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I study optimal credit, monetary, and fiscal policy under
commitment in a model where financial intermediaries face an
occasionally binding financial constraint; the monetary author-
ity faces a zero lower bound; and the fiscal authority faces a
budget constraint. Financial and productivity shocks can gen-
erate a trade-off between inflation stability and financial stabil-
ity, which is resolved in favor of the latter. As the ZLB prevents
full-scale monetary easing and financial distress disrupts the
transmission mechanism, monetary policy should be relatively
tight in normal times for precautionary reasons. However, mon-
etary policy should be eased in response to large productivity
shocks regardless of the sign. The policy based on optimized
simple rules features too-aggressive credit interventions and
insufficient monetary easing relative to the Ramsey policy.
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1. Introduction

New developments after the 2007–09 global financial crisis (GFC)
induced central banks to rethink their monetary policy frameworks.
For example, neutral interest rates have been falling globally for
years, and this trend is expected to persist (Holston, Laubach, and
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Williams 2017). Thus, monetary policy is more likely to hit the
zero lower bound (ZLB). In addition, financial shocks that dis-
rupt financial intermediation (Ivashina and Scharfstein 2010) and
possibly the transmission mechanism of monetary policy (Altavilla,
Canova, and Ciccarelli 2016) have received much attention. Indeed,
Schularick and Taylor (2012) conclude that the financial system
not only amplifies macroeconomic shocks but is also an indepen-
dent source of volatility, while Jermann and Quadrini (2012) find
financial shocks to be an important driver of business cycles. To
ease financial crunches, unconventional monetary policies such as
quantitative easing (QE) have been made popular with the hope of
reducing long-term interest rates, boosting lending, and stimulat-
ing real activity.1 In this course, there are ongoing debates on how
the current policy framework should evolve and if the policy toolkit
should be expanded.

This paper tries to shed some new light on this topic from a
specific angle. I study optimal credit, monetary, and fiscal policy
under commitment (Ramsey policy) in a low interest rate environ-
ment with financial and macroeconomic disturbances. Credit policy
is modeled as private asset purchases; monetary policy controls the
nominal interest rate subject to the ZLB; and fiscal policy sets a
labor tax subject to the government budget constraint. Despite a
large literature on each of these policies (summarized in the next
section), the normative aspect of the joint policy has not yet been
fully understood. For example, credit policy may restore the func-
tioning of financial markets on which the transmission mechanism
of monetary policy depends. But the literature often only considers
credit policy in a liquidity trap or, when credit policy is not avail-
able, debates whether monetary policy should respond to financial
conditions (Curdia and Woodford 2010). On the fiscal side, many

1It is relatively well established that unconventional monetary policy reduces
the long-term interest rates. See, among many others, Gagnon et al. (2011) and
Krishnamurthy and Vissing-Jorgensen (2011) for the Federal Reserve’s QE, and
Joyce et al. (2011) and Christensen and Rudebusch (2012) for the Bank of Eng-
land’s QE. However, unconventional monetary policy may have insignificant or
unintended real effects through a bank lending channel, as shown by Acharya
et al. (2017) and Chakraborty, Goldstein, and MacKinlay (2017). Overall, it is
widely believed that this kind of policy played a key role during the GFC; see
Cahn, Matheron, and Sahuc (2017), Del Negro et al. (2017), Quint and Rabanal
(2017), etc.
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countries are left with high levels of public debt after the GFC (see,
e.g., Oh and Reis 2012; Caruso, Reichlin, and Ricco 2018), which
must be stabilized by either inflation or fiscal surpluses going for-
ward. In this context, potential losses on the central bank’s balance
sheet can increase the fiscal burden and make it more difficult to
raise interest rates when the time comes (Evans et al. 2015).

In studying these issues, I focus on the Ramsey policy because the
ability to commit has become more relevant in recent years, thanks
to improved communication and active forward guidance. Moreover,
expectation management has been at the center of recent policy revi-
sions2 because, e.g., a flattened Phillips curve downplays the role of
aggregate demand and emphasizes the role of inflation expectations
in controlling inflation. Svensson (2019) argues that central banks
can adopt a “forecast-targeting” strategy. Forecast targeting means
that policy instruments are set such that the resulting forecasts of
target variables, e.g., inflation, are desirable. With this strategy, for-
ward guidance is the default when central banks publish the paths of
policy instruments and the forecasts of target variables that justify
the policy decision.

In this paper, I employ a simple New Keynesian model aug-
mented with Gertler and Kiyotaki (2010) style financial frictions.
Financial intermediaries (referred to as banks) face a financial con-
straint derived from an agency problem between banks and depos-
itors. A key feature of this model is that the financial constraint
depends on banks’ future profitability, which can be affected by the
entire path of policy instruments. The constraint is slack in normal
times but binds endogenously in periods of financial distress, which
can be triggered by a “Minsky moment.” That is, agents in the econ-
omy suddenly realize that the leverage is too high. Such moments
are captured by a financial shock that directly tightens the financial
constraint.3 When the constraint is binding, banks have difficulties

2For example, Bernanke (2017)’s temporary price-level targeting, Svensson
(2019)’s average inflation targeting, and Reifschneider and Williams (2000)’s risk-
management rule all are techniques to exploit expectations and have received
much attention from central banks.

3Bordalo, Gennaioli, and Shleifer (2018) and, more generally, the litera-
ture of behavioral finance provide the microfoundation. López-Salido, Stein,
and Zakraĵsek (2017) discuss how Minsky moments are complementary to
financial frictions in understanding the role of credit risks in macroeconomic
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rolling over their short-term debt, which leads to a collapse in asset
prices and investment. The consequent deleveraging process contin-
ues to weigh on aggregate demand and inflation. Since the root of
the problem is a disruption to financial intermediation, credit pol-
icy is designed to replace constrained intermediaries (banks) by an
unconstrained intermediary (the government). Moreover, monetary
policy can relax the financial constraint by lowering banks’ real bor-
rowing costs. Put differently, the lack of monetary easing due to
the ZLB tightens the financial constraint. The ensuing widening of
the credit spread (i.e., the premium in the expected return on cap-
ital over the risk-free interest rate) limits the benefits of monetary
easing at the ZLB (e.g., through a commitment to future interest
rates). The tax policy is helpful because it gives the government an
extra margin to affect inflation. However, the government cannot
fully stabilize inflation and the credit spread simultaneously even
with all three policies. Thus, the model features a trade-off between
inflation stability and financial stability.

My main findings are as follows. Relative to a laissez-faire equi-
librium, the Ramsey equilibrium features a stochastic steady state
with higher output and a remarkably stable credit spread. The gov-
ernment’s incentive to stabilize the credit spread depends primarily
on labor market efficiency in the steady state. In the Ramsey equi-
librium where the steady-state labor tax rate is fixed exogenously,
the optimal credit spread approaches zero quickly as the steady-
state labor tax rate increases. Quantitatively, any realistic level of
the steady-state labor tax rate (≥10 percent) would imply virtually
zero volatility of the credit spread. In this environment, banks are
encouraged to choose a higher leverage level that is associated with
greater risk of hitting the financial constraint. In turn, the central
bank is required to hold a positive amount of private assets and set
a lower nominal interest rate on average. However, when the ZLB is
slack, the risk that both the financial constraint and the ZLB can
bind together gives the central bank a precautionary incentive to
keep the nominal interest rate relatively high. On the fiscal front, I
do not find that the government budget is an important constraint on

dynamics. Similar financial shocks are also considered in, e.g., Dedola and
Lombardo (2012); Eggertsson and Krugman (2012); Del Negro et al. (2017); and
Perri and Quadrini (2018).
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optimal policy, because the discounted sum of cash flows stemming
from the government’s asset purchases is small.4

Next, I try to understand how optimal policy responds to dif-
ferent shocks. A contractionary financial shock has a much larger
effect on output than on inflation. As the traditional Taylor-type
rule puts more weight on inflation than on output, the prescribed
monetary policy is largely unresponsive. By contrast, the optimal
monetary policy is more dovish by focusing on financial distress
while inflation is allowed to rise modestly. A labor tax rebate is
employed to help curb inflation. And the central bank should ramp
up its asset purchase program if the financial shock is large enough
to make the ZLB binding. My model also contains a total factor
productivity (TFP) shock. An unexpected improvement in produc-
tivity should relax the financial constraint thanks to a higher rate of
return on bank assets. However, it could also be damaging when a
poor policy drives the economy into the liquidity trap in such a way
that the shortfall in demand widens suddenly and the financial con-
straint binds. To escape from the spiral of Fisherian deflation, the
key is to lower the real interest rate, which is needed to stimulate
aggregate demand and relax the financial constraint. In other words,
there is no trade-off between inflation stability and financial stability
in this case. However, the trade-off is prominent under a negative
TFP shock. On the one hand, inflation stability requires a tighten-
ing of monetary policy. On the other hand, stable inflation induces a
binding financial constraint, which calls for monetary easing. Fortu-
nately, the government is equipped with the credit policy to ease the
financial strain and the tax policy to mitigate inflation. The trade-
off is found to be resolved in favor of monetary easing, regardless
of the availability of the tax policy. In summary, monetary policy
should be eased in response to large, both positive and negative, pro-
ductivity shocks around the stochastic steady state. However, while
monetary easing in the state of high productivity is consistent with
conventional wisdom, it depends crucially on the central bank’s past
commitments. When the central bank is less constrained by its past

4To be clear, this does not exclude the government budget constraint from
playing an important role when, e.g., the economy is hit by a government spending
shock.
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commitments, the nominal interest rate tends to rise in response to
unexpected productivity improvements.

