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1 Introduction

The macroeconomic landscape has undergone a profound transformation in the past 15
years, marked by the recurring presence of the zero lower bound on interest rates. In
response, central banks around the world have turned to alternative policies to reduce
their vulnerability. Notably, the adoption of capital flow management policies, aimed at
stabilizing capital flows, has emerged as a new pillar of the traditional macroeconomic
toolkit. However, our understanding of how these policies should be integrated with other
macro policies, particularly monetary policy, remains limited.

This paper aims to address this gap by providing a theoretical and quantitative frame-
work to answer key questions: How should central banks optimally use monetary and
capital flow management policies? How does the availability of capital flow management
alter the normal conduct of monetary policy? Is there a prudential role for monetary
policy? Should capital flow management primarily be used ex-ante or also ex-post?

We consider a dynamic open economy model with incomplete markets and nominal
rigidities where the central bank faces an occasionally binding zero lower bound constraint
on nominal interest rates. When an adverse shock turns the natural rate negative, the
central bank becomes constrained by the zero lower bound, and the economy undergoes a
recession. A central feature of the model is the presence of a non-tradable sector, which
implies that changes in domestic income and capital flows alter the demand for these
goods. In this environment, we examine policy constellations where the central bank uses
monetary policy or macroprudential policy in the form of capital controls, or a combination
of both.

Consider first the case when the central bank can use both monetary policy and capital
controls. We show that in this case, it is optimal to use monetary policy to stabilize output
at the efficient level when the zero lower bound (ZLB) is not binding, and to use capital
flow taxes to manage capital flows. The central bank taxes capital inflows when there is a
positive probability of a liquidity trap in the next period and potentially subsidizes capital
inflows when the economy is already in a liquidity trap. The scope for taxes on capital
inflows originates from an aggregate demand externality (Schmitt-Grohé and Uribe, 2016;
Farhi and Werning, 2016). When the central bank cannot reduce rates below the ZLB,
a higher stock of external debt lowers aggregate demand for consumption and reduces
employment in the economy. Because households do not internalize the adverse effect of
their individual demand on overall employment, they borrow too much in good times,
when the ZLB is not binding, and this exacerbates the liquidity trap ex post. When the
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central bank is already at the ZLB, the externality may potentially reverse sign. To the
extent that the severity of the recession in a liquidity trap is more severe than the expected
recession tomorrow, households borrow too little in a liquidity trap and this calls for a
subsidy on capital inflows.

Monetary policy and capital controls pursue distinct objectives: monetary policy aims
to stabilize output, while capital controls focus on stabilizing capital flows. Despite these
separate goals, there is a significant interplay between the two. For instance, when the
central bank imposes higher taxes on capital inflows, a more expansionary monetary policy
becomes necessary to achieve optimal output levels.

Consider next the case where macroprudential policy is not available. We show that
in this case, monetary policy plays a dual role. On the one hand, it manages aggregate
demand to close the output gap, following the traditional macro-stabilization role: it
loosens monetary policy and depreciates the exchange rate in a recession, and tightens
monetary policy and appreciates the exchange rate in a boom. At the same time, monetary
policy serves a prudential role when confronting the risk of a liquidity trap. In particular,
monetary policy seeks to reduce capital inflows during good times to make the economy
less vulnerable to a liquidity trap. These two policy objectives for monetary policy imply
that monetary policy faces an intertemporal tradeoff: it needs to balance the current output
gap and stabilizing capital flows (so as to close future output gaps).

Contrary to a widespread policy view, we show that raising the interest rate is not
necessarily the optimal prudential intervention. Given aggregate income, an increase in
the nominal interest rate leads to a decline in consumption and borrowing through an
intertemporal substitution effect, as consistent with the conventional policy view. However,
the reduction in demand reduces output in general equilibrium and leads to a higher
need for borrowing to smooth consumption. We show that if the elasticity of substitution
between tradables and non-tradables is higher than the intertemporal elasticity, a rise in the
interest rate is counterproductive because it increases inefficiently the level of borrowing.

Furthermore, we also show that while the macroprudential tax on debt is positive only
if the zero lower bound is likely to bind in the following period, monetary policy is used
prudentially as long as the zero lower bound is foreseen to bind in some distant future.
This is because a binding zero lower bound at any period t necessarily generates deviations
from the output gap at t− 1. Iterating backward implies the need for a prudential monetary
intervention today. The key lesson is that because monetary policy is a blunter instrument,
it must be used more preemptively than macroprudential policy.

We show that a calibrated version of the model can match reasonably well episodes of
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liquidity traps in advanced economies as well as key untargeted unconditional moments.
Our quantitative evaluation underscores that optimal macroprudential policy can substan-
tially improve macroeconomic stabilization and alleviate the costs of liquidity traps. In the
absence of macroprudential policy, employment falls about 4% during a liquidity trap, and
the unconditional welfare cost of liquidity traps is 0.37% of permanent consumption. With
macroprudential policy, the fall in employment is only 1% and the welfare cost is reduced
to 0.04%. In terms of policies, we find that the ex-ante prudential tax on inflows is 0.1%,
while the tax during liquidity traps is −0.02% on average. We also find that while liquidity
traps are less frequent and less severe with macroprudential policy, perhaps surprisingly,
they tend to last longer.

Our final set of results is concerned with international spillovers. We show that foreign
policies affect a small open economy’s welfare only insofar as they influence the world
real interest rate. Specifically, when foreign countries’ policies lead to a reduction in the
world real interest rate, the domestic economy’s welfare falls when it is vulnerable to a
liquidity trap in the future and macroprudential policy is not available. This is because
the reduction in the real rate exacerbates the overborrowing problem emerging from the
aggregate demand externality. We also argue that these spillovers can open the door to
currency wars, necessitating monetary policy cooperation. However, our analysis shows
that macroprudential policies can insulate the domestic economy from monetary policy
spillovers and eliminate the need for coordination, in line with the arguments raised by
Blanchard (2021).

Related literature. Our paper relates to several strands of the literature. First, our paper
belongs to the literature on aggregate demand externalities that emerge from nominal
rigidities and constraints on monetary policy, such as fixed exchange rates or the zero
lower bound (Schmitt-Grohé and Uribe, 2016; Farhi and Werning, 2016; Korinek and
Simsek, 2016). These papers focus on the optimal macroprudential policy, given an
exogenous monetary policy, or deal with jointly optimal monetary and macroprudential
policy. A distinct contribution of our paper is to characterize how the availability of
macroprudential policy, or lack thereof, affects the optimal monetary policy and to trace
international spillovers and their welfare implications. Specifically, we demonstrate how
macroprudential policy can insulate an economy from international policy spillovers and
avoid a currency war.1

1Farhi and Werning (2020) is another recent paper that examines monetary and macroprudential policy
interactions, but in the context of a two-period closed economy model with behavioral features. See also
Coulibaly (2023) and Basu et al. (2020) for models of optimal policies featuring pecuniary externalities. Several
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Our paper is also related to the vast literature on the zero lower bound. Eggertsson
and Woodford (2003) highlight the importance of forward guidance by which a promise of
monetary stimulus in the future can help the central bank stimulate aggregate demand
during a liquidity trap. In our open economy model, we show how the central bank can
reduce ex-ante the probability of a liquidity trap by taxing capital inflows and relax ex-post
its severity by subsidizing capital inflows.2

In the open economy literature, a key theme is the extent to which liquidity traps are
transmitted across countries. Some notable papers addressing this theme are Caballero,
Farhi and Gourinchas (2021), Eggertsson, Mehrotra, Singh and Summers (2016), and
Fornaro and Romei (2019).3 In particular, Fornaro and Romei (2019) demonstrate that
capital account policies may lead to a global paradox of thrift. When countries away from
a liquidity trap implement macroprudential policies, they reduce the world real interest
rate and tighten the zero lower bound constraint of those countries in a liquidity trap.
Although these malign general equilibrium implications are present in our setup, our
framework also features a countervailing force by which the reduction in the risk-free rate
pushes up household borrowing and thereby stimulates demand.

Egorov and Mukhin (2023) and Fanelli (2023) also study the interaction between
optimal monetary policy and optimal capital controls. Egorov and Mukhin (2023) consider
a setup with dollar currency pricing and a general production and asset structure. They
show that although monetary policy cannot achieve full insularity, capital controls are not
desirable, because they fail to affect external aggregate demand. Fanelli (2023) considers
an environment with home and foreign currency portfolios and incomplete markets. He
shows how the optimal monetary policy under commitment balances a shock absorber role
and an insurance role of exchange rates. Moreover, he finds that the central bank optimally
taxes inflows, but it applies the same tax, irrespective of the currency, to a second order.
Our analysis focuses on an environment with inflows in foreign currency and highlights
the prudential role of taxes on inflows to reduce the vulnerability to a binding zero lower
bound.

other studies consider monetary and macroprudential interactions but do not characterize optimal policies
(e.g., Aoki, Benigno and Kiyotaki, 2016; Van der Ghote, 2021; Rubio and Yao, 2020; Ferrero, Harrison and
Nelson, 2024). Collard, Dellas, Diba and Loisel (2017) studies joint optimal monetary and macroprudential
policy in the context of a moral hazard externality.

2We solve for the optimal discretionary policy, but we show that the scope for these capital flow manage-
ment policies is preserved under commitment.

3Other open economy studies include Cook and Devereux (2013); Devereux and Yetman (2014); Acharya
and Bengui (2018); Jeanne (2009); Benigno and Romei (2014); Fornaro (2018); Corsetti, Mavroeidi, Thwaites
and Wolf (2019a); Corsetti, Mueller and Kuester (2019b); Kollmann (2021); and Amador, Bianchi, Bocola and
Perri (2020). Notable closed economy studies also include Krugman (1998), and Werning (2011).
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Outline. Section 2 presents the model. Section 3 studies optimal monetary and macropru-
dential policy. Section 4 presents the quantitative analysis. Section 5 analyzes international
spillovers. Section 6 concludes.

2 Model

We consider a two-sector dynamic small open economy with nominal rigidities and
an occasionally binding zero lower bound constraint. In this section, we describe the
competitive equilibrium in this economy, given central bank policies.

2.1 Households

The small open economy is populated by a continuum of identical households of measure
one. Their preferences are given by

E0

∞

∑
t=0

βt

(
t−1

∏
k=0

δk

)
U (ct, ht) , (1)

where U is a strictly concave function that is increasing in consumption, c, and decreasing
in labor, h. The discount factor between t and t + 1 is given by βδt, where δt is a shock
assumed to follow a first-order Markov process.

The consumption good ct is a linearly homogeneous aggregator of tradable and non-
tradable consumption goods—respectively, cT

t and cN
t :4

ct = c(cT
t , cN

t ).

We will use u(cT
t , cN

t , ht) to denote the utility as a function of the two consumption goods
and labor, and define the intertemporal elasticity of substitution and the elasticity of
substitution between tradables and non-tradables as

σt ≡ − U′(ct)

ctU′′(ct)
, and γt ≡

d log(cN
t /cT

t )

d log(uT(cT
t , cN

t , ht)/uN(cT
t , cN

t , ht))
,

where uT and uN represent the marginal utility of tradable and non-tradable consumption,
respectively.

