
AD-A097 1t3 VALE UNIV NEW HAVEN CT COWLES FOUNOATION FOR RESEARC--ETC F/6 5/11
SOCIETY, LANO. LOVE OR MONEY (A STRATEGIC MODEL OF HOW TO GLUE -ETC(U)
JAN 8I N SHUBIK N0001-77-C-0518

UNCLASSIFIED DISCUSSION PAPER-577 NL

=ENEM hEEI II
I-mElhEEllll!luIIuw



111111IID 8  1111 .5

WH 125 fl1 .4 I 16

I 6[S( U I IN 111 I HAR



~LEVEL$0

COWLES FOUNDATION FOR RESEARCH IN ECONOMICS

AT YALE UNIVERSITY

Box 2125, Yale Station

New Haven, Connecticut 06520

,*moll CO%%rLES FOUNDATION DISCUSSION PAPER nI. 577.

Note: Cowles Foundation Discussion Papers are preliminary

materials circulated to stimulate discussion and
critical comment. Requests for single copies of a

paper will be filled by the Cowles Foundation within
the limits of supply. References in publications to
discussion papers (other than mere acknowledgement by

a writer that he has access to such unpublished material)
should be cleared with the author to protect the tenta-
tive character of these papers.

SOjC IETY, LAND, V9VE OR ;ONEY(

(A STRATEGIC MODEL OF HOW TO GLUE THE GENERATIONS TOGETHR

byTI j~4~j ELECTE

I (L. /.

Martin huikj APR 1 1981
-S

j a nwo"  08 1 D
DISTRIBUTION STATEMENT A 31

Approved for public releaell
Distibution Unlimited 8 1 3 10 0 17



rAccession For
NTIS GRA&I
DTIC TAB []
Unannounced
Justificatiort".

ByI

Distribution/

Availability Codes
Avail and/or

Dist Special SOCIETY, LAND, LOVE OR MONEY

Ii(A STRATEGIC MODEL OF HOV TO GLUE THE GENERATIONS TOGETHEP):,2

bv

- Martin Shubik'

There are nine and sixty ways
Of constructing tribal lays D T IC
And every single one of them is right! ELECTE

Rudyard Kipling APR 1 1981

_ _ _ D
1. INTRODUCTION

In 1956, Paul Samuelson (1958) published a seminal article on the

problem of linking the generations together, if the individuals consisted

of economic men with finite lives, only concerned with their own welfare.

he noted, but did not develop in detail, that the social contrivance of

money as a device for intergenerational transfer might link the genera-

tions together.

!This work relates to Department of the Navy Contract N00014-77-C-0518
issued by the Office of Naval Research under Contract Authority NR 047-006.
However, the content does not necessarily reflect the position or the
policy of the Department of the Navy or the Government, and no official
endorsement should be inferred.

The United States Government has at least a royalty-free, nonexclu-
sive and irrevocable license throughout the world for Government purposes
to publish, translate, reproduce, deliver, perform, disnose of, and to
authorize others so to do, all or any portion of this work.

2This supercedes a previous preliminary paper on intergenerational voli-
tical economy.

3May of the ideas in this paper were develoved jointly in close collabor-
ation with Brian Arthur over the last few years. DISTRIBUTIONSTATEMENT__.

I DITIBUTION STATEMNT A.
Approved for pubUc ieleoamq

Distribution Unlimited
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The purpose of this paper is to show that if reasonable care is taken

in well-defining the types of games of strategy which arise naturally

from considerations of the multigenerational aspects of any society: then

many different plausible explanations of intergenerational links will

all be consistent with an ongoing economy with intergenerational transfers

of wealth. Which of the models (or blends of the models) is the best,

appears to he both an empirical and a theoretical question.

This suggests that a specific program of interdisciplinary work in-

volving both model building based upon empirical investigation and the

development of the mathematical methods of intergenerational or multistage

variable person games is called for. In narticular, it is argued that

biology, anthropology, sociology, demography, political science, law and

economics all are concerned with behavior with highly different time spans

and different degrees of conscious behavior. The emphasis here is nct

only economic, the stress is that for the successful development of an

economic dynamics the correct links with the other disciplines must be

forged.

It is not possible to do justice to the many relevant aspects of

the demographic, political and social conditions which constrain economic

life in an ongoing society in - single paper. No attempt to do so is

made here. Instead the approach is to sketch what we perceive to be the

central problem in the study of multigenerational economics. Having statei

the central problem we need to specify why it is important.

Given that the problem is stated and deemed to be important what

can we do about it? In this paper we proceed by developing (in highly

simplified form) the apparatus needed to consider a ",i' s7c :, -

person game of atratea4. This is applied to several relatively simple
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examples involving conscious altruism, coded or instinctive behavior, the

threat of social custom and the role of ownership. We note, but defer

to a further projected paper several more directly economic models involving

markets, taxes, money and traded capital goods.]

In conclusion it is argued that although the examples analyzed are

simple they are examples of general phenomena. The level of mathematical

analysis itself is kept at a minimum. Further development calls for a

considerable enlargement of notation and further discussion of items such

as information, games with infinite horizons and the many problems asso-

ciable with the development of adequate solution theories for games plaved

in extensive form. As the stress is upon the modeling problems of glue-

ing the generations together, the game theory is presented only as a useful

method for furthering this purpose. Because it stresses the general con-

cepts of strategic analysis it is our belief that it is particularly suited

to the analysis of situations in which economic, social, political and

other decisions and motivations must be considered together.