Can the optimal policy be implemented by a familiar set of sim-
ple rules? I focus on the rules that let monetary policy respond to
inflation and output, let credit policy respond to the credit spread,
and let the labor tax rate be fixed. A more comprehensive study of
optimal rules is left to future research. The optimized monetary rule
echoes several findings in the literature, including a strong response
to inflation but a muted response to output. Moreover, the inertia
parameter exceeds but is close to 1, thus suggesting that the optimal
monetary policy is forward looking and close to price-level target-
ing. The optimized credit rule is found to be modestly persistent,
suggesting a slow unwinding of the central bank’s balance sheet.
The associated welfare losses are small, but the trade-off between
inflation stability and financial stability is prominent. Relative to
the Ramsey policy, the optimized rules feature too-aggressive credit
interventions but insufficient monetary easing.

2. Related Literature

One of the main novelties of this paper is to jointly study two occa-
sionally binding constraints (OBCs)—the financial constraint and
the ZLB. The emphasis on the former is in line with Del Negro,
Hasegawa, and Schorfheide (2016), Swarbrick, Holden, and Levine
(2017), and Jensen et al. (2020), who have shown that such non-
linearity helps capture the sudden and discrete nature of financial
crises and eliminate the financial acceleration mechanism in nor-
mal times. While these papers treat the financial constraint in a
perfect-foresight manner, uncertainties surrounding the states of the
constraint (binding or not) can have important implications. For
example, Bocola (2016) finds that a liquidity facility like the Euro-
pean Central Bank’s LTRO is ineffective when banks deem that the
likelihood of hitting the financial constraint is high. In this paper,
this kind of behavior is internalized by the Ramsey planner.

There is a large literature on monetary policy subject to the ZLB.
A key lesson from this literature is that the nominal interest rate
should be kept at the ZLB for a longer period of time than what
a Taylor rule typically suggests (Eggertsson and Woodford 2003).
Even when the nominal interest rate is positive, the presence of
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the ZLB calls for a more dovish monetary policy (Adam and Billi
2006; Nakov 2008) because the possibility of hitting the ZLB in the
future reduces the output and inflation expectations today. In the
early literature, the duration of the ZLB episode is largely exoge-
nous, depending on a shock to the natural interest rate. Drawing
on experience during the GFC, more recent work (Del Negro et al.
2017; Benigno, Eggertsson, and Romei 2020) models the origin of
the ZLB episode as financial shocks that disrupt financial interme-
diation. This paper makes two contributions in this regard. First, I
show that both positive and negative productivity shocks can drive
the economy to the ZLB. Second, in contrast to the literature, the
ZLB risk induces a relatively high nominal interest rate in normal
times.

This paper also belongs to the growing literature on normative
unconventional (credit) policy. Particularly, I share Bianchi (2016)’s
emphasis on the risk-taking channel of unconventional policy. The
idea is that (financial) firms need to balance the desire to invest
today with the risk of becoming financially constrained in the future.
They have an incentive to borrow more, knowing that the more they
borrow, the larger the transfers they can receive from bailouts. The
bailout policy faces the trade-off between the ex ante overborrowing
and the ex post benefit of a faster recovery from a credit crunch.
While this literature primarily focuses on time-inconsistent policy,
Harrison (2017) studies optimal QE under discretion. He assumes
a portfolio adjustment cost such that aggregate demand depends
on both the short- and long-term interest rates. Hence, unlike in
my model, QE works through a portfolio rebalancing channel and is
effective only when the ZLB is binding.

A number of papers study optimized simple rules for unconven-
tional policy. Foerster (2015) proposes a credit-spread-targeting rule
with inertia. Conditional on monetary policy following a traditional
Taylor rule, he concludes that a slow unwinding of the central bank’s
balance sheet is welfare improving. This is also found to be true in
this paper provided that the credit policy is not too persistent. More
generally, the optimal unconventional policy depends on the assumed
monetary policy. Carrillo et al. (2017) study the interaction between
conventional and unconventional monetary policy in a Bernanke–
Gertler financial accelerator model. They focus on the relevance of
Tinbergen’s rule by comparing a monetary policy rule responding to
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both inflation and credit spreads with a dual-rule regime comprising
a Taylor rule and a credit-spread-targeting financial rule. They find
that the former responds too much to inflation and not enough to
spreads, i.e., tight money and tight credit. In my model, the opti-
mized monetary and credit rules are found to be too tight on money
but too loose on credit.

Finally, this paper takes seriously the government budget con-
straint by excluding the government from access to lump-sum tax-
ation. In most papers studying unconventional policy, it is assumed
either explicitly or implicitly that the government budget constraint
is not binding. The exceptions include Bianchi (2016), in which the
government finances its bailout policy using a payroll tax and poten-
tially a debt tax. However, Bianchi (2016) does not allow the govern-
ment to borrow, because this would allow it to “lend” its borrowing
capacity to financially constrained firms. Jiao (2019) considers an
emerging economy relying on inflation and currency depreciation to
finance unconventional policy. The focus of this paper is on advanced
economies where the government finances its asset purchases by the
optimal combination of distortionary taxes, seigniorage, and infla-
tion. In this regard, this paper extends the optimal fiscal and mon-
etary policy literature (e.g., Christiano, Chari, and Kehoe 1991;
Schmitt-Grohé and Uribe 2004b; Siu 2004, among many others) by
including a credit dimension. In this literature, the policy trade-off
is between tax smoothing and price stability, which is resolved in
favor of price stability even with small degrees of price rigidity. I
find this result robust to the presence of financial frictions.

The rest of the paper is organized as follows. In the next section
I present the model and the optimal policy problems. The quantita-
tive method is described in section 4, followed by the main results in
section 5. I examine the optimal simple rules in section 6. The last
section concludes the paper.

3. Model

The model is based on a small version of Gertler and Karadi (2011),
in which I abstract from a number of standard features that only
matter quantitatively, e.g., working capital, variable capital utiliza-
tion, and price indexation. The economy is populated by households,
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intermediate good producers, capital producers, financial intermedi-
aries (referred to as banks), and a government. Intermediate good
producers acquire labor and capital to produce differentiated goods,
and set prices optimally when receiving a Calvo (1983) signal. Fixed
investment is financed by state-contingent securities. Banks collect
deposits from households subject to an agency problem and invest
in the state-contingent securities, but their role in other important
markets, e.g., mortgage, is abstracted. The government controls the
nominal interest rate, purchases private securities, sets tax rates, and
issues government bonds. The government may be able to vary lump-
sum taxes, which can be used to remove the government budget from
the Ramsey planner’s constraints.

I depart from Gertler and Karadi (2011) in two important ways.
First, I assume that the central bank sets the risk-free nominal inter-
est rate, instead of the real rate. An important implication of this
(more realistic) assumption is that monetary policy generating unan-
ticipated inflation can affect the real borrowing cost of banks and
the government. In this way, monetary policy interacts with credit
and fiscal policy. Second, my model is a monetary economy with
money demand and supply. Money demand encourages the central
bank to stabilize the nominal interest rate rather than inflation, and
money supply generates seigniorage incomes for the government.

3.1 Households

There is a unit-continuum of infinitely lived households. Households
consume final goods ct and supply labor lt. They save in bank
deposits Dt and fiat money Mt. Deposits are risk-free one-period
nominal bonds carrying a gross rate of return Rt. Money facil-
itates consumption purchases. Households also own financial and
non-financial firms.

