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Abstract

Credit institutions borrow liquidity from the central bank’s lending facility and deposit (excess) reserves at
its deposit facility. The central bank directly controls the corridor: the non-market interest rates of its lending
and deposit facilities. Modifying the corridor changes the conditions on the interbank market and allows the
central bank to set the short-term interest rate in the economy. This paper assesses the use of the corridor’s
width as an additional tool for monetary policy. Results indicate that a symmetric widening of the corridor
boosts output and welfare while addressing the central bank’s concerns over higher risk-taking in the economy.
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1 Introduction

Monetary policy is implemented by setting the targeted short-term interest rate, the interest rate on the
overnight interbank market. The main tool used by the central bank to set this market interest rate is the
corridor: non-market interest rates of the lending and deposit facilities controlled directly by the central bank.
Modifying the corridor changes the conditions on the interbank market and allows the central bank to set the
overnight interest rate. Most macroeconomic models assume simply that the central bank directly controls the
short-term interest rate in the economy and ignore the role of the corridor in monetary policy implementation.
Yet ignoring the corridor prevents any analysis of how the operational framework of monetary policy impacts the
real economy. This simplifying assumption is particularly problematic in the post-2008 world, where central banks

experiment with new policy instruments to stabilize economic activity.

This paper proposes a model that contributes towards filling this gap. I introduce monetary policy imple-
mentation based on the central bank’s facilities and the corridor. Furthermore, I assess the use of the corridor’s
width as an additional monetary policy tool allowing the central bank to boost output and increase welfare while

simultaneously addressing concerns over the higher risk-taking involved in a low interest rate environment.

The core of the model is the financial sector, where financial intermediaries raise retail deposits from households,
issue loans to non-financial firms and borrow or lend on the interbank market. They can also use the facilities
offered by the central bank: they can borrow liquidity from the lending facility at a non-market interest rate,
controlled directly by the central bank, and/or they can deposit reserves at the deposit facility! and receive a
non-market interest rate, controlled directly by the central bank, on these reserves. Moreover, intermediaries face
heterogeneous frictions on the interbank market, and this heterogeneity plays a central role in their decisions to
use each of the central bank’s facilities. Introducing heterogeneous frictions allows me to model a realistic use
of these facilities, i.e. the fact that the financial intermediaries using the lending facility are of a different type
from those using the deposit facility?. Furthermore, the model includes price rigidities and conventional monetary

policy.

I calibrate the model to match recent U.S. data. I focus on key interest rate spreads and banking variables such
as the spread between the interest rate on excess reserves paid by the Fed and the interest rate paid by commercial
banks on retail deposits, the ratio of retail deposits to commercial banks’ total assets, banks’ leverage, etc. Results
from the quantitative analysis suggest that in an economy where the financial sector holds excess reserves at the

central bank, the corridor’s width can be a valuable tool for monetary policy. More particularly, when excess

T do not include minimum reserve requirements in the model, therefore any reserves deposited by a financial intermediary at the
central bank are excess reserves.

2See the literature on monetary policy implementation, where the central bank’s facilities are used by banks of different types (see
Hauck and Neyer, 2014, Ennis and Keister, 2008 and Colliard et al., 2016).



reserves deposited at the central bank are not held by financial intermediaries that lend to non-financial firms
investing in new capital, then lowering the corridor (jointly lowering the interest rates of both the lending facility
and the deposit facility) by 0.87% has the same positive impact on output as a symmetric 1% widening of the
corridor (increasing the interest rate of the lending facility and jointly lowering the interest rate of the deposit
facility). The symmetric widening of the corridor relieves the constraint on these intermediaries’ balance sheets,
so they can increase their lending to the real economy. This in turn enhances output and welfare. Implementing
this policy thus allows the central bank to boost welfare and the real economy, while simultaneously addressing
concerns over higher risk-taking in a low interest rate environment (see Dell’Ariccia et al., 2017 and Lee et al.,
2017): a symmetric widening of the corridor positively impacts both output and welfare while limiting the decrease

in the short-term interest rate3.

After the Great Contraction, several central banks decided to pay a negative interest rate on (excess) reserves
to overcome the Zero Lower Bound on nominal interest rates. In these economies, credit institutions face a
disconnection between the assets and liabilities sides of their balance sheets, receiving a negative interest rate on one
component of their assets (excess reserves at the central bank) but paying a positive interest rate on retail deposits
(one component of their liabilities)*. Policymakers stress the damaging effects that such a disconnection may have
on the financial system (see McAndrews, 2015 and Borio and Zabia, 2016). This paper suggests an explanation
for this continuing disconnection. It shows that when reserves are only an asset to financial intermediaries (not
used to produce liquidity services), heterogeneous frictions on the interbank market are sufficient to explain the
interest rate paid on retail deposits being higher than the interest rate paid on excess reserves. When financial
intermediaries are constrained in their ability to raise funds from households, they will deposit excess reserves at
the central bank to relieve the constraint on their balance sheets even if the interest rate they receive on these

reserves is lower than the interest rate they pay to households on their retail deposits.

This paper is based on the canonical model of Gertler and Kiyotaki (2011). Unlike their model, here financial
intermediaries face heterogeneous instead of symmetric frictions on the interbank market and are able not only to
borrow liquidity from the central bank but also to deposit excess reserves at its deposit facility. I also introduce

price rigidities, which allows me to model the conventional monetary policy.

Since the Great Recession, there has been a renewed interest in assessing monetary policy implementation

through the central bank’s facilities instead of just assuming that the central bank directly controls the short-term

3To have the same positive impact on output, a symmetric widening of the corridor of 1% allows the decrease in the interest rate
on the interbank market to be 47 basis points less than the decrease in this interest rate when the corridor is lowered by 0.87%.

4The disconnection between the assets and liabilities sides of credit institutions’ balance sheets was present in the United States
before the Great Contraction (the Fed did not pay interest on reserves before October 2008). However, the significant reserves since
created by central banks have made this a crucial issue for the proper functioning of the financial system in the post-2008 era.



interest rate. Nonetheless, with the exception of Berentsen and Monnet (2008)° and Bianchi and Bigio (2014)°,

to my knowledge all the papers considered the impact of at best only one of the two central bank’s facilities.

Berentsen and Monnet (2008) consider monetary policy under a corridor system. They show that a symmetric
widening of the corridor is welfare decreasing and amounts to policy tightening by the central bank. They also
show that it is optimal to have a positive spread between the interest rates of the central bank’s lending and
deposit facilities if the opportunity cost of holding the collateral needed to borrow liquidity from the central bank
is positive. In this paper I also focus on using the corridor’s width as a tool for monetary policy, but instead of
using a Lagos and Wright (2005) framework I analyze its impact in a New Keynesian framework. Furthermore,
unlike Berentsen and Monnet (2008), I show that a symmetric widening of the corridor is welfare increasing and
amounts to policy loosening by the central bank. This difference is due to differences in the assumptions of the two
models. Berentsen and Monnet (2008) base welfare on the utility of agents that borrow liquidity and/or deposit
(excess) reserves at the central bank, thus implicitly considering the welfare of the banking sector. In contrast,
the welfare I consider in this paper is based on the utility of households that are different agents from financial
intermediaries. As a result, a symmetric widening of the corridor is welfare decreasing for the banking sector but

welfare increasing for non-banking agents.

Bianchi and Bigio (2014) relax the standard assumption that the central bank directly controls the prevailing
short-term interest rate and implements monetary policy through the banking sector. They focus on introducing
classic insights from the liquidity management literature into a dynamic, general equilibrium model. My model
also focuses on the implementation of monetary policy through financial intermediaries, but it focuses on how

heterogeneous frictions on the interbank market affect the monetary policy transmission mechanism.

Several models consider the impact of credit institutions depositing reserves at the central bank. When reserves
are considered simply as an asset for credit institutions, at equilibrium if credit institutions deposit excess reserves
at the central bank the interest rate thereon must be strictly higher than the interest rate paid on retail deposits
(see Ennis, 2014 and Martin et al., 2016). On the other hand, when reserves are part of the banking technology
function, at equilibrium the interest rate paid on retail deposits can be higher than the interest rate paid on reserves.
Ctrdia and Woodford (2011) show that when credit institutions’ consumption of real resources to produce loans
decreases with an increase in reserve holdings, the interest rate paid on retail deposits is higher than the interest

rate paid on reserves. Dressler and Kresting (2015) show that if banks face an idiosyncratic lending cost, when the

5Several papers analyze some aspects of monetary policy under a corridor system from different standpoints: Martin and Monnet
(2011) compared, in a variant of Berentsen and Monnet (2008), monetary policy with a Standing Facilities framework and an Open
Market Operations framework. Whitesell (2006) compared implementing monetary policy mainly through reserve requirements and
relying on standing facilities to implement the central bank’s policy.

