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Abstract

We show that shifts in demand between domestic and foreign goods are a central
driver of exchange rate dynamics. In a framework with costly international financial
intermediation, trade rebalancing shocks—arising from tariffs, transport costs, or pref-
erences—account for roughly half of real exchange rate fluctuations. Exogenous deviations
from uncovered interest parity explain only a smaller share. Incorporating trade flow data
into the analysis allows us to link exchange rate movements more closely to macroeconomic
fundamentals and to provide a unified explanation for classic exchange rate puzzles as well
as the co-movement of exchange rates with the trade balance.
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1 Introduction

The real exchange rate is a central variable in international macroeconomics. The literature
on exchange rate determination typically relies on mechanisms featuring a stark separation
between the exchange rate and the remainder of the macroeconomy to resolve long-standing
puzzles between economic theory and the data.! We propose a setup that does not impose
such a stark separation. Using a model with costly international financial intermediation in the
spirit of Gabaix and Maggiori (2015) and Itskhoki and Mukhin (2021), we link exchange rate
movements to fundamental shifts in the demand for domestically produced goods relative to
the demand for imported goods, which we label as trade rebalancing. Our model is not only
consistent with classic facts of exchange rate dynamics, but also with key empirical relationships
between the exchange rate and the trade balance, which are typically overlooked in the literature.
In a quantitative assessment, trade rebalancing shocks explain about 50 percent of exchange rate
fluctuations, whereas exogenous deviations from the uncovered interest rate parity (UIP)—the
primary source of exchange rate fluctuations in most of the existing literature—account for just
15 percent.

Both trade rebalancing shocks and costly international financial intermediation are necessary
to align the model with the data. The notion of trade rebalancing dates back to Mundell (1961):
at given prices, a trade rebalancing shock raises the demand for domestically-produced goods
relative to the demand for imported goods, causing both a trade balance improvement and a real
currency appreciation. Rebalancing in our model can be caused by changes in trade costs, tariffs,
trade boycotts, and sanctions, as well as shocks that alter household preferences over domestic
and foreign goods. The magnitude of the responses of the trade balance and the real exchange
rate depend critically on the extent of consumption risk sharing across countries. Following
a rebalancing shock, higher costs of financial intermediation reduce international borrowing
and lending, restrain the trade balance response, and thus require a larger real exchange rate
adjustment to maintain goods market equilibrium. Under moderate financial intermediation

costs, the movements of the real exchange rate relative to the trade balance in the model are

! The three most prominent puzzles are (1) the exchange rate disconnect /volatility puzzle (Obstfeld and Rogoff
1996; Obstfeld and Rogoff 2000), i.e., the fact that exchange rates are significantly more volatile than aggregate
consumption and output; (2) the Backus-Smith puzzle (Backus and Smith 1993), i.e., the fact that the correlation
between the real exchange rate and relative consumption is low and often negative; and (3) the forward-premium
puzzle (Fama 1984), i.e., the fact that contrary to the uncovered interest rate parity condition, high interest rate
currencies are expected to appreciate.



consistent with the qualitative and quantitative patterns in the data. The use of trade flows
data is therefore key in our work to inform on the limits of international financial intermediation
and to discipline the stochastic properties of the trade rebalancing shocks.

Although models that rely on exogenous departures from the UIP condition (Itskhoki and
Mukhin 2021; Eichenbaum, Johannsen, and Rebelo 2021) as the main driver of the real exchange
rate also address major real exchange rate puzzles, we show that this approach generally implies
an excessive correlation and relative volatility between the trade balance and the real exchange
rate. The introduction of costly financial intermediation in our model helps resolve the mismatch
between the data and international macro models regarding the trade balance by restraining the
financial net flows associated with a UIP shock.

We develop our argument in a stylized, real, two-country model with international trade in
goods and assets. Each country uses labor to produce a country-specific good. These goods
are traded internationally, but they are imperfect substitutes for one another. In addition, we
postulate that household preferences are biased towards domestically produced goods. House-
holds can trade in one international non-state-contingent bond that is in zero-net supply but
international financial intermediation is costly. This friction limits the extent of consumption
risk sharing across countries, as originally introduced in Turnovsky (1985) and micro-founded
by Gabaix and Maggiori (2015).? The model features three types of shocks. Trade rebalancing
shocks shift household preferences over the two traded goods. Technology shocks alter total
factor productivity. UIP shocks lead to exogenous deviations from the UIP condition. In the
presence of costly international financial intermediation, all three shocks induce endogenous
departures from the UIP condition via their impact on international borrowing and lending.

Based on this framework, we make three distinct contributions. First, we derive analyti-
cal solutions that characterize key exchange rate puzzles and the role of trade rebalancing in
determining the exchange rate. We begin by illustrating the differences between the UIP and
trade rebalancing shocks in terms of their impact on the trade balance. A trade rebalancing
shock that causes a real appreciation is associated with a trade balance surplus. By contrast,
UIP shocks that cause a real appreciation are associated with a trade balance deficit. If inter-

national financial intermediation is more costly and financial markets provide less risk sharing,

2See also Schmitt-Grohé and Uribe (2003), Bodenstein (2011), or, more recently, Fukui, Nakamura, and
Steinsson (2023) and Guo, Ottonello, and Perez (2023) for related approaches.



the real exchange rate appreciation is larger for the rebalancing shocks but smaller for the UIP
shock. The trade balance response is smaller for both shocks in this case. Importantly, these
features are key to bring the model into alignment with the data. Additionally, they reduce the
importance of the UIP shock in accounting for real exchange rate volatility in our model. While
information on trade balance dynamics enables us to distinguish between the UIP shock and
trade rebalancing shocks, the exchange rate puzzles typically cited in the literature are less rele-
vant in identifying these two shocks. We show analytically that both types of shocks satisfy the
excess volatility puzzle (Obstfeld and Rogoff 2000), the consumption-real-exchange-rate puzzle
(Backus and Smith 1993), and the forward premium puzzle (Fama 1984). We also show that in
our model, costly financial intermediation allows us to account for the Mussa facts documented
in Itskhoki and Mukhin (2025).

Second, we show that our simple model captures key features of the data, both qualitatively
and quantitatively. The model requires a moderate level of intermediation costs to match se-
lected data moments on the international business cycle, the real exchange rate, and the trade
balance. For our preferred parameterization, trade rebalancing shocks account for a significantly
larger share of exchange rate volatility than the UIP shock. In line with previous research, if
intermediation costs are set close to zero, the UIP shock is the dominant driver of exchange
rate volatility. In that case, however, the trade balance becomes far too volatile and too tightly
correlated with the real exchange rate.

Third, we extend our analytical insights to a medium-scale DSGE model of the U.S. and the
Rest of the World that we estimate using Bayesian methods. In this setting, we find that trade
rebalancing shocks account for approximately 50 percent of the variance in the real exchange
rate. By contrast, the UIP shock explains just 15 percent. Our quantitative model confirms
that our costly financial intermediation mechanism and trade data—required to discipline the
limits to international risk sharing—are crucial to obtain these results.

Our work relates to three strands in the literature. First, we allow financial-type shocks to
contribute to exchange rate fluctuations, in line with a large body of work building on Kollmann
(2002) and Gabaix and Maggiori (2015). Relative to these papers, we demonstrate that data on
trade flows are informative about the importance of different shocks in explaining the exchange
rate and, through implications for international borrowing and lending, for UIP deviations. This

sets us apart from, for example, Itskhoki and Mukhin (2021), Itskhoki and Mukhin (2025), and



Eichenbaum, Johannsen, and Rebelo (2021), who assign a dominant role to exogenous deviations
from UIP as the driver of the real exchange rate. These papers either omit trade rebalancing
shocks directly or study the autarky limit, which eliminates the role of goods trade. However,
as our analysis shows, trade rebalancing shocks can be consistent with exchange rate volatility
patterns. Alternatively, Kekre and Lenel (2024) show in a calibrated endowment economy
that country-specific discount factor shocks—affecting a country’s overall demand for goods
as opposed to the relative demand for domestic versus imported goods—can lead to sizable
exchange rate movements without deviating from UIP. However, when we embed their shock
into our analysis we find that it generates a counterfactually high positive correlation between
the real exchange rate and the trade balance. This finding underscores again the importance
of trade related moments in distinguishing between different drivers of the real exchange rate.
Hence our result regarding the importance of trade rebalancing shocks as a primary source of
exchange rate fluctuations remains unchallenged.

Second, we build on insights from quantitative models using trade data to inform on the
extent of frictions affecting international risk sharing or drivers of the real exchange rate. We
show both analytically and through a quantitative model that trade data and its correlation
with other series, such as the real exchange rate, also inform on financial frictions. Our paper is,
therefore, close to Fitzgerald (2012), who uses bilateral trade data in a dynamic gravity model
based on Anderson and van Wincoop (2003) to learn about the degree of trade and asset market
frictions between countries.® In the context of lower frequency movements of the exchange rate,
Alessandria and Choi (2021) find a sizable role for changes in trade costs for the path of the
U.S. trade balance and real exchange rate after 1980. Gornemann, Guerréon-Quintana, and
Saffie (2025) and MacMullen and Woo (2025) point to the importance of trade data and trade
frictions in capturing the dynamics of the real exchange rate in quantitative international DSGE
models.* All these papers take as given a low degree of friction in global financial markets. Our
contribution is to show that trade rebalancing shocks and trade data help identify the degree
of asset market frictions, allowing us to draw a sharper inference about their role. Our strategy

also enables us to address the various puzzles presented in the international literature directly.

3 While Fitzgerald (2012) derives a set of test statistics to probe for these frictions between countries using
trade data, we utilize the co-movement of many macro-variables to draw inference about the risk-sharing frictions
and shocks, more in line with work using quantitative DSGE models.

4 Trade data also plays a crucial role in disciplining the dynamics of the trade balance and the transmission
of shocks in estimated RBC models of small open economies (Garcia-Cicco, Pancrazi, and Uribe 2010).
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Third, we contribute to the literature studying the drivers of the exchange rate more broadly.
In this sense, we complement Itskhoki and Mukhin (2021) in putting less emphasis on technology
and technology-news based stories. This sets our analysis apart from, for example, Corsetti,
Dedola, and Leduc (2008), Bodenstein (2008), Colacito and Croce (2011), Heathcote and Perri
(2014), and Chahrour, Cormun, De Leo, Guerron-Quintana, and Valchev (2021). We focus on
the various drivers of the real exchange rate in concert with UIP shocks in line with theoretical
and empirical work like Schmitt-Grohé and Uribe (2022), Fukui, Nakamura, and Steinsson
(2023), Kekre and Lenel (2024), and Miyamoto, Nguyen, and Oh (2025).

The rest of the paper is organized as follows. Section 2 presents the analytical model and
derives the main theoretical results. Section 3 revisits the exchange rate disconnect in the data
and our simple model. Section 4 explores the role of trade and financial integration to account
for the exchange rate disconnect and related puzzles observed in the data. The section also
discusses several model extensions and the robustness of our results. Section 5 estimates a
medium-scale model featuring real and nominal rigidities to quantify the main drivers of the

real exchange rate in the data. We offer conclusions in Section 6.

2 Analytical Model

We develop our argument in a simple model before turning to an estimated medium-scale DSGE
model that encompasses the features of the analytical model in Section 5. A continuum of agents,
each with mass one, lives in each of two equally sized countries. Each country produces one good
using labor as the only input into production. Both prices and wages are fully flexible. Home
and foreign goods are imperfect substitutes and traded across borders. International financial
markets are incomplete, as captured by restricting financial flows to a single non-state-contingent
bond. In addition, we assume that there are limits to the amount of debt intermediated inter-
nationally. This feature gives rise to endogenous departures from the uncovered interest rate
parity (UIP) condition similar to the financial intermediation model of Gabaix and Maggiori
(2015) or the convenience yield model of Valchev (2020).

The model features three sources of uncertainty: technology shocks that alter total factor
productivity, rebalancing shocks that alter the relative demand for the domestically-produced

and the imported goods, and a financial shock that gives rise to exogenous departures from the



UIP condition as in Itskhoki and Mukhin (2025).°

2.1 Assumptions

The intertemporal preferences of the representative household in country 1, the home country,

are
E Y {In(Crisg) = Lugss}- (1)
=0

The felicity function in period ¢ + j depends on consumption, C' 44, as well as hours worked,
Ly 4. As discussed in Section 4.6, the assumption that preferences are quasi-linear is not essen-
tial for our key findings, but it simplifies the exposition. The household chooses consumption,
labor supply, and asset holdings to maximize intertemporal utility given the sequence of budget

constraints

b
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The difference between consumption expenditures, Py, ;C14;, on the left side of the budget
constraint and income from wages, Wi, ;L1+4;, and transfers, Ui ;;;, on the right side is ac-
counted for by trade in and holdings of financial assets, Bj;—14;. If By—14+; > 0, then country
1 is a net lender in period t + j. These assets are acquired at the cost Plb,t s

As in Turnovsky (1985), households face a cost of financial intermediation (measured in terms
of country 1’s good) reflected by the term qﬁl{t +j- This feature of the model limits the extent
of international financial intermediation and consumption risk sharing across countries. Section
4.5 presents external evidence in favor of the endogenous UIP wedge that emerges from this
mechanism. Gabaix and Maggiori (2015) offer a micro-foundation for this approach in a model
with international financiers who are constrained in their ability to bear risks from international
imbalances. Alternative approaches to costly financial intermediation that also yield endoge-

nous UIP deviations include convex portfolio costs and borrowing constraints (Appendix C.1),

preferences as in Uzawa (1968) (Appendix C.5), or overlapping generations models (Bodenstein

2011).

® Ttskhoki and Mukhin (2025) discuss several micro-foundations for exogenous UIP deviation shocks, including
shocks to the utility from holding specific assets, noise traders, and time-varying risk premia.



In the following, we assume intermediation costs to follow gbll’i = exp (—% P{fij;t), where
i denotes the aggregate amount of bonds issued (not the individual househo’ld’sy holdings)
normalized by the aggregate value of exports, Pf{tM§7t. In equilibrium, the aggregate net-foreign
asset position (NFA) is equal to the debt position of the representative household, Bi, = Bi.
In other words, atomistic households do not internalize the effects of their asset choices on the
intermediation cost. The parameter y governs the intermediation cost: a given value of the
NFA position is associated with higher overall bond prices from the perspective of the country
if x is larger, which in turn reduces households’ inclination to borrow. This feature introduces
endogenous departures from the UIP condition, resulting in excess returns on foreign assets. If
x approaches infinity, international risk sharing is shut down, and countries exist in financial
autarky. Setting y = 0 shuts down endogenous deviations from the UIP conditi(ljn.6 We assume
B3,

€1t

a similar intermediation function for the foreign country with ¢4, = exp (—% VIS urp ) T
’ 2,41t ’

Notice that in the foreign country’s intermediation function we assume the presence of the
stochastic component flﬁp which introduces exogenous departures from the UIP condition as
discussed in Ttskhoki and Mukhin (2021).%

The final consumption good, C 4, is an aggregate of the home good, C’f’t, and imports of the

foreign good, M,

c

»C e e L 1+p©
Cry— ((w;;t)wc (C1) ™7 4+ (1—ut )7 (Ml,tm) | )

The elasticity of substitution between the domestic and foreign goods is measured by 6 = 1425,

The parameter wf, = w{exp ( tlffde) is time-varying to allow for shifts in the relative demand for
the home and foreign goods, that are not induced by a change in the relative price. Accordingly,

we label shocks to w{, trade rebalancing shocks.” As discussed in Section 4.6, the rebalancing

6 The parameter x not only controls the amount of borrowing and lending in response to shocks but also the
speed with which the NFA position unwinds over time. If y = 0, the NFA position follows a unit-root process to
a first-order approximation. See Bodenstein (2011) for an extensive discussion.

7 Aggregate bond holdings abroad, Bj ; are normalized by foreign exports, Péi,f,Mf,t-

8 In the linearized model, there is no difference whether the UIP shock enters only in one of the functions. We
retain the subscript of the home country because we refer to a positive UIP shock as an increase in the demand
for country 1’s bonds.

9 Trade rebalancing shocks have a long tradition in international macroeconomic models dating back to the
works of Mundell (1961) and Dornbusch, Fischer, and Samuelson (1977). More recently, Blanchard, Giavazzi,
and Sa (2005) studied relative demand shocks in a simple model of the U.S. exchange rate and the trade balance.
Devereux (2004) invokes the presence of such shocks to understand the role of the exchange rate as a shock
absorber. Coeurdacier, Kollmann, and Martin (2007) introduced relative demand shocks for goods in a two-



shock can be obtained as a shock to import tariffs, export subsidies, transportation costs, or a
combination thereof. The rebalancing shock also captures boycotts of foreign goods. Finally, we
focus strictly on the case w§ < 1, as in the autarky limit, trade rebalancing shocks are not well
defined.

We denote the price of the home good by Pfft and the price of the imported foreign good by
PP. The price of the imported foreign good satisfies P = eLtPQ‘ft, where e;,; is the nominal
exchange rate and PQ“ft is the price of the foreign good in the foreign country. The terms of trade,

01,4, are the ratio of import prices of the two countries expressed in common currency

Q= —5 (5)

We assume that prices and wages are flexible. Production of each country’s good is linear in

the country’s labor, which is priced at the wage W, ;. Total output, Y;,, in country 1 is

Yl,t = €$p(21,t>L1,t~ (6)

The assumptions for preferences and production in country 2 mirror those of country 1 in

Equations (1)-(3) and (6). The rebalancing shock in country 2 follows w§, = w§exp ( g:f’de)

and, as already noted, the financial intermediation costs in the foreign country are gbgt =

1 *
Lp
X €1,t 2.t UIP : UIP
exp ( 2 i +&1y with the exogenous UIP shock & ;" .

Market clearance in goods and financial markets requires

}/i,t - Cii,t + MQ,t (7)
)/Q,t - Cg,f, + Ml,t (8)
0 — Bl,t + BQvt' (9)

country open economy model to generate home bias in equity holdings and valuation effects consistent with the
data. Pavlova and Rigobon (2008) use domestic demand shifters to examine the comovement between exchange
rates and stock prices.



