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Chapter 1

Financial Frictions and Optimal

Monetary Policy.

Abstract.

I analyze optimal monetary policy in a New Keynesian model with a banking sector that faces
balance sheet constraints. Additionally, I consider monetary rules that can implement the Ramsey
optimal policy.

In the presence of financial frictions, inflation stabilization remains as the main objective of
policy, but, the presence of the financial accelerator introduces new policy concerns. In particular,
when shocks hit, the policy maker cannot simultaneously stabilize inflation and the financial sector
with the same policy instrument. In this setup, there is a policy trade off between stabilizing the
cost of credit, which contributes to keep a healthy financial sector, and stabilizing inflation.

The simple rule that implements the optimal policy shows a strong reaction to changes in the

cost of credit, in addition to the feedback coefficient on inflation.

1.1 Introduction.

The Great Recession (2007-09) renewed interest in analyzing the role of financial events on the
propagation and amplification of shocks. The disruption observed in the financial markets during
the crisis showed that the credit markets play a crucial role in macroeconomic stability.

The conventional New Keynesian model assumes that financial markets work perfectly. For
example, Christiano et al. (2005) and Smets and Wouters (2007) develop quantitative models with
several nominal and real rigidities, but assume frictionless financial markets'.

Since the Great Recession, economic modeling has advanced in the introduction of imperfect

financial markets into the conventional framework for analyzing monetary policy. For example, a

1Some exceptions to this are BGG(1999) and Kiyotaki and Moore (1997). However, the two previous studies
focus on the qualitative aspects of the financial frictions rather than analyzing the quantitative effects of such
distortions, or their optimal policy implications.



moral hazard problem in Gertler and Kiyotaki (2010) and Gertler and Karadi (2011) impedes the
banks issuing an efficient amount of loans to non-financial firms. Their models are an attempt
to capture the disrupting events after the Lehman bankruptcy and the posterior policy decisions.
They analyze the set of unconventional policies implemented by the Federal Reserve during the
subprime crisis. However, they abstract from optimal policy considerations. I fill in this gap.

Following the work of Gertler and Karadi (2011), in the current model, prices are sticky, there
is monopolistic competition, and a banking sector facing balance sheet constraints. There is a
moral hazard problem between savers and bankers. In particular, in every period the banks can
divert a share of the funds available for lending. In order to prevent this, households impose an
incentive constraint on the banks. This has the effect of tying the supply of credit to the value of
the capital in the bank. In this context, a shock reducing the value of the banks’ assets, increases
the cost of credit, which leads to a fall in investment and asset prices. By directly affecting banks
equity, swings in asset prices affect the cost of credit and tend to amplify movements in investment.
This creates and endogenous feedback loop between asset prices and real activity. I analyze optimal
monetary policy in such circumstances.

Does there exist a trade-off for optimal monetary policy in the presence of financial frictions?

The financial frictions create inefficient activity and they place an additional constraint on
optimal policy. The central bank has to engineer an optimal response that stabilizes the finan-
cial sector, and inflation. However, there is only one policy instrument available. Within this
framework, a productivity shock, a cost-push shock, or a financial shock are inflationary and re-
cessionary. When negative shocks hit, the balance sheet constraints of the banks tighten. As a
consequence of this, the banks reduce the supply of credit. This starts a cycle in which the initial
shock amplifies the reduction in investment and the increase in the cost of credit, multiplying the
effect on real activity. An optimizing central bank would seek to prevent this situation.

The main result of this chapter is that the introduction of financial frictions creates a trade-off
between inflation and financial stabilization 2. If the central bank pursues inflation stabilization, it
comes at the cost of increased financial disruption and large deviations from the efficient allocation.
Along this line, the central bank cannot simultaneously achieve inflation and financial stability with
only one policy instrument. If the only policy instrument available is the nominal interest rate, the
optimal policy trade-offs financial and inflation fluctuation. In particular, it reacts to increases in
the cost of credit. If the premium on capital deviates from its long-run average, the central bank
aims to reduce inefficient fluctuations in output by making the credit cheaper by contributing to
the appreciation of the assets held by the financial institutions.

Price stability is suboptimal because policymakers stabilize the financial markets in order to

2In the benchmark New Keynesian model it is necessary to introduce a cost-push shock to generate a non-trivial
policy trade-off (Woodford (2003)). Leith et al. (2015, 2012) show how in the New Keynesian model, the presence
of deep habits in consumption serves to create interesting policy trade-offs. Ravenna and Walsh (2006) show that
productivity shocks can create policy trade-offs if there is cost channel in which the firms’ marginal costs depend
directly on the nominal interest rate.



reduce inefficient fluctuation in output. For example, if inflation rises, the typical policy of in-
creasing the nominal interest rate to reduce the inflation pressures, elevates the banks’ cost of
funding. In this case, the banks would require a larger premium on their loans, which will in turn
exacerbate the collapse in investment spending and real activity, increasing the deviation from
the efficient allocation. Hence, the optimal policy consists in allowing a temporary deviation from
price stability in exchange for a partial stabilization of the financial markets.

How should optimal policy be conducted in this economy? Monetary policy can affect all
the parts of the financial sector. By changing the cost of credit, the central bank can affect the
incentives for leveraging in the financial sector. When negative shocks arise and financial frictions
are present, it is optimal to aggressively reduce interest rates in order to stabilize the financial
sector. This policy reduces the cost of funding, revalues the financial assets, and protects the
profitability of the banking sector. In contrast, in the absence of financial frictions, the monetary
stance is not required to be as expansionary ; inflation stabilization is optimal in that economy.

How can the central bank implement this optimal policy?

The second result of this chapter is that a central bank can mimic the optimal policy if it reacts
to changes in the financial conditions, such as the cost of credit for firms. Not reacting to financial
events is welfare decreasing. The optimal implementation of policy delivers an inertial rule that
has feedback coefficients on both inflation deviations and deviations of the premium on capital.
In particular, if the cost of credit for firms increases, which normally happens in a bad times, the
central bank should cut the interest rate to make the cost of funding cheaper. In this case, the
feedback coefficient on inflation is smaller, while larger coefficients decrease welfare. It is optimal
to set the coefficient on output fluctuations to zero. The inertial rule has advantages over the
non-inertial. The introduction of the inertial component allows the central bank to commit itself
to stabilize the financial markets in the short-run, while, if necessary, reversing its policy in the
long-run in order to anchor inflation expectations and to achieve price-level control. This setting
implements the optimal policy.

To answer the questions posed here, I use a New Keynesian model with a banking sector
that faces balance sheet constraints, as in Gertler and Karadi (2011). In this economy, I analyze
the optimal monetary commitment. In order to accurately compare the welfare across different
policies, T follow the approach developed by Schmitt-Grohé and Uribe (2004).

The plan of the paper is as follows. In the next section I present the literature review. In
the third section I present the model. The fourth section contains the benchmark calibration.
Section five presents the problem faced by a benevolent social planner who seeks to maximize the
social welfare. This efficient allocation serves to compare the results of optimal policy, which is
contained in section six. The optimal implementation of policy is presented in the seventh section.

The section after that presents robustness checks. And the ninth section concludes.



1.2 Related Literature.

The current paper can be related to the literature analyzing policy trade-offs in the presence of
real frictions. For example, in models without financial frictions, the introduction of a cost-push
shock can generate significant trade-offs for the policy maker (Woodford (2003)). Leith et al.
(2012, 2015) show that the introduction of deep habits in the utility function of the representative
consumer can generate a non-trivial optimal policy exercise. Ravenna and Walsh (2006) show that
if firms” marginal costs depend directly on the nominal interest rate, the optimal policy is to allow
inflation fluctuations.

However, the particular emphasis of the current paper is on the trade-offs faced by the policy
maker in the presence financial frictions. There is a group of works analyzing the optimal monetary
commitment in the presence of financial frictions. For example, using the cost-channel mechanism
and a costly state verification, De Fiore and Tristani (2012) show that productivity shocks can
generate a trade-off for monetary policy. In their framework, the optimal policy is to mitigate
output fluctuations and to allow deviations of inflation from its long run level. The central banks
trades off stability of inflation for stability of real activity.

In Carlstrom et al. (2010), borrowers are restricted to borrow at efficient rates because there
is a constraint that ties the amount of loans to their collateral. They show that the central bank’s
loss function is partly a function of the tightness of the credit constraint, which they interpret as
a risk premium. However, their model abstracts from capital accumulation, which in the current
paper is relevant to introduce the financial friction.

Cirdia and Woodford (2010) analyze optimal policy in an extended version of the New Key-
nesian model which incorporates household heterogeneity and financial frictions. Borrowers and
savers discount future consumption at different rates, creating a positive wedge between borrowing
and lending rates; the loans are costly to produce and this constrains the supply of credit. They
conduct the optimal policy exercise using a linear-quadratic approach. In contrast, I conduct opti-
mal policy in a medium size DSGE model with a banking sector facing balance sheet constraints.
Similarly to the current paper, Curdia and Woodford (2010) consider the implementation of the
optimal policy using Taylor rules. They also find that financial variables should be introduced into
such rule.

Leduc and Natal (2015) also consider the optimal commitment in a model with financial fric-
tions. The optimal monetary policy should lean against movements in asset prices and risk-premia.
Their result is similar to one of the main conclusions in this paper. The optimal policy can be
approximated by including a speed-limit rule that places a substantial weight on the growth of
financial variables. In their model, the financial friction is on the borrowers side. In particular,
they rely on the financial accelerator model by Bernanke, Gertler and Gilchrist (1999). In their
framework, the demand for credit is constrained by entrepreneurs’ net wealth. In contrast, in the

current paper, financial frictions are on the supply side and the constrained agents are the banks,



not the borrowers.

After the analysis of optimal policy in the presence of financial frictions, I deal with the issue
of its optimal implementation. There is large literature researching the ability of simple rules to
lean against the financial markets. For example, in Andres et al. (2010), borrowing is subject to
collateral constraints and banks are monopolistically competitive. The optimal monetary commit-
ment implies a short-run trade-off between output and inflation. A Taylor rule augmented with a
feedback coefficient on the real-state prices implements the optimal policy.

Similarly, Gambacorta and Signoretti (2013) develop a DSGE with both a firm’s balance sheet
channel and a bank-lending channel. They assess whether Taylor rules augmented with asset
prices and credit can improve upon a standard rule in terms of macroeconomic stabilization. If
the central bank reacts to the financial variables, welfare is maximized. Inflation targeting and a
standard Taylor rule are less effective in stabilizing fluctuations.

In a model with search and matching frictions in the credit market, Fujimoto et al. (2014) con-
clude that the optimal rule must maintain a balance between financial and real economic activity.
By taking financial variables into account, monetary policy may contribute to financial stability.
Notarprieto et al. (2015) analyze the implementation of optimal policy in a model with a hous-
ing sector. The social welfare-maximizing monetary policy rule features a reaction to house price
variations. Similarly to the previous studies, I find that augmenting the conventional monetary
rule to include financial elements is desirable. In particular, stabilizing the cost of credit increases
welfare in the economy.

Kamber and Thoenissen (2012) show that the amplification of monetary shocks introduced by
the feedback loop between financial and real events can be overturned by assuming a more canonical
Taylor-type interest rate rule where the policy rate reacts to both inflation and the output gap.
Output stabilization matters in this context and they find a case to reduce the inflation stabilization
motive. The model they use for their analysis is similar to financial accelerator model by Bernanke,
Gertler and Gilchrist (1999).

Finally, a group of authors find that there is no case to extend the conventional Taylor rules
to include financial variables. For example, Gilchrist (2002) concludes that, although asset prices,
and the economy as a whole, can exhibit large fluctuations in response to financial shocks, there
is not a strong case for including asset prices in monetary policy rules. The reason, he argues,
is that as asset channels are similar to aggregate demand channels, they tend to increase both
output and inflation. Inflation targeting, therefore, yields most of the benefits of asset prices
targeting. Faia and Monacelli (2007) study optimal Taylor-type rules in an economy with credit
market imperfections. They conclude that for low values of the feedback coefficient in the policy
rule, responding to a measure of assets is welfare improving. However, when monetary policy
responds strongly to inflation, the marginal welfare gain of responding to asset prices vanishes. A
strong anti-inflationary stance always attains the highest level of welfare.

In contrast to most of the literature presented above, I conduct an optimal policy exercise in a



medium-size DSGE model in which the financial frictions affect the supply of credit, rather than
demand. Similarly to most of them, I present the ability of simple rules to implement the optimal
policy, which leans strongly against financial events. In the next section, I present my benchmark

model for conducting this optimal policy analysis.

1.3 The Model.

The model I use for the analysis is a New Keynesian DSGE, similar to Christiano et al. (2005)
and Smets and Wouters (2007), but modified by Gertler and Karadi (2011) to include financial
intermediaries that face balance sheet constraints. Within this framework, an agency problem
between borrowers and lenders limits the supply of credit. The number of loans that can be
intermediated by the banking sector depends on the value of net wealth in this sector. A reduction
in the value of this wealth has the effect of increasing the cost of credit. The increase in the cost
of credit negatively affects investment. As a consequence, the economic activity decreases. The
effects of the shock are amplified with respect to the case in which the financial friction is absent.

There are five groups of agents: households, financial intermediaries, non-financial producers,

capital producers, and retailers.

1.3.1 Households.

Households choose consumption (Cy), labor (L;), and debt (D!, ;) in order to maximize their utility.
Each household has a continuum of members. Within the household there is perfect consumption
insurance. There are two types of agents inside each household. At each period, the fraction (1— f)
represents workers and (f) bankers. A household owns the banks managed by its members. The
deposits of this household are in intermediaries they do not own.

The survival horizon of banks is finite. Introducing this finite horizon has the effect of ensuring
that over time the banks do not reach the point where they can fund all the investment from their
own capital. () is the probability that a bank operates until the next period. This probability is
independent of how long the agent has been a banker. The average survival length of a bank is
(%))

The relative share of workers and bankers is constant. Each period, the number of bankers
leaving the industry is (1 —0) f. The same number of workers become bankers. Households provide
their new bankers with startup funds. When a bank leaves the industry its retained profits are

returned in a lump-sum transfer to its owner.

Preferences.

To capture consumption dynamics, the utility function includes habits in consumption. The utility

function for the representative household is:
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where (L;) is labor. 0 < 8 < 1, is the subjective discount factor. The parameter h measures the
habit persistence in consumption. o is the inverse of the intertemporal elasticity of substitution.
X is the weight of labor disutility. ¢ is the inverse of the Frisch elasticity of labor supply.

The budget constraint of the household is:

Ct — WtLt"_Ht‘f—Rt[Dt"—Bf] - [Dt+1 +Bf+1] —ﬂ (12)

Deposits (D;41) and government bonds (B{,,) are short-term assets paying the same return in
equilibrium. Following Gertler and Karadi (2011), this condition is imposed from the beginning.
(B, 1 + Dy41] is the quantity of short-term riskless debt that the household acquires at period (t).
The gross real return on those assets is (R;). This return is paid from (¢ — 1) to (¢).

Profits (II;) from financial and non-financial firms are net of the amount the household gives
to its starting bankers at period (¢). (7;) are lump sum transfers from the government. The real

wage (W;) complements the household’s budget constraint.

Optimality Conditions.

It is assumed that the intertemporal elasticity of substitution is unitary. The intertemporal max-
imization of (1.1) subject to the set of constraints of the form (1.2) implies the optimality condi-
tions®:

Optimal labor supply:

XL{
=W 1.3
Uct ! ( )

Euler equation:

1= ﬁEtAt,tJrlRtJrla (1-4)

where marginal utility of consumption (Uy) is:
Uy = B Y BN (1.5)

¢ TG = hCiy) (Cys1 — hCy) ‘
and
Uct+1

A = : 1.6
= 2 (16)

3Appendix A.1 contains the detailed derivations of these conditions.



1.3.2 Banks.
Balance Sheet.

The financial intermediary (j) receives deposits from households (Dj;41). These deposits pay the
short-term real interest (R:1) from (t) to (t+1). These funds complement the accumulated wealth
of banks (Nj;). Banks make use of these two sources of funds to make loans to producers. Loans
pay the rate (R}, ;) between (¢) and (¢ +1).

The quantity of assets that the bank holds is (S};). The relative price of the financial asset is
(Q¢). In each period the total value of assets held by the representative bank is (+S;:). The value
of the bank’s liabilities plus capital is (D;i11 + Nj;). The balance sheet of the representative bank

is:
QSjt = Djip1 + Nj. (1.7)

Evolution of Wealth.

A bank’s net wealth evolves according to

th+1 = Rf—i—thSjt - Rt+1Djt+1a (1-8)

which is the difference between the return on its assets (Rf,;Q:S;:) and the cost of its liabilities
(Ri+1Djiv1). After solving (1.7) for deposits and inserting the result in (1.8), the evolution of

wealth can be expressed as:

Njip1 = [Rfﬂ — Ry 1]QuSje + Ry 1 Ny, (1.9)

the term [R}, |, — Ry+1] is the asset’s premium over the riskless rate.

