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ABSTRACT 

  We build a two-country heterogenous-agent non-Ricardian model featuring asset scarcity 
and financial frictions in international capital markets. Due to the non-Ricardian nature of 
our framework, a demand for liquidity emerges and the supply of bonds matters. We show 
that shocks affecting the supply or demand of assets have very different international 
spillovers for an economy in a liquidity trap. A decrease in the supply of assets issued abroad 
leads to an asset shortage domestically. In normal times, the nominal interest rate decreases, 
stimulating investment and output. In a liquidity trap, deflation hits instead and the currency 
appreciates, which may cause a recession. 
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NON-TECHNICAL SUMMARY 

In a financially integrated world, asset markets act as powerful transmission mechanisms of 
real, monetary, and financial shocks across countries. This paper provides a new perspective 
on how shocks originating abroad are transmitted domestically via asset markets, particularly 
when the domestic central bank does not react, for instance because it is at the Effective 
Lower Bound (ELB).  

We develop a two-country model with non-Ricardian heterogenous agents where the relative 
supply and demand of assets have macroeconomic effects. We assume that international 
capital markets are partially segmented. In particular, different liquidation costs in the bond 
markets of both countries, Home and Foreign could lead to convenience yields. We examine 
shocks that affect the supply or the demand for liquid assets and study their international 
spillovers.  

For example, consider a permanent decline in Foreign investment opportunities. This 
reduces Foreign investment and output, but it also reduces the supply of Foreign assets. This 
implies a reallocation of portfolios from Foreign to Home assets and a potential appreciation 
of the Home currency to accommodate the increase in the demand for Home assets. The 
Home central bank can prevent the appreciation by lowering its interest rate. This has an 
expansionary impact in Home, so that there is a positive spillover from Foreign to Home. 
This is what happened after the 1997 Asian crisis, when the redirection of financial flows 
towards the US and Europe led to lower interest rates that supported growth. But if monetary 
policy does not react enough (for instance if Home is at the ELB), the Home currency 
appreciates, resulting in disinflation and an increase in the real interest rate, which can have 
a contractionary effect in the presence of nominal rigidities. In this case there is a negative 
spillover. The eurozone crisis in the years 2010, which decreased the supply of safe and liquid 
euro assets, triggered portfolio reallocation towards Switzerland and the US, which 
appreciated their currency and led to subdued inflation, hurting growth. Similar results obtain 
when considering a financial shock, namely a negative liquidity shock on Foreign bonds (see 
Figure 1), and a monetary shock represented by an increase in the Foreign price level targeted 
by the Foreign central bank.  

The impact on the Foreign economy is also different when the Home central bank does not 
fully accommodate the shock, a case spillbacks. When Home is at the ELB, all three shocks 
cause the Home currency to appreciate for a number of periods, resulting in a temporary 
increase in the excess return in Home currency. In the short run, this further drives capital 
away from Foreign. This greater capital flight increases the Foreign real interest rate 
temporarily, resulting in a greater reduction in capital accumulation and output than when 
Home is outside of the ELB 

The paper focuses on two extreme responses of monetary policy: the ideal scenario of a 
robust monetary reaction effectively stabilizing prices, and the case of no response 
exemplified by the ELB. Between those two scenarios, there is a continuum, where too weak 
a monetary response fails to fully insulate prices from the effect of international asset market 
shocks. In those intermediate cases, adjustment comes from a mix of interest rate cuts and 
below-target inflation with currency appreciation and, possibly, unemployment. Our findings 
would carry over to these intermediate cases, underscoring the key role of monetary policy 
in shaping the sign and magnitude of international spillovers. 
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Figure 1. Equilibrium response to a negative bond liquidity shock in Foreign 

 
Note: In the top panels, equilibrium in each country, Home and Foreign, is defined as the intersection between two 
schedules in the (i, x*−x) and (i*,x*−x) planes, where i (i*) is the nominal interest rate in Home (Foreign) and x (x*) the 
share of Home (Foreign) bonds invested abroad. The relative share x*-x is an indicator of the Foreign net asset position. 
The IS (IS*) schedule derives from the market clearing for bonds in Home (Foreign). The (PF) schedule derives from 
portfolio choices of both Home and Foreign private agents. The IS and IS* schedules are also represented on the 
bottom panels where nominal GDP is plotted on the vertical (downward) axis. A negative bond liquidity shock on 
Foreign bonds shifts the PF schedule eastward in both countries, as agents reallocate their portfolios towards Home 
bonds. This leads to a higher interest rate in Foreign but a lower one in Home. If Home hits the zero lower bound, 
adjustment comes from nominal GDP instead. 

 

La transmission internationale des chocs sur les 
marchés d’actifs en situation de trappe à 

liquidité 

RÉSUMÉ 

Nous construisons un modèle à deux pays avec des agents hétérogènes non ricardiens, caractérisé 
par une rareté des actifs et des frictions financières sur les marchés de capitaux internationaux. En 
raison de la nature non ricardienne de notre cadre, une demande de liquidité apparaît et l’offre 
d’obligations devient déterminante. Nous montrons que les chocs affectant l’offre ou la demande 
d’actifs ont des effets de diffusion internationale très différents pour une économie en trappe à 
liquidité. Une baisse de l’offre d’actifs émis à l’étranger entraîne une pénurie d’actifs au niveau 
domestique. En temps normal, le taux d’intérêt nominal diminue, stimulant l’investissement et la 
production. En situation de trappe à liquidité, c’est la déflation qui s’installe et la monnaie 
s’apprécie, ce qui peut provoquer une récession. 
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1 Introduction
In a financially integrated world, asset markets act as powerful transmission mechanisms
of real, monetary, and financial shocks across countries. In normal times, monetary
policy can help the economy adjust to developments in global asset markets through
changes in the domestic interest rate. But when monetary policy does not react in
part of the global economy, for instance because it is at the Effective Lower Bound
(ELB), exchange rates become an important margin of adjustment, which has significant
implications for international spillovers and opens the possibility of deep recessions.
Since recent shocks affected asset markets when several countries were at the ELB, and
countries may face again ELB episodes in the future, it is of interest to understand the
impact of the ELB on international spillovers.

In analyzing the effect of the ELB on international spillovers, the literature has em-
phasized aggregate demand shocks within a New Keynesian framework. However, in
presence of international financial segmentation and without Ricardian equivalence,
shocks affecting the supply or the demand for asset have additional international im-
plications. The objective of this paper is to provide a new perspective on how shocks
originating abroad are transmitted domestically via asset markets, particularly when
the domestic central bank is constrained by the ELB.

To examine these issues, we develop a two-country model with non-Ricardian heteroge-
nous agents where the relative supply and demand of assets have macroeconomic effects.
Our focus is on scenarios where only one country is at the ELB. In each country, there
is a population of alternating savers/investors, which implies both credit-constrained
agents and a demand for liquid assets as in Woodford (1990) or Bacchetta et al. (2020).
We assume that international capital markets are partially segmented. First, only bonds
can be traded across countries. Second, there is a cost to holding cross-border bonds,
leading to a home bias. We also assume that liquidation costs in bond markets may dif-
fer across countries. Higher liquidity in one country can therefore imply a convenience
yield. Finally, there are nominal rigidities.

We analyze the international spillovers of shocks in this context. In the presence of nom-
inal rigidities, shocks are partly transmitted through aggregate demand as in New Key-
nesian models. Moreover, internationally segmented asset markets may lead to return
differentials and gross capital flows. In addition to these more standard mechanisms,
spillovers are generated by the relative supply and demand of assets. The equilibrium
can actually be represented by an extended IS curve that is affected by gross capital
flows and changes in the real supply of domestic assets. When assets are denominated in
domestic currency, an increase in the demand for domestic assets can be accommodated
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by a domestic currency appreciation. This effect operates when monetary policy does
not react, i.e., at the ELB, which implies a starkly different transmission mechanism
for some shocks.

For example, one of the main features of the eurozone crisis in the years 2010 was a
decrease in the supply of safe and liquid euro assets. This led to a portfolio reallocation
towards safer or more liquid bond markets, like Switzerland or the U.S. Since policy rates
in these countries were close to zero, the Swiss National Bank or the Federal Reserve
could not lower their rates to face this portfolio reallocation. Consequently, the Swiss
franc and the U.S. dollar appreciated. This led to subdued inflation, an increase in the
real interest rate, and a loss in competitiveness that reduced output growth. This can
be contrasted with the 1997 Asian crisis, when the redirection of financial flows towards
the mature markets of the U.S. and European economies, at that time far from the zero
lower bound, helped reduce real rates and supported growth.

We examine shocks that affect the supply or the demand for liquid assets. For exam-
ple, let the two countries be Home and Foreign and consider a permanent decline in
Foreign investment opportunities. This reduces Foreign investment and output, but
it also reduces the supply of Foreign assets. This implies a reallocation of portfolios
from Foreign to Home assets and a potential appreciation of the Home currency to
accommodate the increase in the demand for home assets. The Home central bank can
prevent the appreciation by lowering its interest rate. This has an expansionary impact
in Home, so that there is a positive spillover from Foreign to Home. But if Home is at
the ELB, the Home central bank cannot prevent the appreciation and an increase in
the real interest rate, which can have a contractionary effect in the presence of nominal
rigidities. In this case there is a negative spillover.

We explore these adjustment mechanisms both analytically, using a simplified version of
the model, and quantitatively, within a calibrated version of the model. In both cases,
we consider perfect-foresight transition dynamics resulting from permanent shocks. We
specifically examine three types of shocks: a real shock characterized by a decline in
opportunities for Foreign investment, a financial shock denoting an increase in the liq-
uidation cost of Foreign bonds, and a monetary shock represented by an increase in the
Foreign price level targeted by the central bank. The calibration of the model assumes
two countries with different steady-state inflation rates, allowing for a comparative as-
sessment of spillover effects when the Home economy is at the ELB but the Foreign
economy is not.

The analytical discussion and the simulation results demonstrate that the nature of
shocks and the presence of the ELB have substantial implications for international
spillovers. In the absence of the ELB, a decrease in the liquidity of Foreign bonds in-
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duces capital inflows from Foreign to Home markets, thereby boosting Home investment
and output. However, under the ELB constraint, these spillovers reverse, resulting in
deflation and a currency appreciation, which may lead to an increase in unemployment
in the Home country. Similarly, shocks implying a lower supply of Foreign bonds and
monetary shocks induce distinct patterns of spillovers depending on the presence of the
ELB constraint.

Interestingly, the impact on the Foreign economy is also different when Home is at
the ELB. Our analysis reveals non-negligible spillbacks arising at the ELB. All three
shocks cause the Home currency to appreciate for a number of periods, resulting in a
temporary increase in the excess return in Home currency. In the short run, this further
drives capital away from Foreign. This greater capital flight increases the Foreign real
interest rate temporarily, resulting in a greater reduction in capital accumulation and
output than outside of the ELB.

The paper focuses on two extreme responses of monetary policy: the ideal scenario
of a robust monetary reaction effectively stabilizing prices, and the ELB characterized
by no response. Between those two scenarios, there is a continuum, where too weak
a monetary response fails to fully insulate prices from the effect of international asset
market shocks. In those intermediate cases, adjustment comes from a mix of interest
rate cuts and below-target inflation with currency appreciation and, possibly, unem-
ployment. Our findings would carry over to these intermediate cases, underscoring the
key role of monetary policy in shaping international spillovers.

Overall, this paper sheds light on the international spillovers and spillbacks that oc-
cur within a theoretical framework featuring financial frictions and different monetary
policy responses, including the ELB constraint. By analyzing various types of shocks,
we unveil the transmission mechanisms operating between economies when assets are
scarce. Our findings highlight the critical role that monetary policy plays in determin-
ing the magnitude and sign of spillovers. Some of the shocks may have large negative
implications for countries at the ELB. These theoretical insights have important policy
implications, underscoring the need for measures that carefully consider the constraints
imposed by the ELB in a financially integrated world where the availability of assets
matters.

