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Abstract

We investigate optimal monetary and macroprudential policies in an open economy
with aggregate demand externalities and an occasionally binding zero lower bound
constraint. The optimal policy balances output stabilization and capital flow man-
agement, potentially requiring lower or higher nominal interest rates. We show how
international spillovers operate through the world real rate and call for macropruden-
tial policies. Finally, we establish that a world economy with macroprudential policy
welfare dominates a laissez-faire regime, in stark contrast with recent concerns.

Keywords: Capital flows, monetary and macroprudential policies, liquidity traps,
international spillovers

JEL Classifications: E21, E23, E43, E44, E52, E62, F32

“For useful comments and suggestions, we thank Mick Devereux, Luca Fornaro, Rishabh Kirpalani,
Karlye Stedman, and seminar participants at Berkeley, Chicago Fed, Cleveland Fed, Federal Reserve Board,
Iowa State, IMF, Minneapolis Fed, Michigan, University of California Santa Cruz, University of Virginia,
Wisconsin, Bank of Canada Workshop on Monetary Policy, and the NBER IFM and ME Summer Institute
Meeting. The views expressed in this paper are entirely those of the authors. They do not necessarily
represent the views of the Federal Reserve Bank of Minneapolis or the Federal Reserve System.



1 Introduction

Macroprudential policy has emerged as a new pillar of the macroeconomic toolkit. A key
premise is that the use of these policies can help manage capital flows and reduce the
vulnerability to deep economic contractions. However, our understanding of how macro-
prudential policy should be integrated with other macro policies, especially monetary
policy, remains limited. Moreover, there is a concern that these policies may backfire when

adopted on a global scale.!

In this paper, we provide an analytical and quantitative analysis of monetary and
macroprudential policies. We consider a dynamic model with incomplete markets, sticky
prices, and two sectors (tradable and non-tradable). The central bank is subject to an
occasionally binding zero lower bound constraint on nominal interest rates. The presence
of a constraint on monetary policy implies that fluctuations in capital flows can affect
the degree of slack in the economy and generate scope for macroprudential policy, as in
Schmitt-Grohé and Uribe (2016) and Farhi and Werning (2016). Our study investigates
how the availability of macroprudential policy affects the optimal conduct of monetary
policy, assesses potential negative spillovers from foreign prudential policies, and explores

the role of macroprudential policies in providing insulation.

We first establish that in the absence of macroprudential policy, monetary policy faces
an intertemporal tradeoff that balances the current output gap and stabilizing capital flows.
Contrary to a widespread policy view, however, we show that a policy of leaning against
the wind (raising the interest rate in booms) to avert a liquidity trap is not necessarily
optimal. Given aggregate income, an increase in the nominal interest rate leads to a decline
in consumption and borrowing through an intertemporal substitution effect. However,
the reduction in consumption and aggregate demand reduces output and leads to a
higher need for borrowing to smooth consumption. We show that if the elasticity of
substitution across sectors is higher than the elasticity across time, a rise in the interest rate

is counterproductive because it increases inefficiently the level of borrowing.

When macroprudential policy is available, we establish that monetary policy is no
longer used with a prudential purpose. In this case, the central bank uses monetary policy
to stabilize output and taxes inflows when the economy is away from the zero lower bound.
Interestingly, the macroprudential tax on debt is positive only if the zero lower bound is

likely to bind in the following period, whereas monetary policy is used prudentially in the

For an overview of the policy discussions on international spillovers, see Rey (2013), Rajan (2014),
Kalemli-Ozcan (2019), and Gourinchas (2022).



absence of macroprudential policy as long as the zero lower bound is foreseen to bind in
some distant future. The key lesson is that because monetary policy is a blunter instrument,
it has to be used even more preemptively than macroprudential policy. Furthermore, we
show that the central bank may find it optimal to restrict outflows when there is a deep
downturn caused by the liquidity trap and that as macroprudential policy becomes more

stringent, monetary policy should become more expansionary.

Our quantitative evaluation underscores that optimal macroprudential policy can
substantially improve macroeconomic stabilization and alleviate the costs of liquidity
traps. In the absence of macroprudential policy, the average unemployment, conditional
on a liquidity trap, is about 6%, and the unconditional welfare cost of liquidity traps is 0.5%
of permanent consumption. With macroprudential policy, unemployment becomes 1.5%,
and the welfare cost falls to 0.1%. In terms of policies, we find that the ex-ante prudential
tax on inflows is 0.2%, while the ex-post tax on outflows is —0.05% 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 and their welfare
implications. Our findings reveal that these spillovers primarily operate through a financial
channel. Specifically, we demonstrate that assessing the welfare effects of changes in
monetary policy or macroprudential policy abroad can be fully determined by evaluating
whether an increase or decrease in the real interest rate is desirable. When foreign policies
lead to a reduction in the 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, we show that
macroprudential policies can be used to insulate the domestic economy from monetary
policy spillovers and eliminate the need for coordination, in line with the arguments raised
by Blanchard (2021). Moreover, we demonstrate that macroprudential policies achieve
welfare gains even in the absence of coordination, in stark contrast with the results in
Fornaro and Romei (2019).

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 trace the international
spillovers and its welfare implications. Specifically, we demonstrate how macroprudential
policy can insulate an economy from international policy spillovers and avoid a currency

war.2

Our paper is also related to the vast literature on liquidity traps in open economies.® A
key theme in this literature has to do with the extent to which liquidity traps are transmitted
across countries. Caballero, Farhi and Gourinchas (2021) present a model of global liquidity
traps where a recession in one block is exported abroad through goods and asset markets.
Eggertsson, Mehrotra, Singh and Summers (2016) argue that neo-mercantilist policies in
some countries can bring the whole world economy into a state of secular stagnation with
a permanently depressed level of output. In these two studies, each country produces
a tradable good, which is equally demanded by domestic and foreign households. We
consider instead the polar opposite case, in which the goods produced subject to nominal
rigidities are consumed exclusively by domestic households. Our analysis uncovers how
this feature implies that foreign policies that favor savings actually increase the demand

for domestic goods via asset markets and can become stabilizing at the zero lower bound.

In terms of the international spillovers from macroprudential policy, our results contrast
to those in Fornaro and Romei (2019). They find that capital account policies may lead to a
global paradox of thrift, in which uncoordinated macroprudential policies at the global
level lead to worse output and welfare outcomes compared with those of a laissez-faire
economy without macroprudential policy. Their argument is that macroprudential policy
implemented by countries away from a liquidity trap reduces the world real interest rate
and tightens the zero lower bound constraint of those countries in a liquidity trap. We show,

however, that a simple macroprudential quantity restriction on capital flows can insulate

2Farhi 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 (2020) and Basu, Boz, Gopinath, Roch and Unsal (2020) for models of optimal policies featuring
pecuniary externalities. Several 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, 2022). Collard et al. (2017) studies joint optimal monetary and
macroprudential policy in the context of a moral hazard externality.

3 Examples include Cook and Devereux (2013); Devereux and Yetman (2014); Eggertsson, Mehrotra, Singh
and Summers (2016); Caballero, Farhi and Gourinchas (2021); Fornaro and Romei (2019); Acharya and
Bengui (2018); Jeanne (2009); Benigno and Romei (2014); Fornaro (2018); Corsetti et al. (2019a); Corsetti et al.
(2019b); Kollmann (2021) and Amador, Bianchi, Bocola and Perri (2020). Notable closed economy studies
include Krugman (1998), Eggertsson and Woodford (2003), and Werning (2011).



an economy from a lower world real interest rate. Thus, we find that a macroprudential

policy regime is superior to the laissez-faire, even without coordination.

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 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) studies optimal monetary
policy under commitment with home currency portfolios. In his setup, exchange rates
have a shock absorber role and an insurance role, thus calling for capital controls. He also
shows that to a second-order approximation, the government chooses the same capital
control tax for all assets, irrespective of their currency. Our analysis focuses instead
on a framework with monetary policy constraints and highlights the transmission of

international spillovers.

Outline. Section 2 presents the model. Section 3 studies optimal monetary and macro-
prudential policy. Section 5 analyzes international spillovers. Section 6 concludes.

2 Model

We consider a small open economy with nominal rigidities and an occasionally binding
zero lower bound constraint. There is an infinite horizon and two types of goods: tradables
and non-tradables. In this section, we describe the decisions of households and firms and

the general equilibrium.

2.1 Households

There is a continuum of identical households of measure one. Households’ preferences

Eo i‘)ﬁf (ﬁ 5k) (Uer) —o(hs)], M
t= k=0

where [E; denotes the time t expectation operator, Bé; is the discount factor at time t and ¢;
represents a discount factor shock. The utility function over consumption u(-) is strictly
increasing and concave, and v(-) denotes an increasing and convex disutility function of



labor. We assume that these functions are isoelastic of the form

1-1 1+¢
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where ¢ is the elasticity of intertemporal substiution and ¢ is the inverse of the Frisch
elasticity. The consumption good c; is a composite of tradable consumption ¢/ and non-

tradable consumption cV, according to a constant elasticity of substitution aggregator:

o
o = [w(cT)l—%+(1—w)(c§V)1—% "1 wherew € (0,1).

