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Abstract

This paper studies the welfare effects of different credit arrangements and how these
effects depend on the trading mechanism and inflation. In a competitive market, a
deviation from the Friedman rule is always sub-optimal. Moreover, credit arrangements
can be welfare-reducing, because increased consumption by credit users will drive up the
price level so that money users have to reduce consumption when facing a binding
liquidity restraint. By adopting an optimal trading mechanism, however, these welfare
implications can be overturned. Price discrimination under the optimal mechanism helps
internalize the price effects. First, small deviations from the Friedman rule are no longer
welfare-reducing. Second, increasing the access to credit becomes welfare-improving.
Finally, the model is extended to study the welfare effects of credit systems when credit
serves as means of payment, and endogenous credit constraint.

JEL classification: E40, E50
Bank classification: Credit and credit aggregates; Payment, clearing, and settlement
systems

Résumeé

Dans cette étude, les auteurs examinent les effets de différents modes de crédit sur le
bien-étre et la sensibilité de ces effets au mécanisme de négociation et a I’inflation. Dans
un marché soumis a la concurrence, un écart par rapport a la régle de Friedman est
toujours sous-optimal. De plus, le crédit peut réduire le bien-étre étant donné qu’en
accroissant la consommation de ceux qui y ont recours, il fait monter le niveau des prix,
obligeant ainsi les utilisateurs de monnaie a réduire leur consommation s’ils sont
confrontés a une contrainte de liquidité. Il est toutefois possible de neutraliser ces effets
sur le bien-étre en introduisant un mécanisme de négociation optimal. Dans ce cas, la
discrimination par les prix aide a internaliser les effets de prix. Premierement, un faible
écart par rapport a la regle de Friedman n’a plus d’incidence réductrice sur le bien-étre.
Deuxiemement, un acces accru au crédit se traduit par une amélioration du bien-étre.
Pour terminer, les auteurs étoffent le modele afin d’étudier les effets sur le bien-étre de
I’utilisation de systemes de crédit, lorsque le crédit est un moyen de paiement, et les
effets de contraintes de crédit endogenes.

Classification JEL : E40, E50
Classification de la Banque : Crédit et agrégats du crédit; Systéemes de paiement, de
compensation et de reglement



1 Introduction

Recent policy debates on regulating the retail payments system are motivated by con-
cerns about the efficiency and welfare implications of different payment instruments
and their pricing schemes. Conducting policy analysis on these issues from first prin-
ciples requires a general equilibrium model in which the fundamental roles of differ-
ent payment arrangements are explicitly captured. Thanks to recent developments in
monetary theoryfl, it is now widely recognized that, in an environment with imper-
fect information and limited commitment, money is essential as a means of paymentE]
Moreover, the allocation in a monetary economy is typically inefficient when some
agents are money constrained (for example, due to sub-optimal monetary policy or
liquidity shocks). As a result, some forms of credit arrangement may help to improve
efficiency by relaxing agents’ liquidity constraints. What remain less well understood
are the welfare effects of different credit arrangements and their interaction with mon-
etary policy and the trading mechanism. This paper is an attempt to use modern,
micro-founded monetary theory to address these issues.

Specifically, this paper investigates the following questions: Does availability of
credit always improve social welfare in a competitive environment? If not, what is
the source of inefficiency? What sorts of trading/pricing mechanisms are needed to
mitigate this inefficiency? Do technologies of production, trading, and enforcement
matter for these questions?

Let us briefly describe the model and give the basic intuition behind our find-
ings. Owing to information frictions in the goods market, buyers need to acquire non
interest-bearing money in order to trade for consumption. Money-users therefore bear

a cost of holding liquidity which is particularly onerous when inflation is high. Credit-

'Williamson and Wright (2010) describe the most recent development in this literature.
2See, for example, Kocherlakota (1998).



users, however, can economize on the use of cash and (at least partially) avoid this
inflation tax by acquiring credit from a bank which is in the form of outside money
in the benchmark case. Therefore, inflation may generate a redistributive effect across
different types, lowering money-users’ consumption while increasing credit-users’ con-
sumption. Overall, however, deviation from the Friedman rule is still sub-optimal and
inflation is welfare-reducing in a competitive environment.

Since using money is costly due to inflation, one may expect that increasing the use
of credit can always enhance welfare because a buyer, by gaining access to credit, can
now avoid the inflation tax and enjoy a higher level of consumption. We call this the
“composition effect” because as the economy is composed of more credit-users, ceteris
paribus, welfare tends to go up. But this is only a partial equilibrium argument. There
is an additional general equilibrium “price effect”: an increase in consumption of new
credit-users will drive up the market price and reduce cash buyers’ consumption. At
first glance, this pecuniary externality should not lead to any welfare loss according
to standard arguments. One need to notice, however, that the first welfare theorem
can fail when there are distortions in the economy, and pecuniary externalities can
have welfare consequences (Greenwald and Stiglitz,1986). In the current environment,
the presence of binding liquidity constraints implies that more people using credit can
tighten money-users’ liquidity constraints and hence lower the aggregate welfare when-
ever the price effect dominates the composition effect. As a result, with competitive
pricing, the introduction of credit services can be welfare reducing. These are the main
findings of the benchmark model discussed in Section 3.

Since the negative effects of inflation and credit hinge on the assumption of com-
petitive pricing, it is natural to ask whether such efficiencies can be mitigated by the
optimal design of the trading mechanism and pricing protocol. Instead of focusing on

one specific trading mechanism, we employ the mechanism design approach to solve



for the set of optimal allocations subject to technological and incentive feasibility con-
straints. The welfare implications of inflation and credit arrangements are significantly
different under the optimal trading mechanism. First, deviation from the Friedman
rule is not necessarily sub-optimal. By appropriately splitting the trade surpluses of
different parties, the first best allocation can be supported for low inflation. Second,
under the optimal trading mechanism, the price effect can now be internalized and
thus the provision of credit and payment services by banks become welfare-improving.
Note that the implementation of these allocations relies on the availability of certain
enforcement and information technologies to the mechanism. For example, it is im-
portant to set the terms of trade according to the buyers’ type, something resembling
price discrimination across money-users and credit-users. These results will be derived
in Section 4.

We then study two extensions of our benchmark model. We first allow banks to
issue credit in the form of inside money which is accepted as a means of payment in
goods transactions. In this environment, banks provide an additional payment service
(i.e. imagine a private payment system without the use of outside money). We show
that the price effect dominates the composition effect more strongly in this case than
the benchmark model resulting in the introduction of credit as a means of payment can
be further welfare-reducing. Finally, we study an extension of the benchmark model
in which loan repayments are only imperfectly enforceable: a defaulter is punished by
being excluded from access to banking in the future. In this setting, we uncover a new
channel operating through the implied endogenous credit constraint. For example, an
increase in access to credit will reduce the value of default through the price effect, and
hence relax credit-users’ credit constraints, potentially improving the social welfare.

There is a recent literature that develops monetary models to understand the micro-

foundation of money and credit. Our model is closely related to the money and banking



model developed by Berentsen, Camera and Waller (2007) which in turns builds on
Lagos and Wright (2005). The basic question of the literature is to examine the welfare
effects of credit arrangement and inflation in an environment with explicit information
and commitment frictions. Recent work building on these ideas includes Calvacanti
and Wallace (1999), Chiu and Meh (2011), Monnet and Roberds (2008), Sanches and
Williamson (2010), Sanches (2011), Gu, Mattesini and Wright (2012), Gu, Mattesini,
Monnet and Wright (2012)

The rest of the paper proceeds as follows. Section 2 describes the basic model.
Section 3 derives the welfare effects of monetary policy and credit arrangements in a
competitive environment. Section 4 revisits the questions under the optimal trading ar-
rangements applying the mechanism design approach. Section 5 explores an extension
with inside-money loans, and Section 6 an extension with endogenous credit constraint.
Section 7 concludes. Formal proofs of lemmas and propositions can be found in the

Appendix.

2 Benchmark Model

The basic economic environment is similar to Berentsen et al. (2007) based on the
framework of Rocheteau and Wright (2005). Time is discrete and runs forever. Each
period is divided into two subperiods, day and night. Agents meet at a Walrasian
market in both subperiods. There is a continuum of infinitely-lived agents who differ
along three dimensions. First, they permanently belong to one of two groups in the
day market, called buyers and sellers. We normalize the measure of each group to 1.
Second, all buyers experience preference shocks during the day: with probability =, a
buyer wants to consume, while with complementary probability, the buyer does not

want to consume. These shocks are i.i.d. across agents and time. Third, only a fraction



a of buyers have access to a banking sectorﬂ All sellers have access to banking.

In the night market all agents produce and consume, but in the day market a buyer
can only consume and a seller can only produce. Goods are perishable. Moreover,
all goods trades are anonymous during the day, and all histories of goods trading are
private information. As a result, sellers require immediate payment and a medium
of exchange is essential for trade. There exists fiat money that is perfectly divisible.
The supply M grows at a constant gross rate 7. New money is injected (y > 1) or
withdrawn (v < 1) via lump sump transfers 7M = (y —1) M to all agents at the
beginning of night. We restrict attention to policies where v > 3, where 8 € (0,1) is
the discount factor, since it is easy to check that there is no equilibrium otherwise. To
examine equilibrium at the Friedman rule, we take the limit of equilibria as v — (.

For a seller who produces ¢ units of output during the day, consumes z units of

output and produces y units of output at night, the instantaneous utility is

—c(q) +v(x) -y,

We assume that v/ (z) > 0, v" (z) < 0 for all z, and there exists z* > 0 such that
v' (z*) = 1. The cost of production satisfies ¢(0) = 0, ¢’ (¢) > 0, ¢’ (¢) > 0. Similarly,

the instantaneous utility of a buyer is

cu(q) +v(z) =y,

where ¢ is the quantity consumed during the day and € € {0,1} is the i.i.d. prefer-
ence shock, with Pr(e = 1) = 7 and Pr(e = 0) = 1 — 7. The assumption of u(q)
includes u (0) = 0, v’ (0) = +o0, v’/ (¢) > 0, and u” (q) < 0.

