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1 Introduction16

The role of banks in the transmission mechanism of monetary policy is a debated question.1 A17

recent study by Drechsler et al. (2017) argues that bank market power in the deposits market is18

pivotal and provides evidence that monetary policy affects the real economy through the supply19

of deposits – a so-called deposits channel. The evidence, which we review in Section 1.1, includes20

the following observations. First, the deposit spread, defined as the difference between the federal21

funds rate and interest rates on deposits, is positive and increases with the policy rate. Second,22

the growth rate of bank deposits and the change in the policy rate are negatively correlated.23

Moreover, as the federal funds rate rises, the flow of deposits out of the banking system is larger24

in concentrated markets. Last, following an increase in the policy rate, banks with higher market25

power in deposits markets reduce their lending by more relative to other banks.26

In order to explain the evidence, Drechsler et al. (2017) propose a static model of monopolistic27

competition among banks where cash and bank deposits enter a CES utility function.2 While28

the model generates some useful intuition on how the deposits channel might operate, it takes29

liquidity services, the imperfect substitutability of bank deposits, and the resulting market power30

of banks as primitives. Instead, the purpose of our paper is to provide theoretical foundations for31

bank market power and the deposits channel of monetary policy from first principles. The main32

components of our theory include a microfounded demand for liquid assets, a role for banks in33

the provision of such assets, and an explicit description of the creation of contractual relations in34

a dynamic, decentralized deposits market. The demand for liquid assets comes from households35

who lack commitment and are subject to idiosyncratic spending shocks, in the spirit of the New36

Monetarist literature surveyed in Lagos et al. (2017). Banks issue liabilities that serve as means37

of payments and that have a lower user cost than cash. Relationships between consumers and38

banks are bilateral and the terms of the deposit contracts are determined through negotiations39

1The literature has identified different channels through which monetary policy can affect the real economy, a
subset of them involving banks. For an overview of this literature, see, e.g., Ireland (2010).

2Drechsler et al. (2021) use a similar model to show it is optimal to use maturity transformation to hedge
interest-rate risk. Related contributions on the role of liquid deposits for the transmission mechanism of monetary
policy include Wang (2018) and Di Tella and Kurlat (2021).
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under private information.40

We use our model to study how informational frictions and market structure matter for41

each component of the deposits channel, i.e., passthrough to deposit rate and spread, effects42

on individual and aggregate deposits, changes in output. We address the following questions.43

Is bank market power necessary and/or suffi cient for the transmission mechanism to operate?44

How does monetary policy affect the distribution of deposits? Does the origin of bank market45

power (e.g., consumer search and switching costs, banks’ability to price discriminate) matter46

for transmission? Relatedly, how do FinTech advances, such as mobile banking and Big Data,47

affect the transmission mechanism of monetary policy?48

A first contribution of our model is to explain the bank deposit spread as an intermediation49

premium in over-the-counter banking markets. The determinants of the deposit spread include50

the policy rate, banks’bargaining power, and market concentration (or dilution) as captured51

by the number of banks per consumer. As the policy rate increases, the deposit spread widens,52

provided that banks have some bargaining power. The passthrough is positive because the outside53

option of the banked consumer, which is to hold her liquid wealth in the form of non-interest-54

bearing cash while searching for an alternative bank, becomes less valuable as the opportunity55

cost of cash increases.56

When banks have complete information about consumers’liquidity needs, the existence of a57

deposit spread passthrough is inconsequential for individual deposits: the deposit size is invariant58

to monetary policy. So, bank market power is not suffi cient for the deposits channel to operate.59

If consumers have heterogeneous liquidity needs and their preferences are private information,60

then monetary policy does affect the supply of deposits. Indeed, under private information,61

banks engage in second-degree price discrimination by offering a menu of incentive-compatible62

deposit contracts. The optimal menu has a two-tier structure. For low-liquidity-needs consumers,63

participation constraints bind and pricing is linear. For those contracts, the deposit spread rises64

and deposits shrink as the policy rate increases. For large-liquidity-needs consumers, pricing is65

nonlinear, participation constraints are slack, and deposit sizes do not respond to the policy rate.66
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So, a new implication from our theory is that monetary policy has a stronger effect on the lower67

percentiles of the distribution of deposits. In a calibrated version of our model, bank market68

power (i.e., bank bargaining power and search frictions) has to be large in order to be consistent69

with the size of the passthrough and the interest-rate elasticity of aggregate deposits observed70

in the data.71

We generalize the model by allowing for multiple deposit categories with different rates of72

return and degrees of liquidity. As the policy rate increases, consumers substitute away from73

the most liquid deposits into higher-return but less liquid ones. This substitution effect and74

the bank-market-power effect described earlier work in opposite directions. As a result, the75

relationship between less-liquid bank deposits and the policy rate is nonmonotone, i.e., bank76

deposits increase at low interest rates and decrease when the policy rate is above a threshold.77

We endogenize the liquidity of deposits and show it depends on policy, which allow us to explain78

how financial innovations (i.e., efforts to enhance the liquidity of high-return deposits) can arise79

from policy changes and affect the strength of the deposits channel.80

Last, we emphasize the importance of identifying the origin of banks’market power (e.g.,81

entry costs versus informational rents) to assess its effects on the transmission of monetary82

policy. We make this point in the context of FinTech advances. We show that vanishing barriers83

to entry improve consumers’outside options and reduce banks’market power, which promotes84

the accumulation of deposits by households but weakens the transmission mechanism. Another85

important dimension of FinTech is Big Data that allows banks to acquire information about86

consumers’financial needs. More informed banks gain market power by being better at price87

discrimination, which weakens the strength of the deposits channel. We endogenize information88

acquisition and show it depends on monetary policy, thereby providing another example of the89

needs for microfoundations for both liquidity and market power.90
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1.1 Empirical evidence91

We now review the main evidence on the deposits channel of monetary policy and banks’market92

power provided by Drechsler et al. (2017).3 We organize this evidence as a list of observations93

that will guide our modeling choices in the rest of the paper.94

Observation #1a: The deposit spread passthrough is positive. There is a positive95

passthrough from the federal funds rate, to the deposit spread defined as the difference between96

the policy rate and the interest rate on bank deposits. A 100 bps increase in the Federal funds97

rate leads to an increase in the deposit spread by 54 bps according to Drechsler et al. (2017).98

Observation #1b: The deposit spread passthrough is higher for more liquid deposits.99

Drechsler et al. (2017) distinguish three categories of deposits ranked by their liquidity: checking100

accounts are the most liquid; savings accounts; and, time deposits are the least liquid. As101

illustrated in Figure 1, the passthrough increases from 0.238 for small time deposits, to 0.415 for102

savings deposit, and 0.875 for checkable deposits.4103

[INSERT FIGURE 1]104

Observation #1c: The deposit spread passthrough is state-dependent. Wang (2018)105

documents that the deposit rate passthrough (one minus the deposit spread passthrough) is106

lower when the interest rate is lower. For checking and savings deposits, a 100 bps increase of107

the policy rate raises the deposit rate passthrough by about 0.3% percentage point at a 8-month108

time horizon.109

Observation #2a: The growth rate of aggregate deposits is strongly negatively cor-110

related with changes in the federal funds rate. Drechsler et al. (2017) find that the111

correlation between the growth rate of aggregate deposits and the year-over-year change in the112

3Additional evidence on banks’market power in the US deposits markets is provided by Hannan and Berger
(1991), Neumark and Sharpe (1992), Degryse and Ongena (2008). Begenau and Stafford (2022) challenge the
evidence of the deposits channel by pointing out that Drechsler et al. (2017) exclude all branches whose deposit
rates are determined by a centralized rate setting policy. Once these branches are included, then there is no
reliable relation between deposit rate pass-through and market concentration.

4These findings are similar to that of Figure 1 in Drechsler et al. (2017). Our data has been formatted to
match various vintages of Call reports using the standard procedure in Kashyap and Stein (2000). We thank
Russell Wong for providing us with this data. See Appendix D for details of the data source.
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federal funds rate is −0.49. These correlations are −0.28 and −0.55 for checkable and saving113

deposits, respectively. See the top and middle panels of Figure 2. Drechsler et al. (2017) also114

estimate the semi-elasticity of deposits with respect to deposit spreads and conclude that a 100115

bps increase in the federal funds rate generates a 323 bps contraction in deposits.116

Observation #2b.The growth rate of less-liquid deposits is positively correlated with117

the change in the federal funds rate. The correlation between the growth rate of deposits118

and the change in the federal funds rate is negative for checkable and savings deposits (top and119

middle panels of Figure 2), but positive, equal to 0.30, for small time deposits (bottom panel).120

[INSERT FIGURE 2]121

Observation #3a: Deposit rates and market concentration are negatively correlated.122

Berger and Hannan (1989) are the first to establish a relationship between local market concen-123

tration and the interest rates offered by banks for retail deposits. They found that banks in the124

most concentrated local markets pay deposit rates that are 25 to 100 basis points less than those125

paid in the least concentrated markets.126

Observation #3b: The deposit spread passthrough increases with market power.127

Drechsler et al. (2017, Section 4) show that the deposit spread passthrough increases with128

market concentration, measured according to the Herfindahl—Hirschman Index (HHI), by about129

12 percent from low to high concentration counties. They also consider an alternative measure130

of bank market power, namely the lack of financial sophistication of consumers proxied by age,131

income, and education. Following an increase in the policy rate, banks in counties with an older132

population, lower median household income, and less college education increase deposit spreads133

by more than banks in other counties.134

Observation #4: The correlation between deposit growth and changes in the federal135

funds rate is more negative in more concentrated markets. Drechsler et al. (2017,136

Section 4) show that deposit growth is more sensitive to changes in the federal funds rate in more137

concentrated counties. Following a 100 bps increase in the Fed funds rate, deposits flow out by138
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38 bps more in high-concentration counties than low-concentration counties.5 Other proxies for139

market power (age, income, and education) have a similar effect as market concentration.140

We add an observation that is useful to interpret a new testable implication of our model.141

Observation #5: The strength of the deposits channel decreases with household in-142

come. Drechsler et al. (2017, Table 5) document a weaker transmission mechanism in counties143

where median household income is larger: the deposit spread and growth react less to a change144

in the federal funds rate.145

Table 1 recapitulates the empirical observations related to the deposits channel of monetary146

policy and gives a preview of the predictions of three versions of our model (bargaining under147

complete information, posting under private information, bargaining under private information).6148

In order to account for all the observations, we will need private information and bargaining149

powers by agents on both sides of the market.150

[INSERT TABLE 1]151

1.2 Literature152

Within the New Monetarist literature, different assumptions have been made regarding bank153

competition.7 Versions with perfectly competitive banks include Williamson (2012), Keister154

and Sanches (2022), and Andolfatto et al. (2020), among others. New-Monetarist models where155

banks have market power include Rocheteau et al. (2018) and Bethune et al. (2021).8 The market156

structure is similar to our model in that contracts between entrepreneurs and banks are bilateral157

5Li et al. (2019) elaborate on the findings of Drechsler et al. (2017) and show that market power in the deposits
market matters not only for prices and quantities (interest rate and supply of deposits) but for other terms of
bank contracts such the maturity of the loans that banks offer.

6While we focus on the evidence regarding the deposits market, Drechsler et al. (2017) establishes a link
between the contraction in deposits and the contraction in lending. They show that following an increase in the
policy rate, banks that collect deposits in more concentrated markets reduce their lending more relative to other
banks. Schaffer and Segev (2021) provide a critical reappraisal of these results. We extend our model in Appendix
of our working paper to account for the lending part of the transmission mechanism.

