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Abstract

In this model, an asset could be regarded as both a collateral for se-

curing loan contracts with banks and a means of payment for trades

in the centralized market. The role of an asset as a collateral is de-

termined stochastically due to the imperfect matching with a banking

system. When an agent is unmatched with banks, the role of an asset

as a means of payment arises. The asset price in a constrained equi-

librium reflects these two roles at the same time, which is quite differ-

ent from existing asset pricing models. Even though there is enough

liquidity in a financial market to provide sufficient loan services to

borrowers, the asset price can be above its fundamental value if it can

play a role as a means of payment due to the imperfect accessibility to

a banking system. As a consequence, we can decompose and analyse

a liquidity structure of an asset in more details. Also, we can obtain

the loan-to-value ratio determined endogenously in the model. The

result can be dependent on a penalty structure preventing the limited

commitment. The basic idea of the model comes from a perspective

of the New Monetarist Economics that is an academic approach to

deal with microfoundations of monetary issues.

Keywords : Asset Price, Banking, Collateral, Loan-to-Value Ratio,

Matching Friction, Means of Payment
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1 Introduction

In the modern economy, people think that banks and other financial interme-

diaries are natural in their communities. However, some individuals cannot

utilize a banking system and benefit from financial services. Reasons why

a person cannot use banking services are various: a personal credit history

problem or a bankruptcy as an example. However, these are not the topics in

this paper. It is effects, not causes, that we are interested in when it comes

to the imperfect banking accessibility. We will especially delve into a link

between asset prices and a banking system. Generally, the accessibility to a

banking system is different among countries and even among regions within

a nation. In the case of the United States, historically, the in-state financial

service accessibility was different among states prior to the branching legis-

lation at the national level whose impacts were studied by Evanoff [8].

However, we cannot easily imagine how people have difficulty in ac-

cessing to banks in the modern well-developed financial market. In this

paper, we consider a banking system as the aggregation of all types of fi-

nancial intermediation in order to define the inaccessibility to a financial

market more easily. In reality, we can find that there are cases where people

cannot get a connection to financial intermediaries. For example, in sec-

ondary asset markets (also known as over-the-counter markets), there is no

bank, like Citibank. Instead, brokers play a significant role in transactions

among dealers, but there is a matching friction between brokers and dealers.

Therefore, from a pespective of a dealer, an opportunity of trucking with a

broker is limited. This kind of financial market, where there is no conven-

tional finacial institution, has grown rapidly for the last two decades around

the world. MBS (Mortgage Backed Securities), CDO (Collateralized Debt

Obligation), and CDS (Credit Default Swap) are all traded in this fritional fi-
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nancial market. However, the uninstitutional (and even unobservable) finan-

cial intermediation had a terrible effect on the world economy: 2007-2008

financial crisis and the following economic recession. Therefore, we think

that a friction in the accessibility to financial intermediation services is an

important factor to understand the latest issues in financial systems.1

Before and after the recent economic crisis, a relationship between

financial markets and macroeconomic consequences has gained academic

recognition, but many approaches have been short of microfoundations sup-

porting their results. This is because a lot of models depend on unrealistic

assumptions. One of them we want to point out is the assumption on the

constant loan-to-value ratio (LTV). The loan-to-value ratio is a lending risk

assessment ratio that financial institutions and other lenders examine before

approving a mortgage contract. In the real world, the loan-to-value ratio is

Figure 1: Average loan-to-value ratio in the United States

1 Literature reviews and research areas regarding a relationship between various finan-
cial frictions and macroeconomy are summarized in Brunnermerier et al. [4]. In our study,
we will consider the inaccessibility to a banking system as a sort of financial friction.
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Figure 2: Average loan-to-value ratio of each state in the United States
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not constant. Figure 1 shows that the loan-to-value ratio has changed over

time.2 Also, the value can be different among regions in the same country

as shown in Figure 2. Therefore, existing models have some limitations for

analysing a financial market and a banking system.3 However, in this study,

we will obtain the endogenously determined loan-to-value ratio, which re-

flects some characteristics of an economy.

Among many economic variables, we will focus on the price of an as-

set since an asset plays a variety of roles in an economy and it has different

forms (tangible or intangible) possibly traded. Physical states of an asset are

not substantial in our model, but we will take into consideration two specific

roles that an asset can have: (i) a collateral and (ii) a means of payment.

First of all, from a perspective of banks, a movement in asset prices is

imperative information with respect to a collateralized loan contract since

Figure 3: Percent of value of loans secured by collaterals in the United States

2 For a comparison of the loan-to-value ratios among different countries, the numerical
values are reported in Li and Li [24].

3 Data sources for both Figure 1 and Figure 2 are from Statista. Also, the values denoted
in Figure 2 are based on data in 2014.

4



banks decide how much they will lend to their borrowers based on the value

of assets held by the borrowers. The previously mentioned loan-to-value

ratio is significant in this sense. Certainly, not all loan contracts in an econ-

omy require an asset as a collateral. However, we will assume in our model

that all financial contracts between agents and banks should need an asset

as a collateral for securing loans not only because it is analytically simple

but also because this kind of contract has recently increased in the United

States, as seen in Figure 3.

In addition to the role of an asset as a collateral, some types of asset

can be directly or indirectly traded among people in the real economy. In

other words, we can regard an asset as a means of payment for trades. For

instance, trading assets, such as accounts receivable and accounts payable,

can be thought as a means of payment in transactions between manufac-

turing firms. These assets can be backed by lands or other properties held

by firms so they can be described as the right to have specific possessions.

Although the conventional research on macroeconomics ignored this role of

an asset, a portion of trading assets in accounting records of corporations

Figure 4: Total trading assets for commercial banks in the United States
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is actually substantial (around 30 to 40 percent). Moreover, the amount of

trading assets before and after the recent economic crisis in the United States

shows a more volatile movement (see Figure 4).4 This implies that the trad-

ing role of an asset should be considered to comprehend a modern financial

problem. As a result, we will deliberate the two roles of an asset simultane-

ously in this paper.

We construct a model economy where an asset can play roles as a collat-

eral and a means of payment, depending on situations. On the one hand, if

an agent in the model can access to banks, the asset in the model can be used

as a collateral for receiving loans. However, it is feasible that people with

some assets cannot get a connection to a banking system. Like previously

mentioned, we do not investigate particular reasons for the inaccessibility

to a financial market in this study. Therefore, we just assume that people

cannot be linked to a banking system (or a financial market) stochastically.

In this case, the role of an asset as a means of payment emerges. In other

words, the asset in our model can have multiple roles, but these roles cannot

be realized at the same time.

The overall set-up of the model is similar to Li and Li [24] and Sanches

and Williamson [30] in the sense that there is the enforcement problem (or

the limited commitment) in financial contracts. In the real world, people can

borrow money from banks, but due to the enforcement problem, banks re-

quire people to promise their asset holdings to secure loans. From this view-

point, the two papers also take account of the role of an asset as a collateral.

Therefore, if a person reneges on his debts, banks can seize a collateral as

a penalty so we can deduce that the collateral value is closely related to the

maximum amount of loans which a person can receive from banks. How-

ever, in Li and Li [24], an asset is not considered as a means of payment

4 Data sources for both Figure 3 and Figure 4 are from FRED.
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and there is no matching friction with banks so agents can always benefit

from financial services in their model. Also, in addition to the seizure of a

collateral as a penalty, we will apply a new and more sophisticated penalty,

a banking systematic penalty, to defaulters. This penalty can be regarded as

eternal credit rationing. On the other hand, Sanches and Williamson [30]

investigated effects of counterfeiting fiat money on a choice between money

and credit as a means of payment. Therefore, they did not deal with the

price of an asset and the loan-to-value ratio. Also, we are interested in a

constrained equilibrium in terms of liquidity and the supply of assets even

though the other two papers were only about a liquidity constrained equilib-

rium.5

Surely, in a frictionless economy without the matching friction with

banks and restrictions on liquidity and the supply of assets, the equilibrium

asset price depends only on the discounted value of its expected future in-

come flows. This price is defined as the fundamental value of an asset. Oth-

erwise, in a constrained equilibrium, our results show that the asset price

can be above its fundamental value due to the frictional banking sector, the

liquidity constraint, and the asset supply constraint. Theoretical outcomes in

this paper can help us to decompose a liquidity structure of an asset in more

details.

Literature Review

Our study is based on an approach that considers microfoundations for mon-

etary exchanges as the essential element in monetary issues. This approach

in monetary economics originated from seminal papers based on the search

5 The limited supply of assets is needed in our model since we consider an asset as a
means of payment. Also, when we say an asset in the model, it means that the asset is a
quality asset, which has a high value for a collateral. The more detailed discussion will be
provided in the following sections.
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theroy by Kiyotaki and Wright [18] and [19]. Historically, the question on

the essentialiy of money (as a media of exchange) was suggested by Jevons

[14] in order to solve ‘Want of Coincidence in Barter.’ The research agenda

which deals with a monetary phenomenon by relying on the search the-

ory is recently called as the New Monetarist Economics. The basic model

and some extensions of the approach were well introduced by Nosal and

Rocheteau [28] and Williamson and Wright [32] and [33]. The important

feature of the New Monetarist Economics is that a model economy is al-

ways constructed with the physical existence of money (fiat money). The

fiat money is defined as a commodity needed to trade with other agents in a

market. However, it is intrinsically worthless. Therefore, the core of the ap-

proach is that the existence of fiat money is necessary when a social resource

allocation can be improved by the usage of it. In other words, the New Mon-

etarist Economics focuses on endogenous outcomes leading to the necessity

of fiat money.

In economics of banking, a financial intermediary’s function as a liq-

uidity provider was pioneered by Diamond and Dybvig [5]. Even though

Diamond and Dybvig [5] was about an endogenous mechanism leading to

justification for the existence of banks, the banks in their model do not re-

quire a borrower to provide an asset for securing loan contracts. Also, they

defined a bad equilibrium with banks, which is a bank run. Otherwise, our

model suggests equilibrium credit (or liquidity) limits to preclude defaults

from a borrower’s side. Although we do not justify the existence of banks in

our model from a standpoint of the New Monetarist Economics, Berentsen

et al. [3] frist proved that banks can help agents in an economy to consume

the socially efficient amount of goods under a money and credit economy

with a banking sector, which is similar to our results. Moreover, Gu et al.

[11] recently developed a model where banks take deposits and make invest-
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ments and their liabilities facilitate third-party transactions, but they did not

assume that banks are given. It is about banking arrangements as an equilib-

rium outcome derived from a mechanism design approach. Therefore, the

New Monetarist Economics can give an answer to the question on the en-

dogenous existence of banks in an economy. However, we do not address

this issue in this paper.

One characteristic of our model economy is that there is no credit trade

between two agents. All transactions should be based on monetary trades.

However, a lot of works in the New Monetarist Economics have been about

economic models with both monetary trades and credit trades. Monetary

trades mean that goods and services are exchanged simultaneously for a

currency (fiat money) and do not involve future obligations. Credit trades,

on the contrary, are intertemporal and involve a delayed settlement. One an-

swer to the question on the coexistence of money and credit is that a record

keeping technology in reality is not perfect. Therefore, we will assume an

completely imperfect record keeping technology in order to make an agent

willing to borrow money from banks. When it comes to the coexistence of

money and credit, the recent works by Gu et al. [12] and Lotz and Zhang

[25] analysed results relevant to competing payment instruments in a decen-

tralized exchange. Also, Gomis-Porqueras and Sanches [10] investigated the

extent to which monetary policy can enhance the functioning of credit sys-

tems and characterized the optimal return on money in the presence of credit

arrangements.

As we mentioned before, because of the enforcement problem (or the

limited commitment), banks cannot perfectly believe their borrowers. As a

result, credit creation or liquidity provision is impossible unless loan con-

tracts are secured by a collateral. Therefore, the level of liquidity provision

from banks and the collateral value supporting financial contracts can be

9



closely interrelated. In the literature about the role of an asset as a collateral,

Kiyotaki and Moore [17] suggested a relationship between a credit market

and the value of a collateral. They showed that the interaction between credit

limits and asset prices can be a significant effect on the business cycle. Sim-

ilarly, Iacoviello [15] dealt with the macroeconomic effect of the collateral

value on the business cycle. He concluded that nominal debt contracts and

collateral constraints linked to housing values on both a producer’s and a

consumer’s sides are the key factors in propagating and amplifying a small

shock. Unlike these two studies, our model is not about a dynamic equi-

librium, but about a stationary equilibrium. Also, a borrowing constraint

would be imposed only on a consumer’s side in our model. However, in

those studies, it was assumed that the loan-to-value ratio is an exogenously

given (constant) parameter. Therefore, the given parameter cannot be useful

for understanding economic environments in their analyses.

Finally, the primary idea in this paper is close to Holmström and Tirole

[13] in terms of the asset pricing mechanism. The key of Holmström and

Tirole [13] is that the price of an asset can be measured by its provision of

liquidity, reflecting the value of a collateral securing financial transactions.

Likewise, in monetary economies of our interest, the price of an asset can be

additionally valued for its liquidity properties. This is because an asset can

be helpful in overcoming frictions in monetary economies that prevent the

use of credit arrangements. Many papers in the New Monetarist Economics

have shown that if a real asset, or claims to it, can serve as a medium of

exchange, the asset price can be higher than its fundamental value when the

amount of real assets supplied in an economy is relatively low. Lagos [20]

found a relation between asset prices and liquidity from a benchmark model

based on Lagos and Wright [22]. On top of that, Lagos et al. [21] lately sur-

veyed approches from the New Monetarist Economics to asset prices and

10



liquidity under a variety of market structures.6 In addition, Geromichalos

et al. [9] studied characteristics of a monetary model in which a real asset

is valued for its rate of return and for its liquidity and generated a rela-

tionship between asset prices and monetary policy. Notwithstanding some

major issues regarding effects of monetary policy on asset prices, we will

concentrate only on the equilibrium asset pricing mechanism and resultant

variables such as the loan-to-value ratio, not on a link between asset prices

and monetary policy.

