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Abstract

I analyse the dynamics of a New Keynesian DSGE model where
the financing of investments is affected by a moral hazard problem. I
solve for jointly Ramsey-optimal monetary and macroprudential poli-
cies. I find that when economic fluctuations are caused by real supply
or demand shocks, conventional monetary policy alone is enough to
stabilise the economy, and active macroprudential policy can make the
output gap more volatile. On the other hand, when the shocks arise in
the financial sector, macroprudential policy is helpful in stabilising the
economy. The source of fluctuations is highly relevant for the choice

of the appropriate policy mix.

JEL classification: E32, E44, E52, G28

1 Introduction

The global financial crisis that erupted in 2007 in the U.S. has highlighted
the importance of aggregate balance sheet conditions of banks for economic
cycles. As a response to the crisis, policymakers have emphasised the im-
portance of macroprudential regulation, as opposed to and in addition of

reforms to the regulation and supervision of individual institutions (see, for
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example, the policy reports by the Bank of England (2009) and the Bank of
International Settlements (2011)).

Macroprudential policy refers to policy measures that aim at mitigating the
risks and imbalances of the financial system as a whole, while conventional
microprudential banking regulation has focused on single institutions. The
mitigation of credit cycles, which tend to be much more volatile than real
output cycles, has been seen as a key policy goal for the new macroprudential
framework. This regulatory response stems from the widespread view that a
build-up of system-wide risks and imbalances was at the heart of the collapse
of the financial system in 2007. In this view, mitigating credit cycles and
supporting financial stability are important policy goals in themselves, but
also essential for the stability of the economy as a whole, as banking crises

tend to have long-lasting consequences for real economic activity.

Suggested new macroprudential policy tools include countercyclical and risk-
weighted capital buffers for banks, that depend not only on the banks’ own
balance sheet conditions, but on aggregate credit and other economic condi-
tions. This new policy framework was internationally adopted in the Basel

IIT agreement in 2010 (Basel Committee on Banking Supervision 2010).

As the crisis unfolded, many banks both in the U.S. and in Europe were
bailed out or recapitalised by governments. In the Euro Area, a new regula-
tory framework (the “banking union”) was set up. It includes both common
supervision of individual financial institutions, as well as a common bank res-
olution mechanism, which entered into force in 2014. This Single Resolution
Mechanism will be funded by contributions from the financial institutions
themselves, in proportion to the size of their balance sheet, with the pur-
pose of minimising the costs of future bank failures on the real economy (see

European Commission 2012).

Most theoretical macroeconomic models that deal with policy issues, how-
ever, do not take the capital position of the financial sector into account, even
though there is ample empirical evidence of bank capital affecting economic
activity. Even many of the recent dynamic stochastic general equilibrium
(DSGE) models of financial frictions abstract from banks’ balance sheets.
Examples of such studies include Iacovello (2005), Monacelli (2006), Faia
and Monacelli (2007), and Adrian and Shin (2010). All of these articles con-



sider shocks to asset prices and the net worth of the borrower. However,
none of them discuss or analyse an explicit financial sector; instead, lending

is done directly between lender and borrower without intermediation.

Some more recent research do consider the role of credit intermediation in
business cycles. Many of them concentrate on “unconventional” monetary
policy tools, in contrast to conventional interest rate policies, such as ex-
panding the balance sheet of the monetary authority (quantitative easing)
or direct lending to the private sector by the central bank. Curdia and
Woodford (2010a, b, 2011) model balance sheets of both the central bank
and private banks in a framework of costly financial intermediation. Their
results suggest that in a deep enough financial crisis, such unconventional

monetary policy measures can be efficient.

Canzoneri et al. (2011) suggest, building on Curdia and Woodford (2010a,
b, 2011), that financial market frictions can be strongly countercyclical and
have amplification effects on business cycles and fiscal multipliers. This
finding supports the view that mitigating credit cycles has important conse-

quences for general economic conditions.

Gertler and Kiyotaki (2010) and Gertler and Karadi (2011) also study uncon-
ventional monetary policies and find that direct lending by the central bank
is an efficient monetary policy tool in mitigating financial turmoil. Gertler
and Kiyotaki (2010, 2013) extend the model of Gertler and Karadi (2011)
to include interbank credit markets. In these models, the moral hazard is
generally between the bank and its depositors, affecting the supply side of

credit intermediation.

Another strand of literature uses the Holmstrom-Tirole (1997) double moral
hazard framework to explicitly model frictions on both the demand and the
supply side of credit intermediation. This approach to modelling agency
costs has been used by Chen (2001), Meh and Moran (2010), Christensen
et al. (2011), and Faia (2010), and most recently by Haavio et al. (2014), on
which the present paper builds.

It is not evident how monetary policy should react to financial imbalances
— if at all — and how the new macroprudential policy measures should be
coordinated with monetary policy over the business cycle. As an example,

in an economic upturn, the monetary authority typically wishes to raise



interest rates. This will on the one hand increase banks’ cost of lending,
reining in credit intermediation. On the other hand, high interest rates
could have adverse incentive effects, for example by encouraging excessive
risk taking. According to the Tinbergen principle, a policymaker should
have as many policy instruments as there are policy objectives, and each
instrument should be assigned to one objective. In light of this view, then,
a separate macroprudential tool could be useful if stabilising credit cycles is
an objective of the policymaker. Following the introduction of the Basel 111
regulatory framework, some focus has shifted on analysing the impacts of

countercyclical capital buffers for banks on cyclical fluctuations.

The literature on jointly optimising monetary and macroprudential policies
is not large. Angeloni and Faia (2013) study jointly optimal rule-based mon-
etary policies and capital regulation using a model of bank runs. Christensen
et al. (2011) investigate optimal rule-based capital ratio regulation and mon-
etary policy. With regard to jointly optimal Ramsey policies, Collard et al.
(2012) study jointly optimal monetary and macroprudential policies in a
model setting where limited liability and deposit insurance cause excess
risk-taking in the financial sector. The closest work to the present paper
is Christensen et al. (2011); the findings of this paper are in line with theirs,
but provide a different formulation for the macroprudential policy and an

analysis of fully optimal policies in contrast to rule-based ones.

In this paper, I analyse the interaction of interest-rate-based monetary policy
with macroprudential regulation in the stabilisation of economic cycles. 1
formulate a DSGE model where the banks’ balance sheets play a key role in
financial intermediation, which in turn has an important effect on economic
cycles. These dynamics arise because of informational frictions in credit
intermediation caused by a particular agency problem, as formulated by
Holmstrém and Tirole (1997).

The main contribution of the present research is to solve for the Ramsey-
optimal mix of monetary and macroprudential policies in response to various
economic and financial disturbances, and to analyse the welfare effects of
jointly setting these policies. I also compare the performance of rule-based

policies to the optimal policies.

Specifically, I model macroprudential policy as a proportional and procyclical



tax on banks’ total assets, which restrains their leverage in upswings, and

subsidises bank lending in downturns.

The choice of such a fiscal policy tool is motivated firstly by its interpretation
as a bank resolution mechanism, similar to the Single Resolution Mechanism
(SRM) adopted in the Euro Area banking union. Under the balanced-budget
assumption, the tax can be seen as a contribution that banks pay in expan-
sions, proportional to their total assets, and that is used to smooth out credit
intermediation and maintain financial stability in contractions. In addition,
the leverage tax is analytically more tractable than capital ratio regulations,
as it does not create a binding constraint on the banks’ decisions (such as in
the models of Christensen et al. (2011) and Faia (2010)).

I find that there are clear benefits from a separate macroprudential policy
tool in stabilising the effects of financial disturbances. By controlling the
aggregate leverage of the banking sector and smoothing out the credit cycle,
the macroprudential policy can effectively prevent the financial shock from

propagating to the real economy.

In contrast, when the disturbances arise from real supply or demand side
shocks and not from the financial sector, the macroprudential tax can be
counterproductive as it tends to hinder proper economic adjustment by cre-
ating an additional friction on the adjustment of investments. This result
highlights the importance of the health of the financial system, which is an

important channel of adjustment for the economy.

The remainder of the paper is organised as follows. First, section 2 outlines
the theoretical framework and describes the macroprudential leverage tax
in detail. Next, section 3 discusses the implications of the frictions in the
financial sector to the aggregate economy. Section 4 presents the calibration
and discusses the empirical fit of the model. Section 5 presents the contribu-
tion of the paper. It analyses the aggregate dynamics of the model economy
under various disturbances and discusses the welfare implications of different

policy regimes. Finally, Section 6 concludes.