Literature.—The existing literature on international spillovers at the ELB predom-
inantly focuses on New Keynesian mechanisms. For example, Jeanne (2009) examines
how a global economy reacts to demand shocks in a global liquidity trap, where low
interest rates and high unemployment prevent recovery.1 In a similar context, Fujiwara

1A long-standing literature analyzes the challenges posed to macroeconomic stabilization by per-
sistent liquidity traps in a closed-economy setting. For example, see Krugman (1998), Auerbach and
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et al. (2013) as well as Cook and Devereux (2013) study optimal monetary policy. Sim-
ilarly, Cook and Devereux (2011) investigate fiscal policy and Devereux and Yetman
(2014) capital controls. Corsetti et al. (2017) and Corsetti et al. (2019) focus on the role
of exchange rate regimes in mitigating the international spillovers faced by small open
economies in a liquidity trap. Kollmann (2021) allows for expectations-driven sunspot
equilibria, and Bianchi and Coulibaly (2022) investigate the transmission channels of
prudential policies.

Our paper contributes to this literature by employing a non-Ricardian framework with
financial frictions to unveil additional spillover mechanisms arising from shocks to both
asset supply and demand. Our focus on the impact of asset scarcity in a non-Ricardian
framework aligns with Caballero et al. (2021), who propose a perpetual youth model à la
Blanchard (1985)2, analyzing the possibility of a global ELB in a financially integrated
world economy. They also examine the transmission of shocks through capital flows,
but they focus more on currency and trade wars than on the transmission of shocks.
Moreover, they do not consider the asymmetric case where only one country is at the
ELB.

Our model is inspired by earlier work emphasizing the demand for liquid assets in mod-
els with non-Ricardian agents. In the tradition of Woodford (1990), various papers
appeal to heterogeneous agents that stochastically cycle between between asset market
activity and inaction, such as Bacchetta and Benhima (2015) or Nistico (2016). In these
models, as in ours, a demand for liquidity emerges and the supply of bonds matters.
For instance, Guerrieri and Lorenzoni (2017) and Buera and Nicolini (2020) investigate
in a closed-economy setting where a tightening in borrowing and collateral constraints
respectively trigger a credit crunch, with adverse effects on output that result in defla-
tionary pressures and push the economy to the ELB.3 In our open-economy framework,
real, financial and monetary shocks abroad have implications for the domestic economy,
analogous to a credit crunch. The mechanism operates through the reallocation of in-
ternational portfolios towards one country’s assets, resulting in the shortage of private
bonds which leads to excess saving. The incorporation of non-Ricardian agents facing
binding borrowing constraints enables us to focus on an asset-scarce equilibrium, crucial
for the emergence of the ELB. Consequently, this setup allows us study the influence
of the ELB on international spillovers resulting from asset market shocks.

Other papers have analyzed international spillovers in models incorporating financial

Obstfeld (2005), Werning (2011), Eggertsson and Krugman (2012), Michau (2018), Bacchetta, Ben-
hima, and Kalantzis (2020).

2Other papers using this approach to break the Ricardian equivalence include Di Giorgio and Nisticò
(2007), Di Giorgio et al. (2018), Di Giorgio and Traficante (2018), Caballero and Farhi (2018).

3In a similar context, Ragot (2023) studies optimal monetary policy.
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frictions. For example, Fornaro and Romei (2019) propose a tractable framework for a
financially integrated world with an occasionally binding ELB. In their model, financial
frictions prevent agents from insuring against country-specific shocks, resulting in a
shortage of safe assets. While their primary focus is on prudential policies and the
call for international cooperation in shaping them, our emphasis is on international
spillovers.

The implications of financial frictions introduced in our paper align with Gabaix and
Maggiori (2015). They introduce financial intermediaries with limited risk-bearing ca-
pacity, akin to our approach where credit-constrained investors face currency manage-
ment and liquidation costs. These financial market imperfections create a wedge in
the Uncovered Interest Rate Parity (UIP). Consequently, as in Gabaix and Maggiori’s
model, our framework implies that exchange rates are more closely related to financial
factors, such as the supply and demand for assets denominated in different currencies,
than to macroeconomic fundamentals.4 Importantly, these financial frictions give rise
to distinct nominal interest rates between countries, enabling a comprehensive analysis
of the domestic consequences from asset market shocks abroad, especially when Home
is at the ELB.

The remainder of this paper is organized as follows. Section 2 presents the theoretical
framework. Section 3 provides analytical insights on the spillovers resulting from asset
market shocks. Section 4 shows the results from the simulation of a calibrated version
of the model under different sets of assumptions. Section 5 discusses policy options and
Section 6 concludes.

2 A Two-Country Model with Financial Frictions
This section starts by describing the model with financial frictions and nominal rigidi-
ties. Then it characterizes an asset scarce equilibrium.

2.1 The Setup

There are two countries, Home and Foreign, each made of heterogenous investors, work-
ers and firms. Investors alternate between periods of saving and periods of investing in
projects, in the spirit of Woodford (1990) or Bacchetta et al. (2020). Firms produce a
single, identical good, with price Pt (P ∗t ) in the Home (Foreign) currency.5 The law of
one price holds with Pt = StP

∗
t where St is the price in Home currency of one unit of

4Naturally, other papers interested in the ELB share this property. Among others, Amador et al.
(2020) and Kolasa and Wesołowski (2020) respectively look at exchange rate policy and quantitative
easing in a liquidity trap. In all these models as in ours, shocks in one country are transmitted to
other countries via capital flows.

5In what follows, we denote with superscripts ‘∗’ variables pertaining to Foreign.
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Foreign currency—the nominal exchange rate (the Home currency depreciates when St
increases).

In each country, there are two types of assets: nominal one-period bonds denominated
in domestic currency issued domestically by investors or the government, and capital.6

Home bonds issued in period t repay it Home currency units in period t + 1, while
Foreign bonds yield i∗t units of Foreign currency. The ELB is a zero lower bound
(ZLB) on interest rates it, i∗t > 1. Financial markets are subject to several frictions and
borrowing is limited.

Financial Frictions.—Financial markets are subject to three types of frictions.
First, there is no trade in capital across countries. Second, bonds are subject to a
liquidation cost, with a higher cost for cross-currency bonds. A Home saver invests
a proportion 1 − xt in Home currency bonds and a proportion xt in Foreign cur-
rency bonds. If she invests a total of At in bonds, she has to pay real liquidation
costs 1

2
[λ(1− xt)2 + (κ+ λ∗)x2

t ]At in period t + 1. Symmetrically, savers in Foreign
pay 1

2
[(κ+ λ)(x∗t )

2 + λ∗(1− x∗t )2]A∗t , where x∗t is their share of Home currency bonds.
These costs are linear in the size of the balance sheet of savers and quadratic in the
portfolio shares, with parameters λ, λ∗, κ ≥ 0. The parameters λ and λ∗ reflect the liq-
uidity of the bond market in each country. If λ > λ∗, the Foreign country has a relative
convenience yield. The parameter κ, assumed to be the same for Home and Foreign
investors, represent the cost of holding the other country’s currency, e.g., because of
currency management costs or the risk that governments can take actions to expropri-
ate foreign investors (e.g., as in Tirole, 2003, Broner and Ventura, 2011, Fornaro, 2021).
This implies a local currency bias, as documented in Maggiori et al. (2020).

Finally, all private borrowing, in both Home and Foreign currency, must be collater-
alized by capital. More precisely, the expected total repayment cannot exceed a share
φt of the expected total return on capital (see below for the details). We think of φ as
a reduced-form variable capturing the microstructure of financial intermediation, risk-
management practices by financial intermediaries, and macro-prudential regulation.

Investors.— In what follows and for the sake of brevity, we focus on Home investors
as the assumptions on Foreign ones are identical. There is a measure-1 continuum
of investors who receive investment opportunities stochastically. We call I-investor an
investor who receives an investment opportunity and we refer to all other investors as S-
investors or simply savers. These opportunities follow a two-state Markov process. An
S-investor, i.e., an investor j with no investment opportunity at time t− 1, becomes an
I-investor at time t with probability η ∈ (0, 1], and can buy capital Kj

t . An I-investor
6Note that we abstract from money for simplicity, as the incorporation of nominal government

bonds suffices to deliver our central message.
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at time t − 1 receives no investment opportunity at time t and becomes an S-investor
again. With no investment opportunity in period t, Kj

t = 0. While investors face risk
at the individual level, there is no risk in the aggregate, as the fraction of I-investors is
always η/(1 + η). A useful and simple benchmark is the deterministic limit η = 1. In
that case, investors receive investment opportunities every other period and there is no
heterogeneity across S-investors.

To get closed-form solutions, logarithmic utility is assumed. An investor j maximizes
U j
t =

∑∞
s=0 β

sEt log(Cj
t+s), where C

j
t refers to her consumption in period t, subject to

a sequence of budget constraints and borrowing constraints. The budget constraint in
period t is

Cj
t +

it−1D
H,j
t−1

Pt
+Kj

t + Ajt = ρtK
j
t−1 +

DH,j
t

Pt

+

[
(1− xjt−1)

it−1Pt−1

Pt
+ xjt−1

i∗t−1Pt−1

St−1

St
Pt
− 1

2
λ(1− xjt−1)2 − 1

2
(λ∗ + κ)(xjt−1)2

]
Ajt−1.

(1)

The investor consumes, pays back her nominal debt DH,j in Home currency, buys
capital if she has an investment opportunity in t, and accumulates real financial wealth
Ajt ≥ 0. She allocates a fraction 1−xjt of this wealth to Home currency bonds and xjt to
Foreign currency bonds. In the next period, she collects the real gross rate of return on
capital ρt+1, bond returns, net of the liquidation cost (λ, λ∗) on both Home and Foreign
currency bonds and the additional cost (κ) on Foreign currency bonds.

I-investors are the only agents able to hold domestic capital goods. Since capital is
the only collateral available, they are also the only private agents able to borrow.
In equilibrium, they will take a leveraged position in capital. Total nominal debt
repayment is collateralized by a share φ of the expected total nominal return on capital:7

itD
H,j
t ≤ Et(φtρt+1Pt+1K

j
t ). (2)

Firms.— In each country, there is a unit measure of firms. Home firms rent capital
Kt−1 at rate ρt, hire labor Lt at real wage Wt/Pt, produce output Yt = ZKα

t−1L
1−α
t

which they sell together with depreciated capital. Firms maximize profits

Yt + (1− δ)Kt−1 − ρtKt−1 −
Wt

Pt
Lt.

7This type of borrowing constraint arises if lenders are able to seize a fraction 1−φt of the collateral,
and if the decision to default is taken before the realization of period-t + 1 shocks. It represents the
borrower’s participation constraint.
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The corresponding first-order conditions are

(ρt + δ − 1)Kt−1 = αYt, (3)
Wt

Pt
Lt = (1− α)Yt. (4)

Workers.—There is a unit measure of workers, each endowed with one unit of labor.
Home workers supply labor Lt at real wage Wt/Pt, receive nominal transfers Tt from
the government, consume CW

t and save AWt in bonds with a share xWt of Foreign bonds.
They maximize Et

∑∞
s=0 β

s log(CW
t+s), subject to a borrowing constraint AWt ≥ 0 and

a budget constraint. We will focus on (asset-scarce) equilibria where the borrowing
constraint is binding in the vicinity of a steady state and workers will just consume
their wage and government transfer:

CW
t =

Wt

Pt
Lt +

Tt
Pt
. (5)

The Government and the Fiscal and Monetary Regime.—The Home gov-
ernment issues Home currency bonds BH

t at time t and makes nominal transfers to
workers.

BH
t

Pt
=
Tt
Pt

+
it−1B

H
t−1

Pt
. (6)

Inside the government, we assume that the fiscal authority exogenously chooses a path
for nominal debt BH

t . Absent shocks, they are assumed to grow at the gross rate θ.
Monetary policy then determines the price level or the nominal interest rate.

