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Abstract

In this paper, I develop a dynamic macroeconomic model of financial intermediation

in which short-term funding is subject to liquidity risk. In the model economy I

develop, financial intermediaries provide both settlement services to households and

financial intermediary services between households and non-financial firms. Because

the provision of settlement services exposes them to random withdrawal shocks on their

short-term liabilities, financial intermediaries demand bank reserves, which are liquid

assets whose quantity supplied and return depend on monetary policy. I use this model

economy to study the real effects of targeting the width of the corridor between the

offi cial lending and borrowing rates of bank reserves. I obtain that narrower interest-

rate corridors of bank reserves increase liquidity ratios when financial intermediaries on

aggregate are net lenders of reserves, while decrease liquidity ratios when the opposite

happens. I also obtain that narrower interest-rate corridors always increase leverage

multiples.

How to conduct macro-prudential regulation? How to coordinate monetary policy

and macro-prudential policy? To address these questions, we develop a continuous-
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1 Introduction

The provisions of settlement and financial intermediary services have traditionally been in-

terrelated. At least since the Renaissance roots of banking in the 15th century, financial in-

stitutions at the centre of the settlement system have traditionally taken advantage of their

key position to also intermediate funds and credit between borrowers and savers.1 Notwith-

standing, the literature has in general disregarded the macroeconomic consequences and

the implications for the transmission mechanism of monetary policy of the joint provision

of these two services.2 The reason is mainly that the settlement and financial intermediary

systems have functioned smoothly in developed economies during the postwar era.

This paper fills that gap in the literature. To such end, first, I develop a tractable model

economy in which financial intermediaries jointly provide settlement services to households

and financial intermediary services between households and non-financial firms. Then, I use

the model economy to examine the dynamics of asset prices and macroeconomic aggregates,

and to revisit the transmission mechanism of monetary policy. For the second purpose, I

consider both conventional monetary policies that target the level of the inflation rate as

well as unconventional monetary policies that set the quantity up to and the offi cial rates

at which the Monetary Authority lends and borrows bank reserves short-term.

The model economy I develop incorporates a tractable liquidity management problem

into an otherwise standard macroeconomic model of financial intermediation. In the model

economy, as standard in the literature, financial intermediaries are good at monitoring

the activities of non-financial firms and, consequently, at intermediating funds from house-

holds (i.e., savers) to such firms (i.e., borrowers). Because of moral hazard considerations,

nonetheless, financial intermediaries cannot intermediate further funds beyond a limited

multiple of their net worth (Gertler and Kiyotaki 2010 and Gertler and Karadi 2011). The

liquidity management problem arises from the combination of three key elements. The first

is that to intermediate funds, financial intermediaries issue short-term and liquid liabilities

(i.e., deposits), which households can use not only as a store of value but also as a mean of

payment to settle the transactions they conduct among each other. As in Bianchi and Bigio

(2016) and Piazzesi and Schneider (2016), the settlement of transactions with deposits at

the household level gives rise to a random reshuffl e of deposits at the intermediary level.

1See Cipolla (1956) for a detailed description of the banking system in the Mediterranean World of the
5th to the 17th century. See Roberds (2008) and Kahn and Roberds (2009) for a comprehensive survey of
the payment and settlement systems in the modern U.S. economy.

2Two notable exceptions are Bianchi and Bigio (2016) and Piazzesi and Schneider (2016).
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The latter in fact represents from the point of view of individual financial intermediaries,

idiosyncratic withdrawal shocks to deposits that may affect the cost of short-term funding

and the total return on financial intermediation. The second element is that from time to

time financial intermediaries are required by law to settle their net deposit flows, if any,

immediately. The role of (and the justification for) this immediate settlement requirement

is to curb counterparty risks in interbank markets, which in the model economy, is essential

for curbing moral hazard problem across financial intermediaries and for safeguarding the

proper functioning of credit markets in general. The last element is that bank reserves are

the only asset saleable in short notice. This captures the notion that firms’financial claims

in general are costly to liquidate.

These three elements together give bank reserves the special role of a hedge against

withdrawal risks to deposit funding. Put it differently, they create a demand of financial

intermediaries for liquid assets that only bank reserves can satisfy. Monetary policy can

affect the opportunity cost of holding bank reserves (because bank reserves are nominal

assets whose return negatively depends on the inflation rate) as well as the terms of borrow-

ing and lending bank reserves ex-post (i.e., after withdrawal shocks realize) both bilaterally

with the Monetary Authority and in the interbank market. It is indeed through these two

channels that monetary policy can influence the liquidity and leverage decisions of financial

intermediaries and the real course of the economy.

The paper’s first main result is that narrow interest-rate corridors of bank reserves

reinforce liquidity ratios and boost leverage multiples relative to their wide counterparts.

The rationale is as follows. In interest-rate corridor systems, monetary policy adjusts the

quantity supplied of bank reserves ex-post, so that the interbank rate (i.e., the benchmark

rate at which bank reserves are traded in the interbank market) is the average of the offi -

cial lending and borrowing rates of bank reserves. Relative to wide interest-rate corridors,

their narrow counterparts improve the return on bank reserves that financial intermediaries

obtain, reduce the cost of hedging against withdrawal shocks to deposits, and boost the

total return on financial intermediation. Whether financial intermediaries increase their

liquidity ratio in response to narrower interest-rate corridors depends on their aggregate

trading position with respect to the Monetary Authority. When financial intermediaries on

aggregate are net borrowers of bank reserves, which happens when the expected reserves

return is low relative to the targeted inflation rate, narrower interest-rate corridors reduce

the effective rate at which financial intermediaries borrow reserves, while keep the counter-

part effective lending rate unchanged. This induces financial intermediaries to reduce their
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liquidity ratios even more, further increasing the intermediaries aggregate net borrowing

reserve position and the gap between their effective borrowing and lending rates, and so on.

Exactly the opposite happens when financial intermediaries on aggregate are net lenders

of bank reserves (and the expected reserves return is high relative to the targeted inflation

rate). Independent of the intermediaries’aggregate net trading position of bank reserves,

narrower interest-rate corridors boost the intermediaries’ profitability, capacity to issue

debt, and leverage multiples.

The paper’s second main result is that eliminating the opportunity cost of holding bank

reserves or the cost of using bank reserves to hedge against withdrawal risks is not optimal.

The problem with such monetary policies is that they induce financial intermediaries to

take too much leverage and, therefore, generate too strong feedback loops in financial

markets and too wide fluctuations in asset prices and in financial and macroeconomic

aggregates. Such monetary policies in general are dominated in terms of social welfare by

countercyclical monetary policies that provide bank reserves at higher costs when financial

intermediaries are better capitalized.

Related Literature This paper relates to a body of literature that studies the

interactions between liquidity management and leverage decisions at the intermediary level

and their implications for monetary policy. Following Bianchi and Bigio (2014) and Pi-

azzesi and Schneider (2016), I introduce liquidity management considerations based on

the dual role of store-of-value and mean-of-payment that deposits usually serve. A key

difference with respect to Bianchi and Bigio (2014) is that I consider no fractionary re-

serve requirement on deposits, but a settlement requirement with reserves on net deposit

outflows. A key difference with respect to Piazzesi and Schneider (2016) is that I work

with a continuous-time dynamic stochastic general equilibrium (DSGE) framework, which

is suitable for analyzing the dynamics of macreeconomic aggregates. Drechsler, Savov and

Schnabl (2015a) also work with a standard continuous-time DSGE model, but they assume

that financial intermediaries fully self-insurance against liquidity risks. The main differ-

ence with respect to Brunnermeier and Sannikov (2016) is that they introduce liquidity

considerations based on the store-of-value property of reserves.

On methodological grounds, my model economy builds upon the works of Gertler

and Karadi (2011) and Gertler and Kiyotaki (2010); Brunnermeier and Sannikov (2014);

Bianchi and Bigio (2014); and Van der Ghote (2017). I adapt the Gertler and Kiyotaki

(2010) economy to continuous time, to account for the non-linear dynamics associated with

occasionally constrained agents. To this end, I use a continuous-time framework similar to
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Brunnermeier and Sannikov (2014) and Van der Ghote (2017). I borrow from Bianchi and

Bigio (2014) the market structure of the market for reserves.

2 The Model

Time is continuous and runs forever. The model is a standard Gertler and Kiyotaki (2010)

economy in which financial intermediaries face also a liquidity management problem. The

model adapts the Gertler and Kiyotaki (2010) economy to continuous time using a frame-

work that is similar to Brunnermeier and Sannikov (2014) and Van der Ghote (2017).

2.1 Agents

A continuum of identical households and of financial intermediaries populate the model

economy. Households are composed of a continuum of family members of unit measure.

Family members share the same preferences for consumption and the same discount rate,

ρ > 0. There is perfect consumption insurance within the household meaning that all of

its family members perfectly share their income to always consume the same amount of

goods, ct ≥ 0.

Family members serve different occupations. A fraction f ∈ (0, 1) of them are financiers

and the remaining fraction are savers. Family members switch their occupation stochasti-

cally according to Poisson processes with arrival rate ρ̃ > 0 for financiers, and arrival rate

ρ̃f/ (1− f) for savers.

Financiers run the financial intermediaries and savers run the household. Specifically,

financiers take the investment portfolio decisions of the financial intermediary company

that they manage. Savers choose consumption ct on behalf of all the family members

that constitute the household. Savers also take the investment portfolio decisions of the

household that they manage.

2.2 Assets & Production Technologies

Asset classes comprise physical capital, deposit contracts, reserves and government bonds.

Physical capital Physical capital is a real asset. Physical capital is the key input

for producing a final consumption good. There is a linear production technology that
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transforms physical capital kt into final output flows yt according to

yt = akt

being a ∈ {ah, af} the productivity coeffi cient. The value of the productivity coeffi cient
depends on who manages the physical capital. If financial intermediaries manage the kt
units of physical capital, a = af . Otherwise, if households manage them, a = ah < af . The

gap between af and ah measures the comparative advantage that financial intermediaries

have at managing physical capital relative to households. Intuitively, the gap af − ah

captures the idea that financial intermediaries are good relative to households at allocating

funds across non-financial firms; the latter being the agents ultimately involved in the

production process of the final consumption good.3

Physical capital evolves stochastically according to

dkt/kt = [I (ιt)− δ] dt+ σdZt (1)

The process Zt is a standardWiener process defined on a filtered probability space (Ω,F , P ) .

The term dZt is an aggregate shock that is common to all units of physical capital indepen-

dently of who manages them. The term dZt can also be interpreted as an shock aggregate

to the effective units of physical capital.4 The diffusion coeffi cient σ measures the strength

at which the dZt shock affects the growth rate of physical capital.