2 The model

The model presented in this section builds on the recent work by Haavio,
Ripatti, and Takalo (2014). It incorporates into an otherwise fairly standard
New Keynesian setup a financial sector afflicted by double moral hazard of
the Holmstréom and Tirole (1997) type, whereby a moral hazard problem
exists both between the bank and its depositors, and the bank and its bor-
rowers. This allows for a friction to exist both on the supply and the demand

side of credit.

2.1 Structure of the economy

The economy consists of atomistic households, a production sector, a finan-
cial sector, and a government. The total mass of households is one. Each
household has three members with distinct roles: an entrepreneur, a banker,

1. Each banker manages a bank, each entrepreneur

and a worker-consumer
undertakes risky projects to produce new capital goods, and each worker sup-
plies labour to firms, consumes final goods, and saves. Intertemporal savings
can be invested in riskless government bonds or in productive capital. There
is perfect insurance between the family members within a household, so that

the model can be described with a representative household.

The production sector is standard to New Keynesian models, except for
capital production. There are intermediate good firms and final good firms.
Monopolistically competitive intermediate good firms employ capital and
labour to produce goods, which are then bundled into final goods by perfectly

competitive final good firms.

Capital is produced by entrepreneurs, who undertake risky projects to do
so. The financial sector takes deposits from households, and issues loans to
entrepreneurs, who need funding for their projects. The banks also monitor

the entrepreneurs’ projects to guarantee efficient use of the funds.

The government issues riskless nominal bonds and conducts monetary and

macroprudential policy.

1The terms “worker-consumer”, “worker” and “depositor” will be used interchangeably

to denote the family member who is not an entrepreneur or a banker, depending on the
specific context.



2.2 Households

In each period, part of the economy’s entrepreneurs and bankers exit. An
entrepreneur survives to the next period with a constant probability A\ €
(0,1), and exits with probability 1 — A°. A banker’s survival probability
is, similarly, A’ € (0,1). New entrepreneurs and bankers are born in every
period to replace the exiting ones, such that the shares of entrepreneurs and
bankers in the economy remain constant over time. Consequently, also the

fraction of worker-consumers in the economy stays constant.

While a banker or an entrepreneur is active, they do not consume; they
merely engage in their banking or entrepreneurial activities and accumulate
net worth. The assumption of finite lives for bankers and entrepreneurs is
needed to ensure that they cannot accumulate wealth infinitely. When they
exit, their net worth is transferred to their household (to be consumed or
saved). A small start-up fund is allocated to each new-born banker and

entrepreneur.

The working member of the household consumes, makes saving decisions and

portfolio choices, and supplies labour in each period in a standard manner.

The representative household maximises its utility:

max E tU(Cy, L), 0<pB<1, )
{Ct’Bt+1’It’Lt}toio Otzzgﬁ ( t t) ﬂ ()

subject to a budget constraint:
PtCt + Pttht+1 + Bt = WtLt + PtTtI(Kt + (1 + Tt_l)Bt_l + Pth, (2)

where C} is real consumption, B; are nominal bonds issued by the govern-
ment, L; is labour supply, K; is the real capital stock, and II; are real lump
sum transfers received by the household (net lump-sum transfers or taxes
from the government, profits from the monopolistically competitive firms
owned by the household, and net returns from banking and entrepreneurial
activities). P, is the price index, ¢ is the real value of capital, W; is the
nominal wage rate, rX is the real rental rate of capital, and r; is the nominal

short-term interest rate.



I specify a standard CES utility function for the household:

1- 1+6
Cy U_th+

U(Ch L) = ZiT— — Ty

Here o > 0 is the risk aversion parameter, # > 0 is the inverse of the
Frisch elasticity of labour subsitution, and x > 0 is the labour disutility
coefficient. Zf is an exogenous preference shock, which captures real demand-

side disturbances.

This household problem leads to the following optimality condition for labour

supply and two Euler equations for bond and capital holdings:

Up(Cy, L
wy = L( ts t) (3)
UC(CtaLt)
P,
1=BE; [ Mgy (1+ Tt)P (4)
1
@t = BE; [ p41 (rf o+ (1 - §a+1)] (5)
where Ay g = ZeCernlen) 4o ¢p inal rate of intert | substitu-
b+l = —Do(Cr Ly 18 the marginal rate of intertemporal substitu

tion, and w; = % is the real wage.

The parameter 5 € (0,1) denotes the discount factor of the household, o is
the elasticity of consumption, ¢ is the Frisch elasticity of labour supply, and
x > 0 is a scaling factor for the disutility of labour supply.

2.3 Final good production

Final good producers bundle the intermediate goods Y;(i) into final goods

Y; using a standard aggregation technology

1@_(/01&(2')21@);1, e>0. (6)

There is free entry and exit in the final good sector, and the firms are per-

fectly competitive.

The maximisation problem of the final good producers, combined with the

zero-profit condition, yields the standard expressions for the demand sched-



ule of intermediate good Y;(i) and the aggregate price level P;:

nmz(@?)sn 7)

P = (/01 Pt(i)l—é‘di> = : (8)

2.4 Intermediate good production

There is a continuum of intermediate good producers of mass one, indexed
by i. At the beginning of each period, the intermediate firm ¢ rents capital
K (i) from the household at price ¢, and employs labour L;(7) at a nominal

wage rate Wi.

Each intermediate firm uses a Cobb-Douglas production technology
Yi(i) = ZeKa (i)™ (L)), (9)

where Z; is an exogenous total factor productivity shock.

Cost minimisation by the intermediate firm yields the standard optimality
conditions for the capital and labour demand given the relative factor prices,

and a condition for the real marginal cost 1:

K )
== (10)

o (1-a)
a=(1) (1) & (1)

Each firm is able to set its price in a staggered manner a la Calvo (1983). In
any given period, the constant probability of being able to reset the price is
1 —w, with 0 < w < 1. The profit maximisation problem of the intermediate

firm ¢ who is able to reset the price in period t is:

> Py(i :
kat,t+k (Pt( ) - ‘I’t+k|t> Y;H-kt(z)] ) (12)
=0 t+k

max F;
Py(7)




subject to the demand condition

Yt+k|t(i) = (Pt(i) ) N Yiik.

Py

Qtpk = 5k)\t,t+k Pﬁ - denotes the stochastic discount factor that is obtained
from the household’s optimality conditions. ¥; denotes the nominal marginal

cost.

Focusing on the symmetric equilibrium where all intermediate firms choose

the price P.(i) = P} yields the expression for the optimal price:

0 k e+1
e Ei Zkzo w Qt,t+k ¢t+k\t Y%Hc\t Pt+k

Pl = 13)
a1 B 0wk Qs Yeek Py (
In this equilibrium, the aggregate price index (8) can be written as:
1
Py = [wP 5 + (1= w)(P) ] (14)

and the gross inflation rate between periods ¢t and t — 1 as:

1

w+ (1—w) (P]zl)“] (15)

2.5 Capital good production

I, =

Capital needed in the production of intermediate good is produced by the
entrepreneurs. Entrepreneurs can acquire external funding for the invest-
ment projects from banks. The banks, on the other hand, invest both their
own funds and the deposits of workers into the project. The details of this
three-party financing contract are given in the next section. The financial
sector is affected by agency costs created by a double moral hazard prob-
lem as formulated by Holmstrém and Tirole (1997) in a partial equilibrium

setting.
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2.5.1 The financing contract

This section describes the partial equilibrium in the financial market. In
what follows, small letters denote individual-level variables, whereas capital

letters denote aggregate variables.

The financial sector consists of banks that channel funds from the workers to
the entrepreneurs. Workers can choose to deposit their savings at a bank?;
to attract deposits, the return on the risky investment has to be high enough
for the depositor. In this sense, the deposit is not a safe bank deposit, but
rather has to be understood as a short-term risky investment. The deposit
and the financing contract are intra-period.> The exact timing of the events

is detailed in a later section.

An entrepreneur can borrow money from the bank in order to lever the return
to her project. However, she can choose to neglect the investment project
to obtain a private benefit. The depositor nor the banker cannot observe
whether the project was neglected or not. If the entrepreneur chooses to
neglect the project in favour of her private benefit, the productive investment
project is less likely to succeed. This presents the first form of moral hazard
in the financial sector and creates a friction to the demand side of funds,
restricting the ability of the entrepreneur to get external funding for her

project.

In order to mitigate this moral hazard problem, the banker needs to monitor
the entrepreneur. But this has a non-verifiable cost to the banker; because
of this, he might want to forgo the monitoring. The worker observes whether
the project succeeds or not but cannot verify whether the banker properly
monitored the entrepreneur. This is the second form of moral hazard in
the financial sector, which creates a friction to the supply side of funds.
To mitigate this second moral hazard problem, and to be able to attract
deposits from the worker, the banker needs to invest some of his own funds
to be properly incentivised to monitor the project, i.e., he must have some

“skin in the game”.

