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Abstract

In response to an unanticipated monetary policy tightening in the US, the demand/financial
channel of the international transmission of the shock dominates over the expenditure-
switching effect. For a typical small open economy with flexible exchange rates, credit
spreads increase, while real GDP and exports fall despite a depreciation of the local
currency. In an estimated two-country open economy model, financial and pricing fric-
tions that assign a prominent role to the global reserve currency are key to account
for the empirical evidence. Model-based counterfactual policy analysis suggests that,
even in the presence of a global financial cycle, the exchange rate regime matters. The
volatility of output and inflation is an increasing function of the weight associated to
the stabilization of the exchange rate in the monetary policy rule. The introduction
of countercyclical policy instruments that target either domestic credit or capital flows
dampens economic fluctuations. In a fixed exchange rate regime, either instrument
can limit the negative spillovers of foreign monetary policy shocks on real economic
activity, but not on inflation.
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1 Introduction

As central banks around the world managed the inflation surge that followed the Covid pan-

demic, the effects of the interest rate tightening cycle on exchange rate volatility and capital

flows became once again front and center in the debate on the cross-country transmission of

monetary policy.1

The reference framework for this discussion often relies on the notion of a ‘Trilemma.’ The

Trilemma is a cornerstone proposition in international macroeconomics according to which a

country can only attain two of the following three policy objectives: independent monetary

policy, a fixed exchange rate, and free capital mobility. Rey (2013) challenged this traditional

view. Her critique contains two key points. The first is an empirical observation. Following

a monetary policy shock in the US, asset prices and capital flows move together across

countries, giving rise to a ‘Global Financial Cycle’ (GFC). Subsequent work (e.g. Miranda-

Agrippino and Rey, 2020; di Giovanni et al., 2022) has confirmed and extended these findings.

The second point focuses on the policy implications. Since the GFC holds regardless of the

exchange rate regime, the key policy choice is not a Trilemma, but a ‘Dilemma’ between

retaining monetary policy independence and allowing for free international capital mobility.2

A central bank can pursue inflation stability only if additional instruments, such as capital

flows management and/or domestic macroprudential tools, are available.

In this paper, we offer a quantitative evaluation of the Dilemma hypothesis. Our analysis

proceeds in three steps. First, we estimate a panel vector auto-regression (PVAR) and show

empirically that indeed a flexible exchange rate regime is not enough to insulate countries

from the consequences of the GFC. In response to a contractionary monetary policy shock

in the US, the nominal exchange rate of countries with the highest degree of exchange rate

flexibility depreciates. Yet, exports and real GDP fall. The expenditure-switching channel

does not fully offset the negative consequences of tighter financial conditions and lower global

aggregate demand, in line with much of the evidence discussed in Engel (2003).

Second, we develop a two-country open economy model with real, nominal, and financial

frictions that matches our empirical evidence. In the model, the GFC arises because of the

cross-country links in the financial sector and the existence of a global reserve currency in

trade and financial transactions. We estimate the model by matching its impulse responses to

a foreign monetary policy shock to those of the VAR. Three counterfactual experiments high-

1Kalemli-Özcan and Unsal (2023) put the recent tightening cycle in a historical perspective, arguing
that better monetary policy and lower levels of dollar-denominated liabilities are the two key reasons why
emerging markets have avoided adverse consequences this time around.

2In an application to Chile, Gourinchas (2018) discusses the policy tradeoffs associated with foreign
monetary shocks for an intermediate level of financial spillovers.
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light the crucial interplay between financial frictions and trade pricing frictions in accounting

for the results. As in Akinci and Queralto (2024), financial frictions generate amplification

of the shock on economic activity. The presence of imperfections in the banking sector of

both regions explains the co-movement of credit spreads across countries. We complement

this result by showing how trade pricing frictions allow the model to replicate the empir-

ical response of exports and inflation. In order to match the response of exports with a

reasonable degree of stickiness, the model needs a combination of local currency pricing for

exporters in the country that receives the shock (Home) as well as importers that adjust

infrequently their price in the country where the shock originates (Foreign). This finding

is consistent with the result in Bodenstein et al. (2024) and Kekre and Lenel (2024a) that

non-financial factors are important sources of volatility for international macroeconomic and

financial variables. Conversely, price stickiness among Home importers is crucial to account

for the response of inflation and the nominal interest rate. In this respect, our results offer

an alternative explanation for the relative stability of inflation conditional on the GFC com-

pared to Flaccadoro and Nispi Landi (2022), who instead emphasize the role of credibility

in monetary policy.

Third, endowed with the estimated model, we perform a number of policy experiments.

In our setup, as in Akinci and Queralto (2024), a central bank that aggressively targets the

nominal exchange rate increases macroeconomic volatility because of the negative effects of

higher interest rates on domestic demand. Conversely, the introduction of countercyclical

tax instruments that respond to financial markets imperfections, similar in spirit to those

advocated by Rey (2013), reduces macroeconomic volatility. Our experiments show that

a financial stability tool (a tax on domestic credit) or a capital flows management tool (a

tax on borrowing in foreign currency) have similar effects on real GDP and spreads. The

introduction of one of these two instruments in a country that adopts a peg can substantially

reduce the volatility of domestic output in response to a foreign monetary policy contraction

as with more a flexible exchange rate regime. However, inflation volatility remains higher.

Therefore, these instruments are not enough to fully compensate for the lack of exchange

rate flexibility. Our conclusion is that, despite the GFC, the Trilemma is still the appropriate

framework to think about the international transmission of monetary policy.

The seminal GFC literature (see Miranda-Agrippino and Rey, 2022, for a survey) has

largely emphasized the empirical response of financial variables and capital flows to US

monetary policy shocks.3 Building on those contributions, Kalemli-Özcan (2019) highlights

3In turn, the empirical GFC literature is related to an earlier literature on the international transmission
of monetary policy (see, for example, Kim, 2001; Faust and Rogers, 2003; Canova, 2005; and Ilzetzki and
Jin, 2021).
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the key role of changes in global investors’ risk perception when the shock occurs. A number

of recent papers, such as Dedola et al. (2017), Han and Wei (2018), Degasperi et al. (2020),

Flaccadoro and Nispi Landi (2022), De Leo et al. (2023), and Fukui et al. (2025) have

extended the focus on to macroeconomic outcomes, comparing the response of domestic

variables across exchange rate regimes. While we share the interest of these papers in

the joint dynamics of financial and macroeconomic variables, our empirical analysis relies

solely on a sample of countries with a flexible exchange arrangement. Under the Trilemma

paradigm, exchange rate flexibility should insulate countries from external shocks, including

those driving the GFC. The fact that we observe the typical elements of the transmission

of a US monetary policy shock even when we exclusively focus on countries with flexible

exchange rates strikes a key point in favor of the GFC.4

Our model is closely related to Dedola and Lombardo (2012), Aoki et al. (2020), and,

especially, Akinci and Queralto (2024). The common element in those papers, as well as

in ours, is the presence of a moral hazard friction between households and banks, as in

Gertler and Karadi (2011). In open economy, the distinguishing feature is that such a

friction depends on the currency composition of the private sector’s balance sheet, which

gives rise to an endogenous wedge in the uncovered interest rate parity (UIP) condition,

also similar to the one arising in Gabaix and Maggiori (2015), albeit in a different setting.5

An international interbank market links domestic and foreign financial intermediaries, thus

amplifying the transmission of foreign monetary policy shocks. On the trade side, nominal

rigidities among exporters and importers limit the propagation of exchange rate movements

on to exports and inflation. In line with the recent evidence on the ‘Dominant Currency

Paradigm’ (Gopinath et al., 2020), domestic firms price their exports in the reserve currency.6

In addition, importers decouple the price at the dock from the retail price. The combination

of these two forces allow the model to match the decline of exports despite the depreciation

of the domestic currency. Nominal rigidities among importers also mute the effect of the

exchange rate depreciation on domestic inflation, creating a law-of-one price gap (Monacelli,

2005). Overall, our framework thus features a dominant currency both in trade and finance,

as in Gopinath and Stein (2018).7

4Georgiadis et al. (2024) study global risk shocks in a similar empirical setting to ours, while Georgiadis
et al. (2023) distinguish between price of risk (related to risk aversion) and quantity of risk (related to
uncertainty).

5Valchev (2020) and Kalemli-Özcan and Varela (2023) document the evolution of the UIP premium at
different horizons for advanced economies and emerging markets, respectively. Eichenbaum et al. (2021)
and Itskhoki and Mukhin (2021) show that shocks to the UIP condition can rationalize several outstanding
exchange rate puzzles.

6Georgiadis and Schumann (2021) find evidence in favor of the dominant currency pricing in a large
sample of advanced and emerging market economies between 1995 and 2018.

7The dominance of the dollar in international finance markets is also the focus of a recent literature
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In our estimated model, the volatility of output and inflation increases under a peg,

while taxes on either foreign borrowing or domestic credit reduce macroeconomic volatility.8

This result is consistent with the work of Farhi and Werning (2016), who find that this

kind of taxes are generally desirable because of the interaction between nominal rigidities

and imperfections in financial markets. In a small open economy with nominal rigidities

and incomplete international financial markets, Farhi and Werning (2012) show that, under

a peg, capital controls can restore domestic monetary policy independence, especially in

response to risk-premium shocks.9 In our setting, we can design a countercyclical tax, either

on domestic credit or foreign liabilities, that significantly reduces the volatility of output

under a peg. These taxes alleviate the negative consequences of the peg on real activity

by reducing financial frictions. Nonetheless, if the exchange rate cannot freely float, the

domestic economy continues to experience deflationary pressures because the central bank

must increase the nominal interest rate substantially, thus lowering domestic demand.

The recent paper by Camara et al. (2025) shares many similarities with our work and

deserves a separate mention. Both contributions aim to shed light on the international

transmission of US monetary policy shocks through a combination of empirical and theo-

retical work. Empirically, the key difference is that we focus on the response of exports of

the country that receives the shock to highlight the lack of a strong expenditure-switching

effect. On the theoretical front, our model fully endogeneizes the mechanism that explains

the muted effect of a nominal exchange rate depreciation on exports via the joint effect of

nominal rigidities among exporters that price in the currency of the market of destination

and among importers that distribute goods produced abroad at the retail level.

Our paper is also closely related to the IMF Integrated Policy Framework. Basu et al.

(2020) develop a three-period model with trade and financial frictions similar to those present

in our setup. Adrian et al. (2020) add several quantitative features, including extending the

model to an infinite horizon and allowing for behavioral features (a fraction of agents with

adaptive expectations, and discounting in both aggregate demand and supply). The second

iteration of this stream of work focuses on policy options. Chen et al. (2023) incorporate

frictions that create a rationale for foreign exchange rate interventions when currency markets

are not very deep, while Basu et al. (2023) compare the effect of different instruments

(monetary policy, exchange rate interventions, capital controls and domestic macroprudential

that studies its insurance value (Gourinchas et al., 2010), liquidity characteristics (Bianchi et al., 2022),
convenience yield (Kekre and Lenel, 2024b; Jiang et al., 2021), and collateral properties (Devereux et al.,
2023).

8Rebucci and Ma (2020) survey the literature on the use of macroprudential instruments and capital
controls to address the inefficiencies arising from pecuniary externalities, which our model abstracts from.

9Schmitt-Grohé and Uribe (2016) reach a similar result in a model with downward wage rigidities.
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instruments) for a small open economy. Our estimation exercise complements this work and

provides a solid empirical grounding to the literature on the GFC.

The rest of the paper is organized as follows. Section 2 introduces the empirical evi-

dence. Section 3 presents the model. Section 4 reports the estimation results and several

counterfactuals that highlight the role of the key frictions in the model. Section 5 com-

pares the effects of alternative policies. Finally, Section 6 concludes. The Appendix contains

additional empirical results and details of the model.

2 Revisiting the Global Financial Cycle Evidence

In this section, we use a PVARX (a PVAR augmented with exogeous variables, as discussed

in Pesaran, 2015) to estimate the effects of US monetary policy shocks on macroeconomic

and financial variables for a sample of countries with high exchange rate flexibility.10

The data cover 15 countries (Australia, Canada, Chile, Germany, Japan, Korea, Mexico,

New Zealand, Norway, Singapore, South Africa, Sweden, Switzerland, Thailand and the

United Kingdom) at the monthly frequency between 1997 and 2019. The countries in our

sample feature the highest degree of exchange rate flexibility according to the classification

in Ilzetzki et al. (2019).11

The empirical VARX specification for each country i is

xit = ai + bit+
L∑

ℓ=1

Fiℓxit−ℓ + Φiϵ
US
mt + uit, (1)

where xit is the vector of endogenous variables at time t, ai is a vector of constants, each Fiℓ

is a matrix of coefficients, ϵUS
mt is the US monetary policy shock, Φi is a vector of coefficients

capturing the impact effect of the US monetary policy shock on the endogenous variables,

and uit is a vector of reduced form residuals with variance-covariance matrix Σiu.
12 The

vector xit includes three US-specific variables and six country-specific variables. The US-

10Paul (2020) employs a VARX methodology to estimate the response of macroeconomic and financial
variables to a monetary policy shock in the US. Plagborg-Møller and Wolf (2021) demonstrate that, under
fairly general assumptions, a VARX is equivalent to an instrumental-variable structural VAR (SVAR-IV).

11Appendix A assesses the robustness of our results to two modifications of the baseline sample. The first
excludes emerging markets (Chile, Korea, Mexico, Singapore, South Africa, and Thailand) and includes ten
euro area economies (Austria, Belgium, Finland, France, Ireland, Italy, Luxembourg, Netherlands, Portugal,
and Spain). The second expands the baseline set of small open economies by adding nine major emerging
markets (Argentina, Brazil, Colombia, India, Indonesia, Israel, the Philippines, Poland, and Russia), which
also feature a relatively high degree of exchange rate flexibility.

