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ABSTRACT

Applied methods for analyses of economic structure and change

Languuge: English and Swedish, 276 pages

by Christer Anderstig, Department of Economics,
University of Umeft, Sweden

The thesis comprises five papers and an introductory overview of applied 
models and methods. The papers concern interdependences and interrela
tions in models applied to empirical analyses of various problems 
related to production, consumption, location and trade. Among different 
definitions of 'structural analysis' one refers to the study of the 
properties of economic models on the assumption of invariant structural 
relations, this definition is close to what is aimed at in lire present case.
Although the subjects cover widely differing aspects of the economic system, 
applied models and methods, i.e. entropy maximizing (information minimizing) 
models and random utility maximizing models, are in many cases closely 
connected.

Tlic first paper reports on a regional input-ouput study applied to 
Norrbotten, Sweden. The paper is mainly concentrated on developing and 
estimating an econometric model, describing the structural interdependences 
in the Norrbotten economy. The chapter is composed of three parts. The first 
part concerns the theoretical basis of the model, the main fields of 
application and principal problems in connection with the estimation. The core 
of the estimated model is defined by the intersectoral dependences in the 
Norrbotten economy. This model can be viewed as a part of a more general 
model of the regional economy, and such a general model is briefly outlined.
The second part reports on the collection and arranging of data, and the 
methods used for the estimation of the model. In the third part the results 
are presented. A special interest concerns the effects of production changes 
in the basic industries in the county, as to the expected impact on different 
industries and occupational groups.

The second paper concerns some aspects of the problem of predicting trade flows 
in the forest sector. The model, based on information theory, is predicting 
current trade flows by adjusting the historical, a priori, trade flows to 
satisfy current export and import totals.

In the third paper an entropy model is employed to decompose the interregional 
and intraregional employment change in Sweden and Stockholm, during the period 
1960 - 1980, into effects attributed to regions (zones), industries, occupations 
and interaction effects.

The fourth paper presents an empirical analysis of housing choice, based on 
individual data of households in Stockholm. The consumer choice is regarded as 
a complex choice from a finite set of discrete alternatives and a probabilistic 
choice mode! (multinomial logit) is employed, where secondary dwelling is 
included in the housing choice decision.

In the final paper spectral analysis is used for identifying the significant 
components of cycle behaviour in time series of Swedish exports of forest 
products over a twenty year time period.
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(ii)

Preface

This thesis contains papers written during the past ten years, in connection with manifold 
research projects relating to regional development, the forest sector, the building sector, urban 
development and the housing market. The early papers were written during years on the staff on 
the Department of Economics at University of Umeå, while two papers of more recent date have 
been produced at the Regional Planning Office in Stockholm.

Diregarding the general view where everything depends on everything, it may seem an awkward 
task to find the link between research efforts in these disparate fields. Yet there are at least two 
kind of links that I would like to point at. First, the financial support given by the Swedish Council 
of Building Research to next to all research projects. Second, the personal link, involving several 
people.

My thesis adviser, Âke E Andersson, has convinced me that the disparate papers have to do 
with structural analysis (albeit of a less modern kind) and has during past years offered support 
and encouragement to complete the work, even if the structure of papers has changed. Börje 
Johansson, who has acted as leader for some projects, has likewise been supporting and 
encouraging, not least by the regular question: Have you finished yet? Björn Hårsman, co
author of chapter four, and Lennart Fridén, both at the Regional Planning Office, have gratefully 
been understanding to my situation in the last months.

I have benefitted greatly from Lars Lundberg, co-author of chapter two, as to his excellent 
guidance into applied economics.

A great many people at the Department of Economics in Umeå and at the Regional Planning 
Office have made contributions in many respects, not least typing the various manuscripts. I 
want to thank you all!

To Cecilia and Sofia: Thanks!
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1. INTRODUCTION

In this thesis five papers are collected, including as many subjects:

1 1) A regional input-output study, (II) A model for projection of 
international trade flows of forest products, (III) Models refering 

to Inter- and lntraregional locational analysis, (IV) An analysis of 

housing choice and (V) An application of spectral analysis to export 
series of forest products.

Since the papers represent widely differing aspects of the economic 

system, an opening question concerns the aim and principle of the 
collection. As a preliminary and general answer it could be said that 

all papers are focused on empirical analyses of economic structures, 
and that the methods employed are closely related.

As to the definition and use of the ambiguous concept 'structure' 

a remark by Machlup (1963) could be quoted : "In general, the term 

Is more often used as an unnecessary Jargon and as a plain weaselword 

than it Is used as a technical term with clearly defined meaning. This 
should be reason enough for avoiding it." Now, Machlup's discouraging 
attitude refers to contexts where structure' is used for apologetic 

alms, while in the present case a technical term is aimed at.

But even with respect to 'structural analysis' there are several 

definitions, and let us briefly touch on the distinctions between 

three meanings of this concept. First, within modern mathematics the 
anaiysis of structural stability has during the last decades become a 

clearLy defined subject, based on bifurcation and catastrophe theory, 
generally concerning the structural stability of dynamic models.
In this fieid one can find several works refering to economic 

dynamics, see e.g. Smale (1980), Batten et al . (1987).
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The work by Puu ia of related interest, as it concerns the spatial 

stability of transportation and location structures, and spatial 
stability has parallels with temporal dynamic stability, (see Puu 

(1979, 1988), Beckmann and Puu (1985), Puu and Weidlich (1986)).

The second meaning is related, viz. the analysis of 'structural 
variability' within econometrics. Whereas time-varying parameter 

models have been long considered, the econometric analysis of 
spatially structurally varying economic systems has just recently 
been addressed, see e.g. Westlund (1985).

