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Preface

When one gets older, one looks at the science in which one has been working
for a long time from a certain distance such that the general approach, the
contours of the whole and the connections to other parts of the social sciences
come to the foreground whereas the elaboration of the details must be left to
younger colleagues. This applies also to this book: details are left to younger
colleagues — if they find it worthwhile to try this new approach. I know quite
well that the ideas presented here are incomplete and more in the spirit of a
research program than a final product in itself. But time runs out. I personally
think that this new road is worthwhile trying, but, of course, I, as the author,
am not unprejudiced. On the other hand, after a certain age one is not so
sensible to be torn to pieces by his critics, nature will do that anyway.

I present here only the basic ideas, the “hard core” of the theory and leave
out most of the definitional relations which close the system. I leave that to
the interested reader and to the scholar who wants to work with the system.

There are some repetitions in the book. This is done in order to make the
single sections of the book as much self contained as possible and in order not
to compel the reader to read the whole book to understand some points he is
interested in. Notations are only consistent in each section, but not between
sections.

In this book only the building blocks of a general dynamic disequilibrium
system are considered: the theory of households, firms, banks, of the educa-
tional system, the government, and the formation of prices, wages, and interest
rates. The different systems are not always compatible. They must be spec-
ified and simplified to a certain degree to form a consistent general theory.
This will not be done here.

After these general remarks, I should like to come to the special principles
that underlie this “new” approach — not totally new, of course, each scientist
today stands on the shoulders of giants of the past.

1. The Walrasian System is to a large extent the theoretical base of the
leading neoclassical school in economics as far as the static approach
is concerned. But the work of Sonnenschein (1972) and Debreu (1974)
showed that this system does not restrict the possible outcomes under
the realistic assumptions that there are more households than commodi-
ties in the economy, and (following Popper) a theory which admits ev-
erything cannot be accepted as a scientific theory. The theory needs
more structure to become meaningful. But this means that the theory
has to be tailored to certain types of economies, e.g. to the economies
of special western industrialized countries.

The background of the model is a European type economy. More struc-
ture means inevitably: concentrating on special features which may not
be characteristic for other economies.
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2. The Walrasian general equilibrium system is static. It does not con-

sider the monetary system, the government and foreign countries. We
present a model where the monetary system and the government are
fully included. But (for simplicity) we neglect foreign countries.

. The assumptions of utility maximization of households and (to a smaller

degree) of profit maximization of firms which underlie the “normal”
neoclassical theory came lately under heavy attack, often connected with
criticism of the high degree of abstraction used in the economic theory,
see e.g. Mark Blaug “The disease of formalism in economics, or bad
games that economists play”, lectiones jenenses, Jena 1998, and the
literature cited in this paper.

Substantial criticism came also from the sociological as well as from
the psychological point of view, confer Renate Mayntz “Rationalitat
in sozialwissenschaftlicher Perspektive”, lectiones jenenses number 18,
Jena 1999; from the point of view of experimental economics the work of
Reinhard Selten may be cited. This criticism is mainly directed against
the existence of utility functions for the households and the assumption
of maximizing this function in order to derive demand and supply func-
tions. In an analogous way though to a smaller degree the assumption
of maximizing profits by firms has been criticized.

In our approach there is no utility function. The person which has to
decide on something (e.g. the household on consumption expenditures)
does it by considering different points of view (e.g. the satisfaction of
wants, possible situations in the future, moral obligations) and weigh-
ing them. The weights change under the influences of other persons and
of ideologies, philosophies and theologies. This approach allows to in-
clude the influence of the spiritual side of life in economic analysis and
conversely shows the influence of economics on the spiritual side.

The suggested decision criteria are somehow in line with the correspond-
ing theories in sociology and psychology: there are almost always differ-
ent points of view or principles of judgement to be taken into account
when a person or an institution wants to rcach a decision. The decision
makers try to find a solution to their problem which somehow considers
all different points of view which he or she finds relevant in this case.
The optimal decision comes out as a result of compromise between these
principles.

. The Walrasian system is constructed to demonstrate the economic situa-

tion in a fictitious state of general equilibrium which will never be reached
in practice. In our approach the system is always in disequilibrium, ex-
pectations will (almost) never come true, but there is an (always frus-
trated) tendency to come to an equilibrium. The situation is like that of
a dog chasing a hare: if the dog comes near to the hare, the hare makes
some unexpected turn, and the dog stays again far behind its target.
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5. The Walrasian system states the theoretical result of the economic in-
terdependence of many households and firms under the assumption of
perfect competition, but it cannot show how this result may be reached
in practice. The auctioneer who announces prices and prohibits all trans-
actions till a general equilibrium is reached is an unrealistic construct
which has no equivalence in practice. In our approach, all prices are made
by decisions of persons (given their information); there is no impersonal
apparatus which determines prices or other economic variables.

6. The “normal” economic theory assumes continuity of all functions which
implies that choices have to be made between infinitely many alterna-
tives — which is impossible in practice. We do not make this abstraction:
everything is finite in our approach — as the number of particles in the
whole universe is finite. In the computer age we should not be afraid of
large numbers, though in our approach the person has to choose only
between few known alternatives. This is not always mentioned explic-
itly. Thus we also use normal analysis but only the integers (in general:
the nearest integer, if the solution is not discrete) have a meaning.

The microeconomic system gives an insight into the functioning of a market
economy, but it is not operational in the sense that it can be used as guide for
economic policy. One needs a macroeconomic system for this purpose. But it
is hopeless to derive a macroeconomic system directly from the microeconomic
one. The macroeconomic system which I have in mind depends on the distri-
bution of the characteristics of households and firms which are put forward in
the microeconomic system. The derivation of the macroeconomic system is an
econometric problem. Some suggestions can be made on the structure of this
system. They must be checked. Unfortunately, I cannot do that myself. But
perhaps some scholars may find the system suggested in this book interesting
and promising enough to complete it formally and to test the macroeconomic
version.

Finally I want to thank Werner Hildenbrand, Speaker of the Special Re-
search Center (Sonderforschungsbereich) 303 at Bonn University, and Peter
Schonfeld, head of one of the projects of this Research Center, for accepting
this reserach as part of the work of this center and providing the necessary
office space and the means for employing student assistants (studentische Hil-
fskrifte); I only name a few: cand. rer. pol. Menten, Schmitz, Dirlenbach,
Zimmermann, Richter, Heinrichs, Radermacher, Klar, Claflen who prepared
the manuscript from my hand writing. Markus Richter put the manuscript in
a shape which made it publishable at Springer. I also wish to thank Dr. Miiller
from the Springer Verlag. Without his encouragement and promise to publish
the manuscript it would not have been written. And finally I want to thank
all friends and relatives who by their love and friendship gave me the force to
write this book.

Wilhelm Krelle Bonn, March 2003
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CHAPTER 1
The Theory of the Household

1.1 Introduction

Ethics, where economics started from in classical antiquity, has reentered eco-
nomics. There are more and more articles to be found in the literature which
deal with ethical problems in a market economy (see the literature cited at
the end). Thus, I think, it is time to analyze the relation of ethics and eco-
nomics in general, i.e. to show where ethics influences economics (and vice
versa), and how this can be taken into account in economics. In this book we
deal with the microeconomic links of ethics and economics. Ethics addresses
human beings to think and to act in a certain way. This may be brought
into the form of evaluations of ideas and acts. In each case the single person
is the addressee, also where social relations are concerned. This is the basic
approach in microeconomics (as in the Walrasian system). The transition to
macroeconomics represents a difficult task and will not be treated here.

The influence of ethics on economics is the main topic of this book. But we
shall also shortly deal with the inverse relation: the influence of economics on
ethics. As to the influence of the economic order on moral behavior, there are
people like Roepke (1958) who think that a market economy will eat up the
moral capital built up during non—capitalistic centuries, and there are oppo-
site views. E.g. Albert O. Hirschman writes: “There is here ... the insistent
thought that a society where the market assumes a central position ... will
not only produce considerable new wealth ... but generate as a by-product

. amore “polished” human type — more honest, reliable, orderly and disci-
plined, as well as more friendly and helpful ... ”. The criminal statistics seem
to indicate a rising trend of criminal acts, but it is not clear how much of this
is due to a larger extent of prosecution. There is a whole literature on the
economics of crime, starting with Gary S. Becker (1968), which also indicates
the rising interest in ethical problems.!

We shall explain the relations of economics to ethics, where ethics is con-
ceived as the science of evaluating possible human ideas and actions. A moral
evaluation is an immaterial reward or punishment of a certain size connected
with a certain perceived or real act of a person that — if positive — comprises
respect, esteem, reverence and the like by others and good conscience, and —
if negative — contempt, disdain, breaking off relations and the like by others

! In Krelle (1996) I showed that a market economy does not necessarily induce people to
cheat or lie or take other immoral actions, though one cannot prove this for all possible
situations. Giith (1998) comes to a similar conclusion.
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and/or pricks of conscience by the person himself. Often these reactions of
society or of the “super-ego” to an act of a person is of much greater impor-
tance for the person than any sort of physical reward or punishment. But be
that as it may: we assume that with each decision of a person which is of eth-
ical importance? there is a “moral evaluation” connected with it. We explain
the origin and the change of these moral evaluations and their influence on
economics (this is the main topic of this paper), and vice versa: the influence
of economics on these moral evaluations.

In the whole book we assume that a person is able to state his evalua-
tion of a certain phenomenon numerically on a scale of discrete numbers,
eg. as —%,—z+1,...,0,1,2,..., 4%, Z an integer > 1, where a valuation of
—Z means the largest possible dislike, 0 means: no judgement or indifference,
and +2z means the largest possible appreciation.® Of course, the grading may
be coarse (2 may be a small, positive number). Such grading is done per-
manently in politics and economics, also at the university level (e.g. in the
economics department of Bonn University only 12 numbers between 1 and 5
(these numbers included) are admissible in rating an examination paper; and
all professors do this without complaint). A reader who refuses to accept the
possibility of “rating” a phenomenon in this sense according to the preference
of a person may stop here and save his time.

1.2 Classification of Decisions and of Principles
to Rate Them

We divide all situations where a moral evaluation may appear into the follow-
ing large groups:

1. Private decision problems of moral importance in personal life,

2. Public issues of the general political and economic order and of the
current policy,

3. Normal decisions of economic agents, i.e. households, enterprises, orga-
nizations in education and research, banks and the government.

2 There are many acts without moral importance, e.g. whether I like apples or pears. For
these acts the corresponding morality figure is zero.

3 Each conception and each act causes an emotion which may be positive, zero or negative.
It is assumed that there is an upper and a lower bound of the force of these emotions.
This is in the spirit of Galileo Galilei who should have said as the device for science: to
measure what is measurable and to make measurable what (till now) is not measurable.
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There are different points of view? a person may have to evaluate a certain
decision. We group them into the following categories:5

1. Economic advantage of the person considered or profit in the case of a
firm (= G)

. Expectation of punishment if the action is illegal (= H)
. Emotional attraction of the act (= EM)

Force of imitation (or repudiation) of the behavior of others (= I M)

oUa e

Judgement on the economic performance of a political and economic
system (= E)

6. In the case of a firm:

6a. Profits (= G); already considered in 1.
6b. Production (= X)

6¢c. Employment (= L)

6d. The distribution of profits (= D)

6e. The risk of bankruptcy (= R)

7. Moral evaluation (= M)

Not all of these categories are applicable for each type of decision, and perhaps
there might be still other principles of importance for an individual. But
those mentioned above seem to be the most important ones. We illustrate the
working of these principles of decision first by looking at situation 1: private
decision problems in personal life where some decisions might be punishable
or immoral.

1.3 Private Decisions of Moral Importance

We assume that there are h possible private situations of moral importance
with which the person may be confronted (see Table 1.1). We call them By,
., By.% In each of these situations the person has two possible decisions: a

4 Instead of “point of view” we shall also use the word “criterion” or “judgement”.

5 These categories are to be taken as example. There might be others as well. In section 1.9
we shall generalize the approach.

6 If one is content with a crude approximation one could identify the h situations of
moral importance for a person with the classification in criminal statistics, see e.g. the
“Hauptdeliktsgruppen” in the Statistical Yearbook for the FRG, 1995, p. 376. But our
theoretical concept goes much further.
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“good” one B;; and a “bad” one B;y, i =1,...,h, where “good” or “bad” is
determined by law or (if the law is silent) by the ethics which the majority of
the population accepts.” In many cases the economic and the moral evaluation
of a decision of a person run parallel, in others not. E.g. when passing by
a store which exhibits some of its merchandise openly outside the shop the
person may not touch it (the good act) or may steal (the bad act).® The figures
G®) G®) in Table 1.1 indicate the economic advantage or disadvantage to
the person p caused by the decision B;; or B;s, respectively; in our example:
Gl(f ) =0 (if one does not steal, one does not have an economic advantage

by not touching the merchandise), but Gg) > 0: the value of the loot for
the thief is positive; this value measures the internal attraction; it is not an
actual flow of money. The figure Gg) represents the immediate advantage
as well as all expected future advantages for person p which result from the
theft. It is measured by an index of satisfaction which is normalized to lie
between —Zz and +2z, Z > 0, a positive integer. —Z indicates the highest possible
dislike (a very large loss), +Z the highest possible satisfaction. In our example:
0<GP <4z

The figures EMZ.(JP ) in Table 1.1 indicate the emotional (“irrational”) attrac-
tion of the decisions B;;. In our example of a possible theft of merchandise the
person might be a kleptomaniac and cannot resist the urge to steal. Sexual
offenses might fall under this category, also insults, assaults and other acts.’
Here: —z < EMY) < +z.

The next column 7 Mi(f ) in Table 1.1 indicates the attractive or repulsive

force of the observed actual behaviour of other people. IM i(;’ ) is (if positive) the
“force of imitation” of the behavior of others on person p or (if negative) the
“force of repudiation of common behavior”, always with reference to a certain
decision. These are “external effects” of the behavior. If many people act in a
certain way (e.g. trespass against moral or state laws) there is an inducement
to do the same (imitation and conformism are widespread in the population).
But for a minority the effect may be opposite: there are people in the society
who principally object to the opinion or acts of all others and want to impress
other people just by doing the opposite of what other people do (snobs are an
example). These “external effects” are well known in consumption theory.'®

7 This ordering is a matter of convenience of notation and has no importance with regard
to the substance.

8 Of course, that there are only two possible decisions is a simplification. It is not difficult
to extend the approach to a finite number of possible decisions. But this will complicate
the approach without any new insights into our problem.

9 Of course, there are many kinds of emotional and instinctive impulses. Textbooks of
psychology list them. But they are also known since long time from philosophy; see
e.g. Spinoza (1665).

10 ¢f. Corneo (1997).
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Table 1.1. Decision Table; Private Ethical Problems for Individuals®
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1) This includes decisions to act against moral and civil laws as well as decisions to
act against the public order.—We assume that all probability distributions w;; =
(wij,00Wij,1,. .., Wij,m) are taken from a finite set W of probability distributions. The
situations Bj,..., By depend on the general political and social order and the actual
political and economic decisions of the government, which we collect in the vector O (to
be explained later). Thus B1(0),..., By(O). At the beginning of a period a person can
only be in one decision situation, though several persons may be in the same decision
situation.

2) if negative: non—conformity to others

3) The observed criminal rate U;2 = vz - B; may be found in the criminal statistics. The
morality rate 7;; is defined as v;1 = v;1 - 5;.

They are included in this approach. A formula for estimating I M is suggested
in section 1.10 for the case of private households. A similar approach may be
used here in the case of personal decisions.

The figures Mi(f ),Mg' ) in Table 1.1 connected with the decisions B, B»
constitute the moral evaluation of these decisions by person p.!! They are
also normalized to lie between —z and +2. A value of —Z for Mi(f ) means the
highest possible moral condemnation of decision j in the situation B;, a value
of +Z2 the highest possible moral distinction of that act, and MZ-(]P ) = 0 means
moral indifference.

The GZ(-;’ ),EMi(f )1 Mi(]’-J ) and Mi(jp ) in Table 1.1 refer to a specific person p
and are in general different from person to person. The following two columns
in Table 1.1 refer to the set of all persons in the society. v;; indicates the

1 Details will be given below, see section 1.4.
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proportion of all persons who, if confronted with problem i, would choose
the good alternative B;1, the proportion v = 1 — v;; would choose the bad
alternative B;3'2 . The f3; in the next column are the frequencies with which
the problems B; occur in the society. The ¥;; in the following column in
Table 1.1 are equal to v;; - B; and may be called the morality rates for the
different decision problems.'® The #;5 = vs2-G; are the observed criminal rates.

The second-last column shows the elasticities of real GDP with respect
to Dia: e.g. €yp, = 6873}1,2 . %; it indicates by which percentage GDP per
capita changes if 715 (i.e. the criminal rate in situation 1) is changed by 1%.14
This measures the economic consequences of the bad actions Bia, ..., Bpy. Of
course, other measures (e.g. the effect on the distribution of income) may also
be taken into account.

The last column of Table 1.1 gives the total valuation Vl-g-p ) of a decision B;;
by person p. Since valuations are crude estimations we admit only positive
or negative integers or zero as valuation figures. We shall derive these valu-
ations later (see equation (1.1) below). These total valuations Vi(-p ) are also
normalized to lie between —Z and +Zz. Of course, if we want to consider the
society as a whole and if there are N persons in the society (p = 1,...,N),
each column in Table 1.1 is really a matrix of N columns.

Now we come to the first two columns of Table 1.1. The decision to move
from B; to B;; may be illegal. There are m + 1 possible punishments in the

society; each of them will be rated by the person by a figure Sftp ) between —z
and zero, i = 0,...,m, where g = 0 means: no punishment and 4 = m the
highest possible punishment. There will be probabilities w;;, ,, of being caught

and sentenced to a punishment p, a situation which is evaluated as Sﬁp ) by
person p. Thus person p by choosing B;; is confronted with the probability
distribution (“in utiles”) of punishment:

12 Tt will be shown below how the v;1, v;2 are determined, see section 1.7.

13 The vy; are theoretical figures. Actually, only the proportion 3; of the population is
confronted with problem B;.

14 The reactions of other agents on the change of 712 are taken into account. E.g. if the
percentage of people who do not steal rises, one needs less policemen, less judges,
less prisons, and the money saved may be used for more productive purposes. — The
approach above assumes that the GDP, called Y, is a function of all criminal rates
¥12,-..,Up2 (as well as other variables):

)%
Y =Y (D12,...,0p2). In general: P < 0.

Vi2

oY dvig dvpe
~ Tt ey, T
Y v12 Vh2

where ey 5., = BY < 0, in general: a rise in the criminal rate will reduce GDP.
i2 Y g

Thus given these eiastlcltles one only needs to know the relative changes of the criminal
rates in order to know the effect on GDP.
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W (Si)® = (wizo, S&), (wij1, SP), -, Wigms SE)), - wige >0,
m

Y wijr=1 -2<8,<0, p=1,...,m

k=0

This is equivalent to a lottery ticket with losses instead of prizes (a soldier
who goes to war carries such a ticket: with probability w;;o he comes back
unharmed, with probability w;;» he will be dead, and with the probabilities
in between he comes back with some more or less bad injuries; a person that
runs the risk of performing an illegal action is in a similar situation). We may
form the mathematical expectation of the disutility of punishment:

m
E(Si)® =Y wi;,SP <0, —z< E(S;)® <0, see Table 1.1,
pn=0

but this may not have a meaning for the person; his risk behavior will come
into view. Thus we assume that a person in this situation is able to state a
figure HZ(JP ) between —z and 0 which reproduces its “degree of dislike of this
probability distribution”:

HY «W(si)®, -z<HP <0,
where «— means “evaluation of”.

There is a special section, section 1.8, which deals with this problem of
evaluating probability distributions®®.

15 One may think of another approach which takes into account the time preference (or the
economic horizon) of the person explicitly. Let us assume that the punishments start in
the next period and stay the same in each future period. Then each alternative B;; is
connected with probabilities w;; = (wij,0, Wij,1,- - -, Wijm) of punishments evaluated
as So, 51, ..., Sm. Let the future (as far as punishment is concerned) be discounted by
the person by a rate d > 0. Then, assuming neutral behavior with respect to risk the
disutility of punishment would be evaluated by the person as

t
(#) HY = B(S;;)® b, where h =32, (tk3) and -2 < H <0,

in general: h = h(®);

h = é > 0 is the “economic horizon” of the person. The following table presents some
possible values for d and h:

&

0 .01 | .05 | .33 ‘ S1] ... ‘ o0

h= oo | 100 2 |1

1
i 20’3 '0

But not all of these values h are admissible. Since —z < E(S;;)®) - h < 0 we get

h < E(S_”ﬁ E.g. for z = 10 and E(8;;)(®) = -5 we get h < 2, for Z = 10 and
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This explains the first two columns of Table 1.1.

A pure economic theory would consider only Gg’ ) and Hi(f ) as determinants
of a decision of person p. But, as shown above, there are other influences to
be taken into account, namely the emotional attraction FM, the force of
imitation (or repudiation) IM of others, and the moral evaluation M which
codetermine the decision. Other points of view in our list (the judgement on
the economic performance of a political and economic system and the points
of view relating to a firm) do not apply in this context. Thus we have 5
determinants for the evaluation of a decision B;; by a person: the economic
gain Gjj, the subjective evaluation of the punishment H;;, if the action is
illegal, the emotional attraction EM;;, the force of imitation IM;; and the
moral evaluation M;;. These influences are weighed by factors a;; x which are
in general different for different persons. Thus we finally get for the evaluation

Vigp ) of a decision B;; by the person p:16

VP = i (") Gl(-f) +al?). Hi(f) + a3 EMZ-(JP) +al?) . IMi(f)—i—

17 17,1 1,2 15,4
(1.1)

o'

(p) . : 17
45 - M;;"), n.i. = nearest integer

E(8:;)® = —1 we get h < 10. Higher values of h are possible, but they cannot
degrade the valuation of punishment below the limit of —z. The assumption that the
punishment stays forever is a simplifying assumption in order to keep the expressions
simple. If the punishments S;; were only imposed for A periods we would get

1 1
HY = BS5) P - ()" 5

If the punishments were different in time we would get

h
1
HP =d- > E(Siy,0® (——)"
(%] J»
= 1+d
A person with A > 1 may be called risk averse, a person with h < 1 a risk lover. In
our approach (see also section 1.7) the risk aversion or love of risk is used instead of
discounting the future.

16 We always use integer approximations in this paper, but do not indicate that explicitly,
in general.

17 In this formula it is supposed that the person has a sense for evaluation of phenomena
(measured by the size of Z) which is a personal characteristics of the person and equal
for all phenomena. This might not be true for all persons. It is possible that a person
may be able to judge certain phenomena very accurately but other only very crudely
(e.g. for one phenomenon it could only state: I like it, or I have no judgement, or I do
not like it; for others it could state: I am very much in favor of it, or: it is sympathetic
to me, but not very much, or: I have no judgement and accordingly for the negative
side). The different scales have to be made equal before using formula (1). (I thank
Werner Hildenbrand for hinting at that problem.) This can be done in different ways.
We suggest a very simple one. Let

Z1 < Z2 < ... < Zn, all numbers discrete,
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The agi)k,k = 1,...,5 are subjective weights for the values G,H, EM,IM

and M, with 0 < aﬁ;”)k and Z,i:l ag’-’)k = 1.!® The weights depend on the
personal characteristics of the person, which are taken as given here. For
G,H,EM,IM,M and «a only finitely many values are admissible, e.g. all
integer values between —z and +Z for G, H, EM,IM, M, Z a positive integer,
and 525- for agf’ )k, Z and Zx non—negative integers, where z; < z and Zi:l Zk =
Z. The upper index p indicates that this figure is “private” to the person,
i.e. different from person to person.

The person p chooses that decision Bg’ ) which is most attractive for him

(or her)!®, namely that with the maximum value of Vi(jp ).
be the extreme evaluations of phenomena 1,2,...,n by a person. The actual evalu-
ations may be discrete numbers z} between —2; and +Z%;, i = 1,2,...,n. Now the

smaller scales are enlarged by a number 8; > 1 such that

The actual evaluation z} of a phenomenon i on the scale Z; can now be transferred to

an evaluation 2z7* on the scale z, by:

= i

(actually, to z}** where this is the nearest integer to z;*). In all following variants of

equation (1.1) always equal Z are supposed to be valid for all phenomena.

18 If the ag.’)k are given by nature there will be no freedom of will left for the individual.
He will not be responsible for his valuations and decisions. But we assume that the
person has some influence on the weights ag’)k

drives, see section 1.4.

. It may resist emotional or imitational

19 This theory of decision is constructed on a “medium level of abstraction” and in a

way to fit into economic theory. It is not identical to the decision theory used in
psychology, which is more detailed, but it may be conceived as a type of aggregated
version of this theory. For a review of the development of the behavioral theory in
psychology, see: Icek Ajzen “Attitudes, Traits and Actions: Dispositional Prediction
of Behavior in Personality and Social Psychology”, in L. Berkowitz (ed.): Advances in
Social Psychology, Vol. 20, 1987, pp. 1-6; Julius Kuhl and Jirgen Beckmann: “Action
Control: From Cognition to Behavior”, Springer—Verlag Berlin, 1985; Mark Conner
and Christopher J. Armitage: “Extending the Theory of Planned Behavior: A Review
and Avenues for Future Research”, in: J. of Appl. Social Psychology, No. 28, 1998,
pp. 1429-1464; Stephen Sutton: “Predicting and Explaining Intentions and Behavior:
How Well are we Doing?” in: J. of Appl. Social Psychology, No. 28, 1998, pp. 1317-
1338. Following this literature the current state of the psychological decision theory
may be sketched as follows. The theory is called TPB (= theory of planned behavior)
or (in an extended version): TRA (= theory of reasoned action), and mainly developed
by Icek Ajzen. The behavior of a person is explained by his behavioral intentions. The
intentions are basically explained by three factors:
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BY —max (VP VP, je{1,2}, (1.2)

We may infer from equation (1.1):

1.

The larger the M;;, i.e. the clearer and the stiffer the moral rules are,
the more likely is a behavior according to these rules.

A larger economic horizon (or: a smaller future discount rate) leads,
as usual, to more moral decisions in the case where G;; and M;; are
inversely related.

Higher punishments for crimes and deviations from moral behavior yield
less crimes in general, i.e. if A > 0.

The more people give a bad example by breaking moral and legal rules,
the more people will choose the “bad” decision.

. Usually moral laws do not contradict criminal laws, i.e. for all M;; >0
we have E(S;;) = 0. Conflicts arise if E(S;;) < 0 for M;; > 0.

. For finite E(S;;) and finite h, EM;;, IM;; and M;; and sufficiently
small weights «a;;; for these values there always exists a number Gy
such that V;s is positive and the largest among all V;1, V;5. This means:
since there are almost no limits for evaluations of a situation by different
persons, there will always be persons who take any possible criminal
or immoral action if the economic incentive is large enough. From the
individual point of view: everything is possible. We are, however, finally
not interested in individual behavior but in the behavior of large groups
of people.

1. Attitudes. These are conceived as the overall evaluation of the behavior, an
expectation value of the outcome of the decision. (This may be identified with
our figures G and H.)

2. Subjective norms. These are norms internalized by the person. (This may be
identified with our value M.)

3. Perceived behavioral control. These are conceptions of the person whether it will
be able to perform the task, whether the necessary resources will be available
etc. (This is in our approach taken into account at the definition of the initial
state B; and the attainable state B;;. Only actions which can be carried out by
the person are considered in our approach.)

The list of determinants is not considered to be exclusive. Conner and Armitage suggest
six additional determinants, among them: belief salience (which may be identified with
EM), past behavior and habits (which is similar to our M), moral norms (which are
M in our approach). All these determinants may influence the intentions directly or
indirectly via the attitudes or other variables. According to Sutton, p. 1333 this theory
could explain between 40 and 50% of the variance in intentions and between 19 and
38% of the variance in behavior. That means, we have to be modest in our demands
on the theory.
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Table 1.1 illustrates the assumptions on private decisions and their conse-
quences. In the relevant cases we have

Gil < Giz and M;1 > M.

If G;; and M;; run parallel and F(S;1) = 0 there is no moral problem, we are
in the best of all worlds as far as moral behavior is concerned. One should try
to find a political, social and economic order where this comes true. But this
does not seem possible for all issues.

1.4 Moral Standards and the Determination of
Moral Evaluations of a Decision

Equation (1.1) in section 1.3 shows the determinants of the evaluation of
a decision by person p. These are: the immediate economic advantage GE? )
(which follows from the specific decision), the expectation E(S;;) of being pun-
ished if the decision is illegal (this expectation is treated as common knowl-

edge), the size h(®) of the economic horizon (specific for each person, since
Hi(f ) = E(S:;;)® - h, see (x) in note 15 above), the emotional attraction
EMZ-(]P ), the force of imitation I MZ(JP ) and the moral evaluation Mi(f ) of the

decision by person p. We want to explain the moral evaluations Ml(]p ), First,
there is an interdependence of moral judgments within each society. Value
judgments are discussed and transferred from person to person either person-
ally or by the information system. Thus, in principle, everyone is influenced
by the value judgments of everyone else though usually only to a relatively
small amount so that one keeps one‘s convictions by and large for a longer
time and changes only slowly (as a rule).

But there are also theologies and philosophies (including ideologies and
economical, sociological and other theories) from which moral standards (also
in the form of an optimal behavior) can be derived. The word “philosophy”
has to be interpreted in the broadest sense. It also includes economic theories
with implications for optimal behavior. Thus Marxism is a “philosophy” in this
sense, and Keynesianism or neoclassical economics as well. They influence the
“moral standards”, i.e. the evaluation of personal decisions, also the evaluation
of collective decisions (to be treated later, see section 1.16). The theologies and
philosophies are passed on in the form of books, by the teaching in schools, by
oral tradition etc.?® They change only slowly. They influence the evaluations

20 There is a reason to differentiate between theologies and philosophies. If moral stan-
dards are derived from the commandments of God revealed in the scriptures, they
cannot be debated by the faithful. And if the majority of people believe in God and
his commandments and therefore accept the ethics which follows from it, there will be a
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of persons but are in turn not largely influenced by these evaluations. Usually
many philosophies with different moral standards for each possible decision
exert their influence in a society. It might happen that a decision Bi1 which
is best from the economic point of view is bad from the point of view of a
certain philosophy k.2!

We assume that each theology or philosophy k postulates or favors moral
standards

—r (k (k) p(k —(k k
M*) = (M1(1)’M1(2)v~~’M/(11)’M}52))a
i.e. each possible decision B;; is morally evaluated by a positive or negative

figure Mi(f) or, if the theologies or philosophies are silent or indifferent in this

issue, by Mi(f) = 0. The evaluations may be rather different in the different
theologies and philosophies (e.g. entrepreneurship may be positively evalu-
ated in one philosophy and discriminated as exploitation in another).?? These

“moral standards” Mi(jl) e ,Mi(jK) (if there are K theologies and philoso-

higher and more stable moral standard than in a secularized society, where many some-
times short-lived “philosophies” with different ethics fight for recognition. Moreover,
all theologies and philosophies are handed down in the form of books which are written
by persons under certain cultural conditions, and the words must be interpreted in the
light of these conditions. The interpretation of religious traditions changes slowly, as
far as the ethical consequences are concerned. The interpretation and the acceptance of
philosophies and their moral implications change faster, since there is no “authority”
behind the ethical valuations. In this section we keep the ethics of different theologies
and philosophies as given and constant.

21 et Y = VB, BY, .. BY ., BW, BV, BUY) =i Y(B)) be the size of
GDP per capita if all persons 1,..., N take the “best” decision from the economic
point of view, and Y(B1) > Y (Bz), where Y (Bz) is the size of GDP per capita, if all
persons use a “bad” decision from the economic point of view. Then there may exist a
philosophy k which does not care about GDP per capita but instead about some type
of welfare or salvation W, where

W =W(B;), je{1,2},
and W(Bz) > W(B1).
Our theory deals also with this case.

22 Qur approach does not judge the different types of ethics. It allows an “ethics of respon-
sibility” (Verantwortungsethik) as well as an “ethics of conviction” (Gesinnungsethik).
A person is equipped with an intellect by which he is able to judge the consequences of
his actions, and that implies: he may be kept responsible for these consequences. Some
examples may illustrate this. From the point of view of the “ethics of conviction” it
is not allowed to kill a person irrespective of the consequences. Thus according to this
ethics it would not be allowed to kill Hitler in order to save the lives of hundred thou-
sands or more persons. Or it is not allowed to kill a person that has taken hostages
and threatens to kill them (if there are no other means to free the hostages); it is
not allowed to form catholic advisory boards for pregnant women and to give them a
certificate of having consulted such a board (because this certificate would allow the
women to procure an abortion), irrespective of how many abortions are avoided and
lives are saved because of this consultation. The ethics of conviction is based on the
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phies) influence (in general) each person directly or indirectly (via other per-
sons). These relations may be modeled as a Markov chain. This means that

the moral evaluation Mi(;? 1 of a decision M;; by person p in period ¢ is to a

proportion pg’,)p determined by his own moral evaluation in the period before
and with other proportions p}; , by the moral evaluation of other persons

v,

v=1,...,N, v # p and again with other proportions pJ; , by the moral

evaluation of a theology or philosophy x.2%:24 Let there be N persons and K
doctrines in the society. Then we assume:

23

24

MO, M Dy = MO, MY

TR ARRRERALEY R ) ijt—1»
ij YE

1. M) Py

i=1,...,h, j=1,2,

or: Mji = Miji-1- Pij, (1.3)
" 1 N (1 (K
where My, = (M5),..., MGy, M,..., M)

conception that a person is responsible for his acts, and the acts are classified into
“good” and “bad” ones irrespectable of the consequences for which God is responsible.
I personally do not share this opinion, and I think a modern society and economy can-
not be run under this principle. From the point of view of an “ethics of responsibility”
not the act itself but its consequences are of primary importance. Our approach leaves
it to the person which type of ethics he accepts.

‘We do not go into the details of this transfer of moral values. It may be accomplished by
formal individual contracts, see e.g. Urs Schweizer, Vertragstheorie, Tiibingen (Mohr
Siebeck) 1999, or by some sort of social contract, see Wolfgang Kersting, Die politische
Philosophie des Gesellschaftsvertrages, Darmstadt (Wiss. Buchgesellschaft) 1994. In
economics this subject is partly covered under the headline of preference and choice or
by Welfare economics, see e.g. the text book Andrew Mas-Colell, Michael D. Whinston
and Jerry R. Green, Microeconomic Theory, New York, Oxford (Oxford University
Press) 1995, ch. 1-3 and 21-23. We think more on the hundreds of informal contacts
of a person to other persons where views are exchanged and moral values are revealed
and to a certain degree adjusted. The way how these influences are exerted in detail
is difficult to analyze, but the final effect may be revealed by repeated inquiries and
interviews similarly as the yearly polls of the Allensbach Institut on the hopes and
fears of the German population with respect to the situation in the next year.

This book is not concerned with the contents of different ethics. This may be found
in the text books of ethics. I only mention Jan Rohls “Geschichte der Ethik”, 2.Aufl.,
Tiibingen (Mohr Siebeck) 1999 who presents the development of ethics from prehistoric
ages up to the 20th century. Theological ethics with special reference to economics are
presented in Arthur Rich, Wirtschaftsethik, Vol.I and II, Giitersloh (Gerd Mohn),1990,
from the protestant point of view and in a more general context in Franz Bockle,
Fundamentalmoral, Miinchen (Kosel) 1977 and in the encyclicals of the popes from
the catholic point of view. In this book we deal with the influence of any ethics on the
behavior of a person, especially on the economic behavior, and (to a smaller degree)
on the opposite relation: the influence of the economic situation on ethics.
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pgjl)N | 0 . 0
w f

M 0 0

pgjl )N | 1 0
K

pEJ (A 0 1

andp(")>0p(”)>0andu—1 LN, p=1,...

N
and > p)7, + ZPSL =1

v=1
and—z < My, |, Mf, , <+z 2> 0,integer

The M, (J 2 stay for all ¢ in the limits —Z and +z. The system converges to M;;
with:
M : (Ml(Jl),,MZEN),M;;),,MZ(JK)) and Mij :Mij sz

The solution of this system of equations gives the value Mi(;/) of the final moral
evaluation of a decision B;; by each person v. It depends on the influence of
the theologies and philosophies 1, ..., K and of the convictions of other people.

The convergence values ]\Zfij may be derived as follows. Let z = (y, z) be
the column vector

(1)
1 M;;
' (W)
AN Tm _ M” _ pl QO Ql —
T = (z> = zme | = ]\_4,-(]»1) and Q =P = (O 7= QTi-1,
Tn M_i_K)
ij
P11 Pmi Pm+1,1 Pn1
where Qg = : , Q1= : :
Pim Pmm DPm+1,m Pnm

O = the (n — m) x mnull matrix and I = the (n —m) X (n — m) unit matrix

The stationary solution:

Yy = Qoy + Q12
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yields y = (I — Qo)™ 'Q1z, i.e. all stationary solutions are:?®

g= - , zeRv™, (1.4)

independent of the initial values yé,. Thus the asymptotic values of the moral
convictions in a population depend essentially on the theologies and philoso-
phies which are valid in the society, but also on the transition probabilities
given in the matrix Qo, i.e. on the mutual influence that the persons exert on
each other — but not on the initial conditions of the personal moral values.
If governments have some influence on the information system (influence on
journals, books, radio, television) they will endeavor to reduce the influence
(i.e. the pf; ) of all theologies and philosophies x which the leading group
does not like and to increase the influence of a philosophy it likes (e.g. a cer-
tain religion or a certain philosophy like Marxism). We do not model this
explicitly.

(v1)

If the relative influence p;; ;, which person v/ exerts on person v with respect

to the moral evaluation of a decision B;; and the relative influence ;55;)1, which
the philosophy x exerts on person v are given by nature or by social and
political influences beyond the control of the person, the person would not
be responsible for his actions. The person would be a sort of robot that is
programmed by nature or by society for which the person is not responsible;
there would be no freedom of will and thus no responsibility for misdeeds. A
person would be like an animal with some more intelligence.

But this is not necessarily implied by system (1.3) above. The relative

influences p{*’) pgj)u

4.0 and are subject to the decisions of person v: a person is
not forced to join a group of bandits or to accept a certain philosophy. The
person chooses his groups of friends and his position in the society, of course
within certain limits. But in almost all cases these limits leave enough room for

personal decisions such that we may say: person v is responsible for choosing

the pgjg and 135;)1, We do not go into these details of this process of forming

25 [ thank Dr. Christopeit for all these calculations. The inverse (I —Qg) ™! exists, since we
assume that }°7  p;; < 1,7 =1,...,m, ie. : that some doctrines always influence the

moral standards M i(; ,k = 1,..., K. In this case all eigenvalues of Q¢ have modulus
strictly smaller than one (cf. Murata (1977), p. 23, theorem 1.19). Hence Q} = 0.
Moreover, since A = 1 is not an eigenvalue of Qo, I — Qo is regular and its inverse (I —

Qo)~! is a nonnegative Matrix admitting the representation (I — Qo) ™! = 332, Q¥.



16 CHAPTER 1: The Theory of the Household

the preferences of a person and determining the degree of responsibility for
his actions; the criminal law in all countries implies that “normal” persons are
responsible for their decisions, and that means in our approach: that they have

an influence on the p%"ﬁ and ;55;”)”, which allows us to treat these parameters
as exogenous? .

The M(Vg and M(”) v=1...,N, k=1,...,K, are (as explained
before) ﬁgures between —Zz and —I—z After each round t of the Markov chain
calculation the results MZ(JZ have to be enlarged or lowered to the next integer
value which we call M v
M}Jt :Mf]t =.. —M:J”t

, ns persons with evaluation M”, (s) such that ny+ng+... +ng = N Thus

. Let there be n; persons with equal evaluation:

=: ]\;Iij)t(l), ng persons with evaluation Mij)t(2),

frorn the Markov chain of equation (1.3) we get the distribution D(M;;.) of
the valuation of decision B;;; for all ¢ by
D(Mij) = (0i3,4(1), - - 0ig,e(5))
here 51, 4(0) = 7 , (1.5)
where  0;54(0) = =, o =1,...,s

The foregoing analysis demonstrates the importance of theologies and philoso-
phies (as far as they imply ethics) for the coherence and stability of the moral
convictions in a society. They are a kind of anchors which keep the society
together and prevent it from falling apart. But what happens if these “an-
chors” lose their power, as it seems to be the case now, at least in the western
world? The number of agnostics rises, who acknowledge no moral authority.
To realize the consequences of it we go to the extreme and assume that there
is no religion and no philosophy or (if they exist) they have no moral influence
on people, only the influence of other people exists. In this case the Markov
matrix P;; in equation (1.3) assumes the form

¢

1)

pz‘j,l p” N 0 0
pf]],v) pf]N e 0 0
P'ij: e — - — —
0 0 1 0 (1.6)
0 0 0 1
where now

26 1f one is not content with stopping the analysis at this point one may go a step further,

see section 1.5. But we do not pursue these routes here.
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N
Yop=l p=1.N, p, >0
v=1

This implies that the influence of theologies and philosophies which may have
existed before is now distributed to the other members of the society. The
society is “left alone”, all changes of moral convictions are endogenously de-
termined. What will be the result? The system may now be written in the
former notation:

Yt = Qo - Yi—1,
where
1 1 N
Yt Mfgi Pt ... Pm pgj,)l e pz('j,l)
w=| = ¢ | Q=] : =l z
N 1 N
Ymt Mi(j,t Pim .- Pmm ng,)zv EE pz(‘j,lif

m
and pij = 0, przl, p=1,...,m.
v=1

The matrix Q) is called a stochastic matrix. The character of the solution of
the Markov chain y; = Qo - y;_1 is well known?”. The solution may be written
as

m
Y= Au N, U
p=1

where Aq,..., Ay, are the eigenvalues of the matrix (Qo — I\), the g, are the
eigenvectors and the /_1” depend on the initial conditions. We may assume
that the matrix Qo is irreducable?® because a society does not fall apart in
different sub—societies which do not communicate with each other. We may

also assume that Qg is aperiodic?®. If it were periodic, the flow of influence

27 1 thank Dr. Werner for the discussion of the solutions. For the definitions of reducible
and aperiodic matrices and their influence on the solution see also Krelle (1988 a).

28 A matrix A is reducible if it is possible to reorder the lines and the adjoined columns of

A such that it takes the form A = An Ar2
Az A2z

matrices whereas A2; and/or A2 are zero.

) , where Aj1 and A2 are quadratic

29 A matrix A is periodic (or cyclic) if it is possible to reorder it by changing the lines
and the adjoined columns such that it takes the form:

O A12 0 e 0

0 0 Aos 0
A=

0 0 An—l,n
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on moral convictions would always circle around certain groups of people;
the influence goes from group A to group B ... to group Z and then back
to group A. This seems to be very unlikely. If Qg is neither periodic nor
reducible, Qo has an eigenvalue 1 with multiplicity 1, say : A; = 1. All other
eigenvalues are smaller than 1 in absolute value. They might be conjugate
complex or real. This proves that the system of moral convictions of the
population may converge, but the convergence value depends completely on
the initial conditions. There may be fluctuations (if there are negative real or
conjugate complex eigenvalues). Since the initial conditions are to a certain
degree arbitrary, the same is true for the convergence values. Anything may
happen.

1.5 A Digression: Explanation of the Transfer
Probabilities

In equation (1.3) the transfer matrix P appears which contains the transfer
coefficients pg ¥) and pgj - We treated them as exogenous, which leaves room
for the freedom of will of the person. We may go one or more steps further
but naturally have to stop somewhere. We do not pursue this line of approach
further but we may suggest two lines of thought to explain the transfer prob-

abilities.

Explanation 1. The sizes of the transfer probabilities depend on the posi-
tion of the persons within the society, where “position” describes the geo-
graphical location of the person as well as the position in the social hierarchy.
Let there be N persons Py,..., Py in the society and Z possible positions
POS,,...,POSz, where Z > N. Thus Z — N positions remain empty. E.g., if
there are 2 persons in the society and 3 positions we get 6 possible combina-
tions. Each combination may be given a certain probability of being realized
in the future. The person we consider may disregard combinations with very
low probability of realization. The following table illustrates the approach for

this example:

|

Positions in the Society probability of

POS, | POS, | POS; | realization
1 Pl P2 1
2 P2 P1 2
Allocation of 2 persons s m >0
Py, P; to 3 positions 3 Py 2 T3 6
= combination 1,...,6 4 P, P o ;::1 m=1
5 P] Pz 5
6 P2 P1 e




A Digression: Explanation of the Transfer Probabilities 19

Let D(POS,, POS;¢) be a measure of the distance of position 7 to position
€. the larger the distance the smaller the influence of POS¢ to POS,) and thus
the smaller p% in the transition matrix P.

Explanation 2. Another approach consists of repeating the Markov proce-
dure for the parameters p and § in the following way. Rewrite equation (1.3)
by

*) |~’Et =241 P ‘

where x; := (Mt(l) e Mt(N), ML ... M(K))

PUE-D e W=D ] 0 e o
: | :
(N)(tml) o -1 ] 0 o0
Py = —— —— -— = —= ==
pPiE-1) - ‘(1)(t -1 | 1
K : K |
-1 - A1) | 1

The first column in P;_; may be written as a row vector:

1= (Pt - 1) pM (e - DO - 1) P (- 1))

Now we put: y:—1 = y¢—2 - P;_o and repeat that for columns 2 to N in P,_;.
This means we get Markov chains of the type

1 1 1 N N N
vt = vt Py = o P
Let yt(i)i, ... ,yg be the corresponding column vectors. We may reformulate

the matrix P;_; in equation () as

1
P_i=}%4 - Y

where yt( )1 = yt(”)2 Pt(f)2, v=1...,N

We could continue that way and stop if yt T ~ yt( )T , for some T' > 2 or (if
this does not happen) if information on z; is lacking for t <t —7 ,7> 2.
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1.6 The Length of the Economic Horizon

Besides depending on Mz-(jp ) the value Vigp ) of a decision B;; depends on the
subjective expectation of punishment Hi(]-p ) = E(Si;)®) - h(P). The mathemat-
ical expectation F (Sz-j)(P) is given to the individual person. But H Z(Jp ) is also
a function of the economic horizon h(P) of the person p. We assume that the
length of the foresight follows a relatively stable distribution in the society:
relatively few people live only from day to day (i.e. the length of their horizon
is zero), relatively more have a bit more foresight, but above a certain size the
relative number of persons with rather large foresight declines. Fig. 1.1 gives
an example of such a distribution. It may be explained as the convergence
value of a Markov chain with respect to the length h of the economic horizon,
which is a measure for the risk aversion. We assume that the risk aversion or
love of risk is a personal attribute which applies to all decisions; thus: h(®),
There is a mutual influence on it, and the theologies and philosophies may
not be silent either on this subject. Thus, similar to equation (1.3), we get
the equations

1 N) 1 7 1 N) 1 7
M RO Ry = (p AN R ROy P (1)

p:(ll) pg\}) | 0 0

: : |

N

Vo p | 0 0
P:. _—— — —_—— —— _—— — —_—_ — — — — — —— _ — —

Y Y | 1 0

(K (K '

p(1 ) pg\,) | 0 1

with the constraints as in equation (1.3). This system converges to values
according to equation (1.4). If we consider the distribution (A1), ... A(N))
as constant, this implies that the Markov process has already converged to
its asymptotic value. But we may as well consider the h(P) as variable and
explain it by equation (1.7). This is an empirical question.

1.7 The Relative Frequencies of Personal
Decisions

Let

#plv? > Vi)
#(p)

Vi1 =

, 0<w; <1, where: #p=N (1.8)
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d; = proportion of the population

with economic horizon h d; >0, odi=1

0.3 +

024 ]

di
do < 0.1 4— d
ds
/\/\ h =1/d = length
1 é :I% o  of economic horizon

Figure 1.1. Distribution of Economic Foresight in the Society

be the relative number of persons that in a situation B; would choose B;1,
and accordingly

#(p| VP < V)
Vig =1 -0 = t t
#(p)

the relative number of persons who would choose B;2. E.g. in our example of
the theft of merchandise exhibited outside the shop v;; is the proportion of the
population who in such a situation would stay honest and v;2 = 1—v;; the pro-
portion who would steal. If our theory of decision is (at least approximately)
right, the v;; or v;z may be derived from the personal distributions of the
values of GE;?),HZ.(JP),EMi(JP),IMi(JP),Mi(JP) and of the agf’)k,k =1,...,5 which
determine the valuation Vigp ) of the decision Bij, see equation 1.1. All these

distributions may be obtained by public polls where persons have to assign in-
teger values between —Z and +Z to the magnitudes G® P gM® 1M®)

i iy =M M50
(p) . . ~ ~ 5 s =

and Mij and non—negative integer values Z1, ..., 25 where ) k1 2k = Z to

the weighing factors such that az(f )k = %t where Z is a given positive inte-

ger, e.g. 10. By using equation 1.1 one gets the valuations of the situation in
question and by using equation (1.8) the relative number v;; of persons who
would prefer B;; and accordingly of those who would prefer B;s. If the relative
frequencies 3; of occurrence of the decision situation B; would be known, the
morality and criminal rates v;1, vz could be estimated and compared with
the actual values, which would be a test of the theory. Of course, one could
also ask the persons directly whether they prefer B;; (which is valued as V;;)
over Bz (which is valued as V;3) but one may not be sure to get the right
answer (few people would like to reveal themselves as criminals). But from
the values of G;;, H;j, EM;;, IM;; and M;; and their weights a;;x one may
infer the preferences of the person with respect to B;; or Big, if one has some
confidence in the decision theory suggested above. In any case we assume that
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the valuations of G;j;, H;j, EM;;, IM;; and M;; on an integer scale of —z to
+2z for each decision B;; can be done by each person or (in a short cut) each
person could indicate directly his valuation V;; of this alternative.?? Fig. 1.2
illustrates the case. Bj; is chosen if Vj; > Vja. On the axes the values V;; and
Viz are measured with —z < V;; < +Z and the adjoined relative frequencies
Wij—%,---,Wij+z are listed for these coordinates®'. Each integer point in the
square —Z,...,+Z has the probability (= relative frequency) of the product
of the two adjoined relative frequencies; e.g. the point P in Fig. 1.2 appears
with the relative frequency of w;1 z—1 - wiz2. In all situations indicated by
the thick dots in the dotted triangle ABC the decision Bj; is taken, and the
relative frequency wv;; of this decision in the society equals the sum of the
products wi1 ¢, - Wiz,¢, for points (£;, 2) lying in the dotted area. Thus, the
relative frequencies v;; and v;2 may be derived from the distribution of the
basic entities G;j;, Hij, EM;j, IM;; and M;; (weighted by ;) which cause
these decisions, see equation (1.8).

It follows that the relative frequencies of “bad” decisions can be reduced by
lowering the temptation G;2 for a “bad decision”, by raising the expectation
of punishment H;s (e.g. by enlarging the “economic horizon” h), by curbing
emotional instincts FM;s which lead to immoral acts, by influencing people
to imitate good acts, but not bad ones (IM;; T if %;1 1) and by building
up a morale M;> which “punishes” the offender by his own conscience and by
social disdain.

1.8 Uncertainty on the Consequences of
Decisions

Till now we assumed that the consequences of decisions are known to the
decision maker and that he evaluates a decision by taking into account the
consequences. But there are many cases where these consequences are not
known because they depend on nature (e.g. weather conditions) or on the
unknown acts of other people which in turn may depend on the own ac-
tion, a game-theoretic situation which we consider in the next section. In
this section we assume that the person knows the probability distribution
of the outcomes of his action. The situation may be sketched as follows:

30 Unfortunately one needs, in general, the complete personal distribution of G, H, EM,
IM, and M in the population in order to derive the v;;. Indices like mean and variance
of the personal distribution of these values do not suffice to determine v;;. I thank
Professor Schiirger for this hint.

31 Of course wij ¢ > 0 and 22224‘ wije = 1.
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Figure 1.2. Probabilities of Choosing V;1 or Vi

(wi11, Bin)
Bi1< — Bi1

(wi1N7 B~

(Wiz1, Biz1)

(wizn, Bizn

)

We assume that the person is in situation B; and has the possibilities to

move to Bi,. .., B;,, where these are probability distributions on the possi-

ble situations B¢y, ..., Bi(N, ¢ =1,...,2. As shown in equation 1.1 in sec-

23
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tion 1.3 the person p evaluates his situations in B,CV by (g:,), =1,...,2, v=

., N. Now the person has to consider the probability distributions Vi(cp )=

((w,-cl,Vi(Cpl)), ooy (Wiew, Vlgzj)),( =1,...,z and to evaluate them in order to
find out which decision is the best for him. The probability distribution is
equivalent to a lottery ticket with payoffs V;(Cpl ,Vi(g, with probabilities
Wicl,- .-, Wi N. We assume that the person is able to evaluate the lottery
tickets Vi(g’)7 ¢ = 1,...,z, or in other words: to imagine a situation Bj¢
which he could reach with certainty and which is equivalent in his opinion
to the actual situation Bj;; he is confronted with32. We leave it to the per-
son which rule he will apply to determine this certainty equivalent. There
are several suggestions how this choice could (or should) be made, see the
foregoing note. It seems that in most cases an evaluation rule which only con-

siders the arithmetic mean (or mathematical expectation) and the variance

would be a good approximation of the procedure. Let VZ(CI:,) be the evalua-

tion of the state Bio, by person p as stated in equation 1.1 in section 1.3,
t=1,...,h, (=1,...,2, v=1,...,N. Then

n
= Z Wity Vl:(l/
v=1
is the mathematical expectation and
VAR(Vi)® = szgy icw — B(Vig)?))?

is the variance.

Then it seems reasonable to assume that a person in his evaluation of
uncertain outcomes of his decision looks at the mean (or expectation) of the
possible outcomes and corrects it according to his behavior against risk, i.e. we
may assume that it evaluates the distribution Vi¢(,) by
v® _ EWVie)® +dPVAR(V;)®

¢
where d®) < 0 if it is risk averse
d®) = 0 if it is risk neutral

d® > 0 if it loves risk

52 Let VI’Z be the evaluation of B;¢; and Vj¢1,..., Vi¢cn the evaluation of éigl, ey Bi(N
and let all evaluations be given in monetary units. Then V.7 is the amount of money
the person is willing to pay for a lottery ticket with the probability distribution
((wic1, Vica)s - - - (wien, Vign)) of prizes. There is a whole literature on this subject,
see e.g. Krelle (1968), pp. 171, Weber and Camerer (1987) and the literature quoted
there. We do not go into details here.
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The person chooses d freely. If after this choice Viz(p ) does not lie within the
limits —Z,...,+Z the valuation will automatically be reduced to the next
limit. As already said, the person may choose another rule. In any case we are
now back to the case of decision under certainty according to equation 1.1 in
section 1.3.

1.9 Evaluations in Case of Interdependent
Decisions

Now we consider the case that the consequences of a decision of a person
depend on the decisions of other persons who in turn are influenced by the
decision of the person considered. There are many possible interdependencies,
according to different assumptions on the information, on the repetitions of
the situation, on the intelligence of the decision makers etc. In this section
we show that in almost all cases our formulation of the decision problem of a
person covers also the situation of interdependence of the decisions of different
persons. Our theory comprises all cases where the game-theoretic solution sug-
gests an unequivocal strategy of a person, because all other strategies would
yield a lower payoff. This applies for all solution concepts assumed by the
players and all situations of information and possibilities of enforcement of
contracts. All types of agreements stay behind the scene. They may influence
the definition and the evaluation of the situation B;; which may be reached af-
ter the decision but not the principle so that finally the person has to consider
the available alternatives and to take a decision. The outcome may be a prob-
ability distribution, a case considered in the foregoing section 1.8, but the deci-
sion is unique and not a probability distribution. There are game-theoretic so-
lutions of certain situations where the theory suggests that the person chooses
a probability distribution of his strategies: his decision is subject to chance.
This case is not covered by our theory. It is hardly possible to advise some-
body to throw a dice to determine what to do in an essential situation (as
opposed to a social game), with the exception of the case of indifference.

After all, everything which that exists is the result of decisions of persons
and (or) the result of nature (which may be subject to chance, at least as we
understand it now). This is what we want to model.

In the following we give some examples how game-theoretic solutions may be
put into our framework. For simplicity we consider only the interdependence
between the decisions of two persons and we assume that for each person only
two alternatives are available.

Consider a person ¢ who is in situation B; and a person j in the situ-
ation B;. Each person has two alternatives B;1, B;2 or Bj1, Bja, respec-
tively. Let V;x; be the evaluation of the situation B;j; of person 1, if it
chooses Bjx and person j chooses Bji, k € {1,2}, I € {1,2}, and simi-
larly Vj xi. Then the situation is represented by the double payout matrix
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person j:
B;

Bil ‘/i,ll ‘/j>11 ‘/i,12 ‘/j,12
person i: B;

Bio | Viar Vjor | Vioe Vi

Thus far the approach is quite general: it covers all possible cases of a two
person—two strategy—game (to use the game theoretical vocabulary) as seen
by a neutral observer with full information. But now the problems arise: the
state of information of both players may be different, the game may be re-
peated several times (perhaps an infinite or undefined number of times), there
might be cooperation between the players or not et cetera. Also the concept
of the solution of this game may be debated. There exists a lot of literature
on this subject. We deal here only with the case of non—cooperative repeated
games with full information of both players® and we accept an equilibrium
point as the solution of the game. We may interprete it as the strategy of each
player whom we would observe in the long run in case of rational players3*
We consider the following four cases:

1. There exists a unique unterminated equilibrium point in pure strategies.
This is the solution, and this determines the payoff of each player. The
following example demonstrates this case:

33 For a detailed analysis of two person games see, e.g. Krelle (1968).

34 Of course, persons are not always rational, thus the actual behavior of persons may
deviate from this “solution”. We have to consider the actual behavior of people. In
most cases this can be described by our approach, also in the case of interdependent
decisions. We show this for the case of a 2-person, 2-strategy game, but it is also valid
for an arbitrary number of persons and strategies.
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The only equilibrium point is (B;1, Bj1) which is in pure strategies.
Player i (having the choice between B;; and B;z) will choose B;; and
player j Bji.

2. It might happen that there are more than one equilibrium points in pure
strategies and in addition an equilibrium point in mixed strategies. The
following game is an example of it:3%

B;
W—W
Bj1 Bja
Wi - B, -2 -3 2 3
B;
l—wi Big 3 2 -2 —4

This game has the two equilibrium points (B;2, Bj1), (Bi1, Bj2) in pure
strategies and the equilibrium point w; = %, vj = % in mixed strategies,
where w; is the probability with which player ¢ plays B;; (and 1 — w;
the probability with which he plays B;2), and v;, 1 — v; the same for
player j. The payout expectation for player ¢ in the case that the mixed
equilibrium point is chosen is -3—, that of player j is —%; that means
that each equilibrium point in pure strategies dominates the equilibrium
point in mixed strategy. Thus this point will not be chosen. Instead, one
of the two equilibrium points in pure strategies will be chosen. But which
one? There is a whole literature on this problem of equilibrium selection.
We shall not go into it. There may be a “strong” and a “weak” player.
The equilibrium point will be chosen which is most advantageous to the
strong player (the game is known under the name: “battle of sexes”).

3. The following game has one equilibrium point in pure strategies which
is dominated by a non—equilibrium point in pure strategies (the game is
known as “prisoners dilemma” ):

35 For these and the following games, see Krelle (1968), pp. 217.
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Bj ng

B 3 4 0 5

Bia 4 2 2 3

_

The only equilibrium point is (Big, Bj2), but this point is clearly dom-
inated by the point (B;;, B;1) which is not an equilibrium point. If we
stick to the definition of the solution (that it must be an equilibrium
point) the players are caught in the “prisoners dilemma”, i.e. they must
choose (B2, Bj2), because another choice of one person alone would
only deteriorate his position. Persons who are caught in the prisoners
dilemma are those who do not trust the other person and are not able
to learn that there might be persons who can be trusted and who show
that through their behavior. They always think: if I move to the dom-
inant non—equilibrium point, the other will not do so whatever he says
and promises before and thus will put me in a worse situation than the
one in which I anticipate that he will do that. Thus in case that the
persons mistrust each other the decision situation for the two players
looks like this:

By —» Vi =0 Bj1—>‘/}-1:2
B; B;
Big = Via =2 Bjy = Vi =3

It is clear that the point (B;2, Bj2) will be realized which is the prisoners
dilemma.

But there might be another extreme which also leads to a situation
which conforms to our approach. Let person i and j be those who have
known each other for a long time and trust each other unconditionally.
They know: the other will never cheat his companion. To cheat the other
person is evaluated by both as the largest evil, a shame which gets the
highest possible negative weight, say —z. In this case the payoff matrix
changes to
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The decision situation for the two players is now:
Bi—Via=3 Bj1—>Vj1:4

B B;

By — Vis = —Z Bjo = Vs = -2

Now the solution is the dominant point (B;1, Bj;1) which is the best
which could be reached by the persons in this situation. That means:
“confidence” (or “trust”) comes in and makes it possible to come to a
better solution than under mistrust. This idea has to be generalized to
cover the cases between absolute mistrust and absolute trust. We as-
sume that the two persons have the opportunity to talk to each other in
the sense that each may promise to the other to use a certain strategy
though it is not obliged to do so. The basic assumptions are the follow-
ing. If person ¢ promises to use a certain strategy B;x (k € {1,2} in our
example) and does it afterwards it gets a moral gain M;(T) > 0 inde-
pendent of the outcome of the game. This moral gain covers the internal
satisfaction of being a trustworthy person (T stands for trustworthiness)
as well as the future advantages in dealing with that person again or
with other persons or alternatives which originate from his reputation
of being trustworthy. If it uses the other strategy By, 1 € {1,2}, | # k,
it gets a moral loss M;(BT') > 0 where BT stands for “break of trust”.
This figure M;(BT) comprises its own remorses as well as the loss of
goodwill at future deals. For person j the same applies: his morality
numbers are M;(T) and M;(BT). Thus if both players promise to use
the strategy B;; and Bj; respectively (which would lead to the domi-
nant point) our original game of the type “prisoners dilemma” changes
to

le ng

By | 4— My(BT) 2+ M;(T) | 2— M;(BT) 3— M;(BT)

Person 7 would keep his promise if
34 M;(T) > 4— M(BT).
Person j would keep his promise if

4+ M;(T) > 5 — M;(BT).
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In general, person ¢ and j would know only the own value figures
Vikt or Vj 1, respectively, as well as the evaluations M;(T), M;(BT) or
M;(T), M;(BT), respectively. But each person may have (subjective)
probability distributions on the evaluation figures of the other person.
In our case this amounts to the following;:

e Person i knows the probability §;1 that 4+ M;(T) > 5 — M;(BT),
i.e. that person j would use his strategy Bj;, 0 < 8;;1 < 1, and
thus use his strategy B;, with probability 1 — 5;;.

e Person j knows the probability ;1 that 3+ M;(T) > 4 — M;(BT),
i.e. that person ¢ would use his strategy B;;, 0 < £;; < 1, and thus
use his strategy B;2 with probability 1 — 3;;.

Now if person i decides to move to B;; he gets the expected value:
Vi =613 + Mi(T)] + (1 — Bj1)[0 + Mu(T)),

and if he decides to move to B;; he gets:
Via™ o= B[4 = Mi(BT)] + (1 - Bj1)[2 — Mi(BT)].

Thus his decision situation is:

exp
B« V3

In a similar way we get for person j the decision situation
Bji < Vi
B;
Bjy = Vi
Thus under the assumption made above our theory may also be ap-

plied in cases of interdependent decisions, in this example: in prisoners
dilemma-situations.3%

36 The M;(T) and M;(T) as well as the M;(BT) and M;(BT) are moral values which

are explained by a Markov chain as all other moral evaluations, see equation (1.3) in
section 1.4. The ;1 and [3;1 are not constant but change according to the observations
of the actual behavior of the other person. If B;; is observed, §;1 goes up in the next
period, if B;2 is observed, it goes down, always in the limits 0 < 3;; < 1. The same
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But there are cases where our theory cannot be applied (at least not
as it is interpreted here). This comes true in the case where the situa-
tion modeled by a game matrix has only an equilibrium point in mixed
strategies, but none in pure strategies. The following game matrix gives
an example:

B;
W_ Uj
5 -3 —4 4
B;
-5 5 3 —4
The only equilibrium point is w; = %, v; = 17—7 which gives a payoff of

—2 for player ¢ and of § for player j (w; is the probability with which
player i uses strategy B;i, and v; the probability with which player j
uses Bj1). This case is not covered by our theory. It seems to be an
exception.

1.10 The General Theory of Household Behavior

In the foregoing sections special cases and aspects of a theory of household
behavior have been considered3”. At the beginning of period 0 (or the end of

37

applies for B;1: if B;; is observed, it goes up, if Bjz is observed, it goes down. Thus
we assume the existence of function F' such that

Bi1(t) = Fi(Bir(t — 1), Bix), k€ {1,2}, and 0 < B34y <1

and ﬂjl(t) = Fj(ﬂjl(t — 1), le), le {1,2}, and 0 < ﬁjl(t) <1

This section extends and generalizes the approach of sections 1.1 to 1.9. In former
sections we assumed that the actions themselves are always neutral and are not subject
to evaluations, only the results of the actions count. We also specified the criteria
CRpB1,...,CRpL for judging the results of the decision as G,H,EM,IM,M and gave
them the weights «. In this section the criteria CRp1,...,CRp, are not specified
(with the exception of some examples), and their weights are 1, ...,8. Moreover,
the actions themselves (independent of the results) are subject to evaluation — a case
we did not consider in sections 1.1 to 1.9.



32 CHAPTER 1: The Theory of the Household

period —1) there are h private households (or non producing decision units)
in the society. A household may comprise several persons, but we treat it
as one person. Each household i, ¢ = 1,...,h is in a situation B; which is
special to this household: not two households are in the same situation, and
all households are different. Thus there is a 1 to 1 relation between household i
and situation B; where the household is in. Of course, there are many “empty”
situations, where no household is in. ,

A situation B; is characterized by objective features B; % and subjective
features Bub:

Bi= (B, B™)

B? % is a vector of parameters which describe the objective situation of house-
hold i:

1. the location of the household, including its apartment and the environ-
ment

2. the political, economic, judicial and social order valid in that region

3. the composition of the household (adult persons, children of different
ages etc.)

4. employment, income, wealth of the members of the household
5. knowledge and the capabilities of the members of the household
6. other objective features of the household

The household i has z possible actions (or decisions) A;;, A, ..., A;, at
its disposal by which it reaches the situations B, B;s, ..., B;,, respectively.
These actions comprise

1. change of location of the household
2. actions to change the political, economic and social order
3. demand of consumption goods of different kinds

4. change of composition of the household, including the forming of new
households and the end of the old household i%®

5. change of employment, income and allocation of wealth
6. change of knowledge and capabilities (e.g. by attending schools)

7. other changes which are under the control of the household.

38 Death and birth of households will be considered later in detail.
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The subjective features B; “¥J of the household form the base for choosing
a certain action which yields By;,s = 1,...,h,j = 1,..., 2 by providing the
evaluations of the alternatives. Thus Bf“bj is a vector of parameters which
describe the subjective characteristics of household i. They consist of criteria
CRa1,CR4qg,...,CR 4 to evaluate the household decisions A;1, Aa, . . ., A;,
themselves. Furthermore, they consist of criteria CRg1, CRpg,...,CRpL, to
evaluate the situations B;;, B;a, . . ., B;, which will be reached by the decisions
or in other words: which are the consequences of the decisions. We shall see
later that the household needs also weights to combine these criteria, namely

1. ay,...,ap to determine the relative weights of the criteria CRa1,
CRapo,. .., CRAM,OZ” >0, Zﬁil =1;

2. B1,...,BL to determine the relative influence of the criteria CRp;,
CRpsy,...,CRpr, B\ >0, Zf::l =1

3. v, the relative weight of the judgement of the consequences of an ac-
tion compared to the relative weight (1 — +) given to the action itself,
0 <« < 1. The judgement of the consequences is called “ethics of re-
sponsibility” (Verantwortungsethik in German), the judgement of the
actions is called “ethics of persuasion” (Gesinnungsethik in German).

The situation may be illustrated as in Fig. 1.3. The basic assumption is that a
household or person p is able to evaluate all actions A;; as well as all the sit-
uations B;; which follow from A;; according to the criteria CRa1,CR42, .. .,
CRaum (as far as the actions A;1, Aig, .. ., A;, are concerned) and according to
the criteria CRpy,CRp2,...,CRpy (as far as the consequences B;1, Bia, . . .,
B;. are concerned®). “Evaluation” means grading the actions or situations
on an integer scale which runs from —Z to +Z, Z an integer > 1, where —% is
the largest possible dislike, +Z the largest possible appreciation; zero means
indifference or no judgement. All integers between —Z and +Z are admitted,
but not uneven figures. Thus the evaluation can only be stated by one of the
figures —z, ~2+1,...,0,1,2,...,+2,Z > 1. The size of z indicates the fine-
ness of the power of judgement of the person and will be different from person
to person (it is chosen by the person and is part of his characteristics).

The person p evaluates the decisions (or actions) A;;,i = 1,...,h;
J=1,...,2, according to criterion (or principle) CRa,, = 1,..., M, by

Vil = VP (Ay; | CRay)

39 This does not imply that a person carries out all possible evaluations. This is impos-
sible. But it implies that the person is able to form the evaluations of a small set of
alternatives (which he considers as essential) in time. Another person would consider
other alternatives. But seldom the number of 2 or 3 alternatives is exceeded. A certain
period of time is needed to form the evaluations on which the final decision is based.
We do not go into these details.
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possible actions - Ba

These consequences are
judged by criteria
CRp1,...,CRgL with
relative weights f1,...,0L.
They have the relative
importance «y with

respect to the criteria
CRay,.-.,CRapm,
0<~y<1L

initial
situation

These actions are judged

by criteria CRa1,...,CRam

with relative weights a1,...,am.

They have the relative importance 1 — «
with respect to the criteria CRg1,...,CRpL,
0<y<1.

Figure 1.3. Evaluation of Actions and of the Consequences of Actions

where —Z < +Zz. The person is free to choose Vzgp ’)L This evaluation is part of
his character. The valuations will be different (in general) for different criteria
CRay.
The person has to evaluate these criteria itself by allocating weights a(p ). ,
(p ) to the crlterla which state the importance which the person attrlbutes

to them where a ) > 0, Z =1 a# = 1. Now we postulate that the person p
evaluates the action A;; by

Zp)—nz Za(p V(p

where n.i. = next integer, and —z < Vig.p ) < +Z. Similarly, the person evaluates
the consequences B, ..., B;, according to the criteria CRp,,...,CRpL by

W =W (By; | CRpy)

where —z < W(p) < +z.

The person glves weights ﬁ(p) .,ﬁg’) to these criteria, ﬂ/(\p) > O,Zle
ﬂg\p ) = 1. Now we postulate that person p evaluates the result B;; of an
action A;; by:

(» _ (), (p)
Wi~ = n.. Zﬁ Wij)

where —z < Wi(jp) < +Z.
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To come to a final decision the person has to make up his mind which weight
to give to the evaluations of the consequences of his actions (call it v, where
0 <« <1) and which weight to give to the evaluation of the action itself (call

it 1 — ). Now the total evaluation of a decision Ag ) becomes
U = ni(yPWF + 1 -7V,

and again —z < Ui(f) < 43.
Thus a person is characterized by the vector

(‘/ij,l’ CRR) ‘/ij,Mvala e 7aMaWij,1a ey Wij,Laﬂla .. 'aﬂln’y)‘

We shall illustrate this approach by two examples. Let B; be the situation
of a household with moderate income and small wealth. Let us assume that
the household could choose between action

A;1 := to spend income and wealth for personal amusement,
not caring for illness or old age

Aig :

saving for emergency and pension, spending for social purposes
and reducing consumption expenditure accordingly

The results of these decisions would be:
Bi1 := lots of fun at young age, destitution and misery at old age

B;s := unpretentious, simple modest life without highlights, satisfaction by
helping others who are in a worse situation, decent life at old age.

Let there be only two criteria for judging the actions:
CR 41 := propagation of joy of living
CR 49 := to perform a good action in the sense of the catholic ethics.

Let there also be only two criteria to judge the consequences B;; and B;s:
CRp1 = to become known in the public, to appear in the boulevard press

CRps := to get the inner satisfaction to have helped others and to conform
to an inherited moral code

Now assume that person 1 and 2 are in the same situation but would evaluate
the actions A;1, Az with respect to the criteria CR 41, CR 49 differently and
the same for the results B;i, B;o with respect to the criteria CRg1, CRps.
Similarly, the criteria themselves would be evaluated differently: the a1, as,
B1, B2 would be different for person 1 and 2. Assume that the following table
would represent the evaluations of the two possible actions according to the
two criteria defined above:
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Table 1.2. Evaluations. First example

Evaluation of actions according

to criteria 1 and 2 V'“’l I ‘/“12 | %2’1 | ‘/;2)2 | 1 | (6%)
byvperson 1 2 -1 -1 -1 9 | .
by person 2 0 -2 1 2 d 1.9

Evaluation of the consequences of the

actions according to criteria 1 and 2 Wil,l | Wi1’2 | Wi2’1 | Wig’g | ,31 l ,32

by person 1 -1 -1 1 -1 0
by person 2 -2 2 2 1 911

With the above formulas we get for the evaluation of the actions A;; and A;
and the consequences B;; and Bjs:

1 1 1 1

by person 1:Vi(1) =1, Vz(2) = -1, Wi(l):—l, Wi(2) =-1
2 2 2 2

by person 2: V¥ = =2, V) =2, w(P = —2, WP =2

Let us put v = 1/2 for both persons (each person gives equal weights for the
judgement of the action and for its consequences). Now we could state the
total evaluation of the moves to B;; and B;2 by person 1 and 2. We get

for person 1: Ui(ll) =1, UZ-(QI) = —1; thus person 1 chooses A;;
for person 2: Ui(f) = -2, Ui(22) = 2; thus person 2 chooses A;2

Person 1 prefers the life as a playboy, person 2 the life of a modest, law
abiding, inconspicuous, honest citizen. The evaluations of the Table 1.2 define
the characteristics of person 1 and 2 as far as the decision situation at point
B; is concerned.

The V,W,«, 8 of all persons are simultaneously determined by a Markov-
Chain, similarly as the Ml(jl)t, ceey MZ(JA;) are determined in equation (1.3) in
section 1.4.

The second example reproduces the German situation in 1944. At this date
the defeat of Germany in the Second World War could be foreseen by the
generals in the German headquarter. They had two options: to let things go
as they are, i.e. not to try to kill Hitler (action A;). The consequence Bj;
would be that the war will be continued up to the complete destruction of
Germany. Many persons on both sides would lose their lives. The other option
(A2) was to kill Hitler and to end the war immediately. The consequence
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B;> would be the complete occupation of Germany, but very many lives and
cultural treasures could have been saved. For these actions two criteria could
be assumed to be valid:

CR41: the commandment of the Bible: Thou shalt not kill4°.

CR49: the ethical command for a soldier: he has to obey orders (if they
are not criminal), even if this costs his life, and not interfere with
politics.

For the evaluation of the consequences only one criterion could have been
applied at that time:

CRp: to save as many lives and cultural treasures as possible.

Let there be two persons (2 generals in the headquarter) who have the same
evaluations of the situation with respect to all criteria, as reproduced in Ta-
ble 1.3.