The elasticity of substitution between tradables and non-tradables is y. For convenience,
we use u(c?, cV) to denote the utility as a function of the two consumption goods.

In each period ¢, households supply /¢ units of labor and are endowed with i/ units of
tradable goods. We assume that y/ is stochastic and follows a first-order Markov process.
Households receive a wage rate, W;, collect profits, ([){\I , all expressed in terms of domestic
currency, which serves as the numeraire, and receive government transfers T;. Households
trade two types of one-period non-state-contingent bonds in credit markets: a real bond

*
by 1

Ry in units of domestic currency. The domestic government controls the nominal rate R;.

which pays a gross return R} units of tradables, and a nominal bond b;., 1, which pays

Both bonds are potentially subject to a tax/subsidy 7;. When 7; > 0, households face a tax
on debt issuance and a subsidy on savings. Conversely, when 7; < 0, households face a

subsidy on debt issuance and taxes on savings.

The budget constraint of the representative household is therefore given by

PN 4 Bl o [t PR — o 4 Wi+ BTGT + T4 0+ BT, (2
1+ T Rt Rt

where PN and P/ denote respectively the price of non-tradables and tradables (in terms

of the domestic currency). The left-hand side represents total expenditures in tradable

and non-tradable goods and purchases of bonds while the right-hand side represents total

income, including the returns from bond holdings.

Optimality conditions. The households’ problem consists of choosing sequences of {cV,
ctT b, by, b +1} to maximize the expected present discounted value of utility (1), subject to
(2) and taking as given the sequence of tradable endowments {y/ }, profits {¢} }, transfers
{T:}, and prices {W;, PN, Pf, R, R} }.



The first-order conditions for consumption and labor yield
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where uy denotes the marginal utility of non-tradable consumption in period t. Con-
dition (3) is the labor supply optimality condition equating the marginal rate of substi-
tution between leisure and non-tradable consumption with the wage rate in terms of
non-tradables. Condition (4) equates the marginal rate of substitution between tradables
and non-tradables to the relative price.

The first-order conditions for the nominal and real bond holdings yield

ur(cl,cY) = BRY (1+ Ty [ aur(cfyy,cly) | ©)

u cT,cN HT(CT ,CN )

—T(I;T t ) = IBRt(l—FTt)]Et 515_,_1—;_]} t+1 . (6)
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where uT denotes the marginal utility of tradable consumption. Households equate the
marginal benefit from saving in nominal or real bonds to the marginal costs of cutting
tradable consumption today to buy 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 production technology

given by yN = n% and perceives profits given by
¢r = PNNnf — Win,. (7)

We assume that prices are perfectly rigid, PN = PN, and that firms produce goods to
satisfy demand. That is, labor demand in equilibrium is given by n = (cV )1/“. In our

quantitative analysis, we extend the model to allow for partial price adjustments.



2.3 Government

The government sets a nominal interest rate R; > 1 and a tax on all forms of bond issuances
Tt. 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.* That

is, the government budget constraint is

T—__T {bt—&-l b;k—&-l]
1+% |[PIRy R}’

(8)

2.4 Prices, Interest Parity, and Exchange Rates

We assume that the law of one price holds for the tradable good, that is, pl = etPtT*, where
e is the nominal exchange rate defined as the price of the foreign currency in terms of
the domestic currency, and PT* is the price of the tradable good denominated in foreign

currency.

Using the Euler equations for international bond (5) and domestic bond (6), we can
equate the marginal benefits from buying the real and nominal bond. Together with the
law of one price, this implies that the nominal exchange rate must satisfy the risk-adjusted

uncovered interest parity condition:

Rf = Ry E;

Apq—— 9)
t+ et 41 PtTj[;

et PtT,* ]

where Ay = (StHuT(c::rH, cg\_fH) /Ey [Saur(cl cf\frl)} represents a stochastic discount
factor. Condition (9) is a standard condition that relates the foreign real interest rate and
the domestic nominal interest rate to the expected depreciation of the domestic currency.

“We 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. As examined in Acharya and Bengui (2018), differential taxes on bonds across
currencies can also help relax the zero lower bound. 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.



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 = Ny. (10)

Market clearing for the non-tradable good requires that output be equal to non-tradable
consumption:
w=er' (11)

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.” Market clearing therefore implies

bis1 = 0. (12)

Combining the budget constraints of households, firms, and the government, as well
as market clearing conditions, we arrive at the resource constraint for tradables, or the
balance of payment condition:

b*

t+1 (13)

T T _ 1%
¢t —yr =by — R*’
t

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}, exogenous process {R;},yl,0:}%,, a rigid price

PN, and government policies {R, 7 }2°;, an equilibrium is a stochastic sequence of prices
{et, PtT*, W;} and allocations {ctT, cf\], by 1,1t h}52, such that

(i) households optimize, and hence the following conditions hold: (3), (4), (5), (6);
(ii) firms choose hours to meet demand, h% = cV;
(iii) labor market clears (10) and the domestic currency bond is in zero net supply (12);
(iv) the government budget constraint (8) is satisfied;

(v) the law of one price holds: P! = ¢;P[*.

5See 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 uses monetary policy
to improve risk-sharing in addition to the standard objectives.



Notice that the ideal price index (i.e., the minimum expenditure, denominated in units

of tradables, required to buy one unit of the composite good c;) is given by:

b 1-7] 7
Pr = aﬂ+(1—w)7<PN) ] : (14)

etPtT*

In addition, for future reference, the share of expenditures in tradables is denoted by

@; = Plcl /(Pcl + PNcN). (15)

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 resource constraint. The planner’s problem can be written as

[ee]

max g ) (ktoﬁék> [u (ctT,C?]> —v ((Cl{\’)l/aﬂ ) (16)

{breel b 120 \k=
subject to
*
T _ T | px_ Jtfl
c; = bi — ——.
=Y 0 R
The first-best allocation equates the value of one additional employed unit of labor to

the marginal cost of leisure
ah tun(cf,cN) =o' (hy) (17)

It also equates the marginal utility of current consumption to the marginal utility of

saving one extra unit and consuming in the next period:
ur(cf, ) = BRIE: [drsaur(cly cfa)] . (18)

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 ah®~! = W;/PY, which, combined with households’ labor supply
decision (3), would yield (17). ® Moreover, as we will see, with sticky prices, a government

that can choose monetary policy without any constraints would choose to replicate the

®In addition, notice that (18) coincides with households’ optimality (5) when 7; = 0.



flexible price allocation and hence implement the first-best allocations. We note that often
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 equilibrium allocations from the first best can be conveniently

summarized in the labor wedge, defined below:

1 0/<I’lt)

— ) 19
N &)

thl

A positive labor wedge, y; > 0, reflects a recession, whereas a negative labor wedge,
Y < 0, reflects overheating.

3 Optimal Monetary and Macroprudential Policies

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

study optimal monetary policy given a macroprudential policy.

3.1 Macroprudential Policy

We consider a generic monetary policy that depends on the history of all shocks. We use
{e:} to denote the nominal exchange rate policy sequence chosen by the government. 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 to analyze the interactions between optimal monetary and macroprudential policies.

Under an arbitrary monetary policy, the production of non-tradable goods is, in general,
inefficient. For example, given the sticky price PV, a low exchange rate implies a high
relative price for non-tradables, in turn generating lower household demand for non-
tradable goods and leading firms to reduce production and generating a positive labor
wedge.

Given a sequence of {e;}, the government chooses the state-contingent tax on debt
{7} that maximizes private agents’ welfare among the set of competitive equilibria. The

10



problem can be written as

max  [E i (ﬁ ,85k> [u (CtT, Ci\]> - ((Ci\’)l/zxﬂ ) (20)

{bf 1N} 120 \k=0
subject to
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The last constraint in problem (20) relates non-tradable consumption to tradable consump-
tion and the relative price of non-tradables. More tradable resources increase aggregate
demand for both goods. Given a fixed price for non-tradables, higher resources translate
into more demand for non-tradable goods, to which firms respond by raising employ-
ment. This general equilibrium feedback is key for the characterization of the optimal

macroprudential tax presented below.

Proposition 1 (Optimal macroprudential policy given {e;}). Consider an exogenous exchange

rate policy {e; }. The optimal tax on borrowing (20) satisfies

1 1-@; . 1—@p } }
T = ———ur(t)Y+BR;IE:S — ur(t+1 , (21

t ﬁR?IEt&-HuT(t“‘l) { @ T( )l/]t :B t 15041 @it T( )lpH—l (21)
where 1 is the labor wedge, defined in (19), and & is the share of tradable expenditures defined in
(15).

