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1 Introduction

This paper argues that the secular decline in nominal interest rates weakens the short-
run transmission of monetary policy and tightens the long-run supply of bank credit. A
decrease in interest rates stimulates lending initially, albeit with less strength once interest
rates are already low. If the rate cut is just transitory, for instance in the case of short-
run accomodative monetary policy, the dampened transmission at low rates means that
a larger cut is needed to achieve the same stimulus. But if interest rates remain low for
long, for instance due to fundamental shifts in savings rates or productivity growth that
decrease the steady state real rate r ∗, then lending contracts in the long run.

Crucially, the short-run dampening e�ect and the long-run contractionary e�ect be-
come relevant even before reaching negative rate territory: the relevant threshold nom-
inal rate is not zero, but the positive nominal rate ī at which banks cannot earn enough
income from deposit spreads to sustain their required return on equity. Relative to the
fast-growing literature on negative rates, this paper thus makes two main contributions:
contrasting short-run and long-run e�ects of lower interest rates, and highlighting that
lending and monetary policy transmission are already a�ected when interest rates are
positive but low, as in the U.S. for example.

I develop a tractable model that allows to study both the short-run and long-run con-
sequences of low interest rates, and yields simple analytical results on both fronts. The
unifying mechanism is that nominal interest rates a�ect the composition of bank income.1

Banks earn the sum of two spreads, re�ecting activities on the two sides of their balance
sheet. On the asset side, banks earn loan spreads—the di�erence between loan and bond
rates not explained by maturity, credit risk and operating costs. On the liability side, banks
earn deposit spreads—the di�erence between bond and deposit rates. Both spreads can
persist due to limits to arbitrage in the form of �nancial constraints, or to bank market
power in loan and deposit markets.

The level of nominal rates matters for the composition of bank income, because savers
can substitute between private liquidity (deposits) and public liquidity (currency). Since
the nominal rate is the premium on public liquidity, a lower nominal rate makes public
liquidity more attractive. Thus the deposit spread, which is the premium on the compet-

1This composition e�ect is distinct from a level e�ect in which lower interest rates hurt bank pro�tabil-
ity by lowering the returns earned on all assets; indeed, in the model as in the data, the level of bank net
income is not sensitive to interest rates.
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ing private liquidity, must also fall. Therefore lower nominal rates reduce not only public
seigniorage, but also the “private seigniorage” earned by banks from liquidity creation. If
bank lending capacity remains high enough relative to loan demand—the unconstrained

lending regime—there is a decoupling: the decline in private seigniorage from deposits
has no consequences for the credit market equilibrium. If, however, bank lending ca-
pacity becomes too low due to low equity and/or tight leverage constraints—this is the
constrained lending regime—deposit and loan markets are entangled: lower deposit pro�ts
reduce bank equity and loan supply, and loan spreads must rise in equilibrium to re�ect
the tighter credit conditions.

When does the constrained lending regime prevail? I show that in the long run, the
economy is in the constrained lending regime if and only if the steady state nominal rate
i is below some threshold ī . At high rates i ≥ ī , banks can sustain in steady state their
required return on equity (determined by banks’ entry and exit dynamics and their costs
of issuing new equity) with deposit spreads alone. If i falls below ī due to lower in�ation
or a lower “natural” real rate r ∗, however, the deposit spread must also fall. In partial
equilibrium, banks’ retained earnings decline, which depletes their equity and tightens
their lending capacity. In general equilibrium, a loan spread must open up to clear the
credit market given the reduced credit supply. The process only stops once the loan spread
is high enough for bank shareholders to obtain their required return on equity in spite
of the lower deposit spread. Equilibrium bank net income is stable, because the higher
loan spread o�sets the lower deposit spread. Importantly, short-run and long-run e�ects
di�er: bank lending may initially rise in response to the permanent fall in i thanks to
a revaluation of banks’ long-term assets, before eventually declining to its permanently
lower level.

Next, I show that the short-run e�ects of monetary policy are state-dependent: at low
rates i < ī , incomplete pass-through of bond rates to retail deposit and loan rates weak-
ens the transmission of monetary policy to output. The short-run model features nominal
rigidities and can be viewed as a tractable Two-Agent New Keynesian model with �nan-
cial frictions. I �rst show that in spite of the heterogeneity and the �nancial frictions, the
transmission of monetary policy is exactly the same as in a standard representative agent
New Keynesian model in the unconstrained lending regime. Therefore, banks are an irrel-
evant veil for monetary policy transmission when the steady state nominal rate i is high
enough. By contrast, monetary shocks have a weaker e�ect in the constrained lending
regime i < ī , and the more so the lower the steady state nominal rate i . As in the long-run
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analysis, this comes from the fact that loan and deposit markets are entangled through
banks’ �nancial constraints. If currency and deposits are close enough substitutes, deposit
pass-through is lower at lower nominal rates. Lower deposit pass-through implies lower
loan pass-through, which in turn dampens the response of output to interest rates.

I calibrate the model to the U.S. banking sector. Two benchmarks are useful to high-
light further the macroeconomic role of banks: a Modigliani-Miller economy, in which
household heterogeneity remains but all assets are perfect substitutes; and a “credit fric-
tions only” economy where borrowers are still bank-dependent, but deposits provide no
liquidity services. In my baseline calibration where r ∗ equals 3%, the interest-elasticity of
output is 20% lower than in the Modigliani-Miller benchmark, and 8% lower than in the
“credit frictions only” benchmark.

I explore how monetary policy transmission depends on the steady state real rate real
rate r ∗ by changing households’ discount factor (changes in r ∗ due to declining produc-
tivity growth have the same e�ect). I �nd that monetary policy is further dampened at
low interest rates, even though the economy is well above the zero lower bound: when
r ∗ declines from 3% to -1% (assuming a 2% in�ation target), the previous 20% dampen-
ing grows to 35%. By contrast, the interest-elasticity of output barely changes with r ∗ in
the two benchmarks, which illustrates that the e�ect of r ∗ stems solely from interactions
between loan and deposit markets.

The model is able to address how steady state policies a�ect credit supply and mon-
etary policy transmission. For instance, in the low i regime, a higher in�ation target can
o�set the impact of a lower r ∗ because the steady state nominal rate is what matters for real
spreads. An increase in the in�ation target relaxes banks’ �nancial constraints, increases
the deposit spread, and reduces the loan spread. Hence in�ation is not superneutral be-
cause it redistributes from depositors, whose pay higher liquidity premia, to borrowers,
whose borrowing costs fall. Whether bank pro�ts come from loans or deposits does not
a�ect shareholders, but it has stark implications for the rest of the economy. Increasing
the in�ation target not only stimulates long-run loan supply, but also enhances monetary
policy transmission. Financial regulation also interacts with monetary policy: holding
steady state rates �xed, higher bank capital requirements dampen monetary policy trans-
mission.2

2As I abstract from risk, I cannot speak to the trade-o� between the bene�ts of regulation and potential
costs in terms of monetary policy transmission. Recent work by Döttling (2019) and Porcellacchia (2020)
analyzes the interplay between low interest rates and �nancial stability.
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Supporting empirical evidence. I present facts on the e�ect of long- and short-run
interest changes on U.S. banks consistent with the predictions of the model. First I �nd
support for long-run contractionary e�ects of low rates on lending. Over the past 20 years,
the maturity-adjusted aggregate spread between the yield earned by U.S. banks on loans
and Treasuries has doubled, despite no apparent upward trend in credit risk and a clear
downward trend in operating costs. Meanwhile, the total spread between the yield earned
by banks on loans and the yield they pay on deposits has remained extremely stable since
1955. As interest rates have declined, the composition of this total spread has shifted
towards lower deposit spreads and higher loan spreads. Aggregate trends are subject
to other contemporaneous changes, so I investigate the mechanism in the cross-section,
leveraging bank-level heterogeneity in how much lower interest rates have compressed
deposit spreads. Banks whose deposit rates have been historically stickier su�ered larger
losses on their deposit provision business. Consistent with the mechanism of the model, in
the recent low rate environment they also experienced lower growth in retained earnings,
equity (meaning that they did not adjust payouts to o�set the lost deposit spread income),
and lending, and a larger increase in loan spreads.

Second, I �nd support for state-dependent short-run pass-through of policy rates to
retail rates. Using data from a large sample of U.S. bank branches, I estimate that the
pass-through of policy rates to deposit and loan rates is not only incomplete and slug-
gish, as previously documented, but also lower at low interest rates.3 This holds for all
branches, when aggregate interest rates are low, and also across branches in panel data:
pass-through is weaker at branches with a relatively lower retail rate at the time of the
monetary shock. The state-dependence also extends to bank pro�tability, as measured by
stock prices. I show that unanticipated interest rate cuts boost FOMC day bank stock re-
turns on average, but that the actual e�ect depends strongly on the level of interest rates
at which the surprise change takes place: the positive e�ect wanes at low interest rates,
even becoming negative when interest rates are low enough (below approximately 2%).

3Incomplete short-run deposit pass-through has been studied by Hannan and Berger (1991), Neumark
and Sharpe (1992), and more recently Driscoll and Judson (2013), Yankov (2014), and Drechsler et al. (2017).
Incomplete short-run loan pass-through has been widely documented in the U.S. (Berger and Udell 1992)
and in Europe (Mojon 2000, De Bondt 2002).
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Related literature

A burgeoning literature focuses on the short-run transmission of negative policy rates.
This paper studies the implication of declining interest rates for both the short-run trans-
mission of monetary policy, even when interest rates are above the zero lower bound
(ZLB) as in the U.S., and for long-run bank credit supply, embracing the possibility that
the decline in interest rates is a secular one.

The paper relates to recent work on banks’ exposure to monetary policy in the pres-
ence of both maturity mismatch and liquidity premia on deposits (Drechsler, Savov and
Schnabl 2018, Di Tella and Kurlat 2017). I propose and document a complementary ex-
planation for the stability of bank pro�ts based on the o�setting behavior of loan and
deposit spreads. Accounting for the two kinds of spreads helps explain why net interest
margins have been so stable historically. Most importantly, studying the two spreads to-
gether is key to understanding how the secular decline in U.S. interest rates impacts not
only banks, but also the non-�nancial sector, as loan spreads a�ect the cost of credit faced
by banks’ borrowers.4 My long-run results are consistent with a recent body of work
that tries to measure the importance of banks’ lending and deposit-taking businesses, in
terms of pro�ts, returns or stock market valuations. Egan, Lewellen and Sunderam (2017)
apply structural methods from production function estimation to the banking sector and
�nd meaningful synergies between deposit-taking and lending in the cross-section of U.S.
banks. Schwert (2018) �nds that banks earn a large premium over the market price of
credit risk.

I also contribute to the more developed literature on the short-run transmission of
monetary policy around the ZLB. I o�er new evidence on dampened interest rate pass-
through at low rates in the U.S., even above the ZLB. The same mechanisms that tie deposit
and loan rates together in the long run can help understand these short-run pass-through
e�ects and their consequences for the real e�ects of conventional monetary policy. My
short-run results are most closely related to Drechsler, Savov and Schnabl (2017). In their
model, banks with market power over deposits optimally contract deposit supply follow-
ing a monetary tightening in order to earn a higher deposit spread. If it is costly to replace
deposits with wholesale funding, loan supply contracts as a side e�ect. I follow their lead
in putting deposits at center stage, but highlight a complementary mechanism that mat-

4In Section 3.5.1, I explain why it is not enough to suppose that banks earn income from deposit provi-
sion and maturity transformation to match the data.
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ters when �nancial constraints and thus bank equity a�ect aggregate bank lending. In
most of my analysis, incomplete pass-through to loan and deposit rates follows from gen-
eral equilibrium e�ects instead of monopoly pricing; Appendix B.3 compares and then
combines my framework to one with deposit market power.5

Ulate (2021) considers a complementary setting with market power on both sides of
banks’ balance sheet, and shows that even when bond rates turn negative, banks lose their
deposit markups but still have some leeway to reduce their loan rates thanks to their loan
market power. On net, he �nds that accomodative monetary policy remain expansionary
in contrast to the “reversal rate” literature (e.g., Brunnermeier and Koby 2019, Eggertsson
et al. 2020). I reach a similar conclusion for the short-run e�ects of monetary policy,
but emphasize harmful net e�ects in the long run, in the model and in the data. Wang
et al. (2020) estimate a structural microeconomic model to quantify the e�ect of loan and
deposit market power on monetary policy transmission, in particular at low interest rates.

Brunnermeier and Koby (2019) and Eggertsson et al. (2020) emphasize the possibil-
ity of a short-run contractionary e�ect of rate cuts on lending in negative territory. In
Eggertsson et al. (2020), bonds and deposits are perfect substitutes so there is no deposit
spread, but the pass-through to loan rates breaks down once deposit rates hit zero. Brun-
nermeier and Koby (2019) emphasize that the low rates hurt the return that banks earn
on their cash assets, noting that “one of the most striking features of [their] reversal re-
sult is that it does not rely on stickiness of the deposit rate”. By contrast, my paper puts
interactions between incomplete deposit and loan pass-through at its heart to study the
less extreme case of positive, but potentially low, nominal rates, consistent with the facts
I document on the state-dependence of pass-through. My framework is also not subject to
Repullo (2020)’s critique on the special timing of the �nancial constraint that is necessary
to generate short-run reversal in these models: lending must be limited by next period’s
net worth, for lower returns between today and tomorrow to imply lower lending today.
My assumption is instead that current lending is limited by current, and not future, net
worth, which is more consistent with actual regulatory requirements and microfounded
constraints based on moral hazard (Holmström and Tirole, 1997) or limited commitment

5Within a pure market power framework that ties lending to deposits but features no scarce bank equity,
it is di�cult to explain why the loan spread is higher at low interest rates in the long run. If anything, low
interest rates should erode banks’ market power on deposits and therefore lead them to increase both deposit
and loan supplies, which would reduce loan spreads. Another mechanism, such as the link between equity
and loan supply I emphasize, is thus needed to explain why low pro�tability on the deposit side may hurt
lending.
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(Gertler and Kiyotaki, 2010). But here again, the distinction between short and long run is
key: I show that even though rate cuts stimulate lending in the short run by relaxing the
net worth constraint, the persistent decrease in the �ow of deposit spreads will contract
lending in the long run if rates remain low for long.

The current environment has spurred an explosion of work on the e�ects of low in-
terest rates on banks, especially in Europe. Claessens et al. (2018) study the relationship
between interest rates and net interest margins. Altavilla, Boucinha and Peydro (2017) ex-
amine how standard and non-standard monetary policy measures a�ect European banks’
pro�tability. Ampudia and den Heuvel (2018) also explore the state-dependent impact of
monetary shocks on bank stock prices in Europe. I �nd similar results for U.S. banks in
Section 4.3.2. The empirical evidence on negative rates and bank lending (e.g., Heider,
Saidi and Schepens 2019, Bottero et al. 2019, Altavilla et al. 2019, Eggertsson et al. 2020)
is mixed, as surveyed in Heider et al. (2020). My paper suggests one way to reconcile
the variety of results: rate cuts stimulate lending in the short run (albeit less so at lower
rates), but hurt lending in the long run. Indeed, Arce et al. (2020) recently �nd that Span-
ish banks only reduce lending and increase spreads after a few years of negative rates.
Prolonged low interest rates in advanced economies have spurred concerns about declin-
ing bank pro�tability, weaker bank balance sheets (Committee on the Global Financial
System 2018) and impaired monetary policy transmission.

