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Abstract

We study the joint supply of public and private liquidity using a simple

macroeconomic model. In a frictionless, competitive financial market, private

intermediaries create riskless securities (safe assets) and the economy achieves

the first best. If instead equity is more costly than debt, a pecuniary external-

ity arises, financial intermediaries supply risky securities, and the economy is

vulnerable to liquidity crunches. We use our framework to revisit, in the con-

text of the modern financial system, some classic proposals on liquidity supply

(real-bills doctrine, free banking, narrow banking), comparing them with recent

interventions (asset purchases, government guarantees of intermediaries’ debt,

bailouts).
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1 Introduction

The recent financial crisis has unveiled the importance of a shadow-banking sector

that for years has been able to provide some form of money-like assets (i.e., private

money). Suddenly, transacting parties realized that several types of these money-like

assets were not completely safe because of the lack of appropriate backing in inter-

mediaries’ balance sheets. Thus, what had been acceptable to satisfy liquidity needs

became inadequate. The subsequent shortage of liquid assets produced a disruption

in the real economy and a deep recession.

Swings in the creation and destruction of private money are not just recent phe-

nomena. In addition to the 2008 meltdown, these fluctuations have characterized

almost every deep financial crisis throughout much of monetary history, with differ-

ent names given to the intermediaries and their assets and liabilities.1

Economists have long debated two questions related to the supply of liquid assets.

First, should the supply of liquidity be left to a monopolist acting under government

responsibility or run privately under competition with no regulation? And second,

which kinds of backing should the suppliers of liquidity hold?

Old and prominent theories, such as real-bills doctrine, free banking theory, and

narrow banking theory, have tried to answer to the above questions (see Sargent,

2011). This paper revisits this debate and enriches it with insights from recent

macroeconomic theory. It also compares these classic proposals to some interventions

implemented in recent times to support liquidity provision, such as central bank in-

terventions, government programs that guarantee the liabilities issued by financial

intermediaries, and capital requirements.

We propose a simple macroeconomic model to study equilibrium liquidity. A

financial friction limits the set of securities that are liquid and thus can be exchanged

for goods. We first impose this feature exogenously, and then we extend the model

to provide a microfoundation based on adverse selection. In line with the historical

evidence in Gorton (2016), riskless debt in our model (which we refer to as safe

assets) always provides liquidity, whereas risky debt (pseudo-safe assets) only does so

when not in default.2 This is a key distinction with a common approach used in the

literature. Motivated by Gorton and Pennacchi (1990), some closely related papers

use models in which only risk-free securities provide liquidity (Greenwood, Hanson,

1See Aguirre (1985) and Aguirre and Infantino (2013) for a comprehensive review on the debate.
2This is also consistent with the view of Hayek (1976) that there is no “one clearly defined thing

called ‘money’ ... different kinds of money can differ from one another in two distinct although not
wholly unrelated dimensions: acceptability (or liquidity) and the expected behaviour (stability or
variability) of its value” (Hayek, 1976, p. 57).
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and Stein, 2015; Magill, Quinzii, and Rochet, 2016; Stein, 2012).

In our model, government and private financial intermediaries can both issue debt

securities. Government debt is always safe and backed by either taxes or the earnings

on the central bank’s portfolio. Financial intermediaries back their debt by investing

in risky projects or raising equity, and are subject to a limited liability constraint.

A key implication of our framework is that the type of debt security that financial

intermediaries create – safe or pseudo safe – is endogenous and depends on frictions

in the financial sector, market competition, and government policy.

Our first step is the analysis of a model with frictionless intermediation and un-

regulated competition. In this case, financial intermediaries issue risk-free debt (safe

assets) and the equilibrium is characterized by the efficient supply of liquidity. In-

termediaries invest in risky securities and optimally choose to supply safe debt by

raising enough equity to absorb any loss on their assets. These findings are in line

with those of Hayek (1976) and other extreme theories of free banking that emphasize

the social benefits of deregulation.

As a second step, we introduce a friction in the financial sector by assuming that

raising equity is relatively more costly than issuing debt. This is motivated by a long

strand of literature that has pointed out that financial intermediaries face substantial

costs in issuing equity (e.g., Bolton and Freixas, 2000; Calomiris and Wilson, 2004).

With costly equity issuance, pseudo-safe debt (i.e., debt that is defaulted on in

bad states) is always supplied in equilibrium. Issuing pseudo-safe debt allows finan-

cial intermediaries to save on the equity issuance cost. The logic is similar to that in

Geanakoplos (1997, 2003) in which the possibility of default is a way to economize on

scarce and costly collateral. In comparison to the frictionless benchmark model, the

equilibrium outcome is unchanged in good states in which the return on intermedi-

aries’ assets is high and, thus, pseudo-safe securities do not default. However, in bad

states, pseudo-safe securities default and therefore there is a shortage of liquidity. In

addition, depending on policy and parameters, some safe debt might also be supplied;

this debt is always liquid and, thus, trades at a premium because of the shortage of

liquidity in bad states.

With respect to efficiency, the welfare of the laissez-faire equilibrium is at the

first-best level in the model with frictionless intermediation and lower in the model

with costly equity issuance. Moreover, the equilibrium of the second model is generi-

cally constrained inefficient because of a pecuniary externality. The externality arises

because each intermediary neglects the effects of its own debt issuance decision on the

total cost of equity paid at the economy-wide level. Higher debt issuance decreases
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the liquidity premium, which in turn may require other intermediaries to issue more

equity to back the supply of safe private debt.3 The mechanics and consequences of

the externality in our model are very different from other models with private money

creation, such as Stein (2012).4 In that model, the externality is related to fire sales

and intermediaries issue only safe, riskless securities, implying an overissuance of this

type of debt. In our model, the externality is related to liquidity premia and gives

rise to an overissuance of pseudo-safe securities (i.e., risky securities). In this sense,

our model is consistent with the narrative of the run-up to the 2008 financial crisis.

At that time, the supply of AAA asset-backed securities (i.e., pseudo-safe securities)

was very high and such securities were widely used as collateral for repo transac-

tions, representing an important source of liquidity for many players in the economy.

These securities, though, were not as safe as Treasury securities or other government-

guaranteed assets (i.e., truly safe assets). When the financial crisis erupted, AAA

asset-backed securities lost their liquidity value, causing substantial distress.

The last step of the analysis addresses the questions that motivate our paper,

namely, the role of public versus private liquidity and the backing of liquid assets.

In the model with frictionless intermediation, welfare is at the first-best, level

and thus policy interventions have no benefits and only possible shortcomings. For

instance, there is no need to restrict the assets that intermediaries hold, as in the

real-bills doctrine or in Friedman’s (1960, ch. 4) proposal of narrow banking that

prescribes a 100% reserve requirement.5 In particular, under narrow banking, liquid-

ity is de facto determined by the supply of the central bank’s reserve. As a result,

welfare would be the same as in the laissez-faire equilibrium if the government is

benevolent, and lower if the government restricts the supply of liquidity to drive up

the liquidity premium and extract rents.6

In contrast to the baseline model with frictionless intermediation, the cost of

issuing equity opens up a role for the government to improve upon laissez-faire. A

tax on intermediaries’ debt eliminates the externality and restores welfare to the

constrained-efficient level, but in general, welfare will nonetheless be below the first

3Hollifield and Zetlin-Jones (2017) identify a similar externality that acts through the liquidity
premia. Unlike our paper, the externality distorts the choice of maturity transformation.

4The result of Stein (2012) is in turn related to Lorenzoni (2008).
5Under the real-bills doctrine, assets of intermediaries must be free of risk (“real bills”) to guar-

antee the safety of liabilities and satisfy the liquidity needs of the economy.
6In the words of Hayek, monopoly “prevents the discovery of better methods of satisfying a need

for which a monopolist has no incentive” (Hayek, 1976, p. 28). In our context, the “need” is the
efficient supply of liquidity, the “incentive” of a monopolist is to reduce the provision of liquidity to
earn rents, and the “discovery of better methods” is private money creation.
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best. In contrast, policies that alter the supply of public liquidity reestablish the first

best even in the presence of frictions related to equity issuance. In particular, we study

government provision of public liquidity and government guarantees of intermediaries’

debt (i.e., deposit insurance). We acknowledge that these policies might not increase

welfare all the way to the first best in more general models, but we argue that the

logic of our results and the spirit of our exercises are robust to extensions.

Government provision of public liquidity can improve laissez-faire and achieve

the first best, provided that government securities are appropriately backed. If fiscal

capacity is large, the government can simply use taxes to back debt. If instead fiscal

capacity is limited, the government can purchase pseudo-safe securities created by

private intermediaries (either directly or through the central bank) and use them to

back its debt. That is, the return received on private pseudo-safe securities provides

a stream of revenues, which in turn is used to pay interest on public debt.7 In this

case, a sufficiently large fiscal capacity is only needed in the bad states in which

private debt is defaulted on. Although richer models may impose some limit on

government purchases of risky debt (say, by emphasizing costs of default or moral

hazard arguments), our analysis suggests that some increase in the central bank’s

balance sheet through the purchase of private debt might still be optimal even in

normal times.

Deposit insurance allows the economy to achieve the first best as well. Under this

policy, the debt of private intermediaries is riskless and thus provides the efficient

supply of liquidity, similar to the baseline model with frictionless intermediation.

The fiscal capacity required to pay for the insurance in bad states is the same as

under the policy of government purchases of pseudo-safe securities. This is because

the consolidated balance sheet of all the agents that supply liquidity (i.e., government

and financial intermediaries) is identical under the two policies. It is thus irrelevant, in

the sense of Wallace (1981), whether the government supports liquidity with deposit

insurance or direct purchases of pseudo-safe securities. This result provides a novel

insight into the analysis of government policies that support liquidity.

Finally, we study capital requirements. This policy is a natural candidate in

models in which intermediaries issue too much risky debt and their default reduces

the availability of liquid assets. We consider an extreme form of capital requirement

that forces all intermediaries to issue risk-free debt and show that it always reduces

welfare with respect to laissez-faire. Our objective is to warn against the negative

7If the central bank buys only Treasury bills and issues interest-bearing reserves, the overall
government supply of liquidity remains unchanged, and its backing is only provided by taxes.
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effect on liquidity of very aggressive capital requirements (e.g., Admati and Hellwig,

2013, and Kashkari, 2016), even though more moderate capital requirements are likely

needed in practice.

To sum up, we provide a unifying analysis of three key policies implemented in

response to the 2008 financial crisis: central bank’s asset purchases and expansion of

the public liquidity provision, government guarantees of private money, and capital

requirements. In addition to interventions during acute crisis times, our results sug-

gest that a somewhat larger central bank’s balance sheet is useful even during normal

times if private intermediation alone cannot fulfill the liquidity needs of the economy.

1.1 Related literature

Our analysis complements a recent literature that has studied the role of liquidity

in macro models with financial intermediaries. Examples include Bianchi and Bigio

(2016), Bigio (2015), Gertler and Kiyotaki (2010), Moreira and Savov (2016), and

Quadrini (2014). In Bigio (2015), entrepreneurs obtain liquidity by selling capital, but

asymmetric information makes this process costly. In our model, liquidity creation is

affected by the equity issuance cost, but we also appeal to asymmetric information

when we microfound the degree of acceptability of private money. In Moreira and

Savov (2016), the liquidity transformation of the banking sector produces both safe

and pseudo-safe securities. However, the main objective of their analysis is to study

the macroeconomic consequences of shortages of liquidity due to uncertainty shocks.

In Quadrini (2014), intermediaries’ liabilities play an insurance role for entrepreneurs

subject to idiosyncratic productivity shocks.

With respect to the above literature, the novelty of our paper is to analyze the

coexistence between private and public liquidity and the advantage of one form of

liquidity over the other in terms of efficiency. A related paper by Sargent and Wallace

(1982) compares the real-bills doctrine with the quantity theory of money in an

overlapping generations model.8 However, the tension they emphasize is between

achieving efficiency in the supply of inside money versus stabilizing the price level,

and thus their focus differs from ours.

Our paper is also related to the New Monetarist literature that studies liquidity.

In our model, agents have quasi-linear preferences and have periodic access to a cen-

tralized market with no frictions, as in Lagos and Wright (2005), and, in the baseline

model, pricing is competitive, as in Rocheteau and Wright (2005). We also include in-

8Bullard and Smith (2003) also use an overlapping generations model to study the role of outside
and inside money in achieving efficiency.
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termediaries that invest in risky Lucas trees and are financed with equity and private

money. The key novelties of our framework are the endogenous risk and endogenous

relative supply of safe and pseudo-safe private money, which in turn affect liquid-

ity and give rise to a novel externality, and the policy analyses of Sections 5.2-5.4.

Nonetheless, our framework has several connections to this literature. Geromichalos

et al. (2007) and Lagos and Rocheteau (2008) include riskless Lucas trees that can

be used directly as a means of payment, and Lagos (2010) extends it to the case with

aggregate risk.9 In our model, Lucas trees provide liquidity indirectly by backing

private money so that policies and frictions in the financial sector affect the amount

of trees used as backing. Williamson (2012) studies the coexistence between public

liquidity and private money issued by intermediaries. In his model, aggregate risk

is absent and idiosyncratic risk can be diversified away, so that intermediaries are

always solvent even if they issue no equity and their private money is riskless. In con-

trast, we include aggregate risk, equity issuance, and intermediaries’ default. These

elements have non-negligible interactions with the riskiness and liquidity of private

money combined with policy.10 Andolfatto et al. (2016) analyze a model in which

intermediaries use physical capital to back the issuance of claims that are always

liquid. Their objective is to study the optimal rate of inflation, and thus their focus

differs from ours. Finally, in our policy analysis, the government faces a limit on the

amount of taxes that it can raise, in the spirit of Andolfatto (2010, 2013) and Hu et

al. (2009).

To microfound the degree of acceptability of securities for payment, we combine

asymmetric information about private money (as in Bolton et al., 2009 and 2011;

Dang et al., 2015; Gorton and Ordonez, 2013 and 2014; and Rocheteau, 2011) with

costly disclosure (as in Alvarez and Barlevy, 2015; and Rocheteau and Rodriguez-

Lopez, 2014). The key differences with these papers are that intermediaries jointly

choose their equity and whether or not to disclose information about their own balance

sheets (which in turn determine the risk and liquidity of the private money they issue)

and that we derive these results in a general equilibrium model with endogenous

default (giving rise to an externality related to liquidity premia).

The banking literature is rich with models that analyze liquidity creation in the

spirit of the seminal contribution of Gorton and Pennacchi (1990).11 The closest

9Hu and Rocheteau (2013, 2015) also include capital in a monetary search model, but their focus
is on the optimal mechanism to split the surplus in bilateral meetings.

10The model of Williamson (2012) is richer than ours in other dimensions that we abstract from.
He studies banks as providers of liquidity risk in the spirit of Diamond and Dybvig (1983), the usage
of money for illegal activities, and the implications for optimal inflation.

11See also Dang et al. (2017) and Gu et al. (2013) for other approaches in which banks that
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papers are Greenwood, Hanson, and Stein (2015) and Magill, Quinzii, and Rochet

(2016).12 These works assume that liquidity services are provided only by risk-free

securities, whereas in our framework, risky securities can also be liquid. As a result,

our model can study the determination of the liquidity and risk properties of private

debt jointly as a function of the characteristics of financial intermediaries and the

policy environment. In addition, there are some other important differences with

respect to the above two papers. In Magill, Quinzii, and Rochet (2016), only private

debt can provide liquidity services and, therefore, the focus of their analysis is to

study how government policies can enhance the supply of private liquidity. In our

model, instead, government debt also has liquidity value. Despite these differences,

both models predict that the central bank can achieve the first best by issuing safe

securities and backing them by purchasing risky assets. In our model, this is a

consequence of the direct liquidity role of public debt, whereas in their context it

is a way to increase the funds channeled to investments. In Greenwood, Hanson,

and Stein (2015), government short-term debt has liquidity value, whereas long-term

debt does not; however, short-term debt entails refinancing risk. Nevertheless, tilting

the maturity structure by overissuing short-term government debt is optimal. More

short-term government debt lowers the liquidity premium on liquid assets, which

in turn reduces a fire-sale externality related to private money creation.13 In our

context, public liquidity also overcome a negative externality, but the inefficiency is

related to a link between liquidity premia and equity issuance costs rather than fire

sales. Moreover, we consider a broader set of government policies: provision of public

liquidity backed by the central bank’s earnings on its portfolio of assets, government

guarantees of private money, and capital requirements.

Some recent papers that study the structure of the financial sector assume that

risky debt can have a liquidity premium, similar to our model, but they abstract

from public liquidity. In Gennaioli et al. (2012), investors perceive debt to be risk

free because of a behavioral assumption. In Gale and Gottardi (2017) and Gale

and Yorulmazer (2016), intermediaries’ liquidity creation trades off the benefit of a

liquidity premium on deposits with costs of default.

Finally, our work is also motivated by the recent literature spurred by the work

of Caballero (2006) that emphasizes the shortage of safe assets as a key determinant

supply safe, liquid assets emerge endogenously.
12See also Li (2017), who studies private money creation in a continuous-time model that generates

a rich set of predictions about the cyclicality of banks’ leverage and of liquidity premia.
13Woodford (2016) also argues that quantitative-easing policies can mitigate incentives for risk

taking of private intermediaries by reducing the liquidity premia in the economy.
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of the imbalances of the global economy. Examples include Caballero and Farhi

(2016), Caballero and Simsek (2017), and Farhi and Maggiori (2016). As in Caballero

and Farhi (2016), we stress the importance of fiscal capacity for the supply of safe

government securities and, in general, the role of other forms of backing (assets,

equity) as the primary source of liquidity creation.

The rest of this paper is organized as follows. Section 2 presents the model with

frictionless intermediation and unregulated competition, and Section 3 discusses the

equilibrium. Section 4 studies the implications of an equity issuance cost. Section 5

discusses the role of government intervention in improving upon the laissez-faire equi-

librium of Section 4. Section 6 offers a microfoundation for the degree of acceptability

and liquidity of securities based on asymmetric information. Section 7 concludes.

2 Model

We present a simple infinite-horizon, stochastic, general equilibrium model in which

we show all our results analytically. The economy features three sets of actors: house-

holds, financial intermediaries, and a government.

The model combines a fixed supply of capital that produces a stochastic output

(Lucas tree) with a liquidity constraint that restricts the type of assets that can be

used to finance some consumption expenditure. Households and financial intermedi-

aries have the same ability to invest in the productive asset. Liquidity services are

provided by riskless debt securities (safe assets) and, to a lesser extent, by risky debt

securities (pseudo-safe assets). Debt securities can be issued by the government and

by financial intermediaries. We explain the liquidity properties of pseudo-safe assets

in more detail in Section 2.2.