12Appendix A reports a robustness exercise without the time trend, which we include in the baseline
PVARX specification.
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specific variables are credit spreads, real GDP, and, as in Gertler and Karadi (2015), the

yield on the one-year Treasury. The country-specific variables are real GDP, the CPI, exports

in real terms, the policy rate (as suggested by De Leo et al., 2023), the nominal exchange

rate, and credit spreads. GDP, exports, the CPI and the nominal exchange rate (units of

domestic currency per US dollar) enter the VAR in logs while spreads and interest rates

are in levels.13 The US monetary policy shocks ϵUS
mt are the high-frequency monetary policy

surprises constructed by Jarocinski and Karadi (2020).14

For the estimation of the VAR and the construction of confidence intervals, we rely on the

mean group estimator of Pesaran and Smith (1995), as pooled estimators are not consistent

in dynamic panel data with heterogeneous slope coefficients (in our case, different across

countries). The Bayesian Information Criterion suggests 3 lags for all countries. We thus

set L = 3, but Appendix A shows that the results are robust to using a different lag length.

2.1 Baseline Estimation Results

Figure 1 reports the impulse responses of the variables in the panel VAR to an identified

US monetary policy tightening. We pick the size of the shock to generate a 25 basis points

increase in the the US short-term interest rate (top-left panel), which roughly corresponds

to a two-standard-deviation shock in Gertler and Karadi (2015). The solid line is the mean

group estimator. The dark and light shaded areas represent the 68% and 95% confidence

bands, respectively.

The shock leads to an increase of US credit spreads (top-middle panel) and a persistent

and hump-shaped decline of US real GDP (top-right panel), as in the closed economy analysis

of Gertler and Karadi (2015) and Caldara and Herbst (2019).

The remaining impulse responses show the average response of macroeconomic and fi-

nancial variables in our sample of countries with flexible exchange rates. As expected, the

monetary policy tightening in the US causes a depreciation of the local currency (bottom-

center panel). A persistent contraction of credit conditions in the typical small open econ-

omy (bottom-right panel) is consistent with the idea of a global financial cycle, in the

sense that domestic spreads closely co-move with those in the US. The persistent fall of

real GDP (middle-left panel) and exports (middle-center panel) suggest that the global

demand/financial channel of the transmission mechanism dominates over the expenditure-

13Following Miranda-Agrippino and Rey (2020), we interpolate macroeconomic quantities (real GDP and
exports) from quarterly to monthly frequency. Credit spreads are from ICE Bank of America Merrill Lynch.
Appendix A provides additional details on the definition and sources of the data.

14We use the updated series of surprises downloaded from Marek Jarocinski’s website (https://
marekjarocinski.github.io/).

7

https://marekjarocinski.github.io/
https://marekjarocinski.github.io/


Figure 1: Impulse responses to a US monetary policy tightening.

Note: Impulse responses to a contractionary monetary policy shock in the US. The solid line is the mean
group estimate. The dark and light shaded areas are the 68% and 90% confidence intervals, respectively.
The shock is normalized to generate a 25 basis points increase in the US short-term interest rate. Interest
rates and credit spreads are reported in annualized terms.

switching effect. In a traditional Mundellian framework, the depreciation of the nominal

exchange rate should boost exports and insulate, at least in part, the small open economy

from the foreign monetary policy shock. While this mechanism may be at work in partial

equilibrium, the data highlight the strength of the transmission through global demand and

financial variables. In general equilibrium, the negative effect of the monetary policy tight-

ening on foreign demand explains the fall of exports in the small open economy. Finally, also

in line with the GFC evidence in Rey (2013), the nominal interest rate initially increases

(bottom-left panel), although the response is not statistically significant. The response of

the CPI (middle-right) is also not significant and the mean group estimate remains close to
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zero over the entire horizon.15 Appendix A shows that these results are robust to a number

of variations.16

In short, our PVARX evidence is broadly aligned with the GFC hypothesis. In response

to a contractionary monetary policy in the US, the nominal exchange rate of a typical small

open economy that adopts a flexible exchange rate regime depreciates while credit spreads

increase. The tightening of global financial conditions and global demand leads to a fall in

real GDP and exports, in spite of the exchange rate depreciation. The central bank in the

small open economy moderately tightens monetary policy on impact, while inflation remains

stable. Thus, flexible exchange rates do not fully insulate the country from a monetary

policy shock that originates in the US.

While our results for countries with the highest degree of exchange rate flexibility are in

line with (and in fact, in our view, strengthen) the GFC evidence available for a broader

set of countries, the empirical analysis alone cannot disentangle the relative contribution

of financial market imperfections and other frictions in accounting for the international

transmission of monetary policy shocks. In order to make further progress in this direction,

the next section develops and estimates a two-country DSGE model with financial and trade

frictions that allows us to highlight the importance of different channels.

3 A Model of the Global Financial Cycle

The model that we use is closely related to Akinci and Queralto (2024). The world consists

of two countries, Home (of size n) and Foreign (of size 1 − n). Households in each country

consume Home and Foreign goods, supply labor, and can save via deposits in domestic

financial intermediaries (banks). In both countries, banks raise deposits from domestic

households, acquire securities issued by domestic intermediate good producers in exchange

for loans to fund their capital stock, and can borrow and lend in the international interbank

market. On the supply side, intermediate goods firms combine labor, capital, and imported

intermediate goods to produce differentiated varieties. Retailers combine these varieties to

produce a final good, which is partly sold domestically to consumers and firms and partly

shipped to the other country. Importers distribute goods produced abroad to consumers.

15The non-significant response of inflation among countries with flexible exchange rates is in line with the
evidence in Flaccadoro and Nispi Landi (2022).

16In addition to the robustness exercises already mentioned, the alternative specifications that we entertain
include computing the mean group estimator using PPP–GDP weights, considering a longer sample period
starting in 1985 (at the expenses of dropping credit spreads for the small open economies), substituting the
policy rate with a measure of short-term market interest rates for the small open economies, and expanding
the vector of endogenous variables (with either US CPI, the price of oil, or equity prices for the small open
economies).
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Capital producers transform the final consumption good into investment goods. In each

country, a central bank sets monetary policy.

In both countries, prices and wages adjust infrequently. Foreign final goods producers

price their goods in domestic currency independently of the market of destination, whereas

Home final goods producers price their goods in the currency of the destination market.

Banks are subject to an incentive compatibility constraint due a moral hazard friction,

which for Home banks depends on the currency composition of their balance sheet. Finally,

capital producers are subject to investment adjustment costs.

In what follows, we describe the model in detail from the perspective of the Home country.

Where necessary, an asterisk denotes Foreign variables.

3.1 Households

In the Home country, the representative household consists of a continuum of members

i ∈ (0, n] who supply differentiated labor inputs ℓt(i). A representative union combines

labor inputs into a homogeneous aggregate

ℓt ≡

[(
1

n

) 1
ν
∫ n

0

ℓt(i)
ν−1
ν di

] ν
ν−1

, (2)

where ν > 1 is the elasticity of substitution among labor inputs. The demand for the ith

labor variety is

ℓt(i) =
1

n

[
Wt(i)

Wt

]−ν

ℓt, (3)

where Wt(i) is the nominal wage specific to type−i labor input and the aggregate wage index

is

Wt =

[
1

n

∫ n

0

Wt(i)
1−νdi

] 1
1−ν

. (4)

The representative household takes labor demand (3) as given, and sets wages on a staggered

basis, where ξw ∈ (0, 1) is the probability of keeping the wage fixed.

Because of perfect risk sharing among its members, the household chooses consumption

ct and savings in nominal deposits Dt on behalf of all its members to maximize

Et

∞∑
j=0

βj

[
(ct+j − hc̄t+j−1)

1−σ

1− σ
− χ

1 + ζ

∫ n

0

ℓt+j(i)
1+ζdi

]
, (5)

where c̄t−1 is a reference consumption level that the household takes as given, σ > 0 is the
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coefficient of relative risk aversion, h ∈ (0, 1) is the habits parameter, ζ > 0 is the inverse

Frisch elasticity of labor supply, and χ > 0 is a parameter that pins down the steady state

level of hours worked. The budget constraint at time t is

Ptct +Dt =

∫ n

0

Wt(i)ℓt(i)di+Rt−1Dt−1 + Tt, (6)

where Pt is the consumer price index (CPI), Rt is the nominal gross nominal interest rate

on deposits, and Tt are profits from ownership of banks and firms net of lump-sum taxes.

The overall consumption bundle is a CES aggregator defined over goods produced in the

Home and Foreign country

ct ≡
[
a

1
ϵ c

ϵ−1
ϵ

Ht + (1− a)
1
ϵ c

ϵ−1
ϵ

Ft

] ϵ
ϵ−1

, (7)

where ϵ > 0 is the elasticity of substitution between Home and Foreign goods, and a ∈ (n, 1)

is the degree of home bias. Expenditure minimization implies that the consumer price index

is

Pt =
[
aP 1−ϵ

Ht + (1− a)P 1−ϵ
F t

] 1
1−ϵ , (8)

where PHt and PFt are the Home currency prices of goods produced in the Home and Foreign

country, respectively. In turn, the consumption bundle for Home-produced goods consists of

a continuum of varieties whose measure corresponds to the country size

cHt =

[(
1

n

) 1
ϱ
∫ n

0

ct(h)
ϱ−1
ϱ dh

] ϱ
ϱ−1

, (9)

where ϱ > 0 is the elasticity of substitution among varieties. The implied price index for the

Home goods bundle is

PHt =

[
1

n

∫ n

0

Pt(h)
1−ϱdh

] 1
1−ϱ

. (10)

Similarly, the consumption bundle for Foreign-produced goods is

cFt =

[(
1

1− n

) 1
ϱ
∫ 1

n

ct(f)
ϱ−1
ϱ df

] ϱ
ϱ−1

, (11)

and the corresponding price index is

PFt =

[
1

1− n

∫ 1

n

Pt(f)
1−ϱdf

] 1
1−ϱ

. (12)
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The structure for the Foreign country is symmetric (adjusting for country size), except

that the degree of home bias may be different.

3.2 Financial Intermediation

Home banks acquire financial securities zt from domestic intermediate goods producers in

exchange for loans, whose market price in real terms is qt. In the mapping of the model to

the data, we interpret the Home country as the typical small open economy in our sample

and the Foreign country as the US. As a consequence, we follow Akinci and Queralto (2024)

in assuming that Home banks are net borrowers in the international interbank market and

that interbank loans are denominated in Foreign currency (denoted by b∗t in real terms), that

is, in US dollars. Therefore, the balance sheet of Home banks is

qtzt = dt + stb
∗
t + nt, (13)

where st ≡ EtP ∗
t /Pt is the real exchange rate, Et is the Home-country nominal exchange rate

(units of Home currency per unit of Foreign currency), and nt denotes net worth in real

terms. The presence of liabilities denominated in Foreign currency creates a balance sheet

mismatch. For example, a depreciation of the Home currency for a given value of assets and

deposits implies a reduction of the banks’ net worth.17

Net worth is the difference between the realized gross return on assets and liabilities

nt = rktqt−1zt−1 −
Rt−1

Πt

dt−1 −
R∗

bt−1

Π∗
t

stb
∗
t−1, (14)

where rkt is the real return on capital, Πt ≡ Pt/Pt−1 is the gross inflation rate, and R∗
bt is the

gross nominal interest rate on interbank loans. Substituting out deposits from the balance

sheet constraint, we can rewrite the law of motion of net worth as

nt =

(
rkt −

Rt−1

Πt

)
qt−1zt−1 −

(
Rt−1

Πt

−
R∗

bt−1

Π∗
t

st
st−1

)
st−1b

∗
t−1 +

Rt−1

Πt

nt−1. (15)

For given assets and liabilities, changes in returns (on deposits, loans, and interbank bor-

17Large financial intermediaries may hedge some portion of the currency exposure on their balance sheet.
Yet, in practice, currency hedging is far from complete. Agarwal (2021) shows that the appreciation of the
Swiss Franc in 2015 had a significant effect on lending for banks with net foreign currency liability exposure.
Krogstrup and Tille (2018) find that banks’ foreign currency mismatch affects both the sign and the size of
the response of their cross border positions to global risk factors. More broadly, the balance sheet mismatch
in the model can be interpreted to capture the overall exposure of the private sector in the small open
economy.
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rowing) lead to fluctuations in banks’ net worth.

As in Gertler and Karadi (2011), we assume that in each period banks continue their

operations with probability ω. With the complementary probability, banks exit the industry,

turn their net worth to households, and are replaced by an equal mass of new banks that start

operating with a small transfer from households (their initial net worth). Because banks are

owned by households and eventually will exit the industry, their objective function is the

expected value of terminal wealth, which we can write in recursive form as

V (nt) = Et {Mt,t+1[(1− ω)nt+1 + ωV (nt+1)]} , (16)

where Mt,t+1 is the Home-country representative household’s stochastic discount factor for

real payoffs.

If a bank fails, a fraction of its assets gets lost in the bankruptcy process. Without any

constraint, banks would seek to leverage as much as possible to minimize the bankruptcy

costs born by equity. In order to provide the right incentives for banks to accumulate enough

equity, its value must never be less than some fraction of the value of the assets lost in case

of bankruptcy

V (nt) ≥ Θ(xt)qtzt, (17)

where

Θ(xt) ≡ θ
(
1 +

γ

2
x2
t

)
, (18)

and xt ≡ stb
∗
t/(qtzt), with θ and γ > 0. As in Akinci and Queralto (2024), we assume that

the fraction of assets that are lost in the bankruptcy process is an increasing function of the

share of foreign currency liabilities. The parameter θ governs the tightness of the financial

friction, while γ determines the sensitivity of the financial friction to the share of foreign

currency liabilities.

The problem of Home banks consists of maximizing (16) subject to (15) and (17). In an

equilibrium in which the incentive compatibility constraint is always binding, the solution

can be written as

λt =
µdt

Θ(xt)− (µkt + µbtxt)
, (19)

where λt ≡ qtzt/nt is the optimal leverage ratio for Home banks.18 The numerator of (19) is

the expected discounted real return on deposits

µdt = Et

(
Mt,t+1Ωt,t+1

Rt

Πt+1

)
, (20)

18Appendix B reports the details of the derivations.
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where Ωt,t+1 ≡ 1 − ω + ωκt+1 is an additional discount factor that banks apply to future

returns due to the probability of exiting, and κt ≡ V (nt)/nt = Θ(xt)λt is the franchise value

of the bank per unit of net worth.

