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Abstract.

The thesis contains a literature survey plus five original chapters which address
different topics in the area of money in general equilibrium macro models thgt
consist of contemporaneously infinitely lived agents who operate in an economy
with an imperfect financial structure; namely missing markets. Particular issues
addressed are the necessary conditions for the valuation of intrinsically worthless
fiat money, issues pertaining to the optimum quantity of money, money’s intrinsic
nature, and the occurrence and persiste_nce of macroeconomic fluctuations. The
original chapters are as tollows:

Chapter two exposits a model where money is held as a precaution against
idiosyncratic productivity shocks. I derive necessary conditions for money to
have value and find that despite the presence of an alternative to money as a value
store, no monetary equilibrium with circulating money exists with a positive rate
of interest on money.

In chapter three I investigate a conjecture that‘ if we possessed information
sufficient to allow the correlation of taxes with the states of nature so as to avoid
the kind of problems outlined in chapter 2 then we could not have the imper-
fections that generated a monetary economy in the first place. The result I find

refutes this conjecture.



Chapter four addresses the issue of the optimum quantity of money in a frame-
work where other assets are available to agents. 1 show that an economy with fiat
money may be Pareto dominated by one without it.

Chapter five addresses the issue of the superneutrality of money. I show that
the problem that led to the non-existence of monetary equilibrium in the Bew-
ley(1983) model can cause money to be superneutral in another scenario.

Chapter six addresses the issue of macroeconomic fluctuations in models where
the distribution of money holdings is important. I show two models that each
demonstrate such issues. The first idea I exposit is that we can develop an econ-
omy where market participation is endogenous and gain a richer picture of en-
dogenous fluctuations than the exogenous participation overlapping generations
models provide. The second idea demonstrated is that in an economy where
productive investment opportunities are intrinsically risky, the incompleteness of

markets means that poor productivity shocks can yield persistence of low output

levels, and reduce the ifrequency of investment.



Chapter 1

[iterature Review



1. Literature Review.

1.1. Setting the Scene.

I begin by setting out some of the existing results in the field and summarising
the contributions of the original chapters.

This thesis contains a survey of, and original contributions to the field of mod-
elling iat money in a general equilibrium setting. The models can be placed under
the headings of the microfoundations of both macro and monetary economics. All
models are sequence economies in the sense of Radner(1972) and Hahn (1971a)
with trading at all dates of the model, Walrasian prices and rational expectations.
Trading at each date is motivated by the lack of market completeness in the sense
of Arrow-Debreu. Despite the topic of money being a traditionally macroeco-
nomic issue, the frame of reference is of course one that historically has been
‘micro’ based so that its point of departure is the Arrow Debreu model and many
of the contributors to the field are seen as micro rather than macro economists;
issuies of existence, uniqueness and efficiency of equilibrium loom large on the re-

search agenda. Of course such micro/macro distinctions are increasingly blurred



and the models in the field provide insights for macroeconomics, even thdugh some
of them might be termed to be concerned with ‘philosophising’ about money.

The issue of how an economy deals with the absence of perfect iinancial mar-
kets in the presence of individual risk is however clearly a matter of macroeconomic
interest. It is sensible to relate inefliciencies due to liquidity constraints in these
‘micro’ models with those pertaining to unemployment for instance. Fundamen-
tally they are both simply low levels of economic exchange.

All the original models in chapters two to six are non-representative agent
models where the distribution of money among agents plays an important role.
Indeed, as the work of Scheinkman and Weiss (1986), Levine (1991) and the mod-
els of my final chapter show, the distribution of liquidity can play an important
role in explaining aggregate fluctuations. Due to their non representative agent
nature we might hence also put the models alongside the overlapping generations
framework, for reasons that will be explained later.

Despite the common theme we can identify each chapter with different issues
in the field. Not all of these topics are covered in the survey so far and some of
the chapters commence with some survey material which will aid understanding
of the particular model presented. Below I outline the issues addressed in each

chapter and the answers found.



Chapter two exposits a model where money is held as precaution égainst id-
iosyncratic productivity shocks. I derive necessary conditions for money to have
value and find a role of the rate of time preference different to that found by
Bewley(1980) and Levine(1989). I then investigate the issue of implementing
the optimum quantity of money proposal of Friedman(1969) under a regime of
lump sum taxation, where the taxes are independent of the state of nature. I
find a result that is at odds with the intuition provided by the Bewley (1983)
model. Despite the presence of an alternative to money as a value store, no mon-
etary equilibrium with circulating money exists with a positive rate of interest on
money.

Chapter three moves away from the restriction that taxes have to be inde-
pendent of the level of income of each agent. I investigate a conjecture made by
Hellwig(1982) and Woodford(1990) that if we possessed information sufficient to
allow the correlation of taxes with the states of nature so as avoid the kind of
problems outlined in chapter two then we could not have the impertections that
generated a monetary economy in the first place. The result I find refutes this
conjecture. A scheme of taxing individuals in a way that varies with the state of
nature and then uses the proceeds to change money’s value is shown to be less

informationally demanding than a scheme of taxation and direct redistribution.



The reason I put forward for this is based on an essential property of fiat moneys;
its homogeneity, anonymity and common usage. This chapter’s reflections shed
new light on the optimum quantity of money proposal when it is examined in a
framework that is specific about the information structure.

Chapter four addresses the issue of the optimum quantity of money in a frame-
work where other assets are available to agents, that in a sense are better suited
for the insurance purpose that money is valued for in the model. IFor a particular
class of preferences I address a question posed by Levine(1985) to show that an
economy with fiat money may be Pareto dominated by one without it. I show
that the result derives from money’s intrinsic uselessness as an insurance asset,
since its payoff is the same in all states of nature.

Chapter five addresses the issue of the superneutrality of money. 1 show that
the problem that led to the non-existence of monetary equilibrium in the Bew-
ley(1983) model can cause money to be superneutral in another scenario; where
agents have finite horizons.

Chapter six addresses the issue of macroeconomic fluctuations in models where

the distribution of money holdings is important. I develop two models to show
two ideas. The first one uses a non convexity in the form of a minimum size of in-

vestment and indivisiblity of projects across agents together with an endogenously
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determined level of liquidity to show that the model can display multiple steady
states with high or low levels of activity and also may cycle between the two
states in a deterministic fashion. The endogenously varying market participation
is the cause of these results, and hence paints a picture of endogenous aggregate
fluctuations different to that which invokes exogenous participation restrictions.
The second model examines how the endogenous distribution and redistribution
of liquidity can lead to the persistence of shocks. If the stock of liquidity is not
held by the more ‘risk loving’ agents in the economy then a low level of economic
activity will result through a lack of investment in the productive technology
which is intrinsically risky. Incomplete markets means no mechanism is available
for the speedy transter of liquidity to the less risk averse agents when a bad shock
to productivity leaves them at a level of wealth below that required to undertake
the investment.

I complete the thesis by assessing the contributions and suggesting avenues

for further research that it opens up.

I have identified questions which the chapters are going to address. The survey

material that follows will set the scene for these. The initial survey chapter covers

the topics of the valuation of fiat money, particularly relevant for chapter two,

implications of incomplete markets, multiple budget constraints, the optimum
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quantity of money, of rclevance for all chapters, and the record keepihg role of
money, of particular relevaﬁce for chapter three. Chapter five will address the issue
of the superneutrality of money and chapter six looks at endogenous competitive
equilibrium fluctuations, and the survey material most relevant for those chapters

is contained within them.

1.2. Valuing Fiat Money: Some Issues

As stated the focus of the thesis is on models of contemporaneously infinitely
lived agents where money plays a role in the model that allows it to have positive
value. For the sake of providing background for the model of chapter 2 and to aid
comparison with other classes of monetary models, a general survey of how the
challenge of giving money value has been met will be of much interest.

The problem with finding a role for money is that it is an intrinsically worthless
piece of paper. Holding it yields no direct utility (except in some reduced form
models) and ultimately optimising agents must look to spend it. There are hence
two pre-requisites for money to have value. There must be agents in the economy

at all points in time who might be prepared to hold money. Secondly, its yield,
pecuniary or otherwise must be such that it is sufliciently attractive to these

agents. Even if a theorist were to insist that money’s key role is as a medium of
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exchange, it must serve as a store of value as a necessary condition to it being
demanded by agents.

The first modern seminal paper in the field was by Hahn (1965). The ‘Hahn’
problem he noted was that every model that has a monetary equilibrium also
has a non monetary equilibrium. This result was subsequently seen to be true
in any model where money is truly fiat in nature (intrinsically worthless paper
given value only by decree, at best). In such economies money is only demanded
for its value relative to other goods. If its value is zero its demand is zero. It
will hence make no contribution to individual wealth either, so a non monetary
equilibrium will result, if such an equilibrium exists. One further implication is
that no monetary equilibrium can exist in a finite horizon economy if money is
truly fiat in nature. All money will be spent in the last period of the agent’s life so
zero money demand forces a zero price of money in the last period if competitive
equilibrium is to obtain. Money hence cannot serve as a store of value and will
not be demanded in the penultimate period. The argument holds recursively for
all preceding periods of the model and so its price must be zero in all periods of
the model. Put another way, as long as utility functions are strictly monotonic in
at least one real good then the value of purchases will exceed the value of sales of

goods unless the value of money is zero. If there are I agents, and vectors ¢; and
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w; denote consumption and endowments respectively of consumer i over all goods

and time periods, and p denotes the vector of money prices then this implies;

_ZI:E’-‘-%‘ > iﬂ’_@ (1)

1=1 i=1
Since;
I I
—M + ZB,QZ' > Z__’Qt (2)
1=1 1=1

Where M is the total nominal money stock.

