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Abstract

Producers can leverage their bargaining power vis-à-vis consumers by entering

bargaining with debt. We discover novel general-equilibrium effects of such strategic

debt by developing a money-search framework featuring heterogeneous consumers.

Debt distorts trade along two margins: it destroys matches with low-preference

consumers and it tightens liquidity constraints within matches. While the fiscal au-

thority can fully eliminate strategic debt through taxation, in its absence, monetary

policy can partially curb it by deviating from the Friedman rule—raising nominal

rates up until 0.51%. Finally, we show that producers can leverage their bargaining

power even more effectively with contracts different from debt.
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1 Introduction

Why do firms issue debt? Traditional answers are that firms do so to finance their oper-

ations, to minimize agency costs, or to shield their cash flows from taxation. Empirical

evidence suggests that firms also use debt to strengthen their bargaining position vis-à-

vis their customers. For instance, U.S. hospitals with higher debt-to-equity ratios receive

higher reimbursement rates for medical procedures when bargaining with health insurers

(Towner, 2020). Also, firms are particularly likely to issue this strategic debt if the market

power of their suppliers and customers is high, pointing towards firms compensating a

lack of bargaining power with debt (Kale and Shahrur, 2007).

The distributive effect of strategic debt in bargaining is effectively illustrated through

a simple example in which two agents, A and B, bargain over eight pieces of cake (see

Hennessy and Livdan, 2009, for a similar example). Both agents exert equal bargaining

power and receive nothing if they fail to reach an agreement. In the absence of debt, the

surplus is split evenly, with each agent receiving four pieces. Now suppose that, prior

to bargaining, A enters into a limited-liability debt contract with a third party, agent

C. In this contract, A promises to transfer the first two pieces of cake from tomorrow’s

bargaining to C, in exchange for receiving two pieces from C today. Because A is only

obligated to repay if she secures a positive number of pieces in bargaining, the debt

effectively introduces a fixed cost to reaching an agreement with B. Since A must be

compensated for this fixed cost, the bargaining outcome shifts: A receives five pieces (of

which two are transferred to C), while B receives three. Ex post, both A and B consume

three pieces, reflecting their equal bargaining power. However, debt dynamically enhances

A’s bargaining position, as the ex-post repayment of her ex-ante transfer is partially borne

by B. Figure 1 illustrates the distribution of cake with and without debt.

(a) Without debt.

Ex ante Ex post

(b) With debt.

Figure 1: Cake consumption of agents A(•), B(•), and C(•).

In this paper, we ask whether strategic debt merely redistributes surplus, or whether

it is also distortionary through its general-equilibrium effects. Framed in our cake ex-

ample, does strategic debt merely alter how the eight pieces of cake are distributed, or

does it also affect the intensive margin of trade—by influencing the number of pieces

produced—and the extensive margin—by affecting how frequently agents trade? More-

over, if debt is indeed distortionary, how should fiscal and monetary policy respond? To
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address these questions, we incorporate strategic debt into a money-search framework

with heterogeneous customers and identify a novel externality: when firms issue debt,

they make it more difficult for customers to find trading partners they are willing to com-

pensate for debt repayment. As a result, some bargaining matches fail to result in trade.

This externality can be eliminated through a Pigouvian tax on debt. In the absence of

such a direct tax, we show that a deviation from the Friedman rule can partially mitigate

the externality. Specifically, a modest inflation tax makes customers reduce their money

holdings, which—through general-equilibrium effects—discourages firms from issuing dis-

tortionary strategic debt. Calibrating the model to U.S. data, we find that the optimal

deviation from the Friedman rule corresponds to policy interest rates of up to 0.51%.

While the empirical literature stresses that debt strengthens a firm’s bargaining po-

sition, we conclude by asking whether alternative contracts might achieve this objective

more effectively. We show that a firm can deviate from any debt contract to a supe-

rior contract that increases the firm’s probability of success in bargaining, enhancing

extensive-margin efficiency. Similarly, for any equity contract, a firm can deviate to

a superior contract that increases the bargained quantities and payments, improving

intensive-margin efficiency. Consequently, firms balance the extensive-margin costs of

debt against the intensive-margin costs of equity when choosing the financial contract

that optimally leverages their bargaining power.

Model and results. Our model is based on the New-Monetarist framework with al-

ternating decentralized and centralized trade and search frictions, developed by Lagos

and Wright (2005) and Rocheteau and Wright (2005). Producers and consumers meet

bilaterally in a decentralized market, in which consumers need a means of payment to

purchase goods from producers. The government meets the consumers’ liquidity demand

by issuing fiat money in a centralized market. Consumers are ex-ante identical when they

choose their money holdings, but incur idiosyncratic preference shocks once they have

entered the decentralized market. In bilateral matches, agents bargain over the terms

of trade à la Kalai (1977). Our model is innovative in that it endows producers with

the ability to leverage their bargaining power through commitment in financial contracts;

producers can borrow from financiers in the current centralized market and they repay

in the subsequent centralized market. Figure 2 illustrates the sequence of events.

A financial contract specifies an ex-ante transfer from a financier to a borrower and an

ex-post transfer to the financier contingent on the borrower’s revenues from decentralized

trade. Financial contracts are backed by the borrowers’ revenues from the decentralized

market, so that only producers can write financial contracts with the financiers; consumers

cannot. A financial contract is written subject to: (i) limited liability of the producer;

(ii) the expected return requirements of the financiers who are risk-neutral and perfectly

competitive; and (iii) the anticipated ex-post bargaining solutions. We assume that
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timecentralized
market

current period

decentralized
market

centralized
market

subsequent period

Consumers choose
money holdings;
producers borrow
from financiers.

Preference shocks
realize.

Producers and
consumers bargain

and trade bilaterally.

Producers repay
to financiers.

Consumers choose
money holdings;
producers borrow
from financiers.

Figure 2: Timeline.

Note: The figure shows an extract from the timeline.

financial contracts are illiquid in that financiers cannot intermediate them as money.

Given the empirical evidence for the use of debt in bargaining, we first restrict the

space of financial contracts to debt contracts. Debt affects a producer through one ben-

eficial and two detrimental channels. The beneficial distributive channel is analogous

to the cake example in Figure 1: the producer borrows in advance against her expected

bargaining income but ultimately bears only part of the debt burden, shifting the remain-

der onto her bargaining partner by demanding more favorable terms of trade. On the

detrimental side, debt tightens the liquidity constraint in every successful match. Since

a certain share of the consumer’s money holdings is used to compensate the producer for

the fixed cost of debt repayment, there is less money left to pay the producer for actual

production, so that the traded quantity decreases—an intensive-margin effect. Moreover,

the producer loses successful matches with consumers who incur low preference shocks

since these consumers value the producer’s goods so little that the match surplus net of

debt repayment would be negative for all production levels. The producer thus refrains

from producing altogether—an extensive-margin effect—and defaults on her debt.

Consistent with empirical evidence, our model predicts that producers tend to issue

more debt when they have less bargaining power (Dasgupta and Nanda, 1993; Hennessy

and Livdan, 2009; Kale and Shahrur, 2007). In the extreme case where consumers make

take-it-or-leave-it offers to producers, producers issue much debt since debt is their only

means of appropriating match surplus. Conversely, if producers make take-it-or-leave-it

offers, they issue no debt at all. In this case, debt offers no strategic advantage, only

potential downsides, since producers command of maximum bargaining power already.

The distortionary effects of debt on both the intensive and extensive margins of de-

centralized trade stem from a pecuniary externality: financiers absorb the producers’

debt at interest rates that fail to reflect the negative effect of debt on consumers. The
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fiscal authority can perfectly resolve this externality with a Pigouvian debt tax. In the

absence of such taxation, we adopt the Friedman rule as our benchmark monetary policy.

Through slight deflation, the Friedman rule ensures that money earns a real return equal

to the rate of time preference. Hence, consumers hold money balances that render the

liquidity constraints slack in all successful matches. A deviation from the Friedman rule

reduces the real return on money, prompting consumers to hold less of it. Consequently,

liquidity constraints in matches with high preference shocks tighten, leading producers

to reduce their debt issuance to relax these constraints. Crucially, the net surplus in

the match that was marginally successful under the Friedman rule is now positive, so

that more matches succeed—a positive extensive-margin effect of first-order importance

for welfare. Of course, tighter liquidity constraints also have a negative intensive-margin

effect However, this effect is only of second-order importance for welfare since trade is

intensively efficient under the Friedman rule if bargaining succeeds—a standard result

of Kalai (1977) bargaining. Overall, welfare thus increases. While consumers bear the

burden of the externality caused by debt issuance, they also directly bear the costs of the

corrective monetary policy, as inflation implicitly taxes their money holdings. Nonethe-

less, they ultimately benefit from the policy’s general-equilibrium effects, reaping its full

welfare gains.

The positive extensive-margin effect of a deviation from the Friedman rule is similar

in outcome to the hot-potato effect of inflation: “When [. . . ] depreciation [of money] is

anticipated, there is a tendency among owners of money to spend it speedily” (Fisher,

1920, p. 146). However, the underlying mechanism in our model differs. We account for

the fact that producers also anticipate inflation, as consumers want to get rid of money

faster in response to inflation. As a result, producers become less willing to accept money

in trade, neutralizing Fisher’s reasoning. Instead, the driving force behind the positive

extensive-margin effect in our model is that inflation discourages debt issuance through

general-equilibrium effects.

To quantify optimal monetary policy, we calibrate our model to U.S. data. We use

the method of simulated moments to let our model match empirical moments of money

demand and firm-level markups from 1980 to 2015. We find optimal nominal interest

rates ranging from 0.03% to 0.51%, depending on the heterogeneity among consumers.

The final part of our analysis asks whether debt is the optimal contract design when

commitment in financial contracts is used to leverage bargaining power? We find that it is

not. Specifically, we demonstrate that for any debt contract, there is a superior contract

that yields a higher payoff for the producer by allowing for more successful bargaining

agreements with low-preference consumers. We also examine outside equity and show

that it, too, is suboptimal. In equity contracts, producers’ repayment obligations are

proportional to their bargaining revenues, which results in extensive-margin efficiency by

ensuring that repayment is never prohibitively high. However, equity involves intensive-
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margin costs. When a producer bound by an equity contract bargains with a consumer,

both parties internalize that a portion of the marginal payment goes to the financier

rather than the producer. This discourages them from exchanging large payments and

quantities. While we characterize the qualitative features of the contract firms optimally

choose, determining whether this contract admits a closed-form solution remains an open

question and lies beyond the scope of this paper.

Outline. The remainder of this paper is organized as follows. We embed our contribu-

tions in the literature in Section 2 and develop the model in Section 3. In Section 4, we

describe agents’ optimal choices, define our equilibrium concept, and introduce welfare.

In Section 5, we discuss the long-run transmission of monetary policy to debt issuance,

and we calibrate the model in Section 6. We discuss optimal contract design in Section

7 and conclude in Section 8. Proofs are in Appendix A.

2 Literature

Corporate finance. We contribute to a growing literature on the impact of debt on

firms’ relationships with non-financial stakeholders (Titman, 1984) by disentangling its

effects on both the likelihood of success in bargaining and the size of bargaining sur-

pluses in dynamic general equilibrium. The role of debt in firm-worker relationships

has caught particular attention (Dasgupta and Sengupta, 1993; Matsa, 2010; Perotti and

Spier, 1993). Bronars and Deere (1991) for instance show how debt protects firms’ surplus

from extraction by workers’ unions: by issuing debt, a firm diverts future cash flows into

current cash flows, reducing the future surplus that a union can extract without driving

the firm into bankruptcy.

