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Once this is accomplished human resources can be socially 
accounted for in analogy with machines or buildings. 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 
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 basis for human capital theory in the modern 
sense of Becker. The second chapter is dedicated to an 
attempt to give a stepwise account of the further restrictions 
on the general equilibrium model, that are needed to provide 
a notion of human capital useful for the purpose of explain
ing relative earnings. 

Searching for conceptual clarification is seldom exciting and 
often 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 inte rtemporal inte rpret ation involving the as sumption of 
dated commodities and of a complete set of spot and forward markets. 

The general equilibrium framework we are going to usc here is a 
respecified, reinterpreted and somewhat extended version of this 
intertemporal Arrow-Debreu rnodel. 

The production possibilities of the firms will be presented dis
aggregately and specified period by period under the assumption 
that outputs of a particular date depend only on inputs at the pre
ceding date. This way of representing production by period in 
terms of a generalized activity analysis was first introduced by 
Malinvaud (1 ')53 and I') 72) and has late r been used, di !;cus sed and 
developed in Blis!; (1975). 

The intertemporal equilibrium will also be reinterpreted as a 
temporary equilibrium, existing in each consecutive period. In the 
Arrow-Debreu rnodel the economic agents make transaction deci
sions once and for all in the first period, after which they are 
faced wi th all ave r - all budget re st riction and have acce s s to a 
full complement of forward markets. In a temporary equilibrium 
model the agents arc assumed to rnake decisions concerning trans
actions only in the current period. They only have access to spot 
markets including a bond rnarket linking current transactions with the 
future. The relevant budget restriction also holds for current trans
actions only. From current prices and interest and expectations 
about future prices and interest the agents decide on an optimal 
allocation of their budgets. A temporary equilibrium will ensue 
when these decisions arc such that supply equals demand on spot 
markets and the bond market. x} 

x} Early examples of the usc of a temporary equilibrium con
cept arc provided by Lindahl's classical paper from 1929 
and Hick's discussion of a "Spot economy" in his 1939 book: 
Value and Capital. A survey of temporary equilibrium models 
and of the contemporaneous efforts to extend these models to 
deal with situat ions involving uncertainty and quantitative 
restrictions i!; given in Grandmont (1976). 

If we assunl!~ that ag.~nts have perfect foresight and that 
their plans arc fuliy consistent so that their price and 
interest expectations will all come true, we get a very 
special kind of t.~mporary equilibrium or rather a sequence 
of such equilihria. This is very close to the original 
Arrow-Debn~u model since in both cases the agents make 
all decisions with full knowledge of the true development 
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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 
current period decisions. By suitable assumptions on the 
firm's financial arrangements the firms will also be seen to 
behave myopically in this model, i. e. they will make their 
decisions on the basis of current input-output possibilities 
only 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-Debreu 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 infinity of future periods. There is, 
however, a price to be paid for this pedagogical convenience. 
Although equilibria with bankruptcy and with an infinity 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 
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 

partiSular exclude the case Where expenditure is financed by x) 
indefinitely Postponing the payment of an ever -inc reasing debt. 

cont. 

of prices and interest over time. It 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 is equivalent 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. 

x) 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). It 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 capital. 

~::.:.:::.:ID:::.::::::::::::::::::::::::::::::::::::::~~~~~~====~ __ --
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and represent the value of all shares in the respective firms 
at the same time v

t 
== (v

jt
) (j == I •••• (I+J)). 

The budget restriction of household can then be written as: 
x) 

(2.1) 

+ 

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 

all c
i
' c

ib 
and 

given c
ibo 

and 

is assumed to maximize:C on the set of 
i 

v. that fullfill the budget restrictions with 
1 

v. 
10 

For the production firm we assume that its production 

possibilities in any period can be represented by a set 

( ) c R
U 

x R
U 

where " t d t t d Zjt' qj, t+l Zjt is lllput a a e an 

q j, t+l is output at date t+1. We thus as sume 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 services 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 have matured after 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 call gros s inve stment. The dividend at time 
t will be: 

(2.2) d. = P q. - (l+r I)P I z. 1 (j =(1+1) .•.. (1+J)) 
Jt t Jt t - t - J, t-

The firm 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 only on current technology, prices and 
interest, this is equivalent to letting the firms maximize each 
consllcutive dividend separately, i.e. having them act in a 
myopic fashion. 

