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Abstract
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1 Introduction

The recent policy debate on the impact of monetary policy tightening in advanced economies has rekin-
dled concerns about global spillovers among interdependent economies and associated spillback effects.
There is a steadfast déja vu factor underlying policymakers” pronouncements about how tighter policy
stances and financial conditions in the U.S. and Europe keep representing a potential source of disruption
and instability for their trading partners. These concerns about beggar-thy-neighbor effects are particularly
strong in emerging market economies, where a large fraction of households and firms have imperfect
access to credit and financial markets and are unable to reap the benefits of effective insurance oppor-
tunities against income and consumption risks. In turn, disruption and instability in emerging markets
can have reverse beggar-thyself spillback effects onto the advanced economies, weighing on their outlook
and affecting real activity and (dis-)inflationary dynamics. In fact, with remarkable regularity over the
past decades, the assessment of size and sign of policy interdependencies has been a contentious point of
controversy against the evergreen debates on the costs and benefits of flexible exchange rate regimes and
policy coordination. Trade and financial integration in the global economy, despite recurrent crises and
protectionist allures, make spillovers - and concerns thereof - quite unavoidable.

The classic theoretical paradigm in open-economy macroeconomics since Fleming (1962), Mundell
(1963) and Dornbusch (1976) studies international monetary policy spillovers (the effect of foreign mon-
etary policy on domestic activity) largely focusing on representative agent economies.! This literature
has broadly identified two key channels of macroeconomic transmission which shape the size and sign
of international monetary spillovers. The taxonomy of these channels tends to change from model to
model, but a recurrent theme is the textbook dichotomy between expenditure-switching and expenditure-
changing channels. Tighter monetary policy abroad makes foreign goods more expensive, reallocating
demand toward domestic goods and reducing demand for foreign output (expenditure-switching chan-
nel). At the same time, tighter monetary policy also curtails foreign incomes and expenditures for all
internationally traded goods, reducing demand for domestic output (intertemporal-substitution channel).
Depending on the relative strength of these two channels, the policy spillovers onto the domestic econ-
omy can be positive or negative. The characterization of spillbacks is less frequently considered in the
literature but, arguably, can be directly related to the more traditional analysis of spillovers. In what
follows we will refer to monetary policy spillbacks as the effect of a change in the domestic policy stance
on domestic output in excess of the effect that would arise if the economy were closed to international
trade in goods and assets.”

In this paper, we study how market incompleteness and household heterogeneity can change the
profile of global monetary policy spillovers and spillbacks. While several contributions in the classic lit-
erature have also considered the role of incomplete markets in the international transmission mechanism,
they have largely focused on settings with representative agents in each country, i.e., frameworks in which
markets are incomplete with respect to aggregate (country level) risk. In contrast, our paper contributes

to the fast-growing Heterogeneous Agent New Keynesian (HANK) literature, which studies the propa-

1See, for example, Obstfeld and Rogoff (1995, 1996, 2002); Betts and Devereux (2000); Corsetti and Pesenti (2001); Tille
(2001); Clarida et al. (2002); Benigno and Benigno (2003); Devereux and Engel (2003); Gabaix and Maggiori (2015); Bianchi and
Coulibaly (2022); Akinci and Queralto (2023); Fornaro and Romei (2023); Bodenstein et al. (2023); Bianchi and Coulibaly (2024)
among others.

2Gee Section 4.1 for a precise analytical definition of spillbacks.



gation of shocks focusing on the role of markets which are incomplete with respect to idiosyncratic risk.
The HANK literature has identified two main features which distinguish its assessments and affect its
conclusions relative to the ones in representative-agent frameworks. First, households face uninsurable
idiosyncratic income risk resulting in demand for precautionary savings, which can vary over time. Second,
households have heterogeneous marginal propensities to consume (MPC) and — crucially — some house-
holds have high MPCs which are close to 1. As has been highlighted by Auclert et al. (2021), the presence
of high MPC households introduces a real-income channel in an open-economy context, as changes in the
real exchange rate affect the purchasing power of these households” incomes and can result in sizable
fluctuations in aggregate consumption.

We conduct our analysis by extending the tractable HANK model of Acharya and Dogra (2020) to a
two-country open economy setting, which contains both aforementioned features. In our model, house-
holds in each country face uninsurable idiosyncratic income risk. Households within each country are
also heterogeneous with respect to their MPCs: households who are excluded from credit markets are
forced to consume their current disposable incomes and have an MPC equal to 1, while those who can
access asset markets are able to borrow and save to smooth consumption, and thus have a low MPC.
The virtue of our framework is that it allows us to study the contribution of these two features in isola-
tion, thus providing a sharp distinction between how the precautionary-savings channel and the real-income
channel affect both the size and the sign of international monetary spillovers and spillbacks relative to the
perfect-insurance case, i.e, the Representative Agent benchmark (which we refer to as RANK in what
follows). In fact, we show that while MPC heterogeneity (and hence the real-income channel) can amplify
the size of spillovers and spillbacks relative to RANK, it cannot change the sign of the spillovers relative
to RANK. In contrast, the precautionary-savings channel can not only amplify the size of spillovers and
spillbacks, it can also flip the sign of the spillovers relative to RANK.

In addition to the general characterization described above, we also derive conditions under which
spillovers and spillbacks are unaffected by MPC heterogeneity or the presence of risk. As emphasized
in Corsetti and Pesenti (2001), the RANK benchmark does not feature spillovers or spillbacks under
the Cole and Obstfeld (1991) parameterization. This is because the intertemporal-substitution channel
is exactly offset by the expenditure-switching channel, implying that Home output is unaffected by a
Foreign monetary tightening. By the same token, the decline in Foreign output due to the monetary
tightening is the same as in the case if Foreign was a closed economy. In our HANK model we show that
including MPC heterogeneity and hence the real-income channel does not change this conclusion. Under
the Cole and Obstfeld (1991) parameterization, even though the intertemporal substitution channel is not
operative for high MPC households who are unable to access credit markets, the effect of the decline in
their real-income is exactly offset by the expenditure-switching effect. Consequently, their demand for
Home output remains unchanged and, overall, Foreign monetary policy has no effect on Home output
in equilibrium. However, even under the Cole and Obstfeld (1991) parameterization, the precautionary-
savings channel delivers a contractionary depreciation, i.e., a scenario in which Home output contracts
in response to a monetary tightening abroad, even though the real exchange rate depreciates. In contrast,
the precautionary-savings channel has no effect on the sign and magnitude of spillovers and spillbacks
relative to RANK when households face acyclical consumption risk.

Our characterization of spillovers is also relevant for the open-economy macroeconomics literature
that investigates why exchange rate devaluations may be ineffective in stimulating the economy in the



face of external shocks. We show in Section 4.3 that with empirically relevant elasticities, accounting
for fluctuations in precautionary savings, an economy can experience a large contraction in domestic
output despite a real exchange rate depreciation following a Foreign monetary tightening. These re-
sults are consistent with the empirical findings of Vicondoa (2019), who finds evidence of contractionary
depreciations. Our results also suggest that spillovers are likely to be larger in emerging economies
with higher fractions of high MPC households and more countercyclical income risk relative to advanced
economies. While the empirical literature is far from providing definitive conclusions on the size and sign
of spillovers across jurisdictions, our conclusions are broadly consistent with the conventional wisdom
that US monetary policy shocks can affect advanced and emerging markets differently (Carstens, 2013;
Rajan, 2015; Rey, 2015; Bernanke, 2017; Kalemli-Ozcan, 2019). Thus, our model shows how the benefits
of a flexible exchange rate regime may be overstated once we account for market incompleteness.

Finally, while our baseline model features full and symmetric exchange rate pass-through (i.e., a
regime of Producer Currency Pricing or PCP in international pricing and invoicing), we also extend our
analysis to the more empirically realistic case of limited and asymmetric pass-through, i.e., a regime of
Dominant Currency Pricing (DCP) (Gopinath, 2015; Gopinath et al., 2020). Even in the DCP regime, we
show that for empirically realistic level of exchange rate pass-through, our main conclusions from the
baseline model continue to hold.

The open-economy HANK literature As aforementioned, our paper is closely related to the fast grow-
ing open economy HANK literature. Within this literature, closest to us is the recent work by Auclert et
al. (2021), who argue that while a RANK model cannot generate a contractionary depreciation, a HANK
model can do so via the real-income channel. Our paper shows that their conclusion is strongly driven
by their specification of monetary policy. We clarify that, under a arguably more standard monetary
policy specification, even RANK can generate a contractionary depreciation. Moreover, we show that the
real-income channel cannot change the sign of the domestic output response to a Foreign monetary shock
relative to RANK. In other words, the real-income channel can deliver a contractionary depreciation if
and only if the RANK benchmark delivers one as well. In contrast, we show that the precautionary sav-
ings channel can deliver a contractionary depreciation at Home in response to a Foreign tightening even
under a parameterization under which RANK does not.

Next, we discuss some other papers in the HANK literature, which touch on similar issues as our
paper. De Ferra et al. (2020) find that currency mismatch in a small open economy can lead to a contrac-
tion of national income alongside a depreciation of the exchange rate. Zhou (2022) investigates the role
of household heterogeneity in the transmission of adverse foreign shocks and finds that their impact is
amplified when liquidity-constrained households are disproportionately leveraged in foreign currency.
Ferrante and Gornemann (2022) show that currency mismatch can restrict credit supply and amplify the
economic downturn. Our paper focuses on a different channel without currency mismatch, and shows
that countercyclical income risk can generate a contractionary depreciation, even when the correspond-
ing RANK economy features an expansion of output. Guo et al. (2023) study international spillovers but
focus on the role of differential exposure of households to international trade and financial markets, and
find that these sources of heterogeneity can create stabilization-inequality trade-offs for monetary policy.
Oskolkov (2023) studies the role of exchange rate flexibility in mediating distributional and aggregate



effects in a small open economy in which households are differentially exposed to international trade.®
Finally, Acharya and Challe (2023) study the optimal conduct of monetary policy in an open-economy
HANK model in which the precautionary-savings channel and real-income channel are both operative.
In contrast to the papers listed above which study small open economies, we focus on a two-country
model, allowing us to study spillback effects in addition to spillover effects.*

The rest of the paper is organized as follows. Section 2 describes a model of the world economy
with heterogeneous agents. Section 3 describes the equilibrium of the world economy focusing on the
roles of self-insurance and cyclical income risk in affecting the transmission of monetary policy. Sec-
tion 4 describes the main channels which shape the magnitude and sign of spillovers and spillbacks.
Specifically, Section 4.1 provides a brief description of the forces shaping global interdependencies in the
perfect-insurance benchmark; Section 4.2 studies how the real-income channel alters spillovers and spill-
backs relative to the perfect-insurance benchmark; and Section 4.3 shows how introducing uninsurable
idiosyncratic risk modifies the previous findings. Section 5 presents an extension of the baseline model

by incorporating a Dominant Currency Pricing (DCP) regime. Section 6 concludes.

2 Heterogeneous agents in the world economy

The world economy consists of two equally sized countries, “Home” and “Foreign”. In what follows we
describe the Home economy, with the understanding that the Foreign economy is similarly characterized
and its variables are indexed by a star (*). For simplicity, we abstract from aggregate risk.

2.1 Households

Demographics Each economy features a perpetual-youth structure a la Blanchard-Yaari, whereby all
households face a constant survival probability ¢ in any period.” Population is constant and normalized
to 1 in each country. Each cohort starts off with zero wealth.

Asset market structure Households within a country differ in their access to asset markets. The Home
economy comprises of a fraction 1 — O of unconstrained (uc) and a fraction O of hand-to-mouth (HtM)
households, where O € [0,1). HtM households do not have access to asset markets, while unconstrained
households can trade nominally riskless actuarial bonds denominated in terms of the Home and Foreign
currency. The date t demand for Home and Foreign bonds by household j born at date 7 is Bjp 41
and B;P,t i
respectively, where i; and i denote the nominal interest rates in Home and Foreign and &; denotes

, respectively, which they can purchase at a per unit price of ¢/ (1+1i;) and 9¢&/ (1 +1i),

the nominal exchange rate. Conditional on survival, the Home bond pays off 1 unit in terms of the
Home currency while the Foreign bond pays off 1 unit in terms of the Foreign currency; & denotes the
nominal exchange rate. Since we abstract from aggregate risk, it is sufficient to track the net worth of an

1 T T T
unconstrained household, Ajy =By, + &B E

3See also, Iyer (2016); Sunel (2018); Cugat (2019); Giagheddu (2020); Hong (2020); Druedahl et al. (2022) among others for
papers that study how heterogeneity interacts with various aspects of the international transmission of shocks.

“Bayer et al. (2023) also study a two country model, but in the context of a currency union.

5The size of the cohort born at any date t is 1 — @ and the date ¢ size of a cohort born at s < t is (1 — 8)8'~*.



Preferences All unconstrained and HtM Home households have identical non-time separable prefer-
ences d-la Epstein-Zin, with constant absolute risk version (CARA) preference kernels rather than con-
stant relative risk aversion. The lifetime utility of a Home household j born at date T can be written
as
u (W]Tt> = (1-Bd%)u (cf/t) + Bou (R‘l [lEtR (WjT,tH)D

where W7, and cj, denote the lifetime value and the date ¢ consumption of the household, respectively.
The function u(c) = —exp{—c} captures the household’s attitude towards intertemporal substitution.
Given this specification, the median Home household in steady state exhibits a unit elasticity of intertem-
poral substitution (IES).® R(x) = —¢ ! exp{—¢x} describes households’ attitude towards risk with ¢
denoting the coefficient of absolute risk aversion, which also happens to be equal to the coefficient of

prudence. In the special case with ¢ = 1, households preferences are time-separable.

Household income A labor union directs all Home households to supply 7n; hours at date t.” The date ¢
effective labor supply of Home household j born at date 7 is given by z7,n;, where z}, = Z + 0;7, denotes
the stochastic idiosyncratic productivity. z denotes the mean productivity and is normalized to z = 1,
while 0,7, is the component of productivity specific to that household. {7, is an AR(1) with persistence

A € [0,1], capturing the fact that households may face persistent productivity risk:
‘:]'T,t = Agjr,t—l + UjT,tr ‘;Ijr,rfl =0, UjT,t ~ N(0,1) D)

0t captures the productivity risk that a Home household faces at date t; we allow 0; = o(y;) to vary with
Home aggregate output to account for the fact that income risk is different in expansions vs recessions,
i.e., to account for the cyclicality of income risk.

Nominal labor income of household (j, T) is given by Wt”thT,t/ where W; is the Home nominal wage. In
addition to labor income, each Home household also receives taxes-net-of transfers and dividend income.
For simplicity, we assume that all households receive the same dividend and transfer income at each date

given by T; + D;. Overall, the date t nominal income of household (j, T) can be written as
Ptyjflt = Py 1yt + Winy (zf/t - Z) = Py sy + Ptcry,tgjflt where Oyt = WNi0;

where P; is the Home consumption good price, Py is the price of the Home produced good, wy = Wt/ P; is
the real wage and Py 1y = Winz + Pi(D; + T;) denotes nominal Home national income.

Finally, since only labor income is stochastic, ¢y = ojw;n; denotes the standard deviation of income
shocks in the population at date ¢. To capture the fact that income risk is countercyclical (Storesletten et
al., 2004; Nakajima and Smirnyagin, 2019), i.e., households face higher income risk in recessions relative
to expansions, we postulate that 0; = o (y;) is such that income risk is given by:

_dlnoy,

_ —07 _
Uy,t — Uye Yt = @ == alnyt 7 (2)

®Notice that CARA preferences imply that the IES depends on the level of consumption and is given by ¢ for a household
with consumption c. As discussed in Section 3.1, we normalize Home aggregate output to 1 in steady state, which also implies
that the consumption of the median Home household in steady state is 1, i.e., its IES is 1.

7See section 2.4 for details.



where 0, denotes the steady-state level of income risk faced by Home households, and © denotes the
elasticity of income risk with respect to output, thus a measure of the cyclicality of income risk. ® =
0 implies that income risk is acyclical: households face the same level of income risk in booms and
recessions. ® > 0 implies that income risk is countercyclical: households face greater income risk when
output is below its steady state level (a recession) than when output is above its steady state level (an
expansion). Foreign households are similarly characterized.

2.2 Production sector

Home consumption goods producers Home households consume all goods that are produced in Home
as well as in Foreign. A representative competitive firm transforms Home goods (cp ) and Foreign goods
(crt) into the Home consumption good according to a CES aggregator:

1
n-1 1 n=1 | n-1

= |ar (cin)T + (1 —a)7 (coy) 7 0<a<05,
where 7 > 0 is the elasticity of substitution between Home and Foreign goods. In what follows we
will highlight the special case 7 = 1 as a useful benchmark. Also, 1 — « is the degree of home bias in
preferences: a = 0 implies complete home bias while & = 0.5 implies no home bias. This yields the
standard Home demand curves for Home and Foreign goods:

P - P, 1
cur = (1—uw) <gt> Ct and Crt =& <1§t> Ct
t t

where ¢; denotes total consumption demand by all Home households and P; denotes the Home consumer
1
price index. The latter is given by P; = {DC (Pe)' ™ + (1 - zx)P;L_t']} ", where Py, denotes the Home price

of goods produced in Home (Home PPI) and Pr; denotes the Home price of goods produced in Foreign.