2.1 Production

In a generic period t, output Yt is produced by a fixed amount of capital, K, according

to the production function Yt = AtK. The variable At denotes aggregate productivity

and is the only exogenous disturbance in the model. For simplicity, there are two

states of nature, h and l, that are related to the realization of At:

At =

Ah with probability 1− π

Al with probability π
(1)

so that At is i.i.d. over time; let A ≡ (1 − π)Ah + πAl. Capital K can be held

by both households and financial intermediaries. We denote KH
t and KI

t to be the
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stock of capital held by households and financial intermediaries, respectively, so that

KH
t +KI

t = K.

Output is purchased and consumed by households in two distinct markets that

open sequentially during period t. In the first subperiod, households purchase Ct sub-

ject to a liquidity constraint (see next section); in the second subperiod, households

purchase Xt. Output Yt can be sold in both subperiods, so that Yt = Ct + Xt. This

setting can also be described as a cash-credit model à la Lucas and Stokey (1987),

where Ct is the cash good and Xt is the credit good. Since output Yt can be sold in

both submarkets, the price of Ct and Xt is the same and denoted by Pt.
14

The nominal return on capital iKt is defined by

1 + iKt ≡
QK
t + PtAt
QK
t−1

, (2)

where the payoff is given by the price of capital, QK
t , and the nominal proceeds

from selling goods, PtAt. Accordingly, the nominal return on capital is high or low

depending on the state of nature: iKt = iKh if At = Ah, and iKt = iKl if At = Al. In

the rest of the paper, we use a similar notation and replace the time subscript with

h or l to distinguish between the value of a variable in the high and low state.15

2.2 Households

Households are infinitely lived and have the following preferences:

E0

∞∑
t=0

βt [lnCt +Xt] , (3)

where E0 is the expectation operator at time 0 and β is the intertemporal discount

factor with 0 < β < 1. The variables Ct and Xt denote consumption of the same

good but during different subperiods within period t: Ct is consumed in the first

subperiod, Xt in the second.16

A financial friction restricts which securities can be used to purchase consumption

goods Ct in the first subperiod. First, we assume that only debt can provide liquidity

services, whereas other securities such as equity cannot. Second, in each state of

nature, a debt security is liquid only if it is not defaulted on in that state. In Section

6, we provide an extension of our model in which we relax this second assumption

14This result is the same as in Lucas and Stokey (1987).
15Because capital is in fixed supply and At is i.i.d., the history of shocks up to time t− 1 does not

affect the equilibrium.
16We use a structure of preferences similar to Lagos and Wright (2005). We also share with Lagos

and Wright (2005) and other New Monetarist models a key assumption: namely, the inability of the
buyer to commit to settle payments after a transaction has taken place (i.e., to buy using credit).

9



and allow in principle all debt securities to be traded in exchange for goods in the

first subperiod. Nonetheless, we show that defaulted debt securities are endogenously

not accepted for transactions in this first subperiod because of information frictions.

There are two classes of debt securities: publicly issued securities Bt, which have

the interpretation of Treasury debt or interest-bearing central bank reserves, and

financial intermediaries’ debt (i.e., private money). In our model, there are multiple

types of intermediaries’ debt indexed by j ∈ J , where J is the set of debt contracts

that can be issued by intermediaries. Each type of debt j ∈ J is associated with a

state-contingent default rate χt(j) ∈ [0, 1]; that is, the payoff at time t of security j

issued at time t− 1 is 1−χh(j) and 1−χl(j) in the high and low state, respectively,

where the subscripts h and l refer to the realization of aggregate productivity. The

quantity of debt of type j is denoted by Dt(j).
17

Our approach to modeling the debt contracts issued by intermediaries is similar

to that of general equilibrium models with endogenous default, such as Geanako-

plos (1997, 2003) and Geanakoplos and Zame (2002, 2014). That is, the set J
includes infinitely many types of debt securities – one for each vector of default rate

(χh(j), χl(j)) ∈ [0, 1]× [0, 1] – but only a subset of such securities will be supplied and

traded in equilibrium. Indeed, a key aspect of our model is that financial intermedi-

aries can choose which type of security to provide. For future reference, we further

group the securities in J into three broad categories: safe securities, which are never

defaulted (χh(j) = χl(j) = 0); pseudo-safe securities, which are defaulted on only in

the low state (χh(j) = 0 and χl(j) > 0); and unsafe securities, which are defaulted

on in both the high and low state (χh(j), χl(j) > 0).

We now formalize the liquidity constraint, and then we comment further on our

assumptions. In the first subperiod, households’ consumption expenditure is subject

to

PtCt ≤ Bt−1 +

∫
j∈J

(1− It(j))Dt−1(j)dj, (4)

where It(j) is an indicator function related to the assumption, discussed above, that

security j provides liquidity services only if the security is not defaulted on when used

for transactions. That is, It(j) takes the value of one if the security j is defaulted

on at time t (i.e., It(j) = 1 if χt(j) > 0), and zero otherwise. Thus, security j

can be used to purchase Ct only if It(j) = 0; we provide a microfoundation for this

17To further clarify the notation, note that the index j identifies the default rate of a security,
rather than the intermediary issuing it. As a result, a security of type j can be supplied by more
than one intermediary and potentially by infinitely many.
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assumption in Section 6. In principle, government debt Bt−1 can also lose liquidity if

the government defaults. However, the government is always solvent in equilibrium,

as we explain in Section 2.4.18

It is worth emphasizing that the constraint (4) captures the special properties

that some debt securities have in the modern financial system because they provide

liquidity services. These securities have been broadly labeled “safe assets,” and a

recent literature has modeled them as riskless (see, among others, Caballero and

Fahri, 2016; Fahri and Maggiori, 2016; Diamond, 2016; Magill, Quinzii, and Rochet,

2016; Stein, 2012; Woodford, 2016). However, as discussed by Gorton (2016), the

historical evidence shows that debt securities that provide liquidity services are not

necessarily risk free. We capture this fact by allowing risky debt securities (i.e.,

pseudo-safe assets) to provide liquidity services as long as they are not in default. In

some countries such as the U.S. and the U.K., these risky and liquid securities have

been issued by private intermediaries, whereas government debt has been essentially

risk free. Moreover, throughout the history of financial systems, these private debt

securities have taken the form of goldsmith notes, bills of exchange, bank notes,

demand deposits, certificates of deposit, commercial paper, money market mutual

fund shares, and securitized AAA debt.19

We now turn to characterize the second-subperiod budget constraint. Households

choose consumption goods, Xt, and make portfolio decisions regarding intermediaries’

debt, Dt(j) for each j, government bonds, Bt, capital, KH
t , and net worth of financial

intermediaries, Nt(j) for each j (the variable Nt(j) denotes the amount of net worth

issued by an intermediary that supplies security j). Their budget constraint is

PtXt +QB
t Bt +

∫
j∈J

QD
t (j)Dt(j)dj +QK

t K
H
t +

∫
j∈J

Nt(j)dj ≤ Wt − PtTt, (5)

where QB
t , QD

t (j), and QK
t are the nominal prices of government bonds, private debt

of type j, and capital, respectively; Wt is the nominal wealth of households at the

beginning of the second subperiod; and Tt are real lump-sum taxes. Wealth Wt is

18Our assumption that Bt−1 provides liquidity services is in line with the empirical evidence
of Krishnamurthy and Vissing-Jorgensen (2012), who document a positive liquidity premium on
government debt. Moreover, our assumption of perfect substitution between the liquidity provided
by Bt−1 and private intermediaries’ debt Dt−1(j) (as long as It(j) = 0) is motivated by the results
of Nagel (2014), who estimates a high elasticity of substitution between public and private liquidity.

19Some recent changes in the money market mutual funds (MMMFs) industry are in line with our
assumption that only debt with fixed face value has a special liquidity role, whereas other securities
such as equity do not. Chen et al. (2017) document a large drop in the demand for some classes of
MMMFs (i.e., prime and muni institutional MMMFs) that must now compute their net asset values
based on market valuations, rather than keeping them fixed at $1 per share.
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given by

Wt = QK
t−1K

H
t−1

(
1 + iKt

)
+

∫
j∈J

Nt−1(j)[1+iNt (j)]dj+Bt−1+

∫
j∈J

[1−χt(j)]Dt−1(j)dj−PtCt.

Households’ wealth Wt depends on three components: (i) capital bought in t − 1,

KH
t−1, plus a nominal return, iKt ; (ii) dividends from holding equity in financial in-

termediaries, Nt−1(j)
(
1 + iNt (j)

)
, for each j ∈ J ; and (iii) debt securities minus

consumption expenditure in the first subperiod, where debt securities include govern-

ment debt, Bt−1, and intermediaries’ debt net of possible default, [1− χt(j)]Dt−1(j)

for each j ∈ J .

To define the return on net worth, note that, by investing Nt−1(j) into financial

intermediaries supplying the security of type j, households are entitled to receive a

share of dividends ΠD
t (j) from the intermediaries.20 Accordingly, the return on net

worth iNt (j) is implicitly defined by

Nt−1(j)
[
1 + iNt (j)

]
= ΠD

t (j). (6)

Consumption and portfolio choices are implied by the maximization of (3) under

the constraints (4) and (5) and an appropriate borrowing-limit condition. Households

are risk-averse in the consumption of Ct but risk-neutral in the consumption of Xt.

This quasi-linear utility simplifies the problem of households because the marginal

utility of wealth is just given by λt = 1/Pt, where λt is the Lagrange multiplier of

the budget constraint (5). Thus, the optimality conditions for the demand of capital

and the supply of net worth are

1 = βEt

{
Pt
Pt+1

(
1 + iKt+1

)}
, (7)

1 = βEt

{
Pt
Pt+1

(
1 + iNt+1(j

)
)

}
for each j ∈ J . (8)

A further implication of the utility function is that the demand for goods in the first

subperiod is

Ct =
1

1 + µt
, (9)

where µt/Pt is the Lagrange multiplier associated with the constraint (4). Since

µt ≥ 0, thus Ct ≤ 1 and at the first best Ct = 1. The first-best allocation follows

from the fact that the marginal utility of consumption of Xt in the second subperiod

is one, whereas the marginal utility of consumption in the first subperiod is 1/Ct.

20The return on net worth invested in intermediaries depends only on dividends and does not
include any capital gain because intermediaries live for only two periods, as we detail in Section 2.3.
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Since the price of Ct and Xt is the same, the first best is achieved by Ct = 1.

To conclude the characterization of the household’s problem, we derive the de-

mand for government debt and intermediaries’ debt. This demand is affected by the

liquidity value provided by these assets, captured by the Lagrange multiplier µt+1 of

the constraint (4):

QB
t = βEt

{
Pt
Pt+1

(1 + µt+1)

}
, (10)

QD
t (j) = βEt

{
Pt
Pt+1

[1− χt+1(j) + (1− It+1(j))µt+1]

}
(11)

for each j ∈ J .21 Private debt Dt(j) provides liquidity services, captured by the

variable µt+1 if positive, only when it is not defaulted on, It+1(j) = 0. An implication

of (10) and (11) is that QB
t ≥ QD

t (j), with strict inequality when intermediaries’ debt

defaults in some contingency. Crucially, liquidity services provide benefits not only

to households but also to the issuer of the debt security because they lower borrowing

costs. We return to this point later in the analysis.

Finally, a transversality condition applies imposing an appropriate limit on the

rate of growth of assets held by households:

lim
τ→∞

βτ

Pt+τ

QB
t+τBt+τ +

∫
j∈J

QD
t+τ (j)Dt+τ (j)dj +QK

t+τK
H
t+τ +

∫
j∈J

Nt+τ (j)dj

 = 0.

(12)

Equation (12) holds almost surely, looking forward from each time t and in each

contingency at time t.

2.3 Financial intermediaries

We make the simplifying assumption that financial intermediaries live for only two

periods in an overlapping way. There is an infinite number of small financial inter-

mediaries that can choose the type of debt security j ∈ J that they want to issue.

Since intermediaries are small and thus marginal with respect to the supply of each

j ∈ J , they take prices QD
t (j) as given. Without loss of generality, we assume that

each intermediary can supply only one type of security j, although a given security

can be supplied by infinitely many intermediaries.

The price QD
t (j) reflects the default characteristics of security j, captured by the

state-contingent default rate χt+1(j). Default on debt can arise in our model because

intermediaries are subject to a limited liability constraint, which is modeled as a non-

21See, in particular, Lagos (2011) on how the liquidity value of securities affects standard asset-
pricing conditions.
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negativity constraint on their profits in the second period of their life. This constraint

captures the limited backing that typically characterizes the supply of private money.

Intermediaries’ shareholders do not accept negative dividends or, equivalently, cannot

commit to infusing additional equity if the return on intermediaries’ assets is too low.

Therefore, default depends on the relative size of equity and debt initially issued by

the intermediary (that is, its leverage). Next, we show that intermediaries’ choice of

which security j to issue, and thus of χt+1(j), is equivalent to choosing the level of

leverage at which they start their activity. To this end, we first define the budget

constraint of intermediaries in period t and their profits in t+ 1.22

The intermediary collects funds by issuing debt Dt(j) and raising net worth Nt(j).

Debt is issued in the form of one-period zero-coupon bonds with price QD
t (j). The

intermediary invests these resources into capital KI
t (j) at price QK

t given the budget

constraint:

QK
t K

I
t (j) = QD

t (j)Dt(j) +Nt(j). (13)

In the following period t+ 1, gross profits Πt+1(j) are given by

Πt+1(j) =
(
1 + iKt+1

)
QK
t K

I
t (j)− [1− χt+1(j)]Dt(j) , (14)

reflecting the return on capital and the cost of repaying debt.

Limited liability of intermediaries is modeled as a non-negativity constraint on

profits in period t + 1, Πt+1(j) ≥ 0. We next show that this constraint is the rel-

evant condition that determines the initial leverage ratio of intermediaries. Using

the definition of profits, (14), and the budget constraint of intermediaries, (13), the

non-negativity constraint Πt+1(j) ≥ 0 implies the following inequality for leverage:

Nt(j)

Dt(j)
≥ 1− χt+1(j)

1 + iKt+1

−QD
t (j), (15)

to be satisfied at each contingency at time t+1 and with equality when χt+1(j) > 0.23

To clarify the role of (15), consider, for example, a security that is never defaulted

on, χl(j) = χh(j) = 0. In this case, (15) implies that

Nt(j)

Dt(j)
≥ max

{
1

(1 + iKl )
,

1

(1 + iKh )

}
−QD

t (j)

=
1

(1 + iKl )
−QD

t (j).

22We assume that intermediaries cannot abscond with assets, which ensures that intermediaries
issuing security j indeed have a default rate given by χt+1(j). Alternatively, we could assume that
intermediaries issuing security j have the ability to commit to the default rate χt+1(j).

23When χt+1(j) > 0, the limited liability constraint is binding and there is one-to-one correspon-
dence between χt+1(j) and Nt(j)/Dt(j).
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If the measure of leverage Nt(j)/Dt(j) satisfies the above condition, intermediaries

are indeed solvent in all states in t + 1. Consider, instead, a generic pseudo-safe

security j – that is, a security with default rates χh(j) = 0 and χl(j) > 0. In state l,

the security is defaulted on and thus (15) holds with equality, implying that

Nt(j)

Dt(j)
=

1− χl(j)
1 + iKl

−QD
t (j).

Indeed, if the intermediary chooses the above leverage ratio, it defaults at a rate χl(j)

in state l, whereas it is solvent in state h.

We can now characterize the decision problem of intermediaries using a two-step

procedure. In the first stage, intermediaries choose the type of security j ∈ J to issue

with default characteristic χt+1(j) and the appropriate leverage ratio. In the second

stage, they choose how much physical capital to hold and how much debt and net

worth to issue, given the leverage ratio. We now analyze this problem by proceeding

backward.

Consider an intermediary that has decided to issue security j. Its objective is

to maximize expected discounted rents, Rt(j), that is, the difference between profits

Πt+1(j) and dividends ΠD
t+1(j):

Rt(j) ≡ Et

{
β
Pt
Pt+1

(Πt+1(j)− ΠD
t+1(j))

}
.

Using equations (6)-(8), (13), and (14), we can rewrite Rt(j) as

Rt(j) = QD
t (j)Dt(j)− βEt

{
Pt
Pt+1

[1− χt+1(j)]

}
Dt(j). (16)

Expected discounted rents are the difference between the resources that the interme-

diary collects by issuing debt, QD
t (j)Dt(j), and the present discounted value of the

expected repayments to debt holders. The intermediary chooses Dt(j) to maximize

(16) taking as given the leverage ratio Nt(j)/Dt(j) defined by (15) and therefore the

default rate χt+1(j). The intermediary is willing to supply Dt(j) > 0 provided that

the price of security j exceeds the expected discounted repayment:

QD
t (j) ≥ βEt

{
Pt
Pt+1

[1− χt+1(j)]

}
. (17)

Otherwise, if (17) does not hold, the intermediary chooses Dt(j) = 0. As a result,

intermediaries’ expected rents are non-negative at the optimum, Rt(j) ≥ 0. To

complete the intermediary’s problem, we go back to the first stage where the type of
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security to supply is decided. Intermediaries choose security j if and only if

Rt(j) = max
j′∈J
Rt(j

′), (18)

taking into account prices QD
t (j′), the default characteristics χt+1(j′), and the optimal

choices Dt(j
′), Nt(j

′), Kt(j
′) for all other securities j′ ∈ J .

2.4 Government

The government includes both the Treasury and the central bank. For expositional

simplicity, here we consider the simple case in which the balance sheet of the gov-

ernment is composed of only liabilities: short-term zero-coupon bonds Bt, which can

be interpreted as Treasury debt or the central bank’s reserves. Later, we discuss the

case in which the government invests in privately issued securities, possibly through

the central bank.

The liabilities of the government, Bt, are free of risk because they are different

from the liabilities of other agents in the economy. If Bt is interpreted as the central

bank’s reserves, then Bt defines the unit of account of the monetary system and is

thus free of risk by definition; that is, the central bank can repay its liabilities by

“printing” new reserves.24 If Bt is instead interpreted as Treasury debt, there could

be in principle a risk of default. However, we assume that the Treasury is implicitly

backed by the central bank so that Treasury debt is riskless as well.25

At time t− 1, the government has to pay back Bt−1 using newly issued securities

Bt at the price QB
t and collecting real lump-sum taxes Tt at the price Pt. Therefore,

its flow budget constraint is

Bt−1 = QB
t Bt + PtTt.

