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Abstract

The first chapter studies how two different financial institutions— asset markets
and financial intermediaries— allow consumers to allocate their resources over a pe-
riod and provide liquidity to them when facing liquidity preference shocks and ran-
dom returns on illiquid assets. For that purpose, an overlapping generations model
in which agents are subject to random relocation shocks is formed. Fiat money
is introduced explicitly as a tool for consumers to address limited communication
and random relocation problems. This article also analyses the mechanism of asset
price determination when the economy is hit by several stochastic shocks by drawing
together the results of the scattered studies into a comprehensive view. The frame-
work and outcomes of this chapter will also be used as the basis for chapters 2 and 3.

In Chapter 2 it is shown that under asymmetric information and limited partici-
pation in financial markets, bank runs (or bankruptcy) may help uninformed agents
to achieve an efficient allocation since bank runs can reveal hidden information. The
production of information is made efficiently without cost, at which point there is
a distinction between this paper and most other related studies. The efficient bank
run provides a new ground for the coexistence of banks and financial markets. Even
when all the agents deposit their whole endowment goods with the bank, financial
intermediaries and markets coexist once bank runs happen. Allowing a run implies
that investment in liquidity can be minimised. This effect is strengthened when
agents have limited access to a market.

In Chapter 3 a general equilibrium model is made by applying the Lucas island
model and the random-relocation model and the following results are derived: (1)
The amount of liquid assets held by the whole economy, as well as the regions where
securitization is present, decreases significantly with securitization. As the economy
can invest its resources more efficiently, both consumption and welfare increase.
The impact of securitization on banks’ liquidity, consumption, and welfare, however,
depend on the population structure of each region. This result may have important
policy implications with regards to the effect of global asset shortages on bubbles
and global imbalances. (2) Expansionary monetary policy can affect the bank’s
portfolio composition, but this outcome depends on the magnitude of the elasticity
of substitution coefficients. (3) A randomised monetary policy combined with other
real shocks cause banks to suffer from a signal extraction problem.
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Thesis Introduction

One of the biggest lessons we learned during the 2008 financial crisis is that we need
to better understand the relationship between liquidity, the financial intermediaries,
and financial markets. The financial crises that occurred at different times are not so
different from each other in their causes and process (Reinhart and Rogoff, 2009).
Often the crises are accompanied by a bubble in asset prices and their collapses,
and associated with the banking crisis. Also, many instances of crises have been
preceded by financial innovations which accelerate asset price bubbles. The collapse
of the bubble and the resulting sharp fall in asset prices, on the one hand, increase
the demand for liquidity of financial institutions and on the other, they lead to a
decline in liquidity supply in the financial market. This liquidity shortage may force
financial institutions to sell their assets at fire-sale prices, which in turn accelerates
the price collapse.

This thesis studies the relationship between financial intermediaries' and mar-
kets. Liquidity and asset prices play a vital role in establishing relationships between
two different financial systems. In some cases, markets and banks will be analysed
separately, and in some cases, we will see how equilibria are achieved when two in-
stitutions coexist. Consumers face liquidity preference shocks in the middle of their
period, and thus they need to hold liquid assets in order to cope with immediate
consumption even though liquid assets earn low returns. Both market and banks
function to provide liquidity to them. Their role, however, has a different impact

on consumers’ consumption and well-being, depending on various circumstances.

!Financial intermediaries are defined as the voluntary coalition by agents in this chapter, and
intermediaries, coalitions are used interchangeably with ‘banks’.
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Let’s take a closer look at the relationship between financial intermediaries and
markets before entering each chapter in earnest. There have been long debates on
the role of financial intermediaries and markets in providing liquidity to consumers
since the studies of Bryant (1980) and Diamond and Dybvig (1983). However, the
argument for the role and functions of financial intermediaries and markets, and the
relationship between the two have yet to be clearly resolved. This is partly because,
as von Thadden (1999) pointed out, banking operation is varied and financial inter-
mediaries provide several different functions at the same time.? Therefore, questions
and debates about the role of banks and markets often appear to be contradictory,
and “can only be productive if the context is spelled out clearly.” (von Thadden,

1999, p.992)

On the one hand, the mere fact that financial intermediaries exist may imply
that direct trade in a market between lenders and borrowers is dominated (Gorton
and Winton, 2003). This is because those institutions provide their customers with
some special services which cannot be easily replicated in capital markets. The fi-
nancial intermediaries, for example, dominate the market where securities, issued by
borrowers, are traded (Diamond, 1984). Another advantage of allocating resources
through banks is that banks are able to provide more liquidity® than markets if the

4is greater than 1. According to Diamond and

degree of relative risk aversion, o,
Dybvig (1983), banks make this possible through cross-subsidization between agents
facing liquidity shocks. Therefore, the liquidity provision by banks allows consumers
to achieve higher utility level than the one which can be attained when they directly
invest in the production technology or use financial markets only. This discussion

implies that financial intermediaries dominate financial markets, and there is no

rational for the existence of financial markets.

2Gorton and Winton (2003) classifies the role of banks as delegated monitors, information
producers, consumption smoothers, and liquidity provision.

3While liquidity usually means marketability, the meaning of ‘liquid asset’ in Diamond and
Dybvig (1983) refers to its allowing for intertemporal consumption by economic agents when they
wish to. When I mean by ‘liquid asset’ from now on indicates the same meaning as in Diamond

and Dybvig (1983).

4 u''(c)e

o is defined as 0 = — TR

10 THESIS INTRODUCTION
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The role of banks in Diamond and Dybvig (1983), however, may exist only “in
an environment in which people are isolated from each other” (Wallace, 1988, p.3).
If there exist full-participation markets, no cross-subsidization among early and late
consumers is possible, and no beneficial role of banks exists. According to Jacklin
(1987),°> banks are able to enhance liquidity through demand deposits only when
the direct holding of assets is restricted. If markets exist where equity shares are
traded, then this trading mechanism will weakly dominate intermediation.

Banks, on the other hand, would have no role in an economy where perfect
financial markets exist. For example, if agents have access to complete market,
then “in a competitive equilibrium, the size and composition of banks’ balance
sheet have no effect on other economic agents.” (Freixas and Rochet, 2008, p.10).
Therefore, introducing both financial intermediaries and markets into an economy is
assuming either explicitly or implicitly the imperfect financial market. Informational
asymmetries® and limited participation” in a market are used often in the literature
to model incomplete markets structure. For example, Diamond (1997), faced with
the criticism described above, presents a model of limited participation where there
is still a scope for banks. With limited participation, banks create more liquidity
than financial markets and make the market more liquid. Financial intermediaries
and markets coexist, and the amount of cross-subsidization is reduced as more agents
participate in the market, but as long as there is a limited-participation market, it
is not eliminated. This discussion will be dealt with in more detail in chapter 2.

Chapter 1 analyses how markets and banks allocate resources over a period
and if each institution may provide liquidity efficiently to consumers who face un-
certainties. Consumers have preferences for liquidity because they are subject to
relocations shocks in the middle of their lives and thus uncertain about the place of
their consumption when an investment decision has to be made. The model used

throughout the thesis contrasts with the standard Diamond and Dybvig (1983)’s

See Haubrich and King (1990) and Hellwig (1994) in a similar vein

6The related papers are, for example, Townsend (1979), Diamond (1984), Williamson (1986),
and Gorton and Pennacchi (1990)

"See Allen and Gale (1994), Diamond (1997), and Allen and Gale (2009).

THESIS INTRODUCTION 11
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model in that liquidity shocks are represented by the uncertainty about the place
of consumption rather than the timing of it. There is a maturity structure between
liquid and illiquid assets; more liquid assets yield a lower rate of return than that
of less liquid assets. Investors are willing to hold liquid assets despite the matu-
rity structure because of liquidity preference. The amount of liquidity provided to
agents differs depending on the availability of different institutional frameworks (for
example, whether they have access to markets and financial intermediaries or not,
and how the two institutions interplay each other), their preferences for liquidity

(attitude toward risk), and the information structure.

Also, this chapter provides the mechanism of asset prices determination, and how
asset prices affect the market equilibrium and the agent’s welfare. Many researchers
have studied these important problems, but their studies tend to be scattered around
the author’s interests. This chapter is meaningful in that it draws together the
results of the scattered studies into a comprehensive view. The framework and

outcomes of this chapter will also be used as the basis for chapters 2 and 3.

The purpose of the second chapter is to examine whether uninformed consumers
who face uncertainty can prevent losses arising from asymmetric information by
constructing a bank and operating it in a particular way. For that, this chapter
presents a theoretical model showing that financial intermediaries can play a special
role, that of revealing information without investing resources in order to identify
information when financial markets are imperfect. While this article shares some
similarities with standard models in that banks manage the problems resulting from
asymmetric information, the mechanism of processing or revealing information is

quite different from them.

The biggest difference between the previous studies and mine is that the financial
coalition by agents in this model does not produce information deliberately by invest-
ing some of its resources. The production of information is done efficiently without
cost throughout bank runs under certain conditions. In the process of motivating

the rationale for the existence of financial intermediation, information-asymmetric

12 THESIS INTRODUCTION
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problems of the uninformed agents are solved in relation to informed agents. I argue
that under asymmetric information and limited participation in financial markets,
bank runs (or bankruptcy) may help agents to achieve an efficient allocation since
bank runs can reveal hidden information, to which only a fraction of agents in the

economy are assumed to have access.

Therefore, the financial intermediaries in this model not only serve the standard
role of liquidity provision but also have an alternative justification based on infor-
mation processing when the economy faces uncertainty. This chapter also provides
a new ground for the coexistence of banks and financial markets. Even when all the
agents deposit their whole endowment goods with the bank, financial intermediaries
and markets coexist once (efficient) bank runs happen. The scale of banks under
asymmetric information and limited participation in relation to financial markets

are also considered.

The third chapter aims to analyse how monetary policy can affect the composi-
tion of banks’ portfolios and whether monetary policy can change the composition
of assets in the direction desired by the monetary authorities. The second part of
this chapter aims to examine how securitization affects the need for liquid assets
of individual banks, and the economy as a whole. To address the problem, I used
a simple overlapping generations model with fiat money, following the Lucas’ is-
land model and its simplified version, Wallace (1980). However, this chapter deals
with the general equilibrium problem, unlike Lucas (1972) and Wallace (1980), all
of which construct partial equilibrium models. The general equilibrium problem
arises because of the framework whereby the two islands are linked to each other.
Some of the members of each island move to different islands at some point after
random relocation shocks, which, in combination with other nominal and real uncer-
tainties, produces interesting results. Later in this chapter, we set up a model that
explains the relationship between securitization and the bank’s liquid asset holdings,
as well as the process by which banks in two different regions trade securities. This

framework provides a detailed description of how the changes in demand and supply

THESIS INTRODUCTION 13
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structure of securities affect various key economic variables.

The first major finding of the third chapter is that expansionary monetary policy
can affect the bank’s portfolio composition and thus its depositors’ consumption and
welfare, but the outcome depends on the magnitude of the elasticity of substitution
coefficients. When the consumer is less (resp. more) risk averse, the substitution
effect dominates (resp. is dominated by) the income effect and banks are willing to
hold more (resp. less) liquid assets in response to higher price levels than would oth-
erwise be the case. However, if a randomised monetary policy combines with other
real shocks, the bank suffers from a signal extraction problem. Since banks cannot
differentiate between the two elements of real and nominal factors that determine the
current price level, they react to changes in the nominal supply of money, not real
ones. This results in banks holding too many, and in some cases too few, liquid assets
when compared to under full information. Another interesting question is whether
monetary policy can change the composition of assets in the direction desired by
the monetary authorities. It is shown that the benefits from inflation surprises dis-
appear when economic agents understand the monetary authorities” intention and
act accordingly. This leads only to inflation bias as Kydland and Prescott (1977),

Barro and Gordon (1983a,b)’s research shows.®

The second part of this chapter aims to examine how securitization affects the
need for liquid assets of individual banks, and the economy as a whole. First of all,
securitization not only allows banks to transform illiquid assets into liquid assets but
it also provides an alternative source for investment in liquid assets. In addition to
the liquid asset holdings in the region where securitization is possible, the liquid asset
reserves of the whole region combined are significantly reduced compared with before
securitization. This implies the economy uses its resources in a more productive way

to increase the total output across the two islands. One of the main conclusions is

8Kydland and Prescott (1977), Barro and Gordon (1983a), and Barro and Gordon (1983b)
showed the positive correlation between output and inflation cannot arise systematically when
agents have rational expectations. The benefits from inflation surprises disappear when economic
agents understand the monetary authorities’ intention and act accordingly and lead only to inflation
bias.

14 THESIS INTRODUCTION
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that the impact of securitization on banks’ liquidity, consumption, and welfare is
affected by the population structure of each island. If we assume two regions with
different demographics, the demographic structure affects not only the supply of
securities in an area where securitization is possible but also the size of demand in
the other region, which may lead to a different equilibrium through adjustment of
securities prices.

These results have important policy implications, especially when looking at the
work of Caballero (2006), Caballero et al. (2008), and Caballero and Krishnamurthy
(2009), which analyse the effect of global asset shortages on bubbles and global im-
balances. Also, these results have great similarities with the study of Bencivenga
and Smith (1991). Based on the random-relocation economy, Bencivenga and Smith
(1991) showed that the introduction of financial intermediaries might affect the com-
position of savings toward more productive assets, capital, and thus intermediaries
enhance growth by reducing socially unnecessary capital liquidation. Securitization
introduced in this chapter shows that the need for liquid assets, required for movers
facing liquidity shocks but provide low rates of return, can be reduced significantly

in a general equilibrium setting.

Chapter 15



Chapter 1

Liquidity, Asset Prices and
Welfare

1.1 Introduction

One of the biggest lessons we learned during the 2008 financial crisis is that we
need to better understand the relationship between liquidity, the financial inter-
mediaries, and financial markets. Liquidity is one of the investor’s main concerns
because they may face liquidity preference shocks; thus they need to hold liquid
assets in order to cope with immediate consumption, even though liquid assets earn
low returns. Depositing with a bank has been regarded as a solution to this matu-
rity structure problem since the seminal studies of Bryant (1980) and Diamond and
Dybvig (1983) on banking. However, this maturity structure may cause financial
intermediaries to be vulnerable to consumers’ sudden demands for liquidity because
of the maturity mismatch between the bank’s liquid liabilities and illiquid assets.
Liquidity also affects financial markets via changes in asset prices because liquidity
affects the demand for, and supply of, the assets directly. Changing asset prices in-
fluence the expected returns on the illiquid assets; thus change consumers’ portfolio
decisions. Investors’ changing preferences toward more liquid assets (for example,

from commercial papers or ABS toward U.S. government securities) would affect

16
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consumption, borrowing firms’ financing needs, and growth. There have been long
debates on the role of financial intermediaries and markets in providing liquidity to
consumers. However, the argument for the role and functions of financial interme-
diaries and markets, and the relationship between the two have yet to be clearly

resolved.

This chapter aims to analyse the role of markets and banks in allocating resources
over the period, and in providing liquidity to consumers who face uncertainties. Con-
sumers have a preference for liquidity because they are subject to relocation shocks
in the middle of their lives, and are thus uncertain about the place of their consump-
tion when an investment decision has to be made. There is a maturity structure
between liquid and illiquid assets; more liquid assets yield a lower rate of return
than less liquid assets. Investors are willing to hold liquid assets despite the matu-
rity structure because of liquidity preference. The amount of liquidity provided to
agents differs depending on the availability of different institutional frameworks (for
example, whether they have access to markets and financial intermediaries or not,
and how the two institutions interplay each other), and their preference (attitude

toward risk).

In addition, this paper provides the mechanism of asset prices determination,
and how asset prices affect the market equilibrium and the agent’s welfare. These
significant problems have been studied by many researchers, but their studies tend
to be scattered around the author’s interests. This paper is meaningful in that it
draws together the results of the scattered studies to a comprehensive view. The
framework and outcomes of this chapter will also be used as the basis for chapters

2 and 3.

The first issue to be addressed in this chapter is to look at the properties of asset
prices. In this discussion, we examine what role liquidity plays in determining asset
prices and how various stochastic shocks affect them. The definition of an asset’s
market liquidity is used with different meaning according to the context. Generally,

an asset’s liquidity means the asset’s ability to be bought and sold quickly without

Chapter 1.1. INTRODUCTION 17
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having to reduce its price at low transaction costs (Keynes, 1930). However, in the
widely-used, standard banking model of Diamond and Dybvig (1983), the asset’s
liquidity is related to the intertemporal consumption allocation. Thus, if a specific
asset is called a ‘liquid’ asset, it implies that it allows consumers to consume over
intertemporally when they wish to. A ‘liquid asset’ in this chapter is used in the
same sense to refer to its allowing for intertemporal consumption by economic agents
when they want to.

An asset price is determined by the demand and supply of the asset within the
return of the asset. According to Allen and Gale (1994, 2009), the price of an asset
is simply equal to the discounted value of future dividends (a fundamental value)
when the demand for assets is large enough. However, if the available liquidity (the
demand for the assets) is insufficient, then assets are traded at prices lower than the
fundamental value, and the market undergoes ‘cash-in-the-market pricing’. The first
part of this chapter summarizes the findings of Allen and Gale (1994, 1997, 2009),
Allen et al. (2009), Gorton and Pennacchi (1990), and Diamond (1997) and applies
them to an overlapping generations (OLGs) model with fiat money.! The economy
faces two different shocks: random relocation shocks and shocks on the return of
illiquid assets. It shows that the demand and supply of assets are determined by
market liquidity. While the amount of liquidity is determined in the process of an
individual agent’s optimising behaviour, it is closely related to how stochastic shocks
are realised.?

The second part of this chapter discusses how financial markets and banks ad-
dress the agent’s intertemporal optimisation problem. When a new generation ap-
pears in the economy at date ¢, each member of it constructs her portfolio consisting

of liquid and illiquid assets to optimise her consumption allocation at the beginning

LAll these models deal with Walrasian equilibrium to determine asset prices. There exists,
however, a new stream of study on asset-pricing. For example, Duffie et al. (2005) use search and
bargaining model to study how asset prices are determined.

2 Asset prices are also affected by the number of market participants and information structure.
This chapter deals only with the effect of liquidity preferences and uncertainty on asset returns on
the asset price. The effect of limited participation and the role of asymmetric information in the
determination of asset prices are discussed in detail in Chapter 2. Chapter 3 discusses the effect
of the population structure on the asset price.

18 Chapter 1.1. INTRODUCTION
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of period t. The new-born agents construct their portfolios by trading their endow-
ment maximisations with fiat money or investing in illiquid assets. However, the
economy has no complete markets where Arrow securities are traded. Therefore,
consumers cannot trade contingent commodities corresponding to states of nature.?
The financial market is held after relocation shocks are revealed, and before agents
are relocated. Trades occur between agents who belong to the same generation but
have different preferences for liquidity, and the portfolio is rebalanced to fit their
interests accordingly. Markets can achieve the efficient allocation if the degree of
relative risk aversion, o, is 1 (the log case). However, if ¢ > 1 (resp. o < 1), then
the market provides insufficient (resp. more) liquidity than efficient one. Finan-
cial intermediaries may address this problem efficiently and thus provide consumers
with efficient risk-sharing if it were not for bank runs.® In particular, if the return
on assets is uncertain, banks can provide more efficient risk sharing than financial
markets by allowing bank runs. This result is obtained by applying Allen and Gale
(1998) to the stochastic relocation model.’

The main configuration of the model used in this chapter is a modified form of the
Champ et al. (1996) model. Champ et al. (1996) constructs an OLGs model where
agents are born on one of two islands. The model considers the role of currency and
they show monetary factors play a specific role in banking panics. Except for as-
sumptions in the basic set-up, however, this paper is not directly related to Champ
et al. (1996) in its content. Based on the random-relocation economy, Bencivenga
and Smith (1991) showed that the introduction of financial intermediaries might

affect the composition of savings toward more productive assets (illiquid assets),

3Except for this, the market is assumed to be complete. Therefore, markets are perfectly
competitive, there are neither externalities nor asymmetric information, and no transactions cost
is present.

4The degree of relative risk aversion is defined as o = — ”;/,((i))c

5An in-depth discussion of the relationship between financial intermediaries and financial mar-
kets is addressed in Chapter 2. It is discussed that the amount of liquidity provided to agents is
varied when both institutions coexist facing more than one exogenous shocks and asymmetrical
information.

6Allen and Gale (1998) is representative of several papers dealing with efficient bank runs.
Related papers are Chari and Jagannathan (1988), Jacklin and Bhattacharya (1988), and Diamond
and Rajan (2001), just to name a few. Chapter 2 discusses in detail how banks provide effective
risk sharing through these bank runs under asymmetric information.

Chapter 1.1. INTRODUCTION 19
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and thus intermediaries enhance growth by reducing socially unnecessary capital
liquidation.” Bhattacharya and Singh (2008) formed OLGs model, in which lim-
ited communication and stochastic relocation exist, to study the optimal choice of
monetary policy instruments.

There are many papers which introduce Diamond and Dybvig (1983)’s model
into an OLGs model. The OLGs model makes the studies possible on dynamic
effects of shocks and monetary policy on the equilibrium and welfare belonging to
different generations. For example, while Diamond and Dybvig (1983) explain that
a run on the bank is due to excessive withdrawals from the late consumers, who
belong to the same generation as early consumers, Qi (1994) shows that it could
be the result of the lack of new deposits from posterior generations. Allen and
Gale (1997) introduces banks which conduct a role for smoothing intertemporal and
intergenerational risks when risky assets, which are assumed to last forever, pays a
random payment in each period.®

Another feature of this chapter is the explicit introduction of fiat money in the
framework of OLGs model. In an OLGs model, the young do not have any incen-
tive to trade with the old because the old cannot provide anything valuable to the
young. Money is used for means that make intergenerational transactions possible
by removing the friction which exists between generations. According to Kocher-
lakota (1998), decentralised solution in which inter-generational transfers occur may
achieve an efficient allocation without using money, if perfect social record keeping
(“memory”) is possible and the economy can enforce sufficient punishment for trans-
gressions. However, if these requirements are not met, then money plays a pivotal
role to support the intergenerational trade. In other words, “money is memory.”

We assume in this chapter that the claims on capital are useless due to lim-
ited communication between islands. With this limited communication assumption,

along with stochastic relocation shocks, money is valued and essential for old-age

"In Chapter 3 of this doctoral thesis I have shown that the introduction of securitization can
bring about similar results to Bencivenga and Smith (1991)’s conclusions.

8Freeman (1988) presents an OLGs model as well to introduce banks as an optimal financial
coalition.
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consumption. Fiat money is not only used as a medium of exchange and a store of
value, but it is assumed to be accepted in any place and time. Capital is assumed to
be illiquid because it is hindered from moving between the two different locations,
and communication between places is limited. Suppose a person carries a paper
claim saying, for example, that she has a certain amount of capital in the place she
just left, but communication between two spatially separated places is limited. Lim-
ited communication implies that verifying that the claims she holds are accurate is
so costly to the potential buyers that there is no way to trade private claims against

the capital a person holds.

The role of fiat money as a store of value and medium of exchange using OLGs
model was first discussed in Samuelson (1958). Lucas (1972) introduced fiat money
as well to show how a positive short-term correlation existed between the rate of
change in money expansion and the level of GDP, and argued that the relationship
may disappear when the government tries to exploit it.” Wallace (1980) presents
an OLGs model in which many important monetary issues are dealt with. Espe-
cially, Wallace (1980) formed micro-founded model of money applying Samuelson
(1958)’s model, in which money has a role of facilitating transactions across time

and generations.

The relatively new field of studying, which is known by the name New Mone-
tarist economics, uses search theory to study the micro-foundations of money. Some
of its main questions are: “What is liquidity?”, “Is money essential in achieving
desirable outcomes?”, “When can asset prices differ from fundamentals?” and so
forth (Lagos et al., 2015, Abstract).!® However, this chapter concentrates on the
standard Walrasian competitive equilibrium. If the results of Chapters 2 and 3 and
the findings of New Monetarist literature are synthesised, then we may have more

interesting results, but it is postponed to a later study.

9In Chapter 3, I study how monetary policy can affect the composition of banks’ portfolios
and whether monetary policy can change the composition of assets to the direction desired by the
monetary authorities following Lucas (1972) and Wallace (1980).

10Also see Waller (2015) in which he illustrates five main results which distinguish the New
Monetary economics model from the standard cash-in-advance model.

Chapter 1.1. INTRODUCTION 21



Essays on Banking and Finance

The remainder of this chapter is organised as follows. Section 1.2 describes the
structure of the physical set-up, information, and money and financial market equi-
librium conditions. In section 1.3 the process of asset price determination is shown
in detail. Section 1.4 discusses how market equilibrium is achieved in the face of
various shocks. Section 1.5 deals with how banks can promote a consumer’s welfare
through bank runs when the economy is hit with shocks on the asset return. Sec-
tion 1.6 illustrates numerical examples discussed in Section 1.4 and 1.5. Concluding

remarks are contained in Section 1.7.

1.2 The Structure of the Economy

1.2.1 Random Relocation Model

The economy consists of two distinct, spatially separated locations (islands). Each
island is populated by two age cohorts: the young and the old. A young person, the
size of which on each island is normalised to one, is born on one of the two islands.
The population of the initial old is also normalised to unit mass. Each young agent,
ez-ante identical, is born with a unit of endowment goods at date ¢ and has nothing
at a subsequent date. The goods can be used for consumption or investment, but
are restricted from moving across the two islands. Each young person faces privately
observable, stochastic relocation shocks in the middle of date ¢.

If a young agent, who is born on the home island, is subject to relocation shocks,
she is called a mover and is relocated to the foreign island to spend her old age there.
Let A be the probability that a young person is subject to relocation shocks. This
assumption plays the same role as the preference shocks which divide agents into
‘early” and ‘late’ consumers in standard Diamond and Dybvig (1983) type model. We
assume that the probability of being relocated is the same on both islands. If there
were no aggregate relocation shocks, there were large numbers of young agents, and
their relocation shocks are assumed to be independent, then the fraction of movers

are equal to the probability of being a mover according to the Law of Large Numbers.
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All agents are assumed to consume only in their old age and thus are uncertain
about the precise place where to consume. The agent’s problem born at date ¢ will

be that of maximizing the following von Neumann-Morgenstern utility function

EU(Cmts1s Cnrs1; N)] = Au(Cmprr) + (1 — Nulcnitr),

where ¢, 441 (resp. ¢,:11) denotes the consumption of a mover (resp. a nonmover)
who is born at date ¢t and consume at ¢t 4+ 1. The utility function satisfies the
usual neoclassical properties (increasing, strictly concave, and twice continuously

differentiable).

1.2.2 Portfolio Decision

Each person needs to save for the old-age consumption. There are two different assets
that she is able to access: a liquid asset (fiat money) and an illiquid asset (capital).
Let p; be the nominal price of one unit of consumption goods at date ¢t. Then one
unit of the goods which is traded for fiat money at date ¢ yields p;/psy1 units of
consumption goods. p;/p;y1 is assumed to be less than or equal to 1 because p;,q is
expected to be greater than or equal to p; (total money supply is expected to grow
or remain unchanged.). The illiquid asset (capital) takes two periods to mature!!
and allows one unit of the goods invested in the current period to be converted into
R > 1 units of the goods at date ¢+ 1.12 There exists a trade-off between an asset’s
liquidity and its return. The illiquid asset is immobile and takes two periods to
mature, but pays a higher return. The liquid asset is mobile, universally accepted,

and takes no time to mature, but yields a lower return.

