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Abstract

This dissertation comprises three essays that investigate the transmission mechanism
of monetary policy and the interaction between monetary policy and macro-prudential
policy.

In Chapter 1, I examine the costs and benefits of coordinating monetary policy
and macro-prudential policy. I obtain that the coordination between monetary and
macro-prudential policies helps reducing the risk of entering into a financial crisis;
helps also speeding up the exit from the crisis, if any; but implies further variability
in inflation and in employment gap which is costly.

In Chapter 2, I explore the interaction between monetary policy and macro-
prudential policy in economies in which the natural rate of return occasionally at-
tains negative values. In those economies, the zero-lower-bound (ZLB) constraint
on the nominal interest rate occasionally prevents monetary policy from conducting
its conventional task of replicating the natural rate of return with the nominal rate.
I obtain that tighter macro-prudential policies, that restrict intermediary leverage
more severely, mitigate the aggregate fluctuations resulting from frictions in financial
markets; lift the natural rate of return; and whence facilitate the conventional task
of monetary policy.

In Chapter 3, I revisit the transmission mechanism of monetary policy in the con-
text of a financially developed economy in which the provisions of settlement services
and of financial intermediary services are highly interrelated. To this end, I develop
a framework in which the joint provision of settlement and financial intermediary
services creates a liquidity management problem at the intermediary level, and a
corresponding demand for liquid assets. I analyze the real effects of unconventional
monetary policies that target the width of the corridor between the discount window
rate and interest rate on excess reserves. I obtain that the real effects of a narrower

corridor in general depend on how liquid the financial intermediary system is.
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Chapter 1

Coordinating Monetary and

Financial Regulatory Policies

1.1 Introduction

A consensus in policy circles is that monetary policy and macro-prudential policy have
primary objectives. The primary objective of monetary policy is generally considered
to be to stabilize inflation and output gap. The primary objective of macro-prudential
policy is generally considered to be to stabilize the financial system. Both monetary
policy and macro-prudential policy in general are set contingent upon the aggregate
state of the economy. The conventional tool of monetary policy is the reference short-
term nominal interest rate. The tools of macro-prudential policy comprise a battery of
taxes and of quantity restrictions on asset classes and /or on market participants. How
to conduct macro-prudential policy? Should monetary policy be used for stabilizing
the financial system along with macro-prudential policy? If it should, how should
monetary policy and macro-prudential policy be coordinated?

To address these questions, we develop a continuous-time New Keynesian econ-

omy in which there is a financial intermediary sector that faces a leverage constraint.



We use a continuous-time framework similar to Brunnermeier and Sannikov (2014) to
fully capture the non-linear dynamics associated with occasionally constrained agents.
The model economy is populated by households, firms and financial intermediaries.
Firms produce differentiated goods using labor and capital services as inputs. Firms
hire labor and rent capital in competitive markets; reset their price occasionally; and
accommodate their demand at the prevailing market prices (similar price-setting be-
havior to Calvo 1983). Financial intermediaries are good at allocating capital across
firms: Relative to households, financial intermediaries can provide more capital ser-
vices to firms per unit of physical capital (similar comparative advantage in financial
intermediation to Brunnermeier and Sannikov 2014). Financial intermediaries are
subject to a leverage constraint that limits their borrowing capacity and their ca-
pacity for intermediating capital by a multiple of net WOI‘thD Households consume,
supply labor and save. Households save in physical capital and/or in deposit con-
tracts. Deposit contracts are short-term and non-contingent, and are provided by
financial intermediaries.

The model economy captures the notion that instabilities in inflation and in finan-
cial markets are costly. Specifically, the staggered price adjustments of firms generate
price dispersion on differentiated goods, and a misallocation problem of labor and of
capital services across firms, when inflation deviates from its structural rate. Leverage
constraints depress the aggregate supply of capital services to firms below its potential
level, when financial intermediaries are undercapitalized and can intermediate only a
fraction of the aggregate capital stock. Incomplete financial markets, together with

leverage constraints, give rise to a pecuniary externality in financial markets that ex-

!The leverage constraint follows from a moral hazard problem that is similar to Gertler and
Karadi (2011) and to Gertler and Kiyotaki (2010): Financial intermediaries can divert a fraction of
their assets at the penalty of losing their franchise, and, as a consequence, they have to maintain a
sufficiently low ratio of total assets to net worth to attract external funding.



acerbates the fluctuations on intermediary net worth, on the share of intermediated
capital and on the aggregate supply of capital services to ﬁrmsE|

To study how to conduct macro-prudential policy, we first examine a benchmark
competitive economy in which monetary policy stabilizes inflation at its structural
rate and there is no macro-prudential policy. In such economy, in normal situations,
financial intermediaries have enough net worth relative to the aggregate wealth to
intermediate the aggregate capital stock, leverage constraints are slack and the ag-
gregate supply of capital services reaches its potential level. Following a series of
negative shocks, however, financial intermediaries lose net worth, become financially
constrained and fail to intermediate all of the aggregate capital stock. Moreover, a
positive feedback loop between intermediary net worth losses, drops in the price of
capital and drops in the share of intermediated capital, lead to a situation in which
the aggregate supply of capital services falls significantly below its potential level
(i.e. a financial crisis). Relative to the constrained efficient allocation, financial crises
occur too frequently and are too intense, and the recovery from the crisis occurs too
infrequently and is too slow.

The first main result in the paper is that, if monetary policy is only concerned with
stabilizing inflation, macro-prudential policy should restrict the ratio of total assets
to net worth in the financial intermediary sector when financial intermediaries are
soft constrained (i.e. when the aggregate state is close to the threshold state at which
financial intermediaries have just enough net worth to absorb the aggregate capital
stock). Only mild restrictions are beneficial because macro-prudential policy is locally
distortionary: restricting the leverage multiple of financial intermediaries below its
natural level reduces the aggregate supply of capital services below its natural level
as well. The benefits of macro-prudential policy come from boosting the spread

between the return on capital and the return on deposits (i.e. the credit spread), and

2The pecuniary externality operates through the price of capital as in Lorenzoni (2008), Bianchi
and Mendoza (2011), Jeanne and Korinek (2010) and Bianchi (2011).
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from mitigating the excessive fluctuations in financial markets that the pecuniary
externality generates. The former effect speeds up the recovery from the financial
crisis ex-post as well as reduces the likelihood and the intensity of the financial crisis
ex-ante. The latter effect reduces the likelihood of the financial crisis ex-ante.

The second main result in the paper is that monetary policy, instead of being exclu-
sively concerned with stabilizing inflation, should coordinate with macro-prudential
policy to further stabilize the share of intermediated capital. Specifically, we show
that monetary policy should deviate from the natural interest rate (i.e. the interest
rate required to stabilize inflation at its structural rate), and that macro-prudential
policy should soften its restrictions on intermediary leverage relative to the case in
which policies do not cooperate (i.e. the case described in the first main result). We
show also that monetary policy should deviate both ex-ante and ex-post: During the
financial crisis, monetary policy should target a policy rate below the natural interest
rate; once the financial crisis is over, monetary policy should target a policy rate
above the natural interest rate.

Monetary policy can help macro-prudential policy to speed up the recovery from
the financial crisis because temporary low policy rates boost credit spreads temporar-
ily. Helping macro-prudential policy however is costly as it requires variability in
inflation and in employment gap. Monetary policy should deviate from the natural
interest rate everywhere because temporary lower policy rates have stronger effects
on credit spreads, and because the side-effects on inflation and on employment gap
are fairly independent of the situation in financial markets (as well as strictly in-
creasing and strictly convex on the deviations from the natural interest rate). Macro-
prudential policy should soften, relative to the case in which policies do not cooperate,
because restrictions on intermediary leverage are costly, and because monetary policy

is already helping to stabilize the financial system.



Overall, using monetary policy to stabilize the financial system along with macro-
prudential policy is beneficial because, when policies do not cooperate, monetary
policy can stabilize inflation at its structural rate whereas macro-prudential policy
cannot stabilize the share of intermediated capital at its potential level. Generating
a small amount of variability in inflation and in employment gap therefore entails a
second-order loss relative the first-order gain that follows from reducing the cost of
financial disintermediation.

In the baseline calibration, we obtain that the welfare gains from coordinating
monetary and macro-prudential policies amount to 0.21% in terms of annual con-
sumption equivalent. We obtain also that the annual consumption equivalent gains
from reducing the costs of financial disintermediation amount to 0.29%, and that
the annual consumption equivalent losses from generating inflation variability and
employment-gap variability amount to 0.07% and to 0.01%, respectively.

Related Literature This paper relates to the body of literature that studies
the interactions between monetary policy and macro-prudential policy. Likewise De
Paoli and Paustian (2013) and Carrillo et al. (2016), the objectives of monetary
policy and of macro-prudential policy are grounded on the sources of inefficiency in
the model economy. As opposed to those papers, we use global solution methods to
solve for the equilibrium outcome instead of log-linearized solution methods around
the steady state.

In the context of our application, global solution methods are valuable both in
terms of the analytical solution and of the numerical solution. In terms of the ana-
lytical solution, global solution methods reveal that dynamic considerations are im-
portant for understanding how to conduct policy. For instance, we show that to
understand how to conduct policy in normal times (i.e. when the aggregate state is
close to the steady state), it is necessary to first understand how policy in normal

times affects the equilibrium outcome in crisis times (i.e. when the aggregate state



is far away from the steady state). Global solution methods reveal also that the be-
havior of private agents (specifically, the leverage decisions of financial intermediaries
and the price-setting decisions of firms), as well as the welfare losses associated with
the sources of inefficiency, are highly non-linear on the state. In terms of the numer-
ical solution, the aforementioned non-linearities imply that approximation methods
of low orders in general perform poorly.

This paper also relates to the body of literature that studies the effect of monetary
policy on financial stability in economies in which conventional monetary policy is
the only policy instrument. As in Svensson (2014, 2016), temporary high policy
rates in normal times hurt financial intermediaries (i.e. the debtors in our model
economy) locally. As opposed to Svensson (2014, 2016), hiking the policy rate above
the natural interest rate in normal times is beneficial. The difference on results follows
from the insights that macro-prudential policy is costly and that macro-prudential
policy should soften when monetary policy helps to stabilize the financial system.
Overall, our analysis is consistent with the view that monetary policy should be the
second line of defense against risks to financial stability being macro-prudential policy
the first.

On methodological grounds, our model economy builds upon the works of Calvo
(1983); Gertler and Karadi (2011) and Gertler and Kiyotaki (2010); and of Brunner-
meier and Sannikov (2014). The main difference with respect to Gertler and Karadi
(2011) and Gertler and Kiyotaki (2010) is that leverage constraints occasionally bind.
The main difference with respect to Brunnermeier and Sannikov (2014) is that finan-
cial intermediaries are subject to a leverage constraint. Our model economy also
relates to Drechsler, Savov and Schnabl (2015); Kaplan, Moll and Violante (2016);
and to Brunnermeier and Sannikov (2016a). Likewise the models in the former two
papers, our model is a continuous-time economy with nominal rigidities and financial

frictions. As opposed to Drechsler, Savov and Schnabl (2015), nominal rigidities are



grounded on the staggered price-setting behavior of firms. As opposed to Kaplan,
Moll and Violante (2016), aggregate shocks are locally stochastic. The main differ-
ence with respect to the model in Brunnermeier and Sannikov (2016a) is the role of
money: In our model economy money serves the role of a unit of account whereas in
Brunnermeier and Sannikov (2016a) money serves the role of a store of value.
Layout Section describes and solves the model economy. Section [1.3
examines the costs and benefits of coordinating monetary policy and macro-prudential
policy. Section provides a quantitatively assess the aforementioned costs and

benefits. Section [.5 concludes.

1.2 The Model

The model is a standard New Keynesian economy in which there are financial inter-
mediaries that face a leverage constraint. The model admits a representative agent
as the occupational structure of the household is similar to Gertler and Karadi (2011)
and Gertler and Kiyotaki (2010).

Setup Time is continuous and runs forever. The model economy is populated
by a continuum of identical households. Households are composed of a continuum
of family members with unit measure. Family members share the same preferences
for consumption and the same discount rate, p > 0. There is perfect consumption
insurance within the household meaning that all family members always consume the
same flow of goods, ¢; > 0.

Family members serve different occupations. A fraction f € (0,1) of them are
financiers and the remaining fraction are either workers or producers, non-financiers
for short. Family members switch their occupation stochastically according to Poisson
processes with arrival rate p > 0 for financiers, and arrival rate gf/ (1 — f) for non-

financiers.



Family members perform different tasks depending on their occupation. Workers
run the household; producers manage the firms; and financiers manage the financial

intermediaries.

1.2.1 Firms

There are two types of firms: intermediate and final firms.
Final firms Final firms produce a final consumption good ¥, out of a contin-
uum of intermediate goods y;, with j € [0,1]. Final firms operate a CES production

technology

1 e—1 551
Yi = {/ Yit d]}
0

with elasticity of substitution ¢ € (1,400) .

Let p; denote the price of the final good and let p;, denote the price of the
intermediate good j. Because final firms behave competitively, the input demand

system is

—E€
Djt
Yd ¢ (pj,t) = (L) Yt

Dt

and the price of the final good equals the marginal costs of producing the final good

1 e
Pt = {/ p};adj}
0

We interpret the price of the final good as the aggregate price level.

Intermediate firms Intermediate firms produce the intermediate goods out
of labor and of capital services. Each intermediate firm produces a single intermediate-
good variety. Intermediate firms operate a Cobb-Douglas production technology

« l{fl-_a



with labor share coefficient o € (0,1). Here, [;, and k;; refer to the quantity of
labor and of capital services employed in the production of the intermediate good

j. Productivity A; is common to all intermediate goods and follows the Ito process
dAt/At = IUAﬂgdt + O'AJdZt

with drift process pa: and diffusion process 04+. The process {Z; e R: ¢t >0} is a
standard Wiener process defined on a filtered probability space (2, F, P). We inter-
pret dZ; as an aggregate supply shock. The Brownian shock dZ; is the only source of
risk in the model economy.

Intermediate firms compete monopolistically and adjust their price only sporadi-
cally according to Calvo (1983) pricingﬁ When they have the opportunity to adjust
their price, intermediate firms maximize the present discounted value of their profits

flows

% ey N DjiYas (Pit)
E 0 9(5 t)_S 1_ Js S J» _ . d
g [ e (1 e )y ]

The parameter # > 0 is the arrival rate of the Poisson process that allows them to
adjust their price. The coefficient 7 < 0 is an ad-valorem sales subsidy on interme-
diate firms. Intermediate firms hire labor and rent capital services on the spot in

competitive markets; the real cost function z; (y;,) therefore is

o, l—a
1 Wy Ty

Ty (yj,t) = Ztaa ( )ka Yijt

1l -«

The real wage rate is w; and the real rental rate of capital services is ;. Intermediate

firms discount future profits flows with the Stochastic Discount Factor (SDF) of the

3Calvo (1983) pricing has three key features: (i) intermediate firms can adjust their price only
when they are hit by a Poisson shock; (i7) the Poisson shock is idiosyncratic and iid across inter-
mediate firms; and (74¢) intermediate firms pay no cost for adjusting their price. Intermediate firms
who cannot adjust their price accommodate their demand at the prevailing market prices.



household, A;, weighted by the survival density function of the price chosen at time
t, Qe 00—t

The solution to the price-setting problem of intermediate firms is p, ;, with
1 g Et ftOO €679(87t)/1§_jx5 [yd,s (pt)] ds

*
_ _ © n _g(s—t) As PtYd,s(Pt)
l—7e—-1 Etft fe—0( t)A_t%ds
=1

Put /Dt =

Intermediate firms who can adjust their price set a same price because their problem
is identical. The optimal real price p../p; is the product of two factors. The first
factor is the product between a sales subsidy multiplier 1/ (1 — 7) and a distortion
coefficient from monopoly pricing £/ (¢ — 1) . We impose 7 = —1/ (¢ — 1) to eliminate
the distortions from monopoly pricingﬁ The second factor is the ratio of the present
discounted value of production costs to that of sales revenues (gross of sales subsidies),
of an hypothetical firm who charges a price equal to the aggregate price level p;. The
second factor is forward-looking because intermediate firms can adjust their price only
sporadically: if they could adjust their price continuously instead, i.e. 1/6 — 0, the
second factor would reduce to the spot marginal production costs z; (y;) /y;.

The Inflation Rate The price-setting behavior of intermediate firms deter-
mines the cross-section distribution of intermediate-goods prices. Specifically, the
latter is given by the survival density function of the past optimal pricesﬂ The ag-

gregate price level therefore satisfies

1

t 1—¢
P = {/ Qe_e(t_s)pigeds

—0o0

4This is standard in the New Keynesian framework (see Woodford 2003 and Gali 2008). The
rationale is that neither monetary policy nor macro-prudential regulation should be concerned with
imperfect competition in goods markets.

5The reason is twofold. First, intermediate firms who adjust their price at any time s < t set
the same optimal price p. 5. Second, a law of large numbers applies because the Poisson shock is
idiosyncratic and iid across intermediate firms.

10



Proposition 1 The inflation rate is locally risk-free

d
P _ dt+ 0% dZ,

Dt

where mdt = Ey [dp,/py] is the locally expected inflation rate.

Prooff m

The intuition behind Proposition |1 goes as follows. Calvo (1983) pricing allows
only a small share of firms to adjust their price within a short time interval. As the
length of the time interval shrinks, the share of firms who can adjust their price shrinks
as well, so that in the limit the spot Brownian shock dZ; cannot affect the evolution
of the aggregate price level on impact. Calvo (1983) pricing therefore generates an
aggregate price level that is sticky: the path of the aggregate price level does not
fluctuate at Brownian velocity, as opposed to the path of the Brownian shocks that

hit the economy.

1.2.2 Households

Households take consumption, labor and portfolio decisions. The workforce of house-
holds comprises workers alone who supply labor hours [; > 0 at the real wage rate
wy. The investment portfolio of households is composed of deposit contracts and of
physical capital.

Deposit contracts are financial securities with a short-term maturity and a fixed
payment structure: deposits issued at time ¢ mature at time ¢ + dt and yield the
locally risk-free nominal interest rate i; > 0. Deposit contracts are locally risk-free

also in real terms because the real deposit rate i; — m; is locally risk-free.

6Proof. The integral at the RHS of p; is a Riemann Integral.

11



Physical capital is a real asset in fixed supply.m The aggregate stock of physical
capital is k > 0. Physical capital is traded in fully liquid markets at the real spot
price ¢;.

Physical capital is the key input for producing the capital services that firms
require. Financial intermediaries have a comparative advantage at managing physical
capital relative to households. Specifically, out of one unit of physical capital, financial
intermediaries can produce, and hence rent out to firms, one unit of capital services
whereas households can produce only uy € (0, 1) unitsﬁ

The dividend return that households obtain out of physical capital is therefore
Upt * Tkt < Tt The total real return that households obtain on physical capital is

dR;, with

Tht gy 4 90 (1.1)

th = Upt—

a qt

The total real return is the sum of the dividend yield plus the capital gain/loss.
The net worth of households n,; > 0 evolves in accord with their consumption,

labor and portfolio decisions, and with the net transfers that they receive from firms

and from financial intermediaries
dnh’t = thqtl_fhﬂg -+ (Zt — 7Tt) (Tlh7t — qt]_fh,t) dt + wtltdt + tht -+ DZ'Utdt — Ctdt (12)

The process /_fm > 0 is the position that households take on physical capital. House-
holds cannot short-sell physical capital because the latter is a real asset. The process

I1; is the transfers that households receive from firms net of the lump-sum taxes that

"Physical capital does not mature nor depreciate. Neither is there an investment technology that
allows for the accumulation of physical capital across time.

8Intuitively, the productivity gap 1 — up,; captures the notion that financial intermediaries are
good at allocating capital across firms. The productivity coefficient uy, ; is time-varying as we allow
for convex adjustment costs in the management of physical capital. Specifically, we assume that up, ;
is inversely related with the share of the aggregate capital stock that households manage. This implies
that individual households can produce more (less) units of capital services when on aggregate they
manage a lower (higher) share of the aggregate capital stock. In the calibration (see section 4.1),
we specify a linear functional form between uy, ; and ky, ;/k, being kj ;/k the share of the aggregate
capital stock that households manage.

12



households pay to finance the ad-valorem sales subsidy. II; amounts to the aggregate
profit flows of intermediate firms gross of sales subsidies, as households are the resid-
ual claimants of the profit flows that firms generate’] Div, is the net transfers that
households receive from financial intermediaries.

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

utility flows

R I
E 20 |Ine, — y—=— | d 1.3
[oponiile o

The parameter ¢ > 0 is the inverse of the Frish elasticity and y > 0 weights the labor
disutility.

Portfolio Problem The problem of households is a standard portfolio prob-
lem with consumption and labor decisions. Specifically, households maximize
subject to ny, > 0, and . We conjecture that the price of capital follows
an Ito process

d
ﬁ = ,Uq7tdt + Uq,tdZt

d
with drift process ji,; and diffusion processes o,;. Intuitively, the spot capital
gains/losses dq;/q; depend on the spot Brownian shock dZ; because future rental
rates of capital services depend on future productivity levels. The drift process 14

and the diffusion process o, are endogenous objects to be determined in equilibrium.

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

1. The intra-temporal condition between consumption and labor

1
—Wy = Xl}sp
Ct

9Final firms make zero profits because they behave competitively and because the CES production
technology exhibits constant returns to scale.
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2. The asset pricing condition on deposits
(iz — m) dt = pdt + Ey [dey/c] — Varg [deg/ ]
3. The asset pricing condition on capital
E,[dRy] — (i — m) dt + Covy [—deyfey, dRy) <0

with equality if ky; > 0.

Proof/"'Hm

The optimality conditions are similar to those in the consumption-based capital
asset pricing model [C-CAPM] (Rubinstein 1976, Breeden and Litzenberger 1978, Lu-
cas 1978 and Breeden 1979). At the optimal solution, households are indifferent on the
margin between consumption and labor (first condition) and between consumption
and deposits (second condition). Households prefer deposits to capital depending on
the risk-adjusted excess return on capital that they obtain over deposits (third condi-
tion). When they obtain a null risk-adjusted excess return, households are indifferent
on the margin between capital and deposits, and Eh,t > 0. When households obtain
a negative risk-adjusted excess return, they strictly prefer on the margin deposits
to capital, and /_sh,t = 0 The risk premium that households demand on capital

Covy [dey /ey, dRy] is composed of consumption risk alone (third condition).

1.2.3 Financial Intermediaries

Financial intermediaries take portfolio decisions. The investment portfolio of financial

intermediaries is composed of deposit contracts and of physical capital. The total real

108ee Appendix

" Households cannot obtain a positive risk-adjusted excess return because they are not subject to
portfolio constraints. If they were to obtain a positive risk-adjusted excess return, they would take
unbounded levered positions on capital and markets would not clear.

14



return that financial intermediaries obtain on physical capital is dR,, with

. d
dR, = 1 2tar + Y 5 4R, (1.4)
qt qt

Financial intermediaries obtain a higher return on capital relative to households be-
cause they manage physical capital more productively.
The net worth of financial intermediaries ny; > 0 evolves in accord with their

portfolio decisions
dnf’t = thqt]%f,t — (Zt — 7Tt) (Qt]_ff,t - nf,t) dt (15)

The process l_ff,t > 0 is the position that financial intermediaries take on physical
capital. Because dR, > dR;, we conjecture that financial intermediaries take levered
positions on capital (i.e. qtl;:f,t > ny,). Taking levered positions on capital exposes
financial intermediaries to a liquidity mismatch problem in their balance sheetsB
The reason is that deposit contracts are locally risk-free whereas physical capital is
locally risky.H

The objective of financial intermediaries is to maximize the present discounted
value of their dividend payouts. Financial intermediaries pay out dividends either
when (i) they are forced to close down; or (i7) the financier in office switches her
occupational role. In either event, financial intermediaries transfer back to the house-

hold their entire net worth. Financial intermediaries discount future dividend payouts

12Equivalently, when they take levered positions on capital, financial intermediaries concentrate
aggregate risk o, in their balance sheets. Aggregate risk is measured with the diffusion process of
total wealth ( He and Krishnamurthy 2013; Brunnermeier and Sannikov 2014, 2015). In the model
economy, total wealth is given by ¢,k because physical capital is the only real asset.

13 A capital structure based on deposit contracts (short-term contracts with a fixed payment struc-
ture) is consistent with the empirical findings of Hanson, Shleifer, Stein and Vishny (2014) and
Drechsler, Savov and Schnabl (2015). These papers document that the salient feature of financial
institutions is to invest in long-term and risky assets funded with short-term instruments: traditional
banks rely mainly on demand and/or savings deposits whereas shadow banks on repos, ABCP and
CP.
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with the SDF of the household, weighted by the probability of making the dividend
payout.

Financial intermediaries are subject to a moral hazard problem. The moral hazard
problem is similar to Gertler and Karadi (2011) and to Gertler and Kiyotaki (2010).
Financial intermediaries can borrow only from households other than the household
to which they belong. At every point in time, financial intermediaries have to choose
between diverting funds or behaving properly. If they divert funds, financial interme-
diaries can walk-away with a positive fraction 1/\ of their assets but they are forced
to close down immediately afterwards. The value of diverting funds is iqtl_f 4. 1f they
behave properly, financial intermediaries solve their portfolio problem, and pay out
dividends eventually when the financier in office switches her occupational role. The
value of behaving is given by the franchise value of financial intermediaries, V.