Iterating forward the last expression, combining it with (10), and defining Qf
t ≡

βEt {Pt/Pt+1} to be the price of a fictitious risk-free bond that does not provide

liquidity services, we get26

Bt−1

Pt
= Et

{
∞∑
τ=0

βτ
(
Tt+τ + (QB

t+τ −Q
f
t+τ )

Bt+τ

Pt+τ

)}
. (19)

In equilibrium, the real value of outstanding government debt Bt−1/Pt has to be

24See Woodford (2000, 2001).
25Our analysis relies on the fact that Bt is not defaulted on in equilibrium; that is, our results are

unchanged under different monetary-fiscal regimes, as long as Bt is free of risk in equilibrium.
26We also use (12), (13), the market clearing condition for capital, and the fact that

we focus on stationary equilibria to obtain that the terminal value of debt is zero:
limτ→∞ βτEt

{
QBt+τBt+τ/Pt+τ

}
= 0.
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equal to the sum of the present discounted value of real taxes, the first term on the

right-hand side of 19, and the liquidity premia on outstanding debt, as reflected in

the second term on the right-hand side. Liquidity premia lower the cost of borrowing

and enhance the ability to repay debt; this effect is captured by a positive difference

between the price of bonds and that of similar risk-free but illiquid securities.

The government chooses the path of two policy instruments, nominal debt and real

taxes {Bt, Tt}+∞
t=0 , given an initial condition B−1. To simplify our analysis, we restrict

attention to a policy of constant taxes, Tt = (1−β)T , and constant government debt,

Bt = B. We defer the analysis of more general government policies to Section 5.

Under the assumption that nominal debt and taxes are constant, (19) implies that

the price level is constant and thus the real value of government debt is constant as

well. This result follows from the combination of constant government policy with

the i.i.d. assumption about the aggregate shock At, and is formalized by the next

lemma.

Lemma 1 If the government sets Bt = B and Tt = (1 − β)T for all t, the price

level and the real value of government debt are constant and given by P = B/T and

B/P = T , respectively, where

T =
(1− β)T

1− β − β [(1− π)µh + πµl]
, (20)

and in which µh and µl are the state-contingent multipliers of the liquidity constraint

with the subscript h and l denoting the high and low state, respectively.

Lemma 1 shows that the measure of “adjusted” taxes T summarizes the contri-

bution of taxes T and the liquidity premia (through the Lagrange multipliers µh and

µl) in determining the price level and the supply of real public liquidity B/P .

Finally, even if we have not solved for the equilibrium yet, we can study the

conditions on government policies under which public money B/P is sufficient to

satisfy the liquidity need of the economy. When such conditions are not met, a role

for private money issued by financial intermediaries opens up.

Lemma 2 If no private money exists (i.e., Dt(j) = 0 for all j and all t), the demand

for liquidity is satiated, and the liquidity premium is driven to zero (i.e., µh = µl = 0)

if and only if T ≥ 1 or, equivalently, if and only if T ≥ 1.

If taxes are high and, more precisely, T ≥ 1, the government can back a large

supply of public money in real terms, that is, a large B/P . With such a large supply
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of public money, the households’ demand for liquidity is satiated and thus liquidity

premia are zero (i.e., µh = µl = 0) because consumption is at the first best, even

if there is no private money. Driving liquidity premia to zero corresponds to the

Friedman rule, as we discuss extensively in Section 5. If instead taxes are low, T < 1,

there is a role for private money, as we discuss in the rest of the paper.

An appealing feature of our model is that the condition under which public money

satiates the liquidity needs can be stated equivalently in terms of the primitive taxes

T or the “adjusted” taxes T , as noted in Lemma 2. This result follows directly from

plugging T ≥ 1 and the results of Lemma 2 into equation (20). In the rest of the

paper, we exploit this equivalence and, for convenience, work with adjusted taxes T

rather than primitive taxes T .

3 Equilibrium with frictionless intermediation

We have already characterized some equilibrium results, namely that the price level

is constant given the monetary-fiscal policy regime. Using this result, the demand of

capital (7), together with (2), implies a constant real price and a constant nominal

return on capital:

QK

P
=

β

1− β
A, 1 + iKt =

βA+ (1− β)At
βA

.

Note that real and nominal returns on capital are equal since prices are constant.

Denoting rKh and rKl to be the real returns on capital, respectively, in the high and

low states, then

1 + rKh ≡
βA+ (1− β)Ah

βA
, 1 + rKl ≡

βA+ (1− β)Al
βA

. (21)

The following set of equations determines the remaining variables. The liquidity

constraint (4) evaluated at Bt = B and Pt = P simplifies to

B +

∫
j∈J

(1− It(j))Dt−1(j)dj ≥ PCt, (22)

with equality whenever µt > 0, and the first-order condition in (9) relates consump-

tion in the first subperiod with the Lagrange multiplier µt. With constant prices, the

demand for government bonds (10) implies the following relationship between bonds’

prices QB
t and the Lagrange multiplier µt:

QB
t = βEt {1 + µt+1} . (23)

18



The demand for private debt (11) simplifies to

QD
t (j) = βEt {1− χt+1(j) + [1− It+1(j)]µt+1} (24)

for each security j ∈ J .

We denote Et⊆ J to be the subset of the securities that are supplied in equilibrium

at time t (i.e., with Dt(j) > 0). In equilibrium, j ∈ Et if and only if (18) holds. As

shown in the previous section, intermediaries’ optimality conditions imply that rents

are non-negative for all these securities (i.e., Rt(j) ≥ 0 for each j ∈ Et). Moreover,

free entry eliminates all rents, and therefore Rt(j) = 0 for each j ∈ Et. Thus, we can

combine supply and demand of private debt, (17) evaluated at constant prices and

(24), obtaining

Et {[1− It+1(j)]µt+1} = 0 (25)

for each j ∈ Et. Equation (25) states that if a security of type j is supplied, there

must be complete satiation of liquidity µt+1 = 0 in the contingencies in which j is not

in default (i.e., when It+1(j) = 0). Moreover, equation (15) simplifies under constant

prices and implies that the level of net worth of each security j ∈ Et is

Nt(j)

Dt(j)
≥ 1− χt+1(j)

1 + rKt+1

−QD
t (j) (26)

with equality whenever χt+1(j) > 0.

The next definition summarizes the concept of equilibrium.

Definition 3 Given a state-contingent rate of default χt(j) ∈ [0, 1] for each security

j ∈ J and each time t, an equilibrium is a set of stochastic processes {Ct, µt, QB
t ,

QD
t (j), Dt(j), Nt(j)} such that:

• the set Et⊆ J , at each t, is such that j ∈ Et if and only if (18) holds,

• Dt(j) = Nt(j) = 0 for j ∈ J \Et and each t,

• conditions (9), (22), (23), hold at each t,

• conditions (24) hold for each j ∈ J and at each time t,

• conditions (25) and (26) hold for each j ∈ Et and at each time t. In particular,

(26) holds with equality if χt+1(j) > 0.

We now solve for the equilibrium. To this end, we use the index s ∈ J to

denote a privately issued safe security (i.e., the one with zero default in all states,

χh(s) = χl(s) = 0). We show that an unregulated competitive market can provide a

sufficient amount of these privately issued safe assets and reach the efficient supply
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of liquidity in all states of nature. In Appendix A.1, we extend this result to a model

with a more general non-separable utility.

Proposition 4 In the frictionless intermediation model, there is complete satiation

of liquidity, µh = µl = 0, and consumption is at the first best, Ch = Cl = 1. The

quantity of financial intermediaries’ safe debt is given by

D(s)

P
≥ max

(
1− B

P
, 0

)
= max

(
1− T , 0

)
, (27)

which is issued at the price QD
t (s) = β; intermediaries’ net worth is Nt(s) ≥ N > 0,

where

N = D(s)
[(

1 + rKl
) −1 − β

]
. (28)

The economy achieves the first best because the supply of safe assets is sufficiently

large. This can be achieved in two ways. If T ≥ 1, the government achieves the first

best by implementing the Friedman rule. If instead T < 1, private money issued by

intermediaries is crucial to complement the supply of public liquidity and achieve the

first best. We elaborate more on the second case.

When T < 1, the efficiency result of Proposition 4 is a direct implication of the

competition mechanism of the model, which allows financial intermediaries to decide

the type of money to supply. To understand this point and prove the proposition,

suppose by contradiction that there is no supply of safe debt s. Instead, assume

that intermediaries only provide pseudo-safe assets j (that is, debt with default rate

χl(j) > 0). As a result, in the low state, pseudo-safe securities default and thus

consumption can be financed with public liquidity only. Using (4) and (9):

µl =
1

B/P
− 1 =

1

T
− 1 > 0,

and thus there is a shortage of liquidity in the low state. In contrast, the market

equilibrium condition in (25) implies that the supply of j is large enough to satiate

liquidity needs in the high state. Thus, there is no shortage of liquidity in that state,

µh = 0. Now consider a generic intermediary deciding which security j ∈ J to issue.

Suppose that the intermediary chooses to issue safe debt s, which never defaults.

Consumers attach a high value to safe securities because the liquidity premium in the

low state is positive; this high value is reflected in the price QD
t (s) = β(1 +πµl). The

high QD
t (s) implies that the intermediary can borrow at a lower cost and, thus, its

rents (16) are positive: Rt(s) = βπµl > 0. Thus, issuing safe securities s is profitable.

This result contradicts the initial conjecture that there exists an equilibrium in which

safe debt is not supplied by any intermediary.
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Thus, intermediaries supply safe private securities up to the point at which the

liquidity premium is driven to zero in all states, µh = µl = 0. That is, free entry in

the market ensures that all rents are eliminated. As a result, the price of a privately

issued safe asset is equal to that of government bonds, QD
t (s) = QB

t = β. Moreover,

the supply of safe securities is enough to complement the amount of public liquidity

(as described by (27)) and reach efficiency, Ch = Cl = 1. To supply safe assets,

intermediaries choose to enter the market with a level of net worth that makes them

solvent in all states of nature, that is, with Nt(s) ≥ N , where N is given by (28).27

Finally, note that the supply of pseudo-safe securities (i.e., securities with default

χh = 0 and χl > 0) and completely unsafe securities (i.e., securities with default

χh > 0 and χl > 0) can be positive. These securities are priced so that their expected

return equals the inverse of the discount factor, 1/β; that is, their price is just given

by the present discounted value of their payoffs. However, the supply of these assets

is irrelevant for welfare.

We close this section by comparing Proposition 4 with some related literature that

studies liquidity. In versions of the Lagos and Wright (2005) model in which physical

capital can be used for payment (e.g., Geromichalos et al., 2007; Lagos, 2010; and

Lagos and Rocheteau, 2008), a sufficiently large supply of capital satiates the demand

for liquidity. The result of Proposition 4 is similar in spirit. Even though capital

does not provide liquidity in our model, it is used by intermediaries to back their

supply of private money. In equilibrium, intermediaries choose to hold a sufficiently

large quantity of capital as backing and thus can issue enough private money to

satiate the demand for liquidity. Thus, the key difference with this literature is that

intermediaries endogenously choose the amount of capital that is used as backing

and the riskiness of private money. This result reflects the similarities between our

approach and that of Geanakoplos and Zame (2002, 2014) because the physical capital

held by intermediaries in our model serves the same role as collateral in their model.

3.1 Discussion

The results of the benchmark model with completely frictionless financial intermedi-

ation are in line with the view of Hayek (1974). That is, the process of competition

leads the private sector to supply a sufficiently large quantity of the best available type

of liquid assets, namely, safe assets. The competitive market structure in our model

27More precisely, the lower bound on net worth in (28) is derived by imposing that intermediaries
are solvent in the low state. If intermediaries are solvent in the low state, they must be solvent in
the high state as well.
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is indeed in the spirit of Hayek’s (1974, p. 43).28 If safe securities were not provided,

households would attach a premium to them because such securities relax the liquid-

ity constraint during crises (i.e., when the low state in the model realizes). Therefore,

intermediaries would find it convenient to supply safe debt because the premium

paid by households reduces intermediaries’ financing costs. Free entry then ensures

that there are enough safe securities so that the households’ liquidity constraint is

never binding. As a result, the interest of households is perfectly aligned with that

of financial intermediaries. Indeed, the premium on safe assets, which reflects a lack

of liquidity from the society’s point of view, creates incentives for profit-maximizing

intermediaries to supply safe securities. To this end, intermediaries will raise enough

equity to absorb any loss they can incur on their risky assets.

Unfettered competition achieves efficiency without the need for any type of regu-

lation. We compare our result with the real-bills doctrine and the view of Friedman

(1960) about the separation between money and credit markets.

According to the real-bills doctrine, intermediaries should hold safe (and possibly

illiquid) assets to back the supply of private money. This is not necessary in our

model. Even if intermediaries hold risky assets, competition forces them to raise

enough equity to absorb any possible loss. As a result, the supply of private money

is safe.

Our analysis can also be used to study the separation between money and credit

markets advocated by Friedman (1960). According to this view, the government

should have the monopoly power in the supply of liquidity. This objective can be

reached if the government passes regulation to achieve a narrow banking system; that

is, intermediaries are forced to satisfy a 100% reserve requirement. In the context of

our model, intermediaries would buy government safe debt Bt instead of capital, so

the budget constraint (13) would be replaced by QB
t Bt = QD(s)Dt(s). If this were

the case, private intermediaries would not perform any liquidity creation, because

their debt would be backed by liquid government reserves, instead of illiquid, risky

investments. As a result, the overall supply of liquid assets in the economy would

be determined solely by the amount of government debt, Bt. Note that in turn

the government has to back its debt and interest payments, which is achieved by

collecting taxes (in Section 5, we explore an additional approach to provide backing,

based on the active management of the central bank’s balance sheet). A benevolent

government that implements a narrow banking system can nevertheless achieve the

first best, by setting taxes T ≥ 1, so that government debt is in the amount B/P ≥ 1.

28See also Hayek (1948, ch. V) for a critical analysis of the assumption of perfect competition.

22



However, if the government is not benevolent, it would have a self-interest in reducing

liquidity in order to drive up the liquidity premium, µt, and obtain rents.

To sum up, the views of Hayek and Friedman differ between achieving efficiency

through forces of private competition or through the benevolence of a government

monopoly. But if the monopolist makes its decision based on its self-interest, it will

not achieve the first best. Thus, the baseline model supports Hayek’s proposal. It is

better to free up the forces of private competition that also meet the society’s needs.

However, this conclusion changes significantly when we make a simple amendment to

the above framework by adding a friction in the financial market. We turn to this

analysis in the next section.

4 Costs of issuing equity

This section considers a small departure from the benchmark model of Sections 2 and

3 by assuming that intermediaries face a cost of issuing equity. The main result is

that pseudo-safe securities – those that default and lose liquidity in the low state –

are now supplied by intermediaries and, thus, the amount of privately issued liquidity

is lower than in the frictionless intermediation economy. In addition, depending on

policies and parameters, pseudo-safe and safe debt can coexist in equilibrium; when

that is the case, some intermediaries supply pseudo-safe debt, whereas others supply

safe debt, even though these intermediaries are ex ante identical. We also show that

the equilibrium is generically constrained inefficient.

The banking literature has provided extensive evidence about the existence of eq-

uity issuance costs for banks. Calomiris and Wilson (2004) document equity issuance

costs in the interwar period, that is, in an environment without major influence

from regulatory interventions. Corbae and D’Erasmo (2014) estimate positive eq-

uity issuance costs for banks using a structural model and use their framework to

perform policy analysis. Bolton and Freixas (2000) rationalize several facts about

firms’ capital structure using a model in which banks face equity issuance costs.29

More generally, the literature shows that equity issuance costs are also important for

non-financial firms, as documented by Altınkılıç and Hansen (2000) and estimated

using structural models by Hennessy and Whited (2007) and Jermann and Quadrini

(2012). In practice, equity issuance costs include various expenses such as those re-

lated to auditing, underwriting, and managing the issuance, in addition to legal and

29In addition, many recent macro-finance models such as Brunnermeier and Sannikov (2014) and
Gertler and Kiyotaki (2010) do not allow intermediaries to issue external equity, which is akin to
imposing very large or infinite costs of issuance.
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registration fees.

The analysis is organized as follows. We first present the details of the equity

issuance cost and its effect on the equilibrium. We then discuss the planner problem,

showing that the laissez-faire equilibrium is generically constrained inefficient.

4.1 Model with costly equity issuance and equilibrium

Motivated by the literature discussed above, we assume that, for each dollar of net

worth that is issued by an intermediary, only a fraction 1 − τ can be used to buy

capital. The remainder fraction τ is wasted; that is, the amount of resources available

for consumption is reduced in comparison to the baseline model of Sections 2 and 3.

Thus, the flow budget constraint of a generic intermediary in market j changes to

QK
t K

I
t (j) = QD

t (j)Dt(j) + (1− τ)Nt(j).

Repeating the previous steps, we obtain the following expression for rents:

Rt(j) = −τNt(j) +QD
t (j)Dt(j)− βEt

{
Pt
Pt+1

[1− χt+1(j)]

}
Dt(j),

which, using (24), can be written as

Rt(j) = −τNt(j) + βEt {[1− It+1(j)]µt+1}Dt(j). (29)

As in the benchmark model, once intermediaries decide to supply security j, they

choose the amount of debt and net worth to issue in order to maximize expected rents

subject to the limited liability constraint. Under constant prices, the cost of issuing

equity implies that equation (15) becomes

Nt(j)

Dt(j)
≥ 1− χt+1(j)

(1− τ)
(
1 + rKt+1

) − QD
t (j)

(1− τ)
, (30)

with equality if χt+1(j) > 0.

A first crucial implication of this framework is that the private sector now has

incentive to supply pseudo-safe debt (i.e., debt that is fully repaid in the high state

and partially defaulted on in the low state). Formally, the next proposition shows

that an equilibrium with only safe securities s does not exist.30 In what follows, we

use p ∈ J to denote a pseudo-safe security with default rate χh(p) = 0 and χl(p) > 0

issued by an intermediary with no equity, N(p) = 0.

Proposition 5 Assume that financial intermediaries face a cost τ > 0. If there

exists an equilibrium in which intermediaries supply debt securities, then there must

30The proofs of Proposition 5 and all the subsequent results are in Appendix A.
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be a positive supply of pseudo-safe debt securities, that is, D(j) > 0 for some j ∈ J
such that χh(j) = 0 and χl(j) > 0.

If there exists an equilibrium in which intermediaries are active and issue debt,

there are three possible scenarios: either all intermediaries issue safe debt, or all

intermediaries issue pseudo-safe debt, or some intermediaries issue safe debt and some

others issue pseudo-safe debt. Thus, we can prove Proposition 5 by showing that the

scenario in which all intermediaries issue only safe debt (i.e., D(s) > 0 and D(j) = 0

for all j such that χh(j) = 0 and χl(j) > 0) is not an equilibrium. We proceed by

contradiction, assuming that all intermediaries issue safe debt in equilibrium. In this

case, they must issue enough net worth to avoid default in the low state, and thus they

have to pay the cost τ . To offset this cost, the liquidity premium on safe debt must

be positive – if the liquidity premium were zero, intermediaries would make negative

profits because of the cost τ . Note that a positive liquidity premium is associated

with a level of consumption below the first best in some state. Furthermore, the fact

that there are only safe securities which are equally liquid in both states implies that

consumption is equalized across states. Therefore, Ch = Cl = C < 1; in particular,

it is crucial that Ch < 1, so that, using (9), the Lagrange multiplier of the liquidity

constraint (4) in state h is also positive: µh > 0.31 We can now identify a profitable

deviation that leads us to conclude that the scenario with only safe debt cannot be

an equilibrium. Given µh > 0, households are willing to pay a liquidity premium

on a security that relaxes the liquidity constraint (4) in the high state. Indeed, any

pseudo-safe security can relax (4) in the high state; in particular, we can consider an

intermediary that issues a pseudo-safe debt p and enters the market with no equity,

N(p) = 0. This intermediary earns positive rents because pseudo-safe securities p

include a liquidity premium but can be issued without incurring any equity issuance

cost. That is, using (29), rents earned by issuing p are

R(p) = β(1− π)µhD(p) > 0. (31)

More generally, the previous analysis can be extended to show that any scenario in

which µh > 0 cannot be an equilibrium because there would exist profitable deviations

to increase the supply of pseudo-safe securities. Thus, the Lagrange multiplier in the

high state must be zero in equilibrium, µh = 0.

