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A THEORY OF MONEY AND FINANCIAL INSTITUTIONS

PART XII
A DYNAMIC ECONOMY WITH FIAT MONEY WITHOUT BANKING

AND WITH AND WITHOUT PRODUCTION GOODS*

by

Martin Shubik

1. Introduction

This paper sketches a set of conjectures concerning the functioning
of an econowy using fiat money with no futures markets and no barter.
Examples are provided to indicate the plausibility of the conjectures,
Hopefully in & further joint paper with W, Whitt a more careful and
general mathematical presentation of models together with procfs of

several of the conjectures will be given.

2. The Basic Model

We limit our consideration to concave utility functions of the

form:
[ -]
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*The research described in this paper was undertaken by a grant from
the Office of Naval Research.



where there are k commodities and n individusls. Although it is con-
jectured that the further remarks hold for utility functions of type (1)
and for ecoromies with production obeying certain boundin: -cnditions,
the selection of examples 1s confined mainly to the starkly gimplified

case with

i
t+1

-
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t=0
Furthermore unless otherwige sgpecified production and Iinventorying of

goods is not considered.

The Commodities

There is one commodity each period. It cannot be stored., It
eppears each period in the central warehouse where it is immediately
suctioned in a manner described below.

The commodity input stream is:

Alj sz 3, sy At, LN}
which has an upper bound.

The Money Sufply

For the model without banking we may sssume that there exists a

-

fixed finite amount of fiat money M (which could for example be regarded
{
as even having a physical existence). This money has an initial distribution

of

1 2 T
7, ?, [ERE ] 7 .



n
Without further loss of generality we can assume T 71 =M =1
i=1
Without any banking or credit facilities in the economy the amount
of money in each period is congtant; all trade is at spot prices and all
money must be ugsed either in trade or it must be hoarded.

Conservation of money is preserved for all periods in the finite

or infinite horizon models.

Ownership and Trade

As in previous paper92’3’6 the convention for ownership and trade

is as follows. The ith individual has claims to ai of the amount of
ny
goods A_  at peried t . Thus Yo =1,
t i'lt

The meaning of ownership is that after the pile of goods At have
been gold in period t trader 1 obtains at the start of period t+l

i
the amount (&

A of the money expended to buy At . Thias is shown in

Figure 1.

The price mechanism is extremely gimple. All traders are assumed
to bid an amount no larger than their cash on hand. Cash on hand will
be the sum of the income from last perfod together with hoarding, or

1 1 i
St+1 St X, + a't(xt + yt) . Where St is the total monetary assets

of trader i at the start of period t . In Figure 1 the market is

illugtrated for two traders where Si = ¥ and Si = 1=y .
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FIGURE 1

2,1. The Simple Market with Constant Inputs

In a previous paper Shubik and Hhitt6 have provided a detailed ex-
ploration of the market with fixed owmership claims and the same amount of
compodity entering each period. This can te described briefly for the two

person market as follows:

Commodity supply 1, 1,1, ...
Ownership claims a, l1-&
Initial money oy , 1=-0-v 0<r< 1-a
[--]
~ t
Utility functions Ui(x) 15351xt+1

It was possible to characterize the noncooperative policies for
the traders and to gshow that the trader who initially begins with a larger

proportion of the money than his ownership claim may under certain conditions



hoard money, whereas the trader with money in proportion less than his
ownership will slways spend everything if 61 = 52 . Thus we have an
economy with a fixed amount of resources each period and a fixed amcunt

of money with hoarding and a gradual rise in price level until! a stationary
gstate with a fixed price level is reached.

It is easy to observe that in thisg extremely simple model if ¥ =10
there is an immedlate stationary state soluticon in which the traders all
spend everything. The same amount of money recirculates back to each,
each period and they each obtain an amount in proportion to their owmer-
ghip claims.

A natural set of questions to ask of this gimple model 1s what would
happen in the amount of the commodity were varied each period, what would
happen with variations in preferences or with variations in ownership claims.
In particular a question of interest is does this model have a noncooperative
perfect equilibrium point3 solution which produces a Pareto optimal distri-
bution of goods that can be assoclated with a competitive equilibrium solution
to the same market.