Contrary to this, the third meaning of 'structural analysis' refers 

to the study of the properties of economic models on the assumption 

of Invariant structural relations. This definition applies to much 
of the work in the tradition of input-ouput analysis, and comes very 

close to what is aimed at in the present case. To avoid confusion of 

ideas, the title thus refers to analyses of economic structure, 
instead of structural analysis.

In the present case the general approach applied could be illustra
ted by a statement by Brody (1970, p. 18): "By assuming approximate 

measurability we do not assume that input coefficients are stable.

By assuming the existence and measurability of the speed of a car 

we do not deny acceleration. We are concerned only in the inter
dependence and regularities among the coefficients themselves, 

emerging in the context of a given moment."

Thus, accepting this fixed proportions' approach, the present analy
ses of economic structures are concerning Interdependencies and inter

relations in specific models, applied to empirical analyses of various 

problems related to production, consumption, location and trade.
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2 . AGGREGATIVE VERSUS DISAGGREGATIVE ANALYSIS

The models discussed are all refering to the meso or micro level 
of the economy and all models are more or less disaggregated. The 

emphasis put on disaggregation is partly a consequence of the 
author's interest in and predisposition to this kind of applied 
economics, irrespective of the present position as research worker 

at a regional planning office. But what is more interesting than 

having these subjective reasons is to consider the aggregation 

problem In relation to economics as a behavioural science.

Friedrich von Hayek has put the aggregation problem very concisely:

"In fact, neither aggregates nor averages do act upon one another”.

Others have given the problem a more systematic treatment, e.g.
1)

Theil (1954) and Green (1964).

Considering the influence that physics has had on economics, 
a comparison of the respective aggregation problem turns out 
Interesting. As remarked by Lancaster (1966a, p. 201),"...the level 

of direct awareness in economics is at the individual (micro-) level, 

while the aggregates (macro-variables) are abstractions. The reverse 
is typically true of physics, where, for example, the pressure of a 

gas (aggregate behavior of molecules) is observable about as directly 
as any physical phenomenon, while the behavior of a single molecule 
In that aggregate is observable only in an indirect fashion.”

As far as applied economics is concerned the conclusion is obvious - 

in general the models must be confined to macro-variables, based on 

more or less aggregated micro-variables.

1) See also Allen (1956).



4

Now, in this matter there is among economists an usual argument of 

great comfort, among others put forward by Samuelson (1947, p. 144); 
"There is nothing intrinsically reprehensible in working with .. 
aggregate concepts. On the contrary, abstraction from complexity is 

a necessary thought process... But it is important to realize the 

limitations of these aggregates and to analyze the nature of their 
construction."

While the first part of the argument represents the established 
opinion, the conclusion is less recognized. The aggregation 

problem has more often been overlooked than looked over, and, as 
Leijonhufvud (1968, p. Ill) puts it, "the aggregates used tend to 

become professional conventions which are seldom examined".

As noted by Allen (1956), the serious discussion about the aggregation 
problem was started with a series of articles by Klein and others in 

1946. In retrospect, the discussion at that time can be seen as a 

preliminary to the coming macro-economic model-building tradition.
It is interesting to note, that while the discussion of aggregation 

problems and specification errors arose from the advance of macro- 
economic model-building, this tradition provided, according to 
Griliches (1974), an 'errors-cancel-out-in-aggregates' justification 

for not dealing with errors in variables. This points to the general 

problem, discussed in e.g. Alonso (1968), of a conflict between 

specification errors and measurement errors, the former decreasing 

and the latter increasing with disaggregation and model complexity. 

Further, as exemplified in Grunfeld and Griliches (1960), in case 

the behaviour is influenced by variables at the aggregate level,
1)

the macro-relation may perform even better than the micro-relation.

1) Cf. N i jkamp, Rietveld and Rima (1984)
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The conclusion is not very sensational: Each aggregation problem 

must be solved in its own way, and as to the present study, a 
statement by Johansen (1964, p.l) may give the guiding principle : 

"Indeed, X do not believe that in general the application of the 

analysis in terms of less aggregated concepts is superior. The 

degree of aggregation to apply and the concepts to use depend on the 
problems which one wants to examine, and there is certainly a need 

for both aggregative and disaggregative analyses." Next follows an 
account of how this general 'principle' has been implemented.

First, the reference made to models on the micro level actually refers 
to the paper on housing choice (IV). And even in this case the micro' 
data, that is the family expenditure and income data, have been 

aggregated over individual family members. The other four papers are 

refering to what is labeled the meso level, between micro and macro.

In the first paper (I) a regional input-output study is presented.

At the time the study was performed, it was primarily aiming at 

an analysis of the impact on the regional economy of establishing 

a new steel mill. An input-output model was chosen since this model 

Is based on what is crucial in the impact analysis, viz. the inter

dependence between industries in the regional economy.

Now, in comparison to an alternative representation of the economy, 
e.g. an economic base model, the input-output model is disaggregative, 

by definition. But what is true of input-output tables in general, 
and the present one in particular, is still a considerable degree 
of aggregation. In the present single region model, the flows are 

completely aggregated over goods and services, and activities are 
aggregated into less than 20 industries.
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Thus, what e.g. Chenery and Clark (1965) point out as the basic

difference between input-output and more aggregative models,
"the explicit recognition of specific commodities having different
production requirements and uses", must be somewhat qualified when

1)
it comes to applied input-output modeling.

The second paper (II) concerns some aspects of the problem of 

predicting trade flows, the problem being raised in a research project 
related to the forest sector. The model outline is applied to a number 

of reasonably homogeneous forest products while the global trade 

network consists of only four regions.

In one formal respect this model is disaggregative, refering to 

trade flows of specific products, whereas aggregated flows have been 

treated in traditional trade flows analyses. In essence, however, 

this difference does not reflect different approaches but different 

alms. What here is refered to as 'traditional' analyses have mainly 
been concerning the level of bilateral integration etc., while in 

the present case the basis has been the problem of predicting 

specific trade flows.