We now characterize the equilibrium under the cost of issuing equity. We focus

on the case in which the government raises a limited amount of taxes (i.e., T < 1),

31Since Cl = C < 1, the Lagrange multiplier of (4) in state l is also positive: µl > 0. However,
this consideration is not important to find a contradiction.
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and we return to the analysis of government policy in Section 5. We also define

γl ≡
1

β(1 + rKl )
− 1. (32)

Proposition 6 If financial intermediaries face a cost τ > 0 per unit of net worth

raised and the government sets taxes T < 1, then:

1. In the high state, there is full satiation of liquidity and thus Ch = 1 and µh = 0,

while in the low state Cl = max
(

π
π+τγl

, T
)
< 1 and µl = (1/Cl)− 1 > 0;

2. The prices and supply of safe securities s and pseudo-safe securities p are

QD
t (s) = β (1 + πµl) > β, QD

t (p) = β

[
(1− π) + π

1 + rKl
1 + rKh

]
< β,

D(s)

P
= max

(
π

π + τγl
− T , 0

)
,

D(p)

P
≥ 1− T − D(s)

P
> 0.

Intermediaries’ net worth is N(s) = D(s)βγl and N(p) = 0, and the default rate

on pseudo-safe securities is χh(p) = 0 and χl(p) = 1−
(
1 + rKl

)
/
(
1 + rKh

)
> 0.

As an implication of Proposition 5, the equilibrium displays a positive supply

of pseudo-safe securities p. Note, however, that there is room for safe debt to be

supplied in equilibrium, in addition to pseudo-safe debt. Indeed, with pseudo-safe

debt, liquidity is lower in the low state in comparison to the high state. As a result,

securities that provide liquidity in the low state will trade at a premium. If this

premium is large enough to cover the cost τ , intermediaries issue safe securities.

Whether the premium on safe intermediaries’ debt is large or not depends in turn

on the amount of public liquidity. A large supply of public liquidity implies a low

liquidity premium on safe debt (recall that public liquidity is risk free); thus, issuing

safe debt is not profitable for intermediaries. That is, a sufficiently high level of

public debt crowds out the production of privately issued safe money by influencing

the liquidity premium on default-free obligations. In contrast, a low supply of public

liquidity creates a profitable opportunity for intermediaries to issue some safe debt.

Proposition 6 has implications for characterizing how a liquidity crunch occurs in

our model. Our model does not need to rely on unanticipated shocks or incorrect

beliefs to produce a liquidity crunch in the low state. Instead, a liquidity crunch in

the low state happens because pseudo-safe securities do not have appropriate backing

in that state and, thus, lose their liquidity value. Since there is a shortage of the

only assets that are liquid in the low state (i.e., safe assets), the demand for goods

Ct drops because of the liquidity constraint (22), and thus consumption Ct decreases
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too. Note that, even if we have assumed exogenously that defaulted securities are

not liquid, we then microfound this assumption in Section 6 by appealing to adverse

selection. This approach is consistent with the role of information frictions during

actual liquidity crises (see, e.g., Gorton, 2016).

Along these lines, our model is consistent with a standard narrative of the recent

financial crisis. Before the crisis, asset-backed securities (ABS) provided liquidity

services in various forms and were treated like safe assets, although they were pseudo-

safe securities. The realization of a bad state, namely the fall in house prices, produced

the default of a few mortgages. This event was sufficient to drain liquidity for most

of the ABS, even for those that were losing less value. In this bad contingency, the

shortage of “pure” safe assets triggered a contraction in economic activity.32

We conclude with a brief comparison with the literature that studies the liquidity

of private money and crises, such as Lester et al. (2012), Li et al. (2012), Rocheteau

(2011), and Williamson (2012). In these papers, policy and financial frictions have

an impact on liquidity, as in our model. However, their results are mostly derived in

frameworks with no aggregate risk, and in which private money is either riskless or

has exogenous risk. The novelty of Proposition 6 is related to the endogenous risk

of private money. In our model, policy and frictions affect liquidity by changing not

only the quantity of private money but also its risk and the relative supply of safe

and pseudo-safe debt. A key contribution of this literature is instead related to the

microfoundation of the frictions that affect liquidity, and we build on their approach

when we endogenize acceptability in Section 6.

4.2 Constrained first best and pecuniary externality

The laissez-faire equilibrium in Proposition 6 is not efficient because of a pecuniary

externality. We show this result by characterizing the constrained first-best allocation,

that is, the allocation that would be chosen by a planner that is subject to the costly

equity issuance friction τ > 0.

We consider a planner with restricted planning abilities, as in Bianchi (2011),

which chooses the balance sheets of financial intermediaries to maximize households’

welfare, subject to the constraint of satisfying households’ first-order conditions.33

Crucially, the planner takes as given the government policy described in Section 2.4,

32See De Long (2013) for a narrative of the crisis along these lines.
33The planner that we consider only has the power to instruct intermediaries, but not households,

on what choices to make. In this sense, our planner problem is akin to a benevolent, monopolist
financial intermediary that maximizes consumers’ surplus, taking as given the consumers’ demand
schedule for private money.
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which implies a supply of public liquidity B/P = T . Our objective is to use the solu-

tion to this planner’s problem to clarify the externality that arises in the equilibrium

of Proposition 6, whereas we turn to the analysis of the optimal government policy

in Section 5.

We formulate the planner’s problem starting from the second subperiod of time

t = 0 and taking as given the resources already allocated to C0 in the first subperiod

of time t = 0. That is, given C0, the planner solves

max
{Ct+1,Xt,Dt(s),Dt(p),Nt(s)}∞t=0

X0 +
∞∑
t=1

βtE {logCt +Xt} (33)

subject to the liquidity constraint (4), households’ demand schedule for equity and

debt of intermediaries (8) and (11), respectively, the requirement that debt of type s

is riskless (i.e. (30) evaluated at j = s and χt+1(s) = 0), the resource constraint

Ct +Xt ≤ AtK − τ
Nt (s)

P
for all t, (34)

and a non-negativity constraints on all choice variables. We have already incorporated

the fact that the optimal equity issuance for intermediaries of type p is zero.

There is a key difference between the planner’s problem and that of intermedi-

aries. Each intermediary takes as given the Lagrange multiplier µt+1 of the liquidity

constraint and the price of debt QD
t (j). In contrast, the planner internalizes that

intermediaries’ choices have an impact on the overall liquidity available in the econ-

omy and thus, possibly, on Ct+1, µt+1, and QD
t (j). More precisely, these equilibrium

quantities are affected by a marginal change in liquidity if and only if µt+1 is positive

in at least some states, that is, if the demand for liquidity is not satiated.

A positive Lagrange multiplier µt+1 is necessary but not sufficient to generate a

pecuniary externality. An additional condition must hold: the supply of debt of type

s must be positive, that is, D(s) > 0.

When D(s) > 0, intermediaries of type s issue not only debt but also equity, so

that some resources in the economy are lost because of the cost τ . It is key to note

that the amount of equity issued N(s) – and thus the cost τN(s) – is negatively

related to the liquidity premium. To clarify this point, consider a partial equilibrium

thought experiment in which the liquidity premium is so large that safe assets trade

above par; in particular, assume that QD(s) > 1/
(
1 + rKl

)
. Evaluating (30) at

χt+1(s) = 0, we conclude that an intermediary of type s could supply safe assets

without issuing net worth, N(s) = 0. This extreme example clarifies a key channel:

a high liquidity premium lowers the equity that intermediaries of type s must have to
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issue safe securities by providing rents to such an intermediary. In turns, this effect

lowers the equity issuance costs.

If instead D(s) = 0, no equity is issued in the economy. Therefore, a marginal

change in the liquidity available in the economy does not affect the resources wasted

in equity issuance costs, which are unchanged at zero.

The pecuniary externality is thus related to the link between liquidity supply and

the equity issuance cost. When liquidity premia are positive and D(s) > 0, each

intermediary does not internalize that, by issuing an extra dollar of debt, it reduces

the premia. This forces intermediaries of type s to issue more equity, which is costly

from a social perspective. The planner can do better by forcing intermediaries to make

choices that instead boost liquidity premia and thus generate rents for intermediaries

of type s, saving on equity issuance costs. The next proposition formalizes this result.

Proposition 7 Assume that intermediaries face a cost τ > 0 per unit of net worth

raised and the government set taxes T < 1 and bond supply Bt = B. Then, the

decentralized equilibrium of Proposition 6 is constrained inefficient (i.e., it differs

from the solution to the planner’s problem (33)) if and only if D(s) > 0.

Next, we characterize the planner’s solution focusing on the case in which the

inefficiency arises, that is, D(s) > 0. We also discuss how the planner’s solution can

be decentralized by imposing taxes on intermediaries.

In Appendix A.5, we show that the planner wants to set Ch < 1 if D(s) > 0,

in contrast with the laissez-faire equilibrium in which Ch = 1. More precisely, the

liquidity constraint (4) evaluated in state h implies that Ch is directly related to the

amount of pseudo-safe securities D(p), which in turn is determined by the planner’s

first-order condition:

β (1− π)

(
1

Ch
− 1

)
∂Ch
∂D(p)

= τ

(
∂ (N(s)/P )

∂QD (s)

)(
∂QD (s)

∂D(p)

)
. (35)

The marginal benefit of issuing an extra unit of D(p) at time t is to increase consump-

tion Ch in the high state of t+ 1 (which has marginal utility 1/Ch and is discounted

using the factor β and the probability 1 − π of state h), thereby closing the gap

with the marginal utility of Xt+1 (which is equal to one). The marginal cost is the

higher equity issuance required to compensate for a change in QD(s) and triggered

by having more liquidity in the economy. The term on the right-hand side of (35) is

not internalized by private intermediaries which explains why the decentralized allo-

cation implies Ch = 1. If the marginal cost is large, then the planner might choose
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D(p) = 0, thereby eliminating the issuance of risky debt.34 The planner’s solution

for D(p) can be decentralized with a tax on pseudo-safe securities.

The planner’s solution for D(s) is based on a similar first-order condition:

βπ

(
1

Cl
− 1

)
∂Cl
∂D (s)

= τ
N (s)

D (s)
+ τ

(
∂ (N(s)/P )

∂QD (s)

)(
∂QD (s)

∂D (s)

)
, (36)

but the marginal cost of issuing D(s) also includes the equity issuance cost, that is,

the first term on the right-hand side of (36). Similar to the analysis of D(p), the

planner’s solution for D(s) can be decentralized with a tax on safe securities.

Although the planner wants to tax D(s), the planner’s solution for D(s) can be

lower or higher than in the laissez-faire equilibrium. More precisely, two forces affect

the planner’s choice of D(s). First, the tax D(s) reduces the supply of D(s). Second,

the tax on D(p) creates a general equilibrium effect that increases D(s). To see this,

recall that the tax on D(p) has the objective of boosting QD(s) so that intermediaries

of type s can issue safe securities with lower equity. This effect increases the socially

optimal value of D(s) because this type of debt can be supplied by issuing less equity,

and equity is costly. Whether the first or second force dominates depends on the value

of parameters.35

We close this section by comparing the externality in our model with some related

papers that study inefficiencies in macro models with financial intermediaries, such as

Bianchi (2011), Lorenzoni (2008), and Stein (2012). In these papers, an externality

arises because intermediaries do not internalize that issuing debt amplifies fire sales.

In our paper, however, we abstract from fire sales. The externality in our model

is related to the link between liquidity premia and equity issuance costs. Hollifield

and Zetlin-Jones (2017) identify a similar externality that acts through the liquidity

premia on intermediaries’ debt. However, their focus is on maturity transformation,

and the externality imposes a wedge on banks’ decisions about the maturity of their

debt.36

With respect to the aforementioned papers, an additional difference is related

to the consequences in terms of over- and underissuance of debt. To clarify this

point, we focus on a comparison with Stein (2012), which shares a focus on the role

of intermediaries in issuing liquid assets. In Stein (2012), intermediaries issue only

34In Appendix A.5, we provide numerical examples showing that D(p) chosen by the planner can
be zero or positive.

35In Appendix A.5, we provide numerical examples showing that the value of D(s) chosen by the
planner can indeed be higher or lower compared to that of Proposition 6.

36Park (2017) derives a related externality in an analysis of time varying capital requirements and
monetary policy.
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riskless debt; as a result, the externality in his model gives rise to an overissuance of

riskless debt. In contrast, intermediaries in our model issue both safe and risky debt,

and even though there could be an overissuance or underissuance of safe debt, there

is always an overissuance of risky debt.

5 Government intervention

The equity issuance cost opens up a role for government intervention. Even after

correcting for the externality, the private sector has an incentive to supply pseudo-

safe assets rather than safe assets. As a consequence, the amount of liquidity is large

enough only in the high state, whereas the economy experiences a liquidity crunch in

the low state.

We study general government policies related to debt issuance, real taxes, and the

active management of the balance sheet of the central bank. Our model points out

that the origin of a liquidity crisis is in the insufficient backing of private securities,

which are defaulted on in bad states. We argue that the first best can be reestablished

by offsetting the lack of private backing in bad times with government backing.

As a first step, we consider a large supply of public liquidity backed by higher

taxes at all times. This intervention entirely crowds out the production of safe private

debt but nonetheless achieves efficiency. However, it is not feasible if there are costs

associated with or limits on taxation.

We then present two policies that implement the first best even if the fiscal ca-

pacity is limited: asset purchases by the central bank, and deposit insurance. These

policies exploit the backing provided by intermediaries in good times and, thus, re-

quire government backing only in bad times. More precisely, this backing in bad

times can be provided in two ways. If we allow taxes to be time varying and we

maintain the assumption of constant debt introduced in Section 2.4 (i.e., Bt = B for

all t), taxes must be increased in bad states. If instead both debt and taxes are time

varying, either taxes or debt (or both) must increase in bad times. In other words,

government backing in bad times can be provided by higher current taxes or by higher

debt to be repaid with higher future taxes. In all cases, the present discounted value

of taxes must increase in bad times. For expositional simplicity, we focus mostly on

the case with constant government debt, but the two options are equivalent.

Crucially, asset purchases and deposit insurance are equivalent, in the spirit of

Wallace (1981). That is, the path of taxes required under the two policies is identical.

We also consider an extreme form of capital requirements that forces all inter-

mediaries to issue safe, riskless debt. This intervention might seem natural because
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intermediaries issue too much risky debt and their default reduces the amount of liq-

uidity. However, it always reduces welfare. This form of capital requirements differs

from the previous policies because it does not exploit government backing in bad

times.

Overall, we provide a unifying view of three key policies that have been imple-

mented and discussed in response to the 2008 financial crisis, and a rationale for

policies that support liquidity through government backing in bad times.

5.1 Optimal government policy with no limit on taxes

We now characterize the optimal government policy when there is no limit on the

ability to raise lump-sum taxes. We allow the “adjusted” tax T t to be state contingent

but we maintain the assumption of constant nominal debt, Bt = B for all t. The

optimal policy imposes large taxes T t to back a sufficiently large supply of real public

money, B/P . As a result, households can attain the first-best level of consumption

using public liquidity only. The next proposition formalizes this result.

Proposition 8 If financial intermediaries face a cost τ > 0 per unit of net worth

raised, and if the government follows a state-contingent tax rule T h and T l in the high

and low state, respectively, issues nominal debt Bt = B > 0, and has the objective of

achieving price stability, Pt = P for all t, then the optimal government policy is to

set T h = T l ≥ 1, achieving the first best.

With no limit on lump-sum taxes, the government has an advantage in supply-

ing liquidity. That is, the government can reach the efficient allocation, whereas

the laissez-faire equilibrium cannot. Moreover, optimal issuance of public liquidity

entirely crowds out the supply of privately issued safe assets. The reason is that in-

termediaries’ safe debt, D(s), is costly since it requires a backing through expensive

equity, whereas the government’s safe money has no costs associated with backing

through taxes.

The result of Proposition 8 is well known and in line with Friedman’s proposal

(Friedman, 1960) and other studies of public and private liquidity (e.g., Rocheteau,

2011). The government provides interest-bearing liquidity and pays it through taxes.

Moreover, abundant public liquidity eradicates any return wedge among securities

with the same risky characteristics. This is indeed the Friedman rule, which can be

implemented with constant prices because government debt pays an interest rate.

It is worth emphasizing that the solution of this subsection relies on two critical

assumptions: first, that the government is benevolent; second, that it does not face
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any limit on raising taxes. The next subsections propose solutions that overcome

possible constraints on raising taxes.

5.2 Optimal government policy with limit on taxes: central

bank’s balance sheet

We now turn to the analysis of the optimal supply of government liquidity when

raising taxes. As in Section 5.1, taxes can be state contingent, T h and T l, and debt

is constant over time, Bt = B for all t. The limit on taxes is modeled as an upper

bound on the average taxes that can be collected:

(1− π)T h + π T l < 1. (37)

Notwithstanding this limit, we show that an appropriate policy of asset purchases

allows the economy to achieve the first best, Ch = Cl = 1. In particular, we consider a

policy in which the government supplies a large amount of public money B/P in real

terms and, through the central bank, purchases private intermediaries’ pseudo-safe

debt. The pseudo-safe debt held by the central bank pays a return in the high state,

allowing the government to reduce taxes in that contingency. Instead, in the low

state, the private pseudo-safe securities are defaulted on and, thus, backing through

taxes is still required in that event. This policy is related to the second proposal of

Friedman (1960), who suggested backing the supply of interest-bearing reserves (in

our model, Bt) through the portfolio of assets held by the central bank (in our model,

private intermediaries’ pseudo-safe debt).37

Let the central bank purchase the quantity Dc
t (p) of pseudo-safe securities of

type p (i.e., intermediaries’ debt that is defaulted on state l, providing a repayment

1− χl(p) < 1 in such a state). The flow budget constraint of the government is

Bt−1 − (1− χt(p))Dc
t−1(p) = QB

t Bt −QD
t (p)Dc

t (p) + PtTt. (38)

As a result, the intertemporal government budget constraint in (19) is replaced by

Bt−1

Pt
− (1− χt(p))

Dc
t−1(p)

Pt
=

Et

{
∞∑
τ=0

βτ
[
Tt+τ + (QB

t+τ −Q
f
t+τ )

(
Bt+τ

Pt+τ
− (1− It+τ+1(p))

Dc
t+τ (p)

Pt+τ

)]}
. (39)

By investing in private securities, the government can supply a higher level of real

37Even though our policy proposal is related to that of Friedman, it is slightly different because
the original proposal considered only the possibility of investing in safe securities.
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public liquidity, Bt−1/Pt, with the same level of taxes and thus satiate the liquidity

needs of the economy using only public money, even under the bound on taxes (37).