Each household consists of workers and bankers who pool con-
sumption risk perfectly. Workers are hired by intermediate good pro-
ducers and bring wages to the household. Bankers manage a bank
and transfer profits to the household. It is convenient to assume that
households do not save in their own banks. The complete consump-
tion insurance allows me to work with a consolidated representative
household. The household chooses consumption, labor supply, and
savings to maximize its life-time utility
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Wt =

[
(ct − hct−1)1−σ

1 − σ
− χ

l1+ϕ
t

1 + ϕ

]
+ EtβWt+1, (1)

where σ > 0 is the measure of relative risk aversion, h is the habit
parameter, χ > 0 is the disutility weight on labor, ϕ > 0 is the
(inverse of) Frisch elasticity of labor supply, and 0 < β < 1 is the
subjective discount factor. The household faces a budget constraint:

ct[1 + s(vt)] +
Mt

Pt
+

Dt

Pt
+ τt ≤ wtlt(1 − τw,t)

+ Dt−1
Rt−1

Pt
+

Mt−1

Pt
+ Ft,

where s(vt) is a proportional transaction cost of consumption pur-
chases, Pt is the price of final goods, wt is the real wage rate, τw,t

is the labor tax rate, τt is lump-sum taxes, and Ft are the net real
transfers from firms. The transaction cost takes the same function
form as in Schmitt-Grohé and Uribe (2004b):

s(vt) = Avt +
B
vt

− 2
√

AB,

where vt = Ptct

Mt
is consumption-based money velocity, and A and B

are parameters.
The first-order necessary conditions are

(ct − hct−1)−σ − Etβh(ct+1 − hct)−σ = λh
t (1 + 2Avt − 2

√
AB),

χlϕt /λh
t = wt(1 − τw,t), (2)

Et[Ξt,t+1rt+1] = 1, (3)

υ2
t =

B
A +

Rt − 1
ARt

, (4)

where Ξt,t+1 ≡ β
λh

t+1

λh
t

is the stochastic discount factor and rt+1 =
RtPt

Pt+1
is the real interest rate.

3.2 Non-financial Firms

There are two types of non-financial firms: capital producers and
intermediate good producers.
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3.2.1 Intermediate Good Producers

There is a continuum of intermediate good firms indexed by
m ∈ [0,1]. They have access to a Cobb-Douglas technology ym,t =
At(ξtkm,t−1)αl1−α

m,t , where 0 < α < 1 is the capital share, At is
total factor productivity, and km,t is the capital stock at the end of
period t. Let δ be the depreciation rate and ξt the quality of capital.
Firm m acquires additional capital im,t = km,t − (1 − δ)ξtkm,t−1.
To finance its fixed investment, the firm issues securities sm,t. Each
unit of securities is a state-contingent claim to the future returns
of one unit of capital. Following Gertler and Karadi (2011), capital
and the securities have the same real price qt under the assumption
that sm,t = km,t.

5 The real rate of return of holding securities for
one period is given by

rk,t+1 ≡ zt+1 + (1 − δ)ξt+1qt+1

qt
, (5)

where zt is the dividend rate on capital.
Let μt denote the real marginal cost. Cost minimization gives

wt = (1 − α)At

(
ξtkm,t−1

lm,t

)α

μt, (6)

zt = αAt(ξt)α

(
km,t−1

lm,t

)α−1

μt. (7)

Firm m faces a downward-sloping demand function ym,t =(
Pm,t

Pt

)−εt

yt derived from a final good aggregator yt =
[∫ 1

0 y
εt−1

εt
m,t dm

] εt
εt−1

, where Pm,t is the price of intermediate good m

and εt > 0 is the elasticity of substitution. With probability 1 – γ,
firm m can optimize price P ∗

m,t subject to the demand function by
solving

5This assumption implies that firms cannot borrow directly from households
by paying a negative dividend. Otherwise the banking sector becomes trivial.
Similar assumptions have been made in, e.g., Bianchi (2016), where the dividend
payment is constrained from below.
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max Et

∞∑

j=0

γjΞt,t+j

[
P ∗

m,t

Pt+j
− (1 + τy,t+j)μt+j

]
ym,t+j ,

where τy,t is a production tax. Focusing on a symmetric equilibrium,
the first-order condition (FOC) is given by

Et

∞∑

j=0

γjΞt,t+j

⎡

⎣(1 − εt)

(
1

Πj
s=1Πt+s

)1−εt

p∗
t

+ εt

(
1

Πj
s=1Πt+s

)−εt

(1 + τy,t+j)μt+j

⎤

⎦ yt+j = 0, (8)

where Πt = Pt

Pt−1
is inflation and p∗

t = p∗
m,t = P ∗

m,t

Pt
is the optimized

real price of intermediate goods.

3.2.2 Capital Producers

Capital producers face a cost function f(·) = it +
η
2

(
it

δkt−1
− 1

)2
δkt−1 with η ≥ 06 and price new capital optimally

according to

qt = 1 + η

(
it

δkt−1
− 1

)
. (9)

3.3 Banks

Banks are financial intermediaries engaging in maturity and liquid-
ity transformation. A bank receiving deposits amounting to Dt from
households and purchasing st units of securities from intermediate
good producers has the balance sheet

qtst =
Dt

Pt
+ nt,

6Another popular specification of the cost function is f(·) = it +
η
2

(
it

it−1
− 1

)2
it, which renders a more complicated FOC. However, the results

under both specifications are quantitatively similar.
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where nt is the bank’s real net worth at the beginning of period t.7

The net worth evolves according to

nt = qt−1st−1rk,t − Dt−1
Rt−1

Pt

= qt−1st−1(rk,t − rt) + nt−1rt,

where in the second line I use the balance sheet equation to substi-
tute for Dt

Pt
. The bank’s leverage is defined as

φt =
qtst

nt
.

As in Gertler and Karadi (2011), each bank shuts down with
probability rn at the end of each period, upon which the bank
distributes its net worth to its household.8 Then, bankers become
workers. In the meantime, a similar number of workers from the
same household randomly become new bankers. New bankers receive
“start-up” funds from their household as a proportion � of the total
value of capital in the economy.9

Each bank chooses an investment plan st to maximize its
expected present value of net worth upon closure:

Vt(nt) = max Et

∞∑

j=0

rn(1 − rn)jΞt,t+j+1nt+1+j

= max EtΞt,t+1[rnnt+1 + (1 − rn)Vt+1(nt+1)]

= νn,tnt,

where the third equality follows a conjecture that the value function
is linear in net worth with an unknown time-varying coefficient νn,t.
The bank faces an agency problem that implies an upper bound

7It is easy to show that each bank is a scaled version of the others. The het-
erogeneity in their net worth and asset holdings does not affect their aggregate
behaviors. See Gertler and Karadi (2011).

8The notation rn follows the idea that the probability of shutting down can
be interpreted as an exogenous dividend rate.

9In Gertler and Karadi (2011), the start-up funds are proportional to the assets
held by incumbent banks. I make this minor change to ensure that start-up funds
are not affected by the central bank’s asset purchasing.



164 International Journal of Central Banking March 2022

on its leverage level (i.e., the financial constraint; see Gertler and
Karadi 2011 for details):

νn,t

θt
− φt ≥ 0, (10)

where θt ∈ [0,1] is an exogenous process controlling the tightness of
the constraint, and shocks to θt are referred to as financial shocks
capturing “Minsky moments” in a reduced form (e.g., disturbances
to haircuts that change the effective value of net worth).

Let the multiplier associated with (10) be λt ≥ 0. The neces-
sary conditions of the bank’s problem include the complementary
slackness condition

(
vn,t

θt
− φt

)
λt = 0, (11)

and the first-order condition

EtΞt,t+1(rn + (1 − rn)νn,t+1)(rk,t+1 − rt+1) ≡ νs,t

=
λt

1 + λt
θt ≥ 0. (12)

The unknown coefficient νn,t can be solved using (10) and (12):

νn,t = νt

(
νs,t

θt − νs,t
+ 1

)
, (13)

where νt ≡ EtΞt,t+1(rn + (1 − rn)νn,t+1)rt. Note that νs,t is forward
looking when the financial constraint is binding and equal to zero
(i.e., independent of future states) otherwise. It follows that suc-
cessful policy can narrow the credit spread today by reducing the
probability of hitting the financial constraint in the future.

3.4 The Government

Following the standard approach in the public finance literature, the
specific agency that implements each policy is abstracted from the
model. By focusing on a consolidated government, it is implicitly
assumed that the central bank can receive fiscal support for its bal-
ance sheet, which could be particularly necessary when the balance
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sheet is large (Del Negro and Sims 2015; Benigno and Nisticò 2020).
The government holds a proportion Pt ∈ [0, 1] of the total securities
issued by intermediate good producers,10 which renders a quadratic
resource cost

τP(Ptqtst)2,

where τP ≥ 0 is a parameter. Following the literature (Gertler and
Karadi 2011; Dedola, Karadi, and Lombardo 2013; Foerster 2015),
this cost represents inefficient public activities in private financial
markets or the cost of strengthened financial surveillance.11 Because
of this cost, the government’s asset purchases may increase the fiscal
burden even when the credit spread is positive.