The model, based on information theory, is predicting current trade 

flows simply by adjusting the historical, a priori, trade flows to 
satisfy current export and import totals. The results suggest that 
a considerable degree of inertia is characteristic of some of the 
historical trade patterns, especially with respect to Swedish exports. 
The trade network being highly aggregated means, however, that the

1) For a theoretical discussion of aggregation problems in input- 
output analysis, see Moriraoto (1970). Höglund (1966) presents 
an empirical study of related interest.
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significance of this result is unclear and that the model primarily 

serves an illustrative purpose.

Also the third paper (III), studying Swedish employment changes 

I960 - 1980 by decomposition analysis, is drawing on information 

theory. An entropy model is used to decompose employment changes 
into effects of region, industry, occupation and interaction effects. 

By adding an occupation effect to the traditional effects of region 

and industry, the decomposition provides important information that 
otherwise would not be available, even at a very detailed 

disaggregation of industries.

There is one issue that is of specific interest to perform this 

analysis, viz. the spatial implications of the product cycle theory. 

Here employment figures are used to differentiate between various 
economic activities, including different phases in the product cycle. 

In this context defining activities by industry is inadequate since 

an industry' is an aggregate over all kinds of establishments and 

activities, whether, e.g., manufacturing in branch plants or R&D in 

corporate headquarters.

Defining activities by occupation makes it possible, however, to 

differentiate between, e.g., knowledge intensive and goods handling 

occupations, categories that can be conceived as counterparts to 
phases in the product cycle. As for the spatial dimension, regions 

have been constructed according to the level of intraregional 
accessibility, a principle derived from product cycle theory.
In general, regions, industries and occupations have been constructed 

on the basis of homogeneity principles, according to characteristics 
of Interest for the analysis.
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As mentioned above the fourth paper (IV), presenting an analysis of 

housing choice, is a micro-oriented approach, based on data for 
individual households, and the analysis is performed by estimating 

a probabilistic choice model.

According to McFadden (1981), three major families of concrete 
functional forms for probabilistic choice models have been developed: 

Logit models based on the work of Luce (1959), problt models based on 

the work of Thurstone (1927), and elimination models based on the work 

of Tversky (1972). In the present case a (nested) multinomial logit 

model is applied. This model, developed by McFadden (1973), is used 
to estimate the joint choice of location, tenure and secondary 
dwelling, where separate models are estimated for three household 

categories, defined mainly by life-cycle factors.

This kind of modeling is disaggregative in several respects.

First, the consumer choice is regarded as a complex choice from a 

finite set of discrete alternatives. Decisions on house types and 

residential location are obvious examples of choices among 

discrete alternatives. There are, however, many other important 
economic decisions that likewise involve discrete alternatives, 
e.g. labor force participation, occupation, educational level - 

situations where the Indivisibility problem makes the use of 

conventional marginalist consumer theory inadequate.

Second, it is postulated that utility is derived from the bundle 
of attributes that the alternatives possess, following Lancaster 
(1966b). Third, it is assumed that attributes are valued 

differently by different household categories.



An outline of an alternative aggregative approach could, by way of 

illustration, imply a model of housing demand where all housing 
attributes are lumped together into one single-valued commodity, 
housing services', and where households are not grouped at all. 

Given these alternatives, we may without further elaboration 

conclude that the disaggregated approach gives a better 
understanding of the demand for housing and the behaviour of a 
housing market.

Now, it should be admitted that this extremely aggregative approach
in fact has no relation with modern research, nor with modern macro

modeling in connection with regional and local planning. Since the

seventies a considerable part of the research in housing economics
has been focused on disaggregate discrete choice models,

the research stream to which the present paper belongs. Even macro

level approaches, in research as well as in planning and policy
contexts, are couched in terms partly reflecting the heterogeneity

1)
of housing and the influence of life cycle factors.

Being a policy field of great importance, and given the increasingly 

sophisticated research at the micro level, the most recent housing 
research is concerning the link between micro and macro perspectives 
For example, Anas et al. (1987) have developed a prototype model of 

the Swedish housing market, drawing on a similar model in US, Anas
(1982), where the link between micro and macro behaviours is 
discussed. In these studies it is argued that logit models, based on 

Individual choice theory, can be meaningfully and accurately 
estimated using small aggregation units and relative frequency data 
of choices.

1) Cf. Hårsman (1981)
2) A review is found in Clark and Van Lierop (1986)
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The fifth and last paper (V), presenting a spectral analysis of 

Swedish exports of forest products, was written in connection with 
the same research project as paper II. This paper may even from a 

methodological point of view seem to be of a different kind than 

other papers.

Yet there are connections, most easily seen with respect to the

method used in the decomposition analysis in paper III. There an
entropy model is used to estimate employment changes, decomposed
into a national effect, effects of region, industry, occupation

and interaction effects. These effects are quite analogous to the
overall mean term, the main and interaction effects in an analysis 

1)
of variance model. And, as explained by Tukey (1961), turning 

from individual effects to variance components, there is a clear 

analogue between analysis of variance and spectral analysis. Just 
as analysis of variance can be regarded as a decomposition into 

variance components, the spectrum of a time series is a decomposition 
of the over-all variance into cycle components of various frequencies.

The spectrum thus provides information of the relative strength of 
cycles with various frequencies. Spectral analysis is therefore a 
useful method for identifying the significant components of cycle 

behaviour in time series. In the present explorative paper, the 
estimated spectra are based on quarterly data, 1961 - 1979, for 
Swedish exports of 158 forest products. This means that most 

products are reasonably homogeneous with respect to production, 

uses and transportation characteristics. And a fine classification 
of products may be justified, as different qualities within aggre

gates as 'sawnwood', 'pulp' etc. exhibit markedly different spectra.