We assume the monetary authority follows price targeting policy. Whenever it can,
it chooses the nominal interest rate to target Pt = θtP̄ . At the ZLB, it simply sets
it = 1 and lets the market determine the price level Pt. This implies the following
complementary slackness condition:

(it − 1)
(
θtP̄ − Pt

)
= 0, it ≥ 1, θtP̄ ≥ Pt. (7)

We make the following parametric assumption:

Assumption 1. θ > β and θ∗ > β∗.

When the Home economy is at the ZLB, its real gross rate of interest is 1/θ in the
steady state. Assumption 1 ensures that it is strictly lower than 1/β. This implies
that borrowing constraints will be binding for workers and investors in steady states
close enough to the ZLB. A sufficient condition for this is θ ≥ 1, that is non-negative
steady-state inflation.
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Downward Wage Rigidity.—Nominal wages are assumed to be downwardly rigid
in the spirit of Schmitt-Grohé and Uribe (2016): they cannot grow at a (gross) rate
lower than γ ∈ (0, θ). Labor supply by Home workers has then an inverted L-shape
given by the following complementary slackness condition:

(Wt − γWt−1)(1− Lt) = 0, Wt ≥ γWt−1, Lt ≤ 1.

There is full employment Lt = 1 as long as the corresponding market-clearing wage is
greater or equal than γWt−1. Otherwise, there is unemployment: Lt < 1. Using firms’
labor demand (4), equilibrium employment is given by

Lt = min

{
1,

[
(1− α)ZPt
γWt−1

] 1
α

Kt−1

}
. (8)

In a steady state, the downward wage rigidity constraint is not active since the nominal
wage grows at the gross rate θ larger than γ. Similar conditions must hold in Foreign
for full employment L∗t = 1 to prevail.

Market Clearing for Bonds and Capital.—Equilibrium in Home and Foreign
markets for capital is given by:

Kt =

∫ 1

0

Ki
tdi, (9)

K∗t =

∫ 1

0

Kj∗
t dj, (10)

where i indexes Home investors and j indexes Foreign investors.

Equilibrium in the markets for bonds in Home and Foreign currency is given by:∫ 1

0

DH,i
t

Pt
di+

BH
t

Pt
=

∫ 1

0

(1− xit)Aitdi+

∫ 1

0

xj∗t A
j∗
t dj (11)∫ 1

0

DF,j∗
t

P ∗t
dj +

BF∗
t

P ∗t
=

∫ 1

0

xitA
i
tdi+

∫ 1

0

(1− xj∗t )Aj∗t dj (12)

2.2 Asset-Scarce Equilibrium

To simplify notations, we use lower-case letters to denote appropriately normalized
variables. Price levels, nominal wages, government transfers, and bond supplies in
Home (Foreign) are normalized by θt (θ∗t), e.g., pt = Pt/θ

t. The normalized nominal
exchange rate is defined by st = (θ∗/θ)tSt. To limit the sources of heterogeneity between
Home and Foreign, we assume that α, β, γ, κ, and δ are the same in both countries.
Countries can have different steady-state inflation rates θ, θ∗, investment opportunities
η, η∗, collateral and liquidity parameter, φ, φ∗, λ, and λ∗.

An asset-scarce equilibrium is an equilibrium where the borrowing constraints for in-
vestors (2) and workers (AWt ≥ 0) are binding in the steady state in both Home and For-
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eign. In the following, we restrict the analysis to such asset-scarce equilibria. Binding
borrowing constraints prevent borrowers from supplying the saving instruments needed
by savers. The steady state is then characterized by low real rates: i/θ, i∗/θ∗ < 1/β.
For small enough shocks, borrowing constraints will also be binding during all transition
dynamics, which we assume throughout.

Consider an exogenous sequence of government debts {bHt , bF∗t }t≥0, an exogenous se-
quence of investment opportunities, collateral and liquidity parameters {ηt, η∗t , φt, φ∗t ,
λt, λ

∗
t}t≥1, and initial conditions ki0, k

j∗
0 , dH,i0 , dF,j∗0 , ai0, a

j∗
0 , xi0, x

j∗
0 , p0, p∗0, i0, i∗0.

An asset-scarce equilibrium is an allocation {Lt,L∗t ,kit,k
j∗
t ,cit,cWt ,cj∗t ,cW∗t ,ait,a

j∗
t }t≥1, a set

of portfolio choices {xit,x
j∗
t ,d

H,i
t ,dF,j∗t }t≥1, a policy {it, i∗t , tt, t∗t}t≥1 and a price vector

{pt, p∗t , wt, w∗t , ρt, ρ∗t}t≥1 that solve the maximization problems of investors, firms, and
workers in Home and Foreign, where the borrowing constraints for investors (2) and
workers (AWt = 0) are binding, and satisfy the government budget constraints (6), the
complementary slackness conditions of monetary policy (7) and of the labor markets (8),
and the market-clearing conditions for capital (9) and (10), and for bonds (11) and (12).
The nominal exchange rate st is omitted from this definition since it is simply given by
st = pt/p

∗
t .

3 Analytical Insights
In this section, we consider a simpler version of the model where we can derive intuitive
analytical results. We assume that capital fully depreciates (δ = 1) and that we are
in the deterministic limit of alternating investment opportunities (η = 1). We relax
both assumptions in numerical simulations in the following section. We characterize the
optimal decisions in this case and show that equilibrium behavior can be represented by
modified IS equations. Using a graphical analysis, we then discuss the impact of shocks
when Foreign is outside the ZLB. We show that the spillover of shocks is dramatically
different whether Home is at the ZLB or not.

3.1 Optimal Saving and Portfolio Decisions

The optimization problem of investors can be split into two independent problems: a
saving-consumption choice and a portfolio choice. The model is set up to get a very
tractable saving-consumption choice. Expected next-period wealth of investors is a
linear function of their current saving. As is well known, with logarithmic utility, this
implies that investors choose to save a fraction β of their beginning-of-period wealth.
Assuming a binding borrowing constraint (2) and using the first-order condition (3) with
full capital depreciation and deterministic investment opportunities, the normalized
aggregate beginning-of-period wealth of Home savers is α(1 − φt−1)yt. Hence, real
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aggregate financial wealth is given by

at = βα(1− φt−1)yt. (13)

In the asset-scarce equilibria we are interested in, the return on capital will be strictly
larger than the cost of borrowing. Then, I-investors simply choose to buy capital with
the maximum allowed leverage. Their borrowing constraint (2) is binding.

Home savers choose the portfolio share xt that maximizes the expected return net of
liquidation cost (1 − xt) itpt

θpt+1
+ xt

i∗t pt/st
θ∗pt+1/st+1

− 1
2
λ(1 − xt)2 − 1

2
(λ∗ + κ)(xt)

2 subject to
the savers’ no-borrowing constraint xt ≥ 0. The first-order condition gives the optimal
portfolio share, common across all savers. When the savers’ borrowing constraint is not
binding (xt ≥ 0), we have:

xt =
λ

λ+ λ∗ + κ
+

1

λ+ λ∗ + κ

[ i∗tp
∗
t

θ∗p∗t+1

− itpt
θpt+1

]
. (14)

The first term on the right-hand side is a reference portfolio share of Foreign currency
bonds. It depends on the relative total cost of holding and liquidating Home and Foreign
currency bonds. A higher management cost of foreign currency holdings κ decreases
the reference share of Foreign currency bonds. The second term is the real excess return
on Foreign currency. The higher it is, the more investors hold Foreign currency assets.

A similar equation obtains in Foreign:

x∗t =
λ∗

λ+ λ∗ + κ
+

1

λ+ λ∗ + κ

[ itpt
θpt+1

− i∗tp
∗
t

θ∗p∗t+1

]
. (15)

It is interesting to note that Equations (14) and (15) together imply that the cross
border flows xt + x∗t = λ+λ∗

λ+λ∗+κ
are decreasing in international financial frictions κ, and

increasing in domestic financial frictions λ+ λ∗ whenever κ > 0. The convex nature of
the liquidation costs implies that there is an incentive to hold both assets at all times
for savers worldwide. Furthermore, the desire to acquire a larger number of these assets
becomes more acute when domestic frictions increase.

3.2 Generalized IS Curves

Using the binding borrowing constraint (2) together with the first-order condition (3),
and the expression for real saving (13), the market-clearing conditions for Home and
Foreign currency bonds simplify to

β(1− φt−1)(1− xt)yt + β(1− φ∗t−1)x∗ty
∗
t = φt

θpt+1

itpt
yt+1 +

bHt
αpt

, (16)

β(1− φ∗t−1)(1− x∗t )y∗t + β (1− φt−1)xtyt = φ∗t
θ∗p∗t+1

i∗tp
∗
t

y∗t+1 +
bF∗t
αp∗t

, (17)
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along a perfect foresight equilibrium.8

Consider Equation (16). On the left-hand side is the demand for Home currency assets,
composed of the demand by Home savers, which is a fraction 1− xt of the total Home
saving β(1 − φt)yt and the demand by Foreign savers, which is a fraction x∗t of the
total Foreign saving β(1 − φ∗t )y

∗
t . On the right-hand side is the supply, composed of

the supply by Home investors and by the Home government. Similarly, the left-hand
side of Equation (17) is the demand for Foreign currency assets by Foreign and Home
savers, while the right-hand side is the supply by Foreign investors and the Foreign
government.

Notice that, for 0 < φt < 1, Equation (16) relates current Home output yt positively
to the future output yt+1 and negatively to the real interest rate θpt+1/itpt, just like
the textbook New Keynesian IS curve albeit with a richer view on the bond market.
While in the textbook model, this relation directly comes from the Euler equation of
the representative agent, here it also includes bond demand and supply and is best
understood as describing equilibrium on the bond markets. Other things being equal, a
higher current output increases Home saving, which has to be absorbed by an increase
in bond supply. This can happen through a relaxation of the Home credit constraint,
which requires a decrease in the real interest rate, given future output. However, other
terms affect this equilibrium, such as Foreign saving and the Home government bond
supply, through non-Ricardian effects.9 A similar reasoning applies to Equation (17).
Equations (16) and (17) can thus be considered as generalized IS curves.

Since the government exogenously sets a nominal supply of bonds, the price level, and
not just expected inflation, also matters for the IS curve. When bH > 0, a lower price
level pt, other things equal, sustains output yt in the same way as a lower real interest
rate. This is known as a real balance or Pigou effect. This effect is not present for
private debt, which depends on real collateral.

The channel for the international transmission of shocks is the supply of and demand
for assets. International shocks will affect Equations (16) and (17) through the portfolio
shares xt and x∗t . In addition, the transmission of shocks is affected by the capacity of
the central bank to adjust its interest rate. We illustrate this point in more details in

8These expressions need not apply in case of an unexpected shock in period t. Indeed, they assume
that repayment of debt issued by investors is equal to a share φ of the realized total nominal return
on capital, instead of the one expected in the previous period as in (2). For instance, an unexpected
decrease in the price level may increase real debt repayment.

9Two elements generate these non-Ricardian effects. First, the fact that other agents in the economy
(here, workers) receive government transfers and pay taxes implies that holding government debt is
actually a net asset from the point of view of savers. Second, because savers are constrained in the
next period, their consumption-smoothing horizon is shorter than the horizon at which the government
repays its debt.
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the next subsection.

3.3 The Impact of Shocks in an Asymmetric Setting

In the remainder of the paper, we consider a slightly asymmetric case where Foreign
inflation is higher than Home, while all other parameters are the same in both countries.
We make the following assumption:

Assumption 2. θ∗ > θ.

If the other parameters are identical in both countries, they face the same real interest
rate i/θ = i∗/θ∗. Assumption 2 then implies that Home has a lower nominal interest
rate than Foreign. This makes it possible for Home to be at the ZLB while Foreign is
not.