The next proposition formalizes this result.

Proposition 9 If financial intermediaries face a cost τ > 0 per unit of net worth

raised and if the government follows a state-contingent tax rule T h and T l in the

high and low state, respectively, subject to the limit in (37), issues nominal debt

Bt = B > 0, and has the objective to achieve price stability, Pt = P for all t, the

government can supply the efficient level of liquidity B/P = 1 with an appropriate

choice of T h, T l, and Dc
t (p), achieving the first best Ch = Cl = 1. In particular, T h

can be chosen arbitrarily as long as it satisfies the restriction T h < 1, whereas

Tl = T h + χl(p)
1− T h

1− β + πβχl(p)
> T h, (40)

Dc(p)

P
=

(1− β)
(
1− T h

)
1− β + πβχl(p)

> 0, (41)

in which χl(p) is the same as in Proposition 6: χl(p) = 1−
(
1 + rKl

)
/
(
1 + rKh

)
.

The proposition shows that the government can achieve efficiency even if there is

a limit on average taxes. In the high state, pseudo-safe assets are fully repaid and

thus provide a backing for public liquidity B/P . In the low state, however, pseudo-

safe securities are defaulted on and thus provide an insufficient backing for public

liquidity. In this case, the way to achieve the first best is to increase taxes to back

public liquidity. To see this result, we rewrite the intertemporal government budget

constraint, (39), evaluated at QB
t = Qf

t (because the liquidity premium is zero under

the efficient supply of liquidity) and using Bt = B, Pt = P , and the state-contingent

taxes T h and T l:

B

P
=


Dc

t−1(p)

P
+ (1− β)T h + Et

{∑∞
j=1 β

jTt+j

}
if At = Ah

(1− χl(p))
Dc

t−1(p)

P
+ (1− β)T l + Et

{∑∞
j=1 β

jTt+j

}
if At = Al.

(42)

As a result, T l must necessarily be higher than T h because 0 < χl(p) < 1.

Note further that the average level of taxation can be made arbitrarily small.

With an appropriate choice of T h < 0 (i.e., transfers to households in the high state),

the government can achieve efficiency even if the average level of taxes is zero or

negative.

Corollary 10 If

T h ≤ −
πχl(p)

(1− β) (1− πχl(p))
(43)
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and T l, D
c(p)/P are given by (40) and (41), respectively, the economy achieves the

first best, Ch = Cl = 1, and average taxes are zero or negative, (1−π)T h +πT l ≤ 0.

To understand the result, note that reducing T h implies, using (41), that the

portfolio of securities Dc
t (p) held by the central bank increases. This larger portfolio

produces more dividends, which, in turn, can be used to decrease average taxes.

When T h satisfies (43), the dividends produced by the portfolio are large enough to

drive average taxes to zero.

The requirement that taxes should be higher in the low state than in the high state

is not necessary if we relax the assumption of a constant level of nominal government

debt B, and if we not only allow taxes to be state contingent but also allow them to

vary over time. In this case, the government can increase debt to Bt/P > 1 in the l

state to keep taxes low in that state, and repay the higher debt by increasing taxes

in the h state. That is, the present discounted value of taxes has to increase if the

bad state is realized.38

The solution proposed in this section has interesting policy implications given the

unconventional asset purchases undertaken by many central banks around the world.

The rationale and duration for these purchases have been subject to an extensive

debate. Our analysis underlines that, even during normal times, central banks should

continue to hold private securities for the purpose of fulfilling the liquidity needs of

the economy and reducing the tax burden.39 This view is in contrast to the standard

view that prescribes that central banks should mainly hold Treasury bills; under this

approach, no reduction in the tax burden is possible.

Next, we discuss the robustness of Proposition 9. Even if the result of Proposition

9 might not be identical in some extensions of our model, we argue that the spirit

of the exercise is preserved. For instance, if intermediaries’ default is costly (i.e.,

deadweight losses are associated with bankruptcy processes), it might be optimal for

the government to have a lower demand for Dc
t (p) to avoid too many losses when

intermediaries go bankrupt. As a result, the optimal supply of public liquidity might

be smaller and the allocation Ch = Cl = 1 would not be optimal. Nonetheless, the

spirit of Proposition 9 would be unchanged. The main implication of Proposition 9

is that the government should actively engage in the supply of public money using

privately issued intermediaries’ debt Dc
t as partial backing. The optimal holding

38This argument appeals to the Ricardian equivalence. We provide more details in Appendix A.9.
39In a different framework, Magill, Quinzii, and Rochet (2016) also argue for the continuation of

unconventional asset purchases to normal times as a way to achieve efficiency, which in their case is
related to the increase in the funds channeled to investments.
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of Dc
t is most likely not zero for reasonable extensions of our model. Moreover, if

Ch = Cl = 1 is not implemented, the optimal policy must include a regulation of

intermediaries to eliminate the pecuniary externality studied in Section 4.2.

Another constraint that could limit the purchases of private risky debt arises if

we separate the central bank from the Treasury. By purchasing risky securities, the

central bank faces income losses in the low state, where the risky assets default,

while still paying interest on reserves. Therefore, it needs to be recapitalized by

the Treasury. If the Treasury’s support is not automatic, an additional trade-off

between maintaining price stability and achieving the efficient supply of liquidity

could emerge.40 This problem can be overcome only if the central bank purchases

risky private debt that is fully insured by the Treasury (such as agency mortgage-

backed securities).

5.3 Optimal government policy with limit on taxes: deposit

insurance and government guarantee programs

In this section, we propose an alternative government policy that allows the economy

to achieve the first best by satisfying the limit on taxes (37): deposit insurance and,

more generally, government programs that guarantee the liabilities of financial inter-

mediaries. We first study the policy in the context of the model and then elaborate

on some limitations and extensions.

Consider a government that supplies a constant, low level of public debt which

is not sufficient to satiate the demand for liquidity in the economy. In addition, the

government commits to providing insurance to holders of financial intermediaries’

debt in the event of default. More precisely, the government charges an insurance

fee in the high state, denoted by Ft > 0, and provides a transfer to intermediaries

in the low state if the intermediaries default, in this case Ft < 0. We maintain

our assumption of constant debt B and state-contingent taxation, even though this

assumption can be relaxed as discussed in Section 5.2. That is, the government

increases taxes in the low state, T l, to fulfill its guarantee of intermediaries’ debt. As

a result, intermediaries’ debt is safe and therefore always provides liquidity services.

We state the result as an equivalence proposition, in the spirit of Wallace (1981).

If an equilibrium exists under the policy of Proposition 9, the same consumption

allocation and prices can be sustained under a policy of deposit insurance with the

same taxes. The logic of the proof is based on the fact that the consolidated balance

sheet of the government and private intermediaries – that is, of the agents that supply

40See, among others, Sims (2000).
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liquidity in the economy – is the same under both policies.

Proposition 11 If a policy of taxes T t, asset holdings of the central bank Dc(p),

and bond supply B is part of an equilibrium with price level P and public liquidity

B/P = 1, then there exists a state-contingent, lump-sum tax on intermediaries Ft

(or transfer if Ft < 0) that sustains the same equilibrium with the same taxes T t and

a lower supply of public liquidity. Under the policy Ft, the debt of intermediaries is

riskless even though intermediaries issue zero net worth.

In practice, deposit insurance is typically up to a limit. Nonetheless, during the

acute phase of the 2008 crisis, the deposit insurance limit was increased in several

countries, and other forms of government guarantee were introduced. In the U.S.,

the insurance limit was increased from $100,000 to $250,000. Moreover, the Federal

Deposit Insurance Corporation (FDIC) set up the Temporary Liquidity Guarantee

Program with the objective of bringing stability to financial markets and the banking

industry. The program provided a full guarantee of noninterest-bearing transaction

accounts and of the senior unsecured debt issued by a participating entity for about

a year. Taken together, these two measures dramatically increased the fraction of lia-

bilities of U.S. financial institutions that were guaranteed by the government. Similar

policies were adopted in other countries, including some cases in which the coverage

was unlimited, such as in Germany.41

A shortcoming of deposit insurance and other government guarantee programs is

related to the moral hazard they might generate. In the context of our model, these

policies do not create moral hazard for two reasons. First, the leverage of intermedi-

aries that issue securities p is infinite because their net worth is zero, and thus moral

hazard cannot increase it further. Second, the riskiness of banks’ investment is exoge-

nous and related to the productivity At of physical capital. That is, intermediaries

cannot direct their lending to more risky projects.42 In a more general model, though,

deposit insurance may create moral hazard, and the optimal policy will trade off this

shortcoming with the benefits of guaranteeing the liquidity of private money.43

5.4 Capital requirements

We now turn our attention to capital requirements. This policy is fundamentally dif-

ferent from those of Sections 5.1-5.3. Government provision of liquidity and deposit

41See “Deposit Insurance Coverage,”CESifo DICE Report 9 (4), 2011, 69-70.
42Dempsey (2017) studies how deposit insurance affects the riskiness of intermediaries’ invest-

ments.
43Bianchi (2016) studies the trade-off between moral hazard and the benefits of bailouts to credit

markets.

37



insurance require an adequate fiscal backing in the low state, even if the government

buys assets through the balance sheet of the central bank. These policies primarily

work by complementing the insufficient private backing of liquidity (provided by eq-

uity) with more public backing (provided by taxes). In contrast, capital requirements

directly alter the functioning of the market in which financial intermediaries operate,

but do not require any fiscal capacity.

We consider a very extreme form of capital requirements that forces all interme-

diaries to issue only safe debt s, and we show that this policy reduces welfare. Our

objective is to warn against possible negative consequences on liquidity associated

with very aggressive requirements, such as those suggested by Admati and Hellwig

(2013) and by the Minneapolis Plan discussed by Kashkari (2016). Let us clarify that

we do not claim that capital requirements should not be implemented at all in prac-

tice. The financial sector in our model contains the key elements that are relevant in

studying private money, and for simplicity it abstracts from other features that might

be important for a complete evaluation of this policy. For instance, we do not study

the government’s lack of commitment to bailouts or the risk of financial contagion.

In terms of the model, the result can be understood with two observations. If

the planner’s choice of pseudo-safe debt is D(p) > 0, then capital requirements that

imply D(p) = 0 are not optimal. In this case, pseudo-safe debt that defaults in the

low state allows the financial sector to economize on socially costly equity.44 The

argument is similar to Geanakoplos (1997, 2003), in which default is desirable to

economize on scarce collateral. If, instead, the planner’s choice is D(p) = 0, then

capital requirements reduce welfare because they implement the planner’s solution

only partially. Indeed, the planner’s solution also requires a tax on safe debt to be

decentralized, which is not part of the capital requirements policy.

Proposition 12 Assume that financial intermediaries face a cost τ > 0 per unit

of equity and T < 1. If the government imposes capital requirements that force all

active intermediaries to issue debt of type s, welfare is lower than in the laissez-faire

equilibrium.

6 Extension: endogenous acceptability

This section presents an extension in which the set of debt securities that are accepted

as means of payment in the first subperiod is derived endogenously. The objective is

44Note that intermediaries’ leverage in the constrained first best is heterogeneous, similar to Gale
and Gottardi (2017).
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to provide a microfoundation for our assumption that only debt securities that are

not defaulted on provide liquidity.

In this extension, we allow in principle all debt securities issued by intermediaries

to be used to purchase Ct, but we introduce an information friction. In equilibrium,

the liquidity constraint collapses to the one used in the baseline model. That is,

because of the information friction, debt securities that are partially defaulted on are

not accepted for transactions.

Our approach to endogenizing the acceptability of securities combines information

frictions and adverse selection about the securities that are used as means of pay-

ment, as in Rocheteau (2011), with costly disclosure of intermediaries’ balance sheet

information, as in Alvarez and Barlevy (2015).45 The equilibrium displays a positive

supply of three types of debt. In addition to the two types of debt that are supplied

in the equilibrium of Proposition 6 (i.e., safe debt s and pseudo-safe debt p that

partially defaults in the low state), intermediaries supply another type of pseudo-safe

debt, denoted by p′, that fully defaults in the low state (i.e., χl(p
′) = 1). Intermedi-

aries that issue pseudo-safe debt p and p′ find it optimal not to disclose information

about the securities that they issue. As a result, if an agent selling consumption

goods in the first subperiod is presented with a security issued by an intermediary

that did not disclose information, the agent does not know whether the security is of

type p or p′. This creates an adverse selection problem in the low state when p′ is fully

defaulted on and p is only partially defaulted on. Since the agent cannot distinguish

p from p′, she does not accept any of them. In contrast, intermediaries that issue safe

debt s disclose information, making s recognizable. Safe debt is not affected by the

informational friction in equilibrium and, thus, is always accepted for payments.

We now describe the three new elements that we add to the model to derive these

results. The full details are presented Appendix A.10.

The first new element is an additional type of capital, which we call L-capital. This

capital is in fixed supply L, and each unit produces output ALh and 0 in state h and

l, respectively. In addition, in state l, this capital fully depreciates at the beginning

of the first subperiod. To keep the model stationary, households are endowed with L

new units of L-capital in the second subperiod when the l state is realized. We refer

45The possibility of overcoming informational frictions in the context of payments and liquidity is
also studied by Lester et al. (2012) and Zhang (2014), in which buyers learn the quality of payment
instruments by paying a fixed cost; Li et al. (2012), in which traders make offers that convey
information about the quality of the securities used for payment; and Rocheteau and Rodriguez-
Lopez (2014), in which firms pay a cost to certify the quality of their equity. Our approach is similar
in spirit but different because intermediaries jointly choose equity and whether or not to disclose
information, which in turn affects not only the liquidity of private money but also its risk.
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to the capital in the baseline model of Section 2 as K-capital.

The second new element is related to intermediaries’ balance sheets. First, we

assume that each intermediary can hold only one type of capital (i.e., either K or L).

Second, the type of capital held is private information of each intermediary and of

households that buy its debt in the primary market (i.e., in the centralized market

of time t when the intermediary is set up), but is not observable by agents selling

consumption goods in the first subperiod of t+ 1. This second assumption is similar

in spirit to Lester et al. (2012), who also introduce an information friction that is less

severe in the centralized market.46 Third, the intermediary can disclose information

about the type of its capital by paying a cost φ per unit of debt. If information

is disclosed, the intermediary does so at time t when it is set up, and its balance

sheet becomes common knowledge. The disclosure cost can be interpreted as a cost

of obtaining a credit rating or the cost of undergoing a stress test by a regulator that

credibly releases information, as discussed by Alvarez and Barlevy (2015).

Finally, we specify that trades in the first subperiod are bilateral, following a large

literature on the liquidity role of financial securities.47 Each buyer of consumption

goods makes a take-it-or-leave-it offer to the seller.

We can now state the main result of this section, which generalizes Proposition 6

by showing that the equilibrium of the extended model is qualitatively identical. To

simplify the exposition, we restrict attention to the case in which T is low (and thus

public liquidity B/P is low as well) so that safe debt s is supplied in equilibrium.

Proposition 13 Assume that intermediaries face a cost τ > 0 per unit of net worth

raised, the government set taxes T < π
π+τγl+φ/β

, L is sufficiently large, and the dis-

closure cost satisfies τβ(1− π) < φ < β [1− π + γl(1− τ)]. Then:

1. The disclosure cost is paid only by intermediaries issuing s; securities issued by

intermediaries that pay the disclosure cost (i.e., securities s) are always accepted

for transactions in the first subperiod; securities issued by intermediaries that do

not pay the disclosure cost (i.e., securities p and p′) are accepted for transactions

46Since we follow the shopper-worker household composition of Lucas and Stokey (1987), we as-
sume that the shoppers (i.e., agents who buy Ct+1) buy intermediaries’ debt in the second subperiod
of time t and are informed about intermediaries’ balance sheets, and workers (i.e., agents who sell
consumption goods in the first subperiod of t + 1) are not informed about intermediaries’ balance
sheets. Alternatively, we could assume that each household learns at time t whether it will be a
buyer or seller in the first subperiod of t+ 1, and only buyers hold intermediaries’ debt and observe
intermediaries’ balance sheets.

47This assumption is employed both in monetary models such as Lagos and Wright (2005) and in
models of over-the-counter asset trades such as Duffie et al. (2005).
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in the first subperiod in state h but not in state l; and in the second subperiod,

each household buys a portfolio consisting of government debt, securities s, and

either securities p or p′.

2. In the high state, consumption in the first subperiod and the Lagrange multiplier

of the liquidity constraint are Ch = 1 and µh = 0, while in the low state

Cl =
π

π + τγl + φ/β
< 1, µl =

τγl + φ/β

π
> 0. (44)

3. The prices of securities s, p, and p′ are QD (s) = β (1 + πµl) > β, QD (p) =

β
[
1− π + π

(
1 + rKl

)
/
(
1 + rKh

)]
< β, and QD (p′) = β (1− π) < QD (p), and

their supply is

D (s)

P
=

π

π + τγl + φ/β
− T ,

D (p)

P
+
D (p′)

P
= 1− π

π + τγl + φ/β
and

D (p′)

D (p)
> µl. (45)

The net worth of intermediaries is N (s) = D (s) βγl, N (p) = 0, and N (v) = 0,

and the default rate on pseudo-safe securities is χh (p) = χh (p′) = 0, χl(p) =

1−
(
1 + rKl

)
/
(
1 + rKh

)
, and χl (p

′) = 1.

The equilibrium is qualitatively identical to that of Proposition 6, but the new

elements of this section give rise to some additional results. First, the multiplier µl

and the liquidity premium on s are larger to compensate intermediaries that issue

securities s for the disclosure cost. Second, securities p′ are issued by intermediaries

that invest in L-capital. The large supply of L-capital guarantees that the quantity

of securities p′ can be large as well, so that the adverse selection problem is severe.

Third, the disclosure cost is paid only by intermediaries that issue safe debt s. In

particular, the key result is that intermediaries issuing p optimally decide not to pay

the disclosure cost.48 A simple explanation of this result is that securities p partially

default in the low state, and thus, if the intermediary paid the disclosure cost, it

would earn the low-state liquidity premium µl only on the fraction of the security

that is not defaulted on in the low state.49

In addition, note that each household buys only one type of pseudo-safe security

(i.e., either p or p′). This endogenous segmentation guarantees that there are no

48For intermediaries of type p′, it is never optimal to pay the disclosure cost because they hold
assets that fully depreciate in the low state.