The banker will not fund a project with a return less than the cost of deposits. If the discount
factor applied by the bank to assets between period (t) and (t 4 i) is [8°As414], then the next
condition should apply for the bank to operate:

Etﬁl+iAt,t+1+i[Rf+1+i — Rip144 >0 (1.10)

in any period (¢ > 0). In frictionless capital markets this relationship holds with equality. By
contrast, when the financial frictions are present, this risk adjusted premium may be positive. The
presence of a positive spread in equilibrium will translate into inefficiently low levels of capital and

overall economic activity.

Bank Maximization Problem.

The problem of the bank is to maximize the expected value of its terminal wealth (V};)



o

Vi = max EtZ(l — O ) 2 0687 A i1 i (N1 1) (1.11)

i=0
where

k
Njtp1i = [Rip 1 — Rev14i] Qe Sjevi + Reyr1ilNjeg

The probability of survival of banks (6,) is subject to a random shock, which evolves as
In(60;) = pyIn(6i—1) + €y,

where (gp,) has mean zero and variance (03,).

There is a frictionless process of lending and borrowing between producers and banks. The
possibility of making profits encourages the banker to remain in the industry as long as possible. In
order to issue new loans, the bank borrows from households. Then, the bank uses its accumulated
wealth and the deposits to issue loans to producers. It is assumed that banks face frictions in this
process of borrowing from households. This friction reduces the ability of the bank to issue new
loans.

In particular, every period, the bankers can divert a fraction (\) of available funds. To avoid
that the bank absconds with the funds, the household imposes an incentive constraint on the bank.
The cost to the banker of diverting funds is that the households can force the bank to shut down
and households can recover the fraction (1 — A) of assets. For the lender to be willing to supply

funds to the banker, the following incentive constraint must be satisfied:

Vi > AQ: S (1.12)

The left-hand part (V};) is the expected present value of the bank’s financial activity if it
remains in the industry. This is what the bank would lose if it is forced to leave the industry. The
term (AQ.Sj;) is what the bank would gain if it absconds with the funds. The bank assesses this
trade-off and acts optimally. The bank would remain in the industry as long as the benefits from
doing so covers the benefits from absconding with a share of assets.

The household would deposit in the bank only if the benefit for the bank of lending and
borrowing is at least as large as the benefit for the bank from diverting funds. This contract limits
the ability of the banking sector to raise funds from households. As a consequence, the banks have
limits on the loans they can issue. This will impact the level of capital that firms can accumulate
and the overall economic activity would be inefficiently low.

In the appendix A.1 it is shown that the conjectured solution to the banks maximization

problem can be expressed as

V}'t = UtQtSjt + ntht (113)



where

Uy = Et(l - 9t+1)5At,t+1(Rf+1 - Rt+1) (1'14)

FE 041 BN 104 141V

and

N = E(1 = 0141)BA 11 Rea (1.15)
+ B0 1 BN 1 241741 -

The term (v;) is the marginal expect return to the bank of increasing assets. (7,) is the marginal
expected return to the bank of increasing its accumulated wealth.

The term
- Qi4iSjtti

Titti = — ~a
QS

is the gross growth of assets between period ¢ and ¢ + 7. Over the same period, the net wealth of

(1.16)

the banker has a gross growth of
Njiti
N -

gt

(1.17)

Ztt+1 =

Leverage Ratio.

Substituting the conjectured solution (1.13) in the incentive constraint (1.12)

V@S + 1 Nje > ANQSji, (1.18)

and solving for assets, the incentive constraints can be expressed as

QtSjt> Un _
N] - )\—Vt

(1.19)

Defining the leverage ratio in the banking sector (¢,) as the maximum ratio of loans to net
QtS;
wealth [ﬁ = ¢,], then

Un
= 1 1.2
¢t )\ — v, ( O)

Combining (1.19) and (1.20), it is possible to express the assets intermediated by the bank as

QtSjt = ¢tht7 (1-21>

which is the leverage ratio times the bank’s net wealth. The previous expression means that the

10



maximum amount of loans issued by the representative bank is limited by the maximum leverage
ratio tolerated by the household. This leverage ratio is a function of the diverting preference of
the banks and the profitability of the banking industry. The maximum amount of loans is also
restricted by the amount of accumulated wealth of the bank.

Substituting the leverage ratio in the evolution of wealth (eq. 1.9)

Njer1 = {[Rf1 — Resi]¢y + Riv1}Nje, (1.22)

and using this in (1.16) and (1.17)

Zir1 = [Riyy — Riga]dy + R, (1.23)

and the gross rate of assets can be written as

¢
Tipp1 = ;H 241 (1.24)
¢

Evolution of Aggregate Leverage Ratio.

The components of the leverage ratio are the same for each bank. After aggregating (1.21),

Q1S = [[A ityj]Nt. (1.25)

the overall demand for assets in the economy (Q:S;) can be written as a function of the leverage
ratio and the accumulated wealth (IV;) in the banking sector
Evolution of Aggregate Net Wealth.

The evolution of aggregate wealth (N;) is the sum of two components: the net worth of the existing
banks (N,), and the net wealth of the new banks (N,;)

Ny = Net + Nt (1.26)

The fraction of bankers (6;,_1) at (¢ — 1) survives until (¢). Then, using the aggregation of
(1.22),

Nep = 0,1 {[RF — R, | + RN, (1.27)

As outlined by Gertler and Karadi (2011), I assume that the newly entering bankers receive
start-up funds from their respective households. It is assumed that these start-up funds are equal
to a small fraction of the value of assets that exiting bankers had intermediated in their final

operating period. The total value of assets of exiting bankers is (1 — 6;_1)@Q;S;—1. It is assumed

11



w
1-0¢—1

aggregate [Ny = w@Q;S;—1]. The evolution of aggregate wealth is

that each period the household transfers a fraction [[ N of those assets to its new bank. In

Nt = Qtfl{[Rf - Rt]qbt_l + Rt}Ntfl + thStfl‘ (128)

1.3.3 Intermediate Goods Producers.

The goods produced in this competitive sector are sold to retailers. At the end of period (%)
intermediate producers acquire (K1) units of capital from capital goods producers. This capital
is for use in the subsequent periods. At the end of period (t+ 1) the firm has the option of reselling
the undepreciated capital in the open market. There are no capital adjustment costs at the firm
level.

To purchase capital, intermediate producers issue (.S;) claims for each unit of capital acquired
(Ki41). These contingent claims are acquired by the banks. The price of each claim is the same as
of each unit of capital (Q;). Then, the value of capital acquired is equal to the value of contingent

claims

Qth+1 - QtSt' (129)

Financial intermediation between banks and intermediate producers is frictionless. The claims
(S;) can be thought as perfectly state-contingent debt. Every period the producer pays the full

return on capital to the bank.

Production of Intermediate Goods.

The production (Y,;) in this sector is given by

Yor = AU, Ky) L™ (1.30)

where (A;) is the total factor productivity, (K;) the capital acquired in the previous period
and used in this period. (L;) is the labor demand and (U;) the utilization rate. Following
Gertler and Karadi (2011), the term (§,) is an exogenous shock to the quality of capital. This
shock can be interpreted as a sudden obsolescence on the capital* and provides an exogenous
source of variation to the price of capital.

The relative price of the goods in this sector is (P,;). In the appendix A.1, it is shown that

from profits maximization in this sector:

Labor demand:

4Gertler et al. (2012) provide the microfoundations for this shock.

12



Ymt

(1 — Oé)Pth—t = Wt.
Optimal utilization rate:
Yin
Py =2 = bUE, K, (1.31)
Ut

where depreciation of capital is a function of the utilization rate. It is assumed that depreciation

takes the form

b i
0y =0, +———=U,"", 1.32
t + 1+<— t ( )

where (() is the elasticity of depreciation respect to utilization rate.

Rate of Return on Capital.

The firms in this sector are perfectly competitive and gain zero profits state by state. Each period,
the firm pays to the bank the full return on capital. It is as if banks are the owners of the capital
on the firm. The return on capital is the remainder of the profits after paying the wage bill. From
the optimal conditions of the maximization problem of these firms, in appendix A.1 it is shown

that the return to capital is:

1
Qi1

Ymt

Rf =
t Kt

{aP + [Q: — 64, }- (1.33)

1.3.4 Capital Producers.

Competitive capital producers purchase the depreciated capital from the intermediate producers
at the end of the period (t). The capital is repaired and sold together with the new capital. The
cost of repairing worn out capital is unity. The value of selling one unit of new capital is (Q;).

Investment adjustment cost are associated with the net investment (I,,;):

Ly = 1 — 046, K, (1.34)
where (1;) is the total investment.
Each period the firm maximizes
max Eti/@T_tAtT{(Qt - 1)Img - @( M )2(-[117— + ]55)}. (135)
—t ’ 2 ]nT—l + ]ss

The investment adjustment costs, associated with the net flow of investment, are

¢z< ]nT - ]nT—l
]TLT—l + Iss

2 )P+ 1)

13



where (¢;) is the inverse of the elasticity of net investment to the price of capital. Each of the firms
in this sector chooses the same level of net investment. So, it is not necessary to index investment

by firm. From this maximization problem the optimal price of capital

Qr = d)z(( L 1))2 (1.36)

2 nt1+[ss
nt = Int—1 nt+Iss
+
¢ (nt1+Iss (nt1+[ss>)

—EyBAt 10, <( e ))(( it T I“>>

nt+Iss nt+Iss

1.3.5 Retalilers.

Final output is a composite of a continuum of differentiated retail goods. The only input of
production is the intermediate good. Retailers purchase inputs from the intermediate producers

and re-package it. The final product is aggregated according to

(1.37)
(Y7:) is the output purchased to the retailer (f). (¢) is the elasticity of substitution across varieties.

Optimal Demand for Retailers.

As shown in the appendix A.1, from cost minimization, those purchasing the final good have an

optimal demand for each variety equal to

P
Vo= (| rox (1.38)
t
which implies the optimal price index
1 1
P = [g(Pft)lfsdf] <. (1.39)

Profit Maximization.

The only cost of production for the retailer is the price of the intermediate good. This cost is given
by (P,.:) because it takes only one unit of intermediate good to produce one unit of the retail good.
Each period, firms can adjust their price with probability (1 — ). For the periods in which the
firm is not able to set prices, it indexes it to the lagged rate of inflation.

In contrast to Gertler and Karadi (2011), I assume that this economy can be subject to a

cost-push shock. In particular, the government imposes a distortionary tax on sales. Following

14



Chen et al. (2014), shocks to this tax, evolve according to
In(1—7)=p,In(1 —71)+(1~p,)In(1—7)—¢/ (1.40)

(e}') is i.i.d. with mean zero and variance (o?).
The firm’s problem in this sector is to choose the optimal price (P;) to maximize its discounted

expected profits:

max By Y 7' B Aeyil(1 — ) H [Teri—1]” = Pousil Yy (1.41)
i=0 tHi k=
subject to
P*
Yy = [{Pt }]eytﬂ' (1.42)
t+1

where 7, is the rate of inflation from (¢ — i) to (t). And (9?) is a parameter with values [0, 1] and
which measures the inflation indexation. The first order condition is

P p
E A PP =
tZ’Yﬁ teril 5 [1[Tern—1] -

Pt-i—zlc 1

1Pmt+i]yft+i =0. (1.43)

As shown in the appendix A.1, the optimal price, implied by the solution to the previous

problem is:
P e F
— = — 1.44
P e—-1Z ( )
with
Fy = PnY: + Et’YﬁAt,tHW;wEﬁHE&H (1.45)
and
Zy = (1= 7)Y+ EryBAam, 7 0O 1.46
t = (1 —=7)Y, + EryBA T 1 (1.46)

Evolution of the price index.

Every period there is a share (1 — ) of producers adjusting price optimally. The remaining ()
simply index their price to the previous period inflation. Using the optimal price index (1.39) the

evolution of the price index

P = [(1 = )P +y(r Py) ). (1.47)
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Price Dispersion.

As shown in the appendix A.1, price dispersion is defined as
1P
A, = [|52]75df. (1.48)
o LP

Using the law of movement of the price index and the definition of price dispersion this measure

evolves according to:

b
1- 7(772—17% !

|

A= (1- v)[[ ) ]] Al A, (1.49)

1.3.6 Government Budget Constraint.

The government spending, which evolves exogenously, (G;) and the payments on the debt acquired
previously (R,B{) are financed with a tax on sales (7,Y}), issue of new government bonds (BY,,),

and using lump-sum taxation (7;). The government’s budget constraint is
T;f == Gt + RtBig — Bf—&-l — Tt}/; (150)

The initial level of debt (BY) is zero. The lump-sum tax ensures that the debt of the government

is stabilized over time and that its budget constraint is balanced, then
E == Gt — Tt}/;f' (151)

where government consumption (G;) is fixed at its steady state value (G). Regarding the steady

state government spending to GDP ratio, ((g)) is 0.2, this is a conventional value, and between

1980-2010 the average was 19.8 percent (BEA NIPA table 1.1.10).
1.3.7 Aggregate Resource Constraint.

Consumption, government spending, total investment and the costs associated with the change in
investment adjustment are the demand faced by the final producers. Then, the aggregate resource

constraint is

(1 — T

2 It1+I>YUm+AQ. (1:52)

1.3.8 Law of movement of Capital.

From the law of movement of capital

Kt+1 - (]. - 5t)€th + It (153)
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and the definition of net investment

Ly = 1 — 6§, Ky (1.54)

capital evolves according to
Kt+1 = fth + [nt- (155)

1.3.9 Monetary Policy.

Optimal policy is conducted in a Ramsey fashion. However, to gain some insights on the dynamics
of this competitive economy, the following section presents the results of the model when the
economy follows simple rules. I make use of the Fisher equation to relate nominal and real interest

rates

it == Eth+17Tt+1. (156)

If monetary policy is not conducted in an optimal fashion, then simple rules are implemented

by a central bank following a Taylor rule to set the nominal interest rate. That rule is

% = B[ et 2t e (157)

/) *

where (g;;) is an exogenous monetary policy shock with mean zero and variance (02)). Eventually
the policy maker can choose to smooth the interest rate, the size of this smoothing preference is
controlled by (kg).

The set of all the equilibrium conditions is listed in the Appendix A.2.

1.4 Calibration.

The model is calibrated to a quarterly frequency. To calibrate the model I follow the work of
Gertler and Karadi (2011), who in turn follow Primiceri et al. (2006). The habits parameter (h)
is set to 0.815. The intertemporal elasticity of substitution (o) is set to unity. The subjective
discount factor (5 = 0.99) implies an annual real interest of 4.1 percent.

The inverse of the Frisch elasticity (¢) takes a value of 0.276. The weight of labor in the utility
function is (xy = 3.4). The elasticity of capital in the production function (a) takes a value of
0.33. The depreciation in steady state is 2.5 percent per quarter and the elasticity of marginal
depreciation to the utilization rate (() takes a value of 7.2. The inverse of the elasticity of net
investment to the price of capital (¢,) is assumed to be 1.728.

The probability that a firm does not adjust its price this period (v = 0.779) implies that a firm

keeps its price for around 4 quarters. The size of the indexation of the price to the previous period
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Table 1.1: List of Parameters

Table 1.2: Variables in Steady State

inflation (7?) takes a value of 0.241.

The elasticity of substitution between varieties of goods is (¢ = 4.167). The value of this
coefficient is very low. This implies a very large monopolistic distortion. The results are robust
to a more competitive economy. In the robustness section I make use of more standard values for
this parameters. In particular, [¢ = 11 ; ¢ = 7]. The coefficient measuring the reaction of the
nominal interest rate to changes in inflation in the Taylor rule (k,) is 1.5 and the the coefficient
on output deviations is (ky) is 0.5. I assume that the smoothing parameter (kg) is zero. I assume
that inflation in steady state is zero.

The persistence of the shock to productivity, the shock to the quality of capital, and the shock
to government spending take the values p, = 0.95, p, = 0.66, and p, = 0.95, respectively. The
persistence of the shock to the probability of dying in the banking sector and to the cost-push
shock are py = 0.66 and p, = 0.95, respectively. The government spending (G) is one fifth of the
total output.

Following the work of Gertler and Karadi (2011), the spread between the rate of return on
capital and the riskless rate (R}, — Ry41) is 25 basis points quarterly, which implies and annual
spread of 1 percentage point. The leverage ratio in steady state is assumed to be 4. And the trans-
fers to starting banks (w), is calibrated to match the leverage ratio. The value of this parameter
is 0.0022. It is assumed that the average survival time of a bank is 40 quarters, which implies a
probability (0) equal to 0.9715. The previous values for the financial variables imply a share of
diverting funds equal to (0.3815). Table 1 summarizes the value of the parameters.