HTherefore, the illiquidity of capital is captured in two dimensions: the mismatch between asset
maturity and liquidity preferences, and limited communication due to its immobility.

12The linear capital production technology (constant returns-to-scale technology) was introduced
into the overlapping generations model by Cass and Yaari (1966) and the assumption is widely
used in the literature.
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Portfolio Allocation with Financial Markets and Banks

The portfolio decision depends on the agent’s (prior) expectations about risk and
the attitude toward risk. This decision is made irrevocably before the preference
shocks are revealed. The consumer spends the fraction ¢ for fiat money among
her endowment and acquires p;¢ units of fiat money from the trade because the
nominal price of one unit of the goods at date ¢ is p;. The remaining fraction k of
her endowment is invested in the illiquid asset (capital). Then the agent’s budget

constraint is given as

g+k=1 (1.1)

The consumption of the agent depends on her choice on ¢ and how uncertainty is
realised. However, the economy has no complete markets where Arrow securities are
traded. Therefore, consumers cannot trade contingent commodities corresponding
to states of nature when they construct their portfolio. The financial market is held
after relocation shocks are revealed, and before agents are relocated. The market is
complete because now all uncertainties are resolved. Trades occur between agents
who belong to the same generation but have different preferences for liquidity, and

the portfolio is rebalanced to fit their interests accordingly.

The welfare of consumers is enhanced when they have access to financial markets
than they are in autarky. This is because the market expands the feasible set of
the individual agent by allowing a consumer to trade her private claims with other
cohorts.!® Banks can increase consumers’ welfare as well. The young people deposit
their endowment goods with a competitive bank which uses the proceeds to acquire
assets on behalf of them. Banks provide its depositors insurance against relocation

shocks because it can choose an efficient portfolio by using the law of large numbers.

3Without financial markets, the capital investment is useless to movers because of the assump-
tion of the limited communication.
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1.2.3 Structure of Uncertainty, Information

There are two main views to explain the causes of bank runs or banking crises. The
first perspective is that a bank run is caused by panics. The most influential study
taking this perspective is Diamond and Dybvig (1983) in which they developed a
model of bank runs as self-fulfilling prophecies. The other view sees bank runs as
a natural result of the business cycle. Depositors who expect the economic funda-
mentals to deteriorate in the near future withdraw their deposits in anticipation of
the insolvency of the bank. Gorton (1988) raised the view that the financial crisis
is the result of the business cycle from the empirical study on the National Banking
Era. Allen and Gale (1998) formed a theoretical model to discuss how the business
cycle causes banking distress.

Therefore, we can roughly divide uncertainty into two broad categories, depend-
ing on the reasons for the bank run: intrinsic or extrinsic uncertainty. According to
Allen and Gale (2004), intrinsic uncertainty indicates that the fundamentals of the
economy fluctuate stochastically, such as a preference for liquidity or a change in
the return of assets. Extrinsic uncertainty, on the other hand, implies that endoge-
nous variables are influenced by extraneous variables (sunspots) that do not directly
affect fundamentals.

In this chapter, we ignore the possibility of a bank run equilibrium due to
sunspots and focus only on the intrinsic uncertainty that causes a bank run. In
other words, this article deals only with the case where agents ex-ante expect the
possibility of runs because of the uncertainty associated with fundamentals.'* Banks
construct their portfolio weighing the costs of avoiding defaults (by holding sufficient
liquidity) and the benefits allowing it to happen. Banks find the optimal deposit
contract to maximise the expected utility of depositors considering this cost and

benefit.!®

14The bankruptcy caused by the panic as in Diamond and Dybvig (1983) is an entirely unex-
pected event at the time when a bank constructs its portfolio. If the bank run had been anticipated
in advance, the bank would have built a different portfolio to reflect this fact. See Allen and Gale
(2009, Ch.3) for more details.

I5Because of free entry into the banking industry and competition in it, banks will offer demand
deposit contracts so as to maximise the agent’s expected utility.
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We deal with three different sources of intrinsic uncertainty following Allen and
Gale (1998, 2004) and Allen et al. (2009). First, individual consumers face id-
iosyncratic relocation shocks. Second, the economy as a whole faces the aggregate
uncertainty about the number of movers. Finally, the rate of return on the capital
is uncertain. Uncertainty about the return on capital is introduced to reflect the
impact of the business cycle on the asset value of the bank.

All uncertainties are resolved in the middle of each period. Each consumer learns
whether she is a mover or a nonmover, which is private information and thus not
observed publicly. Except for that information, the actual values of each random
variable are publicly observed, i.e., other information about fundamentals is observed
with accuracy.

In the asymmetrical information situation, only some consumers (known as in-
formed agents) are assumed to have access to the information on the rate of returns
on assets and the total fraction of movers. This case is discussed in detail in Chap-
ter 2. The following subsections analyse each uncertainty as isolated, taking other
information is given. More complicated cases combining two different uncertainties

are dealt in Chapter 2 and Chapter 3.

Preference Uncertainty

Inhabitants of both islands are ex-ante identical, but each island faces aggregate
relocation shocks in each period. The number of movers, )y, is a stochastic variable

which is assumed to take the following form!6

)\9204+66

« is a probability of the young being a mover without aggregate shocks and is

161f individual bank faces idiosyncratic liquidity shocks on the fraction of movers, which is
uncorrelated with other island’s uncertainty, then Ag can be represented as

i = «; + €0

following Allen and Gale (2004) and Allen et al. (2009). In this case «; is a random variable and
can take different supports according to the formation of a model.
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equal to the fraction of movers following the law of large numbers. 6 is a random
variable which denotes the aggregate uncertainty about the fraction of the mover
of the economy and ¢ is a positive constant. Let the random variable 6 take the
following values:

0 0, with probability w,

1, with probability wy,

Note that the population of two different islands remains the same when they suffer
aggregate relocations shocks because both islands experience the same shocks at the

same time.

Uncertainty on Asset Returns

The capital invested at date ¢ using a unit of endowment goods transforms it into
Ry units of consumption goods with probability py or Ry with probability pg,

where Ry > R; > 0.

R Ry, with probability py
j =
Ry, with probability pp

The relations of the rate of returns between different assets are assumed to be

following:
Assumption 1 Money Supply is constant over periods.

Assumption 2

B[R] = puRu + prRr > Ei[pi/prs1] (1.2)

The above assumption tells us that the expected rate of return on an illiquid asset
is greater than that of fiat money, which is needed for the agent to hold capital. She
would hold the risky asset if and only if the expected rate of return on capital is
greater than the rate of return on currency. Even though p; and p;.; is determined

endogenously within the model, the rate of return on fiat money is just equal to 1
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because the money supply is assumed to remain constant in this chapter.!” Therefore

Assumption 1.2 is valid if E[R;] is assumed to be greater than 1.

Assumption 3

w(0)-L > W/(R))R; (1.3)
P41

This assumption is needed for ensuring ¢ > 0, which is used in Allen and Gale (1998).
If (¢, k) = (0, 1), then movers will consume nothing and nonmovers consume R;. The
preceding assumption tells us that the consumption of a mover will be increased
more than the reduction on the consumption of a nonmover if an agent increases in
investment in ¢ by reducing the equal amount in k. (1.2) and (1.3) are a necessary

and sufficient condition for interior solution (i.e., for having both ¢ > 0 and &k > 0).

Assumption 4

0< Ry <pi/pis1 < Ry (1.4)

The preceding equation assumes specific relations between rates of returns of differ-
ent assets. Even though the average returns from the illiquid asset is greater than

liquid asset, there is a chance of capital return being lower than that of fiat money.

1.2.4 Equilibrium

In this section, we will look at the equilibrium conditions of markets.

Money Market Equilibrium

No one in the future generations is born with fiat money. For young agents to
acquire fiat money, they must trade with the initial old who live on the same island
as them and are endowed in total with M units of fiat money at time t. Let the
real demand for fiat money (the number of goods each young agent chooses to sell
his fraction of endowment for fiat money) be ¢q. The price level at date ¢, py, is

determined at the beginning of period ¢ by the coincidence of the demand for fiat

17See Money Market Equilibrium part.
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money by the young and the supply of it by the initial old.

bt = (1.5)

M
q
In this chapter, we assume the constant money supply, so M., = M,Vs > 0. Since
agents are ex-ante identical and the population of each island is assumed to be
constant over periods,'® all generations face the same decision problem. Therefore,
in a stationary equilibrium where the money supply is constant, ¢ and thus p; have

constant values, i.e., p,y, = p for all s > 0.1

Asset Market Equilibrium

After uncertainties are revealed in the middle of period ¢, an asset market is held,
and movers and nonmovers trade with each other before movers are relocated. The
prevailing (nominal) price of the illiquid asset, By, clears the asset market at date ¢.
In each period t, the total amount of capital supplied by movers (the amount of fiat
money demanded) is S¥(= DJ) = \gk, and the total amount of fiat money supplied
by the nonmovers (the demand for capital) is Sf(= DF) = (1 — A\g)p;q. Therefore

for the asset market to be cleared it is required that
DiB, < S}

Goods Market Equilibrium

The goods market clearing condition requires in each period ¢ that

Mo+ (1= No)ene < 2L 4+ kR

Pi+1

The left hand side of the equation denotes the total consumption of movers and

nonmovers combined, and the right hand side represents the sum of available con-

18This assumption cannot be sustained in situations where each island faces different population
structure, or where monetary authorities play an active role to affect the price level via expansionary
or contractionary monetary policy. This issue is discussed in Chapter 3.

9However, subscripts denoting time will sometimes be used for analysis convenience.
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sumption goods.

1.3 Properties of Asset Price

This section contains a detailed exposition on how the price of capital, an illiquid and
risky asset, is determined when the economy faces uncertainty on the fundamentals.
This discussion is based on the work of Gorton and Pennacchi (1990), Allen and Gale
(1994), and Diamond (1997), which discuss the process of asset price determination

in different situations.

1.3.1 Fundamental Asset Price

Assume that an asset market is held after the relocation shocks are revealed and
before movers are relocated. Let Bf 7 be the (nominal) price of one unit of capital
traded in the asset market in period t facing uncertainties. # and j denote the state
of nature where § = {0,1}, and j = {H, L} respectively. We have the following

proposition:

Proposition 1.3.1

; 1—A
Bte] = min pt+1Rj, —7( 0>ptq (16)
Aok

Proof The supply of capital comes from movers. They inelastically supply their
holdings of illiquid assets, whatever the price is. So there is a vertical supply curve,

and the quantity supplied is:
SK(= DM) = Mk

The demand for illiquid assets comes from nonmovers. Nonmovers need to decide
whether to hold fiat money and pass it over to the next period. For the decision,
they compare the expected rate of return on fiat money with that of capital. Let

~ be the ratio of money exchanged with capital. Then, 1 — v fraction among their
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money holdings (p;q) is passed over to the date ¢ + 1. v takes a value between 0
and 1, and v = 1 implies that nonmovers inelastically supply their whole fiat money
to the market. However, v = 0 (all storage of fiat money) will not occur in an
equilibrium since as v — 0, Bt@j — 0. So, as long as R; > 0 there exists fiat money

provider to trade for illiquid assets.

o
IfR; < If—i, then no nonmovers would hold capital from date ¢t to ¢ + 1, which
o
impliesy =0. If R; = B’ , then the two assets are perfect substitutes to nonmovers.
J Pt+1

BY
-—, 10 NONIMOVers would hold

Thus, any v between 0 <y < 1 is possible. If R; > o

fiat money from date ¢t to t 4+ 1, which implies v = 1. Then, for the nonmovers to
trade fiat money for capital, it is required that ij < pe+1Rj. The maximum price
of the the asset is ij =p Ry

Therefore, the aggregate demand for capital of nonmovers is
D" (= 8") = (1= M)ypug
The asset market clearing condition requires that

Aok By < v(1 — Ng)peq

(1 = Xg)peg (1.7)

& B'< Mok

If the market has enough liquidity (i.e.,S™ > D™ ), then the asset price would
reach its highest possible point, p;11/;. However, if the market suffers liquidity
shortage for any reason, the price will be determined by the amount of cash supplied.
This is known as ‘cash-in-the-market pricing’ in which the asset price is determined
as the ratio of total available ‘cash’ to the amount of asset provided (Allen and Gale,

1994, 2009). |

1.3.2 With No Uncertainty

Proposition 1.3.2 Suppose an economy which faces no uncertainty. The price of

an illiquid asset, By, is determined uniquely such that By = py.
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Proof Proposition 1.3.2 implies that the price of capital sold at date ¢ is equal
to the price of a unit of consumption goods. To prove that, let us consider the
consumer’s decision at date t. First, suppose that B; > p;. Then capital would

dominate the liquid asset investment and thus £ = 1 (¢ = 0). If k = 1, a mover

kB _ B Dt
Pt+1 Pt+1 Pt+1

consumes , and a nonmover consumes R. However, since all agents
hold only capital in the first place and have no fiat money, the demand for capital
is zero. The price of capital will drop to zero as well, which is a contradiction.
Now suppose B; < p;, then the liquid asset dominates the illiquid asset and
no one will hold capital at the beginning, which implies ¢ = 1 (k = 0). A mover
consumes pthfl = %, and a nonmover consumes %R = 2R > R. However, when

nonmovers try to trade fiat money for capital, there will be no supply of capital,

and thus the price will increase to its fundamental value, p,,1R. This leads to

_ B < pt

= o < pn another contradiction. -

1.3.3 Uncertainty on Asset Returns

Proposition 1.3.3 Suppose the following
1. No uncertainty on liquidity shocks exis, i.e., A\g = .

2. The random variable R; takes on the value of Ry with probability of py and

Ry with probability of pr,
3. All assets are held by consumers
Then, given o q,k,pt, and pii1, the following holds

1. The date t price of one unit of capital, Bg, is less than or equal to pyy1 R;.

v (1—a)piq
ak ’

When R; = Ry the price of capital is determined such that Bff = min {pt-l—lRH;

and when R; = Ry, Bf = pia Ry %

20Gtrictly speaking, the notation of Bg should be ij . However, for simplicity of notation,
superscripts are used for denoting stochastic variables that are currently in question only. The
superscripts which are not shown in Bf 7 imply that the random variable concerning the uncertainty
is not stochastic.
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> Y7 (1—a)pig

ok and " is determined such

2. vH is equal to 1 as long as p,1 Ry
)\gkRL M

L —o . . .
that piy1 R = M, which implies v* = (-a)q pi

ak

3. Combining the above two results, we have the following relationship.

BH BE L1 —
Pi+1 Pr+1 P ak

Proof One unit of consumption goods is exchanged for p; units of currency, and p;

units of fiat money purchases p;/ Bg units of capital. p;/ Bg units of capital produce

peR;
B{

units of consumption goods at date ¢t + 1. If a consumer acquires p; units of
fiat money at date ¢ and holds until the date ¢ + 1, she is able to purchase p;/piy1
units of consumption goods at date ¢t + 1.

All fiat money is inelastically supplied to the market for buying capital and cash
is dominated between the period t and ¢ + 1, and thus v becomes 1, if and only if

the rate of return on capital is greater than or equal to that of fiat money, i.e.,

&R-> Pt

R >
B} Di+1

Rewriting the preceding equation, we have:
pt+1Rj > Bg

The preceding equation implies that agents will want to hold only capital from
period t to period t + 1 when the rate of return on capital is high. Since the rate of
return on capital takes two different values, it is assumed that the preceding relation
holds only when R; = Ry without loss of generality. The value of v with Ry, v,

becomes 1. Utilizing (2.5), we may express B/ in the form

) 11—«
Bj' = min {pt+1RH7 %} (1.9)

A similar discussion can be made when the random variable R; takes the value Ry.
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Some money reserves will be handed over to the next period as long as the following

relation holds,

Rearranging the preceding equation we have

YH (1 — a)pig
ak

pt—l—lRL = BtL = min {pt-l—lRL;

. Therefore, the price of capital in the

. . L —
vl is adjusted such that p,,1 Ry, = %

state of L, BL, is

YE(1 — a)pg

BtL =pe1 R = o

(1.10)

Note that ¥ takes on any value between 0 < v < 1 depending on parameter values.

Note that in any case of either R; = ptB—El or R; = mp—frl%, the asset price
in this section cannot be higher than the fundamental value, p;11R;. The market

always undergoes “underpricing” (Allen and Gale, 1994).2!

1.3.4 Liquidity Uncertainty

Proposition 1.3.4 Suppose that the economy suffers aggregate uncertainty on the
fraction of movers, then the fraction of movers at date t is given as

)\9:a+6(9

The random variable 6 takes on the value of 0 with probability w; and 1 with prob-
ability wy,. Also assume that capital returns have a fized value at R = Ry, then

the capital prices at date t facing aggregate liquidity shocks, BY, have the following

21 Asking if the asset price always takes the value less than the fundamental value is questioning
whether ‘bubbles’ may exist or not. This is an interesting question but is not dealt with in
this article. See Prize (2013) for an introductory description of whether financial assets reflect
fundamental values or bubbles exist.
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relationship:

B! BY
t o Pt Pt o p (1.11)
DPt+1 DPt+1 DPt+1

Proof From Proposition 1.3.1 we have
(1 — A
BY = min < pi R, YA~ bl ( )P
Aok

(1 - Al)ptq} (1.12)

B! = min { R,
t Pt+1 Ak

Note that 4/ = 1 irrespective of the state j because the asset return is given

0
as a definite value R = Ry > pi’fl. and thus no fiat money is stored (see Proposi-

tion 1.3.3). By construction, we have the following

)\OZOé<)\1:Oé+€

(1=Xo)ptg > (A-AD)peg 22
Ao

. vy the price of capital in

because ¢ is a positive constant. Since
the state 0, BY, is higher than or equal to that in the state of h, Bf. Therefore, we

have

pR>BY > B}, (=, if B! = B} = p;.R), (1.13)

Note that, however, BY cannot be equal to B}. If B? = B!, then we have
BY = B! = p;1R %3, which implies that capital dominates fiat money. If agents

hold only capital, i.e., kK = 1, then movers sell capital at a price of BY and consume

Bk _ B _ R~ P No one would hold fiat money in the first place, which
Pt+1 Pt+1 Pt+1

cannot be an equilibrium. Therefore we should have the relationship: p; 1 R >
BY > B}.
Additional condition, B} < p; < B?, is required because otherwise fiat money

is (weakly) dominated by capital as well. If BY > B} > p;, then a consumer

. . . . BY B}
holding only capital sells it at a price BY and consume — — > P (gee
Pt+1 Pt+1 Pt+1
22 [(1;7%)‘1] is decreases in A, i.e., % [%} <0

23Because (17;‘0013”” + (lfi‘lllzptq, the only way BY = B} is both B? and B} having the funda-
mental value.
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Proposition 1.3.2). Also, if B} < B < p,, capital is weakly dominated by fiat

. B} BY B} BY
money since —-— < —t < -2 Therefore we have — < - < =t A]l these
Pt+1 Pit+1 Pit+1 Pt+1 Pi+1 Pt+1

1 0
explanations yield the conclusion that 2 < 2 < B < R
Pt+1 Pt+1 Pt+1

1.4 Equilibrium with Markets

Consider an economy that does not have financial intermediaries and has only asset
markets, which are incomplete because of lacking Arrow securities. This section
deals with the relationship between asset prices and market liquidity and shows how

individual agents optimize their utility using markets.

1.4.1 Consumption

A consumer, who turns out to be a mover, sells her entire holdings of capital at
a nominal price ij before she is relocated. She inelastically supplies her capital
holdings, whatever the price is. The total unit of currency the mover accumulates

after the trade is:
0j
piq + B’k

The second term denotes the amount of fiat money the mover obtains from selling
her illiquid assets to nonmovers who belongs to the same generation as her. Then

the old-age consumption of a mover at date ¢ + 1 is given as:

B
Cmt+l = s e (1.14)
Pi+1

The consumption depends on: the price of an illiquid asset at date ¢, ij , and the

gross real rate of return on fiat money over one-period, p;/psi1.
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The consumption of a nonmover is

J 1 —AJ
Cnt1 = {vatq + k} R, + L= 71)pd (1.15)

i
. Pt+1

Nonmovers need to decide how much capital to buy from movers considering the

expected rate of returns of the two different assets, unlike movers facing a trivial

decision problem. If they use 4/ ratio of its cash holdings to purchase illiquid assets,
Y prq

then they could buy “3#! units of capital. According to Proposition 1.3.3, v =
t

when R; = Ry and 0 <4/ < 1 when R; = Ry.

1.4.2 Efficient Risk Sharing

Let’s take a look at the case of the efficient allocation achieved by the social planner
as a baseline model. All variables are assumed to be deterministic and uncertainty
is assumed to be absent. The number of movers on each island is assumed to be
Ao = « and the illiquid asset return is given as R; = R.

Suppose that the social planner maximises the welfare of the young agents born

at date t, then the problem will be

max EU(Cmts1s Cnps1)] = au(Cmirr) + (1 — @)ulcpit1) (1.16)
Cm,t+ 7Cn,t+

subject to the budget constraint (1.1), the feasibility conditions

QCpper < 2L (1.17)
Pi+1
ACmy t+1 + (1 - Q)Cn’t_i_l = ﬂ + kR, (118)
Pt+1
and the incentive constraint
Cmyt+1 < Cpjtt1 (1.19)

The incentive constraint is needed if the individual type is a private information.

Each individual will reveal her true type if and only if (1.19) is satisfied. By sub-
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stituting the budget constraint into objective function, the Lagrangian function of

this optimization model is given as

L =au (cme+1) + (1 — a)u(cns1)

+ M1 {% - OéCm,t+1}
Pt+1
bq

+ lis [L +(1—q¢R—acmir1 — (1 —a)cpii
Pt+1

where p; and ps are Lagrange multipliers which both have non-negative values. Note
that the incentive constraint (1.19) are not included in the preceding equation. As
shown below, this is because the incentive constraint is always satisfied automatically

when we optimize this problem only with the first three constraints.?*

We have the following set of simultaneous equations of the first-order conditions

with respect to consumption:

(Cmt+1) u' (Cmp41) = H1 + fo

(Cn,t+1) u' (Cn,t+1> = K2

Note that a terms disappear, which shows the reason why the social planner achieves
the efficient allocation; the social planner is able to use the law of large numbers to
choose the efficient portfolio irrespective of the individual agent’ preference shocks.
Non-binding feasibility condition (1.17) implies that ¢, ++1 = ¢,+41 because py = 0.
When (1.17) is binding, it implies ¢, 141 < €pi41 because py > 0. Therefore, the
incentive constraint is always satisfied in any case. The first order condition with

respect to ¢ yields the following:

p
(1 + p12)—— = paR
Pt+1

Combining all these first order conditions we have the following efficient risk-sharing

24See the Appendix of Allen and Gale (1998) where they showed this result.
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condition.

u' (Cmps1) — (Cnis1) R (1.20)
DPt+1

1.4.3 Equilibrium with No Uncertainty

Following Proposition 1.3.2, the capital is traded at the price of B; = p;. The young

born at date ¢ maximises their expected utility given \g = o and R; = R

max B [U(cmit1, Cnpt1)] = au(cmerr) + (1 — a)u(cn i) (1.21)

Cm;Cn

subject to (1.1), (1.14), and (1.15). 77 is 1 from Proposition 1.3.3. (1.14) and (1.15)
is simplified as following using the fact B; = p;, and assuming constant money

supply and stationary and symmetric allocation

Dt
Cmpy1 = —— =1
Pr1 (1.22)
Cnt+1 = R

Efficient solution requires satisfying (1.20). However, the market allocation
(1.22) is efficient only when the degree of the relative risk aversion (RRA) is equal

to 1. Substituting (1.22) into efficient solution (1.20), we have

o <ﬁ> Pt _ Ru(R)

Pi+1/) Pi+1

With log utility the preceding equation holds, which implies the market allocation
is efficient.

Suppose that agents have CRRA utility function

and assume o > 1. Then we have

l1—0o
u( b > B _ < b > < R = Ru/(R)
Pi+1/ Pt+1 Pi+1
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The previous equation implies that the consumption of a mover should be increased
to hold efficiency condition, which is unattainable in a market. This result suggests
that the markets provide consumers with insufficient liquidity than the efficient
allocation.

Table 1.1 shows the numerical examples with three different values of ¢ =
0.5,1, 1.5 to examine the effect of different o on equilibria. The number of movers is
given as \g = a = 0.5, the rate of return on capital, R, is 2, and the money supply

at date t is normalized to 1.

Table 1.1: Equilibria for Variables

o Market Efficient
q 0.5000 0.4000

Dt 2.0000 2.5000

0.5 B; 2.0000 —
Cmt+1 1.0000 0.8000

Cn t+1 1.5000 1.8000

EU 0.2247 0.2361

q 0.5000 0.5000

Dt 2.0000 2.0000

1 B; 2.0000 —
Crm,t4+1 1.0000 1.0000
Cnt+1 1.5000 1.5000

EU 0.2027 0.2027

q 0.5000 0.5337

Dt 2.0000 1.8736

1.5 By 2.0000 —
Cm,t+1 1.0000 1.0675
Cnt+1 1.5000 1.3988

EU 0.1835 0.1866

1.4.4 Equilibrium with Random Asset Returns

Consumers try to maximise their expected utility by choosing the optimal portfolio
(g, k), taking the price function Bg and liquidity shock Ay as given. Assume that no
other uncertainties exist except for ;. Assume \yg = o and let CZn,t e c,j%t 41, and B/
be the consumption of movers, nonmovers, and the price of capital facing random
capital returns R; respectively. The problem posed will be that of maximizing the

following expected utility function
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max  EyfU(Cmt+1, Cntt1)]
Cm,t+1,Cn,t+1

| . (1.23)
= 3" pilau(c, ) + (1 - a)uld, )]

j=H,L

st. (1) ¢+k=1,
pq + Blk

(i1) =" forj=H,L
' Prr1

(iii) = {% + k:} Ry

L L
1
c£t+1_ thq“‘k RL+—( ! )q_cﬁtﬂ
’ Ty 41 ’

In a state of Ry, nonmovers hold only capital from ¢ to ¢t + 1 by trading all their

fiat money for capital since Ry > B On the other hand, when R; = Ry they

DPit+1

may keep some currency until the date t + 1.

Substituting Bf = p;1 Ry (see Proposition 1.3.3) into the constraint (iii), we

have n
B
can,t+1 _ P + Dy _ ap YRk
Pt+1 Pt+1 (1 24)
L L :
L Y Peq (1 ="")peg  aqp:
c, = ——i—k;}RL—i— = + Rpk,
o { Bf Pis1 Pe41
where

ak

YH (1 — a)pig
ak

. l—«
BtH = 1nin {pt+1RH7 ﬂ}

BtL = pt—HRL =

Note that the consumption of both movers and nonmovers in the state of Ry is equal

to each other. Substituting (1.24) and (1.1) into the objective function, (1.23), and
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differentiating it with respect to ¢, we get

— BH
oo [l (P25 ) 4 0= et (B = 1) |
t

+ oL [au’(cﬁmﬂ) (

Pi+1
Pt — BtL

Pt+1

)a-amtcn{ (G )

-

Solving the preceding equation gives the optimal value of ¢. The numerical example

for this problem is illustrated in Section 1.6.