In the banking sector, there are competitive banks that can make credit arrange-

ment, as in Berentsen et al. (2007). Banks process a record keeping technology that

3We assume the type is permanent. Having i.i.d. type, however, will not affect the main results of
the paper.



can keep track of financial histories, but not trading histories in the goods market.
Since record keeping is only available for financial transactions, trade credit between
buyers and sellers is not feasible. Instead, banks can make nominal loans and take
deposits. These financial services are available only at the beginning of the day after
the preference shock is realized and before goods trading. Finally, without loss of gen-
erality, assume that all financial contracts are one-period contracts and thus loans and
deposits are not rolled over across periods. Banks can commit to repay their depositors.
Banks can also perfectly enforce loan repayment by the borrowers in the benchmark
model. We consider limited enforcement of loan repayment as an extension.

In Berentsen et al. (2007), banks are subject to a cash constraint when making
loans, in the sense that all loans have to be backed by money depositﬁ An alternative
credit arrangement is where banks are not subject to the cash-in-advance constraint
so that loans (or credit) can be used as a payment instrument. Banks provide both
credit and payment services. To understand the role of credit and credit arrangement,
we will examine the second type of credit arrangement in section [5]

The timing in our model is as follows (see Figure . At the beginning of each
period, buyers observe their preference shocks and the banking sector opens where
agents with access to it can borrow loans or make deposits. Then, the banking sector
closes and agents trade goods in the day market. Agents receive lump-sum transfers

TM, consume and produce as well as settle financial claims at night.

2.1 Night Market Problem

Let b denote a buyer who has access to credit, n denote a buyer who does not have
access to credit, and s denote a seller. Let W7 (m, ¢, d) be the value function of a type

j € {b,n, s} agent who enters the night market holding m units of money, ¢ loans and d

4Berentsen et al. (2007) interpret this restriction as 100% reserve requirement. In this case, fiat
money serves as the only means of payment in the day market.



Subperiod 1 Subperiod 2

t t+1
| | .
| T T | T |
consumption shock trade goods trade goods and
access banking money, repay debt,

receive money transfer

Figure 1: Timeline of Events

deposits. Denote an agent j’s value function of carrying m dollars into the day market
by V7 (m). We normalize the price of the consumption good in the day market to 1
and denote the value of a dollar in units of consumption by ¢. The value of the agent

7 in the night market is

W (m, ) = o [o(s) =y + 6V (m)] g
st. 2+ gmy=y+o(m+7M)+¢(1+rY)d—¢(1+7)¢, (2)

where 7 is the nominal loan rate and r¢ is the nominal deposit rate. Type n agents
cannot use banks and thus have ¢ = d = 0. Substituting into , the problem

simplifies to

Wi (m,t,d) = ¢[m+7M—(1+r)l+ (1+r7)d]

+max [v(z) —  — ¢my + BV (my)] .

Tr,my
The first order conditions are v'(x) = 1 and

dej (m4)

in, 0" =" i m, > 0. (3)

It follows that the optimal choice of (x,m,) is independent of (m, ¢, d) for all agents.

This is a natural result from assuming quasi-linear utility in the day market, as first

7



formalized by Lagos and Wright (2005). The envelope conditions imply that
oW (m, £, d)

ot oy,
m

oW/ (m, 0,d)
- —o(1+7),
oW (m, £, d) J
50 o1+ 7).

The value function W7 (m, £, d) is linear in (m, ¢, d) and can be rewritten as
W7 (m, £,d) = W7(0,0,0) +¢m —¢ (1+7) L+ ¢ (1+79) d.
2.2 Day Market Problem

Moving back to the day market, a seller who holds m?® units of money at the beginning

of the day market has

VE(m?®) = max —c (@) + W (m® +0—d+pg®, L,d) st. d <m?’,
q%¢,

where p is the competitive price of goods during the day. Let \j be the Lagrange

multiplier, the first order conditions are

d(q°) = op, (4)
¢r = 0,
ort = N5

It is immediate that a seller will not borrow unless » = 0, and will deposit all the money
holding whenever 7% > 0. The envelope condition thus gives dV*(m)/dm = ¢(1 + r?).

From , a seller’s demand for money satisfies
rt < %, “=""ifm® > 0. (5)

That is, sellers may hold 0 or any positive amount of money depending on the deposit
rate. If the deposit rate is strictly less than /8 — 1, then seller strictly prefers holding

0 unit of money.



All buyers experience i.i.d. preference shocks at the beginning of the day. Consider
first the fraction « buyers who have access to credit. One can show that those who
want to consume will never deposit money in the bank and those who do not want to
consume will never take out loans. Hence, the value of a buyer holding m? units of

money in the day market is

174 (mb) = maxnw [u (qb) + W (mb +0—pg ¢, 0)] (6)
q7 €,
+(1—m) W (m"—d,0,d),
st. pg® <mb+¢, (7)
d < mP. (8)
Let A\, and )\; denote the Lagrange multipliers for and , respectively. As

WP (m, ¢, d) is linear in (m, ¢, d), we can derive the first order conditions as

il () = (16+Ag)p. (9)
Tor = A, (10)
(1—7)ort = Mg (11)

If r is positive, implies that the liquidity constraint must be binding in a
monetary equilibrium (i.e. ¢ > 0). Similarly, if r? is positive, the deposit constraint

must be binding. Combining , @D, and yields

u (qb) A
(¢°) e (12
The envelope condition of V? (m) gives
dV® (mb) v (%)
— 7 = ——L 4+ 1-m)(1+rY]|. 13
dmb ¢ 7TC/<qs)+( ™) (L+7) (13)

Plugging into (3)), a type b buyer’s demand for money satisfies

W[u’(—qb)_l

< % —(1=m)r? “=" if m} >0. (14)



For those buyers who cannot use banks, the value of holding m™ at the beginning

of the day market is

V* (m") = maxw[u(q") + W" (m" = pg")] + (1 = m) W* (m") st. pg" <m". (15)

One can show that the constraint pg” = m™ must be binding. The first order condition

implies a type n buyer’s money demand satisfies

fen =5

Comparing and , we can see that ¢" < ¢® for any v > 3 and r? > 0. As

(16)

long as the deposit rate is positive, type b buyers enjoy a higher ¢* because they can
take out loans to expand their consumption. Finally, goods market clearing condition
is

¢ = [oqu +(1—-aw q”] ) (17)
2.3 Banking Problem

In the benchmark economy which is labeled as economy 1, the size of the loans are
constrained by the amount of deposits that a bank has, so banks can only lend out
outside-money loans. In the day market, only (outside) money is accepted as a means
of payment. Therefore, in this economy, banks take deposits and make loans to channel
money balances across agents, but they do not provide any payment services.ﬂ Com-
petitive banks take as given the market rates ¢ and r and choose the amount of money
deposits D and money loans L to

max (rL —r'D) (18)

subject to L < D.

5 Alternatively, this can be viewed as a form of “narrow banking” with 100% reserve requirement:
banks can create transferrable IOU’s but these IOU’s have to be fully backed by outside money.

10



It is straightforward to show that, in equilibrium,

r=r?
D>L, (19)
rd(D — L) =0.

That is, the deposit rate and the loan rate are equal. The interest rates are positive,
unless there is an excess supply of deposit.
To complete the description of the banking sector, the loan market clearing condi-
tion is
D —L=m’+am’—rapg’. (20)
The amount of deposits net of loans D — L equals to the supply of deposits m* + am?
net of the demand for loans mapq®. Since banks can only make outside-money loans,

they are subject to a cash-in-advance constraint, implying that D — L > 0.

2.4 Equilibrium

Having solved for the optimal decisions problems faced by buyers, sellers and banks,
we combine these decisions to define a steady state equilibrium. For economy 1, using

, , , , and , we can characterize a steady state equilibrium as a
list of (rl,q’{,q?,qf) satisfying and

rn = 1, (21)
u' (qr) i
‘a) ~ O Tw 2
dla) _ o,
c’(qf) = 1+7. (23)

Here i = v/ — 1 is the nominal interest rate for a loan between two consecutive night
markets.
In equilibrium, sellers and type b buyers are just indifferent between bringing money

to the banking sector or not (as long as some agents bring money to deposit). There

11



is an indeterminacy with respect to their money holdings. However, their individ-
ual money holdings are payoff-equivalent and thus irrelevant for real allocations and
welfare. Note that, ¢} and g7 are not independent unless ¢’ (¢§) = 0.

In the special case when o = 0, no one has access to credit in the economy. This
is equivalent to a pure monetary economy which is labeled as economy 0. The steady
state equilibrium is a list of (¢, ¢§) that satisfies ¢§ = mq and .

The aggregate welfare in either economy is defined as
W = 2v(x) — 2z + mau(q®) + (1 — a)u(q") — c(q*), (24)

where z is determined independently by v'(z) = 1. Given this definition, the first best
allocation can be found by maximizing subject to (17). The solution of (¢°, ¢", ¢°)
satisfies

d(¢°) and ¢* = 7¢" = nq".

Q\
—
L)

Sy
N—
I

:\
—
L

3
N~—
I

Denote ¢* = ¢* = ¢™.

Remark 1 All the results derived in this paper are based on the centralized trading
of goods. One may question whether the results still hold if the trading of goods is
decentralized and bilateral. We argue that they will not change as long as some factors
of production are traded in a multilateral fashion.

To see that, suppose instead that meetings in the day market are bilateral, and the terms
of trade are determined by take-it-or-leave-it offers from the buyers. Fach buyer makes
an offer (D, q) to buy q goods by paying D dollars. Suppose a seller produces output q
by employing labor hours h according to a linear production function ¢ = F(h) = h.ﬂ
Labor hours are traded in a centralized market at a (real) wage rate w. Fach seller

chooses how much labor to supply H to the market and how much labor to be hired h.