Dasgupta and Nanda (1993), Hennessy and Livdan (2009), and Kale and Shahrur

(2007) examine supplier-customer relationships and find a main feature of our model:

firms with less bargaining power tend to issue more debt. Dasgupta and Nanda (1993)

develop a model in which producers, by issuing debt, skim surplus from consumers in

a regulated product market. The authors portray the regulator as a bargaining proto-

col: the regulator distributes surplus between producers and consumers through price-

setting. They find that firms issue more debt when regulated by commissions that favor

consumers, and they confirm their theoretical results with empirical evidence in U.S.

electricity markets where public utility commissions set prices. Hennessy and Livdan

(2009) analyze strategic debt issuance in bargaining between upstream and downstream

firms. The optimal level of debt balances efficiency losses—arising from distorted ex-

post incentives—against distributive gains, which are particularly large for firms with

little bargaining power. Kale and Shahrur (2007) investigate bargaining along the supply

chain across industries. They find a positive relationship between firms’ debt levels and
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the degree of concentration in the industries in which their suppliers and customers op-

erate. Interpreting industry concentration as a proxy for bargaining power, their findings

fully align with the predictions of our model.

New Monetarism. We uncover a new reason for the sub-optimality of the Friedman

rule in a New-Monetarist framework based on the fact that producers issue excessive debt

if consumers carry abundant money holdings. The New-Monetarist framework of Lagos

and Wright (2005) and Lagos and Rocheteau (2005) is a natural choice for our study

since it embeds bilateral trade with bargaining in a general-equilibrium framework. Our

finding that the Friedman rule is not optimal particularly relates to the New-Monetarist

literature on the hot-potato effect. Lagos and Rocheteau (2005) find that the effect

of inflation on matching frequencies hinges on the pricing protocol. With bargaining,

inflation acts demonetizing, agents search less, and monetary exchange decelerates. With

directed and competitive search, inflation however accelerates matching.1 Liu, Wang

and Wright (2011) generate the hot-potato effect through the extensive margin rather

than the intensive margin. In response to inflation, some consumers leave the search

market, so that the market tightness changes in favor of the remaining consumers whose

matching probabilities consequently increase. While a deviation from the Friedman rule

distorts welfare in the model of Lagos and Rocheteau (2005), it improves welfare in Liu

et al. (2011)—at least when quantities exchanged in bilateral trade are close to efficient—

through a first-order extensive-margin effect, akin to the effect in our model.

Dong and Jiang (2014) study a model with price posting and undirected search in

which consumers incur idiosyncratic preference shocks as in our model.2 However, these

shocks are private information, so that producers post incentive-compatible price-quantity

schedules that favor high-preference consumers and render trade with low-preference con-

sumers impossible. Inflation makes consumers reduce their money holdings, leading pro-

ducers to attenuate their price-discrimination scheme. In spirit very much related to our

model, the effective decrease in producers’ market power in response to inflation increases

the mass of matches in which trade occurs. The welfare effect yet remains ambiguous.

Contract theory. The non-optimality of debt and equity for firms when leveraging

their bargaining power contributes to the literature on firms’ ownership structure. Jensen

1Althanns, van Buggenum and Gersbach (2024) generalize the competitive-search model of Lagos and
Rocheteau (2005) by endogenizing not only consumers’ search but also producers’ search. They find that
the effects of inflation on consumers’ and producers’ search cancel out if consumers’ and producers’ search
elasticities are symmetric. Ennis (2009) depicts the hot-potato effect in Lagos and Rocheteau (2005)
as an artefact that cannot capture Fisher’s (1920) rationale. Instead, he adopts a bargaining model
where producers are better than consumers in rebalancing their money holdings, so that producers are
also better able to protect themselves against inflation. When inflation increases, consumers frontload
consumption and search more intensely to shift the inflation-tax burden to producers.

2Ennis (2008), Nosal (2011), and Peterson and Shi (2004) also study the hot-potato effect in search
models with match-specific preference shocks.
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and Meckling (1976) are among the first to relate the decomposition of firms’ outside fi-

nance to agency costs. Specifically, they develop two principal-agent models in which

entrepreneurs rely on equity and debt, respectively. Equity involves moral hazard re-

garding entrepreneurs’ effort choices, while debt is affected by moral hazard concerning

their risk choices. Innes (1990) further develops the idea that entrepreneurs’ project out-

comes depend on their unobservable effort, and he shows that debt is optimal among

all standard contracts.3 Since debt involves low obligations in high-revenue states, it

incentivizes entrepreneurs to exert high effort ex post, thereby reaping large surpluses.

Hellwig (2009) integrates the two dimensions of moral hazard in Jensen and Meckling

(1976) into a single model and shows that a piecewise linear mix of debt and equity is

the optimal ownership structure under certain regularity assumptions on outcome dis-

tributions. Our model features these two dimensions of moral hazard as well: equity is

affected by moral hazard regarding the bargained quantity, akin to entrepreneurs’ effort

choice; and debt is affected by moral hazard concerning the probability of success in bar-

gaining, akin to the entrepreneurs’ risk choice. The most important difference between

those models following Jensen and Meckling (1976) and ours is that in those models the

acquisition of outside finance is necessary for entrepreneurs to engage in profitable invest-

ment projects, whereas our producers have deep pockets and write financial contracts for

the sole purpose of extracting bargaining surplus.4

3 Model

Time t ∈ {0, 1, . . . } is discrete and goes on forever. Each period is divided into two

consecutive subperiods: a decentralized market DMt and a centralized market CMt (see

Figure 2). The economy starts in CM0. There are two types of perfectly divisible and

non-storable goods: DM goods and CM goods (treated as the numéraire). The economy is

populated by a unit mass of infinitely-lived agents called consumers. In each CMt, a unit

mass of agents called producers is born, and these producers die at the end of CMt+1.
5

Moreover, there is a unit mass of infinitely-lived financiers born in CM0. All agents have

the same time-discount factor β ∈ (0, 1).

In DMt, producers can produce DM goods but cannot consume them, whereas con-

3Strictly speaking, this result only holds when considering the class of contracts for which the fi-
nancier’s payoff function is constrained to be non-decreasing in firm revenues.

4Our model also contrasts with the costly-state-verification literature initiated by Townsend (1979).
Gale and Hellwig (1985) and Williamson (1987) find in models with asymmetric information that debt
is optimal. Similarly, Diamond (1984) and Wang and Williamson (1998) prove the optimality of debt
in models with ex-post monitoring decisions and adverse selection, respectively. The conceptually most
important difference between those models and ours is that in those models the borrowers’ capital
structure itself does not impact their revenue processes.

5In general equilibrium, producers are borrowers. Their finite lifespan allows us to abstract from
reputation effects and debt-overhang problems.
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sumers wish to consume DM goods but cannot produce them. Producers and consumers

trade DM goods in a decentralized market, in which a unit mass of bilateral matches

between consumers and producers is randomly arranged. In a match, a consumer and a

producer determine the terms of trade through proportional Kalai (1977) bargaining. In

CMt, all agents can produce and consume CM goods, and they trade them in a centralized

Walrasian market.

Preferences. The periodic utility of a consumer is

U c
t = ϵtu(qt) + xt, (1)

where qt ≥ 0 is DM-goods consumption and xt ∈ R is CM-goods net consumption.

If xt < 0, the consumer produces CM-goods. The function u is twice continuously

differentiable on (0,∞) and satisfies u′ > 0, u′′ < 0, u(0) = 0, limq→0 u
′(q) = ∞, and

limq→∞ u′(q) = 0. The consumer incurs preference shock ϵt
i.i.d.∼ G at the beginning of

DMt. G is the cumulative distribution function of a continuous probability law with

compact support [0, ϵ̄] ⊂ [0,∞), and we write g = G′ for the corresponding probability

density function. A consumer’s lifetime utility is
∑∞

t=0 β
tU c

t .

The lifetime utility of a producer born in CMt is

Up
t = xt + β[−c(qt+1) + xt+1], (2)

where qt+1 ≥ 0 is DM-goods production and xt, xt+1 ∈ R is CM-goods net consumption.

The function c is twice continuously differentiable on [0,∞) and satisfies c′(q) > 0 for

q > 0, c′′ ≥ 0, and c(0) = 0.

The periodic utility of a financier is U fi
t = xt, where xt ∈ R is CM-goods net con-

sumption. Its lifetime utility is
∑∞

t=0 β
tU fi

t .

Money and financial contracts. The consumers’ anonymity in the DM necessitates a

payment instrument. To this end, the government issues fiat money : a perfectly divisible,

intrinsically worthless, and storable asset. Money supply at the beginning of period t is

Mt, and Mt grows at gross rate γ: Mt+1 = γMt. New money is injected (or withdrawn

if γ < 1) through lump-sum transfers (resp. taxes) τt = ϕt(Mt+1 −Mt) to consumers in

CMt, where ϕt is the CMt-price of money.6

Financiers are perfectly competitive, so we consider a representative financier. We

define a one-period financial contract between the financier and a borrower as a repayment

schedule rt+1 : R+ → R+ that specifies a transfer rt+1(pt+1) in CMt+1 from the borrower to

the financier, contingent on the borrower’s real balances pt+1 at the beginning of CMt+1.

6One unit of money thus costs ϕt units of CM goods. Hence, 1/ϕt is the nominal price of CM goods.
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We argue when turning to the equilibrium that the producers borrow from the financier to

improve their bargaining position, so that pt+1 is their bargaining revenues. The financier

can perfectly observe pt+1 and enforce repayment rt+1(pt+1) ≤ pt+1, where the inequality

entails limited liability. We define the set of limited-liability financial contracts as7

F ≡
{
r ∈ RR+

+ : r(p) ≤ p for all p ∈ R+

}
. (3)

A competitive pricing kernel Tt : F → R+ determines the transfer Tt(rt+1) in CMt that

the borrower obtains from the financier in exchange for committing to rt+1. The pricing

kernel Tt is an equilibrium object that internalizes the financier’s return requirements and

the borrower’s anticipated bargaining revenues in DMt+1, which the borrower carries into

CMt+1. The financier does not intermediate its claims arising from financial contracts.

4 Equilibrium and Welfare

For convenience, we suppress the time subscript t and shorten the subscript t+ 1 to +1

where no confusion arises.

Value functions. Let V c(m′|ϵ) be a consumer’s value of entering the DM with real

balances m′ and incurring preference shock ϵ. Consumers do not have any future income

they could borrow against and thus cannot commit to financial contracts. Let W c(m̂)

denote the consumer’s value of entering the CM with real balances m̂, so that

W c(m̂) = max
m′

+1≥0,x∈R

{
x+ β

∫ ϵ̄

0

V c
+1(m

′
+1|ϵ+1)G(dϵ+1)

}
,

s.t. x = m̂−
ϕm′

+1

ϕ+1

+ τ.

(4)

The consumer chooses next-period real balancesm′
+1 and current CM-goods consumption

x to maximize the sum of x and the time-discounted expected value from entering DM+1.

The constraint in problem (4) captures that x equals the gains from adjusting money

holdings, plus the government transfer τ . Notably, W c is affine in m̂, so that all consumers

choose the same money holdings m′
+1 = m+1. We specify V c further below.

Let V p(r′|ϵ) be a producer’s value of entering the DM with financial contract r′ and

being matched with a consumer incurring preference shock ϵ.8 Producers do not carry

money across periods, as doing so would weaken their bargaining position in decentralized

7We write RR+

+ for the space of functions mapping from R+ into R+.
8Since all consumers enter the DM with the same money holdingsm, consumers are only heterogeneous

with respect to their preference shocks on the equilibrium path.
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trade. The value of a producer being born in the CM is

W p,0 = max
r′+1∈F

{
T (r′+1) + β

∫ ϵ̄

0

V p
+1(r

′
+1|ϵ+1)G(dϵ+1)

}
. (5)

The producer chooses financial contract r′+1 to maximize the sum of the transfer received

from the financier and the time-discounted expected value from entering DM+1. Since all

newborn producers face the same optimization problem and since we focus on symmetric

equilibria, all producers choose the same financial contract r′+1 = r+1 on the equilibrium

path. We specify V p further below.