The denominator of (19) is the difference between Θ(xt) and two expected discounted

excess returns, the second of which is multiplied by the share of foreign currency liabilities.

In order to satisfy the incentive compatibility constraint (25), banks need to earn these

excess returns in expectation. The first excess return concerns the spread that banks earn

by lending to firms over remunerating deposits

µkt = Et

[
Mt,t+1Ωt,t+1

(
rkt+1 −

Rt

Πt+1

)]
. (21)

As Gertler and Karadi (2011) stress, in the absence of financial frictions, µkt would be zero.

Home banks also arbitrage between domestic deposits and funds raised in foreign currency

from the international interbank market. Financial frictions create an endogenous wedge

between the returns on the two sources of funding

µbt = Et

[
Mt,t+1Ωt,t+1

(
Rt

Πt+1

− R∗
bt

Π∗
t+1

st+1

st

)]
. (22)

In equilibrium, such a wedge leads to a premium in the uncovered interest rate parity (UIP)

condition, consistent with a large body of empirical evidence since Fama (1984). As Ak-

inci and Queralto (2024) discuss, without financial frictions µbt would also be zero and the

standard UIP condition would hold.

The optimal leverage ratio is increasing in µdt, µkt and µbt. Ceteris paribus, a higher

deposit rate reduces banks’ net worth, thus increasing the optimal leverage ratio. When the

return on capital increases relative to the return on deposits (or when the cost of borrowing in

foreign currency decreases relative to the cost of deposits) banks optimally increase leverage

because lending to firms (or borrowing from Foreign banks) is particularly attractive.

Finally, given the functional form assumed for Θ(·), we can solve for the optimal share

of foreign currency debt, which can be written as

xt =
1

µt

√1 +
2µ2

t

γ
− 1

 , (23)

where µt ≡ µbt/µkt. Since interbank borrowing corresponds to the net external position of

the Home country, equation (23) in steady state pins down net foreign liabilities.

Foreign banks are similar to Home banks, with two key simplifications. First, interbank

14



loans are an asset for these institutions, so that their balance sheet is

q∗t z
∗
t + b∗t = d∗t + n∗

t . (24)

Second, as equation (24) highlights, assets and liabilities are denominated in the same cur-

rency, thus avoiding any mismatch. As a consequence, the incentive compatibility constraint

for Foreign banks does not depend on the currency composition of the balance sheet

V (n∗
t ) ≥ θ∗ (q∗t z

∗
t + b∗t ) , (25)

where θ∗ > 0.19 The solution of the problem of Foreign banks also pins down the optimal

leverage ratio for these institutions, which only depends on the expected discounted return

on the deposits and the expected discounted excess return on capital

λ∗
t =

µ∗
dt

θ∗ − µ∗
kt

, (26)

where λ∗
t ≡ (q∗t z

∗
t + b∗t )/n

∗
t .

3.3 Firms

Four types of firms operate in the Home country: capital producers, intermediate goods

producers, final goods producers, and importers. This rich production structure allows us to

introduce a number of key pricing frictions and real rigidities in the model that we discuss

below.

The only difference between the structure of production in the Home and Foreign country

is that Home final goods producers price their goods in the currency of the destination market

(‘local currency pricing’ or LCP) while Foreign final goods producers price all their goods in

domestic currency (‘producer currency pricing’ or PCP). In our two-country setting in which

the Foreign country corresponds to the US, this assumption is consistent with the evidence

on the US dollar as the dominant currency in international trade invoicing emphasized by

Gopinath et al. (2020).

19Essentially, Foreign banks are identical to the ones in the closed economy model of Gertler and Karadi
(2011), except for the presence of an additional asset (interbank loans). The resulting international financial
structure in our model is thus is slightly different from Akinci and Queralto (2024), who abstract from
banking frictions in the Foreign country. This different assumption has some consequences on the degree of
amplification of financial frictions, which we discuss below.
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3.3.1 Capital Producers

Capital producers transform final goods into capital to be used as input in the production

of intermediates. Their activity is subject to an adjustment cost, which we assume to be

quadratic in the growth rate of investment. Thus, the problem for capital producers is to

maximize

Et

∞∑
j=0

Mt,t+j

[
qt+j − 1− φi

2

(
it+j

it+j−1

− 1

)2
]
it+j, (27)

where φi > 0 measures the sensitivity of the price of capital to changes in investment.

3.3.2 Intermediate Goods Producers

Competitive intermediate goods producers have access to a CES technology that combines

capital (kt), labor, and imported inputs (xt) according to

yt = At

[
(1−ϖ)

1
ϑ

(
kα
t−1ℓ

1−α
t

)ϑ−1
ϑ +ϖ

1
ϑx

ϑ−1
ϑ

t

] ϑ
ϑ−1

, (28)

where At is a productivity shock, ϖ ∈ (0, 1) is the share of intermediate inputs, ϑ > 0 is

the elasticity of substitution between intermediate inputs and other inputs, and α ∈ (0, 1)

is the capital share. At the end of each period, firms issue securities to acquire capital for

production in the subsequent period. After production takes place in a period, firms sell the

undepreciated capital on the open market. Therefore, their balance sheet at time t is

qtzt = qtkt, (29)

and their profits are

Pt = pmtyt − wtℓt − rktqt−1zt−1 + (1− δ)qtkt−1 − pFtxt, (30)

where pmt is the relative price of intermediate goods, wt ≡ Wt/Pt is the real wage, and

pFt = PFt/Pt is the relative price of imported intermediate inputs.

The first order conditions for the three inputs of production are standard (see Appendix

B for details) and equalize their price to the respective marginal products. Since intermediate

goods producers are perfectly competitive, the zero-profit condition pins down the relative

price of intermediate inputs as a combination of the real wage, the real return on capital, and

the relative price of imported inputs. The problem of Foreign intermediate goods producers

is symmetric.
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3.3.3 Final Goods Producers

Final goods producers operate in monopolistic competition and set prices on a staggered

basis (Calvo, 1983). In each period, the probability that the price remains unchanged is

ξp ∈ (0, 1). With LCP, the profit maximization problem for a firm that can change prices at

time t is

max
P̃t(h),P̃ im∗

t (h)
Et

∞∑
j=0

ξjpMt,t+j

{[
P̃t(h)

Pt+j

− pmt+j

]
yt,t+j(h) +

[
Et+jP̃

im∗
t (h)

Pt+j

− pmt+j

]
y∗t,t+j(h)

}
,

(31)

subject to

yt,t+j(h) =

[
P̃t(h)

PHt+j

]−ϱ

yHt+j and y∗t,t+j(h) =
1− n

n

[
P̃ im∗
t (h)

P im∗
t+j

]−ϱ

y∗Ht+j. (32)

The first equation in (32) corresponds to the demand for Home final goods by Home house-

holds, which is standard. The second equation is the demand for Home final goods by

Foreign importers. Since importers purchase goods produced abroad on behalf of consumers

and firms in their country, their demand takes the same form as final demand. As we further

discuss in the next section, these firms distribute the imported goods to final consumers set-

ting their prices on a staggered basis. We denote with P im∗
t the price index associated with

their demand. Domestically, Home goods are only used for consumption and investment

(including adjustment costs)

yHt = a

(
PHt

Pt

)−ϵ
[
ct + it +

φi

2

(
it
it−1

− 1

)2

it

]
.

Conversely, Foreign demand for Home goods also includes imported inputs

y∗Ht = a∗
(
P ∗
Ht

P ∗
t

)−ϵ
[
c∗t + i∗t +

φi

2

(
i∗t
i∗t−1

− 1

)2

i∗t

]
+ x∗

t .

The first-order conditions for P̃t(h) and P̃ im∗
t (h) are standard and, together with the price

indexes, determine two Phillips curves (see Appendix B for details).

The problem for final goods producers in the Foreign country is similar, except that

those firms operate under PCP and thus only set one price independently of the market of

destination for their product. As a consequence, the solution of the pricing problem with

PCP gives rise to only one Phillips curve.
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3.3.4 Importers

The presence of importers distinguishes the production side of our framework from Akinci

and Queralto (2024). Following Monacelli (2005), we assume that importers adjust their

price in domestic currency infrequently. For the Home country, this friction introduces

imperfect exchange rate pass-through, which turns out to be a key ingredient for matching

the empirical response of inflation to a Foreign monetary policy shocks. Importantly, the

disconnect between prices at the dock and at the consumer level in the Foreign country

also plays a crucial role in accounting for the response exports, above and beyond LCP. We

discuss these two channels extensively in Section 4.

In the Home country, the law of one price for imported goods holds at the dock, that is,

P im
t (f) = EtP ∗

t (f). However, the retailers that distribute imported goods to households and

intermediate goods producers change their prices only with probability ξim ∈ (0, 1) in each

period. Thus, their problem is to choose the price P̃t(f) to maximize

Et

∞∑
j=0

ξjimMt,t+j

[
P̃t(f)

Pt+j

−
P im
t+j(f)

Pt+j

]
yt,t+j(f), (33)

where

yt,t+j(f) =
n

1− n

[
P̃t(f)

PFt+j

]−ϱ

yFt+j,

and

yFt = (1− a)

(
PFt

Pt

)−ϵ
[
ct + it +

φi

2

(
it
it−1

− 1

)2

it

]
+ xt.

The first-order condition for this problem is a Phillips curve that links the inflation rate of

imported goods in domestic currency to the law-of-one-price gap, that is, the ratio between

the price of imports in Foreign currency times the nominal exchange rate and the price of

imports in domestic currency.

Importers in the Foreign country solve a similar problem, with the key difference that for

Home exports the law of one price typically does not hold even at the dock because of LCP.

3.4 Monetary Policy

The baseline monetary policy configuration for the Home country assumes that the central

bank sets the nominal interest rate according to a feedback rule (Taylor, 1993) augmented
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with inertia as in Clarida et al. (2000)

Rt

R
=

(
Rt−1

R

)ρR
[
Πϕπ

t

(
yt
yt−1

)ϕy
(

Et
Et−1

)ϕE
]1−ρR

, (34)

where ρR ∈ (0, 1) is the inertia parameter, ϕπ > 1 and ϕy > 0 are the feedback coefficients on

inflation and output growth, respectively, and R = 1/β is the steady state nominal interest

rate consistent with zero inflation (assumed to be the target for the central bank). We also

allow the nominal interest rate to respond to the depreciation of the nominal exchange rate

with a coefficient ϕE > 0. Although the countries in our sample have the most (de facto)

flexible exchange regime, the classification in Ilzetzki et al. (2019) does not exclude a priori

that monetary policy responds to the exchange rate (Lubik and Schorfheide, 2007).

The monetary policy rule in the Foreign country is similar, except that we assume no

exchange rate response and we include a monetary policy innovation ε∗Rt ∼ N (0, σ2
R∗), which

is the focus of our empirical analysis.

3.5 Equilibrium

Labor and capital markets clear nationally within each country. From the perspective of

the Home country, net foreign liabilities correspond to the amount of interbank borrowing.

Their evolution, in real units of Foreign currency, is

b∗t =
R∗

bt−1b
∗
t−1

Π∗
t

+ p∗FtyFt −
(
1− n

n

)
p∗Hty

∗
Ht

Accordingly, the Home current account balance in real units of domestic currency is

cat ≡ −st(b
∗
t − b∗t−1).

Finally, in equilibrium, the reference level of consumption corresponds to aggregate con-

sumption (c̄t = ct).

4 Estimation and Counterfactuals

Our quantitative assessment of the model relies on a mix of calibrated and estimated pa-

rameters. Table 1 reports the list of calibrated parameters. For the Foreign country, the

parameters unrelated to the financial frictions are consistent with standard values in lit-

erature (see, for example, Smets and Wouters, 2007), and whenever possible we maintain
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Table 1: Calibrated parameters.

Parameter Description Home Foreign

n Relative size of country H 0.1 0.9

β Individual discount factor 0.9926 0.9975

h Habits in consumption – 0.71

σ Relative risk aversion – 1.38

ζ Inverse Frisch elasticity 1 1

ϱ Elasticity of substitution among goods varieties 6 6

a Home bias in consumption 0.66 0.95

ϵ Elasticity of substitution between H and F goods 1.5 1.5

ν Elasticity of substitution among labor varieties 6 6

ξw Wage rigidity 0.66 0.66

ξp Price rigidity – 0.66

α Capital share 0.33 0.33

ϖ Intermediate input share 0.1 0.1

δ Depreciation rate 0.025 0.025

φi Investment adjustment cost – 5.74

ω Bank survival rate 0.97 0.97

θ Proportion of divertible funds – 0.51

ξb Bank transfer rate – 0.002

Note: The table reports the calibrated parameters (first column), their description (second column), and
their values for the Home and Foreign country (third and fourth column, respectively). The missing param-
eters for the Home country are estimated.

symmetry across countries. The relative size of the Home country is equal to 0.1, which

corresponds to the average size of the small open economies in our sample relative to the

US. Given the values of the individual discount factors, the steady state real interest rate in

annualized terms is 3% in the Home country and 1% in the Foreign country. The home bias

parameters imply that the export share of GDP is about 35% for the Home country, in line

with the average in our sample, and 15% for the Foreign country, as in US data. The choice

of parameters for US banks gives a steady state leverage ratio of 5 and a credit spread of

150 basis points annualized, which are standard values in literature (see, e.g., Gertler and

Karadi, 2011).

We estimate the remaining parameters by minimizing the distance between the model-

implied impulse responses to a Foreign monetary policy shock and the impulse responses

of the VAR presented in section 2 for the typical small open economy (the mean group
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Table 2: Estimated parameters.