In order to compare some of the results to more conventional analyses of monetary policy, I
make use of a model without financial frictions. This model is the conventional DSGE. Table 1
presents the list of the parameters for both cases.

In the next section I present the problem faced by a benevolent social planner who seeks to
maximize the social welfare in this economy. This problem is relevant because the social planer
delivers the efficient allocation in this economy. The Ramsey planner would seek to mimic that

allocation.
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Table 1.1: List of Parameters

Parameter DSGE Financial
h  Habits in consumption 0.815 0.815
[ Subjective discount factor 0.99 0.99
X  Disutility of labor 3.41 3.41

o  Capital share 0.33 0.33
@ Inverse Frisch elasticity of labor supply 0.27 0.27

6@  Probability of survival banks - 0.97

A Share of diverting loans - 0.3815
w  Transfer to starting banks - 0.002
¢, Elasticity investment adjustment costs 1.72 1.72

¢ Elasticity of marginal depreciation to utilization | 7.2 7.2

ol Share of firms no adjusting price 0.77 0.77
7P Degree of price indexation 0.241  0.241
€ Elasticity of substitution 4.1 4.1

p. Persistence coeflicient technology shock 0.95 0.95
pe  Persistence coefficient quality shock 0.66 0.66
py  Persistence coefficient prob. of survival banks - 0.66
p;  Persistence coefficient monetary shock 0.75 0.75
p,  Persistence coefficient cost-push shock 0.93 0.93
04 St. dev. shock to productivity 0.01 0.01
o¢  St. dev. shock to quality of capital 0.01 0.01
0g St. dev. shock to survival probability 0.01 0.01
0, St. dev. cost-push shock 0.0647 0.0647
o;  St. dev. monetary policy shock 0.01 0.01
Kr Inflation coefficient. Taylor rule. 1.5 1.5
Ky Output coefficient. Taylor rule. 0.5 0.5
KR Smoothing parameter. Taylor rule. 0 0
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Table 1.2: Variables in Steady State

Variable ‘ DSGE Financial
C Consumption 0.5537 0.5375
R Real interest rate (quarterly %) 1.01 1.01
L Labor 0.3383 0.3333
P, Price intermediate production 0.76 0.76
Y Output 0.8912 0.8488
RF Return on capital (quarterly %) 1.01 1.26
Q Price of capital 1 1

K Capital 6.3676 5.6616
Y, Intermediate production 0.8912 0.8488
U Utilization of capital 1 1

1 Investment 0.1592 0.1415
G Government spending 0.1782 0.1698
A Price dispersion 1 1

s Inflation 1 1

1 Nominal interest rate (quarterly %) | 1.01 1.01
Spread Premium on capital (basis points) | 0 25

10} Leverage ratio 4

N Wealth of banks 1.4154
N, Wealth surviving banks 1.4028
v Marginal return on bank assets 0.0037
n Marginal return on bank wealth 1.5110
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1.5 Social Planner’s Allocation.

In order to have a benchmark against which I can compare the results of the optimal policy exercise,

in this section, I describe and solve the problem faced by a social planner who seeks to maximize

the utility of the consumer subject to the resource constraint, and the production technology.

This social planner maximizes

Et25t[ln(0t — th_l) — %L;‘H@]?
t=0

subject to the production function
Y = Au(Ui€ 1) Ly,

the evolution of depreciation

b
5 5(: +¢ 7
t =0+ —1 CD t
net investment

Iy = I — 0,8, K,

the evolution of capital
Kt+1 - gth = Int,

and the aggregate resource constraint

[nt + [ss
[nt—l + [ss

Yt:Ct+Gt+]t+@(

> D)2 (L + L).

The solution to this problem delivers the efficient allocations (denoted with (*))®:

v ()

with e {{M}}% —1
= b3 =

e G G| M R e
==(F)ru-a-mg

5The Appendix A.3 shows the detailed derivation of these values.
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After using the optimal value for utilization (U* = 1) the equations for output, labor, and

capital can be written as

) _

«_L=phl—a 1 (= i) L
Y© = [ 1—h X ] [ _[5]5[[1—636[;3—6]“12‘1_1&% ] (169>
c_A-phl-a o -G L
K _{ 1_h T} [ _[5][[1—1804[;_56}}]% ] (170)
. 1—pBhl—a, 1 [1-G] 1
L= T+e T+e, 7
{ = h x pre] (o) J (1.71)

which are equations in terms of the deep parameters.
In the next section, I present and solve the Ramsey problem. I also present the main distortions
of this economy. These distortions prevent the economy to achieve the efficient levels of activity.

The presence of these distortions can open the door to the policy trade-offs.

1.6 Ramsey Policy and Distortions.

1.6.1 Distortions.

In this section, I present the main distortions associated with this economy. In particular: monop-
olistic competition and sticky prices, and a positive spread between the lending and deposit rate
in the banking sector. The monopolistic competition and sticky prices are a conventional way to
provide monetary policy with the ability to affect the real variables. The positive spread between
the lending and the deposit rate in the banking sector is a distortion that allows the financial
imperfections to affect the business cycle.

In order to have a better understanding of the effects of each of the previous distortions over
the business cycle and stabilization policy, I make use of the proper subsidies just as a devices to

switch individual distortions on or off in order to isolate their impact. 2

Monopolistic Competition.

In this section, I present the main distortions associated with this economy. From the optimal
conditions of the competitive equilibrium, the labor market equilibrium, in steady state is given

by

e = [[1 ;O‘} |U.P,.Y, (1.72)
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where the marginal utility of consumption (U,) in steady state is

It is possible to express the labor market equilibrium as a function of the deep parameters in

the economy and the capital-labor ratio as:

L =Bh[1—al], (K\., (Ko 0K
= ()t - (K- Sy, 1.73)
From the Social Planner’s allocation, I know that the efficient level of labor is given by
* 1_6h l -« K o = K* a 5K*71%
= B - e (e - e (L71)

(1.73) and (1.74) would be equal if the term (P,,) would be equal to unity in (1.73). The price
of the intermediated goods (P,,) is different from unity and it is a function of the parameter
governing the monopolistic competition in the economy. This has the effect of distorting the levels
of economic activity in steady state. Assuming, for the time being, that no other distortions exist,
it is possible to get the efficient level of economic activity if a subsidy in steady state eliminates
this distortion.
In steady state, the relative price of intermediate goods is given by
_e—1

P = :
9

which is different from unity. Subsidizing the sales of this good (7°") allows me to write the

equilibrium in the presence of this subsidy as:

€ 1
e — 11+ qmen

1 P, (1.75)

Then, the value of subsidy the that eliminates the distortion associated with monopolistic

competition is equal to
€

e—1

Given the values of the parameters used to calibrate the model, the subsidy (77°") is equal

1 +7_mon —

(1.76)

to 0.3158. I assume that the subsidies are financed using lump-sum taxes. This subsidy would
deliver the efficient levels of the variables if no other distortion existed. However, the presence of

the imperfect banking sector also contributes to distort the economy.
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Positive spread.

In this model, the steady state value of the variables are also affected by the presence of a positive
spread between the return on capital and the risk-free rate. From the optimal conditions of the

social planner’s allocation, the capital-labor ratio is

ch _ [{W}]a%. (1.77)

In this financial model, the capital-labor ratio, once the subsidy on sales is present, is given by

K RF—[1-90] T,
T~ [{aPm(l + Tmon)}]a_l' (1.78)

In models without frictions, capital is expanded until the point in which the return on capital
(RF) is equal to the real interest rate (R), which in turn equates the inverse of the households’
subjective discount factor,

1

RF=R=_. 7
3 (1.79)

However, in this model this is no longer possible because of the existence of a positive spread

in equilibrium associated with the financial frictions. Hence,
R* — R = Spread, (1.80)

with Spread > 0. Substituting (1.80) in (1.78)

K R+ Spread — [1 — 0], _+_
— =] |1, (1.81)
L aP,(1+ 1)

Then, once the subsidy to the sales is in place (P,,(1+7"°") = 1), the difference between (1.81)
and (1.77) is due to the imperfect banking sector. A subsidy to the acquisition of capital (7°F)

can eliminate the spread. In this case, the capital-labor relationship is:

= 1.82
L (1.82)

K _ [{R+Sp’read+7'sp— [1—5]}] 1

The value of the subsidy that eliminates this distortion in equilibrium is

P = —Spread (1.83)
after substitution and using(R = %3)
K [1-=p8[1—-6]], .
57 [[T}] t (1.84)
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which is the efficient value of the variables when the two subsidies are implemented. When this
subsidy to the return on capital is present, I can eliminate the financial distortion. In this case, I

return to the conventional DSGE. The presence of the two subsidies delivers the efficient allocation.

1.6.2 Welfare Cost.

In this section, I present the measure of welfare used to analyze the welfare cost associated with
each distortion. In order to accurately compare welfare, I follow the work of Schmitt-Grohé and
Uribe (2004, 2007) and use a second-order approximation to the full model. I measure the welfare
cost as the amount of consumption that agents in the Ramsey regime are willing to renounce in
order to have the same welfare as in the alternative policy scenario. The level of welfare associated
with the time-invariant stochastic allocation in the Ramsey policy conditional on a particular state

of the economy in period zero is

Vit = Ey Y BUICE, L (1.85)

t=0

the variables (Cff, LE) are the contingent plans for consumption and labor under the Ramsey

policy. Similarly, an implementable regime has conditional welfare equal to

Vi = B BUICH L (1560

t=0
As in Schmitt-Grohé and Uribe (2007), I assume that at time zero, the value of all the variables
are equal to their non-stochastic Ramsey steady-state. Using this assumption helps to ensure that
the economy starts from the same initial point under all the alternative regimes. If the consumption
cost of following an alternative policy regime instead of the Ramsey policy on a particular state

in period zero is represented by [W¢] the cost of the alternative policy is implicitly defined by
Vi =Eo ) _B'U[(1 - W)CF, LY. (1.87)
t=0

where [IW¢] is the fraction of consumption of the Ramsey regime that a household is willing to
renounce in order to be indifferent between that regime and the alternative policy. Using the
particular utility function
X 1+¢
U=I(C; —hCyy) — ——L, ",
( t t 1) 1+ t

solving equation (1.87) for [W¢] and approximating to a second order, the cost of choosing an
alternative policy is
WC ~ (1 - ﬁ)[voljos - VI ]0’? (188>

ogeoge

N | —
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Table 1.3: Steady-State and Distortions.

Social Planner | Benchmark | DSGE 777 | —¥o" TIF frion
(1) (2) (3) (4) (3)
1. | Consumption | 0.7700 0.5375 0.5537 0.74587 | 0.7700
2. | Investment 0.3203 0.1415 0.1592 0.2529 | 0.3203
3. | Labor 0.4520 0.3333 03383 04424 | 0.4520
4. | Capital 12.812¢ 5. 6616 63676 11.3176 | 12.8126
5. | Government | 0.2726 01698 01782 0.2579 | 02726
6. | Quiput 1.3628 05488 0.5912 1.2596 | 1.3628

Table 1.4: Deterministic Welfare Cost

Social Planner | Benchmark | DSGE or 7°° | 790
(1) (2) (3) (4)

)

1.6113 1.0216 0.0640

7

[ £}
e,
L=

Table 1.5: Conditional Welfare (second order approximation)

Social Planner | Benchmark | DSGE or 727 | 7°" | Flex Prices
(1) (2) (3) (4) (5)
o SPA 1.8517 1.2567 0.5163 | 0.04584




The derivation of this measure of welfare cost is detailed in the Appendix A.4.

Welfare Costs of Each Distortion.

In this section, I present the welfare costs associated with each distortion in this model. By
using the appropriate subsidies, it is possible to eliminate the identified distortions: monopolistic
competition, financial frictions, or it is possible return to the flexible-price equilibrium.

Table 3 presents the values of selected variables in the steady state when different subsidies are
in place. The first column shows the efficient case. The second column presents the benchmark
case in the presence of the monopolistic and financial distortions

The utilization of a subsidy to the excess return on capital (7°%) delivers the allocation associ-
ated with the conventional DSGE. In the column (4), I make use of a subsidy to the sales in steady

Men) in order to remove monopolistic competition. Hence, the financial frictions are the

state (T
sole distortion.

As shown in table 3, the largest distortion in steady state is associated with the presence
of monopolistic competition. Table 4 shows the welfare cost in the non-stochastic steady state
associated with each of the cases described above. The cost is the percentage of the stream of
consumption of the social planner’s allocation that the agents would be willing to renounce in
order to have the same welfare as in the alternative case.

The monopolistic competition implies a cost of 1.02 percent, respect to the efficient allocation
(column (3)). The presence of the friction in the financial sector has a cost of 0.06 percent (last
column). When the two frictions are present, the welfare cost increases to 1.6 percent, this is the
benchmark case. Table 5 presents the conditional welfare cost when there is uncertainty in the
economy.

The highest conditional welfare cost is observed in the benchmark economy (1.85%). When
there is a subsidy to the excess return on capital (7°F), the conditional welfare cost is 1.26 percent
(column (3)). This is the cost of monopolistic competition and sticky prices.

Mon) “the conditional welfare cost

When there is only a subsidy to monopolistic competition (7
is 0.52 percent (column (4)). This is the cost of the financial friction in the presence of uncertainty.
In the deterministic case, the cost of the financial friction (0.064%) is a small fraction of the cost
of monopolistic competition (1.02%). However, when uncertainty is present, the financial friction

has a considerable welfare cost (0.52%).
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1.6.3 Ramsey Policy.

In this section, I present the optimal monetary policy in the presence of financial frictions. The
Ramsey planner seeks to maximize the welfare of the society subject to the competitive equilibrium
conditions. I assume that the central bank is committed to follow the announced plan from a
timeless perspective (Woodford (2003)). As in Schmitt-Grohé and Uribe (2005), I assume that at
time (¢) the Ramsey planner has been operating for an infinite number of periods.

The period (t) objective function of the Ramsey planner is the utility function

U, = In(C, — hCy_,) — —X L1+ (1.89)
1+
I assume that the discount factor of the Ramsey planner is equal to the subjective discount

factor of households in the competitive economy (/3). This policy maker maximizes
EyY AUIC, L (1.90)
t=0

subject to the competitive equilibrium conditions.

Then, the central bank maximizes the welfare function (1.90) subject to the competitive equi-
librium restrictions choosing at period (t) processes for the 30 endogenous variables U, C;, Ay,
Li, v, Xty 0y 2ty g5 Kig1, Ny Negy, Noey Riegr, Yonr, Qty 065 Usy Lty Poney G, Ly Yo, Ay, Fy, Zg, T,
7, Ry, i; and the 29 Lagrange multipliers.

The process for the shocks Ay, 74, &, 0, g are the same as those described in the competitive
equilibrium. The values for the variables listed above are given dated t <0, and also the values of
the Lagrange multipliers associated with the competitive equilibrium constraints are given at t <0.
Then, as explained in Schmitt-Grohé and Uribe (2005), the structure of the optimality conditions
associated with the Ramsey equilibrium are time-invariant.

The Appendix A.5 presents the Lagrangian for the optimal policy from a timeless perspective.

In the next section, I present the optimal monetary response when the economy is hit by: a

shock to the quality of capital, a shock to productivity, and a cost-push shock.
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Shock to the Quality of Capital.

In the presence of a feedback loop between real and financial activity, a decrease in the quality
of capital leads to a fall in the asset prices, which decrease the value of the bank. A bank’s
net worth is less valuable. This tightens the balance sheet constraint and reduces the supply of
credit. The decrease in the supply of loans makes credit more expensive, this is reflected in the
higher premium on loans. In turn, this results in lower investment. The decrease in investment
and output depresses asset prices, which then feeds back into reduced net worth and investment,
creating a feedback loop between the financial and real variables. This is the financial accelerator,
which propagates and amplifies shocks.

The effects of not acting optimally are clearly observed in the Figure 2, in which the monetary
policy is set according to the conventional Taylor rule, in that case the volatility of inflation and
the real and financial variables is higher than in the optimal case. The optimizing central bank

would like to smooth this financial accelerator.

Figure 1.1: Optimal Policy. Shock to Quality of Capital.

-1% Shock to Quality of Capital. Financial (solid),

DSGE (Dash).

Labor Consumption
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Figure 1. Optimal Policy. 1% Reduction in the Quality of Capital. Financial Model (solid) and DSGE (dashed).
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In order to understand the relevance of the optimal policy in this economy with financial
frictions, I conduct a series of comparisons. Firstly, figure 1 shows the optimal policy in this model
with financial (solid lines) and compares the policy with that implemented in a model without
financial frictions (dashed lines).