1) Overviews of related statistical models in this field are found 
in e.g. Wrigley and Brouwer (1986) and Wrigley (1985).
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3. INFORMATION MINIMIZATION AND RANDOM UTILITY MAXIMIZATION

The discussion above was closed by pointing at the the analogue,, in 

a statistical decomposition context, between spectral analysis and 

entropy modeling. A more interesting question concerns the connec

tion between models used in papers I - IV. Actually, when projecting 
trade flows (II), decomposing employment (III) and analyzing housing 

choice (IV), the theoretical perspectives differ but the model forms 

are quite or almost identical. Furthermore, some models are of 
general interest in estimating and projecting input-output coeffi

cients, although not used in this case.

First, the information theory, or entropy model approaches used in 

papers II and III are quite identical. In an overview by Batten and 

Boyce (1986) this approach is related to a larger family of spatial 

interaction models. Even if this connection does not imply that 
entropy models are inapplicable in other fields of economics, the 

most frequent applications do relate to regional science, e.g. in 

spatial forecasting.

In this context Roy (1987) points out that two alternative approaches

are available, known as the Shannon and the Kullback approaches. It is
1)

the latter, also known as the minimum information principle, or entropy 

maximization with non-uniform prior probabilities, that is used in 

papers II and III. Thus, in projecting trade flows (II) and estimating 
employment changes (III), a revised distribution (of interregional trade 

flows and employment by region, industry and occupation, respectively) 
is inferred from a prior distribution upon the introduction of new 
exogeneous data (total regional exports and imports and total number of 

employed in regions, industries, occupations etc., respectively).

I) See Snickars and Weibull (1977), Webber (1979)
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The estimates of any entropy model may he characterized as a type of 

statistical inference, see e.g. Batten and Boyce (1986). One may, how
ever, make a further distinction between the two approaches in this 

respect. The Shannon approach differs from the Kullback procedure by 

assuming uniform prior probabilities, e.g., assuming that interregional 
trade flows are equally probable. Now, there is empirical evidence that 
the Kullback procedure has superior predictive capability, at least 

with respect to historical data. According to Roy (1987), this approach 

may (thus) be classified a (the) statistical Inference approach.

On the other hand, the Shannon approach is alleged to have a larger 
explanatory power, by the following reason. Using the Shannon approach, 
the estimated model is based on a set of explanatory characteristics 

and, hence, the parameters can be used at the forecasting stage, 

accounting for the effects of changed characteristics. Applied to, 

e.g., interregional trade flows, the estimated flow pattern could be 

based on information such as transportation costs and other trade 
impediments/affinities, as in the classical gravity model. A flow 
pattern forecast could thus reflect the effects of altered transpor

tation costs, tariff barriers etc., provided that this information 
is available. As to the explanatory power of the Kullback procedure,
Roy argues that it “substitutes direct projection from the prior 

distribution for the estimation phase of the Shannon model..(and is 

therefore)..incapable of considering any changes in the configuration 
of characteristics information between the estimation (prior) time 

period and the forecasting period".

Thus, starting from the conception of the Kullback and Shannon approach
es having complementary merits, Roy presents a new forecasting approach, 
attempting to combine these merits. As regards our discussion,
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Roy' 3 paper la of interest primarily by the discussion of the advan-
1)

tages and disadvantages associated with respective approach.

The Kullback procedure discussed so far may in fact be seen as a 
special case of the minimum information principle, as presented in 
Snickars and Weibull (1977). There, e.g., the 'new gravity model' 

makes use of explanatory characteristics (travel time) information 
as well, in addition to the information of a prior probability 
distribution and the probability sum information. Thus it seems as 
If the difference between a Shannon approach (the classical gravity 
model) and a Kullback approach (the new gravity model) is not a 

matter of explanatory power, as the same characteristics are used 

In both approaches, but a matter of the amount of information used, 
being less in the Shannon approach.

Now, turning to the connection between information theory approaches
and the multinomial logit model (MNL) approach used in paper IV, Anas
(1983) gives one proof that the Shannon approach and the (simple) MNL

may yield identical estimates. It may therefore be instructive to
draw on parts of Anas' paper. Assume the problem of deriving the 

h
choice probabilities P , where h=l— H denotes choosers and j=l...J

Jdenotes the discrete alternatives forming the choice set (as in, e.g., 
a housing choice problem). The information available makes it possible 
to formulate the following information minimizing problem, using the 

Shannon approach:
h h

Min 1 1 P In P (1)
h 1 J j

I ; The problem resembles the traditional forecasting problem, as
discussed, from a users perspective, by e.g. Chambers et al. (1971); 
'The superior short term accuracy of techniques based on stochastic 
models of time series, while causal ('explanatory') methods are to 
prefer in long term forecasting.
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subject to
h

I P * 1 ; h=l...H (2)
j j

h hV P * I A ; j=l...J (3)
h J h j

h h h hV V P X = I I A X ? k=l...K (4)
h j J jk h i  j jk

The probability sum information is used in constraint (2), stating that

the choice probabilities for each chooser should sum to unity, and in
constraint (3), stating that the expected number of choosers choosing a

particular alternative should equal the actual number of choices, where
h h

A =1 if h chooses j and A =0 if h does not choose j. The explanatory 
j j h

characteristics information is represented in X , the value of the kith
jk

attribute for alternative j and chooser h, and constraint (4) states 

that the expected and the observed aggregate value of each attribute
should be equal. The Lagrangian of (1) - (4) is

h h h h
L = I I P In P - £ 8  ( £ P - 1) - I .1 ( I P  - N ) 

h J j j h h j J j oj h j j

h h
• I A ( I I P  X - X )  (5)

k k h j j jk k

where 8  , ,\ and A are the Lagrange multipliers and
h oj k

h h h
N * I A , X = I I A X  .
J h j k j h j jk

After developing the first-order conditions the solution obtained gives

h h h
P = exp( A  + I À X ) / I exp( .\ + I A  X ).
i oi k k ik j oj k k jk

(6)
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Given equivalent information, a change from the information-minimi- 

zation approach to a random utility maximization approach means that 
the choice probabilities, corresponding to (6), could be derived as 
follows.