4The linearly homogeneous function for consumption assumes implicitly that both tradable and non-
tradable goods are normal. As we will see, this assumption is important for the mechanism.
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Budget constraint. In each period t, households supply ht units of labor and are endowed
with yT

t units of tradable goods. We assume that yT
t is stochastic and follows a first-order

Markov process. Households receive a wage rate, Wt, collect profits, ϕN
t , and consume

tradables and non-tradables at prices PT
t and PN

t . All these variables are expressed in terms
of domestic currency, which serves as the numeraire.

Households can save/borrow by trading one-period, non-state-contingent bonds. We
denote respectively by b∗t+1 and bt+1 the holdings of a bond that pays a gross return R∗

t

in units of tradables and Rt in units of domestic currency. The government controls the
nominal rate Rt and can tax both bonds at a rate τt. When τt > 0, households face a tax on
borrowing and a subsidy on savings. Conversely, when τt < 0, households face a subsidy
on borrowing and a tax on savings. The tax revenues are rebated by the government using
lump-sum transfers Tt. The budget constraint of the representative household is therefore
given by

PN
t cN

t + PT
t cT

t +
1

1 + τt

[
bt+1

Rt
+ PT

t
b∗t+1
R∗

t

]
= ϕN

t + Wtht + PT
t (y

T
t + Tt) + bt + PT

t b∗t . (2)

Households are also subject to a no-Ponzi-game constraint of the form

lim
j→∞

Et

 bt+j+1

PT
t+j ∏

j
s=1 Rs

+
b∗t+j+1

∏
j
s=1 R∗

s

 ≥ 0. (3)

Optimality conditions. We use {xt} to refer to the sequence {xt}∞
t=0 for some variable

x. The households’ problem consists of choosing {cN
t , cT

t , ht, bt+1, b∗t+1} to maximize the
expected present discounted value of utility (1), subject to (2) and (3).

The first-order conditions for consumption and labor yield

Wt

PN
t

= − uh(cT
t , cN

t , ht)

uN(cT
t , cN

t , ht)
, (4)

PN
t

PT
t

=
uN(cT

t , cN
t , ht)

uT(cT
t , cN

t , ht)
. (5)

Condition (4) is the labor supply condition, which equates the marginal rate of substitution
between leisure and non-tradable consumption with the wage in units of non-tradable
consumption. Condition (5) equates the marginal rate of substitution between tradables
and non-tradables to the relative price.
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The first-order conditions for the real and nominal bond holdings yield

uT(cT
t , cN

t , ht) = βδtR∗
t (1 + τt)Et

[
uT(cT

t+1, cN
t+1, ht+1)

]
, (6)

uT(cT
t , cN

t , ht)

PT
t

= βδtRt(1 + τt)Et

[
uT(cT

t+1, cN
t+1, ht+1)

PT
t+1

]
. (7)

The two intertemporal Euler equations equate the marginal utility benefit from saving in
nominal or real bonds to the marginal utility costs of cutting tradable consumption today
to purchase the bonds.

2.2 Firms

The non-tradable good is produced by a continuum of firms in a perfectly competitive
market. Each firm produces a non-tradable good according to a strictly increasing and con-
cave production technology given by yN

t =AtF(nt), where nt denotes the labor employed.
Firms’ profits are given by

ϕN
t = PN

t AtF(nt)− Wtnt, (8)

We assume that the price of non-tradables is perfectly rigid, PN
t = P̄N, and that firms pro-

duce goods to satisfy households’ demand. This implies that labor demand in equilibrium
is given by nt =

1
At

F−1(cN
t ). We extend the model to allow for partial price adjustments in

our quantitative analysis.

2.3 Government

The government sets a nominal interest rate Rt ≥ 1 and a tax on all forms of bond issuances
τt. As is common in the literature, this tax can be interpreted as a capital control or as
a macroprudential policy (see e.g., Bianchi, 2011; Schmitt-Grohé and Uribe, 2016; and
Fornaro and Romei, 2019). The tax is assumed to be rebated lump-sum to households, an
assumption that is without loss of generality given that Ricardian equivalence holds.5 That
is, the government’s budget constraint is

Tt = − τt

1 + τt

[
bt+1

PT
t Rt

+
b∗t+1
R∗

t

]
. (9)

5We abstract from other the so-called unconventional fiscal policies that can relax the zero lower bound
(see e.g. Correia, Farhi, Nicolini and Teles, 2013). We also abstract from differential taxes on domestic and
foreign currency bonds (see e.g. Acharya and Bengui, 2018). As long as there are some limitations on the
use of these policies (either political or economic), the first-best cannot be implemented, and our key results
would remain.
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2.4 Prices, Interest Parity, and Exchange Rates

We assume that the law of one price holds for the tradable good, that is, PT
t = etPT∗

t ,
where et is the nominal exchange rate defined as the price of the foreign currency in
terms of the domestic currency, and PT∗

t is the price of the tradable good denominated in
foreign currency. Using the Euler equations for the real bond (6) and the domestic currency
bond (7), and the law of one price, we obtain the risk-adjusted uncovered interest parity
condition:

R∗
t EtuT(cT

t+1, cN
t+1, ht+1) = RtEt

[
uT(cT

t+1, cN
t+1, ht+1)

PT∗
t

PT∗
t+1

et

et+1

]
. (10)

Condition (10) equates the marginal utility benefit of investing in a real bond and the
domestic currency bond.6

2.5 Competitive Equilibrium

Market clearing for labor requires that the units of labor supplied by households equal the
aggregate labor demand by firms:

ht = nt. (11)

Market clearing for the non-tradable good requires that output be equal to non-tradable
consumption:

yN
t = cN

t . (12)

We assume that the bond denominated in domestic currency is traded only domestically.
We make this assumption to abstract from portfolio problems and from the possibility of
inflating away external debt.7 Market clearing therefore implies

bt+1 = 0. (13)

Combining the budget constraints of households, firms, and the central bank, as well
as market clearing conditions, we arrive at the resource constraint for tradables, or the

6With a constant PT∗
t , a first-order approximation of (10) yields the familiar UIP condition equating

the differences in returns between a domestic currency bond and a foreign currency bond to the expected
depreciation rate.

7See Fanelli (2023) for an interesting study of optimal monetary policy with nominal external debt and
incomplete markets. In his model, the government can commit to future policies and use monetary policy to
improve risk-sharing in addition to the standard objectives.
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balance of payment condition:

cT
t − yT

t = b∗t −
b∗t+1
R∗

t
, (14)

which says that the trade balance must be financed with net bond issuances.

An equilibrium, given government policies, is defined as follows.

Definition 1. Given an initial condition b∗0 , exogenous process {yT
t , δt, R∗

t , At, PT∗
t }, a rigid

price P̄N, and government policies {Rt, τt}, a competitive equilibrium is a stochastic
sequence of prices {et, PT

t , PN
t , Wt} and allocations {cT

t , cN
t , b∗t+1, nt, ht} such that

(i) households optimize, hence (2)-(7) hold;

(ii) firms choose hours to meet demand; that is, AtF(ht) = cN
t ;

(iii) labor market clears (11) and the domestic currency bond is in zero net supply (13);

(iv) the government budget constraint (9) is satisfied;

(v) the law of one price holds, PT
t = etPT∗

t , and PN
t = P̄N;

(vi) the resource constraint for tradables (14) holds.

2.6 First-Best Allocation

We conclude the description of the model by presenting the first-best allocation. We
consider a benevolent social planner of the small open economy who chooses allocations
subject to a resource constraint. The planner’s problem can be written as

max
{b∗t+1,cN

t ,cT
t }

E0

∞

∑
t=0

βt

(
t−1

∏
k=0

δk

)
u
(

cT
t , cN

t ,
1
At

F−1(cN
t )

)
, (15)

subject to

cT
t = yT

t + b∗t −
b∗t+1
R∗

t
.

The first-best allocation equates the value of one additional employed unit of labor to
the marginal cost of leisure:

AtF′(ht)uN(cT
t , cN

t , ht) = −uh(cT
t , cN

t , ht), (16)

and the marginal utility of current consumption to the marginal utility benefit of saving:
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uT(cT
t , cN

t , ht) = βδtR∗
t Et

[
uT(cT

t+1, cN
t+1, ht+1)

]
. (17)

It should be clear that the allocations in a competitive equilibrium with flexible prices
would coincide with the first-best. This can be seen by noting that if firms could adjust
prices, we would have F′(ht) = Wt/PN

t , which, combined with households’ labor supply
decision (4), would yield (16).8 Moreover, as we will see, with sticky prices, a government
that can choose monetary policy without any constraints would choose to replicate the
flexible price allocation and hence implement the first-best allocation. We note that New
Keynesian open economy models often feature monopolistic competition and terms of
trade externalities, which create an additional wedge between competitive equilibrium
with nominal rigidities and flexible price equilibria. Our framework allows us to focus
squarely on aggregate demand management considerations.

The departure of the competitive equilibrium allocations from the first-best can be
conveniently summarized in the labor wedge, defined below:

ψt ≡
[

1 +
uh(cT

t , cN
t , ht)

AtF′(ht)uN(cT
t , cN

t , ht)

]
uT(cT

t , cN
t , ht). (18)

By (16), ψt = 0 when production is efficient. A positive labor wedge, ψt > 0, reflects a
recession, whereas a negative labor wedge, ψt<0, reflects overheating.

3 Optimal Monetary and Macroprudential Policies

In this section, we investigate optimal monetary and macroprudential policies. To shed
light on the policy interactions, we proceed to first study optimal macroprudential policy
given monetary policy, then we study joint optimal monetary and macroprudential policy,
and finally we study optimal monetary policy in the absence of macroprudential policy.

3.1 Macroprudential Policy

We consider a generic monetary policy that depends on the history of all shocks. An
advantage of this formulation is that we are able to provide a general characterization of
macroprudential policy encompassing multiple monetary policy regimes. This will set
the stage for analyzing the interactions between optimal monetary and macroprudential
policies.

8In addition, notice that (17) coincides with households’ optimality (6) when τt = 0.
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Under an arbitrary monetary policy, the production of non-tradable goods is, in general,
inefficient. For example, given the sticky price P̄N, a low exchange rate implies a high
relative price for non-tradables, and hence a low demand for non-tradable goods, which
leads firms to reduce production and opens a positive labor wedge.

Given an exogenous sequence of {et}, the government chooses the state-contingent
tax on debt {τt} that maximizes private agents’ welfare among the set of competitive
equilibria. The problem can be written as

max
{b∗t+1,cN

t ,cT
t }

E0

∞

∑
t=0

βt

(
t−1

∏
k=0

δk

)
u
(

cT
t , cN

t ,
1
At

F−1(cN
t )

)
, (19)

subject to

cT
t = yT

t + b∗t −
b∗t+1
R∗

t
,

P̄N

etPT∗
t

=
uN
(
cT

t , cN
t , 1

At
F−1(cN

t )
)

uT
(
cT

t , cN
t , 1

At
F−1(cN

t )
) .

The last constraint in problem (19) reflects that allocations must be such that households
are optimally choosing their expenditures between tradables and non-tradables, given the
relative price. Totally differentiating this equation, we arrive at

d log(cN
t ) = d log(cT

t ) + γt d log(PT
t ) (20)

Equation (20) highlights how given a relative price of non-tradables, higher tradable
consumption must be associated with higher non-tradable consumption to the extent
that both tradables and non-tradables are normal goods. Moreover, the increase in the
demand for non-tradables implies that firms must respond by raising employment. This
general equilibrium effect is key for the characterization of the optimal macroprudential
tax presented below.