Structure of the Paper

The remaining sections as follows. Section 2 describes components in our

model, the timing of events, and the maximization problems of each agent

in all possible environments. Also, the condition for a competitive banking

sector and market clearing conditions are discussed. Section 3 derives the

equilibrium price of both risk-free and risky assets. We only consider a con-

strained equilibrium in the sense that a constraint on the supply of assets as

well as a constraint on liquidity are biding. Section 4 deals with effects of

the collateral seizure penalty in the case of defaults on the asset price and

the loan-to-value ratio. Section 5 addresses one additional penalty, a bank-

ing systematic penalty which excludes defaulters from the banking sector

forever, and obtains the endogenously determined asset price and the loan-

to-value ratio. Section 6 concludes. Proofs of some technical results and

subsidiary discussion are relegated to Appendices.

6 The New Monetarist Economics is about both monetary and financial phenomena by
using the search theory allowing a matching friction among agents. In the literature of fi-
nance, Duffie et al. [6] and [7] made a contribution to founding theoretical and empirical
tools for analyzing financial markets, especially over-the-counter markets. They were also
based on the search theory.
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2 The Basic Model

In the basic model, we consider the representative one-time period model,

t, consisting of two sub-periods, CM1 and CM2. CM means the centralized

market where all agents (buyers and sellers) in the model economy should

gather in one hypothetical place to trade with others. An important similarity

between the two sub-periods is that all agents can trade with others without

a matching friction, which precludes trading opportunities among agents.

Therefore, a buyer can meet a seller and a seller can meet a buyer without

doubt. Unlike the two centralized markets, there is a matching friction in a

financial market (or a banking system). In this frictional financial market,

agents can borrow or deposit monetary wealth only in the first sub-period if

they can access to banks. Also, agents in the economy can adjust their asset

portfolios, the combination of fiat money and a real asset, only in the second

sub-period. Therefore, from an agent’s angle, financial arguments to choose

in the model are inconsistent at different sub-periods. There is no discount

between sub-periods included in the same period but there is discount be-

tween adjacent periods, β. Information regarding all contractual and trading

records is assumed to be known by other agents in the economy so that there

is no problem pertinent to the asymmetric information for analytic tractabil-

ity.7

The participation type (whether a buyer or a seller) in the model econ-

omy is stochastically determined by an exogenous shock. There are two

types of agent, a buyer and a seller. It is assumed that they are infinitely-lived

agents whose total number is normalized to 1. Unlike conventional models

of the New Monetarist Economics where there is no uncertainty on partici-

7 The analysis of relations between the asymmetric information and asset prices is con-
ducted by Lester et al. [23]. In their study, the extent to which assets are recognizable deter-
mines the extent to which they are acceptable in exchanges as a means of payment.
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pation types of agent, whether an agent would be a consumer or a producer is

probabilistically settled down at the beginning of the first sub-period. There-

fore, we can interpret this exogenous probability as a preference shock. In

other words, an agent could be a buyer with probability n, otherwise he

would be a seller in the same period with complementary probability 1−n.

By this way, we can capture the notion of the uncertain opportunity to par-

take in trades so that an rational agent should take account of his possible

future types when adjusting asset portfolios in the second sub-period.8

After the preference shock at the beginning of CM1, in the case of be-

coming a buyer, there would be one additional exogenous shock to deter-

mine the accessibility to the banking system in the same sub-period. This

stochastic matching with banks is a substantial element of this model since

buyers are supposed to liquidate their asset holdings at high cost, denoted

as ξ, without banking services. This is because the liquidation process is

necessary as well as costly for each individual unmatched with banks to uti-

lize existing assets as a means of payment in CM1 trades. This expensive

individual liquidation process also implies a relative advantage of financial

intermediaries in terms of the liquidity provision. Also, we assume that there

is no matching friction to the banking system from a seller’s side. This as-

sumption is reasonable because there would be no default risk with respect

to borrowing and lending from sellers. The moral hazard problem emerges

only from buyers’ side, especially from buyers connected to the frictional

financial market.9 Through bank services, sellers can deposit their money

8 We can also change the model in order to make the decision for participation types
endogenously. Then we can capture the effect of an external margin on the price of an asset,
but we eliminate this factor for tractable convenience. For the external margin issue and
the model with endogenous participation decisions in the New Monetarist Economics, we
recommend Rocheteau and Wright [29].

9 Also, in this model, an equilibrium is determined by a bargaining protocol, a take-it-
or-leave-it offer from a buyer’s side. Therefore, this assumption on the perfect accessibility
to the banking system from a seller’s side is not important for main results including the asset
price. Therefore, in order to make problems easy to solve, we will accept the assumption.
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and redeem it in the next CM2. On the other hand, if matched with banks,

a buyer can get loan services by using his asset as a collateral. For compar-

ing situations with and without financial intermediation, we presume that

the cost for evaluating the quality of an asset (as a collateral) is zero when

matched with banks. Therefore, the additional benefit of banking services is

saving cost possibly wasted in the liquidation process at the time when an

agent is unlinked to banks.

With regard to banks and record keeping, we model borrowing (similar

to a credit trade between a buyer and a bank) as financial intermediation

done by perfectly competitive firms who accept nominal deposits and make

nominal loans. For this process to work we assume that there is a technology

that allows record keeping of financial histories but not trading histories in

the goods market (CM1 and CM2).10 Firms that operate this record keeping

technology can do so at no cost. We call them banks because the financial

intermediaries who perform these activities are classified as ‘banks’ by regu-

lators around the world. Since record keeping can only be done for financial

transactions, a direct credit trade between buyers and sellers in the goods

market is not feasible. Record keeping does not imply that banks can issue

tangible objects such as inside money.11 Hence, we assume that there are

no bank notes in circulation. This ensures that outside fiat money (or a fiat

currency) is still used as a medium of exchange in the goods market. Fi-

nally, we suppose that loans and deposits are not rolled over. Consequently,

all financial contracts are one-period contracts. One-period debt contracts

10 We do not need a technology allowing record keeping of trading histories since these
are assumed to be known by other agents in the economy. Also, it is feasible that a banking
sector only takes into account financial activities in reality.

11 The role of a banking system to provide (or create) liquidity is considered as issuing
banks’ liabilities, or inside money (private money). This kind of asset can be used to facilitate
payment and settlement. From a perspective of the New Monetarist Economics, Monnet and
Sanches [27] dealt with the competitive and the monopolistic banking system and discussed
the efficient regulation of a banking sector.
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are optimal in these environments because of the quasi-linear preferences.

Unlike standard dynamic contracting models, with linear disutility of pro-

duction in CM2, there is no gain from spreading out repayment of loans or

redemption of deposits across periods in order to smooth the disutility of

production.12

In the basic model, there are two types of financial asset, fiat money,mt,

and a real asset, at. The monetary authority (or the central bank) conducts

monetary policy by increasing the total amount of fiat money circulated in

the economy, Mt, at the constant rate, γ, every period so Mt+1 = γMt.

All buyers and sellers in the economy get a monetary benefit in the second

sub-period and this benefit has the form of a lump-sum transfer on account

of the constant money growth, which means that Tt = (γ − 1)Mt−1. The

real value of one-unit fiat money is denoted as φt so the real balance of

the fiat money held by an agent is φtmt. We focus on stationary equilibria

where real balances and quantities traded in different periods are constant.

Therefore, with regard to the fiat money, a stationary equilibrium signifies

that φtMt = φt+1Mt+1, resulting in φt+1/φt = Mt/Mt+1 = γ−1. In addi-

tion to the fiat currency, the model economy is endowed with a single real

asset, such as a Lucas tree, which is in fixed supply, At > 0, and can be

traded in both CM1 and CM2. At the beginning of each second sub-period,

before CM2 opens, the one-unit real asset generates a dividend payoff equal

to ρt > 0 and an agent can use this dividend in that CM2. All goods are non-

storable so that there is no transfer of wealth between different sub-periods

as well as different periods. From now, we eliminate time sub-scripts in or-

der to make equations simple. However, we express {+1} and {−1} to show

variables in different periods.

12 This can be confirmed later when we define the utility function and determine the
optimal asset portfolio in the second sub-period.
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Figure 5: The timing of events

Utility functions of a buyer and a sell are defined as separately

A Buyer : U b = u(qb) + U(χ)− h

A Seller : U s = −c(qs) + U(χ)− h,

where qb is the quantity of CM1 goods bought by a buyer and qs is the

quantity of CM1 goods produced by a seller in the first sub-period. Likewise,

χ is the quantity of CM2 goods consumed and h is the time spent (or the

labor input) by an agent in order to make CM2 goods. Therefore, h could

be interpreted as the disutility (or the utility cost) of producing h units of

CM2 goods. The utility functions u(q) and U(χ) are strictly increasing and

concave, with u(0) = U(0) = 0, u′(0) = U ′(0) = +∞, and u′(+∞) =

U ′(+∞) = 0. Moreover, c(q) is strictly increasing and convex, with c(0) =

0, c′(0) = 0, and c′(+∞) = +∞. As a result, the above utility functions

have the quasi-linear property. Finally, we define q∗b and q∗s as a solution

to u′(qb) = c′(qs). These are quantities equivalent to the socially efficient

allocation.

Figure 5 shows illustratively the structure of the basic model and roles
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of the real asset with and without banking services. At the first sub-period,

CM1, an agent experiences the preference shock which determines whether

he would be a buyer or a seller (the participation type). After that, if the

agent gets the shock making him a buyer, then the buyer enter into the fric-

tional banking system where the buyer could be connected to banks with

probability σ. When connected to banks, the buyer could get loans, l, from

financial intermediaries and promises his asset as a collateral. Otherwise,

when unlinked to banks, the buyer cannot use banking services and should

liquidate his asset holdings in order to utilize the real asset as a means of

payment and trade with sellers. Although the real asset could be used in any

case, the liquidation cost, denoted as ξ, is assumed to be high for individual

buyers unmatched with banks so that the total value of monetary assets is

greater in the situation where a buyer is accessible to the frictional banking

system. In the second sub-period, CM2, an agent in the model produces and

consumes CM2 goods, repays loans, redeems deposits, and adjusts his asset

portfolio consisting of the fiat money and the real asset. In this section, we

suppose that there is no enforcement problem for convenience. However, we

will deal with the issue of a default risk in Section 4 and Section 5.

2.1 The Second Sub-Period

In order to solve a general equilibrium problem, we first define the value

function of an agent in the second sub-period. After that, by considering the

equilibrium condition of CM2 as given, we can solve the first sub-period

problem. In the second sub-period, an agent chooses his fiat money hold-

ings m and real asset holdings a, repays loans l at the interest rate i, and re-

deems deposits d at the interest rate id.13 Therefore, we can write an agent’s
13 For a competitive financial market, it should be satisfied that the lending rate and the

borrowing rate are equal, i = id. The derivation will be shown in the later subsection.
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maximization problem with the CM2 utility function as follows,

W (m, a, l, d) = max
χ,h,m+1,a+1

U(χ)− h+ βV (m+1, a+1)

subject to χ+ φm+1 + ψa+1

= h+ φ(m+ T ) + (ψ + ρ)a+ φ(1 + id)d− φ(1 + i)l,

where T = (γ − 1)M−1 is the lump-sum transfer from the monetary au-

thority.14 At this point, we can use a specific property of the utility function

and the budget constraint. Following Lagos and Wright [22], we can use

the quasi-linear property of the second sub-period utility function so we can

substitute h from the aforementioned utility maximization problem. Hence,

the previous problem could be reexpressed as follows,

W (m, a, l, d) = φ(m+ T ) + (ψ + ρ)a+ φ(1 + id)d− φ(1 + i)l

+ max
χ,m+1,a+1

U(χ)− χ− φm+1 − ψa+1 + βV (m+1, a+1).

As we can see from the above problem, the second sub-period value func-

tion, denoted asW (m, a, l, d), is linear in a buyer’s financial wealth, φ(m+

T ) + (ψ + ρ)a+ φ(1 + id)d− φ(1 + i)l. Therefore, we can conclude that

the choice of the fiat money and the real asset, m+1 and a+1, is independent

of the current financial wealth which a buyer brought into the second sub-

period (CM2).15 If we assume that m+1 > 0 and a+1 > 0, which implies

14 From an agent’s maximization problem in the second sub-period, we assume the con-
cavity of the value fuction V (m,a). Since the concavity is not critical for results in this
paper, we will not address this aspect rigorously.

15 The quasi-linear property of the utility function makes the maximization problem eas-
ier to solve because a distribution of financial wealth (the fiat money and the real asset in
this model) would be degenerated. From a theoretical standpoint, this property is useful.
Moreover, for computational purposes when considering a wealth distribution without the
quasi-linear assumption on the utility function, Molico [26] showed that numerical results
were consistent with theoretical ones.
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the existence of interior solutions, we can get the first order condition,

U ′(χ) = 1 (1)

φ = βVm(m+1, a+1) (2)

ψ = βVa(m+1, a+1). (3)

Also in an equilibrium, the marginal value of the fiat money, the real asset,

loans, and deposits could be calculated by using the envelope theorem,

Wm = φ (4)

Wa = ψ + ρ (5)

Wl = −φ(1 + i) (6)

Wd = φ(1 + id). (7)

Therefore, we can interpret the above equations as follows. For example, the

equation (4) means that the marginal value of holding additional fiat money

is equal to the value of the fiat money, φ, since an agent can use the fiat

money in the second sub-period when adjusting his asset portfolio. Simi-

larly, the equation (5) means that the marginal value of holding additional

real assets is equal to the price of the real asset and its dividend payoff,

ψ+ ρ. Finally, the equation (6) and the equation (7) imply that the marginal

value of additional loans and deposits is equal to the value of repayment and

redemption, respectively.