Intermediate goods firms” production and pricing decisions The Home final good y; is a CES aggre-
gate of all domestically produced varieties, which are produced by a unit measure of monopolistically
competitive producers indexed by I € [0,1]:

where (1) denotes the output of the variety produced by firm [ at date t. Each firm I faces demand from
both Home and Foreign households, and the demand curve can be written as

_ Pry ()N [ Pras\ " Py, (1) B PR,
o-a-o (g () e (B) (@ o

Home consumption demand Foreign consumption demand
e (1) ciy (1)

where Py (I) and Py, (1) denote the price of Home variety I in Home and Foreign respectively, while c;
and c; denote the consumption in Home and Foreign respectively.



Each firm produces its good using a linear technology y:(I) = n;(I) where n;(l) denotes effective
employment at firm [, which costs w; = W;/P; in real terms per unit. At any date ¢, firm [ sets prices
Py+(1) at Home and Py (1) in Foreign to maximize per-period profits. Firm I’s problem can be written as

P (1) — Wt] ErPr (1) _ Wil
m =t — (1-7)— | (D) + | —5—— — (1 =T) = | cips(! 4
Pus) ) L P -7 P; all) p; -7 Py full) @

1

subject to (3). T = ¢ " is a payroll subsidy which has been set to to eliminate the steady state markup.

Optimal pricing decisions imply that Py (1) /P; = W;/ Py and &Pffllt (I)/ Py = W;/P;. Thus, in a symmetric
equilibrium Py (!) = Py, and Pf; (1) = Py, the pricing decisions of Home and Foreign firms imply that

P, P W, P Pf
ﬂ:Qt Ht _ 'V and ﬂ:Qt Bt

Prr o W0
2 Py P 2 Py

= Qt Pt* ’

where Q; = &P/ P denotes the real exchange rate (RER), P, denotes the Foreign price of Foreign goods,
P} denotes the Foreign CPI and W} denotes the Foreign wage. Appendix A.2 shows that in equilibrium,
the real price of Home goods in Home, Py ;/ P;, and Foreign goods in Foreign, Pl‘é‘/t / Pf, can be written as
functions of the RER O;:
1-7 % n—1 %
b | 1l—a—aQ, " Pey _ _ | 1-a—aQy |
B, —pu(Q)= [1_%] B PR = |7 |

)

where pl;(Q;) < 0 and p¥ (Q;) > 0. In other words, a real depreciation (higher Q;) lowers the relative
price of Home goods and raises the relative price of Foreign goods. Imposing symmetry in (3), the market
clearing conditions for Home goods and Foreign goods can be written as:

o= (-0 (pH<Qt>)_”ct+a<’”H§f)>Uc;ﬂ (6a)
vio= (1—a) (pi(Q) " +a(Qwien) o (6b)

2.3 Monetary policy

Following Gali and Monacelli (2005), we specify monetary policy as an interest rate rule which targets
domestic PPI inflation. For simplicity, we consider a rule in which monetary policy in each country pegs

the PPI based real interest rate to its steady state level:
In(1+i) =In(1+ry) +InTlyq + u In(1+4) =In(1+rf) +Inllg, | +uf

where ry and 7} denote the steady state PPI based real interest rates in Home and Foreign respectively,
Iy t41 and I1% ;| denote the PPI inflation in Home and Foreign respectively, and finally u; and u} denote
the Home and Foreign monetary policy shocks respectively.

A few comments about our specification of monetary policy are warranted here. First, in the rest
of the paper, we study the effect of a Foreign monetary tightening {u; > 0}{°, while holding Home
monetary policy fixed u; = 0 for all . As is standard in the literature on spillovers, we assume that Home



monetary policy does not respond to the Foreign monetary policy shock, in order to clearly identify the
effect of Foreign monetary policy on spillovers and spillbacks. If we allowed Home monetary policy to
respond to the Foreign monetary policy shock, it would be incorrect to interpret the equilibrium effects
on Home and Foreign output as spillovers and spillbacks. Instead, the correct interpretation would be
the joint effect of changes in both Foreign and Home interest rates on Home and Foreign output.

Second, while it is common to specify monetary policy in terms of a Taylor-type rule which specify
monetary policy in terms of nominal interest rates, the benefit of specifying monetary policy in terms of
a path for the real interest rates is that it renders the model block-recursive: the dynamics of all variables
except inflation can be computed independently of the Philips curve, and the relevant variables can
then be plugged into the Phillips curve to back out the implied path of inflation. For this reason, the
closed-economy HANK literature such as McKay et al. (2016) and others have modeled monetary policy
as directly controlling the real interest rate. While this is innocuous in the closed economy, the open
economy requires a bit more nuance. Since the producer and consumer price indices differ in the open
economy, a choice has to be made regarding whether monetary policy controls the PPI-based or CPI-
based real interest rate. In our model, we assume that monetary policymakers in each country control
the respective PPI-based real interest rates. As we argue in Appendix I, this choice allows us to correctly
interpret the equilibrium effects of an increase in 7z, on Home and Foreign output as spillovers and
spillbacks, capturing all the relevant channels independently of contentious parameters such as the slope
of the Phillips curve. In contrast, if we specified monetary policy in terms of a path for the CPI-based real
interest rates, the effect of a higher r; on Home and Foreign output would more accurately be described
as the combined effect of an increase in the Foreign nominal interest rates and a cut in the Home nominal
interest rate, as Appendix I shows. Thus, our choice of specifying monetary policy in terms of PPI based
real interest rates allows us to correctly identify spillovers and spillbacks. In fact, Appendix I.1 also shows
that our specification of monetary policy allows us to recover some well established benchmark results in
the literature, such as the insularity case in Corsetti and Pesenti (2001) under the Cole and Obstfeld (1991)
parameterization, while the alternative specification does not yield these benchmarks.

Finally, for simplicity, bonds issued by each country are in zero net-supply (By: = By, = 0), and
Ty = Ty = 0 at all dates.

2.4 Nominal rigidities

As in Auclert et al. (2021), we assume a standard formulation of sticky wages for heterogeneous house-
holds. To wit, a labor union employs all Home households for an equal number of hours n; at any date
t, and penalizes the disutility of hours worked according to an increasing and convex function v(;). The
union sets nominal wages in order to maximize the welfare of the average household but faces a cost of
adjusting nominal wages as in Rotemberg (1982). This yields the standard wage-Phillips curve:

v'(ng) /e

InTT{ =«
wt

— M +BInITY,

where x denotes the slope of the Phillips curve, M denotes the wage markup and v'(n;)/e"“ is the

marginal rate of substitution between consumption and labor for the average household.



3 Self-insurance and income-risk channels in general equilibrium

Fisher parity (UIP) Since our framework abstracts from aggregate risk and all unconstrained house-
holds can take unrestricted positions in the Home and Foreign bonds, in equilibrium the returns on
Home and Foreign bonds are equalized in real terms:

Qi1

1+7’t:(1—|—1’r) Q
t

)
Unconstrained Home households” decisions The optimal decisions of an unconstrained household can
be characterized in closed form and are described in the Proposition below.

Proposition 1 (Unconstrained Households’ saving decisions). Given real interest interest rates {r;}{>,, RER
{Q+}52, and aggregate output {y;}5°, the date t consumption of an unconstrained Home household j born at date
T < t with real financial wealth a]-T,t = AjT,t/ Py and idiosyncratic productivity C]-T,t is:

CjT,uc,t = Cuct + Ht (ajT,t —ar+ h]Tt> , (8)
where by, (human wealth) denotes the demeaned expected discounted lifetime labor income of the household:

[e'e] 195
hiy = Ei Y

T = oM)° .
=TT L (1 + 1) (yj,t - PH(Qt)yt) = [2 ()Uy,tﬂ] &

ST+ resk)

and ay denotes the per-capita average financial wealth of Home households. y; denotes the marginal propensity to
consume of unconstrained households and evolves according to:

9
1 _ -1
e =1+ 1+ rtVtJrl' )

Cuc,t 15 the average consumption of unconstrained Home households and satisfies the aggregate Euler equation:

141 1-9¢
Acycr+1 = Inp <Ht+1t) + %Ugtﬂ - Tﬂtﬂﬂtﬂ (10)

where 0. ;1 denotes the consumption risk that uc Home households expect to face at date t + 1 and is given by:

Oct = W0y + A (1 — py) O p1 (11)

Proof. See Appendix B. O

Equation (8) shows that the consumption function of unconstrained households is linear in both fi-
nancial and human wealth. Since unconstrained households can access asset markets, their consumption
at date t depends on lifetime income £;,, rather than just current income. ; denotes the household’s
marginal propensity to consume (MPC): an increase in lifetime income by one dollar at date t induces

an increase in consumption by 1;.® Importantly, due to the assumption of CARA preferences, all Home

8 u¢ still denotes the MPC out of a one time change in current income but it also denotes the change in consumption induced
by a unit change in the expected discounted lifetime labor income of the household.



households have the same MPC i, and all Foreign households have MPC pj, permitting linear aggrega-
tion in both economies. Thus, despite there being a non-degenerate distribution of wealth and income
in both economies, the dynamics of aggregate consumption can be characterized without tracking the
dynamics of the distributions of financial and human wealth.

The aggregate Euler equation for unconstrained Home households (10) describes the evolution of
their average per-capita consumption growth. As in the case with complete markets, the first term on the
RHS of (10) shows that consumption growth of unconstrained Home households depends positively on
the real interest rate: higher real interest rates increase consumption growth since households choose to
postpone consumption. However, since unconstrained households are unable to fully insure themselves
against idiosyncratic income risk, higher consumption risk in the future also increases the desired level of
precautionary savings and lowers the demand for current consumption. This is captured by the second
term in (10), which shows that the higher the coefficient of risk aversion ¢, the greater is the decline in
current consumption for any increase in consumption risk 0‘C2,t 1

Equation (11) describes how consumption risk evolves. To understand the forces which govern how
much consumption risk households face, it is easiest to consider the special case in which individual
income risk is i.i.d. (A = 0). In this case, (11) simplifies to 0.+ = y;0,;, showing that for any given level of
income risk 02

ytr
when income risk is not i.i.d. (A > 0), (11) can be solved forwards to get O'CZ’t = utop¢, where oy, ; denotes

a higher y; increases the pass-through from income to consumption risk. More generally,

the lifetime income risk that households face, and is given by:

Ot = =

Uy,t-ﬁ-s; (12)
r—o (1+714k)

which shows that, for unconstrained households, the entire path of future income risk determines con-
sumption risk and thus affects the desired level of date t precautionary savings.

Equation (11) shows that monetary policy can affect consumption risk in two ways: by affecting
income risk 0y, ;, and the pass-through y;. Equation (9) shows that monetary policy can affect consumption
risk through the self-insurance channel by affecting ;. Solving (9) forwards yields:

-1
e = (Z 19)) , (13)

STL (1 + 7k

which shows that y; positively depends on the future path of real interest rates. A lower path of rates
allows a household with a one-off fall in current income to prevent a decline in consumption by borrow-
ing, since the cost of doing so is relatively low. However, if interest rates are expected to be high in the
future, borrowing costs are higher, discouraging the household from borrowing as much and resulting
in a larger decline in consumption following the same reduction in current income. Thus, for a given
sequence of current and future income risk, lower interest rates tend to reduce consumption risk.

In addition to the self-insurance channel, monetary policy also affects consumption risk by directly
affecting the amount of lifetime income risk o3,; that households face. We refer to this as the income-risk
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channel. To see this, we can use (2), (12) and (13) to express consumption risk as:

R e,
STz 1+ rt+k o1+ TG (1 +repk)

When monetary policy commits to a lower future path of real interest rates, it engineers an economic

expansion and results in higher output in the future. This higher expected aggregate output lowers the
income risk faced by households. When income risk is countercyclical, ® > 0 (see (2)). Beyond reducing
the level of income risk, a lower path of rates also mitigates consumption risk by shrinking the amount
of pass-through from income shocks. Thus, lower real interest rates unambiguously lower consumption
risk, except in the special case in which individual income follows a random walk A = 1 and income risk
is acyclical @ = 0. In this special case, then real interest rates do not affect the level of consumption risk.
This special case, which we term as the acyclical consumption risk case, will serve as a useful benchmark
later.

Finally, the last term on the right hand side of (10) reflects the Blanchard-Yaari correction: in our OLG
economy, the consumption growth of households born at date t differs from aggregate consumption
growth because they are born with zero wealth and accumulate/decumulate wealth over their lifetime.
This term ensures that all economic variables return to their initial steady state levels after a temporary

shock dissipates.” In the limit with ¢ = 1, this term vanishes and the world economy is non-stationary.

HtM households’ decisions HtM households cannot borrow or save and are unable to use asset markets
to smooth the effects of income shocks across time. Consequently, their consumption depends on their
current income rather than lifetime income. In particular, their MPC out of changes in current income is
equal to 1. Consequently, while an increase in future consumption risk causes unconstrained households
to increase their desired level of precautionary savings, it does not affect the consumption decisions of
HtM households since they simply cannot save for precautionary reasons. Proposition 2 describes their

consumption decisions.

Proposition 2 (HtM Households” decisions). The date t consumption of a HtM Home household j born at date
T < tis given by cpp(j, T) = y;t. Furthermore, averaging across all HtM households, cpmi: = pu(Qt)y:
denotes the average per-capita consumption of Home HtM households.

Propositions 1 and 2 also highlight that consumption of an unconstrained household vs that of a HtM
household responds differently to changes in exchange rates. To see this, consider the effect of a one-
time temporary RER depreciation on the consumption of an unconstrained and a HtM Home household.
Holding all else constant, the change in exchange rate by dQ; > 0 lowers the current income of both types
of Home households by p};(Q;)y:dQ; < 0. This change in income causes the HtM households to reduce
their consumption demand one-for-one, while the unconstrained households reduce their consumption
by only p; X piy(Qe)yid Qs < ply(Q:)y:dQs, which is smaller than the change in income since the pass-
through p; < 1. Since unconstrained households can access asset markets, they can reduce the pass-
through from changes in current income to consumption by borrowing or saving. Thus, holding all

else constant, the consumption of HtM households is more sensitive to changes in the RER than that of

9Mechanically, the term involving a;; in (10) shows that if the net foreign asset position of Home is above its steady state
level (a;41 > 0), households save less other things being equal, which manifests in a lower path for consumption growth.

11



unconstrained households in both Home and Foreign. Auclert et al. (2021) label this excessive sensitivity

of HtM consumption as the real-income channel.

Aggregate Home consumption The date t aggregate consumption of Home households is given by
¢t = (1= O)cuct + OChtmt (14)

Similarly, the date ¢ consumption of Foreign households is given by ¢; = (1 — O*)c{,.; + O" ¢y -

Net foreign asset position The last ingredient to close the model is the asset market clearing condition.

Home’s net foreign asset (nfa) position evolves according to

1-0

mﬂt.}l = (1 - O)at + pH(Qt)yt — Cy, (15)

and using world asset market clearing, the nfa position of Foreign can be written as
Q(1-0%)a;+(1-0)ay =0 (16)

Overall, given the path of monetary policy rates in the two countries {rp , 77, }i~y, the dynamics of
the RER Q; are described by (7). (10)-(11) characterize the dynamics of average per-capita consumption of
unconstrained Home households, while the average per-capita consumption by HtM households is equal
to their income chm; = pu(9Qt)yr, and (14) describes aggregate consumption by all Home households.
An analogous set of equations describe the dynamics of aggregate consumption in Foreign. The goods-
market clearing conditions (6a) and (6b) characterize the evolution of Home and Foreign output for a
given path of the RER and aggregate consumption in Home and Foreign. Finally, (15) and (16) describe
the evolution of nfa in Home and Foreign respectively. The date 0 net foreign asset position of Home
and Foreign is assumed to be 0, a9 = a5 = 0 and the economy is in the zero-inflation steady state prior
to date 0. In the next section, we characterize the first-order dynamics of the world economy following a
monetary shock in Foreign, around a zero inflation symmetric steady state, which we describe next.

It is useful to reiterate that, as in Ghironi (2006), the presence of the Blanchard-Yaari demographics
(¢ < 1) implies that our world economy is stationary and returns to the initial steady state following any
temporary shock. In contrast, if ¢ = 1, the economy in general does not revert to the initial steady state
even following a temporary shock.'” However, even in the ¢ = 1 limit, Appendix C.5 shows that output
returns to its level in the initial steady state in both countries. We use this property to derive analytical

insights in the ¢ = 1 limit and numerically show that these insights remain valid in the stationary case.