6 Assuming a concave production function F(h) will not eliminate the price effect. Instead, it will
introduce an additional effect due to diminishing marginal productivity. A price-making buyer will
internalize this effect, while a price-taking buyer will not.

12



The disutility of supplying labor is ¥ (H) with " > 0,¢" > 0. The payoff of a seller
with an offer (D, q) is thus

Ve(q,D) = ¢D — wq + mgx[wH — 1 (H)).

Obviously, w = ' (H) in a competitive labor market. Moreover, any offer from the
buyer to the seller must satisfy V*(q, D) = V*(0,0). It is then straightforward to show
that, the same set of equilibrium conditions can be derived, by appropriately relabeling

H and ¢(H) as ¢° and c(q).

3 Welfare in competitive equilibrium

In this section, we examine different factors that affect the economy’s aggregate welfare.

In particular, the factors include money growth rate and access to credit.

3.1 Inflation and welfare

We begin with the effect of inflation on welfare. Inflation is a policy parameter that
is controlled by the monetary authority. In the monetary theory literature, monetary
policy is usually neutral, but not super-neutral. The results summarized by Lemma

also share this featurel[
Lemma 1 Effects of inflation: dq}/di < 0, dg;/di < 0, d¢®/di = 0, dW/di < 0.

Lemma (1| summarizes the effects of inflation on consumption and welfare. Note
that inflation has heterogenous effects on different types of buyers, working through
two different channels. First, higher inflation raises the liquidity costs for both types of

buyers, inducing them to reduce consumption and thus aggregate output ¢j drops. The

"Since the (gross) inflation rate is p;11/pr = v = (1 + i) in the steady state, we can study the
effects of inflation by examining 4. Also recall that subscripts “1” denotes economy 1 in which banks
lends out outside-money loans.

13



second channel is that when ¢; falls, the marginal cost of production goes down too,
which partially offsets the inflation cost. The net effect is the sum of the two. Lemma
shows that inflation always reduces money-user’s consumption, while it may increase
or decrease the credit-user’s consumptionﬁ In general, inflation has a smaller effect
on credit-users than on money-users because the access to credit arrangement allows
agents to partially avoid the inflation tax. Knowing that inflation reduces (¢}, ¢j) and
possibly ¢b, it is not surprising that inflation reduces welfare. One can also show that

the Friedman rule is the optimal monetary policy.

3.2 Access to credit and welfare

Given the fact that inflation is welfare-reducing, and that inflation typically is less
costly to credit-users than to money-users, it is natural to expect that increasing the
access to credit can be welfare-improving. The following two Lemmas establish that

this is not true in general.

Lemma 2 Effects of access to credit on allocation: dqtt/da < 0, d¢b/da < 0 and

dq;/da > 0, with strict inequalities iff ¢' = 0.

Lemma [2 shows that as « rises, ¢; increases, but both ¢? and ¢ decrease. This
is because a rise in a has the following two effects on the economy. The first effect
is that a higher a increases the composition of credit-users. Since ¢¢ > ¢, ¢; tends
to increase. We can label it as the composition effect. The second effect is a general
equilibrium price effect: a higher ¢f drives up ¢/(¢j) whenever ¢ > 0. It follows that
the price level in the day market becomes higher and hence both types of buyers tend

to consume less, which leads to lower ¢} and ¢}. Clearly, if ¢’ = 0, the price effect is

8The proof of Lemma in the appendix shows that one can impose additional assumptions to have
dgb/di < 0.

14



absent and (¢}, ¢%) are not affected by «, with ¢§ going up through the composition
effect.
Away from the Friedman’s rule (i > 0), we have the following lemma for any

ae (0,1):

Lemma 3 Effects of access to credit on welfare: dW/da < 0 if " >0, ¢ >0, and 7

18 small.

One can show that dW/da > 0 when ¢”’(¢) = 0. It implies that the composition
effect alone tends to improve the welfare in the economy. As trades involving credit-
users generate larger trading surplus, a higher fraction of credit-users raises social
welfare. In the case where ¢’(¢q) > 0, the price effect associated with a higher oz makes
the economy worse because of lower ¢" and ¢°. In the presence of two opposing effects
of a on welfare, Proposition [2| provides a sufficient condition that makes the price effect
as the dominant effect on welfare.

It seems counterintuitive that an increase in « can reduce the social welfare. After
all, the use of credit is completely voluntary and can only expand a credit-user’s feasi-
bility set. Moreover, while the rest of the economy are impacted by an increase in «
through the price effect, it is only a pecuniary externality. Standard argument suggests
that pecuniary externalities by themselves are not a source of inefficiency in a com-
petitive equilibrium. One needs to notice, however, that pecuniary externalities can
have welfare consequences when there are distortions in the economy.ﬂ In the current
setting, the first welfare theorem fails in the presence of binding liquidity constraints.
A rise in « leads to a higher market price which then tightens other agents’ liquidity
constraints, and potentially create inefficiencies. The intuition behind this result can

be illustrated by the graphs in Figure [2]

9In general, pecuniary externality can lead to inefficiencies in economies with incomplete markets
(Greenwald and Stiglitz,1986).
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Money User Credit User Aggregate
op op op
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Welfare loss = 7(1 — «) X‘ Welfare gain ~ 1Aax D\

Figure 2: Welfare Effects of Increasing «

The left diagram plots the individual demand curve (blue curve) for a money-user
who is facing a binding liquidity constraint, while the middle diagram shows the de-
mand for a credit-user. These curves are derived from the first order conditions
and . Notice that the left diagram puts the money-user’s demand and credit-user’s
demand (dash-dot curve) together. The gap between the two curves at ¢} captures
the wedge between the marginal utilities of a money-user and a credit-user due to the
former’s inability to access credit arrangement. The bigger the wedge, the more ineffi-
cient is the allocation that the market achieves. The inefficiency wedge is determined
by two parameters: ¢ and 7. The higher the inflation rate and the higher the trading
friction, the more costly it is for a money-user to carry liquidity to finance the trade.

The right diagram plots the aggregate demand and the aggregate supply which
corresponds to . When there is an increase in «, the aggregate demand curve shifts
out as the red curve in the right diagram, driving up the market price. In the middle
diagram, because of the increase in «, some money-users become credit-users and
consume ¢° rather than ¢", there is welfare gain from the composition effect reflected

by the green area. Meanwhile, the higher price level decreases consumption from those

16



money-users since it tightens their liquidity constraints. The welfare loss from the price
effect is depicted by the purple area. Whenever the purple area is larger than the green
area, an increase in « leads to lower aggregate welfare[")

Under the assumptions made above, we can summarize the results in this section:

Proposition 1 In a competitive equilibrium, inflation lowers aggregate consumption
and welfare, and has bigger impact on money-users than on credit-users. An increase
in the access to credit reduces consumption of both money-users and credit-users, and

lowers welfare when 7 is small.

4 Welfare under optimal trading mechanism

The previous section considers the benchmark case in which day markets are com-
petitive, and illustrates how inflation and credit arrangements can lead to inefficient
outcome, partly due to a general equilibrium price effect. It is then natural to ask
whether such inefficiencies can be mitigated by adopting an optimal pricing arrange-
ment. To address this question, we follow the mechanism design approach developed
by Hu, Kennan and Wallace (2009) and Rocheteau (2011) to solve for the efficient
allocation and find out the optimal pricing mechanism.

Here, we will briefly discuss the mechanism design problem, with details formally
presented in the appendix. First, suppose that the buyer/seller status, the realization
of the consumption shock and whether an agent has access to credit or not are public
information. During the day, agents play a two-stage game specified by a mechanism.

In the first stage of the game, everyone announces his real money balance. A mechanism

ONotice that the sufficient condition requires a small . This is because a small 7 represents a
small fraction of buyers that want to consume, which leads to a smaller gain from the composition
effect. The conditions stated in Lemma [2| are essentially conditions for the price effect to dominate
the composition effect. Simulation exercise suggests that the price effect tends to dominate the
composition effect when 7 is small, ¢ is small or « is small. This is intuitive because any of these
parameters small reflects a small marginal gain from the composition effect.
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maps the announced real money holdings of a type j € {b,n, s} agent to a proposed
allocation (q,z) € Ry x Z, where ¢ is the quantity consumed by a type j € {b,n}
agent or the quantity produced by a type s agent, and z is a transfer of real money
balances from the agentE In the second stage of the game, everyone says “yes” or
“no” simultaneously. Anyone saying “no” receives (0,0). Anyone saying “yes” receives
(¢, z) according to the rule specified by the mechanism.

Following similar arguments as in Rocheteau (2011), the allocation (g, z) should not
depend on a seller’s money balance for truthful announcement of the seller’s money
balance. The mechanism will ensure that the allocation satisfies a buyer’s truthful an-
nouncement of his money balance. Rocheteau (2011) considers decentralized, pairwise
trading and implements allocations that are in the pairwise core. Here, we consider cen-
tralized, multilateral trading and the mechanism implements allocation that is immune
to individual deviation (Nash implementable) ]

The optimal mechanism maximizes the aggregate welfare subject to the relevant
technological constraints and incentive constraints by choosing (¢, 27) for j € {b,n, s}.
The technological constraints are the feasibility constraints with respect to goods and
money holdings. The incentive constraints include the participation constraints that
ensure all agents participate in the mechanism, and the truth-telling constraints that
no one wants to misreport his money holdings.ﬁ

Notice that the trading mechanism is more flexible than a competitive market.

UNote that, unlike Rocheteau (2011), there are two types of buyers b and n with different payment
technology.

12Tn that sense, the mechanism is more powerful than a competitive market because it can rule out
“side trades”. If side trades were allowed, the allocation prescribed by the mechanism may not be
immuned to group deviation. In our environment, if the mechanism were allowed only to implement
allocations that are immuned to group deviation, one would expect that the set of feasible allocation
will shrink to competitive equilibrium allocations.

