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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
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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), employment and exchange rates become important margins of adjustments,
with significant implications for international spillovers. Since recent shocks affected
asset markets when several countries were at the ELB, 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. (2019).
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

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.

Let the two countries be Home and Foreign and consider for example a permanent de-
cline 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 has a contractionary effect. In this case there is a negative

spillover.

We confirm these analytical insights within a calibrated version of the model, by under-
taking perfect-foresight simulations to analyze the transition dynamics resulting from
permanent shocks. We specifically examine three types of shocks: a real shock charac-
terized by a decline in opportunities for Foreign investment, a financial shock denoting
an increase in the liquidation 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 assessment of spillover effects when the Home economy is at the ELB

but the Foreign economy is not.

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 decline in Foreign investment opportunities induces capital inflows from Foreign
to Home markets, thereby boosting Home investment and output. However, under the
ELB constraint, these spillovers reverse, resulting in deflation, a currency appreciation,
and an increase in unemployment in the Home country. Similarly, financial shocks 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 simulations reveal 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 unemployment.
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

madtters.

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.! In a similar context, Fujiwara
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 a la

Blanchard (1985)2, analyzing the possibility of a global ELB in a financially integrated

LA long-standing literature analyzes the challenges posed to macroeconomic stabilization by per-
sistent liquidity traps in a closed-economy setting. For example, seeKrugman (1998), Auerbach and
Obstfeld (2005), Werning (2011), Eggertsson and Krugman (2012), Michau (2018), Bacchetta, Ben-
hima, and Kalantzis (2019).

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



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 when 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.? 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
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.* Importantly, these financial frictions give rise

3In a similar context, Ragot (2023) studies optimal monetary policy.
4Naturally, other papers interested in the ELB share this property. Among others, Amador et al.
(2020) and Kolasa and Wesotowski (2020) respectively look at exchange rate policy and quantitative



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 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. (2019). Firms produce a
single, identical good, with price P, (P}) in the Home (Foreign) currency.® The law of
one price holds with P, = S, P where S, is the price in Home currency of one unit of
Foreign currency—the nominal exchange rate (the Home currency depreciates when S;

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.®
Home bonds issued in period t repay i; Home currency units in period ¢ + 1, while
Foreign bonds yield 4 units of Foreign currency. The ELB is a zero lower bound
(ZLB) on interest rates i;,4; > 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 — x; in Home currency bonds and a proportion z; in Foreign cur-
rency bonds. If she invests a total of A; in bonds, she has to pay real liquidation

1

costs 3 [AM(1 —z,)* + (kK + A*)z7] Ay in period ¢ + 1. Symmetrically, savers in Foreign

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.

6Note that we abstract from money for simplicity, as the incorporation of nominal government
bonds suffices to deliver our central message.



pay 3 [(k 4+ A)(z})? + A*(1 — 27)?] Aj, where 2 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 A\, \*,x > 0. The parameters A and \* reflect the
liquidity of the bond market in each country. If A > A\*, the Foreign country has a
relative convenience yield. The parameter x, assumed to be the same for Home and
Foreign investors, represent the cost of holding the other country’s currency, e.g., be-
cause of currency management costs. 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
¢, of the expected total return on capital (see below for the details). We think of ¢ 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 5 € (0,1], and can buy capital K7. An I-investor
at time ¢ — 1 receives no investment opportunity at time ¢ and becomes an S-investor
again. With no investment opportunity in period t, Ktj = 0. While investors face risk
at the individual level, there is no risk in the aggregate, as the fraction of /-investors is
always 1/(1 4+ n). A useful and simple benchmark is the deterministic limit n = 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
Ul = Yoo BE, log(Cth), where C/ refers to her consumption in period ¢, subject to

a sequence of budget constraints and borrowing constraints. The budget constraint in

period t is
; H,j H,j
. Zt—lDt,1 ) ) ) D,
OJ A Sl S K] AJ — K]
p P, TR Ay = Py + 2
i1 oy Py Sy 1 , 1., , .
+ (1 - §—1)T x§—1t§TE - 5)\(1 —x )" — 5(/\ +r)(x]_))?| Al

