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Preface 

Bengt-Christer Ysander has had a varied career in many locations. 
The largest share by far of his academic writing took place during 
his eight years (1978-1985) at IUI. We-a current and a former 
president of IUI -find it appropriate to put together a volume of se
lected writings of Bengt-Christer Ysander for his 60th birthday. 

On ly artic1es originally authored in English are inc1uded in this 
volume. Nevertheless, the selection illustrates the broad range of 
Ysander's academic writing, his originality and his early attention to 
problems that have only recently been addressed byeconomists. 
This collection also provides an opportunity to bring to the attention 
of a wider audience some of Ysander's original research which has 
appeared previously only in relatively unknown and not widely dis
tributed and read publications. 

Bengt-Christer Ysander's writings cover a broad range of topics, 
including high ly abstract reasoning on the nature of truth in the 
social sciences (Chapter I), an early theoretical piece from 1981 on 
non-linear systems dynamics ("chaos") in Chapter II, an insightful 
essay on the nature of human capital (Chapter III), a sophisticated 
paper on macroeconomic modeling (Chapter IV), and some very 
down-to-earth articles on public sector growth and policy making 
(Chapters VI and VII). 

As those of us know who have had the privilege of a long and 
stimulating association with Bengt-Christer Ysander, his writing is 
characterized by the same qualities as his personality : keen percep
tion, sophistication, a high degree of technical competence-yet his 
argumentation is always clear, penetrating , and relevant. We are 
happy that the readers of this volume now have the opportun ity to 
discover these truths for themselves. 

Uppsala and Stockholm, April 1991 

Ragnar Bentzel Gunnar Eliasson 
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CHAPTERI 

Truth and Meaning 
of Economic Postulates 

11 

"The nature and significance of economic postulates" has been a central 
point of methodological controverse for more than a hundred years. 
This paper will introduce a new way of analyzing the role of postulates 
in the construction of economic theories suggested by recent findings 
in the philosophy of science. The methodological discussion was formerly 
primarily concerned with the question whether the common assump
tions of economic theory were true or not. In the last decade the dis
cussion has gained in sophistication and has dealt with the question 
whether truth in the postulates is necessary and relevant to the validity 
of the theory. We are going to suggest that a great many of the con
troversial postulates do not have even an empirical meaning except 
through their consequences. This anlysis eliminates the thruth problem 
without compromising the truth concept in the pragmatic fashion. In
stead of admitting the distasteful notion of "half-truth" into economic 
postulates it merely concedes the existence of theoretical elements with 
only apartial empirical meaning. This means that instead of arguing 
about the "realism" of statements about psychological variables like 
economic anticipations and maximization normes or limiting concepts 
like perfect competition and horisontal demand curves, we agree to 
trea ting these terms as theoretical variables on a par with terms like 
"electron" and "instantaneous velocity" in physical theory. We think that 
this approach will help to clear up a good deal of misunderstanding in
volved in the old time controversy and bring out some common problems 
in physical and social science. In the first section of the paper we will 
recall the main points of the recent discussion on the role of economic 
postulates and then try to narrow the central problem by picking out 
the sort of economic assumptions that give rise to difficulties and 
contain the seeds of controversy. The second section will deal with the 
status and empirical me aning of postulates and will develop the 
necessary instruments for this discussion by recounting some recent 
results in the philosophy of science. The main task of the section is to 
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familiarize the reader with the concept of "theoretical variables". In 
the third and last section this concept is made use of in the analysis of 
some appropriate examples of postulates in economics. Since our way 
of analysing bears an apparent resemblance to the pragmatic analysis 
so brilliantly put forward in the writings of professor Milton Friedman, 
we have deliberately chosen to demonstrate our divergent point of view 
by reanalysing some of professor Friedman's own examples. 

lo TRUTH AND HALF-TRUTH IN ECONOMIC POSTULATES 

A. The modern discussion concerning the postulates of economic 
theory was touched off by the pointed summing up of orthodox eco
nomics given in Lionel Robbins: "Nature and Significance". His position 
is stated in the now classical words - "The propositions of economic 
theory, like all scientific theory, are obviously deductions from a series 
of postulates. And the chief of these postulates are all assumptions in
volving in some way simple and indisputable facts of experience 
relating to the way in which the scarcity of goods which is the subject 
matter of our science shows itself in the world of reality ... We do not 
net' c: controlled experiences to establish their validity : they are so much 
the stuff of our everyday-experience that they have only to be state d 
to be recognized as obvious". (Robbins, 1937 pp. 78 ff.). While the 
postulates of physical science may be both abstract and of disputable 
validity, the central assumptions of economic theory according to this 
vieware not only true but self-evident. Aside from these main postulates 
Robbins also mentions the existence of special assumptions stating the 
concrete circumstances under which the general postulates are applic
able : "Being assumptions of a more limited nature based upon the 
general features of particular situations or types of situations which the 
theory is to be used to explain". (Robbins, 1937 p. 100) 

The next stage was marked by a growing uneasiness about this 
orthodox complacency. A contrary view was put forward in a most un
comprising manner by Hutchison, who called for a testing of all the 
central economic assumptions. He wants: "Empirical verification ... of 
the fundamental assumption" (Hutchison, 1938 p. 83) and tries to show 
also that a more realistic theory necessarily will me an "more realistic 
assumptions" (Hutchinson, 1938 p. 120). At about the same time we find 
a group of Oxford economists with the same bag of ideas trying to find 
out by interviews mainly whether the modern business man really 
recognizes maximization of short run profit as the main goal and norm 
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of behaviour. Most of the answers turned out to be negative; the 
business men said they wanted a "normal" or "fair" profit, they put 
their price according to some cost-plus-system, Le. by adding to the 
direct eost - as far as marked conditions would perrnit - a proportional 
amount covering conunon costs and a fair margin of profit (Hall, 1939 
pass im ) . It has of ten been pointed out later that the outcome of these 
interviews does not amount to very much. Expressions like "fair" or 
"normal" and alibis like "as far as market conditions permit" are too 
vague to provide a frame work for a theory of business behaviour. 

A way of getting around the need for empirical testing of the 
economical postulates without going back to Robbins' trust in intuition 
was shown by professor Friedman. In his essay "The Methodology of 
Positive Economics" Friedman state s as his view that economic postulates 
like other scientific assumptions can only be tested indirectly by way 
of testing the consequences (Friedman, 1953 pp. 3 ff.) . The choice of 
postulates is not a matter of truth or of empirical validity but can on ly be 
decided by reference to the usefulness of the whole theory. According to 
this pragmatic analysis a system of postulates is a good one if it works 
weil by making possible true predictions and satisfactory explanations. 
This really means that you abandon the concept of truth as irrelevant 
in dealing with the postulates of economic theory. Friedman explicitly 
states that economic assumptions necessarily inelude both outright fals e
hoods and "half-truths". The pragmatic approach also eloses the door 
to any further analysis of the structure of me aning in economic theories 
and the role of assumptions in the construction of new hypothesis. 
A rather dangerous byproduct of Friedman's pragmatism is his belief 
that a theory should gain in credibility by having been long upheld by 
custom and tradition al dogma (Friedman, 1933 p. 23). 

A new phase in the discussion seemed to be signalled by Koopmans' 
essay on "The Construction of Economic Knowledge" (Koopmans, 1957 
pp. 127 ff.). Taken at face-value Koopmans' essay looks like a return to 
the standpoint of Hutchison according to which "direct and indirect 
testing of postulates" remains the most essential task of economists. 
Further reading, however, makes it more and more doubtful whether 
Koopmans is really concerned with our problem, Le. the testability 
and truth of economic assumptions. The main part of the work deals 
with possible improvements in economic postulates, e.g. by making the 
theory of productian account for factors of lumpiness and localisation 
and by ineluding not only risk but als o uncertainty as necessary parts in 
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the theory of markets. Whether these improvements can be put to 
empirical tests is not discussed. Koopmans' call for "more realistic as
sumptions" tums out to be correspondingly vague in defining the target. 
Sometimes he writes about the need for better factual estimates and 
mor e data - e.g. more detailed technical coefficients in input-output 
models and more complex production-functions. At other times Koop
mans seems to aim at assumptions that "work better", as Friedman 
would put it, e.g. in the discussion of alternative models of decision. 

The analysis of professor Machlup (Machiup, 1955-56 passim) seems 
at times to underwrite the views developed . in this paper especially 
when touching on "the heuristic postulates and idealized assumptions in 
abstract models of interdependent constructs useful in the explanation 
and prediction of observable phenomena" (Machiup, 1 956 p. 486). In 
his conclusions, however, Machlup takes leave of empiricism altogether 
and is ready to invest even "pure fiction" with empirical meaning on 
pragmatic grounds and to allow deductive theories alibis in the form of 
non-testable "Assumed Conditions" against any try to prove them false. 
- A much closer correspondence with our views . is to be found in Mr. 
Rotwein's discussion of Friedman's essay (Rotwein, 1959 pp. 570 ff.). 

B. Even from this short survey of the discussion concerning truth and 
validity in economic postulates one thing seems evident. Some of the 
differences of opinion seem to be caused by the ambigousness of the 
term postulate (Hegeland, 1960 pp. 130 ff.). Not unfrequently one gets 
the feeling that the various economists are using the same name for 
quite different kinds of economic postulates. And yet every economist 
is familiar with at least fourdistinct kinds of postulates. Even a re
latively simple theory like the Coumot-theory of duopoly contains 
examples of these four kinds of assumptions: 

I. An assumption concerning the existence of a demand function. 
This assumption is an example of that big group of economic postulates 
which deal with the existence and stability of empirical correlations. 

2. An assumption that variations in cost are negligable. This is a 
special instance of a ceteris-paribus clause and can be taken to represent 
all those assumptions which specify the circumstances under which a 
theory is applicable. 

3. An assumption of maximization of short run profit. This assump
tion is typical of the main body of fundamental economic postulates 
which deal with subjective goais, norms and forms of reasoning. 
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4. An assumption of economic anticipations. This sort of postulate is 
fundamental in all dynamic theories. (Cournot, 1938 pp. 88 H.) 

Much confusion and unnecessary disagreement could probably be 
avoided by clearly distinguishing between postulates of type 3 and 4 
involving subjective variables which we do not know how to test, and on 
the other hand postulates of type I concerning empirical correlations 
the testing of which presents no fundamental problem. Koopmans' 
discussion and suggested reforms seem to be primarily concerned with 
assumptions of type I. The frequent paradoxes in the reasoning of 
Hutchison and especially of Hall and Hitch seem to be partly founded 
on a mix-up between assumptions of type I and asswnptions of type 3 
and 4. Our own discussion like the analysis of professor Friedman deals 
primarily with the latter kind of postulates. 

C. We are trying in this paper to analys e those economic postulates 
which do not seem to be directly amenable to verification. We have 
already noted an important subclass of these, viz. the postulates involving 
subjective terms. What we want to find out is whether we have to go 
along with professor Friedman and allow falsehoods and half-truths in 
these fundamental asswnptions. Before going into this problem, how
ever, we want to limit our discussion by specifying certain kinds of 
"inaccuracies" which fall outside our field of inquiry. There are at least 
two kinds of half-truths that need not detain us in this context: 

I. Most "laws" and correlations in the social sciences are intended 
to be and must be tested as stochastic distribution laws although the 
stochastic formulation is of ten left out for convenience sake and re
garde d as a tacit asswnption. This means of course that these proposi
tions can never be verified in their exact sense nor can they ever be de
finitely accepted as truth, since any inductive proof according to some 
statistical criteriwn can only result in a preliminary acceptance due to 
eventual correction as further evidence comes along. 

2. There is always a certain vagueness in the rules which govern the 
application or interpretation of the terms of a theory into the world of 
reality. There can never be an exact agreement on what an economie 
term should measure or how it should be measured. 

The "inaccuracies" or "half-truths" which concern us here stem 
from the presence in many economic postulates of terms for which 
there is no easy empirical interpretation at all. Among these terms are 
limiting concepts like perfect competition or perfectly elastic demand 
and psychological variables like anticipations and norms of behaviour. 
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II. DO THE POSTULATES NECESSARJLY "MEAN" ANYTHJNG? 

- In this section we are going to tum our interest from the question of 
truth to the question of empirical meaning in postulates. Instead of 
arguing about the possible inaccuracy of fundamental propositions we 
are going to suggest that many postulates have only apartial empirical 
interpretation, involving terms which function as instruments of theory 
construction rather than as symbols of concrete things. To clear the 
way for this analysis we have to preface the discussion with some 
remarks on the "meaning of me aning", Le. what is really meant by the 
term "empirical meaning". 

The search for a criterion by which it is possibl~ to delimit proposi
tions of empirical science from logical truth, methaphysical speculation 
and pure nonsense, has continued ever since science first tried to 
establish itself as independent of church and traditional philosophy. The 
modern discussion was started under the impact of the accelerated 
advance of natural science at the end of the last century. The best 
known of the suggested criteria is the so calle d verifiability-theory which 
equates empirical me aning with the possibility of verification (Carnap, 
I 936 passim) . Also wellknown are the snags and difficulties which this 
theory has run into and which has lead many people to consider the 
whole attempt a blind alley and foredoorned failure. Not even radical 
modifications of the principle seem able to make it into a workable 
definition of the body of scientific propositions (Hempel, 1951 passim) . 

The usual way to meet these difficulties has been to supplement or 
substitute the verifiability principle with some conditions concerning 
the possibility of "translating" the terms of a theory into the language 
of concrete observations. To "translate" me ans then to be able to define 
at least indirectly or conditionally all those words in a scientific propo
sition which are not logical constants or variables in terms of observ
able properties and things. A criterion on these lines tums out, how
ever, to be too narrow to be useful. Several fundamental terms of 
science would not be admittable according to such a criterion, We 
wouid, e.g., not be able to express length as irrationai numbers; the 
sentence: "Since both sides in this rightangled triangel are equal to I 

meter the hypotenuse is equal to V"2 meter", would have to be rejected 
as with out empirical meaning since we do not know any method of 
measuring V"2 meter exactly. The same thing is true of all so called 
"limiting" or "ideal" concepts like instantaneous velocity, absolute 
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vacuum, perfect competition and so on. A comparable difficulty attends 
the empirical interpretation of abstract terms like electrons, waves of 
energy, preference functions and many subjective terms like anticipation 
or goal directicin. These uninterpreted terms usually occur in theoretical 
propositions with empirical consequences. In this way the abstract terms 
may be said to gain apartiai empirical interpretation. This also means, 
however, that we can not talk of the empirical meaning of a proposition 
without defining this meaning in relation to the total theoretical system. 
What a given proposition "means" empirically, obviously depends on 
two things: Firstly it depends on the logical system which regulates the 
construction of the sentence and decides what is implied by the sentencc, 
and, secondly it depends on the existence of other established pro
positions which decide the operational possibility of testing. 

In this fashion one has been forced to recognize the necessity and 
usefulness of "theoretical variables", Le. terms and parts of theories 
which can only be partially and indirectly interpreted but still fulfill 
a useful function in the structure of our knowledge and whose me aning 
is derived from their observable consequences. Obviously these 
theoretical variables are especially abundant in the postulates of a theory. 
Their presence constitutes a challenge to every empiricist. This challenge 
has of late years called forth three main kinds of suggested solutions, 
which we can call the functional, the pragmatic and the instrumentalistic 
approach. (Scheffler, 1957 passim) 

I . The functional approach starts with a refusal to acknowledge any 
principal necessity for theoretical variables in scientific systems. Their 
essential function is said to be to simplify and shorten the formulation 
of knowledge. (Nagel, 1956 pp. 103 ff.) Theoretical variables are con
sidered a sort of short hand notions which could principally be 
eliminated. This idea is backed up by the proof that it is always possible 
to take the observation terms in a theory and construct out of th~se 
a theory which is functionally equivalent to the original theory, Le. 
which implies the same consequences. (Craig, 1953 p. 31) Usually 
this would, however, be immensely unpractical since it would result 
in the original postulates being replaced by an infinite number of 
postulates in the equivalent theory. A more important argument against 
the functional approach is to be derived from the fact that the 
use of the theory for prediction and explanation involves not only 
deduction but also reasonings of an inductive kind, which are not 
possible without the use of theoretical variables. One empirical observa-
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tion of ten adels probability to a theoretical postulate which implies 
another observation sentence. These internai relations between the 
observation sentences cannot be expressed without using the theoretical 
postulate. - The criticism can be taken further by demonstrating the 
positive function of theoretical variables in the construction of knowl
edge. The theoretical terms are not only short hand notions but are 
of ten the means of tracing unknown and unsuspected empirical vari
ables and correlations, whose existence are not implied directly by the 
observations. (Braithwaite, 1953 pp. 50-87) Even if we could analyse 
our existing knowledge without bringing in theoretical variables, which 
is still somewhat doubtful, we certainly can not dispense with them 
when it comes to the building up of new theories and the incorporation 
of new knowledge. - Some of the more extreme formulations in 
Hutchinson seem close to the functional approach. 

2. The pragmatic approach means that you have definitely abandoned 
the idea of a criterion of empirical me aning, and thus considers the 
question of validity of postulates to be both unnecessary and irrelevant. 
According to this view you can not analyse the theory by parts but can 
only judge its value by considering the usefulness of the total theory, 
Le. how far it seems to deliver good predictions and satisfactory ex
planations (Carnap, 1950 passim). No theoretical proposition is a priori 
nonsens e or false. Instead of looking for validity and empirical meaning 
in the postulates you will have to base your choice on more vague 
criteria like simplicity, consistence with established theories and so on 
(Quine, 1953 passim). For a scientist brought up in the empiricist faith 
the pragmatic analysis seems a rather desperate council. - Milton Fried
man represents among the economists a mature example of radical 
pragmatism. He has been brought to this standpoint not by discussion of 
theoretical variables in the economic postulates but on the contrary by 
totally neglecting this problem and concentrating on the problem of 
validity. The question of whether or not an economic postulate is em
pirically valid would seem, however, to depend on the possibility of 
giving the assumptions an empirical interpretation. 

3. The instrumentalistic approach accepts the theoretical variables as 
necessary instruments for the constructions of theories and concentrates 
the efforts in trying to explain their function and formulate the rules 
governing their use (Scheffler, 1957 passim). This is the approach we 
would consider most fruitful. 
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III. THE FUNCTION OF THEORETICAL POSTULATES IN E C ONOMIC THEORY 

In this last section we will try to apply the instrumentalistic approach 
to the analysis of some of the simple examples of postulates that Fried
man uses in his essay. We want to show that instead of just neglecting 
the question of truth and allowing downright false-hoods in the 
postulates like the pragmatist does, the postulates can be analysed as 
containing theoretical variables which makes them inaccessible to direct 
testing and indeed makes nonsense of the whole problem of validity. 

Many of these non-empirical terms were originally used to construct 
"models of calculation" setting out the most ration al way to handle 
economic problems (Akerman, 1960 pp. 269 ff.). Later these calculi 
were inserted into causal explanations to account for the action of 
entrepreneurs, con sumers and so on. The non-empirical terms became 
what the sociologists call "inferred variables". Familiar names like "an
ticipations" and "behaviour norms" helped to create the illusion that the 
"models of calculation" gave a substantially true although simplified 
picture of "what made people tick". Further reflection has shown, how
eve r, that these terms cannot easily be identified with any empirical 
properties of human behaviour. Nevertheless it is quite possible that 
they can prove adequate for their purpose and help to provide good 
predictions. When e.g. you solve the equations describing Cournot's 
duopoly situation you get "reduced forms" which are amenable to test, 
involving only the supplies of the two competitors in consecutive 
periods. 

There is, however, one rejoinder which we must expect to meet. To 
many it may seem both farfetched and fantastic to try to "make 
nonsense out of perfect1y normal and famlliar things like perfect com
petition and economic anticipations". Even in physics the natural 
aversion to abstract principles has shown itself in various attempts to 
present intuitive models of, e.g., nuclear theoryor wave propagation 
(Cassirer, 1957 pp. 459 ff.). One thinks about the atom as a compact 
corpuscular body and visualizes the light or soundwave as vibrations 
in a string. In 19th century physics it was even usual sometimes to 
present several rival mechanical models of a theory - as done, e.g., by 
Maxwell in his "Electricity and Magnetism". The scientific development 
during the last century has clearly shown, however, that these mode Is 
are pedagogical aids and heuristic devises and nothing else. Within 
the social sciences the resistance to accept abstract concepts with-
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. out intuitive aid will undoubtedly be proportionally greater, since 
the objects of inquiry are "matters of common knowledge u

• The 
deciding criterion must, however, still be the way a concept func
tions and the possibility of a direct interpretation of it. In this respect 
there is no principal difference between the two limiting concepts: 
instantaneous velocity and infinitely elastic demand. And though we 
may think that we have "introspective acquaintance" with economic 
anticipations and behaviour norms, when we start testing by interviews 
or statistical estimation we invariably find eventually that what we are 
testing are the consequences rather than propositions about the original 
notions. What we are proposing here is simply that we draw the 
obvious consequence and regard these original notions as only indirectly 
interpreted. This does not me an, of course, that we should suddenly stop 
thinking in terms of our favourite mode Is and use some mathematical 
symbols instead of talking of anticipations. Our suggestion concerns 
analysis of theory - not habits of thought. 

Friedman gives in fact several good examples of the use of models 
to aid the understanding of abstract principles. In one passage he con
siders the problem of predicting how a good billiard player will play his 
shots. flIt seems not at all unreasonable that excellent predictions would 
be yielded by the hypothesis that the billiard player made his shots as 
if he knew the complicated mathematic formulas that would give the 
optimum directions of travel, could estimate accurately by eye the 
angles and so on, describing the location of the balls, could make 
lightening calculations from the formulas, and could then make the 
balls travel in the direction indicated by the formulas (Friedman, 1953 
p. 21).u This is indeed a good example of what we have been talking 
about. The assumption we do make concerns the existence of a certain 
function of stochastical character from which consequences can be 
drawn as to the probable direction of the billiard player's shots. We 
have as yet no possibility of directly interpreting the various parts of 
this function, but we might familiarize ourselves with the function by 
thinking of it in terms of an intellectual giant. - The same reasoning 
applies to another example used by Friedman, where he refers to the 
old observation that leaves tend to be distributed around the tree as if 
every leaf deliberately tried to maximize the amount of sunlight. Fried
man rightly points out that the way we think about this distribution 
theory is irrelevant. The only important thing is the possible existence 
of some abstract function governing the way the leaves tend to assemble. 
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He draws the conclusion that the obvious untruth of his antropomorphic 
model of the function does not matter, while we prefer to draw the 
equally obvious conclusion that we have no complete interpretation of 
such a function (Friedman, 1953 pp. 19-20; Koopmans, 1957 p. 139). 

The above reasoning can easily be transferred to Friedman's examples 
from economic theory. Af ter surveying the discussion about the realism 
of using marginal analysis, Friedman concludes that no asswnptions 
about marginal analys is are completely true but that this does not matter 
as long as the theory of markets works. We would consider an assump
tion about marginal curves as only partially interpreted. There is no 
possible way to get a satisfactory test either on the existence of a 
certain marginal curve or on the asswnption that business men use 
these curves in a certain way. This means that the assumptions of 
marginal analysis are to be treated as involving theoretical variables, Le. 
as neither true nor false. - AparalIel discussion can be followed through 
concerning assumptions about business men trying to maximize their 
short run profit. In this case also, Friedman's answer is an irreverent 
shrug of his shoulders. To us it seems preferable to treat the maximized 
function as a theoretical variable which receives a partiai interpretation 
by our observations on price behaviour and business planning. 

Friedman also deals with some examples of limiting concepts like 
perfect competition and infinitely elastic demand. He points out that 
these concepts can never be identified in the empirical world but can 
be considered "mor e or less satisfactory" descriptions. In some cases 
they are good enough while in many other situations they can not be 
used for producing good predictions and explanations. To our mind 
the crux of the matter is not that the se concepts are sometimes "ac
curate enough" but that without these limiting concepts, which can 
not themselves be identified anywhere, we could never hope to 
measure, e.g., degrees of competition or to get testable propositions 
about price movements and profit distribution . 

• 

Our main intention with this paper has been to suggest a somewhat 
new approach to the analysis of economic theory construction. We have 
tried to show that abstract, ideal or subjective concepts in economic 
postulates should be treated as theoretical variables with only apartiai 
empirical interpretation. This does not necessarily imply any denial of 
an ultimate reality be hind these concepts (Rozeboom, 1960 passim ). It 
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only restricts the empirical me aning of these terms as used in current 
economic theory. - Does it really matter the n, what we call ' these con
cepts? Is the whole problem worth discussing? Our answer to questions 
like these would be that we hope by this approach to be able to avoid 
some of the time-consuming controversy over "realism of economic 
assumptions" and to steer methodological discussion onto the more 
fruitful problems of when and why theoretical variables are permissible. 
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CHAPTER II 

Taxes and Market Stability 

Much has been sain and written by now ahout the 

possible stabilizing effects of public bur'lqets on 

the effecti ve nemann in the total economy. On the 

following pages we are concerned with a hitherto 

seldom discussed topic, namely the possihle des ta

bilizinq effects of taxes ann suhsir'lies in indivi 

dual markets. Particular examples of these posslhil

ities, for example in the lahor markets and in 

the markets for housinq, have lately aroused a 

good deal of puh lic r'liscussion in Swe<'!en, whose 

world leanership when it comes to taxing ambi-

tions, especially marken in the seventies, makes 

some of these problems particularlv acute . Unfortu

nately we still lack a well-estahlishe<'! analytical 

framework for dealing with these kinds of stahi 1-

ity problems. The modest aim of the fOllowinq 

discussion is merely, to point out some dimensions 

of the prohlem ana to provir'le some i llustrati ve 

examples of possible tax-induced instahility. 

Over the last half-century "taxation"--which in 

the following I take to inclune also neqative 

taxes or suhsidies--has not only heen steeply in

creasea in most market-economies, but has at the 

same time also changer'l character. Taxation once 
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used to be dominated by the fiscal aim of financ

ing the provision of certain basic collective 

goods, mainly the machinery of control--central 

anministration, defense, justice, etc. The means, 

then, could be kept relatively few ann simple--a 

low income tax with at most a miln form of progres

sion and/or local estate rates . This, as it happ

ens, is still the picture of the public sector 

of ten presenten in economic equilihrium theory-

the provision of collective goons being financen 

if not by lump- sum taxes then hy some proportio

nate taxation on final goods. There is, then, no 

neec to worry about taxes nestabilizing innivic'lual 

markets . Apart from the problems of international 

adjustment, in a model economy without 

markets proportionate price increases 

monetary 

need not 

change the stability properties of inc'lividual pro

duct markets . 

The aims and means of taxation today are very 

different . A c'lrastic illustration of this is provi

nen by Sweden, where the structural change in 

taxation has probably gone further and faster 

nuring postwar years than in any other industria

lizen market economy. 

The provision of collective goods in the narrow 

defini tion of the worc'l presented above, plays a 

steadily decreasing role in the public hudgets and 

is now responsible for less than 15 per cent of 

total centr~l ~overnment expenditure. Apart from 

social insurance the dominant expenniture items on 

the public budgets are, now , subsicUes of social 

and private goods . In the national accounts these 

are classified either as public consumption or 

transfers c'lepending on how production and distribu

tion are organizen . 



The ways of financing public expenditure are also 

becoming more varied and complex. Although taxes 

on income and weal th, have been sharply increased 

and made more progressive in the early seventies, 

they now provide, in Sweden, less than half of 

central government income and are, to an increas

ing extent, being complemented by various forms of 

indirect taxation, including, V.A.T., obligatory 

social insurance fees arid taxes on non-labor fac

torso 

Today's public budgets, therefore, can be best 

characterized as huge instruments for central 

price and income regulation. By combining positive 

and negative taxation with various forms of tax 

rebates and subsidy rules a highly individualized 

and differentiated form of taxation can in prin

ciple be realized--given the necessary informa

tion. With the high generalleveI of taxation-

more than 2/3 of private disposable income being 

channeled through public budgets--the tax effects 

on individual markets are, in any case, becoming 

increasingly decisive for price-setting and profit

ability also in the private production sectors. 

The differentiation of means arecorrelated to-

and indeed to a large extent motivatived by--a 

differentiation of the aims of taxation. The cen

tral government's wish to fulfill increasingly dif

ferentiated aims concerning industrial and regio

nal policy and income redistribution without undue 

centralization of market decisions, have put a 

great strain on the system. In the last few years 

the shrinking possibility for redistribution in 

Sweden by way of progressive income taxes has led 

to an increased use of differentiated price sub

sidies as a means of redistribution. 
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There are doubts as to whether we have - or will 

ever have - sufficient ly precise tax instruments, 

and enough information on how to use them, to 

match the regulatory amhition of the qovernment. 

Most tax instruments are still rather blunt in the 

sense that considerations of fairness and admi

nistrative simplicity force us into making tax 

rules so general that they usually hit rather 

widelyor wildly compareö with the aims of tax 

pOlicy. The complex pattern of taxation and the 

decentralized handling of various policy areas 

also make it increasingly more di fficul t to dis

cern or guess the combined impact of the various 

horizontal chains of taxation on in(H vidual mar

kets and goods. 

This raises several important questions concerninq 

efficiency limits to economic control hy way of 

taxation. The one we are going to deal with here 

is the problem of possible tax-inöllced market in

stability. What happens to "normal" price adjust

ment mechanisms when these are not only trans form-

ed by prevailing tax rates but also intercepted 

by a simultaneous process of tax adjustment with a 

quite different purpose? How do the "tax links " 

between different markets affect the stability of 

interrelaterl markets? lolhat are the chances of at

tempted tax adjustments ever converginq on the 

intended allocative or distributional targets? 

In looking for an analytical framework for study

ing tax-induced market instahility you are faced 



with two main alternatives. You can plunge direct

ly into a disequilibrium scenario, which means 

paying the price of not being able to generalize 

and of not necessarily ever being in the neighbor

hood of equilibrium. 

The other and more traditional way of studyinq 

stability problems is by looking at them from the 

point of view of an equilibrium position . The 

question will then roughly be the following: given 

that the agents behave as if they were constantly 

in an equilibrium and that the aojustment process 

follows some simple prescribed rules, what are the 

conditions for convergence? The results you attain 

this way are mostly of a rather formal and general 

nature, but may still provide some leads as to how 

to structure our approach to the problem of tax

induced instability. 

The usual stability analysis aims at determining 

sufficient conditions under which a system of 

market price adjustments, each being a monotonic 

function of excess demand, will converge. 1 The 

results of these studies are by now well known 

(cf., for example, Karlin (1959), Lancaster 

(1968), Arrow-Hahn (1971»). To make sure of conver-

three types gence 

needed. One type of 

of conditions are usually 

condi tion guarantees t~at the 

agents are willing to accept disequilibrium prices 

as if they stemmed from a final equilibrium (cf., 

"Walras' law"). Asecond type of condition--for 

discrete-time adjustments--is needed to ensure 

that the rate and/or stepsize of adjustment is not 

so big that you over-shoot the equilibrium target 

by too much . 

l See ~ppendix, note I. 
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Finally you need some condition concerning the 

links between the adjustment in different markets 

to make sure that solving excess c'lemand problems 

in one area c'loes not inflate the same prohlems in 

other markets by too much. 

This last conc'lition can take many technical forms 

--"gross substitution", "agqregate revealed prefer

ence", "diagonal dominance", etc.-- all of which, 

unfortunately, appear rather restrictive and diffi

cult to make intuitive ly plausible. 

These condi tions are suggestive when transplanted 

to our special problem of tax-induced instability. 

When agents hecome conscious of prices heing to a 

large extent determined in government offices, 

they may be less willing to accept them as given 

data to which they passively adjust. The varyinq 

"tax multiplier" on price in different markets 

could increase the risk for excessive, destahiliz

ing adjustment steps in some markets. 

Taxes and tax ad justments tenn to provide ni rect 

links between adjustments in different markets. 

The risk would consequently increase that an an

justment in one market might counteract overall 

stability by disrupting other markets. 

other limitations of existing economic There are 

stability 

conditions 

analysis 

used. It 

apart 

tells 

from the restrictive 

nothing about those 

us, 

stability 

in fact, little or 

properties of the 

economic system that we are oftp.n most inte resten 

in when dealing with real-life economies. 1 One 

l See Appendix, notes II and III. 



such propert y, for example, is stability in the 

sense that prices (and volumes) originating from a 

point within a region will never move outsioe 

given boundaries. Another question has to do with 

the possibility of prices converging to an equilib

rium "close" to the original one, af ter a shift in 

some coefficient. In as far as taxes tenn to 

change even the behavioral structure of an econo

mic system these stability questions are very per

tinent and will be raised again later on in connec

tion with some of the illustrative examples 

quoted. 

The problem with which we are concerneo here-

simultaneous price and ' tax adjustment in indivi

dual markets--can obviously be trea ted as an 

extension of the traditional market stahility ~roh

lem. The stability prohlem of decentralized 

policy, without involving simultaneous price a(l

justment, has been cliscussed by inter alia t1unoell 

(1962) and Cooper (1967). They were concerned with 

the risks of instability with a decentralizeo 

policy arising from the inahility of individual 

authori ties to foresee and take into account the 

effects of policy instruments on markets or areas 

outside their own field of responsibility. The 

question of what happens if you combine the two 

problems--superimposing a tax aojustment on a 

market price adjustment--has, however, not been 

treaten in economic literature, as far as we know. 