This holds unless agents violate their transversality conditions, or all money
prices of the goods are infinite. This kind of problem in fact also has to be
addressed in infinite horizon economies, that ot a potential mismatch between the
value of expenditures and the value of income. We shall see that if the problem is
to be overcome then we must either make sure that the economy is never ending in
the sense that there are always new agents arriving or in the case that agents live
contemporaneously we need to give agents a motive to hold the money throughout
their lives instead of spending it. We will firstly deal with the issue of a finite
horizon economy and how the terminal date problem can be solved.

Since the finite horizon economy is such an intrinsically unforgiving environ-

ment for fiat money, it is ironic that some of the approaches taken to answer this
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remove the Hahn problem completely. The paradox arises because the solutions
are exogenously imposed and in some sense remove the true fiat property from
money. A method used by Starr (1974) for example is to induce the return of
money at the end of the final period to an outside authority by imposing a real
valued tax demand for which money may be used as payment, though this is not
compulsory. A final period positive price of money is hence a possibility. The
effect on the budget constraints (2) of the tax when looked at in the above con-
text i1s obvious; the tax reduces the value of income; i.e. the left hand side of the
inequality. If the tax bill is to be paid in fiat money by a compulsory arrange-
ment and the tax demand is expressed in real terms then a unique positive final
period value of money is guaranteed. Arbitrage will guarantee a positive price
in all preceding periods it utility is monotonic in at least one good in the final
period. As subsequent models will show the value of money will be higher than
the base level implied by the tax if it is given an extra role to perform. If the
total tax demand is denominated in nominal terms equal to M (the total money

supply) then a monetary equilibrium will be possible, but not guaranteed as the

final period price level will be indeterminate (see Starr(1974) and Geanakoplos

and Mas-Collel(1989)).

The technique used by Bewley (1980, 1983) is to put terminal money balances
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into the utility function. If nominal balances are put in the utility function then
a positive price level is guaranteed in all periods. If the balances in the utility
function are real then the positive price of money is possible but not assured.

Alternative methods are employed by Kultti (1995), Faust (1989) and Duffie
(1990). Kultti assumes the existence of some agents who are indifferent about
consuming their goods or not in the last period. The lack of value store problem
does not apply here since eftectively there is no value to store. In Faust’s model,
he invokes the assumption of continuous trading and notes that by the continuum
property, at any instant betore the final date there is always another future date of
trading and hence a date at which money might have value. So Faust introduces
the eftects of an infinite horizon model ‘via the back door’.

The method of Duffie (1990) is ingenious and creates a scenario where indeed
the value of purchases exceeds the values of sales. He arrives at this by noting that
In an economy with intermediated costly transacting, buying and selling prices
diverge. Duflie sets up such an economy with two transacting possibilities, one is
a non monetary transactions technology which is operated privately, the other is a
monetary transactions technology operated by the government. It is assumed that

the latter dominates the former. The agents are endowed with fiat money at the

start of the model. The government administers the transactions intermediation
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service and collects the money in payment from buyers. Such a scenario holds
for the final period also, and hence the terminal date problem is negated. Duffie
notes that his model achieves this result without giving backing to money, though
of course we should note that the transactions agency is essentially modelled as
an external body.

An approach popular in the 1970’s belonged to the temporary equilibrium
literature. The models here established equilibrium for a current period only with
expectations of the price level in the next period dependent upon the current price
level. Grandmont (1983) shows that the key to solving the problem of existence of
monetary equilibrium in these models lies in making the point price expectations
relatively inelastic to current price changes. If the current nominal price level
increases, the expected future price level is prevented from rising too much, and
the expected rate of return on money is sufficient to guarantee that a monetary
equilibrium occurs.

I now turn to models where the economy described has an infinite horizon and
money is truly fiat in nature. Some of these are populated by a finite number of
contemporaneous infinitely lived agents, and are the focus of the thesis, and some
by an infinite sequence ot agents with finite lives. The latter of course are known

as overiapping generations models with finitely lived agents. It has been shown
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however that the crucial element of such models is the arrival of new agehts rather
than the death of existing ones, as overlapping generations of infinitely lived agent
models have shown, see for example Weil (1985, 1991)

Let us begin by considering an economy which is essentially an infinite hori-
zon version of the Arrow Debreu model; markets are complete and there is no
population growth. Assuming that money is dominated as a store of value with
probability one because of the complete set of markets, then money will all be
spent on goods and assets by all agents in the first period, so there is no money
demand. As a formal expression we can again turn to inequality (2) shown above.
If the individuals are not to violate their own transversality conditions, then the
present value of their consumption must equal the present value of their income,
and this must hold in the aggregate. To convert inequality (2) to an equality, a
necessary condition for equilibrium, we have two possibilities. One is as in the
finite horizon economy, by setting the money value of all goods equal to infin-
ity whilst preserving their finite value in real terms. The second method is not
applicable in this context of complete markets but we mention it here for future
reference. This method again implies making both sides of the expression infinite.
Here the money value of each good is finite but we allow the infinite sequence of

goods to be priced in money terms in a way which allows their present value in
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real terms to be unboun.ded. In the complete markets setting with no pbpulation
growth this contradicts conditions necessary for existence of equilibrium. How the
argument works with financial imperfections or the entry of new agents will be
exposited in chapter 6, but I will proceed with an alternative style of exposition
of the solution to the valuing fiat money problem in this chapter, covering both
overlapping generations models and debt constrained models.

These results underline the notion that since fiat money is simply a piece of
paper is not part of the net wealth of the economy. If the group of agents that
constitute the economy treat it as net wealth and try to spend it instead of holding
it, its value will disappear.

What if we seek an equilibrium with money earning a return equal to that on
the sate stores of value provided by the complete set of markets?. Assuming the
economy is stationary that gross rate of return would be equal to %, one plus the
pure rate of time preference (see the subsequent coverage of the Townsend model
for instance). The transversality condition of the typical consumer is;

lim Bt.MU (c;).W; = 0 (3)

L-— 00

Where W, denotes real wealth at time t, and MU(c;) denotes the marginal
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utility of consumption at time t (See e.g. Lucas and Stokey (1989)). Since the
endowment of the economy’s consumption goods is finite in all periods, and the
utility function is assumed to be monotonically increasing then MU (¢;) is strictly
positive in all periods. Since the gross return on real money balances is equal to
213,- by assumption and some agent must hold the large and growing real stock of
money in the economy then this agent must violate their transversality conditibn,
so that such a situation cannot be an equilibrium. If we stick to the assumption
that agents are infinitely lived and there is no population growth then we must
have some device to ensure that individuals will hold money instead of spend-
ing it. One of the first approaches to the problem was that of Patinkin (1965)
and Sidrauski(1967) of putting real balances into the utility function; variations
with utility as a function of beginning of period balances and end of period bal-
ances have both been used. Examples will be covered in chapter 5. Hahn (1965,
1971,1973) criticised this approach on the grounds that it made money ‘inessen-
tial’ to the model. By this he means that if money is removed from the model
then the allocation of real resources is unaftected. According to Hahn the use of
money should be closely tied to the way in which economic activity is determined.

Hahn's criticism was influential and has to a large extent set the tone for the orig-

inal contributions that will follow. In all the models in chapters 2 -6 inclusive,
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omitting money changes the allocation of resources.

In those models we will see that the inefiiciency of the non monetary equilib-
rium is crucial, since it leaves unexploited gains from trade, and that money can
have value since it ‘travels round’ the system rather than being passed on to newly
arriving agents. Such a scenario has been depicted by Bewley(1980, 1983) and
Levine(1989) for the endowment case but a gap exists for the case of productive
capital as the generator of income in such models.

The other main approaches expounded in the literature have been the cash

in advance models of Lucas(1980) Lucas and Stokey (1987), the debt constrained
infinitely lived models of Bewley(1980) and Townsend (1980), the medium of
exchange models of Romer (1986) and Kiyotaki and Wright (1989) plus the afore-

mentioned overlapping generations models of Samuelson (1958), Gale (1973) etc.

A review of some of these models and their conclusions follows. Particular atten-

tion will be paid to aspects of the models that show the effects of multiple budget

constraints, money as a record keeping device, money in a Pareto improving role,

and the issue of the optimum quantity of money.
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1.3. Economies with Financial Imperfections.

These various approaches invoke primitive assumptions about time or spatial sep-
aration of agents or the costs of transacting in the economy. Missing markets are
the extreme form of costly transacting which is the focus of this thesis. They can
all be contrasted with the trading structure of the Arrow Debreu model which
has the features of;

{1} A single market at the start of time, on which all present and future

commodities can be traded against each other.