The moral hazard problem gives rise to a incentive-compatible constraint that

limits capital positions accordingly

The incentive-compatible constraint guarantees that financial intermediaries never
divert funds.
Financial intermediaries are subject also to macro-prudential regulation. Macro-

prudential regulation limits their capital position by a multiple ®; > 1 of net worth

ik < Opngy (1.7)

Portfolio Problem The problem of financial intermediaries is a standard

portfolio problem with portfolio constraints. Specifically, financial intermediaries

16



solve

=~
Il

o oA
max Et/ pe P 2y ds (1.8)
¢ Ay

kf+>0

stoing >0, (@), (@3, ([0,

(=) is the probability density function of making the dividend payout

where pe="
(equivalently, it is the survival density function of the financier in office).
We conjecture that the franchise value of financial intermediaries is linear on net

worth

Vi= UTE

where v; > 1 is the Tobin’s Q. The value V; is proportional to net worth because
the portfolio problem of financial intermediaries is linear. The value v, is never
below 1 because the Tobin’s Q of an hypothetical financial intermediary who can
invest only in deposits is always equal to 1 : such financial intermediary is worthless
because households are indifferent on the margin between consumption and deposits.
We conjecture that v, follows an Ito process.

Let ¢ = q;ks¢/nys denote the leverage multiple of financial intermediaries. Fi-

nancial intermediaries are subject to the leverage constraint ¢, < min {\v;, ®;} .

Proposition 3 The optimality conditions in the portfolio problem of financial inter-
mediaries are two:

1. The asset pricing condition on capital
Et [dﬁit] — (’Lt — 7Tt> dt + CO’Ut —dCt/Ct + dvt/vt, th > 0

with equality if ¢, < min { vy, D, }.
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2. The asset pricing condition on the Tobin’s @

Et [anvti| + Uﬁdt + Et [d'Ut/’Ut] — ﬁdt + CO'Ut [—dCt/Ct, dUt/Ut] =0
t

with

Et [dﬁn,t] = ;Et [dan’t/nﬂt] — (’Lt — 7Tt> dt + COUt [—dCt/Ct + dUt/Ut, dnﬁt/nf’t]

4

risk—adjusted excess return on equity

Proof[| m

The asset pricing condition on capital is standard (first condition). When financial
intermediaries obtain a null risk-adjusted excess return on capital, they are indiffer-
ent between capital and deposits, and leverage constraints are slack. When financial
intermediaries obtain a positive risk-adjusted excess return, they strictly prefer capi-
tal to deposits, and leverage constraints bindﬂ Positive risk-adjusted excess returns
on capital for financial intermediaries are feasible because (i) households become
the marginal investors on capital when financial intermediaries become financially
constrained; (77) households have a lower valuation for capital than financial interme-
diariesm and (i77) binding leverage constraints prevent financial intermediaries from
fully exploiting positive risk-adjusted excess returns.

The asset pricing condition on the Tobin’s Q determines the process for the
marginal value of intermediary wealth v;. The reason is that risk-adjusted excess
return on equity enters as a dividend yield component in such condition. Intuitively,
the Tobin’s Q reflects the expected profit flows that financial intermediaries make out

of one unit of net worth.

14Gee Appendix

5Financial intermediaries cannot obtain negative risk-adjusted excess returns because otherwise
they would prefer to take no position on capital.

16The spread on the risk-adjusted excess return on capital between financial intermediaries and
households is non-negative.
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The Tobin’s Q fluctuates iff leverage constraints bind and/or are expected to bind
in the future: otherwise, v; = 1 solves the asset pricing condition on the Tobin’s Q
(notice that the risk-adjusted excess return on equity is given by the product between
the risk-adjusted excess return on capital and the leverage multiple). Equivalently,
financial intermediaries make profits in expected value iff leverage constraints prevent
them from fully exploiting positive risk-adjusted excess returns (otherwise, positive
risk-adjusted excess returns would not materialize in the first place).

The risk premium that financial intermediaries demand on capital is composed of
consumption risk and of financial risk. Financial intermediaries are concerned about
the co-movement between the return on capital and their marginal value of wealth

because they are subject to leverage constraints.

1.2.4 Monetary Policy and Macro-prudential Policy

Policy instruments comprise monetary policy and macro-prudential policy. Mone-
tary policy sets the policy rate, i.e. the reference short-term nominal interest rate.
The policy rate is perfectly arbitraged against the nominal deposit rate because the
implementation mechanism of monetary policy is the same as in the New Keyne-
sian framework.E] Macro-prudential policy determines the quantity restriction ®; on

leverage.

1.2.5 Competitive Equilibrium

The following definition of the competitive equilibrium takes monetary policy 7; and
macro-prudential policy ®, as given.

Definition A competitive equilibrium is a set of stochastic processes adapted
to the filtration generated by Z : the aggregate price level {p;} ; the real price of cap-

ital {¢:} ; the real rental rate of capital services {ry,}; the real wage rate {w;} ; the

17See Clarida, Galf and Gertler (1999) for a reference.
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inflation rate {m;}; the quantity of the final consumption good {y;}; the quantity
of the intermediate goods {y;.}; labor hours {l;}; the labor hours employed in the
production of the intermediate good {l;:}; the units of capital services employed
in the production of the intermediate goods {k;,}; the capital position of house-
holds {];:hﬂf} ; the capital position of financial intermediaries {l_ﬁﬁt} ; the optimal price

{p«+}; the leverage multiple {¢;}; and productivity {A;} such that:
1. Individual optimization conditions

(a) {yt, ly, /;;h,t} solve the problem of households
(b) {yt,y,.+} solve the problem of final firms
(€) {pwtsYjtsLie, kji} solve the problem of intermediate firms

(d) {¢:} solves the problem of financial intermediaries
2. Market clearing conditions

(a) The labor market and the rental market for capital services clear
1 1 - B
/ ljudj =1, and / kjdi = unikng + kyy
0 0
(b) The market for capital holdings clears

lgh,t + E’ﬁt - ]%

The market for deposits automatically clears due to Walras Law.

1.2.6 Distortions, Wedges and The Sources of Inefficiency

Sources of Inefficiency There are three sources of inefficiency: staggered price

adjustments, incentive-compatible constraints and incomplete financial markets (only
20



deposit contracts are admissible). We label the former source as nominal rigidities,
and the latter two sources as frictions in financial markets, or, as financial frictions,
for short.

Distortions Nominal rigidities and financial frictions together scale down

aggregate Total Factor Productivity (TFP) by the endogenous factor (; € [0, 1]
Yt = CtAtlta];?l_a

with ¢, = u;~*/w;. The process w; € [1,+00) is a productivity wedge from nominal
rigidities. The process 1/u; € [1,1/un,] is a capital services wedge from financial
frictions. Nominal rigidities also generate a labor wedge h; € (0,400) .
Productivity Wedge. The productivity wedge is the consequence of price
dispersion on intermediate goods. Price dispersion is inefficient because the CES
production technology exhibits decreasing marginal returns.
The productivity wedge is given by the measure of price dispersion that incorpo-

rates the substitution effect in the demand system

t —&
Wy E/ Ge0t=s) (%) ds
—0o0 D¢

Intuitively, w; measures the total quantity of the final good that could have been
produced relative to actual quantity y;, if the aggregate quantity of intermediate
goods wy; = fol yj+dj would have been evenly allocated across intermediate-goods
varieties. Jensen inequality implies that w; > 1.

Labor Wedge. The labor wedge is the consequence of a distorted price sys-

tem@ The labor wedge is given by the ratio between the marginal rate of substitution

8Distortions in the price system, specifically, distortions in the relative prices of intermediate
goods (i.e. ineflicient price dispersion), in general prevent the aggregate demand of inputs from
reflecting the marginal productivity of inputs. Wedges between input prices and marginal produc-
tivities therefore arise. These wedges in turn affect the equilibrium quantity of labor since labor is
not in fixed supply.
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of consumption for leisure and the marginal product of labor

_ oyt
Oéyt/lt

The labor wedge departs from 1 when labor deviates from its efficient level, [, =
(a/ )77 .

Capital Services Wedge. The capital services wedge is the consequence
of a misallocation problem of physical capital between financial intermediaries and
households. The (inverse of the) capital services wedge is given by the ratio of the

aggregate supply of capital services to the aggregate stock of physical capital
U = ];:h,t/];: * Up,t + l%f’t/lz?

Intuitively, u; is a weighted average between the productivity coefficient of households
and that of financial intermediaries. The weights in u; are given by the individual
capital shares.

The Role of Nominal Rigidities The productivity wedge and the labor
wedge are ultimately the consequence of the staggered price-setting behavior of firms.
When firms adjust their price continuously (i.e. 1/ — 0), there is no price disper-
sion nor productivity wedge because (i) all firms can always adjust their price at
every instant; and (i7) price-setting problems are identical. Neither is there a la-
bor wedge since prices are competitive. In contrast, when firms adjust their price
only sporadically (i.e. 1/ # 0), price dispersion is a possibility because firms set
prices contingent upon the realization of different shocks. A positive labor wedge is
also a possibility because the aggregate demand of inputs responds sluggishly to the

available productivity information.@

19 Notice that for any s < t there is a positive measure of firms fe~?(=%) that responds only to
the productivity information available up to time s.
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The Role of Financial Frictions The capital services wedge is ulti-
mately the consequence of leverage constraints that bind/occasionally bind. Let
ne = nyi/qk € [0,1] denote the wealth share of financial intermediaries. When
leverage constraints bind, financial intermediaries lack enough borrowing capacity
to absorb the aggregate capital stock (i.e. min{Avy, ®;}n; < 1), and, as a result,
households have to hold the share of the aggregate capital stock that financial
intermediaries cannot absorb. Namely, ¢; = min {\v;, ;} < 1/ and, as a result,
l_cfvt / k <1 and u; < 1. When leverage constraints are slack, financial intermediaries
do have enough borrowing capacity to absorb the aggregate capital stock, and, as a
consequence, financial intermediaries take on leverage until clearing the market for
physical capital.@ Namely, ¢; = 1/n; and kp;/k = u; = 1.

Leverage constraints that bind/occasionally bind, together with deposit contracts,
furthermore, give rise to a pecuniary externality in financial markets that exacerbates
the fluctuations on the capital services wedge. The pecuniary externality operates
through the price of capital and follows from the self-centered behavior of individual
financial intermediaries: Financial intermediaries do not internalize the cross-price
effects that their own leverage decisions have on the others’ leverage constraints be-
cause they take prices and aggregate variables as given (similar pecuniary externality
to Lorenzoni 2008, Bianchi and Mendoza 2011, Jeanne and Korinek 2010 and Bianchi
2011). The pecuniary externality generates excessive fluctuations on the capital ser-
vices wedge as it generates excessive fluctuations on financial net worth. A positive
feedback loop between leverage, capital gains/losses, and the tightening of leverage
constraints, in turn, amplifies the effect that the pecuniary externality has on the

capital services wedge.

29In equilibrium, financial intermediaries always take the highest possible position on capital
because they value physical capital more than households.
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1.2.7 Policy Objectives

The objectives of and the strategic interactions between monetary policy and macro-
prudential policy depend on whether policies cooperate or not. We say that policies
cooperate if monetary policy and macro-prudential policy have a common objective
and are set together. We say that policies do not cooperate if monetary policy and
macro-prudential policy have separated objectives and are set separately.

Let partition the utility flows of households accordingly

1+
1 _
t
In — —|—ozlnlt—X1+w—|— (1—a)lnwy, 4+ A +(1—a)lnk
Wy ~—_—— ~ ~ .
S~~~ N ~~ 4 Fin. Disintermediation Exogenous
Price Dispersion Labor Misallocation

If policies do not cooperate, we assume that monetary policy minimizes the present
discounted value of the distortions from nominal rigidities (price dispersion + labor
misallocation), and that macro-prudential policy minimizes the present discounted
value of the distortions from financial frictions (financial disintermediation). We
assume also that monetary policy takes macro-prudential policy as given and vice
versa. This separation of policy objectives is consistent with the intuitive notion of
separation, between monetary policy and macro-prudential policy, typically used in
policy circles (Smets 2013, Svensson 2014).

If policies cooperate, we assume that monetary policy and macro-prudential policy

jointly maximize the present discounted value of the utility flows of households.

1.2.8 Markov Competitive Equilibrium

We conjecture that a Markov equilibrium exists. We conjecture furthermore that the

state variables in the Markov equilibrium are {A,w,n} B

21We restrict pa, and 04, to depend only on A. Additionally, we restrict monetary policy and
macro-prudential policy to depend only on {A,w,n}. To work with a Markov equilibrium that is
scale invariant with respect to A, we restrict 04+ to be constant.
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The Markov equilibrium adds to the conditions of the competitive equilibrium
the consistency conditions on the evolution of the endogenous states w; and 7;. The
consistency conditions demand price dispersion and the wealth share of financial

intermediaries to evolve in accord with the conditions of the competitive equilibrium.

1.3 Costs and Benefits from Coordination

1.3.1 Uncoordinated Policy Benchmark

The uncoordinated policy is the benchmark of comparison used to evaluate the costs
and benefits from coordinating monetary policy and macro-prudential policy. The
uncoordinated policy is interesting in its own sake as it shows how to conduct macro-
prudential policy in the context of a flexible price economy (i.e. an economy in which

firms adjust their price continuously).

Monetary Policy

Let r; denote the real interest rate and let hat variables denote variables in the flexible

price economy. The natural interest rate is the real interest rate 7.

Proposition 4 If policies do not cooperate, monetary policy mimics the natural in-

terest rate. Namely, i; = T4.

ProofZ m
An informal discussion concerning the proof goes as follows. Mimicking the natural
interest rate is optimal here because 7; = 7; stabilizes the employment gap on impact

and eliminates price dispersion as fast as possible[”’| Equivalently, i, = 7, implies that

22See Appendix

23Eliminating price dispersion as fast as possible is optimal because the utility losses from price
dispersion are In wy.
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gt =Inl;/l.; = 0 on impact and that w; evolves accordingly@

d § < 0 X —(e—-1)
% _ in e(lﬁ> g 1—(@) dt
Wt Dt /Dt Pt Wt e—1 D

Price dispersion shrinks as fast as possible because intermediate firms are willing

to target a real price of 1/w;. The real price p,;/p; = 1/w; minimizes the growth rate
of price dispersion because at such price final firms balance their quantity demanded
between goods with new and with fixed prices optimally: Notice that at such price
the depreciation of the aggregate price level (equivalently, the depreciation of the
marginal production costs of the final good) exclusively reflects the productivity gains

from reducing the productivity wedge

o1 dp, _ d 0
Pet _ 2 WP O (1—-wih)dt <0
Dt Wy Dt We e—1

The real price p,;/py = 1/w; is indeed consistent with the individual behavior of
intermediate firms because at such price intermediate firms break-even gross of sales

subsidieﬂ (provided that g, = 0 always)

P« tYd,s (p*,t)

Ds = s [Ya,s (Pet)] = {—— _ =

Future sales markups are always null since fixed nominal prices appreciate in real

terms at the same rate as average production costs.

24The law of motion of w; follows from differentiating the integral at the RHS of w; with respect
to t. A corollary from Proposition [I]is that inflation is positively related with the optimal real price

that intermediate firms target
d 0 N —(e—1)
o ()
pe  e—1 Dt

25The marginal production cost of the intermediate goods is x; (y;) /y; = ht/w; (see the Appendix

£3).
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The employment gap remains stable at zero because households are willing to
supply the efficient level of labor hours [,; provided that ¢; oc §:/w; (see the asset
pricing condition on deposits in the problem of households). Consumption effectively
equals ¢;/w; because risk-adjusted excess returns, and whence portfolio decisions,
remain the same as in the flexible economy (price dispersion is locally deterministic,
and, as a consequence, the real interest rate and the return on capital co-move in

tandem with respect to price dispersion).

It is worth noticing that if policies do not cooperate a weak version of the divine
coincidence result holds (Blanchard and Gali 2007). As in the divine coincidence
result, monetary policy faces no trade-off between employment-gap stabilization and
inflation stabilization. As opposed to the divine coincidence result, inflation stabiliza-
tion on impact (i.e. m; = 0 on impact) is not always optimal. In the model economy,

m; = 0 is optimal only when there is no price dispersion. When there is price disper-

0

p— (1 — wf_l) < 0 is optimal. The differences on results follows from the

sion, m; =
fact that we work with global solution methods whereas Blanchard and Gali (2007)

work with log-linearized solution methods around the steady state.

Macro-prudential Policy

Proposition 5 If policies do not cooperate, macro-prudential policy replicates the

requlation of the flexible price economy.

Proof. The regulation of the flexible price economy is feasible here because
mimicking the natural interest rate does not restrict the choice set of macro-prudential
policy relative to the flexible price economy. It is optimal because portfolio problems,
and whence the costs of financial disintermediation, remain the same as in the flexible

price economyf’| W

26Intuitively, through the lens of game theory, if policies do not cooperate, monetary policy and
macro-prudential policy play a non-cooperative static game. The dominant strategy of monetary
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Flexible Price Economy To understand the behavior of macro-prudential
policy in the flexible price economy, it is convenient to first examine a benchmark
economy in which there is no macro-prudential policy. The equilibrium outcome in the
latter economy critically depends on the binding status of the leverage constraint ¢; <
v, (Figure . Additionally, the dynamics of the equilibrium outcome critically
depend on the evolution of the wealth share of financial intermediaries (Figure [1.2).

Equilibrium Outcome In equilibrium, leverage constraints bind only when
financial intermediaries lack enough borrowing capacity to absorb the aggregate cap-
ital stock (i.e. when Avm; < 1). Equivalently, leverage constraints bind only when
financial intermediaries are poor-capitalized (i.e. when 1, < 77 with 77 € (0,1), Figure
1.1h).

Financially Constrained Region. When leverage constraints bind, house-
holds are the marginal investors on capital. The allocation of physical capital is inef-
ficient as households hold the share of the aggregate capital stock that financial inter-
mediaries cannot absorb (Figure ) The price of capital is temporary low despite
the fact that dividend returns are temporary high (Figure [L.1c). Dividend returns
are temporary high because the aggregate supply of capital services is temporary low.
The price of capital is temporary low, though, because the negative valuation effect of
households more than offsets the positive effect of temporary high dividend returns.
The financial accelerator exists (Figure ) because binding leverage constraints,
together with the liquidity mismatch problem, force financial intermediaries to par-
tially liquidate their capital positions to households when a negative productivity
shock hits the economy: Binding leverage constraints force financial intermediaries
to scale down their capital positions when the latter suffer net worth losses. The

liquidity mismatch problem gives rise to credit spreads dR; — r:dt that positively

policy is to mimic the natural interest rate. The best response of macro-prudential policy to mimic
the natural interest rate is to replicate the regulation of the flexible price economy. Mimicking
the natural interest rate is always feasible for monetary policy as we abstract from an occasionally
binding zero-lower-bound constraint on the nominal interest rate away.
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co-move with productivity shocks. The pecuniary externality in financial markets
amplifies the size of the financial accelerator: Following a negative (positive) produc-
tivity shock, joint fire-sales (purchases) of financial intermediaries generate further
capital losses (gains), that lead to deeper net worth losses (gains), that in turn lead
to more joint fire-sales (purchases), and so on ad infinitum. The liquidity mismatch
problem, binding leverage constraints and the pecuniary externality together amplify

fundamental risk o4 accordingly

1
11— (¢t - 1) gq,t

041/04

1
(6 — 1) s

Oyt/oa = 1+1_ (b — 1) ey

where €,; and €, are the elasticity of the price of capital and of aggregate output,
respectively, with respect to 77.@

All in all, when leverage constraints bind, the equilibrium outcome experiences
episodes with financial disintermediation (i.e. a misallocation problem of physical
capital between financial intermediaries and households), and with high instability
on the price of capital and on aggregate risk. Financial disintermediation worsens as
financial intermediaries become more undercapitalized. We interpret episodes of deep
financial disintermediation as a costly financial crisis.

Financially Unconstrained Region. When leverage constraints are slack,

financial intermediaries are the marginal investors on capital. The allocation of phys-

2T Amplifications risk factors follow from Ito’s Lemma (see Brunnermeier and Sannikov 2014,
2016b). Intuitively, o4:/04 is given by the infinite geometric sum over (¢, — 1)e4¢ because the
pecuniary externality generates a feedback loop with countably infinite many rounds. The term
(¢r — 1) g4+ is the percentage change on the price of capital in each round of (the feedback loop of)
the pecuniary externality

Ogt =0a+ (0 —1)qu0q,

The amplification risk factor oy /04 weights o4/04 by (¢r — 1) €.+ because the term (¢ — 1) ey,
is the percentage change on aggregate output in each round of the pecuniary externality per unit of
financial net worth.
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(a) Leverage Multiple (b) Financial Intermediation
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Figure 1.1: The Equilibrium of the Unregulated Economy

ical capital is efficient as financial intermediaries absorb the aggregate capital stock
(Figure[L.1h). The price of capital is temporary high despite the fact that dividend re-
turns are temporary low (the rationale is the same as when leverage constraints bind).
The financial accelerator is latent (Figure [I.1d) because financial intermediaries use
their idle borrowing capacity to maintain their initial capital positions (i.e. €, = 0
as uy = ¢y = 1). The amplification risk factor o,;/0 4, is nonetheless positive as it
reflects the likelihood of returning back to the region in which leverage constraints
bind.

The Dynamics of the Equilibrium Outcome The wealth share of finan-
cial intermediaries is the state variable that governs the dynamics of the equilibrium
outcome. The wealth share of financial intermediaries evolves accordingly@
dne _ [TL N {w

. K N
== gy — (i —m) — oo, | (B — 1)+ — — p| dt + (¢ — 1) 044dZ,
Tt gt gt Mt

28The law of motion of 1, follows from Ito quotient rule.
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The first two terms in the drift process add up to the expected growth rate of the
share of gross financial wealth. The first term is the dividend yield on internal lever-
age, i.e. capital positions funded with net worth. The second term is the risk-adjusted
excess return on external leverage, i.e. capital positions funded with leverage@ Fi-
nancial wealth here is gross of net transfers to households. The expected growth
rate of the share of gross financial wealth is positive as financial intermediaries make
non-negative profits in expected value.

The last two terms in the drift process account for the net transfer between finan-
cial intermediaries and households.m During an infinitesimal time interval dt, a share
pdt of financial intermediaries transfers their entire net worth back to the household
in the form of dividend payouts. Immediately afterwards, each of these financial inter-
mediaries receives a share k/p of the aggregate capital stock back from the household
as initial endowment. Mechanically, we introduce transfers between financial inter-
mediaries and households as otherwise leverage constraints would eventually remain
slack forever after: Financial intermediaries would eventually accumulate enough net
worth to the point where they always have enough borrowing capacity to absorb the
aggregate capital stockﬂ

The diffusion process measures the aggregate risk that financial intermediaries
concentrate in their balance sheets in excess of the aggregate risk in the economy.

The law of motion of 7, reveals that the equilibrium outcome is prone to recover
from financial crises (i.e. FEy[dn/n:] > 0 when 7, is sufficiently low) but, at the
same time, that the equilibrium outcome is prone to instability in normal times (i.e.

Ey [dni/n] < 0 when n; is sufficiently high) (Figure [L.2h). The law of motion of

2Leverage risk is formally defined as Cov, [dét, —(¢y — 1) dét} .

30The net dividend payments that financial intermediaries on aggregate make to households are
Divy = pnyg; — mqtl_f.

31Financial intermediaries receive transfers back from households as otherwise they would eventu-
ally be left out of the economy. Financial intermediaries who have no net worth can take no positions
on physical capital nor on deposits as gk < min { vy, ®;}nys, = 0.
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1; reveals also that the equilibrium outcome fluctuates stochastically, and that the
strength with which productivity shocks hit the economy fluctuates stochastically
as well (Figure ) Specifically, concerning the latter result, the diffusion process
onene reveals that productivity shocks have a stronger impact on the equilibrium
outcome when 7; is close to the threshold state 7. The rationale is that, around a
neighborhood of 77, financial intermediaries are large enough to have significant effects
on the aggregate level, but not so large to always have enough borrowing capacity to

absorb the aggregate capital stock.
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Figure 1.2: The Equilibrium Dynamics of the Unregulated Economy

Macro-prudential Policy Macro-prudential policy can affect the equilib-
rium outcome, as well as the dynamics of the equilibrium outcome, since it can restrict
leverage below the natural upper bound min {\v;, 1/m;}. To simplify the technical
analysis concerning the optimization problem of macro-prudential policy, we make

the following two assumptions.
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Assumption 1. First, we assume that macro-prudential policy minimizes
the unconditional present discounted value of the distortions from leverage constraints

max [, {(1 — ) Et/ e P01 usds]
t

P >1

The conditional expectation operator F; is interpreted here as the expectation oper-
ator conditional on the value of n at time ¢. This interpretation is done without loss of
generality as in the flexible price economy 7 is the only relevant state variable: w =1
and the equilibrium outcome is scale invariant with respect to A. The expectation
operator F, is defined relative to the invariant probability distribution of 7.

Intuitively, wunconditional present discounted values represent ”commitment”
meaning that state-contingent policy schemes are designed just before the economy
unravels and remain unchanged forever after.

Assumption 2. Second, we restrict macro-prudential policy to behave ac-

cordingly
vy if n,<ng
O = ay xn +ag if n € (77L>77H)
1/n it n; > ng

where ai, a9 are constants. Intuitively, macro-prudential policy, if operative, re-
stricts leverage below the natural upper bound only when financial intermediaries
are average-capitalized (i.e. when 7, € (nr,ny)). Macro-prudential policy restricts
leverage continuously according to a linear function of the state n.ﬁ

Together the two simplifying assumptions reduce the problem of macro-prudential

policy to a static problem with two choice variables {n,ny} . We solve for the optimal

{nr,nu} numerically (see Appendix [A.3)).

32The constants ay, ag are such that (i) \v(nr) = a1 * nr + ao; (i) 1/ng = a1 * ng + ag; and
(ii1) @y = ay *n + ag < min{Avg, 1/n:} for e € (., ne) -
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Figure 1.3: The Prudential Role of Macro-prudential Policy

The Prudential Role of Macro-prudential Policy In the flexible price
economy, macro-prudential policy restricts leverage below the natural upper bound
when financial intermediaries are locally soft constrained (namely, when 7, is close to
the threshold 7 of the economy without macro-prudential policy, Figure [1.3q).