Secondly, figure 2 shows the impulse response to a decrease in the quality of capital when policy
is implemented via the conventional Taylor rule. The solid lines show the model with financial
frictions and the dashed lines the model without such frictions.

Finally, I present the gap variables in the figure 3. In order to define the gap variables, I follow
the work of Leith et al. (2015). This gap is the difference between the actual value of the variable
and the value that would be chosen by a benevolent social planner as a percentage of the value
chosen by this planner. In other words, the gap is the difference between the optimal and the
efficient response.

Figure 1 shows that when there is optimal commitment, consumption shows similar optimal
responses when financial frictions are present and when the are absent. The greatest differences
are observed in the inflation, investment, financial variables, and interest rates.

Compared to the optimal policy in the conventional DSGE (figure 1), monetary policy tends
to induce a larger reduction in the nominal interest rate. In the absence of financial frictions, the
optimal policy is to stabilize inflation. In contrast, in the presence of these frictions, monetary
policy is more expansionary. This leads to an initial burst of inflation. On impact, the expansionary
policy serves to increase the price of capital. This policy seeks to appreciate the bank’s assets in
order to reduce the tightening of the bank’s balance sheet and foster an increase in the credit
supply, reducing the inefficiency associated with the financial friction. As a consequence of this
policy, the bank’s net worth prevented from falling as much as it would in the case of implementing

policy under the conventional Taylor rule (figure 2).
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Figure 1.2: Taylor Rule. Shock to Quality of Capital.

-1% Shock to Quality of Capital. Financial (solid),
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Figure 2. Taylor Rule. 1% Fall in the Quality of Capital. Financial Model (solid) and DSGE (dashed).

The optimal policy dampens the effects of the shock on the financial variables. For example,
under simple rules, on impact, the net wealth of the banks falls 12.5 percent and the premium
on capital jumps 100 basis points. At the deepest of the recession, output is 1 percent below
equilibrium while investment is 5 percent below its long-term average. The conventional Taylor
rule produces larger fluctuations in financial and real activity and it is very costly in terms of
welfare (last row in table 6). In contrast, the optimal policy prevents this from happening.

The optimal policy stabilizes the financial sector at the cost of increased inflation. It is optimal
to trade-off inflation for financial stability. The combination of monopolistic competition and
financial frictions create a non-constant wedge between the flexible-price economy and the efficient
allocation. The objective of a maximizing policy maker is to keep the economy as close as possible
to the efficient allocation. This explains the initial reaction of the central bank; the strong reduction
in the nominal interest rate keeps the economy as close as possible to its efficient allocation.

The central bank induces a reduction in the nominal rate, which has the effect of reducing the

real rate, via the Fisher relation, and increasing inflation. The reduction in the real interest rate
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has two effects on the financial sector. Firstly, it appreciates the prices of the assets, by stimulating
investment. Secondly, it reduces the cost of deposits for the banks. The central bank realizes that
in order to stop the feedback loop between financial and real activity, it is necessary to protect the
profitability of banks. If agents are content with the profitability of the banking sector, then the
incentive constraint does not tighten. This avoids the inefficient jump in the premium on capital
observed when the policy is conducted in a Taylor fashion.

In this way, the gap between the actual level of output and the efficient allocation remains
as small as possible. If the central bank does not smooths the financial accelerator, the feedback
loop between real and financial variables pushes the economy away from the efficient allocation.
Inflation stabilization is suboptimal in the presence of financial frictions.

There is an additional aspect of the optimal policy which I highlight. The initial reduction
of 1.5 percent in the real interest rate explains the initial increase in inflation of 15 basis points.
This expansionary policy is reflected on the output. Compared to the conventional DSGE, output
decreases only 0.1 percent, whereas in the DSGE the initial reduction is 0.2 percent. Given that
the financial accelerator is procyclical, the optimal policy smooths its effects. However, in the
subsequent periods the optimal policy is reversed.

For example, in the second period the central bank contracts the economy. The increase in the
nominal and real interest rate deflate the price of the assets. The cost of credit increases in the
second period and investment and net wealth falls more than in the initial period. This change in
policy is explained by the desire of the central bank to achieve price-level control in the long-run.

In order to compensate for the initial increase in inflation it is optimal to reduce inflation in
the next period and keep this deflation for the next three periods. After four periods, the inflation
rate remains very close to its long-run equilibrium. This strategy of the central bank enables
effective control of inflation in the long-run. In turn, the control of inflation in the long-run also
generates price level control (once the inflation indexation has been removed) which is typical
of the optimal commitment in models without financial frictions (Woodford (2003)). Even when
financial frictions are present, price level control holds under commitment.

Hence, the optimal policy in the short-run is to stabilize the financial markets to prevent
inefficient fluctuation of real activity. However, once the feedback loop between financial and
real variable has been smoothed, the central bank can focuses on inflation control. The central
bank takes advantage of its commitment technology. It commits to initially contribute to stabilize
financial markets in the short-run, at the cost of an increase in inflation, while it stabilizes inflation
in the long-run, reducing the attention to the financial markets. This policy maximizes the social
welfare.

As a conclusion, the welfare maximizing policy is the one that protects the financial sector. The
stability of the financial sector prevents undesired fluctuation of the real variables. The optimal
policy trades-off financial stability for inflation. This trade-off does not exist in the absence of

financial frictions. Only after stabilizing the financial sector, the central bank seeks price-level
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control in the long-run. Price-level control is a result of optimal policy under commitment in the

benchmark New Keynesian model. This is robust to the introduction of financial frictions.

Trade-offs Faced by the Ramsey planner. In order to understand the trade-offs faced
by the Ramsey planner in this economy, I make use of an additional policy instrument. Suppose
that the Ramsey planner has access to an optimal subsidy that eliminates the financial distortion.

When this subsidy is in place if a shock reduces the quality of capital, the nominal interest rate
decreases by a smaller amount. This stimulates the private spending and prevents deflation. In
that case, the financial sector is stabilized using the subsidy to the return on capital. The nominal
rate stabilizes inflation. This case is akin to the model without financial frictions (dashed lines in
the figure 1).

Now, I remove the subsidy. Removing that subsidy implies that the response of the policy
maker changes completely. The policy maker seeks a profitable banking sector and stable inflation.
However, with only one instrument, the central bank has to renounce to stabilizing inflation in
the short-run. The interest rate has to do the job of the subsidy. In this case, the optimal policy
is more expansionary. In this way, the cost of capital remains as close as possible to its long-run
level. In making all the banks content with their expected return on assets, the policy maker
helps them to meet their balance sheet constraint, and the optimal policy switches off the financial
accelerator. This policy protects the financial system and avoids contagion to the real economy.
Financial health becomes a key objective of this policy maker. But, the policy maker cannot
simultaneously stabilize inflation and the financial sector. This is the case shown by the solid lines

in the figure 1.

Gap Variables. Figure 3 shows the gap between the response of the Ramsey policy and the
benevolent Social Planner. The economy is hit by a negative shock to the quality of capital. The
left panel shows the model with financial frictions. The right panel shows the model without

financial frictions.
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Figure 1.3: Gap Variables. Shock to Quality of Capital.
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Figure 3. Gap Variables. 1% Reduction in the Quality of Capital. Financial Model (left) and DSGE (right). The
gap is the difference between the actual level of the variable under the optimal policy and the efficient allocation
as a percentage of the efficient allocation. A decrease in the output gap means that the economy is closer to the

efficient allocation.

When the financial frictions are present, the optimal response is to reduce the nominal interest
rate and increase inflation in the initial periods (figure 1). This is possible because there is an
initial decrease in the output gap, the economy is closer to the efficient allocation, (left panel, figure
3). This initial decrease in the output gap contributes to the increase in the inflation. Because the
financial accelerator is procyclical, the reduction in the gap smooths the feedback loop between
real and financial variables. After this period, the output gap increases, which is associated with
the fall in inflation in the second period. After these two periods the output gap decreases, which
explains the smooth return of inflation to its long-run level and serve to stimulate the recovery of
the financial variables.

This behavior is absent when the final markets are frictionless (right panel, figure 3). In this
case, the optimal policy is to stabilize inflation. When the shock hits, the output gap increases
and has an additional increase in the next period. After this, the output gap starts to close, in this

way the central bank stabilizes inflation at its long-run level.
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The figure 3 captures some of the contributions of financial frictions to the optimal policy.
However, the economies in that figure feature monopolistic competition. Figure 4 shows the gap
variables when there are financial frictions, but the monopolistic competition distortion has been
removed. This isolates the effects of the financial friction.

In figure 4, a subsidy to the sales eliminates the distortion associated with the monopolistic

competition (solid lines).

Figure 1.4: Gap Variables. Shock to Quality of Capital.
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Figure 4. Gap Variables. 1% Reduction in the Quality of Capital. Financial Model (solid) . The solid lines show the
gap between the economy without monopolistic competition and the efficient allocation. A decrease in the output

gap means that the economy is closer to the efficient allocation.

When the financial friction is the sole distortion in steady state, the optimal response, after a
shock to the quality of capital, implies a reduction in the output gap. In this way, the economy
is closer to its efficient allocation and the effects of the financial accelerator are smoothed; the
optimal monetary policy seeks to mimic the efficient response. This is why the central bank
(figure 1) strongly reduces the interest rate in the benchmark case.

In the next section, I present the optimal policy when there is positive shock to productivity.
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Shock to Productivity.

In the presence of a feedback loop between real and financial activity, an increase in productivity
leads to higher asset prices, which revalues the bank’s assets. This has the effect of loosening
the balance sheet constraint and contributes to increase the supply of credit. The credit becomes
cheaper, this is reflected in the fall of the premium on loans. In turn, this stimulates investment.
The higher investment and output produce a boom in asset prices, which then feeds back into net

worth and investment. This is the financial accelerator. Figure 5 shows the optimal response.

Figure 1.5: Optimal Policy. Shock to Productivity.
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Figure 5. Optimal Policy. 1% Increase in Productivity. Financial Model (solid) and DSGE (dashed).

Compared to the optimal policy under the conventional DSGE, monetary policy tends to be
contractionary. This leads to deflation. On impact, the tightening of policy serves to ameliorate
the appreciation of the banks’ assets. This serves to prevent an overexpansion in the supply of
credit. Net worth is stopped to boom as it would be in the case of implementing policy under a
Taylor rule in the presence of financial frictions (figure 6). This policy dampens the effects of the

shock on the financial variables.
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There is a procyclical relationship between output and the premium on capital when financial
and real shocks hit the economy. Because this positive shock to productivity would reduce the
premium on capital, banks could lend to non-financial firms at lower rates. This would increase
investment. In order to prevent an overexpansion of investment, the central bank makes it more
expensive for banks to fund new assets. This is the reason behind the increasing real interest rate
in the first period.

This policy is effective at stabilizing the financial sector and preventing an overexpansion. But
the cost is deflation. It is optimal to trade-off deflation for financial stability. In the case of
optimal policy, less loans are granted to firms than in the case of policy implemented via simple
rules (figure 6). This is so because the optimal response is to increase the nominal interest rate to
keep the economy as close as possible to the efficient allocation. This prevents the boom observed
under the Taylor rule.

In the presence of financial frictions, a one percent increase in productivity reduces inflation
by 10 basis points. The central bank finds it optimal to undertake a monetary tightening in order
to stabilize the financial markets. The monetary contraction reduces the boom in the financial
sector, but at the cost of deflation. In contrast, when the financial frictions are absent, the optimal
policy is expansionary, and inflation remains under control.

Figure 5 shows that in order to achieve price-level control, it is optimal for the central bank to
undo its initial policy from the second period onwards. The central bank exploits the benefits of
commitment in order to stabilize financial markets in the short-run and achieve price-level control
in the long-run. The policy of the central bank turns expansionary in the second period, and this
compensates for the initial deflation. As in the case of the shock to the quality of capital, the
central bank deals initially with financial stability. Once this is achieved, the central bank can deal
with inflation control. The central bank finds it optimal to keep the nominal interest rate below
its long-run equilibrium for several periods. This compensates for the initial deflation.

In conclusion, when productivity shocks arise and financial frictions are present, the central
banks exploits the benefits of commitment. In the short-run, it commits itself to financial stabi-
lization. Once the inefficient fluctuation associated with the feedback loop between financial and

real variables has been smoothed, it commits itself to price-level control in the long-run.
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Figure 1.6: Taylor Rule. Shock to Productivity.
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Figure 6. Taylor Rule. 1% Productivity Improvement. Financial Model (solid) and DSGE (dashed).

Cost-push shock.

In this section, I present the response of the Ramsey policy when there is a cost-push shock of one
percent. Figure 7 shows the optimal response. As in the case of a shock to the quality of capital,
the initial reaction needs to be very strong to prevent the starting of the financial accelerator and

its contagion to the real sector. Indeed, the expansionary policy is very effective reducing the

effects of this recessionary shock.

In the conventional DSGE, this shock is contractionary and inflationary and it creates a trade-
off for policy. In the presence of financial imperfections, the trade-off remains. But given the
presence of the financial accelerator, the trade-off is bigger. The initial reaction of the central
bank is more inflationary than in the absence of financial frictions. This has the benefit of a milder

recession, which prevents inefficient fluctuation of financial and real variables. In this case, the

economy is kept as close as possible to the efficient allocation.
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Figure 1.7: Optimal Policy. Cost-Push Shock.
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Figure 7. Optimal Policy. 1% Cost-Push Shock. Financial Model (solid) and DSGE (dashed).

In the next section, I deal with the implementation of optimal policy. In particular, I investigate

whether the simple rules can implement optimal policy.

1.7 Implementation of Optimal Policy.

In this section, I deal with the implementation of optimal policy. I present the results of the welfare

comparison across different regimes. Table 6 summarizes the main results. I restrict attention to

policy rules that have the form
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Table 1.6: Implementation of the Optimal Policy

Table 1.7: Implementation of Optimal Policy (DSGE)

where (i;) is the nominal interest rate and (i) is its long-run level, (m;) is the inflation rate and (7)
the long-run level of inflation. (Y;) represents output and (Y) its steady-state level. (k) is the
policy coefficient on inflation deviations and (ky) is the policy coefficient on output deviations.
The index m can take three values 1,0, and -1. When m = 1, I refer to the interest rate rule as
backward looking, when m = 0 as contemporaneous, and when i = -1 as forward looking.

Given that the optimal policy suggests stabilizing the financial variables, I explore the case
in which the policy rule contains a Coefﬁci(lznt (ksp) which measures the relevance of reacting to
Rk, R*

Rt+1]] respect to its average [[W]]

deviations of the premium on capital Et[[

1.7.1 Not Reacting to Financial Events.
Non-Inertial Rules.

The welfare cost represents the percentage of consumption that agents in the alternative policy
scenario are loosing respect to the Ramsey regime. Optimized refers to a policy regime wherein the
policy coefficients [k, Ky, Kgr, ksp| minimize the welfare cost. The search for policy coefficients
was constrained to lie in the interval [0, 3].

When financial frictions are present and the optimized rule contains only the policy coefficients
[Kx, Ky, the welfare-maximizing rule has policy coefficients equal to [2.325, 0]. This is shown in
the first row of table 6. This policy costs 0.006 percent.

In order to have an understanding of the relevance of the coefficients in the previous rule, I
compare these results to the case in which the financial frictions are absent. Table 7 presents the
welfare costs of optimal rules in this case.

Initially, the search for the policy coefficients was restricted to lie in the interval [0, 3]. In this
case, the policy coefficient on inflation takes the largest possible value and the cost is 0.003 percent
(column (2)). This rule implements the optimal policy, which in the absence of financial frictions
is akin to price stability.

When the upper bound on the search for optimal coefficient was removed, and it was allowed
to take any non-negative value, the policy coefficient [k,] takes a value of 305 (column(1)). This
policy has a cost of 0.00001 percent. In this case, the policy coefficient [k,] is large but finite. This
reflects the desire of the optimizing policy maker to stabilize inflation in the absence of financial
frictions.

One difference can be observed between the financial and non-financial models. In the conven-

tional DSGE, the larger the value of the coefficient on inflation, the higher the welfare. Columns
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(1) and (2) in table 7, show this. However, this is not the case in the financial model. For example,
when the financial frictions are present, a policy rule with coefficients [5, 0] implies a welfare cost
of 0.0064 percent. In the presence of financial frictions, inflation stabilization is not as desirable
as it is in their absence.

One similitude can be observed between these economies. In both cases, the coefficient [y ] is
equal to zero. Indeed, the costs increase as the value of the coefficient [y | increases. For example,
the policy rule [1.5, 0], in the conventional model costs 0.0044 percent. But the conventional Taylor
rule, fourth column in table 7, implies a welfare cost of 0.0204 percent when financial frictions are
added.