The seminal papers on the “bank lending channel” of monetary policy (Bernanke and
Blinder 1988; 1992, Kashyap and Stein 1995) relied on reserve requirements. I share Van
den Heuvel (2002) and Gertler and Karadi (2011)’s emphasis on scarce bank equity instead.
Bianchi and Bigio (2017) show how loan spreads depend on central bank policies, such as
the rate paid on reserves, that a�ect the cost of bank liquidity management. Piazzesi,
Rogers and Schneider (2019) discuss the interplay between inside money (deposits) that
facilitates end-user transactions, as in this paper, and outside money (reserves) used in
interbank transactions. They abstract from lending and from the substitution or compe-
tition between inside and outside money that is key to my paper. Zente�s (2018) shows
that the pass-through of monetary policy to loan rates can break down when banks have
too little capital to compete with each other in a Salop model.
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2 A model of banks, credit, and liquidity

I present a model of �nancial intermediation between heterogeneous agents. The two
main sources of bank income, liquidity premia on deposits and credit spreads on loans,
are entangled through banks’ �nancial constraints, and falling interest rates a�ect these
two spreads di�erently: liquidity premia are compressed, but loan spreads increase.

Overview of the model. Time is discrete t = 0, 1, . . . Banks are �rms that intermedi-
ate funds between two types of households, “borrowers” and “savers”. On the asset side,
banks can hold bonds or �nance loans of arbitrary maturity to borrowers, while on the
liability side they can issue bonds or short-term deposits. Households can save in bonds,
deposits or cash. Relative to bonds, cash and deposits provide liquidity services. Monetary
policy sets the nominal interest rate on bonds, while the rates on loans and deposits ad-
just endogenously. Spreads between loans and bonds and bonds and deposits can persist
because banks are subject to �nancial constraints.

2.1 Environment

Firms and technology. I simplify the non-�nancial side of the economy as much as
possible. Competitive �rms produce the �nal good Y from labor N with a linear technol-
ogy Yt = AtNt .

Assets. The traded assets are short-term bonds with face value at , moneymt , short-term
bank deposits dt , and bank loans lt,t+k with maturity k ∈ {1, 2, . . . ,K}. I introduce loan
maturities now to present the full model, but they only become relevant when studying
the short-run e�ects of unanticipated monetary shocks in Section 4.

Let Rt , Rdt and Rl
t,t+k

be the respective real gross returns on bonds, deposits and loans
with maturity k . The corresponding (real) asset prices at date t are denoted qt =

1
Rt

,
qdt =

1
Rdt

and ql
t,t+k
= 1

Rlt ,t+k
. For the special case of short-term loans (k = 1) I simply write

Rlt = Rlt,t+1. The gross real return on money is Rmt =
Pt
Pt+1

. Net in�ation is πt+1 =
Pt+1
Pt
− 1.

The net nominal rate on bonds is it = Rt
Rmt
− 1.

There is no risk, but assets can be imperfect substitutes for two reasons. First, di�erent
assets are associated with di�erent borrowing constraints. For instance, bank-dependent
borrowers are able to issue loans but not bonds; and households cannot save in loans
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directly—only banks have the expertise to manage loans. Second, money and deposits
are not only valued for their pecuniary returns, but also for the transaction services they
provide.

Households. Households come in two types. “Savers” are unconstrained households
that can be viewed as also incorporating all the borrowers in the economy who do not
depend on banks. “Borrowers” are de�ned as the remaining bank-dependent borrowers.

Savers. There is a mass µs = 1 of in�nitely-lived savers. Each saver is endowed with
ns units of labor in each period, and supplies labor inelastically. Savers have a discount
factor β , and value consumption and liquidity services from money m and deposits d .
They solve

max
ct ,at+1,mt+1,dt+1

∞∑
t=0

βt [u (ct ) + χv (x (mt ,dt ))]

s.t. ct +
at+1

Rt
+
mt+1

Rmt
+
dt+1

Rdt
≤ wtn

s + at +mt + dt + Divt +T s
t + Ξ

s
t

Every budget constraint will be expressed in real terms. wt is the real wage, Divt are
aggregate net bank dividends (see below), Ξs

t are pro�ts from non-�nancial �rms, and T s
t

are lump-sum transfers from the government. A central ingredient of the model is the
demand for public liquidity (money m) and private liquidity (deposits d) that arises from
the term v (x (mt ,dt )):

Assumption 1 (Liquidity). The aggregator x (m,d) is strictly increasing, homothetic, dif-

ferentiable, and concave. There is no satiation in liquidity, i.e. v′ (x) > 0 for any x .

I consider a separable utility v to abstract from direct e�ects of liquidity premia on
consumption, studied, e.g., in Piazzesi et al. (2019). This allows me to focus on real e�ects
stemming from banks’ dual role as liquidity and credit providers. χ = 0 corresponds
to a model without transaction frictions and thus zero liquidity premia. I refer to this
case as the “model without liquidity frictions” (even though in a liquidity-in-the-utility
formulation, the parameter χ is a preference parameter and not exactly a friction).

Borrowers. To generate loan demands while limiting the number of state variables, I
assume that borrowing from banks is entirely driven by household lifecycle motives.6 To

6I consider investment in Appendix B.4.4.
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capture di�erent loan maturities, I use a “preferred habitat” framework: there are over-
lapping generations of borrowers, who are heterogeneous with respect to the maturity of
the loans they need. At each date t , a mass µk of borrowers, indexed by their life span
k ∈ {1, . . . ,K}, is born. Each borrower of type k lives only at two dates, t and t +k , and is
endowed with ny,k units of labor when young, and no,k units when old. Borrowers of type
k born at date t have utility u

(
c
y,k
t

)
+ βku

(
co,k
t+k

)
. The following �nancial friction gives a

role to banks’ asset side:

Assumption 2 (Credit frictions). Borrowers cannot short bonds and must borrow through

loans.7

By selling loans lt+k due when old at t + k , borrowers receive an amount lt+k
Rlt ,t+k

≥ 0

when young.8 They solve

max
c
y,k
t ,c

o,k
t+k ,lt ,t+k

u
(
c
y,k
t

)
+ βku

(
co,kt+1

)
s.t. c

y,k
t ≤ wtn

y,k + Ξ
y,k
t +

lt+k

Rl
t,t+k

co,k
t+k
≤ wt+kn

o,k + Ξo,k
t − lt+k

lt+k ≥ 0.

The last constraint states that borrowers can only borrow, and not lend, through loans—only
banks can lend. Borrowers could save by buying bonds, but they will not in equilibrium,
so in what follows I ignore this possibility to ease notation. I also shut down any �scal
transfer to borrowers to avoid having the government play the role of a �nancial inter-
mediary able to alleviate constraints on the �ow of funds between private agents.

The total endowment of labor is constant equal to 1:
∑K

k=1 µk

(
ny,k + no,k

)
+ µsns =

1. Under �exible prices, non-�nancial �rms make no pro�ts; with nominal rigidities, I
assume that pro�ts are proportional to output: Ξi

t = ξ
iYt .

Banks. I follow closely the workhorse model of banks developed by Gertler and Kiy-
otaki (2010). The main di�erence is that here banks are not only specialists in credit

7Assumption 2 could be relaxed by allowing bond issuance subject to a borrowing constraint. Once the
bond constraint binds, marginal borrowing is in the form of loans so nothing changes.

8For clarity I switch sign convention for l between banks and borrowers.
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provision, but also play a role through their deposit claims which are valued for their
liquidity.

There is a unit mass of banks. Banks are owned by savers but operated by bankers.
The vectors lt and qlt represent respectively the loan portfolio at the beginning of date-t

and the price of loans maturing at t, t + 1, . . . , t +K : lt ≡ {lt+k}K−1
k=0 , q

l
t ≡

{
ql
t,t+k

}K
k=0

, with

qlt,t ≡ 1. The equity, or capital, of a bank i ∈ [0, 1] with a portfolio of
[
lt (i) ,at (i) ,−dt (i)

]
(I switch the sign convention for deposits because they will always be net liabilities in
equilibrium) at the beginning of period t is

et (i) ≡ qlt · l
t (i)︸   ︷︷   ︸

loans

+ at (i)︸︷︷︸
bonds

− dt (i)︸︷︷︸
deposits

(1)

et is the marked-to-market book value of equity (and not the market value, in the sense that
it does not capitalize future pro�ts); note that the relevant asset prices to discount future
loan payo�s and hence book equity are loan prices, inclusive of potential future spreads.
Aggregate bank equity at the beginning of period t is Et =

∫ 1
0 et (i)di . The following

assumption determines the process for bank dividends:

Assumption 3 (Bank payouts). In each period, a mass ρ of banks exits and a mass of banks

ρ enters, each of them with exogenous startup equity ζtEt/ρ. Each exiting bank sells its

loan portfolio to remaining banks and then rebates its equity to the representative saver. Net

payouts are high enough for banking to be relevant in steady state: ρ − ζ > 1 − β .

Thus aggregate net dividends are Divt = (ρ − ζt )Et . Appendix B.4.2 endogenizes ζt
with a model of costly equity issuance.

Non-satiation of liquidity services from deposits implies a positive deposit spread
(Rt > Rdt ) for any �nite level of deposits.9 As long as there is a positive deposit spread,
it would be pro�table for unconstrained, competitive, banks to issue more deposits and
invest the proceeds in bonds or loans. Without any further assumption, there would be no
equilibrium when liquidity from utility cannot be satiated, since banks would then want
to issue an in�nite amount of deposits. There are essentially two ways to rationalize the
coexistence of a positive deposit spread and a �nite amount of deposits that we observe

9Adding the possibility of satiation would require considering more regimes, depending on whether
the equilibrium amount of deposits is above or below the satiation level. Since I focus on positive nominal
interest rates, this complication would bring no further insight. However, the possibility of satiation is
important to model negative rates, as discussed in Rognlie (2016).
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in the data. One is to assume, as in most of the macro-�nance literature, that banks face
a leverage constraint that prevents them from increasing the size of their balance sheet
as much as they would like. The other is to assume, as in Drechsler et al. (2017), that
the deposit market is imperfectly competitive, and banks willingly restrict the supply of
deposits in order to earn higher pro�ts. In my baseline model, I focus on the leverage
constraint friction. Appendix B.3 considers the case of deposit market power as well as a
hybrid case with both market power and a leverage constraint.

Leverage ϕt is de�ned as the ratio of liabilities over equity:

ϕt =

∑
k q

l
t,t+k

max
{
0,−lt+1

t+k

}
+ qt max {0,−at+1} + q

d
t max {0,dt+1}

et+1
.

Active banks take as given the discount factor qt =
βu ′(cst+1)
u ′(cst )

and maximize expected dis-
counted dividends, solving:

Vt (et ) ≡ max
at+1,dt+1,lt+1

qt {ρet+1 + (1 − ρ)Vt+1 (et+1)}

s.t. qlt · l
t+1 + qtat+1 = et + q

d
t dt+1

et+1 = qlt+1 · l
t+1 + at+1 − dt+1

ϕt ≤ ϕt

where equity et is given by (1) for incumbent banks and et = ζtEt/ρ for new banks, and
ϕt is the maximal leverage ratio. The maximal leverage ratio ϕt stems from a limited
pledgeability constraint, either due to a moral hazard problem or a perceived risk of run:

Assumption 4 (Limited pledgeability). At date t , banks can only pledge a fractionθ ∈ [0, 1]
of date-t + 1 assets to cover their liabilities.10

The limited pledgeability friction implies a transparent form for the maximal leverage
ratio:

Lemma 1. In equilibrium, the leverage constraint is always binding, ϕt = ϕt , with ϕt =
qdt dt+1
et

and ϕt =
θRlt /R

d
t

1−θRlt /Rdt
.

Thus a higher spread between the short-term loan rate Rlt and the deposit rate Rdt
relaxes the bank leverage constraint at t by making more interest income pledgeable to

10The same pledgeability parameter θ applies to all assets; one could assume that bonds are more pledge-
able than loans, but this would only introduce an additional wedge between bonds and loans without chang-
ing any result below.
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cover less interest expense at t + 1. This captures a positive dependence of bank lending
capacity in current pro�ts. The results hold more generally than with this speci�c leverage
constraint: what is needed is just that ϕt is non-decreasing in bank pro�ts (this includes
the case of a constant ϕ). I discuss banks’ constraints in theory and in practice in Section
2.3.

The dynamics of bank capital are governed by the return on bank equity ROEt , de�ned
as

ROEt =
Et+1

Et − Divt
. (2)

If there are excess returns ROEt − Rt ≥ 0, as will be the case in equilibrium, it is optimal
for banks to delay dividends until exit. We can reexpress banks’ budget constraints using
the expectation hypothesis for loan rates to obtain the key equation:

ROEt − Rt = ϕt

(
Rt − R

d
t

)
︸         ︷︷         ︸

excess return from
liquidity provision

+
(
1 + ϕt

) (
Rlt − Rt

)
︸                 ︷︷                 ︸

excess return from
credit provision

. (3)

The excess return on equity is the sum of two terms, re�ecting the two distinct interme-
diation activities performed by banks: (i) the spread Rt − Rdt on deposits leveraged by a
factor ϕt ; (ii) the spread Rlt − Rt on loans, leveraged by a factor 1 + ϕt .11 I de�ne loan and
deposit spreads with the convention that both spreads are non-negative: the date-t loan
spread is τ lt =

Rlt−Rt
Rt
, and the date-t deposit spread is τdt =

Rt−R
d
t

Rt
.

If savers could freely arbitrage between bonds and bank equity, they would demand
more equity as long as there are excess returns, bringing down ROEt to Rt in equilibrium.
In my baseline model, net bank payouts are exogenous from Assumption 3, so the return
on bank equity can dominate the real interest rate. Appendix B.4.2 generalizes to the
intermediate case of costly equity issuance.

Monetary and �scal policy. The central bank implements a sequence of nominal rates
{it }t≥0. Given an initial price level P0 > 0 we can then back out the implied sequence of
money supply {Mt }t≥0. The seigniorage revenue from outside money creation is rebated
lump-sum, in the same period, to savers (who are the ones who pay for it). This ensures
that monetary policy does not imply a mechanical redistribution from savers to borrowers.

11If the spread Rlt − Rt is positive, then banks hold no bonds on the asset side and qlt ·l
t+1
t+1

et
= 1 + ϕt ;

otherwise, if qlt ·l
t+1
t+1

et
< 1 + ϕt , then the spread is zero and the expression still holds.
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As a result of the transfer rules and the fact that only savers and borrowers hold bonds
in equilibrium, Ricardian equivalence holds regarding the timing of transfers

{
T s
t

}
, and I

assume without loss of generality that the government runs a balanced budget

T s
t = (1 + πt+1)mt+1 −mt , (4)

where mt are the equilibrium real money balances and πt+1 is the net in�ation rate from
t to t + 1. Therefore bonds are in zero net supply.