Broadly speaking, the objective of macro-prudential policy is to stabilize the quan-
tity of financial intermediation (i.e. the share of the aggregate capital stock that fi-
nancial intermediaries manage) around the highest possible value. The reason is that
utility flows are strictly increasing, and strictly concave, on the aggregate quantity
supplied of capital services.

Given its objective, macro-prudential policy is effective depending on the capital-
ization of financial intermediaries. When financial intermediaries are poor-capitalized,
macro-prudential policy is ineffective because restricting leverage below the natural
upper bound reduces even more the already relatively small quantity of financial in-
termediation. Letting financial intermediaries hit their leverage constraint is therefore

better.
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When financial intermediaries are average-capitalized, macro-prudential policy be-
comes effective. Only mild restrictions on leverage (such as those in Figure [1.3h) are
relevant because macro-prudential policy is locally distortionary: Restricting lever-
age below the natural upper bound reduces the quantity of financial intermediation
below its potential capacity locally (Figure [1.3b). Mild restrictions on leverage are
beneficial because they increase risk-adjusted excess returns everywhere (Figures ,
1.4d), and because they mitigate the amplification effect of the pecuniary externality
primarily when financial intermediaries are average-capitalized (Figure [1.4p).

Risk-adjusted excess returns increase mainly because dividend yields r:/q: in-
crease (Figure ) Dividend returns rj; increase as reductions in leverage depress
the aggregate supply of capital services. The price of capital ¢, falls because households
become the marginal investors on capital and/or take larger positions on capital when
financial intermediaries are forced to deleverageﬁ The pecuniary externality softens
primarily when financial intermediaries are average-capitalized because leverage falls
in such region (the elasticity (¢ — 1) g4+ therefore falls).

Higher risk-adjusted excess returns are beneficial because they increase the prof-
itability of financial intermediation almost everywhere (Figure ), and because they
boost leverage when financial intermediaries are poor-capitalized (Figure ) Lever-
age increases when financial intermediaries are locally hard constrained (i.e. when
they hit their leverage constraint) since higher risk-adjusted excess returns, specif-
ically, on equity, relax the moral hazard problem of financial intermediaries (moral
hazard problems soften globally as financial intermediation is forward-looking). A
softer pecuniary externality is beneficial because it mitigates the excessive fluctua-
tions on the wealth share of financial intermediaries, and on the quantity of financial

intermediation, (absent macro-prudential policy, the pecuniary externality is exces-

33The price of capital falls despite the increase in rj; because the negative valuation effect of
households more than offsets the positive effect of higher dividend returns. The price of capital falls
globally because physical capital is a long-term asset: Its price is forward-looking.
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sively powerful because financial intermediaries concentrate an excessive amount of

aggregate risk in their balance sheets).
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Figure 1.4: A Comparison of the Equilibrium between the Regulated and the Unreg-
ulated Economies

Macro-prudential policy ultimately boosts the average quantity of financial inter-
mediation (Figure ) as well as reduces the frequency and the intensity of episodes
with deep financial disintermediation (Figures , ) Macro-prudential policy
operates both state-by-state and through the invariant distribution. The quantity
of financial intermediation becomes less pro-cyclical (i.e. positively smoother as a
function of 1) (Figure[1.3) because leverage becomes more counter-cyclical (i.e. neg-
atively steeper as function of 7) (Figure [1.3p). The invariant distribution of 7 shifts
rightward (Figure ) since financial intermediation becomes more profitable (Figure
1.5p), and since amplification risk factors soften primarily when financial intermedi-
aries are average- to rich-capitalized (Figure ) These effects together shift the
average wealth share of financial intermediaries rightward, and help to stabilize the
wealth share of financial intermediaries around relatively higher values.

All in all, macro-prudential policy serves a prudential role consistent with Jeanne

and Korinek (2010); Bianchi (2011); and Hanson, Kashyap and Stein (2011). Ex-post,
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macro-prudential policy speeds up the recovery from the crisis. Ex-ante, it reduces
the likelihood and the intensity of financial crises. The downside of macro-prudential
policy is that it depresses the aggregate supply of capital services when financial

intermediaries are average-capitalized.
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Figure 1.5: A Comparison of the Equilibrium Dynamics between the Regulated and
the Unregulated Economies

1.3.2 Coordinated Policy

To simplify the technical analysis regarding the choice of the coordinated policy, as
well as to conduct a relevant comparison between the coordinated and the uncoordi-
nated policies, we make the following three assumptions.

Assumption 1. First, we assume that policy maximizes unconditional

present discounted values

oo 1 ll-H/J
Ertl’%}t{ By {Et/t e—P(s=1) {ln w—s +alnl, — Xls—i— m +(1—-a) lnus} dS}

The conditional expectation operator E; is interpreted here as the expectation op-

erator conditional on the value of n and of w at time ¢. The expectation operator
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E, . is defined relative to the joint invariant probability distribution of 7 and w. As
in the uncoordinated policy case, unconditional present discounted values intuitively
represent ”commitment” .

Assumption 2. Second, we assume the same restrictions on macro-
prudential policy as in the analysis of the uncoordinated policy.

Assumption 3. Third, we assume that monetary policy can implement up

to two employment-gap regimes g, gy accordingly

9L it n <
9= | =2 (e —iir) + g i m € (L, 7m)
9H it ne > nm

The third assumption restricts the set of admissible monetary policies, and, as a
consequence, the welfare gains from coordinating monetary and macro-prudential
policies (given assumptions 1 and 2).

Intuitively, monetary policy can only implement ”simple” employment-gap policies
contingent upon the wealth share of financial intermediaries. Simple here means that
only two employment-gap regimes are admissible, and that the transitions between
employment-gap regimes have to be continuous and linear on the state 77.@

Treating the employment gap ¢;, instead of the policy rate #;, as the control vari-
able of monetary policy imposes no restriction per se. The reason is that the asset
pricing condition on deposits establishes a correspondence between ¢; and ;. For
instance, employment-gap stabilization (i.e. g, = 0 always) is consistent with mim-
icking the natural interest rate (see the asset pricing condition on deposits under the

uncoordinated policy).

34The technical advantage of the third assumption is twofold. Firstly, if the employment gap only
depends on 7, then 7 is the only aggregate state variable in the portfolio problems of households
and of financial intermediaries (see Appendix. Secondly, as a consequence, leverage, the Tobin’s
Q and risk-adjusted excess returns solve an ODE system on 7. Price-setting decisions, the inflation
rate and the policy rate solve a tractable PDE system on 7 and w. See the Appendix for more
details.
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Overall, the three simplifying assumptions together reduce the optimization prob-
lem of the coordinated policy to a static problem with two types of choice variables:
() the transition states 77, 7y and the employment-gap regimes gy, gy corresponding
to monetary policy; and (ii) the transition states n,ny corresponding to macro-
prudential policy. We solve for the coordinated policy numerically (see Appendix
).

(b) Macro-prudential Regulation
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Figure 1.6: A Comparison between the Coordinated and the Uncoordinated Policies

Monetary Policy

When policies cooperate, monetary policy departs from employment-gap stabilization
(equivalently, monetary policy deviates from the natural interest rate) to assist macro-
prudential policy in reducing the cost of financial disintermediation (Figure [1.6f).
Monetary policy takes into account the side-effects that variability in employment
gap brings on price dispersion and on labor misallocation.

Trade-off Broadly speaking, monetary policy faces a trade-off between as-
sisting macro-prudential policy and stabilizing employment gap/inflation. Monetary

policy can help macro-prudential policy to stabilize the quantity of financial inter-
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mediation, since employment-gap policies affect the behavior and the profitability of
financial intermediaries. Assisting macro-prudential policy, however, involves costs
on price dispersion and on labor misallocation, as it requires implementing counter-
cyclical employment-gap policies (i.e. g > gpu).

Benefits on Financial Intermediation. The benefits on financial inter-
mediation follow from the mechanism through which employment-gap policies affect
portfolio decisions. Relative to employment-gap stabilization, only state-contingent
policies (i.e. g; # gu) affect portfolio decisions. Non-contingent policies (i.e. g, =
gr) do not affect portfolio decisions because they do not affect risk-adjusted ex-
cess returns. Intuitively, risk-adjusted excess returns remain the same because the
price of capital is a present discounted value of dividend returns. (Non-contingent
employment-gap policies do affect dividend returns, but only locally deterministi-
Cally.ﬁ As a consequence, the price of capital naturally adjusts to wipe out the effect
of dividend returns on risk-adjusted excess returns.) State-contingent employment-
gap policies do affect portfolio decisions because they do affect risk-adjusted excess
returns. Specifically, temporary high, low, employment gaps positively, negatively,
affect risk-adjusted excess returns, because the price of capital responds less than
one-to-one to temporary dividend returns.

State-contingent employment-gap policies are beneficial depending on whether
they are counter-cyclical (i.e. ¢, > gm) or pro-cyclical (i.e. ¢, < gm). State-
contingent employment-gap policies in general temporarily favor, hinder, financial
intermediation depending on whether they temporarily stimulate, slow down, em-

ployment. Counter-cyclical policies are beneficial because they temporarily favor,

35The dividend return is (see Appendix |A.3))

Tht= =w; with w; = ytxewgtlﬁt

Employment gaps positively affect dividend returns because they positively affects the wage rate
and the ratio of labor to capital services.
In this context, locally deterministically can be safely interpreted as permanently.
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hinder, financial intermediation when financial intermediaries need it the most, the
least. Namely, when financial intermediaries are poor-capitalized, rich-capitalized.
Pro-cyclical policies are detrimental for the opposite reasonﬁ

The benefits from counter-cyclical employment-gap policies come from generating
more counter-cyclical risk-adjusted excess returns (i.e. negatively steeper as function
of n) (Figure , Figure ) More counter-cyclical risk-adjusted excess returns, in
turn, stimulate the profitability of financial intermediation counter-cyclically (Figure
1.8h), and the borrowing capacity counter-cyclically as well (Figure [L.6p). Together
these effects help to stabilize the quantity of financial intermediation around relatively
high values (Figure ) The former effect boosts the average wealth share of
financial intermediaries (Figures [1.8h, [1.8f); the latter reduces the frequency and the
intensity of episodes with deep financial disintermediation (Figures , , )
All in all, monetary policy ex-post helps macro-prudential policy to reduce the costs

of financial crises.
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Figure 1.7: A Comparison of the Equilibrium between the Coordinated and the Un-
coordinated Economies

36Pro-cyclical and counter-cyclical employment-gap policies have similar effects but with opposite
directions. We omit the analysis of pro-cyclical policies as they are irrelevant.
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Figure 1.8: A Comparison of the Equilibrium Dynamics between the Coordinated
and the Uncoordinated Economies

Costs on Price Dispersion and on Labor Misallocation. Assisting
macro-prudential policy nonetheless is costly as it requires variability in employment
gap (i.e. g; # 0). The costs that employment-gap variability brings on price dispersion
and on labor misallocation are strictly increasing on |g;|. Additionally, the costs on
price dispersion are asymmetric at g, = 0 : specifically, given |g;|, costs are higher for
g¢ > 0 than for g, < 0.

The costs on labor misallocation are strictly increasing on |g;| because labor de-
viates more from its efficient level when there is more variability in employment gap.

The costs on price dispersion follow from the interactions between the labor wedge,
the marginal production costs and the price-setting behavior of firms.

The employment gap positively affects marginal production costs because it pos-

itively affects the labor wedge

2 (y;) Jy; = hyJwr  with Ry = e
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Future marginal production costs (similarly, future labor wedges), in turn, positively
affect the real prices that firms target. When firms expect the labor wedge to remain
stable at one, firms price at marginal cost (i.e. p.:/pr = 1/w;) because they expect
fixed nominal prices to appreciate in real terms at the same rate as future marginal
production costs (see subsection . When firms expect the labor wedge to remain
above (below) one, firms price above (below) marginal cost because they expect future
real prices to eventually fall below (surpass) future marginal production costs.m

Future marginal production costs, furthermore, asymmetrically affect the real
prices that firms target. The asymmetric behavior of real prices follows from the
asymmetric behavior of future profit flows. For any given process |gs| with s > ¢,
future profit flows are unbounded from below in high-costs environments (i.e. g5 > 0)
while they are bounded from below by zero in low-costs environments (i.e. g5 < 0). In
high-costs environments, future losses are unbounded because fixed nominal prices
eventually vanish in real terms. In low-costs environments, future profit flows are
bounded from below by zero because fixed nominal prices eventually explode in real
terms (future sales quantities, therefore, eventually vanish). Firms target real prices
from further away from marginal production costs in high-costs environments than
in low-costs environments because (i) the worst possible scenario in terms of future
profit flows is worse in the former environment; and (i¢) real prices further away from
marginal production costs reduce the likelihood and the intensity of the worst possible
scenario.

The real prices that firms target, indeed, is the key variable that dictates the
evolution of price dispersion (see the law of motion of w; in subsection . From
the interaction between the labor wedge, the marginal production costs and the price-

setting behavior of firms, follows that (i) there is price dispersion iff the employment

37The expectations that firms have concerning the evolution of future real prices follows from the
expectations that they have concerning the behavior of future inflation rates (nominal prices remain
fixed during the time span in which firms cannot adjust their price). The latter expectations are
indeed consistent with the price-setting behavior of firms.
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gap systematically deviates from zero (i.e. iff g; # 0); and that (i7) price dispersion
is more pronounced in high-costs environments than in low-costs environments (price
dispersion grows faster when firms target real prices further away from 1/w).

Solution to the Trade-off The benefits on financial intermediation out-
weigh the costs on price dispersion and on labor misallocation iff, in the flexible
price economy without macro-prudential policy, leverage constraints occasionally bind
(equivalently, iff there is a role for macro-prudential policy in the flexible price econ-
omy). The reason is that, if policies do not cooperate, monetary policy can eliminate
the distortions from nominal rigidities whereas macro-prudential policy cannot elim-
inate those from financial frictions. Generating a small amount of price dispersion
and of labor misallocation therefore entails a second-order loss relative the first-order
gain that follows from reducing cost of financial disintermediation.

Provided that monetary policy assists macro-prudential policy, monetary policy
departs asymmetrically from employment-gap stabilization (Figure ) Specifi-
cally, monetary policy tilts g; towards negative values. The asymmetric behavior of
monetary policy follows from the asymmetric behavior of price dispersion at g; = 0.
Monetary policy still uses g, = 0 as a reference because the costs on price dispersion
and on labor misallocation are null at such point, and because firms target real prices
closer to one when future labor wedges fluctuate closer to one.

It is worth noticing that if policies cooperate monetary policy behaves in accord
with the Greenspan put and with Leaning against the Wind.ﬁ Surprisingly, leaning
against the wind (i.e. gy < 0) in itself is not particularly effective at stabilizing the
quantity of financial intermediation. The reason is that the levels of g, and gy in

themselves have only a small effect on portfolio decisions. The spread between g; and

38The Greenspan put cuts the policy rate below the natural interest rate during periods of financial
distress. Similarly, it stimulates employment, and economic activity, when financial intermediaries
are undercapitalized. Leaning against the wind hikes the policy rate above the natural interest rate
during periods of financial booms. Similarly, it slows down employment, and economic activity,
when financial intermediaries are well-capitalized.
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g, and their timing, is what really matters instead.@ Leaning against the wind is

therefore primarily useful for mitigating the side-effects on price dispersion.

Macro-prudential Policy

Macro-prudential policy behaves similarly independently of whether policies cooper-
ate or not (Figure ) Specifically, macro-prudential policy always restricts lever-
age below the natural upper bound when financial intermediaries are locally soft
constrained. When policies cooperate, however, macro-prudential policy restricts
leverage less severely. The reasons are that macro-prudential policy is locally distor-
tionary, and that monetary policy is already helping to reduce the costs of financial

disintermediation.

1.4 Quantitative Analysis

We calibrate the model economy to quantitatively assess the costs and benefits from
coordinating monetary policy and macro-prudential policy. The figures showed in the

previous sections use this same calibration.

1.4.1 Calibration

The benchmark economy used for the calibration is the flexible price economy without
macro-prudential policy (i.e. 1/0, 1/®; — 0).

Table 1 describes the parameter values and their corresponding targets in data.
The time frequency is annual.

Panel A: Financial Intermediation Parameters

39Employment-gap regimes ¢g;, and gy are timed so that the employment-gap policy is counter-
cyclical at the invariant distribution.
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Table 1.1: Parameter Values and Targets

Parameter Value Target
Panel A: Financial Intermediation Parameters
up,  Households’ capital utilization rate 62%  Average Sharpe ratio

A Fraction of divertable assets 2 Average leverage multiple

p  Arrival rate of retirement shock 10%  Average survival frequency
v Initial capital endowment 1% Average wealth/capital ratio
Panel B: Technology Parameters

na  Rate of technological progress 1.5%  Av. utilization-adj. TFP

o4 Fundamental risk 3.5%  Vol. of utilization-adj. TFP
«  Labor share of output 65%  Literature

k  Stock of physical capital 1 Normalization

Panel C: Price-setting Parameters

6  Arrival rate of price adj. shock %ln 2 Median frequency of price adj.
e  Elasticity of substitution 5) Literature

Panel D: Preference Parameters

p  Time discount rate 2% Literature

v Inverse Frisch elasticity of labor 3 Literature

X  Relative utility weight of labor 2.8 Average labor hours

~v  Risk aversion coefficient 1 Literature

The average capital utilization rate of households is 62%.@ This value targets an
average Sharpe ratio of 30% which is standard. The fraction of divertable assets is
2 and targets an average leverage multiple of 3.5.

We interpret the life cycle of financiers as the life cycle of financial intermediary
companies. The arrival rate of the retirement shock of financiers targets an average

survival frequency of 10 years. This is consistent with Gertler and Kiyotaki (2010).

40We assume a linear relationship between up,¢ and ];Zh_’t / k to improve the stability of the numerical
methods. Specifically, o
Up,t = M * k'h)t/k'—Fb

with m < 0 and —m < b < 1. This parameterization is consistent with a quadratic-adjustment-cost
specification for the utilization rate of physical capital on Eh’t /k. We choose m and b to target an
average Sharpe ratio of 30%. The (conditional) Sharpe ratio is defined as the ratio of the excess
return on capital for financial intermediaries to the volatility of capital

Thot/Qt + Hg,e — (i¢ — T¢)
Uq,t

Sharpe; =

The value of m is —.55 and that of b is .75.

46



The initial capital endowment k 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 & is 1%.

Panel B: Technology Parameters

We parameterize the process of productivity with a Geometric Brownian Motion
(GBM) process

dA; /Ay = padt + oadZ,

The constants p4 and 04 match the unconditional mean and the unconditional stan-
dard deviation, respectively, of the Utilization-Adjusted Series on Total Factor Pro-
ductivity (see Basu, Fernald and Kimball 2006; Basu, Fernald, Fisher and Kimball
2006; and Fernald 2014). The value of 4 is 1.5% and that of o4 is 3.5%.

The labor share of output is 65%. This value is consistent with the empirical
findings in Karabarbounis and Nieman (2014). The aggregate stock of physical capital
is 1 which is a normalization.

The elasticity of substitution between intermediate goods is 5. This is consistent
with estimates of product demand elasticities in the industrial organization and in-
ternational trade literature (Berry, Levinsohn and Pakes 1995; Nevo 2001; and Broda
and Weinstein 2006).

Panel C: Price-setting Parameters

The arrival rate of the price adjustment shock (i.e. the shock that allows firms
to adjust their price) is %ln? ~ 1.04. This value yields a median frequency of price
adjustment of 8 months. Nakamura and Steinsson (2008) finds that the median
duration of regular prices ranges from 8 to 11 months (and from 7 to 9 months after
including product substitution).

Panel D: Preference Parameters
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The time discount rate is 2% which yields an annual discount factor of
(1—e?)/p =~ .99. The Frisch elasticity of labor supply is .5 consistently with
the empirical findings in Chetty, Guren, Manoli and Weber (2011). The relative
utility weight of labor matches an average share of labor hours of 1/3 per unit of

time.

1.4.2 Welfare Gains

In the baseline calibration, the annual consumption equivalent gain from coordinat-
ing monetary policy and macro-prudential policy is 0.21%. The annual consumption
equivalent gain from reducing financial disintermediation is 0.29% while the annual
consumption equivalent losses from generating price dispersion and labor misalloca-
tion are 0.07% and 0.01%, respectively.

The frequency of financial disintermediation increases but the intensity falls. Fi-
nancial disintermediation occurs 99.7% > 99.2% of the time. Episodes with aggregate
TFP losses from financial disintermediation beyond 10% and 5% occur 1.54% < 2.65%
and 17.04% < 20.5% of the time, respectively. The stochastic steady state is always
inefficient. Financial disintermediation becomes positively correlated with inflation

and price dispersion.

1.5 Conclusion

The Global Financial Crisis of 2008 has prompted the development of a relatively
new policy instrument: Macro-prudential policy. In addition, the crisis has fostered
the debate concerning the costs and benefits from coordinating macro-prudential pol-
icy with existing policy instruments such as monetary policy. The first main result
in this paper is that, if monetary policy is only concerned with stabilizing infla-

tion, macro-prudential policy should restrict intermediary leverage below its natural
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level when financial intermediaries are soft constrained. The second main result is
that monetary policy, instead of being exclusively concerned with stabilizing infla-
tion, should coordinate with macro-prudential policy to further stabilize the financial
system. Specifically, monetary policy should deviate from the natural interest rate
(i.e. the interest rate required for stabilizing inflation), and macro-prudential policy
should soften its restrictions on leverage relative to the case in which policies do not
cooperate (i.e. the case considered in the first main result). Monetary should deviate
both ex-ante and ex-post: during financial crises, monetary policy should target a
policy rate below the natural interest rate; once the financial crisis is over, monetary
policy should target a policy above the natural interest rate.

The main results in the paper are robust to a series of specifications adopted in
the model economy. Firstly, the main results are robust to the source of fundamental
shocks (i.e. supply shocks, demand shocks, risk shocks, and so on). Aggregate shocks
nonetheless are necessary because a liquidity mismatch problem is required for lever-
age constraints to generate financial disintermediation. Secondly, the main results are
robust to the micro-foundations regarding the price-setting behavior of firms. The
latter nonetheless matters for quantitatively assessing the welfare gains from coordi-
nation. For instance, state-dependent price-setting behaviors generate larger welfare
gains than their time-dependent counterparts, because in the former the distortions
from nominal rigidities are less costly (in the former, firms that have a nominal price
significantly far away from the optimal nominal price definitely choose to reset their
price). Thirdly, and lastly, the main results are robust to the micro-foundations re-
garding the leverage constraint. The type of leverage constraint nonetheless affects

the severity of the costs from financial disintermediation.
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Chapter 2

Cross-effects of Macro-prudential

Policy

2.1 Introduction

The Global Financial Crisis of 2008 has underscored the importance of the interaction
between monetary policy and macro-prudential policy. A body of literature resulting
from the crisis has focused mainly on only one side of the interaction. The body of
literature has examined the cross-effects of monetary policy on the primary objective
of macro-prudential policy of financial stability. The body of literature nonetheless
has mainly disregarded the cross-effects of macro-prudential policy on the primary
objective of monetary policy of macroeconomic stability. The unbalanced focus of the
body of literature has primarily been the consequence of recent priorities in policy
circles: During and in the close aftermath of the Global Financial Crisis of 2008,
the primary concern in policy circles has been to gain further understanding on how
to use policy tools in general to reduce and/or to prevent severe disruptions in the

financial intermediary system.
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This paper focuses on the other side of the interaction and investigates the cross-
effects of macro-prudential policy on macroeconomic stability. In this paper, macro-
prudential policy refers to a capital requirement on financial intermediaries that limits
leverage by a multiple of net worth. The resulting limit on leverage is common to all
financial intermediaries and is contingent upon the aggregate state of the economy.
Macroeconomic stability refers to an ideal situation in which there is full employment
and the aggregate price level as well as the inflation rate are stable.

To conduct the analysis, we embed in the framework of Van der Ghote (2017)[7 a
zero-lower-bound (ZLB) constraint on the nominal rate that may occasionally bind in
equilibrium. In the Van der Ghote (2017) economy, as in a standard New Keynesian
economy, the sluggish price-setting behavior of firms implies that real prices in general
are not consistent with current marginal production costs nor with current marginal
productivity. The resulting distortions in the price system create a labor wedge as
well as inefficient price dispersion which in turn generate a departure of aggregate
employment from its efficient quantity and a departure of inflation from its structural
rate (i.e. macroeconomic instability). Monetary policy can restore and maintain
macroeconomic stability by mimicking the natural rate with the nominal rate. The
natural rate is the real interest rate in the flexible price economy in which firms reset
their nominal price on a continuous basis. The nominal rate is the rate of return on
short-term and risk-free nominal debt such as deposits and short-term government
bonds. Mimicking the natural rate with the nominal rate induces the same aggregate
demand as in the flexible price economy:; it also induces firms to set prices in accord
with current marginal production costs and with current marginal productivity; and
therefore it guarantees macroeconomic stability (Blanchard and Gali 2007). Monetary
policy can achieve macroeconomic stability only when the natural rate stays above

the ZLB constraint on the nominal rate and the economy stays away from a liquidity

Van der Ghote (2017) is the first chapter in this dissertation.
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trap. The nominal rate is subject to a ZLB constraint because risk-free nominal debt
is arbitraged against cash assets which by default pay no nominal rate of return.

We show that in the Van der Ghote (2017) economy the natural rate is endogenous.
We show furthermore that in such economy the natural rate depends on macro-
prudential policy.