We define the trade balance normalized by the value of exports, PfftMgvt = e Py My, as

m m
T - etPQ,tMZt - Pl,tMl,t

Tlt = =
’ etPﬁMZt etPﬂMQ’t

(10)

We choose the price of the domestic good to be the numeraire.
The exogenous technology, trade rebalancing, and UIP shocks follow autoregressive processes

of order 1 with

trade trade ¢~trade trade trade

1t = P 1t—1 T 01 €1y (11)
trade __ trade ¢trade trade trade
2.t = P2 f2,t—1 T 0y €y (12)
UIP __  UIP:UIP UIP UIP
1t — P1 fl,tfl Tor 6, (13)
z VA
Zip = PrRLe—1 T 076, (14)
z z _Z
Zop = Prae-1t 0565, (15)

2.2 Model Solution

We solve a linear approximation of the model around a symmetric deterministic steady state
with w{ = w§ and balanced trade, i.e., T, =0,0, =1, B, = 0. As shown in Appendix A, we

can simplify the model to the following system of three equations:

(214 — Erz1041) — (224 — Eyzo41) — (Su - Etgl,tJrl) = Xél,t + §1U,{P (16)
53171: = Tu + Bl,t—l (17)
~ w® ws o
T, , — 1 trade 1 trade Py Py oo 18
Lt = 1o e Sl T e o2 1t T 22 + WO, (18)
where w =1+ 2‘;—5. Throughout the analysis, we assume that the trade elasticity, 6 = 1:fc, is

large enough to ensure that @ > 0.!1° The terms of trade, 317,5, are measured in log deviation
from the steady state. The normalized trade balance, TNLt, and the normalized NFA position,

~ B . . . .
By, = etpm—l}t@t’ are measured in absolute deviation from their steady-state values of zero.
2,¢112,

Equation (16) is the linearized risk-sharing or UIP condition under incomplete markets. The
UIp
t

terms XBM and &7 ;" introduce time-varying wedges in the equation and play a key role in our

analysis. Equation (17) governs the evolution of the NFA position. Finally, Equation (18) is the

10 Under our assumptions, it is @ > 0 for values of the trade elasticity larger than 0.5. Most works on
international business cycles assume values between 1 and 2.5.



linearized definition of the trade balance. For completeness, notice that the (consumption) real
exchange rate is proportional to the terms of trade, ¢;; = (2w{ — 1) 5 1+ An improvement in the
terms of trade of country 1, 5 1+ < 0, goes along with an appreciation of the real exchange rate,

¢1+ < 0. We solve for the decision rules of the endogenous variables in Appendix A.

2.3 Importance of the Trade Balance

In the remainder of this section, we first demonstrate how the trade balance interacts with the
exchange rate. Theorem 1 establishes that the use of trade balance data allows us to distinguish
empirically between trade rebalancing and UIP shocks because the two shocks move the trade
balance in opposite directions whenever they move the real exchange rate (or the terms of trade)
in the same direction. Theorem 2 and Theorem 3 document that the major exchange rate
puzzles in the literature do not contain sufficient information to distinguish empirically between
rebalancing and UIP shocks. Both types of shocks have identical predictions about the exchange
rate disconnect puzzle (Obstfeld and Rogoff 2000), the consumption-real-exchange-correlation

puzzle (Backus and Smith 1993), and the forward premium puzzle (Fama 1984; Engel 2016).

2.3.1 Trade Balance and Shock Identification

Theorem 1 A trade rebalancing shock that improves the home country’s terms of trade (appre-
ciates the real exchange rate), fﬁ’:fde > 0 and/or fg’;fde < 0, is associated with an improvement
of the trade balance. By contrast, a UIP shock that improves the terms of trade (appreciates the
real exchange rate), 5(1{1{13 > 0, is associated with a deterioration of the trade balance. If financial
markets provide less risk sharing due to higher intermediation costs, i.e., x assumes a higher

value, the terms of trade are more (less) sensitive to the trade rebalancing (UIP) shock, and the

trade balance s less sensitive to both shocks.

The proof of Theorem 1 is provided in Appendix B.1 and involves solving for the linear
decision rules associated with the system in Equations (16)-(18). The signs of the coefficients
and their derivatives with respect to x inform on the relationship between the shocks and the

endogenous variables.!!

1 Note that the effects of the trade rebalancing shock for country 2 always have the opposite sign of the effects
of the trade rebalancing shock for country 1.
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Intuitively, according to the risk sharing condition, Equation (16), a positive UIP shock,
lﬁp > 0, induces an expected worsening of the terms of trade (a depreciation of the real
exchange rate) implying an initial improvement of the terms of trade (an appreciation of the
real exchange rate). Yet, this initial improvement of the terms of trade causes the trade balance
to deteriorate, Equation (18), and reduces the home country’s NFA position, Equation (17).
In turn, the less favorable NFA position of the home country dampens the initial impact on
the terms of trade in Equation (16). The larger x, the stronger this dampening effect, and the
smaller the terms of trade response for a given magnitude of the shock & lUf P
Instead, the trade rebalancing shock primarily affects the trade balance, as shown in Equation
(18). A shock that increases demand for country 1’s goods, i.e., ftf:fde > 0 or fgjde < 0, causes
the trade balance and the NFA position of country 1 to improve. From Equation (16), the
improvement in the NFA position requires an initial improvement of the terms of trade (and an
expected future worsening), dampening the initial reaction of the trade balance. This dampening
effect is stronger the larger the value of y.

Appendix B.1 also shows that this intuition is consistent with the unconditional covariance

between the growth rate of the terms of trade and the growth rate of the trade balance.

Corollary 1 The UIP shock induces a positive covariance between the growth rate of the terms
of trade and the growth rate of the trade balance. The trade rebalancing shock induces a negative
covariance between the two growth rates. When both shocks are present in the model, the overall

covariance 1s determined by the costliness of financial intermediation as measured by x.

2.3.2 Exchange Rate Puzzles and Lack of Identification

In the data, the real exchange rate exhibits large swings that are not accompanied by comparable
swings in other macroeconomic variables (the real exchange rate disconnect). In addition, the
correlation between the real exchange rate and relative consumption is low and often negative
(the Backus-Smith puzzle). Standard models of the international business cycle struggle to
replicate exchange rate moments when they rely on shocks to technology and monetary policy.
Under standard parameterization, a model with technology shocks only implies that the volatility

of the real exchange rate is of similar magnitude as that of consumption and the correlation

11



between relative consumption and the real exchange rate is very close to 1.2 By contrast, the

trade rebalancing and the UIP shocks bring the model better in line with the data.

Theorem 2 Abstracting from technology shocks, the ratio of the standard deviation of the real
exchange rate, g4, and consumption, CA’Lt, is independent of the relative variances of the trade

rebalancing and the UIP shocks,

std (q1.t) _ std (Adyt) _ 2w§ — 1 (19)
std (C*u) std <Aéu> 1—wi

The correlation between relative consumption, CA’l,t — CA’2¢, and the real exchange rate is equal to

minus one regardless of the relative variances of the trade rebalancing and the UIP shocks,
corr (CA’M — ég,t, cju) =-1. (20)

Notice that for sufficient home bias, i.e., w{ close to 1, the relative volatility of the real
exchange rate can exceed the volatility of consumption multiple times. The proof in Appendix
B.2 uses the first-order approximations to aggregate consumption and the real exchange rate

(both in log-deviations)

Cri = 20— (1—ws)dyy (21)
é2,t = 29¢+ (1 —wi) 51,t (22)
Qe = (20§ —1)dy, (23)

which relate consumption and the real exchange rate to the terms of trade and the technology
shocks, 21, and zp;. Neither the UIP nor the trade rebalancing shocks enter directly into
Equations (21)-(23) that determine the real exchange rate and consumption. Rather, both
shocks enter only indirectly through the terms of trade. Hence, the computed moments do not
depend on the relative variances of the trade rebalancing and the UIP shocks.

Turning to the forward premium puzzle, Fama (1984) finds that the hypothesis of uncovered
interest rate parity is violated in the data. While this theory predicts that the coefficient in

the regression of the exchange rate on the interest rate differential equals one, empirical work

12 Exceptions are Benigno and Thoenissen (2008) and Corsetti, Dedola, and Leduc (2008). The latter work
shows that, if the wealth effects from technology shocks dominate the substitution effects, both puzzles can be
explained.

12



estimates a negative value for this coefficient. Put differently, in the data, the high-interest-
rate currency is expected to appreciate. Engel (2016) shows that the forward premium puzzle
documented in Fama (1984) also holds in real terms.

To express Equation (16) in its conventional form, we make use of the real interest rate

differential, r; ; — ro4, to obtain
E; (Ql,t+1 - le,t) =T1t— T2+ XBLt + 5[1{{P~ (24)

The expected one-period-ahead excess return of the foreign bond over the home bond, ¢, =
roy — T + Er (G101 — Gi), Is equal to xByy + €77, The UIP condition holds if ¢, = 0. The
UIP shock introduces exogenous departures from UIP. If households are limited in their ability
to share consumption risk, i.e., x > 0, any shock causes endogenous UIP departures through its
impact on the NFA position, 15317,5. Whether the direction of the endogenous departures conforms

with the data evidence is not guaranteed.

Theorem 3 Suppose the model admaits only rebalancing and UIP shocks. In that case, the Fama
coefficient is constant and negative, independent of the degree of costly financial intermediation

as measured by x, as long as x > 0:

jFama _ COU (E:AGy 1,71 — T2t) % s 16 1 1 <0 (25)
var (rie — Ta4t) 2 (1 —wf) 2(1 —wf)

1
Jor wi > 3.

See Appendix B.2 for the proof. The presence of the wedge XBI,t + fllftlp allows for the
expected depreciation of the home country’s currency to be associated with a negative interest
rate differential, i.e., cov (EtAdy 441,716 — 724) < 0. In alternative formulations of this puzzle,

researchers regresses the excess return, ¢;, on the interest rate differential. In this case, the

~ Fama,.

. . . ~ Fama
regression coefficient is ﬁ L

_cou(L,mip—roe) =
T war(rii—re:) B - 2(1,“,

5 < 0. For comparability,
1

we use this formulation in the quantification of the model properties.

2.4 Discussion

Both UIP and trade rebalancing shocks can help to align the observations from international

macro models with those in the data with regards to exchange rate dynamics. However, as shown
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by Theorems 2 and 3, celebrated exchange rate puzzles do not provide relevant information to
distinguish between these driving forces of exchange rates in macroeconomic models.

By contrast, data on the interplay between the trade balance and the real exchange rate can
deliver such distinction. Theorem 1 shows that the trade balance response helps distinguish UIP
shocks from other potential drivers of exchange rate movements, in our case trade rebalancing
shocks. Moreover, the transmission of both UIP and trade rebalancing shocks depends on the
degree of risk-bearing capacity captured by the parameter y, whose role is typically underappre-
ciated in the literature. These findings do not imply that conventional shocks are not important
in explaining the various features in the data. Still, without rebalancing and UIP shocks, it is

nearly impossible to address all the major exchange rate puzzles.

3 Quantitative Assessment in the Analytical Model

To complement the findings of the previous section, we document how well our simple model

captures the key qualitative features of exchange rate moments from a quantitative perspective.

3.1 Data and Calibration

We use data covering the period 1985Q1-2019:Q2 on the real exchange rate (¢), realized real
interest rates (r), real GDP (Y), and consumption (C'), as well as the trade-balance-to-exports
ratio (T ) to compute key empirical moments against which we assess our theory. The U.S. is
treated as the home country. Data for the foreign country (country 2) are obtained as the trade-
weighted average of the respective time series of 34 countries. The countries included represent
85 percent of 2019 world GDP on a PPP basis. Appendix F provides details.

Table 2 lists the empirical moments of interest: the standard deviation of the exchange
rate relative to that of output, o(Aq)/ O'(A)A/), the persistence of the real exchange rate, p(q),
the correlation of output across countries, p(A}/}l,A%), the correlation between output and
consumption, ,o(AlA/,ACA’), the Backus-Smith correlation between the real exchange rate and

relative consumption, p(Ag, AC; — AC’Q), and the Fama correlation for real rates and the real

AF
exchange rate, (8 ama13, the correlation between the trade balance and the real exchange rate,

13To be precise, we approximate the expected change in the real exchange rate, EzAdy 11, with the realized
change, both in the data and for model moments throughout the paper, an assumption commonly made in the
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Table 1: Parameters - Analytical Model

Structural Parameters

Discount Factor Trade Elasticity Home Bias Extent of Risk Sharing

B8 0 w® 100*y
0.995 1.5 0.9 1.92
Shocks: Persistence
P Petrade peurp p(z1, 22)
0.96 0.96 0.96 0.75
Shocks: Standard Deviation
1000, 1000 ¢traae 1000 ¢vrr
1.00 0.95 0.58

Notes: Parameters chosen to replicate key exchange rate moments reported in Table 2.
Unless otherwise specified, we set the same parameters for the home and foreign economies.

p(AT, Aq), and the standard deviation of the trade balance relative to that of the real exchange
rate, o(AT)/o(AG)—where “A” denotes the change in a variable rather than its level.

Before comparing the data moments to their model counterparts, we detail our parameter
choices in Table 1. Some parameters are set in line with prevailing estimates in the literature,
while others are chosen so the model matches the empirical features in Table 2. We set the home

and foreign parameters at equal values whenever appropriate. The elasticity of substitution

1+p¢

pc7

between the domestic and foreign good, 6 = is set at 1.5 which is consistent with long-run
estimates for the U.S. at the macro level—see Alessandria and Choi (2021), MacMullen and
Woo (2025), and Boehm, Levchenko, and Pandalai-Nayar (2023). The discount factor, 5, is set
at 0.995 to be consistent with a 2-percent real interest rate. The value of 0.9 for the “home-bias”
parameter w® matches the cross-country average of domestic sourcing shares of final consumption
goods in the World Input-Output Tables.!4

To pin down the remaining five parameters in our exercise—Yy, the relative standard devi-

ations of the shocks, their common persistence, and the cross-coutry correlation of technology

shocks—we target six moments using an equally weighted quadratic loss function. We target

literature invoking rational expectations.

14 We measure domestic sourcing shares from 2000-2014 for 44 countries using the World Input-Output
Database. In the U.S., a direct reading of the BEA Input-Output tables shows that the domestic sourcing
share is slightly higher, averaging 0.94 over the same period. However, since our calibration is symmetric be-
tween the U.S. and the foreign block, we prefer the cross-country average estimate, including the U.S. The degree
of home bias is tightly linked to the tradability of goods and services. The services sector is almost entirely non-
tradable, with a domestic sourcing share of 0.98. By contrast, the manufacturing and agricultural sectors in the
economy are substantially more tradable, with a combined sourcing share of about 0.8. For the U.S., the high
home bias in the data reflects the large share of the service sector in the U.S. economy.
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an auto-correlation of 0.99 for the home country’s NFA position, thereby roughly matching the
observed auto-correlation of the NFA position of the U.S. with respect to the rest of the world.
We also target the relative standard deviations of real exchange rate growth to GDP growth
and of the real exchange rate growth and the growth rate of the trade balance. In addition,
we include the correlations of GDP growth between the countries and between the growth rates
of the real exchange rate and the trade balance. Finally, we match the persistence of the real
exchange rate in the data. Our moment matching exercise settles on x = 0.019 for the interme-

ZeUIP _ (9.58 and 27 — (.95,

Oz Oz

diation cost parameter. The relative volatities of the shocks are
Meanwhile, we obtain a cross-country correlation for the TFP shock of p. .. = 0.75. Finally, the
auto-regressive persistence parameters of all shock processes are set at 0.96. While we targeted

six moments with five parameters the match is almost perfect as we will see next.

3.2 Data versus Model

Table 2 compares the selected unconditional model moments to the data. We distinguish four
groups of moments. First, under the header “Disconnect and PPP,” we summarize the excess
volatility of the real exchange rate and its near-unit-root behavior. Second, we focus on inter-
national business cycle moments under the header “IRBC.” The third set corresponds to the
“Backus-Smith and Forward Premium” puzzles. In broad terms, the vast majority of the lit-
erature studying exchange rate dynamics focuses on these three groups of moments (Corsetti,
Dedola, and Leduc 2008; Itskhoki and Mukhin 2021; Itskhoki and Mukhin 2025). We add a
fourth set of statistics that captures the relationship between the real exchange rate and the
trade balance. These moments have received hardly any attention in the context of the exchange
rate disconnect analysis.'® However, as our theoretical results show, these moments provide key
identification restrictions to distinguish between UIP and trade rebalancing shocks.

Although we did not target all the moments in Table 2 as part of our calibration strategy, the
model performs remarkably well compared to the data. Our model qualitatively captures the
failure of the perfect risk-sharing benchmark, but the Backus-Smith correlation is substantially
weaker than in the data which points to the need to introduce additional model features and

shocks as discussed in Section 5.

15 One exception is the paper of MacMullen and Woo (2025) which explores the exchange rate disconnect puzzle
using a dynamic trade model calibrated to U.S. trade data.
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Table 2: Empirical Moments

Disconnect and PPP IRBC
a. b. c. d.
a(Ag)/a(AY) p(d) p(AY1,AYz)  p(AY,AC)
Data 4.14 0.96 0.40 0.67
Model 4.14 0.96 0.39 0.77

Backus-Smith and Forward Premium RER and Trade Balance

e. f. g. h.
p(AG,AC, —ACy)  Real Fama 8 p(AT,Aq)  o(AT)/o(A§)
Data -0.02 -1.03 0.01 1.09
Model -0.84 -4.35 0.01 1.09

Notes: Empirical moments computed using quarterly data from 1985Q1 to 2019Q4.

3.3 Exchange Rate Puzzles

To understand the exchange rate dynamics associated with each group of shocks, Figure 1 plots

the impulse responses to a UIP shock, 511” P " a trade rebalancing shock towards the home good,
'imde, and a home country technology shock, z;, under our preferred calibration.

The impulse responses confirm that the UIP shock helps address the major exchange rate
puzzles. The UIP shock increases the demand of foreign households for the home country’s
bonds. The resulting drop in the home country’s NFA position is reflected in the deterioration
of the home country’s trade balance. With aggregate foreign consumption, Cs, being postponed
into the future, foreign demand for the foreign good relative to the home good falls at given prices
due to home bias in consumption. To clear the goods markets, the terms of trade (measured
from the perspective of the home country) improve, and the real exchange rate appreciates on
impact, so aggregate consumption in the home country, Cy, can expand via increased demand
for the foreign good relative to the home good. As a result, the real exchange rate and relative
consumption, C; — Cy, are negatively correlated (Backus-Smith puzzle). Importantly, although
the UIP shock alters the relative demand for the two traded goods in the model, the aggregate
consumption response is much smaller than the real exchange rate response (the exchange rate
disconnect puzzle). Finally, in addition to the expected depreciation of the real exchange rate
following the initial appreciation, the foreign country’s increased demand for the home country’s

bond causes a relative drop in the interest rate paid on the domestic bond so that r; — ry turns
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Figure 1: Impulse Responses
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Notes: Impulse responses to one standard deviation shocks. First row: UIP shock. Second row: trade
rebalancing shock. Third row: TFP shock. The blue solid lines show the response of variables in the
home country. The red dashed lines show the responses of variables in the foreign country.

negative (forward premium puzzle). Over time, as the direct effects of the shock dissipate, the
NFA position determines the dynamics. As the foreign country sells off its accumulated assets,
the home country’s trade balance turns positive, and the real exchange rate depreciates relative
to the steady state.

The trade rebalancing shock also addresses the three exchange rate puzzles; however, it
moves the trade balance (and the NFA position) in the opposite direction from the UIP shock.
The rebalancing shock raises the home country’s appetite for its own good and shifts home
demand away from the foreign good toward domestically produced goods at the given prices.
Thus, the home country’s terms of trade must improve for the goods markets to clear. Again,

the real exchange rate appreciates, whereas relative consumption rises (Backus-Smith puzzle),
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and the increase in the real exchange rate is an order of magnitude larger than the movements
in consumption (exchange rate disconnect puzzle). Contrary to the UIP shock, the exogenous
boost to the demand for the home good dominates the terms of trade effects and pushes the trade
balance into surplus. As the foreign country increases its borrowing, intermediation costs rise,
increasing the overall cost of borrowing. In equilibrium, the interest rate paid on the domestic
bond falls so that r; —ry turns negative, whereas the real exchange rate is expected to depreciate
after its initial appreciation (forward premium puzzle). The responses of both the interest rate
differential and the trade balance are significantly smaller for the trade rebalancing shock in
comparison to the UIP shock.