2To make the financial sector non-trivial, I assume that a worker cannot deposit his
savings in the bank managed by the banker in the same household; nor can the banker
lend funds to the entrepreneur in the same household.

3This is also why the deposit does not appear in the budget constraint of the household.

11



Formally, if 4; is the size of an individual investment project, n; is the net
worth of the entrepreneur, a; is the net worth of the banker, x; is the unit
cost of monitoring the investment project, and d; is the deposit of the worker
in period ¢, then:

1 — 1y < ap + dp — Ky (16)

gives the maximum amount of external funding an entrepreneur can get for

her project, given her own net worth.

A successful project turns i; final goods into Ri; capital goods with R > 1. A
failed project yields zero. The one-period contract specifies how the returns
of the project are divided between the worker (RY), the banker (R?) and the
entrepreneur (Rf):

R>RY + R’ + R (17)

There are two types of projects: “good” and “bad” ones (or non-neglected and
neglected ones). The project succeeds with probability p € {pm,pr}, with
Ap =pg —pr > 0and 1 > pg > pr > 0. If the entrepreneur chooses the
good project, the success probability is pg, but there is no private benefit to
her. There is also a continuum of bad projects, each with the same success
probability py, but with an associated positive non-verifiable private benefit

b with 0 < b < b, proportional to the size of the project.

By choosing a monitoring intensity k¢, the banker can prevent the entre-
preneur from choosing any of the bad projects with b > b(k;). I assume
b(k) <0, 0" (k) > 0 and lim., b'(k) = 0. Because monitoring is costly,
it is never possible for the banker to monitor at a level that completely

eliminates all bad projects.

In order for the three parties to be willing to participate in the contract, the

following incentive and participation constraints must be met:

apu Ry i > (1 +1y)dy (18)
ap Ry > (1+1)a (19)
apr RYiy — kiie > apr Ry (20)
apuR{i > @pr R + b(Ke )i (21)

Equations (16) — (21) define the financial contract. (18) is the participation

12



constraint of the depositor, which tells that the depositor must obtain a
gross return at least as high from participating in the project, as she would
get on the deposit otherwise; r; is the net outside return on the deposit,
which is equal to the short-term market interest rate. Similarly, (19) is the
participation constraint of the banker, where r{ is the outside return on bank

capital.

(20) and (21) are the incentive constraints of the banker and the entrepre-
neur, respectively. In order for the banker to be willing to monitor the
entrepreneur, the return from the good project, net of monitoring cost, must
be at least as much than the return from the bad project. The entrepreneur,
in turn, must get at least as much from the good project as she would get

from the bad project together with the private benefit.

In equilibrium, all constraints bind.* It is easy to see why: first, the two
resource constraints (16) and (17) are trivially binding at optimum. Second,
the compensations RY and R? must be high enough to properly incentivise
the entrepreneur and banker to behave; but by the pie-sharing constraint
(17), the more is allocated to them, the less is left for the depositor, who
is the residual claimant of the project return. Thus, the depositor will not
participate unless the minimum possible shares that satisfy the incentive and

participation constraints are allocated to the entrepreneur and the banker.

As a consequence, in each period, the entrepreneur and the banker invest
their whole net worth (net of monitoring cost), as well as the whole deposit
of the worker, into the investment project, and the entrepreneur always un-

dertakes the good project.

In order to guarantee that the good investment project is desirable compared
to the bad projects from the household’s point of view, I further assume that
qpa R > max{1l +r,, qupr R+ l_)}. This assumption also guarantees that the

project has a positive rate of return (and positive pledgeable income).

2.5.2  Optimal investment and leverage

In this section, I solve for the optimal leverage ratio of the entrepreneur,

and the corresponding optimal size i; of an investment project. From the

“See Holmstrom and Tirole (1997) for a detailed discussion.
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incentive constraints (20) and (21), the banker and the entrepreneur must

get at least

Rt

Rb = 292

t thp ( )
b(rt)

RY = 23

t thp ( )

to be properly incentivised in equilibrium. In other words, the more severe
the moral hazard of the entrepreneur at any given monitoring level, the
more she must be compensated for undertaking the good project instead of
the bad one; and the costlier monitoring is, the more the banker has to be

compensated.

The depositor is the residual claimant of the return, who can then get at

most
b(kt) + Kt

atAp
Therefore it is in the best interest of the depositor that the project is properly

W —R-R —R{=R-— (24)

monitored to guarantee that the good project is chosen. In equilibrium, the
entrepreneur and the banker get the minimum return that satisfies their

incentive constraints, and the depositor gets the maximum residual return.

From the participation constraints (18) and (19) it follows:

1 d
gr = LEr)d (25)
qtPHY
1 a
gy = rrin (20)
qpHUt
Combining (22) with (26) yields:
at _ PH Kt
— === . 27
it  Apl4rf (27)
Further, combining (24) with (25) yields:
di _ @puR  pu ke + b(k) (28)

i 14+r Ap 141

Equations (27) and (28) indicate that the greater is the cost of monitoring,
K¢, the less deposits can be attracted from the worker, as the worker cannot

be convinced as easily that the project is properly monitored. The amount

14



of deposits is also decreasing in the severity of the moral hazard, b(k;). On
the other hand, it is increasing in the total expected return of the project,

qpuR.

Substituting (27) and (28) into the resource constraint (16) gives, after some

manipulation, the optimal investment as a function of the inverse leverage

gt:
ny

i - ) 29
= (29)
where the inverse leverage ¢g: = g(r¢, r{, qi, k¢) is given by:
apa R | pm b(k) PH 1 1
=1- = +(1+52 - . (30
o L+ " Aplirn Tap i T1e)) e B0

Notice that qﬁ’fn f — 1 = p¢ is the net pledgeable income of the project,
i.e. maximum net excess return that the entrepreneur can promise to the
investors. Equation (30) tells that the worse the moral hazard of the entre-
preneur, the costlier monitoring, the smaller the net pledgeable income, or
the lower the real value of capital ¢ is, the less the entrepreneur can attract

external funding (or lever the investment size).

Now, the problem of the entrepreneur is to choose i; to maximise her ex-
pected profit, given her net worth n; and the inverse leverage ¢;. As the
profits are proportional to the investment size, expected profit is maximised
when i; is maximised, or in other words, when the leverage ratio g% is max-

imised. Given prices, g; is fully determined by the monitoring intensity k.

Let xf denote the monitoring intensity that maximises the entrepreneurs
profit. Using (21) and (29), the entrepreneur’s expected profit in terms of
k; can be expressed as (taking as given the prices ¢, 7y and 7{):

_ pa b(s})ny

Thus, the monitoring intensity that maximises the entrepreneur’s profit is

found by solving:

* b(’%t)
K; = argmax

Kt g(’%t) . (32)

In order to solve this problem, let us assume the following functional rela-

15



tionship between the monitoring intensity and the size of the private benefit:

__
I, "7 if Kt > K
b(ke) =4 _ (33)

b if ke < K.

where 0 < v < 1,T' >0, b >0, and ¢ > 1. In other words, there is a lower
bound for the efficiency of monitoring under which the maximum private
benefit is always feasible. When k; > k, the amount of private benefit is
a strictly convex function of the monitoring intensity, increasing in I', and

decreasing in 7.

This specification of the monitoring technology yields the following interior

solution to the problem (40):

Ry = LY (34)
1+ % <1+m o 1+rg>

which, when substituted into equation (30), yields the following equilibrium

degree of inverse leverage:

)= ApT i (1 —=7)pt, (35)

which in turn determines the equilibrium investment size.

The endogenous monitoring intensity x; plays a key role in the dynamics of
the financial sector. If k} were constant, the monitoring intensity would not
react to any disturbances in the economy. Because of this, also the private
benefit, and thus the incentives of the entpreneur, would not change. As
a result, because the ability of the banker to attract deposits depends on
the monitoring of the project, any shock that would reduce the banker’s
own capital available for investments would just be replaced by increased

deposits, and the total amount of loans would not be affected.

In contrast, when s} is endogenous, it reacts to developments in the finan-
cial markets. If the banker’s net worth deteriorates, he has less resources
to monitor the entrepreneur’s project, and thus the moral hazard problem
is exacerbated. As a consequence, less deposits can be attracted, and less
loanable funds are available. Endogenous monitoring is the key driver be-

hind the financial dynamics of this model, and it is what makes bank capital

16



fundamentally different from entrepreneurial capital or deposits. The aggre-
gate implications of this mechanism are discussed in more detail in Section
5.

2.6 A leverage tax on banks

Let us now introduce a tax on banks. The financial regulator cares about
mitigating fluctuations in the financial market, and in particular in credit
intermediation. To achieve this goal, the regulator imposes a time-varying
tax on bank leverage. In an upturn, when credit intermediation is above
its long-run trend, banks have to pay a fraction of their total assets to the
government. Conversely, in a downturn, and particularly if the economy is
hit by a credit crunch, the government subsidises bank lending. The exact

policy rule is specified below in section 2.8.