In the Van der Ghote (2017) economy, we show that the natural rate can be
partitioned into a neo-classical rate and an endogenous natural rate. The neo-classical
rate is the real interest rate in the neo-classical economy in which prices are flexible
and there are no frictions at all. The neo-classical rate is exogenous; is determined
by the fundamentals in the economy; and is independent of macro-prudential policy.

The endogenous natural rate results from frictions in financial markets; and it
is determined by the relative capitalization of financial intermediaries to the total
wealth in the economy. Frictions in financial markets comprise incomplete financial
contracts (which are limited to deposit contracts) and a leverage constraint (that
follows from a moral hazard problem and that limits leverage by a multiple of net
worth). The leverage constraint puts a limit on the amount of deposits that financial
intermediaries can raise from households, and therefore it also puts a limit on the
amount of funds that financial intermediaries can channel to firms. In equilibrium,
when financial intermediaries are poor-capitalized relative to the total wealth in the
economy, the leverage constraint binds, financial intermediaries provide funds to only
a fraction of all the firms in the economy, and endogenous aggregate productivity
losses materializeﬂ Deposit contracts create a liquidity mismatch problem in the bal-
ance sheets of financial intermediaries because deposits are risk-free whereas funds
to firms are risky. The liquidity mismatch problem, together with the leverage con-

straint, implies that in equilibrium the economy recurrently transitions from episodes

2 Aggregate productivity losses materialize because households (who are less productive at pro-
viding funds to firms) are the the agents who provide funds to the remanent firms that cannot get
funding from financial intermediaries.
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in which financial intermediaries are poor-capitalized, leverage constraints bind, and
endogenous aggregate productivity losses materialize, to episodes in which financial
intermediaries are well-capitalized, leverage constraints are slack, and endogenous
aggregate productivity losses are null, and vice versa. The resulting endogenous fluc-
tuations on aggregate productivity generate endogenous fluctuations on aggregate
output, on aggregate consumption, and whence on the natural rate. The endogenous
natural rate indeed depends on macro-prudential policy because restrictions on in-
termediary leverage curb the aggregate quantity of intermediary funds to firms, the
endogenous aggregate productivity losses, and aggregate output as well as aggregate
consumption.

To examine the effect of macro-prudential policy on the (endogenous) natural
rate, we assume that the ZLB constraint on the nominal rate is slack. We consider
three simple macro-prudential policy rules. The first two rules are polar opposite.
In the first rule, macro-prudential policy does not restrict leverage; in the second
rule, macro-prudential policy forbids leverage. The third rule is an intermediate rule
between the aforementioned two. In the third rule, macro-prudential policy restricts
intermediary leverage to implement the constrained efficient allocation of the flexible
price economy.ﬁ The three rules that we consider capture the notion that macro-
prudential policy restricts leverage to reduce the endogenous fluctuations resulting
from frictions in financial markets. Furthermore, they capture the notion that tighter
macro-prudential policies restrict leverage more severely.

The comparison of the equilibrium under the aforementioned policy rules reveals

that tighter macro-prudential policies lift the lower bound of the endogenous nat-

3In the Van der Ghote (2017) economy, as in a standard economy with incomplete financial
markets and leverage constraints, there is a pecuniary externality that generates excessive leverage,
and excessive fluctuations on the endogenous aggregate productivity losses. The reason is that
individual financial intermediaries do not internalize how their leverage decisions affect the price of
risky assets, the leverage constraint, nor the leverage decisions of the other financial intermediaries
in the economy (Lorenzoni 2008; Jeanne and Korinek 2010; Bianchi 2011; Bianchi and Mendoza
2013).
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ural rate. Specifically, we obtain that tighter restrictions on intermediary leverage
mitigate the liquidity mismatch problem; reduce the fluctuations on the intermediary
wealth share and on the endogenous aggregate productivity losses; and whence reduce
aggregate output risk as well as aggregate consumption risk. Reductions in aggregate
consumption risk depress the value of risk-free securities and, in equilibrium, push
the rate of return on risk-free debt, the real interest rate, and the endogenous natural
rate, upward. In the specific financially autarkic economy in which macro-prudential
policy forbids leverage, we obtain that all endogenous fluctuations vanish, and that
the lower bound on endogenous natural rate attains its maximum value of zero. All
endogenous fluctuations vanish because financial intermediaries are not subject to a
liquidity mismatch problem nor do they concentrate aggregate risk in their balance
sheets when they do not take on leverage.

Lastly, we explore the cross-effects of macro-prudential policy on macroeconomic
stability. Macro-prudential policy has cross-effects when the natural rate occasionally
attains negative values and the ZLB constraint on the nominal rate occasionally
prevents monetary policy from mimicking the natural rate. In economies in which
macro-prudential policy has cross-effects, we obtain that tighter macro-prudential
policies reduce the frequency of liquidity trap episodes potentially preventing the
economy from entering into a liquidity trap at all. Furthermore, we obtain that during
a liquidity trap, if any, tighter macro-prudential policies reduce the gap between the
ZLB and the natural rate, and whence help monetary policy to stimulate aggregate
demand, economic activity and aggregate employment, and to reduce deflation and
price dispersion.

We find two type of economies in which macro-prudential has cross-effects. We
find that macro-prudential policy has cross-effects in secular stagnant economies in
which poor economic growth prospectus place the neo-classical rate close to zero.

We find that macro-prudential policy also has cross-effects in financially unstable
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economies in which severe moral hazard problems and/or strong valuation differences
generate large fluctuations on the endogenous aggregate productivity losses and on
the endogenous natural rate.

Related Literature This paper relates to a body of literature that studies
the interactions between monetary policy and macro-prudential policy. The majority
of the papers in the literature focuses on the cross-effects of monetary policy on the
primary objective of macro-prudential policy of financial stability. We focus instead
on the cross-effects of macro-prudential policy on the primary objective of mone-
tary policy of macroeconomic stability. Farhi and Werning (2016) also investigate
the cross-effects of macro-prudential policy on macroeconomic stability, but focus on
cross-effects based on aggregate demand externalities.

On methodological grounds, our model economy builds upon the works of Calvo
(1983); Gertler and Karadi (2011) and Gertler and Kiyotaki (2010); Brunnermeier
and Sannikov (2014); and of Van der Ghote (2017).

2.2 The Model

The model extends the framework in Van der Ghote (2017) to incorporate a ZLB
constraint on the nominal rate that may occasionally bind in equilibrium. We refer
the reader to the subsections to in Van der Ghote (2017) for a detailed
description of the model. We also refer the reader to those subsections for an analysis
concerning the optimization problems of the private agents and for the definition
of the competitive equilibrium. In this section, we analyze only the behaviors of

aggregate output, the real interest rate, social welfare, and of policy, in equilibrium.
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2.2.1 Aggregate Output

The model economy admits in equilibrium an aggregate production function that is
Cobb-Douglas. The inputs in the aggregate production function are aggregate labor
L, and the aggregate stock of physical capital K. The aggregate stock of physical
capital is fixed because neither does physical capital in production depreciate nor is
there an investment technology that allows for the accumulation of physical capital
across time. Let Y; denote aggregate output and let « € (0, 1) denote the labor share

of output. Aggregate output Y; satisfies

11—«
Uy

}/; = At L?Kl_a

Wt
The total factor productivity (TFP) has two components: an exogenous productivity
level A, and an endogenous productivity level u;~®/w;. The exogenous productivity

level A; evolves stochastically according to the Ito process

dA /Ay = paqdt + oa,dZ,

with drift process pa; and diffusion process o4,. The process {Z; € R:t >0} is a
standard Wiener process defined on a filtered probability space (€2, F, P) . Intuitively,
dZ; represents a shock to the growth rate of aggregate productivity that is normally
distributed. The endogenous productivity level u, Jwy is the consequence of price

dispersion w; and of the effective capital services rate u;.

Price Dispersion

Price dispersion is endogenous and results from the sluggish price-setting behavior of

firms (see subsection in Chapter 1).
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Firms produce a continuum of intermediate goods {y;}, with j € [0,1], using
labor and capital services as inputs. Each firm produces a single intermediate good
variety 7 € [0,1]. Firms operate a Cobb-Douglas production technology that has a
common labor share of output of @ and a common productivity level of Atﬁ Firms
compete monopolistically in goods markets and reset their nominal price sluggishly
according to Calvo (1983) pricing (see subsection in Chapter 1). Calvo (1983)
pricing allows firms to reset their nominal price only when they are hit by an idiosyn-
cratic Poisson shock that is i.i.d. across firms. A CES aggregator with a constant
elasticity of substitution of € > 1 transforms the intermediate goods {y;,} that firms
produce into the final consumption good ;.

In equilibrium, price dispersion w; is the consumption-based price index out of the

real prices that firms charge. Specifically,

t —&
Wy E/ Ge0t=s) (Zb) ds
—00 Dt

The parameter 6 is the arrival rate of the Poisson process that allows firms to reset

t=5) measures the share of

their nominal price. The survival density function e~
firms that have been allowed to reset their nominal price for the last time at time
s < t. The price p, s is the nominal price (at time ¢) of those firms that reset their
nominal price for the last time at time s < ¢. Firms that have the possibility to reset
their nominal price at any given time ¢ set the same optimal price p,; because firms
in general are identical. The price p; is the aggregate price level in nominal terms.

The function ya¢ (pj) = (pj/pr) " ye is the demand function of intermediate goods

that results from the CES aggregator.

4The labor share of output o and the productivity level A; are the same between the production
function of firms and the aggregate production function.
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The aggregate price level p, is the consumer price index. Specifically,

1

t 1—¢
P = [/ Hefa(tfs)pijds

The cross-section distribution of intermediate goods prices is { fe00t=s), p*ﬁ}s <t
Price dispersion is inefficient. The reason is that price dispersion generates a
misallocation problem of labor and of capital services across firms. Price dispersion
generates quantity dispersion on intermediate goods which is inefficient because the
CES aggregator has decreasing marginal returns. Notice that in general w; > 1 and
that w, = 1 iff p, s = p Vs < t. Quantity dispersion on intermediate goods implies

an inefficient allocation of labor and of capital services across firms that ultimately

depresses endogenous TFP according to 1/w;.

Effective Capital Services Rate

The effective capital services rate u; is endogenous and results from a leverage con-
straint that occasionally binds in equilibrium. The leverage constraint occasionally
limits the levered positions on capital that financial intermediaries can take as well
as the aggregate supply of capital services to firms (see subsection in Chapter
1).

The potential suppliers of capital services to firms comprise financial interme-
diaries and households. Potential suppliers transform physical capital into capital
services according to a linear production technology. Financial intermediaries have
a comparative advantage at providing capital services to firms. Specifically, financial
intermediaries can provide capital services at a one-to-one rate whereas households
can provide capital services at a rate up; < 1.

Let K;;/K € [0,1] denote the capital share of financial intermediaries. Let

Kpi/K € [0,1] denote the equivalent share but for households. In equilibrium, the
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capital shares K 7t/ K and K}, ;/K add up to 1 because the market for physical capital

clearsﬂ The effective capital services rate w; is the weighted average of u;; and 1
Uy = [_(h,t/R * Up,t + [_(f,t/R

with Kp./K + Kp/K = 1.

In equilibrium, financial intermediaries always hold the largest possible capital
share because they have a higher valuation for capital than households. The capital
share K 7t/ K and the rate u; therefore attain their maximum level of 1 when the
leverage constraint is slack. The capital share K 7t/ K and the rate w; are below
1 when the leverage constraint binds, and whence limits the levered positions that
financial intermediaries can take on capital.

The leverage constraint results from a moral hazard problem in financial markets
and from macro-prudential policy. The moral hazard problem is similar to Gertler
and Karadi (2011) and Gertler and Kiyotaki (2010). Let v; > 1 denote the Tobin’s Q
of financial intermediaries. Equivalently, v; measures the marginal value of wealth in
the financial intermediary sector. The moral hazard problem limits leverage by the
incentive-compatible multiple A\v; of net worth. The inverse of the parameter \ is the
share of assets that financial intermediaries can walk away with in the Gertler-Karadi-
Kiyotaki moral hazard problem (see subsection in Chapter 1). Macro-prudential
policy limits leverage by the multiple ®; of net worth. The leverage multiple ®; is
common to all financial intermediaries and depends on the aggregate state. Financial
intermediaries take ®; as given.

Let Ny, denote the aggregate net worth of financial intermediaries. Let ¢; de-

note the price of capital. The leverage constraint limits the capital share K;;/K

®We assume that firms cannot hold physical capital (see subsection in Chapter 1).
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accordingly

_ _ N N
Kf,t/K = min {)\Ut—flt, (Dt—fit, 1}
K @K

The leverage constraint binds only when financial intermediaries are undercapitalized
and lack enough borrowing capacity to absorb all of the aggregate capital stock.
Let 7; = Ny4/q:K € [0,1] denote the wealth share of financial intermediaries. The
total wealth in the economy is ¢ /X because physical capital is the only real asset.

Equivalently, the leverage constraint binds only when 7, < 7; with min {\v;, ®;} 7, =

1.

2.2.2 State Variables and Law of Motions

The state variables together with their law of motions (LoMs) determine the dynamic
behavior of the economy. The state variables determine the position of the economy
at any given time t. The LoMs of the state variables determine the evolution of the
economy during the time interval dt.

State Variables The states variables are {A;,w;,n;} . The exogenous pro-
ductivity level A; is not relevant for the analysis because the equilibrium outcome is
scale invariant with respect to Atﬁ Intuitively, price dispersion w; is a state variable
because it summarizes the relevant information in the cross-section distribution of
intermediate goods prices. The wealth share 7, is a state variable because it summa-
rizes the relevant information concerning the capitalization of financial intermediaries
and the aggregate supply of capital services to firms.

LoM of Price Dispersion Price dispersion evolves in accord with the evo-
lution of the cross-section distribution of intermediate good prices. The price-setting

behavior of firms and the real price p.:/p: dictate the evolution of price dispersion.

5In our parameterization, we assume that the diffusion processes o 4,4 i constant (see section
in Chapter 1).
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During the time interval dt, a share 6dt of firms have the opportunity to reset
their nominal price. All of the firms that have the opportunity to reset their nominal
price during dt set the same nominal price of p,, because firms reset their price
sluggishly (see below). By the end of the time interval dt, therefore, a measure 6dt of
intermediate goods prices have the common real price of p, ./p;.

If the aggregate price level p, were to remain constant during dt, the change on
price dispersion would amount to dw; = [(p*yt /) " — wt] *0dt. The term w; measures
the contribution to price dispersion (at time ¢) of the intermediate goods prices that
end up with the common real price of p.;/p; (at time ¢ + dt). A law of large number
applies in the expression for dw; because the idiosyncratic Poisson shock (that allows
firms to reset their nominal price) is i.i.d.

The aggregate price level, however, in general does not remain constant during
dt. The reason is that the aggregate price level is the consumer price index. The aggre-
gate price level responds to changes on the cross-section distribution of intermediate

good prices accordingly

i 0T ()
De e—1 Dbe

The inflation rate dp;/p; indeed affects the rate dw;/w; at which price disper-

sion evolves. Specifically, because the demand function of intermediate goods is
Ya: (Py) [y = (pj/ p:)” ", inflation rate dp;/p; affects dw;/w; according to € * dp;/p;.

The law of motion of price dispersion therefore is

—€ —(e—-1)
%:{[(p*’t) R ¢ [1—(@) ]}dt—i—o*dzt
Wt Dt Wt e—1 2

Mathematically, the law of motion of price dispersion follows from taking the first-

0+¢

order derivative of w; with respect to time ¢. The law of motion of the aggregate price
level follows from taking the first-order derivative of p; with respect to time ¢. Price
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dispersion and the aggregate price level are locally deterministic because both w; and
py are Riemann Integrals. Intuitively, neither does the evolution of price dispersion nor
that of the aggregate price level depend on the shock dZ;, because only the firms that
can reset their nominal price at the very end of the time interval dt can incorporate
in their price the productivity information in the shock dZ;.

For any given state { A, ws, m: } , the real price p,;/p; that minimizes the rate dw; /w;
at which price dispersion evolves is unique. The optimal real price that minimizes
dwy [wy is

Dat 1 % dpy 0

= e = — = 1—wf Hdt<o0
Dt Wy Wi yg; 5—1( ! )

Intuitively, the real price p.;/p: = 1/w; reduces and eventually eliminates price dis-
persion as fast as possible because at p,./p = 1/w; the inflation rate dp;/p; mirrors
the negative of the rate dw;/w; at which the endogenous TPF gains 1/w,; evolve. A
positive amount of time is always required to eliminate price dispersion because firms
need time to coordinate on a common nominal price.

In equilibrium, firms nonetheless do not necessarily set prices consistently with
Dst/Pt = 1/wr. When they have the opportunity to reset their nominal price, firms set
the price that maximizes the present discounted value of their profits flows (see sub-
section in Chapter 1). Equivalently, because in equilibrium they set competitive
prices, firms set the nominal price at which they break-even in present discounted

value. The nominal price that firms set yields the real price

per B [T 0700 R [ya s (pr)] ds

P E, ftoo 96_9(s—t)j\\_iptyd,_s(md8

Ps

The numerator in the RHS is the present discounted value of the total production
costs, Ts [Yas (pt)] . The denominator is the present discounted value of the sales rev-
enues, pi/ps * yas (p:). Both production costs and sales revenues are expressed in real

terms and are computed under the assumption that p,,/p; = 1. Future payoffs are
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discounted with the Stochastic Discount Factor (SDF) of a representative household,

5=t Intuitively, if the denomi-

i.e. A;, weighted by the survival density function fe%
nator in the RHS exceeds the numerator, firms are willing to target a real price below
1, in order to increase their indirect quantity demanded relative to p../p: = 1 as
well as their sales revenues and profits flows. The opposite happens if the numerator
exceeds the denominator.

Let X; denote the numerator in the RHS and let M; denote the denominator.
In the Appendix [A.3.1] we show that the processes X; and M, are proportional to
aggregate output Y;. Additionally, in the Appendix [A.3.1] we show that the average

processes z; = X;/Y; and m; = M, /Y, satisfy the asset pricing conditions

L\"1 1 d
( t) — x —dt + B, [du,/z,] + 2 — (p+60)dt =0
Ly Wy Ty Dt

| d
1*EdtJrEt[dmt/mt]+(5—1)ﬁ—(p+9)dt:0
t

Dbe

In this notation, p is the discount rate of the representative household and ¢ is the
inverse of the Frish elasticity of the aggregate labor supply. The process L., is the
aggregate quantity of labor in the economy with flexible prices (i.e. 1/0 — 0).

The asset pricing conditions reveal that firms set prices consistently with p,.,/p, =
1/w; only when aggregate labor L; equals its flexible price quantity L. ;. The process
(L¢/ L*,t)lﬂb 1/wy is the average production costs at time ¢. The corresponding process
at any given time s > t is (Ls/Ly) ¥ 1/w,. The average sales revenues at time
(given p,./p: = 1) are 1. The corresponding average sales revenues at any given time
s > t are p;/ps (because nominal prices remain fixed). When aggregate labor L,

equals L,, firms break-even in present discounted value at p../p; = 1/w:, because
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average sales revenues p;/ps* 1 /w; appreciate in real terms at the same rate as average
production costs 1/w;[]

The asset pricing conditions reveal also that firms do not set prices consistently
with p.;/p: = 1/w; when aggregate labor L; deviates from L, ;. Intuitively, when L, >
L., and the economy is over-stimulated relative to the flexible price economy, firms
target a real price p../p: above 1/w; because they expect high average production
costs. Furthermore, because they expect the other firms to also target real prices
above 1/wy, firms expect inflation when L; > L, ;, which induces them to target real
prices even further above 1/wy, and so on. Similarly, when L, < L., and the economy
is over-slowed down relative to the flexible price economy, firms target a real price
Dst/Pt below 1/w; because they expect low average production costs. Furthermore,
because they expect deflation when L, < L., firms target real prices even further
below 1/w;, which leads to more deflation, and so on. In both cases, the deviation of
Dst/Pe from 1/w; yields higher levels of price dispersion relative to p.:/p: = 1/wy.

LoM of Financial Wealth Share The wealth share n, = Ny;/ ¢ K evolves
in accord with the profitability of financial intermediaries. The excess returns that
financial intermediaries earn over the total wealth in the economy, along with the net
transfers that financial intermediaries payout to households, dictate the evolution of
M-

Financial intermediaries earn profits from renting out capital services to firms.
Financial intermediaries finance their positions on physical capital (i.e. their loans
to firms) with their own net worth (i.e. internal financing) and with leverage (i.e.
external financing). Let ry, denote the rental rate of capital services. The total return
on internal financing dRy; is the sum of the dividend yields ry;/qdt and the capital
gain/loss rate dq;/q;. The total return on external financing is the product between the

levered capital positions ¢;K;/Ns; — 1 and the credit spread dR;; — (i;dt — dp;/pt) .

"Mathematically, notice that when L; = L, ;, the process (z/m), = x;/m; = 1/w, satisfies both
asset pricing conditions, as E; [dxi/xt] = Et [dmi/my] — dwi/we and dwy /wi = dpy/ps.
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The rate 7; > 0 is the nominal rate at which financial intermediaries issue deposits.
The rate i; is locally risk-free because deposits promise a fixed return at time ¢ + dt.
The net worth of financial intermediaries gross of net transfers to households

evolves accordingly
dNyi/Nyy = dRyy + [dRyy — (4,dt — dpy/py)] * (qt[_(ﬁt/Nf’t — 1)
The wealth share n, = Ny, / ¢ K evolves according to
dn /e = iy dt + 0,,,dZ,

with

R

d
fpadt = %dt +(d— 1) [Et ARy — (z’tdt - %) ~ Var, [de,t]} + (n_ - ,5) dt
t t t

z,tdt = (Cbt — 1)2 VCLT’t [th/Qt]

g

The process ¢; = ¢ K 7.t/Ny+ is the leverage multiple of financial intermediaries. The
first term in p,dt is the excess return on internal financing over the total wealth in
the economy. The second term in p, ,dt plus the term o,,,dZ; amount to the realized
excess return on external financing (also over the total wealth in the economy). The
excess return on external financial is locally risky because financial intermediaries are
subject to a liquidity mismatch problem: The return on physical dRy; is locally risky
whereas the real return on deposits i;,dt — dp;/p, is locally risk-free. The liquidity
mismatch problem implies that financial intermediaries concentrate aggregate risk in
their balance sheets when they take on leverage. The last term in p, .dt is the net
transfers that financial intermediaries payout to households. In equilibrium, financial

intermediaries pay out dividends only when they retire. Financial intermediaries
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retire only when they are hit by an idiosyncratic Poisson shock that has an arrival
rate of p. When they retire, financial intermediaries transfer all of their net worth
back to the household. Financial intermediaries that retire are replaced with new
financial intermediaries, that receive from households a share k/p of the aggregate
capital stock as initial endowment (see subsection in Chapter 1).

Figure plots the drift process 1, , and the diffusion process o, ; in isolation.
Figure focuses on a benchmark economy in which prices are flexible and there is
no macro-prudential policy, i.e. 1/6,1/®; — Oﬁ

Figure shows that the wealth share 7; mean-reverts around the stochastic
steady state 7,s. The stochastic steady state 7, is the state at which the economy
would uniformly converge if the dZ; shocks were shut down. The stochastic steady
state satisfies that p,, = 0.

The wealth share n; mean-reverts around 7, because the profitability of financial
intermediaries is inversely related to n;. When they are undercapitalized, and n; < 7
is low, financial intermediaries earn high dividend yields 74/qdt and high excess
returns on internal financing and on external financing (see subsection in Chap-
ter 1)E| High dividend yields and excess returns deliver high expected profits which
imply a fast recapitalization of financial intermediaries in expectation. When they
are well-capitalized, and 7, > ns, is high, financial intermediaries earn low dividend
yields 74:/qdt as well as low excess returns (see subsection in Chapter 1)@

Moreover, the low excess returns that financial intermediaries earn are not enough

8The behavior of dn;/n; is similar in the more interesting economies in which prices are sticky
and there is macro-prudential policy.

9The reason is that the rental rate of capital services 7y, is high and the price of capital ¢, is
low. The rental rate ry ; is high because households hold a large share of the aggregate capital stock
and the aggregate supply of capital services is low. The price of capital ¢; is low though because
households are the marginal investors on capital.

19The reason is that the rental rate of capital services ry ; is low and the price of capital ¢; is high.
The rental rate ry; is low because financial intermediaries hold all of the aggregate capital stock
and the aggregate supply of capital services to firms therefore attains its potential level. The price
of capital ¢; is high though because financial intermediaries are the marginal investors on capital.
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to compensate for their dividend payouts. The conditional expectation Ej [dn:/n:] is
therefore negative and low.

Figure complements Figure to show that the wealth share 7, mean-
reverts around 7, stochastically. Figure 1b shows also that the fluctuations on dn;/n,
(blue line) are large relative to those on (¢; — 1) *dA;/A; (red dotted line). The term
(¢py — 1) x dA;/A; accounts for the fluctuations on dn;/n; that correspond in size to
the fluctuations on the exogenous productivity growth rate dA;/A;. We refer to the
residual fluctuations dn,/n; — (¢ — 1) x dA;/A; as the endogenous fluctuations on
dne/ne.