2.2 Equilibrium

I start with a standard equilibrium concept that assumes �exible prices and full employ-
ment to study long-run issues; I will introduce nominal rigidities in Section 4 to address
short-run issues and highlight where the �nancial frictions interact with or alter the tra-
ditional New Keynesian channel of monetary policy transmission.

Let Lt =
{
Lt
t+k

}K−1
k=0 be the aggregate stock of loans outstanding at the beginning of

period t . Ltt+s is the sum of individual loan positions lt+k over banks that are active at
t − 1. The economy has K + 2 aggregate state variables, summarized in the vector Zt =[
ast ,Dt , Lt

]
.

De�nition 1 (Flexible prices equilibrium). Given initial conditions Z0, a path for monetary

policy
{
Rmt

}
t≥0 and an initial price level P0 > 0, a �exible prices equilibrium is a sequence

of allocations
{{
cit

}
i
,Zt ,mt

}
t≥0, real wages {wt }t≥0 and rates

{
Rt ,R

d
t ,

{
Rl
t,t+k

}K
k=1

}
t≥0

such

that �rms, households and banks optimize, and markets for goods and all assets clear.

From now on, I assume u (c) = log c,v (x) = logx to simplify expressions. My results
can be obtained with more general CRRA preferences that may di�er for borrowers and
savers, as long as loan demand curves slope down. I now discuss the two key markets in
this model: the market for liquidity, and the market for loans.

Liquidity side: competition between public and private liquidity. In addition to
their intertemporal consumption-savings problem, solved by the standard Euler equation
u′

(
cst

)
= βRtu

′
(
cst+1

)
, savers face a static optimal liquidity demand problem. The optimal
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aggregate deposit demand conditional on savers’ future consumption cst+1 is:

Dt+1

(
sdt , it , c

s
t+1

)
=

xd

(
f

(
sdt
it

)
, 1

)
sdt x

(
f

(
sdt
it

)
, 1

) χcst+1, (5)

where the optimal money-deposit ratio mt+1
dt+1
= f

(
sdt
it

)
increases with sdt

it
, and sdt =

qdt −qt
qt

. I
assume that the two forms of liquidity are su�ciently close substitutes:

Assumption 5 (Gross substitutes). Money and deposits are gross substitutes, in the sense

that xd (f ,1)
x(f ,1) is non-increasing in f .

Under Assumption 5, deposit demandD is not only decreasing in the price of deposit
liquidity sdt , but also increasing in the price of the competing liquidity, which is the nom-
inal interest rate it .12 Holding deposit supply �xed, a lower nominal rate thus leads to a
decline in sdt and hence a decline in the deposit spread τdt that governs banks’ excess return
in (3). In Section 3, I will show the implications of this competition once we endogenize
the supply of private liquidity (through the dynamics of bank capital) and combine it with
equilibrium in loan markets.

Credit side: two regimes of bank lending. At any date t the economy can be in one
of two regimes. Importantly, in both regimes, banks’ leverage constraint binds, because
banks want to issue as many deposits as possible; the regimes di�er through the equilib-
rium in the loan market.

In the unconstrained lending regime, the demand for new loans is lower than banks’
lending capacity at date t . Bonds and loans must then be perfect substitutes from the
banks’ viewpoint, and there is no credit spread, i.e., Rlt = Rt . In the constrained lending

regime, date-t credit demand would exceed banks’ lending capacity if the ongoing loan
rate were Rt , thus a spread has to open up to clear the credit market, i.e., Rlt > Rt . All else
equal, lower equity will shrink the size of banks’ balance sheets and push the economy
into the constrained lending regime, which is key to give a macroeconomic role to banks.13

12I have expressed the condition when v (x) = logx . In the more general case v (x) = x 1− 1
ω

1− 1
ω

, money and

deposits are gross substitutes if xd (f ,1)
x (f ,1)1/ω

is non-increasing in f .
13Indeed, absent binding credit frictions in equilibrium, the separable utility from liquidity implies that

a classical dichotomy holds when lending is unconstrained: in any equilibrium such that bank lending is
unconstrained at all times (for instance when the steady state nominal interest rate is high enough, as shown
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2.3 Discussion of the main assumptions

Household demand for liquidity. Directly putting liquidity services in the utility is
the simplest way to generate a demand for assets with dominated return; another route
would be to explicitly model transaction frictions, but many such models (e.g., cash-in-
advance constraints) are isomorphic to assuming liquidity in the utility (Feenstra 1986).
I follow Chetty (1969), Poterba and Rotemberg (1987), and more recently Nagel (2016),
Drechsler et al. (2017), and Di Tella and Kurlat (2017) who all incorporate two substi-
tutable forms of liquidity through an aggregator x . In the background, x might stand for
inattentive depositors or search costs (see Driscoll and Judson 2013, Yankov 2014, Drech-
sler et al. 2017).

Bank leverage constraint. Limited pledgeability à la Holmström and Tirole (1997) is
just one of many possible microfoundations for banks’ leverage constraint; but di�erent
microfoundations will only di�er in the exact form of the cap ϕt on leverage. For instance,
a limited commitment constraint as in Gertler and Kiyotaki (2010) would impose that
bankers not wish to run away with a fraction θ of the value of assets at t . This constraint
would lead to a maximal leverage ratio ϕt =

υt
θ − 1 where υt ≡ Vt

et
is the market-to-book

ratio, that capitalizes not only current pro�ts, as in the constraint I use, but also the whole
stream of future pro�ts. At the other extreme, we could also assume a �xed regulatory
leverage ratio ϕ that does not depend on pro�tability.14

Bank balance sheets. Banks’ balance sheets are highly simpli�ed relative to reality:
on the liability side, all funding (in particular the marginal funding) is through deposits
and there is no wholesale (bond) funding; on the asset side, banks hold no bonds in the
constrained lending regime. These simpli�cations allow me to zoom in on the synergies
between the lending and deposit-taking businesses, but have two (related) implications at
odds with the data: �rst, in the constrained lending regime, banks only hold loans on the

by Proposition 1 below), consumption levels are the same for all agents as in a model without liquidity
frictions (χ = 0).

14In practice, banks face a wide range of regulatory constraints: Greenwood et al. (2017) list at least
ten, with di�erent constraints binding for di�erent banks. Some of those constraints, most clearly the
capital charges implied by the Comprehensive Capital Analysis and Review (CCAR) and Dodd-Frank Act
stress tests, are directly relaxed by a higher net interest margin through higher “pre-provision net revenue”.
Finally, capital requirements are based on a mix of market equity values and book equity values (both
historical cost book equity and mark-to-market book equity), which means that bank lending capacity
indeed depends on the value of long-term assets; see Fuster and Vickery (2018) for a recent discussion.
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asset side; second, deposit supply shrinks together with bank equity as interest rates fall.
Section 3.4 and Appendix B.3 show how to make the model more realistic on that front
by adding deposit market power a la Drechsler et al. (2017), without changing the main
conclusions.

Firm borrowing. The baseline model assumes that �nancial �ows only take place be-
tween households. Another possibility would be to have constrained �rms borrowing
from households in order to invest.15 In Appendix B.4.4, I consider a variant of the model
where bank loans �nance �rm investment, thus capital and GDP are a�ected by �nancial
frictions.

3 Low interest rates and long-run bank credit supply

In this section, I solve for the steady state and derive comparative statics with respect to
long-run interest rates. The main result is that a permanent decline in the nominal interest
rate compresses deposit spreads but widens loan spreads due to a fall in bank loan supply.

Steady state equilibrium. I suppose that productivity (hence output) grows at a con-
stant gross rate G and consider steady state equilibria. A steady state is an equilibrium
where real quantities divided by output Yt and asset prices are constant. Quantities with-
out time subscripts are normalized by Yt , i.e., x ≡ xt

Yt
. I only consider steady states with

positive bank equity and ignore the unstable “�nancial autarky” steady state with E = 0.
Savers’ Euler equation pins down the steady state interest rate R∗ = G

β . R∗ can thus fall
because G falls or β increases.

The main steady state equation is the stationary version of (3):

ROE
R∗
= 1 +

(
1 + ϕ

)
τ l + ϕτd . (6)

Equation (6) states that the steady state excess return on equity must be sustained by a
combination of leverage, loan spreads, and deposit spreads. The terms ϕ, τ l and τd are
all endogenous to the steady state level of bank capital E. In an unconstrained lending

15I take the household route for several reasons. It allows me to abstract from the dynamics of physical
capital, in line with the basic New Keynesian model, and maintain an exogenous natural output. Moreover,
there is a growing literature on the importance of household borrowing (Mian, Rao and Su�, 2013); and
while small �rms are mostly bank-dependent borrowers, large �rms have access to liquid corporate bond
markets, but no household can issue securities.
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steady state, the deposit spread is high enough that no credit spread is needed to attain
the required return on equity, so the right-hand side reduces to 1 + ϕτd . In a constrained
steady state, a positive credit spread must open up.16 From (2), the steady state return on
bank equity is ROE = G

1−ρ+ζ and therefore

ROE
R∗
=

β

1 − ρ + ζ
.

All else equal, an increase in E increases the supply of loans. Market clearing for loans
then implies a lower credit spread τ l . Similarly, an increase in E increases the supply of
deposits and deposit market clearing impies that the equilibrium price of deposits, i.e., the
deposit spread τd , must be lower as E increases. As a result, the leverage ratio ϕ is also
a decreasing function of E. The right-hand side of (6) is thus a decreasing function of E,
hence (6) uniquely characterizes the steady state capital E.

3.1 The nominal rate and the composition of bank income

I now investigate how the steady state level of the nominal bond rate i a�ects intermedi-
ation quantities and spreads. The nominal rate i can fall either in response to a lower real
interest rate R∗ or lower steady state in�ation π . Both sources of nominal rate variation
have similar e�ects.17

Proposition 1. Suppose that x (m,d) is not Cobb-Douglas (i.e., m and d are strict gross
substitutes). Then there exists a threshold i such that the economy is in the constrained lending

regime if and only if i < ī .

Moreover, consider a local decrease in i due to lower in�ation π or a lower growth rateG:

• In the unconstrained lending regime (i > ī), bank capital E falls but spreads τd and τ l

and bank lending are unchanged.

• In the constrained lending regime (i < ī), bank equity E, leverage ϕ, and lending all

fall. The deposit spread τd falls and the loan spread τ l rises.
16Equation (6) is merely an accounting identity that will hold across a wide range of models. Here, there

is no risk premium, and the ROE is entirely pinned down by the exogenous exit rate of banks ρ. But in any
model with �nancial constraints binding in steady state, a similar equation must hold.

17R∗, in turn, can fall due to lower growth G or a higher discount factor β . The e�ect of a rise in β
depends on banks’ payout policy. If the net payout rate ρ − ζ adjusts so as to keep ROE

R∗ constant, a discount
factor shock has the same e�ect as a growth shock. Appendix B.4.2 shows that when the net payout rate is
endogenous, ROE falls in response to a lower R∗ but not enough to prevent from ROE

R∗ rising.
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To understand Proposition 1, we can view the e�ect of in�ation through the lens of
public-private competition in liquidity provision. There are two providers: commercial
banks and the government. A higher nominal interest rate increases the price of public
liquidity, which reduces the competition faced by private liquidity issuers. The steady
state private seigniorage earned by banks increases with the nominal interest rate i . The
higher private seigniorage relaxes banks’ constraint by boosting retained earnings and
fueling a higher bank capital stock, which ends up bene�ting bank-dependent borrowers
by lowering the loan spread they face. The threshold ī is the nominal interest rate above
which banks can earn su�cient income from private seigniorage alone to sustain their
required return on equity.

Figure 1 (right panel) shows the model-implied paths of loan and deposit spreads in
response to a shock to the path of bond rates Rt taking place in 2000 that matches the
realized rates in the U.S. from 2000 to 2018. The left panel shows the empirical counterpart
described below in Section 3.5.1.

Quantities. One needs to be careful when mapping the model to the data, especially
when looking at quantities. The model predicts a contraction in the steady state quantity
of bank credit. But as emphasized by Greenwood and Scharfstein (2013) or Philippon
(2015), the U.S. �nancial sector is far from being in steady state: bank assets over GDP
have been growing steadily from 53% in 1980 to 83% in 2018, re�ecting a growing demand
for intermediation. The model assumes that the economy has reached a balanced growth
path with stable intermediation volumes over GDP, but its predictions regarding these
quantities should be interpreted relative to the upward trend due to shifting demand,
which can be strong enough to mask the e�ect of low rates on lending volumes.18

For this reason, it is better to focus on the model’s predictions about ratios of �nancial
stocks (which are closer to being stationary), such as the leverage ratio ϕ. The model’s
results are consistent with U.S. data: the ratio of assets over equity has fallen from 15 in
1990 to 10 in 2006 (and 9 in 2018). Similarly, the ratio of deposits over equity has fallen
from 11 in 1990 to 6 in 2006 (and 6.5 in 2018).19

18In other countries that have not seen a parallel rise in loan demand as strong as in the U.S., the e�ects
on quantities may be clearer. Indeed, in recent work, Balloch and Koby (2020) �nd long-run e�ects of low
rates on quantities in Japan consistent with my mechanism: lending volume has declined by more between
1990 and 2017 for banks with a higher 1990 deposit-to-liabilities ratio.

19I use 2006 to highlight that these changes have mostly taken place before the post-crisis regulatory
reforms.

19



3.2 Long run vs. short run

Figure 2 shows a central distinction highlighted in this paper: interest rate cuts have dif-
ferent e�ects on bank lending in the short run and in the long run. A permanent fall in the
real rate r ∗ stimulates bank lending in the short run: capital gains on banks’ long-term
assets boost bank equity and relax the lending capacity. A higher maturity mismatch
strengthens this short-run equity revaluation e�ect. Over time, however, the initial in-
crease in lending vanishes as loans mature, while the persistent fall in deposit spreads
does not stop, and drives bank lending to a lower steady state level featuring higher loan
spreads, as discussed above. But the model predicts that contractionary e�ects take time
to dominate the initial expansionary e�ects.

Note that here the economy does not feature short-run reversal, which is the focus
of the literature on negative rates (e.g., Brunnermeier and Koby 2019, Eggertsson et al.
2017, Wang et al. 2020): the rate cut is initially quite powerful at stimulating lending.
However, low rates do imply a dampening e�ect: the same 100bps cut is less powerful
when starting from a lower rate r ∗. Section 4 will focus on this state-dependence in the
context of monetary policy shocks, instead of exogenous declines in r ∗.