13 Actually, the truth-telling constraints coincide with the participation constraints in this model
since the mechanism itself ensures that agents have no incentives to over or under report their money
balances. Please see the proof of Lemma @ for a detail description of the mechanism.
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First, the mechanism is not restricted to linear pricing. Second, the mechanism has an
option to contingent (g, z) on the agent’ type and on the (self-reported) money holding.
Third, agents not accepting the mechanism’s proposal are not allowed to conduct side-
trades. These flexibilities allow the mechanism to achieve better allocations than a
competitive market.

The timing of events is the following. At the beginning of the day, agents can choose
to deposit money or take out loans taking the market interest rates of deposits and
loans as given. Afterwards, they play the game specified by the mechanism. Trading
takes place according to the allocation generated by agents’ actions. Activities in the

night market remain the same as before.

4.1 Inflation and welfare
We begin with the effect of inflation on welfare.

Lemma 4 Effects of inflation on welfare: there exists a unique iy > 0 such that the
first best allocation can be implemented if and only if i < iy. Moreover, dW/di =0 for
i <11, and AW/di <0 fori > 1.

Under the optimal trading mechanism, when ¢ < 71, both money-users and credit-
users consume the first-best quantity ¢*, and thus inflation does not affect welfare. This
finding is in sharp contrast with that reported in Lemma 1 for a competitive market
in which inflation is always welfare-reducing.

When i > iy, the allocation (¢%, ¢}, ¢;) is characterized by

w(g) —clg) e — ()
I( AT /(S - /(S s 1 n\’ (25)
u'(q) — c(qi) C(Q1)_i+_7ru (¢7)
T ™?(1l—-a) , . 5
mu(qlf) + o wa) = da), (26)
and . The allocation features Z=u'(q)') < ¢(qf) < u'(q}") and T5u/(q}) < ¢(qf) <

u'(q}). Recall that in a competitive market, equilibrium conditions imply that =u'(¢}") =
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d(q;) and ﬁu’ (%) = d(¢). Intuitively, when the mechanism cannot implement the
first best allocation, the constrained allocation from the mechanism lies between the
first best allocation and the allocation from a competitive market.

To understand the difference between a competitive market and an optimal trading
mechanism, note that a competitive market does not distinguish between the two differ-
ent types of buyers and type b buyers do not internalize the effect of their consumption
on type n buyers. Therefore, pecuniary externality can hurt the economy when the lig-
uidity constraint is binding. The optimal mechanism instead can distinguish between
the two types of buyers and assign proper allocations and payment schemes to ensure
that both types participate in the mechanism. Compared with the market equilibrium,
the mechanism can redistribute from type b buyers to type n buyers to mitigate any
externality generated by the price effect. This redistribution can be done via an ap-
propriate price discrimination which can be highlighted by comparing the prices paid
by the two types. Denote p® = 28/¢% and p? = 27/q} as the prices paid by type b and

type n respectively, we have the following lemma.

Lemma 5 Price discrimination: There exists i < iy and i > i such that p} ; s
fori < i, and p > pt for i € (i,1). Moreover, if the utility function has a constant

elasticity of scale (i.e., u' (q) q/u(q) is constant), then pb > pt for all i > i.

Figure [3]illustrates how the trading mechanism supports the (constrained) optimal
allocation by adjusting the terms of trade. The dash-dot curve represents the optimal
price range for credit-users while the solid curve represents the range for money-users.
When i is lower than 71, incentive constraints are not binding. There are multiple
(2%, 2™) pairs consistent with the first best allocation ¢® = ¢" = ¢*. Therefore, there
is a range of prices that allows the trade surplus be optimally split between the three

parties (i.e. money-users, credit-users and sellers) to satisfy all the incentive constraints
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given the first best allocation. That is why p} ; pt for i < i. As i increases, the
liquidity cost for buyers goes up and it becomes harder to support the first best. As a
result, the upper bounds for z® and 2" drop while the lower bounds for z* and 2" go
up, until getting to the threshold i; beyond which the first best is not implementable
and the optimal terms of trade are uniquely determined. Because credit-users can
access credit to partially offset the effect of inflation, their participation constraints
are less binding than money-users, the maximum prices for credit-users are higher
than those for money-users. Given this, for any i € (i,), in order to implement the
(constrained) optimal allocation, it is necessary to charge credit-users a higher price
and cross subsidize money-users. We can further characterize the optimal prices when
i > 1 when the utility function exhibits constant elasticity. In that case, p} > p¥ for
all i > 7. The general idea is that credit-user generates a negative price externality
on money-users. In order to internalize this externality, the pricing mechanism needs
to price-discriminate between different types by charging credit-users a higher price as
indicated in the graph. Note that this type of welfare-improving price discrimination
is infeasible in a centralized, competitive market because it will induce side-trades to
exploit arbitrage opportunities. These arbitrage activities, however, are prohibited

under the current trading mechanism.

4.2 Access to credit and welfare

Under the optimal trading mechanism, the effect of credit is quite different. In contrast
to Lemma 3, the following lemma confirms that the adoption of price discrimination
makes the usage of credit welfare-improving. Moreover, an increase in the access to
credit makes it easier to support the first best allocation by raising the threshold

inflation rate ;.

Lemma 6 Effects of access to credit on welfare: dW/doo > 0 for i close to i; and
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Figure 3: Optimal pricing mechanism

dil / do > 0.
Finally, we can summarize the results in this section:

Proposition 2 Under the optimal trading mechanism, moderate inflation does not
reduce aggregate consumption or welfare. Optimal trading mechanism typically involves
price discrimination between money-users and credit-users. An increase in the access
to credit makes it easier to support the first best allocation, and can improve welfare

when inflation is not too high.

5 Welfare with inside-money loans

In the previous sections, we consider the case in which banks offer only outside-money
loans. As such, banks have to hold outside-money deposit in order to make loans. In
this section, we examine the robustness of the finding by considering an alternative
credit arrangement where in contrast to the benchmark economy, banks can lend out

imside-money loanswhich could be in the form of bank IOUs. We label this economy

22



as economy 2. The benchmark economy is labeled as economy 1, and a monetary
economy without credit is labeled as economy 0.

In the day market, bank IOUs are accepted as a means of payment. Therefore, in
this economy, banks provide an additional payment service. Competitive banks can
take money as deposits and promise to pay a rate r¢. Banks also issue IOUs to buyers
who want to borrow to trade in the goods market. Without loss of generality, assume
that these IOUs are nominal, so the bank promises to pay 1 unit of money to redeem
each IOU in the second subperiod. Each bank takes as given the market rates ¢ and r
and chooses the amount of deposit D and loans L to solve (18)) without any constraint.
Obviously, in equilibrium,

{ rdf ; i’ 0. (27)
Here, since banks can make loans costlessly, free entry ensures that banks make no
profit from offering loans, and thus the loan rate is zero. Also, banks will not take
deposit unless the deposit rate is zero.

In economy 2, the agent’s decision problem is similar to the benchmark economy,
thus we can define a steady state equilibrium as a list of (7'2, @, 43, q‘;) satisfying

and

rog = 0, (28)
u'(qy) i
el - 1L (29)
u'(5)
@ " (30)

In equilibrium, ¢ = 0 and thus those who can use banks do not have any incentive to
deposit.

Comparing the above equilibrium conditions to similar conditions to in
economy 1, we can see that the deposit rate and the loan rate are positive in economy 1

while they are 0 in economy 2. Banks in economy 1 channel money balances from those
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who have additional liquidity to those who needs liquidity. Since any loan taken in
the day market was from deposits that were accumulated in the previous night market
and the repayment of loans is in the current night market, the nominal interest rate
on loans is i. In contrast, bank IOUs can be used as a means of payment so that
there is no need for banks to accept deposits. Given that the repayment of the bank
IOUs is within the same period, the equilibrium interest rate charged by banks is 0.
The difference in the loan rate leads to the result that type b buyers in economy 1
are directly affected by i (and monetary policy) while those in economy 2 are only
indirectly affected through ¢ (g3).

The basic results still hold in economy 2 where the formal proof can be found in
the appendix: In a competitive equilibrium, inflation lowers aggregate consumption
and welfare. Allowing more people to use credit is not necessarily welfare-improving
due to the negative price effect similar in the benchmark case. However, the relative
strength of this price effect is different in both economies. Lemma [7] provides a welfare

comparison among the pure monetary economy, economy 1, and economy 2.

Lemma 7 Credit systems and welfare in a competitive equilibrium: the welfare is

ranked as the following: Wy > Wy > Wh, when m and a are small, and i > 0.

Here, Wy, W, and W, denote respectively the welfare in an economy without
credit, with outside-money loans, and with inside-money loans. The finding of this
lemma may be a bit surprising. One may expect that economy 2 would entail higher
welfare than economy 1 because banks are subject to less constraint and banks can
issue inside money as a means of payment. However, Lemma [7] overturns this thinking
and the intuition can be illustrated in Figure @l For any given price, the credit-user’s
demand in economy 1 is smaller than the one in economy 2. The reason is that everyone

in economy 1 has to use money as a payment that is subject to inflation distortion
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Figure 4: Economy 1 Dominates Economy 2

while some people in economy 2 can pay with credit to avoid such distortion. Given
that money-user’s demands are the same in both economies, the inefficiency wedge
(measured by the vertical distance between the demand curves of credit-users and
money-users) is bigger in economy 2. Hence, other things being equal, the price effect
generates smaller welfare loss in economy 1. As mentioned before, there is also a
composition effect that can positively affect welfare. Lemma [7| shows that when both
7w and « are small, the price effect dominates the composition effect. Since the negative
price effect is strongest in economy 2 and then followed by economy 1, the ranking of
welfare is Wy > W; > Wh.

As before, we now move to examine the case when the optimal trading mechanism is
employed. In contrast to the competitive market, under the optimal pricing mechanism,

the welfare ranking is reversed:

Lemma 8 Credit systems and welfare under optimal trading mechanisms: the welfare

in economy 2 weakly dominates the welfare in economy 1.