Similarly, in the financial model, the rule [1.5, 0] has a cost of 0.0105 (row 7 in table 6). The
conventional Taylor rule [1.5, 0.5] costs 0.0216 percent (last row in table 6). Schmitt-Grohé and
Uribe (2007) show and explain the reasons behind the optimality of not responding to changes in
output in a model without financial frictions. If the monetary rule contains a cyclical component,
in the face of productivity or supply shocks, the economy would not be allowed to adjust efficiently.
This can create price dispersion, which in models with sticky prices is costly. After observing the
results of the optimal rules, that result and explanation is robust to the presence of financial
frictions.

Next, I show the effects of allowing an inertial term in the previous rules. After that section,
I analyze whether a simple rule that reacts to financial variables, such as the cost of credit, can

implement the optimal policy.

Inertial Rules.

In this section, I check the robustness of the previous results to the introduction of inertial pol-
icy rules. Woodford (2003, 2003b) and Sims (2013) show the advantages of introducing inertial
components in the policy rules.

An inertial policy rule is a good approximation to the optimal policy under commitment.
Reacting to an endogenous state variable serves the policy maker with the ability to exploit the
expectational advantages of commitment. By having persistence in the rule, the central bank can
anchor inflation expectations, which could in turn improve the current policy trade-offs faced when
financial frictions are present.

Row 2 in table 6 shows the inertial rule. The fact that the optimized rule is inertial suggest that
the central bank reacts more strongly to inflation in the long-run than in the short-run. This is
observed also in the figures 1 and 5. The coefficient on the lagged value of the nominal interest rate
takes the largest possible value. Reacting to contemporaneous inflation has a very small weight.
It is optimal to not responding to output in this case. This rule welfare-dominates the non-inertial

rule in the presence of financial frictions (row 1).

38



Backward Looking Rule.

The optimal backward looking rule also implies a zero reaction to the past level of output and to
the past level of the nominal interest rate (row 3). When the nominal interest rate reacts to the
past value of the variables, the cost are higher than in the contemporaneous or forward-looking

rules.

Forward Looking Rule.

The forward looking rule, a rule that responds to expected inflation and the expected output
deviations, also does a good job in approximating the welfare implied by the optimal commitment.
This rule implies a strong reaction to future changes in inflation and zero reaction to future
changes in output (row 4). When the rule is forward-looking the coefficient on the lagged value of

the nominal rate is optimally driven to zero.

1.7.2 Reacting to the Financial Variables.

When the financial frictions are present, the optimized policy coefficient [k,] takes a smaller value
than in the model without these frictions. Inflation stabilization is not as desirable in this case as

6. However, to what extent does reacting to

it would be in the absence of the financial frictions
changes in the cost of credit (the premium on capital) improve social welfare?

Rows 5 and 6 of table 6 provide an answer. If the monetary rule can react to changes in the
spread between the return on capital and the risk-free rate, there are welfare gains. If, in addition,
the rule is inertial, that rule is the welfare maximizing one (row 6).

Comparing rows 1, and 5, there is a cost-reduction of 0.0013 percent if monetary policy reacts
to changes in the cost of credit. There are also welfare gains respect to the Taylor rule.

When the rule is inertial (row 6), the relevance of the feedback coefficient on the financial
variable decreases but the welfare gain respect to the not reacting to changes in the cost of credit
increases to 0.0036 percent (row 1 minus row 6). This is the welfare maximizing rule because
making the policy rule history dependent serves to anchor inflation expectations. This allows the
central bank to react to the financial events in the short-run and commit itself to increase the rate

if necessary in the future. By exploiting the commitment technology, it is possible for the central

bank to react to financial events in the short-run and inflation in the long-run.

1.7.3 A Summary of Optimal Implementation.

The welfare maximizing rule reduces the volatility in the financial markets. In the presence of

financial frictions, inflation stabilization is not as desirable as it is in their absence.

5The determinacy properties are not altered by the introduction of the term reacting to changes in the spread
on capital. The Taylor principle continues holding.
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A simple rule that reacts to changes in the cost of credit is able to implement the optimal policy.
Making that rule history dependent allows the central bank to smooth financial volatility in the
short-run and commit itself, if necessary, to revert its policy in the future to achieve price-level

control. This rule mimics the Ramsey policy.

1.8 Robustness Checks.

1.8.1 Monopolistic Competition.

The main distortion in the model is due to the presence of monopolistic competition. The elasticity
of substitution across goods (g) governs the degree of monopolistic competition in steady state.
The value of this parameter used in the benchmark calibration follows the estimation results of
Primiceri et al. (2006). However, this implies a markup of around 30 percent, which is in the
upper bound of the conventional values. Hence, as a robustness check, I use a more competitive
economy by increasing the value of (¢).

In the financial accelerator model, monopolistic competition is important because it results in
a non-constant gap between the efficient and the natural allocation. And then, this can create a
trade-off between inflation and financial stabilization.

In order to understand if the policy trade-offs remain in a more competitive economy, I derive
optimal policy and its implementation for the case in which the economy is more competitive. For
example, choosing a value of ¢ = 11 , which would imply a markup of about 10 percent in steady
state. The optimal policy is similar to that in the benchmark case. It is optimal to allow inflation
to increase after a shock to productivity, a financial shock, or a markup shock. However, the size
of the trade-off decreases. This is in line with Leduc and Natal (2015), who found in a model with
a financial accelerator, similar to that in Bernanke, Gertler and Gilchrist (1999) that the policy
trade-offs under monopolistic competition, price stickiness and financial frictions are increasing in

the monopolistic competition.

1.8.2 Only Shocks to Productivity.
Optimized Rules.

When financial frictions are present and only productivity shocks are considered, the policy rule
that implements the optimal policy, is inertial. These results are shown in table 8.

A central result is that when financial frictions are present, and the economy is subject only
to a productivity shock, the coefficient on inflation is large, but it is several orders of magnitude
smaller than when these frictions are absent. For example, in the conventional model, if there are

only productivity shocks the welfare cost decreases in the size of the coefficient on inflation.
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Table 1.8: Welfare comparison. Productivity shock

Figure 1.8: Welfare and Productivity Shocks

Welfare Cost. Financial Model. Productivity Shock
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Figure 8. Welfare Cost in a Model with Financial Frictions and only Productivity Shocks. Top panel shows the
welfare cost of increasing the feedback coefficient on inflation. Bottom panel shows the welfare cost of increasing

the feedback coefficient on output.
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Figure 1.9: Welfare and Productivity Shocks (DSGE)

Welfare Cost. DSGE Model. Productivity Shocks.
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Figure 9. Welfare Cost in the DSGE Model and Only Shocks to Productivity. Top panel shows the welfare cost
of increasing the feedback coefficient on inflation. Bottom panel shows the welfare cost of increasing the feedback
coefficient on output.

Figure 8 shows that when financial frictions are present, welfare decreases if the weight of
inflation in the policy rule is larger than 2.1883. Welfare costs are also increasing as the coefficient
on output increases. Finally, figure 11 shows the same information as in figure 10 but for the
conventional DSGE. In contrast, welfare costs are decreasing as the inflation coefficient increases.

In this case, the policy rule would select a very large coefficient on inflation.

1.8.3 When all the shocks are present.

Figures 10 and 11 show the welfare cost if a shock to the quality of capital, a cost-push shock,
and a shock to productivity are present. The top plot of figure 10 shows the welfare cost as the
inflation coefficient increases in the presence of financial frictions. Figure 11 shows the case for the

conventional model.
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Figure 1.10: Welfare and Shocks
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Figure 10. Welfare Cost in a Model with Financial Frictions and Various Shocks. The shocks are: a productivity
shock, a shock to the quality of capital and a cost-push shock. Top panel shows the welfare cost of increasing
the feedback coefficient on inflation. Bottom panel shows the welfare cost of increasing the feedback coefficient on

output.

In figure 10, the analysis consider a set of shocks: a technology shock, a shock to the quality of
capital and a cost-push shock. These shocks have been introduced previously in the text and the
equation for them are contained in the quations 30, 31 and 34 in the Appendix A.5. In particular,
the shock to the quality of capital follows Gertler and Karadi (2011) and it is introduced to mimic
a financial crisis. The technology shock is a sudden decrease in the productivity in the economy,
following previous literature, and the cost-push shock is a sudden increase in the markup of the
firms.

The key difference between the two cases is that in the conventional model the cost decreases
on the inflation coefficient (), while in the financial model there is a maximum value for this
coefficient. In the conventional model, after a value of 5 the cost is closely flat. For small values
of (k) this cost decreases quickly as the inflation coefficient increases. In the financial model the
cost is also decreasing for small values of (k). But, this cost has a minimum at 2.325. For larger
values the cost increases. These plots reflect the results of table 6. In both cases, welfare decreases

as the coefficient on output increases.
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Figure 1.11: Welfare and Shocks (DSGE)

Welfare Cost. DSGE Model.
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Figure 11. Welfare Cost in the DSGE Model and Various Shocks. The shocks are: a productivity shock, a shock to
the quality of capital and a cost-push shock. Top panel shows the welfare cost of increasing the feedback coeflicient

on inflation. Bottom panel shows the welfare cost of increasing the feedback coefficient on output.

1.9 Conclusion.

In a standard New Keynesian model with a banking sector that faces balance sheet constraints, the
optimal policy seeks to stabilize the financial markets by reducing the volatility of the cost of credit;
a healthy financial sector is desirable. In this framework, there is a trade-off between inflation
stabilization and financial stabilization. This holds if the economy is subject only to a productivity
shock or if the economy becomes more efficient by reducing the monopolistic competition.

The implementation of optimal policy suggests stabilizing the spread between the return on
capital and the risk-free rate. When a shock hits the economy, this policy suggests an aggressive
reaction in the initial periods.

The simple rule that mimics optimal policy suggests a zero coefficient on changes in output, and
a non-zero coefficient to changes in the premium on capital with respect to its long-run average.
Stabilizing the financial sector enhances social welfare. In contrast, a strong anti-inflationary stance
may be welfare decreasing. Additionally, inertial rules serve to anchor inflation expectations in the
long-run, while stabilizing financial markets in the short-run, mimicking the optimal policy under

commitment.
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Appendix A

Appendix Chapter 1.

A.1 Derivation of Equations.

A.1.1 Households.

The maximization problem of the household can be expressed using the Lagrangian:

o0

L= B Yo I(Cras — hCiyi) — 25 LY

X iWiwiLiyi + ogs + Tos + Rigi[ Doy + Btgﬂ-] — [Digisa1 + Btg+i+1] — Ciyi]

The first order conditions are:

Respect to Consumption:

1 Y 1
(Cigi — hCiyi) (Ctyiv1 — hCiyy)

By = Ey ]

Respect to labor:

XEq Lf—i—i = EMiiWiy

Respect to Savings:

Et )\t+i = Et >\t+i+1 Rt+i+1

And the Budget constraints:

WiviLivi + Wepi + Reyi[Devi + BY] — [Diyivr + B ] + Ti = Cry

The marginal utility of consumption at period (i = 0) can be expressed as:
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1 1

Uy =F|——————hf——— A5
t t[(ot hCi_y) b (Copq — th)] (A.5)
Then, optimal labor supply is
xLf
=W, A6
0, ! (A.6)
And the consumption-saving decision
Uct+1
1=F R
13 o,
It is defined U
A .= ct+i A7
ori = (A7)

A.1.2 Financial Intermediaries.
incentive constraint and Maximization of Banks Final Wealth.

The bank is interested in maximizing its terminal net wealth (Nj.4;). It has a finite horizon and
the probability of surviving from today to tomorrow is (6;). At the end of period t, the surviving
bank maximizes its terminal wealth for the end of period (¢ 4 1) on.

The bank’s net wealth evolves as the difference between the return on its assets and the cost

of funding them, eq.(1.9) in the main text

Njip1 = [Rt+1 Ri1]QiSjt + Riv1Njy

and because the bank is not interested in funding projects with an expected discounted cost larger

than its expected discounted return, the next condition should apply for the bank to operate

Etﬁ1+iAt,t+1+i[Rf+l+i — Riy1y] >0 (A.8)

in any period (i > 0).

At the end of period (t), a surviving bank has a probability of dying tomorrow equal to (1—60;,1).
If a bank survives that period with probability (6;41), it will have a probability of leaving the
industry in (t + 2) equal to (1 — 6;42)0;4;. Banks surviving that period, with probability (6:12),
have a probability of leaving the industry in (¢ + 3) equal to (1 —6;13)0420;11. So, the probability
of dying in the period (¢ + ) is (1 — 0y4144)[II;",, 0k for (i > 0). Then, at the end of period t,

the bank maximizes its expected discounted terminal wealth according to

o0

Vi = max EtZ(l — O [ 0K 87 A i1 i (N1 44) (A.9)

=0
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which takes into account the evolution of terminal wealth (1.9), the discount factor (ﬁ”lAt,tHH)

and the survival pattern. Substituting the evolution of wealth eq.(1.9)

Vji = max EtZ(l - 0t+1+1)[Hk+zt+l‘9k]/6 A1 (B 1) QraSyes ) (A.10)
=0 +Riy11iNjeyi

I can split the right-hand side of eq. (A.10) in one term associated with total assets and other
associated with the equity part. Then, the problem of the bank can be expressed as

Vie =V + V]! (A.11)

with
Vj; = max Eti(l — O i) [, 0B A1 4i(RY 14y — Revngd) QeriSievi (A12)

=0

and

V;t] = max Etf:(l - 0t+1+1)[HllsztJrlek]6i+1At,t+1+iRt+1+ith+i (A.13)
=0
Assets.

Now, working with the assets part eq.(A.12)

[e.9]

Vi = max EtZ(l — Q) [T 0k B Ay i (RY 14 — Rev14)QeriSjevi (A.14)

=0
the update one period-ahead of the previous equation is

[e.e]

Vi =max By (1= 0ppo) L0068 Arsr i iyosi (B oy — Rivari)QeengiSieanss (A15)
1=0

Eq. (A.14) can be expressed as

Vﬁ = E(1— 9t+1)51At,t+1(Rt+1 Ri11) QS+
EtZ( — O ) [T 0] B Ny i (RY s — Riv140)QeriSjtvi
=1
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and the second part of the right-hand side can be expressed as

Vi = E(1— 9t+1)ﬁAt,t+1(Rf+1 — Ryy1)Qu S+
Et(9t+1)5/\t,t+12(1 - 9t+2+z‘)[H?:tigek]5Z+1At+1+i,t+2+i[ ( e ) )
p Qtriv1Sjtriv
and using A.15
Vi = Ey(1 = 0p41) A1 (REyy — Rin)QuSit+
Et(9t+1)BAt,t+1V;Z+1
Multiplying by ((th_t))
1 v k 1 v
Vjt =(1- 9t+1)EtﬁAt,t+1(Rt+1 — Ri1) + B A V;'t+1 (A.16)
QtSjt QtSjt
I can use the definitions (v; = Q‘?g_t) which implies (vi1 = Qti/ﬂfg'1t+1>' Substituting this in the
previous equation
1

v = E(1— ‘9t+1)5At,t+1(Rf+1 — Ri1) + Bl BN i 0,5 V41 Q1541
9t

defining the gross growth of asset between period (¢) and (¢ + i) as

S Qt1iSjt v
tit+: — = N ~
o QS
I arrive to
v = (1 — 9t+1)ﬁAt,t+1(Rf+l — Rit1) + B0 BN 1T 101 (A.17)
Equity.

Working with the net wealth part eq. (A.13)

[e o]

Vit = max By (1= Oprsa) [ 0] 8™ A i Rer i N
1=0

updating one period-ahead the previous equation

[e.e]

n o _ t+1+i i+1
Vth = max [ E (1 - 9t+2+i)[Hk:t+29k]5 At+1+i,t+2+iRt+l+ith+i
i=0
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I can separate (V}]) as

V= Ey(1 = 0141) BN o1 R Nj+-
EtZ(l - 9t+1+i)[sztﬂ@k]ﬁiﬂf\t,tﬂﬂ(RtHH)NJ'tH
i=1

starting the summation from zero

Vi= Ey(1 = 0111) Bt 11 Ryt Nyt
Et(9t+1)5/\t,t+12(1 — 0o ) (I T0K1 B Ay i eoi(Reg ) Nyt
i=0

the term in the summation is the one period-ahead update of (V). Then

Vi = Ey(1 = 0441) BNt s 1 Re i Nje+
Ei(01) B 11V
I define now (n, = ]‘\%) and (n,,, = XJ’Z 11 ). Multiplying the previous equation by ((NLt))

1 N
VJZN— = Ei(1 = 0141)BA 141 Rir + B0y BN %Utﬂ
J gt

the gross rate of net wealth between period (t) and (¢ + i) can be defined as

Zppni = th+i
R th
Then, the previous equation can be written as
n = E(1 = 001) BN i1 Ry + B0 1 BN i1 260017001 (A.18)
Equation (A.11) is equal to
Vit = v4QeSje + 1, Nj (A.19)

Which is the conjectured solution to the banks problem.