(1)
The investor consumes, pays back her nominal debt D9 in Home currency, buys

capital if she has an investment opportunity in ¢, and accumulates real financial wealth



Al > 0. She allocates a fraction 1 — a7 of this wealth to Home currency bonds and 27 to
Foreign currency bonds. In the next period, she collects the real gross rate of return on
capital p;41, bond returns, net of the liquidation cost (A, \*) on both Home and Foreign

currency bonds and the additional cost (k) 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 ¢ of the expected total nominal return on capital:”
D < Ey(¢epr1 P K7). (2)
Firms.—In each country, there is a unit measure of firms. Home firms rent capital

K, at rate p;, hire labor L, at real wage W;/P;, produce output Y; = ZKta_lLi’a

which they sell together with depreciated capital. Firms maximize profits

W,
Yi+ (1 =0)Ki1 — pekq — ?tLt-
t
The corresponding first-order conditions are
(pe +0 - 1)Ky =Y, (3)
4%
FtLt = (1 - )Y (4)
t

Workers.— There is a unit measure of workers, each endowed with one unit of labor.
Home workers supply labor L; at real wage W;/P;, receive nominal transfers T, from
the government, consume C}V and save A" in bonds with a share x}" of Foreign bonds.
They maximize E; > o, 8% log(C}Y,), subject to a borrowing constraint A} > 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:

Wi T
OV = —Li+ —=. 5
t Pt t -Pt ( )

The Government and the Fiscal and Monetary Regime.— The Home gov-
ernment issues Home currency bonds BF at time ¢ and makes nominal transfers to
workers.

B T, B,

-t -t 6
B-FR R ©)

Inside the government, we assume that the fiscal authority exogenously chooses a path

“This type of borrowing constraint arises if lenders are able to seize a fraction 1— ¢; of the collateral,
and if the decision to default is taken before the realization of period-t 4+ 1 shocks. It represents the
borrower’s participation constraint.



for nominal debt BJ?. Absent shocks, they are assumed to grow at the gross rate 6.

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 P, = 0'P. At the ZLB, it simply sets
7; = 1 and lets the market determine the price level P,. This implies the following

complementary slackness condition:

(ir — 1) (6'P — P,) =0, iy > 1, 9'P > P, (7)
We make the following parametric assumption:
Assumption 1 ¢ > [ and 0* > §*.

When the Home economy is at the ZLB, its real gross rate of interest is 1/6 in the
steady state. Assumption 1 ensures that it is strictly lower than 1/5. 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 # > 1, that is non-negative

steady-state inflation.

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 v € (0,0). Labor supply by Home workers has then an inverted L-shape

given by the following complementary slackness condition:
(Wy = yW_1)(1 = Ly) = 0, Wiy > AWiy, Ly <1

There is full employment L, = 1 as long as the corresponding market-clearing wage is
greater or equal than yW,_;. Otherwise, there is unemployment: L, < 1. Using firms’

labor demand (4), equilibrium employment is given by

L= min{l, {%le}. (8)

In a steady state, the downward wage rigidity constraint is not active since the nominal
wage grows at the gross rate € larger than ~. Similar conditions must hold in Foreign

for full employment L; = 1 to prevail.

Market Clearing for Bonds and Capital. —FEquilibrium in Home and Foreign

markets for capital is given by:
1
m:/Kw, (9)
0

1
K= [ K@ (10)
0



where ¢ indexes Home investors and j indexes Foreign investors.