10Unlike in Auclert et al. (2021), our HANK economy is not “automatically” stationary despite the presence of uninsurable
idiosyncratic risk and incomplete markets. This is because the consumption function of households in our economy is linear in
wealth due to the assumption of CARA utility and no hard borrowing limits. In contrast, in a large number of HANK models
with CRRA utility and hard-borrowing limits, the consumption function is typically concave, implying that households tend
to have target levels of wealth that they want to accumulate for precautionary savings purposes (see, for example, Carroll and
Kimball (1996, 2001); Carroll (2004); Toche (2005) and Carroll and Toche (2009)). While shocks may move households away from
this target level, they return to this target level of assets once the shocks have dissipated. In contrast, introducing the overlapping
generations structure stationarizes our economy, as in Ghironi (2006).
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3.1 The zero-inflation symmetric steady state

We assume that both countries are symmetric in steady state at date 0, i.e. 2 = a* = 0 and that (net)
PPI inflation in both Home and Foreign is zero and that the nominal and real exchange rates are equal
tol, € =Q =1. Weset?'(1),v'(1) = e/ M to normalize output and consumption in both countries to
unity, y = y* = ¢ = ¢* = 1. Steady state income risk is also the same in Home and Foreign: ¢, = 0.
Consequently, the steady state real interest rates (r and r*), the MPC out of transfers (x and p*), and
consumption risk o, and oy,- are identical in Home and Foreign:

r—r*—ﬁ_e_%'cz—l = *—1—5 and o =0) = 1_3 o

’ H=H c =0 1-BA y
where B = 8/(1 + ). Since unconstrained households in each country face consumption risk in steady
state, the desired precautionary savings pushes down the real interest rates: r = r* < g~ — 1. Higher

consumption risk ¢ or risk aversion ¢ increase the gap between ~! — 1 and r.

3.2 Log-linearized dynamics

In what follows, all hatted variables denote log-deviations from their steady state values, except for nfa
where @;,a; denote level-deviations. Next, we summarize the set of equations which characterize the

tirst-order dynamics of the world economy for a given path of monetary policy {?H,t,?}';,t}fio.n

Interest rate parity Given the sequence {7n, 77, }i2, the real exchange rate satisfies the UIP condition
A1 = (1-20) (Frs —75,) (17)

which is simply the log-linearized version of (7) where we have made use of the relationship between PPI-
and CPI-based real interest rates in Home and Foreign: 7; = 7 — 125;Ag; 41 and 7} = ?Ig,t + 155 Aq1-
(17) shows that holding Home monetary policy fixed 7i; = 0, a one-off temporary Foreign interest rate
increase 7}, > 0 generates an expected RER appreciation between dates f and ¢ + 1: the RER depreciates

at date t, ; < 0, following which it appreciates to return to steady state.

Aggregate Euler equations and consumption risk The aggregate consumption growth in Home and
Foreign can be written as the average of the consumption growth of uc and HtM households:

N ~ . 1-9)(1-pB).. ~ I

Aty = (1-0) {Vt + QUL T 1 — ()Mﬂtﬂ} +0 {Ayt—i-l - 1—20ch”1} (18a)
P~ * ~ ~x 1-9)(1— B ~k * 5k o ~

Aci, = (1-07) {T’t + (P‘TEUC,tH - ()19([%)’%“} +0 {Ayt+l + 1—21qut+1} (18b)

where 7y = T — 25, Aq141 and 7} = ?f,t + 125;Aq:+1 denote the CPI-based Home and Foreign real
interest rates respectively. The terms in the first parenthesis of the two equations denote the consumption
growth of unconstrained households in Home and Foreign respectively, while the terms in the second

1See Appendix C for a derivation.
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parenthesis denote the consumption growth of HtMs in the two countries. The terms involving a;,; and
a;,, denote the Blanchard-Yaari correction which renders the economy stationary. 7,1 and 7, ; denote
the log-deviation of consumption risk in the two countries, and are given by:

b\—c,t = (1 — )\) ﬁt — (1 — B/\)@]//\t +,Bv/\86,t+1 where ]//l\t = IB (?t + ]//l\tJrl) (19a)

self-insurance  cyclical income risk

~

~x% /_/\_A? a S N ~x D (o ~%
ooy = (I=A)pf— (1 - ﬁ/\> O'yf +PAC . where iy = B(F + 1) (19b)

The first term on the RHS captures the self-insurance channel: a lower passthrough ji; reduces the
passthrough from a given level of income risk to consumption risk. The second term on the RHS of
(19a) represents the income risk channel: if income risk is countercyclical (® > 0), higher output i; > 0
reduces the income risk and consumption risk, holding passthrough fixed.

Goods market clearing The market-clearing conditions (6a)-(6b), up to first-order, can be written as

~ . v 20(l—a) . - . o 20(l1—a) _.
Ve =(1—a)c +ac; + 1(_2“)17% and vi=1—a)cf +ac; — 1(—2a)77qt (20)
Evolution of nfa and asset market clearing Finally, the evolution of nfa can be written as
1-0. PO LEPN
117 a1 = (1—-0)a + 9 —C — 1= ox M (21)
and global asset market clearing implies that (1 — O*)a; = — (1 — O) a;.

4 Spillovers and spillbacks

In this section we use our model to inspect in some detail the policy transmission mechanism among
interdependent economies. Rather than considering an arbitrary path of Foreign and Home interest
rates, we focus on the effect of an unanticipated contractionary Foreign monetary policy shock at date 0,
which then mean-reverts at some rate p € (0,1), while the Home real interest rate remains fixed at its
steady state level: 73, = p'7, > 0 and 7, = 0 for all t > 0.

Effect on RER Consequently, in all our experiments, the Foreign policy rate is higher than the Home
policy rate. Holding all else constant, this increases the demand for Foreign bonds relative to Home
bonds and results in a depreciation of the RER.!? Imposing 75 ; = 0 in (17), we obtain:

AGry1 = (1—2a) (P —75;) = (1 —2a) (=7;) <0,

which implies that, following the Foreign interest rate increase, the RER depreciates on impact (g > 0)
and appreciates in the future (11 < §i).

12The fact that we choose to shock the Foreign rate, rather than Home monetary policy is without loss of generality because
the two countries are symmetric in our baseline model.
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Effect on CPI-based interest rates While the policy rate in Home is unchanged 7y, = 0, the CPI-
based real interest rates (which determine the consumption growth of unconstrained households) are not
unchanged. In fact, the expected RER appreciation implies that the Home CPI-based real interest rate

increases even though the Home policy rate remains unchanged: 7y = 7 ¢ — AGi+1 > 0. To assess the

1-2a 21x
effects on the Foreign CPl-based real interest rate, observe that 7} = 7} ; + 15, Aq;11. If the RER were
fixed (Agi41 = 0), a contractionary Foreign monetary policy shock would imply the same increase in
the CPI-based Foreign real interest rate, or 7; = 73, > 0. However, the expected depreciation due to the
change in policy counteracts some of the increase in the Foreign CPI-based real interest rate and 7; moves
less than one-for-one with the policy rate: 7} = (1 — a)7}, > 0. Overall, a higher policy rate in Foreign

leads to an increase in both Home and Foreign CPI-based real interest rates:

dry dry _
@—tx and W—F’t—l—tx (22)

Home and Foreign “IS” curves To characterize output spillovers and spillbacks due to changes in mone-
tary policy, it is useful to combine (18a), (18b) and (20) in order to derive Home and Foreign IS equations,
which describe the effects of a change in Home or Foreign monetary policy on Home and Foreign out-
put. Appendix C.4 shows that for a given path of policy rates {7, 7} ,}i~,, the Home and Foreign IS
equations can be written as:

AYii1 7t 2(17“)0‘17 a, t+1—
Y1 T 122 1 Oct+1]

intertemporal expenditure switching precautionary savings

substitution
__a A1 _(1=9)(-p)]
+XO | =21 Agi 1 +XO +X (I -0) v G111, (23)
w A (1-9)(1-B)
T—2a t+1 5
real-income channel Keync.zsi_an Blanchard-Yaari correction
multiplier
0O 0 ) ) 1—a w
where O = 0 O accounts for the fraction of HtMs in each economy, and X = .
0 —

describes the allocation of expenditures by Home and Foreign households to Home and Foreign goods,
holding the RER fixed at steady state (Q = 1). When a Home household spends 1 additional unit of
Home currency on consumption, 1 — a is spent on Home goods and a on Foreign goods, as shown in the
first column. Similarly, the second column shows that a Foreign household who spends 1 unit of Foreign
currency on consumption spends a fraction « and 1 — « on Home and Foreign goods respectively.
Equation (23) shows that the effect of a change in monetary policy in one country affects output in
the two countries through the following channels: (i) intertemporal substitution, which captures the direct
effect of a higher CPI-based real interest rates in Home or Foreign holding all else constant; (ii) the
expenditure switching channel, which captures the effect of a change in the RER 7; on the demand for
Home and Foreign goods, holding all else constant; (iii) the precautionary savings channel, which captures
the effect of a change in consumption risk faced by Home and Foreign households following the Foreign

interest rate increase; (iv) the real income channel, which captures the effect of a change in the purchasing
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power of current income of Home and Foreign HtMs induced by the RER depreciation following the
Foreign monetary tightening. In addition to these forces, the presence of HtM households also induces
a Keynesian multiplier effect, which is represented by the fifth term on the RHS of (23). Because HtM
households have a marginal propensity to consume equal to one, any change in their income induced by
the four channels mentioned above translates into a one-for-one change in their consumption. This works
to amplify the direct effect of the four channels on Home and Foreign output.

Finally, the last term on the RHS of (23) reflects the Blanchard-Yaari correction discussed earlier. This
term stationarizes the model when ¢ < 1. With ¢ = 1, following a temporary shock, nfa and most
macroeconomic quantities and prices do not return to their respective values in the initial steady state.
However, as Appendix C.5 shows, even in the ¢ = 1 limit, both Home and Foreign output return to their
respective values in the original steady state once the temporary shock dissipates. This feature allows us
to derive analytical results with more ease than in the 8 < 1 case.'” Thus, while our analytical results
relate to the & = 1 limit, we also numerically solve the stationarized model with ¢ < 1 and show that the
insights from the ¢ = 1 limit are still valid.'*

When we solve the model with ¢ < 1, we set ¢ = 1 — 627! following Benhabib and Bisin (2006).
Following Gali and Monacelli (2005), we set the degree of openness at « = 0.4. As is common in
the literature, we set the coefficient of relative risk-aversion for the median household at ¢ = 2. Fol-
lowing Itskhoki and Mukhin (2021) we set the intratemporal elasticity of substitution at 7 = 1.5. We
set B to target a steady state interest rate of r = 4% in both economies. For the individual income
processes, we set the autocorrelation of income at A = 0.973 and the steady-state standard deviation
of income at 0, = 0.35, which is broadly consistent with Heathcote et al. (2010). While there is no
consensus in the literature regarding empirical estimates of the cyclicality of income risk, we use the
findings of Nakajima and Smirnyagin (2019) to calibrate our baseline and set ® = ®* = 3.5. In sup-
port of this parameterization, Nakajima and Smirnyagin (2019) find the difference in income risk (af-
ter accounting for taxes and transfers) between expansions and recessions to be around 0.05. Assum-
ing that the difference between GDP growth in expansions and contractions is about 0.04, we obtain
—dInoy/dIny ~ (Acy/0y)/Alny = (0.05/0.35)/0.04 =~ 3.5. In line with the estimates of Kaplan et al.
(2014), in our baseline we set the fraction of HtM households in both countries at O = O* = 0.3. Finally,
we set the persistence of the Foreign monetary policy shock at p = 0.8.

Next, we discuss in detail how each of the forces above shape the magnitude and sign of international

monetary policy spillovers and spillbacks.

4.1 Perfect-insurance benchmark

The perfect-insurance benchmark (which we will refer to as the RANK benchmark for brevity) is defined
as one in which all households in both economies are unconstrained: @ = O* = 0. In addition, house-

holds in both countries do not face idiosyncratic risk (¢, = 0 = 0). Consequently, all households within

13As shown in Appendix C.5, the fact that output returns to its pre-shock level in both countries is due to the presence of
cyclical income risk. Absent cyclical income, this argument need not hold. In order to maintain comparability with the full
model, when we shut off cyclical income risk in sections 4.1 and 4.2, we assume that monetary policy picks the equilibrium in
which output in both countries return to their pre-shock levels in the long-run.

14We solve for a minimum-state variable solution to the model with & < 1. Details are available in Appendix H.
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a country have the same level of consumption.’® In RANK, (23) can be further simplified to

A]//\t . 7 20(1—a)y Q 20(1—a)y
+ — 12 = — % 1—2a ~
AGH = X | T 2wy Agr =X 1o AT | _2ali-ay Aty (24)
Yita t 1—2a 1—2a
——
intertemporal expenditure switching intertemporal expenditure switching
substitution substitution

showing that only the intertemporal substitution and expenditure switching channels are at work.

The intertemporal-substitution channel Given our specification of monetary policy, (22) shows that
a higher Foreign policy rate 77, > 0 implies that the CPl-based real interest rates in both Home and
Foreign rise following the monetary policy shock: 7; = a7}, > 0 and 7; = (1 —a)7%, > 0. Holding all else
constant, the higher CPI-based real interest rates incentivize households in both Home and Foreign to
postpone their date ¢t consumption of both Home and Foreign goods. Because of nominal rigidities, this
lower demand translates into lower Home and Foreign output at date t compared to date t + 1 via the
intertemporal substitution channel. Equivalently, the intertemporal substitution channel leads to higher

growth rates of Home and Foreign output Ay; 1, Ay}, ; > 0 following a Foreign monetary tightening.

The expenditure-switching channel However, a different force also contributes to shaping the total
effect of the Foreign tightening in RANK. As mentioned above, the higher Foreign policy rate implies
that the RER at date ¢ depreciates (7; > 0), making Home goods cheaper relative to Foreign goods thus
leading both Home and Foreign households to increase their demand for Home goods and reduce their
demand for Foreign goods. Thus, the expenditure-switching channel tends to increase Home output at
date t relative to date f + 1 and lowers Foreign output relative to date ¢ 4+ 1. Equivalently, the Foreign
monetary tightening leads to negative Home output growth Aj;;; < 0 and positive Foreign output
growth Ayy ; > 0 following the RER depreciation.

Since the two channels work in opposite directions, the sign and magnitude of spillovers and spillbacks
is determined by which channel dominates, which in turn depends on the magnitude of the intratemporal

elasticity of substitution # relative to the IES (which is equal to 1). Proposition 3 formalizes this.

Proposition 3 (RANK). The effect of a Foreign monetary contraction 7y, > 0 in RANK is given by

dy: dy; 1
=x(n-1)  ad = —x(y-1), 25
=y x(v an =y 1=, X\ (25)
, — , —— ~——
spillover closed-economy spillback
effect
_ 2a(1—a) . .

where x = == o s a positive constant.

Proof. See Appendix D. O

In what follows, we formally use the term “spillback” to refer to the effect of a Foreign policy tight-
ening on Foreign output minus the effect of the same policy in the closed economy limit, i.e., when all

15Markets are still incomplete in this benchmark since only two risk-free bonds are traded.
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households only consume goods produced in their countries, which is the same as setting « = 0. In other
words, we define spillbacks as:

. ay; ay;
spillback = —* — =
d?;'t a>0 d?;'t =0

Thus, in (25), the Foreign spillback is the last term on the right hand side and is equal in absolute value
to the Home spillover: —x (7 —1).

Proposition 3 shows that under the Cole and Obstfeld (1991) parameterization, i.e. when the in-
tertemporal and intratemporal elasticities are equal (7 = 1), there are zero spillovers from Foreign mone-
tary policy on Home output. This case corresponds to the insularity case in Corsetti and Pesenti (2001).
The RER depreciation resulting from the Foreign monetary tightening increases the demand for the rela-
tively cheaper Home goods via the expenditure switching channel, which exactly offsets the reduction in
demand for Home goods via the intertemporal substitution channel, leaving Home output unchanged.
Moreover, even the domestic effect of a Foreign monetary contraction is the same as would arise in the
closed economy limit, which is defined as the case in which households in each country have complete
home-bias in consumption, « = 0: aa% = —ﬁ < 0, i.e., there are zero spillbacks. While Proposition 3 is
derived under ¢ = 1, the top row of Figure 1 shows that this characterization is also accurate with ¢ < 1.

[ ~ . .
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Figure 1: Impulse Responses (IRF) to a Foreign monetary tightening with # < 1 in RANK. The top row
corresponds to IRFs with # = 1, while the bottom row has 17 = 1.5. The first column in each row depicts
the path of the the Foreign policy rate, the second column depicts the resulting path of the RER, the third
column depicts the response of Home output (spillover) and the fourth column depicts the spillback.