Suppose we start at t = 0 in such a slightly asymmetric steady state and there is an
unexpected contractionary shock in Foreign at t = 1, for instance a once-and-for-all
increase in the liquidity parameter λ∗. We assume that Foreign stays outside of the
ZLB, while Home may or may not be at the ZLB. The initial steady state is derived
analytically in Appendix A.2.

By decreasing the liquidity of Foreign bonds, the shock effectively increases asset
scarcity in Foreign and leads savers in both countries to reallocate their portfolio to-
wards Home bonds (x∗t increases and xt decreases), as Equations (14) and (15) show.
According to Equation (17), the lower demand for Foreign bonds puts upward pressure
on the Foreign real interest rate. The Foreign monetary authority reacts to this shock
by increasing the nominal interest rate i∗ to keep prices on target.

The portfolio reallocations lead to a capital inflow into Home assets and a sale of Home
holdings of Foreign assets, which both contribute to a net capital inflow into Home and
an increase in net saving in Home. Indeed, in the Home IS curve (16), the increase in
x∗ and the decline in x generate an excess demand for Home assets. By buying Home
currency bonds issued by Home investors, Foreign and Home savers transmit the lack
of assets to the Home economy.

Now consider the adjustment mechanisms in Home. The increase in the net demand
for Home assets can be absorbed either by a decrease in the Home interest rate it,
which would relax the financial constraint and stimulate the supply of Home assets by
I-investors, or by a decrease in the Home price, which would increase the real value of
government debt. If the nominal interest rate it cannot fall because it is at the ZLB,
then the Home price level must decline.

Therefore, if Home is outside the ZLB, the Foreign shock leads to a drop in the Home
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interest rate, to keep the Home price level on target. Capital inflows generate lower
real interest rates in Home, which stimulates output and investment. This adjustment
mechanism, a mix of lower interest rate and lower net foreign asset position, prevents
Home output to be severely affected in the short run.

Things are different when Home is at the ZLB and the monetary authority cannot
decrease the interest rate. Then, the adjustment comes from a lower price level and an
appreciation of the nominal exchange rate. In the presence of downward wage rigidity,
this can generate an increase in the real wage, which has a negative impact on labor
demand and on output.

One can interpret these mechanisms as alternative clearing mechanisms for the global
asset market. To see this, consolidate the two generalized IS curves (16) and (17) with
φt = φ∗t = φ:

β(1− φ)

(
1 +

y∗t
yt

)
= φ

(
θpt+1yt+1

itptyt
+
θ∗p∗t+1y

∗
t+1

i∗tp
∗
ty
∗
t

y∗t
yt

)
+

1

αptyt

(
bHt + stb

F∗
t

)
(18)

This equation describes the equilibrium between the global demand for assets (left-hand
side) and the global supply of assets (right-hand side), normalized by domestic output.
An asset market shock in Foreign increases the interest rate i∗t , and hence decreases
the foreign supply of assets. This decrease in the foreign supply of assets must be
compensated by an increase in the Home supply through a decrease in the domestic
interest rate it outside the ZLB. At the ZLB, it will be compensated by an increase in
the real supply of assets in Home via a decrease in pt. In the presence of downward wage
rigidity and a drop in output, the adjustment will also come partially from a decrease
in the demand for assets in Home, due to the decrease in investors’ revenue.

3.4 Graphical Analysis

The impact of shocks can be analyzed graphically under some simplifying assumptions.
First, suppose that movements in x∗y∗/y (xy/y∗) are dominated by movements in x∗

(x). This is for example the case in the log-linear approximation of the model, when
cross-border bond holdings x, x∗ are small in the initial steady state (see Appendix A.3).
Since y∗ = y in the initial steady state, x∗y∗/y (xy/y∗) can then simply be replaced by
x∗ (x). The generalized IS curves of Home and Foreign simplify to

1 + (x∗t − xt) =
φ

1− φ
θpt+1yt+1

βitptyt
+

1

1− φ
bHt

βαptyt
, (IS)

1− (x∗t − xt) =
φ

1− φ
θ∗y∗t+1

βi∗ty
∗
t

+
1

1− φ
bF∗t

βαp∗ty
∗
t

, (IS∗)

where we have used the fact that φ∗ = φ and that Foreign stays out of the ZLB, so that
p∗t+1 = p∗t .
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Both IS curves are conditioned by the relative share of cross-border bond holdings
x∗−x, an indicator of the Foreign net position. Using (14) and (15), this relative share
is determined by a portfolio schedule (PF):

x∗t − xt =
λ∗ − λ

λ+ λ∗ + κ
− 2

λ+ λ∗ + κ

[ i∗t
θ∗
− itpt
θpt+1

]
. (PF)

We consider the short run, so we focus on period t, the period where the shock occurs,
and take expectations of future variables as given—we will discuss later how expecta-
tions alter the picture. Figure 1 represents the PF and the IS curves in the (x∗ − x, i∗)
and (x∗−x, i) spaces, conditional on expectations. The details are given in Appendix B.

First, it is easy to see that the (PF) curve is downward-sloping in the (x∗−x, i∗) space,
for a given real domestic interest rate itpt/pt+1, and upward sloping in the (x∗ − x, i)
space, for a given foreign real interest rate i∗t/θ∗, as shown in Figure 1. Second, the (IS*)
curves is upward sloping, as shown in Figure 1a. Third, the (IS) curve is downward
sloping until it reaches the ZLB. After that point, it becomes horizontal, as shown in
Figure 1b. Outside the ZLB, nominal GDP is constant because period 1 output is given
by predetermined capital and full employment and changes in it (i∗t ) stabilize pt (p∗t ); so
the (IS*) curve is horizontal in the bottom of Figure 1a. At the ZLB, given expectations
of future variables, the (IS) curve now determines nominal GDP ptyt, as shown in the
bottom of Figure 1b.

Consider an asset market shock that deteriorates foreign bonds’ liquidity: an increase
in λ∗. This leads to a higher net Foreign position x∗ − x and shifts the (PF) schedule
to the right. For Foreign, this leads to a higher interest rate i∗ in Figure 1a. For Home,
the shock is assumed large enough so that it reaches the ZLB in equilibrium B. In this
case, nominal GDP declines at impact, as shown in Figure 1b.

When the shock is small, this decline in nominal GDP is achieved entirely through a
decrease in the price level. When the shock is large enough, the downward wage rigidity
binds and the adjustment in nominal GDP is driven jointly by an output decline and
a price decrease. Indeed, we can prove the following lemma which holds in the general
case, regardless of the simplifying assumptions made in the this section.

Lemma 1. Starting from full employment, employment declines if and only if nominal
output declines more than γ/θ:

if Lt−1 = 1, Lt =

1 if ptyt ≥ γ
θ
pt−1yt−1,

θ
γ

ptyt
pt−1yt−1

otherwise.
(19)

Proof. This follows directly from the downward wage rigidity together with the first
order condition (4). Indeed, using the first-order condition when Lt−1 = 1, the com-
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Figure 1. Liquidity Shock: Increase in λ∗
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plementary slackness condition associated to the downward wage rigidity becomes
(θptyt/Lt − γpt−1yt−1)(1− Lt) = 0, θptyt/Lt ≥ γpt−1yt−1, Lt ≤ 1.

As the lemma shows, for a shock just large enough to bring the economy to the ZLB,
where nominal GDP does not decline much, the economy stays at full employment and
short-run adjustment comes from the price level only. For larger shocks, as will be the
case in the simulations of the next section, nominal GDP declines more, the downward
wage rigidity binds and employment declines. In that case, adjustment comes from
output, not just from prices.10

To summarize, the main short-run impact of an increase in λ∗ on Foreign is an increase
in its nominal interest rate i∗. In contrast, if Home reaches the ZLB, it faces a domestic
currency appreciation (price decrease) and may suffer a decline in output in the short
run.

10In Appendix A.5, we use a log-linear approximation around the initial steady state to study in
more details the full dynamics of adjustment to a shock on λ∗ at the ZLB. We show that, over time,
as the nominal wage gradually declines, the price level declines as well and employment gradually
increases back towards full employment.
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Spillbacks In describing Figure 1a, we have assumed that the domestic real interest
rate itpt/pt+1 was given. However, spillovers to the Home economy generate an adjust-
ment in the real interest rate, either through a decrease in the nominal rate it outside
the ZLB, or through a decrease in inflation pt+1/pt at the ZLB. These adjustments gen-
erate spillbacks of different nature. Outside the ZLB, there is a decrease in the Home
real rate that shifts (PF) back to the left in Figure 1a. These spillbacks mitigate the
increase in interest rate i∗. At the ZLB, there is an increase in the Home real rate, that
shifts (PF) further to the right. These spillbacks amplify the increase in interest rate
i∗: the increase in domestic real interest rate attracts further capital inflows into the
Home economy, amplifying the impact of the shock in both Foreign and Home.

Expectations While Figure 1 represents a temporary equilibrium conditional on ex-
pectations, these expectations do matter. As apparent from the (IS) curve, a lower
expectation of next period nominal output, by decreasing the available collateral to
issue bonds, further decreases current nominal output in the ZLB. This is a dynamic
multiplier similar to that of Kiyotaki and Moore (1997). If the borrowing constraint
depended on the current value of the capital stock, instead of its future total return, this
dynamic intertemporal multiplier would collapse into a static within-period multiplier.

Other shocks Other asset market shocks that increase net capital flows to Home
include a decline in the supply of Foreign government bonds, bF∗. This shifts the (IS∗)
curve to the right in Figure 1a, resulting in a lower Foreign rate i∗ and a higher net
Foreign position x∗ − x. The latter shifts the (PF) schedule to the right in Figure 1b,
as previously. Economically, the lower supply of Foreign government bonds results in
higher net saving in Foreign, which must be redirected to Home in equilibrium. This
happens through a decrease in the Foreign interest rate, which makes Home bonds
more attractive to savers and leads to an increase in x∗ and a decline in x. The excess
demand for assets in Foreign is then exported to Home. To accommodate these higher
net capital inflows, the Home economy then requires either a decrease in the interest
rate or a fall of the Home price, as above.

Our framework also accommodates temporary monetary shocks. Consider a monetary
expansion in Foreign which leads to a permanent increase in the price level p∗. This
shifts the (IS∗) schedule to the right in Figure 1a, similarly to a decline in the supply of
government bonds, which provides the decline in i∗ needed to implement the monetary
expansion. Transmission to the Home economy is the same as before.

Finally, in the more general case with η, η∗ ≤ 1, a decline in the investment opportunities
η generates similar effects as it also increases net saving in Foreign, which again would
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shift the (IS∗) to the right in Figure 1a.

4 Simulations
In this section we analyze the dynamic response to unexpected shocks in a calibrated
model with δ < 1 and η, η∗ < 1. We also assume that Assumption 2 holds so that
Foreign has a higher nominal interest rate and is never at the ZLB, while Home may or
may not be at the ZLB. In the previous analytical section, we have focused on a financial
shock to the liquidity of Foreign bonds, λ∗. In this section, we consider three different
types of shocks: a real shock to Foreign investment opportunities η∗, the financial shock
to λ∗ considered before, and a monetary shock to the Foreign price level P̄ ∗. While
these shocks are of different nature, they all affect the supply of or the demand for
assets and will share a similar spillover mechanism through capital flows.

4.1 Calibration

Our calibration of the model is designed to simulate the scenario of two countries whose
sole difference is in their steady-state inflation rate. The time period is set to a year.
In the baseline, we set the pair θ, θ∗ to 1.00 and 1.02, which pins down the difference in
nominal interest rates to two percentage points. As explained in the preceding section,
when Foreign trend inflation is larger than Home, Home is the country with the lowest
nominal interest rate. The ZLB on interest rates might therefore bind for Home but
not for Foreign. This allows us to distinguish the spillovers from Foreign asset market
shocks depending on whether or not Home is in a liquidity trap.