1.1. The Problem

If man were individualistic, utilitarian and primarilv self concerned,

then without an extraeconomic structure to provide the connections there

is no guarantee that the generations would hold together in a stable way.

Among animals the problem of glueing the generations together appears

to have been taken care of genetically. Care of offspring appears to be I

programmed in, if for no other reason that a species lacking such a gene

would rapidly disappear. The care for offspring needs to be forthcoming

until the last of the new generation is selfsufficient and able to reproduce.

IFor a partial treatment of these in this manner, see Shubik (1980).
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After the last reproduction and rearing of offspring the parent is of no

more "use" and can die. If we were to accept this argument in full we

would see no reason for the care of the aged among animals. Thus we woul!f

expect to find no old-folks homes or retirement centers for kangaroos,

fish or seagulls. But we do expect to find nests, dens and other locals

for rearing the young.

It would appear that among the animals, at least some of the human

species exhibit some form of built-in perversion which might be most easil'.

explained by a desire for living and the quality of life. This desire

may even influence the way the young are looked after or abandoned. It

also provides a justification for considering the economics of family

planning.

The intergenerational linkage problem, for the reasons given above,

seems to be a distinctly human problem, and furthermore it appears to

be primarily an old age support problem--although with humans, the genetic

programming for parenthood can be overruled by a host of other factors

ranging from cultural tradition to individual economic interest.

In the remainder of this paper the society is modeled as though there

is a single individual per generation, although it could be extended to

a mass of homogeneous nuclear families. In the course of human history

the structure of the family has varied; depending upon time and culture

there have been nuclear families, extended families, tribal groups. monogamy.

polygamy, polyandry and so forth. With the variation in family structure

comes varying degrees of internalization of insurance, health care and

other forms of mutual support. Depending upon this structure the needs

for savings banks, loan societies or joint stock ventures will vary as

the essential functions of insurance and support are provided by family,

private economic, social or political mechanisms.

: _ .. ..... . - : -T 1. . - :.- -..
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1.2. Whv the Problem Is Important

There are at least four reasons why we believe that the intergener-

ational connection problem is important. An adequate analysis of the

stability of and mechanisms behind generational linkages should be of

the following use.

of i(i) It should help us to better understand the origin and persistence

of certain institutions: for example, peasant proprietorships.

(ii) It helps to better understand and more rigorously define wel-

fare questions between generations. The economic growth theorists have

frequently used an infinite utility function with a real discount factor

in order to provide a bounded optimization model of economic society aF

a single entity undifferentiated by generations. This appears to be more

of a mathematical convenience than an adeouate portrayal of reality. 1e

believe that the type of formulation presented here offers several alter-

natives to this type of model, which are of interest.

(iii) It shouldi help us to better understand the processes of social

chanae and economic development.

(iv) It helps to embed the general equilibrium model of the price

system in a richer institutional context yielding an explicit set of mixed

socio-economic and politico-economic models which highlight the tradeoffs

between strictly economic and other solutions to distribution.

I '
1There is now a large literature on economic intergenerational models
involving the price system and various extensions of the pure consumption
loan model. As this paper does not deal with the price system we defer
a discussion of this literature until a subsequent publication.
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2. MULTISTAGE VARIABLE PERSON GAMES

Population

Consider a game with individuals who live only at most M time periods.

Each individual is strategically active only at most from age m to n..

From birth to the end of m - 1 the individual is a child and must be

supported if it is to survive. From age m2 +1 to M the individual

is deemed to be non-productive in an economic sense and beyond the zone

of childbearing and raising.

Suppose that the individual reproduces at m3 where m < 3 in 2

The individual has one offspring at precisely the age m3  and this is

* endogenously determined. The offspring is a precise replication and lives

for at most 1 periods. Many new more realistic phenomena appear when

we introduce uncertainty concerning length of life, birth of children,

health and length and quality of productivity. These are surpressed

at this time. Furthermore it would be far more realistic to introduce

two sexes and the size of family as an endogenous variable. For the prime

purpose of this paper, the first look at generational interlinkage can

be achieved without these extra realistic but complicating features.

As can be seen from the above, population will at best remain sta-

tionary, but there is a chance of early death if not enough sustenance

is obtained, and if a sufficient number of individuals die before producing

offspring the population will die out.

A digression on "one or many"

In the subsequent mathematical models in this paper the most rigorous

way of proceeding without considerable elaboration is to consider that

there is one representative individual in each generation. Thus a game

involving a set of N generations is represented by n players (where

k i . . ... . . . .... . . -- -. . . . .. -= '
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n is the number of generations). It is asserted but not rigorously formu-

lated here that all the results noted would equally well apply to a formal

model where the single individual per generation is replaced by many iden-

tical individuals (i.e., a continuum). This statement will not hold true

when formal economic markets are introduced. (A justification for using

a price system depends explicitly upon the existence of many competitors

in a decentralized economy.)

Production and consumption

We consider one general aggregate consumption good (food) and one

A capital good (land). At time t an individual of age m and generation

g obtains an amount of food:

((c l, c 2 c k > 0 if mI < m < nr(i)g 1 g 2' _

S= 0 otherwise.

Let c. = the amount consumed by an individual of age j and generation c
g

k = the amount of land held at time t by an individual of age m
g mt

and generation g

This form indicates that current "earnings" or productivity are a function

of previous nurture and current ownership of land (or capital).