The consolidated budget constraint is given by

gt +
Rt−1

Πt
bt−1 +

mt−1

Πt
+ Ptqtst + τP(Ptqtst)2 =

τt + wtltτw,t +
∫ 1

0
τy,tμtym,tdm + bt + mt + Pt−1qt−1st−1rk,t,

(14)

where tax revenues include labor taxes wtltτw,t, production taxes∫ 1
0 τy,tμtym.tdm, and lump-sum taxes τt; gt is exogenous wasteful

government consumption; mt = Mt

Pt
are real money balances; bt =

Bt

Pt
; and Bt is a one-period state-noncontingent nominal asset. As

in Gertler and Karadi (2011), Bt can be interpreted as either gov-
ernment bonds or reserves. In the former case, Dt denotes the sum
of bank deposits and government bonds held by households. In the
latter case, Bt is part of the bank assets. Assuming that the agency
problem does not apply to reserves, Bt simply drops out of the bank’s
problem.

10In an early version of this paper, I compare the three credit measures laid
out by Gertler and Kiyotaki (2010), namely asset purchases, liquidity facilities,
and liquity injections. It can be shown that without any further distortions intro-
duced in the model, these measures only differ in a trivial way. I focus on an asset
purchase program in this paper because it is the easiest to understand.

11Dedola, Karadi, and Lombardo (2013) add a linear term in the cost function,
but they only find the coeffcient on the quadratic term playing an important role.
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3.5 Competitive Equilibrium

Definition 1. Given policies {τw,t, τy,t, Rt, Pt, τt}, exogenous
processes {At, ξt, θt, gt, εt}, and initial conditions, a competitive equi-
librium of aggregate dynamics is a set of plans

{ct, lt, mt, P
∗
t , Πt, ιt, yt, μt, kt, st, wt, zt, qt, it, νn,t, nt, bt},

satisfying the FOCs of the household (2, 3, 4), the FOCs of non-
financial firms (6, 7, 8, 9), the Karush–Kuhn–Tucker conditions and
value function of the bank (λt ≥ 0, 10, 11, 12, 13), the aggregate
production function

ytιt = At(ξtkt−1)αl1−α
t , (15)

the following laws of motion (for, respectively, the price index, price
dispersion, capital, and the aggregate net worth):

1 = (1 − γ)p∗1−εt
t + γΠεt−1

t , (16)

ιt = (1 − γ)p∗−εt
t + γΠε

t ιt−1, (17)

kt = it + (1 − δ)ξtkt−1, (18)

nt = (1 − rn)(qt−1st−1Pt−1(rk,t − rt) + nt−1rt) + �qt−1st−1, (19)

the government budget constraint (14), and finally two market clear-
ing conditions

yt = ct[1 + s(υt)] + f(kt−1, it) + τP(Ptqtst)2 + gt, (20)

st = kt, (21)

where λh
t , υt, rk,t, νs,t, and νt are defined in the text, and ιt ≡

∫ 1
0

(
Pm,t

Pt

)−εt

dm.

3.6 Policy

The jointly optimal credit, monetary, and fiscal policy is a set of
plans {τw,t, τy,t, Rt, Pt, τt} that maximizes (1) subject to the com-
petitive equilibrium.12 There are three sources of inefficiency in the

12The problem can be somewhat simplified by noting that (12) is a redun-
dant constraint at least locally around the chosen steady state. This can be
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model, namely the financial constraint, nominal rigidity, and imper-
fect competition.13 I focus on the first two sources and assume
throughout the paper that the inefficiency of imperfect competition
is offset by a constant production subsidy τy = −1

ε̄ .14

Formally, I consider the following Ramsey problem.

Definition 2. A debt Ramsey equilibrium solves {τw,t, Rt, Pt} to
maximize (1) subject to the competitive equilibrium and the ZLB,
ln Rt ≥ 0. There is a production subsidy τy = −1

ε̄ financed by fixed
lump-sum taxes. The net government deficit is financed by public
debts.

Since the first-order condition with respect to public debt fea-
tures a unit root, the local approximation technique used to solve
the model (to be discussed later) is inaccurate in long simulations,
which are necessary to compute most interesting statistics in my
highly nonlinear model. Moreover, the accuracy can be particularly
poor when I calculate welfare using a second-order approximation.
Therefore, it is convenient to consider a stationary “lump-sum Ram-
sey equilibrium,” in which the government budget is not a binding
constraint.

Definition 3. A lump-sum Ramsey equilibrium solves {τw,t, Rt, Pt}
to maximize (1) subject to the competitive equilibrium and the ZLB,
ln Rt ≥ 0. There is a production subsidy τy = −1

ε̄ . Lump-sum
taxes are set to balance the government budget period by period. The
steady-state labor tax rate is not chosen optimally but set equal to
that of the debt Ramsey equilibrium, which equates the steady states
of both equilibria. Effectively, the lump-sum Ramsey planner chooses
deviations of the labor tax rate from its steady states.

confirmed in a quantitative analysis, as the Lagrange multiplier associated with
this constraint always equals zero. Intuitively, the government has no incentive
to overinvest in physical capital.

13One may consider money demand motivated by a transaction cost and the
costly capital production as extra sources of distortion.

14This assumption is unlikely to change my main results. As shown by Schmitt-
Grohé and Uribe (2004a), imperfect competition only shifts average optimal infla-
tion upwards. This is because the social planner would like to tax money balances
as an indirect way to tax monopoly profits.
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In the lump-sum Ramsey equilibrium, the main difference
between the chosen steady state and its optimal steady state con-
cerns the labor tax rate, which is 30 percent in the former and
−0.05 percent in the latter under my calibration. I focus on the
high-tax steady state for three reasons: (i) the average tax wedge
across OECD countries is about 37 percent between 2000 and 2019
according to OECD Tax Statistics; (ii) to make the debt and lump-
sum Ramsey equilibria more comparable; and (iii) to capture labor
market imperfections that are not explicitly modeled. In Appendix
A, I show that the lump-sum Ramsey equilibrium behaves similarly
to the debt Ramsey equilibrium provided that they share the same
steady state. Therefore, the lump-sum Ramsey model is employed as
the workhorse model throughout the paper and is referred to sim-
ply as the Ramsey equilibrium/model for convenience. In solving
the Ramsey equilibrium, I follow the “timeless” perspective advo-
cated by Woodford (2003). First-order conditions are derived using
MATLAB’s symbolic toolbox. Then, the equilibrium is represented
by a system of difference equations, which can be solved numeri-
cally using the method discussed in the next section. I compare the
Ramsey equilibrium to a laissez-faire equilibrium defined as follows:

Definition 4. A laissez-faire equilibrium is a competitive equilib-
rium where Pt = 0, τw,t = τ̄w, and the monetary policy follows a
conventional Taylor rule

log
Rt

R̄
= max

{
0.8 log

Rt−1

R̄
+ (1 − 0.8)

(
1.5 log

Πt

Π̄
+ 0.125 log

yt

ȳ

)
,

− log R̄

}
,

where R̄t, τ̄w, Π̄, and ȳ are the steady-state variables. Once more,
lump-sum taxes are set to balance the government budget period by
period. The steady-state labor tax rate and inflation are set equal to
those of the debt Ramsey equilibrium so that both equilibria have the
same steady state.

Now I briefly discuss policy trade-offs and then move to quanti-
tative exercises.
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3.7 Policy Trade-Offs

By purchasing private securities, the government acts as a financial
intermediary. Since the government faces no financial constraint,
credit policy effectively replaces inefficient financial intermediaries
(banks) with an efficient one (the government). The policy pass-
through is as follows. When the financial constraint is binding, banks
are forced to deleverage by selling their assets. This creates a decline
in aggregate demand, lowering both output and inflation. Credit pol-
icy makes up for the shortfall in asset demand, which improves asset
prices and hence the bank net worth through a capital gain. Con-
sequently, the financial constraint is relaxed and the credit spread
narrows. However, the government may not absorb all assets sold off
because of the recourse cost. At the margin, there could be a small
yet positive credit spread. In this case, banks are crowded out from
profitable investment and need more time to rebuild their net worth.