49In Appendix A.10, we provide a more detailed explanation for this result, and we show that
intermediaries of type p do not pay the disclosure cost if φ satisfies the parameters’ restriction stated
in the proposition.
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profitable deviations in the bilateral meetings. For instance, if each household held,

say, an equal amount of securities p and p′, a seller would accept all of them for

payment, knowing that half is of type p. Nonetheless, this could not be an equilibrium,

because the household would have an incentive to deviate and buy only securities p′,

which are cheaper than p.

The extended model with endogenous acceptability is also consistent with the

results of Proposition 4 if we consider the limits of τ and φ that tend to zero. We

need to consider both τ and φ as very small because Proposition 4 refers to a model

with frictionless intermediation.

Corollary 14 Consider a sequence {τ, φ} → (0, 0) such that τβ(1 − π) < φ <

β [1− π + γl(1− τ)] for each element of the sequence. For each (τ, φ) in the se-

quence, if the government sets taxes T < π
π+τγl+φ/β

, the equilibrium is the same as in

Proposition 13 and the equilibrium value of Cl, Q
D(s), and D(s) converge to that of

Proposition 4 as {τ, φ} → (0, 0).

We close this section with two remarks. First, even if the equity issuance cost τ

is small or zero, Proposition 13 shows that the disclosure cost is sufficient to generate

results that are similar to those of Section 4: satiation of liquidity in the high state,

no liquidity value of pseudo-safe securities in the low state, and a liquidity crunch

in the low state.50 Second, the analyses of efficiency and government intervention in

Sections 4.2 and 5 are unchanged in the extended model, with a few qualifications to

deal with the richer framework. Further details are presented in Appendix A.10.

7 Conclusion

We have presented a framework to study private money creation in a model in which

both public and private liquidity play a role for transactions. If the financial sector

is frictionless, private incentives and public objectives are fully aligned, and thus the

efficient level of liquidity is supplied without any need for government regulation. If

instead the financial sector is characterized by a friction that makes equity financing

more costly than debt financing, the demand for liquidity is satiated only in good

times, whereas the economy is subject to crises and to liquidity shortages in times of

economic distress.

50The mapping between the disclosure cost introduced in this section and the equity issuance
cost does not generalize to arbitrary frictions in the intermediation sector. For instance, we show
in Appendix A.11 that a model with a fixed operating cost and monopolistic competition does not
alter the results of our frictionless intermediation model.
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Within this framework, we have explored several policies to improve welfare. The

government can supply a large amount of liquidity backed by taxes or by the central

bank’s holding of private securities. Alternatively, the government can guarantee the

liabilities of financial intermediaries during crises, providing deposit insurance. In

the context of the model, these policies achieve the first best, but we argue that an

active role of the government in providing and supporting liquidity (either directly or

through government guarantees) is likely to be optimal in richer models too. Finally,

we show that capital requirements worsen welfare with respect to the laissez-faire

equilibrium.

We are aware that we have omitted some important real-world features, but we

consider our model to be a first step in addressing the important topic of private

and public liquidity. This debate has been at the center of economists’ thoughts for

hundreds of years but has received little attention in modern economic analysis. The

trade-offs that we have highlighted in the policy analysis of Section 5 deserve further

investigation in a richer quantitative model.

We see at least three possible extensions of our framework. First, we have focused

of our analysis only on the consequences of financial disruption on the liquidity mar-

ket. However, the effects on the supply of credit and the spillovers between credit and

money markets could be explored in richer frameworks. Second, our analysis could

be extended to other market structures in which intermediaries have some market

power, as in the monopolistic competition model detailed in the Appendix. Third,

our framework could also be applied to understand equilibria with parallel currencies

and the supply of liquidity in open economies. We leave these extensions for future

work.
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A Appendix for Online Publication

In this appendix, we generalize the framework to non-separable utility and prove

Proposition 4 in this context. Then, we collect the proofs of Lemmas 1 and 2 and

Propositions 5, 6, 7, 9, 11, and 12. We also discuss the policy analysis under time-

varying debt and taxes, provide the full details of the model with endogenous accept-

ability and the proof of Proposition 13, and present the extension of the framework

of Section 2 to a market of monopolistic competition.

A.1 General Utility

In this section, we generalize the results of Section 2 of the paper to a general utility.

Assume that households have the following preferences:

E0

∞∑
t=0

βtU(Ct, Xt), (A.1)

where U(·, ·) is a generic utility function of the two consumption goods with standard

properties. Consumption and portfolio choices are implied by the maximization of

(A.1) under the constraints (4) and (5) and an appropriate borrowing limit condition.

The first-order condition for Ct in (9) is replaced by

Uc(Ct, Xt) = µt + Ux(Ct, Xt),

where Uc(·, ·) and Ux(·, ·) are the partial derivatives of U(·, ·) with respect to its

first and second argument, respectively, and µt/Pt is the Lagrange multiplier of (4).

Similar to the main text, the first best is achieved if and only if µt = 0.

The first-order condition with respect to government bond holdings and interme-

diaries’ debt holdings are

QB
t = Et

{
Λt,t+1

(
1 +

µt+1

Ux(Ct+1, Xt+1)

)}
(A.2)

QD
t (j) = Et

{
Λt,t+1

[
(1− It+1(j))

µt+1

Ux(Ct+1, Xt+1)
+ (1− χt+1(j))

]}
,

where Λt,t+1 is the stochastic discount factor for nominal payoffs, defined as

Λt,t+1 ≡ β
Ux(Ct+1, Xt+1)

Ux(Ct, Xt)

Pt
Pt+1

.
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The first-order conditions with respect to capital and net worth holdings imply that

1 = Et
{

Λt,t+1

(
1 + iKt+1

)}
,

1 = Et
{

Λt,t+1

(
1 + iNt+1(j

)
)
}

for each j ∈ J .

Next, we turn to the intermediaries’ problem. Rents are now defined using the

discount factor Λt,t+1:

Rt(j) ≡ Et
{

Λt,t+1(Πt+1(j)− ΠD
t+1(j))

}
.

Given the expression of profits in equation (14) rents can be written as

Rt(j) ≡ Et
{

Λt,t+1(Πt+1(j)− ΠD
t+1(j))

}
= QD

t (j)Dt(j)− Et {Λt,t+1 (1− χt+1(j))}Dt(j).

The intermediary is willing to supply Dt(j) > 0 provided that the price of security j

exceeds the expected discounted repayment:

QD
t (j) ≥ βEt {Λt,t+1 (1− χt+1(j))} .

Otherwise, the intermediary chooses Dt(j) = 0. As a result, intermediaries’ expected

rents are non-negative at the optimum, Rt(j) ≥ 0. In an equilibrium with free entry,

Rt(j) = 0 and the demand and supply of a generic security j imply that

Et {Λt,t+1 (1− It+1(j))µt+1} = 0.

Therefore, it should be the case that µt+1 = 0 under the contingencies in which the

security j is not defaulted on, that is, if It+1(j) = 0.

Turning to Proposition 4, we show that the key result µt = 0 for all t is unchanged,

although the first-best level of consumption implicitly solves Uc(Ct, Xt) = Ux(Ct, Xt),

as discussed before. To show the generalization of the results of the proposition, note

that if not enough safe securities are supplied, then µt+1 > 0 whenever At+1 = Al,

implying that rents for supplying safe securities at time t are positive:

Rt(s) = Et

{
Λt,t+1

µt+1

Ux(Ct+1, Xt+1)

}
> 0.

Therefore, by free entry, intermediaries will increase the supply of safe securities
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until µt = 0 for all t. The quantity of intermediaries’ safe debt is now D(s)/P ≥
max

{
Ch − T , 0

}
, where Ch is consumption in the first subperiod whenever At = Ah,

which in turn solves Uc(Ch, Xh) = Ux(Ch, Xh) and Ch+Xh = AhK. Finally, the price

of safe debt s is given by (A.2) evaluated at µt+1 = 0 (where Ct and Xt for periods

in which At = Al are computed in a similar way to Ch and Xh), and the amount of

intermediaries’ net worth is defined by the same expression as in (28).

A.2 Proof of Lemmas 1 and 2

Proof of Lemma 1. Under the policy in the statement of the lemma, the results follow

from plugging (10) into (19) and rearranging.

Proof of Lemma 2. If T ≥ 1, Lemma 1 implies

T >
(1− β)

1− β − β [(1− π)µh + πµl]

and thus T ≥ 1 because µh, µl ≥ 0 and β < 1. Thus, using again Lemma 1, we

have B/P ≥ 1, which implies that the liquidity constraint (4) is not binding when

evaluated at any level of consumption less than or equal to the first best Ct = 1.

Thus, the Lagrange multiplier of (4) must be zero: µh = µl = 0.

The converse can be proved similarly. To have a non-binding liquidity constraint

(i.e., µh = µl = 0) under the assumption of D(j) = 0 for all j, public liquidity

must be sufficiently large and, more precisely, B/P ≥ 1, so that the first-best level of

consumption Ct = 1 is feasible. This in turn requires T ≥ 1 from Lemma 1; moreover,

(20) evaluated at µh = µl = 0 implies T = T , and thus T ≥ 1 is equivalent to T ≥ 1.

A.3 Proof of Proposition 5

Suppose by contradiction that there exists an equilibrium withD(s) > 0 andD(j) = 0

for all j ∈ J such that χh(j) = 0 and χl(j) > 0. Rents (29) for intermediaries that

supply safe securities must be zero, that is,

R(s) = −τN(s) + βµD(s) = 0, (A.3)

where µh = µl = µ is the Lagrange multiplier of the liquidity constraint (4). Com-

bining (A.3) with (30) evaluated at χt+1 ≡ 0 and QD
t (s) = β(1 + µ) from (23), we

obtain µ = τγl, where γl is defined in (32), and N(s) = D(s)βγl. Thus, (31) follows

from evaluating (29) at j = p, N(p) = 0, and µh = µ = τγl. That is, there exists a
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profitable deviation for an intermediary to supply securities p. This contradicts the

conjecture that the scenario with only safe securities is an equilibrium.

A.4 Proof of Proposition 6

Consider first the case in which public liquidity is low, that is, T < π/ (π + τγl),

and thus the statement of the proposition implies µl = τγl/π. We can verify that

intermediaries issuing p and s earn zero rents and thus are indifferent about any

D(p) > 0 and D(s) > 0, respectively. Using (29), we have that

R(p) = −τN(p) + β(1− π)µhD(p) = 0

where the second equality uses N(p) = 0 (because, by definition, securities p are

supplied with no net worth) and the equilibrium value µh = 0. Similarly,

R(s) = −τN(s) + βπµlD(s) = 0,

where the second equality uses N(s) = D(s)βγl and µl = τγl/π.

If instead public liquidity is high, π/ (π + τγl) < T < 1, we have Cl > π/ (π + τγl)

and thus µl < τγl/π. As a result, rents from issuing safe liquidity are negative:

R(s) = −τN(s) + βπµlD(s) < 0,

where the minimum net worth that is required to issue safe securities is unchanged

at N(s) = D(s)βγl.

Consumption Ch and Cl follows from (9) evaluated in the high and low states,

respectively. Debt securities D(s) and D(p) follow from (4) evaluated in the high and

low states, respectively. The default rate on pseudo-safe securities is determined by

(30) holding with equality, and using Nt(p) = 0 (because intermediaries that supply

pseudo-safe securities p issue zero net worth) and QD
t (p) = β [(1− π) + π (1− χl(p))]

(which follows from equation (24)).

Finally, note that there is no profitable deviation to issue other types of pseudo-

safe securities j with χl(j) > 0 and 0 < N(j) < N(s). Using (29), rents earned from

issuing such securities would be negative: R(p) = −τN(j) < 0.

A.5 Proof of Proposition 7 and numerical examples

Proof of Proposition 7. We start by characterizing the solution to the planner’s

problem (33). Plugging the resource constraint (34) into the objective function (33),
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the problem can be reformulated as a sequence of identical two-period problems.

Intuitively, this is because the shock At is i.i.d. and intermediaries live only for two

periods. Dropping the time index t and using the subscripts h and l to refer to the

high and low states, respectively, each two-period problem is given by:

max
Ch,Cl,D(s),D(p),N(s)

β
{

(1− π)
(
logCh + AhK − Ch

)
+ π

(
logCl + AlK − Cl

)}
− τ N (s)

P
(A.4)

subject to the liquidity constraint (4) and to the inequality (30) evaluated at j = s

and χt+1(s) = 0. We can express (4) as a set of state-contingent constraints:

PCh ≤ B +D (s) +D (p) (A.5)

PCl ≤ B +D (s) (A.6)

where we have used the fact that safe securities can be used in both state h and

state l, whereas pseudo-safe securities can be used only in state l. Moreover, we can

rearrange (30) evaluated at j = s and χt+1(s) = 0 as

N (s) ≥ D (s)

1− τ

[
1

1 + rKl
−QD (s)

]
(A.7)

where we have used the fact that rKt+1 ≥ rKl . The constraint (A.7) can be rewritten

as
N (s)

P
≥ Cl −B/P

1− τ

[
1

1 + rKl
− β

(
1− π

max {1, Ch}
+
π

Cl

)]
, (A.8)

where we have used D (s) /P = Cl − B/P from (A.6) holding with equality, QD (s)

from (11) evaluated at j = s, 1 + µh = 1/Ch and 1 + µl = 1/Cl from (9), and µh ≥ 0

which implies Ch ≤ 1.

We can now plug (A.5), (A.6), and (A.8) into the objective function (A.4):

max
Ch,Cl

W (Ch, Cl) ,

where

W (Ch, Cl) = β (1− π)
[
logCh + AhK − Ch

]
+ βπ

[
logCl + AlK − Cl

]
−
(
Cl −

B

P

)
τ

1− τ

[
1

1 + rKl
− β

(
1− π

max {1, Ch}
+
π

Cl

)]
.

whereas D (p), D (s), and N (s) are determined residually using (A.5), (A.6), and
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(A.8), subject to the non-negativity constraints.

Next, we show that the planner’s solution must satisfy Ch < 1 if and only if

Cl > B/P . To do so, we compute the left derivative ofW (Ch, Cl) with respect to Ch

evaluated at Ch = 1:

∂−W (Ch, Cl)

∂Ch
= −

(
Cl −

B

P

)
τ

1− τ
β (1− π) < 0 ⇐⇒ Cl >

B

P
.

A negative left derivative implies that reducing Ch below one increases welfare, and

thus the optimum must be Ch < 1.

Given this result, the first-order conditions with respect to Ch and Cl imply that:

1

Ch
= 1 +

(
Cl −

B

P

)
τ

1− τ
1

(Ch)
2 (A.9)

1

Cl
= 1 +

τ

βπ

N (s)

D (s)
+

(
Cl −

B

P

)
τ

1− τ
1

(Cl)
2 (A.10)

provided that the non-negativity constraints on D(p), D(s), and N(s) are not binding.

If, instead, the constraint N(s) ≥ 0 is binding, then (A.10) evaluated at N(s) = 0

implies, together with (A.9), that Ch = Cl = C. The solution for C can be obtained

using (A.8) evaluated at N(s) = 0, and is given by C = (1 + γl)
−1. In addition, note

that Ch = Cl = C implies D(p) = 0.51 Finally, if the non-negativity constraint on

D(s) is binding, the planner’s solution is Ch = 1 and Cl = B/P .

We now verify that the decentralized equilibrium of Proposition 6 satisfies the

above planner’s optimality conditions and thus is constrained efficient if and only if

Cl = B/P = T or, equivalently, if and only if D (s) = 0. First, we consider the

knife-edge case in which the planner chooses Cl = T and thus D(s) = 0 but the

non-negativity constraint D(s) ≥ 0 is not binding (in the sense that its Lagrange

multiplier is zero); in this case, (A.9) and (A.10) hold with equality and imply Cl =

T = π/ (π + τγl) and Ch = 1. Moreover, (A.10) implies that the planner chooses the

same solution whenever T ≥ π/ (π + τγl). Second, we note that for T ≥ π/ (π + τγl)

the laissez-faire equilibrium of Proposition 6 is the same as the planner’s solution

and thus is constrained-efficient. If, instead, T < π/ (π + τγl) the inefficiency can be

proven by noting that the planner chooses Ch < 1 as discussed before, whereas the

equilibrium displays Ch = 1.

Finally, equations (35) and (36) can be derived using (A.9) and (A.10) by noting

51Similarly, a binding non-negativity constraint on D(p) also implies that Ch = Cl = C and thus,
from (A.9) and (A.10), that N(s) = 0. That is, D(p) = 0 if and only if N(s) = 0.
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that ∂Ch/∂D(p) = 1/P and ∂Cl/∂D(s) = 1/P from (A.5) and (A.6) evaluated with

equality, ∂ (N(s)/P ) /∂QD (s) = − (Cl −B/P ) / (1− τ) from (A.6) and (A.7), and

∂QD (s)

∂D (p)
=

∂QD (s)

∂Ch

∂Ch
∂D (p)

= −β 1− π
(Ch)

2

1

P
,

using (11) evaluated at j = s, and similarly ∂QD (s) /∂D(s) = −βπ/ (Cl)
2.

Numerical Examples. We provide some numerical examples to illustrate two re-

sults. First, the planner’s choice of pseudo-safe debt can be higher or lower in com-

parison to the laissez-faire equilibrium. Second, the planner’s choice of pseudo-safe

debt can be positive or zero, depending on whether or not the constraints D(p) ≥ 0

and N(s) ≥ 0 are binding.

We use the following parameters: β = 0.95, Ah = 1.005, Al = 0.5, π = 0.01,

T = 0.5, and three possible values for the equity issuance cost: τ = 0.005, τ = 0.04

and τ = 0.05. The supply of capital K does not affect the results provided that it

is sufficiently large to guarantee consumption of one unit in the first subperiod in

the low state (i.e., so that the allocation Cl = 1 can be attained). These parameters

imply rKl = 0.026 and rKh = 0.053.

We first solve the model for τ = 0.005. Using Proposition 6, the supply of private

money in the decentralized equilibrium is D (s) = 0.487 and D (p) = 0.013.52 To

compute the planner’s solution, we use the first-order conditions (A.9) and (A.10),

and we obtain D (s) = 0.486 and D (p) = 0.011. Thus, in this case, both safe and

pseudo-safe assets are lower for the planner.

We then solve the model for τ = 0.04. In the decentralized equilibrium, we

obtain D (s) = 0.407 and D (p) = 0.093. From the planner’s problem, we obtain

D (s) = 0.458 and D (p) = 0.023. In this second case, only the choice of pseudo-safe

assets is lower for the planner, whereas the choice of safe assets is higher.

Finally, we solve the model for τ = 0.05. In this case, the values of Ch and Cl

that solve (A.9) and (A.10) imply a negative value for D(p) and N(s). Thus, the

planner’s solution is D(p) = 0, N(s) = 0, and Ch = Cl = 0.975.