5For papers that consider the impact of the lending facility of the central bank see Gertler and Kiyotaki (2011) and Poutineau and
Vermandel (2015). For papers that consider the impact of the deposit facility of the central bank see Ctirdia and Woodford (2011),
Martin et al. (2016), Ireland (2012), Ennis (2014), Armenter and Lester (2015) and Dressler and Kresting (2015).



critical cost such that a bank is indifferent between holding loans or excess reserves is high enough, some banks will
deposit all their funds as excess reserves at the central bank. In this case, the banking system portfolio will include
excess reserves even though the interest rate paid on reserves is lower than the interest rate paid to households
on retail deposits. This paper complements this literature by showing that in a model where reserves are simply
an asset for financial intermediaries, and without introducing any ad hoc operational cost, heterogeneous frictions
on the interbank market are sufficient to explain the interest rate paid on retail deposits being higher than the

interest rate paid on reserves.

I describe the model in section 2. Section 3 presents the model analysis while section 4 concludes the paper.

2 The model

The core framework is based on the canonical Gertler and Kiyotaki (2011) model. To this, I introduce hetero-
geneous frictions on the interbank market and the central bank’s corridor through its lending and deposit facilities.
There are four types of agents in the model: households, financial intermediaries, non-financial goods producers
and capital producers. In addition, the central bank directly controls the corridor defined by the interest rates
of its facilities: the non-market interest rate that financial intermediaries pay when they borrow liquidity from
the central bank and the non-market interest rate that the central bank pays on the reserves deposited by the

intermediaries.

Two versions of the model are suggested. The first version, hereinafter called the Standing Facilities version and
referred to as SFs, assumes that the household member selected to be a banker manages a financial intermediary for
one period. Each financial intermediary decides on its liquidity borrowing from the central bank at the end of the
period (simultaneous with their intervention on the interbank market and their decision to deposit excess reserves
at the central bank). Theoretical results are derived from this version of the model to simplify the computations.
In the second version, hereinafter called the Open Market Operations version and referred to as OMOs, a household
member selected to be a banker this period stays a banker next period with a probability ¢ regardless of how long
this household member has been a banker. The financial intermediary decides on its liquidity borrowing from the
central bank at the beginning of the period (before its intervention on the interbank market and its decision to
deposit excess reserves at the central bank). The quantitative assessment is based on this version of the model.
The timing difference between the two versions closely mimics the monetary authorities’ operational framework in
most developed economies, where the central bank conducts open market operations early in the morning at the

opening of the interbank market and borrowing from the standing facility can only be conducted either when the



interbank market is closing or is already closed’.

Without heterogeneous frictions on the interbank market, the model is very close to Gertler and Kiyotaki
(2011). As I show, allowing for this heterogeneity is sufficient to explain the interest rate paid by commercial
banks on retail deposits being higher than the interest rate paid by the central bank on reserves. When financial
intermediaries are constrained in their ability to raise funds from households, they will deposit excess reserves at
the central bank to relieve their constraint even if the interest rate they receive on these reserves is lower than the

interest rate they pay to households on their retail deposits.

2.1 Households

There is a continuum of identical households of measure unity. Each household contains two types of members:
workers and bankers. FEach period, a household member is a worker with i.i.d. probability 1 — f and a banker with
probability f. A worker supplies labor and returns the wages earned to the household. In the first version of the
model, a banker manages a financial intermediary for one period and transfers any earnings to the household. In
contrast, in the second version of the model, a banker this period has probability o being a banker next period.
Thus, the average survival time for a banker in any given period is 1/ (1 — ). The financial intermediary managed
by the banker is owned by the household, retained earnings are transferred by an exiting banker to the respective
household. Within the family there is perfect consumption insurance. As well as consuming and supplying labor,

each household saves by lending funds to financial intermediaries that it does not own.

Let C, be consumption, L, be the family labor supply, W, be the real wage, R, be the gross real return on
deposits at financial intermediaries, D, ; be the total amount of funds the household lends to financial interme-
diaries, II, be net payouts to the household from ownership of both non-financial and financial firms and 7} be

the lump sum transfers from the central bank.

The household chooses consumption, labor supply and deposits at financial intermediaries to maximize expected

discounted utility subject to its budget constraint:

Ci, Ly, Dyya 1+e
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"The European Central Bank conducts open market operations once a week (through its main refinancing operations) while the
Federal Reserve does so once a day at the beginning of the day (through its interventions on the Fed Funds market), see Friedman and
Kuttner (2011) for more details. The ECB’s standing facility (its marginal lending facility) is available every day; however restricting
open market operations to once a week creates the timing difference noted above, see ECB (2014). The Fed grants banks’ requests for
its standing facility (the main standing facility of the Fed is its primary discount window) assistance only very late in the day when the
money markets are closing, see Clouse (1994). Other major central banks have relatively similar frameworks which lead to the same
difference in timing between open market operations and lending through the standing facility.



where 0 < 8 < 1 is the discount rate, 0 < v < 1 the habit parameter, x > 0 the relative utility weight of labor

and € > 0 is the inverse Frisch elasticity of labor supply.

The household’s first order conditions are standard:

Ly: UeeWy = xLi (1)
Ct/Dt+13 At,t+1Rt+1 =1 (2)
Where:
Uct = . - =

Ci—C Cii—C,
Uct+1

ct

At,t+l =

2.2 Financial intermediaries

Intermediaries raise funds on retail (by collecting deposits from households) and wholesale (by borrowing from
each other) financial markets, decide the amount they lend to non-financial firms, the amount of liquidity to borrow
from the central bank and the amount of excess reserves to deposit at the central bank (any reserves deposited by
a financial intermediary at the central bank are excess reserves, since there are no minimum reserve requirements

in the model).

At the beginning of the period, each financial intermediary j raises deposits d; ;,; from households on the
national retail financial market at the deposit rate R, ;. After the retail financial market closes, investment
opportunity arrives randomly to a fraction m? of islands. This creates surpluses and deficits of funds across
financial institutions, assuming that each intermediary can lend funds only to the non-financial firm on the same
island, that capital is not mobile across islands and that only firms located on investing islands can acquire new
capital. After learning about its lending opportunities, intermediary j decides the volume of its loans 3?775 to
non-financial firms and the funds it borrows (or lends) on the interbank market b?’t 1 >0 (b?’t < 0). The

subscript h € {i,n} denotes the type of the island on which intermediary j is located: i for investing and n for

non-investing.

In the SFs version of the model, intermediary j decides, after learning about its lending opportunities (simul-
taneously with its decision to intervene on the interbank market and its decision to deposit excess reserves at
the central bank), the amount of liquidity [ fgh ++1 = 0 to borrow from the central bank and the amount of excess
reserves d f]h’t 41 = 0 to deposit at the central bank. In the OMOs version of the model, the intermediary’s decision

regarding the amount of liquidity If; ;. > 0 to borrow from the central bank is taken before learning about its

7



lending opportunities (before its decision to intervene on the interbank market and its decision to deposit excess
reserves at the central bank), while the decision regarding the amount of excess reserves to deposit at the central
bank df jh,t 41 > 0 is always taken after learning about its lending opportunities. This closely mimics the differ-
ence in timing between open market operations and the standing facilities of monetary authorities in developed

economies®.

Intermediaries raise retail deposits at the deposit rate R, ;, borrow from the central bank at the refinancing
operations rate Rﬁl, deposit excess reserves at the central bank that pay the deposit facility interest rate Rf fl
and lend or borrow on the interbank market at the interest rate R? ;. Furthermore, claims on non-financial firms

located on islands of type h have a market price Q7.

I follow Gertler and Karadi (2011) and Gertler and Kiyotaki (2011) and introduce an agency problem that
constrains the ability of financial intermediaries to collect funds: at the end of the period, the banker can choose
to divert a fraction 6 of available funds from the intermediary and transfer it back to the household of which he
is a member. The potential cost to the banker is that the depositors can force the intermediary into bankruptcy

and recover the remaining fraction (1 — 6) of assets.

[ allow intermediary j to be differently constrained from raising funds from households, from borrowing liquidity
from the central bank, from intervening on the interbank market and from depositing excess reserves at the central
bank. Divertable assets consist of total gross assets net of (plus) a fraction w” of interbank borrowing (lending),
net of a fraction w!f of liquidity borrowed from the central bank and plus a fraction w?/ of reserves at the central

bank. The general case where frictions on the interbank market are heterogeneous is considered below.

I assume that the central bank is better able to collect information about intermediaries and to enforce repay-
ment than lenders on the interbank market, which implies that it is harder for an intermediary to divert liquidity
borrowed from the central bank than to divert funds borrowed on the interbank market. Thus, if intermediaries
on islands of type h borrow on the interbank market and borrow liquidity from the central bank, the following

strict inequality must hold: w'f > w".

Furthermore, I assume that it is harder for households to recover funds lent by intermediaries on the interbank
market than funds deposited at the central bank as excess reserves. This seems reasonable due both to the
additional information and supervision the central bank has on intermediaries and to its capacity to perfectly
track reserves if a banker decides to divert. Thus if intermediaries on islands of type h’ lend on the interbank

market and deposit excess reserves at the central bank, the following strict inequality must hold: wh' > wdf,

8See footnote 7 for more details.