1.4.5 Equilibrium with Aggregate Relocation Shocks

This part discusses the market equilibrium with aggregate relocation shocks. The

fraction of movers is given as A\g = a + ¢, and 6 takes the value of 0 (resp. 1) with

the probability of w; (resp. wy). The individual agent’s maximisation problem is

max

Et[U(Cm,tJrla Cn,t+1); )\9]

Cm,t+1,Cn,t+1

s.t.

where B! is

- Z wo[Nou(ch, 1) + (1= Xo)u(ch )]

0=0,1

(1) g+k=1,
3 ] Peq + Bfk)
7 we | ¢ ——— | =0
(#) 920;1 ’ ( o Dt+1
(i) > wo (cfm+1 - {% + k;} R) _0,
0=0,1 t

1 —
Bf = min {pt-i-lRa —( A@)ptq}

Aok

The solution of this maximisation is given as

6=0,1

> we [Aeu/(cﬁw,tﬁ-l) (

pt—Bte

Pi+1

which gives us the optimal value of ¢.

) + (1= M) () 10) (% - 1) R} _0

(1.25)

(1.26)
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1.5 Bank Equilibrium

Now suppose that young agents born at date ¢ can organise an institution called a
bank. They deposit all their endowment goods with a bank, and it uses the proceeds
to acquire assets in favour of its members.?® Banks function as liquidity providers.
Free entry into the banking industry forces banks to compete by offering deposit
contracts that maximise the expected utility of the consumers.

At the beginning of each period, financial intermediaries take deposits from typi-
cal individuals and provide a standard deposit contract, promising consumers a fixed
amount of fiat money if they withdraw at date ¢, and consumption goods, ¢, t+1,
if they withdraw at date ¢ + 1. More specifically, the arrangement is comprised of
giving d units of fiat money if she withdraws at the end of period t irrespective of
the occurrence of the state of nature if it has enough liquid assets, or ¢, 41 units
of the consumption goods if she withdraws at date t 4+ 1. d is the face value of the
deposit at ¢, thus movers will consume ¢, 141 = d/ps41 in period ¢ + 1.

The standard deposit contract, however, cannot be made contingent on the asset
returns or the liquidity shocks because the contract is made before the uncertainties
are revealed. Therefore, if the bank does not have enough liquid assets to make the
promised payment, it pays out all available liquid assets and capital, divided equally
among those withdrawing. In dealing with situations of bank runs, I follow the
assumption in Allen and Gale (1998) rather than the ‘sequential service’ assumption
in Diamond and Dybvig (1983).

The consumption of a nonmover depends on the amount of d promised to movers,
and the fraction of nonmovers who join the withdrawal at date t along with movers.
Since the information on the ex-post agent’s type is assumed to be private, and
thus the bank cannot observe it publicly, the bank cannot tell if the withdrawer is
a mover or not. Therefore, a nonmover has an incentive to pretend to be a mover
unless the consumption of a nonmover is at least as much as that of a mover. We

require the following constraint

25See Chapter 2 where agents may hold capital directly instead of depositing in a bank.
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9j 0j
Crt1 = Coprt (1.27)

The preceding constraint, which is known as incentive compatibility constraint, tells
us that a nonmover does not have any incentive to pretend to be a mover as long
as she would get a higher consumption at their old-age. However, the incentive
constraints may not be satisfied, depending on how uncertainty is realised, and this

makes banks face defaults.

Suppose the following consumption function, which takes different values condi-

tional on whether the equation (1.27) is met or not.

P4 — 4 if (1.27) is satisfied

A= Pt pen (1.28)
Pt LRy, otherwise
Pt+1
1 L Ptg—Xed ; ; ;
cejt+»+1 _ )N (k:R] + o ) , if (1.27) is satisfied (1.29)
7 4Pt 4 LR, otherwise
DPi+1

The bank maximises its depositors’ expected utility

max B [U(] 1. cuirn); Moy By] = Mou(cll 1) + (1= N)u(agr)  (1.30)

m
Cm,t+1,Cn,t+1

subject to (1.27), (1.28), (1.29), and a budget constraint,

g+k=1 (1.31)

1.5.1 No Uncertainty

First, let us consider the case where the optimizing bank faces no uncertainty. With
no uncertainty, the bank can achieve the first best allocation as in Section 1.4.2. A
bank signs a deposit contract with its depositors to pay a fixed nominal amount d

to anyone withdrawing at date t. The bank’s maximisation problem is expressed in
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the form

mlax 1Et[U(cm,t+1, Cntt1)] = au(Cmir1) + (1 — @)ul(cpiq1) (1.32)
Cm,t+1,Cn t+

st. (1) qg+k=1,

. d
(i)  Cmpr1 < ——
DPi+1 ; (1.33)
(17) acmir1 + (1 —a)epirr = — + kR

Pe+1
(10)  Cmit1 < Cnpra
This maximisation problem is exactly the same as that in Section 1.4.2 if the bank

chooses d such that ad = p,q. Therefore, the bank choosing d may achieve

— P
6%

the efficient allocation as shown in Section 1.4.2.

1.5.2 Equilibrium with Random Asset Returns

Assume that no other uncertainties exist except for R;. All other variables are

assumed to be deterministic.

Contingent Deposit Contract

Suppose the case in which the deposit contract is possible to be conditional on the

return to the risky asset. More specifically, assume the contingent deposit contract

to give movers and nonmovers ptiﬂ and kRjy respectively in the state of R; = Ry,

and -E- + kR, equally to movers and nonmovers when R; = Ry. A bank maximises

Pt+

its depositors ex-ante expected utility

max Et[U(CJr‘n,t—i-l: CZL,t+1; Rj)]

Cm,Cn

— Z p; {au (c’,‘mtﬂ) +(1—-a)u (CZL,t+1)}

j=H,L

(1.34)
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subject to the budget constraint (1.31), the feasibility conditions

d P q
c7m i < — = 4
Pi+1 Pty (1‘35)
j qp
ij g+l T (1 0‘)07717t+1 ==+ (1— Q)R
P41

and the incentive constraint (1.27). The Lagrangian function of this optimization is

£ —au(dy0) + (1 - a)u(d ) + (ﬁ - acz;,m)

Pt
qp¢ ' '
+ 11 <_ +(1—¢q)R; — ac’mﬂt“ - (1- Oé)ci,tﬂ)
Pi+1

where 1 and ps are Lagrange multipliers both of which have non-negative values.

As the first-order conditions, we have the following set of simultaneous equations:

Ul(dﬁ,tﬂ) = fb1 + 2

u/(CZL,t—&-l) = M2

Dbt

p—— = plt;

Thus incentive constraint is satisfied for all j = {H, L}. When the second constraint

is binding (i.e., py > 0),

U/(Cj 1) > U’(Cj 1) © ‘, 41 < CZL,t+1

m, n, m,
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Without loss of generality, let us call this state of R; as Ry. Then it follows that

P41 @
When the second constraint is non-binding (i.e., 1 = 0), we have

u'(c; ,t+1) = ul(d,tﬂ) & A+l Cj,t+1

m n m n

Call this state of of R; as Ry. From the second feasibility condition in (1.35), and

using the fact ¢k, = ¢k, .|, we have the following relation

Crt41 = Crgp1 = P kR, (1.37)

Pi+1

In this way, contingent deposit contract makes it possible to give movers and non-
Movers ptiﬂ and kRpy respectively in the state of R; = Ry, and ;Lfl + kRy, equally
to movers and nonmovers when R; = R;. Substituting (1.36) and (1.37) into the

objective function, then we have

max py {au (ﬁ%) +(1—a)u (%)}

+pL{au<@+(1_q)RL>+(1_a)u<ﬁ+(1—q)RL>}

Pt+1 Pt+1

(1.38)

We get the optimal portfolio by differentiating (1.38) with respect to ¢, which

yields the following

() — = R (),
Z piu( ,t+1)pt+1 Z piRju'( ,t+1)

J=H.L j=H.L
1.5.3 Equilibrium with Bank Runs

Deposit contract cannot be made state contingent, however, because the contract
is made before the uncertainty on the illiquid asset return is revealed. This section

shows whether banks can achieve the same allocation as contingent deposit con-
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tracts via (partial) bank runs in a specific state of nature when facing random asset

returns.?6

The bank’s problem is the same as in (1.34) except that the amount of fiat money
promised to give to the person who withdraws at date ¢ is not contingent on the
illiquid asset returns. Low capital return R; may imply the incentive constraint
(1.27) is not satisfied, in which case some nonmovers may wish to withdraw early

at date t along with movers. From (1.28) and (1.29), we have

bt q d j

4 - d
ij,t+1 < ——=— and ij,t+1 = C}]z,tﬂ if C]m,t+1 < —

Pty & Pt+1 DPt+1

Note that the consumption goods always remain at date ¢ + 1 amounting R;k be-
cause of the assumption that the capital cannot be liquidated early and no financial
markets available exist. The nonmovers who do not join a run withdraw their de-
posits at date t+ 1. Let 6 denote the proportion of nonmovers who join to withdraw

their deposits early, then we have the followings

ad
O‘C7Ln 41 T o(1 — O‘)Cﬂtﬂ =P —_—,
’ ' Di+1 P+l

ad
-0 =)t = (-0 = (1- %) R,
t

L _ L1 _ L2
Cm,t+1 - Cn,t—l—l - Cn,t—l—l

cﬁlt 41 denotes the consumption of early withdrawing nonmovers and cﬁ% 41 is the

consumption of nonmovers not withdrawing early. The first equation tells us that in
a situation of low return of capital, the consumption of movers and some fraction of
nonmovers combined is equal to the amount of liquid asset. The nonmovers who do
not join the early withdrawal will consume from the returns on capital investment.
In the end, three different types of consumers will end up consuming the same

amount of goods.

26This section is based on Allen and Gale (1997).

48 Chapter 1.5. BANK EQUILIBRIUM



Essays on Banking and Finance

Combining these relations leads to

qp ad ad
Cﬁz,tﬂ = Cﬁ,t—i—l = p—t +(1—qR,=—+ (1 _ _) Ry

(1.39)
t+1 Pt+1 Dt

On the other hand, when Ry happens (which implies the incentive constraint is

met with strict inequality), agents consume the amount promised by the standard

deposit contract as following:

oo 4P
s Pt+1 Pry1 O (1.40)
o 1 ad (1—-q) Ry '
<o =1 o (T ) T e

Substituting (1.39), (1.40), and the budget constraint (1.31) into the objective
function (1.34), we have

max  py { (pp_z) F (1= a)u (M)}

l—«

o {au (z%% +(1- Q)RL) + (1 —a)u (% +(1 - q)RL>} )

Pt+1

We get the optimal level of ¢ by differentiating (1.41) with respect to ¢, which yields
the following.

Pi+1

+ /L {Oful (C#,H—l) <& - RL> + (1= o) (Cﬁ,t-i-l) (& - RL) } =0
Pt+1
1 ( H Dt 1 (. H 1 (L Pt _
SpH {U (Cm+1) P (Cres1) RH} +pL {U (c1) <— - RL) } =0

< Z Pju/<cjm,t+1)27; = Z piRu'(c) 1i1)

j=H,L j=H,L

PH {u' (cmis1) Ly (oY RH}

This implies that the solution to this problem using the standard deposit contract

is the same as in contingent deposit contract and thus efficient?” when the bank
choose ¢* = 2&

#"Since pr, is not zero and ¢k, = ¢k , ., = cf,,, the second term in the last equation can be
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1.5.4 Equilibrium without Runs

Now suppose that a bank chooses its portfolio (¢, k) and thus d such that runs
never happen, which implies that the bank chooses either a small d and/or a high
q to prevent default in equilibrium.?® In an equilibrium without default, the bank
promises the fixed nominal payment d to movers irrespective of the states j = (H, L)
at date t and nonmovers will receive the residue of the bank’s assets at date ¢t + 1,

the amount of which should satisfy the incentive constraint, ¢}, ,,; > ¢}, ,,, for any

j. More specifically, the incentive constraint requires the following for all j:

d ; 1 [ptq —ad

i
Pty1 ’ -« ’

Pt+1

Without loss of generality, we assume that czmt = c{%t nifj=1L.

From the preceding equation we obtain the following:

(1_04)d< nq  od + kR,

Pty1 Pyl Pyt

d
et <P kR (= ifj=1L)
P41 DPi+1

Therefore, the consumption of movers is

d
C+1 = Cﬁz,t—&—l - =P kR, (1.42)

Pt+1 DPi+1

The consumption of nonmovers, however, depends on the state [2;. When the capital
returns are low, the consumption of a nonmover is the same as that of a mover. The
amount of consumption is illustrated in (1.42), but the actual consumption of movers

is not like that because movers can consume only with their fiat money.

rewritten as

u' (cfh) ptLjA = Rpv/ ()

= U/ (cﬁl,t+1> ZT_H

28 Allen and Gale (2004) call these types of banks safe banks.
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Let M, denote the aggregate money held by movers. Among total money

holdings, M = p;q = 1,2 M, is given to movers. d is determined such that

M, . .
d = =2, and each mover consumes d/py;1. The remaining fiat money, M — M., is

passed over next period for the consumption of nonmovers. Therefore, we have

M- M,
Crtr1 = <pt—+1 + kRL) /(1—a)

. L . L
Since ¢, ;4 1s equal to ¢, 4,1, we have

, M — M,
Cm,t41 = :< m+kRL)/(1_0‘):ﬂ+kRL
' D41 Di+1

Therefore, the consumption of a nonmover can be written alternatively as

=24 L kR, (1.43)
Pi+1

The total amount of resources available at date ¢ +1 when capital returns is high is

P49 L kRy

DPt+1

The share of consumption of movers among the total available resources is

Ochl,wrl =« L% + kRL}
+

Therefore, consumption of a nonmover is

MJrk:RH—a[p%’lJrkRL]

Pi+1

Sl = 1—a (1.44)
_ Dq k(Ry — aRp)
=22
D+l -«

Substituting the bank’s budget constraint (1.31), and the consumption functions

(1.42), (1.43), and (1.44) into the objective function, we have the following La-

29The total money supply of an island is normalized to 1.
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grangian function

Eng{(w (m+(1_q)RL) +(1—a)u<ptq N (1—q)(RH—aRL))}

DPi+1 Di+1 l1—a
+ o1 {au (% F(1- q)RL) +(1-au (M +(1- q)RL)}
Dt+1 DPe+1

The first order condition with respect to ¢ yields:

Ry —aR
PH {O‘ul (crmts1) (2% - RL) + (1 =) () ( pt g — L)}

Di+1 1 -«

. {ocu’ (k) (ﬁ - RL> (= a) (cE,) (& - RL) } 9

Pi+1 Pt+1

Solving the preceding equation gives the optimal q.

The consumption of a mover is always constant regardless of the state of nature,
but the consumption of a nonmover, on the other hand, depends on the value of the
random variable, I?;. Therefore, the solution to this problem that the bank’s using

a safe strategy and not allowing a run is not always efficient.

1.5.5 Equilibrium with Liquidity Shocks

The fraction of movers is a stochastic variable depending on the realisation of the
state 0. If interbank deposit contracts are available across different islands and the
shocks are correlated, then contingent contracts may be available as Bhattacharya
and Gale (1985) and Allen and Gale (2000) show.?? This chapter assumes that there
are no exchanges between banks located on different islands, so I will not discuss
how banks should deal with these issues further. The effect of liquidity shocks on the
risk-sharing when an economy has both markets and banks is discussed in detail in
Chapter 2. In Chapter 3 it is shown that how the two islands can be interconnected

when one of them starts securitization.

30However, allowing interbank deposit markets may also cause a systemic crisis as studied in
their papers.
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1.6 Numerical Example

Let’s look at numerical examples analysed in Section 1.4 and 1.5 using specific
parameter values. Suppose that consumers have log utility and the economy faces

random asset return.

The initial money supply M; is normalized to 1. Since no monetary expansion
or shrinkage are assumed, the current price level p; is equal to the next price level,
per1- Let the fraction of movers at date t be Ay = o = 0.5, and assume the random

variable R; has the following two-point supports.

R Ry = 2.5, with probability pg = 1/2
i e
Ry, = 0.5, with probability p;, = 1/2

The results with these parameter values are illustrated in Table 1.2. The row (I)
shows the equilibrium values with markets. When the capital return is low, the price
of capital is equal to the rate of return of the capital times future price level, i.e,
Bl = p; 1R = 2x0.5 = 1. Nonmovers exchange 50% of its cash holdings for capital

and keep the remainder for the next period consumption (y* = 0.5). When the

capital return is high, the capital is traded at a price Bff = min {ptHRH, %}.
Because of the insufficient liquidity, the price is determined following ‘cash-in-the-

(1-a)piq
ok

market” price = 2.0 rather than maximum possible price, p;s1 Ry = 3.5.

Since 24 Ry = 22& x1.5=0.75 > I% = 22& = 0.5, nonmovers exchange all their
t

fiat money for capital, and thus v = 1.

The row (II) illustrates the equilibrium values with contingent deposit contract.

When R; = Ry, the bank promises to give movers d = 2 and they consume pil =
—1'52616 = 1.2808. Nonmovers consume ’i}%’ = %_5596 = 1.7981 at date ¢t + 1. In the

state of R; = Ry, the bank gives 24 + kR, = 206404 4 0.3596 x 0.5 = 0.8202 both

to movers and nonmovers equally.

The row (III) shows that the bank can achieve the same results as contingent

deposit contract if it allows a run. When R; = Ry, 56.16% of nonmovers withdraw
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at date t along with movers. The aggregate fiat money held by the bank is p,q =
1.5616 x 0.6404 = 1, and 56.16% of nonmovers withdraw early. Since the aggregate

fraction of the young withdrawing at date t is a+d(1—a) = 0.7808, the consumption

per person is le(a’J’:g(l_a)) = 1.5616i0.7808 = (0.8202. Nonmovers who do not join the
run consume (klgfﬁ = 0.8202 as well. The market provides insufficient liquidity

than bank allocation when the economy faces random asset return. The bank holds
more liquid asset ¢ = 0.6404 than the market ¢ = 0.5 when the rate of return on

capital is stochastic.

Row (IV) shows the result of equilibrium values without a run. The safe bank
holds much higher liquid asset (¢ = 0.7143), but lower d = 1.23! than the case
allowing a run (III). Therefore, irrespective of the state of R;, it can provide movers
with ptiﬂ = % = 0.8571. This is the sum of p%_ql =0.7143 and kR; = 0.2857x 0.5 =
0.1429. The remaining cash balances after movers’ withdrawing is p,q — M., =

1 —0.6 = 0.4. Therefore, a nonmover’s consumption is (1% + kJRL) /(1—a)=

(1)%3 + 0.2857 x 0.5 = 0.8571 as well.

Table 1.2: Equilibrium Values with Random Asset Returns

G LAY IR T o
o oswo [T [H] e [ L] [ 230 oo
(I) ~ 0.6404 2.0000 — - 1.5616 ééggg éggg; 0.1094
(IIT)  0.6404 2.0000 0.5616 B 1.5616 é:;iﬁi éggg; 0.1094
(IV)  0.7143 1.2000 0.0000 _ B 14000 | 8:2?% | g:gggg 0.0577

Notes. (I) Market, (ITI) Contingent Contract, (III) With Run, (IV) No Run

31 = Bl = % = 1.2. Let denote M., be the aggregate money held by movers. Then

m. — cfn’tJrl = 0.8571, which yields M. = 0.6. I.e., among total money holding M = p;q =1,

d

60% is given to movers.
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1.7 Conclusion

This chapter studied the processes of how asset prices are determined when the
economic agents face various stochastic shocks. Based on that, this article analysed
how financial markets and intermediaries work to address the consumer’s problem:
allocating resources efficiently over a period of her life. Due to the maturity structure
and maturity mismatch between liquid and illiquid assets, the portfolio decision by
a consumer who are facing liquidity shocks must be made with caution.

The mechanism of asset prices determination is described in detail by drawing
together the results of the scattered studies to a comprehensive view. Facing random
returns of an illiquid asset and liquidity preference shocks, consumers trade their
assets at a price realized in the asset market according to the shocks. This article also
showed that forming a bank sometimes allows consumers to achieve higher utility
than using financial markets. Especially, when the agents are subject to random
returns on illiquid assets and bank runs are allowed to occur in a particular state
of nature, banks are shown to achieve efficient allocation as if contingent deposit
contract were made.

This chapter assumes complete markets, other than the fact that the Arrow
securities are not traded. Also, it was assumed that the market and the bank do
not coexist together, and thus allocation and welfare were analysed separately. If
incomplete markets were assumed, and both financial intermediaries and markets
coexist, then asset price and the amount of liquidity to be provided with consumers
would take a different form from the results analysed in this chapter. More in-depth
studies into the relationship between financial intermediaries and financial markets
are discussed in Chapter 2, where both institutions coexist, and the economy faces
more than one exogenous shock at the same time and asymmetrical information
situations.

Another weakness of this chapter is that, by assuming a constant money supply,
it does not take into account how the monetary policy will affect portfolio decisions.

Chapter 3 discusses whether the expansionary monetary policy can affect the bank’s
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portfolio composition, and how the amount of liquidity held by the whole economy

is influenced when securitization is introduced.
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Chapter 2

A Swansong by Banks: Banking
and Financial Markets under
Asymmetric Information and

Limited Participation

2.1 Introduction

Consumers facing uncertainties participate in asset markets to allocate their re-
sources over periods. If true asset prices are fully revealed in the market, they
can obtain efficient consumption allocation. However, if some of the consumers (as
known as uninformed consumers) facing uncertainty have access to only limited in-
formation, then informed consumers might exploit the uninformed and gain profits

by utilising their knowledge and influencing the prices systematically.

The purpose of this chapter is to examine whether uninformed consumers who
face uncertainty can prevent losses arising from asymmetric information by con-
structing a bank and operating it in a particular way. More specifically, I show
that bank runs may serve to communicate information across agents and, thus, en-

hance rather than thwart the efficiency of the allocations. Bank runs can be efficient
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because they reveal new information to uninformed investors and thus prevent in-
formed agents from affecting asset prices. This eventually makes asset prices be

determined by fundamentals.

For that, this chapter presents a theoretical model showing that financial in-
termediaries’ can play a special role, that of revealing information even without
investing resources in order to identify information when financial markets are im-
perfect. The role of banks as information producers under information asymmetries
has been discussed widely in the literature. What I mean by ‘information process-
ing’ in this chapter, however, is different from the concept the most related studies
are adopting. While this article shares some common features with standard mod-
els in that banks manage the problems resulting from asymmetric information,? the

mechanism of processing or revealing information is quite different from them.

It is generally assumed that, for example, the production of information in the
market “will not be done efficiently or at least cost (Campbel and Kracaw, 1980,
p.881).” Thus, the studies dealing with banks facing information problem focus on
the need for those institutions to invest their resources in order to produce valuable
information. The seminal paper on this issue by Brealey et al. (1977), and Boyd
and Prescott (1986), for example, show that financial intermediaries can produce
reliable information which is only known to a borrower ex-ante and thus results in

an adverse selection problem.

The striking difference between these studies and mine is that the financial coali-
tion by agents in this model does not produce information deliberately by investing
some of its resources. The production of information is done efficiently without cost
throughout bank runs under certain conditions. Let me explain this result in an
intuitive way. Suppose there exist two kinds of uncertainties in the world: liquidity

preference shocks and shocks on illiquid assets’ return, both of which are assumed

!Financial intermediaries are defined as the voluntary coalition by agents in this chapter, and
intermediaries, coalitions are used interchangeably with ‘banks’.

2For example, financial intermediaries can provide efficient lending mechanisms when there exist
asymmetric information between lenders and borrowers. See Diamond (1984).
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to be known only to informed agents.® Suppose also the informed agents can ma-
nipulate illiquid asset prices, which are determined endogenously and affected by
random shocks, only in a certain state of nature by adjusting the supply of and de-
mand for them. As a result, Uninformed consumers who participate in the market
suffer losses due to these distorted prices. To prevent these losses, the uninformed
form a bank, which makes a specific type of deposit contract with its members and
let it go bankrupt if a particular state of nature occurs. The existence of bank runs
itself reveals that a distinct state of nature happens (e.g., the fraction of uninformed
agents who are subject to preference shocks are revealed through bank runs), which
again makes them conjecture still unknown information (e.g., the rate of return on
illiquid assets) with accuracy. Now that the asymmetric information problem has
been resolved, they will be able to trade in the asset market without loss.

More specifically, uninformed agents form intermediaries, and each bank makes
a standard deposit contract promising a fixed amount of fiat money if she turns
out to be a mover at date t + 1. The bank, which maximises the ex-ante expected
utility of the typical uninformed agent, will hold only minimal fiat money hoping
the number of movers to be low. Then it goes bankrupt when the fraction of movers
is revealed higher than expected. Even though agents’ relocation shocks are private
information, the happening of bank runs itself will disclose the information that the
fraction of movers is high. Once the uninformed agents acquire this information,
they know that the true prices of illiquid assets will be revealed. Thus, they can
exchange their assets with others without suffering the loss caused by asymmetric
information, in accordance with their true liquidity preferences. This process shows
one of the functions banking serves as information processor by allowing for bank
runs.

In the process of motivating the rationale for the existence of financial interme-
diation, information-asymmetric problems of the uninformed agents are solved in

relation to informed agents. I argue that under asymmetric information and lim-

3Therefore, there are four possible states of nature, and hence four different forms of asset
prices.
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ited participation in financial markets, bank runs (or bankruptcy) may help agents
to achieve an efficient allocation since bank runs can make hidden information re-
vealed, to which only a fraction of agents in the economy are assumed to have access.
Therefore, the financial intermediaries in this model not only serve the standard role
of liquidity provision, which has been widely studied since the 1980s pioneered by
Bryant (1980) and Diamond and Dybvig (1983), but also have an alternative justi-
fication based on information processing when the economy faces uncertainty.

This chapter also provides a new ground for the coexistence of banks and financial
markets. Even when all the agents deposit their whole endowment goods with
the bank, financial intermediaries and markets coexist once (efficient) bank runs
happen. The scale of banks under asymmetric information and limited participation
in relation to financial markets are also considered. Allowing a run implies that the
scale of the banking sector is minimized to the lower fraction of consumers who face
liquidity shocks, and thus potentially increase welfare.

The model in this chapter assumes that the financial market is imperfect due to
informational asymmetries and limited participation. I follow assumptions used in
Gorton and Pennacchi (1990) to model information asymmetry and Diamond (1997)
for introducing the effect of limited participation in financial markets and interme-
diation. This chapter, however, provides a different rationale for the coexistence of
markets and banks because of the possibility of a run. Moreover, Diamond (1997)
assumes that all assets pay a rate of return that is known with complete certainty
and, thus, has not considered the effects of uncertainty on the equilibrium and the
possibility of bank runs, which are dealt with importance in this chapter.

Gorton and Pennacchi (1990) present a model explaining how financial interme-
diaries arise endogenously and how security contracts are made when uninformed
agents, facing asymmetric information, need to transact. Informed agents can ex-

ploit the uninformed by their superiority in information*. Facing this problem,

4They used the standard three-period model as in Diamond and Dybvig (1983). Uninformed
agents are endowed with 1 unit of capital good at their initial period and consumption good at their
middle period. Agents who are subject to liquidity shocks become early consumers. The trade
between early and later consumers is made in imperfect financial markets where early consumers
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uninformed agents form a coalition to protect themselves from losses and let it issue
debt and equity simultaneously. Throughout this arrangement, financial intermedi-
aries ‘can attract informed agents to hold equity and uninformed agents to hold debt
which they then use for trading purposes (Gorton and Pennacchi, 1990, p.50)” if the
number of informed agents is sufficiently larger than that of uninformed agents. In
this way, ‘the existence of our intermediary does not rely on providing risk-sharing
or resolving inefficient interruption of production. Our notion of liquidity as pro-
viding protection from insiders is fundamentally different (Gorton and Pennacchi,
1990, p.51).” It seems that Gorton and Pennacchi (1990) implicitly concludes that

financial intermediaries dominate markets if certain conditions are met.?