52We use the result for D (p) in Proposition 6, evaluated with equality.
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A.6 Proof of Proposition 9

We need to prove that it is possible to implement the efficient allocation Ch = Cl = 1

with Pt = P while satisfying the constraint (37) by appropriately choosing Dc
t (p) and

Bt. First, rewrite the intertemporal government budget constraint, (39), evaluated

at QB
t = Qf

t (because the liquidity premium is zero under the efficient supply of

liquidity) using Dc
t (p) = Dc(p), Bt = B, Pt = P , and the state-contingent taxes T h

and T l:

B

P
=


Dc(p)
P

+ (1− β)T h + Et

{∑∞
j=1 β

jTt+j

}
if At = Ah

(1− χl(p)) Dc(p)
P

+ (1− β)T l + Et

{∑∞
j=1 β

jTt+j

}
if At = Al.

(A.11)

We can rewrite the two equations in (A.11) – that is, one equation for the high state

and one equation for the low state – evaluating them at B/P = 1 because B/P = 1

is the real supply of public liquidity that allows the economy to achieve efficiency:

1 =
Dc(p)

P
+ (1− β)T h + β

[
(1− π)T h + πT l

]
1 = (1− χl(p))

Dc(p)

P
+ (1− β)T l + β

[
(1− π)T h + πT l

]
where we have used the fact that Et(Tt+j) = (1 − β)

[
(1− π)T h + πT l

]
. This is a

system of two equations in two unknowns, where the unknowns are Dc(p)/P and

T l, as a function of T h and the parameters of the model. The solution is given by

Dc(p)/P and T l stated by the proposition.

The restriction T h < 1 is required to satisfy (37). The inequalities Dc(p)/P > 0

and T l > T h follow from T h < 1, χl(p) ∈ (0, 1), and β < 1. The default rate χl(p)

can be computed following the same steps as in Proposition 6.

A.7 Proof of Proposition 11

We show that, under the deposit insurance policy, the consolidated balance sheet of

the government and of private intermediaries is the same as in Proposition 9.

Let Ft be the state-contingent resources transferred from intermediaries to the

government (i.e., Ft < 0 denotes a transfer from the government to intermediaries).

Thus, using Bt = B and Pt = P , the budget constraint of the government becomes

B

P
= QB

t

B

P
+
Ft
P

+ Tt (A.12)
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and the intermediaries’ profits are

Πt(s) = (1 + rKt )QKKI(s)−D(s)− Ft (A.13)

where we have already specialized to j = s because the debt of intermediaries is safe

because of deposit insurance.

The government collects a fee from intermediaries in state h (thus, Fh > 0),

and provides resources to holders of private money to guarantee them in the event

of default (i.e., in bad states, and thus Fl < 0). The fee is such that profits of

intermediaries are always zero. Thus, (A.13) evaluated at Πt(s) = 0 implies

Ft = (1 + rKt )QKKI(s)−D(s). (A.14)

Next, assume that there exists an equilibrium under the policy of asset purchases

of Proposition 9, and denote the variables in this equilibrium with “ ˜ ”. For future

references, note that, even though safe debt is not issued by intermediaries in this

equilibrium, it is nonetheless priced using households’ first-order condition (11), and

thus Q̃D(s) = β. Under the policy of Proposition 9, the government budget constraint

(38) is, in equilibrium:

1− (1− χ̃t(p))
D̃c
t−1(p)

P̃
= Q̃B − Q̃D(p)

D̃c
t (p)

P̃
+ T̃t

because B̃/P̃ = 1 in that equilibrium. Using the budget constraint of intermediaries,

(13), we have Q̃D
t (p)D̃c

t (p) = Q̃KK̃I(p) and, using the definition of profits in (14)

evaluated at Π̃(j) = 0 and constant prices, we have (1 − χ̃t(p))D̃
c
t−1(p) = (1 +

rKt )Q̃KK̃I(p). Thus, the budget constraint of the government can be rewritten:

1− (1 + rKt )Q̃KK̃I(p)

P̃
= Q̃B − Q̃KK̃I(p)

P̃
+ T̃t (A.15)

Now, we replace the policy of asset purchases with that of deposit insurance keeping

prices and other equilibrium variables unchanged, and we show that this new policy

sustains the same equilibrium. Let (B +D(s)) /P̃ = 1, which can be interpreted as

the supply of public and private money, and let KI(s) = K̃I(p) be the quantity of

capital held by an intermediary that does not issue any equity but issues safe assets
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because it is subject to deposit insurance. Equation (A.15) becomes

B +D(s)

P̃︸ ︷︷ ︸
=1

−(1 + rKt )Q̃KKI(s)

P̃
= Q̃B B +D(s)

P̃︸ ︷︷ ︸
=1

−Q̃
KKI(s)

P̃
+ T̃t

and using Q̃D(s) = β = Q̃B and rearranging, we obtain:

B

P̃
− (1 + rKt )Q̃KKI(s)−D(s)

P̃︸ ︷︷ ︸
=Ft/P̃

= Q̃BB

P̃
− Q̃KKI(s)− Q̃D(s)D(s)

P̃︸ ︷︷ ︸
=0

+T̃t,

where the second term on the left-hand side equals Ft/P̃ using (A.14), and the sec-

ond term on the right-hand side equals zero because it corresponds to the budget

constraint of an intermediary issuing securities s under deposit insurance and, thus,

has no need to issue equity. Rearranging the previous expression, it becomes

B

P̃
= Q̃BB

P̃
+
Ft

P̃
+ T̃t

which is the budget constraint of the government under deposit insurance, as in

(A.12). Finally, note that intermediaries earn zero rents under the deposit insurance

policy because of the definition of Ft in (A.14).

A.8 Proof of Proposition 12

First, consider the case
B

P
>

π

π + τγl
.

In this case, the equilibrium without regulation is characterized by D(s) = 0 (see

Proposition 6) and thus is constrained efficient (see Proposition 7). As a result,

regulation cannot be welfare improving.

Next, consider the case
B

P
≤ π

π + τγl
. (A.16)

We start by solving for the equilibrium under capital requirements. In this case, all

intermediaries must offer debt of type s. Intermediaries’ rents are

Rt = −τNt(s) + βµDt(s), (A.17)

and net worth is chosen at the minimum level that guarantees the supply of a safe
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security, that is, χl = 0. Using the fact that the price of a safe security is QD(s) =

β (1 + µ), we have that

Nt(s) =
Dt(s)

(1 + rKl )(1− τ)

[
1− β (1 + µ)

(
1 + rKl

)]
.

Therefore, plugging Nt(s) into the expression for rents, (A.17), we can solve for the

equilibrium values of µ and N(s) that imply zero rents. These values are given by

µ = τγl and N(s) = D(s)βγl.

As a result, consumption Ch = Cl = C is given by C = 1/ (1 + τγl) and, using

C = B/P +D(s)/P , we have that

D(s)

P
=

1

1 + τγl
− B

P
> 0.

We can now compare welfare with and without regulation. Using (A.4), welfare

is

W = β [(1− π) (logCh +Xh) + π (logCl +Xl)]− τ
N(s)

P
. (A.18)

Thus, welfare with and without regulation is

WR = AK − 1

1 + τγl
+ log

(
1

1 + τγl

)
− τγl

(
1

1 + τγl
− B

P

)
WNR(π) = AK − 1 + π

[
log

(
π

π + τγl

)
− π

π + τγl
+ 1

]
− τγl

(
π

π + τγl
− B

P

)
,

respectively, where we have emphasized that welfare under no regulation is a non-

trivial function of π. Consider first the cases in which π = 0, which also requires

B/P = 0 from (A.16), and π = 1; in these cases, we have WNR(π = 0) > WR and

WNR(π = 1) =WR. Moreover, note that WNR(π) is strictly decreasing in π:

∂WNR(π)

∂π
=

[
log

(
π

π + τγl

)
− π

π + τγl

]
− [log(1)− 1] < 0,

where the inequality uses the fact that log x−x is increasing in x for x ≤ 1. Therefore,

WNR(π) >WR for all π ∈ [0, 1).

A.9 Taxation and path of government debt under the asset

purchase policy

In Section 5.2, we claim that the government does not need to increase taxes in the

low state to implement the first best when the central bank purchases private risky
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assets. This appendix provides more details about this result.

Consider the equilibrium that arises under the asset purchase policy. We appeal to

the Ricardian equivalence and show that this equilibrium can be implemented with a

policy that does not rely on increasing taxes in the bad state. In what follows, denote

B to be implicitly defined by B/P = 1.

Assume that B−1 = B and, without loss of generality, that a bad shock is realized

at t = 0 (i.e., A0 = Al). We can rewrite the second entry of (42) as

B

P
= (1− χl (p))

Dc (p)

P
+ (1− β)T l + E0

{
∞∑
j=1

βjTj

}
. (A.19)

The crucial element of (A.19) is the present discounted value of taxes, (1− β)T l +

E0

{∑∞
j=1 β

jTj

}
. Since the liquidity premium on government debt is zero in equilib-

rium, we can appeal to Ricardian equivalence and replace (A.19) with

B

P
= (1− χl (p))

Dc (p)

P
+ T̃0 + E0

{
∞∑
j=1

βjT̃j

}
,

where T̃0 can be chosen arbitrarily as long as

T̃0 + E0

{
∞∑
j=1

βjT̃j

}
= (1− β)T l + E0

{
∞∑
j=1

βjTj

}
.

The change in the path of taxes can be made without changing the other equilibrium

variables with the exception of the path of government debt.

Note that Ricardian equivalence does not always hold in our model; in particular,

it does not hold if the liquidity premium on government debt is positive. However,

Ricardian equivalence does hold in the equilibrium of Section 5.2 because, under the

asset purchase policy, the liquidity premium is zero.

What path of government debt will arise in our model? The possibilities are many.

For instance, the government could follow the rule

Bt = αtBt−1 + (1− αt)B + χt (p)Dc
t−1 (p)

1

β
(A.20)

for some αt ∈ (0, 1). That is, the government could slowly reduce debt to the level

B whenever Bt−1 > B and fully absorb any loss due to the default of pseudo-safe

securities in bad states by issuing new debt rather than raising taxes.
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Finally, we appeal to the same logic of Corollary 10 to argue that the limit on

taxes (37) is not violated by a time-varying path of government debt.53 First note

that, if the government does not increase taxes in the bad states, the average level

of debt is higher than B. To see this, consider the case studied above in which the

government starts with debt B−1 = B and a bad shock pushes debt above B at t = 0

if the government does not raise taxes; the debt policy rule in (A.20) keeps Bt above

B because αt > 0. As a consequence of the higher debt, the total interest payments of

the government increase. However, the government does not need to rely on taxation

for these higher payments. If the government expands the portfolio of the central

bank by increasing its holdings of Dc (p), this portfolio will generate larger interest

payments. As a result, the government does not need to increase average taxes.

A.10 Extension with endogenous acceptability: full model

and Proof of Proposition 13

In this appendix, we provide more details about the equations of the extended model,

and then we prove Proposition 13.

Recall that, in the first subperiod, buyers and sellers meet bilaterally and each

buyer makes a take-it-or-leave-it offer to the seller (in this model, a buyer is an agent

who purchases consumption goods using debt securities as means of payment, and the

seller is the agent that sells consumption goods). For a seller, the outside option is

to sell goods in the second subperiod at price P .54 Thus, since the buyer can extract

all the surplus of the meeting, we conjecture (and then verify when we prove the

equilibrium results) that the terms of trade of the meeting imply an implicit price P

for the consumption goods. As a result, the liquidity constraint is the same as (22),

but It(j) is endogenously determined for all j ∈ J . That is, It(j) = 0 if security j is

accepted for transactions at time t, and It(j) = 1 if security j is not accepted.

To model the budget constraint of households in the second subperiod, let QL
t

and LHt denote the price and holding of L-capital, respectively. Recall that, in the

state l, households are endowed with new L units of L-capital, and thus the budget

constraint is state contingent. That is,

PXt +QB
t Bt +

∫
j∈J

QD
t (j)Dt(j)dj +QK

t K
H
t +QL

t L
H
t +

∫
j∈J

Nt(j)dj ≤ Wt − PTt

53Since taxes are time varying, the limit on taxes must now be formulated as Et
(
T t+1

)
< 1.

54We use the government policy discussed in Section 2.4, which implies a constant price level,
Pt = P .
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if At = Ah and

PXt +QB
t Bt +

∫
j∈J

QD
t (j)Dt(j)dj +QK

t K
H
t +QL

t L
H
t +

∫
j∈J

Nt(j)dj ≤ Wt − PTt +QL
t L

if At = Al. Wealth Wt is now defined as

Wt = QK
t−1K

H
t−1

(
1 + iKt

)
+QL

t−1L
H
t−1

(
1 + iLt

)
+

∫
j∈J

Nt−1(j)(1 + iNt (j))dj

+Bt−1 +

∫
j∈J

(1− χt(j))Dt−1(j)dj − PCt.

where 1 + iLt is the return on L-capital. Since L-capital produces ALh units of output

in state h and zero in state l, and it fully depreciates in state l, the return 1 + iLt is

given by

1 + iLt =


QL

t +PAL
h

QL
t−1

in state h

0 in state l.

The households’ first-order conditions for debt of type j is now given by

QD
t (j) = βEt {(1− χt+1(j)) [It+1(j) + (1− It+1(j))(1 + µt+1)]} .

If It+1(j) = 0, security j is accepted for transaction at t+1, both the pecuniary value

1 − χt+1(j) and the liquidity premium µt+1 affect the price. If instead It+1(j) = 1,

j is not accepted for transactions at t+ 1, and thus only the pecuniary value affects

the price. The other first-order conditions of households derived in Section 2 are

unchanged. In addition, we now need to include the first-order condition for the

choice of L-capital, which is given by

1 = βEt
{

1 + rLt+1

}
, (A.21)

where rLt+1 is the real return on L-capital and we have already used the fact that

prices are constant over time, so that nominal and real returns are the same.

Next, we turn to intermediaries. If the disclosure cost is not paid, the budget

constraint is

QK
t K

I
t (j) +QL

t L
I
t (j) ≤ QD

t Dt(j) +Nt(j)(1− τ).
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If instead the disclosure cost is paid, the budget constraint is

QK
t K

I
t (j) +QL

t L
I
t (j) ≤

(
QD
t − φ

)
Dt(j) +Nt(j)(1− τ).

In both cases, an intermediary must choose either KI
t (j) = 0 or LIt (j) = 0 or both

equal to zero (recall from Section 6 that intermediaries can invest only in one type of

capital).

The expression for intermediaries’ rents depends on whether the disclosure cost is

paid or not. If the intermediary does not pay the disclosure cost, then (29) evaluated

at Pt = P holds. If the intermediary pays the disclosure cost, rents are

R(j) = −τNt(j) +QD
t (j)− βEt {1− χt+1}Dt(j)− φDt(j).

The leverage constraint required to issue securities j is given by (30) for intermediaries

that do not pay the disclosure cost and by

Nt(j)

Dt(j)
≥ 1− χt+1(j)

(1− τ)
(
1 + rKt+1

) − QD
t (j)− φ
(1− τ)

(A.22)

(with equality if χt+1(j) > 0) for intermediaries that pay the disclosure cost.

We consider a standard rational expectations equilibrium. In particular, if a seller

of consumption goods is presented in the first subperiod with a security issued by

an intermediary that did not disclose information, the seller evaluates this security

according to its beliefs, that is, according to a probability distribution over the set of

securities J . In equilibrium, we require such beliefs to match the true distribution of

securities issued by intermediaries that did not disclose information.

No-disclosure decision by pseudo-safe intermediaries: discussion. Before present-

ing the proof of Proposition 13, we discuss the intuition behind the result that inter-

mediaries issuing pseudo-safe securities do not pay the information disclosure cost.

In the proof, we show that disclosing is not profitable because

φ > βπµl [1− χ̃l] , (A.23)

where χ̃l denotes the default rate in the low state of debt securities issued by an

intermediary that undertakes a deviation by entering the market with zero net worth

and paying the disclosure cost. In (A.23), the cost φ to disclose (left-hand side) is

greater than the benefit (right-hand side). The benefits are given by earning the

liquidity premium βπµl for relaxing the liquidity constraint in the low state, for each
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unit of non-defaulted security. Crucially, the cost is linear in φ, whereas the benefit

is a non-linear function of φ, because both µl and χ̃l are functions of φ (i.e., the term

χ̃l is not necessarily the same as χl(p)). The mapping between φ and µl is provided

by (44). The mapping between φ and χ̃l is more complicated. On the one hand,

higher φ reduces the resources available to an intermediary that discloses, increasing

the default rate. On the other hand, φ increases µl, as implied by (44), thereby

increasing the liquidity premium and reducing the borrowing costs of intermediaries.

This second effect increases the resources of intermediaries for a given face value

of debt, thereby reducing the default rate. In the equilibrium of Proposition 13,

disclosing is a profitable deviation only if φ is very low or very large, but it is not

profitable for intermediate values of φ.

Proof of Proposition 13. First, we compute the equilibrium price of L-capital. In

a stationary equilibrium with constant prices, we have

1 + rLh =
QL + ALh
QL

and 1 + rLl = 0.

Using the households’ first-order condition (A.21), we obtain

QL =
β(1− π)ALh
1− β(1− π)

,

and thus 1 + rLh = 1/ [β(1− π)].

Next, we show that intermediaries that issue securities of type s, p, and p′ earn zero

rents. For intermediaries of type s (that issue securities that are used for transactions

in all states), rents are

R(s) = −τN(s)− φD(s) + β [(1− π)µh + πµl]D(s) = 0,

where the second equality uses the equilibrium values of µh, µl, and N(s) stated in

Proposition 13. For intermediaries of type p (that issue securities with liquidity value

in the high state and that do not pay the disclosure cost), rents are

R(p) = −τN(p) + β(1− π)µhD(p) = 0.

Similarly, rents for intermediaries of type p′ are zero as well.