Table 1.3 Evaluation of actions according to criteria 1 and 2 and evaluation of the
consequences according to one criterion. Second example

RERERERERE

()]

This means: these generals accept the commandment not to kill fullheartedly
and the soldier’s ethics to follow orders as well. Thus they evaluate not to kill
Hitler very positive from the point of view of both criteria (Vi1,1 = V1,2 = 2),
but the action A;» to kill Hitler very negative Vja1 = Vio,2 = —2 from the
point of view of both criteria. Both criteria are considered by them as having
the same weight in their judgement (a; = as = .5). As to the evaluation of
the outcome of the actions the consequence of A; (not to kill Hitler) would
be disastrous (W;; = —2). The outcome of decision A, would be preferable,
but still not good. Let us assume an evaluation of W;3 = 0. This explains
Table 1.3.

According to our theory the total evaluation of action A; (not to kill Hitler)
would be

Vit = ni. (1Vin,1 + a2Vii2) = 2,
the total evaluation of action A5 (to kill Hitler)

Vio = n.i. (a1Viz,1 + aaVig2) = —2.

40 In the interpretation: it is not allowed to commit murders.
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Now the evaluation of the outcome of both actions has to be added. The
evaluations of the results of action A; and A, are

Wil =n.1. Wil = -2 Wig = n.i. Wi2 =0

Let us assume that the two persons with identical evaluations of the situation
nevertheless differ in their ethical conviction: person 1 only considers and
evaluates the actions (y(®) = 0 in our theory). It thinks that one has to act
rightly; God procures the consequences and carries the responsibility for them.
Person 2 only considers the consequences (7(?) = 1). God gave the intellect
to men not to disregard it but to use it. Every person is responsible for the
consequences of his acts, as far as it could foresee them. The acts themselves do
not count, the results are of importance. These are the intuitive justification
for the different decisions on 7.

In general the total evaluation U;; of a move from B; to B;; by the decision
Ail is:

U =ni. (Wi + (1 —y)Vir) =ni. (7(=2) + (1 —7)2) = n.i. (2 - 47).
The total evaluation U;s of a move from B; to B;s is:
U =n.i. (YW + (1 —7)Vi2) =n.i. (v- 04+ (1 —v)(=2) = n.i. (2v — 2).

Thus person 1 (with v = v(1) = 0) evaluates Ui(ll) = 2, Ui(gl) = —2 and will
never kill Hitler.

Person 2 (with v = v(2) = 1) evaluates Ui(f) = -2, Ui(22) = 0 and would try
to kill Hitler.

If a person gives equal weights to the ethics of responsibility (Verantwor-
tungsethik) and the ethics of persuasion (Gesinnungsethik), i.e. if v = 1/2,
one would get

Uia =0, Ug=-1,

that means: also in this case the decision would be not to kill Hitler. Only
for v = 2/3 (i.e.:substantial more weight to the consequences of the decision)
the person would be indifferent between the two actions. I personally hold the
view of the ethics of responsibility: we got intelligence to use it and not to
disregard it in case of a conflict.

1.11 Some Further Remarks on Household
Theory

In this section we gather all remarks and notes which would have interrupted
the line of thought in the last sections.
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a. One may ask where technical progress and the change of number and
composition of households is considered. The “normal” change of prod-
ucts (e.g. the model of the year 2000 compared to the model of the year
1999) is taken care of by the time index: x; 2000 versus ;1gg99. There is
always a “small” technical progress involved which does not change the
product substantially, as a rule. Absolutely new products (as the railway,
the steam boat, the airplane, the telephone, the radio and so on at the
time of their introduction into service) get a new current number in the
list of products and firms which they produce. But the product must be
ready and on the market, that means: these products are part of the sit-
uation Byi, ..., B;, of the household i. The theory of technical progress
is offered in the sectors of the firm. Thus there is no uncertainty on the
side of the firms with respect to the products available for demand.

b. The same applies for labor. A person is described by his characteris-

tics ngp), ceey nﬁ”),‘“ some of them (call them n(lp) /ﬂ%p)) indicate the
amount of knowledge and abilities of the person in different fields in
period ¢, also called: human capital. Let %, be the maximum amount

of knowledge or ability in field w available in the society at period ¢.

yoreoy

At the beginning of period 0 there are n different capabilities of economic
importance which a person may have, or: n different types of labor which
a person may offer. Each type of labor may be available “at the best
level”, to which we give the number 1, and to a less perfect degree,
between zero (no ability) and 1. A person may be very skillful in one
activity, but less skillful in another. There is an upper limit for the
ability of a person for each type of labor. An unmusical person will
never become a great musician, it may get as much lessons as possible.

There are natural endowments endf,p ) for each person p for each type

of labor v = 1,...,n; the actual capabilities cap,(,p ) of the person stay

behind the limits:
endf,”) > cap,(,”)7 v=1,...,n,

see Fig. 1.4. A person acquires capabilities by schooling, education and
training, but his maximum performance is fixed by his endowments.
Moreover, the finite life time and the (at least gradually) with age de-
clining capability of learning limit the exploitation of all gifts of a person.
Thus we have a situation as in Fig. 1.4. The person in Fig. 1.4 stays be-
hind his maximum capabilities in all fields. By some misfortune or error
of his education he did not develop in the field where he could be most
effective (labor of type 4) but got education and training mostly for

41 Some of these characteristics have already been specified before: the evaluations
G,H,EM,IM,M, the evaluations V(p)(A:;;|CR4,) of action A;; under the criterion
or point of view g, the evaluations V() (Bi;|CRpy) of the final state B;; under the
criterion CRpgy. Other specifications will follow.
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Figure 1.4. Endowments and Capabilities of a Person

labor of type 3, and he just succeeded in reaching a sufficient perfor-
mance in this field (if we assume that a firm accepts labor of a special
kind only if the actual performance of the person in this type of em-
ployment equals or exceeds % of the maximum capability, see Fig. 1.4).
Of course, any other profile of capabilities which does not exceed the
profile of endowments is possible, but as already said, lack of time is
the reason that the development of capabilities in one field goes to the
expense of the development in other fields.

In our approach, the profile of endowments end® and capabilities cap,(,p )

v =1,...,nof a person is given at the initial situation B;, ¢ € {1,...,h},
where the person finds himself at the beginning of period 0, and it stays
to same for the whole period. We deal with the problem of education
and learning later on as well as with the extension of “types of labor”
by opening up new fields of knowledge in the way of technical progress.

. The income Y of a household comes from labor and capital. Here we are

concerned with labor income Yz which is the product of the wage rate
l, of the kind of labor v and the amount L, of employment. We assume
that the wage rate is determined essentially by the trade union for the
next period and employment by the entrepreneurs, also in advance for
the next period.*? Thus the household is in the beginning of period 0
informed on its labor income during that period.

42 Ip former times this was the normal procedure in agriculture in Germany: the contracts

for “Knechte und Mégde” run from Michaelis to Michaelis (Michaelis = Michaelmas).
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d. Similarly, the household is (in principle) informed on the prices of all
commodities (since the entrepreneurs fix them for the next period) and
on the interest rates (which are fixed by the banks). But it is not in-
formed on the value of its assets which results from the conditional
demand and supply of all economic agents. A single household has (in
general) a non measurable influence on the value of its assets. The house-
hold has to decide on its behavior in the next period in ignorance of the
future value of its assets.

e. The government may change the laws. This is supposed to take place
at the end of the former period such that the household knows the new
laws valid for the next period. Thus new probabilities ws; ,(t + 1) of
punishment for an action A;; which is now illegal will be effective in the
next period. This is known to the household before it takes its decision.

f. Almost all acts of a person have some economic consequences i.e. they
influence his future economic position which in the simplest case is de-
scribed by income, wealth of different kinds and debts. We describe the
economic situation of household i at the beginning of period 0 by EC;
and by ECjy; in period 0, after the decision A;; has been taken. Let Gl(.f ),
i=1,...,h,j=1,...,2,p=1,..., N, be the evaluation of the eco-
nomic situation FC;; in the state B;; by person p who is in the situation
B;. Only integer numbers are admitted for Gg ), which lie between —Zz
and +Z, Z an integer > 1. Similarly as moral values are transferred from
person to person, also judgements on economic states are interrelated,
and they are influenced by inherited, “natural” drives: more is better
than less (up to a certain amount); first look after your own economic
welfare, but do not forget those in need; consider also the interest of
the next generation, and other “natural principles” like that. They are
not invented by men and written in books but seem to be written in
the genes to a larger or smaller degree. Let us call them GEJI»), e, C_}g{).

In this case we may formulate the interrelationships between the eval-

uations of economic states by all persons in the society as a Markov

chain:

1 N ~(1 ~(K 1 N
GU, . GGG =G, G,
~(1 ~(K
¢, .G By (1.9)
or: éij,t = éij,t—l - Py

Now the normal time of employment is different in different employments (from 3 years
for an assistant at the university level to one month for unskilled labor). For simplicity
we put it to one period for all kinds of labor.
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where F;; is the transition matrix, see equation (1.3) in section 1.4. The
solution of this system of difference equations may also be found there*3
. The dynamics on the path to the convergence of the distribution of val-
uations of economic situations may be reproduced by the Markov chain.
But after the convergence is accomplished (at least approximately), the
story is not finished.

In addition to the interdependence of evaluations the phenomenon of
habituation has to be taken into account. If a person stays long enough in
the same economic situation (also with respect to the economic situation
of others) it takes the situation as “normal”, as “nothing special”, as
some type of “natural environment”; it does not cause a positive or
negative emotion. The person is indifferent with respect to this economic
situation.** We model that as follows.

Habituation starts if the same situation has prevailed for a certain num-
ber of decision “rounds”, say: if n.i. Gg},)t_z =n.i. Ggi)t_3 = n.i. Gl(f’)t_4,
in case that after 3 “rounds” of equal integer valuations of the same
situation G;; habituation starts.?> Habituation means that all future
evaluations Gyjs—1,Gyj¢, . .. of the economic situation G;; are G;; = 0.
After a while the millionaire is used to his situation and rates it as more
or less “normal”; similarly, a person at the lower side of economic for-
tune gets used to it as well and compares himself mostly to persons of
the same or of a poorer economic fate. We may model this as follows
for the case that after 3 rounds of equal economic outcome habituation

43 In this approach the evaluation vector

v = (G, 02)
takes the place of the utility function
02(17) — Fi(l’)(yreal’ Lq,... ’Ln’c‘ieal7 o ,ngal,sl, . ,Sz) —. Fi(P)(EC(P))

to be maximized under the budget constraint, where Y7¢%' is the real income,
Li,..., Ly types of labor offered, c{eal, . C’I"V?al real consumption, Si,...,S, the
different possible types of saving. Thus our approach assumes much less information
on the part of the person and on the other hand considers not only the economic side
of a decision but also other sides.

44 This attitude has a long tradition and is of great personal and social importance. Horaz

writes in his ode to Leuconog: “Ut melius, quidquid erit, pati” (whatever happens, take
it as if it would be better). In the Bible similar statements are found: To accept a bad
fate which one cannot change as “normal” for the person is a precondition for leading
a fruitful life in the limits of the fate. And on the other side it is a sort of “compen-
satory justice”: those who are privileged by nature or by fate will be “downgraded” by
habituation. A millionaire draws not necessarily more satisfaction out of his position
than a person with moderate income.

45 Recall that all numbers have to be “rounded” to the nearest integer value (n.i.). Thus

convergence “in integers” occurs at a finite t, not asymptotically for ¢ — oo. The
rounding of the results of the Markov chain to integers yields an early convergence.
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starts. Here we leave the process of habituation behind the scene?® and
assume (for simplicity) that this process is finished in one period and
that the degree of habituation is a personal characteristic of the person
and given. That means for person p:

if ni. (G,_,) =ni. (G,_3) =ni. (GF),_,) =ni. (GF)_,)

and the same does not apply for other persons than p, then the initial
condition Gjj -1 in equation (1.9) is substituted by

4 1 1 N
Gij,t—l (Gmt 11+ Gg)t )17G(pt lng_‘_ ),...,ng )’
(1.10)
~(1 ~(K
GE]))77G’E] ))

where G(p is the valuation of G;; ;1 by person p after the process of
-1 3,

habituation is finished. If G(p ) _1 < 0 (the person does not like the eco-
nomic situation EC’”) habltuatlon leads to a more favorable situation,

which we call G(J +_1 Where

Gg; )t 1= ég'),)t—l <0, ég) an integer

If G(J 1 > 0 habituation leads to a less favorable evaluation:

C;‘Z(-f’)t_l an integer

(p)
O<G§)t 1 <ngt 1
The vector C:'ij’t_ 1 in equation (1.10) is formulated under the assumption
that the process of habituation in period ¢ — 1 is only finished for person

p; if this is also true for other persons the vector éij’t_l has to be
adapted similarly.

This surely is a simplified approach to intertwine the two effects on the
evaluation of economic phenomena: the social effect of interdependence
of valuations and individual effect of habituation. But it may suffice as
first approximation.

g. A certain action (a move from B; to B;j) may be illegal. There are
punishments 0,1,...,m in the society (where 0 means no punishment
and m the highest punishment). The person p evaluates the punishments
by S((]p), S%p), L8P s < S,(f’) < 0. The probabilities to get punished
after the move from B; to B;; are (wij,0,Wij1,-- -, Wijm), Wiju = 0,
ZZLO w;j,, = 1. The person is supposed to be able to evaluate the

probability distribution W(S)l of disutilities by figures H_; (p ), where

46 There is a literature on this process, see e.g. Banerjee (1992).
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-z < Hl-(]’-’) < 0. How the person does it, is a problem which he has
to solve for himself. One possibility to accomplish this is to evaluate
the punishment distribution by its arithmetic mean and the variance,
where the variance is weighted by a figure d(®) which is the measure of
risk behavior of the person. This parameter d®) is a characteristic for
person p and will be used whenever the consequences of a decision are
only known in the form of a probability distribution. For details, see
section 1.8.

. Each situation B; and each consequence B;1,..., B;, of the decision
of a person might be connected with emotional feelings of the person.
To buy drugs has the highest value for a drug addict, a kleptomaniac
must steal, to see a naked person of the other sex may induce sexual
feelings etc. If there are h possible situations B, ..., By, there are h
emotions EMl(p ), ... EM }(Lp ) connected with them for person p, where
-z < EM,gp) < +Zz, k=1,...,h, where —Z signifies the large possible
aversion and +Z the highest possible attraction. We treat these emotions
as innate, different in size from person to person, but with some general
tendencies. We do not elaborate this.

i. Imitation is the simplest type of learning, already existing at the higher

animals, and surely of great importance. IM;; is the drive to imitate
with respect to the move of person p from B; to B;; (if positive — and we
formulate the theory for this case), where 0 < I M;; < Zz. The person will
imitate what the majority of other people did in the same or in a similar
initial situation. Also “similar decisions” will be taken as inducement to
imitations. To formulate this correctly we have to define which situations
B; are “similar” to the initial situation B; that the person is in.*” There
are measures of distance in mathematics, but we will leave it to the
person which situations (known to him) he will consider as “similar”.
We specify this general idea in the following way.

Let {BZ} be the set of initial situations which (as judged by the person
p) are “similar” to the initial situation B; where the person is in. They
are “in the neighborhood” of B;. After appropriate renumbering of these
initial situations we could define

{Bi} = {Bi-a, Bi_at1,---,Bi—1, Biy1,- -, Biya}, A >0, integer

We assume that each initial situation in the set él has the same number
z of decision possibilities B;1, ..., B;, and has been occupied in the last

47 In section 1.14 we shall present a variant of this theory where the “similarity” of house-

holds is defined by the similarity of consumption behavior and where also “snobbism”
is considered — an attitude to do the opposite of that what other people do. It is up
to empirical research to determine which variant fits better to the observations.
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T periods by one person (or household). That implies that the person in
situation B; has N; = T-2A observations of decisions of other persons in
similar situations. Let N;; be the number of decisions for the alternative
B;;. Now it is natural to define a relative drive I Mij to imitate by the
relative number of persons who took this decision, being in a similar
initial situation:
- Ny,
IMZ] - N@ )

where 0 < IM;; < 1,4 = 1,...,h, j = 1,...,2. We normalized all
“drives” to lie between —Z and +Zz, Z > 1, integer; in case of the drive to
imitate we may disregard negative “drives”*® , so that we may normalize
the relative drive to a “normal” one:

IMij = Z'IM”'

The capability and (or) the willingness to imitate may differ from person
to person. Let A be an index of this capability and (or) willingness,
where 0 < A < 1. Then finally the drive to imitate for a person p may
be written as
s (p)

IMP = AP b
(if we reintroduce the upper index p which has been suppressed at the
earlier equations).?® Table 1.4 illustrates these definitions.

Let D be an index of deviation of the behavior of other persons in a
similar situation from the “original” behavior of person h. Then the
force of imitation I'M is a function fl(ﬁ), f¢ > 0 for a conformist and
f¢ <0 for a snob, see Fig. 1.5 for the case of consumption behavior.

k. Moral convictions influence the decision to move from B; to B;;. This
is already explained in section 1.4 (the M;; are explained by a Markov
chain) and need not be repeated here.

1. The weights ag.”)l, . ,agﬁ which a person p attributes to the five dif-
ferent criteria of evaluating a move from B; to B;; (if we accept the
approach of section 1.2) are not constant. They are subject to moral
judgements quite analogous to the moral judgements on the moves them-

selves which we analyzed in section 1.4. There are only finitely many

48 Surely there are persons who just want to show off by doing the opposite of what the
majority of other people do. For these people we get I M ij :—ivj\—;—_i

49 There is a literature on the problem of imitation, see e.g. Bikhchandani, Hirshleifer,
Welch (1992), and Ellison, Fudenberg (1997).



46 CHAPTER 1: The Theory of the Household

Table 1.4. Illustration to the Definitions Related to “Imitation”

- Bi—a1
BiiA * Bi*A,z
Bi_at1 e
{B,} = Bio1 e = {éz}
Bt e
/—Bi+A,1
Bi+A - .
\NB-H—A,Z

T !

Ni M, = QAZ
= f hi
number.o persons which — number of possible
were in one of the .
decisions of the

situations 3
of the set {B;} i persons

Set of decisions “similar” to B;i: {B,l} C {Bl}

Set of decisions “similar” to B.,: {B,z} C {Bl}

Ni1 = number of persons (contained in Ni)
which took a decision contained in {Bj; }

Ni. = number of persons (contained in N;)
which took a decision contained in {B;.}

Relative drive to imitate: IM;; = ivﬁll,

0<IMy <1, i=1,...,h, j=1,...,2, Si IMy>1
IMij = IMiJ- - Z = absolute drive to imitate
IMy=X-IM;;, 0<A<1,

A = index of capability and willingness to imitate. All relations refer to a person p.
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(say: H) different distributions (aq, ..., an) which we need to consider,
where

ah=(ah1,...,ah5), h=1,...,H,

5
and 0 <ap, <1, v=1,...,5, Za’hu:L
v=1

The set of these “feasible” weight distributions is the same for all per-
sons. The person p evaluates these probability distributions by a fig-
ure W,Ep ) where —z < W,Sp ) < +z. Eg., to ignore moral completely
(ans = 0) is a special case to which many persons would attribute a
negative evaluation. Be that as it may, the evaluation of the distribu-
tion oy, by persons 1 to N in the society in period t is given by the vector
(W,Silt), e ,W,g)). But philosophies and theologies are not silent on the
judgement of these distributions. If there are X philosophies and theolo-
gies we may reproduce their judgements by the vector (W,El), cee W,E’C))
which is constant in the period considered. Now the evaluation of the
distribution of the a’s by a person depends on his own and other people’s
evaluation a period before and on the evaluation by philosophies and
theologies. We may assume that these influences can also be described
by a Markov process:

Whi=Whi1:Ps
where

T 1 N) 7-(1 (K
Whe =W, .., W W, w0y

and
1 1
O o\ 0 e 0
N ‘N
P}E,l) P)EJ\) | 0 0
(1) Pa=|-m— mmm —Sm oo ]
(1 (1
Py} P 1 0
G i .
PR BN 0 1

h=1,..., H. The system is equivalent to system (1.3) in section 1.4. All
constraints as well as the solution may be taken over from this section by

putting h = ij, W) = M), v=1,...,N, W= M, k=1,...,K.

. A person is also characterized by personal traits which indicate (among
others) his social behavior like reliability, ability to cooperate with oth-
ers, leadership etc. Let there be r “traits of personality” of this kind
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IM
+z
1
f £
0 — D
Index of deviation from
the average consumption
behavior
—Z

Evaluation of deviating behavior D of other person:

IM = f,(D) for a conformist

IM = f2(D) for a snob

Figure 1.5 The Force of Imitation as a Function of the Deviation from Average
Behavior

which may be present to a certain degree or lacking. We enumerate
them for person p by the vector

kP = (n(lp), L EPY,
whereOS&EJ")S%—Z, p=1,...,r, z>1

We consider them as inborn and independent of the other characteris-
tics of a person.®® They influence the productivity of a firm whereof the
person is a member. We shall deal with some of these personal charac-
teristics in the next section.

50 For simplicity we follow here the rules for a certificate for employees who leave a firm:
it is forbidden to mention negative characteristics of the person. Only by the lack of
positive remarks the next employer may infer a negative trait of the person.
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1.12 Entrepreneurship, Confidence and
Trustworthiness

As explained earlier we assume that a person may have one or more capabil-
ities (or qualifications) out of a finite set g := {g1,...,gn} of possible capa-
bilities® . These capabilities may be well defined and simple to check (e.g.
whether the person knows a certain field or business, which may be checked
by examinations and diplomas). But there are other capabilities which are of
a more subtle character, such as perspective in complicated situations, the
capability of influencing other persons, the possibility of carrying through his
own will against the resistance of other persons, intuition on other persons
behavior, imagination on the “state of the world” in the future, and all this
connected with a thorough knowledge of a certain field. This capability can-
not be checked by examinations. Past behavior may give some hints but no
guarantee on future performance of the person, since the future situations
may (and usually will) be different from those in the past. These capabilities
may have different names, one of them may be called “entrepreneurship” or
“leadership” in a certain field, a latent variable®? included in the set g of
possible capabilities.

Each capability g,(,p ), v =1,...,n, of a person p may be realized to a certain
degree which is reproduced by an integer between zero (no capability for this
kind) and +Z,z an integer > 1, (this capability is present at the highest
possible degree). Thus we have

0< gl(f’) < 4z, gl(,”) an integer.

For simplicity, we may assume that all directly measurable capabilities g,(,p )
are known to everybody who cares for them, of course to the person himself
and also to an employer who wants to hire the person for his firm or institu-
tion. If he (or she) does not trust the declaration or the diplomas of the person
that seeks employment he (or she) may find it out soon by tests or a short
term employment “at trial”. This is not the case with latent variables such
as “entrepreneurship” or “leadership” in a certain field. They could be ascer-
tained only in the long run and by the actual performance in the future. But
if these qualities are lacking, the firm or the institution may be ruined by the
person. Only reality will unveil the actual “entrepreneurship” or “leadership”
of a person.

This is where “confidence” comes in. A person p that is interested in the

capability g,(,p ) of a person p!/ in a field v where no direct tests of the capability

51 See e.g. Grossweischede und Grewe (Ed.), Glaubwiirdigkeit in Okonomie und Politik, In-
stitut fiir Genossenschaftswesen der Westfélischen Wilhelms-Universitdt Miinster,2000;
especially the last chapter by Holger Bonus” Uber Glaubwiirdigkeit in der Politik”.

52 There are different methods of estimating latent variables; see e.g. Krelle, Latent Vari-
ables in Econometric Models, Disc. Paper B-104, SFB 303, Bonn, Oct. 1988.
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are available forms an index cfP called “confidence” of person p, that
person p/ has the capability g,(,p ) in the field v, where
0 <cfPP) < 43

Thus ¢ fyp ) is the estimation of the unknown capability g(p ) of person p/
in the field v by person p. The person p may overrate or undervalue the
actual capability of person p/ in the field v, which is only revealed in practice.
For short we may call cfP”" the “confidence of person p in person p/” with
reference to the field v.

Let p = 1,...,m be the index of capacities of a person p’ which are known
(or will be known with a little effort to everybody interested in it). Let v =
m+1,...,n be the index of latent variables which cannot be measured directly

but nevertheless may be of great importance (such as “entrepreneurship” o

“leadership” or “reliability” and the like). The unknown capablhtles g(p ) f

person p/ in the field v = m+1,..., n are estimated as cf,, Pop!) by person p on
the base of that what is known by his performance in the past and presence
in related fields where the capacities can be measured.
For simplicity we assume that all persons agree on what are related fields
vl (v) to a field v = m + 1,...,n, where the performance is not directly
observable. Now we may assume that the confidence cf ") of person p in

person p/ in the field v is a function of the actual performance of person p/ in
the related fields 1,...,m’

Cflspvpl) — F(p)(g§Pl)’ . 797(5/1))’ v=m-+ 1’ P [

(all latent variables), where the “related fields” (related to v/)>® are the fields
1,...,m/ and m’ may be a function of v.>* The functions F(®) may be different
from person to person. In the simplest case a weighted average may do:

m/
cf(“")—Za g? 0<a® <1, Zay):l

v=1

The o) may be different from person to person such that different persons p
put different degrees of conﬁdence in a person p/ in spite of equal information
on the person. The measures g ) of the capability of a person in field v are
supposed to be unequivocal but, of course, different in the different fields
(e.g. pieces produced, profits attained, papers accepted for publication in one
period).

53 It must be defined which fields are “related” to the field v. A possible definition may
be the following. A field p is related to the field v if the same basic forces of the body
or of the intellect are used in p as in v.

54 Other variables may also come in (see the literature on latent variables).
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Thus the definition of the initial position B; of a person i must be enlarged
by the indexes of confidence in persons 1 to N (if these are the persons where
the capabilities cannot be measured directly) with respect to the pertinent
performances (1,...,n):%

B; = (...,cfl(plzl),...,cf,(l”'zl),...,c fpl:N),...,c Pr=N) )
The confidence figures belong to the characteristics of a person. They are
of great practical importance. A large part of the decisions concerning the
personnel in the leading positions of an institution depends on it.

There is another latent variable which characterizes a person: the estimates
of the trustworthiness of other persons. Whereas the confidence in other people
refers to their estimated performance in different fields, the trustworthiness
refers to the degree of belief of a person p in assertions of a person p’. This is
of importance for the agreements reached (or not reached) in the negotiations
to coordinate the decisions of different persons. Section 1.8 deals with this
problem; it is not central for our approach. Thus we only hint at this problem
but do not go into the details.

1.13 Income and Expenditure of a Household.
Some Definitional Relations

Till now not much of traditional economics has entered the scene. But this will
change now. In this section we provide the definitional relations. Consider a
household which consists of two ablebodied adults p; and ps (usually mother
and father) and a number of children and (perhaps) pensionaries. The two
adults are characterized as far as their capabilities to work are concerned in
situation B; by the vector

capP) = (capgpi), eap®)), i =1,2, capP) = g®P) in section 1.12

and (as far as their personal characteristics are concerned) by the vector

kP = (P9 .,mﬁf")), i=1,2
In addition, the situation of the household as a whole is characterized by
common features like: marital status, number and age of children, location,

relation to neighbors and so on, which we describe by the vector®®

A=, A

55 We leave out the notation p = i.

56 Many of these variables may be 0-1 variables, where 0 means that the household does
not have that characteristics and 1 that it has it.
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Thus the situation of a household before any decision, at point B;, is as far
as the labor supply and the household characteristics are concerned described
by the vector

Bi = (Ki,As,...)

where K; = (cap{", cap(P? | k"), £{P2))

and A; = (i1, .-, Aiz)

Now we come to the economic situation of a household at the initial point B;
which we shall describe in an annex to this section in some detail. Here we only
give an overview. The economic situation of a household is reproduced by a
vector EC; the elements of which indicate the value of the state variables at
the beginning of period 0 whereas the flow variables refer to the period before
(therefore they get the index —1). As already said the income earned in one
period is spend in the next period. Thus the length of the period should not
be too large. But also other flow variables in the last period codetermine the
situation of the household in the beginning of period 0, not only income: the
consumption goods bought at this period (whether they are durables or not),
tax payments, transfer payments and receipts and other flow variables. Thus
the economic situation EC; of household ¢ in state B; is (as far as its own
variables are concerned) determined by the vector EC§%t¢ of the value of the
state variables at the beginning of period 0 and by the vector EC{ 1:”1” of flow
variables in the period before: /

EC; = (EC;**, EC'y)

Finally the decisions DEC; of other economic agents or states of nature re-
ferring to the next period 0 but known to the household before it takes its d
ecision for the next period constitute a feature of the decision point B; of the
household. Thus a household in the decision situation B; is characterized by:

B; = (Ki,Ai, EC;,DEC}), i=1,2,..., H, (1.11)

if there are H households. B
All elements of the vectors K;, A; and FC; and DEC are discrete and finite.
Thus there is a finite number of situations where a household could be in.

Annex to Section 1.13: Some Details on Income and Expenditure of a
Household

The foregoing definition of the situation B; of a household i gives the general
idea. But for practical tests and econometric estimations more details are
necessary. They are presented in this annex which may be skipped by persons
who are only interested in the general approach.
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The economic situation of a household at the beginning of period 0 is de-
scribed by the vector EC (index 7 of the initial situation and of the household
omitted):

EC = (Y™ c_y,6,TR-,,CA, KSt, W2, SEC, Wie, TD,
(1.12)
DE7 L(S)a LaTRi_ppa lyda T, UKStvaEC)

where: Y™ = net income = {L + KSt - dgs: + SEC - T;EC +TD -
TTD+TR+—T—DE‘T;3
c = (e1,...,¢cm) = consumption of commodities 1,..., M
bought in the former period. Durable consumption
goods survive more than one period.

c = C1,...,cp = amount of durable consumption goods.
TR~ = transfer payments of the household.
CA = amount of cash.

KSt = (KSt,...,KSty) = capital stock of firms 1,..., M
owned by the household, in nominal value (e.g. num-
ber of shares of a certain nominal value). Thus KSt -
drst = Zf\il K St;-dk st,; = income from distribution
of dividends on shares, where digs;; = distribution
of profits on share K St; per unit of capital stock.??

wsr = (WR& 1,...,WRS, vy) = market values of capital
stocks, where W}}‘gt’i = KSt;-vksti, Vkst,; = mar-
ket value per unit of K.St;.

SEC = (SECh,...,SECy,SECE,SECg) = securities is-
sued by firms 1,. .., M, by banks (index B) or by the
government (index G) in nominal terms (e.g. num-
ber of securities of a certain kind) and owned by the
household. SEC -t = YL, SEC; - répe, = in-
come from securities, r:{EC, , = interest rate on SEC;.

p— muv m muv muv J—
SEC = (WSEC,la ) WS'ETJC’My WSEC,Ba WSEC,G = market
value of securities, where Wg”é’cj = SEC; -
vsecy, J=1,...,M,B,G, vsgc,; = market value

of securities of type j.

57 The household does not only own capital stock in form of shares and other types of
ownership of firms, but also land of different size and houses. They are included in
KSty, ..., KSty. For simplicity we assume (as did v. Thiinen) land of equal quality.
There is a fixed amount LA of land available on earth, and the whole land is owned
by households, firms (and other institutions) or the government. We do not model this
in detail.
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time deposits at banks, r7p = interest on time de-
posits.

debts of the household at the banks (we assume
that a household could borrow money only from the
banks), r; = interest rate on debts.

(L(ls), R L(ns)) = maximum amount of labor of type
1,...,n supplied by the household.

(L1, ..., Ly,) =labor of types 1, ..., n offered by the
household. We assume that all labor contracts are
concluded at the beginning of a period and valid for
that period.

transfer receipts of the household.

taxes paid by the household.

(p1,...,pm) = price of commodities.
(l1,...,1,) = wage rate for all types of labor.

(di,...,dpr) = profits distributed by firms 1,..., M
per unit of capital stock.

(répoa - TSEoM TSEC,B TSRC,GH TR) = interest
rates paid for securities issued by firms 1,..., M,
by banks(r{,. ) and by the government (7§ e ),
and interest rate rz to be paid to the banks by the
debtors (firms and households)®®.

(vkst1s---,Vkst,m) = market value of one unit of
capital stock of firms 1,..., M (e.g. for shares which
are traded at the exchange: the value at the ex-
change).

(vsEC,-- - USEC,M,VSEC,B, VSEC,G ), analogously.

Thus the economic situation at the beginning of period 0 is determined by
the value of the state variables CA, KSt, SEC, DE at that point of time as
well as by the flow variables Y™ cy,...,cp and TR~ of the period before.
L,TR™*,p,l are valid for the period 0 and known to the household whereas the
variables d,r, vk s:, vsge valid for period 0 are not known to the household
at the beginning of period 0. All elements of EC are discrete and finite.

+(t)

58 Actually, the T;EC , are weighted averages of the interest rates rgp e J of securities
issued at the beginning of period t by sector j. We may go back to these more basic

+(0) +(-1) +(7T))

concepts and define Tg‘—EC,j as a vector (TSEC,j’TSEC,j’ < TSEC
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1.14 Normal Economic Decisions of Private
Households and the Budget Constraint

This is where “normal economics” comes in, though with some variation.
This theory goes to a large part parallel to the theory of private decisions
(section 1.3), but not completely. As far as decisions of the households are
concerned we treat the household as a person, i.e. we do not go into the “inner
life” of the household. But as to the description of the possible situation B;
of a household, # = 1,...,H, we have to consider also the non-economic
characteristics of the household. As explained in the foregoing section they
consist of the personal characteristics K; = (ki1,..., k) of the adult and
ablebodied persons within the household as well as the characteristics of the
household as a whole, A; = (M\i1, Aia, ..., Aiz), e.g.: marital status, number
of children, age, profession, location etc. (where A;¢c € {0,1}, where 0 means
that the household does not have that characteristic and 1 means that it has
it). Of course, the economic situation EC; at the decision point B; is most
important. It refers to the beginning of period 0.

There exists a definitial relation called budget constraint between these
variables which we shall derive now by defining receipts and expenditures of
a household in a period and taking their difference. Since this is nothing new,
we shall proceed as in the foregoing section: first to state the general principle
and in an annex go into the details.

Let REC be the receipts of a household in one period and EXP the expen-
diture. Then the change ACA of cash is

REC - EXP=ACA

Let CA > 0 be the cash at the beginning of period 0. In order to avoid

bankruptcy the condition
ACA > —-CA

must be fulfilled. All decisions of the household concerning the real and the
financial side must keep this relation, called the budget constraint. Unfortu-
nately neither CA nor AC A are known with certainty when the household has
to decide on buying consumption goods and on investing in different fields.
The future price of financial assets which may be liquidated is not known.
Thus CA is only known as a probability distribution. The same applies for
AC A: the employer may go bankrupt, a debtor may not pay etc.

The following approach assumes that the household knows almost all data
which are relevant for its decision, but only “almost”. As already said, the
household does not know the values vis: and vsge of its assets which are
formed at the exchange on the base of the demand and supply of capital stock
and securities. The household contributes to this evaluation by its portfolio
decision but does not know other people’s portfolio decisions and the result-
ing price. Moreover, the household does not know the interest rates TgEC and
the size d of dividends and the interest rate rz it has to pay for debts be-
cause this depends on the monetary and fiscal policy of the central bank and
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the government which is not known in advance. This concludes the general
description of the decision point B; of a household. Details are given in the
following annex.?®

The decision of the household which finds itself at the decision point B; is
based on the evaluation of the alternatives By, ..., B;,. We shall come to this
later.

Annex to Section 1.14: Some Details on Normal Economic Decisions of
Private Households and on the Budget Constraint

Total net receipts REC of a household in one period are defined by

REC =Y""4+T+DE 15— AKSt-vksi— ASEC -vggc+ADE ~ (1.13)

Zi]\il AKSt; vk st,; = income from selling cap-
ital stock (if AKSt; is negative) and cost of
buying capital stock (if AKSt; is positive).
Capital stock includes land and houses.

where: AKSt-vgse

ASEC - VSEC
ADE

similarly for securities

income by borrowing from the banks (if
ADE = change of the size of debts is positive),
and expenditure if debts are repaid (ADF neg-
ative)60

Il

59 These assumptions on the state of information of a household do not imply that a
specific household actually knows all prices, interest rates etc. It knows those where
it is interested in and disregards all others. These prices etc. form (together with its
income) the base of its consumption and saving decisions. Uncertainty comes in by the
valuation of the assets by the capital markets. Saving and investment decisions have
to be taken under ignorance of the valuation of its assets by the exchange.

One may object and suggest that the same uncertainty prevails with respect to
prices etc. But this is not true. For most consumer goods the (real) prices vary only
in relatively small ranges, whereas the asset prices may fluctuate substantially. Thus
we may simplify the approach by assuming that the household knows the commodity
prices of the next period exactly (because the firm, which produces the commodity,
announces its price and keeps it for the whole period) whereas it does not know the
future prices at the exchange which determine the value of its assets.

60 The following notations are used: Total cash C A in circulation is held by households i,
firms f, banks B or the government G:

H M
ca=3Y cAW + Y caP) +cA® +cac
i=1 f=1
Total capital stock K Sty of firm f is held by households, banks and the government:
H .
KSty =Y K5t + kst + ks,
i=1

where KSty = KSty; 1+ AKSty, f=1,...,.M
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If we want to include the change of net wealth into the definition of income
we would have to add the expression

M
Z[(AKSti) vk st,i + KSt; AUKSt,iH-

i=1

Z[(ASECj) VsEC,; + SECj AUSEC,j]7
jed

J={1,...,M,B,G}.

But we shall not do that. There is a time dimension of the capital stock
K St; and of the securities (SEC;) which we did not consider in detail till
now but which must be considered, since the interest rate paid on securities
differs for securities issued at different periods. Let us assume that the eldest
capital stock and the eldest security of a firm or an institution i dates back
to T periods before. Let KSt;;: be the capital stock of firm ¢ issued at the
beginning of period t. Accordingly, SEC; ;-rsgcj.t is the interest on securities
of institution j issued at the beginning of period t. Then we have:

0
KSt;di=()_ KSti;)d; and
t=—T
0
SEC; rg‘LEC,j = Z SEC; T.-St_EC,j,t
t=—T

We define SEC; = ZS:_T SEC; ;. These are all securities issued from —T

to 0 by institution j.6! Then rngC’ ; 1s a weighted average of all interest rates
for securities of that institution:

0 +
+ . > t=-1 SECj+ Tsec,jt

r L=
SEC,; 0
>t=—7SECj:

There are certain relations between TR' and TR™. Let TR*(B;) be the re-
ceipts of transfer payments of a household in the situation B; and analogously

Similarly for securities:

H

— ) (B) G

SECy, =Y kSt + SECYY) + sEC!S)
i=1

where SECy, = securities issued by institution f at time v, f € {1,..., M, B,G}

and v = 0,1, —T, if securities have a term of T periods. The interest rates for the

different vintages of securities may be different.

61 All the securities have the same dimension (e.g. DM), thus they may be added though
the associated rates of interest may be different.



58 CHAPTER 1: The Theory of the Household

TR~ (B,;) its transfer payments. Let there be H households which are in the
situation By, ..., Bg: Let TRE, , TRy, , TR, be the transfer payment of all
firms, banks and the government respectively to households. Then in a closed
economy the following relation must hold:

H H
> TR*(B;))=» TR (Bi)+TRp, + TRy, + TR, (1.14)
i=1 i=1

In the definition of the decision point B; the nominal values K St and
SEC of the capital stocks and the securities (respectively) appear, see equa-
tion (1.11) and (1.12). If the market values vk s:; and vsgc,; of these assets
are known, we get also the market values Wg'g, and WZg, of these assets:

WgKse: = KSti - vksti, t=1,...,M and
Wigc; = SEC; -vsgcy, j=1,...,M,B,G

Of course, all these variables may change in time.
In equation (1.13) we defined the net receipts of a household. Similarly we
may define its total net expenditure EX P:

EXP=cp+DE -5 +T+TR™ (1.15)

where: ¢p = Ef\il ¢ip;= the consumption expenditures

DE - rg = the interest payments for the debts of the household

T = tax payments
TR~ = transfer payments to other households or institu-
tions

All variables are assigned to the beginning of period 0. If they are state vari-
ables like K'St, SEC, DE there are no problems. If they are flow variables (like
l,e,T,...) they refer to the total flow of the period before, here the period
—~1.

Now we may state the budget constraint of a household:

the difference of receipts and expenditures in period —1 is the change of cash
at the beginning of period 0 compared to the beginning of period —1. Since
ACA = CA; — CAp and CA; cannot be negative (then the household is
bankrupt, a case which we do not consider here), we have for the budget
constraint:

ACA> —CAy, CAg >0 (1.17)
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Figure 1.6 Net Income Y"{* (Including Transfer Receipts) divided in Consumption
C and Saving S; the General Shape

We may now define consumption C' and saving S. For simplicity, we include
transfer payments in consumption:

C=c-p+TR" (1.18)

S = AKSt- vkt + ASEC -vsgc + ATD + ACA— ADE % (1.19)

such that

62

63

Yvt=C+5 (1.20)

S may be negative, since AKSt, ASEC, AT D and ACA may be negative (the person
could sell all his assets) and DE may be positive (the person could encumber himself
with debts).

Yfft may also be negative, see the definition in section 1.13 above: taxes T' might be
higher than all receipts (T' might also include all losses by robbery, pillage, looting,
etc.) and (or) interest payment on debts DE - r5 may be excessive. But consumption
C must be positive and larger or equal as the subsistence minimum, otherwise the
person would not exist.

Kuznets has shown that in the theory in the long run (with higher net income)
collective saving tends to be a more or less constant part of income. Thus the familiar
Keynesian consumption or saving function for the economy as a whole must be modified
as shown in Fig. 1.6. We may assume that individual saving and consumption does
not deviate fundamentally from this scheme.
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Total wealth of the person (not included durable consumption goods) is
WE = KSt-vkst+ SEC -vgpc + TD+ CA— DE

Unfortunately, the budget constraint (1.17) cannot be guaranteed by the
household to hold in all circumstances, even not in our model where we as-
sumed that all commodity prices are known in advance for the whole period.
The household may determine C and S but ACA is determined by solving
equation (1.19) for ACA:

ACA =S+ ADE — AKSt-vkgs — ASEC -vggc — ATD (1.21)

In this equation vk g: and vsgc are not known by the household since they
are determined by the brokers on the base of conditional demand and supply
of capital stock and securities by all households. If vxg;: and vsgc are not
known, the actual demand and supply AK St and ASEC are not known either
(the household orders AK St and ASEC only conditioned upon the values
vk st and vsgc, see section 1.25)%4 Thus, since the expressions AK St - vk st

64 Consider a person at the beginning of period 0. It may own money My (including short
term deposits at the banks), time deposits DEP, at a fixed bank rate zg, different

securities with nominal value Who, ..., Wpo (if there are n securities) and real wealth
RVio, ..., RVpmo (in natural units, there are m types of real wealth). The securities
have a price of vig,...,Un0 at the exchange, and the pieces of real wealth have a

selling price of wig,...,wmo at the beginning of period 0. Then the wealth of the
person at time 0 consists of money and of invested capital Ko:

Vo = Mo + Ko

n m
where Ko = DEPy + Z Wwo - vwo + Z RVy0 - wuo
v=1 pu=1

The wealth at the end of period 0 (the beginning of period 1) is (we omit some
expressions of higher order and define for a variable z: Azg = z1 — zo):

n m
Vi = Vo+AMo+ADEPR+Y . [0 AWuo+Woo-Avyol+ Y [wuo ARVio+RVyuo- Awpo]
v=1 p=1
The person decides on AWy, ARV,0 and ADEPFp, it cannot decide on the price
changes Av,g and Aw,o. The person has to decide on AW, before knowing Awv,g
since the price of an asset at the exchange will be found by total offer and demand
which is not known to the person. That means: the person has to give conditional
orders to the broker, conditioned on the price of the asset which is only known ex
post, at the end of period 0. Thus the value of the expression W,q - Av,g is not known
to the person when it has to decide on AW,g. This leads to the fact that the person
cannot decide on the change AMj of cash: the change of cash depends on all buying
or selling decisions of the person, partly at prices which are not known at the time of
the decision.

This is (as we assume) not so with respect to ADEPy (the person decides on it, and
the actual value equals its nominal value) as well as with respect to change of the value
of real wealth RV11, ..., RVy,1, namely Awio,. .., Awnmno. The real wealth of a person
(or household) consists of agricultural land, forests, houses, long term consumption
goods like automobiles, furniture and so on.
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and ASEC - vsgc are not known at the beginning of the planning period,
the household cannot plan and predict ACA, and that means: the budget
constraint (1.17) may not hold: the household may go bankrupt. We do not
pursue this case here.

The change of wealth equals saving plus the change of the valuation of
assets:

AWE = S + KSt- Avks, + SEC - Avspe (1.22)

We now come to the expression DEC); in equation (1.11), the vector of the
decision of other economic agents referring to the next period and known to
the household before it has to decide on its own behavior in the next period.
We define

DEC; = (Li,TRf’,l,p,Ti) (1.23)
That means:

1. The firms decide at the beginning of period 0 (and valid for this whole
period) on the employment L; of persons belonging to a household 4
which is in situation B;. They decide also on the price p of the commodi-
ties. Their decisions are known to the household at the beginning of pe-
riod 0. But it does not know the interest rates r;;EC’l, ... ,’I‘gEC’ a Which
firms 1,..., M would pay for newly issued securities and the amounts
di,...,dn they will distribute as profits per unit of capital stock.

2. The trade unions decide on the wage rates [4,...,1, for period 0, and
the household knows them.5%°

3. The banks decide on the interest rate r; a household has to pay for
a loan and on the interest rate T;EC, p they will pay for newly issued
securities. The household does not know that before.

4. The government decides on taxes T; the household in situation B; should
pay and on transfer payments TR; a household in situation B; will
receive, and the household knows that.

The decisions L, TR,l,p,T are announced at the beginning of period 0 and
are valid till the beginning of period +1. They are known to the household
before it takes its own decisions.

65 This may exaggerate the union power. But in many countries, e.g. in Germany, the
union power is very strong and still becoming even stronger because highly automatized
firms without large inventories (with deliveries “just in time”) become very sensitive
to strikes and are “on the mercy” of the trade unions.
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1.15 Consumption and Saving of Private
Households
The household inherits the net income Yf* from the last period and decides

in the first step how to divide it between consumption (including transfer
payments) and saving:

Yret=C 48,

see Fig. 1.6, a variant of the picture familiar to all economists.%® For the reason
given earlier there are only finite many subdivisions of Y"§! into consumption
and saving feasible, and there are different considerations or points of view
relevant for the choice of the household:

e the real net income per capita of the family (if it is small, higher pro-
portions of consumption will be preferred)

e the prospects of support in case of disease and old age
e the expectation of income in the future
e the interest which may be earned by saving

e the willingness to “keep up” with the neighbors, to indicate a high in-
come if in the society the person is judged by his income

e certain instincts and drives (like alcoholism, drug addiction, sexual urges)
which can only be satisfied by certain expenditures which are counted
as consumption.

But there are also motives for consumption expenditures which get a better
note from ethics:

e to shield the children from hunger and cold

o to help others who are in need directly or indirectly (by supporting relief
organizations); note that transfer payments are part of consumption

e moral obligations.

Let there be n points of view in judging the consumption ratio v = %,
0 < v <1, or equivalently the savings ratio 1 — . There are only finite many
v, say N, e.g. v €= {0;0.05;0.1;...,1}. Each  gets a note u;(y) from the
point of view ¢, 4 = 1,...,n, where —Z < u;(y) < +2, Z > 0, integer. Let o;
be the weight the person gives to the point of view 4, 0 < «;, > o ;o = 1.
Then our theory says that the person evaluates v from the point of view

66 Cf. the remarks on C, S and Y made in section 1.13 and 1.14.
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Figure 1.7 General Outline: Household Decisions, Use of Income. The Case of
Known Asset Prices.

i by wu;(7y) which lies between —Z and +Zz. Total evaluation of v would be
u(y) = Y1, @vi(7), and the person chooses y* which maximizes u(7):

7" < max(u(n), ..., u(IN)).

This yields C* = ~4*Y_; and S* = (1 — y*)Y_4.

Now we come to the second step (see Fig. 1.7): the household has to allocate
C* to the purchase of consumption goods ¢y, . .., cpr and to transfer payments
TR such that

M
Zcipi +TR=C"

i=1

Only finite many C; > 0 and TR > 0 are admissible, C* and py, ..., pusm given.
Thus only finite many vectors Cy, = (cu1,-..,cum) and finite many TR, are
eligible, say: = 1,..., z, such that the above equation is (approximately)
fulfilled. Each admissible combination (C,,TR,) gets a mark v;(Cy,TR,)
between —Z and +Z from the point of view i. Such points of view may be:

e the normal needs for subsistence in the geographical region

e the special interests of the person in the household (music, sport, liter-
ature, communication etc.)

e certain instincts and drives like smoking, alcohol, moral considerations
of different kinds and so on.

There are some general rules on the allocation of total consumption expen-
diture C on the main categories of consumption goods, see Fig. 1.8. At the
subsistence minimum almost all expenditure is used for food. Dwelling and
clothes follow next in an order which depends on the climate and other living
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subsistance
minimum

Figure 1.8. Consumption Expenditures; the General Shape

conditions. The proportion of the expenditure for food in total consumption
expenditure declines eventually. Finally the services get the upper hand (which
is called “Fourastier’s Law”). Of course, there will be individual deviations
from this general shape.

Let there again be n points of view by which the person evaluates the vector
(Cyu,TR,) and let B; be the weight which the person attributes to the points
of view,i=1,...,n,0 < §; <1, >, = 1. Similarly as in the first step a
combination (Cy, TR,,) is evaluated by

U(Cy, TRy) Zﬁlvl (Cu,TRy)

The household chooses that combination p* = (C,«, TR,») where
p* — max(U(Cy,TRy),...,U(C,,TR,))

Now we come to the third step: the allocation of total saving S* to capital
stock which yields AK St, to securities ASEC to time deposits AT D, to cash
ACA and to the reduction of debts —ADFE. After suitable renumbering we
may formulate this as:
z
> (AKStc - vkst, + ASEC; -vsgc,) + ATD + ACA— ADE = S*,
¢=1
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if there are z “types” of capital stock and securities, given total savings $* and
the prices v s: and vggc of capital stock and securities, respectively, in the
next period. But this is an oversimplified approach: actually the prices vk s
and vggc valid for period 0 are not known to the person because they depend
on supply or demand AK St and ASEC of all persons, and this is unknown
when the person orders sales or purchases of capital stock or securities. Thus
the change of cash ACA in equation 1.21 cannot be determined in advance,
in general, and this approach, illustrated in Fig. 1.7 is only the ex post view,
at the end of the planning period 0. We come to the ex ante view later in
section 1.25. Here some comments on the meaning of AK St and ASEC are
in order.

AKSt: - vgsi, and ASEC¢ - vsgc, are sums of values of capital stock
and securities issued by M different firms or institutions. We assume that all
capital stock (whatever may be the date of issue) is issued at a nominal value
of 1 DM and that the profit payments d¢ of firm ¢ are equal for capital stock
of all dates of issue. In this case the value vk sz, is equal for all capital stocks
of firm (or institution) , irrespective of the time of issue.

0
Thus AK St¢ - VKSt, = Z AKStC’t VK St
t=-—-T

This is not so with securities. Different issues of securities of the same firm
or institution may be endowed with different interest rates and will therefore
have different prices. Thus:

M 0
ASECC - 'USEC( = Z Z ASECC’t 'US’EC(,t
¢(=1t=-T

This approach to consumption and saving of households is very detailed. For
many purposes it may be advisable to aggregate some of the “points of view” of
the household in evaluating the possible decisions into more general categories
as 1t is done in Table 1.1.

A state B;; = (Kij,Aij, ECij, DEC,;;)®" which may be reached from B;
(i.e. where the budget constraint is fulfilled with a probability accepted by
the household) may be judged by the household h by four different aggregate
perspectives which include the “points of view” given above:

67 The decision DEC); of other economic agents are supposed to be formally independent
of the decision of the household A (which we consider now) to move to B;; or B;a, ...,
or B;,, see section 1.9.

68 This approach takes into account the criticism of sociologists on the usual assumption
of economic theory that household decisions are basically determined by economic con-
siderations, see e.g. Mayntz (1999). E.g.: Max Weber differs between “zweckrationalem
Handeln” (here covered by G), “wertrationalem Verhalten” (here covered by M) “emo-
tionalem” und “intuitivem Handeln” (here covered by EM), and decisions which are
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() _
aY =

EMWM™ —

)

(h) _
M =

an index of the economic well being of the household h in the
state B;j, judged by household h. It will be related to real net
receipts RECT™ = REC/p, p = price index of consumer goods;
but also to the difference of real net receipts of period 0 to that of
period —1 may be relevant.The household is free in its evaluation,
but has to state it on a discrete integer scale between —Zz and
4z, Z > 0. This index Ggl) conforms to the same index in the
theory of private decisions, see section 1.3.

emotional evaluation of the state B;; by household h. This fol-
lows from instinct, blind habits, animal spirits, addiction, preju-
dice etc., without any rational basis. This evaluation has also to be

stated on a scale between —z and +Zz. The index EMi(h) conforms
to the same index in the theory of private decisions, see section 1.3.
The index H in section 1.3 which indicates the attitudes to punish-
ment is not applicable here, since there is no punishment involved

in these decisions.

an index of imitation (or repudiation) of the behavior of other
households. This index catches conformism or repulsion and snob-
bism in the society: people behave in a certain way because other
people do so (what may be called conformism), or on the con-
trary: people want to differentiate themselves from the crowd and
behave in a way which contradicts the “normal”, accepted behav-
ior (what may be called snobbism). This may be formalized as
follows.%? A household h with receipts REC compares itself with
households of similar receipts, say: with households of receipts
REC(1 £+ a), 0 < a < 1. The receipts of these households in de-
tail are not directly observable by household h, but the average
consumption vector 65}21, ce 05\2?_1 of the last period of “simi-
lar” households h (which may be in other states) is observable.
The average consumption of commodity j of these households is

G 1 , ,
C.g‘zl = N(E) Z c?,-—l’ J = 177M7 (124)
he{N®}

where

governed by “Tradition, blinde Gewohnheit, automatische Routine” (here covered by
IM). Thus our approach takes into account some sociological points of view which

seem to
69

be justified.

This is a variant of the theory of imitation suggested in section 1.11. In section 1.11

we considered only conformism and left it to the judgement of the household which
initial conditions it would classify as “similar”. Here we deal with the special case
where “similarity” is defined by deviation of consumption behavior, but enlarged the
admissible region by covering also the case of snobbism.
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N® = the number of other households which fall into the range
of households with which household h compares itself; { NP} is
the set of these households. Then an index of deviation of a pos-

sible consumption behavior c( ) of household h from the average
behavior of similar households if it moves to the point B;; is:

h h h
DY = Zp RN (1.25)

where p; = % is the real price of commodity j and lA)E;’) is positive,
if the consumption of commodity j by household 4 is “too small”
(compared to the consumption of similar households) and nega-
tive, if it is “too large”. Now the household has to evaluate this
deviation as usual within the limits —z and +2Z, which gives the

index I Mi(jh) of the evaluation of the situation B;; with respect to
the realized behavior of comparable households. I Mi(jh) is a func-
tion of ﬁ(h) and lies in the limits —Z and +Z. If h is a conformist,
I M ") has his highest value if D( ) = 0 and his lowest (a negative
one) if Dl(j ) is highest in absolute value. If h is a nonconformist or
snob™, T Ml-(jh) has his lowest (negative) value if ﬁfjh) =0 and his

highest if ﬁfjh) is highest in absolute value. Fig. 1.5 shows possible
shapes of the function

M) = f(D{Y) (1.26)

As usual, only integer values count.

M, l-(jh) = moral evaluation of the state B;; by household h. This is equivalent
to the moral evaluation of personal acts. We refer to section 1.4.

Thus the household has four principles to evaluate a possible move from B;
to Bij:

(G, EMP 1M, M), (1.27)

where each element of this vector takes an integer value between —Z and +2z.

70 For a more detailed analysis see: Corneo (1997).
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Each principle is given a certain weight « such that the final evaluation of
B;; by household h is:

() _ (h) (r) ( h) () () oM prh
v = ol a® o EME 4ol 1M 1 o) Ml
0<all <1, Y ol =1, ke{GEMIMM}={K}, (1)

ke{K}

i=1...,z

Now the household in a situation B; chooses that alternative B;jwhich it likes

(h)

most, i.e. : where the valuation figure V;; is maximal:"!

* h h
By, — max(V{", ..., V) (1.29)

This comprises purely economic utility maximizing behavior where “utility” is
interpreted as G;; but also purely emotional, adaptive and moral motivations
of a decision of a household. In general, all four points of view will be present.
The weights a(]h)k are supposed to be given in the short run. They may follow
a distribution which is rather fixed in the society in the short run.

Only a small percentage of the population will act according to one prin-
ciple alone, be it the economic, the emotional, the imitational or the moral.
The majority will take into account two or more of these principles (this, of
course, is a guess). Households which find themselves in the same or a similar
decision situation might show similar demand behavior. For the long run the

development of the agl)k may be explained by a Markov chain, similarly as

the hgy) in section 1.6.

1.16 Morality and Criminality in a Society and
Their Effect on the Economy

The internal situation of a society in a given period as far as personal morality
is concerned may be reflected by the vector

M = (vi1,v21,---,Vn1)

of the proportions of persons acting according to the moral rules, if confronted
with decisions of moral importance. This vector may be called the “basic de-
gree of personal morality” in the society. Conversely, the vector

71 This is a theoretical concept. Actually (as already said before) no household has time
and can put in enough effort to evaluate all alternatives. Only few alternatives in
the neighborhood of the realized situation are considered and evaluated. This means:
there are limitations j € {J} to be considered where {J} is the set of alternatives
which household h takes into account if his actual situation is that of B;.
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K = (vi2,v22,...,Vh2)

indicates the “basic degree of personal criminality”. From the criminality vec-
tor (vi2,v22, -..,Vp2) We may infer the frequency of violations of moral and
criminal laws. Let 8 = (61,082,...,0r) be the average number of decision
problems of the kind encountered in the Bj, ..., By per unit of time which a
person will be confronted with,”? or in other words: the frequency of occur-
rence of the choice problem B;. Let N;3 = v;2 - N be the number of persons
who in situation B; would choose the bad alternative By, where N = the
number of persons in the society. Then the observed number N;, of violations
of moral obligations or of criminal laws is given by the vector

Neo = (N12,N22,...,Nh2), where N2 = 3; - vi2 N,
(1.30)
1=1,...,h.

No2 may be called the actual criminality. We define

V = (012,...,0n2)

the vector of observed criminal rates in the society, where #;5 = —%2 = 0G; V2
is the relative number of persons taking the “bad” decision B;s. It may be
called the observed criminal rate for situation B; and may be found in the
criminal statistics. The vector

N.l = (Nn,Ngl, - .,J\_fhl),where Nil = ﬁl"l}“ . N,

gives the number of persons who actually choose the “good” decision; 7;; =
%L = [ivi1 may be called the observed morality rate in the society with
respect to situation B;; of course, v;1 + v;2 = 1 and ¥;; + U2 = 3;. In case of
B; = 0 the decision problem B; does not occur, thus the N;; and N;2 do not
exist: how persons act in this situation cannot be observed.

The B;,v;; and the v;; are also reproduced in Table 1.1. The effect of a
change of the observed criminal rate on the economy may be measured by
the elasticities ey 5, = g_}; - %2 which will be negative if criminal acts reduce
GDP, or the other way round: if “good” behavior increases GDP. This does
not always hold true; e.g. following the principle: “Give all you have to the
poor”, will certainly not increase GDP.

The figures v;; and therefore also the figures 7;; depend (among others)

on the ethical rules ]\Zfl.(jl), - ,Mi(f{) which have influence in the society, on
the size of these influences on all persons of the society, and on the mutual
influence of people with regard to moral standards, see equation (1.3): the

moral state MZ(JP 1 of a person p in period ¢ with respect to a decision B;; is a

72 For simplicity we assume that the probability of being confronted with a moral problem
is equal for all persons.
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function of M-(jly)tfl, e M

1,

(M) and of MYV, ..., M) pe{1,...,N}. M

ij,t—1 ij ottt
() of a decision B;; of person p (see equation 1.1

J
in section 1.3), and the relation of V"’ and V¥ determines the decision B"

(see equation 1.2. As already said, the variable v;; is defined as the relative

codetermines the evaluation V

number of persons whose evaluations are Vi(lp ) > Vi(2p ). Thus finally the U; are

also functions of the moral standards Mi(jl), ce Mi(f()

the society. Since the decisions Bg’ ) influence the GDP per capita, we have
defined the influence of ethics on economics as far as the personal morality is
concerned.

All the magnitudes appearing in the foregoing sections depend on the gen-
eral political and economic order and the actual political and economic policy
in the society. We shall come to this in the next section. Some concluding re-
marks may be appropriate. The simplest way to reduce crime is to reduce f;,
i.e. to reduce the opportunities to commit crime and to enlarge the expecta-
tion E(S;;) of being punished. Raising the morals M;; is a much more difficult
and time consuming task. One has to increase the influence of ethics, i.e. to
increase the 175;);/ in equation (1.3) — surely the best way from the moral as
well as from the economic point of view (less police, less prisons etc.), if moral
and economic requirements run parallel.

which have influence in

1.17 Private Valuations of Collective Issues

Now we come to a second type of moral evaluations. Besides the private
problems which lead to a decision of a person, there are issues where the
judgment of a person is required. This refers to all public issues where the
person as a member of the society is involved though it may not be among
the members of the leading group (called government) which decides on the
issues. We may differ between the following social states SST to be evaluated
by a person p:

1. Political constitution SST; of the society with the alternatives

e SSTi1 (e.g. a fully centralized government, a certain method of
determining the government, a well defined set of civil rights (if

any), ... )

e SS5T1z (e.g. a decentralized government, a certain method of elec-
tions of local governments, another set of civil rights, ... )

All possible alternatives are listed here. They are judged by person p
with respect to different criteria CRgsTy,, - .-, CRssty,, (€.g. adminis-
trative efficiency, degree of personal freedom, degree of equality of the
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citizen, degree of interior peace, chance of economic development, de-
gree of power at the international scene; but also moral aspects are of
importance). “Judgement” means: allocating an order of preference, an
integer between —z and +Z,Z > 1 to each alternative S5T1¢ from the
point of view of the criterion CRgsr,, . Similarly as in section 1.10 we
write this evaluation as:

VSS)T = V®(SSTi¢|CRssr,), C=1,-..,2, p=1,...,M,

where —z < Vég)T o S TE

Now the overall evaluation VSST of a political constitution ¢ must

be arrived at by person p, an evaluation which takes into account all
different points of view of judgement. As in section 1.10 the person has

to state the relative importance a(sps)T L aggT of the criteria of

judgement, where agng > 0 and Zu 1 a5p§T1 =1

Now the total evaluation may be taken as a weighted average of all
different evaluations:

(p)
VSSTIC E:O‘SSTW SSTi¢,.

which also lies between —Z and +Z.

. The second social state SSTy refers to the economic order where the
alternatives SST5,...,858Ts, are to be judged by person p under the
criteria CRssTy,,- - -, CRssty,, The extremes in the possible economic
orders are a totally planned economy and an absolutely free market
economy. But, of course, of more interest are the alternatives in between.
The criteria may be the GDP per capity, the distribution of income, the
rate of growth of GDP and the stability of the growth path and other
economic and non-economic indicators; here also moral considerations
come in. Similarly as in 1. above one gets

~2 < VB, = VP(SSTyc|CRss1y, 1) < 2

and the total evaluation
() (p)
SST2 ¢ Z A$51y, " VSSThc,

. This way one continues with other social states $ST3,... 55Tz which
comprise public law, civil law, criminal law etc. But also actual policy
moves may be included in this evaluation procedure.
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We may ask where the evaluation V and the weights o which a person p
applies come from. The answer is: they are the product of history and inter-
personal influences which are modeled as a Markov Chain, see equation (1.3)
in section 1.4 as far as the evaluations V are concerned”™ and equation (*) in
section 1.11 for the weights a.. This need not be repeated here.

Some final remarks concerning this section are in order. Among the criteria
by which the alternatives are judged there are some economic ones, see above.
Thus economic theory is needed to determine the economic consequences of a
specific economic order. In a free society all sorts of nonsense may be published
and given the name of economic theory. If persons who believe it reach decisive
positions in the society the result may be a catastrophe for the nation. The
best way to avoid this is to teach all children in school the basic economic
relations and facts in a simple way, but always according to the latest results
of the generally accepted economic theory.

Here as well as in the foregoing approaches one may argue that no person
will be able to evaluate these billions of alternatives. This, of course, is right,
but no person is supposed to do so. For almost all alternatives a person will
have no judgement, and that means V = 0. As a rule only for some adjacent
alternatives the person will be able or willing to take over the effort and pains
to make up his mind. But there might be exceptions. Sometimes an idea
spreads in the population (according to the rules of the Markov chain), where
persons evaluate alternatives high which are far off from reality and which are
incompatible with other evaluations; e.g. romanticists of the 19th century
who idealize the medieval political and economic order, or communists today
who do the same with a planned economy and state property. The actual
political and economic order is decided by the leading group called government
(see section 1.20 and 1.21). Their decisions on all public issues constitute the
political and economic order of the next period.

1.18 Transition to the Next Period: Change of
Issues

The collective issues which are subject to personal evaluations may change:
in the next period new collective issues may have come up which could not be
considered in the last period because they did not exist or were of no interest.
The decision to build atomic energy plants or not makes only sense after the
physical and the engineering knowledge has been accumulated to an amount
which makes these plants possible.

Decentralization of production depends on the existence of a fast and re-
liable information system and of a transportation system which in turn re-
quires the accumulation of knowledge and investment in different fields. The

73 Substitute V2 for M®) in equation (1.3), p=1... N.
SSTK?“ i
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knowledge and the ability of a society in period t is the set of all productive

capabilities capgp t) Yoo ,capgf % of all persons p =1,..., N available at period ¢

(see section 1.115. They change according to the organization of the learning

process in the society. We shall come to this later. Moreover, the personal

characteristics /f(f t) N nf,f't) of all persons (see section 1.11) codetermine the

productive abilities and thus the relevant issues in the society. Here we as-
sume that this accumulation of knowledge continues in the period considered
such that in the next period new collective issues arise with new possible de-
cisions. These new possible decisions have to be evaluated in the same way as
the old ones. The evaluation of the “old” decisions may change if new ones
become feasible. E.g. new knowledge may make it possible to construct eco-
nomically effective power plants on the base of sunlight or other practically
non—-exhaustable resources. It might even be that some old alternatives will
never become attractive after new ones become feasible; in that case we may
cancel them.

1.19 Collective Decisions

Up to now we have considered only personal decisions and personal valuations
which may have effects on other people but are valid only for that person. Now
we shall turn to decisions which are valid for the whole society.”* As a rule,
they are taken by a relatively small group of people called government (or by
a small number of groups of people, the relations between them being fixed by
the constitution or by some other convention). We must differentiate between
decisions taken with respect to the basic political and economic order (usually
in the form of constitutional laws) and those with respect to current issues
within this order (usually in the form of ordinary laws). In this context we shall

74 Collective decisions cannot simply be derived from individual preferences, except in
special cases (only two alternatives, or single-peakedness of a one-dimensional utility
function if majority voting is the decision procedure). The voting paradox of Con-
dorcet shows this in the latter case. The general result is the famous impossibility
theorem of Arrow (1963): if there are three or more alternatives, then the only so-
cial preference order which satisfies a set of quite natural conditions is the dictatorial
one: the social preference is determined by the preference of one person. We cannot
present this well known result in detail. For a discussion and evaluation of this theorem
see e.g. Mas—Colell et al. (1995). The consequence of this theorem is that one has to
specify the decision process in detail and that the result, i.e. the social preference,
depends on this specification. Thus social welfare depends on the social and political
order which determines the decision process. The final decision on collective issues has
no immediate relation to the valuation of the alternatives by persons in the society, in
general. Democracy tries to constitute a tie between these evaluations and the decision
of the government which finally defines the social preferences, but this tie is very loose;
moreover, the individual preferences are not constant and may be influenced by the
government. We come back to this in section 1.20.
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only consider decisions within the limits of the constitution. Constitutional
changes are dealt with in chapter 5: “The Theory of the Government”.

If there were a dictator p* (the leading group consists of one person), the
decisions would be easily determined: for each issue B; the decision B;¢ is

chosen for which Vz‘(cp ) is maximal. But usually there is a group decision.
There is a whole literature on the problem of the existence of a social prefer-
ence ordering.”® In this approach we assume measurability and interpersonal
comparability of preferences — surely restrictive assumptions, but not unrea-

sonable ones in our context.”® Then we may assign a certain relative weight

g§” ) to each person p* which is member of the leading group with respect to

the issue ¢. It indicates his (or her) influence within the group. Then by infor-
mal compromising within the leading group (assumed to have N* members)
a valuation

N~ N*
Vg = g7 vI), g >0, 3 g =T (1.31)
p*=1 pr=1

of a decision B;; emerges.

If the capacity of compromising and reaching a decision within the leading
group were unlimited and if there were no differences in the decision process
between basic decisions on the general political and social order and current
and more short term decisions within this order, the political and economic
order O of the next period would be determined by

O; < max(Viy,...,Viz) (1.32)

75 For a survey see e.g. Krelle (1968), pp. 85 fI. There are new results, see Mas-Colell,
Winston, Green (1995): Strategic voting must be excluded, i.e. voting against the own
preferences. This implies that the preferences of a person are common knowledge.

76 In our context these assumptions are not so strange as it is sometimes depicted in

the literature. For many parts of economics one does not need these restrictive as-
sumptions. But for other purposes one needs them. E.g. the normal utilization of
public polls depends on them, and (to my knowledge) nobody has objected to this
until now. E.g. each year the Institut fiir Demoskopie Allensbach asks a representative
sample of the German population: Sehen Sie dem neuen Jahr mit Hoffnungen oder
Befiirchtungen entgegen? It offers four answers: , Mit Hoffnungen, mit Befiirchtungen,
mit Skepsis, Unentschieden* and forms the difference of the percentage of answers of
this year compared to those of the last year, which implies measurable and interper-
sonal comparable preferences. Of course, there will be a certain degree of uncertainty
connected with these figures; we take that into account by considering only integer
values. In this book we assume that a person can state his largest possible affection or
his largest possible aversion or his indifference to a phenomenon and that it is able to
interpolate between these values in a coarse way similar to a professor who grades the
examination papers of his or her students.

77 If all gl(p *) are assumed to be equal, the median of all evaluations is usually taken as
the collective preferred decision. This is surely right if one assumes a majority voting
procedure. We suggest the arithmetic mean instead of the median for the case of
different personal weights and informal bargaining. But this is an empirical question.
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But the capacity of processing issues is limited, and decisions on the basic
political and economic order are usually much more difficult than decisions
on the current policy. But we disregard this difference here. We may assume
that in one period only a small number « of issues can be treated and solved
by the leading group, and these are the most urgent ones. Most urgent are
those, where the possible new state B;¢ gives a value \_/ic, ¢ # 1 which in the
opinion of the leading group is very much larger than the value V;; of the
present state. We reorder the issues according to the possible gains which
they promise if the best decision B;c (according to the opinion of the leading
group as stated above) is taken. If there are n issues in the collective domain
we get:

AVie, = Vi — Vi,
: (1.33)

AVpe, = Ve, — Vo,

where AV, > AVae, > -+ > AV,.,. Changes in the basic political and
economic order are only made for issues 1,...,7, where the advantage of a
change exceeds a certain threshold value AV. Thus, only if AV, ¢, > AV, i =
1,...,7, where AV is a rather large number, i.e. only in the case of a rather
large advantage, changes in the basic order and in the current policy are made,
and this only for a small number « of issues.

1.20 Determination of the Leading Group and of
the Influence of Each Person within the
Group

The problems of selection of the persons p* which form the leading group (the
government) and of the determination of their relative influence g within the
group have still to be solved. In the feudal system this problem is solved in
a very simple way: the family into which one is born decides on the political
and economic position of a person. In a democracy there are elections which
directly or indirectly determine the composition of the leading group and thus
the political and economic order of the society.

There are many different election systems. We assume here a system which
is a simplified form of the German election system.”® For each issue i we
reorder the possible alternatives B;q, ..., B;, according to the amount of free-
dom which they give to the individual: the more freedom, the larger the chance
of scientific and technical progress, but also: the larger the risk of personal

78 This should be taken as an example.
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failure, of distress, misery, insecurity, crime. In this new order™ the realized
alternative lies somewhere between B;; and B;,, as a rule. As already stated,

all valuations Vi(lp ), . ,Vi(zp ) of a person p are integers between a maximum
Z > 0 and a minimum —Zz < 0, where a valuation of zero means: no judgment,
or indifference.

As an example we consider four basic types of moral valuations of the
alternatives B;; for the possible solution of an issue B; if one orders the
alternatives according to the degree of freedom that they grant to the persons:
increasing (the liberal line), decreasing (the communist line), first increasing
and after a while decreasing (the social market policy line) or the opposite
(the idea that a pure market economy and a pure planned economy may
function but not a mixture). These types may be the possible “party lines”
or “platforms” of four different parties, see Fig. 1.9. A “party line” of a party
P,,p = 1,...,4 in our example, is a set of (in general moral) valuations
M;1(P,),...,M;,(P,) of the alternative decisions for each collective issue i.

As a rule, the valuation Mi(f ) of a person p will not coincide with any party
line M”(Pp)

The distance D(i,p, P,) of the moral valuations of an issue i by a person p
to the party line of party P, can be measured by the quadratic deviation of
the two valuations:

z
D(i,p, Pp) i= > _[MP — My;(P,))%,

J=1

Summed up over all issues this yields the total distance of person p from the
party line of party p:3°

D(p, P,) = ZD(i,p, P,).

Person p elects that party to which his total distance D(p, P,) is smallest. Let
V(P,) be the number of votes for party p (by persons with minimum distance
to party p) and let there be R parties. Then the relative votes for party p are

V(P,)
v Pp = —— 7
(Fe) >R V(P,)

If there are H seats in the parliament, n, := v(P,) - H seats are won by party

p®' , and these are taken by the n, first ranking members of party p. Let us

7 The one-dimensional order of the alternatives is a simplification, of course. A more—
dimensional approach would be more appropriate. But we choose here the simplest
case.

80 For simplicity we do not take into account possible different weights of the issues. For a
certain person a certain issue may be of great importance, for another negligible. But
on average this may balance out.

81 We do not state the change to integer values and a possible lower bound for votes in
order to obtain a seat in parliament.
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reorder the persons according to their distance to the party line and assume
that those persons whose distance to the party line is minimal are members
of the party and that their ranking depends on this distance to the party line
and on personal characteristics.