2.2 The First Sub-Period

In the first sub-period (CM1), an agent receives the preference shock which

determines specific participation types and the agent gets an additional stochas-
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tic component called the frictional matching with banks if he becomes a

buyer. We define the quantity bought by buyers matched with banks as qb

and the quantity bought by buyers unmatched with banks as q′b. Also the

quantity sold by sellers is defined as qs and this variable is determined irre-

spective of the frictional matching with banks since it is previously assumed

that sellers can be approachable to the financial sector at all times. Consid-

ering the probabilistic structure described at the beginning of this section,

we can write the value function of an agent in the first sub-period,

V (m, a) = σ(1− n)(u(qb) +W (m+ l − pqb, a, l, 0))

+ (1− σ)(1− n)(u(q′b) +W (m+
ψ

φ
a′ − pq′b − ξ, a− a′, 0, 0))

+ n(−c(qs) +W (m− d+ pqs, a, 0, d)). (8)

The first term of the equation (8) signifies that when a buyer can bene-

fit from banking services, he can receive loans backed by his collateral and

provides monetary wealth consisting of the fiat money and the loans to sell-

ers for consuming qb units of CM1 goods. We limit the maximum amount

of loans up to l and this value can be construed as the credit limit.16

The second term of the equation (8) means that if a buyer is unmatched

with banks, he should liquidate his asset holdings and the liquidation cost

is ξ. For future discussion, we postulate reasonable size of the liquidation

cost. Therefore, the cost of liquidation is supposed to satisfy the following

inequality,

ψ

φ
a′ − ξ � l,

16 We can say that the credit limit is efficient when it can prevent borrowers from reneg-
ing on their loans. The detailed form of the credit limit is reliant on a penalty structure and
we will discuss this issue in the later sections.
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which reflects the fact that the maximum amount of financial wealth from

loan services when a buyer is accessible to banks is much greater than other-

wise. Furthermore, it is noticeable that the liquidation cost is not dependent

on the amount of current asset holdings. This assumption is compatible with

the real economy in the sense that a great portion of the liquidation cost is

personnel expenses including legal advice fees. Therefore, the cost might be

determined by institutional factors reflecting characteristics of an economy,

not by the absolute amount of assets liquidated. As a result, we can keep

the presumption on the constant liquidation cost. Lastly, the third term is

a seller’s value function which is irrelevant to the frictional matching with

banks.

Hence, an agent in the first sub-period should make an optimal decision

depending on his participation types as well as matching states with the im-

perfectly accessible financial market. If the preference shock to an agent is

realized to make him a seller with probability 1− n, the seller’s maximiza-

tion problem is written as below,

max
qs,d

− c(qs) +W (m− d+ pqs, a, 0, d)

subject to d ≤ m,

where the constraint, d ≤ m, means that the total amount of deposits can-

not exceed the seller’s current fiat money holdings. Therefore, using the

quasi-linear property of the value function W , the first order condition of

the seller’s problem is that

pφ = c′(qs) (9)

λd = φid, (10)

where λd is the Lagrangian multiplier of the deposit constraint, d ≤ m.

We can confirm from the equation (9) that the marginal cost of production

22



(left-hand side) is equal to the monetary value of one-unit CM1 commodity

(right-hand side). If the deposit rate id is greater than zero, the Lagrangian

multiplier λd is also greater than zero by the equation (10). The positive

value of the Lagrangian multiplier connotes that the constraint is biding,

leading to d = m. Accordingly, the seller saves all of his fiat money hold-

ings to banks if id > 0.

A buyer connected to banks with probability σ can receive loan services

from competitive banking firms by collateralizing his real asset in order to

assure the financial contracts. Therefore, after signing the loan contracts

with banks, the monetary wealth of the buyer is composed of two parts.

One is the initial fiat money holdings whose amount was determined by the

asset portfolio adjustment in the previous second sub-period (past CM2).

The other is the monetary value of loans in the current first period (current

CM1). As a result, the total amount of financial wealth in the first sub-period

of the buyer matched with banks is m+ l. However, throughout this model,

it is hypothesized that the total amount of liquidity is not sufficient enough

to compensate the cost of producing CM1 goods for sellers. This assump-

tion is needed in order to make a problem easy to solve and derive analytic

formulas for the asset price, specifically in a constrained equilibrium of our

interest. Therefore, we can describe the buyer’s problem when he is matched

with banks as follows,

max
qb,l

u(qb) +W (m+ l − pqb, a, l, 0)

subject to pqb ≤ m+ l and l ≤ l,

where l means the credit limit determined by outside institutional factors.

We can expound this economy restricted by the credit limit as the liquid-

ity constrained economy. We define λ1 as the Lagrangian multiplier to the
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first constraint, which means that the buyer cannot transfer financial wealth

beyond his total current monetary asset holdings to purchase CM1 goods

from sellers. λl is the Lagrangian multiplier to the second constraint, the

credit limit (or the liquidity constraint). From the mathematical form of the

second constraint, we can deduce that λl could be a measure of credit or liq-

uidity tightness. Using the first order condition in the second sub-period, the

first order condition of the buyer accessible to the frictional banking system

is summarized,

u′(qb) = c′(qs)
(

1 +
λ1

φ

)
(11)

φi = λ1 − λl. (12)

Combining the above two outcomes, the following equation can be derived,

u′(qb) = c′(qs)
(

1 + i+
λl
φ

)
. (13)

Therefore, if there is sufficient liquidity in the economy, λl = 0, then

u′(qb)/c
′(qs) = 1 + i.17 This equation implies that the additional benefit

of loans (left-hand side) which make a resource allocation socially efficient

is equal to the cost of loans (right-hand side). One interesting point is that

when matched with banks, the buyer can consume the optimal amount of

CM1 goods, defined as q∗b , if the loan rate i goes to zero under the unbind-

ing liquidity constraint. This is intuitively clear since the buyer can borrow

money from banks at no cost if there is no credit limit. On the other hand,

the situation in which we are interested is λl 6= 0, the liquidity constrained

17 In this paper, the credit limit is closely relevant to the private liquidity, not the public
liquidity. Therefore, the liquidity tightness shows a state of corporate sectors, not a monetary
policy issue such as the Quantitative Easing. However, through monetary injection, the liq-
uidity constraint could be unbinding. In other words, the public liquidity provision can solve
the private liquidity problem. This intuition is compatible with arguments encouraging the
Quantitative Easing.
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economy, and from this condition we can jump into the tentative conclusion

that in a constrained equilibrium, the additional amount of loans induces a

benefit greater than the loan service cost, whereupon u′(qb)/c′(qs) > 1 + i.

Unlike a buyer accessible to the frictional banking system, a buyer un-

matched with banks should liquidate his asset holdings at cost in order to

change his asset as a means of payment in CM1 trades. Furthermore, we as-

sume that the liquidation cost ξ is high enough to make loan services from

banks more profitable in terms of cost saving from a buyer’s perspective.

Considering these restrictions, we can express the maximization problem of

the buyer who cannot use financial services with probability 1−σ as below,

max
q′b,a
′
u(q′b) +W (m+

ψ

φ
a′ − pq′b − ξ, a− a′, 0, 0)

subject to pq′b ≤ m+
ψ

φ
a′ − ξ and a′ ≤ a.

In the above maximization problem, the total value of monetary assets that

a buyer can transfer to sellers in the first sub-period is much grater in the

case when the buyer is linked to banks due to the inequality, ψa/φ− ξ � l,

as we mentioned before. However, both situations are comparable to each

other since they are constrained in terms of the total amount of financial

wealth necessary for achieving the socially efficient allocation. We define λ2

and λa as the Lagrangian multipliers to the first and the second constraint,

respectively. Therefore, like the previous problem of a buyer matched with

banks, we can construe λa as a measure related to the affluence of the real

asset traded in the economy. One thing to emphasize is that we only consider

the (high) quality real asset, which means we do not take account of low

quality (or worthless) assets such as junk bonds.18

18 This restriction could be important since low quality assets are not valued by financial
intermediaries. Also, this restriction can give empirical implications on a realistic measure
of the total supply of assets weighted by an individual quality.
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Subsequently, the first order condition of the buyer unmatched with the

frictional financial market is summarized,

u′(q′b) = c′(qs)
(

1 +
λ2

φ

)
(14)

ψλ2 = φ(ρ+ λa). (15)

Because a seller’s problem is independent of matching states with banks,

the quantity produced by a seller is always identical so q′s = qs. This fact

is manifested in the above first order condition. Combining the above two

results, the following equation can be obtained,

u′(q′b) = c′(qs)
(

1 +
λ2

φ

)
= c′(qs)

(
1 +

ρ+ λa
ψ

)
. (16)

Therefore, if there are sufficient quality real assets in the economy, λa = 0,

then u′(q′b)/c
′(qs) = (ψ + ρ)/ψ. This equation indicates that the additional

benefit of the real asset as a means of payment (left-hand side) is equal to

the earning rate of the real asset (right-hand side).19 On the contrary, in the

case where the quality real asset is deficient, λa 6= 0, the additional benefit

of holding real assets is greater than the earning rate of the asset due to

the trading role. A remarkable thing is that even though the role of an asset

as a means of payment is not always realized, there is a benefit of holding

additional assets for the future usage as a means of payment. This benefit

comes from an excess demand for the asset or a lack of the asset supplied in

the economy. These kinds of situation can increase the asset price more than

its fundamental value. The detailed pricing mechanism will be addressed in

Section 3.

19 From the relation, u′(q′b)/c
′(qs) = (ψ + ρ)/ψ, we can deduce that the additional

benefit of the real asset as a means of payment is always greater than one since the dividend
payoff ρ is assumed to be positive. Therefore, we can justify the fact that a buyer unmatched
with banks cannot accomplish the socially efficient allocation for CM1 goods, defined as q∗b .
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2.3 Competitive Banking Sector

In the first sub-period, banks accept nominal deposits d from sellers at the

nominal interest rate id (the deposit rate) and make nominal loans l to buy-

ers matched with the frictional banking system at the nominal rate i (the

lending rate). The banking sector is perfectly competitive with free entry,

whereupon banks take these rates as given. There is no strategic interaction

among banks or between banks and agents. In particular, there is no bar-

gaining over terms of the loan contract and no roll-over. Finally, we assume

that there are no operating cost for banking firms and reserve requirements

imposed by the central government.

Therefore, the representative bank solves the following problem for each

borrower accessible to the financial market,

max
l

(i− id)l

subject to l ≤ l and u(qb)− (1 + i)lφ ≥ Γ,

where Γ is the reservation value of a borrower. The reservation value is a

borrower’s surplus from receiving a loan at another bank. Therefore, the

second constraint in the problem requires that gains from loan contracts

should be greater than the reservation value. We investigate two assumptions

about repayment. In the first case, banks can force repayment at no cost

(no enforcement problem) so the borrowing constraint is l = ∞. In the

second case, we suppose that a borrower who fails to repay his loan will

be penalized by a specific punishment so we need to derive the condition,

which resolves the credit limit l, to ensure voluntary repayment.20

20 The credit limit is decided by the banking sector. Therefore, its value is endogenously
decided in the model and is affected by a punishment imposed on defaulters. We will inflict
out concrete penalties in the following sections.
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The first order condition of the representative bank is

i− id − λL + λΓ

(
u′(qb)

dqb
dl
− (1 + i)φ

)
= 0,

where λL and λΓ are the Lagrange multipliers on the lending constraint and

the participation constraint, separately. For i − id > 0, the bank would like

to make the largest loan possible to the borrower. Thus, the bank will always

choose a loan size such that λΓ > 0.

With free entry, banks make zero profits so it should be i = id. Con-

ceptually, dqb/dl means the marginal quantity of CM1 goods if a buyer gets

the additional marginal unit of loans. This is equivalent to the inverse of

CM1 goods’ price, denoted as p. Accordingly, we can use this relation and

the equation (9). Consequently, due to dqb/dl = φ/c′(qs), we receive the

following expression from the above first order condition,

u′(qb)

c′(qs)
= 1 + i+

λL
λΓφ

. (17)

If λL = 0, the loan offered by the bank implies u′(qb)/c′(qs) = 1 + i so

the liquidity service can help a buyer matched with the frictional banking

system to consume the amount he wants. On the other hand, if λL > 0, the

constraint on the loan size is binding thereby resulting in u′(qb)/c′(qs) >

1 + i. Since we are interested in the latter case, the loan service is always

helpful for increasing consumption of a borrower. In this sense, our banking

sector is different from Berentsen et al. [3] because the welfare improvement

in their model comes from the payment of interest on deposits of sellers, not

from relaxing borrowers’ (buyers’ in our model) liquidity constraint.

In a symmetric equilibrium, all buyers matched with banks borrow the

same amount l and all sellers deposit the same amount d so the loan market

clearing condition would be σ(1− n)l = nd.
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2.4 Market Clearing Conditions

In this model, we consider symmetric and stationary equilibria. The general

equilibrium condition includes four market clearing conditions. First, in the

goods market, the supply of goods and the demand for goods should be

equal so that (since qb > q′b)

nqs = (1− n)(σqb + (1− σ)q′b). (18)

In the loan market, only buyers matched with banks can receive loans

and all sellers deposit their fiat money holdings to banks. Therefore, the loan

market clearing condition is (in the previous subsection)

σ(1− n)l = nd. (19)

Also, the total amount of fiat money in the economy was determined by

the supply from the monetary authority in the previous period, leading to

m = M−1. (20)

Finally, the real asset is in fixed supply by assumption so the asset mar-

ket clearing condition is that

a = A. (21)

With the first order conditions of each type of agent and the four market

clearing conditions, we can formulate analytic expressions for the equilib-

rium asset price in the next section.
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3 The Equilibrium Asset Price

From the outcomes in Section 2, we will derive an analytic form of the

equilibrium asset price. This section would be divided into two subsections

depending on whether the real asset in the basic model is risk-free or risky

with respect to its dividend payoff.