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

/ ;3 dz‘+?t:/ (1—x;)A§dz‘+/ x)" Al dj (11)
0 t t 0 0

L pFax BF v ! ey g
/ g B :/ x;A;dH/ (1— ") AT dj (12)
0 t t 0 0

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 6" (0*), e.g., p, = P,/0". The normalized nominal
exchange rate is defined by s; = (0*/6)'S;. To limit the sources of heterogeneity between
Home and Foreign, we assume that o, 3, v, Kk, and 0 are the same in both countries.
Countries can have different steady-state inflation rates 6, 8%, investment opportunities

n, n*, collateral and liquidity parameter, ¢, ¢*, A, and \*.

An asset-scarce equilibrium is an equilibrium where the borrowing constraints for in-
vestors (2) and workers (A} > 0) are binding in the steady state in both Home and For-
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/60,i*/0* < 1/5.
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 {b,bf*};~¢, an exogenous se-
quence of investment opportunities, collateral and liquidity parameters {n:, n;, ¢r, &7, At, A} }e>1,
and initial conditions k%, k2, di', di7*, al, @l i, xl*, po, pi, do, ii. An asset-
scarce equilibrium is an allocation {Ly,L¥kik, ¢V, *,cV*, aial*}i=1, a set of
portfolio choices {xi,x{*,df’i, df’j*}tzl, a policy {it, i, t,tf}+>1 and a price vector
{pe, P}, we, Wi, pr, pf }e>1 that solve the maximization problems of investors, firms, and
workers in Home and Foreign, where the borrowing constraints for investors (2) and
workers (A}Y = 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 s; is omitted from this definition since it is simply given by

St :pt/p:-

10



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 (§ = 1) and that we are in
the deterministic limit of alternating investment opportunities (n = 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. We then examine the (short-term) impact of shocks when
Foreign is outside the ZLB. We show that the spillover of shocks is dramatically different
whether Home is at the ZLLB 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 3 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 o(1 — ¢;_1)y;. Hence, real

aggregate financial wealth is given by
a; = Ba(l — ¢r1)ys. (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 x; that maximizes the expected return net of

liquidation cost (1 — xt)eiffjl + e*gf’iﬁiﬂ — A1 — 2,)* — 3(A* + K)(x)? subject to

the savers’ no-borrowing constraint x; > 0. The first-order condition gives the optimal

portfolio share, common across all savers. When the savers’ borrowing constraint is not

binding (z; > 0), we have:

_ A + 1 Z.Ipt/St _ 1Pt
A+ XN 4+r A+ N+ rl0pai/sin Opal

The first term on the right-hand side is a reference portfolio share of Foreign currency

(14)

Ty

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 x decreases

the reference share of Foreign currency bonds. The second term is the real excess return

11



on Foreign currency. The higher it is, the more investors hold Foreign currency assets.

A similar equation obtains in Foreign:

x: _ 2 1 [ tht St Z:f; . (15)
)\+>\*+/<a A+ X+ K L0 D) S GptH
It is interesting to note that Equations (14) and (15) together imply that the cross

AHN*
AN 4R

increasing in domestic financial frictions A + \* whenever x > 0. The convex nature of

border flows z; + 2} = are decreasing in international financial frictions x, and
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 {rictions 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

. 9p b
Bl — 1)1 —x)ye + B(1 — @) )iy = ¢t Ak yt+1 + oszt’ (16)
* pt+1 * bf*
5(1 - ¢t—1)(1 )yt + B (1 - ¢t 1) Tyt = ¢t i Yi+1 + %) (17)
14 Py apy

along a perfect foresight equilibrium.®

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 — z; of the total Home
saving B(1 — ¢;)y; and the demand by Foreign savers, which is a fraction z; of the
total Foreign saving (1 — ¢;)y;. 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 < ¢; < 1, Equation (16) relates current Home output y; positively
to the future output y;.; and negatively to the real interest rate Op;.1/isp;, 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

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 ¢ 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.

12



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.” 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 b > 0, a lower price
level p;, other things equal, sustains output 1; 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 z; and z7. 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

the next subsection.

3.3 The Impact of Shocks in an Asymmetric Setting

In the remainder of the paper, we consider an asymmetric case where Foreign inflation

is higher than Home. We make the following assumption:
Assumption 2 6* > 6.