It is assumed that the choosers have similar preferences and that 

the random utility function is linear in parameters and additive in 
variables :

h h h
U = «1 + I' X +  i (7)
j oj k k jk J

h
where U is the perceived utility of alternative j for chooser h;

3
n is a vector of utility coefficients, among which a  are alter

ed
native specific constants, measuring the unspecified part of utility,

h
and * is the vector of random utility. The random component ( is

3
assumed to be statistically independent and identically distributed 
according to the extreme value distribution

h -<
Prob( ( <= < ) = expl-exp ). (8)

3

by this assumption the utllity-maximization choice probabilities will 
have the form

h h h
P * Prob( U > U ; V 3 i i) 
i i 3

h h
= exp( (i + - u X ) / £ exp( (\ + £ <r X ) (9)

oi k k ik 3 o3 k k 3k

which is the multinomial logit (MNL) model.



16

Thus, the choice probabilities derived by the information-minimization 

approach (6) are identical in form to those derived by the random 
utility-maxiraization approach (9). Therefore Anas concludes that it 

is not reasonable to claim that models based on information theory 

are inherently less “behavioural" than random utility models of dis

crete choice. One cause for the opposite opinion may be the fact, that 

applied random utility-maxlmization models are traditionally disaggre

gated, while information-minimization models are generally estimated 
from aggregate data. This fact does not, however, provide a sound basis 
for comparing the two approaches.

One important property of the MNL model is termed 'independence from 
irrelevant alternatives' (IIA). This property, implying that the rela

tive odds for the choice of any two alternatives is independent of the 

attributes of any other alternative, is a direct consequence of the 

assumption of Independently distributed random terms. Thus, in cases 

where the unobserved attributes of alternatives (the random terms) are 

correlated, the assumption of the MNL model is violated. In these 

cases a nested logit model, as in paper IV, may provide a practical way 

of dealing with the IIA problem. May it here suffice to say that the 

nested logit model is an approach that makes it possible to accomodate 
varying degrees of similarity between alternatives.

Since the (simple) MNL model and the Shannon approach model, accor

ding to the presentation above leads to the same formal representation 
of the behaviour, the IIA problem is implied also with respect to the 
information-minimization approach. In this context it is interesting 
to note the development of models using the Shannon approach where 
the structure of the model shares the freedom from the IIA res
triction in the same way as the nested logit model, see e.g. Boyce 

et al. (1983), Roy (1985) and Roy and Lesse (1985).
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Now, it should be clear from above that information-minimization is a 

more general principle than the Shannon approach used in (1) - (4). 
Likewise, the MNL model is Just a special case of discrete choice 

models. This brings Anas (1983) to close his paper by stating the 

conviction that the equivalence between information-minimization and 

discrete choice theory does not end with the MNL model.

Refraining from any attempts in this respect, there is, however, one 
question that should, at least, be raised in this context, viz. the 

correspondence to the Kullback approach (the minimum information prin

ciple) in a discrete choice theory framework. Although a prior proba
bility distribution can be derived by modeling efforts, see Snickars 
and Weibull (1977), the direct use of historical data is the common 

procedure, as in papers II and III.

A3 discussed by Fischer and Nijkamp (1987) in a recent 'State of the 

Art' review, several important methodological issues are raised when 

choice behaviour over time is incorporated in discrete choice modell

ing. One key issue is the problem of distinguishing between the influ

ence of true (structural) state dependence and spurious state depen
dence in the modeling. Following Heckman (1981), these influences are 

related to two distinct explanations for the empirical regularity of 

current behaviour being dependent on past behaviour.

One explanation is that the previous choice has a genuine behavioural 
effect on the current choice, as a consequence of, e.g., altered pre
ferences. In this case there is a true state dependence of current on 
past behaviour. A second explanation for the phenomenon is that the 

previous choice may appear to influence the current choice only 
because it is a proxy for temporally persistent unobservables that
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determine choices. In this case, the dependence of current on past 

behaviour is due to serial correlation in the unobservables, and 
this dependence is thus termed spurious state dependence.

A convenient illustration to this issue is given by Tardlff (1980), 

suggesting that the utility function (7) could be replaced by a 
specification that takes the intertemporal nature of the choice 

process into account:

h h h h * h
Ü * £  a  X + X  Y C # + f + € (10)

j t  k k Jkt 3* 33' 3 <t-l> 3 3t

where U is the utility of alternative J for chooser h at time period 
h jt

t; X is the value of the k:th attribute for alternative j and chooser 
jkt h

h, which may vary in time, C * 1 if chooser h chooses alternative
j (t-1) ^ h

J in the previous period (t-1) and 0 otherwise, t is an error compo-
j * h

nent that varies among choosers but is time-invariant and < is an
Jt

error component that varies among both choosers and time periods.

The inclusion of the second term in (10) allows choice in a previous
period to influence choice in the current period. If the estimate of
the parameter V is positive (negative), it indicates an increased 

33
(decreased) choice probability in the current period. Now, by setting 
various terms in (10) to zero, Tardlff considers three special cases 
of the general discrete choice model.

First, if the assumptions that V ■ 0 and ( * 0 for all h,j and J
JJ J

are valid, the intertemporal choice behaviour can be treated as inde
pendent. In this case a static discrete choice model can be applied

directly to the dynamic choice problem; e.g., on the assumption that 
* h
( is distributed as in (8), a MNL model can be applied.