The anawer to this question appears to be yes under certain quali-
fications involving hoarding and ownership claims.

In a previous pape’r5 an example wag given of-a market with a period
shift in the preferences of two clagses of traders. In this market there
is always net hoarding in the economy and the distribution of resources

is Pareto optimal. A numerical example ig summarized below:

Example 1. Suppose there are two types cf traders; 2n in toto, where
n 1s large. There are n unitg of money in the economy and n units

of real good each period. A trader of Type 1 starteg with 7 units of



money and Type 2 gtarts with 1-y . Suppose that the utility functiors

for the traders are respectively:

c:
[}
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The competitive equilibrium prices, given ¢ > <, and B <1 are:

4
1, clB, Bz, ¢163, B, ..+ with the distribution of real resources being for:

Trader 1: (1 - clﬁ)/2, 1, (1 - ¢1ﬁ)/2, 1, ...

and Trader 2: (1 + ciB)/Z, 0, (1 + ¢IB)/2, 0, ...

Their total payoffs are for:

1 - clﬁ 1 1+ clﬁ
Trader 1: 5+ clﬁ 5 = >
2(1-p7) (1-87) 2(1-87)
1+ clﬁ 1+ clﬁ
Trader 2: — + 0 =
2(1-87) 2(1-%)

For ease in following a specific example suppose B = 2/3 , € = .9 and

¢, = .1 . We have for competitive equilibrium:
"futures" prices 1, 06, -4’4; -26“, 0193, to
Trader 1 consumption .2, 1, .2, 1, 2, 4.
Trader 2 consumption .8, 0, .8, 0, 8, e
Trader 1 payoffs 1.44

Trader 2 payoffs 1.44



The noncooperative equilibrium which gives the same distribution

of resources has the following monetary features:

Initial money distribution

Total money

Spot prices

y = 3/11 , 1-v = 8/11
N, 0, N, Ny ..

10/11, 6/11, 10/11, 6/11, ...

This solution tells us that

Trader 1 hoarding

Trader 2 hoarding --

1/11, --

5/11

1/11 ==

-- 5/11

if banking were available then there will

exist a money rate of interest for which traders of Type 2 would borrow

during odd periods and Type 1 would borrow during even periods. This point

is examined in detail in the next paper.

2,2, Failure of Pareto Optimality
Example 2a. Congider the same conditions as in Example 1, except that the

utility functions and the initisl money hoidings are different.

and

=
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= ¥ B'x where 1 >pB, >8
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In particular:

The competitive equilibrium associated with this market is as follows:

"futures" prices 1,

Trader 1 consumption O,

By, B2, B2, ...

0’ 0, = ey 0, 1’ 1, 1, *en

Trader 2 consumption 1, 1, 1, ..., 1, 0, 0, O, ...



Traders of Type 2 consume up to a switch-over point determined by calculating

*

t guch that:

For example given B, = (/33 - 3)/4 = ,68616 and B, = .5 then t* = 2
and Ul = Uz = 1,50,

It is immediately obvious that there is no initial distribution of
money that will give the competitive equilibrium resource distribution
from the noncooperative‘spot trading., After tha firat t* time periods
traders of Type 2 will have some monetary assets, but for the system to
give the competitive equilibrium distribution they would be required to
hoard all of their money indefinitely.

Although it is possible to maintain. equilibrium with net hoarding
positive it is not possible to have one group hoard every period. An expen-

diture of the hoard at any point where goods of worth are available vields

an improvement in payoff.