Physical capital depreciates deterministically at the constant rate of δ. The depreciation

rate δ is common to all units of physical capital as well. There is an internal investment

technology that transforms ιtkt units of final output into physical capital at the rate of

I (ιt) . The function I (ιt) represents a standard investment technology with adjustment

costs: I (0) = 0, I ′ (ι) > 0, I ′′ (ι) < 0.

The total return on capital dRa,t depends on who manages the physical capital. Let

qt denote the price of capital in terms of the final consumption good.5 The total return

dRa,t amounts to the sum of the net dividend yields and the capital gain/loss rate. Specif-

ically,

dRa,t ≡
a− ιt
qt

dt+
d (qtkt)

qtkt

3See Van der Ghote (2017) for a model economy that explicitly incorporates lending/borrowing rela-
tionships between financial intermediaries/households and non-financial firms.

4See Brunnermeier and Sannikov (2014) and di Tella (2015) for a detailed discussion.
5Physical capital is tradable. Physical capital is traded on the spot at the real price of qt.
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with a ∈ {ah, af} . Net dividend yields are the ratio of net dividend returns (a− ιt) kt
to the market value of capital holdings qtkt. Dividend returns are net of expenditures on

internal investment. The capital gain/loss rate is the percentage change on the market

value of capital holdings during the time interval dt.

The total return on capital that financial intermediaries earn is dRa,t evaluated at

a = af while that that households earn is also dRa,t but evaluated at a = ah. Because the

productivity gap af − ah is positive, the total return dRf,t that financial intermediaries
obtain is higher than the total return dRh,t that households obtain.

We conjecture that the price of capital qt follows an Ito process with drift process uq,t
and diffusion process σq,t.6 Total returns on capital are locally risky and satisfy

dRa,t =

[
a− ιt
qt

+ I (ιt)− δ + uq,t + σq,tσ

]
dt+ (σq,t + σ) dZt

Deposits Deposits are financial securities. Specifically, deposits are in zero-net

supply; agents can issue as well as save on deposits. Deposits have a short-term maturity

and a fixed payment structure: Deposits issued at time t mature at time t + dt and yield

a locally risk-free nominal interest rate of it ≥ 0. Let pt denote the nominal price of the

final consumption good. The real return on deposit is then itdt− dpt/pt, being dpt/pt the
inflation rate between time t and time t+ dt.

Deposits serve the dual role of store-of-value and mean-of-payment. Besides being

useful for borrowing and saving, deposits are also useful for settling transactions.7 We do

not explicitly model the procedure through which depositors decide to use deposits to settle

transactions. Instead, we introduce settlement decisions in reduced-form. Our approach is

based on Bianchi and Bigio (2014) and Piazzesi and Schneider (2016).

Specifically, depositors settle transactions with deposits stochastically. The settlement

of transactions with deposits generates in probability a situation in which net deposit posi-

tions across issuers become unbalanced (i.e. gross deposit positions differ before and after

settlement for at least two issuers of deposits). For simplicity, we assume that depositors

only reshuffl e deposits across issuers: The aggregate stock of deposits therefore remains the

same before and after settlement.

A Poisson process Jt dictates whether net deposit positions become unbalanced after

settlement. The process Jt is exogenous and has an arrival rate of θ. When Jt does not

6The processes µq,t and σq,t are endogenous objects to be determined in equilibrium.
7Only the agents who save on deposits, i.e. depositors, can use deposits to settle transactions.
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jump, i.e. J+
t −Jt = 0, 8 nothing relevant happens as net deposit positions remain perfectly

balanced across issuers. When Jt jumps, i.e. J+
t − Jt = 1, net deposit positions become

unbalanced and are whence reshuffl ed stochastically across issuers according to a continuous

cumulative probability distribution F. The domain of the function F (ω) is the interval

(−∞, 1] . A negative realization ω < 0 means that the corresponding issuer receives a share

−ω of net deposit inflows. The share −ω is computed relative to the stock of deposits
before settlement. A positive realization ω > 0 has the same interpretation but for net

deposit outflows. The function F (ω) satisfies that
∫
ωdF (ω) = 0, confirming that deposits

are just re-allocated across issuers.9 We interpret a positive shock ω as a withdrawal shock

on deposits.

Deposits are subject to an immediate settlement requirement. The settlement require-

ment obliges issuers to settle all of their net deposit outflows with reserves, immediately

after they occur (i.e. immediately after Jt jumps) and immediately before time t + dt

arrives. The settlement requirement implies that withdrawal risks on deposits are poten-

tially costly for issuers. Whether withdrawal risks are costly or not depends on the trading

protocol of reserves and on the opportunity cost of holding reserves.10

Reserves Reserves are nominal assets in non-negative supply. A Monetary Au-

thority issues and distributes reserves. The Monetary Authority pays no nominal interest

rate on reserves and therefore the real interest rate of reserves equals the negative of the

inflation rate. The Monetary Authority may nonetheless pay a positive rate of return on

excess reserves (see below).11

Reserves are tradable and are traded both in primary markets and in secondary markets

at a real price of 1/pt. Reserves are liquid meaning that they are also traded between the

moment at which Jt jumps, if any, and time t + dt. Reserves are the only liquid asset in

the economy. Conditional on a jump J+
t −Jt = 1, the trading protocol of reserves, and the

settlement protocol of net deposit outflows with reserves, are as follows.

8The Poisson processes Jt and J+t count number of jumps. The process Jt counts the number of jumps
until time t. The process J+t counts the number of jumps until immediately after time t. Through the lens
of discrete-time models, intuitively, Jt counts the number of jumps up to the morning of date t whereas J+t
counts the number of jumps up to the night of date t. Jumps, if any, occur at noon.

9The shock ω is independent of the size of the issuer.
10 In our model economy, there is no fractionary reserve requirement on deposits. That is, issuers are not

obliged to park a fraction of their deposits on reserves. Incorporating a fractionary reserve requirement
is feasible (see Bianchi and Saki 2014 and Piazzesi and Schneider 2016). The model economy can also be
accomodated to impose a settlement requirement on gross deposit outflows (rather than on net deposit
outflows).
11 Introducing a positive nominal interest rate on reserves is feasible.
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Trading and settlement protocols involve two stages. There is no discounting between

stages. At the first stage, there is no trading but only settlement. Specifically, at the first

stage, issuers have to settle the largest possible share of their net deposit outflows with

their own reserves holdings. Let ω̄t ≥ 0 denote the liquidity ratio of issuers just before the

jump J+
t − Jt = 1 occurs.12 Following this first round of settlement, the reserves holdings

that issuers end up with, as well as their liquidity needs, depend on the relative size of

the withdrawal shock ω to that of the liquidity ratio ω̄t. If ω > ω̄t, issuers lose all of their

reserves holdings and end up with liquidity needs of ω − ω̄t per unit of initial deposits.
Issuers therefore will have to borrow later on ω − ω̄t units of real reserves (per unit of

initial deposits) to finish settling all of their net deposit outflows. If ω ∈ [0, ω̄t] , issuers lose

a share ω/ω̄t of their reserve holdings but end up without liquidity needs. Issuers indeed

end up with excess reserves over settlement needs of ω̄t − ω per unit of initial deposits,
and can lend those excess reserves later on if they want to. If ω < 0, issuers keep all of

their reserves holdings and end up with liquidity excesses as well. Their excess reserves not

only comprise their initial reserves holdings but also the reserves inflows that they receive

jointly with the net deposit inflows −ω. Reserves inflows per unit of deposits amount to
∆t (ω; ω̃t) , with

∆t (ω; ω̃t) ≡
−ω

EF [−ω̂1ω̂<0]
EF
[
ω̂1ω̂∈[0,ω̃t] + ω̃t1ω̂>ω̃t

]
In this notation, ω̂ denotes the withdrawal shock of the other issuers in the economy and ω̃t
denotes their corresponding liquidity ratio.13 The expectation operator EF [.] is defined

relative to the cumulative probability distribution function of withdrawal shocks F. The

first factor in the RHS is the share of the aggregate net deposit outflows that the issuers

with withdrawal shock ω < 0 receive. The second factor is the aggregate reserves holdings

that the others issuers in the economy use to settle net deposit outflows.

At the second stage, after the first round of settlement concludes, a market for reserves

opens. In the market for reserves, only issuers can trade; in particular, the Monetary

Authority cannot trade. Issuers who have excess reserves can place lending orders to try

to lend their reserves holdings in the market. The other issuers can place borrowing orders

to try to borrow reserves. The market for reserves is a directed over-the-counter market

12The liquidity ratio is the ratio of the real reserves holdings to the quantity of deposits issued.
13We conjecture that all issuers set the same liquidity ratio of ω̃t. Of course, under our conjecture, ω̄t = ω̃t.
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(OTC) that has a similar structure to Bianchi and Bigio (2014).14 Besides trading in the

market, issuers can also trade reserves with the Monetary Authority. Issuers who have

excess reserves can park their reserves in the balance sheet of the Monetary Authority at a

rate of return of re,t. Issuers who need reserves can borrow in the discount window at a rate

of return of rw,t. The Monetary Authority sets both the interest rate on excess reserves

re,t and the discount window rate rw,t unilaterally. The Monetary Authority commits to

trade any quantity of reserves at those rates. For simplicity, we express re,t and rw,t in

real terms. We interpret the rates re,t and re,t as fee payments within time t (rather than

as interest payment between different time periods). We restrict attention to the case in

which rw,t > re,t ≥ 0, which implies that borrowing reserves at the discount window is

costly and that parking reserves in the balance sheet of the Monetary Authority is weakly

profitable.

The trading behavior of the Monetary Authority and the OTC market structure of the

market for reserves determine the trading outcome of reserves. By trading outcome we

mean the trading strategies of issuers; the terms of trade and payoffs that issuers obtain;

and the market rate rm,t.

The policy rates rw,t and re,t represent the outside options to trading reserves in the

market. The rate rw,t represents the outside option to borrowing reserves. The rate re,t
represents the outside option to lending reserves. The market for reserves admits a single

rate of return rm,t (i.e. all trades at the market are executed at the same rate rm,t) because

bargaining takes place between reserve orders.15 Furthermore, because reserve orders Nash

bargain about real transfers, the market rate rm,t solves

rm,t = arg max
r̃∈R

(rw,t − r̃)ξ (r̃ − re,t)1−ξ

being ξ ∈ [0, 1] the bargaining power of borrowing orders.