7Vives (2016) provides a discussion about the trade-offs between competition and stability in banking.
8Applications of this model include Silva (2019), Jackson and Madison (2021) and Liang (2021). Similarly,

Lagos and Zhang (2022) formalize banks as securities dealers in the market for consumer credit and emphasize
the role of sellers’option to settle transactions with money as a mechanism to restrain banks’market power.
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and relationships take time to form.9 These models focus on lending channels (for businesses or158

consumers) whereas our focus is on the deposits market. Our foundations for bank market power159

differ in that consumers’outside options include the possibility to keep searching for alternative160

banks. As a result, our model delivers perfect competition at the limit when the speed of search161

goes to infinity. Finally, while the literature above assumes that banks have complete knowledge162

of their consumers’characteristics, we make consumers’liquidity needs private information. Our163

bargaining game under private information is related to Inderst (2001) but we adopt a different164

protocol and assume a continuum of consumer types.165

Alternative industrial organization approaches to imperfect competition in the deposits mar-166

ket are reviewed in Chapter 3 of Freixas and Rochet (2008) and have been recently applied to167

the study of central bank digital currencies. Andolfatto et al. (2020) adopts the model of a168

monopoly bank, as in Klein (1971) and Monti et al. (1972) while Chiu et al. (2022) and Dong169

et al. (2021) formalize bank market power as the outcome of Cournot competition.10 These170

approaches raise the thorny issue of the choice of the appropriate strategic variables to describe171

competition among banks.11 Under our approach, competition is in terms of menus of deposit172

contracts that specify both prices and quantities or, alternatively, the utility that these contracts173

provide to consumers. Relative to Bertrand competition, perfect competition is only obtained174

at the limit when search costs vanish. The determination of deposit spreads in our model is175

analogous to the determination of bid-ask spreads in the model of over-the-counter markets of176

Duffi e et al. (2005) and Lagos and Rocheteau (2009).177

Gu et al. (2013) depart from the equilibrium approach and adopt mechanism design to ex-178

9Alternative formulations of the banking sector with search and bargaining frictions include Wasmer and Weil
(2004) and Petrosky-Nadeau and Wasmer (2017).
10Chiu et al. (2022) develop in their appendix a version of their model in the spirit of Burdett and Judd (1983)

where competition is in terms of the deposit rate.
11According to Freixas and Rochet (2008):

“The (generalized) Monti-Klein model (...) suffers from the same criticisms as the Cournot model
from which it is adapted. In particular, as emphasized originally by Bertrand, prices (here rates)
may be more appropriate strategic variables for describing firms’(banks’) behavior. As is well know,
however, price competition a la Bertrand may go too far, since (1) existence of an equilibrium is not
guaranteed, and (2) as soon as two firms are present, perfect competition is obtained.”
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plain the emergence of banks in an economy with limited commitment. Gu et al. (2020) study179

how banks’ limited ability to commit to return consumers’deposits can generate endogenous180

instability. In contrast to these papers, we assume banks can commit and focus instead on the181

optimal design of deposit contracts under consumer heterogeneity and private information within182

an extensive-form bargaining game.183

The heterogenous needs for liquid assets among consumers is formalized as in Lagos and184

Rocheteau (2005). The banks’mechanism design problem is set up according to the methodol-185

ogy in Mussa and Rosen (1978), Maskin and Riley (1984) and Jullien (2000). Faig and Jerez186

(2005), Ennis (2008), and Bajaj and Mangin (2020) introduced liquidity constraints into a similar187

mechanism design problem with directed search, undirected search, and consumer search under188

multilateral matching, respectively. Williamson (1987) also studies asymmetric information in189

banking contracts but using a costly monitoring approach.190

2 Environment191

Time, agents, and goods Time is continuous and indexed by t ∈ R+.12 The economy is192

composed of two types of agents: a unit measure of consumers/producers (thereafter called193

consumers) and a large measure of bankers. Bankers are infinitely lived while consumers die at194

rate δ > 0 and are replaced by new consumers upon death. There are two perishable goods,195

y ∈ R+ and c ∈ R. Good c is taken as the numéraire.196

Preferences and technologies Consumers’preferences over good c and y are given by:197

E

[∫ T

0

e−ρtdC(t) +

+∞∑
n=1

e−ρtnεu [y(tn)] I{tn≤T}

]
, (1)

198
where ρ > 0 is the rate of time preference and T is the time horizon of the consumer, which is199

exponentially distributed with mean 1/δ. The function C(t) is the cumulative net consumption200

of the numéraire good. Negative consumption is interpreted as production, i.e., consumers have201

the technology to produce the numéraire at unit cost. Consumption and production can take202

12Our environment of a monetary economy in continuous time is closely related to that in Choi and Rocheteau
(2021b).
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place in flows, dC(t) = c(t)dt, or in discrete quantities, C(t+)− C(t−) 6= 0.203

The second term in (1) represents the preferences over good y. At random times, {tn}+∞
n=1,204

the agent has the desire to consume good y, where {tn}+∞
n=1 follows a Poisson process with arrival205

rate, σ > 0. The utility of consumption is εu(y) where u(y) satisfies u′ > 0, u′′ < 0, u′(0) = +∞206

and where ε ∈ R+ is consumer-specific and is private information. Throughout, we adopt the207

functional form u(y) = y1−a/(1 − a) with a > 0. The cumulative distribution of ε across208

consumers is Υ(ε) with density γ(ε) and support [0, ε̄]. We assume that 1−Υ(ε) is log-concave,209

which implies that γ(ε)/[1 − Υ(ε)] is increasing with ε. The technology to produce good y is210

linear, i.e., one unit of numéraire can be turned into one unit of good y. This technology can be211

operated by consumers. We denote y∗ε such that εu
′(y∗ε) = 1.212

Bankers only value the numéraire and are risk neutral. Their preferences are given by213

E
[∫ +∞

0

e−ρtdC(t)

]
.

214 Markets and money Both goods are traded in competitive spot markets opened around the215

clock. Consumers who are hungry for good y cannot produce to finance their consumption.216

Moreover, consumers lack commitment and are not trusted to repay their debts. These frictions217

create a need for a means of payment for good y.218

There is a quantity Mt of fiat money —a perfectly divisible and durable object that is intrin-219

sically useless —growing at a constant rate π ≥ −ρ. The revenue from money creation finances220

unproductive government consumption. Throughout our analysis, we identify the policy rate221

with the opportunity cost of holding a non-interest-bearing asset, such as fiat money or reserves,222

i.e., i = ρ+ π.13223

Bank deposits Alternative means of payment are provided by bankers in the form of deposits.224

Bankers have the technology to invest the funds they receive from consumers at some real interest225

rate rb and can commit to return these funds on demand. In the Appendix of our working paper,226

Choi and Rocheteau (2021a), we endogenize rb by formalizing the lending market where entre-227

13It can also be interpreted as the interest rate on a risk-free bond that cannot be used to finance consumption
of good y, e.g., because these bonds would take a small amount of time to be sold.
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preneurs with investment opportunities search for bank loans, and the interbank market where228

banks trade funds competitively. In Section 5, we introduce bank deposits that are imperfectly229

liquid.230

Deposits market Consumers form long-term relationships with bankers. A banker can only231

manage the account of a single consumer.14 The overall supply of deposits is determined by232

the free entry of bankers in the deposit market where the flow entry cost is κ > 0 (in utils or233

numéraire). In Drechsler et al. (2021), this cost is interpreted as the cost for the bank to operate234

a deposit franchise. At the start of their lives, consumers are unbanked and search for a long-term235

relationship with a bank. Each unbanked consumer meets an unmatched banker at Poisson rate236

α(τ) where τ is the measure of unmatched bankers per unbanked consumer, α′ > 0, and α′′ < 0.237

A banker meets a potential consumer at rate α(τ)/τ .238

Search frictions provide a tractable way to formalize imperfect competition in the market for239

deposit contracts. They capture the limited awareness of consumers of the banks in their area240

and the time to gather information about retail banking products and offers.15 The frictions can241

be made arbitrarily small.242

We assume that only unmatched consumers can search for a bank. Once such a relationship243

is formed, at rate α, consumers remain with their bank for the rest of their lives. (One can244

interpret the δ-shock as a separation for exogenous reasons such as, e.g., a change in location.)245

In the Appendix of our working paper, we introduce bank-to-bank transitions.246

14This assumption is similar to the one-firm-one-job assumption in the labor market of Pissarides (2000).
15Abrams (2019) argues that bank market power is exacerbated by consumers’limited consideration of banks.

Honka et al. (2017) report that the average consumer considers 6.8 banks among the 24 banks that populate the
average metropolitan statistical area. According to the authors: “A consumer searches among the banks he is
aware of. Searching for information is costly for the consumer since it takes time and effort to contact financial
institutions and is not viewed as pleasant by most consumers.”Similarly, according to WSJ: “Why haven’t savers
moved more of their money? Opening a new bank account is time consuming [...] Some customers aren’t aware
of how much money they could make by switching, he said, and others just don’t care. ”
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3 Equilibrium of the deposits market247

A steady-state equilibrium is composed of: HJB equations for consumers; a menu of deposit248

contracts determined as the outcome of a non-cooperative bargaining game; an optimal entry249

decision by banks; and an invariant distribution of banked and unbanked consumers.250

3.1 Hamilton-Jacobi-Bellman equations251

We start by writing the HJB equations of consumers in a steady-state monetary equilibrium252

where the real rate of return of money is constant and equal to −π.253

Unbanked consumers We denote Vu(m; ε) the value function of an unbanked consumer with254

m real balances and preference type ε. From the linearity of preferences with respect to c, the255

value function is linear in wealth, Vu(m; ε) = m+V u(ε) (see Choi and Rocheteau, 2021b), where256

the intercept, V u(ε), solves the HJB equation:257

ρV u(ε) = U(ε; i) + α(τ)
[
V b(ε)− V u(ε)

]
− δV u(ε), (2)

258

where i≡ρ+ π and259

U(ε; i) ≡ max
0≤y≤m

{−im+ σ [εu(y)− y]} . (3)

According to (3) the unbanked consumer chooses her real balances, m, in order to maximize260

the expected surplus from trade, σ [εu(y)− y], net of the cost of holding real balances, im. The261

maximization is subject to the feasibility constraint according to which the payment cannot be262

larger than her real balances, y ≤ m, where we have used that the price of good y is one (since it263

is produced from the numéraire at unit cost). The surplus from production is zero and is omitted264

from the HJB equations. At Poisson rate, α(τ), the consumer finds a banker with whom to enter265

into a demand deposit contract. At Poisson rate, δ, the consumer depletes her wealth and dies,266

which generates a capital loss equal to V u.267

From (3), m = y for all i > 0, i.e., when the cost of holding money is positive, the consumer268

does not accumulate more real balances than she intends to spend. From the first-order condition269

of (3), the optimal choice of real balances of an unbanked consumer is such that270
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εu′ [m(ε)] = 1 +
i

σ
, for all ε ∈ [0, ε̄] . (4)

It equalizes the consumer’s marginal utility to the unit price augmented by the expected cost271

of holding money, i/σ. From (4), m(ε) increases with ε. Hence, ε is a measure of the liquidity272

needs of the consumer.273

Banked consumers We now turn to a consumer of type ε under a stationary demand deposit274

contract. The contract specifies a pair, [d(ε), φ(ε)], where d(ε) is the amount deposited at the275

bank expressed in terms of the numéraire and φ(ε) is the flow banking fee also expressed in the276

numéraire. The consumer pays φ(ε) to the banker in order to access its investment technology.277

The value function of the banked consumer, Vb, is defined taking the pair [d(ε), φ(ε)] as given.278

This value function is linear in total wealth, Vb(m; ε) = m+ d(ε) + V b(ε), where V b(ε) solves:279

ρV b(ε) = max
y≤m+d(ε), m≥0

{−φ (ε)− im− sbd(ε) + σ [εu (y)− y]} − δV b(ε), (5)

280

where sb ≡ ρ − rb is the opportunity cost of investing into banks’assets. The consumer can281

supplement bank deposits by holding m real balances at the opportunity cost i. As before, since282

the consumer is not trusted to repay her debt, consumption cannot exceed her holdings of liquid283

assets, m+ d(ε).284

3.2 Demand deposit contracts285

We now characterize the menu of deposit contracts, {[φ(ε), d(ε)]}, as the outcome of a bargaining286

game between the bank and the consumer under one-sided private information.287

The bargaining game The game has two rounds. In the first round, the bank offers a menu288

of contracts to the consumer. The consumer can either select a contract in the menu or reject the289

offer altogether. In the second round, if the offer is rejected, then the consumer has the possibility290

to make a take-it-or-leave-it counteroffer with probability 1 − θ. The concept of equilibrium is291

perfect Bayesian, i.e., strategies are sequentially rational and beliefs are updated according to292

Bayes’rule whenever possible. In our game, belief updating occurs if the consumer rejects the293

bank’s offer to make a counteroffer, but in this case the bank’s belief about the consumer type is294
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irrelevant since ε does not affect the bank’s payoff, φ, directly. As we will show later in Section295

4.1, under complete information, this game generates the same outcome as the generalized Nash296

solution with banks’bargaining power equal to θ.297

Subgame where the consumer makes an offer If the consumer makes an offer in the298

second round of the game, she sets φ(ε) = 0 so that the bank is indifferent between accepting299

the offer or not. The lifetime expected utility of the consumer is V̂ b(ε), solution to300

(ρ+ δ) V̂ b(ε) = U(ε; sb) ≡ max
0≤y≤d

{−sbd+ σ [εu(y)− y]} . (6)

301

Her instantaneous payoff, U(ε; sb), is the payoff from investing in banks’assets at the spread sb.302

The screening problem of the bank At the start of the bargaining game, the banker offers a303

menu of contracts (or a direct revelation mechanism), {[φ(ε), d(ε)]}, where each contract specifies304

banking fees and deposit size as a function of ε. The consumer selects the contract in the menu305

corresponding to her type. We define the flow value of a contract as ν(ε) = (ρ+ δ)V b(ε), i.e.,306