The value of entering CM+1 with revenues p+1 from DM+1 and financial contract

r+1 ∈ F is

W p,1
+1 (p+1, r+1) = p+1 − r+1(p+1), (6)

where limited liability ensures W p,1
+1 (p+1, r+1) ≥ 0.

We assume, without loss of generality, that the representative financier fully diversifies

its portfolio of financial contracts. Consequently, the financier’s value of entering the CM

with a portfolio that has expected payoff a is given by

W fi(a) = a+ max
a′+1≥0

{
−
a′+1

Rf
+ βW fi

+1(a
′
+1)

}
. (7)

The financier writes new financial contracts with an expected payoff a′+1 to maximize the

difference between the time-discounted expected value from entering CM+1 net of the

cost of writing new financial contracts. Notably, financiers remain passive in the DM.

Bargaining. Once a consumer with real balances m and preference shock ϵ meets a

producer with financial contract r in the DM, they negotiate the terms of trade (q, p) ∈
R2

+. In this trade, the producer transfers quantity q of DM-goods to the consumer

and receives payment p in return. The terms of trade (q, p) are determined through

proportional bargaining à la Kalai (1977), so that

(q,p) = argmax
q,p≥0

{ϵu(q) +W c(m− p)−W c(m)},

s.t. p ≤ m and

θ [ϵu(q) +W c(m− p)−W c(m)] = (1− θ)
[
−c(q) +W p,1(p, r)−W p,1(0, r)

]
,

(8)

where θ ∈ [0, 1] denotes the producer’s bargaining power, and where p ≤ m is the liquidity

constraint. Substituting W c and W p,1, the bargaining problem simplifies as

(q, p) = argmax
q,p≥0

{ϵu(q)− p},

s.t. p ≤ m and θ[ϵu(q)− p] = (1− θ)[−c(q) + p− r(p)].
(9)
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Since (ϵ,m, r) fully characterizes (q, p), we identify a match with (ϵ,m, r). We denote

the negotiated terms of trade as q(ϵ,m, r) and p(ϵ,m, r). A match (ϵ,m, r) is considered

successful if q(ϵ,m, r) > 0, meaning that a bargaining agreement has been reached.

We define the net surplus of a match as ϵu(q)−c(q)−r(p), and we define the consumer’s

and the producer’s net surpluses, vc(ϵ,m, r) and vp(ϵ,m, r), as their respective portions

of the net surplus. We obtain

vc(ϵ,m, r) = (1 − θ)[ϵu(q) − c(q) − r(p)] and vp(ϵ,m, r) = θ[ϵu(q) − c(q) − r(p)],

(10)

where q = q(ϵ,m, r) and p = p(ϵ,m, r). The producer’s commitment to r translates into

an additional cost for the producer to engage in trade, which reduces the net surplus.

We define the gross surplus of a match as ϵu(q) − c(q). The consumer’s and the

producer’s gross surpluses are defined as ϵu(q)− p and −c(q) + p. While the consumer’s

gross surplus coincides with her net surplus, the producer’s gross surplus is given by

−c(q) + p = θ[ϵu(q)− c(q)] + (1− θ)r(p). (11)

We will demonstrate further below that the agents’ gross surpluses in all successful

matches determine their lifetime utilities.

Given the bargaining solutions, the DM value functions for the consumers and pro-

ducers read as V c(m′|ϵ) = vc(ϵ,m′, r) +W c(m′) and V p(r′|ϵ) = vp(ϵ,m, r′).

Pricing kernel. Since financiers are risk neutral, they must earn the risk-free rate Rf

in expectation with any financial contract between CM and CM+1. The pricing kernel T

thus satisfies

T (r′+1) =
1

Rf

∫ ϵ̄

0

r′+1(p(ϵ+1,m+1, r
′
+1))G(dϵ+1), ∀ r′+1 ∈ F, (12)

where m+1 denotes consumers’ equilibrium money holdings. Equation (12) captures a

no-arbitrage condition: the transfer T (r′+1) a borrower receives from the financier for

committing to r′+1 ∈ F is equal to the expected repayment, discounted by Rf .

Equilibrium. We define our equilibrium concept in

Definition 1. Given the process of money supply {Mt}∞t=0, a symmetric monetary equi-

librium is a process of real money holdings {mt}∞t=1, financial contracts {rt}∞t=1, the fi-

nanciers’ expected payoffs {at}∞t=1, money prices {ϕt}∞t=0, pricing kernels {Tt}∞t=0, risk-free

rates {Rf
t }∞t=0, and government transfers {τt}∞t=0, so that:

(i) mt+1 solves the consumers’ optimization problem (4);
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(ii) rt+1 solves the producers’ optimization problem (5);

(iii) at+1 solves the financiers’ optimization problem (7);

(iv) Tt solves Equation (12) for mt+1;

(v) the financial market clears: Tt(rt+1) = at+1/R
f
t ;

(vi) the money market clears: ϕtMt = mt;

(vii) the government’s budget is balanced: τt = ϕt(Mt+1 −Mt);

(viii) the equilibrium is monetary: mt > 0.

The linearity of the financiers’ optimization problem (7) when choosing their next-

period portfolio of financial contracts with expected payoff a+1 implies that

Rf ≤ 1/β with “=” if a+1 > 0. (13)

If Rf > 1/β, financiers would write contracts with a+1 = ∞; if Rf < 1/β, they would not

write any contracts at all, a+1 = 0. Since financiers and producers have the same time-

discount factor β, the expression for pricing kernel T in Equation (12) implies that the

process of writing a financial contract r′+1 ∈ F per se is utility neutral: a producer’s net

utility of obtaining transfer T (r′+1) in the CM net of the expected repayment associated

with r′+1 in CM+1 is zero. However, r′+1 affects the producer’s utility rather indirectly

through bargaining outcomes in DM+1.

Welfare. Utilitarian welfare W ≡ W fi
0 +W c

0 +
∑∞

t=0 β
tW p,0

t is the aggregate utility of

financiers, consumers, and producers.

Lemma 1. Welfare reads as

W =
∞∑
t=1

βt

∫ ϵ̄

0

[ϵtu(q)− c(q)]q=q(ϵt,mt,rt)G(dϵt), (14)

given equilibrium real balances {mt}∞t=1 and financial contracts {rt}∞t=1.

Lemma 1 demonstrates that overall welfare is determined by the aggregate of gross

surpluses in each period. Due to the quasi-linearity of preferences and uniform discount-

ing, consumption and trade in the CM do not affect welfare. Welfare is maximized if

two conditions hold: (i) every match is successful, ensuring extensive-margin efficiency;

and (ii) in each match with a preference shock ϵ, agents trade q⋆ϵ , where ϵu′(q⋆ϵ ) = c′(q⋆ϵ ),

ensuring intensive-margin efficiency.
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5 Debt

The producers’ problem (5) is an optimization problem over the space of financial con-

tracts F . Since the empirical literature documents the strategic use of limited-liability

debt as a specific contract design, we restrict producers to debt contracts

D ≡
{
r ∈ RR+

+ : ∃ b ≥ 0, so that r(p) = min{p, b} for all p ∈ R+

}
⊂ F (15)

instead of F . In Section 7, we relax this assumption again.

We identify each r ∈ D with the corresponding face value of debt b ≥ 0. In a match

(ϵ,m, b), the terms of trade solve

(q, p) = argmax
q,p≥0

{ϵu(q)− p},

s.t. p ≤ m and θ[ϵu(q)− p] = (1− θ)[−c(q) + max{p− b, 0}].
(16)

It is crucial that debt is subject to limited rather than full liability for it to influence

bargaining. Under full liability, where the producer’s repayment would not depend on

the bargaining outcome, the producer’s net surplus would be −c(q)+p, instead of −c(q)+

max{p− b, 0}, since her threat point in bargaining would be −b rather than zero. Hence,

for debt to affect bargaining, some level of commitment must be available, but excessive

commitment is counterproductive.

5.1 Extensive margin

A successful match requires

p− c(q)− b ≥ 0 and p = θϵu(q) + (1− θ)[c(q) + b]. (17)

In particular, either the match is successful, with the producer fully repaying her debt in

the subsequent CM, or the match is unsuccessful, leading to the producer fully defaulting

on her debt. Partial default does not occur, as it would result in a producer payoff of

−c(q), which is worse than the producer’s threat point of simply refraining from any

agreement. Thus, full repayment or complete default are the only possible outcomes.

Debt makes it more difficult for a producer to obtain a successful match in the DM.

This is because the consumer she is matched with may not be willing to compensate her

for both the cost of producing DM goods c(q) and the face value of debt b. We define

q̃(ϵ, b) ≡ inf{q ∈ [0,∞) : ϵu(q)− c(q)− b ≥ 0} (18)

as the smallest DM-goods quantity that allows for a non-negative net surplus in a match
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with preference shock ϵ and the face value of debt b.9

Lemma 2. A match (ϵ,m, b) with m > 0 is successful if and only if the following condi-

tions are satisfied:

(i) Net-surplus condition: ϵu(q⋆ϵ )− c(q⋆ϵ )− b ≥ 0.

(ii) Liquidity condition: m ≥ c(q̃(ϵ, b)) + b.

Condition (i) requires that the net surplus at the intensively-efficient level of produc-

tion is non-negative, imposing an upper bound on b. Condition (ii) requires that the

consumer’s real balances m cover the payment associated with trading q̃(ϵ, b), imposing

a lower bound on m. If either condition is violated, the producer refrains from producing

altogether and defaults on her debt. Both constraints relax as the consumer’s preference

shock ϵ increases, leading to

Corollary 1. A match (ϵ,m, b) is successful if 10

ϵ ≥ inf{ϵ ∈ [0, ϵ̄] : q(ϵ,m, b) > 0} ≡ ϵ̂(m, b). (19)

The continuity of the bargaining problem ensures that ϵ̂(m, b) is the smallest prefer-

ence shock for which a match is successful, given m and b. To streamline notation, we

write ϵ̂ = ϵ̂(m, b) and q̂ = q(ϵ̂(m, b),m, b) when no confusion arises. We refer to (ϵ̂, m, b)

as the marginally-successful match.

Lemma 3. It holds that q̂ = q̃(ϵ̂, b).

Lemma 3 states that the net surplus of the marginally-successful match (ϵ̂, m, b) is

zero. Next, Lemma 4 characterizes the extensive-margin effect of debt issuance.

Lemma 4. It holds that

∂ϵ̂

∂b
=

1

u(q̂)

[
1 +

ϵ̂u′(q̂)− c′(q̂)

c′(q̂)

]
> 0. (20)

When b increases, the conditions for a match to be successful, as outlined in Lemma

2, become harder to meet, so that the preference-shock threshold ϵ̂ increases.

9We write q̃(ϵ, b) = ∞ if {q ∈ [0,∞) : ϵu(q)− c(q)− b ≥ 0} = ∅.
10Following the convention, we write ϵ̂(m, b) = ∞ if {ϵ ∈ [0, ϵ̄] : q(ϵ,m, b) > 0} = ∅.
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5.2 Consumers’ money holdings

Recall that the equilibrium distributions of money holdings m+1 and debt b+1 at the

beginning of DM+1 are degenerate. A consumer’s DM value function is given by11

V c(m|ϵ) = m+ vc(ϵ,m, b) + τ + max
m′

+1≥0

{
−
ϕm′

+1

ϕ+1

+ β

∫ ϵ̄

0

V c
+1(m

′
+1|ϵ+1)G(dϵ+1)

}
. (21)

The necessary first-order condition for the consumer’s money demand m′
+1 is

0 ≥ −ι+1 +

∫ ϵ̄

ϵ̂(m′
+1,b+1)

L(ϵ+1,m
′
+1, b+1)G(dϵ+1), with “=” if m′

+1 > 0, (22)

where we define the liquidity premium in a match (ϵ,m, b) as

L(ϵ,m, b) ≡
[
(1− θ)[ϵu′(q)− c′(q)]

θϵu′(q) + (1− θ)c′(q)

]
q=q(ϵ,m,b)

(23)

and the Fisher rate as ι+1 ≡ ϕ/βϕ+1 − 1. The liquidity premium L(ϵ,m, b) is the La-

grange multiplier of the liquidity constraint in match (ϵ,m, b). The Fisher rate ι+1 is the

hypothetical nominal interest rate that compensates for inflation and time-discounting,

capturing the opportunity cost of holding money.