3.1 Risk-Free Asset

Considering the assumptions regarding the model and the market clearing

conditions in Section 2, in a constrained equilibrium, the value function of

an agent in the first sub-period can be written as

V (m, a) =σ(1− n)(u(qb) +W (0, a, l, 0))

+ (1− σ)(1− n)(u(q′b) +W (0, 0, 0, 0))

+ n(−c(qs) +W (pqs, a, 0,m)). (22)

From the above value function, the amount of CM1 goods consumed by

a buyer matched with banks, defined as qb, is dependent not only on the

amount of fiat money but also on the amount of real assets which can be

used as a collateral for procuring loans. Also, the amount of CM1 goods

consumed by a buyer unmatched with banks, defined as q′b, is affected by

the amount of means of payment (fiat money and real assets) and the given

liquidation cost ξ. Therefore, with the preference shock and the banking

friction in the first sub-period, the goods market clearing condition can be

rewritten from the equation (18),

qs =
1− n
n

(σqb + (1− σ)q′b). (23)
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From the equation (4), we can get the marginal value of the fiat money by

using the envelope theorem from a perspective of an agent in the first sub-

period, φ−1/β. In addition to that, we can also obtain the marginal value of

the fiat money by differentiating the first sub-period value function (22). As

a result, using the two expressions for the marginal value of the fiat money,

we can get the following equation (see Appendix A),

γ − β
β

= σ(1− n)
(u′(qb)
c′(qs)

− 1
)

+ (1− σ)(1− n)
(u′(q′b)
c′(qs)

− 1
)

+ nid. (24)

There are new terms reflecting effects of the imperfect banking accessibility

and the constrained supply of real quality assets, which do not appear in the

result of Li and Li [24]. The left-hand side of the above equation is the rate of

return on the fiat money. Therefore, if the socially efficient allocation can be

achieved in each matching state, this value is equal to the expected net profit

from deposits, nid. Otherwise, the value of the fiat money includes liquidity

premiums originating from increasing consumption of buyers irrespective of

their matching states. From the assumption on the positive dividend payoff,

we can conclude that the rate of return on the fiat money is always greater

than the expected net profit from deposits if there exists the imperfect bank-

ing accessibility. One simple monetary policy implication from the equation

(24) is that the central bank should control the (gross) growth rate of money,

γ, in accordance with i∗net = nid under the environment where there is no

credit limit (sufficient liquidity) and there are sufficient real quality assets.21

When considering both the biding credit constraint of a buyer matched

with banks and the asset supply constraint of a buyer unmatched with banks,

21 Therefore, if the interest rate paid on deposits is goes to zero and the allocation of
goods is socially efficient, the central bank should conduct deflationary monetary policy,
implying ‘Friedman rule’. It signifies γ = β < 1.
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we can get the marginal value of the real asset from the equation (22). Also,

from the CM2 maximization problem in the previous section, we can get

the marginal value of real assets from a perspective of an agent in the first

sub-period, ψ/β. Combining these two expressions, we can formulate the

simple equation for the equilibrium asset price (See Appendix B),

1− β
β

ψ = σ(1− n)φ
(u′(qb)
c′(qs)

− (1 + i)
) ∂l
∂a

+ (1− σ)(1− n)ψ
(u′(q′b)
c′(qs)

−
(ψ + ρ

ψ

))
+ ρ. (25)

If we look at the equation (25), we can confirm some factors that increase

the equilibrium asset price beyond its fundamental value. First of all, as re-

flected in the first term in the right-hand side of the equation, the existence

of the credit limit (caused by a defulat risk) in the second sub-period can

augment the asset price. Concretely, ∂l/∂a > 0 connotes this effect, but we

cannot obtain a precise form of the expression unless we impose a particular

penalty structure on deviators from financial contracts.22 Under ∂l/∂a > 0,

if the benefit of additional monetary wealth in the first sub-period exceeds

the cost of additional loans, the accumulation of the real asset can be deemed

as an increase in the amount of collateral thereby elevating the credit limit

or easing the liquidity constraint. Subsequently, this role of an asset as a

collateral can generate a liquidity premium.23

Furthermore, the second term in the right-hand side of the equation also

has a contribution to an increase in the asset price. This term comes from the

22 With the enforcement problem, holding additional real assets has an effect on the en-
dogenous loan-to-value ratio as well as on the credit limit. The rational behind this outcome
is consistent with Li and Li [24]. A large amount of possible loans can increase the possibil-
ity of defaults so there would be complementarity on real asset holdings.

23 However, it should be noticed that the first term of the equation can be zero even
though ∂l/∂a > 0 since the increased liquidity provision can induce a buyer matched with
banks to consume the optimal quantity of CM1 goods. It infers a liquidity unconstrained
equilibrium.
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role of an asset as a means of payment, which is needed due to the imperfect

banking accessibility. However, the efficiency of the real asset as a means of

payment is lower than that of the fiat money since we can surmise from the

fact that u′(q′b)/c(qs) > 1 if ρ > 0. Therefore, a liquidity premium from the

trading role can be considered as the cost of the matching friction to banks.

As the banking sector becomes frictionless, the collateral role of an asset

comprises a large portion of the asset price. Therefore, we can say that the

accessibility to a banking system can affect the price of an asset. The equi-

librium asset pricing equation can be understood well when we describe it

graphically.

Case 1: The aggregate demand for real assets is AD. Also, AS1 is the

fixed supply of real assets. In this case, we assume that the supply of real

quality assets is sufficient enough for playing a role as a collateral in the

economy. In other words, a buyer matched with banks can receive sufficient

loan services in order to consume the quantity of CM1 goods he wants.

Figure 6: Equilibrium of the asset market (Case 1)
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Therefore, the first term on the right-hand side of the equation (25) is equal

to zero. Figure 6 shows the graphical illustration. The market clearing price

of the real quality asset is denoted ψe1. The aggregate demand is single-

valued for all ψ > ψ∗ and is equal to [c(q∗s)/(1 − n)(ψ∗ + ρ),+∞] when

ψ = ψ∗. This is because a buyer has sufficient wealth to compensate the

utility cost of a seller, c(q∗s), by using his existing real assets if ψ = ψ∗.

Therefore, in this case, the difference between the fundamental asset price

ψ∗ and the equilibrium asset price ψe1 is caused by the banking inaccessibil-

ity, whereupon we define this disparity as Inaccessibility Cost. The effect of

this cost on the asset price can be illustrated in Figure 6, denoted as IC. As

we can see, the equilibrium asset price in this example is larger than its fun-

damental value. Nevertheless, the additional value of liquidity by holding

additional assets as a collateral is zero. This outcome can be deemed that

the asset price can include the role of an asset as a means of payment or the

trading role. It is quite different from the liquidity premium we will treat in

the next case.

Case 2: In this case, AS2 is the fixed supply of real quality assets. Un-

like the previous case, the real asset supply is deficient so that the additional

asset holdings can increase the credit limit. Therefore, the first term on the

right-hand side of the equation (25) is greater than zero. Figure 7 shows the

graphical illustration. The market clearing price of the real quality asset is

denoted ψe2. Before discussing on the equilibrium asset price in this case,

we should analyse the graphical form of the asset demand (or demand cor-

respondence). For the upper region, an increase in the asset price is purely

from the role of an asset as a means of payment. The liquidity premium from

this effect is bounded above, ψ∗∗ − ψ∗, in this region.24 On the other hand,

if there exists the marginal effect of asset holdings on the possible amount

24 We can derive an analytic form of ψ∗∗ by using ∂l/∂a = 0, the equation (25), and a
specific utility function. However, the illustration is just for intuitive understanding.
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Figure 7: Equilibrium of the asset market (Case 2)

of loans, which means ∂l/∂a 6= 0, augmentation of the asset price comes

from the collateral role and the trading role at the same time. Due to the

combined impacts, an increasing pattern of the asset price can be diverse as

seen in Figure 7, depending on whether it is on the upper region or on the

lower region in this simple case.

In an extreme case, if there is no matching friction with banks, σ = 1,

the role of an asset as a means of payment is eliminated in the equilibrium

asset pricing equation. Figure 8 shows this situation. This result is same

with traditional outcomes from the New Monetarist Economics literature.

Therefore, from the second term of the equation (25), we can incorporate

the efficiency of a banking system in terms of the accessibility. As a bench-

mark model, we can conclude the following proposition.

Proposition 1. If there is an efficient enforcement technology in order to

deter default incentives of buyers and the sufficient amount of quality assets

can be provided in the economy, the price of an asset is equivalent to its
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Figure 8: Asset demand without banking friction (σ = 1)

fundamental value. In other words, the asset price is ψ∗ = βρ/(1 − β)

when λl = 0 and λa = 0 simultaneously.

The price of an asset reflects the enforcement efficiency through the credit

limit as well as the payment efficiency through the total amount of assets

which could be liquidated. Therefore, the asset price can be beyond its fun-

damental value since there are not only the collateral role for easing the

borrowing constraint but also the trading role due to the imperfectly ap-

proachable financial market and the scare supply of assets in the economy.

3.2 Risky Asset

So far we have assumed that the real asset is risk-free in the sense that it

provides a constant flow of dividends ρ in every period. However, given an
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agent’s quasi-linear preference, the riskiness of the asset is relevant for as-

set pricing provided that the real asset plays a role as a means of payment.

Therefore, we extend the benchmark asset pricing model in the previous

subsection in order to analyse effects of the uncertain dividend payoff on the

equilibrium asset price. Like before, the real asset in the model can be used

as a means of payment. In addition to that the real asset is useful for facil-

itating exchanges, we also postulate that the realized value of the dividend

payoff is known at the time of bilateral exchanges in the first sub-period.

These assumptions allow us to show a new channel through which the risk-

iness of the real asset affects its liquidity structure and price.

It is supposed that the dividend of the real asset follows a simple stochas-

tic process: with probability πH , the dividend payment is high, defined as

ρH , and with complementary probability πL(≡ 1− πH), the dividend pay-

ment is low, defined as ρL, where ρL < ρH is satisfied. The dividend

shocks are independent across time. We denote the expected dividend as

ρ = πHρH + πLρL and assume that buyers and sellers learn a dividend

realization at the beginning of a period as shown in Figure 9 before they are

confronted with each other in CM1.25

At the beginning of the first sub-period, the value function of a buyer

has the similar structure described in Section 2. However, we introduce ρ as

an explicit argument since it is no longer constant over time. Likewise, the

value function of an agent in the second sub-period can be written as

W (m, a, ρ̃, l, d) = φ(m+ T ) + (ψ + ρ̃)a+ φ(1 + id)d− φ(1 + i)l

+ max
χ,m+1,a+1

U(χ)− χ− φm+1 − ψa+1 + βV (m+1, a+1),

25 Even though all agents including banks in the economy know a dividend realization
in CM1, the real asset generates the dividend only in CM2. Also, for convenience, all infor-
mation regarding the dividend realization is publicly observable. If not, which implies the
asymmetric information, the problem cannot be readily solved.
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Figure 9: Risky asset and the timing of events

where ρ̃ indicates the uncertainty about the dividend payoff. Despite this

unpredictability, the maximization problem under the stochastic dividend

payment is consistent with the problem with the risk-free asset because the

value functionW is linear in a buyer’s financial wealth. Hence, the choice of

the fiat money and the real asset is unaffected by the current financial wealth

brought into the second sub-period. In this sense, the first order condition

should be same with the equation (1), (2), and (3).

The terms of trade in the first sub-period are determined by a take-it-

or-leave-it offer from a buyer to a seller. Therefore, before the individual

participation type is not decided and a dividend realization is known, the

value function for an agent holding an asset portfolio (m, a) at the beginning

of the first sub-period, denoted as V (m, a), is given by

V (m, a) =σ(1− n)πH(u(qbH) +W (0, a, ρH , lH , 0))

+ σ(1− n)πL(u(qbL) +W (0, a, ρL, lL, 0))

+ (1− σ)(1− n)πH(u(q′bH) +W (0, 0, ρH , 0, 0))
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+ (1− σ)(1− n)πL(u(q′bL) +W (0, 0, ρL, 0, 0))

+ n(−c(qs) +W (pqs, a, ρ, 0,m)),

where (u(qbH), u(qbL), u(q′bH), u(q′bL)) is a vector of goods traded in the

two dividend and the two banking accessibility states, respectively. 26

Also, in this modified environment, both the goods market and the loan

market clearing conditions should be changed. From the equation (18) and

(19), we can get the following market clearing conditions for the goods mar-

ket and the loan market, separately.

nqs = (1− n)(σ(πHqbH + πLqbL) + (1− σ)(πHq
′
bH + πLq

′
bL)) (26)

σ(1− n)πH lH + σ(1− n)πLlL = nd. (27)

With the marginal value of the fiat money shown in the equation (4), we can

bring about the comparable expression with the equation (24),

γ − β
β

= σ(1− n)πH

(u′(qbH)

c′(qs)
− 1
)

+ σ(1− n)πL

(u′(qbL)

c′(qs)
− 1
)

+ (1− σ)(1− n)πH

(u′(q′bH)

c′(qs)
− 1
)

+ (1− σ)(1− n)πL

(u′(q′bL)

c′(qs)
− 1
)

+ nid. (28)

Considering the equation (24), the equation (28) includes additional com-

ponents showing the uncertainty about the dividend payoff.

Similarly, from the second sub-period maximization problem, we can

get the marginal value of the real asset. Subsequently, in the case of the

26 From the above expression, the amount of loans is also different in the two dividend
states. This is because the credit limit is possibly reliant on the level of the dividend payment.
We will deal with this issue in Section 4.
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binding credit constraint and the binding asset supply constraint, the equi-

librium asset price is determined by the following equation,

1− β
β

ψ = σ(1− n)φπH

(u′(qbH)

c′(qs)
− (1 + i)

)∂lH
∂a

+ σ(1− n)φπL

(u′(qbL)

c′(qs)
− (1 + i)

)∂lL
∂a

+ (1− σ)(1− n)ψπH

(u′(q′bH)

c′(qs)
−
(ψ + ρH

ψ

))
+ (1− σ)(1− n)ψπL

(u′(q′bL)

c′(qs)
−
(ψ + ρL

ψ

))
+ ρ. (29)

From this equation, it should be noticed that the marginal effect of asset

holdings on the credit limit could be different, depending on dividend payoff

realizations (∂lH/∂a 6= ∂lL/∂a). In Section 4 and Section 5, we can check

the feasibility of the inequation by deriving specific formulas for ∂l/∂a.