We now check that there are no profitable deviations by intermediaries. First,

intermediaries of type s do not want to issue more equity than N(s) = D(s)βγl, or
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otherwise they would earn negative rents. Similarly, intermediaries of type p and p′

would earn negative rents if they choose N(p) > 0 or N(p′) > 0, respectively. Next,

consider deviations related to the disclosure cost φ. If an intermediary of type s

deviates and does not pay the disclosure cost, its securities would not be accepted

for transactions in the low state, and thus it would not earn the liquidity premium;

as a result, its rents would be negative because of the cost of issuing equity. If an

intermediary of type p′ pays the disclosure cost, the intermediary would not earn any

liquidity premium because its debt would be worthless in the low state, and thus

its rents would be negative as well. Next, consider an intermediary that enters the

market with zero net worth and pays the disclosure cost, issuing securities denoted

by m ∈ J with default rate χt+1(m). Since the intermediary has no equity, we have

N(m) = 0. Households’ demand for these securities is similar to (11) and is given by

QD(m) = β [(1− π) + π (1− χl(m)) (1 + µl)] (A.24)

because the intermediary discloses information and thus securities of type m would

be accepted for transactions in the low state, even if they are partially defaulted on,

relaxing the liquidity constraint. In the low state, the intermediary defaults on its

debt so that (A.22) holds with equality and, rearranging it, we have that

[1− χl(m)]D(m) =
(
1 + rKl

) [
QD(m)− φ

]
D(m), (A.25)

which can be used to compute the default rate χl(m). We can now use (A.24) and

A.25) to compute rents:

R(m) = −φD(m) + βπµlD(m) (1− χl(m)) (A.26)

= D(m)βγl

(
φ− (1− π)βτ

φ− β [1− π + γl(1− τ)]

)
< 0, (A.27)

where the inequality follows from the assumption τβ(1−π) < φ < β [1− π + γl(1− τ ].

Therefore, issuing m is not profitable. The last possible deviation is paying the cost

φ and issuing equity; let m′ be the securities issued by an intermediary that follows

this deviation. The amount of net worth issued by this intermediary is not enough

to make securities completely safe (otherwise we would be back to the case of an in-

termediary issuing securities s), and thus N(m′)
D(m′)

< N(s)
D(s)

= βγl. Similar to the previous

deviation, we have

QD (m′) = β [(1− π) + π (1− χl (m′)) (1 + µl)] (A.28)
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[1− χl (m′)]D (m′) =
(
1 + rKl

) [(
QD (m)− φ

)
D (m′) + (1− τ)N (m′)

]
, (A.29)

and rents are

R (m′) = −τN (m′)− φD (m′) + βπµlD (m′) (1− χl (m′))

= D (m′)

{
βγl −

N (m′)

D (m′)

}{
φ− (1− π) βτ

φ− β [1− π + γl (1− τ)]

}
< 0,

where the second line uses (A.28) and (A.29), and the inequality follows from N(m′)
D(m′)

<

βγl as discussed before, and from the assumption τβ(1−π) < φ < β [1− π + γl(1− τ ].

Therefore, issuing m′ is not profitable.

Next, note that it is (weakly) optimal for households to hold either p or p′. This

is because the expected return on these two securities is the same, and none of the

two securities relax the liquidity constraint in the first subperiod in the low state.

As a final step, we checked the optimality of the terms of trade in the first sub-

period by verifying that there are no profitable deviations. Consider a meeting in

the low state in which a buyer of consumption goods holds government bonds and

securities s and p. In equilibrium, this buyer has marginal utility 1 +µl from (9). We

study the deviation in which a buyer offers the securities p as payment to purchase

an extra unit of consumption goods at some implicit price P̃ > P . This deviation

makes the buyer of consumption goods better off if P̃ is such that

(1− χl (p))︸ ︷︷ ︸
payoff of p

1

P̃︸︷︷︸
1/price paid

(1 + µl)︸ ︷︷ ︸
marginal utility Ct

≥ (1− χl (p))︸ ︷︷ ︸
payoff of p

1

P︸︷︷︸
1/price

× 1︸︷︷︸
marginal utility Xt

because the alternative use of security p is to be carried to the second subperiod in

which the marginal utility is 1/P . Thus, the maximum price at which the buyer is

willing to make this trade is P̃ buyer = P (1 + µl). From the seller’s perspective, there

is a concern about being paid with securities p′, which are worthless in the low state.

The seller evaluates the probability that the buyer holds p or p′ according to her

beliefs, which we denote as α and 1 − α, respectively. Thus, the seller accepts the

offer to trade an extra unit at an implicit price P̃ if

α
(
P̃ − P

)
+ (1− α) (−P ) ≥ 0

With probability α, the security exchanged is of type p, and thus the seller earns a

gain P̃ − P per unit traded; with probability 1 − α, the security traded is of type

p′, and thus the seller loses P because it is handing an extra unit of consumption

66



goods to the buyer in exchange for a worthless security. In equilibrium, beliefs must

be rational, and thus (45) implies α < 1/(1 + µl) (note that (45) is feasible because

the supply of L is sufficiently large by assumption, and thus there can be sufficiently

many intermediaries offering p′). As a result, the seller accepts this deviation at any

implicit price P̃ seller > P (1 + µl) = P̃ buyer. Thus, this deviation is not profitable. In

addition, the non-profitability of this deviation verifies the conjecture, made at the

beginning of Appendix A.10, that the implicit price at which trade takes place in the

first subperiod is P , completing the proof.

Efficiency and pecuniary externality. Similar to Section 4.2, we consider a plan-

ner with limited abilities that chooses the balance sheet of financial intermediaries,

taking as given the demand of private money from households. A key difference

with Section 4.2 is that we do not characterize the constrained first-best allocation.

We only show that an externality arises by characterizing an allocation that improves

upon the laissez-faire equilibrium. The choice to disclose information complicates the

characterization of the constrained first best, so that focusing on welfare improvement

simplifies the analysis without altering the conclusion that the decentralized equilib-

rium is generically constrained inefficient.

We assume that the planner chooses two variables related to private money sup-

ply: safe securities and net worth of intermediaries that pay the disclosure cost, Dt (s)

and Nt (s), and the sum of pseudo-safe securities p and p′ issued by intermediaries

that do not pay the disclosure cost and have zero net worth, D̃t = Dt (p) + Dt (p′).

This assumption has two implications. First, the planner can choose only the same

securities that arise in the laissez-faire equilibrium and cannot instruct an intermedi-

ary, say, to issue safe debt without paying the disclosure cost or to issue pseudo-safe

debt paying the disclosure cost. Second, the fact that the planner can choose only

D̃t but not Dt (p) and Dt (p′) separately implies that the planner does not have the

ability to eliminate the adverse selection problem.

Thus, the planner problem is:

max
{Ct+1,Xt,Dt(s),D̃t,Nt(s)}∞

t=0

X0 +
∞∑
t=1

βtE {logCt +Xt}

subject to the resource constraint

Ct +Xt ≤ AtK + ALt L− τ
Nt (s)

P
− φDt (s)

P

(where ALt = ALh in the high state, and ALt = 0 in the low state), the households’
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demand schedule for equity and debt of intermediaries, the requirement that debt of

type s is riskless (i.e., (A.22) evaluated at j = s and χt+1 (s) = 0), a non-negativity

constraint on all choice variables, and households’ choice to not accept pseudo-safe

securities for payment in the low state.

We can derive the results by following the same steps as in the proof of Proposition

7. The first-order conditions are:

1

Ch
= 1 +

(
Cl −

B

P

)
τ

1− τ
1

(Ch)
2

1

Cl
= 1 +

1

βπ

(
τ
N (s)

D (s)
+ φ

)
+

(
Cl −

B

P

)
τ

1− τ
1

(Cl)
2 ,

provided that the non-negativity constraints on D (s) and D̃ are not binding.55 The

laissez-faire equilibrium of Proposition 13 does not satisfy these first-order conditions

and thus is generically constrained-inefficient.

Asset purchases and deposit insurance with limits on taxes. The results of the asset

purchase policy (Section 5.2) and deposit insurance (Section 5.3) can be extended to

the model with endogenous acceptability. We distinguish between the case in which

the government observes the balance sheet of intermediaries when the intermediaries

are set up and the case in which the government does not observe the balance sheet.

If the government observes the balance sheet of intermediaries when they are

set up, then the analysis is identical to that of Sections 5.2 and 5.3. Under asset

purchases, the government purchases an amount Dc
t (p) of pseudo-safe securities p

and supplies a large amount of government debt to satiate the liquidity needs of the

economy. Deposit insurance is provided only to intermediaries that issue pseudo-safe

securities p.

If, instead, the government cannot observe the balance sheet of intermediaries,

the government can still achieve the first best under both policies by purchasing or

guaranteeing pseudo-safe debt p′ (i.e., the debt that fully defaults in the low state).

In particular, the asset purchase policy can be conducted by purchasing an amount

Dc
t (p′) of securities p′; in this case, under the assumption of constant debt (i.e.,

Bt = B), taxes in the low state must increase more in comparison to the baseline

scenario in which the government purchases p. Nonetheless, the government can

still achieve the first best. The equivalence of deposit insurance can be extended

to the case in which the government guarantees p′. Intuitively, if the government

55If the constraints are binding, the analysis is similar to that in the proof of Proposition 7.
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does not observe the balance sheet of intermediaries, it can focus its policies on the

worst pseudo-safe debt that is traded in the economy. Even though there might some

practical caveats for the implementation of these policies, as we discuss in Sections

5.2 and 5.3, the logic of the results in the context of the model is unchanged.

Capital requirements. The results of capital requirements studied in Section 5.4

are unchanged if we assume that intermediaries that operate under the capital re-

quirement policy have to pay the disclosure cost φ. In this case, φ can be interpreted

as the cost to conduct and document the result of a stress test required by regulators

to comply with the policy (see the discussion in Alvarez and Barlevy, 2015). The

proof is identical, except that the term τγl + φ/β replaces all instances in which τγl

appears in the original proof.

A.11 Monopolistic competition

This appendix presents the results of a model with monopolistic competition in the

financial sector and a real fixed cost Φ > 0 to enter that market. The cost Φ > 0

adds to the budget constraint in the following way:

QK
t Kt(j) + PΦ = QD

t (j)Dt(j) +Nt(j).

Unlike perfect competition, financial intermediaries internalize the effects of the quan-

tity supplied on the marginal value of liquidity and therefore on the price of the

security. Indeed, the fixed real cost Φ ensures that they are not small and that

in equilibrium there is a finite number of financial intermediaries operating in the

market.

Proposition 15 When financial intermediaries face a real fixed cost to enter the

market Φ (with 0 < Φ < β) and act under monopolistic competition, the only private

securities supplied in equilibrium are safe assets. Consumption is equal to

Ch = Cl = max

(
1−

√
Φ

β
, T

)
,

assuming T < 1, whereas the overall supply of safe securities is

D(s)

P
= max

(
1− T −

√
Φ

β
, 0

)
;
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the number Z of intermediaries in the market is

Z =

√
β

Φ

max
(

1− T −
√

Φ
β
, 0
)

1−
√

Φ
β

and each intermediary enters with a level of net worth given by

N(s) ≥ D(s)

Z

[(
1 + rKl

) −1 − β
]
.

As the barrier to entry Φ becomes arbitrarily small, the laissez-faire equilibrium

approaches the first best. To understand why only safe assets are privately supplied

in equilibrium, note that the marginal value of liquidity is positive in equilibrium,

that is, µh = µl = µ > 0, because consumption is not at the first best, Ch = Cl < 1.

Entry in market s implies zero rents taking into account the entry cost, Rt(s) =

βµD(s) − PΦ = 0. Instead, supplying pseudo-safe securities of type j, rents would

be negative because the intermediary would lose liquidity premium associated to the

low state without any benefit. Similarly, if only a market of pseudo-safe securities

exists, intermediaries have incentives to supply safe securities s in order to exploit

the liquidity premium in the low state. Therefore, only safe securities are supplied in

equilibrium.

More formally, the budget constraint of a generic intermediary i issuing debt of

type j is now

QK
t K

i
t (j) + PΦ = QD

t (j)Di
t (j) +N i

t (j) ,

taking into account the fixed cost of entry into the market. Consumer’s demand of a

generic security of type j is

QD
t (j) = βEt {[It+1(j)(1− χt+1(j)) + (1− It+1(j))(1 + µt+1)]} , (A.30)

where we preserve the assumption of a constant price level P .

Equation (14) that describes intermediary i’s gross profits issuing securities of

type j is given by

Πi
t+1(j) =

(
1 + rKt+1

)
QK
t K

i
t (j) (A.31)

−(1− It+1 (j))Di
t (j)− It+1 (j) (1− χt+1 (j))Di

t (j) ,
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where we have also used the fact that the nominal return on capital is equal to the

real return, iKt+1 = rKt+1, because prices are constant.

The discounted value of profits is

Et
{
βΠi

t+1(j)
}

= Et

{
βΠD,i

t+1(j)
}
− PΦ +Di

t (j)QD
t (j) + (A.32)

−βEt {1− It+1(j) + It+1(j) (1− χt+1(j))}Di
t(j).

We turn now to characterize the optimal choice for a generic intermediary i.

The objective is to maximize expected rents Ri
t(j), defined as the difference between

expected profits and expected dividends:

Ri
t(j) ≡ βEt

{
Πi
t+1(j)− ΠD,i

t+1(j)
}
, (A.33)

taking into account the demand schedule (A.30). It follows that

Ri
t(j) = βEt

{
(1− It+1(j))µ(B, (1− It+1(j))Di

t(j), Dt+1(−i))
}
Di
t(j)− PΦ. (A.34)

The key feature of our monopolistically competitive market is that intermediary i is

no longer small and therefore internalizes the effects of its choices on the liquidity

premium µ(B, (1− It+1(j))Di
t(j), Dt+1(−i)) and on the market price of securities. In

particular,

µ(B, (1− It+1(j))Di
t(j), Dt+1(−i)) =

1
B
P

+
Dt+1(−i)+(1−It+1(j))Di

t(j)

P

− 1 (A.35)

where

Dt+1(−i) ≡
Z∑
z 6=i

∫
j∈J

(1− It+1(j))Dz
t (j)dj.

capturing the supply of other intermediaries, under the assumption that each inter-

mediary can issue only one type of security; that is, Dz
t (k) = 0 for each k 6= j, with

k ∈ J , if Dz
t (j) > 0. The term Z is the total number of intermediaries supplying

positive debt in the various markets.

The optimization problem of a generic intermediary i can be decomposed into two

stages. In the first stage, the intermediary chooses the type of security j to issue. In

the second stage, the intermediary chooses Di
t(j) and the level of net worth N i

t (j) to

maximize Ri
t(j) considering (A.35) and taking Dt+1(−i) as given. It is also subject

to the limited liability constraint which can be written as a lower bound on the level
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of net worth

N i
t (j) ≥

[(1− It+1(j)) + It+1(j) (1− χt+1(j))](
1 + rKt+1

) Di
t(j)−QD

t (j)Di
t(j) + PΦ. (A.36)

We first characterize the equilibrium in which all operating intermediaries supply

safe securities and then show that indeed only safe securities are supplied in equilib-

rium. If all intermediaries supply security of type s, then

Dt+1(−i) ≡
Z∑
z 6=i

Dz
t (s).

The optimal choice Di
t(s) of intermediary i that maximizes rents (A.34) given (A.35)

implies the following first-order condition

Di
t(s)

P
=

(
B +Dt+1(−i)

P

) 1
2

−
(
B +Dt+1(−i)

P

)
.

In a symmetric equilibrium, Di
t(s) = D(s)/Z and Dt+1(−i) = (Z − 1)D(s)/Z where

D(s) is the aggregate level of intermediaries’ debt. We can then write the above

condition as

D(s)

P
+
B

P
=

(
B + Z−1

Z
D(s)

P

) 1
2

. (A.37)

Intermediaries enter the market until all rents are eliminated, Rt(s) = 0, implying

from (A.34) that

β

(
1

B
P

+ D(s)
P

− 1

)
D(s)

Z
= PΦ. (A.38)

Equations (A.37) and (A.38) can be solved for the equilibrium level of D(s) and Z:

D(s)

P
= max

(
1− B

P
−

√
Φ

β
, 0

)
,

Z =

√
β

Φ

max
(

1− B
P
−
√

Φ
β
, 0
)

1−
√

Φ
β

.
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At this point, it is important to use the restriction Φ < β. Combining the above two

results, we get that the amount issued by each intermediary, when positive, is:

Di(s)

P
=

√
Φ

β
− Φ

β
,

which becomes very small as the fixed cost goes to zero. The level of net worth of

intermediaries that issue security s is

N i(s) ≥ Di(s)
[(

1 + rKl
) −1 − β

]
.

The key question is why it is optimal to just enter the market of security s and not to

supply other securities. Suppose that intermediary i instead enters a generic market

of a pseudo-safe security j while all other intermediaries are supplying security s, so

that D̂t+1(−i) ≡ (Z−1)D̂t(s). In market s, rents will be zero if intermediary i enters

the market supplying the optimal quantity D̂t(s). Instead, by supplying a generic

pseudo-safe security j, rents are

R(B,Di
t(j), D̂t+1(−i)) = β

{
(1− π)µ(B,Di

t(j), D̂t+1(−i))
}
Di
t(j)− PΦ.

It follows then that the optimal quantity of security j to supply is exactly the same

as the one that the intermediary would supply if it had chosen to issue security s;

that is, D̂i
t(j) = D̂t(s). Therefore, the maximum rent that the intermediary can get

by issuing security j is negative and thus less than the rent that the intermediary

would earn by issuing securities of type s:

R(B, D̂i
t(j), D̂t+1(−i)) < R(B, D̂i

t(s), D̂t+1(−i)) =

= β
{
µ(B, D̂i

t(s), D̂t+1(−i))
}
D̂i
t(s)− PΦ

= 0.

Since this is true for any generic pseudo-safe security j, it is optimal to issue seurities

of type s.

Consider now the case in which all other intermediares in the market are supplying

pseudo-safe securities. Without loss of generality, assume that they are all supplying a

security of type j and therefore D̂t+1(−i) ≡ (Z−1)(1−It+1(j))D̂t(j). If intermediary

i issue securities of type j, its optimal choice is to supply D̂i
t(j) and its rent will be
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zero. If instead the intermediary chooses securities of type s, its rents are

R(B,Di
t(s), D̂t+1(−i)) = β

{
(1− π)µh(B,D

i
t(s), D̂t+1(−i)) + πµl(B,D

i
t(s))

}
Di
t(s)

−PΦ,

because only securities of type s are liquid in the low state. Define D̂i
t(s) to be the

optimal quantity that maximizes the above rents and D̃i
t(s) the quantity of security s

that is equal to the quantity of security j, that is, D̃i
t(s) = D̂i

t(j). The rents obtained

by issuing s are always positive because

R(B, D̂i
t(s), D̂t+1(−i))

≥ R(B, D̃i
t(s), D̂t+1(−i))

= β
{

(1− π)µh(B, D̃
i
t(s), D̂t+1(−i)) + πµl(B, D̃

i
t(s))

}
D̃i
t(s)− PΦ

= β
{

(1− π)µh(B, D̂
i
t(j), D̂t+1(−i)) + πµl(B, D̂

i
t(j))

}
D̂i
t(j)− PΦ

= β
{
πµl(B, D̂

i
t(j))

}
D̂i
t(j) > 0.

The second line follows from the fact that D̂i
t(s) is optimally chosen. The fourth line

follows by using the assumption that D̃i
t(s) = D̂i

t(j). The last line follows by noting

that the zero-rent condition for securities of type j implies µh(B, D̂
i
t(j), D̂t+1(−i)) =

PΦ. Therefore, it is optimal to issue securities of type s because rents are positive.
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