Thus for party p we have for persons pi,ps,...:

D(p1,P,) < D(p2,P,) < ...

and the persons p1,p2,...,pn, are elected. Let us assume that party p (or a
coalition of some parties) has the majority, then persons p1,ps, ..., pn, form
the leading group pj, ..., p;p in the society. Their valuation of collective issues

decides on the actual political and social order, after the relative influence g§" )
of each person p* on decisions of type i has been determined. The influence of
each person p* depends on his personal characteristics such as eloquence, capa-

bility to convince others, knowledge in different fields, ability to present him-

self or herself in television and interviews etc.. We called them ng ) Iig-p ),
see section 1.12. They will be different for different persons. They could as-
sume any integer value between 0 and z: 0 < s, < z,p = 1,...,7. The value
Z is the maximum amount of a capability, a value of 0 means that these
characteristics are lacking. These personal characteristics follow a certain dis-
tribution in the society as well as in the group of persons who are elected. In
case of a binomial distribution with a basic probability of 0,5 (which is a rea-
sonable assumption)®? and e.g. Z = 5 one gets the relative frequencies w(kp)
of persons p having a size K, of the personal characteristics «, as follows

ooy

size K, of the
personal characteristics x|

relative frequency w(k,) | 0,03 | 0,16 { 031 | 031 | 0,16 | 0,03

where: 37, w(k,) =1

The weight g,fp Dofa person p* in determining the party valuation Vij of the

alternative B;; is a function of all of these characteristics. For simplicity we

assume a simple additive formula. Let nE,p ") be the size of a personal charac-
teristic x, of person p* and let 7;, be the importance of the characteristic x,
for problem 7, 0 < 7, <T, T a positive integer. In this context we take
7ip as given. Then an index of the absolute influence of person p* on the party
evaluation V;; of a decision B;; would be

82 Of course, other figures are possible. This is an empirical question.
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G = Z Yips®") > 0, and the relative influence:
p=1
(1.34)
oy _ _GP)
giP — 7 -
D G(P )
p* Tt

This surely is a simplified approach. An alternative would be to assume that
there is a predetermined order of ruling a country: a president, a prime min-
ister, ministers, secretaries of state, party chiefs, chairmen of parliamentary
groups etc., and their influence is given by the constitution or by the rules of
procedure (subject to earlier decisions). Now the distribution of persons p*
of the ruling group over these positions determines the influence ggp ") of each
person p*. This distribution depends on the personal characteristics of these

persons, so that we are back at the first approach.

1.21 Transition to the Next Period: Change of
Government

The issues which necessitate decisions may change in time, but also the people
who decide on the alternative change.

The first phenomenon has already been dealt with (see section 1.18). We
now turn to the second problem: change of the personal composition of the
leading group (the government). This implies a change of decisions also on
the old issues, since the preferences of different people are different in general,
and this keeps the society moving.

Let there be [ parties in the beginning of the period with different party
lines (or party platforms). We assume that they mainly differ in their attitude
towards personal freedom of the citizens or (inversely) in their attitude to-
wards (organized and enforced) solidarity. How much personal freedom should
a person give up in order to comply with solidarity as perceived by the leading
group? Or to put it in popular terms: how much liberalism and how much so-
cialism should be realized in the society?®® Fig. 1.10a-c show (as an example)
the party lines of 4 parties. Let us assume that party 1 (= P; in Fig. 1.10a, a

83 This seems to be the basic issue now. In former times other issues were predominant:
feudal system versus democracy or church power versus secular power. — Of course,
liberalism should not be confused with egoism. A liberal society as it is conceived here
does not hinder anybody to give all it owns to the poor but it does not compel him to
do so. It lets the system determine the distribution of income and wealth but does not
take away something from the rich to give it to the poor. In this sense, the “Soziale
Marktwirtschaft” in Germany is a mixture of liberal and socialist features; the German
parties have more or less the profile of P3 in Fig. 1.9 and Fig. 1.10b.
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Figure 1.9. Possible Party Lines

socialist party) won the election at the beginning of the period.®* Then this
party presents the government out of its leading personalities, as shown in an
example in the foregoing section. Now the other parties P, ..., Py in Fig. 1.10
see where the trend of the political convictions in the population is going and
they adapt to a certain degree to the political line of the winning party P;.
This may be formalized as follows.

Let the difference in the party line of a party m to the winning party 1 in
terms of the moral valuation M;; = M (B;;) of the alternative B;; be:

Dix(Byy) = [MD(Byy) - M) (Byy)] (1.35)

Then party 7 corrects its line in the direction of the line of the winning party
1 in order to win the next election or at least to improve the result of the
election. This correction may be modeled as

AM;;(Pr) = mx D1x(Bij), 0<mx<1 (1.36)

1,~ must be empirically determined.
Fig. 1.10a-c illustrate this change of the party lines of parties P, ..., Pj.
This correction takes place in the interval between the last and the new
election. In our model we may (for simplicity) put this next election in the

84 The “winning” of elections may have different meanings, according to the specific
electoral law. We do not go into these details.
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Figure 1.10 Change of Party Lines of Parties Px, ..., P4 after P, has won Elections
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beginning of the next period. Then at the beginning of the next period there
are different party lines with different leading persons who want to be elected
by persons whose preferences have changed and where additional issues ap-
pear.

1.22 Digression 1: The Interaction of the
Spiritual Domain and Economics

In this section we want to show how in our theory the philosophies (this word
taken in the broadest sense, including theologies, ideologies etc.) influence the
decisions of persons (in particular: the economic decisions) and how in turn
the situation of persons (in particular: the economic situation) influences the
philosophies. The first direction may be identified with the name of Hegel, the
second with the name of Marx.

Let there be K philosophies documented in books known in the society. A
book is an arrangement of symbols which may have different meanings and
is open to different interpretations. Take the Bible as an example. The words
(in Hebrew or Greek) are fixed (through there might be different versions, but
we neglect this feature). Thus a philosophy ®(*) is given by an assembly of

CRRNC

symbols which we call words w
k) — (wgk), o wEY,

Somebody has to give a meaning to the symbols. Person p in situation B,
in period t converts the symbols to a set of understandable propositions

k k
Zg,l),p,t’ e ’Eg,z),p,i' Thus
- k k k
k) ‘I)z(',p)yt = {EE,I)W,U R Zg,z)yp,t}'

This set of propositions is a subjective interpretation of a text by person
p. But person p is not an empty page: it is shaped by traits as described

in section 1.10-1.12 which are adjoined to the initial condition Bi(’pt) where

)

ot is a function of the

the person is in at time ¢. Thus the interpretation EE’
().

situation of person p at B;':

K k .
P =SPU(BW), k=1... K, i=1...,h (=1, 2
It implies also moral evaluations of possible decisions:
(k) Vik
Cipe — Mijpe

In equation (1.3) in section 1.4 we neglected the variables p and t as arguments

of Mi(jl), .. ,Mi‘;{ which is possible in the very short run and if we consider
the situation of a specific person. Thus the sequence

PR (I)Z()’ft) _ Mi(f;)(p, t)
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describes the influence of philosophies on the evaluation of alternatives in
general (the Hegel direction). But, as explained in section 1.4, the actual
evaluation of an alternative depends not only on moral judgements coming
from philosophies, but also on judgements of other persons. In section 1.4,
equation (1.3), we described that relation by

Mije = Miji-1 - Py (1.37)
)

3.0 Of person v’ on person v and of
the influences ﬁgf)u of philosophy « on person v. These influences pE;B and 155;”)1,
were taken as given. But they depend on the information system, and now
we turn to the derivation of this dependence. We now take the philosophies
as given.

where F;; is the matrix of the influences p

We start by explaining the influence pg;’y) of person v/ on person v in judging
the decision ij. There are two types of determinants: personal relations and
those exerted by the information system. A person ¥ € {N} knows persons

v € {N} because they are members of the same family, neighbors or friends,
and it communicates with them. Let {N,EV )} C {N} be the set of all persons

E;lg be the influence which
person v/ € {NIEU/)} exerts on person v in the context ij.

Moreover, there exists an information system (newspapers, periodicals, cir-
cular letters, radio, television, schools, universities, churches, etc.) which trans-
fers information and valuation of some persons (which are in a leading position
either in government of in the information system) to a large number of others.
Consider an information system I € {I}, where {I} is the set of all informa-

v/ which communicate with person v and let p

tion systems. Let {NLEI)} be the set of all persons v which receive messages
by the information system I. There is an editorial staff for each system I. We
assume that the chief editorial manager, call him v*(I) € { N}, determines the

general political and philosophical line. Let ﬁzg) be the influence of person

v*(I) on person v via the information system I with respect to the decision
1. Then the p(" ) in equation (1.3) are explained by

ij,v
a. the personal relationships to other persons:
) — Py, iV e (NS}
o 0, ifv ¢ {N¥}
b. the influence of those who control the information system:

o) pY), i v =vr(I) and v € {N"}, T € {I}
R 0, ifv/ #v*(I) and(or) v ¢ {NSDY, 1 € {T}

The size ﬁgljl or 13513)1, depends on the personal characteristics of the person

and are taken as given.
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Now it is very important which person v/ is the chief editorial manager v*(I)
in one of the information systems I. This is different in different economic,
social and political systems. The person may be determined by the owner of
the information system, if there is private property, by the government (in
dictatorships), by the political parties, by organizations like churches. This is
part of the general order of the society which is subject to collective decisions,
see section 1.17 to 1.20.

We now turn to the direct influence of philosophies, measured by the param-

eters 155;)1, in equation (1.3). We differentiate between two classes of persons:

a. persons v which know theologies and philosophies and are familiar with
the moral rules which follow from them; these persons form the “ed-
ucated class”, a subset {N**} C {N} of all persons in the society:
v € {N**}. Each person v € {N**} is influenced, as far as the judge-
ment on a decision ¢j is concerned, by a philosophy x, k =1,..., K to
the degree . )

YR

) = p:-‘;g,”), frve{N*},k=1,....K
i 0, ifvé¢{N*}

This is a distribution of the influences p;; ‘) in the society which depends

on the school curriculum, on the courses of instruction at the different
levels of education which in turn depend on the general political order
of the society.

b. There are person v which do not belong to the “educated class” in the
above sense, but nevertheless may be well informed on the moral conse-
quences of philosophies through the influences of other persons (parents,
friends, teachers, ... ). This influence has already been considered under
the headline of personal relationships.

Thus the pglg and the ]35;2, are explained by the general political and economic
order of the society. We do not go into the details here.

This comprises the Hegel type relation: the influence of the spiritual side of
the society on the actual decisions of persons.

Now we come to the opposite causal relation: the influence of the actual
situation of persons on philosophies which we may call: Marx type relations.
There are two types of influences:

1. the always new interpretation of existing philosophies in the light of the

actual situation Bg” ) in which the person p is in, which cares for the in-
terpretation. This has already been considered and will be repeated here:
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= k k

171,p,i’ 1 EN D

WhereB(p)—>E§k<)pt, (=1,...,z,i=1,...,h

and @), — MY

4,J,p,t

The moral judgement on a move from B; to B;; depends on the inter-
pretation of philosophy k by person p in situation B; at time t.

. But philosophies do not fall from heaven, they are invented by persons p*

under the influence of their situation B(p ) at time t. Only few people
are able to develop a new philosophy. Thus the appearance of a new
philosophy is a rare event. We may model this as follows. There is an
urn with lots of lottery tickets. Nature draws one ticket per period from
that urn. 95 % or more are zeros: if nature draws one of those tickets,
there will be no new philosophy developed in that period: nature does
not give the necessary inspiration to a person. Let us say: 5 % of the
tickets carry the name of a person p* € {pn,Pn+1,--.,pn} which may
receive the basic idea of a new philosophy as inspiration from heaven
(or from hell, thus we better say: from nature). Thus if nature draws the
ticket of a person that means: it inspires that person to a new philosophy
which, of course, is influenced by the personality of the person and his
situation B;. A certain degree of knowledge and education is necessary
to be able to receive that inspiration; thus only a certain partial set
{Pn,Pn+1,...,pn} of all persons {p1,...,pn} is represented in the urn.

As pointed out earlier, a philosophy in the sense this word is used here does

not need to be a “philosophy” in the sense of Kan

t8% . Here we mean by

85 According to Kant (1787), p. 818 (“Von dem Ideal des hichsten Gutes als einem Bestim-

mungsgrunde des letzten Zweckes der reinen Vernunft”). The following three problems
should be dealt with in a philosophy

1. What can I know? (the problem of the theory of cognition: What is truth?)
2. What should I do? (the problem of individual and social ethics)

3. What may I hope for? (This comprises the questions: Where do I come from,
and where do I go? What will be after my death? What is the sense of my life?
Where does the evil of this world come from? ...and related formulations)

There are many different possible answers to these questions, and each combination
of the answers defines a philosophy or a theology. We do not go into details, but shall
only hint at the possible contents of a philosophy. Of course, there is no agreement as
to these possible contents. In the encyclical “Fides et Ratio” (1998), pope Jean—Paul IT
complains that the modern philosophies do not try to give answers to the metaphysical
question (c) above, or in other words: they are concerned with problems (a) and (b).
He wants to encourage the philosophers to live up to their name (“lovers of wisdom”)
and close the gap to theology. Faith and reason are “the two ails of human mind”, and
he treats them as having equal rights. I think that there is a fundamental difference
between the first two types of problems and the third one. One can well understand
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“philosophy” a set of coherent and consistent propositions which describe
parts of the world and thus give some orientation for decisions and behavior.
Thus part of economics is a philosophy in this sense.

1.23 Digression 2: The Connection to Sociology
and Political Science

As pointed out in section 1.17 a person has to judge the political, social
and economic order of the society it is living in as well as alternatives which
are realized elsewhere or exist only as project or draft. Of course, nobody
will know all alternatives of social orders which existed at some time or are
suggested in the literature. This does not matter, they get the evaluation
figure 0. The social orders are judged with respect to the following principles:

a. Degree of freedom and possibility of development which they grant to a
person

b. Degree of safety and invulnerability which they guarantee to a person.
This refers to the internal legal order and protection against crime as
well as the protection against assaults and raids from outside.

c. Degree of economic success compared to other societies in a similar
situation, and compared to other, non-realized alternatives.

d. Degree of the justice of income and property distribution and of the
justice of intergenerational distribution

e. Degree of possible political influence

f. Possibility of an advancement in the social pyramid.

There may be still other principles to judge a social order, but these seem to
be the most important ones.

A person evaluates the social orders with respect to the point of view i by
a figure v; between —z and +z:

-z <wv; <+Zz, Z2>1,an integer, v; also an integer, i € A= {a,b,...}

The person weighs all points of view i € A by a figure v; > 0,3, 47 =1 to
get the total valuation of the social order under consideration by:

v = Z’)’ivi, where —zZ <v; < +2

i€EA

why the modern philosophers shy away from dealing with these metaphysical problems
and leave them to the theologians.
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This valuation will be different from person to person, in general.

Actually, things are a bit more complicated: The points of view ¢ € A
may be disintegrated further. We show this for the principle a: the degree of
freedom. For the other principles things are analogous. We may distinguish
between

a1 : freedom of expression, freedom of the press
as : freedom of assembling and of demonstration
a3 : freedom to form political parties

a4 : freedom of economic activities

and other freedoms along this line. All these freedoms are (in general) limited.
E.g. the freedom a; of expression is subdivided into freedoms a1, . .., a1, with
different limitations; e.g.: a;; = freedom without any limitation; a2 = only
invitations to murder are forbidden; a3 in addition: pornography is forbidden
and so on. The person evaluates the alternatives a11,...,a1; by Va11,...,Valz
where

—Z< v <4z, (=1,...,z2

Most people would prefer some limitations of the freedom of the press to
keep some privacy in the society and to prevent the press to become a school
of crime. Now we assume that the persons weigh the aii,...,a;1, by figures
a1l -+ Qalzy 0 < Gaig, Yo¢mg @ar¢ = 1 such that the total index of prefer-
ence for “freedom of expression” by the person considered becomes

z
Va1 = Zaalg -Vg1¢, Where —Z <wg < +2
¢=1

Similarly we get the valuation figures v,2, . ..,vs.. There are weights for the
a1,y 0z, 88y Bals-- - Bazy 0 < Bak, Y opey Bak = 1 such that the total evalu-
ation of the social order under consideration with respect to freedom (which
forms the “point of view a”) becomes

z
U1 = § Bak - Vak
k=1

The valuations v, ... with respect to other points of view are attained in a
similar way.
But how arise the weights «, 3,7, ... for the different points of view and

the evaluations v of the alternatives? They are not simply inventions of the
person but are to a large extent socially determined: one person influences the
other, and there are influences by books and tradition. A Markov Chain as in
equation (1.3) in section 1.4 is the right instrument to analyze and reproduce
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these interrelations. The M in equation (1.3) has to be substituted by o, 3, v,
or v, respectively. We do not repeat this approach.

But this shifts the unknown from the &, 3, and v to the transition prob-
abilities p in equation (1.3). And this is where sociology comes in.

There are n types of work. Some of them are intimately related and form
trades (or occupations, jobs, professions). The names of people still reflect
these medieval groups: Smith, Miller, shepherd, shoemaker, weaver and so
on. The economic activities form the social groups. In the 19th century this
is simplified to the groups of workers, employees, entrepreneurs, and capital-
ists and land owners. Now a process of diversification has taken place. In the
“Statistisches Jahrbuch 1999 fiir die Bundesrepublik Deutschland”, p. 587 ff.
one finds 42 sections of the German economy. Each sector forms a group of
persons who communicate almost daily and influence each other more inten-
sively than they are influenced by persons of other professions.

The second principle of forming groups are common hobbies: sports, music,
theater, mountain climbing, sailing etc. There are thousands of clubs which
unite people of the same hobby. They are communicating much more among
themselves than with other people. The same applies for people with common
political convictions — they form the rank and file of the parties — and for
people with strong religious convictions. In former times the family connec-
tions have also been strong, but now they are rather weak, as a rule. The ties
between persons of the same group are much stronger, and that means: the
pi; in equation (1.3) in section 1.4 are much larger for people of the same
group as for people belonging to different groups.

The number of the groups increases with technical progress which produces
new sectors of the economy and thus new occupations and new groups. The
number of clubs also increases with income per capita because this leaves
more spare time and increases the vacation time and thus leaves room for
developing otherwise hidden capabilities and dispositions outside of the main
occupation.

This may suffice to indicate how the connection to sociology may be con-
structed. But this is not our topic here.

1.24 The Direct Influence of Ethics on Normal
Economic Decisions. A Short Review and
Preview

The cases which we have considered hitherto are personal decisions of eco-
nomic or noneconomic character where a “bad” decision may possibly lead to
punishment (situations B, ..., Byo in Table 1.1). Moreover, we have consid-
ered personal evaluations of different possible political and economic states
of the society. But normal economic decisions in the field of consumption,
investment, exports, imports, portfolio composition etc. are not of this kind.
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There is a broad field of admissible lawful decisions, limits as far as the law is
concerned are rather broad, and the normal decisions fall within these limits.
But ethics is not silent in these cases: it influences the economic decisions
directly.

The general approach is the same in the foregoing sections. We enumerate
all possible situations where an economic agent may find himself and has to
decide on certain economic actions. Since all economic evaluations appear in
discrete numbers between a lower limit —z and an upper limit +2, Z > 1, an
integer, there are only finite many combinations of all these variables, that
means: finite many possible situations, where an economic agent has to choose
an alternative, and only finite many alternatives. Thus we have for economic
decisions the same basic approach which may be illustrated as follows:

Of course, the initial situation B; has to be described exactly and the possible
moves to Bjy,...,B;, as well. Both are different in different economic situa-
tions. We have specified the situations and possible moves (or decisions) for
private households and we shall do that for firms, banks including the central
bank, the government, the education and research system. For simplicity, we
leave out foreign countries. Moreover, we have indicated or shall indicate the
decision criteria for each of these economic and noneconomic agents. This de-
fines the dynamics of the system, i.e. the rules of transition from one period
to the next. In all of these decisions economics as well as ethics are involved.

1.25 The Conditional Sales or Purchases of
Capital Stock and Securities

As already stated in the foregoing sections, the asset prices are not known,
when the person has to put his sale or purchase orders. Let there be H capital
stocks K Sty,...,KSty, all traded at the exchange. Their prices at the end
of period —1 (i.e. on the beginning of period 0) are vksi,1,~1,.-.,VKSt, H,—1-
For period 0 the prices VK St,h,0 = VKSth,—1 t AUKSt,h,fl, h=1,...,H,
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are valid.®¢ Similarly for securities. Let there be K securities with prices
vsECk -1,k = 1,..., K at the end of period —1 and prices vsgc x = VsEC k,—1
+ Avsgc,k,—1 during period 0 till the beginning of period 1. To simplify the
notation we put (W1,...,W,) = (KSt,...,KSty,SEC},...,SECk) and
(vi,-..,0n) = (VKSt1,--.,VsEC,K) and we call W a “security” or an “asset”.

If all prices for goods as well as for securities would be known to the person
before it decides on consumption, saving and the composition of his portfolio,
there would be no uncertainty problem for the person which makes it difficult
to come to a decision. In Fig. 1.7 and 1.11 this situation is illustrated. First
the person chooses how to divide his net income between consumption and
saving. Then it decides which commodities to buy for consumption purposes
and which transfer payments to make. In a third step®’ it decides on the
allocation of saving, i.e. on the portfolio composition — always by grading
the alternatives according to different points of view and by weighting these
points of view as shown in equation 1.1. We shall not repeat that here. But,
unfortunately, things are not so easy. The commodity prices may be fixed in
advance and known to the person because the producer fixes them in advance.
We come to that later on. But the security prices are fixed by brokers on
the base of total conditional demand and supply of securities; that means:
the person’s demand and supply must be decided upon before the prices of
securities are known but may be conditioned upon these prices. This means in
our model: for sales or purchases of securities the prices in the future period
0 are unknown to the person when it has to order his sales or purchases of
assets. The person may put in some money and effort by the amount CO
to reduce the uncertainty of future prices. Unfortunately, the costs have to
be paid before one gets the result, i.e. it is uncertain to which extent the
information enables the person to choose a better composition of his portfolio
and thus improve the wealth at the end of period 0. But the person may guess
that the advantage may be estimated by a rate § by which his wealth will be
improved compared to the wealth without that (inside) information. § is an
expectation value with a variance Var(d). Thus it may happen that actually
(ex post) the result obtained with information may be worse than without
it.88 But this will be an exception.

The person will decide to get the additional information by paying the price
CO (in general) if WE(146)—-CO > W E, i.e. if the expected wealth WE and
the rate of advantage d of buying the information are large enough and the
cost C'O of this information is small enough: WE > €€, The additional inside

5
information consists of expectation and variance of the profits dy,...,dy to

86 As usual we shall omit the index 0 in the following.

87 Of course, it is possible to throw all three steps together into one simultaneous decision.
But the three step procedure is much nearer to reality and easier to handle. Thus we
stick to it.

88 The situation is similar to that of a person who has to decide to read a book or not.
After it has read it it knows whether it was worthwhile reading — but his time is lost.
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Figure 1.11 Household Decisions. Use of Income. The Case of Unknown Asset
Prices

be distributed in period 0 on the capital stock and on the expectation and
variance of the prices of all kinds of capital stocks and securities. Of course,
the person is also provided with that information which is common knowledge
and consists of the distributed profits, of the prices of the assets and of GDP in
the past. This is the only information which the person has if it chooses to stay
uninformed (as most of the small capital owners do, since they have neither
time nor money nor the necessary knowledge in business administration).
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Before we come to the decision criteria and decision rules of a person we
have to specify the model, i.e. the conceptual framework in which we want to
treat the problem. We do that with the help of Fig. 1.11.

1. The initial situation is symbolized by the point B in Fig. 1.11 and speci-
fied in section 1.15. First the person has to decide whether to be content
with the “common knowledge” on the economic situation of the firm the
assets of which it owns or considers to purchase or whether to try to
get more detailed, specific, “inside” knowledge. The common knowledge
consists of the past development of the prices of the assets (Fig. 1.13a-c
shows as an example the prices of the shares of Siemens, Allianz and
General Electric), of GDP and of other indicators of economic activity.
To get more detailed “inside” information on the prospects, plans and
chances of the firms the person is interested in needs a lot of inquiries,
interviews, research on the economic environment, competition of other
firms — information which is not easy to get. Thus in Fig. 1.11 and 1.12
the person moves from B to C° or C! by choosing I NFj, (= no special
information) or INF; (= additional information). The following con-
cepts do not depend on this choice (the decisions do depend on it, of
course).

2. The next step is to decide how income is divided between consumption
and saving, C and S. There are z possibilities to do that. Thus the
person moves from C° or C™) to Dy, Dy or D, in Fig. 1.11 and 1.12.

3. Now the person decides which commodities to buy and how much to
spend for other purposes (transfer payments) — a move from D¢ to E¢y
or B¢y ... or E¢y. These and the following decisions may be illustrated
by similar graphs as Fig. 1.12.

4. Now comes the decision on financial allocations — a move from E¢ to
Feq or Fep ... or Fe,. That means: total saving S will be allocated to
the purchase of different securities (F1,..., F},,), to the change AT D of
time deposits, of cash ACA or of the debt position ADE.

5. The final step consists of conditional orders to the brokers concerning
buying or selling orders for each security, conditioned on the price of
the security. The expenditures for a security 7 should not exceed the
financial allocation F} in order to avoid bankruptcy. The prices of all
securities result from the conditioned orders of all economic agents (see
section 1.26) and are not known when the person has to state his orders.

We assume that a broker accepts only buying or selling orders AW; of a
security 7 € {1,...,n} conditioned upon the price v; of that security and upper
financial limits but not orders conditioned on the prices of other securities or
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Figure 1.12 Some Details: Household Decisions, Use of Income. The Case of
Known Asset Prices

upon general “states of the nature”.®? If he would accept other conditions
he would come into the position of a Walrasian auctioneer: trading must be

89 This assumption has far reaching consequences. It allows the immediate fixing of the

asset price according to demand and supply of that specific asset without considering
other asset prices and thus avoiding the artifact of an auctioneer & la Walras — a positive
consequence. But there is a cost; a person that wants to realize an optimal portfolio
cannot do this in general by giving only these types of conditional orders, because the
optimal supply or demand of one specific asset depends on the prices of all assets, not
only on the price of this asset. Thus the person that gives these types of conditional
orders to brokers cannot be sure to end up with a portfolio which is considered as
“optimal”. We shall show this for the case where the person that wants to optimize
his portfolio accepts the von Neumann—Morgenstern axioms of rational behavior under
risk, see e.g. Krelle (1968),p. 138 ff. (Axiomensystem A); Breuer, Giirtler, Schumacher
(1999), p. 9 ff. call it the Bernoulli principle. In this case the utility U of a risky
investment with a payoff of x; with probability w; can be expressed by

> 0 < risk loving
=0 < neutral behavior against risk
< 0 « risk aversion

U:nga(ac,'), >0, Zm:l, @
i i
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a) Siemens-Share, WKN:723610, 100-day-Moving Average

b) Allianz Share, WKN 840400, 100-day-Moving Average

Figure 1.13. Prices of Different Stocks at the Frankfurt Exchange
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¢) Daimler-Chrysler-Share, WKN 710000, 100-day-Moving Average

Figure 1.13 (continued). Prices of Different Stocks at the Frankfurt Exchange

The total utility U of different risky investments is the sum of the utilities of the single
assets. Thus if there are N assets:

N N
U= Ui=Y > miplz;i)
j=1 1 12

24 d.;, where d;; = dividend payments
v* J y

In our case the payoffs z;; take the form xz;; =
per unit of share j in case ¢ (which comes true with probability ;;), v; = price of
share j in the period to come, unknown to the person; but it conditions his buying or
selling orders on this price. a; is that part of his wealth (calculated with the prices
v;) which the person devotes to asset j:
V* = Afvr + ... + A vl and o =A?-v;-‘, aj; >0, Zaj =1,
J

where A? is the number of assets j in the portfolio. The d;; are given to the person (or
estimated by the person on the base of his information); the v¥ are unknown to the
person when he takes his decision on the composition of his portfolio, but the person
may condition his demand or supply order on the v;‘.‘; the «o; are decision variables.
The normal assumption is that the person wants to maximize his utility and uses the
a; as instruments to achieve this purpose:

N N
Py
U= U =3 5w Sy — | max |
j=1 j=1 4 J

s OUN

s.t. aj >0, Zajzl
J
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This yields the following system:

a1 —a1 — ... —QN_1 dn;
6 Z”lz‘ﬁ dlz)__Z"ercp( > dni) *l =0
o3 5 v vy
=:U{ =:UI’V
U an-1, dn_1,
—“——ZWN Lo (o dy ) -
Oan 1 ; V-1 UN-1
=Un_1

*

l—a1—... —anN_1 dn;
> i ( " dyi) =22 =0
1

VN VN

=:U1’V
This means that the a1,...,an (where Z;V:1 a; = 1) have to be chosen such that
the marginal utilities U]’. are equal for all investments j = 1,..., N. But the solutions
of,...,a} depend on the asset prices v},..., v} :

a;:fi(’l)f,-~-,U7\]), j=1...,N,
which are determined by demand and supply of all persons. If the person we consider
could give the conditional order

ot
A= -2 of=fi(i,.. VN
J
to the broker and all other persons equivalently and if all brokers could find prices
v},...,v} where total supply and demand are equal for all assets, all persons could
realize their optimal portfolio simultaneously. But this is not so, because the broker

accepts only orders of the type

d J
A]: * ) a;*:F](’U;)
That means the person has to approximate a; by a;*. This could be done by lin-
earization of the function f;:

&j = ajo +aj1vf “+ ... +ajNv}‘V.
Then

y * *
d ., % _ 20 U1 N
Afm— =—="dai o+ tait taN s
v, v, Uj Uj

J J

The relations Z—’; have to be estimated by the person. Thus it may give the conditioned
J

order

aji+1 v

]Tﬁ'__ +...+tajn _1:’

vt vt
Jj+1 J

to the broker. It is clear that after all conditional orders have been carried out the

person will realize that the result is not the optimal portfolio, and the game may start

anew.

aj,j-1
c]_const~a11—+ A=+
3 vj Yj-1

Ad — 4.
Af = aj;
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inhibited till a point of general equilibrium is reached, and this may take
years. But if we think of one broker for each security, the broker could easily
and quickly fix the price such that demand equals supply.

Thus the conditional order of the person would be: if the price of security
1 is v; in period 0 buy the amount AWi(+). If this price is w; > v; or higher,
sell the amount AWZ-(V). The person has to fix AWi(H in advance conditioned
on the price v;,0 which is determined by the brokers such that total demand
equals total supply for each security, see section 1.26 below. The person is free
to choose AWZ-H') and Wi(_) conditioned upon v; in the limits of his budget
constraint.

This concludes the conceptual framework. Now we turn to the decision
strategies of the person. There are many points of view of choosing an optimal
portfolio within the financial constraint. We start with points of view of an
“informed” person:

o trust in the future development of the firm or institution
e emotional links

e distribution of risks

¢ to exert an influence on the management of the firm

There may be “grades” given to different possible portfolios according to
these points of view. After the different points of view have been weighted,
the person may arrive at an ordering of these portfolios and thus find out the
best one for each conditioned future price of the security.

We consider three decision strategies of the “uninformed” person:

e to keep the portfolio constant which comprises habit and indolence®®
e “trend chasing”

e arbitrage.

1. To keep the portfolio constant is the simplest and cheapest decision: no
work is needed, and if the portfolio represents an unbiased sample of
all securities one may expect an average development of its price and of
dividend payments and interest rates. If one is content with that and is

This result does not depend on the use of the von Neumann—Morgenstern criterion
for optimal behavior under risk. In practice the u, o—criterion is often used (u = ex-
pectation, ¢ = standard deviation) though from the theoretical point of view the von
Neumann-Morgenstern approach is more plausible. The two principles are incommen-
surable. For the pu,o—criterion: see e.g. Krelle (1968), p. 148 ff. or Breuer, Giirtler,
Schuhmacher (1999), p. 40 ff.

90 An asset comprises also shares of investment funds: These funds produce one commodity
(consisting of the yield of the portfolio). Thus “keeping the portfolio constant” means to
stay with one investment fund — a simple and for many persons attractive alternative.
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only interested in a reasonable long term yield this is not a bad policy
as it seems to be at first sight.

2. One may use trends in the observed prices of the assets in order to
improve the value of the portfolio. This policy is called “trend chasing”
in the literature®!. Usually there is a trend in the time series of prices
of assets, see Fig. 1.13a-c. It seems to be a reasonable policy to buy an
asset, if its price v is going up and to sell it, if its price is going down.
But this rule should be applied within certain limits, i.e. if the price v
lies in the region vmin < ¥ < Uynqy, where the limits are determined by
the development of GDP. If v lies outside the limits, the opposite rules
should be applied. If vy, is the lowest reasonable price of this asset
(the price under most pessimistic auspices) and if the price lies below
that limit one would expect that sooner or later the price would go up
again. By buying this asset at a very low price one may take advantage
of future price rises. If ¥4, is the highest price one could expect under
most favorable conditions and if the price lies above that level it would
be a good policy to sell this asset as long as the price is “too high”.
Thus in case of “trend chasing” the order for the broker would be: in
case of a rising trend (e.g. v_3 < v_g < v_1, i.e. increasing prices in the
last three periods)

and if VU_1 < Umaz: buy the amount AW > 0

if U_1 > Umgaz: sell the amount AW < 0

in case of a falling trend (e.g. v_3 > v_o > v_1, i.e. decreasing prices in
the last three periods)

and if V-1 < Umin: buy the amount AW > 0

if V_1 > Umin: sell the amount AW < 0

Of course, the AW have to be in accordance with the budget constraints:

AW - v M if AW >0

IA

AW < W if AW <0

where M is the amount of money the broker may dispose of and W
the amount of the asset the broker may sell. Fig. 1.14 illustrates the
situation.%?

91 See e.g. Wang (1993), p. 259.

92 It is interesting to note that the behavior of “trend chasing” may lead to exchange
crashes or unreasonable overstatements of the value of assets. Let there be a wave of
pessimism in the population of the capital owners such that vmaz and v, are very
low and let there be a falling trend and v_1 > vmin. Then everybody wants to sell its
assets as fast as possible which yields a crash of all asset prices. The opposite would
happen if there is a wave of optimism, a rising trend and v_1 < Vmin.
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Figure 1.14 Demand of an Asset (AW positive) or Supply of that Asset (AW
negative) Conditioned on the Price v of that Asset. “Chasing the Trend”-Strategy,
Tendencies.

Umaz = a-Y_l(l +g)

Umin = @ * Y—l(l - g)?

Within these tendencies and limits the person is free to choose its op-
timal demand or supply of assets conditioned upon the price v of the
asset. Thus “trend chasing” does not determine supply and demand of
assets unequivocally. Nevertheless, in the following we shall suggest a
plausible rule for determining the size of AW, see Fig. 1.15, to be in-
terpreted later. A simplified version is illustrated in Fig. 1.14. In case of
a rising trend and v > v, the person would supply the total amount
of the asset (in order to take advantage of the exceptional (and surely
excessive) price of the asset). In case of a rising trend and v < Vmaq
the person would buy the asset up to an amount determined by the
liquidity constraint (in order to participate on the increasing value of
this asset). This explains the right curve in Fig. 1.14. In case of a falling
trend and v > Umax the person would sell all assets it owns in order
to avoid further losses. If v < vy,4, the person would buy these assets
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Figure 1.15 Demand and Supply of an Asset in Case of a Linear Relation be-
tween the Amount of the Asset Demanded or Supplied and the Deviation from the
Supposed Long-Term Trend Price of the Asset

(since this undervaluation of the asset cannot stay for a long time), up
to a level determined by the liquidity constraint.

In Fig. 1.15 a more sophisticated demand and supply behavior is illus-
trated. We come to this later.

3. Let there be more than one security in the market. Now arbitrage comes
in: by changing the portfolio composition such that the differences in
yield of different securities are taken into account the person may in-
crease his wealth. We assume that the person understands the advan-
tages of arbitrage and uses this possibility to improve the value of his
portfolio. In this context we have to differ between securities (in the
narrow sense) and capital stock.

veen

Let rgeal, = T8EC 1_}3[ SK) be the real interest rate on a security condi-
SEC

tioned upon the price v§& of that security

in period 0, taken as risk free by allowing for
deducting a risk percentage RISK.
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Let r%@glt = &f—gﬁ be the real interest rate on a capital stock of
VK'st
cond

unit value conditioned upon the price v§g;
in period 0, taken as risk free by allowing for
a risk deduction RISK.

rsec and d are taken as given for the person. The risk deductions RISK
are determined by the person and related to the variance of the obser-
vations of rsgc and d where d is the profit paid on a share of nominal
1 DM. Let rp be the (risk free) interest rate on time deposits T'D at
the banks. An arbitrage policy with respect to assets ¢ and j amounts
to the following rules:

(a) If rjeal > preal — AW, > 0,AW; <0.
(b) If ryeal < rreel — AW; < 0,AW; > 0.
(c) Ifrrea > rgp — AW, > 0,ATD < 0.

)

(d) If rreel < rgp — AW, < 0,ATD >0, i=1,...,n (all capital
stocks and securities).

For the orders to the broker these conditions have to be changed such
that the comparisons relate only to prices of the same asset. Orders
conditioned on prices of other assets are not accepted. Only under these
conditions all prices can be fixed simultaneously without the fictitious
Walrasian auctioneer. Thus the above arbitrage rules have to be sub-
stituted by the following relations. Since r7¢® = ri(1=RISK:) (where

[ peond

r; = d; in case of capital stock) the relation r7¢e! > r;e‘” leads to

cond Ti(1 — RISK;)

cond
() o < AT RISK, )

But conditions on v; (= vj""d) are not accepted by a broker for asset i.
Thus the person has to take the value on the right hand of the inequality
(%) of the last period and define

T‘iﬁl(l - RISKl)
7"j7_1(1 — RISKJ)

Uij 1= Vj,-1

and give the order to the broker:

(a) If Ufond < 0y — AW; > 0, AW; < 0 and similarly for the cases
(b),(c),(d) above.

These rules state tendencies. The tendencies of “chasing the trend” and of
“arbitrage” my be inconsistent. Then compromises are necessary. “Do noth-
ing” (AW; = AW, = 0) is often the way out of these difficulties. Without
inconsistencies the person is free to determine the amount of assets bought



The Conditional Sales or Purchases of Capital Stock and Securities 101

or sold under the price conditions.?® As already said the tendencies stated
above leave much room for specification, in general. One may ask how the
person determines the amounts of an asset to be bought or sold in detail. A
reasonable rule which one may guess to be followed by the person concerning
the size of the conditioned orders given to the brokers would be: the larger
the deviation of the price v of an asset from its “normal” price ¥, the larger
would be the amount of the asset offered or demanded. In the linear case this
would lead to the following order to the broker:

93 This approach gives more freedom to the portfolio policy of a person. There might
be many different points of view in deciding on buying or selling securities. There is
a whole literature on this subject. V. Neumann and Morgenstern (1961), pp. 24, de-
veloped an axiomatic approach based on utility maximation, see also Krelle (1968),
pp.- 6. Assume that a person has to decide on how to allocate his wealth be-
tween two different assets, where an asset i is characterized by a probability dis-
tribution ((z;171), ..., (ZinTin)), Tip = profit or loss, m;, = probability of z;,,
Ty 2> 0,30 _ym =1, v=1,...,n, i = 1,2. Assume that the person has a util-
ity (or risk preference) function

< 0, if the person is risk averse
u=¢(zi), ¢ >0, ¢”{ =0, if the person is risk neutral
> 0, if the person likes risk

and he wants to determine the rate o of his wealth which it should dedicate to asset
1 and thus the rate 1 — « to asset 2, 0 < a < 1. The utility of asset 1 is U; =
Yp—1 9(ax1, )Ty, total utility is U = Ur+Uz = 30, [#(az1 )m1s +é(1—a) o, ) may ]
and the optimal portfolio is given by the solution of

Z—Z =Y [md (az1)e1, — 1206 (1 — @)z )za] = 0.
=1

v

This approach is intellectually attractive, but rather far away from the decision pro-
cedure in practice. Baumol (1952) and Tobin (1956) suggested an approach which as-
sumed normal distributions for the profits of the assets such that the profit expectations
1 and its variances o describe the situation adequately. The theory is well represented
in the textbook of Felderer and Homburg (1985), p. 210-220. A simplified version runs
like this. Let V™°™ = 3" | p,y; be the wealth of the person, p; = price of asset 4, y; =
amount of asset 2. Let r;, = ilyL be the profit rate in situation v and 7; = E(=2:-) be

iYi PiYi

the expected profit (or loss) rate per unit of asset i, where E(:;) =%r, :-i;- Tiy.
I T

Let 02 = E(r; — 7;)2 be the variance of the profit rate for security i, i =1,...,m, and

let the covariance be zero. The person is supposed to have a utility function which in
the case of additive utilities may be formulated as U = Y7, U(7s,02,y;). It will be
maximized with respect to y1,...,ym under the constraint 37", p;y; = V™°™. The
solution is y; = y;i(F1,...,7m, af,. ey 02 D1y -y P Vmem) In the 2-dimensional
case graphical solutions are possible, see e.g. Felderer and Homburg (1985), otherwise
a simultaneous equation system has to be solved. This can be done by the person if
the prices are fixed. But the prices depend on the demand and supply orders of all
persons, conditioned only upon the prices of the security which should be bought or
sold. Breuer, Giirtler, Schumacher (1999) rely on the (u, o)—criterion almost completely
and arrive this way at a relatively simple and coherent theory though they state the
limitation of this approach very clearly. Moreover, all books on finance deal also with
portfolio management. They cannot be mentioned here.
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ifv>0: selltheamount A* = —AW = —a(v—17), a > 0, but not more

than A5 (= W above, this is the total amount of that asset
in the portfolio)

if v <9: buy the amount A= AW = 3(¢ ~ v), 8 > 0, but not more
than A% (which might be determined by the amount M
of finance available for this purpose, or by considering the
risk spread or by other reflections; we do not go into that
problem).

ifv=47: do nothing

Fig. 1.15 illustrates these orders for one asset; for simplicity: o = . The sup-
ply curve (valid for v > ©) stops at the amount A%, . available in the portfolio.
The linear original demand curve (valid for ¥ > v) must be corrected accord-
ing to the liquidity constraint A .v < M, if 3 is not very small. For very
small 8 demand will always stay within the liquidity limits. Thus the order
given to the broker could be: at a price v < © buy the amounts given by the
curve By, By, B3, By, Bs; if v > 0, sell the amounts given by the line By Bg.
If the broker would follow the demand curve without respecting the liquidity
constraint the person would go bankrupt in the region between By and Bjy:
the hatched area indicates the size of the deficit.

If the person is content with a linear original demand and supply curve, it
has to decide on their slope & and $ and on the maximal amount A% . of
demand, given the liquidity constraint and the estimate of the trend value .
This does not seem to overburden the intelligence of a normal person. But, of
course, these ideas have to be checked. Other, especially nonlinear demand and
supply curves are possible, which are influenced by estimates of an absolute
maximal value vp,,, and absolute minimum value v, of the asset. We do
not go into these details here.

We now turn to the “informed” person. We consider only two types of “in-
formed” persons: those which want to mazimize their income or the value of
their assets and those which want to get the power in the firm in order to
enforce their own concepts on the future of the firm. We start with the first
category. A person of this kind is usually interested in the long term earnings.
It puts in time and money to find out the real situation and the prospects
of the firm in the future. It will estimate the earning power of the firm or
institution independent of the price of their securities at the exchange and
compare it with this price (which is an index of the valuation by all other
persons). Now supply or demand will be based on the difference of these two
evaluations. In case of a security the information consists of estimates of fu-
ture profits ¢o,q1,... of the firm. In order to come to such estimates, the
likely development of the market of the final product of the firm, the prod-
uct and factor prices, the ability of the management and other items have to
be considered. The results are probability distributions 7(g;), t =0,1,...,T,
where T is the lifetime expectation of the firm. Let rp be the normal bank
rate which is used as time discount rate. Then the value of the firm at the
beginning of period 0 is:
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d 1
~ t
vV =
E Qt(l T TB)
t=0
where ¥ is a probability distribution since ¢; appears with probability 7(q;).

If ¢ = ¢ =const. the result would be

l_aT+1 1
_ a =
1+7rp

V=q= , O<ax1

1-a
Of course, more refined methods of evaluation of a firm may be used. Let E(?)
be the expectation value of ¢. The attitude against risk may be considered by
a reduction rate RIS K with respect to the expectation value (if the person is
risk averse) or an additive rate (if the person likes risk). Now the evaluation
of the value of the firm is

o= E(®)(1 — RISK)

and the strategy of the informed person is:
1.9 >v— AW > 0.
2. fv<v— AW 0.
3. Ifo=v— AW =0.

The constraints are the same as for the uninformed person. The person has
to choose the size of AW; according to his preferences within the admissible
limits. The size of the AW will be determined (in the linear case) as in case
of an “uninformed” investor, see Fig. 1.15.

There is still another type of an “informed person” which is more interested
in short term earnings. It seeks information relating to value estimations of
the majority of other investors be they justified (in the persons judgement) or
not. If the person is interested in short term profits it will take advantage of
this information and buy the security at once if it thinks that other persons
will buy it soon such that the price of the asset will rise. But this “guessing
what other people think what the majority thinks” is highly risky, if one does
not really have reliable inside information on the plans and estimates of the
most important investors. Otherwise this procedure is a Monte Carlo game.
We shall not consider it.

The last part of this section deals with investors who want to influence the
decisions of a firm. Till now we considered only the case of a person who
wanted to optimize his portfolio composition but did not have the power or
the willingness to interfere with entrepreneurial decisions of the management
which directs the firm the shares of which it owns. This is the normal situation
for the great majority of small investors on the capital market. These people
do not behave as owner of the firm, responsible for his management, but as
a pensionary who seeks the highest income no matter where it comes from
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and how it is achieved. But in general there are owners, usually the majority
shareholder, who consider the firm as their property, feel responsible for it and
have the power to determine the management and the general line of the future
development of the firm. This might be one person (as in small and or middle
sized firms) or a group of persons (e.g. a family, as at BMW). We treat them
also as one person. If a decisive person owns the majority of shares it could
resist any threat of an unfriendly take over by other owners (who represent
other firms). If it owns only a minority (but the other shareholders are split
into small parts and not interested in exerting entrepreneurial influence) the
firm is always endangered of being bought up by other owners who want to
control the firm either to shut it down (as a nuisance to their own business)
or to incorporate it into their own business which would yield more profits
to the combine. In principle, each firm where the majority of shares is owned
by single persons who are only interested in dividend payments, is in danger
of being bought up, also by much smaller owners (or firms), if these persons
could convince a bank that a takeover would be a profitable business, such
that the bank would lend the necessary money to buy these “free” shares or
if they could pay by own shares. Only majority owners who want to preserve
their domination of the firm and sheer size are a certain protection against
unfriendly take-overs.

But there is another less visible influence on the management of a firm:
possible investors in shares of the firm could state conditions under which
they would be willing to buy these shares. If these possible investors are large
enough (as in the case of pension funds or insurance companies, etc.) and
if the firm needs the money from the capital market to finance its growth
(loans are not complete substitutes, because in general banks will only lend
in proportions to the capital stock and reserves) the persons in charge of the
portfolio of these big investors have an important influence on the decisions of
the management of a firm which needs the money though hitherto (in general)
they do not own one share of the company.

We may model this “fight for control of the firm” which is actually a fight
for the future of the firm and its policy as follows.

Counsider the situation of an owner of a firm (a person who owns a sufficient
size of the shares to be able to control the firm). At the end of period —1 the
person has to decide:

1. Whether to keep the control (which means in case of issuing new shares:
to buy a sufficient part of them) or not. In that case the decision would
be to sell the shares on the capital market or to persons or institutions
which want to gain control over the firm. This leads to a shift of the
demand-supply—curve for assets and to pertinent orders to the broker
(see Fig. 1.16).

2. If the owner wants to keep the control:

a. whether to try to acquire the control over another firm such that
a common management of the two firms would be profitable.
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~ demand of shares

I. additional demand
by large investors
agreed upon in advance

~
> v
vr S price of the share

\ ”normal” price

of the share

/

~

supply of shares  ~ ~ _

Situation on the capital market:

I: ideal case: the additional supply of newly emitted shares is compensated
by additional demand of investors. The price vy of the share is preserved.

II: without additional demand the price would drop to v;; where demand
equals supply.

Figure 1.16. The Price Effect of Additional Supply or Demand of Shares

b. which manager (or which management) to appoint for the next pe-
riod. Each manager stands for a certain general program for the
future. With the choice of a manager the owner chooses a proba-
bility distribution of the future development of the firm. Actually,
there are not many persons to choose from to become a manager
of a large firm, in general.

Now the appointed manager has to decide:
1. on production, price, employment, inventories, investment.

2. on terms of the taking over of another firm (if the owners have agreed
to this move).

3. on the financing of production, inventories and investment. If financing
over the capital market is envisaged and the emission of new shares
surpasses a certain amount, an agreement of the money dealers of large
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investors has to be reached that they take some of these shares into their
portfolio in order to avoid a drop in the price of shares. Fig. 1.16 shows
the situation in the ideal case where the additional supply of shares does
not lead to a drop of the price: the additional demand of big investors
(e.g. by investment fonds, insurance companies, etc.) conforms to the
additional supply. It also shows the drop of the price of a share from v;
to vy; without this additional demand.®*

This is the end of a much too long section on conditional sales or pur-
chases of capital stock and securities.

There is a large diversity of possible investment behavior. This leaves
much room for the influence of ethics. It is not mentioned explicitly here,
but the basic approach is the same as in earlier sections: All decisions,
also those in investment are taken by human beings who consider the
different points of view and weight them. There is nothing special in the
case of investment, except the fact that uncertainty is larger compared
to “normal” current business decisions.

94 At the end of this section it may be appropriate to relate our approach on the behavior

of a person concerning his portfolio decisions to theories to be found in the literature.

Huang and Litzenberger (1988) consider in their textbook a person that wants to max-
imize his consumption utility in the future where total consumption depends on the
portfolio composition. The income from each asset in the portfolio depends on the state
of the nature which is unknown when the person has to make his decision on consump-
tion and on the portfolio composition; but this state becomes revealed when time goes
on, till, at the end of time, the true state of nature becomes clear, see ch. 1 and ch. 7 in
Huang and Litzenberger. That means that all consumption and portfolio decisions are
made simultaneously and that the person is an “informed” one in our diction: it knows
how “states of the nature” (future prices, demand, competition etc.) will influence the
profit distributions and interest rates and it knows the probabilities of these “states of
nature”. In our approach there is a sequential decision process: first the person decides
on the division of his net income between consumption and saving, afterwards on the
demand of consumption goods and on the conditional demand or supply of securities
and thus on his conditional portfolio. Demand and supply of a security are conditioned
upon the price of that security (not on any other “state of the nature”). For an “in-
formed” person this conditional demand and supply depends on future prospects. At
the end of the next period only the price of the security is revealed to the person, and
the whole procedure starts a new whereas at Huang and Litzenberger the decision at
the beginning of the period is final, only the information changes. Huang and Litzen-
berger assume utility maximizing by the persons; in our approach the decision principle
is left free to the person, and we also consider “uninformed” persons who decide only
on the base of past experience. This will probably be the majority of investors.

Wang (1993) considers asymmetric information: there are “informed” and “unin-
formed” persons. Each person maximizes expected utility given its information. The
information is not complete but there are aggregate supply and demand shocks and
(in equilibrium) linear price functions. The uninformed persons demand a higher risk
premium than the informed ones. The result is a rational expectation equilibrium of
the economy which depends on the relative number of informed and uninformed per-
sons in the market.

This approach is nearer to the one suggested above with the exception that we do not
require the persons to follow a policy of maximizing expected utility conditioned upon
its information, and we assume a sequential decision process.
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Grossman and Stiglitz (1980) show that if arbitrage costs are not zero a market (here:
the capital market) cannot be informationally efficient. This is true. All the models of
the capital market treated here (including our one) neglect the transaction costs. If
transaction costs are non-zero, a person would not care for differences of the price of
the same asset at different markets if they are below his transaction costs. The normal
excuse to this neglect is that these costs are usually very small, and “de minimis non
curat praetor”.

Hellwig (1980) deals with the problem whether the price reflects all available infor-
mation in the market such that (as Grossman (1976,1978) suggests) a person needs
only to look at the market price and thus can neglect his own information. Hellwig
shows that this is an inconsistant proposition if there are only finite many participants
in the market, because then each person actually has an influence on the price. If all
persons disregard their own information, it is unclear how the price should reflect the
information of all persons. The influence of the information of a person on the market
price also depends on the preferences of the person — in contrast to the proposition
of Grossman. In our model the market price of a security depends on the conditional
demands and supplies of all persons. The uninformed persons influence the market
price in the same way as the informed ones, and it is impossible to infer from the
market price the preferences of the persons if there are more than two persons on the
market. The market price of a security reflects some average evaluation of the asset.
The estimation of the future development of a firm (and thus the future development
of dividends which is the relevant information) influences the price of the security only
to the extent that there are informed persons on the market.

Gennotte and Leland (1990) built a model of the capital market which could ex-
plain crashes such as that between October 16 and 19, 1987 where the security prices
dropped by ca. 20% caused by the selling of ca. $6 billions of securities which amounts
to ca. 0,2% of total equity value at that time. Thus small supply changes may yield
catastrophic large price changes and thus catastrophic large changes of wealth of the
capital owners. Gennotte and Leland explain it by a model where there is only one
security, but three types of investors: uninformed ones (they only know the current
prices), price informed ones (they have some idea on the future price; the model con-
siders only one period) and supply-informed ones (they have some idea on the supply
of the security), where “some idea” means knowledge of expectation and variance of
the value considered. Each person within these categories maximizes a “cara” utility
function (= constant absolute risk aversion) U(W) = —ezp(—%), where W = termi-
nal wealth. The authors calculate the rational expectation equilibrium and show that
the price function is discontinuous under certain assumptions on the parameters such
that small supply changes may yield large price changes.

This model is quite interesting though it rests on rather special assumptions. The vil-
lains in the play are the unobserved hedging activities which are erroneously taken as
sign of information on bad news by the uninformed investors.

In our approach a similar effect is possible if the upper limits v;,45 of the price of a
security are similar for a certain number of investors and the actual price exceeds vmaz-
This shifts the demand—supply curves to the left (see Fig. 1.16), the price drops, and
this turning back of the trend induces all other persons to sell parts of their assets too
— a crash is inevitable. Thus the same effect which Gennotte and Leland reach by their
very special model is reached in our model by assuming upper and lower (subjective)
bounds for the prices.

Finally I should like to hint at the book of Breuer et al. (1999) which gives good
overviews over the current ideas on this subject.

I thank Martin Hellwig for his critique on an earlier version of this section and for
hinting on the literature considered above.
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1.26 A Digression: Fixing of the Rates by the
Brokers

One may ask how on the base of these conditional orders of the households
and of other economic agents the price of a security emerges. We shall come to
this later in detail, but it might be good to hint at the solution of this problem
by considering the simplest case. Assume that there are only two households
which keep a certain amount of the same security W in their portfolio. But
they evaluate the firm (or the institution) which issued the security and thus
the “inner value” ¥ of their asset differently. Fig. 1.17 illustrates the situation
of these two (“informed”) persons. Person 1 evaluates the “inner value” of
the security as (1), person 2 as ©(2) which is smaller than 9(1) (if both
persons would evaluate it identically no transactions will be possible; a market
lives from different evaluations). Person 1 owns an amount of W(1) of this
security, person 2 an amount of W (2) (not represented in Fig. 1.17). Portfolio
considerations of person 1 would allow to buy at most the amount AWT(YZZ)QE(I)
of this security; for person 2 this maximum amount would be AW,(,;)QE(Q) Now
the conditional order of person 1 at the proper broker could be

e buy the amount AW ) of the security where AW ™) = a[i(1) — o] if
this is positive, up to the amount AW#L)@(l), a > 0 (for simplicity we
assume that the liquidity constraint is not binding)%®

e sell the amount AW (=) of the security where AW (=) = afv — 6(1)] if
this is positive, up to the amount AW,({Q)QE(I), a>0.

The conditional order of person 2 would be similar, (in Fig. 1.17 a = 3, for
simplicity).

Now the broker puts the price of the security at v* where AW ™) (1) =
AW (=)(2). At this price person 1 is willing to buy the amount AW (+)(1) and
person 2 is willing to sell this amount.

Under the assumption made above a solution v* always exists and is unique.
But this is not necessary so, if the demand-supply—curves are nonlinear.
Fig. 1.18 shows an example. If the persons 1 and 2 think that at a too low
market value of their securities their estimates ¥(1) and 9(2), respectively,
might be wrong and it may be better to get rid of these doubtful assets, the
demand—supply—curves may bend down as shown in Fig. 1.18. In this case
there are two values v where demand equals supply: v* and v**. Which value
would the broker stipulate? Here stability conditions may be helpful. If, given
the evaluation v*, the broker would put the value a bit higher, the supply
of the security would be larger than the demand — a sign for the broker to

95 If it is binding, the order would be: buy the amounts given by the demand curve
Bi1,B3,...,Bs5 in Fig. 1.15.
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Figure 1.17. Fixing of the price v* of a security by a broker

reduce the price; if he would put the price a bit lower, demand would be larger
than supply — which would induce the broker to increase the price (see the
arrows in Fig. 1.18 at v*). But at v** the opposite is true: a bit higher price
would increase demand, a bit lower price would decrease it: v** is an unsta-
ble equilibrium point. Thus we may conclude that the broker would choose
the equilibrium price v* which lies between the evaluations 9(1) and 9(2) — a
reasonable result.

1.27 The Assignment of Households to Decision
Situations

Let there be h different households (or persons) which are in h different
decision situations By,..., Br. A household i is characterized by a vector
Ai = (Ai1, ..+, Aiz) of household characteristics, a vector K; = (K, ..., ki)
of personal characteristics of the members of the household, a vector EC; of
the economic state of the household h; and a vector DEC; of known decisions
of other economic agents, always at the beginning of period 0.

There are only finite many possible values of all the elements of the vectors
K;,Ai, EC; and DEC;. The set {B1, Bz, ...,Bp} covers all possible combi-
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Figure 1.18. Several Prices v of a Security where Demand Equals Supply

nations of these elements, where n > h. Thus each household ¢ is in exactly
one decision situation B;. We may regroup the households according to their
income such that household 1 has the highest income, household 2 an equal
or smaller income and so on until we reach household h with the smallest
income.Accordingly we regroup the decision situations. Then, if there are no
two households in the same position, the allocation of households to decision
situations is as follows: In the beginning of the next period each household

household 1 — B
household 2 «—— By

household h —— B

empty Bhri1
decision { :
points B,

finds itself in another decision situation, as a consequence of own decisions
and natural events (like birth, death, illness) and of changes of personal char-
acteristics. The household may cease to exist, new households may appear
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on the scene and occupy new decision situations. On the microlevel this may
be modeled as a stochastic process with certain transition probabilities from
one state to the others including the transition to state 0 (dissolution of the
household) and the transition from state 0 to a real state (a birth process).
We shall not model this here but we assume that households in the same
situation behave equally. Details will be found in section 1.10.

1.28 The Household Demand as a Function of
the Situation of the Economy and of the
Characteristics of the Household

Economists are ultimately interested in the behavior of large heterogeneous
populations (the households, the investors, the banks,...). But since these
populations consist of single persons they are interested in the behavior of
persons as well. But it is hopeless to try to aggregate the actual behavior
of all persons in the society in each period in order to arrive at the actual
behavior of the population. This individual behavior is much too complicated
and to a large degree unknown to an outside observer. Thus one has to make
simplifying assumptions in order to arrive at the behavior characteristics of a
population. Werner Hildenbrand (1998) dealt with this problem. His simpli-
fying assumptions are%®

1 There are smooth micro-relations
2 Structural stability of household characteristics
3 The standardized log income distribution is locally time-invariant

4 For two periods s and ¢ which are close to each other the income-
conditioned attribute distribution in period s is “approximately” equal
to the income-conditioned attribute distribution in period ¢, if the in-
come in s and ¢ are in the same quantile position

Our basic assumption is:

Households with the same internal characteristics which are in the same
external economic situation receive the same income and exert the same de-
mand and supply. This general assumption has to be specified in order to be
applicable in practice. We start with the external situation of the household®”.

96 Tn order to understand the meaning of these assumptions exactly one has to read
through the paper. I cannot reproduce it here in detail.

97 In the following we present one simple (but not very realistic) interpretation of our
basic assumption. One may also assume that the distribution of demand and supply
within each “cube” as defined in Fig. 1.19 stays constant and that this distribution is
represented by the point of gravity (e.g. the point SIT111 for the cube OAB ...G in
Fig. 1.19)
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Figure 1.19 Definition of the External Situation SIT which influences the Demand
and Supply Behavior of Households

Let

(Y7ee! /N); be the real GDP per capita. Its effect on demand and supply of a
household is the same as the GDP per capita between (Y "¢ /N); —
a and (Y7 /N); + a, see Fig. 1.19. That means: a household
does not care for small differences: real incomes (Y74 /N); + a
are considered to be equal for all practical purposes

RI; is the rate of inflation which has the same influence on household
behavior as RI; b, see Fig. 1.19

RUy, is the rate of unemployment, where RUy + ¢ is supposed to be
equivalent for the household, see Fig. 1.19

Let {I} be the set of all conceivable different real GDP per capita, {J} the set
of possible different rates of inflation and { K} the set of all feasible different
rates of unemployment. Now: ¢ € {I}, j € {J}, k € {K}. In Fig. 1.19
the point of gravity SIT};; represents all points in the cube OABCDEFG
as far as their influence on income and on demand and supply of households
is concerned. In other words: the household does not care for differences in
yres /N RI and RU as long as they stay in a neighborhood of SIT;.

Similarly the real prices pi,..., P, the real wage rates [1,...,lm, the real
interest rates 73, ...,7) are treated, where p, = %L, l,= %, T = % and

p = price level, ~v=1,...,n, pu=1,...,m, «=1,...,k. Prices, wages
and interest rates in a neighborhood of a certain state are treated as equal.
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“De minimis non curat praetor”, said the Romans. Now the external economic
situation SIT;;; at the beginning of period 0 may be defined by

SITijx = (Y™ /N)i, RI;, RU, B1, -« ., s L1y e oy b Py -+ 2 TR)

wherei € {I},j € {J},...,k € {K} . Theset SIT;;j also comprises the prices
of all n commodities (or groups of commodities), of all m wages for different
labor and of all interest payments for all k different kinds of loans. These
items are given and the same for all households. Their values are estimated
on the base of economic theory by econometric methods.

The internal characteristics of households may be classified as follows:

a. The size of the household (1,2,...,N persons, where N is limited from
above). This is characteristics 1 (Chy) with the possible values Chy .,

’76{17"'7]\7};

b. The average age (= Chg) of the adult members of the household with
the possible values Chs ,,, p € {15,...,85}; the second index indicates
the age in years;

¢. The educational status (= Chs) of the leading personality of the house-
hold®® with possible values Chs,, w € {0,1,...,U}, where Chs
means: no education, Chs = elementary school, ..., Chzy = the
highest university degree;

d. The location of the household (= Chy). In general, the chances of
income and employment are not identical in all parts of a country.
For simplicity we differentiate only between 4 parts of the country:
N =north, S =south, E =east, W =west. Thus we get as index of
location: Chy 4, d € {N,S,E,W};

e. The type of employment (= Chs) of the head of the household. We
differentiate between the types Chs ; pq, where o € {0,1,...,5},0 =0
means unemployed, ¢ = 1,...,5: employed in sector 1,...,S of the
economy, p € {1,...,B},p = 1: the lowest position, p = B the highest
(the boss), a € {A, R}, A =active, R =retired,;

f. Real wealth (= Chg) of the household. We may differ between Chg .,
where (Chg,0) means: no wealth, Chg 1, . ..,Che w, where W is the high-
est feasible wealth; thus Chg ,,, w € {0,1,..., W}

98 For simplicity of the exposition of the theory we suppose households “of the old style”,
where only one person (usually the male) earns the money and the other person cares
for the household and for the children. It is not difficult to extend the theory to cover
the case of more than one money-earning person.
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These categories may suffice to describe those internal characteristics of a
household which could be taken from appropriate household statistics. But
there are other characteristics of a more subtle type which are not so easy to
get but may have also an important influence on income and expenditure. We
treated them in detail in the foregoing sections. In the conceptual framework
of this book the characteristics above (taken together and evaluated by the
household) may be interpreted as a more-dimensional index of “economic ad-
vantage G” (see section 1.2). The other determinants in section 1.2, namely
H,EM,IM, M are latent variables which may be described by appropriate in-
dicators. If we include entrepreneurial households, we may add another latent
variable, called “Spirit of Enterprise” (= SPE)%

H = evaluation of punishments connected with the situation question,
EM = emotional attraction of the situation
IM = force of imitation of others

SPE = spirit of enterprise
M = moral evaluation of the situation

There are z different moral requirements M, ..., M, which are evaluated by
v(My),...,v(M.). As characteristics of the household they form the 11th type
and are written as
Chll,gl, ... ,Chu,gz, &,...,& € {Z} = {—5, RN +2}. They will be evalu-
ated by discrete numbers between —Zz and +z, z > 1. H is now written as
Chre, e€{E},EMasChgy, fe{F}, IMasChy,, ge€{G},SPEas
Chio,n, h € {H}. As already said, the index G = (economic) advantage
introduced in section 1.2 is now substituted by six variables Chy,...,Chg
defined above which allows to characterize a household more in detail.

Thus the internal characteristics of a household are described by the vec-
tor:
C’h'y#wdapae...h,gl,...gz = {Chlﬁ, Chgyu, Ceey Chs’w, Ch7’e, e C’hlo,h, Ch11751,
ey Chn,gz}

Thus the position POS of a household is defined by its external and internal
situation which we write (by suppressing all indices) as

POS = (SIT,Ch).
Now our basic assumption says:

a. The position P of a household determines its real income Y 7%

99 Gee Krelle, “The Spirit of Enterprise as Driving Force of Technical Progress”, in: Dieter
Sadowski, (Ed.) Entrepreneurial Spirits, Wiesbaden (Gabler), 2001, p. 31-55.
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b. It also determines its real demand ¢; of consumption goods, i =1,...,n
and its allocation of financial assets and liabilities. Let 3; > 0 be the
relative number of households which are in the position P;. Thus

Zﬂj =1 (1.38)
J

Our theory implies that, if the internal characteristics and the external situa-
tion stay constant, income and expenditure of the households in this position
will stay the same independent of the identity of the households. The indi-
vidual households change their position and their identity (people are born,
grow older and die). But they change their income and expenditures always
in accordance with their position in the social and economic structure of the
society. The external situation changes by economic policy and the internal
situation of households changes as well (e.g. the moral convictions change,
as indicated by the Markov-chain, see equation (1.3) in section 1.4). Thus
the relative occupancy §; of positions P; change as well and may be ana-
lyzed and forecasted. E.g. let N, , . (t) be the number of households in the
position Py, . (t) in period t and let 3, ... (t) be the relative number such
that Ny ... (t) = By, .(t)- N(t), where N(t) is the number of all households.
Now the household demand may be estimated as determined by the number
of households in each position multiplied by the characteristic consumption
demand ¢;(Py ,...) of a household in this position. Unfortunately only very
crude “positions” are recorded in the Statistical Yearbooks. Fig. 1.20 shows
the number of households with monthly net income between 5000 and 7500
and 3 or more children in Germany (old territory) from 1991 to 2001. The fig-
ure shows, that this position (till now) is occupied by a number of households.
Unfortunately, the statistics of household demand is not related to these “po-
sitions”, thus a direct test of the validity of this theory is not possible. Now
the total demand C;(t) of a consumption good ¢ in period ¢ is estimated by
Cl(t) = N(t) Z ci(P'y,u,...) : ﬁ'y,u,...-

QTS
This theory of consumption demand does not assume specific functional

forms for the demand functions. It is flexible in the sense that it could be
adapted to rather few statistical subdivisions (in that case the theory delivers
only “crude” results), but it could easily be refined in case that more statis-
tical data become available. Moreover, it includes as internal characteristics
also latent variables such as moral convictions. Many features of demand are
covered which are not considered in the usual approach. Thus it seems to be
worthwhile to try this approach. Unfortunately, I cannot do that myself.
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Source: Statistisches Jahrbuch fiir die BRD, different years, “Privathaushalte ... nach
Haushaltsgrofle und Haushaltsnettoeinkommen.” Number for 1995 not available

Figure 1.20 Mill. households with income between 5000 and 7000 DM and 3 chil-
dren or more

1.29 A Final Remark: Convergence of Evaluations

A person gets used to a situation, if he prevails long enough. A rich man
is not necessarily happier than a poor man. It is only the relative change of
the economic situation and the distinction between his own economic situation
and that of his environment which affects the evaluation of an economic state.
We may formulate this as follows:

Let Ggl)t be the evaluation of the state B;; by household h in the begin-
ning of period ¢ from the economic point of view. We measure the economic
situation of the household by its real consumption C( ¢+ in period ¢. The

evaluation ng 1

of the economic situation does not depend on the absolute
level of real consumption, but on its rate of change (ijhg (h) 1)/ C(h and
on the relative deviation from real consumption of comparable households:

(CZ(Jh ) —C™)/C™), , where C{) is the actual real consumption of household

h in the perlod before and C’gﬁ)l the average real consumption of comparable
households in the period before. Let G*) be the “natural” or “inner” degree
of happiness and satisfaction of household h which comes from the personal
characteristics of the members of the household and from their relations, but
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does not depend on the size of consumption as long as the natural needs are
satisfied. Then the economic evaluation Ggl)t of a state B;; by household h in
the beginning of period t seems to follow the rule

C@) _ C(h) C-(h) Cf(h)
h = ny Cijt t—1 h t t—1
GE],) G(h) +az('j,)c : (k) +a§j,)6 < ~(h) ’
Cia t—1
G(h) a constant, a” 2 Zagjhzy 1, ye€{C,C}=:T,
~€r

such that —z < Gy;¢ < +2

A similar approach has been suggested earlier and is in accordance with em-
pirical results.1%0

1.30 Epilogue: The Importance of Humanities
and Their Relation to the Natural Sciences

In the foregoing sections we showed how non-economic influences are intro-
duced into economics!®! . This may give an opportunity to broaden the view
and to say some words on the relation of Natural Sciences to Humanities as
an epilogue which is much more personal than the statements before.

The Natural Sciences have a well defined object and methods of measure-
ment to identify and characterize the object. Their main task is to find “gen-
eral rules”, called “natural laws”, which explain the behavior of the object,
at least approximately and are universally applicable. In the progress of sci-
ence more and more tests become available which may clarify or rectify these
“natural laws” 12 But every person in his clear mind must accept the con-
temporary state of the natural sciences!®® | because one could demonstrate
the validity (or at least approximate validity) by experiments in front of his

100 Gee Krelle (1968), pp. 28. Empirical results may be found in: Noelle-Neumann (1999).
Mrs. Noelle-Neumann shows, that the relative number of people who consider them-
selves as being happy in the Federal Republic of Germany has been more or less
constant during a period from 1954 to 1998 (about 29% of the population). The big
increase in the living standard during this period has had no influence on the happiness
of people.

101 This section is not specified on households as the former ones and thus uses partly

other concepts.

102 F g. Einstein’s Relativity Theory changed the concept of time and the explanation of

a gravity field.
103 Of course, since one finds nothing better, the contemporary state will be accepted as
“truth”. This “contemporary state” must be questioned and tested again and again.
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eyes. One would say: The natural sciences explore the behavior of the nature
(including the behavior of men) under different conditions. They do not say
anything on how a person should behave in a certain situation.

This is not so in the Humanities'®* . The ultimate aim of this science is (as
far as philosophy is concerned) to find an answer to existential questions like

a. Are there any laws in the spiritual development of mankind? How is
the spiritual development related to the social, political and economic
development?

b. Does the whole universe and my life in it have any meaning which goes
beyond the immediate consequences which we observe?

¢. Why do we call some actions “good”, others “bad”? Could we trace that
back to some general principles or holy books or to the value judgements
of persons whose authority cannot be questioned?

d. If we accept some books or teachings or decisions of men as highest
authority'®® , books which are written and teachings which are con-
ceived under quite other imaginations on natural laws and economic
and social conditions: do we have to accept these reports as truth? In
other words: is Godfather free to switch off some natural laws if he likes
it?196 The last problem seems to be on a lower level than the other
two, but many natural scientists are agnostics because of that. Thus I
want to include the problem of the existence of an “eternal truth” be-
hind the observable matters in a changing world. This takes up the old
controversy of those who think along the lines of Plato (our observa-
tions only show us the shadows of the real world, the ideas behind it
are the real thing) and the positivists (who think that only observations
should be used to come up with a theory which is then “verified” by
the facts) or the empirical rationalists (followers of Popper) who think
that it does not matter where the theory comes from, but it must be
possible to falsify it'%7 . This should always be tried by confronting the

104 We demonstrate this in this introduction by the example of philosophy.

105 E g. for Christians: The Bible and the decisions and confessions of the first two or four
councils (Nicaea 325, Konstantinopel 381, Ephesus 431, Chalcedon 451).

106 For Christians: Did the sun really stand still as reported in Joshua 10,13 in order to

enable the Israelites to take revenge upon their foes? Since in reality the earth circles
around the sun, the command “Sun stand still...” means: Earth stand still. Nobody
could have survived such a sudden change of the torsional force. Did a word of Jesus
change water to wine (John 2, 6-8)7 Could Jesus really walk on the water (Matth.
14,25)7

107 This is not the place to discuss methodological problems in detail. There is enough liter-
ature available, see Popper, Logik der Forschung, 8. ed. Tiibingen 1984 (1.Aufl. 1935);
Kuhn, Struktur wissenschaftlicher Revolutionen, 5. ed. of the German edition, Frank-
furt a.M. 1981; Lakatos a) Die Geschichte der Wissenschaft und ihre rationalen Rekon-
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theory with the facts. Thus each theory is preliminary. For the natural
sciences (including economics) the methodological difference between a
platonist and an empirical rationalist does not seem to be of practical
importance because there exist measurements of the objects outside of
the theory which provide the test of the adequacy of the theory. But
as far as the interpretation and the “general spirit” of a theory is con-
cerned, there is a difference!®® and this difference becomes important in
the Humanities. There is no spiritual “object” outside of our thinking
which could deliver “objective measurements” on the adequacy of our
theories and statements to answer the questions a) — d) above (and re-
lated questions; e.g. Kant: “Was kann ich wissen? Was soll ich tun? Was
darf ich hoffen?”).

In the following we shall show the importance of Humanities for the indi-
vidual and for social life and their interrelation with economics. We start
with a general survey and come to the details and to mathematical formulas
afterwards.

Fig. 1.21 illustrates the general approach. At the beginning of period 0, per-
son ¢ finds himself in the situation B;, which consists of two vectors: BIe®
the vector of all objective measurements of the situation of person 7 (such as
location, family status, income) and a vector B!"*"* which consists of subjec-
tive statements of the person concerning his religious, philosophical and other
beliefs. The person 4 evaluates his situation at B; by v;(B;), a figure between
—Zz and +z, Z > 1, an integer, where —Z means: very bad and +Zz: very
good. In situation B; person ¢ has the possible decisions DEC;y, ..., DEC;,.
The consequences of these decisions may only be known as probability dis-
tributions, called By, ..., B{,* (exp stands for “expected”). The B[;" are
evaluated by person i as v;(B;;"). Let DEC;;. be chosen, jx € {1,...,z} ( we

struktionen, b) Falsifikation und die Methodologie wissenschaftlicher Forschungspro-
gramme, both articles in: Lakatos/Musgrave (ed.), Kritik und Erkenntnisfortschritt,
Braunschweig 1974; Feyerabend, Wissenschaftstheorie, in: HISW Vol.12, 1965; Albert,
a) Pladoyer fiir Kritischen Rationalismus, 2.ed. Miinchen 1971, b) Traktat {iber Kri-
tische Vernunft, 4.ed., Tiibingen 1980.