The parameters α, β, and δ have standard values for yearly models. The financial
frictions are selected based on Gabaix and Maggiori (2015): in our framework, the
sum of λ, λ∗, and κ correspond to the inverse elasticity of cross-border holdings to the
currency excess return, and coincides with their Γ parameter, which they set to 0.1. The
individual values of λ, λ∗, and κ are selected to target portfolio shares of cross-border
bonds held by savers, x and x∗, of about 20% while maintaining λ + λ∗ + κ = 0.1.
This is in line with the steady-state fraction invested abroad of 17% documented by
Bacchetta and van Wincoop (2021).

Collateral requirements φ and φ∗ are set so that global investor debt to capital (dH/p+

dF∗/p∗)/(K + K∗) is equal to 90%, which corresponds approximately to the ratio of
total liabilities to non-financial assets in the US nonfinancial corporate sector in 2022,
which is equal to 87%.11 We then set the government debt bH and bF∗ so that the global
real debt-to-GDP ratios (bH/p+bF∗/p∗)/(y+y∗) is approximately 25 percent. The sum

11We use thee balance-sheet table for Nonfinancial Corporate Business (B.103) from the Financial
Accounts of the US. This figure corresponds to FL104190005/LM102010005.
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Table 1. Baseline calibration

Parameter Value
α Capital share of output 0.33
β Factor of time preference 0.95
γ Minimum wage growth rate 0.98
δ Rate of depreciation of capital 0.1
η Prob. of investment opportunity 0.1
θ Home trend inflation 1.00
θ∗ Foreign trend inflation 1.02
κ Cost of holding foreign bonds 0.06
λ Liquidation cost 0.02
φ Collateral requirement 0.839
b Government debt 0.15
P̄ Price level target 1
Z Productivity 1

of govermment and investor debt worldwide constitutes the global supply of bonds to
investors, and should be equal to global corporate saving. These parameters generate
a ratio of global investors’ saving to capital (A + A∗)/(K + K∗) approximately equal
to 102%. This ratio is consistent with the ratio of total financial assets to nonfinancial
assets in the US nonfinancial corporate sector, which is equal to 111% in 2022.12

We calibrate to 10% the probabilities η and η∗ that investors obtain an investment
opportunity, corresponding to an average of 10 years between two investments and
allowing us to target an asset-scarce equilibrium real interest rate of 0%. Given trend
inflation rates θ = 1 and θ∗ = 1.02, the corresponding nominal interest rates are i = 1

and i∗ = 1.02 (in the baseline).

We fix minimum wage growth rates γ and γ∗ to 0.98, as in Schmitt-Grohé and Uríbe
(2017).13 Note that because the minimum wage growth rate is smaller than the steady-
state inflation rate of each country, full employment obtains globally in a steady-state
equilibrium. Finally, the price level target P̄ and the productivity parameter Z are both
set to 1 without loss of generality. Table 1 summarizes the baseline calibration. Recall
that units of time are expressed in years.

12We use thee balance-sheet table for Nonfinancial Corporate Business (B.103) from the Financial
Accounts of the US as well. This figure corresponds to FL104090005/LM102010005.

13In the quarterly model from Schmitt-Grohé and Uríbe (2011), our calibration corresponds to a
downward wage rigidity parameter of 0.981/4 = 0.995, which is close to their baseline value 0.99.
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Figure 2. Drop in Foreign Investment Opportunities η∗

0 5 10 15 20 25
0.098

0.0985

0.099

0.0995

0.1
Investment opportunities

Home (1)
Foreign (1)
Home (2)
Foreign (2)

0 5 10 15 20 25
0.995

1

1.005

1.01

1.015

1.02

1.025
Nominal interest rate

Home (1)
Foreign (1)
Home (2)
Foreign (2)

0 5 10 15 20 25
0.995

1

1.005

1.01

1.015

1.02

1.025
Real interest rate

Home (1)
Foreign (1)
Home (2)
Foreign (2)

0 5 10 15 20 25
-6

-5

-4

-3

-2

-1

0
Price level, Exchange rate

Home (1)
Foreign (1)
Home (2)
Foreign (2)

0 5 10 15 20 25
-6

-5

-4

-3

-2

-1

0
Nominal wage

Home (1)
Foreign (1)
Home (2)
Foreign (2)

0 5 10 15 20 25
-1.5

-1

-0.5

0

0.5
Capital

Home (1)
Foreign (1)
Home (2)
Foreign (2)

0 5 10 15 20 25
-10

-8

-6

-4

-2

0
Labor

Home (1)
Foreign (1)
Home (2)
Foreign (2)

0 5 10 15 20 25
-8

-6

-4

-2

0
Output

Home (1)
Foreign (1)
Home (2)
Foreign (2)

0 5 10 15 20 25
-2

-1.5

-1

-0.5

0

0.5

1
Savers real wealth

Home (1)
Foreign (1)
Home (2)
Foreign (2)

0 5 10 15 20 25
-1.5

-1

-0.5

0

0.5
Investors real borrowing

Home (1)
Foreign (1)
Home (2)
Foreign (2)

0 5 10 15 20 25
0.19

0.195

0.2

0.205

0.21
Share of cross-border assets

Home (1)
Foreign (1)
Home (2)
Foreign (2)

0 5 10 15 20 25
-30

-25

-20

-15

-10

-5

0
NFA in Home

(1)
(2)

Notes: The solid red and blue lines labeled (1) correspond to the path for Home and Foreign when
Home is at the ZLB, while the dashed lines labeled (2) correspond to the path when Home is not at
the ZLB. Variables are expressed in percentage-point deviation from their initial steady-state level,
except for interest rates and shares of cross-border assets. On the x-axis, 0 is the initial steady-state,
and 1 is the year of the shock.

4.2 Results

We now turn to the results of our simulation exercise for the three shocks we consider.

Results are shown in Figures 2 to 4. Each subplot in the figures displays the transition
dynamics of the Home and Foreign economies to the shock under two alternative speci-
fications. The solid red and blue lines labeled (1) correspond to the case where Home is
at the ZLB, while the dashed lines labeled (2) correspond to the dynamics that would
have prevailed in the absence of the ZLB constraint on Home monetary policy.

Variables are expressed in percentage-point deviation from their initial steady-state
level, except for interest rates and portfolio shares of cross-border assets. Period 0
corresponds to the initial steady-state, and period 1 to the year of the shock.

Decline in Foreign Investment Opportunities.—The real shock under study in
this first simulation exercise is a permanent decline in Foreign investment opportuni-
ties, whereby a lower fraction of savers is presented with an investment opportunity in
Foreign, starting from period 1.
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As can be seen from the dotted red lines in Figure 2, absent a ZLB, the negative shock
to η∗ implies a decline in Foreign investment, as investment opportunities are reduced,
followed by a drop in output. The supply of Foreign private assets then declines.
Because the number of savers increases, the demand for saving instruments increases.
The resulting imbalance on the Foreign asset market creates a downward pressure on the
Foreign price level, prompting the Foreign monetary authority to decrease the interest
rate in order to keep inflation on target.

This triggers a net capital outflow towards Home. Outside the ZLB, the Home central
bank decreases its interest rate to accommodate the increase in the demand for Home
assets due to capital inflows. This keeps the price level on target but has a positive
impact on investment and output.

At the ZLB (solid blue lines), the sign of the spillovers is reversed. This is because
the increase in demand for Home bonds is now accommodated by a decrease in the
Home price, which, in the presence of downward wage rigidity, triggers an increase
in unemployment. Additionally, because nominal wages only gradually adjust, the
decrease in the Home price level is expected to continue. This leads to an increase in
the real interest rate, which tightens the I-investors’ borrowing constraints and triggers
an investment slump. The decline in both labor and capital contribute to a strong
recession.

Interestingly, at the ZLB, the shock spills back to Foreign as the net capital outflows
from Foreign are amplified (solid red lines). Indeed, the Home currency appreciates for
a few periods, which temporarily increases the Home currency excess return in Home.
This drives capital away from Foreign even more in the short term. As a response to this
stronger capital flight, the Foreign real interest rate temporarily increases, generating
a stronger reduction in capital accumulation and output than in the absence of ZLB.

Adverse Foreign Liquidity Shocks.—We now turn to a financial shock, charac-
terized by a permanent increase in the liquidation cost of Foreign bonds starting from
period 1. As shown in Figure 3, an increase in λ∗ decreases the demand for Foreign
bonds, which pushes the Foreign real interest rate up. The increase in the cost of bor-
rowing results in a decrease in Foreign investment and output, both in the short and
long run.

Overall, the reaction of the Home economy is qualitatively similar to that of a decline
in the supply of assets in Foreign described above, as both situations result in a capital
inflow to Home. Thus, at the ZLB (solid lines), this shock generates deflation, an
exchange rate appreciation, and transitory unemployment in Home. We also see similar
spillbacks as the interest rate in Foreign has to increase more than in the absence of
ZLB because of the strong increase in the Home currency return, which also exacerbates
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Figure 3. Increase in Foreign Bonds Liquidity Cost λ∗
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the net capital outflow from Foreign.

Interestingly, the real wealth of Foreign savers initially increases as they benefit from
the unexpected appreciation of Home currency, but it settles at a lower equilibrium
level than initially, due to the decline in economic activity.

Increase in the Foreign Price Level.—The third shock that we simulate is a
monetary expansion, originating from a permanent increase in the price level P̄ ∗ that
the Foreign central bank targets starting from period 1. This corresponds to a one-
period rise in Foreign inflation.

The price increase is implemented by the Foreign central bank through a temporary
decline in the nominal interest rate. Since the central bank’s objective is to perform
a once-and-for-all increase in the price level, expected inflation goes immediately back
to 2%. Therefore, the decline in the nominal rate generates a decline in the real rate,
as shown in Figure 4. This decline in the real rate increases the collateral of Foreign
borrowers, leading, other things equal, to a larger supply of Foreign private assets. It
also provokes a net capital outflow from Foreign.

Together, the two effects result in a lower net demand for assets in Foreign. This leads
to the price increase desired by the central bank, as the supply of real Foreign bonds

22



Figure 4. Increase in the Foreign Price Target
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rate prevailing at (outside) the ZLB.

must adjust to the lower net demand. Despite the fact that, all else equal, the fall in the
real interest rate alleviates I-investors’ borrowing constraint, Foreign capital initially
decreases as I-investors’ nominal wealth is hit by the unexpectedly higher price level,
leaving them with less funds to finance investment.

This negative effect is exclusively due to the open dimension of the economy. Indeed,
in a closed economy, this shock would generate an increase in Foreign capital. The
reason is the following. The unexpected price increase also lowers the real debt of past
I-investors, leading to a windfall profit. In a closed economy, this windfall would have to
be reinvested locally, which would be possible thanks to a lower interest rate. Overall,
investment would increase. In the open economy, the windfall profit is instead invested
abroad, in the Home economy. This results in a funding dry-up which leaves Foreign
investors with less resources to finance capital.

In the absence of ZLB, the capital flight would stimulate Home’s investment and output
through a decline in the nominal and real interest rate. But with the ZLB, prices must
decrease in Home to generate the amount of real bonds that accommodate the Foreign
demand for assets. This, again, generates a decline in labor and output. Similar
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spillbacks are at work as with the two previous shocks.14

4.3 Synthesis

The simulations outlined above reveal that the nature of shocks, whether real, finan-
cial, or monetary, gives rise to both similarities and differences in their spillovers and
spillbacks.

First, the transmission mechanism is consistent across shocks. Indeed, all three shocks
lead to an increase in asset scarcity in the Foreign economy. This arises from savers
reallocating their portfolios towards Home bonds, resulting in capital inflows into the
Home economy and creating an excess demand for Home assets. This mechanism is
common to all shocks, highlighting its importance in transmitting the impact of shocks
across economies.

Second, the ZLB plays a critical role in shaping the responses to these shocks. In
particular, when the Home economy is outside the ZLB, the central bank can adjust
the nominal interest rate to reequilibrate the Home asset market and mitigate the
impact of shocks. However, in a liquidity trap, the central bank’s inability to decrease
the interest rate further leads to deflation and currency appreciation in Home. This
constraint is significant in shaping the world economy’s response to shocks.