For the starting period we mu"t 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 t each firm 
maximizes its dividend as given by (2.2) above on the set of its 

production possibilities (z. l' q. t)' 
Jt - J, 

1.3 The holding companies 

In most standard models of this kind only two types of institu
tions are reco~llized: households and firms. Between them 
they then share the responsibility 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, Le. the 
households hold the llonproducible resources, while the 
fi rms hold the p roduc ed capitaL 

In this rnodel 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 rnanages various amounts and sorts of the 
three different kinds of social capital: real estate, human 
resources and production capital, Le. reproducible capital 
including eve rything from raw mate rials to durable machinery. 
What then 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 investment function, Le. to be able to 
buy not only savings bonds but also shares in production firms. 
The function remaining for the production firms is the econo
rnic use of a given production technology. 

The holding company owns and manages the hunlan resources 
- the human capital - 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 towa rd s conducting household bu sine s s through companies 
- nlostly 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 mOll!~y it purchases the various kinds of non-human 
capital in the iJeginning of each period. It then immediately 
rents out its capital to production firms. In the special case 
of human capital the holding company also rents part of it 
- the leisul"(: hours - 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 
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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 market price. 

The explication of the human capital concept In gen 
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more straightforward if we dared, for modelling purposes, 
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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 
~ransformation possibilities for a holding company as additive, 
1. e. as being the sum of the separate possibilities 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 for handling special kinds of 
resources. Some households may e.g. not be equipped to 
handle ce rtain complex kind s of real estate. 

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 kind of resource there is one 
productive employment actually 'used which leaves the 
re source - real e state or human - unchanged. 

The household, however, must buy the development service 
fro,m the same firm which utilizes the unit to be developed-." 
Thls 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. 

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

1 ,4 Factor s of production 

The re are thre e kinds of factor s of production in the model: 
real estate human d d ' resources an pro uction capital. 

Real estate in this context refers to more than just land. 
It covers everything implied by the French word "immobilier" 
i. e. it includes 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 remove the 
o,wnership of the factors of production from the production 
~lrms and establish instead a short-term leasing market. There 
lS 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 characteristics, unchangable and changable, 
re specti vel y. Unchangable characteri stic s are the various 
locational properties, geographical coordinates, geological and 
climatological conditions, etc., that is, eve rything that dete r
mines its latent use and development possibilities. We assume 
that all exi sting real e state 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 non
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 real 
estate. We assume here that there are a finite number of such 
possible actual states and that current real estate rentals depend 
only on these states. Real estate is thus in a certain sense 
reproducible when it comes to the actual state of the land. 
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 tirne lXS can thus be identified as, e
it

, where 0: gives the 

in a corresponding manner refers to the state. type while e 
We will let e t: n.U 

denote a vector with zero for those com
itt 

ponents that do not correspond to some particular kind of real 

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

By e' C lt
U 

we denote correspondingly the one period 
it t 

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

tions rnade, the nurnber of non-zero components in 

will at nlOst equal the number of different states. 

Finall y we use {! jt t: R~ to denote the real e state develop
ment services rendered at time by the j'th production 
firm. The number of possible services of this kind - forms 
of construction, land irnprovements, etc. - is assumed 
finite but may be smaller, or bigger, than the number of 
diffe rent kind Ii of real estate. 

One consequence of our definition above may be worth pointing 
out. In rernoving all "immovables" to outside ownership we 
have also elinlinated 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 then 
wholly be asc ribed to differences in technological knowledge 
bet ween the fi nIl s. 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 factor, 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 troublesome 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 a way that its size and structure remains un
changed. The household may therefore calculate as if each 
individual of a certain~, i.e. 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 about real estate, we assume 
that these possibilities for transformation or cycling depend on 
the type or inate characteristics. x ) While types of individuals 
are non- reproducible, states are in thi s sense reproducible. 
The model thus encompasses all sorts of "life-long education", 
while all training is defined as "training on the job", even for 
the case where the job is just training. 