Also, the efficiency of the banking system is divided into two aspects, the

third and the fourth terms on the right-hand side of the equation (29), on

account of the stochastic structure of the dividend payoff. Even though this

result is purely theoretical and comes from some strong assumptions, the ap-

proach can shed a new light on empirical asset pricing of secondary financial

markets (or over-the-counter markets) in the sense that we can decompose

a liquidity structure of an asset in more details.27 Therefore, if we know the

microstructure of asset markets in terms of uncertainty and a consumption

schedule contingent on a risk, some asset pricing hypotheses could be tested

computationally.

27 For empirical testings, we should presume a particular form of utility functions and
define some parameters. However, the most important factor is the probability structure of a
risk. We would not discuss this topic in this paper. Amihud et al. [2] presented theories and
empirical evidence on effects of market liquidity and liquidity risks on asset prices.
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4 Collateral Seizure and Asset Price

The basic model, which we analysed in Section 2 and Section 3, is based on

the important assumption that makes the maximization problems of agents

easy to solve. We supposed that there is no default risk from a buyer matched

with banks in the second sub-period due to the perfect enforcement technol-

ogy in the financial market. However, without this assumption, when a buyer

matched with the frictional banking system in the first sub-period is sup-

posed to pay his loans, the buyer has an incentive to renege on debts in the

second sub-period.28 Therefore, this section will inflict out a simple punish-

ment on defaulters to make the basic model more sophisticated and realistic.

Also, from a particular penalty structure, we can obtain a concrete form of

the credit limit and ∂l/∂a. Specifically, banks could seizure a buyer’s col-

lateral (asset holdings) in the case of defaults as a penalty.

We need to redefine some variables and value functions in the model.

Buyers entering CM2 who repay their loans have the second sub-period

value function,

W (m, a, l, d) = φ(m+ T ) + (ψ + ρ)a+ φ(1 + i)d− φ(1 + i)l

+ max
χ∗,m+1,a+1

U(χ∗)− χ∗ − φm+1 − ψa+1 + βV (m+1, a+1),

where the deposit rate and the lending rate is equal due to the condition

for the competitive banking sector. Since we are interested in a symmetric

equilibrium, these buyers choose the same amount of CM2 goods and the

same level of disutility from production in the second sub-period.

On the other hand, if buyers renege on debts, we can write the value

28 For convenience, when a buyer reneges on debts, this means l = 0. Also, there is no
additional cost when reselling a collateral from a standpoint of banks. We ignore detailed
processes for the resale.
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function of defaulters,

Ŵ (m, â, l̂, d) = φ(m+ T ) + (ψ + ρ)â+ φ(1 + i)d− φ(1 + i)l̂

+ max
χ̂,m+1,a+1

U(χ̂)− χ̂− φm+1 − ψa+1 + βV (m+1, a+1),

where χ̂ is the amount of CM2 goods bought by defaulters in the second

sub-period. If there are no further penalties on defaulters except for con-

fiscating a collateral (asset holdings), a decision of adjusting portfolios in

CM2 is same between non-deviating and deviating buyers.29 However, if

buyers do not repay their loans, l̂ = 0, due to the collateral seizure penalty,

it is clear that their asset holdings would be zero, â = 0, in the second sub-

period (a default and confiscation happen at the same period). Therefore, if

buyers voluntarily refrain from reneging on their debts, the following con-

dition should be satisfied,

W (m, a, l, d) ≥ Ŵ (m, â, l̂, d),

which means that the value of paying loans is greater than or at least equal to

the value of defaults. From an angle of banks, they will provide loan services

up to the point where buyers matched with banks are willing to repay their

debts. As a result, the real borrowing constraint φl can be derived by the

necessary condition,

W (m, a, l, d) = Ŵ (m, 0, 0, d). (30)

If the above condition is satisfied, an agent in the model is indifferent be-

tween reneging on debts and repaying loans. Using the quasi-linear property

29 This is because the penalty we consider in this section is effective only in one period.
Therefore, committed buyers and defaulters are faced with the same portfolio adjustment
problem. We can check this through the fact that the arguments m+1 and a+1 of the first
sub-period value function V are same in both situations.
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of the value function in the second sub-period, we can get the following re-

lation between the maximum amount of loans (or the real credit limit) and

the amount of assets held by an agent,

φl =
(ψ + ρ)a

(1 + i)
. (31)

The real credit limit, the left-hand side of the equation (31), is obtained from

equating the benefit of not repaying loans, (1 + i)φl, to the cost of losing

a collateral as a penalty, (ψ + ρ)a, which includes the resale price and the

dividend payment accrued from possessing the asset.

For a given l set by banks, a buyer’s demand for loans when matched

with the frictional banking system may be less than the credit limit, implying

the unbinding borrowing constraint. Therefore, in this case, l < l means

a liquidity unconstrained equilibrium. Even if the enforcement technology

is limited in this section, the asset price is determined by the discounted

dividend streams if both the credit constraint and the asset supply constraint

do not bind at the same time. In this particular situation, the equilibrium

prices and quantities is equivalent to those under the perfect enforcement

technology discussed in Section 3. Since our interest is in a constrained

equilibrium, we take into account the relation l = l.

If i > 0, sellers deposit all of their fiat money holdings. With this fact

and the marketing clearing condition for the fiat money, we can obtain d =

m = M−1. Finally, considering the market clearing condition for loans from

the equation (19), we can get the equilibrium loan amount in real terms,

φl =
1

σ

( n

1− n

)
φM−1. (32)

Intuitively, if the monetary authority injects additional fiat money into the

economy, the credit limit will be released (M−1 ↑ −→ l ↑). Also, if the por-
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tion of depositors (sellers in our model) increases, the supply of loans will

rise in the loan market, leading to loosening the credit limit (n ↑ −→ l ↑).

It is remarkable that there is an inverse relationship between the credit limit

and the banking accessibility. It might be the common sense that the more

accessible to the banking system, the larger credit limit would be. However,

our result shows that the credit limit should be high in the less accessi-

ble financial market. This result can be interpreted as that buyers matched

with banks should consume more goods, whose amount is assumed to be

bounded above by the socially efficient allocation, in order to compensate

the cost of production for sellers. Consequently, banks should increase the

credit limit to cause buyers matched with banks to accrue additional finan-

cial wealth. Through this mechanism, banks can play a positive role in the

economy.

By holding more quality real assets, the marginal increase in the credit

limit can be explicitly derived from the equation (31). By differentiating the

equation (31) with respect to a,

∂l

∂a
=

ψ + ρ

φ(1 + i)
. (33)

This equation is also deemed as the extra loan amount that the marginal unit

of the real asset can generate. Therefore, from the equation, we can justify

the reason why we individually described ∂l/∂a in the case of the risky

asset (see the equation (29)), conditioning on the dividend payoff.

Proposition 2. Under the collateral seizure penalty for preventing the lim-

ited commitment and the constrained asset supply in the economy, the equi-

librium asset price, denoted as ψs, is determined by

ψs =
βL2ρ

1− βL1
, (34)
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where L1 = 1+σ(1−n)
( 1

1 + i

u′(qb)

c′(qs)
−1
)

+(1−σ)(1−n)
(u′(q′b)
c′(qs)

−1
)

and L2 = 1 + σ(1− n)
( 1

1 + i

u′(qb)

c′(qs)
− 1
)
− (1− σ)(1− n).

Proof. Combine the equation (25) and (33). After some mathematical ma-

nipulations, we can obtain the result.

It is clear that ψs is larger than the fundamental value of the real asset ψ∗

since L1 > 1 and L2 ≥ 1.30 The asset pricing equation (34) shows how

the asset price, the credit limit, and the frictional banking system are inter-

related. Unless σ = 1, the fictional banking system can cause an increase in

the asset price because agents need more assets in the future when unlinked

to banks. Therefore, the asset price indicates the future needs of agents who

are willing to accumulate more assets in order to consume more CM1 goods

through the liquidation process when inaccessible to banks. Also, if σ = 1,

the equilibrium asset price is equal to the result from Li and Li [24], so

the liquidity premium of an asset is purely originated from the value of a

collateral. In this sense, our result shows a theoretical extension with more

realistic elements of an economy.

Unlike Li and Li [24], the difference between the price of an asset and

its fundamental value is determined from not only the asset’s role in relax-

ing the borrowing constraint but also the asset’s role as a means of payment

caused by the inaccessibility to the frictional banking system. Even though

the discrepancy between the marginal benefit of loans, u′(qb)/c′(qs), and

the marginal cost of loans, 1 + i, is low, the total liquidity premium can

be higher than expected because, as we can see in the above equation, the

30 For example, it is difficult to think about the perfectly inaccessible banking system,
which means σ = 0. Therefore, we expect that σ might be close to but lower than 1.
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asset pricing equation includes the measure of the banking accessibility σ

and the trading role of the real asset. Through the term L1, there is an ad-

ditional premium on the asset price on account of that the real asset can

be traded as a means of payment, not a collateral. The third term of L1,

which is (u′(q′b)/c
′(qs) − 1), signifies this effect. Therefore, in spite of the

same increase in the asset price, our theoretical results provide more detailed

composition of the liquidity premium. For σ < 1, we can derive an effect of

the marginal increase in the accessibility to the banking system on the asset

price under a specific condition. Since L1 and L2 from the equation (34) can

be thought as functions of σ, we can gain the following lemma.

Lemma 1. If the marginal benefit of additional loans to a buyer matched

with banks satisfies the following condition,

1 ≤ 1

1 + i

u′(qb)

c′(qs)
≤ 2,

the more accessible banking system causes the asset price to decrease, which

means

∂ψs
∂σ

< 0.

Proof. Let’s describe the equation (34) as a function of σ, leading to

ψs =
βL2(σ)ρ

1− βL1(σ)
.

Let’s differentiate L1(σ) and L2(σ) with respect to σ. We can find that

∂L1

∂σ
= (1− n)

{( 1

1 + i

u′(qb)

c′(qs)
− 1
)
−
(u′(q′b)
c′(qs)

− 1
)}

< 0
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since u′(qb)/c′(qs) ≥ (1 + i) and u′(q′b)/c
′(qs) ≥ (ψ + ρ)/ψ > 1 (the

dividend payoff is assumed to be positive). Also,

∂L2

∂σ
= (1− n)

{( 1

1 + i

u′(qb)

c′(qs)
− 1
)
− 1
}
,

and we cannot determine whetherL′2(σ) is greater than zero or not. Lastly, if

we differentiate the equation (34) with respect to σ, we can get the following

relation,

∂ψs
∂σ

=
βρ

(1− βL1(σ))2
{L′2(σ)(1− βL1(σ)) + βL2(σ)L′1(σ)}.

Because (1− βL1(σ)) > 0, L2(σ) > 0, and L′1(σ) < 0, if L′2(σ) ≤ 0, the

increase in the accessibility to banks can decrease the asset price. Therefore,

the inequality condition mentioned earlier,

1 ≤ 1

1 + i

u′(qb)

c′(qs)
≤ 2,

implies the sufficient condition for L′2(σ) ≤ 0.

If the frictional matching with banks is released, this lemma means that

the asset price will decrease under the environment where the quantity con-

sumed by a buyer matched with banks is not much lower than the socially

efficient amount q∗b (reflected in the sufficient condition).31 This is because

an agent in the economy has more opportunities allowing him to borrow

from banks when the agent is a buyer. Therefore, the agent dose not have

an incentive to hold more real assets to utilize them as a means of payment

31 In this model, the asset can be used as a means of payment. Therefore, if the acces-
sibility to banks increases, the value of the asset as a means of payment is on the wane,
leading to a decrease in the asset price. However, if the sufficient condition does not hold,
the role of an asset as a collateral can dominate the role of an asset as a means of payment.
Consequently, the asset price can rise when the accessibility to banks increases.
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through the liquidation process. This relative difference in the incentives to

hold assets results in a decrease in the demand for real assets under the suf-

ficient condition. As a consequence, the decreased demand for real assets

induces the asset price to fall.

Compared to conventional results, in an unconstrained equilibrium where

there are enough real assets to liquidate, the price of an asset is trivially val-

ued by its liquidity provision capacity. When the asset price depends only

on the asset’s liquidity provision, the basic mechanism behind the determi-

nation of its price is similar to that of the liquidity-based asset pricing model

(LAPM). In an extreme situation where there is no banking friction (σ = 1)

and the socially efficient allocation in the economy is feasible, both L1 and

L2 become 1. This brings about ψs = ψ∗ = βρ/(1 − β). One interesting

point is if a buyer unmatched with banks can consume the socially efficient

amount of CM1 goods, from the first order condition (16) and the unbind-

ing constraint on the asset supply, the dividend payoff should be zero. This

finding implies that the real asset is equivalent to the fiat money under this

specific condition. Therefore, this model suggests a new perspective on ex-

isting asset pricing models by taking into consideration the role of an asset

as a means of payment.

The loan-to-value ratio is defined as the ratio of the real loan amount

to the real value of a collateral, φl/ψ a. Also, we can interpret this value

as the rate at which the asset as a collateral generates liquidity to make an

economic activity more efficient.

Lemma 2. In a constrained equilibrium with the collateral seizure penalty,

the endogenous loan-to-value (LTV) ratio is determined by

θ1 =
φl

ψs a
=

1 + ρ/ψs
1 + i

. (35)
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Proof. Combine the equation (32) and (34). After some mathematical ma-

nipulations, we can obtain the result.