Jt
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^ h
Second, if it can be assumed that 7 = 0 for all h and J but that

3
some Ì f 0, we have a true state dependence model. In this case 3 3
previous choices are explicitly considered but, since the error terms 
are assumed to be independent across time periods, the usual type of 

discrete choice models can still be applied directly.

„h
Third, turning the assumptions the other way round, i.e. < f 0 for

3
some h and 3, and )’ * 0 for all h,3 and 3, we have a spurious state

33
dependence model. In this case previous choices are not considered,
but, since some unobservables are assumed to remain constant across
time pericds, the error terms are serially correlated and, hence,
current and previous choices are statistically dependent.
Consequently, the usual estimation procedures are no longer valid.

In these circumstances there are two approaches available to deal
with the error terms; The 'fixed effects' approach, in which the 
^h
t terms are specified as alternative-specific constants for each 

3
chooser, or the 'random effects' approach, in which the complex error

1)
variable structure is dealt with directly.

To conclude, by raising the question of the correspondence to the

Kuliback approach in a discrete choice theory framework, the discussion
has been carried to a generalization of the discrete choice model in a
dynamic context. Whether there is a meaningful answer to the opening
question has not been considered, but there is one specific reason for

2 )
bringing dynamic discrete choice modeling up for discussion.

L) See Heckman (1981) for details. The model presented by Heckman may 
be considered as a further generalization of the discrete choice 
model.

2) The link between entropy models and discrete choice models has 
been discussed in other contexts, see e.g. Nijkamp and Reggiani
(1986).
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This reason can simply be illustrated by some less satisfactory 

assumptions associated with the housing choice model in paper IV.
In this case a static model is applied, based on data of actual 
housing in a specific year. Now, to interpret the estimated model 

in terms of housing demand thus assumes that households are in 

equilibrium. A  static model could be a valid approach if the dynamic 
adjustment process was fast and transaction costs were negligible. 

Empirically there is, however, a lot of evidence of slow adjustment 

processes and high transaction costs in the housing market.
A dynamic model, based on panel data, would thus be better suited 

to examine the intertemporal aspects of the choice behaviour.

Let us now bring the discussion to a conclusion. The presentation 

above has dealt with alternative entropy, or information theoretic 

approaches, and the relationship between entropy maximizing (infor
mation minimizing) models and random utility maximizing models.

The discussion has been limited to a brief account of models that 

have been applied in the included papers, and the presentation does 
not claim to do full Justice to the literature in question.

Finally, yet another reference should be made. In Smith (1986), 
most-probable-state' (MPS) analysis is launched as a general 

approach that "unifies many of the existing concepts and methods 

employed in maximum-entropy and minimum-information techniques".
This ongoing research is of great interest since an effort is made 

to resolve some basic theoretical questions, related to the many 

alternative interpretations that can be given to the solutions of 
entropy maximization and information minimization programmes.
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4. ANALYZING THE STRUCTURE OF REGIONAL PRODUCTION

There is one information theoretic procedure that is widely used 
also in fields outside regional science, viz. the RAS procedure.

in the strict case this procedure is based on information of a prior
0

distribution X and row and column totals X and X of a later
U  i. -3date. This is the basis for the method used in paper II, where the

predicted trade flows X are derived by the solution of
ij

0
Min 1' i X ln( X / X ) (11)

i j U  13 i 3

subject to
1* X * X (12)
j 1 3  i-
1 X * X (13)
i 13 -j

The adjustment and/or projection of international and interregional
trade flows matrices, as in paper II, is a field of application

1)
where the RAS procedure has yet been used less frequently.

The major field of application, and the stimulus to develop the
method, is the problem of estimating and projecting national and

2 )
regional input-output tables.

L) RecentW, Möhr, Crown and Polenske (1987) provide an overview of 
four known attempts to use the RAS procedure for adjustments of 
trade flows tables.

2) For reviews, see Lecomber (1975) and Polenske, Crown and Möhr (1986).
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In the estimation of the regional input-output model, presented in 

paper I , the approach has mainly been survey-based, with only slight 
use of minimum information principles. Although a survey-based 

approach is associated with a lot of drawbacks, as high resource and 

time costs, it was deemed preferable to the RAS procedure, since 
usable information of a prior regional table, X , was not available.

The most common approaches for deriving regional input-output tables
are nonsurvey methods that make use of national tables X ,

0 1) N ij
i.e. X « X in the case of the RAS method. The obvious reason is 

ij N ij
that national tables are very frequent while (prior) regional tables 
are not. This results from the fact that the construction and quality 
of national tables are permanent matters of great concern in national 

accounting systems, whereas regional input-output analysis only 
occasionally receives public interest and support.

The practice of using national 1-0 coefficients in their unadjusted 

has long been abandoned. It may still be of interest to briefly give 

the theoretical reasons, as enumerated in e.g. Richardson (1972), 

why such a practice cannot be justified. First, there is the aggre
gation problem, implying that the industry mix and the product mix 
in any particular region is different from that in the nation. This 

is one reason why regional technical coefficients will vary from the 
national coefficients. Second, regional economies are much more open 

than nations, which means that regional and national trade coeffi

cients are different. Third, there is variation between national and 
regional coefficients due to differences in regional price levels. 

Fourth, there are differences in production functions even after 
making allowances for industry and product mix.

I) For a recent review, see Hewings and Jensen (1986)
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Now, these problems are more or less successfully controlled for by

various adjustment methods and, as stated by Hewlngs and Jensen
(1986), the RAS method is the most widely accepted technique to
convert national to regional 1-0 coefficients. Given the Information

of regional intermediate outputs and Inputs, X and X and a 
0 Ri. R .j

prior table X corresponding to national technical coefficients,
ij

the estimated regional table X , derived by the solution of (11),
R ij

may seem to provide a reasonably good basis for regional input-output 
analysis of the kind intended.