Proposition 1 (Optimal macroprudential policy). Consider an exogenous exchange rate policy
{et}. The optimal tax on borrowing (19) satisfies

τt =
1

βδtR∗
t EtuT(cT

t+1, cN
t+1, ht+1)

{
−1−ω̃t

ω̃t
ψt+βδtR∗

t Et

[
1−ω̃t+1

ω̃t+1
ψt+1

]}
, (21)

where ψt is the labor wedge, defined in (18), and ω̃t ≡ PT
t cT

t /(PT
t cT

t + P̄NcN
t ).

Proof. In Appendix A.1.
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Equation (21) provides an analytical characterization of the optimal tax that emerges to
correct the aggregate demand externality at work in the model. When households make
savings decisions, they do not internalize that by redirecting consumption over time, this
affects employment allocations in general equilibrium. In particular, when households
save more today, they push down demand and employment today and increase them in
the future. Therefore, changes in aggregate household decisions can move employment
closer or further away from the efficient level.

These results are related to the aggregate demand externality in Schmitt-Grohé and
Uribe (2016) and Farhi and Werning (2012). Our analytical characterization highlights
that the sign of τt is in principle ambiguous and depends in particular on the relative
importance of the labor wedge in periods t and t + 1. If the economy is currently at full
employment and the expected (risk-adjusted) labor wedge is positive, a positive tax on
debt is optimal to induce households to internalize that an increase in one unit of savings
today leads to an increase in aggregate demand tomorrow, stimulating employment and
reducing the labor wedge. When the labor wedge today and tomorrow are both positive,
the central bank trades off the marginal benefits from stimulating future demand and
easing the recession tomorrow with the marginal costs from reducing current demand
and deepening the recession today. Finally, if today’s labor wedge is negative, taxing
borrowing and postponing consumption helps to reduce overheating.

Next, we turn to analyze the interaction between monetary policy and macroprudential
policy, which is our main focus.

3.2 Joint Monetary and Macroprudential Policies

We now consider a central bank that jointly conducts macroprudential and monetary
policy. The central bank chooses the tax on inflows, τ, and the nominal rate, R, to maximize
households’ welfare. Importantly, the central bank is subject to a zero lower bound that
restricts its ability to achieve the first-best allocations.

In contrast to the previous section, here, the optimal policy for the central bank is
subject to a time inconsistency problem, common in environments with a zero lower
bound (e.g., Eggertsson and Woodford, 2003). We examine the optimal policy without
commitment, which we see as the one that is most relevant practically.9 In particular, we
study a Markov perfect equilibrium in which the policies of the central bank at each point
in time depend on the relevant payoff states. We use s≡{yT, δ, A, R∗, PT∗} to denote the

9We discuss the problem under commitment in Section 3.4.
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current realizations of exogenous shocks, and
{
E(b∗, s), CT (b∗, s), CN (b∗, s),H(b∗, s)

}
to

denote the stationary policy functions for the exchange rate, price of tradables, tradable
and non-tradable consumption, and employment followed by future central banks.

Using V (b∗, s) to denote the value function for the central bank, we can write the
recursive problem as follows:

V (b∗, s) = max
R,e,b′,cN ,cT ,τ

u
(

cT, cN,
1
A

F−1(cN)

)
+ βδ Es′|sV

(
b∗′, s′

)
, (22)

subject to

cT = yT + b∗ − b∗′

R∗ , (24a)

P̄N

ePT∗ =
uN
(
cT, cN, 1

A F−1(cN)
)

uT
(
cT, cN, 1

A F−1(cN)
) , (24b)

R∗ = R Es′|s

[
UT (b∗′, s′)

Es′|sUT(b∗′, s′)
PT∗

PT∗′
e

E(b∗′, s′)

]
, (24c)

R ≥ 1, (24d)

uT

(
cT, cN,

1
A

F−1(cN)
)
= βδR∗(1 + τ)Es′|s UT(b∗′, s′) (24e)

where UT(b∗′, s′) ≡ uT
(
CT(b∗′, s′), CN(b∗′, s′),H(b∗′, s′)

)
. The key difference compared

with problem (19) is that now the exchange rate is a choice for the central bank. Moreover,
as mentioned above, the optimal policy at any given state depends on the expectations of
future policies because these affect the extent to which the zero lower bound binds. Notice
that by setting τ optimally, the central bank can control borrowing decisions, and therefore
the last constraint in (22) is not a binding implementability constraint.

In a Markov perfect equilibrium, as defined below, the conjectured policies for future
central banks have to be consistent with the actual policies chosen.

Definition 2. A Markov perfect equilibrium is defined by policies
{
E , CT, CN,H

}
and

a value function V such that (i) the value function V solves (22), given future policies{
E , CT, CN,H

}
, and (ii)

{
E , CT, CN,H

}
are the optimal policy functions in problem (22).

The following proposition characterizes the optimal policy of the central bank.10

Proposition 2 (Optimal monetary and macroprudential policy). Consider the optimal mone-
tary and macroprudential policy. We have that the labor wedge satisfies ψt ≥ 0 for all t and ψt = 0

10To avoid clutter, variables indexed by t in the proposition represent functions of the state (b∗t , st).

13



if the zero lower bound (ZLB) does not bind at date t. Formally, we have

ψt =
ω̃t

1 − ω̃t

ξt

γcT
t

, (23)

where ξt is the non-negative Lagrange multiplier on the ZLB constraint in problem (22).

In addition, the optimal tax on debt is given by

τt =
1

βδtR∗
t EtuT

(
cT

t+1, cN
t+1, ht+1

) {−(1 + Θt)
ξt

γtcT
t
+ βδtR∗

t Et

[
ξt+1

γt+1cT
t+1

]}
, (24)

where Θt ≡ γtPT
t cT

t Et
∂

∂b∗t+1

[
UT(t+1)

PT
t+1(t+1)EtUT(t+1)

]
.

Proof. In Appendix A.2.

There are several important lessons in Proposition 2. First, the central bank implements
an allocation with a zero labor wedge whenever the zero lower bound constraint is
not binding. To see this, notice that if the ZLB constraint is slack, we can eliminate all
constraints from Problem (22) except for the resource constraint (24b). Thus, the first-order
condition with respect to cN yields (16), which implies a zero labor wedge. Given the
optimal allocations, we can back out e and R using (10) and (24b).

A second lesson is that the economy never experiences overheating (i.e., a negative
labor wedge). Intuitively, the zero lower bound imposes a constraint on the ability to
depreciate the exchange rate, but the central bank can always appreciate the exchange
rate and reduce the demand for non-tradables by raising the nominal interest rate. On
the other hand, if the zero lower bound binds, the central bank is unable to depreciate the
exchange rate by lowering the nominal interest rate and faces a positive labor wedge.

Regarding macroprudential policy, equation (24) shows that the tax on debt crucially
depends on the current and next-period (non-negative) Lagrange multipliers on the zero
lower bound constraints. This implies that when the ZLB is not binding, i.e., ξt = 0, the tax
on debt is always weakly positive, and strictly positive if there is a positive probability that
the ZLB will bind in the future. Conversely, when the ZLB is currently binding but is not
expected to bind in the next period with positive probability, the tax is strictly negative.

To shed further light on these results, we use the relationship between the labor wedge
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and ξ in (23) and replace it in (24) to obtain

τt =
1

βδtR∗
t EtuT(cT

t+1, cN
t+1, ht+1)

{
−(1 + Θt)

1 − ω̃t

ω̃t
ψt + βδtR∗

t Et

[
1 − ω̃t+1

ω̃t+1
ψt+1

]}
,

which is an equation analogous to the one characterizing the optimal tax under an arbitrary
exchange rate policy (21). That is, it is possible to write the tax as a function of how savings
affect the next-period labor wedge or as a function of how savings affect the tightness of the
zero lower bound. The two expressions are linked by the central bank optimization and are,
in fact, equivalent. Notice, however, that one difference between the two tax expressions
(21) and (24) is that the latter carries an additional term, Θ, related to the restriction that
the policy must be consistent with a Markov equilibrium where governments choose the
optimal policy sequentially. The additional term captures that an increase in savings alters
both next-period consumption and the exchange rate followed by the next central bank.

Expression (24) in Proposition 2 links the use of macroprudential policy to the incidence
of a binding zero lower bound (ZLB) and the emergence of a labor wedge. But under what
conditions does this actually arise in equilibrium? The key mechanism is the presence of
shocks that cause fluctuations in the natural rate of interest, potentially driving it below
one. In particular, a liquidity trap arises in the model whenever the interest rate consistent
with the flexible price allocation falls below one. Formally, the gross natural interest rate
(in units of non-tradables) is given by:

R̄t =
1

βδt

uN(c̄T
t , c̄N

t , h̄t)

EtuN(c̄T
t+1, c̄N

t+1, h̄t+1)

where variables with a bar denote allocations under flexible prices. Shocks to the discount
factor or other preference parameters, shocks to the natural level of output (such as TFP
or labor supply shocks), and shocks affecting the demand for tradables (such as changes
in R∗ or yT) can all lower the gross natural rate below one, thereby triggering the ZLB
constraint. See Appendix C.1 for further discussion.11

In Figure 1, we illustrate numerically the tax on debt.12 The figure shows that the tax
on debt is non-monotonic on the current level of bond holdings (the figure also shows the
current labor wedge on a different axis). There are three distinct regions. For low bond

11A knife-edge case in which the ZLB never binds requires simultaneously: (i) no shocks to the discount
factor; (ii) no shocks to the natural level of non-tradable output; and (iii) separable preferences between
tradable and non-tradable consumption and labor.

12The figure considers values of the shocks equal to the mean values. The calibration will be described
below. The overall pattern, however, is general and does not hinge on specific parameters.
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Figure 1: Optimal macroprudential policy

Note: Figure presents the tax schedule as a function of b∗t for δt = 1, R∗
t = R∗ and a negative

one-standard-deviation shock to yT
t .

holdings, the economy is in a liquidity trap region in which R = 1 and ψ > 0. In this
region, the tax is increasing in bond holdings. It is initially negative, as the current labor
wedge exceeds the expected future ones and eventually becomes positive once bonds
increase sufficiently, at which point the planner finds optimal to tax rather than subsidize
inflows. For intermediate levels of bond holdings, the economy is in a fragile region in
which R > 1 but the ZLB constraint may become binding in the next period. In this region,
the tax is strictly positive and decreasing in bond holdings. Intuitively, in this region, the
planner wants to shift resources to the future when the economy may face a recession and
a binding ZLB. Moreover, as current bond holdings increase, this leads to higher bond
holdings tomorrow and thus a lower expected labor wedge tomorrow and a lower tax
on debt today. For sufficiently high bond holdings, the economy is in a safe region in
which the tax becomes zero because there is a zero probability of a binding ZLB in the next
period.

3.3 Optimal Monetary Policy without Macroprudential Policy

In the previous section, we analyzed the joint use of monetary and macroprudential policy.
We saw the optimal policy implies a zero labor wedge whenever the zero lower bound is
not binding. We now study optimal monetary policy when the central bank does not have
access to macroprudential policy. The key question that emerges is whether the central
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bank should use monetary policy prudentially as a substitute for macroprudential policy
and, if so, what this implies for the choice of the interest rate. In particular, does a prudential
monetary policy call for higher or lower interest rates?