5.3 Producers’ debt issuance

A producer repays debt b′+1 if and only if her match (ϵ+1,m+1, b
′
+1) is successful, given

the equilibrium real balances m+1. The equilibrium pricing kernel T , as characterized in

Equation (12), thus satisfies

T (b′+1) = β[1−G(ϵ̂(m+1, b
′
+1))]b

′
+1, ∀ b′+1 ≥ 0. (24)

For any b′+1 ≥ 0, T (b′+1) is equal to the discounted expected value of debt repayment. A

producer’s value of being born in the current CM, as expressed in problem (5), simplifies

as

W p,0 = max
b′+1≥0

{
β

∫ ϵ̄

ϵ̂(m+1,b′+1)

[
θ[ϵ+1u(q)− c(q)]q=q(ϵ+1,m+1,b′+1)

+ (1− θ)b′+1

]
G(dϵ+1)

}
.

(25)

Hence, the producer issues debt to maximize her expected gross surplus as defined in

Equation (11). The tradeoff the producer thereby faces becomes clear in

11Recall that we denote a consumer’s individual choice of real balances as m′
+1 (as in problem (4))

and the equilibrium level as m+1. Similarly, we use b′+1 and b+1 (or r′+1 and r+1).
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Lemma 5. The necessary first-order condition for the producer’s optimal face value of

debt b′+1 ≥ 0 reads as

0 ≥ (1− θ)[1−G(ϵ̂(m+1, b
′
+1))]− θ

∫ ϵ̄

ϵ̂(m+1,b′+1)

L(ϵ+1,m+1, b
′
+1)G(dϵ+1)

− b′+1g(ϵ̂(m+1, b
′
+1))

∂ϵ̂(m+1, b
′
+1)

∂b
,

(26)

with “ = ” if b′+1 > 0.

We disentangle three channels through which an increase in the face value of debt b′+1

affects the producer’s lifetime utility. The first term on the right-hand side of Inequality

(26) captures the distributive effect of debt. For each additional unit of debt issued, the

producer is compensated in every successful match through an increase in the exchanged

payment by 1 − θ, as can be seen in Equation (17). The producer thus dynamically

appropriates match surplus since the transfer she obtains ex ante is backed by the full

debt repayment, while she only partially bears the debt burden ex post. The larger the

probability 1 − G(ϵ̂(m+1, b
′
+1)) of a successful match, and the greater the compensation

1−θ the producer receives for the debt repayment, the stronger is this distributive effect.

The second term on the right-hand side of Inequality (26) captures the negative

intensive-margin effect of debt. Since in every successful match, the consumer uses a

share of her money balances to compensate the producer for debt repayment, there is

less money left to cover the actual production costs. As a result, the liquidity constraint

tightens. In that sense, debt issuance has a similar effect on the bargaining set as a

reduction of real balances, which is why the expected liquidity premium matters.

The third term captures the negative extensive-margin effect of debt. As b′+1 increases,

the preference-shock threshold ϵ̂(m+1, b
′
+1) increases as well, as discussed in Lemma 4,

so that the producer loses matches with consumers who incur low preference shocks.

Inequality (26) thus highlights the tradeoff the producer faces: while issuing more debt

leverages her bargaining power through a positive distributive effect, it also exacerbates

the negative intensive- and extensive-margin effects. The examples below illustrate the

importance of bargaining power θ for this tradeoff.

Example 1. When consumers make take-it-or-leave-it offers (θ = 0), producers obtain

zero net surplus in every successful match and thus do not account for how debt affects

liquidity constraints. By issuing debt, producers however appropriate gross surplus ex

ante, forcing the consumers to bear the entire debt burden ex post. Hence, the positive

distributive effect is particularly pronounced, resulting in a strong incentive to issue debt.
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Example 2. When producers make take-it-or-leave-it offers (θ = 1), debt does not

directly affect the negotiated payment p since p = ϵu(q).12 Consequently, debt does

not have any positive distributive effect but makes producers only worse off through its

negative intensive- and extensive-margin effects. Therefore, producers issue zero debt,

and the economy’s outcome equals that of a standard money-search model where debt is

absent and producers have full bargaining power.

The examples above show that producers issue more debt when consumers have much

bargaining power. Commitment thus leverages the producers’ inherent bargaining power

θ. Debt and bargaining power thereby act as substitutes: if producers have substantial

bargaining power already, the additional benefit from commitment is less pronounced than

when their bargaining power is low. The substitutability of debt and bargaining power

aligns with the positive relation between firms’ debt levels and the degree of concentration

in their supplier and customer industries, as empirically documented by Kale and Shahrur

(2007). It is also in line with the work by Bronars and Deere (1991) on management–labor

union bargaining and by Hennessy and Livdan (2009) on contract efficiency in bargaining.

We next explore the policy implications of this phenomenon.

5.4 Welfare and policy

Debt distorts welfare at the intensive margin of decentralized trade by tightening liquidity

constraints, and at the extensive margin by reducing the mass of successful matches.

The economics underlying these inefficiencies involve a pecuniary externality: financiers

absorb the producers’ debt at interest rates that do not capture the negative effect of

debt on consumers. Hence, the provision of debt lowers the borrowing rate below the

societal cost of debt, entailing a role for policy intervention. In our policy analysis, we

focus on monetary and fiscal policy in the steady state. We view monetary policy as the

Fisher rate ι = γ/β− 1 since controlling the Fisher rate is equivalent to steering inflation

ϕ/ϕ+1 = γ through the money-growth rate γ. As fiscal policy, we consider a proportional

tax κ ≥ 0 on the face value of producers’ debt.13

Fiscal policy. The optimal fiscal debt tax is effectively a Pigouvian tax that addresses

the externality involved in debt issuance. It fully eliminates debt issuance since we

identified debt to be distortionary.

Lemma 6. Given monetary policy ι, the smallest Pigouvian debt tax eliminating debt

issuance is κ = β[1− θ(1 + ι)] if limq→0 u(q)u
′′(q)/u′(q)2 < ∞.14

12We note that if θ = 1, a monetary equilibrium exists only if ι+1 = 0.
13A producer committing to debt repayment b′ > 0 in CM+1 must pay a tax κb′ to the government in

the CM.
14This regularity assumption on u is week. For instance, a CRRA utility function u(q) = q1−σ/(1−σ),
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The smallest Pigouvian debt tax κ that eliminates debt issuance decreases in the

producers’ bargaining power; the weaker the producers’ incentive to issue debt, the less

fiercely debt need to be taxed. Moreover, κ is decreasing in ι, suggesting that monetary

policy can substitute the debt tax in curbing debt issuance, as we discuss next.

Monetary policy. We consider the Friedman rule (FR), defined as ι = 0, as our

benchmark monetary policy since it is optimal in plain vanilla money-search models.

Subsequently, we assume the absence of debt taxation (κ = 0) to isolate the effect of

monetary policy on equilibrium variables. The equilibrium at the FR and the effects of

a deviation from the FR are characterized in

Proposition 1. Let θ < 1 and let the FR apply.15

1. Debt and money: Producers issue positive debt b > 0 and consumers hold abundant

real balances m ≥ θϵ̄u(q⋆ϵ̄ ) + (1− θ)[c(q⋆ϵ̄ ) + b], where

db

dι

∣∣∣
ι=0

< 0 and
dm

dι

∣∣∣
ι=0

= −∞. (27)

2. Extensive margin: Trade is inefficient at the extensive margin, meaning ϵ̂ > 0,

where
dϵ̂

dι

∣∣∣
ι=0

< 0. (28)

3. Intensive margin: Trade is efficient at the intensive margin, meaning q(ϵ,m, b) = q⋆ϵ

for all ϵ ∈ [ϵ̂, ϵ̄], where

dq(ϵ,m, b)

dι

∣∣∣
ι=0

= 0, ∀ ϵ ∈ [ϵ̂, ϵ̄). (29)

Since the FR removes the opportunity cost of holding money, consumers render the

liquidity constraints slack in all successful matches by carrying abundant real balances

into the DM. Hence, trade is intensively efficient in those matches—a standard feature

of monetary models with proportional Kalai (1977) bargaining.16 If debt were ruled out

by Pigouvian taxation, the FR would thus induce the efficient outcome. In the absence

of Pigouvian taxation, however, producers issue positive debt at the FR, rendering trade

inefficient at the extensive margin.

with σ ∈ (0, 1), satisfies it.
15Producers having full bargaining power (θ = 1) is not compatible with a deviation from the FR since

any positive Fisher rate ι > 0 would render a monetary equilibrium infeasible.
16This result does not generalize when considering Nash (1950) instead. With Nash (1950) bargaining,

the consumers’ match surplus is non-monotonic in their real balances, so that even if holding money is
not costly, they choose real balances that render the liquidity constraints tight (Aruoba, Rocheteau and
Waller, 2007).
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A deviation from the FR imposes a cost on holding money, prompting consumers to

reduce their money holdings. This renders the liquidity constraints tight in matches where

the preference shock ϵ is close to ϵ̄, thereby reducing the traded DM-goods quantities—a

negative intensive-margin effect. Producers respond by reducing their debt to relax these

liquidity constraints. Importantly, this debt reduction also renders the net surplus in

the match that was marginally successful under the FR positive. Hence, ϵ̂ decreases and

more matches become successful—a positive extensive-margin effect.

The latter effect is similar in outcome to the hot-potato effect of inflation, which

captures the intuition that inflation makes consumers spend money faster. Yet, this

intuition does not apply in our model since both producers and consumers anticipate

inflation, so that consumers cannot simply pass the inflation tax on to producers by

spending money faster. Instead, inflation makes producers issue less debt, which crowds

in matches with low-preference consumers, thereby accelerating trade.

The welfare implications of a deviation from the FR are characterized in

Proposition 2. Let θ < 1 and let the FR apply. It holds that

dW
dι

∣∣∣
ι=0

= −
(

β

1− β

)
bg(ϵ̂)

dϵ̂

dι

∣∣∣
ι=0

> 0. (30)

The positive extensive-margin effect of a deviation from the FR on decentralized trade

is of first-order importance for welfare because it adds matches with positive gross surplus.

On the other hand, the negative intensive-margin effect of a deviation from the FR is only

of second-order importance for welfare because trade is intensively efficient under the FR.

The overall welfare effect is thus positive. This result is a manifestation of the theory of

the second best, which states that if one out of multiple efficiency conditions cannot be

fulfilled, a second-best optimum is achieved only by departing from all other efficiency

conditions (Lipsey and Lancaster, 1956). A Pigouvian debt tax would achieve efficiency

at the extensive margin but not at the intensive margin (unless at the FR), while vice

versa, the FR achieves efficiency at the intensive margin but not at the extensive margin

(unless the optimal Pigouvian debt tax is levied).

Corollary 2. Let θ < 1 and let the FR apply. It holds that

dW p,0

dι

∣∣∣
ι=0

= 0,
dW fi

dι

∣∣∣
ι=0

= 0, and
dW c

dι

∣∣∣
ι=0

=
dW
dι

∣∣∣
ι=0

> 0. (31)

Although it is the consumers whose money holdings are taxed by inflation, it is also

the consumers who benefit from this tax due to the general-equilibrium effects that curb

producers’ debt issuance. Monetary policy essentially compensates for a lack of coordina-

tion among consumers. If consumers could coordinate, they would collectively maintain a

moderate level of money holdings, even under the FR, to keep liquidity constraints tight,
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which would discourage producers from issuing debt. However, an individual consumer

would deviate from such coordination by holding more money to increase trade in her

own matches. A deviation from the FR mitigates this coordination problem through an

opportunity cost that incentivizes consumers to individually reduce their money holdings.