2.2.1 The Standing Facilities version

In this section I present the Standing Facilities version of the model, where a banker manages a financial
intermediary for only one period and financial intermediary j decides on its liquidity borrowing from the central

bank simultaneously with its entry to the interbank market. Theoretical results presented below are derived from

h

this version for simplicity. Let II7

t+1 be the profits of intermediary j collected between periods ¢ and ¢+ 1. Then
in the SFs version, profits H?,t 41 and the balance sheet of intermediary j during the period ¢ are:

h _ pk,hh  h af h b h Lf h
H? 1 =Re1Q"s) v+ Ryiqdfiyiy — R v — Ryfqlff e — Beyady v (3)

hS?,t + deh,Hl = b?,tﬂ + lfgh,tJrl +dj 141 (4)

To ensure that lenders will be willing to supply funds to the banker, the following incentive constraint must be
satisfied:

H?,tJrl >0 ( ?5?,7: + Wdfdfjh,tﬂ - th;},tﬂ - Wlflfgh,tﬂ) (5)

Intermediary j’s manager maximizes profits (3) under the incentive constraint (5), the intermediary’s balance sheet
(4) and the non-negativity constraints from its liquidity borrowings from the central bank I fjh,t 41 = 0 and from

its reserves deposits at the central bank d fj’”t1t +1=>0.

Let AP be the Lagrangian multiplier for the incentive constraint (5). Then intermediary js first order conditions

are the following:

Ah
k,h
S R{{—Rg =0(1—wh) 1 +t)\? (6)
d . b _ S‘t
G+l ° R{\1 =Ry = T (7)
t
1fh . Lf boos g (S h )‘?
fj,t+1 : Ry —RY 2> (W —w >1+)\h (8)
t
h . b af h df )\?
dfj,t+1 : Ry 1—Ryy = 0 (wh —w?) L+ A\b 9)
t
where S\t = Z ahwh Al
h=i,n
h=i,n

2.2.2 The Open Market Operations version

This section presents the OMOs version of the model, where a banker this period has probability ¢ of remaining

a banker next period and financial intermediary j decides on its liquidity borrowing from the central bank before



entering the interbank market. The quantitative assessment discussed below is based on this version of the model.

The banker managing intermediary j optimizes expected terminal wealth at the beginning of the period:

Vie=E; Z (1=0)0™Ay ti14m Z " Jt+1+m (10)

h=i,n

where N ;ﬁt ,1 is the net worth of a financial intermediary j located on an island of type h at the beginning
of period t + 1 after the settlement of period ¢ contracts and before the opening of any market on period t + 1.
Over time, intermediary j’s net worth evolves as the difference between earnings on assets and interest payments

on liabilities:

k,h d lf
Nght+1 = Rt+1Qt 7, ¢t Rtfldfgh,tJrl _Rt+1bg t+1 Rt+1lfj,t+1 - Rt+1dj,t+1 (11)

I follow Gertler and Kiyotaki (2011) and assume a transfer of net worth between the financial intermediaries,
at the beginning of each period after the settlement of the contracts of the previous period and before the opening
of any market on period ¢ + 1, such as to equalize the ratio of total intermediary net worth to total capital on all
islands. This assumption frees me from having to keep track of the distribution of net worth across islands. As a

consequence, the balance sheet of intermediary j during period ¢ is:

Qt Sit + dfgh,t+1 = Ngh,t + b?,tJrl + lfj,t+1 + dj,t+1 (12)

To ensure that lenders will be willing to supply funds to the banker, the following incentive constraint must

be satisfied:

Vj,t >0 ( ?5?,1& + Wdfdfﬁtﬂ _whb?,t+1 - Wlflfj,tH) (13)

To solve the model, I guess the following from for the value function and then verify this guess (see Appendix

A.1 for more details):

_ h[, h .h h h h h h
Vj,t_E T [Vs,tsj,t+Vdf,tdfj,t+1 Vbtbgt+1 Vlf,tlfj,t+1_’/tdj,t+1]

h=i,n

Intermediary j’s manager maximizes terminal wealth (10) under the incentive constraint (13), the intermediary’s
balance sheet (12) and the non-negativity constraints from its liquidity borrowings from the central bank If; ; 1 >

0 and from its reserves deposits at the central bank d fjh,t 41 >0

Let A" be the Lagrangian multiplier for the incentive constraint (13). Then intermediary j’s first order

10



conditions are the following:

h Vst h h t
s, — — ., =0(1 —w — 14
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A
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After verifying the form of the value function (see Appendix A.1 for more details), the marginal gains and

costs have the following laws of motion:

Vl})l,t = Q?HRSH (18)

vl = V?,t}%?? (19)
+

= v 20)

ng,t = V{:’tggi (21)

= 22)

2.3 Intermediate goods firms

There is a continuum of islands each of which has a goods-producing firm and a financial intermediary. I
assume that a non-financial firm can borrow funds only from the financial intermediary on the same island. Each
financial intermediary has perfect information about the non-financial firm on the same island and can enforce
contractual obligations with this borrower. Therefore, given its supply of funds, a financial intermediary can lend
frictionlessly to the non-financial firm on the same island against its future profits. The firm is thus able to offer

the intermediary a perfectly state-contingent debt, which can be considered equity.

Firms at the beginning of each period face an idiosyncratic shock when investment opportunity randomly

11



reaches a fraction 7% of islands, hereinafter referred to as investing islands. Only firms with investment oppor-
tunities can acquire new capital. The shock is i.i.d. across time and islands. As in Gertler and Kiyotaki (2011),
it creates differences in liquidity needs across non-financial firms which will lead to differences in liquidity needs

across financial intermediaries.

At the end of period ¢, goods-producing firm m acquires capital kﬁ%t 41 for use in production in period ¢ + 1.

The firm finances its purchases of capital by borrowing funds from the financial intermediary on the same island.

h

m,t claims equal to the number of units of capital it holds at the price of a

To acquire the funds, firm m issues s

unit of capital on island h, Q%:

QUkp i1 = Q' sha s (23)

I assume that aggregate output Y, is a constant-returns-to-scale Cobb-Douglas production function with ag-
gregate capital K, and aggregate labor L, as inputs: Y, = KXL}~%. 1 follow Gertler and Karadi (2011) and
assume that P, , is the price of intermediate goods output and that the replacement price of used capital is fixed
at unity. Furthermore, I follow Gertler and Kiyotaki (2011) and assume that capital is not mobile, but that labor
is perfectly mobile across firms and islands. Since labor is perfectly mobile, competitive goods producers choose
labor is accordance with the national wage rate W, which determines the gross profit per unit of capital Z, as

follows:

oY, Y,
‘/'/ = 7t = P 1 _ 7t
t 8Lt mt( a) Lt
l-«
Y,—W.,L L
Z,= -t _t7t — —t
t Kt mta ( F(t

Given that non-financial firms earn zero profits state by state, the firm simply pays out the ex post return on

capital, Rf +”1l, to the intermediary:

Rlh Zyj1 + QP =0
t+1 — Qh
t

(24)

where J is the capital depreciation rate.

2.4 Capital-producing firms

Capital-producing firms build new capital using input from final output and subject to adjustment costs.
They sell new capital to goods-producing firms on investing islands at price Q¢ and redistribute any profits to

households. The objective of a capital producer is to choose I, to solve:

+o00 ' T
o S s i ()] o]
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From profit maximization, the price of new capital is:

i _ It t It 1 ? / It 1
ai=rer () e () —reean (552) 7 (57) &

2.5 Retalil firms

Final output Y, is a constant elasticity of substitution composite of a continuum of mass unity of differentiated

retail firms that use intermediate output as input. The final output technology is given by

71
Y E” d f] (26)
where Y7, is output by retailer f. From cost minimization of final output:

Y,, = Lre _EPY 27
ft = ?t t (27)

1

/ "df] - (28)

I follow Gertler and Karadi (2011) and assume that retailers only re-package intermediate output. It takes one unit

of intermediate output to produce one unit of retail output, therefore the marginal cost is the relative intermediate
output price P,,,. Like Gertler and Karadi (2011) I introduce price rigidities following Christiano et al. (2005):
each period a firm can freely re-optimize its price with a probability 1 —+,,. In between these periods, the firm is

able to index its price to the lagged rate of inflation. The retailers choose the optimal price P; to solve:

oo ) o P* i
max [, E ’Y;ﬁl lAt,t+i {P ‘ Xt — Pty th+i (29)
=0 t+1

(T4 ) (T4 m, )V if i >0

where X? = , T, is the inflation rate from t—1 to t. The first order condition
1 iti=0
is given by:
S i gie1 Py i p
Ey Z VBT Ny e P Xt flpmtﬂ' Yier (30)
i=0 t+i p

From the law of large numbers, the evolution of the price level follows:

P, = [(1 - ’Vp) (P*) v 4 Vp ((1 + Wt_l)ﬂypr Pt_1>176p] T-cp
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2.6 The central bank

The central bank in the model lends liquidity to financial intermediaries? through its standing facility or its
open market operations (depending on the version of the model) and offers them a deposit facility at which they
can deposit excess reserves. The central bank controls both the lending and the deposit facilities’ nominal interest
rates, Ri{’lnom and Rf Jfl’nom, following a simple Taylor rule. I also assume that it targets the nominal deposit

interest rate R7/™ following the same Taylor rule!®:

Y.-Y
lf,nom lf,nom l
Rtil = (1—p;) (le’”om + K,y + lfytT> + sztf + etf_l (32)
Y. -Y
RE™™ = (1= ) (RIPmom 4w, s, L ) 4 o REO™ 1 (33)
Y.-Y
pom — (1= p) (BP0 i, 4 1, ) 4 RO (34)

where the relation between the real and nominal interest rates is determined by the Fisher relation:

nom __
tAt = Ry
lf,nom __ Lf
Ry1y = Ry T

df,nom __ df
Riiq = Rimg

Any profits or deficits due to the central bank’s operations are transferred each period to the household:
T, = RY'LF, — R DF,

2.7 Aggregation and market clearing conditions

Fach goods-producing firm m issues claims equal to the number of units of capital it holds following equation
(23), where the price of a unit of capital depends only on the type of island where firm m is situated. Thus one

can sum across firms situated on islands of the same type. Furthermore, the national investment is concentrated

9The central bank’s lending to credit institutions in the model is better thought of as fixed rate tender procedures with full allotment.
Although the parameter w!/ can be considered as indirectly modeling how stringently the central bank collateral conditions (higher
w!f for more stringent conditions), I ignore here any explicit role of collateral on liquidity borrowing from the central bank. However,
introducing collateralized liquidity loans from the central bank should not change the main findings of the paper.