\'1e hope the examples presenten below will suffice 

to show that further work in this clirection could 

be worthwhile and relevant to economic policy. 
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Tax-induced Instability in A Single Market 

Let us start by looking at a general and very 

simple case --price- and tax-adjustment in continu

ous time in a single market. The "tax coeffi

cient" , T, is supposed to be defined in terms of 

the producer price, P. The product, 

demand price. The producer price 

TP, gives the 

is supposed to 

adjust in a simple way, changing in proportion to 

excess demand, while the tax rate is adjusted 

proportionate to some other function of market 

conditions. A straightforward tax target-- rela

tively innocuous from a stability point of view- 

would be the volume of demand • The aim of the tax 

authorities could then simply be to make demand, 

d , adjust to a pre-set value d*. The purpose of 

such a tax target could be, for example, to limit 

the effect of environmental damage or some other 

collective externality or to keep down consumtion 

of some noxious cornrnodity . Denoting the supply 

function by s (p) we would then have the following 

systern : 

p = aE = o:(d(TP) s(p») (l) 

P , T, a, )" > O 

)"G >..( d (TP) - d * ) ( 2) 

If we assume stability in the Liapunov sense, 

local asymptotic stability or resilience 1 is a 

necessary condition for global stability. With 

this assumption we can discover possibilities of 

l See Appendix, note I. 



global instability by simply looking at local pro

perties. 1 

If we assume E and G to be continuous functions 

and P* , T* to he an equilibrium point, we can use a 

linear approximation aroun~ this equilihrium; 

E (3) 

(4 ) 

where E* G* E! and G! denote the first partiai p' p'. • 
derivatives of E and G with respect to P and T at 

the equilibrium, and p, 't stand for (P-P*) and (T

T*) . 

The linear a~justment system can then be written 

in vector form as: 

( 5) 

where A is the matrix 

l It should perhaps be emphasized that what we 
are, then, conditionally proving is only that the 
system will not tend to work back all the way to 
the equilibrium. To prove unconditionally that the 
system is unstahle in the sense of Liapunov, that 
it will eventually tend to cross any preset boun~a
ry, would require, for example, the use of one of 
Liapunov' s own instability theorems and would in 
the discussed examples be a difficult --and of ten 
impossible-- task . 

2 A tax adjustment similar from a stability point 
of view is implied by any progressive taxation of 
the supply price. This can be seen, for example , 
by writing the progressive rate as T = AP which 
gives -t = )..p. 
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exE* exE* p 't 

A (6 ) 

t.. G * t..G* 
P 't 

It may facilitate the understanding of the adjust

ment process if we rewri te (5) in terms of the 

slope 00 the demand curve, od*/o(TP) , and supply 

curve, os*/op, respectively: 

p 

. 
't 

ex(PT*+'tP*)(O(~P))* - exp(~;)* 

f..(pT* + 'tP* )(~) * 

o (TP) 

t..fI*d, 

exfl*(d-s) (7 ) 

(8) 

where fl is used to de not e the differential. In 

comparison with a market situation without tax, 

two changes have occurred in the adjustment. The 

demand differential is now a function of two kinds 

of divergences instead of just one--in the produ

cer' s price and in the tax coefficient. Secondly, 

beside the price adjustment we now have the tax 

adjustment being proportionate to the change in 

demand as weIl. 

The system (5) is a first order homogeneous linear 

vector differential equation. It will converge-

showing local asymptotic stability--if and only if 

all roots of A have negative real parts. 1 

l For a survey of the "mathematics of stability" 
cf. La Salle-Lefschetz (1961) and Murata (1977). 
See also Appendix, notes I-II. 



The two roots, of A are: 

~-----------------, 

(lE +A.G 2 (lE H.G -E. __ "t ± 
2 (~2 -~) - (lA.(E G -G E ) = 

P"t p"t 
(9 ) 

[(aT*HP*)~ - a ~] 
2 ± 

(10) 

± [
[(aT*+A.p*) a(~P) -a ~~]J-2 
------2-----~- - ( (j d (j s) 

aA. -P* bTfPJ bP = 

= a (ll ) 

A e10ser inspeetion 

roots are real. No 

will oeeur owing to 

as defined , fo11ows 

justment. 

reveals that a 2 >b, i . e., the 

osei11atory priee movements 

the fact that tax adjustment, 

and reinforces the price ad-

Given this , the convergenee eondition can be writt

en a s : 

{
a < O j 
b > O 

(12) 

Written out in terms of the slopes of the demand 

and supp1y eurves (12) aequires the fo11owing mean

ing: 

ad (js ffiPT < O, aP > O (13 ) 

This eonvergence condi tion shou1d be compared with 

the eondition for stability in the Wa1rasian sense 

in a market with on1y price adjustment: 
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od os -- <-
o(TP) oP 

(14 ) 

In the "normal" case with a neClatively sloping 

demanrl curve and a positive slope of the supply 

curve, we will have loeal stability both with and 

without tax afljllstment. However, with supply price 

decreasing with scale, Le. the supply curve 

having a negative slope,--and with the case of 

demand increasing with price--the risks of insta

bility differ. 

Without tax, the price will be instable only if 

the negative slope of the supply curve is less 

steep than that of the demand curve. This traditio

nal condition for stability means that the conver

gent price change via the demand term should in 

absolute terms dominate an eventual counteracting 

supply term. 

With the tax being determined as in (2), any nega

tively slopinq supply curve will, however, make 

system (5) instable. This can be intuitively under

stood from the expressions (7) and (8). We see 

that divergences in demand price (pT* + ~P*) deter

mine the tax change, ann also affect the chan~e in 

the producer's price. The ta~ in other words, 

acting as a werlge between supply and demann 

prices, keeps the demand price from diverginq too 

fast, which in turn makes it possible for the 

supply price to outrlln the demand price. 

wi thout taxes this cannot happen even when suppl y 

tenns to rlecrease slightly with price. Suppose 

supplies are too biq, with supply prices beinq too 

low. This in itself will tenrl to lower the price 



further. Dernan<'!, however, will act in the oppo

site, stabi1izing direction. Being rnore price

sensitive, it will dominate. Introducinq a tax 

wedge means that the demand price can be control

led by way of increased taxation allowing the 

supply price to slide further without beinq effec

tively checked by a demand expansion, etc. The tax 

has made both prices instable. 

Other tax targets may, however, introduce new and 

potentially larger risks of instability. Local qo

vernment price subsidies for utilities, hOllsing, 

etc., in Swe<'!en seern to aim at keeping the house

hold expenditures for these "necessities" constant 

relative to househo1d income. Let us assurne prices 

to be expressed in some representative nurneraire 

and neglect income changes. This tax target would 

then mean that current expenditure on the item in 

question has to be adjusteti to some prescribed 

amount M. In a wider political interpretation this 

tax rule could be thought of as implying that 

political tiecision-makers allocate the suhsitiies 

to the big expentiiture items so as to maximize 

appreciation and votes. Ni th this interpretation 

the rule approximates subsitiizing policies within 

a wide range of state anti local areas, from atiu1t 

etiucation anti recreational activities to fringe 

services on heal th and ol<'!-aqe care. Keeping the 

denotations as above, the atijustment system can he 

written as: 

aE a(d-s) (15 ) 

P, T, a, I.. > O . 
T }.,G }., 01 - PTd). ( 16 ) 
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Using the same reasoning as before, we find that 

the real parts of the corresponding matrix roots 

have to be negative for the adjustment system to 

converge. 

The matrix roots are: 

_ l [ T* od 
xi - 2 a bTTPT - os 

(1- -oP 
--_._-----------_._--_._-------_._. __ ._--, 

os ])2 os 
- (1- - ~P*d(l+e) - a~P*d(l+e ) - = bP P P bP (17) 

(18) 

where ep denotes the price elasticity of demand. 

As before, all derivatives are evaluated in equi

librium . 

In this case, complex roots may ' appear giving rise 

to oscillatory price movements, which is what we 

would e xpect since tax and price adjustment in 

(15- 16) tend to counteract each other. 

We thus have the following two possibilities of 

convergence : 

I. Dampened oscillation 

II. Straight convergence 

r a < O 

lb > a 2 

r a < O 

l a 2 > b > O 

(19) 

(20) 

The common necessary conditions for convergence, 

a < O, b > O, can be derived directly from (17): 



Let us finally also have a closer look at the 

condition that differentiates between dampened os

cillation (19) and straight convergence (20). We 

will get oscillatory convergence if: 

4a 2 T* C d c s l ( T c d + öTTPT c p ) a öTTPT 
2 

c s ) _ ~ p * d ( l +e )] ) O 
cP P 

(22) 

One simple implication of (22) is that: 

cd c s 
(} (TP} Fp ) O. 

In other words we will get oscillatory convergence 

only if the supply or demand curve behaves "abnor

mally" , when we have, for example, a negatively 

sloping supply curve. If condition (22) is fulfil

led , the movement of both the supply price and the 

tax coefficient will be described by : 

(23 ) 

where p ± vi = the roots, riv = the characteristic 

vectors associated with the roots, ann where both 

the conjugate constants kl and k 2 and the phase 

constant, ~, depend on initial conditions. 

From (21) we see that with an elastic demand, 

(ep (-l), and a positive supply curve, subsidies 
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aimed at stabilizing expenditure will introduce 

instabili ty of price. This is also easy to under

stand intuitively. While, in the first example, 

producer prices and the tax coefficient are adjust

ed in the same direction, thereby slowing down 

the adjustment of each other we now have a revers

ed situation. Suppose the producer's price has 

been set too low. This gives rise to excess 

demand, moving the supply price upwards. At the 

same time, however, with elastic demand, expendi

tures are too big, which means that the tax coeffi

cient moves down. Hence, subsidies grow, counter

acting the effect of the producer's price on 

demand price. This, obviously, leads to a decreas

ing demand price followed ~y an increasing supply 

price, etc. 

Taking agradual increase of both income and of 

the expenditure target, M, into account does not 

change this conclusion. A too low supply price 

then means an increased potential risk of instabil

ity compared to a too high , supply price. If the 

subsidy rule is changed to me an that subsidies 

vary in a fixed proportion to demand, the conclu

sion is in fact strengthened --holding for an 

inelastic demand as well. Political expediency may 

of ten seem to require the use of such "explosive" 

subsidy rules. This is illustrated by the Swedish 

experience in some areas of health and recreation. 

The model exemplified above can be generalized to 

the multi-market case. Without individual speci

fication of the tax rules involved little more 

can, however, be learned from such a generaliza

tion except the important, but obvious, conclusion 



that none of the ususal sets of sufficient stabili

ty conditions retain any credibility when extended 

to involve also tax adjustment rules. 1 

Real life adjustment is seldom a continuous pro

cess. This is true hoth for price-setting produ

cers and, perhaps even more, for tax authorities. 

If we make the realistic assumption that adjust

ments take place in discrete steps, the size of 

these steps or the rate of adjustment becomes 

important for stability.2 

Since there is, no longer , an immediate feed-back 

from market reaction to adjustment, you now run 

the . risk of over-shooting your targets. I f your 

"over-correction" is even bigger than the needed 

correction, the adjustment will obviously be come 

unstable. 

This is true already when there is only a price 

adjustment to deal with. Formulated as a differ

ence equation with ~p(t) = p(t+1)-p(t) and p(t) 

representing the divergence from equilibrium, the 

price adjustment can be written: 

l et. Ysander (1980), where sufficient condi tions 
for the multi-market ca se are discussed. 

2 In actual li fe you may, of course, dec ide inde
pendently how of ten to adjust and how much to 
ad just. In the analytical example above, however, 
the time period is taken as given, restricting the 
possible variation to the rate of adjustment. 
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l>p(t) = a:E*P(t) p 
a: > O 

By iteration, this can be solven as: 

p(t+l) 

The wellknown connition for convergence is: 

-2<a:Ep <O (with alternating values for -2<a:Ep <-I) 

(24) 

(25) 

(26) 

This simply expresses that any "over-correction" 

must be less than the neenen correction. The Wal

ras ian connition for rnarket stability being ful

fillen, (26) can be expressed as limits for the 

rate of adjustment: 

o < a: 2 < ------_.-
_ (ad _ ~) 

ap ap 

(27) 

Since any fixen positive tax, T, will increase the 

step-size of demanö-induceCl ad justment by (T-l) a:, 

by definition it follows that even without tax 

a(~justments all proportional market taxes will 

narrow the safety margins for stahle price adjust

ment. 

Let us now take a further step ann introöuce il. tax 

that is anjusten at the same intervals as price 

ann has the same simple aim as that in our first 

example above, i.e., to keep nemann at a pre-neter

mined value n*. In vector fOrm the aöjustment 

system (neglecting aga in the asterisks when possi

ble) can he written as: 



(llP(t), ll-dt» = A(p(t), 't(t», (28) 

where, A, stands for the same matrix as in (6) 

above and ll(t) = ll(t+l) - 't(t) with 't(t) represent

ing the divergence from an equilibrium tax coeffi-

cient, 

of a 

that: 

T* . A necessary 

simple difference 

condi tion for convergence 

system of this kind is 

Il + xi I < l; i=l, 2 

where x. is a root of A. 
~ 

(29) 

We already know the roots from (9-1l) above, and 

know that they are real. Thus: 

-2 < a ± la2 -b' < O (30) 

It was shown in (13) above that the second part of 

this condi tion requires that the demand slope be 

negative and the supply slope positive, i . e., a 

"normal" market situation. The first part of (30) 

is the now added restriction on step-size. Given 

the second part of (30) we can spellout the first 

part in the following manner: 

a 2 > b 
a<O, b>O 

[
a> -2 l 

~ (a ± la 2-b » -2 _ 
b > -4 (Ha) 

(31 ) 

The two inequalities to the right in (3I) express 

constraints on the rates of adjustment, a and A. 

od oS 
(aT* + AP*) bTTPT - a oP > -4 (32) 

od os l od os] aAP* bTTPT oP - 2 (aT*+AP*) bTTPT - a oP < 4 (33) 
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Af ter some reshuffling (32) and (33) yield the fol

lowing limits --now expressed in terms of the 

decision variables p and ~-- for the rate of price 

adjustment, a: 

2 (od _ os) _ 
~ op op 

( a ( 
_(od _ os) 

op op 

(34) 

Comparing (34) wi th the restr iction on a wi thout 

taxes in (27) (and remembering that the slope of 

the original demand curve corresponds to od/o (TP 

= l/T*(od/op») we see that the introduction of tax 

means that a is now bounded also from below and 

that both bounds are functions of the rate of tax 

adjustment, h. The right-side inequality shows, 

for example, that the more price-sensi ti ve demand 

is, the slower the tax adjustment has to be, given 

a. Increasing the relative tax adjustment rate, 

h/a, will always lead to instability. 

Taxes and Structural Stability 

Our examples so far have dealt with stability in 

the usual sense, i.e., we have discussed price 

developments in a market characterized by given 

coefficient values. 

Of at Ieast equal interest, but more difficult to 

exemplify formally, is the case where a tax adjust

ment rule renders the market structuraIIy insta

bIe, in the sense that even small changes in the 

parameters will change the behavior of the system, 

establishing a quite different set of equilibria 

or regions of stability. 



When we are discussing the stability of an econo

mic system in the face of large quanti tati ve or 

qualitative changes; say, a big hike in oil prices 

or drastic changes in the laws governing ownership 

of firms, the myopic stuny of local stability 

properties is selöom of much use. The kinn of 

instability we are then interested in means that 

we are far 

established 

from the original equilibrium or the 

growth-path. If the initial disturb-

ance concerned the size of an endogenous variable 

in our model of the economy, we would say that the 

size of the change had been "out of bounds" for 

the stability region within which we had, so far, 

been operating • With the change occurring in an 

exogenous variable or a behavioral parameter we 

would, instead, interpret the result as evidence 

of "structural instability" in the sense that 

shifts in the parameters can lead to changed sta

bili ty properties, a new topography for the phase 

space of the system. l 

The introduction of taxing procedures on various 

markets is, in itself, an important change that 

could modify the structural stability properties 

of the entire system. Taxes may, moreover , of ten 

induce changes in the behavior of the economic 

actors as well as alter the system' s ahility to 

ad just to and absorb other insti tutionalar envi

ronmental changes that occur. 

The Swedish economy abounds with illustrative ex

amples of tax-adjusted behavior and tax-induced 

changes in market structure. 

l See Appendix, nate III. 
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High tax rates have, in many cases, lee'! to the 

establishment of "grey" or "black" markets. Com

petition from these of ten moe'!ifies behavior in the 

"official" markets consinerahlY. In the fifties 

and sixties market structure also tended to change 

as a result of taxation laws being generally unfa-

vorable to small family businesses. In recent 

years the combination of complex tax laws, mostly 

written in nominal terms, and a hi~h rate of infla

tion have len to huge unintenoed discrepancies 

betweeen the tax treatment of various kinds of 

real ann financial investment. Since these discrep

ancies are quickly discounted in capital values 

they tend to make the whole economic system increa

singly vulnerable to changed expectations of infla

tion or of tax adjustment. 1 

Any attempt to discuss these structural stability 

problems in substance would take us far beyonn the 

scope ann ambition of this paper. Let us, however, 

try to clarify the formal stability concepts in

volved by giving an example from oil price-set

ting, couched in the same terms of market ad just

ment as our preceding analysis . The example chosen 

may fill this function, although it can claim no 

immediate relevance for policy. 

Suppose there are two 
which is an index of 

kinds of oil prices, 
the US proc1ucer price 

refinec1 oil and, Po' which stands for an innex of 

the Saudi government's unit charge for crude oil. 

l For an assessment ann a niscussion of these 
assymetries and discrepancies in the tax treatment 
of different kinc1s of investment cf. Johansson 
(1978). 



It is assumed, here, that the U.S. oi1 companies 

try to reduce any eventua1 gap between their domes

tic price increase and that of the Saudi qovern

ment. The Saudis on their side are considered to 

have an idea of what constitutes a "fair" propor

tion, r, between the price increase they get and 

that of the U. S. companies. The price adjustments 

can then be described by the fo110wing: 

(35) 

Po = rPr - Po' (36) 

The stability properties of this system obvious1y 

depend crucia11y on r, the Saudi' s preset idea of 

a fair proportion . r=l, 

any point with Po=Pr is a 

r>l no equi1ibria exist and 

for examp1e, means 

stab1e equi1ibrium. 

prices will exp10de. 

that 

With 

The U. S. government now interferes in the game, 

trying to curb the inf1ationary impu1ses of the 

oi1 parties by taxing away domestic demand when

ever oi1 price hikes increase. The oi1 tax rate, ~, 

expressed as a multiple of Pr' is raised in propor

tion to the product of both oi1 prices, a1though 

at a decreasing rate. The Saudis now have to take 

the tax into account in ca1cu1ating the "fair" 

proportion. The total adjustment can be written as 

fo110ws: 

· a(po ) (37) Pr - Pr 

· (r - ~)Pr (38) Po - Po 

· PrPo - ~~. (39) ~ 
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The behavior of this system is very different. For 

small values of r the system globally tends to a 

simple equilibrium. Should the Saudis, unlikely 

enough, consider it "fair" that the crude price 

develops much slower than the U .-S. domestic price, 

the effect of the tax may be, in fact, to accel

erate the downsliöing of both prices towards zero. 

For a somewhat larger r, there is one stable equi

librium (two, if negative prices are allowed), 

denoting an equal price increase, with a positive 

tax to balance off the Sauili' s claim for a "fair" 

price edge. 

If r gets even larger--magnifying the Saudi's ide a 

of a fair relation of price--it suddenly leads to 

a completely new mode of behavior. Wherever the 

development starts off (excepting some isolated 

points of equilibrium) it will eventually be nrawn 

into a circular motion of prices and tax. The 

crude price leads, due to the SaucU' s high price 

ambition, with the U.S. price following. Both 

are, however, outrun by a fast although decelerat

ing tax change. The high tax then turns the move

ment downwards, again with the crude price in the 

lead, followed by tax and U.S. domestic price 

until the shift in relative oil price is enough to 

offset the tax and the crude price starts increas

ing again. The relative oil price will thus vary 

around l while the tax rate moves around (r-l). 

The development is, however, very sensitive to 

small differences in the values of the variables. 

Af ter a certain number of "orbits" (the rotation 

numbers being a Markov sequence) the system will 

sudden ly branch off into another hut similar 

"orbit ", only to return again af ter a while to the 



first "orbit", etc. Looldng at the system from 

outside we would observe sudden shifts in the 

price- and tax-cyc1es occurring according to a 

seeming1y stochastic schedu1e. The movement cou1d 

--projected on the price plane--100k like figure 

A. 

This rather "exotic" example 1 illustrates the fact 

that taxes may not on1y change the stability pro

perties around equilibria: they can also change 

the who1e nature of equi1ihria and their structu

ral stability in the face of parameter changes. 

Figure A. Alternating price cycles 

L-__________________________________ ~ pr 

l The quoted mode1 is an instance of the so-called 
Lorentz model, originally invented to solve a prob
lem in aerodynamics (Lorentz, 1963). It has later 
been shown to give a good description a1so of the 
reversals of Earth I s magnetic field over geologi
cal times (Ruelle and Takens, 1971). Continued 
work with this kind of attractor system has been 
reported by GrUmm(1976a-b). 
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Tax Uncertainty ann Market Stahility--the Housing 

Market 

So far we have dealt explicitly only with tax

induceö instability unöer full information. How

ever, if tax adjustment is hard to preöict for the 

parties concerned, the inöuceö uncertainty may 

give rise to stability problems in the form of 

highly erratic price movements. A striking example 

of this is provided by the Swedish market for 

owner-occupied houses. 

Pricing, in this market, is to a large extent 

determined by the tax authorities. This is öone 

firstly by assessing the taxable value of the 

property--supposeöly at 3/4 of market value--anö 

secondly by applying to this value a progressive 

scale of imputed taxable income, which is then 

superimposed on the already steeply progressive 

income tax. The outcome in many cases is that the 

owner pays more to the government than to his bank 

and that what the tax authori ties evaluate is in 

fact the result of previous tax decisions . Espe

cially when tax scales and tax norms are changing 

rapidly and at an unpredictable rate this can give 

rise to cyclic price fluctuations and demand insta

bili ty. In recent years, inflationary gains have 

dominated houseowners' expectations. Tax instahil

ity--which increases with inflation--coulö soon, 

however, become a serious problem especially if 

inflationary expectations also be come unstable • A 

relati vely advantageous taxing of capital gains on 

pri vate houses compares favorahly with the level 

of taxation on more rigiöly taxed markets, for 

example, the stock market and bank deposits. Fluc

tuating capital gains from private real estate 



find their way hack to other markets ana there 

contribute to intermittent swings in demand. 

Let us take a eloser look at the way in which 

unpredictable tax adjustments ereate instability 

problems. 

The theoretical impact of current propert y tax 

rates is shown in Fig. B. \'le have computeCl the 

curve for a recent ly assessed house whose owner 

has, on average, a marginal income tax rate of 

75 per cent. The eurve is "theoretical" in so far 

as it presupposes that the prescribeci assessment 

norm - -3/4 of market value-- is strictly aClheren 

Figure B. Current Swedish tax rates on owner

occupieci houses 

% tax rate (annual 
percentage of house value) 

4 

3 

2 

l 

oL-~--~------~----~------~----~ 
100 200 300 400 500 

House value 
(Thousands Sw.kr) 

49 



50 

to. Actually, this has not heen the case in recent 

years. By systematically lowering the norm for 

more expensive houses in the most recent assess

ment (1975), the tax authnrities seem to have, to 

a certain negree, cOllnteractec1 the effects of pro

gression. 

To see what the progressive rates might c10 to the 

prices of houses, one can compute anc1 compare 

price curves for proportionate anc1 progressive tax 

rates respective1y, as shown in Fi9. C. 

If we use the fol10winq notations: 

Vet) market value of house at time t 

net annual user value (rent valuel at 
time O 

p rate of qrowth of user value 

s tax coefficient (tax paic1 in percentage (40) 
of market value of hOllse) 

r c1iscount rate 

n - t remaining economic life of house 

b parameter of tax progression, set) b v(t) 

The market value of the house computec1 as the 

c1iscountec1 value of future incomes anc1 tax pay

ments can then, with a conRtant proportionate tax 

coefficient , be written as: 

Vet) 
n 
f (a e Pu - sv(u»)e-r(u-t)du 
t O 

which resolves into: 

Vet) 

(41 ) 

(42) 



We now use the following parameter valnes: 

a o 6 

P 0 . 08 

s 0.01 (43) 

t 0.06 

n 40 

A computation of (42) wit'h these parameter values 

gives the price curve I, in Fiq. C. 

the elasticity of price to c'hanges 

1>.s expectec1 

in the tax 

coefficient is relatively low, -0,2, at the Rtart 

and -0,1 at half-life. 

Let us now introduce progression by setting s = 

0.00007V(t) . Compared to the current formal tax 

sca les these rates are relatively low, both as to 

level and progression. Thus, t'hey ta'ke some ac

count of the effect of intermittent assessment. 

The mar'ket value of the house can now he written 

as: 

V(t) 

n 

J (aoePu - bV2(u)) e-r(u-t)dU 
t 

(44) 

The explicit solution--which the common huyer is 

supposec1ly following in his evaluation--turns out 

to be a rather tortuous and long-winneo expres

sion. 1 The numerical result for the chosen parame

ters is shown as price Cllrve III, in Fig. C. 

The elasticity of price to c'hanges in the tax 

parameter is now very much higher, ~iven a high 

rate of growth in user value. 

l An account ann discussion of the complete solu
tion is given in Ysander (1976). 
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Figure C. Development of house price for different 

taxing and market behavior 

House value 
(Thousands Sw.kr. 

5 10 15 20 25 30 35 40 t years 

Comparing the curves I ann III we see that an 

increase of the tax yield is not likely to he the 

main effect of applying a progressive scale . 

First, ann foremost, the price difference hetween 

the various categories of houses diminishes. 

Bigger and/or more comfortahle houses be come less 

profitable to huild and sell . 

Rather than taking full account of future progres

sion, buyers and sellers may expect the current 

total tax coefficient to remain constant . The 

result would he a jumpy price development as demon-

strated by price curve II in the fiqure. As shown 

by the Swenish experience in the seventies it is 

very difficult to prediet when ann how far tax 



rates will he adjusten for inflation or counter

acted by assessing practices. The shaded area be

tween curves I and III, in Fig. e, can he inter

preten as a margin for the price uncertainty aris

ing from progressive taxation. This margin will, 

moreover, tenn to increase with inflation. The 

instability' normal ly associaten with changing in

flation rates will thus be multiplien by this "tax 

uncertainty" • 

Up to now we have c1ealt exclusively with isolated · 

anjustments in a single market. However, the most 

winely observed ann best known example of tax-in-

ducec1 instability relates to the anjllstment of 

heavily taxen wage markets to price increases in 

the pronuet markets, i.e. , to inflation. This has 

been an acute problem in Swe~en during most of the 

seventies. 

In contrast to our previous examples we are faced, 

here, with annual tax adjustments ail'ling, l'Iöinly 

ann explicitly, to compensate for the stahility 

prohlems created by the tax structure itself. 

The rates of income tax in Swec'!en are highly pro

gressive -- and changing rapinly. 'Even excluding 

the various kinds of employers I social insurance 

fees, etc.--anning up to ahout 40 per cent of pain 

Ollt wages--the marginal income tax rate for an 

average skillen innustrial worker in Swenen now 

approaches 70 per cent, the average rate being 

some twenty per cent lower--all measured in terms 

of taxahle 

steeper for 

personal income. The proqression is 

high-incol'le earners--and for low-

income earners receivinq subsinies. 
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If the worker, cited above, should be compensated 

for say a 10 per cent of inflation--with tax

scales not being automatically adjusted for in fla

tion--he would have to receive a wage increase of 

some 17 per cent--starting off arun-away wage 

inflation spiral. 

Negotiations are further aggravated by the var

iance in marginal tax rates between different 

groups of labor. Since gross wages are what is 

negotiated any compromise between the unions is 

likely to add further inflationary pressure. 

Continuous tax revisions or an indexing of the tax 

scales provide the standard answer to the first 

problem--that of eliminating the "tax multipliers 

of inflation". 

The second part of the problem however does not 

disappear so easily. Support for a tax redistribu

tion of today's income does not automatically mean 

acquiescence in the further leveling of tomorrow' s 

income implied by the marginal tax rates necessary 

to carry through the redistribution. To ward off 

this cause of wage inflation, annual revisions of 

relative total tax rates for various income-groups 

have, in recent years, become an important part of 

collective wage negotiations in Sweden. The struc

ture of any progressive income tax is unfortunate

ly such that every attempt to use tax revisions to 

satisfy claims for further leveling of net wages 

is apt to aggravate" the "locking-in" effects and 

stability problems for the next round of wage 

negotiations. 



There is another side of this 

that should be mentioned here, 

instanility prohlem 

although it falls 

somewhat outside the model context of the previous 

discussion. Introducinq progressive taxation, ap

plied to gross market price, definit.ionally means, 

ceteris pari bus, a lowering of the gross price 

elasticity of supply in the market. In terms of 

the labor market this means making labor less 

inclined to move in response to certain given wage 

inducements. 

When this weakened pull effect is compounded, as 

in Sweden, with an institutionally and legislative

ly restricted push effect--by restrictions on how 

and when and why lanor can he laid off--the possi

nle consequences on market stahi1ity are apparent. 

The adjustment to shifts in foreign demand and/or 

to relative price changes wi 11 he slowen nown and 

the competition for labor from expanding firms 

couln either result in more inflationary wage in

creases or a petering out of expansion with in

flated wage demand workinq as a namper . 

Instead of Conclusions 

Our previous discussion has involved a rather 

varied collection of examples of nossihle tax-in

duced instability. Our focus on innividual market 

adjllstment however means, that we have not treaten 

the equally important problems of the irnpact of 

taxation on macro-economic stahility. 

The examples presented ear1ier do not readi1v 1enn 

themselves to any general interpret."tion or conclll

sion. 'I'hey no h o",e ve r illllstrate two important 

points. 
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The first one concerns pOlicy. When raising the 

"technical" ambitions of tax-policy, graoually 

using it for more differentiated regulatory aims, 

the risk of disrupting the "normal" market ad just

ment processes grows. 1 

Stability problems are thus adoeo to the more 

widely oiscussed problems of the long-term alloca

tive effects of tax-influcer'l chanqes in relative 

prices. The Sweflish experience in the seventies 

seems to suggest that, also from the stability 

point of view, there are severe limitations tö 

what you can safely hope to accornplish by tax 

policy. 

The second point has to 00 with research. l'le have 

by now a fairly well-oeveloped literature on "opti

mal taxation" and the welfare effects of a fixed 

tax structure from an "equilihriumpoint of view" • 

Our examples demonstrate that there is now 900d 

reason to take one further step ann investigate 

the impact of taxes and tax adjustment on market 

stability as weIl. Unfortunately, any thorouqh in

vestigation into these problems will have to work 

with oisequilibrium moflels, w'l,.ich makespoints of 

oeparture haroer to find. T'l,.e results will also be 

less general anfl theoretically convincing. That 

may be an explanatioh for our being late to start 

but it is harolyan excuse for further delay. 

l Alternative ways of pursuinq these policyaims 
may of course he even wor.se from a stal:lility point 
of view. The use of rnore direct intervention or 
regulation hy definition Makes the economy more 
rigid and hence less shock-proof. Havinq more "fix
tures" ann less free variability tenos to narrow 
the rnargins of adjustment in the economy. 



APPENDIX 

THREE NOTES ON THE CONCEPT OF STABILITY 

I Some basic stability concepts 

To facilitate reading the paper the reader may 
want to recall some basic stahility concepts . 

The concepts can be illustrated as in Fig. 1. TATe 
assume that we are deali.ng with an autonomous 
system, i.e . , a system in which time, t, is not an 
essentiai variahle but only used as a parametriza
tion variable . We further assume that we are work
ing in some open region of phase space, through 
each point, x, of which there goes a unique path 
of the differential system: 

i = X(x) , X(o) = O; 

where x and ~ denote vectors . 

Figure 1 . Some basic stability concepts 

,...,------ ........... 
" , " , 

S~abl ' . 
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, I 
I , 
I --J- S(R) 
\ I 

\ 

Unstable , R 

"..... " 
........ _------

,/ 

I 

j... H (R) 
I 

I 

stable 

We shall designate by 
region IIxll<r and IIxl<R, 
the sphere IIxi=R itself. 

S(r), S(R) the spherical 
respectively, and by H(R) 

We now say that the origin o is: 

1) Stahle (or stahle in the Liapunov sense) when
everfor each R there is an r ( R such that a 
path initiated in S(r) always remains within 
S (R) • 
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2) Asymptotically stable or resilient 1 whenever 
it is stable, and, in addition, every path 
starting inside some S(R ), R >0, tenns to the 

o o 
orig in as time increases indefinitely. 

3) Unstable whenever for some R and r, no matter 
how small , there is always in S(r) a point x 
such that the path through x reaches the 
houndary H (R) • 

II Roundedness, Practical and Ultimate Stability 

The usual basic concepts of stability analysis 
unfortunately turn out to he of little practical 
use when applied to price developments in real 
life economics . There are, in particular, four 
further prohlems that must be taken into account 
in any attempt at measuring stability in actual 
price movements. 

In real economics time 
i. e . , the systems are 
a generalization of the 
autonomous systems is 
proofs tend to get more 
almost never know enough 
time-dependence. 

is an essentiai variable, 
non-autonomous. In theory, 
stahility concepts to non-

straightforwarn although 
laborious. In practice we 
to analyze explicit ly the 

Resilience and stability are empirically indetermi
nate properties as long as we are talking in terms 
of some neighhorhood which may be arbitrarily 
close to the origin. To acquire an empirical con
tent the concepts must be quanti fied by measuring 
the extent of the regions involved in the stahil
ity definitions. 

In most economic as weIl as physical systems, 
stahility problems usually arise, not primarily 
because of initial conditions being far from equi
librium, but hecause of various kinds of persist
ent disturbances or perturbations. Any useful sta
bility concept must therefore refer to the move
ments of such a perturbed system. 

l Different authors \lse "resilience" to cover vari
ous shades or aspects of stahility. We have 
chosen, here, to use the word when the system 
tenns to become more narrowly confinerl wi thin some 
neighhorhood of an equilihrium. 
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Finally, we are of ten less interested in ascertain
ing the return to origin than we are in making 
sure that the system stays within bounds. Stabil
ity in the sense of Lagrange means just this, 
viz., that all solutions are bounded. Again this 
definition needs to be quantified to make empiri
cal sense. 

In trying to meet these four empirical require
ments we could end up with the following two sta
bility definitions that are illustrated by Fig. 2. 
Our starting-point is a system: . 
x = X(x,t)+p(x,t), t>O: X(O,t)=O for all t>O 

where p denotes perturbations satisfying p .. &. We 
have, also, in the figure two sets: Q which is a 
closed and bounded set containing the origin, and 
Q which is a subset of O. We could then, follow-

o 
ing LaSalle-Lefschetz (1961) define: 

Practical stability of the origin as the propert y 
reguiring that for given O, O and &, any solu

o 
tion starting in O wi 11 rernain in O for T> t) O 

o 
(cf. x' in Fig. 2). 