Unsurprisingly, producers are not positively affected by a deviation from the FR, as

there is less surplus to skim through debt issuance when consumers hold less money. Less

obvious, they are not negatively affected with first-order importance. This stems from the

fact that a slight deviation from the FR induces a tightening of the liquidity constraint

only in the match with ϵ = ϵ̄, which occurs with zero probability. Moreover, the reduction

of b, although affecting all successful matches, is only of second-order importance for

producers’ utility due to the envelope theorem—b is their optimal choice. Corollary 2

thus clarifies that a deviation from the FR induces an economy-wide Pareto improvement.

6 Calibration

We calibrate our model with debt to U.S. data to quantify the effects of long-run infla-

tion on equilibrium outcomes, and to determine the welfare-maximizing fiscal and mon-

etary policies. Specifically, we conduct three separate calibrations, each using a different

preference-shock distribution G, to assess the robustness of our results. Apart from that,

the procedure is identical across all three calibrations. The unit of time is one year, and

we use quarterly data from January 1980 to December 2015. We infer some primitives

directly from the data and impose functional forms, while we calibrate the remaining

parameters using the method of simulated moments.

External calibration. We let the yearly time-discount factor be β = 1/(1 + ρ) with

ρ = 0.02 and impose the functional forms c(q) = q and u(q) = q1−σ/(1 − σ), with

σ ∈ (0, 1). We calibrate σ internally and let the preference shocks be beta-distributed on

the unit interval for shape parameters x, y > 0, i.e., G = B(x, y). The smaller x (y), the

fatter is the left (resp. right) tail of G. By conducting the subsequent internal calibration

for different values of (x, y), we check for the robustness of the calibrated parameters to

functional-form assumptions on G.

Internal calibration. We calibrate the remaining parameters θ and σ by using firm-

level markups and the empirically-observed money demand, which we understand as the

relationship between the Fisher rate and money holdings scaled by output. We measure

money by M1 since checks and demand deposits have similar liquidity properties as

currency. Following Lucas and Nicolini (2015), we further augment M1 by money-market
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deposit accounts, obtaining the data series NewM1 as the relevant statistic.17

For the Fisher rate, we use the 3 Month Treasury Bill Rate (T-bill rate).18 We

extract the trend components of the series of T-bill rates and logarithmic money demand

by applying the HP filter with smoothing parameter λ = 1600 (Hodrick and Prescott,

1997). We do so for two reasons. First, we use steady-state relationships from our

model as theoretical counterparts of the empirical data. This approach makes us rely on

empirical long-run relationships, so that we need to filter out cyclical components from

our data series. Second, the T-bill rate might behave uncorrelated to the Fisher rate in

the short run since it prices a comparatively liquid asset. Therefore, the T-bill rate is

only a suitable measure for the Fisher rate when its long-run behavior is extracted.

The empirical money demand reads as MDem
t ≡ NewM1t/GDPt. As theoretical coun-

terpart, we use

MDth
t ≡ m∫ ϵ̄

ϵ̂
p(ϵ,m, b)G(dϵ) + F

∣∣∣∣∣
ι=ιt

, (32)

where the subscript t refers to the steady-state equilibrium that corresponds to the Fisher

rate ιt observed at time t, assuming the debt tax to be zero. Empirical GDP comprises

the aggregate payment and the value F of goods and services in GDP that our model

does not account for. F is internally calibrated along with σ and θ.

We also match the model with firm-level markups to determine the producers’ bar-

gaining position, captured both by their bargaining power θ and by their debt issuance.

De Loecker, Eeckhout and Unger (2020) estimate an average markup µem = 36% for

U.S. firms across all sectors in the period from 1955 to 2016. The theoretical firm-level

markup that our model suggests is

µth
t ≡ 1

1−G(ϵ̂)

∫ ϵ̄

ϵ̂

[
p− b− c(q)

c′(q)q

]
(q,p)=(q,p)(ϵ,m,b)

G(dϵ)

∣∣∣∣∣
ι=ιt

, (33)

which is the average relation of the per-unit price of DM goods, net of debt repayment,

to the marginal cost of production in successful matches. We define µth ≡
∑

t≤T µth
t /T

as the theoretical counterpart of µem, where T denotes the number of observations.

We calibrate (θ, σ, F ) to three targets: the estimated parameters (aem0 , aem1 ) of the

17Money-market accounts were designed to circumvent the interest-rate cap of Regulation Q when
competition for deposits significantly increased during the Great Inflation in the 1970s. Money-market
accounts are however economically equivalent to deposits and can help explain an inverse relationship of
money demand to the T-bill rate (Gorton and Zhang, 2023).

18It is common to identify the Fisher rate, i.e., the opportunity cost of holding money, with the
difference between the T-bill rate and the interest rate on demand deposits. However, until the Dodd-
Frank Wall Street Reform and Consumer Protection Act was effective in 2011, Regulation Q was in
place, prohibiting the payment of interest on demand deposits. Moreover, from 2011 to 2019, deposit
rates were negligibly low, so that we can identify the opportunity cost with the T-bill rate from 1980 to
2015 without loss of generality.
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Table 1: Calibration results.

Value

Parameter Description B(0.5, 0.5) B(1, 1) B(2, 2)

θ producers’ bargaining power 0.4595 0.4054 0.3840

σ consumers’ relative risk aversion 0.5456 0.5794 0.6108

F production not accounted for by the model 4.5606 4.2059 3.8425

(a) Parameters.

Model

Target Description Data B(0.5, 0.5) B(1, 1) B(2, 2)

µ average price markup 0.3600 0.3600 0.3600 0.3600

a0 level of money demand -1.1267 -1.1267 -1.1267 -1.1267

a1 interest-rate semi-elasticity -5.6491 -5.6491 -5.6491 -5.6491

(b) Targets.

empirical regression

logMDem
t = aem0 + aem1 ιt + vt (34)

as well as µem.

Calibration results. Table 1 gives the calibration results for the preference-shock

distributionG being equal to B(0.5, 0.5), B(1, 1), and B(2, 2). It shows that all targets are

hit in each calibration. In particular, we match the interest-rate semi-elasticity of money

demand at aem1 = −5.65%. Figure 3 shows empirical money demand MDem
t in levels,

before and after HP-filtering, as well as theoretical money demand MDth
t obtained from

our calibration with the uniform distribution G = B(1, 1); the theoretical money-demand

curves corresponding to G = B(0.5, 0.5) and G = B(2, 2) are almost indistinguishable

from the money-demand curve for G = B(1, 1).

Quantitative discussion. Figure 4 shows how the equilibrium variables respond to

a deviation from the FR in the three calibrations, assuming the debt tax to be zero.

All three calibrations exhibit similar patterns and extend the local analytical results in

Proposition 1 for all Fisher rates. Figures 4a and 4b show that real balances m and

the face value of debt b decrease, as the Fisher rate increases. Consumers reduce their

real balances when the opportunity cost of holding money increases, so that liquidity

constraints tighten, which prompts producers to counteract this tightening by reducing

their debt issuance. Figure 4c captures the resulting positive extensive-margin effect.

Figures 4d and 4e show that aggregate DM-goods production
∫ ϵ̄

ϵ̂
q(ϵ,m, b)G(dϵ) and GDP∫ ϵ̄

ϵ̂
p(ϵ,m, b)G(dϵ) + F fall in the Fisher rate, meaning that the decline in output at the

intensive margin dominates the increase in output at the extensive margin. Welfare
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exhibits a different pattern. The aggregate gross surplus∫ ϵ̄

ϵ̂

[ϵu(q)− c(q)]q=q(ϵ,m,b)G(dϵ) =

(
1− β

β

)
W , (35)

as shown in Figure 4f, is hump-shaped in the Fisher rate, so that the welfare-maximizing

Fisher rate ι⋆ is away from the FR, as implied by Proposition 2. Table 2 shows ι⋆ for each

specification of G. The reason that ι⋆ increases with the fatness of G’s tails is that the

extensive-margin cost of debt is comparatively small if the probability mass assigned to

intermediate preference shocks is also small. Then, producers are more inclined to issue

debt, which requires a higher inflation tax to curb debt issuance.

Our findings parallel the results of Lagos and Wright (2005), who calibrate a standard

money-search model to empirical money demand under different levels of bargaining

power. Although they can match money demand equally in either calibration, they find

very different values for the welfare cost of inflation. We likewise find that models with

different G can fit money demand equally well and have similar calibrated parameters

(see Table 1a). Yet, they induce quite different welfare-maximizing levels for the Fisher

rate. This reinforces the argument of Lagos and Wright (2005) that “[k]nowing the

empirical ‘money demand’ curve is not enough: one really needs to understand the micro

foundations [...] in order to correctly estimate the welfare cost of inflation” (p. 480).

Table 2 also shows the smallest Pigouvian debt taxes κ that eliminate debt issuance

in the three calibrations, respectively. As indicated by Lemma 6, κ decreases in ι since

fiscal and monetary policy are substitutes in curbing debt issuance.

Extensive and intensive margin effects. Figure 5 illustrates how monetary policy

affects the intensive and extensive margins of DM trade in the calibration with G =

B(1, 1). Figure 5a shows the bargained quantities and the preference-shock threshold ϵ̂

for different Fisher rates. Under the FR, agents trade intensively-efficient quantities in

all successful matches. However, when ι = 10%, the liquidity constraint binds for large

ϵ, creating a wedge between the bargained quantity and the efficient quantity.19 For

ι = 50%, consumers hold such low real balances that the liquidity constraint binds in

every successful match.

Figure 5 also demonstrates that the preference-shock threshold ϵ̂ decreases in the

Fisher rate. Figure 5b moreover provides insights into what causes matches to be unsuc-

cessful for ϵ < ϵ̂. For ι = 0% and ι = 10%, agents trade q̂ = q⋆ϵ̂ in the marginally-successful

match, so that ϵ̂u(q⋆ϵ̂ ) − c(q⋆ϵ̂ ) − b = 0, and the liquidity constraint is slack. Cast in the

context of Lemma 2, Condition (i) binds and Condition (ii) is slack. For ι = 50%, agents

19Note that the bargained quantities decline in ϵ once the liquidity constraint binds. This is because
of the bargaining protocol. Since a consumer with a high ϵ commands of the same money holdings as
all other consumers, the matched producer appropriates the utility gains of this consumer by producing
less and thus facing lower production costs.
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Figure 3: Money demand.

Note: This figure shows the empirical money demand and the theoretical money demand in
levels in the calibrated model with G = B(1, 1).

Table 2: Optimal Fisher rates and debt taxes.

Preference-shock distribution G B(0.5, 0.5) B(1, 1) B(2, 2)

Optimal Fisher rate ι⋆ without debt tax 0.51% 0.25% 0.03%

Optimal debt tax κ at ι = 0% 53.00% 58.29% 60.39%

Optimal debt tax κ at ι = 10% 48.49% 54.32% 56.63%

Note: This table shows the welfare-maximizing Fisher rates in the absence of a debt tax and
the optimal debt taxes for ι = 0%, 10% in the calibrated models for different specifications of
preference-shock distribution G.

trade q̂ < q⋆ϵ̂ in the marginally-successful match, so that ϵ̂u(q⋆ϵ̂ ) − c(q⋆ϵ̂ ) − b > 0, and the

liquidity constraint binds. In this case, Condition (i) is slack and Condition (ii) binds.

7 Non-Optimality of Debt and Equity

We have focused so far on limited-liability debt due to its documented empirical relevance

in bargaining. However, it is not obvious that debt is the optimal contract design when

leveraging bargaining power. In fact, we show in this section how a producer can prof-

itably deviate from both debt and equity to superior contracts, respectively, that strictly

increase her lifetime utility. We focus on the FR since it renders the liquidity constraints

in all bargaining problems slack and thus simplifies producers’ contract choices.