19T choose to assume that the central bank targets the nominal deposit interest rate instead of the nominal interest rate on the
interbank market so that the interbank rate is a pure market rate, which allows the model to be closer to monetary policy operational
framework as conducted by the major central banks.

14



only on investing islands ¢ since only firms on these islands can invest in new capital which gives us:

Ki, = S
I,+(1-0)nK, = S} (35)
and
Kf‘l’l = SF
(1-6)n"K, = S» (36)

This yields the standard capital accumulation equation:

Kt+1 = Kz+1 +KZL+1
= I,+(1-0)n'K, +(1-9§)7"K,
= I,+(1-90)K, (37)

h

On the financial side, after using the balance sheet constraint of financial intermediary j to replace b}, 1,

summing across intermediaries on islands of type h yields the following incentive constraints in the Standing

Facilities and the Open Market Operations versions of the model, respectively:
k,h
[9 (1-w")— (Rt+1 - R«IZH)] QY SY + [wh — (Ry,y — Ryyq)] 7" Dy iy
< (38)

[9 (W —wh) - (vat-{l - R§+1)] L+ [9 (wh —wf) — (Rf‘?ﬂ - RfL)] DF},

’7Tth
< (39)

Ohh (NG + N7) + (1 — ) QISP — (wh —wif) DEJL, — (! — ) ah LF, ., ]

where the aggregate function value for all intermediaries V, =3, . QNP .

In addition, according to the balance sheet of the entire banking sector, retail deposits in the economy are

equal to the difference between total assets (claims on the non-financial sector and excess reserves at the central
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bank) and borrowed liquidity from the central bank:

Standing Facilities version: D, = QiS{+ QPSp + DF}, + DF | —1fi 1 —1lfl, (40)

Open Market Operations version: D, ., = QiS; + QpSy + DF} , + DF | — (N} + N*)— LF,,, (41)

In the OMOs version, the aggregate net worth on islands of type h in the infinite life version is the sum of the

net worth of existing bankers/intermediaries, N, jr}f, and the net worth of new bankers, N&f :

h e,h n,h
N, =Ny + Ny

Since the fraction o of bankers at ¢ survive until ¢ + 1, N/ +”f is given by:
NE =0 [RY ™ (Nf+ NP) + (RE2Y — R, ) QPSP — (R, — REL ) DFR — (RYL, — Ry ) 7" LF, 0+ (R — Ryt Dy

Like Gertler and Karadi (2011) and Gertler and Kiyotaki (2011), I assume that entering bankers receive “start
up” funds from their respective households. I assume that the household transfers a small fraction of the net
value of non-financial assets that exiting bankers had intermediated in their final operating period. Given that the
probability is i.i.d., the total final period assets of exiting bankers at period ¢ is (1 — o) (S§ + S7*). Accordingly,
each household transfers the fraction £/ (1 — o) of this value to its entering banker. In the aggregate, entering

bankers on islands of type h receive:

Njo = mhe(SE+ S7)

Finally, the law of motion of the aggregate net worth of intermediaries located on islands of type h is the

following (see A.2 for the infinite life version aggregation details):

NPy = o [Rym™ (N 4+ NT) o+ (R = RYy ) QESE — (Rboy — R ) DEL — (RLy = Ry ) 7" LE oy + (RYy = Ryy) 7 Dy | + 7€ (8] + 57)

(42)
The market clearing condition in the labor market is:
i  xLi
(1-a)+-= (43)
Lt Uct
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Finally, the aggregate resource constraint in the economy is the following:

Y, =C, + [1 +f (;Z)] I, (44)

3 Model analysis

I consider in this section the implications of relaxing the standard assumption of the central bank’s direct
control over the short-term interest rate and of introducing monetary policy implementation through the central
bank’s facilities and the corridor. I focus on the case where intermediaries that borrow liquidity from the central
bank and intermediaries that deposit excess reserves at the central bank are located on different island types.
This is in line with the literature on monetary policy implementation where the central bank facilities are used by
banks of different types (e.g. with different liquidity needs or of different sizes, see Hauck and Neyer, 2014, Ennis
and Keister, 2008 and Colliard et al., 2016).

I start by considering the steady state of the SFs version of the model. I derive the determinants of activating
each of the central bank’s facilities and show that heterogeneous frictions on the interbank market are sufficient
to explain the interest rate paid on retail deposits being higher than the interest rate paid on reserves. Then I
calibrate the OMOs version of the model and illustrate how real and financial variables react to either a symmetric

or an asymmetric widening of the corridor.

Results from the quantitative assessment suggest that the impact on intermediaries’ lending to the real economy
depends on how the corridor is widened. More particularly, a symmetric 1% widening of the corridor has the same
positive impact on output as lowering the corridor by 0.87%. When the financial intermediaries that lend to
non-financial firms investing in new capital do not hold excess reserves at the central bank, a symmetric widening
of the corridor, which will came all intermediaries on the interbank market to adjust their participation, relieves
the constraint on the balance sheets of intermediaries that lend to non-financial firms investing in new capital'!.

Relieving the constraint on the balance sheets of intermediaries that lend to investing firms increases their lending

to the real economy, which boosts output.

1 The type of financial intermediaries that deposit excess reserves at the central bank is a key factor in the positive impact on the
real economy of a symmetric widening of the corridor. However, how the two intermediaries act on the interbank market does not affect
this impact. When financial intermediaries located on non-investing islands hold the excess reserves at the central bank: 1) if these
intermediaries are the lenders on the interbank market they will react to a higher constraint on their balance sheets by increasing their
lending on the interbank market which will relieve the constraint on the balance sheet of intermediaries located on investing islands
which will allow these intermediaries to increase their lending to the real economy. 2) if intermediaries located on non-investing islands
are the borrowers on the interbank market they will react to a higher constraint on their balance sheets by decreasing their borrowing
on the interbank market, which will relieve the constraint on the balance sheets of intermediaries located on investing islands 4 and
increase their available funds to be invested in non-financial assets, thus increasing their lending to the real economy. See Appendix C
for more details.
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3.1 Steady state analysis

I define here the conditions that determine when a financial intermediary will use each of the central bank’s
standing facilities. Then I show that heterogeneous frictions on the interbank market are sufficient to explain the

interest rate paid on retail deposits being higher than the interest rate paid on reserves.

Proposition 1 Financial intermediaries located on islands of type h borrow liquidity from the central bank and

intermediaries located on islands of type h' deposit excess reserves at the central bank if and only if:

’ ’
wlf — (J.)h (J.)h — wdf

1—wh 1 —wh
e e
<1 ~1
Lfh dfr’

Proof. See Appendix B.2 m

Proposition 1 shows that the characteristics and the real return from lending to the real economy of any
intermediary compared to other intermediaries are the two determinants of its decision to use each facility of

the central bank. It also shows that if the real returns from lending to the real economy are divergent enough

w'f—wh k,h b k,h b w—wd
1—wh’ R®"™ — R R®"™ — R 1—wh’ . .. .
( T > RE b or R Rb > ot | then intermediaries of only one type will use both the
1-w 1-w

lending and deposit facilities of the central bank.

Proposition 2 If financial intermediaries of type h borrow liquidity on the interbank market and from the central
bank and financial intermediaries of type h’ lend on the interbank market and deposit excess reserves at the central
bank then:

R <R

Proof. See Appendix B.3 =

As noted above, models assessing the impact of the central bank offering a deposit facility to credit institutions
where reserves are considered simply as an asset show that, at equilibrium, if credit institutions deposit excess
reserves at the central bank then the interest rate paid on reserves must be strictly higher than the interest rate
paid on retail deposits R?f > R. However, several models show that introducing an ad hoc operational cost for
financial intermediaries based on the amount of reserves deposited by these intermediaries can explain the banking

sector holding excess reserves even if the central bank pays an interest rate on reserves lower than the interest

18



rate paid on retail deposits. Proposition 2 suggests another explanation: it shows that, in a model where reserves
are simply an asset to financial intermediaries, heterogeneous frictions on the interbank market are sufficient to
explain the interest rate paid on retail deposits being higher than the interest rate paid on reserves. When financial
intermediaries are constrained in their ability to raise funds from households, they will deposit excess reserves at
the central bank to relieve their constraint, even if the interest rate they receive on these reserves is lower than
the interest rate they pay to households on their retail deposits. Credit institutions choose to hold excess reserves
rather than other assets (non-financial assets or interbank lending), even though the interest rate received on
these excess reserves is lower than the interest rate paid on their main liability (retail deposits), because holding
these excess reserves relieves the constraint on their balance sheets sufficiently to compensate for the difference in

interest rates.