We assume that food can be transferred between individuals but cannot

be stored beyond a single period.

Survival

We assume that there is a minimum positive subsistence level below

which an individual dies within a period. Let this level be D
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Ownership and inheritance

The only durable considered here is "land." The meaning of owner-

ship of land is deeply rooted in the interpretations of the law and the

customs and power of society and the polity. Here we follow a relatively

straightforward simplification which is that society is organized so that

the young may own but have no strategic freedom to utilize or dispose

of land until of age. The old have strategic freedom to dispose of their

land as they see fit.

As soon as a durable is introduced into a model in which individuals

die, a strategic game cannot be defined unless inheri.tce Yer are specified.

The simvlest are that the closest surviving offspring inherits all. If

* !an individual dies without heirs in this rudimentary society we might

assume that the state or the king inherits all--but this requires that we

either let land disappear from the system or model the activities of the

state. As a simple way to get around this we could alternatively assume

that any estate withobt heirs is split up evenly among all.

2.1. Moves and Strategies

As our concern is with intergenerational transfers the scope of the

strategy of an individual is as follows:

From birth until age m1 the individual has no strategic freedom.

From mI until age m 2, the individual decides upon intergenerational

* I transfers to offspring and parent.

From m2  until M the individual "earns" or obtains no food directly

but may possibly control land and may transfer it.

At age m where m1 < M <n 2 an individual of generation p has

a move which consists of at most four nonnegative numbers they are

g xm and g m gym which stand respectively for the amount
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of food given by an individual of age m and generation g to genera-

tions g+l and g-l (denoted by superscript 1 and -1), and the amount

of land given to generations g+l and R-1

At age m where m2 < m < M an individual has a move which consists

of at most two numbers g y Land can be given direct',' to children
-gM m

or grandchildren.

A Strategy and information

A strategy is a complete policy or plan. It depends upon the amount

of information available to the individual, thus it will be a function

I i ,4 of the contingencies perceived by the individual. The simplest strateg--

possible for an individual who lives the full life span of M will con-

tain 4(m)-m 1 +1) + 2(m-m 2 + 1 ) numbers.

The general strategy set of an individual of generation g is denoted

by S and a specific strategy by s c S
- g - . g g

2.2. Outcomes, Utility Functions and Payoffs

The oc~"m from the interaction of the strategies of all individuals

will be a set of consumption levels for each period and a terminal amount

of assets. The utiZit or preferences of an individual will depend upon

his own outcomes if we adopt a strictly individualistic view. or it may

depend upon outcomes to others as well if we consider a more altruistic

concern. The a rff unon for each individual is a function which

relates strategies of all to outcomes and hence to final utility.

2.3. Starting and Ending Conditions

When trying to model the flow of generations it hardly seems reason-

able to have a first and a last generation especially if we are trying

to portray conditions for the existence of a stationary state.
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One may ask why should one even be bcthered with the stationary state.

The answer provided here is that it provides the simplest step towards

full dynamics and that as such it is a reasonable starting point for

analysis.

The method adopted here is that a satisfactory way to approach problems

of the infinite horizon is to be able to set up a finite model which can

then be examined for a lengthening horizon with the goal being to establish

that the solutions to the series of limiting models approach some smooth

limit.

In order to set up the multigenerational model described here as a

finite n person game we must provide some fairly complex initial and

final conditions. In particular the set of individuals who are alive at

the start of time may include some middleaged and old who were alive "before

the start of time." The "Drehistorical" outcomes to them must be specified

as parameters of the model. If we decide to "end the game" after the

th
death of the youngest member of the n generation: at his time of death

there will be many members of the next generation or two alive. Their

strategies "beyond the end of time," as long as they were alive before

the end of time might be relevant to the equilibrium conditions. These

somewhat cryptic statements will be made precise in the specific games

with M = 3 which are presented below.
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3. MULTISTAGE GAES WITH THREE PERIOD LIVES

We formulate in full detail several models with three period lives.

in particular we set the following values:

M= 3 maximum length of life

ml= 1 m 2 the range of productivity, i.e., the second nerioc

m3= 2 offspring are born at the start of the age of

L '~productivity.

The three period life with offspring at period two enables us to

be particularly parsimonious on notation as a new generation appears every

period.

Samuelson's model was implicitly a three period life model where he

dropped the first period by a quick assumption that child support was tc

be purely instinctive and hence not in the analysis.

-2 I

Generations g=0 X xl x 1

1

x l3

I ______

4 ,

t =-2 -1 0 1 2 3 4 5 6 Time

FIGURE 1

In Samuelson's model there was only one nondurable consumer good

supplied exogenously to individuals aged two periods old. Here we have

introduced a durable good as well because we believe that an important

essence of socio and politico-economic relationships is that capital goods
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plus law provide the complex of escrow, threat and hostage relationships

needed to enforce cooperation in an environment that is not intrinsically

cooperative. However both for comparison and contrast we consider the

cases where the supply of the capital good is 0 or 1.