Somewhat analogous to the concept of asymptotic 
stability or resilience would be: 

Practical resilience: requiring that, for given O, 
0 0 and &, any path going through Q will be in 0 0 

for all t > T (cf. x' in Fig. 2). 

Figure 2. Practical stability and practical 
resilience 

Q 
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III. Structural and Comprehensive Stability 

In most economic discussions of stability we rleal 
wi th a system with fixed parameters where the path 
of prices, for example, can be completely rlescrib
ed as a function of the state variables: dx 
f(x)dt. 

In real economies parameters do change. This is 
obviously the case with the parameters represent
ing the state of the externa 1 world, such as world 
market prices for a national economy. Even if we 
simplify by ignoring these exogenously determined 
parameters we will still be faced with changing 
parameters. 

In a widened or lengthened perspective we must 
take account of the fact that the behavior or the 
institutionally determined parameters of an econom
ic system change according to some rule. Denoting 
the vector of parameters p, such a generalized 
explanation of change could be written as: dx 
f(x, p)dt. 

To avoid making the analysis too unwieldy econo
mists usually try to discuss time developments in 
two stages - sometimes identifierl as a short and a 
long run. In the short run, parameters can be 
treated as given and the total change can thus be 
split inta two parts: 

dx = fl(x, p)dt + f 2 (x,p)dp. 

To be able to separate the impact of parameter 
change, f 2 , from the "short-run" developments with 

given parameters, fl' it is obviously necessary to 
assume that parameter changes are measured in time 
scales quite different from those userl to define 
"short run" changes. This could be done by assum
ing parameter changes to be extremely "sudden" • 
Usually however, economists go the opposite way, 
making the "comparative static" assumption that 
parameter changes occur slowly enough so that the 
"short run" system always has time to reach its 
asymptotic equilibria. 

Instead of discussing stahility as a propert y of 
the "phase-portrait", fl' of a system with given 
parameters one may want to treat stability as a 
question of how big or how continuously the change 
in "phase-portrait" is, that results from certain 
parameter changes. This is roughly what is meant 
to be measured by "structural stahility" in the 
sense of Smale (1967) or of the "catastrophy 
theory" • 



Fig. 3 may help to give some intuitive inea of 
this concept. Drawn with full lines in Fig.3a is 
the original "phase-portrai t", which is supposec'! 
to be fairly simple--three basins, each with an 
attractor. 

Figure 3. 

a 

Change in "phase-portraits" caused 
by change in parameters 

b 

t-le now make a slight variation of the parameters 
and watch for results. The dotten lines in Fig. 3a 
show what could happen if the structure of the 
system is relatively stable. The parameter varia
tion c'!oes not change the dynamic structure but 
only causes a continuous shifting of hasins anc'! 
limit-cycles. Fig. 3h illustrates a structurally 
unstahle case where the same variation completely 
remodels the phase-portrait, reducinq the number 
of basins and changing the character of attrac
tors. 

Once you include parameter chanqes in the frame
work of analysis there is one further question of 
stahility to be consic1erec'!. What causes parameters 
to change ann does that kinc'! of "system change" 
tenn to counteract or reinforce instahility 
"wi thin the system"? Do institutions and economic 
behavior adapt in the long run so as to renuce or 
to maintain long-term imbalances? These questions 
concerning comprehensive stability --central to 
the current discussion of stagflation-- can, how
ever, selnom be usefully analyzed within our eco
nomic models. The inability of our models to deal 
with "structural change" is inneed prohahly a 
major explanation for their poor showing during 
recent years. 
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Introduction 

During the first quarter centuryafter W .. W . II, most Western 
countries experienced rapid expansion of their educational 
systerns, especially marked in higher education. This expan
sion was of ten supported by widely held optimistic assessments 
of the potential benefits of increased education in promoting 
economic growth and also in contributing towards an equaliza
tion of incomes . The human capital approach , developed during 
the same peri_od by Chicago economists, provided a way of mor e 
strictly formulating the basis for these assessments and of 
incorporating the educational systern into the main body of eco 
nomic theory . Its conceptual framework made it possible 
- or so one hoped - to derive testable statements ab out the 
impact of öducation on productivi ty and growth and about the way 
the spoils of this gr.owth were divided between individuals and 
between functional and educational categories. 

In the last few years retarded economic growth in many countries 
has seemingly put a brake on both demand for higher education 
and the How of tax-money available for educational expansion. 
At the same time the mood seems to have changed among both 
decision-makers and analysts . In discussions on educational 
policy, in West-european countr ies at least , one is now less apt 
to take the economic benefits of increased education for granted 
and more concerned with the qualitative direction of the educa
tional systern. 

More than ever before there is an acute need for answers to the 
central questions ab out the economic role of education - what does 
education do to people, what do educated people do to production 
and what do they get out of it? So far economic analysis doe s 
not seem - to have provided any clear-cut and wholly convincing 
answers in spite of the quite considerable empirical research work 
carried on during the last decades and the increasingly sophisti
cated refinements of human capital theories. The outcomes of 
attempts to measure the contribution of human capital to economic 
growth are still highly divergent and the methods very controversial. 
The distributional implications of the human capital theory have also 
been confronted with various kinds of empirical evidence especially 
in the form of estimated rates of return to educational investments. 
The results presented so far seem inconclusive and difficult to 
evaluate . While a considerable, sometimes major, part of income 
differentials can often be accounted for by educational differences, 
the existence in some countries of large divergences in the rates of 
return on different kinds of education and the unexpected degree of 
permanence in absolute and relative levels of these rates, even 



L 

67 

during periods of rapid educational expansion, seems harder to 
accommodate at least within the simpler versions of human capital 
theory. 

There are also rival ways of interpreting the evidence. One 
such alternative interpretation that has late ly attracted a good 
deal of attention views education mainly as a filtering device, 
whose main function i s to measure and certify the given in
herited ability of the students . That this interpretation cannot 
be just rejected as obviously conflicting with the given evidence 
is shown by the continuing laborious search - so far not very 
successful - for discriminating empirical tests to be used for 
choosing between the alternative theories. Since the policy 
implications of the alternatives are in man y ways radically 
different, this is certainly not a very reassuring state of 
affairs for the policy-makers. 

At the same time developments in economic theory, especially 
the incorporation of uncertainty in general equilibrium theory 
and the outcome of the so called "capital controversy" in 
capital theory, seem to accentuate the need for a basic re
assessment of the economic theories of education and a search 
for new. approaches . 

The aim of this paper is to make a modest contribution towards 
such a reassessment by focusing attention on one particular 
assumption in the current economic theories of education. This 
i s the as sumption of homogeneity - homogeneity of people and 
homogeneity of education - which we consider to be of strategic 
and pivotal importance in giving direction to educational analysis 
and research as well as to educational policy. 
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l The one-dimensional man of economic 

theory 

In general economic theory man appears in two very different 
roles. As consumer, propert y owner, manager and organizer 
the individual is treated as a very distinct personality set apart 
from his fellow beings by his own characteristic tastes and 
endowrnents of wealth and talent. Considered as a factor of 
production on the other hand he is usually reduced to an anony :
mous labor unit, whose hourly effort is indistinguishable from 
that of his fellow workers . The interest in economic theories 
of production and investment has traditionally been centered on 
real capital, which by being heterogeneous and immobile, 
supposedly qefines the productive capacity of the firm or the 
economy. In contrast to this , labor - when defined as homo 
geneous, mobile and in given supply - is simply an amorphous 
commodity to be utilized wi,thin the chosen production technique. 
It regains an independent role only when attention is shifted 
from production theory to the theory of employment and capacity 
utilization. 

This tradition of treating labor as a homogen~ous factor of 
production goes back to the classical economists, for whom 
homogeneous labor units also provided a "measuring rod" for 
e c onomic value s . Ab stracting from indi vidual characte ri stic s 
may also have involved less risks for misrepresenting the 
economic realities in the early industrial period when produc
tion in factories was organized simply , utilized mostly 
manual skills, and dealt with unorganized labor in abundant 
supply . 

With the successive increase in the relative scope and 
complexity of the "control sphere" of production and in the 
amount of specialized education and on - the-job-training in
volved, the assumption of homogeneous labor becomes 
much mor e difficult to defend . As increasingly more heed 
is paid to the vested interests of different groups in the 
labor market and the aims of social security are widening to 
include security of work of a certain type in a certain place, 
the assumption of mobile labor also becomes mor e contro
versial. 

The tendency among economists to fall back on an assump
tion of homogeneous labor is not just an historical accident 

_ ' _ _ ",- ; _ _ 1 l_ .. ~ ........ r.o Tn"t .. "rl it iI .. n .. nds on certain 
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inherent characteristics and limitations of the economic 
approach to social reality . 

Economic theory is - at least in its central core - a theory 
about commodities and the exchange of commodities . 
Commodities can be anything in this world, goods or 
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services, as long as they are completely specified, physically, 
temporally and spatially . Economic analysis usually pre
suppose s a given well-defined commodity space. Every 
comm.odity be it green figs or the services of an electri-
cal engineer is a given well - defined entity, the amount 
and price of which can be expre s sed in real number s. From 
the point of view of economic theory each commodity is a 
black box with a given precise label. What is inside that box 
_ the qualities and internai organization- of the commodity -
is not of concern to the economist, whose analytical tooibox 
does not equip him for that task . Instead that task is supposed 
to be handled by divers technical, or p'sychological, expertise. 

Man as the object of exchange iIi the educational and labor 
markets makes up a special dass of commodities - commodity 
man, who is supposed to have all the necessary educationa~ 
and professionai labels to make him_' ii well-defined black box. 
Once he is 50 labelled we can s·upposedly treat him analytically 
as just another commodity, whose supply and demand and 
market price can be measured unambiguously. 

Given the commodity space, the primary task of economic 
analysis is to find analytical expressions for the various and 
intercorrelated activities going on in the economy. For our 
interest here it is enough to point out three main categories 
of such activities , education, production and consumption. 
Here again the economist' 5 ambition is limited , What really 
goes on within these activities, how the qualities of commo
dities there are created and appreciated, is something left to 
pedagogical, technological and behavorial specialists to analyze 
and express . The economist just takes it for granted that 
enough of this job has been done already 50 that he can start 
with a certain given description of education, production and 
consumption . 

More specifically the description of technologies available for 
these activities should be given in terms o: inputs and outputs 
of the well-defined commodities. This means the economist 
needs answers to questions of the following kind. If we' ,Put a 
certain number of men, with secondary school certificates and 
a given distribution of capability in some. well-defined sense, 
through the existing process of higher education, what mix of 
doctors, engineers, economists and drop-outs can we get, how 
long will it take and what other commodities will be needed? 
How many engineers of different kinds do we need to keep a 
certain kind of paper process operation running at a given scale? 
How much paper of various kinds is needed for certain consump
tion activities, say small-boat navigation, and what is the output 
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of "satisfaction" as measured in terms of some individual utility 
index? Given all these "technological" data in terms of ccimmo
dities or functions of commodities the economist can get started 
on his special task which is the analysis of how all these millions 
of divers activities are intercorrelated and controlled, in the most 
usual case by way of market pricing. 

This division of labor, the specialization of economic analysis, has 
almost certainly been a necessary condition for developing that 
unified bo~y of analytical tools - general equilibrium theory - in 
which economists take a justified pride. It has indeed proved most 
effective, as long as economists stick to their primary task, the 
analysis of intercorrelated markets. The treatment of man as 
commodity-man, a well-labelled but otherwise unanalyzed entity, 
is then a well - motivated analytical conveniance. 

Problems will arise,however, whenever the economist oversteps these 
self-chosen limits and tries to use his tools to analyze the ' techno
logy and the technological change in education, production or con
sumption. To do so successfully he would somehow have to break 
into the black boxes with commodity labels to find out how they are 
organized , what qualities they posses s and why they possess 
them. This is what technology is all about and technological 
change means among other things a reorganization of commo-
dit Y components and a new mixture of physical characteristics. 
In the case of commodity man used as production input he 
would need to know e. g. what the elementary skills and capa-
cities are that determine how good a certain professionai is at 
his job and to what extent he can be substituted by some other 
kind of commodity man. If they wanted to analyze technological 
change they would also need to know e. g . in what way this 
vector of skill requirements depended on the machines used and 
on the general work organization in production, etc. To follow 
this up with a similar analysis of education they must find out 
how the training of these skills depends on various multi-
facetted characteristics in the trainee and on the educational 
envi ronment . 

There are indeed economists that compete with other social 
scientists in st~dying the se kinds of que stions. But they cannot 
expect much help or guidance in this from the standard tools of 
economic analysis. Nor can they hope to arrive easily at results 
that are simple and general enough to be incorporated into 
standard economic theory. 

What theoretical economists have normally done is to try and find 
a shortcut into technological analysis by way of simplifying 
assumptions. Since the paramount difficulty has to do with ana
lyzing the heterogeneity of input and output commodities, the 
obvious way to try is to assume away most of this heterogeneity. 
We .can e.g. try to describe production technology as if there 
exists only one kind of machines, one kind of labor, and one kind 
of output, although machines could be bigger or smaller and men 
more or less efficient. Even a truely staggeringsimplification 
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like this seemingly gains some sort of credibility by a superficial 
association to the financial concepts of total labor costs and total 
capital costs. Should we then manage to estimate a production 
function in these simplified terms - and such estimates have indeed 
been made by the thousands although it is somewhat difficult to say 
exactly what has been eshmated - we have also found a way to deal 
simply with technological change. Wemerely define thi s change as 
measured by the change in efficiency in either the machine or the 
labor unit or both. Technological change is said to be capital
augmentin.g, labor-augmenting or neutral. An outside critical 
observer of this whole procedure would probably be apt to think that 
the attempt rather shows the economist in the role of artful dodger. 
Technology and. its chang.e has been analyzed under the assumption 
that there is n.o technology in any real sense that can be changed . 

An assumption of homogeneity can of course serve equally weIl 
if we move from production to education technology. Since the 
output of education is the labor input to production, assumed to 
be homogeneous, there must be only one kind of educational 
results, although individual results, measurable in labor 
efficiency units or unitsof "human capital" , can be larger or 
smaller . To arrive at a simple unified formula for education 
technology, without having to peep inside the black box of 
commodity-man, we also need a homogeneous input. The student 
then may be more or less smart, but his degree of smartness 
should be measurable on some linear scale, in terms of some 
given efficiency or capability unit. 

The homogeneity assumption in education would appear to be at 
least as hard to support or interpret in terms of real life, as 
the analogous assumption in production, on which it depends. Not 
only does it abst ract from all questions concerning the structure 
of educahonal technology . In as far as education is a way of 
sorting out people with divers talents and of making use of their 
comparative advantage for alabor market requiring a successively 
increasing specialization of skills any homogeneity assumption 
would appear extremely misplaced. 

The one-dimensional man of economic theory thus becomes .a very 
displaced person when he is designated as the central figure of a 
theory of education. An economic theory of education that 
attempts to analyze simultaneously the technology of education and 
production, to explain the role of education and of educated labor 
within production technology, without breaking into the black box 
of commodity man, would seem to be doorned to end up in 
meaningle ss abstraction s or trivalitie s . To analyze the condi
tions and fluctuations in the markets for educated labor is one 
thing - and weIl within the scope of traditional economic analysis. 
To try to explain what happens to a man who gets educated, and 
how this affects his physical contribution in production is some 
thing else - and far beyond the limits of applicability for the 
standard tools of economic analysis . This is our contention here . 
Let us first take a eloser look at the most widely used economic 
theorie s of education to see how they appear from thi s point of 
view . To what extent do they ' rest on an assumption of homo
geneous labor? 
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2 The homogeneity of human capital xl 

The dominant school of thought in the ec onomic s of education 
builds its explanations around the notion of human capital, as 
reinterpreted and revitalized in the pioneering works of Becker 
and Mincer; see Becker (1962, 1964) and Mincer (1962 ). 

Research work based on human capital theories has, during the 
last decade, been extensive, branching off into many divers 
directions. This makes it by now somewhat difficult to exa
mine the conceptual basis of "the" human capital theory, or, 
more specifically, to establish the exact meaning and pre
assumptions of the human capital concept. The author has 
elsewhere (Ysander (1977), appended to this book of essays) 
reported on a mode st attempt to explicate the notion of human 
capital in spite of these difficulties . 

Both in economic literature and in common parlance "human 
capital" is used with many different connotations and in widely 
different contexts . One trivial but important distinction here 
is between the notion of physical and financial human capital 
respectively . Any individual, viewed as a potential source of 
some kind of labor serv.:ices, can be said - in the economic 
jargon - to constitute a physical capital, since' physical capital ' , 
definitionally , refers to something that yields services . That 
most economists still choose not to treat individuals as capital 
goods in this sense in their models is mainly a question of 
practical convenience . As long as you are focusing your interest 
on market operations and are not especially interested in the 
rather special category of educational investments, calling people 
capital goods in the model would simply mean renaming the 
indi viduals without getting any anal y tic al gain . 

People are not sold on markets or owned by firms like machines. 
Neither are e . g . the benefits of on-the - job-training offered on the 
market with a price tag. This means that if you want to treat 
individuals as capital goods and really study how theychange by 
participating in educational and production activities your model 
must incorporate distinctions and transactions that have no ex
plicit counterparts in real life markets. If you want to do this 
in a general way - meaning in a general equilibrium context as 

x) In dealing with the problems in this section I have profited 
much from comments by Asa Sohlman, who will present 
a more extensive analysis of the human capital concept in 
a forthcoming report within the same 'research project. 
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done in Ysander (1977) - it means i.a. assuming that households 
lease their human capital, ~.e . their special labor capacity, to 
the firms under contracts which stipulate separate charges for the 

way these capacities are affected by the contracted work. In other 
words you must be able, always and everywhere, to account 
separately for all kinds of human investments and disinvestments . 
What you can gain by such a modelling effort is not really any new 
knowledge, but simply a consistent way of expressing your self in 
discussing how an individual' s working capacity develops over his 
life time. This general use of a concept of physical human capital 
certainly does not constitute any "human capital theory". It is 
more of asemantic ·convention . 

The general financial concept of human capital is simpler and 
more straightforward. Any individual who can be expected to 
earn money in the future by seIling his work services thereby 
constitutes a financial asset, . whose value is the discounted 

sum of those "expected future earning s . This financial · concept 
of human capital can be used as a summaryor shorthand 
notion in analyzing individual expectations and the way the 
individuals' choice of education and work may be determined 
by their earning expectations. This is again more asemantic 
c onvenience than a specific theory . "Human capital theory" 
could possibly be used as a kind of general name for all those 
theories about individual behavior in educational and labor 
markets that assume earning expectations to be an important 
determining factor . It would then be a very general name 
indeed. It can be shown that this financial concept can be 
worked into the general fraxnework with physical human capital 
in such away that you can de fine things like rate of return on 
human investI!lents in away consistent with the analogous 
definitions for non-human capita!. This is not surprising and 
does not get us any closer toward a "human capital theory" in 
any more specific sense . 

Any theory that is to have some substantial power of explana 
tion must obviously be more than a way of framing concepts. 
Most of the research efforts of human capital theorists have 
been directed toward explaining various aspects of the income 
distribution in terms of human capita!. What they are really 
trying to do is to reverse the reasoning that led to the financial 
concept of human capita!. Instead of defining human capital as 
the discounted sum of future earnings, the task now is somehow 
to "explain" future earnings by means of a human capital con
cept that then cannot be financial but must be physical. 

You are then re all y trying to explain the diffe rential "p roducti 
vit y" of man. In terms of our previous discussion any such 
analysis and evaluation of the individual contribution to the joint 
effort in production would require opening the black box of 
commodity - man to determine the physical and mental charac
teristics that govern how weIl he or she operates in the techno
logical organization. If you do not feel equipped for such a 
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pioneering effort you can always resort to ahomogeneity assurnp
tion, spiriting away the problem s by way of definition . 

There can be no doubt that this is essentially what is being done 
in mode rn ve r sion s of human capital theorie s, although the exact 
scope and content of the homogeneity assumptions may vary among 
the more sofisticated versions of the theory . xl 

What as sumptions have to be made in a simple and pure human 
capital theory, aimed at "explaining" relative earnings in terms 
of accumulated human capital - in terms of what first God and 
the n men have invested in an 'individual - in such away that 
the empirical information necessary for testing could in prin
ciple be distilled from existing market data? In what ways 
must a general equilibrium model with physical human capital 
be restricted to yield the desired type of relation? One possible 
way of answering these questions has been presented in Ysander 
(1977) and can be summarized in following manner . 

Fir st of all you should make sure that your explanation of rela
tive earnings is really concerned with the physical productivity 
of the individual and is not just a way of rehashing the given 
data on market pricing. Relative earnings should depend only 
on the given amount of any existing forms of human capital, 
i. e . the given number of individuals with various earning capa 
cities , but be independent of the rest of economy . This assump
tion can be shown to be equivalent to a necessary condition for 
aggregating human capital, for being able to substitute one num 
ber repre senting aggregated l abor for the vector of differently 
skilled individuals in the description of the production technology. 
There is a certain irony in the fact that human capital theories, 
thus building on aggregating conditions, was first developed and 
circulated at the very same time, when - as an outcome of the 

x) At the start of chapter 7 in Becker' s book (1964) the author 
characterizes his own work in the following way: "Virtually' 
all the implications of the theory of investment in human 
capital developed in Part One depend directly or indirect l y 
on the effect of human capjtal on the earnings and productivity 
of persons and firms. Consequently most of my empirical 
work has been concentrated on measuring and as se s sing the se 

effects. " 

That human capital must be interpreted as being physical 
becomes especially apparant when human capital theorists 
- following the example set by Ben-Porath (1967) - introduce 
a "production function" for human capital (see e.g, the 
revised version of Becker' s book). 

The homogeneity assumption is also explicitly stated by Becker 
in his book (1964): "Another as sumption made throughout most 
of the paper is that human capital is homogeneous in the sense 
that all units are perfect substitutes in production for each 
other and thus add the same amount of earnings." 



so-called capital controversy - economists finally seemed to 
agree on the impossibility of capital aggregation in general. 
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Secondly, you must also assume that the human capital of diffe
rent individuals is really all the same - just more or less of 
the same type of capacity . You can always use one man for 
another man' s job but, depending on his relative amount of 
"human capital", you may then get a bit more or less done 
than before . 

If "human capital" is to become something more than an empul
cally meaningless variable you also have to relate it to the 
various investments, training and job experiences, that have been 
made in order to form this capital. To avoid letting in hetero
geneity by the back door you must assume some simple and 
common process for forming this ' homogeneous capital. If you 
want to keep it really simple you must assume that investments 
also are homogeneous - going to night school or galnIng experi
ence as a travelling sales man is really only more or less of 
the same thing. 

Even af ter these assumptions you are still stuck with the fact 
that people are different and react differently to human invest
ment efforts . If you want to reach an explanation of relative 
earnings that is quite generally applicable you somehow have 
to make people homogeneous . This can be done - and is 
usually done - by assuming that there is some unambiguously 
defined propert y called ability, with which individuals can be 
more or less generously endowed. 

With these successive forms of homogeneity assumptions you 
can finally arrive at a general hypothesis concerning the rela
tion between ability, inve stments and relative earnings. Whethe r 
you can test your human capital theory will thus mainly depend 
on the availability of valid and reliable data on this propert y 
called ability and on the various forms and measure s for human 
investments. 

Since there are many kinds of human capital theories there are 
certainly many relevant forms of homogeneity assumptions. 
What can be said generally is that in as far as human capital 
theories try to say something about the physical productivity of 
man they do so on the basis of far-reaching assumptions of 
homogeneity and can - in our view justifiably - be criticized 
on this account. They are trying to make summary conclusions 
about the role of man in production technology without really 
studying either man or technology; the homogeneity assump 
tions merely express the absurdity of any such attempt. 

There is an alternative possible interpretation of the human capi
tal theories. Perhaps "human capital" is not really meant to 
have any physical counterpart in reality but functions merely as 

an "intervening" or "theoretical" variable - a practical con
veniance in giving a more general form to the ,empirical hypo-
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theses concerning wages as partly determined by tralnlng invest
ments? Becker and Mincer were af ter all colleagues of Milton 
Friedman at th.e University of Chicago. In a celebrated essay 
on economic methodology Friedman (1953) argued that the use of 
fa1se or empirically meaning1ess postulates shou1d be accepted as 
long as they lead to ~alid and interesting conclusions. (For an 
interpretation of this argument in terms of theoretica1 vari"ab1es 
dYsander (1961)). 

The Friedman argument has not found much support among econo
mists and even less among the philosophy of science specialists. 
Even if it were accepted the burden of proof would anyhow lie 
with the proponents of human capital theories. They wou1d have to 
show what general and testable conclusions are added by the 
introduction of a human capital concept. If the aim of the exercise 
is to show relative earnings as a well-behaved function of 
human investments or, more especially, of education, the use 
of a human capital concept does not seem to help to " exp l a in" 
this relation in any real sense - but rather clouds the issue. 

There are of course many alternative ways of explaining this 
relation. One such. way might start with the idea that although 
people are different and func!ion differently in production, 
employers seldom have any reliable means of controlling and 
measuring these factual differences; cL e.g. Alchian-
Demsetz (1972). By social convention they therefore take edu
cational level etc. as one main starting -point in wage negotia
tions, since this at least is easily known and documented. 
They could then be said to practice a ' homogeneity assumption 
without having to believe in it. This hypothesis is just men
tioned here as one of the many possible explanations that are 
open to you once you start interpreting human capital theories 
as theories about people behaving as if there existed a homo
geneous human capita!. They all have one common feature 
- that Occam' s razor or the law of scientific parsimony would 

in most cases require you to avoid the use of homogene ou s human 
capital as being both supe rfluous and cumbrous. 

Th~se objections to the use of a physical concept of homogeneous 
human capital should, however, not be construed as belittling the 
value of the empirical findings of research work carried out within 
human capital models . During the last decade this has helped us 
gain much useful knowledge about the correlations between distri
butions of human investments and distributions of associated 
earnings. 
the yield 
interpret 
capita!. . 

What has been questioned here are not these data on 
of various human investments but rather the attempt to 

and "explain" these data in terms of homogeneous human 
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3 Filtering homogeneous students: 

The Arrow model 

The best known - or at least most talked about - alternatives to 
human capital theories in explaining educational impact on 
earnings are the so called filter theories of education, first 
presented in pioneering artic1es by Arrow (1973) and Stiglitz 
(1972, 1975). The central and rather provocative idea in these 
models is that instead of developing existing ability by investing 
the student with new skills, education merely functions as away 
of certifying for the employers' benefit the given ability of the 
student. The rather depressing conc1usions to be drawn from 
these prernisses are that in as far as this certification merely 
affects distribution of income between employees without im
proving the allocation among jobs, education is simply a social 
waste. 

Filter theories have usually been viewed as representing the 
extreme opposite to human capital theories. As we intend to 
show in the following, the two kinds of theories can equally weIl 
be seen as rather close - and from an empirical point of view 
of ten indi stingui shable - sub stitute s, that both make the same 
basic assumptions. We use the Arrow model as the point of 
reference, as it is the simplest and most straightforward of the 
filter models presented so far. We present his prernisses 
successively, interspersed with comparisons of their implica
tions with those of human capital theory. 

Arrow' s filter model and human capital theory can be said to 
share two basic assumptions. First, people and educational 
processes are assumed to be homogeneous, although some 
students may be smarter than others. Secondly there is no 
generation of new knowledge through education, neither about 
the world around them nor about the students themselves. 
There is only a redistribution of already existing knowledge. 

The homogeneity assumptions mean that as in the human 
capital theory, the filter theory totally abstracts from the 
technology of education and from the role of educated labor in 
production. While it attempts to explain why we have educa
tion at all, it cannot touch on the equally interesting questions 
of what determines the choice of a particular kind of education 
or a particular kind of job. 
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There is no search for new knowledge in the filter theory. 
Education is not a procedure for establishing the scholastic 
potentialities of the student, which are supposed to be closely, 
although stochastically, related to general ability or producti

vity. These individual probabilities of scholastic success are 
usuallyX) supposed to be known already to the student and, 
after admission scrutiny, also to the school authorities. All 
that education ever does is to certify for the employers some
thing which is known all along by both students and schoois. 
This means incidentally that the Arrow model cannot really 
explain why education is so time-consuming, why schools do not 
just pass on - for a price - the full extent of the information 
about the student they have gained on admission. 

Compared to the human capital theories the filter model could 
be characterized by saying that its education systern redistri
butes knowledge about the students to employers and the pro
duction settor, while in human capital theories the now of 
redistributed knowledge goes the other way - knowledge about 
skills used in production are transferred from production to the 
students. The big difference is that, while in human capital 
theories knowledge of skills is assumed to make you more 
productive, the social value of information ab out students given 
to the employers in the filter theories are at best limited. 

Does this in itself necessarily make the filter theories 
empirically very different from the human capital theories ? 
Unfortunately this is not the case . Their conclusions ab out 
individual market behaviour could in fact be empirically 
impossible to identify separately . 

What the alternative theories are both stating is that earnings 
- in terms of which a human capital can always be defined -
are a function of ability and educational costs investe'd by the 
individual, (we abstract here from the fact that human capital 
functions have rarely been formulated stochastically as in the 
Arrow model). You could then in principle choose forms of 
investment functions and sets of investment possibilities for the 
individual such that the resulting pattern of investments and 
earnings in equilibrium would be the same in both kinds of 
theories. Then, from just studying an equilibrium solution in 
a real life economy, you could never tell the theories apart. 
For that you would need to dislodge the equilibrium, e. g . by 
rationing educahonal opportWlities, and study the consequences 
on total production. 

x) Arrow sCJmetimes makes the alternative assumption that the 
students themselves do not know these probabilities 'cL e.g . 
p. 199 in the 1973 article) . This, however, raises the problem 
- not discussed by Arrow - of how dem and or self-selection 
for education is then determined and what can be known about 
dem and as a sample of the total population. 
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One such way of bringing the theories eloser together would be 
a kind of perfect filtering process, such that the longer you 
stayed in education, the higher the ability you could certify 
- assuming you had it. If wages were paid in proportion to 
certificates, and education costs were low, educational invest
ments would then be rnonotonically increasing with ability, which 
is a common feature of many human capital theories etc . 

Looked at from this point of view the provocation of filter 
models really arises from exploiting a general dilemma of eco
nomic equilibrium analysis. As long as we are limited to 
studying an equilibrium position of the economy in terms of 
market transactions, we usually cannot hope to distinguish 
between alternative dynamic explanations of how we have arrived 
at the equilibrium. Instead of framing the provocation in terms 
of humans you could equally weIl let it deal with, saV, paper 
machines . You could make the hypothesis that paper machines 
are never r eally used for making paper, as naively supposed . 
They are instead simply a status symbol used to "certify" your 
capacity both to the world at large and to the marketing divi 
sion of the company . You could undoubtedly go on to frame the 
hypothesis in such away that it could never be refuted by just 
looking at an equilibrium solution . Only be getting far enough 
outside the equilibrium - or by getting permission to peep in 
side a paper plant - could you hope to settie this controversial 
question . In the case of the filter theories , you are certainly 
not supposed to be able to take a elose look inside production 
to watch the pe rformance of naked ability . 

We have so far only dealt with those basic prernisses in the 
filter model , that are so to speak generic to the filtering 
idea and thereby distinguish these theories generally from 
the human capital models . 

The Arrow model has at least two other special traits . These 
are extremely important for his conelusions but do not necessa 
rily separate his model from human capital theories, into 
which they could possibly be incorporated . 

The first trait has to do with lack of discrimination on .the part 
both of employers and educators. 

Although educational authorities are supposed to know at the 
outset the individual scholastic i~dicators of relevance to pro
ductivity the y are assumed to be have in a mean way. Af ter 
having extracted a price from the students they only give the 
employers a small and rather distorted part oJ this informa
tion. What the employers get to know is only if the student 
has passed or not. For the successful students this means 
that the employers can make an estimate of the average 
scholastic potentialities, which is the n supposed to govern 
their wage-setting for graduates. 

One important consequence of this lack of discrimination, this 
ave raging of certificates and wages, is that it can make edu-
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cation profitable also for some less able students who, as 
graduates, will be paid above what their ability would ~ justify 
in a more discriminating world. It thus introduces a new 
source of possible in optimal allocation into the model. 

This assumption ab out a lack of discrimination in the labor 
market could in principle also have been superimposed on a 
human capital model, although it would undoubtedly detract 
from the formal elegance and simplicity of the theory. It is 
an assumption about the state of information on thE. market, 
which could be combined with many alternative explanations 
of productivity. 

, ~ 

To illustrate that -filters may also have a socially beneficient 
function, Arrow also uses a second set of assumptions about 
the labor market. Filtering students will obviously improve 
aUocation - if we abstract from educational costs - when the 
results can be used to assign students between different jobs 
in such away that their ability is better utilized. In a model 
with homogeneous students a~d homogeneous education it is 
rather difficult to introduce hete rogeneous jobs in any real sense. 
Arrow avoids this difficulty by assuming a very special seg
mentation of the labor market. HaJf of the total utilized produc

tivity of labor must be used for jobs in which only a mini-
mum of potential productivity, common to an labor, can be 
utilized by each employee . We can visualize these jobs e.g. 
as manual tasks of operating simple machines, such that any 
individual can manage one machine but none can cope with 
more than one for physical reasons . Filtering by education 
can the n help in assigning less able people to these simple 
but tedious tasks . What is assumed is thus a special com
bination of indivisibility and complementarity in the labor 
market . 

What interests us here is not whether the assumptions can be 
said to model any relevant features of real life - which may 
be doubtful. The point to be made is instead that these 
assumptions are not in any way necessarily related to the 
filter hypothesis, although they determine the possible social 
benefit of an educational filter. Similar assumptions 
- formulated as limited possible yield of human capital in 
certain employments - could evidentlyaiso be introduced into 
human capital models . 