Yet, there are strong reasons to doubt that the strict RAS method 
is a valid approach to estimate a regional input-output table.
The RAS method was originally developed to project national input- 

output matrices where the notion of a prior matrix is meaningful 
(irrespective of the precision of the method). For the estimation 

of regional input-output matrices, however, the national matrix 

cannot be regarded as a meaningful prior matrix, especially not if 
the region is known to be of small size and with an industrial 
structure quite different from the national average.

One major problem concerns the first point mentioned above, the 
difference between regional and national industry mixes, a problem 

that becomes more complicated the higher the level of aggregation.
But perhaps the fourth point, concerning interregional differences 
in the underlying production functions, implies an equally important 

problem, although not as easily demonstrated.

What yet can be easily demonstrated are the interregional differences 
in the employment structure for specific industries, implying corre
sponding differences in 'production functions'. This is the phenome
non dealt with in paper (III), where marked differences in occupation
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structure are found between regions at various levels of intraregional 

accessibility, a result in line with the spatial implications of the 
product cycle theory. As the regional equipment of various infrastruc

ture elements - e.g. universities, airports, highways - are assumed 

to be strategic determinants to the results obtained, this research

has been pursued by a production function approach, where regional
1)

infrastructure elements have been added to firm specific inputs.

There are also other pieces of information that can be added to this 

growing body of facts and notions concerning interregional product 

cycles and spatial division of labour, e.g. analyses of the spatial 

diffusion of new technologies. A recent paper by Anderstig and Karlsson

(1987) presents an analysis of the spatial diffusion of information 

technology applications among Swedish engineering firms. The results 

show that the diffusion is mainly determined by the spatial distribu
tion of different activities within enterprises and industries.

Further, enlarging the perspective to include technologies of different 

vintages, there is a large body of empirical research, based on micro 

data of Swedish manufacturing plants, demonstrating a large inter

regional variation in the vintage structure for manufacturing
2 )

Industries.

Thus, as far as manufacturing industries are concerned, there is no 
basis for assuming that the essential features of regional technical 
strucures can be captured by national technical structures. The use 

of the strict RAS method, as presented above, therefore seems 
unjustif ied.

1) Andersson, Anderstig and Hårsman (1988)

2) See, e.g., Johansson and Marksjö (1983)
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Aa stated by Hewings and Jensen (1986), the representation of econo

mic structure is the raison d'etre of the input-output table, while 
the research effort devoted to using regional tables for studies of 
economic structure are limited. Chenery and Watanabe (1958) and Simp

son and Tsukui (1965) are perhaps the best known examples of studies 
comparing the underlying technical structures of national economies.

Harrigan et al. (1980) is one among very few examples of studies 
comparing regional and national technical structures, the Scottish 
and the United Kingdom economies. The results show that both eco

nomies conform to a general block triangular pattern of technical 
interdependence, whereas detailed comparisons of individual coeffi
cients and sums of coefficients "revealed significant differences... 

which suggests that the particular techniques chosen from the 

available technical menu in the two economies are distinct."

in the present study of the Norrbotten economy there are no compa
risons of regional and national technical structures. However, the 
study shows that the technical interdependencies in manufacturing 

Industries, in terms of inter-industry flows, are clearly defined 
and dominated by certain blocks based on natural resources, 
representing two thirds of the value of all inter-industry flows in 

manufacturing industries. The metal block, including mining, iron 
and steel works and engineering industries, is the most important 
technical block, while the corresponding local block is relatively 

weak. This is due to the fact that the major part of the intra
sectoral inputs, and the major part of inputs from engineering 
Industries, are imported.
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SUMMARY

CHAPTER 1

This introductory chapter presents an overview of models and methods 
applied in the five papers that are comprised in the thesis. Among 
different definitions of 'structural analysis' one refers to the study 
of the properties of economic models on the assumption of invariant 
structural relations. This definition applies to much of the work in 
the tradition of input-ouput analysis, and comes very close to what 
is aimed at in the present case. To avoid confusion of ideas, the 
title thus refers to analyses of economic structure, instead of 
structural analysis.

After a brief discussion on the aggregation problem, accounting 
for the degree of aggregation applied in each paper, the connection 
between the models is discussed. Actually, when projecting trade flows 
(chapter 3), decomposing employment (chapter 4) and analyzing housing 
choice (chapter 5), the theoretical perspectives differ but the model 
forms are quite or almost identical, i.e. entropy maximizing (information 
minimizing) models and random utility maximizing models.

Furthermore, some of these models are of general interest in estimating 
and projecting input-output coefficients, although not used in this case 
(chapter 2). The RAS method, which is an information minimizing technique, 
is the most widely accepted technique to convert national to regional 
1-0 coefficients. Yet, there are strong reasons to doubt that the strict 
RAS method is a valid approach to estimate a regional input-output table, 
since the national matrix cannot be regarded as a meaningful prior matrix, 
especially not if the region is known to be of small size and with an 
industrial structure quite different from the national average.

CHAPTER 2

This chapter reports on a study included as one pan in a research pro
ject launched in 1975, aiming at an analysis of the economic effects of 
the planned expansion at the iron and steel works in Luleå, Norrbotten.
The primary aim was estimating the effects on the the Norrbotten economy 
of an exogeneously given investment, and the interest was oriented to
wards developing a model suitable for multiplier analysis. An input-output 
model was chosen since this model is based on what is crucial in the 
regional impact analysis, viz. the interdependence between industries in 
the regional economy. The work was mainly concentrated on developing and 
estimating an econometric model, describing the structural interdependences 
in the Norrbotten economy.