As we did before, we consider the optimal problem under lack of commitment. Relative
to problem (22), the central bank now carries the Euler equation (24e) as a binding imple-
mentability constraint, given that τ is restricted to be zero. This distinction will generate
notable differences in the optimal policy. As characterized in the following proposition, in
the absence of macroprudential policy, monetary policy should potentially be used as a
prudential tool to stimulate savings and reduce the likelihood of future liquidity traps.

Proposition 3 (Optimal monetary policy without macroprudential policy). When the central
bank does not have access to macroprudential policy, the optimal monetary policy satisfies

ψt =
( σt

γ̄t
− 1)ω̃t

(1 − ω̃t)
σt
γt
+ ω̃t

Et

∞

∑
k=1

βk

(
k−1

∏
j=0

δt+jR∗
t+j

1 + Θt+j

)
ξt+k

γt+kcT
t+k

, (25)

where Θt ≡ βδtR∗
t

1
uTT(t)

Et
∂UT(b∗t+1,st+1)

∂b∗t+1
, γ̄−1

t ≡ γ−1
t + ctUch(t)

AtF′(ht)uN(t) , and ξt is the non-negative
Lagrange multiplier on the ZLB constraint.

Proof. In Appendix A.3.

Proposition 3 shows that to the extent that the central bank faces a binding zero lower
bound in the future (i.e., ξt+k > 0 for any k > 0), it will deviate from a zero labor wedge
today. This contrasts with the joint optimal macroprudential policy, where the labor wedge
is kept at zero if the zero lower bound constraint is not binding, as shown above. The
reason why the central bank departs from a zero labor wedge away from the ZLB is that
the central bank seeks to reduce borrowing in order to make the economy less vulnerable
to a ZLB in the future. That is, without taxes on capital inflows, the central bank resorts to
a prudential monetary policy intervention that distorts output today to lower borrowing
and relax the ZLB in the future.

To better understand the nature of the prudential monetary intervention, consider
first the case where preferences are separable between consumption and leisure, Uch = 0.
Equation (25) states that whether monetary policy leans with or against the wind depends
on the relative values of the elasticities of substitution. When the intertemporal elasticity of
substitution is higher than the intratemporal one, σt > γt, the central bank slows down the
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economy away from a liquidity trap (i.e., ψt > 0).13 In contrast, when the intertemporal
elasticity of substitution is lower than the intratemporal one, σt < γt, the central bank
stimulates the economy away from a liquidity trap (i.e., ψt < 0). Finally, if σt = γt, the
central bank targets a zero labor wedge.

The logic for these results is that whether an increase in the interest rate mitigates
excessive borrowing ahead of a liquidity trap episode depends on two opposing forces.
First, there is an intertemporal substitution effect by which given prices and income,
households save more externally. Second, there is an income general equilibrium effect by
which the resulting contraction in current aggregate demand reduces output and leads to
higher external borrowing.14 When the inter-temporal elasticity substitution, σt, exceeds
the intra-temporal elasticity, γt, the central bank internalizes that tightening monetary
policy would reduce household borrowing. Therefore, in the absence of macroprudential
policy, the central bank tightens monetary policy when it faces the risk of a liquidity trap in
the future. When the ranking of elasticities is reversed, the central bank lowers the interest
rate and overheats the economy to make it less vulnerable to a liquidity trap in the future.

With non-separable preferences between consumption and labor, condition (25) in
the proposition now takes into account that labor also affects the marginal utility from
tradables. Specifically, if higher labor raises the marginal utility for consumption, then
stimulating output would lead to more capital inflows, given everything else constant.
Therefore, an even higher intertemporal elasticity of substitution is needed to render a
contractionary monetary policy optimal ahead of a liquidity trap (relative to the separable
case).

Finally, it is worth contrasting an aspect of taxes on capital inflows and prudential
monetary interventions. While taxes on capital inflows are imposed only if the zero lower
bound binds in the next period, a prudential monetary intervention is engineered as long
as the ZLB is binding in a future distant date. To put it differently, monetary policy needs
to act even more preemptively than macroprudential policy. The reason for this result
is that monetary policy is a blunter instrument than macroprudential policy. A binding
zero lower bound in some future state k implies that the central bank needs to reduce
overborrowing at k − 1. With macroprudential policy, the central bank introduces a tax on
borrowing at k − 1 while preserving a zero labor wedge. But, without macroprudential
policy, the central bank must introduce a labor wedge at k − 1. Doing so implies that from
the perspective of k − 2, the central bank also needs to deviate from a zero labor wedge.

13Notice that Θt > 0 under the assumption that consumption policy functions, CT(b∗t , st) and CN(b∗t , st),
are increasing in initial wealth b∗t .

14We provide a formal decomposition of these channels in Bianchi and Coulibaly (2021).
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Proceeding backward, this implies a strong history-dependent result: as long as there is a
binding ZLB in some future state, the central bank will deviate from full employment at
any period before.

3.4 Discussion and Extensions

Let us make a few remarks about the results and highlight certain extensions.

Policy interactions. The preceding analysis suggests important interactions between
monetary and macroprudential policies. Specifically, we have shown that in the absence of
macroprudential policy, monetary policy must play a dual role. It seeks to stabilize output
around the efficient level today and, at the same time, capital inflows so as to increase
aggregate demand in the future and help stabilize output at the zero lower bound.

We note that while the optimal policy effectively uses two instruments (the exchange
rate and the tax on inflows) to achieve two goals (efficient output and level of borrowing),
there is a strong interdependence between the two instruments. For example, if a shock
makes the possibility of a zero bound more likely, a higher tax on inflows becomes desirable
to mitigate the overborrowing problem. At the same time, the higher tax implies a
reduction in aggregate demand, which requires a depreciation of the nominal exchange
rate to keep the output at the efficient level. Conversely, when a zero lower bound becomes
less likely, the optimal policy would prescribe a lower tax on capital inflows and a more
appreciated exchange rate.

Commitment to monetary policy. We know from the forward guidance literature (e.g.,
Eggertsson and Woodford, 2003) that a commitment to lower interest rates in the future
can help relax the zero lower bound today. We argue now that even if the central bank has
the ability to commit to future monetary policy, it is still strictly optimal for the central
bank to use capital controls. To do so, we consider the problem of a central bank that
chooses the sequence of exchange rates and taxes on capital flows at time t = 0. As shown
in Appendix B.1, the optimality conditions yield

ψt =
ω̃t

γtcT
t (1 − ω̃t)

[
ξt −

ξt−1

βδt−1

]
. (26)

This targeting rule is analogous to the one under discretion, (23). Condition (26) highlights
how a depreciation at time t tightens the zero lower bound constraint at time t, whereas
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it relaxes it at t − 1. Under commitment, the central bank has incentives to promise a
depreciation in the future when it hits a zero lower bound. Ex-post, however, this is
suboptimal, as the government will try to stabilize output at the efficient level.

Our key result on optimal capital control is preserved when the government can
commit. In fact, as shown in Appendix B.1, the optimal tax on debt has the same form as
(21). That is, the optimal taxes on capital flows again target the current and future labor
wedges. Nonetheless, the ability to commit to monetary policy does affect the value of the
labor wedge and therefore the magnitude of the tax under commitment differs from the
one under discretion.15

Tradable production. We have considered a setup where the tradable output follows an
endowment. While this is partly for simplicity, it also captures a situation where exports
are sticky in foreign currency so that exports do not respond to a nominal exchange rate
depreciation.16 More generally, however, to the extent that variations in the exchange rate
affect tradable production, this will influence capital flows. In particular, a temporary
increase in tradable production—through consumption smoothing —leads to an increase
in the trade surplus and the net foreign asset position.

Our main result on the role of prudential monetary intervention can be extended to
a setup with tradable production. Specifically, assume that there are firms that produce
tradable output and solve maxn PT

t AtF(nt)− Wtht, where F is a strictly increasing and
strictly concave production function. In addition, assume that the disutility from labor
depends on total hours worked in both sectors. In this environment, a depreciation
of the currency will push up tradable production and the trade surplus given a level of
wages. However, a nominal depreciation shifts domestic demand toward non-tradables
and stimulates labor demand in the non-tradable sector, leading to upward pressure on
wages. Whether a depreciation leads to an increase in tradable production depends on
the elasticity of labor supply and the extent to which there are rigidities in wages. That
is, the consideration of an endogenous tradable production does not necessarily imply a
more expansionary monetary policy. Moreover, like in our baseline model, a prudential
monetary intervention continues to target a higher net foreign asset position to make the
economy less vulnerable to a liquidity trap in the future.

15A quantitative comparison of the taxes under commitment and discretion is left for future research.
16See, for example, Auclert, Rognlie, Souchier and Straub (2021).
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4 Quantitative Analysis

In this section, we evaluate the quantitative implications of the theory. We first describe
the calibration of the model and the ability of the model to replicate important features
from the data. Finally, we assess the effectiveness of prudential monetary interventions
and macroprudential policy.

4.1 Calibration

The time period is a quarter. We calibrate the model using United Kingdom data between
1990 and 2018 as an example of an advanced small open economy.17

Partial price adjustments. Our baseline model assumes that prices are perfectly sticky.
In this section, we consider partial price adjustments, as in Rotemberg (1982). We assume
the non-tradable good is a composite of a continuum of intermediate goods produced by
monopolistically competitive firms

yN
t =

(∫ 1

0

(
yN

jt

) ε−1
ε dj

) ε
ε−1

where yN
jt is a certain variety of intermediates and ε>1 denotes the elasticity of substitution

between two varieties.

Intermediates are produced with labor with a linear production function, yjt = Anjt

with constant productivity (A = 1) and face costly price adjustments. In particular, we
follow Bilbiie (2024) in assuming that intermediate producers pay a cost relative to the
previous period’s average price index:

φ

2

(
PN

jt

PN
t−1

− 1

)2

yN
t ,

17We note that the problem of the zero lower bound has indeed been more pervasive for advanced
economies, although a side effect of the recent increase in central bank credibility in emerging markets
appears to be the increase in vulnerability to liquidity traps, as can be seen from the recent experiences of
countries such as Chile and Peru (see Matthew Bristow, “Paul Krugman Says the Liquidity Trap Has Spread
to Emerging Markets,” Bloomberg, May 12, 2020).
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where PN
jt is the price of the variety j. We have the following Phillips curve:

(1 + πN
t )πN

t =
ε

φ

[
Wt

PN
t

− 1
]

, (27)

where πN
t ≡PN

t /PN
t−1−1.18 The static nature of the Phillips curve (27) allows us to highlight

the forward-looking role for the optimal monetary policy that emerges because of the
aggregate demand externality in our framework while preserving the tradeoff between
output and inflation.

Functional forms. Households’ preferences over consumption and hours worked and
the consumption aggregator takes the following form:

U(ct, ht) =
c1− 1

σ
t

1 − 1
σ

− h1+ϕ
t

1 + ϕ
,

ct =
[
ω(cT

t )
1− 1

γ + (1 − ω)(cN
t )

1− 1
γ

] γ
γ−1

.