For some similarities between Gorton and Pennacchi (1990) and mine, there are
some significant differences. In Gorton and Pennacchi (1990), the institution resolves
the problem on asymmetric information by providing different bespoke assets with
uninformed and informed agents respectively, irrespective of the information struc-
ture. In this chapter, however, the bank just plays the standard role of providing risk
sharing with consumers. The mechanism through which the intermediary reveal the
information asymmetries to the uninformed, unlike Gorton and Pennacchi (1990),
is a simple standard deposit contract allowing bank runs to occur under certain
circumstances. Moreover, both institutions coexist unlike Gorton and Pennacchi

(1990).

Unlike the traditional costly bank runs,® one of the conclusions in this article is

that a bank run is an efficient phenomenon in certain circumstances. The literature

sell their capital good in return for consumption goods from late consumers. Their results are
valid in this chapter in that the informed agents exploit the uninformed agents systematically
when markets have information asymmetries. The difference in environment between Gorton and
Pennacchi (1990) and this chapter is that this article takes (i) the OLGs model having two separate
islands, (ii) agents are subject to relocation shocks, (iii) consumers use fiat money as liquid assets
the rate of return of which is not fixed but determined in the interaction between the old and the
young, and (iv) endowment goods are only available at agents’ initial period. These are explained
in detail in Sec 2.4.2.

5For details on the relationship between markets and banks, see Thesis Introduction and Chap-
ter 1.

6For the recent studies on costly bank runs, see Martin et al. (2014), Angeloni and Faia (2013),
Gertler and Kiyotaki (2015), and Gertler et al. (2016).
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dealing with efficient bank runs deals with information based runs.” They focus on
the fact that bank runs are the reflection of the business cycle, and they come from
agents’ optimising behaviour expecting the poor performance of the banks rather

than from the result of sunspots.

The related literature with this chapter is Allen and Gale (1998). According to
Allen and Gale (1998), bank runs could be efficient in the case where a standard
deposit contract cannot be made contingent on the ‘leading economic indicator’, such
as the return on illiquid assets, which yields a random return. A bank run makes
consumption contingent on the state of nature. The indicator can be observed with
accuracy at the middle period and thus, ‘the possibility of equilibrium bank runs
allows banks to hold the first-best portfolio and produces just the right contingencies
to provide first-best risk sharing (p.1250).” No information problem arises at least at
a time when bank runs actually happen in Allen and Gale (1998) since each agent

8 Bank runs happen, in

can observe the indicator with precision by assumption.
this chapter, however, irrespective of whether agents have access to the information
about the rate of return on risky asset. In other words, banks runs may happen
even when the higher rate of return on illiquid assets is expected. And the run
is efficient not because it makes contingent consumption possible but because it
reveals the unknown information to which uninformed agents do not have access.
The studies I reviewed until now share one common feature; those papers all deal
with the economy focused on real factors in which a role for currency is ignored.
Champ et al. (1996), on the other hand, constructs a monetary model in which a
role for currency is considered and monetary factors play a specific role in banking
panics. In Champ et al. (1996), the bank provides insurance with agents who have

random needs for liquidity because of the possibility of relocation. The ‘relocation

shock’ takes the place of ‘preference shock’ in Diamond and Dybvig (1983). One

"The related papers are Chari and Jagannathan (1988), Jacklin and Bhattacharya (1988), Allen
and Gale (1998), and Diamond and Rajan (2001), just to name a few.

8In a similar vein, Gorton (1985) provides a model where agents obtain, at the middle period,
some information regarding the rate of return on risky asset of which expected value is realized at
the final period.
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of the reasons why they consider it seriously is because the defining fractures of
banking distress involve the currency in a central way. Except assumptions used in
the basic set-up of the model (three-period OLGs model with relocation shock where
fiat money is used as liquid assets), this chapter, however, is not directly related to
the Champ et al. (1996).

The rest of the chapter is organized as follows. The environment is described in
Section 2.2. In Section 2.3 the process of asset price determination is shown in detail.
In Section 2.4 the asset market equilibrium with and without asymmetric informa-
tion is described. Then, in Section 2.5 the financial intermediary is introduced and
considers how the intermediary deals with the problems regarding the asymmetric
information. In Section 2.6, I show that financial intermediaries are still needed
when we introduce another friction into financial markets, limited participation,
even though each agent has access to the perfect information. And then, I consider
an economy, having both asymmetric information and the limited participation, and

study the role of banks. Concluding remarks are contained in Section 2.7.

2.2 Environment and Behaviour of Agents

There® are infinitely many overlapping generations of agents who live for three pe-
riods (call them young-middle-old respectively). The population in this economy is
equally divided by two distinct locations— two different islands. At the middle of
each period stochastic relocation shocks occur and a fraction of movers among unin-
formed agents, \!, is relocated to the different island at the end of the same period
and will spend her final period on the island. M\ is assumed to take two different
values: A", with probability s, or A, with probability j;, where 0 < A < A\ < 1.
The probability of relocation is assumed to be the same across both islands so that

the population in each island remains constant.!® There are two different types of

9The model in this section where only financial markets exist is based on models by Champ
et al. (1996), Gorton and Pennacchi (1990) and Diamond (1997). Champ et al. (1996) built an
OLGs model with random relocation where agents live for two periods.

10Tf there were no aggregate relocation shocks, there were large numbers of uninformed agents,
and their relocation shocks are assumed to be independent, the fraction of movers is equal to the
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assets for savings: capital and fiat money. The capital is an illiquid asset for two rea-
sons. Firstly, the capital invested in production needs two periods of time before it
transformed into consumption goods. Secondly, it is assumed not to be transported
across islands, and moreover, due to the ‘limited communication’, claims against
capital is assumed to be useless. For movers to consume after being relocated, they
need fiat money which is identical in the two islands and universally accepted as a

means of exchange.

2.2.1 Agents

There are four types of agents as of date t (see Figure 2.1).

Movers

Non-informed agents
(Normalized to 1)
a(1-X)

Type A
Nonmovers
(1-a)(1-X)

Type B

Informed agents: Aing

Figure 2.1: Types of Agents

Agents are divided broadly into two groups: the informed and the uninformed.
The measure of the entire set of uninformed agents in each island is normalised to
the unit interval [0, 1], and the fraction of informed agents in terms of the scale of
the uninformed is denoted as A;,s. Thus, in each island, 1 4 A;,; number of agents
live.

Each uninformed agents are subject to random relocation shocks when they are
middle age. After learning they should move, movers are relocated to the other
island at the beginning of date ¢+ 2 (at the beginning of their old). Before they are
relocated, they trade their holdings of capital for fiat money in a financial market.
They exchange this accumulated money with consumption goods from the new-born

young (or the coalition of the young if any) at date t+2. The informed are assumed

probability of being a mover according to the Law of Large Numbers.
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not to be subject to the relocation shocks and thus stay on the same island. Another
difference between the informed and the uninformed is that informed agents have
access to the information whether the rate of return on capital would be high or
low, and the fraction of movers, who belong to the same generation as them, is large
or small when they are in the middle age (at date 1).

Agents, who are turned out to stay on the home islands, exchange some or all
of their holdings of money with capital the movers hold. They consume the return
from any capital investment made when young, and the capital they bought from
movers when middle, plus consumption goods, for which they trade any fiat money
holdings (if any left) with the newly born young at ¢ + 2. The timing of events is

illustrated in Figure 2.

t t+1 t+2
|
|
The Young |
born with Movers are
endowment ‘ relocated.
goods. | Agents
Relocation consume
The Initial old | shocks are
hold currency. ‘ revealed
- Asset market is - Movers trade their
- Theinitial old trade held. currency for goods
their currency for - Moversandtype A  With the young.
goods with the nonmovers trade.

young.
- The young form
their portfolio.

Figure 2.2: Timing of Events

The nonmovers are classified again into two subgroups. The fraction among
nonmovers, a(1 — A%), born at date ¢ and called type A, have access to a financial
market at date ¢ + 1. On the other hand, the fraction of (1 — a)(1 — \?) is assumed
not to join the market. Thus, o can be used as an index to show financial market
development as in Diamond (1997). Except for the possibility of participating in
the market, there are no essential differences between types A and B. The fraction

of type B, (1 — a)(1 — X\’), is assumed to be zero in this section, Section 2.4 and
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2.5. The effect of the existence of type B on the role and scale of banking will be

discussed in detail in Section 2.6.

2.2.2 Preferences

All agents are risk-neutral and consume at their final period. The reason why we
taking linear utility function is for calculating a closed-form solution of the optimiz-
ing agent. Uninformed agents, who are born at time ¢, are ex-ante identical and
individually observe relocation shocks at the middle of date ¢ 4+ 1. This information
is privately held and not observable by other agents.!! Preferences of the generation

born at time t are represented by:

Cmpt+2,  if movers
U(Crito) = Cn.t+2, if nonmovers

Cinfi+2, if the informed

where c¢; ;49 denotes the amount of good that is consumed in the final period of life

by a type of 7 born in period ¢.

2.2.3 Endowments and Technology

Each agent is born with one unit of endowment goods, which can be used both for
consumption and investment and cannot be stored from one period to the next. En-
dowments are used to form a portfolio consisting of two types of assets: fiat money,
M and capital, k. Each agent born at date t chooses to allocate her endowment

into ¢ and k, to maximise her expected utility.!?> Let v; be the value of 1 unit of

UTf this information can be observed by anyone living on the island, the information problem
is removed. Movers deal only with nonmovers and nonmovers only with movers. Also, with ‘open
communication’, where the claims against the capital can be verified costless and can be traded
without cost, all agents will only hold capital since its rate of return is expected to be greater than
that of fiat money. The next footnote explains that such an equilibrium is not possible.

12]f agents are risk-averse, they will both acquire fiat money and capital even though the rate of
return on capital is expected to be higher than that of currency. If agents are assumed to be risk-
neutral, all might want to hold only capital. If financial markets take place in the middle period of
their life, however, at least some should keep some fiat money for trades to occur. Some fraction
of agents who are turned out to be a mover will try to sell their holdings of capital. However,
since no one holds money, the asset price will go to zero. Thus, there will be at least some agents
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fiat money in terms of goods at time ¢. Then ¢;(= v;M;) denotes the real demand
for fiat money at date t. Uninformed agents will save some of their endowment in
the form of currency despite its lower rate of return than its alternative (capital)
because some of them are subject to relocation shocks. Thus, two different forms
of savings—fiat money and capital-are not regarded as perfect substitutes to each

other.

All uninformed agents are homogeneous ex-ante and decide how to divide their
savings between currency and capital with their one unit of endowment goods at

the beginning of their first period (at date ¢). Their budget constraint is given as

@ +k=1

k; units of investment at date ¢ yields R;k;*® units of output at date ¢ + 2, and
R; is a random variable taking two different values: Ry, with probability pg,*
or Ry, with probability p; where Ry > R; > 0. Even though v; and v;; is
determined endogenously within the model, the rate of return on fiat money is just
equal to 1 if money supply is assumed to remain constant and two different islands
are symmetric.'® E[R;] is assumed to be greater than two periods rate of return
on fiat money,'® vy /vy, i.e., it is assumed that E[R;] > va/vg. It is also assumed
that Ry > vo/vg > Ry, i.e., the rate of return on capital could be lower than that

of fiat money when the random return is low. The assumption on technology is

who might want to hold currency to exploit this arbitrage opportunity. In this section, agents are
assumed to hold both fiat money and currency for this reason, i.e., in equilibrium both ¢; > 0 and
ke > 0.

13The linear capital production technology was introduced into the overlapping generations
model by Cass and Yaari (1966) and the assumption is widely used in the literature.

1For simplicity I assume that the probability of each possible rate of return on capital is equal
as pr = pg = 1/2.

15Tn this chapter, I consider stationary and symmetric allocation only, so I drop the time scripts
t from now on. The consumption of agents born at date ¢ is written as c, 2, and the value of fiat
money at date t 4+ s is denoted as vg for all s > 0. The notations without time subscript denote
the amount determined at date ¢ = 0.

16Thus, the fiat money is used for both medium of exchange and store of values in this model.
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summarized as follows:

1
E[Rj]:§<RH+RL)>Z—z, RH>z—Z>RL>0

2.2.4 Money Market Equilibrium

No one in the future generations is born with fiat money. For young agents to
acquire fiat money per each island, they must trade with the initial old living on
the same island with them who are endowed in total with M units of fiat money at
date t. The initial value of fiat money, vy, is determined at the beginning of period
t by the coincidence of the demand for fiat money by the young and the supply of
it by the initial old.'” The (real) demand for fiat money (the number of goods each

young agent chooses to sell for fiat money) is given as:
DM = (X4 (1= X))g =g
The supply of fiat money measured in goods comes from the initial old.
SM — yoM
Therefore, the value of one unit of fiat money at date t is determined such that

vy = (2.1)

4
M

t’18

In a stationary equilibrium where the money supply is constan all generations

face the same decision problem. Therefore, ¢ and thus v have constant values, i.e.,

1"The initial middle-aged agents, holding both currency and capital at date ¢, are assumed not
to participate in this market since the market takes place before the relocation shocks are revealed.
Under this assumption, the initial middle have no incentive to change their portfolio.

18This assumption cannot be sustained in situations where each island faces different idiosyn-
cratic relocation shocks, or where monetary authorities play an active role to affect the economy
by adjusting the money supply. If the two separate islands had a different fraction of movers, then
the population of each island would be distinct from each other and thus, will have dynamic effects
on consumption and the value of money after their relocation. The effect of these incidents on
equilibria will be discussed in the further study.

68 Chapter 2.2. ENVIRONMENT AND BEHAVIOUR OF AGENTS



Essays on Banking and Finance

virs = v for all s > 0.

2.2.5 DMovers

A consumer, who is turned out to be a mover at her middle age (at date 1), sells her
entire holdings of capital at a price B; before she moves. She inelastically supplies
her capital holdings, whatever the price is. The total unit of currency the mover

accumulates after the trade at date 1 is represented as:

M + Bik (2.2)
01
The second term of the preceding equation denotes the amount of fiat money
the mover acquires by selling her capital to nonmovers who belongs to the same
generation with her. Then the old-age consumption of a mover at date t 4 2 is given
as:
Cma = <M + B—lk> ve = 2q+ Z—jBlk — g+ Bik (2.3)

U1 Vo

The consumption depends on agents’ portfolio decision and the price of an illiquid

asset at date 1, Bj.

2.2.6 Nonmovers

Non-movers must decide to trade either some or all of their holdings of fiat money
for illiquid assets (capital) at date ¢+ 1 weighing the difference between the expected
returns of the two assets, unlike movers facing a trivial decision problem whether
to sell their capital or not. So, the total supply of fiat money (S™) by nonmovers,

which equals to the demand for capital, DX, takes the following form.
SM=D" =(1-XN)yM

where v (0 < v < 1) is the ratio of cash reserves exchanged with capital. v = 1

implies that nonmovers trade their whole currency for capital at date ¢t + 1 and do
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not pass it over to the next period. Then consumption of a nonmover at date ¢ + 2

is represented as:

M
Cno = (7 U —|—kz) R;+ (1 —~v)Muv,
By
YU g U2
=(——=—4+%k|R; 1 —~v)— 2.4
(B2 k) R -2 (24)

2.3 Determination of Asset Prices and Equilib-
rium

This section contains a detailed exposition on how the price of capital, an illiquid and
risky asset, is determined when the economy faces uncertainty on the fundamentals.
This discussion is based on the work of Gorton and Pennacchi (1990), Allen and Gale
(1994), and Diamond (1997), which discuss the process of asset price determination

in different situations.

2.3.1 Fundamental Asset Price

Assume that an asset market at date 1 is held after the relocation shocks are revealed
and before movers are relocated. Let BY be the (nominal) price of one unit of capital
traded in the asset market at date 1 facing uncertainties. ¢ and j denote the state
of nature where ¢ = {h,l}, and 7 = {H, L} respectively. We have the following

proposition:

Proposition 2.3.1

> ) R; v y(1—\)q
BY m J - i 2.5
t IH{UQ/U]_ "o Nk (2:5)

Proof See Appendix 2-1.

The proposition tells us that if the market has enough liquidity (i.e.,S™ > DM)

then the asset price would reach its highest possible point, Ufﬁ. However, if the
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market suffers liquidity shortage for any reason, the price will be determined by the
amount of cash supplied. This is known as ‘cash-in-the-market pricing’ in which the
asset price is determined as the ratio of total available ‘cash’ to the amount of asset

provided (Allen and Gale, 1994, 2009).

2.3.2 Asset Prices with Uncertainties

Proposition 2.3.2 Suppose that the random variable R; takes on the value of Ry
with probability of py and Ry with probability of pr, where Ry > Ry > 0, and all
assets are held by consumers. Also assume the random variable \* has the following
two-point supports.
\ N with probability pu,
N, with probability
where 0 < X < A\ < 1,
Then the capital prices at date 1 facing uncertainties, Bz’j, have the following

relationship:

1. When R; = Ry the price of capital is determined such that By™ = min { Ry “—17H()1\i_]€’\i)q },

v2/v17 vo

Rp
vo /v1’

U1

which 1s strictly greater than o and when R; = Ry, BZ’L = which s

strictly less than *. (i = {h,l}).

vo Y (1=X%)q

2. v is equal to 1 as long as Ry > , and L is determined such that

v Nk
L1\ L ‘ vy N
Ry, > Z—f}—” (iilj\ )q, which implies v* = ﬁ(’l_ki%q.
3. In the equilibrium we have
B > B >y fug > BYF (2.6)

4. Combining the above results, we have the following relationship.

V2 V2 V2 V2 (%
Ry > —BWW > 2phH > 25 Z2pht _ 2Bl _ g, (2.7)
U1 %1 Vo (%1 (%1
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WwH _ - Ry v (1-XY)q
where B, = min {UQ/U1 e (-

Proof See Appendix 2-2.

J
B;
Pt+1

J(1— .
e 2= e agset price
P41 ok

Note that in any case of either R; = or R =
in this section cannot be higher than the fundamental value, p;1 ;. The market

always undergoes “underpricing” (Allen and Gale, 1994).1

Assumption 5 When the economy has large fraction of movers, i.e., when \' = \,

then the asset price is determined by the amount of liquidity in the market.

When the economy suffers high liquidity needs which implies less provision of lig-
uidity by relatively lower numbers of nonmovers, the asset price is assumed to deter-
mined by the ‘cash-in-the-market’. This assumption is needed to calculate the exact

amount of capital provided to the market by informed agents (See Proposition 2.4.1).

Corollary 2.3.3 Applying the previous assumption, we have the following relation-

. B — in d Br v (=X hH _ vy (1=A\")q
ship. By —mm{m/vl,v0 E and B;"" = T

2.3.3 Equilibrium

Formally, a imperfectly competitive rational expectations equilibrium for agents

born at date t = 0 consists of
1. The price system (a price vector): {B{’} = (B BPMY BYY BbE).
2. The vectors of the value of fiat money: vg = v; = vy = v

3. The expected consumption of agents:

ENepya + (1 — X))

Elcing2]

EAC, 5] =

)

19 Asking if the asset price always takes the value less than the fundamental value is questioning
whether ‘bubbles’ may exist or not. This is an interesting question but is not dealt with in
this article. See Prize (2013) for an introductory description of whether financial assets reflect
fundamental values or bubbles exist.
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where E[N¢;, 0 + (1 — A)e,2] denotes the expected utility of the uninformed

agent.

4. A specification of storage strategies for (market participating) nonmovers: %,

where 0 < vF < 1.

5. A specification of insider coalition strategies : )\Z;ff (discussed in detail in

Section 2.4.2).

such that,

1. Agents’ respective utilities are maximised (El[c,2] maximises agent 7’s ex-

pected utility)

2. {B’} and 7 clear the asset market in all states of {i, j}, where i = {I, h} and
j={L,H}.

3. /\Z;ff is self-enforcing.

2.4 Market Equilibrium

2.4.1 Full Participation & Complete Information

Let B\ij be the full-information prices of an illiquid asset for states {7, j} which is
determined from Proposition 2.3.2. And let E¥[Nc,0 + (1 — A)cp2] be expected

utility of uninformed agents with full information and full participation, then E*[]
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is given as:?

EF[)\icm,g +(1- )\")cnyz]

A\ (U 4 Bth‘) (1—\" (%%RHJFRH/%)
0 0 ’

2 1
v

Al (UO + = BlHk) (1-X) (UlBlHRHJrRHk)

AP Bth 1\ ”1'“]3 Rik+(1—~M2
2 <U +o- ) (1 ) o B L+ Rk +( V)qu
Ha |y SULL U1 7 q (%)

A B k 1—) R Rk 1— —
2 (Uo "‘ ) (1 )<UOB L+ Rk +( V)UOC]>]

(2.8)
Lines between the second and fifth in (2.8) represents the consumption level
when each state {7, j} happens. In what follows, I study how the expected welfare

of each type is affected when consumers have asymmetric information.

2.4.2 Markets with Asymmetric Information

As before,2! movers sell their holdings of capital, k, regardless of the realized states
of nature, while nonmovers need to decide whether to store fiat money or to trade
all or some units of currency for capital. Only informed agents have access to the
information at date ¢ + 1 on the precise returns on capital, R;, and the proportion
of movers, \’, which will be known to the uninformed at date t + 2 .

Informed agents hold only capital at date 0 since they know that they are not
relocated. Then the total amount of capital informed agents’ holding at date t is
simply Ai,f, where \;,s is the relative proportion of informed agents with respect
to the uninformed. The informed form a coalition at date 1 after the uncertainty is

revealed. The coalition collectively decides whether to provide capital of its members

20See the appendix 2-3 for computational details.

21This section is based on Gorton and Pennacchi (1990) and closely follows their assumptions
and shows similar results. As they point out, the informed may exploit uninformed agents and
systematically benefit at the expense of them when prices are not fully revealing.
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holding in a state {7, j}, where ¢ = {h,(} and j = {H, L} to the market. Let /\Z;ff be
the amount (proportion) of capital the coalition decides to provide with the financial
market at date ¢t 4+ 1, where 0 < )\Z;ff < Aing. The question posed in this situation
is: will )\ETZ ; be positive in some information sets {i, j} at date ¢ + 17 The coalition
will trade capital for fiat money only when they get additional gains from the trade

by manipulating the asset price by providing its holdings of capital. The following

proposition?? shows when that arbitrage opportunity is possible.

Proposition 2.4.1 e Let R = u, Ry + pRy, denote the informed nonmover’s
posterior expectation on the rate of return on capital when the state {l, L}
happens, and ), and p; are their posterior probabilities on the fraction of
mouvers.

vl (1_>\h)q <

e Suppose the total money supply remains constant. If (i) E?H = i <

—vjvl, and (i) the number of informed agents compared to that of the unin-
formed. is equal or greater than i > Ninp = 235, then the coalition of
f f —x

informed agents can mimic the price BfH at date t + 1 when the state {l, L}
happens. Let EiL be the price which is manipulated by the informed agents

when the state {l, L} occurs. Then we have the following:

SLL _ DhH DL
me is the minimal size of the informed to influence the asset price. Unin-
formed nonmovers trade their whole fiat money for capital because they misun-
derstand that the state {h, H} has occurred when they observe Ei’L, and thus

=1,

o Fxcept for the state of {l, L}, the true prices are revealed as in Proposition 2.3.2

and )\E’Jf =0, where {i,j} # {l, L}.

n

22This proposition is a variant of Proposition 1 of Gorton and Pennacchi (1990). We modified
it for the OLGs model with random relocation and fiat money.
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Proof See Gorton and Pennacchi (1990) to see how the informed agents manipulate

the asset price when a state {I, L} occurs to make it looks like B/

Let Eij be the asymmetric-information price for states {7, j} when )\z;ff > 0.
Now, let us look at how much capital is provided by the coalition of the informed.
Let )\ian be the amount of capital supplied to the market by the coalition in the
state of {l, L}. The specific )\i’an value can be obtained from the market equilibrium
condition, using EiL = E? H

U1

NEBY + oL BV = (1 - /\l)voq

The left-hand side of the preceding equation denotes the total supply of capital in the

state of {[, L}, and the right hand side of it is the demand for capital. Substituting

% for kéi’L(: ké\? ) using Assumption 5, and in the stationary equilibrium

Virs = 0, Vs > 0, we have

(1= A)g ((1=A")g !
SA (1= M) = (1= M)Ak — N (1= A"k
(2.9)
SN (1= A"y = KA = N\
k(A" — N
Lo
SAinp = S
As long as A\jpy > me = k[i\i;}f‘ l], the coalition of the informed is able to it can
mimic the price B when a state {I, L} actually occurs. [ |

The preceding proposition implies that when the state {l, L} actually happens,

the consumption of the uninformed agents will be

V9 V2 =1, U1 g
A (U—Oq + —B{%) +(1=\) (U—O@RL + RLk>

U1 1

Now let EA[Ni¢,, 0 + (1 — Af)c,2] denote the expected utility of the uninformed

agents with asymmetric information, then E4[-] is given as
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EAP\iCm’Q + (1 — )\’i)Cn’Q]

- % AP (Z_iq + z_jéﬁﬂk) +(1-\") (%%Rf; + RHk:>:
+ % M\ (Z—zq + Z—?Ein:) + (1= XY (%%RH + RHk’>:
+ % A" (Z—Zq + Z-jé?%) +(1-A" (Z—; ;Z’(]L Ry + Rk + (1 - vh)z—zq)]
+ % Al <Z—zq + %Ei%) + (1= M) (%E%LRL + Rdf)

(2.10)
Since the difference between eqs (2.8) and (2.10) exists only when the state {l, L}

happens, we have the following:

The preceding equation tells us that E4[-] is always lower than E¥[-] when asym-

metric information exists (See Appendix 2-4 for the detailed computation).

Finally, look at the expected utility of the informed agents. Under full informa-
tion where trades only occurs at true prices, the expected utility of the informed is

just

E"[cing2] = B[R]

On the other hand, under asymmetric information,

)\Q,L él,L
R; + Zinf 71 Vo

)\mf U1

1 P t N
Bllensal = gl + 5 R+ ([1 s

S (BhE (2.12)
:E[Rj]—i—ﬂ 1nf( 1 B L)

E|R;
2 )\inf U1 vz > [ j]
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)\l L
The coalition now can exchange for currency mf per unit of the capital good at

date ¢ + 1 at a higher price, BlL = BhH

, when a state {/, L} happens. This
gain comes from at the expense of consumption by nonmovers. Trading losses by
uninformed agents associated with information asymmetry is equal to the trading

gains by informed agents.?® The results are summarized in the following proposition.

Proposition 2.4.2 The imperfectly competitive rational expectations (temporary)
equilibrium with asymmetric information and without a coalition of the uninformed

Yyoung is given as
1. The Price system: {BY} = (EfH, B\iH, E{L’L, Byt = E?H)

2. The expected consumption of agents:

ATy i Fryi i
B, - E4 N o+ (1= A)epo] < B [Nema+ (1 — Ny

)

AL
EAleinra) = E[R;] + ;Ajz;‘(Bv—R)v > EF[Ciny o)

3. The specification of storage strategies for (market participating) nonmovers:

0 <~v <1, when a state {h, L} happens.

v =1, otherwise.

4. The specification of insider coalition strategies:

h
N = R ACHI S (V2
inf ]
0, otherwise.