Issuers get better terms of trade in the market than with Monetary Authority because

the market rate rm,t is a weighted average of the high discount window rate rw,t and the low

14Specifically, the OTC market for reserves is such that: (i) issuers can place a continuum of orders (but
cannot place orders beyond their reserve needs or holdings); (ii) borrowing and lending orders are randomly
matched among each other; (iii) bargain takes place between orders (not between the issuers who place
the orders); (iv) orders bargain about real transfers according to Nash bargaining; and (v) orders do not
bargain collectively (i.e. orders from a same issuer take as given the outcome of the other orders).
15See Afonso and Lagos (2012) and Bianchi and Bigio (2014) for a detailed discussion. The rationale is

that value functions do not affect the outcome of the bargain if orders (rather than issuers) are the ones
who bargain.

10



interest rate on excess reserves re,t. Therefore, issuers try to place as many successful orders

of reserves in the market as possible. The terms of trade that issuers ultimately obtain are

given by the effective rate of return for borrowing reserves rb,t and by the effective rate of

return for lending reserves rl,t. The effective rates rb,t and rl,t satisfy

rb,t = rm,t min

{
ω̃t

EF [(ω̂ − ω̃t)1ω>ω̃t ]
, 1

}
+ rw,t max

{
EF [(ω̂ − ω̃t)1ω̂>ω̃t ]− ω̃t
EF [(ω̂ − ω̃t)1ω̂>ω̃t ]

, 0

}

rl,t = rm,t min

{
EF [(ω̂ − ω̃t)1ω̂>ω̃t ]

ω̃t
, 1

}
+ re,t max

{
ω̃t − EF [(ω̂ − ω̃t)1ω̂>ω̃t ]

ω̃t
, 0

}
The effective rates rb,t and rl,t are a weighted average of the market rate rm,t and of

the policy rates {re,t, rw,t} . The weights in rb,t and rl,t reflect the likelihood of trading
orders successfully in the market. Those likelihoods depend on the trading behavior of

all the issuers in the economy, and therefore are taken as given by individual issuers. If

issuers on aggregate have enough reserves holdings to meet all of their liquidity needs in

the first round of settlement, i.e. ω̃t > EF [(ω̂ − ω̃t)1ω>ω̃t ] , all borrowing orders trade
successfully in the market and rb,t = rm,t. The effective lending rate rl,t is a weighted

average of rm,t and re,t because only the share EF [(ω̂ − ω̃t)1ω>ω̃t ] /ω̃t of lending orders
trade successfully. In this case, issuers who borrow reserves obtain the best possible terms

of trade given the policy rates {re,t, rw,t} . Those who lend reserves obtain relatively poor
terms of trade. If, alternatively, issuers on aggregate lack enough reserves holdings to meet

all of their liquidity needs in the first round of settlement, i.e. ω̃t < EF [(ω̂ − ω̃t)1ω>ω̃t ] ,
the opposite happens. Specifically, all lending orders trade successfully in the market and

whence rl,t = rm,t. The effective borrowing rate rb,t is a weighted average of rm,t and

rw,t because only the share ω̃t/EF [(ω̂ − ω̃t)1ω>ω̃t ] of borrowing orders trade successfully.
In this second case, issuers who lend reserves obtain the best possible terms of trade while

those who borrow reserves obtain relatively poor terms of trade.

A second and final round of settlement begins after the trade of reserves concludes.

Payments related to lending/borrowing reserves in the market, and to lending/borrowing

with/against the Monetary Authority, are executed simultaneously with this second round

of settlement. We assume that after the second round of settlement concludes deposits

are reshuffl ed back to the position prior to the jump J+
t − Jt = 1. We assume also that

re-allocating deposits and reserves after at the second reshuffl e is costless. These two

assumptions simplify the analysis: Together, they imply that, at the beginning of time
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t + dt, net deposit positions remain perfectly balanced across issuers, independently of

whether Jt has jumped during the time interval dt or not.16

Government Bonds Government bonds are financial assets in perfectly elastic

supply. Government bonds are short-term and pay a locally risk-free nominal interest rate.

Government bonds are valid for settling transactions among depositors but not for settling

net deposit outflows. The nominal interest rate on government bonds is therefore the same

as the nominal deposit rate (government bonds and deposits are perfectly arbritraged).

From now on, then, we refer to it as the nominal interest rate in the economy.

Government bonds matter only for the implementation of the nominal interest rate

it. The Monetary Authority implements a nominal interest rate through open market op-

erations: That is, the purchase of government bonds with reserves, and vice versa, at

the prevailing market prices. Following Drechsler, Savov and Schnabl (2015a), we restrict

attention to implementation mechanisms that generate a locally risk-free inflation rate

dpt/pt = πtdt+ 0 ∗ dZt (2)

with πtdt ≡ Et [dpt/pt] . A locally risk-free inflation rate is consistent with non-financial

firms that adjust their nominal price sluggishly according to Calvo (1983) pricing.17 In

subsection 2.6, we derive the law of motions for government bonds and for the aggregate

stock of reserves that are consistent with a locally risk-free inflation rate.

We assume for simplicity that neither financial intermediaries nor households can take

positions government bonds. We assume also that the real interest rate payments on

government bonds are financed with lump-sum taxes on households.

2.3 Financial Intermediaries’Portfolio Problem

Based on the spread dRf,t − dRh,t > 0, we conjecture that financial intermediaries borrow

to take levered positions on physical capital and that households lend. Let nf,t ≥ 0 denote

the net worth of financial intermediaries. The capital positions that financial intermediaries

take kf,t therefore satisfies qtkf,t > nf,t generically.18

The investment portfolio decisions of financial intermediaries comprise {kf,t,mf,t/pt; ιt} .
16The two simplifying assumptions are consistent with idea that withdrawal shocks on deposits are mere

funding/liquidity shocks to financial intermediaries.
17See Van der Ghote (2017) for a formal proof and a comprehensive discussion.
18The relatioship qtkf,t = nf,t holds only when financial intermediaries own all of the wealth in the

economy.
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The process mf,t/pt ≥ 0 is the real position that financial intermediaries take on reserves.

The investment portfolio decisions of financial intermediaries dictate the evolution of net

worth nf,t accordingly

dnf,t = dRf,tqtkf,t − πtmf,t/ptdt− (it − πt) (qtkf,t +mf,t/pt − nf,t) dt (3)

−τ1,tnf,tdt+ [Rt (ω; ω̄t) ∗ (qtkf,t +mf,t/pt − nf,t) + τ2,t (ω)nf,t] ∗
(
J+
t − Jt

)
The first line in the RHS describes the real return of the investment portfolio. The first line

assumes that withdrawal shocks on deposits do not materialize, namely, that J+
t − Jt = 0.

The quantity qtkf,t +mf,t/pt − nf,t is the amount of deposits that financial intermediaries
issue. The first term in the second line of the RHS is a tax rate on financial intermediaries.

The tax rate τ1,t is proportional on net worth.

The second term in the second line of the RHS describes the gains/losses in net worth

nf,t associated with withdrawal risks on deposits. The function Rt (ω; ω̄t) measures the

returns per unit of initial deposits from trading reserves ex-post. Ex-post means following

the realizations of the jump J+
t − Jt = 1 and of the withdrawal shocks on deposits ω. The

return Rt (ω; ω̄t) is (see subsection 2.2)

Rt (ω; ω̄t) ≡ rl,t [ω̄t + ∆t (ω; ω̃t)]1ω<0 + rl,t (ω̄t − ω)1ω∈[0,ω̄t] − rb,t (ω − ω̄t)1ω>ω̄t (4)

The liquidity ratio of financial intermediaries ω̄t is

ω̄t ≡
mf,t/pt

qtkf,t +mf,t/pt − nf,t
(5)

The total return from trading reserves ex-post is the product between Rt (ω; ω̄t) and the

quantity of deposits qtkf,t +mf,t/pt−nf,t. The process τ2,t (ω)nf,t denotes a transfer that

financial intermediaries receive ex-post. The transfers τ2,t (ω) are proportional to net worth

and contingent upon the realization of the idiosyncratic withdrawal shock ω.

Financial intermediaries take the tax rate τ1,t and the transfers τ2,t (ω) as given. The

policy schedule {τ1,t, τ2,t (ω)} serves only a technical purpose. The purpose of the transfers
τ2,t (ω) is to guarantee that endogenous variables do not jump along with Jt.19 The purpose

of the tax rate τ1,t is to guarantee that the policy schedule {τ1,t, τ2,t (ω)} is self-financing. In
19From a technical point of view, the analysis is simpler when endogenous variables do not jump. In the

conclusion, we discuss the main economic implications that may follow if endogenous variables were allowed
to jump along with Jt.
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subsection 2.6, we derive the policy schedule {τ1,t, τ2,t (ω)} that satisfies the aforementioned
two properties. Intuitively, endogenous variables do not jump if the transfers τ2,t (ω)

perfectly insure financial intermediaries against withdrawal risks on deposits. In such case,

the net worth nf,t does not jump along with Jt. Because the jump J
+
t − Jt affects directly

the evolution of nf,t only, none any other endogenous variable jumps along with Jt either.

Financial intermediaries are subject to a moral hazard problem. The moral hazard

problem is similar to Gertler and Karadi (2011) and Gertler and Kiyotaki (2010). At every

point in time, financial intermediaries have to choose between diverting funds and behaving

properly. If they divert funds, financial intermediaries can walk away with a fraction 1/λ of

their capital holdings kf,t at the penalty of losing their franchise.20 The value of diverting

funds is therefore qtkf,t/λ. If they behave properly, financial intermediaries stay on business,

and obtain the franchise value of their financial intermediary company Vt. The value of

behaving properly is therefore Vt.

The moral hazard problem gives rise to the incentive-compatible constraint

qtkf,t ≤ λVt (6)

The incentive-compatible constraint guarantees that financial intermediaries never divert

funds: Intuitively, if financial intermediaries were to divert funds, creditors would not lend

in the first place. The incentive-compatible constraint guarantees also that deposits are

de facto non-defaultable. Non-defaultable deposits are consistent with a notion of using

deposits for settling transactions.

The objective of financial intermediaries is to maximize the present discounted value of

their dividend payouts. Financial intermediaries pay out dividends either when they divert

funds or when they retire. In either case, financial intermediaries transfer back to the

household their entire net worth. Financial intermediaries retire when the financier in offi ce

switches her occupation. When they retire, financial intermediaries close their business

after the settlement of net deposit outflows concludes. Financial intermediaries that retire

are replaced with new financial intermediaries, that start with an initial endowment of κ/ρ̃

shares of the aggregate capital stock.