Parameter Prior Posterior

Distribution Mean SD Mode Median 5% 95%

h Beta 0.650 0.1 0.711 0.705 0.567 0.838

σ Gamma 1 0.375 1.001 1.217 0.757 1.830

λ Gamma 5 1 4.858 5.115 3.710 6.946

x Beta 0.240 0.15 0.020 0.053 0.001 0.134

φi Gamma 2.850 2 0.680 0.784 0.179 1.625

ξp Beta 0.660 0.1 0.689 0.702 0.536 0.869

ξim Beta 0.660 0.1 0.718 0.676 0.533 0.814

ξ∗im Beta 0.660 0.1 0.731 0.715 0.551 0.877

ϑ Gamma 1.5 1 0.920 1.382 0.142 2.992

ϑ∗ Gamma 1.5 1 0.618 1.068 0.089 2.342

ρR Beta 0.750 0.1 0.802 0.787 0.621 0.936

ϕπ Gamma 1.500 0.25 1.569 1.592 1.243 1.944

ϕy Gamma 0.125 0.05 0.116 0.130 0.054 0.220

ϕE Gamma 0.100 0.05 0.062 0.083 0.024 0.158

ρ∗R Beta 0.750 0.1 0.821 0.782 0.689 0.867

ϕ∗
π Gamma 1.500 0.25 1.437 1.481 1.140 1.868

ϕ∗
y Gamma 0.125 0.05 0.105 0.116 0.046 0.196

Note: The table reports the estimated parameters (first column), the distribution, mean and standard
deviation of the priors (second to fourth columns), and the mode, median, 5th and 95th percentile of the
posteriors (fifth to eighth column).

estimates).20 Formally, the estimator η̂ solves

min
η

{[
Ψ̂−Ψ(η)

]′
Ŵ−1

[
Ψ̂−Ψ(η)

]}
,

where η is the vector of parameters to be estimated, Ψ̂ is the vector of impulse responses

from the VAR, Ψ(η) is the vector containing of impulse responses from the DSGE model

and Ŵ is a diagonal matrix collecting the estimated variances of each impulse response from

the VAR (i.e., the width of the error bands).

As in Christiano et al. (2011), we follow a Bayesian approach to estimate the parameters of

the model with impulse response matching. Table 2 reports the list of estimated parameters

20To better align the model with the data, we convert the VAR impulse responses to quarterly frequency
by taking quarterly averages of the monthly responses. In addition, we compute the response of CPI inflation
and the nominal exchange rate depreciation by taking first differences of the log-level responses.
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(first column), the shape, mean and standard deviation of their prior distributions (second

to fourth columns), and the mode, median, 5th and 95th percentile of their posteriors (fifth

to eighth column). We specify a prior directly on the steady state value of the leverage ratio

of Home banks (λ) and on the steady state share of foreign currency debt (x). The data are

particularly informative for the latter. At the posterior mode, the estimated values for these

two variables imply a fraction of divertible funds θ equal to 0.49 (very close to the assumed

value for θ∗), a degree of Home bias for bank funding γ equal to 16.90, and a bank transfer

rate ξb equal to 0.001, which is about half of the assumed value for Foreign banks.

The estimates of the other parameters are reasonably standard and the data are gen-

erally informative about their values.21 The average frequency of price changes for final

goods producers and importers implied by the estimated degree of price stickiness at the

posterior mode is between three and four quarters. The degree of interest rate inertia and

the coefficients on inflation and output growth in the interest rate rule are very close across

countries. Most importantly, in line with the notion that the countries in our sample adopt

a flexible exchange rate regime, the coefficient on the depreciation of the nominal exchange

rate is very small.

Figure 2 presents the mean group estimate of the impulse responses for the typical small

open economy to a contractionary 25 basis points US monetary policy shock aggregated at

quarterly frequency (solid green line), as well as the 68% (dark shaded areas) and the 90%

(lighter shaded areas) confidence bands. The solid black lines with markers in the same

figure correspond to the impulse responses to a Foreign monetary policy shock of the same

magnitude for the same variables in the model at the posterior mode. Overall, the model

fits the response of macro and financial variables very well. For all the variables that we

target, the quantitative differences between empirical and theoretical impulese responses are

minimal and well within the confidence bands.

Figure 3 compares the response of the UIP wedge in the data and the model. In the

data, we construct the UIP wedge as the difference between the response of the policy rate

differential across countries and the expected depreciation of the nominal exchange rate. The

corresponding concept in the model is

µUIP
t = R̂t − R̂∗

t − Et∆Êt+1, (35)

where a hat denotes the log-deviations from steady state.22 Importantly, we do not target

21Appendix A reports a systematic comparison of prior and posterior distributions.
22While related, µUIP

t is not a first-order approximation of µbt, as the latter is expressed in real terms and
involves the cost of borrowing in Foreign currency for Home banks R∗

bt rather than the Foreign policy rate
R∗

t .
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Figure 2: Impulse response matching.
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Note: The figure displays the impulse responses of real GDP, exports, CPI inflation, nominal interest rate,
nominal exchange rate depreciation and credit spreads in a typical small open economy to a US contractionary
monetary policy shock, in the VAR (solid green lines) and in the estimated DSGE model (solid black lines
with markers). The light and dark grey shaded areas are the VAR 68% and 90% confidence intervals,
respectively. Inflation, the nominal interest rate and spreads are reported in annualized terms.

explicitly the UIP wedge in the estimation exercise. Yet, the model can explain about two-

third of the impact effect of this variable and fits well its dynamics over the entire simulation

horizon. This result provides further validation for the empirical performance of the model,

with particular reference to the recent debate on the ‘exchange rate disconnect’ (Itskhoki

and Mukhin, 2021).

The model, therefore, is able to replicate the dominant role of the global demand/financial

channel in propagating Foreign monetary policy shocks to the domestic economy that we

have highlighted in section 2.23 In the next sections, we investigate the key ingredients of

the transmission mechanism by way of three counterfactual exercises.

4.1 Financial Frictions and Amplification

In the first counterfactual exercise, we shut down financial frictions, either in both coun-

tries or in the Foreign country. With no financial frictions in both countries, the difference

with the baseline model is that households invest directly in physical capital and in nominal

23As Appendix B.12 shows, the model is also consistent with the GFC evidence conditional on Foreign
credit supply shocks.
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Figure 3: The UIP wedge.
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Note: The figure displays the impulse responses of the UIP wedge in a typical small open economy to a
US contractionary monetary policy shock, in the VAR (solid green line) and in the estimated DSGE model
(solid black line with markers). The light and dark grey shaded areas are the VAR 68% and 90% confidence
intervals from the VAR, respectively.

bonds. Bonds denominated in Foreign currency are internationally traded, whereas bonds

denominated in Home currency only circulate domestically and are in zero net supply. These

assumptions preserve the dominance of the Foreign currency (in practice the US dollar) in

international financial markets even in the absence of global banks.24 In order to ensure

stationarity of the net foreign asset position, we introduce a small portfolio-adjustment cost

for trading bonds (Schmitt-Grohé and Uribe, 2003). The resulting model is thus a standard

two-country open economy framework with incomplete international financial markets, as

pioneered by Baxter and Crucini (1995) and Kollmann (1996), with the addition of nominal

rigidities. Without financial frictions only in the Foreign country, the structure of interna-

tional financial markets replicates Akinci and Queralto (2024). We perform this experiment

to isolate the quantitative contribution of introducing financial frictions in both economies.

Figure 4 highlights the amplification effect of financial frictions on macroeconomic and

financial outcomes. The dashed red line in the figure reports the response to a foreign

monetary policy shock with no financial frictions in both countries, while the dotted blue

line corresponds to the case of no financial frictions in the Foreign economy. The solid

black line is the estimated response from the baseline model at the posterior mode of the

parameters.

With no financial frictions in both countries, output drops by slightly less than 0.2% at

the trough, compared to more than 0.3% in the baseline. The absence of an endogenous UIP

24Without financial frictions the composition of the private sector balance sheet does not affect investment
above and beyond the direct valuation effect associated with borrowing in foreign currency.
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Figure 4: The role of financial frictions.
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Note: The figure displays the impulse responses of real GDP, exports, CPI inflation, nominal interest rate,
nominal exchange rate depreciation and credit spreads in the Home country to a contractionary monetary
policy shock in the Foreign country without financial frictions in both countries (dashed red line) and in the
Foreign country only (dotted blue line) against the baseline (solid black line). Inflation, the nominal interest
rate and spreads are reported in annualized terms.

wedge almost halves the depreciation of the Home currency on impact. This second effect

(smaller depreciation) quantitatively dominates over the first (smaller recession), implying

less inflation than in the baseline. As a consequence, the central bank increases the nominal

interest rate less. Financial frictions also significantly amplify the response of exports. In the

frictionless model, the negative response is somewhat smaller on impact and less persistent

than in the baseline case, turning positive after two and a half years.

With no financial frictions in the Foreign country only, domestic spreads increase on

impact by 10 basis points compared to about 30 in the baseline. Thus, the combination of

Home and Foreign financial frictions is important to fully account for the cross-country co-

movement of credit spreads. The financial channel partly offsets the relatively higher Foreign

demand. Quantitatively, however, the effect on macroeconomic activity is very small. This

result suggests that domestic financial frictions drive the amplification effects of Foreign

monetary policy shocks on Home GDP. The key reason is that the estimated fraction of

liabilities denominated in Foreign currency is extremely small (the posterior mean of x is 2%

and the posterior median is 6%). Another quantitative difference with the case of no financial

frictions in both countries concerns the persistence of the response of exports, which falls in

between the baseline and the case of no financial frictions in both countries. The key reason
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Figure 5: The role of LCP and Foreign importers for Home exports.
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Note: The figure displays the impulse responses of real GDP, exports, CPI inflation, nominal interest rate,
nominal exchange rate depreciation and credit spreads in the Home country to a contractionary monetary
policy shock in the Foreign country with no LCP in the Home country (dashed red line), no importers in the
Foreign country (dotted blue line) and neither of those two frictions (dashed-dotted green line) against the
baseline (solid black line). Inflation, the nominal interest rate and spreads are reported in annualized terms.

is that financial frictions in the Home country reduce the amount of capital intermediate

goods producing firms can acquire compared to the frictionless case. Thus, the relative price

of intermediate goods rises, and exporting firms that can adjust increase the relative price

of their products in response to higher marginal costs.

4.2 Pricing Frictions in Trade and the Response of Exports

The key elements of the model that explain the sign of the impact response of exports and,

consequently, of GDP are the pricing frictions in international trade. Under our baseline

assumptions, Home country firms price their exports in the currency of the destination

market (LCP), which mimicks the dominance of the US dollar in goods price invoicing

around the world. In addition, the firms that deliver imported Home goods to Foreign

consumers and firms (i.e., the importers) adjust their price infrequently, thus introducing

a wedge between the price at the dock and at the retail level. The combination of these

two pricing frictions mutes the expenditure-switching effect. Following a monetary policy

contraction in the Foreign country, Home exports fall because Foreign demand is lower

and the exchange rate depreciation that the Home country experiences does not boost the
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international competitiveness of its goods.

Figure 5 illustrates the quantitative importance of these two pricing frictions in interna-

tional trade. The figure compares the baseline impulse response functions (solid black line)

with three counterfactual cases: (i) when Home final goods producers do not price to market

(dashed red line), (ii) when the price at the dock of Home exports is the same to the price

faced by Foreign consumers and firms (dotted blue line), and (iii) when both frictions are

absent (dashed-dotted green line).

With neither LCP in the Home country nor importers setting prices on a staggered basis

in the Foreign country, the law of one price for Home exports holds, both at the dock and

at the retail level. In this case, the nominal exchange rate depreciation that the Home

country experiences significantly reduces the Foreign price of its exports, which become

more competitive. The expenditure-switching effect boosts exports by about 1%, pushing

real GDP in positive territory, at least temporarily. Exports remain above steady state

for about one year, while the positive response of overall activity lasts for two quarters.

Furthermore, in this counterfactual, the response of inflation is also somewhat larger, and

remains positive almost throughout the simulation horizon despite tighter domestic monetary

policy. Differently from the baseline, the Home central bank does not face a short-run tradeoff

between stabilizing inflation and output in response to the foreign monetary policy shock.

Without importers, LCP introduces a wedge between the real marginal cost that Home

final goods producers face and the Foreign retail price. Up to a first-order approximation,

the Phillips curve for Home exports is

π∗
Ht = ιp(p̂mt − ŝt − p̂∗Ht) + βEtπ

∗
Ht+1, (36)

where ιp ≡ (1− ξp)(1− βξp)/ξp and π∗
Ht is the inflation rate of Home exports.25 Conversely,

without LCP, the presence of importers introduces a wedge between the price of Home

exports at the dock and at the retail level

π∗
Ht = ι∗im(p̂Ht − ŝt − p̂∗Ht) + β∗Etπ

∗
Ht+1, (37)

where ι∗im ≡ (1 − ξ∗im)(1 − β∗ξ∗im)/ξ
∗
im. If Home final goods producers set domestic prices

flexibly (p̂mt = p̂Ht), the differences between the two frictions would boil down to values

25Similarly, the Phillips curve for Home goods sold domestically introduces a wedge between the real
marginal cost and the Home retail price

πHt = ιp(p̂mt − p̂Ht) + βEtπHt+1.
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of the parameters (ξp versus ξ∗im and β versus β∗), which we estimate to be very small.

With sticky prices, the differences are slightly more pronounced. Nevertheless, the two trade

pricing frictions play a similar qualitative and quantitative role. Both limit the pass-through

of the nominal exchange rate depreciation on Home exports, thus affecting the strength of

the expenditure-switching effect. However, quantitatively, neither is per sé sufficient to fully

account for the negative response of exports in the baseline. When we estimate the model

with only one of the two frictions, we obtain an implausibly high degree of stickiness (a

probability of not being able to reset prices well above 0.9) and a worse fit of the data.