Formally, bank leverage is defined as the ratio of total assets to net worth.
Bank net worth is equal to the bank’s own capital a;, and the total liabilities
of the banking sector are composed of bank capital and deposits, a; + d.
As an accounting identity, total assets are equal in size to total liabilities.

Then, bank leverage can be defined as:

g dtdt (36)
a

The financial regulator imposes a time-varying tax 7 on bank leverage, or
equivalently, on the bank’s total assets. Then, the after-tax net leverage is:
ag + dt

Bt = (1 — Tt)Bt = (1 — Tt) as . (37)

When 74 > 0, the financial regulator imposes a tax on the bank’s total assets
that restricts bank leverage. When 7 < 0, the regulator subsidizes bank

leverage, which stimulates bank lending.

The funding constraint of the bank under this tax is:
it — Ny + Rt-[t < (]. — Tt)(at + dt) (38)

The bank now has to use its own capital and the deposits to finance both

17



the loan to the entrepreneur and the monitoring of the project, as well as to

pay for the tax.

The variables net of tax can be derived exactly as presented in the previous

sections. The variables net of the tax are denoted by an upper bar.

Pledgeable income after tax is:

5 — (1 —
Pt ( Tt)l—l-?“t

The optimal level of monitoring, net of the tax, is:

— % VPt

@wpult

l‘ﬂ’/t:

1 1)
1+(1_Tt)%(m—ﬁ)

The after-tax inverse leverage of the entrepreneur is:

_ pr b(R})
1— )P —a
( Tt)Apl + 7y (

gt =

Then, the level of investment is determined by:

The after-tax return on bank capital is:

i
14 7% = %éﬁ;.

— )Pt

(41)

(43)

The return on bank capital is affected through the effect of the tax on the

level of monitoring and entrepreneur leverage. Similarly, also return on en-

trepreneurial capital, and consequently also the net worth of the entrepre-

neur, is affected only indirectly through the effect on g;. I denote the level

of return and the entrepreneurial net worth consistent with the after-tax

investment by 7y and 7, respectively.
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2.7 Aggregation

I focus on the symmetric equilibrium where all projects are monitored at
the same intensity &} given by (40), and the capital structure, given by the
ratios of own and external funds to total investment (%‘, % and %), is equal
across entrepreneurs, bankers and depositors, respectively. Notice the size

of the project i; may vary.
Then, the corresponding after-tax aggregate ratios are simply given by

Ne _my A _ @ Dy d (44)
It Zt7 It gt’ It gt’

where capital letters denote aggregate amounts net of tax.
The equilibrium aggregate investment in the economy is determined by

il (45)

where g(k;) is given by equation (41).

Using the relation (27), the equilibrium rate of return to bank capital is given
by
1+ yp 2t
|47 — i - (46)
(Ltre)~t+ JF

PH

Next, the laws of motion of the three types of capital are described by the
following equations. In equilibrium, the capital stock in the economy evolves
according to

Kipy1 = (1 —-90)K; + pg RIL. (47)

Entrepreneurial and bank net worth are defined to evolve according to

i+ (1= 0)g
qt

ric + (1= 6) g
qt

Nip1 = AS(1 + 7%) N, (48)

Appr = ZEX (14 77)

At, (49)

where Tfil + (1 — 0)gs+1 is the marginal value of a unit of capital in period
t 4+ 1, which is composed of two parts: the rental income at the beginning of

the period Tfil, and the value of undepreciated capital (1 —9)g;4+1 remaining
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at the end of the period.” A° and A’ are the fractions of entrepreneurs
and bankers, respectively, surviving from period ¢ to t + 1. The return to
entrepreneurial capital is simply defined as 1 + 7y = %, which is the

ratio of expected profit to net worth.

To introduce a shock arising in the financial market into the model, I let
the accumulation of bank capital be affected by an aggregate shock, Z?. 1
assume Z? is an AR(1) process with a normally distributed i.i.d. innovation
term. A negative shock to Z? corresponds to an exogenous and unanticipated
decrease in the accumulation of bank capital, or in other words, a sudden
erosion of bank net worth, common to the whole banking sector. The shock
hinders the banks’ ability to extend funding to entrepreneurs, and could lead

to a credit crunch if severe enough.

Notice that here, I assume that the total bank net worth is not directly
taxed. It is however affected through the indirect effect of the smaller return
on bank capital, 7*. The assumption means that since only the total assets
of the bank are taxed, the banker is in effect able to shift the tax burden on
the depositor. A similar law of motion applies to after-tax entrepreneur net

worth.

Finally, the aggregate consistency constraint of the economy is:
Yi=Ci+ I + Gy, (50)

which states that all output must be either consumed or invested, taking into
account the monitoring cost. Cy denotes aggregate private consumption, and

G, is aggregate government consumption (specified below).6

2.8 Government policies

To close the model, I specify two different policy rules in the baseline model.
The monetary policy is set by the central bank. In the baseline model, it

uses a Taylor-type rule to set the short-term interest rate r{. The monetary

Recall that the proceeds of the investment project, Ris, are paid in capital goods.

51 assume that the monitoring of investment projects does not consume real resources.
If it did, the resource constraint would be Y; = C¢ + (1 + x{)I; + G;. This assumption
is not restrictive, as k; is very small in equilibrium, and it facilitates the computation of
the steady state of the model.
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policy targets inflation and the output gap.

In addition, the government sets the leverage tax to mitigate fluctuations in
the financial market. The goal of this macroprudential policy is to facilitate
credit intermediation in a downturn, and restrain excessive credit growth
in an upturn. The policy targets the output-to-loans ratio, which measures

indebtedness of the economy.

2.8.1 Monetary policy

First, the central bank sets the nominal short-term interest rate r; using a

Taylor rule:
1

B

where II; is the period-to-period gross inflation rate and X; = % is the
t

| 11D ¢ (51)

gap between the actual output Y; and the efficient level of output, Y,°, that
would prevail in a perfectly frictionless real economy”. % is a normalisation
that ensures that the gross nominal interest rate equals the inverse of the

discount factor in the steady state equilibrium.

2.8.2 Macroprudential policy

I assume that the government follows a balanced budget policy, and that
the leverage tax and subsidy system is financed by lump sum taxes and
transfers on households. This implies that the households’ optimal decisions
are not affected. This fiscal device, while rather abstract, can under these
conditions also be interpreted as a bank resolution fund. The effects of the
tax on banking sector dynamics are similar to capital ratio regulation (as,
for example, discussed in Christensen et al. (2011)) but the advantage of the
fiscal approach is that unlike a restriction on the capital ratio of the bank, the
leverage tax does not impose a constraint on the bank’s choice of monitoring

intensity, and the financing problem remains simple and tractable.

The financial regulator sets the level of the tax according to a Taylor-type

policy rule. The policy target is the credit-to-output ratio T; = & ;,iN t. When

"The efficient level of output is a benchmark computed as the output level achievable
with the resources of the economy in the absence of monopolistic competition, the pricing
friction, and the financial friction.
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this ratio is above its steady state level T = %, i.e. the “credit gap” % is

above unity, the tax rate is positive. When the ratio is below its steady state
level, the tax rate is negative, i.e. it is a subsidy to lending. The steady-state
level of the tax is set to zero, so that the steady state of the economy is not

affected by the distortionary tax/subsidy transfer.

This choice of target means that the macroprudential policy seeks to restrain
the indebtedness of the economy; the credit-to-output ratio is a simple mea-

sure of it.

Specifically, the leverage tax is set according to the rule:

T or
1+Tt_<,rt> : (52)

where ¢~ is the policy parameter defining the intensity of the policy.

The government budget constraint is:
(A + Dy) = Gy, (53)

where Gy are net lump sum taxes on or transfers to the household.

2.9 Equilibrium
The competitive equilibrium of the economy is a time path

{Co K Ly I A, Noy Dy, €m0, 78776 w0, Py P RY B ?,R:,Tt}io
(54)
that satisfies the households’ problem, the final and intermediate firms’ prob-
lems, the optimal financing contract, and the aggregate consistency condi-
tion. The equilibrium dynamics as well as the deterministic steady state

equilibrium of the model economy are summarised in Appendix A.

2.10 Timing of events

The timing of the events is as follows. Each time period is divided into two

phases, described in Table 1.
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The production phase

e Households rent capital K; and supply labour L; to intermediate firms.
e The aggregate productivity shock Z; is realised; intermediate and final
production take place.