3.3 Non-bank lending

The current model focuses on the interactions between the deposit side and the lend-
ing side of commercial banks, and ignores other sources of borrowing such as corporate
bonds for �rms and loans from non-banks for households. An interesting extension that I
leave for future research would be to study theoretically and empirically the link between
the secular decline in interest rates and the contemporaneous rise in non-bank lending
(as documented in, e.g., Buchak et al. 2018 for the U.S. mortage market). To sketch how
banks and non-banks might interact, recall that at low interest rates, banks lose much
of their deposit funding advantage, and as we have seen, equilibrium loan spreads in-
crease sharply in a world without non-banks. Once we add non-banks to the picture,
these larger loan spreads may spur the entry and growth of non-bank lenders, who do
not rely on deposit funding and so do not su�er from lower rates on the liability side, but
have a di�erent lending technology and perhaps a comparative advantage in lending to
some types of borrowers.20 This endogenous response will mitigate the rise in the loan

20For instance, �ntech lenders do not need to maintain a branch network, which reduces their costs but
also their access to soft information.
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Figure 1: Model-implied path of spreads from 2000 to 2018.
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Note: Left panel: Same as �gure 3. Right panel: Model-implied loan spread τ l (red) and deposit spread τd
(blue) in response to a 2000 shock to the expected path of real interest rates Rt that matches the realized
rates from 2000 to 2018.

Figure 2: Long-run vs. short-run response of bank lending to lower r ∗.
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measured in percentage change relative to the steady state level of bank lending at r ∗ = 3% (resp. r ∗ = 2%).
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spread for these products (although there should still remain a net increase to trigger the
non-bank response), and the negative credit supply e�ects coming from the bank side.
However, the composition of aggregate lending may also be tilted towards the type of
loans that non-banks specialize in (such as standardized mortgages) and potentially away
from information-intensive and/or unsecured lending, for instance to small businesses.

3.4 Deposit market power and other model extensions

Appendix B.3 contrasts my model based on scarce equity and a standard model of bank
deposit market power and costly wholesale funding that follows Drechsler et al. (2017).
I show that such a model cannot generate the same predictions in the short-run (state-
dependent pass-through) or in the long-run (rising loan spreads, shrinking deposit spreads),
thus for exposition I abstract from imperfect competition in the baseline model. I also
study a mixed setting that combines deposit market power and scarce equity: all the main
results regarding the behavior of deposit spreads, loan spreads, bank equity and lending
remain unchanged. The mixed model is more complex but has the advantage of gener-
ating more realistic bank balance sheets. In particular, banks can hold bonds or excess
reserves even when lending is constrained, in order to target their pro�t-maximizing de-
posit supply. This optimal deposit supply increases as low interest rates fall, hence bank
balance sheets expand while lending shrinks, which implies that banks’ bonds or reserves
holdings increase.

Other model extensions. The model’s tractable structure allows for many extensions,
described in Appendix B.4. Section B.4.1 contrasts the results with what would happen if
di�erent intermediaries provided credit and liquidity: deposit and loan spreads would be
disconnected and una�ected by the level of nominal interest rates; but both spreads would
be higher. Section B.4.2 shows that the results remain when banks are allowed to issue
equity at cost. In Section B.4.3, I add operating costs of making loans to capture other
components of banks’ return on assets: this model generates more realistic loan spreads
(that are non zero even in the unconstrained lending regime i > ī) without altering the
results. Section B.4.4 analyzes the implications of loan spreads when �rms use bank loans
to �nance investment by bank-dependent �rms instead of consumption.

22



3.5 Supporting evidence

I document several facts that support the model’s main predictions. At the aggregate
level, the secular decline in bond rates has not been fully transmitted to loan rates faced
by consumers and �rms. The reason is a shift in the composition of bank interest income:
deposit spreads have shrunk while loan spreads have widened, roughly one for one as
in the model, so that the loan-deposit spread has remained stable. Although the model
features homogeneous banks, it is useful to turn to the cross-section of banks to inspect
the mechanism. Bank-level patterns are consistent with the model’s mechanism relating
loan and deposit spreads: banks whose deposit rates have been historically less responsive
to interest rates experienced slower equity and lending growth in the recent low rate
environment, and their loan spreads have increased by more.

3.5.1 Aggregate deposit and loan spreads

I begin by showing that the steady decline in interest rates over the past 20 years has only
been partially passed through to loan rates.21 The reason is a rise in the maturity-adjusted
loan spread between loans and bonds, that mirrors a decline in the deposit spread between
bonds and deposits. I use quarterly income and balance sheet data for all U.S. commercial
banks from the Call Reports and the FDIC Quarterly Banking Pro�le.

Figure 3 decomposes the total spread between loan interest income (as a fraction of
total loans) and deposit interest expense (as a fraction of total deposits) for U.S. banks
between 1997Q2 and 2018Q2.22 The corresponding total spread is the sum of the red and
blue areas. It has been remarkably stable in spite of a large decline in interest rates. I
focus on the post-1997Q2 period, for which the Call Reports contain detailed information
on the repricing maturity structure of assets and liabilities needed to construct the loan
spread, but the stability of the total loan-deposit spread goes back much further, in spite
of wide variations in interest rates, as shown in Figure A.4.

To decompose the total spread into a loan spread and a deposit spread, we �rst need
21A common view is that the “bank prime loan rate”, posted by the Federal Reserve among its selected

interest rates in release H.15, is a good indicator of e�ective lending terms. However the bank prime loan
rate has been mechanically set at a 3% markup over the Fed funds rate since 1994 (when the Fed started
releasing statements about its Federal funds rate target) and is of little relevance for the actual loan rates
faced by consumers and �rms.

22These measures do not re�ect the rates on new loans and deposits, which I will look at in Section 4.3.1.
Instead, they are the interest accruing from past loans and deposits, using book value accounting.
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Figure 3: Decomposing the di�erence between the yields earned on loans and paid on
deposits.
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Note: “Loan rate" is loan income divided by total loans. “Deposit rate" is deposit expense divided by total
deposits. “Replicating portfolio" is described in the text. The blue area is the di�erence between the yield
on the replicating Treasury portfolio and the deposit yield, and the red area is the di�erence between the
loan yield and the yield on the Treasury portfolio. Sources: Call Reports and Federal Reserve data.

to account for the fact that loans have longer durations hence loan rates embed a term
spread. I adjust for this duration gap by constructing a Treasury portfolio that replicates
the repricing maturity of the loan portfolio (commonly used as a proxy for duration), com-
puted from the Call Reports as in English, den Heuvel and Zakrajsek (2018). I aggregate the
repricing maturity bins in the Call Reports into two main categories: “short-term loans”
(less 1 year) and “long-term loans” (all the remaining loans). The yield on the Treasury
portfolio recorded in year t is then de�ned as

RTreast = ySTt−1ω
ST
t−1 + y

LT
t−10

(
1 − ωST

t−1

)
,

where ωST
t−1 is the share of loans that reprice/mature within a year at t − 1 and ySTu (resp.

yLTu ) is the yield on a 1-year (resp. 10-year) zero coupon Treasury at date u.23 I then
decompose the total loan-deposit spread using the Treasury portfolio’s interest income,
recorded at book value to match the accounting convention on loans. The “loan spread”,
in red inFigure 3, represents the yield on a strategy that borrows Treasuries to invest
in loans with the same maturity. The “deposit spread”, in blue, represents the yield on

23There is no canonical way to construct a “replicating Treasury portfolio” because we cannot know
exactly when a loan was made, but alternative choices, such as varying the maturity of long-term bonds
or using a weighted average of the repricing/maturity structures at dates t − 1 and t − 10, yield the same
results.
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a maturity mismatched strategy that borrows at the average deposit rate to invest in the
Treasury portfolio.24 The loan spread has widened by around 1%, while the deposit spread
has shrunk by the same amount.

My �ndings are consistent with Drechsler et al. (2018)’s work on the stability of the net
interest margin (NIM), which also includes interest income from securities and interest
expense on wholesale liabilities. In fact, the “loan-deposit spread” has been more stable

than the NIM, which has fallen from 4.4% in 1997Q2 to a low of 2.95% in 2015Q1, before
slightly rebounding to 3.2% in 2018. The reason is that the return on securities has fallen
by more than the return on loans, consistent with my theory in which banks are the
marginal pricers of loans but not of bonds. Hence the NIM would have fallen by even
more than it has, had the loan spread not increased.

Alternative explanations. Duration is not the only di�erence between loans and bonds.
In particular, higher loan spreads could be driven by higher credit risk and/or higher bank
operating costs. While controlling for expected credit risk properly would require an asset
pricing model in the line of Begenau et al. (2015), Figure A.5 shows that realized credit risk
and operating costs are unlikely to explain the discrepancy either: realized loss provisions
were high during the Great Recession but have reverted (since around 2012) to the same
levels as in the 2000-2008 period, while operating costs, measured by non-interest ex-
pense, have fallen by around 1% of earning assets. Fees and other sources of non-interest
income have also decreased.

Even holding credit risk constant, part of the higher excess loan spread I �nd could
be due to a higher price of credit risk. A risk-based explanation would imply a starker
increase in the loan spread for riskier loans. Figure A.6, however, shows the same pattern
as in Figure 3 for very short-term, low risk, commercial and industrial loans.25 Moreover,
the increase in credit spreads seems speci�c to bank loans. Figure A.7 shows the corporate
bond spread constructed by Gilchrist and Zakrajsek (2012), extended through August 2016.
Its 2010-2016 average equals 2.3%, almost exactly the same value as the 1997-2007 average
of 2.2%. Therefore, the rise in loan spreads would be di�cult to explain through a model
of loan credit risk premia based on matching loans with corporate bonds, as in Begenau
et al. (2015).

24It is possible to further decompose this blue component into a pure deposit spread, de�ned as the short
rate minus the yield on deposits, and a residual that represents a pure term spread.

25Saunders, Spina, Ste�en and Streitz (2019) derive a loan spread measure from the secondary loan
market and show that it has increased in the U.S. and in Europe.
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Finally, the pattern is unlikely to stem from an increase in the marginal cost of whole-
sale funding relative to Treasuries (or equivalently a higher liquidity premium on Trea-
suries): the spread between the 3-month LIBOR (the leading maturity) and 3-months T-
bills has averaged at 36 bps between 2000 and 2006, and at 29 bps between 2010 and 2019.

Still, simple correlations between interest rates and aggregate spreads could of course
be driven by several mechanisms besides the ones at play in the model, such as changes
in liquidity or leverage regulation or evolutions in the banking sector’s market structure.
Moreover, trends in aggregate quantities may be dominated by the “growth of �nance”,
as discussed in Section 3.1. I next turn to cross-sectional data to shed more light on the
causal chain behind the rise in loan spreads.

3.5.2 Bank-level evidence

Banks are heterogeneous in how they adjust deposit rates to interest rates, for instance
due to di�erences in deposit market power (Drechsler et al., 2017). Regardless of the
underlying source of heterogeneity, we can study how falling interest rates have a�ected
di�erent banks, depending on how sticky their deposit rates have been historically. This
cross-sectional variation can help isolate the e�ect of the decline in interest rates from
other contemporaneous aggregate shocks.

Following Drechsler et al. (2018), I estimate a measure βi of bank liabilities’ interest
rate exposure by running a separate time-series regression for each bank i

∆IntExpit = αi +
3∑

τ=0
βi,τ∆�rt−τ + ϵit

in the pre-period 1984-2000 where IntExpit is de�ned as interest expense over total assets
and �r is the Fed funds rate. The “expense beta” βi =

∑3
τ=0 βi,τ captures the historical

interest exposure of bank liabilities. A lower βi means that the rate on bank i’s liabilities
is stickier, which suggests low βi banks have more to lose from a large decline in interest
rates. Based on this logic I use the expense beta to construct the predicted change in the
spread on liabilities (the counterpart of the model’s “deposit spread”) due to the fall in
interest rates in the recent environment, between 2000Q4 (before the 2001 recession and
interest rate cuts) and 2014Q4 (before the Fed started raising rates again in 2015):

�∆liability spreadi,00−14 = (1 − βi) (�r2014 − �r2000)
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Table 1: E�ect of the decline in interest rates between 2000 and 2014 in the cross-section
of banks.

∆ Retained earnings ∆ Equity ∆ Loans ∆ Loan spread�∆ liab. spread 0.179∗∗∗ 0.300∗∗∗ 0.233∗∗∗ -0.276∗∗∗
(0.027) (0.069) (0.062) (0.038)

Observations 4203 4203 4203 4203

Note: The regression equations are (7). Standard errors are block bootstrapped by quarter with 1000 itera-
tions, see details in the text.

I then ask whether low βi banks contracted lending by more as interest rates fell using
cross-sectional regressions

yi,2014 − yi,2000

yi,2000
= α + δ �∆liability spreadi,00−14 + Γ′controlsi + ϵi (7)

for di�erent outcomes y: retained earnings (de�ned as cumulative retained earnings over
initial 2000 equity), equity, loans, and loan spreads.26 I control for banks’ 2000Q4 leverage
(as high leverage naturally predicts faster equity growth) and deposit-asset ratio, which
has proven an important variable to understand the impact of post-2014 negative rates in
Europe (Heider et al., 2019). The full sample includes all commercial banks with at least 20
quarterly observations for IntExpit from 1984 to 2000 and available dependent variables
and controls, which amounts to 4203 banks. Standard errors are block bootstrapped by
quarter to account for the fact that the dependent variable �∆liability spreadi,00−14 is itself
estimated.27

Table 1 shows the results for all banks.28 The estimates are positive and signi�cant for
retained earnings, equity, and loans, and negative and signi�cant for the loan spread. This
means that banks with a larger fall in the liability spread also experienced lower retained

26For spreads, the right-hand side is just yi ,2010 − yi ,2000.
27As in Drechsler et al. (2018), I generate 1000 samples or “blocks” of the data with replacement, where

a block is the cross-section of banks in a given quarter to capture within-quarter correlations across banks.
For each block I run the two-stage regression and use the distribution of estimated coe�cients δ̂ in (7) to
construct standard errors.

28Appendix Table A.1 shows similar results hold when restricting to the top 20% banks (corresponding
to 838 banks) by average in�ation-adjusted assets. All the point estimates have the same sign as with all
banks, although the estimates for equity and loan growth lose signi�cance (all estimates become too noisy
when restricting to an even smaller sample).
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earnings, slower equity and loan growth, and a larger increase in loan spreads. All these
predictions are consistent with the mechanism of the model, which predicts that the fall
in the liability spread hurts retained earnings and thus equity growth (because it is not
o�set by higher equity issuance), which feeds into lower loan growth and higher loan
spreads, due to the leverage constraint tying lending to equity.

4 Low interest rates and short-runmonetary transmis-

sion

I now examine how the endogenous behavior of spreads can also weaken the short-run

pass-through of monetary shocks to retail rates, and therefore to the real economy, in a
low interest rate environment.