Technology shocks impact the economy in a fundamentally different manner. While the
UIP and trade rebalancing shock primarily reallocates goods between the two countries, the
technology shock increases the amount of goods available to both countries. If a positive tech-
nology shock increases the production of the home good, their price has to fall, causing the
real exchange rate to depreciate. With aggregate consumption in the home country rising by
more than in the foreign country and the real exchange rate depreciating, the technology shock
induces a positive comovement between ¢ and Cy — Cs. Similarly, the shock fails to generate the
correct comovement between the real exchange rate and the interest rate differential. Finally,
the technology shock fails to reproduce the exchange rate disconnect as the real exchange rate

moves by less than aggregate consumption.

4 Exploring the Disconnect Mechanism

We use our model to examine the interplay between trade and financial integration in deter-
mining the drivers of the real exchange rate and the success of our model in matching the data.
Our main finding is that trade balancing shocks are important drivers of exchange rate volatility
through endogenous UIP deviations. This finding is important because it enables our model to
reconnect exchange rate fluctuations to macroeconomic fundamentals, thereby addressing the

exchange rate puzzles in the data.
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4.1 What Drives the Exchange Rate?

As discussed in Theorem 1, international risk sharing and trade openness modulate endogenous
UIP deviations in response to trade rebalancing and UIP shocks. Thus, we explore variance
decompositions along these two dimensions. Figure 2 plots the contribution of trade rebalancing
and UIP shocks to the variance of the real exchange rate. The left panel shows the share of
variance of the real exchange rate accounted for by the rebalancing shocks in our calibrated
model. The right panel shows the corresponding variance share due to the UIP shock. Solid lines
depict the unconditional variance decomposition as a function of costly financial intermediation
for a home bias parameter of w® = 0.9. Our baseline calibration is marked with a red circle. The
red dashed lines present the variance decomposition in an economy more closed to trade, and
the yellow dotted line shows the variance decomposition in the case of an economy more open
to trade.

In the benchmark calibration, trade rebalancing shocks account for around 80 percent of the
variance in the real exchange rate. The UIP shock accounts for approximately 20 percent of the
total variance, while the contribution of technology shocks is negligible. With greater interna-
tional risk sharing, as measured by a lower value of the parameter x, the variance contribution

of trade rebalancing shocks declines, and the importance of UIP shocks increases. Intuitively,

Figure 2: Variance Decomposition of the Real Exchange Rate
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Notes: Unconditional variance decomposition computed in the theoretical model. The blue line is

our baseline model. The red dot marks our preferred calibration. Dashed and dashed-dotted lines
correspond to alternative calibrations for different values of the home-bias parameter.
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when intertemporal substitution is frictionless, as would be the case under y — 0, any movement
in the trade balance can be accommodated by a corresponding permanent change in the coun-
try’s NFA position—the NFA position displays unit-root behavior. In other words, if countries
can borrow freely, the variation of the trade balance decouples from real shocks. Whether the
economy is open or closed to trade is irrelevant when trade in financial assets is frictionless.
The level of financial integration (x) and trade openness (w°) significantly affect the contri-
bution of shocks to the total variance of the real exchange rate. When trade integration is low,
as illustrated by the calibration with w® = 0.95, trade rebalancing shocks dominate the variance

of the real exchange rate. By contrast, trade openness increases the role of the UIP shock.

4.2 The Role of International Risk Sharing

We now illustrate how changes in the value of x affect the exchange rate moments of interest.
Figure 3 plots theoretical moments from our model, keeping all other structural parameters as in
Table 1. The panels correspond to the moments in Table 2. The red line in each panel indicates
the associated value computed in our dataset. The solid blue line depicts the theoretical moments
from the model calculated for different values of x with y ranging from near-frictionless financial
markets (y = 0.001) to configurations in which costly financial intermediation hampers the flow
of financial assets (y = 0.05). Results for our preferred calibration of x = 0.019 are depicted
with a red circle.

The top row in Figure 3 shows that reducing risk sharing through costlier financial inter-
mediation amplifies the volatility of the real exchange rate, exacerbating the macroeconomic
disconnect (panel a), and strengthens the international comovement of output and consumption
(panels ¢ and d). Costly financial intermediation reduces the flow of the non-state-contingent
bond and thus the ability to smooth out shocks. For example, if the preference for the domestic
good increases at home, this would require improving the trade balance and the NFA for the
home country. However, when financial intermediation is more costly, the real exchange rate
becomes more sensitive to changes in the NFA, resulting in a significantly larger appreciation of
the exchange rate for a given-sized shock.

Turning to the panels in the bottom row of Figure 3, the Backus-Smith correlation (panel e)
and the Fama coefficient (panel f) are nearly unaffected by changes in the parameter y. This

result is consistent with Theorems 2 and 3, indicating that technology (TFP) shocks play a
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Figure 3: Financial Integration and Exchange Rate Moments
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Notes: The blue line shows theoretical moments in the simple model with trade rebalancing shocks.
The red dashed line shows theoretical moments in the model without trade rebalancing shocks. The
solid red horizontal line indicates the corresponding empirical moment in each panel. The red dot is
our preferred calibration.

limited role in our analysis here for these data moments.'® One of our central results is that the
model can account for the relationship between the exchange rate and trade flows. In particular,
our model aligns with the weak correlation between the trade balance and the real exchange
rate (panel g) and the volatility of trade flows relative to the real exchange rate (panel h).
How do trade rebalancing shocks interact with the degree of international risk sharing? The
red dashed line in Figure 3 represents the exchange rate moments in a model without rebalancing
shocks, while maintaining the calibration for all other parameters as specified in Table 1. The
model becomes largely uninformative about the moments relating the exchange rate and the

trade balance, complicating the inference of the parameter y. At the same time, as we will show

16 As discussed in Appendix C.5, this result can be overturned under the assumptions in Corsetti, Dedola, and
Leduc (2008).

22



momentarily, performing a similar moment matching exercise in the absence of trade shocks will
result in a very low value of y, as foreshadowed by panels a and b. In Section 5, we show that

this identification issue also emerges in an estimated medium-scale model.

4.3 The Role of Trade Integration

How does trade integration affect our model’s ability to address the exchange rate puzzles?
Keeping y fixed at 0.02, Figure 4 shows exchange rate moments in our model as a function of the
home-bias parameter, w®. Lower values of w® correspond to a more open economy with greater
trade integration. Higher values of w® correspond to an economy with less trade integration.
The disconnect puzzles (panels a and b) become starker as the economy moves towards trade

autarky. Similarly, the IRBC correlations also increase with the home-bias parameter.

Figure 4: Trade Integration and Exchange Rate Moments
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These results follow the intertemporal approach of the current account pioneered in Obstfeld

and Rogoff (1995). Recall Equation (18), reproduced here

c c
L= w1 trade w1
12 cS1Lt T

trade S
oot AL + 294 + @l (26)
— W

and consider a trade rebalancing shock that improves the home country’s trade balance. Holding
the terms of trade constant, the trade balance response increases in the degree of home bias.
However, as the economy becomes more closed, the aggregate resource constraint implies Tu
approaches 0. For the trade balance to remain unchanged, the terms of trade must improve by
more, and the real exchange rate appreciates more strongly.

The intuition behind the response of the IRBC-related moments stems from the resource
constraint of a closed economy. As home bias increases, the real exchange neutralizes movements
in the trade balance, and productivity shocks become the only shocks affecting domestic output
and consumption. In the trade-autarky limit, the correlation between domestic and foreign
output will reflect our assumption about the cross-country correlation of technology shocks
(panels ¢ and d).

The Backus-Smith correlation (panel e) is negative and nearly equal to one, consistent with
the predictions of Theorem 2. The degree of trade integration is irrelevant to this correlation.
The forward premium puzzle (panel f), however, is heavily influenced by trade integration.
The Fama coefficient becomes increasingly negative as the home-bias parameter approaches the
closed-economy limit, as stated in Theorem 3.

The correlation between the trade balance and the exchange rate (panel g) and the volatility
of the trade balance relative to the exchange rate (panel h) both decrease with the degree of home
bias. As shown in Appendix B.1, the covariance between the trade balance and the exchange

rate, absent technology shocks, depends on:

C

cov (A(ASM, ATM) =7 WIw‘l" cov (A(ASM, Aéfﬁde) + (1 + 2%2) var <A(A51,t> (27)

where the covariance between the terms of trade and the trade rebalancing shocks is negative,
as previously discussed. With greater home bias, the first term on the right-hand side becomes
more negative at a geometric rate, whereas the second term on the right-hand side becomes

more positive at a linear rate. Even if the variance of the terms of trade grows without bound
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as we approach a closed-economy configuration, the correlation between the terms of trade and
the trade balance will become increasingly negative with greater home bias.

Equation (27) also captures the limitation of models that abstract from trade rebalancing
shocks. In that case, cov <A(A51,t, Afﬁ’:gde> = 0, implying that the correlation between the trade
balance and the terms of trade will always be positive and, for our parameterization, equal to
one. The red dashed line in Figure 4 illustrates the effect of trade openness on the exchange rate
moments in a model without trade rebalancing shocks. Models without trade rebalancing shocks
are uninformative about the correlation between the real exchange rate and the trade balance
(panel g). Although greater home bias reduces the volatility of the trade balance relative to
the real exchange rate, a model without trade rebalancing shocks falls short of matching the
empirical value of this moment (panel h). Again, these findings highlight the importance of

using trade data, trade rebalancing shocks.

4.4 Relation to the Exchange Rate Disconnect Literature

Existing work that successfully addresses the exchange rate disconnect and related puzzles builds
on models in which endogenous UIP deviations are negligible despite the presence of asset market
segmentation (Itskhoki and Mukhin 2021), or due to nearly costless financial intermediation
(Eichenbaum, Johannsen, and Rebelo 2021). We continue with a comparison between our
benchmark model and a specification that, in addition to no trade rebalancing shocks, also
features near frictionless international financial markets with x = 0.0001. To properly compare
both models, we calibrate the parameters in the frictionless model to minimize the distance
between the model and the relative volatility of the growth rate of the real exchange rate to gdp
growth and the persistence of the real exchange rate as reported in Table 2.

Figure 5 plots the exchange rate moments of interest for the two models under varying
degrees of home bias—blue solid lines for our baseline model and dashed red lines for the model
without trade rebalancing shocks. Although, compared to Figure 4, lowering x helps to bring the
model without trade rebalancing shocks closer to some of the data moments when considering
nearly closed economies, i.e., w® approaching 1, this version of the model still does not align
with the observations regarding the relationship between the real exchange rate and the trade
balance (panels g and h). Again, trade rebalancing shocks and costly financial intermediation

are important to obtain models that are consistent with the data. Data on trade and the trade
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balance inform on the strength of the endogenous UIP deviation by identifying the value of y.
The importance of endogenous UIP deviations—in our case via costly financial intermediation—
is further strengthened by revisiting the evidence on UIP reversals. Engel (2016) and Valchev
(2020) show that at longer time horizons the direction of UIP violations can reverse sign. Al-
though their evidence pertains to an unconditional moment, it is worthwhile pointing out that
exogenous UIP shocks can generate a sign reversal of the UIP violations in the longer run via
the endogenous adjustment in the NFA position if financial intermediation is sufficiently costly.
In the near term, the direct effect of the UIP shock, in our model, is to drive up excess returns
when the shock improves the terms of trade; however, at longer horizons, the direct impact of the

shock fades, and the endogenous effect of the persistently negative NFA position resulting from

Figure 5: Near Frictionless Risk Sharing and Home Bias
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the appreciation of the real exchange rate and the deterioration of the trade balance becomes
the dominant driver of excess returns. The switch in the sign of the expected excess return
is more likely if the exogenous UIP shock is not too persistent and financial intermediation is

sufficiently costly (i.e.  is not too close to 0).17

4.5 External Validation

Our framework of exchange rate determination critically builds on endogenous UIP deviations
that stem from the interaction of risk-bearing capacity and the home country’s NFA position.
We briefly discuss external evidence in support of this mechanism.

Equation (24) implies that currency excess returns are positively related to the home coun-
try’s NFA position. We test this prediction using panel data for 28 currencies over the period
from 1990 to 2019 and find a strong positive correlation between excess returns and the NFA
position.!® The correlation is robust across G10 and emerging economies, different time hori-
zons, and alternative data measures of the NFA position. These results lend support to the
role of external imbalances as the source of endogenous UIP deviations and complement similar
findings with respect to deviations from covered interest parity in G10 economies (Liao and

Zhang 2024). See Appendix E.1 for details.

4.6 Model Extensions

We close this section with a discussion of three of our modeling choices: the interpretation of
the trade rebalancing shock, the role of discount factor shocks, and the labor supply elasticity.

The analytical derivations supporting this discussion can be found in Appendix C.

I7Tn our model, the horizon-k expected short-term excess return is:
_ 5 _ > Uip
EtLtJrk =E, (AQt+k+1 - (7’1,t+k - T2,t+k)) =E, (XBl,t+k + fHk ) .

A positive innovation of the UIP shock exerts exogenous upward pressure on the excess return via 5? f,f , but
endogenous downward pressure via the decline in the home country’s NFA position, By ¢4.

18 Our choice of countries and sample period is dictated by the availability of data on bond yield differentials,
which we collected from Du, Im, and Schreger (2018).
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4.6.1 Tariffs and Iceberg Trade Costs

The trade rebalancing shock directly alters households’ preferences for domestic and foreign
goods. We show in Appendix C.2 that the trade rebalancing shock in the original formulation of

tr“de) can be thought of as a linear combination of shocks to iceberg transportation

our model (£
costs (£°), shocks to import tariffs (€”), shocks to export subsidies (£7), and our original relative

demand shock (now denoted as £°). In detail, it is

we trade 1 we c w* T m
- — 1 _
1—qet 1— (@ —we) 1l —eon T ( T (@° —wc)) e
1 w* T 1 w* T e
—— 5 — ¢t 28
pcl—(@c—w0)1—7w52’t+pcl—(&;C—wc)l—ﬂce Lt (28)

where w° is the re-scaled home-bias parameter, and the parameter @y is a function of the steady
state values of transportation costs (7°¢), tariffs (™), and subsidies (7%), and is equal to w® if

those steady-state values are zero.

4.6.2 Discount Factor Shocks

Shocks that lead agents to discount future utility differently across countries can be an alternative
source of exchange rate fluctuations. A relative increase in the patience of foreign households
raises their demand for savings, which, in our framework, falls exclusively on the demand for
the home country’s bonds. The resulting rise in the foreign country’s NFA position mirrors the
drop in the home country’s NFA position. With foreign demand for the foreign good relative to
the home good falling more strongly, the home country’s terms of trade improve, equilibrating
the goods markets. This transmission of a (relative) discount factor shock follows the same logic
as for a UIP shock. More formally, as shown in Appendix C.3, equally-sized (relative) discount
factor and UIP shocks induce the same movements in the terms of trade, the trade balance, the
NFA position, the real exchange rate, as well as, output and consumption in our framework. In

the presence of discount factor shocks, ﬁlffc and 53?6, Equation (16) changes to
(Zl,t - Etzl,t-H) - (22,t - EtZQ,t+1) - (51,75 - Et£1,t+1> = Xél,t + 511]715113 + ( gftsc - fihfc) ’ (29)

while Equation (17) and Equation (18) remain unchanged.
A key dimension along which the UIP and the discount factor shocks differ is the induced
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comovement between the interest rate differential, r;; — 724, and the exchange rate—used by
Kekre and Lenel (2024) to distinguish the roles of UIP and discount factor shocks as drivers of
exchange rate volatility. If the discount factor shocks make the foreign country relatively more
patient, foreign interest rates fall relative to domestic rates, opening up a positive interest rate
differential while the real exchange rate appreciates. By contrast, a UIP shock that appreciates
the real exchange rate, the interest rate differential turns negative as shown in Figure 1.
However, regardless the role of UIP versus discount factor shocks, our analysis shows that
trade rebalancing shocks and costly financial intermediation are still required for the model to be
consistent with the stylized facts of the exchange rate and the trade balance in Table 2 and, as a
direct consequence, trade rebalancing shocks must be a major driver of exchange rate volatility.
In quantitative DSGE models, the ability of discount factor shocks to impinge on the role of
trade rebalancing shocks as key drivers of the exchange rate is further limited. While discount
factor shocks have a negligible impact on economic activity and consumption in our setting or the
endowment economy of Kekre and Lenel (2024), the effects can be sizable in models with nominal
rigidities and capital accumulation. In the estimated medium-scale DSGE model of Section 5,
the role of discount factor shocks as a driver of exchange rate fluctuations is constrained by the
joint behavior of output, consumption, investment, and the exchange rate in the data and the

presence of other shocks.

4.6.3 Generalized Labor Supply

It is central to our claim of trade rebalancing shocks being a key driver of the real exchange rate
that trade rebalancing shocks satisfy the evidence in Backus and Smith (1993). While evident
in our baseline model with a fully elastic labor supply (see Theorem 2), it is not immediately
obvious that relative consumption increases after a trade rebalancing shock towards the domestic
good when the labor supply is not fully elastic. Here we show that all our findings carry over
to the case of a less elastic labor supply when financial intermediation is sufficiently costly.
Appendix C.4 offers a more detailed treatment.

A trade rebalancing shock in favor of the domestic good primarily pushes up overall demand
for this good despite the accompanying terms of trade improvement. In our baseline specification,
expanding the supply of the domestic good is inexpensive as the labor supply is fully elastic. As,

in addition, the terms of trade improvement reduces the cost of importing the foreign good, the
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home country’s demand for imports in levels falls by less than its demand for the domestic good
in levels expands. Thus, aggregate consumption in the home country rises. Ignoring technology

shocks, Equations (21) and (22) imply
él,t - éQ,t = =2 (1 - Wﬁ) 31715, (30)

revealing how the terms of trade effect raises aggregate consumption in the home country relative
to the foreign country. Trade rebalancing shocks address the Backus-Smith puzzle by delivering
a negative correlation between relative consumption and the real exchange rate (and the terms
of trade) under a fully elastic labor supply.

When the labor supply is less elastic, expanding production is more costly which raises
the question whether aggregate consumption in the home country can expand after a trade
rebalancing shock that shifts demand towards the home country’s good. Leaving details to

Appendix C.4, relative consumption satisfies
Cro—Coy = —2(1—w$)dyy — Ty (31)

with greater values of 7 indicating a lower labor supply elasticity. The extra term —DTM reflects
the increased utility cost from expanding production after a trade rebalancing shock. Since a
trade rebalancing shock that induces a terms of trade improvement for the home country also
raises its trade balance, relative consumption of the home country could decline when the labor
supply is sufficiently inelastic. However, in our framework with costly financial intermediation,
aggregate consumption of the home country will increase relative to the foreign country if the
intermediation cost x is sufficiently high. This finding results from the fact that Theorem 1
extends to the case of a less-than-fully elastic labor supply: higher intermediation costs amplify
the terms of trade response and mute the trade balance response after a trade rebalancing shock
all else equal. Hence, trade rebalancing shocks address the Backus-Smith puzzle also under more
general preferences—a key ingredient of our finding that trade rebalancing shocks are a major
driver of exchange rate movements.

To round off this discussion, Figure A.1 in Appendix C.4 repeats the exercise underlying
Figure 3 for the case of a Frisch labor supply elasticity of 1. The fit of the model is largely

unchanged, if not mildly improved. Interestingly, the preferred calibration of the extended
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model features x ~ 0.02, close to the value of y in our baseline model.