Arrow' s conclusions and evaluations about the equilibrium 
amount and distribution of educational investments all depend 
on his special "labor market assumptions". Other assump
tions would of course lead to other conclusions. We could 
e . g. as sume that the labor market were partitioned into as 
many segments as abnrty, with each segment only allowing 
the use of a certain limited ability, and that education could 
function as what we ab ove called a perfect filter, successively 
filtering out higher degrees of ability. If the marginal produc 
tivity gain and wage increase from mor e education were every-



where larger than the marginal educational costs there would 

be no ri sks of inoptimality in equilibrium. 

81 

The results of our discussion could perhaps be summarized in 
the following way. The filter and human capital approaches 
are usually seen as dramatic contrasts. They could equally 
well be described as rather close substitutes, which share 
many decisive basic assumptions, including that of homo
geneity . 'The provocative difference in conclusions - if we 
abstract from other superimposed assumptions about the labor 
market etc. - arises from different interpretations of the 
productivity of educated labor, in a given equilibrium situa
tion. What makes this difference especially provocative is 
the fact that it may be empidcally impossible, within equi
librium analysis, to decide which interpretation is right. 

A much more radical departure from current orthodoxy would 
be a model of search by learning, which incorporated the 
heterogeneity of students, educations and jobs and the genera 
tion of new knowledge in education, by analyzing the educa
tional process as a search for the genuinly unknown qualities 
of the students. If the only way to find out what you are good 
at is by learning to do different things, with various degree of 
success, then the conflict between the alternative interpreta
tion s of producti vit Y would als o tend to di sappear. If ability , 
as measured on the scales of intelligence tests, merely gives 
the length of your capacity vector, without telling the direction 
- which could be even more decisive for your productivity in a 
special job - the n there may not be any competition between the 
claims of ability and the claims of training. If educahon is 
partly a way of "getting to know yourself" as the ancient 
Greeks believed, then the form and structure of the educational 
search is all - important and the educational choices for the 
individual much more complex than what is modelled in current 
theories . 

We mention this possibility here ,only to emphasize our conjec
ture, that homogeneity versus heterogeneity is a much more 
strategic choke for the direction of any future economic re
search in education than the human capital versus filter inter
pretation. 
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4 Homogeneity in educational policy 

The homogeneity assumptions in the economic theories of educa 
tion may not only distort the theoretical conclusions but also 
lead to misunderstandings in educational discussions and to mis
takes in educational policy. 

There exists an unfortunate tradition of mutual misunderstanding 
and disrespect between economists and sociologists. Real com
munication and cooperation between the m nowhere seems so hard 
to achieve as in the field of education. (There are many out
standing exceptions to this rule - one being our co-author in this 
volume - Mary Jean Bowman). In view of our earlier discus-
sion of the homogeneity assumption this is hardly surprising . 
Sociologists, who aim at establishing the differences in people -
in background, experience and mental characteristic s - that 
determine their choices of different educations and jobs, must 
surely find it hard to pursue a meaningful discussion with econo
mists who start by assuming away all, or almost all, relevant 
differences . In the same manner there seems to be an obvious 
lack of common ground for economists and pedagogical research 
workers as long as economists insist on treating as both homo
geneous and irrelevant the black box of the human mind , that 
pedagogical research aims at analyzing and manipulating. 

Reasoning about education on the basis of homogeneity assump 
tions, however, is not a special prerogative of economists. 
Many policy decisions in the educational field - we refer 
especially to Swedish policy for higher education in recent 
years - seem to be based on reasonings of a similar kind. 

Discussions about the organization of higher education are of ten 
focused on two rather different models, central rationing and 
decentralized marketing of educational opportunities. Homo
geneity assumptions appear to be pivotal in weighing the deci
sion in favor of central rationing . 

If you are willing to act as if the homogeneity assumptions were 
true, i. e. as if students were all the same - only some 
smarter than the others - and indifferent between various kinds 
of education this means that students, teachers and local school 
authorities have no information relevant for distributing various 
educational opportunitie s that i s not also easily available to 
cent!al authorities. These authorities, on the ' other hand, should 
be able to interpret signals about labor market demands, both in 
the short and in the long run, better than any one individual in 
this standard collection of students. Social efficiency reasons 



then weigh in favor of central rationing. 
do equity reasons as long as equity can 
educational and labor market status. 

83 

So as a matter of fact 
be identified with equal 

If instead you start from the contrary assumption, that students 
are fundamentally ·different in kind and in their aptitude for 
different sorts of educations and jobs, you will be faced with 
information problems of quite another dimension. There is so 
much more you now need to know about each individual in order 
to channel him or her into the right kind of education and the 
right kind of job - and much of this information may be available 
even to the student himself only after alaborious search process. 
For the same reasons the segments and aspects of labor market 
information which are relevant will now differ between the indi
vidual students. Instead of having almost a corner in relevant 
information, central authorities now appear to have lost all 
comparative advantage in distributing opportunities and in steering 
the individual student through the maze of courses and crafts. 
With this starting-point you will then tend to favor a decentralized 
marketing of education services with quality competition for 
students between the various educational organizations, leaving it 
to the student himself to interpret and react on market signals 
both from education and from the labor market. 

Even the equity goals may look different from these prernisses. 
If students are really that much different it does not make sense 
to define equity simply as having an education or a job of 
equal status with the rest. Strategically important aspects will 
now be how apt and motivated you were for the kind of education 
you got, which in turn will determine how weIl you do and how 
adjusted you will be in the job your education prepared you for . 
Equality in education must then be treated separately and inde
pendently of equality in the labor market. Equal opportunity 
to search for and find what you really want to do and feel good 
at - should constitute the equality aims of education. It will lead 
to soc.ial equality in a more comprehensive sense only if com
bined with the equalizing of status and pay in the labor market 
which however requires other kinds of policy instruments. To 
try to equalize the labor market by way of educational policy is 
anyhow not on ly ineffective - at least in the short run - but 
would also appear to be a rather half-way kind of ambition,· since 
it means that you want to adjust the educational system to the 
traditional unjustices in the social evaluation of different °jobs. 

Whether the prevalence of homogeneity assumptions in policy dis
cussions is to some extent due to the impact of economic reason
ing or if it just happens that such ideas come naturally and 
spontaneously to the bureacratic mind, is difficult to know. What 
our examples above show - if somewhat obiquely - is anyhow 
that economic theories of education, if taken seriously, could have 
important - and in our view disastrous - implications for educa
tional policy. 
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5 From commodity-man to sequential 
machines 

We have ' o far only discussed the two dominant theoretical themes 

among th . economic theories of education,. both of ~hich were 
found to be based on homogeneity assumptlons . ThlS does not 
mean that there has been no attempt byeeonomists to break into 
the black box of commodity-man. Such attempts have been made 
in various directions, although so far without any definitive break

through either in concepts or in empirical measurements. 

The importance of differentiating, in terms of quaiity the analysis 
both of students and education beyond the one - dimensional ability 
variable has been stressed by many writers who have dealt with 
education in relation to the labor market; eL e . g . Blaug (1966) 
and Rees (1971) . A few economists have even tried , theoretically, 
to define the individual explicitly in terms of a vector or profile 
of qualifications, which are changed by education and wh~ch deter 
rnine his usefulness in different employments . By so domg you 

not only gain a way of discussing the students' comparative 
advantages, when faced with heterogeneous opportunities of 
education and work . You also overeorne a traditionai handi-
cap of economic 'analysis by being able to "explain" and not 
only register relations of substitution between students and 
between jobs and the effects of introducing new kinds of 
education or new kinds of job s . 

Tinbergen (1963) and Mandelbrot (1962) are perhaps still the 
two best known examples of economists, who have tried to 
use this kind of model to 'explain relative earnings. Tin
bergen assumes demand for employees in different jobs to be 
specified in terms of required profiles and then derives a 
wage function, common to the whole labor market, from the 
common utility function of the individuals . Mandelbrot goes 
the opposite way , assumes a separate wage function as well 
as a totally elastic demand of labor within each job category 
and then studie s the re sult of simple wage - maximizing by the 
individuals , who are supposed to be distributed among different 
profiles in a well-known way. Neither deals explicitly with 
education . A natural way of analyzing education in these kinds 
of models would be to describe it as a way of simultaneously 
changing and gaining knowledge about the originally given 
profile of an individual. 

Further progress in this direction seems so far, however, to 
have been blocked by the lack of empirical data fo r interpreting 
the "profiles" in the modeis . Early hopes of being able to use 
e . g. military service records and the results of currently made 
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so called requirement analyses for different jobs, have all been 
frustrated. These records turn out, in most cases, not to 
measure - at least not in a systernatic fashion - the kinds of 
functional qualifications and attitudinal properties that would be 
needed . This unfortunately leaves us with elegant theories, 
whose concepts remain empty. 

Instead of hoping that knowledge of what are the relevant dimen
sions will somehow be furnished from someone else - work 
psychologists perhaps - some economists have recently attempted 
at least to structure the problem by analyzing the intellectual 
functions involved in controlling production. 

One simple intuitive idea behind these attempts is to draw advan
tage from the fact that we are living in the computer age . If man 
can be at least partly replaced in an in.creasing number of jobs 
by sophisticated computors, then, surely, we should be able also 
to do the reverse and analyze some of the main intellectual func 
tions of man in his role as organization man by studying the 
network of mechanical components that could replace him. 
Even a rather simple clerical task to be replaced, requires 
a sequence of elementary computor units with capacity 
respectively to, say, receive signals, decode and interprete, 
memorize , apply decisiön rules , calculate and evaluate con 
sequenses , code and transmit signals, etc . By studying 
man as seguential machines in different job situations , we 
might hope to pinpoint some of the main dimensions of 
intellectual capacity, important for the individual contribu-
tion to work in an organization. Machines, however, can be 
self - organizing only to a certain limited extent and therefore we 
cannot ever hope to catch all the more creative facets of the 
work effort. It may anyhow provide a starting-point for what 
realLy interests us here, the analysis of how these capacities 
can be acquired by variously gifted people through education . 

Starting from this idea, it seems natural to apply the same 
method also to the analysis of a whole organization . A pi.oneer
ing attempt in this direction has been made by Radner and 
Marshall in their well-known work : Economic Theory of 
Teams" (1972) . 

The theory of teams studies organizations as networks of com
ponent units for receiving and interpreting information, for 
computation, for the application of decision rules and for the 
execution or the transmitting of orders. It can be used to 
c alculate e. g. optimal deci si on rule s and/or optimal informa
tion structures for a given organizational network, whose aim 
or pay- off·Junction is known. From the se calculations you 
can go on to compare the efficiency of alternative networks, 
when optimally utilized. 

These rather abstract notions can be given some intuitive 

content by way of a simple and extremely stylized example. 
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Let us think of a shipping company that sometimes finds it 
profitable to operate in two special freight markets - here 
called markets 1 and 2 - where freight rates tend to diverge 
markedly, both in positive and negative directions, from rate 
levels in the company' s accustomed market, where they are 
supposed to be able to forecast developments accurately. 
If they engage in market 1 - with a fleet of a certain given 
size - and relative rate developments are favorable - let us 
represent this as Xl = 1 - they stand to make an added 
profit of ex millions of dollars, while unfavorable develop
ments, Xi = -1, will result in a symmetrical relative loss 
of the same ar:'.Ount . They have only two alte rnati ve s in thi s 

respect; either they decide to engage - represented as al = 1 
or they do not, ai = O. Their situation when it comes to 
market 2 is completely analogous, although here the potential 
profit or loss amounts to B . There is one complication, 
however. If they try to engage in both markets simultane

ously they ~ill run out of ships and will sustain an extra 
cost of c millions får hiring"the required extra tonnage. We 
assume that ex > c > B which means that it can never be 
profitable for the company to hire outside tonnage. 

These assumptions can be summarized in the following pay
off-function which simply states the total relative profit, 
resulting from the company' s actions in these markets: 

Several types of management functions are required to handle 

this problem. An observation function, O, is needed , to 
"read" or forecast the relative rate development in the res
pective markets. On the basis of these forecasts, a decision 
function, D, must make decisions on whether to engage or not. 
Finally these decisions must be realized by an executive func
tion, E. 

Three alternative networks for combining these functions are 
depicted in Fig. 1. 

The first alternative, Fig. la, means that both forecasts and 
decisions are made centrally and without using specialist know
ledge on the re specti ve markets. The price for thi s lack of 
specialized knowledge is represented here by an error in fore 
casting, E , which with probability q, takes on the value, -1, 
Le. makes both market forecasts misleading, but is otherwise 
equal to i. 

In the second alternative, Fig. lb, two specialist observers 
are used, supposedly making the risk of error negligible. 
Their reports, however, are still fed into a central decision 
unit etc . 

The third alternative differs from the second in that decisions 
are also made on a decentralized basis by the specialist 
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observers, which introduces the risk of incurring extra 
costs by having to hire tonnage. 

With specified assumptions on the probability di.stributions 
involved - for x1, xZ apart from E - definite conclusions 
can be derived about the comparative advantages of thesex ) 
alternative networks, when utilized in an optimal fashion. 

What is of special interest to us here is the possibility of 
deriving organizational demand for various types of intellec
tual capacities as a function of optin1al organizational struc 
ture, which in tur n will be determined by organizational 
aims and costs and by environmental conditions. 

In our simple example we can study, for instance, the organiza
tional demand for specialist freight market observers mainly as a 
function of the stochastic properties of the special freight markets 
involved and of the organizational costs .of centralized decision
making. We can thus estimate the value of the contribution or 
"marginal productivity" of these specialized capacities under varying 
environmental and organizational c ondition s . We have then taken a 
lirst step towards "explaining" how certain acquired intellectual 
capacities contribute to the joint output or organizational pay-off 
why learning may motivate. earning. 

x) If we assume that the two alternative values of X1 and xZ-
1 and -1, are equiprobable with correlation coefficient r , 
elementary calculations show that the expected gross value 
of alternative c is: 

En 
c 

1 + r 
Z (o +6) - 4 c 

A change over to alternative b - centralizing decisions -
increases relative gross profits by the following positive amount: 

En 
c 

1 + r 
4 (c - 6 ) 

The effects of a further change into alternative a would 
decrease the expected relative gross profit: 

En 
a 

- (1-q) (o + .L.:-.!. 6) 
Z 

These gross profit figures must then be combined with the 
organizational costs for the various alternatives to arrive at 
conclusions about the most profitable network. 
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Figure 1a . Centralized observation and decision 

Figure 1b. Decentralized observation and centralized decision 
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What one would ideally like to envisage is an interpretation 
of these "computer-capacities" as psychologically measurable 
c ategorie s, s o that a start c ould be made in really anal yzing 
the ways in which educ'ation makes people "more productive". 

It should be admitted, however, that so far we have little basis 
for any great hopes in this respect. The theory of teams and 
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related approaches are still only abstract conceptual schemes , 
whose empirical usefulness still has to be proved . Moreover 
the capacity categories used are still probably much too 
general to make a psychological interpretation possible. But 
the approach does represent a rather unique attempt to brefLk 
into the black box of commodity - man in production . 

Even if this attempt should prove successful we have only 
gone part of the way towards an economic theory of the role 
of education in production . Man is undoubtedly more than 
a sequence of machines, he is also a living organism, a 
complex of sometimes conflicting motivations as well as a 
bundle of creative instincts . The effects of education on 
productivity must probably be analyzed also in these terms 
since most change s in the educational sy stem tend to change 
the psychological and social conditions for study. 
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6 Education for variety 

The conclusions of our discussion of economic theories of 
education have been mainly negative. It was suggested above 
that economiRts have been forced into making homogeneity 
assumptions when trying to use their analytical tools for 
problems outside their traditional and legitimate field of 
market studies - in trying to probe into the "interior" of 
educational and production processes . By using this "short 
eut" their results have also in our view been rendered 
rather useless but unfortunately tend to support the cor
responding policy assumptions which may have far-reaching 
effects on the shaping of educational organizations . Attempts 
to develop new analytical methods for the analysis of the 
"productivity" of educated labor have been made but have not 
yet been developed far enough to hold definitive promises . 
Our own conclusion from this would be that economists still 
have to be very modest in their claims of "explaining" the 
effects of education in production. They can claim to have 
real expert knowledge only aR long as the y stick to those 
relations in the labor market which can be verified from 
market data . 

We know that the homogeneity assumptions, taken in a 
lite ral sen se, are fal se. T o substantiate our critici sm 
above we would however need to know how wrong the y 
are in relevant respects; something which unfortunately 
we cannot know in the present state of research. For the 
present we have to fall back on subjective beliefs and 
attitudes . If we start with a one-dimensional view of our 
fellow-men, it will be consistent to view education as away 
of spoonfeeding the test-tube babies in "1984" and educa
tional policy as mainly a question of ehoosing the spoons. 
If we base our beliefs on an explicitly pluralistic concep
tion of man-kind, we arrive instead at a conception of edu
cation as a way of finding and developing the special talents 
and motives of each individual within the restrictions given 
by production technology . The aim will the n be an educa
tion for variety ,which also means a variety of educations 
and a corresponding variety of signals and signposts to 
make it possible for the individual to make rational choices 
in each suc c e s si ve step of learning and earning. 



91 

References 

Alchian, A.A. - Demsetz, H. (1972) : "Production, Information 
Costs and Economic Organization", American Economic 
Review, vol. 62, no 5 

Arrow, K . J. (1974): "Higher education as a filter", Journal of 
Public Economics, vol. 2, no 3 

Arrow, K.J. (1974): The Limits of Organization. N.Y. 

Becker, G.S. (1962): "Investment in Human Capital: A Theoretical 
Analysis", Journal of Political Econorny, Supplement, Oct. 

Becker, G.S. (1964): Human Capital, N . Y. 

Becker, G. S. (1967): "Human Capital and the Personal Distribution 
of Income": W.S. Woytinsky Lecture , No l 

Ben-Porath, Y. (1967) : "The Production of Human Capital and 
the Life Cyc!e of Earnings", Journal of Political Economy, 
vol. 75 , No 4 

Friedman, M. (1953): Essays in Positive Economics , University of 
Chicago Press 

Mandelbrot, B . (1960): "The Pareto-Levy Law and the Distribution 
of Income", International Economic Review, no l 

Mandelbrot , B, (1960): "Paretian Distributions and Income Maximi
zation. Quarterly Journal of Economics, vol. 76 

Marschak, J. - Radner, R. (1976): Economic Theory of Teams, 
Yale University 

Mincer, J. (1962): "On-the-job Training : Costs, Returns and some 
Implications", Journal of Political Economy, Supplement, 
Oct. 

Mincer, J. (1970): "The Distribution of Labor Income, A Survey 
with special Reference to the Human Capital Approach If, 
Journal of Economic Literature, vol. 8, No l 

Radner, R, (1972) : "Teams", in Dedsion and Organization, 
(ed . McGuire, C . B . - Radner, R ." ) , North Holland 



92 

Radner, R. (1972): "Allocation of a scarce resource under 
uncertainty: an example of a team", in the same book 

Spence, M. (1976): Market Signalling, mimo, Harward University 

Stiglitz, J.E. (1972): "Education as a Screening Device and the 
Distribution of Income", mimeo, Yale University 

Stiglitz, J.E. (1972): "The Theory of "Screening", Education and 
the Distribution of Income", American Economic Review, 
vol. 65, no 3 

Tinbergen, J. (1956): "On the Theory of Income Distribution", 
Weltwirtschaftliches Archiv, Bd 77 

Tinbergen, J. (1975): Income Distribution. Analysis and Policies, 
Amsterdam 

Ysander, B. -C. (1961): "Truth and Meaning of Economic Postulates' 
in Money, Growth, and Methodology, (Ed. H. Hegeland), 
Lund 

Ysander, B. -C. (1977): "The Meaning of Human Capital", in this 
volume . 



r Appendix 

Bengt-Christer Ysander 

THE MEANING OF HUMAN CAPITAL 

Contents 
Introduction 

1 Human capital and general equilibrium 
1.1 The context : A myopic general equilibrium 
1.2 Productioll and consumption 
1.3 The holding companies 
1.4 Factors of production 
1.5 Completing the specification 
1.6 lncome, wealth and the rate of return on human 

investments 

2 Homogeneity of human capital 
2.1 The need for further assumptions 
2.2 The first assumption: 

Physical human capital and the possibility of 
aggregation 

2.3 The se con d assumption: 
Homogeneous human capital 

2.4 The third and fourth assumptions : 
Homogeneity of human investments and the ordering of 
human types 

A note on stationary equilibrium 

References 

This paper reports on some work carrie d out within the research project: 
"Education and the Labour Market", sponsored by the Chancellor's Office at 
the University of Stockholm. The problem treated here was originally taken 
up by one of my collaborators on this project, Asa Sohlman. who intends to 
present a more extensive analysis of the human capital concept in a fort h
coming repor!. l have profited much from her comments and suggestions. 

93 



94 

Introduction 

The idea of human capital is as old as the subject of political 
economy itself and the writings of classical economists are 
of ten interspersed with references to the economic analogy 
between men and machines. In the last two decades, following 
the seminal writings of Becker, much interest and research 
effort has been centered on the possibility of building empiri
cal hypotheses around the notion of. human capital, aiming e. g. 
at explaining relative ea rning s in te rm s of educational inve st
ments. 

It is hardly surpnsmg that in this sudden outpouring of writings 
and studies, many diverse and mutually inconsistent notions of 
human capital have been exemplified. "Human capital" has 
usually been treated as a primitive concept, whose exact meaning 
and relation to other concepts of economic theory is of ten left 
unspecified. 

Human capital theory has by now matured 'to the stag e where 
there is a plethora of empirical results to be evaluated, a rising 
number of competing alternativetheoretical approaches and con
sequently a growing need for a critical appraisal of the central 
theoretical foundations of the theory. 

What is the exact meaning of "human capital" and how should it 
be fitted into the general equilibrium theory on which human 
capital theory is supposed to be based? 

This paper aims at giving at least apartial answer or one 
possible answer to these broad questions. 

The discussion in the following is divided into two chapters. 

The aim in the first chapter is simply to try to fit a very general 
concept of human capital into the framework of equilibrium ana
lysis, without heeding the more specific needs and notions of so
called human capital theory. 

If we really want to treat men as machines, i.e. as hetero
geneous capital goods, taking part in production and being 
changed by production in various ways, how can this be formally 
represented ? In contrast to machines, men are not tradable 
and investment in men means investment not in production but 
in change. 

It will be shown that to make room for separate ac'counting of 
human capital and human investments the usual equilibrium 
framework must be modified both as to institutionai as sump
tions and the specification of commodity space. 



Once this is accomplished human resources can be socially 
accounted for in analogy with machines or building s . This 
means, as it is spelled out in section 1.6, that we can have 
a human capital theory in the sense of a financial account 
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for human capital and investments following the usual account
ing rules for profit rate and rate of return on capital in 
equilibrium. 

This may be enough to explicate the meaning of classical 
references to human capital in general but it certainly does 
not provide a basi s for human c apital the ory in the mode rn 
sense of Becker . The second chapte r is dedicated to an 
attempt to give a stepwise account of the further restrictions 
on the general equilibrium mode l , that are needed to provide 
a notion of human capital useful for the purpose of explain 
ing relative earning s. 

Searching for conceptual clarification i s seldom exciting and 
of ten rather tedious . It is , however , a necessary starting
point for any critical reappraisal of a theory' s viability and 
validity . 
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1 Human capital and general equilibrium 

1 . 1 The context : A myopic general equilibrium 

The Arrow - Debreu model of general equilibrium as presented in 
Debreu (1951), Arrow-Debreu (1954) and Debreu (1959), has a well
known intertemporal interpretation involving the as sumption of 
dated commoditie s and of a complete set of spot and forward markets. 

The general equilibrium framewo r k we are going to use here is a 
respecified, reinterpreted and somewhat extended version of this 
intertemporal Arrow - Debreu model . 

The production possibilities of the finns will be presented dis 
aggregately and specified period by period under the as sumption 
that outputs of a pa r ticular date depend only on inputs at the pre 
ceding date . This way of r epresenting production by period in 
terms of a generalized activity analysis was first int r oduced by 
Malinvaud (1953 and 1972) and has later been used , discussed and 
developed in Bliss (1975) . 

The inte r temporal equilibrium will also be r einterpreted as a 
tempor a r y equilibrium, existing in each consecutive period . In the 
A r row-Debreu model the economi c agents make transaction deci 
sions once and for all in t he first period, af ter which the y are 
faced with an over - all budget restriction and have access to a 
full complement of forwa r d markets . In a temporary equilibrium 
model the agents a r e assumed to mak e decisions conce r ning trans 
actions only in the current period . They only have access to spot 
mar kets including a bond market linking current transactions with the 
future . The relevant budget restriction also holds fo r current trans 
actions on ly • From current prices and interest and expectations 
about future prices and interest the agents decide on an optimal 
allocation of their budgets . A temporary equilibriurn will ensue 
when these dedsions are such that supply equals demand on spot 
markets and the bond market. x) 

x) Early examples of the use of a temporary equilibrium con 
cept are provided by Lindahl ' s classical paper from 1929 
and Hick' s discussion of a "Spot economy" in his 1939 book: 
Value and Capita l. A survey of temporary equilibrium models 
and of the contemporaneous efforts to extend these models to 
deal with situations involving uncertainty and quantitative 
restrictions is given in Gr andmont (1 976) . 

If we assume that agents have perfect foresight and that 
their plans are fully consistent so that their price and 
interest expectations will all come true , we get a very 
special kind of temporary equilib r ium or rather a sequence 
of such equilibria. This is very close to the original 
Arrow - Debreu model since in both cases the agents make 
all decisions with full knowledge of the true development 



1_ 

For our purposes here the use of a model of temporary 
equilibrium with perfect foresight affords the advantage that 
definitions and discussions of human capital concepts can be 
made simpler and more intuitive by being framed in terms of 
cur rent pe riod deci sions. By suitable as sumption s on the 
firm' s financial arrangements the firms will also be seen to 
behave myopically in thi s model, i . e . they will make thei r 
decisions on the basis of current input-output possibilities 
on ly and will endeavor to maximize current dividends. That 
is the reason why we have chosen to call the model myopic 
general equilibrium - in the following abbreviated as MGE. 

But if we wish to pursue the discussion in terms of an 
arbitrary period we must also remove the asymmetrical 
treatment in the Arrow - Debr0u model of the first and last 
periods. This will be done - following Svensson (1976) -
by allowing for initial debts in the first period and by letting 
the model extend into an infinit y of future periods. There is , 
however, a price to be paid for this pedagogical convenience . 
Although equilibria with bankruptcyand with an infinit y of 
commodities have been examined recently there can be no 
assurance here of either the existence or efficiency of this 
extended version of the model. A further extension in com 
parisons with most standard equilibrium models will be made 
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here by allowing for the possibility of negative prices for some 
special goods . How this can be done and what it implies has 
already been shown - first by Arrow (1951) and Koopmans (1951) . 

As an obvious safeguard against perverse cases made possible 
by the infinite horizon we also have to assume convergence 
for the various discounted values involved . This will in 
parti<;ular exclude the case where expenditure is financed by x) 
indefinitely postponing the payment of an ever-increasing debt . 

x) 

conto 

of pricesand interest over time. 1t differs solely in the 
respect that the over-all budget restriction in the Arrow
Debreu model is now broken down into a series of tempo 
rary restrictions linked by the bond market, forcing the 
agents to postpone their transaction decisions in a cor
responding manner. It can also easily be shown that the 
pe rfect fore sight temporary equilibrium i s equi valent to 
the Arrow-Debreu model in the sense that any consump 
tion and production allocation in one model can also be 
realized in the other . This has been shown by Guesnerie -
Jaffrey (1974) for the exchange economy and by Svensson 
(1976) for the economy with production . 

The MGE-model here used is very closely related to 
Malinvaud' s model (1953) and its specification has borrowed 
many traits from Svensson' s paper (1976) . 1t differs from 
Svensson' s model mainly in the special institutional arrange 
rnents and the more general treatment of non-produced 
factors of production used here as a means of explicitly 
introducing human capita!. 



'.! ' 

98 

1 . 2 Produchon and consumption 

In presenting the model we be gin with its more general features; 
the special characteristics needed to deal with human capital 
will be introduced in the next section. 

The economy has I consurning households and J production firms. 
In addition to this each household is assumed to own and operate 
one of I holding companies . The raison d' etre for these holding 
companies will be given in the next section . 

There are at each date at most U goods, including both commo
dities and services, both produced goods and non-producible 
factors . Time extends over t = O, 1, 2 .• • • up to infinit y . 
We want to study the economy at an arbitrary date t. For the 
later specification of the full intertemporal equilibrium, however, 
it is most convenient if we choose to study the economy at 
t = 1 . 

At any chosen time (t ~ 1) there are spot markets for all of the 
U goods and also a bond market, with prices, Pt E RU , and 
interest rt. 

A household at time can be characterized by a quadruple 

(C . , ~. , c' b ) Rco (R 
co 

is v . , where C c: used here as an 
l l 10 l o l + 

RU U 
abbreviated notation for the countably infi nite sequence x R .. .. ) 

is the consumption possibility set of which the elements 

E C are consumption seguences , with 
i 

being consumption at date t. 

V E 
io 

(v .. = l , v . . = O, 
101 lOJ 

j = l . . . (i-l) (i+l) • • I , 

O ~ v . . ~ l, j = (Itl) . •. (ItJ)) denotes initial shares for 
lOJ 

household in holding companies and in production firms , 

respectively . c . denotes initial bond holdings . v . = (v . ), 
l bo l l t 

Vit = (Vit j) and c ib = (c ibt ) are defined correspondingly. 

The household in this model thus has no initial endowments. 
Its initial wealth is entirely of a financial nature, consisting 
of shares and bonds, while all physical capital is held and 
managed by the holding companies. !ts disposible income in 
consecutive periods will therefore be made up of dividends 
from shares held and interest on bond holdings . For simpli
city' s sake we further assume for the moment that there are no 
durable consumption goods, so that the household' s current 
purchases are fully consumed in each period . 

Let us denote dividends in the various firms and companies 
at time t, d = (d.) (j = l . . . (I+J)) 

t lt 



and represent the value of all shares in the respective firrns 
at the same time v t = (v . ) (j = 1 ••.• (1+J)). 

Jt 
The budget restriction of household can then be written as: 

x) 
(2.1) + c' b + v (v. - V • 1) ~ (l + r l) l t t lt 1, t- t - cib , t-l + 

+ Vi,t_Idt 

The left-hand side of (2.1) consists of the different forms of 
household outlays - consumption purchases, bond purchases 
and net purchases of shares. The right-hand side contains 
two forms of household income - interest on bond holdings 
and dividends. 

Each household is assumed to maximize it, on the set of 
i 

all c., c' b and 
l l 

v. that fullfill the budget restrictions with 
l 

given c ibo and V. 
10 

For the production firm we assume that its production 

t can be represented by a set possibilities in any period 
U U 

(z .• q. 1) c R x R where z. is input at date t 
Jt J. t+ Jt 

and 

is output at date t+l. We thus assume that output in 

any period depends on inputs in the preceding period but not 

on inputs at earlier dates . 

Each period the production firm rents its inputs from the 
holding companies in the form of service s or use of material 
goods and non-producible factors held by these companies . 
The firm pays, with interest, for the inputs advanced by the 
holding companies when these inputs ha-ve matured af ter one 
period into outputs. The firm is thus free from both financial 
worries and responsibility for the management of physical 
capital, since these functions are handled· separately by the 
holding companies. These can therefore be looked upon as 
representing the pure capitalist functions while the production 
firms account only for current production decisions, i. e. 
handle the production technology. The outputs of the firms 
are sold to households for consumption or to holding companies 
for what we might caU gross investment. The dividend at time 
t will be: 

(2.2) 

The fi rm is supposed to maximize the discounted value of future 
dividends, where the discount factors are defined as: 

(2.3) 

x) For a further development of this term, see footnote in 
the beginning of section ' 1 .5 below. 
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From our assumptions above, however, it is apparent that', since 
each dividend depends on ly on current technology, prices and 
interest, this is equivalent to letting the firms maximize each 
consecuti've dividend separately, i.e. having them act in a 

myopic fashion. 

For the starting period we muat assume that inputs in the previous 
period, Zjo. are given. With this restriction, the behavior rule 
for the firms can be stated simply. In each period teach firm 
maximizes its dividend as given by (2.2) above on the set of its 
production possibilities (z, l' q. ). 

Jt - J, t 

1.3 The holding companies 

In most standard models of this kind only two types of institu
tions are recognized: households and firms. Between them 
they then share the re sponsibility for managing the social 
capital. The household may e . g . be the owner not only of 
its own labor capacity but also of land resources, i . e. the 
households hold the nonproducible resources, while the 
firms hold the produced capital. 

In this model we have chosen to make a further division . 
Mainly in order to afford human capital a treatment analogous 
to that of physical capital, we have separated the resource 
management function into a separate institution called a holding 
company . Each household is assumed to have its own holding 
company, which manages various amounts and sorts of the 
three diffe rent kinds of social capital : real estate, human 
resources and production capital, i. e. reproducible capital 
including eve rything from raw mate rials to durable machinery. 
What the n remains for the household proper is mainly a 
consumption- saving function although we have found it con
venient for later use of the model to let the household also 

retain the financial inve stment function, i. e. to be able to 
buy not only savings bonds but also shares in production firms. 
The function r~maining for the production firms is the econo
mic use of a given production technology. 

The holding company owns and manages the human resources 
- the human capita'r - of the household. This arrangement may 
sound strange but means merely that for accounting reasons we 
have chosen to separate the resource managing functions of the 
household. This may be expressed by assuming that the current 
trend towards conducting household business through companies 
- mostly due in fact to tax reasons - has become the rule. 

Each holding company finances its operations for each period 
separately by selling bonds to households on the bond-market. 
With this money it purchases the various kinds of non-human 
capital in the beginning of each period. It then immediately 
rents out its capital to production firms. In the special case 
of human capital the holding companyaiso rents part of it 
- the lei sure hour s - back to the household at the current 
market wage. At the end of each period it gets back the capital 
- or what is left of it - and a rent payment with interest. 
It then sells out the capital and uses the proceeds together with 



rent- and interest income to pay back the bond loans, while the 
surplus is given back as dividends to the household as sole 
owner of the company. 

