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FOREWORD 

A central theme in CERUM's research is the interplay between technological 

change, location of economic activities and the development of networks for 

spatial interaction. Studies in this territory form the programme "Functions and 

Interactions across Regional Networks". 

The current paper by Lars Westin presents a framework for analyzing and 
characterizing equilibrium in a network model with a cross-classification of two 
types of links. One category comprises all interlinkages between economic 
sectors and the second contains the interregional delivery connections. The 

author also formulates a principle for separating adjustment processes which are 

very slow, medium speed, and fa st. It is shown that the choice of time-scales and 

the equilibrium concept has to be done as an interdependent decision with 

requirements about mutual consistency between temporal separation and 

selection of variables for which an equilibrium is defined and solved. Equilibrium 

analysis is introduced as an adiabatic approximation of a complex dynamic 

process. The division of time-scales is used as a way to apply the slaving 

principle. In summary, the paper shows how an applied multisectoral and 
multiregional economic model may be derived from principles of modern theory 

of dynamical systems. 

Umeå, January 1989 

B. Johansson/G. Törnqvist 
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SPATIAL DYNAMICS AMD EQUILIBRIUM IN APPLIED ECONOMIC MODELING1 

Lars Westin 
Department of Economics, Umeå University, S-901 87 Umeå, SWEDEN 

December 1988 

Abstract 

Applied modeling of multisector adjustment has, since the 
input-output model was introduced, become a standard tool in 
economics. A number of optimization and equilibrium models with 
different temporal formulations have emanated around the input-
output system. However, the effects of heterogeneity with 
regard to demand patterns and located production factors as 
well as the causality in economic development are often 
inappropriately modeled. 

In the paper, we discuss the above problems in relation to 
applied equilibrium models. Equilibrium analysis is here 
introduced as an adiabatic approximation of a complex dynamic 
system. Hence, separation of processes according to their time 
scales, as suggested by the slaving principle, is crucial. 
Finally, we emphasize the close connection between 
heterogeneity and dynamic performance. 

1. INTRODUCTION 

The theory of economic equilibrium has considerable limitations 

as a tool for analysis of the complex world of economic 

dynamics. This has lead to an increased interest in models of 

economic evolution and self-organization as well as in the 

theory of nonlinear systems. The progress in those fields have 

been supported by the new generations of fast and cheap 

computers. However, the computer development has, interestingly 

enough, also brought about extended possibilities of 

1. The author is indebted to B. Johansson and A. Karlqvist for 
valuable discussions on the topics in this article. Naturally 
the contents remain the responsibility of the author. 
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numerically specifying and solving applied multisector 

equilibrium models. Hence, one may as a result of comparative 

simulation and empirical evaluation, expect a period of 

progress also in this area. This expectation is further 

motivated by the fact that it probably will take some time 

until evolutionary multisector models reach the applied area. 

Applied equilibrium analysis is a method to approximate the 

behaviour of a complex and interdependent economic system. 

Natural questions are then: Under what conditions is such an 

approximation valid? And, to what extent may the dynamic 

importance of heterogeneity and effects of distributions of 

micro units be introduced in the equilibrium analysis? 

In the following, we will discuss how introduction of a spatial 

dimension makes the assumptions of homogeneous commodities and 

uniform prices in traditional equilibrium models less obvious. 

We also consider how an explicit recognition of time, both 

constrains and clarifies the appropriate use of the equilibrium 

approach. A medium term equilibrium model is discussed in 

relation to the "slaving principle" and the principle of 

"adiabatic approximation". It is argued that those principles 

have to govern the further development of economic equilibrium 

modeling. 
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2. SPATIAL MULTISECTOR MODELS 

The spatial input-output model represents a simple but also an 

easily applicable spatial multisector model. A number of 

operational models have been developed since the "ideal" 

interregional input-output model [Isard (1951)] and the less 

data demanding multiregional input-output model [Chenery 

(1953), Moses (1955)] were introduced. The model has also a 

close connection with the core of traditional economic theory 

since it is a special case of an equilibrium model, with 

completely inelastic demand and supply functions2. 