If the other parameters are identical for both countries, Assumption 2 implies that
Home has a lower nominal interest rate than Foreign. In this case, both countries face
the same real interest rate i/0 = i*/6*, so that lower inflation in Home means a lower
nominal interest rate. This makes it possible for Home to be at the ZL.B while Foreign

1s not.

Suppose we start in a steady state and there is an unexpected contractionary shock
in Foreign, for instance a once-and-for-all increase in the liquidity parameter A\*. We
assume that Foreign stays outside of the ZLB, while Home may or may not be at the
ZLB.

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.

13



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 (z; increases and z; 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 * 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 z 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 i,
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 ¢, 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
interest rate as well, to keep the Home price level on target. Capital inflows generate
lower real interest rates in Home, which stimulates output and investment. This ad-
justment 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 generates an increase in the real wage, which has a negative impact on labor demand

and on output.

Other asset market shocks that increase net capital flows to Home include a decline
in the supply of Foreign government bonds, b"*. The resulting higher net saving in
Foreign 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 z* and a decline in x (see Equations (14) and (15)). The excess
demand for assets in Foreign is then exported to Home (see Equations (16) and (17)).
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. In the more

general case with n,7* < 1, a decline in the investment opportunities 1 generates similar
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effects as it also increases net saving in Foreign.

4 Simulations

In this section we analyze the dynamic response to unexpected shocks in a calibrated
model with § < 1 and n,n* < 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. We will consider a real shock to Foreign investment op-
portunities n*, a financial shock to the liquidity of Foreign bonds, A*, and a monetary
shock to the Foreign price level P*. While these shocks are of different natures, they all
affect the supply 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 6,0* 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 «, [, and § have standard values for yearly models. The financial
frictions are selected based on Gabaix and Maggiori (2015): in our framework, the
sum of A\, \*, and x correspond to the inverse elasticity of cross-border holdings to the
currency excess return, and coincides with their I' parameter, which they set to 0.1. The
individual values of A\, \*, and k are selected to target portfolio shares of cross-border
bonds held by savers, x and x*, of about 20% while maintaining A + \* + x = 0.1.
This is in line with the steady-state fraction invested abroad of 17% documented by
Bacchetta and van Wincoop (2021).

Collateral requirements ¢ and ¢* are set so that global investor debt to capital (d* /p+
d™ /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%.'° We then set the government debt b and b** so that the global
real debt-to-GDP ratios (b* /p+b™* /p*)/(y+y*) is approximately 25 percent. The sum

of govermment and investor debt worldwide constitutes the global supply of bonds to

10We use thee balance-sheet table for Nonfinancial Corporate Business (B.103) from the Financial
Accounts of the US. This figure corresponds to F'L104190005/ LM 102010005.
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Table 1. Baseline calibration

Parameter Value
« Capital share of output 0.33
15} Factor of time preference 0.95
vy Minimum wage growth rate 0.98
0 Rate of depreciation of capital 0.1
n Prob. of investment opportunity 0.1
0 Home trend inflation 1.00
0*  Foreign trend inflation 1.02
K Cost of holding foreign bonds 0.06
A Liquidation cost 0.02
) Collateral requirement 0.839
b Government debt 0.15
P Price level target 1
Z Productivity 1

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.!

We calibrate to 10% the probabilities n and n* 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 # = 1 and 6* = 1.02, the corresponding nominal interest rates are i = 1
and ¢* = 1.02 (in the baseline).

We fix minimum wage growth rates v and v* to 0.98, as in Schmitt-Grohé and Uribe
(2017).'2 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 P 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.

1'We use thee balance-sheet table for Nonfinancial Corporate Business (B.103) from the Financial
Accounts of the US as well. This figure corresponds to F'L104090005/L M 102010005.