5 A Medium-Scale DSGE Model

To assess the quantitative relevance of our mechanism using a broader range of macroeconomic
data, we build and estimate an empirical medium-scale DSGE model that incorporates trade
rebalancing shocks and costly international financial intermediation. Details on the model, data,
estimation, and sensitivity analysis are provided in Appendix D.

The model is a two-country open economy extension of the seminal contributions by Chris-
tiano, Eichenbaum, and Evans (2005) and Smets and Wouters (2007), following the lines of
Erceg, Guerrieri, and Gust (2005). The home country is assumed to be the U.S., and the foreign
country is defined as the rest of the world. Households choose consumption subject to consump-
tion habits, provide labor, and save in bonds and capital. International borrowing and lending
are subject to costly financial intermediation, as in our analytical model. Nominal prices and
wages are sticky, exports are subject to local currency pricing and pricing to market frictions.'?

The final consumption good consists of a domestically produced good and an imported good.
Trade rebalancing shocks affect the relative demand for the two goods. Trade adjustment costs
introduce a difference between the short- and long-term trade elasticity. The production of the
final investment good follows the same structure as for the final consumption good but assumes
a lower home bias to reflect the higher import intensity of investment in the data.

Domestically produced and imported goods are bundles of a continuum of differentiated
varieties. The production of these varieties utilizes a homogeneous input good, which itself is
made from labor and capital services. Capital services are the product of the installed capital
stock and an endogenously chosen utilization rate. The installation of new capital is subject to
investment adjustment costs.

In each country, the government runs a balanced budget by financing its expenditures with
lump-sum taxes on households. Monetary policy follows a Taylor-like instrument rule that
responds to inflation and the output gap. In addition to trade rebalancing, UIP, and total factor
productivity shocks, the model also features shocks to the marginal efficiency of investment, as

well as shocks to monetary and fiscal policy, risk premium, and price and wage markups.

19'We implemement pricing to market following Alessandria and Choi (2021).
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We estimate the model using Bayesian methods with quarterly data on real GDP growth,
consumption, investment, CPI inflation, and policy rates for the U.S. and the rest of the world.
For the U.S., we also use data on the broad real dollar index, real wage growth, total hours
worked, and the growth rate of the export-to-GDP and import-to-GDP ratios. All series run from
1985:Q1 to 2019:Q4 and are constructed as in Bodenstein, Cuba-Borda, Gornemann, Presno,
Prestipino, Queralté, and Raffo (2023). We estimate the parameters of all the shock processes
and the parameter governing the financial intermediation cost, x"*. Unless stated otherwise, all
other parameters are fixed at standard values.

At its core, our model features a demand system close to the gravity framework (Anderson
and van Wincoop 2003). The trade literature building on this framework has linked the wedge
that we associate with trade rebalancing to various measures of trade and transportation costs,
among others Fitzgerald (2012), Reyes-Heroles (2017), Dix-Carneiro, Pessoa, Reyes-Heroles,
and Traiberman (2023). As shown in Appendix E.2; we find a strong correlation between our
model’s estimated trade rebalancing wedge and two empirical measures of trade costs, including
one measure derived from a gravity framework. Relative to these contributions, our estimation
of the rebalancing wedge leverages the full dynamic structure of the model by respecting general

equilibrium channels and drawing inference from the comovements of all our data series.

5.1 Estimation Results

® without prior judgement, we either use a wide

To let the data inform on the parameter y™
uniform prior or re-estimate the model along a grid, fixing the value of x"** a priori. Because the
NFA position is normalized by GDP in the medium-scale DSGE model, x* must be multiplied
by the export share in GDP of around 13.5 percent to obtain comparability with the values of
x used in the analytical model.

When using a uniform prior for x™*, the posterior distribution peaks at an estimated value
of x™* = 0.12. Translating this value of x™* to the NFA normalization applied in the analytical
model, we obtain 0.016, which is close to the value of 0.019 obtained when calibrating the model
in Section 3. When estimating the model along a grid for x"*, we vary the value of x"* between
0.001 and 0.2 and re-estimate the remaining model parameters. Figure 6 shows the resulting

log-data density for each of these estimations of the full model in the left panel. The density
peaks at x"* = 0.11. The data clearly favor a model with both exogenous and endogenous UIP
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Figure 6: Identifying x™*
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Note: The left panel shows the log-data density of the estimated model for different values of the
parameter x™° when including U.S. export and import data in the estimation. The right panel shows
the log-data density in an estimated model without trade data. In both panels, the density as a
function of x™* is expressed relative to the maximum value attained on the grid for y™*.

deviations over a model that features mostly exogenous UIP deviations. As the right panel of
Figure 6 reveals, including trade data into the estimation is key for this finding. If we exclude
exports and imports from the estimation, the log-data density peaks at a value for x™* around
0.04, a much lower value than found in the model using trade data and trade rebalancing shocks.
Figure 7 shows the contributions of the UIP and the trade rebalancing shocks to the variances
of the real exchange rate and the trade balance at business cycle frequencies for the different
model estimations associated with each value of x™* on the grid. Each re-estimated model
is evaluated at the posterior mean. The left panel of Figure 7 shows that, in line with our
theoretical predictions, the share of variance of the real exchange rate explained by the trade
rebalancing shocks grows with the magnitude of the financial intermediation costs, x™*, rising
from as low as 20 percent to over 45 percent. By contrast, the contribution of the UIP shock
falls as the parameter ™ increases. We also find that trade rebalancing shocks account for well
over 50 percent of the variation in the trade balance. The right panel of Figure 7 shows that the
model estimated without trade data and rebalancing shocks assigns a much higher share of the
variance of both the real exchange rate and the trade balance to the UIP shock for any value of
x"®. Together with our previous results, we conclude that accounting for trade data and trade
rebalancing shocks is crucial for the determination of exchange rates in this class of models.

To complete the analysis, we compute the spectral decomposition of Ag;, the change in the
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Figure 7: Variance Share - Business Cycle Frequency
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Notes: Solid lines depict the variance decomposition of the real exchange rate. Dashed lines corre-
spond to the variance decomposition of the trade balance-to-output ratio. Red lines correspond to the
share of the variance explained by trade rebalancing shocks. Black lines correspond to the share of
the variance explained by UIP shocks. All model-implied series are bandpass filtered at 6-32 quarters.

real exchange rate, across cycles of different periods for two estimated versions of the model.
In the first one, we set x™° equal to 0.11, the value maximizing the log-data density in Figure

S

6. In the second one, we fix x"* at 0.001, a level consistent with a low cost of financial inter-

ms

mediation. In both cases, the model is re-estimated given the value of x™* allowing for both
UIP and trade rebalancing shocks. The results are shown in Figure 8. When x"*® is set at the
value that maximizes the log-data density, the UIP shock contributes less to the exchange rate
volatility at every frequency than for the case of x™* = 0.001—with the reverse being true for
the trade rebalancing shock. The comparison across model specifications is most striking at

lower frequencies, with the model featuring low costs of financial intermediation requiring UIP

shocks to be the dominant driver of exchange rate volatility.

5.2 Exchange Rate Moments

We continue by demonstrating that the estimated model fits the key exchange rate moments
on which the literature has focused. Contrary to the calibration exercise in Section 3, the
estimation of the medium-scale model does not explicitly target these moments. Instead, the
likelihood function trades off model fit along multiple dimensions, including the covariances and

cross-correlations with the additional data series we include in the estimation beyond those
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Figure 8: Spectral Decomposition - Real Exchange Rate Growth
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Notes: The figure depicts the spectral decomposition of Ag; across cycles of different periods at
quarterly frequency. The blue area shows the contribution of the UIP shock. The orange area
represents the contribution of trade rebalancing shocks, so that the combined blue and orange areas
reflect the roles of UIP and rebalancing shocks. The yellow area represents the effect of all other
shocks. The panel on the left shows the results for the main estimation. The panel on the right shows
the decomposition for the model when fixing x”** at 0.001 and re-estimating the other parameters.

underlying the exchange rate moments of interest. Moreover, the medium-scale model imposes
additional cross-equation restrictions that may penalize the moments we are interested in. Thus,
we are not guaranteed that the estimated model fits the exchange rate moments well.

Table 3 shows that the medium-scale model with trade rebalancing shocks leans towards
the moments related to the various exchange rate puzzles, despite the additional restrictions
imposed to match a broader set of time series. The data moments lie, for the most part, within
the confidence intervals for the moments obtained by simulating the estimated model.*

The columns labeled “No Trade” in Table 3 reports results obtained by re-estimating the
medium-scale model without trade rebalancing shocks and trade data. The calibrated param-
eters assume the same values as in our benchmark medium-scale model. The posterior of pa-
rameter estimates is similar to that in our baseline model, but to compensate for the absence
of trade shocks, the estimated volatility of the UIP and markup shocks is larger than for our

benchmark estimates. The estimated model without trade rebalancing shocks is consistent with

20We also investigated the correlation between the real exchange rate and bond yields running a regressions
of the logged real exchange rate on the ten-year bond rate. We find that a 1-percentage-point increase in U.S.
bond yields leads to a 6-percent appreciation of the U.S. real exchange rate. This estimate is remarkably close
to the empirical findings in Kekre and Lenel (2024) even without admitting discount factor shocks.
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Table 3: Exchange Rate Moments - Medium-Scale Model

Full Model No Trade
Data Median Std. Error Median Std. Error

Disconnect and PPP puzzles

oAq/oAy 4.14 3.19 (0.31) 3.52 (0.34)
p(q) 0.96 0.91 (0.03) 0.88 (0.04)
International Co-movement

p(Ay, Ay*) 0.39 0.13 (0.11) 0.28 (0.11)
p(Ay, Ac) 0.67 0.62 (0.07) 0.78 (0.04)
Backus-Smith and Forward Premium

p(Ag, Ac — Ac*) -0.02 0.23 (0.08) 0.11 (0.08)
Fama (real) /3 -1.03 -0.20 (0.34) -0.20 (0.29)
RER and NX

p(A%,Aq) -0.10 0.07 (0.09) 0.67 (0.05)
O’(A%)/O’(Aq) 0.14 0.15 (0.01) 0.16 (0.01)
Percent of RER variance explained by

UIP Shocks 15.3 (7.7) 53.6 (18.1)
Trade Rebalancing Shocks 50.3 (19.8) 0.00 (0.00)

Notes: Moments for the medium-scale models are computed using 1000 simulations drawn from the esti-
mated innovations at the posterior mean. Each simulation includes 140 quarters to match the number of
observations in our data sample from 1985Q1 to 2019Q4. The net-exports (nx) are normalized by output
in this section instead of exports. To compare with the simple analytical model, we need to multiply the
volatility of the nx-to-output ratio by the inverse of the trade share which yields 1.09 as in Table 2.

major exchange rate puzzles but is unable to reproduce the correlation between the trade bal-
ance and the exchange rate. Again, capturing the correlation between the trade balance and

exchange rate has significant implications for assessing the main drivers of the exchange rate.?!

5.3 Costly Financial Intermediation and the Mussa Puzzle

We explore the ability of our model to generate the celebrated Mussa Puzzle facts, which stress
that a change in the monetary policy regime from fixed to flexible exchange rates leads to an in-
crease in the volatility of the nominal and real exchange rates without affecting meaningfully the
volatility of macroeconomic variables such as consumption and inflation (Itskhoki and Mukhin
2025). To test wether our model is consistent with the Mussa Puzzle, we augment the monetary

policy rule such that it responds to changes in the nominal exchange rate in addition to inflation

2! Estimating the model without trade shocks, but including trade data, results in a poor overall fit as the joint
dynamics of trade and the exchange rate are hard to fit with domestic and UIP shocks only.
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Table 4: Mussa Puzzle Moments

RER  Relative Consumption Relative Inflation Risk-sharing wedge
o(A(g))  o(Ale) —A(¢")  o(Am) —A(@™))  a(A(e) — A(c") — A(g))

Float 3.6 1.2 0.8 3.5
Peg 0.7 1.3 0.7 1.6
Float/Peg 5.0 1.0 1.1 2.2

Notes: The moments are calculated using 1,000 simulations drawn from the ergodic distribution of shocks
using the posterior mean estimates. Standard deviations expressed in log points. Each simulation includes
116 quarters to match the number of observations used in the analysis of Itskhoki and Mukhin (2025).

and the output gap. By adjusting the parameters in the policy rule, we can accommodate both
fixed and flexible exchange rate regimes—see Appendix D.

Table 4 shows that our estimated medium-scale model with costly financial intermediation
and trade rebalancing delivers the following results when moving from a peg to a float: (i)
the volatility of the real exchange rate increases; (ii) the volatility of relative consumption and
relative inflation between the home and foreign economy are unchanged; (iii) the volatility of
the risk sharing wedge, defined as the difference between relative consumptions and the real
exchange rate, increases by a factor of two. Our model is therefore consistent with the Mussa
facts but, compared to Itskhoki and Mukhin (2025), trade rebalancing shocks are now the main

drivers of the exchange rate.

6 Conclusion

We develop a model of exchange rate determination that is consistent with key empirical features
of exchange rates, such as the exchange rate volatility puzzle, the Backus-Smith puzzle, and the
forward-premium puzzle, without overly relying on UIP shocks that are disconnected from the
broader macroeconomy. In fact, we show analytically and numerically that trade rebalancing
shocks—that is shifts in the relative demand for domestically produced versus imported goods—
address these puzzles when risk-bearing capacity in international financial markets is limited.
In contrast to UIP shocks which work primarily through exogenous deviations from UIP, trade
rebalancing shocks lead to endogenous deviations from UIP in our setting.

In the data, the real exchange rate is weakly correlated with the trade balance. Theories

of exchange rate determination that rely mainly on exogenous UIP shocks deliver too tight a
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connection between the two variables and imply too much volatility of the trade balance. By
adding trade rebalancing shocks and costly financial intermediation to the model, the volatility
of the trade balance drops and the correlation of the real exchange rate and the trade balance
weakens bringing the model much closer to the data. Restricting the degree of consumption risk
sharing through costly financial intermediation is key as higher costs shift the role of explaining
exchange rate movements from the UIP to the trade rebalancing shocks. In an estimate medium-
scale DSGE model of the U.S. and the rest of the world we find that trade rebalancing shocks
account for about 50 percent of exchange rate fluctuations, whereas UIP shocks account for just
around 15 percent.

Our results underscore the importance of trade data in correctly separating alternative drivers
of exchange rate fluctuations and identifying the degree of impediments to international risk shar-
ing. More broadly, our theory suggests that external imbalances are central to both macroeco-

nomic and exchange rate dynamics.
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A Appendix: Model Solution, Decision Rules, and The-

oretical Moments of the Simple Model

A.1 First-order and equilibrium conditions

We present the first-order and equilibrium conditions of the model. Optimality of the household’s

decisions imply

Pl Wi,
Chy = o1 (A1)
Pl,t Pld,t
CYl t Plct }
P, = ¢} ,8E { b A2
e = 10K Cror Plyay (A.2)
+p¢
Pf p€
Cf,t = W(f,t (ﬁ) Ciy (A.3)
1.t
AN
My =1 =w5) ( 5m Che. (A.4)
1t
These conditions and the consumption aggregator imply for the relative prices
Plct c c — ¢ 4 —pC
Pd7 = |:w1,t + (1 - Wl,t)51,tp } = Fl,tp (A.5)
17

where the terms of trade 0, are the ratio of import prices expressed in common currency

(A.6)

Similar conditions are obtained for country 2, keeping in mind that the sole internationally

traded bond pays in the currency of country 1

Py, Wa,
Cop = o —=* (A7)
P2,t P2d,t
Coy P35y ey }
Py = ¢5,0E { e — A8
Lt ¢2,t5 t Cornr P2C,t+1 e (A.8)
14p°
Pt p¢
Cg,t = Wiy (%) Cou (A.9)
2,t
pe Lp©
pC
My = (1 —ws,) (%) Cay (A.10)
2,t
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_pC

P2Cvt c c ,%c —p°
= |Wyy T (1— w2,t)61,t = FZ,t . (A.11)

Py,
As we assume that prices and wages are flexible and that the production of each country’s

good is linear in the use of the country’s labor,
Y1 =exp(z14)Lay (A.12)

the production real wage equals the productivity level

= = exp(z1). (A.13)

Similarly, for country 2, we obtain

Yo, = exp(224) Loy (A.14)
W-

7= cap(z). (A.15)
Py,

Recall from the main text that market clearance in goods and financial markets requires

Yl,t = Cij,t + M2,t (A-16)
Yo, =Cy, + M (A.17)
0 - Bl,t + B27t. <A18)

As defined in the main text, the trade balance (normalized by the value of exports) is

Ty = e PyyMyy — Py M4 (A.19)
~ Ty

Tyy=—F—"" A.20
Lt etPZTZEMQ’t ( )

which implies that the consolidated budget constraint of households in country 1 follows

P1b7tBl,t
T = Tl,t —+ Bl,t71~ <A21)
¢1,t

Last, the law of one price for the international bond implies the risk-sharing condition

Pr Ps
g G By [ O B e} am

Crivr Pl Copr1 P5yyy €161
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A.2 Simplifying the Nonlinear Model
Noticing that consumption in the two countries can be expressed as

C

Chi = exp(z14) I, (A.23)
Coy = exp(20,) FY, (A.24)

and, from the definition of the consumption real exchange rate, we obtain

e1,. Py Fiy 4
_ bt ’ 5 A.25
qi,t Pft <F2,t 1,ts ( )

we can write the trade balance as

~ M,
Ty, = 1-9 ’
1t S M o
1—w§, (F )\ —p1£p°
_ L ( Lt) 651727(21,05;2 e (A.26)
1_W2,t Fyy exp(z4)

Similarly, we write the risk sharing condition and the evolution of the NFA position as

Pr, 5
E, . |:¢1t exp(z1,) _¢gﬁt erp(za:) Oy } —0 (A.27)
Y t+1P1 t+1 erp(21,641) exp(22,i41) 01,141
Pl tBlt ~ €1 t71P2nLlM2 t—1 ~
5 =T — — DB A28
¢, 1t e My, (A.28)

By

where Bl,t = m.

We next express all variables entering in Equations (A.26), (A.27), and (A.28) in terms of T} ,,

01t Bu- The rebalancing shocks follow wf, = wfexp (gtmd@) for i = 1,2 and we assume that
1

B}
b Bi. b X e1e 2t UIP . ot
b1y = exp( S PT0 ) whereas ¢y, = exp ( > B ihs +&1y ) Then, linearization around

the symmetric deterministic steady state with w{ = w§ and balanced trade, i.e., T,=0,0, =1,

B; =0, yields the linear system

(Zl,t - EtZLt—i-l) - (ZZ,t - Et22,t+1) - <81,t - Et;sl,t—i-l) = XBlt + fUIP (A-29)

BBy =Tis+ Biy (A.30)

o wi} trade w% trade <

Tl,t - 1 e 1,t 1 e 2.t 21,4 + 224 + W(Sl,t, (A?)l)
— W — Wi
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where w =1+ 2:;—5. The terms trade, 3”, are measured in log-deviation from the steady state,
T 1, and Bl,t are in absolute deviations from 0. If the term y > 0, the NFA dynamics are
stationary.