The intuition behind this lemma is that credit-users in economy 2 are not directly
subject to inflation distortion comparing to credit-users in economy 1. As a result,

the participation constraints in economy 2 is less binding than in economy 1, and thus

25



enlarges the set of allocations that the optimal mechanism can implement. Translate
this into welfare, we have W, > W,. Finally, we can summarize the results in this

section:

Proposition 3 The welfare effects of credit arrangements with inside-money loans
and with outside-money loans are qualitatively similar. Their relative welfare ranking
however depends on the trading mechanism. In a competitive market, welfare is lower
when banks are allowed to lend out inside-money loans. Under the optimal trading

mechanism, welfare is higher when banks are allowed to lend out inside-money loans.

6 Welfare with endogenous credit constraint

So far we have been assuming that borrowers fully commit to repaying their loans.
In this section, we consider the case with limited commitment: the only punishment
available is that a borrower who fails to repay his loan is excluded from the banking
sector in all future periods. This will generate an endogenous credit limit restricting

the maximum size of a loan that a borrower can obtain.

6.1 Equilibrium

The decision problems for sellers and type n buyers are unaffected. Only the decision
problem for type b buyers needs to be modified. In the day market, a type b buyer now

has to solve (@ subject to an additional borrowing constraint:
(<, (31)

with ¢ being the endogenous credit limit to ensure no default in equilibrium. Let A
denote the Lagrange multiplier for . The only change is the first order condition

with respect to ¢ which now becomes
TOr = A\g — Ao
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In the night market, we need first to examine the incentive for a type b buyer to
default. If a borrower defaults on his loans, he cannot access the banking sector for
all future periods. Hence, the continuation value is the same as the value of a type n

buyer. The no default condition requires that
WP (m+€—pg® £,0) > W" (m+€—pg’,0,0) .
Therefore the credit limit ¢; can be obtained by solving for ¢ which satisfies
wb (m+g—qu,€,0) =Ww" (m—l—[—qu,0,0) .

In the appendix, it is shown that this borrowing limit is given by

i B lle) = d(e)d) — (ula") — ¢ (@) g")] —id (¢") (74" — a") }
' o(L+7)(1—B) |

Notice that, the first term on the RHS of captures the increase in trading surplus

(32)

by having access to credit. Other things being equal, a drop in ¢" increases this term
and thus relaxes the borrowing constraint.
Depending on whether is binding and whether credit is used, there are three

types of equilibrium in the steady state.

1. Equilibrium with unconstrained credit consists of (rl,ql{,q?,qf) satisfying ,
—, as well as the condition that the borrowing constraint is not binding:

(1—m)c (q}) @} < ¢l

2. Equilibrium with constrained credit consists of (7’1, &, q ,571) satisfying ,

22, @2) and

CA gy iden, (33)
1-md(a)dl = ¢l (34)



In this case, one can show that ry < i. Sellers do not bring any money to the day
market. Type b buyers are still willing to bring money to the day market since
they are credit constrained and thus derive higher marginal value from higher

money balances..

3. Equilibrium without credit which is equivalent to a pure monetary equilibrium
is self-fulfilling, under the expectation that borrowers will not repay their loans

in future.

6.2 Findings

When the repayment of loans cannot be perfectly enforced, the economy can be in
different types of steady state equilibrium depending on parameter values. The uncon-
strained credit equilibrium behaves exactly like the equilibrium in the economy with
perfect enforcement. A more interesting equilibrium is the constrained credit equilib-
rium because the endogenous credit limit will be affected by monetary policy, access
to credit and credit arrangement. This is a new channel that does not exist in the
perfect enforcement economy. There also exists an equilibrium without credit. This
equilibrium always exists owing to the self-fulfilling nature of the equilibrium. That is,
a zero credit limit is consistent with an equilibrium where banks expect borrowers to
default and borrowers indeed will have incentives to default if they obtain any credit
from banks.

Berentsen et al. (2007) find conditions that characterize these three types of equi-
librium only near the neighborhood v — 3 and 8 — 1. Here we prove that with some
restrictions on the utility function and the production function, we can characterize the

existence of different types of equilibrium more generally. In particular, there exists an
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~1 > 0 such that

v <min{l,9}: only equilibrium without credit exists
v € (1,%] : constrained credit equilibrium exists
v > A unconstrained credit equilibrium exists

See Proposition in the appendix for formal proofs of this result. When the
inflation rate is very low, credit is not viable and the equilibrium credit limit is 0. This
is because for borrowers, the gain from using credit is not high enough so that they do
not have incentive to repay. As inflation increases, the welfare of type n buyers drops
and thus the borrowing constraint is relaxed. When the inflation rate is moderate,
credit is used, but the borrowing constraint is still binding. When the inflation is
sufficiently high, an unconstrained credit equilibrium exists.

In a constrained credit equilibrium, the presence of the credit limit brings an addi-
tional link between ¢% and ¢7'. Compared to Lemma , the effects of credit on allocations

and welfare are different. We find that in the constrained credit equilibrium,

> 0.

b n s
e | P e i
do do « «

whenever 7 is sufficiently small. See Proposition in the appendix for formal proofs.
When more buyers can use credit, ¢; increases because of the composition effect. It
follows that ¢i drops, which lowers the value of default in this economy with limited
enforcement. This may then relax type b’s borrowing constraint, and thus increase
¢ and aggregate welfare. Notice that this credit limit channel does not exist in the

benchmark model where we have d¢}/da < 0 and dW, /da > 0 for sufficiently small 7.

7 Conclusion

This paper uses modern monetary theory to study the welfare effects of inflation and
different credit arrangements. We show that, in a monetary economy, credit and pay-

ment arrangements are not necessarily welfare-improving because agents may fail to
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internalize the effects of their actions on others’ liquidity constraints. Moreover, the
welfare implications of different payment /credit arrangements depend critically on the
design of the trading mechanism as well as on the fundamental technologies (e.g. pro-
duction, trading and enforcement). The optimal trading mechanism typically exhibits
nonlinear pricing and price discrimination across different types. Trade surplus has
to be optimally split among different parties so as to satisfy agents’ incentive con-
straints and to induce agents to internalize price externalities. The ability to prohibit
side-trades is also important for achieving the constrained optimal allocation. While
our exercise establishes a welfare benchmark for policy analysis, future research should
study whether and how these desirable allocations can be implemented in a decentral-
ized environment.

This paper illustrates the above ideas by developing a simple, stylized model. We
expect that the main forces behind the welfare and policy implications remain relevant
in more general setting. For example, one might introduce and examine other realistic
features such as adoption costs of credit/payment technology by consumers/merchants.
Unless the trading/pricing arrangement is appropriately designed, the equilibrium allo-
cation will typically be inefficient. Applying the mechanism design approach may help
us understand the essentiality of certain payment structure (e.g. surcharging, card
rewards, card membership fees) for correcting inefficiencies. We leave this for future

research.
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Appendix
A Proof of Lemma (1

Proof. Totally differentiating the system , , , we get

dq; i) 0 y
o ap | = ey o (0,
dg; 0 m(gf —ap)
where .
u”’ (q7) 0 (1+2)c" (a1)
¢ = 0 W (qf) —(1+i)c" (q7)
—7m(l—a) -—7a 1
Thus,

D4 = u” (¢7) [W" (¢}) — o (14+0) " ()] — (1 — ) (m + i)u” () " (¢f) > 0.

The comparative statics with respect to ¢ in economy 1 is given by

daifdi = ¢ (a7) | 2 () (L= m) ¢ (a})| /1] <0,
dabfdi = ¢ (q}) [”(q}) + (1 — ) (1 - 0) " (4])}/|1] S 0,

dgi/di = ¢ (q7)[(1—a)u” (g7) + mau"(g))}/|:] < 0.
Assuming that u”’(¢) > 0, ¢”(q) =0, and «"(¢}) + (1 —7) (1 — a) " (¢) < 0, the sign

of dg?/di is negative.

Totally differentiating the total welfare with respect to i,

AW dg’ oy At N
dil = MU’(qi’)d—; +7(l—a)u (q) d—; —(q7) d;
dqb s dqn n s
= md—; [W'(¢)) = (g})] +7 (1 - ) d—il [’ (q7) — ' (a1)]
ooy dad 0oy dait
= Walc’(ql)d—il +(1—a) ZC/(%)d_il <0,

using and . [
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B Proof of Lemma [2

Proof. Following the same steps as in the proof of Lemma [T} the comparative statics

with respect to a for economy 1 is given by

dqi/da = (7 +1i) (q] — )" (4F) " (q5) /|®1] <0,
dgy/do = 7 (1+14) (¢} — g (¢) " (¢f) /|®1] <0,

dg;/do = w(q7 — g)u" (¢f)u" (4}) /|®1] > 0.
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C Proof of Lemma [3

Proof. Following the same steps as in the proof of Lemma [2] totally differentiating

the total welfare with respect to «,

dWl n dqb n dqn S dqs
=7 [u(q)) — uw(g?)] + mu’(ql{)d—; +7(l—a) u’(ql)d—ot —d(q}) doﬁ
dqb dq»
= 7 [u(a) — u(g)] + mau/ (@) 31 + 7 (1 - ) () T
dq® dqgn
—WOéC'(QT)% —7(l—a) C’(QT)% — 7 (q}) (¢} — q7)
_ b b 1/ s n n !/ .s -/ sdqllj -/sdq?
= m{[u(@) — ad(@)] — [uld!) — a7 (¢})]} + maic (g7) 5~ + (1L —a)ic(g)) 7 =

Notice that the difference in trade surplus in the first term is strictly positive but has
an upper bound under the assumption that ¢/(0) > 0. Given that d¢®/da < 0 and
dqy/da < 0, the second term and the third term are strictly negative. Therefore, when

missmal, 0 <a<landi>0,dW/da<0. =
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D Maximization Problem of the Mechanism

After agents make deposit/loan decision, they could hold different amount of real
money balances depending on whether they have access to credit or not. We follow
Rocheteau (2011) to design the mechanism so that agents will truthfully report their
money balances. Recall that a mechanism maps an agent’s type j € {b,n, s} and his
announced money balance to an allocation (¢’, 27). To support the desired allocation
(¢, 27) for a type j buyer, the mechanism will propose (¢, z7) if the announce money
balance is no less than 27, and will propose (0,0) otherwise. Under this mechanism, a
buyer carrying less than 2/ has no (strict) incentive to misreport because any report
below 27 gives him zero payoff, while any report above 2/ is infeasible. Similarly, a
buyer carrying more than 2’ has no incentive to misreport because reporting below
2J generates zero payoff while all reports above 2/ are payoff equivalent. So a type j
agent will carry 27 to the mechanism stage. The participation constraint (PC) that we
specify below will guarantee that buyers do not gain from getting (0,0). The PC for

an agent who does not have access to credit is
—val + B2 + B [u(g) — 2] = 0.