Stochastic processes. The stochastic processes for yT
t , R∗

t , and δt are assumed to be
independent.19 The processes for tradable output and the interest rate are modeled as a
first-order univariate autoregressive process. The tradable output yT

t is measured with
the cyclical component of value added in agriculture, mining, fishing, and manufacturing
from the office for national statistics (ONS). The world interest rate R∗

t is measured with the
US federal funds rate deflated with the expected CPI inflation.20 The estimated processes
are respectively ln yT

t = 0.8258 ln yT
t−1 + ε

y
t with ε

y
t ∼ N(0, 0.001229) and ln(R∗

t /R∗) =

0.9173 ln(R∗
t−1/R∗)+εR∗

t with εR∗
t ∼ N(0, 0.000007). The estimated value of the annualized

average real interest rate is 1.4% per year.

18In deriving (27), we use that firms face a demand curve yN
jt =

(
PN

jt

PN
t

)−ε

yN
t and choose

{
PN

jt

}
to maximize

∞

∑
t=0

uT(t)
PT

t

[(1+ζ)PN
jt −Wt

] (PN
jt

PN
t

)−ε

yN
t − φ

2

(
PN

jt

PN
t−1

−1

)2

PN
t yN

t

 ,

where ζ is a constant production subsidy that offsets monopoly distortion in pricing. Using the first-order
condition with respect to PN

jt and imposing symmetry yields (27). Notice that under φ→∞, we recover the
baseline model with complete price rigidity.

19We set PT,∗ constant and equal to one. This is without loss of generality because changes in PT∗ affect
the exchange rate but not the equilibrium allocations or welfare under optimal policy.

20The real rate is defined as R∗
t = R̃∗

t Et
1

1+π∗
t+1

where R̃∗
t is the federal funds rate, π∗

t is the US CPI inflation,

and Et
1

1+π∗
t+1

is obtained as the one-period-ahead forecast of an estimated AR(1) process for inflation.
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Table 1: Calibration

Description Value Source/Target

Intertemporal elasticity σ = 1 Standard value
Elasticity of substitution T-N γ = 0.44 Stockman and Tesar (1995)
Frisch elasticity parameter ϕ = 3 Gali and Monacelli (2005)
Elasticity of subs. varieties ε = 6 Gali and Monacelli (2005)
High discount rate δH = 1.004 Baseline value

Weight on tradables in CES ω= 0.25 Share of tradable output
Price-adjustment cost φ = 980 Slope of Phillips curve
Discount factor β = 0.992 Average NFA-GDP ratio
Transition prob. δL to δL P(δL|δL) = 0.15 Frequency of hitting the ZLB
Transition prob. δH to δH P(δH|δH) = 0.55 Duration of liquidity traps

Following Eggertsson and Woodford (2003), the discount factor shock δt is assumed to
follow a two-state Markov process, δt∈{δL, δH} with δL<δH. We normalize δL to 1, which
represents the normal regime in which households discount the future at a rate of β. We
set δH = 1.004. Given the calibrated values for the transition probability (to be described
below), we obtain a standard deviation of discount factor shock of 0.19% in the range of
those used in the literature (see e.g., Nakata, 2017).

Calibration of parameters. Table 1 presents the values for the parameters. We set the
elasticity of substitution between tradable and non-tradable consumption γ to 0.44, in line
with the cross-country estimates of Stockman and Tesar (1995). As in Gali and Monacelli
(2005), we set the labor supply elasticity to ϕ = 1/3 and the elasticity of substitution
between differentiated goods to ε = 6. The latter implies a price mark-up of 20%. We
calibrate φ so that the slope of the linearized Phillips curve equals 0.032, following the
estimate from Gagliardone, Gertler, Lenzu and Tielens (2023).21

The remaining parameters are calibrated so that the simulated model can match certain
data moments. The weight on tradable consumption in the CES function ω is calibrated to
match an average 24% share of tradable output in the total value of production as observed
in the UK. This implies ω = 0.25. We set the transition probability matrix of the discount
factor shocks to match (i) the empirical observation that the UK spent 24% of the time at the
ZLB between 1990Q1 and 2018Q4, and (ii) an average duration of 7 quarters in the range of
the empirical findings by Dordal-i Carreras, Coibion, Gorodnichenko and Wieland (2016).

21Gagliardone et al. (2023) estimate the slope of the Phillips curve using Belgian data. They find, using
aggregate instruments (aggregate money and oil shocks) that the slope is between 0.032 and 0.058.
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This results in transition probabilities P(δL|δL) = 0.15 and P(δH|δH) = 0.55. Finally, we
set β to match an average net foreign asset position (NFA) as a share of GDP of −17%.
This calibration results in a value of β = 0.992. Notice that in this baseline calibration, the
average quarterly output expressed in units of tradables is about 4.4.

4.2 Data and Model Statistics

Before presenting the quantitative normative implications, we examine the ability of the
model to replicate empirical regularities in the data. To do so, we simulate the model—-
using the optimal prudential monetary policy as a reference—and compare untargeted
moments with the data counterparts.

Table 2: Statistics: Data vs. Model

Severity of Std. deviations Correlations
liquidity trap episodes relative to GDP with GDP

y c h π c TB c TB

Data -4.6% -2.9% -2.8% -0.4% 0.89 1.94 0.82 0.10
Model -4.5% -3.7% -3.2% -0.3% 0.79 2.58 0.82 0.64

Note: For the severity of ZLB episodes, we take the difference between the peak before the recession
(average over a year) and the trough of the recession (average over a year). In the data, the peak
corresponds to 2008Q1 for output and consumption (2005Q1 for employment) and the trough of
the ZLB episode corresponds to 2009Q2 for output and consumption (2011Q3 for employment).
Output in the model is computed as (PT

t yT
t + PN

t yN
t )/Pt where Pt is composite price index. For

computing the unconditional moments of output, consumption, and employment in the model we
use percentage deviations from the ergodic mean. For their counterparts in the data, we use the
cyclical component of the HP-detrended series. Inflation corresponds to the average change in
non-tradable inflation and GDP deflator in the model and data respectively.

Table 2 reports untargeted moments in the model both conditional on a ZLB episode
and unconditional. In line with our calibration, the data counterpart for the ZLB episode
corresponds to the Great Recession in the UK. As the table shows, the model predicts
significant declines in output and consumption during ZLB episodes, as well as deflation.
Despite being untargeted moments, we can also see that the magnitudes are quite close to
those observed in the UK.

In addition, Table 2 also shows that the model matches well unconditional business
cycle moments in the data. In particular, the model reproduces the observed cyclicality of
consumption and the trade balance, and it roughly matches the volatility of consumption
and the trade balance relative to output.
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(a) Labor wedge (b) Probability of Liquidity Trap at t+1

Figure 2: Vulnerability to liquidity traps

Note: The figure considers mean values for the shocks for yT
t and R∗

t and δt = 1.

4.3 The Prudential Role of Monetary Policy

We examine here the stabilization gains from prudential monetary interventions. To do so,
we compare the regime with optimal monetary policy (and no macroprudential policy)
with a regime in which the central bank closes the labor wedge and replicates the flexible
price allocation whenever the ZLB does not bind. We refer to the latter as the inflation
targeting regime.22

Figure 2 presents the labor wedge (panel [a]) and the probability of a binding ZLB
constraint next period (panel [b]) as a function of current bond holdings for the two
regimes. The gray region in each panel corresponds to the debt region for which the ZLB
binds under the prudential monetary policy regime. As Panel (a) shows, away from the
ZLB, the central bank leans against the wind under the prudential monetary policy regime.
Under inflation targeting, the ZLB is binding for a larger range of bonds and once the ZLB
is not binding, the labor wedge equals zero. Panel (b) shows that the prudential monetary
intervention reduces the probability of a binding ZLB constraint next period for any level
of bonds, relative to the inflation targeting regime.

In line with Proposition 3, when the intratemporal elasticity of substitution γ is lower
than the intertempral elasticity of substitution σ, the prudential intervention requires a
positive labor wedge away from the ZLB in order to reduce the likelihood of a liquidity
trap. In Figure 3, we show how the prudential policy varies with the intra-temporal

22To see that stabilizing output and inflation is feasible away from the ZLB, notice we can rewrite eq. (27)
as φ(1+πN

t )πN
t =− εψt

uT(t)
.
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elasticity of substitution γ, keeping all other parameters constant. Panel (a) presents how
the relative duration and frequency of liquidity traps vary with γ and panel (b) presents
the welfare gains. Given a baseline value of σ = 1, when γ = 1, there are no gains from
prudential monetary policy. When γ < 1, we observe larger benefits from prudential
monetary policy relative to the case with γ > 1. The welfare gains in terms of permanent
consumption can reach about 0.04 percentage points.

(a) Duration and Likelihood (b) Welfare gains

Figure 3: Gains from prudential monetary policy

Note: Panels (a) shows the duration of liquidity traps under prudential monetary policy relative to a
full-employment policy (left-axis, broken line) and the likelihood of experiencing a liquidity trap episode
under prudential monetary policy relative to an inflation-targeting policy (right-axis, solid line).

4.4 The Gains from Macroprudential Policy

In this section, we analyze the gains from macroprudential policy. Specifically, we compare
the economy with optimal monetary policy alone with the economy with both optimal
monetary and capital control policy.

Counterfactual event analysis. Figure 4 compares the dynamics of the economies with
and without macroprudential policy in the run-up to a liquidity trap. We construct
comparable 30-quarters event windows for the two economies as follows. First, we
simulate the economy without macroprudential policy for 1,000,000 periods. Second, we
identify episodes of binding ZLB and plot the average of all macro variables within the
window. This is represented by the blue broken line in panels (d)-(h). Third, for each
episode of a binding ZLB, we take the initial bond position at t−10 and the sequences of
shocks that the economy went through in the 30-quarter window and pass them through
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the policy functions of the economy under the optimal macroprudential policy. This
counterfactual exercise is represented in the solid red line, which plots the average of all
these simulations.

(a) Tradable output (b) World real rate (c) Discount factor δt

(d) Nominal Rate (e) Bonds (f) Tradable Consumption

(g) Inflation (h) Employment
(i) Welfare

Figure 4: Event analysis
Note: Period 0 represents the first period where the ZLB becomes binding. Panels (b) and (d) report
the annualized net domestic nominal rate and net world interest rate. Panel (f) reports the annualized
inflation rate in non-tradables. Panel (i) corresponds to the welfare gains of using macroprudential policy.

Panels (a), (b), and (c) present the average of the shocks that drive the liquidity trap
events. As the figure shows, these events are preceded by a decline in tradable output,
low real rates, and low discount factor, which lead to an increase in indebtedness in the
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economy without macroprudential policy, as shown in panel (e).23 Moreover, we also see
that the liquidity trap is preceded by relatively high nominal rates (panel [d]) as the central
bank leans against the wind, anticipating an increased likelihood of a liquidity trap in
the future. When the ZLB becomes binding, we see on average a larger drop in tradable
output, a reversal in the discount factor shock, and a modest increase in the world real rate.
Moreover, a persistent fall in employment and deflation follows. The fact that the economy
is highly indebted implies that consumption recovers only gradually and expectations of
deflation feed back into lower output in those simulations where the ZLB remains binding.

In terms of the counterfactual analysis, panel (e) also shows that the use of macropru-
dential policies results in a significant increase in bond holdings ahead of liquidity traps.
Recall that both economies start from the same debt level at t = −10 (i.e., 10 quarters
before the ZLB becomes binding). As a result of the increase in bond holdings, we can see
that the recession faced by the economy is significantly milder. Moreover, it is interesting to
note that the central bank has a larger output in the run-up to the ZLB. This is because the
central bank can use macro-prudential policy to reduce the level of indebtedness (rather
than tightening monetary policy to reduce capital inflows).