For later reference, the remaining model variables can be recovered from the following linear

relationships

él,t = 21— (1 —wy) 51,1& (A.32)
Cow = 20+ (1 —wi)duy (A.33)
Gie = (2w§—1)01,. (A.34)
~ c 1~

My = —L TRl 4 2 — - + 01t (A.35)
~ ws _{_ 1~

My = ——2 tmde + 291 + O14 (A.36)
Yi, = wf (&t g“‘“de) + wgzl,t + (1 —ws) 2oy + (1 —w$) by (A.37)
Yor = —wf (E70% — €%) 4 wizny + (1 — wf) 210 — @ (1 — wf) d1y (A.38)

Defining the real interest rate for country ¢ as the real return on a bond that pays one unit of
consumption in country 7 regardless of the state of the world, we obtain 7;; = CA’MH — CA’M and
can express Equation (A.29) in terms of the differential of real interest rates, 1 ; — ra 4, between

countries
rie— ros = By (é1,t+1 - Ql,t) - Xél,t - 1UfP- (A-39)

A.3 Applying the Method of Undetermined Coefficients

To compute the solution of the dynamic linear system, we employ the method of undetermined
coefficients. Starting from the conjecture that in equilibrium the terms of trade evolve according

to
51t = 71€tmde + 72§trade + 73511],75113 + Y421t T V522t T %Bl,t—l (A.40)
we compute the values of the unknown coefficients v, through v, and v, by substituting the

conjectured solution into the dynamic system (A.29)-(A.31). Using Equation (A.31), the trade
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balance follows

T wc rae wc rae
T, = ( +w71) T +<— -t 72> e

+@v5éltT + (—1+@,) 21 + (1 + w%) 204 + @Yy Br-1- (A.41)

Turning to the risk sharing/UIP condition, Equation (A.29), we first evaluate the term
(8” — Et(ASl’t_A'_l) using the equation for the evolution of the NFA position, Equation (A.30), and
Equation (A.41) to substitute out for By ,:

(5171/ _ Et31,t+1) _— (1 pzirade) tmde o, (1 pgrade) trade + (1 pgﬂp) (ﬁp
74 (1= p7) 216 + 75 (1 = p3) 22,
0 <B1,t—l - Bl,t)
= 7 (1 plirade) t?”ade _'_72 (1 p;rade) trade _I_,VS (1 . plljfp) (1{{]3
+74 (1= p7) 216 + 75 (1 = p5) 22,

+% ((ﬁ -1) Bl,tfl — Tl,t)

— (71 (1 _ plirade) . % (1 ij + 71)) trade

rade ’7 wc T’ae
+ (72 (1= p5e%) — Eb(_l— + 72)) be

(
+ (73 (1=p{"") - E’w%) T
# (=) - 214 m) 2,
# (s - L+ @) g
(2 -1-Ton) B (A2

Note that the UIP condition, Equation (A.29), can be written as

C

<81,t_Et81,t+1> = — T +w’71) trade
1

(2
B
_% (_1 ijw + 72) trade
(z
B

(X, + 1) 1
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<1+w%»+u—p@)@¢

(@ +1) Byt (A.43)

Combining Equation (A.42) and Equation (A.43) yields the following condition that deter-

mines the coefficients of the decision rule for the terms of trade:

rade Vo wi X wi
7 (1= ——( c+wv))=——( c“m)
1— trade _ﬁ . wflz :_K o w(l:
72( P2 ) 3 1_w§+w’72 3 1—w§+w72

(
E'yg (1=p7"") — %W%,) - — (%mg + 1)
(

v = 2 mn)) = (S 1+ - 1= )
=)= 2 w) == (S0t @)+ 1-m)
(ﬁ (B-1) - %w%) = —% (@7 +1).

We present the final coefficients next.

A.4 Decision Rules

This subsection collects the decision roles of the main variables in our model, the terms of trade,
the trade balance, and the NFA position. These three decision rules are used extensively when

obtaining the proofs of our theorems. Recall that we assume w > 0 throughout the analysis.

A.4.1 Terms of Trade, 317,5

The terms of trade are a linear function of the exogenous shocks and the inherited NFA position,

B

01 = Y1 €% £ 4y €UTP 21y + vs200 + 7 Bric (A.44)

AT



Online Appendix

with the coeflicients

vbﬁ—x wi %L wi
1-w§ w 1-w§
T N T = — N T T — <0 (A.45)
—BXw 4 (L= pfre®) A+ (1= pf )
Yo—X Wi 5 1wl
B 1-w§ 71)5 1-w§
Y2 V2= - e — = — >0 (A.46)
— X 4 (L= phe®) A+ (1= phe)
-1 1
Y3 V3= - = —= <0 (A.47)
== T L R (e g
SBX (1= p) 5L+ (1—p)
Tt = i e (A.48)
— 22w+ (1 - pf) Ty + (1= pi)
B (=) 3ie(-p
b P
Vi B= g S= e <0 (A.49)
o (o) Wt (-
where the coefficient 7, = —%w and the coefficient 7, is given by
—(1-f—xw) -0 -f—xw)*+4x®
w
v, is the stable root associated with the quadratic equation
—wy; 4+ (B—1+x@)7, +x =0. (A.51)

The coefficient v, is negative and decreasing in Y, i.e., %—Z{b < 0 for 0 < B < 1. For the coefficient

v, we therefore obtain %—1” = % <1 — %{b) > 0.

A.4.2 Trade Balance, Tu

Using Equation (A.41), the trade balance is a linear function of the exogenous shocks and the

inherited NFA position, Bl,t—l

T trade trade UIP ®
Tiy = &y "+ aedyy T Fasyy oz +aszag + B (A.52)

)

with the coeflicients

wﬁ L B (1 _pzirade) %
I A i )

aq a1 =
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. 1 _ ptrade w_i
azi a2 =-—7 (’_‘le% + @y = —Eyb n E)i - ZE:‘;ZS <0 (A.54)
az: a3 =wyg = 73 (1w_ TP <0 (A.55)
ag: ay=—-14wy, = (iy:ff()l(iﬂp_f)l) (A.56)
as: oy =1+wy, = — <§1b_+p(§1> (_wp;) Y (A.57)
ap: oy =wy, <0. (A.58)

A.4.3 Net Foreign Assets, Bu

The trade balance is a linear function of the exogenous shocks and the inherited NFA position,

Bl,t—1
Biy = Bi&70% + Bogh i + Bt " + ByBry—1 + Bazis + Bszas (A.59)

with the coeflicients

Bi: Bi= % = %2 ; piljl));%) >0 (A.60)
e e
Byt By= % = —% — (1w_ 7y <0 (A.62)
Bo == ‘%(1%1%()1(?;;)1) (464
By:  By= ab; Lo %7_’) - (A.65)

A.5 Statistical Moments

Using the decision rules of the model, we compute analytical expressions for statistical moments

displayed in the main text and the proofs. To ease notation just within this subsection we define

po= o (A.66)

p = Py (A.67)
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py = P17 (A.68)
Py = pi (A.69)
Ps = pP3 (A.70)

and similarly for the variances ;. Although we generally assume shock processes to be uncor-
related, we do allow for this possibility in the following. The correlations coefficients between
two shocks are denote by p,;.

From the decision rule for Bu in Equation (A.59), the unconditional variance of Bu is

~ B BiB; 1+ pBy pij0i0;
H <Bit> B ; ; { 1- Bi 1 - /%5: 1 - Pz‘/)]j } (A1)

where ¢ and j € {1,2,3,4,5}. The covariance between two exogenous shocks is given by

Pij0i0
E, (fi,tfj,t) 1 i p,/j.
i

(A.72)

and the covariance between Bu and shock &, , is given by

B (6uu) = {2 pmo (A73)

F L—pB,1— PiP;j

Let the coefficients in the decision rules for variables x; and y; be denoted by v and «,
respectively. The variance/covariance of these two variables (expressed in deviations from the

steady state) is

By (zy) = Z Z {(%’O‘j + Qzﬁj) M} (A.74)

PR L= pip;
where
P B 1+ pBy
Q= (v + 7o) ———— + 7 : (A.75)
’ 1 —p;B ’ 1—551_%51)

Here the coefficients 3, or 3, are those in the decision rules of the NFA position.

Similarly, to compute the moments for Az, = 2, — 2,y and Ay, =y, — y,—1 (variables

A.10
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expressed in growth rates), it is

B (AzipAyreer) = 3D {(d%daj +%0 (1= pip;) +138)) —f iia,i,a,j. }
i 7 i

(A.76)

where the coefficients for the decision rules Az,;_y and Ay, relate to those of the original

rules associated with z; and y; as follows

Iy = (dvidoy + dyydoy) ]-_p—;zﬁb + d%dabl fiﬂg i i_ gzgz (A.77)
dv; = 7 (pi— 1)+ 75 (A.78)
dvy = 7 (By—1) =xB, (A.79)
doi = i (p;—1) + awp; (A.80)
doy = ap(B,—1). (A.81)
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B Appendix: Proofs of Theorems

B.1 Proof of Theorem 1 and Corollary 1

Theorem 1 A trade rebalancing shock that improves the home country’s terms of trade (appre-
ciates the real exchange rate), fﬁ’:fde > 0 and/or fg’;fde < 0, is associated with an improvement
of the trade balance. By contrast, a UIP shock that improves the terms of trade (appreciates the
real exchange rate), éﬁp > 0, is associated with a deterioration of the trade balance. If financial
markets provide less risk sharing due to higher intermediation costs, i.e., x assumes a higher

value, the terms of trade are more (less) sensitive to the trade rebalancing (UIP) shock, and the

trade balance is less sensitive to both shocks.

Proof. We split the proof into two parts.

Claim 1: The home country’s terms of trade improve (i.e., the real exchange rate appreciates)
after a positive rebalancing shock towards the home country’s good, ftﬁlde > 0 and/or 55’:,?5[6 <0,
and a positive UIP shock flU’tIP > (. The magnitude of the terms of trade response to a given-
sized shock is increasing in the value of y for rebalancing shocks, but decreasing for the UIP
shock.

Consider the decision rules for the terms of trade computed in Appendix A.4, where

81,15 = 715???616 + 7253:21% + 735[1],1{]3 + V421t T V522t + ’Ybél,t—b (B.1)

The coefficients of interest rate are v, and 4, repeated here for convenience:

R Yo oy “0 (B.2)
1 T+ (1= plred) :
L _%+(11—p‘{”’) <! B3
where 5, = — 7%

Recall that 7, is negative and decreasing in Y, i.e., v, < 0 and %—Z{" < 0 for p > 0. For

the coefficient 7, we therefore obtain %—z(b =3 <1 - %) > 0. Hence, the derivatives of the

coeflicients v, and 5 with respect to x are

1w rade ~
o _ ?1—3"? (=i )2 D (B.4)
TGt (1 o) Ox
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N3 _ ! AN (B.5)
Ix (3, + (1= pY1F))” Ox

Equations (B.2) - (B.5) establish Claim 1.

Claim 2: The trade and UIP shocks move the terms of trade (the real exchange rate) in the
same direction, but move the trade balance in opposite directions. The higher the bond price
elasticity to the NFA position, y, the smaller are the effects on the trade balance of given-sized
shocks. The effects on the terms of trade is larger (smaller) for the trade (UIP) shock, the larger
the value of y.

Consider the decision rules for the trade balance computed in Appendix A.4, where

T trade trade uip »
Tlt = 04151715 + 062527,5 + Oégfljt + Q21 t + 522t + OébBl’t_l. (BG)

)

The coefficients of interest rate are oy and a3, repeated here for convenience:

1 — ptrade fif
o = E ! )t:adel >0 (B7)
B+ (L= pie®)
w
Q3 = —= < 0. (B8)
Yo+ (1= p{"")

The derivatives of the coefficients oy and a3 with respect to x are

1— ptrade i-’_ic ~
doy _ (1=o™); AT (B.9)
O (i (1 ppe))’ Ox
das _ “ AN (B.10)
ox (3 + (1 = p{17))” Ox

Equations (B.7) - (B.10) establish Claim 2.

The theorem follows directly from the two claims. W

These features of the decision rules are also reflected in the unconditional moments of the
trade balance and the terms of trade. Abstracting from technology shocks to simplify the

exposition, the following corollary applies.

Corollary 1 The UIP shock induces a positive covariance between the growth rate of the terms
of trade and the growth rate of the trade balance. The trade rebalancing shock induces a negative
covariance between the two growth rates. When both shocks are present in the model, the overall

covariance 1s determined by the extent of costly financial intermediation as measured by x.

A13
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frade — () for ease of notation. Given the symmetry of our

Proof. The proof assumes &5
setting—the trade rebalancing shocks enter as the difference ft’"ade ftmde in the system (A.29)-
(A.31)—this assumption does not impact the generality of the proof. The covariance between

the growth rate of the terms of trade and the growth rate of the trade balance is

cov <A(A51,t, ATM> = cov (A(ASM, - Aé‘trade i wASL,g)
= 3 iucw1cov <A51 ” Aftmde) + wvar (ASM) (B.11)
where, using Equation (A.76),
cov <A51 N Agtrade) _ (1 _ ptmde) [d% ( i pfirade) - e _tm;igelﬁb] var ( trade)

1— trade
= [(1 (pfirade) )71 _ ( — tmdzgfll Uar( trade)

1 + pt’/‘ade 1— ptlrade :| irad
—Xp [ ——— | var (§{{") <0 (B.12
1 1— ﬂb 1 — ﬁ d Bb ( ) )
and
R tradeﬁ 1+ tradeﬂ
vor (Ab) = [dﬁ +2d71d%Tdel +dv B ptmde b] var (£177%)
Py By I 51) Py By
rade 2 rade
+ (1 (o)) avar ()

IPﬂ 1 +pUIPﬁ
[t st i i ) ar (€14

(1= (7)) vgvar (€117)

2 trade
_ XA 14 Ptradeﬁbvar ( th:;zde) gy <1 _ <p2irade) > var ( tmde)
1— B3 1= pire®ep,

2 2 UIP
X85 14+ p7"" 5, UIP ( X5 ) UIp
+ var +(1+2——+5— | var

1 _ﬂg 1 _pllijﬁb ( Lt ) 1 _pllijﬁb ( Lt )

+7§ (1 — (,OIIHP)2> var ( UIP)

= wvar <A51 t|§tT“de) + var (A51 t|§UIP> ) (B.13)

The overall variance of the terms of trade is the sum of the terms of trade variance that is due

to the rebalancing shock and the terms of trade variance that is due to the UIP shock.
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The variance of the change in the trade balance is given by

(& 2 N
var (ATNM) = < ' ) var (AEY) + wvar (Aéu)

c

+2 ( i C) wcov (ASM, Aftl’:fde) . (B.14)

To understand the comovement between the changes in the terms of trade and the trade
balance, we consider UIP and rebalancing shocks in turns. If the model admits UIP shocks only,

it is 4 cov (AESM, Agtlfgde) — 0 and

__C
1—w§

cov <A(A51,t, AT17t|£(1{fP> = wvar (ASLtlflUfP) > 0. (B.15)

Because var (ATM> = w?var <A317t|§[1{tlp), the associated correlation coefficient is equal to 1.

If the model admits rebalancing shocks only,

wi (L=p™)xBr | XPBY 14 pB,
—wi 1-— Pﬁradeﬁb 1 - 5{% I P'imdeﬁb

2 (1= )y + (1 (pﬁmde)zﬂ var (£7%)

cov <A81,t,ATLt|€§ftade) = [—1 +

1 —wf
T S )’ xBy+ 2 (1-57)
1— w0 |1 plrede, Xt + 2 (1 15})

_|_

1— trade\ 2
—1(plﬁ ) ] U(IT( 'iffde) < 0. (B.16)
— Mb

The negative covariance implies that the associated correlation coefficient is also negative (but
larger than -1).

With the rebalancing shock inducing negative correlation between ASM and Afu and the
UIP shock inducing positive correlation, the covariance in a model with both shocks being active
depends, among other parameters, on the extent of international risk sharing as governed by

the value of y. W

B.2 Proof of Theorem 2 and Theorem 3

Theorem 2 Abstracting from technology shocks, the ratio of the standard deviation of the real

exchange rate, §1¢, and consumption, CA'Lt, 1s 1ndependent of the relative variances of the trade
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rebalancing and the UIP shocks,

std (q1.t) _ std (Aqy ) _ 2w$ — 1 (B.17)
std (CA’M) var (ACA’M) I —wf

The correlation between relative consumption, CA’Lt — C’lt, and the real exchange rate is equal to

minus one regardless of the relative variances of the trade rebalancing and the UIP shocks,
corr (éu - C‘g,t, un) = —1. (B.18)

Proof. Absent technology shocks the consumption-real-exchange-rate variance ratio is

¢ 1\2 h\
std (q1,t) \/(2w1 1) var (51’t> 2w§ —1

— = =3 -~ (B.19)
A —w
std (Cro) \/ (1= wf)var (1) :
The same applies when expressing the variables in growth rates instead of levels.
For the correlation between relative consumption and the real exchange rate it is
o ~2(1 - wf) (205 — 1) E (37,
corr (Cl,t — Cyy, dl,t) = = -1
~92 ~2
\/4(1 —w§)’E (51,15) \/(2‘*’? —1)E (51,1?)
(B.20)

Neither the UIP shock nor the rebalancing shock enter directly into the equations determining
the real exchange rate and consumption. Both shocks enter only indirectly through the terms
of trade. The computed moments of interest do not depend on the relative variances of the

rebalancing and the UIP shock. W

Theorem 3 Suppose the model admits only rebalancing and UIP shocks. In that case, the Fama
coefficient is constant and negative independent of the degree of costly financial intermediation
as measured by x, as long as x > 0:

~ Fama Ccov (EtA(jl,t—l-la e — 7"2’,5) 2(4)% —1 1

_ S ed W ) B.21
var (ri; — ray) 2(1 —w$) 2 (1 — w$) ( )

1
Jor wi > 3.
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Proof. The proof assumes fg:fde = ( for ease of notation. Given the symmetry of our setting—

the trade rebalancing shocks enter as the difference fﬁffde - gg’j;:d@ in the system (A.29)-(A.31)—
this assumption does not impact the generality of the proof. We assume that rebalancing shocks
and UIP shocks are the only shocks in the model. All shocks are uncorrelated with each other.