A.1.3 Non-financial Intermediate Producers Firms.

The firm production function is
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Y = Af(U LK) L (A.20)

The income for the firms is the value of its product (P,;,;Y;:) plus the income coming from the
reselling the undepreciated capital (1 — 6;)&, K.

The costs are: the wage bill (W,L;), the return on the capital acquired in the previous period
and paid in this (RF)Q;_; K; and assuming that cost of replacement of worn out capital is unit,

the profits problem for the firm in this period is to choose (U;) and (L;) to maximize

PotYome + [Q — 646, K — Rf@t—th — WL, (A.21)
subject to eq.(A.20). The first order condition respect to labor is

Ymt

(1— Of)PmtT =W (A.22)
t
Respect to Utilization rate.
Yo
aPtht = WU, K, (A.23)
t
I am assuming the depreciation function:
b i
0, =0, + TCUt (A.24)
5 (Uy) = bUt

Return to Capital.

The return to capital is the remaining of the profits after paying the wage bill and the other costs of
production. Substituting the optimal condition (A.22) in the profits equation (A.21) total profits
should be zero as long as the firms pays all the return to capital to the banks

PoiYor + [Q — 0)&, Ky — Rf@t—th —(1=a)PpuYm =0

simplifying and solving for the return to capital

Yot 1
RF ={aP,, 2 -9 A.25
t {04 t K, + [Qt t]ft}Qtfl ( )
where the value of the marginal productivity of capital is
Ymt
Pi—
(6% t Kt
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A.1.4 Capital Producers.

Each period the firms chooses the level of net investment to solve

= T— InT + Iss
max Et;,@ tAt,T{(Qt - 1)]nt - f( (m) )(]nT + Iss)}
with
In7'+]ss ¢ In7'+]ss 2
_nT LTSS )y Zi_nT T Tss g A .26
f( <I’nfr—1 + Iss)) 2 <Im’—1 + Iss ) ( )

The first order condition respect to net investment is

¢‘ ]nt+Iss 2 ]nt+Iss ]nt+Iss
= 1+ 2 (——— - 1)+ (———= - 1)(| ——=
Qt 2 (Intfl + Iss ) (b (Intfl + Iss )( ]ntfl + Iss )
Int—i—l + ]ss Int—l—l + ]ss 2
—BE Ny gy (LT s gy 2L T Sss
/6 t t7t+1¢l( Int +Iss )(( Int +Iss )

A.1.5 Retailers.
Demand for Final Product.

Each of the consumers of the final good must minimize the cost of buying one unit of the composite

good. This good is aggregated according to:

Y= [, 4= (A27)

where (g) is the elasticity of substitution between varieties.

Then, the minimization problem is

1

L = O}Pftyftdf Y- [ Y7 df)=1}
The first order condition respect to (Y7;) is
Py = )\t[g’ Yo df]EYy, (A.28)
Using the definition of the composite good
11
Pry = MY,"Y,
Solving for the demand of individual good (Y7:)

Vo= (|5 oy (4.29)
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Substituting eq.(A.29) in (A.27)

A = [z(Pft)l_Edf]lls (A.30)

The Lagrange multiplier can be though as the correct price index. Then,

where the price index is defined as
1 ) L
Py = ([ (Pr)df] ™
Substituting eq.(A.31) in (A.29)

Vo= [| B rox (A.32)

Which is the optimal demand for the final good (f). And substituting this in the definition of
spending

1
I can write the aggregate spending of the consumer of the final good as

1
Y, P, = gpftyftdf (A.34)

Evolution of the price index.

From the previous section we know that the price index is equal to:

P, = [[(Pp)'df] =

Ot —

Given that the fraction (1—+) of the firms reoptimize price in period (¢) and that a fraction ()
is not able to reoptimize in this period, and that those firms not reoptimizing this period partially
index (7%) their price to the past period inflation(r;",) and allowing for the optimal price to be

(P}), equation (1.39) can be written as:

1—y

I P _e _1
P=| g (P}kt)l_gdf +1f (szlpft—l)l df == (A.35)
-
then,

P

P = (1 =)(B) (] ) (A.36)
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Dividing (A.36) by (P}~°)

solving for the relative price

b (1—7)
Equation (A.37) is the evolution of the optimal price.

Pr F—’Y(Wﬁml)l_a} .

A.1.6 Price setting.

(A.37)

(A.38)

Following Christiano et al. (2005), Ascari and Sbordone (2014) and Hornstein (2007), In each
period there is a fixed probability (1 — ) that a firm can reoptimize its price P;. For those firms

not reoptimizing this period they index their price to previous period inflation. This happens with

a probability (7). In this case

.
Py =m_ 1P

with the parameter p € [0, 1] indicating the degree of indexation to previous period inflation. The

problem is then

= Pinzplt —1
j j 7 -4 +]_
max F; E B Ay [(1 = Tt+j)P—Yit+j — Pty Yitrg]
P =0 t+7

subject to the demand function

Pz'*Hvil i—1\\—e
ity = ((—t ltD ’t'ﬂ )) Yiis
t+j

The cumulative inflation between period (¢) and (¢t + j) is

1 1 forj =0
ti+3 = Piy1 Piyo Piis Py .
- >
Py Pyy1 Piyo Piigp for )= 1
- 1 for j =0
t=Lt+j—1 =  p, Piy1 Piyo Piig—1 for i > 1
Py Pt Piy1 """ Poygp—o2 J =

Substituting demand eq.(A.40) in eq.(A.39)

* p * p
o0 (1 o .)Pitnz—l,ﬂ—j—l ((Pitnv
E BN s j[ T+ Py Py
ma*X t t,t+37 P H,Yﬂ
Py — — Py (S h=t) ey
J= mt+j Py t+j

23

t—1,t+j—1)\—&
1)) Yy

(A.39)

(A.40)

(A1)



which is equal to

PiIT;
o) . (1 =Ty t—1,t45—1 lst .
I%%XEtZBJAt,Hﬂ][ ( t+])(§3*mpm )) ™ ]
=0 — Pt (Rt Ei’;ﬂ*l))f}/}ﬂ

the first order condition

P

Py’ m’
<y (e = (B ey
Et Z/BjAt,t+j’yj[ P]H ( PH-J ) H’yp Pt-‘r.] J ] _ 0
=0 (=) Py (=)~ (=) v
simplifying
< Pt (e,
B S B M| N =0
P — 251 P P T (F22) Yo,
solving for the optimal price
o - IR
PE S M (1= ) ((Z )
= t+j
7=0
. o , H;fyjl,tJr‘fl .
B £ — 1Et Zﬁj/\t,ﬁﬂjpmtﬂ( <T+Jj )Y
dividing by ((%))
I
lt ) —_ 1—¢
PtEt Z BN, i (1= 7e5)( <T—i—j)) Yt

P

€ . ‘ I . .
= —3 Ey Z B Nty Pty ( (—t I’H.J 1)) Yii;

using

_ l—e+e
P,=P,

and solving for the optimal price

P

0o i : I . -~
-P,:Z o € Et Zj:[) /BJAt,t+j73Pmt+j(( : ];;I;J 1)) EX/I-H']' P_(l_a)_s
P t

P g — 1 [e’e) - . H;Y/j e .
t By Y50 B My (1= o) (R4 )1 =Yy

Pi;

introducing the price inside the parenthesis in the numerator and denominator

o4

(A.42)

(A.43)

(A.44)

(A.45)

(A.46)

(A.47)



~P

o / j Y Jj= —€
P»T: IS Et Zj:() ﬂjAt,t+j7]Pmt+j(%Pt) Y:‘Arj
B 7 (A.48)
t

E — 1 o) i : I
B> 0 B AV (1 — 7o)

t—1,t4+75—1 Pt)liEYt-JrJ
using the definition of cumulative inflation

Piij

P

o i ; I 1ejo1)\—¢
P e E, Ejzoﬁjf\t,ﬁﬂjpmtﬂ((lﬁ—tijl)) Yirg (A.49)

P, -1 o , PN
y € EthzoﬁjAt,t—&—j'}’](l_Tt+j)((¢>)1 Yii

Iy e4j

Which is the optimal relative price for the firm.

Evolution of Inflation.

The price index is eq.(A.31)

P, = [[(Py,)'df]) =

O —r

Distributing between the (1 — ) setting price optimally this period and this () indexing their

price to the previous period inflation

1—y

P= L (P + T Pyua) ]

integrating across each group

P = (1= )P (o Pie)

dividing by (P} ~°)

Plfz-: P . , P .
pree = (0= (T )y 2 T
using inflation definition
Py —e P —1\l—e
1= [0 = (T ) 2w (A50)

A.1.7 Price Dispersion.

At the firm level demand must be equal to the supply, then

Py,

Vo= [| | 1o% (A51)

From the intermediate good production
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Yo = At(Utftht)aL}vt_a (A.52)

Aggregate labor is

1
Aggregate effective capital is
1
Ky = gKftdf (A.54)
And aggregating eq.(A.51)over all the firms and taking into account the definitions of aggregate
variables
arl-a Pft €
o e (A.55)
t
Defining price dispersion as
1P
A= 1|51 (A.56)
o L&
Then, the aggregate resource constraint can be written as
A.1.8 Evolution of Price Dispersion.
Price dispersion was defined as
1P
= [[| 5| df (A.58)
o[ B

Each period there is a fraction (1 — 7) choosing price optimally and (v) indexing the price to

the previous period inflation

éﬂtﬁ8#+jﬁ¢}%W€#
=)

ao= FU1E i+ J

multiplying inside the second integral by ((]P;z

v Pro1 P
A

|75df

integrating over the firms
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*

A= (=l A

from the price index, eq.(A.38) I know

(-l bs = ()

L=~
substituting in (A.59)
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A.2 Set of Equilibrium Conditions. Conventional
tary Policy

List of variables (36).
Uct7 Ct; Rt7 At,t+17 Lt7 Pmt7 }/t

Ut Rllf:*l? Tt 141, ¢t7 Zts My
Qta Kta Nt7 Neta Nnta
YmtaUta
Loty 0¢, Iy, Gy, T,

gt’ Gt, Ata Qta
*
A757 ¢, Ftu Ztu Ty,

ita Spt
Households.
1. Marginal Utility of Consumption (Uy)
Uct — Et[(C't - th_l)_l - /Bh(ct+1 - th)_l]

2. Euler Equation. Consumption Saving (C})

BEN 1R =1

3. Stochastic Discount Factor (Ass41)

Uct+1
EMNy1=FE
¢, t41 ",
4. labor Market Equilibrium (L;)
L§0+1
X : - thmt
(]. — Oé) Uct

Mone-



Banks.
5. Marginal Return on Bank’s Assets (v;)

Uy = Et(l - 9t+1)5At,t+1(Rf+1 - Rt—i—l) + Et9t+15/\t,t+1$t,t+1vt+1
6. Gross Growth of Bank Assets (xy41)

¢t+1

Ztt+1
o}

Tt41 = E,
7. Marginal Return on Bank’s Wealth (7,)
Ny = E(1 - 9t+1)5At,t+1Rt+1 + Et9t+15/\t,t+1zt,t+177t+1
8. Gross Growth of Bank Wealth (z;:11)

Bti+l = Et[(RfH - Rt+1)¢t + Rt+1]

9. Leverage Ratio (¢,)

o
(btiA_,Ut

10. Aggregate Capital (K})
QiK1 = O, Ny

11. Net worth in the banking sector (IV;)
Ni = Net + Ny

12. Existing wealth (Ng;)
Nep = 0,1 [(RY — Ri)¢_y + RN

13. Wealth of new banks (V,;)
Nnt = 'UJQt&th

Intermediate Producers.

14. Return to capital (Ry)

gt Pthmt
RF = o +Q—0
CT o ek, PO

15. Production of Intermediate goods (V)

Yie = AU, Ky) Ly

Capital Goods Producers.
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16. Investment (Q;)

L S AN s sl e
T (JT]L::L]SI:S 1y (1,;:1:]51:5) 2
17. Depreciation function (Uy)
5 = 00 + FbCUtH_C

18. Optimal Capacity Utilization (P)

Y
aPtht = WU K,

t

19. Net Investment (;)

[nt = [t - 6t€th

20. Law of movement of capital (/)
K =§ K+ Ty

21. Exogenous government consumption (Gy)

Gy = Gy
22. Aggregate resources (1)
Qb‘ Int + Iss 2
Yi=Ci+Gi+ L+ (——— — 1) (L + Lss
G ey g S T e )
Retailers
23. Final Production (Y;)
Ymt = Y;fAt
24. Price Dispersion (A;)
1 —A(r )y )

Ay =(1-9) [ + Ay e A

1=y
25. Optimal Price Choice (F;)

Fy = PoY: + EﬂﬁAmet_wewfﬂﬂﬂ
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26.

27.

28.

(Z1)

Zy=(1—-7)Y, + Et’YﬁAt,tHWZp(1_€)7T1t_ﬁ_6)Zt+1
Optimal choice of price (7})

g Ft

Wtzg—lzt

Evolution of inflation (7;)

Policy and Exogenous Variables.

29.

30.

31.

32.

33.

34.

35.

36.

Fisher Equation (R;)

it = Ethﬂ-t—l—l

Monetary policy (i)

. L Y,
BN
Technology Shock

InA;, =p,In A1 —cat

Capital Quality Shock (&,)

Ing =p.In§ | —ea

Government Shock (g;)

Ing, = Py Ing,—1 —eg

Shock to the Probability of dying (6;)

Inb;, =pylnb;_y — ey

Markup shock (74)

In(l —7,) = Pu In(l1—749) 4+ (1— PH) In(l—7)—¢f

Premium (Sp;)
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Spt =Ry — Ry

Summary of Variables (36) and Equations (36).
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A.3 Social Planner’s Problem.

The Social Planner’s Problem.

Introducing eq.(1.62) in eq.(1.63)

G (K1 — K1+ &)+ & 1K
Y, =C,+G, + 1, + =
t y+ Gy + I+ = ( K, — €, K, 1+ L.

2 ))Q(Km — &K+ L), (A.61)

Combining eq.(1.62) with eq.(1.61) and introducing in eq.(A.61)

Y; — Ct + Gt + Kt+1 - (]_ - 575)5th (A62)

¢i((Kt+1 — Ki1+&]+ gt_thl))z(Kt—i—l 6K+ L),

_|__
2 Kt - gt—thfl + [ss

Now, substituting eq.(1.60) in eq.(A.62)
b
Yy = Ct+Gt+Kt+1—[1—5c—1—

+¢

gbi (Kt-i-l - Kt[l + ft] + 57&1Kt—1> 2
+= Kipr — § I + ).
3 ( K, — & K1+ I, ) (K = &Ko )

U6, K, (A.63)

Finally, substituting eq.(1.59) in the previous equation

b
AU, K) Ly = Ci+ G+ Ky —[1—0,— ——UM K, (A64)

1+¢
G (K1 — (1 + K+ & 1K1
hatd Ko — &K, +1..).
+ 5 ( Ky — €, K, 1+ L. ) (K — § G+ 1)

Then, the social planner chooses [Cy, Ly, U; and K, 1] to maximize the utility of the consumer

eq.(1.58) subject to the restriction eq.(A.64). The Lagrangian for the problem is

L= E, > B'In(C; — hCpy) — —— LI (A.65)
— 1+
- AU ) Ly
+E Y BN —Ci =Gy Ky + [1 = 6 — 135U, 6K, ]
— K1 — K (14€,)+€, Ky
=0 _%(( H]{t_g(t_tizji.]ss 1))2(Kt+1 — &K+ I).
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The first order conditions are:

1 8h )
C,:— M —E(|—F——])=0 A .66
CG R t(<0t+1 —G,)) (A.66)
Ly : _XLf + )\t(l - O‘)At(Utgth)aLt_a =0 (A-67)

KL~
U, : AtaAt(Utft é) L bAEKUS =0 (A.68)
t
K — K(14+¢&)+ ft_1Kt1)
K 0=-\—NoO.E
t+1 t t¢7, t(( Kt _ gtith_l + Iss X

1
=kt L () 400

¢i Et((KtH — Kt(l + gt) + ft—th—1>)2

. 2
! 2 Kt - ét—th—l + ]ss

A Ui1& 1 K afl-a b

18BN o Uit Ko L + BEN[l = 0 — —— U164
Kin 1+¢
Kipo—Kip1(14€4,1)+6 K

(( t+2Kt-:i<1‘ri£thtj:}ss : t)>><
—BEN19;] (Ko — §p1 Kipn + L) X ]
((*(1+€t+1)(Kt+1*ftKﬁIss)*(KtH*KtH(1+€t+1)+€th)))

(Kt+l_£th+Iss)2

O (Kigo — Kip1n(L+ &) + G
E = A.
+/8 t\t+1 2 ( Kt_l,_l o gth + Iss ) (€t+l) ( 70)
and the resource constraint
b
AUl KL = Co+ G+ EKpq —[1—0,— mUQ*ﬂgth (A.71)
¢i Kt+1 - (1 + gt)Kt + ftfth—l 2
= FE K — &K+ 1,).
* 2 t( Kt - ft—th—l + Iss ) ( w gt ! + )

The Social Planner’s Steady State.