Starting with the case where the amount of capital is 0 we simrlif:

along the lines of Samuelson and assume that I unit of the consumer good

is earned by an, individual who survives to age two. This obliterates

thv effects of nutrition, education, etc. upon productivity.

a m a=1.g tt

7he move of generation c can be described as a distribution

where

+ X 4 - lg c

Subsistence level D is set at some number considerably less than !.

in Figure 1 we illustrate the game for periods t = 1, 2, 3 , this

ercomDasst the full life of generation 1 whose parent's (generation )

strategy may be contingent upon his parent's move (generation -1) in Deriod

-i. If we assume that the formulation of an individual's strategy is at

most dependent upon the actions of those who were alive in the life time

of his parent we need go only two periods back before t 1 . Initial

conditions require that the moves of generations -1 and -2 be specified

in advance.

Similarly we will require conditions to be specified for t - 4 and 5:

but the terminal conditions may be somewhat more complicated than the

initial conditions because the strategy of generation g at equilibrium

may be contingent upon the strategy of generation g+l . Thus for terminal
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conditions we need the strategies of generations 3 and 4 as data.

Given the moves of generations -1 and -2 and the full strategies

of generations 3 and 4 the test for a stationary state is, using these

as data will there exist a noncooperative equilibrium in the 3 person

game played by generations 0, 1 and 2 which has the same strategies a

those assigned to 3 and 4 and produces moves that are the same as thosc

assigned to -1 and -2.

The consumption of generation g of age i is given by gC , c ,  cc;

where in this simple example

(3) cc , g- c2  xg anC c3 =gl

3.1. tility Functions

The utility function of an individual of generation g is given

b-y a concave function

(, c( gC gC2 , gC3) (individualistic)

if he is modeled as a purely self centered individual.

We may argue that there is some index of love, altruism or concern

between the generations. The simplest way to introduce this is to intro-

duce a coefficient of concern or sympathy between the generations. This

type of link was suggested by Edgeworth (1881).

Several problems in modeling must be faced:

(i) How many generations should be linked'

(ii) Should the linkage go in one direction, down the generational

tree, or should it go both ways?



14

(iii) Should the measure of the linkaee be in terms of direct

transfer of resources, or in terms of the donor's percep-

tion of the satisfaction or welfare of the donee?

Even casual empiricism indicates that personal concern for "the gener-

ations unborn" while a splendid political phrase has little if any operational

content beyond the level of grandchildren. An important key distinction for

direct concern is existence. Humans appear to be the only species' that

has the concept of grandchild and although there may have been five or

even six generations alive at the same time, direct interaction is at most

considerable only between parent and child; even in the extended family

it is far less between grandparent and child, and beyond that hardly of

significance. The approximation suggested here is that only proximate

generations need to be linked. For a finer relationship we might wish tc'

include the concern of grandparents for grandchildren.

The linkage of concern appears to go heavily in one direction, as

considerations for the survival of the species would indicate. The suport

of elderly and weak parents or grandparents calls for claims on resources

which could be used on the young and vigorous.

"You will eat your spinach because it is good for you," and "my hatri-

ness is in seeing you happy" present two different views of interpersonal

concern, the first involves concern with what the young get, not particularly

how they like it. The second is with the preferences of others.

We now sketch some forms for the utility functions reflecting these

various conditions.

lPossibly baboons or other primates?



/0

15

Proximate generation linked utility functions

The individual's utility function contains the consumption of voun

offspring and elderly parents as arguments

(5a) U~~C3 gCl, gC 2 , gC 3 , g

We might wish to specialize this structure by introducing two coefficients

of concern or s\mpathy modifying (5a) to:

(Sb) U( cl c2 , gC + C+ g+l

where 7 = coefficient of concern of offspring for parent

- = coefficient of concern of parent for offspring.

Forms (5a) and (5b) portray the "eat your spinach," or "make surE

they are fed" type of concern. Utility functions expressing preferences

for the preferences of others are difficult to operationalize and can

Live rise to infinite regresses. One way of defining such a function

using the separability suggested in (5b) is as follows:

(5c) g = Ug(gc , gc29 gc3) + nUg-1 (g 1 c1
, g-iC2' g-1 C3)

+ eUgl( g+ic1 , g+ic 9 , g+1C3)

In (5c) the utility function of g is broken into three separable parts,

the first depends only upon his lifetime consumption; the next upon his

parent's preference for his lifetime's consumption; here the first two

arguments are data. The third component is the offspring's preference

for his lifetime consumption. The last two components have to be estimates

as they will be evaluated after the decisions of generation g

. ..... ... . ..... m " =IM IA



If we assume that all generations have the same preferences then

C = ¢ and if furthermore = = I theng

(5d ) = c ). c 3) + , C] g-C 2 , 1 c 3)

+ g+l C1 g+- g+l c3

and the successive generations act as if they were a single individua

3.2. Extensive Form and Strategies

In order to draw a full game tree for illustration we limit the moves

of each generation to three alternatives 1, (0,1,0), 2, (1/2, 1'2, 0,
4

and 3. ( ,, 1 '3. 1'3) rather than the continuum. We assume D 1

:t=3 .91

i/ 1 2

1 3 
2 2

FIGURE 2

In Figure 2 no information sets are indicated implying that this is

viewed as a game with perfect information, i.e. at any stage all previu-

history is known to all. Thus in this simple example viewed as a finitc

I

three stage three player game g0  has 3 strategies: g1  has 3-

4
strategies and g3 has 3 . 81 strategies. g3 can recognize 4 ositions

at which he has 3 choices hence he has 34 , 81 strategies.