Corresponding to our real estate definitions. we let hit E: R U 
denote the vector measuring the human resources of the 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. 

1 ' R
U 

Likewise we et hit E: t denote the use of the different 
states of human resources, assuming again that the number of 
non-zero components will at most equal the number of different 
states. While the individual type determines his 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 about 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 empl.oyees, his concepts are furthermore 
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not framed within a general equilibrium context. Our 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. 

The third kind of factor is production capital, i. e. all repro
ducible inputs that are not incorporated into real estate or 
human re source s. Although even in this instance one may talk 
about recycling in the sense used in industrial and environ-
mental economics, there are no longer a limited number of 
non-repr.oducible individuals of 'c~rtain given types. For simpli
fying reasons we assume here that for each commodity there is 
just one standardized change brought about 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 th.e production _ capitaL owned by 
the i'th holding company at tlme t by qit E: R t , and the 
production capital services produced by the i'th company qxt E: RV. 

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

1.5 Completing the specification 

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

and for the cor re sponding output k:, defined as It 
follows: 

1 t 

(5. 1 ) k~ :: e t h.- t qit It it It 

(5.2) k: + t - t 
:: e h. t qit It it It 

In the sarne way v...'c define the capital use services produced 
by the holding cornpany as k' 

it 

k' 
, 

h'. - , 
(5.3) :: e. + + q it it 1 t It 

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 these by Cist :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) pc. t{t+r l)P 1 c. t l+c' bt +vt (Vit-V i t-l) .::: 
t If..:t t- t- IS, - 1 , 

where c. 
19t 

services. 

< (l+r l)c' b ltV. t Idt " t- 1, t- 1,-

i. e. all consumption except capital 
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(5.4) L (k', ) , It - cist == L z, 
1 , Jt 

J 

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

(5.5) k == it 

The utilization or t f , .rans ormation possibilities for holding 
company In penod t Can then be represented by set 

whe re (k
1
.-
t

, k'l' t' k. , k 1) cT. 
1, ttl t, t+ 

k ~, and k 
It i, ttl' are both inputs although one period apart and 

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

Apart from transformation possibilities 
company i will also be characterized 

for all periods the holding 
by the initial capital, 

capital leasing and debt, i.e. k. , k'. and k'b 
10 10 1 a 

The dividend for the holding company i at time 

so as to include the imputed value of leisure time. 
be written as: 

is defined 
It can then 

(5.6) d. 
It = (1 + r t _l) Pt k' + (+ 

Pt e it + - + 
q it) + k - P k -i, t-l i bt t it 

Pt«t + q :t) - (1 + r t_l)k ib , t-l 

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

x) The repre sentation of transformation pas sibilitie sis 
s,implified he re by not explicitly stating the re striction to 
tIed purchases of development and user services, 
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The net product of the holding company at time can 
be written as: k: + k: - k. - k-

It It It it 

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-) 
A it it 

denoting 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 
goods, .,. k' 

'" 't' i l 

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 sequences of 

k, , k', 
It It and ~bt 

that will maximize the discounted value of expected future divi-

dends, ,: 
t =1 

et d. , with the restrictions given by the period 
It 

transformation possibilities and the initial values. 

If we utiliz!! the assumption mentioned earlier of additive trans
formation possibilities, dividends could be defined separately 
and rnaximized for each of the three sections within the holding 
cornpany: th'~ real estate departrnent, the labor department and 
the material department. Since operations in real estate and 
rnaterial 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 - 1, we 
immediately see that the myopic quality, which was found to 
characterize decisions in the production firms, would also be 
t rue of ope rati on s in real e state and mate rial. Each of the se 
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 
hurnan resources are concerned. The company must then itself 
take into account the effects of current decisions concerning 
employment and tl'aining on future labor dividends, instead of 
having thi s done by the capital evaluation of a maJ:ket. 