ν(ε) = max
m≥0
{−φ (ε)− im− sbd (ε) + σ {εu [d (ε) +m]− d (ε)−m}} , for all ε ∈ [0, ε̄] . (7)

307

It is the expected surplus of the consumer net of fee paid to the bank and the cost of holding308

real balances and deposits. We conjecture that d (ε) +m ≤ y∗.309

The menu of contracts offered by the bank is subject to participation and incentive-compatibility310

constraints. We start with the consumers’participation constraints. The consumer of type ε311

accepts the bank’s offer, [φ(ε), d(ε)], if312

V b(ε) ≥ θV u(ε) + (1− θ)V̂ b(ε). (8)

313

The value of accepting the offer, on the left side of (8), is larger than the expected value of314

rejecting it, on the right side of (8). If the bank’s offer is rejected, then the consumer is either315

unbanked, with probability θ, or he has the opportunity to make a take-it-or-leave-it offer to the316

bank with probability 1− θ.317

Lemma 1 (Participation constraints.) The participation constraint of a type-ε consumer,318

(8), holds if and only if319
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ν(ε) ≥ ν(ε) ≡ θ

[
(ρ+ δ)U(ε; i) + αν∗(ε)

ρ+ δ + α

]
+ (1− θ)U(ε; sb), (9)

320

where ν∗(ε) is the flow utility of a banked consumer in equilibrium.321

The expected value of the consumer of rejecting an offer is represented by the right side of (9).322

It is the weighted sum of the reservation utility of the consumer, denoted by the large bracketed323

term, and the utility when the consumer makes a take-it-or-leave-it offer, U(ε; sb).324

We now turn to the incentive-compatibility constraints,325

ν(ε) = max
ε′,m,y≤m+d(ε′)

{−φ (ε′)− im− sbd (ε′) + σ [εu (y)− y]} ∀ε ∈ [0, ε̄] . (10)

The incentive-compatibility constraint, (10), requires that a type-ε consumer weakly prefers326

[φ(ε), d(ε)] to any other contract in the menu offered by the banker taking into account that she327

can supplement bank deposits with real money balances. Applying the Envelope Theorem to328

(10) and Lemma 2, the incentive-compatibility constraint takes the form of329

ν ′(ε) = σu [d(ε) +m(ε)] for all ε ∈ [0, ε̄] . (11)

330

The problem of the banker consists in maximizing the expected fee, Φ ≡
∫
φ(ε)dΥ(ε), subject

to the participation and incentive-compatibility constraints above. We transform the banker’s

problem into an optimal control problem where the state variable is the consumer’s flow utility,

ν(ε), and the control variable is the deposit size, d(ε). If we replace φ(ε) with its expression

coming from (7) in the objective of the bank, the bank’s optimal control problem takes the form:

Φ ≡ max
{(ν(ε),d(ε))}

∫ ε̄

0

=φ(ε)︷ ︸︸ ︷
{−ν(ε)− (sb + σ)d(ε) + σεu [d(ε) +m(ε)]}dΥ(ε) (12)

s.t. ν ′(ε) = σu [d(ε) +m(ε)] , ∀ε ∈ [0, ε̃] (13)

ν(ε) ≥ ν(ε), ∀ε ∈ [0, ε̃] (14)

331

where m(ε) is the optimal amount of money that banked consumers carry, given the contract332

[d(ε), φ(ε)]. We establish first that consumers hold no money under any optimal deposit contract.333

Lemma 2 (Optimal money holdings of banked consumers.) Any optimal menu of de-334
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posits contracts must serve all consumers and must be such that m(ε) = 0 for all ε, i.e.,335

σεu′ [d(ε)] ≤ i+ σ for all ε ∈ [0, ε̄] . (15)

The logic of Lemma 2 is as follows. Suppose there are consumers who accumulate cash in336

addition to their deposits. A profitable deviation for the banker consists in raising the deposit337

size it offers without paying any additional interest to the consumer. The consumer is indifferent338

while banks’profits increase.339

Proposition 1 (Optimal banking contract under private information.) Let u(y) =340

y1−a/(1 − a). The solution to the banker’s problem, (12)-(14), in a symmetric equilibrium is341

given by:342

d(ε) =

[
εσ

s̄(i, sb, θ, α) + σ

]1/a

for ε < ε̃ (16)

d(ε) =

{
ε−

[
1−Υ(ε)

γ(ε)

]}1/a (
1 +

sb
σ

)−1/a

for ε ≥ ε̃ (17)

343

where344

s̄(i, sb, θ, α) ≡ σ


(1− θ)(ρ+ δ + α)

(
σ

sb+σ

) (1−a)
a

+ θ(ρ+ δ)
(

σ
i+σ

) (1−a)
a

(1− θ) (ρ+ δ + α) + θ(ρ+ δ)


− a
1−a

− 1

 (18)

and ε̃ ∈ (0, ε̄) is the unique solution to345

1−Υ(ε̃)

γ(ε̃)
= ε̃

(
s̄− sb
s̄+ σ

)
. (19)

346

The bank’s flow profits are347

φ(ε) = d(ε) (s̄− sb) for ε ∈ (0, ε̃) (20)

φ(ε) =−ν(ε̃)− σ
∫ ε

ε̃

u [d(x)] dx− (sb + σ)d(ε) + σεu [d(ε)] for ε ≥ ε̃. (21)

In the next section, we interpret in details the menu of deposit contracts offered by the348

bank. For now, we just mention that it is divided into two tiers. Above a threshold, ε̃, the349

consumer participation constraint, (14), is slack whereas below ε̃ it is binding. When it is350

binding, the pricing of deposits in (20) is linear, where s̄ is the largest spread the consumer is351
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willing to accept.16 According to (18), s̄ is between sb and i and depends on market structure352

and bargaining powers. From (20), the consumer rebates the difference between s̄ and sb to the353

bank. Given this linear pricing scheme, the deposits in (16) solve εu′ [d(ε)] = 1 + s̄/σ.354

When the participation constraint is slack, the demand for deposits, (17), resembles the355

demand for real money balances where the valuation, ε, is replaced with the virtual valuation,356

τ(ε)≡ ε− [1−Υ(ε)] /γ(ε), and the nominal interest rate, i, is replaced with the bank’s spread,357

sb. So deposits in the upper tier are distorted due to the incentive-compatibility constraints but358

are not affected by i. The pricing of deposits in (21) is nonlinear in ε and can be interpreted as359

follows. The last two terms correspond to the consumer’s net utility from accessing the bank’s360

investment technology. Under complete information, if the consumer had no outside option, it is361

what the bank would charge the consumer. The first term is the outside option of the consumer362

while the second term is informational rent due to ε being private information to the consumer.363

Deposit spread We define the nominal deposit rate associated with the deposit contract,364

[d(ε), φ(ε)], as365

ı̂d(ε) = rb + π − φ(ε)

d(ε)
= i− sb −

φ(ε)

d(ε)
. (22)

It is the nominal interest rate on banks’assets, ib = rb +π, reduced by the payment made to the366

bank per unit deposited, φ/d. The deposit spread is the difference between i and ı̂d, i.e.,367

ŝd(ε) ≡ i− ı̂d(ε) = sb +
φ(ε)

d(ε)
. (23)

368

The deposit spread is equal to the bank spread, sb ≡ i − ib, augmented by an intermediation369

premium, φ/d. From (20), when consumers’participation constraints bind, ŝd(ε) = s̄.370

3.3 Free entry and the share of banked consumers371

We close the model with the free-entry condition for bankers. In an active equilibrium, the flow372

entry cost, κ, is equal to the rate at which a bank meets a consumer, α(τ)/τ , times the expected373

discounted profits generated by a deposit contract, Φ/(ρ+ δ), i.e.,374

16In the Appendix of our working paper, we restrict the contract space by imposing linear pricing. We show
that if the bargaining power θ is suffi ciently small, then banks’optimal choice is to offer a spread equal to s̄.
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κ =
α(τ)

τ

Φ

ρ+ δ
. (24)

375

From (24) the measure of bankers per consumer in the deposits market, τ , increases with the376

expected profits generated by the deposit contracts.377

At a steady state, the flow of consumers who acquire a demand deposit contract is equal to378

the flow of banked consumers who exit the market, i.e., α(τ)nu = δnb. Solving for nb:379

nb =
α(τ)

δ + α(τ)
. (25)

380

The measure of nb rises in τ . We now define an equilibrium of the deposits market.381

Definition 1 An equilibrium is a list of: (i) Value functions, V u(ε) and V b(ε), that solve (2)382

and (5); (iii) Banks’profits, Φ, solution to (12); (ii) A menu of deposit contracts, {[φ(ε), d(ε)]},383

that solves (16)-(17) and (20)-(21); (iv) Market tightness, τ , solution to (24); (v) Share of banked384

consumers, nb, solution to (25).385

4 Anatomy of the deposits channel386

The objective of this section is to disentangle the different components of the deposits channel387

by considering special cases of our model.388

4.1 The deposit spread passthrough389

We start by analyzing the deposit spread passthrough in a complete-information version of our390

model with a unit mass of consumers at ε = 1.391

Proposition 2 (Deposit contract under complete information.) Consider the limit when392

all consumers have ε = 1. The solution to the bargaining problem when ε = 1 gives393

u′(d) = 1 +
sb
σ
, (26)

and splits that surplus according to the players’bargaining power, which gives394

φ =
θ (ρ+ δ)

ρ+ δ + α (1− θ) [U(1; sb)− U(1; i)] . (27)
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395

The deposit spread is396

ŝd = sb +
θ (ρ+ δ) [U(1; sb)− U(1; i)]

[ρ+ δ + α(τ) (1− θ)]u′−1
(
1 + sb

σ

) . (28)

The terms of the deposit contract, (d, φ), coincide with the generalized Nash solution to the397

bargaining problem between the bank and the consumer where the bank’s bargaining power is398

θ. The deposit size maximizes the joint surplus, V b(1) − V u(1) + Π, while the fee divides the399

surplus according to the bank’s and consumer’s bargaining powers. From (26), d is the deposit400

size that the consumer would choose if she had direct access to the bank’s investment technology.401

It increases with rb (or decreases with sb), but it is independent of α, θ, and i. From (27), φ is a402

fraction of the consumer’s gains, U(1; sb) − U(1; i), that increases with the banker’s bargaining403

power (θ), but decreases with the speed at which the consumer can find another banker (α).404

We now reduce an equilibrium to a pair (ŝd, τ) representing the two measures of market power405

in the deposits market, namely, deposit spread and market tightness.17 The deposit spread is406

given by (28). Market tightness is obtained by substituting Φ = (ŝd − sb)d into the free-entry407

condition, (24), i.e.,408

κ =
α(τ)

τ

(ŝd − sb)d
ρ+ δ

. (29)

We represent the two equilibrium conditions, (28) and (29), in the left panel of Figure 3. The409

bank entry curve, (29), is upward sloping: as the deposit spread increases, bank profits rise,410

which leads to more entry. The deposit spread curve, (28), is downward sloping: as market411

tightness increases, consumers’outside options improve, which drives the deposit spread down.412

An increase in the policy rate shifts the deposit spread curve upward, which leads to both a413

higher spread and higher market tightness. In the right panel of Figure 3, we represent the414

relationship between aggregate deposits, D = nbd, and market tightness.415

[INSERT FIGURE 3]416

Proposition 3 (Deposits channel under complete information.) Suppose i > sb and417

consumers are homogenous with ε = 1. If θ > 0, then there exists a unique equilibrium with418

17The notion of market power in Drechsler et al. (2017) is market concentration as measured by the Herfindahl-
Hirschman Index (HHI). In the case of homogeneous banks, HHI is equal to market share, which is simply
d/(nbd) = 1/nb. It is inversely related to τ .
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τ > 0. In any active equilibrium, id < π + rb.419

1. Monetary policy and deposit spread. The deposit spread passthrough is given by420

∂ŝd
∂i

= θ
(ρ+ δ) [1− η(τ)]

(ρ+ δ) [1− η(τ)] + (1− θ)α(τ)

u′−1
(
1 + i

σ

)
u′−1

(
1 + sb

σ

) > 0. (30)