First, note that using the UIP condition, Equation (A.39), it is

cov (AGig+1, 710 — o) = wvar (rig — ro4) + xCOU (Adl,tﬂ, Bl,t)

+cov (Adl,t+17 fﬁfp) —var (Xél,t + flU,{P)
which, after applying the relationship ¢ = (2w§ — 1) 31775, implies that the Fama coefficient can
be stated as

~ Fama - 1 4 (2(4}(1: — 1)

) [Xcov <A51,t+1, Bl,t) + cov (ASMH, llffp)]

var (1 — a4
1

~var (rie—T24)

[szar (Bl,t> + 2ycov (Bl,ta 5‘%13) + var (flﬁp)} . (B.22)

The decision rules presented in Appendix A.4, imply that the terms entering Equation (B.22)

can be expressed solely in terms of the underlying exogenous shocks:

1. Xcov <A81yt+1, Bl,t>:

xeou (8dy 1, Bra) = xE ( |dyi€i + dyoV 17 + dyyBrasa | Buy)
=3By (14 p8,) B (€705 By )+ x [1+ 8y (1 + 017 8,)] B (€517 Bue) + 62 (B3,

— 2 g1+ P?adeﬁbvar ( tmde) +y [ Bg 14 oY% 3, B3 } var ( UIP)
- rade 1, ,
1= B L= pirp, t L= L=p{"PB8, 1 p{17B, o

2. cov (Aguﬂ, 5%{}3):
cov (80101, €017) = B ([dn€lp™ + dsel[” + dyy Brea| €117)
= (1—1—#%)@@7’( ﬁ{fp)

3. x*var (BM) + 2xcov (Blyt,ﬁlﬁp> + var ( gfp):

2 6% 1+ Ptlradeﬁb ( trade)
X 1 — 21 _ pirade var\Syy
By p1 By,

Yvar (Bu) + 2xcov <Bl,t7€gtlp> +war ( 1U,1{P) =

AT
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2 UIp
o B3 14+p7""B, ( 2x 53 )] UIp
X + |\ 1+ —F555 || var .
11— 5(2, 1—pY17 3, 1—pf1Pp, ( bt )

Note that the last term equals the sum of the first two terms

+

ZASl,t+1,(XB1,t+§H{P> = Xcov <A317t+1, Bl,t) -+ cov <A817t+1, flljfp> . (B23)

Before turning to the variance of the interest rate differential, ry, — ro;, we first establish

that the variance of the growth rate of the terms of trade, ASLtH, is

A . 2
var (Mdyp1) = B ([dmiffd@ + €t + dy B | )
Xzﬂ% 1 + ptlradeﬁb trade

2 trade var ( 1,t )
1— B, 1—pies, '
65 1+ Pllﬂpﬁbvar ( UIP)
1
LT g,
XBs > UIP
+(1+2——5— | var
(12 ) vor €2
= b (xBueliP): (B.24)

+

Finally, we obtain for the variance of the interest rate differential, ry; — ro4, that

var (7“1,15 - Tz,t) = var (A(juﬂ) — 2cov (A(jl,tJrl; Xél,t + §1U,{P)
+var (Xél,t + ngp>
c 2 iy c
= (2w1 — 1) var <A517t+1> — (4w1 — 3) ZAsl’t’(Xleyterj’{P)

= 4 (1 — wf{)z EAgl,t:(XBLt+f¥,{P)' (B.25)

Applying these findings in Equation (B.22), the Fama coefficient reduces to

~ Fama 2(,0(1: -1 1

= 30— w) 20— w) (B.26)
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C Appendix: Model Extensions and Sensitivity

This section presents details on some model extensions:
1. portfolio adjustment costs and borrowing constraints,
2. tariffs and iceberg trade cost,
3. discount factor shocks,
4. generalized labour supply,

5. endogenous discounting.

C.1 Portfolio Adjustment Costs and Borrowing Constraints

Costly financial intermediation is one of many ways to restrict international borrowing and
lending in international macro models and, in addition, obtain endogenous UIP deviations. In
this section we lay out two alternative approaches and show how they relate to our modeling
choices in the main text.

Consider the household budget constraint
Pl oy iCrag + Pl Buisy + iy = Wil + By (C.1)

where the term J; 4, ; stands for the mechanism that limits the ability of households to issue/hold

debt. In the case of costly financial intermediation used in the main text it is
1 b
VIRTES SV 1 Pl,t+jBl,t+j (C-Q)

1t+j

where (b?t +; 1s a function of bonds outstanding.

Here we offer two alternative approaches:

1. a quadratic portfolio adjustment cost, as in Fukui, Nakamura, and Steinsson (2023) or Guo,

Ottonello, and Perez (2023), with

2
1 Bt d .
Jipvj = 57 (m Pl My (C.3)
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where here the costs are measured by household bond holdings relative to the aggregate

value of exports (not the individual household’s choice), Py, M,

2. a borrowing constraint on debt, as in de Groot, Durdu, and Mendoza (2023), with

Jiprg = — My (Bl,t+j + B) (C.4)

where household assets cannot fall below the adhoc level —B, i.e., By;y; > —B. The
borrowing constraint is set to be sufficiently tight so that it binds occasionally. Denoting the
Lagrange multiplier on the time-t budget constraint by Bt)\l,tﬂ-, the borrowing constraint

can be absorbed into the budget constraint since 3'A1 ¢ jpy 4 ; (Bigsj + B) = 0.

As for the case of costly financial intermediation, the portfolio adjustment cost affects the
household’s ability to smooth consumption because the level of asset holdings directly influences
the price of debt. When asset holdings are high, higher portfolio costs discourage further ac-
cumulation of assets and limit risk sharing. In fact, absent the realization of additional shocks,
households reduce their NFA position over time due to the cost which gives rise to endogenous
deviations from UIP. To first order, portfolio adjustment costs and costly financial intermediation
are observationally equivalent.

Borrowing constraints introduce a hard limit on the quantity of bonds in circulation. Once
the constraint binds, no more bonds can be issued. The closer the quantity of outstanding debt
is to the limit 5, the higher the shadow cost of borrowing. As a result, a wedge, that depends
on the NFA position, emerges endogenously in the UIP condition similar to the case of costly
finacial intermediation. However it is important to note, that the approach with borrowing
constraints requires the use of global solution techniques to properly capture the emergence of

this wedge.

C.2 Tariffs and Iceberg Trade Costs

In this section, we show that in the simple model the rebalancing shock is closely related to shocks
to tariffs and trade costs. In detail, we distinguish between import tariffs, export subsidies, and
iceberg trade costs.

We denote the import price of country 1 by P/’; and the producer price in country 2 by Pg{t.

The different trading frictions affect international prices as follows:
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e under iceberg trade costs a share Tsz of the shipped good is lost in the shipping process,
implying an import price P’} to be

. 1
Py, = 1_—7_2-1?61,75132‘1@ (C.5)

e under an import tariff 77", the import price P;’; increases over the producer price according

to

Py = (1+77)erePay, (C.6)

e under an export subsidy 75, the import price P} falls below the producer price according

to

Pli=(1—73,) e Ps, = e, P, (C.7)

If all three elements are present, the following relationship applies between the import price of

country 1 and the foreign production price of country 2

1—7% 1+ -
mo_ m 2,t d __ 1, d
Pl,t - (1 + Tl,t) 1 _ Tice elyt 2,t - 1 _ Ticeelytp2,t‘ (C'S)
1t 1t

Similarly, import prices of country 2 and the foreign production price of country 1 are related

via
]- - T?t 1 ]. + Tth 1 ~
Pr=(1+71)—>r—pPl =_—— > __pd C.9
Using Equations (A.3) and (A.4), the relative prices % and % are shown to be
1, 2,t
P, . IR e
Sd = |Wie T (1- WLt)(sl,t = Fl,t (C.10)
Py
PQC,t - c ~c 5/3% P - —p©
Sd = |War T (1— W2,t) 1t = F2,t (C.11)
Py,
where
1
~c c m 1 - 7—926775 G
1- Wi — (1- Wl,t) (1+ Tl,t) 1 ico (C.12)
— Tt
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1
C

- =77, 1\ »
1—(,0571t = (1—w§,t) ((1—’_7-727})1—20,6%) .

— Taoyt

In the presence of iceberg trade costs the market clearing condition is given by

1
Vig=0C¢ + ———
) 1t ice 12t
1 - 7_2,t
1
Yo, =C8, + ————
) 2% jce T Lt
1-— TG

where M, ; and My, denote the final consumption of imports (net of iceberg costs).

The government’s net receipts from import tariffs and export subsidies amount to

M, 4

S
1— 7

_ s pd Moy
1t 17751 ice "

m DHd
Uiq = Tl,tel,tPZ,
—Toy

From the consolidated budget constraint we obtain

b

P M-
d ~d m Lt d ~d d 2t
Pl,tCI,t + Pl,tMl)t + b Bl,t - Pl,tCI,t + Plvt 1 — _ice + Bl’t_l + Ut71
1.t
or
Plb,tBl,t
o =T+ By
1,
with
M.
d 2»t m
T, = PM1 — PLtMl,t + Ziq
— Tay
1—77 1—73%
_ 1t pd 2t d
== —1 — ice P17tM27t — —1 —ice el,tPZtMl,t'
2t Tit
Similar to the main text we define
x ice
T . T, — 1- Tt 1 - Taot M,
Lt = 17 - x ice Lt :
1,t d — _
I_Técf 1 tM27t 1 Tl,t 1 Tl7t M27t

(C.13)

(C.14)

(C.15)

(C.16)

(C.17)

(C.18)

(C.19)

(C.20)

(C.21)

As the first-order conditions for consumption are unchanged, the model dynamics can be

summarized by the same three equations as before:

Et{ Plc,t |:¢Iit €$p(21,t) _¢b 617p(22,t) 51,t ]} —0

c 2,1
Ff,tHPf,tH exp(z1,041) exp(za,041) 01,641
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- 1-77, 1 pd
Plstl,t ~ 1—7%s Plt 1M2,t—1 ~
—b == Tl,t —|— 1— Blytfl (CQB)
b1y T“Pd My,
b ZCG 5
with
~C m -1 c
P l—wi, 1+ 713, (Fl,t> 690]9(21,051—21%
1t = - — . Y1
-5, 1+ 77, ot exp(zat)
1N -1
1 m Y + 6,0 14p¢
B + 7oy | 145, Lt exp(zl’t)él—z s (C.24)
- - 1 1,t : :
L | s g | ean(z)
1-w5 Lt

C.2.1 Linearized Model

We assume a symmetric steady state with w§ = w§ = w¢, 70 = 74 = 7% with i € {m, z,ice} and

61 =1, B, =0. The dynamics around the steady state are approximated by the equations

(210 — Erz1441) — (2240 — Erzogq1) — <(A517t - Et81,t+1> = XB“ + fUIP (C.25)
BBy =Ty + Biy (C.26)
. G .

T = 7o (600 = €60%) = (210 = 220) + =01 (C.27)

where we now define @ = 1 + 2‘“6 ﬁ The trade shock reflects movements in the four

underlying shocks to preferences, import tariffs, export subsidies, and transportation costs:

~C c
w trade 1 w

-t 1—(@C—wc)1—w05”
+ <1+l d ) ™ _em
pel—(0f —we) ) 1 —gm>tt
1 w® T
_El—(djc—wc)l—ﬂgz’t
PR T e, (C.28)

pel — (@ —we) 1 — rice

The solution for the terms of trade, the trade balance, and the NFA position in the model with
differentiated trade shocks is isomorphic with the solution to the model with a single trade

rebalancing shock.
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C.3 Discount Factor Shocks

We show that the (relative) discount factor shock introduced in Kekre and Lenel (2024) is
largely isomorph with the UIP shock in our settings, in the sense that the UIP and discount
factor shocks induce identical movements in the terms of trade, the real exchange rate, the trade
balance, and the NFA, despite inducing different real interest rate dynamics.

We denote the shock to the discount factor in country ¢ in period ¢ by fdzsc The price of the

internationally traded bond for households in country 1 and 2 then satisfies

C Py
Plbt ¢1 tﬁeXp( dzsc) Et{ Lt i} (C.29)

C1,t+1 Pf,t+1
C
C2,t P2,t €1t }

02,t+1 ch,t+1 €1,t+1

PP, = 65 Bexp (£55°) Et{ (C.30)

Following the same steps as in Appendix A.2, linearization of the dynamic system around
its symmetric deterministic steady state with w$ = w§ and balanced trade, i.e., T} = 0, d; = 1,

By =0, yields the linear system

Ebyis1 — 010 = xBiy + §UIP + (&3 grse — fdzsc)

BBy =T+ By (C.31)

C
Wi

Tiy=-———
’ 1 —w§

( trade Strade) + wSLt’ (032)

where w =1+ 2?—3 The terms trade, Sl,u are measured in log-deviation from the steady state,
TNLt and Bu are in absolute deviations from 0. If the term y > 0, the NFA dynamics are
stationary. We abstract from technology shocks to simplify the exposition.

The relative discount factor shock, fdwc ihf ¢, enters in Equations (C.31)-(C.32) in the same
way as the UIP shock. Thus, conditional on the same realization, the two shocks induce the
same paths of the terms of trade, the trade balance, and the NFA. The real exchange rate will
also follow the same path given its proportionality to the terms of trade. Note that if the steady
state value of the NFA is not zero, the presence of valuation effects may lead to small differences
via Equation (C.31).

However, the discount factor shocks lead to very different real interest rate paths than the UIP
shock. Defining the real interest rates for country i as the real return on a bond that pays one unit

of consumption in country i regardless of the state of the world, it is r;, = fd”c + C’i,tﬂ - O”
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Applying this information and the linearized equations for consumption (A.32) and (A.33), and

the real exchange rate (A.34), we can rewrite the UIP condition as

T — T = By (Cfl,t+1 - Cfl,t) - XBLt - 1U,£’P- (C.33)

In contrast to the UIP shock, the relative discount factor shock is absorbed into the relative
interest rate term. If the (relative) discount factor shock induces an appreciation of the home
country’s real exchange rate, relative consumption of the home country rises relative to the
foreign country, but the trade balance deteriorates. As a result, Equation (C.33) implies that
the (relative) discount factor shocks induce a positive interest rate gap, i.e., 1 —ro; > 0. This is
in sharp contrast to the UIP shock, which induces a negative interest rate differential on impact
because of the term —flﬁp on the right hand side of Equation (C.33).

Based on data for G10 currencies, Kekre and Lenel (2024) argue that the ezpected change
in the real exchange rate comoves negatively with the interest rate differential—the forward
premium puzzle—whereas the [evel of the real exchange comoves positively with the interest
rate differential—interpreted as UIP holding in the long-run. The former evidence favors the
UIP shock, the latter discount factor shocks. When the model is required to match both features
of the data, Kekre and Lenel (2024) conclude that discount factor shocks account for 75 perccent
in the variance of the exchange rate between the dollar and a basket of G10 currencies whereas
the UIP shock accounts for 25 percent. Because the UIP and the (relative) discount factor
shocks have identical implications for the behavior of the trade balance vis-a-vis the exchange
rate, as just shown, bringing the model in line with the data still requires trade rebalancing

shocks and costly financial intermediation as in our baseline specification.

C.4 Generalized Labor Supply

We show that our finding regarding the importance of trade rebalancing shocks as the main
driver of exchange rate movements applies under more general household preferences that allow
for a less-than-fully elastic labor supply. In addition to deriving equilibrium conditions of the

generalized model, we sketch the extension of Theorem 1 and Theorem 2 in this case.
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Let the intertemporal preferences of the household be
- j Vo 1+v

with v > 0. Focusing on the home country, this generalization only affects the first-order

condition with respect to labor, yielding the consumption-labor trade-off

P W
ol sy;C1e = %—P,}l’t = exp (214) I, (C.35)
1t L1t
where
-
Fie = Wi,t + (1 - W(f,t>51,f . (C.36)

Using the demand functions for goods 1 and 2, the market clearing conditions imply

ch,lt = Oﬁt + Moy = A1 Chy (C.37)
Yzc,lt = Cg,t + My = Az Coy (C.38)
where

A, = et 4+ (1 —we Vo | ) C.39
e = |wis+( W) ¢ = 1t (C.39)

7 T 1 =Ty, ’

[ EI O R
Ay = |wi,+(1— W%,t)éf,té—u FQ,t(1+p ) (C.40)
1t

~ l—wi; (Fiy T e Cit
1—-T,, = A il 5, ==, C.41
o 1- w3 (F2,t bt Co ( )

Using Equation (C.35) and the fact that L, ; = )Yl‘ft, we can express consumption as

exp(z1,t

1
1 1+v

Ciy = exp(z14) (V—F{); (Al,t)_u) . (C.42)
0

Notice, that for v > 0 aggregate consumption depends on of the terms of trade (via Fj; and

A, ;) and on the trade balance (via A ;).
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C.4.1 Linearized Model

From here on, we abstract from technology shocks, 21 ; and z9;. Approximating Equation (C.42)

around the deterministic steady state of the model yields

A N 1 -
Cro = —(=wf) oy, — 57T, (C.43)

)

where 7 = 242 (1 — w§) > 0 and 1 = > 0 for w§ > 0.5. With this expression in hand, lineariz-
ing the definition of the trade balance, the risk sharing condition, and the NFA accumulation

condition delivers the equilibrium system

7 (1 _ pirade)

< < Y 1 W] rade rade
Eib1441 — 014 = XB1p + ——— (1],tIP + 1wc ( i,td - g,td ) (C.44)
1

1+ vw l+vw 1-
Bél,t = Tl,t + Bl,t—l (C.45)
T Wy rade rade ~
Tl,t = 1 _1(1)0 ( itd - g,td ) + W(Sl,t (046)
1
with the parameter definitions

. w . X wy wi 1

= = = . C.47
T M Zo 1-@ 1-wil-v (C.47)

Other than redefinitions of the model parameters, the trade rebalancing shocks now enter directly
into the risk sharing condition.

For completeness note, that production follows

Vo = Gt (=) (T +d10) = —— (1 =T (C.48)

1+v

Absent technology shocks, output is proportional to the trade balance. For given-sized trade
surplus, the expansion in output is smaller for less elastic labor supply. Obviously, if the labor

supply is fully inelastic, i.e., v &~ 0o, output does not adjust endogenously.

C.4.2 Decision Rules and Extension of Theorem 1

We obtain the decision rules in the model with less-than-fully elastic labor supply using the

method of undetermined coefficients. The equilibrium terms of trade follow
010 = ’Vlfﬁfde + 7253:?16 + ’7355? + 7B (C.49)
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with the coeflicients

_:Vb + 1:2?@ (1 B ptlrade) i wi

Y1t M= - e . — <0
’Yb+(1_/0t1d) w1l —wy
o i () 1
72 72: ~ trad ~ ~.C >O
ot (1= ) ®1-a%
1
Ttie
Vg : Y3 = —= <0
S et )
where 3, = —7"[;5‘@ and -, is given by

—(1=B—x®) = V(1= B—x@)’ + 45

T = 25

v, is the stable root associated with the quadratic equation
~@7; + (B~ 1+ X®) 7, + X = 0.
Similarly, the equilibrium trade balance follows

)

2 trade trade UIlP ®
Tip = &)yt oy tasly, +apBiia

with the coeflicients

1

L (1 — trade oe
Qo = ( ptlmde) 1Vc >0
Yy + (1_P1 ) 1 —wf
1+1:7fn (1 T pgmde) wi
Q9 g = ——= e — <0
’Yb+(1_102 )1_“}1
1 .
Y]
140
Qg . Q3 — ——= <0
ot (1= o)
ap ap = w7y, < 0.

(C.50)

(C.51)

(C.52)

(C.53)

(C.54)

(C.55)

(C.56)

(C.57)

(C.58)
(C.59)

The coefficients in the decision rules have the same signs for v # 0 as under our baseline

specification with v = 0. In addition, the derivatives of the coefficients with regard to x continue

: o P P
to have the same signs, with 2t > 0, 21 < (0, 92 > (, 2u
) 8X ) 8X Y ax Y 8X

predictions of Theorem 1 continue to apply.
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C.4.3 Backus-Smith Puzzle and Theorem 2

It is central to our claim of trade rebalancing shocks being a key driver of the real exchange rate
that trade rebalancing shocks satisfy the evidence in Backus and Smith (1993). While evident
in our baseline model, it is not immediately obvious that relative consumption increases after a
trade rebalancing shock towards the domestic good when the labor supply is less elastic.
Equation (C.43) and its counterpart for the foreign country imply that relative consumption

relates to the terms of trade and the trade balance as follows
Ciyo—Coy = —2(1—w§) oy, — T, (C.60)

Given that a trade rebalancing shock that improves the home country’s terms of trade also im-
proves the country’s trade balance according to the extension of Theorem 1, relative consumption
could fall if 7 assumes a sufficiently high value. Less mechanically, the trade rebalancing shock
raises the home country’s demand for its own good. Ideally, production of the home good ex-
pands. However, if the labor supply is inelastic, such an expansion can be quite costly. The
additional term —DTM captures this effect.