2.5 Forming a Bank

Now suppose that young, uninformed agents who are born at date ¢ can organize

an institution, which is called a bank, and see if the institution can protect them-

ZSince there are )\i’an number of informed agents with respect to that of the uninformed agents
(which is normalized to 1), total gains from trade of informed agents is exactly equal to the total
loss by uninformed agents.
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selves from the loss induced by asymmetric information. They deposit some or all
of their endowment goods with a bank, and it uses the proceeds to acquire assets in
favour of its members. Free entry into the banking industry forces banks to compete
by offering deposit contracts that maximise the expected utility of consumers. In
dealing with bank runs situation, I follow the assumptions in Allen and Gale (1998)
rather than ‘sequential service’ assumption in Diamond and Dybvig (1983). The
bank makes a standard deposit contract with its members. The contract promises a
nominal amount of fiat money, d, at date 1 if it has enough liquid assets. If the bank
does not have enough liquid assets to make the promised amount, however, it pays

out all available liquid assets and capital, divided equally among those withdrawing.

2.5.1 The Model

At the beginning of time 0, the uninformed young deposit their endowment goods
to a bank in exchange for a promised amount of fiat money at date 1 if they turn
out to be movers. If they are nonmovers they become residual claimants and share
whatever left over equally with other nonmovers. Then, the bank’s problem is to
choose how much capital and fiat money to acquire to maximise the ex-ante expected
utility of the typical uninformed agent, and the standard deposit contract is made

in the process.?*

max ¥ = E[Nc¢p,a+ (1 — A)eyo) (2.13)
st. (i) ¢ +k <1,
(@) Nd< L,
Vo (2.14)
(ii1) (1= MN)ena <02 (¢ — Nugd) + Rik,

(1v)  Cpna2 > Cma = vad

24To make the transaction sequence as simple as possible I assume the initial old at date 0 and
old movers after date 1 consume after the coalition accepts deposits from the young uninformed.
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The first constraint is the budget constraint facing a bank.?® The bank determines
how to divide its member’s endowment goods between liquid and illiquid assets.

The second decision made by the bank is about how much it should pay to
movers who must withdraw at date 1. The bank makes a standard deposit contract
with its members. The contract promises to give a fixed amount of fiat money, d,
at date 126 by paying out all available liquid assets, divided equally among those
withdrawing. Movers withdrawing d at date 1 consume vod at date 2. If the bank
does not have enough liquid assets to make the promised amount to movers at date
1, the bank will go bankrupt. The constraint (ii) says that the bank’s holding of fiat
money must be sufficient to provide movers with d according to deposit contracts.
Non-movers are paid whatever is available at their third period which is shown in
constraint (iii). The constraint (iii) says that the consumption of nonmovers are
limited by the total value of the risky asset, capital, plus the amount of fiat money
left over after the movers are paid off, if any.

The constraint (iv), which denotes incentive compatibility constraint, says that
consumption by nonmovers must be at least as much as that of movers. Movers
will withdraw their deposits in forms of fiat money from the bank at their middle

age before they are relocated and then take the money to the bank in the foreign

v2 &

island and trade them for consumption goods. Each mover will consume vod = =

Non-movers will get whatever left over in a bank when they are old. Since whether
a certain agent is relocated or not is private information, and thus, the bank cannot
identify who is a mover and who is a nonmover, nonmovers have an incentive to
pretend to be a mover unless this constraint holds. The incentive constraint tells us
that nonmovers do not have any incentive to pretend to be a mover as long as they

would get a higher level of the consumption good at their final period.

25Tn this section I suppose each uninformed young agent deposits her whole endowment goods
when she is young. However, we do not necessarily need to assume this way. For example, agents
may decide to hold capital directly and deposit only part of the endowment goods in the bank.
Diamond (1997) explains this type of deposit agreement. I will consider how the lower bound of
banking is changed under different assumptions applying the study of Diamond (1997).

264t /vy denotes the amount of fiat money the bank holds at date ¢ + 1.
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In the optimum, A’d must be equal to ¢'/vgy, otherwise (i.e., Ad < ¢'/vp) the
bank could increase expected utility by reducing ¢ because the rate of return on
capital is expected to be higher than that of fiat money. Note that a contingent
deposit contract is not possible to make because the portfolio decision is made
before relocation shocks are revealed. Since there are two possible states about the
fraction of movers, either of the following relations holds depending on how much a

bank chooses g¢:

qh
Md =2 > \d (2.15)
Vo
or,
ql
Nd == < \'d (2.16)
Vo

If the bank chooses to spend ¢" instead of ¢/, and if a state [ actually happens, it
will have excess liquidity which is passed over to the next period. On the other hand,
if the real money demand is equal to ¢' rather than ¢" and the state h happens,

then it will experience the shortage of liquidity and suffers bankruptcy.

2.5.2 Equilibrium

As noted in the preceding subsection, the optimal amount of ¢ is not determined
as a fixed amount because the optimal ¢ does not take a single value and depends
on how many agents are subject to the relocation shocks. Therefore, regarding
the bank’s choice of how much to pay to movers, there exist two possible choices
between ¢' and ¢".2” Whether ¢’ is the optimal amount of liquidity banks hold
depends on the realization of A’ as shown in (2.15) and (2.16). Now let us consider
the effect of the bank’s two different choices on its members’ utility. The analysis
shows that the uninformed young will enjoy higher consumption level when the bank
spends a minimum on purchasing liquid assets at date t. In other words, the bank

always chooses ¢' instead of ¢". Note that, however, in any case, the welfare of the

2"In a situation where bank runs are costly, in that physical liquidation incurs cost (Allen and
Gale, 2000), or individuals do not have access to financial markets. In the latter case, not allowing
bank runs by holding enough liquidity can be optimal. Allen et al. (2009) takes this position.
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uninformed is increased when they form a bank.

Equilibrium with Bankruptcy

Suppose that the bank makes a contract with its depositors expecting the state [
would happen and holds liquid assets such that ¢' = A\, i.e., the bank determines to
sell minimal goods for fiat money. There is a good reason for choosing ¢' = \. In
fact, with linear utility function, the expected utility of the uninformed agents will
be greater the less g is. However, if ¢/ < A the bank always suffers bankruptcy, and
so the bankruptcy’s unique role of revealing unknown states of nature is no longer

being performed.?8

The bank’s choice of how much to spend to retain liquid assets has two conse-
quences, depending on how the actual state of nature i is realized. If the state [
happens at date ¢t + 1, then the bank will hold sufficient amount of fiat money to

distribute it to movers. The expected consumption level by each agent is given as

!

V2 q
MOVETS  Cp o < Vod = —
Vo A

(1)2 (ql — )\lvod) + k’le)

NONIOVETrs  Cpo <

11—\
Carrying over fiat money to date 2, i.e., ¢, 2 < v2d, is not optimal because the
bank can increase the consumption of nonmovers by reducing ¢ without affecting
the consumption of movers. Therefore, in the optimal plan, the bank always choose
¢ and thus d such that

l

Cm2 = ’Ugd = — (217)

Vo )\l

28In the standard Diamond and Dybvig type model with log utility, the optimal amount of ¢ is
just equal to A. See Chapter 1. Another reason why banks must have at least A' in liquidity is
that there might be liquidity regulation by central banks. However, the issue of regulation of the
central bank on liquidity or capital is not the subject of this paper, so we will not discuss it any
further.
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which determines the consumption of nonmovers as

k'R,

=39 2.1

If the state h happens at date 1, on the other hand, then the bank will not hold
enough liquidity to be provided with movers since \'d > % = Md. The bank goes
bankrupt (bank runs happens) inevitably. If bank runs happen, then movers and
nonmovers equally divide the fiat money and capital the bank hold, ¢' + k!, and

movers and nonmovers trade these assets in financial markets with one another.

From the fact that bank runs happen, the agent now can realize that the state h
occurs instead of the state [. From this newly acquired knowledge, they can confine
the remaining possible asset prices into two distinct cases. In other words, they
know the only viable remaining states of nature will be either {h, H} or {h, L},
both of which cases the true values of asset prices are expected to be revealed (see
Proposition 2.4.1). So, nonmovers can trade their holdings of fiat money for capital

without risk incurred by asymmetric information.

E{L L always equal to Ry. Note that, however, the asset price in the state of
{h, H} takes a different form from that in (??). The bank has chosen ¢' but since a

state h happens, the actual asset price in the state of {h, H} is expressed as

vy (1= Mg

ph,H _ Y1
Bl N Vo )\hk’l

(2.19)

The different asset price in the state {h, H} does not affect the expected utility of

the uninformed agent since the agents are assumed to be risk-neutral.

Then, the consumption of a mover in each state can be represented as:

(hHY cms = 24 + 2BMHEL
oo (2.20)

(WL} Cma=2q + 2B,
Vo (%1
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And the consumption of a nonmover:

l
{ha H} Cn2 = (Ul BhH + ko) Ry
(2.21)

L} enn = <ﬂ 17 ké) Ru+(1=7)24

h,L
Vo By Vo

Substituting (2.17), (2.18), (2.20), and (2.21) into the objective function (2.13),
and assuming constant money supply, we can calculate expected utility of the un-

informed agents.

El[)\icmz =+ (1 — )\i)Cnyg]

=y’ [ql +kE [Rjﬂ

=q¢' + E[R;]K'

(2.22)
where E'[Nic,, o+ (1 — A)c,0] is expected utility of uninformed agents when agents
organize a bank and the bank chooses ¢'. Losses that occur under asymmetric
information do not occur in this situation,? and thus, the uninformed agents have

higher expected utility than under asymmetric information.’

Equilibrium without Bankruptcy

Now suppose that the bank makes an alternative choice expecting the state h would
happen and hold ¢" = M. In other words, the bank chooses ¢ expecting the num-
ber of movers will be higher. There exist two possible scenarios according to the
realization of state ¢ as in the previous subsection.

If the state h happens at date t 4+ 1, then the bank will hold sufficient amount of

298ee Appendix 2-5 for the computational details.
30As long as ¢! is less than or equal to F [Rj]k'l7 the incentive constraint is met.
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fiat money to distribute to movers. Unlike the previous section, bank runs do not
occur even when the state h occurs. The expected consumption level by each agent

is given as

U2 qh
IMOVeTS  Cpy 2 = Vod = Y
oo (2.23)
_ k'R,
NONMOVETS  Cpo = Y

If the state [ happens at date 1, then the bank holds excessive liquidity, which
is unintended when the bank first chooses its portfolio at date 0 amounting (¢" —
)\lvod).Bl

The expected consumption level of agents when state [ happens is given as

U2 qh _

v N

ve [d(A* — ND)] + Rjk"

1— )\
vy (M= M) + Rjk"

R 1—\

()\h _)\l) +Rjkh _ Rj]{?l
1— M 1— N

IMOVeIS  Cp o =

NONINOVErS  Cp o =
(2.24)

The first term on the right hand side of ¢,2, va[d(A" — A')], represents the
increased amount of consumption due to fiat money carried over from date 1 to
date 2. The second term, R;k", is the consumption from illiquid assets. Note
that the expected consumption of nonmovers is lower than that in (2.18) because
the bank holds excessive fiat money than necessary and less capital (note that
kh=1— M <1 — X = kY. This implies that inefficiency is caused by the bank’s
holding excessive liquidity at date 0. This inefficiency arises because the decision
by a bank is made at date 0, which expects the specific state i will happen, but a

different state actually happens at date 1.

Therefore, when the state [ happens, the bank holding excessive liquidity at date

1 may wish to trade this excessive liquidity for capital with the informed if =R >
1

31This is because \'d = % > Ad.
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is expected. Does it buy additional capital from the informed at date 1?7 It turns

out that it will never end up trading with informed because of the following reason.

By the fact that it holds excessive liquidity after movers’ withdrawing, the bank
now gets a new information that the state [ happened instead of the state h. It
still does not know, nevertheless, the exact return on capital which will be realized
at date 2, which is known only to the informed. Now that the coalition acquires
the information about the total fraction of movers, it knows that the possible asset
prices will be confined only to two distinct cases. i.e., it knows only remaining
possible states of nature are {i,j} = {l, H} or {l,L}. It also knows that informed
agents will try to sell their capital only when the returns on capital is low, i.e., only
in the state of {l, L} (see Proposition 2.4.1). The financial market now can be seen
as “the market for lemons” (Akerlof, 1970). The bank chooses to keep the currency
to the next period, and thus, trades in the financial market are not made at date

t + 1. The uninformed agents will consume according to (2.23) and (2.24).

Substituting (2.23) and (2.24) into the objective function (2.13), and letting
EM Xy o+ (1 — A)e, 2] denote the expected utility of the uninformed agents when

the bank chosses ¢", we have3?

Eh[)\icmg +(1- /\i)Cn,g]
/\l h
2L =2+ K B[R]
)\h
(2.25)

=pun [¢" + K"E[R;]] + wu [¢" + K"E[R)]]

=pn [¢" + K"E[R;]] +

=¢" + k"E[R)]

The second term in the third line of the preceding equation is calculated using A! = ¢/
and M = ¢". Losses that occur under asymmetric information do not occur when

the bank chooses ¢" as well. However, the expected utility with ¢’ is greater than

32The constant money supply is assumed as well.
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that with ¢" because from (2.22) and (2.25)

El [)\ich -+ (]_ — /\i)CmQ] — Eh[)\icmg + (1 — )\i)cn’g]
(2.26)
= (¢" =) (B[R;] —1) >0

Therefore, the coalition will always choose ¢* = A rather than ¢* = \".

I showed that the coalition of uninformed agents can effectively eliminate the
loss due to asymmetric information by allowing a run and thus revealing the true
prices of capital. Also note that financial markets and banks coexist after a bank

run occurs.

I assumed until now that all uninformed young agents deposit their whole en-
dowment with a bank at date t. However, the assumption is not necessarily needed.
Uninformed agents can deposit only parts of their endowment with a bank and hold
capital directly. Let the scale of banking be 3, the fraction of endowment goods
deposited with a bank, then the lower bound on the date t scale of banking under
asymmetric information, 84!, is the amount of goods needed to buy fiat money
B > AT = M. When 3 = A, each agent directly hold the capital amounting to
1 — . Summing up all the findings until now can be summarized as the following

proposition.

Proposition 2.5.1 The imperfectly competitive rational expectations equilibrium

when the uninformed young form a bank is given as

1. The Price system: {B¥7} = (BI"", EiH, E{L’L, B\i’L), where Bi" = Z—é(l%;)ql

2. The expected consumption of agents:

BNy o+ (1— M)l = ¢ + K E[R;
B[C.)] = [Nema + ( )Cn 2] [R;]
E'[cing] = E[R;],

where ¢ = N\ and k' =1 — \.
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3. The specification of storage strategies for (market participating) nonmovers:

v <1, in states of {i, L}

v =1, in states of {i, H}, where i = {h,l}.

4. The specification of insider coalition strategies: )\;:;ff =0
5. The lower bound on the date 0 scale of banks: B> BT = ¢ = N

6. Bank runs are inevitable and efficient when state {h,j} happens, where j =
{H,L}. Financial markets and banks coexist when the states {h,j} occurs

even when = 1 (when uninformed agents deposit their whole endowments

with the bank).

2.6 Limited Participation in Markets & Imperfect
Information

Until this point, the analysis has assumed that uninformed agents have access to the
market without limitation. This section analyses an incomplete asset market caused
by asymmetric information and limited participation at the same time. Suppose
that only « fraction among nonmovers have access to financial markets. Then, the
total fraction of nonmovers participating in markets will be a(1 — \?) and that of
nonmovers who do not have access to a market will be (1 — a)(1 — \%).

Let Biy be the price of an illiquid asset which would prevail with limited partic-

ipation and complete information. Then, asset prices take the following relations.

Ry >BY > B — o B,
(2.27)
BM > B — oBM > 1 > R, = BYE = BME

The price in the state of {h, H}, under full information, B\? Hcan be higher than

that in the state of {l, H} under imperfect information, EiH, if the fraction of
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nonmovers who have access to the market is lower than some point, i.e.,

AT — )\

SIH _ DhH -
Bl < Bl , if o< Vl——)\l

As before, B+* and B" are equated through the adjustment of ~¢, such that,?

RNk
T a(l — N)q

)

Now look at the consumption of a mover at date ¢ + 2:

Bk Ny 3y
Cmiz = <M+—1> v2:%q+?B1k:q+Blk
1

U1 Vo

The consumption of type A nonmovers at date ¢ + 2 is given as:

CnA2 = (7 B U + k:> R;+ (1 —7")Muv,
1

”Yi’Ul q i\ U2
= T+k7)R'+ 1—~YH-=2
(UO 5 i+ ( v)voq

= (gq +k> R+ (1 —7")q

1

The consumption of type B nonmovers at date t + 2 is

Cnp2 = VoM + kR; = @q—i—kR» =q+ kR,
J Yo 9 j

It would be interesting to ask whether the uninformed young still would like to
form a coalition at date 0 with full-information but some of its members are isolated
from the market. The answer to the question is that the uninformed young will set
up a bank to minimise losses that could arise from some of them being excluded

from the market.

33As long as o < 1 and other things being equal, the money holding ratio v tends to be bigger
than under full participation case. Due to the reduced demand for capital (because of the limited
participation), the asset prices in the state {i, L} could be lower than Rj. The lower asset prices
will induce type B nonmovers, who used to hold some currency if all agents have access to markets,
want to trade more of their currency holdings for capital.
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Direct calculation shows the following holds (see the Appendix 2-6 for the de-

tailed computation.).

Ef o+ can+ capa] < ¢+ E[R;lk = E¥ [cpma + casl, (2.28)

where E¥'[-] denotes expected utility under full information and limited participa-
tion. Even though the calculation process is messy, the economic intuition behind
this result is straightforward. Limited participation in markets implies the type B
nonmovers end up holding inefficient liquidity assets, which is passed over from pe-
riod t + 1 to period t + 2 for consumption. Thus, the economy would keep excessive
liquidity than necessary eventually.

Total losses from this limited participation constraint are always greater than 0
as long as a < 1. This loss is a decreasing function of o and the maximum loss
incurred from limited participation happens when o = 0 (see Appendix 2-6 for
computational details.).

To address this problem, the young uninformed agents organize a bank at date
0. The role of a bank which maximises the expected utility of the uninformed young
is gathering the need for holding fiat money together and avoiding the inefficient
holdings of fiat money by type B nonmovers at date 1. The bank will minimize its
of fiat money holding as a fraction of movers \¢.34

In the following, I will study the effects of characteristics of asymmetric infor-
mation and limited participation on equilibria dividing it into two parts. The first
deals with the resource allocation problem when there is only the asset market, and
the second analyses the case where the asset market and the bank are together.

Note that the results below will be quite different depending on whether « is
known to the uninformed agents or not. Moreover, the asset prices, which the
informed agents can mimic when the low rate of return on capital is expected,
depend on the magnitude of . When « is small, the coalition of the informed can

manipulate any prices as it wishes. Therefore, the optimal level of ¢ is not be given

34Since complete information is assumed here A’ is not a random variable.
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as a single value if there exists limitation on market participation. Rather it will
depend on the magnitude of nonmovers who have access to the market, a. The
results will be also different from that in Section 2.5, where the optimal deposit
contract are made expecting the state [ happens and choosing to give movers the
amount of fiat money, d, by holding a minimal fiat money. From now on, however,
I assume that the fraction of « is known to all agents and « is not low enough for
the coalition to mimic any price, and the price manipulation is possible only in the

state of {h, H} as in Section 2.5.

2.6.1 Market Equilibrium

As discussed in Section 2.4.2, type A nonmovers will not keep fiat money for the
consumption at date 2 when j = H (irrespective of the state of i), and some storage
happens when j = L, i.e., some storages will occur only in the states {h, L} or
{l, L}.

Let 0 < X;ff < Ains be the amount (proportion) of capital the coalition decides
to provide with the financial market at date ¢ + 1 when markets are imperfect. In
a state {l, L}, the coalition of the informed can mimic state {h, H} by selling their
capital holdings and thus increasing the total supply of illiquid assets to equate the

prices such that,

3 1-M)g = -\ -
B v1 af )q _ BLL — ﬂo‘(—UZM > Bt (2.29)
v Ak vo Nk + ALL,

This happens when all the agents including uninformed agents know the value of «

the fraction of whom have access to the markets.3®

We can show that the coalition by informed agents can mimic the price Bf H

(> BY") at date 1 when the state {I, L} happens as we did in Proposition 2.4.1.

351f o is unknown to the uninformed, then the informed can mimic even Ef ’H, which is greater
than Bf’H if their capital holding is big enough.
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)u\ian can be obtained from the market equilibrium condition, using EiL = é? H

NEBYE 4 35 B = a1 — )2
Vo

The least fraction of informed agents compared to the uninformed, which is

needed to affect the price is given as by substituting Z—é% for §iL using (2.27):

e 0= Mg ool = Mg _ gy
Vo Ak Vo Ah Vo
G- ] (2.30)
NLL — _LL
SNnf = "] o = Ning

Note that /v\ian is the same with )\irff in (2.9). The minimal number of informed
agents needed to manipulate the price is the same as in the full participation case.?¢
As discussed in Section 2.4.2, the welfare of the informed agents become higher at

the expense of uninformed agents’ welfare.

2.6.2 Bank Equilibrium

The bank takes the similar step in optimising its depositors’ expected utility as in
Section 2.5. As analysed in Section 2.5, the bank faces two possible choices about
how much to invest for real money balances, ¢, at date 1. Following the same
approach as one used in Section 2.5, let us consider the effect of the bank’s two
different choices about ¢ on its members’ utility. The analysis is summarized as the

following proposition.

Proposition 2.6.1 The Proposition 2.5.1 holds with limited participation when

agents have linear utility function.

Proof To prove the preceding proposition, I analyse two different possible cases of

a bank and see which behaviour will give higher consumption profile of uninformed

36 As I mentioned before, this fraction can be changed a lot depending on the assumption regard-
ing a, and under certain situations, the existence of the informed agents might result in Pareto
improvement. However, these issues are not discussed in this chapter.
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as in Section 2.5.

Equilibrium with Bankruptcy

The bank makes a deposit contract expecting the state [ to happen and chooses to
invest ¢¢ = A for liquid assets and promises to give d = #;l to any person who
withdraw at date 1. This implies that the bank determines to sell the minimal

amount of goods for fiat money and hold as much as k! =1 — A\’

If the state [ happens at date ¢ + 1, then the expected consumption level by each

agent is given as

!
V2 q
IOVEIS  Cpy o = Uod = i
v
o N (2.31)
E'R;
NONMOVETS  Craz = CuB2 = T )

If the state h happens at date ¢ + 1, however, the bank goes bankrupt (bank
runs happen) because \'d > % = M\d. If runs occur, then movers and nonmovers
equally divide the fiat money and capital the bank holding, ¢' +&'. Movers and type
A nonmovers will trade these assets in a financial market with one another. The
bank run itself instructs the uninformed agents that total fraction of movers is A*.
This information will confine the possible remaining states of nature to two distinct
cases: either {i,j} = {h, H} or {h, L}. We already show that the true asset prices

are expected to be revealed in both cases.

Let B?’H be the asset price in state {h, H} when the bank chooses ¢'. Then BT’H

is expressed as
vy ol — \)¢!

Hh,H s
B = vo  APE

(2.32)

The Consumption of a mover, then, can be represented depending on the realized

state of nature as:

(hH} o= 2¢ + 2 BPHE
oot (2.33)
(L} o= 24 + 2B
Vo U1
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The consumption of a type A nonmover is:

U1 ql l
{ha H} CnB2 = U_()W + kO Ry
g (2.34)
v Yq I Vo
{h,L} cup2 (voB{“L+ 0> L+ ’Y)qu
And the consumption of a type B nonmover:
{hj} cupo= =24 + KE[R)] (2.35)
0

Type B nonmovers are not affected by the state of j since they do not have access
to the financial market.

Substituting (2.31), (2.33), (2.34), and (2.35) into the objective function (2.13),
and assuming constant money supply, we can calculate expected utility of the un-

informed agents as follows.3”

Ell [)\icm’g + (1 — )\i)Cmg]

=u' [¢ + K'E[R;]] + % A (ql + B{“Hk:’)

+u_xh{a(ﬂl+kQRH+u—aN¢+HRM}

hH
By

Hh
+2

+ (1 =AM (a { (;}?ZL + k’) Rp+ (1 — ’y)ql} +(1—a){d+ klRL})

1

AP <qz n E?,Lkz>

—¢' + E[R;]k' = El'[cpa + o2
(2.36)

where E'[c,,5 + cn2] denotes the uninformed agent’s expected utility with limited
market participation and asymmetric information when they formed a bank. The
preceding equation shows that the restriction on market participation does not affect

the uninformed agents’ welfare without reference to how big the parameter « is if

37See the Appendix 2-7 for computational details.
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they could form a bank. This rather weird result comes because of the assumption
that agents are all risk-neutral. Since the portfolio decision by the bank is made at
date t, their expected utility is the same as long as no loss occurs in trade in the
financial markets. Once we assume a standard, risk-averse preference, however, the
result might be different.

There will be no gap in consumption between type A and B nonmovers when
the state {h, L} happens. They all consume ¢ + k'R;. However, when the state

{h, H} occurs, the difference between the consumption between type A and B is:

: R
(%H +k:l) Ry — (¢ + K Ry) = (Tf;—l) ¢ >0
Bl’ Bl’

The first term on the left-hand side is the consumption of a type A nonmover and
the second term is a type B’s consumption in the state of {h, H}. Since Ry > B?’H,
the difference is always positive. This implies that the expected utility of nonmovers
will be lower if only limited fraction of nonmovers has access to markets. The loss
from limited participation is a decreasing function of a. If a were very low, then
allowing bank runs may not be efficient. Then, investing in liquid assets more in
order to avoid bank runs might enhance the uninformed agents’ welfare, which I do

not discuss further.

Equilibrium without Bankruptcy

The results are the same as in Sec 2.5.2. Thus,
Eh/ [)\icmg + (]_ — /\i)Cn,g] < El/ [)\icmg + (]_ — )\i)CmQ]

Therefore, as long as the agents are regarded as risk-neutral, the limitation on market

participation does not affect the optimal behaviour of banks.
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2.7 Conclusions

With asymmetric information and restriction in market participation, financial in-
termediaries can make the unknown information revealed without needing to invest
its resources in order to identify it by just allowing bank runs to occur. Then, unin-
formed agents make transactions each other knowing that the true asset prices are
available. In this way, financial intermediaries and markets coexist after banks go
bankruptcy. This mechanism of ‘a bank run first’ and ‘transactions in the market
second’, thus, enhance the expected utility of the uninformed, otherwise facing lower
expected consumption generated by information asymmetries. The arrangement of
bank’s achieving this goal is made through standard deposit contract. Without
restriction in market participation, i.e., when all uninformed agents have access to
financial markets, the intermediary would hold the minimal amount of goods for fiat
money expecting the lower fraction of movers to be realized. Thus, the scale of the
banking sector is minimized to the lower fraction of movers, \'. Even though there
exists restriction in accessing to the market among the uninformed, the lower bound
of banking scale remain the same as long as agents have risk-neutral preferences
and the parameter indicating the financial market development, «, is a common
knowledge.

This conclusion, however, might be limited when « is unknown to uninformed
agents or when « has very low value. Also, bank runs might be costly if we assume
the standard, strictly concave utility function because the type B nonmovers’ loss
due to the limited participation can be critical. Then, the optimal spending on liquid
assets would be increased to the level where bank runs does not happen, and the
spending will be the function of a. If the value is lower than the critical point, then
the intermediary will not allow bank runs to occur by holding more liquid assets
amounting to A", even though it incurs some cost due to a lower rate of return on
fiat money. The lower bound of banking scale is higher than under full participation

case.