One customary feature of the spatial input-output models is the 

(often implicit) treatment of commodities as spatially 

heterogeneous. In the input-output matrix, this is shown by 

positive interregional trade coefficients to a single 

destination from more then one source. The same feature is also 

revealed by the possibility of cross-hauling. 

In single region (or national) input-output models are sector 

outputs considered as homogeneous with a unique price. But, as 

soon as an economy is treated as an open economy and 

international or interregional trade is introduced, has the 

homogeneity assumption to be modified. Imports of a commodity 

are then, to reduce the tendency to specialization, treated as 

competitive, complementary or divided into both by a fixed 

coefficient approach. This variant of the spatial heterogeneity 

assumption implies that commodities produced within a similar 

2. Surveys of input-output models may be found in e.g. Miller 
and Blair (1985) or Hewings and Jensen (1986). 
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sector but originating from different regions are regarded as 

different commodities. 

The main limitation of the input-output model is, as is well 

known, the combination of zero own and cross price elasticities 

with a single average technique in each production sector. This 

prohibits interesting studies of the dynamic outcome of 

technical and network related substitution processes. The 

assumption constrains the applicability of national models, and 

becomes a serious drawback in studies of connected regional 

economies. The applications are then bound to, often short run, 

analysis of inflexible flows and sectors. 

An important contribution towards an introduction of price 

substitution in applied models of spatially separated markets 

was made by Samuelson (1952). He proved that the problem with 

price dependent supply and demand functions may be treated as 

an optimization problem where the sum of producers and 

consumers surpluses over the trading regions, net of 

transportation costs, was maximized. The special case with 

linear demand and supply functions, was given a first applied 

formulation as a quadratic programming problem by Takayama and 

Judge (1964, 1971). 

An important part of the Samuelson-Takayama-Judge model is the 

spatial price equilibrium (SPE) condition. It states that if 

the flow of a homogeneous commodity on a link between two nodes 

in a competitive economy is positive, then the difference 

between the market prices in the nodes is equal to the cost of 
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transportation on the link. If the cost of transportation 

exceeds this difference then the flow is zero. Two consequences 

of the condition is that prices becomes differentiated and that 

cross-hauling on the link is impossible, in such traditional 

SPE models with spatially homogeneous commodities. 

The introduction of price differentiation is in accordance with 

empirical findings. However, cross-hauling and dispersed flows, 

i.e. a distribution of flows on links which is non-optimal 

according to a simplifying model, are also easily observed in 

empirical studies. It may be explained by a number of factors, 

some of which that are closely connected, 

* Demand for variety among consumers. 

* Product differentiation due to quality and design. 

* Exploitation of increasing returns to scale and 

specialization on niches. 

* Long term contracts. 

* Imperfect information. 

* Market discrimination by producers. 

* Capacity constraints upon production units. 

* Risk diversifying behaviour. 

* Statistical aggregation over time and flows. 

In the SPE model, the problems from cross-hauling and dispersed 

flows may be avoided by choice of a low level of aggregation, 

of "distinct commodities" rather than "sectors" as in input-

output models, and by application to, for example, raw material 
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markets3. However, only a subset of the commodity space may be 

considered if not dimensionality problems should arise. 

Among others, Isard and Ostroff (1958) have suggested a spatial 

"general equilibrium" model. The implication of "general 

equilibrium" is in traditional economics that all commodity and 

factor markets in an economy approaches equilibrium 

simultaneously and that consumer demand is a function of both 

the commodity and factor prices via a budget constraint. Isard 

based his contribution on the work by Arrow and Debreu (1954). 

In Isard*s formulation commodities where spatially homogeneous, 

as in the model by Samuelson, and contained an explicit 

formulation of the SPE condition. Arrow and Debreu had in their 

work allowed for a treatment of commodities as heterogeneous 

between and homogeneous within regions but did not introduce an 

explicit (although implicit) spatial price condition, as Isard 

and Ostroff did [Harris and Nadji (1987)]. 