Finally, the model implies that frictions on the interbank market are at least of an intermediate level for
the empirically observed case: (large) banks with liquidity deficit, represented in the model as intermediaries on
investing islands 7, borrow liquidity from the central bank and on the interbank market from (small) banks with
excess funds, represented in the model as intermediaries on non-investing islands n. This result suggests that there

is still room for policies aimed at reducing frictions on the wholesale financial market.

This is shown in Proposition 3, where w? and 2™ are the fractions of interbank borrowing and lending respec-
tively that intermediaries on investing islands i and non-investing islands n cannot divert. w®+z™ = 0 is the limit
case of complete frictions on the interbank market and w® + 2™ = 2 is the limit case of a frictionless interbank

market.

Proposition 3 Under the assumption of a core-periphery interbank market, if intermediaries on investing islands
1 borrow liquidity from the central bank and intermediaries on non-investing islands n deposit excess reserves at

the central bank then frictions on the interbank market are at least of an intermediate level:

w4 <1

Proof. See Appendix B.4 =

3.2 Quantitative assessment
3.2.1 Calibration

The model is calibrated quarterly. With the exception of parameters specific to my model
(0, w®,w™, W wdf o and €) and of those of the price rigidities block, all parameters are set as Gertler and Kiy-

otaki (2011). The discount factor 8 = 0.99, the depreciation rate 6 = 0.025, the capital share o = 0.33, the habit
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parameter v = 0.5, the utility weight on labor ¢ = 5.584 and the inverse elasticity of net investment to price
of capital If”/f’ = 1.5. Like Gertler and Kiyotaki (2011), I choose a Frisch labor elasticity of ten, ¢ = 0.1, to
compensate partly for the absence of labor market rigidities. The nominal rigidity parameters are set as Gertler
and Karadi (2011) following Primiceri et al. (2006) estimations. The elasticity of substitution between goods

€, = 4.167, the price rigidity parameter v, = 0.779 and the price indexing parameter v,,,. = 0.241.

My strategy is to calibrate the spread between the return on assets on investing islands ¢ and the interest rate on
the interbank market, R¥* — R? on the spread between Moody’s Baa and the Fed Funds rate, the spread between
the return on assets on non-investing islands n and the interest rate on the interbank market, R**™ — R®, on the
spread between Moody’s Aaa and the Fed Funds rate, the spread between the interest rate paid on retail deposits
and the interest rate paid on reserves, R4 — R, on the spread between the interest rate paid on excess reserves

minus the weighted average of the rates received on the interest-bearing assets included in M2, the ratio of retail

deposits to the financial sector total assets, —— D , on the ratio of the sum of small-denomination
Q*S*+QnS™ + DF
time deposits'? and savings deposits to commercial banks’ total assets, the ratio of excess reserves deposited at
DF
QiS* +QnS™ + DF’
total borrowings from the Fed to commercial banks’ total assets, the ratio of financial intermediaries’ assets to
Q'S"+Q"S" + DF
Ni4 N7

1
average survival time for a banker, 1o to 10 years, as per Gertler and Kiyotaki (2011). I let the following
—0

the central bank to the financial sector total assets, on the ratio of depositary institutions’

total equity, , on the inverse of the ratio of total equity to total assets for banks and the

parameters determined endogenously: the fraction of assets that can be diverted, 0, the fraction of interbank
borrowing that cannot be diverted, w?, the fraction of interbank lending that can be diverted, w™, the fraction of
liquidity borrowed from the central bank that cannot be diverted, w'f, the fraction of excess reserves deposited
at the central bank that can be diverted, w®’, the survival probability of the bankers, o, and the proportional
transfer to the entering bankers, £. Table 1 in Appendix D summarizes the chosen moments and the matched
data, Table 2 in Appendix D reports the parameter values of the model and Table 3 in Appendix D compares the

steady state for the financial sector’s variables in the model with that for the first moments in the data.

Regarding the central bank’s policy rates, the steady state for the spread between the interest rate paid on
borrowed liquidity from the central bank and the interest rate on the interbank market, R — R?, is calibrated on
the spread between the Fed Funds Target rate and the Effective Fed Funds rate. The steady state for the spread
between the interest rate on the interbank market and the interest rate paid on reserves, R® — R4/, is calibrated

on the Effective Fed Funds rate.

I consider the case where financial intermediaries on non-investing islands n deposit excess reserves at the

2The small-denomination time deposits component of M2 includes time deposits at banks and thrifts with balances less than
$100,000.
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central bank. The model is calibrated based on U.S. data collected from the Federal Reserve Economic Data
(FRED). Data is monthly and covers a period of one business cycle: from 2011M04 to 2016M12 (69 months)*3.

See Table 3 in Appendix D for a comparison between the model and the data.

3.2.2 Experiments

An asymmetric widening of the corridor: ~ of RY:m°™  Ag expected, increasing the higher bound of
the corridor is a contractionary monetary shock: R!/>™°™ ig the nominal interest rate that financial intermediaries
pay when they borrow from the central bank’s open market operations'®. Impulse responses to a 1% increase in

the annualized R'f:™°™ are plotted in Figure 1.

15 The higher cost of borrowing from

The initial increase in R!f>™°™ impacts all financial intermediaries
the central bank decreases demand (\, LF') and leads to weaker and more constrained balance sheets for all
intermediaries (,* A* &  A™). Weaker balance sheets lead to reduced demand for non-financial assets, which
decreases their prices on both types of islands (\, Q% & \, Q™), with a simultaneous decrease in the return on
these assets (\, R*'* & ~\, R*¥™). The reduced demand for non-financial assets on investing islands leads to a

contraction in lending to non-financial firms that invest (N, S*), which decreases output (\, V) and welfare (\,

Welfare).

An asymmetric widening of the corridor: \, of R¥ o™ A decrease in R?/>™°™ impacts only those
financial intermediaries that deposit excess reserves at the central bank: intermediaries located on non-investing
islands n. However, such a decision will also have an indirect effect on the real economy due to the interaction of
financial intermediaries on the interbank market. Impulse responses to a 1% decrease in the annualized R mo™

are plotted in Figure 2.

The initial decrease in R4/ ™™ decreases the amount of excess reserves that intermediaries located on non-
investing islands deposit at the central bank (\, DF) and weakens the balance sheets of these intermediaries,
which increases the constraint on their balance sheets (,* A™). This reduces the demand from these intermediaries
for non-financial assets, which pushes the price downwards (\, @) and reduces the return on these assets (\
R¥>™) on non-investing islands n. However, there is a second round effect on the economy due to the adjustment
of participation on the interbank market of intermediaries located on non-investing islands, which relieves the

constraint on the balance sheets of intermediaries on investing islands'® (\, A%). This increases the demand for

13The National Bureau of Economic Research determines the average duration of business cycles between 1945 and 2009 to be
€ [68.5,69.5] months. See NBER (2017) for more details.

14 Rlf;mom plays the same role in the model as the Main Refinancing Operations rate in the euro area (post 2008) and, to a lesser
extent, the Fed Funds target in the U.S..

¥Intermediaries on both investing 4 and non-investing n islands actually borrow liquidity from the central bank, since they decide
on their borrowing from the central bank before learning about their investment opportunities.

16See footnote 11.
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non-financial assets by intermediaries on investing islands i (,* S%), which pushes the asset price upwards on these

islands (* Q*) and boosts output (' Y) and welfare (,* Welfare).

A symmetric widening of the corridor: * of RY'mo™ & N, of R¥ ™°™, The net effect on the real
economy of a symmetric widening of the corridor will be whichever dominates: the negative impact of the monetary
shock from increased R'f>™°™  of the positive impact from decreased R%f:™°™ relieving the constraint on the
balance sheets of intermediaries that lend to non-financial firms investing in new capital. Impulse responses to a
1% increase in the annualized nominal interest rate that financial intermediaries pay on their borrowings from the
central bank, R*™°™ and a 1% decrease in the annualized nominal interest rate that the central bank pays on

the excess reserves deposited by intermediaries are plotted in Figure 3.