Equilibrium with nominal rigidities. To study the real e�ects of monetary policy, I
incorporate nominal rigidities to the model, thus embedding two-sided banks into a New
Keynesian model with heterogeneous agents.29

Since my focus is on the “demand side” (i.e., the IS curve) of the standard New Key-
nesian model, I simplify the supply side (i.e., the Phillips curve) as much as possible, and
assume that in�ation πt is �xed at some level π̄ . This allows me to obtain analytical re-
sults; adding in�ation dynamics through a standard New Keynesian Phillips curve to the
calibrated model would be straightforward without changing the qualitative conclusions.
With nominal rigidities, monetary policy e�ectively controls the sequence of real bond
rates {Rt }. OutputYt is demand-determined and can deviate from its natural levelY ∗t = At ,
which would prevail if prices were �exible in all periods. Since in�ation is sticky, �nancial
assets can be considered as real without loss of generality. The equilibrium with nominal
rigidities is de�ned as follows:

29Note that I focus how the �nancial frictions I consider interact with the standard New Keynesian
transmission mechanism. A di�erent exercise would be to abstract from nominal rigidities altogether to
focus on the monetary non-neutrality that arises solely from these �nancial frictions. Indeed, the forces
at play in the long-run analysis give rise to short-run non-neutrality, even under �exible prices: shocks to
nominal rates a�ect real spreads. However, �exible prices imply a negative pass-through of nominal bond
rates to real lending rates, because real bond rates are unchanged in response to a positive nominal rate
shock, while loan spreads contract. This is at odds with the data. With nominal rigidities, real bond rates
also move, which implies a more realistic positive but weakened pass-through to real lending rates.
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De�nition 2 (Sticky in�ation equilibrium). Given initial conditions Z0, in�ation π , a path

for monetary policy {Rt }t≥0 and an initial price level P0 > 0, a sticky in�ation equilibrium

is a sequence of allocations
{{
cit

}
,Zt ,mt

}
t≥0 and rates

{
Rdt ,

{
Rl
t,t+k

}K
k=1

}
t≥0

such that house-

holds and banks optimize, and markets for goods and all assets clear.

4.1 When do banks matter for monetary policy transmission?

Most New Keynesian models ignore the �nancial sector, under the assumption that the
mere presence of banks does not imply a meaningful “bank lending channel”. I present
two cases in which it is indeed innocuous to ignore the �nancial sector to understand
monetary policy transmission. These analytical neutrality results are useful because they
show that modeling banks is essential only under speci�c circumstances: when money
and deposits are highly substitutable and interest rates are low enough, two conditions
that appear to hold in the current environment.

Irrelevance, caseA:High interest rates. The �rst irrelevance result is around a steady
state with high interest rates, in the sense that i is above the threshold i de�ned in Propo-
sition 1:

Proposition 2. Around a steady state with unconstrained lending (i > i), the response of

consumption allocations and hence aggregate output to a sequence of small monetary shocks

{dRt }t≥0 is exactly the same as in a model that features no banks, no credit frictions (i.e.,

borrowers can freely issue bonds) and no liquidity frictions (χ = 0).

The standard New Keynesian model used to analyze monetary policy abstracts away
from the �nancial sector and features only a single interest rate, the policy rate Rt con-
trolled by the central bank. Proposition 2 provides a justi�cation for this ubiquitous as-
sumption in a world of high steady state interest rates: when banks earn a su�ciently
high private seigniorage, loan rates respond one-for-one to bond rates and there is no
loss in ignoring what happens within banks to understand the transmission of monetary
policy. Here loan spreads are equal to zero, but the result can be generalized to the case of
a constant loan spread re�ecting the marginal technological cost of lending or imperfect
monopolistic competition in loan markets: what matters is that when i > ī the loan spread
will remain independent of monetary policy. If, however, the steady state nominal rate
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falls below the threshold i , the endogenous reaction of spreads does alter the transmission
of monetary policy relative to the standard model without banks.

Irrelevance, case B: Cobb-Douglas aggregator x . The following benchmark provides
conditions ensuring that all spreads are independent of monetary policy and thus that
there is full pass-through to deposit and loan rates. If, in addition, there are no initial
revaluation e�ects, the aggregate output response is then exactly the same as in a repre-
sentative agent New Keynesian model (RANK):

Proposition 3. Suppose that (i) the liquidity aggregator x (m,d) is Cobb-Douglas, (ii) u (c)
and v (x) are logarithmic, (iii) there are no assets maturing at t = 0, i.e., L0

0 = D0 = as0 = 0,
and (iv) aggregate net dividends are proportional to Et , i.e., ζt is constant. Then the sequences

of spreads
{
τdt , τ

l
t

}
t≥0 are invariant to monetary policy, and the aggregate output response is

the same as in the RANK model, i.e., for all t :

d logYt
d logRt

= −1. (8)

Proposition 3 builds on the aggregation results developed in Werning (2015) for het-
erogeneous agents New Keynesian (HANK) models. These models focus on idiosyncratic
risk, household borrowing constraints and precautionary savings, while my setting high-
lights a di�erent form of market incompleteness—the role of banks in intermediation. In
this context, the key departure from Proposition 3 is to discard condition (i) on Cobb-
Douglas liquidity in order to match the observed incomplete pass-through of policy rates
to deposit rates.

4.2 Calibration and numerical results

Henceforth I focus on economies that do not satisfy the irrelevance conditions A-B above:
interest rates are low, and money and deposits are strict substitutes. In this case, monetary
policy is state-dependent: a given shock to interest rates is less powerful at a�ecting
aggregate output when the shock happens around a lower steady state interest rate. The
key mechanism is that at low interest rates, deposit rates react less to interest rate shocks.
This then translates into a lower pass-through to loan rates, and therefore output.

These results can be shown analytically in a two-period version of the model (available
upon request). In this section, I show numerically that they extend to the more general
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setting and are quantitatively relevant, by calibrating the dynamic model to the U.S. bank-
ing sector and estimates of the pass-through of monetary policy to bank retail rates from
Section 4.3.1. The model’s calibration is described in Appendix B.2. Dynamics introduce
additional e�ects: current spreads a�ect the accumulation of bank capital.

4.2.1 Baseline results for a given r ∗ = 3%

In response to a one-period +100 bps monetary policy shock, the deposit spread increases
by 30 bps, or equivalently the deposit pass-through ηd0 is 0.7. The loan spread falls, but
only by around 15 bps, which means a relatively high loan pass-through ηl0 = 0.8. The
interest-elasticity of output d logY0

d logR0
= −ηY0 is equal to -1.41. This is higher in absolute value

than the RANK value of 1 (the elasticity of intertemporal substitution) due to the reval-
uation e�ects studied by Auclert (2019). Borrowers have higher marginal propensities to
consume (MPC) than savers, and they have negative “unhedged interest rate exposures”.
The negative covariance between MPC and unhedged rate exposures means that redistri-
bution ampli�es the output e�ect of monetary policy.

Two alternative models help to highlight the speci�c role of banks. The �rst bench-
mark is a frictionless “Modigliani-Miller” economy: both deposit and loan spreads are
zero and thus there is full pass-through. The frictionless case still features heterogeneity
and redistribution, hence it allows us to isolate the role of �nancial frictions. The sec-
ond benchmark is a “credit frictions only” economy, that goes further by allowing for
banks and constrained lending, but shutting down transaction frictions by setting χ = 0.
Comparing the full model to the “credit frictions only” benchmark highlights the speci�c
interaction between deposit and loan markets. The interest-elasticity of output is equal to
-1.53 in the “credit frictions only” economy and -1.74 in the Modigliani-Miller economy.
Thus credit frictions alone dampen the New Keynesian transmission mechanism by 12%,
while in the full model the output response is muted by 20% relative to the Modigliani-
Miller benchmark.

4.2.2 Low r ∗ and monetary policy transmission

I now examine how a lower r ∗ a�ects monetary policy transmission. Figure 4 varies the
steady state real interest rate r ∗ (by increasing β) from 3% to -1% while keeping the rest of
the calibration unchanged. At each steady state r ∗, I compute the response to a transitory
(one-period) unanticipated +100 bps monetary shock and show the impact responses of
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Figure 4: Date-0 e�ects of monetary policy on rates and output as a function of r ∗.
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retail rates and output.
Both pass-through and output sensitivity are lower at lower r ∗. Comparing the full

model to the “credit frictions only” and the “Modigliani-Miller” benchmarks shows that
this is entirely due to the interaction between deposit and loan rates, as r ∗ has no e�ect on
monetary policy transmission to output if there are no frictions, only liquidity frictions, or
only credit frictions. When r ∗ varies from 3% to -1%, the deposit pass-through falls from
0.7 to 0.4. If there were no credit frictions, this would have no bite on the output e�ects
of monetary policy; but in the full model, loan pass-through drops from 0.8 to 0.5 and,
as a result, the output e�ect falls by 13% (in absolute value), from -1.41 to -1.23. We saw
that �nancial frictions mute the output response by 20% relative to the Modigliani-Miller
benchmark in the baseline r ∗ = 3% calibration; the dampening reaches 32% at r ∗ = −1%.

Over the whole range of r ∗, bank lending falls when monetary policy tightens, as
shown in Figure 4. In theory, the opposite could happen at very low rates but under the
calibrated maturity structure and elasticity of substitution between money and deposits,
deposit pass-through remains high enough and revaluation e�ects strong enough to pre-
vent any “reversal” of bank lending at the levels of r ∗ I consider. I investigate the role of
maturity mismatch in Appendix B.4.5.

Finally, we can see in Figure A.1 that bank value V is negatively a�ected by contrac-
tionary monetary shocks, but less so at lower r ∗. Quantitatively, the e�ect of low interest
rates is smaller than in my empirical results in Table 3 below. One reason is that my model
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features no risk, and Bernanke and Kuttner (2005) �nd a signi�cant e�ect of monetary pol-
icy on risk premia. An interesting extension would thus be to incorporate aggregate risk
and study how it interacts with deposit and loan spreads.

4.2.3 Steady state policies and monetary policy transmission

My model can be used to analyze how monetary policy transmission depends on two
steady state variables: the in�ation target, previously set at π = 2%, and bank leverage,
that can be viewed as set by capital requirements.

In�ation target. Recall from equation (5) that deposit demandD depends on the nom-
inal interest rate i . So far I have kept the in�ation target �xed and let the steady state
real interest rate r ∗ vary. We saw in Section 3 that monetary policy is not superneutral
in the constrained lending regime because in�ation can a�ect deposit and loan spreads.
Similarly, the in�ation target can a�ect monetary policy transmission in the short run
by changing the steady state nominal interest rate. Figure A.2 varies the in�ation target
while keeping r ∗ �xed at 3%. A higher in�ation target improves deposit pass-through,
hence loan pass-through, and ultimately the real e�ects of monetary policy.

Capital requirements. The level of the nominal interest rate has a direct e�ect on
monetary policy transmission through the substitutability between money and deposits,
but also an indirect e�ect working through the endogenous steady state level of bank
capital E: all else equal, a higher steady state nominal interest rate will boost the liquidity
premia earned by banks and thus increase E, with the potential side e�ect of reducing
steady state loan spreads. We can isolate the link between bank capital and monetary
policy transmission by holding interest rates �xed and varying either net payouts ρ − ζ
or the pledgeability parameter θ . I vary θ , as this has an interpretation in terms of capital
requirements (see the discussion in Section 2.3 about the banks’ �nancial constraints).

Figure A.3 shows how bank regulation a�ects the pass-through of monetary policy
to retail rates and output. As θ varies, I plot interest-elasticities against the steady state
leverage ratio of deposits over equity ϕ = θRl /Rd

1−θRl /Rd , taking into account all the general
equilibrium responses of capital E and spreads τ l and τd . Tighter bank regulation hampers
monetary policy transmission. Several e�ects are at play. First, when banks are more
constrained (lower θ ), monetary shocks relax banks’ lending capacity by less. Second,
steady state deposit spreads are higher hence deposit rates are lower, and thus closer
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to the low nominal rates region where money and deposits are better substitutes. This
dampens deposit pass-through, which again translates into lower loan pass-through and
weaker output e�ects of monetary policy.

4.3 Supporting evidence

Empirically I document two facts consistent with the model. The short-run pass-through
of policy rates to retail bank rates is indeed state-dependent: it is lower at low rates for
both loan and deposit rates. The response of bank stock prices to monetary policy shocks
is also state-dependent: surprise Fed funds rate cuts boost bank stock prices at high rates,
but have the opposite e�ect at low rates.

4.3.1 Pass-through of monetary shocks to retail rates

Bank accounting data is useful to explore long-run trends, but estimating short-run pass-
through requires higher frequency data on new retail rates. I use loan and deposit rates
data collected weekly or bi-weekly across U.S. bank branches by RateWatch. My sample
runs from 1998 to 2018 for deposits, and 2000 to 2018 for loans. Following Drechsler et al.
(2017), I restrict attention to branches that actively set rates and use end of the month
rates for the monthly regressions. For deposit rates, I focus on the most common short-
term, liquid, products: checking and savings deposits. For loan rates, I use two of the most
common short-term loans in my sample: adjustable rate mortgages (with 1 year maturity),
and auto loans (36 months).

Simple pass-through: incomplete and sluggish. I �rst con�rm the �ndings of a large
literature that pass-through is incomplete and sluggish, by estimating simple monthly
local projection regressions

yb,t+h − yb,t−1 = αb,h + βh∆t + γhcontrolsb,t−1 + ϵb,t+h . (9)

Dependent variables yb are the branch-level retail rates on various types of deposits and
loans. ∆t is a measure of monetary shocks: I �rst use the raw change in the Fed funds
rate ∆t = �rt − �rt−1; in the Appendix I show similar results hold when ∆t denotes high-
frequency monetary shocks from Nakamura and Steinsson (2018). Other regressors in-
clude branch �xed e�ects αb,h for each horizon and 4 lags of retail and Treasury rates. I
also control for unemployment to separate the role of the level of interest rates from that
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Table 2: State-dependent pass-through of Fed funds rate to loan, deposit and bond rates.

ARM Auto Checking Saving 1-year 10-year

∆t 0.704∗∗ 0.985∗∗ 0.469∗∗∗ 0.525∗∗ 1.726∗ 0.650∗
(0.217) (0.378) (0.126) (0.167) (0.669) (0.295)

∆t × 1 [it−1 ≤ 2%] -0.378 -0.899∗ -0.493∗∗ -0.553∗∗ 0.0331 0.0567
(0.265) (0.354) (0.174) (0.172) (0.599) (0.295)

Observations 39445 358817 940493 1939024 206 206

Note: The regression equation is (10) for horizon h = 12. Standard errors are two-way clustered by branch
and month for loans and deposits, and clustered by month for bonds. Sources: Federal Reserve and Rate-
Watch.

of cyclical conditions, and for linear and quadratic time trends capturing other structural
changes related to demographics or competition in the banking sector. Table A.2 shows
the estimates for βh with h = 12. Pass-through is incomplete for both loans and deposits
relative to the 1-year rate, and closer to the pass-through to the 10-year rate.

State-dependent pass-through: lower at lower rates. Next, I show that pass-through
is lower at low interest rates. The simplest way to see this is to estimate state-dependent
local projection regressions of the form30

yb,t+h − yb,t−1 = βh∆t + β
low
h ∆t × 1 [it−1 ≤ 2%] + γhcontrolsb,t−1 + ϵb,t+h (10)

The coe�cient β low
h

measures the additional pass-through when the 1-year rate it−1 at the
time of the shock is “low”, that is below 2% which is approximately the median rate in this
sample. Thus a negative β low

h
means that pass-through is lower at lower rates.