12Tn the quarterly model from Schmitt-Grohé and Uribe (2011), our calibration corresponds to a
downward wage rigidity parameter of 0.98'/4 = 0.995, which is close to their baseline value 0.99.
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4.2 Results

We now turn to the results of our simulation exercise. We first simulate a real shock
characterized by a permanent decline in Foreign investment opportunities, n*. This
implies a reduction in the aggregate supply of Foreign assets. Then, we simulate a
financial shock, i.e., a permanent increase in the liquidation costs on bonds issued in
Foreign currency, A*. This amounts to a negative demand shock in the Foreign asset
market. The third shock is an expansionary monetary shock characterized by an upward
shift in the Foreign price level target P*, resulting in a temporary deviation of inflation
from trend. This decreases the real supply of Foreign government bonds. The size of

these shocks is chosen to generate a 10% decrease in employment at Home.

Results are shown in Figures 1 to 3. 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.

As can be seen from the dotted red lines in Figure 1, absent a ZLB, the negative shock
to n* 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
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Figure 1. Drop in Foreign Investment Opportunities n*
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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 z-axis, 0 is the initial steady-state,
and 1 is the year of the shock.

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 /-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 2, an increase in A\* decreases the demand for Foreign

bonds, which pushes the Foreign real interest rate up. The increase in the cost of bor-
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Figure 2. Increase in Foreign Bonds Liquidity Cost A*
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Notes: See Figure 1.

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

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 P* 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
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Figure 3. Increase in the Foreign Price Target
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Notes: See Figure 1. In addition, the solid (dashed) yellow line in the top-right subplot is the exchange
rate prevailing at (outside) the ZLB.

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 3. 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
must adjust to the lower net demand. Despite the fact that, all else equal, the fall in the
real interest rate alleviates [-investors’ borrowing constraint, Foreign capital initially
decreases as [-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,
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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 ZL.B, 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

spillbacks are at work as with the two previous shocks.!?

4.3 Synthesis

The simulations outlined above reveal that the nature of the shocks, whether real,
financial, 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

13In the Appendix, 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 A1, A2, and A3, 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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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 x, and increasing in Home
financial frictions A+ A* whenever k > 0. When \* 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 —z* > x), which precisely occurs because k > 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 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

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
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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 essential 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, through a series of perfect-foresight simulations. These simula-
tions illustrate 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, in which shocks
originating in one economy have repercussions on the initiating economy. 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-
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
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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,
one avenue involves exploring the option of increasing the supply of Home government
bonds to absorb additional asset demand from abroad, mitigating the asset shortage,
and potentially alleviating 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.

Another avenue for future research involves exploring the possibility of central banks
recycling inflows through foreign government bond purchases, particularly in light of
recent, experiences, such as the Swiss economy. Indeed, redirecting capital inflows and
managing foreign asset demand could influence exchange rates and mitigate spillover

effects on the domestic economy.
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Appendix

A.1 Relatively Low Home Debt

In this appendix we analyze the dynamic response to unexpected shocks to foreign
investment opportunities n*, to the liquidity of Foreign bonds, A* and to the Foreign
central bank’s price level target under alternative levels government debt b, b7, 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 b” to be half that in Foreign
b" by holding global nominal debt b + b¥" constant. This corresponds to a respective
calibration of b and b 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 A1, A2 and A3 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 Al presents the impact
of a permanent decrease in Foreign investment opportunities »* 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
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 A2, which
illustrates the response to a permanent increase in the liquidation cost of Foreign bonds

A%, are analogous to those seen in the previous shock scenario. When Foreign, acting
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Figure A1l. Drop in Foreign Investment Opportunities n*
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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 z-axis, 0 is the initial steady-state,
and 1 is the year of the shock.

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.

Increase in the Foreign Price Target.—Figure A3 showcases the outcomes from
a monetary shock due to a permanent rise in the price level targeted by the Foreign
central bank P*. 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.
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Figure A2.

Liquidation cost
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Notes: See Figure Al.

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 A3. Increase in the Foreign Price Target
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