Proof. In Appendix A.1. O

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 redirecting consumption over time affects
firms” demand for non-tradable goods and can move production closer or further away
from the first best.

These results are related to the aggregate demand externality emphasized in Schmitt-
Grohé and Uribe, 2016; Farhi and Werning, 2012) in an economy with a fixed exchange
rate. Our analytical characterization uncovers that the sign of 7; is in principle ambiguous
and depends, in particular, on the relative importance of the aggregate demand externality
in periods t and t + 1. When the current labor wedge is zero, the tax on debt takes the sign

11



of the expected risk-adjusted labor wedge. The intuition for the analytical expression is
that the government internalizes that an increase in one unit of savings today is associated
with an increase in aggregate demand tomorrow, which stimulates employment and
reduces the labor wedge. When the labor wedge today and tomorrow are both positive,
the government 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. On the other hand, if the labor wedge is negative, taxing
borrowing and postponing consumption helps to reduce overheating.

We turn next 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 government that jointly conducts macroprudential and monetary
policy. The government chooses T and R to maximize households” welfare. Importantly,
the government is subject to a zero lower bound that restricts its ability to achieve the
tirst-best allocations.

In contrast to the previous section, here, the optimal policy for the government 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 practically most relevant. In particular, we study Markov
perfect equilibrium in which the policies of the government at each point in time depend
on the relevant payoff states. We use s; = {R7}, PtT " y;‘r, ¢} to denote the date-t realizations
of exogenous shocks, £ (b*,s"),CT (b*,s'),CN (b*,s') to denote the stationary policy func-
tions for the exchange rate and tradable and non-tradable consumption followed by future
governments, and V (b*, s) to denote the value function for the government.

To set up the optimal time-consistent problem of the government, we use that by setting
T, the government can control borrowing decisions, and therefore (5) is not a binding

12



implementability constraint. We can thus write the problem as follows:

* . T N\ N1/« / Y
0= g o () () e,
subject to
b*
T . T x 7
c =y +b R
1—w PT* 77
N __ T
N[ e
) i . PT* e
R* = R]Es’|s [A <CT(b /,S/>,CN(b /,S/)) WW}

R >1.

The key difference compared with problem (20) is that now the exchange rate and the

nominal interest rate are choices for the government.

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

Definition 2. A Markov perfect equilibrium is defined by policies R (b*,s), T(b*,s), £(b*, s),
B*(b*,s),CT(b*,s),CN(b*,s) and a value function V (b*, s) that solve the government prob-
lem (22) given future policies for £(b*,s),CT (b*,s),CN(b*,s).

The following proposition characterizes the optimal policy of the government.

Proposition 2 (Optimal monetary and macroprudential policy). Consider the optimal mone-
tary and macroprudential policy. We have that the labor wedge satisfies {; > O for all t and ; = 0
if the zero lower bound (ZLB) does not bind at date t. Moreover, e; is given by

— y=c (1fvc+ljc¢)a+a
w PN | . et P 7 1
@—r:mp[wum(}gpmﬂ ] ()7 23)
In addition, the optimal tax on debt is given by
1 Gt . Gtt1
T = —(14+©)—=—= 4+ BR'E}d;11 ;o (24)
BR*E;dt 11 [ur (C15T+1/Cﬁ1)] { yef 7CtT+1

T
where ® = yc] ﬁﬂit |:At+1 %} and ¢ is the non-negative Lagrange multiplier on the ZLB

constraint.

13



Proof. In Appendix A.2. O

Proposition 2 uncovers several lessons. First, the government 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 drop all constraints but the resource
constraint. Thus, we obtain a static condition that delivers a zero labor wedge and back

out R and e that implement those allocations. In particular, we obtain that the nominal

—1
R* A PT*
Ry ==t SEy |5t . (25)
é €1 Py

A second lesson is that the economy never experiences overheating (i.e., a negative

interest rate is such that

labor wedge). Intuitively, the zero lower bound imposes a constraint on the ability to
depreciate the exchange rate, but the government can always appreciate the exchange rate
and reduce the demand of non-tradables by raising the nominal interest rate. On the other
hand, if the zero lower bound binds, the government 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 future Lagrange multipliers on the zero lower bound con-
straints, denoted by ¢. Because ¢ > 0, it follows that in a state in which the zero lower
bound is not currently binding, the tax on debt is always positive. On the other hand, if
the zero lower bound is currently binding but is not expected to bind next period with
positive probability, the tax is negative.

To shed further light on these results, we can use the first-order conditions for ¢ and
e; in (22) and obtain the following relationship between the labor wedge and the Lagrange
multiplier on the zero lower bound:

S _ 1o @ (T Ny (26)

el @
Notice that if we replace (26) into (24), we arrive at 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 government 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, ©, related to the restriction that the policy is consistent with
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an optimal time-consistent equilibrium. The additional term captures that an increase in
savings alters both next-period consumption and the exchange rate followed by the next

government.

In Figure 1, we illustrate numerically the tax on debt.” The figure shows that the tax
on debt is non-monotonic on the current level of bond holdings. (In a different axis, the
tigure also shows the current labor wedge.) There are three distinct regions. For low bond
holdings, the economy is in a liquidity trap region in which R = 1 and ¢ > 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 zero lower bound constraint may become binding in the next period.
In this region, the tax is positive and increasing 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 zero lower bound. Moreover, as current bond holdings increase, this leads
to higher bond holdings tomorrow and, thus a lower tax on debt. 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.

Tax Rate (%)

Labor Wedge (%)

Liquidity Trap Region  :  Fragile Region Safe Region
R=1 1 R>1 R>1and p(ZLB) =0

-4 -3.5 -3 -2.5 -2 -1.5 -1
Current Bond Holding

Figure 1: Optimal Macroprudential Policy

"The 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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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 government does not
have access to macroprudential policy. The key question that emerges is whether the
government 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?

We consider as before the optimal problem under lack of commitment. Relative to
problem (22), the government now faces (5) as a binding implementability constraint. This
distinction will generate notable differences in the optimal policy, as characterized in the
proposition below:

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

[ee]

— k-1 BRY. .
ur(t)pr = ( @ilo ) E: ), (j—Ho(St+j+11+é;t]4rj> Gtk , (27)

l-@)o+ary 3 ’)’CtTJrk

our(CT (b} 1,50+1),CN (b} 1,5¢41)

where O = ﬁR;‘#(t)lEt(StH o ) and ¢ is the Lagrange multiplier on the
ZLB constraint.

Proof. In Appendix A.3. O

Whether monetary policy is used prudentially and whether it leans with or against the
wind turns out to depend on the elasticities of substitution. In the absence of macropru-
dential policy, monetary policy can potentially be used as a prudential tool to stimulate
precautionary savings and reduce the likelihood of future liquidity traps. However, when
o = 7, saving does not respond to a change in the nominal interest rate. In that case,
monetary policy focuses solely on stabilizing output and is not used prudentially. When
o > 7, the government optimally raises the nominal interest rate to stimulate savings and
reduce the likelihood of future liquidity traps at the expense of a recession today. The
optimal monetary policy leans against the wind. Conversely, when ¢ < 7, the government
optimally cuts down the nominal interest rate to reduce the likelihood of future liquidity
traps at the expense of an overheating economy. The optimal monetary policy leans with
the wind.
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The idea is that whether an increase in the interest rate mitigates excessive borrowing
ahead of a liquidity trap episode, in the absence of macroprudential policy, depends
on two opposing forces. First, there is an intertemporal substitution effect by which
given prices and income, households save more externally, tilting consumption towards
the future with magnitude . 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 with magnitude y. When the elasticity substitution over
time ¢ exceeds the elasticity of substitution across goods v, raising the interest rate can
indeed help reduce borrowing and indirectly mitigate the aggregate demand externality.

Otherwise, it aggravates excessive borrowing.?

Notice also that the optimal monetary policy—except in the knife-edge case of equal
intra and inter-temporal elasticities—is used prudentially as long as the zero lower bound
binds in some distant future state. This contrasts with the optimal macroprudential policy,
in which a tax is imposed only if the zero lower bound binds in the next period. 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 government needs to reduce overborrowing at k — 1. With macroprudential policy, the
government introduces a tax on borrowing at k — 1 while preserving a zero labor wedge.
On the other hand, without macroprudential policy, the government must introduce a
labor wedge at k — 1. Doing so implies that from the perspective of k — 2, the government
also needs to deviate from a zero labor wedge. Proceeding backwards, this implies a
strong history-dependent result: as long as there is a binding ZLB in some future state, the

government will deviate from full employment at any period before.