Applied national and single region models of the Arrow-Debreu 

type, i.e. Computable General Equilibrium (CGE) models, may 

often be seen as extended and price sensitive input-output 

models. Also here, the problem with homogeneous commodities has 

to be tackled when trade is introduced. As in the classical 

trade models, the Heckscher-Ohlin and SPE models, extreme 

specialization and one-way trade occurs when commodities are 

spatially homogeneous. To avoid this conflict between model 

properties and empirical observations at the sector level, has 

3. Since, this type of commodities constitute a relatively 
decreasing part of the spatial trade flow, the value of the 
model is also decreasing. 
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the so called "Armington assumption" been utilized in more 

recent CGE models. 

The assumption [Armington (1969)] has connections with the 

treatment of commodities by Arrow-Debreu (1954) and Debreu 

(1959) and considers a domestically produced commodity as 

heterogeneous in relation to a foreign produced. Import is thus 

a function of the relative world and domestic price of the 

commodity. The consistency of the application may be 

questioned, since consumers may not distinguish between the 

output from different firms within the nation, but the 

treatment is motivated as an abstraction. 

International and interregional CGE models (named ICGE models) 

apply the Armington assumption to all spatial flows. An ICGE 

model is thus more of the Arrow-Debreu then the Isard type. 

However, in the ICGE models are usually not the spatial network 

modeled explicitly and interaction cost related to the flows 

are generally suppressed4. Instead have equilibrium models with 

explicit networks mostly been based on the SPE model [Friesz 

et.al. (1984), Harker (1985)]. However, those models are not 

extended in line with Isard's attempts to formulate a spatial 

multisector model of a complete economy. A reason for this is 

the dimensionality problems which obtain, if not aggregation 

and the Armington assumption are applied. 

An ICGE model constitute, mainly because of the feedback 

between factor costs and private consumption, a highly 

4. Attempts to introduce interaction costs may be found in 
Buckley (1987) and Westin (1988). 
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nonlinear problem. Solution by means of optimization is 

generally not possible. Hence, applied use of non-trivial 

versions of the models have, with the exception of the 

approximation made by Johansen (1960), been delayed until the 

development of efficient algorithms during the late seventies 

and eighties5. Therefore, we may as initially mentioned expect 

an increase in the number of applications. Especially, a 

development of extended network representations in ICGE models 

may be expected. 

A conclusion of this survey is that inclusion of space calls 

attention to the conflict in relation to empirical 

observations, of the homogeneity and unique price assumptions 

in equilibrium models. The increasing share of trade in design 

and quality differentiated commodities reflects the increasing 

importance of product or attribute competition. This implies 

that over time, the focusing on price equilibrium and 

homogeneous commodities becomes less relevant for an increasing 

part of the markets. It may also be expected that product 

heterogeneity plays an important role in economic growth which 

gives a reason to, as far as possible, inlude such features in 

equilibrium models. We shall before those arguments are 

developed further, comment on some existing approaches to 

introduce dynamics in applied equilibrium models. 

5. However, an efficient and exact algorithm for non-trivial 
problems with guarantied convergence properties has not yet 
been developed. 
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3. MODELING DYNAMICS IN APPLIED EQUILIBRIUM MODELS. 

Mainly three approaches to introduce dynamics in applied 

equilibrium models may be distinguished; single period 

formulations, quasi-dynamic formulations of single period 

equilibria connected by some intertemporal function and 

equilibrium models in continuous time. 

The single period model is the traditional and most frequently 

applied formulation and seems also, as will be further 

discussed in the following section, if used appropriate, to be 

a most relevant formulation of an equilibrium model. As a 

special case of this formulation we also have the fixed price 

models where only quantities are adjusted. 