Loan market clearing condition implies that 7¢¢ = (1—7 )¢k = (1—7)¢mb. The amount
of money available for an agent with access to credit is thus 20 = ¢m? + ¢f = %qulf

The PC for an agent who has access to credit is
—my2 + Bl + B [u(qll’) — zﬂ > 0.
For a seller, the PC is
—c(qy) + 27 > 0.
As we do not restrict to pairwise trading, the market clearing conditions imply

and

2i = mad +7(l — )z}
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The PCs can be rearranged as

i rlulg) — ] > 0 D1)
—imzy + 7 [u(g}) — 22 > 0, (D.2)
)+ = 0 (D.3)

Having specified the trading mechanism and the PCs, we focus on the optimal

mechanism that maximizes such that (D.1)) to (D.3)) are satisfied.
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E Proof of Lemma (4

Proof. The Lagrange is

£ = max mau(q)+ (1l —a)ulgy) - c[rag + (1 - a)gy]
q7547,27 21
A { =izl fulq)) — 211}
o {—imz} +m [u(q)) — 23] }

+23 { T2l + (1 — a)2} — ¢ [rag) + (1 —a)gl]}.
The FOCs are

T(l—a+M)u(e) = (1+)7(1—a)d(q)),
T(a+X)u(q) = (1+X)7mac(q),
)\1(Z—|—7T) = )\37T(1—Oé),

)\Q(I—I—z) = )\30&.

Notice that if A\3 = 0, then A\; = Ay = 0 and if A3 > 0, then A\, Ay > 0. We analyze
these two cases in the following.

When \; = Ay = A3 = 0, it is straightforward that ¢} = ¢ = ¢*. The necessary
and sufficient condition to implement this allocation is

a (1 —«)
141 L+

c(rq*) <7 u(q”). (E.1)

Notice that at the Friedman rule (i = 0), the condition is satisfied because ¢(mg*) <
me(q*) < mu(q*). The LHS of does not depend on 4, while the RHS of
is decreasing in i. One can show that there exists a unique i; such that ¢ > i, the
allocation ¢ = ¢® = ¢* and ¢} = 7¢* can be implemented.

When Aj, Ay, A3 > 0, all PCs are binding. The allocation (¢}, ¢%, ¢) is characterized

by ([25)), (26) and (17). =
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F Proof of Lemma [5

Proof. For ¢ < 4y, the mechanism can implement the first best allocation that
¢ = ¢ = ¢* and ¢; = mq*. However, there is a set of (zi’, z?) to achieve the first best

as long as they satisfy the participation constraints

w(g) > (1414)2, (F.1)
—ule) > A (F2)
ra +7(l—a)2! > c(nqg). (F.3)

From (F.1)) and (F.2)), the maximum payments for different buyers are

b u(q")
— F.4
R lmaz 1 i ) ( )
mu (q*)
n = F.5
“lmaz T i ) ( )

which are decreasing in 7. Given 2% . constraint (F.3)) gives us

o elrg) o e 0
'“r1(l-a) 1-a " a(l—-a) 1-a

Therefore, the minimum payment for a money-user is

n _ c(mq) au (q*)

min =20 ) (1—a)(1+i)

which is increasing in ¢. Similarly, given 27 . constraint (F.3) yields the minimum

payment for a credit-user as

o _clme) (A-a)jmulg)
Lmin T a(m+1i)

which is also increasing in 7. Given the properties of maximum and minimum payments

b

with 4, it is easy to see that 20 =20 . and 20 =27 . when i = i;. The set of

optimal payments is then characterized by

b n\ . b b b n n n
{(21721) Y Rlmin S 21 S lmazs “lmin S <1 S Zlmaa:}
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which is depicted in Figure [3]
Notice that for any 7 < 1, 26 > 2n  for any i < i;. Hence if 28 . > 27 the
set of optimal payments must have the property that 2% > 27 so that the implied prices

satisfy p = 20/q* > 21'/q* = p}. This happens when i > i where i is the solution for

(T ).

ra 7w (1-a)
1+ T+

b o n . .
2l min = “1mae Which is

jo.

Since 7; solves

c(mq”) = { }U(q*),
it is straightforward to verify that i < 4;.

For ¢ > iy, the allocation is no longer the first best. The participation constraints
in (F.1)), (F.2) and (F.3) must be binding. Hence the payments are unique (see Figure
. In this case, 2§ =u (¢¢) /(1 +4) and 2} = mu (q) / (7 + i) and (¢?, ¢}, ¢) satisfies
equations (25), and (17). Because p (i1) > p} (i1), p} and p} are continuous in

1 as (qi’ QY a2, z?) are continuous in ¢, we can conclude that there is a ¢ > 7; such

that p® > p?. Combining with the previous case, it must be true that p} > p? for any
i € (1,1).

Next we prove that ¢¢ > ¢ for any o, 7 € (0,1) and 4; < i < +00. Suppose it is
not true, then o’ (q’l’) > u' (¢7) for all @ > i;. From equilibrium condition 1) we have
u' (q7) — ¢ (qf) > o (qF') — ¢ (¢}) implies

1

d(q5) — 1——i—iU/ (&) = (q5) —

T
—.u
™+

which turns out that

i 1. n 1 /(. b
> .
—— (ar) = 11" (47)
Because 7/ (r +1i) < 1/(1+1) for any 7 < 1, it must be true that v’ (¢}) > v’ (¢})

which leads to a contradiction.
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i b — M n _ mu(at) ; S
Now we turn to the prices. Recall that p] = 0 and pf = T for © > iy, if
’LLI b u/ n\ 5
u has a constant elasticity, then p} = p(gill.)) and p} = % where p = v’ (q) ¢/u (q).

pt > pt if and only if u’ (¢}) /(1 +4) > mu/ (¢}) / (7 + i). Suppose the last inequality

is not true, then
v (¢r)
141

mu' (q7)
T4

¢ (q7) — > (q) -

From the equilibrium condition (25)), we must have v’ (¢}) — ¢ (¢f) > v (¢}") — ¢ (¢f)
which contradicts to v’ (¢}) > o’ (qll’) Therefore, p% > p? for i > i by combining with

previous results. m
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Figure 5: Unconstrained Allocation in Economy 1

G Proof of Lemma

Proof.  From Lemma [4] it is obvious that dW/da = 0 for any i < 4; since the
economy has already achieved the first best. When ¢ = 4y, recall that the necessary
and sufficient condition to implement the first best allocation is . Because the
RHS of is increasing in « while the LHS is constant, it follows that an increase
in « raises i;. Hence, the first best allocation is more likely to be achieved when «

increases, i.e., dWW/da|;—;, > 0. Then by continuity, dW/da > 0 for i close to i;. m
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H Deriving the basic results for economy 2

Totally differentiating the system , and , we get

dgy L (q5) 0 di
o, [ dgt | = 0 0 ( . > ,
dgs 0 7(¢5—q3)
where .
u” (qy) 0 —(1+2)"(g3)
dy = 0 u” (¢5) —" (g3)
—7m(l—a) -7« 1
Thus,

@] = " (g3) [u" (g3) — mac” (3)] = (1 = a) (7w +i)u" (43) ¢” (¢3) > 0.
The comparative statics with respect to ¢ is given by
N 1 S S
dag/di =~ (g3) " (¢§) — mac (¢3))/|s] < 0,

dgs/di = (1—a)c (g5)c" (¢3) /|®2| >0,

dgs/di = (1—a)c (g3)u" (g3) /|Pa] <O

In terms of changes in 7 on welfare, we get

dW dqb . dq" . dqs
di2 = mu’(qg)d—f +7(l—a)u (g3) d; —d(q3) di2
dqb s dqn n s
= Wad_; [U/(qg) —d(g)] +7(1-a) _d; [ (g5) — ¢(3)]
: dgy
_ 1 — /(S\ 42 0
(1 - a)ic(g) "2 <0,
using (29) and (30).

The comparative statics with respect to « for economy 2 is given by
dgy /dac = (7 +1i)(ds — gz)u" (g2) ¢ (g3) /|®2] <0,
dgy/dac = (g5 — q3)u" (q5) " (g3) /|®2] <0,
dgs/da = (g5 — g5")u" (g5) u” (a3) /|®a] > 0.

41



In terms of welfare, we have

ol ”[“(qg>_“(q3>]+”‘““ ()28 (1 o) g5 28
= m{[uw(@) — @id(a)] — [ulgh) — a7 (¢3)]} + (1 — @) ic <q2)ccl$

It follows that dWW/da < 0 when 7 is small, 0 < o < 1 and i > 0.
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I Proof of Lemma [Tl

Proof.

First observe that when a — 0, ¢} = ¢} = qo, ¢ = ¢35, and ¢® < ¢} by the

first order conditions and . Also notice that Wy = W; = W, when a — 0.