In order to capture the effect of continuing generations we need
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the strategic interlinkage to look the same from anv generation, thus

we need at least the moves of generations -1 and -2 as data if generatio.

0 is to have a stratepv set of 81 elements.

Similarly in order to be able to calculate the full payoffs to I anc_

2 we must be given the strateciefs for 3 and 14 as data. The exam~le ca-

culated in Section 4.3 will fully specify wh%- this extra information i.

used and how it is used in calculatinF the payoffs which are not indicate-

at the bottom~ of the game tree in Figurc -

4.SOLU'TIONS TO MULTISTAGE GA ":S W7TH THREE PERIOL'- LI'*E

-.1. Historical Strategies, Threats, Aggregation and Inforynatio'7

An important contribution of the formal theory of Panes to an under-

standling of the logical possibilities of strategic behavior is made in~

the treatment of information and strategy. Even for a simple matrix gam.e

played more t .an once, as information is made available the domain. of

the strategy, sets expands enormously. A simple examp'le of a 3- 3 nat ri'.

game played twice serves to illustrate both the expansion ol stratezieQ

and the concept of threat.

1 2 3

1 5,5 -5,10 ~-10,-5

2 10,-5 0,0 -10,-5

3 -5,-10 -5,-10 2.2

TABLE 1

The game shown in Table 1 has three strategies for each of two plavers.

A strategy (which here is the same as a move) for each Dlaver is to p'ick

a number i - 1, 2, 3 or .1 - 1, 2, 3 . Suppose that the game is played



twice and after the first play both players are informed of each other's

choice in the play. Each player can now recognize 9 positions

(1,1), (1,2), ..., (3,3) at each of these positions he has 3 alternatives

thus the number of different strategies available to each is 39 = 19,583.

A strategy- will contain 9 contingent clauses; more completely it is a

number (the firve move) followed by a function on the 9 information sets.

In total there are 3-39 strategies but many are redundant--for examole

if Player 1 chooses 1 for his first move he really does not need to plan

for a position of (2,2) for his second move, as his action has ruled it

out.

1wo examples illustrate qualitatively different strategies.

The first is the ... r- or .!::2:. strategy. Whenever you arE

in th sam- subgamQ do the same thing. There are only 3 strategies of

this type:

Select i , i = 1, 2, 3 then regardless of (i,)

select k = i

Tin- second is a historical strategy which in certain contexts car.

be reasonably well interpreted as a threat. Consider the following

strategy:

Select i = I , if he selects J I select k = 2

1j#1 " k= 3

A glance at Table 1 shows that k = 3 is the punishment for not cooperatinz

by setting j - 1

In the example above there are only two players and a threat strategy

by one is clearly aimed at the other. In large societies it merits dis-

tinguishing between personal and impersonal threats. In a large society.
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at a personal level involving possibly high information and coununication

the individual recognizes family and acquaintances and "the rest of the

world" where the rest of the world's behavior and identity is aggregated

in some manner. It is possible to distinguish strategies where whole sets

of individuals are willing to "punish" any individual, not necessarily

identified by name, but only be action if that individual "steps out of

line" (Shubik, 1959).

4.2. The Noncooperative Equilibrium

An n-person game has an equilibrium point in pure strategies denoted

by a set of n strategies (s*, s)'* ... S*) if the following holds
I' n

true. Let the strategy set for player i be denoted by S. and an

individual strategy by s. E S. then for all i
1 1

(6' may f i(si, . . i, S. 5s*
S.s. i 11n.

In the game shown in Table 1 it should be clear that the strategies

for each player "play i = 2 each time, regardless" form an equilibriu-

point, with payoffs of 0 to each. Less obvious is the fact that the threat

strategies, if used by both players also form an equilibrium point. That

is "play i = I , if competitor replies with 1 then use 2: otherwise 3."

This yields 5 for each as the payoffs.

Although the second equilibrium yields a higher payoff than the firs:.

it is more complicated.
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4.3. Selfish Individuals and Threat Strategies (Model 1)

In this section an example is fully specified and solved to show the

possibilit, of a stationary state existing via threat. This should als(

serve to complete the discussion of Figure 2 in Section 3.2.

*6e consider that an individual of generation g has an individualistic

utility function of the type indicated in (4). The conditions for positive

marginal utility for each period's consumption are assumed together wit!

decreasing marginal utility for additional consumption. We add the con-

dition that consumption at less than survival level' D < 1/3 is highly

undesirable. In particular the only further conditions imposed are that:

(7) lU l,l,0 - max L'(c c", c3)

wnere c, + + C

and that the maximu. on the righthand of (7) is achieved at three numbers

C, I C) , c" all greater than or equal to D

A strategy by an individual of generation g is a function of thE

information he has on the moves of the two previous generations. In par-

ticular we display a specific strategy below, interpret it and show that

if all individuals adopt this strategy, the resultant set of strategies

form an equilibrium..

A strategy, by an individual of generation g is as follows:

Iwe need the condition D < 1/3 for our result as otherwise 3D > 1
would imply it would not be possible for the society to survive keeping
the old.
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8)Set x =c = , c* if information reveals that:
8 1 3

x cy" and x >
g-l- 1 g- - 3

If however xo < I C 3  then set

I = g = + C 1 -1 =

g ' 2 3 g

In words this states that g will feed his parent and offspring in

the manner noted on the right side of equation (7) if he observes that

his parent did that to him and his grandparent. If his parent failed

to do so he lets him starve.