Table 2 shows the results for h = 12 while Figure A.8 displays the full impulse re-
sponses at low and high rates. For both loans and deposits (but not for bonds, consistent
with the fact that banks price loans and deposits, but not bonds), the estimates β low

h
are

negative, statistically and economically signi�cant. For example, the pass-through to auto
loan rates after one year is 0.99 if the shock ∆t takes place when the 1-year rate is above
2%, but only 0.09 if the 1-year rate is below 2%.

30The intercept terms αb ,h + α low
b ,h1 [it−1 ≤ 2%] are left implicit for brevity.
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An alternative speci�cation that avoids using a single threshold such as it−1 = 2% is
to estimate interaction e�ects in the following regression:31

yb,t+h − yb,t−1 = βh∆t + δh∆t × it−1 + γhcontrolsb,t−1 + ϵb,t+h . (11)

In that case, δh traces out the additional impulse response of yb to a monetary shock ∆t

taking place at a 1 percentage point higher 1-year rate it−1. A positive δh means that the
horizon h pass-through is higher at higher rates, or equivalently lower at lower rates. As
shown in Figure A.9, the estimates are mostly positive for both loans and deposits.

Robustness. In Appendix A, I conduct several robustness tests. First, although I al-
ready restrict attention to the subset of branches which can in principle set their own
interest rates, standard errors could be underestimated if banks use regional or national
pricing policies for some products. The sample shrinks when we only keep observations
that can be attributed to a bank (using the Federal Reserve’s bank identi�er RSSD ID),
so estimates become less precise even when two-way clustering by branch and month in
this subsample. Nevertheless, Table A.3 shows the results are similar in the subsample
containing a bank identi�er, when using two-way clustered standard errors by bank and
month, instead of branch and month.

Second, I show that the same results hold qualitatively when using as shock ∆t the
high-frequency monetary shock from Nakamura and Steinsson (2018) instead of the raw
change in the Fed funds rate. Figure A.10 shows the relative impulse responses estimated
in (11) when using this shock.

Third, we can modify speci�cation (11) by taking into account the considerable het-
erogeneity in branch-level rates on each product yb,t−1 at the time of the monetary shock.
When interest rates it−1 are low, all retail rates yb,t−1 tend to be low, but some are lower
than others. Is pass-through dampened when yb,t−1 is already particularly low at some
branch, relative to other branches? I �nd that it is indeed the case. Figures A.11 and A.12
show that estimates δ̂h from the regressions

yb,t+h − yb,t−1 = αb,h + αt,h + δhyb,t−1∆t + γhcontrolsb,t−1 + ϵb,t+h (12)

for the two di�erent monetary shocks are mostly positive. Note that one advantage of this
panel estimation is that we can control for variation in not only national interest rates and

31The intercept terms αb ,h + νhit−1 are left implicit for brevity.
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some controls, as in (11), but all other aggregate variables through time �xed e�ects.

4.3.2 Monetary shocks and bank stock prices

I conclude by examining empirically the prediction of the model regarding the impact of
monetary shocks on bank pro�tability. Flow measures of realized pro�ts, such as ROA or
ROE, because the latter are recorded at a low (quarterly) frequency and are smoothed by
book-value accounting conventions. For this reason I depart slightly from the theory and
consider bank stock prices as a real-time forward-looking measure of pro�tability instead.
I use daily returns for the Fama-French 49 industry portfolios and the market portfolio
from Kenneth French’s website.32

The standard regression to estimate the impact of monetary policy on asset prices is

Returnt = α + β∆t + ϵt , (13)

where Returnt is the intra-day stock return, and ∆t is a monetary shock, for instance the
unexpected change in the Fed funds rate in a short window around the FOMC announce-
ment. Bernanke and Kuttner (2005), Gürkaynak et al. (2005), Gertler and Karadi (2015),
and Nakamura and Steinsson (2018) (among others) all estimate equation (13) for various
asset classes, while English et al. (2018) focus on bank stock prices.

I estimate instead how this relation changes with the level of the 1-year rate it−1 on
the previous day, through the regression

Returnt = α + β1∆t + β2it−1 + γ∆t × it−1 + ϵt . (14)

Table 3 displays my results. In the standard speci�cation (13), I �nd the standard
negative (but not signi�cant) e�ect: the bank industry portfolio’s falls by -4.2% in response
to an unexpected +100 bps shock to the Fed funds rate, on the day of the FOMC meeting.33

Under speci�cation (14), I �nd a negative and signi�cant coe�cient γ = −6.7 on the
interaction term: a surprise Fed tightening hurts bank stocks less (and might even increase
them) when interest rates are lower. As often with these shocks, standard errors are large,
but to get a sense of the magnitudes, the point estimates imply that the same +100 bps
shock decreases bank stock prices by 20% when i = 5%, but increases them by 7% when

32http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html
33The point estimate is consistent with English et al. (2018), who �nd that bank stocks fall by 8% in the

30-minute window around the FOMC announcement in reaction to the same shock. The smaller magnitude
indicates that bank stock prices tend to rebound later in the day.
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Table 3: Response of Fama-French’s bank industry portfolio to a +100 bps monetary
policy shock.

(1) (2)

∆ -4.17 13.76
(5.46) (10.18)

∆ × i -6.69∗∗
(2.94)

Observations 151 151

Note: The regression equations are (1) Returnt = α + β∆t + ϵt and (2) Returnt = α + β1∆t + β2it−1 + γ∆t ×

it−1 + ϵt . The dependent variable Returnt is the daily return of “Banks" in the 49 Fama-French industry
portfolios, taken from Kenneth French’s website. ∆t is the unanticipated change in the Fed funds rate in
a 30-minute window around the FOMC meeting, from Nakamura and Steinsson (2018). The sample is all
regularly scheduled FOMC meetings from 01/01/2000 to 9/18/2019, excluding July 2008 to June 2009. it−1 is
the nominal 1-year rate on the previous day. All rates are in percentage points. Robust standard errors in
parentheses.

i = 1%. This pattern is consistent with the results in Ampudia and den Heuvel (2018),
who contrast the stock market response of European banks to surprise ECB rate shocks
in 1999-2008 (“high rates”) versus 2012-2017 (“low rates”).

Robustness. In the Appendix, I show that low interest rates have a speci�c e�ect on
banks, and not just the same e�ect on all industries. I plot the reactions of all 49 Fama-
French industries to the same monetary shock, in low and high interest rate subsamples.
Table A.5 makes the same point: while there is also a signi�cant negative interaction term
γ = −3.2 for the market portfolio (de�ned as the CRSP value-weighted index), it is weaker
than that for banks. My model also predicts that monetary shocks have a state-dependent
e�ect on the economy as a whole, albeit weaker than on bank values.

Second, even if the shocks ∆t can be considered as plausibly exogenous, the short rate
it−1 can be endogenous in (14); Table A.4 shows that the result remains (and becomes even
stronger) once controlling for unemployment and CPI in�ation.
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5 Conclusion

In this paper, I argue that the dual role of commercial banks as credit and liquidity providers
has implications for interest rate pass-through and credit supply in both the long and short
runs. Because privately-issued deposits compete with publicly-issued money, the level of
the nominal interest rate a�ects real loan and deposit spreads. A lower nominal rate com-
presses deposit spreads and widens loan spreads. In the long run, the reaction of spreads
explains why the persistent decline in bond rates has not been fully transmitted to loan
rates. In the short run, the response of spreads dampens the transmission of monetary
shocks to output. Moreover, pass-through is lower at lower rates in the model and in the
data, thus monetary policy becomes less potent in a world of low interest rates. Rate cuts
can be expansionary for bank lending in the short run but contractionary in the long run.
Policymakers must trade o� liquidity frictions against credit frictions: raising the in�a-
tion target decreases loan spreads and improves monetary policy transmission, but only
at the cost of higher deposit spreads.
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A Additional Figures and Tables

Figure A.1: Date-0 e�ects of monetary policy on bank lending and value as a function of
r ∗.
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Figure A.2: Date-0 e�ects of monetary policy on rates and output as a function of the
steady state in�ation target. Vertical lines denote the baseline calibration.
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Figure A.3: Date-0 e�ects of monetary policy on rates and output as a function of steady
state bank leverage ϕ. Vertical lines denote the baseline calibration.
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Figure A.4: Loan-deposit spread, 1955 to 2018.
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5%

10%

15%
loan-deposit spread
5Y Treas-Deposit
1Y Treasury rate

Note: The loan-deposit spread is constructed as the di�erence between loan income divided by total loans
and deposit expense divided by total deposits, cf. Figure 3. Sources: FDIC Historical Bank Data and Federal
Reserve.

Figure A.5: Components of bank pro�ts, as percentage of earning assets. Source: FDIC.

1994 2000 2006 2012 2018

2%

4%

NIM Non-interest expense
Loss provisions Non-interest income

Note: This �gure shows the four components of banks’ net income. Net interest margins have fallen; non-
interest expense has also declined steadily, driven by a decline in data processing costs. After 2012, loan
loss provisions have reverted to levels similar to or lower than pre-2008.
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Figure A.6: Spread between rate on commercial and industrial loans and Fed funds rate.
Source: Federal Reserve Release E.2.
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Note: This �gure shows the spread between commercial and industrial loans with maturity less than 1 month
and the Fed funds rate between 1998 and 2016, for loans classi�ed as “low risk” and “moderate risk”. The
spread on both types of loans has increased over time by approximately the same amount, which suggests
that higher spreads do not re�ect higher credit risk premia.

Figure A.7: Credit spread on corporate bonds from Gilchrist and Zakrajsek (2012), up-
dated through August 2016.
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4%

8%
Gilchrist-Zakrajsek spread

Note: This �gure shows that unlike the loan spread, the spread on corporate bonds (computed over Trea-
suries with the same maturity) has not increased with the decline in interest rates. The spread averages at
2.2% between 1997 and 2007, and 2.3% between 2010 and 2016.
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Figure A.8: State-dependent pass-through of Fed funds rate to loan and deposit rates.
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Note: The regression equations are yb ,t+h −yb ,t−1 = αb ,h + β
high
h ∆t ×1 [it−1 > 2%]+ β low

h ∆t ×1 [it−1 ≤ 2%]+
γhcontrolsb ,t−1+ϵb ,t+h for each horizonh. The �gures show the sequences β̂ low

h in orange and β̂high
h in green

with 90% con�dence bands. Standard errors are two-way clustered by branch and month. Sources: Federal
Reserve and RateWatch.
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Figure A.9: State-dependent pass-through of Fed funds rate to loan and deposit rates.
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Note: The regression equations are (11) for each horizon h. The �gures show the interaction e�ects γ̂h
with 90% con�dence bands. Standard errors are two-way clustered by branch and month. Sources: Federal
Reserve and RateWatch.
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Figure A.10: State-dependent pass-through of high-frequency monetary shock to loan
and deposit rates.
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Note: The regression equations are (11) for each horizon h where ∆t is the monetary policy shock from
Nakamura and Steinsson (2018). The �gures show the interaction e�ects γ̂h with 90% con�dence bands.
Standard errors are two-way clustered by branch and month. Sources: Federal Reserve and RateWatch.
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Figure A.11: State-dependent pass-through of Fed funds rate to loan and deposit rates.
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Note: The regression equations are (12) for each horizon h. The �gures show the interaction e�ects δ̂h
with 90% con�dence bands. Standard errors are two-way clustered by branch and month. Sources: Federal
Reserve and RateWatch.
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Figure A.12: State-dependent pass-through of high-frequency monetary shock to loan
and deposit rates.
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Note: The regression equations are (12) for each horizon h where ∆t is the monetary policy shock from
Nakamura and Steinsson (2018). The �gures show the interaction e�ects δ̂h with 90% con�dence bands.
Standard errors are two-way clustered by branch and month. Sources: Federal Reserve and RateWatch.
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Figure A.13: Response of Fama-French’s 49 industry portfolios and market portfolio to
a surprise +100 bps shock to the Fed funds rate.
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Note: Each bar shows the coe�cient βj in the regression yj ,t = α j + βj∆t +ϵj ,t where yj ,t is the daily return
for industry j. The bank industry portfolio is highlighted in red and the market portfolio in yellow. The top
(resp. bottom) panel shows results when the Fed funds rate is above (resp. below) its median level in the
sample of 1.64%.
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Table A.1: E�ect of the decline in interest rates between 2000 and 2014 in the cross-
section of banks, top 20% banks.

∆ Retained earnings ∆ Equity ∆ Loans ∆ Loan spread�∆ liab. spread 0.167∗∗ 0.197 0.108 -0.298∗∗∗
(0.080) (0.209) (0.194) (0.064)

Observations 838 838 838 838

Note: The regression equations are (7). Standard errors are block bootstrapped by quarter with 1000 itera-
tions. Top 20% banks by average in�ation-adjusted assets.

Table A.2: Simple pass-through of Fed funds rate to loan, deposit and bond rates.

ARM Auto Checking Saving 1-year 10-year

∆t 0.638∗∗∗ 0.721∗∗ 0.397∗∗∗ 0.406∗∗ 1.783∗∗ 0.658∗∗
(0.175) (0.233) (0.114) (0.132) (0.559) (0.248)

Observations 39445 358817 940493 1939024 206 206

Note: The regression equation is yb ,t+h −yb ,t−1 = αb ,h + βh∆t +γhcontrolsb ,t−1 + ϵb ,t+h for horizon h = 12.
Standard errors are two-way clustered by branch and month for loans and deposits, and clustered by month
for bonds. Sources: Federal Reserve and RateWatch.
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Table A.3: State-dependent pass-through of Fed funds rate to loan and deposit rates.

ARM Auto Checking Saving

∆t 0.560∗ 0.995∗∗ 0.507∗∗∗ 0.569∗∗∗
(0.249) (0.334) (0.133) (0.167)

∆t × 1 [it−1 ≤ 2%] -0.375 -0.717∗ -0.525∗∗ -0.579∗∗
(0.333) (0.353) (0.178) (0.175)

Observations 12275 86530 742415 1250915

Note: The regression equation is (10) for horizon h = 12. Standard errors are two-way clustered by bank
and month. Sources: Federal Reserve and RateWatch.

Table A.4: E�ect of a surprise +100 bps Fed funds rate shock on bank industry portfolio.

(1) (2) (3) (4)

∆ -4.17 13.76 94.30∗ 70.84∗
(5.46) (10.18) (55.26) (40.50)

∆ × i -6.69∗∗ -11.62∗∗ -13.74∗∗∗
(2.94) (4.95) (5.08)

Controls No No Unemployment Unemp. + In�ation
Observations 151 151 151 151

Note: See Table 3 for description of the data and regression equations. Column (3): Returnt = α + β1∆t +

β2it−1 + γ∆t × it−1 + Γ′∆t × controlst−1 + ϵt where controls are the unemployment rate and CPI in�ation.
Robust standard errors in parentheses.
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Table A.5: E�ect of a surprise +100 bps Fed funds rate shock on bank industry portfolio
vs. market portfolio.