In the preceding analysis, we consider the optimal monetary policy in the absence of
macroprudential policy. However, it is also interesting to study optimal monetary policy
in response to exogenous changes in macroprudential policies. To do so, we allow for any
arbitrary tax in the optimal monetary policy problem and solve for the optimal exchange
rate policy, given future policies and values and the arbitrary tax. We can show that for
T € [0, 7] where 7;° is the optimal macroprudential policy (24), an increase in 7; leads to
an increase in the labor wedge 1y under optimal monetary policy. Whether this implies a
lower or higher nominal interest rate depends, in general, on the elasticities. A sufficient
condition for a higher tax to call for a lower nominal interest rate is v < ¢. Intuitively, a

macroprudential tax on debt contracts aggregate demand, and so it is optimal to offset

8We provide a formal decomposition of these channels in Bianchi and Coulibaly (2022). See also Auclert,
Rognlie, Souchier and Straub (2021).
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those effects by lowering the nominal interest rate.

4 Quantitative Results

We evaluate in this section the quantitative implications of the prudential use of monetary
policy absent macroprudential policy and the benefits from using macroprudential policy

optimally. We start by describing the calibration of the model.

4.1 Calibration

The time period is one-quarter, and data are calibrated using United Kingdom data between
1980 and 2019 as an example of an advanced small open economy.” The labor supply

elasticity is set to one-third, as in Gali and Monacelli (2005) and « is set to one.

The stochastic processes for {y/ }, {R}} and {4;} are assumed to be independent and
specified as follows. The tradable output y/ is measured with the cyclical component
of value added in agriculture, mining, fishing, and manufacturing from the World De-
velopment Indicators. The world interest rate R} is measured by the U.S. real interest
rate, which corresponds to the U.S. federal funds rate deflated with the expected US.
CPI inflation. Each process is assumed to be a first-order univariate autoregressive pro-
cess. The estimated processes are, Iny{ = 0.6771Iny! | + ¢/ with &/ ~ N(0,0.0377%) and
In(R; /R*) = 0.9173In(R}_,/R*) 4 e’* with R* = 1.0036 and }* ~ N(0,0.0026?).

Table 1: Calibration

Description Parameter Value Source/Target

Intertemporal elasticity c=1 Standard value

Technology xn=1 Standard value

Frisch elasticity parameter ¢ =3 Gali and Monacelli (2005)

Weight on tradables in CES  w = 0.25 Share of tradable output = 24%
Discount factor (long-run) g = 0.995 Average NFA-GDP ratio = —17.4%

Transition prob. 6t to 61 P(sL|67)=0.20 4 liquidity traps every century
Transition prob. 67 to 67 P(6F|6F) = 0.39 2 years duration of liquidity traps

9We 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).

18



We set the elasticities of substitution to ¢ = 1 and y = 1, but consider alternative values
of in our analysis. To set the long-run value of the discount factor 8, we target the historical
average net foreign asset position (NFA) as a share of GDP of -17.4%. This calibration
results in a value of B = 0.995. The discount factor shock ¢; follows a two-state regime-
switching Markov process, that is §; € {6*, 5} with 6* < 6" and ergodic mean equals
1. We set 6& = 0.985, which represents the normal regime in which households discount
the future at a rate of 0.99. The discount factor heightens with probability P(5"|6%) and
returns to its normal value with probability P(6%|6"). The transition probability matrix P
is set to target the frequency and average duration of liquidity trap episodes. The resulting
values are presented in Table 1. The weight on tradable consumption in the CES function
w is calibrated to match a 24% share of tradable output in the total value of production
observed in the data over the period 1980-2019, implying that w = 0.252.

4.2 Long-Run Moments

Table 2 displays the likelihood and duration of liquidity trap episodes in an economy in
which monetary policy is set optimally both with and without macroprudential policy. An
important lesson is that macroprudential policy are effective at reducing the likelihood of
a liquidity trap. By taxing borrowing when the economy is vulnerable, the government is
successful at reducing the frequency of liquidity traps. Macroprudential policy implies
an average tax rate on inflows of 0.2% percent with a correlation between the tax and the
nominal interest rate between -0.4 and -0.6. 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 given that the positive income shock leads to a trade

surplus.
Table 2: Frequency and duration of liquidity traps
Monetary Policy Only Monetary & Macroprudential
Frequency Duration Frequency Duration mean(t) corr(R,T)
v=05 3.5% 7.8 2.9% 11.4 0.2% -0.4
vy=10 4.0% 7.8 3.5% 9.3 0.2% -0.6
¥y=15 4.3% 8.4 3.9% 8.9 0.2% -0.6

Note: Duration expressed in quarters.

A second lesson is that, perhaps surprisingly, liquidity traps last longer when macropru-

dential policy are used jointly with monetary policy. This occurs because in a liquidity trap,
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the government may tax outflows, which implies that the deleveraging process is slowed
down. In fact, the average tax during a liquidity trap is -0.05%. Notice that because taxes
on inflows are more frequent, macroprudential policy generate a reduction in external

debt of about 7 percentage points of GDP.

Table 3 examines the average welfare cost of the ZLB and the unemployment rate
during a liquidity trap under optimal monetary policy with and without macroprudential
policy.! For a given state (b*,s), the welfare cost of the ZLB under a policy regime is
calculated as the compensating consumption variations that equalize the expected utility
of a household living in an economy under that policy regime and the expected utility in
the efficient allocation (without ZLB).!!

Table 3: Unemployment rate and welfare costs of the ZLB

Monetary Policy Only Monetary & Macroprudential

Welfare costs Unemployment* Welfare costs Unemployment*
v=05 0.60% 7.98% 0.10% 1.48%
v=10 0.50% 6.14% 0.11% 1.51%
v=15 0.52% 5.43% 0.14% 1.58%

Note: Unemployment is the average unemployment rate conditional on a liquidity trap.

Table 3 reports an average unemployment rate of about 1.5% with macroprudential
policy versus 6.0% when the government refrains from using macroprudential policy. The
significant reduction in both the frequency and the severity of liquidity trap episodes points
toward substantial quantitative gains from macroprudential policy. macroprudential policy
cut the welfare cost of the liquidity traps by more than fourfold. That is, the average welfare
cost of the liquidity traps falls from 0.5 percentage points of permanent consumption to 0.1
percentage points when monetary policy is supplemented with macroprudential policy.

19The unemployment rate is defined as the gap between the current level of employment and the efficient
employment level (that is, the level that would equate the marginal value of employment to the marginal
cost of providing an extra unit of labor).

HFormally, the welfare cost associated with a policy regime G, for a given state (b*,s), corresponds to the
value of q(b*, s) that satisfies

Eogﬁt (H‘Sk) {log (1+q)cf) —o(hy } IEoZﬁ (H(Sk) {log cr —v(hf)} ,

where cf and h* denote consumption and hours worked in the efficient allocation.

20



4.3 The Prudential Role of Monetary Policy

We examine here the gains from conducting prudential monetary policy in the absence
of macroprudential policy. To do so, we compare the frequency and duration of liquidity
trap episodes under the optimal discretionary monetary policy against a policy in which
the government closes the labor wedge and replicates flexible price allocation as long as

the economy is away from a liquidity trap.

(a) Duration and Frequency (b) Welfare gains

0.02

+10.96

+40.92
0.01 -

Odds Ratio

Relative Duration
% of Current Consumption

+10.88

10.84 0 /

1.5 0.5 1 1.5

Figure 2: Gains from discretionary monetary policy relative to a full employment policy

The left panel of Figure 2 shows the results. We keep all parameters constant except for
7, the elasticity of substitution between tradables and non-tradables. The intertemporal
elasticity of substitution is set to one. As the figure shows, when y = 1, there are no gains
from prudential monetary policy, in line with Proposition 3. When y < 1, we observe
larger benefits from prudential monetary policy. In particular, we see a significantly
lower duration and frequency of liquidity traps. The welfare gains in terms of current
consumption reach 0.02 percentage points when oy = 0.5. These gains are significantly

lower than the ones from using capital controls we documented above.

4.4 Sensitivity with Partial Price Adjustments

We assumed for our baseline analysis that prices were perfectly sticky. We now consider
the case with partial price adjustments, as in Rotemberg (1982). Firms are assumed to be
monopolistic competitive producers of non-tradable good varieties that face a quadratic

) ) . ) . P 2
price adjustment cost in units of the final non-tradable good L2 —1 yN where
2 \ P t
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j € [0,1] is the index of the variety produced by a firm.!? The elasticity of substitution
between two varieties ¢ is calibrated is set to 7.66, corresponding to a 15% net markup. The
price adjustment cost parameter ¢p, which determines the degree of price stickiness, is set
to ¢p = 120. This implies that all prices would adjust on average after 3.2 quarters, which
is in the range of the estimates of Nakamura and Steinsson (2008). We keep all the rest of

the parameters constant and focus on the case y = 1.