Moreover, ∂ŝd/∂θ > 0 and ∂ŝd/∂κ > 0.421

2. Deposit spread and market concentration. Suppose deposit markets differ in bank422

entry costs. Then there is a positive correlation between deposit spread, ŝd, and market423

concentration, 1/τ . Moreover, if α(τ) = α0τ
η with η ∈ (0, 1), then the deposit spread424

passthrough, ∂ŝd/∂i, is higher in a more concentrated market.425

3. Transmission to deposits. Individual deposits (d) are independent of i, but aggregate426

deposits (nbd) increase with i.427

Proposition 3 provides implications of our model that can be compared to the evidence on the428

deposits channel reviewed in Section 1.1. First, our model generates a positive passthrough from429

the policy rate to the deposit spread whenever θ > 0. From (30) the size of the passthrough de-430

pends on market structure (e.g., matching technology and bargaining powers), and policy. These431

predictions are consistent with Observation 1 in Table 1. Second, a change in i has no effect on432

d. Individual deposits are at their effi cient level, which only depends on sb. Aggregate deposits,433

however, increase with i because banks have incentives to spend more resources to attract un-434

banked consumers whose outside options worsen. This prediction contradicts Observation 2a.435

Third, if two markets differ by their entry costs, then the market with the highest entry costs436

will have a higher concentration of bankers (1/τ) and a larger deposit spread. This prediction437

is consistent with Observation 3 where a local market is interpreted as a county. In summary,438

under complete information, our model explains the deposit spread passthrough and its relation439

to market power, but it fails to explain for the contraction of deposits as i increases.440
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4.2 Transmission to deposits441

We re-introduce consumer heterogeneity and private information but assume banks have all the442

bargaining power, θ = 1. The model has a simple recursive structure whereby the terms of the443

deposit contracts can be solved independently from market tightness. From (18), the maximum444

deposit spread consumers are willing to accept is s̄(i, sb, θ, α) = i, which is independent of θ and445

α. From (16) and (17), deposits are given by:446

u′ [d(ε)] =
i+ σ

εσ
for all ε < ε̃ (31)

u′ [d(ε)] =

{
ε−

[
1−Υ(ε)

γ(ε)

]}−1 (
1 +

sb
σ

)
for all ε ≥ ε̃. (32)

447

Consumers with low spending needs, ε ≤ ε̃, deposit d(ε) = m(ε), the real balances they hold448

when they are unbanked as defined in (4). Bankers do not pay interest on such deposits, ı̂d(ε) =449

0. Consumers with high spending needs, ε > ε̃, deposit more than the cash they hold when450

unbanked, d(ε) > m(ε), and are offered a positive interest on their deposits, ı̂d(ε) > 0. However,451

they hold less deposits than under complete information except for the highest type, ε = ε̄.452

In the top left panel of Figure 4, the red dashed curve, dCI(ε), is the complete-information453

deposit schedule given by εu′ [d(ε)] = 1 + sb/σ. The blue dashed curve, m(ε), is the schedule454

for real balances of unbanked consumers given by εu′ [m(ε)] = 1 + i/σ. The private-information455

schedule, denoted dPI(ε) and represented by a plain purple curve, is located between dCI(ε) and456

m(ε). It coincides with m for low ε and it reaches dCI at ε = ε̄. An increase i shifts m downward457

(light blue dashed curve), and hence it shifts deposits downward for low ε but it does not affect458

deposits for large ε (light purple dashed curve).459

[INSERT FIGURE 4]460

In order to describe the effects of monetary policy on aggregate variables, we define the461

average real balances of unbanked consumers, m≡
∫ ε̄

0
m(ε)dΥ(ε), and the average deposit per462

banked consumer, d≡
∫ ε̄

0
d(ε)dΥ(ε). We also define the average spread across deposit contracts,463

ŝd, and aggregate production, Y , as:464
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ŝd ≡
∫ ε̄

0

ŝd(ε)
d(ε)

d
dΥ(ε), (33)

Y ≡ σ
(
num + nbd

)
. (34)

465

The spread in (33) is an average of all spreads across consumers weighted by deposit sizes.466

Aggregate output in (34) is equal to the frequency of consumption opportunities multiplied by467

the average liquidity of consumers.468

Proposition 4 (The deposits channel under price-discriminating monopolies.) As-469

sume θ = 1. An increase in i leads to:470

1. A decrease in individual deposits, d(ε), for all ε < ε̃, and a decrease in the average deposit471

per banked consumer, d, with472

d′(i) =

∫ ε̃(i)

0

1

σεu′′ [d(ε)]
dΥ(ε) < 0. (35)

473

2. An increase in the measure of banked consumers, ∂nb/∂i > 0.474

3. A decrease in aggregate deposits, D = nbd, if δ is small.475

4. An increase in individual deposit spreads equal to:476

∂ŝd(ε)

∂i
= 1−

(
d(ε)− d(ε̃)

d(ε)

)
I{ε>ε̃} ∈ (0, 1] (36)

477

An increase in the average deposit spread, ∂ŝd/∂i > 0.478

5. A decrease in aggregate output, Y , if δ is small.479

Our model explains the following observations from Section 1.1. First, there is a positive480

passthrough from i to the deposit spread, ŝd(ε)= i−ı̂d(ε). For low ε, the deposit spread increases481

one-to-one with i, i.e., deposit rates stay at zero. For high ε, the passthrough is below one.482

Second, an increase in i leads to a reduction in consumers’deposits. The bottom left panel483

of Figure 4 illustrates this result for different values for ε, where ε2 < ε1 < ε̄. If i < sb, then484

there is no role for bank deposits and d(ε) = 0 for all ε. As i reaches sb, all consumers are485

indifferent between money and deposits, hence d(ε) = m(ε). As i increases above sb, deposits486

start decreasing except for ε in the neighborhood of ε̄. If ε is not too low, e.g., ε1 in the bottom487

panels, above some value ε̃∞, then d(ε) remains constant once i passes a threshold. Otherwise,488
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if ε < ε̃∞, e.g., ε2 in Figure 4, d(ε) keeps decreasing. In the right panel, we plot ε̃ as a function489

of i. It is equal to ε̄ when i = sb, it decreases as i increases, and it approaches a lower bound,490

ε̃∞, as i goes to +∞.18491

A testable implication of our model is that the deposit outflow following an increase in the492

policy rate is concentrated on deposits at the bottom of the distribution. We illustrate this493

implication with a numerical example in Figure 5.19 In the left panel, we plot the probability494

density of log[d(ε)] among banked consumers under two different policy rates. The density495

function jumps down as the banking contract moves from the lower tier to the upper tier (see496

the online appendix for the details). In the right panel, we illustrate how various percentiles of497

the distribution change with i.498

While there is no data on individual deposits to test these predictions directly, they are499

consistent with the observation from Drechsler et al. (2017, Table 5) according to which the500

strength of the deposits channel weakens with household income.20 Indeed, households with501

higher ε can be interpreted as higher income households since they work more to finance a larger502

consumption. Hence, our model predicts that changes in the policy rate have a stronger effect503

on the deposit spread and deposit sizes of low-income households.504

[INSERT FIGURE 5]505

Finally, monetary policy affects aggregate output, Y , as follows. As i increases, consumers506

with small ε carry less money and deposits, and thus their consumption of good y falls. But there507

are more banked consumers, which tends to increase total payments and production. The first508

effect dominates when δ is small, i.e., Y falls in i, because most consumers are already banked.509

4.3 Banks’market power and the strength of the deposits channel510

When θ = 1, the terms of the deposit contracts are independent of α. To allow the growth rate of511

deposits after a change in i to depend on market concentration, we now consider the case where512

18The threshold, ε̃∞ > 0, solves [1−Υ(ε̃∞)] /γ(ε̃∞) = ε̃∞.
19We assume ε is exponentially distributed and the parameters are given by Table 2 except θ = 1 and σ = 0.01.

In the left panel we increase i from 0.05 to 0.1.
20Drechsler et al. (2017) compare deposit spreads and deposit growth across counties with different income

levels. For their finding to be consistent with our model, we need to assume that banks offer the same menu of
deposit contracts across counties, which is consistent with uniform pricing, e.g., Begenau and Stafford (2022).
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consumers have some bargaining power, θ < 1. We simplify the analysis by assuming α(τ)≡α.513

Proposition 5 (Monetary policy under incomplete information and two-sided bar-514

gaining powers.) Suppose θ ∈ (0, 1) and α(τ) ≡ α.515

1. Deposit spread passthrough and deposits channel. For all ε, ∂ŝd(ε)/∂i > 0. For all516

ε < ε̃, ∂d(ε)/∂i < 0; for all ε > ε̃, ∂d(ε)/∂i = 0. As i increases, ε̃ decreases.517

2. Bank market power and the transmission mechanism. As α increases, ∂ŝd(ε)/∂i518

decreases (weakly) for all ε. If519

a ≤ 1− θ + θ

(
sb + σ

i+ σ

) 1−a
a

, (37)

520

then |∂d(ε)/∂i| (weakly) decreases in α for all ε. Otherwise it is (weakly) hump-shaped as521

α increases from 0 to +∞.522

3. Deposits channel and aggregate output. As i increases, Y decreases.523

According to Proposition 5, our model with private information and two-sided bargaining524

powers generates the main observations of the deposits channel reviewed in Section 1.1. The main525

novelty relative to Proposition 4 is Part 2, according to which as bank market power increases as526

α falls, the deposit spread passthrough increases and the strength of the transmission to deposits527

increases if (37) holds. These findings are consistent with Observation 3 and 4 in Table 1.528

We now calibrate our model in order to quantify the market power of banks that is consistent529

with the observed strength of the deposits channel. The distribution of consumer types is given530

by an exponential distribution with mean 1. The matching technology in the deposits markets531

is α(τ) = ᾱ. We set sb = 0. The key parameters to be calibrated are (θ, ᾱ, σ, a). We choose θ532

to match the size of the deposit spread passthrough, ∂ŝd/∂i, and use the measure of unbanked533

households to calibrate ᾱ. The pair, (σ, a), targets the change of aggregate deposits with respect534

to i. We normalize the data and the model such that the aggregate deposits d= 1 at i = 0.05.535

The details of the calibration are in an online appendix. We report the calibrated parameters536

in Table 2. Our calibration results suggest that banks must have substantial bargaining power,537

θ = 0.92, to generate the transmission mechanism observed in the data.538
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[INSERT TABLE 2]539

We illustrate the empirical observations from Section 1.1 through the lens of our model in540

Figure 6. In the top row, we plot the average deposit rate, ı̂d≡ i−
∫ ε̄

0
φ(ε)dΥ(ε)/d, and average541

deposit spread, ŝd≡sb +
∫ ε̄

0
φ(ε)dΥ(ε)/d. Both ı̂d and ŝd rise in i, which reflects the incomplete542

passthrough from the policy to the deposit rate. As ᾱ increases, banks’market power falls, and543

the curve representing the deposit rate shifts upward while the deposit spread shifts downward.544

[INSERT FIGURE 6]545

In the second row, we plot average bank deposits, d, in the left panel and the deposit levels546

across consumer types, d(ε), in the right panel. The relationship between d and i is negative547

but it flattens out as ᾱ rises. The effect on aggregate deposits can be sizable. For instance,548

suppose i = 10% and the deposits market becomes frictionless, ᾱ→ +∞. The average deposits549

per consumer increase by about 50%.550

In the bottom row, we plot the deposit spread, ŝd(ε), across consumer types in the left panel551

and the deposit spread passthrough, ∂ŝd/∂i, as functions of the policy rate for different values552

of ᾱ in the right panel. A higher ᾱ reduces the deposit spread for all consumers. The size of the553

deposit spread passthrough falls in i and ᾱ, which illustrates its state dependence.554

5 Multiple bank deposit types555

So far we assumed that banks offer a single category of bank deposits that can be withdrawn556

instantly and at no cost, i.e., they are as liquid as cash. We now assume that banks offer two types557

of deposits. Liquid (type-1) deposits, denoted d1, are invested in non-interest-bearing assets like558

cash or reserves and can be liquidated on demand. Hence, s1
b = i. Less-liquid (type-2) deposits,559

denoted d2, are invested at rate r2
b , with 0 < s2

b ≡ ρ − r2
b < i, and can be liquidated when560

demanded with probability χ2 < 1. For now χ2 is exogenous but we provide microfoundations561

later. An equivalent interpretation is that banks only offer imperfectly liquid deposits (d2) while562

consumers can hold both cash (d1) and deposits (d2).563

The flow utility of the banked consumer is now564
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ν(ε) = −φ(ε)− id1(ε)− s2
bd

2(ε) + σ(1− χ2)
{
εu
[
d1(ε)

]
− d1(ε)

}
+σχ2

{
εu[d1(ε) + d2(ε)]− d1(ε)− d2(ε)

}
. (38)

565

Since i and s2
b are strictly positive, the consumer has no incentive to carry excess liquidity, i.e.,566

she will use up her cash and deposits whenever possible. The first term on the right side of567