Proposition 3. Under the FR, a producer can profitably deviate from any debt contract

rb ∈ D to a superior contract r̃b ∈ F .

Debt distorts a producer’s ex-post incentives to produce when being matched with a

consumer with a small preference shock ϵ < ϵ̂b. Even though the consumer’s real balances
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Figure 4: Responses of equilibrium variables to a deviation from the Friedman rule.

Note: The horizontal axes show the Fisher rate in percent. The vertical axes show the equi-
librium variables in the calibrated economies with G = B(0.5, 0.5) ( ), G = B(1, 1) ( ), and
G = B(2, 2) ( ), normalized at the Friedman rule. We write qϵ = q(ϵ,m, b) and pϵ = p(ϵ,m, b).

would allow for trade, enabling the producer to partially repay her debt, she does not

produce at all and fully defaults. Hence, the producer’s and the financier’s interests do

not align ex post, resulting in a moral-hazard problem that limits the producer’s ability

to leverage her bargaining power.20

For any debt contract rb with face value b > 0, we can construct an alternative

contract r̃b ∈ F to which a producer can profitably deviate. We choose a ∈ (0, b) close

20Jensen and Meckling (1976) find that debt involves agency costs due to entrepreneurs’ tendency to
undertake excessively risky projects. In our framework, the non-optimality of debt is somewhat similar:
limited liability causes producers to shirk from production in meetings with low-preference consumers,
leading to high default probabilities and consequently high borrowing costs.
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Figure 5: Negotiated terms of trade in the calibrated economy with G = B(1, 1).

Note: We write qϵ = q(ϵ,m, b) and pϵ = p(ϵ,m, b).

to b and define

r̃b(p) =

min{p, a}, if p ≤ p̂,

b, otherwise,
(36)

where p̂ is the payment exchanged if the producer is committed to rb and the matched

consumer incurs preference shock ϵ̂b. Contract r̃b, as illustrated in Figure 6, is almost

identical to rb, but requires only repayment a < b if p is smaller but close to p̂. A deviation

from rb to r̃b affects the producer’s expected gross surplus in two ways, as illustrated in

Figure 7. There is an ϵ+a ∈ (ϵ̂b, ϵ̄), so that agents exchange only payments p ≤ p̂ when

solving bargaining problem (9) for ϵ ∈ [ϵ̂b, ϵ
+
a ), to keep the repayment to the financier at a

rather than b. The producer consequently realizes less bargaining revenues if ϵ ∈ [ϵ̂b, ϵ
+
a )

than when committed to rb. However, trade becomes successful for ϵ ∈ [ϵ̂a, ϵ̂b] due to

the producer’s smaller repayment obligations when realizing small bargaining revenues

p ≤ p̂. The producer’s gains are of higher order importance compared to her losses since

her losses shrink in two dimensions for a converging to b, as also ϵ+a converges to ϵ̂b, while

her gains shrink only in one dimension.

Equity contracts typically mitigate moral-hazard problems as occurring with debt by
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Figure 6: Contracts.

Note: This figures shows the optimal debt contract rb, the optimal equity contract rµ, and
contracts r̃b and r̃µ. The underlying parameters are u(q) = q0.4/0.4, c(q) = q, θ = 0, β = 0.98,
[0, ϵ̄] = [0, 1], and uniform distribution G = U(0, 1).

ensuring that borrowers have “skin in the game”, so that they do not shirk. We define

E ≡
{
r ∈ RR+

+ : ∃µ ∈ (0, 1), so that r(p) = µp for all p ∈ R+

}
⊂ F (37)

as the set of equity contracts. When writing equity contract rµ, a producer sells off a

portion µ ∈ (0, 1) of the total of claims on her bargaining revenues to the financier. This

equity is outside equity in that the financier does not acquire any voting rights in the

producer’s bargaining behavior. We obtain

Proposition 4. Under the FR, a producer can profitably deviate from any equity contract

rµ ∈ E to a superior contract r̃µ ∈ F .

A consumer and a producer committed to an equity contract internalize in bargaining

that any additional unit of exchanged payment is partially used to compensate the fi-

nancier. This consideration distorts trade at the intensive margin, so that the producer’s

bargaining revenues against which she can borrow are comparatively small.

A producer can profitably deviate from any equity contract rµ to contract r̃µ(p) ≡
µmax{p, pµϵ̄ }, where pµϵ̄ is the payment exchanged in bargaining under equity contract rµ

if the matched consumer incurs preference shock ϵ̄. Contract r̃µ, as illustrated in Figure

6, is a hybrid of equity and debt: r̃µ is identical to rµ if revenues p are small, but r̃µ

takes the form of debt with repayment µpµϵ̄ if revenues p are large. Since r̃µ implies small

repayments r̃µ(p) < rµ(p) for p > pµϵ̄ , a deviation from rµ to r̃µ incentivizes the producer

to exchange payment pµϵ̄ > pµϵ if being matched with consumers with high preference
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Figure 7: Deviation from debt.

Note: This figure shows a producer’s gains (green) and losses (red) in her expected gross
surplus when deviating from the optimal debt contract rb to contract r̃b. The gray-shaded area
captures the expected gross surplus of the producer when committed to r̃b. The blue-shaded
area captures the expected gross surplus of the consumer matched with the deviating producer.
The underlying parameters are u(q) = q0.4/0.4, c(q) = q, θ = 0, β = 0.98, [0, ϵ̄] = [0, 1], and
uniform distribution G = U(0, 1). We write qϵ = q(ϵ,m, b) and pϵ = p(ϵ,m, b).

shocks ϵ > ϵ̃µ for ϵ̃µ ∈ (0, ϵ̄). Loosely speaking, this deviation shifts probability weights

from small payments to large payments. Figure 8 illustrates the producer’s resulting

utility gains.21

Propositions 3 and 4 together suggest that the optimal financial contract is neither

debt nor equity. While the benefits of equity are realized at the extensive margin for

small values of ϵ ∈ [0, ϵ̄], debt facilitates efficient trade at the intensive margin when ϵ is

sufficiently large. Therefore, the optimal financial contract balances these benefits at the

extensive and intensive margins. Whether this contract admits a parametric closed-form

solution remains an open question and falls beyond the scope of this paper.

8 Conclusion

This paper uncovers novel general-equilibrium effects of limited-liability debt issued by

producers to leverage their bargaining power vis-à-vis heterogeneous consumers. Produc-

ers borrow against their expected bargaining revenues and pass the resulting fixed cost of

21The intuition for why r̃µ dominates rµ is akin to the reason for which debt is superior to equity
in the principal-agent model of Innes (1990). In that model, entrepreneurs borrow to engage in a
stochastic investment project that relies on their unobservable effort. Since debt involves small repayment
obligations when the entrepreneur realizes high revenues, it incentivizes entrepreneurs to devote high
effort, resulting in large surpluses.
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Figure 8: Deviation from equity.

Note: This figure shows a producer’s gains (green) when deviating from the optimal equity
contract rµ to contract r̃µ. The gray-shaded area captures the expected gross surplus of the
producer when committed to r̃µ. The blue-shaded area captures the expected gross surplus
of the consumer matched with the deviating producer. The underlying parameters are u(q) =
q0.4/0.4, c(q) = q, θ = 0, β = 0.98, [0, ϵ̄] = [0, 1], and uniform distribution G = U(0, 1). We
write qϵ = q(ϵ,m, b) and pϵ = p(ϵ,m, b).

debt repayment onto consumers in the bargaining process. Such debt renders bargaining

agreements infeasible in matches where consumers derive low utility from the producers’

goods, as these consumers are unwilling to bear the producers’ debt burden. Moreover,

debt issuance tightens liquidity constraints: consumers must allocate part of their money

holdings to debt repayment, leaving less liquidity available to compensate producers for

actual production. We identify a pecuniary externality at the core of these distortions:

borrowing rates fail to reflect the costs producers impose on consumers by issuing debt.

To address this, optimal fiscal policy includes a Pigouvian tax on debt. In the absence

of such a tax, we find that deviating from the Friedman rule to nominal interest rates

of up to 0.51% partially mitigates the externality, though it does not fully eliminate it.

Importantly, debt is not only suboptimal from a policy standpoint but also from the

perspective of individual producers. Contrary to established results in contract theory,

we show that producers can achieve better outcomes by committing to contracts beyond

pure debt or equity, thereby more effectively leveraging their bargaining power.
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A Proofs

PROOF OF LEMMA 1. The lemma is a consequence of market clearing. ■

PROOF OF LEMMA 2. If a match is successful, there must exist a q > 0, so that

ϵu(q)− c(q)− b ≥ 0. This definitely holds for q = q⋆ϵ , implying Condition (i). Moreover,

the consumer’s real balances m must weakly exceed the payment corresponding with the

smallest q guaranteeing a non-negative surplus, q̃(ϵ, b), implying Condition (ii).

Conversely, Condition (i) implies that q̃(ϵ, b) ∈ (0, q⋆ϵ ]. Condition (ii) then yields that

q(ϵ,m, b) ≥ q̃(ϵ, b) > 0. ■

PROOF OF COROLLARY 1. The proof immediately follows from Lemma 2. ■

PROOF OF LEMMA 3. It is clear that q̂ ≥ q̃(ϵ̂, b), since the net surplus would be

negative otherwise. Suppose that q̂ > q̃(ϵ̂, b). Since ∂q̃(ϵ, b)/∂ϵ < 0, there is an ϵ < ϵ̂

close to ϵ̂, so that q̂ > q̃(ϵ, b). It thus holds that

θϵu(q̃(ϵ, b)) + (1− θ)(c(q̃(ϵ, b)) + b) < θϵu(q̂) + (1− θ)(c(q̂) + b)

< θϵ̂u(q̂) + (1− θ)(c(q̂) + b) ≤ m, (38)

so that a match for ϵ would be successful. This contradicts the definition of ϵ̂. ■

PROOF OF LEMMA 4. We distinguish two cases: q̂ < q⋆ϵ̂ and q̂ = q⋆ϵ̂ .

If q̂ < q⋆ϵ̂ , the liquidity constraint binds in the match (ϵ̂(m, b′),m, b′) for all b′ in a

(small) neighborhood of b. We infer that ϵ̂ and q̂ are differentiable at b, so that

m = θϵ̂u(q̂)+(1−θ)[c(q̂)+b] ⇒ 0 = θu(q̂)
∂ϵ̂

∂b
+[θϵ̂u′(q̂)+(1−θ)c′(q̂)]

∂q̂

∂b
+1−θ. (39)

Since q̂ = q̃(ϵ̂, b) according to Lemma 3, it moreover holds that

ϵ̂u(q̂)− c(q̂)− b = 0 ⇒ u(q̂)
∂ϵ̂

∂b
+ [ϵ̂u′(q̂)− c′(q̂)]

∂q̂

∂b
− 1 = 0. (40)

Combining the equations above, we obtain ∂q̂/∂b = −1/c′(q̂) and Equation (20) follows.
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If q̂ = q⋆ϵ̂ , we immediately infer from ϵ̂u(q̂)− c(q̂)− b = 0 and ϵ̂u′(q̂)− c′(q̂) = 0 that

ϵ̂ is differentiable at b—but q̂ is not necessarily—with ∂ϵ̂/∂b = 1/u(q̂) . ■

PROOF OF LEMMA 5. The first-order condition (FOC) w.r.t. the face value of

debt b′+1, corresponding to the producer’s problem (25), reads as

0 ≥
∫ ϵ̄

ϵ̂(m+1,b′+1)

[
θ
∂

∂b
[ϵ+1u(q)− c(q)]q=q(ϵ+1,m+1,b′+1)

+ 1− θ

]
G(dϵ+1)

− b′+1g(ϵ̂(m+1, b
′
+1))

∂ϵ̂(m+1, b
′
+1)