To cornplete the 
need now are the 
thenl. For each 

specification of the equilibrium model, all we 
equili bri um condition s. There are three of 
t ;;, 1 the following should hold: 

(5.7) l: q 't 
j J 

+ ,: z, 
Jt 

( 5.8) 

(5. 9 ) 

+ 

t .,(,. t 
': - i t 
1 

;:k. 
It 

;: k'j III 

- t ,: k' r.(e~ +q,-) q) + == l: c. + + it It • 1 t 1 t 
1 

The {j rst "qllilibriulll condition, (5.7), establishes equilibrium 
on all non-financial Illarkds. The three kinds of supply on the 
left-hand sid,: a I":, n:spectively: production of firms, capital 
goods sales and capital l,:asing by companies. On the right
hand side ,I I'e: tb,: four kinds of corresponding demand: houschold 
cOllsumption including leisure tirllc, company purchases of real 
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estate and material goods, firm purchases of inputs and finally 
company purchases of development services. 

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

(5.9 ) states 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 Vjtr the value of the 
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.: 

00 

S t v"t = l: ST + 1 dJ"T + 
J T=t 

A picture of the structure of the assembled model for period t 
with aggregated sectors is presented in fig. 1. 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 
maximize s the dividend. The households taken togethe r must 
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 
complex. They must find combinations of on one hand capital 
utilization 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) denotes the inve stments in non-
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Figure 1" The structure of the model in period t with aggregated sectors 
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rep roducible factor s, i. e. the total value of deve lopment 
services. The second term represents the gross investments 
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, stands 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 internal 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), i. e. as discounted values of future 
expected yields. 

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) S +1 { (l + r ) p h*' 
T T T T 

- p h>; } 
T+l Ttl 

The expression on the right-hand side of (7.3) is simply the 
discounted 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 after use, and development 
costs, respectively. 

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

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

t 

(6.4) NNI 
t 

"(v. -v. }+~(I; k~ -p- k- }hp c. 
~. Jt Jt-l . t lt t-l i,t-l '-: t 1t 
J 1 1 

The ITleaning of this can also be expressed as: 

NNI = Wealth formation + Consumption 
t 

The fi r st te rm on the right -hand side of (6.4) denote s 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 expression can also be developed in the 
following way: 

(6.5) L (r; k~ -r; 1 k.- I) 
. t It t- 1, t-
1 

:::: "Pt (k - - k - ) + 
/.. "it t-l 
i 

t L (p-t - r; ) k 
t-l t-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, a s he re, we are e speciall y inte re sted in tracing the 
effects of changes in human capital. It means, however, that 
part of the measured incorne changes will materialize as 
actual purchasing power for the households and their holding 
cornpanies only when future yields are realized and future 
dividends paid out. The social wealth concept used above, 
ITlade 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 
hurnan capital. Th •• t it is also true for other capital goods 
depends on the fact that their services in the model are 
as surned to be sold at a gi ven rna rket price, so that any 
"producer's surpllls" will not affect the value of capital 
goods for the owill!rs, but will instead be registered in the 
finn dividends. The net national income can therefore 
alternatively be introduced as the interest on this social 
wealth. 
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1£ we compare the definitions of NNI and GNP we see that 
.. t t 

gross lllvestment III the product is replaced by wealth forma-
tion in the income concept. 