2,3, Ome Period Hoarding as a Means of Limited Credit

Example 2b. There exists a noncooperative equilibrium which is not Pareto

optimal with 7 = ,21076 and m = .15694 where prices are given as:

Spot prices .84306, ,578474, ,84306, ,578474
Trader 1 hoarding .15694 .- «15694 -
Trader 2 hoarding -- 421526 -= 421526
Trader 1 consumption ,06384 1 06384 1
Trader 2 consumption .93616 1] .53616 0

Payoff to Type 1 = ,75(1/.52918) = 1.4173

Payoff to Type 2 = ,93616(4/3) = 1,2482



The difference between the solution to Example 2a, and the solution here

provides us with a meagure of the worth of trust. A noncooperative state

eqhilibrium is generally different from a general equilibrium sclution.
They only coincide wher the level of trust implicit by the later turns out
to be unnecegsary for the former. The solution to Example 2a was not gelf-
policing there is no internal mechanism that gives Traders of Type 2 an
incentive to hoard their money for ever after period t* , There is a

clear incentive (which would be even clearer if U, and U, were strictly

1

concave) 1n Example 2b for all parties to conform.

2.4, The Restoration of Pareto Optimal Trade by Assets

In Example 2a there is no enforcement mechanism in the stage by
stage behavior to force traders of Type 2 to stop spending at period t*+1 .
Without unlimited trust the traders can settle for a noncooperative equi-
librium that is not Pareto optimal,

By introducing durable goods or assets of worth we can restore the
possibility for obtaining a noncooperative equilibrium that is optimal and
provides the same distribution of real goods as déea the competitive equilibrium.

Heuristically, the assets can serve as hostages for the noncooperative
enforcement of the equilibrium.A Mathematically, the enforcement required
can be described as follows: one cannot have an equilibrium in which any
one type of trader hoards money in an uninterrupted method for ever. Thig
amounts to saying that he has more money always than any of his future cash
constraints call for.

Unfortunately in order to achieve Pareto optimality, as has been shown

in Example 2a such a situation way be required. If we could always guarantee
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that the individual will have a cash flow requirement in the indefinite
future at which he will need all of his cash we may be able to produce

a situation which is operationaily like hoarding forever. This can be
done by monwtizing all assets every perlod and having individuals buy back

thelr own assets.

Example 3. This is essentially the same as Example 2 with one major modi-
fication. There exists a quantity of a completely durable producer good
which produces the consumer good. For example suppose that we have as
input 1 unit of the producer good at time t and as outputs l unit of the
producer good plus 1 unit of the consumer good at time t+1 ,

We assume initial endowments as follows: Real goods at t = 1,

n units of producer good, n of consumer good. Ownership claims:

P C
Trader Type 1 1/2 1/2 P = producer good:
Trader Type 2 1/2 1/2 C = consumer good

We now consider two parallel markets. 1In the first the consumer
good is sold., In the second ownership claims are sold. The proceeds from
the sale of the consumer goods are paid to the last owners as are the proceeds
from the sale of the ownership claims.* Figure 2 fllugtrates the markets.
It, of course, may make a difference if they are considered in sequence or
in parallel as the information conditions are different. For ease we select

the gimplest, which is a parallel market.

*There exists a definitional problem to cover what happens when nothing is
bid in a market. In a maximizing process such as this the probability that
this could happen is extremely small, but the case has to be handled.
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Trader Trader
Type 1 Capital Good Consumer Good Type 2
Asgets ] ) ! Assets
1/2 Invest _ . Spend 1/2
. 1/2 «2Pend
| Ownership / 1/2 Ownership
| 1/2, 1/2 ‘ 1/2, 1/2
1/2 1/2
Invest Spend
>{1/2 1/2 |e—2R80C |
1,1 / / 0,0
_ Income Consumption
- Flow
1 - Invest Spend 0
L1 1/2 1/2 0,0
Consumption

FIGURE 2

We now have a clear model of ownership transfer in the sense that
the purchase of the producer good entitles the owner to the income deriving
from selling the producer good next period and the income from selling
the consumer good (Cz) that has been produced,

We now show the existence of a noncooperative equilibrium point*

*
The lack of hoarding in this simply example may be due to its simplicity,
The introduction of assets provide security not necessarily a total sub-
stitute for hoarding.
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which produces the same distribution suggested in Example 2a for the com-

petitive equilibrium.