The initial increase in R'/>™°™ and the initial decrease in R4f>"°™ have the same impact on non-investing
islands n: a higher cost of borrowing from the central bank and a decrease in return on excess reserves which
results in a weaker and more constrained balance sheet (,* A\™). In reaction, both the price of non-financial assets
located on non-investing islands n (\, Q™) and the return on these non-financial assets (\, R*'™), fall due to a
decrease in demand for these assets by intermediaries located on islands of type n. However, the impact on the
real economy depends mainly on the net effect on intermediaries located on investing islands 4: in this case the

impact of increasing R'f>"°™ and the impact of decreasing R4/ ™o

work against each other. Impulse responses
in Figure 3 suggest that the positive effect of decreasing the interest rate on excess reserves dominates. The
relief generated by the decrease in R%f:™°™ for the constraint on the balance sheets of intermediaries located on
investing islands ¢ dominates the effect of the increase in the cost of borrowed liquidity from the central bank,

increasing R'f>mo™ (N, A?). This increases these intermediaries’ demand for non-financial assets (,* S%) and

their price (" Q*), which positively impacts output (' Y) and welfare (,* Welfare).

Lowering the corridor: \, of R'/:mo™m & N\ of R¥ m°™  Ag expected, lowering of the corridor has the
effect of a standard expansionary monetary shock. Impulse responses to a 1% decrease in the annualized Rf>™o™

and R3f:m°™ are plotted in Figure 3.

The initial decrease in the higher and lower bounds of the short term interest rate in the economy (the
interbank rate), R'/>™°™ and R4fm°™ puts a downward pressure on it (\, R?), increases borrowed liquidity
from the central bank (,* LF') and decreases excess reserves deposited at the central bank (\, DF’). The decrease

nom relieves the constraint on the balance sheet of all financial

in the cost of borrowing from the central bank, R!/:
intermediaries while the decrease in the interest rate paid on excess reserves R4/ ™™ weakens the balance sheets of
intermediaries located only on non-investing islands n. The negative impact on the balance sheet of intermediaries

located on non-investing islands due to the decrease in R4/>™°™ dominates the positive effect due to the decrease
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in RUfsmem (2 \™) while the adjustment of participation on the interbank market of intermediaries located
on non-investing islands together with the decrease in R'f>™°™ relieve the constraint on the balance sheets of
intermediaries located on investing islands i (\, A\?). In reaction, both the price of non-financial assets located
on investing islands i (,* Q%) and the return on these non-financial assets (,* R*:%), rise due to an increase in
demand for these assets by intermediaries located on islands of type i (,* S*), which positively impacts output

(Y) and welfare (,* Welfare).

A symmetric widening of the corridor vs. lowering the corridor. Impulse responses to the central
bank’s decision to widen the corridor and impulse responses to the central bank’s decision to lower the corridor
plotted in Figure 3 suggest that lowering the corridor by 0.87% has the same positive impact on output as a
symmetric 1% widening of the corridor. Since implementing these two different policies have a similar positive

impact on the real economy, when should the central bank implement each of these policies?

Despite that these two policies affect the real economy in a similar way, their impact on the financial sector
together with the transmission channels they activate differ significantly. The positive impact on output comes in
both cases from the increase in lending to non-financial firms that invest in new capital. This increase is due to
the relief in the constraint on the balance sheet of financial intermediaries located on investing islands i. However,
this relief is achieved either by a sharp tightening of the constraint on the balance sheets of financial intermediaries
that hold excess reserves at the central bank (intermediaries located on non-investing islands n) when the central
bank decides to widen symmetrically the corridor or by a mild tightening of the constraint on the balance sheets of
these intermediaries accompanied by a sharp decrease in the short term interest rate in the economy, the interbank
rate. Widening symmetrically the corridor achieves the positive impact on the real economy through only a strong
tightening of the constraint on the balance sheets of a part of financial intermediaries (intermediaries that hold
excess reserves at the central bank) without impacting the whole economy: without significantly lowering the short
term interest rate in the economy, the interbank rate, and lowering the corridor achieves also a similar positive
impact on the real economy but accompanied with a strong impact on the whole economy: a sharp decrease in the
short term interest rate in the economy, the interbank rate. This argues to symmetrically widening the corridor
instead of lowering it when the central bank has concerns of higher risk taking due to a low interest rate in the

economy (see Dell’Ariccia et al., 2017 and Lee et al., 2017).

4 Conclusion

This paper introduces monetary policy implementation based on the corridor and focuses on the role of frictions

on the interbank market in the transmission of monetary policy to the real economy. Conventional monetary policy
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is introduced into the model together with the interest rates of the central bank’s lending and deposit facilities
(the corridor). Modifying the corridor affects the wholesale financial market and allows the central bank to impact

the economy without decreasing its targeted interest rate.

The model shows that heterogeneous frictions on the interbank market are sufficient to explain the interest
rate paid on retail deposits being higher than the interest rate paid on reserves. Furthermore, results from the
quantitative assessment suggest that in an economy where the financial sector holds excess reserves at the central
bank, the corridor’s width has significant potential as a tool for monetary policy. More particularly, when the
financial intermediaries that lend to non-financial firms investing in new capital hold a negligible percentage of
excess reserves at the central bank, a 1% symmetric widening of the corridor has the same positive impact on
output as lowering the corridor by 0.87%. This symmetric widening of the corridor relieves the constraint on the
balance sheets of these financial intermediaries, enhancing both output and welfare. Implementing this policy
allows the central bank to boost welfare and the real economy and to simultaneously address concerns over higher
risk-taking in a low interest rate environment (see Dell’Ariccia et al., 2017 and Lee et al., 2017). In other words,
a symmetric widening of the corridor impacts output positively and increases welfare without decreasing the

short-term interest rate.
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Appendices

A The Open Market Operations version
A.1 Guess and verify

I start by guessing the following form of the value function:

_ hi, h oh h h h ho 1ph h
Vj,t*E ™ [Vs,tsj,t"’Vdf,tdfj,tH Vbtbgt+1 Vi sl — v d; e (45)

h=i,n
Then, using intermediary j’s balance sheet (12), I substitute b;ﬁt 41 into (45) and the function value reduces to:
h

V
Vie= Zh:i,n mh lVb tN + ( on h,t) Q?S?,t - (V{f,t - ng,t> dfjh,t+1 - (Vlhf,t - Vl})L,t) Ufj e+ (Vi?,t - V?) dj,t+1‘|
t
(46)

After substituting the F.O.C.s (14), (15), (16) and (17) into (46), the value function reduces to:

)\h
V= G%dj,tﬂ + Zh:imwh [z/gﬁtN . —l— — [9 (1—wh) ?s?’t — 0 (W — wd) dfj}f1t+1 —0 (W —wh) lfj,t+1]

+ A
(47)
Replacing with the incentive constraint of intermediary j (13) in (47), the value function reduces to:
v, o + Yy { +L’}fi[v — QP NP, — fuhd ]} (48)
J,t 1+)\ J,t+l W j,t 1+)\t 7.t 7, t+1
After some algebraic manipulations, (48) reduces to:
Vi (14+2X,) = Z Mok, (14 X,) — 0P AP] N, (49)
Then the value function reduces to:
Z Mok, (L4 X,) — 0P AR N, (50)
From the function value of intermediary j (10):
+
Vj,t = (1-o) At,t+1 Zh:i,n @ N]ht+1 + Zmojl [(1 —o0) UmAt,t+1+m Zh:i,n Wthh,t-&-1+m]
= (1—0) Ay 111 Zh:i,nﬂ NP+ oM Ve (51)
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Then substituting V; ;. ;1 in (51) by (50), I obtain:

Vj,t = (1-o) At,t+1 Zh:i,n WhNgh,tJrl + JAt,t+1 Zh:i,n mh Hyl})l,t-&-l (1 +Xt+1> - gwh)\?ﬂ] Ngh,tJrl]

= Zh:i,n " [(1 —0) At,t+1Njh,t+1 + oAy i Hyl?,t-&-l (1 +Xt+1) - awh)‘?ﬂ} Njh,t+1H (52)

After some algebraic manipulations, the function value reduces to:

Vie= Z " [(1 —0) T o Y [Vl’;,tJrl (1 +Xt+1) - Qwh)‘gl” Ngh,t+1 (53)

h=i,n

Then replacing N Jh’t 41 by its law of motion (11) yields the law of motion of the marginal gains and costs (18),

(19), (20), (21) and (22).