Intertemporal equilibrium models in discrete time is an extreme 

formulation of the second class. Examples may be found among 

ICGE as well as SPE models. Commodities are, as in the Arrow-

Debreu model, differentiated by sector, region and time and 

intertemporal substitution is possible. This reversibility of 

time neglects the causality of economic evolution in a way 

which only is possible in some planning models. The realism of 

intertemporal equilibrium is limited to some mineral, 

agriculture and financial markets where future markets are 

established. Hence, the approach gives a limited contribution 

to a wider understanding of economic dynamics. 

Recursive equilibrium formulations are a common alternative to 

intertemporal equilibrium models. The problem here is to choose 
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an appropriate length of each period and a both theoretically 

and empirically motivated intertemporal connection. The latter 

involves modeling of processes in disequilibrium, where to 

often ad hoc assumptions are utilized. A common simplification 

is to assume myoptic behaviour, i.e. the reverse of 

intertemporal equilibrium, so that adaptive formation of 

expectations is neglected completely. 

The input-output models have also, after introduction of an 

accelerator matrix, been formulated as systems of difference or 

differential equations [Brody (1970)]. The models show well 

known stability problems. Andersson and Zang (1988) suggest 

that the model may be stabilized by introduction of an 

endogenous central decision maker which adjusts the growth rate 

in the economy. The models in this field generally seems to be 

formulated in a to closed form to allow for interesting policy 

analysis. The interaction between fixed structures and 

parameters in the equilibrium model is not developed either. 

Hence, the complexity of any model which tries to capture an 

economy as a dynamic system in continuous time motivates an 

interest for a discussion of the relation between continuous 

dynamics and discrete time equilibrium analysis. 
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4. EQUILIBRIUM APPROXIMATIONS OF ECONOMIC DYNAMICS 

An economic system may be described as the differential 

equations, 

= f i(v i  

*2 = f2<vl 

vN) + ux(t) 

VN)  +  u2^) 

(1) 

*N = fN<vl VN) + UN(t) 

where for the processes i = 1,.., N, f^(v) is the endogenous 

and u^(t) the exogenous part of the system. As a vector 

differential equation, (1) may be summarized as, 

When u(t) is zero the system is closed. This would correspond 

to a model of the economy in the most "ideal" sense. However, 

to be realistic, an economic model has to be described as an 

open sub-system of (2) and thus as a partial model. This 

reflects the limits of economic knowledge and the impossibility 

to estimate the complete system in applied models. Furthermore, 

if an economy is modeled as a closed system, the option to 

study changes in the endogenous variables by other means than 

changes in the model parameters is destroyed [Allen (1964)]. 

Hence, an "applied general equilibrium model" should generally 

be carefully examined. The term "general" is in the theoretical 

literature used to characterize models where all factor and 

• = f(v) + u(t). (2) 
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commodity markets in an economy are endogenous and with a 

direct coupling between production factor costs and factor 

incomes. In applied work only the latter coupling is really 

interesting. At least some prices and quantities are in reality 

often negotiated prices or may for other reasons be difficult 

to model as endogenously determined by an equilibrium process. 

They may furthermore be adjusting slowly compared with the 

(sometimes implicit) time scale of other processes, and should 

for this reason be treated as fixed variables. 

The economic analysis of (2) is therefore constrained both by 

the complexity of the system and the demand for empirical 

information. Hence, direct analysis of systems or sub-systems 

on this form are, as discussed above, rare and the utilization 

of equilibrium analysis becomes motivated. We may thus return 

to the question of when an equilibrium model is a good 

representation of a dynamic economy. 

The problem has been addressed many times before in economics. 

When discussing the choice of endogenous and exogenous 

variables in a model, Samuelson (1947), accentuated the fact 

that some processes move slowly compared with others. Long run 

tendencies should thus be distinguished from short run 

tendencies and so fort in infinite regression. When a set of 

variables are stable and rapidly damped, the exact path from 

one equilibrium to another may be neglected. The discussion by 

Samuelson has strong similarities with the implication of the 

slaving principle and the use of equilibrium analysis as an 

adiabatic approximation of more complex processes [Haken 
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(1983)]. In the following we shall discuss how the slaving 

principle and the adiabatic approximation may be used in 

relation to (2). 