The conclusion might be also limited when we allow the rate of return on the
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risky asset to be a random variable having general probability density function,
f(R). Then the asset prices also take continuous values rather than discrete.
Moreover, this chapter is only concerned with a stationary allocation and a
constant money supply, and thus assumes that the rate of return on fiat money
is constant each period. If a central bank having authority to print money exists,
the rate of return on fiat money will be affected by the monetary policy, and this
potentially will change the bank’s portfolio decision and thus the behaviour of agents
and the intermediary.® Another interesting question would be to ask that the central
bank is able to remove the inefficiency induced by an asymmetric information.
Also, I considered the symmetric allocation between islands. Each island faces
the same stochastic shocks, so the population of each island remains constant. What
would happen if the relocation shock is idiosyncratic across each island, and so the
population of each region changes as each region sends the small number of movers
and take large number of movers? Would there be contagion or systemic risk in
interbank markets? It is also important to know what will happen to the mutual
relations between the two regions, which have different financial market structures
or financial market developments, and whether financial exchange between these two
regions can bring systematic risks or contagion. These questions ask us to consider
the interbank markets between islands and to solve a general equilibrium problem.

Some of these questions is dealt with in the following chapter.

38] discuss this issues in the following Chapter 3.
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2-1 Proof of Proposition 2.3.1

Proof The supply of capital comes from movers. They inelastically supply their
holdings of illiquid assets, whatever the price is. So there is a vertical supply curve,

and the quantity supplied (the demand for money) is:
SE(= D) = Nk

The demand for illiquid assets comes from nonmovers. Nonmovers need to decide
whether to hold fiat money and pass it over to the next period. For the decision,
they compare the expected rate of return on fiat money with that of capital. Let
~ be the ratio of money exchanged with capital at date 1. Then, 1 — v fraction
among their money holdings (¢/vg) is passed over to the date 1. « takes a value
between 0 and 1, and v = 1 implies that nonmovers inelastically supply their whole
fiat money to the market. However, v = 0 (all storage of fiat money) will not occur
in an equilibrium since as v — 0, B/’ — 0. So, as long as R; > 0 there exists fiat

money provider to trade for illiquid assets.

One unit of fiat money will purchase 1/B}” units of claim on consumption goods
at date 1, and this will produce R,/ Bi’j units of consumption goods at date 2. One
unit of the good is traded for 1 /vy units of fiat money at date 1 and this will purchase

vy /v1 units of consumption good at date 2.

IfR; < %Bi’j , then no nonmovers would hold capital from date 1 to 2, which im-
pliesy=0. If R; = %Bi’j , then the two assets are perfect substitutes to nonmovers.
Thus, any v between 0 < v < 1 is possible. If R; > ﬁBi’j , no nonmovers would

hold fiat money from date 1 to 2, which implies v = 1. Then, for the nonmovers to

R
112/'01 :

trade fiat money for capital, it is required that Bi’j < The maximum price of

the the asset is B} = =R,
1

Therefore, the aggregate demand for capital (supply of money) of nonmovers is

DR (= SM) = (1 — X )yMuv, = Z—;u — X)yq
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The asset market clearing condition requires that

NEBY < 21— Mg
Vo
i viy(1—=X)g
o B AN
L = Nk

If the market has enough liquidity (i.e.,S™ > DM ) then the asset price would

Ry
’ va/u1

reach its highest possible point . However, if the market suffers liquidity short-
age for any reason, the price will be determined by the amount of cash supplied.
This is known as ‘cash-in-the-market pricing’ in which the asset price is determined

as the ratio of total available ‘cash’ to the amount of asset provided (Allen and Gale,

1994, 2009). |

2-2  Proof of Proposition 2.3.2

Proof No fiat money is passed over to the date 2, i.e., v = 1, if and only if the rate

of return on capital is greater than or equal to that of fiat money, i.e.,

R; v
] >_2

Bi»] - V1

Rewriting the preceding equation, we have:

ry» Py~ 20X (1)
U1 U1 Nk Vo Nk
This implies when the rate of return on capital is high, agents will want to hold
only capital from period 1 to period 2. Since the rate of return on capital takes two
values, it is assumed that the preceding relation holds only when R; = Ry without

loss of generality. The value of v with Ry, v, becomes 1.

On the other hand, some fiat money is stored for the consumption of date 2, i.e.,
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0 < v <1, only when

Rj _1)2

BYY v

In other words, agents will hold some currency and pass it over to the next period

only when the rate of return on capital is low. So I assume that 0 < v* < 1 when

Rj = RL.

Since (1;%) (1 A )9 39 the price of capital in the state [, B/, is higher than

or equal to that in the state of h, B, hg Therefore, we have

R;

vy /U1

. , . A R.
> By > B, (= if B =B = — ), (38)
vy /U1

Note that, however, B! cannot be equal to B?. If B! = B! then we have

Bl = B =

- /v1 40 which implies that capital dominates fiat money. If agents hold

only capital, i.e., k = 1, then movers sell capital at a price of Bi’j and consume
%Bi’j k=%2B" = R > % No one would hold fiat money in the first place, which
1 v1 vo

Bl

cannot be an equilibrium. Therefore we should have the relationship: /v
Bl

Additional condition, Bf <y < Bi’j , is required because otherwise fiat
money is (weakly) dominated by capital as well. If BY > B" > 4, /vy, then a
consumer holding only capital sells it at a price Bi’j and consume Z—fBi’j > Z—fo J >
oo, Also, if Bf I < Bi’j < w1 /vy, capital is weakly dominated by fiat money since
z—“l’B? 7 < ”—28“ < ;2. Therefore we have Bf T < fue < Bi’j . All these explanations

0
yield the conclusion that — < Pt < B < R.
Pt+1 Pt+1 Pt+1

/U .
Rp=2pit <2 - 2pii o p,

(%1 Vo U1

39 {W} is decreases in \', i.e., 53+ [(lgf‘g)q] <0
1 h
40Because (1;l>\k)q # u;fb‘k)q, the only way B! = B! is both B} and B} having the fundamental

value.
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where i = {I, h}. v takes on any value between 0 < v* < 1 depending on parameter

values. [ ]

2-3 Expected utility of uninformed agents

EF [Cm.2 + Cn2l

Hh | \p [ V2 V2 Sh,H h [ Y14
2 [ (qu+1}1 ' )+( )<’UOB{L’H " H)

|y f V2 V2 51H N
LN U —ZB"E -\ R Ryk
+ 2 <U0q+v1 ! ) (1 )<voBi’H SR )
L Ah<2q+2§fv%)+(1_m “”‘JRL+RL/<+<1_7)%
2 Vo 1 UOBl Vo
Ll x(%q&@;@k)m_m U By Rok o+ (1- )2
2 Vo (1 UOBl Vo

(39)
Let the sum of the third and fourth line on the right-hand side be A. Using the fact
Ei’L = R; and by the assumption that vy, = v,Vs > 0, EiL is equal to Ry and

then A becomes

A= % [N (q+ Rpk) + (1— A" (g + Rik)]
+ ﬂ I\ (q+ Rk) + (1= A) (g + Rpk)]

Mh
2( q+ Rpk) + 5

q 1
S
5 T

(q + Rpk)

Let the sum of the first and second line on the right-hand side be B, then B becomes
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by utilizing the fact éiH =0 (1;3}:”7

B="1 {)\h (q + “;#) + (1= A" (<1 thh>RHk + RHk)]

Lt {Az (q+ “;ﬁ) TRy (ﬁRHk + RHk:)]

ERIN'g 4+ (1= A)g + N'Ryk + (1 — \)Ryk]

2

+ % Mg+ (1= A)g+ N Rk + (1 — \)Rygk]
=t la+ Ruk] + B lg + Rk
_a. 1
=3 + 2RHk

Therefore,

A+ B=q+ E[R]k

2-4 Uninformed agents’ loss due to information

asymmetries

EF [Cm’g + Cn’g] — EA [Cm,z + Cmg]

!
Mg V2 V2 5L N N
AN (20 2B ) - A [ 2 2L R, Rk (1— D)2
[ < 1 v ! ) ( )<UoBl’L t g ( 7) q)]

2 Vg i Vo
Fou |y V2 U2 3.1 N
—— N | =g+ =Bk 1-=XN)| —=+Rr+ Rik
7 [ <v0q+v1 1 >+( )(UOB%L L+ L)
=B INER(BY — BYY 4+ (1= Mg [ 1 - Eid
- 2 1 1 q EI’L
1
Using the fact EiL = E{LH = % and EiL = R, the terms in the square
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bracket becomes:

A1 —X")g
)\h
g =) kR (A =)
AP 11—\
(1-A\)q  kRy ]

= (=) L\h(l —AR) Tk

(1= A)\'kR,
(1—A")

NER, — + (1= XHg —

The first term in the second line is the sum of the second and third terms in the

first line, and the second term is the sum of the first and fourth terms.

2-5 Expected utility with banks

Expected utility with banks having ¢ is given as

El [cm,Z + Cn,Z]
=u' [¢' + E[R;] k]

!
HFh \\n (1 | phHyl _\h q l
+5 {A (q + B] k>+(1 )\)(B{L’H—Fk)RH}

o (ol - BPEg _\h v . o l
CHBIR)+ =X | oz T8 | Rt (=)

Hn

3

1

_ (=3¢

The third line of the preceding equation are simplified by using B? - e~ and

nh,L
B1 = RL;

% (Mg 4+ (1= Mg+ Nk Ry + (1= A)E Ry

_ Hn

9 [ql + klRH]
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The fourth line is simplified as:

% [ql + klRL]

Thus,

El [Cm,Q + Cn,?]
=u' [¢' + E[R;] k'] + 1" [¢" + E[R;]K]

=q¢' + E[R;]K'
2-6 Expected uility with limited participation

EF/ [Cm,2 + CnA2 + CnB,Q]

2 Vo (%1

+a(l—Ab) (Z—;#RH + RHk> +(1—a)(l— A (Z—iq + RHk)

1

M

M

A (ﬁq + Z—iéiﬂk)

Vo

Fa(l—N) <%%RH + RHk> T (1—a)1— A (Z—zq + RHk>

1

+ER <@q + @é{“%>
2 Vo U1
h
a1 =) [ ELLR 4 Rk + (1 —7")2q | + (1 —a)(1 = \?) (@q + RLk>
Vo By Vo Yo
+8 | (224 20
2 Vo U1

1 Vo Vo

l
+a(l— M) (%;Z?LRL Rk +(1— 71)%(]) +(1—a)(1—A" (% + RLk)

= ¢+ aE[R;]k + (1 —a)(q + kE[R)])

Let the sum of the third and fourth line be A, and using the fact EiL = Ry and
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the assumption that v; = v, then A becomes

A= BN (g + Rek) +a(l = X") (g + Ruk) + (1= ) (L= N) (g + Rek)]

+ ﬂ [\ (g + Rok) +a(l = N (q+ Rek) + (1 — a)(1 = ) (g + Rpk)]

“;< + Rok) + 5+ Rik)
q

=24 ZRik

2+2RL

Let the sum of the first and second line be B, and using the fact éiH = z—;o‘(%;\i)q,
then B becomes:

_Hh | \h a(l—)\h)q
B = 5 [/\ (q—l——/\h

h

+a(l— A" <ﬁmﬂg + RHk) + (1 —a)(1 = M) (g + Ryk)

N (q Lol - /\l)q)

+a(l =) (O[(%AZ)RHIC + RHk:) + (1 —a)(1 =\ (¢ + Ryk)

L

=5 V't a(l= Mg+ N Rk + a1 = X) Rk + (1= )(1 = X") (g + Rirh)]

+ ﬂ INg+a(l = N)g+ ARk + (1 — \) Rk + (1— a)(1 — N (¢ + Rirk)]
= [a [ (a-+ Riak) + (1= a)(1 = \*) (¢ + Ru)]
H

+ 5 [alg + Ruh) + (1= a)(1 = X) (g + Rigk)]

2( g+ Ruk)[a+ (1 — a)(1 = M)
+ Sa+ Ruk)la+ (1= a)(1 = )
(g %RHk:)omL(l—a)(l—)\h)J
qg 1

<§+§RHk
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Therefore,
A+ B < q+ E[Rjlk

and B is a increasing function of a.

2-7 Non-movers’ Expected Utility under Limited

Participation & Imperfect Information

El/ [Cm,Q + Cn,Q]

=u' [N+ (1 = X)E[R;]]

l
vl e (B o fa (k) - o (B0 kima ) |
1

Vo

Hh
+2

+ (1= A" (a { (BZ,?ZL + k:l> Rp+(1- v)ql} +(1-a){d+ k:lRL})

1

X' (d+ B

The bank chooses ¢! and since state h happens, the asset price in state {h, H}

. Sh,H
is expressed as By’

and é? L= R;.
The third line is simplified as:

% [()\hql +a(l = A)g) + (V'K Ry + a1 — \ME Ry)

(1= + KRy) — (1 =\ (¢ + k' Rpy)

(. J/

Vv VvV
=¢'+ktRg—X'g—X\'klRy  =a(1-A)gt+a(1-AM)kIRy

[ql + k'lRH}

_Hn
2
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The fourth and fifth line is simplified as:

% {qu R + (1= Mald + K Rp) + (1 — N (1 - a)(q + k;lRL)]

=B NG+ Rk + (1= A (g + K]

:% [ql + RLkl}

Therefore,

El/ [Cm’g + Cn’g] = ql =+ E[Rj]kl = El[Cm’g + Cn,g]
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Chapter 3

Bank Liquidity, Securitization, and

the Efficacy of Monetary Policy

3.1 Introduction

Since the seminal studies of Bryant (1980) and Diamond and Dybvig (1983), the
maturity structure trade-off between liquid and illiquid assets of a bank, and the lig-
uidity preference resulting from uncertainty about the timing of consumption have
provoked long debates on how banks should hold their assets. Also, the tendency
of excessive securitization, which is considered to be one of the principal causes of
the 2008 financial crisis, raises interest in the relationship between the degree of
securitization and the liquid asset holdings of banks. All these issues have impor-
tant implications for the effective implementation of monetary policy, given that

monetary policy is implemented through the banking system.

This chapter aims to analyse how the need for liquid assets of individual banks,
and the economy as a whole is affected by securitization. Also, it examines how
monetary policy can affect the composition of banks’” portfolio decision and whether
monetary policy can change the composition of assets in the direction desired by it.
Many empirical papers show the effect of securitization on bank liquidity and the

relationship between the efficacy of monetary policy and securitization. Loutskina
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(2011) shows the empirical evidence that bank’s ability to securitize loans reduces
its liquid asset holding. Maddaloni and Peydré (2011) illustrates the relationships
between the short-term interest rate, securitization, and banks’ asset choices using
Euro area and U.S data. Estrella et al. (2002) and Loutskina (2011) analyse the effect
of securitization on the efficacy of monetary policy using empirical macroeconomic
models. 7 argues that securitization alters the effectiveness of the bank lending
channel and increases the capacity to supply new loans. This chapter contributes to
the strand of research by providing theoretical grounds of the effect of securitization
on the economy’s need for liquid assets, which has not been discussed much in the

literature.

In the first part of this paper, I present a model which explain the relationship
between securitization and the bank’s liquid asset holdings, as well as the process
by which banks in two different regions trade securities. This framework provides a
detailed description of how the changes in demand and supply structure of securities
from different islands affect various key economic variables. Securitization not only
allows banks to transform illiquid assets into liquid assets but it also provides an
alternative source of investment in liquid assets. In addition to the liquid asset
holdings in the region where securitization is possible, the liquid asset reserves of
the whole region are significantly reduced compared with before securitization. This
implies the economy uses its resources in a more productive way to increase the
total output across the two islands. One of the main conclusions is that the impact
of securitization on banks’ liquidity, consumption, and welfare is affected by the
population structure of each island. The demographic structure between two regions
affects not only the supply of securities in an area where securitization is present but
also the size of demand in the other region, which may lead to a different equilibrium

through adjustment of securities prices.

These results may have important policy implications, especially when looking
at the work of Caballero (2006), Caballero et al. (2008), and Caballero and Krish-

namurthy (2009), which analyse the effect of global asset shortages on bubbles and
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global imbalances. Caballero (2006) analyse the effect of global asset shortages on
bubbles and global imbalances. Since only some regions of the world are capable
of supplying good quality financial assets, the global shortage of assets may lead
to capital movement from emerging markets to advanced economy, and potentially
cause bubbles. This chapter assumes only one of two islands produce safe securities
and shows how the different population structure affects risk sharing and the welfare
of consumers. The possibility of producing more output through capital inflows from
the island which does not issue securities, however, is limited due to the assumption

that movement of goods between islands is not possible.!

Also, these results have significant similarities with the study of Bencivenga
and Smith (1991). Based on the random relocation economy, Bencivenga and Smith
(1991) showed that the introduction of financial intermediaries might affect the com-
position of savings toward more productive assets (capital) and thus intermediaries
enhance growth by reducing socially unnecessary capital liquidation. Securitization
introduced in this chapter shows that the need for liquid assets, required for movers
facing liquidity shocks but provide low rates of return, can be reduced significantly

in a general equilibrium setting.

In the second part of this chapter, I examine how monetary policy can affect
the composition of banks’ portfolios and whether monetary policy can change the
composition of assets in the direction desired by the monetary authorities. Expan-
sionary monetary policy can affect the bank’s portfolio composition and thus its
depositors’ consumption and welfare, but the outcome depends on the magnitude
of the elasticity of substitution coefficients. When the consumer is less (resp. more)
risk-averse, the substitution effect dominates (resp. is dominated by) the income
effect and banks are willing to hold more (resp. less) liquid assets in response to
higher price levels than would otherwise be the case. However, if a randomised

monetary policy combines with other real shocks, the bank suffers from a signal ex-

ITf the assumption is relaxed and capital accumulation is possible, then capital flows toward
the island A, the asset producing region, can result in so-called global imbalances (See Caballero
(2006), Caballero et al. (2008), Caballero and Krishnamurthy (2009)).
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traction problem. Since banks cannot differentiate between the two elements of real
and nominal factors that determine the current price level, they react to changes in
the nominal supply of money, not real ones. This results in banks holding too many,
and in some cases too few, liquid assets when compared to under full information.

Another interesting question is whether monetary policy can change the composi-
tion of assets in the direction desired by the monetary authorities. More specifically,
let us consider the question of whether monetary authorities will be able to increase
capital investment via expansionary monetary policy if consumers are highly risk-
averse. This chapter shows that the benefits from inflation surprises disappear when
economic agents understand the monetary authorities’ intention and act accordingly.
This leads only to inflation bias as Kydland and Prescott (1977), Barro and Gordon
(1983a,b)’s research shows.?

To address these issues, I used a simple overlapping generations model with
fiat money, following the Lucas’ island model and its simplified version Wallace
(1980). Lucas (1972) showed that a positive short-term correlation between the
rate of change in nominal prices and the level of real output exists and argues that
the relationship may disappear when the government tries to exploit it. In Lucas
(1972), consumers live in two spatially separated places and are subject to two
different shocks. The first shock is the stochastic changes in the quantity of money
which may adjust the nominal price levels. The second source of disturbance is
an island-specific population shock. The population of the young in each period is
random; thus it may cause a difference in relative prices between the two places.
Information on these real and monetary shocks is conveyed by the local price, but
in the special framework, prices provide only imperfect information with people.
Those consumers who wish to respond only to real disturbances fail to distinguish

between them; thus nominal monetary shocks have an effect on output.?

2Kydland and Prescott (1977), Barro and Gordon (1983a,b) showed the positive correlation
between output and inflation could not arise systematically when agents have rational expectations.
The benefits from inflation surprises disappear when economic agents understand the monetary
authorities’ intention and act accordingly and lead only to inflation bias.

3Wallace (1980) formed a simple model to stress the effect of Lucas (1972)’s incomplete infor-
mation on time series correlation between output and inflation by way of a simple example.
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This chapter and Lucas (1972) have two significant differences. First, this article
examines the linkages between monetary policy and bank holding portfolio com-
position. Second, I deal with spillovers between islands, unlike Lucas (1972)" and

Wallace (1980)’s analysis where no linkages between islands exist.

The effect of spillovers arises because of the framework whereby the two islands
are linked to each other. Some of the members (movers) of each island move to
different islands at some point after random relocation shocks, which, in combina-
tion with other nominal and real uncertainties, produces interesting results. If two
separate regions are interconnected, then the outcome of the decision made in each
region is related to the choice of another region, and therefore the issue of general
equilibrium is essential. It is of particular importance to look at the interrelation-
ships between the two regions, especially if one region can trade securities with other

parts through the securitization of assets.

For movers to consume after being relocated, they need fiat money, the supply
of which is identical in the two islands and universally accepted as a means of
exchange.*. In order to reflect the preference for liquidity due to the uncertainty of
the consumption place, I followed the setting of Champ et al. (1996).° In Champ
et al. (1996), the bank provides insurance to agents who have random needs for
liquidity because of the possibility of relocation. The ‘relocation shock’” takes the

place of the ‘preference shock’ in Diamond and Dybvig (1983).

The remainder of this chapter is organised as follows. Section 3.2 describes
the structure of the physical set-up, information, and money market equilibrium.
Section 7?7 introduces securitization and analyses the effect of it on banks’ and the
overall needs for liquid assets of the whole economy. Section 3.4 studies the effect of
monetary policy on the bank’s portfolio decision and how a signal extraction problem

arises during the process. Section 3.5 analyses whether the monetary authorities can

4The role of fiat money as a store of value and medium of exchange using OLGs model is
discussed in Samuelson (1958)

5Champ et al. (1996) constructs a monetary model in which a role for currency is considered,
and monetary factors play a particular role in banking panics. However, except for the basic
assumptions and settings, this chapter is not directly related to Champ et al. (1996).
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influence the bank’s portfolio decision when the authorities have a specific goal to

achieve. Concluding remarks are contained in Section 3.6.

3.2 The Structure of the Economy

3.2.1 Environment

There are infinitely many overlapping generations of agents who live for two periods
and thus the economy is populated by two age cohorts: the young and the old.
People live on two spatially separated islands, where communication across the
two islands is limited. The population of the young and the old respectively are
normalised to unity. Therefore, the total population of the economy are added up
to 2. The number of the old in this economy is equally divided by two distinct
locations. The young, however, are distributed unequally across the islands. Let
the population of the young in each island at date ¢ be N} where i = {H, L}. Let N2
denote the island having large population and N} being an island with small number
of the young. Since the population of the young are normalized to 1, N + NF = 1.
The probability of the island i has NH (resp. Nl) is wy (resp. wr). According
to Lucas (1972) notation, let NI = /2 and NF =1 —6/2, where 1 < § < 2 is a
constant. So we have the following distribution.

N NE,  with probability wy,

L N[ with probability wg,

The information about N/ is unknown to agents.

At the end of each period the stochastic relocation shocks occur and a fraction
of movers among the young agents, A, are relocated to the other island at the end of
the same period and will spend their final time on the island. For N} and th+1 are
assumed to be serially uncorrelated, the young who are born at date ¢ in an island
1, and subject to being relocated to the island j, will face two different population

distribution of the young at date ¢ + 1. The assumption that the old population of
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the two islands are equally distributed implies that the parameter A is 1/2.9

There are two separate types of assets for savings: capital and fiat money. The
capital is regarded as an illiquid asset for two reasons. Firstly, the capital investment
needs two periods of time before it transformed into consumption goods. Secondly,
capital is assumed not to be transported across islands, and moreover, due to the
‘limited communication’, claims against capital is assumed to be useless. For movers
to consume after being relocated, they need fiat money which is identical in the two
islands and universally accepted as a means of exchange.

Total money supply is expected to grow or remain constant. The nominal price
of one unit of the goods at date t is p; and thus one unit of the good invested
in fiat money at date ¢ yields p;/piy1 < 1 units of the consumption good because
per1 is expected to be greater than p,. The illiquid asset represented by capital is
a constant-returns-to-scale technology that takes two periods to mature and allows
one unit of the good invested in the current period to be converted into R > 1 units
of the good at date t + 1. R is considered to have a definite value, in order to focus
more on the uncertainty of the rate of return on money and the effect of monetary

policy on the agent’s portfolio decision.

3.2.2 Preferences

Agents are risk-averse and consume only at their final period. Agents, who are born
at time ¢, are ex-ante identical and individually observe relocation shocks in the
middle of date t after making a savings decision. This information is privately held

and not observable by other agents. Expected utility of the generation born at time

6Unless A = 1/2, the population of the two different islands is not equal to each other. The
population of the old on the island H after the transfer of movers is N¥ — \(N# — N1 and that
of the island L is N¥ — A(NF — N*). Since the elderly population of the two islands should be
the same, the following holds true.

N _X\(NH — Ny = NL 4 \(NH - NE)

N - N =2\(N¥ - NI
eA=1/2
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t are represented by:

Ey[U(Cm 41, Cnpr1)] = Mu(Cmprr) + (1 = MNu(cnr1),

where ¢, 141 and ¢, 141 denote consumption of a mover and a nonmover respectively,
and A is the fraction of movers among the young. A period utility function is
characterized by CRRA.

u(c) = ——, (3.1)

cu'’'(c)

w'(c)

satisfies the usual neoclassical properties.

where 0 = — denotes the degree of relative risk aversion. The utility function

3.2.3 Supply of Fiat Money

The central bank controls a monetary instrument, the aggregate money supply,
which enables it to choose the current price level, p;. Let M; be the total money
supply of the economy at date t. The stock of fiat money increases according to the

rule
t = 2 My

where M;_; is a predetermined variable and zF denotes the gross rate of money

supply expansion which is greater than or equal to 1. 2 is a random variable with

o 2L, with probability ey,
k=

2B with probability e,

where 1 < 2z, < zy. Then new printed units of fiat money at date ¢ is

Mt - Mt—l = (Z;C - 1) Mt—l
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Increases in the fiat money at date t is assumed to be distributed to the old propor-
tional to an individual’s balances of fiat money as in Lucas (1972). Wallace (1980)
assumes differently that the increases in the stock of fiat money are subsidies which
are allocated through lump-sum subsidies to each old person in each period ¢. In
this model the subsidies are distributed to the old because only the movers among

old people hold fiat money unlike Lucas (1972) and Wallace (1980).

Assumption 6

NH ZH
_tL — LL >1
Ny 2
This special assumption is used because the model uses a discrete sample space. See

Wallace (1980) for a detailed explanation.

3.2.4 Money Market Equilibrium

No one in the future generations is born with fiat money. For young agents born at
date t to acquire fiat money, they must trade with the initial old who are endowed
in total with M, units of fiat money at date . The supply of fiat money in each
island in period ¢ is M;/2 because the population of the old is distributed equally
on each island. The demand for the fiat money comes from the young. Let ¢! be
the real demand for money from the individual young agent born on an island ¢ at
time ¢. In other words, ¢! denotes the number of goods each young agent chooses to
sell her fraction of endowment for fiat money. Then the total real demand for fiat
money in the island 7 is N/g;.

The local price of consumption goods of the island i at date ¢, pi, is determined
at the beginning of period t by the coincidence of the demand for fiat money by the
young and the supply of it by the old. Since uncertainties in the determination of
current price level are the population of the young on the island 4, and the money
supply growth rate 2, the current price level of island i is a function of N} and zF.