The consumption and investment phase

e Entrepreneurs acquire funding for new investment projects. The fi-
nancing contract is agreed upon, given N; and Ay.

e Monitoring and realisation of the investment projects take place.

e The outcome of the project is observed. Returns to investment are
distributed according to the contract.

e The aggregate financial shock Z} is realised. Entrepreneurs and
bankers accumulate net worth

e N1 and Apyq. Exiting bankers and entrepreneurs transfer their ac-
cumulated wealth to their household.

e The demand shock Zf is realised. Consumption and saving decisions
take place.

Table 1: Timing of events
3 Implications of the financial friction

In addition to the nominal friction arising from staggered price setting, and
the friction caused by monopolistic competition in intermediate good pro-
duction, there is an additional real friction compared to the standard New
Keynesian model: the friction arising from the agency costs in the financial

sector.

If b(k¢) = 0, i.e. there are no private benefits available for the entrepreneur,
and consequently, no need for monitoring (x; = 0), the incentive constraints

(20) and (21) always hold: there is no incentive problem.

Then, the entrepreneur and the banker are indifferent between undertaking
the good project and not when R§ = R? = 0. The depositor-worker receives
the whole gross return, R}’ = R. In this case, the financial intermediation
becomes “invisible” in the sense that it is as if the worker himself would
directly undertake the project, i.e. the household becomes a capital producer.
This is in essence equal to the standard New Keynesian case, where there is
no role for financial intermediation, and the household’s savings are directly

channelled into productive investment.
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As a consequence, since there are no more retained earnings, the banker and
the entrepreneur can no longer accumulate own wealth, and n; = a; = 0.

The balance sheet constraint becomes
iy = d, (55)

that is, the deposits of the worker are invested in new capital, and there is

no leverage.

Aggregation can be done as in the case with the friction, so that
Iy =Dy (56)

determines the aggregate investment level directly. The choice of aggregate
investment level reduces to the standard choice of next-period capital stock,
K41, given the household’s budget constraint, and the optimality condition
that determines I; can be derived directly from the household problem. The
standard New Keynesian model is thus nested within the model presented in
this paper, and makes comparison with the dynamics of the standard model

straightforward.

Frictions in the financial market cause aggregate investments to be at a sub-
optimal level. When these frictions are present, aggregate investments I;
depend on the total amount of entrepreneurial and bank capital, N; and
A;, and — through their effect on leverage — on the size of private benefits
b(k¢) and the monitoring intensity ;. The more severe the incentive prob-
lems, the less funds can be channelled into the investment projects. The
inefficiency of credit intermediation is exacerbated by the monitoring cost:
because of it, less resources are available for productive investments. Both

the entrepreneurs and the bankers are capital-constrained.

An efficient steady state allocation thus requires that investments be at the
level determined by a perfectly competitive and frictionless economy. The
government can replicate this allocation by introducing a constant invest-
ment subsidy that restores the efficient amount of investment. In the anal-
ysis presented in the following sections, it is assumed that such a subsidy is

in place; see Appendix A.2 for details.
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4 Calibration

The calibration of the model largely follows the calibration strategy discussed
in Haavio et al. (2014). Assuming that a steady state investment subsidy is
in place, so that steady state investments are at the efficient level, the steady
state of the New Keynesian macro block is not affected by the parameters of
the financial sector. Thus the macro and the financial block can be calibrated

independently.

The macro block of the model is calibrated in a standard fashion in the New-
Keynesian literature to match a quarterly frequency in data, in order for the
model to be easily comparable to a benchmark New Keynesian model without
financial frictions. The parameter values are summarised in the upper panel
of Table 2.

The financial block is calibrated to match some steady state characteristics
of the model. The entrepreneur and banker survival rates, \¢ and A\ respec-
tively, are calibrated to match a steady state excess return on entrepreneurial
capital of 4.5 % and an excess return on (core) private bank capital of 20 %
per annum, compared to the short-term market interest rate. These values

are consistent with the the estimates in Albertazzi and Gambacorta (2009).

The calibration of the monitoring parameters v and I' pin down the moni-
toring cost in the steady state, and also steady state leverage, because the
steady state entrepreneur leverage is fully determined by the monitoring in-
tensity. On the other hand, also bank leverage depends on the monitoring
intensity, as it determines its ability to attract deposits. Hence, these two

parameters are the key parameters governing the financial sector dynamics.

The exact cost of monitoring activities in banks is hard to pin down empir-
ically. Banks’ overheard costs as a fraction of total assets in the U.S. are
estimated to be around 3 % by the World Bank (2013). Overhead costs,
however, include also costs not related to monitoring activities. Philippon
(2014) estimates that the unit cost of financial intermediation has been sta-
ble at around 1.5% to 2% in the U.S. over the past decades. The calibration
of v and T" matches a per annum monitoring cost of 1.2 % of total bank

assets in steady state.

The leverage of non-financial U.S. firms is estimated to be around 2.3-2.5
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Panel 1: New Keynesian block

Discount factor 6 0.9951
Risk aversion o 2
Habit persistence b 0
Capital depreciation rate ) 0.025
Elasticity of substitution (mark-up: 10 %) € 11
Capital share Q 0.33
Frisch elasticity of labour supply 0 0.5
Disutility of labour supply & 2
Calvo parameter w 0.8
Persistence of productivity shock ) 0.95
Persistence of preference shock Pe 0.7
Std. dev. of productivity shock oe  0.006
Std. dev. of preference shock o. 0.005
Panel 2: Financial block

Elasticity of monitoring v 0.2992
Monitoring intensity r 0.0017
Survival rate of entrepreneurs A% 0.9842
Survival rate of bankers AP 0.9507
Success probability of good project pg  0.95
Gross return of investment project: R = i R 1.0526
Probability differential Ap 0.0454
Persistence of bank capital depreciation shock  pp 0.5

Std. dev. of bank capital depreciation shock op  0.006

Panel 3: Policy parameters

Taylor rule weight on inflation ol 1.5
Taylor rule weight on output gap oy 0.5
Leverage tax policy parameter or 1

Table 2: Benchmark calibration of the model
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by Kalemli-Ozcan et al. (2011). They also find that leverage ratios of fi-
nancial firms are very heterogenous in the U.S. and depend on the type of
the bank. Large investment banks have leverage ratios in the order of 20,
while commercial banks typically have leverage ratios ranging around 10-12.
The elasticity of monitoring and monitoring intensity are calibrated in such
a way as to produce a leverage ratio of around 1.5 for non-financial firms

(entrepreneurs, in this model), and a leverage ratio of 16.5 for banks.

The success probability of the good project and the gross return from the
project, py and R, are normalised such that pgyR = 1, which makes the
evolution of the aggregate capital accumulation comparable to the standard
New Keynesian case. [ set py = 0.95, which implies a net return R — 1 on

the investment project equal to approximately 5%.

The financial shock is calibrated to be rather transitory at ¢, = 0.5. The
standard deviance of the shock is calibrated to be the same than that of the
productivity shock. The parameters of such a financial shock is hard to pin
down empirically, but the calibration is intended to represent the financial

shock as a strong but brief event on the financial markets.

Finally, Panel 3 summarises the baseline policy parameters. The benchmark
Taylor rule parameters are set to the standard response values of 1.5 on

inflation and 0.5 on output gap.

The macroprudential tax policy, when active, targets a steady state credit-
to-output ratio. In the context of the present model, credit only includes
loans to entrepreneurs who are the only borrowers in the model. A natural
empirical counterpart is the ratio of commercial and industrial loans to GDP.
The average of this ratio from 1990 to 2014 has been rather stable at roughly
8.8 % in the U.S.® The corresponding steady state ratio in the model is 8.7
%. The parameter governing the intensity of the policy, ¢, is set to unity, so
that the macroprudential policy is rather aggressive and responds one-to-one

to deviations of the credit-to-output ratio from its steady state value.

8 Author’s own calculations.
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5 Aggregate dynamics

This section presents the benchmark model dynamics under the rule-based
policies presented in Section 2.8. For purposes of comparability with the
optimal policy responses computed in Section 5.3, I approximate the full
non-linear model by a second-order Taylor approximation in logs around the

deterministic steady state of the model.”

This section discusses the responses of the approximated model to various
shocks through impulse response analysis. All figures presented in the fol-
lowing sections show the resulting dynamics as percentage deviations from

steady state values.

5.1 Comparison to the model without financial frictions

Consider first the model where the leverage tax is inactive, i.e. 7; is set to
zero in all periods, and only the Taylor rule for the nominal interest rate is

active.

I first compare the responses of the macro block’s variables in the financial
frictions and the standard New-Keynesian model. Figure 1 shows the re-
sponse of key variables to an adverse 1 % labour-augmenting productivity
shock under the baseline Taylor rule (¢ = 1.5,¢, = 0.5). The financial

friction creates an additional barrier to adjustment in the economy.