The endogenous fluctuations on dn, /n; result from the combination of incomplete
financial contracts and of leverage constraints that occasionally bind (Lorenzoni 2008;
Jeanne and Korinek 2010; Bianchi 2011; Bianchi and Mendoza 2013). Incomplete fi-
nancial contracts force financial intermediaries to concentrate aggregate risk in their
balance sheets when they take on leverage. Leverage constraints, when they bind,
force financial intermediaries to reduce their levered capital positions when the lat-
ter realizes net worth losses. The combination of the incomplete financial contracts
and of leverage constraints (that occasionally bind) creates a positive feedback loop
between dN;;/N¢y, dKf;/K;; and dg;/q; that fuels the endogenous fluctuations on
dny/m: (see subsection in Chapter 1)[] The feedback loop indeed fuels large
endogenous fluctuations on dn; /7, relative to the constrained efficient allocation. The
reason is that the feedback loop entails a pecuniary externality in financial mar-

kets that operates through the price of capital. Specifically, because they take the

HSpecifically, following a negative shock dA;/A; = 04 * dZ; < 0 that generates negative credit
spreads and net worth losses, binding leverage constraints force financial intermediaries to reduce
their levered capital positions. The reduction in K (274 K generates a drop on dg; /q: that is propor-
tionally larger than the drop on dA;/A:. The reason is that households (who have a lower valuation
for capital than financial intermediaries) are the agents who purchase in equilibrium the share of
the aggregate capital stock that financial intermediaries sell. The residual drop dq;/q — dA:/A;
generates further net worth losses dNy /Ny < dA;/A; which in turn initiate a positive feedback
loop between dNy /Ny, de,t/I_(f’t and dg/q¢. The feedback loop amplifies the effect of the initial
negative shock dA;/A; < 0 on the rates dg;/q:, dNs /Ny and dK /Ky, and on dng/n;.
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price of capital as given, individual financial intermediaries do not internalize how
their sales/purchases of capital affect the strength of the feedback loop. At the
time of taking their leverage decisions, therefore, individual financial intermediaries
take excessive leverage multiples which worsen the liquidity mismatch problem and

strengthen the feedback loop relative to the constrained efficient allocation.
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Figure 2.1: Dynamics of the Financial Wealth Share

The drift process p,, and the diffusion process o,; together shape the invariant
distribution of the wealth share 7; (see the Appendix). The invariant distribution of
n¢ together with p,: and o,, imply that the economy recurrently transitions from
episodes in which financial intermediaries are undercapitalized, and financially con-

strained, to episodes in which they are well-capitalized, and financially unconstrained,

and vice versa (Figure [2.1)).

2.2.3 Social Welfare

The model economy admits a representative household in equilibriumm The repre-

sentative household obtains utility from consumption and disutility from labor. The

12Gee subsections m to in Chapter 1 for a derivation of the representative household.
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preferences for consumption are logarithmic. The preferences for labor are CRRA
with coefficient 1 + . A parameter y > 0 weights the disutility from labor in terms
of the utility from consumption.

In equilibrium, aggregate consumption equals aggregate output because neither
is there investment nor fiscal policy. Log preferences for consumption allows the

following representation of utility flows

1 L _
ln;t+ozlnLt—X1+¢—i—(l—oz)lnut—l—lnAt—i-(l—oc)an

The first term is the utility losses from price dispersion. The utility flows In1/w;
attain their maximum value of 0 when there is no price dispersion and w; = 1. The
utility flows In 1/w; attain negative values when there is price dispersion and w; > 1.

The difference between the second term and the third term amounts to the utility
gains from labor. The quantity of labor in the flexible price economy L, ; maximizes

the utility gains from labor. Specifically,

[+
L.;= argrilgéc{alnl/ — X7 +¢}

Intuitively, L., maximizes the utility gains from labor because in the flexible price
economy intermediate goods prices equal marginal production costs, and input prices
equal marginal productivity (see subsections in Chapter 1). We interpret log-
deviations of aggregate labor L; from its efficient level of L,; as employment gaps.
We interpret deviations of utility gains from labor from its efficient level of aln L, ; —
Xﬁ[zi—;d} as the utility losses from employment gap.

The fourth term is the utility losses from financial disintermediation. The utility

flows In u; attain their maximum level of 0 when financial intermediaries alone provide

capital services to firms, and K 7t/ K = u; = 1. The utility flows Inw; attain negative

69



values when both financial intermediaries and households provide capital services to
firms, and Ky, /K, u; < 1.

Lastly, the terms In A; + (1 — a) In K are exogenous and therefore uninteresting.

2.2.4 Policy Rules

Policy instruments comprise monetary policy i; and macro-prudential policy ®;. Mon-
etary policy specifies the process of the nominal interest rate it.H The nominal rate

1 > 0 is subject to a ZLB constraint that may occasionally bind.

Monetary Policy

For simplicity, we consider ad-hoc rules for monetary policy. Specifically, we assume
that monetary policy targets the natural interest rate r;. The natural rate r; is the
real interest rate in the analog economy in which prices are flexible. If the natural
rate is non-negative, monetary policy sets the nominal rate i; equal to r;. Otherwise,
monetary policy sets i; to the closest possible value of r; which is zero. In the second
case, we say that the ZLB constraint on the nominal rate binds.

The rule i; = max{r,0} has well-demarcated effects in terms of social welfare.
Specifically, i; = max {r;,0} minimizes the utility losses from price dispersion and
from employment gap locally. The effectiveness of the rule i, = max{r;,0} at mini-
mizing the aforementioned utility losses depends on whether the ZLB constraint binds
or is slack. If r, > 0, and the ZLB constraint on the nominal rate is slack, the rule
1y = 1y stabilizes employment gap on impact and price dispersion as fast as possible
(see subsection in Chapter 1). The rule i, = r, stabilizes employment gap on
impact because the natural rate implements the same aggregate demand as in the
flexible price economy. The rule i, = r; stabilizes prices dispersion as fast as possible

because firms target the optimal real price of 1/w; when L, = L, and employment

13The implementation mechanism of monetary policy is the same as in the baseline New Keynesian
framework. See Van der Ghote (2017).
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gap is null. If r, < 0, and the ZLB constraint on the nominal rate binds, the rule
iy = max {r¢, 0} does not stabilize employment gap on impact nor price dispersion
as fast as possible anymore. The rule i; = max {r;,0} does not stabilizes employ-
ment gap on impact because monetary policy falls into a liquidity trap. Specifically,
monetary policy cannot stimulate aggregate demand enough to implement the ag-
gregate demand of the flexible price economy, and employment gap is condemn to
be negative. The rule i; = max {r;,0} does not stabilize price dispersion as fast as
possible because the average production costs (L;/Ly)' 7 1/w; attain values below
their optimal level of 1/w;, which implies that firms target real prices p../p: below
1/wy, and that the rate dw;/w; deviates from its optimal rate of ELLI (1 — wf_l) dt.
The rule i, = max {r;,0} , by pegging i; to zero when r, < 0, nonetheless, places the
aggregate demand and the aggregate labor as close as possible to their counterparts
in the flexible price economy. Employment gap and price dispersion therefore fall as

much as possible given i, > 0[]

Macro-prudential Policy

Also for simplicity, we consider ad-hoc rules for macro-prudential policy. We consider
three rules in total. Two rules are polar opposites. In a first rule, there is no macro-
prudential limit on leverage and ®; = +00. In a second rule, macro-prudential policy
forbids leverage and ®; = 1. The third rule is an intermediate case. In the third
rule, macro-prudential policy maximizes the present discounted value of the utility

losses from financial disintermediation taking monetary policy as given (see Chapter

1, sections [1.3.1]).

“The rule iy = max {r;,0} does not minimize the utility losses from price dispersion and those
from employment gap globally, because i; = max {r¢,0} does not take into account dynamic effects
beyond the time interval dt. For instance, the rule iy = max {r;,0} does not internalize its effect
on the likelihood of switching between liquidity trap episodes and full-macroeconomic stabilization
eventually in the future.
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We use ad-hoc policy rules to evaluate the aggregate effects of macro-prudential
policy. We pay particular attention to the effect of macro-prudential policy on the
natural rate. The effect on the natural rate sheds light on the cross-effect of macro-

prudential policy on macroeconomic stability.

2.3 Effect of Macro-prudential Policy on the Nat-
ural Rate

To evaluate the effect of macro-prudential policy on the natural rate, we consider
the case in which the ZLB constraint is slack. We analyze the model economy using
similar parameter values to in Van der Ghote (2017)E

In equilibrium, because the ZLB constraint is slack, monetary policy mimics the
natural rate and ¢; = r;. Neither is there employment gap, price dispersion nor infla-
tion. The only relevant state variable is the wealth share of financial intermediaries
Uz

Macro-prudential policy has aggregate effects because the aggregate quantity of
intermediary leverage determines the aggregate supply of capital services to firms.
Specifically, the leverage multiple ¢; determines the effective capital services rate
according to u; = (1 — &) ups + ¢ and aggregate output according to Y; =
Atu,}*O‘LfytK’I_a o Atutl*a.

Figure illustrates the aggregate effects of the three macro-prudential policy
rules under consideration (see subsection . Figure focuses on the leverage

multiple ¢, and Figure focuses on the natural rate r,.

15The only difference with respect to Van der Ghote (2017) is that we target an average Sharpe
ratio of 50% (instead of 30%). Higher Sharpe ratios generate larger aggregate effects of macro-
prudential policy.
1
61n the flexible price economy, aggregate labor L, ; = (a/x) ™7 is constant.
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Figure 2.2: Aggregate Effects of Macro-prudential Policy

Leverage Multiple In equilibrium, the leverage multiple ¢; is the minimum
between the incentive-compatible limit Av;, the macro-prudential limit ®, and the

resource limit 1/n,. Specifically,

¢¢ = min {)\Um D, 1/77t}

In the unregulated economy, i.e. ®; = 400, macro-prudential policy does
not restrict leverage, and the leverage multiple equals its natural upper limit of
min { vy, 1/} . The incentive-compatible leverage constraint ¢; < Av; binds only
when financial intermediaries are undercapitalized, and 7, < 7 with v () 77 = 1.

In the regulated economy, i.e. ¢, = ®,, < +o00, macro-prudential policy re-
stricts leverage occasionally depending on the capitalization of financial interme-
diaries. Specifically, macro-prudential policy restricts leverage only when financial
intermediaries are average-capitalized and 7, € (7, 7,) with 0 < 77, < 7, < 1
such that v (7.) = @, (1) and D, (7,) M. = 1. Inside the intermediate region of
ne € (7, M), macro-prudential policy restricts leverage according to the optimal
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limit @, , < min {Av;, 1/m:} . Outside the intermediate region of 7, € (7)., 7)), macro-
prudential policy does not restrict leverage and financial intermediaries behave as in
the unregulated economy.

Because the ZLB constraint on the nominal rate is slack, the macro-prudential
policy rule {7, 7s; Cbm} implements the constrained efficient allocation of the flexible
price economy (see Chapter 1, subsection . Specifically, and always in terms of
the flexible price economy, the rule {7, 7.; ®,+} implements the constrained efficient
quantity of the pecuniary externality, the constrained efficient quantity of the feedback
loop, and the constrained efficient levels of the endogenous fluctuations. Intuitively,
the rule {7, N.; @, } restricts leverage only when financial intermediaries are average-
capitalized because only in that region financial intermediaries have significant price
effects (see Chapter 1, subsection .

In the financially autarkic economy, i.e. ®; =1 < ®,;, macro-prudential policy
forbids leverage and ¢, = 1. A forbid on leverage restricts financial intermediaries to
take positions on capital that are financed only with their own net worth.

Natural Rate In equilibrium, the expected marginal utility return from con-
sumption determines the real interest rate (see subsections to in Chapter
1). The real interest rate and the natural rate agree because the ZLB constraint is
slack.

The expected marginal utility return from consumption is —FE; [dA;/A;] and the
SDF of the representative household is A, = e/ Y; oc e7*/A,ui . Let (; denote the

endogenous TFP component «; ~®. The natural rate r, satisfies

redt = pdt + Ey [dA ) Al + E, [dC, /) + Covy [dAyJ Ay, G )G — Vary [dAy Ay + dG /¢

The natural rate r; can be decomposed into the neo-classical rate 74, and the

endogenous natural rate r¢;. The neo-classical rate is the real interest rate in the
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neo-classical economy in which prices are flexible and there are no financial frictions
(i.e. 1/6,1/X — 0). The neo-classical rate is exogenous and is determined by the

fundamentals in the economy accordingly

TA’tdt = pdt + Et [dAt/At] - V(l’f’t [dAt/At]

The endogenous natural rate is the residual rate after deducting the neo-classical

rate from the natural rate. Specifically,

resdt = By [dG/G) — /Var [dAy A Var, [dG/G] — Var, [d¢,/¢]

The second term in the RHS the covariance Cov, [dA; /A, dCi /(] m The endogenous
natural rate results from the frictions in financial markets: If either financial contracts
were to be complete, or moral hazard problems were not to exist, (; = 1 and d¢;/{; = 0
(di Tella 2015 and Van der Ghote 2017). Intuitively, the leverage constraint together
with the liquidity mismatch problem generate endogenous fluctuations on the ag-
gregate supply of capital services to firms u;K; on the endogenous TFP component
¢ = u;~*; and on aggregate consumption C; = Y; = A,(;. The latter endogenous fluc-
tuations in turn shape the endogenous natural rate 7 ;. Macro-prudential policy can
affect the endogenous natural rate r¢; because restrictions on intermediary leverage
curb the leverage multiple ¢,.

In the unregulated economy, and in the regulated economy, the endogenous natural
rate r¢, fluctuates stochastically (Figure and Figure ) In the financially
autarkic economy, the endogenous natural rate fluctuates deterministically (Figure
2.3b) and in equilibrium remains stable at zero (Figure and Figure 2.3h). In the

former two economies, financial intermediaries take on leverage, concentrate aggregate

17The covariance Covy [dAs /A, dCe /G is non-negative because the rates
{dA¢/As, dne [0, dus Jug, dC: [} co-move non-negatively.
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risk in their balance sheets, and endogenous fluctuations are therefore positive and
stochastic. In the latter economy, financial intermediaries do not take on leverage nor
concentrate aggregate risk in their balance sheets, and all endogenous fluctuations
therefore vanish.

Relative to the unregulated economy, in the regulated economy, the endoge-
nous natural rate is higher (Figure ) The endogenous fluctuations in general
are smaller (Figure ) because the pecuniary externality is constrained efficient.
Smaller fluctuations on the growth rate of endogenous TFP in particular reduce ag-
gregate output risk, reduce also aggregate consumption risk, and whence lift the rate
of return on risk-free debt, and the endogenous natural ratem Furthermore, in the
regulated economy, when 7, is low, and they are undercapitalized, financial interme-
diaries earn relatively large expected profits (Figure ) The reason is that their
borrowing capacity and their leverage multiple are relatively larger (Figure ) The
relative higher growth prospectus in financial intermediation and in endogenous TFP
also push the endogenous natural rate upward.

In both the unregulated and the regulated economies, the endogenous natural
rate is approximately-u-shaped related to the wealth share of financial intermediaries
(Figure ) The rate r¢; is negative and attains its minimum when 7, is inter-
mediate, because the feedback loop, the pecuniary externality, and the endogenous
fluctuations on d(;/(;, attain their maximum values when financial intermediaries are
average-capitalized and have significant price effects (see subsection in Chap-
ter 1). Large stochastic fluctuations on d(;/(;, in turn, imply high aggregate output
risk, as well as high aggregate consumption risk, which depress the rate of return on
risk-free debt and the endogenous natural rate. The rate r¢, is positive and attains

its highest possible values when 7, is low because, whey they are poor-capitalized,

18Tn general, less aggregate consumption risk reduces the value of risk-free assets. In equilibrium,
the risk-free rate of return then has to increase, to induce agents to take enough positions to clear
the market of risk-free assets.
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financial intermediaries earn large profits in expectation (see subsection . Large
expected profits, in turn, speed up the recoveries of the wealth share 7; and of the
endogenous TFP (; in expectation. The rate r¢; is null when 7 is high because fi-
nancial intermediaries have idle borrowing capacity and absorb all of the aggregate
capital stock. (Figure 2.2h). The fluctuations on u; = 1 and on d(;/¢; = 0 then
vanish locally.
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Figure 2.3: Dynamic Effects of Macro-prudential Policy

Let 7. (®;) denote the lower bound of the endogenous natural rate for a given
macro-prudential policy {®;}. Figure together with Figure evidence that
tighter macro-prudential policies reduce the feedback loop, the pecuniary externality
and the endogenous fluctuations, and increase the endogenous natural rate and its

lower bound 7, (®;) in equilibrium.
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2.4 Cross-effects of Macro-prudential Policy on
Macroeconomic Stability

In the model economy, macroeconomic stability refers to the situation in which there
is no employment gap, nor price dispersion nor inflation. Macroeconomic stability is
achieved when monetary policy mimics the natural rate with the nominal rate, and
aggregate demand is the same as in the flexible price economy (see subsection .

Macro-prudential policy has cross-effects on macroeconomic stability when the
natural rate occasionally attains negative values. In those situations, the ZLB con-
straint on the nominal rate occasionally prevents monetary policy from mimicking
the natural rate, and the economy occasionally enters into a liquidity trap episode in
which negative employment gaps, deflation and price dispersion materialize.

The natural rate r, can be decomposed into the neo-classical rate r4,; and the en-
dogenous natural rate ¢, (see section . In our parameterization, the neo-classical
rate is constant and whence determines the level r4 around which the natural rate
fluctuates. The endogenous natural rate r¢; in general fluctuates and its fluctuations
(or lack thereof) depend on macro-prudential policy.

For any given macro-prudential policy ®;, because the neo-classical rate is con-
stant, the lower bound on the natural rate is r4 + 1. (). In terms of lower bounds,
macro-prudential policy has cross-effects on macroeconomic stability if 74 +r (+00) <
0. If r4 + 1, (+00) > 0, macro-prudential policy is irrelevant for macroeconomic sta-
bility, because the natural rate is always non-negative, and ZLB constraint on the
nominal rate is always slack. None macro-prudential policy can push the lower bound
ra+1, (®;) below 74+ 1, (+00) , nor below the ZLB, because restrictions on interme-
diary leverage below min {Av;, 1/7,} push the lower bound 7 (®;) on the endogenous

natural rate upward (see section [2.3)).
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The parameter values in the model economy ultimately determine whether macro-
prudential policy has cross-effects. The parameters in the model can be classified into
four categories depending on the main function that they serve (see section in
Chapter 1).

Parameters concerning the price-setting behavior of firms (i.e. the arrival rate 6
of the Poisson shock that allows firms to reset their price; and the elasticity of substi-
tution ¢ in the CES aggregator) do not affect the natural rate r; nor the lower bound
74 +1¢ (+00) . Neither do the Frish elasticity of the aggregate labor supply ¢ nor the
relative utility weight of labor x. The parameter € do not affect r; nor r4 +r. (4+00)
because in the flexible price economy firms reset their nominal price continuously (i.e.
1/6 — 0) and neither is there price dispersion nor quantity dispersion on intermediate
goods. The parameters ¢ and x do not affect r; nor ra +r, (4+00) either because in
the flexible price economy those parameters have no dynamic effects: 1 and x affect
only the aggregate quantity of labor which is constant.

The remaining parameters in the model economy do affect the natural rate and
the lower bound 74 + r (4+00). Table H shows the positive (+), negative (—), or
null (NA), effect on the lower bound 74 + 1 (+00) of an increase in the remaining

parameters.

Table 2.1: Effect of Parameters on the Lower Bound of the Natural Rate

Parameters
p o pa  oa /A 1—wu, p K l1—a
Neo-classical rate 74 + + — NA NA NA NA NA
Lower bound r, (+o0) — NA — - — _ + _

The discount rate p has a positive effect on the neo-classical rate r4 and a negative
effect on the lower bound r, (+00). The effect on r4 is positive because in equilib-
rium the real interest rate compensates households for their degree of impatience: A

higher p implies that households are more impatient and that they discount future
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consumption more. The effect on r, (+00) is negative because physical capital is
long-term whereas deposits are short-term. The difference on maturities implies that
discount rates have a proportionally larger effect on physical capital, which in turn
implies a negative relationship between discount rates and credit spreads. A higher
value of p then reduces the profitability of financial intermediaries; generates more
endogenous fluctuations on dn,/n; and on d(;/(;; and shrinks the endogenous natural
rate and its lower bound r (+00). The discount rate p overall has a positive effect
on 14 + 1 (+00) because the effect on the neo-classical rate is direct and whence
dominates.

The rate of technological progress p4 has a positive effect on the neo-classical
rate r4 but has no effect on the lower bound r. (+00). The effect on 7, is positive
because the rate of technological progress determines the rate of economic growth.
The lower bound r, (+00) does not depend on 14 because the equilibrium outcome
is scale invariant with respect to A;.

The fundamental risk coefficient o4 has a negative effect on both the neo-classical
rate 74 and the lower bound r, (+00) . The effect on r, is negative because in equi-
librium the real interest rate indicates the rate of return on risk-free assets: If there
is more fundamental risk, and whence more aggregate risk, risk-free assets become
more valuable and their rate of return falls in equilibrium. If o4 is higher, financial
intermediaries concentrate more aggregate risk per unit of leverage, and the feedback
loop, the pecuniary externality, and the endogenous fluctuations, are larger. Higher
aggregate output risk as well as higher aggregate consumption risk result, which in
turn depress the lower bound r, (+00) .

In opposite to Brunnermeier and Sannikov (2014), in our model economy, a lower
o4 does not generate larger endogenous fluctuations (i.e. the ”volatility paradox”
result in Brunnermeier and Sannikov 2014, in our model economy, in general does not

hold). The reason is that financial intermediaries are subject to a leverage constraint.
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The leverage constraint prevents financial intermediaries from taking substantially
larger levered positions on capital when o4 is low. The leverage constraint therefore
limits the effect of 04 on the feedback loop, on the pecuniary externality and on the
endogenous fluctuations.

The remaining parameters in Table 1 affect only the lower bound r, (+00). The
fraction of divertable assets 1/\ has a negative effect on r. (+00). When financial
intermediaries can divert a larger fraction of their assets, moral hazard problems in
financial markets become more severe, and the incentive-compatible limit Av; falls.
A lower borrowing capacity intensifies the feedback loop, the pecuniary externality,
and the endogenous fluctuations, and therefore reduces the endogenous natural rate,
and the lower bound r, (+00) . The productivity gap 1 —uy, also has a negative effect
on re (+00) . When the productivity differences between financial intermediaries and
households are larger, differences on their valuations for capital are larger as well,
and the feedback loop, the pecuniary externality, and the endogenous fluctuations are
larger too. The endogenous natural rate and the lower bound r, (+00) are therefore
lower.

The effect of the parameters p and x on r. (+00) depend on their corresponding
effect on the net transfers that financial intermediaries payout to households. More
and/or more often net transfers deplete the net worth of financial intermediaries
faster, and therefore increase the share of time that the wealth share 7, spends in
regions in which the feedback loop, the pecuniary externality and the endogenous
fluctuations are larger. More and/or more often net transfers then reduce the en-
dogenous natural rate and its lower bound r. (+00). The average frequency pdt at
which financial intermediaries payout dividends to households have a positive effect
on net transfers. The share x of the aggregate capital stock that starting financial

intermediaries receive from households has a negative effect on net transfers.
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Lastly, the capital share of output 1 — a has a negative effect on r. (+o00). A
higher share 1 — « increases the share of capital services on aggregate output as well
as the endogenous TFP component (;. The fluctuations on (; therefore become larger
and the lower bound r, (+o00) falls.

Overall, Table 1 together with expression for r4 reveal that secular stagnant
economies and/or economies prone to instability in financial markets are more likely
to have a negative r4+r, (+00) . A secular stagnant economy is an economy in which
poor fundamentals place the neo-classical rate close to zero. An economy prone to
instability in financial markets is an economy in which severe moral hazard problems
and /or strong valuation differences generate large endogenous fluctuations and highly
negative endogenous natural rates.

When the lower bound 74 +1, (400) is negative, and macro-prudential policy has
cross-effects on macroeconomic stability, tighter macro-prudential policies in general
reduce macroeconomic instability. Tighter macro-prudential policies lift the natural
rate and whence reduce frequency and intensity of liquidity traps. Liquidity traps
occur less often because higher natural rates fall below the ZLB bound on the nominal
rate less often. Even if liquidity traps occur, when they occur, their intensity is lower,
because the gap between zero and the natural rate falls.

In the case in which macro-prudential policy minimizes (the present discounted
value of) the utility losses from financial disintermediation, either one of two sit-
uations may arise. In a first situation, the optimal macro-prudential policy rule
{®.+; 7., M« } places the natural rate above the ZLB constraint on the nominal rate.
In this first situation, a divine coincidence result between macroeconomic stability
and financial stability holds, in the sense that both monetary policy and macro-
prudential attain their corresponding objectives. Indeed, because the natural rate
becomes non-negative as a by-product of using macro-prudential policy to achieve

financial stability, monetary policy can effectively achieve macroeconomic stability.
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In the second situation, the optimal macro-prudential policy rule {®, ;; 7., 7.} is not
tight enough to place the natural rate above the ZLB constraint. In this second sit-
uation, no divine coincidence result between macroeconomic stability and financial
stability holds. Nonetheless, macro-prudential policy is still beneficial to monetary
policy and for macroeconomic stability, because it reduces the gap between zero and

the natural rate.

2.5 Conclusion

The interaction between monetary policy and macro-prudential policy is two-sided.
In Van der Ghote (2017), we focus mainly on the side concerning the cross-effects
of monetary policy on the primary objective of macro-prudential policy of financial
stability. In this paper, instead, we focus on the side concerning the cross-effects of
macro-prudential policy on the primary objective of monetary policy of macroeco-
nomic stability.