{2} Costless transacting.

{3} Agents meeting in the same place.

In fact,{2} and {3} are major requirements for {1}.

For instance if we relax {3} we arrive at either the communication cost or ‘trad-
ing process’ models in which agents are separated spatially and so their meeting is
restricted (though there is no reference to calendar time in many such models); or
we can have finitely lived agents separated through time, restricting their meeting
in that dimension; yielding the structure of overlapping generations models.

Specifying a transactions technology or imposing incomplete markets is a less
primitive approach, and leads to markets re-opening over time (contrast this with

the inessential sequence economies discussed by Hahn (1973), where trading at
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dates other than the initial one does not change the set of equilibria).” Money
1s suggested 1n the trading process models because of its informational proper-
ties, providing an important linkage across agents, tackling moral hazard related
problems that hamper the working of inside assets; see for instance the work by
Ostroy and Starr(1974) and Levine (1991).

The key factor in all approaches of valuing money that seek to be ‘essential’ in
some sense is that there must be some divergence in marginal rates of substitution
at the non monetary equilibrium to allow potential gains from trade so that money
can be valued in a trading role; money may be passed around the system in
equilibrium, or passed on to new agents as in the overlapping generations case.

General discussion of monetary models and the task facing monetary economists
is contained in Karaken and Wallace(1980). In their introduction to the book the
authors voice their concern over the implications of macroeconomic models of
money. Such concerns form the motivation for much of the thesis. They forward
two main criticisms. Firstly, cash in advance models and money in the utility
function models tend to “assume the conclusions ”of important monetary ques-
tions: in particular; why fiat money is valued. Secondly, the models tend to be
inconsistent. That is, they specify forms of demand for money which implicitly

appeal to some underlying model. However, it is common for the implicit under-
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lying model to be inconsistent with the model into which the demand for money
is then embedded (recall Hahn’s comments on Patinkin’s inessential money). For
instance, the standard portfolio specification of asset choice under uncertainty is
sometimes embedded in macro models which are used to determine a non stochas-
tic equilibrium (such a challenge will be met in chapter 2). This standard example
also has implications for the question of explaining the valuation of intrinsically
useless flat money. The intrinsic uselessness of any asset says that it is wanted
only for the consumption stream it supports upon its liquidation. Since welfare
analysis of alternative monetary and fiscal policies is about their effects on con-
sumption allocations, to assume the demand function for money in advance is to
remove any hope of performing an adequate welfare analysis of monetary policy.
The welfare theme is the focus of much of the thesis. To analyze the concepts
ot different kinds of assets a primitive approach based on intrinsic uselessness is
also required. For instance to put all forms of money and financial assets in the
utility function would lead to a very general specifications,with little restriction
on results. Chapter four will show implications of addressing such an issue. Simi-
lar criticisms apply to the Clower constraint models. For instance, Lucas appeals
to the obvious conclusion that exchange is really more difficult than the Arrow

Debreu model implies, but to impose the Clower constraint is ‘starting too far
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along,’” according to Karaken and Wallace.

I commence this part of the survey with a look at models that are very prim-
itive in a 'fundamental’ sense and look to show in a very detailed way how fiat
money is essential for efficiency in trade. The key relevance of these models for
the thesis is in showing the role of money as a decentralised record keeping device,
which can costlessly keep track of tﬁe value of individual’s total value of purchases
and sales, and its abilities to overcome inefliciencies created by extra budget con-
straints in addition to the one that the value of expenditure and income should
match over an agent’s lifetime. The lack of inside assets is the cause of these.

Exactly how well money can work to overcome these problems is a major theme

of the thesis; the efliciency of a monetary equilibrium.

1.3.1. Money as a De-centralised Record Keeping Device, and the En-

forcement of Budget Constraints.

The model described below examines the process of decentralized trading and
the record keeping tunction of money in very general terms, and examine where
trading in pairs (hence, subject to obvious physical, informational and incentive
compatibility limitations) leads to in terms of allocations for society as a whole.

Though quite old, the paper still stand as true ‘originals’ that give a clear expo-
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sition of the issues.

Although my thesis does not concern itself with pairwise trading the issues
of how extra budget constraints can cause inefficiencies and how money might
overcome these by acting as a record of purchases are of great relevance for the
rest of the thesis. its record keeping role as exposited by Ostroy will in particular
provide a useful backdrop to the idea I present in chapter 3.

Starr (1972) and Ostroy (1973) consider the difficulty of decentralized trading
when it is carried out in pairwise fashion and how money can ease problems, by
acting as a record keeping device. These two articles, (and the one of Ostroy and
Starr (1974)) have the structure of a Walrasian economy where equilibrium prices
have already been determined, and traders know their own excess demands, but
the problem is how can they be cleared without the intervention of the auctioneer.
The chief difficulties of this coordination problem are information and motivation
(incentive compatibility); knowing what trades to make, and ensuring that agents
do not break their budget constraints. This last point is the most interesting
one for us, since pairwise trading is not the focus of the thesis. Only Ostroy i1s
considered in detail, as the methods of the two are very similar.

Ostroy’s model consists of a sequence of simultaneous bilateral trades, such

that each individual meets only one other in a given unit interval of time. The
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criterion for the efficiency of the exchange process is the number of periods it
takes to go from state (W), where the Walrasian equilibrium prices are set, and
agents hold their endowments, to state (A) where individual excess demands are
ZETO.

The fewer periods taken, the more eflicient is the process.

Ostroy focuses on 3 properties of trading sequences; r-

(i) Technical feasibility - i.e. based on physical restrictions that trades are
bilateral and not multilateral.

(ii) Informational feasibility - requires (i) and the restriction that the trading
sequence is not dependent on information available to other pairs.

(iii)‘Equilibrium’ or ‘behavioral’ feasibility - that the sequence is incentive
compatible - i.e. individuals have no incentive to depart from it (this is the part
of most interest to us).

This is later manifested in the need for ‘BB’ - bilateral balance with purchase
and sale values by an individual equal in any exchange.

‘BB’ becomes the focus of the paper, since Ostroy shows that trades satisiying
(i) and (ii) and minimizing the number of periods for (W—A) do not satisfy BB.
Hence, with BB the process takes longer. If the concern is to make sure that

individuals balance their budgets over all trades taken together, BB is ot course
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one way to do this, but _money’s use is another, which hence allows the saving of
time, as it allows the unbalance of trades in terms of real goods.

The economy consists of n individuals, m goods, and for a typical agent i, w; is
his endowment vector and a; his utility maximizing choice of consumption, where

E_’Qz' = 2’_’l_ui ,and for each commodity c;

Z Ajc = Z Wi (4)

i.e. market equilibrium.

Ostroy derives the minimum number of periods for which the allocation is
technically feasible (i.e. such that the sum of a pairs ‘goods holdings’ betore and
after a pair’s bilateral trade is the same). This number is K = log n where K is
the minimum number of periods for n agents (for n# 2%, a slight modification is
required).

Ostroy’s next proposition is that if the BB requirement is imposed on trades
then the ‘A’ allocation is not technically feasible for the above indirect exchange
model (i.e. defined as one that uses log n periods) this is really just the same as
saying that imposing BB will mean the allocation ‘A’ takes longer to achieve.

In terms of direct meetings, i.e. {for everyone to meet each other once, meetings
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are required which take. a minimum number of (n-1) periods. This is termed a
direct exchange economy.

Ostroy then turns his attention to the informational feasibility of trades -
i.e. how trades are actually made between individuals, when they have limited
information, (i.e. as opposed to the presence of an ‘all-knowing’ broker) for both
direct and indirect exchange economies. The implications of a pair (or a broker
coordination-coordinating them) not knowing the excess demand of other agents
is contained in Ostroy’s propositions 5-7.

Proposition 5 is that the competitive equilibrium allocation (CE) is not in-
formationally feasible in the indirect exchange model. Intuitively this is quite
obvious, as agents will not know the ‘needs’ of future trading partners (direct or
indirect) and hence do not know what they need to give/receive now. (This is
even without imposing BB.)

Proposition 6 is that if trades must satisfy BB the CE allocation is not infor-
mationally feasible in the direct exchange model.

The basic reason for this is that since we assume there isn’t a good present in
sufficient supply to act as a balancing item, what is accepted in payment has to be
what one is able to sell in the future. This is a strong informational requirement.

Ostroy then notes that the use of money instead of IOU’s betrays that the
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parties lack information_ about where and when the debt will be settled.

Proposition 7 is that when BB is not imposed, the CE allocation is informa-
tionally feasible in the direct exchange model. This can be proved by the use of a
rule developed in Starr (1972), that of excess demand diminishing trades (E.D.D.
trades). These are such that agents never engage in trades which change the
sign of their excess demands. That this should cause the allocations to converge
towards the CE allocation is obvious.

Intuitively, this rule only requires the ‘bilateral’ knowledge of excess demands.(Of
course, it is impossible to use E.D.D. trades in the context of an indirect exchange
model.)