However, given the fact that Theorem 1 continues to apply, higher costs of financial interme-
diation increase the sensitivity of the terms of trade to the rebalancing shock (v,) and lower the
sensitivity of the trade balance (aq) to this shock. Thus, for a sufficiently high value of y relative
consumption of the home country increases regardless of the value of the labor supply elasticity.

More formally, substituting out for the trade balance, we can express relative consumption as

~,C

Cri—Coy = {— 2 (1 —wi)+ D]y, — vy lec} (€779 — &577%°) + other terms. (C.61)
J— wl ? k)

The term — [2 (1 — w{) 4+ veo]~y, is positive and increases in y, whereas the term _leg‘i is

negative and independent of x. For the structural parameters in Table 1, a value of x > 0.00125
implies an increase in the home country’s relative consumption after a trade rebalancing shock

that appreciates the home country’s real exchange rate for all v > 0.

C.4.4 Financial Integration, Exchange Rate Moments, and the Labor Supply

Finally, we repeat the exercise from Figure 3 for v = 1, shown in Figure A.1. The fit of the

model to the data continues to be surprisingly good given the simplicity of the model. With
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X ~ 0.02, the degree of costly financial intermediation is unchanged in our preferred calibration

compared to the baseline model.

Figure A.1: Standard Labor Supply and Exchange Rate Moments
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Notes: The blue line shows theoretical moments for different values of x. The red horizontal line
indicates the corresponding empirical moment in each panel. The red dot shows our preferred
calibration. The parameters used for this exercise are: w® = 0.9, pgiraze = pevrr = p, = 0.96,
1000 ¢trade = 0.85, 1000 cvrr = 0.57, 1000, = 1, p(21,22) = 0.75, v = 1.

C.5 Endogenous Discounting

Under endogenous discounting as in Uzawa (1968), the intertemporal preferences of the house-

hold in country 1 are given by

> 14
Et Z @1,t+j+1 {ln (017754_]‘) - H——OyLi’—;—T_]} 5 (062)
j=0
where
y -
@1,t+j+1 = \Ifo <1 + exp <hl (Cl}tJrj) — H—OyLifgi])) @LtJrj. (C63)
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U, and ¥ are chosen such that ¥, (1 + exp (ln(Cl) — l’jr—OVL?L”))*\II = [ in the deterministic
steady state. With this change in preferences and an analogous change for country 2, the risk

sharing condition changes from (A.27) to

Et{ Plc,t |:@1,t+1 efﬂp(zl,t) _ @2,t+1 exp(zz,t) 51,t ]} —0. (C.64)

C
Ff,tHPf’tH O1, exp(z141) O exp(22,441) 01,441

With the equations for the trade balance and the evolution of the NFA position unchanged, the

linear system that governs the equilibrium dynamics of 5 1t Tu, and Bu is given by

Aét — EtAZI,t—H + EtAZ2,t+1 + EtA(A;l’H_l -+ DEtATLt—l—l = [lij (C65)
BBy =T+ By (C.66)
=\ T wi rade wi rade iy
(1 — I/) Tlﬂf = 1 —1wc i,td — 1 —1(,uc ;td — 21t + 22t + ’W(SLt (067)
1 1

where differences in endogenous discounting across countries result in the wedge

Aét = - (él,t — z1,t> + 0 (éZ,t - fzz,t)

— (Zl,t — 20— 2(1 — ) (Su + Tl,t>) , (C.68)

e:vp(ln(C)f 1’:& LH'")

1+ezp(ln(C)fly+—OVL1+”)

with & =

We solve for the coefficients in the policy rule for the terms of trade using the method of

undetermined coefficients
fy __end¢trade end #trade end UIP end end end 1
Ore =77 &y 2 & 5 R s 2+ Braa (C.69)

with the parameters

Lol (1-wf) we

end end
e A= — —— <0 (C.70)
o (% . pzirade> 1 wy
1-8 I c
5 20 (1 —wy) o
ygrd s yend = B A —1wc >0 (C.71)
o (E _ p2ra e> 1
en en 1
V3 d: V3 d:_l UIP <0 <C72)
3 P1
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(1—p) - 57 +20(1—w)

Van . ’Yind — - + . (073)
(5 - PT) w5~ PT)
,.yend . ,ygnd _ (1 - p2) - B “i (C 74)
5 . - ’
(3-s) = (4-03)
s =2 (L esba-wnasm) <o (€75

The parameters "¢, 75" 44 have the same sign as under costly financial intermediation.

For completeness, we report the coefficients in the decision rule for the trade balance

T end ~trade end ¢trade end sUIP end nd »
Tl’t - Oél 1,t + 052 2,t + 053 l,t + Of4 Zl ,t + O[5 ZQ St + ab Bl’t_l (C76)

which are given by

end end
af" o™ =1 (C.77)
! ! (% _ ptrade> 1-— W‘lj
1-8 =
=L 4+ 20 (1 —w c
ag:  agi=— |1- L Sl - (C.78)
( pgrade> 1 — wl
en en w
Oé3 d . Oé3 d = _I—UIP (079)
3 P1
~ l—ﬂ ~ c
1 — %) — U == 4+ 20 (1 —-w
asnd ﬁwziiﬁi__w_ - (= wi) (C.80)
(g - Pf) (B - Pf)
T 1-8 T c
1 — %) — =L 420 (1 —-w
ag" . afm = _d-p)-¥ . p2) w+ [1--L ; ( ! (C.81)
(‘ - P§> (5 - P§>
™ o= (Tﬁ +20 (1 —wf) (14 w)) : (C.82)

For appropriate choices of ¥y and ¥, we obtain " > 0 and o™ < 0. The effect of the UIP
shock on the trade balance is always negative regardless of the choices for ¥y and V.

Finally, the coefficients in the decision rules for the NFA position
Bl,t _ end trade + 6end trade Bend UIpP Bendzl,t + /BENdZQ,t + andél,t—l (083)

satisty 3; = % for i = {1,2,3,4,5} and Bt =120 (1 — w$) (1 + @) . Endogenous discounting
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does not change the fundamental feature of the baseline model that the trade rebalancing shock
can be a serious contender to the UIP shock as the driving force of exchange rate fluctuations.

As an aside, the model with endogenous discounting offers an interesting window into
Corsetti, Dedola, and Leduc (2008). These authors show that a positive technology shock in the
home country can induce an appreciation of the real exchange rate under specific assumptions
on the value of the trade elasticity of substitution. They argue that for this to be the case the
trade elasticity must be either very low or quite high (if paired with fairly persistent technol-
ogy shocks). The assumption of Uzawa-type preferences is key to this finding. As shown in
Bodenstein (2011), the dynamics around the symmetric deterministic steady state are explosive
for very low trade elasticities under the assumptions of Section 2, but stable under endogenous
discounting.

Using the solution of the model shown earlier, we can explore the conditions under which
a positive technology shock causes an appreciation on impact. As the terms of trade and the
real exchange rate are proportional to each other, a positive home (foreign) technology shock is
followed by an appreciation if y§™ < 0 (or 7" > 0). This can be achieved in two ways:

1. High trade elasticity and persistent technology shocks: Assuming that the home technology

shock follows (close to) a unit root process, 7§ reduces to

20 (1 —w)

5 = I _ + 1 (C.84)
o =(5-1)
Recalling that the trade elasticity is given by 1;—50 and w =1+ “;—cc, the second term in

Equation (C.84) decreases as the trade elasticity rises and vanishes as the trade elasticity
approaches infinity. By contrast, the first term is independent of the trade elasticity. Thus,

there is a threshold value of the trade elasticity above which v§** < 0.

2. Low trade elasticity: As for the low-elasticity case discussed in Corsetti, Dedola, and Leduc

(2008), notice that w is negative for low values of the trade elasticity, as is v§".
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D Appendix: Medium-scale Model

D.1 Model Description

The model consists of two country blocs, which we index with subscript j € {1,2}. The home
country, which we associate with the U.S., is indexed as 7 = 1, and a foreign block, which we
associate with the rest of the world, is indexed as j = 2. Let parameter n; € (0,1) denote the
country size, with the restriction that n; + ny = 1. Each country is populated by households,
wholesale retailers, and intermediate goods producers, and a government who conducts fiscal
and monetary policy. The good produced by each country is made up from a continuum of
varieties; the domestic and foreign good are imperfect substitutes for each other. The only asset
trading internationally is one non-state-contingent bond that is denominated in the currency of
the domestic country. Trade in the financial asset is constrained by the fact that international
financial intermediation is costly.

Households. Each country has a continuum of risk-averse households of measure one. Each
household consists of a continuum of workers who supply differentiated labor to firms through an
employment agency. We assume perfect risk-sharing within the household. Households derive
utility from consumption and disutility from labor.

Let C;; denote households’ consumption of the final good in country j, B;; their holdings

of the bonds denominated in the currency of country 1 with price P> International asset

e
markets are incomplete, and the only asset traded internationally is the non-state-contingent
bond denominated in the currency of country 1. Thus, international borrowing and lending
occur only in U.S. dollars. II;; are the profits received from firms, 7}, are lump-sum taxes
collected by the government, n;.(i) denotes the labor supply of differentiated labor variety

i€ (0,1), and w;,(7) is the associated nominal wage. Households in country j choose Cj;, B;¢,

and {n;:(¢), w;.(i)} to maximize expected lifetime utility given by

E, Zﬁt {log (C’N — bé'jjt_1> — ;ﬁ_—NU njﬂ:(i)H"di} )
t=0

n > 0 is the Frisch elasticity of labor supply, ¥ 5 controls the disutility from labor, and C’jyt is

aggregate consumption in country j, which implies that households exhibit external habits on
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their consumption decisions.?? The households’ budget constraint is
b,1

Py Bjy . N DB
PG + eXP(Cff)# = /wz,t(l>n2,t(l>dl + élt + 1L + T,
Jit gt Jit

where eﬁt is the price of currency from country k in units of currency of country 7, the nominal
exchange rate, and obviously e;‘?’t = 1 for k = j. As in our analytical model, gbf’t captures
the financial intermediation cost of trading bonds for country j. The budget constraint states
that purchasing final consumption and new bonds must equal total labor income, proceeds from
existing bond holdings, and firms’ profits, net of lump-sum taxes. ijf is a risk-premium shock
that shifts the demand for bonds, whose shifts in income are rebated back lump sum to the
household.?

Asset Markets. We assume that financial intermediation costs affect bond trade across

borders but not within borders, thus ¢, , = 1. With this restrictions the only non-trivial inter-

ms__ B2t UIP)
Y

mediation cost is ¢, ,, which we assume the functional form ¢,, = exp (—X T 1t
? ’ 2,t° 2 s ’

with x™* > 0. Notice that we normalize the NFA position by aggregate output in this section
following most of the literature and not by exports as we did in the analytical model for conve-
nience. The term gﬁ{t“’ is the UIP shock that scales the return of the dollar bonds for foreign
households.

Final Consumption and Investment Goods. The production of the final consumption
and investment goods is conducted by perfectly competitive firms and is symmetric between the
two countries. We describe a generic country j € {1,2}. The final consumption good C;; is
produced by combining the final intermediate good C’;ft and imports M, of the final intermediate

according to
[

1/0 L 0 7 c Sl A
Cj,t = Wt/ C]C'l,t ’ +(1_wt>1/ ((1_wj,t)Mj,t) ’ }

where 6 > 1 is the elasticity of substitution between home and foreign intermediate goods, with

wi = wexp (§5,), where w € (0.5, 1] is the home-bias parameter, and £, is a shock to the home

22 For notation, we use X to denote the allocation by an individual agent, whereas X denotes the allocation
by the representative agent.

RP b,1
. [T . exp(¢; P/ Bjt .
23 As a result in equilibrium the household receives a transfer (1 — ng]'t > -7‘6‘1 2~ whose size he takes as
gt 3.t

given.
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bias in domestic consumption.
Similarly, the final investment good I;; is produced as a composite of the final intermediate

good Ij‘%t and imports M ]’t of the final intermediate from the other economy according to
i1/0 ;q 45t iN1/0 ; i\ &5t aat
Iy = [Wt Iy "+ (1 - Wt) ((1 - wj,t)Mj,t) ]

with w! = w'exp (5;";) where w’ € (0.5, 1] is the home-bias parameter for investment goods and

57; is a shock to the home bias in domestic investment.

The import adjustment costs for consumption and for investment, parameterized by ¢;,t’
attenuate the response of imports to changes in relative prices in the short run, allowing for
differences between the short-term and the long-term trade elasticities. We assume these ad-
justment costs take the quadratic form proposed in Erceg, Guerrieri, and Gust (2005).

Domestic and imported intermediate goods are bundles of a continuum of intermediate va-

rieties aggregated according to the following technologies

d
A 3,

! gt 1 i
Vii= /0 (Vji(h)) 5+ dn My = /0 (Mj4(h)) “5¢ dh

where uﬁt are time-varying elasticities of substitution, defined as u;{t = ul exp(fﬁl ) and ,u% =
M exp( ;%f — (q;) with shocks 55;; for k € {d, M} following AR(1) processes. (g; induces time
varying markups for exporters capturing pricing-to-market-type behavior in a reduced form
manner following Alessandria and Choi (2021).

In equilibrium, the supply of final consumption goods has to equal the consumption demand
by households and the government, C;; = C;; + G;;. The market clearing conditions for the
demand for domestic and imported goods are Y}, = CY, + I{,, and M;, = M{, + M;,.

Intermediate Goods Producers. A continuum of perfectly competitive firms produces
a homogeneous intermediate good sold to intermediate retailers. Intermediate producers rent
labor from the employment agency and rent capital from capital goods producers to operate
a Cobb-Douglas production technology Y, = exp({ﬁt)l_(ﬁ‘t]\f]{;a, where o € (0,1), {ft is an
aggregate technology shock, and [_(jﬁt is effective units of capital. We allow variable capital

utilization, with u;, the utilization rate. Therefore, effective capital is related to installed

A.36



Online Appendix

capital as follows: K;; = K, juj;. We assume that adjusting the utilization rate is costly

and proportional to the level of capital, A(u;.)K;,_1, where A(u;,) has the following functional

K exp(§(ujt—1)—1)
3

Capital Goods Producers. Every period, perfectly competitive firms, investment goods

form A(u;;) =7 , where £ > 0 and r¥ is the steady-state rental rate of capital.

to augment the undepreciated capital stock K;; = (1 — 0)Kj;—1 + exp(f}’-’t)F(Iﬂ, I;+—1), where

f;t is a shock to the marginal efficiency of investment as in Justiniano, Primiceri, and Tambalotti

(2010), and F(L4, 1j1-1) = L4 [1 -5 (I]Iﬁl)] represents flow adjustments costs, and S(.) is a

convex adjustment cost function, as in Christiano, Eichenbaum, and Evans (2005).

Intermediate Retailers. Intermediate retailers purchase the homogeneous intermediate
goods and produce a differentiated variety at no cost. Each country has two types of retailers:
domestic retailers who sell in local markets and exporters. Retailers operate in monopolisti-
cally competitive product markets and sell the intermediate varieties to the wholesale retailers
described above. They purchase their inputs at price MC;; from intermediate good producers
and turn them one for one into units of their variety. We assume that intermediate retailers set
prices subject to a Rotemberg-type quadratic adjustment cost, where we map the scale of the
adjustment costs to a Calvo price adjustment parameter 6, and ¢, for the domestic good and
exports, respectively, following the mapping in Keen and Wang (2007). We assume that prices
are sticky in the currency of the country in which the sale takes place, giving us local currency
pricing behavior.

In more detail, domestic retailer A in country j solve the following optimization problem:

e, (h) ph, ) 2 A
Tiupleca (W) = mag | SRV () = MO V() = 5 (25 = 75) + BB T ()
J,t ’
d _,U'dt
subject to Y;'C,lt (h) = <pj1§§h)> : Y}(ft'
J,t

Here \;; denotes the marginal utility of consumption of the representative consumer in country
j in period t. For ease of interpretation we map the scale of these adjustment costs to a Calvo

probability 6,: ®p = (! — 1) 1%~

Meanwhile exporters solve:

Jx x . o pit(z) M . MC M . ‘:I)?g pit(l) — 2 E )\j,t
j,t(pj,t—1<2)) = max = M4 (i) — M (i) — 2 \p, () ;) + PE, X

1 gz (pT (i
pe, (i) | Pt 7t ],t-i-l(p],t(z))
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@ (i) Mot
subject to M;, (i) = (%) " M ;.

An index of —j refers to the index of the trading partner, so —j = 1 if j = 2 and vice versa.

For ease of interpretation, we map the scale of these adjustment costs to a Calvo probability 0,

% = (uM — 1) gxﬁ.

Labor markets. Workers in country j supply differentiated labor through employment
agencies, which bundle the differentiated varieties into a homogeneous labor input N, and
sell it to intermediate producers at a nominal wage W;. Therefore, the demand for the labor
varieties is given by N;, (i) = (VI;VJ—E(:U o N;+. The employment agency sets the wages for each
labor variety subject to Rotemberg-type quadratic adjustment frictions. To be more specific,

employment agency ¢ solves the following maximization problem in period ¢ expressed in recursive

form:

W, (3) Ny N e G -\
SN — 5 2 (s )

+ BB T (Wia()]

At

(3 7uw
subject to Nj (i) = <V[‘/,V7—j(t)> Nj,.

The solution to the maximization problem results in a standard wage Phillips curve for the

real wage (w;; = V;,/—]Z) For ease of interpretation we map the scale of these adjustment costs to
Js

a Calvo probability #,, using the mapping in Born and Pfeifer (2020):**

pd—1 46, l—a

_ w
Pw = (1 b pt 1 —0,1— %0,

Monetary and Fiscal Policy. The government issues no debt and runs a balanced budget
by financing its expenditures with lump-sum taxes levied on the households, that is, T = G .
Government expenditures are given by G, = exp(§ )G, where G is the steady-state level and
{ft is a government expenditure shock.

The monetary authority in each country sets nominal interest rates following a Taylor-like

24 Here, we implicitly impose already that in our calibration u? = ™. Y denotes steady state output.
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rule which reacts to inflation and the output gap:

17
R;, Ri a \"2 | (77" [ Y ~r R
R = R 7?—] Y.ftlex eXp(gj,t)
4,

1/4

3

_ . . . . P 1 .

where 7, = (H 7Tj7t_s) is the 4-quarter average inflation with 7;, = —P¢i’t1, and ijtex is
s=0 Jrt—

aggregate output in the flexible-price version of the economy and f‘ft is a monetary policy shock
following an AR(1) process.