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 as sumption 
in this model, 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 dete rioration of capital goods used in produc
tion. There are two other factors involved one 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 value to employers 
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 firms will equal dividends, i. e. are zero 
according to the assumption made earlier. If we consolidate 
the rest of the economy into a household sector to eliminate 
~oan transactions imputed gross profit for this sector in period t, 
ITt' is then defined as: 

(6.6) 

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 leisure 
and real estate services. The second is the value of output' 
capital and the third denotes the value of input capital. The word 
"imputed" refers to the fact that imputed value changes in human 
capital have also been included. If· we take into account the 
interest cost involved in holding the input capital over one period 
we get the imputed net profit, ~t: 

(6.7) TIt 

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

r n\ k- + TIt 
ITt t . t 

(6.8) 
1 

Pt 
~ 1\ k;: ~ Pt k 

t 
1 1 

It follows directly from this definition that if net imputed profit 
is zero, P

t 
= 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 
i~terest on incoming human capital then the imputed gross 
profit rate for human capital will also 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 
as sume 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) k' = Mk 
t t 

(6.10) 

(-'0.9) statt!S that user services supplied in period t constitute 
a linear function of incoming stocks of capital goods. The 
quantity of user services of a capital good in state S is simply 
the total ,number of capital goods in this state summed over all 
types (1. •• 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 
l:s in all the places which measure capital 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 functions are then 
assumed to be differentiable. This is certainly not strictly the 
case, since· it is a fundamental property of capital goods as 
defined here - and particularly of human beings - that they can 
only change as a unit. Our excuse for using this assumption 
here is the usual one employed by economists; aggregates may 
be taken to be large enough and, anyhow, discontinuities do 
not seem pertinent to the analysis. 

We also abstract frorn the fact that the second function can be 
multi-valued due to the possibilities of different assignments 
of development services to the various capital wlits, i. e. we 
assunlC a given assignment rule that makes it possible to trace 
an expansion in a unique fashion. 

If we differentiate (6.9 and (6.10) we get: 

(6.11) dk' = Mdk 
t t 

(6.12) 

If we take the price vectors Pt and Pttl as given there are 
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then. two possibilities of marginally affecting profits and 
prof~t rates - by changing incoming capital and by changing 
the lnvestment in development of real estate and human 
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 this 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: 

dTI t = d;t + r t ~Pt dk
t 

1 

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) 
drr t 

d p = --~~-
t l: - dk

. Pt t 
1 

= 

If instead we study a change in development investmtynts in real 
estate and human resources, the corresponding change in 
imputed gross profits will be: 

(6.16) 

That the change in profit must, in equilibrium, equal zero 
foll?ws from (6.14) above. Not only must marginal net profit 
agam 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 ITlarginal 
investment in equilibrium will equal its cost. It follows that 
the marginal profit rate is also zero: 

(6.17) 
drr 

t 
= 0 

This may at first seem more surprising, 
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as it means that e. g. 

the ITlarginal rate of profit on investITlents in human capital is 
zero. This, however, is ITlerely a consequence of the fact that 
in the ITlodel we assume such investITlents to change the human 
capital iITlITlediately without any costly delays. Here we have 
also let these investITlents affect the iITlputed gross profit directly 
by way of the iITlputed capitalization of future increases in human 
rentals. If we rewrite (6.16), substituting from (6.3) above the 
full definition of iITlputed capital value, we get: 

(6.18 ) 

.... 
- p h 

Ttl Ttl 

E B +l(l+r)p h'*' ,=t ' ,T, 

where h'" as before traces the various states of each original unit 
of hUITlan capital. The expre s sion within brackets on the right
hand side siITlply measures the discounted value of future human 
rentals or, what aITlounts to the saITle 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 
siITlply as: 

The cost of a marginal hurnan investment = 
The discounted value of the future marginal profits 
which re suIt. 

The rate of return of ITlarginal human investments, defined as the 
internal yield rate, will then in equilibrium depend on the spacing 
of future marginal profits and on the sequence of interest rates 
involved. Specific all y, if the rate of inte re st remains constant 
over the future, the marginal rate of return on human investments 
will equal thi s inte re st rate just as it will for other kinds of 
inve stITlent; see (6.15) above. 
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2 Homogeneity of human capital 

2.1 The need for further assumptions 

What we h~ve shown in the first chapter is 
human capltal concept can b ' ,simply that the 
context in a way simil t e hlnc~rporated In a general equlibrium 

ar 0 w at 1S d ' h 
production and that it Can 1 b ,one wlt other factors of 
matrix. a so e fltted into a social accounting 