Ostroy, in looking towards the behavioral feasibility of exchange sequences
notes

(i) E.D.D. trades are unlikely to satisfy BB. To do this would in fact require
a double coincidence of wants.

(ii) E.D.D. trades will not form a utility increasing sequence. Obviously, the
total effect of the sequence is to increase utility. But (by the same lack of double
coincidence as above) it will not be increasing at each step.

Ostroy then looks at the question of whether a sequence of trades, technically

and informationally feasible, which reaches ‘A’ is in fact an equilibrium i.e. is it
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compatible with individual incentives. He tackles this by noting that the trade se-
quence (organized by a broker) is to be based only upon the information ‘revealed’
by a trader. Here we have the incentive to default - individuals can overstate their
position and hope to get extra goods, breaking their budget balance position.

Of course, if BB over all trades together (BUB) is imposed somehow (without
the requirement of BB on each individual trade) then ob'v:'_iously individuals cannot
default, and hence we arrive at Proposition 8; If the CE allocation is information-
ally feasible, and if BUB is imposed, the CE allocation is an equilibrium.

However, due to the informational restrictions, we know that the only way this
carn .be satisfied is if B-B is imposed.

Hence we have proposition 9 which is that the CE allocation (A) is not an
equilibrium for the direct exchange model. (From proposition 6 and the need to
have BB for equilibrium).

Ostroy then proposes an alternative to keep BUB satisfied. This is by the use
of ‘money’ in the form of credits given by the purchaser to the seller and monitored
by a central monetary authority. This treatment of money as a balancing item of
course ignores any notion of liquidity constraints; the occurrence of these through
an insufficient quantity of money in the economy is of course a major theme of

this thesis.
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Hence we arrive at proposition ten which is that in the monetary version of
the direct exchange model, the CE allocation is an equilibrium.

In summary, Ostroy draws attention to the fact that the role of money he
wishes to concentrate on is its record keeping property (hence his cheque book
approach) to avoid the usual approach of simply saying money is distinguished
from other commodities by its durability, portability, etc. However he acknowl-
edges that to equally carry out the record keeping, it would obviously be prudent
to select a medium with those desirable quantities, rather than a higher cost cen-
tral book-keeping method, or a cumbersome commodity money. The advantages
over a book keeping system were also mentioned by Levine (1991) and will be
touched on in again in chapter 3.

The set up of Ostroy et al. points the way towards the introduction of money
as a method of overcoming restrictions yielded by extra budget constraints. In
later parts of the thesis we shall see that such restrictions equate to the absence ot
inside assets, which create a non monetary equilibrium that is non Pareto optimal

and allows money to be valued.
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1.3.2. Overlapping Generations Models.

An important class of models that points out the relation of inefficiency of a non
monetary equilibrium and the existence of a monetary equilibrium, (a topic which
will be approached in chapter 2) are Overlapping Generations Models which began
with the contributions of Allais (1947) and Samuelson (1958). Deeper analysis
of this class of models and their relation to models wit-h’finﬁnitely lived agents is
reserved until chapter 6. Here we content ourselves by expostulating some of the
basic results of the simpler kind of overlapping generations models that conveys
the basic notions. The role of money in improving welfare is an important poinf
that these models bring out and one that will be addressed and countered in
chapter four.

To these ends we now review an important paper by Cass, Okuno, and Zilcha(1979)
that exposits Samuelson’s basic model,generalizes it and examines its two central
conclusions,which are

(1) Existence Proposition

There is a monetary equilibrium if and only if there is no barter equilibrium
which 1s Pareto optimal.

(2) Optimally Proposition

If there is a monetary equilibrium then there is a monetary equilibrium which
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i1s Pareto optimal.

Cass, Okuno and Zilcha (COZ) find that quite plausible alterations in the
taste and endowment patterns (notably heterogeneous households, non convexities
and non stationarities) of Samuelson’s basic model change the above conclusions
dramatically. We shall not go into these variations in this survey. Instead we shall
simply cover some basic results and intuition in the standard Samuelson model.
Further detailed consideration of this model will be presented in the final chapter,
particularly as to why the equilibria may be indeterminate.

The terminology of a ‘barter economy’ is borrowed from Samuelson and Cass,
Okuno and Zilcha for consistency and simply refers to a non monetary economy.
The story traced out below looks at when the absence of assets that allow the
transfer of goods across generations will allow money to have positive value in
equilibrium. The absence of the assets is usually motivated by noting that one
cannot strike a debt contract with someone who will not be around the following
period. Alternative structures that allow for a social security system, a sequen-
tially complete asset market or a complete asset market that allows agents to meet
and trade before they are even born are however sometimes used by theorists in

the field of overlapping generations.

I now review the familiar O-G framework in its simplest form. It consists of
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one type of consumers in every generation, (hence in a representative agent style;
just 1 consumer), each generation living for just 2 periods, with a new generation
born each period. The model is started at time zero with the initial old generation
(born at time -1 and having no-one to trade with when young)given one unit of
money between them. The initial old consumer will obviously consume his second
period endowment and supply his money inelastically. Eor other generations the

problem is for the generation born in period t; in which consumer h maximizes;

(@) 8

Subject to;

Ptc? L Pt+1c?+1 < Pf’yi1 T Pt+1?/?+1 (6)

Hence equivalently;
pe (v — ) > My (7)
De+1Ct+1 S Mth T pt—!-ly?-;-l (8)

A competitive equilibrium in this model is a set of prices, and optimal con-

sumption plans that satisfy the constraints for a teasible allocation:
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DA Y 17k (9)

heGy_1UG: he€Gt-1UG,

Where G; denotes the generation born at time t. The generation subscripts
are dropped in situations where no confusion is created.

A useful diagrammatic tool in this analysis is the reflected generational offer
curve shown overleaf. Looking at the curve for Genera.tiotn t, we define it as a plot
of z,,; against z; where z; is the excess supply of the (single) consumption good
in the first period of life, and z;4; is the excess demand in the second period of
life, by the same set of agents (i.e. within the same generation). Since the COZ
paper considers only scenarios of zero population growth, the use of the reflected
generational ofter curve to characterize the equilibrium is very simple, as we shall
see.

Since we require that the excess goods demand of old = excess goods supply
of young, then competitive equilibrium requires that ¢,_,z; = ¢,2:. As will be elu-
cidated later, the situation in figure one depicts a case where stationary monetary

equilibrium exists. Diagrammatically, we impose the equilibrium condition in the

spot market by selecting the point on the vertical axis to represent;

Ge_1 <t (10)
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and then tracing across to the 45 degree line to find the excess supply of the

following generation that will yield equilibrium, namely;

G <t (11)

Other points to note about the offer curve in general are that at the origin (the
endowment point), its slope will be equal to that of the relevant indifference curve.
Secondly, as we change the price ratio to sketch out the reflected oftfer curve, we

have that the slope of the line from the origin to the relevant point on the offer
curve is equal to the price ratio. This is obvious when one remembers that z; and
7:4.1 are derived from the agent’s constrained optimization (see equation 6)._
COZ then go forward to examine the central story of Samuelson’s original
model using these techniques. In this case, with strictly quasi-concave utility, the
offer curve will cross the 45 degree line just once. Hence a unique barter equilib-
rium will exist (g, ,z: = ¢,2: = 0 which implies autarchy, with each generation
consuming its endowment). Note that will occur for a range of price ratios below
a. critical value and although above we define p;, p;41 In money terms, the price

of money is in fact zero (p;,p:4+1 infinite) in an autarchic equilibrium. A key result

is that there will exist a unique stationary monetary equilibrium only if the offer
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curve, g intersects the 45 degree line in the positive quadrant. This will dnly occur

if the slope of the offer curve at the origin (endowment point) is less than one.

Define this slope as r,where

QU(‘yl 1y?2

_ dc
= 3u (yll,yzf <l (12)

dco

' T

If this quantity is greater than unity no competitive monetary equilibrium will
exist. The essence of the key condition necessary for the existence of monetary
equilibrium is that we need to find a rate of return on money as provided by the
path of prices so that people will be willing to hold it over one period and that
this rate of return is compatible with the rate of arrival of new resources into the
economy. The key point on this was highlighted by Tirole (1985) in noting that
the value of money is essentially a bubble since it is intrinsically worthless, and
that its value grows at the rate of return, which hence must be supportable by

the real resources of the economy. The higher is the rate of population growth

the higher is the feasible rate of return.
In addition to the unique monetary equilibrium (with r < 1) we can sketch
multiple non-stationary monetary equilibria. An example is shown in figure 2.

Note: as we follow the path down the offer curve, we effectively trace out
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situations in which the excess supply of the young equals the excess demand of
the old with the price ratio falling each time, as does the equilibrium level of
trade in each round, with the non-stationary equilibria converging asymptotically
to autarchy. The occurrence of such equilibria will be analysed in chapter 6.