The chapter is composed of three parts. The first part concerns the theo
retical basis of the model, the main fields of application and principal 
problems in connection with the estimation. The core of the estimated 
model is defined by the intersectoral dependencies in the Norrbotten eco
nomy. This model can be viewed as a part of a more general model of the 
regional economy, and such a general model is briefly outlined.
The second part reports on the collection and arranging of data, and the 
methods used for the estimation of the model.
In the third pan the results arc presented. A special interest concerns 
the effects of production changes in the basic industries in the county, 
as to the expected impact on industries and occupational groups.
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The industrial structure in Norrbotten is strongly concentrated around 
the regional natural resources and the economy is to high degree oriented 
towards raw-material-production, where the main pan of production is 
exported abroad. The mining and manufacturing is extremely export 
oriented: In 1975 the exports represented about 60 percent of total sales, 
whereas only 20 percent were sold within the county. There is also a 
considerable dependence on imports; in 1975 one third of all manufacturing 
goods were imported.

The industrial integration, in terms of intraregional intersectoral 
flows, is relatively weak. This means that there is a considerable 
dependence on imports of intermediate inputs. The main part of the 
intraregional flows relates to the forest block (forestry and wood- 
based industries) and the metal block (mining, iron and steel works 
and engineering industries), representing 31 and 25 percent, respec
tively, of the intraregional flows.

The estimated effects on production and employment of a given change 
in final demand turns out to be relatively low for the basic industries. 
Among these industries, a production change in egineering 
industries gives the largest impact.

If only the secondary effects are regarded, i.e. effects on production 
and employment in other sectors of the economy than that of the initial 
change, an initial change in the food industry gives the targets impact.

CHAPTER 3

This chapter concerns some aspects of the problem of predicting 
trade flows, the problem being raised in a research project 
related to the forest sector. The model outline is applied to a 
number of reasonably homogeneous forest products while the global 
trade network consists of only four regions.

In one formal respect this model is disaggregadve, refering to 
trade flows of specific products, whereas aggregated flows have 
been treated in traditional trade flows analyses. In essence, 
however, this difference does not reflect different approaches 
but different aims. What here is refercd to as 'traditional' 
analyses have mainly been concerning the level of bilateral inte
gration etc., while in the present case the basis has been the 
problem of predicting specific trade flows.

The model, based on information theory, is predicting current trade 
flows simply by adjusting the historical, a priori, trade flows to 
satisfy current export and import totals. The results suggest that 
a considerable degree of inertia is characteristic of some of the 
historical trade patterns, especially with respect to Swedish exports. 
The trade network being highly aggregated means, however, that the 
significance of this result is unclear and that the model primarily 
serves an illustrative purpose.
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CHAPTER 4

Stagnation and inner city problems have for some time been common 
attributes to characterize the metropolitan development in the in
dustrialized countries. To some extent this gloomy picture has been 
contradicted by arguments stressing the importance of the metropolitan 
areas playing a seedbed role in the process of innovation and crea
tivity.

This chapter presents an attempt to explore this seedbed role by 
decomposing the interregional and intraregional employment change in 
Sweden and Stockholm, during the period 1960 - 1980, using an entropy 
model. In addition to effects attributed to regions (zones), industries and 
occupations, interaction effects between region (zone) and industry/occupa* 
tion have been derived. The results indicate that the metropolitan areas in 
general, and the Stockholm region in particular, have locational compe
titive advantages in knowledge-oriented activities. The intraregional 
analysis performed is also confirming the value of this kind of decom
positions.

As for intraregional location, applications based on the Alonso type of 
theory demonstrate the importance of introducing different measures of 
accessibility. The location of labour force by different occupational 
groups seems to be of considerable importance for the location of know- 
redge-oriented activities.

CHAPTER 5

This chapter presents an empirical analysis of housing choice, aiming 
at further insight into the complexity of housing demand. The analysis 
is based on individual data of households in Stockholm in in the family 
expenditure survey in 1978. The consumer choice is regarded as a 
complex choice from a finite set of discrete alternatives. Among various 
functional forms for probabilistic choice models a (nested) multinomial 
logit model has been chosen.

It is assumed that the houshold yearly reconsiders the choice of location 
and tenure (owner occupied, cooperative, rented) of primary dwelling, 
and ownership of secondary dwelling. It is postulated that utility is 
derived from the bundle of attributes that the alternatives possess, and it 
is assumed that attributes are valued differently by different house
hold categories.

In this perspective it is reasonable to include secondary dwelling 
in the housing choice decision. To some extent the attributes of a 
secondary dwelling can be viewed as complementary to the attributes 
of a multifamily dwelling in a central residential location, while 
substitutional to the attributes of a single family house in a peri
pheral location. The location alternatives have been defined as five 
geographical units. An alternative method is proposed, implying that 
location alternatives are defined with respect to implicit prices of 
neighborhood attributes. The analysis is performed in respect to three 
household segments, defined mainly by family life cycle aspects.

The results indicate, e.g., that owning a secondary dwelling is less 
probable if the primary dwelling chosen is owner occupied; that choice 
of tenure is related to the family life cycle; that choice of location 
segregates families by social class and income, and that choice of 
location depends on tenure attributes.
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CHAPTER 6

This chapter presents a spectral analysis of Swedish exports of 
forest products over a twenty year time period. Considering the 
important role that the forest sector plays in the Swedish economy, 
this study aims at exploring the cyclical behaviour of the export 
patterns.

The spectrum provides information of the relative strength of 
cycles with various frequencies, and spectral analysis is therefore 
a useful method for identifying the significant components of cycle 
behaviour in time series. In the present case the estimated spectra 
are based on quarterly data, 1961 -1979, for Swedish exports of 158 
forest products. This means that most products are reasonably homoge 
neous with respect to production, uses and transportation characte
ristics.

A fine classification o f products seems justified, as different quali
ties within aggregates as ’sawnwood’, ’pulp’ etc. exhibit markedly 
different spectra. In general, the results indicate that the business 
cycle (5 year cycle) is significant.