In this paper, we show that tighter macro-prudential policies reduce the aggregate
fluctuations resulting from frictions in financial markets; reduce also aggregate output
risk and aggregate consumption risk; and whence lift the natural rate. In addition, we
show that the resulting effect on the natural rate reduces macroeconomic instability
when the natural rate occasionally attains negative values and the ZLB constraint on
the nominal rate occasionally prevents monetary policy from mimicking the natural
rate. We obtain that macro-prudential policy has cross-effects on macroeconomic
stability in secular stagnant economies in which poor fundamentals place the natural
rate close to zero. We obtain also that macro-prudential policy has cross-effects in
financially unstable economies in which severe moral hazard problems and/or strong
valuation differences generate large endogenous fluctuations in financial markets and

in the natural rate.
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In this paper, we abstract from the social welfare considerations concerning the
coordination between monetary policy and macro-prudential policy. We leave for
future research an examination of the costs and benefits of coordinating monetary and

macro-prudential policies in secular stagnant and/or financially unstable economies.
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Chapter 3

Liquidity Management, Leverage,

and Monetary Policy

3.1 Introduction

The provisions of settlement services and of financial intermediary services have tradi-
tionally been interrelated. At least since the Renaissance roots of banking in the 15th
century, the financial institutions at the center of the settlement system have tradi-
tionally taken advantage of their key position to also intermediate funds and credit
between borrowers and savers[] The modern macroeconomic literature nonetheless
has overlooked the interplay between the provisions of settlement services and of fi-
nancial intermediary services. The main reason has been that the settlement and
the financial intermediary systems have functioned smoothly in developed economies
during the postwar era.

Motivated by the recent Global Financial Crisis of 2008, this paper examines

how the joint provision of settlement services and financial intermediary services af-

1See Cipolla (1956) for a 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 survey of the
payment and the settlement systems in the modern U.S. economy.
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fects liquidity management and leverage decisions at the financial intermediary level.
Additionally, this paper explores the real effects of monetary policy that follow from
affecting the real return of liquid assets and the aforementioned liquidity management
and leverage decisions.

To conduct the analysis, we develop a standard Gertler and Kiyotaki (2010) econ-
omy in which financial intermediaries face also a liquidity management problem. In
the model economy, financial intermediaries are good relative to households at al-
locating funds across non-financial firms. Non-financial firms are mere production
units that use credit to produce a final consumption good. In equilibrium, financial
intermediaries raise deposits from households to channel funds to non-financial firms
beyond the limits given by their own net worth. Financial intermediaries maintain a
sufficiently low leverage multipleﬂ because they are subject to a moral hazard prob-
lem (Gertler and Kiyotaki 2010). The moral hazard problem stipulates that financial
intermediaries can divert funds at the penalty of loosing their franchise.

The liquidity management problem originates from the dual role of store-of-value
and mean-of-payment that deposits usually serve. In the model economy, in particu-
lar, besides being useful for borrowing and saving, deposits are also useful for settling
transactions. We take the institutional features of deposits as given.ﬂ We also take
as given the procedure through which households decide to settle transactions with
deposits. Following Bianchi and Bigio (2014) and Piazzesi and Schneider (2016), we
assume that households randomly reshuffle deposits across financial intermediaries,
as a consequence of settling with deposits the transactions that they periodically
conduct among each other. The resulting withdrawal risks on deposits affect the
cost of leverage and the risk-return profile of financial intermediation because net de-

posit outflows are subject to a settlement requirement. The settlement requirement

2In the model economy, the leverage multiple is the ratio of deposits plus net worth to deposits.
3See Stein (2012) for a discussion about the different roles that deposits serve.
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obliges financial intermediaries to settle all of their net deposit outflows with reserves.
Reserves are nominal assets that serve the role of the legal tender.

At the core of the liquidity management problem are the decisions of how many
reserves to hold and of much withdrawal risks to bear. Ex-post, i.e. following the
realization of withdrawal shocks, financial intermediaries face liquidity needs if their
net deposit outflows exceed their real reserves holdings; they enjoy liquidity excesses if
the opposite happens. Those who face liquidity needs have to borrow reserves ex-post
to complete the settlement of their net deposit outflows; those who enjoy liquidity
excesses can lend their excess reserves over settlement requirements if they want to.
Borrowing reserves in general is more costly than what lending reserves is profitable
because there is a Monetary Authority that charges a high discount window rate
but pays a low interest rate on excess reserves. Besides trading with the Monetary
Authority, financial intermediaries can also trade reserves among each other, but
successfully only in probability, and at a market rate that in equilibrium is a weighted
average of the aforementioned two policy rates. The optimal liquidity ratidl| that
solves the liquidity management problem in general matches the expected marginal
benefits from borrowing/lending ex-post less/more reserves to the opportunity cost
of holding reserves. Reserves carry the opportunity cost of the foregone real interest
on deposits plus the inflation rate, by the Fisher equation, of the nominal interest
rate.

We first show that in equilibrium there is a positive interaction between liquidity
management and leverage decisions. To this end, we contrast the equilibrium outcome
of the economies with and without liquidity. The contrast between the aforementioned
two economies reveals that the optimal liquidity ratio reduces the cost of leverage and
whence improves the risk-return profile of financial intermediation. The profitability

and the Tobin’s Q) of financial intermediaries therefore is higher in the economy with

4In the model economy, the liquidity ratio is the ratio of reserves to deposits.

87



liquidity, and moral hazard problems are softer while borrowing capacities are larger.
Financial intermediaries in general respond to a larger borrowing capacity by increas-
ing their leverage multiple. More leverage implies more deposits, a higher exposure
to withdrawal risks, and a therefore higher demand for real reserves holdings.
Monetary policy comprises three independent interest-rate instruments: The nom-
inal interest rate, the discount window rate, and the interest rate on excess reserves.
We consider the case in which the Monetary Authority adjusts the nominal interest
rate to sustain an annual target of inflation. To explore the real effects of monetary
policy, we consider two simple policy experiments. In the first experiment, the target
for annual inflation falls by 1%. In the second experiment, the width of the corridor
narrows by 0.5%. The corridor here refers to the spread between the discount window
rate and the interest rate on excess reserves. In our model economy, there is a corri-
dor system because the market rate is the simple average of the aforementioned two
policy rates. As in the policy jargon, in our model economy, narrowing the corridor
shrinks the width of the corridor without moving its center, which is the market rate.
In the first experiment, we obtain that liquidity ratios increase. Furthermore, we
obtain that liquidity ratios increase proportionally more in a region in which financial
intermediaries are undercapitalized and financially constrained. The rationale is that
in such region leverage multiples and whence the exposure to withdrawal risks are
higher. We obtain also that leverage multiples increase as well: A lower opportunity
cost of holding reserves reduces the cost of hedging against withdrawal risks and
whence the cost of leverage. A lower cost of leverage, in turn, boosts the profitability
of financial intermediation, relaxes agency problems in financial markets, and boosts
borrowing capacities. Lastly, we obtain that the economy spends more time in a
region in which financial intermediaries are better capitalized, channel further funds
to non-financial firms, and the ratio of aggregate output to the aggregate stock of

capital is higher.
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In the second experiment, we obtain that liquidity ratios increase, or decrease,
depending on whether the financial intermediary system is liquid, or illiquid. The
financial intermediary system is liquid if financial intermediaries on aggregate hold
enough reserves to meet all of their liquidity needs; the financial intermediary system
is illiquid if the opposite happens. If the financial intermediary system is liquid, none
financial intermediary borrows reserves in the discount window, and narrowing the
corridor therefore improves the terms of trade of lending reserves (the interest rate on
excess reserves increases) while keeps that of borrowing reserves constant (the market
rate remains the same). Financial intermediaries respond to higher lending rates by
increasing their liquidity ratio, which in turn reinforces the initial high liquidity status
of the financial intermediary system. If the financial intermediary system is illiquid,
the opposite happens: None financial intermediary parks reserves in the balance sheet
of the Monetary Authority, and narrowing the corridor therefore improves the terms
of trade of borrowing reserves (the discount window rate falls) while keeps that of
lending reserves constant. Financial intermediaries respond to lower borrowing rates
by reducing their liquidity ratio which reinforces the initial high illiquidity status of
the financial intermediary system.

The financial intermediary system is liquid or not in equilibrium depending on
monetary policy. In particular, for a given width of corridor, we obtain that the
financial intermediary system is liquid if the market rate is high relative to the target
of inflation.

Lastly, we obtain that the response of leverage multiples to a narrower corridor
is independent of the liquidity status of the financial intermediary system. Leverage
multiples always increase because a narrower corridor always improves the terms
of trade of trading reserves: The market rate remains the same while the discount

window rate falls and the interest rate on excess reserves increases. Better terms of
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trade reduces the cost of leverage, relaxes agency problems in financial markets, and
expands borrowing capacities.

Related Literature This paper relates to a body of literature that studies
the interactions between the liquidity and leverage at the financial intermediary level
and their implications for monetary policy. Following Bianchi and Bigio (2014) and
Piazzesi and Schneider (2016), we introduce liquidity concerns based on the dual role
of store-of-value and mean-of-payment that deposits usually serve and on the reserve
requirements that deposits usually have to satisfy. A key difference with respect to
Bianchi and Bigio (2014) is that in our model economy there is no fractionary reserve
requirement on deposits. A key difference with respect to Piazzesi and Schneider
(2016) is that we work with a continuous-time dynamic stochastic general equilibrium
(DSGE) model, that is suitable for capturing the non-linear dynamics associated with
occasionally constrained agents. Drechsler, Savov and Schnabl (2015a) also work with
a standard continuous-time DSGE model but they introduce liquidity concerns based
on the high re-saleability property of reserves in short noticel’] Another difference
with respect to Drechsler, Savov and Schnabl (2015a) is that they focus only on the
case in which financial intermediaries fully self-insurance against funding/liquidity
risks. The main difference with respect to Brunnermeier and Sannikov (2016) is that
they introduce liquidity concerns based on the store-of-value property of assets and
on the different dividend payment structures that assets in general provide. Classical
articles on this body of literature comprise Holmstrom and Tirole (1998); Bernanke
and Blinder (1988); Gurley and Shaw (1964); and Bagehot (1873).

On methodological grounds, our 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). We adapt the Gertler

and Kiyotaki (2010) economy to continuous time, to account for the non-linear

SIntuitively, the idea is that reserves can be sold at a fair price in short notice whereas risky
assets have to be sold at a discount.
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dynamics associated with occasionally constrained agents. To this end, we use a
continuous-time framework that is similar to Brunnermeier and Sannikov (2014) and
Van der Ghote (2017). We borrow from Bianchi and Bigio (2014) the market structure

of the market for reserves.

3.2 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 framework that is similar to Brunnermeier and Sannikov (2014) and Van

der Ghote (2017).

3.2.1 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, p > 0. There is perfect consumption insurance within the household
meaning that all of its family members share their income to always consume the
same amount of goods, ¢; > 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 oc-
cupation stochastically according to Poisson processes with arrival rate p > 0 for
financiers, and arrival rate pf/ (1 — f) for savers.

Financiers run the financial intermediaries and savers run the household. Specif-
ically, financiers take the investment portfolio decisions of the financial intermediary

company that they manage. Savers choose consumption ¢; on behalf of all the family
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members that constitute the household. Savers also take the investment portfolio

decisions of the household that they manage.

3.2.2 Assets and 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 transforms physical capital k; into final output flows y; according to

Yy = aky

with productivity coefficient a € {a,ar}. The value of the productivity coefficient
depends on who manages the physical capital. If financial intermediaries manage
the k; units of physical capital, @ = ay. Otherwise, if households manage the £
units, a = a, < ay. The gap between ay and a; measures the comparative advantage
that financial intermediaries have at managing physical capital relative to households.
Intuitively, the gap ay — a; 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 [l

Physical capital evolves stochastically according to

dlee ke = [I (1) — 0] dt + 0dZ, (3.1)

6See Van der Ghote (2017) for a model economy that explicitly incorporates lending/borrowing
relationships between financial intermediaries/households and non-financial firms.
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The process Z; is a standard Wiener process defined on a filtered probability space
(Q, F, P). The term dZ, is an aggregate shock that is common to all units of physical
capital independently of who manages them. The term dZ; can also be interpreted as
an shock aggregate to the effective units of physical capital[] The diffusion coefficient
o measures the strength at which the dZ; shock affects the growth rate of physical
capital.

Physical capital depreciates deterministically at the constant rate of 9. The depre-
ciation rate 0 is common to all units of physical capital as well. There is an internal
investment technology that transforms ¢4k, units of final output into physical capital
at the rate of I (¢;). The function I (i) represents a standard investment technology
with adjustment costs: I(0) =0, I'(¢) >0, I"(¢) <O0.

The total return on capital dRR,; depends on who manages the physical capital.
Let g, denote the price of capital in terms of the final consumption goodﬁ The total
return dR,; amounts to the sum of the net dividend yields and the capital gain/loss

rate. Specifically,
a — Ut

dt + d (tht)
qt qeky

dRa,t =

with a € {ap,as}. Net dividend yields are the ratio of net dividend returns (a — ¢;) k¢
to the market value of capital holdings ¢;k;. 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 dR,; evaluated
at a = ay while that that households earn is also dR,; but evaluated at a = aj.
Because the productivity gap ay — ay, is positive, the total return dR;,; that financial

intermediaries obtain is higher than the total return dRj; that households obtain.

"See Brunnermeier and Sannikov (2014) and di Tella (2015) for a detailed discussion.
8Physical capital is tradable. Physical capital is traded on the spot at the real price of g;.
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We conjecture that the price of capital ¢; follows an Ito process with drift process

uq,: and diffusion process aq,tﬂ Total returns on capital are locally risky and satisfy

a — Ul

dR(Lt = + I (Lt) -0 + Ug ¢ + Oqt0 dt + (O_q,t + U) dZt

qt

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 ¢, > 0. Let p; denote the
nominal price of the final consumption good. The real return on deposit is then
irdt — dpy/py, being dp,/p; the inflation rate between time ¢ and time t 4 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]"]
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 set-
tlement of transactions with deposits generates in probability a situation in which
net deposit positions 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 reshuffle deposits across issuers. The aggregate stock
of deposits therefore remains the same before and after settlement.

An aggregate Poisson process J; dictates whether net deposit positions become

unbalanced after settlement. The process J; is exogenous and has an arrival rate of 6.

9The processes 4+ and 0, are endogenous objects to be determined in equilibrium.
100nly the agents who save on deposits, i.e. depositors, can use deposits to settle transactions.
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When J; does not jump, i.e. J;” — J, = OE nothing relevant happens as net deposit
positions remain perfectly balanced across issuers. When J; jumps, i.e. J;¥ — J; = 1,
net deposit positions become unbalanced and are whence reshuffled stochastically
across issuers according to a continuous cumulative probability distribution F. The
domain of the function F' (w) is the interval (—oo,1]. A negative realization w < 0
means that the corresponding issuer receives a share —w of net deposit inflows. The
share —w is computed relative to the stock of deposits before settlement. A positive
realization w > 0 has the same interpretation but for net deposit outflows. The
function F (w) satisfies that [wdF (w) = 0, confirming that deposits are just re-
allocated across issuers.E We interpret a positive shock w as a withdrawal shock on
deposits.

Deposits are subject to an immediate settlement requirement. The settlement
requirement obliges issuers to settle all of their net deposit outflows with reserves,
immediately after they occur (i.e. immediately after .J; jumps) and immediately
before time t + dt arrives. The settlement requirement implies that withdrawal risks
on deposits are potentially 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 "]

Reserves Reserves are nominal assets in non-negative supply. A Monetary
Authority issues and distributes reserves. The Monetary Authority pays no nominal

interest rate on reserves and, therefore, the real interest rate on reserves equals the

1 The Poisson processes J; and Jt+ count number of jumps. The process J; counts the number
of jumps until time ¢. The process J;7 counts the number of jumps until immediately after time
t. Through the lens of discrete-time models, intuitively, J; counts the number of jumps up to the
morning of date ¢ whereas .J;” counts the number of jumps up to the night of date ¢. Jumps, if any,
occur at noon.

12The shock w is independent of the size of the issuer.

13In 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 accommodated to impose a settlement requirement on gross deposit outflows
(rather than on net deposit outflows).
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negative of the inflation rate. The Monetary Authority may nonetheless pay a positive
rate of return on excess reserves (see below)E

Reserves are tradable and are traded both in primary markets and in secondary
markets at a real price of 1/p;. Reserves are liquid meaning that they are also traded
between the moment at which J; jumps, if any, and time ¢ + dt. Reserves are the only
liquid asset in the economy. Conditional on a jump J;¥ — J, = 1, the trading protocol
of reserves, and the settlement protocol of net deposit outflows with reserves, are as
follows.

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 w; > 0 denote the liquidity ratio of
issuers just before the jump Jm — J, = 1 occursE 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 w to that of the liquidity
ratio wy. If w > @y, issuers lose all of their reserves holdings and end up with liquidity
needs of w — @, per unit of initial deposits. Issuers therefore will have to borrow later
on w—w; units of real reserves (per unit of initial deposits) to finish settling all of their
net deposit outflows. If w € [0, ;] , issuers lose a share w/w; of their reserve holdings
but end up without liquidity needs. Issuers indeed end up with excess reserves over
settlement needs of w; — w per unit of initial deposits, and can lend those excess
reserves later on if they want to. If w < 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 —w. Reserves inflows per unit of deposits amount to

MIntroducing a positive nominal interest rate on reserves is feasible.
15The liquidity ratio is the ratio of the real reserves holdings to the quantity of deposits issued.
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~ —Ww ~ ~
Ay (W;Wt) = mEF [Wlwe[o,at} + Wt1w>a;z}

In this notation, w denotes the withdrawal shock of the other issuers in the economy
and w; denotes their corresponding liquidity ratio.ﬁ The expectation operator Er [.]
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 w < 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 (OTC) that has a similar structure to Bianchi and Bigio
(2014)@ 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 r.;. Issuers who need
reserves can borrow in the discount window at a rate of return of r,, ;. The Monetary
Authority sets both the interest rate on excess reserves 7., and the discount window

rate r,, unilaterally. The Monetary Authority commits to trade any quantity of

16We conjecture that all issuers set the same liquidity ratio of @;. Of course, under our conjecture,
L:Jt - C:Jt.

17Specifically, 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); (i) 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).
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reserves at those rates. For simplicity, we express r.; and 7, in real terms. We
interpret the rates r., and r.; as fee payments within time ¢ (rather than as interest
payment between different time periods). We restrict attention to the case in which
Twt > Ter > 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 r,, ;.

The policy rates r,,; and 7., represent the outside options to trading reserves in
the market. The rate r,,; represents the outside option to borrowing reserves. The
rate 7., represents the outside option to lending reserves. The market for reserves
admits a single rate of return r,,; (i.e. all trades at the market are executed at the
same rate r,, ;) because bargaining takes place between reserve ordersH Furthermore,
because reserve orders Nash bargain about real transfers, the market rate r,,; solves

Fimyp = AU IAX (Twt — )¢ (7 — Qt)l_é
being & € [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 7., is a weighted average of the high discount window rate
rwe and the low interest rate on excess reserves r.;. 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 1, and by the effective rate of return for lending reserves r;;. The effective

18See 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.
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rates 1, and r;, satisfy

) Wy Ep (@ — &) 1osag,] — @ }
T = 7pein — ;1 ¢ + 7y max — ,0
" ! { Ep (0 — @) Lusa, } : { Ep (@ — @) Losa)

E U — W 103&:% 0, — F N ]-cbd)t
T = rm,tmin{ rl(© =) Lo ],1}+7’e,tmax{wt Fl@— @) 1o ],O}

Wy Wt

The effective rates 7, and r;; are a weighted average of the market rate r,,, and of
the policy rates {re¢, 7y} . The weights in rp,; and 7, 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. &; > Ep[(0 — &) lysa,], all borrowing
orders trade successfully in the market and r,; = 7,,,;. The effective lending rate r;;
is a weighted average of 7,,; and r.; because only the share Ep [(0 — &) 1ysa,] /0
of lending orders trade successfully. In this case, issuers who borrow reserves obtain
the best possible terms of trade given the policy rates {r.s, 7y} . 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, ie. @ < Ep[(w — &) lysgz,], the opposite happens. Specifically, all
lending orders trade successfully in the market and whence r;; = r,,;. The effective
borrowing rate 7, is a weighted average of r,,; and r,,; because only the share
O/ Ep [(0 — @) 1usg,] 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 con-
cludes. Payments related to lending/borrowing reserves in the market, and to lend-

ing /borrowing with/against the Monetary Authority, are executed simultaneously
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with this second round of settlement. We assume that after the second round of
settlement concludes deposits are reshuffled back to the position prior to the jump
J- — J; = 1. We assume also that re-allocating deposits and reserves after at the
second reshuffle is costless. These two assumptions simplify the analysis: Together,
they imply that, at the beginning of time t + dt, net deposit positions remain per-
fectly balanced across issuers, independently of whether J; has jumped during the
time interval dt or not[]

Government Bonds Government bonds are financial assets in perfectly elas-
tic 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 de-
posits are perfectly arbritraged). From now on, then, we refer to 7, as the nominal
interest rate in the economy.

Government bonds matter only for the implementation of the nominal interest
rate ;. The Monetary Authority implements a nominal interest rate through open
market operations: 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 = 7Ttdt + 0 % dZt (32)

with mdt = E;[dp:/p]. A locally risk-free inflation rate is consistent with non-
financial firms that adjust their nominal price sluggishly according to Calvo (1983)

pricingm In subsection [3.2.6, we derive the law of motions for government bonds and

9The two simplifying assumptions are consistent with idea that withdrawal shocks on deposits
are mere funding/liquidity shocks to financial intermediaries.
20See Van der Ghote (2017) for a formal proof and a comprehensive discussion.
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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.

3.2.3 Financial Intermediaries’ Portfolio Problem

Based on the spread dR;; — dR,: > 0, we conjecture that financial intermediaries
borrow to take levered positions on physical capital and that households lend. Let
nyy > 0 denote the net worth of financial intermediaries. The capital positions that
financial intermediaries take ks, therefore satisfies q:krr > nysy genericallym

The investment portfolio decisions of financial intermediaries comprise
{kfe,myse/pe; e} . The process my/p; > 0 is the real position that financial interme-
diaries take on reserves. The investment portfolio decisions of financial intermediaries

dictate the evolution of net worth ny, accordingly

dnf’t = de,tqtkf,t — thfyt/ptdt — ('lt — 7Tt) (qtkf,t + mf,t/pt — nf’t) dt (33)

— T ppdt + [Ry (w;00) * (qekpe +mype/pe — npy) + o (W) npye] * (J;r — 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
Jt —J; = 0. The quantity qitki+mys/pr—mny, 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 7 ; is proportional on net worth.

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

worth ny, associated with withdrawal risks on deposits. The function R, (w;w;) mea-

21The relationship gk t.t = nyy holds only when financial intermediaries own all of the wealth in
the economy.
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sures the returns per unit of initial deposits from trading reserves ex-post. Ex-post
means following the realizations of the jump J," —J; = 1 and of the withdrawal shocks

on deposits w. The return R; (w; ;) is (see subsection [3.2.2))
Ry (wy @) = 14 [0 + Ay (Wi 0p)] Lco +71 (08 — W) Lucjoz] — o (W — @) 1osa, (3.4)
The liquidity ratio of financial intermediaries w; is

_ mf,t/pt

Wt pu—
Gk + Mg /D — Ny

(3.5)

The total return from trading reserves ex-post is the product between R; (w;w;) and
the quantity of deposits ¢k g+my./pr—nys. The process 7o (w) ny, denotes a transfer
that financial intermediaries receive ex-post. The transfers 7 (w) are proportional to
net worth and contingent upon the realization of the idiosyncratic withdrawal shock
w.

Financial intermediaries take the tax rate 7, and the transfers 7o, (w) as
given. The policy schedule {74, 72+ (w)} serves only a technical purpose. The
purpose of the transfers 7, (w) is to guarantee that endogenous variables do not
jump along with Jtﬁ The purpose of the tax rate 7, is to guarantee that the policy
schedule {714, 7 (w)} is self-financing. In subsection we derive the policy
schedule {714, 7, (w)} that satisfies the aforementioned two properties. Intuitively,
endogenous variables do not jump if the transfers 7, (w) perfectly insure financial
intermediaries against withdrawal risks on deposits. In such case, the net worth ng,
does not jump along with .J,. Because the jump J;" — J, affects directly the evolution

of ny, only, none any other endogenous variable jumps along with J; either.

22From 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 J;.
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Financial intermediaries are subject to a moral hazard problem. The moral haz-
ard 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/X of their capital holdings ks, at the penalty of losing their
franchiseﬁ The value of diverting funds is therefore ¢;kr;/A. If they behave prop-
erly, financial intermediaries stay on business, and obtain the franchise value of their
financial intermediary company V;. The value of behaving properly is therefore V.

The moral hazard problem gives rise to the incentive-compatible constraint
Gk < \V; (3.6)

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 office switches her occupation. When they retire, financial inter-
mediaries 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 x/p shares of the aggregate capital stock.

23We 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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Financial intermediaries discount future dividend payouts with the stochastic dis-
count factor (SDF) of the household, i.e. Atﬂ weighted by the survival density
function of the financier in office (financial intermediaries never divert funds). We
conjecture that the SDF of the household A; follows an Ito process (see subsection
3.2.4).

Financial intermediaries solve the portfolio problem

krimy 450620

st.inge >0, (3.3), (77), (7?7), (3.4)

ee _ A
VvV, = max Et/ pe P 2, ds (3.7)
t At

Solving the Portfolio Problem We conjecture that the franchise value of

financial intermediaries is linear on net worth
Vi =un fit

with v, > 1@ A linear guess works here because the portfolio problem (3.5) is lin-
ear. Intuitively, problem is linear because the objective function of financial
intermediaries is linear, and because financial intermediaries take assets returns and
prices as given (constraint functions are therefore linear as well). The process v; is the
Tobin’s Q of financial intermediaries: Equivalently, v; measures the marginal /average
value of wealth in the financial intermediary sector. The process v; is never below 1
because the Tobin’s ) of an hypothetical financial intermediary that can invest only
in deposits is always equal to 1.@ We conjecture that v, follows an Ito process.

Let ¢_; denote the portfolio shares of financial intermediaries. Let ¢y, = qikye/n g4

denote the portfolio share in physical capital and let ¢, = (myi/p:)/ny denote

24The process A; is an endogenous process to be determined in equilibrium.