We now look at the welfare implications of these cases. In the case where
we have just a single possible equilibrium - barter, with the marginal utility ratio
(r)>1, then this barter equilibrium is Pareto optimal. The basis for this statement
is that under such arrangements of endowments and preferences (giving r> 1) then
we might suspect that a passing of goods {rom old to young is required to improve
welfare. However, it i1s common to assume in consumption-loan models that the
economy has a definite starting date. Hence the existence of the initial generation
who is ‘old’ in the first period of the model. (This feature is discussed by Starrett
(’72) and Shell (’72)). It means that to try and make Pareto improvements by
the passing of goods from the old to young will unambiguously make the initial
generation worse oft. In eflect, as Shell notes, this is really symptomatic of the

fact that we pass some of the good forward into infinity. In contrast, the passing

of goods from young to old accomplishes the opposite - i.e. we have some of the
good brought forward from infinity. If we allowed a doubly infinite period, the

old to young transfers would be Pareto improving (if r >1).
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In the case where the marginal utility ratio is r < 1 at the endowment point,
then the barter equilibrium is not Pareto efficient (nor are the non-stationary
monetary equilibria). The role of the efficiency or otherwise of the non monetary
equilibrium in determining the existence of a monetary equilibrium is intuitively
simple. The process of looking to see if we can reallocate goods across generations
by bringing goods back from infinity is analogous to seeing it we can find a rate
of return on money so that agents are willing to transfer goods from young to old
age, and that rate of return is compatible with equilibrium, in the same vein as
the Tirole argument.

In summary these result of course demonstrates the propositions of Samuel-
son’s model, concerning the efficiency/otherwise of the barter equilibrium and the
existence of the monetary equilibrium and its efficiency. In particular the role
of money in a Pareto improving role is demonstrated in an ‘essential monetary
model’. Indeed the stationary monetary equilibrium is Pareto optimal, though we
shall see that non-interventionist monetary equilibrium in overlapping generations
models and non-interventionist monetary equilibria in models with contempora-
neously and infinitely lived agents have different welfare properties.

We shall see that in other respects there are some similarities between these

two classes of models however, for instance on the issue of the number of equi-
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libria in the model. However the latter class of models, consisting of infinitely
and contemporaneously lived agents has the advantage of modelling money as
something other than a purely intergenerational phenomenon and highlights the
role of market imperfections in generating a role for money. It is to this class of

models that I now turn.

1.3.3. Models of Money with Contemporaneously and Infinitely Lived

Agents.

This section of the thesis considers models where agents who live contemporaneous
and infinite lives operate under an imperfect non-monetary financial system so
that the possibility of a monetary equilibrium is created. The models covered set
the scene for the original contributions examined later and particularly introduce
the notion of ineflicient monetary equilibria and the optimum quantity of money.
Other models of this class will however be covered later in the thesis, in order to
facilitate understanding of particular points of interest.

The model covered here in detail is the most basic of this ‘class’ and was pro-
posed by Townsend (1980). This is mathematically equivalent to a special case of

the model presented by Bewley (1980, 1983) and the issues addressed are again

trading, optimality, the valuation of fiat money and the optimum quantity of
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money. Studying this model will enable us to see the relation between a model in
which agents are contemporaneously and infinitely lived when the financial struc-
ture is ‘perfect’, and secondly the same set of agents when money is the only asset
and thirdly the overlapping generations models of fiat money. The relation of an
inefficient non monetary equilibrium and the existence of a monetary equilibrium
is highlighted again. Another important issue addresse:d 1s the efficiency or oth-
erwise of the monetary equilibrium; i.e. the ability of money to overcome the
incompleteness of markets. This in turn leads on to consideration of the optimum
quantity of money.

The model is one in which agents wish to smooth their consumption in the
face of uneven income streams. The optimal teasible allocations, the competitive
allocation under loans and the allocation with money when we have an interven-
tionist and non-interventionist monetary authority are addressed. The exclusion
of inside debt can be imposed exogenously as in the Bewley model or endogenously

as in the Townsend version.

The physical set-up of the model is of N agents each living for T periods ( A
horizon later taken to be unbounded) whose only heterogeneity is their endowment
streams of the single perishable good. There are two types of agents (equal in

number) such that for “Type A’ the endowment pattern is;
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y* = 1 when t even (0, 2,...)

y# = 0 when t odd (1, 3,...)

and y? =1 - y4.

Restricting attention to those allocations treating all agents within a given

type identically, the social planner’s problem is to maximise;

T T

A Bu(el) + (=23 Bu(cf) (22)
t=0 t=0
Subject to;
i +cf <1,V (23)

Yielding first order conditions

u (Cf“_)_ — E’ (Cil) Vi (24)
() T W)
Optimal allocations are then characterised by;
ci =Ty, Vi (25)
¢, = Cp,Vt (26)
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(Where ¢4 = 1—¢p, the split between the two being dependent on the planner’s
weights).
We now examine competitive equilibrium with loans.

The problem for an agent is to maximise;

T
> Bu () _. (27)
t=0 )
Subject to;
et <y 4l (14 714-1) (28)
co + lo < Yo (29)

Where [; denotes the outstanding stock of assets at the end of period t (they begin
the model with no debt).1+4r;_; denotes the gross real interest rate on period t-1
assets. Clearly 1, < 0 indicates borrowing.

For the last period we impose the condition that [ must be zero. This nat-
urally imposes the solvency condition on agents and the flow form of the budget

constraint can be easily transformed into its lifetime or ‘present value’ form:

PV (consumption) = PV (income)
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The first order conditions yield, for any type of agent;

= - (31)

Hence, in equilibrium, imposing either goods or loan market conditions for

equilibrium;
) v0-d) 1 o
() | w(l-cd) B+
Clearly;
1
(1+7¢) = ; (33)

yields an equilibrium.

It is obvious that the equilibrium will be Pareto optimal. The equations above
can represent either the special case of Bewley’s model or Townsend’s Turnpike
model. Townsend’s model specifies the environment in which agents can meet
each other and then derives the asset structure endogenously. T'he set-up is one
in which there is an infinite number of West heading agents and an infinite number

of East heading agents travelling along a Turnpike of infinite length consisting of a

countably infinite number of trading posts. Each set of agents shifts along by one
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post on the Turnpike each time period, and each time trades with the agent on
the opposite side of the Turnpike. The crucial point about the structure is that no
pair of agents will meet together again. Hence private loan markets are infeasible.
Trade can only be facilitated by money. Again, the need for trade is created by
the pattern of endowments over time, which is such that an East-heading agent is
endowed with one unit of the consumption good at an odd-numbered trading post
and zero units at an even numbered trading post. The opposite pattern prevails
for the West-heading agent. Hence the opportunity to transier the consumption
good across agents is created. As before, we term agents endowed at even time
points (including zero) as type A and the others B, who have My units of the
currency at time zero. Type A agents have no currency endowment initially.

Each agent maximizes;

iﬁtu (ct) (34)
t=0
Subject to;
pect + Miy1 < peye + My (35)
And;
Mipr1 2 0 (36)
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Forming the optimization problem into a Lagrangian, with ), as the lagrange

multiplier on the constraint at time t, then the F.O.C. are;

B'(u' () = Mp) < 0, ifc; =0 (37)
- 0, if Cy > 0

—B N+ B N < 0, if My =0 (38)
- 0, if Mt > ()

The transversality condition is;

lim B\ M, =0 (39)

t—oo -

Since we require, for Pareto optimality, that;

u’ cﬁl_l v (ep
- ) a
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For a steady consumption stream, we desire;

D

41
Di+1 ( )

As was noted in the discussion of the Bernhardt paper, having this rate of
deflation is incompatible with having a constant money stock, and we again choose
an equilibrium with a constant price level. o

We shall here, as Townsend and Bewley do, restrict attention to the deter-
ministic steady state ot the model. Non-stationary equilibria in this model as
well as stochastic equilibria may occur as in the overlapping generations models _
of fiat money. As I have noted before, this topic is further covered in the final
chapter of the thesis. In the meantime we should note that the presence of the
liquidity constraint truncates the planning horizon of the consumers. The first
order conditions below, since the liquidity constraint binds can hence be seen
as equivalent to those of a sequence of 2 period lived generations, although the
welfare implications of such models are diflerent.

Since we have established above that the liquidity constraint must bite (con-

firmed by the argument below also), the total money stock will be passed across

the Turnpike each period, in alternate directions.
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Returning to the first order conditions we guess naturally that agentsl endowed
with the good in period t will carry money balances over, and be liquidity con-

strained in the following period. In the unconstrained period;

!
u (Ct_+1)_ B At+1Dt+1 B At+1

= = 42
' (ct) AP At (42)
(Since the price level is constant)
For these unconstrained agents it must be that;
Aty 1
BYR: )

If we denote consumption of the agents who are endowed with a unit of the good

in a given period as ¢* and consumption when not endowed as c¢** then;

u' (¢**) 1
= — 44
(@) P )
With ¢** +c* = 1.
In the following period for this same agent;
u' (c”)
. — 45
’U,’ (C**) ﬁ ( )
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So, with # < 1, we have that the marginal rate of substitution fluctuates either side
of the unit value required for Pareto efficiency. If we treated agents symmetrically,
then of course ¢* = ¢**=0.5 is the desired smoothing outcome.