∂b
, (41)

with “ = ” if b′+1 > 0. We used that the gross surplus of the marginally-successful match

is zero (see Lemma 3). Using the liquidity constraint in bargaining problem (9) to infer

∂q(ϵ,m, b)/∂b, we obtain

∂

∂b
[ϵu(q)− c(q)]q=q(ϵ,m,b) = −

[
(1− θ)[ϵu′(q)− c′(q)]

θϵu′(q) + (1− θ)c′(q)

]
q=q(ϵ,m,b)

= −L(ϵ,m, b), (42)

so that Lemma 5 follows immediately. ■

PROOF OF LEMMA 6. If the fiscal authority charges a debt tax κ, a producer’s

FOC w.r.t. the face value of debt b in Lemma 5 reads in equilibrium as

0 ≥ (1− θ)[1−G(ϵ̂)]− θι− bg(ϵ̂)
∂ϵ̂

∂b
− κ

β
, (43)

with “ = ” if b > 0, where we used the consumers’ FOC w.r.t. their money holdings. We

search for the smallest κ, so that Inequality (43), evaluated at b = 0, holds. We note

[
b
∂ϵ̂

∂b

]
b=0

=

[
b

u(q̂)

]
b=0

= lim
b̃→0

[
u′(q̂)

∂q̂

∂b

]−1

b=b̃

= − lim
b̃→0

[
u(q̂)[ϵ̂u′′(q̂)− c′′(q̂)]

u′(q̂)2

]
b=b̃

= 0. (44)

We inferred from ϵ̂u′(q̂) = c′(q̂) in the marginally-successful match for b̃ close to zero that

∂ϵ̂/∂b = 1/u(q̂) and ∂q̂/∂b = −u′(q̂)/[ϵ̂u′′(q̂)− c′′(q̂)]u(q̂), and used that limb̃→0 q̂|b=b̃ = 0.

Hence, Inequality (43), evaluated at b = 0, reads as

0 ≥ 1− θ(1 + ι)− κ

β
⇔ κ ≥ β[1− θ(1 + ι)]. (45)

If κ satisfies this inequality, b = 0 is featured in equilibrium. ■
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PROOF OF PROPOSITION 1. We first determine the economy’s outcome at the

FR and then investigate how it responds to a deviation from the FR.

Economy at the FR. Since the opportunity cost of holding money is zero at the FR,

consumers choose real balancesm ≥ θϵ̄u(q⋆ϵ̄ )+(1−θ)[c(q⋆ϵ̄ )+b], facilitating the exchange of

q(ϵ,m, b) = q⋆ϵ for all ϵ ∈ [ϵ̂, ϵ̄]. Substituting the consumers’ FOC for money in Inequality

(22) into the producers’ FOC for debt in Inequality (26) thus yields

0 ≥ (1− θ)[1−G(ϵ̂)]− bg(ϵ̂)
∂ϵ̂

∂b
, (46)

with “ = ” if b > 0. This implies b > 0 and ϵ̂ ∈ (0, ϵ̄).

Deviation from the FR. Since the equilibrium objects m and b are continuous in ι,

the liquidity constraint in the marginally-successful match is slack not only at the FR but

also in its neighborhood. It thus holds that d [ϵ̂u′(q̂)− c′(q̂)] = 0 around the FR, from

which we infer

dq̂ = −
[

u′(q̂)

ϵ̂u′′(q̂)− c′′(q̂)

]
dϵ̂. (47)

We infer from Lemma 2 that d[ϵ̂u(q̂)− c(q̂)− b] = 0, which implies db = u(q̂) dϵ̂.

To sign dϵ̂/ dι, we consider the producers’ FOC for debt in Equation (26), reading as

0 = (1− θ)[1−G(ϵ̂)]− θι− g(ϵ̂)b

u(q̂)
, (48)

where we used ∂ϵ̂/∂b = 1/u(q̂) from Lemma 4. The differential of this FOC reads as

0 = −(1− θ)g(ϵ̂) dϵ̂− θ dι− g(ϵ̂) db

u(q̂)
+

g(ϵ̂)bu′(q̂) dq̂

u(q̂)2
− g′(ϵ̂)b dϵ̂

u(q̂)

⇔ θ dι = −
[
(1 + (1− θ))g(ϵ̂) +

u′(q̂)2g(ϵ̂)b

u(q̂)2[ϵ̂u′′(q̂)− c′′(q̂)]
+

g′(ϵ̂)b

u(q̂)

]
dϵ̂,

(49)

where we used the expressions for dq̂ and db from above. To sign the term in the square

brackets in Equation (49), we determine the producers’ second-order condition (SOC) for

debt, corresponding to their problem (25), at the FR. This SOC reads as

0 > −
[
(1− θ)g(ϵ̂) +

g′(ϵ̂)b

u(q̂)

]
∂ϵ̂

∂b
− g(ϵ̂)

u(q̂)
+

g(ϵ̂)bu′(q̂)

u(q̂)2
∂q̂

∂b

⇔ 0 > −
[
(1 + (1− θ))g(ϵ̂) +

u′(q̂)2g(ϵ̂)b

u(q̂)2[ϵ̂u′′(q̂)− c′′(q̂)]
+

g′(ϵ̂)b

u(q̂)

]
,

(50)

where we used that ϵ̂u′(q̂)− c′(q̂) = 0 to obtain ∂q̂/∂b = −u′(q̂)/u(q̂)[ϵ̂u′′(q̂)− c′′(q̂)], and

that ∂ϵ̂/∂b = 1/u(q̂). We obtain dϵ̂/ dι < 0.

We immediately infer db/ dι < 0 from db = u(q̂) dϵ̂. Money holdings m also clearly
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decrease in ι. Suppose that dm/ dι ∈ (−∞, 0). Since L is continuous in m and b—but

not necessarily differentiable—it follows that

d

dι

[∫ ϵ̄

ϵ̂

L(ϵ,m, b)G(dϵ)

]
= 0, (51)

contradicting Equation (22). We infer dm/ dι = −∞. ■

PROOF OF PROPOSITION 2. We consider the economy at the FR. Lemma 1

implies that

W =
β

1− β

∫ ϵ̄

ϵ̂

[ϵu(q)− c(q)]q=q(ϵ,m,b)G(dϵ). (52)

We cannot apply Leibniz’s rule to obtain dW/ dι directly since the differentiability of the

integrand is not guaranteed for ϵ = ϵ̄ due to dm/ dι = −∞ (Proposition 1). We thus pin

down dW/ dι by determining the limit of the difference quotient [W|ζ −W|0]/ζ, where
W|ζ denotes the equilibrium welfare level for Fisher rate ζ > 0 close to the FR.

For notational convenience, we define qϵ(ζ) ≡ q(ϵ,m|ζ , b|ζ) and Lϵ(ζ) ≡ L(ϵ,m|ζ , b|ζ)
as the exchanged quantity and the liquidity premium in a match with preference shock ϵ

if the Fisher rate is equal to ζ. We then let

ϵ̃|ζ ≡ max{ϵ ∈ [ϵ̂|ζ , ϵ̄] : qϵ(ζ) = q⋆ϵ} (53)

be the largest preference shock for which the liquidity constraint is slack. We write(
1− β

β

)
W|ζ −W|0

ζ
=

1

ζ

∫ ϵ̄

ϵ̃|ζ

(
[ϵu(q)− c(q)]q=qϵ(ζ) − [ϵu(q)− c(q)]q=q⋆ϵ

)
G(dϵ)

+
1

ζ

∫ ϵ̂|0

ϵ̂|ζ
[ϵu(q)− c(q)]q=q⋆ϵG(dϵ). (54)

Intensive margin. The first term on the right-hand side of Equation (54) captures an

intensive-margin effect. For all ϵ ∈ (ϵ̃|ζ , ϵ̄], the mean-value theorem applied to ϵu(q)−c(q)

as a function in q guarantees the existence of a q̄ϵ(ζ) ∈ (qϵ(ζ), q
⋆
ϵ ), so that

[ϵu(q)− c(q)]q=qϵ(ζ) − [ϵu(q)− c(q)]q=q⋆ϵ = [ϵu′(q)− c′(q)]q=q̄ϵ(ζ)[qϵ(ζ)− q⋆ϵ ]

= [ϵu′(q)− c′(q)]q=q̄ϵ(ζ)

[
qϵ(ζ)− q⋆ϵ

[ϵu′(q)− c′(q)]q=qϵ(ζ)

]
×
(

1

1− θ

)[
(1− θ)[ϵu′(q)− c′(q)]

θϵu′(q) + (1− θ)c′(q)

]
q=qϵ(ζ)

[θϵu′(q) + (1− θ)c′(q)]q=qϵ(ζ).

(55)
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We obtain the estimate∣∣∣∣∣1ζ
∫ ϵ̄

ϵ̃|ζ

(
[ϵu(q)− c(q)]q=qϵ(ζ) − [ϵu(q)− c(q)]q=q⋆ϵ

)
G(dϵ)

∣∣∣∣∣
≤ sup

ϵ∈[ϵ̃|ζ ,ϵ̄]
{[ϵu′(q)− c′(q)]q=q̄ϵ(ζ)} sup

ϵ∈[ϵ̃|ζ ,ϵ̄]

{
|qϵ(ζ)− q⋆ϵ |

[ϵu′(q)− c′(q)]q=qϵ(ζ)

}

×
(

1

1− θ

)(
1

ζ

∫ ϵ̄

ϵ̃|ζ
Lϵ(ζ)G(dϵ)

)
sup

ϵ∈[ϵ̃|ζ ,ϵ̄]
{[θϵu′(q) + (1− θ)c′(q)]q=qϵ(ζ)}.

(56)

Note that

lim
ζ→0

sup
ϵ∈[ϵ̃|ζ ,ϵ̄]

{
|qϵ(ζ)− q⋆ϵ |

[ϵu′(q)− c′(q)]q=qϵ(ζ)

}
≤ − 1

[ϵ̄u′′(q)− c′′(q)]q=q⋆ϵ̄

, (57)

and that the consumers’ FOC in Equation (22) for money holdings implies that

1

ζ

∫ ϵ̄

ϵ̃|ζ
Lϵ(ζ)G(dϵ) =

1

ζ

∫ ϵ̄

ϵ̂|ζ
Lϵ(ζ)G(dϵ) = 1. (58)

It clearly follows that

lim
ζ→0

∣∣∣∣∣1ζ
∫ ϵ̄

ϵ̃|ζ

(
[ϵu(q)− c(q)]q=qϵ(ζ) − [ϵu(q)− c(q)]q=q⋆ϵ

)
G(dϵ)

∣∣∣∣∣ = 0. (59)

Extensive margin. We can apply Leibniz’s rule to derive the limit of the second term

on the right-hand side of Equation (54) since the integrand is differentiable. We obtain

lim
ζ→0

(
1

ζ

∫ ϵ̂|0

ϵ̂|ζ
[ϵu(q)− c(q)]q=q⋆ϵG(dϵ)

)
=

d

dι

[∫ ϵ̄

ϵ̂

[ϵu(q)− c(q)]q=q⋆ϵG(dϵ)

]
= −[ϵ̂u(q̂)− c(q̂)]g(ϵ̂)

dϵ̂

dι
> 0. (60)

Proposition 2 follows since ϵ̂u(q̂)− c(q̂) = b at the FR. ■

PROOF OF COROLLARY 2. With Lemma 1, we can express the producers’ value

of being born in Equation (25) as

W p,0 = θ(1− β)W + β(1− θ)(1−G(ϵ̂))b. (61)

Using db = u(q̂) dϵ̂ and the producers’ FOC in Lemma 5, evaluated at the FR, yields

d[(1−G(ϵ̂))b] = (1−G(ϵ̂)) db−g(ϵ̂)b dϵ̂ = [(1−G(ϵ̂))u(q̂)−g(ϵ̂)b] dϵ̂ =

(
θg(ϵ̂)b

1− θ

)
dϵ̂. (62)
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Proposition 2 with Equation (61) then yields dW p,0/ dι = 0.