108 This difference is very well illustrated by Stephen Hawking in: Stephen Hawking, Roger
Penrose, Raum und Zeit, 3.ed. 1999 (Rowohlt). I quote from page 165: “Diese Vor-
tragsreihe hat ganz deutlich den Unterschied zwischen Rogers und meinen Auffassun-
gen offenbart. Er ist Platonist und ich bin Positivist. Er ist dariiber bekiimmert, da
sich Schrodingers Katze in einem Quantenzustand befindet, in dem sie halb lebendig
und halb tot ist [Schrédinger gave the following example to question the quantum
theory. There is a cat in a cage. A shot is fired which either does not hurt the cat or
kills it. According to the quantum theory the cat is in a state where it is half alive and
half dead. Only if somebody looks into the cage, the state of the cat is fixed]. Seiner
Meinung nach kann dies nicht der Realitét entsprechen. Mich dagegen kiimmert das
wenig. Ich verlange nicht, da8 eine Theorie der Realitidt entspricht, da ich nicht weif,
was das ist. ... Mich interessiert nur, ob die Theorie die Ergebnisse von Messungen
vorhersagen kann. Die Quantentheorie ist darin sehr erfolgreich.”
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Bij» = Bi 1
0i(Bije) = vi(Bi41)
BiT? BiY =B B?
v (BEP vi(BiY v(B;")

DEC;;.

DEC-LI DECIZ

Bi — (Breal Blﬁrans)
i '

&
El
It

valuation of the Situation B; by person ¢ at the beginning

of period 0

DEC;j. = decision of person i for period 0

D{P = expected situation of person 7 after decision DEC;; has been taken
and before the decisions of other persons or of nature become known
(if these decisions have an influence on the situation B;).

Bijx = actual situation of person 4, after its decision DEC;;. and after the
decisions of other persons or of nature become known, j* € {1,2,...,2}.
This is the initial situation B; +1 of person i at the beginning of
period +1.

v;(Bij«) = evaluation of Byj. = B; 41 by person i

All evaluations lie in the interval (—Z, +Z), Z > 1, an integer

Figure 1.21. The General Approach

shall show below how this will be done). After DECj;, is chosen, the choice
of the other persons becomes known to person ¢, and that means that the
actual situation B;j, in which the person will be in, is revealed to him which
will in general be different from the expected situation Bj}’. Thus also the
valuation v;(B{};”) will be different from the valuation v;(Bijs).

In general B;;, = B; 41 will be the initial situation at the beginning of
period +1 and now everything is repeated, starting with B; 11 and v;(B; +1).
The Humanities, in this approach represented by the vector B"3"¢  enter this
process in the following way. The vector B{"*" consists of elements which de-
scribe the spiritual status of person i, namely the theology Th(®), the philos-
ophy Ph* or the ideology I D* which the person i accepts as at least partially
true; that means: which he allows some influence on his thinking and on his
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behavior. There are k theologies known at the beginning of period 0 as well as
[ philsosophies and m ideologies. Thus x € {1,...,k}, Ae{l,...,l}, ne
{1,...,m}. For simplicity we call them all “philosophies” and assume that the
person accepts only one of them as “true”. Thus the vector B{"%"® contains
only one element, namely the “philosophy” ®*) ¢ {®() .. ®*)} which is
accepted by person ¢. Let there be k theologies, philosophies and ideologies
available at the beginning of period 0'%°. Each philosophy & valuates a sit-
uation B; and a situation Bj;? differently. In case that the philosophy « is

]
accepted we get the valuations v™ (B;) or v*) (B;;?) respectively from the

point of view of philosophy x!1° | see also Fig. 1.21. We call this evaluation
which results from a philosophy « a “moral evaluation” M} and define:

%

v§n)(B¢) =:M;" and U(N)(Bf;(p) =: M,;"

This term stays constant as long as the person does not change its affiliation
to the philosophy «. But this does not determine the total moral evaluation
of B; or B{;’P. There is the influence of the evaluation by other persons (the
“public opinion”) which also influences the moral evaluation. We formulated

that as a Markov chain j in case of Bj;” as:

Mije = Miji-1 - Pyj,

see equation (1.3) in section 1.4. Due to our assumption that person i accepts
only one philosophy, the ﬁl(-]l-’)i, RN 132(;;1), ;')l(-;jl), ... are zero in equation (1.3),

only 175;)1 is positive in this column. One sees from that equation that other

philosophies, openly rejected by person ¢, nevertheless have indirectly an in-
fluence on it via the personal influences of other persons who in turn are
influenced by these philosophies. But the moral evaluations M;* and M}; are
not the only criteria for deciding which way to go. There are others as well.
B; and B{? are many-dimensional entities, and many points of view must be
considered. Let there be z possible points of view (or criteria, Cry,...,Cr;)
to judge a situation B; or B;j; the moral judgement is one of them. The

evaluation of B; by person ¢ with respect to the criterion £ is denoted by Cz-(g):

OB =¥, —z2<C® <4z £=1,...,2

In section 1.2 these evaluations are specified. E.g. if ¢ is a private household,
as G,H,EM,IM,M, if i is a firm as G, X,L, D, R, M, see the explanations
in section 1.2. All figures lie between —Z and +Z. Now the total evaluation
v;(B;) of the situation B; by person ¢ is (as in equation 1.1 in section 1.3):

109 Of course, person i is free to reject all sorts of philosophies. Then there is no entry for
Bfm"s. But we may classify this “refusal of all philosophies” as an ideology as well
and thus include it into the number of philosophies.

110 1f the philosophy « is silent on a specific evaluation, we put this evaluation v to zero
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v® = v(B;) = n.i.(agi) e+ az(-i) . C-(z)),

@ z @ (1.39)
ai 20, 3 opd =1
£=1
A similar equation results for Vigi’ezp) = vi(Bffp ), see Fig. 1.21 and equa-

tion 1.1 in section 1.3. The person selects that DFEC;;,. for which vi(Bij)””
is a maximum; see equation 1.2 in section 1.3. We may identify the last item
C with M, the moral evaluation of B; by person . All this carries over
to Bj;j, where similar equations are valid. As long as person 7 sticks to his
philosophy ®*) the Markov chain of equation (1.3) in section 1.4 determines
the actual M) in each period t.

In section 1.11 a theory of imitation is suggested. The emotional attraction
or repulsion of a situation must be estimated separately on the basis of em-
pirical findings. I did not look into this problem. There is a fluid transition
from EM to IM. E.g. the valuation of dogs may be explained by emotion
or by imitation. But that instincts and urges influence the valuation of situa-
tions and thus the behavior cannot be denied. In section 1.11 some hints are
given as to the determination of H, the evaluation of illegal actions which are
subject to punishment. It is a problem of empirical research to determine to
what extent illegal actions are reduced by higher punishment and by faster
and more complete prosecution of the criminals. The evaluation of B; and By;
from the economic point of view (called G in equation 1.1, section 1.3, if 7 is
a private household) is of a special interest for economics, especially in our
context, since the economic evaluation G competes with the moral evaluation
M, see equation 1.1. Our general approach(1.39) above admits more than one
point of view, e.g. (in the case that ¢ is a household): total net income, net
income per member of the household, relation of net income of this house-
hold to an average of net incomes of other households, actual employment
in relation to desired employment, prospects of future income and employ-
ment, transfer payments and so on. The economic situation of a household is
a many-dimensional entity, and thus many points of view should be consid-
ered. The total valuation v;(B;) of the situation B; is a weighted average of
the different specific evaluations. In the absence of detailed empirical findings
(which may be gained by public polls) we chose the simplest approach, the
arithmetic mean.

Now we have to specify what the situation B; of a person ¢ really means.
As stated above (see also Fig. 1.21) B; is a vector B; = (Br*® Bi{"a"%) where
By eal jg 4 vector of all objective determinants of the situation B; and Bf“ms
a vector of the “beliefs” of person i. In our simplified approach we assumed
that the person i adheres only to one “philosophy” ®*) k€ {1,...,k},
if there are k “philosophies” ®(*) (which comprise religions and all types of
ideologies). Thus in our (admittedly very simplified) approach Bf"®"* is simply
the philosophy ®(%) accepted by person i. Thus we only have to specify what
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B el means in detail. In this approach B eal ig a vector of very different
components:

Breal = (Q,SIT;,, DEC?***|©;), where
Q = a description of the actual order of the society and of the
economy and a description of the knowledge in natural sci-

ences: )
0= (onl’ qur’ Qec’ Qns)

One may imagine that QP° is the constitution of the society
and the distribution of political power among parties or
social groups.

Q7¥r comprises all laws which regulate the private and pub-
lic life and the rules of court.

Q°¢ is a vector which describes the economic order, i.e. all
economic states from the extremes of a free market
economy to the extreme of a totally planned economy;
the degree of freedom of price and wage formation, the
rights of the employees in a firm and so on; in short:
all laws and rules which determine the economic life.

Q™ is a vector which describes the knowledge in the field
of natural sciences. This delivers the natural back-
ground and the physical limitation of all decisions.

Q is valid for all persons, thus the index ¢ is missing.

SIT; = a description of the personal and of the economic situation of
person i: SIT; = (SITF*,SITFe). SITP™® is a vector of in-
dicators for the personal situation of person i (family status,
profession, position in the society, location ...), SITfC is a vec-
tor of economic indicators which characterize person ¢ (income,
employment, position in the income pyramid, ...)

DEC??*® = avector of all possible decisions which person i could make in po-
sition B;. In case of z possible decisions: DEC?*** = (DECy,. ..,
DEC;,), cf. Fig. 1.21. If i is a household, one may think of differ-
ent purchases of household commodities, of different allocation of
savings, of different types of advanced training, of changing the
profession or the employer and so on. Of course, at each decision
point By, B; +1,... only very few decisions will be considered in
practice. As already said: the person has to select one out of z
possible decisions, called DEC;;, in Fig. 1.21. But in order to be
able to do that, he has to know the consequences of his decision.
This leads us to the last item of the vector BI°* namely:

0; = the set of economic and social and political theories and econo-
metric methods which allow person 7 to forecast an expectation
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value (or a probability distribution) of all components of B,
called Bj;?, in case that DEC;; € {DECj1, ..., DEC;,} is cho-
sen. This may be formulated as Bf;” = F(B;, DECj;,©i). The
set ©; changes in time, in general ©; 41 # O;. This is where tech-
nical progress comes in at this stage. We deal with that later.

The inclusion of the general political, social and economic order €2 into the
definition Bl of the real state of person 7 leads to the consequence that in
the set DECP?*® of possible decisions also political decisions, in our context:
decisions on voting have to be included. E.g. if more than a certain percent-
age of persons (say: 50 %) vote in favor of a change of the constitution this
change will be eventually realized, and a new regime starts. The set of crite-
ria Cpy,...,Cy, may also be enlarged by C; .11, ..., Cr z, because the state
B; may also be evaluated by the degree of personal freedom, the degree of
realization of the rule of law, the protection of private property, to give only
some examples.
We now go back to the choice of ®%) by person i and ask:

1) will the person stick to his first decision &) or revise it as time passes;

2) will religion disappear from earth when time goes on and more and more
features of reality may be explained by the natural sciences;

3) which service do the Humanities deliver to the society?

To 1)

Let us consider a person ¢ which accepts a “philosophy” « € {1,...,K} at
the beginning of period 0. There are adjoining philosophies K,k ... which
rest upon the same holy book (the Bible in the Christian tradition) but un-
derstand some words in another way. Goethe has characterized this fact by
the translation of the first sentence of the Gospel of St. John: Faust sits in his
study and reflects:

“Geschrieben steht: 'Im Anfang war das Wort!’
Hier stock ich schon! Wer hilft mir weiter fort?
Ich kann das Wort so hoch unmdglich schitzen,
ich muf} es anders iibersetzen,

Wenn ich vom Geiste recht erleuchtet bin.
Geschrieben steht: Am Anfang war der Sinn.
Bedenke wohl die erste Zeile,

Daf} deine Feder sich nicht iibereile!

Ist es der Sinn, der alles wirkt und schafft?

Es sollte stehen: Im Anfang war die Kraft!
Doch, auch indem ich dieses niederschreibe,
Schon warnt mich was, daf3 ich nicht dabei bleibe.
Mir hilft der Geist! Auf einmal seh’ ich Rat.
Und schreibe getrost: Im Anfang war die Tat!”
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Protestants and Catholics both recognize the Bible as their ultimate source,
but they interpret some parts differently (e.g. the letter of St. Paul to the
Romans and the letter of St. Jacob). The French philosopher Derrida says
that nobody knows what Plato and Aristoteles really meant by their writings,
because nobody knows the exact meaning of the words they used. This may
be overdone, but it is a fact that the teachings of the churches as far as ethics
is concerned changed a lot during the centuries.

We formulate that in the following way. A person i which accepts a philoso-
phy ®(%) really accepts a certain version of a family of philosophies ®(<), ICOR
®#" . whichall originate from the same basic source but differ in the inter-
pretation of some words and sentences. If we accept the Markov chain of equa-
tion (1.3) in section 1.4 as an appropriate model for the change of moral con-

victions, the moral evaluation of a decision DEC;; in period 0 is MZ(;) = Mz‘(;,)o-

The average evaluation of all other members of the society (which represents
N
S M) If the
a=1,a#i ’
evaluation of person i deviates too much from the public opinion, it will feel
unhappy and look after another version of the same basic approach:

the “public opinion”) may be written as Mo = ¢

ij,0
philosophy ®~') for the philosophy ®(), such that

if ’M.(i) Mij’oi > Fj;, person 4 substitutes in the next period an adjacent

’Mi(;,)ﬂ - Mij,+1| < Fyj, (1.40)

Fi; > 0 is a measure of tolerance of social deviations and M, (1) the solution

ij,+1
of equation (1.3) for the next period, if Mi(f) which followed from &) is

substituted by ]\711-(]5/) which follows from ®(<). If there are more than one

adjacent philosophies ®(*") which conform to the inequality (1.40) above that
which is “nearest to” ®(*) will be selected. This may be a sketch of how one
could model the slow change of teaching of churches and interpretations of
philosophers.

To 2)

Religion will not disappear from earth if it concentrates on its proper field and
does not try to compete with the natural sciences. This is not a hindrance to
the declarations of moral judgements on possible decisions DEC;; based on
a religious conviction, just the opposite is true.

The situation as I see it is the following. All religions originate from the
writing or teaching of men who are supposed to have an access to the tran-
scendental eternal world beyond this universe. The connection is conveyed
by a unique messenger from beyond (for Christians: by Jesus Christ, son of
God, whose words and sentences are the truth) or by messages received from
above (like in Islam, when the archangel Gabriel transfers God’s messages to
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Mohammed) or by a “holy man” like Buddha or by the decisions of coun-
cils or of popes which are supposed to be inspired by the Holy Ghost or by
dreams, mystical phenomena, visions and appearances (as reported in the
Bible from the prophets, but also reported from persons in modern times,
e.g. from Bernadette in Lourdes, who in 1858 saw the virgin Maria several
times in a grotto and was canonized 1933). Now one may doubt all that and
take it as psychological phenomena (the positivistic or critical rationalistic
approach) or one may take it as truth and as messages from an other, the
“real” world. This is the Platonic approach which sees this world and its ob-
servations as a “shadow” of the real world behind it, which is only accessible
for philosophers. The Platonic view is shared by those who experienced visions
and appearances and mystical connections e.g. during prayers themselves, and
these events make deep impressions at the persons who experience it. Now
there are persons who do not have these experiences themselves but believe
in the accounts of it and others who do not and explain it by psychological
conditions. The situation is the same as in the natural sciences: do we take
the theories in the natural sciences as truth (or as a good approximation to
truth), the Platonic approach, or as a good description and forecast of mea-
surements without any necessary relation to reality, because nobody knows
what “reality” means (the positivistic approach, cf. the remarks of Stephen
Hawking in connection with the Pauly cat, cited above). There will always be
people who look to this world in the sense of Plato and those who only accept
the results of reproducible measurements as “real”. For research in the field
of natural sciences this has no consequences, but for the society as a whole
it has. Judging from the statistics of the US which report that about 30%
of the population are members of churches and if we deduct a rather large
percentage of persons who join a church for social reasons we may estimate
that about 20% of a population prefers the Platonic view. Thus religion will
not die out when research goes on.

To 3)

The Humanities (here exemplified by religion and philosophy) play an impor-
tant role in the development of mankind. One may infer that from the fact
that they still exist and did not disappear as a hindrance to the development.
But we may also understand that fact in the light of our system (1.3) in
section 1.4 which shows the interdependence of moral evaluations and their

relations to religions or philosophical evaluations ]\7[1-(]41), M i(jK). These eval-
uations are rather fix and thus form a sort of anchor of the system of value
formation. Its convergence values depend on these fix valuations and not on
the initial conditions. Thus the development of a society (though it may show
cycles) is more smooth and more calculable than that of a society without
these anchors. In the latter case the system may be chaotic, thus not calcu-
lable at all. On the other hand, if these anchors are really fix for a long time,

the society may become totally immovable (take as an example the Egyptian
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society in the antiquity) — a great disadvantage in the long run. But this may
be remedied if the persons revise their adherence to a special kind of religion
or philosophical system and adapt their interpretation of the basic approach
always in the direction of the “public opinion” if the deviation becomes too
large.

Thus we see how the Humanities are fully integrated in the process of human
development. Only the basic features of the integration could be shown above.
The details are much more complicated.
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CHAPTER 2
The Theory of the Firm'

2.1 Introduction

The neoclassical production function is the most often used theoretical instru-
ment when the relation between factor input and product output is analyzed.
There are different versions of this theory. In the course of time the simple
2-factor static Cobb-Douglas production function is developed to a system of
holothetic dynamic production functions (Sato (1999), p. 316). The static ver-
sion fits into the Walrasian System. This system came under attack recently,
see Sonnenschein (1972) and Debreu (1974). In the foreword to this book I
gave some reasons for it.?

In chapter 1 I suggested a theory of the household which is nearer to reality
and avoids (in my opinion) some shortcomings of the traditional theory of the
household. In this chapter I do the same with respect to the theory of the firm
— with some differences. In the theory of the household I took the household as
a unity and did not look into the interior of the relations between the different
members of the household. In other words: I identified the household with a
person. This seems to be a tolerable simplification. But this cannot be done in
the theory of the firm. The organization of the firm is essential for its success
and cannot be disregarded. The financial side of the firm must be considered
to be of equal importance as the production side.

Prices and production are determined by the firm on the basis of its per-
ception of the demand function. But the firm may err in this respect, and this
yields unplanned and unwanted changes of inventories. We do include such
errors in our model. This is why we call this system a General Disequilibrium
System.

This may hint at the general direction into which we want to expand the
theory of the firm. The general assumptions® are chosen in such a way that
the system fits into a general disequilibrium system which may substitute the

1 A part of this theory has already been published in the Festschrift for Ryuzo Sato, see
Krelle (2001).

2 But also general behavior principles such as profit maximizing, cost minimizing and
perfect information have been criticized as too high degree of abstraction (Mark Blaug,
1998) or not in line with the results of sociology and psychology (Renate Mayntz, 1999)
or disproved by the results of experiments (Reinhard Selten, 1986).

3 They are the same as those employed in Krelle 2001a and b where the production part
of the model is presented. Here we deal also with the inventories, with the organization
of the firm and with the financial side.
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CHAPTER 2: The Theory of the Firm

Walrasian general equilibrium system and that the theory of the firm is com-
patible and similarly conceived as the theory of the household presented in
chapter 1. In this section we state the general assumptions. Special assump-
tions follow in the next sections.

a.

Everything that we observe and which is not left to nature is due to de-
cisions of persons. Thus the theory concentrates on the decision process.

The decisions result from the judgement of persons by considering alter-
natives (not necessarily all alternatives) with respect to different princi-
ples, e.g. the size of profits, shareholder value, the size of production and
employment, dominant position in certain markets, take-over of other
firms etc.

These principles are procured and weighted by a system of mutual in-
terdependencies of information and evaluation which may be modeled
by a Markov chain.

Judgements and valuations are expressed as degrees of affection or aver-
sion. The ability to quantify these degrees is not very high. Thus, we
require that the person states his or her judgement by an integer between
—Z and +Z, Z an integer > 1, where —Z denotes the highest aversion,
+Z the highest affection and zero denotes indifference or ignorance.

All firms produce a single product which differs from the product of the
other firms (the elasticity of substitution may be large. The firm will
take care of this by its price policy).

The firm determines the price of its product for the next period (con-
sidering its perception of the demand at this price) as well as the size
of production and employment. Of course, demand will not equal sup-
ply, as a rule, and this means: there will be unplanned and undesired
inventory changes — this is meant by the word “disequilibrium”. These
unwelcome inventory changes are taken into consideration by the pro-
duction plan in the following period. But, of course, also in this and all
following periods production will not correspond to demand, as a rule,
because demand will have changed.

There is only a finite number of firms, which are all in different initial
positions. They are defined by real capital installations, inventories, the
labor force and other real variables as well as by the financial situation.

Product z;(t) produced by a firm i in period ¢t may be physically different
from the same product x;(t — 1) one period earlier (e.g. the automobile
of a certain brand sold in this year may be a bit different from that sold
in the year before). The product z;(t) is sold at the price p;(t).
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i. The (real) capital of the firm is the vector of the number of “machines”
invested in different periods back to the period where the oldest “ma-
chine” has been installed*. The “machines” consist of the products of
other firms. There are demand coefficients which determine this demand,
which is proportional to the number of “machines” invested by the firm
in this period.

k. There are output coefficients which determine the capacity output of
each machine if it is fully used and if all necessary secondary inputs
and the necessary personnel to operate the machine are available. We
assume that there are regular replacement investments such that the
output coeflicient of a “machine” is constant during the life time of a
“machine”. The “machine” will be sorted out if the operating of the
“machine” will induce losses to the firm.

1. Each “machine” needs secondary inputs and labor to produce a certain
output. There are input coefficients which determine the necessary sec-
ondary inputs. For labor we have two types of input coefficients: one
which determines the labor necessary to operate a “machine” at all
(even if there is only one unit of output to be produced; this number of
workers stays the same independent of the size of the output) and labor
input coefficients which are proportional to the size of the output.

m. This defines the model of the Production Department of a firm. But
each firm has at least three departments: in addition to the Produc-
tion Department the Inventory (and Transportation) Department and
the Administration Department.’ The Inventory Department is similarly
modeled as the Production Department; we shall not describe it here
in detail. But the Administration Department follows other regularities
which will be described below.

The Administration Department is equipped with “administrative capital”:
buildings, computers, office equipments etc., always labeled by the time of
investment. There is a maximum amount of administrators which can be
accomodated in the buildings. The number and the responsibilities of the ad-
ministrators constitutes the organizational structure of the firm which code-
termines its output and its costs.

4 The experience at the transformation of planned economies to market economies has
demonstrated the importance of the age distribution of real capital.

5 Some firms have also a Research and Development Department. We deal with it in a
separate part in connection with technical progress and the educational system in gen-
eral. Research and development in one firm cannot be understood without the scientific
base provided by basic research done in universities and other research organizations.
Thus it is reasonable to deal with research and development within one firm in connec-
tion with research done at other places and with the educational system in the society.
This will be done in chapter 4.
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We model this as follows®: The total number of persons to operate the
machines is determined as suggested above. But these persons alone cannot
run the firm. Each activity needs planning, coordination, supervision and
financial and other administration in order to guarantee a reasonable result.
Now it is an experience that one person (even if assisted by a staff) can only
supervise a rather small number of other persons or institutions, say 2 to
20. Martin Beckmann calls it “the control span”. But these administrators
of rank 1 must also be supervised and so on till “the boss” is reached whose
supervision is supposed to be done by the owners of the firm. If the control
spans at different ranks have been determined the number of administrators
follows. But the efficiency of the firm does not only depend on the density
of control as determined by the control spans but also on the assignment of
persons to supervisors. We shall also deal with that problem.

Now we start with the Production Department of a firm.

2.2 The Production Department: Production,
Capital Equipment, and Replacement

We assume that there are M firms in the economy. In period t each firm
i produces a special product by the amount x;(¢).” There may be strong
substitution relations between some of these products, but nevertheless: the
product of one firm is not identical to that of another firm since at least
the locations of the firms are different. We start with the real side of the
firm i, 4 = 1,..., M. In the beginning of period 0 it consists of real capital
K;(0) which is a vector of real investments (I7°%,..., Ir ¢al ) in former periods
—1,...,=T, if the oldest “machine” is of age T:

Ki(0) = (1%, 7%y, T80 10 (2.1)

i, co g, —

6 This approach was suggested by Martin Beckmann (1978).

7 The assumption of a one-commodity production of a firm is not so unrealistic as it seems
to be at the first sight. If there are separate production lines and the products are rather
different we may deal with the firm as really consisting of several single firms connected
by common ownerships and common financial bands. If the production relations of the
different products are stable we may count the different products as one composed
product. In macroeconomics this is the normal procedure.

8 From now on we leave out the index i for the firm and the time index, if t=0, whenever
possible. We call the production investments “machines”. The machines of different
vintages are different, in general, because of technical progress. The same is true for the
output z;(¢): the product z;(t) will be physically different from the product z;(¢t — 1),
in general. But machines of all vintages are able to produce the same output z;(¢)
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Instead of real investment I al we could use the number M; _, of “ma-
chines” which represent the real investment in period —7. Their relation is
derived below.

Let I}f‘i be the real value of the deliveries of investment goods from firm
j to firm 7 in period —7. Then these deliveries are proportional to the real
investment /] eal of that period or equivalently to the number M; _, of “ma-
chines” installed at firm i in period —7:

I]rlelil-,- = Qji,—1 I:'e_a-,l— = Wy, —7 ° Mi,—‘r . Ai,—'r (22)
where dj; _; > 0 is the demand coefficient with respect to investment good j
and A; _; is a proportionality factor to be derived below. Now the total real
cost 17 eal of investment at firm 7 in period —7 is

Ireal Z Ireal pJ"T

T 2%,—T
_r

where p; _; is the price of commodity j in period —7 and p. the general price
level in this period. The actual costs of investment in this period are

M M
__ gqreal = _ real real —
L =L p =) I opy =11 " djy_r o pjr =
Jj=1 j=
M
Mi,~‘r 'Ai,—‘r : E dji,—‘r *Dj,~r
Jj=1

9 There are different possible measures of a “machine”:

(a) A “machine” is the smallest set of installations in a firm by which the final
product can be produced. This is a sort of “natural definition” which we use in
the verbal interpretation but which is statistically difficult to ascertain.

(b) A “machine” invested in a certain period is measured by the amount of hours
it can be active for producing the output. That means: a machine is measured
by the services it provides. Let us call them KS; _-.

(¢) A “machine” may be measured by the real costs of buying and installing an
equipment to produce the final product. This measure is most comfortable from
the statistical point of view. If I; . is identified with these real costs and
KS;, - and I; _; are measured separately we may assume that there is a short
term stable relation:

KS; ;= IAci,_TILAT ,IAc,-,AT >0, a constant.

It depends on the aim of the study which definition is selected. In this book we
use the first one.

10 Instead of K;(0) we shall also write K ¢ if this is more comfortable in another context.
The following approach has already been presented in the Festschrift for Ryuzo Sato,
2001 b.
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The real costs of this investment are proportional to the number of machines:
I
Izre_a‘ll_ = %7‘-1 = M’i,—T . Ai,—‘r
" Pr
M (2.3)
where Ai,,f = Zdji’_.,- . &:—t

P-r

Jj=1

Thus we shall also use the expression “number of machines” instead of “real
cost of investment”.!! All “machines” of a firm produce the same output. If
they are used at capacity level (which implies that they are provided with the
necessary labor and secondary inputs to operate the machines) and if a; - is
the output coefficient of a machine installed at time —7 and used to produce
the product z;, in period ¢ (¢ > —7) we get for the capacity output z;*_, of
firm 7 on machines of age T in period ¢:'2

cap  _ . yreal
T oy =gt L2 (2.4)

We may assume that the output coefficient of younger machines is larger than
that of older machines of at least equal size:

Qi -7t < Q4 741t

Now we get the total capacity output of firm ¢ at the beginning of period 0:
T
D LIRS
T=1

We also could relate the capacity output of firm 4 to the number of machines
of different age. From equation(2.3) we get

T
cap __ 2 : ~
xz,; - ai,— 7,0 ° Mi,—‘r
=1

where (Ali’,7-70 = Q4,—1,0 " Ai,_ﬂ,-.
Let d; — be the degree of capacity utilization of the machines of age 7 in
period 0, 0 < §; _» < 1. Then we get for the actual production in period O:

T
— cap
x; = E TR
T=1

11 A “machine” is the totality of investment goods which (equipped with the necessary
labor and secondary inputs) are necessary to produce one unit of output. In this model
it only makes sense to consider integers M; _,. The “machine” may change its “size”
from period to period (usually: the “machine” gets bigger. There are less machines
which produce more output). We leave that to empirical observations.

12 As already said: if there cannot be an error we always leave out the index t = 0.
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The installation I7¢% or “machine” of age 7 consists of “parts” I;ﬁ‘il_r delivered
by other firms j to firm ¢ in period —7. As stated in equation (2.2) there is
a demand coefficient dj; _, which relates the number of “parts” of type j to
the number of “machines” in period —7:
Let = dys, - T = djiier - Mier - Dir

Then, as already stated above, the real costs I eal of machine investment by
firm 4 in period —7 are

2 Y

! l j,—
et =D L

=1 Por
There is a proportional relation between the number M; _, of machines in-
stalled in period —7 and their real costs (see equation (2.3)):

real
I = Mi,AT COg—T

1,—T

As far as the existing real capital is concerned the production function at the
beginning of period 0 is substituted by:

1. The vector a; of the actual output coefficients:
a; = (@i,-T,0i~T+1,-- -, 1),
2. The matrix D; of the actual demand coefficients for investment goods:
dyi-T - dia
D;=|: P (2.5)
dars—r oo dari -1
For the future (for period 0) there are (say) z new technologies available, and
the management has to choose one of them if it wants to invest in capital

equipment. The possible output coefficients of the new technologies 1,..., 2
are combined in the vector

a; = (agl), .- .,CL,EZ)),

and the necessary demand coefficients in the matrix

1

)
D= | : o (2.6)

(1 (2)

a )

When investing in capital equipment the management has to choose a tech-
nology ¢, ¢ € {1,...,2} for the next period.
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A “machine” cannot produce output by itself. If it is of age 7 it needs
secondary inputs SI, _, of the kind pp = 1,..., M (e.g. energy, water, raw
materials) and labor L, _, of different kinds v = 1,...,n to operate and
supervise these machines. There are relations between z;:, K;+, S, and
L,; which we shall analyze in the following sections.

Inventories of secondary inputs are necessary to compensate for delays in
deliveries and unexpected changes of demand of the own product. These in-
ventories may be planned or unplanned (if demand deviates from the planning
figures). Finally, an administration department is necessary to plan, to coor-
dinate and to supervise the activities of the firm and control the financial
position of the firm and to determine the price of the product.

Thus we subdivide each firm into three departments: the production de-
partment, the inventory department ' and the administration department.
Each department needs capital, secondary inputs and labor. Thus K;(0) in
equation (2.1) is to be specialized as

KW = (@9 1™ k e {prod, inv, adm}, (2.7)

rel®) >0, 7 =1,.,T,1

where prod = production department, inv = inventory department, adm =
administration department.'® In this section we deal with the production
department; for simplicity we cancel the upper index (prod), thus K,;{0) =
K.(0)(Prod) in this section, and similarly for the other variables. We also sup-
press the index ¢ for the firm we consider wherever possible.

The commodity composition of investment!'® in the past per unit of invest-
ment in firm ¢ follows from the matrix (2.5). Thus the total amount I,; of
investment goods of kind p (all vintages lumped together) installed at firm ¢
is given by:

T l
T e,
| =o
T. . real
Ing; Ii,—l

13 This also comprises the transportation department. This implies that all prices are
defined as “free domicile”; all transportation costs incur at the producer.

14 Of course, there are many firms, the real capital of which consists only of investment

k)

of one age, say Ii( ~ ,«, all other investments are zero.
)

15 We speak of I-re,al(k) as “number of machines installed in period —7” — Thus [reat(k)
T,—T

T,—T

are integers. The same applies to other commodities. Of course I:iai(k) > 0.

16 This subdivision of investment considers also the possibility that an “investment” com-
prises different installations with different intermediate products which need different
secondary inputs (see next section). If one wants to study the effect of “outsourcing”
one has to make that explicit. We leave that here to the interested reader.
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We may rewrite this equation for all firms ¢ = 1, ... M in matrix notation:

I =D e (2.8)
I 7%
I_Ml Ilr,efi
1o Iy 1
where I= _ , et = real and
Iyza 2,~1
fl]\_l I;};:IiT
Lt 51 Tyt
di,-T di1,—1
0 0
dMl,fT d[\7[1,~1
dlz -7 d12,—1
D = 0 0
dM2 T - dM2,—1
0 0 0
dlM -T dlM —1
0 0
dirst,—1 -+ Airir,—1

I explains the commodity composition of the real capital of all firms.

For the next period 0 the firm has to decide on total investment I; 0 and on
its commodity composition di;, . .. ,das,0 within the limits of the technology
of that time, see matrices (2.5) and (2.6).

In the following we suppress the index ¢ of the firm in question as well as
the upper index k£ which relates to the special department of the firm.

A machine unit installed in period —7 if used at capacity level can produce
a_,(t) units of the product of the firm in period ¢ > —7. Therefore the
capacity output of machines I_,(t) invested in period —7 and still operating
in period t is

zP(t) = a_,(t) - I7°N(t), t>—7 (2.9)

-7
There are two counterveiling influences on the output coefficient a_,(¢):

a. Learning by doing.!'”Persons who work at a newly installed machine
learn to operate it better and better. It is a general experience that
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it takes some time till a newly invested machine reaches its capacity
output, usually some years. Therefore a_,(t+1) > a_-(t) in this respect.

b. On the other side, wear and tear reduces the output of older machines,
and they are less and less appropriate for and adapted to the production
of a more advanced output (if the product z(¢) is more sophisticated
than the product z(t — 1)). As far as this influence is concerned one
would expect a_-(t + 1) < a_,(t).

The second effect can be partly or fully compensated by current replacement
and modernization investment I"%?'(¢). The older a machine grows, the more
increases this type of investment and the larger are these costs. In this con-
text and without further information we assume that the used technology
(defined by the matrix D and other matrices to be defined below) deter-
mines the necessary replacement coefficients repl,; — - per unit of investment

I7 eal 4 =1,...,M, in order to keep this investment in service at all. Thus
the necessary replacement investment I;Zp_lT of commodities of type p in firm

1 is determined by

I =replyi - - 17, p=1,..., M. (2.10)

1,—T)

If these replacement coefficients increase in time and if prices do not decline,
the costs C’O:’e_”i(t) will always rise with ¢:

M

! ! !
COFPL(D) = S L™, - py(t) < COL(t +1)

j=1
If these costs per unit of output exceed the costs COg(0) per unit of output
with new equipment (installed in period 0) the old machines go out of service.
They will be sold or scrapped. We assume that this happens at age T of the
machines.
Given this replacement investment the machines younger than T years could
possibly be used without losses. The replacement coefficients repl,; —. (per
unit of investment /] ¢al) may be arranged by the matrix

—T

repliy,—r -+ reply—1
Repl; = :
replyg—r -+ replyp
jrepl Ireal
1i i,—T
such that : = Repl; - : , i=1,--- ’M
I e

17 See K. J. Arrow, The Economic Implications of Learning by Doing, Rev. of Ec. Stud-
ies 29 (1962), pp. 155. See also W. Krelle, Theorie des wirtschaftlichen Wachstums,
2. Aufl. Berlin, Heidelberg etc. (Springer), 1988, p. 210-214.
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where I_;fp ! is the total amount of replacement investment of commodity u
used for machines of all vintages in firm 4. For the economy as a whole we get

jrepl — Repl i Ireal

where I"P! is defined as I in equation (2.8) and Repl as D in equation (2.8)
(dui,— - has to be substituted by repl,; ).

We now return to the output coefficients. Given these replacement invest-
ments the output coefficients of a; _, of the capital equipment of age 7 in firm
i need not decline. In general, with suitable definition of output and of real
investment, the output coefficient of a younger machine will be larger than of
an older one:

a-r <a_741 <--- < ap.

The output coefficients of all firms 1,--- , M for capital goods of all ages can
be arranged as a matrix

aiy-1T, -°° a1,-1
A=

ayr,—T 0 Qpr -1

(where we also disregarded the upper index k). Total capacity output at the
beginning of period 0 of firm i is derived from it by

Izy:e_ar}
.’L'fap: (ai7_T,...,ai7_1) , t=1,..., M. (211)

real
Ii,—l

Similarly as equation (2.8) for investment goods we could write an equation

for all capacity outputs of firms ¢ = 1,..., M. Let

5P
X = : be the capacity output of all firms, let
—cap
M
al,;T...al,_l 0 0
% 0 az —r1...02,-1 0
AT = 0 0 . 0
0 0 g ag

be the extended matrix of all output coefficients, and I7% the vector of all
investments of all firms, defined in equation (2.8), then we get for the capacity
output of all firms:

X = A" [red (2.12)
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As a rule, the machines which constitute the production capital of a firm,
will not be fully used at capacity level. Let §_,(t) be the rate of capacity
utilization of a machine of age 7 at period ¢ in the firm considered, t > —7.
Then the actual production of this machine is
T, (t) =6_,(t) - xP(t), 0<d6_.(t)<1.

The firm decides on z_,(0) at the beginning of period 0 (or equivalently on
5_.(0)) for all 7 = —T,-T +1,...,—1.'® Total planned production of the
firm in period 0 is the sum of production on all vintages of machines:

T
X(0)=>"z_,(0).

2.3 The Production Department: Secondary
Inputs

In order to operate the machines which produce the final output, secondary
inputs are needed such as energy, water, raw materials, but also intermediate
goods which are manufactured by other firms.'® We assume that the amount
of secondary inputs needed to produce one unit of output on machines of
age T is proportional to the amount of production z_,(t) on this machine in
period t,t > —7, where b;; _.(t) is the proportionality factor (called input
coefficient) with respect to secondary input j of the firm ¢. Let SI;; _(t) be
the amount of secondary inputs of kind j in firm ¢ needed for production on
machines of age 7 in period t,t > —7. Now we have

STy —r (t) = bji,—r + 3= (1), (2.13)

j=1,....M, i=1,... Mj#i r=T,T—-1,...,1,

where z; _-(0) is the planned production on machines of age 7 in the next
period 0, a decision variable. We assume that the secondary inputs SI;; —-(t)
necessary to produce x; _,(¢) are always available. Usually there are long term
contracts between the firms j = 1,..., M which deliver these inputs to the
receiving firm ¢ because without these inputs nothing can be produced. The
prices of these deliveries are fixed by the producer and known to the receiver.

18 We assume that the production capacity z5%P(0) which is being built up by investment
0 y

I7¢?! cannot be used for production in that period. It becomes effective only in period
0 Yy

+1. This explains why real capital K at the beginning of period 0 does not comprise
I see equation (2.1) above.

19 We do not consider those intermediate goods explicitly which are produced and used
up within the firm. In this context the firm is a “black box”.
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The input coefficients b;; _, may be condensed to the matrix

bii—7, - ,bu—1
Bz‘ = )
bMi,—T7 7b1\7u,—1

such that SI;, = B;x;

Sl
where SI, = : is the vector of secondary inputs of kind
i 1,... t 3
Sl ,--,M at firm ¢,
Ti,—T
and z; = : the vector of production of firm i with
- ' machinery of age 7,7 =1,...,T.
i1

In analogy to equation (2.8) in the former section we may formulate these
relations for the economy as a whole in matrix notation:

SI=B*-X

where ST is defined in analogy to I, X in analogy to I"** and B* in anology
to D* in equation (2.8).

2.4 The Production Department: Labor Input

Machines must be operated by persons with special education and training,
they must be supervised, maintained and repaired if necessary. As a rule one
needs a crew to keep a machine ready for production even if it is not actually
put to service in that specific period. This crew is proportional to the number
of machines with proportionality factor [, called fixed labor coefficient. In
addition one needs personnel in proportion to the amount of production z_,
of this machine (with proportionality factor [, called variable labor coefficient).
Let there be n types of labor Ly,..., L,, where labor is measured in hours of

work. Thus we get for machines of age 7 and firm ¢ the labor requirement?°:

Lui,—r(t) - ll/i,—T ° ]ir’e_af_ + lVi,—T . xi,—T(t)v
(2.14)
T=12,..., T, t>-1,v=1,...,n

20 This is the minimum of labor necessary to produce z. The actual amount of labor
L?¢t used in firm i may be larger than that, for different reasons (e.g. long run labor
contracts).
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As in section 3, z; —-(0) is the planned production on machines of age 7 in
the next period 0. Thus total labor requirement of type v needed to produce
the amount X(0) in period 0 by firm i (we suppress the index i) amounts to:

T
L,(0)=> L, ,(0), v=1,...,n
T=1

We may put that in matrix notation. The labor requirements of firm i are

Li=L;,+L; i=1,... and Ly =A; - I7°, Li=A;- X, (2.15)
where

Ly IZia:lr Zil,—T Zil,—l

Ei — , Iireal — : , [\Z — ,
L I,Z:e_af lni-T In1,-1
iu‘ Ti—-T Zil,—T iil,—l

-i/i = s X = : 3 Al = ’
-t/ni Ti,—1 inl,—T an,—l

As in the foregoing section we may also rewrite these relations as one matrix
equation for all firms of the economy:

L=L+L L=A-I* L=A-X (2.16)
E Ireal
11 1,-T
E. Ir.eal
Lin1 1,-1
Ly I _T
where L= _ Ireat = rea and
Ln2 IZ,—ll
EIM I]T\";?iT
EnM Ir 4
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[11,—T 511,—1
0 0
l_nl,—T l_nl,—l B _
ho,—r ... lig,—1
A= 0 . ) 0
ln2, 7 ... ln2, 1
0 0 ~ 0 _
1M,-T - 1M,-1
0 0
lnM,—T . lnM,—l

l-,,i,_T is the fixed labor input coefficient for labor v = 1,...,n at firm i =
L,... L]\7[ for machines of age 7, 7=1,...,T. L = A-X is defined analogously:
L as L (the L are substituted by L),

Xi-7 i11,~T i11,—1
0
X1,y lnt,—r o In,—1
X = : , A=
Xit,-1 ZIM ~T ilM,—l
0
XM,—l lAnM’_T lAnM,_l

(where lAl,,-’_T is the labor input coefficient for labor v at firm i for machines
of age 7; this coefficient refers to labor which is proportional to production).

It might be that labor of type v (e. g. well trained and specialized workers)
is not available but only labor of type ¢/ which is less appropriate for the task
(e. g. untrained labor). In this case more labor of type v/ is needed to operate
the machines. Then in equation (2.14) the index v has to be substituted by
V', and

T T 7 7 /
ll,li,_.,- > lui,—-r and lu’i,—‘r > l,,i’_-,- vV=1,...,n.

Thus L, —-(t) > Lyi_.(t) for given I7°% and Z; _, or in other words: the

1, =T
average product 7,; of a worker of type 1/ is lower than the average product
7,; of a worker of type v in firm ¢ at machines of age 7:

() S Y ()

Myr 1= vi o Ireal
LV’i,—T(t) Lui,—‘r(t)

1, —T

for given

We assume that the necessary amount of labor (perhaps of minor qualification)
is always available such that the production plan X;(0) can be realized.
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Labor may be measured in terms of working hours, that means as labor
services LS,; . They may be proportional to real investment I e_“Tl if this is
measured by the real costs of that investment:

LSVZ',—T = [ui,—r . I_real ZVi,—T > 0.

1,—T)

2.5 The Handbook of Production

The knowledge of the input and output coefficients defined in the forgoing
section does not suffice to manufacture the product of the firm. It is a look
from outside to a black box in which the production process itself takes place:
the commodities and services which go into the black box and those which
come out of it are registered and their relations stated, but the real event,
the production itself, remains in the dark. Persons who get the total amount
of necessary inputs are not able to manufacture the product. They need a
“Handbook of Production”, Hb; in case of firm i, which describes the pro-
duction activities in detail. This normally is a voluminous description of all
steps in the production process such that at the end the product z; of firm i
emerges. Of course, tests of the functioning of each part must be included in
the production process.

We conclude this section on the production department of a firm by sum-
marizing the main ideas. The firm i uses a technology ¥; which is defined
by matrices of input- and output coefficients and by the proper Handbook of
Production:

19,' = {Al‘,Bi,Di,Repli,Ai,Ai,Hbi} (217)
where A; = matrix of all output coefficients
B; = matrix of secondary input coefficients
D; = matrix of the capital structure (= matrix of the de-
mand coefficients for investment goods)
Repl; = matrix of replacement coeflicients
A; = matrix of labor input coefficients per unit of invest-
ment
A; = matrix of labor input coefficients per unit of produc-
tion
Hb; = handbook of production.

There are possibly other technologies ¥',9",... available for the firm 7. The
firm may install a research program to find a new till now unknown technology
9% to produce a related product zj. We come back to this when we deal
with technical progress. At the initial point B; the firm has (with respect to
investment) to choose among the technologies 19/, 19”,. ..
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2.6 The Inventory Department

This department needs capital, replacement investment, secondary inputs and
labor similarly as the production department. Real capital takes the form
of warehouses, transportation equipment and the like, secondary inputs are
energy (for example). Naturally, one needs labor to administer the inventories
and to run the warehouses and the lorries — quite similar to the production
department. We do not repeat these equations here. But there is one exception.
The output of the inventory department is not the storage of one good, but
(as a rule) the storage of many goods, the good produced by the firm as well
as goods which serve as secondary inputs. In our model involuntary changes
of inventories are always possible. It does not happen very often that demand
equals supply in the short run, that means: in the next planning period 0. But
also a certain amount of inventories in secondary inputs is inevitable in order
to take care of short term delays of deliveries. Storehouses, transportation
equipment, secondary inputs like raw material and intermediate products and
the necessary personnel are needed to run the installations smoothly. Thus one
needs capital, labor and secondary inputs for the Inventory Department quite
similar as in the Production Department. But there is a difference: the output
of the Production Department of firm i is one product z;, but the output of the
Inventory Department is the storage and handling of inventories INV; of the
firm’s own product i as well as INV} of secondary inputs p = 1,..., M, p # .

Thus some reformulation of section 2.2 is required which has some conse-
quences on the sections on labor and secondary inputs. These reformulations
are the topic of this section.

For simplicity we assume that the capital equipment for storage and han-
dling of a specific commodity is different from that for storage and handling
of other commodities.

Let I cabinvit he the real investment of firm i in period —7 with respect
to inventory capital to store and handle inventories of kind p, p=1,..., M.
Then total inventory capital K;""* of firm ¢ to store and handle commodity
u in the beginning of period 0 is given by the vector:

nU,p0 __ real,inv,u rreal,inv,u real,inv,u
Ki - (Ii,—T ’Ii,~T+1 yerc g -1 )

The maximal amount I ,L” _Cfpt of inventories of kind g which can be stored and

handled by storage equipment of age 7 in period ¢ by firm ¢ is proportional
to real investment of this kind:
INVESR = gim - retine

This equation corresponds to equation (2.4) in section 2.2. Thus we may
continue as in section 2.2. We get for labor of type v necessary for the storage
of commodity u in case that the storage facilities are fully used:

inv,p, j—inv, l,inv, jinv, )
LGp 73 cap(t) — NV, Irea MV, + l:,?:’v_;:_ . INVM cap(t)

vi vi,—T i,—T i,—T
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The actual amount of labor necessary at the storage of commodity i depends
on the degree 6:""*(t) of capacity utilization in time ¢:

1,—T

L) = T oo ) B TN ()
Similarly one gets for secondary inputs ST of type j necessary to operate a
storage facility for commodity p:

SLIVE@E) = UFUE . INVE (1)

Ju,=T J,—T 1,—T

where INVP_ () = 8" (t) - INV°(1)
This conforms to equation (2.13) for the production department in section
2.3. The replacement investments I/"" ' LUK i the inventory department are
explained similarly as this type of 1nvestment in the production department

(see equation (2.10) in section 2.2):

repl,inv,pu
I]z -

je{l,....,M}, j#i, pe{l,...,M}

inv, 1L Ireal inv,p
ji,—1  Ti,—1 ’

= repl;

Now the technology 9" valid for inventories of type y in firm 4 is defined
similarly as the technology ¥; of the production department (see equation
(2.17) in section 2.5): each variable there has to be given an upper index
inv, w, with p € {1,...,M} and i € {1,..., M}

The decisions of the management with respect to the inventory department
are the same as those for the production department, if one considers a special
type p of inventories.

2.7 The Administration Department:
The Organization of a Firm

The Administration Department needs capital, labor and secondary inputs
similarly as all other departments. We start with capital requirements. There
is investment I e_aTl’adm in firm 7 which serves the needs of the administration
of firm 4. Let there be L2™ persons of different ranks in the administration
of firm 7 at the end of period —1.2! Each administrator needs a certain space
and a certain equipment which is procured by investment, I e_“Tl’“dm in period
—7, 7 = 1,...,T. As in the case of production there are output coeflicients

21 In this connection we do not need to differ between types of labor. We assume that
each person needs the same room and equipment.
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a24™ which limit the number of administrators which can be accomodated

and served by that investment:

Zd_ﬂ;,cap _ aﬁd_’ﬁ . I;e_ai,adm
Total fixed capital for the use of the administration at the end of period —1
is the vector of all investment of this kind in different periods:

adm __ real,adm yreal,adm real,adm
K; _(Ii,—T ,I'Z-Y_TJr1 ,...,Ii’_1 )

We put for the output coefficients:

adm __ ¢ adm _adm adm
ag" = (@7, af Ty 00T

Actually, the office space and the equipment may not be fully used. Let 6;f‘i’?
be the proportion of utilization of this type of investment by administrative
personnel and ¢4 = (5247, ..., §24) the vector of utilization of investment
of this kind at the end of period —1. Thus

L;{‘i_"l = 5ﬁi"$ - a;{d_"; . Ii’: iafl’“dm
is a definitional equation for the degree of capacity utilization of former invest-
ment in office space and equipment, if the number L;{d_"}_ of administrators who
work in buildings and with equipment of age —7 and the investment I cal,adm
of that age are given. As already said, we do not differ between different kinds
of labor in this context, that means that each person in the administration
needs the same office space. The equations for demand of investment goods
and for replacement coefficients are analogous to those in the production de-
partment (there is a matrix DZ¥™), but there are no labor input coefficients.
The amount of labor in the administration and its effect on production will
be determined in another way. Only the secondary inputs and replacement
inputs follow a similar rule as in the production department. We assume that
the secondary inputs are proportional to the number L;{‘i_"; of persons who
work in an office established 7 years ago:

SIgtm = codm - L{Y and SIPY™ = (SIE™, .. ST

Hi,—T ui,—T T
(2.18)

pi,—T1

T
d d
where SI2™ =~ gradm
=1
This comprises electricity, paper, telephone etc. The necessary inputs to keep
up the buildings are reproduced by equations which are of the same type as
those for the production and inventory department:

I'repl,adm

adm | Ireal,adm
J1t,—T

Ji,—T i, —T

= repl

The parameters cZ‘fffT in equation (2.18) are condensed to a matrix C24™

similarly as B; in the case of the production department. The same applies
for the replacement coefficients.
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We now turn to the determination of the number L24™ of administrators
in firm ¢ and to their position in the firm which are, of course, subject of the
decision of the leading personalities of the firm in the same way as production,
inventories and other important variables. For the sake of the simplicity of the
formalization we normalize in the following the amount of labor (= number of
working hours) used such that it is identical with the number of workers. The
workers may have different qualifications and different occupations. But nev-
ertheless we could “count the heads”; we call the heads #L%;* rod »and #LI
Now we may add up all labor used in production and 1nvent0ry handhng. In
period 0 this leads to the number:

nio = Z Z #L +#Linv

v=1T1=1

where the index O refers to the “rank” of the workers; the index 0 which
indicates the period is suppressed. This is the amount of labor (or the number
of workers) which has to be supervised and administered.

Martin Beckmann (whom I follow essentially) calls these workers “mem-
bers (of the organization i) of rank zero”?? and treats them as equal and
interchangeable. In our approach these workers stand at different machines or
installations and their task (and therefore their type of labor) will be different.
Consider all nde workers of rank zero who work in department k € (prod, inv)

at all installations 1] Teal k

nkT:Z#L k.
v=1

They alone cannot run a firm, there must be an administration to organize
production and marketing and to direct the financial side of the enterprise. We
assume (with Martin Beckmann) that the firm is organized along hierarchical
lines which is true for almost all firms of economic importance?? . This allows
us to estimate the size of the administration of a firm.2* The basic idea is that
each work needs supervision and that a person can only supervise a limited

of age 7 in period 0:

22 See Martin Beckmann (1978). I follow his notations here.

23 There are people who recommend networks instead of a hierarchical order. This might
be feasible for organizations which are supported from outside and need not sell their
product in a market (such as research groups, some churches with exception of the
Roman Catholic Church from which the notation “hierarchical” comes from). The
theologian Hans Kiing recommends to substitute networks for hierarchies everywhere,
see his speech “Romanitas und Reformatio” at the occasion of the award of the “Ernst-
Robert-Curtius Preis fiir Essayistik”, 13.06.2001 published at Bouvier, Bonn, p. 45,46.
But this does not seem possible for economic and political organizations which have
to act fast and where the decisions are binding for the whole organization.

4 For details: see Martin Beckmann (1978).
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number of persons or organizations (Martin Beckmann gives numbers of 2
to 24 which have been observed, p. 7). Normally we may assume a number
of 3 to 10 subordinates. This constitutes a “control span” sfl’r of rank 1 in

5T

department k at “machines” of age 7. Thus for nfo workers at installations

L.k . . .
I;°%, k € {prod, inv} in period 0 we need
k,7
kr _ Tho o5
il T kT
Si1

supervisors of rank 1. For simplicity we assume that each supervisor of rank 1
is provided with the same number Nikl’T of staff personnel. The type of labor
which a supervisor and his staff can offer determines the “quality” of the
supervision. We define the (average) “quality” of a supervisor of rank 1 by
qfl’T and the (average) “quality” of his staff by Qf{T. The next stage is formed

by

nk:,‘r
kr _ Ty
T2 = ks
Si2

supervisors of rank 2 with Ni’g’T persons in the staff of each supervisor and
the qualifications QfQ’T and qféT respectively. One continues this way, until the
second-highest rank R — 1 is reached with

k,T
n.
k7t _ i,R-2 : k,T
N Rp-1= o supervisors, where 2 <n;’p_; < sig,
i, R-1

and each supervisor is assisted by a staff of N:};_l persons with qualifications
Q;’};_l and qf, 1 respectively. This applies for the production department
(k = prod) of firm ¢ and for all “machines” of age 7. The highest rank of
the supervisors of workers at these “machines” is R = Rf " (the rank of the
machine manager for all machines of age 7).

He is assisted by Ni’“}’{ persons who form his staff. Thus the size of the
production administration for machines of age 7 in department k in period
—1is:

R-1
L?dm,k,‘r — nfrﬂ' . (1 + Nz‘,:",T) + (1 + Nik}v{) (2.19)
r=1
- r k,T
ke (1+NET) (14 NET) (1+N;g 1)
= Tyo kT ko ke T ko kT kT
S Si1 " 832 Si1 "8 S, R
k,T
+(14+ N3).

25 As already said: we always omit the notation “n.i.” (=nearest integer)
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We describe the organization of the firm by the control spans s&7,..., siy

and the size of the associated staffs Nikl’f, e ,Nik]’{_l, the top management
. . . . k

Nik{ and their associated qualifications Qfl’T, ey QZ’{ and ¢;;7, ... ,qfl’{. The

highest rang R may differ for different ages 7 of the installation: R = Rf’T.
This describes the direct supervision of the workers on the machines. There
are T age groups of machines for production and as many age groups of
installations for inventories and thus T* = 27" machine managers, one for each
installation of age 7. They also have to be supervised, i.e. control spans have to
be decided and the number of staff personnel fixed. For simplicity we assumed
that there are T production and T inventory managers of rank R since there
are T different age groups of “machines”. Thus we need nf Ri1 =

E
7, R+1
: P ny R4+5-2 :
supervisors of rank R + 1, and so on till n; gyg-1 = -~ supervisors
i, R+S—1

of rank R+ S — 1 where 2 < nfR+S_1 < sﬁR+s, and finally the president
with the rank R + S. FEach supervisor of rank R + ¢ has a staff of N; pys

persons, o =1,...,S. The qualification of these supervisors is ‘11(2 4o that of
(k)

his staff (on average) Q; 1, ,- The total number of administrators above the
immediate production level is:

R+S-1
= adm,k
L™= 3" nk (1+ N + (14 NE).
r=R+1
If we put T = nﬁR+1, we get:
k K
jadmk _ ok 1+ N;ip 14+ Nigio
i = Ni,R+1 SF + Sk Gk
i R+1 i R+1 " S5, R+2
(2.20)
k
1+ Nipis—1

K
% % + 1+ Nirys)
SiR+1" " SiR+S-1

Thus the total size of the administrative personnel in department k of firm ¢
is

T
L;_zdm,k: _ ZL?dm,k,‘r + L;zdm,,k
=1
It depends on the total number n%, = S°7_ %7 of workers of rank zero (the
“rank and file”) in department k in period —1, on the control spans s* and
on the size NF of the staffs. Total employment in the administration of firm
¢ is:

d d dm,i
ngdm _ Lzzz 'm,pro + L;l m,inv
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Thus we may write:
adm,k __ k Lk k
L; = Fy(ng, 87, Ni')

k_ [k k k k
where sy = (s{1,...,5 R_1:Si R+1>+ 1 Si. R+S—1)»

Nik = (Nikla sy Ni’fR-kS)
Till now we followed essentially Martin Beckmann. But his model has been
constructed for the organizational structure of institutions like the Prussian
army in the 18th and 19th century, the large textile or steel factories of that
time where interchangeable persons formed the rank and file of the organi-
zation and only the size of the control span mattered not the identity or the
positions of the persons subject to a specific supervisor. But this is of impor-
tance now. The control span s may comprise all workers the working place
of which are near together; but a control span 52 of the same size may also
comprise all workers with the same or similar occupation, and there may be
other principles to determine who exactly is subject to a specific supervisor,
though the control spans may be identical. This does not change the number
of administrators (all formulas above remain unchanged), but it will influence
the organizational efficiency.

Let us assume that there are I‘fl’T possibilities to group the workers of rank 0

k,726 (k,7)
i2

k- .
» 7k into control spans s’ similarly T}
%,T 21 ’

at a “machine possibilities

to group the supervisors of rank 1 into sfz’T control spans and so on. Now
the organization of a firm ¢ is not only described by the control spans s*
in department k of the firm 4, the size N¥ of the staff, the qualification ¥
and Q¥ of the supervisors and the staff, but also by the allocation of persons

in different positions to the supervisors, i. e. by fyfp’T, p=1...,R—-1and

N o € {rk 7"}, where {Ff,;T} is the set of all possible allocations of positions
(or persons) to the supervisors.

Moreover, the power of the supervisors may be different. In the extreme
cases a supervisor is entitled to intervene in all activities of its subordinates or
it may only become active in exceptional cases where the subordinate cannot
help himself. Most cases will lie in between. Thus we may define an index
POWj; of powers of each supervisor j in firm 4. It lies between zero and 1:

0< POW;; <1, j=1...N,

26 As to the number of combinations: if we have n different elements which should be
grouped into k groups without considering the arrangements within the group we find
in von Mangoldt-Knopp “Einfithrung in die Hohere Mathematik”, 8. Aufl., Leipzig
(Hirzel-Verlag) 1944, p. 44 the number

nn—-1)n-2)---(n—k+1)
1.2-3.--k
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if there are N supervisors in firm i. The distributions of powers in firm ¢ may
thus be described by the vector

POW,; = (POWy,, ..., POWnN,)?"
The organization of a firm is now described by the vector
W; = (si7 Yiy qis Ni7 Qi? POWI)

We put s; = (s77°%, 50, 599m) and similarly v;, ¢;, N, Qs, POW;. Let 5,7, . . .,

POW be vectors of all possible s,7,..., POW in the society then we get the
set Q of all possible organizations:

02 =1{5%,q, N,Q, POW},a finite set, and w; € N

The organization w; (together with other variables) determines the efficiency
of the firm. We may define an index &; of the organizational efficiency of firm
i. As already said the efficiency depends on the size s; of the control spans,
the personal composition 7; of the supervised, on the size N; of the staffs, on
the quality ¢; of the heads of all administration stages, on the average quality
Qi of the staff personnel and on the powers of each supervisor.

There will be optimal control spans: too small spans do not leave enough
freedom of decision for the lower ranks; overbureaucratisation is detrimental.
But too large control spans s; are also detrimental: the work of the lower ranks
will be insufficiently coordinated and supervised. Similar relations hold for the
size N, of the staff. The higher the qualification ¢; of the heads of a sector the
better, and the same for the staff qualification @;. But here are surely limits:
above a certain size, higher qualifications may not have an influence or even
a negative one.?®29 Thus we have:

& = Fi(5i,%i, 45, Ni, Qi, POW;) =: Fi(w;)

The indicator &; influences the output coefficients a;, the labor input coef-
ficients in B; and the size of the secondary inputs, i.e. C;. The higher the
efficiency index &;, the larger the output coefficients and the smaller the in-
put coeflicients.

The influence of &; on the output coefficients a; and the input coefficients
vecB; and vecC; (where vecB; means the vectorization of matrix B;) is not

27 Of course, this approach may still be refined by dividing the total power index POW};
into different indices which discern between powers of a supervisor with respect to
special subordinates. But we do not go into these details.

28 That depends on how the “quality of labor” is defined. We do not go into this problem.

29 Beckmann (1978), pp. 112 fI. defines a composite production function for the operative
output where the output of each hierarchical level is supposed to be measurable. We
rather look to the total effect.
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a—;
a—~(N;)
a_-(s;)
T T T T Nj
0 1 2 3 4
t ; % : : Si
1 2 3 5

Figure 2.1 The output coefficient a_, as a function of the control span s; and the
size N; of the staff, other variables kept constant

immediate. A change in &; needs some time to exert its influence. Thus after
defining continuous and differentiable functions which connect the observation
points we may write:

Oa; OvecB;
a; :fai(gi,—l7"')7 (95‘0_1 >0, wvechB; :fb,-(&,_l,...), 9. 1 <0,
OvecC;
vecC; = fei(&i-1,-..), 81;0 ) <0.

We may illustrate this approach by some graphs which, of course, could only
cover some special cases.

1. The output coefficient a_, of a machine of age 7 will (given the other

determinants of w) depend on the control spans si,...,Sgr—1 and the
size N1,..., Ny of the staffs of the supervisors:
a_r = a—‘r(sla s 73R—17N17 B NR)

Fig. 2.1 shows some possibilities of the graph of that function. Of course,
it may be that the technology does fix the parameters substantially, but
if a “machine” is a large, complicated installation (as a rolling mill, a
mine, an automotive production plant) there is usually much leeway left
for the influence of the organization. There might be an optimal control
span and an optimal size of the staff: if the control is too stiff and all
initiatives taken away from the rank and file and given to the higher
echelons of the firm the output may shrink.

2. The labor input coefficients I,,; and iyi are also functions of the control
spans and the size of the staffs at the different stages of the hierarchy
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Figure 2.2 The labor input coefficient as a function of the control span s and of
the size NV of the staff, other variables kept constant

within the firm. The stiffer the control (i.e.: the smaller the control
span and the larger the staffs) the less labor is needed directly on the
machines. Thus the [,,; are functions of s and N of the kind

7 _7 + + - -
by v =l —+(s7,...,8h_ N7 ,...,Ng)

with the sign of the partial derivatives as indicated. Fig. 2.2 shows the
graph of this function, if the intuition is justified by research in detail.

3. But also the input coefficients b;; _» of secondary inputs as well as the
replacement coefficients repl,,; _ . are influenced by the organization of
the firm. We formulate that for the case of the secondary inputs of the
production department as:

bji = bji(sf_,...,SE_I,Nf,...,Nﬁ)

(cf. equation (2.13) in section 2.3). Similar relations hold for the replace-
ment coefficients repl,; (see equation (2.10) in section 2.2). The graph
of this function is similar to Fig. 2.2 if one substitutes b for {.

4. If all these influences are taken into account one may think that the
labor force ng of rank zero is a rising function of the control span s and
a declining function of the size NV of the staff, see Fig. 2.3.

The decision on the organization of a firm cannot be decentralized. The per-
sonal interests of the workers of different ranks are not identical with the
interests of the owner of the firm. Usually the “rank and file” does not want
to be too much pressed by their supervisors, it wants to get enough pauses,
vacations at the time of their choice, safety of the working place etc. A su-
pervisor wants to supervise many workers and have a large staff to help him,
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Figure 2.8 The size ng of the labor force of rank zero as a function of the control
span s; and of the size of the staff N;

since its prestige (and often payment) depends on it. Thus the organization
of a firm is an important decision which must be done at the highest level.
Otherwise a lot of inefficiency will spread in the course of time which at the
end may endanger the existence of the firm.

The decisions on the s, v, N, POW are more specific for each firm. But also
here much can be done to put “the right man on the right place” and to give
him (or her) the necessary power and incentive to carry out its work efficiently.

This is a problem of psychology and of the knowledge of human nature
which is as important for the firm as technological knowledge.

We still need the distribution of the administrative personnel to the facilities
to accomodate the administration, since the secondary inputs depend on it.
We assume that always the newest buildings and equipments are used up to
the capacity level and if there is space left, the eldest buildings and equipments
stay unused (and will be rented, sold or torn down; we do not formulate that
explicitly). Thus the investment I e_“Tl’“dm to accomodate the administration

is used from the age 7 = 1 till the age 7 = ¥ < T such that3°

i,—T i, —T

v—1
> agdmopreckedm = prm 9 < T
T=1

30 This equation does not consider the possibility that a different distribution of the ad-
ministrative personnel to the different accommodation facilities I ﬁi’?, R § ;“i"% may
influence the amount of secondary inputs. Thus we implicitly assume, that this influ-

ence may be neglected.
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The unused capacity is

T
adm _ adm real,adm
L™ (unused) = g a; - LT

T=9+1

This yields: (55{‘?’} =1lforT=1,...,9 and 53‘1’2 =0forr=9+1,...,T.

Now, as far as the administration is concerned, the initial state B; where the
firm 7 finds itself at the end of period ~—1 is given by:

the capital K¢ = (I*0*™ ... I7**h*"™) invested in office
buildings and
other equipment

and the organization w; = (s, v, i, Ni, Qi, POW;) of the firm.

Other decisions of the past may have an influence on the decisions of the firm
as well. In this case they are part of the definition of the initial situation B;
of firm %, for instance total labor employed in the administration one period

. radm _ adm adm
before: Li,—l = (Lu',flv cee 7Lni,—1)'

2.8 Some Remarks on Other Characteristics of
the Initial Situation of a Firm

There are other variables as well which appear in the vector B; of the initial
condition of firm i. First we mention

e all realized variables in the last period, not only those which are men-
tioned in the last section as far as they influence the decision in the next
period;

e the expected demand X (" of its product in the next period as a func-
tion of the price p; o which the firm charges in the next period, the
expected prices p,.r . of all other products and the expected expendi-
tures EX P, 0P of all other firms, households and other institutions:

Xze?)p = fi (p@o&iﬁﬁim EXPT® )

noni,0

where EX P, = (EXPEP, ..., EXPSP EXPEP, ...,

EX P2, EX PP, EX PS™P)

is the vector of the expected expenditures of all firms, households, the

exp

X!
banks and the government. The “law of demand” states that 61)1”2 < 0.
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The expectations are based on the observations of the past and on esti-
mations of change:

EXPZP = EXPponi—1 + AEXPLP.

nont,0 — nont,0

where AEX Prob o = fio(AMON, 7o, .. .)
MON = money in circulation in the next period (announced by the
Central Bank), r = rate of interest.

Now we have to specify what we mean exactly by the expression “ex-
pected demand”, “expected expenditure” and other expected values and
how these expectations influence each other. Here we take advantage of
our assumption, that everything in our universe is finite. Thus there are
also only finitely many amounts of production, sizes of prices etc. to
consider. It does not make sense to consider price differences of a mil-
lionth of a penny or demand differences of a millionth of normal real
production. Similarly we consider only finitely many possible probabil-
ity distributions. Here it also does not make sense to regard probability
distributions as different which differ only infinitesimally. Thus expected
demand X7 " is a vector of substantially different amounts of demand

D o M Xf o7 (M) it N possible amounts of demand are to be con-

sidered. To each amount X o7 )

that

is allocated a probability m, > 0 such

N
X570 = (xgeP O, m), L (X ), Y omo=1 (2.21)

The probabilities are taken from a finite set V = {Vi,...,Vz} of proba-
bility distributions, where V¢ = (m1¢,...,7n,¢). E. g. only probability
distributions taken from the binomial distribution are admissible.3! The
probability distribution Vx ;o chosen from the set V depends largely on
the price p; ¢ the firm charges for its product X ¢ in period 0 (a decision
variable of firm i). Thus we may write Vx ; 0 = Vx ; 0(pi, 0). In this case
(2.21) may be written as:

X5 = (X7, X5 Vi o(pi, 0)) (2.22)

where Vx ;0 € V.

31 Let us assume that the managers of a firm are sure that the price of a certain factor
of production will lie between 10 and 11 (these values included) and that it only
makes sense to consider the decimals 10.1,10.2,...,10.9 in between. In our example (see
Fig. 2.4) only 5 binomial distributions are shown from which the managers may choose.
Of course there may be intermediate distributions (e. g. for w = .05,...,w = .95) to
be considered, if there is more information available.
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Binomial Distribution: p = C?w*(1 — w)™™*

O = mi

@ n=10, w=0.15 @ n=10, w=0.7
@ n=10, w=0.3 (@ n=10, w=085
@ n=10, w=0.5 @ 2@

Figure 2.4. Binomial Probability Distributions to Choose from: an Example
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Similar rela;tions hold for the expected prices p;.0. = (p7°7,...,p{ 4,
piih, ..., Py ) of other products and the expected expenditures of other
agents. Also these distributions Vj, noni,0 = (Vp,1,05- -+, Vpi=1,0Vp,i+1,05
-, Vp.m,0) are taken from V, as well as the distributions Vgx p.noni,0 =
(Vexpa,.--,»VExpz) if there are Z other economic agents. Thus we

may specify equation (2.22) as

1 N
XZ:(z)p =(XZ‘3P( )’ o 7ngp( )’

(2.23)

Vx,5,0(04,0, Vp,noni,0, VEX P.noni0))s

all V¢ € V. That means: the probability distribution of demand of the
final product X; of firm ¢ depends on the price p; ¢ the firm charges
for its product in the next period and on the probability distribution
of the prices of other firms products and the probability distribution of
expenditures of all other economic agents.

All probability distributions are determined by the managers of the firm
with the aid of their staff. There are many methods available: simple
extrapolations, traditional market research, inquiries, extended econo-
metric forecasting systems. The management determines the degree of
sophistication of these estimates. The size and the composition of the
staff depends on it. We do not go into these details.

We continue with other variables which appear in the vector B; of the
initial condition of firm 4:

e the labor supply Lj, = (L3;¢,---,L35; ) of households in working dis-
tance from firm  which are willing to offer the amounts of labor L} 1
of kind v to firm ¢ in period 0. Let H; be the set of all households which
are able and willing to offer the amount of labor Lg? | of kind v to firm
7 in period 0. Then we have

uzO— E LmO

heH;

The labor supply Lf” o of household £ is addressed to all firms in working
distance from household h. But, of course, only one firm could employ
part (or all) of this labor. We assume that there is an order of preference
for firms by households such that firm 1 is the most favorite employer
and firm M the least favorite. Then firm 1 has the first choice, then
comes firm 2 and so on, and at full employment nothing may be left for
the least firms. This rule determines which firm gets the labor, if labor
is in short supply. Other variables which appear in the initial conditions
are:

o the wage rates l; 0 = (l1:,0,-- . Ini,0) for all n kinds of labor. They may
be fixed by the trade unions or determined otherwise, but are known by
the firms and by the households;
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. exrp _ exrp exp exp exp
the expected prices prov. o = (D370 P 1.0:Piga,00- s Paro) of all

other products or firms. Firm ¢ has to form these expectations in order
to be able to determine the price p; o of its own product in the next
period. Details have already been explained above.

The same applies to

expected expenditures EX P°*P. of other economic agents;

nont

the rates of interest rg = (TSECVU,TBYO,TEYO) the firm has to pay for
newly issued securities (rspc,0) and for bank loans (3 ) and the in-
terest (Tg,o) it gets from the capital market, if it puts its money there;

the taxation T; ¢ according to the tax laws valid in period 0;

the technical coefficients a;, djs, Tepl;i, bji, Ljs, Lji, which characterize the
investment goods in the next period. It is clear that a firm has to know
the details of an equipment it might be willing to buy.

This concludes the sector which describes the main features of the initial
position B; as far as the real side of the situation is concerned.

2.9

The Main Decisions of a Firm Concerning
the Real Side

What are the main possible choices of firm ¢ if it is in the initial situation B;?
These are (as far as the real side is concerned):

the price p; of the product,
the amount X; of production
the labor employed L; = (LP™°%, Linv, [2dm)

its distribution on machines of different age (given by the degrees 0; Tff
of the capacity utilization of the machines such that the amount X; can

be produced)

the organization w; of the firm, i. e.: the control spans s;, the personal
composition 7; of the controlled groups, the number N; of persons to be
controlled and the quality ¢; of supervisors and the average quality Q;
of their staff

the investments I = (I”"*%, Ii"¥, [#4™) which lead to the demand Ilglf)d
of the product of sector p, p=1,...,M, k € {prod,inv,adm}

the planned size of the inventories INVy;, ..., INVy,. The actual in-
ventories INV will deviate from the planned figure, in general.
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Thus the decisions DECT®% of firm 3 concerning the real side may be written
as a vector:

DECZTeal = (pi,X,-,Li,éi,_T, . ,(Si,_l,wi,.[i,INV”, e ,INVM,')

where w; = (8,7, Ni, g, Q:) and I; = (Ifmd, I 194™)_ Since these amounts
are given for the period before we could also write:

DECT®® = (Ap;, AX;, ALy, AS;, Aw;, AL, AINV;, B;) (2.24)

where the components of the vectors comprise the changes in the production,
inventory and administration department of firm i. The vector DEC] eal of
the period before and related to the actual real amounts (not the planned
ones, which may be different) defines the real part of the initial condition
B; : Bj* = DEC]*%. These are the main decisions to be taken (there are
minor ones which are not mentioned here). From these decisions follow the
secondary inputs. There are only finite many possible values of all decision
variables. Thus there are only finite many possible decisions which define the
transition from B; to B;j, ..., B;,. Which one will be chosen depends also on

the monetary side of the situation of the firm to which we come now.

2.10 The Initial Situation of a Firm:
The Monetary Side

The initial situation of a firm at the beginning of period 0, before all decisions
for this period are taken, consists of a vector of real items concerning the
past and some knowledge on the future (this is what we have dealt with in
the last sections). But in addition monetary terms have to be considered. The
initial financial situation at the beginning of period 0 is of great importance. It
follows from the transactions of the period —1. Thus we also have to consider
this period in order to derive the initial situation in period 0. This financial
(or monetary) side of a firm is of equal importance as the real side. It is a basic
error of communist systems to suppose that it suffices to organize a planning
system which regulates real production and the allocation of the factors of
production on the base of technological considerations and to neglect the
monetary and financial side. Profits or losses, financial assets or debts did not
play arole in the planning system. But this is an error which became evident as
the communist countries stayed behind the market economies more and more
in the development process. The financial side controls the factor allocation
of a firm such that in the long run the firm cannot use up more value in the
form of factor input than it produces in the form of its product; expenditures
cannot exceed earnings in the long run. The valuations in the form of prices
follow ultimately from the evaluations of the products by the households and
from the technological side of the production.
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The monetary (financial) side of the firm is part of this general system of
control of efficient factor use. In the following we assume as in the former
sections that all decisions for the following period are taken at the beginning
of the period and (if possible) executed during the period without any change.
All payments are carried out at the end of the period such that the financial
situation at the beginning of the next period is identical with that of the end
of the period before32.