A.2 Aggregation
The net worth:

From intermediary j’s balance sheet (12), I substitute b;-"t 41 into the law of motion of intermediary j’s net

worth N;ﬁtﬂ (11) and I find:

N naN\mn k,h d
Nht+1 = Rgﬂ (77 Nj,t +7 Nj,t) + (Rt+1 - RE+1) Q?S;'L,t - (R?+1 - Rt+f1) d gh,t+1 (54)

J’
l
- (Rt.{1 - R?ﬂ) lfjh,tﬂ + (R?+l - Rt+1> dj,t+1

Since the liquidity shock is i.i.d. across time and islands, any financial intermediary j (located on any type of
island) during period ¢ has a probability 7¢ of being on an island of type i during period (¢ — 1) and a probability
7™ = 1 — 7 of being on an island of type n during period (¢t —1). Then financial intermediary j located on
an island of type h during period t has a probability 7* of inheriting N th from period (¢t — 1) and a probability
7" =1 — 7* of inheriting N '+ from period (t —1). Therefore the inheritance of net worth does not depend on
the type of island intermediary j is located on during period t. By consequence, summing for intermediaries on
islands of type h yields the following aggregate inheritance: 7" (7* N} + 7™ NJ*). Since the fraction o of bankers
at t survive until ¢ 4+ 1, then the aggregate law of motion of the net worth of existing intermediaries located on

islands of type h is:
Nti}f =0 [R?HW}L (TN{ + 7" NP + <Rffr}1l - R?H) rSy - (R?+1 - Riﬁ) DFl, — (RiL - R?+l> LFl.y + (RYy — Ryyq) WhDHl]
(55)

The value function:
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Any intermediary j maximizes the following value function:

Vie= Z ™ [(1 —0) Ny i1 H oM [Vz’f,tﬂ (1 +X1t+1> - ewh)‘ﬁrl” Ngh,tJrl (56)

h=i,n

Then summing for all intermediaries on both types of islands h € ¢, n, yields the aggregate value function:

Vi= Z m [(1 —0) Ny i1 oM g [I/l})l,t+1 (1 +Xt+1) - Qwh)‘?ﬂn Nth+1 (57)

h=i,n

The incentive constraint:

The value function V; ; of an intermediary j located on an island of type h does not depend on the type of island
h (the intermediary maximizes the expected wealth at the beginning of the period). Thus summing the incentive

constraint of intermediaries located on islands of type h yields the following aggregate incentive constraint:
TV,
< (58)
[l (Ni + N+ (1—wh) QISP — (wh —wif) DFJ,, — (! —wh) LER,]

+1

B Proofs
B.1 Lemma 1

I start by establishing a Lemma in which I show that when the central bank facilities are used by intermediaries
of different types, the fraction w”" that intermediaries who deposit excess reserves at the central bank can (cannot)
divert from interbank lending (borrowing) is larger than the fraction w” that intermediaries who borrow liquidity

from the central bank can (cannot) divert from interbank lending (borrowing).

Lemma 1 If intermediaries located on islands of type h borrow liquidity from the central bank and intermediaries

located on islands of type h' deposit excess reserves at the central bank then:

7/
wh’ > wh

Proof. I assume that only intermediaries of type h borrow liquidity from the central bank and only intermediaries

of type h’ deposit excess reserves at the central bank and consider both cases:

1. If R&P — Rb >~ Rk.h _ RY,
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Then:

AR B AP N

From (59), if w® > w" then A® >\

Since only intermediaries of type h borrow liquidity from the central bank, the following strict inequality

holds:
A AP ;
F_uh If _ h
1+)\h(w w)>1+)\h,(w w ) (60)
From (60), if A" > A" then w" > w". This shows that:
A SR e Wb > (61)

Since only intermediaries of type h’ deposit excess reserves at the central bank, the following strict inequality

holds:

)\h
1+ A\

AP n

(wh/ - wdf) > Tk (wh — waf) (62)

From (62), if w” > w"" then A» > M*. This cannot hold since (61) shows that \* > A" < WP > WP

Therefore, wh' > wh and AP > AP

2. If RFh — Rb > Rk:h' _ Rb.

Then:

AP N AP L

From (63), if w” > w"" then A" > AP,
Since only intermediaries of type h’ deposit excess reserves at the central bank, (62) holds.
From (62), if A\ > A" then w" > w™. As shown above, if w" > W then A" > AP

Therefore, we reach a contradiction.

This shows that if intermediaries of type h borrow liquidity from the central bank and intermediaries of type h’

deposit excess reserves at the central bank then W' >wh m
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B.2 Proposition 1

Proof. From intermediary j’s F.O.C. for 3?,1& at the steady state one can obtain:
RFM— R = A [0 (1 —wh) — (RM" — RY)] (64)

In order for intermediaries implemented on islands of type h to borrow from the central bank using its refinancing

operations, the following strict inequality must hold:

/\h . )\h’
A urn
T @ C”>>1+Ah/

(wlf — wh/) (65)

From (64) I plug A" and A" into (65) and after some algebraic manipulations, I obtain that the following strict

inequality must hold:

Wlf*wh/

T _an _ REh_RD

o — o O REAW _RY (66)
1—wh

Furthermore, for intermediaries implemented on islands of type h’ to deposit excess reserves at the deposit facility

of the central bank, the following strict inequality must hold:

AR AR

ho_d h_.d
1+)\h,(w —w f)>1+/\h(w — wdf) (67)

As above, I get A" and A" from (64) and plug them into (67). I obtain:

wh' — waf
71_(’0]1/ Rk,h_Rb
o —wif ~ REW _RY (68)
1—wh
Furthermore, the following can be shown:
h_ .df
a<w1—;uh ) 1 —wdf
Dh = 5 >0 (69)
w (1—wh)
And » .
0 <w1 —_wL:L ) 1—wtf
D =— 5 <0 (70)
X (1—wh)
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From Lemma 1, wh" > wh therefore:

wlf — oh
% <1 (71)
1wl

And
W — s
ﬁ >1 (72)
1—wh

This shows that if intermediaries implemented on islands of type h borrow from the central bank and intermediaries
implemented on islands of type h’ deposit excess reserves at the central bank, then the strict inequalities in the

proposition hold.

h

If T assume that the strict inequalities in the proposition hold then, using intermediary j’s F.O.C. for s7,

and replacing R*" — R?  and using intermediary j’s F.O.C. for s?:t and replacing R*"*" — R?, T obtain that
AR AR

the Y (wlf—wh) > VX (wlf—wh’>. Doing the same I obtain that the df part of the inequality
AP n’ d h d
T (=) > g @ —eth)

B.3 Proposition 2

Proof. I assume that only intermediaries of type h borrow liquidity from the central bank and that only inter-
mediaries of type h’ deposit excess reserves at the central bank. I also assume that the incentive constraints of

intermediaries of both types are binding. From (6), I find:

(REh — RY) (14 AP)

wh =1-— oNh (73)
And k,h' b h’
wh,zl_(Rv —5)\2/(1+)\ ) 4)
From (8), I find:
W — bt (R — };i\)’fl +A") (75)
From (9), I find:
ar_ e (BRI (1400) )
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I substitute w” and w!'f obtained from (73) and (75) into the aggregate incentive constraint of intermediaries of

type h (38). After some manipulation, I obtain:

If _ pb
_RY-R

Rk:,h_Rb Rk,h_Rb
S [9 - G LF (77)

h qh k,h _ h
G Q"S™ + 7 (R R>:|7T D

I substitute w”" and w®/ obtained from (74) and (76) into the aggregate incentive constraint of intermediaries of

type h’ (38). After some manipulation, I obtain:

RFMW R ., RFM _ RY . Bt W RV — RS
QMM |0 = — (RMM —R) | 7V D = = DF (78)
From (40), I substitute DF into (78).
RkW — RS . RV—RY Rk-M — RS . n , RP—RY R® — RS
@SSt = | |+ (RPY - R) -0 M o LF
(79)

From the assumption that banks of type h are lenders on the interbank market, I substitute LF = Q*S*—IB—="D

into (79) and obtain:

RFM —Rar ., . RP— RIS W | REM — R4S .
QS+ S —IB = | S — + (R —R) —6| D (80)
I also substitute LF = Q" S"* — IB — 7" D into (77) and obtain:
Rk,h_le le_Rb Rk,h_Rb

From (80) and (81) I substitute A" and A" into (7). After some algebraic manipulations I obtain:
(Rk-h — RU) QSN 4 (RFM — R4S) 4 (RY — RU)IB = [(R— RY) — 7" (RY — R¥)| D (82)
I conclude from (82) that the model exists only if:
(R—R) > gl (RY — R4T) (83)
Which implies the following strict inequality: R > R%/ m

B.4 Proposition 3

Proof. From Lemma 1, if intermediaries on investing islands ¢ borrow liquidity from the central bank and inter-
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mediaries on non-investing islands n deposit excess reserves at the central bank, then: w? < w™.

I assume a core-periphery interbank market, where intermediaries on investing islands ¢ borrow on the interbank
market from intermediaries on non-investing islands n. Therefore, w® is the fraction of interbank borrowing that
intermediaries on investing islands ¢ cannot divert and w™ is the fraction that intermediaries on non-investing

islands n can divert from interbank lending. Then z™ =1 —w™

is the fraction of interbank lending that interme-
diaries on non-investing islands n cannot divert.
W< Wt = W+ 2™ <1, but 0 < w? + 2™ < 2 where w® + 2™ = 0 is when the interbank market presents total

frictions and w? + ™ = 0 is when the interbank market is frictionless m

C Borrowers or lenders on the interbank market: is there an impact?

The type of financial intermediaries that deposit excess reserves at the central bank is crucial for the impact
of lowering (symmetrically or asymmetrically) the interest rate paid on reserves. If intermediaries that lend to
investing firms hold excess reserves at the central bank, decreasing the interest rate paid on reserves will increase
the constraint on the balance sheets of these intermediaries. In reaction, these intermediaries will decrease their
lending to the real economy, which will have a contractionary effect on output. The case where intermediaries that
lend to non-investing firms are holding excess reserves is discussed at length in the paper above. However, how
financial intermediaries act on the interbank market has no impact on relieving or not relieving the constraint on
the balance sheets of intermediaries lending to investing firms. To illustrate this, I consider the case where the
excess reserves at the central bank are held by intermediaries lending to non-financial firms that do not invest in

new capital.