The consumers’ CM value function reads as

W c =
β

1− β

∫ ϵ̄

ϵ̂

(1− θ)[ϵu(q)− c(q)− b]q=q(ϵ,m,b)G(dϵ) = W − W p,0

1− β
. (63)

Hence, dW c/ dι = dW/ dι. It trivially holds that dW fi/ dι = 0. ■

PROOF OF PROPOSITION 3. Consider a debt contract rb(p) = min{p, b} with b >

0. We define r̃b as in Equation (36) and prove that an individual producer appropriates

additional expected gross surplus when deviating from rb to r̃b if a is sufficiently close to

b. Figure 7 illustrates our proof strategy.

Preference thresholds. We characterize some useful preference-shock thresholds to

determine the outcome of bargaining problem (9), given r̃b. We define

ϵ−a ≡ max{ϵ ∈ [0, ϵ̄] : θϵu(q⋆ϵ ) + (1− θ)[c(q⋆ϵ ) + a] ≤ p̂} (64)

as the largest preference shock ϵ for which the agents can trade q⋆ϵ , while exchanging a

payment weakly smaller than p̂ ≡ θϵ̂bu(q
⋆
ϵ̂b
) + (1− θ)[c(q⋆ϵ̂b) + b].

We define qaϵ through θϵu(qaϵ ) + (1− θ)[c(qaϵ ) + a] = p̂ for any ϵ ∈ [ϵ−a , ϵ̄] and let

ϵ+a ≡ max{ϵ ∈ [0, ϵ̄] : ϵu(qaϵ )− p̂ ≥ (1− θ)[ϵu(q⋆ϵ )− c(q⋆ϵ )− b]} (65)

be the largest preference shock ϵ for which the agents can attain a weakly larger net

surplus by trading qaϵ and transferring a to the financier than by trading q⋆ϵ > qaϵ and

transferring b > a. Note that ϵ+a > ϵ−a > ϵ̂b and lima→b ϵ
+
a = ϵ̂b.

Solution to the bargaining problem. We derive the terms of trade (qϵ, pϵ) that solve

bargaining problem (9), given r̃b, by distinguishing four possible ranges of ϵ. We neglect

the liquidity constraint since the FR is in place.

1. Let ϵ ∈ [0, ϵ̂a). No trade occurs, meaning (qϵ, pϵ) = (0, 0).

2. Let ϵ ∈ [ϵ̂a, ϵ̂b]. By the definition of ϵ̂b, a payment p > p̂ would not facilitate a non-

negative match surplus. Hence, in every successful match, agents exchange p ≤ p̂

and the producer repays a to the financier. The optimal terms of trade read as

(qϵ, pϵ) = (q⋆ϵ , θϵu(q
⋆
ϵ ) + (1− θ)[c(q⋆ϵ ) + a]). (66)

3. Let ϵ ∈ (ϵ̂b, ϵ
−
a ]. By the definition of ϵ−a , agents can trade q⋆ϵ by exchanging a
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payment pϵ that triggers repayment r̃b(pϵ) = a. Agents thus agree on

(qϵ, pϵ) = (q⋆ϵ , θϵu(q
⋆
ϵ ) + (1− θ)[c(q⋆ϵ ) + a]). (67)

4. Let ϵ ∈ (ϵ−a , ϵ̄]. Conditional on exchanging pϵ > p̂, the consumer’s optimal surplus

is (1 − θ)(ϵu(q⋆ϵ ) − c(q⋆ϵ ) − b). Conditional on exchanging p ≤ p̂, the consumer’s

optimal surplus is ϵu(qaϵ )− p̂. Note that

∂[(1− θ)(ϵu(q⋆ϵ )− c(q⋆ϵ )− b)]

∂ϵ
= (1− θ)u(q⋆ϵ ), (68)

and that

∂[ϵu(qaϵ )− p̂]

∂ϵ
= u(qaϵ ) + ϵu′(qaϵ )

∂qaϵ
∂ϵ

= u(qaϵ )

[
1− θϵu′(qaϵ )

θϵu′(qaϵ ) + (1− θ)c′(qaϵ )

]
= u(qaϵ )

[
(1− θ)c′(qaϵ )

θϵu′(qaϵ ) + (1− θ)c′(qaϵ )

]
< (1− θ)u(qaϵ ).

(69)

Since moreover

ϵu(qaϵ̄ )− p̂ < (1− θ)[ϵ̄u(q⋆ϵ̄ )− c(q⋆ϵ̄ )− b], (70)

the construction of ϵ+a implies that agents trade (qϵ, pϵ) = (qaϵ , p̂) if ϵ ∈ (ϵ−a , ϵ
+
a ], and

(qϵ, pϵ) = (q⋆ϵ , θϵu(q
⋆
ϵ ) + (1− θ)[c(q⋆ϵ ) + b]) if ϵ ∈ (ϵ+a , ϵ̄].

The terms of trade solving bargaining problem (9) can be expressed as

(qϵ, pϵ) =



(0, 0), if ϵ ∈ [0, ϵ̂a),

(q⋆ϵ , θϵu(q
⋆
ϵ ) + (1− θ)[c(q⋆ϵ ) + a]), if ϵ ∈ [ϵ̂a, ϵ

−
a ],

(qaϵ , p̂), if ϵ ∈ (ϵ−a , ϵ
+
a ],

(q⋆ϵ , θϵu(q
⋆
ϵ ) + (1− θ)[c(q⋆ϵ ) + b]), if ϵ ∈ (ϵ+a , ϵ̄].

(71)

The producer’s repayment is consequently given by

r̃b(pϵ) =


0, if ϵ ∈ [0, ϵ̂a),

a, if ϵ ∈ [ϵ̂a, ϵ
+
a ],

b, if ϵ ∈ (ϵ+a , ϵ̄].

(72)
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Producer’s lifetime utility. Given the repayment schedule in Equation (72), the

producer’s lifetime utility W̃ p,0(r̃b) when writing alternative contract r̃b satisfies

1

β
W̃ p,0(r̃b) ≡

∫ ϵ−a

ϵ̂a

[θ[ϵu(q⋆ϵ )− c(q⋆ϵ )− a] + a]G(dϵ)

+

∫ ϵ+a

ϵ−a

[θ[ϵu(qaϵ )− c(qaϵ )− a] + a]G(dϵ) +

∫ ϵ̄

ϵ+a

[θ[ϵu(q⋆ϵ )− c(q⋆ϵ )− b] + b]G(dϵ). (73)

The producer’s lifetime utility W̃ p,0(rb) of writing debt contract rb satisfies

1

β
W̃ p,0(rb) ≡

∫ ϵ̄

ϵ̂b

[θ[ϵu(q⋆ϵ )− c(q⋆ϵ )− b] + b]G(dϵ). (74)

We obtain that

1

β
[W̃ p,0(r̃b)− W̃ p,0(rb)] =

∫ ϵ̂b

ϵ̂a

[θ[ϵu(q⋆ϵ )− c(q⋆ϵ )− a] + a]G(dϵ)

− (1− θ)[b− a][G(ϵ+a )−G(ϵ̂b)]− θ

∫ ϵ+a

ϵ−a

[ϵu(q⋆ϵ )− c(q⋆ϵ )− (ϵu(qaϵ )− c(qaϵ ))]G(dϵ). (75)

Lemma 4 yields

lim
a→b

(
1

b− a

∫ ϵ̂b

ϵ̂a

[θ[ϵu(q⋆ϵ )− c(q⋆ϵ )− a] + a]G(dϵ)

)
= bg(ϵ̂b)

∂ϵ̂

∂b
> 0, (76)

and it holds that

lim
a→b

(
(1− θ)[G(ϵ+a )−G(ϵ̂b)] +

θ

b− a

∫ ϵ+a

ϵ−a

[ϵu(q⋆ϵ )− c(q⋆ϵ )− (ϵu(qaϵ )− c(qaϵ ))]G(dϵ)

)
= 0.

(77)

Hence, W̃ p,0(r̃b)− W̃ p,0(rb) > 0 for a sufficiently close to b. ■

PROOF OF PROPOSITION 4. We consider an arbitrary equity contract rµ. The

terms of trade (qµϵ , p
µ
ϵ ), solving bargaining problem (9), given rµ, are

(qµϵ , p
µ
ϵ ) =

(
q⋆(1−µ)ϵ,

θϵu(q⋆(1−µ)ϵ) + (1− θ)c(q⋆(1−µ)ϵ)

θ + (1− θ)(1− µ)

)
(78)

for all ϵ ∈ [0, ϵ̄]. We define contract r̃µ(p) = µmin{p, pµϵ̄ } as a hybrid of equity and debt;

contract r̃µ takes the form of equity for p < pµϵ̄ and the form of debt for p ≥ pµϵ̄ . We show

that a producer increases her expected gross surplus when deviating from rµ to r̃µ.

If the terms of trade (qhϵ , p
h
ϵ ) that solve bargaining problem (9), given r̃µ, feature
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phϵ < pµϵ̄ , they are (qhϵ , p
h
ϵ ) = (qµϵ , p

µ
ϵ ); if p

h
ϵ ≥ pµϵ̄ , they are (qhϵ , p

h
ϵ ) = (q⋆ϵ , θϵu(q

⋆
ϵ ) + (1 −

θ)(c(q⋆ϵ ) + µpµϵ̄ )). The terms of trade thus feature phϵ ≥ pµϵ̄ if and only if

ϵu(q⋆ϵ )− [θϵu(q⋆ϵ ) + (1− θ)(c(q⋆ϵ ) + µpµϵ )]

≥ ϵu(q⋆(1−µ)ϵ)−
θϵu(q⋆(1−µ)ϵ) + (1− θ)c(q⋆(1−µ)ϵ)

θ + (1− θ)(1− µ)
. (79)

Inequality (79) holds when being evaluated at ϵ = ϵ̄ since

ϵ̄u(q⋆ϵ̄ )− [θϵ̄u(q⋆ϵ̄ ) + (1− θ)(c(q⋆ϵ̄ ) + µpµϵ̄ )]

= ϵ̄u(q⋆(1−µ)ϵ̄)− pµϵ̄ + (1− θ)[ϵ̄u(q⋆ϵ̄ )− c(q⋆ϵ̄ )− (ϵ̄u(q⋆(1−µ)ϵ̄)− c(q⋆(1−µ)ϵ̄))]

> ϵ̄u(q⋆(1−µ)ϵ̄)− pµϵ̄ ,

(80)

and it does not hold when being evaluated at ϵ = 0. By the mean-value theorem, there

is an ϵ̃µ ∈ [0, ϵ̄], so that Inequality (79) holds with equality. More specifically, Inequality

(79) holds if and only if ϵ ∈ [ϵ̃µ, ϵ̄] since the first-order derivative of the left-hand side of

Inequality (79) w.r.t. ϵ is (1− θ)u(q⋆ϵ ) and the derivative of the right-hand side is

(1− θ)(1− µ)u(q⋆(1−µ)ϵ)

θ + (1− θ)(1− µ)
< (1− θ)u(q⋆ϵ ). (81)

When deviating from rµ to r̃µ, a producer thus realizes lifetime-utility gains satisfying

1

β
[W̃ p,0(r̃µ)− W̃ p,0(rµ)] =

∫ ϵ̄

ϵ̃µ

[−c(q⋆ϵ ) + phϵ − (−c(q⋆(1−µ)ϵ) + pµϵ )]G(dϵ)

=

∫ ϵ̄

ϵ̃µ

[
θ[ϵu(q⋆ϵ )− c(q⋆ϵ )− (ϵu(q⋆(1−µ)ϵ)− c(q⋆(1−µ)ϵ))] + (1− θ)µ(pµϵ̄ − pµϵ )

]
G(dϵ) > 0.

(82)

■
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