Therefore, we can endogenously determine the loan-to-value ratio from the

model and it can show some characteristics of the economy. The loan-to-

value ratio is positively related with the dividend-price ratio and negatively

related with the loan rate. For a given asset price, if the loan rate rises, it

makes agents more likely to default since the repayment cost is increased.

Hence, by setting a lower loan-to-value ratio, banks should lend less to pre-

vent defaults. Likewise, for a given loan rate, an increase in the dividend

payoff makes agents less likely to renege on debts since the value of a loss

from the confiscation penalty is on the rise. Therefore, banks can lend more

by setting a higher loan-to-value ratio. Finally, under the specific condition

derived in Lemma 1, we can infer that a decrease in the banking friction

makes financial firms increase the loan-to-value ratio, ∂θ1/∂σ > 0. It can

be regarded as that the more accessible banking system makes the collat-

eral seizure penalty much severer, so an agent is less willing to deviate from

a financial contract. As a result, banks can extend the loan-to-value ratio

because of the diminished default risk.
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5 Banking Systematic Penalty and Credit Limit

Similar to Section 4, we consider the case when buyers renege on their debts

in the second sub-period. However, in addition to the seizure of a collateral

as a penalty, we also take account of the zero matching probability with

the frictional banking system forever in the model economy after a default.

In order to warrant the efficacy of the combined penalty, we suppose that

banks can know the identity of a defaulter and catch him at certainty. This

could be applied to the collateral seizure penalty in Section 4. We define this

additional component of the punishment structure as the banking systematic

penalty, which is comparable to the credit rationing. 32

The timing of events is descried in Figure 10. It is assumed that there

is a technology (a sort of permanent record keeping) that allows banks to

Figure 10: Banking systematic penalty and the timing of events

32 The mechanisms behind the credit rationing phenomenon have been well investigated
in microeconomics literature. For example, a backward-shape supply curve of an asset was
considered as a candidate. Since we are not into a detailed analysis supporting this issue, we
will just accept the notion.
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trace an agent’s history on financial transactions and exclude defaulters from

the financial market forever. This kind of technology can be thought as the

credit scoring in our daily life. Therefore, unlike the previous section where

the only penalty is confiscating real asset holdings, defaulters in this further

extended model would be inaccessible to the frictional banking system after

reneging on loans. In other words, all assets held by defaulters in the future

cannot be used as a collateral. We define the value function of a defaulter in

the second sub-period as below

W̃ (m, ã, l̃, d) = φ(m+ T ) + (ψ + ρ)ã+ φ(1 + i)d− φ(1 + i)l̃

+ max
χ̃,m̃+1,ã+1

U(χ̃)− χ̃− φm̃+1 − ψã+1 + βṼ (m̃+1, ã+1),

where the different form of the next period CM1 value function Ṽ (m̃+1, ã+1)

implies the permanent inaccessibility to the banking system. Hence, a de-

faulter’s optimal asset portfolio is different from a committed buyer’s one.

Same with the previous section, if buyers matched with banks do not repay

their debts, which means l̃ = 0, their asset holdings in that sub-period would

be zero, ã = 0, because of the collateral seizure. From banks’ viewpoint, the

necessary condition leading a buyer to repay his loans in CM2 is that

W (m, a, l, d) = W̃ (m, 0, 0, d), (36)

which is obtained from the same logic with the equation (30). Therefore, we

can derive the real borrowing constraint using the equation (36). Using the

quasi-liner property of the value functions, we can get the relation,

φ(1 + i)l = (ψ + ρ)a

+ max
χ,m+1,a+1

{U(χ)− χ− φm+1 − ψa+1 + βV (m+1, a+1)}
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− max
χ̃,m̃+1,ã+1

{U(χ̃)− χ̃− φm̃+1 − ψã+1 + βṼ (m̃+1, ã+1)}. (37)

The left-hand side of the equation (37) is the total cost of loans. On the other

hand, the right-hand side consists of the gain from holding additional one-

unit quality real asset (the first term) and the gain from keeping the financial

contract with banks in the second sub-period (the difference between the

second and the third term). By intuition, it is feasible that the second term

of the right-hand side is greater than the third term of the right-hand side in

the equation (37). This means that the credit limit (the maximum amount of

loans) can increase since agents in the economy are willing to repay their

debts in the second sub-period. Conceptually, we can also consider this in-

creasing effect on the credit limit as the reputation effect from the commit-

ment to loan contracts.

Existence of an equilibrium with the operating banking sector requires

that borrowers voluntarily repay loans. Therefore, from the condition (37),

we can obtain the analytic expression for the real borrowing constraint under

the banking systematic penalty.

Proposition 3. If we define q̃b, qb, and q′b as the quantity of CM1 goods con-

sumed by a defaulter, a committed buyer matched with banks, and a com-

mitted buyer unmatched with banks respectively, we can derive the real bor-

rowing constrain which allows agents in the economy to repay their loans

voluntarily.

φl =
ρa

(1− β)(1 + i)
+

β

(1− β)(1 + i)

{
σ(1− n)Ψ(qb, q̃b)

+ (1− σ)(1− n)Ψ(q′b, q̃b)− (1− σ)(1− n)φξ

+
1− β
β

γc′(qs)
(
q̃b −

σ(1− n)

σ(1− n) + n
qb

)}
, (38)
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where (i) Ψ(qb, q̃b) = u(qb)− u(q̃b)− c′(qs)(qb − q̃b) > 0 and

(ii) Ψ(q′b, q̃b) = u(q′b)− u(q̃b)− c′(qs)(q′b − q̃b) > 0.

Proof. See Appendix C.

We can analyse the real borrowing constraint, φl shown in the equation (38),

into two components. The first term means the loss from losing a collat-

eral by the seizure described in Section 4. The second term (medium-sized

bracket) reflects the long-term loss from being inaccessible to the frictional

financial market after the deviation. The disparities of the expected dis-

counted gains between a committed buyer and a defaulter are included in the

second term, Ψ(qb, q̃b) and Ψ(q′b, q̃b). Irrespective of matching states with

banks, the expected gain from trades is always greater when an agent can be

accessible to the banking system. Because we are interested in a constrained

equilibrium in this paper, we can obtain the extra loan amount generated by

a marginal unit of the real asset from the equation (38),

∂l

∂a
=

ρ

φ(1− β)(1 + i)
. (39)

If we characterize ∂ls/∂a (under the collateral seizure only) and ∂lb/∂a

(under the combined punishment of the collateral seizure and the banking

systematic penalty) from the equation (33) and (39) separately, we can com-

pare the extra loan amounts induced by a marginal unit of the real asset.

∂ls
∂a
− ∂lb
∂a

=
ψ + ρ

φ(1 + i)
− ρ

φ(1− β)(1 + i)

=
1

φ(1 + i)

(
ψ + ρ− ρ

1− β

)
≥ 1

φ(1 + i)

(
ψ∗ + ρ− ρ

1− β

)
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=
1

φ(1 + i)

( β

1− β
ρ+ ρ− ρ

1− β

)
= 0.

Intuitively, the above result can be explained as that the effect of a marginal

asset on the extra loan amount indirectly show the relative inefficiency of

the multiple penalties on the economy. In other words, more penalties lead

to a decrease in the marginal increase of the credit limit. Therefore, ∂ls/∂a

is larger (or at least equal to) than ∂lb/∂a. Furthermore, we can confirm

that the marginal increase in the credit limit from the additional real asset

holdings depends on the equilibrium asset price under the collateral seizure

penalty alone. This is because an agent can use his real asset as a collateral

in the future in spite of the current seizure. This mechanism is reflected by

the term of the asset price in the equation (33).

Similar to Section 4, we can obtain the analytic form of the equilibrium

asset price under the banking systematic penalty by substituting the equation

(39) into the equation (25).

Lemma 3. Under the combination of the collateral seizure and the banking

systematic penalty, the equilibrium asset price in a constrained equilibrium,

denoted as ψb, is determined by

ψb =
βL4ρ

1− βL3
, (40)

where L3 = 1 + (1− σ)(1− n)
(u′(q′b)
c′(qs)

− 1
)

and L4 = 1 +
σ(1− n)

1− β

( 1

1 + i

u′(qb)

c′(qs)
− 1
)
− (1− σ)(1− n).

Therefore, the asset price can be above its fundamental value.33 As the
33 Same as with the previous section, if σ has a value close to but lower than 1, the asset

price ψb is clearly above its fundamental value, ψ∗ = βρ/(1− β).
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banking system becomes frictionless (σ goes to 1), the asset price becomes

its fundamental value under the environment where a buyer matched with

banks consumes the optimal amount of CM1 goods due to the unbinding

liquidity constraint. Like Lemma 1, if we can redefine L3 and L4 as func-

tions of σ, we can find the sufficient condition that guarantees the negative

effect of the marginal increase in the accessibility to the banking system on

the asset price at all times.

Lemma 4. If the marginal benefit of the additional loans to a buyer matched

with banks satisfies the following condition,

1 ≤ 1

1 + i

u′(qb)

c′(qs)
≤ 2− β,

the more accessible banking system causes the asset price to decrease, which

means

∂ψb
∂σ

< 0.

Proof. Let’s describe the equation (34) as a function of σ, leading to

ψb =
βL4(σ)ρ

1− βL3(σ)
.

Let’s differentiate L3(σ) and L4(σ) with respect to σ. We can find that

∂L3

∂σ
= −(1− n)

(u′(q′b)
c′(qs)

− 1
)
< 0

since it is clear that u′(q′b)/c
′(qs) ≥ (ψ + ρ)/ψ > 1 if ρ > 0. Also,

∂L4

∂σ
=

(1− n)

1− β

( 1

1 + i

u′(qb)

c′(qs)
− (2− β)

)
,
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and we cannot determine whether L′4(σ) is greater than zero or not. If we

differentiate the equation (40) with respect to σ, we can get the following

relation,

∂ψs
∂σ

=
βρ

(1− βL3(σ))2
{L′4(σ)(1− βL3(σ)) + βL4(σ)L′3(σ)}.

Because (1− βL1(σ)) > 0, L2(σ) > 0, and L′1(σ) < 0, if L′2(σ) ≤ 0, the

increase in the accessibility to banks can decrease the asset price. Therefore,

the inequality condition mentioned earlier,

1 ≤ 1

1 + i

u′(qb)

c′(qs)
≤ 2− β,

implies the sufficient condition for L′4(σ) ≤ 0.

As we can see from Lemma 4, the derivation is quite similar to Lemma

1 and so is the interpretation. As the financial market becomes more ap-

proachable, the asset price will decrease under the environment where the

quantity consumed by a buyer matched with banks is not much lower than

the socially efficient amount. This is because an agent dose not have an in-

centive to hold more real assets in order to use them as a means of payment

in the future thereby leading to a decrease in the demand for real assets. As

a consequence, the decreased demand for real assets causes the asset price

to decline.

Since we have obtained the analytic form of both the real credit limit

and the equilibrium asset pricing equation, we can also derive the endoge-

nously determined loan-to-value ratio in the model. Using the equation (38)

and (40) results in the following lemma.

Lemma 5. In a constrained equilibrium with both the seizure penalty and

the banking systematic penalty, the endogenous loan-to-value (LTV) ratio is
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determined by

θ2 =
φl

ψba
=

1

(1− β)(1 + i)

ρ

ψb
+

β

(1− β)(1 + i)ψba

{
σ(1− n)Ψ(qb, q̃b)

+ (1− σ)(1− n)Ψ(q′b, q̃b)− (1− σ)(1− n)φξ

+
1− β
β

γc′(qs)
(
q̃b −

(1− n)σ

n+ (1− n)σ
qb

)}
, (41)

where Ψ(qb, q̃b) and Ψ(q′b, q̃b) are defined from Proposition 3.

Because it is clear that Ψ(qb, q̃b) ≥ Ψ(q′b, q̃b) by their definitions, we can

deduce that a decrease in the banking inaccessibility causes banks to in-

crease the loan-to-value ratio, ∂θ2/∂σ > 0, under the previously obtained

sufficient condition in Lemma 4. Therefore, this is consistent with the result

discussed at the end of Section 4: the more accessible banking system makes

the combined penalty much hasher since a defaulter cannot use his real asset

holdings as a collateral because of the permanent exclusion from the finan-

cial market so the agent is willing to keep financial contracts. Resultantly,

banks can escalate the loan-to-value ratio.
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6 Conclusion

From the basic model, we can analytically derive the explicit formulas for

the asset price in a constrained equilibrium where there exists the banking

friction, which makes a financial market less accessible. Through the theo-

retical results, we can conclude that the price of an asset could be above its

fundamental value when a financial market is not only liquidity constrained

but also stochastically inaccessible for agents in an economy. In our model,

the former is due to the enforcement problem caused by default risks and the

latter is due to the institutional factors related to the efficiency of a banking

system. Also, if the stochastic inaccessibility is given, the restriction on the

asset supply is a determinant on a liquidity structure of an asset since the

role of the asset as a means of payment can arise.

However, in the real economy, an exogenous event can result in the liq-

uidity shortage such as the recent financial crisis in the United States. This

historical event is noticeable because the burst in asset markets originated

from fragile low quality securities markets. This is why we considered only

the quality real asset as a means of payment in the model. The role as a

means of payment arises because of the banking friction, but low quality

assets are not worth playing such a role in the goods market of our model.

Therefore, it is the amount of quality assets that is imperative when deriving

the price of an asset.34 This restriction relevant to the quality might be a

shortcoming of the model because there are a lot of low quality assets and

even bad assets like junk bonds traded in the real economy. Nevertheless,

from a standpoint of banking regulation, this suggestion could be significant

34 We have assumed that there is a short of assets, which can be used as a means of
payment, in the model. This is because we are interested in a constrained equailibrium with
respect to the supply of assets as well as the liquidity provision capacity. However, we can
calculate the thresholding amount of real asset for the existence of an unconstrained equilib-
rium in our model. See Appendix D.
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in the sense that central banks around the world have started monitoring the

quality of assets as well as the total amount of assets simultaneously, which

is called ‘Macroprudential Policy.’ Also, some researches already dealt with

the issue for policy making. For an instance, Adrian and Shin [1] showed

that the conduct of monetary policy should reflect liquidity represented by

balance sheet quantities of financial intermediaries in markets.