However, with # > 1, spillovers and spillbacks are not zero: a Foreign policy rate hike results in
an expansion of Home output due to the RER depreciation. A larger # implies that even a small RER
depreciation triggers a relatively larger expenditure switching by Home and Foreign households towards
the now cheaper Home goods. This increase in demand for Home goods is large enough to offset the
decline in demand for Home goods via the intertemporal substitution channel. Thus, the net effect of a
Foreign tightening is to increase Home output: a positive spillover. In contrast, the expenditure-switching

channel works to reduce the demand for Foreign goods and, alongside intertemporal substitution, results
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in a decline in Foreign output which is larger than in the closed economy case: a negative spillback. This
prediction is also true with ¢ < 1, as can be seen from the second row of Figure 1. Home output rises
and Foreign output declines on impact, and then slowly revert back to their steady state values as the
shock dissipates.

In contrast, # < 1 implies that even a large change in the RER triggers a relatively small expenditure
switching towards Home goods. Consequently, the expenditure-switching channel is not strong enough
to offset the decline in demand for Home goods via the intertemporal substitution channel and the net
effect of a Foreign tightening is to lower Home output: a negative spillover. Foreign output still declines
in this case, even though it declines by less than if the Foreign economy were a closed economy: a
positive spillback. As explained earlier, this cushioning of Foreign output relative to the closed economy
limit (¢ = 0) happens because a Foreign monetary tightening by 73, > 0 in the open economy (« > 0)
increases the Foreign CPI-based interest rate (which is the real interest rate relevant for households’
consumption decisions) by less than one-for-one: 7; = (1 — «)7} ;. This smaller increase in CPI-based real
interest rates due to the RER depreciation causes Foreign households to lower their demand by less then
in the closed economy limit. Furthermore, since a small # implies only a small shift away from Foreign
goods via expenditure switching, Foreign output declines by less than in the closed economy limit.

A final point is worth clarifying in some detail. While Auclert et al. (2021) argue that the RANK
benchmark is unable to deliver a situation in which Home output declines alongside a RER depreciation,
the discussion above highlights that with 7 < 1, RANK can deliver a contractionary depreciation.'® The
discrepancy between our finding and theirs is due to two important differences in the specification of
monetary policy in the two models. First, Auclert et al. (2021) specify monetary policy in Home as
keeping the CPI-based real interest rate unchanged in response to the Foreign monetary shock, while
we specify monetary policy in Home as keeping PPI-based real interest rates unchanged. As Appendix
1.2 shows, the specification in Auclert et al. (2021) implies that Home monetary policy actually cuts
nominal rates in response to the rate hike in Foreign, thus stimulating demand for Home goods even
more than is caused by the depreciation. Second, Auclert et al. (2021) model the change in Foreign interest
rates as a response to a discount factor shock, which keeps Foreign consumption unchanged. Instead,
as is standard in the literature on international monetary spillovers, we model the change in Foreign
monetary policy as not a response to any other shock, but rather a true exogenous monetary policy
shock. Consequently, the Foreign tightening that we study leads to a decline in current consumption
demand by Foreign households via the intertemporal substitution channel. Thus, as Appendix 1.2 shows,
the differences in their findings relative to ours reflect the differences in the specification of monetary
policy, which in their case nullifies the intertemporal substitution channel. Departing from either one of
their assumptions makes the intertemporal substitution channel active once again, so that even RANK
can deliver a contractionary depreciation. In fact, as shown above, under our specification of monetary
policy, the intertemporal substitution is active and overwhelms the expenditure-switching channel when

n < 1, leading to a decline in Home output despite a RER depreciation.

16y < 1 in our model corresponds to a case with a small trade elasticity, which is exactly the condition that Auclert et al.
(2021) require for the real-income channel to deliver a contractionary depreciation.
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4.2 MPC heterogeneity: the role of the real-income channel

The HANK literature in general, and in particular, Auclert et al. (2021) argue that accounting for house-
holds with high MPCs can affect monetary transmission in the open economy via the real-income channel.
To study the contribution of this facet of incomplete market economies to spillovers and spillbacks, we
now introduce some high MPC households to both economies, and assume O, O* > 0. For clarity of ex-
position, we maintain the assumption that households do not face idiosyncratic income risk O'yz = 05* = 0.
Even though households do not face idiosyncratic shocks to their productivity, the consumption of un-
constrained and constrained households within a country can diverge in response to a RER depreciation
following a Foreign monetary tightening.

Recall that the consumption of unconstrained households and HtM households is differentially ex-
posed to changes in RER. A one-time temporary RER depreciation dQ; > 0, holding all else constant,
lowers the date t income of both types of Home households by p};(Q:)y:dQ; < 0. But since HtMs
cannot access credit markets, this translates into a one-for-one decline in their consumption demand.
This is referred to as the real-income channel: an RER depreciation lowers the real purchasing power of
HtM households” income, forcing them to lower their consumption. In contrast, the consumption of
unconstrained households is more insulated against the decline in their real current income, since their
consumption depends on lifetime income. This is captured by the fact that their date t consumption only
declines by less than the decline in their current income dc, = p X piy(Qr)y:dQ; where y; < 1 is the
pass-through from income to consumption, and reflects the fact that these households can borrow and
save to smooth consumption in response to transitory changes in income. This shows that incorporating
HtM households can lead to larger fluctuations in consumption demand and thus can affect spillovers
and spillbacks. We explore this next.

Since HtMs in both Home and Foreign have an MPC of 1 and consume their entire income at each
date, the average consumption of Home and Foreign HtMs can be expressed as:

~ ~

~ 44
c = ——:t+t Y and cr =
htm, t 1—2a q Yy htm, t

T a0t U (26)
Thus, holding Home and Foreign output ¥; and y; constant, a RER depreciation g; > 0 lowers the real
income of Home HtMs but increases the real income of Foreign HtMs, resulting in a one-for-one decline
in Home HtMs’ consumption and a one-for-one increase in Foreign HtMs’ consumption. However, to
translate these declines in aggregate consumption demand onto changes in Home and Foreign output,
we have to account for the fact that the RER depreciation also triggers expenditure switching towards the
cheaper Home good. Consequently, holding all else unchanged, the change in demand for Home goods
by Home HtMs and Foreign HtMs is given by:
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Equation (27a) shows that the Home HtM demand for Home goods can be split into two parts: (i) the first
term on the right hand side of (27a) represents the effect of the real-income channel, insofar as a reduction
in the purchasing power of Home HtMs’ income causes them to reduce their demand for Home goods;
(ii) at the same time, because Home goods are now cheaper, HtM households switch away from Foreign
to Home goods. How much they switch their expenditure towards Home goods depends on 7. In fact, if
n > 1, their demand for Home goods increases on net, as the expenditure switching effect dominates the
decline in their real income. The opposite is true if 7 < 1, while their demand for Home goods remains
unchanged if 7 = 1. In contrast, (27b) shows that — regardless of 7 — both the real-income channel and
the expenditure-switching channel cause Foreign HtMs (who now have a higher real income) to increase
their demand for Home goods. Overall, as has also been pointed out by Auclert et al. (2021), (27a)-(27b)
show that for # sufficiently smaller than 1, the real income channel can result in a decline for Home goods
despite a reduction in their relative price.

Appendix E.1 shows that the exact opposite is true for the demand for Foreign goods by Home and
Foreign HtMs. Since Foreign goods are now more expensive and the real income of Home HtMs is lower,
their demand for Foreign goods is unambiguously lower. However, Foreign HtMs now have a higher
real income, which tends to increase their demand for Foreign goods. Yet, the fact that these goods are
more expensive causes them to switch their expenditure away from them. Again, the magnitude of %
relative to 1 determines which force dominates. When 7 > 1, Foreign HtMs” demand for Foreign goods
declines despite them being richer, as the expenditure switching channel dominates. The opposite is true
for 1 < 1, while Foreign HtM demand for Foreign goods remains unchanged if 7 = 1.

Moving from HtM to unconstrained households, whether their demand for Home goods increases
or decreases following a Foreign monetary tightening depends on the strength of the intertemporal-
substitution vs the expenditure-switching channels, precisely as in RANK. For # > 1 the demand for
Home goods by unconstrained households increases following a Foreign tightening, while it declines if
1 < 1 and remains unchanged if 7 = 1.

While the discussion above described the direct effect of the RER depreciation induced by a Foreign
monetary tightening, it is not the total effect, as we were implicitly holding output fixed in both coun-
tries. However, in general equilibrium the change in demand for Home and Foreign goods also triggers a
change in output because of the presence of nominal rigidities. These changes in output, in turn, further
modify the current income of households. Because HtMs have an MPC equal to 1, the change in income
translates into a one-to-one change in their consumption, leading to a Keynesian multiplier effect. Propo-
sition 4 below summarizes the general-equilibrium effect of a RER depreciation induced by a Foreign

monetary policy rate hike.

Proposition 4. Let O, 0" > 0. Then, the effect of an increase in the Foreign monetary policy rate 7t ,, holding
Home monetary policy fixed Ty = 0 on Home and Foreign output is given by:

dy, dy; 1
i:]1\/[((9,(’)*)><7(<17—1> and Dt - —]M((’)*,(’))xx(;y—l), (28)
T’F ¢ N — d?’\f; ¢ 1-— 1Y N —
, spillover- spillover in ’ spillback- spillback in
multiplier P RANK closei};gcgzomy multiplier pRANK
1—
where  M(x,y) = 4 >0 V(xy)€]01)x]01) (29)

1-(1—a)(x+y)+ (1 —2a)xy
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captures the Keynesian multiplier effect.

Proof. See Appendix E.2. O

Equation (28) makes clear that the sign of the spillover and spillback is independent of O and O*,
and only depends on the magnitude of # relative to 1, as in RANK. However, the presence of high MPC
households alters the magnitude of spillovers and spillbacks relative to RANK via the Keynesian multiplier
M(e, ®). Appendix E.2 shows that for two countries with the same fraction of HtMs, i.e., O = O*, the
spillover and spillback multipliers are larger than 1 for any O € (0,1):

M(O,0) = _ >1  forany O € (0,1)
1—(1-24)0
Thus, a higher fraction of HtMs tends to amplify spillovers and spillbacks when this fraction is similar in
both countries.

To see why, consider the case 7 > 1 for ease of exposition, and since it is the empirically relevant case.
As discussed above, with 17 > 1, the direct effect of the RER depreciation caused by a Foreign monetary
tightening is to increase the demand for Home goods. This increased spending on Home goods leads
to an increase in the income accruing to Home HtMs. Since they have an MPC of 1, the higher income
translates into a one-to-one increase in consumption of both Home and Foreign goods. This additional
expenditure on Home goods results in even more income accruing to Home HtMs through the Keynesian
multiplier effect. Furthermore, Foreign households also spend more on Home goods since they are now
cheaper. This additional spending on Home goods also increases the income of Home HtMs, which
reinforces the increase in Home output. The net effect of these multiple rounds of spending increases
is that Home output increases by more than in the perfect-insurance benchmark, and is captured by the
spillover multiplier, which is larger than 1. In contrast, the direct effect of the Foreign monetary tightening
is to lower the demand for Foreign goods. This reduction in spending on Foreign goods decreases the
income accruing to Foreign HtMs. As the latter reduce their spending on Foreign goods, this further
reduces their income and consumption.!” The net effect, along with Home households switching their
expenditures towards the cheaper Home goods, is that Foreign output falls more than in RANK and is
represented by a spillback multiplier, which is greater than 1.

Thus, for two countries with a similar fraction of HtM households — one may think of two advanced
economies such as U.S and the Euro area — spillovers and spillbacks are larger than in RANK. Fur-
thermore, since M; (®,®) > 0 and M; (0, ®) < 0, increasing the fraction of Home HtMs increases the
magnitude of spillovers and reduces the magnitude of spillbacks. In fact, holding the fraction of Home
HtMs constant, a smaller fraction of HtMs in Foreign make the spillback become smaller. In the limit,
as O* = 0 the spillback multiplier becomes less than 1: M (0,0) = ﬁ < 1, while the spillover
multiplier is still larger than 1: M(O,0) = m > 1. If one were willing to interpret Home as an
emerging economy with a relatively higher share of HtM households and Foreign as an advanced econ-
omy, the spillover of a monetary tightening in the advanced economy onto the emerging economy would
be relatively larger, while the spillbacks onto the advanced economy itself would be relatively smaller.
Intuitively, our model highlights a mechanism by which the same U.S. monetary policy shock can lead to

a larger effect on output in emerging markets, than, say, in the Euro area.

17The net effect on the real income of Foreign HtMs is ambiguous because the depreciation also increases their real income.
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Figure 2: Spillover and Spillbacks with HtMs: The solid-blue lines depict dynamics in a world economy
with O = O* = 0.3, the dashed-red lines depict the dynamics in the RANK benchmark, and the dotted-
magenta lines depict the asymmetric case in which Home is an “emerging market” and has a larger
fraction of HtMs.

While the above analysis holds in the context of the # = 1 limit, Figure 2 shows that the basic
intuition carries through in the case with ¢ < 1. The solid-blue lines depict the dynamics in the economy
with an equal fraction of HtM households in Home and Foreign (O = O* = 0.3). Since § > 1 in
our calibration, as in Proposition 4, Home output increases following a Foreign monetary tightening
and the magnitude of this increase is larger than in RANK, which is depicted by the dashed-red line.
However, importantly, the sign of the spillovers and spillbacks is identical to RANK. The dotted-magenta
line depicts the dynamics in the case in which Home is calibrated to be an “emerging” economy with a
higher fraction of HtM households, while Foreign is an “advanced” economy with a smaller fraction of
HtMs. Following Zhou (2022), we set O = 0.7 for the emerging economy, while we keep O* = 0.3 for
the advanced Foreign economy. While this increases the magnitude of spillovers and reduces spillbacks
relative to the symmetric case, the sign of the spillover and spillback are still the same as in RANK.

It is also worth pointing out a corollary of Proposition 4. Under the Cole and Obstfeld (1991) param-
eterization 57 = 1, the fraction of HtMs O, O* do not matter in the assessing the magnitude of spillovers
and spillbacks. This is simply because in this special case the demand for Home goods by Home HtMs
and unconstrained households remains unchanged after the depreciation, since the expenditure switch-
ing channel cancels out both intertemporal substitution and the decline in real income of Home HtMs.
In contrast, Foreign HtM households increase their demand for Home goods by the same amount as the
unconstrained Foreign households, implying that the actual fraction of HtM households is irrelevant for
the general-equilibrium response of Home and Foreign output. This result is summarized below.

Corollary 1 (An as-if result). If 5§ = 1, the effect of an increase in the Foreign monetary policy rate, holding Home
monetary policy fixed on Home and Foreign output is the same as in RANK.

Finally, Proposition 4 offers valuable insights that complement the arguments presented by Auclert
et al. (2021). The latter suggests that, while the RANK benchmark cannot deliver a contractionary de-
preciation in Home, incorporating the real-income channel can do so, provided the trade elasticity is
sufficiently small. Our analysis aligns with part of this assertion, confirming that, for < 1 (which im-
plies a small trade elasticity), a Foreign monetary tightening can indeed lead to a simultaneous reduction

in Home output and a RER depreciation. However, as was discussed at the end of Section 4.1, when
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n < 1 even RANK is capable of delivering a contractionary depreciation. Thus, our framework clarifies
that the real-income channel induces a contractionary depreciation in Home if and only if RANK also
features a contractionary depreciation. As mentioned earlier, the only reason that RANK cannot deliver
a contractionary depreciation at Home in Auclert et al. (2021) is because their specification of monetary
policy nullifies the intertemporal substitution channel.

4.3 Precautionary-savings channel

Next, we study how the precautionary-savings channel affects spillovers and spillbacks. To do so, we
depart from RANK by introducing idiosyncratic income risk but, for simplicity, assume a zero measure
of HtM households in both countries (O, O* = 0). In this case, (23) under ¢ = 1, simplifies to:

A :/V\ " 20(1—a)y G
41 ~ o ~ 2 ot+1
AT =X 1 Phat | oa(ioay | D1+ @oeX |
Y1 - BT Iet+1
intertemporal expenditure switching precautionary saving
substitution due to

consumption risk

While intertemporal-substitution and expenditure-switching effects are still at work, as in RANK, the
precautionary-savings channel now also affects the sign and magnitude of monetary spillovers. The
strength of this channel depends on how expected consumption risk in Home and Foreign is affected
by the policy shock. Appendix F shows, using (19a) and (19b), that monetary policy affects expected
consumption through the self-insurance and cyclical income-risk channels:

~ ap 1-A )\ ~ ©
o = — — ri1— (1—BA) O A)° 30a
o+ - p <1 - ﬁ/\p> Fit+1 ( p ) S;)(,B ) Y1+ (30a)
self-insurance cyclicality of income-risk
A 1-a)B [ 1-A ~ X
or = = = 77 —(1—pBA) O YSNTH 30b
o t+1 1— o \1-prp Ft+1 ( B ) ;)(,3 ) Vit14s (30b)

The first term on the RHS of (30a) and (30b) shows that higher interest rates increase the pass-through
from a given level of income risk to consumption risk. Thus, a contractionary Foreign monetary policy
shock increases consumption risk in both Home and Foreign via the self-insurance channel, except if indi-
vidual income follows a random walk (A = 1).!® Furthermore, if a rate hike in Foreign lowers output in
both countries, and if income risk is countercyclical in both Home and Foreign ®, ®* > 0, then the lower
output in both countries also increases consumption risk in both countries via the income-risk channel.
However, if a monetary tightening in Foreign raises Home output, then the income-risk channel works to
lower consumption risk in Home and the net effect is thus ambiguous.