The intuition behind this is that the friction of time preference (impatience)
causes agents to carry over too little money to smooth consumption in the follow-
ing period i.e. the liquidity constraint bites as a result of last period’s optimiza-
tion; or equivalently viewed in a general equilibriim context, that the side of the
market that is supplying goods supplies too little, since the return on savings is
too low.

Looking back to the first order conditions, we see that (assuming c; > 0);

' () = Mpy (46)

i.e. ) is the extra utility of an increment of money devoted to consumption in

the current period t.

Also we can see that if M;,; > 0 (i.e. when agents are selling and the liquidity

constraint does not bite) then;

A = Ayt 3 (47)
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Agents are able to optimize in their choice of money balances at that point.
However, when money holdings are run down to zero (i.e. when spending

money) then;

At+2

1
N B (48)

1.e. - agents would in fact like to devote more of their resources to consumption
in (t+1). However the non negative constraint on nioﬁey holdings stops them.
1.e. the liquidity constraint bites. We now turn to the question of interventions
that need to be used to correct the inefficiency, a major theme for the rest of the
thesis.

The interventions that are performed are to engineer a deflation of the price
level over time to parallel the Friedman (1969) proposal of bringing private and
soclal opportunity sets into line; the optimum quantity of money proposal. In an
economy such as this one a social planner has the opportunity to redistribute goods
within a period across agents who are endowed and not endowed respectively.
The opportunity that faces agents however is an intertemporal one and their
calculations in redistributing goods across periods when endowed and not endowed

involves taking into account their rate of time preference and the rate of return

on the means of storage. Impatience thus provides a friction. To see this we

J
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can note that the fluctuations in consumption as described above disappear if
we have 8 = 1. The task of the monetary authority, according to Friedman,

is to pay interest on money equal to the rate of time preference to correct the

market failure of money and create opportunities identical to those that the debt
mechanism provides. An alternative method is to deflate the money supply over

time to make the price level fall at the same rate, which is the method we follow

below.
In computing the equilibrium by anticipating the constant rate of deflation

we seek, we expect that agents will carry positive amounts of money when they
are sellers and spend all their cash when they are buyers (this will be seen to be
still valid even though they are strictly speaking unconstrained when buyers in an
efficient equilibrium). Given that we assume a velocity of circulation of one then

a quantity type equation would be expected;

pr = KM, (49)

Proportional money taxes are levied such that;
)

Nominal T'ax = Tt = Mt — Mt+1 = (1 - ﬂ) Mt (50)
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The taxes must be lump sum, and note also that a contrast with the second
welfare theorem is implied, with continuous redistribution required, rather than
simply one distribution at the initial date.

An interesting footnote to these efficiency issues is provided by Townsend. If
we look back to our stationary overlapping generations models, in a steady state
we had a constant money stock and a constant price leyel and agents optimised

according to;

u' (¢;) = Bu’ (crq1) (51)

(this is with a fixed money stock). This gives us a Pareto optimal solution.
However, in a model such as the Turnpike, a steady money stock and price level
giving;

u' (¢;) = P (Ceq) (52)

1s sub Pareto optimal.

This puzzle is explained by Townsend by noting that the Turnpike model
pairs agents of the same age.BThe overlapping generations models, in contrast,
pair agents of different ages. Hence, when we pass goods between young and old
(assuming, for symmetries’ sake, that we do it for all generations) we effectively

carry out a redistribution of goods across time periods for all agents. Hence
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the equality expressed above indicates a situation that is Pareto optimal in an
overlapping generations model.

The analogy to production is pertinent here as we can trade oftf the amounts
of consumption for young and old in an overlapping generations model. This is
to be contrasted with the re-allocation carried out in the Turnpike model, where
we cannot change the total consumption of a certain age group, and the optimum

re-distribution requires that;

u' (c) = v (cp41) (53)

Of course, in the Turnpike model, if we could achieve equality(52) for both
agents (whilst in all periods using all the economy’s endowment) - that allocation
would be Pareto optimal, but could only be achieved if we had total resources
available in period (t) greater than those in period (t+1) enough to allow the
above equality for both. 5

The Townsend model and its equivalent, a special case of the Bewley model

both have deterministic endowments. Bewley’s (1980, 1983) model is the more

general case and has endowments generated by a stochastic process, and will

be covered in detail in the next chapter. Other variants of this framework are
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developed by Levine (1991), Kehoe, Levine and Woodford (1992) and Scheinkman
and Weiss (1986), whose work is extended by Dutta and Polemarchakis (1990).
These will be mentioned again in the final chapter. Other liquidity distribution
models are developed by Fuerst (1990) and Christiano and Eichenbaum (1992). -
These latter two look at liquidity distribution of a more temporary nature; a
representative household is split into sectors and then re-united at the end of a
period. The former set of models mentioned in this section allow an evolving
distribution of liquidity through time.

In the Scheinkman and Weiss model there are 2 agents whose positions as buyer
and seller of the economy’s single consumption good are prone to reverse as in the
Townsend model. Here however, the change in positim{ls 1s random and determined
by a Poisson process, which determines the allocation of the opportunity to work
and sell the output. In the case of even an ineflicient equilibrium of the Townsend
model, where the total level of liquidity is too low, what liquidity is there is
always ‘conveniently’ heldy by the buyer. In Scheinkman and Weiss the random
changes in position of the 2 agents means that in cases where the level of liquidity
iIs too low then a long period of time with the buyers and sellers in the same

position causes problems. Scheinkman and Weiss and Dutta and Polemarchakis

(1990) show that this factor can yield persistence in output after a single shock.
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The mechanism is that _previous shocks cause the agent who is now a buyer to
have low real money balances, and the seller/worker has high balances that yield
a low incentive to work. Contrary to the Friedman notion of the benefits of
anticipated deflation, Scheinkman and Weiss focus on the benefits of a once and for
all unexpected injection of money into the economy in a ‘helicopter’ drop fashion.
This is symmetrically distributed to all agents and has t};e effects of redistributing
liquidity towards the ‘poor’ buyer who holds low real money balances. The crucial
extra factor of liquidity distribution as opposed to simply its quantity is thus
highlighted. This issue is then taken up by Levine (1991) and Kehoe, Levine and
_ S
Woodford (1992) who look at the effects of anticipated money injections. Levine
looks at the extreme case of linear utility so that corner solutions in consumption
occur and so only the distribution of liquidity is important, not its quantity (due to
bang-bang behavior) so that in that case inflation is always the best policy. KLW
examine the balance between the 2 policies using concave utility functions. The
optimal policy balances the redistribution of liquidity towards previously unlucky
agents who are hence low money holders now with the Friedman type gains from

increasing the quantity of real money balances. As in Scheinkman and Wheiss,

aggregate fluctuations occur in the KLW model since there are only two types of

agents in the model; and the authors note that the class of models is evocative
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of the Leijonhufvudd (1973) concept of a classical corridor. The economy has
sufficient bufter stocks of liquidity to deal with small shocks but not large ones,
where the size of the shock here corresponds to the duration of the time that
buyers and sellers stay in the same configuration without reversing.

Mehrling (1995)shows that even in the case of a model with a continuum
of random variables that yields a deterministic steady state, the distribution of
liquidity can play a role when its quantity is finite.

The models that follow in the original chapters have the common factor

L

of being non representative agent models where money changes hands between
agents through time, hence contributing to the field of study of Bewley, Levine,
Townsend, et al. We might hence even also put the models alongside the overlap-
ping generations framework, due to some similarities that have been highlighted;
chapter 6 will bring out similarities also.

I have exposited models in the survey which cover a number of issues. Not all
of these are uniquely related to models of infinitely and contemporaneously lived

agents but the models examined provided useful insights and contrasts. We saw
how an inefficient non-monetary equilibrium created the opportunity for a mon-
etary equilibrium, in the overlapping generations framework and the Townsend

model, and more suggestively in other models (e.g. the work of Ostroy). The
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record keeping role of money in enforcing budget constraints was also noted, most
particularly by Ostroy. Money’s Pareto improving role was also noted. The ques-
tion of whether money’s Pareto improving role extended to make the monetary
equilibrium Pareto efficient was then addressed, introducing the notion of the op-
timum quantity of money. All these issues are addressed in the original chapters
that follow but many of the issues that specifically pertain to models of non-
representative agents have not been emphasised in this initial ‘general’ survey,

and will be covered in later chapters as necessary.

1.4. Issues to be Addressed

Despite the common theme we can identify each chapter with different issues in
the field. As I have said, not all of these topics have been covered in the survey
so far and some of the chapters commence with some survey material which will
aid understanding of the particular model presented. Below I repeat an outline
of the issues addressed in each chapter.

Chapter 2 addresses the issue of the valuation of fiat money in a scenario of
uninsured idiosyncratic production risk for a continuum of contemporaneously and
infinitely lived agents, since such a gap in the literature currently exists. 1 then

examine the issue of the existence of equilibrium under the regime of lump sum
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taxation that is traditionally associated with the implementation of the optimum
quantity of money proposal, since this is an area in which Bewley found a problem.
Such an issue is of interest in the field of non representative liquidity distribution
models, since it is closely tied up with the way in which money is modelled as
changing hands between individuals, and so far no model has examined the issue
with productive capital instead of endowments. The chapter commences with a
non technical exposition of the important parts of Bewley’s 1980 and 1983 papers
since the originals are somewhat opaque in their presentation.