Table 4 shows that the overall results are similar in the model with costly price adjust-
ments as in the case with perfectly sticky prices. Interestingly, the duration and frequency
of the zero lower bound are somewhat shorter, but the welfare cost of the zero lower
bound is about 0.1 percentage points larger in the absence of macroprudential policy. This
result can seem surprising but is in line with the notion present in closed economies that
higher price flexibility can be detrimental in an economy subject to a zero lower bound (e.g.
Werning, 2011; Gali, 2013). On the other hand, we find that the welfare costs of liquidity
traps become smaller in the economy with costly price adjustments when the government

also has access to macroprudential policy.

Table 4: Sensitivity with Costly Price Adjustments

Frequency Duration Unemployment Welfare

Monetary Policy Only 2.7% 3.3 4.12% 0.63%
Monetary & Macroprudential 2.5% 54 1.09% 0.07%

Notes: The parameter values are the same as in Table 2 except v = 1. Duration expressed in quarters.

5 International Spillovers

So far, we have considered a small open economy. We now extend our framework to tackle
how monetary and macroprudential policies abroad affect welfare at home and the extent
to which this leads to spillovers. We will first show that when there are international
spillovers at play, they operate through a financial channel. That is, policies abroad affect
domestic welfare to the extent that they alter the world real rate. In addition, we will show
that the use of macroprudential policies allows a country to remain insulated from foreign

policies and helps prevent currency wars.

12See Appendix C for a full description of the firm problem.
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5.1 World Economy and Financial Spillovers

We consider a world economy that is composed of a continuum of small open economies
with measure one, of the type described in Section 2. For simplicity, we abstract from
uncertainty. We use Ry ; and Rf; to denote the nominal rates of two countries H and F
and eg ; to denote their bilateral exchange rate. We obtain the following arbitrage condition

between bonds in different currencies:

Ry = Rp,t(epH,t/eEtH)-

The definition of competitive equilibrium extends the definition of Section 2. We now have
a sequence of prices and allocations, one for each country. In addition, the real interest rate

R} is endogenous, and we have that aggregate savings equal zero at the world level,

1
/ by qdi = 0. (28)
0 7

What are the effects of foreign policies on domestic welfare? The next proposition charac-
terizes these effects.

Proposition 4 (Financial Channel of International Spillovers). Consider small changes
{d70, dRy g }keq, in monetary and macroprudential policies by a set of countries O C [0,1].
Starting from a symmetric equilibrium with zero net positions, the effect on country i’s welfare,
aVio for i & Q, is given by

E3

1 — d)',O - - ’)/ dR
dVip = ur (Czo, C%) [ CDi,OI velopio + (wz’,o + (1 - wi,O);) Uz‘,o] R—SO, (29)
where v; o the Lagrange multiplier on the households” Euler equation (18) and the change in the
world real rate satisfies

dR; _/ (1= pro)cgg

. ARy
== - |odTi o+ (0 — ) (1 - wk,O)—'}/ (30)
R; O [ (0@ + (1 — @;0)) (1 — pig)chydi {

Ry

with 1 — y; g representing the marginal propensity to save of households in country i.
Proof. In Appendix B.1 O

The proposition provides several lessons. First, the proposition underscores that from
the perspective of a small open economy, the relevant spillover is through the changes in
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the world real interest rate. That is, changes in foreign policies affect the domestic economy
only to the extent that they alter the world real rate. Even though a reduction in foreign
nominal rates may lead to an appreciation of the nominal exchange rate through the UIP
condition (9), the foreign price of tradables also increases, and so the price of tradables in

domestic currency (and therefore allocations) remains unaltered.

A second lesson is that the effects of changes in the world real rate on welfare are
determined by two sufficient statistics: the labor wedge (), and the wedge between
private borrowing and the socially desirable level of borrowing captured by the multiplier
(vi ) on private agents” Euler equation (18). If both of these wedges were zero, changes in
the world real rate would have no effects on welfare. Because the economy is neither a
net borrower nor a net saver, a marginal change in the world real rate does not affect the
budget constraint. If we start from a current allocation that is efficient (i.e., when these two
wedges are zero), this implies that the marginal effects on welfare are zero. As we will see
below, this case applies in particular when the economy has macroprudential policy and it

is away from the zero lower bound.

On the other hand, when these wedges are different from zero, changes in the world
real rate have in general effects on domestic welfare. In particular, when the economy is at
the zero lower bound, an increase in the world real rate dRj; > 0 leads to an increase in the
price of tradables through (9) and an expenditure switching effect towards non-tradables.
Because ;o > 0 at the ZLB, the increased demand for non-tradables improves welfare by
bringing output closer to the efficient level. When the domestic government has access to
macroprudential policy, we also have that v; ) = 0, and so the overall effect is a positive
effect on welfare. When the domestic government does not have access to capital control,
the overall effect is ambiguous because a higher real interest rate reduces borrowing and
this contributes to mitigate a potential liquidity trap in the future, as captured by the

second term in (30).

Next, we specialize the implications of Proposition 4 to examine monetary and macro-

prudential policy spillovers.

5.2 Monetary Spillovers

We start by examining the spillover from changes in policy rates abroad. Notice from (30)
that a monetary tightening in a subset of countries abroad dR x > 0 leads to an increase in
the world real rate under v > ¢ and a decrease under ¢ < . In the case in which ¢ = 7,

therefore, there are no spillovers.
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Let us examine the case in which the home country is away from a liquidity trap. Using the
results from Proposition 3 on and eq. (30), we have that the welfare effects of a monetary
expansion abroad reduce to'®

T N
de’,O = - [”T(Ci,o, Ci,o)Ui,O}

(1— peo)ey, 5 AR
y (0_7)/ _ 10"k — (1= o) Rk'o (31)
% fo (0@ip+ (1= @ip))(1 = pig)c)di K0

The sign of the welfare effect depends on the interaction between v; (, the Lagrange
multiplier on the households’ Euler equation (18), and the direction of the world interest
rate in response to the monetary policy abroad. There are two important cases to consider,
one in which macroprudential policy is available and another in which it is not. Let us

analyze each case.

Without macroprudential policy. From the analysis in Section 3.3, we can see that v;; > 0

when the ZLB is not currently binding but is expected to bind in the future. Formally, we

have!*

1 e (-1 B R; Git
Vig = —UTT(CZOIC%) ; (}1} n ®i,j> ,)/C;'Z:f. (32)
A strictly positive Lagrange multiplier reflects that agents tend to overborrow relative
to the constrained-efficient benchmark. When the monetary policy abroad generates a
reduction in the world real interest rate, this causes a reduction in welfare in the home
country. Intuitively, the reduction in the real interest rate generates incentives for house-
holds to borrow even more—from an already inefficiently high level—and increases the

vulnerability to a liquidity trap.

As shown in Proposition 3, individual economies have incentives to increase the net
foreign asset position so as to become less vulnerable to a binding zero lower bound, thus,
leading to a decrease in the world real rate. If o > v, the central bank achieves the increase
in savings by raising the nominal interest rate, while if ¢ < <, the central bank achieves

the increase in savings by lowering the nominal interest rate.

These results suggest that when all countries are pursuing a prudential monetary policy,
doing so ends up backfiring at the aggregate level, generating a form of currency war. This

13Away from the ZLB, as shown in (A.28) in Appendix A.3, the optimal monetary policy in its target form
(27) can be rewritten as 9; g = @;io(y ' — o )vig/ CiT,O' Combining this with (29), we obtain (31).

4The expression of the Lagrange multiplier v; o is obtained by substituting the labor wedge away from
the ZLB, (27), into the SOE government’s optimality condition for bonds. See Appendix A.3 for more details.
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is because central banks are deviating from the efficient allocation today with the goal of
increasing the net foreign asset position. However, in general equilibrium, this pushes

down the world real rate, leading to welfare losses, as analyzed before.!®

We summarize this result in the corollary below.

Corollary 1 (Currency wars). When a government does not use macroprudential policy, a
prudential monetary intervention abroad lowers home welfare, strictly so if the zero lower bound
binds in the future.

Proof. In Appendix B.2. O

We proceed to analyze the monetary policy spillover effects when central banks also
use macroprudential policy. We will argue that the use of macroprudential policy will

prevent the eruption of currency wars.

With macroprudential policy. In the presence of macroprudential policy, the crucial
difference is that there is no inefficiency stemming from households’ saving decisions (i.e,
v;o = 0). As (31) shows, a foreign monetary policy intervention has no effect on domestic
households” welfare. The joint optimal monetary and macroprudential policy response,
therefore, renders the domestic country insulated from foreign monetary policy. Intuitively,
when the central bank is away from a liquidity trap, monetary policy optimally closes the
labor wedge (; o = 0), while macroprudential policy ensures that the level of borrowing

is inefficient.