Since there is no trade in holding company shares there 
will be no market price : The same is true of human 
capital, for which a discounted value can be defined, 
but no mark et price . 

The explication of the human capital concept in general equi
librium conditions would undoubtedly be much simpler and 
more straightforward if we dared, for modelling purposes, 
assume some kind of trade in human resources. Before 
proceeding, it may be worthwhile to cornment on the reasons 
why this does not seem possible . 

The reasons are usually regarded as obvious. You cannot go 
out on the market and buy human beings - there is no slave 
market. If this argument is taken to imply that labor con ~ 

tracts are always such that they only cover the short-term 
disposal of labor fo)r specific tasks , then this may not be 
wholly convincing . x 

Any attempt to introduce human capital trade into a general 
equilibrium model doe s, howeve r , run into other difficultie s 
which have to do with the individual and indivisible nature of 
human capita!. To account for the fact that you are only 
interested in buying and con surning your own leisure t i me , not 
the time of some equally worthy individual, and that your 
incenti ve s to utilize training opportunitie s depend on your 
reaping the benefits, each person or each household woul d 
have to be identified as a separate kind of human capita!. 
Equally obvious is the fact that while you may part - train 
a man, you cannot train just part of him - from the point of 

x) Most people are not hired on a purely temporary basis 
- on "cotton - picking c0ntracts" . Employment contracts 
may assume a long-term view and various employment 
benefits may be credited to the employer on this assump
tion. This in fact is what is usually meant when current 
discussions refer to the trend towards "Japanized labor". 
A corresponding assumption of long-term utilization can 

of ten be traced - and is sometimes explicitly stated -
in the conditions for various public employment benefits 
and training programs . One way of modelling these actual 
conditions would undoubtedly be to allow for the possibility 
of selling part of one' s own human capita!. Contracts can 
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of course always be broken and tacit assumptions can be 
proved wrong - but usually there is some penalty involved . 
This then would merely mean - in model terms - that you 
can always buy back full controi of your own labor even if you 
have partially "hocked" it, as it were , to your employer or 
some public agency - but this usually involves raising some 
extra money to make up the part of your capital value you 
had already mortgaged . 
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view of developing human capabilities, man is indivisible. If 
you therefore sell part of him, any change in his capabilities 
occasioned by his use will introduce externalities between the 
various agents involved. It thus seems that to assume trade 
in human capital in an attempt to model real life conditions 
c reate s more problem than it solve s. 

In terms of the kind of generalized activity analysis used here, 
the treatment of durable capital presents no special problem as 
long as capital ownership is kept within the production firITls 
themselves. The capital goods before usage are accounted for 
as inputs and the used and possibly also changed capital goods 
are registered as outputs in the production technology. There is 
then no need for explidtly accounting for either use or the 
accompaning change brought about in the capital goods. When 
ownership and resource management is placed out side the pro
duction firms as in our model here, a new need arises to 
identify the flow of services between the resource users - the 
firms - and the resource owners - the holding cOITlpanie s. 
We have to consider not on ly the fact that the resources are 
used but also how they are used, since this affects the shape 
of the resources when they come back from their use in pro
duction. One reason for using holding cOITlpanies in the model 
is indeed to make room for this kind of separate service 
accounting. When it comes to human ' capital we are not only 
concerned with what it can do in production, but alITlost equally 
interested in identifying what various productive processes can 
do to develop human capabilities. 

The process of accounting for service flows can be ITlodelled in 
various way. We have chosen to assume that two identifiable 
"capital services" are involved in any use of a capital resource 
of a certain kind and quality in production. One is the resource 
user service, an input in production, which depends only on the 
resource hired, not on the purpose for which the resource is 
rented. The user charges can be assumed to be positive through
out. The other is the resource development service, an output in 
production which, like any other output, depends on the kind of 
productive activity carried on. The developITlent charges ITlay be 
either positive - reflecting an improvement in the resource through 
production usage - or negative - compensating a depreciation in the 
capital good. The sum of user charges and development charges 
is the total rental paid for the capital good. For production capital 
we have ITlade the simplifying as sumption that the se goods are 
affected in an identical way by all producti ve use s, which mean s 
that only one rental service and one positive, rental price have to 
be identified. 

The holding companies' transformation possibilities thus in 
general involve transforming a capital good and a develop
ment service into another capital good and a user service. 
As long as there are a finite number of ways in which a 
capital good can be changed, the activity analysis can 
obviously always, in a formal sense, be transformed into 
this kind of description by a suitable increase in the still 
finite number of goods in the model. Whether it is also a 



practically convenient way of modelling real life will depend 
on the number or standardization of the development services 
for human and real estate resources that production gives 
rise to. 

It is natural although by no means necessary to think of the 
transformation possibilities for a holding company as additive. 
i. e. as being the sum of the separate pos si bilitie s for various 
kinds of capital goods. This would mean that there are no 
"external effects" between different kinds of resource manage 
ment. If the transformation possibilities concerning real 
estate and production capital differ between households this 
must be interpreted as due to differences and gaps in the 
mercantile knowledge necessary ,r handling special kinds of 
resource s . Some households ma)' e. g. not be equipped to 
handle ce rtain complex kinds of real e state. 

We also assume production technology to be such that the 
volume and character of development services produced with 
certain resources can be varied and furthermore that these 
services can be assigned in various ways to the resource 
units involved in the production process . Specifically we 
assume that for each relevant k~nd of resource there is one 
productive employment actually used which leave s the 
resource - real estate or human - unchanged . 

The household. however, must buy the development service 
from the same firm which utilizes the uni t to be developed~
This kind of "tied sales" usually introduces an element of 
arbitrariness into market pricing. Under the above - mentioned 
assumptions. however. this will not be the case. The working 
of the model will be the same regardless of whether we 
account for the two kinds of services separately or not. There 
will always be one unique way of splitting the total rental into 
a user charge and a development charge. 

Af ter these introductary remarks we can continue specifying 
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the model by dealing in turn with the three factors of production 
handled by the holding companie s. 

1.4 Factors of production 

There are three kinds of factors of production in the model: 
real estate. human resources and production capita!. 

Real estate in this context refers to mor e than just land. 
lt covers everything implied by the French word "immobilier". 
Le. it inc1udes all immovable properties or objects on land. 
e. g . roads. various cultivations and land improvements, 
houses and fixed machinery. The use of such a broad defini
tion of real estate is needed once we want to rem ove the 
ownership of the factors of production from the production 
firms and establish instead a short-term leasing market. There 
is e.g. no acceptable way of establishing housing rents without 
involving land use, etc. 
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A piece of real estate can be described in terms of two diffe
rent kinds of characteri stic s, unchangable and changable, 
re specti vely . Unchangable characteri stic s are the various 
locational properties, geographical coordinates, geological and 
climatological conditions, etc. , that is, everything that deter 
rnines its latent use and development possibilities . We assume 
that all existing real estate can be partitioned into a finite 
number of groups or~, each homogeneous as to these un 
changable characteristics , and that the number of units in each 
such type is given once and for all . Real estate is thus .!!.2.!!.
reproducible - and eternal - as far as type is concerned . 

Through various kinds of land improvements and construction 
activities the real estate acquires new changable characteristics, 
which together define the actual state of a certain piece of r eal 
estate. We assume here that there are a finite number of such 
pos sible actual state s 
only on these states. 
reproducible when it 

and that current real estate rentals depend 
Real estate is thus in a certain sense 

come s to the actual state of the l and . 
A piece of land will over time pass through a certain state-cycle. 
The responsable holding company can, by buying different real 
estate development services, determine each step in this cycle . 

Each unit of real estate belonging to a certain holding company 

at time can thus be identified as , e<:i3 , 
lt 

where CJ. gives the 

type while i3 in a co r responding manne r refers to the state. 

We will let e c RU denote a vector with zero for those com -
i t t 

ponents that do not correspond to some particular kind of real 

estate owned by the i' th holding company at time t. 

By e ', c RU we den ote corre spondingly the one period 
lt t 

use of real estate in different states . Given the assump-

tions made , the number of non-zero components in 

will at most equal the number of different states. 

Finally we use fl jt c R~ to denote the real estate develop 
ment services rendered at time t by the j' th production 
firm . The number of possible services of this kind - forms 
of construction, land improvements, etc. - is assumed 
finite but may be smaller, or bigger, than the number of 
different kinds of real estate . 

One consequence of our definition above may be worth pointing 
out. In removing all "immovables" to outside ownership we 
have also eliminated the most common explanation for 
differences in production possibilities between firms. The task 
of these firms is now restricted to combining current available 
services in the most profitable way. The remaining differences 
in technological possibilities in a certain period must the n 
wholl y be asc ribed to difference s in technological knowledge 
between the firms. However , the change is more semantic 
than factual. Instead of saying that a firm can use certain 
processes because it already has a certain plant built we now 
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say that although it does not itself own the plant it is the one 
who knows how to operate it. 

When we pass to the second facto r, human resources, we use 
definitions and concepts, analogous to those utilized above for 
real estate . There is one aspect of human resources that is 
especially troublesorne in a model with infinite horizon. 
People, in contrast to land, die sooner or later . To avoid the 
complexities arising from this , we make the following simpli
fying assumptions . Each household reproduces itself indefini 
tely in such away that its size and structure remains un 
changed . The household may therefore calculate as if each 
individual of a certain~, Le . with certain unchangable or 
inate characteristics , was immortal but necessarily passing 
through a predetermined life - cycle of aging before "pas sing 
into its second childhood". 

By various kinds of training , i . e. by being exposed to various 
kinds of human development services in production firms, an 
individual may acquire different sorts of skills and capabilities, 
new states , and thereby pass into new phases of a state - cycle . 

Analogous to what was said above ab out real estate , we assume 
that the se pos sibilitie s for transformation or cycling depend on 
the type or inate characte ristic s. x) While type s of individuals 
are non - reproduci ble , states are in thi s sense reproducible . 
The mode l thus encompasses all so r ts of "life - long educati on ", 
while all t r aining is defined as " t raini ng on the job" , even for 
the ca se where the j ob is just training . 

Corresponding to our real estate definitions, we let 
denote the vector measuring the human r esources of the 

U 
hit E: R 

i'th t 

holding company at time t , with non-zero components indicating 
its holdings of the various combinations of type and state of labor . 

L k ' R U i ewise we let hit E: t denote the ~ of the different 
states of human resources, assuming again that the number of 
non-zero components will at most equal the number of different 
state s . While the indi vidual type dete rmine s hi s development 
possibilities we thus let his current usefulness in production 
depend solely on his state, i.e . his actual skill or capabilities . 

U 
Finally hjt E: R t represents the various human development 
services or training (or detraining) opportunities produced at 
time by the j' th firm . Nothing is assumed ab out the num-
ber of such opportunities except that it is finite . 

x) A similar treatment of training as being produced jointly with com
modities and "sold" jointly with employment, has been presented by 
Rosen (1972) . He starts off, however, at the point where this paper 
ends i.e . with homogeneous human capital. Since his purpose is 
rather to explore some implications of "training on the job" for the 
choices of employers and empJ.oyees , his concepts are furthermore 
not framed within a general equilibrium context. Dur MGE-model 
would seem to meet - and pass beyond - the suggestions for genera
lization of the Rosen-model put forward by Rosen himself in his note 9. 
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The third kind of factor is production capital, i. e. all repro
ducible inputs that are not incorporated into real estateor 
human resources. Although even in this instance one may talk 
about recycling in the sense used in industri al and environ-
mental economics, there are no longer a limited number of 
non-repr.oducible individuals of'cfrtain given types. For si:mpli
fying reasons we assume here that for each commodity there is 
just one standardized change brought ab out by its use in any 
production process. To each unit of a capital item thus cor
responds a unit of one capital service. Analogous to the 
definitions above, we denote the production capital owned by 
the i' th holding company at time t by qit e: RV, and the 
production capital services produced by the i' th company qxt e: RY. 

For "current inputs" or "circulating capital" the transformation 
possibilities for the holding companies will show the capital 
services onlyas output, the capital having been consumed in 
the process. Should one also wish to allow for "consumer' s 
durablei', this simply means that production capital services 
can be bought fro:m the holding companies also by households. 

1 . 5 Completing the specification 

As a general representation of the capital goods bought as 
input by the holding company i at time t, we use k~, 

and for the corresponding output k:, defined as 1t 
follows: 1t 

(5.1) k:t e it + h,- + qit 1t 

(5.2) k+ + + h+ + 
-+ = eit qit it it 

In the sa:me way we define the capital use services produced 
by the holding company as k~t 

(5.3) 

The only difference between the capital use services produced 
and those consumed by the production firms is the consumption 
of leisure time and of real estate services by the household. 
We denote the se by ci st : x) 

x) To take into account the household' s purchase of leisure 
and of real estate services, to be paid afterwards like all 
capital services, the budget restriction for the household 
given above in (2.1) must be rewritten as: 

(2.1 b) p c . +(1+r l)P 1 c, t l+c' bt +vt (V ·t-V. t l) ~ t 19t t - t - 1 s, - 1 1 1,-

where c, 
19t 

services. 

c, -c, , i.e. all consumption except capital 
1t 1St 



,-

(5.4) L (k' - c. ) 
. it 1St 
l 

L z. 
Jt 

Capital development services were defined separately only for 
real estate and human resources, which leads to the following 
definition for the purchase s of the i' th company: 

(5 . 5) k l' t = e. + h . 
l t l t 

The utilization or transformation possibilities for holding 
company in period t can then be represented by set 
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where (k- k' 
it' it' ki,t+l' k t ,t+1) E T. 

k ~ , and 
lt k i , t+1' are both inputs although one period apart and 

, x) the outputs, k it , and k t ,t+1 ' .are separated in the same way. 

Apart from transformation possibilities 
company i will also be characterized 
capital leasing and debt, i. e. k ., k' 

for all periods the holding 
by the initial capital, 

10 io 
and k ibo ' 

The dividend for the holding company at time 
so as to include the imputed value of leisure time. 
be written as: 

is defined 
It can then 

(5 . 6) + - + . 
dl' t = (1 + r 1) p k' + p (e. + q ) + k - p k -

t - t i, t -1 t l t i t i bt t it 

The first three terms on the right-hand side represent the 

x) The rep re sentation of transformation pos sibilitie s i s 
sirnplified he re by not explicitly stating the re striction to 
tied purchase s of development and use r service s . 

The net product of the holding company at time can 
be written as: k+ + k: t - k. - k: 

it l lt lt 

If this net product is integrated over the whole economy 
with the corresponding net product for the production 
firms, the flows between companies and firms will no 
longer appear in the final term. Apart from household 
consumption including leisure time, the total net product 
will evidently only show the difference 

L(k+- k-l 
~ it it 

denoti.ng the demand for investment in new capital goods. 
In such an integrated model we no longer get a separate 
representation of the demand for investment in old capital 

g ood s , ~ k i t . 
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company' s sources of income, i. e. user charges with 
interest, sales of capital goods and new bonded loans. 
The last three terms correspondingly denote the various 
outlays, i.e. development charges, capital goods 
purchases and repayment with interest of old bond loans. 

The holding company will try to find such time sequence s of 

k k' 
i t' it and ~bt 

that will maximize the discounted value of expected future divi-

dends, E St dit' with the restrictions given by the period 
t=l 

transformation possibilities and the initial values. 

If we utilize the assumption mentioned earlier of additive trans
formation possibilities, dividends could be defined separately 
and maximized for each of the three sections within the holding 
company: the real e state department, the labor department and 
the material department. Since operations in real estate and 
material are financed separately by bond loans in each period 
and the transformation possibilities at each time t depend only 
on the decisions taken at the preceding time, t - l, we 
immediately see that the myopic quality, which was found to 
characterize decisions in the production firms, would also be 
true of operations in real estate and material. Each of these 
departments could equally well maximize its dividends separately 
for each period. Since we do not have trade in human capital, 
this possibility of myopic decision-making does not exist where 
human resources are concerned. The company must then itself 
take into account the effects of current decisions concerning 
employment and training on future labor dividends, instead of 
having thi s done by the capital evaluation of a mal:ket. 

To complete the specification of the equilibrium model, all we 
need now are the equilibrium conditions. There are three of 
them. For each t ~ l the following should hold: 

(5 .7) Eq ' t + 
j J 

+ Ez. 
Jt 

+ 

( 5. 8) 

(5. 9 ) 

+ 
E(e. + 
. l t 
l 

Ek. 
lt 

E k' b . l t 
l 

-+ 
E k' E(e~+q.-) q it) + = E c' t + + 
. it . l . lt lt 
l l l 

The first equilibrium condition, (5.7), establishes equilibrium 
on all non-financial markets. The three kinds of supply on the 
left-hand side are, respectively: production of firms, capital 
goods sales and capital leasing by companies. On the right
hand side are the four kinds of corresponding demand: household 
consumption inc1uding leisure time, company purchases of real 



estate and material goods, firm purchases of inputs and finally 
company purchases of development services. 

The second condition, (5.8), simply states that supply should 
equal demand also in the bond-market. 

(5.9 ) state s that conditions on the share market are such 
that for every share of every firm there is always someone 
willing to hold it at the going price . 

This ends the specification of the model. Apart from stating 
the equilibrium conditions we have characterized and stated 
behavior rules for the three kinds of agents, consumers, firms 
and companies. 

Perhaps a word should be added on the Vjt, the value of the 
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j' th firm' s stock of shares at time t, since the determination 
of these market values may not be apparent from the specifica
tion. In equilibrium, any change of stock value over a period 
can only be due to the expected dividend . This means that if 
we assume, as we already have done above, that the discounted 
value of the sum of future dividends converges, then the value 
it will converge towards is the discounted stock value, i. e. : 

St v = 1: ST + l d J'T + 
jt T=t 

A picture of the structure of the assembled mode l for period t 
with aggregated sectors is presented in fig. l. For the produc 
tion firms collectively and individually the choice in each period 
is , as shown, simply that of picking an input-output pair that 
maximizes the dividend. The households taken together 111 u st 
distribute their dividend income in an optimal fashion between 
consumption and bond investments. The task for the holding 
companies, the truely "capitalistic " task, is somewhat more 

.-,mplex . They must find combinations of on one hand capital 
u;:ilization and on the other hand investments in new capital 
goods or in existing real estate and human capital, that will 
maximize the discounted value of future dividends . 

1.6 Income, wealth and the rate of return on human 
investments 

Within the model , as specified above , some concepts of 
social accounting can easily be defined. 

Gross national product (GNP) in period 
defined as: 

(6 . 1) GNP 
t 

This simply means that: 

can be directly 

GNP = Gross Investment + Consumption 
t 

There are two kinds of investments involved. The first term on 
the right-hand side of (6 .1 ) denote s the inve stments in non-
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Figure 1. The structure of the modet in period t with aggregated sectors 
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reproducible factors, Le. the total value of develop=ent 
services. The second term represents the gross investments 
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in new material goods and reproducible factors. The third term, 
denoting consumption, also includes consumption of leisure time. 
Although this is against social accounting practice, it is moti 
vated here by the importance of leisure value as part of the 
yield of human capital. 

Viewed from the production side the GNP t could equally well be 
written as: 

(6.2) GNP 
t 

where Cist = Cit - Cigt, as earlier introduced, stand s for the 

household consumption of real estate services and leisure'. These 
services are thus added to the current output of the production 
firms to give the GNP. In these definitions we abstract from 
the fact that, in the model, service consumption is paid with 
interest in the succeeding period, as are service inputs to pro
duction . The inte rnal loan transactions between households and 
their own holding companies are of no concern for the social 
accounting purposes indicated here . 

To go from GNP to national income concepts we have to use 
capital values to measure changes in wealth. Since there are 
no market prices for human capital - or formally since Pt is 
defined with zero components for human capital - we must 
somehow directly define human capital values . This can be 
done analogous to the way stock values of firms were defined 
(see section 5 above) , Le. as discounted values of future 
expected ;Ids. 

Let us make the following simplifying as sumptions . We 
assume that the transformation possibilities of the holding 
firms are additive also down to each individual unit of human 
capital, i . e . each labor unit can equally well be managed 
and accounted for separately. This means that for each 
individual at each time, we can identify in equilibrium the 
most profitable sequence of future yields. We further 
assume that holding companies have equal opportunities 
when it comes to managing labor. Since holding companies 
are managed competitively, maximizing the discounted value 
of the sequence of future yields, i. e. the capital value of 
the human resources, this means that in equilibrium each 
unit of human resource of a certain type and in a certain 
state will have the same capital value. One such unit, let 
us call it h~ (a vector with only one non - zero component) 
will undergo a cycle of transformations over time although 
retaining its individual identity. Its capital value at time t 
can be defined as : 

(6 .3) v ... =_1 __ 1: 6T+l {(l + rT) PTh*T' - PT+l h~+l} 
h t 6 t T =t 

The expression on the right-hand side of (7.3) is simply the 
di scounted value of the future rentals or yields of the human 
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capital through its various developments, made up of sales of 
user services, paid with interest af ter use, and development 
costs, respectively . 

We can now use these imputed human capital values to comple
ment the price vector so as to get an imputed price vector, Pt' 
with non-zero prices also for human capita!. 

With the help of this price vector we can now define a net 
national income in period t, NNlt as follows : 

(6 . 4) NNI 
t 

The meaning of this can also be expressed as : 

NNI = Wealth formation + Consumption 
t 

The first term on the right - hand side of (6 . 4) denotes the change 
in total stock values of the production firms, while the second 
represents the corresponding change in value of the total stock of 
capital goods . This last expressioncan also be developed in the 
following wa y : 

(6. S) 

+ ~(Pt - pt - l ) k;_l 
l 

LP t (k~t k:_ l ) + 
i 

The wealth formation in capital goods can thus be split up 
into two parts : 'change in the physical volume of capital 
goods and change in capital prices, i. e . what is usually 
called capital gains . 

Contrary to usual accounting practices" the income concept 
defined here includes wealth formation also in human capital 
and capital gains for all capital goods. This seems natural 
when , as here , we are especially interested in tracing the 
effects of changes in human capita!. It means, however , that 
part of the measured income changes will materialize as 
actual purchasing power for the households and their holding 
companies only when future yields are realized and future 
dividends paid out. The social wealth concept used above, 
made up of the stock value of firms and the value of capital 
goods including human capital, can be derived as the dis
counted value of all future dividends, all future net incomes 
or all future consumption. This has already been demonstra
ted for stock values and dividends and has been defined for 
human capita!. That it is also true for other capital goods 
depends on the fact that their services in the model are 
as sumed to be sold at a given market p rice, s o that any 
"producer' s surplus" will not affect the value of capital 
goods for the owners, but will instead be registered in the 
firm dividends. The net national income can therefore 
alternatively be introduced as the interest on this social 
wealth. 



If we compare the definitions of NNIt and GNPt we see that 
gross investment in the product is replaced by wealth forma
tion in the income concept. 
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To simplify the subsequent discussion let us assume constant 
returns to scale in production, which means zero dividends for 
the production firms . This is indeed a very natural assumption 
in this mode l, where the firms have no durable capital of their 
own. 

The difference between gross investment and wealth formation 
in the holding companies is not entirely due to physical consump
tion or potential deterioration of capital goods used in produc
tion. There are two other factors involved, 0!le of which is 
capital gains . The other is the fact that when it comes to real 
estate and human resources there is no given relation between 
the cost of a certain development service and the value of its 
impact on the capital employed . Training opportunities offered 
by a production process may e . g. be of great vaIue to empIoyers 
of a certain type and state although they are only charged the 
common market price, which may be insignificant. 

We can go on to define gross profits in a similar way . Profits 
in the production fi r ms will equal dividend s, Le . are zero 
according to the assumption made earlier . If we consolidate 
the rest of the economy into a household sector to eliminate 
Ioan transactions imputed gross profit . for this sector in period t, 
ITt' i s then defined as : 

(6 . 6) IT t = r { (l+r )p 
. t t 
l 

k' k 
it - Pt+1 i,t+l 

The expression on the right-hand side is made up of three terms , 
each summed over all households. The first profit term de 
signates rentals, i.e . the net payment received from the firms 
for services plus the value of household consumption of Ieisure 
and real estate services. The second is the vaIue of output 
capital and the third denotes the value of input capital. The word 
"imputed" refers to the fact that imputed vaIue changes in human 
capital have also been included. If- we take into account the 
interest cost involved in holding the input capital over one pe r iod 
we get the imputed net profit, ; t : 

(6.7) 7T t 

The imputed gross profit rate in period t , Pt' can be written as: 

r t ~Pt k + 7T t n t t 
1 

(6 . 8) Pt 
r ii k t ~ Pt k 
. t t 
1 l 

It follows directly from this definition that if net imputed profit 

is zero, i\ = r t • 
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Applied separately to human capital this simply expresses the 
trivial relation that if income from human resources including 
increases in capital values is just enough to cover current 
interest on incoming human capital the n the imputed gross 
profit rate for human capital will a150 be equal to this 
current rate of interest. 

The concepts discussed so far are all total or average. 
Marginal concepts can be dealt with more conveniently if we 
assume for the time being that the transformation possibilities 
of the holding companies can be expressed by differentiable 
functions. If we also add the harmless assumption that capital 
services supplied have as their unit of measurement the ser
vices of one unit of the corresponding capital good, the trans-
formation possibilities can be written as: . 

(6.9) 

(6.10) 

k' 
t Mkt 

(io.9) states that user services supplied in period t constitute 
a linear fWlction of incoming stocks of capita! goods. The 
quantity of user services of a capital good in state a is simply 
the total ;number of capital goods in this state summed over all 
types o. .' M here thus stands for a quadratic matrice of order 
U x U, where each row corresponding to a component of k' 
measuring user services of goods of a certain state has t 
l:s in all the places which measure capita! goods of this state, 
while the rest of the matrice is made up of zeros. 

(6.10) says that outgoing capital is a function of incoming 
capital and development services. Both these fWlctions are then 
assumed to be differentiable. This is certainly not strictly the 
case, since' it i s a fundamental propert y of capital goods as 
defined here - and particularly of human beings - that they can 
only change as a uni t. Dur excuse for using this assumption 
here is the usual one employed byeconomists; aggregates may 
be taken to be large enough and, anyhow, discontinuities do 
not seem pertinent to the analysis. 

We also abstract from the fact that the second fWlction can be 
multi-valued due to the possibilities of different assignments 
of development services to the various capital Wlits, i.e. we 
assume a given assignment rule that makes it possible to trace 
an expansion in a Wlique fashion. 

If we diffe rentiate (6.9 ) and (6. 10) we get: 

(6.11) 

(6.12) 

If we take the price vectors Pt and Pt+l as given there are 



then two possibilities of marginally affecting profits and 
profit rate s - by changing incoming capital and by changing 
the inve stment in development of real e state and h-aman 
resources. Let us look at these in turn. 

Marginal changes in incoming capital cannot be made in human 
resources, which at each point in time are given and non
tradable. With thi s re striction in mind we can define the 
marginal change in imputed gross profit resulting from a 
marginal change in incoming capital as: 

(6 .13 ) 

If no development service is reassigned to the new capital 
we can neglect fk and gross profits will change due to 
change in user charges and in the volume of capital gains. 
But we also know from differentiating (6.7) that: 

dn = d~ + r l: p dk 
t t t i t t 

Since we are studying an equilibrium point where net profits 
will be maximized along with dividends, marginal net profit is 
zero which obviously means that the marginal profit rate will 
equal the rate of interest. This is what we usually expect to 
find in equilibrium models, that is: 

(6.15) 
l: ii dk
. t t 
l 

If instead we study a change in development investm~nts in real 
estate and human resources, the corresponding change in 
imputed gros s profits will be: 

(6.16) 

That the change in profit must, in equilibrium, equal zero 
follows from (6.14) above. Not only must marginal net profit 
again be zero but this is now also true of the second term in 
(6.14), the change in interest on incoming capital. Applied to 
human investments, (6.16) states that the value of a marginal 
investment in equilibrium will equal its cost. It follows that 
the marginal profit rate is also zero: 

(6. 17) o 

This may at first seem more surprising, as it means that e.g. 
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the marginal rate of profit on investments in human capital is 
zero . This, however, is merely a consequence of the fact that 
in the model we assume such investments to change the human 
capital immediately without any costly delays. Here we have 
also let the se inve stments affect the imputed gros s profit directly 
by way of the imputed capitalization of future increases in human 
rentals . If we rewrite (6.16), substituting from (6.3) ab ove the 
full definition of imputed capital value, we get: 

(6.18 ) r s l (l+r)p h"" -
Tt T T T 

T=t 

.~ 

- p h 
T +l T+l 

where h .... as before traces the various states of each original unit 
of human capital. The expre s sion within braekets on the right
hand side simply measures the discounted value of future human 
rentals or, what amounts to the same thing, the discounted value 
of future profits on human capital - without imputation of human 
capital values. The meaning of (6.18) can therefore be written 
simply as : 

The cost of a marginal human investment = 
The discounted value of the future marginal profits 
which result . 

The rate of return of marginal human investments, defined as the 
internaI yield rate, will then in equilibrium depend on the spacing 
of future marginal profits and on the sequence of interest rates 
involved. Specifically, if the rate of interest remains constant 
over the future, the marginal rate of return on human investments 
will equal this interest rate just as it will for other kinds of 
inve stment; see (6.15) above. 
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2 Homogeneity of human capital 

2.1 The need for further assumptions 

What we have shown in the first chapter is simply that the 
human capital concept can be incorporated in a general equlibrium 
context in away similar to what is done with other factors of 
production and that it c an also be fitted into a social acc ounting 
matrix. 

We have traced the accounting relations between the financial con
cept of human capital value and the rentals or earnings of human 
resources . Human capital in this sense may be a conveniance 
for social accounting and a shorthand notion for di scus sing indi 
vidual expectations. 

The reason for using a "human capital approach", however, is 
usually much mor e ambitious. One hopes in this way to arrive 
at some testable relation between the volume of human invest
ments in an individual and his or her earnings, possibly with 
some capability factor as an intermediate variable. 

From this point of view our general equilibrium model is far 
too general. All we can generally say about the wage of an 
individual, i.e. his user charge in the model, is that itdepends 
on his state, which in turn depends both on what type of person 
he is and on how much has been invested in him - assuming 
that the inve stments have been optimal. His human value i s thus 
partly accounted for by investments done and partly by his type 
rent, i. e. the value of his development potential. In principle 
we could try to separate the two components by measuring at 
birth the discounted value of all future rentals until death -
his individual type rent value which then also incorporates 
various surpluses in human investments. But we cannot measure 
either total rent or diffe rentiai rent separately later on in life. 
Since people are assumed to be fundamentally different - to belong 
to diffe rent type s and not just more or le s s c apable - they will 
usually be found chosing different careers. The relative re
muneration of these careers may weIl change with demand and 
supply conditions over time. In the same way the relative costs 
of various forms of human inve stments will vary and will not 
generally be proportionate to their relative value. In one respect, 
however, the model is better tailored to the needs of human 
capital theories than real life. In the model pure wages and 
human investments are accounted for separately, while in real life, 
we can usually only determine the total rentals for various kinds 
of jobs. 

In order to derive the kind of simple relations between the 
volume of human capital in some sense and the individual 
earnings that human capital theories of ten aim at, the model 
must obviously be re stricted and further specified in several 
ways. 
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By stepwise restricting and modifying our model, we will in 
the following try to approach the kind of human capital theory 
model needed to "explain" the relative structure of current 
earnings. 

2 . 2 The first assumption: 
Physical human capital and the possibility of aggregation 

One main assumption inherent in a "pure" human capital theory 
is that relative earnings depend only on the physical capital, the 
"earning potential", embodied in the individuals. Let us for the 
time being keep this assumption as general as possible, still 
allowing e.g. for a possible heterogeneity of this physical 
capital. If we call the price component for the i' th state of 
human capital wi, which then measures the wage or user charge 
of an individual in state i, the assumption could be formally 
expressed as: 

(2.1) 
w. 

l 

w. 
J 

f (h) 

where we fo r notational conveniance assume that the relation is a 
differentiable funcHon . 

What (2 . 1) states is then that the relative wage is a function only 
of the vector of human resour ces used . The relative wage is thu s 
unaffected by changes e . g . in production capital, in cooperating 
real estate, in output mix or in the rest of the equilibrium price 
vector . 

Let us reflect for a moment on what this requirement means in 
terms of our MGE-model. There we had human resources of 
various types and states and we assumed that earnings were only 
related to states. To fit into the assumption discussed here we 
must then first of all accept that all human resources in the same 
state, regardless of type, embody the same physical human capital. 
The distribution between state s of embodied capital then deter

mines relative earnings . 

Even if the human capital is heterogeneous we cannot explain 
changes in relative earnings by reference to changes in relative 
capital prices, as we do in dealing e.g. with machines. There 
are no capital markets for human resources and any attempt to 
bring in changing imputed capital prices for various kinds of 
labor would obviously rob the physical,human capital concept 
of any explanatory power and bring us back to the starting 
point, L e. to the financial concept of human capital value as a 
discounted sum of future earnings . 

The quotient of wages in (2.1) expresses in equilibrium the 
marginal rate of substitution between the two kinds of factors, 
Le. between human resource units of states i and j. The 
assumption of (2.1) can therefore equally weIl be expressed 
in the following manner . The marginal rate of substitution 
between two kinds of labor should be independent of everything 
except the amounts of labor inputs. 



If we simplify the model to account only for a vector of pro
duction capital q. two kinds of labor inputs hi and hj 
and a homogeneous output C. the condition can be more 
directly stated as follows. "The marginal rate of substitution 
between the two labor inputs is independent of the output level 
and the vector of production capital" . 

In this form the condition is known as the Leontief condition 
(Leontief. 1947) and expresses a necessary condition for aggre
gating the two inputs. We can then call our condition above a 
"generalized Leontief condition" and have as an hypothesis that 
this condition also expresses a necessary aggregation condition . 
Let us try briefly to follow up this idea. 

In our model we have represented production possibilities as 
point sets. Let us for illustrative purposes use a simplified 
form of such a set T with elements of the form (h. q. c) 
where h still stands for a vector of labor inputs, q for 
a vector of production capital and c for a vector of output 
goods. 