Financial intermediaries discount future dividend payouts with the stochastic discount

20We assume for simplicity that financial intermediaries cannot walk away with reserves. Relaxing such
assumption is feasible. See Gertler and Kiyotaki (2010) for a model economy in which safe assets in general
also have a pledgeability ratio below 1.
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factor (SDF) of the household, i.e. Λt,
21 weighted by the survival density function of the

financier in offi ce (financial intermediaries never divert funds). We conjecture that the SDF

of the household Λt follows an Ito process (see subsection 2.4).

Financial intermediaries solve the portfolio problem

Vt ≡ max
kf,t,mf,t;ιt≥0

Et

∫ ∞
t

ρ̃e−ρ̃(s−t) Λs
Λt
nf,sds (7)

s.t. : nf,t ≥ 0, (3) , (4) , (5) , (6)

Solving the Portfolio Problem We conjecture that the franchise value of finan-

cial intermediaries is linear on net worth

Vt = vtnf,t

with vt ≥ 1.22 A linear guess works here because the portfolio problem (7) is linear. In-

tuitively, problem (7) is linear because the objective function of financial intermediaries is

linear, and because financial intermediaries take assets returns and prices as given (con-

straint functions are therefore linear as well). The process vt is the Tobin’s Q of financial

intermediaries: Equivalently, vt measures the marginal/average value of wealth in the fi-

nancial intermediary sector. The process vt is never below 1 because the Tobin’s Q of an

hypothetical financial intermediary that can invest only in deposits is always equal to 1.23

We conjecture that vt follows an Ito process.

Let φ.,t denote the portfolio shares of financial intermediaries. Let φk,t ≡ qtkf,t/nf,t

denote the portfolio share in physical capital and let φm,t ≡ (mf,t/pt)/nf,t denote the

portfolio share in reserves. The incentive-compatible constraint reduces to the standard

financing constraint

φk,t ≤ λvt

The leverage multiple amounts to φk,t + φm,t. The portfolio shares satisfy that φk,t > 1

generically and that φm,t ≥ 0. The liquidity ratio is the same for all financial intermediaries.

Specifically,

ω̄t =
φm,t

φk,t + φm,t − 1

21The process Λt is an endogenous process to be determined in equilibrium.
22The process vt is an endogenous object to be determined in equilibrium.
23See subsections 2.4 and 2.6. The reason is that households are indifferent on the margin between

consumption and deposits.
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Proposition 1 The optimality conditions in the portfolio problem of financial intermedi-

aries are four:

1. The internal investment condition

I ′ (ιt) = 1/qt

2. The liquidity ratio condition

−itdt+ EF [Rm,t (ω; ω̄t)] θdt ≤ 0

with equality if ω̄t > 0.

3. The asset pricing condition on capital

Et [dRf,t] + EF [Rk,t (ω; ω̄t)] θdt− (it − πt) dt+ Covt [dΛt/Λt + dvt/vt, dRf,t] ≥ 0

with equality if φk,t < λvt.

4. The asset pricing condition on the Tobin’s Q

Ẽt [dRn,t] +
ρ̃

vt
dt+ Et [dvt/vt]− ρ̃dt+ Covt [dΛt/Λt, dvt/vt] = 0

with

Ẽt [dRn,t] ≡ Et [dnf,t/nf,t]− (it − πt) dt+ Covt [dΛt/Λt + dvt/vt, dnf,t/nf,t]︸ ︷︷ ︸
risk−adjusted excess return on equity

Proof.24 �
The internal investment condition is the same as in Brunnermeier and Sannikov (2014).

The internal investment condition implies that ιt is positively related with the price of

capital qt. Intuitively, when the price of capital is higher, financial intermediaries invest

more, because physical capital is more valuable. The internal investment rate solves a

completely static problem: the internal investment rate ιt only depends on the spot price

qt.

The liquidity ratio condition weights the opportunity cost against the marginal benefits

of holding reserves. The opportunity cost of holding reserves is the sum of the foregone real

24See the Appendix A.
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interest rate on deposits and the inflation rate: By the Fisher equation, it equals the nom-

inal interest rate itdt. The marginal benefits of holding reserves are EF [Rm,t (ω; ω̄t)] θdt,

with

Rm,t (ω; ω̄t) ≡ Rt (ω; ω̄t) + [rl,t1ω<ω̄t + rb,t1ω>ω̄t ] (1− ω̄t)

The factor θdt weights the marginal benefits by the likelihood of a jump during the time

interval dt. The expectation operator EF [.] weights the marginal benefits by the probability

distribution F of the withdrawal shocks on deposits. The function Rm,t (ω; ω̄t) is the partial

derivative of the total return Rt (ω; ω̄t)∗
(
φk,t + φm,t − 1

)
with respect to φm,t. The function

Rm,t (ω; ω̄t) reads as follows.

Marginally increasing the portfolio share in reserves φm,t brings a direct and an indirect

effect. The direct effect is the consequence of raising more deposits: Increasing φm,t requires

raising more deposits because financial intermediaries have already exhausted all of their

net worth in capital positions (i.e. φk,t > 1). The first term in the RHS accounts for the

direct effect. The indirect effect is the consequence of increasing the liquidity ratio ω̄t.

Increasing the liquidity ratio boosts the return Rt (ω; ω̄t) because it alleviates liquidity

needs as well as improves liquidity excesses ex-post. For instance, if ω > ω̄t, and financial

intermediaries happen to be borrowers of reserves, increasing the liquidity ratio saves rb,t
per unit of deposits. Similarly, if ω < ω̄t, and financial intermediaries happen to be lenders

of reserves, increasing the liquidity ratio yields an additional rate of return of rl,t per unit

of deposits. The second term in the RHS accounts for indirect effect. The factor 1 − ω̄t
weights by the partial effect that φm,t has on ω̄t and by the deposits position φk,t+φm,t−1.

The marginal benefits from holding and whence trading reserves ex-post Rm,t (ω; ω̄t)

is always non-negative. Furthemore, the marginal benefits Rm,t (ω; ω̄t) are fully deter-

mined by the liquidity ratio. The liquidity ratio condition therefore implies that finan-

cial intermediaries set a positive liquidity ratio ω̄t, if any, to match the expected mar-

ginal benefits from trading reserves ex-post to the opportunity cost of holding reserves. If

itdt > EF [Rm,t (ω; ω̄t)] θdt for all ω̄t ∈ [0, 1] , financial intermediaries prefer to set a null

liquidity ratio ω̄t = 0 and to hold no reserves.

The asset pricing conditions on capital and on the Tobin’s Q are similar to Van der

Ghote (2017). The only difference with respect to them is the term EF [Rk,t (ω; ω̄t)] θdt.

The asset pricing condition on capital is similar as well to the optimality conditions

in the consumption-based asset capital model (C-CAPM). The LHS is the risk-adjusted

excess return on capital over deposits that financial intermediaries earn. The first three
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terms add up to the excess return on capital. The second term is unusual and results from

the withdrawal risks on deposits. The function Rk,t (ω; ω̄t) is the partial derivative of the

total return Rt (ω; ω̄t) ∗
(
φk,t + φm,t − 1

)
with respect to φk,t. Specifically,

Rk,t (ω; ω̄t) ≡ Rt (ω; ω̄t)− [rl,t1ω<ω̄t + rb,t1ω>ω̄t ] ω̄t

The function Rk,t (ω; ω̄t) has a similar interpretation to Rm,t (ω; ω̄t) but for marginal in-

creases on φk,t. The term EF [Rk,t (ω; ω̄t)] θdt measures the extent up to which marginally

increasing φk,t affects the expected returns from trading reserves ex-post. The function

Rk,t (ω; ω̄t) depends only on the liquidity ratio and is strictly increasing on ω̄t. The second

property in turn implies that higher liquidity ratios boost the excess return that financial

intermediaries earn on capital. Intuitively, excess returns are higher when ω̄t is higher

because financial intermediaries are less exposed to withdrawal risks.

The last term in the LHS, i.e. the covariance Covt [dΛt/Λt + dvt/vt, dRf,t] , measures

the compensation for holding capital risk that financial intermediaries demand. The co-

movement between dvt/vt and dRf,t matters for valuing capital risk because financial in-

termediaries are subject to financing constraints: Financial intermediaries are particularly

concerned with the co-movement between their marginal value of wealth and the return on

their capital investments.

The asset pricing condition on capital describes the preference relationship of financial

intermediaries between physical capital and deposits. If the risk-adjusted excess return that

they obtain on capital is positive, financial intermediaries strictly prefer capital to deposits,

and take levered positions on capital until hitting their financing constraint. Otherwise,

financial intermediaries are indifferent between capital and deposits, and are willing to take

any position on physical capital and on deposits.

The asset pricing condition on the Tobin’s Q describes the behavior of the marginal

value of wealth of financial intermediaries. The first term in the LHS is the risk-adjusted

excess return on equity over deposits that financial intermediaries earn. The term Ẽt [dRn,t]

measures the expected profits that financial intermediaries earn per unit of net worth:

Notice that Ẽt [dRn,t] is the product of the risk-adjusted excess return on capital and

the portfolio share in physical capital φk,t. The asset pricing condition on the Tobin’s Q

says that financial intermediaries value wealth more, when they obtain positive and higher

risk-adjusted excess returns on capital.
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2.4 Households’Portfolio Problem

Let nh,t ≥ 0 denote the net worth of households. The portfolio investment decisions

of households comprise {kh,t,mh,t/pt = 0; ιt} . Households take no positions on reserves
because deposits weakly dominate reserves in terms of return: The opportunity cost of

holding reserves is always non-negative, it ≥ 0.

The consumption and portfolio investment decisions of households, together with the

transfers that they receive, dictate the evolution of the worth nh,t accordingly

dnh,t = dRh,tqtkh,t + (it − πt) (nh,t − qtkh,t) dt− ctdt+ Transferst (8)

The quantity nh,t − qtkh,t is the amount of deposits that households hold. The process
Transferst denotes the transfers that households receive from financial intermediaries

and from the Monetary Authority. The net transfers that households receive from financial

intermediaries amount to (ρ̃Nf,t − κqtKt) dt. In this notation, upper case variables denote

aggregate variables. We specify the transfers that households receive from the Monetary

Authority in subsection 2.5. For convenience, we automatically deduct from the latter the

lump-sum taxes that households pay to finance the interest rate payments on government

bonds.

The objective of households is to maximize the present discounted value of their utility

flows

Et

∫ ∞
t

e−ρ(s−t) c
1−γ
s

1− γ ds (9)

The parameter γ is the risk aversion coeffi cient. The SDF of households is Λt ≡ e−ρtc−γt .