It is already illustrated in Figure 2, however

Table 1 shows the transactions and the type of individual maximization

problem faced by each individual of Type 2 is illustrated below.

TABLE 1

Trader Type 1

Trader Type 2

Spot Prices
Period P, Py Spend| Invest | Consume | Income | | Spend | Invest | Congume | Income
1 1/2 | 1/2 0 1/2 0 1/2 1/2 0 1 l/2'
2 1/2 | 1/2 0 1/2 0 1/2 1/2 0 1 1/2
3 1/2 | 1/2 1/2 1/2 1 1 0 0 0 0
4 1/2 | 1/2 1/2 1/2 1 1 0 0 0 0

On the assumption that there are wmany traders of each type we may

describe the maximization faced by an individual of Type 2 as follows:

Maximize ¥ (1/2)txt+1

Subject to

-
t=0

x; <1

x, <1

X, <2(1 - xl)
X, < 2(1 - xz)
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By inspection we can observe that the maximum is at a policy where
Xy =%, = 1, Xy T Ky S .. o= 0.
The lags are interpreted as investment now provides ownership for

next period and ownership now provides income claims for next period.

Conjecture. When durable assets and trade in ownership claims are intro-
duced into a closed regular production and exchange economy then it is almost
alwaye possible to obtain a noncooperative perfect equilibrium which is

Pareto optimal and produces the same distribution as a competitive equilibrium,

3. An Interpretation of the Examples

3.1. Their Mathematical Meaning

It is suggested that by formally describing a multistage model where
markets and trading are given in detail it is possible to view an economy
with n individuals mathematically as n- parallel conc;ve programming
problems connected by a set of boundary conditions in common.

If we consider a finite horizon problem as treated by general equi-
librium we have n parallel maximization problems.where there is one boun-
dary condition on each-~the budget constraint. This is tantamount assuming
total trust and the simultaneocus existence of all futures markets.

By abandoning the general equilibrium approach, switching to the
noncooperative equilibrium state strategy model and introducing trade in
fiat money then each maximization problem fin a T time period model 1is
required to satisfy T constraints which are the cash flow constraints.

This model has trading only in gpot markets and no trugt or credit.
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For the noncooperative equilibrium to provide a Pareto optimal solu-
tion at most the maximum cash flow constraint (or constraints if there is
more than one maximum) must be encountered by the program. Every trader
must meet at least one congtraint once, for otherwise this would imply
indefinite individual hoarding which cannot be optimal.

In a model with a fixed money supply of fiat money it is possible
to adjust relative prices by hoarding. However as Example 2b shows Pareto
optimality may require that one set of traders hoard indefinitely. By
introducing assets which produﬁe the consumer goods and by requiring their
monetization--as long as they have a future productive worth they serve

as a "cover" for the fiat money.

3.2. Informationm Conditions

The formulation of the noncooperative game models calls for care
in being explicit about the information coﬁditions. Regardless of the lack
of symmetry in information coﬁditions postulated it appears that a non-
cooperative equilibrium of some sort will exist even though in general
Pareto optimality may be lost., This boils down to saying that ignorance
may have a cost in terms of failure to achieve the efficiency that would
be present with costless knowledge.

The general equilibrjum system does not appear to be able to handle

general information conditions.



15

3.3. State Strategies or Historical Strategies

The solution concept Suggested here makes use of a simple state
atrategy equilibrium in & game with symmetric information conditions. This
is at most what the general equilibrium analysis can be interpreted as
doing. This analysis however by no means exhausts the more general get
of equilibria that may be present un&er more complicated sets of strategies
which use more previous history.

The more complex historical strategies can be regarded as more con-
genial to macroeconomic models. They are at least within the logical for-
mulation of the noncooperative model they are not within the general equi-

librium formulation.

3.4. Planning Horizons and Dynamics. Who Needs Equilibrium?

At one level the noncooperative model with its appeal to equilibrium
considerations appears to have all of the static difficulties in interpre-
tation encountered by the general equilibrium model. This is not so.