Figure 5 also highlights that the effects of the two frictions are not simply additive. Either

friction dampens the expenditure-switching effect more by itself than in combination with

the other. Without Foreign importers, LCP has a strong effect because Home producers

know that their pricing decisions directly affect the final demand for their products. Thus,

compared to the case of PCP, Home producers reduce their price by much less, which in

turn mutes the positive impact of the exchange rate depreciation on the demand for Home

exports. When we add Foreign importers, the effect of LCP is smaller because the demand

for Home goods is not very elastic to their own pricing decisions (and instead responds to

Foreign importers’ pricing decisions). In this case, LCP simply affects the price at the dock,

which is only partially reflected in the retail price. Hence, the pure effect of LCP conditional

on Foreign importers being present is relatively small.

Conversely, without LCP at Home, a moderate degree of price stickiness among Foreign

importers can significantly reduce the degree of pass-through (a point that we further stress

in the next section with reference to Home inflation). Even though the exchange rate de-

preciation significantly reduces the Foreign price of Home goods at the dock, the price of

imports faced by Foreign consumers and firms only reflects a small fraction of such a lower

price. Adding LCP mutes the pass-through of the exchange rate depreciation onto the dock

price. In this case, the additional effect of Foreign importers is that the (the minority of)

firms that update their price do not cut their prices much. Thus, the pure effect of US

importers conditional on LCP being present is also relatively small.

Overall, these first two counterfactual exercises clarify that the combination of financial

and trade frictions is indeed crucial in accounting for the key empirical features of the GFC.

4.3 Imperfect Pass-Through and the Response of Inflation

From the perspective of monetary policy stabilization, the response of inflation in a small

open economy following a foreign monetary policy shock is an important dimension of the

GFC evidence and the related Trilemma versus Dilemma debate. As Rey (2013) emphasizes,
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Figure 6: The role of imperfect pass-through in the Home country.
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Note: The figure displays the impulse responses of real GDP, exports, CPI inflation, nominal interest rate,
nominal exchange rate depreciation and credit spreads in the Home country to a contractionary monetary
policy shock in the Foreign without price rigidities for importers (dashed red line) against the baseline (solid
black line). Inflation, the nominal interest rate and spreads are reported in annualized terms.

if a country with a flexible exchange rate regime does not manage to stabilize domestic in-

flation in the face of foreign shocks, the benefits of floating its currency may indeed prove

elusive. Yet, the dynamics of inflation have received relatively little attention in the litera-

ture.

Our evidence suggests that the response of inflation to a contractionary foreign monetary

policy shock is very muted and not statistically significant in small open economies with the

highest degree of exchange rate flexibility. This result is consistent with the findings in

Passari and Rey (2016) for the UK, in Rey (2016) for Sweden, and in Flaccadoro and Nispi

Landi (2022) for their overall sample.26

Figure 6 shows that imperfect pass-through in the Home country, due to the presence of

infrequent price adjustment among Home importers, plays a key role in aligning the model

with the evidence for the response of inflation, above and beyond the contribution of the

financial and trade frictions discussed in the previous two counterfactual exercises. The

dashed red line in the figure reports the response to a foreign monetary policy shocks when

26In Rey (2016), the median response of inflation for Canada, the UK and New Zealand is positive
but generally not significant. The response of inflation for floaters is negative and significant in Miranda-
Agrippino and Rey (2020) and Degasperi et al. (2020), reinforcing the narrative that a flexible exchange rate
regime provides little insulation against foreign monetary policy shocks.
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the law of one price holds at the retail level in the Home country. In this variant of the

model, Home importers are perfectly competitive firms that deliver foreign goods to final

consumers and firms without pricing frictions (ξim = 0). The solid black line is the estimated

response from the baseline model.

The figure shows that the same depreciation of the nominal exchange rate makes inflation

jump in positive territory by more than 200 basis points in annualized terms, compared to

10 in the baseline. Without pricing frictions on importers, the exchange rate pass-through

on impact is full, compared to less than 5% in the baseline.27 In the counterfactual, the

inflation increase forces the central bank to raise the nominal interest rate by a factor of five

compared to the baseline formulation of the model.

Without imperfect pass-through, the Foreign monetary policy contraction has no impact

effect on GDP, a more negative effect on exports, and causes a larger increase in spreads.

Because of the domestic currency depreciation, Foreign goods become significantly more

expensive. Therefore, Home consumers and producers cut their demand for imports, which

leads to a temporary improvement in GDP relative to the baseline. At the same time, the

spike of Home prices depreciates the real exchange rate less than in the baseline case, thus

worsening the response of exports. Over time, the tighter monetary policy stance, which

is necessary to stabilize inflation, eventually creates an even worse recession than in the

baseline, and also explains the additional spreads increase. Therefore, if the law of one price

holds, the foreign monetary policy shock creates a substantial tradeoff between inflation and

output stabilization, quantitatively much more severe than in the baseline.

5 Policy Analysis

In this section, we study two questions. First, we revisit the benefits of flexible exchange

rates using our estimated model. Second, we analyze the extent to which the introduction

of two additional policy instruments (a tax on either domestic credit or foreign borrowing)

affects the volatility of macroeconomic and financial variables induced by foreign monetary

policy shocks.28

27Focusing on the beer market, Goldberg and Hellerstein (2013) find a low degree of exchange rate pass-
through, between 5 and 10%, even in the long run.

28Fanelli and Straub (2021) study the optimal design of another instrument—foreign exchange
interventions—in a model with financial frictions similar to Gabaix and Maggiori (2015) and a pecuniary
externality with domestic distributional effects.
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Figure 7: Comparing different degrees of exchange rate flexibility.
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Note: The figure compares the impulse responses of real GDP, exports, CPI inflation, nominal interest rate,
nominal exchange rate depreciation and credit spreads in the Home country to a contractionary monetary
policy shock in the Foreign country under a progressively more aggressive managed float, in which the central
bank of the Home country responds to the depreciation of the nominal exchange rate with increasingly higher
coefficients (dashed-dotted green line with ϕE = 0.8, dashed-dotted yellow line with ϕE = 3, dashed-dotted
magenta line with ϕE = 8, respectively) and under a peg (dashed red line) against the baseline (solid black
line). Inflation, the nominal interest rate and spreads are reported in annualized terms.

5.1 The Benefits of a Flexible Exchange Rate

The model developed in section 3 can match the empirical evidence on the GFC presented

in section 2, according to which the financial channel dominates over the trade channel

in the international transmission of monetary policy shocks. An interest rate increase in

the Foreign country determines a tightening of domestic financial conditions. In spite of the

depreciation of the domestic currency, exports decline and so does real GDP. Thus, exchange

rate flexibility is not enough to provide full insulation for the domestic economy. In fact, the

depreciation of the exchange rate increases the cost of foreign funds for domestic financial

intermediaries and thus contributes to exacerbating the negative impact of the shock.

Even without full insulation, Figure 7 shows that a flexible exchange rate nevertheless

limits macroeconomic volatility compared to a managed float or a peg.29 In the extreme case

when the nominal exchange rate is fixed (the limit for ϕE → ∞, represented by the dashed

red line in Figure 7), the central bank of the Home country must increase the nominal interest

29The baseline is very close to an effective flexible exchange rate regime given the small estimated coefficient
on the depreciation of the nominal exchange rate at the posterior mode (ϕE = 0.062).
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Figure 8: Exchange rate flexibility and the UIP wedge.
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Note: The figure plots the impact response of the UIP wedge in the model as a function of the degree of
exchange rate flexibility in the Home country, measured by the size of the coefficient ϕE in the monetary
policy rule (34).

rate to track the monetary policy tightening abroad.

Interestingly, in the model, the Home nominal interest rate increases is much larger than

the one in the Foreign country because the response of the UIP wedge is decreasing in the

degree of exchange rate flexibility (Figure 8). When the exchange rate does not depreciate,

the Home interest rate must increase substantially to make banks indifferent between rais-

ing funds via domestic deposits or international interbank markets without violating their

incentive compatibility constraint. As a result, domestic financial conditions significantly

worsen, with spreads increasing more than tenfold compared to the baseline. Real GDP falls

by about 3 percentage points at the trough, compared to about 0.3 percentage points under

the baseline regime, in which the exchange rate is nearly fully flexible. The Home country

also experiences a decline of inflation (by more than one percentage point), and a larger and

more persistent fall in exports compared with the baseline.

Table 3 reports the volatility of real GDP and inflation (in percent) across different

exchange regimes and with additional policy instruments (discussed in the next section).

The volatility of real GDP and inflation under a peg is much higher than in the baseline.30

The impact response of real GDP, the nominal interest rate and credit spreads increases

monotonically (in absolute value) with the coefficient on exchange rate depreciation in the

monetary policy rule (dashed-dotted magenta, yellow and green lines). If the central bank

30Interestingly, the volatility of real GDP and inflation is slightly higher under a fully flexible exchange
rate than in the baseline regime. While our analysis has a positive flavor, this result hints at the fact that the
optimal non-cooperative monetary policy arrangement may involve some degree of exchange rate targeting.
We leave a full exploration of the welfare properties of the model for future research.
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Table 3: Exchange rate regimes, policy rules and macroeconomic volatility.

Policy rules coefficients Standard deviations

Regime (additional instrument) ϕE ϕk or ϕb Real GDP Inflation

Fully flexible exchange rate 0 0 1.22 0.07

Baseline 0.062 0 1.58 0.05

Baseline + tax on domestic credit (τflexk ) 0.062 -0.05 0.95 0.07

Baseline + tax on foreign borrowing (τflexb ) 0.062 -0.15 0.60 0.32

Peg ∞ 0 109.66 8.79

Peg + tax on domestic credit (τpegk ) ∞ -0.05 21.88 5.66

Peg + tax on foreign borrowing (τpegb ) ∞ -0.35 22.46 4.77

Note: The table reports the coefficient on the exchange rate depreciation in the Home monetary policy
rule (34) (second column), the coefficient in the tax rules (39) or (40) (third column), and the standard
deviations of real GDP (fourth column) and inflation (fifth column) expressed in percent, across different
exchange rate regimes (first column).

targets the nominal exchange rate aggressively enough, inflation falls on impact but then

overshoots its long-run value after four quarters before reverting back to target by the end of

the simulation horizon. Conversely, the nominal exchange rate displays a smaller response

on impact when monetary policy tries to actively stabilize the nominal exchange rate. In

the short run, the nominal exchange rate effect dominates over the fall in the Home CPI so

that the real exchange rate depreciates less, which explains the further decline in exports

relative to the baseline.

Overall, the results in our model are consistent with those in Akinci and Queralto (2024)

and the empirical evidence in Obstfeld et al. (2019). While a more flexible exchange rate

regime does not fully insulate a country from foreign monetary policy shocks, the transmis-

sion is not independent of the exchange rate regime, and a peg substantially increases the

volatility of both macroeconomic and financial variables.31

5.2 Countercyclical Taxes

In addition to questioning the consensus on the advantages of flexible exchange rates, the

recent literature on the GFC has also brought to the fore a discussion on the merits of a

number of other policy instruments. In particular, Rey (2013) explicitly mentions the idea

of either directly curbing domestic credit or actively managing the capital account as a way

31Appendix B.11 studies the sensitivity of the results in this section to the share of foreign currency
liabilities. With such a high share, macroeconomic volatility increases under the baseline exchange rate
regime. Aggressive exchange rate targeting still increases volatility, but the gap between flexible and fixed
exchange rates is smaller.
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to dampen excessive macroeconomic volatility due to global financial shocks.

As in Levine and Lima (2015) and Adrian et al. (2020), we model these instruments as

taxes. A tax on domestic credit, which we denote with τ kt , reduces the effective return on

loans that accrues to Home banks. A tax on borrowing in foreign currency, which we denote

with τ bt , increases the cost that banks pay on foreign loans. We focus on the consequences

of the introduction of these taxes on Home banks. As a result, their net worth becomes

nt = (1− τ kt−1)rktqt−1zt−1 −
Rt−1dt−1

Πt

− (1 + τ bt−1)
R∗

bt−1

Π∗
t

stb
∗
t−1, (38)

while their balance sheet remains unchanged.

We assume that the government in country H sets the tax on domestic credit in response

to deviations of the credit spread from its steady state value

τ kt =

[
Et (rkt+1 −Rt/Πt+1)

rk −R

]ϕk

− 1, (39)

and the tax on borrowing in foreign currency in response to deviations of the UIP wedge

from its steady state value

τ bt =

[
Et(Rt −R∗

btEt+1/Et)
R−R∗

b

]ϕb

− 1, (40)

where ϕj < 0 for j = {k, b}. With this formulation, the additional policy instrument directly

targets the potential inefficiencies associated with fluctuations in the value of credit, in the

spirit of Borio and Lowe (2002).32 In the exercises of the next two sections, we assume

that the government rebates the tax proceedings lump-sum to households and we choose the

coefficient ϕj to maximize utility of the Home representative household.33

5.2.1 The Effects of a Tax on Domestic Credit

Figure 9 compares the effects of a tax on domestic credit (dashed red line) against the baseline

(solid black line). The impulse responses show that the policy is effective in reducing the

impact of the Foreign monetary tightening on real GDP. As we can see in Table 3 (row

‘Baseline + tax on domestic credit’), the presence of the tax reduces the volatility of real

32Appendix C.1 shows that the results in this section are robust to specifying the tax rule in response to
deviations of credit from steady state.

33For this purpose, we solve the model and evaluate welfare to the second order conditional on the economy
initially being in steady state. In each case, we verify that the impulse responses do not significantly differ
with the first-order solution used in the estimation and the counterfactual exercises of section 4. The third
column of Table 3 reports the value of the coefficients ϕj in each case.
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Figure 9: The effects of a tax on domestic credit.
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Note: The figure displays the impulse responses of real GDP and credit spreads in the Home country to
a contractionary monetary policy shock in the Foreign country with a tax on domestic credit (dashed red
line) against the baseline (solid black line). Spreads are reported in annualized terms.

GDP by more than 0.6 percentage points, at the expense of a tiny increase in inflation

volatility.34

The tax on domestic credit directly affects credit spreads

µkt = Et

{
Mt,t+1Ωt,t+1

[
(1− τ kt )rkt+1 −

Rt

Πt+1

]}
. (41)

Through this channel, the introduction of this additional instrument mitigates the adverse

consequences of financial frictions on economic activity. Since the Foreign monetary pol-

icy shock has the effect of contracting domestic credit, the government actually subsidizes

domestic banks, compressing spreads by two-third compared to the baseline. As a conse-

quence, real GDP declines less. The presence of this additional policy instrument tilts the

monetary policy tradeoff against inflation. Consequently, the policy rate needs to be slightly

higher than in the baseline to contain the inflationary consequences of the shock and the tax

response.