Solving the Portfolio Problem The portfolio problem of households is to max-

imize (9) subject to nh,t ≥ 0 and (8) .

Proposition 2 The optimality conditions in the portfolio problem of households are three:

1. The internal investment condition

I ′ (ιt) = 1/qt

2. The asset pricing condition on deposits

(it − πt) dt = −Et [dΛt/Λt] ≡ ρdt+ γEt [dct/ct]−
1

2
γ (γ + 1)V art [dct/ct]
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3. The asset pricing condition on capital

Et [dRh,t]− (it − πt) dt+ Covt [dΛt/Λt, dRh,t] ≤ 0

with equality if k̄h,t > 0.

Proof.25�
The internal investment condition is the same for both households and financial inter-

mediaries. The reason is that both agents face the same static investment optimization

problem. The internal investment rate ιt is then independent of who manages the capital

stock.

The asset pricing conditions are similar to the optimality conditions in the C-CAPM.

The asset pricing condition on deposits implies that households are indifferent on the

margin between consumption and deposits. The asset pricing condition on capital describes

the preference relationship of households between physical capital and deposits. The term

in the LHS is the risk-adjusted excess return on capital over deposits that households

earn. If the risk-adjusted excess return is null, households are indifferent on the margin

between capital and deposits. Otherwise, households strictly prefer on the margin deposits

to capital, and k̄h,t = 0.26

2.5 Monetary Policy and Seigniorage Revenues

2.5.1 Monetary Policy

Monetary policy has three independent policy instruments. We characterize policy instru-

ments in terms of rates of return. Monetary policy comprises a process for the nominal

interest rate it; a process for the discount window rate rw,t; and a process for the inter-

est rate on excess reserves re,t. Policy instruments generate seigniorage revenues and/or

expenditures.

25See the Appendix A.
26We disregard the possibility of the opposite inequality, i.e. ” > ”, because households are not subject to

portfolio constraints. If the opposite inequality were to hold, households would take unbounded positions of
physical capital, funded with unbounded negative position on deposits, and, in equilibrium, markets would
not clear (see subsection 2.6).
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2.5.2 Seigniorage Revenues

Open Market Operations The Monetary Authority conducts open market oper-

ations to implement a process for the nominal interest rate. Open market operations

generate seigniorage revenues because government bonds dominate reserves in terms of

return. We assume that the Monetary Authority transfers to the household all seigniorage

revenues from open market operations on the spot.

To conduct open market operations, the Monetary Authority issues reserves, and

whence borrows at the real rate of return of −πtdt, to invest in government bonds at
a real rate of return of (it − πt) dt. Gross seigniorage revenues from open market opera-

tions therefore amount to itMt/ptdt.
27 The corresponding net seigniorage revenues amount

πtMt/ptdt. The reason is that the Monetary Authority deducts from the gross seigniorage

revenues the lump-sum taxes that households pay to finance the interest rate payments

(it − πt)Gtdt on government bonds.
Discount Window and Excess Reserves The Monetary Authority trades re-

serves with financial intermediaries to sustain the rates rw,t and re,t. Lending reserves in the

discount window generates seigniorage revenues. Paying interest rates on excess reserves

generates seigniorage expenditures. We assume that the Monetary Authority transfers to

the household on the spot all net seigniorage revenues from trading reserves with financial

intermediaries. Net seigniorage revenues from trading reserves amount to

[(rw,t − re,t)1 {EF [(ω − ω̄t)1ω>ω̄t ] > ω̄t}+ re,t] ∗ [EF [(ω − ω̄t)1ω>ω̄t ]− ω̄t]

per unit of aggregate deposits. If the financial intermediary system is illiquid,

i.e. EF [(ω − ω̄t)1ω>ω̄t ] > ω̄t, financial intermediaries on aggregate lack enough reserves

holdings to meet all of their liquidity needs. Financial intermediaries then have to borrow

the remanent reserves EF [(ω − ω̄t)1ω>ω̄t ] − ω̄t in discount window, and net seigniorage
revenues therefore amount to rw,t∗[EF [(ω − ω̄t)1ω>ω̄t ]− ω̄t] per unit of aggregate deposits.
If the financial intermediary system is liquid, i.e. EF [(ω − ω̄t)1ω>ω̄t ] < ω̄t, the opposite

happens: Financial intermediaries on aggregate have enough reserves holdings to meet all of

their liquidity needs, and whence park the remanent reserves ω̄t−EF [(ω − ω̄t)1ω>ω̄t ] in the
balance sheet of the Monetary Authority. In this second case, net seigniorage expenditures

amount to re,t ∗ [ω̄t − EF [(ω − ω̄t)1ω>ω̄t ]] per unit of aggregate deposits.
27The aggregate stock of real reserves Mt/pt equals the position that the Monetary Authority takes on

government bonds Gt. The reason is that all seigniorage revenues are paid on the spot.
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2.6 Competitive Equilibrium

We restriction attention to a competitive equilibrium in which inflation is locally risk-free

and in which endogenous variables do not jump.

Let ηt ≡ Nf,t/qtKt denote the wealth share of financial intermediaries. Let ϕt ≡
(Mt/pt) /qtKt denote the wealth share of reserves. The total wealth in the economy is qtKt

because physical capital is the only real asset.

Definition A competitive equilibrium is a set of stochastic processes adapted to

the filtration generated by Z : the price of capital {qt} ; the nominal price {pt} ; the infla-

tion rate {πt} ; consumption {Ct} ; the capital position of households {Kh,t} ; the portfolio

share in physical capital
{
φk,t
}

; the portfolio share in reserves
{
φm,t

}
; the liquidity ratio

{ω̄t} ; the wealth share of financial intermediaries {ηt} ; the Tobin’s Q of financial inter-

mediaries {vt} ; the internal investment rate {ιt} ; the aggregate capital stock {Kt} ; the

aggregate stock of nominal reserves {Mt} ; the wealth share of reserves {ϕt} ; the discount

window rate {rw,t} ; the interest rate on excess reserves {re,t} ; the market rate {rm,t} and
the policy schedule {τ1,t, τ2,t (ω)} ; such that:

1. Optimality conditions

(a)
{
φk,t, φm,t, ω̄t; ιt

}
solve the problem of financial intermediaries

(b) {Ct,Kh,t; ιt} solve the problem of households

(c) {rm,t} solves the Nash Bargaining problem

2. Market clearing conditions

(a) The market for the consumption good clears

Ct + ιtKt =
[
af ∗ φk,tηt + ah ∗

(
1− φk,tηt

)]
Kt

(b) The market for capital holdings clears

Kh,t/Kt = 1− φk,tηt

(c) The market for real reserve holdings clears

φm,tηt = ϕt
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(d) The OTC market for reserves clears

3. Conditions for law of motions

The nominal price pt evolves according to (2) and the aggregate stock of physical

capital Kt evolves according to (1) .

4. Condition for locally risk-free inflation rate

The aggregate stock of nominal reserves Mt evolves accordingly

dMt

Mt
= πtdt+

d
(
φm,tηt

)
φm,tηt

+
d (qtKt)

qtKt
+
d
(
φm,tηt

)
φm,tηt

d (qtKt)

qtKt

5. No-jump condition

The policy schedule {τ1,t, τ2,t (ω)} is

τ1,t ≡ EF
[
−Rt (ω; ω̄t) ∗

(
φk,t + φm,t − 1

)]
θ

τ2,t (ω) ≡ −Rt (ω; ω̄t) ∗
(
φk,t + φm,t − 1

)

The market clearing condition for the consumption good guarantees that consumption

and investment equal output. The process φk,tηt in the RHS is the share of the aggregate

capital stock that financial intermediaries manage. The market clearing conditions for asset

holdings guarantee that all asset markets clear: The market for deposits automatically

clears due to Walras Law. The OTC market clearing condition for reserves determines the

effective borrowing rate rb,t and the effective lending rate rl,t in equilibrium. Notice that

in equilibrium ω̃t = ω̄t.

The law of motion for Mt describes the evolution of nominal reserves that implements

the locally risk-free inflation rate dpt/pt = πtdt. The law of motion for Mt follows from

applying Ito’s Lemma to both sides of the market clearing condition for real reserves

holdings. The RHS describes the evolution of the aggregate demand of nominal reserves.

The LHS has the same interpretation but for the aggregate supply of nominal reserves.

The transfers τ2,t (ω) in condition (5) perfectly insure financial intermediaries against

withdrawal risks on deposits. The tax rate τ1,t in condition (5) guarantees that the policy
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schedule {τ1,t, τ2,t (ω)} is self-financing. We assume that {τ1,t, τ2,t (ω)} can be financed by
borrowing and lending at an exogenous real interest rate of ρ̌, with ρ̌ → 0. In the limit

with ρ̌→ 0, the tax rate τ1,t amounts to the expected value of the transfers τ2,t (ω) .

Markov Competitive Equilibrium We conjecture that a Markov equilibrium

exists. We conjecture furthermore that the state variables of the Markov equilibrium are

{η,K} . The level of the aggregate capital stock Kt is irrelevant because the equilibrium

outcome is scale invariant with respect to Kt.
28 The dynamics of Kt is nonetheless relevant

because the evolution of the aggregate capital stock influences the growth rate of the

economy (see section 4.1). Both the level and the dynamics of the wealth share of financial

intermediaries ηt are relevant (see section 4.1).

The Markov equilibrium adds a consistency condition to the conditions of the competi-

tive equilibrium. Additionally, the Markov equilibrium requires ηt to evolve in accord with

the conditions of the competitive equilibrium.

3 Parameter Values and Functional Forms

Table 1 below describes the parameter values and the functional forms that we use in our

numerical analysis. The time frequency is annual.

28Namely, the endogenous variables in the equilibrium are either linear on, or independent of, Kt.
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Parameter Values and Functional Forms

Parameter Values / Functional Forms Value Target

Panel A: Technology

af Productivity of fin. intermediaries 2% Ratio of output to capital stock

ah Productivity of households 1.3% Average Sharpe ratio

σ Fundamental risk 3.5% Volatility of utilization-adj. TFP

I (ι) Internal investment technology Sqrt (ι) Literature

δ Depreciation rate of physical capital 1% Literature

Panel B: Financial Intermediation

λ Fraction of divertable assets 2 Average leverage multiple

ρ̃ Arrival rate of retirement shock 10% Average survival frequency

κ Initial capital endowment 1.5% Average wealth-to-capital ratio

Panel C: Settlement

θ Arrival rate of withdrawal shocks 5 Average liquidity ratio

F (ω) Distribution of withdrawal shocks Logistic Literature

ξ Nash bargaining power 0.5 Corridor system

Panel D: Preferences

ρ Time discount rate 2% Literature

γ Risk aversion coeffi cient 1 Literature

Panel A: Technology
The functional form for the internal investment technology I (ι) is similar to Brunner-

meier and Sannikov (2014). Specifically, I (ι) is

I (ι) ≡ 1

B

(√
A2 + 2Bι−A

)
Notice that I (ι) has quadratic adjustment costs.