The use of macroprudential policies delivers significant welfare gains both in the run-
up to liquidity traps and during liquidity traps. In panel (i), we plot the compensating
consumption variations that would make a household living in an economy without macro-
prudential policies as well-off as a household living in an economy with macroprudential
policies. The panel shows that households living in an economy under macroprudential
policy experience welfare gains of about 0.35 percentage points (in terms of permanent
consumption) during liquidity trap episodes.24

Duration and frequency of liquidity traps. Table 3 compares the likelihood and duration
of liquidity trap episodes with and without macroprudential policy. By taxing borrowing
when the economy is vulnerable, the central bank reduces the share of time spent at the
ZLB from 24.2% to 23.6% and the frequency of liquidity traps from 3.6% to 2.8%.25 Perhaps

23To further clarify what drives the economy into a liquidity trap, we solve the model when considering
one shock at a time. We find that, keeping all parameter values as in our baseline, shocks to tradable output
alone can drive the economy into a liquidity trap. See Appendix C.2 for full details on these results.

24Formally, the welfare gain from moving from a regime A to a regime B for a given state (b∗, s), corre-
sponds to the value of q that satisfies

E0
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25The frequency of liquidity traps is defined as the number of liquidity trap episodes per century.

28



surprisingly, although there are fewer liquidity traps with macroprduential policy, these
episodes tend to last longer. The increase in duration reflects two effects. One is that given
the reduction in indebtedness, ZLB episodes with macroprudential policy occur when
there is a combination of more severe adverse shocks. The second effect is that the central
bank often subsidizes inflows during a ZLB episode to alleviate the recession, which in
turn slows down the deleveraging and the economy remains relatively more exposed.26

Table 3: Statistics with and without Macroprudential Policy

ZLB episodes NFA to Average
Share of time Frequency Duration GDP ratio Tax on debt

Without Macroprudential 24.2% 3.6% 1.7 -17.1% -
With Macroprudential 23.6% 2.8% 2.1 -10.7% 0.1%

Note: Duration is expressed in years.

Macroprudential policy implies an average tax rate on inflows of 0.1%, with a corre-
lation between the tax rate on debt and the nominal interest rate of -0.4. The negative
correlation reflects that during positive income shocks, it is optimal to raise the nominal
interest rate to stabilize output and to lower the tax on borrowing.

Welfare costs of liquidity traps. The severity of recessions following a liquidity trap
suggests a large welfare cost from the ZLB constraint. Figure 5 compares the welfare costs
of the ZLB with and without macroprudential policy (in terms of permanent consumption)
for a range of bond holdings. On average, the welfare cost of the liquidity traps falls
from 0.37 percentage points of permanent consumption to 0.04 percentage points when
monetary policy is supplemented with macroprudential policy.27

Takeaway. The key takeaway is that when monetary policy bears the entire burden
of prudential policies, the economy exhibits much more severe liquidity traps. While
monetary policy would be able to reduce more sharply the amount of capital inflows,
which lead to liquidity traps, the distortions imposed by prudential monetary policy are
too severe to justify a more active use. By using macroprudential policy, the central bank
can induce a more stable path for output and consumption without sacrificing an efficient
level of production.

26The average tax during a liquidity trap is -0.02%.
27Appendix B.2 analyzes the sensitivity of the results to adding steady-state inflation.
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Figure 5: Welfare cost of the ZLB

5 International Spillovers

The goal of this section is to study how foreign countries’ policies and shocks can affect
the domestic economy’s welfare. We will show that capital controls can help provide
insulation from external disturbances.

A key observation from the central bank optimal policy problem is that the only foreign
variable that is relevant for a small open economy’s welfare is the world real interest rate.
Notice that the world price of tradables, PT∗

t , appears in constraints (24b) and (24c), but in
response to changes in PT∗

t , the central bank can adjust et to keep PT
t constant and thus

offset any effects on welfare.28 That is, changes in policy abroad affect welfare in the SOE
only insofar as they affect the world real rate. Because the world real rate constitutes an
intertemporal price, we refer to the spillovers emerging in our framework as a financial
channel of international spillovers. We summarize this observation in the following remark.

Remark 1 (Financial Spillovers). Changes in policy abroad affect welfare in the SOE only to the
extent that they affect the world real rate.

To highlight the key mechanisms underlying the financial spillovers, we will evaluate
the effects of exogenous changes in R∗

t . In particular, we will consider small changes
around an equilibrium where the country is neither a net borrower nor a net saver (i.e.,
b∗1 = b∗0 = 0) In this context, any first-order effects on welfare emerge purely from the
general equilibrium considerations within the small open economy (and not from the
tradable resource constraint).

28This also applies to the problem of optimal monetary policy (A.12).
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Note that by applying the envelope condition on the value function for the central
bank, we obtain that the welfare effects of a change in R∗ can be traced to the Lagrange
multipliers on the ZLB constraint (ξ) and the household Euler equation for foreign bonds
(υ0):

dV0

dR∗
0
=

1
R∗

0

[
ξ0 + uT(cT

0 , cN
0 , h0)υ0

]
, (28)

As can be seen from Problem (A.12) in the Appendix, a positive (negative) value for υ0

reflects that the planner’s value would increase if households borrow more (less). Note
that υt = 0 when the central bank has access to capital controls.

In the following analysis, we will distinguish situations where the central bank operates
away or at the ZLB and show how the results depend on whether capital controls are
available or not.

5.1 Away from the Zero Lower Bound

Consider first the case when the economy is away from the zero lower bound. We have
the following proposition.

Proposition 4 (Insulation with macroprudential policies). Consider a small change in the
world real rate dR∗

0 when the small open economy starts from a zero initial bond position. When
the economy is away from the zero lower bound R0 > 1, we have the following welfare effects:

i) If the central bank sets macroprudential policies optimally, there are no effects on welfare.
That is, dV0

dR∗
0
= 0.

ii) In the absence of macroprudential policy, the effect on welfare is given by

dV0

dR∗
0
=

1
R∗

0
· σ0

(1 − ω̃0)σ0 + ω̃0γ0
E0

∞

∑
t=1

βt

(
t−1

∏
j=0

δjR∗
j

1 + Θ̄j

)
γ0cT

0

γtcT
t

ξt > 0. (29)

where recall that ξ is the non-negative Lagrange multiplier on the ZLB constraint.

Proof. In Appendix A.4.

Part (i) of the proposition elucidates how macroprudential policy renders an economy
insulated from a change in the world real rate. The underlying intuition for this result
is that with macroprudential policy, the central bank can implement the socially desired
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level of borrowing. Thus, to the extent that the economy is neither a net borrower nor net
saver, any changes in borrowing resulting from variations in the world real rate have only
second-order effects.29

When the central bank lacks macroprudential policy, borrowing decisions are no longer
socially optimal. In particular, as discussed above, when there is a positive probability of a
liquidity trap in the future, households borrow excessively because they do not internalize
that more savings would help stabilize aggregate demand in a liquidity trap. As eq. (29)
shows, this implies that welfare decreases with a lower interest rate if ξt > 0 for some t.30

Intuitively, a lower world real rate leads households to borrow more and this exacer-
bates the overborrowing problem.

5.2 At the Zero Lower Bound

Consider next a situation when the central bank is already at the zero lower bound. We
have the following proposition.

Proposition 5 (Spillovers at the ZLB). Consider a small change in the world real rate dR∗
0 when

the small open economy starts from a zero initial bond position. When the economy is at the ZLB,
we have the following results:

i) If the central bank sets macroprudential policies optimally, we have

dV0

dR∗
0
=

ξ0

R∗
0

> 0. (30)

ii) In the absence of macroprudential policy, the effect on welfare is given by

dV0
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1
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0
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t
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. (31)

Proof. In Appendix A.5.

Part (i) shows that if the central bank sets capital controls optimally, welfare increases
with a higher world real interest rate. When the economy is at the zero lower bound, a rise

29Notice from (28) that if the ZLB is not binding ξ0 = 0 and if the central bank has access to capital controls
υ0 = 0, rendering dV0

dR∗
0
= 0.

30Notice that (29) can be obtained by replacing (A.23) in (28).
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in the world real rate helps relax the zero lower bound constraint.31 On the other hand,
a higher real interest rate may lead to lower aggregate demand. However, to the extent
that the central bank can affect aggregate demand by adjusting taxes on capital inflows, an
increase in the world real rate can only benefit the small open economy.

Part (ii) shows that when the central bank does not have access to macroprudential
policy, the welfare effect of a change in the world real rate is potentially ambiguous at
the ZLB. To the extent that households may be borrowing too little in a liquidity trap (i.e.,
υ0 < 0), a higher world real rate may exacerbate the lack of aggregate demand and lead
to a reduction in welfare. To see this more clearly, suppose that ξt = 0 for t > 1 so that
there are no liquidity traps in the future. As equation (31) shows, if γ0 < σ0, an increase in
the world real rate reduces domestic welfare. Intuitively, a high intertemporal elasticity
of substitution implies that households reduce demand more strongly in response to the
higher world real rate, overturning the positive effect that a higher world real rate has on
the ZLB constraint through the interest parity condition. However, when ξt > 0 for some
t > 1, the overall result is ambiguous. On the other hand, if γ0 > σ0 the welfare effect of
an increase in the world real rate is positive (as in the case with macroprudential policy).

5.3 Capital Control Wars and Currency Wars

The analysis so far considers an exogenous world real rate. However, we can use the
results obtained above to extract lessons for the world general equilibrium effects of central
bank policies. As highlighted in Bianchi and Coulibaly (2024), we can evaluate the welfare
effect of foreign central bank policies by first inferring their effect on the world real interest
rate and then determining whether the change in the world real interest rate has positive
or negative effects on the small open economy.

Let us first evaluate the global effects of macroprudential policies. When central banks
abroad tax capital inflows to reduce the likelihood of a future liquidity trap, this increases
global savings and reduces the world real interest rate. Consider first an economy away
from the ZLB. Proposition 4 implies that the increase in foreign taxes on inflows reduces
domestic welfare if the domestic central bank does not use macroprudential policy. On
the other hand, foreign macroprudential policy has no effects on domestic welfare if the
domestic central bank deploys macroprudential policy optimally. Thus, away from the
ZLB, macroprudential policy provides full insulation.