When the output gap and inflation move in the same direction,
monetary policy ought to be a powerful tool. However, as noted in
Carrillo et al. (2017), monetary policy may not be able to simulta-
neously stabilize both the output gap and inflation in the presence
of a financial accelerator mechanism. In addition to the standard
Euler equation channel, monetary policy also affects the financial
constraint through its ability to adjust the real interest rate; see
(19) and (10).15 To minimize the credit spread, the central bank
may tolerate positive inflation at the margin. This trade-off between

15How monetary policy affects the financial constraint is a key determinant of
its effectiveness. In Brunnermeier and Koby (2017), monetary easing relaxes the
constraint until reaching a reversal rate, below which further easing tightens the
constraint and reduces lending. In Cavallino and Sandri (2019), monetary eas-
ing tightens the constraint when the economy faces a premium on international
financial markets. In this paper, I focus on the ZLB as a liquidity trap rather
than the reversal bound of Brunnermeier and Koby (2017). Indeed, the reversal
rate seems to be somewhere below the ZLB (or some small negative number if
the lower bound is not zero). See, for example, a speech by Benôıt Cœuréthe in
2016: https://www.ecb.europa.eu/press/key/date/2016/html/sp160728.en.html.
Above the reversal rate, empirical work (e.g., Alessandri and Nelson 2015) finds
that monetary easing can strengthen the balance sheet condition of financial
intermediation. In Brunnermeier and Sannikov (2016), this positive effect orig-
inates from capital gains. In my model and Carrillo et al. (2017), this positive
effect is also captured by the ability of monetary policy to control the short-term
real interest rate.
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financial stability and inflation stability can be particularly signifi-
cant if an inflationary shock tightens the financial constraint, e.g., a
negative TFP shock. In these cases, it is helpful to have the labor tax
policy that gives the government an extra margin to affect inflation.
The distortionary labor tax can also be used to affect asset prices
through the capital-labor ratio, i.e., an increase in labor supply must
be matched by an increase in investment demand. Since movements
in asset prices are key to the financial accelerator mechanism, this
tax policy can be used to ease the financial strain.

If the government commits to addressing financial frictions,
banks expect higher asset prices and lower borrowing costs under
financial distress. Knowing that future financial crises will have a
smaller impact on them, banks are willing to take on higher lever-
age in normal times, resulting in more fixed investment. This is the
risk-taking channel that is relevant to all three policies. However,
the more deeply banks are leveraged, the more likely they are to hit
the financial bound. Consequently, the government has to conduct
costly interventions more often. In this way, the government faces a
trade-off in encouraging risk-taking behavior (or discouraging pre-
cautionary behavior). As noted by Bianchi (2016), the risk-taking
channel makes optimal policy time-inconsistent. The government is
tempted to announce a relatively small stimulation package ex ante,
which is not optimal ex post.

4. Quantitative Method

Ideally the model should be solved by global methods. However,
the Ramsey equilibrium contains too many state variables, some of
which are multipliers associated with forward-looking constraints.16

The model is therefore difficult to solve even using methods that are
explicitly designed to deal with large state space, such as that of
Maliar and Maliar (2015). Fast algorithms such as that of Guerrieri

16Bianchi (2016) solves the Ramsey policy in a model with occasionally bind-
ing financial constraints by policy function iteration. When there are not enough
instruments to render constrained-efficient allocations, the system contains seven
state variables in total, two of which are multipliers associated with forward-
looking constraints.
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and Iacoviello (2015) based on piecewise linearization give, however,
certainty equivalent results.

I employ the approach of Holden (2016), which can easily be
implemented by Holden’s DynareOBC toolkit.17 The core algorithm
is based on Holden (2019), which solves models that are linear apart
from OBCs under perfect foresight. The idea of this algorithm is
to hit the inequality-constrained variables with endogenous news
(anticipated) shocks such that the inequality constraint is always
satisfied. Solving the model amounts to finding the appropriate news
shocks, which can be represented by a linear complementarity prob-
lem. The solution is virtually the same as the one computed by
Guerrieri and Iacoviello (2015)’s algorithm. The main advantage
of Holden (2016)’s generalized algorithm is to allow me to cap-
ture the role of risk. First, it can solve models that are nonlinear
apart from OBCs by high-order approximations. Second, the risk of
hitting OBCs can be taken into account in the spirit of Adjemian
and Juillard (2013), i.e., by integrating the model over a certain
period of future uncertainties to approximate rational expectations.
To balance between accuracy and speed, I use 50 periods in practice.

Throughout the paper, I compute second-order approximations
of the model under rational expectations (RE, with integration over
future uncertainties). Hence, I capture the precautionary effects
stemming from both OBCs and second-order terms. To see how
OBC-related risks affect model behavior, I also compute a “perfect-
foresight” (PF) solution by assuming that economic agents ignore
the possibility of hitting OBCs in the future and are always surprised
when hitting OBCs.18

4.1 Calibration

The calibration goal is not to match statistical moments of a wide
range of macroeconomic variables, but rather to generate enough
uncertainty such that the precautionary effects are quantitatively
reasonable. Most parameters take their conventional values in the

17DynareOBC is available at https://github.com/tholden/dynareOBC.
18I abuse the term “PF” slightly because the “PF” solution still captures

precautionary effects stemming from second-order terms. In practice, the “PF”
solution is computed without integrating future uncertainties.
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Table 1. Fixed and Calibrated Parameters

Description Parameter Value

Fixed Parameters
Relative Risk Aversion σ 2
Habit h 0.7
Frisch Elasticity (Inverse) ϕ 0.4
Parameter of Consumption Transaction Cost A 0.0111
Parameter of Consumption Transaction Cost B 0.07524
Calvo Parameter γ 0.779
Markup (Steady State) ε̄

ε̄−1 − 1 0.2
Capital Share α 0.33
Depreciation Rate δ 0.025
Elasticity of Investment (Inverse) η 1.728
Survival Probability of Banks 1 – rn 0.972
Transfer Rate from Households to New Banks � 1−(1−rn)/β

4
Fraction of Divertible Assets (Steady State) θ̄ 0.247
Gov. Consumption-to-GDP Ratio (Steady State) ḡ

ȳ
0.2

Credit Policy Cost τP 0.0005
TFP Persistence ρA 0.094
TFP St. D. σA 0.0035

Calibrated Parameters
Labor Disutility Weight χ 48
Gov. Debt-to-GDP Ratio (Steady State) b̄

ȳ
0.7

Discount Factor β 0.9987
Financial Shock Persistence ρθ 0.8
Financial Shock St. D. σθ 0.017

literature, which are summarized in the upper panel of table 1. The
inverse Frisch elasticity ϕ is set to 0.4 and the relative risk aversion
is set to 2, both within typical ranges in the literature. The Calvo
parameter γ and the inverse elasticity of investment η are borrowed
from Gertler and Karadi (2011). The parameters of the consump-
tion transaction cost are borrowed from Schmitt-Grohé and Uribe
(2004b). The parameter of the resource cost is set to 0.0005. As there
is no hard evidence to quantify this cost, τP is picked rather arbi-
trarily only to ensure that credit policy is not dominated by other
policies. But my results are robust to reasonable variations in τP .

There are three parameters in the financial sector, namely rn,
θ̄, and �. Following Gertler and Karadi (2011), I choose the sur-
vival rate 1 − r̄n that implies a decade of banks’ average lifetime. I
set the steady-state leverage ratio φ̄ to 4, which is considered as an
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average across sectors with vastly different financial structures.19

Next, I choose a deterministic steady state where the financial con-
straint is slack and the credit spread is zero.20 This choice is sup-
ported by Bocola (2016)’s estimate in a similar model where the
Lagrange multiplier associated with the financial constraint is close
to zero on average. My choices of η and rn are also broadly consistent
with Bocola (2016)’s estimates. The transfer rate to new banks is
pinned down by the leverage ratio � = 1−(1−rn)/β

φ̄
. The steady-state

proportion of divertable assets θ̄ is adjusted such that the financial
constraint is close to its bound in the steady state (θ̄ = 0.247). This
is to ensure reasonable accuracy of approximation when the financial
constraint is binding.

Calibrated parameters are shown in the lower panel of table 1.
There are two parameters affecting the optimal labor taxes. I pick
χ = 48 to match the steady-state working hours of about 40 hours
(i.e., 24 percent) per week. The government debt-to-GDP ratio is
set to 0.7, in line with the relatively high levels of public debt in
many advanced economies in recent years.21 To quantify the ZLB
risk, I use a relatively large discount factor to capture a low neutral
interest rate. β = 0.9987 implies a steady-state real interest rate of
0.52 percent, matching the average yield on U.S. 10-year Treasury
inflation-indexed securities between 2009 and 2019.

The behavior of nonlinear models crucially depends on the spec-
ification of shocks. To avoid making the model too difficult to solve,

19The literature has suggested alternative calibrations. For example, r̄n can
be set to match a dividend rate of 5.15 percent made by the 20 largest U.S.
banks during 1965–2013 (Swarbrick, Holden, and Levine 2017). The steady-state
leverage can be set to 16, the estimate of Quint and Rabanal (2017) in which the
authors use GMM to estimate a similar model with the financial constraint always
binding. These values change my results quantitatively but not qualitatively.