In this section I present the steady state that faces the Social Planner’s Allocation. This steady
state is calculated when [Y;41 = Y; = Y1 = Y7 for each variable. Eq.(A.66 — A.71) can,

respectively, be written in steady state as

_ [1—ph]
A= i (A.72)
L= Y=Y gyt (A.73)

X
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U =% (5) Joe s (A.74)

b "\ L
K 1—-p8[1=4]], 1
e o B ol S B s il A.
=2 (A75)
and the resource constraint
C={UK)*L'"™ -G - 0K (A.76)

where the value of shock to the quality of capital and to productivity in steady state [ = A = 1]

and the depreciation in steady state
bU1+C

§ =4, +
1+¢

were used.

Inserting eq.(A.74) into (A.75) and solving for the capital labor ratio

IL{ = [[#ﬂ}]al—l- (A.77)

The government spending was assumed as a fraction of the total output. That fraction is [G]
then [G = GY] with

Y* = (K*)*L* (A.78)
solving the resource constraint for ((£5)) and using the efficient rate [[£5]] eq.(A.76) becomes
(KN o K
= (F)rn-a-or (A.79
with |~ B[ 4]
Ur={{—EE " A.80
=5 (A50)
after substituting [[£5]] in eq.(A.74).
Substituting eq.(A.72) in eq.(A.73) and using the efficient values of the variables
1-06hl—a, [(K* c* 1
L= « N, A.81
() (A81)
Finally, using the efficient values of [[£7]] and [U”]
K* 1— B0 =0y ey
Ur— = {{ ————— }'le-1l A.82
= (A52)

After using the optimal value for utilization (U* = 1) the equations for consumption, labor and

capital can be written as
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_B1— —a(l+te) —~
1—pBhl—a, 1 [[FLA75 1 -G

U ST ey e T A5
_L=Bhl—a o Q-G L
KT I et | .
e _ql=phl—a o [1-G] L
U= s (A.85)

which are equations in terms of the deep parameters.
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A.4 Derivation of the Welfare Cost.

Following Schmitt-Grohé and Uribe (2007) I compare the welfare cost of each alternative policy
relative to the time invariant equilibrium of the Ramsey policy. The welfare associated with the

optimal Ramsey policy conditional on a particular state of the economy in period zero is

Vi = Eo ) BUICE, L (A.86)

t=0

and the welfare associated with an alternative implementable regime is

Vi =B pUlch L) (A.87)
t=0
If the consumption cost of following an alternative policy regime instead of the Ramsey policy
on a particular state in period zero is represented by [W¢] the cost of the alternative policy is

implicitly defined by
Vi = Eo ) _B'U[(1 - W)CF, LY. (A.88)
t=0

where [IW] is the fraction of consumption of the Ramsey regime that a household is able to re-

nounce in order to be indifferent between that regime and the alternative policy. Asin Schmitt-Grohé and Urib
I assume that at time zero the variables of the economy equal their respective Ramsey steady state

value.

Substituting the particular form of the utility function in (A.88)

Vi = Bo Y 8nl(1 - WOCE — (1= WOICH,] - T L (A.89)
t=0

Equation [A.89] can be written

In(1 —W°) - X 7Rl
Vi=—"—2+F ‘In[CF — hCE ) — —2—LH). A.90
0 1-3 O;B[D[t iy 1_'_1/}15 ] ( )
Solving this equation for the welfare cost
1
In(1-W% =V -V A91

which makes use of [A.86]. Noting that
In(1+z) =~ x,
the welfare cost [A.91] can be written as
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W =[-8V - Wl (A.92)

which is the welfare cost function that is necessary to approximate up to second order in order to

have accurate welfare comparisons across regimes.

Approximating the welfare cost up to second order.

Equation (A.92) can be approximated up to second order around the deterministic Ramsey steady
state (rg,0.) with [zg = z] and . = 0. Because in equilibrium V{* and V| are functions of the
initial state vector (x¢) and the parameter scaling the standard deviations of the shocks (o), the

conditional welfare cost can be written as
WE (2o, 0.) = [L - B[V (0, 02) — Vi (w0, )] (A.93)

Because I want to compare the welfare results using the same deterministic Ramsey steady
state, only the first and second order derivatives of the cost respect to (o.) have to be considered
(see Schmitt-Grohé and Uribe (2007)). Following this, the second order approximation of the
previous equation can be written in general terms as

OO

1
W ~ Wc(xo, o)+ Wi(mo, )0 + EWC (o, 0’6)0'?. (A.94)

Now, because all the regimes are approximated across the same deterministic Ramsey steady

state, the constant term [W¢(z, 0.)] in eq. (A.94) disappears in the comparison. This means that
W€ (z,0.) = 0.

The terms containing the first order approximation of the policy function [W¢ (g, 0.)o] are
zero. This is shown in Schmitt-Grohé and Uribe (2004). Up to a first order of approximation, the
derivative of the policy function respect to the parameters scaling the variance of the shocks is

zero. For this particular case
We(,0)0 = [1 = B][Vyz.(@,0) = Vi (2, 0)]oe = 0
The term containing the second order approximation is
WE e, 0) = 51— Bl[Vilera(,0) — Voo, 0)]0 (4.95)

which is the welfare measure used in the main text.
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A.5 Optimal Policy. Timeless Perspective.

The optimal policy problem is solved from a timeless perspective. The Ramsey planner maxi-
mizes the discounted utility function subject to the competitive equilibrium conditions. Following
Schmitt-Grohé and Uribe (2011), the portion of the Lagrangian that is relevant for optimal policy

from a timeless perspective is

L" = Eo[Y BUCr L]+ > 7 Lm.Cr(-)] (A.96)
7=0 7=0
where the period t utility function is

U, = In(C, — hCy_y) — % i+

(8) is the Ramsey planner’s discount factor, which I assume to be identical to that of the com-
petitive equilibrium. The vector [Lm;] contains the 29 Lagrange multiplier associated with the 29

equilibrium conditions in period t Cy(-). Those equilibrium conditions in period t are:
1. Marginal Utility of Consumption (Uy)

Ui — E(Cy — hCy_1) ™' — Bh(Ciyy — hCy) '] = 0.

2. Euler Equation. Consumption-Saving (C})

BEN 1R —1=0.

3. Stochastic Discount Factor (As41)

Uct+1
EA - FE = 0.
1\t i41 UL
4. Labor Market Equilibrium (L;)
X LfT
— — PuYo =0.
(1 — CK) Uct ¢ !

5. Marginal Return on Bank’s Assets (v;)
—u + Ey(1 — 9t+1)5At,t+1(Rf+1 — Rip1) + Bl BN 41201410041 = 0.

6. Gross Growth of Bank Assets (x;)

¢t+1
o

Tep+1 — Ey Rt t+1 = 0.
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7. Marginal Return on Bank’s Wealth (n,)
=N+ E(1 = 0111) BN i1 Rer + B0y 1 BN 120041740 = 0.
8. Gross Growth of Bank Wealth (z;)
241 — Et[(RfH — Riy1)¢y + Repa] = 0.

9. Leverage Ratio (¢,)
Ur

— =0.
)\—'Ut

by —

10. Aggregate Capital. Loans (K;)
QiK1 — o, Ny = 0.
11. Net worth in the banking sector (IV;)
—N; + Net + Ny = 0.
12. Existing wealth (Ng;)
Net — 01 [(RY — Ri)¢,_y + RNy = 0.

13. Wealth of new banks (V)

Ny — thﬁth =0

14. Return to capital (Ry)

&

PotYom
~o 5 E 4 Q— 6, = 0.
L

o 139:¢

15. Production of Intermediate goods (Y;,;)

Ymt - At<Ut€th)aL%_a - O

16. Investment (Q;)

¢i Int + Iss 2 Int + Iss Int + Iss
—Qi+ 1+ (- 1)+ ¢, —1
Qt 2 (Intfl + Iss ) (b ([ntfl + [ss )Intfl + [ss
Int+1 + Iss Int+1 + Iss 2
—FE,BA (— = 1) (| —— =0.
tﬁ t’t+l¢2( ]nt + [ss )<( [nt + [ss ) 0
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Depreciation function (U;)

b
—5,+ 0, + —U" =0.
s +1+< \

Optimal Capacity Utilization (P,;)

Py Yy — bU} €K, = 0.

Net Investment (d;)

—Ly + 1 — 0,6, K, = 0.

Law of movement of capital (I,,;)
Ky + 6Ky + Ly = 0.
Exogenous government consumption(Gy)
-G+ Ggy = 0.

Aggregate resources (I;)

Int + [ss
Int 1 + Iss

P;

Vi Cit Gt L+

(

Final Production (Y7)

Yot — Y;fAt = 0.
Price Dispersion (Ay)
1—~y(a)ym;h) e

—Ar+ (1 —9)] 11—~

Optimal Price Choice (F})

—Fy + PiYy + EWﬁAt,t+17Tt_7p67T§+1Ft+1 = 0.

—Zy+ (1 —71)Y, + EyyBA,, 14177 7=y i1
Optimal choice of price (77)

T c 57‘[‘—0
bt e—1z,0" '
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—1)*(Ly + Iys) = 0.

J7= + V[Wilﬂt_l]_g



28. Evolution of inflation ()

b (1= ) () () = 0.

29. Fisher Equation (R;)

’it — EthTrtJrl =0.

Then the Ramsey planner solves the above problem choosing at period t processes for the 30
endogenous variables Uct7 Ct) Atu Lt) Vi, Xty Mgy Zt, ¢t7 Kt+17 Nta Net7 Nnt7 Rkt7 Ymta Qt7 6t7 Ut7
Lty Pty Gy Lty Yy, Ay, Foy Zy, 77, ™, Ry, 1 and the 29 Lagrange multipliers associated with the

competitive equilibrium relationships. The 5 exogenous processes for the shocks are given by
30. Technology Shock (A;)

InA; =p,In A1 — 4.

31. Capital Quality Shock (&,)

In gt = Pe In gt—l - gft-

32. Government Shock (g;)

Ing, = Pg Ing; 1 —eg.

33. Shock to the Probability of dying (6;)

In Qt = Po In Qt_l — Ept-

34. Markup shock (1)

In(l—7,)=p,In(1 =71)+(1—=p,)In(l —7) —¢.

The values for the variables listed above are given dated t <0, and also the values of the
Lagrange multipliers associated with the competitive equilibrium constraints are given at t <0.
Then, as explained in Schmitt-Grohé and Uribe (2005) the structure of the optimality conditions

associated with the Ramsey equilibrium are time invariant.

72



Bibliography

Admati, Anat R. (2016), The Missed Opportunity and Challenge of Capital Regulation, National

Institute Economic Review 235, February.

Adrian, Tobias, and Hyung Song Shin (2010), Liquidity and Leverage, FRBNY, December, Staff
report 328.

Andrés, Javier, Oscar Arce and Carlos Thomas (2010), Banking Competition, Collateral Con-
straints and Optimal Monetary Policy, Banco de Espana, DT 1001.

Angelini, Paolo, Stefano Neri and Fabio Panetta (2012), Monetary and Macroprudential Policies,
ECB, Wp. 1449.

Aratjo, Aloisio, Susan Schommer and Michael Woodford (2015), Conventional and Unconventional

Monetary Policy with Endogenous Collateral Constraints, AEJ: Macroeconomics 7, pp. 1-43.

Bailliu, Jeannine, Cesaire Meh and Yahong Zhang (2012), Macroprudential Rules and Monetary
Policy when Financial Frictions Matter, Bank of Canada, Wp. 2012-6.

Bureau of Economic Analysis, National Income and Product Account Tables.

Bean, Charles, Mathias Paustian, Adrian Penalver and Tim Taylor (2010), Monetary Policy After
the Fall, FED, Kansas City, Annual Conference, Jackson Hole, August.

Benigno, Gianluca, Huigang Chen, Christopher Otrok, Alessandro Rebucci and Eric R. Young
(2012), Financial Crises and Macro-prudential Policies, Journal of International Economics 89,
pp. 453-470.

Bernanke, Ben, Mark Gertler and Simon Gilchrist (1999), The Financial Accelerator in a Quanti-

tative Business Cycle Framework, Handbook of Macroeconomics.

Bhatia, Ashok Vir and Tamim Bayoumi (2012), Leverage? What Leverage? A Deep Dive into the
U.S. Flow of Funds in Search of Clues to the Global Crisis, IMF, Wp. 12/162.

Bianchi, Javier (2011), Overborrowing and Systemic Externalities in the Business Cycles, American
Economic Review 101, pp. 3400-3426.

73



Bianchi, Javier and Enrique Mendoza (2011), Owerborrowing, Financial Crises And Macro-
prudential Policy, IMF, February, Wp. 1124.

Bilbiie, Florin O. (2008), Limited Asset Markets Participation, Monetary Policy and (inverted)
Aggregate Demand Logic, Journal of Economic Theory 140, pp.162-196.

BIS (2010), Basel III: A Global Regulatory Framework fro more Resilient Banks and Banking
Systems, Bank for International Settlements, December 2010 (rev June 2011).

Bank of England (2009), The Role of Macroprudential Policy, A discussion paper, November.
Borio, Claudio (2015), Macroprudential Policies: What Have We Learnt? BIS, November.

Brendon, Charles, Matthias Paustian and Tony Yates (2011), Optimal Conventional and Uncon-

ventional Monetary Policy in the Presence of Collateral Constraints and the Zero Bound, unpub-

lished.

Bricker, Jesse, Lisa J. Dettling, Alice Henriques, Joanne W. Hsu, Kevin B. Moore, John Sabelhaus,
Jeffrey Thompson and Richard A. Windle (2014), Changes in the U.S. Family Finances from 2010

to 2013: Evidence from the Survey of Consumer Finances, Federal Reserve Bulletin, September 4.

Broer, Tobias, Niel-Jakob H. Hansen, Per Krusell and Erik Oberg (2016), The New Keynesian
Transmission Mechanism: A Heterogenous-Agent Perspective, NBER 22418, July.

Campbell, John Y., and Gregory Mankiw (1989), Consumption, Income and Interest Rates: Rein-
terpreting the Time Series Evidence, in NBER Macroeconomics Annual 1989, edited by O.J. Blan-
chard and S. Fischer, MIT Press, pp.185-246.

Campbell, J.R. and Zvi Hercowitz (2015), Liquidity Constraints of the Middle Class, Center Dis-

cussion Paper, Vol. 2015-009, Tilburg, department of econometrics.

Caner, Asean and Edward Wolff (2002), Asset Poverty in the United States, 1984-1999: Evidence
from the Panel Study of Income Dynamics, Wp.359, The Levy Institute.

Carlstrom, Charles, Timothy S Fuerst and Matthias Paustian (2010), Optimal Monetary Policy in
a Model with Agency Costs, Journal of Money, Credit and Banking 42, pp. 37-42.

Carlstrom, Charles, Timothy S. Fuerst and Matthias Paustian (2014), Targeting Long Rates in a
Model with Segmented Markets, Federal Reserve Bank of Cleveland, Wp. 14-19, October.

Cerutti, Eugenio, Stijn Claessens and Luc Laeven (2015), The Use And Effectiveness of Macro-
prudential Policies: New Evidence, IMF, Wp. 15/61, March.

Chen, Jiagian and Francesco Columba (2016), Macroprudential and Monetary Policy Interaction
m a DSGE Model for Sweden, IMF, Wp. 1674, March.

74



Chen, Han, Vasco Curdia and Andrea Ferrero (2012), The Macroeconomic Effects of Large-Scale
Asset Purchase Programs, FRBSF, Wp. 2012-22.

Chen, Xiaoshan, Tatiana Kirsanova and Campbell Leith (2014), An Empirical Assessment of
Optimal Monetary Policy Delegation in the FEuro Area, Working Paper, November.

Christensen, Ian, Cesaire Meh and Kevin Moran (2011), Bank Leverage Regulation and Macroeco-
nomic Dynamics, Bank of Canada, Wp. 2011-32.

Christiano, Lawrence, Martin Eichenbaum and Charles Evan (2005), Nominal Rigidities and the
Dynamics Effects of a Shock to Monetary Policy, Journal of Political Economy 113, pp. 1-45.

Christiano, Lawrence, Roberto Motto and Massimo Rostagno (2013), Risk Shocks, NBER,
WP18682, January.