Suppose the variables in (2) are ordered according to the speed 

of adjustment as given by f(v). The slaving principle may then 

be seen as a utilization of this inherent organization in the 

formulation of a model. Given a specified time period and with 

a focus on the dynamics of faster processes, slow variables may 

be treated as almost fixed. In this way they will be reflected 

(directly or indirectly) by parameter values in the faster 

equations. If there also exist relatively faster processes, 

which may be assumed to adjust instantaneously to changes in 

the system, the latter may be embedded in the model. 

To formalize this a little, assume that the variables in (2) 

may be grouped in vectors by the speed of adjustment as 

follows, 

Where x is a vector of slow, z of medium speed and y is a 

vector of fast variables. For example, if we are interested in 

the development during a medium term horizon, t e [0,T], it is 

relevant to concentrate on the variables in the vector z. 

4 = H(x, z, y) + h(t) , ( 3 )  

4 = G(x, z, y) + g(t) ( 4 )  

i = E(x, 2, y) + e(t) . ( 5 )  
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During this time period the slow variables in x are almost 

unchanged so we may assume, 

i « 0, (6) 

and substitute x(t) for x*, 

x (t) » x* ; t e [0,T]. (7) 

The values in x* ought not to be considered as equilibrium 

values, only as approximately constant. Observe that this 

implies that the change in the exogenous force h(t) is balanced 

against or absorbed by the development of H(.). This means that 

H(.) « - h(t). Equation (7) gives a structure within which the 

two sets of faster processes develop. Mathematically such a 

structure may be introduced by parametrization of the faster 

system. The medium term system is then rewritten as, 

i = G (x*, z, y) + g(t), (8) 

which after introduction of a vector of parameters, denoted o, 

gives, 

£ = G(a; z, y) + g(t). (9) 

We may, before this system is discussed further, consider the 

fast variables in vector y. Assume that, 
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[E(x*, z, y) + e(t)]/y « [G(x*, z, y) + g(t)]/z (10) 

that is 

?/y « V«- (11) 

The assumption implies that the speed of adjustment to 

equilibrium of the variables in y are relatively high compared 

with the dampening among those in z. If y is disturbed away 

from its equilibrium y*, it will return to equilibrium quickly 

compared to the time it takes for z to reach an equilibrium. 

This means that on the time scale of z, y is close to 

equilibrium almost all the time. Hence, we may set, 

The approximation requires, that E(.) = - e(t). The advantage 

gained form this is that the fast variables may, by 

introduction of (13) into (9), be embedded into the function 

G(.). Hence, 

i = 0 (12) 

and solve (5) for 

y* = E(x*, z) + e(t). (13) 

& = G(a; z, E(x*, z) + e(t)) + g(t), (14) 
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which may be rewritten as, 

4 = G(a; z; t) + g(t) (15) 

In the function G(.), the slow variables are reflected by 

parameters, e.g. fixed structures, while the fast variables 

have been embedded in the model. The system in (15) may be 

compared with the system in (2). A considerable reduction of 

the dimension of the problem is obviously possible in cases 

where the slaving principle may be applied. Further analysis of 

the problem become more tractable. 

The system of differential equations in (15) may in it self be 

interesting to analyse. Especially the stability of the model 

in relation to changes in parameter values and in initial 

states are of interest. However, the difficulty to model such a 

system increases when the number of variables and the inherent 

complexity of the system increases. It may in some such cases, 

as a further simplification and reduction of the dimension, be 

appropriate to make an adiabatic approximation of the system 

and constrain the study to the equilibrium states. In 

equilibrium, 

4 = 0 = G(a ; z; t) + g(t). (18) 
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From (18), one may solve for the equilibrium vector z* as a 

function of the parameters and the exogenous forces, 

z* = S(a; z; t) + g(t). (19) 

The length of the time period in such a single period 

equilibrium model is given by the processes involved in z. The 

stability of the equilibrium is given by the assumption (18) 

while uniqueness is a question of the chosen or estimated 

values in the vector a. If the slow variables are allowed to 

change, the parameter values may reach a bifurcation point 

where multiple equilibrium occurs. 