We choose A, B and af to match aggregate quantities and prices in the frictionless

economy. The frictionless economy is such that there are no financing constraints nor with-

drawal risks on deposits (i.e. 1/λ, 1/θ → 0).29 In the frictionless economy, the productivity

coeffi cient af equals the ratio of aggregate output to aggregate capital Yt/Kt (financial

29We assume that in the frictionless economy there is no inflation either. Namely, πt = 0.
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intermediaries always manage all of the aggregate capital stock). We set a value of af of

2% which is standard. In the frictionless economy, additionally, the internal investment

rate attains its effi cient value ιE , with

ιE ≡
q2
E −A2

2B

The price of capital, and the real interest rate, attain their effi cient value qE , and rE , with30

qE ≡ B ∗
[√

ρ2 + 2af/B + (A/B)2 − ρ
]

rE ≡ ρ+

(
qE −A
B

− δ
)
γ − 1

2
γ (γ + 1)σ2

We set A and B to jointly target a ratio of investment to output ιE/af of 20% and a real

interest rate rE of 4.05%. A rate rE = 4.05% yields an annual real interest rate of 2%.

The depreciation rate of physical capital δ is set equal to 1% which is standard. The

coeffi cient that measures fundamental risk, i.e. σ, is set equal to 3.5%. A value σ =

3.5% matches the unconditional standard deviation of the Utilization-Adjusted Series on

Total Factor Productivity (see Basu, Fernald and Kimball 2006; Basu, Fernald, Fisher and

Kimball 2006; and Fernald 2014). Using such TFP series is consistent with interpreting

dZt as shocks to the effective units of physical capital.

We look at the original economy with financing constraints and withdrawal risks to

assign numerical values to the remaining parameters in the model. In the original economy,

the spread between af and ah affects that between dRf,t and dRh,t, and, whence, the

fluctuations on the return on capital in equilibrium. We set ah equal to 1.3% to target an

average Sharpe ratio of 30%. Van der Ghote (2017) follows a similar methodology.

Panel B: Financial Intermediation
We set the fraction of divertable assets λ equal to 2 to target an average leverage mul-

tiple of 3.5. The arrival rate of the retirement shock of financiers, i.e. ρ̃, targets an average

survival frequency of financial intermediaries of 10 years. The initial capital endowment

κ targets the average wealth-to-capital ratio in the financial intermediary sector. Using

Fed fund data, we estimate an average wealth-to-capital ratio of 20%. This estimate is

consistent with Hirakata, Sudo and Ueda (2013). The value of κ is 1.5%.

30The effi cient price of capital qE solves the asset pricing condition on capital for financial intermediaries.
See the Appendix B for further details.
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Panel C: Settlement
The cumulative probability distribution function of withdrawal shocks F (ω) is similar

to Bianchi and Bigio (2014). Using individual US commercial banks Call Reports, Bianchi

and Bigio (2014) construct an empirical distribution of withdrawal shocks, and obtain that

the corresponding empirical distribution fits a logistic distribution F (ω;µ, s) with location

µ = −0.0029 and scale s = 0.022. We set the location µ equal to 0 to guarantee that∫
ωdF (ω;µ, s) = 0. Additionally, we accommodate the support of the logistic distribution

to the open interval (−∞, 1) .

We set the arrival rate θ of the Poisson process Jt to target an average liquidity ratio

of 40%. The value of θ is 5.

We set a Nash Bargaining coeffi cient ξ of 0.5. A value ξ = 0.5 is consistent with a

corridor system of reserves: An even bargaining power between lending and borrowing

orders of reserves implies a market rate of rm,t = (rw,t + re,t) /2.

Panel D: Preferences
We set a time discount rate ρ of 2% which is standard. The risk aversion coeffi cient γ

is equal to 1 to obtain log-preferences for consumption.

4 Liquidity Management and Leverage Decisions

To examine the interactions between liquidity management and leverage decisions we take

monetary policy as given. We consider a monetary policy that is similar to the pre-Global

Financial Crisis of 2008 era. Specifically, monetary policy follows a strict-inflation-targeting

rule; charges a positive rate in the discount window; and pays no interest rate on excess

reserves. We set a target of 2% for annual inflation and a discount window rate of 5%.

We study first the economy in which financial intermediaries arbritrary choose to hold

no reserves, i.e. ω̄t = φm,t = 0. We interpret this first economy in which there is no

liquidity as a benchmark of comparison for the more interesting economy in which liquidity

management decisions are endogenous.

4.1 Benchmark Economy without Liquidity

If ω̄t = φm,t = 0, the equilibrium outcome has two well-demarcated regions (Figure 1). The

underlying difference between these two regions concerns the size of the borrowing capacity

of financial intermediaries. In a first region, financial intermediaries have a low borrowing
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capacity relative to the total wealth in the economy. Specifically, financial intermediaries,

on aggregate, lack enough borrowing capacity to absorb all of the aggregate capital stock,

i.e. λvtηt < 1. In the second region, the opposite happens: Financial intermediaries have

a high borrowing capacity relative to the total wealth in the economy, and, on aggregate,

they have a enough borrowing capacity to absorb all of the aggregate capital stock, i.e.

λvtηt ≥ 1.
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Figure 1: In Figures 1b, 1c, and 1d the dependent variable is deflacted by its

corresponding value in the frictionless economy.

When λvtηt < 1, in equilibrium, both financial intermediaries and households hold

physical capital (otherwise, the market for capital would not clear). Households are the

marginal investors on capital because they are not subject to financing constraints.

The price of capital reflects the low valuation that households have for physical capital

relative to financial intermediaries (figure 1c, LHS of dotted line). The price of capital

attains a value considerably below its effi cient value of qE , because otherwise households

would earn low net dividend yields (ah − ιt) /qt as well as negative risk-adjusted excess
returns. Financial intermediaries borrow until hitting their financing constraint (figure 1a,

LHS of dotted line). Financial intermediaries take the largest possible levered position on

capital, φk,t = λvt, because they earn net high dividend yields (af − ιt) /qt as well as high
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and positive risk-adjusted excess returns. The ratio Yt/Kt ≡ φk,tηtaf +
(
1− φk,tηt

)
ah

attains a value below its effi cient level of af (figure 1b, LHS of dotted line) because the

allocation of physical capital is ineffi cient. The internal investment rate ιt also attains a

value below its effi cient level of ιE but because qt << qE .

When λvtηt ≥ 1, in equilibrium, financial intermediaries manage all of the aggregate

capital stock, and households take no positions on capital. Financial intermediaries borrow

until clearing the market for capital and whence φk,t = 1/ηt ≤ λvt (figure 1a, RHS of dotted
line). Financial intermediaries become the marginal investors on capital because financing

constraints are slack (financial intermediaries cannot borrow until hitting their financing

constraint because otherwise the market for capital would not clear).

The price of capital reflects the high valuation that financial intermediaries have for

physical capital relative to households (figure 1c, RHS of dotted line). Households refrain

themselves from holding capital because they earn low net dividend yields as well as neg-

ative risk-adjusted excess returns. The ratio Yt/Kt attains its effi cient level of af (figure

1b, RHS of dotted line). The internal investment rate takes a value closer to its effi cient

value of ιE (figure 1d, RHS of dotted line).

The dynamics of the equilibrium outcome differ between the two regions as well. To

study dynamic behaviors we decuple time series into a trend variable and a cyclical variable.

The cyclical variable measures the fluctuations of the time series around their corresponding

trend variable.

Dynamics in general are governed by the law of motions of the state variables Kt and

ηt. The law of motion of the aggregate capital stock Kt dictates the evolution of the trend

variables. The reason is that the equilibrium outcome is scale invariant with respect to

Kt. Because all endogenous variables that exhibit a positive trend have indeed a common

trend (i.e. all of them are linear on Kt), the law of motion of Kt also dictates the evolution

of the trend rate of economic growth. The law of motion of the wealth share of financial

intermediaries ηt dictates the evolution of the cyclical variables. Endogenous variables in

general exhibit different cyclical behaviors because their corresponding cyclical variables

have a different mapping with respect to ηt.

The trend rate of economic growth evolves accordingly

dKt/Kt = [I (ιt)− δ] dt+ σdZt
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The trend rate evolves stochastically. The expected trend rate is endogenous and depends

on the position of ηt. Specifically, when the wealth share of financial intermediaries ηt is

low, the expected trend rate is low as well, because the price of capital is depressed, and

the internal investment rate ιt is low. The opposite happens when the wealth share of

financial intermediaries ηt is high.

The wealth share of financial intermediaries ηt evolves according to

dηt/ηt = µη,tdt+ ση,tdZt

with

µη,tdt =
af − ιt
qt

dt+
(
φk,t − 1

)
[Et [dRf,t] + EF [Rt (ω; ω̄t)] θdt− (it − π) dt− V art [dRf,t]]

−φm,t [it − EF [Rt (ω; ω̄t)] θ] dt+

(
κ

ηt
− ρ̃
)
dt

ση,tdt =
(
φk,t − 1

)
(σq,t + σ) dt

The wealth share of financial intermediaries also evolves stochastically. The drift process

µη,t measures the expected growth rate of ηt. The first three terms in µη,t add up to the

risk-adjusted excess return on the investment portfolio of financial intermediaries over the

total wealth in the economy. The first term accounts for the excess return on internal

financing, namely, on capital positions funded with net worth. The second term accounts

for the risk-adjusted excess return on external financing, i.e. on capital positions funded

with deposits. The third term is the effective return from holding reserves.31 The second

and third terms include the policy schedule {τ1,t, τ2,t (ω)} that financial intermediaries face
in equilibrium (see subsection 2.6). The expectation EF [Rt (ω; ω̄t)] θdt in the second term

deducts the costs of withdrawal risks that follow from the deposits positions that finance

the levered capital positions φk,t − 1. The same expectation EF [Rt (ω; ω̄t)] θdt, but now

in the third term, incorporates the benefits of holding reserves into the effective return of

reserves. The last term in µη,t is the net transfers that financial intermediaries payout to

households (see subsection 2.3).