We start with an analysis of the events in period —1 in order to derive the
initial situation of period 0. We identify the liquidity of a firm 7 with its cash
CA,;. Thus by definition:

CAi_1+ACA; =CA; >0

where C'A; _, is the cash at the beginning of period —1 and C A; the cash at
the beginning of period 033. The change ACA; of cash is determined by the
difference of net receipts REC; _1 and net expenditures EX P, _1 in period
—1. This forms the liquidity constraint of the firm:

ACA; = REC;, 1 —EXP,_1>-CA_, (2.25)

where REC; | = X;_1-pi—1+SUB;_1+RFA;, 1
+RA“FA; 1 +AYLIA; 4

and EXH)_l = lz’,—le',—l + ZLIAi’_l + SICi)_l +IC,;771

+R&Di’_1 + AINVCZ',—I + RA+FAZ-51
—ATLIA; 1+ T
If C A; is negative, the firm is bankrupt. We only consider going concerns, thus

CA; 1 and CA; are supposed to be non-negative. The above expressions are
explained as follows:

At = only assets where A > 0 are considered
A-
X; —1-p;,—1 = receipts from selling the product

1l

only assets where A < 0 are considered

SUB;, 1 = subsidies from the government
RFA; 1 = return on financial assets
- ZJ’GJE(@‘?S‘H 1j?éiKStji’_ d l’_1+zj€J:;c/ J?éiSECji’_l. T'SEC,j,—-1,

where J I(é)St is the set of capital stock in the portfolio of firm ¢;

J ggc is the set of securities in the portfolio of firm .

2tisa disadvantage of a theory which runs in discrete time periods to be forced to fix all
actions at the beginning or at the end of a period. This distortion looses its significance
if the time periods chosen are small. We obey the following rule. Flow variables (like
income) are related to a period (e.g. Y¥; = income in period t) but registered at the
end of the period; stock variables are related to the beginning of a period (e.g. K¢ =
capital stock at the beginning of period t).

33 As already stated: we almost always leave out the index 0.
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RAFA; 1 = receipts from selling financial assets (if AFA; _; is negative)
or cost of acquiring financial assets (if AF'A; _; is positive)

= ZJEJKS¢ AKSt]z,—l UKSt,J,—l"'ZJGJ;séEC ASEC]'L -1'USEC,j,—-1

J#i
ALIA; 1 = change of the value of capital stock and liabilities

= AKSt; 1 -vksti—1+ASEC; 1 -vsEc,,—1
+KSt; 1 Avksei—1+SEC; _1 - Avsge,i—1 +ADE; _4
(DE = debts at the banking system)
l;,_1L;—y = wage cost
=Y i Lui—1 L1
ZLIA; _1 = distribution of profits and interest payments
= KSt;_1-dj,—1 +SEC;_1-rsgc,,-1+DE;_1-7pE,i-1
(DE = debts at the banking system)

SIC; 4 = cost of secondary inputs
= ool (SICP + SICimY | 4 SICad™,)
IC; 1 = cost of investment

_ gprod prod in inv adm adm
- Iz—l z—l+Iz—1 pz—l+Iz, pz—l

k) (k M (k k
where I(—)lpg —)1 = ZJ 1 agz,)—1 Iz(,—)l "Pj,—1,
k € {prod,inv,adm}
R&D; 1 = expenditures for research and development

AINVC;

change of the value of inventories
= Zy L1AINV, 1 - pu—1
Ti 1 = T””’ll + T 1 where
T;™% = indirect taxes = ti"% - X;(—1) - p;, 1
TI{I_ profit taxes = ¢;' | - II; _;

II; _; are the profits in period —1. They are defined as follows. Let CF; _; be
the costs of production which lead to payments and CD; _; the depreciation
costs. Now we have?*

Hi,—l = Xi,—l . pi,—l — CPi,_l - CDi7_1 (226)

34 This is a simplified approach. We assume that the lifetime of all investment units is T
periods and that depreciation is linear. Then the value V7; _; of total investment of
firm ¢ at the end of period —1 is
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where CP; .1 = l;1Li_1+CCi_1+ SIC; -1 + T{"4,

CCj,_1 = capital cost
= SEC;_1-rsgcy-1+DE;_1 - TpEi,-1

CD, 1 = depreciation cost
T M rod inv a
= 70 g U+ I+ I ) - pj s
This explains the cash situation CA; at the beginning of period 0. All other
state variables are determined by the decision of the firm ¢ at the beginning
of period —1, on acquiring or selling of capital stock AKSt;; 1 and securities
ASEC);, -1, j € J = {1,...,M,B,G}, on the selling or buying of own
capital stock AKSt; _, and securities ASEC; _1, on the change ADE; _; of
bank debts and on the change AINV; _; of inventories. This yields

KStj;_1+AKSt; =KStj;, jeJ={1,...M,B,G}, j+#1i
SECji 1+ ASEC;; = SECy;, jeJ

KSt;_1 + AKSt; = KSt;

SEC; 1+ ASEC; = SEC;

DE; 1+ ADE; = DE;

This together with the pertinent cash equation (2.25) and the vector p of
prices, the vector [ of wages, the market values vig: of capital stock and
vsgk of securities, the vector d of the distributions of profits on the owners,
the vector r of interest rates rsgc and rpg, the rate t*2¢ of indirect taxation
and ! the rate of profit taxation defines the monetary items of the vector B;
of the initial situation of firm %:

Bl‘ = (CAZ, KStji, SECji,KSti, SECZ, DEi,p,l,

: 2.27
UKS’t,j>’USEC,j,d> T, t;nd)t{[) ( )

where the dots symbolize the vectors of the real side,
and KStjz— = KStU, . ,KSti‘lyi, KStH,lyi, . KStMi, and SECﬂ
accordingly; vk st = Ukst,1, .-, Vkse,M, and vsgc,; accordingly.

All variables refer to the beginning of period 0 and are determined by decisions
in the past.

T-T 1 T—-1
+VIi,—T+1'? ++ VI -

Vii,.i1=VI -

M
where VIi’_T = Z(I;_’ZO_dT + I;'?»liT + I;’L(?T-r)pj»—r
j=1

This seems to be a tolerable approximation.
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2.11 The Possible Decisions of a Firm
Concerning the Monetary Sector

The possible choices on the monetary side are:

1. the change AKStj; in capital stock (=the change of shares)

)

. the change ASEC); of the stock of securities

the issue or repurchase AK St; of own capital stock
the issue or repurchase ASEC; of securities

the change ADE; of bank debts

the distribution d; of profits

NS o W

the change ACA; of cash

These changes are not independent from each other. The liquidity constraint
(2.25) has to be obeyed in order to avoid bankruptcy.

The price p; of the final product is also a decision variable of the firm. But
it has already been taken into account at the real side since it should not
be separated from the possible demand of the product. The other financial
variables: wages [, rates of interest r, valuation vk ¢ of capital stock, valuation
vspc of securities, tax rates t*? and t'I are determined by the market, by
trade unions or by the government, virtually independent of the firm we are
considering here.

2.12 Transition of a Firm from One Decision
Point to the Next: The Choice Criteria

The real and monetary decision variables of a firm ¢ explained in the foregoing
sections may assume only a finite number of integer values. Thus only finitely
many combinations of the decision variables are possible. But only those com-
binations are admissible which fulfill the liquidity constraint (inequality (2.25)
for period 0). These admissible combinations lead to the next decision points
B, ..., Biy. The points B; 441, . . ., B; » which violate the liquidity constraint
cannot be reached. Which point will be chosen?

We approach this decision problem in the same spirit as in the case of
household decisions. There are several different points of view (or decision
criteria) by which the firm 7 judges the admissible decisions. Judging from
one point of view, each decision gets a note between —Zz and +2, according to
the liking or hating of the result of the decision, that means: the firm evaluates
the situation at the points B;;. The “points of view” are basically: the profit II,
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the amount of production X (which determines the market share of the firm,
which is an index of the market power ), the employment L (which determines
the relation to the public and to the trade unions), the distribution d of profits
(which codetermines the shareholder value), the risk of bankruptcy R or the
liquidity situation, e.g. measured by the ratio of short term assets to total
turnover, and finally the moral evaluation M of the decision as an index of
the reputation of the firm.?> The owner or the president of the firm (or the
board of directors, as the case may be) evaluates all alternatives by these
principles: each possible decision gets a note between —Z and +Z with respect
to each principle. Afterwards the principles themselves will be weighted by
proportions «. This gives the final evaluation of each possible alternative
By, ..., Boy. Let Vij(m;;) be the evaluations of the profit situation at the
point By; and V;;(Xy;), Vi;(Lij), Vij(dij), Vij (Rijz), Vij (M;;) the evaluation of
production, employment, distribution of profits, the risk situation and the
moral judgement respectively, where all valuations lie between —Z and +Z.
Let ayj . be the relative weight of the variable k, k € {w, X, L,d, R, M'}. Then
the evaluation V;; of point B;; is supposed to be:

Vij = oujn - Vig(ly) + uj x - Vig(Xij) + oujr - Vij (Lij)
Fauja - Vig(dig) + aijr - Vij (Rag) + ujonn - Vig (M)
where ayj,. >0, Zaim =1

The firm chooses the alternative with maximal value V;; :36

B} «— max(Viy, ..., Viy) (2.28)

35 A specific firm may have a lot of other criteria, but it seems that these are the general
ones.

M is a latent variable which may have different meanings. M may, if used as a
decision criterion of a firm, also be interpreted as “spirit of enterprise” which comprises
spirit of adventure, confidence in the future, pleasure to try new paths, to show that
new approaches will be superior to old ones. To develop such a spirit it needs an
appropriate environment: public recognition of economic success, a government which
favors private activities and leaves room for it. All this can be modeled in the form
of a Markov chain similar to the approach in section 1.4, where M is defined as the
moral qualification of a decision of a person.

There are methods to estimate latent variables, traditional ones such as factor anal-
ysis and principal components (see Dhrymes (1970)), and new ones such as the PLS-
method of Herman Wold (1980) or the LISREL method of Jéreskog (see Joreskog and
Sérb (1981)). Thus we should not be afraid of latent variables. The problem is to find
appropriate indicators for its formation and its effects.

36 Of course, the same remark as earlier must be made. This is a theoretical formula-

tion. Actually, the firm considers only few alternatives, mostly those which are in the
neighborhood of that what has been done in the past. A new management will in
general consider another (small) sample of possible decisions, use other weights of the
principles and thus come up to another decision.
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The ;. may not be constant. One may guess, that in case of an optimistic
long term outlook the weights for X, L, d, M may be relatively higher, in case
of a pessimistic outlook the weights for II and for R. This concludes the theory
of the firm.

2.13 A Short Look into the Literature

There is a whole branch of economics called Business Administration which
deals with the theory of the firm in many details. A lot of textbooks are
available. I only mention the book of Albach, Allgemeine Betriebswirtschafts-
lehre (2000). Of course, there are a lot of journals specialized in this field; I
only mention the “Zeitschrift fiir Betriebswirtschaft”. It does not make sense
to compare our approach here which is much more simplified compared to
the detailed analysis in Business Administration. But in economics there is
a special branch “Microeconomics” where (among others) models of a firm
are presented which could serve as a base for Macroeconomics and which
may be compared with the approach used here. There are theories of the
firm which are more global and simpler in some respects but a bit more
detailed in other respects. I mention the theories of Varian, Mankiw and
Helmstadter as examples. Varian (2000) starts with the technology used in
the firm and distinguishes between smooth neoclassical production functions
and constant proportions. He derives the concepts of a marginal product, the
rate of substitution and others and assumes given factor prices and output
and thus arrives at cost and profit functions. He assumes profit maximization
which yields a supply function and factor demand functions. This is a kind of
“normal approach” in microeconomics. Mankiw(1998) follows that line, but
concentrates on the neoclassical cost function. The underlying production
function is a very simple one3” Thus also the cost function has the “normal”
neoclassical shape. Prices are given, and profit maximization is assumed.

Also Ernst Helmstddter (1991) follows that road but deals with the case of
fixed production coefficients (called: limitational production function) more in
detail. Compared with these theories of the firm our theory is more detailed
with respect to the inner organization of the firm but does not deal with
details of the relations to other economic agents.

But there are also text books which consider much more relations within
the firm and with respect to other economic agents. I only mention the book of
Jean Tirole, The Theory of Industrial Organization (1998). He rightly states
that a firm has many facets. It may be defined in various ways. It may deviate
from profit maximization. The size of a firm must be explained (there may
be horizontal or vertical interpretations). The technological view is not the

37 One may consider much more complicated production functions, see Krelle (1969) or
some contributions to the Festschrift for Ryuzo Sato, in Negishi and others, 2001.
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only relevant one, one should as well consider the contractual view and the
influence of the law system (the firm could be considered as a loophole for
monopoly power which is restrained by law). The organization of a firm is
dealt with similarly as in this book, but less detailed. Prices (and production)
are subject to bargaining. In the model suggested in this book the situation of
a normal market for consumption goods is taken as prototype: the firm fixes
the price and the buyer decides on the amount of commodities he wants to
buy at this price. Jean Tirole views the firm as an incomplete contract; the
minimization of transaction cost is one reason for the existence of a firm. The
principle-agent relationship is given much room: the manager may choose
between work or leisure (similarly as a member of a household) and needs
some inducement for work. Take-overs are also treated in some particularity.
All these features of a firm are not considered in this book.

We take the existence of firms at the beginning of the planning period as
given and do not ask why they exist. Our approach to the firm lies somewhere
between that of the “normal” textbooks and the Tirole-type approach which
considers more details. Our principles of choosing the definitional framework
of the firm are guided by the aim to come to an understandable interdependent
disequilibrium system which allows to take ethics into account and which is
reasonably near to reality but disregards details which are not relevant in this
context.
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CHAPTER 3
The Theory of the Banking System

3.1 Introductory Remarks

Since this theory of the Banking System should be a part of a dynamic general
disequilibrium system we shall not model a specific banking system but try
to present a system which is a simplified version of many realized banking
systems. The basic idea is the same as in the theory of the household and
the theory of the firm: everything what we observe and what is not due to
nature is the result of human decisions which may be explained by the eval-
uation of a certain number of alternatives. In our case there are the directors
of commercial banks and of the Central Bank who (in connection with the
brokers at the exchanges) determine the financial conditions which the firms
and households have to accept. The theory is similar to the theory of the firm,
but not identical.

We assume that there are g “banks”™: b1, ..., by, where “banks” comprise
all monetary and financial institutions (MFi in the Monatsberichte der Bun-
desbank!)with the exception of the Central Bank.

Each bank sells a product which is different from the product of another
bank. The “product” of a bank in the narrow sense is the delivery of and
the right of disposal on a certain amount of money for a certain time under
certain conditions for a certain price, called rate of interest.

We may say: the product of a bank in the narrow sense is “liquidity” mea-
sured by the amount of credits it gives to other agents. Though the rates of
interest may be equal at different banks, the other conditions of loans and
characteristics of the banks will be different such that no two banks are in
the same situation and offer the same product. In the case of an insurance
company the “product”of the company is the promise to pay a certain amount
of money in the future when the situation S; arises (the date is not known
at presence). The price of this insurance claim is the regular payment of in-
surance premiums of a certain size. Here also each insurance company offers
different insurance claims at different prices. Under this interpretation of a
“product” and its “price” we may treat the financial institutions similarly as
“private firms” producing a tangible commodity (see chapter 2).

But there are enough specialities to justify a special treatment. The finan-
cial side determines the size and the distribution of wealth and simultaneously

1 See e.g. Deutsche Bundesbank, Monatsbericht Marz 2001, p. 10, “Banks” include
insurance companies, building and loan associations, money market funds and similar
institutions.
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the distribution of power in a firm and thus its decisions. Since “wealth” is
the basic concept on the financial side the balance-sheet stays in the center
of the theory. The profit-and-loss account is also of importance by explaining
the difference between two adjacent balance sheets and by codetermining the
decision of the management of the bank concerning the conditions of the cred-
its (among them: most important the price (=rate of interest) of a credit),
or the promise to pay a certain sum of money in case of a certain event in
the future. As in chapter 1 and 2 we assume that there are only finite many
possible situations and decisions. This “finite many” may be a very large num-
ber, but only “in theory”. Actually only very few alternatives are considered,
those which the managers know and judge as “important”. They value these
alternatives on an integer scale between “very good” and “absolutely bad” in
the same way as the managers of a firm or the members of households value
their possible situations.

Of course, the criteria are different. In the following we formulate the theory
in terms of a “normal” bank. The insurance companies may be treated simi-
larly. Each bank b; sells a product x; — or in other words: offers a maximum
amount CRy; of credits at a price (=rate of interest) rc g p; under certain con-
ditions k; to those agents (firms or households or the government) which apply
for a credit and fulfill the conditions k;. Each bank is specialized with respect
to its clients (households, firms of certain industries (agriculture, handicraft,
shipping, exports etc.), with respect to certain regions, to the types of ser-
vices it offers to its clients and so on). The rate of interest may be the same at
different banks, but some other credit conditions will differ. Thus the credit
CRy; given by bank b; is offered on the conditions x; where &; is a vector:

ki = (TCR,bi, LCR bi> OCRi, S€C;)
where rcpgp; = rate of interest requested by bank i

torpi = term of the credit (short-term, long-term,...), = time
structure of repayment. We assume that the modalities
of repayment of the credit are equal for all banks

ocri = securities demanded by the bank to be provided by the
debtor

sec; = sectors of the economy to which the bank ¢ offers cred-
its.

At the beginning of each period, the managers of the bank b; decide on the
maximum amount CRy; of credits it is willing to offer and on the conditions
ki. The bank sticks to it till the end of the period. The conditions are known
to all agents before they have to decide on their financial arrangements, real
production, investment and prices, demand of secondary inputs and other

items.
As already said at the beginning: we leave out foreign countries, and thus
do not consider the international capital flows, exports and imports and the
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determination of the exchange rates in order to keep the system simple. The
foreign trade may be introduced later. We also leave out the definitional equa-
tions which are mostly adding up equations. They may be added by the reader
who wants to work with the system.

But we have to deal with another problem in this context. Assume that
there is more than one firm which wants to get credits from a certain bank
and fulfills its conditions. But the bank is not able (or willing) to grant that
amount of credits which is demanded. Which firms are the lucky ones which
obtain the credits and what happens to the others? We may assume that the
bank has a “preference order” for the firms which may become its debtors (the
profits in the past, the liquidity situation now, the future prospects, the ability
of the management and other data may serve as indicators). An alternative
method may be the “first come first served”-rule which results in a chance
selection out of the applying firms. Similarly, the firms may have a preference
order on the banks and start their demand for credits at the bank of highest
ranking in this order. The “normal” reaction of the management of the bank
b; which experiences this surplus demand on its credits will be to aggravate
its credit conditions k; i.e. to increase the rate of interest and (or) to increase
the requirements on the securities or to reduce the sectors to which the bank
offers its credits. But this could only be done in the next period. The result
would be that in the long term average the amount of credits offered by bank
1 is also demanded by some agents. But normally the demand for credits will
not coincide with the supply?.

If the demand is larger than the supply, the bank establishes an order of
procedence among all agents which ask for a credit. If there are n; agents
which ask for credits, the bank ¢ establishes an order ay;,ag;, ..., a,; among
these agents where the criteria x; may be used as criteria of procedence®.
Those firms which do not obtain credits at bank ¢ have to try it at other
banks which are content with the securities the firm can offer. Perhaps at the
end the firm does not get the credit it wants. This will be known before the
firm takes its decisions for the next period. Now the firm has to change its
original plan for the next period. We only consider this feasible plan. On the
other hand: if bank ¢ cannot find enough debtors for the credits it is willing to

2 The European Central Bank solves this problem in a remarkable way. It auctioneers
the amount of money it wants to circulate in the public by a method called interest
rate tender. Each financial institution MF1i is requested to state that amount of credits
which it wants to get from the Central Bank, and which maximum rate of interest it is
willing to pay. The Central Bank grants the credits starting with highest rate of interest
till the total amount of additional money which the Central Bank has decided upon as
optimal at that time is reached. Those institutions which stated a lower maximum rate
of interest are excluded. If the total demand for credits exceeds the supply planned by
the Central Bank, there is a proportional curtailment of the amount demanded by the
MFi. This solves the problem of the allocation of credits by the Central Bank.

3 We do not get into the details of this selection process.
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grant it will reduce its credit conditions in the next period. That means: it will
reduce the rate of interest and (or) the requirements on the credit conditions,
but this can also be realized only after the next period.

In the theories of the household and the firm we considered only feasible
situations after these selection processes have been finished. In the theory of
the banking system which we shall present in the following sections the same
principle is adopted.*

3.2 Some Definitions and Relations. A Note

The sections on households and firms could be written without stating explic-
itly the interdependence of all sectors of the economy. Now when we turn to
the banking sector this interdependence cannot be neglected. In this section
we state the most important definitional relations which define these interde-
pendencies as well for the monetary flows as for the states of wealth.

We consider the following economic agents (they form the set {J}):

M households : h = 1,2,....M
N private firms i = 12,...,.N
B private banks b = 1,2,...,B
1 Central Bank : CB
1 Government G

Each firm produces one commodity. Thus we have

N products in the economy : i=1,..., V.
There are n kinds of labor Ly, Loy..., Ly,

and one kind of land® LA, one Central Bank CB and one government G.

The monetary receipts REC®) of an agent s € {J} in one period may be
classified as follows:®

4 The next section may be skipped by readers not interested in the definition of concepts
and their interrelations.

5 This assumption is made to keep the system simple. Only in agriculture the land is an
important factor of production and this is a small sector now. V. Thiinen and others
made the same simplifying assumption. — Land can also be taken as a synonym for a
(practically) fixed factor such as Gold.

6 The following definitions are based on the simplifying assumptions:

a. labor is only supplied by households. There is no “production function” for
labor. The total amount of labor is exogenous;

b. a household does not produce anything and all consumption goods are treated
as if they would be consumed in the next period;

c. production capital is owned by the firms which use it. The firms may be owned
by any agent in the society, either in the form of shares (= K St =capital stock)
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REC® = py .y +®) 4 1. LT 4 rp ;LA —

where

py - Y1)

- L+

TLALA+(S)

—pLAA_LA“)

TR+

pLAA-LA(s) + TR 4+ TFAFA+(S) —

pFAA‘FA(S) +pF,5'FS+(s) + 1) (3.1)

income by selling the product s at price py (if the agent s
produces anything, otherwise: py Y t(*) = 0); py - Y () .=
()

> xg-s) - pj, where z;° = the amount of product z()
je{J}

sold to agent j

n
income by selling labor, I-L*(®) = 3~ L;Lj(s)-l,, where
v=1je{J}
L;Lj(s) = amount of labor of kind v supplied by household
s to agent j

= amount of land owned by agent s and rented to other

agents with a rent (per unit of land) of rp, 4,

3 LA;-HS) “TLA; LA;(S) = amount of land owned by
je{J}
agent s; s and rented to agent j.

receipts of agent s by selling the amount A~ LA(®) of land

to other agents (A~ means that only negative changes of

the total amount LA®) are considered; pr, 4 is the price of

land, there is only one price of land); thus —p; 4A~ LA(®) =
> A*LAE.S) - prLA, where A_LA;-S) = amount of land

je{J}

sold by agent s to agent j

transfer receipts of agent s

3 TR;(S) = transfer receipts of agent s from agent j
je{J}

or in the form of securities (= SEC). There exists an exchange for all of these
assets, at which their prices are determined;

there is no market for used real capital (called “machines” in this book); their
evaluation is reflected by depreciation rules which are to a certain degree arbi-

trary.
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rraFAT() = income from interest on financial assets (=FA) owned by
agent s;

= % KStf®.d;+ ¥ SEC;® rspe;+ ¥ CRI®.
je{J} je{J} je{J}
TR+ Y. TD;L(S) T+ Y DE;HS) -rpe where { B}
ie{B) i€(B) _
is he set of all private banks; time deposits T'D as well as
debts DE are made only at private banks, K Stj(s) is the
capital stock of kind j owned by agent s d; the dividend on

capital stock j; SEC';(S) the securities, C’R;-L(S) the credits
of agent s given to agent 5, TD;L(S) = time deposits of
agent s at bank j, DEJ-HS) = debts at banks (only positive

if s is a bank), r are the different interest rates (which one
is indicated in the subscript).

—praA~ FA®) = income of agent s from selling part of the financial assets
g
it owns at the price pra to other agents; this is similarly
defined as the expression —py A~ LA®) above.

AYDE®) = increase of debts of agent s, = > A+DE]<.S)
je{B}
T+() = tax receipts (only positive if s = G, otherwise zero).
prs - FST() = income from selling financial services at price prg (finan-

cial services include insurance, keeping accounts, trans-

fer of money, advice and information in financial affairs.

For simplicity, we lump all these services together). In de-

tail: ppg- FSH(E) = 3 FS]-HS). This is only relevant for
Jje{J}

s=be {B}

Not all items on the right hand side of equation (3.1) are applicable for all
agents s € {J}: Some of them are zero by definition or by assumption. For
example:

if s is a household A, the expressions py - Y+ ppgFSH() and T+
in equation (3.1) are zero;

if s is a private firm (s = i), the terms [ - L1(%), p;f;) and T+(*) are
7€ero;

if s is a private bank (s = b), the terms py - Y& [. [+(5) and T+(s)
are zero.
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The monetary ezpenditures EX P() of an agent s are to a large degree the
reflected image of the monetary receipts REC(®):

EXP®) = p,-C® 4 piI™® 4 pgiSI™® 1L~ 4 pp ,LA~C)
+pLaATLA® + TR™®) 4 rp s FA™G) 4 ppgF S~

+praATFA® 4 7= (3.2)

The definitions are analogous to those in equation (3.1) and shall not be
reproduced here. Since we are analyzing a closed economy, the sum of all
expenditures of a certain kind must add up to the sum of all receipts of this
kind. We leave the formulation of the adding up constraints to the interested
reader.

The difference of REC(®) and EX P(*) is the change of cash:

REC® —-EXP®) = ACA® > —CA(_si in order to avoid bankruptcy (3.3)

Cash is provided by the banks. We come back to this in the next sections.

In the same generality as we treated the monetary flows we shall now treat
the wealth W) of an agent s at the end of a period. But unfortunately this
figure is not unequivocal. There may be many concepts of wealth (e.g. wealth
at prices of the acquisition of capital goods minus depreciation, or at current
prices or at prices of the “machines” (or the whole firm) attainable now and
so on). We choose the concept of current prices for all commodities where
there is an exchange and cost of buying the “machines” minus depreciation
if there is no exchange. This is assumed to come true in the case of used
machinery. The productive real capital PRC is evaluated at procurement
cost. For depreciation there are different rules under consideration; increasing
or decreasing ratios. We choose linear depreciation ratios and a fixed lifetime
T of all “machines”. Let I_, be the cost of investment 7 years ago where the
installment has a lifetime of T years. In this case we get for the value PRC(®)
of the productive capital of firm i:

T
T_
PRC®) = Z = T -I_,fors =1 €{1,..., N}, zero otherwise.

7=0

We include into wealth:

a. human capital HC but only for households (s = h), where

n_ T(h)
HCW =Y L,(,’t‘) A (ﬁ;)t, where r is the time discount rate
v=1 t=0

7 CR;(S) are the credits of banks given to firms. Thus this term applies only if s is a

bank (s = b) and j is a firm (j = ©), otherwise it is zero. DET®) refer to credits of
banks given to other agents (to households, other banks, the government)
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b. land property: LA - pr4

c. value of invested capital; PRC).ppre, valid only for producing sectors

(s = i)

d. value of inventories INV - prnv
e. value of financial assets F'A-pra
f. cash CA

Thus we get
W =HC+LA -ppa+PRC -pprc+INV -piny +FA -pra+CA (3.4)

This forms the asset side of the balance sheet of an agent. This is true for the
beginning of a period 0. The liability side shows the composition of claims
to this value W, documented by issued securities SEC, by other liabilities
LIAB; the rest goes to the owner of capital stock KSt. Thus the liability side
of the balance sheet is given by

W = SEC + LIAB + K St (3.5)

By definition: W = W_; + AW, where according to equation (3.4):

AW = AHC+(LAAppA+praALA)+.. .+ (FAApra+praAFA)+ACA
(3.6)

AW is called the profit G of the agent considered; G is defined as the change
of wealth:

AW =:G (3.7)
Thus we may write:
W=8SEC_ 1+ LIAB_1+KSt_1+G (38)

where W represents the asset side of the balance sheet according to equation
(3.4), the terms on the right hand side of equation (3.8) represent the liability
side. The term G = AW contains the cash flow ACA which is explained in
equation (3.3). Equation (3.6) and (3.7) is the profit and loss account of the
agent considered.

In many cases one does not need the total system of all monetary flows and
states of wealth, but only parts of it. We shall give some examples.

Consider a household h. Its income INC in one period consists of wage
income (L1 income from rent 14 - LAT™ on the land owned by the
household, income from selling land —pr,4- A~ LA™ transfer income TR*T®™),
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interest on its financial assets Tp4 FAT(® and income from selling part (or
all) of these assets: —p;4A~ FA():

INC® = 1L*® 4 pp LA™ _ ) \A=LA® 4 TRT(M 4

reaF AT — pp A F AR

But usually the concept of net income INC™¢*(%) will be used in the theory.
This is income minus interest rates on land rented and debts made in the past
and minus taxes paid by the household:

INCreth) — INC™W —pp o LA™ W) —ppy  FA=() _ =)

The net income of the last period will be used for buying consumption goods
p.C, for transfer payments TR~ for buying land p; 4 ALA™ or financial
assets praAFAM and for cash ACA™. We may combine these items into
consumption CONS and Saving S such that

INCTit(h) =CONS™ 1 S(h), where

CONS™M = p.c™™ + TR=™ and
S =praALAM + ppsAFA® + ACA™ (ACA =change of cash)3.

In this formulation S may be positive, zero or negative. One may check
that here also ACA®) = REC™) — EX P(")| according equation (3.3).

As another example we choose a private firm ¢ € {1,2,..., N}. The decisions
of the firm are usually based on the balance sheet and on the profit and loss
account of the firm. We shall derive them from our system of money flows and
wealth statements. The asset side of the balance sheet is defined by

LA -pra = value of land property
PRC -pprc = value of invested capital
INV -pryv = value of inventories

FA ppa = value of financial assets
CA = cash

Sum = balance sheet value

(all values at the end of the period)

The liability side of the balance sheet is defined by

8 According to our definitions a household may have wealth in the form of human capital,
land, financial assets and cash. The land is used for consumption purposes or as store
of value, not for own production. — Transfer payments of a household are considered
as part of consumption CONS.
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SEC_- = securities issued by firm
LIAB_{ = other liabilities
KSt_4 = capital stock and reserve (all values taken from

the beginning of the period)

G = profit of the period = A(LA -pra) + A(PRC -pprc)
+A(INV -piny) + A(FA -pra)+ ACA
where ACA is determined by equation (3.3)

Sum = balance sheet value (see equation (3.8)).

Note that this balance sheet can only be established at the end of the period
since the prices of the financial assets at the exchange are only known at the
end of the period. The firm can only give conditional orders to the broker.

The profit and loss account explains G by G = REC — EXP + AV,
where REC is defined in equation (3.1)°, EX P by equation (3.2)!°, and AV
by AV = change of the value of assets = A(LA -pra) + A(PRC - pprc) +
A(INV -pinv) + A(FA-pra)

This terminates the note on definitions and relations. It is incomplete in
the sense that the equations which close the system are not reproduced here.
It is not difficult to establish these equations. We leave it to the interested
reader.

3.3 The Balance Sheet of a Commercial Bank

The balance sheet defines the fineness of the theory: everything within the
aggregates remains unexplained. We start with the balance sheet of the bank
b;, 1 = 1,..., g, if there are g banks in the economy. The asset side consists
of the following items:

1. CAp; = cash of the bank. We do not differ between bank notes and
coins. All cash in the form of bank notes is issued by the Central Bank

2. CApi,cp = account of bank b; at the Central Bank due to minimum
reserve requirements’!

9 Of course, [ - LT(s) = 0 in this case.
10 Of course, pc - C(9) = 0 in this case.

11 If the Central Bank does not pay interest on these assets (this was the case of the
German Bundesbank) the bank will avoid an overfulfillment of the requirement.
But the European Central Bank now pays interest on the required bank reserves. We
assume that there is a common reserve ratio res for daily deposits DEPy; and time
deposits T'Dy;, i.e. we assume CAp; cp = res(DEPy; + TDy;)
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3. CRy; = credits granted by bank ¢ under the condition
ki = (TCRbi, toRi» OCri, S€C; ), See section 3.1,

= Y CRuij, where {A} is the set of firms, households or institutions
je{A}

which received the credits from bank 312. The interest rate r¢ R,bi Which

the bank b; charges for granting a credit C Ry; is determined by the bank

and follows the circulation yield 7 of long term securities, but keeps an

additional charge z such that approximately

TCRbi =T + ZCRbi, ZCRbi > 0,

see Deutsche Bundesbank, Monatsbericht Mérz 2002, p. 55. In the years
1993 to 2000 Z¢ g varied between 1.2 and 1.7 for large credits and be-
tween 1.5 and 2.0 percentage points for small ones. 7 varied in the same
years between 3.5 and 7.5 % with a falling trend between 1994 and 1999.

4. Wisepi = market value of capital stock!®. Wi oo = Y. Wkst)bis
je{B}
and {B} is the set of capital stock of firm j in the portfolio of bank
1. The interest rate which bank ¢ receives from its portfolio Wi gy p; is
approximated by the circulation yield 7 of long term securities enlarged
or reduced by an additional amount Zx s7pi: "Wkt i = T + ZKSt,bi

5. Wsgcpi = market value of securities, = Y. Wggcy i, where {C} is
Jje{C}
the set of firms or institutions, the securities of which are in the portfolio
of bank ¢. Here we also assume rsgcpi =7 + ZKk St bi

6. Wrap = market value of land and buildings owned by bank ¢ =
Y- Wria i where {D} is the set of all land and buildings owned
je{D}
by the bank 3.

7. OASSy; = other assets of bank ¢ (including gold and (in case that foreign
countries are included in the model) currency of foreign countries)

Sum of items 1. to 9.: BAL; = value of the balance of bank i. In chapter 7
where we explain the different items of the balance sheets of the banks and
the interest rates we shall use a more aggregated and simplified model. We

12 By definition: the credit CRy; ; granted by bank 7 to an agent j is equal to the amount
DE;j ; of debts of an agent j at bank i: CRy;,; = DEj ;

13 Wkstpi = KStip: - UK stj, where K.St; p; is the number of shares issued by firm or
institution j in the portfolio of bank i, and vi sy  is its price at the exchange.
All values vk gt; and vggc; are those of the exchange at the end of the preceding
period.
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put Wistpi + Weeepi = Waoi and Wpa s = OASSy; = 0 such that the asset
side of the balance sheet of a commercial bank b; becomes BALy; = CAp; +
CApi.cB + CRpi + Wi,

The liability side of the balance of bank 7 consists of the following items:

1.

6.

DEP,; = daily payable deposits at bank i = > DEP;, where {E}
Je{E}
is the set of all agents which keep daily payable deposits at bank i.

. TDy; = time deposits at bank i = Y. TD,;; , where {F} is the set of

Je{F}
all agents which keep time deposits at bank 3.

CL¢ppi = claims of the Central Bank to bank 4, due to normal mone-
tary operations. They consists of securities sold by bank ¢ to the Central
Bank with the obligation to buy them back at the same price after a pre-
determined time and to pay an interest of rg4 (formerly called: discount
rate, now called: main refinancing rate of interest, Hauptrefinanzierungs-
Zinssatz in German) at the end of the lending period*.

BCAP,; = borrowed capital (=outside capital). We assume that this

capital is represented by securities SECy; issued by bank i: BCAP,; =

SECY;.

These securities are owned by other agents: SECy; = Y., SEChy j,
Je{G}

{G} = the set of all persons or institutions which own these securities.

These securities bear an interest of rggc; to be paid by the bank and

are traded at the exchange. The exchange value of these securities is

designated as Wsgc b

OLI Ap; = other liabilities of bank i

CAP,; = capital and reserves of bank i

Sum of items 1. to 6.: BALy; = value of the balance of bank
In chapter 7 we consider only a simplified version of this liability side where
OLI Ap; = 0 such that

BALy, = DEPy; + TDy; + CLCB’{,,‘ + BCAP,; + CAPy;

We now come to the profit and loss account of a commercial bank.

14 Actually, there are different 74 for short and long term loans, but we neglect these

peculiarities.
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3.4 The Profit and Loss Account of a
Commercial Bank

First, we define the profit and loss account of the commercial bank ¢. The
decisions of the managers of bank ¢ depend on the balance sheet as well as
on the profit and loss account whereas the decisions of the managers of the
Central Bank are based on the balance of the Central Bank but as a rule not
on the profit and loss account. Thus we do not formulate the latter. Capital
and reserves C'AP,; of bank 7 at the beginning of period 0 equal the capital
and reserves at the beginning of period -1 increased by the profits PRy;,—1 in
period -1 (or decreased by the losses):

CAPy; = CAPy 1+ PRy 1 (3.9)

To simplify the notation we rewrite the balance sheet of the commercial bank
2. On the asset side we aggregate:

CAyp; = total cash = CAp; + CApicn
Wi = total value of capital stock and securities = Wikstbi+WsEC,bi
On the liability side we put
DEP; = all deposits = DEP,; + T Dy;
Now we get from the balance sheet:
CAPyi = CApi+ CRyi+ Wy + Wrap + OASS — DEPy,
—CL¢ppi — BCAP,; —OLIA (3.10)

Similarly CAP,; —; are the capital and reserves at the beginning of period
—1. By definition: receipts REC minus expenditure FX P equals the cash
flow ACA:

RECy; 1 — EXPy; 1 = ACAp; -1 (3.11)
We put
AWbi,_l = change of the value of invested capital in period —1,

= AWpi 1 + AWL A pi—1

ACRy;(1 —v) = increase of claims to other agents because of credits
granted (if positive, decrease if negative)

ACL, = increase of claims of all other agents to bank i,

Il

ADEPy; -1+ ACLcB pi,—1(1 +14) + ABCAPy; 4

and for simplicity:
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AOASSy .y = AOLIAy_y =0

Thus we get from equation (3.10) and (3.11):

PRy, 1= CAPy; — CAPy;,

= Ambi1_1 + AWbi,—l + ACRy(1 — 'y) — Aﬁa,bi,—l (3.12)

In words: the profits of bank i earned in period -1 are the sum of the cash
flow ACA, the change of value AW of investments, the change of credits
ACR(1 — ) granted to the clients after the increase of the claims of all other
agents to the bank has been deducted.

The cash flow ACA is defined as the difference of receipts and expenditure,
see equation (3.3). The receipts of bank i are the monetary inflows i.e. the
dividends dj; on the capital stock Kp; owned by the bank, the interest rgpc pi
paid on the securities SEjp; owned by the bank, the interest payments ro g pi
on the credits C' Ry; granted by the bank, the rent 71,4 of land (and buildings)
owned by the bank and the income from selling financial assets:

RECy = Z KStipi-dj + Z SEC;p; -rsec.j + LAvi - TLabi
je{A} i€{B}

+ Z CRyij -rcrpi + Z Wkstj + Z Wsgc,; + Wiy
i€{C} ie{A} i€{B}

+ Z CRbi,j (3'13)
je{C)

The items in the first line are interest income from assets which are kept by
bank ¢ in the period considered. In the second line stands income from selling
assets or from recalling the credits at the beginning of the period. Thus {A},
{B}, {C} and {LA} which appear in the first line of equation (3.13) are the
sets of the assets which are kept in the portfolio of the bank during this period
and {A}, {B}, {C},{LA} are the sets of assets which were sold (or recalled)
at the beginning of the period. Both are decision variables of the bank; W; is
the value of asset j, where W; = Ass; - vaqss;, Asse {KSt,SEC,LA};vis
the value of the asset at the exchange.

Similarly the expenditures EX P,; are the monetary outflows from bank 3.
They comprise the cost of running the bank: labor cost I- Ly;, cost of secondary
input Sy, cost of capital Ky, - i, depreciation cost DPRp; and taxes Ty;.
Moreover, EX Py; also covers the outflow of money for buying assets and for



The Organization of a Commercial Bank 189

expanding the credits. Thus we get

n

EXPy = Z(luLbi,u + Z Coi v+ Lbiw) + Kbi - T pi

v=1 p=1

+ DPRy; + Ty + Z Wkst,i + Z Wsec,;
je{A~} je{B*}

+ Wra+ + Z CRbi,j (3.14)
je{Cc*}

The items in the first line show the expenditures of bank ¢ to keep up the
bank as an institution. The terms in the second line show the expenditures for
buying capital stock (capital stocks from the set { A*} are bought), for buying
securities (these are those in the set { B*}), for buying land or buildings (which
cost the amount Wi 4+) and the expenditures as a result of granting credits
(they are granted to agents in the set {C*}).

Some expressions in equation (3.14) need some comments. The secondary
inputs are related to the labor force. That means: to employ a person in
banking it needs a working place in an adequate environment, a computer,
telephone etc. — For simplicity we assume that the bank finances itself by
issuing securities. Thus:

KTk pi = capital cost = SECy; - 7sgC,bi-

The depreciation cost DP Ry; refer mostly to buildings which are in our ap-
proach contained in the secondary inputs. We do not consider that in detail.
Ty; are the cost of taxes of different kind. We lump them together to a turnover
tax with the tax rate ty;: Ty = tp; - RECh;.

3.5 The Organization of a Commercial Bank

Similarly as in the theory of the firm, a commercial bank is organized in three
departments:

1. the department of general finance and organization

2. the credit department (which may be called the production department
of the bank)

3. the portfolio department (which is equivalent to the inventory depart-
ment of a commodity producing firm)

To 1: Inthe department of general finance and organization the basic decision
on the policy of the bank will be taken. These are:

e the amount of cash to be kept in the next period
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e the maximal amount of credits which the credit department is allowed
to grant

¢ the additional amount of money AMy s the portfolio department gets
for portfolio investment (if AM,,fs; is positive) or the amount AM ¢
of assets the portfolio department should liquidate and transfer the
money as contribution to the general finance, if AMpys; is negative

e the general organization of the bank.

These general decisions of a commercial bank depend on estimations of the
size of the deposits in the planning period. The bank management has to
carry out these estimations on the base of experiences of the past. Of course,
the realized deposits will deviate from these estimations. The consequences of
these errors will be corrected in the period after. For the period in question the
decisions of the department of general finance and organization are binding.
We will come back to the details in the section dealing with decisions of the
bank.

In our classification of the departments of a commercial bank we lumped
together “general finance” and “organization” (or: general administration).
Some words should be said on the problem of organization. After the number
Lcprpi of persons in the credit department in the bank ¢ and the number
Lyyp: of persons in the portfolio department have been decided upon by the
management of the bank (as will be shown later), the total number n;, of
employees to be supervised by the department of organization is fixed. Now the
control spans at different ranks have to be fixed, the size of the pertinent staff
and the personal allocation of the employees of lower ranks to the supervisors
have to be decided upon. This general organizational problem has to be solved
for the bank in the same way as it had to be solved in the case of a commodity
producing firm. We refer to section2.7.

Now we come to 2: the credit department of the commercial bank. It forms
the center of a commercial bank. It produces credits at certain costs. There
must be a production function'® 16 (or equivalent devices) to relate the input
to the output. First we relate the size of the credits of bank i i.e. CRy; to the
other financial items. From the asset side of the balance equation for bank
we get (by omitting the index 4;):

CR=BAL - CA—-CAcp—W —0OASS

15 We assume one-product banks in the same way as we assumed one-product firms. The
product is the amount of credits the bank offers. But there are also other services of
a bank like the administration of deposits and of the assets of clients, which may be
dealt with in a similar fashion.

16 In the theory of the banks (and similarly of all other service institutions) the labor
stands in the center not the machines as in the industries which produce physical
products. Thus the secondary inputs SIp; of bank 7 are assumed to be proportional to
the labor Ly; , of type v : STp; = 23:1 Chi,pw - Libi -
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and by substituting BAL from the liability side of the balance sheet:

CR=DEP+TD+CLecp+ SEC +OLIA
(3.15)
+ CAP — CA~ CAcp — W — OASS

We may again neglect the terms OLIA and OASS by putting OLIA —
OASS = 0. W is short for the market values of all capital stocks and se-
curities and the value of land in the portfolio of bank i:

W =Wgkst + Wsge +Wia

Equation (3.15) states that credits granted by the bank can be the larger the
higher are the deposits DEP + T'D of other agents at this bank (as already
said: these deposits are not known for the planning period but have to be
estimated), the higher the refinancing CLcp by the Central Bank, the higher
the borrowed capital SEC and the capital stock and reserve CAP and the
less of these financial inflow is used for cash holding and investment in purely
financial assets W.

Equation (3.15) is a definitional equation which may serve as liquidity con-
straint of the bank if we add the requirement CA > 0. Of course, there are
non-negativity constraints for all other items in equation (3.15) which we do
not formulate explicitly. Equation (3.15) shows that there is an interdepen-
dence of the decisions of the management of the bank: a decision to grant
credits of a certain size has consequences for the other financial items; deci-
sions which violate equation (3.15) are not feasible. But equation (3.15) is an
ex-post-relationship: it must hold at the end of each period when the prices
of all assets are known.

Now we turn to the “production function” of the bank. Of course, there is
a relation between the amount of credits (in real terms) granted by the bank,
the credit solvency and the number of employees necessary to administer the
credits of the bank and its other activities like administration of deposits and
refinancing at the Central Bank. But this relation is not so simple and not so
clear-cut as the requirements of running a machine and the resulting output of
the machine. The product of the bank is the credit the bank grants to firms,
households or other institutions, the determination of the conditions x for
granting the credit (see section 3.1) and the selection of the applicants which
get the credit. Assume that the applicants appear at the Credit Department
one after the other in a random sequence. The task of the Credit Department
is to filter out the “good” debtors which present an acceptable plan to use the
money, offer appropriate securities and look like honest persons who would
keep contracts. If there are many persons in the credit department which
check the applicants and their prospective use of the money, one may assume
a smaller ratio v of “bad” loans. Let Lcr i be the number of employees in
the credit department of bank i and CRy;/p the credits granted by bank i in
real terms. Now the ratio v of “bad loans” will be related to the labor force
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~p; = proportion of “bad” loans

F( o)

Ap; = labor force per unit
of credits (in real terms)

Figure 3.1. Employment in the portfolio department

per unit of real credits of bank ¢ (which we call Ap; := Log,pi/P) as depicted
in Fig. 3.1. In Fig. 3.1 we assumed that the composition of the labor force
with respect to the type of labor is given, e.g.

n
Lerp = g acRbiw - LORbiws
v=1

(3.16)

n

where acpgp,, > 0 and g QacRrpiy = 1

v=1

We assume that the function f(\y;) is known to the managers in the credit
department and that they decide on Ay; as well as on other variables, as will
be shown in the following.

To 3: The portfolio department is responsible for the administration of the
capital stock

W = Wkst + Wsgc + Wi a, see section 3.217.

We defined Wrstpi = >, KStjp - vkse; and {A} = {KStipfpis---,
je{A}

KStnpsei} where KSt, 54 is the amount of capital stocks of type v in

the portfolio of bank ¢ during the period considered. The valuations VK St,j

follow from the conditional buying or selling orders of all agents in the econ-

omy which the bank ¢ does not know at the beginning of the period, when

17 Of course, there are also other obligations, e.g. cost accounting, financial control of the
other departments, establishing of the balance sheet and the profit and loss account
and others. But for a bank one could assume that these are minor obligations which
we may neglect at this stage.
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Figure 3.2 Value of assets as function of the employment in the portfolio depart-
ment

the conditional orders to the brokers are given'®. Thus W is an ex-post-value,
at the end of the period, when the valuation of the assets is known. But the
financial department has to give its conditional orders in ignorance of the ac-
tual valuation of the assets. According to the theory in section 1.25 we may
assume that more people employed in the department of finance would make
it possible to get more information on the state and the prospects of the in-
stitutions which are represented by the assets as well as on the estimations of
other agents on this subject. That means: the rate of change A W/p of the
value of the assets of bank 4 is an increasing function of the ratio u of the
relative size of the labor force Lg; in the portfolio department: py; = év—”;’/”'—’
If nobody is employed in the portfolio department, the portfolio will be held
constant. Starting from this base the change A W/p is estimated. Of course
it lies in the interest of the bank to maximize W/p. We assume that the man-
agement of the bank has an idea on the advantage of employing more persons
in the portfolio department; that means: it knows a function ¢(up;) which
relates the additional value of assets to the size of the financial department
which is in charge of the portfolio. Fig. 3.2 shows this function!?

The size of the labor force in the portfolio department is determined by
the management of the bank on the base of the estimation of the function ¢
and on the base of the salary of the persons employed in this department. As

18 We assume that banks and brokers are different institutions; for details see section 1.25.
The financial department has to decide on the reasonable upper and lower bound vymqz
and Umin of the value of an asset and on the amount of assets to be bought or sold

19 In general, the function o will not be known exactly. Thus we may define an upper and
lower bound for this function, see the broken lines in Fig. 3.2.
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to the composition of the labor force we assume an analogous relation as in
equation (3.16) for the credit department.

This terminates the sections on the commercial banks. We shall come back
to them in chapter 7. But first we have to turn to the Central Bank.

3.6 The Balance Sheet of the Central Bank

We use the following notations:
The Asset side of the Balance sheet:

1. CLcp,g = claims of the Central Bank to the government?°. We assume
that the government does not pay interest on them.

2. CL¢p,p = claims of the Central Bank to all commercial banks due to

g

normal monetary operations, where CLcp.p = Y. CLcppi The com-
i=1

mercial banks have to pay a rate of interest 7cg,p on these claims which

is a function of the discount rate rq, fixed by the Central Bank (discount

rate is short for interest on the “main refinancing transaction” (Haup-

trefinnazierungsgeschéfte in German)). We shall come back to this later.

3. Wes = market value of securities in the portfolio of the Central Bank.
We assume that only securities are allowed in the portfolio of the Central
Bank, not capital stocks of any kind. Thus Wep = Wsge,cs - Wen
is an instrument of the open market policy of the Central Bank. It
gets an interest rate of ¥ on these securities, where 7 is the circulation
yield of long term securities (Umlaufrendite langfristiger Wertpapiere in
German)?!

4. OASScp = other assets of the Central Bank?2

Sum of items 1.- 4.: BALcpg = value of the balance of the Central Bank

The Liability side of the balance sheet of the Central Bank is:

20 We assume that this item is determined exclusively by the government (in case of war
or equivalent disasters or urgent necessities the government may decide to finance its
expenditures by printing money, i.e. by extending C'Lc g, ¢, also against the will of the
board of the Central Bank).

21 If 2 is the nominal rate of interest on a nominal unit of a security and w its price on
the exchange, 7 is defined by 7 = z/w. We could say: 7 is the evaluation of the security
by the public

22 Among them: gold and (if we consider foreign countries) foreign currencies. In the
following we put OASScp = 0.
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1. N¢p = bank notes of the Central Bank in circulation, where Nog =
> CA; = cash in the portfolios of all economic agents outside of the
je{A}
Central Bank. {A} is the set of these agents

2. CAp cp = accounts of all banks at the Central Bank, due to minimum
g
reserve requirements, = ) CAy; cp =resi - DEPg +ress - TDp
i=1
res; is the minimum reserve requirements for deposits DEPg at the
commercial banks, ress the minimum requirements for time deposits
TDp at commercial banks. For simplicity we shall this approximate by
CAp cp =res(DEPp+TDpg). We assume that the Central Bank does
not pay interest on CAg ¢p.

3. OLIAcp = other liabilities of the Central Bank. For simplicity we shall
put OLIAcp = 0 in the following

4. CAPcp = capital and reserves of the Central Bank

Sum of items 1.-4.: BALcp = value of the balance of the Central Bank

We do not define the profit and loss account of the Central Bank since the
decisions of the Central Bank are based upon the balance; profits and losses
do not play an important role?3.

3.7 The Decision Variables and the Principles of
Decision of the Central Bank

The Central Banks of different countries obey different rules, since the laws
and the practices which constitute these rules are different. In a general theory
only the common features — and these in a simplified way — can be modeled.
The simplifications are defined by the aggregation of different items of the
balance sheet of the Central Bank into five aggregates on the asset side and
four aggregates on the liability side. This means that we also have to simplify
the decision variables of the Central Bank which influence the values in its
balance sheet as well as the values of macroeconomic variables which is the
ultimate goal of the monetary policy of the Central Bank.

23 Of course, the government is interested in the size of the profits, because it receives
them as the “owner” of the bank. But this is a side effect which does not (or should
not) influence the monetary policy of the Central Bank. But sometimes these profits
(called seignorage) play an important role in government finance.
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In our model the Central Bank (represented by its board of directors and
its council) has the following instruments (which are the decision variables of
the Central Bank) at its disposal®*:

1. The notes in circulation Ncg. We follow here the constitution and the
arrangements of the European Central Bank which allows the bank to
predetermines the amount of banknotes in circulation and afterwords
to “sell” the additional amount of money by an auction (the so-called
interest tender). This allows a control of the money in circulations and
thus (given by velocity v of money) a control of the value of GDP,
according to Fisher’s equation

M"UZYTeal'p

Other regulations of the power of the Central Bank do not allow such a
strict control.

2. The discount rate rq > 0 change in steps of a quarter of a percentage,
thusrg =2-0,25 ,2=0,1,2,3,...2%%.

24 The claims CL¢ B, of the Central Bank to the government are in our model deter-
mined by the government. It regulates by laws the grip of the minister of finance or
other governmental institutions on the money source. In case of doubt the government
can change the law which constitutes the Central Bank. Thus we treat CLcp.¢ as a
decision variable of the government. This also refers to the rate of interest the govern-
ment has to pay for CLc g, (which may be zero; we consider this case in our model.
Of course, the Central Bank wants the government to pay an interest in order to be
able to sell these securities on the market and thus use them as an instrument of mon-
etary policy). We may take CLc g, as a constant. Only in case of war or equivalent
national emergencies the government is supposed to use the Central Bank as source of
income.

25 The discount rate is the interest rate on loans, that the Central Bank makes to banks.
This is an appropriate approach if the other conditions of the loans (term, type of the
security et.) are fixed. This applies for the Federal Reserve (FED) of the US or the
Bank of England and other Central Banks (also for the German Bundesbank in the
past; for detail: see Jarchow (1974), p. 112 fI.). The European Central Bank (EZB)
charges different interest rates. Thus there is no simple discount rate. To understand
that one has to consider the details (see: Junins, Kater, Meier, Miller, Handbuch
Europaische Zentralbank (2002), p. 83 ff.). In this note only the main features of
this system can be sketched in order to see the difference to the model presented
here. The EZB distinguishes between repo-transaction (=repurchase agreements, the
security offered is bought by the EZB, the seller binds himself to repurchase it after
a certain time to a certain price. The difference between the price of purchase and
repurchase determines the interest rate) and refi-transaction (where the property
of the securities stays with the delivering bank and the interest rate is fixed by
the EZB). This refi-interest rate may be taken as an index of the discount rate in
this system. There are two types of realization of this system. In the first the EZB
fixes the minimum interest rate and sells that amount of money by auction till the
predetermined amount is reached (a system called quantity tender, Mengentender
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in German). The second system (called interest rate tender, Zinstender in German,
which is used now by the EZB) leaves the offer of the interest rate and the offer of
the amount of securities involved in this transaction to the direction of the banks.
The EZB starts to fulfill these demands with the highest rate of interest suggested
by a bank and continues till the predetermined total amount of money is reached.
Those banks which offered a too low interest rate stay empty. If there are too many
demands at the lowest admissible rate of interest (called rate for the main refinancing
transaction, “Hauptrefinanzierungsgeschafte in German, but we shall continue to call
this rate “discount rate”, for simplicity; “too many” means: more than the extensions
of the money supply decided by the Central Bank would allow), if there are too many
demands in this sense all those banks which asked for that amount of money would
be shortened by the same proportion.

The following figure illustrates this procedure. There are g banks. The Central
Bank decides on the minimum discount rate r} and on the maximum amount of
money to be sold by this auction. Let rff f be the rate of interest offered by bank
4 and CLOC’E,M the amount of money which the bank ¢ would like to get from the
Central Bank at this rate. We reorder the banks such that the bank with the highest
offer of the rate of interest gets the lowest number. The lower limits of this offer is
the rate r}. This explains the upper part of the graph. The lower part shows the

aggregated total demand of money (or offered claims C’L"Cf};C b;)- In this figure all

banks which only offered the minimum rate of interest rj“t will be shortened by

the same proportion such that the predetermined sum N* = CL% g g is not surpassed.

r;’f = interest rate offered by bank i
Money demanded ?
by bank i |
|
|
|
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ket off 437 | < /
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Note: Nf‘”" = CL¢ppi = claim of the Central Bank to bank i
if the Central Bank grants the demand

Sketch of the procedure of the interest tender
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The Bank announces the rate at the beginning of a period such that all
other banks, firms and interested economic agents know this rate before
they make their decisions. The rate stays constant for the whole period.
It can be changed only one period later.

. The mazimum amount @B,bi the Central Bank is willing to refinance

bank i. Thus CLcgp < CLcp ,i=1,..,9.

The commercial bank i may decide to stay well below that limit. In
this case changes of ﬁcabi have no direct influence on the money in
circulation. But if these limits are binding, the Central Bank is able
to determine the liquidity situation of the commercial banks, i.e. the
position CL¢p p in its balance sheet directly, see section 3.626.

The minimum reserve requirements res. We assume that there is only
one required reserve rate on daily deposits DEP,; and on time deposits
T Dy;. Actually there are different reserve rates for different types of
deposits?” , but the simplification of only one rate seems to be tolerable.
Thus in the balance sheet of the Central Bank the item C'Ag cp on the
liability side is determined by CAp cp = res- Zg: (DEPy; +T Dy;), where
res is also fixed in discrete steps, e.g. res = zl- (1).05, z2=012,....

The Central Bank has to decide on the reserve ratio res before the new
period begins. Thus res is known to all banks ¢ = 1, ..., g. The banks
have to estimate DEP,; and T Dy;. The same is true for the Central
Bank. The figure for CAp cp which we find in the balance sheet of
the Central Bank (see e.g. “Monatsbericht der Deutschen Bundesbank”,
June 2001, p.42*) is an ex-post-value.

The open market-policy: the Central Bank may appear on the demand
or supply side of the exchange like any other economic agent (if the
law concerning the Central Bank permits it). We show this for inter-
ventions at the capital market. Let us assume that from the point of
view of the Central Bank the price vig, ; of capital stock i is optimal.

26 This decision variable CTLCB’bi is some proxy for the rediscounting allotments (in Ger-

man: Rediskontierungskontingente) of the Bundesbank in former times, see Jarchow
II (1974), p. 112. They are not in use anymore. But there is a substitute for it: the
“permanent credit facilities” (in German: stindige Fazilitaten) of the EBZ. This fixes
an upper amount of credits which each MFi could get from the EBZ on its own initia-
tion at the interest rate determined by the EBZ, usually below the current rate at the
money market. This is why these facilities are not used much. In this book we do not
consider these limits.

27 E.g.: In the “Monatsberichte der Deutschen Bundesbank”, Mirz 2001, one finds on p.

43* 8 different EZB interest rates called interest on “Hauptrefinanzierungsgeschafte”,
discount rate, Lombard rate, “Basiszinssatz” and others. We lump them together under
the name “discount rate” r4.
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Then in the simplest case the Central Bank may give the following order
to the broker of capital stock ¢: if without intervention of the Central
Bank the price of this asset would be 0 < ¥gg:; < v}}sm, then de-
mand the amounts AKSt; cp = ath,i(v}(St’i — DKsti), kst > 0,
on behalf of the Central Bank?®. If without intervention of the Cen-
tral Bank the price of this asset would be 0kst: > vkg; > 0, then
supply the amount AKSt;cp = bxsti(Uxst: — v}‘(sm), brsti > 0
and AKSt;cp < KSticp, where KSt; cp is the amount of capital
stock of this kind in the portfolio of the Central Bank?°. — For securities
ASEC; cp the same approach applies®0:31.

We assume that the decisions on v*KSt’i,ngC’i,ath,i,agEC,i,bKSt,,-,bSEc,i
have to be taken at the beginning of the period and stay that way during the
whole period. They will not be known to other economic agents, in the same
way as similar conditional demand and supply orders by other agents are not
generally known to the bank.

But what are the principles which guide all types of decisions of the Cen-
tral Bank? The Central Bank is not an institution which pursues its private
interests like households or firms but must be considered as an independent
institution which pursues the monetary policy in the interest of the society as
a whole (as it is understood by the board of the Central Bank). Sometimes the
goals which the Central Bank should pursue are written in the constitution of
the Bank, sometimes they are left open and are determined by the prevailing
opinion of the experts in the field of monetary theory and policy (or by those

28 Since the Central Bank is the ultimate source of money creation in the society, there
is no upper limit for the demand of assets by the Central Bank on the asset market,
but there are upper limits for the supply of assets by the Central Bank: its stocks of
assets are limited.

29 This list of the decision variables of the Central Bank is rather near to the corresponding
list of decision variables of the FED; see Mankiw (1998), p. 603 ff.

30 1t js clear from this approach that the Central Bank cannot decide on the values
Wk st,cB and Wsgc,cp which appear in the balance sheet of the Central Bank. The
price of the assets results from total demand and supply of the asset, and the supply
of an asset is limited.

31 There are objections against this type of open market policy of the Central Bank, espe-
cially against interference in the market for capital stocks. This policy may be used as
method of subsidizing certain firms. But there might be situations where this is justi-
fied. It has often been tried in the market for foreign currency where (in general) this
is not equivalent to subsidizing special firms or persons or institutions. But considering
the huge amounts of demand and supply of foreign currency in developed countries
the result of this intervention can hardly been foreseen. But there is one advantage of
these direct interventions of the Central Bank: the liquidity of certain economic agents
is directly influenced. Thus it is easier to estimate the effects of this policy on prices,
production, growth and other values of the sectors directly or indirectly influenced by
this type of policy of the Central Bank.
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who believe that they are experts). Generally, the following goals of monetary
policy are considered:

1. to keep the rate of inflation below a tolerable limit,

2. to help to keep (or to regain) an acceptable degree of employment,

3. to help in establishing a decent growth rate of the economy,

4. to help in preserving or regaining an acceptable distribution of income.

In case that the economy is part of an open world economy, a balanced value
of exports and imports and a “right” exchange rate should possibly be added
as “goal” of the monetary policy. It is clear that not all of these aims may be
achieved by the limited number of instruments the Central Bank has under its
control. Also the main goal of its activities changes in time. For the European
Central Bank the avoidance of inflation stays in the center®?. The Federal
Reserve System in the USA looks more after employment and growth. But
in any case the decision bodies of the Central Bank have to estimate the
consequences of their monetary policy. That is not easy. There are different
and contradicting theories on these consequences. For monetary policy it is
decisive which “school” the members of the decision bodies adhere to or in
other words: which economic theory they accept. We shall show this now and
simultaneously present a model of the decision process of the Central Bank.
As usual we assume that the decision variables (i.e.: rq, WCB’M, Tes, Vst i»
ax St br s, similarly for SEC) mentioned above can only take a small
amount of discrete numbers. Let there be NV decision variables of the Central
Bank, and each decision variable can only assume n values. In this case there
are K := n& possible decisions Dy1,. .., D1k of the Central Bank3? the conse-
quences of which must be analyzed with respect to the effects on the variables

32 There is a valid discussion on the principles of monetary policy of the EZB. The Ger-
man point of view was: The EZB should look at the price level and by its monetary
policy try to keep it constant, following the example of the German Bundesbank. But
other Central Banks followed other principles; e.g. the FED also considers employment
and grow rate. Now the EZB stipulated a “two pillar-concept” of its policy: pillar 1
concerns (among others) a judgement on the rate of growth of money in circulation,
pillar 2 (among others) a judgement on future price stability. But the EZB feels free to
consider also other characteristics of the economic situation and other possible future
developments. Thus there is no exact definition of the two “pillars” which leaves much
room for judging possible decisions (this was perhaps also the reason for stipulating
these not well defined principles). For further details, see: Junius et. al., Handbuch
Européische Zentralbank (2002), p. 141 ff. and KifSmer and Wagner, Braucht die EZB
eine “neue” geldpolitische Strategie? (2002). This paper contains a rather large bibli-
ography on this subject.

33 Since each preparation of a decision takes some time and there is only a short time span

available in perceiving the consequences of a decision, n and N are small numbers, and
thus K as well.
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Ri1a Rika «— valid for a person that believes
in the theory ¥ = 1.
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11,8 1%,6 « valid for a person that believes

in the theory ¥ = ©.
Rk Y

Figure 3.3. Decision situation of the managers of the Central Bank

1.-4. mentioned above, which form the criteria of success of the monetary pol-
icy of the Central Bank. Let there be Z criteria of success. Let B; indicate
the initial situation of the economy. Fig. 3.3 illustrates the decision situation
of the directors and the council of the Central Bank.

The result of a decision Dy;, k = 1,...,K must be estimated before the
board of the Central Bank decides on D;j. Let there be © different economic
theories which pretend to forecast and explain the consequences of such a
decision: Rig1,..., Rige, K = 1,..., K. The item Ry is a vector of Z
elements, if there are Z criteria CRI;,...,CRIz by which the success (or
failure) of the monetary policy of the Central Bank is judged (Z = 4 in our
example, see below):

le,g'—:(CRIlk,ﬂl,..., CRIlk,gz), k‘=1,...,K, 1921,...,@
In our example of a closed economy:
CRIik 91 = rate of inflation
CRI 92 = degree of employment
CRl 93 = growth rate
CRIik94 = distribution of income

Each of these values differs due to the decision D;; of the Central Bank and
due to the theory 9 we apply. In general, the different persons in the board of
the Central Bank will adhere to different economic theories (let us assume that
each person adheres to one theory and thus will estimate the consequences of
a certain policy of the Central Bank differently from the equivalent estimation
of another person in the board?).

34 For example: a Keynesian will consider the real effects of monetary policy and neglect
the monetary ones. A pure neo-classics will believe in the dichotomy of the economy
along the lines of Walras: the monetary side of the economy will have no effect on the
real side, at least in the long run.
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But even if the persons in the board adhere to the same theory (they are se-
lected that way) and thus estimate the consequences of their monetary policy
identically, they have different value judgements on the same economic situ-
ation. As usual in this book, the value judgements are expressed by integers
between —z and +Z, Z a positive integer > 1, where —Z symbolizes the utmost
dislike, +Z the largest approvement and zero indifference or “no judgement”.

In the following we shall suggest a theory on the decision process of “the
board” of the Central Bank (which comprises the directors and the members
of the council of the bank). Assume that there are P persons in the board.
Each person on the board adheres to a specific economic theory 9 € {1,..,0},
i.e. it thinks that the consequences of a decision D are Rix ¢ (in our example:
Riky = (CRIik91,y -, CRI1k9.4)%. The person p, € {1,..., P} evaluates
the decision D;; by allocating integer values uix9,1,...,U1k,9,4 to the four
criteria of the result Rix 9, where —2 < ugp 9, < +2z, v =1,...,4. The
total evaluation uP~(D;i) of the decision Dy by person p, follows by weigh-
ing the criteria themselves. They may carry the relative weights a’l’,’;’& ;20

4 4
> aikw,; = 1.5 Thus in our example: uP*(D1x) = 3 g0, - Uikv.j
j=1 j=1

Since the persons in the board (in general) have different value judgements
even if they adhere to the same economic theory, there will be disagreement
in the board on “which is the best decision”. The “rules of procedure” (die
Geschiéftsordnung) will regulate this case (e.g. by stating a voting procedure;
in the case of the majority rule the value of the “median voter” determines
the decision of the board). In other cases the “average opinion” may have the
chance of being realized such that the evaluation u(D;) of “the board” is

P
determined by u(D1x) = n.i.% > uPr(D1k)), where n.i. = nearest integer.

pr=1
The decision of the board would be Djg+ where Djg+ is determined by
maz(u(Di1), -+ ,u(D1k)). The individual valuations uP~(D;;) are determ-

ined by the process of mutual influence which is modeled as a Markov chain,
see chapter 1 of this book. We shall not repeat that here.

To discuss the consequences of a specific decision of the Central Bank in the
light of the four principles mentioned above (inflation, employment, rate of
growth, distribution) will be rather time consuming and controversial. Thus
some Central Banks pursue some sort of “intermediate object” which is easier
to check and which is supposed to yield results which conform to the four
principles. In the case of the European Central Bank this ‘intermediate object’
is a so-called “neutral level” of the average interest rates (in German: das

35 The word “theory” must be taken in its broadest meaning. Different parameter values
in an otherwise identical approach define a different theory. The estimation of the
consequences of a decision of the Central Bank depends on the estimation of the
prevailing type of reaction of other economic agents to this decision.

36 These weights are explained by a Markov chain, see chapter 1 of this book.
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neutrale Niveau der Leitzinsen), which lies between 4 and 4.5%. This rate is
supposed to let the amount of money in its broadest definition (M3) grow at
approximately the same rate of 4 to 4.5% which would allow a rate of growth
of nominal GDP of the same size and would limit inflation and thus guarantee
a positive real interest rate which is necessary for investment. If M3 grows at a
higher rate the Central Bank would increase its interest rates, if it would grow
at a lower rate it would diminish them. This would bring the rate of growth of
M3 back to normal and thus in turn would induce the Central Bank to revise
its interest rate back to the “neutral level”.

Such a policy is understandable under the assumption that the velocity of
money stays constant and that the neoclassical growth model is a sufficient
approximation to the situation of the economy on an equilibrium growth path.
This may be seen as follows. The velocity v of money is defined by Fisher’s
equation:

M-v=Y-p or wy-+w,=wy+wp

where M = money in circulation
Y = real GDP
p = price level
and w, = rate of growth of a variable x

If v = const., i.e. w, =0 we get

Thus if the long run growth rate of GDP is 2.5%, a nominal growth rate
of 4.5% would leave room for an “inevitable” rate of inflation of 2%. From
neoclassical growth theory we get a relation between the nominal rate of
interest r (determined by the Central Bank), the real rate z of interest, the
rate of inflation w, and the rate wy of real growth of GDP:

EYK
=T —Wp = —— Wy
s

(see Krelle, Theorie des wirtschaftlichen Wachstums, 1988, p.104), where
eyx = production elasticity of capital, s = investment ratio.

On an optimal growth path we would have s = ey x (see Krelle, p. 117); in
this case the above equation would be simplified to

r=wy + wp (3.18)
From (3.17) and (3.18) we get
WM =T

This explains the situation on the equilibrium path of growth in case of a con-
stant velocity of money. But in general the velocity of money is not constant
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and the economy is not on the optimal growth path. The experience of the
last years shows that (but this has been known long before). Thus we get the
relation

Wrp = Wy + Wp — Wy

where all growth rates depend on the rate of interest r: wy = wy (r), w, =
wp(r), wy = wy(r), all with negative or null derivatives: the growth rate of
GDP, the rate of inflation and the velocity of money will decrease or stay
constant when the rate of interest increases.
If wys is larger than r, it is a reasonable policy to increase r because
%’—TM = agjr" + ?5"7” — %";‘L <0, if %Q is small enough in absolute
value (i.e. if the velocity of money
is not very sensitive to changes of
the interest rate)
>0 otherwise.

If wys is smaller than 7 a lowering of the interest rate will do — always under
the assumption that the positive effect on real production and the price level
will not be compensated by an opposite effect which comes from the cash
holding decisions of persons or institutions. Thus there is no absolute safety
on the effect of this policy3”.

The other instruments of the monetary policy of the Central Bank (the
maximum amount of refinancing the commercial banks, the minimum reserve
requirements and the open market policy) follow similar rules as the discount
rate which we have described in detail: a higher discount rate is accompanied
by restraints on refinancing the commercial banks, by increasing the minimum
reserve requirements and by selling securities on the open market; a lower
discount rate is accompanied by inverse operations.

If one wants to incorporate the Central Bank in a general disequilibrium
system it is advisable not to go back to the ultimate goals of the decisions of
the Central Bank but to stay on the “intermediate level”. ‘

Now, at the end of this section, we shall show how the discount rate affects
prices and production in the short and in the long run and how it influences
the velocity of money — always under the assumption that the commercial
banks transmit a change of the discount rate (and equivalent changes of the
other decision variables of the Central Bank) to their customers.

37 Of course, there are other problems connected with this approach. We only mention
one. The price level p and thus the rate of inflation w, depend on the definition and
that means on the way this rate is measured. The EZB uses a so called harmonized
consumer price index. But this index fluctuates much and is not very appropriate
to use for monetary policy. Therefore the bank has developed a “basic inflation rate”
which does not contain commodity prices which fluctuate very much because of special
influences; see “Kieler Kurzberichte”, Méarz 3/02.
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We have to distinguish between an immediate short term effect and a long
term effect of the change of the discount rate. The short term effect is immedi-
ate: a lower rate of interest means lower capital cost which tends to reduce the
price of the product and thus to increase demand and production, but only
if other products are not {or not to the same degree) afflicted. The long-term
effect is transmitted by the time discount rate r**™¢ which in our theory is
some average of the observed discount rates ry:

_ 1 <&
ptime _f Zrd,—t , (319)
t=1

if T is the maximal number of periods in the past which are supposed to be
still of importance in defining the time discount rate. Note that the discount
rate rq o of the next period does not have an influence on the time discount
rate.

Now the real rate of interest z of a real investment I in period 0 is defined
as the ratio of the future real net profits g1, go,-..,9r (earned by investing
Iy and discounted to the presence) to the initial investment I, if T is the life
time of the installation Iy:

T

Go
z = —, where Gy = at, a=
T tz:;gt

1

T (3.20)

Let g be the average net profit, equal for the whole life time of the installation.
Now equation (3.20) becomes

- - T
g ¢_ gala —1)
z== ¢t ==—"
Io ; I() a—1
- ime . 1— + T
If we consider a = H_—Tlt,m—e we get z = g—'hﬂl—;—l, h(rttme) = ——(—lf‘pf%"—el—-
If T — oo we get the simple well known expression
,=9. 1
IO Ttime

g is surely a rising function of Iy : § = §(lo), at least for small Iy, but with
declining rate of increase, see Fig. 3.4. For smaller time discount rate the curve
G(Ip, rt"™e¢) = g(Ip) - h(rt™™) shifts upwards, for larger it shifts downwards,
see Fig. 3.4.

If the persons who decide on investment want to invest such an amount Iy
that the real profit in the future, discounted to the presence is maximal,3®

38 This does not say that there are no other influences on investment decisions. But it is
reasonable to isolate some influences, in this example: the influence of profitability.
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Figure 3.4 The average real net profits g as a function of the initial real investment

time

Io, and the influence of the time discount rate r on the size I of investment

they have to solve the following task:
G(Iy,7) — I = g(Iy) - h(r'™¢) — Iy = mIax!
0

ag(IO) . h(,rtime) =1.

which yields

Fig. 3.4 illustrates this solution: the optimal investment I* is smaller if the
time discount 7**™¢ increases. But according to equation (3.19) the influence
of the current discount rate r4,_; on the time discount is very small. Thus
it is not surprising that a lowering of the discount rate of one period has a
negligible influence on real investment. Ounly if the policy of a low discount
rate is preserved for many periods, the positive effect on investment becomes
perceptible.

Consider the case of increasing the discount rate. In the short run the price
level increases as well, but not above a level determined by the money in circu-
lation. If a high discount rate is preserved for many periods, the time discount
rate follows. This leads to a decline of real investment and real consumption3®.

