 
The Reduced Gradient Method 
 
 
 
 
The computer program (solution algorithm)1 is designed to solve 
problems of the following formulation: 
 
 
Problem Statement 
 
Maximize or Minimize Z(x) = c’x - x’r [Q]xr 
Subject to : [A]x ≤ b 
and: x ≥ 0 
 
Thus, the constraints are expressed in the format of the standard form of 
linear programming. 
 
 [Q] r× r is positive definite and symmetric for maximization or negative 
definite and symmetric for minimization where:  
x = [xj : xi]’          j=1, .. , m  and  i=m+1, m+2, .. , m+n. 

(m+n)×1 vector of levels of unknown variables, r of which are qua-
dratic. 
b = bi                 i=1, .. , n. 

n×1 vector of known levels of linear constraints. 
c = [cj : ci]’          j=1, .. , m  and  i=m+1, m+2, .. , m+m. 

(m+n)×1 vector of known linear terms of the objective function. 
A = [aij]                i=1, .. , n  and  j=1, .. , m 

m×n matrix of known coefficients of linear inequality constraints. 
Q = [qhk]             h=1, .. , r ≤m  and  k=1, .. , r ≤ m 

where h, k correspond to the quadratic subset r of the m variables. 
 

                                                 
1 Harrington, D. H. and Hoffman, S. S., (1972). See also Luenberger, D. G., (1973), 
pp. 262-73. 
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Method of Solution 
 
From a computational viewpoint the reduced gradient method is closely 
related to the simplex method of linear programming in that the problem 
variables are partitioned into basic and non-basic groups. 
 
The quadratic function: Z(x) = c’x - x’ [Q]x where [Q] is m×m but 
contains (m - r) null vectors, is maximized by the following procedure: 
 
Let Θ represent the increase in x in the direction y. Then Θo, the optimal 
value of Θ (and hence the optimal vector x) is determined as: 
 

Z(Θ) = max Z(x  + Θy).  
 

For a quadratic function satisfying the conditions of symmetry and 
positive definiteness of the matrix [Q], the value Θo is uniquely deter-
mined by finding the value of Θo which maximizes the concave func-
tion:  
 
Z(Θ) = Z(x  + Θy), expanding gives: 
 
Z(Θ) = c’(x + Θy) - (x + Θy)’ [Q] (x + Θy) 
 

when Θ   =   Θo,  ,  ,  ,  
∂ Z
 ∂ Θ

     =    0 
 

 
∂ Z
 ∂ Θ

   =  c’y  -  y’ [Q] (x + Θoy)   -   (x + Θoy)’ [Q]y    =    0 
 

and since [Q] is symmetric the product (x + Θy)’ [Q]y is commutative, 
thus: 
  

∂ Z
 ∂ Θ

      =    2 [1/2c’y  -  y[Q] (x + Θoy) ]      =     0 
  

solving for Θo yields: 
 

Θo   =    (1/2c’y  -  y’ [Q]x ) / (y’ [Q] y)    or   y’(1/2c  -   [Q]x ) / (y’ [Q] y) 
 
 

The gradient (1/2c’ -  [Q]x )  =   1/2 (
∂ Z
 ∂ Θ

) is the reduced gradient.  
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