The financial frictions hinder the adjustment of the economy further and cre-
ate additional stickiness compared to the standard New-Keynesian model.
In particular, a much bigger and positive output gap opens in the economy
with financial frictions than in the economy without them in response to the
productivity shock. The presence of the financial friction prevents invest-
ments from adjusting enough compared to the efficient, frictionless bench-
mark economy. Consequently, output cannot adjust enough in response to
the decreased productivity. Inflation is also more volatile than in the model

without the financial friction.

Figure 2 shows the response of the economy to an adverse demand shock

9 A second-order approximation is needed for the computation of Ramsey-optimal policy
discussed in Section 5.3.
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Figure 1: Effects of a 1 % negative total factor productivity shock under
baseline Taylor rule. “Financial frictions”: baseline model with financial fric-
tions. “New-Keynesian”: standard New-Keynesian model without financial
frictions, nested within the “financial frictions” model.
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Figure 2: Effects of a 1 % negative demand (preference) shock under base-
line Taylor rule. “Financial frictions” baseline model with financial fric-
tions. “New-Keynesian”: standard New-Keynesian model without financial
frictions, nested within the “financial frictions” model.
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(a negative 1 % preference shock), which decreases consumption and in-
creases saving by the household. Again, the reaction of the economy where
financial frictions are present is more dramatic than that of the standard
New-Keynesian economy. The reason is again that investments are not able
to adjust enough to attain the efficient level of investment because of the

imperfect credit intermediation.

5.2 Dynamics under simple policy rules

Next, I look more closely at the dynamics of the financial sector under the two
policy rules. Figure 3 shows the policy responses to a negative productivity
shock in the economy with financial frictions. The shock is inflationary and
produces a positive output gap, so that monetary policy responds by raising

the nominal interest rate.

When the macroprudential policy tool is also active, it seeks to stabilise
credit intermediation. The adverse shock triggers subsidies to lending as
there is downward pressure, and as a consequence credit falls very little.
This leads investments also fall initially less than without the tax. As a
consequence, the impact on lending is almost perfectly neutralised, and in-
vestments and output fall less than when the leverage tax is inactive. This,
however, is counterproductive when the economy is hit by a productivity
shock, as proper economic adjustment — closing the output gap — would re-
quire reducing investments to adapt to the decreased productivity level. As
a consequence, both inflation and output gap outcomes are worse than with-
out the tax, and the monetary policy has to counteract the macroprudential

policy by raising the nominal interest rate more.

Next, Figure 4 shows the policy response to an adverse demand shock. The
reduced demand increases savings, which channel into increased investments.
Aggregate output, however, falls. This shock is deflationary and produces a
negative output gap. The increased savings induce an increase in deposits,

which stimulates lending.

Now, if the macroprudential tool is active, it seeks to stabilise lending by
taxing the banks, which dampens the increase in investment and further
depresses output. Consequently, the outcome is again worse than if the

tax were inactive, as savings are not fully intermediated into investment.
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Figure 3: Policy response to a one-standard-deviation adverse productivity
shock. “Baseline”: the financial frictions model with Taylor rule only; inactive
leverage tax. “Leverage tax™ the financial frictions model with both policy
rules active.
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Figure 4: Policy response to a one-standard-deviation adverse demand (pref-
erence) shock. “Baseline”: the financial frictions model with Taylor rule only;
inactive leverage tax. "Leverage tax”: the financial frictions model with both
policy rules active.

33



Output, Y, % Output gap, X, % Gensumption, C', % Investments, I, %
0.01 10

0.005 0.005 s
of-= off ol ==
01,0 N —
-0.005 -0.005
-0.01 -0.01 -5 -0.05
10 20 30 10 20 30 10 20 30 10 20 30
Tobins ¢, % Banker capital, A, % Entrepreneurial capital, N, % Deposits, D, %
0.02 0.2 0.06 0.2
0.01 °r S — oo /\ 01
-02f, 0.02 (] R
o ' b==a
~0.4 : : [ e ! -
)
-0.01 -0.6 -0.02 -0.2
10 20 30 10 20 30 10 20 30 10 20 30

Loans, I — N, % Loans-to-output ratio, %-pts Bank leverage, %-pts ~ Mopjgoring costs, &%, %-pts
01 0.01 10 2

of——————— 1 ! 1
ofe=—mmm = 5
-01 \ o) A A,
-0.01 of——=
-0.2 -1
-0.3 -0.02 -5 -2
10 20 30 10 20 30 10 20 30 10 20 30
« dgflation, m, %-pts Noginal rate, r, %-pts «1deal rate, %-pts Leverage tax, 7, %-pts
5 10 10 0.01
10 0
5 5 -
’
5 -0.01f
0 — — it Rikg —0.021 aseline
b I Leverage tax
-5 -5 -5 -0.03
10 20 30 10 20 30 10 20 30 10 20 30

Figure 5: Policy response to a one-standard-deviation adverse bank capital
shock. “Baseline”: the financial frictions model with Taylor rule only; inactive
leverage tax. "Leverage tax™ the financial frictions model with both policy
rules active.

Monetary policy has to react by further lowering the interest rate to stimulate

investment.

These two scenarios illustrate how such a macroprudential policy tool, which
aims at stabilising credit intermediation in face of disturbances in the econ-
omy, can be very counterproductive when real shocks arise either from the
supply or the demand side of the economy. The reason is that such financial
stabilisation artificially supports lending and investments, when they should
rather be let to adjust to the business cycle. The monetary policy then seeks
to undo the macroprudential policy by counteracting it with the nominal

interest rate.

In contrast, when the shock arises in the financial sector, the macroprudential
policy tool can be helpful. Figure 5 shows the policy responses to a negative
shock to bank net worth. Such a shock results in a deterioration of bank

capital, which hinders the banks’ ability to monitor investment projects.
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This in turn worsens the moral hazard problem, discourages depositors, and
leads to higher requirements of entrepreneurial capital. The decrease in

lending translates into decreased investments and output.

However, the shock is also inflationary, because the drop in investments
implies an increase in the real price of capital, which in turn encourages
households to subsitute savings for consumption. When only conventional
monetary policy is active, this results in an initial increase of the inflation
rate. A policy trade-off thus arises between stabilising inflation and output
gap. The shock also leads to a persistently lower level of bank capital and

lending, because it takes time for banks to re-accumulate net worth.

Now, if the leverage tax is active, the macroprudential policy can support
the banks and stabilise credit intermediation, which dampens the effect of
the financial shock to real economic activity considerably. In particular, the
impact of the shock on inflation is negative, as the shock’s effect on the
real price of capital is dampened. As the inflationary pressure is removed,
monetary policy, supported by macroprudential policy, can instead act on
the negative output gap and decrease the interest rate. In addition, bank
capital levels are restored much more quickly thanks to the subsidy. In a
sense, the policymaker “bails out” banks by providing more capital. The

availability of two separate policy tools removes the policy trade-off.

This shows that when there are shocks arising in the financial sector itself,
there are benefits to a separate macroprudential tool. However, it can be
counterproductive in stabilising fluctuations caused by shocks arising from
outside, but affecting, the financial sector. This also highlights the impor-
tance of credit intermediation as a channel through which the economy ad-

justs to real shocks by adapting the level of investments.

These simple examples demonstrate that there is scope for a separate macro-
prudential tool in dealing with financial market disturbances, but also a need
to identify the sources of business cycle fluctuations, as well as to properly

coordinate the activation and use of these two policy tools.

In the next section, I look more carefully at the coordination of the two
policies. I compute the optimal Ramsey policy with one instrument only —
the nominal interest rate — and compare it to the optimal Ramsey policy

with two instruments, which jointly optimises both policies.
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Figure 6: Effects of a one-standard-deviation negative total factor produc-
tivity shock, under Ramsey policy

5.3 Jointly optimal policy

This section presents the dynamics of the economy under jointly optimal

monetary and macroprudential policies.

Solving the Ramsey-optimal policy consists of finding the path for the policy
instruments that maximises the household’s welfare, subject to the equilib-
rium conditions of the economy. In this case, the two policy instruments
are the nominal interest rate and the leverage tax. Details of the Ramsey

problem are given in Appendix B.

As a benchmark, I deactivate the leverage tax (7 = 0 in all periods), and
solve for the Ramsey-optimal monetary policy with the nominal interest ry
rate as the policy instrument. Then, I solve for the jointly optimal policy with
both instruments in use. Note that the one-instrument Ramsey problem,
where the tax rate is constrained to zero, is nested within the two-instrument
one, so that by definition household must always be at least as well off under

the two-instrument regime as under the one-instrument regime.
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Figure 6 shows the response to a negative productivity shock. The shock
causes output and investments to fall. It is also inflationary, as the marginal
cost of the firm increases. The shock decreases the rental rate of capital,
which in turn pushes down the real price of capital, ¢;. Through this channel,
the shock propagates to the financial sector: as ¢; erodes, the net worth
of both the bank and the entrepreneur decreases, which negatively affects

lending.