Aggregation of h in terms of such a model simply means that 
there exists a well-defined function q" which relates h to 
a scalar. an aggregate, H: H = q, (h), and which possesses the 
following propert y : 

There exists a set Ta with elements (H, q, c), such that 

(H, q, c) E. T a if and only if (h, q. c) f T. 

(For a more extensive discussion of meanings of aggregation 
the reader is refered to Fisher (1965) , Morishima (1961) and 
Bliss (1975)) . x) 

That the Leontief condition is a necessary condition for 
gation can easily be seen in the following way . Let us 
the differentiable production function as: C = P (q , h) . 

aggre 
write 
If we 
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x) The meaning of this can perhaps be better grasped intuitively 
if expressed in an alternative way. 

For every possible collection of production capital, q, and 
output, c, in T there is paired a set of possible combina
tions or" labor inputs, {h I (h, q, c) E T = Sh' Seeking 
an aggregating function then means we are looking for a 
way of ordering these sets Sh in a linear way so that each 
set can be assigned a unique number H. This is obviously 
only possible if a cornplete (and continuous) order is already 
established between the seta by inc1usion, i. e . if the sets are 
such that either S S S or Sh. 2. Sh.' A collection of 

h. h. 
1 J 1 J 

sets Sh ordered in this way is said to be nested. 

The definition of aggregation given above can aho be shown 
to be equivalent to the following condition (for proof cf e. g . 
Bliss (1975)): 

The sets Sh are nested. 
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sub stitute the aggregate H = <j;(h) in this function we get 
C = P (q, H) . The marginal rate of substitution between two 
kinds of labor becomes: 

w. PH <Pi 
(2 . 2) 

l f (h) 
w . PH <P j . J 

where PH and <P i represent partial derivatives with respect 

to H and an state component of h, respectively . 

As long as we can reformulate our model in terms of differenti
able functions this demonstration can obviously easily be extended 
to encompass our generalized version of the Leontief condition. x ) 

The concrete meaning of our generalized Leontief condition is 
easily spelled out. It is obviously a very strong assumption 
that is only fulfilled in some very special theoretical cases 
and almost certainl y never in real life . 

One such case is of course the case of perfectly homogene ou s 
labor , an infinite elasticity of substitution between any two 
states of human capital. 

Anothe r case exemplifies the opposite , with fixed coefficients 
fo r different kinds of labor - an elasticity of substitution 
equal to zero . 

A possible thi r d theoretical case would be when l abor i s a l
ready aggregated in real life by bei ng o r ganized in "labor 
companies" that offer for sale ahomogeneous intermediate 
labor service . 

These examples suffice to indicate the s t rength - and lack of 
realism - of the assumption . xx) 

x) It should perhaps be pointed out that here we have treat ed aggre 
gation conditions in the most general form , which is motivated 
by our aim of applying the conclusions aleo to our very general 
MGE - model. Had we narrowed our attention only to stationa r y 
equilibria the aggregating conditions would have been formulated 
in a different way, stressing not only the difficulties in establish 
ing a linear order but also the problem of doing so in such a 
way as to preserve functional relations in the aggregate . This 
is best exemplified by the discussion, wellknown in capital 
theory, of the possibility of establishing meaningful chain 
indices for capital goods between different stationary equi
libria. (See e . g . Champernowne (1953-54) and Bliss (1975)). 

xx) If we want to restate the assumptions in terms of a 
stationary model version (see note at the end of the chapter), 
it should be observed that the assumption does not require 
the wage structure to be constant between stationary equi 
libria . This would be the case if human capital were really 
"non - reproducible ". As it is the wage structure may change 
between equilibria, not as a direct consequence of other 
changing equilibrium prices , but indirectly via induced changes 
in the composition of different state s of human capital. 



2.3 The second assumption: 
:Homogeneous human capital . 

The first step towards restricting our model on ly established 
that the earning capacity for an individual in a certain state 
is somehow physically embodied in the individual. This 
obviously does not take us much further when it comes to 
finding a uniform explanation for the relative earnings. We 
have onlyas it were moved the problem to be explained one 
step backwards , into the physical character and productivity 
of the various individuals . 

Since. H is not the aim of human capital theories to provide 
explanations of physical differences in productivity between 
different individuals, the next step to be taken is obvious . 
We must also assume that human capita! is homogeneous, Le . 
that any two units of human capital have an infinite elasticity 
of substitution . This means that the human capital of diffe 
rent individuals, h, can not. only be aggregated to H but 
also measured with the same measuring rod, i. e. in units 
of H. 

When all human capital is one and the same, Hs distribution 
between individuals does not matter, by definition (we abstract 
here from indivisibilities) . In (2.1) the wage quotient depended 
on the vari able composition of the human capital stock . With 
homogeneous capi tal this functional relation must be constant , 
determined by the given human capital values , H . and H ., 
of the respective states of human resources. l J 

(3.1) 
W. 

l 

W 
j 

f (h) 

H x) 
i = g(-) 

H. 
J 
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We have so far only dealt with what homogeneous human capital 
is, without explicitly saying anything about how it is formed . 
Our MGE - model provided a very general description of human 
investments in terms of "development services", h. If we 
assume that the possible transformations of human capital can 
be represented separately in functional form, the process de
scribed in the model for human capital formation can be written 
as: 

(3.2) H 
t = 

x) In studying. a linear stationary equilibria we can make this 
statement mor e precise. We then know that net rentals on 
all capital will just pay the interest costs on the capital 
values. (3.1) thus becomes: 

w. raH. H. 
l l l 

w . raH. H . 
J J J 

where a represents some given unit price of human capita!. 
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(3.2) savs that for an individual of type a his amount of human 
capital at time t is a function of both his human capital in the 
preceding period and the development service, the human invest
ment, that he has absorbed since then. This recursive formula 
can equally well be rewritten, as is done at the end of (3.2), in 
terms of an initial type capital, I-f!, and a function of the series 

o 
of investments up to time t, that measures what we can caU 
the investment-induced capital. 

2.4 The third and fourth as sumption s : 
Homogeneity of human investments and the ordering of human 
types 

By means of our two successive restrictions we have nowarrived 
at the concept of a homogeneous human capital, whose actual 
amount determines the state and through that, also the earnings of 
an individual. Is this then enough on which to build a general and 
applicable economic explanation of relative earnings? To see that 
the answer to this question is still no, it suffices to look at the 
expression in (3.2.) above. 

To determine the amount of human capital and, in turn, the 
earnings of an individual we must obviously know a) what type 
of individual he or she is b) what the· exact form of the 
functional relationship in (3 . 2) is for this type and c) what 
kind of experiences the individual has had and in what order. 
This is a rather big order, certainly too big for anyone 
aspiring to reach a simple and unified explanation in economic 
terms. Since we assume here that this is the aim of the pure 
human capital theory we must introduce fu r ther r e striction s . 

One first such restriction must deal with the various kinds of 
human investments . It does not help us to know that the human 
capital, which is inaccessible for direct measurement , is 
homogeneous if there are any number of heterogeneous inputs 
that can produce this capital. We would then need exact know 
led ge of the effect of each of these on human capital production. 
The only assumption that will let us escape from these diffi
culties is the assumption of homogeneous human ipvestments. 
We assume in other.words that we can treat the h as hC?mo
geneous, measurable and aggregable in terms of scalar H, 
in the same way as we assumed human capital, the h, to be 
homogeneous . It must be fully homogeneous, not just pos sible 
to aggregate in the production function , since we also need to 
be sure that the order of investments over time can be neg 
lected. 

With this assumption (3.2) can be rewritten as: 

(4 . 1 ) H = ljJa 
t 

(H) 
t 

where Ht measures the sum of human investments for an 

individual of type a up until time t . 
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The usual empirical interpretation of the assumption is of course 
that the collection of inve stments in an individual can be 
measured by the sum of discounted investment costs. 

However, ther~ is still a major obstacle left before we can 
arrive at a unified explanation. As long as the functional rela
tions, ljJa, are left wholly unspecified, we could still have 
heterogeneous people even though both human capital and human 
investments are assumed homogeneous. If the set of functions, 
ljJa ,differ between themselves in many ways, e . g. in many 
functional constants, people of different types will be hetero
geneous in that their differences cannot be measured by any one 
scalar . We would then still have to make specific estimations 
of the function for each type, which would usually require more 
information and other kinds of information than we have available 
to us . 

To explicitly exclude 
functional relations, 
are the same for all 
say a . This means 

this possibility we must assume that the 
the "production functions for human capital" , 
types only differing in one "type constant", 
we now assume that (4.1) can be written : 

(4 . 2) H = \jJ (H, a ) 
t 

a can be said to represent some uni-dimensional measure of 
capability. People may be more or less capable butthey are 
otherwise the same . To give capability an unambiguous mean~ng 
one should also add the further assumption that given the same 
volume of human investments, a 'more capable person is always 
a better p r ospect for fu r ther investments . This is analogous 
to the natural a!i,sumption that human investments always have a 
non-negative yield. These two assumptions may be written as: 

(4 . 3) 
I 

\jJ 2 O 
(l 

'p! ~ O 
H 

By means of these last assumptions we have finally restricted 
our model to the point where it can be said to yield a unified 
explanation of relative earnings in terms of embodied human 
capital. "All" we have to do - if we believe in the explanation -
is to try to estimate the \jJ -function and measure the capability 
of various individuals on some scalar scale. 

We certainly cannot c1aim that all so-called human capital 
theories are based on these assumptions. What we can claim 
i s that those theorie s that have the stated explanatory goal 
and are conceived within the context of a general equilibrium 
must make these, or analogous, assumptions . Our guess is 
that this covers a major part of the literature on human capital 
theory . 
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A note on stationary eguilibrium 

The MGE-model is somewhat unwieldly for serving as an 
example and frame of reference. Instead of using a general 
intertemporal equilibrium it is sometimes more convenient to 
formulate the problems in terms of a comparison between 
different stationary equilibria, all possible within the given 
technology but with different equilibrium prices. 

This also makes the empirical interpretation easier since in a 
stationary model you can avoid the difficulty of having to 
separate wages from net hwnan investments. 

In principle you could attain the same advantages by using, 
instead of a stationary mode l, a model with semi - stationary 
growth, i.e. a model where all inputs and outputs keep 
expanding proportionately at a given rate. 

However, this procedure is not open to us since we have 
explicitly incorporated real estate into our model and have 
defined types of real estate in terms of given and un
changeaOle characteristics of land. With our broad interpre
tation of real estate it would make even less sense than usual 
to make use of economists' worn-out excuse that land expan
sion is to be interpreted as a land-augmenting but otherwise 
neutral technical progress. 

Since we are no longer interested in tracing individual invest
ments in human resources we can simplify by reverting to the 
more traditional institutional arrangements, splitting up the 
holding companies so that produced capital goods are managed 
by the production firms while the human resources and real 
e state are held directly by the households. We may also treat 
the collection of firms as if it were on ly one maximizing unit, 
since the production technologies of the firms add up to the 
total production plan for the economy, which will maximize 
profits only if this is true of each component firm. 

The equilibrium being stationary there will be no net invest
ment in human resources or in any other kind of resources, 
which means that in the aggregate, from the firm' s point of 
view, we can treat human resources. and real estate as if 
they were unaffected by production and compensated only by 
user charges paid when production matures af ter one period. 

For notationai convenience we can further partition the price 
vector p into separate vectors for consumption, and for 
various factors of production. This means that we treat the 
same commodity appearing both in consumption and as 
production input as two separate commoditie s. 

With these modifications the transformation taking place in 
the firms can then be expressed as the following pair of 
inputs and outputs, being one of the many poseible trans-



formations included in the,once and for all, given set of 
production possibilities, T: 

(1) {(O, q, e, h), (c, q, 0, O)} E T 

where q stand s for producer inputs, e for real estate, 
h for human capital and c for consumption . 

What (1) says is then simply that, with the help of the "non
producible" factors, real estate and human resources, a 
given vector of production capital reproduces itself and also 
leaves a consumption surplus. This is the production cycle 
that is assUlned to repeat itself during each period in the 
stationary equilibrium. 

Another common way of characte rizing the stationary equi
libriurn is to write down the expression for aggregate firm 
profit. With the use of the partitioned price vector the 
profit expression will appear in the following well-known 
format: 

(2) rr = p c - rp q - p e - p h 
c q a w 

Pcc he re repre sents 
rpqq i s the inte re st 
capital, while Pae 

the income from consumption sales, 
cost of holding stocks of production 
and Pwh represent rentals for real 

estate of different kinds and for human resources, respec 
tively, both measured at the time of payment. 

This all sounds so familiar that it may be weIl to remind 
the reader of some aspects of (2), due to its derivation from 
the more general model, which make it still somewhat 
special. 

Real estate and human resources here are "non-producible" 
onlyas to type but not as to state . Since state is what 
matters in production, there is still alarge, although 
re stricted, choice between alternative di stribution s between 
state s, reachable within the given technology by way of 
investments in development. 

Secondly we cannot c1aim here that equilibrium price s will 
be uniquely determined by the chosen technological transfor
mation. Much of the recent discus sion around stationary 
models has assumed that prices are not dependent on demand 
and these assumptions have been formalized into various 
so-called non-substitution theorems. However, there can 
never be a unique equilibrium price independent of demand 
if there is joint production of goods· that have to face diffe
rent demands. This is certainly the case in our MGE-model , 
where development services were specifically defined in terms 
of a joint production proce ss. 

(2) can be still further simplified. Although linearity or 
constant returns to scale is not a necessary concomitant of 
stationarity, it is rather hard to find plausible excuses for 
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not making this assumption. Therefore in the following we 
assume rr = o. 

The competitive conditions in equilibrium can now be expressed 
,in a straightforward way. 

Since we are dealing with a competitive equilibrium we know 
that the chosen transformation is mor e profitable than any 
other pos sible transformation at the given equilibrium price s. 
If we call this transformation number one and number the 
variables accordingly, we have 

(3) 
l 

rr 
l l l l 

p c - r Pq q = o 

If we compare this with an alternative transformation called 
number two, the condition of competitive equilibrium ensures 
that': 

(4) 
l 2 l l 2 l 2 l h2 O P c - r p q - Pa e Pw ~ c q 

If we subtract (3) from (4) and define I:::. Y 
2 l 

where y Y 
Y is any vector of values we get: 

(5) 
l l l l l 

llh O P c I:::. c - r P llq - Pal:::. C - Pw ~ q 

Already from this restatement of competitive conditions we 
notice one main diffe rence from the usual di scus sion s in 
capital theory. There it is assumed that non-produced factors 
are strictly non-producible which means that lie and I:::.h 
in (5) are both equal to zero and that we can continue to study 
in isolation e.g. the impact of capital intensity on consumption 
standards. When investments in human resources and real 
estate are brought in as here, the discussion has to be 
broadened to deal also with changing patterns in these kinds of 
capital. 

When human capital is homogeneous we can use the aggregate 
directly in reformulating the profit expression for our 
stationary equilibrium (cf (2) above). 

(6) p c - rp q - raH - p e = O 
c q a 

If we want to illustrate how human capital theory impinges on 
the controversial issues in capital theory, this can easily be 
done with (6) as a starting point. 

Let us make all the simplifying assumptions that were used 
earlier in the more "naive" discussions of capital theory. This 
means that on top of our earlier assumptions we now also 
assume that a) consumption and produced capital can also be 
treated as aggregates and represented by C and Q and 
b) no land is needed in production, Le. all components of e 
are equal to zero. (6) then . reduces to: 



(7) c - rbQ - raH = O 

where b represents the unit price of produced capital. 
If we now compare two alternative equilibria, using the com
petitive condition, as in (5) above, we arrive by successive 
subtracting to the following condition: 

(8) b, (rb) b,Q + l'I(ra) l'IH < O 

In the usual capital theory discussions, labor resources were 
assumed given and unchangeable, i.e . l'IH:: O. (8) can then 
be interpreted as expressing the well-known notion that 
"a stationary state with a higher level of capita! relative to 
non-produced factors cannot have a higher rental of capital 
in te rms of con sumption". 

Here, with l'I H * O, i. e . with possibilities for human invest 
ments, the interpretation of (8) becomes somewhat more 
complex. The condition now states that "if a stationary state 
with higher level of produced capital also has a higher rental 
for this capital, the n the resulting cost increase must be at 
least compensated by either a decrease in human capital or a 
lowering of the rental on thi scapital". 

Since this whole line of reasoning pre suppose s uninhibited 
aggregation throughout it does not really merit much interest. 
As is well known one outcome of recent controversies in 
capita! theory has been a rather general agreement that an 
over - all - aggregation of produced capital is never theoretically 
justifiable . There is an irony. in the fact that human capital 
theory, building on aggregating conditions, matured and was 
turned into applications at the very time that agreement was 
reached on the impossibility of capital aggregation in general. 

127 



" '~ 

128 

References 

Arrow, K. J. (1951): "An Extension of the Basic Theorems of 
Classical Welfare Economics", Proceedings of the 
See ond Berkeley Symposium on Mathematical Statistics 
and Probability (ed. Neyman, J.), University of 
California Pres s 

Arrow, K.J. - Debreu, G. (1954): Existence of Equilibrium for 
a Competitive Economy, Econometrica 22 

Becker , G.S . (1962): "Investment in Human Capital: A Theoretical 
Analysis" , Journal of Political Economy, Supplement, Oct. 

Becker, G.S. (1964): "Human Capital", New York 

Becker, G.S. (1967): "Human Capital and the Personal Distri
bution of Income", W. S . Woytinsky Lecture, no l 

Bliss, C .J. (1975): Capital Theory and the Distribution of Income, 
N o rth - Holland 

Champernowne, D.G. (1954): "The production function and the 
Theory of Capital: a comment", Review of Economic 
Studies 21 

Debreu, G. (1951) : "The Coefficient of Resource Utilization ". 
Econometrica 19 

Debreu, G. (1959): The Theory of Va1ue , Yale University 

Fischer, F. M. (1964) : "The Existence of Aggregate Production 
Functions", Econometrica, no 4 

Grandmont, J . M. (1976): "Temporary General Equilibrium 
Theory", CEPREMAP Working Paper no 7601 

Guesneri, R. - Jaffray, J.-Y. (1974): "Optimality of Equilibrium 
of Plans, Prices and Price Expectation", in Draze, J. ed. 
Allocation under Uncertainty: Eguilibrium and Optimality, 
MacMillan 

Hicka, J. (1939): Va1ue and Capita1, Oxford University Press 

Koopmans, T . C. (1951): "Ana1ysis of Production as an Efficient 
Combination of Activities", in Activity Ana1vsis of 
Production and Allocation (ed. Koopmans, T.C.) . 
New York 



129 

Leontief, W. W. (1947): "Introduction to a Theory of the Internai 
Structure of Functional Relationships", Econometrica 15 

Lindahl, E. (1929): "Pri sbildning sproblemet från kapitalteoreti sk 
synpunkt", Ekonomisk Tidskrift 

Malinvaud, E . (1953): "Capital Accumulation and Efficient Allocation 
of Resources", Econometrica 21 

Malinvaud, E . (1972): Lectures on Microeconomic Theory, 
North Holland 

'Mincer, J . (1962): "On-the-job Training : Costs , Returns and S'orne 
Implications", Journal of Poli tic al Economy, Supplement, 
Oct . 

Mincer, J. (1974): "Schooling, Experience and Earnings", Mimeo, 
National Bureau of Economic Research, New York 

Morishima, M . (1961) : "A historical note on Professor Sono' s 
theory of separability", International Economic Review 2 

von Neumann, J. (1945): "A model of General Economic Equilibrium" 
Review of Economic Studies 13 

Rosen , S. (1972): "Learning and experience in the Labor 
Market" , Journal of human Resources , vol. 7, no 3 

Sato , K. (1975) : Production functions and aggregati on , Amsterdam 

Svensson, L.E. ( 1976) : On Cornpetitive Markets and Interternporal 
Resource AUocation , Institute for International Economic 
Studie s 



CHAPTERIV 

Structural Change as an 
Equilibrium or Disequilibrium 

Process - An Introduction 

Contents 

1. A "Model" History of the Swedish Economy 
2. International Trade and Structural Change 
3. The Dynamics of Capital Accumulation 
4. The Energy Economy 
5. Classical versus Keynesian Modelling 
6. Market Behavior 
7. Government Behavior and Stabilization Regimes 
8. Comparing Models 
References 

131 



132 

1. A "Model" History of the Swedish Economy 

The postwar development of the Swedish economy is reflected in the history of its 
medium-term macroeconomic modeis. The 50s and 60s we re a period of fast 
growth and relative price stability . Swedish exports were boosted first by recon
struction needs in war-ravished Europe and later by the trade liberalization which, 
part of the time, was reinforced by an undervaluation of the Swedish crown. The 
stability of the international monetary system and the seemingly well established 
pattern of expanding world trade induced the government to take for granted 
continued industri al competitiveness and the possibility of full employment poli
cies. Medium-term policies were focused on distributing the gains of industrial 
productivity growth and international trade through a fastly expanding public 
welfare system. 

The main task of the government's medium-term surveys was to check on the 
consistency of allocative schemes and to provide a framework for the long-term 
public expenditure plans, which - in the 60s - were becoming increasingly elabo
rate by means of various PPBS1-procedures. When the first medium-term macro
economic model was developed by the Treasury in the late 60s, its aim was mainly 
to enhance computational convenience and further ensuring internai consistency in 
constructing balanced growth scenarios for the medium-term surveys (Åberg 
1971). A static multisectoral model was used to compute desired equilibrium 
values at some future target date and to describe - or prescribe - balanced growth 
paths from the present to the target. The model only dealt with developments in 
real terms with consistent aggregate price and wage structures being computed 
afterwards. Although becoming successively more detailed and elaborate in terms 
of sector disaggregation etc., the methodology of Treasury models remained 
unchanged throughout the 70s (Ministry of Finance 1976). 

Meanwhile the focus of medium-term problems changed drastically during the 
70s. The increased price and exchange rate instability and uncertainty, demon
strated, and partly caused by, the oil price hikes, gave in Sweden rise to dramatic 
swings in industrial production and investment activity during the latter part of the 
decade . The shifts in world market demand also revealed aseriously deterioratec 
position for many of the raw materials and investment goods on which Swedisl 
exports had been traditionally based. Interest became focused on the need f OJ 

structural adjustment in industry to eliminate a mounting balance of paymen' 
deficit. The rapid expansion of local government consumption and central govem 
ment transfers, partly used as a means of "bridging" the employment problem: 
during international recessions, had simultaneously created adomestic budge 
deficit problem, which, with mounting real interest rates, threatened to lead fisca 
policy into a "debttrap". 

These problems meant new challenges for macromodelling. A major task o 
medium-term models now had to be to take explicit account of the price uncertain 
ty and to measure the propagation and impact of changes in world market price 

I Planning - Programming - Budgeting - Systems. 
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and in Swedish competitiveness. lt thus be ca me of strategic importance to inte
grate price and wage formation into the models and to be able to use the models 
for tracing the effects of price changes on industrial profitability and investment in 
different sectors. 

To be able to analyze the mechanisms of structural change the models must 
furthermore be dynamic in the sense of i.a. taking explicit account of the economic 
inertia represented by a given vintage structure of industrial capital and the lagged 
response of consumer demand. Finally , to provide a basis for policyanalysis, the 
models should make it possible to study how various kinds of price policies and 
stabilization regi mes could be used to ease the necessary structural and financial 
adjustments. 

The two models documented in this book represent the first attempts - started in 
the late 70s - to meet these challenges.2 They are based on widely different 
modelling concepts but did nevertheless result from a cooperative effort, incorpo
rate many common dynamic mechanisms, exploit the same data-base and share 
many common econometric estimates. They were also initially employed to ana
lyze the same problems, namely the impact of oil price shocks on the Swedish 
economy and possible policy me ans to insure in advance against, and/or to ease the 
ad justment af ter , unexpected dramatic ch anges in world market prices. The results 
of that study have already been extensively documented (d. Ysander 1983b,c). 

The first model, ELIAS,3 is a six sector multiperiod equilibrium model devel
oped by Lars Bergman at the Stockholm School of Business as a dynamic counter
part to an earlier static model of his (Bergman 1982) . Like the other model, 
lSAC,4 it incorporates price and wage formation and explicit links with the world 
market, treats capital accumulation in terms of vintages and determines consumer 
demand by linear expenditure functions. Apart from these dynamic elements it 
does not however - unlike ISAC - recognize any other sources of market inertia or 
rigidities . The market for both products and factors are thus assumed to clear by 
price adjustment in each period - where however the "period" may be interpreted 
as extending over several years . 

The ELIAS model, as weil as separate subrnodels developed by Bergman for 
different sectors of energy use, has been extensively used for the analysis and 
evaluation of Swedish energy policy . Besides the studies resulting from the com
mon project already mentioned above (d. Bergman-Mäler 1981, 1983) the mode l 
was used for evaluating the probable impact of discontinuing nucIear power 
production in Sweden (Bergman 1981). 

The second model, lSAC, is a 36 sector disequilibrium model, developed by 
Ysander, Nordström and Jansson at the lndustrial Institute for Economic and 
Social Research (IUl) in Stockholm, building on an earlier static model at the 
institute resembling the above mentioned Treasury medel. By incorporating Va-

2 For a discussion of other modeIs, mainly developed for pedagogical purposes, cf. Lybeck 
et al. (1984) . 
3 Energy, Labor, Investment Allocation and Substitution . 
4 Industrial Structure And Capital Growth. 
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rious kinds of rigidities in price and wage formation it allows for disequilibria bot h 
in foreign trade and in the factor markets. The behavior of local governments, who 
employ about a quarter of totaiiabor in Sweden, is endogenously determined by 
way of an integrated submodeI. A fairly detailed treatment of central government 
taxes and transfers makes it possible also to use the mode I for simulating various 
kinds of fiscal policies and stabilization regimes. 

The ISAC model has been used for several different kinds of policy evaluation 
studies . The studies concerning energy policy have already been mentioned (d. 
Ysander 1983a, Nordström-Ysander 1983 and Ysander-Nordström 1983). A medi
um-term macroeconomic forecast was carried out by model simulations in 1979 
(Ysander-Jansson-Nordström 1979). The long-term interrelation between industri
al structural ch ange and government expansion was analyzed in a study in 1980 
(Nordström-Ysander 1980). Finally the efficiency of fiscal policy and wage policy 
in controlling local governments has been analyzed by model simulations 
(Ysander-Nordström 1985). 

The Swedish Treasury has also recently raised its ambitions in regard to medi
um-term modeis . Partly based on the experience of the ISAC model and with the 
aid of two of its authors, an aggregate dynamie modeL incorporating for the first 
time price and wage formation, was developed within the Treasury during 1982 
and used for the 1984 medium-term survey. (Cf. Nordström 1982, Ministry of 
Finance 1984) . 

2. International Trade and Structural Change 

A common starting point for the modell ing work is the fact that Sweden is a small 
open economy which in both mode Is is interpreted to mean i. a . that the supply 01 
imports is perfectly elastic and that developments in the world economy can bf 
treated as exogenously given. 

A major task for the macromodels is to represent as accurately as possible .th( 
mechanisms by which price and dem and changes in the world market are transmit 
ted to the Swedish economy and there induce structural adjustment. 

The transmission is modelled by export- and import-functions for the tradabil 
goods sector of Swedish industry . In both mode Is the leve I of export and import fo 
each type of commodity depends on relative price and on the demand in worll 
market and domestic market. respectively. Econometric estimates of price anl 
demand elasticities are used. directly in ISAC and modified by theoretical consid 
erations in ELIAS. 

The prices of Swedish producers can thus deviate from those of foreign compet 
torso In Bergman's competitive equilibrium model this is explained by the assumr 
tion of "country-specific" commodities (d. Armington 1969). while ISAC assum( 
price-setting producers in monopolistic competition adjusting their profit margir 
with regard both to the competitors' prices and to capacity utilization. 

This specification of export and import functions must. however. be regarded ( 
very rough approximations. There are reasons to expect that in some cases il is th 
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relative change rather than the leve I that will be a function of relative price 
development. The elasticity can moreover be expected to vary depending both on 
specific competitive conditions limiting the range of price competition and on 
general business conditions. The market reactions to price increases and price 
decreases are not necessarily symmetrical in amplitude and time-structure. A 
particular form of specification bias is also implied by the omission of all transac
tion and marketing costs other than price. 

In the macromodels these behavior patterns are aggregated over different 
commodities and different time-phases which me ans i.a. that sight is lost of the 
ch anges in commodity composition with in each aggregate. This may in itself make 
it difficult to interpret the price elasticities. We may be comparing aggregates of 
different compositions - e.g. domestic sales versus imports of a certain composite 
good or exports versus world market trade - which means that the measured 
changes in relative price may in part not be due to different price development for 
individual goods but simply reflect the different composition of the aggregates. 
Changes in composition may moreover call forth changes in the aggregate rate of 
price ch ange even without a changing rate in any individualline of goods. There is 
e.g. some evidence indicating that Swedish firms react to a profit squeeze by 
concentrating their marketing efforts on those less contested markets and commo
dit y lines where they can raise prices without losing too many customers . The fact 
that the estimated relative price elasticities are rather low in magnitude - between 
1 and 2 - may therefore partly be explained by marketing efforts being concentrat
ed to price-insensitive subgroups with in each aggregate. 

The price elasticities used may thus be biased particularly in measuring effects of 
general relative price changes. However, sensitivity analysis seems to indicate that 
for a reasonable range of elasticity va lues the demand growth will still exert a 
dominant influence (Nordström 1982) . 

Changes in world market growth and/or price can be expected to affect Swedish 
industry in several stages . The immediate impact on sales will first be reflected in 
changing facto r earnings - wages and profits . It will be further buffered by a 
changed rate of scrapping of old production capacity , and in ISAC - with produc
ers in monopolistic competition - also by modified price-setting in foreign and 
domestic markets, respectively. By changing price and profit expectations the 
transmitted signals will in the next stage also influence investment behavior and by 
that the long-term resource allocation and industrial structure . 

3. The Dynamics of Capital Accumulation 

The time-lags and inertia in structural adjustment are in both models represented 
by distinguishing the vari ou s vintages of productive capita!. Capital is thus modeI
led as being "putt y-day" . In the ex ante production functions there are no 
restrictions on input substitution . The shares for capital, labor and energy can be 
freely selected in order to minimize cost in terms of expected input prices. Once 
installed however the capacity becomes "day", i.e. the capital ratio is fixed and no 
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further substitutions between major input aggregates are possible. At any given 
point of time the total production capacity of an industrial sector will thus be made 
up of a long line of different vintages, whose diverse input ratios "embody" the 
price expectations current at the time each vintage capital was invested. As a 
consequence the ex post functions will exhibit decreasing returns to scale in labor 
even when the ex ante production functions are linearly homogeneous. 

The vintage structure of capital explains both why structural adjustment to 
world market changes is slow and why complete specialization is avoided even in 
competitive equilibrium models like ELIAS. 

A long-term deterioration in the international competitive position of a particu
lar branch of Swedish industry will on ly gradually be reflected in a shrinking of the 
productive capacity of that industry. The structural adjustment will come about by 
an increase in the scrapping of old plants and a decrease in the investment in new 
capacity . The funds and real resources thus released will successive ly be trans
ferred to other and move profitable lines of production. In the same manner 
increased capital costs, caused e .g. by raised real interest rates, will only gradually 
become fully reflected in changed capital ratios. 

The structural adjustment will in general proceed somewhat slower in ISAC 
than in the competitive equilibrium world of ELIAS, since "sticky" pricing and an 
evening out of utilization between plants - due to technological reasons and 
employment considerations - will delay the weeding out of plants earning a zero or 
negative quasi-rent. On the other hand, the decline in sales and profit will for the 
same reason be correspondingly greater and will react bot h on prices and invest
ment and thus reinforce adjustment. Altogether adjustments in ISAC will, howev
er, be somewhat slower and carried out on a lower profit leve l than what would be 
the case in a perfectly competitive world. 

Since both models assume a fixed exchange rate regime, a deterioration of the 
terms-of-trade by e .g. import price increases not matched by price increases in the 
export markets, will not be accommodated by a changing exchange rate. Adjust
ment to the diminished real national in come must instead come about through 
lowered real wages and various kinds of import substitutions. Tendencies of rising 
deficits in the balance of payments will in the ELIAS mode l be automatically 
countered by a rise in domestic saving, while in ISAC this would normally require 
government intervention. In both mode Is the change in import prices would 
modify the pattern of input prices and thus influence both the choice of technology 
and the allocation of investment resources. Changed profit expectations and 
capacity utilization will also affect investment decisions in ISAC, where these 
decisions are represented by investment functions, while in ELIAS the total gross 
saving ratio is exogenously given. 

4. The Energy Economy 

The experience of the oil price hikes in the 70s made it particularly interesting to 
model and measure the effects on the Swedish economy of changes in the interna-



137 

tional energy markets. As already mentioned the concern about the impact of oil 
price ch anges was in fact one of the major reasons for starting the modelling work. 

A principal ambition in bot h modeIs has therefore been to represent as accurate
lyas possible the structure of energy demand both by households and by industry. 
In modelling industri al energy dem and technological choices are represented in a 
way that can be interpreted as reflecting a multistage decision-making. In ELIAS 
nested CES-functions are used. The first choice is between a capital-labor compos
ite and an energy composite. In the second stage the substitution possibilities 
within the composite commodities are exploited, capital versus labor and electric
ity versus fuels, respectively. Once these ex ante choices are made, the input 
shares are regarded as fixed for that vintage. 

In ISAC an ex ante choice is made regarding the input shares for capital, labor, 
electricity, fuels and other intermediate goods. Within the fuels aggregate, how
ever, ex post substitution can be made between oil, coal and domestic fuels. The 
rationa\e behind this assumption is that the choice of fuel of ten has only limited 
effects on the rest of the installed production technology. 

This relative ly detailed specification of industrial energy dem and combined with 
the vintage capital approach makes it possible to study the technological adjust
ment necessitated by e.g. sudden oil price increases. One of the main results of the 
energy policy studies mentioned earlier was to show that a major part of the 
macroeconomic impact of oil price hikes on the Swedish economy is due to various 
kinds of economic inflexibility. The ELIAS simulations were particularly con
cerned with the technological inflexibilities and with ways of design in g and invest
ing more flexibility in regard to energy use into the economy. In the study 
employing the ISAC model which incorporates a good deal of price and market 
inflexibilities as well as a wide range of government policy instruments, interest 
was more focused on designing and safeguarding flexible policies to compensate 
for the rigidities of the markets (Ysander 1983b,c). 