Chapter 3 takes an alternative approach to the issue of the tax system required
to implement the optimum quantity of money proposal. Instead of restricting
attention to lump sum taxation as other authors do, I set up a model with the same
basic mathematical structure as the model of chapter 2 but this time specifying
an information structure that restricts the type of state contingent taxes and
redistribution schemes that are available to the government to reallocate resources.
In the context of this model I then address a conjecture of Hellwig (1982) and

Woodford (1990) that if taxes could be levied on individuals in a way that avoided

the ‘Bewley difficulty’ then the information structure would be such as to make
money inessential in the sense of Hahn (1965, 1973); that is, that money’s value

would vanish since it is replaced by a complete set of markets. Their conjecture

09



was made In the context of a pure exchange model but my analysis will be seen
to carry over easily.

As part of the analysis I am able to shed light on the way in which the im-
plementation of the optimum quantity of money proposal operates, by noting fiat
money’s essential properties of anonymity and common usage. Paying out the
proceeds of taxation by raising the value of real balances is seen to be superior to
an insurance scheme.

Chapter 4 examines a basic notion about money on which the optimum quan-
tity of money literature is based; that more money is a good thing, as we have
seen 1n 1ts Pareto improving role. More particularly I will question if it is possible
to have an equilibrium in which money has too much value in a model of infinitely
and contemporaneously lived agents. I answer the question by appealing to a fun-
damental shortcoming of money as an asset. The roles of assets in changing the
distribution of liquidity across the agents in the economy is essential to the story
and demands the non representative agent framework used.

Chapter 5 presents a model which addresses the issue of the superneutrality or
otherwise of fiat money. I investigate the implications of the underlying cause of
Bewley’s difficulty for the eftects of monetary policy in a case where that problem

does not lead to non existence of monetary equilibrium under deflationary policy;
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namely an economy with a finite horizon.

Chapter 6 addresses a set of issues difterent to those of ‘pure’ monetary theory
by examining the effects of the distribution of liquidity in the economy on economic
fluctuations, as opposed to looking purely at deterministic steady states and their
weltare characteristics as in previous chapters. I present two models, one where
a non convexity In investment opportunities leads to mlgltiple equilibria and also
the possibility of an endogenously generated investment cycle, and a second model
where the distribution of liquidity over time is endogenised and interacts with
the non-convexity of investment opportunities to cause persistence of low output
levels; the distribution of liquidity between agents of differing risk attitudes is
important here.

Before I commence chapter 2 it will be usetul to stop and think about what the
important functions of money are that we might wish to capture, the best ways
to model them and what various models represent in terms of monetary factors.

As mentioned earlier, the point of departure of the thesis was seen to be the
Arrow-Debreu model rather than ‘practical’ monetary theory, and the deletion
of markets might leave us wondering what role money is supposed to play in the

models of the type of Townsend and Bewley which form the basis of the thesis. The

obvious answer would be to say that they show the role of fiat money as a financial
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asset in guarding agents against the risk of low income. A critic of the model might
say that since money is not dominated in rate of return with probability one in
any of the models I present (with the exception of the first model of chapter 6)
then its properties as a medium of exchange are not represented; namely that
adding another alternative store of value would cause money to disappear from
the model. We can answer such a criticism by splitting it into two parts, so to
speak. We might firstly ask if a model such as Townsend’s captures some of the
essential aspects of money as a medium of exchange as well as being a value store
model, even if it is in a less than literal sense. The key factor in the models
such as Townsend and the ones that will be encountered below is that money
changes hands in equilibrium, and we can note the defence by Wallace (1980)
of overlapping generations models that this captures an essential property of the
exchange process. Indeed we note that money in such a context does overcome a
lack of double coincidence of wants, even if it is only temporal. The key difterence
between the exchange property and a value store that allows self sufficiency in the
Robinson Crusoe sense is then depicted. The ‘acceptability’ of money by agents
that is crucial to its value and which is often quoted in the medium of exchange

literature is also captured.

However, addressing the second part of our suggested split of the issue means
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asking if the model is a good literal representation of the role of money, particularly
in regard to its rate of return dominance. We need to explain why there are no
other safe assets in the model. In models that do have money dominated in rate of
return, for instance the model adapted from Fuerst (1992) in chapter 6, the rate of
return dominance comes from money’s liquidity property. A way to defend models
such as Townsend and Bewley is thus to say that the _hglding period of money is
short and that the modeler has simply chosen to abstract from consideration of
‘lower frequency’ activity. However, an alternative way is to question the concept.
of rate of return dominance by other assets. If we looked behind inside assets that
dominate money we might ask what backs them and suggest that money is doing
this job. If people did not feel that their balances at a financial intermediary were
not convertible into cash, then their view of these assets as safe might not be so
obvious. If we search for a real store of value that dominates money then we might
even be driven to look at something such as land. The land versus money debate
is of course evocative of the overlapping generations literature, and on this note
we can counter the competition from land by notin_g that its transactions costs are
too large for anything but a very long term store of value role. We might view this
second line of defence as a ‘Keynesian’ one that pushed the role of money as the

only available safe asset in the portiolio. This is a particularly strong argument
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if we invoke the notion of sticky prices over the business cycle.

The arguments above are disparate but I tend to side with Wallace’s view that
distinctions between the diftering roles of money as depicted in economic models
are sometimes overplayed. Wallace notes that if the crucial characteristics of a
medium of exchange function are in the way that it is actually exchanged between
agents then the role is adequately covered by an overlapping generations model,
and therefore certainly also for models infinitely lived heterogeneous agents.

I will also mention briefly different possible interpretations of models with
regard to what the money of the models in all parts of the thesis can be taken
to represent, with relevance to what insights the models can yield. A literal
interpretation of course would be of fiat money literally passing round a system,
which is what the models puport to show. Alternatively, a more metaphorical
approach might view the fiat money as playing a role in backing inside assets, of
either short or long maturity, but influencing economic activity in all cases.

In conclusion of this short discussion, I would say a very strict interpretation
of the models is not necessary for them to have a meaning. This goes for models
both surveyed and original. Whatever individual opinions are about the
role given to money in the various models, we can say that the field

does indeed yield interesting macroeconomic insights into economies
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with insufficient liquidity; the models are more than purely monetary.
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Chapter 2

Money and Risky Production



2. Money and Risky Production.

This chapter picks up on aspects of two topics covered in the literature survey; the
existence of an equilibrium with intrinsically useless fiat money and the optimum
quantity of money with idiosyncratic income or Olltp‘laltt risk. The chapter splits
into two parts. The first part contains a detailed survey of the work of Bewley
and Levine which was briefly touched on in the literature survey. The second
part exposits an original model that approaches the issues from a difterent angle
by including risky capital instead of risky endowments, hence filling a gap in
the monetary equilibrium existence literature, since no non representative agent
models with risky production exist. Money’s common usage among agents is
important here, since it yields a constant price level in the face of idiosyncratic
shocks. In the conditions for existence I find a role for the rate of time preference
different to the role it plays in the work of Bewley and Levine. I then examine
the issue of existence of equilibrium under the regime of taxation and interest
payments on money. I find a problem that echoes a difficulty Bewley found but
has a fundamentally different cause which is endemic to the nature of the model. I

show that no monetary equilibrium exists with a strictly positive rate of interest on
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money if we restrict attention to the case where all agents carry strictly positive
precautionary balances at all points in time. ‘The result arises in spite of the
presence of an alternative value store to money such that no individual ever has
to hold an amount in money equal to the per capita money stock to meet his tax
bill with probability one, so that the cause of the difficulty in Bewley’s model is
eliminated. Furthermore I manage to draw on the insig}¥ts gained in the model to
suggest a problem that might occur in Bewley’s model even if Bewley’s original
difficulty does not occur.

An important point to clear up at this stage is the diflerence between two
diﬂ”e.rent ways of implementing the optimum quantity of money proposal. One
method, as outlined in the Townsend model covered in the literature survey, is
to deflate the money stock so that the price level will fall at the same rate.
Another is to pay interest on money and keep the nominal money stock constant
by taxing individuals and using the proceeds to withdraw money from circulation
to subsequently pay the interest on money. The latter method is used in this
chapter, to achieve continuity of presentation with Bewley’s paper. In many senses
the difference between the two schemes is unimportant. As Woodford(1990) points

out the only difference arises when attention changes away from steady states, and

we allow per capita real money balances to change over time. If the money stock
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is deflated then a glance at the transversality condition covered in the literature

survey reveals that a wider range of equilibria may be possible. Chapter three

however uncovers another difference.