5.2.2 The Effects of a Tax on Foreign Borrowing

Figure 10 compares the effects of a tax on foreign borrowing (dashed red line) against the

baseline (solid black line).35 This instrument is more effective than the tax on domestic

34As for inflation, the difference in the impulse responses of exports, interest rates, and the nominal
exchange rate across the two policy regimes is negligible. Figure C.1 in Appendix C reports the full set of
results.

35In this case, we report the response of the UIP wedge (bottom-middle panel), which is central to the
transmission mechanism of the policy, instead of exports, which are not significantly different from the
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Figure 10: The effects of a tax on foreign borrowing.
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Note: The figure displays the impulse responses of real GDP, CPI inflation, nominal interest rate, nominal
exchange rate depreciation, UIP wedge and credit spreads in the Home country to a contractionary monetary
policy shock in the Foreign country with a tax on foreign borrowing (dashed red line) against the baseline
(solid black line). Inflation, the nominal interest rate and spreads are reported in annualized terms.

credit in reducing the impact of the Foreign monetary policy shock on Home real GDP.

Row ‘Baseline + tax on foreign borrowing’ in Table 3 shows that the volatility of real GDP

declines by more than a half compared to the baseline. However, as in the previous case, the

volatility of inflation increases, in fact even more substantially.

The tax on foreign borrowing also reduces domestic spreads, albeit indirectly, since this

instrument operates by reducing the UIP wedge, which becomes

µbt = Et

{
Mt,t+1Ωt,t+1

[
Rt+1

Πt+1

− (1 + τ bt )
R∗

bt

Π∗
t+1

st+1

st

]}
. (42)

Given the contractionary monetary policy shock in country F , the active management of

the capital account actually requires the government to subsidize borrowing from abroad by

reducing its cost. In our quantitative experiment, the subsidy fully closes the UIP wedge,

which in turn limits the impact of the shock on the leverage ratio of financial intermediaries

(see equation 19) and reduces the cost of funding in foreign currency.

A side-effect of the smaller UIP wedge is that the nominal exchange rate depreciates less

than in the baseline case (by about 50%). As a consequence, inflation falls, instead of rising

baseline.
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Figure 11: The effects of a tax on domestic credit/foreign borrowing with a peg.
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Note: The figure displays the impulse responses of real GDP, exports, CPI inflation, nominal interest rate,
the UIP wedge and credit spreads in the Home country to a contractionary monetary policy shock in the
Foreign country under a peg with a tax on domestic credit (dotted blue line) or with a tax on foreign
borrowing (dashed-dotted green line), against a peg with no taxes (dashed red line) and the baseline (solid
black line). Inflation, the nominal interest rate and spreads are reported in annualized terms.

as in the baseline, and remains persistently below target. Therefore, the introduction of a

tax on foreign borrowing eliminates the tradeoff between inflation and GDP. As inflation

declines, the central bank cuts the policy rate, which remains below its steady state value

throughout the simulation horizon.

5.2.3 Countercyclical Taxes with a Peg

The last policy experiment that we consider asks if the introduction of countercyclical taxes

under a peg can approximate the macroeconomic outcomes under flexible exchange rates.

Figure 11 shows the results. The introduction of a tax on domestic credit (dotted blue line)

reduces the volatility of real GDP relative to a peg without the additional instrument by

a factor of five (line ‘Peg + tax on domestic credit’). The government subsidizes credit so

that, on impact, domestic spreads increase by much less and not as persistently.

Despite the gains on the real side, the Home nominal interest rate remains elevated

in order to track its Foreign counterpart and a sizable UIP wedge, while inflation is well

below target throughout the simulation horizon. As a result, inflation volatility is still high,

although less so than under a peg without the additional policy instrument.
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Like for the case of the tax on domestic credit, the introduction of a tax on foreign bor-

rowing (dashed-dotted green line in Figure 11) significantly reduces macroeconomic volatility

relative to the pure peg. The effects on real GDP, exports and inflation are very similar to

the case of a tax on domestic credit, suggesting that the two instruments are close substi-

tutes in this respect. The mechanism of transmission, however, operates through a different

channel. By subsidizing foreign borrowing, the government induces financial intermediaries

to take advantage of cheaper funding from abroad. As with flexible exchange rates, the tax

on foreign borrowing closes the UIP wedge. Domestic spreads increase much less than under

a peg alone, although more than with a tax on domestic credit that directly impacts that

variable. While the tax effectively restores the UIP condition, the peg implies that the Home

interest rate must nonetheless increase together with the Foreign rate. As a result, inflation

remains persistently below target and its volatility is only slightly smaller than under a peg

with a tax on domestic credit.

6 Conclusions

Monetary policy shocks originating in large financial centers like the US give rise to a Global

Financial Cycle worldwide. Even in the countries with the most flexible exchange rate regime,

the expenditure-switching channel is not strong enough to fully offset the headwinds implied

by higher credit spreads. Key to this transmission is the role of global banks in propagating

the initial shock, and pricing frictions in international trade. Imperfect pass-through is

crucial in accounting for the muted response of domestic inflation to the depreciation of the

exchange rate.

While a flexible exchange rate regime does not insulate countries from foreign finan-

cial shocks, a fixed exchange rate substantially increases domestic macroeconomic volatility.

Countercyclical taxes, either on domestic credit or on foreign borrowing, are two policy in-

struments that can mitigate the transmission of foreign monetary policy shocks. With fixed

exchange rates, both instruments can bring the response of economic activity close to the

case of flexible exchange rates. However, even in the presence of these additional instru-

ments, a country adopting a peg continues to experience disinflationary pressures that are

absent under a flexible exchange rate regime.

As long as the world remains as financially interconnected as today, the results in this

paper should be informative for the design of appropriate policy frameworks that address

the international transmission of monetary shocks.
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Appendix

A Data and Empirics

A.1 Sample and Data Sources

We consider two alternative country samples to assess robustness.

First, we construct a version of the baseline sample that excludes emerging markets (Chile, Ko-

rea, Mexico, Singapore, South Africa, and Thailand) and instead includes ten euro area economies

(Austria, Belgium, Finland, France, Ireland, Italy, Luxembourg, Netherlands, Portugal, and Spain).

Second, we expand the baseline set of small open economies by adding nine major emerging

markets (Argentina, Brazil, Colombia, India, Indonesia, Israel, the Philippines, Poland, and Rus-

sia), which also feature a high degree of exchange rate flexibility. The inclusion of these countries

is based on the following criteria:

1. Exchange rate regime: Countries must have relatively flexible exchange rates (classified as

floats’ or managed floats’ in Ilzetzki et al. (2019)). We exclude countries classified as Freely

falling ’ or Dual market in which parallel market data is missing ’.

2. Sample period: Countries must have a sufficiently long sample period during which the

exchange rate regime is classified as flexible (i.e., the average value in the fine classification

of Ilzetzki et al. (2019) over 1997–2019 must exceed 8).

3. Size: We exclude very small countries (e.g., Vanuatu has an average value of 10 in the Ilzetzki

et al. (2019) classification but is not included in our sample).

Data sources:

• GDP (real index): OECD, IMF IFS, Bloomberg. The quarterly level data are inter-

polated using a shape-preserving piecewise cubic interpolation (MatLab command: y1 =

interp1(t0,y0,t1,‘pchip’), following Miranda-Agrippino and Rey (2020).

• Consumer prices (CPI): OECD, IMF IFS, Bloomberg.

• Nominal interest rates (policy rates): OECD, National Central Banks.

• Nominal exchange rate (units of local currency per US dollar, so that an increase corre-

sponds to a depreciation of the local currency): Datastream.

• Exports (exports of goods and services, by expenditure in constant prices): OECD. The

quarterly level data are interpolated using a shape-preserving piecewise cubic interpolation

(MatLab command: y1 = interp1(t0,y0,t1,‘pchip’), following Miranda-Agrippino and

Rey (2020).
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• Credit spreads (average of the option-adjusted spreads across non-financial firms in a coun-

try): ICE Bank of America Merrill Lynch Global Index.

A.2 Panel VARX

Figures A.1 and A.2 show the impulse responses obtained from estimating our VAR on two alter-

native samples. The first expands the baseline group of 15 small open economies by adding nine

major emerging markets (Argentina, Brazil, Colombia, India, Indonesia, Israel, the Philippines,

Poland, and Russia), yielding a total of 24 countries. The second modifies the baseline sample by

excluding emerging markets (Chile, Korea, Mexico, Singapore, South Africa, and Thailand) and

adding ten Euro Area economies (Austria, Belgium, Finland, France, Ireland, Italy, Luxembourg,

Netherlands, Portugal, and Spain). In both cases, the results are very similar to our baseline.

Figure A.3 reports the impulse responses obtained when we compute the mean group estimator

using weighted averages (based on PPP–GDP weights) instead of simple averages. The results are

almost identical to our baseline.

Figure A.4 reports the impulse responses obtained when we estimate the VAR with no trend.

The results are somewhat more persistent, but remain similar to our baseline.

Figure A.5 reports the impulse responses obtained when we estimate our VAR using a measure

of short-term market interest rates instead of the policy rate. The results are very similar to our

baseline.

Figure A.6 reports the impulse responses obtained when we estimate our VAR on an extended

vector of endogenous variables that includes US CPI. In line with the evidence in Jarocinski and

Karadi (2020), we find that a contractionary US monetary policy shock reduces US consumer prices.

The responses of the small open economy are essentially unchanged.

Figure A.7 reports the impulse responses obtained when we estimate our VAR on an extended

vector of endogenous variables that includes an equity price index for the small open economy.

We find that a contractionary US monetary policy shock reduces equity prices in the small open

economy. US interest rates remain above their long-run value and US GDP falls by less. The

responses of the other variables are not affected.

Figure A.8 reports the impulse responses obtained when we estimate our VAR on an extended

vector of endogenous variables that includes oil prices. We find that a contractionary US monetary

policy shock reduces oil prices after the first period, and that the responses of other variables are

not affected.

Figure A.9 reports impulse responses from estimating our VAR on a longer sample starting in

1985 (instead of 1997). Since credit spreads outside the US are only available from 1997 onward,

we exclude that variable from the vector of endogenous variables. The results remain very similar

to our baseline. In this longer sample, we can also assess the robustness of our findings to a richer

lag structure. Figure A.10 shows impulse responses from a specification with six lags. The US
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experiences a slightly larger fall in real GDP, while small open economies see a somewhat milder

contraction and smaller depreciation. The responses of the other variables remain very similar to

the baseline.

Figure A.1: Robustness with a larger sample of EMs.

Note: The figure displays the impulse responses of the interest rate, credit spreads, and real GDP in the
US; and of real GDP, CPI, exports, interest rate, nominal exchange rate, and credit spreads in a typical
small open economy with a flexible exchange rate regime to a contractionary monetary policy shock in the
US. The shock is normalized to generate a 25 basis points increase in the US interest rate. The solid green
line and shaded areas report the mean group estimate in our baseline. The solid purple line and shaded
areas report the mean group estimate in the robustness exercise. The nominal interest rate and spreads are
reported in annualized terms.
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Figure A.2: Robustness excluding EMs and adding Euro Area countries.

Note: The figure displays the impulse responses of the interest rate, credit spreads, and real GDP in the
US; and of real GDP, CPI, exports, interest rate, nominal exchange rate, and credit spreads in a typical
small open economy with a flexible exchange rate regime to a contractionary monetary policy shock in the
US. The shock is normalized to generate a 25 basis points increase in the US interest rate. The solid green
line and shaded areas report the mean group estimate in our baseline. The solid purple line and shaded
areas report the mean group estimate in the robustness exercise. The nominal interest rate and spreads are
reported in annualized terms.
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Figure A.3: Robustness with weighted mean group estimator.

Note: The figure displays the impulse responses of the interest rate, credit spreads, and real GDP in the
US; and of real GDP, CPI, exports, interest rate, nominal exchange rate, and credit spreads in a typical
small open economy with a flexible exchange rate regime to a contractionary monetary policy shock in the
US. The shock is normalized to generate a 25 basis points increase in the US interest rate. The solid green
line and shaded areas report the mean group estimate in our baseline. The solid purple line and shaded
areas report the mean group estimate in the robustness exercise. The nominal interest rate and spreads are
reported in annualized terms.
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Figure A.4: Robustness with no time trend.

Note: The figure displays the impulse responses of the interest rate, credit spreads, and real GDP in the
US; and of real GDP, CPI, exports, interest rate, nominal exchange rate, and credit spreads in a typical
small open economy with a flexible exchange rate regime to a contractionary monetary policy shock in the
US. The shock is normalized to generate a 25 basis points increase in the US interest rate. The solid green
line and shaded areas report the mean group estimate in our baseline. The solid purple line and shaded
areas report the mean group estimate in the robustness exercise. The nominal interest rate and spreads are
reported in annualized terms.
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Figure A.5: Robustness using short-term rates for the small open economies.

Note: The figure displays the impulse responses of the interest rate, credit spreads, and real GDP in the
US; and of real GDP, CPI, exports, interest rate, nominal exchange rate, and credit spreads in a typical
small open economy with a flexible exchange rate regime to a contractionary monetary policy shock in the
US. The shock is normalized to generate a 25 basis points increase in the US interest rate. The solid green
line and shaded areas report the mean group estimate in our baseline. The solid purple line and shaded
areas report the mean group estimate in the robustness exercise. The nominal interest rate and spreads are
reported in annualized terms.
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Figure A.6: Robustness adding US CPI.