Third, the spillovers from these shocks are significant. Under some level of nominal
rigidities, the deflation caused by shocks leads to unemployment and recession in Home.
The constraints imposed by the ZLB magnify the negative impact of these shocks,
making the economy more susceptible to spillover effects from external shocks.

Finally, the presence of the ZLB triggers spillbacks in all three shocks. Capital inflows
driven by the shocks cause the Home currency to appreciate temporarily, making Home
assets more attractive to investors. As a result, capital flows away from Foreign, leading
to a temporary increase in the Foreign real interest rate. This causes a more pronounced
reduction in capital accumulation and output in the Foreign economy compared to
scenarios without ZLB constraints.

Despite the similarities in transmission mechanisms and spillovers, differences arise in
international portfolio allocation. Notably, the financial shock drives Home investors
to hold more Foreign bonds, despite higher liquidation costs. As noted earlier, cross
border flows are decreasing in international financial frictions κ, and increasing in Home

14In Appendix C, we present an analysis investigating how the impact of Foreign asset market shocks
on the Home economy is potentially heightened when Home has a relatively low real debt-to-GDP ratio.
This is conducted through similar simulations. We calibrate nominal government debt in Home to be
half of that in Foreign, while keeping global nominal debt constant for comparison across specifications.
Our findings, as depicted in Figures C1, C2, and C3, indicate that the spillovers from these shocks to
Home are significantly exacerbated when it has a relatively smaller debt-to-GDP ratio.
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financial frictions λ+λ∗ whenever κ > 0. When λ∗ rises, the increase in costs associated
with the Foreign asset has a greater effect on Foreign savers in comparison to Home
savers. This discrepancy can be attributed to the convex nature of these costs. The
main reason for this phenomenon is that Foreign savers hold a larger share of Foreign
assets compared to Home savers (1−x∗ > x), which precisely occurs because κ > 0. As
the returns on Foreign assets increase to offset this shock, the overall effect for Home
savers is an enhanced attractiveness of Foreign assets.

Furthermore, the monetary shock stands out as the only shock that stimulates Foreign
investment in the medium run. Indeed, due to the unanticipated decline in prices,
the real interest rate for borrowers decreases, constituting a positive income shock.
Consequently, there is a medium-term increase in saving and capital (when borrowers
transition into savers). Incidentally, this is the sole shock where the real interest rate in
the Foreign economy declines. Conversely, the initial reduction in capital is explained
by a negative income shock for savers (who transform into investors), as the returns on
saving undergo an unforeseen decrease.

Finally, while the size of each shock is chosen to generate a 10% decrease in employment
in Home, it is important to note that the amount of capital flows required for that level
of unemployment to obtain varies across shocks. Specifically, the monetary shock leads
to the strongest decrease in Home NFA, followed by the financial shock and the real
shock. However, despite these differences, the persistence of the effects outlined above
is roughly similar across shocks.

5 Policy implications
Can macroeconomic policy mitigate asset market spillovers at the ZLB? We discuss four
policies: increasing the steady-state inflation θ, forward guidance (decreasing future
interest rates), fiscal expansion and sterilized foreign exchange reserve policies.

Higher steady-state inflation The ZLB has implications on the desirable steady-
state inflation rate. Raising the steady-state inflation rate allows the nominal interest
rate to stay further above zero in normal times, increasing the central bank’s policy
space during downturns. Importantly, in our setup with downward-wage rigidity, for a
given minimal nominal wage inflation γ, a higher steady-state inflation rate θ reduces
the likelihood of experiencing a drop in employment and the negative impact on output
when the downward wage rigidity is binding (see Lemma 1).
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Forward guidance A key insight from the literature on optimal monetary policy at
the zero lower bound is that the ZLB introduces a nonlinearity in the policy problem,
making traditional Taylor-rule frameworks suboptimal in such settings. Eggertsson and
Woodford (2003) have shown that credible promises to keep future nominal interest rates
low—forward guidance—can stimulate current output and inflation by lowering real
long-term interest rates.15 This channel is at play in our framework because the gener-
alized IS curves are forward-looking, due to the forward-looking borrowing constraints.
However, the effectiveness of forward guidance is mitigated in models with financial
frictions, because these models feature a discounting of future aggregate demand. In
our case, the borrowing constraints generate a similar discounting (see Equations (27)
and (28) in Appendix A.3), which will mitigate the impact of forward guidance. In
addition, forward guidance is only effective in the presence of temporary shocks that
ensure the economy will eventually exit the ZLB. Standard representative-agent models
cannot accomodate permanent shocks that keep the economy at the ZLB indefinitely.
Our framework, through its non-Ricardian features, allows us to model this situation
in which forward guidance becomes ineffective.

A debt-fuelled fiscal expansion Consider a fiscal expansion (an increase in real
transfers T/P ) financed through an increase in normalized government debt bH . This
increase in the supply of domestic assets mitigates the impact of asset market shocks
by accommodating the excess demand of foreigners for domestic assets. This mitigates
spillovers both outside the ZLB (the domestic interest rate does not need to fall as
much) and at the ZLB (nominal output does not need to fall as much). The literature
has emphasized that inflationary fiscal expansions have a positive effect on output,
especially at the ZLB (Woodford, 2011, Christiano et al., 2011). However, the channel
is different: driven by an increase in inflation, the real interest rate drops and stimulates
aggregate demand. In our framework, it is an asset supply channel that hinges crucially
on the fact that the fiscal expansion is financed through debt.

Figure 5 represents how a weak and a strong fiscal expansion affect the Home economy,
when it is undergoing the spillovers from a liquidity shock in Foreign. After a liquid-
ity shock in Foreign, the economy moves from equilibrium A to equilibrium B, as in
Figure 1. The economy falls in the ZLB and nominal output drops. Both a weak and
a strong fiscal expasion shift the IS curves to the right (panels (a) and (b)). In both
cases, the impact on nominal output is reduced as the supply of domestic debt fulfills
part of the excess demand for domestic assets (equilibrium C). With a strong fiscal
expansion, the debt expansion is strong enough to lift the interest rate above the ZLB
and completely immunize the nominal domestic output from the foreign shock (panel

15See Haberis and Lipinska (2020) for an analysis of forward guidance in a two-country setting.
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Figure 5. Liquidity Shock: Increase in λ∗ – With a Debt-Fuelled Fiscal Expansion
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Sterilized foreign exchange interventions Sterilized foreign exchange interven-
tions by central banks change the economy’s net supply of domestic assets. For instance,
the central bank can issue domestic bonds in order to buy foreign assets. Could this
policy then accommodate international asset market shocks by increasing the supply
of domestic assets, as the debt-fuelled fiscal expansion? We show that this policy in
fact does not alleviate the asset market shock, because it also increases the demand for
foreign assets. The resulting impact is thus neutral. Appendix E shows this precisely.

6 Conclusions
In a globally integrated financial system, it is essential to understand how shocks affect-
ing the supply and demand for assets are transmitted internationally. These financial
ties, bolstered by monetary policy constraints such as the ELB, influence not only how

16In Appendix D, we simulate the impact on the Home economy of an adverse liquidity shock in
Foreign when Home follows a debt policy rule of the form bHt = b̄Heιλ

∗
t with ι > 0. The experiment is

identical to that of Figure 3, except that Home government debt increase in response to the shock. Our
findings confirm that spillovers from these shocks to the domestic economy are significantly alleviated
by debt-fuelled fiscal expansions (cf. Figure D4).
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economies respond to shocks, but also how these responses ripple across economies.

We construct a two-country model with heterogeneous agents and segmented inter-
national capital markets in order to investigate the spillovers of real, monetary, and
financial shocks. We extend the conventional New Keynesian IS curve to capture the
effects of gross capital flows and variations in the real supply of domestic assets by incor-
porating financial frictions and a mechanism for alternating savers and investors. This
extension is particularly valuable when considering a world in which asset availability
plays a significant role in international finance.

This extended IS-curve offers interesting analytical insights. In particular, when shocks
that discourage foreign bonds holdings happen abroad, portfolio reallocations from
foreign to domestic assets occur, causing the domestic currency to appreciate. While the
domestic central bank could normally offset this by lowering its nominal interest rate—
resulting in positive spillover effects—the ELB prevents this action, causing deflation
with a contractionary effect, and thus negative spillovers.

We demonstrate the spillovers from various categories of shocks, namely real, financial,
and monetary shocks, both analytically and through a series of perfect-foresight sim-
ulations. We show how the presence of the ELB can alter the sign and magnitude of
these spillovers, resulting in profound effects on economic activity, prices, and exchange
rates. Notably, we discover that ELB can have repercussions on the domestic economy
due to changes in exchange rates and capital flows.

Our simulation results reveal that while a permanent decline in foreign investment
opportunities stimulates capital inflows and boosts domestic output under normal con-
ditions, the presence of ELB can reverse these effects, causing deflation and unem-
ployment. The same pattern of ELB-induced reversal of spillovers is also observed
for financial and monetary shocks, which we characterize as increases in the liquidation
cost of foreign assets and increases in the foreign monetary authority’s price level target.
These results highlight the importance of the monetary policy response in determining
the sign and magnitude of spillovers in a globally integrated financial system.

In addition, our model reveals the existence of spillbacks at the ELB. We find that
the shocks in the foreign economy trigger a temporary appreciation of the domestic
currency and an associated increase in excess returns. This phenomenon drives capital
away from the foreign economy, leading to a temporary surge in foreign real interest
rates and a more substantial decrease in capital accumulation and output compared to
situations not constrained by the ELB.

One key insight from our research is the importance of considering the specific context
of the ELB in shaping policy responses. With Home constrained by the ELB, tradi-
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tional monetary policy tools may not be fully effective in stabilizing the economy and
may even lead to unintended consequences. This highlights the need for alternative
policy measures to complement the nominal interest rate adjustments. While results
are striking at the ELB, these conclusions would carry over to less extreme situations
where monetary policy does not respond enough to fully stabilize prices, perhaps due
to a gradual approach to interest rate changes or to a focus on shocks originating in the
domestic economy. The way monetary policy is conducted strongly shapes spillovers
and spillbacks of international asset market shocks.

Our study opens interesting avenues for future research. Investigating alternative policy
measures beyond nominal interest rate adjustments could be valuable. For instance, in-
creasing the supply of Home government bonds to absorb additional asset demand from
abroad mitigates the asset shortage, and potentially alleviates ELB-induced spillover
impacts. However, this approach may raise fiscal solvency concerns and lead to a risk
premium on government debt. Investigating this aspect further could shed light on the
potential challenges faced by the world economy in a liquidity trap as well as its possible
escape routes.
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Appendix

A Steady states and log-linearization
This appendix provides further analytical details to Section 3. As in that section, we
make the simplifying assumptions of full capital depreciation (δ = 1) and deterministic
alternating investment opportunities (η = 1). We start by studying almost-symmetric
steady states, before log-linearizing the model around them.

A.1 Capital accumulation

In addition to the optimal portfolio choice given by Equations (14) and (15), and
the generalized IS curves (16) and (17), the model dynamics is also driven by capital
accumulation. For Home, we can aggregate the budget constraints of both groups of
investors in each country, use the fact that they save a fraction β of their beginning-
of-period wealth, together with the market-clearing conditions for bonds (11) and the
generalized IS curve to get:

kt = (1− φ)βαyt−1
βit−1pt−1

θpt
+ φβαyt+1

θpt+1

βitpt

− (1− φ)β2αyt−1

[
λ− (λ+ λ∗ + κ)x2

t−1

2

]
. (20)

A similar equation holds for foreign. Capital accumulation has two sources. The first
term captures cumulated savings. In the limit of alternating investment opportunities,
it takes a simple form and only depends positively on the real interest rate of the
previous period. The second term captures debt issuance by I-investors, using future
production as collateral: it is decreasing in the real interest rate of the current period.
The third term is a resource cost due to bond liquidation costs.