39 We did not show this, but it is easy to demonstrate. A high discount rate lets the other
interest rates also go up. Consumption credits will become more expensive. This will
reduce consumption demand.
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Thus Y, declines if the discount rate is high for longer periods, and according
to Fisher’s equation v declines if the amount of money in circulation stays
constant.

This concludes the theory of determining the discount rate r4. But there
are also other parameters which the managers of the Central Bank have to
determine:

CLc B.bi = the maximal amount of refinancing the
commercial bank 4

res = minimum reserve requirements

VkstisVSEC,i = price of capital stock and securities of
type ¢ which is considered as “reason-
able” by the Central Bank and should
be aimed at by an open market policy
of the Central Bank

QK St,i, ASEC,i, DK st,5,bsEC,; = size of interventions of the Central Bank
on the open market

= conditional buying or selling orders of
the Central Bank at the exchange.

These parameters will be fixed by the Central Bank on the base of its experi-
ence in the past with respect to their effects on the economy as a whole. This
is a problem of observations in the past. We assume that these parameters
are correlated with the discount rate. We do not offer a specific theory but
consider these parameters as exogenous.

This terminates the section on the decision variables and the principles of
decision of the Central Bank. Now we have to present a similar theory for the
commercial banks.

3.8 The Decision Variables and the Principles of
Decision of a Commercial Bank

At the beginning of period 0 the decision makers of a Commercial Bank°
in our model have quite a lot of decisions to take which are binding for this
period and may be revised only at the beginning of the following period 1.

40 We do not mention which department of the bank and which rank within the depart-
ment is responsible for the decision and has to prepare it. This is the part of the
organizational structure of the bank.
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These decisions refer also to unknown functions in period 0 which influence
them?!. We start with the liquidity policy of the bank.

1. The bank decides upon the daily deposits DEP and the time desposits
T'D it has to expect and what will be the variance given the monetary
policy of the Central Bank*?. The amount of DEP + T D codetermines
directly or indirectly all other decisions. Under “normal” economic and
political situations these estimations are rather exact. But the size of
withdrawals of deposits in case of an important crisis is unknown and
will not be considered in this model*3.

2. Since the bank (let us call it bank ) knows the minimum reserve ratio
res determined by the Central Bank for the next period it knows the
amount of cash C Ay cp it has to keep at the Central Bank (namely
CApic = res(DE; + TD;)). Now the Commercial Bank knowing
DEP + TD and its variance has to decide on its own amounts of cash
C Ay; by the liquidity ratio A it wants to preserve:

CAy = /\bi(DEPbi + TDbi), 0< <1

This (within the limit BALy; which the balance sheet provides, see
section 3.3) determines the amount Wj; of the value of capital stock?4
and securities and the size C' Ry; of credits provided to other agents by

41 In this conception also the acceptance of certain estimations or guesses are decisions.
E.g. the acceptance of an estimation of a demand function for credits of the bank is
a personal decision of that man or woman or committee which is responsible for the
interest rate policy of the bank.

42 Actually, there are confidence limits for the estimation of DEP + T D. They have to be
considered by the decision makers. We do not go into these details.

43 Bvery commercial bank will be bankrupt if a substantial part of its clients would simul-
taneously withdraw their deposits and the Central Bank would not help by accepting
all types of assets of these banks.

44 We put Wp,; = Wk st,bi + Wsec,bi + Wra b where the items on the right hand side
reproduce the portfolio composition of bank i. By definition:

Wikstbi = Z Wikstjbi
je{Aq}
where Wi gy;p; is the value of the special capital stock j which is in the portfolio of
bank ¢, and

Wk st bi = KSt;p - vists

where K St; 3, is the number of assets of this kind in the portfolio of bank i and vk 545
is the value at the exchange. {A;} is the set of capital stocks in the portfolio of bank
4. Similarly:

Wsecwi = Y, Wsecwis Wsecsi = SEC)bi - vspcs,
je{B;}
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bank i (if we put other assets OASS,; = 0):
Wbi + CRbi(l — ’y) = BALbi - CAbi - CAbi,C‘B (3.21)

In the following we first describe the decisions which determine the
portfolio composition of Wj; (that means: we deal with the activities
of the portfolio department of the bank). Afterwards we come to the
activities of the credit department and of the department of general
finance and organization.

3. The bank has to decide on the additional amount of money AW,; which
should go to the portfolio department (if positive) or which should be
made available for other purposes by liquidating assets (if negative) such
that for the planning period 0 Wy; 0 = Wy —1 + AWy,

4. The bank has to decide on the general direction of the portfolio activities,
i.e. on the sets {A;}, { B; }and{C;} of the future composition of its assets.
Should it more concentrate on the real estate business or give it up?
Should it concentrate on certain capital stocks to get an influence in
these firms or be on the safe side by appropriate risk dispersion and
preferring securities to capital stock?

5. This implies (given the portfolio composition of the end of period -1)
that the assets of the sets {A;},{B:}, {C;} which are in the portfolio
should be kept,

assets in the sets {4;}, {B;},{C:} should be sold,
assets in the sets {A}}, {B;}, {C’} should be bought

6. The bank decides on the number of people Ly ; which are employed in
the portfolio department of the bank*®. The more persons are employed
in the portfolio department the more insider information on the possible
development of the firm or institution under consideration and on the
opinion of other analysts can be assembled. One may assume that this
would decrease the variance of estimation of the future development of
the assets W; under consideration and thus increase the proceeds from
the portfolio. That means we assume that the board of the commercial

{B;} = set of securities in the portfolio of bank i
Similarly:

Wirapi = Y, Wrajein Wrajei = LAjpi - vpaj,
JE{C;}
{C;} = set of real estates owned by the bank

45 Asin former sections we normalize labor such that a unit of labor equals the employment
of one person. In this section we treat the professional composition of the labor force
in a bank as given.
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optimal employment
in the portfolio department

Figure 3.5. Employment in the Portfolio Department of a commercial bank ¢

bank will be able to estimate a function ¢ which relates the number
of persons Ly¢p; employed in the portfolio department of the bank per
unit of the assets in real terms to the additional proceeds All, 7.bi from
the better portfolio composition due to the larger man power in the
portfolio department:

Ayspi = @(Lpfpi), ¢ >0, ¢ <0

The additional labor cost ACO(Lyy ;) are proportional to the size of
this department: ACO(Lpspi) =l - Lpspi, where I is the average wage
rate of the persons employed in this department.

Fig. 3.5 illustrates the situation. If the bank wants to extract as much
money from the portfolio department as possible it must employ that
amount Ly p; of persons in this department such that the additional
cost ACO(Lypj pi) equals the additional (expected) proceeds Ally ;. In
the case of Fig. 3.5 the optimal employment is indicated by L7 ;.

The bank must decide on its conditional orders to the pertinent brokers,
and that means: on the size of demand or supply of assets conditioned
upon their price. The constraints up to this point leave room for different
rules, see section 1.25. We follow the approach suggested there. The
bank has to decide on what it thinks is the “right” price v of an asset,
“right” in the sense that this will be the market price v to which the
actual price would converge, after all information on the situation and
future development of the firm or institution which issued the asset has
become common knowledge — An asset A; should be sold if v; > 4,
and a reasonable rule for the amounts supplied conditioned upon the
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actual price v; is:
Al =alvi—7v;) , a>0 (3.22)
A; should be demanded if v; < ¥;, and the conditioned demand is
A = (6 — vy) (3.23)

If v; = ¥; the actual size of asset A; in the portfolio should be preserved.
There are limits for these rules: A < A; where A; is the total amount
of assets A; in the portfolio of the bank, and A%v4; < F;, where F; is
the maximum amount of money to be spent for buying this asset. For
more details and a graphical illustration, see section 1.25. In any case,
the equations (3.22) and (3.23) including the constraints form the order
to the broker who now may fix the price of the asset such that supply
equals demand. The above rules define the sets of assets to be bought
or sold.

We now come to the decisions concerning the credit department. Most
important is the mazimum amount C Ry; of credits which may be granted
by bank .

. Second, and also very important, is the rate of interest rcpp: the bank

requires for its credits. The higher the rate of interest, the less clients
will appear at the bank and ask for credits. But there is a lower limit for
the rate of interest: it must be larger than the rates r4 and # which the
bank has to pay for financing its credit operations and moreover cover
the cost of running the bank. Fig. 3.6 illustrates the situation. Only
rates of interest r¢p 5 between 0.05 and 0.1 would yield a profit for the
bank. This limits the rates of interest which the bank may charge for
its credits.

The conditions &; = (tcr,i,0cR,i, sec;) which a prospective debtor has
to fulfill to get the credit have to be fixed as well, where tcg ; is the time
structure of repayment, ocr ; the securities to be offered to the bank
and sec; the sector of the economy which bank i serves with credits.
The more demanding these conditions are, the less agents will be able
to fulfill them. Thus the demand for credits will decline when the bank
aggravates these conditions.

As said in the introductory remarks, the bank has to establish an order
of preference for possible debtors if the total demand for credits exceeds
the maximum amount C Ry; which bank i has decided to grant. Let there
be n applicants a1, a2i,... ,an; for credit. The bank has to order the
applicants such that a;; > ag; > ... > api. Let CR?Z- be the credit
demand of agent j. Now the bank will grant credits to applicants in that
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COp; = cost of running bank 7

PRy; = proceeds of bank ¢ from credit operations = C Rbi - TCR,bi

Figure 3.6. Limits of the rate of interest a bank may charge
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order, till its credit facilities are exhausted:

’

CRyiw =Y CR},
=1 (3.24)

such that CRpy; pn < E_Rbi and CRbi,n’—l—l > ﬁbi.

The principles of ordering the applicants must also be decided upon (first
come, first served or amount of securities offered or future prospects of
the firms (if the agents are firms); we do not go into these details). At
the end of the period the set {D} of agents has received the credits.
Equation (3.24) describes how the elements of {D} are selected.

12. Furthermore, the bank has to decide on the number Lcr i of persons
in the credit department of the firm. The more persons of appropriate
education are employed in the credit department, the more carefully
the application for credits may be checked. This means that the order
ay; > ... = ap; will be nearer to the real position and prospects
of the applicants such that the proportion v of credits which will not
be repaid declines. The bank has to estimate the additional labor cost
l- Lo g and the additional proceeds ¢(L¢g) similarly as for the portfolio
department. Fig. 3.5 may serve as illustration as well.

This terminates the list of decision variables of a commercial bank as far as
the portfolio and credit departments of the bank are concerned. We now turn
to decision variables which concern the department of general finance and
organization.

A commercial bank is an organization which produces services with the
same internal problems as an organization which produces commodities. The
department of general finance and organization (for short called organization
department) has to supervise and control the rank and file of the other two
departments. There are n,, = Lyg,, + Ly ¢4 persons to be supervised in
the credit and in the portfolio department. This poses the same problems as
analyzed in section 2.7 of this book. The control spans sk, sk ... sk |
for supervisors of rank 1,2,..., R — 1 in department k € {credit departnient,
portfolio department} of bank i and the size NX, ..., NE, of the staff assisting
the supervisors of rank 1,..., R have to be decided upon. This determines the
size of the organization department as far as the supervision of the two other
departments is concerned. The same approach applies for the organization
department itself, see section 2.746.

Till now only the size and the structure of the organization department
is determined, that means: the number of heads at the different ranks has

46 The formulas derived there are also valid for a commercial bank, if one cancels the index
T there which refers to the age of the machines which are operated by the workers in
the commodity producing firms.
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been counted. But similarly as in the commodity producing firms the control
spans may be fixed according to different principles: persons of the same
profession or of the same task or those working at adjacent locations may be
comprised in the same group supervised by the same person of a higher rank.
Let there be I'¥, possibilities to group the workers of rank zero into control
spans s¥, similarly T'%, possibilities to group the supervisors of rang 1 into

control span s¥ and so on. The quality Q%,... ,QF; of the staff may be
different as well as the quality ¢%,... ¢ of the supervisors themselves*”
Let s; = (s ﬁR,...,s?ﬁ’l_l,sf{,...,sf’}zz_l,sffg,... s{"8 _1) be the vector of
all control spans of bank ¢,where 1 < s < 20 is the largest possible control

span; v; = {['GE%,. 1"Z 1o Ffrlg, -, TR, 1} where I’} is the set of
a&)ggssible permutatlons of employees of rank ¢ into control groups of size
’LQ *

47 The “quality” of a person may be measured by appropriate indicators, e.g. by the
relative number of faults in performing their task, by the time a supervisor or the staff
needs to accomplish a task of a certain kind and others.

48 A graphical illustration and a numerical example may be helpful to understand the

approach. Let there be 4 persons of rank zero and 2 persons of rank 1 which are able
to supervise two persons each that means: the control span is 2. This can be illustrated
by the following figure:

possible allocation of persons 1,...,4 to supervisors I and 1I

Supervisor of rank 2, control span sy = 2

Supervisor 1 Supervisor II «— supervisor of rank 1,

control span s1 = 2

« persons of rank zero

Person 1 2 3 4

There are 6 possible assignments of persons of rank zero to supervisors of rank 1, if
the control span is s1 = 2. All combinations of allocating persons to supervisors are
possible, generally. In our case there are six combinations listed in the following table:

Allocation of persons 1,...,4 to supervisors I and Il
person | 1 2 3 4 |

is controlled | [ I II II)| +« combination 1 = =~
by supervisor | II I I II| « “r 2 =
1 I1 I\« “r 3 = 3

I Ir I II|« “r 4 =

I I1 II I |« “» 5 = 5

1 11 I I |« “» 6 =

The management of the bank decides on the organization of the bank by choosing ~.
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Let N; = (NF®,...,NGE,...,NT7, ..., Ni?) be the number of staff mem-
bers for a supervisor of rank 1,...,R in department k*°, 0 < NE < 10 (say).
Similarly, let @); be the vector of the staffs of all ranks, where 0 < Qfg <10,

q; = vector of the quality of the supervisors of all ranks, where 0 < qu <10,
if 10 is the highest possible evaluation of a person or a staff. Of course, more
able supervisors and higher qualified staff members are more expensive. In
any case, the organizational structure w; of bank 7 is subject to the decision
variables contained in the vector w; = (si,7vi, Ni, @i, ¢;).

The organization influences the maximum amount of credits CR; the bank
is able to grant, the percentage of “bad” loans and other characteristics of
the bank such that the profits of the bank depend on it. But this is not
easy to check and to quantify. We shall give an example later. As always in
this book we only consider integers for all variables. Thus the bank has to
choose between a finite number of alternatives. But, of course, not all feasible
alternatives are considered. This would be a task which by far exceeds the
intellectual capacity of a person and even if it would not, it would need much
more time to analyze and judge the alternatives as would be available for
that purpose. Only very few alternatives are considered by the members of
the board of the bank as “essential” at the time when the decision has to be
taken. The others may become essential eventually at later periods. A change
in the personal composition of the directory and of the supervising council of
the bank will also change the issues which are considered as “essential” at that
time. The criteria of judgement of the alternatives are similar to the criteria
of judging the performance of a commodity producing firm, see section 2.11
of this book. We repeat them here with the necessary changes:

e the profit Q) of the bank

e the amount of credits CR granted by the bank

the employment L

the shareholder value SHV which depends (among others) on the dis-
tribution d of profits now and in later periods

the risk R of bankruptcy
e the moral evaluation M of the choices ...

There might be other criteria too, but these seem to be the most important
ones. All alternatives under consideration are judged and given integer “notes”
between —Z and +Z, Z > 1 by all members of the decisive bodies of the bank.
They are condensed to an integer number which represents the “judgement

49 For simplicity we assume that the number of members of the staff allocated to a
supervisor of a certain rank is equal for all supervisors of the same rank.
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of the board”.%% Let Vij(xij), T € {Qij,CRij,SH‘/ij,Rij,Mij} be the
evaluation of a decision of the bank to move from an initial situation B; to
the situation B;; by an appropriate variation of the decision variables. The
relative importance «;j, of the different criteria has to be stated by the same

board, where a;jz>0, Y. @ij,x = 1. Now the evaluation of point B;; is
KET

Vij = aujoVij(Qij) + aujcr - Vij (CRij) + aijr - Vij (Lij)
+a;j sV (SHV:5) + 045, rRVij (Rij) + auj v (M),
cf. section 2.12.

3.9 The Secondary Inputs of a Commercial Bank

The secondary inputs of a commodity-producing firm are assumed to be pro-
portional to the output of that firm and a function of the age of the machine
which is used for production, see equation (3.6) in section 2.13 of this book.
In a bank the secondary inputs are on the one hand related to the number of
employees in the bank (each employee has to be equipped with office space
and office equipment, and we do not make a great fault if we take that part
as proportional to the number of employees); on the other hand, the bank
needs secondary inputs proportioned to its fixed investment, which we called
“land” and which comprises also buildings. Thus we may assume

SLj; =04 - n; + 6% - LA;

where n; = number of persons in bank i; LA; = “Land” owned by bank .
For the other notations, see section 2.3.

3.10 A Digression: Dubious Effectiveness of the
Discount Policy of the Central Bank

In the year 2001 the Federal Reserve Bank in the US lowered the discount rate
in several steps in order to overcome the weakness of the American economy.
But these measures did not have a visible effect, and many economists were
disappointed on the inflexibility of the economy in this respect. But from
the point of view of economic theory it is easy to see that a lowering of the
discount rate need not have a sizable effect on the interest rate ro g the banks
are charging for their loans and on the credits they are granting to the firms.

50 For the way how this can be achieved, see section 1.3
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Figure 3.7. Almost no Effect of the Discount Policy on Investment

And also if the banks pass on the lowering of the interest rate to their
customers, this need not have an effect on their investment policy and thus
on production and employment. If the credit demand CR{, of the firms at
bank i is already larger than the credits C'Ry; the bank is willing to grant and
the same is true for all other banks, there is no incentive for a bank to follow
the lower interest rate charged by the Central Bank. This would only increase
the surplus demand on credits and lower the profits of the bank. Only if the
credit demand falls short of the amount of credits the bank has decided to
offer or if other banks which compete with bank i lower their interest rate
and thus would draw off customers from bank i, there is an inducement to
follow the low interest rate policy of the Central Bank. This may be the rule,
in general. But this does not guarantee a higher investment and thus more
employment. If the size of investment of a firm is not limited by the liquidity
constraint but by the demand of the product the firm is producing and if this
demand is rather rigid with respect to its price and the price of the product
is rather insensitive to the rate of interest, the lowering of the discount rate
has almost no effect on production and employment. Fig. 3.7 illustrates also
another case. If real investment I"°* of a firm depends on the ratio of the
prices of investment goods to the price of the commodity the firm is producing
(such that a decrease of the price of the investment goods at a constant price
of the own product increases investment), and if the lowering of the interest
rate affects all prices more or less proportionally, there will be no increase of
investment by lowering the interest rate. The diagram on the right of Fig. 3.7
illustrates this case.
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It shows the interest rate rcg the private bank is charging as a function f of
the discount rate rq;., the price p of a product as a function g of the interest
rate rop and the real investment 17 of a firm as a function of the price p
of its product and of the prices ¢ of investment goods. In this example rather
large reductions of the discount rate have almost no effect on investment and
thus on production and employment. The reason is simply that the reduction
of the interest rate affects the prices of the investment goods and the price of
the product which the firm is producing in a similar way such that the net
effect on investment is not evident.

3.11 On the Near-Constancy of Some
Coefficients in the Monetary Sector of the
Economy

To show the near-constancy of some parameters which is supposed in sections

3.2-3.7 we use the statistics of the German monetary system®!. We aggregated

the balance sheets of the Commercial Banks and of the Central Bank from

the more detailed version as published in the “Monatsberichte der Deutschen
Bundesbank” to the following form:

I. Commercial Banks (= Monetéire Finanzinstitute, MFis)
A. Assets
1. Cash: CAp (= Kassenbestand, Deutsche Bundesbank Monatsbericht

(=MoBer) Marz 2001, p.20%)

2. Credits of MFis to banks + Credits of MFis to non-banks
= CRp (= Kredite and Banken (= MFis) im Euro-Wahrungsgebiet +
Kredite an Nicht-Banken (Nicht-MFis) im Euro-Wahrungsgebiet, see
MoBer. Mérz 2001, p.20*)

3. Accounts of the Commercial Banks at the Central Bank
= CAp,cB (= Ist-Reserve, see MoBer. Oct. 1998, p.41* and MoBer.
Marz 2001, p.42* )

4. All other assets (see MoBer. Marz 2001, p.20*)

5. Total balance account = all assets
= BALp (=1) + 2) + 3) + 4), see MoBer. Mérz 2001, p.20*)

51 For simplicity, we do not differ between bank notes and coins.
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B. Liabilities:

1.

Deposits at the Commercial Banks = DEPg = deposits of banks in
the Euro-area and deposits of non-banks in the Euro-area
= DEPg g + DEPR nonp, see MoBer. Mirz 2001. p-22*

. Other deposits and debts and capital and reserves, see MoBer. Mérz

2001, p.22*

. Total balance account, = all liabilities = BALg (= 1) + 2), see MoBer.

Mirz 2001, p.22%)

II. Deutsche Bundesbank (= Central Bank (CB))

A. Assets

1.

Gold and Claims on Gold, see MoBer. Méarz 2001,p.16*
=Gen

. Claims in foreign currency outside the Euro-Area, see MoBer. Mérz

2001, p.16*
= FCcp

. Claims on banks, due to monetary operations

= CL¢B,B, see MoBer. Mérz 2001, p.17*

. Claims on the government

= CLc¢B,¢, see MoBer. Marz 2001, p.17*

5. All other assets, see MoBer. Marz 2001, p.16* and 17*

. Total assets = total balance account

= BALcp = 1) +2) +3) +4) +5)

B. Liabilities

1.

Bank notes in circulation
= N¢pB, see MoBer. Mérz 2001, p.18*

. Accounts of the Commercial Banks at the Central Bank

= CAg cp (= Ist-Reserve, = Einlagen auf Girokonten einschl. Mindest-
reserve-Gathered, see MoBer. Mérz 2001, p.18*, p.42* and MoBer Oct.
98, p.41*)

. Other liabilities 4+ capital + reserves: see MoBer. Marz 2001, p.18*

and 19*

. Total balance account, = all liabilities

= BALcp =1) + 2) + 3)

Now we show that the reserve rate 7, the cash rate sg and the cash coefficient
Cnonp Of non-banks are approximately constant. For the comfort of the reader
we reproduce the original figures from the balance sheets for years or months.
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A

We show that CAp cp ~ r* - DEPg, where * = r -, 7 =proportion of
deposits at the commercial banks which are subject to the obligation to keep
reserves at the Central Bank. Liabilities of commercial banks which are subject
to reserve requirements = DE Pg grs, see MoBer. Oct. 98, p.41* and MoBer.
Mirz 2001, p.42*. According to this definition, we have DEPg = DEPg g +
DEPg nonp- The figures are for 1991-1998 (always end-of-December-values,
Mrd. DM):

Year | DEPs,s | DEPpnons | DEPs | DEPp rps | v = 22 BEES
1991 || 1365,7 2617, 5 3983,2 | 1516,689 | 0,381
1992 || 1405, 6 2743,6 4149,2 | 1734,654 | 0,418
1993 || 1556, 3 2981, 1 4538,1 | 1894,674 | 0,418
1994 || 1650, 9 3082, 2 4733,1 | 2007,710 | 0,424
1995 || 1761,5 3260, 0 5021,5 | 2066,565 | 0,412
1996 || 1975,3 3515, 9 5481,2 | 2201,464 | 0,402
1997 || 2195,6 3647, 1 5842,7 | 2327,879 | 0,398
1998 || 2480, 3 3850, 8 6331,1 | 2576,889 | 0,407

Thus, ~ varies around 0,4. We take that as trend value. In that case we get
for r the following values:

Year | CApcp | DEPs | 04-DEPg || r = 22802
1991 | 75,044 | 3983,2 | 1593,28 0,0470
1992 | 86,360 | 4149,2 | 1659,68 0,0520
1993 | 60,365 | 4538,1 | 1815,24 0,0330
1994 | 44,377 | 4733,1 | 1893,20 0,0230
1995 | 37,337 | 5021,5 | 2008,60 0,0186
1996 | 39,522 | 5481,2 | 2192,48 0,0180
1097 | 41,721 | 4842,7 | 1937,08 0,0220
1098 | 46,432 | 6331,1 | 2532,44 0,018

The minimum reserve rates 7, have been kept constant since 1995 (see
MoBer. Mérz 2001 p.42*) at 2% for normal liabilities and 1,5% for saving
deposits. Thus a value around 0,018 seems to be appropriate. It is rather
constant. In the years before the minimum rates have been reduced eventually,
see MoBer Oct.98, p.41* which is also visible at our figures r above.

B

We now turn to the relation CAg = sg - DEPp. We get the following time
series:
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Year | CAp | DEPg | sp = %}%
1991 | 23,9 | 3983,2 0, 0060
1992 | 27,8 | 4149,2 0, 0067
1993 | 27,8 | 4538,1 0,0061
1994 | 26,2 | 4733,1 0,0055
1995 | 27,3 | 5021, 5 0,0054
1996 | 30,3 | 5481,2 0, 0055
1997 | 30,7 | 4842,7 0,0063
1998 | 29,9 | 6331,1 0,0047

Since 1994 the cash rate sp is rather constant. In the years before the banks
succeeded in reducing this rate a bit, but we may assume that a sort of
minimum rate has been reached now.

C

We now look into the statistics whether we could consider the cash coefficient
cnonp Of non-banks as approximately constant, i.e. we look at the relation

NC’B,nonB = CnonB * (NCB,nonB + DEPB,nonB)

Now monthly figures are available. We calculate the bank notes NcB nonB
outside of the banking system by taking the total amount N¢op of notes in
circulation (see MoBer. Marz 2001, p.14*) and subtract the cash CAp of
banks (see MoBer. Mirz 2001, p.20*), according to the relation NoBnonB =
Nep — CAp.

Figures for the deposits DEPB nonp of non-banks are available at the
MoBer. Mérz 2001, p.22*. The following table shows the result.

NCB,nonB+ CnonB =

Month NCB CAB NCB,nonB DEPB,nonB DEPB,nonB p ":’"CBB#;;o;:B —
May 1999 | 128,9 | 13,4 115,5 1951,8 2067,3 0,056
June | 129,4 | 13,5 | 115,9 1056,9 2072, 8 0,056
July | 129,9 | 13,1 116,8 1951,7 2068, 5 0,056
Aug. | 130,4 | 13,2 | 117,2 1955,0 2072,2 0,057
Sep. | 130,3 | 13,3 117,0 1958, 6 2075,6 0,056
Oct. | 130,2 | 13,5 116,7 1966, 3 2083,0 0,056
Nov. | 130,5 | 13,2 117,3 1994, 4 2111,7 0,056
Dez. | 134,4 | 17,2 117,2 2012,4 2129,6 0,055
Jan. 2000 | 136,6 | 13,5 123,1 2005, 4 2128,5 0,058
Feb. | 132,0 | 13,5 118,5 2011, 7 2130,2 0,056
March | 131,6 | 13,1 118,1 2001,9 2120,0 0,056
April | 131,8 | 14,2 | 117,6 2004, 3 2121,9 0,055
May | 132,3 | 13,9 118,4 1998, 2 2116,6 ) 0,056

This shows a remarkable constancy in the proportion of cash holding to de-
posits on the side of the non-banks.
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3.12 A Digression: Some Consequences of the
Near-Constancy of Some Coefficients in the
Monetary Sector of the Economy;

a Simplified Model

If we make the following additional assumptions we get some insight into the
functioning of the monetary sector of the economy. The additional assump-
tions are:

1. There is only one commercial bank in the economy.

2. This bank uses in each period all “free reserves” for credits to non-
banks. “Free reserves” are defined with respect to an initial expansion
ACRE ponp =: R of credits of the bank to all non-banks in the initial
period, say: ¢ = 0. This additional amount R of money expands the
portfolio of the non-banks. It is kept as additional cash of the non-banks
(by the amount ¢- R, ¢ := ¢ponp) and partly as additional deposits at the
commercial bank (by the amount (1 — ¢) - R). The bank wants to keep
additional liquidity reserves in proportion to the additional deposits.
This amounts to s- (1 —c¢) - R, s = sp. But it also has to keep minimum
reserves at the Central Banks in proportion to its additional deposits,
by the amount of r(1 — ¢) - R, where r = r* is the minimum reserve
requirement ratio, decided by the Central Bank. This leaves the amount
(1=s—=7)(1—c)- R of free reserves at the commercial bank, which will
be used for granting new credits to the non-banks in the next period.
If we continue this way we get a time series of additional credits and of
additional money as shown in the following table:

Table 3.1. The Money Multiplier

additional additional
cash reserve
Free reserves change of change of requirement, requirements
= additional cash at deposits of qof the S of the
credits non-banks non-banks . commercial
commercial bank at the
bank Central Bank
0 R cR (1-¢)R s(l1—c¢)R r(l—c)R
1 (1-s—71) c(l—s—r) (1-s—r) s(l—s—r) r(l—s—r)
(1-¢o)R (1-¢c)R (1-¢)®R (1-¢)%R (1-¢)°R
2 1—s~71) c(l—s—r1)7 1-s—-m?% s(1—s—1)% r(1—s—r1)%
(1-¢)? R 1-¢?% R (1-¢)*R (1-¢)°R (1-¢)*R
n (1—s—)" c(l—s—r)" (1—s—r)" s(l—s—r)" r(l—s—r)"
(1-¢)"R (1-¢)"R (1-o"*'R (1-¢)"*'R 1-¢"'R
[e's) 0 0 0 0 0
=] . . s(1—c) r(1=c) 52
tg() 1—(1—sir)(1—-c)R lf(l—s—r)(l—c)R 17(1—3—7‘)(171’:)R lf(lfslfv‘)(l—c)R 1—(1—51—1')(175)R

52 A variant of these formulae can be found in Jarchow I (1973), p. 49ff.



A Final Remark 223

where 0 < c<1, O0<s+r<l1l, 0<s<l 0<r<l, R>0.
Thus the fact that the deposits could be used as money (mostly by
remittances) leads to a multiplicative effect of an additional credit of
the commercial bank.

3.13 A Final Remark

In this theory of the banking system the Central Bank is treated in some
detail. The commercial banks are handled in the same manner; the several
different interest rates which are charged by the commercial banks are not
explained. This will be done in chapter 7 together with the explanation of
the security prices. This conforms to the treatment of wage rates which are
also explained in a separate section. Here we proceed to the theories of other
economic agents.
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CHAPTER 4

The Educational System,
Development and Research’

4.1 Some Basic Concepts

In this part we deal with the size and growth of knowledge in the society
(which is an immaterial phenomenon) and with the material base of the phe-
nomenon: the educational and research systems of the society. This comprises
also the applied research within a firm. It cannot be separated from the re-
search and development outside of the firm.

All knowledge starts with observations made by the current generation and
made earlier and transferred to the presence by oral tradition (e.g. by lectures
in the university) or preserved by books and other means of preservation of
information. Thus all what is known (or taken as knowledge) in a society is
actually known by persons or preserved in libraries or other institutions and
accessible to all persons who are interested in it. We cannot take all that as
“observation” what is taken to be true by the majority of persons concerned
with it. The “observation” may be actually false or distorted.?2 Thus it is
necessary to examine from time to time the old “observations” whether they
continue to be valid also under more refined or changed conditions. Now (in the
spirit of the encyclopedists of the 18. century) one may register all observations
available in the society by persons or in books in a series of “Handbooks of
knowledge” and may enumerate them.

Let ¢; be the description of an observation in the above sense. There is only
a finite number of observations known in the society in a certain period, say
n, where n is a very large number. It always increases as long as the research
process continues. Thus

Wobs: = {¢la"'a¢n}

is a vector of all observations known (or believed to be known) in the society
(W stands for “Wissen” = knowledge in German).

Wops forms the connection between the outside world and our thoughts on
it. These “thoughts” are the theories by which we explain the observations.
Each theory must explain several observations by a rather small number of

1 The notations are partly changed compared to those in Chapter 2.

2 Opinions of persons (living or deceased) which are handed down to the presence (right
or wrong) also count as observations, of course. We do not limit the concept of “ob-
servation” to the natural sciences.
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hypotheses (in the natural sciences called “natural laws”). A theory which ex-
plains only one observation is useless, one would better use the simple descrip-
tion of the phenomenon and call it a “theory”. The ideal theory would be a
“theory on everything”, and the physicists are working on it (Einstein devoted
his time and effort in Princeton mostly on the search of such a theory, but in
vain). By the way: “everything” in this connection means here: everything in
the field of physics. A theory in the above sense should explain several obser-
vations (at least approximately) and predict unknown future observations. Let
6, be a theory in this sense which could explain a subset {x,- .-, b1} C Wops
of observations and assume that there are m theories known in the society.
These m theories constitute a set which we call theoretical knowledge Wipeor:

Wtheor L= {017 v 70m}
Wops and Wipeor together form the basic knowledge Wyase in the society:
Wbase = {Wob37 Wtheor}

But there is also another type of knowledge which we call applied knowl-
edge Wapp which comprises all technologies ¥; to produce a certain product
i, primarily those products which are actually produced (say: for products
1,...,n), but also for other products which could have been produced but
actually are not for different reasons (e.g. lack of demand at prices which
cover the costs); we count these products by n+ 1,..., N. And finally W,
comprises all alternative technologies to produce the products 1,...,N.

We denote the alternative technologies to produce the commodity ¢ by
19;, 19;1, e ,1952). Thus the applied knowledge in a society Wopp is the set of
all known technologies:

Wappt © = {91,0;,...,9 ... 0N, Oy, ..., 00}
to produce the commodities 1,..., N. This includes all observations made in

connection with the use or development of a specific technology.

One may also define: a technology is the knowledge how to produce a well
defined commodity. The basic knowledge is not necessarily related to any
production process, it is “pure knowledge”.

In the “Theory of the Firm”, section 2.5 (The Handbook of Production) we
defined a technology 1; as the following set:

¥; = {Aq, Bi, Dy, Repli, Ay, Ay, Hb}, i =1,...,N

where A = matrix of the output coefficients of firm 4
B; = matrix of secondary inputs of firm i
D; = matrix of the commodity structure of investment of

firm 3
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Repl; = matrix of replacement coefficients of firm ¢

A; = matrix of labor input coefficients per unit of investment
of firm 1

A; = matrix of labor input coefficients per unit of production
of firm %

Hb; = handbook of production for commodity 2

In the following section we present theories to explain the development of the
basic knowledge Wy,se and of the technologies ;.

4.2 Natural Endowments and the School System

It is clear that basic and applied knowledge is produced and transferred by
the educational and research system outside and within the firms. We have
to consider it as a whole and start with the educational system outside the
firms.

The base of all learning are the natural gifts (or: endowments) of a person
in different fields. Let there be z fields, beginning from physical endowments
(power, physical aptitudes, persistence, skill,...) to spiritual (mathematics,
languages,...) and artistic ones (drawing, painting, music,. .. ).

We assume, that total knowledge® in the society in the field (,{ =1,..., 2,
at the beginning of period 0 can be quantified and normalized to 100 and that
it is possible to allocate numbers 0, 1, ..., 100 to each subset of this knowledge.
Now the knowledge Wi(g) of person ¢ in the field ¢ (where person i is located

in the educational system o) can be described by a number 0 < Wi(g) < 100.
The natural endowments set limits Wi(g), (=1,...,2, 0< Wi(g) < 100 to
the knowledge (or performance) of a person in each field:

(@) < @
Wiew = Wy

We take Wi(g ), ¢ =1,...,2, as given for each person. They constitute the

profile W *) of endowments of that person?:

Wz’(a) = (Wi(f)7 SR Wi(:))

Similarly, the profile of actual knowledge (or performance) of person i is de-
fined by

W = W, W), WY < W

3 The word “knowledge” comprises capabilities of all kinds. It is a “pars pro toto”.

4 The endowments may be unknown to the environment and perhaps to the person
himself, especially in the childhood of the person. We do not deal with this problem.
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For example: persons without any musical gifts will never reach the abilities
of the top musicians, irrespective of all schooling.

In this approach we differentiate between three educational systems, which
a person may pass in order to reach the limits of his endowments:

— the elementary schools: (o0 = e.sch.)
— the high schools: (¢ = h.sch.)
— the universities, technical colleges, etc.: (0 = u.sch.)

The better the educational systems the nearer a person may come to the limits
of his natural gifts. But it is in almost all cases impossible to develop all gifts
up to their limits. Developing is done by learning. That takes time, and life is
(in general) too short to let the actual performance become equal to the size
of the gifts in all fields. This development (outside the firms) is done in the
education system.

The schools do not only transfer knowledge but they also (to a certain de-
gree) form the character and determine the value system of those persons that
attend them. We use the same approach in this context. We enumerate all
traits of character, from those which are considered as positive (like: being
friendly, co-operative, diligent, active,...) to those which are usually consid-
ered as negative (like: being selfish, aggressive, reckless, unfair, idle,...). Let
there be Z traits of character 1 to 7 positive ones and 7 + 1 to Z negative
ones. Each of them may be realized to the largest degree (call it: 100) or not

at all (call it zero). Now the character profile Chz(-a) of a person ¢ in the school
system ¢ may be indicated by the vector

Ch® = (ChY,...,Ch{)), 0< CRY <100, (=1,...,%

The influence of the school system on the character of a person may be an-
alyzed similarly as its influence on knowledge. But our topic here is the ac-
cumulation of knowledge. Thus we do not pursue the influence of the school
system on the character of the pupils or students further.

For simplicity we assume that the government decides on the size and the
structure of the educational system. It may delegate part of the decisions to
committees or private institutions, but we subsume this under “government”.

For each educational system oe{e.sch.,h.sch.,u.sch.} the government has
to decide on:

1. the minimum age T 75101?n, of pupils or students to enter the system o and

2. the maximum age TS})I to leave the system o®

5 If there is no limitation of this kind, T7(,fa)x may be a very large number such that
nobody reaches that age.
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. the formal (educational) requirements which must be fulfilled in order
to allow a person to enter the system ¢®

. the maximum amount of pupils or students admitted to the system o

. the number of teachers (teachéa)) per pupils N C(O) or students in field ¢
of the system ¢

. the quality q(teach(;)) of the teachers in a certain field (measured by
the required examinations passed in this specific and in related fields).

. the “capital capéa) per student” NC(O)’ where “capital” comprises school
buildings, places and equipment for teaching and experiments, place for
breaks, for physical exercises etc.

. the curriculum curréa) of instructions. These are the objects to be taught
and the amount of knowledge to be transferred to the pupils or students.
The requirements may be high such that only few persons gifted for this
specific field may pass the examinations or low such that more or less
every person could make it.

. the method of teaching (soft or tough, with or without homework, writ-
ten or oral examination, behavior against disturber of instructions etc.).

There are only finite many alternatives for each of these 9 items.” Each al-

ternative j for the system o costs an amount of CO;J) monetary units for

the government.® If the government budget limits the expenditures for the

different types of schools to the amount C'_O(U), only those alternatives are
admitted which stay within these limits, call them 1,..., z. Thus the choice
of the government with respect to the educational system as a whole may be
again illustrated by the familiar figure:

6 For 0 = e.sch. these will be requirements as to the mental and physical state of the

pupils which apply for admission. For the other systems these are good performances
in the lower system as indicated by the grades.

7 Assume that there are 3 alternatives for each item to be considered for realization. Then

8

we get 3% = 19683 combinations to be weighed. This sounds awful, but remember that
this is a general theory. Actually, only one or two of these items are under consideration
in one period and that gives 3 or 9 alternatives. All others are kept constant because
the capacity of evaluations and taking decisions is limited. Which problems will be
taken up depends on the evaluation of the problems by those persons that have the
greatest influence on the “public opinion”.

These are not the total costs of running the system o: the costs for the students are

disregarded. Thus we may CO](.U) better call the expenditure of the government for
the educational system o.



230 CHAPTER 4: The Educational System, Development and Research

B
B;>
B;
Biz
where B; is the initial condition of this educational system and B, the decision
to change the system in the next period® to the alternative { = 1,..., z.

The following graphs (Fig. 4.1 and 4.2) illustrate our approach thus far. It
is assumed that the fields of instruction are different in the different school
systems.!? Fig. 4.1 and 4.2 show the profiles of natural endowments of a person
7 and a person j and the profiles of the actual knowledge and performance
if these persons would be allowed to enter the system ¢. Only person j may
reach the limits of what is known in certain fields and thus have the chance
to extend the knowledge in this field (see Fig. 4.2). Person ¢ (see Fig. 4.1) has
no chance (or a very small one) to extend the knowledge in the society since
it does not even understand the majority of what is already known.

We consider the natural endowments of a person as given by nature.!!
But the actual performance of a person in the school system ¢ depends on
the decisions of the government on the characteristics 1,...,9 of the school
systems 0. We cannot deal with all details of the educational system, but the
fundamentals should be modeled and analyzed.

We start with the elementary schools. There the fields ( = 1,...,Z are

taught (see Fig. 4.1 and 4.2). Let Wc(e'“h') be the amount of knowledge which

max

a pupil should acquire in the field ¢ at the elementary school. It is fixed by the
curriculum decided by the government. We normalize this amount to 100 in
each field (see also Fig.4.1 and 4.2). We assume that teachers in the elementary
and high schools master these amounts of knowledge in his (or her) field ¢. But

9 To change a large system takes time, and changes cannot be made at each period, if
the period is short (e.g.: one year). The problems of transition from one alternative
to another are not easy. We do not deal with these problems here. We may imagine
that changes may only be made once in a decade. In the meantime the system stays
unchanged.

10 In the elementary schools only reading, writing, calculating, drawing and some other

minor objects are being taught. In high schools some languages, history, the basic
concepts of mathematics, physics, chemistry and some other objects are covered. At
the university level in principle all fields of knowledge are taught in detail. These fields
may be subdivided into natural sciences and arts and humanities. This explains the
graphs of Fig. 4.1 and 4.2.

I Tt might be that the family environment into which a child is born has an influence on
what we call “endowment”. We include that influence in the definition of “endowment”.
In any case: the Wig are given to the person.
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Notes:

Wi(g ) = endowments of person i in field ¢ (which belongs to school system o),
normalized such that 0 < W;¢ <100

Wi(g) = actual knowledge of person i in field ¢ after having completed school
o, o € {esch. hsch.,u.}, 0< Wi(g) < Wie
The fields are arranged such that endowments and actual knowledge decline within

each system (or subsystem). The profile W; = (Wi1,...,W;,) is given by nature,
the profile W; = (Wi1, ..., W) depends on the school system.

Figure 4.1 Endowments and Knowledge of Person ¢ in field {, ¢ =1,...,z,
normalized from 0 to 100. Person i is only weakly gifted for fields taught at the
university level
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Figure 4.2 as Fig. 4.1 but drawn for a person j which is highly gifted for natural
sciences at the university level

there are pupils ¢ at elementary school whose natural endowments Wi(;'SCh')

e.sch.)

in the field ¢ do not allow the pupil to reach the prescribed amount W(mm
A teacher j in the field { may have the pedagogical power ped; to increase

the knowledge of a pupil ¢ such that he approaches his limits Wi(;'“h') to a

larger or smaller degree. Let Wz.(ce #¢h-1) b the knowledge of pupil 7 in the
field ¢ when it enters the elementary school (usually zero or near to zero) and
Wi(ce'“h"(’“t) the amount of knowledge when it leaves the elementary school.

Now we postulate the following relation:

Wi(ce.sch.,out) _ Wi(ge.sch.,in) +p€dgz.sch.)(Wi(<e.sch.) . Wi(ce.sch.,in))’
| (4.1)
Wi(ce.sch.) > Wi(ce.sch.,ln)

The knowledge of a pupil in a certain field ¢ when it leaves the elementary
school is determined by the knowledge it brings along when it enters the school
(mostly zero), increased by the teaching. The teaching influence depends on
the pedagogical abilities of the teacher and the characteristics of the school

indicated by ped'S*°™) and on the distance of the innate limit W ')
j¢ i
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Figure 4.3 Efficiency of Teaching as a Function of the Number of Pupils per
Teacher

from the initial state of knowledge Wi(ce'“h"m). The parameter ped's*") is a
function of the natural pedagogical gift of teacher j in field ¢ (considered to
be given) and of the physical conditions of the lessons. These conditions are
combined in one index: cl: = pupils per teacher (or short: size of the class):

1< cl(e.sch.) = Nc(e.sch.)/teachée.sch.) < Cl(e.sch.)

¢ {max

The pedagogical efficiency ped;‘é'“h') is a declining function of clée'“h') and

lies between zero and 1:
pedgz.sch.) _ pedgec.sch.)(clge.sch.)) and 0 < ped§z.sch.) <1

Fig. 4.3 shows the shape of this efficiency functions of teacher j.1? Fig. 4.4

gives an example of the time shape Wi(ce'“h')(t) of knowledge of a pupil ¢ in

field ¢ if the initial size (at time t=0) is W **’(0) = W{**"*"™ and the final
size at t=T (when it leaves the school) is I/Vi(;'“h')(T) = I/I/i(z'“h""“t). The

limit of knowledge (determined by endowments) is Wi(ce'“h') < 100, where the
maximal amount of knowledge in this field required by the school authorities
is normalized to 100.

Now the pupil ¢ leaves the elementary school with a certification on the
marks it reached in each field ¢ and with a report on his general qualification
which is a sort of average on all marks. That decides on the admission to the

12 For simplicity we assume that the efficiency of teaching of a teacher is the same for all
pupils.
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W = Knowledge. Total knowledge
normalized to 100

Note:

The figure shows the case where the less gifted pupil 2 nevertheless leaves the school
with more knowledge than the higher gifted pupil, because the latter enters the
school with lower knowledge W1(0) < W3(0), e.g. because the more gifted pupil
comes from a less favorable home.

Figure 4.4 Limit of Knowledge W, Attainable by Pupil 1 and W> by Pupil 2 and
the Increase of Knowledge at School

high school. This proceeding does not guarantee, that the most gifted students
enter the high school. Take Fig. 4.4 as an example. Student 1 is more gifted
in the field considered here than Student 2 (W; > Ws). But since Student
1 starts at a lower level than Student 2 (W1(0) < W5(0), perhaps his (her)
family background is not so good, or he (or she) was ill) it may very well be
that Student 2 reaches a higher level of knowledge at the end of the elementary
school (at time T'). We assumed a pedagogical efficiency of .5. One observes
that WQ(T) > Wh (T)

There are three other problems connected with the transition from the
elementary school to the high school.

1. The allocation of marks on the performance of a pupil in a special field
¢ is not selfevident even if the evaluations of the teachers in this field
coincide. Let there be an amount WC* of knowledge which represents the
total knowledge required in this field at the elementary school. But only
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W = Knowledge

marks given by
teacher 1 teacher 2
Total knowledge W* = 100 16 16
90 9 10
Actual knowledge W =80 8 16
of a student 70 - 7 g
60 6 7
50 5 6
40 4 2
30 = 3 3
20 2 2
10 o 1 1
. | I
knowledge marks given marks given
by teacher 1 by teacher 2

Note:

The performance is to be evaluated by marks 0 (insufficient) to 10 (excellent).

Figure 4.5 The same performance W of a student (say: W =08-W* W=
total knowledge in this field, normalized to 100) is evaluated differently by teacher
1 and teacher 2

the amount W, < W¢ is shown to and tested by the teacher. Should
this be reflected by the marks given to the students? The situation is
illustrated in Fig. 4.5. Teacher 1 would say: since the performance does
not show that the pupil is also familiar with the amount W* — W
of knowledge, it cannot get the marks 9 to 10 (very good or excellent).
Teacher 2 may say: One has to judge the actual performance of the pupil.
This pupil is not responsible for the fact that it has not been confronted
with the problems labeled as 9 and 10. Since it knows everything with
which it has been confronted, it deserves the highest marks. Thus (apart
of all other problems of judgement) there are conflicting principles of
marking a pupil. Nevertheless, it is a fact, that (in case of a large number
of students) there is a distribution of marks of the students leaving
an educational system which is rather constant. Fig. 4.6 shows such a
distribution. It would be nice if one could show that this reflects the
distribution of natural gifts. But for the reasons given above one may
doubt that.

2. The admission of a student to the high school (and later to the univer-
sity) often depends on the report of his general qualification, which is
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v = relative number of students

leaving the educational system o
with marks 0,...,10

/—

= ’Yéa) (@)

. 8
,y(()a) 'Yi ) 'Y§0) 'yéa) ’yéa)l 10
1 T mark m(®)
0 1 2 3 4 7 8 9 10 for total
performance
at school o
Note:

%) >0, g=0,1,...,10, ZW(")—l

Figure 4.6 Distribution of marks of students leaving the educational system o €
{e.sch.,h.sch.,u.sch.}

defined as an average of the performance in all fields taught at the ele-
mentary school. This requires to decide on the weights of the different
fields. Let m(Z"SCh') be the mark which the pupil ¢ gets in the field ¢
when it leaves the elementary school, and let a¢ be the weight of field

¢ in the final report, where a¢ > 0, ZC 1 a¢ = 1. This yields a total

mark m(e *") for student i where m ") = Zzzl ac - m(e seh) Bug

the Welghts o are not self-evident but subject to the dec1s10n of the
government on the educational system.

Finally one has to consider that a certain proportion Bozts ) of pupils
leaves the school system after they have finished that school.!>These are
not only the less gifted persons that have no chance for admission to
high school and later to the university but also gifted persons who are
fed up with learning or have a good chance in business or have other

reasons to leave the school system and to enter in “real life”.

Let N(esch-out) he the number of persons who leave the elementary school.
Thus gle-schmout) . N(e-schout) of former pupils appear at the labor market
mostly as apprentices, and (1 — gle:schmout)y . Nleschout) — p(h.sch.in)

13 We do not consider drop-outs.
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enter the high school.'? If persons with low marks of general qualification,
say m = 0,1,...,3 are not admitted to high school, the number of persons
leaving the elementary school and coming to the labor market is at least (see

Fig. 46) E?=0 ,yi(e.sch.,out) . N(e-sch.out) Thug ﬂ(e.sch.,out) _ Z?:o ,yi(e.sch.,out)
in this case.

But usually also some persons who could be admitted do not apply for
admission and leave the school system. If we neglect this feature we may
calculate the number N(h-3¢h-in) of persons entering the high school at the

beginning of a term:

N(h.sch.,in) — (1 _ ﬂ(e.sch.,out)) . N(e.sch.,out)

Thus the vigor of the entrance conditions into high schools determines the size
of the high school system. In case that students stay T terms at high school
and we neglect the dropouts, there are

T
N(h.sch.) — ZN(h.sch.,in)(t)
t=1

students at the high school. Now the situation at high schools is quite analo-
gous to the situation at elementary school. The above approach for elementary
schools may be transferred to high schools (change the index e.sch. everywhere

to h.sch.) But bear in mind that the fields of instructions { = z +1,...,2

are different and the endowments Wi(ce‘“h')

Wi(ch'“h')(()) which the student ¢ could present at the beginning of the school
in field ¢ may also differ much more between students at high school than
between those at elementary schools where it may be approximately zero for
all pupils. As to the teachers at high school we assume the same as to the
teachers of elementary school: they master the amount W¢ .4, of knowledge
which they should transfer to their students perfectly, but their pedagogical
abilities pedyg'“h') may differ, perhaps more than these abilities at the ele-

mentary school level. Of course, the efficiency of teaching depends also on the
l(h.sch.)
¢

as well. The actual knowledge

size ¢ of the class as shown in Fig. 4.3 and is again normalized to lie
between zero and one.

The proportion G-sch-out) of a]] students N(h-sch-0ut) wwhich leaves the
high school goes to practical work and appears on the labor market. The
proportion 1 — B(h-sch-.0ut) enters the university system. There may also be
minimal requirements for the marks m(**"*) of students who leave the high
school in order to be admitted to the university. E.g. students with marks
zero to four are not accepted. In this case the proportion S(*-5¢h--0ut) can be

14 For simplicity we assume that all persons who graduate from elementary schools and
do not go to work are admitted to high school and that no persons from outside join
the high school.
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estimated by

4
B(h.sch.,out) — Z fy,(h'SCh')
i
=0

But this is a very crude approximation: also persons with a higher mark may
leave the school system, and there are special schools at the university level
which are highly specialized such that not the total performance m counts
but the note m{™*") of a special field .

We now come to the university schools. They are of special interest to us
since research is concentrated there as far as it is not done at firms. The
theory of universities is different from the theory of elementary and high
schools. Of course, the fields covered by courses are much more detailed and
more extended than those which are taught at the lower schools, see Fig. 4.1.
We demonstrate that by putting ¢ = zZ + 1,..., 2, which is different from
the fields ¢ = Z + 1,...,Z which are taught at the high schools. But there
are other differences as well. At the university level total knowledge Wiptqi
(everything what is known to be true on ¢ in the world) should be transferred
to students and (possibly) the limit of this knowledge should be extended.
We normalize this total amount of knowledge to be 100. Of course, a special
university teacher j may not know everything in his field ¢, but only the
amount Wt(;csfl;lg < Wiotal,c. Thus a student 7 of his (or her) class cannot
learn more than that, but he (or she) could stay behind this limit if the natural
endowment Wl-( of this student in this field is not sufficient. The initial state of
knowledge of student i in field ¢ when he (or she) enters the university is rather

low, as a rule, call it W3"*"™ . Now the level W"*"**" of knowledge of
student ¢ in the field ¢ depends on the level Wi(C"'SCh"m) when he (or she)

enters the university, on the natural endowments Wi(cu'sc}l') of the student, on

the scientific standing .sc;"c'“h') of the teacher 7 and on his influence on the

students that depends (among others) on the size clé"'“h') of the class in this

field. We suggest a relation similar to (4.1) for the lower schools:!®

15 This formulation implies that at the level of universities the pedagogical talent of a
university teacher is not of great importance. The students are adults and supposed to
be interested in science. They are interested in scientific truth whether it is presented
in a nice way or not. Who is interested in the pedagogical capabilities of Kant, Hegel,
or Einstein, Planck or Keynes? Their influence (direct and indirect) is independent
of it. The pedagogical capabilities are important for teaching children, scarcely for
teaching adults, who are interested in this special field.
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u.sch.,in u.sch.) ;yx-(uw.sch. u.sch.,in
Wi Vb scles eI (W eend) ety
if Wi(cu.sch.) < W(u.sch.)

W_(u.sch.,out) _ , teach;.C |
i¢ Wi(cu.(sch.,ln) + sc;z.(sch.)(Wt(;j;?;é _ Wi(cu.sch.,zn)) :
.p s (u.sch.) .sch.)
if Wie ™ > Wigaen,é
where 0 < sc%'“h') <1
and SC‘g’lZ.SCh') = sc§1:'30h')(cléu'30h~)), SC;—;LSC’L) < 0

cf. Fig. 4.4 and 4.5. This equation states that a student in his accumulation of
knowledge is limited by his natural endowments or by the quality and effi-
ciency of his teacher which depends on the teacher’s amount of knowledge in this
field and on the size of the class. With those changes the other definitions and
relations stated for the elementary schools stay the same at the high schools.

4.3 Learning by Doing

The schools are not the only institutions where knowledges and abilities are
produced and transferred. This happens also within the employment system
as a sort of byproduct. We consider only the firms as organizations where this
takes place, as a “pars pro toto”. Actually, other organizations will have the
same effect.

In this section we also deal with the connection of the school and the em-
ployment system.'® Consider a firm i which produces the product ¢ by the
amount ;. Our theory of the firm 7 is that of a hierarchical organization with
7(P) workers of rank p in period zero, p=0,1,... R, if there are R levels of
administration, where the Rth level is the boss (or the board, as the case may
be). Each supervisor of rank p may be assisted by a staff of N(#) persons.
The number 7(4%) of workers of rank zero, the control spans s(“#) of a super-
visor of rank p and the sizes N(*#) of the staff in stage p, p=0,1,...,R, are
decision variables for the management of the firm. For details, see chapter 2.

By definition: the number 2(*#) of persons employed at rank p (including

staff members) in firm ¢ results from the number ﬁ(_i’lp ) of persons employed

in the period before minus the number n'**

VP of separations plus the number
Sf,p)

n of accessions:
7.(6P) :T—L(_l,lp) _ n(_z,p) + ngzyp)

The separations result from resignation, illness, reaching the pension age,
notice of the employer or other reasons. We do not analyze that in detail.

16 The notations in this section are a bit changed compared to those in the Theory of the
Firm, see chapter 2.
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It is a fact that the relative number of persons leaving the firm from a
position p is rather constant in the average:'”

n() = eglin) . 7P (4.2)

(as a rule: ex(") lies between .05 and .1). In the short run ez(**) also depends
on the prospects of the firm (as seen by the personnel) and on the “climate”
within the firm. Thus the ratio ex(*#) as well as the ratio of those which are
notified as ill are good indicators for the inner state of a firm.

If we accept (4.2) as approximation we get for the number of free positions
of rank p in firm i:

nii,p) — plp) _ ﬁ(_i’lp)(l _ e:c(i”’))
where h(_i’lp ) is determined by the past and 72(*#) by the decisions of the man-
agement on (%) the control spans s("?) and the size of the staff N(/),
Summed up over all firms i one gets the total demand n(®) for persons to be

able to work on the level or rank p, p=1,...,R.

We treat the schools oe{e.sch., h.sch.,u.sch.} similarly in our simplified
(o)

approach. Thus we have @(?) students in school o, n'’’ students leave the

school, nf) join it. For simplicity we assume that the number of persons
leaving the school is proportional to the size of the student population

n') = ez(® . pl)
These persons enter the next higher institution of learning, call it o/ (if there
is any), or they try to find a job at firms or they start their own business or

they become unemployed. Those graduating from school ¢ are hired by firms
for work in ranks p{?) according to the following table:

Transition Table
graduates from || are employable
at ranks'®
0111213
el.sch. XX
h.sch. X1 XX
u.sch. X1 X1 X

17 This applies for the steady state. If the number of persons entering a firm fluctuates
and there is an average time of employment, then the exit ratio fluctuates as well. In
business cycle theory this effect is known as the hog cycle. Tinbergen has shown that
there is a cycle like that in ship building. The approach (4.2) does not consider these
cyclical effects which will be small in general in the labor market.

18 This includes also employment in staffs at the indicated rank.
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Graduates with higher marks have the chance to start their business life
at higher ranks but not higher than rank 3. Let there be n(oP) persons who
graduate from school ¢ and are hired for work of rank p. If all graduates find
a job we get: 3° nl7?) = p()1o

But there are other applicants for higher positions: persons employed at
lower ranks (in the own firm or in another one) may apply, but also people
from outside (from the pool of unemployed persons or from abroad). This
leads to the topic of this section: learning by doing.

Consider a firm i which employs 7(%#) persons of rank p,p = 0,1,...,R.
For employment in rank p a person must have the qualifications ¢(*#) =
(qu,p Il )) to a certain degree. They may be normalized to lie between
0 and 100. A minimum quality (say: 50) may be required to be employable at
this level. E.g. for workers of rank 0 physical forces, skill, ability to cooperate
with others and the like may be required. For workers of rank 1 some insight
into the production process and ability to direct the work of the subordinates
are necessary. “Learning by doing” means that a person working at the level
p will increase his abilities ¢(*#) in time and acquire the qualities ¢(##*t1 of
the next rank. After that the person may apply for promotion. He (or she)
will then compete with applicants from higher schools and from outside.

Now we sum up over all firms. Let o, be the proportion of persons working
in positions of rank p, which reached the qualifications for the rank p + 1.
Thus o, - A(®) is the number of persons who within the firms reached the
qualifications for a position of p + 1. Let ue(” be the number of persons
in the pool of unemployed people or otherwise appearing from outside with
the qualification for employment in rank p. Then we get the number 7(?) of
applicants for employment at the rank p:

forp = 0 : ’FL(O) = n(_E.SCh.) + ue(o)
forp=1 : al)= nsem) 4 e 4 507 (@
forp=2 : @@ =nl*) L ye® 4 g0

forp=R : 2 =ye® 4 §p_y -aE-D

The §, may be called the learning coefficients of the employment system. This
learning is not general but concentrated and specialized in different fields of
knowledge. This has some consequences for research and development.

19 Graduates from school are usually still rather flexible as to the firm (and thus: as to the
type of production) where they are employed. Thus we may aggregate over all firms.
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4.4 Development, Research and Technical
Progress

Learning means acquiring knowledge which is already existing. We dealt with
it in the last sections. But development and research are activities to extend
knowledge, and that is something else. By development we mean research
activities with the aim to find out new technologies ¥1, ..., to produce
the same (or a variant of) product zy (where the technology ¥y is used and
the technologies Y1, ..., Y, are already known, but not used), and to find
out new technologies 9,97/, . .. to produce related new products z/,z//, . ...%°
In development the research is done in order to improve the product or the
production process but not simply to extend knowledge. But, of course, de-
velopment rests on the observations ¢, ..., ¢, and on the theories 04,...,0,,
known to the firm (partly also: made by the firm).?! We assume that devel-
opment takes place only within firms whereas general research is mostly done
at universities and special research institutes, in general without considering
possible effects on production and the creation of absolutely new products
which may become possible by it.

Consider a firm 7 which produces the amount z; of commodity 7 by using
the technology 9;, see section 4.1. If the firm wants to participate in the pro-
cess of development of product ¢, it has to vary the technology 1; and the
product z; to 9/; and z/; under technological and economical constraints.?2
The technological constraints do not allow certain combinations of input and
output because they contradict the observations and the natural laws derived
from it. E.g., there is a law of increasing entropy, a law of the impossibility
of a perpetuum mobile, the Maxwell equations (to name only a few) which
should not be violated. That means: the development of a new technology
to produce the same or a related product must consider the known obser-
vations ¢, ..., ¢, and the known natural laws (or theories) 61,...,60,. Now
the situation is as follows (we consider a special firm but suppress the index
which describes it, see Fig. 4.7). The firm uses the technology ¥ to produce
zo and knows that there are technologies ¥¢y1, %2, ..., %, to produce the
same commodity zo or the variants z1,...,z,. It assumes that there are still
other technologies 4, ..., %,, to produce zg or variants z,...,z, of it. Simi-
larly, there are different products z/ with variants x/,...,z,/ considered by
the management of the firm which could possibly be produced by technologies

20 Fig. 4.7 illustrates the approach which we apply to explain R&D within firms. For
simplicity we have left out already known but not used technologies Jo1, ..., Y%on.

21 Of course, not all observations and all theories are known by persons within the firm.
A large number of ¢ and 6 will be zero, but we do not model that explicitly.

22 We do not consider here the economic constraints. They result from demand for the
changed products «/;, x//;, . . . and the costs of producing them by the new technologies
915,95, ... The index ¢ is suppressed in the following.
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The technologies Yo1,...,%0n to produce xo (which are known to the firms but not

used) are not illustrated in this figure.

The technologies marked by a star in the quadrangles I to III are feasible to produce
certain variants of the final product z. They are unknown to the firm, and the
development program of the firm is directed to find them.

Figure 4.7. Basis of a Decision of a Firm on the R&D Program

91,...,9,, and another product z// with the variants z//1, . .., z/1, which per-
haps could be produced with technologies 91, ..., 9/1,, see Fig. 4.7. Whether
this is possible or not is unknown. In Fig. 4.7 these unknown technologies (if
they exist) lie in the thickly bordered quadrangles. In the quadrangle I we
have fx - § possible R&D programs, in quadrangle II o/ - 9%/ and in quad-
rangle III $z/ - §911 possible programs. Let us assume that only the programs
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marked by a star would be a success, then the possibilities of finding a new
technology are rather small. Thus the persons working in development must
have some intuition where to search in the region of possible technologies. If
there is no success, the personnel in the development department must be
changed, in the first line the head of the department, in order to get someone
with better intuition.

We may describe this search as a chance process where the probability to
find a new technology depends on the choice of the personnel of the R&D
department. But perhaps the production of z/, 2/ ... is not possible with the
knowledge ¢1,...,¢, and 61,...,0,,. One has to wait for deeper insight into
the natural laws or one has to realize, that x/, z// . . ., are illusions at least for
the time being. Fig. 4.7 (upper part) illustrates the decision situation of the
firm. There are ft a priori possible technologies to produce one of the fz vari-
ants of the product z {quadrangle I) and similarly #/ possible technologies
to produce z/ and its variants (quadrangle II) and so on. The management
will assume that at least one of the possible R&D-programs in each quadran-
gle must be a success (otherwise it would not plan such a program). Thus
without further information the probability w to find a new technology in the
quadrangle I is at least w = 1/(§¢ - f#z) and similarly w/ for search in the
quadrangle 1T and w/ for the quadrangle ITII. Moreover, we assume that the
firm knows the cost CORrgp,; of a research and development program to find
out whether the technology i is feasible and that it can estimate the costs
CO; per unit of output of using this technology if it turns out to be feasible.
This refers to technologies 91, . .., %, (quadrangle I'in Fig. 4.7). Similarly, the
firm may estimate the costs CO%yy,pp ; and CO'gg pp ; of an R&D program in
the region IT and IIT and the cost CO; and COj of using this technology if it
turns out to be feasible. As an example for different technologies which yield
the same output think of different degrees of automation of the production
e.g. of automobiles or on different types of power sources for the production
of electricity. As an example for different products think of the different pos-
sibilities of getting rid of the nuclear waste coming from atomic energy plants
or on the different types of aeroplanes or on different possible medicaments
which help against cancer or aids or other deadly diseases.

The alternatives illustrated in Fig. 4.7 are the base for the decision of the
firm on R&D. We may divide the decision into two steps:23

1. the decision on the amount R&D of money made available for R&D in
the next period

2. the decisions to allocate this money to specific R&D projects. As a rule
there are much more possible R&D projects than there is money to
finance them.

23 This division is made in order to facilitate the exposition. In many cases this corresponds
to reality, though from the point of theory there is only one simultaneous decision.
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Expenditure for R&D competes with other expenditures of the firm

which are also important. The balance equation is the frame in which
all possible expenditures must lie. We write it as

CAF = DEP + DIV + 1+ R&D + ADEB + RES

where CAF = cash flow (given from the past; CAF > 0)
DEP = depreciation
DIV = payment of dividends
I = investment (including change of inventories)
R&D = expenditure for R&D
_ increase of debts (if positive)
ADEB = { repayment of debts (if negative)
RES = increase of reserves

The firm has to decide how the cash flow will be used. The long-term
development of the firm depends crucially on this decision. All different
combinations of this allocation have to be considered and evaluated, in
principle. Actually, only few alternatives are discussed and analyzed in
detail. There are different criteria: future profits of the firm, the share-
holder value, the market share; see chapter 2. We shall not repeat that
here.

In a second step the firm has to evaluate the different R&D projects
concerning the feasibility of different possible technologies under the
constraint of the granted expenditures R&D. The points of evaluation
are: the expected proceeds PR from the R&D-program on a special tech-
nology if the R&D-program turns out to be a success, and the cost CO
of this program, the probability w of success of this program (CO and w
are indicated in Fig. 4.1), the relative position of the firm in the future,
compared to the position of competing firms (when “position” refers to
market share, the profitability, the iriddebtedness and other features of
the firm). All possible combinations of R&D-programs within the limits
of R&D must be considered in theory. Actually, only very few remain
for serious consideration. Let CORrg. D u~ , p*e{l,...,m} be the money
spent for the granted R&D-project p*, and CORgp -,V e{1,...,n}
and C IIIZ&D,W* ,m€{1,...,p} accordingly for R&D in the regions II and
III of Fig. 4.7. In case that there is only at most one project chosen in
each region, these projects must fulfill the constraint

R&D > COggpy + COrgp, + COkyp e

The cost CO,CO’,CO" are zero if no alternatives of this kind are cho-
sen. The decision process itself follows the same rules as that of the
choice of R&D and will not be repeated here.
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ratio of highly gifted persons
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Figure 4.8. Natural endowment of gifts: ratio of highly gifted persons

We now turn to the basic research. This subsection continues the line of
thought of section 4.2. The point of departure is the distribution of natu-
ral endowments WC in a certain field ( = 1,..., 2. They may be normalized
to lie between 0 and 100. Let n¢ be the proportion of the population with
natural gifts in field ¢ between 80 and 100 (limits included). We may call it
the ratio of highly gifted persons in the field . Fig. 4.8 shows the distribution
of this ratio after suitable renumbering of the fields.

We assume that the fields 1,...,Zz taught at elementary schools and fields
Z+1,...,% taught at high schools (see Fig. 4.1) are simplified versions of
what is taught at universities, schools of engineering and institutions like
that. Therefore, basic research is only done in field Z+1, ..., 2 (see Fig. 4.1).
Let us assume that the highly gifted persons finish the university system in
their field by the marks Gt = 8,9 orl0, if they reach the university system.
Let there be N éu‘SCh"o“t)students who finish their university study in field ¢

at the beginning of period 0 and let yg+ ¢ - N, C(“'SCh"(’“t) be the number which
get the marks 8,9 or 10 which means with the grades “good” to “excellent” in
this field. But what does that mean: “excellent” or “good”? That is related
to the knowledge of the teacher. Take a certain teacher j in the field ¢ at the
university level. If we normalize the total knowledge W in field ¢ to 100 this
special teacher masters a ratio of d; ¢ of it, where 0 < 4§;¢ < 1,{e{Z+
1,...,z}.

The quality of teacher j in field ¢ at the university level is measured by this
proportion d; ¢ not by its pedagogical gift. The teacher could at best transfer
this proportion to his students. “Excellent” means that the student knows
this proportion (which the student in many cases takes as total knowledge in
this field). Now there is a distribution of the quality of teachers similarly as
the distribution of marks of the students, see Fig. 4.6.

“Excellent” for teacher j means: the student knows as much {or nearly as
much) as the teacher, “Good” means that the student is familiar with (say)
80% of what the teacher knows and so on. Since it is easier to become familiar
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and to understand a small part of a scientific field than to master the total
knowledge in this field, less gifted students may nevertheless get the best
marks at a less perfect teacher. Thus there is no simple correlation between
marks of students who leave the university and their size of endowments in
this field. It may be that small teacher /student relations 7% at lower schools
¢ do not develop the more gifted students up to their endowments. Then they
have to start at the university with a low level of basic knowledge and thus
they may stay behind their capacities when they leave the universities. Thus
new knowledge in a field ¢ which increases total knowledge (say) from 100 to
102 may also come from persons with worse marks at the university level or
without any university or high school attendance. But these are exceptional
cases which we do not consider here. In general, progress in science arises from
organized research work by single persons (e.g. in the form of a dissertation)
or (mostly) by research groups equipped with the necessary machinery and
material, which may require a high research budget. In our model research is
being done by highly gifted persons who graduated from university schools and
by teachers at the university schools (or equivalent persons at other research
institutions) of high quality, i.e. by those who master at least (say) 80% of total
knowledge in their field. But research is a search process (as the name rightly
suggests). If one searches in the wrong direction, one will not find something
new. But the probability to extend knowledge is the larger the more qualified
persons search in different directions. The number of persons that, if employed
in research, could possibly find something new may be estimated as follows:

Let NN = be the total population of the society

n = the proportion of persons who are highly gifted in a certain
field

7Y
Il

the proportion of these persons who reach the university level

X = the proportion of these persons who leave the university with
a knowledge of (say) at least 80% of total knowledge (approx-
imated by the proportion of students leaving the universities
with marks 8 to 10 at teachers who at least have that knowl-
edge)

4 = the proportion of these students that are willing to devote at
least part of their life to research and (since this work usually
pays less than an equivalent work in business) thus renounce
higher income.

With these definitions the number N("¢%) of persons who are able and willing
to do research is N("¢$) =5 .£. X -§ - N, a very small number indeed.?4

24 Let n be .01, £ = .5, X = .2, § = .5. Now we get Nypes = .0005- N. Thus for a population
of N=82 Mill., we get approximately 41.000 persons willing and able to do research.
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Now we estimate the number Nyeqcn of teacher who are able and willing to
do research in the field which we consider.

Let N(u.sch.)

teach ~ De the number of teachers at the university level (this

includes the number of person at equivalent positions in
research institutions)

« the proportion of these persons who are highly gifted and
thus in principle are able to do research in this field

8 the average proportion of their working time which these
persons could devote to research. 2°

vy the proportion of these university teachers who are inter-
ested in research and do it without additional pay.

Now we get for the number of researchers employed as teacher at the university
level who are able and willing to do research:

N(res) —a-3- - N(u.sch.) 26

teach teach

This refers to all fields of research. The parameters may be different in different
fields.

In the following notes we estimate this number in a different way and come to similar

results.
25 The number 8- N t(:as;h) indicates the mathematically equivalent full time researcher.
% fa=.58=.1,v=.5we get Nt(;fz})I =.025 - Nt(:ai,clh) Thus 2.5% of the university

teachers are able and willing to do research. The number N t(:az;h) of university teach-

ers of all ranks in Germany may be estimated as 155.760 persons (see Statistisches
Jahrbuch fiir die Bundesrepublik Deutschland 2000, p. 387). 2.5% of it are 3894. In
addition we have to count a proportion § of students that graduate in their field and
are able and willing to do research at least for some time. Let § be .025 (the same
proportion as at the university teacher level). The number of students that graduated
in any field were 277.525 in 1998 (see Statistisches Jahrbuch 2000, p. 385). Thus there
were 6938 graduate students who could do research. These are approximately 1.8 stu-
dents per university teacher who is active in research. This seems to be a reasonable
estimate for the average. To get the total number of persons that do research in Ger-
many one has to add the R&D personnel of firms and of institutions of community
research. In 1998 these were 288,000 persons (see Institut der Deutschen Wirtschaft
Koéln, Zahlen zur Entwicklung der Bundesrepublik Deutschland 2000, p. 119). In total
there were approximately 39.600 persons employed in research in Germany at the end
of the 1990s, which is similar to the number of 41.000 persons which we estimated
before. If we accept these estimations (one has to check whether the number of full
R&D personnel in Germany is really that large), the number of persons employed in
R&D is 28 times the number of persons doing basic research. Be that as it may: if
technical progress is a function of the number of persons engaged in R&D and in basic
research (this is what we suppose) the government can influence the parameters ¢, X', §
and (3,~ and the number Nt(:azflzr)
R&D at the firm level (by appropriate tax laws).

of teachers at the university level and influence
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We assume that research is being done in research groups of a minimum
size (which may be one in certain fields), and of different compositions (e.g.
in economics a group may consist of persons specialized in economic theory,
statistics and econometrics) and must be equipped with computers, books
and periodicals and some auxiliary personnel; in other fields (e.g. physics,
astrophysics, chemistry) the necessary capital equipment is very expensive.
We assume the following procedure in the approval and financing of research
programs:

1. The government decides on the number N (u-sch.) o teachers at the uni-

teach
versity level by granting the positions and paying the necessary cost
CO(u.SCh‘)
teach -

2. The government decides on the proportion (1 — 3) of the working time
of a university teacher which he (she) has to devote to teaching.

3. The constitution of universities and research institutes decides by its
procedure of filling the vacancies by appropriate applicants which pro-
portion a of highly gifted persons are employed at the university level
and which proportion « of it is interested in research (whereas the pro-
portion 1 — + is interested in teaching or in other activities e.g. in poli-
tics). Thus the procedure of appointing university teachers is most im-
portant for the research capacity of the universities.

The proportions a, (3, 7y are directly or indirectly determined by the responsible
department of the government or by the authoritative bodies determined by it.
Their personal composition sometimes follows some ideological prejudices (e.g.
at the time of the so called “student revolution” of 1968-1972 the word “elite”
was an abusive word, and teachers were evaluated and appointed according
to their political opinions, a procedure which is still visible and had partly
awful repercussions at some universities in Germany).