(1) (2) (3) (4)
Banks Banks Market Market

∆ -4.17 13.76 -6.22∗∗ 2.41
(5.46) (10.18) (3.06) (6.14)

∆ × i -6.69∗∗ -3.21∗
(2.94) (1.72)

Observations 151 151 151 151

Note: See Table 3 for description of the data and regression equations. The dependent variables y are
the daily return of “Banks" in the 49 Fama-French industry portfolios, and the daily return on the market
portfolio, taken from Kenneth French’s website. Robust standard errors in parentheses.

B Model Appendix

B.1 Proofs and derivations

Proof of Lemma 1. In the banks’ program, loans of di�erent maturities are perfectly sub-
stitutable, which implies that the expectation hypothesis for loan rates must hold in equilib-
rium: Rlt ,t+k =

∏k−1
j=0 Rlt+j .

34 In addition, deposits are the only liability, so leverage simpli�es

to ϕt =
qdt dt+1
et
. Since the deposit spread is always positive, i.e. qdt > qt , the leverage constraint

must be binding in equilibrium. Combining this with the expectation hypothesis then gives an
expression for the maximal leverage ratio ϕ̄t where only the short-term loan rate appears.

Proof of Proposition 1. Let L
(
Rl

)
be the value of the end-of-period stock of loans across

all maturities for a given steady state short-term loan rate Rl

L

(
Rl

)
=

K∑
k=1

(
Rl

)−k 
K−k∑
j=k

µ jx j

G j−k

 ,
34Equivalently, asset prices satisfy qlt = q

l
t ,t+1q

l
t+1.
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where each xk solves type k borrowers’ Euler equation

u ′
(
γy,k +

(
Rl

)−k
xk

)
=

(
βRl

)k
u ′

(
γ o,kGk − xk

)
.

L is a decreasing function of Rl if σ ≥ 1, as assumed in the text.

Combining the steady state equilibrium conditions in the deposit, loan, and goods markets, we
obtain:

xd

(
f

(
sd
i

)
, 1

)
x

(
f

(
sd
i

)
, 1

) = sd × E

γ s − L
(
Rl (E)

) × θ
(
1 + ϕ

)
(1 − ρ + ζ )

χ
. (15)

(15) gives us a solution
sd (i, E)

First, note that sd decreases with E. Under strict gross substitutability, the right-hand side of (15)
is increasing in sd and in E: as E increases, Rl (E) decreases so L increases in the constrained
lending regime. In the unconstrained lending regime Rl = R∗ is independent of E. In both cases

E
γ s−L(Rl (E))

increases with E. Therefore sd decreases with E.

Moreover, sd is increasing in i . To see this, recall that we always have, from the strict concavity
of x , that f is increasing. Then, from Assumption 5, the left-hand side of (15) is a decreasing
function of sd , and a higher nominal rate i decreases f

(
sd
i

)
, which shifts the left-hand side of

(15) up. The solution sd (i, E) must then increase with i and as a result, the deposit spread τd also
increases with i .

To solve for the steady state E we combine (15) with (6). In the unconstrained lending regime,
(6) implies that as i increases, E increases by enough to keep sd , τd , and ϕ constant. In the con-
strained lending regime there are two possibilities:

(i) suppose that in equilibrium ϕ increases with i: then ϕτd increases with i , and
(
1 + ϕ

)
τ l

must decrease, hence τ l decreases;

(ii) suppose that in equilibrium ϕ decreases with i . This means that 1+τ l
1−τ d must fall, hence dτ l +

dτd < dτ l + 1+τ l
1−τ d dτ

d < 0. Since ϕ
(
τ l + τd

)
+ τ l must be constant, τ l must increase with i ,

which contradicts the fact that ϕ decreases.

Thus it must be that (i) holds, and following an increase in the steady state nominal rate i , ϕ
increases and τ l decreases in the constrained lending regime.

The treshold interest rate ī is thus de�ned as the unique solution to the following system
(together with a solution for steady state bank capital E), obtained after replacing τ l = 0, Rl = R∗,
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and the resulting expression for ϕ:

xd

(
f

(
sd (i ,E)

i

)
, 1

)
x

(
f

(
sd (i ,E)

i

)
, 1

) = sd (i, E) × E

γ s − L (G/β)
×

θ
(
1 + θ

1−τ d (i ,E)−θ

)
(1 − ρ + ζ )

χ

β

1 − ρ + ζ
= 1 +

θτd (i, E)

1 − τd (i, E) − θ

The same proof applies for changes in π , changes in G, or changes in β and ρ, ζ that keep ROE
R∗ =

β
1−ρ+ζ constant.

A knife-edge case happens when f 7→
xd (f ,1)
x (f ,1) is constant: the nominal rate i is then irrelevant

for sd conditional on E. I now show that this only arises in the case of Cobb-Douglas liquidity
x . For irrelevance we need xd

(
f

(
sd
i

)
, 1

)
/x

(
f

(
id
i

)
, 1

)
to be constant in the in�ation target π .

Rewriting u = f
(
sd
i

)
we have xd

(
1, 1

u

)
= constant × ux

(
1, 1

u

)
, or, denoting z = 1/u and φ (z) =

x (1, z),
zφ ′ (z) = constant × φ (z) .

The solution of this di�erential equation is logφ (z) = A + B × log z, for some constants A and B,
which implies Cobb-Douglas liquidity

x (1, z) = eAzB,

as x is homogeneous of degree 1.

Proof of Proposition 3. We can �rst solve for the “�exible prices” equilibrium with constant
output Yt = 1. This gives us a sequence of natural interest rates

{
Rnt

}
, implied allocations {ẑt }

and loan and deposit spreads
{
τ lt , τ

d
t
}
. We can then guess that for a given sequence of policy rates

{Rt } the equilibrium is

Yt =
Rnt
Rt

Yt+1,

while Ltt ,Dt are proportional to Yt : Ltt = ˆ̀t
tYt , Dt = d̂tYt , and spreads are the same as under

Yt = 1. The guess works because we can rewrite the optimality of deposit holdings (focusing on
short-term loans K = 1 to simplify notation) as

sdt d̂t+1Yt+1 = (1 − α) χ
[
γ st+1Yt+1 + L

t+1
t+1 − q

l
t+1L

t+2
t+2

]
︸                               ︷︷                               ︸

=Cs
t+1

= (1 − α) χ

[
γ st+1Yt+1 + ˆ̀t+1

t+1Yt+1 −
qt+1

1 + τ lt+1

ˆ̀t+2
t+2Yt+2

]
= (1 − α) χ

[
γ st+1Yt+1 + ˆ̀t+1

t+1Yt+1 −
1

1 + τ lt+1

ˆ̀t+2
t+2R

n
t+1Yt+1

]
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which holds by de�nition of hat allocations, and similarly for the other equilibrium condition

γ st Yt + L
t
t − q

l
tL

t+1
t+1 =

1
βRt

(
γ st+1Yt+1 + L

t+1
t+1 − q

l
t+1L

t+2
t+2

)
γ st Yt + ˆ̀t

tYt −
qt

1 + τ lt
ˆ̀t+1
t+1Yt+1 =

1
βRt

(
γ st+1Yt+1 + ˆ̀t+1

t+1Yt+1 −
qt+1

1 + τ lt+1

ˆ̀t+2
t+2Yt+2

)
γ st + ˆ̀t

t −
1

Rnt
(
1 + τ lt

) ˆ̀t+1
t+1 =

1
βRnt

(
γ st+1 +

ˆ̀t+1
t+1 −

ˆ̀t+2
t+2

Rnt+1
(
1 + τ lt+1

) )
which also holds by de�nition of hat allocations.

B.2 Calibration
The model period is 1 year. This choice allows for a higher e�ective duration of deposits and
short-term loans, to capture the fact that those rates adjust not only partially but also sluggishly.
My baseline calibration �ts the period 2000-2008 and starts with an annual steady state real rate
of r ∗ = 3%, that is approximately the Laubach and Williams (2015) estimate for the period. Table
A.6 summarizes the calibration.

Liquidity services from money and deposits are combined using a CES aggregator x (m,d) =[
αm

ϵ−1
ϵ + (1 − α)d

ϵ−1
ϵ

] ϵ
ϵ−1 with elasticity of substitution between money and deposits ϵ . u and

v are logarithmic to remain as close as possible to the neutrality conditions of Proposition 3. I
allow for two loan maturities: 60% of short-term loans with maturity k = 1 year and 40% of long-
term loans with maturity K = 10 years. This approximates the loan repricing maturity structure
from the Call Reports. Short-term credit is meant to capture both small business lending and
consumer credit, e.g., adjustable-rate mortgages or unsecured credit in response to health shocks
as in Chatterjee et al. (2007). Long-term loans are closer to mortgages.

I set the average deposit spread at 2.5% and the short-term loan spread at 1%. Average “core
deposits” de�ned as checking plus saving deposits at commercial banks, represent 30% of GDP.
The stock of loans to GDP averages at 38%. There are multiple ways to achieve these quantities; I
set γy,1 = γy,K = 0, which implies γ s = 52%, γ o,1 = 45%, and γ o,K = 3%. The corresponding target
leverage ratio ϕ = 3.8 is achieved with a pledgeability parameter θ = 0.79. This target leverage
is lower than typical numbers because I do not count securities on the asset side or wholesale
funding on the liability side. The payout rate ρ − ι is then set at 17% to ensure the implied bank
equity/annual GDP ratio E of 8%.

The remaining parameters are related to liquidity. Over a grid for ϵ , I setα (ϵ) and χ (ϵ) to target
the deposits/GDP ratio already mentioned and a 12% money-deposit ratio, which corresponds to
half of currency component of M1 (approximately the share held domestically, see, e.g., Schmitt-
Grohé and Uribe 2012) divided by core deposits. I then solve for the steady state and compute the
reaction of the deposit rate to a 100 bps monetary shock under sticky in�ation. The elasticity of
substitution ϵ is set to match my estimates of the 1-year deposit pass-through estimated over 2000-
2008 as in Section 4.3.1. I aggregate over checking deposits, saving deposits and money market
deposit accounts according to the weights in the 2004 Survey of Consumer Finances, which yields
a 70% pass-through and thus a value ϵ = 8. This yields values α = 0.97 and χ = 0.02, close to
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those in Di Tella and Kurlat (2017).

Table A.6: Calibration. Sources: see text.

Parameter Description Value Target

β Discount factor 0.97 r ∗ = 3%
π In�ation target 2%

Savers
χ Liquidity services 0.02 2.5% deposit spread
α Weight on money 0.97 money-deposit ratio
ϵ Elasticitym,d 8 70% deposit pass-through
γ s Income share 52% 38% loans/GDP

Borrowers
γ o,1 Income share 45% 1% loan spread
γ o,K " 3% 40% long-term loans

Banks
ρ Net payout rate 17% 30% deposits/GDP
θ Pledgeability 0.79 bank leverage

B.3 Relation with deposit market power
In this section, I compare the predictions of a model of bank market power over deposits
and wholesale funding frictions a la Drechsler et al. (2017), and those of the baseline model
with scarce equity. I then consider a mixed model with both market power and equity
frictions.

B.3.1 Deposit pricing under market power

I �rst solve savers’ static portfolio choice and the bank’s resulting optimal deposit pricing
policy. Consider a slightly more general utility for savers U

(
cst , x (mt ,dt )

)
. The date-t

�rst-order conditions with respect to next period liquidity holdingsmt+1 and dt+1 are

Ux,t+1xd,t+1

Uc,t+1
=
qdt − qt

qt
≡ sdt (16)

Ux,t+1xm,t+1

Uc,t+1
=
qmt − qt

qt
≡ it
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If x is homothetic and concave we get

xd (mt+1,dt+1)

xm (mt+1,dt+1)
=
sdt
it
≡ zt ⇒

mt+1

dt+1
= f (zt )

where f is increasing. Plugging back into (16):

Ux
(
cst+1,dt+1 · x (f (zt ) , 1)

)
Uc

(
cst+1,dt+1 · x (f (zt ) , 1)

) xd (f (zt ) , 1) = ztit (17)

de�nes a deposit demand function D
(
zt , it , c

s
t+1

)
.

Suppose now that a monopolist bank maximizes revenue taking cst+1 as given. This
simplifying assumption can be justi�ed in several ways: (i) This setup is isomorphic to a
model in which d represents an aggregator of deposits db from a large number of horizon-
tally di�erentiated banks b in monopolistic competition: each individual bank will then
take total consumption cst+1 as given. (ii) Alternatively, under a Greenwood et al. (1988)
speci�cation for U

U (c, x) = Ũ (c +v (x)) (18)

deposit demand is independent of consumption cst+1; however, this justi�cation is less
appealing once we think of microfoundations for liquidity in the utility. (iii) A third route
is to follow Drechsler et al. (2017): in the limit of vanishing liquidity servicesUx → 0, cst+1
becomes exogenous.

Taking cst+1 as given, the bank solves

max
sdt

sdt D

(
sdt
it
, it , c

s
t+1

)
⇔ max

zt
ztD

(
zt , it , c

s
t+1

)
and thus sets ∂ logDt+1

∂ log zt = −1. Denote G (x, c) = Ux (c,x)
Uc (c,x)

. Di�erentiating (17), we get the
elasticity

∂ logDt+1

∂ log zt
=

1 − Dt+1(zt ,it )x(f (zt ),1)G ′(Dt+1(zt ,it )x(f (zt ),1))
G(Dt+1(zt ,it )x(f (zt ),1)) −

∂ logxd (f (zt ),1)
∂ log zt

Dt+1(zt ,it )x(f (zt ),1)G ′(Dt+1(zt ,it )x(f (zt ),1))
G(Dt+1(zt ,it )x(f (zt ),1)) zt f ′ (zt )xm (f (zt ) , 1)

Hence if x 7→ xGx (x,1)
Gx (x,1) is constant, the elasticity ∂ logDt+1

∂ log zt does not depend on it . This is the
case under the following assumption, which I maintain in the rest of the Section:

Assumption 6. There exist γ and a function φ such that

Ux
(
cst+1, xt+1

)
Uc

(
cst+1, xt+1

) = φ (
cst+1

)
x
−γ
t+1 (19)

The following result generalizes the case of CES x and vanishing liquidity Ux → 0
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studied by Drechsler et al. (2017):

Proposition 4. The monopolist bank sets a constant z∗ (that does not depend on it ), hence
deposit pass-through is incomplete, but “constant”:35

ηdt =
d logRdt

d log (1 + it )
= 1 −

d log
(
1 + sdt

)
d log (1 + it )

= 1 − z∗Rdt ≈ 1 − z∗

Importantly, assumption 6 only involves the outer utility U (c, x) and not the aggre-
gator x that is just assumed to be homothetic and concave. Thus x can be CES as in
Drechsler et al. (2017) or a more general aggregator. Assumption 6 is satis�ed for instance
if U (c, x) = u (c)v (x) or U (c, x) = u (c) + v (x) where u and v are CRRA sub-utilities. It
also holds with the non-separable Greenwood et al. (1988) speci�cation (18).