25The process v; is an endogenous object to be determined in equilibrium.

26See subsections and The reason is that households are indifferent on the margin
between consumption and deposits.
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the portfolio share in reserves. The incentive-compatible constraint reduces to the
standard financing constraint

¢k,t < vy

The leverage multiple amounts to ¢+ + ¢, +. The portfolio shares satisfy that ¢, >
1 generically and that ¢,,; > 0. The liquidity ratio is the same for all financial

intermediaries. Specifically,

(Dt — ¢m,t
¢k,t + ¢m,t —1

Proposition 6 The optimality conditions in the portfolio problem of financial inter-
mediaries are four:

1. The internal investment condition
I'(u) =1/q
2. The liquidity ratio condition
—idt + Ep [Rim ¢ (w; )] 0dt < 0

with equality if wy > 0.

3. The asset pricing condition on capital
Et [deﬂg] + EF [Rkﬂg (w, (I)t)] th — (’lt — 7Tt) dt + CO’Ut [dAt/At + dUt/Ut, de,t] Z 0

with equality if ¢ < Avy.

4. The asset pricing condition on the Tobin’s @)

Et [an,t] + Uﬁdt + Et [dvt/vt] — ﬁdt + CO'Ut [dAt/At, d/l)t/’l)t] =0
t
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with

Et [an,t] = \Et [dnf’t/nf,t] — (Zt - 7Tt) dt + CO'Ut [dAt/At -+ dUt/'Ut, dnf,t/nf’t]

>

risk—adjusted excess return on equity

Proof?1 m

The internal investment condition is the same as in Brunnermeier and Sannikov
(2014). The internal investment condition implies that ¢, is positively related with the
price of capital ¢;. Intuitively, when the price of capital is higher, financial intermedi-
aries invest more, because physical capital is more valuable. The internal investment
rate solves a completely static problem: the internal investment rate +; only depends
on the spot price ¢;.

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 interest rate on deposits and the inflation rate: By the Fisher equation,
it equals the nominal interest rate i;dt. The marginal benefits of holding reserves are

Erp [Rpy (w;wy)] Odt, with

Ryt (i) = Ry (w; ) + [110dwcs, + Toilose,] (1 — @)

The factor 6dt weights the marginal benefits by the likelihood of a jump during the
time interval dt. The expectation operator Er [.] weights the marginal benefits by
the probability distribution F of the withdrawal shocks on deposits. The function
R1 (w;wy) is the partial derivative of the total return Ry (w;w:) * (ks + Pmys — 1)
with respect to ¢, ;. The function R,,: (w; ;) reads as follows.

Marginally increasing the portfolio share in reserves ¢,,; brings a direct and an
indirect effect. The direct effect is the consequence of raising more deposits: Increas-

ing ¢, requires raising more deposits because financial intermediaries have already

27See the Appendix
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exhausted all of their net worth in capital positions (i.e. ¢, > 1). The first term
in the RHS accounts for the direct effect. The indirect effect is the consequence
of increasing the liquidity ratio @w;. Increasing the liquidity ratio boosts the return
Ry (w; @) because it alleviates liquidity needs as well as improves liquidity excesses
ex-post. For instance, if w > @, and financial intermediaries happen to be borrowers
of reserves, increasing the liquidity ratio saves 7, per unit of deposits. Similarly, if
w < Wy, and financial intermediaries happen to be lenders of reserves, increasing the
liquidity ratio yields an additional rate of return of 7, per unit of deposits. The
second term in the RHS accounts for indirect effect. The factor 1 —; weights by the
partial effect that ¢,, has on @, and by the deposits position ¢+ + @, — 1.

The marginal benefits from holding and whence trading reserves ex-post
R,1 (w;wy) is always non-negative. Furthermore, the marginal benefits R, ; (w;w;)
are fully determined by the liquidity ratio. The liquidity ratio condition therefore
implies that financial intermediaries set a positive liquidity ratio w;, if any, to match
the expected marginal benefits from trading reserves ex-post to the opportunity
cost of holding reserves. If i;dt > Ep R+ (w;a)]0dt for all w; € [0,1], financial
intermediaries prefer to set a null liquidity ratio w; = 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
Ep Ryt (w;ioy)] Odt.

The asset pricing condition on capital is similar as well to the optimality con-
ditions 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 terms add up to the excess return on capital. The second term is un-
usual and results from the withdrawal risks on deposits. The function Ry, (w;d;) is

the partial derivative of the total return R; (w;@;) * (k¢ + ¢mys — 1) with respect to
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@1+ Specifically,

Rk,t (UJ§ @t) =Ry (w; (Dt) - [Tl,t1w<wt + Tb,t1w>a;t] Wy

The function Ry, (w;w;) has a similar interpretation to R, (w;w:) but for marginal
increases on ¢ The term Ep [Rj; (w;w)] 0dt measures the extent up to which
marginally increasing ¢y, affects the expected returns from trading reserves ex-post.
The function Ry, (w;w;) depends only on the liquidity ratio and is strictly increas-
ing on @;. The second property in turn implies that higher liquidity ratios boost
the excess return that financial intermediaries earn on capital. Intuitively, excess re-
turns are higher when @, is higher because financial intermediaries are less exposed
to withdrawal risks.

The last term in the LHS, i.e. the covariance Cov; [dA;/A; + dvi /vy, dRyy) , mea-
sures the compensation for holding capital risk that financial intermediaries demand.
The co-movement between dv;/v; and dRy, matters for valuing capital risk because
financial intermediaries are subject to financing constraints: Financial intermediaries
are then 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 fi-
nancial 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 cap-
ital 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-
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adjusted excess return on equity over deposits that financial intermediaries earn. The
term Et [dR,, ;] measures the expected profits that financial intermediaries earn per
unit of net worth: Notice that F, [dR,.;+] is the product of the risk-adjusted excess
return on capital and the portfolio share in physical capital ¢,. 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.

3.2.4 Households’ Portfolio Problem

Let ny, > 0 denote the net worth of households. The portfolio investment decisions of
households comprise {kp¢, mp¢/p: = 0; 1} . 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, i; > 0.

The consumption and portfolio investment decisions of households, together with

the transfers that they receive, dictate the evolution of the worth n;,; accordingly

dnnt = dRp qikns + (i — 7)) (N — @kng) dt — cidt + Trans fers; (3.8)

The quantity ny ¢ — q:kp ¢ is the amount of deposits that households hold. The process
Trans fers, 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 (pNy; — kg K};) dt. In this notation, upper case
variables denote aggregate variables. We specify the transfers that households receive
from the Monetary Authority in subsection [3.2.5] For convenience, we automatically
deduct from the latter the lump-sum taxes that households pay to finance the interest

rate payments on government bonds.
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The objective of households is to maximize the present discounted value of their

utility flows
[e’e] 1—v
E, / e =0 S g (3.9)
t

The parameter v is the risk aversion coefficient. The SDF of households is A; =

—pt .=
e e .

Solving the Portfolio Problem The portfolio problem of households is to
maximize (3.8)) subject to n,,; > 0 and (3.7)) .

Proposition 7 The optimality conditions in the portfolio problem of households are
three:

1. The internal investment condition
I'(u) =1/q
2. The asset pricing condition on deposits
(iy — 7)) dt = —E; [dAy/Ny] = pdt + vEy [deg [ ey] — %7 (v + 1) Vary [det/ ¢4
3. The asset pricing condition on capital
Ey[dRp 4] — (i — m) dt + Covy [dAy /Aty dRp ] <0

with equality if ky; > 0.

ProofZl

The internal investment condition is the same for both households and finan-

cial intermediaries. The reason is that both agents face the same static investment

28See the Appendix A.
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optimization problem. The internal investment rate ¢; 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 kj,; = O.

3.2.5 Monetary Policy and Seigniorage Revenues
Monetary Policy

Monetary policy has three independent policy instruments. We characterize policy
instruments in terms of rates of return. Monetary policy comprises a process for the
nominal interest rate ¢,;; a process for the discount window rate r,,;; and a process
for the interest rate on excess reserves r.,. Policy instruments generate seigniorage

revenues and/or expenditures.

Seigniorage Revenues

Open Market Operations The Monetary Authority conducts open market
operations to implement a process for the nominal interest rate. Open market oper-

ations generate seigniorage revenues because government bonds dominate reserves in

”

29We disregard the possibility of the opposite inequality, i.e. ” > 7, 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 .
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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 —mdt, to invest in government bonds
at a real rate of return of (i, — m) dt. Gross seigniorage revenues from open market
operations therefore amount to i,M;/ ptdt.m The corresponding net seigniorage rev-
enues amount m; M, /p,dt. 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 (i; — ;) Gydt on government bonds.

Discount Window and Excess Reserves The Monetary Authority trades
reserves with financial intermediaries to sustain the rates r,; and r.;. Lending re-
serves 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

[(Twi = Tet) L{ER [(W — @) Losa,] > @i + 1es] * [Er (w0 — 0r) lusa,] — W

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

ie. Fp[(w—w)lysg] > @, financial intermediaries on aggregate lack enough re-
serves holdings to meet all of their liquidity needs. Financial intermediaries then
have to borrow the remanent reserves Er [(w — &) 1,55, — @; in discount window,
and net seigniorage revenues therefore amount to 7, * [Ep [(w — @) Lusg,] — @)

per unit of aggregate deposits. If the financial intermediary system is liquid, i.e.

Er[(w— @) 1ys5,] < @, the opposite happens: Financial intermediaries on aggre-

30The aggregate stock of real reserves M;/p; equals the position that the Monetary Authority
takes on government bonds G;. The reason is that all seigniorage revenues are paid on the spot.
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gate have enough reserves holdings to meet all of their liquidity needs, and whence
park the remanent reserves w; — Ep [(w — @) 1,54,] in the balance sheet of the
Monetary Authority. In this second case, net seigniorage expenditures amount to

Tetr * [0 — Ep [(w — @) Lusg,]] per unit of aggregate deposits.

3.2.6 Competitive Equilibrium

We restriction attention to a competitive equilibrium in which inflation is locally
risk-free and endogenous variables do not jump.

Let n; = Ny4/q K, denote the wealth share of financial intermediaries. Let ¢; =
(M;/p¢) /q: K denote the wealth share of reserves. The total wealth in the economy
is ¢; K; 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 {¢;} ; the nominal price {p;} ; the
inflation rate {7} ; consumption {C;}; the capital position of households { K}, } ; the
portfolio share in physical capital {¢y+}; the portfolio share in reserves {¢,, .} ; the
liquidity ratio {w;}; the wealth share of financial intermediaries {r;}; the Tobin’s
Q of financial intermediaries {v;}; the internal investment rate {,}; the aggregate
capital stock {K;}; the aggregate stock of nominal reserves {M,}; the wealth share
of reserves {¢:} ; the discount window rate {r,,;} ; the interest rate on excess reserves

{re:+}; the market rate {r,,+} and the policy schedule {7, 72 (w)}; such that:
1. Optimality conditions

() {@rt, Pmt,@r; Lt} solve the problem of financial intermediaries
(b) {Ci, Kpy; 1} solve the problem of households

(¢) {rm.:} solves the Nash Bargaining problem

2. Market clearing conditions
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(a) The market for the consumption good clears
Cr+ Ky = lag * Gpeme + ap * (1 — ¢peme)] Ko
(b) The market for capital holdings clears
K/ Ky =1~ ¢premy
(c) The market for real reserve holdings clears
PN = P

(d) The OTC market for reserves clears

3. Conditions for law of motions
The nominal price p; evolves according to (3.2) and the aggregate stock of
physical capital K; evolves according to (3.1)) .

4. Condition for locally risk-free inflation rate

The aggregate stock of nominal reserves M, evolves accordingly

dM; — mdt + d (Pum,me) i d (q:K) 4 d (mne) d (@ h4)

M, ¢m,t7lt Ky ¢m,t77t g Ky

5. No-jump condition

The policy schedule {71+, 72 (w)} is

T = Ep [= Ry (w; @) * (Prt + G — 1)] 0

Top (W) = =Ry (w;@t) * (Pt + G — 1)
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The market clearing condition for the consumption good guarantees that con-
sumption and investment equal output. The process ¢ ;7 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 r,; and the effective lending rate
r;¢ in equilibrium. Notice that in equilibrium w; = .

The law of motion for M, describes the evolution of nominal reserves that im-
plements the locally risk-free inflation rate dp;/p; = mdt. The law of motion for M,
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 75, (w) in condition (5) perfectly insure financial intermediaries
against withdrawal risks on deposits. The tax rate 7, in condition (5) guarantees
that the policy schedule {7y, T2+ (w)} is self-financing. We assume that {714, 72+ (w)}
can be financed by borrowing and lending at an exogenous real interest rate of p,
with p — 0. In the limit with p — 0, the tax rate 7, amounts to the expected value
of the transfers 7 (w).

Markov Competitive Equilibrium We conjecture that a Markov equi-
librium exists. We conjecture furthermore that the state variables of the Markov
equilibrium are {n, K} . The level of the aggregate capital stock K, is irrelevant for
the analysis because the equilibrium outcome is scale invariant with respect to Ktﬂ
The dynamics of K; is nonetheless relevant because the evolution of the aggregate

capital stock influences the growth rate of the economy (see section . Both the

31Namely, the endogenous variables in the equilibrium are either linear on, or independent of, K.
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level and the dynamics of the wealth share of financial intermediaries 7, are relevant

(see section [3.4)).

The Markov equilibrium adds a consistency condition to the conditions of the
competitive equilibrium. The Markov equilibrium (additionally) requires 7; to evolve

in accord with the conditions of the competitive equilibrium.

3.3 Parameter Values and Functional Forms

Table |3.1] below describes the parameter values and the functional forms that we use

in our numerical analysis. The time frequency is annual.

Table 3.1: Parameter Values and Functional Forms

Parameter Values / Func. Forms Value Target
Panel A: Technology
ay Prod. of fin. intermediaries 2% Ratio output/capital
ap Prod. of households 1.3% Average Sharpe ratio
o Fundamental risk 3.5% Vol. of adj. TFP
I(t) Internal investment technology ~ Sgqrt(:) Literature
0 Depreciation rate 1% Literature
Panel B: Financial Intermediation
A Fraction of divertable assets 2 Av. leverage multiple
p Arrival rate retirement shock 10% Av. survival frequency
K Initial capital endowment 1.5% Av. wealth/capital ratio
Panel C: Settlement
0 Arrival rate withdrawal shocks 5 Average liquidity ratio
F(w) Distribution withdrawal shocks  Logistic Literature
13 Nash bargaining power 0.5 Corridor system
Panel D: Preferences
p Time discount rate 2% Literature
v Risk aversion coefficient 1 Literature

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

nermeier and Sannikov (2014). Specifically, I (¢) is
1
I(1) = 3 (\/A2 +2B1— A)

Notice that I (¢) has quadratic adjustment costs.

We choose A, B and a; to match aggregate quantities and prices in the frictionless
economy. The frictionless economy is such that there are no financing constraints nor
withdrawal risks on deposits (i.e. 1/, 1/8 — 0)F? In the frictionless economy, the
productivity coefficient ay equals the ratio of aggregate output to aggregate capital
Y;/K; (financial intermediaries always manage all of the aggregate capital stock). We
set a value of ay of 2% which is standard. Additionally, in the frictionless economy,
the internal investment rate attains its efficient value ¢g, with

qp — A

Lp = 5B

The price of capital, and the real interest rate, attain their efficient value ¢z, and rg,

withB3]

= B*{\/pz—i—Qaf/B—l—(A/B)Q—p}

qge — A 1 9
)y — = 1
rE p+( 5 5)7 27('y+ )o

We set A and B to jointly target a ratio of investment to output ¢z /as of 20% and a
real interest rate rg of 4.05%. A rate rg = 4.05% yields an annual real interest rate

of 2%.

32We assume that in the frictionless economy there is no inflation either. Namely, m; = 0.
33The efficient price of capital gr solves the asset pricing condition on capital for financial inter-
mediaries. See the Appendix for further details.
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The depreciation rate of physical capital § is set equal to 1% which is standard.
The coefficient that measures fundamental risk, i.e. o, is set equal to 3.5%. A value
o = 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 dZ; 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 a; and a; affects that between dR;, and dRj,;, and,
whence, the fluctuations on the return on capital in equilibrium. We set a; 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 A\ equal to 2 to target an average leverage
multiple of 3.5. The arrival rate of the retirement shock of financiers, i.e. p, targets an
average survival frequency of financial intermediaries of 10 years. The initial capital
endowment x 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 & is
1.5%.

Panel C: Settlement

The cumulative probability distribution function of withdrawal shocks F'(w) 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 distri-

bution F' (w; i, s) with location p = —0.0029 and scale s = 0.022. We set the location
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p equal to 0 to guarantee that [wdF (w;u,s) = 0. Additionally, we accommodate
the support of the logistic distribution to the open interval (—oo,1).

We set the arrival rate 6 of the Poisson process J; to target an average liquidity
ratio of 40%. The value of 6 is 5.

We set a Nash Bargaining coefficient & of 0.5. A value £ = 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 ry,; = (ruy: + res) /2.

Panel D: Preferences

We set a time discount rate p of 2% which is standard. The risk aversion coefficient

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

3.4 Liquidity Management and Leverage Decisions

To examine the interactions between liquidity management and leverage decisions we
consider 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 arbitrary choose to hold no reserves, i.e. W, = ¢,,; = 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.

3.4.1 Benchmark Economy without Liquidity

If @y = ¢ = 0, the equilibrium has two well-demarcated regions (Figure . The
underlying difference between these two regions concerns the size of the borrowing

capacity of financial intermediaries. In a first region, financial intermediaries have
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a low borrowing 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. Avyn; < 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. Avymy > 1.
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Figure 3.1: The Equilibrium of the Economy without Liquidity

When Avim; < 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 , LHS of dotted line). The price
of capital attains a value considerably below its efficient value of qg, because otherwise
households would earn low net dividend yields (aj — ;) /¢; as well as negative risk-
adjusted excess returns. Financial intermediaries borrow until hitting their financing
constraint (Figure [3.1h, LHS of dotted line). Financial intermediaries take the largest
possible levered position on capital, ¢ = Avy, because they earn net high dividend
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yields (ay — ¢) /g as well as high and positive risk-adjusted excess returns. The ratio
Y/ K = dpamar+ (1 — ¢pamy) ap, attains a value below its efficient level of a; (Figure
, LHS of dotted line) because the allocation of physical capital is inefficient. The
internal investment rate ¢; also attains a value below its efficient level of ¢z but because
@t << (qE-

When Aviny > 1, in equilibrium, financial intermediaries manage all of the aggre-
gate capital stock, and households take no positions on capital. Financial interme-
diaries borrow until clearing the market for capital and whence ¢ = 1/ < Ay
(Figure , 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 , RHS of dotted line). House-
holds refrain themselves from holding capital because they earn low net dividend
yields as well as negative risk-adjusted excess returns. The ratio Y;/K; attains its
efficient level of a; (Figure [3.1b, RHS of dotted line). The internal investment rate
takes a value closer to its efficient value of ¢ (Figure [3.1d, RHS of dotted line).

The dynamics of the equilibrium differ between the two regions as well. To study
dynamic behaviors we decouple time series into a trend variable and a cyclical vari-
able. 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 K
and 7;. The law of motion of the aggregate capital stock K; dictates the evolution
of the trend variables. The reason is that the equilibrium outcome is scale invariant
with respect to K. Because all endogenous variables that exhibit a positive trend

have indeed a common trend (i.e. all of them are linear on K3), the law of motion
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of K; also dictates the evolution of the trend rate of economic growth. The law of
motion of the wealth share of financial intermediaries 7, 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 1.

The trend rate of economic growth evolves accordingly
th/Kt = [I (Lt> — (5] dt + O'dZt

The trend rate evolves stochastically. The expected trend rate is endogenous and
depends on the position of 7,. Specifically, when the wealth share of financial inter-
mediaries 7, is low, the expected trend rate is low as well, because the price of capital
is depressed, and the internal investment rate ¢; is low. The opposite happens when
the wealth share of financial intermediaries 7, is high.

The wealth share of financial intermediaries 7; evolves according to
dne/ne = pygudt + 0y dZ,

with

pgadt = H a1
4t

(Gt — 1) [Et [dRss] + Er [Re (w;wy)] 0dt — (iy — m) dt — Vary [dRy.4]]

s lis — B[Ry (w3 20)] 0] dt + (; - ﬁ) at

Un,tdt = (¢k,t — 1) (Jq,t + 0') dt

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

process f,: measures the expected growth rate of n,. The first three terms in p,;
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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 reservesP The second and third terms include the
policy schedule {74, 7, (w)} that financial intermediaries face in equilibrium (see
subsection [3.2.6). The expectation Ep [R; (w;@:)]0dt in the second term deducts
the costs of withdrawal risks that follow from the deposits positions that finance the
levered capital positions ¢y, — 1. The same expectation Ep [R; (w;w;)] 8dt, but now in
the third term, incorporates the benefits of holding reserves into the effective return
of reserves. The last term in p,, is the net transfers that financial intermediaries
payout to households (see subsection [3.2.3).

The diffusion process o0,,; measures the volatility of the wealth share of financial
intermediaries. The process o, is the product between the levered capital positions
¢rt — 1 and the aggregate risk o,; + 0. Aggregate risk amounts to the volatility
of the growth rate of the total wealth in the economy, i.e. Var[d(¢:K;) /K] =
(040 + o) dt.

Figures and illustrate the dynamic behavior of 7, by isolating the be-
haviors of ji,¢n; and of o, ;n;.

The bottom line from Figure is that the wealth share of financial intermedi-
aries 1, is mean-reverting. The mean at which 7, reverts is the stochastic steady state,
i.e. the state at which p,; = 0, (the red dotted line in Figure )E The bottom
line from Figure is that fluctuations on 7, gets amplified through endogenous

fluctuations on the price of capital ¢;. The red line in Figure |3.2b plots the process

34In this particular economy without liquidity, the third term is null, as ¢, ; = 0.
35The process 7; mean-reverts because the first three terms in ln,¢ are inversely related to the
marginal valuation for capital of the marginal investor (Van der Ghote 2017).
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oM assuming that the price of capital is constant, i.e. o4+ = 0. The spread between
the blue and the red lines is (¢4 — 1) 0,

The processes p,n: and o, together shape the invariant distribution of the
wealth share of financial intermediaries (see the Appendix A). The invariant distribu-
tion of 1, shows that the regions {\v;n; < 1} and {\v;n; > 1} occur frequently often in
equilibrium (Figure ). Additionally, the invariant distribution of 7, together with
the processes pu,,n; and oy,47, show that the economy recurrently transitions from
episodes in which financial intermediaries are undercapitalized, and {Av;n, < 1}, to
episodes in which financial intermediaries are well-capitalized, and {\vyn, > 1}, and
vice versa.

The invariant distribution of Y;/K; results from dynamic behavior of the wealth
share of financial intermediaries (Figure ) The ratio Y;/K; is pro-cyclical as well

as mean-reverting. The ratio Y;/ K} is pro-cyclical because Y;/ K, is positively related

to n, (Figure [3.14).

3.4.2 Economy with Liquidity

In equilibrium, there are always two well-demarcated regions independently of lig-
uidity management decisions. Specifically, in equilibrium, independently of the pro-
cesses for ¢p,; and @, the regions {Avym < 1} and {Avy > 1} always share the
same features that were described for the benchmark economy without liquidity (see
subsection . The behavior of the equilibrium nonetheless in general depends on
wr and @y, .

Figure |3.3b shows how to determine the liquidity ratio w; in equilibrium. Figure

plots the responses of i;dt and Ep [R,,; (w;w:)] 0dt to a one-shot deviation of

36The 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 financ-
ing constraints bind, and financial intermediaries have large aggregate effects, because the typical
pecuniary externality of economies with incomplete financial markets and occasionally binding fi-
nancing 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 3.2: The Equilibrium Dynamics of the Economy without Liquidity

the liquidity ratio w; from the process that it follows in equilibrium. Figure [3.3b
takes the state 7, as given. Figure shows that a one-shot deviation generates
a small effect on the opportunity cost of holding reserves, i;dt, but a large effect
on the marginal benefits of holding reserves, Ep [R,+ (w; ;)] 6dt. The effect on i,dt
is small because the liquidity ratio does not affect aggregate consumption directly
but only indirectly through its effect on the evolution of net worth n;. The effect
on Ep [Ry,: (w;wy)] 0dt is large because Ry, (w;w;) depends directly on the liquidity
ratio (see subsection .

The response functions in Figure pin down the value of the liquidity ratio in
equilibrium. In equilibrium, if the liquidity ratio is positive, the intersection between
irdt and Ep [Ry+ (w; )] 6dt determines the value of w;. Otherwise, if the liquidity
ratio is null, #,dt has to be weakly greater than Ep [R,,; (w;w;)] 0dt for any given
w; € [0,1]. The slope of Ep [R,; (w;w,)] in Figure determines the sign of the
co-movement between w; and i;. The slope of Ep[R,,; (w;w:)] is negative because

the effective lending rate 7, and the effective borrowing rate 7, are inversely re-
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lated to the liquidity ratio w; (see subsection and Figure ) m The slope of
Ep Ry, (w;w)] implies that the liquidity ratio and the nominal interest rate neg-
atively 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.

(a) Effective Rates of Return (b) One-shot Deviations
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Figure 3.3: Determination of the Liquidity Ratio

Figure plots the equilibrium outcome in the economy in which liquidity man-
agement decisions are endogenous.

Figure plots the liquidity ratio @, as a function of the state n,. Figure [3.4b
shows that liquidity ratio is counter-cyclical. The liquidity ratio in Figure is
counter-cyclical because the real interest rate, and whence the opportunity costs of

holding reserves, are pro—cyclical.lﬂ

37Figure 3a plots the expressions for 71+ and rp+ in subsection 2.2 setting w; = w;.