(38) is the fee paid to the bank. The second and third terms are the costs of holding type-1568

and type-2 deposits, respectively, where the cost is the interest-rate spread relative to an illiquid569

asset. The last two terms are the consumer’s surpluses in the two types of matches. In type-1570

matches, consumption is financed with type-1 deposits only, y1 = d1, whereas in type-2 matches,571

consumption is financed with both types of deposits, y2 = d1 + d2.572

5.1 The non-monotone deposits channel573

We analyze the case where banks have all the bargaining power, θ = 1. We show in the Appendix574

of our working paper that the results are robust when θ < 1.575

Proposition 6 (Imperfectly liquid bank deposits.)Assume θ=1.Suppose there are two types576

of deposits. Type-1 deposits are perfectly liquid and have the same rate of return as fiat money,577

s1
b = i.Type-2 deposits have a higher rate of return, s2

b<i, but are imperfectly liquid, χ2<1. As i578

rises from i= i≡s2
b/χ2 to i=+∞, the two types of deposits, d1(ε; i) and d2(ε; i), are affected as579

follows: d1(ε; i)>d1(ε; +∞)=0 ∀ε∈ [0, ε̄] and d2(ε; i)=0<d2(ε; +∞)∀ε where τ(ε)>0.580

If i is small, i.e., i < s2
b/χ2, then the cost of holding money is lower than the liquidity-adjusted581

cost of holding type-2 deposits. Hence, d1(ε) > 0 and d2(ε) = 0. If i is large, i → +∞, the582

cost of holding type-1 deposits becomes prohibitive, and hence d1(ε) = 0 and d2(ε) > 0 for all583

types ε with a positive virtual valuation, i.e., τ(ε) > 0. This result illustrates a substitution effect584

according to which consumers substitute away from type-1 deposits into higher-return deposits585

as i increases. However, the relationship between d2 and i does not need to be monotone because586

there is an opposite market-power effect from an increase in i, according to which as the outside587

options of consumers worsen, banks have incentives to reduce the supply of type-2 deposits.588
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In Figure 7, we provide a numerical example to illustrate this non-monotonicity. We define589

average deposits as d2 ≡
∫ ε̄

0
d2(ε)dΥ(ε) and the average spread on type-2 deposits as590

ŝ2
d ≡

∫ ε̄

0

[
s2
b +

φ(ε)

d2(ε)

]
d2(ε)

d2
dΥ(ε).

591

In the right panel that plots d2, the substitution effect dominates at low interest rates, i.e.,592

average deposits increase with i. For i above a threshold, and provided that χ2 is not too small,593

the market-power effect takes over and d2 decreases with i. Hence, the relationship between594

partially liquid deposits and the policy rate is nonmonotone. This result is consistent with595

Observation 2b according to which the growth rate of less-liquid deposits is positively correlated596

with the change in the policy rate. Finally, the left panel of Figure 7 that plots ŝ2
d shows that597

the deposit spread passthrough is positive irrespective of whether d2 rises or falls in i.598

[INSERT FIGURE 7]599

5.2 Endogenous deposit liquidity600

We now illustrate the importance of the Lucas Critique or, equivalently, the Wallace (1998)601

dictum, when considering the effect of monetary policy on the supply of deposits. We endogenize602

χ2 and show it varies with i, thereby affecting the strength, or even the sign, of the deposits603

channel.604

Our approach is in spirit of Lester et al. (2012) where agents can exert effort to raise the605

acceptability of assets. Banks incur a cost, ψ(χ2), e.g., by actively managing the asset portfolio606

backing deposits, in order to guarantee a degree of liquidity equal to χ2, where ψ(0)=ψ′(0)=0,607

ψ′>0, ψ′′>0. We assume ψ(χ2) is incurred by the bank when it meets a consumer and designs608

the menu of deposit contracts. The problem of the bank is:609

max
χ2∈[0,1]

{−ψ(χ2) + Φ(χ2; i)} (39)

610

where Φ(χ2; i) is the value of the mechanism design problem of the bank, which depends on χ2.611

Proposition 7 (Endogenous acceptability of deposits.) The liquidity of type-2 deposits612

rises from χ2 = 0 when i = s2
b to χ2 > 0 solution to613
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ψ′(χ2) = σ

∫ ε̄

ε̃

[
ε− 1−Υ(ε)

γ(ε)

]
u [d(ε)]− d(ε)dΥ(ε) (40)

614

as i→ +∞.615

Proposition 7 shows that the liquidity of type-2 deposits responds to monetary policy. If i616

is small, then type-2 deposits are not useful and hence banks invest no resources to make them617

liquid. At the opposite, if i is very large, type-2 deposits become useful and banks design them618

to be liquid, χ2 > 0. So, as i increases, consumers substitute away from cash into higher-return619

deposits and banks invest additional resources to make these deposits more liquid.620

[INSERT FIGURE 8]621

In the numerical example of Figure 8, the orange lines represent the outcomes (liquidity,622

spread, deposits) when χ2 is endogenous.
21 In the left panel, χ2 rises in i initially and then falls.623

The non-monotonicity is due to the substitution and market-power effects working in opposite624

directions. When the substitution effect is strong, for low i, it is optimal to increase χ2. When the625

market-power effect outweighs the substitution effect, for i suffi ciently large, it becomes optimal626

to reduce χ2. In the right panel, type-2 deposits tend to comove with χ2 as i increases. In the627

middle panel, the deposit spread is convex in i when the substitution effect dominates and is628

concave when the market-power effect takes over.629

In order to illustrate the importance of endogenizing χ2, we represent with blue lines the630

outcomes when χ2 is constant and equal to the average value obtained in the model with endoge-631

nous liquidity. The deposit spread in the middle panel is substantially more non-linear when χ2632

is endogenous. With a constant χ2, one over-estimates the deposit-spread passthrough at low633

interest rates and under-estimates it for intermediate interest rates. Similarly, in the right panel,634

the model with constant χ2 over-estimates the strength of the deposits channel at low interest635

rates but under-estimates it for intermediate values for i.636

21The parameter values are the same as that in Figure 7 and ψ(χ2) = Ψ(χ2)
2/2 where Ψ = 20000.
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6 Origins of bank market power and the deposits channel637

We show in this section that the origins of bank market power, e.g., entry costs or informational638

rents, can have vastly different implications for how bank market power affects the strength of639

the deposits channel.640

6.1 Entry costs as a source of market power641

Barriers to entry, as captured by κ, constitute one source of market power. One aspect of the642

FinTech revolution is the lowering of entry costs, e.g., online banks can operate without branches643

and offi ces in physical locations.22 In the following proposition, we describe outcomes at the limit644

when barriers to entry vanish, κ→ 0.645

Proposition 8 (Limit as entry costs vanish.) As κ→ 0, τ → +∞, φ(ε)→ 0, ŝd(ε)→ sb,646

d(ε)→ [εσ/ (sb + σ)]1/a for all ε ≤ ε̄.647

At the limit where κ→ 0, bank concentration in the deposits market goes to zero, 1/τ → 0,648

leading to a Bertrand competition outcome where consumers can access competing banks almost649

instantly, α → +∞, thereby driving banks’profits to zero. The deposit spread converges to sb650

and becomes invariant to monetary policy, i.e., the passthrough from i to the deposit rate is651

one. Similarly, deposit sizes correspond to the ones that consumers would choose if they had652

direct access to banks’ investment technology. As a result, d(ε) is independent of i, i.e., the653

deposits channel vanishes. In summary, the loss of market power by banks due to diminishing654

entry barriers weakens the transmission of monetary policy to deposits.655

6.2 Information acquisition as a source of market power656

Another important aspect of the Fintech revolution is the ability of financial institutions to657

collect data about consumers to better assess their liquidity and financial needs. To the extent658

that information generates more precise price discrimination in the deposit market, it can affect659

the strength of the channel through which monetary policy affects deposits.660

22For a review of the FinTech revolution in the banking industry, see OECD (2020).
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6.2.1 Exogenous information and the strength of the deposits channel661

We formalize this idea by parameterizing the information structure as follows. Suppose there are662

two categories of meetings between banks and consumers: informed and uninformed meetings.663

In the former meetings, ε is common-knowledge so that consumers are offered deposit contracts664

with terms given by Proposition 2 while in the latter consumers who are privately-informed665

about ε are offered contracts with terms satisfying Proposition 1. Informed meetings occur with666

probability ω. Average deposits per banked consumer are now d= ωdI + (1− ω)dU where dI is667

the average deposits in informed meetings and dU is the average deposits in uninformed meetings.668

As ω increases, a larger share of consumers are offered the complete-information contracts and,669

since dI >dU , average deposits increase. But since
∣∣∂dI/∂i∣∣ = 0 <

∣∣∂dU/∂i∣∣, average deposits670

become less sensitive to monetary policy, i.e., the transmission weakens.671

In Figure 9, we compare the deposits channel under complete (ω = 1), private (ω = 0), and672

mixed (ω = 0.5) information.23 The deposit spread decreases with ω while average deposits, d,673

increase with ω. The bank profits rise in ω as shown in the right panel, which is consistent with674

banks having more market power. As i rises, the spread increases regardless of the information675

structure, but the passthrough is larger when ω is smaller. The transmission of i to deposits676

in the right panel decreases as ω increases. These findings suggest that as banks become more677

informed about consumers’preferences, their profits increase but the deposits channel becomes678

weaker and monetary policy is less effective.679

[INSERT FIGURE 9]680

6.2.2 Endogenous information and the strength of the deposits channel681

By the same Lucas critique we invoked earlier, we now argue that the information structure682

should be made endogenous as the value of information depends on monetary policy. Suppose683

that, at the time a match is formed, the bank makes an investment in information that determines684

the probability ω with which it will be able to learn its consumer type.24 The cost function685

23Other parameter values are the same as that in Table 2.
24We develop the idea of rent seeking through information acquisition in dynamic, decentralized markets in

Choi and Rocheteau (2022).
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associated with this investment is H(ω), where H is increasing and convex. We think of this686

cost, for instance, as the payment to data brokers to obtain information about consumers. The687

problem of the bank is then688

max
ω∈[0,1]

{
−H(ω) + ωΦI + (1− ω)ΦU

}
, (41)

689

where ΦI are expected profits when the bank is informed about ε while ΦU are expected profits690

when the bank is uninformed. The optimal information, assuming interiority, is691

ω = H−1′ (ΦI − ΦU
)
, (42)

692

where ΦI − ΦU is the value of information to banks. If H(ω) = hω, then ω = 1 if h < ΦI − ΦU ,693

ω = 0 if h > ΦI − ΦU and ω ∈ [0, 1] otherwise. In the next proposition, we show that the value694

of information in equilibrium, and hence ω, depends on the policy rate i.695

Proposition 9 (Monetary policy and endogenous information acquisition.) Assume696

θ = 1 and H(ω) = hω where h ∈ R+.697

1. Low interest rates. There exists i > sb such that ω = 0 and ∂d/∂i < 0 for all i ≤ i.698

2. Large interest rates. There exists h̄ > 0 and ı̄ > sb such that if h < h̄ and i > ı̄, then699

ω = 1 and ∂d/∂i = 0.700

When i is low, the gains from trade generated by deposit contracts are low so that incentives701

to personalize the pricing of these contracts is also low. Banks choose to remain uninformed and702

the deposits channel is operative. At the opposite, when i is large, the differential between ΦI and703

ΦU is large so that banks choose to be informed, and the deposits channel becomes ineffective.704

In summary, an increase in i raises the informational rents that banks capture in the deposits705

market, which gives banks incentives to seek rents by acquiring information. These rent-seeking706

efforts ultimately shut down the deposits channel.707

[INSERT FIGURE 10]708

We illustrate this point with a numerical example in Figure 10 for a quadratic cost of informa-709

tion (so that the choice of ω varies continuously with i).25 The orange lines represent outcomes710

25We assume the cost of information is 14700× ω2/2 . The other parameter values are given in Table 2.
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when information is endogenous while the blue dotted lines represent outcomes when ω is fixed711

at 0.5. The marginal cost of information is chosen such that the average ω is 0.5 as i varies from712

0 to 0.15. In the left panel, ω rises with i, as suggested by Proposition 9. In the middle panel,713

the deposit spread is approximately the same under endogenous or exogenous information. The714

novel implication is shown in the right panel where average deposits are now a non-monotone715

function of i. As i rises, banks gain market power through information acquisition and no longer716

need to distort deposit to price discriminate across consumers. It shows that the deposits channel717

is critically dependent on the information structure, which itself depends on monetary policy.718

7 Conclusion719

We constructed a model of retail banking in which banks have market power in deposits markets.720

We showed that when consumers are heterogenous and have private information about their721

liquidity needs, a deposits channel emerges according to which an increase in the policy rate722

widens the deposit spread, and generates a contraction of aggregate deposits. This channel is723

not uniform across consumers and operates through those at the bottom of the distribution of724

deposit holdings. Moreover, by allowing for both private information and two-sided bargaining725

powers, we showed that the spread passthrough and the strength of the deposits channel are726

higher in more concentrated markets, in according with the evidence in Drechsler et al. (2017).727

We used our model to study FinTech innovations in the banking industry that can reduce728

(e.g., online banking) or exacerbate (e.g., better information about consumers) bank market729

power. Innovations that reduce bank market power by improving consumers’outside options730

weaken the transmission mechanism of monetary policy. However, changes that reduce bank731

market power by limiting their information about consumers, thereby constraining banks’ability732

to price discriminate, strengthen the transmission mechanism. These results showcase the need733

to go deeper into our understanding of market power in banking.734
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8 Figures and Tables846
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Figure 1: Passthrough from federal funds rate to deposit spreads.
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Models’predictions
Observations Complete Private Information

information Posting Bargaining

1a. deposit spread passthrough X X X
1b. passthrough across deposits X X X
1c. state-dependent passthrough X X X
2a. aggregate deposits and policy rate × X X
2b. disaggregated deposits and policy rate X X X
3a. deposit rate and market power X × X
3b. passthrough and market power X × X
4. deposits and market power × × X
Notes: X means the model’s prediction matches with data. × means the opposite.