Although it is conjectured that the mathematical exploration of
disequilibrium states may be considerably more difficult than the study
of equilibrium, at least the models are well defined for the disequilibrium
state and there appears to be a natural set of algorithms for calculating
the next stage of an evolving process.

The natural interpretation of the noncooperative state equilibrium
igs in terms of a dynamic planning process where at any point an individual
makes his decision based on his current state and his prediction of future

prices. The noncooperative equilibrium will have the "self-fulfilling
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prophecy" property--if all individuals have the appropriate prediction
on future prices these prices will indeed evolve.

If we aspume that the individuals have misperceived the future
prices then the system will still evolve if each maximizes using his pre-
diction of future prices. One still needs to specify a behavioral mechanism
for the generation of further price predictions. Such an interpretation,
might up to a point be applied to a general equilibrium model; however it
appears to me that this would call for a clearer definition of information
conditions, a definition of payoffs in positions of disequilibrium and

also a price prediction mechanism.‘

3.5. On Accounting

It must be stressed that the type of monetary model constructed
here can be far more easily formulgted by monetizing all assets every period
thereby simpiifying the concept of income.far more than do current accounting
practises.

The mechanism of total monetization, apart from simplifying the
problems of modeling attempted here, appears to provide a better device
for control and prediction in the economy than do current accounting

practises.

3.6, (Credit, Contracts, Assets and Bankruptcy

This paper has been confined to noncooperative situations where
there is essentially no trust save in the ownership of consumer goods,

claims to producer assets and fiat money. Loans, banking, escrow arrange-
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ments, the use of assets for security against loans all require somewhat
more elaborate modeling of strategies and comsideration of conditions on
contract.,

These added features appear to be needed when transactions costs are
high, making the outright sale of an asset or ownership claims to the asset
inconvenient or expensive. They also clearly come into play when uncer-
tainty is introduced.

Especially when we congider a dynamic interpretation of the model,
uncertainty may come from three different important gources. They are
(1) exogenous uncertainty; (2) game theoretic or strategic uncertainty
and (3) perceptual or cognitive uncertainty, Examples of each are (1) un-
certainty arising from excgencus statistically describable phenowmena such
as probability of the outbreak of fire, or cther mishaps for which the
insurance mechanism exists; (2) strategic uncertainty is highly related
to fewness in numbers of competitors uheré because of their importance
in size relative to the market an inability to guess individual strategies
introduces a serious uncertainty into the efficiency of planning procedures;
(3) possibly the most underestimated by economic theorizing and the most
important form of uncertainty in economic life comes in the inability of
individuals to evaluate opportunities or to correctly perceive the problems
they face. This is clearly illustrated by the problems in investment
banking where many individuals will have highly different subjective esti-
mates of the probability for the success for the -am; {nvestment.

As long as each individual owns more than he‘borrows (in the sense

that his security is always evaluated more highly by the borrower than
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is the loan) then the system need never evolve to a state where contract

mugt be viclated, i.,e. where conditions for the return of & loan or surrender
of an assel cannot be met. As soon as there is sufficient uncertainty in

a system this no longer need be true. Thus merely to well define the problem
laws or rules must be given abeclfying wvhat 18 to be done when conditions
contracted for camnot be met.

Neither the general equilibrium analysis nor static cooperative game
theory need to deal or are equiped to deal with these problems. They are
essentially static and non-ingtitutional. In contrast the noncooperative
solution {3 both gtrategically or process oriented and peculiarly institut{ional.
It is institutional in the sense that because payoffs and strategies must
be defined for all states of the system (not merely those near some sus-
pected equilibrium), a full definition of rules such as bankruptcy or
contract renegotiation is called for. The mathematician might regard this
as an unfortunate feature of the noncooper;tive model as it delays generali-
zation. It may however be the right feature for the conatruction of a

viable mathematical institutional economics.l

3.7. Banking

In the next paper it is shown that in a system without futures markets
banking and a variable monetary supply may be introduced as a substitute
for hoarding and a fixed money supply. The security, contractual and bank-

ruptcy problems may be increased upon introducing banks.
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