Note: The figure displays the impulse responses of the interest rate, credit spreads, real GDP, and CPI in
the US; and of real GDP, CPI, exports, interest rate, nominal exchange rate, and credit spreads in a typical
small open economy with a flexible exchange rate regime to a contractionary monetary policy shock in the
US. The shock is normalized to generate a 25 basis points increase in the US interest rate. The solid green
line and shaded areas report the mean group estimate in our baseline. The solid purple line and shaded
areas report the mean group estimate in the robustness exercise. The nominal interest rate and spreads are
reported in annualized terms.
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Figure A.7: Robustness controlling for equity prices in the small open economies.

Note: The figure displays the impulse responses of the interest rate, credit spreads, and real GDP in the
US; and of real GDP, CPI, exports, interest rate, nominal exchange rate, credit spreads, and equity prices
in a typical small open economy with a flexible exchange rate regime to a contractionary monetary policy
shock in the US. The shock is normalized to generate a 25 basis points increase in the US interest rate.
The solid green line and shaded areas report the mean group estimate in our baseline. The solid purple line
and shaded areas report the mean group estimate in the robustness exercise. The nominal interest rate and
spreads are reported in annualized terms.
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Figure A.8: Robustness controlling for oil prices.

Note: The figure displays the impulse responses of the interest rate, credit spreads, and real GDP in the
US; of real GDP, CPI, exports, interest rate, nominal exchange rate, and credit spreads in a typical small
open economy with a flexible exchange rate regime; and oil prices to a contractionary monetary policy shock
in the US. The shock is normalized to generate a 25 basis points increase in the US interest rate. The solid
green line and shaded areas report the mean group estimate in our baseline. The solid purple line and shaded
areas report the mean group estimate in the robustness exercise. The nominal interest rate and spreads are
reported in annualized terms.

54



Figure A.9: Robustness with longer sample (1985 to 2019) and no credit spreads outside
the US.

Note: The figure displays the impulse responses of the interest rate, credit spreads, and real GDP in the
US; and of real GDP, CPI, exports, interest rate, nominal exchange rate, and credit spreads in a typical
small open economy with a flexible exchange rate regime to a contractionary monetary policy shock in the
US. The shock is normalized to generate a 25 basis points increase in the US interest rate. The solid green
line and shaded areas report the mean group estimate in our baseline. The solid purple line and shaded
areas report the mean group estimate in the robustness exercise. The nominal interest rate and spreads are
reported in annualized terms.
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Figure A.10: Robustness with longer sample (1985 to 2019), 6 lags in the VAR, and no
credit spreads outside the US.

Note: The figure displays the impulse responses of the interest rate, credit spreads, and real GDP in the
US; and of real GDP, CPI, exports, interest rate, nominal exchange rate, and credit spreads in a typical
small open economy with a flexible exchange rate regime to a contractionary monetary policy shock in the
US. The shock is normalized to generate a 25 basis points increase in the US interest rate. The solid green
line and shaded areas report the mean group estimate in our baseline. The solid purple line and shaded
areas report the mean group estimate in the robustness exercise. The nominal interest rate and spreads are
reported in annualized terms.
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B Model Derivations

In this section, we report the first-order conditions for households, financial intermediaries, and

firms, characterize the steady state of the model, display the prior and posterior densities for the

parameter estimation exercise, and show a number of additional quantitative exercises.

B.1 Households

The Euler equation for the Home household is

1 = Et

(
Mt,t+1

Rt

Πt+1

)
, (A1)

where the stochastic discount factor between period t and t+ j is

Mt,t+j = βj
ct+j − hc̄t+j−1

ct − hc̄t−1
.

The optimal wage-setting condition is

w̃1+νζ
t =

χν
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FW
1t

FW
2t

, (A2)

where w̃t is the optimal real wage, which depends on

FW
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and

FW
2t = ℓt + βξwEt

[
Mt,t+1

(
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)ν
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t+1 F

W
2t+1

]
. (A4)

The aggregate nominal wage level evolves according to

Wt = [(1− ξw)W̃
1−ν
t + ξwW

1−ν
t−1 ]

1
1−ν , (A5)

which we can rewrite in real terms as

wt =

[
(1− ξw)w̃

1−ν
t + ξw

(
wt−1

Πt

)1−ν
] 1

1−ν

. (A6)

Alternatively, we can write the wage index to link the optimal reset wage to wage inflation as

(1− ξw)

(
W̃t

Wt

)1−ν

+ ξw
(
ΠW

t

)ν−1
= 1. (A7)
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The first-order conditions for the Foreign representative household are symmetric.

B.2 Financial Intermediation

We define the leverage ratio of a typical bank in the Home country as λt = qtzt/nt. The bank

chooses an optimal leverage ratio to maximize the expected value of terminal wealth V (nt), subject

to the balance sheet constraint and the incentive compatibility constraint.

In an equilibrium in which the incentive compatibility constraint always binds we have

V (nt)

nt
≡ κt = θ

(
1 +

γ

2
x2t

)
︸ ︷︷ ︸

≡Θ(xt)

λt, (A8)

where xt = stb
∗
t /(qtzt). The optimal leverage rate is

λt =
µdt

Θ(xt)− (µkt + µbtxt)
(A9)

where

µdt = Et

(
Mt,t+1Ωt,t+1

Rt

Πt+1

)
(A10)

µkt = Et

[
Mt,t+1Ωt,t+1

(
rkt+1 −

Rt

Πt+1

)]
(A11)

µbt = Et

[
Mt,t+1Ωt,t+1

(
Rt

Πt+1
−

R∗
bt

Π∗
t+1

st+1

st

)]
, (A12)

and Ωt,t+1 = Et(1− ω + ωκt+1).

The optimal proportion of foreign currency debt is given by

xt =
1

µt

√1 +
2µ2t
γ

− 1

 , (A13)

where µt = µbt/µkt.

The aggregate balance sheet is

qtzt = dt + stb
∗
t + nt, (A14)

while aggregate net worth evolves according to

nt = (ω + ξb)rktqt−1zt−1 − ω

(
Rt−1dt−1

Πt
+
stR

∗
bt−1b

∗
t−1

Π∗
t

)
, (A15)

where ξb is the proportion of total assets that the household transfers to new bankers.
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The solution for Foreign banks is similar. In this case, the leverage ratio of a typical Foreign

bank is λ∗t = (q∗t z
∗
t + b∗t )/n

∗
t , where b

∗
t = B∗

t /P
∗
t is the amount of lending to Home banks in real

terms. The bank chooses an optimal leverage ratio to maximize the expected value of terminal

wealth V (n∗t ), subject to the balance sheet constraint and the incentive compatibility constraint.

The fact that the bank can arbitrage between lending to firms and lending to Foreign banks implies

the first order condition

Et(M∗
t,t+1Ω

∗
t,t+1r

∗
kt+1) = Et

(
M∗

t,t+1Ω
∗
t,t+1

R∗
bt

Π∗
t+1

)
, (A16)

where

Ω∗
t,t+1 = Et(1− ω + ωκ∗t+1) (A17)

and

κ∗t =
V (n∗t )

n∗t
. (A18)

In an equilibrium in which the incentive compatibility constraint binds, we have

κ∗t = θ∗λ∗t , (A19)

which implies

λ∗t =
µ∗dt

θ∗ − µ∗kt
(A20)

where

µ∗dt = Et

(
M∗

t,t+1Ω
∗
t,t+1

R∗
t

Π∗
t+1

)
. (A21)

and

µ∗kt = Et

[
M∗

t,t+1Ω
∗
t,t+1

(
r∗kt+1 −

R∗
t

Π∗
t+1

)]
(A22)

The aggregate balance sheet of the Foreign banking sector is

q∗t z
∗
t + b∗t = d∗t + n∗t , (A23)

while aggregate net worth evolves such that

n∗t = (ω + ξ∗b )

(
r∗ktq

∗
t−1z

∗
t−1 +

R∗
bt−1b

∗
t−1

Π∗
t

)
− ω

R∗
t−1d

∗
t−1

Π∗
t

. (A24)

B.3 Intermediate Goods Producers

The balance sheet of intermediate goods producer in the Home country is

qtzt = qtkt. (A25)
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Profit maximization yields the first-order conditions with respect to ℓt, kt−1, and xt, which are

wt = (1− α)(1−ϖ)1/ϑ
Atpmt

ℓt

(
yt
At

)1/ϑ

(kαt−1ℓ
1−α
t )

ϑ−1
ϑ , (A26)

rkt =
α(1−ϖ)1/ϑ Atpmt

kt−1
( yt
At
)1/ϑ(kαt−1ℓ

1−α
t )

ϑ−1
ϑ + (1− δ)qt

qt−1
, (A27)

and

pFt = ϖ1/ϑAtpmt

(
yt
At

)1/ϑ

x
− 1

ϑ
t . (A28)

The zero-profit condition implies that the price for intermediate goods is

pmt =

{
(1−ϖ)

[
[qt−1rkt − (1− δ)qt]

αw1−α
t

Atαα(1− α)1−α

]1−ϑ

+ϖ

(
pFt

At

)1−ϑ
} 1

1−ϑ

. (A29)

The problem for Foreign intermediate goods producers and the resulting first-order conditions

are symmetric.

B.4 Capital Producers

The first-order condition for capital producers in the Home country is

qt = 1 +
φi

2

(
it
it−1

− 1

)2

+ φi

(
it
it−1

− 1

)
it
it−1

− φiEt

[
Mt,t+1

(
it+1

it
− 1

)
i2t+1

i2t

]
, (A30)

and the capital accumulatation equation is

kt = it + (1− δ)kt−1. (A31)

The problem for capital producers in the Foreign country yields a similar first-order condition

for the price of capital.

B.5 Final Goods Producers

Home final goods producers that serve the domestic market and can reset their price at time t

choose
P̃t(h)

PHt
=

H1t

H2t
(A32)

60



where

H1t =

(
ϱ

ϱ− 1

)
pmtyHt + βξpEt(Mt,t+1Π

ϱ
Ht+1H1t+1) (A33)

H2t = pHtyHt + βξpEt(Mt,t+1Π
ϱ
Ht+1H2t+1), (A34)

with pHt ≡ PHt/Pt and

yHt = ap−ϵ
Ht

[
ct + it +

φi

2

(
it
it−1

− 1

)2

it

]
.

The link between the optimal reset price and domestic inflation is

ξpΠ
ϱ−1
Ht + (1− ξp)

[
P̃t(h)

PHt

]1−ϱ

= 1. (A35)

A similar set of conditions applies to all Foreign final goods producers.

Home final goods producers that serve the Foreign market and can reset their price at time t

choose
P̃ im∗
t (h)

P im∗
t

=
F1t

F2t
, (A36)

where

F1t =

(
1− n

n

)(
ϱ

ϱ− 1

)
pmty

∗
Ht + βξpEt[Mt,t+1(Π

im∗
t+1)

ϱF1t+1] (A37)

F2t =

(
1− n

n

)
stp

im∗
t y∗Ht + βξpEt

[
Mt,t+1(Π

im∗
t+1)

ϱ−1F2t+1

]
, (A38)

with

y∗Ht = a∗(p∗Ht)
−ϵ

[
c∗t + i∗t +

φi

2

(
i∗t
i∗t−1

− 1

)2

i∗t

]
+ x∗t .

In this case, the link between the optimal reset price and the inflation rate that Foreign importers

face is

ξp
(
Πim∗

t

)ϱ−1
+ (1− ξp)

[
P̃ im∗
t (h)

P im∗
t

]1−ϱ

= 1. (A39)

The last equation implies that the relative price of imports for Foreign importers obeys

(pim∗
t )1−ϱ = ξp

[
pim∗
t−1

Π∗
t

]1−ϱ

+ (1− ξp)

[
P̃ im∗
t (h)

P ∗
t

]1−ϱ

. (A40)

Foreign final goods producers do not discriminate depending on the market of destination.

Thus, the firms that reset their price at time t only choose P̃ ∗
t (f).
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B.5.1 Importers

Importers who adjust their price at time t set

P̃t(f)

PFt
=

I1t
I2t

, (A41)

where

I1t =
(
1− n

n

)(
ϱ

ϱ− 1

)
pimt yFt + βξimEt(Mt,t+1Π

ϱ
Ft+1I1t+1) (A42)

I2Ft =

(
1− n

n

)
pFtyFt + βξimEt(Mt,t+1Π

ϱ
Ft+1I2t+1), (A43)

with

yFt = (1− a)p−ϵ
F t

[
ct + it +

φi

2

(
it
it−1

− 1

)2

it

]
+ xt.

The link between the optimal reset price of Foreign goods and the inflation rate that Home con-

sumers and firms face is

ξimΠϱ−1
Ft + (1− ξim)

[
P̃t(f)

PFt

]1−ϱ

= 1. (A44)

A similar set of conditions apply to Foreign importers.

B.6 Relative Prices and Inflation

From the definition of the CPI index (8), we can link the relative price of Home goods pHt to the

terms of trade according to

pϵ−1
Ht = a+ (1− a)T 1−ϵ

t , (A45)

where Tt = PFt/PHt.

Similarly, for the relative price of Foreign goods, we have

(p∗Ft)
ϵ−1 = a∗

(
ψt

ψ∗
t Tt

)1−ϵ

+ (1− a∗), (A46)

where ψt = EtP ∗
Ht/PHt and ψ∗

t = EtP ∗
Ft/PFt are the law-of-one-price gaps for Home and Foreign

goods, respectively.

The link between the relative prices of the two goods in the Home country is

ap1−ϵ
Ht + (1− a)p1−ϵ

F t = 1, (A47)
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while the link between CPI inflation and domestic inflation is

ΠHt

Πt
=

pHt

pHt−1
. (A48)

The last two equations have identical counterparts for the Foreign country.

Finally, the link between the terms of trade Tt and the real exchange rate is

s1−ϵ
t =

a∗ψ1−ϵ
t + (1− a∗)(ψ∗

t Tt)1−ϵ

a+ (1− a)T 1−ϵ
t

. (A49)

B.7 Monetary Policy

The central bank in the Home country follows the interest rate rule

Rt

R
=

(
Rt−1

R

)ρR
[
Πϕπ

t

(
yt
yt−1

)ϕy
(

Et
Et−1

)ϕE
]1−ρR

. (A50)

In the baseline analysis, we estimate ϕE . We change the value of ϕE in some of the counterfactual

experiments.