847

Table 1: Summary of data and model predictions.848
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Figure 2: Relation between deposits and federal funds rate. Top: checkable deposits; Middle:
savings deposits; Bottom: time deposits. The data on deposits is at monthly frequency from
1990 to 2019, is seasonally adjusted, and is expressed in percentage change from a year ago.
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Figure 5: Changes in the distribution of deposits due to an increase in the policy rate

Figure 6: (Top-left) Average interest rate (Top-right) Average spread (Middle-left) Aggregate
deposits (Middle-right) Deposits of various agent types (Bottom-left) Spread of various agent
types (Bottom-right) Passthrough to the average spread. Orange lines represent the calibrated
model. We increase the matching rate by 10 times in the red dashed lines and we reduce that
by 10 times in the purple dotted lines.
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Figure 7: Outcome from second-degree price discrimination with i = s1
d: u(y) = y0.89/0.89, ρ =

0.04, σ = 0.5, s2
b = 0, ε ∼ Exp(1). In the left panel χ2 = 0.8.

Figure 8: Endogenous acceptability of bank deposits

Figure 9: The deposits channel under various information structures.

Figure 10: The deposits channel under endogenous information.
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Parameter Description Targets Value

ρ Rate of time preference Lagos-Wright (2005) 0.04

δ Consumer’s death rate surveys of bank customers 0.05

sb Spread on banks’assets abundant investment opportunities 0

ᾱ Matching rate of consumers fraction of unbanked households 0.88

θ Bank’s bargaining power deposit spread passthrough 0.92

σ Poisson rate of consumption shocks semi-elasticity of deposits 0.5

a Relative risk aversion semi-elasticity of deposits 0.11

849

Table 2: Parameter values of the calibrated model850
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Supplementary Materials851

A Proofs of propositions and lemmas852

Proof of Lemma 2. The proof is by contradiction. Suppose there is a subset Ê ⊂ [0, ε̄] with853

positive measure such that m(ε) > 0 for all ε ∈ Ê . A deviation from the bank consists in offering854

alternative contracts, [φ′(ε), d′(ε)], for all ε ∈ Ê constructed as follows:855

d′(ε) = d(ε) +m(ε)

φ′(ε) = φ(ε) + (i− sb)m(ε).

856

By construction consumers in Ê are indifferent between [φ(ε), d(ε)] and [φ′(ε), d′(ε)], i.e.,

− φ (ε)− im(ε)− sbd (ε) + σ {εu [d (ε) +m(ε)]− d (ε)−m(ε)}

= −φ′ (ε)− sbd′ (ε) + σ {εu [d′ (ε)]− d′ (ε)} .

857

So, if the IC and IR constraints, (9) and (10), hold for the original contracts, [φ(ε), d(ε)], then they858

also hold for the new contracts, [φ′(ε), d′(ε)]. Finally, since m(ε) > 0 for all ε ∈ Ê , φ′(ε) > φ(ε)859

for all ε ∈ Ê . Hence, the deviation is profitable and m(ε) cannot be positive for a positive860

measure of consumers.861

Proof of Lemma 1. We multiply both sides of (8) by ρ + δ and we use (2), (5) and (6),862

to reexpress the consumer’s participation constraint as:863

ν(ε) ≥ θ [U(ε; i) + α∆V (ε)] + (1− θ)U(ε; sb), (43)

864

where∆V (ε) ≡ V b(ε)−V u(ε). The utility of the contract must be larger than a weighted average

of the reservation utility of the consumer, U(ε; i)+α∆V (ε), and the complete-information utility

when the consumer has all the bargaining power, U(ε; sb). From (2) and (5), the difference

∆V (ε) ≡ V b(ε)− V u(ε) can be written as

(ρ+ δ) ∆V (ε) = ν∗(ε)− U(ε; i)− α∆V (ε),

1



865

where ν∗(ε) is the flow surplus of a type-ε banked consumer in a symmetric equilibrium. Solving

for ∆V (ε),

∆V (ε) =
ν∗(ε)− U(ε; i)

(ρ+ δ + α)
.

Substituting this expression into the participation constraint (43),866

ν(ε) ≥ θ

[
U(ε; i) + α

ν∗(ε)− U(ε; i)

(ρ+ δ + α)

]
+ (1− θ)U(ε; sb),

867

which is equivalent to (9).868

Proof of Proposition 1. The Hamiltonian of the bank’s problem (12) is:869

H(ν, d, µ, ξ, ε) ≡ [−ν(ε)− (sb + σ)d+ σεu (d)] γ(ε) + µσu(d)

+ξ(ε) [ν(ε)− ν(ε)] ,

870

where µ(ε) is the costate variable, and ξ(ε) is the Lagrange multiplier associated with the par-871

ticipation constraint. From the Maximum Principle, necessary conditions for an optimum are:872

[εγ(ε) + µ(ε)]σu′ [d(ε)] = (sb + σ) γ(ε) (44)

µ′(ε) = γ(ε)− ξ(ε), (45)

873

with the complementary slackness conditions,874

µ(0)ν(0) = µ(ε̄)ν(ε̄) = 0.

875

We conjecture that there is ε̃ > 0 such that ν(ε) ≥ ν(ε) binds for all ε < ε̃. We will show876

that such an ε̃ ∈ (0, ε̄) exists and is unique.877

Part 1. IR constraints bind for ε < ε̃. If the participation constraint binds over some non-878

empty open interval, then ν(ε) = ν(ε) and from (9),879

ν ′(ε) = σu [d(ε)] = θ

[
(ρ+ δ)U ′(ε; i) + αν∗′(ε)

ρ+ δ + α

]
+ (1− θ)U ′(ε; sb). (46)

2



Using that ν(ε) = ν∗(ε) in a symmetric equilibrium and ν(ε) = ν(ε), one can use (9) to derive

ν∗(ε) =
(1− θ)(ρ+ δ + α)U(ε; sb) + θ(ρ+ δ)U(ε; i)

(1− θ) (ρ+ δ + α) + θ(ρ+ δ)
.

Using this formula for ν∗(ε), we can rewrite (46) as

ν ′(ε) = σu [d(ε)] =
(1− θ)(ρ+ δ + α)U ′(ε; sb) + θ(ρ+ δ)U ′(ε; i)

(1− θ) (ρ+ δ + α) + θ(ρ+ δ)
.

Moreover, ∂U(ε; i)/∂ε = σu [m(ε)] and ∂U(ε; sb)/∂ε = σu [ds(ε)], where m(ε) and ds(ε) solve880

σεu′ [m(ε)] = i+ σ

σεu′ [ds(ε)] = sb + σ.

So m(ε) are the real balances of an unbanked consumer while ds(ε) represents the complete-

information level of deposits. Hence:

ω {u′ [d(ε)]} =
(1− θ)(ρ+ δ + α)ω

(
sb+σ
σε

)
+ θ(ρ+ δ)ω

(
i+σ
σε

)
(1− θ) (ρ+ δ + α) + θ(ρ+ δ)

,

where ω(x) ≡ u ◦ u′−1. If the utility function is CRRA, u(y) = y1−a/(1 − a), then ω(x) =

x−(1−a)/a/(1− a) and

εu′ [d(ε)] = ε [d(ε)]−a =
[(1− θ) (ρ+ δ + α) + θ(ρ+ δ)]

a
1−a[

(1− θ)(ρ+ δ + α)
(

σ
sb+σ

) (1−a)
a

+ θ(ρ+ δ)
(

σ
i+σ

) (1−a)
a

] a
1−a

.

Hence, the deposit levels are:881

d(ε) = ε
1
a

(1− θ)(ρ+ δ + α)
(

σ
sb+σ

) (1−a)
a

+ θ(ρ+ δ)
(

σ
i+σ

) (1−a)
a

(1− θ) (ρ+ δ + α) + θ(ρ+ δ)


1

1−a

, (47)

3



which corresponds to (16).882

By the definition of s̄ in (18), we can rewrite d(ε) = [σε/(s̄+ σ)]1/a and εu′ [d(ε)] = s̄/σ + 1.

By the definition of φ(ε) and the IC condition,

φ′(ε) = {−(sb + σ) + σεu′ [d(ε)]} d′(ε).

Since εu′ [d(ε)] is independent of ε and d(0) = 0, the fee, φ(ε), is

φ(ε) = d(ε) (s̄− sb) , for all ε < ε̃.

From (44) that the closed-form solution for the costate variable is:883

µ(ε) = εγ(ε)

[
sb + σ

σεu′ [d(ε)]
− 1

]

= εγ(ε)


(1− θ)(ρ+ δ + α) + θ(ρ+ δ)

(
sb+σ
i+σ

) (1−a)
a

(1− θ) (ρ+ δ + α) + θ(ρ+ δ)


a

1−a

− 1


= −εγ(ε)

(
s̄− sb
s̄+ σ

)
(48)

for all ε ∈ (0, ε̃).884

Part 2. IR constraints are slack for ε ≥ ε̃. Hence, ξ(ε) = 0 for all ε > ε̃. It follows from (45)885

and (48):886

µ(ε) = µ(ε̃) + Υ(ε)−Υ(ε̃), for all ε ≥ ε̃. (49)

Provided ν(ε̄) > 0, the optimality condition for a free end-point problem is µ(ε̄) = 0, which,887

from (48), gives888

1−Υ(ε̃)

γ(ε̃)
= ε̃

(
s̄− sb
s̄+ σ

)
, (50)

which corresponds to (19). The right side of (50) is increasing in ε̃ while the left side is decreasing889

in ε̃ due to the log-concavity of 1 − Υ. Moreover, the left side is greater than the right side at890

4



ε̃ = 0 and it is smaller at ε̃ = ε̄. Hence, there is a unique ε̃ ∈ (0, ε̄) solution to (50).891

By (44) and µ(ε) = −1 + Υ(ε), the deposits d(ε) solves

u′ [d(ε)] =

{
ε−

[
1−Υ(ε)

γ(ε)

]}−1 (
1 +

sb
σ

)
for all ε ≥ ε̃.

Using that u is CRRA,

d(ε) =

{
ε−

[
1−Υ(ε)

γ(ε)

]}1/a (
1 +

sb
σ

)−1/a

for all ε ≥ ε̃,

which corresponds to (17).892

For ε ≤ ε̃, the value of the state variable, ν(ε), is equal to ν(ε) by Lemma 1. Therefore by893

integrating over the IC constraint (13),894

ν(ε) = ν(ε̃) + σ

∫ ε

ε̃

u [d(x)] dx for all ε ≥ ε̃. (51)

Using this expression and the definition of the fees we can reexpress φ(ε) by (21) for ε ≥ ε̃.895

Part 3. Suffi ciency. We now check the Mangasarian suffi ciency conditions. Given our solution896

for µ, the Hamiltonian function, H(ν, d, µ, ξ, ε), is jointly concave in (ν, d). To see this, note that897

H is additively separable in ν and d. It is linear in ν (hence, concave); and, provided that898

µ(ε) + εγ(ε) ≥ 0, which holds from (48) and (49), it is concave in d due to the strict concavity of899

u(d). Finally, the terminal conditions, µ(0)ν(0) = 0 and µ(ε̄)ν(ε̄) = 0, hold since ν(0) = 0 and900

µ(ε̄) = 0.901

Part 4. Uniqueness. Finally, we argue that our conjecture about the two-tier structure of

the menu of contracts is the only way to construct a solution. At ε = 0, the consumer can

never get any surplus from monetary trades. Since φ0 ≥ 0, ν(0) ≤ 0. But the IR constraint

ν(0) ≥ U(0; s̄) = 0 must hold, hence ν(0) = 0. Suppose next that as ε rises above 0, the menu

of contracts transitions into an nonempty interval, [ε̃, ˜̃ε], where ˜̃ε < ε̄ and IR is slack in the

interior of the interval but binds at the end points of the interval. By the proof logic of Part 2,

5



d(ε) > m(ε), for ε ∈ (ε̃, ˜̃ε]. Hence by (51),

ν(ε) = U(ε̃; s̄) + σ

∫ ε

ε̃

u [d(x)] dx > U(ε; s̄)

for ε ∈ (ε̃, ˜̃ε] and the IR constraint cannot bind at ˜̃ε, leading to a contradiction. Therefore, once902

the IR becomes slack at ε̃, it must stay slack for all larger ε.903

Proof of Proposition 2. Consider a sequence of distributions, {Υn}+∞
n=1, such that γ1(0) =

0,
∫ ε̄

0
εdΥ1(ε) = 1, and

Υn(ε) = Υ1 [n(ε− 1) + 1] for all n > 1.