20It is well known that kinks of either the ZLB or borrowing constraints can
introduce multiple equilibria. First, there are multiple deterministic steady states.
I focus on a normal steady state with positive nominal interest rates and a silent
credit policy. Second, there can be multiple paths reverting to a given steady
state. Holden (2019)’s method allows one to test and select from these paths.
Throughout the paper, should multiple paths emerge, I choose the one that
escapes the bound as soon as possible.

21Note that Bt denotes government bonds held by the public, excluding those
held by the central bank. The relevant ratio in the United States is between 0.7
and 0.8 in recent years.
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I only consider two shocks: a TFP (supply) shock At and a finan-
cial (demand) shock θt. I assume both shocks following log-AR(1)
processes. The specification of the TFP shock is fixed (not cali-
brated) to the post-1983 estimates of Smets and Wouters (2007)
and fits the Solow residuals reasonably well (see, e.g., Jermann and
Quadrini 2012), with an autocorrelation coefficient equal to 0.94
and the standard deviation of its innovations equal to 0.35 per-
cent. Next, the persistence of θt is 0.8, following Romer and Romer
(2017)’s finding that financial distress itself is fairly persistent. To
pin down the standard deviation of the financial shock, I solve the
laissez-faire equilibrium, ignoring the ZLB, and match the standard
deviation of the annualized credit spread (0.7 percent).22 However,
without features such as true default risk, I inevitably underestimate
the average credit spread (2.07 percent in data versus 0.18 percent
in the model). Or I would overestimate the standard deviation if
I matched the mean. Since the financial constraint is occasionally
binding, the standard deviation appears to be the more natural
choice for calibration.23

5. Quantitative Results

5.1 Simulations

Table 2 reports key statistics of the Ramsey and laissez-faire equi-
librium. Rows (a) and (c) present the ergodic mean and standard
deviations under rational expectations. Rows (b) and (d) present the
same ergodic statistics under perfect foresight.

First consider the laissez-faire equilibrium. Rows (a) and (b)
show that precautionary effects stemming from OBCs induce the
financial constraint less often binding in the RE model (19.01 per-
cent) than in the PF model (27.33 percent). Since the financial con-
straint imposes an upper bound on leverage, the average level of
leverage is lower in the PF model. On average, the precautionary

22The data is Moody’s seasoned Bbb corporate bond yield relative to the yield
on 10-year treasury, 1983:Q1–2019:Q1. I ignore the ZLB here mainly because
simulating the laissez-faire equilibrium with the ZLB is extremely slow.

23When the financial constraint is always binding, Gertler and Kiyotaki (2010)
and Dedola, Karadi, and Lombardo (2013) target the average spread of 1 percent.
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Table 2. Long-Run Properties of the Ramsey and
Laissez-Faire Equilibrium

Log yt Log Πt Log Rt ZLB Spread φt FC Pt

Laissez-faire
(a) RE −10.90 0.15 0.31 5.16 0.21 4.12 19.01 0.00

(0.55) (0.39) (0.19) — (0.55) (0.45) — (0.00)
(b) FF −10.67 0.12 0.27 9.29 0.25 4.10 27.33 0.00

(0.63) (0.39) (0.19) — (0.62) (0.47) — (0.00)
Ramsey

(c) RE −9.70 0.02 0.12 11.81 0.00 4.00 51.29 0.95
(0.51) (0.02) (0.11) — (0.00) (0.08) — (0.99)

(d) PF −9.81 0.00 0.07 31.41 0.00 3.89 15.58 0.12
(0.53) (0.01) (0.08) — (0.00) (0.11) — (0.39)

Note: Rows labeled RE (PF) are ergodic statistics under rational expectations (per-
fect foresight), calculated using simulated series of 10,000 periods. Numbers outside
(inside) the parentheses are the mean (standard deviations). The column labeled
ZLB (FC) is the frequency when the ZLB (financial constraint) is binding. The log
transformed variables are multiplied by 100; ratios and rates are in percentage points;
the leverage is in level.

effects reduce output by 0.23 percent but improve economic stabil-
ity (reducing volatility) and financial efficiency (narrowing the credit
spread). The RE economy also experiences fewer ZLB episodes. This
is because deleveraging under financial distress leads to low inflation,
which prompts the central bank to cut the nominal interest rate.

In the Ramsey equilibrium, rows (c) and (d) show that optimal
policy raises the average output by 1.2 percent or 0.86 percent rel-
ative to the laissez-faire policy, depending on how expectations are
calculated. Moreover, the average nominal interest rate is lower, sug-
gesting a more dovish monetary policy in general. A key feature of
the Ramsey equilibrium is that the optimal credit spread is virtu-
ally zero at all times. To further investigate this outcome, I solve
the credit spread in Ramsey equilibria with different steady-state
labor tax rates. I find that both the mean and standard deviation of
the optimal credit spread approaches zero quickly as the steady-state
labor tax increases (a plot of this result is left to Appendix B). Quan-
titatively, a country with a labor tax rate greater than 10 percent
should fully stabilize its credit spread. The intuition is that finan-
cial distress becomes increasingly painful when the labor market is
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more distorted because the markets for production factors—labor
and capital—are inefficient. Hence, the benefits of narrowing the
credit spread dominate the associated cost. Given the expectation
of a zero credit spread, banks have an incentive to take on higher
leverage. Therefore, relative to the PF model, the RE model features
higher output, leverage, and a more frequently binding financial con-
straint which, in turn, requires more asset purchases and tax rebates
on average.

Surprisingly, the average nominal interest rate is higher in the
RE model. One possible explanation is that the Ramsey model sim-
ply hits the ZLB less often. But the causality can also be reversed.
I argue that the central bank intends to keep monetary policy rel-
atively tight, which leads to fewer ZLB episodes. To illustrate this
point, I consider the risky steady state (RSS) defined as in Coeur-
dacier, Rey, and Winant (2011), which is the fixed point of the econ-
omy when expectations take into account future risk.24 I calculate
four RSSs (left to Appendix B) based on the economy with none,
one, or both of the OBCs, respectively. If there is only one OBC,
either the financial constraint or the ZLB, I find the same result as
in the literature (e.g., Adam and Billi 2006) that the central bank
loosens its monetary policy relative to the no-OBC case. However,
the presence of the ZLB and the financial constraint together con-
stitute a much more significant risk. In this case, the RSS features a
permanent credit intervention, a lower labor tax rate, but a higher
nominal interest rate relative to the no-OBC case. The fact that
this policy mix is found to be optimal must mean that the mone-
tary policy is less effective when both OBCs bind simultaneously:
the benefits of monetary easing at the ZLB (e.g., through a commit-
ment to future interest rates) is limited by the partial transmission
from rt to rk,t.

5.2 Impulse Response Analysis

To take a closer look at optimal policy, I consider impulse responses
to a positive financial shock, a positive TFP shock, and a nega-
tive TFP shock, all of three standard deviations. Figures 1–3 show

24In practice, RSSs are obtained by simulating the economy under rational
expectations with all realized shocks equal to zero until reaching a fixed point.
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Figure 1. Impulse Response to a Positive Financial Shock

Note: All variables are expressed in percentage-point deviations from their sto-
chastic steady states. The size of the shocks is three standard deviations.

the mean expected impulse response functions (generalized IRFs of
Koop, Pesaran, and Potter 1996) to each shock as deviations from
the stochastic steady state.25 In each figure, rows from top to bot-
tom show real activity, relative prices, financial variables, and policy
instruments, respectively.

First consider responses to the financial shock shown in figure 1.
Given the binding financial constraint, banks fire-sell their assets.
In the laissez-faire equilibrium, this makes the asset prices sharply

25Generalized IRFs are calculated using 500 simulations with 500 periods of
burn-in. Since the path of the OBCed variable is averaged across varying initial
states, the kinks are largely smoothed out.
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Figure 2. Impulse Response to a Negative TFP Shock

Note: All variables are expressed in percentage-point deviations from their sto-
chastic steady states. The size of the shocks is three standard deviations. The
response of the laissez-faire equilibrium is volatile because the reported path is
the average of a large number of simulations, some of which involve a binding
financial constraint and/or the ZLB.

lower, which feeds back into bank net worth and further tightens
the financial constraint. The inefficiency in financial intermediation
forces households to increase their consumption. The surge in credit
spread is supportive towards the marginal cost, mitigating disinfla-
tionary pressure (inflation down by 0.02 percent). Since the standard
Taylor rule responds primarily to inflation, the reaction of monetary
policy is largely muted. By contrast, the optimal monetary policy
focuses more on relaxing the financial constraint by tolerating a mod-
est increase in inflation. Nonetheless, thanks to a labor tax rebate,
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Figure 3. Impulse Response to a Positive TFP Shock

Note: All variables are expressed in percentage-point deviations from their sto-
chastic steady states. The size of the shocks is three standard deviations.

the increase in inflation is manageable (a little more than 0.03 per-
cent). Regarding credit policy, the asset purchase program is fairly
aggressive (more so if the ZLB is binding) and unwinds as banks
releverage. Unlike the laissez-faire equilibrium where banks delever-
age slowly, the deleveraging process is instantly completed in the
Ramsey equilibrium. This is thanks to the positive policy effects on
bank net worth through a lower borrowing cost on bank liabilities
and a capital gain on bank assets. Note that given a zero credit
spread, the selling of assets to the central bank does not negatively
affect banks’ profitability.
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Upon a negative TFP shock, the capital return should fall in
the first-best equilibrium (under flexible prices and efficient financial
markets) because zt = α yt

kt−1
μ where the marginal cost is a constant.