The basic model could be easily extended to indicate the effect of the

uncertainty and take into account different sorts of penalty in the banking

sector. In terms of risky assets, we can decompose a liquidity structure of an

asset in more details. This theoretical decomposition of a liquidity structure

can be tested if we know the microstructure of asset markets and heteroge-

neous consumption schedules depending on a risk. Furthermore, in the main

parts of the paper, we imposed two different penalties on defaulters reneging

on their debts: the seizure of a collateral and the permanent banking system-

atic exclusion. In both cases, we obtained the real borrowing constraints

and the asset prices, whose levels are determined in the environment where

agents voluntarily repay their loans. As a consequence, the analytic form of

the loan-to-value ratio was endogenously derived. For a reasonable value of

the banking inaccessibility, it was found that releasing the banking friction

decreases the asset price. This is because the role of an asset as a collateral

is dominated by the role of an asset as a means of payment.

For further extensions of the basic model from a pespective of the New

Monetarist Economics, we can apply this model to determine a role of banks

similar to the model of Gu et al. [11]. Unlike the economy of this study

where banks naturally exist by assumption, Gu et al. [11] endogenously de-

rives the existence of banks that have some specific characteristics, where-

upon we can find some links between a system of banks and the price of

an asset more rigorously. This approach is based on the mechanism design
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and widely applied to the modern monetary issues in the area of the New

Monetarist Economics.

Also, some extensions can be based on charactieristics of an asset. On

the one hand, information issue regarding recognizability can be considered

since we assumed in this study that both the fiat money and the real asset

are all recognizable at no cost. Therefore, if we modify the basic model to

include the information aspect of Kim and Lee [16] and Lester et al. [23],

we can analyse asset prices and liquidity structures, which reflects different

recognizability among assets. On the other hand, the recent theoretical de-

velopment on a link between pledgability and liquidity from Venkateswaran

and Wright [31] could be taken into consideration as an extension of the ba-

sic model. According to Venkateswaran and Wright [31], the pledgability of

an asset is defined as “the extent to which they can be used to secure loans”

from a perspective of consumers (buyers in our model). This concept is also

associated with ‘haircut’ in finance literature. As a consequence, if we apply

the notion of the pledgability to the asset as a collateral in the basic model,

we will be able to investigate a marginal effect of pledgability on a liquidity

structure. All these matters are remained for the future studies.

Finally, the microfounded approach to monetary economics in this study

can be applied to other topics such as monetary policy, trading patterns in

over-the-counter markets, and even corporate finance. Although this search

theoretical approach was criticized before due to the lack of empirical re-

search supporting hypothetical outcomes, some recent papers have started

giving practical evidence and suggested pragmatic implications. Therefore,

with further studies on the banking accessibility, we can understand the re-

sults in this paper more precisely. From this viewpoint, our study sheds a

new light on the recent issues pertaining to a relationship between macroe-

conomics and finance.
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Appendix A The Marginal Value of the Fiat Money

From Section 3, we differentiate the equation (22) with respect tom. Through

the derivation, we will utilize the quasi-linear property of the value function

W (m, a, l, d), the equation (4), (5), (6), (7), and the following relations

∂d

∂m
= 1

∂m

∂a
= 0

since a seller deposits all of his fiat money when i > 0 and an agent’s

portfolio (m, a) was determined in the previous period. Also, we have that

∂qb
∂m

=
1

p

(
1 +

∂l

∂m

)
,

and the quantities produced by a seller are not dependent on his asset port-

folio. Hence, we can obtain the expression for the marginal value of the fiat

money.

Vm(m, a) = σ(1− n)
(1

p
u′(qb) + φ

)
+ (1− σ)(1− n)

(1

p
u′(q′b) + φ

)
+ n

(
− 1− n

np
c′(qs) + (1 + id)φ

)
= σ(1− n)φ

(u′(qb)
c′(qs)

+ 1
)

+ (1− σ)(1− n)φ
(u′(q′b)
c′(qs)

+ 1
)

− (1− n)φ+ nφ(1 + id)

= φ
{
σ(1− n)

u′(qb)

c′(qs)
+ (1− σ)(1− n)

u′(q′b)

c′(qs)
+ n(1 + id)

}
.

The marginal value of the fiat money from a perspective of an agent in CM1

is Vm(m, a) = φ−1/β. Since we are interested in a stationary equilibrium

and it is defined that φ−1/φ = γ, we can get the result (the equation (24))

after some mathematical manipulations.
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Appendix B The Asset Pricing Equation

From Section 3, we differentiate the equation (22) with respect to a. Through

the derivation, we will utilize the quasi-linear property of the value function

W (m, a, l, d), the equation (4), (5), (6), (7), and the following relations

∂d

∂a
=

∂a

∂m
= 0

∂qb
∂a

=
1

p

∂l

∂a
.

Also, the quantities produced by a seller are not dependent on his asset port-

folio. Hence, we can obtain the expression for the marginal value of the real

asset.

Va(m, a) =
∂

∂a

[
σ(1− n)

{
u
(1

p
(m+ l(a))

)
+W (0, a, l(a), 0)

}
+ (1− σ)(1− n)

{
u
(1

p
(m+

ψ

φ
a− ξ)

)
+W (0, 0, 0, 0)

}
+ n

{
− c
(1− n

n
(σqb + (1− σ)q′b)

)
+W

(p(1− n)

n
(σqb + (1− σ)q′b), a, 0,m

)}]
= σ(1− n)

{1

p

∂l

∂a
u′(qb) + (ψ + ρ)− φ(1 + i)

∂l

∂a

}
+ (1− σ)(1− n)

( ψ
pφ
u′(q′b)

)
+ n

{
− 1− n

n

(σ
p

∂l

∂a
+

(1− σ)

pφ

)
c′(qs)

+ pφ
1− n
n

(σ
p

∂l

∂a
+

1− σ
pφ

)
+ (ψ + ρ)

}
= σ(1− n)φ

(u′(qb)
c′(qs)

− (1 + i)
) ∂l
∂a

+ (1− σ)(1− n)ψ
u′(q′b)

c′(qs)
+ (σ(1− n) + n)(ψ + ρ).

The marginal value of the real asset from a perspective of an agent in CM1

is Va(m, a) = ψ/β. Therefore, we can get the result (the equation (25))

after some mathematical manipulations.
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Appendix C The Real Borrowing Constraint

If a defaulter who reneges on his loans in the second sub-period will be

permanently excluded from the frictional banking system in the following

periods, he would choose a different asset portfolio compared to that of a

committed buyer (or a non-deviator) and consume different amount of CM1

goods, denoted as q̃b. Let Ṽ (m̃+1, ã+1) indicate his expected discounted

utility from entering the next period. Therefore, the value function in the

second sub-period of a defaulter is (for convenience, ignore some variables,

l and d, in the value function in CM2)

W̃ (m, a) = U(χ̃)− h̃b + βṼ (m̃+1, ã+1).

Since we are interested only in a stationary equilibrium, the continuation

payoffs of a committed buyer and a defaulter are,

V (m+1, a+1) =
1

1− β
[σ(1− n)u(qb)

+ (1− σ)(1− n)u(q′b)− nc(qs) + U(χ∗)− h], (42)

Ṽ (m̃+1, ã+1) =
1

1− β
[(1− n)u(q̃b)− nc(q̃s) + U(χ̃)− h̃]. (43)

The defaulting buyer’s problem in the second sub-period is that

W̃ (m, a) = max
χ̃,h̃b,m̃+1,ã+1

U(χ̃)− h̃b + βṼ (m̃+1, ã+1)

subject to χ̃+ φm̃+1 + ψã+1 = h̃b + φ(m+ T ) + (ψ + ρ)a.

The first order condition is

U ′(χ̃) = 1
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β ∂Ṽ /∂m̃+1 = φ

β ∂Ṽ /∂ã+1 = ψ,

which implies that the optimal consumption on CM2 goods is same among

all agents, χ̃ = χ∗. If a defaulter becomes a seller with probability n in the

next period, the amount of CM1 goods he sells is independent of his asset

portfolio due to the equation (9). In other words, a defaulter produces the

same amount of CM1 goods as a non-deviating seller, q̃s = qs. However,

due to the banking systematic penalty, a defaulter cannot get loans or make

deposits. As a result, his expected utility in the future first sub-period is

Ṽ (m̃, ã) =(1− n)(u(q̃b) + W̃ (m̃+
ψ

φ
ã− ξ, 0))

+ n(−c(qs) + W̃ (m̃+ pqs, ã)). (44)

Therefore, the marginal value of additional fiat money for a defaulter is

Ṽm̃(m̃, ã) =(1− n)
{
u′(q̃b)

∂q̃b
∂m̃

+ W̃m̃

(
1− p∂q̃b

∂m̃

)}
+ n

{
− c′(qs)

∂qs
∂m̃

+ W̃m̃

(
1 + p

∂qs
∂m̃

)}
.

If we use the goods market clearing condition, the notion of the price (∂q̃b/∂m̃ =

1/p), and the equation (9), we can obtain

Ṽm̃(m̃, ã) = φ
(

(1− n)
u′(q̃b)

c′(qs)
+ n

)
.

From the above first order condition, we can get the expression for a de-

faulter’s optimal choice of fiat money holdings

γ − β
β

= (1− n)
(u′(q̃b)
c′(qs)

− 1
)
.

70



Comparing the above relation with the equation (24), if γ > β (or i > 0), it

is clear that

u′(q̃b)

c′(qs)
>
u′(q′b)

c′(qs)
>
u′(qb)

c′(qs)
,

meaning q̃b < q′b < qb. Also, from the equation (44), since a defaulter

cannot be accessible to the financial market, the marginal value of holding

additional real asset is

Ṽã(m̃, ã) = ψ + nρ.

For a non-deviating buyer, the marginal value of holding additional real

asset was derived in the Appendix B. Hence, if the committed buyer has the

real asset, the asset price is determined by

ψ = βVa(m, a) = β
{
σ(1− n)φ

(u′(qb)
c′(qs)

− (1 + i)
) ∂l
∂a

+ (1− σ)(1− n)ψ
u′(q′b)

c′(qs)
+ (σ(1− n) + n)(ψ + ρ)

}
.

Therefore, if we compare between Va(m, a) and Ṽã(m̃, ã),

Va(m, a) ≥ ψ + ρ > ψ + nρ = Ṽã(m̃, ã),

leading to Va(m, a) > Ṽã(m̃, ã). That is, in a constrained equilibrium, ψ >

βṼã(m̃, ã) so a defaulter chooses not to hold the real asset in the future.

Now, under the banking systematic penalty described in Section 5, we

can derive the real credit limit φl. For a buyer repaying his loans in the

second sub-period, his value function in CM2 is

W (m, a) = U(χ∗)− hb + βV (m+1, a+1).
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From the necessary condition (36) and the definition of the value functions,

we can obtain the following equation,

U(χ∗)− U(χ̃) + h̃b − hb = β{Ṽ (m̃+1, ã+1)− V (m+1, a+1)}. (45)

Using χ∗ = χ̃, qs = q̃s, and the equation (42) and (43) leads to

hb − h̃b =
β

1− β
{(1− n)(u(qb)− u(q̃b) + h̃− h}, (46)

where hb − h̃b means the difference in the production between a committed

buyer and a defaulter in the second sub-period when the defaulter reneges

on debts. If a buyer repays his loan, the labor used in production is (a buyer

do not have deposits in this case)

hb =χ∗ + φm+1 + ψa+1 − φ(m+ l − pqb)− φTm− (ψ + ρ)a+ φ(1 + i)l

=χ∗ + φil + φpqb − ρa (47)

, where we usedm+1 = (1+T )m and a+1 = a in a stationary equilibrium.

On the other hand, if a buyer reneges on his loan and will be inaccessible to

the banking system forever, the labor used in production is (the amount of

loans paid by a defaulter is zero and his collateral would be confiscated in

the second sub-period when the default happens)

h̃b =χ∗ + φm̃+1 + ψã+1 − φ(m+ l − pqb)− φTm

=χ∗ + φ(m̃+1 −m+1)− φl + φpqb

=χ∗ + φγ(m̃−m)− φl + φpqb, (48)

since ã+1 = 0 by the previous discussion at the beginning of this appendix

and we used the fact that a defaulter’s fiat money holdings grow at the rate γ

72



and m̃+1 = (1 + T )m̃ = γm. As a result, from the equation (47) and (48),

hb − h̃b = φ(1 + i)l − ρa− φγ(m̃−m). (49)

On top of that, if a buyer repays his loan in the second sub-period, but

unmatched with the frictional banking system in the next period, the labor

used in production is (the buyer should liquidate his asset holdings at cost ξ

in order to consume CM1 goods)

h′b =χ∗ + φm+1 + ψa+1 − φ(m+
ψ

φ
− ξ − pq′b)− φTm

=χ∗ + φξ + φpq′b. (50)

From the equation (46), h − h̃ means the difference in the production be-

tween a non-deviating buyer and a defaulter in the next period after the

default occurs in the second sub-period. In order to calculate h and h̃, we

should consider the respective working hours reliant on the participation

types of agent. Also, the working hours (or the labor inputs) are affected by

whether an agent is committed to financial contracts or not.