When the economy is at the ZLB, Proposition 5 implies that the increase in foreign

31Notice that without uncertainty, combining (10) with the ZLB constraint yields Rt = R∗
t et+1/et ≥ 1.
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taxes on capital inflows leads to a reduction in welfare when the central bank deploys
macroprudential policy optimally. This result suggests that a world economy where
macroprudential policies are available entails tradeoffs. On one hand, a central bank
can raise welfare by using macroprudential policies, but on the other hand, the use of
macroprudential policies abroad induces negative welfare effects. The possibility that
laissez-faire can dominate a world with macroprudential policies was first uncovered in
Fornaro and Romei (2019). As they highlight, the logic is that when high-income countries
try to protect themselves by forcing households to save more, this depresses the world real
interest rate and tightens the ZLB constraint of the low-income countries. They dub this
phenomenon “global paradox of thrift.”32

One important difference in our analysis with respect to that of Fornaro and Romei
(2019) is that the country at the ZLB is not necessarily against its borrowing constraint. This
implies that in response to a decrease in the world real rate, the economy could borrow
more and potentially offset the adverse effect of the lower world real rate on the ZLB
constraint. Thus, the overall welfare effect is ambiguous in our framework. One useful
scenario to consider is the case with γ0 = σ0 and where the economy is experiencing
a one-time liquidity trap (i.e., ξt+1 = 0 for all t ≥ 0). To understand the implications,
consider (31), which characterizes the welfare effects at the ZLB of a change in the world
real rate in the absence of domestic macroprudential policy. One can see that under the
scenario considered, a marginal decrease in the world real rate has no effect on domestic
welfare (in the absence of domestic macroprudential policy). It thus follows that if the
central bank is able to use macroprudential policy, it can achieve a welfare improvement.
That is, in this scenario, a central bank facing a liquidity trap is unaffected by foreign taxes
on capital inflows. Being able to use macroprudential policies can only improve welfare.33

Let us conclude by discussing the spillovers from monetary policy. In line with the
analysis above, monetary policy abroad affects domestic welfare only insofar as it affects
the world real rate. In Section 3.3, we show how in the absence of macroprudential
policy, central banks alter their monetary policy to run a trade surplus to reduce their
vulnerability to a future liquidity trap. In a world general equilibrium, when many central
banks pursue these policies, this leads to a reduction in the world real rate. In the absence
of capital controls, this has adverse welfare implications for other countries, as uncovered

32Their finding resonates with Keynes’ view that international coordination was needed to avert countries
running large current account surpluses as that would depress aggregate demand.

33Equation (31) suggests that the higher is σ, the higher the benefits from a lower world real rate at
the ZLB. As consumption becomes increasingly substitutable over time, it becomes more beneficial to
shift consumption towards the present, provided that the borrowing constraint is not limiting. In general
equilibrium, this reallocation can stimulate employment and enhance overall welfare.

34



in Proposition 4. Thus, we have a currency war where each central bank tries to manipulate
its currency to raise its trade surplus. In general equilibrium, this ends up backfiring
because central banks deviate from an efficient level of output to try to run a surplus, but
this policy proves unsuccessful when all countries are pursuing the same policy.34

We highlight again that the incentives to use monetary policy to alter the trade surplus
are present when the central bank lacks the use of macroprudential policy. It thus follows
that the availability of capital controls can help insulate an economy from monetary
spillovers and prevent the outbreak of the aforementioned currency wars.

6 Conclusion

We provide an integrated analysis of monetary and macroprudential policies in an open
economy subject to an occasionally binding zero lower bound constraint. When macropru-
dential policy is available, monetary policy stabilizes the output gap away from a liquidity
trap. Without macroprudential policy, monetary policy faces a tradeoff between stabilizing
output today and curbing capital inflows to reduce the vulnerability to a liquidity trap in
the future. However, the optimal monetary policy may call for lower or higher nominal
interest rates. Our analysis underscores that international spillovers operate through the
world real rate and shows that macroprudential policies can help shield the economy from
the adverse effects of foreign policies.

34We note that even though currency wars imply that countries seek to raise their trade surplus with
a prudential motive, depending on the elasticities of substitution, this may lead countries to run a more
expansionary or contractionary monetary policy. Bianchi and Coulibaly (2024) show how the Nash equilib-
rium may exhibit over- or under-tightening relative to the optimal cooperative monetary policy. See also
Fornaro and Romei (2023) for another important study of monetary policy coordination in the presence of
international spillovers through the world real rate.
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A Proofs

A.1 Proof of Proposition 1

The problem of the government consists in choosing {τt} to maximize households’ welfare
subject to the equilibrium conditions (4), (5), (6), (7) and (14). We solve the relaxed problem
of the government (19) and then back out τt using (6).

Let λt and ϑt be the Lagrangian multipliers associated with the first and second con-
straint in problem (19) respectively. Taking the first-order conditions, we arrive at
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Combining (A.1) and (A.2) to eliminate ϑt, and using the second constraint in (19), we get

λt = uT(cT
t , cN

t , ht) +
P̄NcN

t
PT

t cT
t

ψt (A.4)

We then substitute substituting (A.4) into (A.3), to obtain

uT(cT
t , cN

t , ht)+
P̄NcN

t
PT

t cT
t

ψt = βδtR∗
t Et

[
uT(cT

t+1, cN
t+1, ht+1)+

P̄NcN
t+1

PT
t+1cT

t+1
ψt+1

]
(A.5)

We can now derive the optimal tax rate on debt by combining (6) and (A.5) which leads to

τt =
1

βδtR∗
t EtuT(cT

t+1, cN
t+1, ht+1)

{
−1 − ω̃t

ω̃t
ψt + βδtR∗

t Et

[
1 − ω̃t+1

ω̃t+1
ψt+1

]}
.

A.2 Proof of Proposition 2

Because τt only enters (24e), we solve here the relaxed problem of the government where
we ignore (24e), then set τ to back out the tax consistent with that constraint. We denote
by λt, ϑt, ξt and χt the Lagrangian multipliers associated with (24a), (24b), (24c) and (24d)
respectively. The optimality condition for Rt yields ξt = χtR∗

t . Using it to eliminate for χt,
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and applying the envelope condition, we obtain the following optimality conditions

[et] : ξt =
P̄N

PT
t

ϑt (A.6)[
cN

t

]
: 0 = uN(cT

t , cN
t , ht) +

uh(cT
t , cN

t , ht)

AtF′(ht)
− P̄N

PT
t

ϑt

γtcN
t

(A.7)[
cT

t

]
: λt = uT(cT

t , cN
t , ht) +

P̄N

PT
t

ϑt

γtcT
t

(A.8)

[
b∗t+1

]
: λt = −ξtetEt

∂

∂b∗t+1

[
UT(b∗t+1, st+1)

E(b∗t+1, st+1)

PT∗
t

PT∗
t+1

]
+ βδtR∗

t Etλt+1 (A.9)

We combine (A.6) and (A.7), and use (24b), to arrive at

ξt = γtcT
t

P̄NcN
t

PT
t cT

t
ψt ⇐⇒ ξt = γtcT

t
1 − ω̃t

ω̃t
ψt (A.10)

Next, we turn to deriving the optimal tax. Substituting (A.8) into (A.9), we obtain

uT(cT
t , cN

t , ht) + (1 + Θt)
ξt

γtcT
t
= βδtR∗

t Et

[
uT(cT

t+1, cN
t+1, ht+1) +

ξt+1

γt+1cT
t+1

]
(A.11)

with Θt≡γPT
t cT

t Et
∂

∂b∗t+1

[
UT(b∗t+1,st+1)

PT
t+1(b

∗
t+1,st+1)EtUT(b∗t+1,st+1)

]
. We then substitute (6) into (A.11) to get

τt =
1

βδtR∗
t EtuT(cT

t+1, cN
t+1, ht+1)

{
−(1 + Θt)

ξt

γtcT
t
+ βδtR∗

t Et

[
ξt+1

γt+1cT
t+1

]}
.

A.3 Proof of Proposition 3

In the absence of macroprudential policies, the time-consistent problem for optimal mone-
tary policy problem is given by

V (b∗, s) = max
R,e,b∗′,cN ,cT

u
(

cT, cN,
1
A

F−1(cN)

)
+ βδ Es′|sV

(
b∗′, s′

)
, (A.12)

subject to

cT = yT + b∗ − b∗′

R∗ , (×λ)

P̄N

ePT∗ =
uN
(
cT, cN, 1

A F−1(cN)
)

uT
(
cT, cN, 1

A F−1(cN)
) , (×ϑ)
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uT

(
cT, cN,

1
A

F−1(cN)
)
= βδR∗ Es′|sUT(b∗′, s′), (×υ)

R∗ = REs′|s

[
UT(b∗′, s′)

Es′|sUT(b∗′, s′)
PT∗

PT∗′
e

E(b∗′, s′)

]
, (×χ)

R ≥ 1, (×ξ)

where the corresponding multipliers are in parentheses.

We define below the Markov perfect equilibrium in this economy.

Definition A.1 (Markov perfect equilibrium absent capital controls). A Markov per-
fect equilibrium is defined by government policy functions

{
R, E ,B, CT, CN,H

}
and

value function V such that (i) the value function V solves (A.12) given future policies{
E , CT, CN,H

}
, and (ii)

{
E , CT, CN,H

}
are the optimal policy functions in problem (A.12).

First-order conditions yield

[et] : ξt =
P̄N

PT
t

ϑt, (A.13)[
cN

t

]
: 0 = uN(cT

t , cN
t , h)+

uh(cT
t , cN

t , h)
AtF′(ht)

− P̄N

PT
t

ϑt

γtcN
t
− ω̃t

cT
t

(
1
γ̄t
− 1

σt

)
uN(cT

t , cN
t , h)υt, (A.14)

where we used
duT

(
cT

t ,cN
t , 1

At
F−1(cN

t )
)

dcN
t

=
ω̃t(γ̄

−1
t −σ−1

t )

cT
t

uN(cT
t , cN

t , ht) and γ̄−1
t ≡γ−1

t + ctUch(t)
AtF′(ht)uN(t) .

Combining (A.13) and (A.14) and using ψt as defined in (18), we arrive at

ξt

γtcN
t

=
uN(cT

t , cN
t , ht)

uT(cT
t , cN

t , ht)

[
ψt −

ω̃t(σt − γ̄t)

σtγ̄t
uT(cT

t , cN
t , ht)

υt

cT
t

]
. (A.15)

Therefore, when the ZLB does not bind, ξt = 0, we get

ψt =
ω̃t(σt − γ̄t)

σtγ̄t
uT(cT

t , cN
t , ht)

υt

cT
t

. (A.16)

The optimality conditions for cT
t and b∗t+1 are respectively given by

λt = uT(cT
t , cN

t , ht)−uTT(cT
t , cN

t , ht)υt+
P̄N

PT
t

ϑt

γtcT
t

, (A.17)

λt = βδtR∗
t Etλt+1−ξtPT

t Et

∂
UT(b∗t+1,st+1)

PT(b∗t+1,st+1)EtUT(b∗t+1,st+1)

∂b∗t+1
+υtβδtR∗

t Et
∂UT(b∗t+1, st+1)

∂b∗t+1
. (A.18)

Plugging (A.17) into (A.18), and using (A.13) along with the implementability constraint
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associated with the multiplier (×υ), we get

−(1 + Θ̄t)uTT(cT
t , cN

t , ht)υt = βδtR∗
t Et

[
−uTT(cT

t+1, cN
t+1, ht+1)υt+1 +

ξt+1

γt+1cT
t+1

]
, (A.19)

where Θ̄t ≡ βδtR∗
t

1
uTT(t)

Et
∂UT(b∗t+1,st+1)

∂b∗t+1
. Iterating forward (A.19) and using the transversal-

ity condition, limj→∞ βjUT(b∗t+j, st+j)υt+j = 0, we obtain

υt =
1

−uTT(t)
Et

∞

∑
k=1

βk
k−1

∏
j=0

(
δt+jR∗

t+j

1 + Θ̄t+j

)
ξt+k

γt+kcT
t+k

, (A.20)

uT(cT
t , cN

t , ht)
υt

cT
t
=

σtγt

(1 − ω̃t)σt + ω̃tγt
Et

∞

∑
k=1

βk
k−1

∏
j=0

(
δt+jR∗

t+j

1 + Θ̄t+j

)
ξt+k

γt+kcT
t+k

. (A.21)

Finally, we substitute (A.21) into (A.16) to get the optimal monetary policy in its target
form:

ψt =
γt

γ̄t

ω̃t(σt − γ̄t)

(1 − ω̃t)σt + ω̃tγt
Et

∞

∑
k=1

Q̄t+k|t
ξt+k

γt+1cT
t+k

.