A special, yet informative case of (30a) and (30b) is when A = 1 and ® = ®* = 0. In this case
with random walk income and acyclical income risk, (30a) and (30b) collapse to 0 ;+1 = 3;t 41 =01ie,a

change in Foreign monetary policy has no effect on consumption risk in Home and Foreign: consumption

18 As discussed previously, the self-insurance channel is not operative if A = 1, since all changes in income are expected to be
permanent and households do not wish to borrow or save in response to these changes. Consequently, interest rate changes do
not matter for self-insurance.
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risk is acyclical and is constant at its steady state level. Consequently, as the corollary below summarizes,
the size and magnitude of international spillovers is the same as in RANK.

Proposition 5 (Acyclical consumption risk). If A = 1 and ® = ©* = 0, then consumption risk does not change
the sign or magnitude of spillovers and spillbacks relative to RANK, which are still given by (25) in Proposition 3.

Proof. See Appendix F.1. O

Away from this special case with acyclical consumption risk, the precautionary savings channel does
affect spillovers and spillbacks. Since the the precautionary savings channel itself depends on the self-
insurance and income risk channels, we first study the role of the self-insurance channel by considering
the case in which both Home and Foreign have acyclical income risk @ = @* =0, but A < 1.

Proposition 6 (Self-insurance channel). Suppose households face acyclical income risk, i.e., ® = @* = 0 but
05 > 0, then the effect of a Foreign monetary tightening, vz, > 0, holding Home monetary policy fixed 7 = 0,
on Home and Foreign output is given by:

— —1— d 2t - - _ —1—9), 31
a7, X(’? 7) an e, T x(n 7) (31)
spillover closed-economy spillback
effect

1-pBp) \1-BAp

Proof. See Appendix F.2. O

where Y = ( Po ) < 1-A ) po? > 1, with strict inequality for A € [0,1) (32)

Recall from (25) that in RANK, the sign of the spillover and spillback depends on the magnitude of 7
relative to 1. In contrast, (31) shows that in the case with acyclical income risk, the sign depends on the
magnitude of # relative to 1 + ¢ > 1. The term -y captures the additional decline in current demand due
to the self-insurance channel. The intuition underlying this expression is straightforward in the closed-
economy limiting case (¢« = 0 and x = 0), in which there are trivially no spillovers and spillbacks. Even in
the closed economy limit, accounting for the self-insurance channel, the effect of a given Foreign rate hike
on Foreign output is larger than in RANK: it is given by —(1+)/(1 — p), compared to —1/(1 — p) in
(25). This larger decline is due to the fact that, in addition to the intertemporal substitution channel which
lowers Foreign output by —1/(1 — p), the self-insurance channel also lowers demand and hence output.
(19b) shows that a higher path of Foreign rates increases the pass-through from income to consumption
risk, i.e. raises y;. Even though income risk is acyclical, Foreign households face greater consumption
risk, causing them to increase their desired level of precautionary savings and lower their consumption
demand. This lowers Foreign output more than in RANK.

In the open economy case (x > 0) the monetary tightening in Foreign raises CPI-based real interest
rates in the global economy, thus resulting in an increase in pass-through from income to consumption
risk in both Home and Foreign: ji;, jif > 0. Thus, both Home and Foreign unconstrained households
reduce their current demand for both Home and Foreign goods and increase their precautionary savings.
Consequently, Home and Foreign output falls by more than in RANK in response to a Foreign policy
hike. In fact, spillovers and spillbacks under acyclical income risk are equivalent to those in a RANK
economy with a larger IES (equal to 1 4 7), instead of an IES of 1.
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The bottom line is that, different from the RANK benchmark which features positive spillovers when
n > 1, the self-insurance channel can, at least theoretically, flip the sign of spillovers and spillbacks if
is large enough, i.e., v > n — 1. However, if v <  — 1, then the self-insurance channel still results in
positive spillovers but the magnitude of the spillover is actually smaller than in RANK. In contrast, if
1 < 1 RANK features negative spillovers. Accounting for the self-insurance channel amplifies this negative
spillover. (31) shows that same is true for the properties of spillbacks.

How large 7 is relative to 7 — 1 crucially depends on the persistence of individual income. This
parameter is key in determining the strength of the self-insurance channel. As described earlier, if A =1,
the self-insurance channel is not operative and 7y = 0, even though households face risk. However, with
A < 1,9 > 0. In fact, holding steady-state income risk and real interest rates fixed, the change in y due

to a change in A can be written as:

ar(A) _ EP 2 < ,EP ) ( 1-A ) 25 2
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implying that a higher A has two opposing effects on the strength of the self-insurance channel. First,
holding consumption risk fixed, a higher A makes the self-insurance channel less relevant. If A is large, a
decline in current income also implies that expected lifetime income declines by almost the same amount.
Consequently, households do not borrow as much (in the limit as A = 1, they don’t borrow at all because
the fall in income is expected to be permanent). This effect is captured by the first term on the right hand
side of the expression above. On the other hand, holding income risk O'yz fixed, a higher A implies that
households face greater consumption risk (the last term on the RHS of the expression above). Thus, the
effect of a higher A is in general ambiguous.

For A close to 0, the second term dominates and increasing A from 0 results in a higher -y, while for A
closer to 1, the first term dominates and a further increase in A tends to lower y. Given our calibration,
the strength of the self-insurance channel initially increases, peaks at about A = 0.98 and then declines,
vanishing at A = 1. Now, in our calibration — which features A = 0.973 — the implied level of 7y is
0.04, which is not large enough to flip the sign of spillovers since 7 —1 = 0.5. However, our model with
CARA preferences and no hard-borrowing constraints for unconstrained households features a small
MPC u relative to empirical estimates. For any given level of income risk, the model likely understates
the average consumption risk ¢? that households face, and hence implies a smaller . Thus, is it possible
that in quantitatively realistic HANK models which can generate a higher level of consumption risk, the
implied <y could be large enough to flip the sign of the spillover and spillback relative to RANK.

The other component which affects the strength of the precautionary savings channel is the cyclical
income risk channel. Proposition 7 presents the effects of a Foreign rate hike on Home output when
income risk in Home and Foreign is countercyclical (®, ®* > 0).

Proposition 7 (Precautionary-savings channel). If income risk in Home and Foreign is countercyclical ®,©* >
0, but not too countercyclical ®,@* < ©," then the effect of a Foreign monetary tightening (75, > 0), holding

9The exact expression for @ > 0 is available in Appendix F.
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Home monetary policy fixed 71+ = 0, on Home and Foreign output is given by:

day, . .
= M (0,07 xx (- (100 (33a)
drF t ~—
’ spillover-
multiplier
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a7y, 1-6"1—p pdwmeX@ ( +7)(9D, (33b)
' —_— spillback-
closed-economy multiplier
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where § = ©/0,0* = ©*/0O and (0,0*) € [0,1) x [0,1) and the function M(x,y) is the same as in (29). Q
captures the effect of cyclical income risk and can be written as
9*

‘Xm):1+za—aﬂ1—m)>1 vo* € (0,1). (34)

Furthermore, 36* € (0,1), such that (14 ) x Q(6*) = 5 and for 6* > 6%, (1+ ) x Q(6*) > 1, i.e., for large
enough 6%, the sign of the spillover and spillback flips relative to RANK.

Proof. See Appendix F. O

) in (33a)-(33b) captures the contribution of cyclical income risk to spillovers and spillbacks. Recall
that, even when 77 > 1, in response to a Foreign monetary tightening Home output can (i) stay unchanged
relative to RANK if A = 1, which implies v = 0, or (ii) increase less relative to RANK if v is positive but
not too large, or (iii) decline if the self-insurance channel is strong enough, i.e., if 7 is large. In contrast,
the self-insurance channel causes Foreign output to decline by at least as much as in RANK.

When income risk is countercyclical in Foreign, the decline in Foreign output following a monetary
tightening implies that Foreign households face higher income risk. Furthermore, since interest rates
are expected to be higher in the future as well, lower Foreign output in the future means that Foreign
households expect to face higher income risk in the future. This implies that they face even higher
consumption risk in the future relative to the acyclical income risk case. Consequently, their desired level
of precautionary savings further increases, causing them to cut back on consumption even more.

Even in the closed economy limit (x = 0), this lower demand leads to a larger decline in Foreign
output: the first term on the RHS of (33b) shows that the decline in Foreign output is larger by a factor
1/(1—6*) > 1 relative to the acyclical income risk case. Here 6* = ®*/@ captures the cyclicality of
income risk; the larger the cyclicality, the larger the amplification. In fact as ®* — © or 6* — 1, we
have: 1= — co. Notice that this effect of countercyclical income risk is also present if the self-insurance
channel is not operational (A = 1), in which case v = 0. Even in this case, countercyclical income risk
results in a larger drop in Foreign output relative to RANK: —#ﬁ < —ﬁ.

In the open economy (« > 0), countercyclical income risk in Foreign also affects the response of Home
output to Foreign monetary policy. As in the closed economy limit, countercyclical income risk causes
Foreign households to further reduce consumption of both Foreign and Home goods, relative to the
acyclical income case. This decline in demand for Home goods tends to lower Home output. Whether
this effect can result in an actual decline in Home output depends on the strength of the income risk
channel relative to the other channels at work. Proposition 7 shows that, when risk is countercyclical
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enough in Foreign, i.e., when 6* € (0,1) is sufficiently high, then the implied Q) is large enough so
that (14 v)Q > 7 and the combination of intertemporal substitution, self-insurance and income risk
effects overwhelm the expenditure switching channel. In this case Home output declines in response to
a Foreign monetary contraction even though the RER depreciates making Home goods cheaper.

In addition to this direct effect, changes in Home output also affect the level of income risk that Home
households face. If income risk in Foreign is countercyclical enough, (1 + )Q > #, then the decline in
Home output implies that Home households face higher income risk, which causes them to reduce their
consumption of both Home and Foreign goods. This further amplifies the decline in both Home and
Foreign output. In contrast, if 8* is not large enough to cause a decline in Home output so that Home
output still increases (but to a lesser extend than in RANK)), then the higher level of Home output implies
that Home households face lower income risk, causing them to increase their consumption demand.
Overall, the increase in Home output is amplified. This amplification effect on Home and Foreign output
is captured by the spillover and spillback multipliers respectively.

Finally, it is worth noting that countercyclical income risk at Home only affects the magnitude (not
the sign) of spillovers and spillbacks relative to acyclical risk or RANK. Instead, countercyclical risk in
Foreign can cause a decline in Home output following a Foreign monetary contraction even if under the
acyclical income risk and the RANK benchmarks we would obtain positive spillovers. In fact, given our
calibration, (14 )Q = 1.658, which is larger than # = 1.5, implying that even though the self-insurance
channel is not strong enough to flip the sign of the spillover, the full strength of the precautionary savings
channel can generate negative spillovers in Home output alongside a RER depreciation. This is true even
with # > 1, i.e,, when RANK features positive spillovers.

Interestingly, even in the countercyclical risk case, the spillover and spillback multipliers are still given
by (29), as in the case with HtMs. The difference is that, rather than the fractions of HtM households,
the relevant arguments in the function IM(e, e) are the cyclicality of income risk in both countries. Thus,
rather than an intratemporal Keynesian multiplier that is generated by the presence of high MPC house-
holds, the equilibrium effect of countercyclical income risk can instead be thought of as an intertemporal
Keynesian multiplier. This multiplier-like effect stems from the fact that persistently lower output in
the future increases the income risk faced by households, causing them to reduce their demand, which
further reduces output leading to a further increase in income risk and so on.

By the same logic as in Section 4.2, the spillover and spillback multipliers due to countercyclical risk

are larger than one for two countries with comparable countercyclicalities of income risk:

1

M(6.9) =1 —a—we

>1, Vo € (0,1)
In contrast, in the case where Home is — say — an emerging economy where income risk is more counter-
cyclical than — say — the advanced Foreign economy (0 > 6*), the spillovers of a Foreign monetary shock
on Home output are larger relative to the case in which two similar economies are compared. Also, as in
the Section 4.2, the spillback on the advanced economy is smaller and can even become smaller than in
RANK if the countercyclicality in Home is much larger than in Foreign.

Figure 3 plots spillovers and spillbacks for our calibrated economy with ¢ < 1. As in the RANK
case, a date 0 increase in 7%, after which it slowly returns to steady state (panel a), results in a date 0

RER depreciation, after which it gradually appreciates and returns to its steady state value (panel b).
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Figure 3: Precautinary-savings channel. The solid blue lines depict dynamics in a world economy in
which households face countercyclical risk, while the dashed-red curves depict dynamics in the RANK
limit. The dashed-cyan lines depict the contribution of the self-insurance channel.

As in the @ = 1 case, while Home output increases on impact in RANK (red-dashed line in panel c),
the solid-blue curve shows that Home output declines following the monetary tightening because of
the precautionary savings channel. The dotted-cyan curve depicts the contribution of the self-insurance
channel, showing that — given our calibration — most of the precautionary-savings channel effects are
quantitatively swamped by the income-risk channel.

In consumption-risk space, the difference between the dotted-cyan and solid-blue curves (panels e
and f) shows how much consumption risk increases because of the income risk channel. Even though
consumption risk increases in both Home and Foreign in the acyclical income risk case, the income-risk
channel (depicted by the solid-blue lines) contributes most of the increase in consumption risk in both
countries. Finally, panel d shows that with countercyclical income risk, Foreign output falls by more
due to the precautionary-savings channel (solid-blue line) relative to both the acyclical income risk case
(dotted-cyan line) and RANK (dashed-red line).

Finally, recall that under the Cole and Obstfeld (1991) parameterization spillovers and spillbacks were
zero in not just RANK, but also in the benchmark with the real-income channel studied in section 4.2.
However, accounting for the precautionary-savings channel implies that even in the Cole and Obstfeld
(1991) limit, spillovers are not zero; in fact, there are negative spillovers: Home output falls despite the
RER depreciation. Moreover, Foreign output declines more than in RANK.

Corollary 2. As long as ©* > 0 or A < 1, under the Cole and Obstfeld (1991) parameterization ( = 1), then
Home output declines following a Foreign monetary tightening (¢ , > 0), holding Home monetary policy fixed
7u,+ = 0. Furthermore, spillbacks onto Foreign output are also positive.

Proof. With countercyclical risk, (14 7)) > 1 unless consumption risk is acyclical in Foreign. Otherwise,
the result follows from using this information in (33a) and (33b) and imposing 7 = 1. O
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4.4 Bringing it all together

In summary, the discussion in Sections 4.2 and 4.3 showed how accounting for uninsurable idiosyncratic
income risk shapes the profile of monetary policy spillover and spillbacks, which depend on the role
played by the real-income channel, the presence of some high MPC households, and the precautionary-
savings channel. Table 1 summarizes how each of these channels affect sign and magnitude of spillovers

and spillbacks following a Foreign monetary tightening which induces a RER depreciation.

SPILLOVER SPILLBACK
RANK hetell‘\ggecneity Prei::flitril%rslary RANK hete%g;eity Pregg\‘;itrifg;ary
n>1 + + +/- - - -/+
n=1 0 0 - 0 0 +
n<1 - - - + + +

Table 1: Sign of spillover and spillback in response to a Foreign monetary tightening

Table 1 reiterates the lessons from sections 4.2 and 4.3. It shows that, depending on the magnitude of 7
relative to 1, even the RANK benchmark can generate positive, negative or zero spillovers. Adding MPC
heterogeneity can amplify the magnitude of spillovers and spillbacks via the real-income channel, but the
real-income channel cannot switch the sign of spillovers and spillbacks relative to RANK. However, the
precautionary-savings channel can not just amplify the spillovers relative to RANK, it can also flip the
sign if income risk is countercyclical enough. Furthermore, in the empirically relevant case of 7 > 1, only
the precautionary savings channel can deliver negative spillovers.

Leaving aside considerations about their sign, we can focus purely on the amplification of the spillover
and spillback multipliers associated with the real-income channel when compared to the precautionary-
savings channel. In our calibration in which both countries are symmetric, the real-income channel
induces a spillover and spillback multiplier of M(0.3,0.3) = 1.32, i.e., spillovers and spillbacks are about
30% larger due to the real-income channel compared to a RANK benchmark with the same preference
parameters. In contrast, under our calibration the spillover and spillback multiplier with precautionary
savings is equal to M = 1.62, which is about 20% larger. These results suggest that the precautionary-
savings channel is able to affect the magnitude of spillovers and deliver a level of amplification in a
comparable way as the real-income channel.