We have traced the accounting relations 
cept of human capital value and between the financial con-
resources. Huma 'I' ,the rentals or earnings of human 

n caplta In thlS sen b ' 
for social accountin d se may e a convenlance 

g an a shorthand n t' f d' ", vidual expectations. Olon or Iscusslng Ind1-

The reason for using a "hum ' 
usually much mo b" an capltal approach", however, is 

re am 1tlOUS. One h " , 
at some testable I t' b opes In thlS way to arrlve 

re a lon etween th 1 
ments in an indi 'd I d' e vo ume of human invest-

V1 ua an h1s or h ' 
some capabilit f t ,er earnlngs, possibly with 

y ac or as an lntermediate variable. 

From this point of view our general equilibrium model is far 
~oo, ~eneral: All we can generally say about the wage of an 
lndlVldual, l.e. his user ch ' 
on his stat h' h ' arge In the model, is that it depends 

e, w lC In turn dep d b h h' d en s ot on what type of person 
e IS an on how much has b ' 

th t th ' een mvested in him - assurning 
a e mvestments have be t' I 

tl en op Ima. His human value is thus 
par y accounted for by in t 

, ves ments done and partly by his type 
rent, l. e. the value of his d I eve opment potential. In principle 
we could try to separate th t 
b" e wo components by measuring at 
h~rt~ t~e, dlscounted value of all future rentals until death _ 

IS ,mdlVldual type rent value which then also' lncorporates 
V~rlOUS surpluses in human investments. But we cannot measure 
elther total rent or diff t' I , eren la rent separately later on in life. 
~mc: people are assumed to be fundamentally different _ to belong 
o dlfferent types and not just more or less capable _ they will 

usually be found chosing different careers. The relative re
muneration of these careers may well change with demand and 
supply d't' , con llons over tlme. In the same way the relative costs 
of various forms of human investments 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 often aim at, the model 
must obviously be restricted 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, 

1 

W, 

J 

" f (h) 

where we for notational conveniance assume that the relation is a 
differentiable function. 

What (2. 1) state sis then that the relative wage is a function only 
of the vector of human resources used. The relative wage is thus 
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 states 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, i. 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, 
i. e. between human resource WlitS of states i and j. The 
assumption of (2.1) can therefore equally well 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. 
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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 ¢, which relates h to 
a scalar, an aggregate, H: H = ¢ (h), and which possesses the 
following property: 

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

(H, q, c) E. Ta if and only if (h, q, c) fT. 

(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 

x) The meaning of this can perhaps be better grasped intuitively 
if expressed in an alternative way. 
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For every possible collection of production capital, q, and 
output, c, in T there is paired a set of possible combina
tions of 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 complete (and continuous) order is already 
established between the sets by inclusion, i. e. if the sets are 

such that either Sh. So Sh. or Sh. E:: Sh. A collection of 
1 J 1 J 

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

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

The sets Sh are nested. 

substitute the aggregate H = 1>{h) in this function we get 

C = P (q, H). The marginal rate of substitution between two 

kinds of labor becomes: 

w. PH <jJi 
(2.2) 

1 f (h) 
PH ¢. Y"'j J 

where PH and ¢ i represent partial derivatives with respect 

to H and an i 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 certainly never in real life. 

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

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

A possible third theoretical case would be when labor is al
ready agg regated in real life by being organized in "labor 
companies" that offer for sale a homogeneous intermediate 
labor service. 

These examples suffice to indicate the strength - and lack of 
realism - of the assumption. xx) 

x) It should perhaps be pointed out that here we have treated aggre
gation conditions in the most general form, which is motivated 
by our aim of applying the conclusions also to our very general 
MGE-model. Had we narrowed our attention only to stationary 
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 50 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 po s si bility 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 states of human capital. 
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2.3 The second assumption: 
:Homogeneous human capital 

The first step towards restricting our model only established 
that the earning capacity for an individual in a ce rtain 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 only as it were moved the problem to be explained one 
step backwards, into the physical character and productivity 
of the various individuals. 