In the presence of nominal rigidity, the real interest rate is generally
below its first-best level, meaning that the marginal cost and the
capital return are above their first-best levels. However, these ineffi-
cient adjustments of the economy are beneficial to banks. Therefore,
the laissez-faire equilibrium shown in figure 2 features improved net
worth and a small credit spread. On the other hand, the Ramsey
equilibrium tries to replicate the first-best allocation by raising the
real interest rate. This is partially achieved by a labor tax rebate,
which lowers wages and inflation. Naturally, both a higher real rate
and a lower zt tighten the financial constraint, making it necessary to
employ credit policy. At a first glance, figure 2 seems to suggest that
the highly expansionary Ramsey policy only worsens the economic
performance. But the discussion above should make it clear that the
Ramsey allocation is in fact closer to the first-best allocation.

At last, consider a positive TFP shock. In the laissez-faire equi-
librium, higher productivity should relax the financial constraint
thanks to the improved return on bank assets. However, when the
shock is large enough to render a binding ZLB, the resulting demand
shortfall widens suddenly. Consequently, asset prices fall and the
financial constraint binds, dragging the economy into the spiral
of Fisherian deflation. As shown in figure 3, the three-standard-
deviation shock (or 1.05 percent) causes inflation and output slump
by more than 0.6 percent and 0.4 percent, respectively. To avoid
such a catastrophic consequence, the key is to lower the real inter-
est rate, which is needed to both stimulate aggregate demand and
relax the financial constraint. In other words, there is no trade-off
between inflation stability and financial stability. Here, the Ramsey
planner imposes a higher labor tax rate to support inflation while
the nominal interest rate is kept relatively stable. Since the financial
constraint is not expected to be binding, the central bank takes this
opportunity to reduce its holdings of private assets.

Before moving to consider policy implementation, I study a few
more IRFs under different setups without showing the results. First,
I ask how much the results so far depend on the government’s
access to fiscal and credit policy. I solve the partial Ramsey equilib-
rium with a fixed labor tax rate and only find minor welfare losses.
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Without fiscal policy to help stabilize inflation, the contemporary
response of monetary policy is more aggressive but the subsequent
normalization is faster. Overall, monetary policy can still maneu-
ver the real interest rate in a similar manner as in the full Ramsey
equilibrium. On the other hand, the absence of credit policy yields
large welfare losses26 with significantly prolonged ZLB episodes (e.g.,
doubled under the financial shock) in order to relax the financial con-
straint. Second, it is interesting to examine how the government’s
past commitments restrict today’s policy. An emphasis is put on the
commitments to ease financial strains. To this aim, I consider IRFs
from the stochastic steady state except that the multiplier associated
with (12) is one-standard deviation lower (i.e., weaker commitment).
The resulting nominal interest rate is uniformly higher than in the
baseline case, which creates space for future monetary easing when
the economy is more in need. The lack of monetary easing today is
made up for by a larger asset purchase program and a higher tax
rate to support inflation.

6. Simple Policy Rules

I now consider how to implement the Ramsey policy using a familiar
set of simple rules as below:

log
Rt

R̄
= max

{
κR log

Rt−1

R̄
+ κΠ log

Πt

Π̄
+ κy log

yt

ȳ
, − log R̄

}
,

(22)

Pt = κPPt−1 + κrrEt(log rk,t+1 − log rt+1), (23)

where the credit rule is borrowed from Foerster (2015) and the five
“κ”s are parameters searched numerically to maximize welfare.27

26This case is of less interest, since the central bank should always be able to
coordinate credit and monetary policy.

27Note that the responses to inflation and output are not scaled by the degree
of persistence 1−κR. Moreover, a shadow interest rate R∗

t can be introduced into
the monetary rule:

log
R∗

t

R̄
= κR log

R∗
t−1

R̄
+ κΠ log

Πt

Π̄
+ κy log

yt

y
,

log Rt = max(0, log R∗
t ),
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Table 3. Optimized Simple Rule

Shock κR κΠ κy κP κrr λc(bps)

Financial 1.1 3 0 0.9 5 0.013
Positive TFP 1.1 3 0 0.9 5 0.012
Negative TFP 1.0 3 0 0.9 5 0.014

Searching κ in a five-dimensional space is extremely costly with OBCs.
To make the problem doable, I limit attention to a grid of the para-
meter space: κR ∈ [0 : 0.1 : 3], κΠ ∈ [0 : 0.1 : 3], κy ∈ [0 : 0.1 : 3],
κP ∈ [0 : 0.1 : 1], κrr ∈ [0 : 0.5 : 5], where the expression [a : s : b]
denotes the lower bound, the step, and the upper bound. For simplic-
ity, I assume that the tax policy is unresponsive because adjusting
taxes promptly is difficult. Admittedly, if (22) struggles to stabilize
inflation, even a rather naive tax rule may improve welfare consider-
ably. Nevertheless, a comprehensive study of optimal rules is left to
future research. As shown shortly, the Taylor-type rule can do impres-
sively well if equipped with somewhat unconventional parameters. To
further ease the computational burden, I calculate welfare conditional
on (i) state variables equal to the ergodic median of the Ramsey equi-
librium under a fixed tax policy and (ii) one of the following shocks in
the first period: a three-standard-deviation positive financial shock,
a five-standard-deviation negative TFP shock, or a three-standard-
deviation positive TFP shock. Welfare losses are measured in con-
sumption equivalence λc implicitly defined by

W1
(
{cS

t − hcS
t−1, l

S
t }t≥1

)
= W1

(
{(1 − λc)(cR

t − hcR
t−1, l

R
t }t≥1

)
,

where W1
(
{cR

t − hcR
t−1, l

R
t }t≥1

)
is the welfare evaluated by the con-

tingent plans for consumption and labor in the Ramsey equilibrium
(also with a fixed labor tax) in period 1; W1

(
{cS

t − hcS
t−1, l

S
t }t≥1

)

is defined similarly for a given set of policy rules.28

The optimized rules are reported in table 3 and the welfare sur-
face near the optimal point is illustrated in figure 4. In all cases,

which is potentially welfare improving at the ZLB. The shadow rule does not
change my results, because (22) rarely hits the ZLB regardless of its parameters.

28The utility function implies λc = 1 −
(

W
S
1 +W

Rl
1

WRc
1

) 1
1−σ

, where W
Rc
1 and W

Rl
1

are the discounted (dis)utility of consumption and labor, W
Rc
1 − W

Rl
1 = W

R
1 .
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Figure 4. Welfare Losses Associated with
Simple Rules Near the Optimal Point

Note: Parameters not shown on the x-axis are set to their optimal values.

the optimal parameters are essentially the same and the associated
welfare losses are small.29 The credit rule features a strong contem-
porary response to the credit spread with substantial persistence.

29κP ∈ [0.4, 0.9] yields virtually the same level of welfare under the TFP shock.
I take κP = 0.9 for consistency. The variation in κR across shocks is due to the
fact that the parameter search is done over a grid. A finer search should reveal
an optimal κR in the range of [1.0, 1.1].
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While Foerster (2015) focuses more on extreme cases, i.e., κP =
0.99 and κP = 0, panel D of figure 4 shows that both are sub-
optimal. My results on the monetary rule echo a few findings in
a standard New Keynesian model (Schmitt-Grohé and Uribe 2007),
including a muted response to output and a strong response to infla-
tion. The inflation coefficient reaches the upper bound of the search
grid. But additional welfare gains from further increasing the infla-
tion coefficient appear to be limited, especially when there is a trade-
off between financial stability and inflation stability (i.e., under the
financial shock and the negative TFP shock; see panel C of figure 4).
The optimized monetary rule only differs from Schmitt-Grohé and
Uribe (2007) in that the persistence coefficient exceeds but is close
to 1, suggesting that the optimal monetary rule is forward looking
and close to price-level targeting. This feature helps deal with the
ZLB (Eggertsson and Woodford 2003)30 without compromising the
performance in normal times when the financial constraint and the
ZLB are slack. As shown in Schmitt-Grohé and Uribe (2007), varia-
tions in the persistence coefficient affect welfare very little in normal
times. Thus, my results should be robust to evaluations based on
(computationally costly) unconditional welfare.