Firstly, if a seller never deviated in the past, in the second period, the

labor used for producing CM2 goods is

hs =χ∗φm+1 + ψa+1 − φ(pqs + Tm)− (ψ + ρ)a− φ(1 + id)d

=χ∗ + φ(m+1 −m− Tm) + ψ(a+1 − a)− φpqs − ρa− φim

=χ∗ − σ(1− n)

n
φil −

σ(1− n)qb + (1− σ)(1− n)q′b
n

φp− ρa, (51)

where we have used d = m (since i > 0), id = i (competitive banking

sector), the goods market clearing condition, the loan market clearing con-

dition, and m+1 = (1 + T )m = γm. By using the equation (47), (50) and

(51), the expected hours worked by a committed buyer repaying his debts in
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the past are

h =σ(1− n)hb + (1− σ)(1− n)h′b + nhs

=χ∗ − ρa+ (1− σ)(1− n)φξ. (52)

If an agent has defaulted in the past, he dose not hold any assets (ã = 0), and

he cannot access to the banking system. Therefore, it is fiat money holdings

that the agent can provide in all transactions. If the agent is a buyer with

probability n, he utilizes m̃ of the fiat money to consume q̃b units of CM1

goods in the first sub-period, and in the second sub-period, he chooses fiat

money holdings m̃+1 brought into the next period, and receives lump-sum

transfers Tm̃. As a result, the labor used in production is

˜̂
hb =χ∗ + φm̃+1 − φ(m̃− pq̃b)− φTm̃

=χ∗ + φpq̃b, (53)

, since m̃+1 = (1 + T )m̃. If the agent get the preference shock that makes

him a seller, the labor used in production is

˜̂
hs =χ∗ + φm̃+1 − φ(m̃+ pq̃s)− φTm̃

=χ∗ − φpqs

=χ∗ −
σ(1− n)qb + (1− σ)(1− n)q′b

n
φp, (54)

since q̃s = qs and we used the goods market clearing condition. By using the

equation (53) and (54), the expected hours worked by a defaulter excluded

permanently from the frictional financial market are

h̃ =(1− n)
˜̂
hb + n

˜̂
hs

=χ∗ + σ(1− n)φp(q̃b − qb) + (1− σ)(1− n)φp(q̃b − q′b). (55)
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From the equation (52) and (55), we obtain

h̃− h =σ(1− n)φp(q̃b − qb) + (1− σ)(1− n)φp(q̃b − q′b)

+ ρa− (1− σ)(1− n)φξ. (56)

Substitute the equation (49) and (56) into the relation (46). After that, some

mathematical manipulations finally result in the real borrowing constraint,

the equation (38).
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Appendix D Condition for an Unconstrained Equilibrium

By assumption, our model is always constrained in terms of the supply of

real assets. This implies that a buyer unmatched with the banking system

does not have enough real assets to liquidate for utilizing them as a means of

payment. Therefore, naturally, we can ask a question how much the amount

of real assets in the model can support an unconstrained equilibrium, which

means that the socially efficient allocation can be accomplished.

First, we consider the case with the collateral seizure only in Section 4.

In an equilibrium with loans from banks, the amount of wealth that a buyer

matched with the banking system provides to sellers for CM1 goods is

pqb = m+ l = M−1 +
n

σ(1− n)
M−1,

where we have used the market clearing conditions of the fiat money and

loans. Hence, by manipulating the above equation, we can get the following

relation between the monetary value of CM1 goods bought by buyers and

the aggregate fiat money injected by the monetary authority,

σ(1− n)pqb = (σ(1− n) + n)M−1. (57)

From the above equation, if we consider the equation (19), (20), and d = m

(since i > 0), we can obtain

l =
n

σ(1− n) + n
pqb.

Using the first order condition of a seller and the equation (9) leads to

φl =
n

σ(1− n) + n
c′(qs)qb.
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By using the equation (31) and the marketing clearing condition for the real

asset, we now define

Ω =
n

σ(1− n) + n

(1 + i)

(ψ + ρ)
c′(qs)qb −A.

It should be noticed that φl < φl in an unconstrained equilibrium, which

means Ω < 0. In an unconstrained equilibrium, the asset price is determined

by its fundamental value ψ∗ = βρ/(1− β) and i = (γ − β)/β. Therefore,

if we substitute those relations, the equation (57), and M = γM−1, we can

get

Ω =
1− β
β

n

σ(1− n)

φ

ρ
M −A < 0.

The result can be described as the following lemma.

Lemma 6. If the supply of real assets is sufficient enough, satisfying

A >
1− β
β

n

σ(1− n)

φ

ρ
M = A1,

there exists an unconstrained equilibrium. Also,

∂A1/∂σ < 0, ∂A1/∂ρ < 0, and ∂A1/∂φ > 0.

The above results are intuitively clear. If the banking sector becomes less

approachable, agents in the economy should have more assets in order to

consume the optimal amount of CM 1 goods when unmatched with banks.

Therefore, the minimum amount of real asset supporting an unconstrained

equilibrium should rise (∂A1/∂σ < 0). If the dividend payoff increases, the

value of the real asset as a collateral also increases. Therefore, growth of the

collateral value can augment the loan amount, which a buyer matched with
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banks can borrow even though the supply of real assets is unchanged. As a

consequence, the minimum amount of real asset for an unconstrained equi-

librium diminishes (∂A1/∂ρ < 0). Lastly, as the value of the fiat money

rises, the minimum amount of real asset for an unconstrained equilibrium

increases. This is because an agent should borrow the same amount of loans

in nominal terms from the financial market (∂A1/∂φ > 0).

It is clearly ideal that the socially efficient allocation is realized. How-

ever, from a regulatory standpoint, the amount of real asset greater than A1

makes the collateral seizure penalty ineffective in the model since an agent

has sufficient real assets to consume the optimal amount of goods indepen-

dent of matching states with banks. This kind of problem also arises under

the combination of the collateral seizure and the banking systemic penalty,

which is discussed in Section 5.

From the equation (38) of Proposition 3, we can obtain the real borrow-

ing constraint (or the credit limit) when q∗b = qb = q′b = q̃b, which implies

that the socially optimal consumption of CM1 goods is always feasible in

any case. Therefore,

φl =
ρa

(1− β)(1 + i)
− β

(1− β)(1 + i)

{
(1− σ)(1− n)φξ

− 1− β
β

γ
n

σ(1− n) + n
c′(qs)qb

}
. (58)

In an unconstrained equilibrium, we can use the equation (9), the marketing

clearing conditions for the fiat money and loans, i = (γ − β)/β, and M =

γM−1. Consequently, we can define

Π =
βφ

ρ

{
(1− σ)(1− n)ξ +

(1− β
β

)2 nM

σ(1− n)

}
−A.

The condition for an unconstrained equilibrium should satisfy φl < φl,
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which means Π < 0.

Lemma 7. If If the supply of real assets is sufficient enough, satisfying

A >
βφ

ρ

{
(1− σ)(1− n)ξ +

(1− β
β

)2 nM

σ(1− n)

}
= A2,

there exists an unconstrained equilibrium. Also,

∂A2/∂σ < 0, ∂A2/∂ρ < 0, ∂A2/∂φ > 0, and A2/∂ξ > 0.

Under the combination of the collateral seizure and the banking systematic

penalty, the threshold value of A2 is dependent on the given liquidation cost

ξ. Therefore, if the liquidation cost increases, agents in the model have to

accumulate more real assets in order to consume the socially optimal level

of CM1 goods since they have to provide the larger amount of real asset for

the liquidation process (A2/∂ξ > 0). The marginal effects of other parame-

ters on the minimum amount of real asset for an unconstrained equilibrium

are same with the interpretation from Lemma 6.

Finally, from Lemma 6 and Lemma 7, we can evaluate the relative effec-

tiveness between the two penalties since a punishment is meaningful when

it can result in a constrained equilibrium, penalizing defaulters. Comparing

the minimum amounts of real asset allowing an unconstrained equilibrium

leads to the following lemma.

Lemma 8. The combined penalty (the collateral seizure only) is more effec-

tive than the collateral seizure only (the combined penalty) if

ξ > (<)
1− β
β

nM

σ(1− σ)(1− n)2
.
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Proof. If the amount of real asset is above the threshold values discussed

in Lemma 6 and Lemma 7, a specific penalty is ineffective since defaulters

in the economy can consume the optimal level of CM 1 goods even though

they cannot get a connection to banks. This is because the real asset possibly

traded as a means of payment is affluent in the economy. From A1 = A2,

we can find the critical value of the liquidation cost, denoted as ξ∗, which

implies that the efficiency of both penalties is equal. As a result, we can

obtain the following relation,

ξ∗ =
1− β
β

nM

σ(1− σ)(1− n)2
.

For instance, if ξ > ξ∗, it can be found that A2 > A1. The relation signifies

that the combined penalty can be more effective in the interval between A2

and A1. Under the collateral seizure penalty, agents in the economy may

ignore the punishment in the same interval since they can always consume

the optimal level of CM1 goods. On the other hand, if ξ < ξ∗, we can get

the inverse relation, A2 < A1, so the similar logic could be applied.

It is interesting that for a low liquidation cost, it might be possible that the

simple collateral seizure is more efficient. For a give liquidation cost, if the

monetary authority increases the total amount of fiat money, the threshold

value of the liquidation cost would rise. In this case, agents in the economy

can hold additional fiat money to provide in trades. This makes the com-

bined penalty less effective since the liquidation cost is not burdensome.

From a side of banking regulation, this specific situation can be deemed as

simpler is better.
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Lledó. 2007. “Monetary Policy and Asset Prices.” Review of Economic

Dynamics, 10, 761-779.

[10] Gomis-Porqueras, Pedro, and Daniel Sanches. 2013. “Optimal Mone-

tary Policy in a Model of Money and Credit.” Journal of Money, Credit

and Banking, 45, 701-730.

[11] Gu, Chao, Fabrizio Mattesini, Cyril Monnet, and Randall Wright.

2013. “Banking: A New Monetarist Approach.” The Review of Eco-

nomic Studies, 80, 636-662.

[12] Gu, Chao, Fabrizio Mattesini, and Randall Wright. 2016. “Money and

Credit Redux.” Econometrica, 84, 1-32.

[13] Holmström, Bengt, and Jean Tirole. 2001. “LAPM: A Liquidity-Based

Asset Pricing Model.” The Journal of Finance, 56, 1837-1867.

[14] Jevons, William. 1875. Money and the Mechanism of Exchange. New

York: D. Appleton.

[15] Iacoviello, Matteo. 2005. “House Prices, Borrowing Constraints and

Monetary Policy in the Business Cycle.” American Economics Review,

95, 784-797.

[16] Kim, Young Sik, and Manjong Lee. 2012. “Recognizability and Liq-

uidity of Assets.” The Korean Economic Review, 28, 241-259.

[17] Kiyotaki, Nobuhiro, and John Moore. 1997. “Credit Cycles.” Journal

of Political Economy, 105, 211-248.

[18] Kiyotaki, Nobuhiro, and Randall Wright. 1989. “On Money as a

Medium of Exchange.” Journal of Political Economy, 97, 927-954.

82



[19] Kiyotaki, Nobuhiro, and Randall Wright. 1993. “A Search-Theoretic

Approach to Monetary Economics.” American Economic Review, 83,

63-77.

[20] Lagos, Ricardo. 2010. “Asset Prices and Liquidity in an Exchange

Economy.” Journal of Monetary Economics, 57, 913-930.

[21] Lagos, Ricardo, Guillaume Rocheteau, and Randall Wright. 2016

(forthcoming). “Liquidity: A New Monetarist Perspective.” Journal of

Economic Literature.

[22] Lagos, Ricardo, and Randall Wright. 2005. “A Unified Framework for

Monetary Theory and Policy Analysis.” Journal of Political Economy,

113, 463-484.

[23] Lester, Benjamin, Andrew Postlewaite, and Randall Wright. 2011. “In-

formation, Liquidity, Asset Prices, and Monetary Policy.” The Review

of Economic Studies, 79, 1209-1238.

[24] Li, Ying-Syuan, and Yiting Li. 2013. “Liquidity and Asset Prices: A

New Monetarist Approach.” Journal of Monetary Economics, 60, 426-

438.
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국 문 초 록

불완전한 금융서비스 접근성과 자산 가격에 대한 연구

신 윤 한
경 제 학 부

대 학 원 석사과정
서 울 대 학 교

본 논문에서 자산은 은행과의 대출 계약에 필요한 담보물로 그리고 집중화된

상품시장에서 지불수단으로 두 가지 역할을 한다. 자산이 담보물로 사용될 수

있는 경우는 금융시장에 대한 불완전한 접근성으로 인해 확률적으로 결정된다.

반면 경제 주체가 은행과 직접 금융 거래를 할 수 없는 경우에는 자산이 지불

수단으로서 기능을 하게 된다. 제약에 영향을 받는 균형에서는 앞서 언급한 자

산의 두 가지 역할이 자산 가격에 모두 반영이 되며 이러한 결과는 기존의 자

산 가격 결정 모형과는 상당히 다르다고 할 수 있다. 따라서 금융시장에서 대출

을 받고자 하는 경제 주체에게 은행이 제공할 수 있는 충분한 양의 유동성이

확보된 경우에도 금융서비스에 대한 불완전한 접근성으로 인해 자산이 지불수

단으로 추가적인 기능을 하게 되면서 자산 가격이 상승 할 수 있다. 따라서 논

문의 이론적인 결과를 통해 자산의 유동성 구조를 더 세부적으로 분석 할 수

있게 되었다. 더불어 기존의 거시경제학 연구에서 외생적으로 가정을 했던 주택

담보대출비율이 논문의 모형에서는 내생적으로 결정이 된다. 그리고 대출 계약

에 대한 채무 불이행 위험을 방지하는 처벌 규정의 구조에 따라 확장된 이론적

결과를 얻을 수 있다. 본 논문에서는 화폐적 현상의 미시적 기초를 다루기 위한

한 접근법으로 새통화주의 경제학(the New Monetarist Economics)의 관점에

서 모형의 핵심적인 부분을 분석하였다.

…………………………………………………………………………
주 요 어 : 자산 가격, 금융과 은행, 담보물,

주택담보대출비율, 탐색 마찰, 지불수단

학 번 : 2014-20181
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