Since it 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 capital is homogeneous, i.e. 
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, its distribution 
between individuals does not matter, by definition (we abstract 
here from indivisibilities). In (2.1) the wage quotient depended 
on the variable composition of the human capital stock. With 
homogeneous capital this functional relation must be constant, 
determined by the given human capital values, H, and H,. 
of the respective states of human resources. 1 J 

(3.1) 
w, 

1 

W 
j 

f (h) 

H x) 
i g(-) 

H, 
J 

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 
investInents 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 more 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, raE. H, 
1 1 1 

= w, raH, H, 
J J J 

where a represents some given unit price of human capital. 

r 

l 

e a. his amount of human 
, d' 'dual of typ , . 

(3.2) says that for an III 1V1 , both his human capital III the 
capital at time is a functlon of t service the human invest-

, , d h develop men ' , preceding penod an t e h This recurSive formula 
d 'nce ten. 

Inent, that he has absorbe Sl , done at the end of (3.2), in 
11 b itten as 1S , can equally we e rewr , ' I--fl and a function of the senes 

terms of an initial type cap1ta,h 0' sures what we can call 
of investments up to time t, that mea 

the investment-induced capital. 

2.4 , h sumptions: 
The th1 rd and fourt as d horde ring of human , tments an t e 
Hornogeneity of human lnves 

types 

re strictions we have now arrived 
B f t successive 

y means 0 our wo .' human capital, whose actual 
at the concept of a homogeneoUS h I that also the earnings of 

, I tate and t roug I , 
aInount determllles tIe s hich to build a general and 
an individual. Is this then enough on w , T h 

, f relative earmngs? 0 see t at 
applicable economic explanat10n ~ 1 't suffices to look at the 
the answer to this question is stll no, 1 

expression in (3.2.) above. 

f I capital and, in turn, the To determine the amount 0 lUman 
, f 'd' 'd 1 must obviously know a) what type earnIngs 0 an In 1V1 ua we 

f ' d' 'd l} he I'S b) what the' exact form of the o In 1 VI ua Ie or s 'd I 
functional relation ship in (3.2) is for tin s type ,an c) w lat 

, , ' d' 'd 1 has had and III what order. klnd of expenences the In lVl ua , 
This is a rather big order, certainly too big f~r ~yone , 

, , h' pIc and unified explanatlon In economic asplnng to reac a Slm 
, h tl at this is the aim of the pure terms Since we assume ere 1 

h . 't 1 tl we must l'ntroduce further restrictions. uman capl a leory 

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 
hOInog;neous if there are any number of heterogeneous inputs 
that can produce this capital. We would then need exact know
ledge 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 1rvestments. 
We assume in other,words that we can treat the h as h~mo
geneous. rneasurable 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 possible 
to aggregate in the production function, since we also need to 
be sure that the order of investn1ents over time can be neg

lected. 

With this assumption (3.2) can be rewritten as: 

(4. 1 ) 

where II ITleaSUres the SUln of human investments for an 
t 

individual of type ('1 up until time t. 



The usual empirical interpretation of the assumption is of course 
that the collection of investments in an individual can be 
measured by the sum of discounted investment costs. 

However, there is still a major obstacle left before we can 
arrive at a unified explanation. As long as the functional rela
tions, ljiu, 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, 
ljiu , 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 anyone 
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 u. This means 

(4.2) 

thi s pos sibility we must as sume that the 
the "production functions for human capital", 
types only differing in one "type constant", 
we now assume that (4.1) can be written: 

U can be said to represent some uni-dimensional measure of 
capability. People may be more or less capable but· they 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 prospect for further investments. This is analogous 
to the natural a!<.sumption that human Investments always have a 
non-negative yield. These two assumptions may be written as: 

(4.3) 

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 
~apita1. "All" we have to do - if we believe in the explanation -
lS to try to estimate the lji -function and measure the capability 
of various individuals on some scalar scale. 