We are given the following initial conditions in this game show-

in Figures 1 and 2.

1 , 1 , -i ,
x c x =c C-_2 = cI , ' _ -1 1 ' 'X-l =3

We are also given as data the strategies to be employed by generations

g = 3 and 4 . We assume they both employ the strategy set forth in (8).

Without this information it would not be possible for generations 1 and

2, who are active players in this game, to calculate their payoffs.

Denote a strategy employed by an individual of generation g by

s then we may write the payoffs in this particular game with three
g

strategic players as follows:

o o 0 Uoc0, 0 c2, 0c3)

)l(S0 , sl,  2  - C(lc l, lc2, 1C3)

2 (s1, s2) - U(2c1, 2c2
, 

2c3)

We may now check to see that if all use the strategy given by (8)

the system is in a stationary equilibrium.
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Generation 0 has already been sustained in childhood by -1 at the

level = He faces a strategy of the type (8) played by genera-

tion 1. If he fails to conform in setting x > c* and x > c then the

most he can obtain is (c*, 1, 0) bu:

L-c* 1, 0) , U~*, *

hence he is in equilibrium if he sticks to the strategy in (8).

We may now apply the same argument to generation I and then generation 2.

It is straightforward to extend this argument for any arbitrary number

of generations.

.4.4. Selfish Individuals and Simplistic Strategies: Not Enough Glue

K (Model 2)

The simplest cf strategies are those which ignore all information

thus xe could restrict the strategies to be equivalent to moves. A

strategy by generation g is a triad of numbers

1 -l 1 -I
(x,.,X ) such that x + X +X = 1

The only information needed from the past to initialize any gare

in which these types of strategies are employed is that x 1 D , i.e.

generation 0 survived childhood so that it is alive and strategically

active at t = 1 . Suppose that xi= k > D , i.e. some number above

the survival level, then it is simnle to show that no stationary equilibrium

exists. We need only check generation 0. Suppose that there were a sta-

tionary equilibrium which would require that x- k > D - if the -

old were to survive. This cannot be because
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(10) Uik 1- kik2)> tI-kI kt k)2(lO) Uk' 1-k, k2) U(k1 , 1-k 1 -k 2 ,k 2

In words, if generation 0 has been raised by -1 and knows that if it raises

generation I it will obtain k.) regardless of its strategy it can gair.

by failing to support its parent as is shown in (10). Thus if a stationar-.

strategy were to exist it would not include support of the old. Supposc

X1 x = 0 If generation 0 is selfish and knows that generation I

does not intend to provide support in its old age then the optimal strate'.

will be to set I = 0 as

(11) (k 1 , 1, 0) > (kl, l-kl, 0)

This means that generation 1 will not survive childhood and the species

will end if noncontingent strategies are employed.

4.5. Linkage by Coding or Instinctive Behavior (Model 3)

Vhen there is enough food around most animals instinctively feed

their young. This can be modeled here by removing the selection of :

as part of the strategy set and setting it to some number k > D

If we do this it is simple to check that there will be a stationary non-

cooperative equilibrium with x = i- k and xl = 0 , each individual
g 1 g

will obtain

(12) U(k I, 1 -k 1 , 0) < U(c* c, c*)

This is clearly not Pareto optimal, thus instinct to support the younc

does not necessarily help the survival of the old.
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4.6. Linkage bv Love: The Altruism Finesse (Model 4)

Suppose that we assume that an individual has a utility function

of the shape indicated in (5d), i.e. generation g's concern for its

parent and offspring is as for itself. Equations (9) now becom(

o(Sl, si ) = ,(_cl, _ic, ic3 ) + U(c I , 0 c2 , 0c3)

+ U(c c

(13) (so, Sl, s = U(cl, 0c2, 0c 3 + U(icl, ic2, i c3)

+ U(2c I , 2c2' 2c3)

S(s I s2) = C(1 ic, 1c 2 , ic 3 ) + U( 2 cl, 2c 2 , 2 c 3)

+ 1(3 c l , 3 c 2 , 3 c 3)

Because of the overlap in the arguments of the utility functions

it is easy to check that there will be a Pareto optimal stationary non-

cooperative equilibrium with simDlistic strategies. We check by assumini
that all employ x = , = - c

t a Xg cg c 9  Xg

Consider generation 0 given that xI  = Xl c2 X-1 = c,

then:

-o1,o + U~*+ Ic
(14) :(s 0, S* ~* * _1)+!'CX9c*)+ux1 *0 1 1 2 01 0 ~ 0, 2' 3

An optimal strategy for generation 0, given information concerning what

-1 has done and knowing the strategy s* of generation 1 is one that

maximizes To(So, s*) A strategy here is to select three numbers

(x1, Xg, x 1) subject to x+ P x + x =
g g g g

From the fact that U is concave and has a maximum at (c*, c*, c*) when
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the consumption is constrained to sum to 1, it follows that (so $ s*)
*o0 ' 1

has a maximum at:

= c = C, X CS I * C, Xg 3

We mar now consider E (s, s s;) and shot sl = s- is in ecuilibriuz.,

and then consider -2(s*, s2)

It should be noted that the assumption of enough love turns a "game

into a team." Furthermore if love were only of parent for child this

would be enough to achieve a stationary state, but not one with the Pareto

optimal survival of the old enforced by simplistic strategies. More comple:

strategies of the variety in Model I (Section 4.3) will do.