Therefore, from now on denote the price level of the island ¢ with the gross rate
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of money supply expansion, zF, as pif = p(N/, zF). The money market equilibrium

condition implies the following

2 My _ Agi ik
Topi t4t
¢ . (3.2)
<:> ka o O5Zt Mt_l
: Nigi*
Similarly, the expected future price level at date t 4+ 1 is expressed as
, 0.5z, M,
Py =~ (3.3)
Ni1Gia

where j,1 = {L, H}.

Let ¢* be the real money demand of agents living on the island i and facing

ik
Py

money supply shock, 2 at date t. Then the rate of return from holding ¢¥* is i q.
t+1
From (3.2) and (3.3) we have the rate of return on fiat money as following
i S
ptk _ th—&-l qg—l—l 1 (3 4)

Ji i ikl
Dii1 N{ q 2t

The distribution of the rate of return on fiat money will depend on the realizations
of random variables: N}, th+17 zF, and z},,. The price level at date ¢ +1 is assumed
to be serially uncorrelated with the current period ¢, and thus the price level at date
t 4+ 1 is independent of that at date ¢. Therefore, the rate of return on fiat money

depends only on the current price level. Therefore, ¢i* is expressed as a function of

ik
Py

3.2.5 Complete Information

I will divide the information structure that banks face into two different parts fol-
lowing Wallace (1980). In this part I deal with complete information case where the
individual bank, A, on the island ¢ optimises its depositors’ expected utility knowing
the value of 2F. The knowledge of 2F and the observed price p* gives the precise

information on N} from (3.2). For the future variables such as N/, and 2!, ,, they
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have access to the distributions of them. The second case deals with the incom-
plete information set where banks do not observe zF, and only have access to the

distributions of zF and N/ in Section 3.4.

Suppose that the young agents deposit all of their endowment goods with a
bank, and the bank uses the proceeds to acquire assets in favour of its depositors.
Banks compete for offering deposit contract to maximise the expected utility of their
depositors due to free entry into the banking industry. Therefore, the bank’s problem
is to choose how much capital and fiat money to acquire in order to maximise the
ex-ante expected utility of the young.

The financial intermediary h on the island 7 chooses its asset holdings (¢/™", ki*™)7
to maximise its depositor’ expected utility, knowing the value of zF. Then the rate
of return on fiat money, (3.4), may take four different values because only thﬂ are

pi,, are random variables. The probability of each event occurring is wie’.

Consumption

A mover consumes with her posttransfer fiat money balances. Consumption of a

mover can be expressed as the distribution of the rate of return on fiat money.

tk.h ik tk.h ik
ikjl _ Qt Di l 4 Dy
c = — 4+ (2,4 — 1) 4
m,t+1 A 51 t+1 Y pgl
D1 t+1

cﬁﬁrl denotes the consumption of a mover who is born on the island ¢ and moves
to the island j at date ¢ + 1 with the gross rate of money supply expansion zF at
date ¢ and 2., during period ¢ + 1. The first term on the right-hand side denotes
pretransfer money balances and the second term is subsidies transferred from the

central bank proportional to their pretransfer balances. The preceding equation is

simplified as

"k in the superscript denotes the states of the gross rate of money supply expansion.
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qzkh pzk

kgl 1 @ ¢

i+l = 214173 (3.5)
1

The expected consumption of movers, then, will be

ik,h

ik

ik,jl 1 Gt pt
Bl E E WjiC1Z 11— h\ p]
t+1

On the other hand, the consumption of nonmovers is not affected by the expected
rate of return on money since they hold only real assets. Therefore, a nonmover’s

consumption is

aw o (1- qi’“’h)R
Cni+1 = B

The Bank’s Problem

The individual bank h on the island ¢ maximises its depositor’s expected utility

max  Ey[U(cm 41, Cnatr)] Zzwﬁk [)\U ﬁﬁu) +(1 )\)U(Cff,tﬂ)]

Cm,t+1,Cn,t+1

(3.7)
subject to a budget constraint,
¢+ k=1 (38)
the feasibility conditions,
. qzkh pzk qzkh pz
ik,j !
i1 — (Z1 — 1) t)\ < t)\ ji (39)
pi+1 Pir
ik,h ik ik,h ik ik
ik,jl ! 4 P @G P k"R
Cm,ngl Tt Cnpr1 — (Zt+1 —1) b\ jtl = t)\ jﬁ 1t_ b\ (3.10)
Pi1 P
and the incentive constraint
) ik,jl
nktJrl 2 Cm g+17 (311)
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and (3.5), (3.6).

First, the bank determines how to divide its member’s endowment goods between
real money demand and capital at date t. The second decision made by the bank is
about how much it should pay to movers who must withdraw at the end of date t.
The constraint (3.9) shows how this decision is made. The bank makes a standard
deposit contract with its members. The contract promises to give a fixed amount

i ik,h
pikq,
A

of fiat money, , at date t by paying out all available liquid assets, divided
equally among those withdrawing.® Nonmovers are paid whatever is available at
their final period which is shown in constraint (3.10). The constraint (3.10) says

that the consumption by nonmovers are limited by the total value of the risky asset,

capital, plus the amount of fiat money left over after the movers are paid off if any.

The constraint (3.11), which denotes incentive compatibility constraint, says that
consumption by nonmovers must be at least as much as the promised real money to
movers. Since whether a certain agent is relocated or not is private information, and
thus, the bank cannot identify who is a mover and who is a nonmover, nonmovers
have an incentive to pretend to be a mover unless this constraint holds. The incentive
constraint tells us that a nonmover does not have any incentive to pretend to be a
mover as long as she would get a higher level of the consumption good at their final

period.

Since all members of the young on the island ¢ are identical, and so are the
behaviour of banks located on the island ¢. Therefore, the bank h’s decision on
qék’h is identical to per capita real money holdings living on the island 4, g*. By

substituting the budget constraint into objective function and letting qfk’h =g*, the

8If the bank does not have enough liquid assets to make the promised amount to movers at
date t, the bank will go bankruptcy. However, bank runs are not considered in this chapter, and
we assume banks do not suffer runs.
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Lagrangian function of this optimization model is

L =\u (ciﬁifH) + (1= XMNu (szk,t—&-l)

! q;b:k pik ik,jl
+ Zt-l—lT i Cmt+1
i Piia
—ik ik —ik
+ 1 9 Py (1-g")R _dkgl ik
M2 | 211 \ -\ Cmnt+1 — Cnttl
i Piia

where p; and o are Lagrange multipliers which both have non-negative values. Note
that the incentive constraint (3.11) are not included in the preceding equation. As
shown below, this is because the incentive constraint is always satisfied automatically

when we optimize this problem only with the first three constraints.’

As the first-order conditions with respect to consumption, we have the following

set of simultaneous equations:

ik, jl N
(Cm,t+1) Au <Cm,t+1) = M1+ 2

i i,jl
(anjt—f—l) (1— M/ <Cn?t+1> = 2

Non-binding feasibility condition (3.9) implies that cﬁfiil = ¥, because y; = 0
and A = 1/2. When (3.9) is binding, it implies Ciﬁii—l}-l < ¥, because iy > 0.

Therefore, the incentive constraint is always satisfied in any case.

First order condition with respect to gi* yields the following:

~l pik IU/QR
(i + p2) S == =
A pﬁi—l L=A

Combining all these first order conditions we have

vl Zl pzk
2 :2 : / ik,j t+10t oy ( ik
szlu <cm,t+1> 5l =u (Cn,t+1) R? (312)
l

] D1

Solving the preceding equation gives us the optimal value of ¢* where i = {L, H}.

9See Allen and Gale (1998).
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3.3 Financial Innovation: securitization

securitization'® is the process of taking illiquid assets and transforming them into
liquid assets, and thus it allows banks to liquidate illiquid assets to finance their
liquidity need. This section studies how financial development, represented by secu-
ritization, changes the financial intermediary’s portfolio decision and how it alters
the aggregate needs for liquid assets used for the consumption of agents facing lig-
uidity shocks.! Also, I show that securitization not only allows banks to transform
illiquid assets into liquid but also provides an alternative source for the investment
in liquid assets.

Now let us call the two islands as the island A and island B.'? Suppose that only
the A island has an ability to generate (produce) liquid financial assets'® appealing
to (demanded by) foreign consumers who face liquidity shocks. The reason for
making this assumption is to reflect the reality that not all countries in the world
can supply financial assets. The population structure of the islands is important
because it changes the relative size of demand for and supply of securities, and
thus alters the bank’s portfolio decision and the relevant equilibria values. A small
population of the young on the island A means that an insufficient supply of quality
financial assets increases the security price and potentially leads to bubbles and
crisis, the possibility of which is not discussed in this chapter.

This section deals with the global equilibrium, in which the demand for and
supply of ABS is equated in the securities market. The equilibrium of each island

is affected by the decision made by the other island. I assume that the total money

10Financial innovation is a term widely used in relation to the act of creating new financial insti-
tutions, markets, instruments as well as inventing a new process for distributing financial services.
Among the many contents related to financial innovation, this section explores securitization in
particular and investigates how securitization affects the liquidity needs of banks.

UThere are many potential benefits both to the issuer and investors when illiquid assets are
securitized. For example, the issuer may manage interest rate risk better, improve her liquidity
level, and diversify funding sources, and so forth. I do not develop the detailed process and various
benefits of securitization, nor cover the important features regarding theoretical issues of security
design happening in the asymmetric information situation. For these matters see Gorton and
Metrick (2012).

12Therefore, i and j are expressed as i,j = {A, B} rather than i,j = {L, H}

BFuture returns that capital generates are used as the collateral for these securities. From now
on, let us call these securities ABS.
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supply does not change in this section. The reason for taking this assumption is
to concentrate on the analysis on how securitization affects the amount of liquid

assets held by the banks, by assuming that the amount of liquid assets required

14

by the banks fluctuates only by real factors.” More specifically, I assume that

Ziis = 1,Vs > 0. Then the price level the bank on the island i at date ¢ and island

j at t 4+ 1 are given as

pi . 0.5ZtMt_1 . 0.5Mt_1
" Nigi(ph)  Nigi(pi)
0.5Zt+1Mt 0.5Mt,1

j
D1 = — ‘ = — .
Nt]—s—lqi-i—l(pi—l—l) Ng+1Qi+1(Pi+1)

which implies the expected rate of return on fiat money

i :Ng*;lai_jl (3.13)
pi+1 Nt q

The rate of return on fiat money is only determined by real factors, N and q.

3.3.1 The securitization Market

Banks located on the island A (originators) begin the securitization process by gath-
ering a series of illiquid assets (capital) and issue securities, which are backed by the
assets (capital) they hold. They then sell the securities (ABS) to the banks located
on the island B. The originator will have received proceeds from the securitization,
and the proceeds (fiat money) are used for the consumption of movers. The returns
generated by the underlying assets (capital on the island A) are then transferred to
the investors who purchase the asset-backed securities, the bank B. More specifi-
cally, the returns are consumed by movers from the island B. During the process,
the A bank is able to increase overall liquidity by securitizing illiquid assets into

liquid assets and to generate immediate proceeds from their assets. These proceeds

141f there is no uncertainty in the economy and the population of both islands does not change,
then the island A, which can securitize illiquid assets, can enjoy perfect risk-sharing. See the
Appendix 3-1.
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give the bank the potential to reduce the amount invested in liquid assets.!®

Let k#* be the investment in capital which the bank on the island A chooses, and
assume that the A bank securitizes its capital at a rate of a among its holdings of
capital k. And let b; be the (nominal) price of ABS which promises to provide
R units of consumption goods per unit of securities at date ¢ + 1. Then, the total

supply of ABS are NAak{ Rb;.

Banks on the B island invest in securities with fiat money they hold. Suppose
that the B bank uses [ percentage of its total currency among its holdings of fiat
money M,;/2 to purchase securities. Then, the supply of fiat money for buying the

e BM: _ N B,B,,B
securities are =5+ = BN;"q;’p; .

Therefore, the price of ABS, b;, is determined so that the demand for and supply

of securities match.!6

M,
N{'ak{Rb, = 52 = BNPafpy?
3.14
_, - BNPapp? (3-14)
"7 NAQkR

The price of the securities depends on the bank A’s decision on k' and «, and the
bank B’s portfolio decision about ¢Z and 3. Moreover, it relies on the parameter
values of N/ and NZ. Since N} is a random variable so b; is.!” When the population
of the young on the island A is large, i.e., N = NH then the supply of securities
will be bigger than the case of N/ = N}, which leads to lower securities price. The
value of N} also affects the size of « and f3, as illustrated in the example described

below.

15Typically, there exist several players in the securitization process, such as originators, special
purpose vehicles, credit rating agencies, and investors, and so forth. I simplified the process by
assuming the securities issued by originators (banks on the island A) are sold directly to investors
(the banks on the island B) and no uncertainties arise during the process since the rate of return
on the securities are certain. This simplification is intended to reveal more clearly the relationship
between securitization and bank’s liquidity need, without considering irrelevant details. See Gorton
and Metrick (2012) for a rigorous securitization process and related issues.

161t is assumed that neither short selling nor interbank lending are allowed, which implies 0 <
a<land0< <1

1"The island A can have the population of the young either N/ or NEF.
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3.3.2 The Supply Side of securitization: Island A

The bank on the island A determines how to construct a portfolio (¢, k{') and how
much capital to securitize in order to maximise its depositors’ expected utility. Since
banks on the island A securitize their capital investment at the rate of «, the total
amount of capital to be securitized is ak;!. Then the consumption of a nonmover is

A (1 - a)ktAR

Total investment in liquid asset in the island A is

t % — 5 A

2p;

The proceeds the A bank will have received from the securitization (fiat money) are

BM,
2

= BNPplq]

because the B bank uses [ percentage of its fiat money to purchase securities. Then,
the aggregate consumption of movers who are born in the island A and are relocated

to the island B is

N{L‘/\Cﬁi,]tlﬂ = (% + 52/[15) ]L
P
_ Niat'p! + BNPaPp?
Pl
_ Ni'piq + Ni'ak{b.R

j
Piy1

Y

where A, j = {L, H}. The last line of the above equation is derived from the ABS

market equilibrium condition (3.14).

The per capita consumption of movers is

A _ api + BINEINDa? _ plla + akitb R
mt+1 APiq APl

(3.16)
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The preceding analysis shows that the securitization can reduce the total liquid
asset holdings of the A bank in its portfolio by ak{*b;R than before capital is secu-
ritized. Thus, the bank on the A island can invest its resources in a more efficient
place, i.e., in capital, and thus produce more output in total than before securitiza-
tion. If the young population of the A island can be used as a substitute for the A
bank’s ability to securitize illiquid assets, the larger the population of the island A

(N/), the smaller the amount of liquid assets (¢/') that must be retained.

Using the above facts, we can construct the maximization problem as follows.

The A bank maximizes its depositors’ expected utility

max  BfU(emern, ene)] = D @ [Malenla) + (1= Nulehn)] 3.7)

Cm, t+1,Cn,t+1 .
m »"en ]:H,L

subject to (3.15), (3.16), the budget constraint,

g+ kit =1, (3.18)

the feasibility conditions,'®

pf@f + ak;f‘btR

A,j
Cpn < . 3.19
ta < T (3.19)
e pigt + akibR | (1- a)ki'R 5.20)
m, n, — )\pi+1 1 _ )\ Y
and the incentive constraint
A
Cﬁtﬂ > Cm,]t-‘rl (3.21)

18No subsidies are given to movers since there is no money expansion.
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The Lagrangian function of this optimization model is

L =\u <cf,‘l”],;+1) +(1—=MNu (cfﬂl)
pigt + kbR Ao ]
5 = ACy 41
i Pi1
pig + ok bR

j
P

+

+ 2 + (1 - O‘)kf‘R - )‘Cﬁiﬂ - (1= )‘)Cﬁ,tJrl

First order conditions with respect to consumptions are given

(C;?,t—i-l) u' (Cﬁtﬂ) = M2

Non-binding feasibility condition (3.9) implies that cﬁﬂ 41 = ¢4y because iy = 0.
When (3.20) is binding, the consumption becomes cfl”]; 1= cﬁ,t 41 because p; > 0.
Therefore, the incentive constraint is always satisfied.

First order conditions with respect to ¢/ and « yield the following:

1 —q¢bR
(#1+#2)( jt>t = (1 — g )R
t+1

Combining all these first order conditions we have

. A — ab,R
Z wiu’ (Cf{,]t#) (M) =(1—-a) (Cﬁ,tﬂ) R, (3.22)

J
j=H,L Diy1

, b
> wid <wa’,3t+1> —— = () (3.23)

Solving the equations (3.22) and (3.23) gives us the optimal value of ¢/ and

given the price of ABS, 0;.
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3.3.3 The Demand Side of securitization: Island B

Total investment in liquid assets of the island B is

M
quf:QJT;
t

Among fiat money obtained, the island B trades 3 fraction of the money for ABS

issued in the A island. The amount of money transferred to the island A is

BM,

5 = BNPplqP (3.24)

Then, aggregate consumption of moves born in the island B is

(1 - B)M,
ngﬂ
_p’(L=PNPe’  BNPalpy

pZH by 7

NEXD = + NakR

where B, j = {L, H}. The first term on the right hand side of the first line denotes
the consumption due to real money holdings, excluding [ rate used to purchase
securities. The second term is returns generated by the underlying assets (capital in
the island A). The second line is obtained using (3.24) and (3.14). The aggregate

consumption of nonmovers is
B B _ ArBLB
NI =Ny = NPk R

Therefore, the consumption per capita by type are given as

B 1| (1-B)gfp? N BaPp?

== , 3.25

Cm,t+1 )\ pi_i_l bt ( )
kPR

Cott1 = Ty (3.26)

The bank’s problem is to choose ¢® and 3 to maximize its depositors’ expected
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utility

max  FyU(Cmit1, Cnts1)] = Z
Cm,t+1,Cn, t+1 j=H,L

subject to subject to (3.25), (3.26), the budget constraint,

kP =1

the feasibility conditions,

Crnt+1

1A =Pa’p’  Pa’p’
A pi+1 by

B.j B
cm,t—l—l + cn,t+1

IN

1|A=Pe’p’ | Parpl| | KR
A ‘ b Y

j
Pia
and the incentive constraint

B B.,j
Cnt+1 2> Cplta1

The Lagrangian function of this optimization model is

L =Xu ( th) + (1= MNu (Cft—i-l)

py (1 —
o { (1=’ ﬁqt v’ SV
pt+1 by
B
1—
+ p2 {pt ( a Bt 6% P +klR— )‘Cﬁ,tﬂ —(1- A)Cﬁt+1
Pit by

First order conditions with respect to consumption are given as
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First order conditions with respect to ¢ and 3 yields the following:

u—ﬁm?+mf>sz

M1+ e <
( ) pérl by
B B
by q
(1 + pi2) tj == (i + pa)
P

plap
by

Combining all these first order conditions, we obtain

) 1— B B
ol (584 vitnm
t+1 t

‘ 1 . 1
3 o () o () -0 320
P t

j=H,L t+1
Solving the equations (3.28) and (3.29) gives us the optimal value of ¢Z and 3 given
the price of ABS, b,.

3.3.4 Numerical Example

In this example, we use the same parameter values as in Section 3.4.3 to see how
securitization affects various equilibrium values. The results are illustrated in Ta-
ble 3.1 and 3.2. The column I deals with the case of relatively large supply of
securities (N/* = NH), and the column II shows the equilibrium values when the
supply is small, and demand is high (N# = NF). As in the numerical examples
in Section 3.4.3, the liquid asset holdings is increased as agents tend to be more
risk-averse.

When N = N, the supply of ABS is large (and the demand for it is small)
enough so that the price of the securities is lower than when N/ = NI for any
given o. The willingness to narrow the gap in consumption between movers and
nonmovers is increased as o is bigger, and thus the banks on the island A issues
more ABS to finance the mover’s consumption. This is reflected in the increase in
a as o increases in column I. Sufficient supply of securities, together with relatively

lower price, the banks on the island B trade all their fiat money for ABS. This
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results in 5 = 1 in the column I. When § = 1, movers on the island B do not hold
money but hold only securities. Therefore, they are not affected by the price level of
the island j at date t + 1 and thus face no uncertainty on their consumption. This

. BH _ BL _
result is illustrated as ¢, 1 = ¢4, when = 1.

Table 3.1: Equilibria for Variables

I 11
o A=H B=L A=L B=H
q 0.1793 0.4458  0.2274  0.2851
P 41827 3.3647  6.5959  2.6306
05 b 2.0014 3.2979
o 0.2185 0.2944
3 1.0000 1.0000
g 0.2500 0.5000  0.3333  0.5000
P 3.0000 3.0000  4.5000  1.5000
1 b 1.5000 2.2500
o 0.3333 0.2500
3 1.0000 0.5000
@ 0.2818 0.4880  0.3990  0.5985
P 2.6618 3.0737  3.7595  1.2532
15 b 1.3309 1.8797
o 0.3923 0.1983
3 1.0000 0.2087

Let us compare the Table 3.1 with the column I in Table 3.4 and Table 3.6b.
The A island’s real demand for fiat money is decreased substantially with any ¢ and
irrespective of whether A = H or A = L. The aggregate need for the real money
demand of the economy, ¢ + ¢Z, is reduced significantly as well, which implies
the economy uses its resources more productive way to increase the total output
across the two islands. Table 3.1 also shows that, given o value, the demand for real
money, ¢, is lower when N/ is large than N* = N, which implies that the greater
the scope of securitization of the bank, the smaller the amount of liquid assets it
requires.

Table 3.2 illustrates the consumption of each type of agents and expected utility.
The overall welfare of all islands increases significantly due to more capital holdings.
However, note that the impact of securitization on consumption and welfare is also
affected by the population structure of each island. The price of securities, by, is

higher when the population of the island issuing securities is small, i.e., when the
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Table 3.2: Consumption and Utility with securitization

@ (IT)
o A=H B=1L A=L,B=H

y [ A Bl [0.7172 14345 1 [ 22809 0.4548 ]
o1 = ALt B 0.8916 1.4345 0.9097 0.4548

L cm7t+1 Cm,t+1 L ° . i L " : J
= [y By ] 05 [ 20693 24653 ] [ 2.1807 2.8596 |
EU < [ cA, CE, [ 0.4973 0.6866 | [ 0.7087 0.3654 |

| sum | 0.5604 | | 0.4799
ii [ At Bl [ 1.0000 2.0000 ] [ 3.0000 0.8333 ]
Con+1 = ALt B 1.0000  2.0000 1.0000  0.5000

| Cmt+1 Cmtt1 L : J L : i
g1 = [ Chuy B ] 10 [ 2.0000 2.0000 | [ 2.0000 2.0000 |
EU = [ cA, CE, [0.3466 0.6931 | [ 0.6212 0.1277 ]

| sum | 0.4621 | ] 0.2922 ]
i [ c%ggﬂ Ci?“ [ 11270 2.2541 ] [ 3.1091 1.0778 ]
Lt Gt | 0.9760 22541 | | 1.0364 0.5182 |
Chisr= [ Chiyn B ] 15 [ 1.7459 2.0479 | [ 1.9273 1.6060 |
U — oA, CE, [0.2661 0.6352 1 [ 0.5050 0.0347 ]

| sum | 0.3891 | | 0.1915

supply of securities is relatively small compared to when it is large. It is natural that
the value of relatively few existing assets should increases. Due to the high-security
prices, both the consumption and welfare of the movers born on the island B fall,

compared to when the securities prices are low (column IT).

3.4 Effect of Monetary Policy with Incomplete In-

formation

The financial intermediary now chooses ¢¢ not knowing zF. The realized value of

2F is kept unknown from the young until the date ¢ ends, but the bank knows the
distributions of zf, z{,, and thﬂ. Prices are the only thing the bank can directly
observe.

The bank needs to infer the population of the young who are born on the island
i by observing the current price level, pi*. Rewriting the equation.(3.2), using the

fact qtik’h = g%, then the price level of the island i and the rate of return on fiat
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money are given as
k
a 0.527 M

' Ny th (ptk)

ik J =il
Dy _Nt+1qt+1 1

T T TN ik
Piia Ne @ 2y

(3.31)

Since 2 and N} take two different values respectively, pi* may have four different
forms. By Assumption 6, however, pi¥ can take only three different values depending
on the distributions of zF and N{. Table 3.3 shows the distribution of the price levels

which depend on the realizations of z* and th+1.

Table 3.3: Distribution of Price

Population of the Young

Money Growth Rate NE NH
LL pEL — 0.5z My _, pHL — 0.52( My 1
t t N{aEr (") t NITGTE (pfTT)
SH pLH = 0.52," My_1 pHH — 0.5z, M;_;
¢ ¢ NFgr(pp)  Ft N g ()

As shown in (3.30), the knowledge of the price level of the island i, p*, implies
knowledge of zF/N;j. When the bank observes the price pf% or pF | it is able to
infer the correct states of nature it faces. In other words, when the bank observes
the price pi* when i # k, the observed pi* provides the precise values of zF and N}.
More specifically, the observation of p/ ¥ allows the bank to understand the states
of nature as N} = N and z, = 2. Likewise, if the price level pL*! is observed, the
bank has access to the exact information that Nf = NI and z, = 2.

Note that, however, pf# is equal to pFL, which implies that the observed price
pI is indistinguishable from pf~. This result is due to Assumption 6 stating that
%—IZ = z—fLI This analysis shows that banks face a signal extraction problem. The
bank cannot elicit the correct signal of the random variable by observing the price
because there are two unknown variables (N} and z;) while the bank has access to
only one information, pi*. The revealed price p//ff means that the demand for money
is high due to large young population, but the supply of it is also high because of
high 2F. And when the island watches the price pf*, both the demand for and

supply of fiat money are low. If the revealed price level is ptl = pf/# = p,, then the
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true state of nature is either N} = NtL and z, = 21, or N} = NtH and z, = zy with

probability —*£5L—— and —2H=E_ yegpectively. In other words
wreErLtwHe wWrLeEL+wHER )

~ WLEL
P LL —
o1 WrLerL + WHEH
~ WHEH
Pr[pf{H|pt] =

WLEL + WHEH

Unlike Section 3.2.5, the price level does not reveal the true state of nature if
1 # k. Now divide the consumption conditional on the distribution of inflation into
two different cases following Wallace (1980): (1) the actual state of nature revealed

(1 # k), and (2) the true states of nature are not revealed (i = k).

The Case of i # k

. il .
Let the consumption of a mover (a nonmover) be ¢;,7.; (¢¥,. ), who is born on the

island ¢, deposits her endowment with a bank h, and face the money supply shock

ko ik,jgl

zf. iy and ¢F,, take the following form after substituting g;* for g

i, 4" "

s = 2 ; — (3.32)
t+1

i (1-g"R

Cr1 = ﬁ (3.33)

Since the true values of N/ and zF are revealed from observing the price pif
when ¢ # k, the consumption of movers has four different distributions for each
1 depending on the state 7 and [. The consumption of movers born in H island

: . HLjl LH,jl
(resp. L island) is expressed as c,, 7} (resp. ¢, 7).

When a bank’s objective
is to maximize its depositors’ expected utility, the problem posed will be that of
maximizing the following von Neumann-Morgenstern utility function

max  BU (it Cogin)] zzwﬂ Na(h) + (1= Nu(elkp)]

Cm,t+1,Cn,t+1

(3.34)
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subject to (3.8), (3.9), (3.10),1 (3.11), (3.32), and (3.33).