We certainly cannot claim that all so-called human capital 
theories are based on these assumptions. What we can claim 
is that those theories 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 g~neral 

equl'll'brl'um l't is sometimes more convenlent to 
inte rtemporal 
formulate the problems in terms of a comparison betw~en 
different stationary equilibria, all possible within the glven 
technology but with different equilibrium prices. 

1 ' t t' easier since in a 
This also makes the empirica lnterpre a lon 

d 1 can avol'd the difficulty of having to 
stationary mo e you 
separate wages from net human investments. 

In principle you could attain the same advantages by using, 
instead of a stationary model, a model with semi-stationary 

l ' a model where all inputs and outputs keep growtl,l.e. 
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
changeahle 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 
estate are held directly by the households. We may also treat 
the collection of firms as if it were only 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 after one period. 

For notational 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 commodities. 

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 possible trans-
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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 stands 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 assumed to repeat itself during each period in the 
stationary equilibrium. 

Another common way of characterizing the stationary equi
librium 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) IT = p c - rp q - p e - p h 
c q a w 

Pcc here represents the income from consumption sales, 
rpqq is the interest cost of holding stocks of production 
capital, while Pae 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 well 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" 
only as to type but not as to state. Since state is what 
matters in production, there is still a large, although 
restricted, choice between alternative distributions between 
states, reachable within the given technology by way of 
investments in development. 

Secondly we cannot claim here that equilibrium prices will 
be uniquely determined by the chosen technological transfor
mation. Much of the recent discussion 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, the re 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 specif~cally defined in terms 
of a joint production process. 

(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 thi s as sumpti on. 

assume IT = O. 

Therefore in the following we 

d · " m" equilibrium can now be expressed 
The competitive con luons 
in a straightforward way. 

Since we are dealing with a competitive equilibrium we know 
". e profitable than any 

that the chosen transformatlon lS mor """ " 
other possible transformation at the given eqUlhbnum pnces. 
If we call this transformation number one and number the 

variables accordingly, we have 

(3) 
1 1 11111 

II = p - r p q - Pae 
c q 

1 t " transformation called If we COITlpare this with an a terna lve 

t 'le condition of competitive equilibrium ensures number two, I 

that: 

1 2 I 1 2 1 2 I 2 
0 

(4) Pc c r p q - p e - p h ~ 
q a w 

2 I 
where 

If subtract (3) from (4) and define llY = Y - Y we 
y is any vector of values we get: 

1 1 1 1 1 
'lh 0 (5) Pcllc - r P II q - P allC - Pw < 

q 

Already from this restatement of competitive conditions we 
notice one ITlain difference from the usual discussions in 
capital theory. The re it is assumed that non-produced factors 
are strictly non-producible which means that !1e and II h 
in (5) are both equal to zero and that we can continue to st~dy 
in isolation e.g. the impact of capital intensity on consumptlOn 
standards. When inve stments in human re source s 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 = 0 
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 ITlOre "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, i.e. all components of e 
are equal to 7.ero. (6) then reduces to: 
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(7) C - rbQ - raH = 0 

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) {I, (rb) {l,Q + ll(ra} {l,H < 0 

where, as before, {I, (rb) = r 2b 2 _ rlb l , etc. 

In the usual capital theory discussions, labor resources were 
assumed given and unchangeable, L e. II H == O. (8) can then 
be interpreted as expressing the well-known notion that 
"a stationary state with a higher level of capital relative to 
non-produced factors cannot have a higher rental of capital 
in terms of consumption ". 

Here, with llH * 0, Le. with possibilities for human invest
ments, the interpretation of (8) becomes somewhat more 
complex. The condition now state s that "if a stationary state 
with higher level of produced capital also has a higher rental 
for this capital, then the resulting cost increase must be at 
least compensated by either a decrease in human capital or a 
lowering of the rental on thi s capital". 

Since this whole line of reasoning presupposes uninhibited 
aggregation throughout it does not really merit much interest. 
As is well known one outcome of recent controversies in 
capital 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. 
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