An important reason for the "love or altruism" model to be attractive

to economists with a noninstitutional viewpoint is that enough love mini-

mizes the need for institutions, laws, rules, or any social or political

paraphanalia. The need for a systems design of any complexity to produce

optimal behavior from individuals with self interest and different goals

vanishes if each cares for the other as himself.

It is suggested here that the coefficients of concern or sympathy

are not sNmmetric. The prime concern of the parent is for the child;

the secondary concern is with parents and grandchildren in a Western society

with stress on the nuclear family. How much this concern is biologically,

sociologically or economically determined appears to be an open question

as great variety is seen among different nations, tribes and other social

groupings.
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5. THE ROLE OF ASSETS

Explicitly modern economic and political models to account for inter-

generational linkages are not dealt with in this paper. Fiat none-,

taxation, social security and the financial and political infrastructure-

of the modern state attest to the sophistication of the rules of the Pane

and the importance of law and behind law power to enforce the rules.

The belief expressed here is that the existence of assets and power

to enforce laws concerning property are more elementally central to the

process of transfer than is the existence of commodity or fiat money.

The world of paper provides a more convenient way of manifesting and

executing transactions involving property and power. Money and markets

come after, not before the state, law and property.

The last model considered here introduces a single asset, "land"

into our economy in which markets and money have not been described. It

must be noted that the market transfer of resources among nonrelated (or

even related) individuals is not inconsistent with nonmarket methods for

intergenerational transfer. Here we are ignoring the former.

5.1. Instinct, Simplistic Strategies and Owned Land (Model 5)

In (I) and Section 2 a general relation was given linking the amount

of food directly obtained by an individual of age m and generation

g to previous consumption and ownership of land. Implicit in the descrip-

tion was a production function depending on the amount of land used and

the quality of unspecified labor determined by previous consumption.

Rather than fully develop the production function model here we select

the simplest condition on production involving land. We assume that there

is 1 unit of land which is of tmlimited durability and is initially owned

by generation -1 who is the first old person alive at time t 1 1 (see
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Figure 1). The conditions on production of food are, for the three period

life model

(15) a = I if m = 2 and k Ig mt

= 0 otherwisc.

The difference between (15) and the condition in the previous models is

that here only the middleaged are productive, but they need the use o:

land before they can realize their productivity.

As in Model I the utility function is assumed to be

U(c 1 , gC2 , c3)

Consideration is limited to simplistic strategies, but before a strate7-.

can even be specified involving the transfer of land, some further speci-

fication concerning ownership must be given as the game of strategy is not

vet fully specified. In particular as has already been noted in Section 3

inheritance conditions must be specified, but so do guardianshiD use and

transfer conditions.

Inheritance. The possessions of an individual on death pass to the

nearest surviving relative. If none survive they pass to the state, which

we may assume divides and distributes them equally to all. Inheritances

cannot be left to the unborn.
1

C'tmershi:. An individual of age who owns land has during his life

full protection of his ownership. The land or its use cannot be forcibly

taken from him. He may give away or sell his land, or give away or rent

its use.

1This poses a question in well defining the rules of the game as to whether

age should be counted from point of conception or birth.
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7~s:cs';::. Land owned by a minor is administered in trusteeship

by the parent for the good of the minor and passes to his control on coming

of age. In this simple three period life model no further elaboration

is needed as the parent is bound to be alive (starving himself to death

is feasible but not individually rational).

We must give an operational interpretation to the phrase "for the

good of the minor." The simplest is that law or custom or both require

that the parent must at least provide the minor with sustenance, i.e.,

x D . We assume A is provided by instinctive behavior (Model 3),

-A where A > D ; hence instinct and trusteeship cannot be distinguished

at this level.

): s. It is assumed that if g gives g+l land, ci

is required to accept it, but can give it to the state (a form of the

assumption of free disposal). g may permit g-1 the use of land that

g owns: but in general this is done by means of a contract or bilateral

acreezen: which does not easily lend itself to a simple formulation as a

noncooperative game. It is more reasonable to consider contract in the

terms of Edgeworth (1881) or a cooperative solution. Our problem modeling

this as a noncooperative game will not be the existence of noncooperative

equilibria, but with too many of them. In fact any point on the contract

curve between generation g offering: D to 1-D units of food in

exchange for the use of land will be in equilibrium and any point between

D and 1- 2D will be consistent with a stationary equilibrium. Although

1The selection of D rather than 0 as the lower bound requires an extra
but somewhat "fussy" assumption. We must assume that if generation g
offers g-1 less than D for the use of his land even though g-1 dies,
g does not inherit the land until one period later and cannot use it
unless g-1 accepted a contract for less than D . If we further assume
that g-1 is not indifferent to letting g use his land for less than
D , but would prefer to deny the use if he were going to starve anyhow,
then the range of equilibria would start at D not 0.
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this leaves a great amount of indeterminacy it is noted here that in a

more complicated and more realistic model with many individuals of each

age group then we could consider a market for land rentals and this would

narrow the range of contract.

If we attempted to write down the notation for a simplistic strateq'y

for even this three period life model with the rental, lease' or gift

of land this would require 13 components:

3 components for distribution x . x , X at time -+g g

2 components for gift of land to g-l or g+l at time g41

2 components for lease of land to g-l or g+l at time g-2

2 components for rent of land from g-l or g+l at time g+l

2 components for gift of land to g+l or g+2 at time g+2

2 components for lease of land to g+l or g+2 at time g+2

13

We confine our notation to the case where an individual of age 3

owns the land and show an equilibrium with rental by the individual of

age 2 with inheritance and no gift.