A.2 Almost-symmetric steady states

Steady states are then easy to characterize. Consider an almost-symmetric steady state,
where both countries have the same parameters except for θ < θ∗. Then, they have the
same real interest rates R = i/θ = i∗θ∗. We also assume that λ is small enough so that
we can neglect cross-border bond holdings x and x∗ in this steady state, an assumption
that we relax in the quantitative analysis of Section 4. Steady states can be indexed
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by a parameter Ψ:

x̄ =
λ

2λ+ κ
, (21)

βR̄ =
φ

1− φ−Ψ
, (22)

k̄

βαȳ
= (1− φ)βR̄ +

φ

βR̄
− β(1− φ)λ(1− x̄)/2, (23)

ȳ = Z
1

1−α

[
k̄

ȳ

] α
1−α

, (24)

Ψ =
b

βαp̄ȳ
, (25)

where steady-state variables are denoted with a bar.

Note first that the last term in the capital-output Equation (23), which represents the
resource cost of bond liquidation, can be neglected under our assumption of a small λ.

The parameter Ψ represents the real provision of public liquidity by governments. As
the steady-state version of the generalized IS curve (22) shows, the real interest rate is
increasing in both public liquidity Ψ and private liquidity, which is determined by the
collateral share φ. Then, the capital-output ratio k̄/(βαȳ) is a U-shaped function of
βR̄, equal to 1 at βR̄ = φ/(1− φ) and 1, with a minimum at βR̄ =

√
φ/(1− φ). The

lower bound of this range corresponds to the absence of public liquidity (Ψ = b = 0).
At the upper bound (βR̄ = 1), borrowing constraints stop binding and the steady
state exits the domain of asset-scarce equilibria. Assume that Ψ is low enough so that
the capital-output ratio is on the decreasing branch of this U-shape function. This is
a crowding-out regime, where more public liquidity leads to a higher real rate and a
lower capital-output ratio.

To see how the economy adapt to asset scarcity, consider first a steady state outside
the ZLB. Then, the central bank targets a path of constant inflation, which sets the
(normalized) price level p̄. The lower the nominal supply of government bonds b, the
lower Ψ, the lower the real rate R̄, the higher the capital-output ratio and the steady
state level of output. On the contrary, at the ZLB, the real rate R̄ becomes exogenous
(at 1/θ for a zero-lower bound) and cannot depend on the nominal supply of bonds b.
Neither do the capital-output ratio and steady-state output. Then, adjustment comes
from the price level. The lower the nominal supply of bonds b, the lower the price level
p̄, to restore the real supply of bonds consistent with the ZLB real rate of interest.

A.3 Log-linearization

We now derive a log-linearized version of the model. This will allow us to provide more
rigourous foundations to the graphical analysis of Section 3.4.
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Suppose that the liquidity parameter in the Foreign economy λ∗ is slightly higher than
in the Home economy. We can log-linearize the model for small deviations of λ∗ − λ.

More precisely, let ζt = x̄
λ∗t−λt
λt

and consider small positive values of ζt. Then, denoting
log-deviation with a tilde (except for the share x̃ which is an absolute deviation), we
have:

x̃t − x̃∗t = −ζt +
2R̄∆t

2λ+ κ
(26)

p̃t + ỹt = Ω(p̃t+1 + ỹt+1 − ĩt) + (x̃t − x̃∗t ) + x̄(ỹt − ỹ∗t ) (27)

p̃∗t + ỹ∗t = Ω(p̃∗t+1 + ỹ∗t+1 − ĩ∗t ) + (x̃∗t − x̃t) + x̄(ỹ∗t − ỹt) (28)

k̃t = ỹt + Γ[p̃t−1 + ỹt−1 − p̃t − ỹt + ĩt−1] + (1− Γ)[p̃t+1 + ỹt+1 − p̃t − ỹt − ĩt] (29)

ỹt = αk̃t−1 + (1− α)L̃t (30)

with Ω = φ/[(1− φ)βR̄] < 1, Γ = (βR̄)/(βR̄+ Ω] < 1, and where ∆t = ĩ∗t + p̃∗t − p̃∗t+1−
ĩt − p̃t + p̃t+1 is the log-linearized UIP-wedge.

The crowding-out regime where the capital-output ratio is declining in the real inter-
est rate corresponds to Γ ≤ 1/2. Equation (26) corresponds to the optimal portfolio
choices (14) and (15), Equations (27) and (28) to the generalized IS curves (16) and (17),
and Equation (29) to the capital accumulation equation (20) (a similar equation holds
for Foreign). Compared to the textbook IS curve, the linearized version of the gener-
alized IS curve (27) features both discounting (with Ω < 1) due to the non-Ricardian
nature of the model, and a role for the relative cross-border bond holdings x̃t − x̃∗t . As
the latter is scaled by the relative size of the Home economy, there is also a third term
ỹt− ỹ∗t . Under our assumption of a small λ and small cross-border bond holdings x̄, the
terms in x̄ can be neglected in (27) and (28): then, the IS curves of Home and Foreign
are only coupled by the relative bond holdings x̃t − x̃∗t , which simplifies the analytics.

A.4 Dynamics out of the ZLB

Suppose the economy is initially in the almost-symmetric steady state corresponding
to ζ = 0. At t = 1, the liquidity cost ζ permanently increases to a positive value. If
Home and Foreign are both out of the ZLB, price levels stay on their targeted path
p̃t = p̃∗t = 0 and the economy stay at full employment L̃t = L̃∗t = 0. The symmetry of
the linearized equations imply that ĩt + ĩ∗t = 0, and similarly for k̃t and ỹt. Therefore,
we have ĩ∗t = ∆t/2 = −ĩt, and ỹt = −ỹ∗t . There are positive spillovers to the Home
economy. We can compute the response of the interest rate and capital at impact and
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in the new steady state:

ĩ∗1 =
ζ

Ω

1− α(1− Γ)
+

4R̄

2λ+ κ

, k̃1 = − (1− Γ)

1− α(1− Γ)
ĩ∗1, (31)

ĩ∗∞ =
ζ

Ω− ν(1− Ω) +
4R̄

2λ+ κ

, k̃∞ = −ν
α
ĩ∗∞, (32)

where ν = α
1−α(1− 2Γ) is the interest-rate elasticity of steady state output (ỹ = −νĩ).

To get a well-defined equilibrium, we need to assume that Ω
1−Ω

> α
1−α(1−2Γ), a condition

that requires Ω close enough to 1. In other words, the generalized IS curve must not
feature too much discounting with respect to the standard IS curve. Economically,
this requires not too much amplification between output and the interest rate. Indeed,
suppose the interest rate ĩ∗ increases by some amount due to a higher x̃∗ − x̃: this
decreases output ỹ∗ by a factor ν. A lower level of output decreases saving, which
requires an even higher interest rate (by a factor 1−Ω

Ω
), and so on. For this process to

converge, the total factor ν 1−Ω
Ω

must be smaller than 1. This condition is equivalent to
having a positively sloped steady-state (IS∗) curve in the (x∗− x, i∗), a feature that we
will use in the graphical analysis of Section B.

Under this assumption, the Foreign interest increases when the shock hits, and increases
further over time until it settles a the new steady state value. The Home interest rate
moves down symmetrically.

A.5 Dynamics at the ZLB

Suppose now that Home is at the ZLB and that ĩt = 0 cannot adjust. Then, adjustment
will come from the price level p̃t and employment L̃t. In Foreign, we still have p̃∗t =

L̃∗t = 0 and ĩ∗t > 0. To see how the economy adjusts, it is useful to proceed heuristically
in three steps.

1. We start by making a simplifying approximation, which we will relax later. Let’s
assume that the UIP wedge ∆t directly jumps at t = 1 to its final steady state
value. That is, we start by neglecting transitory fluctuations in both ĩ∗t and
p̃t+1 − p̃t. The steady state value of ∆t is equal to that of ĩ∗ and given by

ζ

Ω− ν(1− Ω) + 2R̄
2λ+κ

. Remark that this steady state increase in ĩ∗ is larger when

Home is at the ZLB, a case of spillback to the Foreign economy.

Under this approximation, we can solve forward for nominal output in Equa-
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tion (27): p̃t + ỹt instantaneously jumps to a constant value

n = − Ω− ν(1− Ω)

Ω− ν(1− Ω) + 2R̄
2λ+κ

ζ

1− Ω
< 0

Let ξ = − log(γ/θ) the (normalized) rate of wage deflation when the downward
rigidity is binding. From Lemma 1, if n ≥ −ξ, the shock is small enough for the
downward wage rigidity not to bind. Then p directly jumps to n, its new steady
state value. If n < −ξ, then let T be the smallest integer such that ξt ≥ |n|. The
downward wage rigidity binds until period T − 1 and Home dynamics follow:

1 ≤ t < T L̃t = n+ ξt

ỹt = αk̃t−1 + (1− α)L̃t

p̃t = n− ỹt
t = 1 k̃1 = (1− α)L̃1 − Γn

2 ≤ t < T k̃t = ỹt

Then, for t ≥ T , we have full employment (L̃t = 0) and ỹt = αỹt−1 gradually
recovers to its value in the initial state while p̃t = n− ỹt gradually declines to its
steady state value of n.

To sum it up, for a large enough shock, employment drops at period 1 before
gradually recovering as nominal wages gradually decline. Output initially drops
with employment and is further hurt by the decline in investment, before recover-
ing as well. The recovery in output goes together with a slow decline in the price
level.

2. Next, consider the dynamics of the Foreign interest rate ĩ∗, while still neglecting
Home inflation p̃t+1 − p̃t. In the first period, the Foreign interest rate is given

by ĩ∗1 =
ζ

Ω
1−α(1−Γ)

+ 2R̄
2λ+κ

, a value lower than its steady state level. This smoother

response of ĩ∗ translates into a smoother response of nominal output n.

3. Finally, consider the impact of Home deflation. The gradual decrease in Home
prices implies a lower value of ∆t at the begining of the transition dynamics.
From (26), this decreases relative cross-border holdings x̃t − x̃∗t : deflation raises
the return of Home assets and attracts further inflows into the Home economy.
This has two consequences.

First, from (28), it yields a larger initial increase in ĩ∗ (26), other things equal. In
our simulations of Figure 3, both effects, the smoother response of ĩ∗ mentioned
previously, and the stronger response of ĩ∗ due to Home deflation roughly offset
each other. Therefore, the Foreign interest rate has only limited fluctuations after

37



its initial increase in t = 1.

Second, from (27), expected deflation in Home, by attracting further inflows for
Home assets, amplifies the shock in Home and leads to an even lower nominal
output n in the short run.

B Graphical Analysis
This appendix provides details on the graphical analysis presented in Section 3.4. The
top panel of Figure 1a represents the equilibrium in the Foreign economy in the short
run, within period t, for given expectations of future variables and for a given domes-
tic real interest rate itp1/pt+1. We denote with a bar all the predetermined or given
variables. (PF) is downward-sloping in the (x∗ − x, i∗) space:

x∗t − xt =
λ∗ − λ

λ+ λ∗ + κ
− 2

λ+ λ∗ + κ

[ i∗t
θ∗
−
(
itpt
θpt+1

)]
. (PF)

Within period t, y∗t is predetermined and p∗t is set by monetary policy, so Foreign
nominal output is exogenous in period t. Expected output y∗t+1 is a function of capital
k∗t installed in period t, which itself depends negatively on the interest rate i∗t . All
together, (IS∗) is then an upward-sloping schedule between x∗ − x and i∗:

1− (x∗t − xt) =
φ

1− φ
θ∗y∗t+1(i∗t )

βi∗ty
∗
t

+
1

1− φ
bF∗t

βαp∗ty
∗
t

, (IS∗)

while in the (x∗ − x, p∗ty
∗
t ) plane, it is simply horizontal, as in the bottom panel of

Figure 1a, since Foreign nominal output is exogenous in period t.