The diffusion process ση,t measures the volatility of the wealth share of financial inter-

mediaries. The process ση,t is the product between the levered capital positions φk,t − 1

31 In this particular economy without liquidity, the third term is null, as φm,t = 0.
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and the aggregate risk σq,t +σ. Aggregate risk amounts to the volatility of the growth rate

of the total wealth in the economy, i.e. V art [d (qtKt) /qtKt] = (σq,t + σ)2 dt.

Figures 2a and 2b illustrate the dynamic behavior of ηt by isolating the behaviors of

µη,tηt and of ση,tηt.

The bottom line from Figure 2a is that the wealth share of financial intermediaries ηt
is mean-reverting. The mean at which ηt reverts is the stochastic steady state, i.e. the

state at which µη,t = 0, (the red dotted line in Figure 2a).32 The bottom line from Figure

2b is that fluctuations on ηt gets amplified through endogenous fluctuations on the price

of capital qt. The red line in Figure 2b plots the process ση,tηt assuming that the price

of capital is constant, i.e. σq,t = 0. The spread between the blue and the red lines is(
φk,t − 1

)
σq,t.

33

The processes µη,tηt and ση,tηt together shape the invariant distribution of the wealth

share of financial intermediaries (see the Appendix). The invariant distribution of ηt shows

that the regions {λvtηt < 1} and {λvtηt ≥ 1} occur frequently often in equilibrium (Fig-

ure 2c). Additionally, the invariant distribution of ηt, together with the processes µη,tηt
and ση,tηt, show that the economy recurrently transitions from episodes in which finan-

cial intermediaries are undercapitalized, and {λvtηt < 1} , to episodes in which financial
intermediaries are well-capitalized, and {λvtηt ≥ 1} , and vice versa.

The invariant distribution of Yt/Kt results from dynamic behavior of the wealth share

of financial intermediaries (Figure 2d). The ratio Yt/Kt is pro-cyclical as well as mean-

reverting. The ratio Yt/Kt is pro-cyclical because Yt/Kt is positively related to ηt (Figure

1d).

32The process ηt mean-reverts because the first three terms in µη,t are inversely related to the marginal
valuation for capital of the marginal investor (Van der Ghote 2017).
33The endogenous fluctuations on the price of capital result from the combination of financing constraints

and deposit contracts (Van der Ghote 2017). These fluctuations are larger when financing constraints
bind, and financial intermediaries have large aggregate effects, because the typical pecuniary externality of
economies with incomplete financial markets and occassionally binding financing constraints is present in
our model economy as well (Lorenzoni 2008, Jeanne and Korinek 2010, Bianchi 2011, Bianchi and Mendoza
2012, Van der Ghote 2017).
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figure 2

4.2 Economy with Liquidity

Regions in the equilibrium outcome remain the same independently of liquidity man-

agement decisions. Specifically, in equilibrium, independently of the processes for φm,t
and ω̄t, there are always two well-demarcated regions (i.e. the regions {λvtηt < 1} and
{λvtηt ≥ 1}) that share the same features described for the benchmark economy without
liquidity (see subsection 4.1). The behavior of the equilibrium outcome nonetheless in

general depends on ω̄t and φm,t.

Figure 3b shows how to determine the liquidity ratio ω̄t in equilibrium. Figure 3b plots

the responses of itdt and EF [Rm,t (ω; ω̄t)] θdt to a one-shot deviation of the liquidity ratio

ω̄t from the process that it follows in equilibrium. Figure 3b takes the state ηt as given.

Figure 3b shows that a one-shot deviation generates a small effect on the opportunity cost

of holding reserves, itdt, but a large effect on the marginal benefits of holding reserves,

EF [Rm,t (ω; ω̄t)] θdt. The effect on itdt is small because the liquidity ratio does not affect

aggregate consumption directly but only indirectly through its effect on the evolution of net

worth nf,t. The effect on EF [Rm,t (ω; ω̄t)] θdt is large because Rm,t (ω; ω̄t) depends directly

on the liquidity ratio (see subsection 2.3).

The response functions in Figure 3b pin down the value of the liquidity ratio in equi-
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librium. In equilibrium, if the liquidity ratio is positive, the intersection between itdt and

EF [Rm,t (ω; ω̄t)] θdt determines the value of ω̄t. Otherwise, if the liquidity ratio is null,

itdt has to be weakly greater than EF [Rm,t (ω; ω̄t)] θdt for any given ω̄t ∈ [0, 1] . The slope

of EF [Rm,t (ω; ω̄t)] in Figure 3b determines the sign of the co-movement between ω̄t and

it. The slope of EF [Rm,t (ω; ω̄t)] is negative because the effective lending rate rl,t and the

effective borrowing rate rb,t are inversely related to the liquidity ratio ω̄t (see subsection

2.2 and Figure 3a).34 The slope of EF [Rm,t (ω; ω̄t)] implies that the liquidity ratio and

the nominal interest rate negatively co-move in equilibrium. Intuitively, in equilibrium,

financial intermediaries reduce their leverage ratios, and whence holds less reserves, when

the opportunity costs of holding reserves is high.
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Figure 4 plots the equilibrium outcome in the economy in which liquidity management

decisions are endogenous.

Figure 4b plots the liquidity ratio ω̄t as a function of the state ηt. Figure 4b shows

that liquidity ratio is counter-cyclical. The liquidity ratio in Figure 4b is counter-cyclical

because the real interest rate, and whence the opportunity costs of holding reserves, are

34Figure 3a plots the expressions for rl,t and rb,t in subsection 2.2 setting ω̃t = ω̄t.
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pro-cyclical.35

Figure 4a plots the portfolio positions in capital φk,t as a function of the state ηt.

The purpose of Figure 4a is to contrast the behavior of φk,t between the economies with,

and without, liquidity management decisions. Figure 4a shows that φk,t is higher in the

economy in which liquidity management decisions are endogenous. Figure 4a shows also

that φk,t is higher when the state ηt is low, i.e. ηt < η̄, and financing constraints bind, and

that the threshold state η̄ shifts rightward.

The results in Figure 4a follow from the positive effects that optimal liquidity ratios

have on the borrowing capacity λvt. Optimal liquidity ratios provide a better hedge against

withdrawal risk on deposits. Optimal liquidity ratios therefore reduce the costs of leverage(
φk,t − 1

)
EF [Rt (ω; ω̄t)] θdt, that result from the withdrawal risks on the deposits posi-

tions that finance the levered capital positions φk,t − 1. Lower costs of leverage boosts the

profitability in financial intermediation as well as the Tobin’s Q of financial intermediaries

vt. Agency problems in financial markets then relax and the borrowing capacity of financial

intermediaries expands.

Figures 4c and 4d plot invariant distributions. Figure 4c shows that the economy with

endogenous liquidity management decisions spends more time around states ηt in which

financial intermediaries are well-capitalized. Figure 4d show that it also spends more time

around states in which the ratio Yt/Kt is higher.

The results in Figures 4c and 4d also follow from the positive effects that optimal

liquidity ratios have on the dynamics of net worth nf,t. Optimal liquidity ratios boost the

profitability in financial intermediation and whence improve the risk-adjusted excess return

on the investment portfolio of financial intermediaries over the total wealth in the economy.

35The cyclical behavior of the real interest rate depends on the cyclical behaviors of Yt/Kt and of ιt. Two
counteracting forces shape the cyclical behavior of the real interest rate. On the one hand, a pro-cyclical
ratio Yt/Kt pushes for a counter-cyclical real interest rate. On the other hand, a pro-cyclical investment
rate ιt, together with a pro-cyclical expected trend rate I (ιt) − δ, pushes for a pro-cyclical real interest
rate. The second effect in general dominates.
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5 Policy Experiments

We conduct two simple policy experiments to examine the real effects of monetary policy. In

the first experiment, the target of inflation falls from 2% to 1%. In the second experiment,

the width of the corridor (i.e. the spread between the discount window rate and the

interest rate on excess reserves) falls by 0.5% leaving the market rate constant. The second

experiment explores the real effects of the policy that is traditionally known as narrowing

the corridor.

5.1 Real Effects of Lower Inflation Targets

A reduction in the target of inflation reduces the opportunity cost of holding reserves. The

reason is that a lower inflation rate boosts the real rate of return of reserves.

Financial intermediaries respond to a reduction in the target of inflation by increasing

their liquidity ratio (Figure 5b). Financial intermediaries increase their liquidity ratio rela-

tively more when they are undercapitalized, i.e. when λvtηt < 1, and financing constraints

bind, because in that region financial intermediaries take relatively larger levered positions
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on physical capital, and whence are relatively more exposed to withdrawal risks on deposits

(Figure 5a).

The reduction in the target of inflation, combined with the subsequent liquidity re-

sponses of financial intermediaries, expand the borrowing capacity λvt. The reason is that

a lower opportunity cost of holding reserves, along with a lower exposure to withdrawal

risks, boost the profitability of financial intermediation. The Tobin’s Q of financial inter-

mediaries vt therefore increases and agency problems in financial markets relax. The main

consequence of expanding the borrowing capacity λvt is that financial intermediaries take

larger levered positions on physical capital when financing constraints bind (Figure 5a).

The reduction in the target of inflation affects also the dynamic behavior of the equi-

librium outcome. Specifically, when the target of inflation falls, the economy spends more

time in states in which financial intermediaries are well-capitalized and the ratio Yt/Kt is

high (Figures 5c and 5d).
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5.2 Real Effects of Narrower Corridors

A narrower corridor improves the terms of trade of trading reserves with the Monetary

Authority. The reason is that a narrower corridor reduces the discount window rate rw,t
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as well as increases the interest rate on excess reserves re,t, to keep the market rate rm,t
constant.

The liquidity response of financial intermediaries to a narrower corridor depends on how

liquid the financial intermediary system initially is (Figure 6). If the financial intermediary

system is liquid, meaning the economy spends most of its time in the region in which

ω̄t > EF [(ω − ω̄t)1ω>ω̄t ] , financial intermediaries increase their liquidity ratio ω̄t as well
as their portfolio share in reserves φm,t (Figure 6a). Otherwise, financial intermediaries

reduce their liquidity ratio ω̄t and φm,t (Figure 6b).

If the financial intermediary system is liquid, financial intermediaries almost never

borrow reserves in the discount window. The reason is that the financial intermediary

system almost always has enough reserves to meet all of its aggregate liquidity needs (see

subsection 2.6). Narrowing the corridor therefore improves the terms of trade of lenders

of reserves while keeping constant those of borrowers of reserves. The natural response of

financial intermediaries is to increase their liquidity ratio and their liquidity positions.