Corollary 2 (No currency wars with macroprudential policy). When a government uses
macroprudential policy, a monetary policy intervention abroad does not affect home welfare away
from the zero lower bound.

Proof. In Appendix B.3 O

5.3 Macroprudential Policy Spillovers

We argued in the previous section that macroprudential policy can serve to insulate a
country from foreign monetary policy spillovers. But what happens when all countries use
macroprudential policy? Is it possible that the use of this policy backfires at a global scale?

15In the case of symmetric countries, in particular, the net foreign asset positions are always zero in
equilibrium. Therefore, the effect of central banks following a prudential monetary policy is a reduction in
the world real rate (and the output distortion). See Fornaro and Romei (2022) and Bianchi and Coulibaly
(2023) for recent work on the optimal cooperative monetary policy in a related environment.
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Fornaro and Romei (2019) argue that it is indeed possible that a global economy with
macroprudential policies would be Pareto-dominated by an economy without macropru-
dential policies.'® Their argument is that when countries impose macroprudential policy to
reduce their vulnerability to a future liquidity trap, this lowers the world real rate, making
the zero lower bound more binding for other economies. They dub this phenomenon a
“paradox of global thrift.”

We argue, however, that it is possible to design a macroprudential policy that eliminates
the possibility of a paradox of global thrift. In particular, if we allow the government to
restrict capital flows in a liquidity trap, the government can alter the domestic equilibrium
real rate and ensure that welfare does not fall in response to foreign macroprudential
policies. In particular, if the government restricts the level of capital flows at the same level
as the laissez-faire equilibrium, it can maintain the same real rate as in the laissez-faire
equilibrium, averting the potential adverse effects from macroprudential policies abroad.
The key result is that the adoption of a quantity restriction on capital flows enables the
government to achieve the same real rate as in the laissez-faire economy and deliver at
least the same level of welfare. The proposition below formalizes this result.

Proposition 5 (Welfare dominance of quantity-macroprudential policy). Consider the welfare
of the home country under laissez-faire versus the welfare under a macroprudential policy regime in
which the government controls directly the country’s capital account, starting from a symmetric
equilibrium with zero net positions. Then, home welfare is weakly higher in the macroprudential
policy regime.

Proof. In Appendix B.4 O

The key difference between our analysis and Fornaro and Romei’s is that in their case,
the domestic real rate corresponds to the world real rate. This is because they assume that
the government in a liquidity trap does not have access to the macroprudential quantity
restrictions highlighted above. In their model, an economy experiences a liquidity trap
when its tradable endowment is low and the borrowing constraint binds—specifically,
under their zero liquidity assumption, asset holdings are zero. When other countries away
from a liquidity trap try to raise their net foreign asset position, this leads to a lower world
real rate. In the absence of macroprudential quantity restrictions, the domestic real rate
also falls, and this makes the zero lower bound constraint more binding. Our argument,

however, is that if the government can shut down the capital account, the domestic real rate

16They consider an economy with “zero liquidity,” in which this result is demonstrated analytically, and
then present results from quantitative simulations.
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would necessarily increase and raise welfare. That is, by following this macroprudential
intervention, the economy can achieve a higher welfare than a laissez-faire equilibrium

without macroprudential policies, eliminating the global paradox of thrift.!”

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. In the absence
of macroprudential policy, monetary policy faces a tradeoff between stabilizing output
today and reducing capital inflows to reduce the vulnerability to a liquidity trap. However,
the optimal monetary policy may call for lower or higher nominal interest rates. Our
analysis also provides a more benign perspective on international spillovers in contrast to
widespread concerns. We show that to the extent that economies can deploy macropru-
dential policies in response to foreign policies, currency wars can be prevented. Finally, a
world economy where countries use macroprudential policy in an uncoordinated welfare

dominates a Nash equilibrium without macroprudential policy.

7In a previous version of the paper, we also provide general conditions under which taxes on capital
flows, as opposed to quantity restrictions, can generate a Pareto improvement relative to a laissez-faire
regime. See also the previous version for a characterization of the optimal macroprudential policy under
cooperation.
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APPENDIX TO “LIQUIDITY TRAPS, PRUDENTIAL POLICIES
AND INTERNATIONAL SPILLOVERS”

A Proofs for Section 3

A.1 Proof of Proposition 1

Proof. The problem of the government consists in choosing T to maximize households’
welfare subject to the equilibrium conditions (3), (4), (5), (6) and (13). For a given exogenous
path of the nominal exchange rate {¢; }, we solve the relaxed problem of the government:

max  EoY t<mk)[ () —o ()] A

{bt+1 C CtT} t=0

subject to
b, 4
cof =yi +bf — 1*2—+ (A2)
1— PT* Y
N = {T N et] cl (A.3)

After solving (A.1), we back out 7; using (5). Taking the first-order conditions, we arrive at

T ey
Cy Ay = uT(t) + ﬂtC—T (A4)
t
N Lo -a ([ Nyl/a
e 8= un(t) — ()" ((M)*) (A5)
. ZiA
41 It{*t = BEizt 11141 (A.6)

where A; > 0 and ¢; are the Lagrange multipliers on constraints (A.2) and (A.3) respectively.
Combining (A.4) and (A.5), we have

pNeN
A =ur(t) +ur(t) —rF Plc T -7 ¥ (A7)

where we use ffi = ((:)) . We then substitute (A.7) into (A.6) to get

NN,
1+ pT 1/Jt+1] } (A.8)

t+1ct+1

PNeN

uT(t) {1 + pT E[l/Jt

t -t

:| = IBR?]Et {(5t+1uT(t + 1)
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We can now derive the optimal tax rate on debt by plugging (5) into (A.8) which leads to

1 1 - (IJt % 1 - (Dt+1 :| }
T = ———u7(t + BR;IE;é ——ugp(t+1 .
~ BRER T\ O+ BRB LS D
O
A.2 Proof of Proposition 2
Proof. The problem of the government in recursive form is given by:
V(b*,s)= max u (cT, CN> -0 ((CN)l/"‘> + BEg 0"V (b*,8")
R,t,e,b* cN T
subject to
b*/
=yl +b* - G (A.9)
1—cw PT* v
N _ L T
¢ = [ o PN e} c (A.10)
ur(c’,cN) = BR*(1+ 1) By, [yuT (cT(b*', s"),CN (b, s'))] (A.11)
pT* e
* T 1,x o N 1%l ot
R* = RE, [A (c b*,¢),cN (b, s )) S —g(b*/,s/)] (A.12)
R >1 (A.13)

Because T only appears in (A.11), it is immediate that (A.11) does not bind. Let A > 0,
U, v, x and ¢ > 0 be the Lagrange multiplier on (A.9), (A.10), (A.11), (A.12) and (A.13)
respectively. The optimality conditions, after substituting for x, are

¢ = 'ych9 (A.14)
_ T N v’ (h)
O =upn(c',cV)— P (A.15)
T N cN
A=ur(c',c)+ C—Tﬂ (A.16)
o [A(b*,s")ePT* .
A= _C ]Es/|sab*/ {5([9*/,5/) pT*/} —l—‘BR IES/|5(5/)U (A’17)

We combine (A.14) and (A.15) to obtain

1-w
CT—

5 ur(ct, Ny (A.18)

=7

This corresponds to (26) in the text.
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Next, we determine the optimal exchange rate when the ZLB is not binding. When the
ZLB is not binding ¢ = 0 which implies that i = 0, and by (19) we have

1
o

2=

—_ Ny et 1 _ <
p=0<(c") =ua(l —w) (CN)
1 o—v

gt dVota PT* 1—v -1«
N)% — “(1 _w)g [w’)’ (epN ) + (1 _w)')/]

& (c

where the second equality uses (A.10). Using again (A.10) and P defined in (14), we

simplify both sides of the equation and we arrive at

. y (1—a+¢p)o+a T o—y
1—wP"™ e v [eP'™ 1 7
[(TP—N€> CT] = 06(1 —CU)V |\WP
which implies that
. 1=07 T=atg)osa
w PN | ¢ ePT* i _1
e = mﬁ [0&7(1 — CU) ( PN P) (CT) r

. .« . . . . EYA Tx
Finally, we turn to deriving the optimal tax. Defining © = ’)/CT%]ES/‘ s [% EPPW}

and plugging (A.16) into (A.17), we get

/
MT(CT’ CN) + (1+ ®)’)/_§T = ,BR*IES’\:;&/ [UT (CT/, CN/> + ’)ET/:| (A.19)

Then, we substitute (A.11) into (A.19) and obtain

- 1 P
~ BRE,0 [ur (cchan{ (1+6)7er + AR Eqyd [w]}

T

A.3 Proof of Proposition 3

Preliminaries. Absent capital controls, the government sets its policy {R} to maximize
households’ welfare subject to resource and implementability constraints, and a zero lower
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bound constraint on nominal interest rate. The government problem is given by:

* _ T N\ _ N1/« / x/
V (b*,s) = Rle;nﬂz/aﬁﬂ u <c ,C ) v <(c ) ) + BEgs8'V (b, s") (A.20)
subject to
b*l
=yl +b* - = (A.21)
1—w pT=* v
N _ r T
¢ = o PN el ¢ (A.22)
ur(c’,cN) = BR* Ey ' [uT (CT(b*’,s’),CN(b*’,S')H (A.23)
pT+ e

* T1,x0 I Nyl s
R* = RE,, {A (c ®*,s),CN (b, s )) PT*,—S(b*,,S,)] (A.24)
R >1 (A.25)

We let A > 0 be the Lagrange multiplier on (A.21), 9, v and x the multiplier on (A.22),
(A.23) and (A.24) respectively, and ¢ > 0 the multiplier on (A.25).