5 Dominant Currency Pricing

Our baseline model above featured full exchange rate pass-through (EPRT), as it implicitly assumed a
paradigm of Producer Currency Pricing (PCP) in international invoicing. However, there is growing
empirical support for the Dominant Currency Pricing (DCP) paradigm as a better description of the
global pricing system (Gopinath, 2015; Gopinath et al., 2020). As these papers analyze, in contrast to the
symmetric PCP, DCP features not just incomplete ERPT, but also asymmetric ERPT. While we relegate
the details of the full model under a DCP paradigm to Appendix G, we present a brief description of the
differences relative to our baseline model.

We model the DCP paradigm by assuming that the currency of Foreign is the dominant currency
and ERPT in Foreign is less than full. Then, under DCP, exports from Home to Foreign are invoiced in
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Foreign currency. In contrast, the import price at Home still satisfies the law of one-price and features
full ERPT. Algebraically:

« * !
oot ana o (o )
where ¢ € [0, 1] controls the degree of exchange rate pass-through. As (35) shows, a 1% RER depreciation
(higher Q;) results in a 1% increase in the relative price of Foreign goods for Home households (higher
Pr;/P;), holding Foreign prices fixed. However, in Foreign a 1% RER depreciation only translates into
a lower import price for Home goods by a fraction 1 < 1%. Thus, holding all else constant, under
DCP Foreign households face smaller incentives to shift their demand towards Home goods following
a depreciation, i.e., DCP makes the expenditure-switching channel weaker. Consequently, Proposition 8
shows that — when ERPT is sufficiently low — RANK can deliver a contraction in Home output alongside
a RER depreciation, even when 1 > 1.

Proposition 8 (Perfect-Insurance under DCP). In a DCP regime (1 < 1), the effect of an increase in the Foreign

monetary policy rate 7} ,, holding Home monetary policy fixed 71+ = 0, on Home and Foreign output is given by:

dy dy; 1
= = -1 = —— - -1
7, Xd ((5(1)17 ) and ir:, _1 0 Xxa0(1) (17 Z, (36)
. N .
spillover closed-economy spillback
effect
where x4 is a positive constant defined in Appendix G.1 and
S =1——1"1 1, wieo1) (37)
B 2—a(1—1) 7 T

Furthermore, even with 5 > 1, as long as 1 € [0,1), Home output contracts despite a RER deprecation in RANK
with DCP, i.e. % < 0. However, for 1 € [1,1], spillovers are still positive.

Proof. See Appendix G.1. O

In the baseline model the sign of the RANK spillovers depended on the magnitude of 7 relative to
1. In contrast, Proposition 8 shows that, in a DCP regime, the sign of spillovers depends on the relative
magnitude of 6(1) x 17 and 1. For 0 < < 1, the parameter 6(1) is less than one so that the strength of the
expenditure-switching channel is weakened (as 6(1) x 77 < 7). In fact, for low enough ¢ (small ERPT), (36)
shows that even with # > 1 the RANK benchmark under DCP can generate negative spillovers: Home
output can fall in response to a Foreign monetary tightening despite the RER depreciation.?’

The solid-red line in Figure 4 depicts this graphically by plotting dy;/drr, as a function of ERPT
12! the solid-red line is negative for small ;. When ¢ is small, the export price of Home goods is not
very responsive to changes in the RER: following a RER depreciation , the relative price of Home goods
does not change appreciably for Foreign households and they are less willing to substitute towards Home
goods. Even though Home households still switch towards Home goods, the lack of “extra” demand from

Foreign households causes Home output to decline. In contrast, for higher ERPT, Foreign demand for

20With ;7 < 1, even the baseline featured negative spillovers in RANK. Spillovers become larger if one includes ¢ < 1.
2IThe rest of the parameters are set to the same values as in our calibration for the baseline model.
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Home goods increases enough and Home output still increases following a Foreign monetary tightening,
as in the baseline. Finally, it is worth noting that unlike in the baseline model, due to the asymmetric
nature of DCP, the sign of spillovers is no longer the same as that of spillbacks. Instead, (36) shows that
the sign of the spillback still depends on the sign of # relative to 1 because DCP implies low ERPT into

Foreign import prices but not for Foreign export prices.

1.2 T T T
o6l Pés
0

-~
S
3 -0.65
=
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Figure 4: Spillover in response to a Foreign monetary tightening under DCP as a function of t. The
three curves plot the spillovers (d?t/ d’r}t) in the @ = 1 limit, in three different cases. The solid red line
corresponds to the RANK case under DCP. The dotted-blue line depicts the case which incorporates the
effect of the real-income channel, but households face no idiosyncratic risk. The dashed-black line depicts
the spillover due to the precautionary savings channel and features no HtM households.

Despite negative spillovers being more likely in a DCP regime than with full ERPT, the key insights
from the baseline model broadly still hold. First consider the case in which households face no idiosyn-
cratic risk but there are O, O* HtM households in Home and Foreign respectively. As in RANK, the
expenditure-switching channel is weaker in this case because the RER depreciation does not lower the
relative price of Home goods for Foreign households. Moreover, while the depreciation lowers the real
income of Home HtMs as in the baseline (holding Home output fixed), the real income of Foreign HtMs
increases by less because the Foreign price of Home goods does not respond as much (in the limit with
t = 0, the real-income of Foreign HtMs remains unchanged). Consequently, Foreign HtM demand for
Home goods increases by less than in the baseline. As such, Appendix G.2 shows that if ERPT ¢ is small
enough (1 < 1), then the real-income channel in conjunction with DCP can result in negative spillovers,
but for ¢ > 1, the real-income channel still delivers positive spillovers.

Figure 4 shows that unlike in the baseline, if ¢ € [1,7], then the real-income channel can flip the sign of
the spillover relative to RANK. Given our calibration, ¢ is around 38%, while 7 is about 41%, suggesting
if the estimates of ERPT lie in this range, then the real-income channel in a DCP regime can generate
negative spillovers when RANK features positive spillovers. Outside this interval, if 1 < ¢, then there are
negative spillovers in RANK, as well as with the real-income channel; if 1 > 7, then there are positive
spillovers in RANK, as well as with the real-income channel. Empirically, Gopinath et al. (2020) find ¢ to
lie in the range 50 — 80%, which is comfortably larger than ¢ € [0.38,0.41], suggesting that it is unlikely
that the real-income channel can flip the sign of spillovers relative to RANK in a model calibrated to

capture a realistic level of ERPT. Proposition 9 formalizes this discussion and presents the equilibrium
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spillovers accounting for the real-income channel in DCP. The term F (1, O*) > 1 captures the fact that
due to limited ERPT, the real-income of Foreign HtMs does not increase as much as in the baseline,
implying that their demand for Home goods increases by less.

Proposition 9 (The real-income channel under DCP). As long as ERPT 1 is not too small « > 1 or the fraction
of HtMs in Foreign O* is not too large, then even in a DCP regime the real income channel does not flip the sign of
spillovers relative to RANK. However, as in the baseline model, the real-income channel still amplifies the spillovers
relative to RANK. Mathematically, the effect of an increase in the Foreign monetary policy rate 77 ;, holding Home
monetary policy fixed 7y, = 0, on Home output under a DCP regime is given by:

dye _ ' \

i = M(0,0%) X (én =1 (1,.0"), (38)
spillover-
multiplier

where the spillover multiplier M (O, O%) is given by (29), and F (1, O*) = §(1) + (1 - 5(1)) (1 + 1”‘_05*) >1
captures the effect of the real-income channel.

Proof. See Appendix G.2. O

Finally, Proposition 10 shows that DCP makes it more likely that the precautionary savings channel
changes the sign of spillovers relative to RANK, because the DCP weakens the expenditure switching

channel as explained earlier.

Proposition 10 (The precautionary-savings channel under DCP). Suppose that Home and Foreign have no
HtM households (O = O* = 0), but all households face idiosyncratic income risk (o, 0y > 0). If income risk is
acyclical or countercyclical ®,®* > 0, but not too countercyclical ©,®* < O, then the effect of an increase in the
Foreign monetary policy rate 7% ,, holding Home monetary policy fixed 7y s = 0, in a DCP regime, on Home output

is given by
A7
2L = M(0,07) xxa(6()y = (1+7) x 0(67,1)), (39)
ey ——
’ spillover-
multiplier

where 6 and 0* are defined in Proposition 7 and <y, which captures the effect of the self-insurance channel, is defined
in Proposition 6, while Q(6*,1) captures the effect of countercyclical income risk and is given by:*>

1—a?(1—1) 6*
2—zx(1—1)} (1—a)(1—10%)

Q%) =1+ [ >1 with strict inequality for 6 > 0, (40)

As in the baseline, a high enough 6* can switch the sign of the spillover relative to RANK.
Proof. See Appendix G.3. O

As in the benchmark case, the effects of the precautionary-savings channel can be split into two
components: 7, which captures the contribution of the self-insurance channel, and (), which captures

the effect of the income-risk channel. The Proposition above shows that the expression for - is the same

22(40) nests the PCP case with ¢ = 1, in which case it simplifies and is identical to (34).
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as in the baseline model with full ERPT, implying that the self-insurance channel is unaffected by DCP.
However, for ¢ < 1, the contribution of cyclical income risk increases and Q(6*,:) > Q(6%,1).

To see why, recall that when Foreign households face countercyclical risk, a decline in Foreign output
raises the level of income risk (and hence consumption risk) faced by Foreign households following a
Foreign monetary tightening. This higher income risk causes Foreign households to increase their desired
level of precautionary savings and to reduce current consumption demand for both Home and Foreign
goods. If income risk is countercyclical enough, their demand for Home goods declines sufficiently
(despite the fall in the relative price of Home goods) and results in a decline in Home output, thus
flipping the sign of the spillover relative to RANK.

Under DCP (1 < 1), the RER depreciation does not lower the relative price of Home goods as much
as in the baseline. Thus, Foreign demand for Home goods falls by more when : < 1, making it more
likely that a Foreign monetary tightening has negative spillovers onto Home output. This is depicted by
the dashed-black line in Figure 4. Recall that in our calibration, even with full ERPT (1 = 1) there were
negative spillovers. The black line shows that lowering ERPT : makes the spillovers even more negative
and Home output declines more following a Foreign monetary tightening. Importantly though, even for
t > 1, when RANK under DCP features positive spillovers, the precautionary-savings channel can cause

spillovers to become negative.

6 Conclusion

We have presented a simple analytical HANK model which allows us to identify the precise roles played
by the precautionary-savings channel and the real-income channel in shaping the sign and magnitude
of international monetary policy spillovers. We showed that while both channels can amplify spillovers
and spillbacks relative to RANK, only the precautionary savings channel can cause the sign of spillovers
to flip relative to RANK. This conclusion also holds for an empirically realistic level of exchange rate
pass-through. Finally, while we have focused on output spillovers and spillbacks, the analysis can easily

be extended to study inflation interdependencies. We leave this for future work.
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Appendix

A Supply side and pricing behavior

A.1 Final goods producers

A perfectly competitive wholesale firm combines the Home good and final good into the Home con-

sumption good according to the aggregator

-1 7—1
1 e 1 e
c; = [06’7 (cF,t> +(1—a)n (cH,t> ]

The firm’s profit maximizing problem can be written as

Ui
n—1

Ui
U

n-1 =11 y—1
1 1
= n = n
max Pt [06’7 <Cp,t) + (1 — lX)’7 (CH,t) ] — PH,tCH,t — Pp’tCF,t

CH,t/CF,t

This yields the standard demand functions

. P 1 . . P 1 .
cae (,7) = (1 —w) <lljtt> ¢t (j, 7) and cre(j,7) =w <1§:> ¢t (j, 1)

where P; = [UP;;” +(1—-79) P}{,_t”} " is the price of the Home consumption basket.

1
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A.2 Relative prices

Using the definitions of the CPI price indices in the two countries along with the definition of the RER,

we have:

Pi:kt = PHt 1=n
1 = : 1-— —
o(e3f) ra-w (5
1-7 Px 1-7
-y PH,t) < F,t)
= a|—~ +(1—-a)|Q
t ( Pt ( ) t Pt*

Combine these to solve for Py /P and Pr,/Pf to get:

1
i—

Py _ 1—o<—th}_’7 o
N pu(Q) = [1—2a

1
Py, . C[1—a—agQl |
Pt* - pF(Qf) = 1—2a

Also, taking log-linear approximations of (A.1) and (A.2) around steady state yields

. N o Y P */ o~ 14 ~
Prs = pr(1)g: = 12T and  pg, = pr (1)7: = 1—27

B Optimal consumption-savings decisions

B.1 Unconstrained households

(A1)

(A.2)

(A.3)

In this section, we characterize the solution to an unconstrained Home household’s problem for a given

sequence {y;, wt,rt}fio. In what follows, to reduce notational clutter, we exclude the k subscript, since

this section characterizes the decisions of unconstrained households. Using the functional forms of u(-)

and R(-), an unconstrained Home household (j, T)’s problem can be written as:

_~A—1l.T _ T L
Wi, = —-In {(1 — B e " it 4 B [IEe Ww} “’}
subject to
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Yuet = WimZ + Dycp + Tue where w = A
Cit = A1t Cir1=0, vy~ N(0,1)
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Since new households have 0 wealth, aggregating (B.2) across all unconstrained households, we get:

1

Trt = Yuet + At — Cuct (B.8)

where ¢+ denotes the average per-capita consumption of unconstrained households. Subtract (B.8) from
(B.2) to get:

147 1-9
Wy — 11 = < : t) [(Ty,t‘fjr,t + (a}:t - at) - (c]-T,t - Cuc,t):| A

1+7 1-19
Qi — Ar41 = ( 3 > [Uy,téf,t + (af,t - at> - (C}{t - Cuc,t)] + g A (B.9)
Next, guess that the value-function W7, is given by:
Wi, = Wi + py (a}/t —ar+ h]-T/t) (B.10)

where h" denotes the human wealth of the household relative to the average unconstrained household:

(o] 195 B
h}:t = ]Et E ( ) Wi4sMNpyg (ZjT,t+T — Z)

Hi;%) (14 711x)

5s=0
00 ﬁSAS
= - Oytts| G (B.11)
sgc') TG (1+rek) ] !
Opt
Using (B.11), we can rewrite (B.10) as
Wi, = Wit e (af, —a+ 01,y ) = Wi+ e (af, —ar) + 00y (B.12)

where 0. = p;03,;. Next, taking the derivative of (B.1) w.r.t. c]T,t and setting it equal to zero yields the

first-order optimality condition:

T 1 s 1
(1—poye i = polrrnlltr) - 1) [Be=o™ia]” (B.13)
Using (B.12) and since éjjT/t is normally distributed, we can rewrite the above as:
(1- po) e — ﬁﬂwe*{wt+l+ﬂt+l (ﬂf,tﬂ*ﬂt+1)+)ufc,t+1‘§f,r}+%‘7c2,t+1 (B.14)

%

Taking logs on both sides of (B.14), using (B.9) and further simplifying yields the consumption-decision
rule for the household:

(A7)t

1 1+7r
LI B y 4 Ae | 5+ W (Bew), @19
ez

14+ (1+7£9)Vt+1 9

T __
C]',t - Cuc,t +
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where ¢y is given by:

BY i1 (1+714) 1-9¢

1-pd @

Cuct = —In [ } + Wi + Hi+18141 — gaf,m (B.16)

Next, we need to now verify our guess (B.10). Using (B.13), (B.15) and (B.16), we can re-write (B.1) as:

9 _ 1—
Wiy = —In {ﬁ (1 + Hnyﬂrll) P (1+ ”t>} + Wi + g M1 — gofgtﬂ
14r)prs
1 (1 + rt) }’lt-i-l T (T -
1+ % |: 9 U'y,t + )L(Tc,t—H gj,t + @ <LZ]-’t — th)
Equating this expression to the guess (B.12):
AT T T 19 1 -
Wt i (”J?f - at) toggy = —In {5 <1 + Myt+l> e (1+ T’t)} + Wi
1-9
T Mt — gffflt
(A+r) e
T R (% S
T (i (afft at)
1 (L4 7e) pesa -
" 1+ % [ v Oyt + ACeri1 ‘:J'/t

For this equation to be satisfied for any sequence of CjT/t, rr and ajT/t — a;, we need:

l+1’t

Ht+1—g 1 v
. 1+ e 52 e T4t (B.17)
Ot = 0y + A (1= ) Ocpra (B.18)
W, = -1 O 1 W 1-9 _ P2 B.19
t = n By pes1 (L411) p 4+ Wi + P11 = 500111 (B.19)

Next, combining (B.16), (B.17) and (B.19), we have
W; =Inu; + cyer — In (1 — B9)

Using this in (B.19), we can derive the aggregate Euler equation for all unconstrained Home households:

1-9¢
Acycir1 =Inp(141) + §05t+1 g Ml

and the value function is given by:

W, = In i + Cues — In (1= B8) + ur (af, — 1) + 08,
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B.2 HtM households and aggregate Home consumption
Since HtM households are excluded from asset markets, each of them consume their respective income:
CjT,htm,t = ij,htm,t (B.20)
Aggregating across all HtM households yields:
Chtm,t = Yhtm,t (B.21)
Subtracting (B.21) from (B.20) yields:
Chtm,t (5 T) = Yntmt + 0eC s (B.22)

which is the same as in Proposition 1. Finally, total consumption demand of Home households can then

be written as

Ct = Ochtm,t + (1 - O) Cuc,t (B23)

C Linearized baseline model

C.1 Market clearing conditions

Using the expressions for py(Q;) and p(Q;) in (A.1) and (A.2) in the market clearing equations (6a) and
(6b), we have

-

. 1—a—aQ "]
ye = {1-a)cr+aQici} [1—2at ] (C.1)
. . _ 1—a—aQl™! i
Yy = {(1 — UC) Cy + [XQt UCt} ll_zwt] (CZ)
Log-linearizing, we have
AT, AG 2(1—a)a R
yjll - X ii“] + [ 1200 | A, (C.3)
AYi CH ~ 12

where

C.2 Uncovered Interest Rate Parity (UIP)

Log-linearizing the UIP equation (7) in real terms, we get

AGiyq = (1- 20‘)(?H,t - ?;,t)
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which is the same as (17) in the main text.