This type of approximation is, as was discussed in the previous 

sections, a standard tool in economics. The function S(.) 

represents in such models the equilibrium conditions i.e. 

behavioural rules and system constraints on the endogenous 

variables. In economics those are represented by various 

versions of the law of diminishing returns, maximization 

behaviour among actors and the force towards equilibrium by a 

tendency to close gaps in markets with excess demand. However, 

when strong non-convexities are generated by e.g. joint 

production and heterogeneity the equilibrium may be impossible 

to calculate. 
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The equilibrium conditions may generally be transformed into a 

complementarity problem, written as, 

(CP) Find z* e Rn that solves 

F(z*) >0, z > 0, z* TF(z*) = 0 (20) 

When z contain prices and F(z) excess supply functions this is 

the Walras equilibrium conditions. A sub-set of (CP) consists 

of linear complementarity problems, 

(LCP) Find z* and w such that, 

w = g + Mz*, w > 0, z* > 0, z*Tw =0 (21) 

When the matrix M fulfils certain symmetry conditions, 

corresponding to the integrability conditions, the equilibrium 

model of (LCP) type may be solved as a linear or quadratic 

programming problem [Mathiesen (1985)]. 

Still, the estimation of an economic system like (19) is a 

though exercise, where one usually has to use "benchmark" 

calibration in relation to a data set at a single point in 

time. Subsets of the parameters may be obtained by statistical 

methods on larger data sets. The realism of the model in a 

given application, is dependent on if the equilibrium 

approximation is relevant and stable in relation to 

perturbations in functional form and initial states, how the 

model is specified in relation to the assumed period length and 

how well the results or insights gained from the model are 

confirmed by empirical observations. 



1 9  

A crucial point is the separation of the time scales. This is 

an empirical matter where the suitable statistical tools still 

remains to be developed. It is evident that this is 

unsatisfying in a field like economics where such a great 

effort has been devoted to equilibrium analysis. It also pay 

attention to the necessity to develop models of and insights 

into the relation between the continuous representation of a 

set of processes and the equilibrium approximation of this set. 

5. A MEDIUM TERM SPATIAL VINTAGE MODEL 

We shall in this section, as an illustration of the application 

of an equilibrium model, consider a medium term model of 

structural adjustment with investment in new techniques and 

infrastructure. The model gives a multisector formulation of a 

multiregional economy and may be compared with recent models in 

the ICGE modeling area [Liew (1984), Buckley (1987), Westin 

(1988)]. 

We assume that sector prices and output adjust into equilibrium 

during the time period, but that wages are fixed. Unemployment 

is thus possible. On the production side there exists imperfect 

substitution due to technical rigidities in existing 

capacities. This is represented by a vintage formulation of 

each sector. The representation allows for positive profits, 

interpreted as quasi rents, in the Marshall sense, to scarce 

resources such as locational and technical advantages. The 
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possibility to gain such temporary monopolies is, in the 

tradition of Schumpeter, the driving force behind investment 

activities. The vintage approach gives sector production 

functions with variable returns to scale and diminishing 

marginal returns of each factor. 

An accelerator connection is introduced between investment 

demand for commodities and capacity increase. Existing capital 

is fixed but new vintages of capital with a best practice 

technique are introduced endogenously. New capacities are 

created under fulfilment of the following conditions: 

* The capacity of existing vintages must be sufficient to 

produce investment commodities for the new capacity. 

* Unit profits in the new technique must exceed the sum of the 

annual investment cost per unit new capacity and the unit 

profits in the least profitable active vintage. Hence, the 

sunk costs in existing capacities gives an advantage in 

relation to presumptive new entry's. This is the guarantee 

for temporary monopolies. 