I now take a closer look at how the optimized rules respond
to each shock. Upon a positive TFP shock, the simple-rule econ-
omy can largely replicate the Ramsey allocation. This is thanks
to the strong response to inflation embedded in the monetary
rule, which helps the economy avoid a binding financial constraint.
Thus, the welfare gains of the optimized rule over the traditional
Taylor rule are large, as the latter drives the economy into the
spiral of Fisherian deflation (recall from subsection 5.2). On the
other hand, under both the financial shock and the negative TFP
shock, the government faces the trade-off between financial sta-
bility and inflation stability. To best illustrate this point, I show
the simulated economy under the negative TFP shock, which
raises both the credit spread and inflation. As shown in figure 5,
the optimized rules prescribe too strong a credit intervention but
insufficient monetary easing. The higher real interest rate in the

30The superinertial monetary policy also eliminates a equilibrium trapped per-
manently at the ZLB. See Sugo and Ueda (2008).
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Figure 5. Simulation under the Optimized
Rule and the Ramsey Policy

Note: The starting point of the simulation is the ergodic median of the Ramsey
equilibrium except that TFP is five standard deviations below. The optimized rule
contains the following parameters: κR = 1.0, κΠ = 3.0, κy = 0, κP = 0.9, κrr = 5.

simple-rule economy tightens the financial constraint. Given the pos-
itive credit spread, central bank asset purchases have a negative
impact on bank net worth by crowding out banks from profitable
investment opportunities.

There are potentially two simple ways of easing the policy trade-
off. For example, the government can use a tax policy to restrain
inflation. Alternatively, the monetary rule can be augmented to
respond to the credit spread.
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7. Conclusion

I study optimal credit, monetary, and fiscal policy under commit-
ment using a model that is as standard as possible, i.e., a New
Keynesian model augmented with Gertler and Kiyotaki (2010) style
financial frictions. The nonstandard part is that I allow two OBCs,
one financial and one on the nominal interest rate. The model is
solved in a way that captures the precautionary effects stemming
from the nonlinearity of both OBCs, which has two important impli-
cations. First, credit policy is permanent in the risky steady state,
despite being inactive in the deterministic steady state. Second, the
government needs to avoid dual-binding constraints by keeping the
nominal interest rate relatively high when the ZLB is not bind-
ing. I consider a financial shock and a TFP shock that generate
a trade-off between inflation stability and financial stability even
when policymakers have access to all the three policy instruments.
The trade-off is found to be resolved in favor of financial stability
with the credit spread staying virtually constant at its steady-state
value under reasonable calibration. The optimal monetary policy is
a counter to the conventional wisdom by suggesting that the nomi-
nal interest rate should respond negatively to a large negative pro-
ductivity shock while its response to a positive productivity shock
depends on how much the central bank is constrained by its past
commitments. Finally, I find that optimized simple rules feature too-
aggressive credit interventions and insufficient monetary easing rela-
tive to the Ramsey policy although the associated welfare losses are
small.

Several important topics are not covered in this paper. First,
the cost of credit policy is not fully captured by my model; see, for
example, Borio and Zabai (2016) and Kandrac (2018). The recent
work of Cui and Sterk (2018) suggests that credit policy is asso-
ciated with considerable welfare costs in terms of inequality. Sec-
ond, reserves in my model are treated as a perfect substitute for
government bonds. However, there have been many papers (e.g.,
Christensen and Krogstrup 2017) studying imperfect asset substi-
tutability and giving reserves a special role. Third, I leave a full
investigation of simple and implementable policy rules to future
research.
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Appendix A. The Debt Ramsey Equilibrium

How does the government’s asset purchase program affect its budget
constraint? As the government issues government bonds (or reserves)
to purchase private assets, the net gain of this operation is given by
the credit spread. Recall that the credit spread is close to zero in
the Ramsey equilibrium. The zero credit spread, together with the
resource cost τP(Ptqtst)2, means that the credit policy increases the
fiscal burden although the effect might be quantitatively small. This
adds interesting trade-offs to the policy problem but may not be
true in reality.31

In the literature of optimal monetary and fiscal policy (e.g.,
Christiano, Chari, and Kehoe 1991; Schmitt-Grohé and Uribe 2004b;
Siu 2004, among many others), the problem is how to finance an
exogenous government spending shock. On the one hand, the gov-
ernment would like to smooth distortionary taxation by using unex-
pected inflation as a lump-sum tax on nominal wealth. On the other
hand, the government would like to stabilize prices in the presence
of nominal rigidity. This trade-off is found to be resolved in favor of
price stability. In my model, however, public spending in the form
of asset purchases is endogenous and the tax policy can adjust for
reasons other than public finance.

Figures A.1 and A.2 show impulse responses of the lump-sum
Ramsey equilibrium and the debt Ramsey equilibrium to shocks that
trigger credit policy. The impulse responses are computed without
burn-in to prevent the debt equilibrium from drifting too far away
from the deterministic steady state. The cost-adjusted spread is the
credit spread adjusted for the resource cost. Since credit policy gen-
erates incomes to finance itself, the debt level moves closely along
the government’s holding of private assets. The government bud-
get constraint little changes the path of inflation but substantially
changes the path of the tax rate. Hence, I conclude that the tradi-
tional trade-off between inflation stability and tax smoothing is still
resolved in favor of the former. Particularly, high public debt does
not make it difficult to raise interest rates, as Evans et al. (2015)
suspect.

31See Reis (2016) for a discussion of this issue.
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Figure A.1. Impulse Response to a
Positive Financial Shock

Note: All variables are expressed in percentage-point deviations from their sto-
chastic steady states. The size of the shocks is three standard deviations.
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Figure A.2. Impulse Response to a
Negative Financial Shock

Note: All variables are expressed in percentage-point deviations from their sto-
chastic steady states. The size of the shocks is three standard deviations.
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Appendix B. Additional Results

Figure B.1. Optimal Credit Spread and
Steady-State Labor Tax

Note: This figure shows the unconditional mean of the credit spread in the
Ramsey equilibrium when the steady-state labor tax is fixed at a given level.

Table B.1. Risky Steady States of the
Ramsey and Laissez-Faire Equilibrium

Log yt Log Πt Log Rt Spread φt Pt τw,t

Laissez-Faire
Both OBCs −10.38 0.03 0.15 0.04 4.00 0.00 29.99
FC Only −9.96 0.03 0.13 0.00 3.96 0.00 29.99
ZLB Only −11.47 −0.34 0.29 0.00 6.38 0.00 29.99
No OBC −9.83 0.00 0.10 0.00 4.00 0.00 29.99

Ramsey
Both OBCs −9.64 0.02 0.14 0.00 4.02 1.85 29.91
FC Only −9.80 0.00 0.08 0.00 3.91 0.21 29.98
ZLB Only −9.81 0.00 0.09 0.00 3.98 0.00 29.99
No OBC −9.82 0.00 0.10 0.00 3.99 0.00 29.99

Note: Risky steady states are defined as in Coeurdacier, Rey, and Winant (2011). I
calculate four RSSs based on the economy with none of the OBCs, one of the OBCs,
or both of the OBCs, respectively. The log transformed variables are multiplied by
100; ratios and rates are in percentage points; the leverage is in level.
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Figure B.2. Policy Functions in the
Ramsey and Laissez-Faire Equilibrium

Note: Policy functions of key variables are plotted against either the financial or
the productivity shock, while other state variables are set to their ergodic median
in the Ramsey equilibrium. “LF” denotes the laissez-faire equilibrium. “Ramsey:
no zlb” denotes the Ramsey equilibrium without the ZLB. The financial con-
straint is binding if it equals zero. The output gap is defined as deviations from
the output level in the absence of both nominal rigidity and financial frictions.
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Figure B.3. Policy Functions under
Loose and Tight Commitment Constraint

Note: Policy functions of key variables are plotted against either the financial or
the productivity shock, while other state variables are set to their ergodic median
in the Ramsey equilibrium (red solid lines; for figures in color, see online version
of paper at http://www.ijcb.org). Black dash-dotted lines are based on the same
states except that the multiplier associated with (12) is one standard deviation
below the median. The financial constraint is binding if it equals zero. The output
gap is defined as deviations from the output level in the absence of both nominal
rigidity and financial frictions.
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