Claessens, Stijn, Swati R. Ghosh and Roxana Mihet (2013), Macro-prudential Policies to Mitigate

Financial System Vulnerabilities, Journal of International Money and Finance 39, pp. 153-185.
Claessens, Stijn (2014), An overview of Macroprudential Policy Tools, IMF, Wp./14/214.

Clarida, Richard (2012), What Has - and Has Not- Been Learned About Monetary Policy in a
Low-Inflation Environment? A Review of the 2000s, Journal of Money, Credit and Banking, 44,
pp.123-140.

Clerc, Laurent, Alexis Derviz, Caterina Mendicino, Stephane Moyen, Kalin Nikolov, Livio Stracca,
Javier Suarez and Alexandros P. Vardoukalis (2015), Capital Regulation in a Macroeconomic Model

with Three Layers of Default, International Journal of Central Banking, June, pp.9-63.

Collard, Fabrice, Harris Dellas, Behzad Diba and Olivier Loisel (2017), Optimal Monetary and

Prudential Policies, American Economic Journal: Macroeconomics 9, pp. 40-87.

Correia, Isabel, Fiorella de Fiore, Pedro Teles and Oreste Tristani (2013), Credit Spreads an Credit

Costs, manuscript.

Curdia, Vasco and Michael Woodford (2010), Credit Spreads and Monetary Policy, Journal of
Money, Credit and Banking 42, pp.3-35.

Cirdia, Vasco and Michael Woodford (2015), Credit Frictions and Optimal Monetary Policy,
NBER 21820, December.

D’Amico, Stefania and Thomas King (2010), Flow and Stock Effects of Large-Scale Treasury Pur-
chases, Federal Reserve Board, 2010-52, September.

De Fiore, Fiorella and Oreste Tristani (2012), Optimal Monetary Policy in a Model of the Credit
Channel, The Economic Journal 123, pp.906-931.

75



De Paoli, Bianca and Matthias Paustian (2011), Coordinating Monetary and Macroprudential
Policies, FRBNY, Staff Report 653, November.

Dedola, Luca, Peter Karadi and Giovanni Lombardo (2013), Global Implications of National Un-

conventional Policies, Journal of Monetary Economics 60, pp.66-85.

Doh, T. (2010), The Efficacy of Large-Scale Asset Purchases at the Zero Lower Bound, FRB
Kansas City, Economic Review, Second Quarter, pp. 5-34.

Duncan, Alfred and Charles Nolan (2015), Objectives and Challenges of Macroprudential Policy,

University of Glasgow, Mimeo, September.

Ellison, Martin and Andreas Tischbirek (2014), Unconventional Government Debt Purchases as
a Supplement to Conventional Monetary Policy, Journal of Economic Dynamics and Control 43,
pp.199-217.

Faia, Esther and Tommaso Monacelli (2008), Optimal Interest Rate Rules, Asset Prices, and Credit
Frictions, Journal of Economic Dynamics and Control 31, pp. 3228-3254.

Fawley, Brett and Christopher J Neely (2013), Four Stories of Quantitative Easing, Federal Reserve
Bank of St. Louis, Review, January/February, pp.55-88.

Federal Reserve Bank, Board of Governors of the Federal Reserve System, Data Download Pro-

gram.

Federal Reserve Statistical Release (2015), Z.1 Financial Accounts of the United States, Flow of

Funds, Balance Sheets and Integrated Macroeconomic Accounts, Second Quarter 2015.

Federal Reserve Statistical Release (2016), Z.1 Financial Accounts of the United States, Flow of

Funds, Balance Sheets and Integrated Macroeconomic Accounts, Second Quarter 2016.

Federico, Pablo, Carlos A. Vegh and Guillermo Vuletin (2014), Reserve Requirement Policy Over
the Business Cycle, NBER, Wp. 20612, October.

Board of Governors of the Federal Reserve System (U.S.), FRED, Federal Reserve Bank of St.

Louis.

Fujimoto, Junichi, Jo Munakata, Koji Nakamura and Yuki Teranishi, Optimal Macroprudential
Policy, JSPS, Wp. 048.

Fuster, Andreas and Paul S Willen (2010), 1.25 Trillion is Still Real Money: Some Facts About
the Effects of the Federal Reserve’s Mortgage Market Investments, FRB Boston, Public Policy

Discussion Papers, 10-4.

76



Gagnon, Joseph, Matthew Raskin, Julie Remache and Brian Sack (2011), The Financial Market
Effects of the Federal Reserve’s Large Scale Asset Purchases, International Journal of Central
Banking, March, pp. 3-43.

Galati, Gabriele and Ricchild Moessner (2013), Macroprudential Policy -A Literature Review,
Journal of Economic Surveys 27, pp. 846-878.

Gali, Jordi, David Lépez-Salido and Javier Vallés (2007), Understanding the Effects of Government

Spending on Consumption, Journal of the European Economic Association 5, pp. 227-270.

Gambacorta, Leonardo and Federico M Signoretti (2013), Should Monetary Policy Lean Against
the Wind?, BIS, Working Paper 418.

Gelain, Paolo and Pelin Ilbas (2014), Monetary and Macroprudential Policy in an Estimated Model
with Financial Intermediation, National bank of Belgium Wp. 258, May.

Gerali, Andrea, Steffano Neri, Luca Sessa and Federico M. Signoretti (2010), Credit and Banking
in a DSGE Model of the Furo Area, Journal of Money, Credit and Banking 42, pp. 108-141.

Gertler, Mark and Peter Karadi (2011), A Model of Unconventional Monetary Policy, Journal of
Monetary Economics 58, pp. 17-34.

Gertler, Mark and Peter Karadi (2013), QE1 vs 2 vs 3... A Framework for Analyzing Large-Scale

Asset Purchases as a Monetary Tool, International Journal of Central Banking, January. pp. 5-53.

Gertler, Mark, Nobuhiro Kiyotaki (2010), Financial Intermediation and Credit Policy in Business
Cycle Analysis, Handbook of Monetary Economics.

Gertler, Mark, Nobuhiro Kiyotaki and Albert Queralto (2012), Financial Crises, Bank Risk Fz-

posure and Government Financial Policy, Journal of Monetary Economics 59, pp.S17-S34.

Gilchrist, Simon and John V Leahy (2002), Monetary Policy and Asset Prices, Journal of Monetary
Economics 49, pp. 75-97.

Gilchrist, Simon, David Lépez-Salido and Egon Zakrajsek (2015), Monetary Policy and Real Bor-
rowing Costs at the Zero Lower Bound, AEJ: Macroeconomics 7, pp. 77-109.

Gornemann, Nils, Keith Kuster and Makoto Nakajima (2016), Doves for the Rich, Hawks for the
Poor? Distributional Consequences of Monetary Policy, Board of Governor of the Federal Reserve
System, May, Wp. 1167.

Hancock, Diana and Wayne Passmore (2011), Did the Federal Reserve’s MBS Purchase Program
Lower Mortgages Rates?, Federal Reserve Board, 2011-01.

Heathcote, Jonathan and Fabrizio Perri (2016), Wealth and Volatility, unpublished, February,

7



lacoviello, Mateo (2005), House Prices, Borrowing Constraints and Monetary Policy in the Busi-
ness Cycle, AER 95, June, pp.739-764.

IMF (2012 a), The Interaction of Monetary and Macroprudential Policy, Background Paper, De-

cember.
IMF (2013), Key Aspects of Macroprudential Policy, IMF, June 10, 2013.

IMF (2013), Unconventional Monetary Policies -Recent Experiences and Prospects, International
Monetary Fund, April 18.

Jeanne, Olivier and Anton Korinek (2010), Ezcessive Volatility in Capital Flows: A Pigouvian
Tazxation Approach, American Economic Review 100, pp. 403-407.

Jeanne, Olivier and Anton Korinek (2016), Macroprudential Regulation Versus Mopping Up After

the Crash, manuscript, January.

Joyce, Michael, David Miles, Andrew Scott and Dimitry Vayanos, (2012), Quantitative FEasing And
Unconventional Monetary Policy -An Introduction, The Economic Journal 122, pp. F271-F288.

Justiniano, Alejandro, Giorgio Primiceri and Andrea Tambalotti (2015), Household Leveraging and

Deleveraging, Review of Economic Dynamics 18, pp. 3-20.

Kamber, Giines and Christoph Thoenissen (2012), The Financial Accelerator and Monetary Policy
Rules, Economic Letters 115, pp. 309-313.

Kannan Prakash, Paul Rabanal and Alasdair M. Scott (2012), Monetary and Macroprudential

Rules in a Model with House Price Booms, The B.E. Journal of Macroeconomics 12.

Kaplan, Greg and Giovanni Violante (2014), A Model of the Consumption Response to Fiscal
Stimulus Payment, Econometrica 82, pp.1199-1239.

Kaplan, Greg , Giovanni Violante and Justin Weidner (2014), The Wealthy Hand-to-Mouth, BPEA,
Spring, pp. 77-153.

Kashyap, Anil and Jeremy Stein (2012), The Optimal Conduct of Monetary Policy with Interests

on Reserves, American Economic Journal: Macroeconomics 4, pp. 266-282.

Khrishnamurthy, Arvind and Annette Vissing-Jorgensen (2011), The Effects of Quantitative Easing
on Interest Rates: Channels and Implications for Policy, BPEA, Fall, pp. 215-287.

Kiyotaki, Nobuhiro and John Moore (1997), Credit Cycles, The Journal of Political Economy 105,
pp- 211-248.

78



Kovner, Anna, James Vickery and Lily Zhou (2014), Do Big Banks Have Lower Operating Costs?,
FRBNY Economic Policy Review, December.

Krueger, Dirk, Kurt Mitman and Fabrizio Perri (2016), Macroeconomics and Household Hetero-
geneity, NBER, June, Wp. 22319.

Laibson, David (1997), Golden Eqgs and Hyperbolic Discounting, Quarterly Journal of Economics,
pp. 443-477.

Leduc, Sylvain and Jean-Marc Natal (2015), Monetary and Macroprudential Policy in a Leveraged
Economy, FRBSF, April, Wp. 2011-15.

Leeper, Eric M. (1991), Equilibria Under Active and Passive Monetary and Fiscal Policies, Journal
of Monetary Economics 27, pp. 129-147.

Leith, Campbell and Simon Wren-Lewis (2012), Fiscal Sustainability in a New Keynesian Model,
Journal of Money, Credit and Banking 45, pp. 1477-1516.

Leith, Campbell, Ioana Moldovan and Raffaele Rossi (2012), Optimal Monetary Policy in a New
Keynesian Model wit Habits, Review of Economic Dynamics, pp. 416-435.

Leith, Campbell, Toana Moldovan and Raffaele Rossi (2015), Monetary and Fiscal Policy under
Deep Habits, Journal of Economic Dynamics and Control 52, pp.55-74.

Levine, Paul and Diana Lima (2015), Policy Mandates for Macroprudential and Monetary Policy
in a New Keynesian Framework, April, ECB, Wp. 1784.

Lusardi, Annamaria, Daniel Schneider and Peter Tufano (2011), Financially Fragile Households:
Fvidence and Implications, BPEA, Spring, 2011, pp. 83-150.

Mankiw, Gregory N. (2000), The Savers-Spenders Theory of Fiscal Policy, American Economic
Review 90, pp. 120-125.

Mian, Atif and Sufi Amir (2009), House Prices, Home Equity-Based Borrowing, and the U.S.
Household Leverage Crisis, American Economic Review 101, pp. 2132-2156, August.

Mian, Atif and Sufi Amir (2010), Household Leverage and the Recession of 2007 to 2009, IMF
Economic Review 58, pp.74-117.

Mendicino, Caterina and Andrea Pescatori (2008), Credit Frictions, Housing Prices, and Optimal
Monetary Policy Rules, unpublished.

Mendicino, Caterina, Kalin Nikolov, Javier Suarez and Dominik Supera (2015), Welfare Analysis

of Implementable Macroprudential Policy Rules: Heterogeneity and Trade-offs, Mimeo.

79



Monacelli, Tommaso (2008), Optimal Monetary Policy with Collateralized Household Debt and
Borrowing Constraints, in Asset Prices and Monetary Policy, John Y. Campbell, Ed. NBER,
pp-103-143.

Misra, Kanishka and Paolo Surico (2011), Heterogeneous Responses and Aggregate Impact of the
2001 Income Tax Rebates, unpublished.

Neely, Christopher J. (2010), Unconventional Monetary Policy Hard Large International Effects,
FRB St. Louis, Wp. 2010-018G, July.

Nieman, Stefan and Paul Pichler (2014), Collateral, Liquidity and Debt Sustainability, unpublished.

Nolan, Charles and Christoph Thoenissen (2009), Financial Shocks and the U.S. Business Cycle,
Journal of Monetary Economics 56, pp. 596-604.

Notarprieto, Alessandro, Siviero Stefano (2015), Optimal Monetary Policy Rules and House Prices:
The Role of Financial Frictions, Journal of Money, Credit and Banking 47, pp. 383-410.

OECD, Financial Balance Sheets, SNA, DOI :10.1787 /na-tbs-data-en

Primiceri, Giorgio, Ernst Schaumburg and Andrea Tambalotti (2006), Intertemporal Disturbances,
NBER, Working Paper 12243.

Quint, Dominic and Paul Rabanal (2014), Monetary and Macroprudential Policy in an Estimated
DSGE Model of the Euro Area, International Journal of Central Banking, June.

Ravenna, Federico and Carl E Walsh (2006), Optimal Monetary Policy with the Cost Channel,
Journal of Monetary Economics 53, pp. 199-216.

Reis, Ricardo (2016), QE in the Future: The Central Bank’s Balance Sheet in a Financial Crisis,
NBER, Wp. 22415, July.

Rubio, Margarita and José A. Carrasco-Gallego (2014), Macroprudential and Monetary Policies:
Implications for Financial Stability and Welfare, Journal of Banking and Finance 49, pp. 326-336.

Schmitt-Grohé, Stephanie and Martin Uribe (2004), Solving Dynamic General Equilibrium Models
Using Second-Order Approximation to the Policy Function, Journal of Economic Dynamics and
Control 28, pp. 755-775.

Schmitt-Grohé, Stephanie and Martin Uribe (2005), Optimal Fiscal and Monetary Policy in a
Medium-Scale Macroeconomic Model: Expanded Version, Wp. 11417, NBER, June.

Schmitt-Grohé, Stephanie and Martin Uribe (2007), Optimal Simple and Implementable Monetary
and Fiscal Rules, Journal of Monetary Economics 54, pp. 1702-1725.

80



Schmitt-Grohé, Stephanie and Martin Uribe (2007), An OLS approach to computing Ramsey equi-

libria in medium-scale macroeconomic models, Economic Letters 115, pp. 128-129.

Sims, Eric (2013), What Measure of Output Should be Targeted in Interest Rate Rules?, manuscript,
March.

Souleles, Nicholas (1999), The Response of Household Consumption to Income Tax Refunds, Amer-
ican Economic Review 89, pp. 947-958.

Svensson, Lars (2016 a), Cost-Benefit Analysis of Leaning Against the Wind: Are Costs Larger
Also With Less Effective Macroprudential Policy?, IMF, Wp. 16/3, January.

Svensson, Lars (2016), Amortization Requirements May Increase Household Debt: A Simple Ez-
ample, IMF, Working Paper, April. Wp. 16/83.

Smets, Frank and Ralph Wouters (2007), Shocks and Frictions in U.S. Business Cycles: a Bayesian
DSGE Approach, American Economic Review 97, pp. 587-606.

Taheri, Sankani, Marzie (2014), Financial Frictions and Sources of Business Cycle, IMF, Wp.
14/194.

Taylor, John B. (2014), The Role of Policy in the Great Recession and The Weak Recovery, Amer-
ican Economic Review 104, pp. 61-66.

Unsal, Filiz (2011), Capital Flows and Financial Stability: Monetary Policy and Macroprudential
Responses, IMF, Wp. 11-189.

Vayanos, Dimitru and Jean-Luc Vila (2009), A Preferred-Habitat Model of the Term Structure of

Interest Rates, November.

Villa, Stefania (2014), Financial Frictions in the Euro Area and the United States: A Bayesian
Assessment, KU Leuven, Center for Economic Studies, DPS 14.30, October.

Woodford, Michael (2003) Interest and Prices, Princeton.

Woodford, Michael (2003 b), Optimal Interest-rate Smoothing, Review of Economic Studies 70,
pp. 861-886.

Woodford, Michael (2012), Inflation Targeting and Financial Stability, NBER, Wp. 17967, April.

Wolff, Edward (1998), Recent Trends in the Size Distribution of Household Wealth, Journal of
Economic Perspectives 12 , Summer, pp.131-150.

Yun, Tack (1996), Nominal Price Rigidity, Money Supply Endogeneity, and Business Cycles, Jour-
nal of Monetary Economics 37, pp. 345-370.

81