38The cyclical behavior of the real interest rate depends on the cyclical behaviors of Y;/K; and
of ;. Two counteracting forces shape the cyclical behavior of the real interest rate. On the one
hand, a pro-cyclical ratio Y;/K; pushes for a counter-cyclical real interest rate. On the other hand,
a pro-cyclical investment rate ¢, together with a pro-cyclical expected trend rate I (¢;) — d, pushes
for a pro-cyclical real interest rate. The second effect in general dominates.
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Figure plots the portfolio positions in capital ¢, as a function of the state 7;.
The purpose of Figure is to contrast the behavior of ¢, between the economies
with, and without, liquidity management decisions. Figure shows that ¢ is
higher in the economy in which liquidity management decisions are endogenous. Fig-
ure shows also that ¢ is higher when the state 7, is low, i.e. 7, < 7, and
financing constraints bind, and that the threshold state 7 shifts rightward.

The results in Figure follow from the positive effects that optimal liquidity
ratios have on the borrowing capacity Av;. Optimal liquidity ratios provide a better
hedge against withdrawal risk on deposits. Optimal liquidity ratios therefore reduce
the costs of leverage (¢ — 1) Ep [R: (w; ;)] Odt, that result from the withdrawal risks
on the deposits positions that finance the levered capital positions ¢, —1. Lower costs
of leverage boosts the profitability in financial intermediation as well as the Tobin’s
Q of financial intermediaries v;. Agency problems in financial markets then relax and
the borrowing capacity of financial intermediaries expands.

Figures [3.4c and plot invariant distributions. Figure [3.4c shows that the
economy with endogenous liquidity management decisions spends more time around
states 7; in which financial intermediaries are well-capitalized. Figure 4d show that
it also spends more time around states in which the ratio Y;/K; is higher.

The results in Figures and also follow from the positive effects that
optimal liquidity ratios have on the dynamics of net worth ns,. 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.
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Figure 3.4: A Comparison of the Equilibrium between the Economies with and with-
out Liquidity

3.5 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.

3.5.1 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 in-
creasing their liquidity ratio (Figure ) Financial intermediaries increase their
liquidity ratio relatively more when they are undercapitalized, i.e. when Avyn, < 1,

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

The reduction in the target of inflation, combined with the subsequent liquidity
responses of financial intermediaries, expand the borrowing capacity Av;. 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 intermediaries v; therefore increases and agency problems in financial
markets relax. The main consequence of expanding the borrowing capacity Av; is
that financial intermediaries take larger levered positions on physical capital when
financing constraints bind (Figure [3.5p).

The reduction in the target of inflation affects also the dynamic behavior of the
equilibrium 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 Y;/ K, is high (Figures and )
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Figure 3.5: Real Effects of Lower Inflation Targets
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3.5.2 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
rwe as well as increases the interest rate on excess reserves r.,, to keep the market
rate 7, constant.

The liquidity response of financial intermediaries to a narrower corridor depends
on how liquid the financial intermediary system initially is (Figure . If the finan-
cial intermediary system is liquid, meaning the economy spends most of its time in the
region in which @, > Er [(w — &) 1u>4,] , financial intermediaries increase their lig-
uidity ratio @, as well as their portfolio share in reserves ¢,,; (Figure 6a). Otherwise,
financial intermediaries reduce their liquidity ratio @, and ¢, (Figure 3.6b).

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 . 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 w; < Er [(w — @) 1,55,]) 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.
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How liquid the financial intermediary system initially is in equilibrium is endoge-
nous and depends on monetary policy. For a given width of corridor, the ratio of
the target of inflation 7 to the market rate r,,; determines the liquidity status of the
financial intermediary system in equilibrium. If 7 is low relative to 7, ,, the opportu-
nity 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 7 is high
relative to 7, the opposite results happens.

For any given initial liquidity status of the financial intermediary, narrowing the
corridor reinforces such status (Figure again). Specifically, if initially the financial
intermediary system is liquid, a narrower the corridor system boosts liquidity ratios
w; and ¢, as well as the share of time that the economy spends in the liquid region
of {o; > Er [(w — @) 1y>a,]} - If initially the financial intermediary system is illiquid,
the opposite happens: A narrower the corridor system reduces liquidity ratios w; and

®m. as well as the share of time that the economy spends in the illiquid region of

{wr < Bp[(w = @) Lusa]}-
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Figure 3.6: Real Effects of Narrower Corridors
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The responses of the other endogenous variables to a narrower corridor are inde-
pendent 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 ¢, always increase, because better terms
of trade of borrowing reserves against, and of lending excess reserves to, the Monetary
Authority (along with the subsequent liquidity response of financial intermediaries)
reduce the costs of leverage associated with withdrawal risks on deposits. The portfo-
lio share ¢, increase relatively more when financial intermediaries are undercapital-
ized, 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 intermediaries are well-capitalized and the ratio Y;/K; is

high, because financial intermediation because more profitable when leverage costs

fall.

3.6 Conclusion

The Global Financial Crisis of 2008 has underscored the importance of the financial
system in the transmission mechanism of monetary policy. This paper proposes a
framework in which the joint provision of settlement services and financial intermedi-
ary services matter for assessing the real effects of monetary policy. A key insight that
follows from the paper is that interest-rate policies such as policies on the nominal in-
terest rate, on the discount window rate, and on interest rate on excess reserves, affect
the interplay between 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
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resulting marriage would yield a new framework in which the interplay between lig-
uidity management and leverage decisions interacts with sluggish price adjustments.
The second direction consists in allowing endogenous variables to jump along with the
Poisson process J;. This second extension would relate to the bank runs framework

of Gertler and Kiyotaki (2015).
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Appendix A

Appendix to Chapters 1 and 2

Let B;; follow an Ito process with drift process up;; and diffusion process op, ;. In
the Appendixes, we denote E; [dB;,/B;,| by pp,dt and Cov,[dBy /By, Bai/ B2,

by 0, 0B, dt.

A.1 Optimality Conditions

The Appendix A.1 derives the optimality conditions in the portfolio problems of

households and of financial intermediaries.

A.1.1 Households

Let W, denote the value of households. We conjecture that W, satisfies
Wy=Ww (nh,t> Jt)

where W : R? — R is a twice continuously differentiable function, and J; is a sufficient
statistic of the aggregate state variables in the households problem. The process J;
is a scalar. We conjecture that .J; follows an Ito process with drift process j;; and

diffusion process o0;.

134



The value W, is the solution to the Hamilton-Jacobi-Bellman (HJB) equation

Ly

o
oW, OW.
Ine, — X35 + g S tnt g + Gt Jit
pWi = max
ct,lt,kn,: >0
1_82w, (nim )2+MU J.onn +1m<a 1)’
2 (o, )7 (Ot amy; Ot Onanne + 51575 (0rde

where the drift and the diffusion processes for net worth are

Tk, 7 . 7 .
Mn Tt = (Uh,tq_t + Mq,t) Qikong + (ip — ) (nh,t - th’h,t) + wely + 11 + Divy — ¢
t

OntMht = thh,taq,t

respectively.

The first-order condition with respect to consumption is

1 oW,

Ct 8nh,t

The first-order condition with respect to labor is

The first-order condition with respect to physical capital is

oW, 9*W, o*W,
! tQUn,tnh,t + Uq,t—tUJ,tJt <0

aJtﬁnh,t

Tkt .
Upt—— + — (1 — )| =—— F O i—
hit % Mgt ( t t) anh,t q,t (3nh,t)

with equality if Eh’t > 0.
The intra-temporal condition between consumption and labor follows from com-
bining the first two first-order conditions. The asset pricing conditions on deposits

and on the price of capital follow from applying the same methodology as in Cox,
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Ingersoll and Ross (1985). Specifically, first, replace the first-order conditions in the
HJB equation; second, take the first-order condition with respect to n, in the ex-
pression obtained in the first step; and third, re-arrange the expression obtained in

the second step accordingly.

A.1.2 Financial Intermediaries

The Tobin’s Q v, is the solution to the Hamilton-Jacobi-Bellman (HJB) equation

pvy = H}baX {p+ [fine + pog — (i — ) + OutOnt — OctOnt — TetOut] Ut}
t

s.t.: ¢y € [1, min { vy, D, }]

where the drift and diffusion processes of net worth are

t

fint = (% + Mq,t) ¢y + (i — ) (1 — o)

&n,t = ¢t0q,t

respectively]T]
The first-order condition with respect to the leverage multiple is
Tkt

m + pge — (it — M) — Ocp0qp + 0p 104 > 0
t

1To derive the HJB equation, we work with the gain process G

e} t
G, = Et/ ﬁe‘ﬁsAsnf,sds = / ﬁe‘ﬁSAsnfysds + e_ﬁtAtvtnf’t

—00 —0Q0

The equality at the RHS follows from the definition of V; and from the conjecture that V; = ving ;.
The HJB equation follows from applying Ito’s Lemma to the RHS, and from equalizing the resulting
drift process to zero. (The drift process of G; is null because G; is a martingale: Specifically, G,
is the conditional expectation of a random variable. The drift process of A; is — (i — ;) , and its
diffusion process is —o ).
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with equality if ¢; < min {Av;, &, }.

The HJB equation yields the condition

- . - - 1% -
fing — (it — ) — OctOnt + OutOnt + . + fyt — P — OOyt =0
¢

A.2 Distortions and Wedges

The Appendix A.2 derives the aggregate production function and the relationship

between the marginal production costs, the productivity wedge and the labor wedge.

A.2.1 Aggregate Production Function

The market clearing conditions on inputs are

17 a r, Q"
lat (W) = E 1_0”%: Wy = Uy

1 [1—aw ]° _
kat (W) = Xt o Ett WYy = uk

Here, Iz (wy:) denotes the aggregate demand of intermediate firms for labor and
ka: (wiy:) denotes their aggregate demand for capital services.
To derive the aggregate production function, divide the first condition by the

second condition and obtain the following expression for ry ;/w;

Tk‘,t l1—« lt

Wy (0% Utk

Replace then the expression for ry;/w; in the first condition.
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A.2.2 Marginal Production Costs

The marginal production costs are

vy 1 win®

Yie Ay e (1—a)'™

The expression for r4/w; coupled with the intra-temporal condition between con-

sumption and labor imply that
¢ (y;) _ E
Yj Wt

A.3 Competitive Equilibrium

The Appendix A.3 characterizes the competitive equilibrium for the different policies
under consideration and describes the methodology used to solve for the Markov

equilibrium numerically.

A.3.1 Characterization

Flexible Price Economy

In the flexible price economy, w, = 1 and l; = l,; = (o/ X)ﬁ . The dividend return

on capital is given by the marginal productivity of capital services

(8% ﬁ At
—(1— b -
Tkt ( Oé) <X> (Utl{?)a

Competitive Equilibrium The competitive equilibrium is characterized by

the following set of conditions
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e The asset pricing conditions on capital and on the Tobin’s Q

Tkt Tkt
Una= = + Hgt — Tt — Oy t0qs + {(1 — Upt) n + 0040g1| 1y =0
t t

Tk, 0 -
(1 — uny) q—t + Uv,th,t} o Uﬁ + fot — p— 0y t0u =0
t t

e The law of motion of 7,

Tk, Tk, K 5
Hnt = — 4 {_t“‘/iq,t_?”t_ag,t} (e —1)+——p
4 dt

Ont = (th - 1) Og,t

The leverage multiple is ¢, = min { v, ®;,1/n,} . The real interest rate is r; =
Pyt — 05725 (this follows from the asset pricing condition on deposits). The process
14, € {0,1} indicates whether financial intermediaries are the marginal investors on
capital. Namely, 17, = 1 iff ¢, = 1/n,.

Markov Equilibrium We conjecture that a Markov equilibrium exists. The
state variables are A and n. We conjecture furthermore that the Markov equilibrium

is scale invariant with respect to A

@ =q(m)A;  ve=v(n)

where ¢, v : [0,1] — R, are twice continuously differentiable functions.
The Markov equilibrium has two regions. The equilibrium regions differ on the

identity of the marginal investor.
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For the region in which households are the marginal investors (i.e. 1; = 0 locally),

the Markov equilibrium is characterized by the second-order ODE system

[1_(¢_1)(5q_5y)]uh%+(5q_5y) (%(;5—1—%—,5—6(]0727) —pt

1
+3 (e4)8q — €y,8y) 02 =0
r Y r Ko _
=) % vy 0+ 2t [t (L= w) ) %4 2 =5 oo 2= it
2
g,
—1—51,5%5" =0

with ¢ = min {\v, ®}.
For the region in which financial intermediaries are the marginal investors (i.e.
1y = 1 locally), the Markov equilibrium is characterized by the second-order ODE

system

[1—(¢—1)(gq —&y)] (% + 8van%) + (54 — &) (%(b + % —p— 5‘10727) — Pt

+= (€q,80 — Eyy8y) 02 =0

DN | —

§+ {%k —51)0,2]4—%—/3—0(10771 gv—ﬁ—l—%avevnag =0
with ¢ = 1/n.

The independent variable in the ODE systems is 7. The endogenous functions are q
and v. The functions g, and v, are the first-order derivative of ¢ and of v, respectively,
with respect to 7. The function r is the dividend return on capital scaled down by
the productivity level A. The productivity coefficient of households wuy, is linear on
¢n (see the Calibration section). Aggregate risk satisfies o, = o4/[1 — (¢ — 1) ¢,].

Notice that we have omitted the time subscript ¢ in the ODE systems.

140



The ODE systems follow from rearranging the conditions that characterize the
competitive equilibrium and from applying Ito’s Lemma accordingly.
Invariant Distribution Let §, : [0,1] — R4 denote the invariant proba-

bility distribution of 7. The function 9, solves the Kolmogorov forward-equation

0 0? 9
an [11qm * 0] + o (o)™ % 6,] =0

The invariant probability distribution therefore satisfies

0 -
b,y x ;2 exp / 2 an?gdﬁ
(o) o (oq)

with [} 8, (7) dij = 1.

Economy without Macro-prudential Policy

In the economy without macro-prudential policy, ® = +4oc0.
We conjecture that there are two equilibrium regions. Specifically, we conjecture
that (i) for n <, Av < 1/n and 1; = 0; and that (i¢) for n > 7, Av > 1/n and

17 = 1. The threshold state 7 is such that Ao = 1/1 where v = v (7).

Economy with Macro-prudential Policy

In the economy with macro-prudential policy, ® = a1n + ag + as1ly. The constants
a1, ag are such that (i) A\vp = ainr + ao; and (ii) 1/ny = a1y + ap; with v, = v ()
and 0 < np < 77 < nyg < 1. The constant as is such that & > 1/n for n > ny. The
function 1y indicates whether n > ny.

We conjecture that there are three equilibrium regions. Specifically, we conjecture
that (2) for n < np, Av < min{®,1/n} and 1y = 0; (i) for n € [N, nu|, & <

min {A\v, 1/n} and 1; = 0; and that (izi) for n > ng, 1/n < min {\v, @} and 1, = 1.
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Optimization Problem Let Wg : [0,1] — R_ denote the conditional
present discounted value of the aggregate TFP losses from financial disintermedia-
tion

Wg () =(1—a) Et/ e P In y ds
¢

We conjecture that Wr is twice continuously differentiable. The value Wy solves the

HJB equation

OWp 10°Wr
pWF = (1 — Oé) Inu —+ a—nunn + 58—772 (07777)2

The optimal macro-prudential policy is such that the thresholds 7y, ny solve

masx [ We )6, 3) di

NL,MH

Sticky Price Economy

In the sticky price economy, in general, w; > 1 and [l; # [, ;. The dividend return on

capital 7y is

g = eHotVIg g (1 — ) (Q) " L_tai
X (Utk) Wt

Let B; and M, denote the present discounted value of sales revenues (gross of sales

subsidies) and of production costs, respectively. Specifically,

oo AS s o0 S N
Et/ Gefa(sft)—]?tyd’—@t)ds = HytEt/ exp {— / O+p—(e—1)ms) ds} ds
t t t

B
! At Ds

(o) A o0 S h
M, = E, / 0™ 20, yas (pr)] ds = Oy By / exp {— / (6 4 p —ems) d§} —ds
t t t t

Ws

The equalities at the RHS follow from combining (¢) ya: (p;) = (pj/p) "y (i)

Ay = e P Jyy; (i4i) ps/pr = exp {f: 7rgd§} ; together with (iv) x: (y;) /y; = he/wr.
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The unitary values b, = B, /0y, and m; = M, /0y, satisfy the asset pricing condi-
tions

1
b—+ub,t+(€—1)7rt—p—9=0
t

hy 1
—— g+ M —p— 0 =0
Wt Myt

where 14, and i, are the drift processes of b; and of m,, respectively. The asset
pricing conditions follow from the Feynman-Kac formula.
Competitive Equilibrium The competitive equilibrium is characterized by

the following set of conditions

e The asset pricing conditions on capital and on the Tobin’s Q (same equations

as in the flexible price economy)

e The asset pricing conditions on the unitary sales revenues and on the unitary

production costs (i.e. the asset pricing conditions on b; and on my)
e The law of motion of 7; (same equations as in the flexible price economy)

e The law of motion of wy

€

0 -1 ]=1
Nw,t:—[l—g 7Tt‘| —0+em

6

The leverage multiple is ¢; = min {Av;, ®;,1/n;}. The real interest rate is r; =

U — T = P+ [yt — Ug,r The inflation rate satisfies
9 b e—1
e—1 my
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Markov Equilibrium We conjecture that a Markov equilibrium exists. The
state variables are A, n and w. We conjecture furthermore that (i) the Markov equi-
librium is scale invariant with respect to A; and that (i7) the portfolio problems of

households and of financial intermediaries are scale invariant with respect to A/ wﬁ

@ =qm)Afwy;,  vi=v(n); b=bp,w);  my=m(n,w)

where ¢,v : [0,1] = Ry, and b,m : [0,1] x [1,+00] — R, are twice continuously
differentiable functions.

The Markov equilibrium has the same two regions as in the flexible price economy.
The Markov equilibrium is characterized by (7) the same second-order ODE systems
as in the flexible price economy but with rj, = e**+%)97, - and by (i) the second-order

PDE system

1 B 1
—+€bun+€buw+§€bsbn02+(5—1)7r—p—9=0

b
h1 N 1 )
o + Emly + Emfptw + Qamamnan +emr—p—0=0

The independent variables in the PDE system are 1 and w. The endogenous func-
tions are b and m. The functions b, and m,, are the first-order derivative of b and of
m, respectively, with respect to 1. The functions &, and &,, are the elasticity of b and
of m, respectively, with respect to w.

It is worth noticing that the ODE systems in (i) are independent of the PDE
system in (7).

Invariant Distribution Let &, : [0,1] x [1,400] = Ry denote the joint

invariant probability distribution of  and w. The function 9, ,, solves the Kolmogorov

2Notice that ¢; has to be independent of w; for this second conjecture to hold.
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forward-equation

0 0 2
8_7) [,unT] * 577,40] + a—w [/wa * 57,7&,] —+ (9_7]2 [(O'nn)Q * 5,7?0_,} =0

Optimization Problem (Coordinated Policy) The value of households
satisfies

1 1 1 -
W:; [lnA—i-;(uA—éai)—i-(l—a)lnk} + Wp + Wg

The value function Wr : [0,1] — R_ is the conditional present discounted value of the
aggregate TFP losses from financial disintermediation (same definition as in the flex-
ible price economy). The value function Wg : [0, 1] x [1, +00] — R is the conditional
present discounted value of the aggregate TFP losses from nominal rigidities.

We conjecture that W is twice continuously differentiable. The value Wg solves
the HJB equation

OWrg OWgr 190?°Whg

(0% « 2
a /'1/77/’7_‘_ 8 :uww+2 a 2 (0-7777)

1 a
pWR—ln—+ag—|—— ——

(144)g
e +
1+ 1+

The coordinated policy is such that {gr, 9u, 7L, Tr; ML, NE } solve

max / (W () + W (7, 0)] 6y (7,0 d (7,0)

9L>9H MLNH ML NH

A.3.2 Numerical Method

We use spectral methods to solve for the Markov equilibrium numerically. Specifically,
we interpolate the endogenous functions with a linear combination of Chebyshev
Polynomials of the First Kind. For the ODE systems, we evaluate the interpolation at
the Chebyshev nodes using a grid with 190 points. For the PDE systems, we evaluate
the interpolation at the Tensor basis (i.e. Tensor product + Cartesian product of

Chebyshev nodes) using a grid with 60% points.
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We use a non-linear solver to find the coefficients associated with the Chebyshev
Polynomials. For the ODE systems, we use as initial guess the equilibrium outcome
of the frictionless economy (i.e. 1/6,1/X — 0) : Namely, l; = l+; ¢r = 1/n5 qi/ris =
1/p; vy = 1; wy = 1. For the PDE systems, we use as initial guess the equilibrium

outcome of the regulated flexible price economy.
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Appendix B

Appendix to Chapter 3

Let B;; with j = 1,2 denote Ito processes with drift process up,; and diffusion
process o, ;. In the Appendixes, we use the expressions £, [dB;,/B;,] and pp, (dt in-
terchangeably. We also use interchangeably the expressions Cov, [dB1 /By 1, Bat/Ba.l

and op, 10p, dt.

B.1 Optimality Conditions

In the Appendix B.1, 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.

B.1.1 Financial Intermediaries

HJB Let GG; denote the gain process associated with the franchise value of fi-

nancial intermediaries V;. The gain process G; satisfies

[oe] t
G, = Et/ ﬁe_ﬁsAsnﬁsds = / ﬁe‘ﬁSASnfvsds + e‘ﬁt/\tvtnﬁt
0 0
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The equality at the RHS follows from the conjecture that V; = vns, and from the
definition of V;. The drift process of GG, is null because G, 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

pvy = 5 rgax . {P+ [fnt + tot + piat + OuiOnt + OatOns + Op 10w ] UL}
Mty Pkt bt >

s.t.: ¢k7t S )\Ut

where the drift and diffusion processes of net worth are

ar — Lt
qt

— T4+ Ep [Ry (W, @) * (Pt + Pmyp — 1) + Top (w)] 6

font = + 1 (1) = 0+ ugy + 0410 | Pt — Mbmy — (i — ) (Grp + Py — 1)

5n,t = (Uq,t + U) Cblc,t

respectively. To derive the second line in fi,, we have used the conjecture that v,
follows an Ito process (notice that v;” = v;). The Tobin’s Q of financial intermediaries
v; is the solution to the HJB above.

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

r (Lt) =1/q

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

—it+ Ep [Rpt (w,0)]0 <0
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with equality if ¢y, > 0. The function R, (w,@) is the partial derivative of the total
return Ry (w, @) * (¢t + Gy — 1) with respect to ¢, ¢

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

ap — Lt

. +1 (1) =0+ug1+0410—(ir — m) + Ep [Rit (w,@0)] 0+ (0at + 0pt) (04 +0) >0
¢

with equality if ¢y, < Av;.The function Ry, (w,w) is the partial derivative of the total

return R; (w, @) * (¢t + Pmye — 1) with respect to ¢y .

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

Uﬁ—f-[FOC'k] Okt Er [roilose, + Titlocs,) 00—T1+Ep [Tor ()] 04y t—p+op10p¢ = 0
¢

B.1.2 Households

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

Wy=Ww (nh,t> Jt)

where W : R? — R is a twice continuously differentiable function, and J; is a sufficient
statistic of the aggregate state variables in the problem of households. The process
Jy is a scalar. We conjecture that J; follows an Ito process with drift process p;; and
diffusion process o ;.

The value W, is the solution to the Hamilton-Jacobi-Bellman (HJB) equation

oW, oW,
Ine + Whttun,tnhﬂg + 8J: e+
pWy =  max
ct,kp,t,Le >0
1_0°wy 2 Wy 1 .9°W, 2
2 (0mn)” (Tnt10t)” + G, O9eSt0n e + 5 (G (0 )
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where the drift and the diffusion processes for net worth are

ap — Ut
qt

Un tTht = + 1 (1) — 0 + ugy + 0g10| @kne + (ie — ™) (Npy — k) +

+ Transfers; — ¢

Opathg = (Ogr + 0) @ikny

respectively.

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

r (1) =1/q

The first-order condition with respect to consumption is

oW,
3nh7t

- _
Ct —

The first-order condition with respect to physical capital is

ap — U , oW, 0?
I()—3o — (i — .
% + (Lt) + Ug ¢ + 040 (Zt 7Tt) anhyt + (O'qﬂg + U) (anh’t>20 7tnh7t+
0*W,
——05:J; <0
+ (0gt +0) aJtanh,taJ’t t <

with equality if kj, > 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 ny; 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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B.2 Competitive Equilibrium

In Appendix B.2, we characterize the competitive equilibrium.

Competitive Equilibrium The competitive equilibrium is characterized by

the following set of conditions

e The internal investment condition

I (Lt) = 1/Qt

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

ap — U4
qt

+ 1 (1) =04 ugs + 0410 — (it — ™) + opt (0gr +0) +

+ {—af q_ ™4 Ep (Bt (w,0)]0 4 0 (040 + ‘7)] 12 =0
t

ar—a
{% + Ep [Ri (0, 0)] 0 + 00 (040 + U)] oy
t

W (ror — 11t) Ep [Losa,) 0 + 10 Er [(w — @) 1osa,] 0 + vﬁ + Mot
t

—p = 0y0py =0

e The reserves holdings condition

with "="if ¢, > 0
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e The law of motion of 7,

The leverage multiple is ¢5; = min{Avy, 1/m:}. The real interest rate is r, =
P+ fet — ait (this follows from the asset pricing condition on deposits). The process
17, € {0,1} indicates whether financial intermediaries are the marginal investors on

capital. Namely, 1, = 1 iff ¢y, = 1/n;.
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