The derivatives of W with respect to o and evaluating at « = 0 and 7 = 0 are

AWy

w |o<:0,7r:0

dw, |
dov a=0,mr=0

AW, |
dov a=0,m=0

Because
b
dfh
@ |a:0,7r:0

dg}
% ’a:OJr:O

0,

dqb
14 0 _la— =
ic (0) da| —0,7=0;

. dgb
'(0) =2 az0.7—0-
ZC()dOz| —0,7=0

@ —qf
w'(a)

-1
ic’(g3)
@b — a5
ul/(qél) _ 1

ic”(qS)

<0,

<0,

da} dab AW AW AW
and d_(;’aZO,WZO > d_(j‘azom':()? we must have da0|o¢:0,7r:0 > dal |a:0,7r:0 > da2‘o¢=0,7r:0~

By the continuity of W, we can conclude that W, > W; > W, in the neighborhood of

(o, m) =(0,0). m
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J Proof of Lemma

In order to prove Lemma [§ we first show the following lemma to characterize the

allocation in economy 2.

:(“753:)), the first best allocation can always be imple-

Lemma 9 In economy 2, if a >

mented. If o < szr(g)), then there exists a unique io such that the first best allocation

can be implemented if and only if i < is.

Proof. Consider the optimal mechanism in economy 2. Let the amount of inside-
money loans in real terms allocated to type b buyers be a. Following notations in the
previous economy except that allocation related to credit-users has subscript 2, the

relevant PCs are

—izy +mlulgy) — 2] = 0, (J.1)
—izy + 7 [u(gh) — 25 —a] > 0, (J.2)
—c(g3)+ 25 > 0. (J.3)

An optimal mechanism maximizes such that (J.1]) to (J.3]) are satisfied.

Formally, the Lagrange is

L = max rou(gs) + m(1 — a)u(qh) — ¢ [ragh + m(1 — a)g}]
45 143,25 73,4
A {—izg +[ule) — 231}
o {—izb + 7 [u(gh) — 25 —al }

X3 { T (25 +a) + 7(1 — @)z — ¢ [ragh + 7(1 — a)g}] } .
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The FOCs are

= (I+ X)) (1= a)d(g3),

= (1+X3)mac(g3),

>\1('L +m = )\371'(1 — CY),
)\2(2 +m = )\371'06,
)\2 = )\30&.

If i > 0, the optimal choice of 25 is 0. For an agent that can use credit, it is not optimal

to hold any money. Depending on whether A3 = 0, there are two types of solution.
When A\; = Xy = A3 = 0, the solution of (g%, ¢5, ¢5) is characterized by ¢} = ¢5 = ¢*

and ¢5 = mq¢*. The necessary and sufficient condition to implement this allocation is

(1l —a)

<
C(ﬂ'q)_ﬂ'|:06+ P

J ), (7.4

Again, one can show that the LHS of (J.4) does not depend on i while the RHS of

1) is decreasing in i. Note that if ¢(w¢*) < mau(q*) or a > :Z;(Z:)), 1} holds for

any ¢. That is, the first best allocation can be implemented for any ¢ when « is big

:Z;(Z)) , then there exists a critical i, such that (E.1|) holds if and only

enough. If a <

if 7 < iy. An increase in « leads to an increase in i5. In addition, i, > 7; because the
RHS of ([J.4) always lies above the RHS of (E.I). See Figures [f] and [7] for a graphical
illustration of the two cases.

When Aj, Ao, A3 > 0, all PCs are binding. The solution of (¢4, ¢, ¢3) is from

u(g3) = c(g3), (J.5)

A=)y = g, (1.6

Tau(gh) + Fop

and . ]

Proof of Lemma As the optimal mechanism maximizes the same objective

function, one way to see the welfare comparison is to examine the PCs imposed by
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Figure 6: Unconstrained Allocation in Economy 2 — Case 1
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mu(q*)
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Figure 7: Unconstrained Allocation in Economy 2 — Case 2
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c(mq”)
mu(q”)

i2(a)

Figure 8: Welfare Comparison

these two different economies. Notice that if we let 28 = 728 and a = (1 — 7)2% in

and , then and become equivalent to and . Given that
the same as , any allocation that is implementable in economy 1 should be
feasible in economy 2. It implies that welfare in economy 2 cannot be worse than the
welfare in economy 1. So from a mechanism design perspective, welfare in economy 2
always weakly dominates welfare in economy 1.

Figure [§|illustrates the welfare comparison between two economies. In area A, both
economy can implement the first best allocation. Only economy 2 can implement the
first best allocation in area B. In area C, neither economy can implement the first best
allocation, however, any allocation that is implementable in economy 1 is also feasible

in economy 2. m
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K Economy with Endogenous Credit Constraint

Deriving the credit constraint. Let mi be the optimal money balance that a
buyer will carry to the next day market when he chooses not to default. Similarly m’
denotes the optimal money balance when he chooses to default in the next day. The

difference between the two values is

we (m+€—qu,€,0) —wn (m+€—qu,0,0) (K.1)

= BIVE (mh) = V2 ()] — o (mh —m2) —o(1+r)E=0  (K2)
The values in the night market can be rewritten as

Vi(mh) = mu(qh) + 7 [WEH0) + ér (m] — pedl)]
(1= ) [W(0) + dam?],
= 7u(q}) + WH0) + ¢om’y — woipiqt,
= mu(q") + oMy 4 v (@%) — 2"+ BV (mlL,) — demlly

+oiml — Toipiql,

Ve (mh) = mu(dh)+m[W(0,0,0) + ¢p (ml + € —pidl) — oy (14 74) €4 ]
+ (1 =) [W(0,0,0) + ¢p (mh, —dy) + dp (L+79) dy]
= mu(q}) + oMy +o(x”) — 2" + BV, (mh) — gamlyy
+oyml . — o pidh,

where the last equality is derived from the banking sector clearing and free entry

conditions. In a stationary equilibrium, all real variables are constant, hence, V7 (m/) =
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Vﬁ (mi) and ¢m/ = gz5+mj+. We have

1
Vi (mh) = -3 [mu(q") + prm My + v (27) = + ¢y (1 =) mY} — 7pypiq”],
1
Vy(mh) = 1_ 5 [mu (¢°) + My v (2¥) — 2" + ¢y (1 —y)m’ — wdypiq’] .
Therefore

mu(q") —u(g™)] + op (L =7) (mh —m?) — 7dipy (6" —q")
1- 3 '

Vi (mlhy) =V (m") =
(K.3)
Since i > 0, mb, = py¢® — by =pig® — (1 —m)mb /7 = m = 7py¢’, and m'y = p¢"

for v > . Plugging into and replacing mi with ¢/ gives
l{n[u(@) —ule) = (@) (¢ — )] = 52 (@) (v’ = ") }

= -5 -

Proposition 4 Suppose the utility function is CRRA with the coefficient of relative
risk aversion o < 1. Let g* be the solution of u'(¢*) = ¢ (wq¢*) and assume that
()< -1 —=m)(1—a)d(mqg*) and " (q) = 0.

There exists a (3 close to 1 such that for any B € (B, 1) and any v > [ where
i=4/p—-1¢€ <0,7r (% — 1)), if the following condition holds

T+

In 455

n 5 <o<l1,
N @=B)a-m)+pn
then the following is true for all v € [B,4]:
There is an 7, > 0 such that
(i) if v > 71, a unique unconstrained credit equilibrium exists;

(ii) if 1 < v <7, a unique constrained credit equilibrium exists;

(#3) if v < min {1, %1}, only an equilibrium without credit exists.
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Proof. First consider an unconstrained credit equilibrium. In an unconstrained

equilibrium. ¢¢ < ¢ requires that

QI+)(1=B)A=-md(¢) g < Brlu(q)) —ulg)—c () (& —aql)].

—pic (¢}) (vq} — q7)

Let g (i,3) and h (i, ) be the LHS and RHS of above inequality respectively. Denote
A (i,B) =g (i, 8) — h (i, 8) . Taking the derivative of A with respect to i, we have

A@,B) = )-8 A—-m) ¢ +8(rd — )]

H1=5) (1 - m) 1+ ) ()
+%C" () [(1=B) A =m) L+ i) g1 + Br (o1 — ai) + Bi (mq) — a7)] -

We want to establish that A, (4, 3) < 0. First look at the sign of derivatives dq] /0.
From Lemmal[l]and assuming that «” > 0, ¢ = 0 and v”(¢*)+(1 — 7) (1 — a) ¢’ (¢*) <
0, we have d¢’ /0i < 0 for j € {b,n, s}.

Once we determine that d¢’ /0i < 0 for j € {b,n, s}, it suffices to show that

(1=8)(1—m) g+ B (7} — q}') <0, (K.5)

and
(1=B) (1 =) (L+14)gi + B (g1 — q7') + Bi (7 — qf) = 0, (K.6)
so that A; (i, 8) < 0. Condition (K.5) implies that

/8 qn
(1=B) (1 —m)+pBr

Because ¢ < ¢}, it is necessary that 3/[(1 —3) (1 —7)+ 7] > 1 which implies
B > 1/2. Condition (K.6|) implies that

b
¢ <

(K.7)

41 Ié]
I1+i(1-6)(1—-m)+ 4
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Hence, the sufficient condition requires that for any ¢¢ and ¢} the following inequalities

hold:
T4 B <q_ll’< B
l+i(1=B)(1—-m+pr ~ ¢ ~ (1-B)(1—m)+pr
From (22)) and (23), plus CRRA utility, we have
b P
@ _ [(1—1—2)#} 3

qr T+

(K.9)

Hence condition (K.9)) implies

i T+
In 455 < In =505
o< -
In e~ InTH O
(1—-B)(A—m)+B7 1+i (1-B)(1—m)+pm

Because 5/ [(1 —5) (1 —m) + Bn] < 1/,

i
In 71'?1-:2') > 1
Inzti_ 8 _ .
1+i (1—B)(1—m)+pm
The assumption on o < 1 requires that
T+1i
In 755 <<l

B

In g0 75=

It is necessary that ¢ < 7 (% — 1). Hence, given arbitrary 7 € (O, s (% — 1)), for

any ¢ < 7, if
T+

In 7(1+3)

<o<l1

B
In 50 =75=

and uv”(¢*) + (1 —m) (1 —a) " (¢*) < 0 holds then A; < 0.