Now, if the Ramsey planner only has one policy instrument, the optimal
response is to raise the interest rate to push down both inflation and output
to adjust to the decreased productivity. This is the standard policy response

in New Keynesian literature.

In contrast, when the planner has two instruments, the optimal response
consists of raising the interest rate and setting a negative leverage tax, or in
other words subsidising lending as there is downward pressure in investments.
As a result, both investments and output fall less, creating a more persistent
positive output gap. As bank capital is subsidised, lending falls less and
actually increases after the first few periods above its steady state level.
This joint policy trades off some current consumption for more investments,
but consumption recovers more quickly to its steady state levels than under

the single instrument policy.

It is noteworthy to discuss the financial incentives under the joint monetary
and macroprudential policy. Notice that monitoring cost, or equivalently
monitoring intensity, increases under the two-instrument regime. It mea-
sures the extent of the moral hazard problem: when the tax is active, the
cost is increased, which means banks use more resources in monitoring, and
entrepreneurs’ incentives for misbehaviour are reduced. This means that less
entrepreneurial net worth is needed for investments, and more deposits can
be attracted. The availability of both instruments allows to dampen the

agency cost, which monetary policy alone cannot do.

Next, Figure 7 shows the Ramsey policy response to an adverse demand
shock. The shock decreases demand for consumption, and households sub-
stitute consumption for leisure. As a result, savings (deposits) increase,
which increases lending and investments. Again, when both policy instru-

ments are in use, the leverage tax and the nominal interest rate move in
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Figure 7: Effects of a one-standard-deviation negative preference shock, un-
der Ramsey policy.

opposite directions. Now, the financial markets are stabilised by taxing the
banks to discourage increasing lending. This encourages to consume more
and compensates for the adverse demand shock, allowing consumption to
recover slightly faster. But this makes output fall more, which forces the

planner to decrease the interest rate more to compensate for the tax.

Finally, Figure 8 shows the response to a negative shock to bank capital.
Now, it is clear that the two policies do not counteract each other. The
jointly optimal policy response might seem somewhat counter-intuitive at
first glance: it consists of first taxing the banks that have just suffered a
negative shock (with 7 > 0 in the initial periods after the shock), and then

switching to subsidising them.

The mechanism is the following. The bank capital shock decreases monitor-
ing resources, which makes the household less willing to deposit savings in
the bank. The decreased supply of funds increases the real price of capital,
which makes consumption relatively cheaper for households. As a conse-

quence, households prefer to consume more rather than save, and substitute
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Figure 8: Effects of a one-standard-deviation negative bank capital shock,
under Ramsey policy.

current consumption for future consumption. The tax, on the other hand,
pushes down the price of capital. After the initial periods, where households
prefer to consume, they have to start saving, at which point the macropru-
dential policy switches to subsidising the banks to support lending. Thus
when the tax is active, there is less substitution of consumption for savings,
investments fall less, and bank capital, lending, and output recover more
quickly. As a result, the monetary policy does not have to react as strongly

to stabilise the output gap.

The analysis in this section supports the discussion of the optimal policy
responses in Section 5.2. Having a second instrument at hand is useful
only when stabilising the economy after a financial shock. The bank capital
shock erodes the bank’s resources and worsens the agency problem, which
leads to decreased lending. The monetary policy response to this would be
to decrease the nominal interest rate to decrease the cost of funding of the

bank and stimulate lending.

On the other hand, the bank capital shock is initially inflationary because
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Model  Policy Welfare cost (%) O Oz

NK Ramsey - 0.0000 0.0000
FF Ramsey 2 0.31 0.0001 0.0089
7 Ramsey 1 0.37 0.0001 0.0010
7 Rules 1 0.38 0.0013 0.0022
7 Rules 2 0.40 0.0017 0.0039

Table 3: Consumption-equivalent welfare costs under different policies, rel-
ative to Ramsey policy regime in the New Keynesian benchmark model.
NK refers to the standard New Keynesian model without financial frictions, and FF to
the model with the financial friction. NK Ramsey: benchmark policy. Ramsey 2: two-
instrument Ramsey policy. Ramsey 1: single-instrument Ramsey policy. Rules 2: policy
rules for interest rate and leverage tax. Rules 1: policy rule for interest rate, leverage tax

inactive. o,: standard deviation of inflation. o,: standard deviation of output gap.

of the increase in real capital price. The monetary policy should respond
to the inflationary pressure by raising the interest rate. There exists thus a
policy trade-off in the face of such a financial shock, and monetary policy
alone cannot mitigate the agency problem in credit intermediation while at
the same time fighting inflation. The macroprudential policy takes care of
reducing the inflationary pressure by initially bringing down the price of

capital, after which it can stimulate lending by subsidising the banks.

5.4 Welfare analysis

In this section, I evaluate the performance of the different policy regimes.
I compute the welfare cost associated with each policy as consumption-
equivalent amounts relative to a benchmark policy. The welfare evaluation
follows the strategy described in Schmitt-Grohé and Uribe (2006). The de-

tails of the derivation of the welfare measure are outlined in Appendix C.

The consumption-equivalent welfare cost is defined as the fraction of con-
sumption that the household must give up under the benchmark policy
regime, in each period, to be indifferent between the benchmark policy and
the policy it is being compared to. A positive cost indicates that the house-

hold is better off under the benchmark policy.

Table 3 reports the welfare costs of the different policy regimes. The bench-

mark policy to which the others are compared is the Ramsey-optimal policy
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in the standard New Keynesian economy, where the financial friction is ab-
sent. The welfare cost can thus be interpreted as the cost imposed by the
additional friction in the financial sector, which even Ramsey-optimal poli-
cies cannot completely offset. In addition, the fourth and fifth columns of
Table 3 display the standard deviations of inflation and output gap under

the different policy regimes.

Notably, it is no longer optimal to completely stabilise inflation and output
gap, as it is in the standard New Keynesian case. The standard deviations
of inflation and output gap are close to, but not equal to zero in neither of

the Ramsey policy regimes under financial frictions.

The two-instrument Ramsey-policy generates the highest welfare for the
household. The single-instrument Ramsey problem, where the leverage tax
is constrained to be zero in all periods, is nested within the two-instrument
problem, and can by definition perform at most as well as the unconstrained
two-instrument problem. Interestingly, when there are financial frictions in
the economy, it is only optimal to stabilise inflation, but not the output gap,

as shown in the second row of the table.

The rule-based policies do not fall far behind in welfare levels compared to
the two Ramsey policies. The economy where both an interest rate rule
and a rule-based leverage tax is in use fares the worst in terms of household
welfare. As discussed in Section 5.2, the procyclical leverage tax is counter-
productive except when stabilising financial shocks. This is confirmed by the
fact that inflation is more volatile when the tax rule is active than when it
is not. It is thus not surprising that when such a rule is always active, it is

detrimental for household welfare.

6 Concluding remarks

This paper investigates the policy implications of jointly setting monetary
and macroprudential policies when there are important financial frictions in
the economy. The framework is otherwise a standard New Keynesian one,
with an additional friction arising from agency costs in financial intermedi-

ation.

I study the effects of an active procyclical leverage tax tool that aims at
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stabilising the loans-to-output ratio in the economy, which is a measure of
indebtedness. It is a simple proxy for the stability of the financial system.
The leverage tax is a fiscal policy tool that, while stylised, mimics a bank
resolution fund. In “good times”, the banks pay a fraction of their total as-
sets to restrict their leverage, and in downturns, the government subsidises
credit intermediation in a way that lets bank leverage increase and stimu-
lates lending. The dynamics created by the leverage tax are similar to a
countercyclical capital ratio regulation on banks, as discussed for example in
Christensen et al. (2011), but has the benefit of keeping the optimal financing

problem of the firm unconstrained.

The first important finding is that optimal monetary policy alone can sta-
bilise the economy in face of real demand or supply shocks. Using an optimal
mix of interest rate and macroprudential policies trades off output gap stabil-
ity for a similar level of inflation variance, compared to optimising monetary
policy only. However, the single-instrument Ramsey policy cannot offset

fluctuations in agency costs in the financial markets.

On the other hand, if there are important fluctuations arising from financial
shocks, the availability of a separate macroprudential tool enhances the effec-
tiveness of policy in stabilising the economy. The policy supporting credit
intermediation can remove inflationary pressures and leave the monetary
policy to deal with stabilising the output gap only. When the fluctuations
are caused by demand or supply shocks to the real economy, the rule-based
monetary policy and the macroprudential policy can counteract each other,
as the leverage tax creates an additional friction on the proper adjustment

of investments.