1
Let vg-I stand for the contract offered by g-I to g for a one

period rental of one unit of land in return for an amount

1
of food Y g-1 or more.
-l-

Let z stand for the amount of food offered by g to g-l for
g

a one period rental of on unit of land.

If z- I > 1 the land is rented, otherwise there is no contract.
g - g-1

lAnother minor fussy detail is that a lease given by someone of age 3 to

his offspring of age 2 is constructively a sale if 2 lives, as he will

inherit the land at the end of the lease.
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A simplistic strategy by generation g is a collection of 5 number'

(xg 9 g x g z 9 yg)

where X + x + x-1 + z - 1 =
g g g g

The first 4 numbers symbolize moves at age 2, the last at age 3.

It is straightforward to show that there are stationary equilibria

* anywhere fro":

(16) (D, 1-2D, 0, D, D) to (D, D, 0, 1-2D, 1-2D)

Instinct keeps the young alive with D ; and property protects the

old within contract limits of D up to I-2D The presence of a mass

market for rented land would narrow the range, but even with all the apparatus

erected there is no mechanism here which gets the young the amount cI

if c> D

A threat model of the variety of Model 1 could easily be constructed

with a Pareto optimal noncooperative equilibrium. But as the young have

no strategies or markets to operate in perhaps a better measure of optimalitV

should exclude their preferences until they are strategically active thus

instead of considering:

U(Cl, c 2 , c3) we consider U(c 2, c 3) U(A, c 2 , c 3 ,

where A > D is the customary or instinctive level of child support.

If we accepted this and defined the relevant optimalitv on then all

of the equilibrium points in (16) are Pareto optimal.

mom
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6. CONCLUDING ROIARKS

Long run economics must take into account the multigenerational problem.

At least to the level of healthy survival the bringing of the young to

maturity can be assumed to be genetically coded or instinctive. The supDort

of the old does not appear to be such. If society is rich and has law,

to some extent the old can protect themselves if they control assets (Mode]

5). If society is sophisticated and strategies dependent on history are

utilized then a historical strategy can be interpreted as a threat or a

custom which can enforce optimal behavior (Model 1).

Markets (which have not been modeled in this paper) appear to be

better suited to the distribution of goods and services among more or

less strategically equally active agents than among the generations.

It is at the intergenerational interfaces where genetic, social, legal

and political considerations vie with the economic. The long term economic

goals cannot even be defined unless the generations are connected together.

Yet these connections may not be primarily economic.

Paradoxically as was observed in model 4, the economist can claim the

whole of long term social process for himself by postulating enough love.

Love seals the links and leaves only the economics of optimization unsullied

by institutional arrangements. Unfortunately even casual empiricism would

seem to indicate that there is not enough love available in actuality.

Having suggested that there are many ways to glue the generations

together the next step is to explore which ways are the most likely and

what features of society, polity and the economy are involved in their

selection. The mechanisms appear to be of mixed origin. In particular,

genetic coding appears to cover the survival of the young; love and custom

their extra nurture; economics to some extent their education and use of
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child labor. The genetic basis for the support of the old seems to be

flimsy at best (Dawkins, 1974). Love, culture and politics appear to

dominate. The mechanisms, but not the driving forces appear to be mani-

fested considerably in public and private financial institutions and

instruments.

The emphasis has been upon the stationary state, merely as a reasonably

simple starting point. However the type of game proposed in Section 2

can be examined more generally. In particular it must be stressed that

the type of equilibria we examine depend on the amount of history included

A in the strategies. This has nothing to do logically with either temporary

equilibrium analysis or limited rationality. For finite games in extensive

form Dubey and Shubik (1981) have proved that as the amount of information

utilized by strategies is increased the set of pure strategy equilibria

may grow including all equilibria using less information. The attraction

of noncooperative equilibria using little information is that they are

simple and can be interpreted as though they are a manifestation of limited

rationality although this is not necessarily the case.

Full justice to the interpretation of the threat possibilities of

historical strategies cannot be done without the careful modeling of large

numbers of individuals in each generation. The specific mathematical

models presented here have had only one member in each generation.

Exogenous uncertainty has not been considered; paradoxically the

presence of exogenous uncertainty provides extra incentives for cementing

the generations together inasmuch as the needs for insurance call for the

carrying of extra capital stock.



33

REFERENCES

Dawkins, R. (1976), The Selfish Gene. New York: Oxford University Press.

Dubey, P. and N. Shubik (1981), "Information Conditions, Communication
and General Equilibrium," Mathematics of Operations Research, fort.-
coming.

Edgeworth, F. Y. (1881), Mathematical Psychics. London: Kegan Paul.

Samuelson. P. A. (1958), "An Exact Consumption Loan Model of Interest
with or without the Social Contrivance of Money," The Journal of
Political Economy, 66, 6, pp. 467-482.

Shubik, N. (1959), Strategy and Market Structure. New York: Wiley.

Shubik, M. (1980), "The Capital Stock Modified Competitive Equilibriu.,"
in J. H. Karaken and N. Wallace, eds., Models of Monetary Economies.
Federal Reserve Bank of Minneapolis.