5. Classical versus Keynesian Modelling 

We have so far mainly dealt with the aims and features common to the two models 
- the way price signals and shifts in the world markets are transmitted through 
foreign trade into Sweden's small open economy and there gradually transform 
capital structure, production technology and energy use through the successive 
replacement of old vin tages. 

Of at least equal importance and interest, however, are the conceptual differ
ences in approach between the modeis. They, in fact, seem weil suited to exempli
fy the methodological dissimilarities between the two traditions in macromodelling 
of ten , somewhat inaccurately and simplistically, identified as "classical" and 
"Keynesian" . 5 

5 For a stringent but more narrow definition of c1assical and Keynesian macromodels, cf. 
e.g. Sargent (1979). 
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The label "classical" is here meant to refer not so mu ch to the common 
foundations of neoclassical analysis as to some characteristic premises and priori
ties shared both by "old" and "new" classical economists. Models in this tradition 
are usually built on the assumption of a competitive equilibrium with immediate 
market clearing, and priority treatment is of ten given to the supply side of the 
economy, with demand, and particularly public demand and policy, de alt with in a 
. more summary fashion. In the unavoidable trade-off between on the one hand 
theoretical consistency and coherence and on the other hand empirical verification 
and realism, mode I builders in this tradition ten d moreover to favor the former. 

The "Keynesian" modellers usually lean the other way and therefore tend to 
incorporate various forms of marked rigidities and limits to competition into their 
macromodels, even at the risk of having to accept "adhocery" and divergencies 
from the postulates of rationai behavior. The recognition of market failures is 
moreover seen as implying the need for government intervention and demand 
management, requiring a more detailed specification of demand structure and 
policy instruments. 

In terms of this oversimplified dichotomy ELIAS should undoubtedly be called 
a classical model while ISAC seems well qualified for the Keynesian label. . 

ELIAS is a competitive equilibrium model, assuming immediate market clear
ing. It extends the earlier analysis of muitisectoral growth by Leif Johansen (1960) 
mainly by "opening" the model and explicitly formulating the linkage to the world 
markets and by taking account of the dynamics of capital accumulation by using a 
vintage representation of technological choice. The emphasis is on analyzing 
sup pi Y side developments although household demand is represented by a linear 
expenditure system, common with ISAC. Government dem and is taken as an 
exogenously given aggregate and no taxes or any other policy instruments are 
explicitly specified. The specification of the model is to a large extent directly 
derived from neoclassical economic theory. To achieve this some empirical accura
cy must be sacrificed by substituting calibrations and "guesstimates" for econo
metric estimates. It is also in line with the ambition of theoretical transparency to 
keep the model relatively small and compact. The specification has moreover been 
formulated so as to make it possible to use rationai expectations and some 
simulation experiments have indeed been based on this assumption. 

In ISAC, belonging to the tradition of Keynesian disequilibrium models (cf. 
Barker 1976), the modellers have gone far in the opposite direction, trying to 
incorporate various kinds of adjustment obstacles - besides immalleable vintage 
capital also sticky wages and prices, cash-flow restrictions on investment financing 
and the inertia and lags observed in bot h private and local government consump
tion. Government dem and and policy instruments are specified in some detail with 
local government budgets being endogenously determined. The model is "extra
Keynesian" in the sense that it has been designed to make it possible to take in to 
consideration also rigidities in local governments and various possible constraints 
on central government policy. These ambitions together with the desire to be able 
to exploit available statistics and survey data on individual industri al branches have 
made the model big and rather complex. This unavoidably entails the risk for 
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inconsistencies and difficulties in tracing unambiguously the effects of variations in 
the exogenous variables. As far as possible the implementation of the model has 
been based on econometrical estimates. 

These differences between the models will affect the analysis of structural 
change in important ways. With the equilibrium assumptions of the ELIAS model 
we can study in isolation the long-run impact of world market disturbances on 
Sweden's industrial structure with the immalleability of capital as the only facto r of 
inertia and without getting the causal picture blurred and distorted by central 
government interventions and endogenous local government reactions. The pic
ture will be clear but parti al in the sense of neglecting interrelations between 
private and public sectors and focusing only on the industrial structure. 

With the ISAC approach market disequilibria - surpluses or deficits of foreign 
exchange, public budgets, production capacity and labor - will be a normal feature 
of mod el projections and will have feed-back effects in the form of price modifica
tions, rationing of supply and changing patterns of local government allocations . 
From a disequilibrium situation the model economy may finally - with the help of 
or despite economic policy measures - fetch up in a new equilibrium or steady
state growth, barring new disturbances. The adjus!ment path will in most cases 
affect the final structure in several important ways. To stud y this interdependence 
between short-run instabil ity and long-term structural growth is indeed one of the 
main purposes of the ISAC mode l. 

6. Market Behavior 

The differences between the two models are best exemplified by looking at the 
functioning of the various markets . 

In the markets for tradable goods flexible prices will guarantee equilibrium 
between demand and supply in ELIAS. Total demand is composed of export 
demand, investment demand, household dem and and intermediate demand. The 
intermediate dem and - apart from energy - is determined by input coefficients , 
which are the same for all vintages. The dem and for investment goods is derived 
from the investment within the different sectors. Household demand is determined 
by the aggregate consumption propensity - assumed constant in ISAC and indi
rectly determined in ELIAS by the given gross saving ratio. The distribution of 
total household demand between different commodities is in bot h models deter
mined by a linear expenditure system. Supply by the profit maximizing and price
taking firm will in the assumed competitive equilibrium be set at levels equating 
market price with marginal cost. 

In ISAC the producers are instead price-setters in monopolistic competition . 
Their profit-maximization is moreover constrained by i.a . employment consider
ations, forcing them to try to keep an even rate of utilization between the plants in 
operation,6 although successive ly scrapping units with a negative quasi-rent. The 

6 For a diseussion of the modeIling of eonstrained optimization in disequilibrium model, ef. 
i.a. Bureau-Miqueu-Norotte (1984). 
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producers may also discriminate in their price-setting between foreign sales and 
the home mark et. In both cases their pricing can be said to reflectan attempt to 
cover costs, computed as average variable cost plus plan ned depreciation and a 
target rate of return on installed capital. This "cost-price" is then modified to take 
account both of foreign competition and of variations in capacity utilization. As 
already exemplified above, the "sticky" prices and the evening out of capacity use 
will tend to slow down structural adjustment, while the possibility of price discrimi
nation will sometimes me an that home consumers subsidize foreign sales by 
inflated domestic prices. Production is assumed to adjust to actual sales with 
proportionate variations in stock-keeping. Disequilibria will thus occur in the form 
of over- and underutilization of capital. A slow adjustment of capacity will take 
place, since investments are determined by the rate of utilization as weil as by past 
profit performance. 

Supply in the [abar market is exogenously given in both modeis. Demand is 
derived from the levels of current production in the private and public sectors. 

The mechanism for wage determination is, however, very different in the two 
modeis . In ELIAS the general wage level is determined as an equilibrium price, 
guaranteeing full employment. In order to take account of labor heterogeneity , 
however, an exogenous wage structure is imposed by multiplying the general wage 
with sector-specific coefficients. 

Wage-setting in ISAC is instead modelled as the outcome of a negotiating 
process, where wage earners try to get compensated for both inflation and produc
tivity gains but where the final result will be modified by current market condi
tions, i.e . unemployment. Long-run wage adjustment will thus be reinforced by 
the change in total employment, resulting from the current bargaining. For public 
employees a one-year lag in wage settlement, relative to the private sector, has 
been usual and has been assumed to continue in the future . Apart from this time
lag in compensation, there are no sector specific wage differentials in ISAC. 

There are no explicit financial markets in either model. The rate of exchange is 
in bot h models assumed to be exogenously determined . The treatment of capital 
transactians, i.e . investments is however different. 

In ELIAS the gross saving ratio in the economy is assumed to be given. Since 
the size of the balance of payment deficit or surplus is further assumed to be set by 
government at som e target value, total domestic saving or investment will be 
determined along with domestic production. Investment resources are then allo
cated between the different production sectors in proportion to the expected 
relative profitability of new capacity within each sector . In principle the market 
rate of inte rest is determined as the "cut-off" rate which makes total investment 
dem and equal to the given supply of investment resources. In practice, however, a 
slightly more roundabout way is employed to ensure also that rates of return will 
ten d to equalize between sectors despite the absence of returns to scale in the ex 
ante production functions. The capital market implicit in this modelling can 
perhaps be described in terms of a given "Ioanable fund" with the market rate of 
interest determined by the "marginal efficiency of capital" . 

In ISAC the rate of interest is instead assumed to be determined by conditions in 



141 

the international financial markets. The small open economy with its heavy 
dependence on international finance is supposedly unable under a fixed exchange 
rate regime to deviate substantially and persistently from international standards 
of yield. This assumption could be interpreted as implying a central bank policy of 
monetary accommodation aimed at keeping the public' s demand for money satis
fied at the given rate of intere'st. The internationally determined rate of return 
requirement is further transformed in the mod el to a particular rate for each 
branch of industry by taking account of differences in depreciation rate, tax 
treatment and solidity. 

Investments in the different sectors are in ISAC functions of capacity utilization 
and past "excess" profits . These excess profits are measured relative to the user 
cost of capital, with the rate of return requirement as a major component. The 
required rate of return will influence the firm's pricing and investment and by that 
also its saving, but will not affect the saving ratio for households. The main burden 
of adjusting total domestic saving to avoid surpluses or deficits in externai pay
ments will thus fall on the public budgets, particularly the state budget. 

7. Government Behavior and Stabilization Regimes 

In deterministie equilibrium models, where instant market clearing is insured by 
flexible prices, stabilization and incomes policies are almost by definition superflu
ous. There is eonsequently no need for a detailed speeifieation of public budgets in 
order to pinpoint the various available policy instruments or to study the possible 
destabilizing effects of endogenous loeal government action. It is thus consistent 
with the modelling ambition in ELIAS to treat public spending as an exogenous 
aggregate and to define taxing on ly implicitly by the assumed constant ratio of 
gross saving in the economy. 

The opposite is true of the disequilibrium model, ISAC. The interrelation 
between stabilization problems and struetural ch ange is here in the foeus of 
interest. In order to be able to study these interrelations a detailed account of 
public alloeations, of taxes and transfers and a brief aeeounting of their distributive 
effeets are built into the model. By the use of a subrnodel, LaGaS, (d. Ysander 
1985), the behavior of loeal governments is moreover endogenously determined. 7 

7 The loeal government sector in Sweden is, by international standards, big, financially 
independent and expansive. It employs more people than the manufaeturing industry and 
thus exerts a dominant influenee on wages and labor market eonditions. During the 70s the 
overall net effeet of variations in loeal government aetivity appears to have been proeyc\ieal 
and destabilizing. The LOGOS model is a ten-equation system determining five kinds of 
service expenditures, two kinds of transfers, investments, borrowing and, as a residual, the 
loeal ineome tax rate (d. Ysander (fortheoming)). Its ineorporation in the maeromode\ has 
made it possible to explain i.a. the ineffieieney of grants policy in ehanging the loeal 
government share of total eonsumption and the possibility that loeal government may by 
itself generate eyc\ieal movements in wages and prices and reinforee disturbanees from 
abroad (Ysander-Nordsträm 1985). 
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One of the main purposes with the ISAC mode! has been to use it for policy 
evaluation. Apart from the studies of energy policies, already mentioned, the main 
emphasis has been on medium-term stabilization regimes, ranging from various 
fiscal policies and controI measures directed at local governments to wage controIs 
and other income policies. In Keynesian terms one could say that the exogenous 
interest rate in ISAC combined with inelastic household saving and sticky wages 
make fiscal policy needed . At the same time adaptive expectations, demand
sensitive investment functions and the absence of financial crowding-out usually 
ensure that fiscal measures will have a short-run impact on employment before this 
effect is overtaken by a wage-propelled inflation.8 

8. Comparing Models 

Having examined the various characteristics of the two models we will try to sum 
up the discussion by comparing the models in terms of realism, relevance, resil
ience and robustness. 

Econometric methods are supposed to help us in determining to what extent a 
mode! explains real life events satisfactorily. Unfortunately we are seldom able -
even when we try - to use econometric tests also to choose between alternative 
mode!s - alternative simplifications of reality. 

Some of the conceptual differences between ELIAS and ISAC belong to the 
core of current macroeconomic controversy. The attempts made so far to test 
econometrically key assumptions and parameters do not seem to have yielded very 
conclusive or generally convincing results. One can not escape the impression that 
the macroeconomic argument is of ten not just about the right answers but in equal 
measure about the right choice of questions. We argue about realism even when 
we really disagree about relevance. 

The different aims of our two models exemplify the range of relevant questions. 
The interest in ELIAS is mainly focused on analyzing as clearly as possible the 
mechanisms of long-term structural adjustment, while largly abstracting from the 
short-term aberrations and stabilization problems on the demand side . ISAC 
instead aims at providing quantitative answers to these short-term questions and 
investigates how the management of short-run problems can affect the process of 
long-term structural change. The choice of question may depend on your time 
perspective or special interests but can also be contingent on whether you think 
short-run problems matter and can be meaningfully treated by public policy. 

8 In practice the stabilization policy experiments are usually set up in the following manner . 
The multiplier effects of variation in policy instruments on certain chosen target indicators 
are measured for a predetermined medium-term period in relation to a reference growth 
path . The results are then tested to see if the dynamic structure can be viewed as 
approximately linear in a local neighborhood of the reference path. If this is possible it is a 
straightforward matter to compute "optimal policy packages" or the trade-off between 
policy instruments in terms of the target indicators. (For a discussion of linearized model 
analysis and the application of controi methods, cf. e.g. Kuh-Nease 1982 and Chow 1982). 
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The problem of resilience is important both in equilibrium and disequilibrium 
modeis. With resilience we here mean the ability of an economic system to absorb 
temporary outside shocks and adjust back to a stable growth path close to the one 
initially given without intervention in the form of policy changes. Intuitively one 
tends to presume that models with a Walrasian market equilibrium like ELIAS will 
have a high degree of resilience. The flexible prices will buffer the shocks and 
there will be no risks that the feed-back of disequilibria will further reinforce the 
deviation from the original growth path. In the case of ELIAS the intuition seems 
true as far as can be judged from the simulations carried out. For ISAC it is more 
difficult to know what to expect. Experiments show, however, that feed-back 
mechanisms in the labor and capital markets will tend in time to restore full 
employment of both people and capacity . There is no corresponding mechanism 
though for the balance of payment. 

Another important aspect of models concerns robustness, i.e. their structural 
stabil ity as related to the parameters of the models. To what extent are the 
constant parameters really constant and, if not, how sensitive is the model 
performance to parameter changes? 

A number of sensitiv ity tests for parameter changes has been carried out for 
ISAC. They show i.a. that even though the model performance changes continu
ously and not very dramatically with variations in single key parameters, quite 
large deviations may occur if several parameters are allowed to vary simultaneous
ly. The problem with these kinds of test is of course that we have no reliable way of 
deciding in advance which are the parameters most important to the dynamics of 
the system. Methods have been developed for measuring the relative importance 
of parameters in terms of a linear approximation of non-linear models (cf. e.g. 
Kuh-Nease 1982). These methods however still leave us with the question how 
valid the approximation is outside the chosen reference path. 

Another aspect of the problem concerns the reliability of econometric estimates, 
when applied deterministically in new economic situations (cf. Lucas 1976). How 
far do we go wrong by neglecting not only random variations but also adaptive 
changes by the economic agents reacting to new conditions? These are obviously 
important questions, particularly for models like ISAC, which depend to a great 
extent on econometric estimates. The fact that both externai conditions and 
economic policy in Sweden have changed drastically since the period of estimation 
increases the uneasiness. We have so far no way of resolving this dilemma. We can 
only hope that errors of this kind will not be able to change the sign and direction 
of the results. A reasonable conjecture could perhaps be that the implications are 
less important for short-mn behavior than for long-run performance (et. 
Brandsma-Hughes Hallet 1984). Whatever the truth of this much work remains 
before we can be sure of having achieved reasonably reliable and robust models. 
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CHAPTER V 

Measuring Energy Substitution 
An Introduction 

For a small open country like Sweden the ability of the manufac

turing industry to adjust rapidly and smoothly to changes in rela

tive world prices is of crucial importance. The oil price hikes in 

the 70s tested this ability in a dramatic fashion, creating at the 

same time a particularly good opportunity for studying the mecha

nisms and the adjustment problems involved in industrial factor 

substitution. Economists all over the world have hastened to ex

ploit this opportunity and, as a result, our knowledge of indus

triai production structure and factor adjustment has increased 

considerably over the last few years. 

The papers assembled in this volume, focusing on energy use in 

Swedish manufacturing, all share this common aim of mapping 

and measuring industrial adjustment to price changes. However, 

as appropriate for a still developing research area, they try alter

native approaches, using different models and analytical tech

niques. 

Mechanization and energy use - the postwar ~xperience 

From the end of the war and up to the first oil price hike the 

ongoing mechanization had a dominant influence on energy use in 

Swedish manufacturing. This is one of the main lessons to be learn

ed from the tirst paper - by Joyce Dargay - tracing energy 

prices and energy use in the post war period • 

• The Industrial Institute for Economic and Social Research (IUI), 
Stockholm. 
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Mechanization meant continuous substitution of both capital and 

energy for labor in industrial production and it usually also 

meant electrification. The specific use of electricity (i.e., electri

city input per unit of output) in manufacturing thus increased 

steadily during the 50s in spite of sharply rising electricity 

prices, stagnated in the 60s when prices were falling both in abso

lute terms and relative to other energy prices, but started mount

ing again in the latter part of the 70s, when electricity prices 

were catching up with other energy prices. 

The other dominant post war trend in energy use, viz. the switch 

from solid fuels to oU, can also partly be interpreted as away 

of saving labor, whose wages, up to 1973, grew steadily faster 

than both capital and energy costs. Although the coal price paid 

by manufacturing industry ten de d to keep pace with the oil 

.price, although with a certain time-lag, the labor costs involved 

in handling coal made oil advantageous to use, at least up to the 

first oU price hike. In terms of specific usage the main switch to 

oil occurred already in the early 50s. Although prices for heavy 

oil were completely stagnant up to the middle 60s, the specific 

oil use in manufacturing did not increase further during this pe

riod. The first oil price hike led to a considerable drop in specif

ic oil usage, which then further declined at the end of the de

cade. 

The continued rapid decrease in the use of solid fuels together 

with the curtailed oil use during the 70s, resulted in a steady re

duction in total specific energy use from the middle of the 50s. 

About a quarter of this total energy saving was due to the chang

ing branch structure. With a few exceptions - printing, chem

icals and shipbuilding - the energy/output ratio fell in all manu

facturing branches. 

The dominant · influence of mechanization and labor saving on in

dustriai energy demand underlines the importance of analyzing 

energy use within the framework of production modeis, incorporat

ing all the substitution possibilities between different inputs. 



There are wellknown reasons for distinguishing also between ma

nufacturing branches with different technologies, different capital/ 

output and energy/output ratios. The price data collected by Dar

gay indicate another and less discussed reason for disaggregation. 

They show i.a. that in 1968 the energy intensive branches - pulp 

and paper, chemicals, primary metals and non-metallic mineral 

products - paid on the average 1/7 less for heavy oiJ and only 

half for electricity compared to other branches. After 1973 there 

is, however, a considerable convergence of energy prices between 

branches - in the case of petroleum products partly due no 

doubt to a shortening of contract lengths and a reduced signifi

cance of rebates to large consumers. The energy intensive branch

es thus faced a rise in energy prkes during the first half of the 

70s that was on the average 40 ~ larger than that experienced 

by the other sectors. 

Alternative wa~of measuril!!Lfactor substitution 

Any attempt to explain and measure the possibilities of factor 

substitution in industry must at the , start make two kinds of 

bask choices: a choice of aggregation level and a choke of ad

justment paradigm. 

The choke of aggregation level involves at least three different 

dimensions of the production structure: technologies, factors and 

firms . 

There is obviously a limit to the degree of technological detail 

that could and should be incJuded in an economic production 

model. The use of approximate (or "generalized") descriptions of 

technologies in the form of production functions and of aggrega

tions of those over different technologies has the advantage of 

small data requirements and computational ease. The disadvan

tage is the introduction of approximation and aggregation er rors 

in the numerkal results. The risk of distorted and biased results 

caused by the functional approximation is particularly great if 

the functions used are such as to place a priori restrictions on 
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the facto r substitution to be measured. Fortunately, theoretical 

research in the 60s and 70s has provided us with a family of flex

ible functional forms like the generalized Leontief and the 

translog - which i.a. do not assume any restrictions on substi

tution elastici ties. (For a short survey of these developments cf 

Field-Berndt, 1981). Simulation experiences indicate, however, 

that the aggregation error may still be large enough to make it 

difficult to get stable and consistent estimates on substitution re

lationships from aggregate descriptions of technologies (cf. Kopp

Smith, 1981). 

The conditions for subsuming different machines and constructions 

under an aggregat e capital measure in the production function, or 

for aggregating different labor inputs, have been thoroughly dis

cussed over the past years . In the present studies we have to deal 

with yet another kind of factor aggregation - the aggregate treat

ment of different sources of energy: petroleum products, solid 

fuels and electricity. This brings into focus two new and interest

ing questions. Is the supply of energy to industrial plants so f1ex

ibly designed that energy production from different sources, the 

primary energy allocation system, can be treated as completely 

independent - or "separable" - from other technological deci

sions? 

The second question is concerned with causation in the opposite 

direction. How much will the optimal internai allocation of "com

posite capital" depend on the relative price of energy and the 

way it is produced? As stated above aiready, our intuitive 

reading of the postwar experience indicates a rather strong de

pendence both ways. The rapid substitution of oil for coal in the 

50s was probably not only motivated by labor saving but in part 

dictated by the new technologies imported from the U.S. On the 

other hand it seems evident that the oil price hikes in the 70s 

had an important and different impact on the profitability of dif

ferent types and vintages of existing production capital. Any re

sults of studies dealing with aggregate capital and energy in the 

conventionai way must therefore be interpreted with great cau

tion. 



Aggregating over firms adds yet another problem dimension, 

since i.a. the rate of utilization in the firms may vary with their 

different positions and strategies in the market and the resulting 

allocation of production between firms may not be stab le over 

time. 

Having decided on the proper level of aggregation, one is still 

left with the choice of adjustment paradigm, i.e., the decision 

about how to model the way production is adjusted to market 

changes. 

One part of this choice is concerned with modeling the market 

on which the producers are supposed to operate. If one should 

take into account the particular kind of say oligopolistic market 

structure involved, should discern both sides of the mutual adjust

ment of supply and demand, and consider also the possibility of 

disequilibrium pricing, the modeling ambitions could easily outrun 

the available resources for estimation. The market is therefore 

usually treated in a very simplified manner , e .g., by assuming the 

producers to be price takers and/or to operate within fixed mar

ket shares. 

Changes in market conditions should call forth two kinds of sup

ply adjustment. The short-run adjustment is concerned with accom

modating the market changes within existing capacity by chang

ing the current production and with that the cost-minimizing 

input demands . The long-run adjustment is initiated by capacity 

changes, due both to technological changes and to investment/ 

scrapping activities. Since adjustment is costly and time-consum

ing the relevant decisions will stretch far into the future, and 

will depend on expectations which in turn may be built on histori

cal experience going far back in time. Because of the obvious dif

ficulties involved, very few attempts have been made so far to 

model this adjustment process explicitiyas an intertemporal opti

mization under uncertainty. In most studies the dynamic element 

is simply represented by some rather ad hoc lag structure or ac

celerator relation. (For a thorough discussion of the various stag

es of dynamic adjustment representation, see Berndt, Morrison, 
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Watkins, 1981). Indeed the majority of studies on factor substi

tution documented so far are based on static models which com

pletely disregard the existence of adjustment constraints, assum

ing instead full and instant adjustment. As for technical 

change, whether embodied or disembodied, it is usually, for the 

sake of computational convenience, treated as neutral. This 

means disregarding the possibility observed in many econo

metric studies - that the rate and direction of productivity 

change may depend on relative factor pric("s. 

Most of these problems of simplification and model choice are ex

emplified in the four studies of industrial substitution possibilities 

contained in Part II. Table l gives some indication of the variety 

of models and methods used by the different authors . The first 

five columns are concerned with characteristics related to aggre

gation, the next two columns reflect the choices of "adjustment 

paradigm" while the last indicates the method of estimation. 

Dargay uses time-series data to estimate factor cost shares for 

twelve manufacturing branches. Her translog cost functions 

incJude capital, labor, intermediate good s and energy as argu-

ments, with the aggregate energy input being aJternatively meas-

ured directly in ferms of physical energy units or estimated indi

rectly as a cost-minimizing mix of primary energy inputs. Her 

model is essentially static with Hicks neutral technical change. 

Both a homothetic and a non-homothetic functional form were 

tried , with the non-homothetic formulation giving more signifi

cant and consistent results. Dargay did not, however, succeed in 

producing separate estimates of rates of return to scale and tech

nical change. An FIML estimation program was used in two stag

es - firstly to estimate the cost-minimizing energy mix and se

condly to estimate the cost-shares of the aggregate factors. 

The Jansson study of the Swedish iron and steel industry is based 

on the same time-series data as the Dargay study, deals with the 

same aggregate factors - although assuming proportionality in 



Table I Four approaches to measuring factor substitution 

Production Form of 
Level of factors in cost Adjustment Technical Method of 

Author Data Coverage aggregation estimation function constraints change estimation 

J. Dargay Time-series Total Twelve C,L,M,E, Translog Hicks Two-stage 
1952-76 manu- branches E(e,o,s)a neutral FIML 

facturing 

L. Jansson Time-series Iron and Capital C,L,Ea _n_ Vintage -"- FIML 
1952-75 steel vintages capital, 

of demand and 
branch profit de-

velopment 

L. Hultkrantz Cross-section Wood, pulp Production I,L,M,e,oa Linear Supply LP 
statistics and paper activities constraints, 
and in within current 
engineering northern plants capacity and 
data, 1979 Sweden available 

investment 
options 

S. Lundgren Engineering Iron and Production C,L,M, _"- Short run: LP 
data steel activities e,o,sa capadty 

constraints 
Long run:-

a C Capital E = Energy I = Capital investment o oil >-' 
VI 

L Labor M = Intermediate goods e = electr id ty s solid fuels w 
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the use of intermediate goods - and used the same FIML esti

mation program. However, there are several important differ

ences between his study and that of Dargay. In the Jansson study 

the different annual vintages of production capital are distinguish

ed in the model. Even more important, Jansson's model, which 

is of the "putty-c1ay" type, attempts to explain adjustment in 

terms of gross investment and scrapping of production capacity, 

with the technology of the new capacity reflecting current factor 

prices. In such a dynamic model, "substitution effects" in terms 

of technological adjustment in new capacity to short-term chang

es in factor prices, may be overlaid and dominated by "vintage 

effects", resulting from adding new capacity to an existing stock 

which reflects techniques and prices over the past thirty years. 

Two inputs - like capital and energy - may then be substitutes 

in the technological sense and yet be compIementary over time, 

even without non neutral technical change. In this way, the Jans

son study reconciIes the diverging and controversial results obtain

ed in earlier studies of the elasticity of substitution between ca

pital and energy in various manufacturing branches. 

The two following studies both use a radically different approach. 

Instead of time-series data they use cross-section and/or engi

neering data and are then able to model individual production ac

tivities within the branch in question. For the same reason there 

is no need for them to try to aggregate the diverse kinds of pri

mary energy resources. To be able to handle this mass of techno

logical information, they are forced to Iinearize all relations, so 

that optimal production plans can be computed with linear pro

gram ming techniques. While in the preceding studies elasticities 

of substitution could be computed from parameters of the estimat

ed functions, they can now only be very roughly approximated 

by comparing the outcome of different runs of the LP-models. 

Hultkrantz' study of the wood, pulp and paper industry in north

ern Sweden encompasses two periods and includes different pack

ages of investment options for the two time horizons. The op

tions are those currently considered by the firm at the time of 



the enquiry (1979). In terms of this multiperiod model Hultkrantz 

can define a concrete and specific meaning and measure for the 

distinction between short-run and long-run adjustment. A special 

feature of the Hultkrantz model is the fact that the paper and 

pulp industry is here embedded within alarger model, which 

takes explicit account of alternative uses of wood - for the saw

ing industry and more particularly for heat generation. One of 

his main conclusions, of great importance and relevance for cur

rent Swedish energy policy, is that only very drastic further in

creases in the relative oH price could make wood-based heating 

stations a serious competitive threat for the forest-products indus

tries. This and related results are derived by maximizing the 

quasi-rents to industrial capacity and the price of stumpage sub

ject to the constraints set by industrial capacity, investment op

portunities and avaHable volumes of wood of different kinds. 

Lundgren's study of the iron and steel industry is entirely based 

on engineering data and blueprints for future t echnologies. His 

model is essentially a static one- period model with explicit cap

acity constraints. Long-run adjustment can be defined and meas

ured by eliminating all capacity constraints. While Hultkrantz' ex

periments are based on maximizing profits or quasi- rents , Lund

gren's simulations all deal with cost-minimization, holding the out

put mix constant. 

Some numerical results 

Four different ways to model reality lead to four different 

modes of designing questions about factor substitution - and 

imply four different types of answers . We will make no attempt 

here to sur ve y or summarize the numerical results recorded in 

the four studies in Part II. The examples presented in Table 2 

below merely serve the purpose of illustrating the variety of nu

merical experiments performed and of substitution mechanisms in

vestigated. 
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Table 2 Elasticities of substitution - sorne nurnerical results* 

Author 

J. Dargay 

L.Jansson 

L.Hultkrantz 

S. Lundgren 

Type of 
elastieity 

Allen partial 
elastieity of sub-
stitution = (1 

Priee 
elastieity = E 

- -

Are eross-priee 
elastielty .. e 
(profit maxi
mizatlon under 
supply and eapaeity 
eonstralnts) 

Are eross-priee 
elasticity .. e 
(eost miniml
zation for gIven 
output mIx) 

Braneh 

Total manu-
faeturing 

Wood, pulp 
and paper 

Iron and steel 
(Primary metals) 

Iron and 
steel 

Wood, pulp 
and paper 
in 
northern 
Sweeten 

Iron and 
steel 

Homothetie eost funetlon, direet est1mates. 

Energy(011) -
- Capital 

a 
RC 

-1.43 1 

(1 = -0.59 1 
EC 

(1 = -0.66 1 
F.C 

(1EC 0.82 4 

e Io• -0.57 5 

2 Partiai substitution effeets, total energy eonsumption eonstant. 

3 Total own-priee elastlelty, non-homothetle total eost funetlon. 
4 Elastieities of the ex ante produetlon funetlon 

5 50% 011 prlee lnerease, long-run adjustment including output change. 

Energy(011) -
- Labor 

aEL= 0.12 1 

aEL 
z 0.02 1 

(1EL .. -0 . 61 1 

(1EL 
. 2.634 

eLo• -0.29 5 

6 50% oil priee inerease, long-run adjustment without investment eonstraints, 
ntttout eonstant. 

011 -
Eleetrieity 

(1 0.21 2 
oe 

a 0.22 2 
oe 

(1 0.24 2 
oe 

eeo" -0.72 5 

e .. -0.26 6 
eo 

Energy (011) 
....... 
Ut 
0\ 

E -0.29 3 
00 

E -0.28 3 
00 

E -0.26 3 
00 

EEE • -0.98 4 

eoo s -0.49 5 

eoo" -4.36 
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The different approaches are reflected in different notions and 

measures of the elasticity of substitution. 

The concept of elasticity of substitution, as originally introduced 

by Joan Robinson (Robinsonj 1933), is intended to measure the 

ease of substituting between two inputs, when output is held con

stant. lt is usually defined as the derivative of the ratio of two 

input levels with respect to the ratio of the two corresponding 

input prices. For a production function with two inputs, 

Q = f(x l' x2)' and the corresponding input prices, p l' P2' the 

elasticity of substitution can be written as: 

d In(x 1/x 2 ) 

d In(P2/ P l) 

er 12 here grows larger as substitution becomes easier. Also, when 

er 12 > 11, the cost share of input l becomes larger relative to 

the cost share of input 2 when input 2 becomes relatively more 

expensive. 

With more than two inputs involved, however, different defini

tions of elasticity result from different choices of the eeteris pa

ribus eonditions under whiCh the partiai derivatives are obtained. 

The most eommonly used definition - the Allen-Uzawa partiai 

elasticity of substitution - is simply a price cross elasticity 

weighted by the inverted value of the eorresponding eost share: 

er 
i j 

d ln(x . /x.) 
l l 

d I n 

d In 

x . 
l l 

p. =k. 
l Q=Q l 

where kj denotes the eos t share of the jth input. In this defini

tion all other inputs adjust optimally to the price change. 

As shown in Table 2, Dargay's elasticity measures for total manu

faeturing show eomplementarity between capital and energy, 

E .. , 
l l 
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while energy and labor appear to be relatively independent of 

each other. Oil comes out as a rather poor substitute for electri

city, and also registers a low own-price elasticity. 

Her results for the wood, pulp and paper industry, also shown in 

the table, are very sim ilar to those for total manufacturing al

though the complementarity between capital and energy does not 

register as strongly for this branch. 

For iron and steel and other primary metal industries the one 

main divergence in results, compared to the wood, pulp and 

paper industry, is the complementarity here registered also be

tween energy and la bor . 

As for intermediate goods, Dargay's results seem to support the 

conclusion from Parks' earlier study of Swedish manufacturing 

1870- 1950, that capital and labor in most branches are not separ

able from intermediate goods (Parks, 1971). 

In Jansson's production model for the iron and steel industry a 

distinction can be made between the "potential" substitution possi

bilities of the ex ante production function and the actual realiz

ed substitutions, which may to a large degree be determined by 

"vintage effects" , i.e . by the inertia due to older capital vin

tages. This may explain why energy shows up in his studyas a 

strong substitute in the more narrow technological sense for both 

capital and labor, while the opposite resuJt is derived from Dar

gay's static model. 