For any ¢ <4, g(i,1) =0 and h (i,1) > 0 since

@ B 1

G- 0-B(-m+pr

we must have A (i,1) < 0. By the continuity of A, we can find a B sufficiently close
to 1 such that A(i,8) < 0 for all g € <B, 1>. Since A (0,5) > 0 for all 3, by the

intermediate value theorem, there exists unique z, i.e. 7, such that A (z, 5) = 0 for any
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B e (B, 1). Because A, (i, ) < 0, if i > 7, g (i,8) < h(i, ), a unique unconstrained
credit equilibrium exits while if i <7, g (i, 5) > h (i, ), so if a credit equilibrium exits
it must be constrained.

Next consider the constrained equilibrium. The equilibrium conditions are summa-
rized by equations , , and with 7, and ¢; replaced using and .
Let (qb, q", q°, i) be the solution of the system. First from and , we observe
that 7 < i = v/B8 — 1 for all 7. Given 7 € [0,i], we can determine the bounds for ¢°
as the following: if 7 = 0, then ¢* = ¢", while 7 = i, @ = @ = v [(1+1) (¢*)].
Combining and and eliminating 7 yields

1 (b
ll—w—l—% -7 <lé/((§s>) — 1)] (1-58)c (G ¢
= frfu(@) —ulq") =< (@) (@ —q")] = (v=B) (@) (7¢" —¢") . (K.10)

We want to prove that when 1 < v < #, for any ¢", there exists a ¢® € [q”,qb}

solves equation 1' Denote LHS 1' of by g ((]b) and RHS of 1' by h (cjb).
First evaluate g and h at ¢" using (22): g (¢") = (1 —7) (1 — 5) (¢°) ¢" and h(¢") =
(1—7)(y—B)(G°)q" If y > 1, then g (¢") < h(¢g"). Observe that when ¢* = ¢°,

g(@)=0+)1-p1-m) (@)

and

h(q') = Br [u(d) —ulq") — (@) (@ —q")] - Bic (¢°) (7q" —q") -
Hence g ((jb) —h ((jb) coincides with A (i, 8). Since A; < 0 and i < 7, it must be true
that A (i, 8) > A(z,8) = 0. Therefore g (cjb) > h (cjb). Solution for 1' exists and
is unique. Because ¢" is arbitrary, we can conclude that the unique constrained credit

equilibrium exits when ~ € (1,7].

52



When v <7 <1, g(¢") >h(q") and ¢ (qb) > h (cjb). Taking derivative of g and h
and evaluating them at ¢" generates

dg _ e (7 tmad (@) (7)o
1 ‘qb_q — [c’(mjd)]Q (1-75) (q)q

+(1—-m)(1-p) [c’ (mjd) + rac”’ (7rq~d) q”} ,
dh

glim = (L= (=B [¢ (x") + mac (nd) "]

Hence ¢'(¢") > h'(q¢"). Assume ¢” = 0, one can verify that ¢ is convex and h is
concave. These observations imply that there is no solution for (K.10). Therefore

credit equilibrium does not exist. m

Proposition 5 In a constrained credit equilibrium, we have

dgi _  dg? dq;
<0, > () d >0
do "da T an da —

whenever  is sufficiently small. The equality holds if and only if 1 = 0. Also W' (o) >

0 for small 7.

Proof. The equilibrium conditions are

—7_6 =7 U/(qll)>— —m)r
5= (c,(qs) 1>+(1 )r, (K.11)
=8 _ (vl
B (c'<qs> 1)’ (K.12)
I+r) (1= 1=m)d (") g} = Bru(q)) —ulg")— (¢°) (¢ —q")]
—(v=0)¢(¢°) (mq' —q") (K.13)

and . Totally differentiating the system of equations generates

dqi dqy

= K K.14
dov Vda” ( )
dqy K, 1-a\dgd ¢ -qf
3 S b K.15
da (7?04 a ) do a ( )
dr mu” (q’l’) 1—a dg —qf )V
o |- K, K K> {
T = TR [ e G T w) @
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A=) (1-m)d @) dor = { fr (' (ah) ¢ (aD) =7 (7 = ) ¢ (af) } dgy

d ~0+N (=R A-m (@) | da
_{ (L+7)(1=B)(1—m)c"(a}) q } dg;
+ (v = B) " (q) (7ai — a) + Brc" (a) (¢ — aF) | da
(B (o (6}) — ¢ (@)~ (- B¢ @) B (Ka7)

— (et (ai) _ w(ah)(ai) -
where K = ) () < 0and Ky = ) () < 0. Plugging (K.14)), (K.15)) and

(K.16) into (K.17) yields

dgy

_ — [Ks+ (1= 8)mu" () &) (& —a)
da {—“B)”;;'("”"? (1= Ko) K + 200 + KK, — K (K — 122 4 K5}
(K.18)

where for 7 — 0,

K

Br (v (q7) = (@) =7 (y=B) (¢f) — (1 +r) (1= B) (1 —7)c (¢f)

< 0

Ky = (14+r)(1=8)A=m) (@)l + (v = B) " (a) (may — aF) + Brc” (7) (a1 — aF)

> 0

(see the proof of Proposition {4| that shows K, > 0) and

K5 = pr (u' (q7) — ¢ (q7) — (v — B) ¢ (1) < 0.

When 7 > 0, the numerator is greater than 0 while the denominator is less than 0.

Hence, dq}/da < 0. Substituting (K.18) into (K.15|) generates

(4 —a) — [Ks+ (1= By mu” (af) &b (34 — 3%)
« Q=Dm )l (4  je)) ey 4 0] 4 K I — K (B 1ma) 4 g

Ko «@

-1
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Denote the expression in the bracket by F. F' > 0 if and only if

(1=p)mu" () &}
Ko

<l - g @) (5210,

1-— K 1 —
[(1—K2)K1—|— O‘KQ} L KK, — K <_1_ O‘) + Ky

(0% e’ «

T «

This is true since

K 1-Ky) K
(1-5) T (qlf) qlfﬂ_; > (1-0) ' (qlf) Q?(Tj)l + Ky Ky + K,

because the left hand side is greater than 0 and the right hand side is less than 0. Thus
dgb/da > 0. Tt is easy to verify that d¢i/da > 0. When 7 = 0, it is trivial to see that

all the derivatives are equal to 0. =

References

[1] Berentsen, A., G. Camera and C.J. Waller. 2007. Money, credit and banking.
Journal of Economic Theory 135, 171-195.

[2] Cavalcanti, R. and N. Wallace. 1999. A Model of Private Bank-Note Issue. Review
of Economic Dynamics 2, 104-136.

[3] Chiu, J. and Cesaire Meh. 2011. Financial Intermediation, Liquidity, And Infla-
tion. Macroeconomic Dynamics, Cambridge University Press, vol. 15(S1), pages

83-118, April.

[4] Greenwald, B. and J. Stiglitz. 1986. Externalities in Economies with Imperfect
Information and Incomplete Markets. Quarterly Journal of Economics 101, 229-

264.

[5] Gu, C., F. Mattesini and R. Wright. 2007. On the Co-essentiality of Money and

Credit. Manuscript.

%)



[6]

[11]

[12]

[13]

[14]

[15]

Gu, C., F. Mattesini, C. Monnet and R. Wright. 2007. Banking: A new monetarist

approach. Review of Economic Studies. Forthcoming.

Hu, T., J. Kennan and N. Wallace. 2009. Coalition-Proof Trade and the Friedman
Rule in the Lagos-Wright Model. Journal of Political Economy 117, 116-137.

Kocherlakota, N. 1998. Money is Memory. Journal of Economic Theory 81, 232
251.

Lagos, R. and R. Wright. 2005. A Unified Framework for Monetary Theory and
Policy Analysis. Journal of Political Economy 113(3), 463-484.

Monnet, C. and W. Roberds, 2008. Optimal pricing of payment services. Journal
of Monetary Economics, 55(8), 1428-1440.

Rocheteau, G. 2011. The Cost of Inflation: A Mechanism Design Approach. Uni-

versity of California at Irvine working paper.

Rocheteau, G. and R. Wright. 2005. Money in Search Equilibrium, in Competitive
Equilibrium, and in Competitive Search Equilibrium. Econometrica 73(1), 175-

202.

Sanches, D. and S. Williamson. 2010. Money and Credit with Limited Commit-
ment and Theft, Journal of Economic Theory, Volume 145 (2010), pp. 1525-1549.

Sanches, D. 2011. A Dynamic Model of Unsecured Credit, Journal of Economic
Theory, Volume 146 (2011), pp. 1941-1964.

Williamson, S. and R. Wright. 2010. New Monetarist Economics: Models, in Ben-

jamin Friedman and Michael Woodford, eds., Handbook of Monetary Economics.

56



	origtext.pdf
	Introduction
	Benchmark Model
	Night Market Problem
	Day Market Problem
	Banking Problem
	Equilibrium

	Welfare in competitive equilibrium
	Inflation and welfare
	Access to credit and welfare

	Welfare under optimal trading mechanism
	Inflation and welfare
	Access to credit and welfare

	Welfare with inside-money loans
	Welfare with endogenous credit constraint
	Equilibrium
	Findings

	Conclusion
	Proof of Lemma 1
	Proof of Lemma 2
	Proof of Lemma 3
	Maximization Problem of the Mechanism
	Proof of Lemma 4
	Proof of Lemma 5
	Proof of Lemma 6
	Deriving the basic results for economy 2
	Proof of Lemma 7
	Proof of Lemma 8
	Economy with Endogenous Credit Constraint