This refers to the long-term human base of actual research. But in addition
the government has to decide on the total amount CO ge;, of the yearly budget
which is determined to finance the manpower and the expenditures for equip-
ment which is necessary to carry out the research (but not necessarily in each
period if the research programme is planned for several periods). The expen-
diture CORe; for research competes with all other expenditures (for general
administration, for the administration of justice, the educational system, the
expenditures for roads, for police, for development aid, for the military forces
and others). Let p be the proportion of expenditure EX Pg,s for research in
the above sense to total expenditure £X P, of the government. Thus:

EXPges=p-EXP,, and0<p<1

p is a decision variable of the government, such as a, 3, 7.
We now suppose that those persons who are interested in and capable to
do research in each field (university teachers or persons in a similar position
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and graduate students) organize themselves in appropriate research groups
and apply for financing that research at the government or at the organi-
zation which is set up to judge the research proposals and which is pro-
vided with the amount EX Pg.s of money to finance the approved research
projects. Let there be F research proposals in the fields { = 1, ..., z with costs
CORes.¢1y---,CORes.cr- Now a committee which is appointed according to
the law or a decree of the government — we shall simply say: appointed by the
government — decides how the total amount EX Pr., of money allocated to
research by the government should be devoted to each field of research, that
means it has to decide on the proportions oy, . .., o, of the money for research
which should go to research in the fields 1,..., z:

EXPresc=0¢ + EXPpes, 0¢ > 0, ) =1,(=12,...,2
¢=1

Usually, there are research proposals in the field ¢ by the size

F

CORes.C = Z CORes.Cf
F=1

where these demands on money are larger than the amounts available. In
general: COges.¢ > EXPRrese

Now the same or another committee has to decide which research proposals
are approved and which are refused. Let us assume that the research proposals
are ordered according to the preference of the deciding committee such that
only the first 1,..., F; proposals are approved in the field ¢:

Fe
ZCOResA(f < EXPRes.C
f=1

There might be scientific criteria at this stage of the decision procedure. But
also ideological, political or personal ones or other points of view may interfere.
We shall not make a large fault if we consider the preference ordering PREF;
of the research proposals in the field ¢ as a political decision of the government.

Now consider the situation of a research group whose proposal has been
approved. It wants to extend the knowledge in a certain field. As a rule there
is a rather large number of alternatives to do that, call them PR;,..., PR,
(=procedure 1,...,procedure z, e.g. different experiments in the natural sci-
ences and different approaches in the cultural sciences). The research group
has to decide which procedure should be adopted and which propositions in
detail be tested. Since nobody knows where the truth might be found, this
is best be described by a search process with different probabilities of suc-
cess. The research group allocates subjective probabilities py,...,p, to each
research procedure PRy, ..., PR, and chooses that with the highest probabil-
ity of success in the eyes of this group. But nevertheless, the procedure might
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be wrong and the research program a failure judged from the point of view
of extending our knowledge. Thus the same group (or another one) may try
another approach in the next period.

Now we may conclude this section by stating:

1. The government (or committees appointed or under the influence of
the government) decides on the preconditions of research by choosing
the parameters «, 3,7 (which determine the educational system), the
parameters p and o (which determine the research expenditures) and
the preference order PR, of all research proposals in the field (.

2. The research group whose proposal is approved determines the research
procedure in detail by assigning probabilities of finding a new result
(till now unknown in science). Since nobody knows for sure where the
new unknown fact is located the research group assigns probabilities
to each research procedure and realizes that approach with the highest
probability of success.

If the research is a failure, nothing changes in the set {®1,...,®,}
of accepted facts and in the set {#,...,60,,} of accepted theories. If
the research turns out to be a success, the set of known facts may be
extended to {®1,...,®,+1} and (perhaps) also the set of theories which
explain the facts to {61,...,0m+1}, and perhaps something, what was
accepted as a “fact” may turn out to be an illusion and must be canceled
in the set of facts and similarly some theories have to be abandoned.

This is how progress in science and technical progress in firms and other
institutions may be explained.

4.5 Some Remarks on Other Explanations of
Technical Progress

The theory on technical progress suggested in the foregoing paragraphs is not
the usual one which may be found in the literature. There are many others.
Klaus Jaeger (1986) 27 gives a survey on the better known theories as far
as they are based on the concept of a production function. He cites other
review articles (see Jaeger p. 111) but, of course, one finds opinions on the
creation and diffusion of technological change in almost all books and ar-
ticles of economics which include economic growth (e.g. Dornbusch/Fischer,
Magcroeconomics {1978), Mankiw, Principles of Economics, Varian, Grundziige

27 Jaeger, Die analytische Integration des technischen Fortschritts in die Wirtschaftsthe-
orie, in: Bombach, Gahlen, Ott (Herausg.), Technologischer Wandel — Analyse und
Fakten, Tiibingen (Siebeck), 1986.
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der Mikrookonomie, Krelle, Theorie des wirtschaftlichen Wachstums, 2.Auf.,
Berlin, Heidelberg etc. (Springer), 1988).

The usual textbooks in economics do not deal with the reasons for technical
progress. They describe it as a shift of the production function which is taken
to be exogenous?®. There is one exception: Mankiw in his textbook “Prin-
ciples of Economics”?® devotes some pages in his chapter 24 on the verbal
explanations of the reasons for technical progress (and hindrances for it), see
p. 523 fI.

In the following I comprise the different theories to some groups of similar
approach. Of course, I cannot go into details, but the reader should know
other models which concentrate on other features of technical change.

With Adam Smith (1723-1790) economics as a science starts. He explains
(in terms of economics today) the economic growth by the increase of the
labor productivity which is the consequence of the increasing of the division of
labor. He illustrates that by his famous example of the production of needles.
A worker who manufactures needles from raw material (wire) up to the final
product could only produce perhaps one needle per day, and surely not more
than 20 pieces. But by decomposing the total work into pieces (e.g. cutting
the wire, forge the tip,...) and specializing the workers into only one piece
of activity, 10 workers could manufacture about 4800 needles per day. That
means: technical progress is measured by labor productivity and this depends
on the organization of the production process. Today we would classify this
theory as a special case of “learning by doing”.

David Ricardo (1772-1823) thinks that technical progress could only occur
in manufacturing, not in agriculture. It would reduce the relative price of
manufactured goods compared to agricultural goods because Ricardo believes
in the labor theory of value.

Karl Marz (1808-1883) preserves the labor theory of value (in spite of the
existence of the subjective value theory based on the utility theory of this
time). Technical progress is connected with an increasing organic composition
of capital (which Marx identifies with increasing capital per unmit of labor).
This yields more and more unemployment and (together with other features)
leads to the breakdown of capitalism.30

After Smith, Ricardo and Marz there was a long pause in the research on
this field till the dynamization of the Keynesian system by Harrod and Do-

28 Take as an example the textbook of Varian “Intermediate Microeconomics”, 5th ed.
1999, where in chapter 18 on “Technology” a change of technology is discussed without
giving reasons for it.

29 Mankiw, N.G., “Principles of Economics”, Fort Worth, Philadelphia etc. (The Dryden
Press), 1998.

30 This is a very crude and simplified picture of the economic systems of Smith, Ricardo
and Marx. As to the economic model of Marx, only the system of volume I of “The
Capital” of Marx is reproduced in a simplified form. In Krelle (1988) chapter 2, the
system of Smith, Ricardo and Marx are analyzed in more detail.
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mar and the introduction of the neoclassical growth theory by Solow, Meade,
Phelps and von Weizsdcker which replaced the Harrod-Domar theory. But as
far as the technical progress is concerned there was no great difference: both
theories measured technical progress by its consequences on easier measurable
economic variables: the rate of autonomous investment or the rate of growth
of labor productivity if employment stays constant. The general assumption
in the neoclassical approach was the existence of a neoclassical production
function

Y =f(AK,T)

where A = labor, K = capital, 7 = state of technology. Thus Z is the rate of
technical progress. In order to allow for equilibrium growth, the neoclassical
theory assumed Harrod-neutral technical progress, that means it assumed a
production function f of the type

Y =F(A" K), A* = A-a(r) = labor in efficiency units

whereas a Hicks-neutral technical progress would assume a production func-
tion of the type

Y =a(r) - G(A, K)

7 and a(7) which measure technical progress are not directly observable. In
econometric estimations they appear as residual: that part of Y which cannot
be explained by A and K is attributed to 7. Thus the estimation of 7 depends
on the structural form of f, F and G and the methods of estimating Y, A
and K. As to the structural form the Cobb-Douglas or CES or more compli-
cated functional forms (e.g. the Sato production function) have been used till
Jorgenson suggested the translog function which is an approximation to all
feasible production functions. In any case: technical progress is not directly
explained but inferred from its assumed effects on other variables.

This is the reason why other approaches have been suggested which get
around these difficulties. One of the most radical is Kaldor’s technical progress
function. Kaldor (1957) wanted to model economic growth without using pro-
duction functions, since technical progress cannot be separated from substi-
tution of labor by capital. Thus he postulated a “technical progress function”
of the type

Wy = P(wn)

where wy = rate of growth of output

w, = rate of growth of capital per person

p(0)>0,0<p <1,p <0
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If p is linear, Kaldor’s function is equivalent to a Cobb-Douglas-production
function.?' But this approach did not prevail in economics.

Jorgenson’s translog function®? allows for technical change. In Nakamura
(1984, pp. 44) it is measured by %1, where v;; is the value share of input 4
in the cost (= value of output) of sector j. But one may ask whether this is
an appropriate measure for technical change. Are the coefficients of the model
really constant? Kirchen (1988) estimates time-dependent parameters in an
econometric model of the West German economy by means of a variant of
the Kalman filter approach. This yields better results as the assumption of
fix parameters, but it also judges technical progress only by its consequences.

Badke (1990) continues this approach to its logical end by considering “tech-
nical progress” as a latent variable. There are methods of estimating latent
variables by analyzing the effects on input- and output indicators. One of
the best known methods is the LISREL system (Linear Structural Relation)
of Joreskog (1988). Badke uses a special case of LISREL called MIMIC (=
multiple indicators, multiple causes) and in addition a dynamic extension of
this system called DYMIMIC. Thus Badke could estimate a time series of
technical knowledge in West Germany (see Badke p. 89).

This surely is a progress in estimating technical progress. But this approach
does not explain where technical programs come from and how they could
be influenced. The first step in this direction did Kenneth Arrow (1962). He
explains technical progress by learning “on the job”. If the production process
is repeated the workers on the machine learn to do their job more efficiently
which in the statistics appears as less labor per output and will be interpreted
as “technical progress”. But this does not cover the technical progress due
to organized research at universities and other research institutions. This is
explained in Krelle, Fleck, Quinke (1975) who include a model of the school
system into an econometric forecasting system and analyze the change of labor
productivity as a function of the size and quality of the school system (in the
broad sense of the word). Also the costs of the school system are derived such
that the repercussions of an extension of the school system on the size of GDP
can be estimated. The result may be summarized as follows. There is a short
term positive multiplier effect of the additional expenditures for expanding
the school system which is followed by a negative effect on GDP (due to the
withdrawal of a larger part of young people from the production) which in
turn would be followed by an increase of GDP because of the higher education

31 See Krelle (1988), p. 205. Kaldor and Mirrlees (1962) suggested a complete growth
theory on that base.

32 See Christensen, Jorgenson, Lau, Conjugate Duality and the Transcendental Loga-

rithmic Functions, Econometrica Vol.39, No.4, pp. 255. Some comparisons of different
Taylor series approximations may be found in: Nakamura, An Inter-Industry Translog
Model of Price and Technical Change for the West German Economy, Lecture Notes
in Economics and Mathematical Systems, Vol.221,Berlin etc. (Springer), 1984, pp. 72.
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of a larger part of the population. Thus the theory allows to explain changes
in the average labor productivity which otherwise would have been attributed
to changes in technical progress.

The theory suggested in this section continues this approach.
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CHAPTER 5
The Theory of the Government

5.1 Introduction

There are decisions which refer to the community as a whole (e.g. the building
of long distance roads, the monetary system, the military system, the system
of customs) and others which may be left to the individuals. The government
may be a large institution with many divisions and departments with differ-
ent responsibilities and great power on the activities of the individuals such
that their liberty is very much restricted. But the government may also be
a relatively small organization with very restricted power which gives much
liberty to the individuals. There is a system of rules (written or not) called
constitution which determines the power and the organizations of the gov-
ernment and the way how the deciding personalities in the government are
selected.’ The constitution is supposed to be valid for a long time (in the Ger-
man constitution (“Grundgesetz” ) the essential characteristics of a democracy
are supposed to be valid “forever”, see “Grundgesetz”, art. 79 III). Actually,
the historical constitutions changed substantially in time, and this change is
the answer of the society to changes in the economic and social situation and
of the experience on the shortcomings of the old constitution. Here lies the
connection of economics and the constitutional law.

The “normal” decisions of the government in the form of acts and statutes
lie within the limits of the constitution and may be revised.

In the following we shall first present an overview on the historical devel-
opment of the technologies and constitutions and their relations. This is done
in the next three sections which, from the perspective of the book, form three
digressions which can be skipped by readers familiar with these subjects. Of
course, there is a whole literature on the supreme power, on constitutional
law, on government and related subjects. We shall sketch these ideas only in
broad outline. Then we shall develop a theory on the long term formation of
constitutions and finally we shall come to a theory of short term government
decisions and of the organizations of the government.

1 “Government” in the sense as this word is used in this chapter corresponds much more to
the word “Regierung” in German. The latter denotes the ministries and the parliament
and their equivalences on the local level. In the sense we use the word “government”
here, it comprises also the legal side (the constitution and laws which are the result
of the decisions of constitutional bodies) and the activities of organizations owned or
established and run by the government. The German word “Staat” would cover the
meaning of the following section. But the English word “State” has many meanings
which have nothing to do with the content of this section (e.g. state of health, family
state, state carriage et cetera). Thus, I decided to extend the meaning of the word
“Government” to cover also the legal side of life in a society.
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5.2 Digression 1: An Overview on the
Development of Technology and
Constitutions in the Last Millennium

The constitution of a society depends on the economic and social state at the
time when the constitution was fixed by force or formed by agreement and
practice. We start with the state of peasants and artisans around 1000 years
ago. The technology at that time consisted essentially of knowledge how to
grow corn, how to domesticate animals and how to manufacture simple objects
of daily use. The society was formed by a rather large number of independent
tribes or counties of small size, comprising a relatively small number of families
the wealth of which consisted mostly in the size and the quality of the land
which they owned. The constitution regulated the power of the chief relative
to the power of the single persons and the succession of leadership when the
chief died.? The simplest way to regulate the succession was to give the power
to the descendants of the old chief. The income of the chief consisted in the
tributes of the subordinates: the more subordinates, and this meant: the larger
the territory, the higher its income. Under these conditions the constitution
gave almost all power to the chief in order to strengthen his capacity to
organize the group in defense against attacks of neighboring groups and (or)
to organize it for own attacks on other groups. Since the own income depended
on the size of land and the number of inhabitants it is clear that these were a
high inducement to wage war against the neighbors. This refers to all classes
of the society. The local nobleman assaults the castle of his neighbor, one
chief tries to defeat the other. This is a (simplified) picture of the Feudal
System. Hobbes expresses this as follows (Leviathan, p. 61) “...Germany,
being anciently, as all other countries were in their beginning divided amongst
an infinite number of little lords, or masters of families, that continually had
wars one with another...” The number of independent political units declined
gradually since the small ones had in the long run no chance against the larger
ones. The history-books of Germany, France and Great Britain and other
nations are full of details on these permanent wars.

The consequence of this war “of everybody against everybody” was the
recurring destruction of castles, villages and towns, the devastation of fields,
the regression of population in the areas of war, the low level of the education
of people, also in the nobility, where fighting and hunting played the first role
and reading and writing was left to the clergy.

After some time it became clear, first for some few independent thinkers,
philosophers and (or) theologians that this is not an optimal organization

2 The designation of the chief of these small independent communities differs in time and
from nation to nation (baron, count, earl, duke, prince, commander, leader, chief) and
similarly for ecclesiastical units. For simplicity we speak mostly of chiefs or noblemen.
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of a society. Thomas Aquinas® and others tried to change the result within
the existing order by establishing moral rules also for the chief of a political
unit? and for persons in business® - but in vain. The restraints of the system
overruled all appeals on a “moral” behavior of a prince. This reality was
considered by Machiavelli® who explained how a prince must behave in this
system to succeed, and this was far away from any sort of morality. There
were some philosophers who advocated the more or less absolute power of one
sovereign instead of many. I only mention Jean Bodin” in France and Thomas
Hobbes® in England to name only two of them. They conceived a constitutional

Thomas Aquinas (1225-1274) “De Regimine Principum”, “Summa Theologica” and
other books.

Thomas stated that the aim of a society is not the virtue of its members as such
but the leading of the citizen to God. A virtuous life is a method to achieve that.
The welfare of the community is more important than the welfare of a single person.
This is why it is sometimes accepted that a single person gets worse if this serves the
welfare of the community. The monarchy is the most reasonable form of government.
But the subjects of an unjust ruler have not only the right of resisting unjust laws,
but they have also the right to depose such a ruler. These are some statements from
“De Regimine Principum”.

In “Summa Theologica” Thomas put up some moral demands for business men: not
to take interest on loans except in special cases, not to sell a commodity above its
value. The price of a commodity should correspond to the “quantitas valoris” which
is measured by the expenses of money and labor (expensae at labores). This gives the
inner value (valor intrinsicus) of a commodity which in turn conformes to the just
price (justum pretium). These are only some extracts from the moral (and religious)
demands of Thomas.

6 For Machiavelli (1469-1527), the essence of a state is the organization and the execution
of power, irrespective of moral or juridical restraints.

7 Jean Bodin (Bodinus, 1530-1596) derived the rights of the ruler from own divine rights
(“dei gratia”), independent of the church. He proclaimed the sovereignty of the state,
but with limitations which follow from religion and from natural law.

8 Thomas Hobbes’ (1588-1679) book “Leviathan” (1651) is the main source of his ideas
on natural law. “Leviathan” is the name of a life threatening monster in the Old
Testament (e.g. Jes. 27,1; Ps. 74,14 and passim). This monster is the state. But without
the state there would be a continuous war of “everybody against everybody” — to the
disadvantage of everybody. Thus the state is formed as a way out of this situation.
The basic idea is that all citizen give up their natural authority to one man, the
sovereign, who gets the absolute power by this fictitious covenant. “Covenants, without
the sword, are but words, and of no strength to secure a man at all...If there be no
power erected,. ..every man will, and may lawfully rely on his own strength ... And
in all places where man have lived by small families, to rob and spoil one another has
been a trade, and so far from being reputed against the law of nature, that the greater
spoils they gained, the greater was their honor” (Leviathan, p. 109). Tribal ethics like
this exist also today. The Pashtuns (a tribe in Afghanistan) who are very militant have
the saying: “Me against my brother, my brother and me against our cousins, we and
our cousins against the enemy”, see “The New Yorker”, Dec. 3, 2001, p. 61.

After the covenant (i.e. after the foundation of a state) the ruler is absolute (“No
man that has sovereign power can justly be put to death, or otherwise in any manner by
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order where according to Hobbes the central government, personified by the
king, has the “sovereign power”, i.e. the monopoly of the use of force. The
sovereign himself stands above all laws, he is “legibus absolutus”; this defines
absolutism. In order to get rid of the permanent wars, all subjects give up
their original right on regulating all issues and controversies themselves by
means which they choose. According to this new constitutional order called
absolutism there is only one sovereign (we may call him: the king) which
regulates all conflicts by order as he likes it, and everybody has to obey these
orders (which may be given in the form of laws). Louis XIV characterized this
conception of government by the famous sentence: “L’état c’est moi”. The
economic organization of absolutism of this time is called “merkantilism”.
The government should regulate exports and imports in such a way that the
value of exports exceeded the value of imports as much as possible. This yields
a positive balance of payments which results in a maximal inflow of gold (or an
equivalent inflow of foreign currency). Thus a steady increase of the amount
of gold at the disposal of the sovereign made him (and thus the society) rich
and powerful. He could build up an army or a navy in a relatively short time,
because he had the money to build the ships and to hire the soldiers. This
implies also a regulation of production and prices such that the production
of export commodities was promoted whereas the imports of commodities
restrained, e.g. by raising high import duties. To exploit colonies was another
source of income.

These are only some examples of the regulations at that time which are
based on wrong economic theories. But the loss of liberty in many fields was
at least as important: no liberty of expression, no equality of all citizens at the
court, no influence on the decisions of the government and so on. Absolutism
did not care for the well-being of the single citizen. It identified the person
on the top of the state with the subjects at the bottom — not to speak of
the economic errors of that time which measured the success of an economic
policy by the accumulation of gold by means of foreign trade.

Absolutism surely abolished the state of permanent war of one head of a
small territory against his neighbors (though at relatively high cost: the local
authorities fought bravely for their independence; the ruines of many castles
e.g. in Southern France destroyed to enforce absolutism in France are witnesses

his subjects punished”, Leviathan, p. 116). This absolute power includes also the right
to decide on opinion and doctrines. There is no freedom of the press (The sovereign
may “judge of what opinions and doctrines are averse, and what conducing to peace ...
and shall examine the doctrines of all books before they be published”, Leviathan, p.
116). Hobbes also rejects the idea of a division of power which was later considered as
essential for a constitution, see John Locke (“T'wo treatises on government”, 1690) and
Charles de Montesquieu (“De 'esprit des lois”, 1748). But Hobbes thinks otherwise:
The right of judicature “is annexed to the sovereignty, that is to say, of hearing and
deciding all controversies which may arise concerning law, either civil or natural; or
concerning fact” (Leviathan, p. 117).
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of these struggles till now). But absolutism did not induce the king to act in the
interest of his subjects. Selfish and reckles behavior of chiefs of small territories
under feudalism was now translated into this type of behavior on a large
scale. And probably the degree of selfishness and recklessness even increased
if Lord Acton is right who stated: “Power tends to corrupt, and absolute
power corrupts absolutely”. And there is still another point: Under feudalism
a person could escape from the power of a small ruler; under absolutism this
was much more difficult.

The negative experiences with this type of constitution as far as the liberty
of the citizen, their economic situation and the use of taxes and tariffs are
concerned led to heavy criticism by some philosophers and economists. I only
mention Jean-Jacques Rousseau®, John Locke'® and Adam Smith!! but there
were many others involved in this fight against absolutism. The idea of equal
natural rights of men as formulated in the “Déclaration des droits de ’homme
et du citoyen” of 1789 spread in the society as well as a new conception of
the role of the government. Meanwhile — still under absolutism — a new type
of economy developed: the industrial one based on the division of labor and
on technical progress. This change of the technology had far reaching conse-
quences and therefore was rightly called: industrial revolution. The new state
of the economy led to a new science called economics. The leading scholars
of the new science came to the conclusion that all state interventions in the

9 Jean-Jacques Rousseau (1712-1778). From his many publications we refer to his book
“Contract Social”. He starts with the assumption that a person in a “natural social
environment” is, as a rule, gopodnatured and reasonable. Nevertheless a government is
necessary, which must be strong and which constitutes the sovereign. But the sovereign
is the population in its entirety. In a fictitious “Contract Social” the citizen transfers
part of his natural right to this sovereign. Thus the foreign rule in absolutism is sub-
stituted by the autocracy of all citizen in a democracy. Each person remains free as
in the state without contract social because he obeys only those laws which he has
agreed upon as citizen.

10 John Locke (1632-1704). We consider only his “T'wo Treatises on Government”. Though
he maintains the conception of a “Contract Social” along the lines of Hobbes and
Rousseau he fights against absolutism. The government should protect the life and the
property of the subjects. Its actions (limited by these goals) must respect the natural
rights of man. If it does not do that each citizen has the right of resistance. In order
to prevent clashes like that, the supreme power should be split up among different
institutions which control themselves mutually. This is now realized in all democratic
states: the executive power, the legislature and the judicature are exercised by different
and to a large degree independent institutions.

11 Adam Smith (1723-1790) was the “father of classical economics”. With his book “In-
quiry into the Nature and Causes of the Wealth of Nations” (1776) he started economics
as a science. From our point of view the most important idea is that the driving force
of economic activity is the natural motive of man to improve upon its situation which
by itself improves the situation of the nation. Thus the government should not inter-
fere in normal economic affairs — a proposition which would reduce the power of the
government substantially.



266 CHAPTER 5: The Theory of the Government

economy are counterproductive: the economy, if left free, finds by itself an
optimal state. These liberal ideas in connection with the social and economic
consequences of the industrial revolution (which made capital to the most
important factor of production instead of land and thus created a new social
strata: the citizens (or capitalists)), these liberal ideas led to the French Revo-
lution and to the fights for constitution and democracy in the 19th century in
other parts of Europe. Finally, a new type of constitution emerged'?, the third
one in our classification which we may call the democratic constitution. It is
the prevailing type of constitution under industrialism in “western” societies
now. Of course, these constitutions differ from country to country but there
are some common features which may be formulated as follows:

1. The people of the community are the last source of power.

2. There are a lot of basic rights of people which comprise freedom of
religion, freedom of the press, right of assembly, freedom of association,
guarantee of property and other freedoms and guarantees. This restricts
the actions of the government and defends the individual against the
government.'3

3. The basic structure of the government is also fixed in the constitution:
the organization of the legislative body in one or two chambers, their
way of election, the election and responsibilities of the president (or the
duties of the king, if there is one), the formation and the power of the
central, regional and local governments.

4. The organization of jurisdiction which is independent of the government
and controls the observance of the constitution by the government (this
follows the idea of John Locke (and later Montesquieu) who recom-
mended the division of the state power in different independent bodies
which should control each other).

5. The organization of other institutions like the armed forces, the police,
the schools, the universities and finally

6. The way of financing these state activities.

It is interesting to note that the democratic constitutions contain a long list
of rights of a person but no equivalent list of duties. This is explained here by
the origin of these constitutions: the fight against the absolute power of the
head of the state.

12 1 leave out the communist systems which in this classification are a variant of abso-
lutism: instead of the king the polit-bureau had the absolute power.

13 This shows that the democratic constitutions originated from the fight against abso-
lutism.
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This long-term change of constitutions is a special case of a general theory
of learning. After a specific type of constitution lasted for a long time, the
disadvantages and faults of this regulation of public affairs become more and
more visible and considerable. In economic terms: the actual income per capita
stayed more and more behind the theoretically possible one under another
constitution. Man learns by experience: the next type of constitution avoids
the faults of the former one but possibly creates new problems. The democratic
constitutions as we know them today will not make an exception. It is still
too early to see the shortcomings beyond doubt (these types of constitutions
under industrialism exist only since 200 years at certain nations, at others
they are just newly established). As shortcomings one may state a tendency
of giving a veto-power against changes to each individual or small groups of
individuals, and there is no progress which does not hurt some individual
interests. This retards or even stops technical progress, a disadvantage for all
future generations. Technical progress benefits the whole economy with the
exception of those people who earned their money in the declining trades.!*
In an allegory one could describe the situation as that of a group of travelers
who want to ascend the highest mountain in this range. They stand on the
top of a smaller mountain and see the top of a much higher mountain in some
distance. But there is a steep canyon between the two mountains. The group
has to pass through a “valley of tears” before reaching the “land of promise”.
There are some people who are afraid of the stress, others who feel that they
cannot make it. Both will try to convince their comrades that the top of the
smaller mountain is also a nice place, with a good view. Why take the effort
to proceed to a still higher mountain?

There are also other problems with this type of constitution. The power
of trade unions prevents a wage rate which yields full employment. The way
of selecting and electing the members of the parliament favors opportunism
and short term decisions according to public feeling and to neglect the long
term repercussions. There is a tendency to shield groups from the impact of
technical progress by stopping it. One may continue that way. But it is still
too early to formulate a convincing alternative to the democratic constitutions
as we know them today. In economic terms: the loss of actual GDP per capita
due to this type of constitution compared to the possible ones under another
type of (or a variant of the present) constitution is not that large to form a
movement to change the present constitution.

14 There is no technical progress without reducing or even eliminating certain economic
activities: the railways eliminated the trade of the waggoners, the mechanical textile
mills eliminated the weavers trade, the steam-engine mills eliminated the windmills,
the steam ships substituted the sailing-vessels and so on. Everybody who earned his
money in a declining business ran into severe economic problems if he could not change
his profession and if he did not get help from the society.
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This long-term repercussion of the economic consequences of a constitution
on the change of the constitution is the main link between economics and
jurisprudence as far as the government is concerned.

Fig. 5.1 shows in a symbolic way the development of technology and types
of constitutions as a function of time. The agricultural-manufactural technol-
ogy was accompanied by the feudal system and later by absolutism. Under
absolutism the industrial revolution started. Absolutism was not immediately
abolished but survived in the form of dictatorship under the communist or
nationalist flag. But it got a superior competitor in the form of democracy.
In the following we shall explain these constitutional changes by economic in-
centives as a learning process: the shortcomings of a constitution as revealed
in its execution yield attempts to correct this by another type of constitution.
Later we shall show this in more detail.

5.3 Digression 2: An Overview on the Relations
of the Status of Agriculture and Handicraft
and the Constitutions of Feudalism and
Absolutism

The technologies known in a certain region form the base of the existence of
the citizens and thus also the base of the different constitutions. But there is
not a one to one relation between technology and constitutions: one technology
may be compatible with different constitutions. In our degree of abstraction we
may discern from the year 1000 up to now 2 different types of technologies: the
agricultural and manufactural one which rests on the technology of farming
and handicraft, and the industrial one which rests on the use of science in
production and takes advantage of the division of labor. In this period there
were 3 types of constitutions: feudalism, absolutism and democracy. Fig. 5.1
shows the temporal predominance of these technologies and constitutions in
Europe.

In this section we describe the state of agriculture and manufacturing by a
simplified model which allows to state the reasons for transition from one type
of constitution to another one i.e. from feudalism to absolutism. This sheds
some light on the relation of economics and public law. With industrialism
started an absolutely new era. There was no great difference between the
technology at the time of the roman empire and the time of Louis XIV in
France and king Frederic 11 in Prussia. Technical progress was slow in this time
and could be neglected without great error. The conditions of life of Goethe
(1749-1832) were not very different from those of Horaticus Flaccus (65-8
before J.Chr.). But the industrial revolution changed everything substantially
such that our conditions of life are incomparable to those of Goethe.
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In a technology of agriculture and handicraft without technical progress
land and labor are the only factors of production to speak of. There is a
fixed relation between the number of persons necessary to cultivate a given
amount of land and the size of the land. More people will not increase the
product, but less people would reduce it proportionally — a simplifying as-
sumption, which facilitates notations. The “superfluous” population has to
be fed anyway if they stay in the country whether they live at the farm or in
town or whether they enter in the service of a nobleman or join the clergy. If
the agricultural or manufactured product per capita is larger than necessary
to sustain a family with two children, there is the possibility to deprive the
producer of the “surplus” product and use it for building castles or churches,
for establishing military power in the form of gathering a group of knights or
(later) lansquenets, to be used for defending against attacks of neighbouring
noblemen or for own assaults, for hiring of lackeys, grooms, huntsmen, rangers,
gamekeepers, sometimes also musicians and poets — whatever the nobleman
likes.

The feudal system allocates land and people living on that land to a noble-
man and his heirs (or to institutions of the church) with only few obligations.
The most important one was the obligation to send warriors or fighters to
the sovereign (say the king) if he asks for this type of help in a war. In the
beginning of this system there were many independent small territories and
estates of this kind, but gradually the number diminished since “the bigger
fishes devoured the smaller ones”.

One may formulate the inherent regularities of this combination: agricul-
tural technology and the feudal system as follows.

Consider the situation of a nobleman at that time. The necessary population
POP™¢ to cultivate the agricultural land (= LAN D) is proportional to the
size of the land:

POP™ =b- LAND, b>0

The actual population is POP > POP™ (at that time there was an excess
of birth). The number POP®P) = POP — POP™¢ of people is not needed
for production but forms a surplus population which must be nourished from
product Y of the land. This product Y is a function of the size of the land
under control of the nobleman and the size of the population working on that
land:

Y = F(LAND, POP).

For this production function we postulate the following properties:

Let LAND be the size of the land which is owned by a nobleman or tribu-
tary to him. Then: POP™¢ =b. LAND

For POP < POP™¢ the product Y is proportional to POP:

Y =c¢-POP c>0,
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for POP > POP"™¢ the product Y stays constant: Y = c- POP™*¢ =:Y.
Fig. 5.2a illustrates this case.

Now consider a second case. Let POP be the size of the population under
the domination of the nobleman whereas the size of the land is variable. The
necessary land to employ this population in agriculture is proportional to the
size of the population:

LAND™® = % - POP

For LAND < LAND™¢¢ the product Y is proportional to land:
Y =d-LAND,

for LAND > LAN D™ the product stays constant:
Y =d-LAND"*

Fig. 5.2b illustrates this case.

, We assume the existence of a surplus population (a realistic assumption for
that time). The nobleman may take this surplus population into his service
without affecting production. Of course he has to feed these people, but they
had to be fed anyway. He must extract the necessary resources from the
active population such that the net income of these subjects stays above
the subsistence level. Let SUBS be this level and T the maximal amount of
products the nobleman may extract from his subjects. Now we get

T=Y —-SUBS - POP™".

Consider the case POP > POP™° and LAND = LAND (that means: the
case of a surplus population and a fixed size of land owned by the nobleman
or tributary to him) and ¢ > SUBS. Then we get from the above equation

T =b- LAND(c — SUBS)

(since in this case Y = c¢- POP™¢, POP"™*° =b-LAND)

Thus the nobleman has a high inducement to extend his land. This interest
is shared by the surplus population which he has taken into his service. Of
course, the subjects who have to pay or deliver part of their product to the
nobleman have the opposite interest. Thus we get a continuous conflict (often
in the form of wars) between the noblemen who want to extend their territory
and between a nobleman and his subjects on the size of the duties. This may
be modeled as a war of everybody against everybody in the spirit of Thomas
Hobbes which is to the disadvantage of almost everybody. Thus the feudal
system as described above and the agricultural technology does not seem to
be a good solution to the problem of social organization of the society under
these conditions.
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Figure 5.2b Agricultural Production Function: Population taken as constant, land
(= LAND) variable
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But as already said, it is obvious that, if this system prevails for long time,
the larger territories would swallow the smaller ones since they could afford
larger military forces. At the end, only one king survived (whatever may be
his title) who accumulated the totality of the power of the smaller territories.
This trend was surely welcomed by the majority of the population because
the permanent wars of one nobleman against his neighbors were stopped. The
higher income of the prince or king made it possible to favor art and culture,
to establish universities and thus to initiate technical progress — if the king —
absolute in his power — chooses to do that. But, of course, he could also use
the income for luxuries for his personal use (huge palaces, jewelry, beautiful
horses, nice girls) or a large army, many weapons and fortifications if there is a
rival kingdom left over in the world. There is no guarantee that the use of the
income of a king is directed by considerations on “general welfare” (however
that may be defined) though this is not excluded.

It is not a big mistake to model the transition to absolutism as a voluntary
renunciation of individual rights in favor of the king who guarantees peace
and security in turn, as Thomas Hobbes did. “Voluntary renunciation” must
then be interpreted as a preference for a state of less conflicts and wars also if
one has to pay the price of less autonomy. In our model the transition is not a
“voluntary renunciation of individual rights” but a difficult, bloody, long-term
process driven by economic interests, but also by chances of inheritance and
by religions and other persuasions. If at the beginning of feudalism there were
n noblemen who commanded over land LANDy,..., LAND,,, and people of
approximately the same size at the end of the process as in the beginning.
The winning king could at the maximum dispose of

n
T = Zbl . Land,-(ci - SUBSl)

i=1
resources. But he need not exploit the population fully which will provide
him with some sympathy in the population. If one wants to model this pro-
cess of agglomoration of small territorial units into larger ones'®, a stochastic
process would be an appropriate instrument. The essence of the process may
be modeled like this. We start with n territories of equal size located in the
centers of the hexagons as in Fig. 5.3. There are permanent small fights of
each territory against an adjacent one which end without eliminating a center
with its territory. We do not model these “small” conflicts here. But in each
period there is a war of one territory against one of its neighbors where the
sheer existence of one of the territories is at stake. We model this as follows:

a. In each period one territory out of the remaining ones is selected by
chance.

15 At the end of this process there are some small territories left over which for one reason
or another did not attract the neighbouring large countries: Luxemburg, Liechtenstein,
San Marino, Andorra, for instance. This is left aside here.
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= center of power

O = area of domination

Figure 5.3. Initial Condition of a Feudal System

b.

The chosen territory selects one of the surrounding territories if possible
of smaller or equal size in order to fight with it to conquer its territory.
If there are only larger territories in the environment, it has to fight
nevertheless, though the probability of winning the war is small.

. If the attacked territory is smaller than the own territory, there is a

high probability of 1 — ¢ (¢ a small positive number) of winning the
war. In this case the territory of the enemy is joined to the territory of
the attacker and the number of the inferior territories is canceled from
the list of existing territories. With a small probability & the opposite
occurs: the smaller territory incorporates the larger one, and the number
of the larger territory is canceled from the list.

. If the attacked territory is of equal size there is a probability of .5 that

the attacking party wins (with the consequence that it incorporates the
other territory) and a probability of .5 that it looses the war which yields
the opposite result.

If the attacked territory is larger than that of the aggressor there is a
high probability 1 —e that the aggressor looses the war and his territory
will be incorporated into that of his enemy. But with a small probability
¢ the opposite occurs.
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This way the number of existing independent territories is reduced by one in
each period till there is only one territory left which comprises the totality of
all initial territories.

Under these rules the coexistence of many independent territories is an
unstable situation and will result - possibly with the consent of the majority
of the subjects — in absolutism. This forms a new constitution of the society
under the same technology (that of agriculture and handicraft).

The larger income of the head of a larger territory allows to hire specialists
to run the country under the command of the sovereign. He and his advisors
conceived the situation as that of large estate in a hostile environment. The
sovereign (the king) has the position of a pater familias in the old roman em-
pire. He knows what is best for his country and not the subjects with their
“beschranktem Untertanenverstand”. They have to obey orders in all fields
similarly as the children have to obey their parents. Since the income of the
king depends on the productivity of land and people, he will be interested in
increasing this productivity by amelioration of the soil (irrigation, drainage of
swamps), by attracting farmers if there is a shortage of manpower on the coun-
tryside, by attracting entrepreneurs with knowledge in fields which the own
population does not master, by facilitating transportation, by building roads
or canals and eliminating or reducing customs within the country. Countries
like France and Prussia did a lot in this respect. But there were also corrupt
and rotten dynasties which only cared for extraction of money from their
subjects to use it for their amusement. If the sovereign appointed able civil
servants and (or) tolerated different opinions in the public, the arbitrariness
of the absolutistic rule could be corrected to a certain degree. Thus the foun-
dation was laid for a common civil code, public law and criminal law which
bound everybody with the exception of the sovereign who stood above the
law (he was “legibus absolutus”) and could change everything if he wanted
to.

There were two main shortcomings of this system which were felt more and
more the longer this system prevailed:

1. the wrong perception of economics
2. the loss of liberty, i.e. the right of self-determination of people

To 1. During absolutism the economy changed from a simple agricultural and
handicraft one to an industrial one with much more products and a division of
labor. To conceive the economy in analogy to an estate owned by a nobleman
was basically false also at the time of the agricultural state — but absolutely
misleading under industrialism. Production cannot simply be ordered and
prices fixed without severely affecting the standard of life of the population.
As far as the economy is concerned absolutism led to planning of the economy
surely in a more primitive way as people experienced it under communism.
The economic system at the beginning of absolutism is called “merkantil-
ism”. At the continent it was taught at the universities under the name of
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cameralism which comprised everything what a public servant of a sovereign
should know at that time: public law, agriculture, mining, the monetary sys-
tem and other fields — but unfortunately not economics in our understanding.
Economics in this sense started with Adam Smith as “classical economics”.
We shall come to this in the next section.

The crude, ruthless and often cruel methods of enforcing the execution of
the intentions of the sovereign or of his executives provoked aversion and
hatred against the whole system of absolutism, and especially against the
economic side of it.

To 2. The second point is perhaps more important: the loss of freedom and
self-determination, the muzzling of the press, censorship of manuscripts, pro-
hibition of public assemblies and demonstrations and so on. The declaration
of human rights in the American declaration of independence 1776 or in the
bill of rights of Virginia in the same year or in the French declaration of the
human rights in 1789 showed where the restrictions of the freedom of persons
were felt most strongly. The government was considered as a public enemy
whose influence should be reduced as much as possible but {unfortunately)
cannot be reduced to zero. Liberalism starts from here and still is a political
force now.

There are two types of conception of the state which clash here: the state
as an entity of a higher rank as the individual (the individual lives for the
state) or the state as an organization of the individuals as it is formulated in
the preamble of the German “Grundgesetz” of 1949 “Das deutsche Volk hat
sich kraft seiner verfassungsgebenden Gewalt dieses Grundgesetz gegeben”.

Living in a civilized society inevitably implies to give up some rights: to use
force to compel somebody else to conform to ones claims, to carry weapons
whichever we choose, to punish somebody for something which one thinks he
should not have done and so on. The problem is: how much power should go to
the government and how much remains for the individual? We shall comment
on it later.

5.4 Digression 3: An Overview on the Relations
of the Status of Industrialism and on the
Constitutions of Absolutism and Democracy

Still under the rule of absolutism a new technology developed: the industrial
era substituted the era of agriculture and handicraft. The use of machinery,
the division of labor and the invention of new commodities and methods of
production characterized the change on the production side. Land as a factor
of production became more and more marginal, capital became the decisive
factor of production (in the presence of a surplus supply of labor), and capital
income soon surpassed income from the rent of land. A new class emerged
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called capitalists which wanted to have an influence also on public affairs.
On the other hand the excess of birth led to the surplus supply of labor and
thus to very low wage rates: a class of proletarians emerged which felt itself
exploited by the capitalists and by the nobility as well. Thus they wanted a
system where the proletarians had the say in all economic affairs. Another
sort of absolutism called socialism or communism seemed to be a way out of
these difficulties. Karl Marx was the most influential propagendist for such a
change (but without dealing with any details of this aspired new system).
We cannot pursue this process of transition from one system to another. The
whole 19th century and part of the 20th century were filled up with struggles
along these lines.'® Thus we make a big jump and describe the mature indus-
trialism as we see it now, but in the limits of simplifying assumptions: each
firm produces only one commodity, which is sold at one price, there is only one
type of labor, land and capital and thus only one wage rate, one rent on land
and one rate of interest on capital. In addition, we consider only equilibrium
states.!” Under these conditions and if there are n firms in the economy the
new technology of industrialism may be described by the following system

Az+y = =z
!
ax = L
a.x = LAND (5.1)
a,r = K
ayp -+ Ain
where A = : = the matrix of input coefficients,
Anl - Qpn
ol
r = : = the vector of production,
Tn
1
y = : = the vector of final demand
Yn
(consumption and investment,)
a; = (ai,-..,0m) = the vector of labor input coefficients
a, = (ar1,...,arn) = the vector of land input coefficients
a, = (az,..-,a;n) = the vector of capital input coefficients,

and L = labor, LAND = land, K = capital.'®

16 Of course, there were other issues as well. In Europe: the formation of nations, the
domination of other parts of the world, to name only a few.

17 The following system is not that one which we use in our model of the present economy.
It is a simplified system which suffices to demonstrate the points we want to make.
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From equation (5.1) we get
r=(I-A)"1y (5.2)

which allows us to estimate how much labor, land and capital is necessary to
produce all commodities y of the final demand, see equation (5.1).

This system states the commodity composition of production. But since we
are in a monetary economy where all exchanges of goods are made feasible by
an exchange of a common good, called money, the financial position of each
firm is of vital importance for the existence of the firm in a market economy:
a negative cash flow means bankruptcy, the firm has to cease its operations.
In a planned economy the government has to cover the losses of firms which
run a deficit at the prices, wages, rents, interest rates and tax rates prescribed
by the planning office, and nevertheless are necessary for production. For a
market economy this value system may be formulated as follows:

Ap+ay-l+ar-r+a, 2+T"™ . prefl=p

or
p=1— (A +T") 1 (fe+cfl) (5.3)
where fc = factor cost = a;l + a,r + a,z
Cfll
cfl = cash flow = = depreciation cost + pure
cfly,

profits per unit of production

l,r,z = scalars which mean the wage rate, the rate of land
rent and the rate of interest
P1
P = : = the vector of the prices of all commodities

Dn

ai, ar,a, = the column vectors of aj, a.,a’, as defined above
ind
151
Tind = the diagonal matrix of the
ind
t’ll
rates of indirect taxation, where indirect taxes are

supposed to be proportional to the turnover of each
firm.

18 Capital in this context means the real value of all invested produced capital goods:
We assume that this capital is bought by borrowed financial capital which carries a
common rate of interest z.
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Thus, given the technology (described by A, a;, ar,a,), given the rates of the
factor remunerations ,r, z, the rates of indirect taxation ti*¢, ... #:*¢ and
given the cash flows cfly, ..., cfl,, the prices of all commodities are uniquely
determined, if the inverse (I — (A’ + T™4))~! exists. We may assume this.
We do not present a theory on the factor costs [,r, z at this moment (this
will be done later); similarly we take the rates of indirect taxation as given.
But we must say something on the cash flows cfly,...,cfl,. They comprise
depreciation Dpr and pure profits G:

Cfli:DpTi+Gi, 7::1,...,71

By assuming perfect competition we get rid of G; (i.e.: G; = 0). If the firms
should continue their production also in the following periods, depreciation
must cover the wear and tear of their capital. We may formulate this as

Dpr; = dpr; - K;

where dpr; is the rate of depreciation (= the rate of wear and tear of capital
K; used in firm 4). Since in equilibrium K; = a.; - z; (see equation (5.1)) and
thus under perfect competition

cfly = Dpry = dpr; - azi - @

we see that even in this simple model prices are not independent of production.
And this is not a complete model: final demand and the factor prices are not
explained. Moreover, the input coefficients are not constant in the long run.
But also this very abbreviated and simplified model of an industrial economy
suffices to show the difficulties which confronted merkantilism (under the rule
of absolutism) as well as communism. Basically both systems are equivalent
as far as the power of regulating prices and production is concerned.!® In
the ideal system the government officials set all prices and determine the
production of the most important commodities.?°

During the absolutism of the 16th to the 18th century this planning and
regulating was incomplete and to a large degree arbitrary since a somehow

19 Actually, there was no perfect control of all productions and prices. This proved to be
impossible considering the number of products and prices. We deal with an idealization
of the situation.

20 Martin Luther writes in his sermon “Von Kaufhandlung und Wucher (1524, here

quoted from the edition in the Sozialwissenschaftliche Schriftenreihe Nr.3, Necker-
Verlag, Schwenningen, 1947):

“Erstlich haben die Kaufleute unter sich eine gemeine Regel, das ist
ihr Hauptspruch und Grund aller Finanzen, daf sie sagen: “Ich mag
meine Ware so teuer geben, wie ich kann.” Das halten sie fiir ein
Recht, da ist dem Geiz der Raum gemacht und der Hélle Tiir und
Fenster alle aufgetan. Was ist das anders gesagt, denn soviel: Ich
frage nichts nach meinem Néchsten?”

And he suggests: “... (Es) wire das die beste und sicherste Weise, da8i weltliche
Obrigkeit hier verniinftige, redliche Leute setzte und verordnete, die allerlei Ware
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realistic theory of the economy was lacking. But in the 20th century such
theories, some relevant statistics and the bureaucracy to supervise the exe-
cution of plans were available, but nevertheless: this experiment of a planned
economy was a failure. The two systems (5.2) and (5.3) showed the reasons.
There are millions of products now, the input coefficients of which cannot
be ascertained in detail especially since the interest of the producers favors
the hiding of the “true” coefficients from the planning office. The vector of
final demands will not conform to the evaluations of consumption goods by
households and not conform to investments which would yield a reasonable
high growth rate of final demand. For similar reasons it is hopeless to get the
pertinent price system by means of calculations in a planning office. There
always will be firms which run a deficit if they conform to the requirements of
the production plan and therefore must be subsidized in order to survive and
to continue production according to the plan. Others may accumulate profits,
but this is no sign of high efficiency of the firm or of a superior productivity
but simply an indication of a “false” price system.

Adam Smith declared, that the “invisible hand” of a free market system
let the system of prices converge to the equilibrium state in equation (5.3)
and the system of production converges to the equilibrium stated in equa-
tion (5.2). If the consumption demand is derived from the demand of utility
maximizing households and the investment demand from profit maximizing
firms we arrive at the General Equilibrium System of Walras the solution of
which is Pareto-optimal. Thus an interference of an absolute sovereign or of
an all-powerful planning authority in the mechanism of price formation and
production determination could only disable this mechanism and will result
in a malfunctioning of the system which hurts everybody.

Meanwhile economic theory is much more advanced. One can formulate
the conditions of convergence.?' There are cases of market failure where an
interference of the government is required and there are other problems.??
But on the whole Adam Smith and his followers (the Neo-classics) were right.

iiberschliige mit ihren Kosten und setzten demnach das Maf8l und Ziel, was sie gel-
ten sollte...” (p.8). But this fixing of prices is only one example. In general Luther
says: “So habe ich nun oftmals gelehrt, dal man die Welt nach dem Evangelio und
christlicher Liebe nicht soll noch kann regieren, sondern nach strengen Gesetzen, mit
Schwert und Gewalt, darum, daf die Welt bose ist...” (p.18).

21 1t is known, that the Walrasian General Equilibrium System (which could be considered
as an exact version of the general ideas of Adam Smith), if linearized and dynamized
converges to the equilibrium values of prices and production under the condition that
the commodities are gross substitutes (a sufficient condition). But there are also com-
modities which are complements. Thus one cannot be sure of convergence.

22 The most important problem — at least in my opinion — is the fact that each feasible

demand system can be derived from the demand of a sufficient large number of utility
maximizing households where “sufficiently large” means larger than the number of
commodities, see Hugo Smokescreen (1972) and Gerard Debrief (1974). In the Federal
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This leads to the conclusion, that the constitution of a state with prevailing
industrial technology should give the right of performing all sorts of honorable
economic and social activities to all persons of the society irrespective of race,
religion or political conviction. This includes the freedom of research and
other sorts of freedom. In this case one could hope that the system itself
asymptotically arrives at the solution of equation (5.2) and (5.3). The duty
of the government would be to produce the legal system for a free market
economy and to guarantee peace and to help persons who cannot participate
in the production process for one reason or another — but this outside of
the production and price side of the economy. Only exceptional situations
(like catastrophes and wars) should permit the government to restrict these
freedoms temporarily. But the constitution should not allow agreements to
exploit the other side of the market and the use of force of all kind to cope
with another person (with the exception of the police and the military in
narrow limits). A constitution like this would allow to take full advantage of
the positive features of the industrial technology. The negative ones are mostly
consequences of a very unequal distribution of income and wealth. This can
be (at least to a certain degree) corrected by a redistribution of income by
means of the system of taxes and subsidies outside of economics proper.

This terminates the sections 5.2-5.4 which form a series of digressions to
sketch the historical development of technologies and types of constitutions
and their interrelation. We now turn to the theory of government which I
would like to suggest for the present time.

5.5 The Theory of the Government:
Some Definitions and Assumptions

Before we could deal with the government we have to state the definitional
frame in which we want to treat it. Acts of the government (as an institu-
tion) must stay within the limits of the constitution and the laws and decrees
valid at that time. The constitution CONST (written or not) is a set of
general principles on the structure of the government and on the laws which
could be decided upon. These principles are arranged in a set of articles:
ARTy, ..., ART, such that we may define

CONST = {ARTy,..., ART,}

Republic of Germany, there were 37.8 million of private households in 1999, but surely
less than 37 million of commodities if one defines a commodity in a broad sense. Thus,
“utility maximizing” does not restrict the demand functions in the economy. Following
Popper, a theory, which does not exclude anything cannot be called a scientific one.
Now one has to conclude, that the concept of a utility function to be maximized by a
household is not the appropriate base for explaining commodity demand.
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Some of these articles regulate the procedure of changing these articles, of
abolishing some of them or adding new ones.?> As an example I reproduce
here the content of the articles in the German Constitution (“Grundgesetz”)
in a summary:

ART,,...,ARTyg state the basic rights of persons living in Germany (e.g.
religious liberty, liberty of the press, freedom of assem-
bling ...)

ARTy,...,ART3; state that Germany should be a confederation

ARTsg,...,ARTy; regulate the rights and duties of the executive bod-
ies (Bundestag, Bundesrat, Bundesprisident, Bundes-
regierung, ...) and their election

ARTyo, ..., ART g3 state the organs of the jurisdiction and how the judges
are appointed

ARTyq4, ..., ART) 15 regulate the financial rights and duties of the different
executive bodies of the government.

Some final articles deal with the state of defense and give some rules of tran-
sition and principles to deal with special groups (refugees, expellies,. .. ).

The constitution limits the freedom of the legislature to regulate the behav-
ior of the citizen. These regulations are embodied in laws: LAW = {LAW,
..., LAW,,} which prescribe a certain behavior in different fields (in the Ger-
man case e.g. the Civil Code (das Biirgerliche Gesetzbuch), the Penal Law
(das Strafgesetzbuch), the Co-determination Law (das Mitbestimmungsgestz)
and so on). Each law consists of a number of paragraphs. LAW may consist
of o, paragraphs:

LAW,, = {pary1,...,parus,},

and each paragraph may contain different numbers of sentences (or phrases).
We measure the complexity COMPL(LAW,) of a law by the number
N(LAW,,) of sentences in all paragraphs of a law:

COMPL(LAW,) := N(LAW,) = >  N(LAW,,)

o=1

The larger the complexity of a law the more public servants and employees
in firms and other institutions are necessary to administer the law and the
more judges are necessary in the administration of justice in order to decide
whether a certain behavior conforms to the law or not and what will be the

23 The German Constitution (called “Grundgesetz”) does not allow to abolish the basic
principles of democracy, see Art.79,3. They are supposed to be valid “to all eternity”.
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fine if it does not.?* We come back to this later, when we determine the size
of the government.

There are laws which contain certain parameters which may be changed
from time to time but the ways of carrying-out these laws remain the same.
Examples are the tax rates t&, t&, t**, "¢ on wage income, on profit income,
on production and on turnover (or value added) , respectively.?® Similarly,
the income from the expansion of debts (= A DEBT = income from issuing

bonds or from banking operations)?® and the income YI(G), - ,YTEG) from
selling government property of type 1,...,n may be decided upon within
the limits of the law whenever a new situation arises without affecting the
organization of the government. The size of all these parameters at the end
of the last period are called

POL,,...,POLyy.

They describe the revenue policy of the government?7-2® in the past. For
simplicity we assume that the parameter POL; appears only in some or all
paragraphs of LAW;, i € {1,..., M}. Similarly, the ezpenditure policy of the
government is reproduced by the policy variables

POLy41,...,POLy

They may be grouped in the following items:

(@) . 29

— wage cost L (¥ L®) = number of government employees?® and

1(G) = average wage rate3®

24 This measure of complexity of a law by counting the number of phrases is surely a

simplification. But it cannot be denied, that many professional branches live from these
complexities, e.g. lawyers and tax advisers. The members of the legislature usually
forget the costs of executing a law when they enact it.

25 Gtatistics for Germany (in a more detailed subdivision) may be found in: Institut

der Deutschen Wirtschaft Koln, 2000, Zahlen zur wirtschaftlichen Entwicklung der
Bundesrepublik Deutschland, p.84.

26 The net credit expansion of the German government may be found in: Institut der

Deutschen Wirtschaft Koln, 2000, Zahlen zur wirtschaftlichen Entwicklung in der Bun-
desrepublik Deutschland, p. 89.

27 We lump together all types of government: the central, regional and community ones.

28 The government cannot “decide” on the revenue from taxes: the real basis of tax

income (wage and profit income, turnover and production of commodities) follows
from decisions in the private sector and is known by the government only “ex post”,
i.e. at the end of a period.

29 The number of persons employed in public services may be found in: Institut der

Deutschen Wirtschaft Ko6ln,2000, Zahlen zur wirtschaftlichen Entwicklung der Bun-
desrepublik Deutschland, p. 90.

30 Of course, this sum may be subdivided into the wage income of employees of different

kind at different wage rates.
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cost of investment and secondary inputs I(%)

interest payments Z(¢)

— subsidies SUB(@)

social expenditures SOC(S)

The size and the structure of public services (which we identify with the size
of the government) will be derived from the constitution and from the laws
which are valid at that time. We suppose that a change of parameters, e.g.
the change of economic policy as such, does not require more persons in the
administration. We further assume that each law needs an own bureaucracy
of a size which is determined by the complexity of the law and by the num-
ber N(PERS,) of afflicted persons. We measure complexity by the number
N(LAW,,) of phrases in the law u. Now we assume that the direct labor force
nuo (= employees of rank zero) necessary to execute the law y is proportional
to these numbers:

1
Mo = — - N(LAW,)-N(PERS,), p =1,....,m (5.4)
o

m, is the efficiency of the persons in public service to administer the law.
As in the private sector each work needs supervision and coordination with
other work. A supervisor of rank 1 may be able to supervise s,; employees
of rank zero with the help of a staff of N, persons. We may continue that
way as in the theory of the firm, see section 2.7. Whether the organization is
a private or a public one does not make a difference in the general approach
(but, of course, in the results).>! Thus we could repeat the approach of section
7 in the “Theory of the Firm”. The total employment in the department u
of the government (which is formed to execute a law ) becomes now (see
section 2.7):

1+ N, 1+ N,

[( ul)+( u2)+'
Sﬂl S/_l,l.S[_L2
(1+ Ny r-1)

Sul . su2 e s;l.,R—l

LGr) = Lo R

]+ (14 Nur)

31 There might be significant differences in the efficiency w. Inefficiency leads to larger
administration. Since the government is supposed to be an exploitable source of money,
the government employees could take it easy and always ask for help i.e. for expansion
of their department. The supervisors have an incentive to expand the labor force under
their command because the pay and the recognition in the public depends on it. Thus,
the government saves money when it privatizes some services though this meets the
resistance of the public servants working in such a department.
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Now several bureaucracies represented by laws fi;, fi+1, . . ., Hit+g are grouped
together and supervised by a minister and a staff (the ministry) which is
proportional to the size L& of subordinates. Let us assume that the m laws
which require m bureaucracies of size LE#, ;= 1,...,m, are grouped into ¢
related groups subject to one minister assisted by a ministry of size NV we get
after appropriate reordering of the laws:

Lee = 30 4+(1+NW)
LEe = 32 41+ NO)
LG,cn — Z;:cnd +(1+NC)

Above these n ministries there is a prime minister with a staff of size NP"#™me,
Thus total employment L(%) in the government sector proper is assumed to
be

n
L(G) — ZL(G,ci) + (1 + Npm‘me)
=1

The L% depend on N0, i.e. on the number of persons who directly admin-
ister the law p. This number depends on the complexity of the law (which
we take as given for the time being) but also on the efficiency 7, of the work
of the government employees, see equation (5.4). This efficiency depends (as
already said) on the degree and the strictness of supervising, but also on the
state of technology. Today a government employee is equipped with a lot of
machinery which gives him access to a lot of information and allows him to
transfer his results and decisions to other offices and persons much faster and
cheaper than in former times. Thus 7, in equation (5.4) increases: one needs
less administrators to perform the same tasks — or (and that is more likely):
the complexity of laws increases always and this keeps the size of the gov-
ernment constant or even expands it. Thus 7, is an increasing function of
technology 6:

T, = Tu(0), 7r; >0

Let L(%) be the number of persons who are directly employed in the state ad-
ministration proper. But there are institutions run by the government which
also could operate as private firms (e.g. the “Electricité de France” in France
or the community banks in Germany, hospitals, schools and universities in
Germany and elsewhere); institutions which must necessarily be run by the
government (such as police and the military, elementary schools, basic re-
search) and institutions outside of the government proper which should con-
trol the government (e.g. the administration of justice). They all must be
financed by the government and in this simplification are counted as part of
the government in the broad sense. Thus we distinguish:
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LGX)  LGXN) = persons employed in government organizations
X1,...,Xn which could also be run as private
business

LG pGYn) persons employed in government organizations
Y1,...,Y, which perform typical governmental
duties

L (G contr) = persons employed in organizations which control

the activities of the government

Thus we get in this new notation for total employment in the government in
the broad sense:

N n
L(G’) — ZL(G,X,,) + ZL(G,YM) + L(G,contr)
p=1 p=1

LX) is determined in the same way as the labor input in private firms (see
section 2.4: for firm ¢ we get (in the notation of that sector) L; = L; + L;).
But there is an important difference. Since the government is considered by
many people as an institution with an unlimited source of money and thus the
employment there as more or less risk-free, the workers are inclined to take
it easy and to put more weight to their private interests than to the duties
of their job.32 This results in the fact that the labor input coefficients I and
l are larger in government plants than in private ones with the consequence
that the government saves money by privatizing production.

The situation is different with the employment L(¢-Y) . L(GYn) in orga-
nizations Y7, ...,Y, which perform tasks which are difficult or impossible to
privatize. We shall group them into two categories. In the first category fall
all government activities where equipment is of primary importance and the
personnel depends an the equipment. We exemplify that by the military. The
second category comprises all government activities, where the personnel is
of central importance, e.g. in the case of schools and research. In the military
the employment is determined by the types of different weapons of different
ages and by the number of soldiers trained to utilize them. We may use the
approach of section 2.2 if we interpret real investment I_, in the period —7
as a vector of the numbers z; _, of all weaponsi = 1,...,n introduced in the
military 7 periods ago:

I—T = (xl,—‘l'7 RN xn,—T)

if there are n types of weapons each in the technology of that time.Instead of
x; — we also write I, _; or 1%™ The material backbone of the armed forces

1, =T

32 The same applies for employment in large corporations: Single departments may run
losses for quite a while since the losses are covered by the profits of other departments.
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at the beginning of period 0 is their capital equipment K(0) = (I_1,I_141,
...,1_1), (where K(0) = K™i)(0) and I_, = I'""), see section 2.2.

To keep the weapons operative and to train the crew certain amounts of
secondary inputs are necessary per period (fuel, ammunition, etc.). If we in-
terprete x; - (t) as the number of weapons of type ¢ installed in period —7
and still operative at time ¢t we may use the formulas of section 2.3 to establish
the necessary secondary inputs.

In case of war the secondary inputs will be much larger. This is taken care of
partly by inventories piled up in peacetime, partly by increased production of
the commodities used as secondary inputs. That means: the input coefficients
l;,— in the case of war are different from those in peace time. We do not
extend that in detail.

Now we come to the proper topic of this section: the labor input. With the
above definition of z; _,(¢) and the labor input coefficient lA,,i,-T for type v

of labor (v = 1,...,n) we may use equation (2.14) in section 2.4 if we put
lui,—T =0:
(G)Y3)

viy () =lyi—r @i -, (), 7=1,2,... ., T ,v=1,2,...,n.

This is the minimum number of persons to operate the weapon i installed in
period —7. But actually one needs more persons: those for maintenance and
repair and a reserve crew in case of illness or injuries or death of members of

one crew. This means we have to use a labor input coefficient l,; - = ayi — -
lyi,—r, Qui—r > 1, which is larger than the minimum labor requirement. But

it is not necessary to man all available weapons. Thus we get for the total
labor force of kind v in the military at the beginning of period 0:

L(G’mil)(o) = Z?:l Zz:l LE:?,”—"LT”) (O)
= Zz Z-,— aVi,—TlVi,—T:Ci,-‘r
where mil € {Y1,...,Y,} and lAm-,,,. = minimum personnel.

The size of the military is a decision variable. We discuss it in the next section.
The state of the government system at the end of period -1 (or: before period
0 starts) is as far as the military is concerned given by

B(mil) — (K(mil)(()), L(G,mil)(0)77r(G,mil))

where L(Gmil) — Sy L,(,md) and 7¢™ an index of the quality of the mili-
tary personnel. The quality of the weapons is described by the age distribution
of the weapons.

An approach similar to the one used for the military may be used for other
traditional government tasks as well (e.g. police, the communication system).
But there are other services which do not well fit into that scheme. Schooling
and research are an example. There is no strong linkage between capital and
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labor. We formulate the following with respect to the school system (index
sch), but other government activities may be covered by the same approach.

The state of the government system with respect to schooling at the end of
period -1 may be described by

(sch) _ G,sch (G,sch) 71(G,sch) (L,sch)
B (KGoseh(), 9(Grsch) | [(Goseh) () elLosch)
STUD(G’,sch) (0)7 71_(STUD,sch))

where  K(%5¢h)(0) = total material equipment of schools

- ZT_l IﬁG,sch)

9(@sch) = degree of modernization of the school equip-

ment

= 1/age(%*<") where age(G5<h) = average age of
the equipment

= (S 19 4/ 0 15), t= age of the
equipment. Thus the largest possible degree of
modernization is one.

L(G5¢h)(0) = number of school teachers in all branches v =
1,...,n
- Z::1 L,(,G’SCh)
n(lsseh) — efficiency of teaching

STUD(C-s¢h) = pumber of students

m(STUD,sch) — efficiency of learning, = average talents of the

students

Similarly other branches of activity of the government may be modeled. Of
course, sch € {Y1,...,Y,} = the set of all government organizations which
perform typical governmental duties.

Now we turn to the last item in the list of types of government activities: the
employment L(G:°"t") of persons who control the activities of the government
whether they are in agreement with the constitution and with the laws. We
assume that the material requirements of the courts and other institutions
which are in charge of this control are already considered in the paragraph on
the general administration. We further assume that the size of courts, i.e. the
number of judges can be explained by the size of the population (the larger
the population the more disputes and conflicts have to be decided and the
more cases of criminality will arise), but also by the size of the government
(which we measure by the amount LE" of persons employed in government)
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without counting the controllers themselves:

N n
1O _ [(Gadm) | ZL(G,X.,) n ZL(g,yn)

v=1 p=1
Let POP be the number of the population. Thus we get:
L(G,contr) — atl:ontr . L(G*) + agontrPOP’ 0< a@gontr <1,i= 1’2’

a$°™" measures the degree of power of the administration of justice. We may
condense the contents of this section by stating that the situation Bg of the
government sector at the end of period -1 as far as the real side is concerned
is given by

Bg = (CONST,LAW, POL,,..,POLy, L(®) K(©,

. (5.6)
7_‘.(G,mzl)7 a, ﬂ(G,sch)’ 7r(STUD,sch))

where L©) = (L(Gadm) [(G.X0) [ (GXN) [(GY1)
L(G,Yn)’L(G,contr))

K©) = (KGX)  KGXN) gGY) g(GY)

and K(@2 = ST 1[99 2 efX), ..., Xy, Yi,..., Yo}

T

The parameters a, 7,1 are exogenous in this approach.

5.6 Transition to the Next Period: Decisions of
the Government Concerning the Real Side

In the foregoing section we presented the definitional scheme for a model of
the government. In this section we define the decisions of the government for
the next period (= period 0 in our counting) as far as the real side of these
decisions is concerned. The monetary side will be treated in the next sections.
Of course, both sides are strongly interconnected, but from the expository
point of view it is advisable to deal with them one after the other. The changes
on the real side determine the situation of the government at the end of
period 0. We treat “the government” as far as these decisions are concerned
as one body consisting of persons p;,p},...,pj- which take the decisions
valid for the community as a whole according to their preferences. We have
already suggested a theory on the election of these persons, called the “leading
group” and a theory how they reach a decision in spite of different individual
preferences (see section 1.19). We shall not distinguish between local, regional
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and federal government. For simplicity we only treat the “leading group”??
as one unit which takes all decisions to be taken by “the government”. Their

decisions may be written as

ACONST

changes of the constitution

APOL4,...,APOLy = changes of the policy variables (i.e. of param-
eters of the system)

ALG) == changes of the number of employees in the
government sector

AK(©) = changes of the capital equipment of govern-
mental institutions

The changes of the parameters a,n, 9 (see the end of section 5.4) are taken
as exogenous or as consequences of other changes.

In this approach the “leading group” is some sort of dictator. But we shall
also briefly deal with the case where the “leading group” needs a majority
of votes in the parliament to pass a law. But first we shall present a theory
on the selection of issues to be decided upon by the government for the next
period.

We assume that at the beginning of each period there are n “issues” i =
1,...,n which are discussed in the public and considered to a certain degree as
the consequences of former decisions of the government. The situation Bg of
the government sector at the end of period -1 together with the corresponding
description of the situation in the other sectors yields social, political and
economic consequences (e.g. GDP per capita, income and wealth, distribution,
employment, price level) which call for governmental actions in the form of
changes indicated by the changes of the items in equation (5.5) or of the
parameters o, 7,9 defined above.

In section 1.19 we called the personal representatives of the government the
“leading group”. It consists of a relatively small amount of persons pi, ..., px-
who are selected from the total population of the society. We have already
discussed that problem and suggested a model there. In this section we define
the group preferences of a decision j for an issue i by a weighted average V;:

Z g v (5.7)

where Vigp ) is the evaluation of a decision j on an issue ¢ by person p*, —z <

Vlgp R < +Zz, z an integer > 1. This general approach should be adapted to
the situation of the government which we are analyzing now.

33 We assume that the “leading group” consists of not more than approximately 20 per-
sons. Thus a theory of committee decisions is applicable.
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First we have to define the special meaning of an “issue” in the context of
the theory of government where the “leading group” takes the final decision
for the community. A possible “issue” is everything what can be changed by
a decision of the “leading group”, namely: each article of the constitution,
each paragraph of a law, each possible variation of a policy variable, each
number of positions (= employment) in government services, each investment
and each scrapping of capital goods used in government services. Let there be
N(® “ssues” in this sense. Each issue ¢ = 1,..., N(% opens up z; possible
changes (i.e.: z; possible decisions of the leading group). Let B; be the state of
issue 7 at the end of period -1. The possible decisions in this situation B; yield
the situations Bjj,or Bja,...,or B,,,. But, of course, not all issues and
not all possible decisions concerning an issue can be considered and evaluated
in one period. There is a prescribed procedure of passing laws which often
takes much time. Thus only ~ issues may be considered, the others are passed
to the next period, where ~ is a small number. These are the issues which
are considered to be the “most urgent” ones by the members of the leading
group. Here we suggest a selection procedure which needs less evaluations as
the procedure suggested in section 1.19. Fig. 5.4 illustrates this procedure.

Each member j = 1,..., N* of the leading group states the issue "9,
ve{l,...,N} which in its evaluation is the “most urgent one” and thus
should be considered first. Now we change the notation of the issue such that
w9, v=1,...,N*, is the most urgent issue in the opinion of person v which
is member of the leading group. The person announces his choice to the other
members of the group, and the same is true for all other members of the
group. Now each person v evaluates his estimations V,;, 7 = 1,...,N*, of
the suggestions of the “most urgent problem” made by the other persons with
respect to the urgency of this problem and announces them to his colleagues.
Now we assume that issue i¥"9, v € {1,..., N*} will be selected (suggested
by person v) where the sum V, = Z;\:l Vju is maximal. This implies that
everybody in the group has only to evaluate those issues which are suggested
as the “most urgent ones” by a member of the group. The chairman of the
group declares that issue as “most urgent” for the group as a whole which
gathers the largest sum of “votes” (in terms of evaluation number).34

After the most urgent issue is selected that way the procedure may be
repeated for the second urgent issue and so on till the number ~ is reached.

The selection procedure suggested above is conceived for the case where all
members of the leading group have the same standing and their opinions are
supposed to be of equal importance for the group decisions. But this may*not
be the case: the evaluation Vig-p ) of person p* may carry the weight ggp ) if
the issue 7 is being considered by the group. This yields the equation for V;;
in equation (5.7) above in the notation of section 1.19.

34 A similar procedure is for instance used for election of fellows in the Econometric
Society.
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Figure 5.4 Evaluation of alternative decisions for the most urgent issues 1,...,7
by three members of the group

After the issues to be dealt with have been decided the real problem arises:
which alternative should be selected for the next period? Here we also start
with the case where the final decisions are taken by the “leading group”. We
have to differ between decisions ACONST of changing the constitution and
of all other changes within the set of governmental variables as listed in the
beginning of this section. We assume that for changes in the constitution a
two-third majority in the leading group is required.?® The constitution at the
beginning of period 0 is denoted by CONSTy. For the change in the period
0 suggested as “most urgent” by the body of the leading personalities there
are different possibilities, called CON STy, CONSTs,...,CONST,. They are
evaluated by person p* as Vl(p*),VQ(p*)7 RN zp*), p* =1,...,N* if there are
N* persons in the leading group. Let N*(CONST;) := Z;\i*:l N* (V@) >
Vl(p *)) be the number of persons in the leading group who prefer constitution

35 If a parliament has to pass laws we could nevertheless use this approach if each member
of the leading group represents the opinion of a proportional number of members of
the parliament.
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¢ to constitution 1, ¢ € {2,...,z}. We define CON ST as leaving the consti-
tution unchanged; thus CON ST, = CON ST,. Now the constitutional change
to constitution ( is approved if

N*(CONST;) > 2/3-N*
The following figure illustrates the situation: If the leading group is only en-

CONST, = CONST, s V&)

CONSTy —— V;pﬁ)
CONSTy

CONST, — V¥7)

p=1,...,N*

titled to suggest changes of laws to a parliament the number N(CONST;) of
persons who prefer constitution ¢ to constitution 1 should refer to the number
N of members of the parliament, which need not be proportional to the val-
uation of the number N*(CONST;) members of the leading group. Perhaps
another constitution change may be found such that

N*(CONST;) >2/3-N*
and
N(CONST;)>2/3-N

Otherwise the solution is to leave the old constitution unchanged. Most deci-
sions of the government in the form of changes of a law do not require a 2/3
majority but only a simple majority. The above approach can be basically
retained. If the decision of the leading group is binding for the community,
the evaluation V;; in equation (5.7) is valid which after renumbering of the
possible decisions gives a consistent order of preferences of the group by

Va>Vi...> Vi,

We assume that V;; is the group decision. It considers the fact that in many
cases the interests of the members of the group are affected to a different
degree. Equation (5.7) takes care of this. If majority voting is prescribed in
the constitution, all differences in the importance of a decision for different
persons are wiped out. Thus we could condense the comments. Let

AX; € {OALAWY,...,ALAW,, APOLy, ...,
(5.8)
APOLin, ALY, AK(D}
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be the change of the behavior of the government, where 7 € {1,...,~} deter-
mines an issue which is considered as “urgent” and is covered by the constitu-
tion. This AX; is a very crude condensation of the many decisions which “the
government” has to make for the next period. If we want to go into the details
we have to consider each part of “the government” separately. We start

1. with the administration proper. Its size depends on the complexity of
the constitution and of the ordinary laws, on the control spans and on
the size of the staff, which supports the decision making of the “lead-
ing personalities”. Equation (5.5) presents the analytic expression. Thus
there must be L(%) = 33 | L(G#) government employees to execute the

m laws, where L{%#) depends on the complexity of the law p (approxi-
mated by the number of phrases in the law), on the number of persons
afflicted by the law, on the control spans and on the size of the staffs,
see equation (5.5) above. Each of these items are subject to decisions of
the leading personalities if they consider the case as “urgent”.

2. There are activities of the government which also could be done by pri-
vate firms, e.g. street-cleaning, transportation services, supply of water
or electricity. We deal with them in the same way as with private firms.
The difference is that the management is not responsible to private own-
ers which want to get a reasonable rate of interest on their capital but
they are responsible to some “leading personalities” in the government
to which the size of this rate of interest is of secondary importance. The
principles of making decisions are different.

As to the formal approach, we refer to section 2.9, equation (2.24) as
far as the real side of the firm is concerned. This equation states that
decisions have to be made as to the price of the product, the amount of
production, employment, the degree of capacity utilization of different
machines, the organization of the firm, the investment, and the size of
inventories.

Equation (2.25) in section 2.10 states the decisions of the firm which
have to be taken on the monetary side, see also section 2.11. This refers
to the portfolio composition, to the size of debts, the distribution of
profits and the like. We do not repeat that here.