2.1. Bewley’s Contributions.

Bewley(1980) develops a model of individual endowment risk to address the issue
raised by Friedman’s Optimum Quantity of Money, and like Friedman considers
an economy where agents live infinite and contemporaneous lives. Fiat money is
the only asset and is used to offset short run income and taste fluctuations.
Bewley defines a monetary equilibrium to be an infinite sequence of random
spot market equilibria where all prices in terms of money are bounded away from
zero and infinity. Inflationary and deflationary equilibria are hence ruled out by
construction. Bewley then investigates the existence and optimality of monetary
equilibrium under various conditions. He shows (incorrectly) that if the state
dependent utility functions and preferences are such that consumers might need to
arrange self insurance by holding money then a monetary equilibrium can exist if

the interest rate on money is less than the rate of time preference of all consumers.
In such a case the low interest rate on money leads consumers to economise on

money balances and the resulting equilibrium is not Pareto optimal. Full insurance
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would require an interest rate equal to the rate of time preference (see Schectman
and Escudero (1977)). However in such a case no monetary equilibrium exists
as long as the stochastic process that generates endowments and preferences is
sufliciently random. Bewley is referring to cases where the optimum quantity of
money is infinite and full insurance would mean a zero price level for all goods
and unbounded consumption sets. Monetary equilibrium only exists with r ==-9
in these types of models in the case of periodic endowments, where r denotes the
rate interest on money and 8 is the pure per period rate of time preference. The
specific case we can consider is that of Townsend (1980) which I reviewed in the
survey chapter.

Bewley cements the concept of an optimum quantity of money in his model
by considering the notion of stationary equilibrium where the only constraint on
consumers is their long run average income (insurance is available) so that con-
sumers can allocate their income according to what Bewley calls the permanent
income hypothesis, where the marginal utility of money or nominal expenditure
is constant across time and states, even in the face of price fluctuations. The
almost equivalent situation that Bewley seeks in the monetary economy is a sit-
uation of incomplete markets, no borrowing but large real money balances so

that the marginal utility of money is almost constant, and cash rarely constrains
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consumers. He conjectures that it might be possible to make the equilibrium allo-
cation of such a monetary economy arbitrarily close to a Pareto optimal allocation
by paying interest on money, but he is unable to prove this. As he subsequently
showed in his 1983 paper, there is a problem with this statement beyond that of
burden of proof.

Bewley makes the point that the optimum quantity Qf money is infinite since
agents live forever and have risk in all periods of their life. However, efficiency is
not gained in an economy of consumers with finite lives since the incentives for
precautionary saving are too low (see Schectman and Escudero (1977)) to generate
the high real balances required, even though the optimum quantity is finite.

Bewley’s economy is populated by 1 consumers and contains L commodities
plus fiat money. Consumer i’s endowment for period n is governed by a stationary
Markov process with no transient states. The total fiat money stock is normalised
to 1 and interest payments on money are financed by lump sum taxes which are

used to keep the total money stock constant. Hence;

;’Ti =7 (1)

Period utility functions, like endowments are generically state dependent, but
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we will suppress the notation (sg.......... s¢) used by Bewley to denote the history of

states and hope that state dependence is clear. At time t consumer i maximises;

Ly Z 67 Uin (Zin) (2)
n=t

(Where x;, denotes his vector of consumption of t_he L goods 1n time period
n.)

Subject to M;o given, and;

M, > 0,Vn ()

So that borrowing is prohibited.

M;, denotes the nominal money balances held at the end of period n by con-
sumer 1, w,, is his endowment vector over the L goods in time period n.

The first order conditions that arise from this problem and in particular the
marginal utilities of money will be discussed when we come to Bewley’s 1983

paper.

A monetary equilibrium is defined to be a vector (p,(z;)) consisting of a price
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system and an allocation such that (z;)is a feasible allocation, x; is optimal given
(2),(3) and (4) above and the price system p must be such that all its components
are bounded away from zero and infinity in all time periods and states.

Bewley states'a_nd proves five theorems of which three are of particular interest
to us. Firstly he shows, incorrectly, that a monetary equilibrium will exist if
§5; < (1+7)"" for all i, and the §; are all sufficiently large. We will here adopt the
chronological approach of describing Bewley’s 1980 ‘proof’ and giving his 1983
correction later, since the ideas and method of his 1980 paper are instructive.
Bewley’s technique essentially contains three steps. He firstly shows the existence
of monetary equilibrium in a finite horizon economy. Secondly he shows money
prices of the goods are bounded both above and away from zero by a-priori values.
Finally he shows that this holds in the infinite horizon case.

Bewley constructs a general finite horizon economy lasting N periods that has
the same basic structure as the infinite horizon model described above. In order
for money to be valued in the face of a finite horizon, Bewley modifies an N
period horizon version of the utility function in (2) by giving end of period N
balances one unit of utility per unit of money. Existence for this economy is then
established by a standard fixed point argument. Monotonicity of utility in all L+1

goods is sufficient to guarantee strict positivity of their prices, including money.
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In periods prior to the last one, monotonicity again guarantees strict positivity
of prices of the real goods. Money yields no direct utility in these periods, but
arbitrage yields a strictly positive value. Existence of a monetary equilibrium for
the finite horizon is hence established.

However, since Bewley’s final target is a strictly positive value of money in
an infinite horizon economy, the final period utility app;oach will ultimately not
sufhice to give money value since such a device is by definition no longer present in
that case. Bewley solves the problem by invoking three important assumptions.
These assumptions ensure that the consumers have income fluctuating relative

to their consumption needs sufficient to generate a demand for self insurance.

This he does in the process of establishing that the money prices of goods in
an N period equilibrium are bounded above by p* and below by p,. The crucial
assumptions for his proof of boundedness above are assumptions 4, 8 and 9 of
his paper. Intuitively, assumption 4 says that in each state the economy’s total
endowment of each good is bounded below by a positive quantity. Assumption
8 says that each consumer has a positive probability of having an endowment
of every good less than a sufficiently small positive constant, which is below the
average of the relevant bound defined in assumption 4.The notion of some degree

of individual uncertainty exceeding aggregate uncertainty is hence established
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and so the opportunity for money mediated Pareto improving trades is created.
Assumption 9 gives us that in the states of bad luck defined above, marginal
utility ot expenditure on each of the goods is bounded below and will exceed
the marginal utility of expenditure when consumption is at the level of the lower
bound on the per capita average endowment of the respective goods.

Bewley uses these facts to establish that p, and E*,e:gist for the finite horizon
monetary economy. His existence proof for the infinite horizon economy then
consists of showing that these bounds are valid for the infinite horizon economy.

Bewley’s second theorem is that with an interest rate strictly less than the
rate bf time preference, no equilibrium is Pareto optimal as ldng as all consumers
consume something in all states and time periods, since agents economise on
money balances. I will shortly provide a sketch of the proof of this for an example
given in his 1983 paper.

Bewley’s third theorem is that no monetary equilibrium exists in an economy
where all agents have an identical rate of time preference, and the rate of return
on money 1s equal to this rate. The exception to this is the Townsend model.
(This result of Bewley’s is of course rendered redundant by his 1983 paper’s re-

sult.) The intuition behind this result is (as Schectman and Escudero have shown)

that the willingness to accumulate real balances increases without bound as 14r
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approaches + from below. This implies a zero price in equilibrium for all real

5
goods and hence unbounded consumption sets if the limiting situation is reached.
A counter-example to this result is provided by Mehrling (1995) whose choice of
a piecewise linear utility function with a kink point at the average endowment
means that 14+r = 6 yields a finite money demand.

A complement to the work of Bewley is provided by Levine (1989). As in the
work of Bewley, the rate of time preference plays a crucial role in the conditions
for existence of monetary equilibrium; that the consumers must be sufficiently
interested in the future to want to hold money. Levine’s contribution is to make
the restrictions on endowments and preferences more elegant. Levine’s condition
is simply that there be a unique Pareto ineflicient barter equilibrium. Hence ‘a
little’ diversity in marginal rates of substitution at the barter allocation instead
of ‘sufficient’ diversity will suffice. Levine considers real rates of return on money

in his model that are greater than or equal to zero, hence avoiding the problems

discussed below.

Simultaneously, Bewley (1983) and Hellwig (1982) discovered a difficulty with
Bewley’s first theorem one of his 1980 paper. Bewley was forced to amend this to
say that a monetary equilibrium will exist only if the rate of interest on money

is sufficiently small. The essence of Bewley’s result can be seen if we consider
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the case where each agent has a positive probability of income equal to zero for
an arbitrarily large number of periods, hence his minimum non interest income
is zero. If for instance all consumers have initial nominal money balances of M
and the same tax liabilities, then each agent faces a tax bill of rM per period.
Due to our assumption on endowment incomes the balances of M are the only
certain resource that the consumer has to meet his taxes,}which must be paid with
probability one. The consumer thus has to hold balances of M each and every
period and use the interest payment to meet his tax bill. It is easy to calculate that
if he ever runs down his balances below M then there is a positive probability that
he will fail to meet his tax bill. The problem that arises in this case will be that no
monetary equilibrium exists with a strictly positive rate of interest. There will be
a demand for precautionary balances which will be insatiable, since the money is
already used up totally by agents holding it to pay taxes. These balances cannot
serve simultaneously as precautionary balances since<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>