We proceed by first defining a Markov perfect equilibrium in the absence of capital
controls and then characterizing the optimal monetary policy.

Definition A.1 (Markov perfect equilibrium absent capital controls). A Markov perfect
equilibrium is defined by the current government policy functions R(b*,s), £(b*,s) with
associated decision rules c’ (b*,s), b'(b*,s) cN(b*,s), and value function V(b*,s), and
the conjectured function characterizing the decision rule of future governments R (b*,s),
B(b*,s) and the associated decision rules CT(b*,s), CN(b*,s), such that: (i) given the con-
jecture of future policies, the value function and the policy functions solve the government
problem (A.20); and (ii) The conjectured policy rules that represent optimal choices of
future governments coincide with the solutions to (A.20).

Optimal monetary policy. The first-order conditions with respect to e and c" are

g =Ny (A.26)
o' (h)

v = MN(CT, CN) — “hﬂé—l

—urn(ct, N (A.27)

where we use the optimality condition for R to substitute for x. To derive the optimal
monetary policy when the ZLB is not binding, we substitute (A.26) into (A.27) to get

¢ = e [un(e, M)y — urn (T, )
w(c—7) v ]
N

T N
) o

= ycNun(cT,c

4
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Thus, when the ZLB does not bind

_w(c—7) v
= oy o (A.28)

We now need to determine v. Using the first order conditions with respect to tradable
consumption ¢! and foreign bonds b’*

N
A =ur(ct,cN) —urr(c?,cNyv + Z—Tﬂ (A.29)
i} ePT* 9 [A(b¥,s)
A= ﬁR IES/|55/)U — § ]Es/|s PT+ gp*! |:S(b*/, S/) :|
v BR*Ey 8 =2 [u (cT(b*’ s"),CN (b s’))] (A.30)
S/|S b*, T 4 7 7 .

and plugging (A.29) into (A.30), we get

/
uT(CT/ CN) - (1 + ®)uTT(CT CN)U = IBR*]ES'|S(SI |il/lT(CT/, CN/) - uTT(CT// CN,)U, + ,)ET/:|

where © = m BR*Egs8' 52 ur (¢, cN') > 0. Then, substituting the implementabil-
ity constraint (A.23) into this equation leads to

/
—urr(ct,eN)v = BR* (1 + @)—11135,‘55/ [—uTT(cT/, NN+ fyiT’] (A.31)

Iterating forward (A.31) and using the transversality condition, we obtain (for convenience,
the equations are written in their sequential form)

1 d (;It—l—k
U = lE
T () Z Qo Fek
s 1 oy Gtk
Ut _ i ~ A.32
cf ur(t) (1 —@&r)o+ ary k; Qt+k|t7ct+k 4

*

R,
where Q, k|t = = BFITE =0 (5t+]+1 ] +® ) Finally, we substitute (A.32) into (A.28) to get the
optimal monetary policy in its target form

ur(t)pr = @il 1) E: ). Q t+k|t€t—¥k'

(1-@o+ary = el ik

37



B Proofs for Section 5

B.1 Proof of Proposition 4

Proof. The proof has two parts. In the first part, we derive the effects of changes in external
prices on domestic welfare. In the second part, we derive the effect of foreign government
policies on external prices.

From the perspective of the SOE, we have to infer the effects of the foreign monetary pol-
icy shock on {PT*, R} }$2,, which are taken as given by the SOE. Let Vio(bio {PI*,R;}%2)
denote the welfare of households in the SOE at the initial period and cl% (bl* 07 {PtT S REYE,),
CiT,o(b?io, {P/*, Ri }720), b7 (b, {PI*, RE},), eio (b7 {P[*,Rf}72,) the associated policy
functions. The effect on welfare is then given by

© IV © Vg
AV = Z BPITZ 4 Z o2 th (B.1)

We determine dV;/9dP™* and 9V;/9dR* by applying the envelope theorem to the SOE
problem that follows

br
Vio =, max u [y + by — el | —o [(@)] + 2L 0)

1'0’ iO’bil'eho R*, “i0
subject to
b*
clo = I/z'T,o +bip — lé: (xAip)
0
¥
1—w PT*
C% — [T PN 10] cly (x8ip)
wur(elp ) = BR(L+7i0) 22 [ur (CT(B).CVBD) | (xvio)
1 €io PT>k
1> ——~ <&
- R())k 5 (b* ) ( 61,0)

where we omitted the arguments for the value function V; and policy functions ¢, ¢/,

b7, eio to simplify the expressions. We therefore have using the envelope condition that
the partial derivative of the home households” welfare with respect to P{* is given by

Vo
e

= yc)y®i0 — &ip =0 (B.2)

where the second equality uses the government'’s first order condition with respect to e.
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For the derivative with respect to PlT *

aVio
aplT’* - _’YC%I%,O +Cio=0 (B.3)
1
Next, applying the envelope condition to dV; (/9P * for t > 1,and 9V, o/9R} for t > 1, it
is straightforward to see that

Wig =0 fort>1, and Wip

= > 1. .
aPtT* IR 0 fort>1 (B.4)

It remains to determine dV;/dRjj. Use once again the envelope condition to arrive to

Vo
_'* — )\./0
aRO !

b} 1
(Rzél)z + R—z)k [MT(CE:O, C%)Ui,o + 61/0] (B.5)

Then, combine the government’s first order condition with respect to e and ¢ to get

N T N N W T N\OT—7
= i ouN(Ci o, Cio)Wio — Yo UN(Cio, Cip) V0
cly oy
1— .
— T N 1,0 ~ Y
= ut(c;p, ¢ip) { Bio Pip — (1= @ip) o ULO} (B.6)

Plugging (B.6) into (B.5), and given that we start from b;; = 0, we get

T N
Vo ur(cip Cip

oR; R

1-— a),"o

1,0

) -
[Ui,o + ')’CiT,ol/Ji,O —(1- wi,O)T,YUi,O] (B.7)

Finally, we substitute (B.2), (B.3), (B.4) and (B.7) into (B.1) to obtain

dVip =

ur(clo, ey [1—@io 1 ) oy
;{8 i { ajilol Y oPio + <wi,0 +(1— wi,o);> Vio dRj.

which corresponds to (29).

We now turn to determine the effects of dtj o and dRy o in country k on the equilibrium
real interest rate. To do so, we start by deriving the effect of d7; o, and dRy o, and dRj on
bond holdings by o in country k.

Let us consider the inter-temporal problem of households in country i. Define Y; as

PrtYir = %{,t + T + (Wi ths + <Pf<\ft)/PkT,t
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Using this definition and the budget constraint (2) then becomes

1 bi 1 7 Vit
. P, = Y B.8
T+, [ Ris + P R: Prt Yt (B.8)

PrsCrr +

Integrating (B.8) forward, using the standard terminal conditions, and plugging the Euler
equation for real bond

* Pk
Ckt = [,BRt (14 1) P, til

—0
] Cht+1 (B.9)

we obtain that, for any arbitrary sequence of the nominal exchange rate, the policy function
for bond holdings is given by

*

—1
—Pko Yio — Zﬁ“’qif‘g Y akoYis ¢ fori € {k,F} (B.10)
I t=0

where gy 40 = Pk LTS (RE(L+ S))fl. Totally differentiating (B.10) yields

dR? deo ©  9b; © b7,

k, E)Yk 8Yk
dbi; = by, R0+bk1 Zaq 1d07kt\o Zath ‘d —d

aek ¢ ayN

Y ] (B.11)

Next, we have

" , S = ddij0
5 “L g0 = —Rj [ (0= 1)(1 = peo)pieo Y, G0 ProYir T 10 Y G hoProYiet | — |
t=0 9Tk.t[0 t=0 t=1 di1jo
be17 49100
=—Rp |0 { (1 = pr0) ProCro — Hko 1;{1} ] (B.12)
qi1/0

where we use g;00 = 1 and g0 = :thi,llo for any t > 1 since the economy is at the
stationary equilibrium, and with