C.3 Net Foreign Asset positions (NFA)

1 —~ e [ PN
R

C.4 Deriving the IS curves

We start by taking a first-order approximation of the aggregated Euler equation of unconstrained Home
households (10) around the zero inflation symmetric steady state:

1-p)(1—9).

~ ~ 2~
ACuci+1 =Tt + QU0 141 — 9 ar+1 (C4)

where 0. ; denotes the log-deviation of the unconstrained Home households’ consumption risk from its
steady state level and @;;; denotes the level deviation of Home nfa from its steady state value of 0.
Tt = THt — 7253 Mi+1, Where 7; denotes the log deviation of the CPI based gross Home real interest rate,
7h,+ denotes the log-deviation of the PPI based gross Home real interest rate and 7; denotes the log-
deviation of the RER from their respective steady state values. Similarly, the aggregated Euler equation
for unconstrained Foreign households can be written as

- " 1-B)(1-9)..
ACcp1 =11 + QU200 + ('3)19()0%“, (C5)
where we have used the first-order approximation of the asset market clearing condition @y = —a; = 0.

0, denotes the log-deviation of consumption risk faced by unconstrained Foreign households from its
steady state level. 7} = 77 ; + 175, Adt+1, where 7} denotes the log deviation of the CPI based gross Foreign
real interest rate and 77, denotes the log-deviation of the PPI based gross Foreign real interest rate from
their respective steady state values.

Next, recall that the since average consumption of Home HtM households is equal to their average
income, (in log-deviations) this can be written as:

. - a . _ x
Chimt = Yt = 750t = Alhtm,t+1 = A+t — 77 At (C.6)

Since aggregate Home consumption (in log-deviations) is given by ¢; = OChm ; + (1 — O)Cyc,t, using (C.6),

we have
N N A . X
Aty = O <A]/t+1 - 1_2“A’7t+1> +(1-0) <7’H,t —1= ZochtH)
. B(1—10) ..
+(1-0)90iG1 — (1-0) wat+l (C7)
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Similarly, since ¢, = Vi + 1254 and ¢; = O*¢ , + (1 — O%)cy , we have:
5 * sk u ~ * ~ [ ~
Aty = O" AV + 75,00 ) + (1-0") |7+ T g 201
* ~x% * B 1-9)..
F1- 07 go2t + (1 -0 P05,

Writing (C.7) and (C.8) in matrix-form:

AG, 7 Gy — —(1-8
Ct4+1 (I—0) Tt 4 002 fc,t—O—l n 1-9 ( f) Fiet
@0
3 o3 * 19
ACy 4 T Oct+1 (1 - ﬁ)

consumption growth of unconstrained households

. 0 A1 — 129 MG 41 ,
AV + =25 A

consumption growth of HtM households

(D:OO
0 O

To transform this into output growth terms, we can substitute (C.9) in to (C.3) to get:

where

Ay\ ) 7 2(1—&)04’7 G
1 T—2a ~ 2 | Yet+
AT =X (I[ - O) % + 2(1—a)a Age1 +X (]I - O) Qo | .,
Yir Tt T 1 Oct+1
intertemporal expenditure switching precautionary savings
substitution
T AT — —(1- B
2] fin] (-9 (1-8)] .
+XO [ 1tx 2“] Aqt+1 +XO ~ + ( 9 )X(]I—O) . ati1,
T Y (1 - ﬁ)
real-income channel Keynesian Blanchard-Yaari correction
multiplier

which is the same as (23) in the main text.

C.5 Output returns to its original steady state value with ¢ =1

Setting ® = 1, (23) can be simplified to:

A]//\ . 7 2(1—a) 7 G )
t+ . t 17a ~ 2 ct+
AT | T XA-0) |, |+ 21w | D1 +X (I—-0)go; |,
Yin Tt T O¢,t+1
intertemporal expenditure switching precautionary savings
substitution
e AT,
- ~ t+1
+Xx0| T 2“] AGii+x0 | ]
T—2a AYiia
real-income channel Keynesian
multiplier
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By definition, in any steady state, since there are no monetary policy shocks, we have 7 ; = 0. In addition,
since in any steady state, all macroeconomic variables are constant, i.e., i, i}, §t, 0c+ and (ATC*’t converge to
some constant values. Together with 77, = 0, Ag; = 0 imply that 7; = 7} = 0 in steady state. It is clear
from inspection that the equation above is satisfied in steady state. However while the argument above
guarantees that it does not i; and ¥ are constant in steady state, it does not guarantee that ij; = y; = 0
in steady state. To see that this must also be the case, recall that consumption risk in Home and Foreign
can be written as

Gop = (1= A i = (1= BA)OYs + PATi1 and it = B (7o + irs1)
G = (1= A) fif — (1= BAOY; + ATy and i = B (7} + i)

Since 7; = 7} = 0 in steady state, the expression above imply that ji; = jij = 0 in steady state. Then, as
long as income risk is not acyclical ®, ®* # 0, it must be that ij; = §; = 0 in steady state. ]

D Analytical results in RANK

In RANK, we have O, O* = 0 and 0?2 = 0. Imposing this along with ¢ = 0, we can simplify (23) to:

Ay a | —2(1—a)any| .,
ZiH] =X [ ] TFi+ [ ( ) 77] TE (D.1)
AYF 1—w 2(1—a)ay
intertemporal expenditure-
substitution switching

Next, as shown in Appendix C.5, in the limit with ¢ = 1, since output in both economies returns to their
respective levels in the initial steady state, the first-order equilibrium response of Home and Foreign
output can be written as linear functions of the Foreign monetary policy shock:

*

Y =a, X 7p, and Vi = a,

X TF

where a, = dy;/dry, and aj = dy; /dry ;. Using this and the fact that 7, . = p°7} ;, we can rewrite (D.1)
20(1—a)

a 5 (n—1)

[ Z] = [_ ga(lfa) ’ (D.2)

ay ﬁ T T 1-p (17 - 1)

as:

which are the same expressions as in Proposition 3.

E Analytical results with real-income channel

E.1 Demand for Foreign goods by Home and Foreign HtMs

The main text depicts how incorporating the real-income channel affects the demand for Home goods
by Home and Foreign HtMs. To save space, we present expressions here which show the real-income

channel affects the demand for Foreign goods by Home and Foreign HtMs. In particular, the demand for
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Foreign goods by Home and Foreign HtMs, up to first-order, can be written as:

OCE him,t o a(l—a)
— = - — <0 f >0 E.1
4, 1—2a  1-2a ! o T (E.12)
N N———
rea] income expenditure
channel switching
ICE him ¢ a(l—a) a(l—a)y <
S = — S0 & 12 E.1b
oq; A2 1-2a = == (E.1b)
real income expenditure
channe switching

As mentioned in the main text, following a RER depreciation (7; > 0), the demand for Foreign goods
by Home HtMs unambiguously declines for any 7 > 0. This is because the depreciation lowers their
real income, which works to lower their demand for both Home and Foreign goods. In addition the
depreciation renders Foreign goods relatively more expensive, which causes Home HtMs to switch their
demand away from Foreign goods to Home goods. Thus, both the real-income channel and expenditure-
switching channel work towards reducing the Home HtM demand for Foreign goods. In contrast the
RER depreciation increases the real-income of Foreign HtMs, which causes them to raise their demand
for both Home and Foreign goods. But since Foreign goods are now relatively more expensive, even
Foreign HtMs reduce their demand for these via the expenditure-switching channel, and the net effect
on the demand for Foreign goods by Foreign HtMs depends on the magnitude of 7 relative to 1.

E.2 General equilibrium effects incorporating the real-income channel

In the case with O, O* # 0 but no risk 02 = 0 and ¢ = 0, (23) can be simplified to:

Ay, « 21 —-a)a o | A7,
[ yjjl] =X (I-0) ] Thit [ A=) 5 | xo [ P+ XO yjl] (E2)
A¥ip l-w 2(1—a)ay @ A¥iy

intertemporal expenditure- real-income HtM multiplier

substitution switching channel

Subtracting the last term on the RHS from both sides, we can rewrite the above as:

Ayria| 20(1—a)(1—1n) —a0O" G
(I-X0) Ay“;;l] ) [1—2a(1—a)+2(1—0<)“’7—(1—"‘)0*] v

Then, since output in Home and Foreign is stationary in the ¢ = 1 limit, we know that in equilibrium,

KT

it must be that y; = a7}, and y; = a7y, where a, = dy;/dry, and a; = dy;/dr,. Using this in the

expression above, we can rewrite it as:

ay| _111-(1-a)0r w0 2 (p—1)+49
| T T L 21w (-0 (E.3)
a; a0 1-(1-a)0O =~ 1 =)+
where
r=1-(1-a)(O+0")+(1-22) OO* >0 (E.4)
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Unpacking (E.3), we can write:

dijy o 2(l-—w)a,
B = MO0 I () (€5)
dyi 1 (1-0 . 20 (1—w)

where

X,

M(xy) = 1-1—a)(x+y)+(1—2a)xy
These are the same expressions as those presented in Proposition 4. Also, it is clear by observation that
for any x € (0,1), the following properties of M are true:

1

Mxx) = A 20 x

>1,

oa+(1-2a)(1—-x)
M) = a2

and
—a(1—x)

(1—x)[1—(1—2a)x)?

M, (x,x) = <0

F Analytical results with precautionary-savings channel

In the case with ¢ =1 and O = O* = 0, equation (23) can be specialized to

Ayt 7 2(11:2020417 ~ 2 | Ot
A/\k —= X ~ —|— 2(1—0{)0{ Aqt+1 “l_ X(PUC ~x (F.].)
Yir Tt 1o 1 Oct+1
inte};’tsr:ppral expenditure switching precautionary savings
substitution
Next, using equations (19a) and (19b), we have
-~ - sk u —k
e = ﬁ Z BTirs = 0‘5 Z /357’1? trs = ﬁ TF,t
s=0 1- ,BP
o ~ e ~ & 1—a
Hy = ,BZ S”t+s— (1—a) ,32 +s ( ),B?;t
s=0 s=0 1—-pp

Consequently, using these expressions and solving equations (19a) and (19b) forwards to get date ¢

consumption risk in Home and Foreign, we get:

a'c,t—‘,-l = 1 i‘BBp (11__51[)) ?ﬂl;,t-kl - (1 - EA) 0 i(g/\)syt—&—l—i-s (FZ)
O = (11:2)/3 (f_‘ép) o= (1-F2) © LB T, (£3)
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Next, as shown in Appendix C.5, in the limit with & = 1, since output in both economies returns to their
respective levels in the initial steady state, the first-order equilibrium response of Home and Foreign
output can be written as linear functions of the Foreign monetary policy shock:

*

~ o~k o~ ~k
Vi =ay XTf; and Y =a, XT7p,

Using this and the fact that 77, , . = p°7% ;, we can rewrite (F.2) and (F.3) as:

. B 1—A 1-BA »
Ocpt1 = P [ “'B~ ( = ) - ( ? ) ®ay] TEt (F.4)
1=pp \1-pAp 1= pAp
~x 1_“~ 1-A 1_~)\ * k| o
do = o[ (L) (B o], e
1=pp \1-pAp 1= pAp
Plugging (F.4) and (F.5) back into the IS equations (F.1) yields:
. % 200 (1 —
[1—(1—a)b]a, —ab’a, 1(_())(17—1—7) (E6)
B o e 1ty 2a(l—a) o
abay +[1—(1—a)0]a, = T—p 1=p (m—1—-1), (E7)
where 6 = ®/0,60* = ®* /0O and
-]
0 = L(pacz _? (E8)
1-p 1— BAp
B 1—A
v = go2PL ( ~ ) (F9)
1—=pp \1-pBAp
Solving (F.6) and (F7) for ay, aj yields
N 200 (1 —
a, = M(6,0%) x 1(—p) (n—>0Q+7)Q) (E.10)
R S S s R VAT RV Chl)
a, = =0 1-p M (6%,0) x 1=p (n—0Q+7)Q) (F11)
where
M (x,y) = 1=y >0 VY(xy) €l0,1)x[0,1)
Y= 1-(1—a)(x+y)+(1—2a)xy Y ’ ’
Q@) = 1+ 0 >1 vo* € [0,1),

2(1—a)(1-6) =

which are the same as the expressions in Proposition 7 in the main text.

Finally, to see that a high enough 6" results in the sign of spillovers to flip relative to RANK, notice
that for 6* = 0, Q(0) = 1, Q(1) = co and I = m > 0 for all 6% € [0,1]. Thus, since Q(@*)is
continuous and strictly increasing [0, 1] and has range [1, ), there always exists a large enough 6* = 6*

such that (1 +7)Q(6*) = 5, and for all 6* € (6*,1), (1 + 7)Q(6*) > 5 for any given ;. Consequently,
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given 17 > 1, a high enough 6* implies that the income risk channel flips the sign of the spillovers relative
to RANK, if the self-insurance channel is too weak to do so. O

F1 Acyclical consumption risk

In the case with acyclical consumption risk § = 6* = 0 and A = 1. In this case (F.10) and (F.11) simplify to

a, = 21x1(1_—pa) (n—1) (F12)
. 1 20 (1 —a
2 P f_p )(17—1), (F.13)

which are the same as the expressions in Proposition 3 in the main text.

E2 Only self-insurance channel, no cyclical risk
In the case with acyclical income risk 8 = 0* = 0, (F.10) and (E.11) simplify to

a, = 2“1( 1__pa) (7 =) (F.14)
v 2a(l—a)

S T R

(=), (E15)

which are the same expression as in Proposition 6 in the main text.

G Dominant Currency Pricing

Introducing DCP does not change the household’s consumption decision rules relative to the baseline

model. As mentioned in the main text, what does change is the relationship between the Foreign price of

Py, (PH,t 1 )l
Py P Q;

where 1 € [0,1); t = 1 corresponds to the baseline case. Then, as in the baseline, using the definitions of

Home goods, which is now given by:

the CPI price indices in the two countries along with the definition of the RER, we have:

1= (@) e - (@)
0 = a(put@n)" "+ a-w)(picen) o0,

where i}
Pr, Ph

pHQ) =3¢ and  pn(Q) =3t
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Up to first-order this implies that the passthrough from changes in the RER 7; into Foreign prices of
Home goods are smaller than in the baseline model:

~ o al-a(1-4] o
PHE = "1 oava2(1-0)™ 1)
P o .
pF,t - 1_2“—062 (L_1>Qt (GZ)

Since the definitions of py(Q;) and p}(Q;) are different in the DCP limit, the relation between CPI and

PPI based real interest rates is also altered. Up to first-order, for a given level of Home and Foreign PPI

bsaed real interest rates 75 ; and ?;,t, the interest parity condition in PPI terms can now be written as:
1—a(l—1)

7/‘\I‘I,If_%\kl:,i’ = 1_2(X_062 (l_l)Aa\H—l/

Consequently, the CPI based real interest rates at Home and Foreign are given by:

afl—a(l—0)] .

- A G.3
Tt THE = 1 o0 1 a2 1— Jt+1 (G.3)
L
7= T AGiq1, G4
rt rF,t+ 1—206+062 <1_l) Qt—i—l ( )
In all our experiments, we hold 7 = 0, so the interest parity condition can be simplified to:
. 1—2a+a?(1—1)
A = — 7F .
17t+1 1—«a (1 — l) 7"F,t/ (G 5)
and the CPI based real interest rates in the two countries are given by:
-~ > P ] 1—w P~
Ty = OCT‘F,t and ry = T(l—[)rlj’t (G6)

The expression show that, as in the baseline, a Foreign monetary tightening 77, > 0 results in a higher
CPI based real interest rate in Home and Foreign. However, the Foreign CPI based real interest rate
increase by more, the smaller the exchange rate passthrough (ERPT) ; e.g., for t = 0, an increase in 7y,
translates into a one-for-one increase in the CPI based real interest rate. In contrast, with full ERPT, : =1,
7f = (1 — )7}, which implies an increase which is less than one-for-one. This can be explained by the
fact that ; controls how much cheaper Home goods are for Foreign households after a RER depreciation.
When ! is high, the relative price of Home goods for Foreign households falls following a depreciation
(and are expected to be higher tomorrow since the depreciation is temporary). Consequently, this profile
of the Foreign price of Home goods offsets some of the effects of monetary tightening. In contrast, when
¢ is small, say when : = 0, the Foreign price of Home goods is unaffected by changes in the RER and
there is no force offsetting the monetary tightening.