* Consequential, when demand exceeds the existing amount of 

profitable capacity, profits in new capacity only have to 

cover an internal unit profitability criterion. 

Commodities are assumed to be regionally heterogeneous and the 

Armington assumption is applied. The economy is described by a 

balance of resources condition for each sector and region. The 

following relation holds between output to the left and 

intermediate, investment and final demand to the right, 
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Srqr(t) > Srqr(r) = Arsqr(r) + Brsqr(r) + y" (22) 

where the matrix notations have the following interpretations. 

qr(r) respectively. Each vintage produces a single commodity 

limited by the given capacity. The capacity of a new vintage is 

assumed to equal the output level. The summation matrix Sr is 

utilized to obtain the aggregated sector output. 

The matrix Ars in (22) contains ordinary Leontief input-output 

coefficients related to each vintage. The coefficients of a new 

technique are assumed to be endogenously chosen from a smooth, 

price dependent technology frontier. 

Annual deliveries of investment commodities per unit of new 

capacity are given by the "accelerator" matrix Brs, with 
re , 

elements b^(r*). The star indicates that the matrix only 

operates on new capacities. The annual value of investment 

deliveries to capacity increases in sector j and region s is, 

Where p^ is the demand price in region s for a commodity 

produced in sector i, region r. The relation between supply 

prices, p^and demand prices is, 

Vintage vectors of outputs and capacities are denoted qr(r) and 

(23) 

(24) 
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ITS Above, h^ is a non-negative interaction cost, connected to 

commodity i, between region r and s. Final demand is modeled by 

a price and income dependent spatial linear expenditure system, 

denoted as, 

yrs(prs, y1), (25) 

in which Yr is a vector of incomes for the aggregate household 

in each region and prs is a matrix of demand prices for 

commodities from all regions. The system may be derived by 

utility maximization subject to a budget constraint but may 

also be interpreted as a combination of habit behaviour and 

price and income elasticity determined demand. Government 

purchases in each region are given as exogenous data, included 

in the final demand. 

The owner of the vintages are assumed to maximize profits. The 

relation between supply prices, costs and profits in each 

vintage may be written as, 

STpr = ArsVS + lrV + °r('*) + *V> (26) 

We have in (26) introduced a non-negative exogenous vector of 

regional wages, wr, a non-negative vector of labour 

coefficients lr, quasi-rents in existing vintages irr(r) and a 

vector of positive yearly investment cost ar(r*). The quasi-

rent of a new vintage then is the sum of ar(r*) and vr(r*). The 
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new vintages are to simplify the notation in the sequel 

represented as separate techniques in each vintage vector. 

An equilibrium for the model may be characterized by the 

following set of inequalities and orthogonality conditions: 

* No excess demand of a commodity. A commodity in excess supply 

has zero supply price and positive supply prices implies 

equality between demand and supply, 

«8 = S*r(r) * C*" + BrS]qr(r) - yrS(prS, Yr) > 0 (27) 

* No excess utilization of a vintage. Only vintages used at 

full capacity earn positive quasi-rents, 

* No excess profits over return to scarce capacity in any 

vintages. A vintage generating losses is not used, 

pr fls = 0 (28) 
-„T 

ßc = 5r(0 - qr(T) > 0 

*r(r)Tnc = 0 

(29) 

(30) 

ßy = lr v* + w£(r) + <x£(r) + A" prs - STpr > 0 

qr(r)Tnv = 0 

(31) 

(32) 
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* Non-negativity of prices, output, final demand and profits in 

active vintages, 

pr > 0, qr(r) > 0, yrs > 0, wr(r) > 0 (33) 

The equivalence between finding an equilibrium to the above 

model and the solution of a (CP) may be seen by definition of, 

qr(r) 

P 

TV) 

F( Z )  =  "S (34) 

The nonlinear form of the final demand function yrs(.) and the 

technology frontier makes the problem a nonlinear 

complementarity problem. 