-1
Mo = [Z ﬁ”qit{é] :
t=0

Next, use (B.12) and the change in g,y (evaluated at the initial equilibrium) d log qo)0 = 0,
and for t > 1 we have

t—1

dlogqiso = — ) [dTs + @rdlog Ry + (1 — @ )dlog Ry] ,
s=0
= _di,O - (I)kd log RS - (1 - (I)k)dlog Rk,Ol (Bl3)
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and we arrive to

00 ab;{‘ 1 - dR? de 0

b
A9k 0 = Ro |0 { (1= px,0) Procro — Hio Ig*l] {di,O‘HDk R*O +(1—¢Dk)R—k(') (B.14)
0 0 :

=0 9k.t/0

starting from blﬁ,l = 0. Consider now the third term in (B.11). We have

obty [9Yio ab;(‘ deko
aYko 1+Tk0 Rg ek,O .
Similarly, we have
_ k1 |:¢ ey :| k1 C(Jkl k*l €k 1 (B16)
aYk,l aekll aYk 1 1+ o RO et

Next, combine the Euler equation (B.9), market clearing condition for non-tradables y}ft =

Pkt kit

v
c}(\ft and demand for non-tradables ¢, ; = (1 — w)” [ Py t} ckt to get

N _ T —y
Yer R¥(1 P Pirery  Pry
N = |BR{(1+ Tiy) D pT+ D
Yit+1 kt+1 1€k 1 Pl

This is our small open economy version of the New Keynesian dynamic IS curve. Differen-
tiating this equation yields

dlog(Yer/Yer1) = —0 [dTks + @rd log Ry + (1 — @x)dlog Ry,s] + 7@y (dlog Ry —dlog Ry¢)
since we consider temporary changes, we have from (B.17) that
dlogy(])\ft — dlogy,lc\,’t = —odti o — (0 — 7v)@kdlog Ry — [0(1 — @y) + y@i]dlog Ry (B.17)

for any t > 1. Moreover, we have

© a5 [9Ye: o
A= —d
Z ath aykt ]
Ay dyy,
= Rj(1— pyo) (1 — @x0) Procko—ne — Rtk Z i /0 Pr0Ck,t (1 — @ p) —d
yko t=1 Yir
* dyN o ~ dyt
= Ro(1 — px0) (1 — @r0) Procro—n— N Roxo Z B qkt|0Pk ocko(1 wk,t)y—N
k0 i
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ag

where the second equality uses (B.9). Note that 1 — py o = pro Xioq [Staqi;lo. Thus, starting
from the initial equilibrium and substituting (B.17) into the previous equation yields

*

R _ _ dRy
0 (1—@rp)o+@r0Y) 2| (B.18)

A=—RMl—mﬁn%m%al—wM»Pdmp+wua—v>

Finally, using the fact the economy starts from the initial equilibrium with by ; = 0, and
plugging (B.14), (B.15)-(B.16), (B.18) into (B.11), we arrive at

0 Ryp

* * -~ - dR - d
dbg, = Ro(l—ﬂk,o)czz,o {Udi,oJr(fka,oJr’Y(l—wk,o)) R*O"i_(o'_’Y)(l_wk,O)m] (B.19)
0 :

Because only countries belonging to the subset () engineer a change in policies d7y g # 0
and dRy oy # 0, we get

N _ AR, ,
dbly =R5(1 = pig)ely {(a — ) (1 — @ip) Rﬂ , fori ¢ Oy
l/

* x ~ dR - - dR}
%MZKMfwmk%Pﬁm+w—Wﬂ—wﬁ—@+WM+vﬂ—mD 0

ke
Ry Ré]' &tk

Finally we use market clearing condition for bond, fol dbi*,l =0, to get

dRj _/ (1— pro)cio
Ry o fol(aa?i,() + (1= @i0)) (1 — pio)c]ydi

B.2 Proof of Corollary 1

Proof. The proof of the corollary follows from equation (31). Consider a prudential mon-
etary policy intervention that aims at increasing aggregate savings in order to mitigate
overborrowing. For a given R, we have by (B.19) that

dbgy > 0= (0 —7)dRyo >0

Moreover by (A.32), v o > 0 with strict inequaality if the ZLB binds in some future (that is
3k such that ¢y, > 0) which we plug into (31) to obtain

<0

(1 — d]k,o)(l — }lkIQ)CT g — dR
dVig = — [“T(CiT,o/ C%)Ui,o} / — - k0 ) .( RW) k,0
A% [y (0@io+ (1 —@ip))(1 - Mip)c;odi k0
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B.3 Proof of Corollary 2

Proof. The proof of the corollary follows from Proposition 4. With capital controls, vy g = 0
and we have

0

o(1 — @) (1 = pro)eiy (0 — 7)dRyp
AVip = — [uT(C{o,C%)vk,o} / T, - T R e
% [y (@ + (1 — @) (1 — Vk,O)Ck,odl k0

O]

B.4 Proof of Proposition 5

Consider the welfare of an individual country in a regime where all countries are using
macroprudential policy. Let Vjsp be the welfare and Ry;p the world real interest rate. If
the country is not at the ZLB, it is immediate that welfare cannot be lower, under the
assumption that country is neither a net borrower nor a net saver. Consider then the case at
the ZLB. Let R be the real interest rate in the domestic economy after imposing a quantity
control & on capital inflows. The resulting problem is:

Vips(b) = max u(el,cN) —o (&)%) + BVipssa (67)

€,CN,R*,B*/
subject to
L/
AT T *
& =y +b° -
Rip
_ Tx Y
N = 1mw P_ el
w PN
ur(¢") = pR7ur (C7 (6", y\1))
R pT* e
PT+ g(b*// yg;)
B*/ Z E

Let b*'(b*,y!) be the level of debt from the decentralized equilibrium in the no capital
control regime. Assume that in the current period the government chooses directly this
level of borrowing and blocks all private inflows or outflows. It thus follows that the level
of tradable consumption is given by

b*'(b*,yT)

e, yf) =yl +b* — e
MP

(B.20)
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The resulting equilibrium real interest rate thus satisfies:
ur(¢" (0", y)) = pR7ur (€7 (0 (6", 1), vl ) ) (B.21)

where CT (E*’ (b*, ytT ), yg) is also the equilibrium policies in the laissez-faire equilibrium.
This follows from the observation that for ¢ = < the government also closes the labor
wedge in the laissez-faire equilibrium in the good state. It is then immediate that R* equals
the interest rate in the no capital control regime. Moreover, ¢ and cV satisfy

T/

Dkl (1% A*P
e:(c,'(b /(b /y;)/yg)R PpT*’
N {1—60 pT* erAT

w PN

¢ = ¢,

and thus, allocations are identical to the laissez faire equilibrium. Therefore, in a capital
control regime governments in the bad state can at least the same welfare as in the no
capital control regime.

C Extension with Staggered Pricing

Derivation of the Phillips curve. We describe here the environment with staggered price
setting and derive firms” optimal pricing decisions. There is a continuum of firms, each
using a constant return to scale technology that uses labor as the sole input to produce
a unique variety j, yj]t’; = nj;. Firms are monopolistic competitors and are subject to
Rotemberg (1982) price-adjustment costs measured in terms of the final non-tradable good,

where ¢ is an adjustment cost parameter and the final non-tradable good yY is defined as
a Dixit-Stiglitz aggregator of the continuum of non-tradable varieties indexed by j € [0, 1]

1 el \ &
y%“z(/oy}i dj)

Cost minimization implies that the marginal costs of production are: MC; = (1 — )W,
where 7" = % is labor subsidy. Taking as given the sequence for mc; and ¥, a monopolist
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j chooses P]I\t’ to maximize the stream of its expected discounted profit:

© @ PI\[ —€ 0 Pl\t] 2
Eo Y — | (PN —MC) (L | PNy -2 (- -1] Py, (B22)
Eo@o ( W ) pN 2\ PN,

O /0y is the stochastic discount factor and where P; is the consumer price index. Notice

also by households optimality condition ®;/@ = B (TT;_, 6k) % The first
070 0

order condition of the firm’s problem then yields the following optimal pricing rule or
dynamic Phillips curve:

N N 8—1 8(1_Tn)Wt
(14 m) = N
e—1 PN

O N

Ori1 | Y1 N N
1:| + IEt— y—ﬂt+1(1 + TCtJrl) (BZ?))
¢

where 1 + ng\] = PfN / Ptl\l 1 denote the inflation rate in the non-tradable sector. Notice also

that, given the labor subsidy, 8(18:1{71) =1.
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