Then, the aggregate Euler equations for Home and Foreign in the limit with ¢ = 1, under DCP, up to
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first-order can be written as:

~ e ~ - all—a(l—: .

At = (1-0) {WP,t + q)UCZUC,t+1} +0O {Ayt+l gl _[2“ T DEQ 1 —)]1) A%H} (G.7a)
—~k * 1—a ~* ~x% * ~~k al ~

A, = (1-07) {H(l_[)rlf,t + §0‘73‘7c,t+1} +0 {Ayt+1 Ly = 1)A0h+1/ }(G-7b)

where we have used (G.6) to substitute out the CPI based real interest rates in terms of the Foreign
monetary policy rate 77 ;, and also used (G.1)-(G.2) in accounting for changes in the real value of HtM
income in Home and Foreign.

Finally, log-linearizing the market clearing conditions (6a)-(6b) and using (G.1)-(G.2), we can express

the market clearing conditions in terms of the RER, up to first-order, as:

7w = (1—a)c+ac; +a(l—a) ﬁ:éiiizg:g]nﬁt (G.8)
7= et (- a)g —ali-n) [ T g G9)

These expressions highlight that in DCP, for ¢ < 1, changes in the RER have a smaller effect on i/; and ¥

than with : = 1, holding all else constant.

G.1 Perfect-insurance benchmark

In the prefect-insurance benchmark O = O* = 0 and ¢? = 0, combining (G.7a), (G.7b), (G.8) and (G.9)
yields the Home and Foreign IS curves:

A = —a(l—a) m (60 —1)75, (G.10)
s = e - 2O oy, G
where
1—1
5(1)=1- Py (G.12)

Since, in the = 1 limit, Home and Foreign output are simply linear functions of 7%, it is clear by
inspection that the following solve (G.10)-(G.11):

dye
i xa (8 —1) (G.13)

dyp 1 _
@, T T1-p xad(1) (1 —1), (G.14)

where

Ca(l=a)2—a(l—y)
Xd = 1—p 1—a(l—2y)

>0 (G.15)
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G.2 Real-income channel

Specializing (G.7a)-(G.7b) to the case with O, O* > 0 and no idiosyncratic risk yields:

Attr = (1-0)arp, + O (A +a75y) (G.16)
% _ (1_“> (1_0*)/\* * ok al ok
Act-‘rl - 1—ua (1 o l) rF,t + O Ayt-‘rl 1—u« (1 o l) rF,t (G17)

Combining these with the market clearing conditions (G.8)-(G.9), we can derive the Home and Foreign

IS equations, which can be written in matrix form as:

1-(1-a)0 —a O [Aytﬂ _ [ —xa (1= 8()) + 4% ]
—0  1-(1-q 0] AT, —rlp =)+ ]

where (1) and x, are defined in (G.12) and (G.15) respectively. Then, following the same steps as in
Appendix E.2, the equilibrium spillover can be written as:

d]//\t _ *
W—H—M(O,O ) xa(on—=F), (G.18)
where o o
4 ®
F=064+(1-9) <1+1—(’)*> € {1’1+1—(’)*]

These are the same expressions as those presented in Proposition 9. We want to find the conditions which
cause the real-income channel to flip the sign relative to RANK. When 477 < 1, then RANK already has
negative spillovers and so does the economy with HtM households. So we know that for : < t, where 7 is
implicitly defined by the condition 6(1) = 17!, both RANK and the real income channel result in negative
spillovers. Next, for the real income channel to result in positive spillovers, we need ¢ > 1, where 7 is

defined by the condition
8() =y~ (@)
Since (G.12) shows that J is an increasing function of ¢, and F is a decreasing function of ¢, it follows that

1 > 1. Thus, in the interval < 1 <[, the real income channel can flip the sign relative to RANK in the

DCP regime.

G.3 Precautionary-savings channel

In order to characterize the equilibrium spillover due to the precautionary-savings channel in a DCP
regime, we first have to characterize how consumption risk in Home and Foreign responds to a Foreign
tightening under DCP. To see this, we start with how the Foreign tightening affects the passthrough from
income to consumption, (jiy, ji; ) is affected by the introduction of DCP. As in the baseline model, ji; and
jif can be written as the discounted sum of expected CPI based real interest rates in Home and Foreign
respectively: fi; = BY.S o BTris, i = BY o B Tr,s. Using, (G.6), this can be written in terms of the
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Foreign monetary policy shock:

= ﬁza/%ﬁ: “ﬁgp?;t (G.19)
iy p (1_“) L 5 (G.20)

1—04(1—1)1_Epr”

Next, as shown in Appendix C.5, in the limit with ¢ = 1, since output in both economies returns to their
respective levels in the initial steady state, the first-order equilibrium response of Home and Foreign
output can be written as linear functions of the Foreign monetary policy shock. Following similar steps

as in Appendix F, we can express consumption risk in Home and Foreign as
B 1—A 1—BA

*p b = — P Oa,
1—=pp \1-pBAp 1—BAp

5 _ (1—0&)Ep 1—A 1 1_5/\ .
T T ll—ﬁp (1—52\,))1—“(1_[)_(1_3@) ay]rm, (G.22)

where a, = dij;/dry, and a; = dy; /dry,. Next, specializing (G.7a)-(G.7b) to the case with O = O* =0
but 02 > 0, and using the expressions above, we can express the aggregate consumption growth in Home

Ui+l TEy (G.21)

and Foreign as:

ACi1 = {(x+«x ’B'ON po? <1_~A> — @ap ( ! _F/\ ) @ay}?j{t (G.23)
1—pp 1—pAp 1—pAp

% _ 1—a 2 Bp(l_“) 1-A _ 2 1_BA **

Finally, combining this with the market clearing conditions (G.8)-(G.9) and using the fact that output is

stationary in both economies, this yields two equations in two unknowns a, and a;:

[1—(1—a)bla, —ab'a, = x4(1) ((5 () —1- 7) (G.25)

—abay +[1—(1—a)b]a, = —1:0—)(‘1()5()(17—1—'0, (G.26)

where 6 and 0* are defined the same way as in Appendix F, and J and ), are defined in (G.12) and (G.15)
respectively. Solving these out, we get the following expression for equilibrium spillovers:

d
a,= 2= = M(0,60) xxa (61 = (149) x Q(0"1)), (G27)
rP,t N——
spillover-
multiplier

where
1—a?(1—1) 6*

Z—a(l—t)] (1—a)(1—06%)

Q) =1+ [
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H Minimum-state-variable rational expectations solution

When we consider the model with ¢ < 1, we compute the minimum-state-variable(MSV) equilibrium
(McCallum, 1983). For our economy, the minimum state-variable representiaton involves two state vari-
ables at any date f: nfa a; and the monetary policy shock 7% ,. Consequently, in the unique MSV equili-
birum in the linearized economy, all endogenous variables at any date t are time-invariant linear functions

of @y and 7} ,. In particular, we can guess that:

a1 = hady + hi7y, (H.1)
Yy = gallt+ &Tr; (H.2)

where Y; denotes the vector of n — 2 jump variables that we want to characterize the equilibrium dynamics
for. g, and g, are two n — 2 x 1 time and state-invariant vectors.
The linearized model can be written in matrix form as:

a 0 0

~ bir b bz ~
api1 ~—~ at
0 1 0 - _ 1xn—2 o (HL3)
Fitl 0 o 0 Fi| .
az; a3z a3 Yoo y,
n—2x1 n—2x1 n—2xn—2 b3 bz b3z

where {a;;,b;;} are constants which depend on model parameters. The first equation in (H.3) is the nfa
equation, which is represented by (21) in the main text. The second equation describes the evolution of
the monetary policy shock 7 ;, and the rest of the equations are the other model equations.

To compute the MSV equilibrium, we can substitute (H.1) and (H.2) into (H.3) to get:

ap 0 0 haty + hiT5 bi1 b bz ay
o 1.0 TEin =0 p O 7F (H.4)
az1 a3 as] |gahalr + (gahr + pgr)’rj?,t b1 bsy bz |94+ gﬂ’?,t

Then, for (H.1) and (H.2) to constitute a valid rational expectations equilibrium, (H.4) must be satisfied

for any sequence of {a;, 7} ,}, i.e., the following for equations must hold:

. b1 1
h, = a + abl?)ga (H.5)
(hsazs —b33) g = (b3 —aziha) (H.6)

bio 1
h = 224 " pag H.7
oy T D18 (H.7)
(bss —pasz) g = hy(az + assgs) + (paz — bao) (H.8)

Combining (H.5) and (H.6), we get a quadratic equation in /,:

b1y + bz (faazs — bss) ' (bay — agihy) — arnhy = 0 (H.9)

If a unique bounded MSV equilibrium exists, then one of the roots of the quadratic equation satisfies
|ha| < 1 and the other satisfies || > 1. As is standard, we set i1, to equal the root which satisfies
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|ha| < 1.2 Given h,, (H.6), (H.7) and (H.8) are linear in 84,8 and h, and can be solved to yield:

g = (hsaz— bsa)fl (bs1 — azihy)

g = [a11 (b3s — paz3) — (az1 + a3zga) 1313]71 [b12a31 + bipazsgs + pariaz; — a11bs;]
b 1 _
hy = ﬁ + Ebm [a11 (b3s — paz3) — (a3 + a33ga) b1s] ! [b12az1 + bipasaga + pariaz; — a11bsy]

I PPI- vs CPI-based real interest rates

The standard assumption in the NK literature is that central banks set the nominal rate of interest.
However, as explained in Section 2.3, it is sometimes convenient to work with the assumption that the
central bank directly chooses the path of real interest rates. While this is innocuous in closed economy
models, a choice needs to be made in the context of open economy models since there are two real
interest rates that the central bank could choose: the PPI based and the CPI based real interest rates. This
Appendix shows that choosing the PPI based real interest rate is equivalent to the standard assumption
of central banks choosing the nominal rate, while choosing the CPI based real interest rate understates
the importance of the intertemporal substitution channel. This illustration will be clearest in the limit in
which nominal wages in both Home and Foreign are rigid (x = 0 in the wage Phillips curve). In this
case, PPI inflation in both countries is constant 1y ; = H;,t = 1. However, CPI inflation in both countries
can still change over time due to movements in the RER. To see this, recall from Appendix A.2, that the
relative prices Py ;/P; and P;’t/ P} can be written as:

1 .
Py _ [1—a—aQ "1™ Ph [1-a—aQl '™
Py 1—2« P 1-—2«

Imposing Py = 1 and P}‘,t = 1, Home and Foreign CPI can be written as:

1 1

1—oc—ocQ17'7 7 1—oc—ocQ'771 =
P: t P*: t
t [ 1—2a ] and P 1—2a

Up to first-order, this implies that Home and Foreign CPI inflation can be expressed as:

bt it
T = ——=—AQ; d T = ————Aq;,
A L
even though PPI inflation in both Home and Foreign is zero: 7t = 7t , = 0. Consequently, specifying

monetary policy in terms of a path of nominal interest rate is identical to specifying it in terms of the PPI

231f there are multiple bounded MSV equilibria, then both the roots of the quadratic equation satisfy |l;| < 1, in which case
we pick the i; which has smaller absolute value.
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based real interest rates since:

-~

-

THt = 1 —TTH+1 = Lt
¢ X * X
TEp = L —Tlpp1 = 1

Consequently, if we were to specify monetary policy in terms of a path of nominal rates, the analysis in
the main text would remain unchanged as long as we assumed that nominal wages were rigid in both
countries.

Next, consider the situation where we specify monetary policy as specifying a path of CPI based real
interest rates. In this case, our experiment would correspond to 7 > 0 and 7; = 0. Using this in the UIP,
T =77 + Agiy1, we get:

AGry = -7 <0

To see what this means in terms of nominal rates at Home, recall that

-~ 48 44
Ip =Tt + T + 1= ox i+ T—oa't <

which implies that the Home central bank cuts nominal rates in response to the Foreign monetary tighten-
ing. Thus, the net effect on Home and Foreign output cannot be interpreted as just the effect of a Foreign
tightening, it is the combined effect of a hike in Foreign nominal rates and a cut in Home nominal rates.

I.1 Deriving the insularity benchmark of Corsetti and Pesenti (2001)

In this section, we consider the Cole and Obstfeld (1991) parameterization (7 = 1). Then, in the RANK
benchmark, our model can be expressed as the two IS curves:

. - e 20(1—a) .
Ay = (I—a)fi 4 a7} + 1(_M)Aflt+1

o R o 20(l—a) .
Ayt+l = lxrt + (1 - Dé)rt - ﬁAqt+],

and the UIP:
7 =7 + Afr

If we specify monetary policy in terms of CPI based real interest rates and set 77 = p'7§ > 0and 7, =0
for all t > 0, the UIP implies that Ag;;1 = —7}. Plugging this into the IS equations yields:
1l—a

~ L. s
A1 = -7 7t #0 and Al =7

Thus, Home output is affected by a change in monetary policy even under the Cole and Obstfeld (1991)
parameterization if we specify monetary policy as a path of CPI based real rates. Thus, this specification
of monetary policy does not allow us to recover the insularity benchmark from Corsetti and Pesenti
(2001). Instead, Appendix D shows that we recover the insularity result if we specify monetary policy as
a path of PPI based real interest rates.
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1.2 Specification of monetary policy as in Auclert et al. (2021)

In this section, we show that if we impose the monetary policy specification of Auclert et al. (2021) in our
RANK benchmark, like them, we would also conclude that in response to a Foreign monetary tightening
Home output must increase.
In the RANK benchmark and the specification of Auclert et al. (2021), the FOreign Euler equation can
be written as:
MGy = — B,

where Bt > 0 denotes a discount factor shock in Foreign. Auclert et al. (2021) assume that Foreign mone-
tary policy acts to nullify the effect of the discount factor shock on Foreign consumption, i.e., 7 = B; > 0.
This specification nullifies the effect of the intertemporal substitution channel on Foreign consumption:
the effect of higher Foreign interest rates on consumption is nullified because of the discount factor shock,
which makes agents less patient.

Next, the Home aggregate Euler equations (up to first-order) can be written as:

ACi1 =T,

since there is no discount factor shock at Home. Auclert et al. (2021) set 7} = 0, which implies that the
intertemporal substitution channel is also shut down at Home. Together, both these assumptions imply
that holding the RER unchanged, consumption in Home and Foreign remain unchanged following the
increase in Foreign monetary policy. Finally, we can forward and first-difference the market clearing

conditions (20):

N N . 200 (1 -« N
Afrr = (1 —a) A +alTE, + 1(_2“)’7A61t+1
~ e N 200 (1 — .
Ay = (1—a) Ay +alCry — 1(_2a)’7Aqt+1

Since the monetary policy specification implies that A¢;,1 = ¢}, ;; imposing this in the expressions above
reveals that only the expenditure switching channel is left operational:

. 200 (1 — « -
Ay = 1(_ o )’7A‘1t+1

. 20(1—a) .
Ajppn = —— 5, AT

Using the fact that 7; = 0 in the UIP 7; = 7} + Ag;4+1, we get Agy1 = —7;. Plugging this in the previous

expressions:
~ 20 (1 —w) .,
AYry1 = —1(_2“)’7’%
Tk 20 (1 — “) ok
Ayi, = ﬁﬂrt ,
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which imply that in equilibrium

dy\t . 20((1—06)

@ T d_2a-pt7
@ B 20 (1 —w)

ai — (—2x)(1-p)"

which show that, as in Auclert et al. (2021), Home output must rise following the RER depreciation
following a Foreign monetary contraction, regardless of the magnitude of 7 > 0. This clarifies that
the findings of Auclert et al. (2021) are due to their specific assumptions on the conduct of monetary
policy. With more general specifications of monetary policy, this property that RANK cannot generate a
contractionary depreciation does not hold. As shown in Appendix D, given our specification of monetary
policy, which relaxes both assumptions, Home output can decline following a RER depreciation, even in
RANK, if 7 < 1. Even relaxing one of the assumptions of Auclert et al. (2021) on monetary policy
would imply that the intertemporal channel is not nullified, in which case even RANK can deliver a
contractionary depreciation at Home. This can easily be seen by assuming that the Foreign monetary
shock is not the response to a discount factor shock. This is simply accomplished by setting Bt =0 and
7f > 0. Going through the same calculations as above shows that Home output can decline in RANK
alongside a RER depreciation as long as 7 is small enough.
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