The time it takes to reach sector price equilibrium and the 

gestation lag for new capacities motivate the medium term 

horizon in the model. Given this time period, it also becomes 

relevant to take into account the structural rigidities in the 

production system. A smooth neoclassical production function 

would completely neglect the rigidities caused by the given 

structure. The vintage model does, although in a simple form, 

emphasize those constraints on the adjustment. Capacity 

reduction by exit functions may easily be introduced. An 

increase in realism would be added to the model if non-marginal 

vintages were allowed to produce below full capacity. However, 

such a feature is not so easily introduced other as by various 

ad hoc rules. 
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A common weakness of multisector equilibrium models is the 

final demand side. In the model above are heterogeneity and 

diversity of tastes introduced by the spatial division. A 

further division of the households in each region by skill, 

ownership of factors of production or by taste would be 

possible but may result in considerable empirical problems. The 

spatial and sectoral flows of labour is exogenously determined. 

This is based on the assumption that those processes are acting 

on a slower time scale then the commodity and investment 

markets. Investments may be treated exogenously although the 

time scale of investments may be unchanged. Capacity increases 

would then be interpreted as an exogenously determined process 

which not may be captured by the simple accelerator assumption. 

Financial flows of capital are, on the other hand, assumed to 

adjust on a faster scale and capital funds for profitable 

investments are unlimited. 

The spatial network is implicit in the model and only revealed 

by the interaction costs and the given demand and technical 

coefficients. It ought to be possible to introduce more details 

in the transportation sector which would allow for extended 

analyses of marginal network investments. 

The medium term vintage model may be motivated by a theoretical 

discussion related to separation of time scales in lines with 

what is given above. However, and as was discussed earlier, 

there is an obvious need for statistical methods to estimate 

the time scales of various processes. 
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6. EQUILIBRIUM, VARIETY AND CHANGE 

Equilibrium analysis consider the response of unknowns to 

changes in parameters, invariants and other exogenously given 

variables. Fix price models where only quantities are adjusted, 

as in the labour and infrastructure markets in the model above, 

may be seen as special cases where the time scales of prices 

and quantities are separated. The strengths of the vintage 

model are contained in the explanation of structural rigidities 

where we take care of the heterogeneityy among producers in a 

sector. However, there is to obtain a deeper understanding of 

change and growth, i.e. forces out of equilibrium and changes 

in given structures, a need for richer behavioural 

descriptions. 

As suggested by the product cycle theory are a producer of a 

commodity shifting from product to price competition as the 

product matures. Price equilibrium analysis would thus be most 

suited for sectors dominated by mature products. In the vintage 

model was a new product introduced as a new technique. However, 

the process which generated the new product was exogenous and 

the existing input-output techniques transformed varied inputs 

to homogeneous outputs. A limited degree of variety in supply 

within a sector had to be introduced since the economy was 

given a spatial division. An allowance for joint production of 

commodities and household demand functions with different 

attributes in line with the Lancaster model would also allow 
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for a richer introduction of substitution processes and product 

competition. It would reduce the bias towards price competition 

in equilibrium modeling. 

Jacobs (1984) and Johansson and Westin (1987) have stressed the 

importance of import substitution in the growth process. The 

more variety and the higher quality there is on the inflow on 

the links to a node (region), the larger is the possibility for 

growth. This further accentuates the need to integrate network 

changes with changes in production and consumption. 

It is in the economy easy to observe how gaps between the 

existing and an desired situation creates forces towards 

equilibrium. Hence, equilibrium processes and equilibrium 

models are, although often other easily observed features such 

as uncertainty, qualitative shifts, search, cooperative and 

habit behaviour are neglected, motivated as a study object. 

Alternatives to the equilibrium analysis are evolutionary 

systems of differential equations, which allow for 

disequilibrium, and were processes have different adjustment 

speed. Approaches in this direction exist. However, it seems 

that, if used appropriately, the equilibrium analysis 

especially in applied economics have a place side by side with 

those approaches. 
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