As n → +∞, almost all consumers have a preference type arbitrarily close to ε = 1. We

formalize the limit to complete information as follows. Consider a distribution Υ1(ε) with mean

1 and support [0, ε̄] and Υ1 satisfies the assumption for the menu of deposits contracts to be fully

separating and γ1(0) = 0. We consider a sequence of distributions obtained from Υ1 as follows:

Υn(ε) = Υ1 [n(ε− 1) + 1] .

The support of Υn is [1 − 1/n, 1 + (ε̄ − 1)/n]. The variance of the distribution has been scaled

down by a factor of 1/n2. As n→ +∞,

Υn(1 + ς)−Υn(1− ς) = Υ1 (nς + 1)−Υ1 (1− ςn)→ 1,

the mass of consumers is concentrated at ε = 1.904

We argue that when n is suffi ciently large, ε̃n ∈ (1− 1/n, 1). Consider the definition of ε̃n by

(19):
1−Υ1 [n(ε̃n − 1) + 1]

nγ1 [n(ε̃n − 1) + 1]
= ε̃n

(
s̄− s
s̄+ σ

)
where the left side falls and the right side rises in ε̃n. Since γ1(0) = 0, the solution of ε̃n always

6



exceeds the lower support, 1− 1/n. When n is suffi ciently large,

1−Υ1 (1)

nγ1 (1)
<
s̄− s
s̄+ σ

,

and the cutoff ε̃n is strictly smaller than 1. Thus the deposits are characterized by (17) at ε = 1.

At the limit n→ +∞, the virtual valuation at ε = 1 is

1− 1−Υ1 (1)

nγ1 (1)
→ 1.

So the deposit sizes solves u′ [d(1)] = 1 + sb/σ.905

Since ε̃n ∈ (1− 1/n, 1), it converges to 1 as n→ +∞. Therefore, the participation constraint

binds for consumers of type ε = 1. Then by (21) the fee is given by

φ(1) = −ν(1)− (sb + σ)d(1) + σεu [d(1)] .

Substitute ν(1) by its expression given by (9), i.e.,

ν(1) =
(1− θ)(ρ+ δ + α)U(1; sb) + θ(ρ+ δ)U(1; i)

(1− θ) (ρ+ δ + α) + θ(ρ+ δ)
,

we obtain906

φ(1) =U(1; sb)−
(1− θ)(ρ+ δ + α)U(1; sb) + θ(ρ+ δ)U(1; i)

(1− θ) (ρ+ δ + α) + θ(ρ+ δ)

=
θ(ρ+ δ)

(1− θ) (ρ+ δ + α) + θ(ρ+ δ)
[U(1; sb)− U(1; i)] .

We obtain the closed-form expression for the deposit spread, (28), by substituting φ by its907

expression given by (27) and d by its expression from (26), i.e., d = u′−1 (1 + sb/σ), into (23).908

Proof of Proposition 3. Existence and uniqueness of equilibrium. Define the

7



following function:

Γ(τ) ≡ α(τ) (1− θ)κ− α(τ)

τ
θ [U(ρ− rb)− U(i)] + (ρ+ δ)κ.

A solution to (29) is such that Γ(τ) = 0. By the properties of α(τ), the function Γ(τ) is strictly909

increasing with Γ(0) = −∞ if U(ρ − rb) > U(i) and Γ(0) > 0 if U(ρ − rb) ≤ U(i). Moreover,910

Γ(+∞) = +∞. So, there exists a positive solution to Γ(τ) = 0 if and only if U(ρ − rb) > U(i),911

i.e., ρ− rb < i. Using that i = ρ+π, the condition for existence can be reexpressed as π+ rb > 0.912

From the monotonicity of Γ, equilibrium is unique. From (22) and the fact that φ > 0 in any913

active equilibrium it follows that id < π + rb.914

Parts 1 and 2. In equilibrium the value of τ , nb,m and d and given by Γ(τ) = 0, (25), (4)

and (26), respectively. Comparative statics are summarized in the following table:

exogenous→

endogenous↓
rb i θ κ δ

τ + + + − −

nb + + + − −

m 0 − 0 0 0

d + 0 0 0 0

From (29),
∂τ

∂i
=

{
(ρ+ δ)κ

[1− η(τ)]

α(τ)
+ (1− θ)κ

}−1

θm > 0,

where η(τ) ≡ τα′(τ)/α(τ).915

If we substitute the free entry condition, that κ = [α(τ)/τ ]φ/(ρ + δ), and (27) into (28) we916

can obtain an alternative expression of the deposit spread that does not depend directly on θ917

and i, i.e.,918

ŝd = sb + (ρ+ δ)
κτ

α(τ)d
. (52)
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According to this formulation, ŝd and τ are positively correlated. Since τ is an increasing function919

of i, it follows immediately that the deposit spread increases with the policy rate.920

From (52),
∂ŝd
∂i

= (ρ+ δ)
κ

d

[1− η(τ)]

α(τ)

∂τ

∂i
.

Hence, substituting ∂τ/∂i in the expression above we obtain (30). In order to establish ∂ŝd/∂θ >

0 and ∂ŝd/∂κ > 0, we use (52). The result ∂ŝd/∂θ > 0 follows from the fact that ŝd increases

with τ and ∂τ/∂θ > 0. From (29),

τκ

α(τ)
=

θ [U(sb)− U(i)]

(ρ+ δ) + α(τ) (1− θ) .

Hence, the deposit spread can be rewritten as:

ŝd = sb +
(ρ+ δ)

d

θ [U(sb)− U(i)]

(ρ+ δ) + α(τ) (1− θ) .

Using that ∂τ/∂κ < 0, it follows that ∂ŝd/∂κ > 0.921

From (30), if α(τ) = α0τ
η, then

∂ŝd
∂i

= θ
(ρ+ δ) (1− η)

(ρ+ δ) (1− η) + (1− θ)α0τ η
u′−1

(
1 + i

σ

)
u′−1

(
1 + sb

σ

) ,
which is decreasing in τ , i.e., the passthrough is larger in more concentrated markets.922

Part 3. Since d is independent of i and nb rises in i as shown above, the aggregate deposits,923

nbd, increase with i.924

Lemma 3 The deposit rate is ı̂d(ε) = 0 for all ε < ε̃ and it rises in ε for ε ≥ ε̃.925

Proof. By (22) and Proposition 1, for ε ≥ ε̃ the deposit rate is

ı̂d(ε) = i−
(
σ
{εu [d(ε)]− d(ε)} −

∫ ε
0
u [d(x)] dx

d(ε)

)
.

9



To prove the claim, we will show the expression in the large parenthesis falls in ε for ε ≥ ε̃. Since

d′(ε) > 0 by Proposition 1, the derivative of this expression is proportional to

∂

∂ε

({εu [d(ε)]− d(ε)} −
∫ ε

0
u [d(x)] dx

d(ε)

)
∝ εu′ [d(ε)] d(ε)− εu [d(ε)] +

∫ ε

0

u [d(x)] dx

= εu′ [d(ε)] d(ε)− (1 + sb/σ)d(ε)− φ(ε)/σ

where the second line uses (21). By (20) and (31) the last expression is 0 at ε = ε̃. We argue

that this expression falls in ε:

∂

∂ε

{
[εu′ [d(ε)]− (1 +

sb
σ

)]d(ε)− φ(ε)

σ

}
= d(ε)

∂[εu′ [d(ε)]− (1 + sb/σ)]

∂ε

+ d′(ε)
{
εu′ [d(ε)]−

(
1 +

sb
σ

)}
− φ′(ε)

σ

= d(ε)
∂

∂ε

[
1−Υ(ε̃)

γ(ε̃)
u′ [d(ε)]

]
< 0,

where the second line uses (32) and926

φ′(ε) = {−(sb + σ) + σεu′ [d(ε)]} d′(ε) for all ε ≥ ε̃, (53)

which is implied by (21). The inequality is true by the log-concavity of 1−Υ, d′(ε) > 0 and the927

concavity of u.928

Proof of Proposition 4. Part 1. The derivative, (35), follows directly from

d(i) ≡
∫ ε̄

0

d(ε)dΥ(ε) =

∫ ε̃(i)

0

u′−1

(
i+ σ

εσ

)
dΥ(ε) +

∫ ε̄

ε̃(i)

u′−1

[
γ(ε)

εγ(ε)− 1 + Υ(ε)

(
1 +

sb
σ

)]
dΥ(ε).

Parts 2 and 3. We differentiate nb = α(τ)/ [δ + α(τ)] to obtain:

∂nb

∂i
=

α′(τ)δ

[δ + α(τ)]2
∂τ

∂i
,
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where, from (24),
∂τ

∂i
=

α(τ)

[1− η(τ)] (ρ+ δ)κ

∂Φ

∂i
,

with η(τ) ≡ τα′(τ)/α(τ) and, from (20)-(21),

∂Φ

∂i
=

∫ ε̃

0

d(ε)dΥ(ε) + d(ε̃) [1−Υ(ε̃)] .

So
∂nb/nb

∂i
=

η(τ)δnb

[1− η(τ)]α(τ)Φ

{∫ ε̃

0

d(ε)dΥ(ε) + d(ε̃) [1−Υ(ε̃)]

}
> 0.

As δ → 0, ∂Φ/∂i is unaffected, ∂τ/∂i < +∞, and hence ∂nb/∂i→ 0. Hence, from (35), there is

a threshold for δ below which

∂(nbd)

∂i
=
∂nb

∂i
d+ nb

∂d

∂i
< 0.

Part 4. The deposit spread is929

ŝd(ε) = sb +
φ(ε)

d(ε)
= iI{ε≤ε̃} +

(
σ
{εu [d(ε)]− d(ε)} −

∫ ε
0
u [d(x)] dx

d(ε)

)
I{ε>ε̃}. (54)

To obtain (36), note that

σ

∫ ε

0

u [d(x)] dx = U(ε̃; i) + σ

∫ ε

ε̃

u [d(x)] dx.

The derivative of the right side with respect to i is −d(ε̃). The average spread is

ŝd = sb +

∫ ε̄

0

φ(ε)γ(ε)

d(i)
dε.

Using that φ(ε) is increasing in i and d is decreasing in i, it follows that ∂ŝd/∂i > 0.930

Part 5. We re-use the result according to which as δ → 0, nb → 1 and ∂nb/∂i → 0. Since931

d′(i) < 0, it follows that ∂Y/∂i < 0.932
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Proof of Proposition 5. Part 1. From (16)-(17) and (20)-(21), the spread passthrough is933

given by:934

∂ŝd(ε)

∂i
=

(s̄/σ + 1)
1
a

(i+ σ)

θ(ρ+ δ)

a [(1− θ) (ρ+ δ + α) + θ(ρ+ δ)]

(
σ

i+ σ

) 1+a
a

> 0 for all ε < ε̃

=
θ(ρ+ δ)m(ε)

d(ε) [(1− θ) (ρ+ δ + α) + θ(ρ+ δ)]
> 0 for all ε ≥ ε̃.

The effects of the policy rate on deposits are given by:935

∂d(ε)

∂i
=

−ε1/a
(

σ
s̄+σ

)
θ(ρ+ δ)

a(i+ σ) [(1− θ) (ρ+ δ + α) + θ(ρ+ δ)]

(
σ

i+ σ

) 1−a
a

< 0 for all ε < ε̃

= 0 otherwise.

The cutoff ε̃ falls in i by (19), the log-concavity of 1−Υ(ε) and the fact that s̄ rises in i.936

Part 2. Using that s̄ is decreasing in α, it follows immediately that ∂ŝd(ε)/∂i decreases in α937

for all ε ∈ [0, ε̄]. Next, we compute:938

∂ ln |∂d(ε)/∂i|
∂α

=
a(1− θ)

1− a

(1− θ)(ρ+ δ + α) + θ(ρ+ δ)

(
sb + σ

i+ σ

) (1−a)
a

−1

−1− θ
1− a [(1− θ) (ρ+ δ + α) + θ(ρ+ δ)]−1

∝ a−
(1− θ)(ρ+ δ + α) + θ(ρ+ δ)

(
sb+σ
i+σ

) (1−a)
a

(1− θ) (ρ+ δ + α) + θ(ρ+ δ)
.