Proposition shows that while deposit pass-through is incomplete under market power,
it is not state-dependent: it is as incomplete at low interest rates as it is at high rates.
However, zt = sdt /it can indeed increase as it falls in the case of �nancially constrained
banks. For instance, suppose deposits supply is �xed at D. Then rewriting (17) as

φ (ct+1)D
−γ
x

(
f

(
sdt
it

)
, 1

)−γ
· xd

(
f

(
sdt
it

)
, 1

)
= sdt (20)

shows the following:

Corollary 1. Holding deposit supply �xed at D, the ratio zt =
sdt
it
decreases with it .

B.3.2 Long-run spreads with deposit market power

I now show that deposit market power and equity constraints have di�erent implications
for long-run lending. Suppose to simplify that the monopolist bank considered above
cannot issue any wholesale funding, so that its lending is an increasing function of de-
posit supply; it is straightforward to generalize the argument to costly wholesale funding
as in Drechsler et al. (2017). Then in a steady state with lower nominal rate i , the mo-
nopolist bank will optimally supply more deposits. The equilibrium quantity of deposits
D (z∗, i, cs) is decreasing in i by (17). Therefore, the resulting deposit spread is lower (since
sd = z∗i falls). Lending increases without any shift in loan demand, thus loan spreads also
fall:

Corollary 2. With a monopolist bank and no wholesale funding, both the steady state de-
posit spread τd and the steady state loan spread τ l are lower when i is lower.

This result contrasts with the �rst fact in Section 3.5.1 and the stability of the total
loan-deposit spread, with τ l and τd moving in opposite directions.

35In this discrete time formulation, pass-through still depends slightly on the level of rates through Rdt
but the e�ect is negligible and would disappear in continuous time.
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B.3.3 Combining deposit market power and scarce equity

Suppose now that we combine bank market power on the deposit side, while maintaining
the assumption that lending is tied to bank equity. But unlike in Drechsler et al. (2017),
wholesale funding is costless; and unlike in my baseline model, deposit supply is uncon-
strained, but chosen optimally by the monopolist bank. Lending is still tied to equity as
in the baseline model, equal to

(
1 + ϕ̄

)
E. Recall that under assumption (19), the optimal

choice of z = sd/i is constant hence deposit supply is simply D∗ = D (z∗, i, cs). There are
then two cases:

• If qdD∗ ≥ ϕ̄E, then banks hold bonds or reserves on the asset side (in addition to
their loans) to back their optimal deposit supply D∗.

• If qdD∗ < ϕ̄E, then banks issue wholesale funding paying R on the liability side to
earn loan spreads without expanding deposit supply beyond D∗.

In both cases, the main steady state equation (6) now becomes

ROE
R∗
= 1 +

qdD∗

E
× τd +

(
1 + ϕ̄

)
× τ l

The only di�erence is that deposits qdD∗ can now di�er from ϕ̄E. This extension yields
the same proposition as my main long-run result (Proposition 1):

Proposition 5. Supposem, d are gross substitutes (assumption 5). In response to a perma-
nent decline in i , due to a lower G or a lower in�ation target π :

• D∗ increases,

• the deposit spread τd falls and the loan spread τ l increases,

• bank equity E and lending fall.

The intuition is exactly as in the baseline model. Lower nominal rates compress the
deposit spread τd , since sd = z∗i falls and τd = sd

1+sd . As a result, retained earnings fall,
which leads to lower equity, lower lending, and higher loan spreads. The mixed model
adds some complexity but it has the advantage of generating more realistic bank balance
sheets. In particular, banks can hold bonds or excess reserves even when lending is con-
strained, in order to target their pro�t-maximizing deposit supply. This optimal deposit
supply increases as low interest rates fall, hence bank balance sheets expand while lending
shrinks, which implies that banks’ bonds or reserves holdings increase.

B.4 Other extensions

B.4.1 The complementarity between deposit-taking and lending

To see why my results depend crucially on the fact that banks are both credit and liquidity
providers, suppose that instead of having a single institution performing the two functions
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within the same balance sheet, there are two kinds of intermediaries: specialists in lending
such as mortgage companies, with superscript l , and specialists in liquidity provision such
as money market funds or “narrow banks”, with superscriptd . The lending l-banks �nance
themselves with bonds at the real interest rate R, while the d-banks invest their deposits
in bonds. I maintain Section 2’s assumptions on banks’ limited pledgeability θ and payout
rate ρ; all intermediaries are still owned by savers.36 Once we decouple the two functions
of banks, we obtain the following dichotomy:

Proposition 6. In the model with two types of banks: (i) both spreads τ l and τd are higher
than with a single bank; (ii) monetary policy is superneutral: steady state spreads

(
τ l , τd

)
and

consumption allocations are independent of the in�ation target; (iii) a change in the growth
rate G has no e�ect on spreads.

Lenders l are insulated from monetary policy and the loan spread only re�ects their
own required excess return on equity. Since they cannot rely on any private seigniorage
earnings to fuel equity accumulation, their equity is lower than the equity of a two-sided
bank. A change in the in�ation target also leaves the deposit spread τd unchanged, be-
cause the equity of “narrow banks” d adjusts to completely o�set the shift in deposit
demand, exactly as in the unconstrained lending regime of Proposition 1.

B.4.2 Costly equity issuance

In the main text I assumed an exogenous net dividend policy governed by the entry and
exit dynamics in Assumption 3. I now show that endogenizing banks’ equity issuance and
required return on equity ROE reinforces the results.

Bank pro�tability. Let us �rst take ROE as given, as in the baseline setup. Monetary
policy a�ects banks’ book equity and thus market value, even when it is superneutral in
terms of consumption. The total market capitalization V of the banking sector is propor-
tional to the book value of equity E. More precisely, let υt = Vt

Et−Divt be the market-to-book
ratio, de�ned as the net present value of dividends over book equity. In an equilibrium
with ROEt

Rt
> 1, banks do not pay out dividends until they exit hence the law of motion of

υ is
υt =

ROEt

Rt
[ρ + (1 − ρ)υt+1]

and the steady state market-to-book ratio is

υ =
ρROE/R∗

1 −G (1 − ρ)ROE/R∗
≥ 1. (21)

36A more general extension would allow loan providers and deposit issuers to di�er in their pledgeability
θ and net payout rate ρ parameters; the �rst part of Proposition 6 would then hinge on a convexity condition
involving

(
θ l , ρl

)
and

(
θd , ρd

)
.
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In both the constrained and unconstrained lending regimes, book equity E increases in
reaction to a higher in�ation target. Therefore, the market value of banksV also increases.
The intuition is that when in�ation is higher, banks earn more private seigniorage for a
given level of capital, which increases τd and ϕ. But since the required return on equity is
invariant to in�ation,

(
1 + ϕ

)
τ l +ϕτd must remain constant. In an unconstrained lending

steady state, this can only be achieved by keeping ϕτd constant through higher capital.
Part of the extra earnings from private seigniorage is consumed as dividends, and the rest
is kept as retained earnings, which ends up increasing E, until the point where the levered
excess return from liquidity provision falls back to its initial level. In a constrained lending
steady state, a similar process takes place, but part of the adjustment falls on the (lower)
credit spread.

Equity issuance. Suppose next that in each period, entering banks can issue equity e
at a convex cost instead of having an exogenous startup equity. To simplify expressions,
suppose that issuing e when aggregate equity is E costs C

( e
E

)
where C is an increasing

convex function. Given the equilibrium market-to-book ratio υt , date-t entrants issue et

to maximize vtet −C
(
et
Et

)
which yields an endogenous startup equity rate in each period:

ζt = ρ (C
′)
−1
(υt ) .

The only di�erence with the previous Section is that the long-run required return on
equity is now endogenous. From (21), in steady state ROE solves

ROE
R∗
=

β

1 − ρ
[
1 − (C)−1

(
ρROE/R∗

1−G(1−ρ)ROE/R∗

)] . (22)

Equation (22) determines the excess return on equity ROE
R∗ , under the condition that equity

issuance frictions are large enough that there is indeed an excess return, that is, ROE
R∗ > 1.

Increasing the cost of issuance leads to a higher equilibrium excess return. For instance,
with quadratic costs C (x) = Cx2/2, the equilibrium indeed features ROE

R∗ > 1 as long as
C >

ρ2

[β−(1−ρ)][1−G(1−ρ)] , and the solution is

ROE
R∗
=

2β

(1 − ρ)(1 + βG) +
√

4βρ2

C + (1 − ρ)2(1βG − 1)2
.

This model with costly endogenous equity issuance shares the implications of the
baseline model with exogenous issuance ζ :

Proposition 7. Suppose that entrants can issue equity subject to a positive, increasing and
convex cost C . Then, in the constrained lending regime, a fall in the real interest rate R∗ due
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to either lower productivity growth G or higher discount factor β lowers the deposit spread
τd and bank capital E, and raises the loan spread τ l .

The required return on equity ROE adjusts with R∗ because when R∗ falls, new banks
issue more equity in response to the higher market-to-book ratio υ, bringing down ROE
closer to R∗.

B.4.3 Operating costs

To ease exposition, I have focused on banks’ net interest income. To map the model to
the data, we need to take into account other components of bank pro�ts, in particular
operating costs as measured by “non-interest expense” in the Call Reports. In this section,
I argue that accounting for these costs only strengthens my results.

The before-tax return on assets ROA is de�ned as

ROA = NIM + non-interest income − non-interest expense − loan loss provisions

where all terms are de�ned as percent of earning assets. Equation (3) only considers the
net interest margin, setting the last three terms to zero. Figure A.5 shows that loan loss
provisions soared during the �nancial crisis, but then reverted to pre-2008 levels in 2012
and have been stable since. Meanwhile, mostly thanks to lower data-processing costs,
non-interest expense has declined from 4% to 3% of earning assets. I can accomodate non-
interest expense by introducing a cost κ of operating loans in the model. The return net of
operating costs on a short-term loan is then Rlt

1+κt . There is some ambiguity regarding how
to attribute non-interest expense to the deposit and lending businesses, because a large
part of operating costs simply comes from the costs of maintaing branches that are useful
both for making loans and deposits. One common choice in the literature is an equal split
that attributes 50% of reported non-interest expenses to the loan side (e.g., Greenwood
et al. 2017 or Begenau and Sta�ord 2018). For exposition, I attribute all the non-interest
expense to loans, but it is straightforward to attribute part of the costs to the deposit side
with additional notation (κl ,κd ). My argument is unchanged as long as the non-interest
expense attributed to loans is increasing in total non-interest expense.

In the presence of operating costs, the accounting identity (3) becomes ROEt =
(
1 + ϕt

)
×

ROAt where

ROAt = Rlt −
ϕt(

1 + ϕt
)Rdt︸              ︷︷              ︸

NIM

−
Rltκt

1 + κt
.

︸ ︷︷ ︸
non-interest expense

In the unconstrained lending regime, banks’ no-arbitrage condition between bonds and
loans requires Rlt = Rt (1 + κt ). We then have, in steady state:

Proposition 8. A permanent decrease in κ is fully passed through to lower loan rates in the
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unconstrained lending regime d logRl
d log(1+κ) = 1, but only partly passed through in the constrained

lending regime: 0 < d logRl
d log(1+κ) ≤ 1.

The two components of banks’ “marginal cost” of lending, the real interest rate and
non-interest expense, have fallen, yet the loan spread Rlt

Rt
has been stable or increasing.

My model can explain this pattern through the combination of a lower real rate R∗ that
pushes up the loan spread, and an o�setting decrease in operating costs.

B.4.4 Investment and �rm borrowing

I now turn to an alternative setting in which bank loans also �nance �rm investment, so
that �exible prices (or “natural”) output is a�ected by �nancial frictions. I take a minimal
model to illustrate how liquidity frictions can a�ect the economy’s productive capacity:
the result will generalize to more realistic models of investment. Instead of having house-
holds borrowing from banks, consider in each period a unit continuum of new penniless
�rms producing the �nal good from capital and labor

yt = Atk
α
t n

α
t

where kt is chosen at t − 1. As in Gertler and Karadi (2011), all �rms are bank-dependent
and face the rental rate Rlt ; this can easily be generalized to allow for unconstrained �rms
able to issue bonds and thus facing a rental rate Rt . Given that total labor supply is equal
to 1, equilibrium output is given by

Yt = A
1

1−α
t

[
α

Rlt

] 1
1−α

.

The only di�erence with Section 3 is that the demand for loans is now

L

(
Rlt

)
=

[
αAt

Rlt

] 1
1−α

.

In this setting with endogenous output, a real rate shock also a�ects the marginal pro-
ductivity of capital directly. To isolate the e�ect of low nominal rates, I focus on in�ation.
We then have the exact counterpart of Proposition 1:

Corollary 3. In the constrained lending regime, a lower in�ation target increases the steady
state loan spread τ l and thus reduces investment and output.

B.4.5 Maturity mismatch and hedging

Revaluation e�ects are thought to be an important channel through which monetary pol-
icy a�ects bank lending (Van den Heuvel 2002, Brunnermeier and Koby 2019). I now
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investigate how banks’ maturity mismatch a�ect the transmission of monetary policy to
rates and output in general equilibrium. Monetary policy can a�ect credit supply in two
ways: by changing bank leverage ϕt or by changing bank equity through the value of
long-term assets

∑K−1
k=1 q

l
t,t+k

Lt
t+k

.
To isolate the role of maturity mismatch, I introduce another benchmark, the “hedged

banks” model: bank equity Et is fully hedged and remains equal to its steady state value
after monetary policy shocks. Interest rate risk is shifted to savers. Figure A.14 shows how
maturity mismatch a�ects pass-through and the output e�ect of monetary policy. Total
loans and deposits are kept �xed (at respectively 38% and 30% of GDP), and the model
is recalibrated to vary only the share of short-term loans (equal to 60% in the baseline
calibration). The left panel of Figure A.14 shows how pass-through depends on maturity
mismatch. As average loan duration grows, so does the di�erence between the full model
and the “hedged” economy. Loan pass-through increases with duration due to a stronger
revaluation e�ect on banks, and it can even exceed 1 when duration is high enough. By
contrast, loan pass-through actually declines with maturity in the “hedged” benchmark.

Figure A.14: Date-0 e�ects of monetary policy on rates and output as a function of av-
erage bank loan duration.
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Note: Vertical lines denote the baseline calibration. The "hedged" benchmark is an economy where bank
equity remains at its steady state value and interest rate risk is fully shifted to savers.

The right panel of Figure A.14 shows that output sensitivity decreases with loan dura-
tion. This is due to the force described in Auclert (2019), as illustrated by the “Modigliani-
Miller” benchmark in the right panel. Even absent banking frictions, longer loan durations
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imply smaller unhedged rate exposures for borrowers, and thus a smaller redistribution
channel of monetary policy. The “hedged” model controls for the Auclert (2019) redis-
tribution channel, so that comparing the full model to the hedged economy isolates the
pure e�ect of the revaluation of bank equity. Output e�ects of monetary policy are higher
when banks do not hedge: when the central bank tightens, bank lending capacity Λ falls,
which ampli�es the contractionary e�ect of the rate hike. Quantitatively, the absence of
bank hedging increases output sensitivity from by 9% at the baseline duration of 2.6 years.
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