The Lagrangian function of this optimization model is

L =\u (cﬁﬁﬁrl) + (1= MNu (C;k,t—&—l)

[ —ik ik
1 4 Dy ik,jl
+ ZtJrlijl — Cmtt1
i t+1
[ —ik ik ik
G Dy (1 — G )R ik,jl ik
+ 2 ZtJrlijl T\ Gmir1 T Cag
i t+1

First order conditions yields the following.2"

1 ikl Z£+1pik (i

Z Z%‘Elu (Cm,t+1> g U (Cn,t+1) R, (3.35)
i o1 Py

Note that the preceding equation has the same form as (3.12) in complete informa-

tion case. Solving the preceding equation gives us the optimal values of 7% and

—LH
a; -

The Case of i =k

When i = k, we know that the information on p?* does not reveal the precise values
of N} and zF because p* = p; may imply either (i,k) = (L, L) or (i,k) = (H, H).

The consumption of a mover, when ¢ = k, is given as

=1

ii,jl q Pii )
Cmftﬂ = zi+17tp]+, where ¢ = {L, H} (3.36)
i1

The preceding equation has 4 different values depending on the realizations of j
and [ for each i = {L, H}. The state of ¢ can be either H or L and the bank cannot
distinguish them since the true state of i is not revealed. Therefore, the mover’s
consumption can take eight different values depending on the states of 7,5 and [,

and the probability of each event happening is w;wjey, where ¢, 5,k = {L, H}. We

19The feasibility conditions are also rewritten using ¢,"" = g:*.
20Incentive constraint is satisfied as well.

136 Chapter 3.4. EFFECT OF MONETARY POLICY WITH INCOMPLETE
INFORMATION



Essays on Banking and Finance

may express the expected consumption of movers in the form

:;]tlﬂ Z Z szwgezzf+1 A\ pI])t (3.37)
t+1

And the nonmover’s consumption as

(1-7)R
o = (3.38)

The h bank maximizes the following objective function

o B o )] = 3033 S alelen) + (1= Nu(el )
(3.39)
subject to (3.8), (3.9), (3.10), (3.11), (3.36), and (3.38). The Lagrangian function

of this optimization model is

L =)\u (c;;{;l) +(1—=MNu (Cff,m)

l Qt” p; ii,jl ]

T | By oy C,t+1
t+1

! Pt " (1-g")R i jl i ]

+ p2 Zt+1 )\ 1=\ Cmtrt ~ Cngel
t+1

First order conditions yields the following.?*

Z p
S S S wsent (d) B - S @)k G
7 i l

t+1

Solving the preceding equation gives us the optimal level of investment in fiat

—ii _ =HH _ =LL
money qy =4qy — =4y -

2lTncentive constraint is satisfied as well.

Chapter 3.4. EFFECT OF MONETARY POLICY WITH INCOMPLETE 137
INFORMATION



Essays on Banking and Finance

3.4.1 The Effect of Monetary Policy on Portfolio Decision

The main question in this section is to study how the bank’s portfolio decision is

affected by the current price level. Let G define an implicit function

1 ik

ik —i ik,jl Zt11P ik,jl

G(ptk7 th) = <Cm,i+1> tp?g L (Cn,t]—i-1> R =0, (3.41)
t+1

The partial differentiation of G with respect to pi* yields

kgl 1 l
oG —u( ik,jl )Cm,t+1zt+1 n /<z’k,jl ) 21

— = C - C —_—
k m,i+1 l m,t+1 1

op; pi+1 pg-s—l

1 ikl Zi+1
LR,
=u (cij) (1—0)——
Pis
The second line of the preceding equation is obtained using o = —CZ,/;S). And the

partial differentiation of G' with respect to g*

2 N .
oG :u"(cikm ) (Zéﬂ) pftk 4 “//(an,tﬂ)R
aqék mt+1 h\ p_§+1 1o

The sign of the preceding equation is negative because u”(+) < 0. Using the implicit

function theorem, we get the following

: . i ikl >0, wheno <1
o _8G/8p§k _u (Cm,t—i-l) (c—1) 2
opF 0GjogF  oG/ogE  pl,

Pt

=0, wheno=1 (3.42)

<0, wheno>1

The current price level, given the future price of goods, pﬁH, and the rate of
return on capital, R, has a different effect on the demand for fiat money, which
is conditional on the degree of relative risk aversion.?? When agents are less risk
averse (0 < 1), a higher local price, pi*, leads to an increase in investment in fiat
money. The substitution effect dominates income effect because agents are willing

to substitute more fiat money for capital. Therefore, the amount of ¥ rises as pi*

22Diamond (1965) used the similar approach like this to analyse the effect of changes in real
wage on the interest rate.
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increases. On the other hand, if agents are more risk averse (¢ > 1), the income effect
dominates the substitution effect; a higher price level will reduce the willingness to
hold currency. qi* is reduced as pif decreases. When o = 1 (the log case), the real
money demand does not depend on the current price level.

This result has an important implication for the central bank who may wish to
affect the bank’s portfolio decision by changing the current price level. Suppose
that a central bank has a capital investment target that is higher than the natural
level of capital investment at which the economy would return to normally. Then,
(3.42) tells us that the monetary authorities’ effort to enhance capital investment is
effective only when consumers have higher relative risk aversion parameter, that is,

only when o > 1.2

3.4.2 The Effect of Inflation on Consumption

Applying the period utility function, (3.1), to the implicit function, (3.41), we have

the following

o ik
ik,jl T Zpbe ( ik )_UR
Cm,t+1 51 - Cn,t+1

Pit1

Raising both sides to the power —1/0 and rearranging terms yield

. —1/c

ik,jl 1 Ve pik ik 1/

2y _ (2 — g

Cmt+1 (Zt+1) il = Cpap B
Pii1

1/o
ik,jl 1\~ 1o R ik
St (#141) gl = Cnty1
zk/ J
Pt/ Piya

(3.43)

Also, we may express the resource constraint the bank facing, (3.8), by taking rele-

vant discount factor in the form

tk,jl ik
)\Cm,t—H (1— >‘)0mt+1

p%k /piﬂ R

=1+ (Zzltﬂ — g

23In Section 3.5 I show that even in the case of ¢ > 1, however, the central bank’s attempt is
not effective when agents have rational expectations.
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The second term on the right-hand side of the preceding equation denotes the
present value of subsidies given to the old which is not related to the bank’s budget
constraint, but is necessary to calculate the consumption of a mover.?* Therefore,
the right hand side represents the present value of consumption of a mover and
nonmover combined. Rearranging the preceding equation and using the fact A =

1/2, we have

-1

; R

ik,jl )

Ctyr = =G ( Y ) +5 (3.44)
t+1

where S = (1 + (2l — 1)g¥) Qﬁt denotes the future value of the endowment goods

P41
along with the government subsidies. Substituting (3.43) into the modified resource

constraint, (3.44), we obtain the consumption function of movers at date ¢ + 1

Zk/pt-H

1/o -1
ik,jl ik,jl -1/c R R
“Cp g+1 =—Cp §+1 (Zzls+1) <—l> ( ) + 5

—1
ikgl ik R
Cmt+1 = “Cntii ( ) + S

p@k/piﬂ /Pt+1
R 1/o—1 (3.45)

zk, il -1/o

t+1
. IS
ik,jl

(:)Cm,iﬂ - 1/o—1
—1/o R
1+ (Zz{+1) (p—ik/pzi_1>

o / denotes the relative ratio of rate of returns between illiquid and liquid as-
tJrl

sets. By construction, is always greater than 1. The preceding consumption

k
/ t+1
function shows how a change in the current price level affects the consumption of

movers.

When o > 1, the income effect from the increase in pi* dominates the substitution

effect.?> The bank is willing to decrease the investment in liquid assets and thus

24The future value of subsidies is (b, — Dgkpik /p] pt 41 For a discount factor we use the rate of
return on fiat money, pi*/ piil.

1/0—1
25( R ) is increasing in pi¥.

k/pu-l
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the consumption of movers declines. When o = 1, the bank’s decision on the
portfolio choice does not depend on the current price level. If the agent’s coefficient
of relative risk aversion is less than 1, the substitution effect dominates the income
effect?®: the bank wishes to hold more liquid assets, fiat money, to substitute mover’s
consumption for nonmover’s consumption.

The effect of changes in the current price level on nonmover’s consumption can
be simply obtained by differentiating nonmover’s consumption with respect to pi¥,

which yields the following

0w _ R Jg
Opi* 1—Adp*

s (ki <0, wheno<1
R U <Cm:t+1> (c—1) 2,

T 1o oG |ogi* o

+1

=0, wheno=1

>0, wheno>1

The second line of the preceding equation is obtained from (3.42). When o < 1, the
rise in pi* increases the rate of return on money, thus increases g and decreases ki
by the same amount. On the other hand, if ¢ > 1, then the higher current price level
reduces the liquid asset holding and increases the capital investment. This increases

the consumption of nonmovers.

3.4.3 Numerical Example

Let’s look at numerical examples analysed in this section using specific parameter

values. Let § = 4/3, then the population of the young takes the following values.

N NE=1-0/2=1/3, with probability wy = 1/2
t =
NtH =0/2=2/3, with probability wy = 1/2,

1/0—1
26Now, ( > is an decreasing function of pi¥.

__ R
—— 7
p%k/pi-#l

Chapter 3.4. EFFECT OF MONETARY POLICY WITH INCOMPLETE 141
INFORMATION



Essays on Banking and Finance

The gross rate of money supply expansion is

zl'=1, with probability e = 1/2

=2 with probability ey = 1/2,

which satisfies Assumption 6. The rate of return on capital, R, is assumed to be 2.
The predetermined money supply M;_; is normalized to 1. T analyse three different

values of 0 = 0.5, 1, 1.5 respectively to examine the effect of different o on equilibria.

Complete Information & No Uncertainty on Monetary Shocks

First of all, let us look at the case where the money supply does not change at all
and remains constant, which implies z; = z,.1 = 1. Secondly, suppose the case of
a once-and-for-all higher level of money supply causing the high current price level,
ie., zz = 2 and z1; = 1. Those results are shown in column I and II of the Table 3.4
and 3.5 with three different values of o. The only uncertainty consumers face is the
population of the young at date ¢ + 1, thﬂ.

The price level of the island with a large young population is lower than that
of the island with a small population, the result of which is natural from (3.2).
The high demand for money causes a higher price level than otherwise. Given the
population of the young, the money demand is greater as the agents become more
risk-averse. When agents are less risk averse (o0 < 1), the higher local price, pi¥,
leads to more investment in fiat money. In the column I of Table 3.4, the local price
of the island L, pF = 3.9096, is higher than p = 2.5775. This leads to higher real
demand for money in island L, ¢~ = 0.3837, than ¢! = 0.2910. This is because, as
explained in Section 3.4.1, the substitution effect dominates income effect, and thus
agents are willing to substitute more fiat money for capital. Therefore, the amount
of @ rises as pi* increases.

On the other hand, if agents are more risk averse (o > 1), the higher price level

will reduce the willingness to hold currency. This is illustrated as a lower local price

pl = 1.2699 < pF! = 2.8446 and leads to a higher ¢/7 = 0.5939 > ¢ = 0.5273.
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Income effect dominates the substitution effect and thus ¢! is reduced as pi decreases.
When o = 1 (the log case),?” the real money demand doesn’t depend on the current
price level. Therefore, even though p/ = 1.5 < pl' = 3.0, the real demand for money
on both islands are the same at ¢ = ¢/ = 0.5. These results are consistent with

the conclusions analysed in Section 3.4.1, and (3.42).

Table 3.5 illustrates the consumption of each type of agent and expected utility.
When o > 1, i.e., cu/(c) is decreasing in ¢, the optimal deposit contract gives movers
more consumption at date ¢ + 1 than the market solution. The bank invests more
in the liquid asset at the expense of capital investment (i.e., ¢/ increases and ki
decreases), and therefore movers enjoy higher consumption than in the cases of

o =1or g < 1. Cross-subsidy between movers and nonmovers occur.

Note that the values in the column II in Table 3.4 and 3.5 are exactly the same
as the column I. This is because the once-and-for-all increase in money stocks does
not affect the rate of return on fiat money?® and thus returns on illiquid assets.

Therefore, money is neutral in this specific example.

Table 3.4: Equilibria for Numerical Example

I 11
2t =z41 =1 2 =2,2¢01 =1
o H L H L
a 0.2910 0.3837  0.2910 0.3837
i 2.5775 3.9096  5.1550 7.8193
05 pi 2.5775  3.9096 5.1550 7.8193
a 0.5000 0.5000  0.5000 0.5000
1D 1.5000 3.0000  3.0000 6.0000
Piit 1.5000 3.0000  3.0000 6.0000
q 0.5939 0.5273  0.5939 0.5273
15 D 1.2629 2.8446 25258 5.6892

Piyq 1.2629 2.8446 2.5258 5.6892

2TThis result is equal to the market solution as studied in detail in Chapter 1.
28The total money supply at date ¢, M; is equal to My ;.
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Table 3.5: Consumption and Utility under Complete Information

I 11
g Zt:Zt+1:1 Zt:27zt+1:1

i cHH L [ 0.5820 0.3837 | [ 0.5820 0.3837 |
N A | 0.7673 1.1639 | | 0.7673 1.1639 |
o= [l chi ] 0.5 [ 2.8361 24653 | [ 2.8361 2.4653 |
BU - [ EU(c) FEU(c") [ 0.3752 0.6615 ] [ 0.3752 0.6615 ]

- sum | 0.4706 | 0.4706
i cHI o eBh [ 1.0000 0.5000 ] [ 1.0000 0.5000 ]
N cgﬁ 1 | 1.0000 2.0000 | | 1.0000 2.0000 |
Chot1= | G e 1.0 2.0000 2.0000 | [ 2.0000 2.0000 |
BU = EU(c?) EU(cF) 0.1733  0.5199 0.1733  0.5199

- sum | 0.2888 || 0.2888 |
i cHH B [ 1.1878 0.5273 | [ 1.1878 0.5273 |
L L | 1.0546 2.3755 | | 1.0546 2.3755 |
Chii1 = By ok ] 1.5 1.6245 1.8908 | | 1.6245 1.8908 |
BU - EU(c™) EU(cY) 0.0681 0.4041 0.0681 0.4041

- sum | 0.1801 | 0.1801

3.4.4 Incomplete Information

The results of the numerical example under incomplete information are described
in Tables 3.6 and 3.7. The results that the local prices depend on the demographic
structure and the changes in the demand for money conditional on the different
values of ¢ is the same as that under complete information. The main difference
between complete and incomplete information is that under incomplete information

banks face three different price levels depending on how uncertainties are realised.

First of all, as can be seen in Table 3.6a, the three different prices have the

following relationship:

HL HH LL LH
Py <p =P <Py

Since pft = pfH | the real demand for money in (i,k) = (L, L) is equal to the real
demand under (i, k) = (H, H). Thus, when i = k, the real demand for money g’
is identical with ¥, regardless of the value of o.

On the other hand, when 7 # k, the real demand for money takes different values

as o fluctuates. More specifically, gi* has the following relationship according to the

144 Chapter 3.4. EFFECT OF MONETARY POLICY WITH INCOMPLETE
INFORMATION



Essays on Banking and Finance

o NH NE o NH NE
05 ~L 2.3912 3.9088 05 2k 0.3136 0.3837
' ZH 3.9088 7.3006 ' 21 0.3837 0.4109
1 AL 1.5000 3.0000 1 2k 0.5000 0.5000
ZH 3.0000 6.0000 2H 0.5000 0.5000
15 L 1.2779 2.6470 15 2 0.5869 0.5667
T ozm 2.6470 5.7700 T 0.5667 0.5199

(a) price, piF (b) Real demand for money, ¢/

Table 3.6: Price and real money demand

different o values (see Table 3.6b).

—HL —HH —LL —LH .
7 <q =g <g,ito<l1

R L T

—HL —HH —LL —LH
q, " >q " =q>q , ifo>1

These results are in accordance with (3.42). When ¢ = k and ¢ = 0.5, banks on
both islands equally holds as much money as g’ = gl = g; = 0.3837. This amount
of q; is less than what a bank would have if it knew it had a smaller population and
less if it had known it had a larger population. Similarly, when ¢ = k and o = 1.5,
the amount of money held by each bank is equal to g;, which is more than the amount
that the bank would have had if it had known it had a larger population, and less
than the amount that would have been retained if the bank had known it had a
smaller population. Since banks cannot differentiate between the two elements of
real and nominal factors that determine the current price level, they react to changes

in nominal supply of money, not real ones.?

29These results are similar to those of Lucas (1972) and Wallace (1980). They show that ran-
domised monetary policy does not always increase output because consumers are confused by
“money illusion”.
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Table 3.7: Consumption and EU for Incomplete Information

o 2b=1."=2
[ HHHH  LLHH ] ]
C’g%ﬁh C’ggj}L 0.5132 0.5132
EferlH r]zLLtB{ 0.5250 0.5250
Cm t+1 CmLt+1 0.9894 0.9894
ik jI cHILLE L L 0.2566  0.2566
Cm7g+1 = let:FI-}H I?}-Itj-}ll-l 0 1 1 )
, Contt1 Cont b1 .5016 1.003
HL,H LHHL 0.4475 0.8951
Cmt41 Cmt4-1
MHLLH CLH,LH 0.2815 0.5629
Wit THr 0.2507 0.5014
L Cm,t+1 Crmt41 - -
ik _ [ anﬁrl cﬁﬁﬂ 0.5 [ 1.9472 1.9472
nyt+l | Cn,tL+1 cﬁﬁﬂrl ’ | 2.2098 1.7482
EU [ EU(c) EU(cL) [ 0.0086 0.0512 }
sum 0.0228
 HHHH  LLHH ) )
”ﬁ}f}m ’&ﬁ} 0.6667 0.6667
anﬁ+LlH ant-&L-}{ 0.4630 0.4630
cm,tJ)rl Cmfj«#l 10430 10430
kgl cHibLL L L 0.3333  0.3333
C7n,t+1 = HL,HH Lﬁ,HH 0.5132 1.0263
m,t+1 m,t+1 : :
HL,HL  LHHL 0.6667 1.3333
Cmt+1 m,t+1
HL.LH LH,LH 0.3333 0.6667
A . N 0.2568 0.5136
L cTYL,t+1 Cm,t-‘rl - -
ik [ B bt L0 [1.3333 1.3333
nt+l | Cnth1 cﬁfﬂl ’ | 1.3333  1.3333
U < [ EU(cM) EU(cY) [ —0.2163 —0.0430 ]
sum —0.1586
r JHHHH  LLHH _ )
c@’;ﬂh C’Egj}L 0.7307 0.7307
glt{JrLlH Tttf}{ 0.5058 0.5058
Crmt+1 CmLt+1 1.0050 1.0050
ik cHILLL L L 0.3653  0.3653
Cm7g+1 = HL-EI]H ian}—i:ll 12 1.024
' Conih Com 1 0.5123 1.0246
HL,HL LH,HL 0.7546 1.5092
Cm,t-i—l cm t+1
HL.LH LH,LH 0.3523 0.7046
Wit T 0.2564 0.5128
L Cm,t+1 Cm,t+1 - -
ik _ [ cgﬁl Cn,%+1 15 [ 1.0773 1.0773
mt+l | clb cH ' | 0.9816 1.1815
EU [ EU(cH) EU(ch) [ —0.3894 —0.1174
| sum ] —0.2987
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3.5 Monetary Policy

An interesting question is whether the central bank (CB) is able to affect the bank’s
portfolio decision by adjusting the price level through money supply expansion.
Suppose that the capital investment at date ¢ is determined according to the fol-
lowing equation, which resembles the standard Phillips curve. Moreover, assume
that ¢ > 1, which implies a higher current price level will increase the investment

in capital by reducing liquid asset investment (see (3.42)).

kt =k + Oé(pt — p:) (346)

where a(> 0) is a parameter showing how much capital investment responds to
unexpected changes in the price level, pf is private sector expected price level formed
at the beginning of period ¢, and k denotes the natural level of capital investment.
If o > 1, then a higher price level may reduce the willingness to hold currency and
thus surprised increase in the price level may bring higher capital investment than

natural level (see (3.43)).

he CB wishes to minimise the sum of the differences between the price level and
its target, and between capital investment and its target by choosing the current
price level of date ¢, p;. The loss function takes the following form following a

standard quadratic loss function a la Barro and Gordon (1983).

Ly = (ky— ¢k)* + B(pr —p)*, B>0,6>1 (3.47)

where (8 is a parameter capturing the weight of the inflation objective relative to
capital investment, and ¢ > 1 means that the CB has a capital investment target
that is higher than the level of capital investment at which the economy would return

normally.

In the following, I study the effect of monetary policy on the bank’s portfolio

choice under the two different regimes: policy under discretion and rule.
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3.5.1 Policy under Discretion

Let us suppose the CB acts in a discretionary way and minimizes its loss function
in period ¢ taking p¢ as given. Using (3.46) to substitute out k; in (3.47), and

differentiating the loss function with respect to the price, we have

oL, _ ) .
5—:2a%+a@rﬁﬁ—¢@+2Mw—m=0

be ) (3.48)
op = (B + &*pf + a(¢ — 1)k)

o+

Let p¢ denote the optimal level of price in period ¢ set by the policymaker. If the
private sector expectations about the price level is equal to the price level target,

i.e., p{ = p, then we obtain

i, alp=1k

O (3.49)

since the second term on the right hand side of the previous equation, O‘g@fﬁ)k, which
is called a price bias, is positive, p{ is greater than p. The level of price set by the

policymaker is higher than the one expected by the private sector.

Let k2 be the equilibrium capital investment at date ¢ when the CB enforces the
discretionary monetary policy, then k¢ is obtained by substituting p¢ in (3.49) for

pr in (3.46) and by putting p = pf,

kf:k+a(pt—pf):k+a(ﬁ+

(- Dk _
Tk

(3.50)
=k+

Let LY be the social welfare loss when k; = ki and p, = p¢. Inserting these equilibria

values into the loss function, (3.47), we obtain the level of social welfare loss that
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this policy can achieve,

L{ = (ky — ok)* + B(pe — p)?

(o1 _a(p—DE O\
_<“W_¢k) w0 (o 25 -7)

(%)* ( P )

= a2+6<<¢_ 1)%)2

(3.51)

3.5.2 Policy under a Rule

Let Lj denote the social welfare loss when the CB follows the rule maintaining
pr = p. Then the private sector expectations on the price level, pf, is equal to p.

The welfare loss from the policy under a rule is given as

Ly = ((¢— k)", (3.52)

because pf = p and thus k; = k + a(p; — p§) = k. Comparing (3.51) with (3.52), it
is clear that L7 > L¢ and a policy commitment to target price level, p, have caused

higher social losses.

This analysis may justify the use of discretionary monetary policy rather than
following policy rules. It is wrong, however, to conclude that because private sector
expectations are actually wrong. In fact, the public can anticipate the policymaker’s

incentive, and they can adjust their expectations so that p¢ = p.

Then, under rational expectations, the agent’s expectation on the price level is
given as
d a(p -1k
t

=pt—

pt:p O[2+/6

and thus the optimal price level in period ¢ is obtained by substituting the preceding
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equation into (3.48), which yields

' 1
pt_OZQ—FB

(8P + a®pi + a(é — 1)k)

Let p®* be the price level when the previous equation is solved for pf. Then we have

P =p+ w (3.53)

The equilibrium output k&* with p®* is obtained by substituting p®* in (3.53) for

p¢ in equation (3.46) and put pf = p?*, which yields the following

kP =k (3.54)

Inserting these equilibria values into the loss function, (3.47), we obtain the level

of social welfare that this policy can achieve, L&,

L = (k™ — ¢k)* + B(p{" — p)?
= (=00 + (5 ) (- 1)’ 59
(S (-7 > (6- R’ - 1

Now, the social welfare loss under discretion, (3.55) is bigger than that of rule,

(3.52). The analysis here shows that the positive correlation between the current
price level and the capital investment cannot arise systematically when agents have

rational expectations when o > 1.

3.6 Conclusion

In this chapter I formed a general equilibrium model using the Lucas island model
and the random-relocation model. In the first part of this chapter, I dealt with the
effect of securitization on banks liquidity needs. I showed that the amount of liquid

assets held by the overall economy as well as the regions where securitisation begins,
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decrease significantly with securitisation than before securitization. As the economy
can invest its resources in a more efficient place, both consumption and welfare
increase. However, the impact of securitization on banks’ liquidity, consumption,
and welfare is affected by the population structure of each region. This result may
have important policy implications on the effect of global asset shortages on bubbles
and global imbalances. The main results of the second part of this chapter are that
the expansionary monetary policy can affect the bank’s portfolio composition, but
the outcome depends on the magnitude of the elasticity of substitution coefficients.
A randomised monetary policy combined with other real shocks cause banks to suffer
a signal extraction problem as explained in Lucas (1972).

This chapter answers some interesting questions such as how banks should hold
their assets when facing the maturity structure trade-off and its depositor’s liquid-
ity preference shocks, and the effect of securitization on a bank’s portfolio choice.
Nevertheless, this article has the following limitations. First of all, in this chapter, I
assumed the rate of return on illiquid assets is deterministic. While that assumption
makes the exposition as simple as possible on the one hand, interesting questions
such as optimal security design resulting from asymmetric information on the asset
values, and the effect of those uncertainties on banks runs, systemic risk and stabil-
ity in financial networks could be answered with the relaxation of this assumption.
Also, the issues regarding banking distress that banks may be more susceptible to
liquidity crisis with securitisation market distress are not dealt with in this chapter.
Moreover, since capital is assumed to depreciate completely, the dynamic effect of

capital accumulation is ignored. These issues will be dealt with in further research.
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3-1 Complete Information & No Uncertainty

In this appendix it is shown that the agents who are born on the island A are able

to obtain perfect risk sharing under certain assumptions.

Suppose that the money market is held in the beginning of each period where
the initial old and the young gather in the specific place to trade fiat money for
goods. This allows the price structure to be simpler because now we have a single
price that is common to both islands. Also, assume that money supply is constant
for all periods. Then the price level the bank on the island ¢ faces at date t is given

as

_ ZtMt—l
NG (pF) + NEqP ()

2

Each island i = (A, B) holds N/q! units of money in total respectively. The popula-
tion structure of each island at date ¢ is uncertain, which means the population of
the island A can be large or small with equal probability. However, suppose that the
population at date t + 1 is the same as that at date ¢, i.e., assume that N/ = N,fH
and NP = Ngl. The population of the young of the island 7 is assumed to be
constant, which means N* = N, and Nf = N2 ,. Then, the the rate of return on

fiat money is

Dy _ N{j—lqﬁ-l +N£1qt31 1 —1
Dt+1 Nigt + NPqP Zi+1

because N} ,qi; = Niqi and z;,, = 1. Except for the structure of the rate of return
on money, all other premises are the same as before. From ((3.29)), the securities

price is given as the price level at date ¢ + 1, which equal to p;, is given ash .

by = Pt+1 (56)
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So, the first order condition, (3.28), is simplified as

/ B,A o B
u (Cm,t+1) =u (Cn,t+1) R

B becomes 1. Then from (3.25), the consumption of the nonmover of the island B

is given as

B
BA Gy
Cmti1 = By

Also, from (3.23), we have
u' <Ci7,?+1> = (Cf,t—&-l)

Perfect risk sharing is attained for people born on the island A. From the feasibility

v . . A,B A
condition and using the fact ¢,/ = ¢;;,,1, we have

A,B A A 1A

Coitl = Cngsr =@ TR R
implying the optimal value of ¢/** = 0 and cﬁb’fﬂ = cﬁ’tﬂ = R by letting a = 0.5.
Whether the island A has large or small population does not affect the equilibrium

values and only changes the price level.
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