Case 1: intermediaries i borrowers and intermediaries n lenders

On the one hand, if the central bank lowers the interest rate paid on reserves, lending on the interbank market
becomes more attractive to intermediaries located on non-investing islands, thereby increasing the offer on the
interbank market. On the other hand, intermediaries lending to non-financial firms that invest in new capital are
on the demand side of the interbank market, so decreasing the interest rate paid on reserves increases the offer on

the interbank market, which relieves the incentive constraint of these intermediaries.

5 440 >0 (Q%5§,t — Wb — Wlflf},t+1> (84)
where
) ki ) LF
H;’,t+1 = Rt+z1 ZS?,t - Rzle)+1b;',t+1 - Rt+1lf;,t+1 - Rt+1dj,t+1 (85)

As discussed above, when the central bank decreases the interest rate paid on reserves, intermediaries located
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on non-investing islands n increase their lending on the interbank market. Then the constraint on the balance
sheets of intermediaries located on investing islands ¢ is mainly affected by the shift from borrowing from the
central bank towards borrowing on the interbank market. More particularly, a 1 dollar decrease in [ f;t 41 and
a 1 dollar increase in b;-’t .1 increases the right-hand side of the balance sheet constraint (84) by (w'f — w?®) and
increases the left-hand side of the balance sheet constraint (84) by (Rif:l — RY. ). Since intermediaries located
on non-investing islands are increasing their lending on the interbank market, the interbank rate faces downward
pressure, so the increase in the left-hand side (Riil — R?. ;) will be greater than in the right-hand side (w'f —w?).

This relieves the constraint of intermediaries located on investing islands i (the Lagrangian multiplier A\* must

decrease to increase the right-hand side of the optimization equation of [ f;t 1)

Case 2: intermediaries n borrowers and intermediaries i lenders

If the central bank lowers the interest rate paid on reserves, then intermediaries on non-investing islands
decrease their borrowing of funds, including from the interbank market, because the return on reserves decreases.
Therefore, demand for loans on the interbank market decreases. Intermediaries located on investing islands react
by shifting their investment from the interbank market towards non-financial assets, which relieves the constraint
on their balance sheets. Therefore, decreasing the interest rate paid on reserves decreases lending on the interbank

market and relieves the constraint on the balance sheets of intermediaries located on investing islands.

T,y > 0(Qist, +wibl, o —wlfifl, ) (36)

where

. k" . . l .
% 401 = Rt+11Qf£3?,t + R$+1b;’,t+1 - Rtfrllfgl‘,tJrl — Ry 1d; 4 (87)

As discussed above, when the central bank decreases the interest rate paid on reserves, intermediaries located
on non-investing islands n decrease their borrowing on the interbank market. Then the constraint of the balance
sheets of intermediaries located on investing islands ¢ is mainly affected by the shift from investing on the interbank
market towards investing in non-financial assets. More particularly, a 1 dollar decrease in b;-’t +1 and a 1 dollar
increase in Qis;'-’t .1 increases the right-hand side of the balance sheet constraint (86) by (1 — w?) and the left-
hand side of the balance sheet constraint (86) by (R,’;’_il — RY. ;). Since intermediaries located on non-investing
islands are decreasing their borrowing on the interbank market, the interbank rate faces downward pressure, so the
left-hand side increase (Rf fl — R?. ;) will be greater than the right-hand side increase (1 —w?). This relieves the

constraint of intermediaries located on investing islands i (the Lagrangian multiplier A\* must decrease to increase

the right-hand side of the optimization equation of s;'-’t 1)

Summary
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To summarize, when the excess reserves at the central bank are held by intermediaries that do not lend to

non-financial firms that invest in new capital, decreasing the interest rate paid on reserves relieves the constraint

on the balance sheets of intermediaries that lend to these non-financial firms, and how the intermediaries act on

the interbank market (lending vs. borrowing) has no impact on the relief of this constraint.

D Calibration

Table 1: Calibration: moments

RF — RY:
RF:m — RY:
Rif — R:
D

Qle +QnSn _|_DF

DF

Q'S"+Q"S" + DF’

QzS'L +Qnsn —|—DF.

Ni4 Nn»

1
1—0’

Moments

Return on capital on investing islands minus
the interest rate on the interbank market

Return on capital on non-investing islands minus
the interest rate on the interbank market

Interest on Excess Reserves minus the interest
rate paid on retail deposits

The proportion of deposits in financial

intermediaries’ total assets

The proportion of excess reserves at the central

bank in financial intermediaries’ total assets

Total assets to total equity

The average survival time for a banker

Data

Moody’s Baa minus Fed Funds rate

Moody’s Aaa minus Fed Funds rate

Interest on Excess Reserves minus M2 Own Rate

Small-denomination time deposits + Savings deposits

Commercial banks’ total assets

Excess reserves at the Fed

Commercial banks’ total assets

1
Total equity to total assets for banks

10 years: Gertler and Kiyotaki (2011)
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Table 2: Parameter Values

Households
I5; Discount rate
% Habit parameter
& Relative utility weight of labor
€ Inverse Frisch elasticity of labor supply

Financial intermediaries
' Probability of new investment opportunities
0 Fraction of assets that can be diverted

Wt Fraction of interbank borrowing that cannot be diverted
w™ Fraction of interbank lending that can be diverted
wtf Fraction of liquidity borrowed from the central bank that cannot be diverted
wf Fraction of excess reserves deposited at the central bank that can be diverted
o Survival probability of the bankers
& Proportional transfer to the entering bankers

Intermediate goods firms
« Effective capital share
) Depreciation rate

Capital producing firms
I1f”/f Inverse elasticity of net investment to the price of capital

Retail firms

€p Elasticity of substitution
Yp Probability of keeping prices fixed
Ypr Measure of price indexation

The central bank

Ko Inflation coefficient of the Taylor rule
Ky Output gap coeflicient of the Taylor rule
Pi Smoothing parameter of the Taylor rule

0.99
0.5
5.584
0.1

0.25
0.8143
0.4278
0.1624
0.6086
0.0281

0.972
0.0126

0.33
0.025

1.5

4.167
0.779
0.241

1.5
0.5/4
0.1
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Table 3: Steady State Properties, Model versus Data

Variable Model Data

Financial variables

D
— 32.16% 54.81%
Q’LS’L + QnSn + DF 0 0
LF
— 5.38% 0.02%
Q’LS’L + QnSn + DF 0 0
DF
— 24.75% 14.57%
QzSz + QnSn + DF 0 0
stz + Qnsn + DF
, 1.601 8.97
N’L + N’n
St Sm
_— 5.57 1.651
Y
Rkt — R 3.36% 4.84%
RF-m — R? 1% 3.83%
R — RY 0.64% 0.64%
RY — R4S 0.16% 0.16%
R — R 0.49% 0.17%
Real variables
K
— 5.57 3.65
Y
I
— 0.14 0.07
Y
Volatility (s.d.)
log(Y) 0.0092 0.021
log(C) 0.0048 0.02!
log(I) 0.0722 0.08!
Persistence (autocorrelation)
log(Y) 0.82 0.65%
log(C) 0.97 0.711
log(I) 0.61 0.66

Table 4: Steady State Properties: Model vs. Data. All data is collected by the author from the Federal Reserve
Economic Data (FRED). 1) Data values of these moments are collected from Jorda et al. (2016).
36



E Impulse responses

37



Si

102

1073

Welfare

1072

|
0 -
S I
|

|

Ia} N

w
SS WoIy Y %

SS WOIJ Y %

Ss woIj 7 %,

20

10

20

10

20

10

20

10

DF

LF

S’I’L

1072

L
S a < © oﬂ

SS WOIJ Y %

—40 |-
—60 |
—8ofl

—100 |-

Ss wogj v/ 9

IS

SS WOIJ Y %

=) I

ss &oﬁ \V4 AN

20

10

20

10

20

10

20

10

)\’I’L

)\i

NTL

Ni

__/

o o o
o o
< N

SS WOy V7 %,

L
o
S
©

S

___/

!
o 0 o
—

SS WoIy Y7 %,

Ss Wod} Y/ ANU

20

10

20

10

20

10

Rf
T

\

10

1073

o N <t

SS WOJ §/ PozI[enuuy

20

Rb
10

SS WOIJ Y/ PozI[enuuy

20

RY
T
.

10

SS WOIJ §/ PozI[enuuy

10

1073

SS WOJJ Y/ POzZI[enuuy

Qi

SS WO} 7 PozI[eNuUy

SS WO} §/ PozI[eNUUY

1073

SS WOJJ 7/ PozIeNuUUY

i )
N
)
—
—— !
© - a o
7 79
mmgo.ﬂqug
|
N
=)
—
,I\L
[a] o [a\]

20

10

N o«
= T

-
=
|

20

10

SS WO} Y/ PoZI[RNUUY

QTL

1073

1073

SS WOIJ Y %

Ss oIy 7 %,

20

10

20

10

20

10

Figure 1: Impulse responses to an asymmetric widening of the corridor: 1% increase in the annualized R!f:mom™
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