3. There are other institutions run by the government whose services can-
not be privatized (or only with great difficulties and disadvantages). We
discern between two types of organizations: those where there is a more
or less fixed relation of man and machines (or: capital and labor) and
those where such a linkage does not exist or is much more flexible.

a. We start with those organizations where a more or less fixed ra-
tio between man and equipment must be kept (this is the case of
the military, police, part of basic research and others). As shown
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above, investment I_, in period 7 is a vector of n “machines” or
weapon systems or what else, which need a minimum crew to be
operated. The basic decision of the government consists in provid-
ing new “machines” and to scrap those of high age. The amount
of persons necessary to operate the “machines” follows from that.
The analytic expressions are given in chapter 2.

b. Other organizations do not require a fixed relation between capital
and labor, e.g. schools, universities, certain research projects. This
makes it easy for the government to “save money” by expanding
the number of pupils or students without providing more teachers
and investing in “machines” (in this case: mostly houses and school
and research equipment). The teachers and professors could be
blamed for the insufficient results. For these organizations separate
decisions on capital and on labor are possible though not optimal.

Now we return to equation (5.8). As to the change AX; there are different
alternatives possible: AX;1, AX;q,...,or AX,,, where AX;; = 0 is the de-
cision to leave everything as it is. Each change will be evaluated by person p*
as VC(”*)7 (=1,...,z,p*=1,...,N*, —z< Vc(p*) < +4Zz, Z an integer.

Let N*(Vi¢) = Zﬁ{;l N(Vi?*) > Vigp*)) be the number of persons p* in the
leading group which prefer decision AX;¢ over AX;;. If the leading group
takes the final decision a law LAW, concerning X; will be passed which
changes the law by AX;, if N*(Vic) > 1/2N*. The following picture il-

lustrates this situation.3%
AXy =0 VP

AXiz e V)

AXiz - V'z(zp )

If there is a parliament which has to vote on an issue we put N(Vj¢) to be the
number of the N members of the parliament which prefer V;¢ over V;;, and a
law LAW; concerning X; will be passed, if

N(Vic) > 1/2N

The procedure of evaluating the different alternatives by person p* is basically
the same as in the theory of the household, see section 1.3, equation (5.1). The

36 If there is more than one alternative better than the old state we assume that the most
preferred alternative is selected as “winner”. Strategic voting may be excluded if the
number N* of persons in the government is not too small.
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principles to evaluate a decision (G, H, EM, IM, M in case of a private house-
hold) will be partly different, because the economic and other consequences
for the community will now be taken into account.

5.7 The Government Budget

From the economic point of view the government is a special type of a house-
hold, as far as the monetary side of its activities is concerned. We lump to-
gether all monetary transactions of all branches of “the government”. That
means: we do not consider monetary transfers from one sector of the gov-
ernment to another one. We treat the Central Bank as independent of the
government. We dealt with it already in chapter 3 of this book. In this sim-
plification we could to a large degree use the approach for private households,
see the annex to section 1.13. The economic situation of the government at
the beginning of period 0 is indicated by the vector EC (for simplicity we
omit the index G wherever possible) such that

EC = (Y_nlet,c_l,é, I_,K,TR”,,CA KSt, W35, SEC,Wixe,
(5.9)
SECG7 Wéné)CavTD’DEa L7 TRf17p7 l7 d777 vKStavSEC)

where Y€t = T 4 KSt-dys; + SEC -75,, +TD-rrp + TRT —IL — DE-
rg —SECq - rspeg (cf. equation (1.12) in the annex to section 1.13)

The meaning of the variables is analogous to those defined in the annex to
section 1.13. Some new definitions are introduced:

KSt,SEC = capital and securities issued by other institutions and
kept in the portfolio of the government

I 4 = real investment, analogous to C_;
K = real capital, defined as in section 2.2
SECq = securities issued by the government
SECG = market value of the securities issued by the government
TSECa = rate of interest to be paid by the government on the SEC

issued by the government

(We assume that the government finances its expenditures by taxes T, issuing
securities SEC, increasing debts DE at the banks, transfer receipts TRt and
by dividend and interest rate income from capital stock K St, from securities
SEC and time deposits T'D, from changes of assets K.St, SEC, T D and finally
from the change of cash CA.)
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By definition, also in the government sector: REC — EXP = ACA (see
section 1.14 and equation (2.25) in section 2.10). Since we do not treat the
case of bankruptcy of the government the budget constraint must hold:

ACA>—CA_, (5.10)

The net receipts REC of the government are written as REC = Y™ — AK St-
vigst — ASEC -vspe + ASECG - vspcgs + ADE, cf. equation (1.13) in the
annex to section 1.14.

The net expenditure of the government is defined by EXP = cp + ip +
IL+ DE - rg + SECq - rsec, where all items refer to expenditures of the
government (but the index G has been omitted mostly). The saving of the
government may be defined by

S= Ip+ AKSt-vgs + ASEC -vspc — ASECG - YsEce+
ATD - ADE + ACA

Those parts of the income which are not saved, are consumed: C = Y — S,

S may be negative: consumption may be larger than income, also at the
government sector. But there is a limit for that: the stock of capital items and
securities, time deposits and cash which are in the portfolio of the government
and can be sold is limited as well as the possibility of selling government secu-
rities and of getting bank credits. Government consumption consists largely
of paying wages for government employees but the change of portfolio com-
position should not be neglected.

Unfortunately, as in the case of private households, the budget constraint
ACA > —CA cannot be guaranteed to hold since the price of securities and
other financial objects are not known when the plans for the next period are
made. As already said, we do not want to consider the case of state bankruptcy.
Thus we have to assume that the government is always able to sell securities
to the public and (or) to extend its debts at the banks.

5.8 Transition to the Next Period: Decisions of
the Government Concerning the Monetary

Side

We start with the economic situation of the government as presented in equa-
tion (5.9) of the last section. As far as the real side of the situation of the
government is concerned, this situation is characterized in the condensed ver-
sion of equation (5.8) by the policy variables POLq,..., POLy, and by the
amounts of labor and capital L%, K(©) in the government sector. If we leave
out these items in the vector EC we arrive at a vector EC™°™ which describes
the monetary situation of the government:
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EC™™ = (T,CAWZ§,, Wi, TD,DE)

where Wi's, = KSt - pksi, Wiy = SEC -psgc, T = th L+ t" I+
STt

The decisions of the government on the monetary side are the changes of
items under its control:

changes of the tax rates s AL AT AL AR A
changes of capital stock and securities : AKSt, ASEC

changes of time deposits : ATD

change of debts : ADE

change of cash : ACA

The budget constraint (5.10) must hold between all items in the government
budget, and as already said this cannot be guaranteed in advance.

5.9 Determination of the “Leading Group”:
Election of the Members of the Government

We already dealt with this problem from the point of view of a person that
has to decide to which party to give his vote in elections which ultimately
determines the government, see section 1.20 and 1.21. The model presented
there is a rather simplified one. In this section we move a bit nearer to reality.
This makes things a bit more complicated. The basic ideas are as follows:

1. The “most urgent” problems are defined.?”

2. In the light of these problems social groups are identified. The members
of these groups are in a similar position and their evaluations of possible
solutions of the “most urgent” problems are similar.

3. There is a number of persons with political ambition which organize
the persons with similar convictions into parties. They define a party
program (or platform) with respect to the “most urgent” problems and
elect persons who represent this platform.

4. The personal characteristics of these party leaders codetermine the ap-
peal of a party and thus the outcomes of elections.

5. This outcome finally determines the persons who form the “leading
group”. Actually there are different elections and different persons who

37 In section 5.6 and section 1.19 we already dealt with this problem. Here we extend this
approach to show the relation to sociology.
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run for elections in different branches of the government (local, state and
federal). The elected deputies elect the prime minister and the members
of the “leading group” which comprise also the ministers. Each deputy
and each minister will be specialized on certain issues and may exert his
influence mostly at these issues. We disregard all this and lump together
all persons that have influence on the decisions of “the government”
as “the leading group”. The different spheres of responsibility of each
member of the leading group are represented by different “weights” of
each member in determining the decision of the government at different
issues.

This is the basic chain of reasoning in this section.

To 1. We take over the conception of determining the “most urgent” problems
from section 1.19, see also section 5.6. From all possible problems (by the
number of n) only very few (say: 4) can be considered in the next period.
These are the “most urgent ones” in the opinion of the “leading group” in
power at the beginning of period 0. We reorder the issues according to the
possible gains® which a new state B;¢ procures in the opinion of the “leading
group” in power. Equation (1.33) in section 1.19, states that in mathematical
form. Only those 7 issues are taken up as “most urgent” which promise the
largest gains.

To 2. Now sociology comes in. We assume that persons in a similar situation
evaluate alternatives of a decision similarly, as a rule. A “situation” means:
position in the production process (worker, employee, executive), employment
in similar branches (agriculture, special industries, armed forces,... ), family
type (single, married, number of children), income of certain sizes, education
(primary school, high school, university), age, location (country side, village,
north-south-east-west part of the country), race, and similar objective charac-
teristics of a person. But there may also be some more spiritual characteristics
such as religion (e.g. catholics, protestants, muslims,. .., agnostics), member-
ship of associations or clubs. All persons of equal characters in each of these
fields are said to belong to the same group. The assumption is that all per-
sons of the same group have similar judgements on the most urgent problems.
Fig. 5.4 illustrates the situation. If there are v most urgent problems (v a
positive integer) and n possible alternative solutions for each problem, the
evaluations of these alternatives by members of one group will be similar. In
Fig. 5.4 the evaluations by three persons are reproduced which belong to the
same group. We do not take the pain to define mathematically what exactly
means “similarity”. Each reasonable definition will do which conforms to em-
pirical results. Now we may define a “typical” evaluation of possible decisions

38 These gains are those for the society as a whole as well as “personal gains” in form of
probability of reelection, of a high position and thus high pay in the next government
and of other personal advantages.
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concerning the most urgent problems which is an average of the evaluation of
all members of the group. In Fig. 5.4 the evaluation of person 1 (thick line)
may serve as an average.

It is possible to define “social groups” by their social characteristics (as
we have done above) or by common evaluations of possible alternatives of
solutions to urgent problems. In our approach one may go both ways, but
in the light of our theory of forming moral judgements (see section 1.3) it is
more natural to proceed the way we suggested above.

To 3. There might be typical evaluations of several social groups which are
similar, and the members of these groups may form a substantial (or at least:
not too small) percentage of the electorate. Now some persons with political
ambitions®® (and we assume, that there always will be persons of that kind)
may see their chance of forming a party along the lines of similar typical
evaluations of several social groups. They define a party program (or platform)
which is sufficiently broad and unclear to represent and to attract enough
persons of different social groups to exert an influence on the outcome of
elections. This gives power and income by being able to fill and to reserve
positions in the government and elsewhere for themselves and or their personal
friends. In Fig. 5.4 a party platform may be represented by a broad band of
approved evaluations such that many social groups find themselves included
in such an ambiguous program.

To 4. The statute of a party regulates the election of their leading personali-
ties. Besides their evaluations, their personal characteristics called xy,..., Kk,
in section 1.11, are of importance such as likable appearance, eloquence, per-
suasive power, trustworthiness or the contrary (see sections 1.11, 1.12 and
1.20). This influences the votes besides the proximity of the party program
to the own preferences. We model that in the following way.*® If the own
valuations of alternative decisions for the v most urgent issues remain in the
borderline of the interpretation of the party program*! the distance D(p, P,)
of the evaluation of the alternatives by person p to the party program P, of a
party pis zero, p = 1,..., R. If they lie outside of the borderlines the distance
is measured by the evaluation of the deviation of the own evaluation from
the nearest borderline of interpretation of the party program. Let Vig.p ) be the

evaluation of a decision j for the issue ¢ by person p and Vig.p *) the nearest

evaluation by the party line of party P, and Dg’ )(P,,) a measure of the dis-

39 These persons may not come from a social group which is represented by the set of
values they proclaim in their party line. Often they are dissenters of their class, in the
statistical vocabulary: deserter. Take Count Mirabeau or Karl Marx as an example.
Pareto used this to construct a theory on the circulation of the elites.

40 This refines the approach of section 1.20

41 In Fig. 5.4: within the range which is hatched at their borderlines.
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tance?? between the personal evaluation and that of the party line (always for
a decision j of an issue ¢). Now the evaluation V(p, P,) of a party with respect
to its program is determined by person p as a function F®) of all distances
D;;(p, P,) to the program of party p:

V(p,Pyy...) = FP(Di(p,Py),..., Din(p, P,), .-,

Do1(D,Pp)y - -y Dan(p, Py), .. )%

As the dots indicate, this is not the whole story. The personal characteristics
k = (K1,...,Kk;) of the leading personalities p{(F,),...,p:(P,) of party p
codetermine the evaluation of a party P, by person p.** Thus we complete
the above formula by writing

V(p,Pp, K) = F(p)(Dll(')a S Dvn(')v H(Pp))

where k(P,) = (k(pi(Fp)), - - -, k(p}(Fp))) and k(py,(P,)) = the vector of per-
sonal characteristics of the leading personality ¢ of party p, ¢ = 1,..., f.

Now the person p votes for that party to which the distance is smallest
and which offers the most attractive leading personalities. Larger distances to
the party program may be compensated by “better” leadership of that party.
This is a problem of empirical research.

To 5. The outcome of elections may be inferred from that. Let fp be the

number of persons with an evaluation V(p, P,, k) for which party p is most

attractive. Let there be R parties. Now the relative votes v(F,) for party p
45

are?o:

_tp suchthat [V(p,Py,k) > V(p,Pp,k)] forall o=1,...,R
a tp

U(Pp)

If party 1 catches more than 50% of all votes: v{P;) > .5, the leading person-
alities pi, ..., p} of party 1 form the “leading group”. If a coalition of several
parties is required to get the majority, part of the leading personalities of the
coalition parties form that group with numbers proportional to the votes they
got in the election.

Thus the “leading group” is determined which takes all decisions in the name
of those who have the right to vote.

42 In Fig. 5.4b in case of decision 4 of issue v: the distance from point A to point B.
43 Tn this formulation: the smaller the distances, the higher the evaluation.
44 Cf. section 1.12 and 1.20.

45 We disregard those in the constituency which do not vote.
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where V;* = maz(V1,...,Vn-)

Figure 5.5 Determination of the most urgent problem by the members of the
leading group

5.10 Some Notes on the Approach Suggested
Here in Comparison to Other Approaches

In closing this section some words on the reasons for this specific approach
may be in order.

We want to model a government as an institution and as a decision unit
in the context of a democratic society of the western style. The actual con-
stitutions of the different states which fall under this headline are different
indeed: We do not want to model a specific constitution but we try to repro-
duce common features of many existing constitutions and this in a simplified
form such that one can use it in an all-comprising disequilibrium model to be
developed later. This approach stays near to economic theory, the field which
I feel familiar with. Sociology and political science are somehow incorporated
into this type of theory. This makes the personal, the social, the political
and economic domain a part of a coherent science: there are phenomena of
this kind observable which we want to explain (at least approximately) by a
theory which should be as simple and intuitively acceptable as possible. This
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implies that the different features of a phenomenon can be described numeri-
cally, perhaps in a very crude way (-1,0,4+1 with the meaning smaller or large
or less attractive or more attractive as a reference phenomenon) or in a more
exact way, e.g. (—10,—9,...0,+1,---4+10). In principle, a person can evaluate
everything which it is confronted with. It does not carry a utility function on
everything with it but forms these evaluations when it becomes necessary.

A government has to decide on actions which influence the well-being of
many persons (perhaps of all) in the society. In the simplest approach only
those decisions are supposed to be taken which are favored by everybody.
In this case the unanimity rule of decision is appropriate. But this would
prevent almost all technical progress since it is usually accompanied by the
disappearance of outmoded sections of production, which hurts some persons.
But decisions like that are actually taken, thus we have to explain them. We
do this by assuming that a sort of interpersonal comparability is possible in
the sense that evaluation numbers of equal size indicate similar preferences
for the case in question (through the psychological importance of the same
evaluation figure may be different for different persons).

Our theory does not say a word on the problem whether a special consti-
tution by itself is a “good” one or a “bad” one. It does not derive the “right”
constitution from a fictitious social contract (as that of Hobbes and others) or
from postulated general principles (as Kant, Rawls and others do%%). Bren-
nan and Buchanan (1985) derive an optimal constitution by the contractarian
vision: everybody contracts with everybody in a “veil of ignorance” (or uncer-
tainty): nobody knows his position in the actual society which evolves from
these social contracts. That means: unanimity is required to construct a real
social order in form of a constitution. Rawls (and before him Kant and oth-
ers) derive an “ideal constitution” by postulating some principles of justice
independent of the actual state of the constitution and independent of the
preferences of the citizens.

This is only a very short birds eyes view on some theories (or better:
philosophies) of government. The interested reader is referred to the books
of Buchanan (1992) and Binmore (1998) and to the literature cited there.

Some comments on details of other approaches are in order. In the litera-
ture often the assumption is made that the preferences of persons cannot be
measured numerically and cannot be compared from person to person. In this
case only the majority rule or even unanimity is left as principle of decision,
if the individuals which form the society should participate in the process of
decisions, and that means: if the model should correspond to a democratic
constitution, see e.g. Buchanan and Tullock. At least numerical measurability

46 For the logical implication (and the philosophical ancestries) of different theories on
government see Binmore I (1994) p. 8 and Binmore II (1998) p. 504. Binmore reviews
different theories of the government and indicates their implications and especially
their shortcomings. But it is difficult to say in few words which type of model he
would suggest. His bibliography on this subject is impressive.
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of utility of all persons involved and special concepts on the solution of the
game are required because there are (as a rule) several candidates for the
title “solution of the game”, and the selection process is not self-evident, see
e.g. Gauthier (1986) or Binmore, Vol. I (1994) and Vol. II (1998). Buchanan
and Tullock assume (in the spirit of Thomas Hobbes) that the persons of a
society choose that type of constitution which minimizes the cost of interde-
pendence of the single decision, i.e. that the persons select the most efficient
form of a social organization. They have to estimate the “expected external
costs (present value)” and the “expected decision costs (present value)” as a
function of the “number of individuals required to take action”, see Buchanan
and Tullock (1992), p. 65 and 70. This estimation is a huge task, and there are
few persons who would like to shoulder that burden. In case of unanimity only
a social state can be reached which is better for all persons, also in the short
run, since compensation of the individuals which are hurt by the proposed
change by the winners is extremely difficult, if not impossible.

Majority voting poses its own problems, which are pointed out in the lit-
erature cited above. I may also refer to my book, Préferenz- und Entschei-
dungstheorie (1968), p. 94 fI. T only mention one of these difficulties.

It is known since Condorcet that majority voting does not necessarily yield
a consistent community preference order. The community preferences may be
circular. If it is possible to arrange the alternatives one-dimensionally on a
scale such that the individual preferences of all members of the society have
only one peak, the peak of the median voter gets a simple majority. But these
are restrictive assumptions.

Sometimes the existence of a social preference function is postulated which
exists outside the preferences of the individuals. But it must be revealed either
by a social process which depends on the individual preferences or by prophets
or philosophers whom one may trust. A constitution on this base cannot be
called “democratic”. We want to consider only democratic constitutions.

Modern philosophies (e.g. that of Binmore) use the game theoretic appa-
ratus. The solution concept is the maximin rule, which states that a decision
should be taken which maximizes the well-being of the least fortunate individ-
ual. This cannot be a fair representation of reality. It is also to be questioned
from the ethical point of view since a rule like that does not use all means
available to improve the situation of all individuals in the long run.

In the game theoretic approach usually the equilibrium point is taken as
a solution concept. But as a rule there are many equilibrium points. Selten
suggested to use that equilibrium point which is subgame-perfect. But there
are some problems with this solution concept, pointed out by Binmore II
(1998), p. 26 ff. which will not be repeated here. Thus there are objections
to all theories of the government and, of course, also to the theory suggested
here. I repeat the assumptions made in this theory:

1. All essential decisions for the society as a whole are taken by a small
group of leading personalities (say: up to around 20 persons).
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These persons know each other perfectly, i.e.: the evaluation of alterna-
tive decisions by all members of the group are generally known to all
other members of the group. They cannot cheat each other.

The evaluation of a certain decision by a member of the group carries a
certain weight which may be different in different types of decision. E.g.
if we think of the leading group as the cabinet, the vote of a minister
responsible for a certain field carries more weight if the decision concerns
this field than that of another member of the cabinet, as a rule. Of
course, personal characteristics may also affect these weights.

. In a democracy, the members of the leading group are (directly or indi-

rectly) elected by the constituency. Here the principle of majority voting
finds its place, mostly with intervention of parties. In sections 1.11, 1.19
and 1.20 one finds a model of such an approach. It is extended in this
section.

. There is no formal majority rule within the leading group. The group

evaluation of an alternative is some weighted average of all evaluations,
found out during the informal discussions within the group and stated
by its chairman. We formalized that by equation (5.7) in section 5.6.
It gives everybody in the group a more or less large influence on the
group evaluation, and it yields a consistent, non-circular evaluation of
all alternatives. The additivity of all simple evaluations is a simple and
natural principle which may be accepted by all members of the group.

Of course, this theory has to be tested by applying it to actual decisions of
the government. Without such a test it is only a presumption.
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CHAPTER 6

The Determination of the Wage
Rates

6.1 Introduction

To the comfort of the reader we repeat here the assumptions on the status
of information concerning the wage rates, the price of other goods and the
interest rates which a firm has at the end of period —1, when it has to decide
on the price of its own good, the size and organization of production and on
its financial position in the next period 0. We assume that the wage rates are
determined by negotiations between employers and the pertinent trade unions
in the foregoing period and announced to everybody at the end of period —1
such that all firms know the wage rates in the next period 0 with certainty.
This is not so with the prices of other commodities. They are fixed by each
firm independent of each others, announced to the public at the beginning
of period 0 and sustained for this whole period. When fixing the own price,
the firm does not know the prices determined by all other firms. Of course,
these prices of other commodities are necessary for estimating the costs of
and the demand for its own product. Since these prices are not known with
certainty, expectation values have to be substituted for the unknown actual
prices. These expected prices are estimated by extrapolating the trend values
and adding a business cycle term which may also be estimated from the past.
It could also take care of psychological influences such as waves of optimism
and pessimism (or waves of economic activity) in the society. I shall not go
into the details here!.

In contrast to this lack of information on the side of the firms when they
have to decide on their prices and productions, there is no uncertainty of prices
on the side of the consumers and investors when they decide on demand of
commodities and supply of labor or capital. They do that “at the beginning”
of period 0 after all firms have announced their prices.

As to the interest rates, the degree of uncertainty is even larger, since they
depend on the prices of bonds and shares at the exchange which follow from
conditioned demand and supply orders of all persons and institutions in the
economy. Nobody could know them at period 0 when each person has to
decide on these demand and supply orders. We shall come to this in the next
chapter 7.

1 For details of estimations of this kind see Krelle (1989), ch. 1 and 2 and Krelle (1984)
and (1987).
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Our model of wage determination is designed as a simplified version of the
wage formation in Germany. A certain number of firms (those with a similar
product, located in a certain region) are combined to a wage district (Tarif-
bezirk in German). In each district the wage levels of all kinds of labor are
fixed by an agreement of the pertinent trade union and the proper employers’
association. The trade unions determine their representatives at the commitee
in which the collective hbargaining is performed and the firms in the employ-
ers’ association do the same for their representatives. If the two sides agree on
the future wage rates, these rates are valid for the next period. As long as an
agreement is not reached the trade union may initiate a strike?. But they may
also refrain from that. In this case production is continued regularly at the old
wage rates till (at the beginning of the next period) an agreement is reached
and the new wage rates apply. The trade unions pay the workers which are on
strike such that they really have no financial loss by the strike. The financial
reserves of the trade unions are run down in the course of the strike. The trade
union must come to an agreement with the employers’ association before they
have to finish the strike since they cannot finance it further. Of course, there
are also usually high costs for a firm where the labor force is on strike. Thus
also the employers have an incentive to come to an agreement with the trade
union.

In reality many “rounds” of negotiation are needed to reach an agreement.
At each round the two suggestions of an agreement (one from the trade unions,
the other from employers’ union) approach each other: the trade union offers
come down from above, the employers offers come up from below. When they
are identical, an agreement is reached and the wage rates are determined for
the next period.

One may think of trade unions as “sellers of labor” and the employers
as “buyers of labor” and the whole bargaining process as a special case of
a bilateral monopoly®. The result of such a process depends on the details
of the bargaining process, only upper and lower bounds may be derived in
general. In our approach here we condense the results of many “rounds” of
negotiations to the result of one round, in order to keep the model simple
without neglecting the decisive features of the process.

In the following we start with some definitional relations and basic assump-
tions.

2 We do not consider the case of a lock-out of the workers by the employers. This is very
unpopular and scarcely used. We do also not deal with part-time strikes or strikes only
at strategically chosen firms or departments within some firms, in order to keep the
theory simple.

3 T analyzed such a bargaining process in Krelle (1976), p. 607 ff. by assuming a cer-
tain procedure in bargaining. On pages 617 fI. I specialized the model for the case of
collective bargaining on the labor market. But this theory is too complicated and too
specialized in the assumptions on the bargaining procedure to be used here.
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6.2 Some Basic Definitions and Assumptions

There are M firms in the economy which for the purpose of wage formation
are grouped into g sectors. All firms in one sector produce similar outputs
and are located in a special region of the country. The firms in each sector
are organized in a special employers’ union. The workers in the firms of a
sector are organized in a special trade union. We consider a sector g which
comprises v firms ¢ = 1,...,7, which are organized in an employers’ union
EMPLI. The workers in this sector are organized in a trade union TUY. The
number of workers LY of type v employed in sector g is

In the following we suppress the index g. Everything applies to the firms and
workers of sector g.
Lt¥ workers of type v are members of their local trade union:

Lt =at* . L, ,0<al™ <1

at¥ is the degree of organization of the workers of type v in sector g. at* is
different in the different sectors, but also differs with the type v of workers: the
lower ranks of the labor force are (as a rule) more organized than the higher
ranks. Moreover, at,* increases if the trade union could show that they could
increase the wage rate substantially, especially more than the membership
subscription to the trade union which is 1 % of the gross labor income, as
a rule. Thus this is something like a minimum increase of the wage income
which could be attributed to the efforts of the trade union and which makes it
worthwhile to join the trade union from the financial point of view. Thus a%*:
is a rising function of the difference of the increase AY9 of the gross income
attributed to the activity of the trade union membership and the membership
dues MbL%. Thus the trade unions are under pressure to always increase the
wage rate at least by this amount irrespective of the effect on the economy as
a whole.

As already said we condense the several “rounds” of the bargaining process
to one round. The trade union members of the wage bargaining committee
(appointed by the pertinent trade union) sit together and decide on

1. whether to accompany the bargaining process by a strike or not

2. which increase of the wage rate (= @) should be demanded in the begin-
ning of the bargaining process, where a; = initial demand with strike,
0 < @ap < @1 = initial demand without strike,

3. by which amounts a; or ag (respectively) these initial demands should
be lowered when time goes on (that means: in the sequence of bargaining
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Aldem Increase of the wage rate,
demanded by the trade unions

\J a1

wage demands with strikes

wage demands without strikes

R | . ; t = time = rounds
0 1 2 -3 - in the bargaining process

Increase of the wage rate, demanded by the trade unions at time ¢:

Alﬁ‘jm:m—ai-t , i€ {0,1}, ¢=0— nostrike @ >0
i =1 — strike a; >0

Figure 6.1 Wage demands of the trade unions in the course of time during the
bargaining process (only the integer values of time are relevant)

rounds; for simplicity this decrease a of wage demands is supposed to be
equal in all “rounds” of the negotiation). Thus the trade union members
of the wage committee have to decide on:

DEC** = (Strike,a,a) where strike € {0,1} (6.1)

(0 = no strike, 1 = strike till an agreement is reached with the employ-
ers), @ = (@1,a0),a = (a1,ap),a1 > ag, see Fig. 6.1.

Similarly, the members of the employers union delegated to the wage bargain-
ing committee decide on a separate meeting which increase of the wage rate
they would concede in round ¢. These concessions increase in the course of
time, and they are different in case of a strike and in case of no strike. Fig. 6.2
illustrates this approach. Thus the delegates of the employers association in
the wage committee have to decide on b and b in the case of no strike and in
the case of a strike, see Fig.6.2:

DECempl, — (50,51,6071)1)’

where b; = initial concession,b; = increase of the concession in case i,i €
{0,1},i=0: no strike,7 = 1 : strike.

Now we have to look at the determinants of the decision DEC?* of the
trade union members of the wage committee and of the decision DFECe™P!
of the members of the committee representing the employers. We start with
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Al Increase of the wage rate,
offered by the employers

wage concessions in case of a strike

wage concessions in case of no strike

by

\ Y0 t

= time = rounds
in the bargaining process

Increase of the wage rate, conceded by the employers:

AIg5e =b; + b; - t, i€{0,1}, i=0—nostrike b; >0,
i =1 — strike b; >0,
a; > b;

Figure 6.2 Offers of increase of the wage rate made by the employers in the course
of time in case of a strike and in case of no strike

the trade unions members. They represent the interests of their members but
also the interests of the trade union itself (and they are in our context simply
interested in higher wages). The pertinent trade union gets an income from
workers of type v

Yi% =d-L:™"1,, d= membership due

Since LL™ = aL™ - L, the trade union profits from its success in wage bar-
gaining directly (higher [, increase also the income of the trade union) and
indirectly (higher [, tends to increase the membership rate at% as well). Total
income Y** of the trade union in period ¢ consists of membership dues and
interest from the accumulated wealth 7, - V!4

n
tu. __ t.u. t.u.
Y; —§ :Yu,t +Tt"/t—1
v=1

where Vi% = ViY% 4 Y4 — COLY,COLY = costs of Tunning the trade
union.

These costs are labor cost CO% ™" of the organization of the union, secondary
inputs SI** = k¥ . CO%* (which we take to be proportional to the labor
cost) and the cost CO%%py,, of services of the trade union in favor of their
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members (help in disputes with the employers, representation of their interests
in politics and social life etc.). We take these costs also to be proportional to
the labor costs:

t.u. _ tou. t.u.
CO¢gry = csgrv - COL

Thus the change of wealth AW/}% of the trade union in period ¢t — 1 equals its
income from membership dues and from interest minus its total cost COL:

AW =YY —COpY,  where COfY = COEY_ (1+¢f™ +Cskny)

Thus the trade union could by its own means provide an amount of W/% at
the end of period t — 2:

Wity = Wi + AW

Other trade unions and banks may provide additional finance, proportional
to W/ (with a proportionality factor of ct*) such that the total strike-fund
of this union amounts to

SR/ = Wit (L4 &™)

In case of a strike the trade union has to compensate its members for their
income lost by the strike. If the strike lasts 7 bargaining periods which make
up the ratio ag;p of a “normal” period which we consider here? the strike
costs CO%;, for the union are

n
t.u. t.u.
COg¢Rt—1 = astR - E Ly,

v=1

where agir > 0 (asgrr > 1 is possible) and Lt%* are the number of trade
union members involved in the strike. The trade union could only sustain a
strike of duration ag;r such that

StFtt'—ul' 2> Cog?}é,t—l

Thus an agreement on the wage rate must be reached with the employers
within this time. The size of the strike-fund is of great importance for the

4 The timing of the wage negotiations is supposed as follows. The bargaining process
starts in period —1 such that the result is reached and known to everybody at the end
of this period (think of this period (called the “normal period” above) to be one year).
Let the length of time required for the bargaining be 4 months. Then the bargaining
has to start 4 months before the end of the year. There might be two sessions of
the committee per month which means that an agreement will be reached after eight
sessions at the maximum. - In this model we do not consider the sequence of the wage
committee in detail but look at the total result.
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bargaining strategy DEC** of the trade union, but also for the bargaining
strategy DEC*™P of the deputies of the employers’ association.

We no turn to the situation of the employers in this bargaining period. We
assume that without a strike the production process runs normally during
the whole negotiation period. The profit situation is not affected by the wage
disputes. In case of a strike there are losses LOSSSR in firm ¢ per period,
that means ag;g - LOSS; if the strike extends to the ratio (or multiple) as:r
of a period. The losses are defined as the difference of profits without strike
(=PROF;) to profits (or better: losses) under the influence of the strike (I =
PROF?PR). Thus:

LOSS?*E = PROF; — PROF/'™R

The losses cover the negative effects on sales (also on future sales (as far as
they are attributed to the strike), cost of delays of deliveries and possibly
penalties and other losses. Thus the costs of a strike of duration as:r of a
“normal” period amounts for firm ¢:

CO™P R = gy - LOSSPMR

As far as these costs influence the liquidity state of the firm they also limit
the duration a; g¢g of the strike which firm 7 could stand. Let EX P™" L, StR
be that part of the cost COZ™5'® which leads to expenditures of firm 3. Let
Y;S*F be its income during the strike and EX P5tE its expenditure. Now the
necessary financial reserves F'IN[*¢ of firm ¢ to survive a strike of duration
O StR are

FINTe = ai,StR(EXF)iStR __ )/iStR) lf EXPiStR > Y%StR
i 0 if YiStR > EXPiStR

In the following we only consider the first possibility which is the realistic one.
The available financial reserves FIN#%! of firm i might be larger, equal or
smaller than the necessary finance. If we renumerate the firms i = 1,..., M’
which are in the employers association involved in these wage negotiations in
the order of increasing difference of finance available and finance necessary
to survive a strike we get a picture as Fig. 6.3. Firm 1 to 3 cannot survive a
strike of a length «. If the duration of the strike would be reduced to 0.6« all
firms could survive. But this has an influence on the result of the bargaining:
the employers have to concede a larger increase of the wage level in order to
come earlier to an agreement with the trade union.

But this is not the end of the story. Till now we considered only the survival
of the firms in case of a strike. But the surviving firms must live in the future
with the increased wage rates, and it may very well be that some firms cannot
carry this larger burden in the future.

We assume that firms with negative profits must go out of business in the
long run. The profits II; are defined by

II; = X;p; —CP, - CD
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Explanation:

e The firms 1 to 3 cannot survive a strike of length « (in fraction of a
normal period).

e All firms would survive in case that the duration of the strike would be
0.6 « (see the broken line for FIN™°)

Figure 6.3 The financial situation of firms 1,..., M™* (involved in the wage dis-
pute), if the strike is extended to the rate « of a normal period

where
CP,=IL;+CC; + SI; + Tf”d

see equation (2.26) in section 2.10. Thus with an increasing wage rate [ the
profits of firm i are going down in the same period?® : % < 0. If we renu-

5 We suppose that the Central Bank pursues a monetary policy of keeping the price level
p constant, i.e. p = Zf\il gip; = const, where g; are predetermined weights which do
not interest us here. The important fact is that p is independent of changes in the cost
of production. Thus higher wage rates may (and will in general) change the structure
of demand (higher consumption and less investment demand) but will not increase
total demand. There is a second effect which works in the same direction. Expenditure
depends on the income of the period before: first one earns and gets the money, and
afterwards it is spent. With a suitable length of the time period one may write for
demand of commodity ¢ at firm :

Xipip = fillg—1Lg—1,104_1),

where li—1Li—1 = .M " Liyt—1Live—1 and Ty = 3 T0; s ;. Thus the ar-
gument of the trade unions which they always put forward when they ask for higher
wages: higher wages would increase total demand is simply wrong in this general-
ity. Constant wages and higher demand from outside (from the government, foreign
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II; = Profits of firm 3
(after renumbering of the firms)

777

II3
H2 1_IM*
II;
II4 )
0 - : o3 wage rate
Iy I\

Explanation:
e [_; = wage rate before the wage negotiations
e | = wage rate agreed upon at the end of the negotiation

e Firm 1 and 2 run losses at this rate and will be eliminated

Figure 6.4. Profits II; of firms ¢ = 1,..., M* as a function of the wage rate

merate the firms in such a way that firm 1 runs into losses at the smallest
wage increase, firm 2 at the next higher wage increase, till firm M* which
could stand the highest wage increase, and if we linearize the function which
connects profits and wage levels, we get a picture like Fig. 6.4. For simplicity
we consider only one wage rate | = [~ and suppose that the other wage rates
li, ...y ly~—1,lyx41,...,l, are proportional to I,-. In German this basic wage
I~ is called “Ecklohn”.

6.3 The Determination of the Time Shape of the
Trade Unions’ Demands for a Wage Increase
The trade union members of the wage committee have to decide whether to

accompany the wage negotiations with a strike or not, on the size of the initial
demand (@1 or dp in Fig. 6.1) and on the size of the reduction of the wage

countries, independent investors) financed by the Central Bank would yield more em-
ployment although mostly at higher prices.
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demands in the course of the wage bargaining (a; or ao in Fig. 6.1). We model
this decision process as follows.

a. The trade union leadership selects the trade union members of the wage
committee. For selection they will consider the knowledge of the de-
tails of labor market regulations and the efficiency of bargaining. We do
not model this selection process. We may assume that the trade union
members of the wage committee are a representative sample of all trade
union members.

b. Let MEMB™, ..., MEMBE™ be the trade union members of the
wage committee. They are confronted with the following possible de-
cision DEC** = (strike, @, a), see equation (6.1) above. Since strike €
{0,1}, a € {a1,...,aq4}, a € {ai1,...,ac} there are 2. g - G alternatives
Aj; to be considered. g and G are small numbers such that the number of
alternatives is not prohibitive (e.g. if g = G = 2 there are 8 alternatives
to be evaluated). Let J be the number of alternatives.

¢. Each member MEMBE“' evaluates each alternative A;,...,A; by a
number V3(4;), # =1,...,b, j = 1,...,J, where —z < V3 <
+Zz, Z > 1, an integer. '

d. The foundation of these evaluations is the information of all trade union
members of the wage committee on:

1. the strike-fund StF** of the union
2. the strike-cost CO%LY, for the trade union and thus

3. the maximum duration ., of a strike (as proportion or multiple
of the “normal” period), if there are L** = >""_, L** members
of this local trade union involved in the strike:

StFt.u.

o =
" GOk

But the trade unions members of the wage committee also have some infor-
mation on the financial situation of the firms, that means:

1. which firms would survive a given duration of a strike and
2. which firms could in the future stay in business at a higher wage rate.

In other words: the trade union members of the wage committee have some
idea on FIN® and FIN™ of all pertinent firms for a given duration a
of a strike (as indicated in Fig. 6.3). But they also have some ideas on the
long-term profits of these firms as a function of the wage rate in case of a given
technology and a given labor productivity (see Fig. 6.4) as well as the profits in
case of technical process and a larger capital-labor relation (not reproduced
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in Fig. 6.4). In Germany this information is rather perfect because of the
codetermination laws.

There are z possible decisions DEC}™ ..., DECL"* of the trade union
side. It has to select one of it, say DECé'“', ¢e{l,...,z}. We assume that
the trade union members of the wage committee is a small group of persons
who know each other quite well. Thus a formal majority rule is not necessary
to reach a decision DECE'“'. There is an informal weighting of the opinions
of the trade union members which takes place at separate meetings of these
members. We could model this process in the following way.

Each member § of this group evaluates each possible decision DECé'“' by
a number V3(DEC{™),=1,...,b,( =1,...,z, where

-z < Vg <+%, Z>1, an integer.

The base of these evaluations is the information on the effects of such a de-
cision on the trade union itself, on its members and on the pertinent firms.
But also other considerations exert their influence: the just distribution of
the surplus of firms, moral considerations as to the relation of workers to em-
ployers, but also: union power, strengthening of the solidarity of the workers,
demonstration of their team-spirit, intimidation of the employers, increasing
of the political influence and so on. These are different sides of the same phe-
nomenon. Each person may give them different weights and evaluate them
differently. The details of this evaluation procedure are dealt with in sections
1.2-1.4, and will not be repeated here. The result is V3(DEC{™) for each
person [ of this group.

From these personal evaluations the group evaluation V(DECE'“') has to
be derived, which will be transferred to the employers’ side. We derive this
group evaluation as a mean of the evaluations of all members of the trade
union side. It might be that the “votes” of different members carry a different
weight g: votes of persons specialized in wage agreements or of persons of
higher rank in the trade union carry a higher weight than those of the rank
and file. Personal talents in influencing on other persons may also codetermine
the weights. Thus we postulate

b
V(DECE™) =" g™ - Va(DECE™)
B=1

Now that decision DECE;“' is declared to be the decision of the trade union
side where V(DEC'E;“') is maximal. If there is more than one decision with
maximal evaluation a chance process may decide (or the vote of the chairman
or any other device to overcome the undecidedness). In any case the trade

union members come to the session of the whole committee with the decision
DECé'“'.
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6.4 Determination of the Time Shape of the
Employers Concessions for the Wage Levels

Much runs parallel here to the foregoing section on the time shape of trade
unions’ demands for higher wages. Thus we will be much shorter here.

There are «y firms of similar productions involved in collective bargaining
with the pertinent trade union. The firms as employers select their represen-
tatives at the wage commission. We do not model this decision process. After
the employers’ representatives have been elected they come together in order
to determine their strategy during the wage negotiations. In our model they
have to decide on

DEC*™" = (bo, b, bo, br)

(see Fig. 6.2), where the parameter by, by determine the time shape of the
wage concessions in case of no strike, and by, b; the wage concessions if there
is a strike. The by and b; are taken from a set B, the by and b; from a set B.
There are X admissible combinations of (bo,b1,bo,b1). A decision DEC{™ :
is an admissible combination (504,514,%(,()10 where Boc € B, boc € B and
514, bi¢ accordingly. The parameters appear always in twins: one valid for the
case of no strike, the other in case of a strike. The members of the employer
side come to know whether there will be a strike or not, only in the first session
of the whole committee, they have to be prepared for both alternatives.

As to the state of information, the employers’ members M EM B;"'? ! of the
commission may be a bit better informed on the situation of the firm (see
Fig. 6.3 and 6.4), but in general they are less well informed on the financial
situation of the trade union, that is to say on the strike fund StF** and
cost of a strike COL?%,. But this need not be universally true, thus we do not
pursue this line of thought further.

A possible decision DECgmpl, ¢ e {1,...,X} of the employers’ represen-
tation will be evaluated by its member 7 by the number

VW(DECE'"“), where —z2<V,<+z ~e{b+1,...,2b}

The base of this evaluation is the judgement on the possible consequences
of too high wage agreements: bankruptcy of firms, decline of employment,
less investment (which hits the future generations), inferiority in competition
with other firms and sectors. High profits (due to moderate wages) could also
be considered as just remuneration of risk bearing and of personal initiative.
Thus one may continue. In general there are many facets of a phenomenon.
A person has to make up his mind on the evaluation of each facet and then
evaluate these facets themselves, see section 1.2-1.4. At the end, each person
~ or the employers’ representative comes up with an evaluation V, (DEC’E‘"”’ l)

of a decision DECEmpl.
These evaluations will differ from person to person. The total evaluation of
this decision DEC™" is supposed to be the arithmetic mean of all evaluations
¢
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of members of the employers’ delegations. Each member will carry a weight

gf;mpl of the delegation:

V(DECcempl Z gempl DECempl)
Y=6+1

6.5 Wage Determination: The Wage Rates
Offered by the Employers and Demanded by
the Trade Unions Are Equal

We start with the case of no strike (a decision of the trade union). This is
accompanied by a declining time shape of wage demands of the trade union,
see Fig. 6.1, which may be modeled by the function:

Aldem =ag—ag-t

In this case the employers’ delegation offers a change of the wage rate (a
concession to the trade union):

AlG™e = by + bo - t, see Fig. 6.2

A (c);mc _ Aldem yields Alé = ag — ao?ﬁg bo + bOZ 123 at time ts =

;(‘;—Jr—gq, see Fig. 6.5 which connects Fig. 6.1 and 6.2 in case of no strike. If one
changes the indices 0 to 1, one gets the change Al at time ¢}, also represented
in Fig. 6.5.

There is no guarantee that the trade union will reach a higher wage increase
by a strike; Fig. 6.6 shows a counter-example. But an agreement might be
reached earlier, since a strike is expensive for both sides.

Since in case of a strike both sides of the wage commission know beforehand
(at least in our theory) at which time they will agree on which wage increase,
one may ask why they do not agree at the first meeting on this wage increase
on which they will agree after the strike. Both sides would save the costs of
the strike which may be substantial. One could answer that a strike has often
reasons which cannot simply be described by the increase of a wage rate. We
mentioned some of them in the foregoing sections. But this is not a sufficient
answer. The reason for this feature of our theory is that it neglects uncertainty
and the possibility of changing the wage demands and offers during the process
of negotiations. In Krelle (1976), p. 617 ff. I suggested such a theory. But it
is much too complicated to be incorporated into the general disequilibrium
theory which we want to construct in Volume II. Moreover, the assumption
that an announced strike will be executed till an agreement is reached is not
so bad and not so far from reality that we need to correct this assumption.
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Figure 6.5 Agreement between trade union and employers: point Py : without
strike, point P, : with strike

Figure 6.6 The case of a smaller wage increase with strike than without it: Al§ >
Al7

6.6 Criticism of Wage Determination by
Agreement of Trade Unions and Employer
Associations. A Digression

The arrangement of wage formation as modeled in the foregoing section boils

down to understand the wage determination as a bilateral monopoly. The

disadvantage of this type of price formation is well known: only the upper

and the lower end of a range of possible agreements are properly determined
by economic forces, the actual outcome depends on power relations, financial
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reserves, skill of bargaining and other facts which have nothing to do with the
actual situation on the labor markets. The interest of the unemployed persons
on employment does not enter the bargaining process: the trade unions look at
the short term income interests of their members, i.e. of the employed persons.
The employers’ associations want to retain as much of the proceeds as possible
in order to preserve the income of self employed persons and of the capital
owners and in order to leave enough financial means for investment, i.e. for
the future of the firms, after the next period. The care for the unemployed
is left to the government. It is clear that such a regulation of determining
wages does not yield full employment. It would be pure chance if employment
would come near to full employment. Keynes suggested that the government
should step in and should secure full employment by an appropriate demand
of goods. This should be accompanied by an interest rate policy of the central
bank which procures the necessary amount of money. But this leaves out the
inflationary effects of such a policy and the long-term effects on government
debts and the size of the payment of interest out of the government budget.
Thus it seems to be preferable to cure the evil at the roots, that means to
give everybody who wants a job the right of accepting a wage on which he
(or she) and the employer agree upon. If this wage is too low according to our
standards the government should fill the gap by subsidies - but this outside of
the labor market. Such an arrangement has other problems (I only mention the
free rider problem, but there are others as well), but they could be overcome.
I shall not go into these details.

In the following I come to another weakness of the present organization of
the labor market: the activity of the trade unions to increase the wage rates
leads to an increase of the price level above that level which would result if
the wage rates stayed constant. This increase would induce the central bank
to raise the rate of interest which in term would lower employment. Thus the
aims of the trade unions to increase the income of the employed persons but
not to touch employment could only be realized by a policy of the central bank
which backs this policy without considering the effects on the price level. This
way the trade unions would set the pace of the central bank. But if the central
bank wants to be the master and the trade unions want to be independent
in their wage policy, a clash of the two policies is inevitable. This clash goes
at the cost of employment. This is another argument in favor of changing the
organization of the labor market.

Since this is not self-evident, I shall show this by a simple model.

Let the real economy consist of two sectors: the consumption goods in-
dustry and the investment goods industry, which in our case (for simplicity)
comprise only one firm each. At the end of period —1 the firm which produces
consumption goods determines the amount of production z. of consumption
goods in the next period 0 and the price p. of a unit of this good on the base
of a perceived inverse demand function p. = f(z.), f' < 0. Production z.
need not be (and in general will not be) identical with the actual demand
¢ = g(pc) of the consumers. If £, > ¢ there will be an increase of x. — ¢ of
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inventories, if ¢ > x. there will be a decrease of the size ¢ — z. of inventories
(we assume that the size of inventories is large enough to take care of this
surplus demand).

The expected proceeds PROCS*P of the firm producing consumption goods
is

PROC?? =p. -z,

We consider only a small range of p., ¢ and z. around the realized values in
the last period such that we may linearize all functions. Thus we assume for
the price function perceived by the producer

pe = do — di e, all parameters positive and p. > 0

We simplify the activities of the central bank by assuming that it fixes a
rate of interest r valid in the whole economy. If the central bank increases 7,
the consumers will reduce their consumption expenditures and increase their
demand on interest bearing assets. We model the influence of r on PROCZ*P
by putting

do = do(1 - EOT), all parameters positive and dy > 0
Thus in the perception of the producer of consumption goods we get
PROC™ = [dy(1 — dor) — dr ¢ |me

There is also a cost function CO, which consists of fixed cost kg and variable
cost kix:

CO. = ko + k1z, where dg > k;.

Both coefficients depend on the rate of interest r and on the wage rate [: the
larger r and [, the larger the cost CO,. In the linear approximation one gets

k():%o(l-i-Zo'T-i-kO'l), k1:E1(1+Zl-r+z1-l)

Let us assume that the managers of the firm fix production z. and (as a
function of x.) also the price p. such that the expected profit PROFS™P is
maximal:

PROF®

PROCE? — CO,
= [80(1—§0~7’)—d11‘0]$c—Eo(l-!—?g-’r—}-zg-l)

—El(l +Zl-r+z1-l)-zc — max

Le

All parameters are positive. We get

OPROFS»

o :Eg(l—EgT)+2d1CCC~E1(1+k1-T+z1-l):O



Criticism of Wage Determination by Agreement 323
which yields xz. = d2 7 and p. = (do + k1). This means marginal proceeds
equal marginal cost, the normal result, but this time including the effects of
the wage rate and of the interest rate. Now we may state the effect of a higher
wage rate [ on the production z. of consumption goods and on its price p,.
As already stated, in our model the production is fixed in the next period. A
higher wage rate starts its effect on production one period later, that means:
a higher wage rate does not show a decline of production and employment
immediately, but only after a while (in our model: with one period delay) and
thus can be ascribed to other events. Thus we get from our model

8$C,+1 - 1 k‘lkl
a2 4

<0

The long-term effect of higher wages on production (and thus on employment)

is always negative. The coefficient k; - k; indicates the size of the variable cost
per unit of production, d; the necessary decline of the price if one wants to sell
one unit more of the consumption good (in the idea of the producer) which is
some measure of the rigidity of the demand.

The effect of a higher wage rate on the price of the consumption good is
immediate:

Op. 14 =
ol —§k1k1 >0

Wage increases without technical progress lead to inflation. This induces the
central bank to increase the rate of interest in order to fight inflation. There
may also be a one-period delay in the action of the central bank. The effect
on production is:

O0rc 11 _ ~Godo —Ejl _ _aoﬁo +E1?1 <0
or 2d1 2dl

This means: an increase of the interest will always reduce production. The
expression do - do is a measure of the position of the price function: the larger
dy - dy, the larger would be the (negative) influence of a higher rate of interest
on the position of the price function. k; - k'l is a measure of the marginal cost
of production.
The influence of a higher rate of interest on the price level is not unequivocal.
One gets:
op, 1

ar =§(E1-z1—30'§o) >0, =0o0r <0

If the marginal cost increases substantially with the rate of interest (i.e. if the

cost of an increase of production (which are measured by ki - k1) are mostly
interest cost), an increase of the interest will raise the price level and not
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depress it, as intended. If dy - dy is large enough, the price of the consumption
good will fall.

Thus we may conclude® : this simple model already shows that the usual
purchasing power argument of the trade union in favor of higher wages does
not hold. That means: those who are employed get a higher wage income
at the cost of the employers and the capital owners. But in the absence of
technical progress (and in the short run we may neglect it) the prices will
increase and the central bank will fight inflation by increasing the rate of
interest. In the long run, the negative effect of higher wages on employment
and the same effect of higher interest rates will prevail. One has to wait for
technical progress to compensate for excessive wage claims, but this does not
help the unemployed.

6.7 A Short Look into the Literature

Since the wage rate is an important variable in economics, one finds expla-
nations of it in all text books of economics and, of course, there is a whole
special branch of literature on this subject. But, as usual in complex phe-
nomena, one may look at this object from different points of view and from
different distances. The situation is similar to that of regarding a painting.
Take for instance the painting of a landscape by Jacob van Ruisdael. From
a large distance only a shining sky and a dark earth can be perceived where
each one covers half of the canvas and the dividing line is horizontal. If one
approaches the painting a bit more, one recognizes a rotten tree in the fore-
ground and some living trees in the middle ground; still nearer one detects
a sand path and a rotten farm house in the wood, a castle or church in the
background and if one proceeds quite near, one discerns some very small fig-
ures of human beings, some birds in the air, details of the trees and so on.
Which is the right description of such a painting? It depends on the aim: a
philosopher would think that the % : % division of the canvas between sky and
earth suffices to describe the philosophical statement of the canvas, and one
does not need the personal details. An art historian would oppose and insist
on regarding the construction of the painting and the distribution of colours
and of light and shadow, and compare it to other contemporary or earlier
or later paintings. An economist would consider the activities of the human
beings, their clothes, their tools, the state of roads and of the houses and of
the fields and draw the conclusions on the standard of life, the distribution of
income and wealth, the social structure, the state of technology and so on.

6 We did not present a complete model: the production of investment goods is not modeled
as well as saving and investment. This is not necessary for this approach, thus we left
it out here.
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The situation in the explanation of the wage rates is similar. There are ap-
proaches which consider the labor market in analogy to a commodity market
under perfect competition: there is a rising supply curve of labor and a falling
demand curve for labor. The supply curve is derived from the relative prefer-
ences of consumption (or labor) and leisure of a household, the demand curve
from the production function of a representative firm (see e.g. Mankiw (1998)
or Barro (1993)). All this runs in real terms. The trade unions are often not
mentioned. Their activity is reproduced as a shift of the labor supply func-
tion (a sort of artificial shortness of the supply of labor) which is the reason
for involuntary unemployment. Other textbooks follow this line more or less
(e.g. Richter, Schlieper, Friedman (1981), Romer (1996), Dornbusch-Fischer
(1978)). The approach of Burda & Wyplosz (1993) is more detailed:

They start very general with the analogy of Robinson Crusoe at a remote
island and end up with modern trade unions under two objectives: high real
wages and more jobs. This results in union labor supply curves which are
more restricted than the individual labor supply curves. They yield higher
wages but less employment which explains involuntary unemployment. Some
text books (such as Dornbusch-Fischer (1978)) rely on the Keynesian System
of the “General Theory of Employment, Interest and Money” (1936). Keynes
assumes that prices are proportional to wages such that unemployment cannot
be influenced by changes of the nominal wage rate. Consumption is a function
of income, investment a function of the difference of the marginal efficiency of
capital {measured by the internal rate of interest of investment projects) and
the market rate of interest (determined by the central bank). This leads to
the conclusion that a compliant wage policy cannot guarantee permanent full
employment. If this is true, the nominal wage rate is not of much interest as
far as production and employment are concerned and thus there is no separate
“theory of wages” in books which follow the Keynesian line of thought.

Of course, there is not one wage rate for all types of labor in the economy.
The wage structure is of interest, too. There are many theories and empirical
treatises on this subject. I shall not got into this but only refer to Katz and
Autor (1999) who present a review of the work in this field.

Those who are interested in the institutional and juridical regulations of the
German labor market are referred to the book “Arbeitsmarktékonomik” of
Wolfgang Franz (1st ed. 1991, now there exists a 4th ed.). He presents a lot of
information on the development of wages, the frequency of strikes and details
of the bargaining problem but not a “general theory” of wage formation. We
may take the result of an econometric estimation as a substitute:

w=ag+a-prazAMA (p. 284 of “Arbeitsmarktékonomik”, 4th ed.),

where w = growth rate of the nominal wage rate, p = rate of inflation, AM A =
the “tension on the labor market”, measured by the ratio of open positions
in the economy to the number of unemployed. But the R” = 0.60 is rather
small such that this cannot be taken as the last word on this problem. Franz
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states that himself (p.275): “... [Es] existiert kein geschlossener theoretischer
Modellrahmen, der dem Lohnbildungsprozefl unter Beriicksichtigung der ...
dargestellten institutionellen Regelungen fiir die Bundesrepublik Deutschland
gerecht wird.” Maybe the above presented theory can show a way out of these
difficulties.
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CHAPTER 7

The Theory of the Price of
Securities and of the Interest Rates

7.1 Introduction

Following the general approach of this book, we explain the price of securities
(in the broad sense, including capital stock) by the actions of brokers at the
exchange and the interest rates by decisions of banks concerning the conditions
of their loans. As to the price of securities, we already considered the offer
and demand of securities in case of a household in some detail (see section
1.25). This approach is quite general and can be extended to any individual
or institution. Thus we do not repeat it here. But the fixing of rates by the
brokers is only dealt with in a short digression (section 1.26 in) which covers
only the 2-person case.

We shall extend it here to the case of many persons who are active at the
exchange. We have already modeled the principles of decision of the Central
Bank (see section 3.7) which comprise the determination of the discount rate
and we considered the rate of interest which a commercial bank requires for
its credits (see section 3.8). But this refers only to most important rates of
interest. In this chapter we want to go a bit more into the details. We start
with

7.2 The Price of Securities. A Theory of the
Exchange

Let there be N persons or institutions which use the exchange as buyers or
sellers of securities and let there be S types of securities. There are S brokers
at the exchange, one for each security!. The brokers fix the price of each
security such that at that price demand of that security equals supply?.

A client of the exchange may put conditional orders for buying or selling a
security, but the conditions must refer only to the price of this security and
to quantities of it but not to other conditions (e.g. “the future state of the

1 Of course, in reality one broker may take care of several securities. But it is simpler to
imagine that one broker is responsible for one type of security.

2 This lies also in the interest of the broker since the brokerage (which is his income)
depends on the turnover which is maximal if demand equals supply.
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world”, specially the price of other securities). We further assume that the
broker only uses discrete and finite numbers as price of the securities, say:

v =€ {v1,v2,...,0p}, where v <wve<...<wp
Thus a customer may give the following order to the broker:
— if the price of the security is v;,

e buy the amount AWi+ within the liquidity constraint v; - AW," <
F, ie{1,...,h}

e or sell the amount AW;" (taken as a positive value) within the
constraint AW, < W,

where W is the available amount of that security in the portfolio of the cus-
tomer. It is easy to see that we will have

AW > AW > .. > AW,

AW;H:...:AW;:Oanngh

and 0 < AW, < AWy <. < AW,
AW, = =AW, =W

and in many cases AWT =... =AW, =0.

Fig 7.1 illustrates these conditional buying or selling orders of one customer.
If we aggregate over all buying and selling orders as a function of the final

price v of the security we get (in the spirit of Fig 7.1) two step functions AW
and AW of v:

AW, > AW, >...> AW,

and AW, <AW, <...<AW,

as shown in Fig 7.2. They illustrate the total order situation of the broker
responsible for this security. We assume that the price which the broker de-
termines can only be fixed at certain predetermined values, e.g. vy, ve,...,v7
in Fig 7.2 (e.g. in cents of Euro, but not in fraction of cents). The broker
receives buying and selling orders from the customers, conditioned upon this
price: AW;F for v = v; in Fig 7.2 for all buying orders conditioned upon price
v; and AW, for all selling orders conditioned upon this price. The broker
puts the price such that total demand equals total supply. In general such a
price v; does not exist. But if we linearize the offer and demand functions and
proceed from step functions to ordinary continuous functions (see the dotted
straight lines in Fig 7.2) and if the offer and demand functions look like those
in Fig 7.2 (which is very likely), we always have a price where total demand
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Buying orders

Selling orders

Notes:

The broken line has no economic meaning. The AW, illustrate the conditional buying

orders, the AW;™ the conditional selling orders. W is the total amount of securities of the
type we are considering here in the portfolio of the customer.

Figure 7.1 Orders of a customer at an exchange conditioned upon the price of the
security

equals total supply (v, in Fig 7.2, where A—Wj = W, ). In the discontin-
uous case the broker would choose a price v;, ¢ € {1,...,7} such that the
mismatch is minimal. In Fig 7.2 the broker would choose v4 which yields a
surplus demand of AW:WPL of securities which cannot be covered by supply.
If he would fix a higher price (say: v = vs) there would be a huge surplus
supply of the security. In the stock exchange reports the situation of a mis-
match is indicated by notes on the surplus which cannot be served: a surplus
of buying orders means a surplus of money left in the hands of the broker, a
surplus of selling orders means a surplus of securities left in his hands.

In our model we are content with a linear approximation. We do not consider
surplus demand or surplus supply of securities. This will be compensated by
orders in the next period. We simplify the approach of Fig 7.2 as indicated in
Fig 7.3. That means: we assume that the demand of a security by a person p
may be approximated by

7 +(P)
AW+(p) — AW 4. v, ifv < AWinar =:7

max
(o4
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total buying orders
AW* (=demand of securities)

total selling orders
AW~ (= supply of securities)

Figure 7.2 The orders of all customers at an exchange for buying or selling a
specific security

Similarly

w7 H®")
, : W -
AW — AW ) _ g0 i < —g e =t v and

(4N

<

If v > o the demand AWTP) of 4 person p’ changes to a supply AW @) ;

max
if v > o the demand AW of a person p changes to a supply AW (p), see

Fig 7.3. The price v, of the security which equalizes supply and demand:
AW+(p) — AW (®")

ab + 5o
a+ 0

All variables in this model result from the summation of the individual de-
mand and supply orders, conditioned upon the price v of the security. The
value v, of his assets codetermines the decisions of a person on almost all
variables under his control. Thus it should be known before these decisions
are taken. But this is impossible since the values v, of all assets can only be
fixed by the brokers after all persons gave their conditional buying and selling

18 v, =
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Figure 7.3. A simplified version of Fig. 7.2 (see the text)

orders which in turn depend on values and prices. There are two ways out of
this difficulty:

1. All persons consider the known value v, _; of an asset at the end of
period -1 also as relevant for the next period 0, if there are no more
recent figures available;

2. All persons estimate the future value v, by some indicators and use this
estimated value as approximation on the unknown future value.

The first alternative does not make any difficulties if one uses it in the micro-
economics. The second alternative must be further specified. One could think
of the following approach. A person p who belongs to the group of persons with
conditional buying orders may estimate the value 7t by the error correcting
procedure:
7%t = U_1 — (1 — 8)(13_1 - ’U*,_l)

A person p’ who belongs to the group of possible sellers of the asset may
estimate

F = 1+ (1= (v — 1)
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¢ and 7 are parameters between zero and one which indicate the degree of
confidence in the person’s own estimation of the value of the asset (¥ or v,
respectively) compared with the evaluation v, _; by the market.

€ = 0 (or n = 0) means: no confidence in his own estimation; this yields
¥ = v, -1 (or 0= Vi, —1)-

e =1 (or n = 1) means full confidence in his own estimation and contempt
of the value given by the market. This yields ¥ = ¥_; (or 0= 111). € and
should be determined by the general interdependence of all value judgements
and modeled as a Markov Chain. If the o and 3 stay constant, the buying or
selling orders of each person may be estimated and thus also the price v, of
each asset. But this is a more complicated procedure which must be tested
before it can be applied.

7.3 The Theory of the Determination of the
Interest Rates

There is an interdependence of all interest rates in the economy, but some of
these influence the others more strongly than they are influenced by them. We
call them base rates. There are two of them: the discont rate r4 (now called
main refinancing rate, Rate fiir Hauptrefinanzierungsgeschéfte in German)
and the yield 7 of securities (Umlaufrendite in German). The other rates of
interest keep a more or less constant distance to these rates (or better: there
is a certain additional charge on these rates (see the graphs on p. 55 of the
Monatsbericht Mérz 2002 der Deutschen Bundesbank)). The discount rate r4
is a decision variable of the governors of the Central Bank and is already
analyzed in section 3.7. It is one of five instruments of the Central Bank
to influence the development of the economy. The results are judged from
different points of view. In section 3.7 we mentioned the rate of inflation,
employment, the rate of growth of GDP and the distribution of income as
possible criteria. We de not repeat that here. The other base rate is the yield
7 of securities. It is defined by:

F= > aii—j, z; = nominal rate of interest of the security ¢, {/} is the
set of all securities traded at the exchange,
v; = price of this security at the exchange,

a; = weighing numbers, o; > 0, «; =1
i

There are g securities traded at the exchange. 7 indicates an average estima-
tion of all customers of the exchange on the prospective yields of securities.
One may assume that there is a tendency in the change of v; such that in the
long run average the values of % scatter around 7. Anyway, r4 and 7 are the
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base rates in our approach. That means: the actions of the Central Bank and
the estimates of the future yields of securities determine the basic movements
of the different rates of interest in the economy.

If one linearizes this relation one may write for any rate of interest r:

r=a;-rqt+ay T+ Ar

a; > 0, ¢ = 1,2, where Ar is a special charge on the interest rate of this
specific asset (usually positive but there are cases where Ar is negative).
Examples of almost constant ratios Ar are given in section 3.11. In any case,
we do not go into the details of Ar but take it as institutionally given.

The other instruments of the monetary policy of the Central Bank must be
treated in a similar fashion as r4. Usually, they are moving in relation to rq,
thus enforcing its effects. For other details, see section 3.7.

We now turn to the other base rate, 7. It is an average of the different yields
7y = fj: of a security i. Consider a person or an institution p which owns such
a security and which estimates the value of it as ¥ (see Fig 7.4). Thus his
orders to a broker could be:

buy the amount AWT = AW —a-v, f0<v<D

or sell the amount AW~ = B(v - 9), ifv> 9.

buying orders

selling orders
Figure 7.4. Change of orders at the broker because of a change of 7

¥ conforms to a yield of 7 which in turn is related to the discount rate r4 such
that an increasing r4 {which reduces the number N, of notes in circulation)
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would decrease the price v of the security. In Fig 7.4 v would shift from @
to v* which means: @ and 8 would increase. Thus the buying orders for the
broker would decrease and the selling orders increase. This would depress the
price v and thus increase 7. The result is that changes of the discount rate
T4 would induce changes of the yield # to move in the same direction, though
with some delay® . Thus there is some relation between r4 and 7, though more
long-term and weak and more going in the direction from ry to 7 than in the
opposite direction.

In our model of chapter 3 we have - except the base rates - the following
interest rates:

a. Interest received by commercial bank :

— for credits C'Ry; by the rate rcpg

— for keeping securities W3; by the rate rwp; (this comprises also
dividends on capital stock)

b. Interest paid by commercial bank i:

— for time deposits T'Dy; by the rate rrp
— for claims of the Central Bank C'Ly; by the rate rcp, b
— for borrowed capital BCAP,; by the rate rpcapp;

This list depends on the assumption that the Central Bank need not
pay interest on the reserve requirements of the commercial banks and
that in the short run there is no predetermined yield rate for capital
stock (though in the long run the average yield would be 7).

c. Interest received by the Central Bank:

— for claims of the Central Bank to all banks C'Lp by the rate rcr b

— for value Wep of securities in the portfolio of the Central Bank by
the rate TW,CB

There are no interest payments of the Central Bank because we assumed
that the Central Bank does not have to pay interest on its “debts” to
the government and on the reserve requirements which the commercial
banks have to keep at the Central Bank.

3 Empirical research showed that the commercial banks do not follow the market rate im-
mediately with their credit rate but smooth out changes in the market rate (see “Zum
Zusammenhang zwischen Kreditzinsen deutscher Banken und Marktzinsen”, Mo.Ber.
Mairz 2002 der Deutschen Bundesbank, p. 53 fI.). This conforms to the reasoning above,
if “Marktzinsen” are interpreted as 7 and the “Kreditzinsen” are proportional to 7.
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As already said, the base rates r4 and 7 influence all other interest rates such
that in the linear case:

Ti =0 - Tq+ Qg - T+ Ary

where i € {CR,bi; W,bi; TD,bi; CL,bi; BCAP,bi; CL, B; W,CB}.

Ar; are constant additions (called interest distance (Zinsabstand) in the Ger-
man Statistics) to the base rates rq and 7. This conforms to the estimations
in the “Monatsbericht Méarz 2002 der Deutschen Bundesbank”, p. 55.

The figure BC AP for borrowed capital contains also loans from the money
market (the “Tagesgeldsatz” in German, now measured by the EONIA-index,
European over night index average). But we do not go into these details here.

This approach which explains all interest rates by r4 and ¥ and by a con-
stant interest distance Ar; may be helpful in establishing empirical rules for
“explaining” interest rates but surely is not in the spirit of our general theory
which explains all variables by decisions of persons or rules of natural laws.
Thus the statements above should be considered as preliminary and empirical
introduction and not as the theory itself. In order to come to this theory the
list of variables has to be changed a bit and it must be stated who decides on a
certain rate of interest and who decides on the conditional demand or supply
of the pertinent security. These assumptions are listed in the following table
7.1: As may be seen from this table the persons who decide on the interest
rate are always others than those who decide on the securities or loans or
deposits or other financial flows subject to this rate of interest. It is assumed
that all rates of interest are known to the persons who decide on the volumes
before they take their decision. This implies that the deciding persons know
the alternatives which arise as a consequence of their decision on the interest
rates (on the base of estimation of the decisions of other persons). An alter-
native approach would be to assume that each person estimates the different
rates of interest empirically (e.g. as function of 74, 7 and Ar, see above), and
the decisions on the volumes would be made on the base of these estimations
of the rates of interest.

7.4 The Financial Structure of a Commercial
Bank

Given the interest rates the main decisions of the managers of a bank b refer
to the procurement and the use of the capital at their disposal. Table 7.2
shows a simplified picture of the resulting balance sheet of a commercial bank.
The managers of the bank evaluate its financial structure by choosing the
parameters s,t,...,w.
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Table 7.1 Who decides on the monetary items connected with the banking system?

deciding | decision
persons or on — | rq-CLESG i | ror.obb CLES b rBCAP;,; ‘BOAP; b | Torsbi “CRy b
institutions |
Central Bank CB X b'd
bank ¢ b X b'e X b'e
person j j b'd X

deciding | decision

persons or on — | rrpei ‘TDjbi | Twjbi Wisi | DEP; i | COpi
institutions |

Central Bank CB

bank b; b'e X b'e
person j 7 X X X
Notations:

T4 = discount rate (= main refinancing rate)

CL&y,; = short term claims of the Central Bank on bank i

ror,cByi = rate on long term claims of the Central Bank on bank ¢

CLIC‘tB,bi = long term claims of the Central Bank on bank ¢

TBCAP,bi = rate on borrowed capital provided by person j to bank i

BCAP;p; = borrowed capital provided by person j to bank i

TCR; b = rate on credits to person j provided by bank %

CRjp; = credits to persons j provided by bank ¢

TTD,bi = rate of interest paid by bank 7 on time deposits

TDj 4, = time deposits of person j on accounts of bank ¢

DEP;y; = current deposits of person j at bank 7. It is assumed that the
rate of interest on these accounts is always 0.

Towj,bi = rate of interest received by bank ¢ from securities w;
issued by person j

W b = amount of securities issued by person j and kept in the
portfolio of bank ¢

COs; = cost of running bank

In the first line the cash requirements for different types of liabilities are listed.
In line 2 the minimum reserves as required by the Central Bank are indicated,
where sy - DEP, are the minimum reserve requirements for demand deposits
and t5-T Dy are the minimum reserves for time deposits and us = v9 = we = 0.
In line 3 the credits of the bank are related to their financial sources, in
line 4 the same is done for the value of the securities in the portfolio of the
bank. The managers have to decide on the parameters s,t,u, v, w under the
constraints given above, by considering the risks involved in an allocation of
the financial means and by considering the costs and the yields of the bank.
Fig 7.5 illustrates the basic idea: there is only a relatively small range of the
rate of interest charged by the commercial banks for credits, if the bank wants
to keep its profitability.
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Table 7.2. The Balance Sheet of a Commercial Bank
| Asset Side — Liability Side
(CA}; + CAb,CB + CRy + Wb) (DEP +TD+CLcap + BCAP, + CAP[,)

1. Cash CAp
2. Minimum

51 DEPy +t1-TDy+ w1 - CLeppy +v1 - BCAP, +wy - CAP

so- DEPy +ty - TDy + usg - CLCB,b + vy - BCAP, + wy - CAP,
s3-DEPy+t3 - TDp+us-CLcpp +vs - BCAP, + w3 -CAP,
s4-DEPy+t4-TDy+ uy - CLCB,b +v4 - BCAP, +wy - CAP],

reserves CAycB
3. Credits CR,
4. Securities W,

column sum = BAL, DEP,+TDy+CL¢cpy + BCAP, + CAPy — line sum = BAL,
i i i T i
daily time | claims of | borrowed | capital +
deposits | deposits; the CB capital reserves

. 4 4 4 4 4
all parameters non-negative, » ., ;8 = 2 ;1 bi = P s Ui =D Vi = 9 o Wi=1

CR{

\ % credit demand

rcr,p = rate of interest charged by

6.0 6.25 a bank on granting credits

65 6.75 -
cost of labor /J\J
N———

and capital —

of the bank Y yield of the bank
feasible interest
c

harges of the bank

Figure 7.5. Limits of the rates of interest charged by the banks

7.5 A Short Look into the Literature

In all text books of economics one finds one or more chapters on interest
rates, mostly based on the Keynesian approach, but also written from the
point of view of monetarism (connected with the name of Milton Friedman).
“Monetarism” assumes that the amount of money in circulation essentially
determines the prices of all commodities (thus also the price of securities)
and the nominal rate of growth of GDP. The effect of the fiscal policy on
the velocity of money is small. These tendencies are even more pronounced
if one assumes rational expectations on the side of persons who trade on the
exchange: monetary policy cannot influence real GDP because these effects



338 CHAPTER 7: The Theory of the Price of Securities and of the Interest Rates

are already taken into consideration by demand and supply of securities on
the exchange. This view is the complete antithesis to the Keynesian approach
which holds that a market economy in itself does not yield a general equilib-
rium situation, especially not on the labor market. A steersman is needed to
keep the big ship of the economy on its course. He has essentially two control
variables at his disposal: fiscal policy and monetary policy which operate by
influencing the rate of interest and thus the demand of commodities. Thus we
find here the total contrast to monetarism: the monetary variables influence
the real ones essentially. In the text book of Manfred Neumann (5th ed. 1996,
p. 66) one finds a very good graphical illustration of the interdependence of the
monetary and the real sector of an economy on the base of these assumptions
(also the real wage rate is considered).

Recent theories on prices and interest rates consider the state of information
of the persons who trade on the exchange and determine the rate of interest.
The Phillips-curve approach (which postulates an inverse relation between
the rate of inflation and employment) is almost everywhere given up. But
now the difference between short term transitory effects of monetary policy
on the real side of the economy (which are not denied by most monetarists)
and long term effects (which are nil or even negative) come to the foreground.

There are, of course, lots of statistical analyzes on details of the price forma-
tion of securities on the exchange. In only mention the article of Linda Gorman
in the N.B.E.R. Digest, June 2002%. But this type of literature though inter-
esting in itself does not result into a “general theory” of the prices of securities
and of the interest rates. Our theory tries to show how the subjective judge-
ments of persons on the future prospects of firms and institutions result into
prices and interest rates.
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A Final Remark

This book provides the raw material for a planned final product: a coherent,
dynamic theory which comprises economics and ethics. Hopefully, I still have
the time to formulate this theory. To stay in the metaphor of a building
site: I have gathered the necessary raw material for a building. To form that
building which I have in mind, this raw material has to be processed and
made compatible. I hope I still have time on this earth to do that. But if not:
I think that my colleagues could easily infer from these building blocks how
the final product may look like.

Since the ultimate goal of these efforts should be a coherent total model
of the society (with economics in the centre), the components cannot be too
detailed. If one is interested in the details, one has to look into the specialized
literature which is partly listed at the end of each chapter.

I would be glad if I could test econometrically the approach and the asser-
tion which I chose. Unfortunately, I cannot do that myself. Time is running
out. But perhaps a colleague may be interested in it.
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