Finally, the analysis reveals that having a rule for macroprudential policy
that is active at all times is likely to be counter-productive, suggesting that
the macroprudential policy should rather be used as a discretionary tool to
stabilise financial shocks only, and left inactive in the face of shocks arising

from the real economy.

In summary, the sector of origin and the cause of cyclical fluctuations in the
economy matter a great deal for the appropriate policy mix to be used. This
implies that there are considerable gains from properly coordinating the use

of macroprudential policy with conventional monetary policy, and suggests
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that it should be a discretionary policy to be activated when needed.

The limitations of the present framework relate to the fact that it is a repre-
sentative agent model without default. Thus, the “stability” of the financial
system has to be interpreted as the credit conditions implied by the agency
problem. Questions related to systemic risk or financial contagion cannot be
analysed here. A macroprudential policy should, in this context, be under-
stood as one that seeks to minimise the agency costs in credit intermediation

to guarantee that investments reach their efficient level.
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A Summary of the model

A.1 The dynamic equilibrium conditions

This section summarises the dynamic model equations.

A.1.1 The macro block

The household’s optimality conditions are:

wy = XiLg (Labour supply)
"7 Ue(Cr L) Y
Uc(Cis1, Leg1) 1+ Tt]

1=08F Bond Euler eq.

B ! [ UC’(CtaLt) Tt4+1 ( q)
Uc(Ciaq, L .

a4 = BE; [C(tﬂtﬂ) (rfy + (1 - 5)Qt+1)] (Capital Euler eq.)

UC(Cta Lt)

where Uc(Cy, L) = Z§ [ﬁ(ct - bcH)]* and log Z§ = ¢elog Z& | + €,
€ ~ N(0,02), i.i.d.

The symmetric equilibrium conditions of the intermediate production sector

are:
Y; = KX(Z;Li)' ™ (Production technology)
:i = (11){:)[(75 (Relative factor price)
= (f)a (Zt(iwt—a)> o (Real marginal cost)

o) k e+1
e By ptow” Quitk Vevkft Ykt Priy
o0
e—1 E) :k:O wk Qtt+k Yt+k|t Pf+k

(Optimal pricing decision)

Pt*:

where Q41 = ﬁkUCl}gE&:ﬁ)ﬂ)Pik and logZ; = o¢logZ; 1 + €, & ~
N(0,02), i.id.
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Furthermore, the optimal pricing decision can be reformulated as:

0 k e+1

p 5 p E; Zk:() w Qt,t+k 1/}t+k|t Yt+k|t Ttk

t — 3 9 :
e—1 Ep Y pto Wk Qt ek Yegkls T5 g

The numerator of this expression can be expressed recursively as:
Num; = ¢ Y; +w(l +r) LB, wfjfll Numyg 1,
and the denominator as:
Denom; = Y; + w(1 + r¢) ' By 7, Denomy 1,

which allows expressing the optimal price relative to the aggregate price level

recursively (for computational convenience) as:

Py e Numy

P, ¢ —1Denom;’

The aggregate dynamic equilibrium conditions are:

Vi=(Cr+ I + Gi)sy (Aggregate consistency constraint)
Kiyn=L+(1-90)K, (Capital accumulation)
1
P =[wP "+ (1 —w)(Pr) ] (Aggregate price level)
P* 1—e liE
m=|w+(l—-w) (P : ) (Inflation dynamics)
t—1
P* 1—e
l=wrf ™ 4+ (1-w) <Pt> (Price dispersion)
t

where the correction for price dispersion is sy = (1 — w)(FP}) "¢ + wnmjs¢—1.

A.1.2 The financial block

The aggregate equilibrium in the financial sector is described by the following

equations.
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* VPt

Ky = ; ; (Optimal monitoring)
1+(1—Tt)Ap (1+Tt_1+7‘?)
b(k;) = F(HI)_% (Private benefit)
R
pr = (1—7) qlt]:_H (Net pledgeable income)
pH )
—(1—7)2E 1—
g0 =1 =m) A, — (L =7)ps
(Entrepreneur’s inverse leverage ratio)
b k
R; = blri) (Entrepreneur’s return share)
atAp
*
RV = L (Banker’s return share)
@Ap
R*=R—-R¢— R (Worker’s return share)
1
1+rf = i—f;m;fztt (Return on bank capital)
1
1+7rf = i—ib(ﬁf )ﬁtt (Return on entrepreneurial capital)
N,
L ==t (Investment size)
gt

rEq + (1= 8)gi
at

(Accumulation of entrepreneur’s net worth)

i+ (1= 6)q

di
(Accumulation of banker’s net worth)

Ny

Nip1 = A(1+719)

At+1 = th)\b(l + 7“?) A

where log Z} = ¢plog Z0_; + €?, € ~ N(0,02), i.i.d.

A.1.3 Government policy

Finally, the model is closed by the Taylor rule for the nominal interest rate,

and the rule for the macroprudential leverage tax.
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Here, z; =

1
1+r = Bﬂ'g) Wi (Taylor rule)
147 = 'ft¢T (Leverage tax rule)

Gy = 1(Ar + Dy) (Government budget constraint)

Y:

Y'tC

(It —=Ne)/Ye

=Ny is the deviation of the

is the output gap and Ty =

loans-to-output ratio from its steady state value, or the “credit gap”.

A.2 Deterministic steady state

The deterministic steady state of the model is as follows. It is assumed that

a steady state employment subsidy is in place such that u = 1, so that the

steady state is not distorted by the monopolistic competition.

A.2.1 The macro block

The steady state of the macro block of the model is:

1
1+r=-
B
Pr=P=1
=1
s=1
=1
_1+p
BpuR
= q(r +9)
TK a(il
=(1— —
w=( a)<a>
ot T
Yra —c +o
K i a-1 ] — i_ 1)
- a X a pgR
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The steady state is non-distorted and identical to the efficient steady state
(where prices are assumed flexible and there is no financial friction in in-
vestment) when g = 1. The efficient steady state can thus be replicated by
imposing a steady state investment subsidy on the gross return of the invest-

ment project, R. Denote this subsidy by 1+ ¢. Then, the subsidy needed to

Y:TKK

«

SK

puR
C=Y-1-CG
G=0 (r=0)

Z=2°=272"=1

replicate the efficient steady state is:

1+p

7 BpuR(1+<)

A.2.2 The financial block

The steady state of the financial block of the model is:

& o=

b(c*)

RY=R—R*— RY

48




B The Ramsey problem

The problem of the Ramsey planner can be formulated as follows. Let y;
be a vector containing the n endogenous variables of the economy, including
the planner’s policy instruments, and u; the vector of exogenous variables.
The agents in the economy optimise taking the planner’s decision variables
(the policy instruments) as given. The equilibrium of the private economy

is described by the m first-order conditions and transition equations:

Ei(f(yt—1,Yt, Y41, u)] = 0.

This leaves n — m policy instruments for the planner.

The Ramsey planner chooses the values of the policy instruments in each
period to maximise household welfare, subject to the economy’s equilibrium

conditions:

max FE, Z B tU(C,, Ly)

{yT }i‘;t —t

st E:f(Yr—1,Yr,Yry1,ur)] =0 Vre{...,t—1,t,t+1,...}.

In other words, the Ramsey planner chooses a competitive equilibrium that

maximises household welfare.
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C The welfare measure

The welfare cost of the different policy measures are computed as consump-
tion equivalent costs relative to a benchmark policy as described in Schmitt-

Grohé and Uribe (2006).

Define the welfare under the benchmark Ramsey-optimal policy, conditional

on the state of the economy at time zero, as
o0
Vit =By pU(CE, L),
t=0

where Cf* and L} denote the plans for consumption and hours worked under

the benchmark policy regime.

Similarly, define the conditional welfare under an alternative policy plans as

Vit = Eo Y BUCA LY.
t=0

Assume that at time zero, all variables are equal to their steady-state values.
Since the steady state of the model is undistorted and unaffected by the
different policy regimes, the initial state of the economy is the same for the

benchmark and the alternative policies.

Next, denote by x the consumption-equivalent conditional welfare cost of the
alternative policy regime, relative to the benchmark regime. Formally, the

cost x is implicitly defined by:

Vit = B0 Y BU((1—2)Cf L),
t=0
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Using the CES functional form for periodic utility and solving for = yields:

0 c( 1—2 CR l1-0 X(LR)IJrG
V(f‘=EoZﬁt[Zt ( 1>_;) B
t=0

5y o [-o -0z G vy
t=0

VbA o V'OR
CR l1—0o
By 3%, 8128

—0

< rx=1— |1+

o1
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