The elasticity measures recorded in the LP studies of Hultkrantz 

and Lundgren are quite different from those used in the preced

ing papers . Firstly, they are are elasticities, which means that 

instead of being computed from parameters of estimated produc

tion functions, they are rough measures of average effects of in

tramarginal - and in fact quite drastic - price changes in the 

model simulations. 



Seeondly, there are in the simulations important eonstraints 

eoneerning produetion eapacity and raw material supply - on the 

adjustment of inputs . In this regard their elasticity measures are 

not so mueh related to the Allen-Uzawa elasticity as to the eon

eept of "direet" elastieity of substitution, which holds eonstant 

other inputs than those direetly concerned (McFadden, 1963). 

Thirdly, what they compute are straightforward cross price elasti

eities and not elasticities of substitution, although these two con

eepts are cl('lsely related (d. above). 

Finally, in the case of Hultkrantz, the elasticities are not com

puted with output held constant, which means that the measured 

effects of input price increases are also influenced by shrinking 

total production. 

This last point probably to a large extent explains why Hult

krantz finds energy to be a complement not only to capital but 

also to labor . F or the case of regu1ar neoclassic production func

tions it has been shown (Field-Allen, 1981) that a cross price elas

ticity with freely variable output can be defined as; 

d l n x. 
11 . . 

j 
k . 11 W, 

d l n E:' . + 
j J p. Pk = Pk j J J 

J 

k * j 
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where kj is the eos t share of the jth input, 11 denotes the (eost) 

price elastieity of output, while W represents a funetion of the 

rate of return to scale such that W = l when this rate is con

stant . 

In Hultkrantz's model, output will decrease with rising eosts 

while the rate of return to scale is non-increasing. Even if an oU 

price hike would mean that capital and labor tended to replace 

energy the consequent downscaling of production could therefore 

lead to eomplementarity being register ed with this kind of elasti

city measure . The same evidently is true in regard to the substi

tution relation between electricity and oil. 
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The weak complementarity between oil and electricity in Lund

gren's model of the iron and steel industry seems instead to be 

caused mainly by switches between different technologies. In the 

short-run version, with effective constraints on investment, the 

sign of the elasticity is reversed due to the fact that the elec

tric arc furnace is then still a viable option. The own-price elasti

city for oil recorded by Lundberg for the long-run version seems 

surprisingly large, which may at least partly be due to his proba

bly unrealistic assumption of flexible furnace equipment, making 

possible a costless switch from oil to internally generated fuels 

like coke-oven and blast-furnace gas. 

Structural change and energy use in the future 

One of the reasons for measuring substitution possibilities is the 

need to gauge the future energy requirements in Swedish manu

facturing. To discern future trends in industrial energy demand, 

one must study the dynamics of industrial investment and growth, 

analyzing the effects on specific energy use and tracing the 

changing branch composition. 

That is the aim of the study by Ysander-Nordström making up 

Part III of this volume. The authors try to accomplish it by simu

lations on a dynamic macro model of the Swedish economy, in

corporating a vintage approach to industrial capital, and a relati

vely detailed description of the different mechanisms for energy 

substitution. Many of these mechanisms have been modeled using 

the estimates of price elasticities derived by Dargay and Jansson. 

Some of the most interesting results of this study are summariz

ed in Table 3. For each form of energy the change of total use 

in manufacuring during the period 1980-2000 is recounted as the 

change in production volume multiplied first by the change in 

energy coefficients (structure being held constant) and then by 

the change in energy use structure (energy coefficients being 

kept constant). 
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We see that for total energy the "structural" effect is of the 

same magnitude as the change in specific energy usage. The 

same is true for total fuels ·and for electricity. The change in 

specifie usage varies, however, between thefuels as to both sign 

and magnitude. While speeifie usage is halved in the ease of oil 

i t inereases almost by half for eoal and by some thirty per cent 

for domestie fuels. 

Som e rather dramatic ehanges in the energy system are moreover 

expected to occur during the period. The c10sing down of nuclear 

reactors, beginning in the 90s , will mean an end to the "electrici

ty glut" and will imply higher electricity prices, which can be ex

pected to cause a eertain slow down both of mechanization and 

electrification and of oil saving in manufacturing. 

Table 3 Factors determining change of energy use in manu-
facturing, 1980-2000 

Relative change 2000/1980 in: 
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total specific use b energy 
p roduction • energy structure use 
vo1ume usagea 

OH 1. 65 0.52 0.93 0.79 

eoa1 1.1i5 l. 46 0 . 86 2.07 

Domestic 
fue1 1. Ii 5 1. 29 0 . 83 1.77 

Total 
fue1 1. 65 0.9 0 0 .87 1. 29 

E1ectri-
city 1. 6S 0.92 0.91 1. 38 

Total 
energy 1. 6S 0. 90 0 . 88 1. 31 

a Weighted average of specific energy usage with 1980 production 
shares as weights. 

b Weighted average of production shares with specific energy 
usage in 2000 as weights. 



162 

One way of summartzlng the findings reported in Table 3 would 

be to note that hal f the total energy savings up till the tum of 

the century would be realized even if the average energy-effi

ciency remained unchanged within each . manufacturing branch. 

Having worked our way through the maze of econometric estimat

es of substitution possibilities within the manufacturing branches, 

we thus come back to the conclusion already derived intuitively 

from post war experience. Energy saving and energy economy are 

not just matters of public and private energy policy. They depend 

as much on economic development in general and on the rate of 

industrial restructuring in particular. 
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CHAPTER VI 

Local Gorvernment and 
Economic Growth 
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One of the most striking features of the Swedish economy today is the grow
ing dominance of the local government sector . Out of the national income 
almost one third is channelled through the budgets of local governments, 
who employ one fifth of the labor force. Local government spending has 
been outrunning the GNP with a growing margin, doubling its share over the 
last twenty years. 

Organizational power has grown with the money. In the post war period 
there has been agradual concentration of the decision-making process. 
While the number of local government has decreased to about one-fourth in 
the last fifteen years-24 counties and 277 municipalities right now-some 
of the most expansive areas of service production, like mental health care 
and secondary schoois, have been taken over from the state by local govern
ment. 

The sphere of responsibility of local governments has, therefore, widened 
significantly bot h in form and in content. Individual counties and 
municipalities today have much greater possibilities of independent long
term planning and procurement and of negotiating with the central govern
ment and with large corporations. Along with the successive diversification 
of the services supplied there has also been a widening of their area of 
responsibility through their increased participation in distribution and 
stabilization policies. 

Throughout this expansion the local governments have retained a degree 
of financial independence of central government, which is rather high by 
West European standards . Of their total gross expenditures only about on e
fourth is paid by state grants, while local taxes make up for 45 070, fees and 
user charges 20 070, with loans and capital income making up the remaining 
10 %. For high-lighting the degree of tax-financing of the local services, 
another way of calculating may however be more relevant. If one includes 
only net profits-or losses-of public utilities, net new borrowing and net 
transfers from the state (i.e. subtracting taxes and fees paid by local govern
ments to central government) another financial picture emerges. Of the total 
local government spending directed toward the private sector about 90 % 

was paid by taxes of which only one sixth was channeled through the state 
budget. The remaining 10 % was made up of some 7 % for fees and only 
about 3 % of new loans. 

The growing importance of local governments as an independent force in 
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the Swedish economy has motivated an econometric study within IUI, from 
which the historical data and perspectives presented in the following are ex
tracted . 

A Long-Term Perspective 

Figure 7 represents total local government expenditure as a percentage of 
GNP at factor prices. The figure shows how a relatively slow rate of growth 
during the 1920's, 30's and 40's was replaced, from the beginning of the 
1950's, by a dramatic expansion that is still continuing. 

Figure 8 shows how local government expenditures were distributed 
among spheres of activity in the years 1913, 1953 and 1977. The relative 
development pattern changed from the period between the two world wars to 
the postwar period. While, for example, in the earlier period education and 
industrial activities tended to increase their sh are of total local government 
expenditure, they now account for a successively smaller part of the budget. 
Provision for housing, however, shows a development in the opposite direc
tion, while medical and health care has, during the entire period, increased 
its share of total expenditure. 

Figure 9 represents the three largest and fastest growing categories of local 
government expenditure-education, medical and health services and social 
services. The latter two categories are the only ones that, in terms of averages 
for the whole period, have expanded faster than total expenditure. 

Medical and health services have been growing fast since the 1930's, while 
the growth rate of social service expenditures has substantially exceeded that 
of total expenditure on ly during the beginning of the 1930's (the years of the 
Great Depression) and the 1970's. Expenditures on education have 
throughout followed the same pattern of growth as total expenditure. 

Figure 10 presents in a corresponding manner the development of local 
government expenditures on those spheres of activity that are, in a wider 
sense, inter-connected with physical planning. During the inter-war period, 
expenditure on housing increased at a rate slower than that of total expen
diture but has made up for this by growing faster af ter World War II. 

Expenditures on roads and highways showed similar development until 
the beginning of the 1970's but have since been given a low priority bot h by 
central and local government. Finally, expenditures on justice and law en
forcement, municipal planning and general administration showa relatively 
irregular development where, for example, stagnation during the latter part 
of the 60's gave way to an accelerated expansion during the 70's, particularly 
marked in the case of expenditure on general administration. Part of the ac
celerated increase of this group of expenditures is probably explained by the 
numerous mergers between municipalities in the early 70's. 
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Figure 7. Loca! government expenditure as percentage of GNP, 1913-1980 
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Figure 8. Distribution of local government expenditures on types of activity, 
1913, 1953 and 1979 
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Figure 9. Local government expenditure for education, medical care 
and social services, 1913-1977 
Index 1913 = 100 
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Figure 10. Local government expenditure for justice and law etiforcement, 
general administration and municipal planning, road services and 
housing, /913-1977 
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The Swedish Welfare Strategy 
The restructuring of the Swedish economy in postwar years has been rapid 
although not exceptional compared to other western countries. Over the thir
ty years since 1950 agricuiturai employment has been drastically reduced and 
corresponds today to less than 5 070 of the totaiiabor force. The matching in
crease has occurred in the services, particularly in the public services, which 
doubled their share of GNP and trebled their employment share. The major 
part of this expansion too k place within the local government sphere-in 
education, medical care and social welfare. Manufacturing industry mean
while kept its share both of GNP and employment relatively unchanged. The 
enlarged public service provision was almost entirely paid for by taxes, 
which tre bl ed relative to GNP. It was again local governments that were 
responsible for the major part of the tax increases. 

What has given the Swedish welfare state a characteristic profile of its own 
is not only the size of the public budgets, although it tops the list of interna
tional statistics in this respect, with roughly two-thirds of all income being 
channeled through public budgets. There also is what could be called a 
characteristic Swedish welfare strategy concerned with the ways of using 
public budgets for redistribution purposes. 

On the spending side there are two major alternatives as to how to make 
social services freely available. Government can do it by subsidized in
surance schemes or by direct in come transfers to cover the necessary costs, 
leaving at least part of actual choice of service procurement and use with the 
individual. Alternatively, the government may assume monopolistic respon
sibility for service supply and distribute the service free of charge but con
strain and regulate the access. Sweden has in postwar years very decisively 
chosen the latter course. Compared with major West European countries 
like Italy and France bot h the postwar growth and the level reached of public 
transfers relative to total income have been rather moderate in Sweden. It is 
instead the public price subsidies, in particular the tax-financing of the social 
services, that have grown exceptionally fast and now dominate the public 
budgets. This choice of strategy has at least partly been induced by the 
prevalent notion of free medical care and social welfare services having a 
more substantial redistributive impact than any alternative payment 
schemes. 

The importance in Swedish public budgets of price subsidies in this general 
sense is demonstrated by Figure Il, where total public spending has been 
divided according to the "mode of distribution" into expenditures for tradi
tional collective good s like defense, justice and central administration, price 
subsidies dominated by local government provisions and finally income 
transfers of which a major part are social insurance payments from central 
government. 

A marked concern for redistribution also characterizes the Swedish "tax
ing strategy', . In all countries the importance of indirect taxation has grown 
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in the postwar period along with income transfers-partly due to the enlarg
ed coverage of social insurance. As shown in Figure 12 the personal income 
tax in Sweden, however, has increased in step with total taxes-in contrast to 
the changing tax structure of i.a. France, Italy and West Germany. The cen
tral government part of the income is high ly progressive, although it is hard 
to know how much of actual redistribution that is effected. We can also see 
from the figure that the households nowadays receive almost as much 
transfer money from government as they pay out in income taxes . 

Figure 11 . Mode of distribution o/public spending in Sweden 1950--1980 
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Figure 12. The taxing strategy 
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Is Local Government Spending Out of Control? 
In recent years there has been a rising concern in Sweden about the develop
ment of local government expenditures . The rapid expansion of local 
government services has of ten been blarned not only for pushing up the tax 
scales and with that inducing various disruptive tendencies towards tax eva
sion and tax adjustment. It has also been suggested that local government 
competition in the labor market has contributed significantly to wage infla
tion and recruitment problems within Swedish industry. The accelerating 
cost increases in the social services during the latter part of the 70's have 
been interpreted by manyas signs of a falling productivity due to agencies 
creating too many new service jobs as part of the efforts to keep down open 
unemployment. 

Looking ahead into the 80's one of the few things we can be fairly certain 
about is that local government expansion can not be allowed to continue at 
the rate established during the 60's .and 70's. We have neither the goods nor 
the people to sustain that kind of growth. Even in absolute amounts the an
nual increases in local government resources will have to be somewhat reduc
ed if we want to get rid of our externai payment problems before the 90's and 
avoid having in the meantime to lower real net wages and private standards. 
However, making the municipaiities ch~mge fast enöugh into a slower 
growth-track in spite of good liquidity and rather rigid long-term plans may 
weil prove to be one of the crucial economic problems in the next few years . 

Researching the Problems 
It is against this background that lVI has started an econometric study of 
local government behavior in Sweden. An explanatory model of local 
government spending- split up into 16 different categories- and taxing 
decisions has been estimated on data from the 60's and 70's. Based on this 
model, various specific problems are now being researched . Service produc
tion data are test ed to detect possible changes in production "techniques" . 
The effectiveness of central government grant policy in various areas of ser
vice production will be measured .1 By integrating the local government 
mode! into a large growth mode! for the total economy we are able to study 
interactions between local government expansion and growth in other sec
tors .2 Finally the model has been used for projection of actuallocal govern
ment spending and taxing into the 80'S.3 

I A first attempt of a closer look at the effeets of grants on loeal government expenditures and 
employment has been presented in: E.M. Gramlieh and B."C. Ysander, Relief Work and Grant 
Displacement in Sweden, lVI Working Paper No. 30, 1980. 

20ne such projection was documented and discussed in: B.-c. Ysan·der, "Offentlig ekonomi i 
tillväxt" (Public Service Growth), Chapter 8 in Att välja 80-101 (lVI Medium Term Survey 
1979), lVI, 1979. 

3C f. i.a . T. Nordström and B.-c. Ysander, "Offentlig service och industriell tillväxt" (Public 
Service Supply and Industrial Growth), lVI Research Report No. II, 1980. 
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CHAPTER VII 

Public Policy Evaluation in Sweden1 

Auditing the Swedish Welfare Economy 

Auditing a market economy normally means making sure that effective com
petition is maintained. Auditing a welfare state is a mu ch more complex 
task. It means i.a. evaluating the efficiency of government monopolies by 
the use of hypothetical market analogies. At the same time, the equity con
siderations of the welfare state have to be observed. The outcome of auditing 
will depend on the choice of criteria for comparison - alternative govern
ment policies or market solutions, alternative taxes, lumpsum transfers etc. 
The more dominant and all-embracing the public sector becomes and the 
more ambitious the redistribution policies are, the more confused the 
Government objective function will be and the more difficult it becomes to 
do the auditing work. But the reason for doing it will be all the more press
ing. 

There are several pressing reasons for Sweden to be particularly con
cerned about the evaluation of public policy . 

Tax rates and public spending sh are s are the highest in the world. More 
than 70 percent of total income is channeled through public budgets rather 
than through markets. 

Compared to other West European countries the Swedish welfare strategy 
is based on the provision of free public services, implying both relatively 
more public employment and long-term and inflexible commitments of pub
lic funds. 

The rapidly increasing Swedish public budgets are dominated by expendi
ture used for price subsidies in general, and public consumption in particu
lar. The share of income for collective security has remained more or less 
constant around 10 percent over the whoJe postwar period. The dramatic 

I Revised and shortened version of a lecture given at Colloque International "L'Evaluation des 
Politiques Publiques", Paris, 15-16 decembre 1983, published as "L'evaluation des politiques 
publiques en Suede", in Nioche, J.-P. and Poinsard, R. (eds.), L'evaluation des politiques 
publiques, Economica, Paris, 1984, and in IUI Booklet No. 215, Stockholm. 
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expansion of the public budget share is entirely due to social security expen
diture, which has almost tripied its share during the last 30 years. 

Most social security expenditures can be said to be ultimately concerned 
with redistributing real income. This may take the form of insuring against 
social and economic risks, redistributing resources over the individual's life
time or shifting the leve Is of life income prospects between individuals. This 
me ans that policies have been focused on the distributive effects. One reason 
why policy makers so far have of ten been unappreciative towards attempts at 
economic policy evaluations may indeed be their preoccupation with feasible 
redistributions. Economists, on the other hand, of ten treat redistribution as 
a side-issue, or a restriction on their main concern with efficiency and/or 
macroeconomic stabilization. 

Policy ambitions are mirrored by the perceptions or models of economic 
reality used in public economic analysis . One problem is that these percep
tions have changed as a consequence of the economic events of the 70s. 

Policy Evaluations in a Swedish Context1 

Some kind of policy evaluation normally precedes policy making. The policy 
cycle begins with policy analysis - the ex ante evaluation of options on which 
the policy decision is based. Then comes implementation and finally ex post 
evaluation - the theme of this paper - hopefully opera ting as a learning ex
perience for the next round of policy making (Edlund, and others, 1981, and 
Wildavsky, 1979). 

What one ultimately wants to evaluate is the social effectiveness of the im
plemented policy, i.e . its effects on the welfare of individuals and groups in 
the community. In most cases this is the same as its impact on the size and 
distribution of real income. 

A useful distinction can be made between, on the one hand, policy effec
tiveness and , on the other hand, management efficiency. The second me a
sures the efficiency in implementing policies . A good deal can be learned by 
simply looking inside Government offices. Evaluating policy effectiveness, 
on the other hand, almost invariably requires "field studies" of the policy 
impact on private individuals and organizations (Farell, 1957, and F0rsund, 
Lovell, and Schmidt, 1980) .2 

l For an alternative resume of the Swedish experience in public policy evaluation cf. Premfors, 
1984. 

2 The reader will notice that, contrary to the practice among business economists, we here use 
effectiveness as a broade r concept than efficiency, encompassing also distributionai consider
ations . The simplified distinction used above thus disregards the fact that implementation de
cision on the management leve l may also have important distributionai consequences. For an 
extensive discussion of efficiency concepts and their applications to public administration, cf. 
Jackson, 1982. 
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The reader will notice that, contrary to the practice among business econ
omists, we here use effectiveness as a broader concept than efficiency, en
compassing also distribution al considerations. The simplified distinction 
used above thus disregards the fact that implementation decision on the 
management level mayaiso have important distribution al consequences. For 
an extensive discussion of efficiency concepts and their applications to public 
administration, cf. Jackson, 1982. 

In evaluating efficiency in the private economy, economists of ten argue 
that welfare Iosses due to misallocation are negligible compared to the Iosses 
due to inefficient resource use within each line of production (Leibenstein, 
1966). There are reasons to assume that the opposite applies to the public 
economy. Apart from distortions due to taxes and subsidies, there are the 
problems involved in "filtering" preferences through a representative 
democracy and its bureaucratic machinery. Intuitively , one would therefore 
expect the "non-market failures" to be far greater than the "market fail
ures". 

At least in Sweden, public opinion tends to regard the problem of inef
ficient public administration as limited compared to the risks of ineffective 
policy choices. Inefficient public bureaucracy therefore appears as less of a 
problem in Sweden than in most other countries. Many factors have contrib
uted to this, nota bly a long tradition of disciplined and incorrupt bureauc
racy. An overgrowth of central administration has not yet occurred. More
over, the public sector is mainly associated with health and education - status 
goods in expanding demand. Compared to most other countries public pol
icy in Sweden is also more decentralized. The relatively independent local 
authorities , municipalities and counties are responsible for more than two 
thirds of all public consumption (Ysander-Murray, 1983) . Even central 
Government power is decentralized; policies are mainly executed, and of ten 
also initiated, by independent national agencies. 

Although the number of domestic policy-issues in Sweden is comparable 
to that of a larger country, a small country has less resources for specialized 
policy evaluation . Decentralization has of ten provided an excuse for not 
even trying . Conventionai wisdom among politicians is that decentralized 
decision-making is a substitute for policy evaluation. Public attention to poli
cies is more immediate, when decisions are made "doser to the market" . 

There are two addition al features of Swedish postwar politics, that have 
tended to lessen the interest in evaluating policies. 

Many of the political institutions - like Government Committees - have 
been designed to produce consensus decisions. At any time there are 200-
300 of these committees at work, with an average lifetime of 3-4 years . I They 

l 206 Govt. Commissions were at work in the autumn 1983. Efforts are being made to speed up 
the investigative process, aiming at a maximum lifetime of 2 years. 
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are composed of MPs and representatives of different inte rest groups. Their 
task is to prepare - and negotiate - major policy changes and new legisiation . 
Committees contract outside experts to review the past or develop newop
tions, but are usually narrowly constrained by Government directives. Con
sensus politics mean that decision-making takes time. It might even include 
evaluation of past policies. But once consensus decisions are taken, interest 
in reappraisal tends to vanish. 

Major policy decisions usually represent a heavy investment in terms of 
political credit. A certain amount of indoctrination is usually required to en
sure support and acceptance. Hence, enthusiasm among responsible parties 
for later checking policy arguments against facts is normally lacking.' 

The very rapid economic growth in the 50s, 60s and early 70s furthermore 
focused political inte rest on policy expansion and incremental change rather 
than on policy restructuring and alternative options. This necessarily limited 
the possibilities of evaluation by narrowing the range of "experimental vari
ation" in the available data . 

From Program Evaluation to Problem Reappraisal 

Before 1960 the Government made no systematic policy evaluation. Evalu
ations - if they occurred - were initiated by some Government Committees 
to develop arguments for new legisiation. The monitoring of public adminis
tration by the National Audit Bureau was limited to safe-guarding the inter
est of fiscal regularity and public accountability - what is nowadays of ten 
terrned compliance auditing. 

The period from 1960 to the late 70s witnessed an expansion in program 
evaluation. Both the economy and the public sector were growing rapidly, 
particularly local authorities, which expanded almost twice as fast as GNP. 
How to organize a trebling of university students and yet accommodate an 
even faster growth of adult studies was a typical concern of Government. 
Health and welfare services and pension schemes had to be prepared for a 
doubling of the number of old-age people. Public child-care capacity "had 
to" double to facilitate female labor participation needed to replenish an 
overheated labor market. Ambitions expanded and be gan to include better 
la bor market matching and retraining, an "improved" regional balance of 
manufacturing investments, etc. Not least important was the need to reor
ganize public administration to cope with all new tasks. 

Contrary to what happened in the Anglo-Saxon countries, program 
budgeting, PPBS', was developed and introduced in Sweden not as an in-

l Tarschys provides a stimulating discussion of the waxing and waning of political interest in 
policy evaluation during different phases of policy-making (see Tarschys, 1983). 

2 Planning - Programming - Budgeting - Systems. 
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strument for central Government policy making but as a way of decentraliz
ing the administration to increase efficiency at the agency leve!. Program 
budgeting became an accepted routine for an increasing number of agencies. 
A unified scheme for program cost accounting and internai program reviews 
were gradually introduced in the agencies . The National Audit Bureau trans
ferred its resources to selective checks on agency decision-making and re
views of programs. However, the risk of "in-built" expansion, always in
herent in the PPBS approach, still remains a problem, although endogenous 
expansion has been curbed through enforced plans for program reductions 
at agency level (National Audit Bureau, 1983a and b, SOU 1979:61). 

At cabinet level, ad hoc Government Committees were subjected to com
petition when severallarge ministries initiated their own R&D committees, 
with a semi-independent and semi-permanent status, staffed with both ex
perts and civil servants. These committees were authorized to monitor and 
initiate policy research. Most policy evaluation at the time in fact took place 
in these committees. The record of serious policy evaluation, however , is far 
from impressive. Methods were crude and efforts low keyed. A few pioneer
ing attempts at statistical analysis of program effects can be noted from the 
early 70s (SOU 1974:29, Björklund, A., 1981, and Kjellman, S. , 1975) . 
These efforts, however, cannot match the steady outflow of studies and the 
rapid development of statistical evaluation methods achieved in the United 
States eve r since the negative income tax experiments (Guttentag, Struen
ing, 1975, and Premfors, 1984) . Some experiments were carried out locally 
in the social welfare fields, but these experiments we re seldom used as a basis 
for a full scale evaluation. Economic evaluations of medicines and medical 
treatments did, however, become increasingly frequent. A common prob
lem which we have as yet done little to solve concerns the poor availability 
of relevant and reliable panel data. The lack of good data is also the excuse 
of ten used to explain the very small amount of evaluation work in the field 
of taxes and transfers. 

Within university education, however, policy changes and reform evalu
ations have been frequent in the postwar years (Edlund and others, 1981; 
Neave and Jenkinson , 1983; and Premfors, 1983) . 

Af ter 1976, the long period of postwar prosperity was succeeded by indus
trial stagnation. A bourgeois Government was elected af ter more than fort y 
years of socialist hegemony. Policy evaluation from now on could best be 
characterized as problem reappraisals. The mounting economic and finan
cial problems, and the frequent changes in Government made it both pos
sible and necessary to reconsider basic policies and conventionai wisdom 
(SOU 1979:61). The political consensus was breaking apart and the climate 
of opinion was undergoing drastic changes. 

This led not only to a heightened interest in policy evaluation but also to 
a change of direction of the evaluation work. From having been mainly "pro-
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gram-oriented", evaluation work has become increasingly "problem-orien
ted" . Instead of starting at the top level with an individual program like labor 
mark et retraining, and following it down the line to its final execution, trying 
to measure its differential impact on individuals and firms, the tendency now 
is to go the other way around . One begins by studying the total impact on a 
specific target group, such as children in day care. 

At the management level, this has meant new tasks for the National Audit 
Bureau, which is now allowed not only to look at individual agencies and 
programs, but also to reappraise the efficiency of program and agency struc
ture. The National Audit Bureau has established routines for computing to
tal public transfers for various types of households and firms, and is studying 
the effects of diverse licensing laws and of deregulation measures in pro
gress. 

At the policy-making leve! there is a new interest in evaluating whole pol
icy systems by comparing the m with radically different alternatives. The 

. Treasury has recently established its own R&D-committee, using it as a 
sounding-board for new policy options. Its inte rest extends to the appraising 
of new transfer structures and new mode Is for social insurance. 

Table 1 presents the various modes of public policy evaluation mentioned 
above in a summary fashion. In terms of this table Swedish development 

Table 1 Different modes of public policy evaluationa 

Object 
of study 

Management 
regularity 

Management 
efficiency 

Policy 
effec
tiveness 

(Alloca
tive effi
ciency, 
dis tri
butional 
effects) 

Method of 
approach 

Program-oriented 
study of incre-
mental change 

Compliance 
auditing 

Management 
auditing . Cost-
effectiveness 
studies 

Effectiveness 
auditing 

Program 
evaluation 

Cost-benefit 
analysis 

Problem-oriented 
study of intra-
marginal change 

Studies of 
budgetary 
controi systems 

Studies of 
bureaucratic 
systems 

Social welfare 
studies. Total 
impact studies 
of public policy . 
Studies of 
alternative 
modes of financing 
and distributing pub-
lic services and in-
surance. 

a For a more ebborate classification scheme for public evaluation cL e.g. Ahonen, 1983. 
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since 1960 can be characterized as a sh if t of emphasis "downwards" - from 
management regularity to policy effectiveness - and "to the left" - from pro
gram-orientation to problem-orientation. 

However beneficial reappraisals are, the y can not replace the painstaking 
work of analyzing program impacts. Unfortunately, such work has not pro
gressed in late years, and no effort has been made to build the necessary 
foundations in terms of good panel data and trained analysts. In the case of 
labor market policy and social welfare policy very little has been done to 
continue the statistical analysis initiated in the early 70s . 

Only in one field has there been a fast expansion of evaluation work dur
ing recent years, viz. energy policy. A deluge of energy research funding has 
been channeled into policy and project evaluation work (Andersson-Bohm, 
1981; Vedung, 1982; and Ysander, 1983). 

Development in policy analysis during the last decade has also been disap
pointing. Benefit-cost analysis has, so far, become an administrative routine 
on ly at the National Road Agency. Good benefit-cost work on public pro
jects is rare. The same is true for policy analysis using large scale simulation 
modeis, although an increasing interest has been noticed in the last few years 
(Carlsson-Bergholm-Lindberg, 1981; Vedung, 1982; and Ysander, 1983). 
There is of course a close connection between developments in policy analy
sis and policy evaluation . Evaluating policy means evaluating a social exper
iment. It is the n important to know, by policyanalysis, the expected conse
quences of the experiment. 

The Evaluation Bureaucracy 

The organization of Swedish evaluation work is exhibited in Figure 1. 

Parliament and Cabinet 

The Parliament Audit Bureau is quite small and subordinated to a board of 
MPs. Its size and the political monitoring of its analysis have, so far, tended 
to reduce its role . This also reflects the weakened position of Parliament vis
a-vis Government during the last half-century. Frequent changes of govern
ment and the precarious parliamentary balance in recent years have not re
ally changed that situation. 

The traditional and dominant vehicles for policy evaluations in Sweden 
are the Government committees. Government directives and the tight time 
schedules of committee work narrowly limit the scientific ambitions of the 
evaluations. The most important function of the committee is to prepare the 
way for a consensus decision in Parliament. Hence, the expert arguments 
are of ten used more as political ammunition than as an objective support of 
decisions (Premfors, 1983). 
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Figure 1 The Swedish organizational structure 

C G 
O 

E V 
E 

N R 
N 

T M 
E 

R N 
T 

A 

P 
R 
I 
V 
A 
T 
E 

6 Public policy-making organizations 

Parliament 
Audit Bureau 

o Organizations responsible for evaluating public policies 

The second important source of policy evaluations at cabinet level are the 
temporary R&D committees, set up by ministries like Justice (BRÅ), Labor 
(EFA), Industry (ERU) , Social Welfare (DSF) and Treasury (ESO) . 

National Agencies 

A Swedish minister of state has a power position very different from, say, 
his French colleague. All cabinet decisions are taken collectively, and the 
minister's own staff rarely exceeds 40-100 people. Most executive work is 
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handled by the associated national agencies in accordance with a 300-year
old tradition. The national agencies enjoy a high degree of autonomy and 
protection from direct ministerial intervention . One hundred such national 
agencies and a coupIe of hundred minor national organs are responsible for 
current resource allocation and for the issuing of regulations and directives 
to local authorities and private organizations. Some of the major agencies 
also have a large regional organization. 

Regional and Local Agencies 

Even though relatively autonomous by international standards, the Swedish 
counties and municipalities are regulated by the state. Around 70 percent 
of local expenditures are somehow regulated' and some 30 percent of these 
regulated expenditures are, on average, paid by the state. Comprehensive 
school s and highschools in the municipalities are subjected to particularly 
heavy subsidies and regulations. The same goes for medical services, which 
are the main responsibility of the counties. 

Internai auditing and reviewing within local authorities therefore em
phasizes management effectiveness. Since "municipal mergers" in the early 
70s reduced the number of units to a third, better and more unified systems 
for cost accounting and financial management have been organized . 

A number of counties, and some of the major municipalities in metropoli
tan areas do, however, have their own R&D units, for planning large invest
ment projects and for monitoring labor market flows. 

Decentralization and Fragmentation 

The slow progress of policy evaluation in Sweden is best explained by its de
centralized and fragmented organization. 

The decentralized structure of Swedish Government has eased the politi
cal pressure for central government monitoring. Evaluations of policies, for 
which responsibility rests with the local authorities, may e.g. of ten be con
sidered not only less urgent but even politically unsuitable for organs of cen
tral Government. Attempts in postwar years to have interest groups or dient 
representatives directly involved at different leve Is of the National Agencies 
have been seen as a vehicIe for faster and more direct feedback. 

There is always a political tug-of-war between, on the one hand, the 
groups cIamoring for centralized regulation and resources to protect their 
interests or the equality of standards and, on the other hand, the more gen
eral pressure for decentralization and deregulation in the name of efficiency 
and freedom (Tarschys, 1975 and 1983b). The last decade of Swedish politics 
has witnessed strong swings in bot h directions with restrictive labor mark et 
legislation and heavy industrial subsidies (Carlsson-Bergholm-Lindberg, 
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1981) on the one hand, and on the other, a flow of actual or proposed de
regulation measures. 

The Swedish organization of policy evaluation is also very fragmented. A 
major part of evaluation work is initiated and financed by temporary govern
ment committees and commissions with very limited budgets, tight time 
schedules and narrow political directives. In most cases they have been set 
up to investigate a specific proposal. Evaluations of past policies therefore 
tend to be not only limited but also superficial, relying in most cases on a 
review of already documented experiences. No individual commission has 
the right, the resources or the patience to conduct a full-scale statistical post 
mortem on important policy choices in the past. Neither will they plan their 
proposals in order to facilitate later evaluation (Premfors, 1983b). Even 
though references to evaluation requirements have become frequent in 
government policy documents, so far these requirements have been more 
related to management efficiency than to policy efficiency. l The fragmented 
organization also makes evaluation difficult in another way. There are in
creasing returns to scale in evaluation work in the sense that everybody can 
benefit from the production of good economic and social data, and from the 
building up of a common body of expertise within Government. Individual 
committees etc. can reap the benefits of such common resources but usually 
they can do little alone to produce them. 
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