The right side strictly falls in α and it is negative when α→ +∞. When α = 0, the right side is939

negative if and only if (37) holds. Therefore if (37) holds, then |∂d(ε)/∂i| falls in α and otherwise940

it is hump-shaped in α for α ∈ (0,+∞).941

Part 3. Using that α is independent of i, it follows that ∂nu/∂i = ∂nb/∂i = 0. Since942

∂m(ε)/∂i < 0 for all ε, ∂d(ε)/∂i < 0 for all ε < ε̃, and ∂d(ε)/∂i = 0 for all ε > ε̃, both M and943

d decrease with i. Hence, ∂Y/∂i < 0.944

Proof of Proposition 6.945
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The proof uses Proposition 14 in our working paper, Choi and Rocheteau (2021a) (CR),946

which characterizes the optimal contract with two general deposit categories under posting and947

private information. Proposition 6 concerns the limit when s1
b → i.948

From (148) in CR, ε̃ → ε̄ at the limit s1
b → i. Then the solution of (d1, `) is given by949

(151)-(152) in Proposition 14:950

{
$(ε)χ1σd

1 −
(
i− s2

b + σχ1

) (
d1
)1+a

}
χ2 =

{
$(ε)σχ2`− (s2

b + σχ2) (`)1+a}χ1, (55)

σχ1ε
(
d1
)−a

+ σχ2ε (`)−a = i+ σ. (56)

Part 1: At i = s2
b/χ2, by (55), ` = d1 and thus d2 = 0. Given ` = d1, the value of d1 is given by951

(56).952

Part 2: As i rises, the curves labelled FOCs in Figure 17 in CR, representing (55), shift up and953

the threshold d̃1 falls by (161) in CR. The curve ICM, representing (56), shifts downward in i.954

Hence d1 falls in i. As i ↑ +∞, the threshold d̃1 → 0 in the left panel. Moreover, the slope of955

FOCs explodes to +∞ in both panels. By (56), the curve ICM becomes an L-shape curve that956

asymptote to +∞ when d1 = 0 and equals to 0 for all d1 > 0. Hence, d1 → 0 as i ↑ +∞. If957

$(ε) > 0, then (55) is represented by FOCs in the left panel and `→ ˜̀where ˜̀ is given by (160)958

in CR; otherwise (55) corresponds to FOCs in the right panel and `→ 0.959

Proof of Proposition 7. From Proposition 6, if i = s2
b , then d

2(ε) = 0 for all χ2 ∈ [0, 1]

and since banks can only make profits when type-2 deposits are demanded, Φ(χ2; i) = 0. It

follows that χ2 = 0 for i = s2
b . Suppose next that i → +∞. Then, d1(ε) = 0. From (19),

[1−Υ(ε̃)] /γ(ε̃) = ε̃. Summing across fees, (21), the expected profits of the bank are

Φ(χ2; +∞) =

∫ ε̄

ε̃

σχ2

[
ε− 1−Υ(ε)

γ(ε)

]
u [d(ε)]− (sb + σχ2)d(ε)dΥ(ε).

Taking the first-order condition of (39), the optimal liquidity of deposits solves (40). Since the960

right side of (40) is positive and ψ′(0) = 0, it follows that χ2 > 0.961
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Proof of Proposition 8. We establish that τ → +∞. The proof is by contradiction.

Suppose τ < +∞. Then, α(τ) < +∞. From (18), s̄ > sb. Hence, φ(ε) = d(ε) (s̄− sb) > 0 for all

ε, which implies Φ > 0. Since τ < +∞ implies α(τ)/τ > 0, from (24),

κ =
α(τ)

τ

Φ

ρ+ δ
> 0,

which gives a contraction with κ → 0. So, τ = +∞ and α(τ) = +∞. From (18), s̄ = sb, and,962

from (19), s̄− sb = 0 implies ε̃ = ε̄. It follows that φ(ε) = 0 for all ε ≤ ε̄. From (23), ŝd(ε) = sb963

for all ε ≤ ε̄. From (16), d(ε) = [εσ/ (sb + σ)]1/a for ε ≤ ε̄.964

Proof of Proposition 9. When i = sb, consumers do not use bank deposits. Thus banks965

earn no profit, i.e. ΦI = ΦU = 0 and choose ω = 0. By continuity, there is a i > sb such that966

ΦI −ΦU < h for all i ≤ i. It follows that ω = 0 for all i ≤ i. Since all banks are uninformed, the967

economy is the same as that characterized by Proposition 4. Hence ∂d/∂i < 0 by (35).968

When i→ +∞, consumers do not use money. Their outside option during a meeting, ν(ε, ω),969

is given by970

ν(ε, ω) =
α

ρ+ δ + α
[ων(ε, ω) + (1− ω)ν∗(ε, ω)], (57)

where ω is the information choice by banks in a symmetric equilibrium. In an informed meeting,971

the consumer gets no surplus and thus only receives a payoffof ν(ε, ω). In an uninformed meeting,972

the payoff for the consumer is denoted by ν∗(ε, ω).973

We argue that the consumer’s payoff, ν∗(ε, ω), and fees at an uninformed bank are indepen-974

dent of ω. In an uninformed meeting, the bank will offer an optimal contract as characterized975

by Proposition 1 with i =∞ and the consumers’matching rate is α(1− ω). Therefore, by (19),976

the cutoff ε̃ solves977

1−Υ(ε̃)

γ(ε̃)
= ε̃, (58)

which implies ε̃ does not depend on ω. Since the participation constraint for a type ε̃ consumer978

binds, ν∗(ε, ω) = ν(ε, ω) at ε = ε̃ and both equal 0 by (57). Since ν∗(ε̃, ω) and d(ε) are979

independent of ω for ε ≥ ε̃ by (17), so is ν∗(ε, ω) for ε ≥ ε̃.980

14



The fee for ε < ε̃ is 0 because du(ε) = m(ε) = 0. For ε ≥ ε̃, the fee is

φU(ε) = −σ
∫ ε

ε̃

u [d(x)] dx− (sb + σ)d(ε) + σεu [d(ε)] .

The expected fee of an uninformed bank is ΦU =
∫ ε̄
ε
φU(ε)dΥ(ε), which is independent of ω.981

Given ν∗(ε, ω) is independent of ω, we can rewrite (57) as982

ν(ε, ω) =
α(1− ω)ν∗(ε)

ρ+ δ + α(1− ω)
, (59)

which falls in ω. In an informed meeting, given the free entry assumption, the bank is willing to

trade as long as the trade surplus is positive. An informed bank offers an effi cient contract and

extracts all surpluses. Hence the fee is

φI(ε, ω) = U(ε, sb)− ν(ε, ω).

The expected fee of an informed bank is ΦI(ω) =
∫ ε̄
ε
φI(ε, ω)dΥ(ε). Since ν(ε, ω) falls in ω, ΦI(ω)983

rises in ω.984

In equilibrium, the banks choose ω = 1 if h < ΦI(ω)− ΦU. Since ΦI(ω)− ΦU rises in ω and985

ΦI(0)−ΦU > 0, an individual bank will choose ω = 1 in any equilibrium if h < h̄ ≡ ΦI(0)−ΦU.986

In other words limi→+∞ΦI − ΦU ≥ h̄. Therefore, given any h < h̄, by continuity, there exists ı̄987

such that if i > ı̄ then ΦI − ΦU > h and ω = 1. Since all banks are informed, the quantity of988

deposits is at the effi cient level and does not depend on i.989
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B Details of the calibrated example990

In this section we provide more details regarding our calibration procedure. The unit of time is991

a year and the rate of time preference is ρ = 0.04 as in Lagos and Wright (2005).26 The utility992

function is u(y) = y1−a/(1 − a) with a ∈ (0, 1). The distribution of consumer types is given by993

an exponential distribution with mean 1. We interpret δ as the rate at which a consumer gets994

separated from her bank and set δ = 0.05. This number is consistent with the J.D. Power 2019995

U.S. Retail Banking Satisfaction Study according to which 4% of customers switched banks in996

the past year and a survey conducted by Bankrate reporting that the average U.S. adult has997

used the same primary checking account for about 16 years. We set the spread on banks’assets998

to sb = 0. The average Federal fund rate in the sample is i = 0.05. The matching technology in999

the deposits markets is linear in the measure of consumers, so α(τ) = ᾱ.1000

The remaining parameters to be calibrated are (θ, ᾱ, σ, a). We use the measure of unbanked1001

households to calibrate ᾱ. According to the FDIC Survey of Household Use of Banking and1002

Financial Services in 2019, 5.4% of U.S. households were unbanked, which implies ᾱ = 0.88.271003

We choose θ to match the size of the deposit spread passthrough, ∂ŝd/∂i. Drechsler et al. (2017)1004

documents that a 100 bps increase in the policy rate leads to an average increase in the deposit1005

spread by 54 bps, i.e., ∂ŝd/∂i = 0.54. The pair, (σ, a), targets the change of aggregate deposits1006

with respect to i. The curvature of the utility function, a = 0.11, is in the ballpark of the1007

values that have been estimated in the literature (see, e.g., Craig and Rocheteau, 2008), and it is1008

consistent with estimates from models with competitive goods markets, as in, e.g., Rocheteau and1009

Wright (2009). The frequency of consumption opportunities, σ = 0.5, can be interpreted as the1010

product of two parameters: the actual arrival rate of idiosyncratic consumption opportunities1011

and a scaling parameter of the consumer surplus. So, consumption opportunities can arrive1012

frequently, but the surplus they generate must be small.1013

26In our continuous time model, the choice of the unit of time imposes a constraint on arrival rates of matching
or consumption opportunities.
27Alternatively, we could choose (θ, ᾱ) to target the spread and passthrough. But θ and ᾱ cannot be separately

identified because, by Proposition 1, (θ, ᾱ) affect the banking contract only via i(i, sb, θ, ᾱ) and, by (18), the
relationship between i and i remains unchanged as long as (ρ+ δ + ᾱ)(1− θ)/θ is unchanged.
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Drechsler et al. (2017) report that a 100 bps increase in the policy rate induces on average a1014

323 bps contraction in deposits. i.e., (∂d/∂i) /d= −3.23.28 We illustrate the model fit in Figure1015

11.1016

Figure 11: Fit of the calibrated model (Left) Average deposit spread (Right) Aggregate deposits

28The data on core deposits and deposit rate are taken from Drechsler et al. (2017) and range from 1986 to
2007 at quarterly frequency. Core deposits are the sum of checking, savings, and small time deposits and amount
to 9.3 trillion or 79% of bank liabilities in 2014. Figure 1 and 2 in Drechsler et al. (2017) use deposit and spread
data from 1986 to 2013, we drop the data after 2008 because the spread became negative due to a financial crisis.
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C Formula for the distribution of deposits1017

Now we derive the probability density function illustrated in Figure 5. Let G and g be the1018

cumulative distribution function and probability density function of log[d(ε)] among banked1019

consumers, respectively. Then1020

G(x) = P{x > log[d(ε)]} = P [ex > d(ε)] = Υ[d−1(ex)],

1021

and the density g is given by1022

g(x) = G′(x) =
exγ[d−1(ex)]

d′[d−1(ex)]
.

1023

Suppose ε is exponentially distributed with parameter λ. By Proposition 1, the inverse of the1024

deposit is1025

d−1(z) = za[s̄(i, sb, θ, α) + σ]/σ for z < d(ε̃)

d−1(z) = za
(

1 +
sb
σ

)
+ 1/λ for z ≥ d(ε̃).

1026

The derivative d′(ε) is given by1027

d′(ε) =
ε
1
a
−1

a

[
σ

s̄(i, sb, θ, α) + σ

]1/a

for ε < ε̃

d′(ε) =
1

a
(ε− 1/λ)

1
a
−1
(

1 +
sb
σ

)−1/a

for ε ≥ ε̃.

1028

The derivative d′(ε) jumps up at ε = ε̃ because1029

lim
ε↑ε̃

d′(ε) =
d(ε̃)

aε̃

1030

and1031

lim
ε↓ε̃

d′(ε) =
d(ε̃)

a(ε̃− 1/λ)
.

1032

Therefore, the density g(x) jumps down at x = log[d(ε̃)].1033
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D Data appendix1034

We now explain the data we use for our empirical evidence and calibration. In Figure 1 we use1035

monthly data from Call Reports from 1990 Q1 to 2020 Q4. Figure 2 uses data from the Federal1036

Reserve Economic Data (Link: https://fred.stlouisfed.org). For calibrating (σ, a) in our model,1037

we use the time series data of deposit rate, Federal funds rate and core deposits from Drechsler1038

et al. (2017), which is quarterly time series data from 1986-2013.1039
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