If the financial intermediary system is illiquid, (i.e. the economy spends most of its

time in the region in which ω̄t < EF [(ω − ω̄t)1ω>ω̄t ]) the opposite happens. In this second
case, financial intermediaries almost never park excess reserves in the balance sheet of the

Monetary Authority because the financial intermediary system almost never has enough

reserves to meet all of its aggregate liquidity needs. Narrowing the corridor then improves

the terms of trade of borrowers of reserves while keeping constant those of lenders of

reserves. The natural response of financial intermediaries is to reduce their liquidity ratio

and their liquidity positions.

How liquid the financial intermediary system initally is in equilibrium is endogenous and

depends on monetary policy. For a given width of corridor, the ratio of the target of inflation

π to the market rate rm,t determines the liquidity status of the financial intermediary

system in equilibrium. If π is low relative to rm,t, the opportunity cost of holding reserves

is low relative to its benefits. As a consequence, liquidity ratios are high, and the financial

intermediary system is highly liquid. If π is high relative to rm,t, the opposite results

happens.

For any given initial liquidity status of the financial intermediary, narrowing the cor-

ridor reinforces such status (Figure 6 again). Specifically, if initially the financial in-

termediary system is liquid, a narrower the corridor system boosts liquidity ratios ω̄t
and φm,t as well as the share of time that the economy spends in the liquid region of

{ω̄t > EF [(ω − ω̄t)1ω>ω̄t ]} . If initially the financial intermediary system is illiquid, the op-
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posite happens: A narrower the corridor system reduces liquidity ratios ω̄t and φm,t as well

as the share of time that the economy spends in the illiquid region of {ω̄t < EF [(ω − ω̄t)1ω>ω̄t ]} .
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The responses of the other endogenous variables to a narrower corridor are independent

of the initial liquidity status of the financial intermediary system. The other variables

respond mainly to the fact that a narrower corridor improves the terms of trade of trading

with the Monetary Authority.

The portfolio share of physical capital φk,t always increase, because better terms of

trade of borrowing reserves against, and of lending excess reserves to, the Monetary Au-

thority (along with the subsequent liquidity response of financial intermediaries) reduce

the costs of leverage associated with withdrawal risks on deposits. The portfolio share φk,t
increase relatively more when financial intermediaries are undercapitalized, and financing

constraints bind, because in that region financial intermediaries are relatively more exposed

to withdrawal risks. The economy spends more time in regions in which financial inter-

mediaries are well-capitalized and the ratio Yt/Kt is high, because financial intermediation

because more profitable when leverage costs fall.
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6 Conclusion

The recent Global Financial Crisis of 2008 has underscored the importance of the finan-

cial system in the transmission mechanism of monetary policy. This paper proposes a

framework in which complementarities in the provisions of settlement and of financial in-

termediary services matter for assessing the real effects of monetary policy. A key insight

that follows is that interest-rate policies such as policies on the nominal interest rate, on

the discount window rate, and on interest rate on excess reserves, affect the interplay be-

tween liquidity management and leverage decisions at the financial intermediary level and

whence the course of the real economy.

The analysis conducted in this paper can be extended in two notable directions. A first

direction consists in marrying this paper with Van der Ghote (2017). The resulting mar-

riage would yield a new framework in which the interplay between liquidity management

and leverage decisions interacts with sluggish price adjustments. The second direction

consists in allowing endogenous variables to jump along with the Poisson process Jt. This

second extension would relate to the bank runs framework of Gertler and Kiyotaki (2015).
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Appendixes

Let Bj,t with j = 1, 2 denote Ito processes with drift process µBj ,t and diffusion process

σBj ,t. In the Appendixes, we use the expressions Et [dBj,t/Bj,t] and µBj ,tdt interchangeably.

We also use interchangeably the expressions Covt [dB1,t/B1,t, B2,t/B2,t] and σB1,tσB2,tdt.

Appendix A

In the Appendix A, we derive the optimality conditions. Firstly, we derive the optimality

conditions of the portfolio problem of financial intermediaries. Secondly, we derive the

optimality conditions of the portfolio problem of households.

Financial Intermediaries

HJB Let Gt denote the gain process associated with the franchise value of financial

intermediaries Vt. The gain process Gt satisfies

Gt ≡ Et
∫ ∞

0
ρ̃e−ρ̃sΛsnf,sds =

∫ t

0
ρ̃e−ρ̃sΛsnf,sds+ e−ρ̃tΛtvtnf,t

The equality at the RHS follows from the conjecture that Vt = vtnf,t and from the definition

of Vt. The drift process of Gt is null because Gt is the conditional expectation of a random

variable. From applying Ito’s Lemma to the RHS, and then equalizing the resulting drift

process to zero, we obtain the following Hamilton-Jacobi-Bellman (HJB) equation

ρ̃vt = max
φm,t,φk,t,ιt≥0

{
ρ̃+

[
µ̃n,t + µv,t + µΛ,t + σv,tσ̃n,t + σΛ,tσ̃n,t + σΛ,tσv,t

]
vt
}

s.t. : φk,t ≤ λvt

where the drift and diffusion processes of net worth are

µ̃n,t =

[
af − ιt
qt

+ I (ιt)− δ + uq,t + σq,tσ

]
φk,t − πtφm,t − (it − πt)

(
φk,t + φm,t − 1

)
− τ1,t

+ EF
[
Rt (ω, ω̄) ∗

(
φk,t + φm,t − 1

)
+ τ2,t (ω)

]
θ

σ̃n,t = (σq,t + σ)φk,t
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respectively. To derive the second line in µ̃n,t, we have used the conjecture that vt follows

an Ito process (notice that v+
t = vt). The Tobin’s Q of financial intermediaries vt is the

solution to the HJB above.

FOC The first-order condition with respect to the internal investment rate is

I ′ (ιt) = 1/qt

The first-order condition with respect to the portfolio share in reserves is

−it + EF [Rm,t (ω, ω̄)] θ ≤ 0

with equality if φm,t > 0. The function Rm,t (ω, ω̄) is the partial derivative of the total

return Rt (ω, ω̄) ∗
(
φk,t + φm,t − 1

)
with respect to φm,t.

The first-order condition with respect to the portfolio share in physical capital is

af − ιt
qt

+ I (ιt)− δ+uq,t +σq,tσ− (it − πt) +EF [Rk,t (ω, ω̄)] θ+ (σΛ,t + σv,t) (σq,t + σ) ≥ 0

with equality if φk,t < λvt.The function Rk,t (ω, ω̄) is the partial derivative of the total

return Rt (ω, ω̄) ∗
(
φk,t + φm,t − 1

)
with respect to φk,t.

HJB Again The asset pricing condition for the Tobin’s Q satisfies

ρ̃

vt
+[FOCk]φk,t+EF [rb,t1ω>ω̄t + rl,t1ω<ω̄t ] ω̄tθ−τ1,t+EF [τ2,t (ω)] θ+µv,t−ρ̃+σΛ,tσv,t = 0

Households

HJB Let Wt denote the value of households. We conjecture that Wt satisfies

Wt = W (nh,t, Jt)

where W : R2 → R is a twice continuously differentiable function, and Jt is a suffi cient

statistic of the aggregate state variables in the problem of households. The process Jt is

a scalar. We conjecture that Jt follows an Ito process with drift process µJ,t and diffusion

process σJ,t.
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The value Wt is the solution to the Hamilton-Jacobi-Bellman (HJB) equation

ρWt = max
ct,kh,t,ιt≥0


1

1−γ c
1−γ
t + ∂Wt

∂nh,t
µn,tnh,t + ∂Wt

∂Jt
µJ,tJt+

1
2

∂2Wt

(∂nh,t)
2 (σn,tnh,t)

2 + ∂2Wt
∂Jt∂nh,t

σJ,tJtσn,tnh,t + 1
2
∂2Wt

(∂Jt)
2 (σJ,tJt)

2


where the drift and the diffusion processes for net worth are

µn,tnh,t =

[
ah − ιt
qt

+ I (ιt)− δ + uq,t + σq,tσ

]
qtkh,t + (it − πt) (nh,t − qtkh,t) + Transferst − ct

σn,tnh,t = (σq,t + σ) qtkh,t

respectively.

FOC The first-order condition with respect to internal investment rate is

I ′ (ιt) = 1/qt

The first-order condition with respect to consumption is

c−γt =
∂Wt

∂nh,t

The first-order condition with respect to physical capital is[
ah − ιt
qt

+ I (ιt)− δ + uq,t + σq,tσ − (it − πt)
]
∂Wt

∂nh,t
+ (σq,t + σ)

∂2Wt

(∂nh,t)
2σn,tnh,t+

+ (σq,t + σ)
∂2Wt

∂Jt∂nh,t
σJ,tJt ≤ 0

with equality if kh,t > 0.

To derive the asset pricing conditions on deposits and on the price of capital, we follow

the same methodology as in Cox, Ingersoll and Ross (1985). Specifically, first, we replace

the first-order conditions in the HJB equation; second, we take the first-order condition

with respect to nh,t in the expression that we derived in the first step; and, third, we

re-arrange the expression obtained in the second step accordingly.
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Appendix B

In Appendix B, we characterize the competitive equilibrium.

Competitive Equilibrium The competitive equilibrium is characterized by the

following set of conditions

• The internal investment condition

I ′ (ιt) = 1/qt

• The asset pricing conditions on capital and on the Tobin’s Q

ah − ιt
qt

+ I (ιt)− δ + uq,t + σq,tσ − (it − πt) + σΛ,t (σq,t + σ) +

+

[
af − ah
qt

+ EF [Rk,t (ω, ω̄)] θ + σv,t (σq,t + σ)

]
1f,t = 0

[
af − ah
qt

+ EF [Rk,t (ω, ω̄)] θ + σv,t (σq,t + σ)

]
φk,t1f,t+

ω̄t (rb,t − rl,t)EF [1ω>ω̄t ] θ + rb,tEF [(ω − ω̄t)1ω>ω̄t ] θ +
ρ̃

vt
+ µv,t − ρ̃− σy,tσv,t = 0

• The reserves holdings condition

−itdt+ EF [Rm,t (ω; ω̄t)] θdt ≤ 0

with "=" if φm,t > 0

• The law of motion of ηt

The leverage multiple is φk,t = min {λvt, 1/ηt} . The real interest rate is rt = ρ+µc,t−σ2
c,t

(this follows from the asset pricing condition on deposits). The process 1f,t ∈ {0, 1}
indicates whether financial intermediaries are the marginal investors on capital. Namely,

1f,t = 1 iff φk,t = 1/ηt.
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