Consider now the Home economy. Outside the ZLB, the (IS) curve is the same as in
Foreign, up to a minus sign:

1 + (x∗t − xt) =
φ

1− φ
θyt+1(i)

βityt
+

1

1− φ
bHt

βαptyt
. (IS)

Therefore, the Home (IS) curve is downward-sloping in the (x∗ − x, i) space, until the
ZLB binds. Then it becomes horizontal:

1 + (x∗t − xt) =
φ

1− φ
θpt+1yt+1(1)

βptyt
+

1

1− φ
bHt

βαptyt
, (IS’)

This is represented in Figure 1b, where (IS) has a kink. At the ZLB, given expectations
of future variables, the (IS) curve now determines nominal GDP ptyt, as shown in the
bottom of Figure 1b.

A similar graphical analysis holds at the final steady state without the need to neglect
expectations. Indeed, in the steady state, (PF) is a decreasing relationship between
x∗−x and i∗/θ∗− i/θ, so it is increasing (decreasing) in the (x∗−x, i∗) space ((x∗−x, i)
space), exactly as in period t = 1. The steady state version of the (IS∗) curve is
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also increasing in the (x∗ − x, i∗) space under an additional parametric assumption: as
discussed in Section A.4, we need Ω

1−Ω
> α

1−α(1 − 2Γ), which makes sure that steady
state output does not depend too much on the interest rate. Under the same condition,
the steady state version of the (IS) curve is downward sloping in the (x∗ − x, i) space
until it reaches the same kink as in Figure 1b. Similarly, we get similar bottom panels
as in Figure 1 by replacing nominal output by the steady state price level on the vertical
axis. The Foreign price level is set by monetary policy, so we get a horizontal line in
Figure 1a. When Home is at the ZLB, its output converges back to its initial steady
state, as shown in the log-linearized version of Section A.5, so nominal output can also
be replaced by the price level in the bottom panel of Figure 1b.

C Relatively Low Home Debt
In this appendix we analyze the dynamic response to unexpected shocks to foreign
investment opportunities η∗, to the liquidity of Foreign bonds, λ∗ and to the Foreign
central bank’s price level target under alternative levels government debt bH , bF . The
idea is to investigate whether the spillovers from asset market shocks occurring abroad
to the domestic economy are exacerbated when Home has a relatively low real debt-to-
GDP ratio.

Specifically, we set nominal government debt in Home bH to be half that in Foreign
bF by holding global nominal debt bH + bF constant. This corresponds to a respective
calibration of bH and bF to 0.10 and 0.20, against the the symmetric value 0.15 used
in the baseline. Holding global nominal debt constant ensures comparability across
specifications.

Figures C1, C2 and C3 below enable us to assess the difference in spillovers that emerges
from the difference in government debt levels. In particular, each figure overlays the
path that Home and Foreign experience when their government debt level differs (solid
lines labeled (1)) and when it does not (dashed lines labeled (2)). The size of the various
shocks is held constant.

Decline in Foreign Investment Opportunities.—Figure C1 presents the impact
of a permanent decrease in Foreign investment opportunities η∗ in a scenario where
Foreign has a higher debt-to-GDP ratio. Similarly to the symmetric case, this leads to
an increase in savers, which in turn raises the demand for saving instruments. Conse-
quently, deflationary pressures arise, which the central bank can counteract by lowering
the nominal interest rate. Interestingly, Foreign seems to be partially insulated under
this circumstance, managing to boost its investment owing to a decreased real inter-
est rate and the value gains from Home bonds, effectively offsetting the initial loss of
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Figure C1. Drop in Foreign Investment Opportunities η∗
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Notes: The solid red and blue lines labeled (1) correspond to the path for Home and Foreign when
Home has a relatively smaller nominal government debt, while the dashed lines labeled (2) correspond
to the path when Home and Foreign have identical levels of nominal government debt, as in the baseline
calibration. Variables are expressed in percentage-point deviation from their initial steady-state level,
except for interest rates and shares of cross-border assets. On the x-axis, 0 is the initial steady-state,
and 1 is the year of the shock.

investment opportunities. However, by the second period, investment returns to lower
long-term levels, aligning the economy back to its benchmark path.

On the flip side, the impact of this shock type is intensified in Home due to its smaller
debt-to-GDP ratio, with a stronger capital outflow towards Home that ultimately leads
to more intense deflation when the central bank is stuck at the ZLB, larger currency
appreciation, and due to nominal rigidities, a more severe and prolonged recession.

Adverse Foreign Liquidity Shocks.—The outcomes revealed in Figure C2, which
illustrates the response to a permanent increase in the liquidation cost of Foreign bonds
λ∗, are analogous to those seen in the previous shock scenario. When Foreign, acting
as a larger government bond supplier, experiences a slight decrease in investment, this
results in a slightly less intense economic downturn than under purely symmetrical
conditions. Conversely, the repercussions for Home are magnified when it is smaller in
terms of debt-to-GDP ratio: the negative impacts stemming from the increased foreign
liquidation cost are more significant and persistent across all variables.
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Figure C2. Increase in Foreign Bonds Liquidity Cost λ∗
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Notes: See Figure C1.

Increase in the Foreign Price Target.—Figure C3 showcases the outcomes from
a monetary shock due to a permanent rise in the price level targeted by the Foreign
central bank P̄ ∗. The central bank induces temporary inflation to attain this new
target, which is facilitated by a lower nominal interest rate. When Foreign has a larger
debt-to-GDP ratio, this mechanism operates similarly as in the symmetric case.

However, a surprising consequence emerges due to the surge in economic activity trig-
gered by increased investment, facilitated by a lower real interest rate. The central
bank needs a subsequent larger increase in the nominal rate to keep prices on target,
compared to what was required under symmetrical conditions.

This dynamic initiates an interesting transition phase during which capital temporarily
flows back into Foreign before leaving it at a lower long-term level. This implies that
the spillbacks are no longer potent enough to override the positive effect of inflation
on output, allowing Foreign to enjoy a temporary economic boost. However, Home’s
situation worsens due to its smaller debt-to-GDP ratio, experiencing larger and longer-
lasting spillover effects from the shock.
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Figure C3. Increase in the Foreign Price Target
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Notes: See Figure C1.

D A Debt-Fuelled Expansion
In this appendix, we analyze the dynamic response to unexpected shocks to the liquidity
of Foreign bonds λ∗ under an endogenous debt rule. The idea is to investigate whether
a debt-fuelled domestic fiscal expansion can mitigate the spillovers from asset market
shocks occurring abroad to the domestic economy.

We set an endogenous debt policy rule of the form bHt = b̄Heιλ
∗
t with ι > 0. The

parameters b̄H and ι are calibrated to 0.135726 and 5 respectively, such that the ex-
ante government debt levels are identical to the baseline calibration (0.15). We then
simulate the same adverse shock to Foreign liquidity λ∗ as in Section 4.2.2 under this
alternative specification.

Results are shown in Figure D4. The solid blue lines labeled (1) correspond to the cases
where Home government debt does not change, i.e., the baseline calibration. They are
thus identical to those in Figure 3. The dashed blue lines labeled (2) correspond to the
dynamics that would prevail under the debt policy rule outlined above, ceteris paribus.
Variables associated with the Foreign economy are omitted from the plots for parsimony.

The simulation confirms that, by increasing its debt in reaction to the adverse Foreign
liquidity shock, the government in Home satisfies part of the excess demand for domestic
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assets. As a result, the decline in the Home price level is less severe. If home fiscal
expansion is strong enough (as governed by the ι parameter), the deflation in Home
may be small enough to prevent the downward wage rigidity to trigger unemployment.

Figure D4. Liquidity Shock: Increase in λ∗ – Debt-Fuelled Expansion
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Notes: The solid blue lines labeled (1) correspond to the cases where Home government debt does not
change, i.e., the baseline calibration. They are thus identical to those in Figure 3. The dashed blue
lines labeled (2) correspond to the dynamics that would prevail under the debt policy rule outlined
above, ceteris paribus. Variables are expressed in percentage-point deviation from their initial steady-
state level, except for interest rates and shares of cross-border assets. On the x-axis, 0 is the initial
steady-state, and 1 is the year of the shock.

E Sterilized FX Intervention

Consider a central bank that can buy an amount of foreign bonds b̃F∗t (normalized by θ∗t)
by issuing domestic bonds b̃Ht (normalized by θt). All profits earned or losses incurred
from the central bank’s balance sheet i∗t−1stb

F
t−1/pt − it−1b

H
t−1/pt are redistributed to

workers. The resource constraint of the central bank then implies:

b̃Ht
pt

=
stb̃

F
t

pt
(33)

Foreign exchange interventions modify the (IS) and (IS∗) curves used for our graphial
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analysis as follows:

1 + (x∗t − xt) =
φ

1− φ
θpt+1yt+1

βitptyt
+

1

1− φ
bHt + b̃Ht
βαptyt

, (IS)

1− (x∗t − xt) =
φ

1− φ
θ∗y∗t+1

βi∗ty
∗
t

+
1

1− φ
bF∗t − b̃F∗t
βαp∗ty

∗
t

, (IS∗)

Accumulating foreign assets b̃Ft by issuing domestic bonds b̃Ht has two effects on asset
markets. For a given net capital inflow x∗−x, it increases the supply of domestic bonds
and shifts (IS) on the right, mitigating the domestic spillovers. However, by limiting
the net supply of foreign bonds to the foreign investors, it shifts (IS∗) to the right, thus
increasing the net capital inflows x∗ − x. The combination of these two effects has an
ambiguous impact on the domestic economy.

In fact, we can show that the impact of sterilized interventions is completely neutral.
One can see this by writing the consolidated generalized IS curves (18) with sterilized
interventions:

β(1− φ)

(
1 +

y∗t
yt

)
= φ

(
θpt+1yt+1

itptyt
+
θ∗p∗t+1y

∗
t+1

i∗tp
∗
ty
∗
t

y∗t
yt

)
+

1

αptyt

(
bHt + b̃Ht + st(b

F∗
t − b̃F∗t )

)
(34)

Noting that the central bank’s resource constraint imposes that b̃Ht − stb̃
F
t = 0, this

equation boils down to (18), the global asset market equilibrium without interventions.
Sterilized interventions have a neutral effect on global asset markets, and hence they
will not influence the nature of spillovers. Key to this result is that the spillover takes
the form of a net capital inflow into the Home economy and that sterilized foreign
exchange interventions do not affect net capital inflows.

Figure E5 represents the spillover of a liquidity shock in Foreign on the Home economy,
when the Home economy engages in sterilized foreign exchange interventions. The
liquidity shock shifts the equilibrium from A to B, and the Home economy hits the
ZLB and experiences a drop in nominal output. With foreign exchange interventions,
the central bank issues domestic bonds, which shifts the IS curve to the right. Here, the
domestic debt issuance is strong enough to lift the economy out of the ZLB and prevent
the drop in nominal output, as with a strong fiscal expansion (equilibrium C in Panel
(b)). However, the intervention also impacts the Foreign economy by reducing the net
supply of foreign assets, which shifts IS* to the right and generate a stronger capital
inflow x∗ − x into the Home economy (equilibrium D in panel (a)). This provokes a
shift of PF to the right in the Home economy (panel (b)). The economy falls back
into the liquidity trap and nominal output drops to the same level as in the absence of
intervention (equilibrium D in panel (b)).
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Figure E5. Liquidity Shock: Increase in λ∗ – Sterilized Foreign Exchange intervention

x∗t − xt

i∗t
(IS∗) (IS∗)

(PF)

(PF)

A

B

D

p∗ty
∗
t

(IS∗)A B D

(c) Foreign

x∗t − xt

it

(IS)

(IS) (PF) (PF) (PF)

A

B

C

D

ptyt

(IS)
(IS)

A

B

C

D

(d) Home

45