Using the definition of Q̄t+k|t yields expression (25) in the proposition.

A.4 Proof of Proposition 4

The value of the central bank is given by (A.12). By applying the envelope theorem and
using b∗1 = 0, we arrive at

∂V0

∂R∗
0
=

1
R∗

0

[
uT(cT

0 , cN
0 , h0)υ0 + ξ0

]
. (A.22)

Away from the ZLB, we have ξ0 = 0. Moreover, the Euler equation is not binding if the
central bank can choose τ0 optimally. We thus have υ0 = 0 and ∂V0

∂R∗
0
= 0. This completes

part (i).

In the absence of macroprudential policy, we use (A.21) to substitute for υ0 and obtain
(29). This completes part (ii).
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A.5 Proof of Proposition 5

Recall that the effect of dR∗
0 on welfare is given by (A.22). If the central bank sets macro-

prudential policy optimally, which implies υ0 = 0, we obtain (30) in Proposition 5. This
completes part (i).

Absent macroprudential policy, we solve for υ0 by first substituting (A.17) into (A.18).
We then iterate it forward and using that lim

j→∞
βjUT(b∗t+j, st+j)υt+j = 0, we obtain

uT(cT
0 , cN

0 , h0)
υ0

cT
0
=

σ0γ0

(1 − ω̃0)σ0 + ω̃0γ0

[
− ξ0

γ0cT
0
+ E0

∞

∑
t=1

βt
k−1

∏
j=0

(
δjR∗

j

1 + Θ̄j

)
ξt

γtcT
t

]
. (A.23)

Substituting (A.23) into (A.22), we obtain (31) in Proposition 5. This completes part (ii).
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ONLINE APPENDIX TO “LIQUIDITY TRAPS, PRUDENTIAL
POLICIES AND INTERNATIONAL SPILLOVERS”

Javier Bianchi and Louphou Coulibaly

B Extensions

B.1 Extensions: Commitment

The problem of a central bank that can choose monetary policy and capital controls under
commitment is given by

max
{et,bt+1,cN

t ,cT
t }∞

t=0

E0

∞

∑
t=0

βt

(
t−1

∏
k=0

δk

)
u
(

cT
t , cN

t ,
1
At

F−1(cN
t )

)
, (B.1)

subject to

cT
t = yT

t + b∗t −
b∗t+1
R∗ , (×λt)

P̄N

PT∗
t et

=
uN
(
cT

t , cN
t , 1

At
F−1(cN

t )
)

uT
(
cT

t , cN
t , 1

At
F−1(cN

t )
) , (×ϑt)

R∗
t ≥ Et

[
uT(cT

t+1, cN
t+1, 1

At+1
F−1(cN

t+1))

EtuT(cT
t+1, cN

t+1, 1
At+1

F−1(cN
t+1))

PT∗
t

PT∗
t+1

et

et+1

]
, (×ξt)

The first-order conditions for et and cN
t yield

[et] : ϑt = ξt −
1

βδt−1
ξt−1 and (B.2)[

cN
t

]
: 0 = uN(cT

t , cN
t , ht) +

uh(cT
t , cN

t , ht)

AtF′(ht)
− γ−1

t
ϑt

cN , (B.3)

Using the definition of the labor wedge (18), we can write the last equation as

ϑt

γtcT
t
=

1 − ω̃t

ω̃t
ψt. (B.4)

Substituting (B.2) into (B.4), we arrive at (26) in the text. In addition, the optimality
conditions with respect to cT

t and b∗t+1, yield

λt = uT(cT
t , cN

t , ht) +
ϑt

γtcT
t

and λt = βδtR∗
t Etλt+1,
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Combining these conditions with (6), we arrive at

τt =
1

βδtR∗
t EtuT(cT

t+1, cN
t+1, ht+1)

{
−1 − ω̃t

ω̃t
ψt + βδtR∗

t Et

[
1 − ω̃t+1

ω̃t+1
ψt+1

]}
, (B.5)

which coincides with the expression for the tax under discretion (21).

B.2 Steady-State Inflation and Macroprudential Policies

In this section, we consider an extension with positive steady-state inflation. More specifi-
cally, we assume that monopolistic competitive firms now face the following quadratic
price adjustment cost in units of the final non-tradable good

φ

2

(
PN

jt

PN
t−1

− (1 + π̄)

)2

yN
t

where π̄ represents steady-state inflation. Figure B.1 plots the average tax on capital
flows (panel[a]) and the average welfare gain from macroprudential policies (panel[b])
as a function of the trend inflation π̄. As we can see from the figure, the scope for
macroprudential policies becomes more modest as we increase the steady-state inflation.
This result is consistent with the idea that a higher inflation targeting helps to mitigate the
zero lower bound. That is, a less frequent binding ZLB implies that the benefits from using
macro-prudential policy to help stabilize aggregate demand become more modest.

(a) Average tax on capital flows (b) Welfare gains

Figure B.1: Steady-State Inflation and Macroprudential Policy
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C What Drives the Economy into a Liquidity Trap?

In this section, we delve into the key factors driving an economy into a liquidity trap.

C.1 The natural rate of interest

As in standard in New Keynesian models, a liquidity trap emerges when the gross natural
interest rate falls below one. That is, whenever the nominal interest rate consistent with
flexible price allocation falls below one, monetary policy alone cannot implement the
efficient allocation. To derive the natural rate in our model (in units of non-tradables), we
first combine (5) and (6) with τt = 0 and obtain

Rt =
1

βδt

uN(c̄T
t , c̄N

t , h̄t)

uN(c̄T
t+1, c̄N

t+1, h̄t+1)
(C.1)

where c̄T
t , c̄N

t , h̄t represent the allocations for tradable consumption, non-tradable consump-
tion and labor under flexible prices.

Equation (C.1) highlights that the natural interest rate is influenced not only by discount
factor shocks, or other preference shocks, but also by supply shocks (such as TFP shocks
or labor supply shocks), as well as shocks affecting the demand for tradables. A case
where the ZLB is always slack occurs when there are (i) no discount factor shocks; (ii) no
shocks to the natural level of non-tradable output; and (iii) Cole-Obstfeld parameterization.
However, away from this knife-edge case, the ZLB will generally bind.

C.2 Simulations

Our baseline quantitative analysis includes shocks to tradable output, shocks to the world
real interest rate, and discount factor shocks. We now examine which of these shocks
primarily drive the economy into liquidity traps.

Figure C.1 presents the policy functions under our baseline calibration, varying one
shock at a time. The top panel shows that the ZLB is most likely to bind in response to
low tradable endowment shocks. As long as σ ̸= γ, a lower tradable endowment reduces
the natural rate of interest, prompting the central bank to lower the nominal interest rate.
Starting from an NFA position at its ergodic mean, a realization of yT < 0.85 is sufficient to
push the economy to the ZLB. Employment also declines monotonically in yT.

We observe a similar pattern for shocks to the world real interest rate: higher values
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Figure C.1: Policy functions

(a) Tradable consumption (b) Employment (c) Nominal rate

(d) Tradable consumption (e) Employment (f) Nominal rate

(g) Tradable consumption (h) Employment (i) Nominal rate

Note: The panels present the policy functions for tradable consumption, employment and the nominal
rate under optimal monetary policy without macroprudential policies as a functions of shocks when the initial
asset position b∗t is at its ergodic mean. The top panels presents the policy functions as a function of yT

t
for R∗

t = R∗ and δt = 1. The middle panels present the policy functions as a function of R∗
t for δt = 1

and a negative one-standard-deviation shock to yT
t . The bottom panels present the policy functions as a

function of δt for R∗
t = R∗ and a negative one-standard-deviation shock to yT

t .

reduce consumption demand and increase the likelihood of hitting the ZLB. Finally, when
the preference shock takes its higher value—making households more patient—the ZLB
also becomes binding.

We solve a version of the model in which we consider only one shock at a time—that is,
we assume all other shocks remain at their ergodic mean. Under our baseline calibration,
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we find that shocks to the endowment of tradables are the primary driver pushing the
economy into liquidity traps. As shown in Figure C.2, the event analysis considering only
tradable endowment shocks closely mirrors the baseline scenario with all shocks (Figure 4).
Likewise, Table C.1 confirms that the probability of hitting the ZLB and the average tax
rate are nearly identical to the baseline.

By contrast, if we retain all parameter values from the baseline but shut down the
tradable endowment shock, the probability of a binding ZLB becomes negligible. That is,
when the model is subject only to preference shocks or world real interest rate shocks, the
ZLB almost never binds. This is because under our baseline calibration, these shocks are
relatively small. Specifically, the transition probabilities for the discount factor shocks are
calibrated to match the observed frequency and average duration of liquidity traps, while
the path of the world real interest rate is taken directly from the data.35

However, with alternative calibrations, discount factor shocks alone can also generate
liquidity traps. Figure C.3 presents an event analysis under more volatile discount factor
shocks, showing that such shocks—absent any others—can still lead to binding ZLB
episodes. Similarly, Figure C.4 shows that shocks to the world real interest rate, under a
suitable recalibration, can also trigger liquidity traps.36

Table C.1: Statistics with only shocks to tradable endowment

ZLB episodes NFA to Average
Share of time Frequency Duration GDP ratio Tax on debt

Without Macroprudential 23.7% 3.1% 1.9 -16.7% -
With Macroprudential 20.9% 2.5% 2.1 -9.6% 0.1%

Note: Durations are expressed in years.

35In the baseline calibration, we set β = 0.992 and let δt ∈ δL, δH with δL = 1 and δH = 1.004, implying
βδt < 1 for all t.

36In this alternative calibration, we set δH =1.009 and β=0.992 for the discount factor shock case, yielding
a long-run discount rate of E(βδt)=0.997; and set β=0.997 when only world real rate shocks are present.
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Figure C.2: Event analysis with shocks to tradable endowment

(a) Tradable output (b) World real rate (c) Discount factor δt

(d) Nominal Rate (e) Bonds (f) Tradable Consumption

(g) Inflation
(h) Employment (i) Welfare

Note: Period 0 represents the first period where the ZLB becomes binding. Panels (b) and (d) report
the annualized net domestic nominal rate and net world interest rate. Panel (f) reports the annualized
inflation rate in non-tradables. Panel (i) corresponds to the welfare gains of using macroprudential policy.
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Figure C.3: Event analysis with discount factor shocks

(a) Tradable output (b) World real rate

(c) Discount factor δt (d) Nominal Rate

Note: Period 0 represents the first period where the ZLB becomes binding. Panels (b) report the annualized
net world real rate and panel (d) the net domestic nominal interest rate.
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Figure C.4: Event analysis with shocks to the world interest rate

(a) Tradable output (b) World real rate

(c) Discount factor δt (d) Nominal Rate

Note: Period 0 represents the first period where the ZLB becomes binding. Panels (b) report the annualized
net world real rate and panel (d) the net domestic nominal interest rate.
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