The interest rate rule in the Foreign country is

R∗
t

R∗ =

(
R∗

t−1

R∗

)ρR
[
(Π∗

t )
ϕπ

(
y∗t
y∗t−1

)ϕy
]1−ρR

eϵ
∗
Rt , (A51)

where ϵ∗Rt ∼ N (0, σ2R∗) is a monetary policy shock.

B.8 Market Clearing

In the Home country, the market clearing condition for intermediate goods requires

yt = ∆HtyHt +

(
1− n

n

)
∆∗

Hty
∗
Ht, (A52)

where ∆Ht and ∆∗
Ht are indexes of price dispersion defined as

∆Ht ≡
∫ n

0

[
P̃t(h)

PHt

]−ϱ

dh ∆∗
Ht ≡

∫ 1

n

[
P̃ ∗
t (h)

P ∗
Ht

]−ϱ

dh.

From the expression of the domestic price index, we can derive the law of motion of the two price

dispersion variables as

∆Ht = ξHΠϱ
Ht∆Ht−1 + (1− ξH)

[
P̃t(h)

PHt

]−ϱ
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and

∆∗
Ht = ξ∗im(Π∗

Ht)
ϱ∆∗

Ht−1 + (1− ξ∗im)

[
P̃ ∗
t (h)

P ∗
Ht

]−ϱ

.

The market clearing condition for the Foreign country is

y∗t = ∆∗
Fty

∗
Ft +∆Ft

n

1− n
yFt

where

∆∗
Ft =

∫ 1

n

[
P̃ ∗
t (f)

P ∗
Ft

]−ϱ

df,

and the indices of price dispersion evolve according to

∆∗
Ft = ξ∗F (Π

∗
Ft)

ϱ∆∗
Ft−1 + (1− ξ∗F )

[
P̃ ∗
t (f)

P ∗
Ft

]−ϱ

and

∆Ft = ξim(ΠFt)
ϱ∆Ft−1 + (1− ξim)

[
P̃t(f)

PFt

]−ϱ

.

Lastly, the law of motion of net foreign debt for the Home country is

b∗t =
R∗

bt−1b
∗
t−1

Π∗
t

+ p∗FtyFt −
(
1− n

n

)
p∗Hty

∗
Ht. (A53)

B.9 Steady State

We approximate the model around a non-stochastic steady state with zero inflation in both countries

and relative prices normalized to one. As a consequence, also steady state price dispersion is equal

to one.

In each country, the steady state real interest rate is equal to the inverse of the individual

discount factor. We choose χ so that steady state hours ℓ are equal to one-third. Zero steady state

investment adjustment costs imply that the relative price of capital q is equal to one. Moreover,

since in steady state all firms can adjust their price, the relative price of intermediate goods is

equal to the inverse of the steady state markup (pm = (ϱ− 1)/ϱ). Given this value, the first order

conditions for intermediate goods producers pin down w, rk and k. In turn, from the production

function, we obtain y, and from the law of motion of capital we can derive i.

In equilibrium, the quantity of securities that banks hold z corresponds to the capital stock k.

Given the leverage ratio λ and the ratio of foreign currency liabilities x, banks’ net worth of banks

is n = k/λ and the stock of foreign liabilities is b∗ = xk.36 The aggregate balance sheet of banks

36Our choice to directly estimating λ and x corresponds to choosing values for the parameters γ and θ
consistent with the moral hazard constraint at equality and the first order condition for the optimal portfolio
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Figure B.1: Prior and posterior densities for impulse response matching exercise.
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Note: The figure displays the prior (light grey) and posterior (black) densities for the impulse response
matching exercise for the habit parameter (h), the coefficient of relative risk aversion (σ), the leverage ratio
(λ), the ratio of foreign-currency liabilities (x), the investment adjustment cost parameter (φi), the domestic
price stickiness parameter (ξp), the import price stickiness parameters in both countries (ξim and ξ∗im), the
parameters in the monetary policy rules of both countries (ρR, ϕπ, ϕy, ϕE , and their Foreign counterparts
except for ϕ∗E which we assume to be equal to zero), and the elasticities of substitution between intermediate
inputs and other inputs (ϑ and ϑ∗).

residually determines deposits (d = (1 − 1/λ − x)k). With these expressions, we can derive V (n)

and κ, which, together with the returns on deposits and capital, pin down µd, µk, and µb.

Finally, the demand equations and the market clearing conditions determine the quantities ch,

c∗h, cf , c
∗
f , yh, y

∗
h, yf , y

∗
f , c and c

∗.

B.10 Prior and Posterior Densities

We estimate some of the model’s parameters by minimizing the distance between the model-implied

impulse responses to a Foreign monetary policy shock and the impulse responses of the VAR

presented in section 2 for the typical small open economy (the mean group estimates). Figure B.1

reports the prior and posterior densities of the estimation exercise.

choice.
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Figure B.2: Managed nominal exchange rate with high share of FX liabilities.
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Note: The figure compares the impulse responses of real GDP, exports, CPI inflation, nominal interest rate,
nominal exchange rate depreciation and credit spreads in the Home country with a high share of foreign
currency liabilities to a contractionary monetary policy shock in the Foreign country under a progressively
more aggressive managed float, in which the central bank of the Home country responds to the depreciation
of the nominal exchange rate with increasingly higher coefficients (dashed-dotted green line with ϕE = 0.8,
dashed-dotted yellow line with ϕE = 3, dashed-dotted magenta line with ϕE = 8, respectively) and under a
peg (dashed red line) against the baseline (solid black line). Inflation, the nominal interest rate and spreads
are reported in annualized terms.

B.11 High Share of FX Liabilities

In this section, we study the sensitivity of our results regarding the transmission of Foreign monetary

policy shocks under different exchange rate regimes to the share of foreign currency liabilities in

the Home country.

The small estimated share of foreign currency liability (2% at the posterior mode and just

above 5% at the posterior median) implies that the benefits of a stable exchange rate in terms of

balance sheet mismatch are negligible relative to the costs of losing monetary policy independence

for domestic stabilization.

Figure B.2 repeats the comparison across different degrees of exchange rate targeting in section

5.1 with a higher share of foreign currency liabilities (x = 0.5). With a more significant currency

mismatch, the exchange rate depreciation associated with the Foreign monetary policy contraction

leads to a larger response of Home spreads and a deeper recession. The policy implication is that

exchange rate stability is relatively more desirable. While a more aggressive exchange rate targeting

still increases macroeconomic volatility, the gap with the baseline regime of quasi-flexibility is

notably smaller (about 150 basis points in real GDP space at the trough, compared to almost 300

66



Figure B.3: The response to a Foreign credit supply shock.
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Note: The figure compares the impulse responses of real GDP, exports, CPI inflation, nominal interest rate,
nominal exchange rate depreciation and credit spreads in the Home country to a contractionary monetary
policy shock in the Foreign country (solid black line) and to a contractionary credit supply shock (dashed
red line). Inflation, the nominal interest rate and spreads are reported in annualized terms.

with a low share of foreign currency liabilities).

B.12 Foreign Credit Shocks

The empirical literature has analyzed other potential drivers of the GFC besides monetary policy

(see Miranda-Agrippino and Rey, 2022, for a survey). Rogers et al. (2025) run a horse race among

several potential candidates and find an important role for financial shocks, such as those to the

excess bond premium (Gilchrist and Zakrajsek, 2012) or to leverage of US brokers-dealers (Cesa-

Bianchi et al., 2018).

Figure B.3 compares the response of the same Home country variables that we study in the rest

of the paper to a credit supply shock in the Foreign country (dashed red line) to the baseline exercise

(solid black line). The credit supply shock corresponds to an unexpected increase of the parameter

that governs the tightness of the financial friction for Foreign banks (θ∗), which in this exercise is

assumed to follow an AR(1) process in log-deviations from steady state. We calibrate the size of the

credit supply shock and its persistence to match the dynamic response of Home credit spreads to the

monetary policy shock. As the figure shows, the credit supply shock causes a similar depreciation

of the exchange rate. The response of real GDP and exports is also qualitatively similar, albeit

somewhat smaller quantitatively. Conversely, inflation increases by more, which requires a stronger

and, especially, more persistent increase of the domestic interest rate. In spite of these quantitative
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Figure C.1: The effects of a tax on domestic credit (baseline specification, all variables).

Real GDP

4 8 12 16

-0.3

-0.2

-0.1

0

P
er
ce
n
t

Export

4 8 12 16

-0.6

-0.4

-0.2

0

P
er
ce
n
t

In.ation

4 8 12 16

0

0.05

0.1

P
er
ce
n
ta
g
e
p
o
in
ts

Nominal Interest Rate

4 8 12 16

Quarters

0

0.05

0.1

P
er
ce
n
ta
g
e
p
o
in
ts

Nominal Exchange Depreciation

4 8 12 16

Quarters

0

1

2

P
er
ce
n
ta
g
e
p
o
in
ts

Credit Spread

4 8 12 16

Quarters

0

10

20

B
as
is
p
o
in
ts

Baseline Tax on Domestic Credit

Note: The figure displays the impulse responses of real GDP, CPI inflation, exports, interest rate, nominal
exchange rate depreciation and credit spreads in the Home country to a contractionary monetary policy
shock in the Foreign country with a tax on domestic credit (dashed red line) against the baseline (solid black
line). Inflation, the nominal interest rate and spreads are reported in annualized terms.

differences, the bottom line is that our model can generate a GFC also conditional on credit supply

shocks in the Foreign country.

C Banks’ Problem with Taxes

This section specifies the solution of Home banks’ problem if we introduce countercyclical taxes as

in section 5.2. In each period, Home banks maximise the expected net worth (16) subject to the

balance sheet constraint (13), the incentive compatibility constraint (17), and the evolution of net

worth with taxes as defined by (38).

Similar to the optimality condition to the banks’ problem without taxes, the leverage ratio is

λt =
µdt

Θ(xt)− (µkt + µbtxt)
. (A1)

However, µbt in this case becomes

µbt = Et

{
Mt,t+1Ωt,t+1

[
Rt

Πt+1
− (1 + τ bt )

R∗
bt

Π∗
t+1

st+1

st

]}
, (A2)
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Figure C.2: The effects of a tax on domestic credit (alternative specification).
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Note: The figure displays the impulse responses of real GDP, CPI inflation, exports, interest rate, nominal
exchange rate depreciation and credit spreads in the Home country to a contractionary monetary policy
shock in the Foreign country with a tax on domestic credit (dashed red line) against the baseline (solid black
line). Inflation, the nominal interest rate and spreads are reported in annualized terms. The coefficient that
maximizes welfare for the representative household in the tax feedback rule is ϕflexk = 3.8.

and µkt becomes

µkt = Et

{
Mt,t+1Ωt,t+1

[
(1− τkt )rkt+1 −

Rt

Πt+1

]}
. (A3)

The equations for µdt and xt are identical to those for banks without the taxes, which are described

by (20) and (23), respectively.

Finally, the aggregate net worth evolves according to

nt = (ω + ξb)rktqt−1zt−1 − ωτkt−1rktqt−1zt−1 − ω

[
Rt−1dt−1

Πt
+

(1 + τ bt−1)R
∗
bt−1stb

∗
t−1

Π∗
t

]
. (A4)

Figure C.1 reports the full set of results for the case in which we introduce a tax on domestic

credit with the baseline exchange rate regime.

C.1 Alternative Specification of the Tax Rules

In this section, we show the results from introducing a tax on either domestic credit or foreign

borrowing with a different specification for the policy rule. In particular, we assume that the

government in country H sets both taxes in response to deviations of the value of credit from
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Figure C.3: The effects of a tax on foreign borrowing (alternative specification).
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Note: The figure displays the impulse responses of real GDP, CPI inflation, exports, interest rate, nominal
exchange rate depreciation and credit spreads in the Home country to a contractionary monetary policy
shock in the Foreign country with a tax on foreign borrowing (dashed red line) against the baseline (solid
black line). Inflation, the nominal interest rate and spreads are reported in annualized terms. The coefficient
that maximizes welfare for the representative household in the tax feedback rule is ϕflexb = 0.5.

steady state

τ jt =

(
qtzt
qz

)ϕj

− 1, (A5)

where ϕj > 0 for j = {k, b}. As in the text, for each experiment, we choose the coefficient ϕj to

maximize the utility of the Home representative household.

Figures C.2 to C.5 show that the baseline results are robust to the alternative specification.

The most notable difference is that, under a peg, a tax on foreign borrowing that responds to

deviations of credit from steady state can almost replicate the response of GDP (and, to a large

extent, exports) under the baseline exchange rate regime (top-left and middle panels of Figure

C.5). However, also in this case, the deflationary pressures remain (top-right panel), leaving our

conclusions unchanged, at least qualitatively.
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Figure C.4: A tax on domestic credit with a fixed exchange rate (alternative specification).
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Note: The figure displays the impulse responses of real GDP, CPI inflation, exports, interest rate, nominal
exchange rate depreciation and credit spreads in the Home country to a contractionary monetary policy shock
in the Foreign country under a fixed exchange rate regime with a tax on domestic credit (dotted blue line)
and with no taxes (dashed red line) against the baseline (solid black line). Inflation, the nominal interest rate
and spreads are reported in annualized terms. The coefficient of the feedback rule that maximizes welfare
of the Home representative household is ϕpegk = 0.8.
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Figure C.5: A tax on foreign borrowing with a fixed exchange rate (alternative specifica-
tion).
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Note: The figure displays the impulse responses of real GDP, CPI inflation, exports, interest rate, nominal
exchange rate depreciation and credit spreads in the Home country to a contractionary monetary policy shock
in the Foreign country under a fixed exchange rate regime with a tax on foreign borrowing (dotted blue line)
and with no taxes (dashed red line) against the baseline (solid black line). Inflation, the nominal interest rate
and spreads are reported in annualized terms. The coefficient of the feedback rule that maximizes welfare
of the Home representative household is ϕpegb = 0.3.
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