For the analysis of the Mussa puzzle in Section 5.3 we modify the policy rule as follows:

1—
Mo (Be) " 12 () ()] it
R R ﬁj }/j{‘tlear e%,t—l /e

Where ¢, controls the response of the policy instrument to the growth rate of the nominal

exchange rate. A flexible exchange rate regime corresponds to ¢, = 0. We model a fixed

exchange rate regime with ¢, = 1000.

D.2 Calibrated Parameters

We calibrate most model parameters to standard values in the literature. Table A.1 reports the
calibrated parameters. On the household side, we set the (inverse) Frisch elasticity to 1 and
target total hours of 0.33 in steady state. External habit is set at 0.8, and we target an interest
rate of 4 percent annually.”” The wage stickiness parameter, ,,, is set to 0.85 and the elasticity
of substitution between labor varieties, 4" to 4. Regarding production-related parameters, we
set a = 0.29, the depreciation rate to 2.5 percent per quarter and the curvature parameters of
the cost of capital utilization and investment adjustment to 1 and 5, respectively. The “Calvo”
parameters controlling the frequency of price changes are set to 0.85. We target an elasticity of
substituion between goods varieties of 4 and set the slope of the export elasticity to the exchange
rate to 0.75 following Alessandria and Choi (2021).

We set § = 1.5 and ¢ = ' = 10 for the parameters affecting trade flows, implying a

long-run and a short-run trade elasticity of 1.5 and around 0.3, respectively. Regarding country

25 Our measurement equation for the interest rate adjusts the intercept to be consistent with average short-term
interest rates.
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size, we assume that the U.S. is 25 percent of the world economy. We set the share of imported
goods in U.S. consumption to 7 percent and 50 percent for U.S. investment. For the rest of the
world, we re-scale these two moments proportionally to obtain balanced trade in a steady state.

Concerning policy parameters, we set the government expenditure-to-GDP ratio to 22 percent
and assume that the Taylor rule responds to the lagged interest rate with a weight of 0.75, to
4-quarter average inflation with a weight of 1.5 x (1 —0.75), and to the output gap with a weight
of 0.1 x (1 —0.75).

Table A.1: Calibrated Parameters

Parameter Description Value
n Inverse Frisch Elasticity 1
b Consumption Habit 0.8
15} Household Discount Factor 0.99
0 Elasticity of Substitution Home Foreign Good 1.5
v Trade Adjustment Costs 10
wC Consumption Home Bias U.S. 0.93
wt Investment Home Bias U.S. 0.5
n Size U.S. 0.25
uv, u? Elasticity of Substitutions 4
0. Calvo Wage 0.85
0p Calvo Domestic 0.85
o, Calvo Export 0.85
¢ Export Markup elasticity 0.75
Capital Elasticity Production 0.29
Ok Depreciation Capital 0.025
S Investment Adjustment Costs 5
13 Slope Utilization 1
g Government Expenditures Share GDP 0.22
Ynr Inertia Taylor Rule 0.75
O Taylor Rule Inflation Response 1.5
Oy Taylor Rule Output Gap Response 0.1

Notes: This table lists the parameters that are calibrated to values shown here. See
the text for the details on the calibration targets. We omit scale parameters like
11, as they depend on estimated parameters and vary across different exercises.

D.3 Data and Inference

We use Bayesian methods to estimate the parameters governing the shock processes and the

parameter y"*® that governs the costly international financial intermediation process using the
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data described in the main text. In matching the data to the model, we allow for intercept
terms in the measurement equations and measurement error in all the observable time series of
the rest of the world.?® Table A.2 gives details of the prior specification for the persistence and
standard deviations of the exogenous processes. For the parameter x"®, we either use a wide

uniform prior or re-estimate the model along a grid, fixing the values of x™* a-priori.

D.4 Estimation Results

Table A.2 shows the posterior distribution of parameter estimates. The estimated persistence
of UIP shocks is close to unity, while the home bias shocks have significantly lower persistence.
As previously discussed, the transmission of endogenous UIP deviations hinges on the degree
of financial integration. The top row in Table A.2 shows the prior and posterior distribution of
the parameter x™°. Although there is substantial uncertainty in the estimation, the posterior
distribution peaks at an estimated value of x™* = 0.12. We note that this estimated value of x™*
is crucial to recovering the endogenous deviations of UIP from the data. Using x™® to induce

first-order stationary dynamics results in a substantial deterioration of model fit.

D.5 Sensitivity Analysis

This section collects more details on the robustness experiments for our estimated quantitative

DSGE model discussed in the main text.

D.5.1 Variations of the Medium-Scale Model

To compare different estimation exercises, we focus on the same set of moments presented in
the main text, but expanded to include the relative volatility of investment and consumption
growth. Table A.4 reproduces the moments in our dataset and the simulated counterparts from
the Baseline model on the left. We show results for four alternatives. First, while we assume
Local Currency Pricing (LCP) in the baseline model, a common alternative in the literature
is Dollar Currency Pricing (DCP). We re-estimated the model under DCP. Overall results are

similar to our baseline findings, as shown in the table. While the DCP model produces a real

26 Measurement error is set to equal five percent of the in-sample variance of the underlying series. We use
DYNARE to implement a standard RWMH algorithm for our estimation. See Adjemian, Bastani, Juillard,
Mihoubi, Perendia, Ratto, and Villemot (2011) for details.
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Table A.2: Estimated Parameters - Medium-Scale Model

Parameter Description Prior Distribution Posterior Distribution
Family [P(1), P(2)] U.S. Rest of World
Financial Integration
xXme Fin. Intermediation Cost u [0,0.2] - 0.12
[0.07,0.17)
Standard Deviations
100 x o Monetary Policy Shock e [0.1,1] 0.12 0.11
[0.10,0.13) [0.08,0.13)]
100 x o Government Policy Shock 76 [1,5] 2.29 1.76
2.06,2.52] [1.54,1.98]
100 x o MEI Shock 16 1, 5] 3.89 7.64
[3.11,4.68] 6.16,9.08)
100 x orp Risk Premium Shock g [0.5,1] 0.76 0.95
[0.57,0.95] [0.73,1.16)
100 x o 4 TFP Shock g [0.5,1] 0.43 0.39
[0.39,0.47] [0.14,0.67]
100 x oy, Home Bias Shock g [1,5] 3.86 0.99
3.29,4.41] (0.84,1.14]
100 x o, Markup Shock g [1,5] 26.33 9.60
[16.86,35.62] [6.18,12.99]
100 x oyrp  UIP Shock g [1,1] - 0.19
[0.15,0.23)
Persistence Parameters
Monetary Policy Shock B 0.5,0.25 0.71 0.77
PR onetany ToRey Shoe 05, ] [0.66,0.76] [0.70,0.84]
Pc Government Policy Shock B [0.5,0.25] 0.97 0.99
[0.94,0.99] [0.98,1.00]
Pr MEI Shock B [0.5,0.25] 0.65 0.21
[0.54,0.76) [0.04,0.37]
PRP Risk Premium Shock B [0.5,0.25] 0.81 0.77
[0.75,0.86) [0.71,0.83)
Pa TFP Shock B [0.5,0.25] 0.99 0.56
[0.98,1.00] [0.16,0.99]
P Home Bias Shock B [0.5,0.25] 0.73 0.68
[0.68,0.78] [0.61,0.75)
Py Markup Shock B [0.5,0.25] 0.63 0.88
[0.44,0.82] [0.82,0.95)
UIP Shock B 0.5,0.25 - 0.99
Purp o¢ [0-5,0-25] [0.98,1.00]

Notes: U is Uniform distribution; ZG is Inverse Gamma distribution; B is Beta distribution. P(1)
and P(2) are the mean and standard deviations for Beta and Inverse Gamma distributions. For
Uniform distributions, P(1) and P(2) represent the hyper-parameters determining the lower and
upper bound of the support of the distribution. The table reports the posterior mean and the
90% credible set in square brackets. We omit the level shifters in the measurement equations.
We rounded to the second decimal. As a result, for example, pf, lies between 0.98 and 1.00.
Using greater decimal precision, the interval is [0.9772,0.9997].
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Table A.3: Estimated Parameters - Medium-Scale Model without Trade Shocks/Data

Parameter Description Prior Distribution Posterior Distribution
Family [P(1), P(2)] U.S. Rest of World
Financial Integration
X Fin. Intermediation Cost u [0,0.2] - 0.05
[0.01,0.08]
Standard Deviations
100 x o Monetary Policy Shock e [0.1,1] 0.12 0.10
[0.10,0.13] [0.08,0.13]
100 x o Government Policy Shock 76 [1,5] 2.01 1.50
[1.81,2.22] [1.29,1.70]
100 x o MEI Shock 4 [1,5] 3.49 7.95
[2.66,4.29] (6.52,9.39]
100 x orp Risk Premium Shock g [0.5,1] 0.91 1.02
[0.71,1.11] [0.80,1.25]
100 X 0 4 TFP Shock 76 [0.5,1] 0.43 0.38
[0.39,0.47] [0.14,0.63]
100 x o, Markup Shock g [1,5] 32.46 9.85
[24.71,39.85] [6.82,13.04]
100 x oyrp  UIP Shock e [1,1] - 0.30
[0.21,0.37]
Persistence Parameters
PR Monetary Policy Shock B [0.5,0.25] 0.72 0.78
[0.67,0.77] [0.71,0.85]
Pa Government Policy Shock B [0.5,0.25] 0.96 0.98
[0.93,0.99] [0.97,1.00]
o1 MEI Shock B [0.5,0.25] 0.70 0.18
[0.59,0.82] [0.02,0.32]
PRP Risk Premium Shock B [0.5,0.25] 0.77 0.76
[0.72,0.82] [0.71,0.82]
Pa TFP Shock B [0.5,0.25] 0.98 0.58
[0.97,1.00] [0.19,0.99]
Py Markup Shock B [0.5,0.25] 0.49 0.88
[0.35,0.63] [0.82,0.93]
UIP Shock B 0.5,0.25 - 0.95
Puip o¢ [0-5,0.25] [0.91,0.98]

Notes: U is Uniform distribution; ZG is Inverse Gamma distribution; B is Beta distribution. P(1)
and P(2) are the mean and standard deviations for Beta and Inverse Gamma distributions. For
Uniform distributions, P(1) and P(2) represent the hyper-parameters determining the lower and
upper bound of the support of the distribution. The table reports the posterior mean and the
90% credible set in square brackets. We omit the level shifters in the measurement equations.
We rounded to the second decimal. As a result, for example, p¢ lies between 0.97 and 1.00.
Using greater decimal precision, the interval is [0.9659, 0.9996].
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exchange rate volatility closer to the data, it performs somewhat worse in terms of the correlation
between the growth rates of the RER and net exports. Similarly, removing the reduced form
Pricing-to-Market (PTM) assumption from the international markup to the real exchange rate
has limited effects once the entire model is re-estimated—see column "No PTM”. Next, one
concern with our exercises is that the country-specific home bias shocks may partially capture
changes in trade openness that are common across countries. To assess this possibility, we add a
third home bias shock that is perfectly correlated across countries and whose relative impact on
the two countries leaves the real exchange rate unchanged.?” The results are shown under the
column ”Global w”. While the share of the real exchange rate explained by trade rebalancing
shocks declines, they remain the main contributor to the variance of the exchange rate. Finally,
we replace the risk premium shock in each country with a preference shock in the form of a
shock to 8 similar to (Kekre and Lenel 2024)-see column ”5” Shock”. While this shock helps
generate a more volatile real exchange rate, it leads to a deterioration of the correlation between

the growth rates of net exports and the real exchange rate and the Backus-Smith correlation.?®

D.5.2 Results for Advanced Economies countries

The reader might also be concerned that our estimation sample includes emerging market
economies as part of the rest of the world, whereas a large part of the literature has focused on
developed economies, such as the G-10, as a counterpart to the US. To address this concern,
we re-estimated our baseline model using a dataset that includes only advanced economies to
represent the rest of the world, as well as trade flows and real exchange rates. Results are shown
in table A.5. While the exact moments change, we can see that our main arguments and re-
sults are robust to this change (see "Main”). In addition, a model estimated without the trade
rebalancing shocks and trade data still struggles to match the correlation of the real exchange
rate and net export growth ("No Trade”). Finally, although we lacked sufficient data coverage
to construct a series for total hours for the rest of the world at a quarterly frequency, we can

do so for the advanced economy sample using the data from Ohanian and Raffo (2012). This

27If the two countries were of the same size, this would mean that the direct impact would be the same for
both.

28 We have also experimented with calibrating the persistence of the preference shock to a very value in line
with (Kekre and Lenel 2024) and found that, while such calibration improves some of the international moments,
the overall fit of the model declines noticeably.
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Table A.4: Exchange Rate Moments - Medium-Scale Model - Robustness

Data Baseline DCP No PTM Global w f Shock
Disconnect and PPP puzzles
oAq/oAy 4.14 3.19 3.73 3.22 3.05 5.43
o(q) 0.96 0.91 0.91 0.90 0.90 0.88
International Co-movement
p(Ay, Ay*) 0.39 0.13 0.13 0.13 0.16 0.10
p(Ay, Ac) 0.67 0.62 0.73 0.63 0.65 0.47
Backus-Smith and Forward Premium
p(Aq, Ac — Ac*) -0.02 0.23 0.17 0.23 0.26 0.39
Fama (real) B -1.03 -0.20 -0.18 -0.20 -0.21 -0.11
RER and NX
p(A%,Aq) -0.10 0.07 -0.38 0.08 0.12 0.53
U(A%)/U(Aq) 0.14 0.15 0.14 0.15 0.15 0.13
Percent of RER variance explained by
UIP Shocks 15.38 17.04 14.74 18.70 19.14
Trade Rebalancing Shocks 50.31 37.31 47.87 36.53 27.91
Consumption/Investment Volatility
oAi/oAy 3.16 2.59 2.82 2.68 2.60 3.15
oAc/oAy 1.03 0.75 0.81 0.74 0.76 0.81

Notes: Moments for the medium-scale models are computed using 1000 simulations drawn from
the estimated innovations at the posterior mean. Each simulation includes 140 quarters to match
the number of observations in our data sample from 1985Q1 to 2019Q4.

addition has little impact on the displayed moments or other results (”Foreign Hours”).
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Table A.5: Exchange Rate Moments - Medium-Scale Model - Advanced Economies

Data Main No Trade Foreign Hours

Disconnect and PPP puzzles

oAq/oAy 8.62  5.27 5.17 5.18
p(q) 0.97  0.89 0.89 0.88
International Co-movement

p(Ay, Ay*) 0.57  0.02 0.08 0.03
p(Ay, Ac) 0.67  0.77 0.84 0.77
Backus-Smith and Forward Premium

p(Agq, Ac — Ac) 0.06 0.25 0.10 0.24
Fama (real) /3 -1.96  -0.52  -0.32 -0.47
RER and NX

p(A%,Aq) -0.03 0.01 0.89 -0.01
U(A%)/U(Aq) 0.04 0.04 0.05 0.04
Percent of RER variance explained by

UIP Shocks 10.60 78.38 11.45
Trade Rebalancing Shocks 64.97 0.00 66.35
Consumption/Investment Volatility

oAi/oAy 3.16 2.28 2.71 2.28
oAc/oAy 1.03 0.35 0.82 0.76

Notes: Moments for the medium-scale models are computed using 1000 simulations drawn from
the estimated innovations at the posterior mean. Each simulation includes 140 quarters to match
the number of observations in our data sample from 1985Q1 to 2019Q4.
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E Appendix: External Validation

E.1 Cross Country Evidence

Our model predicts that expected excess returns on dollar denominated bonds are positively
related to the home country’s net holdings of foreign assets (NFA position).? To test this
prediction without relying on the full structure of the model we run the following panel regression
of monthly ex-post excess returns of country-i (z;;) on country fixed effects (d5), month fixed

effects (0;") and its net foreign asset position as a share of GDP (NFA,,):
Liﬂf :5f+5;n+ﬂ X NFAi,t+€i,t' (E]_)

To be consistent with our model’s prediction, the regression coefficient S has to be positive.
We test this condition using monthly data from 28 currencies that includes G10 and emerging
economies over the period 1990:m1-2019:m12. Our choice of countries and sample periods is
dictated by the availability of comparable data on bond yield differentials. We compute realized
three-month and 1-year ahead excess currency returns using spot exchange rates and interest
rate differentials based on government bond yields at the three-month and 1-year tenors from
Du, Im, and Schreger (2018). To approximate the NFA position, we rely on estimates of the net
international investment position to GDP ratio from Milesi-Ferretti (2024).

Table A.6 summarizes our findings. Columns (1) and (2) report results for G10 countries,
while columns (3) and (4) report results for all countries in our sample. In line with our
theory, the coefficient on the NFA position is positive and statistically significant across all

specifications.®”

29 The expected excess return on holding the internationally traded bond, ¢;, can be obtained either using real
or nominal variables since t; = E¢(Gi+1 — ¢t + T2, — T1,4) = Ee(é141 — é + %27,5 — %l,t) with the nominal exchange
rate e; and the nominal interest rates i;,, j € {1,2}. Using nominal variables to construct the return series is
more direct because it does not require the use of inflation data. Following Equation (24), the expected excess
return is increasing in the NFA position.

30 Our results regarding the correlation between excess returns and the NFA position are robust to controlling
for interest rate differentials or to alternative measures of the NFA position such as the GDP share of dollar-
denominated net debt estimated in Benetrix, Gautam, Juvenal, and Schmitz (2019).
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Table A.6: USD Nominal Excess Returns and NFA

G10 currencies All currencies

3 months 1 year 3 months 1 year

(1) (2) (3) (4)

NFA 0.02**  0.05*  0.02**  0.03***
(0.005)  (0.011)  (0.005)  (0.009)
Currencies 9 9 28 28
Observations 2,188 2,188 5,696 5,696
R? 0.06 0.03 0.15 0.02

Notes: Standard errors in parentheses. * p < 0.1, ** p < 0.01, *** p < 0.001

E.2 Trade rebalancing, trade costs, and tariffs

To provide external validity of the trade rebalancing shocks we compare the model implied
import wedge wi extracted from our estimation, with two measures measuring the relative cost
of imports in the data. For comparability, we report the resulting time series at the annual
frequency for comparability and in standard deviation units.

First, we measure the effective import tariff rate using data from the U.S. Federal Govern-

ment’s Current Receipts and Expenditures from the National Income and Products Accounts

CDy
CD¢+My?

(Table 3.2). We collect total custom duties, C'D;, and construct import tariffs as 7, =
where M, is the dollar value of total imports, net of tariffs. Second, we construct a broad measure
of trade costs using data from the World Input-Output Database. We follow the methodology
from Cuba-Borda, Reyes-Heroles, Queralto, and Scaramucci (2025) to recover bilateral trade
costs in final consumption goods. This measure of trade costs encompasses tariffs, non-tariff
barriers such as trade quotas, and any other barrier to trade, such as shipping costs or trade
uncertainty. We compute these bilateral trade costs for the U.S. and 25 trading partners from
1972 to 2014.

Figure A.2 shows that the model implied trade wage, wf, shown in the blue solid line, tracks
the evolution of the two empirical counterparts in the data. Our model’s trade wedge picks up
the secular decline in trade costs and tariffs and some important trade shocks, such as President
Ford’s tariff on oil imports in 1975 or the increase in trade costs in 2009 associated with the
Great Trade Collapse.

Our model implied rebalancing wedge has a correlation of 0.86 with the data on effective U.S.
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import tariffs over the sample period, while the correlation with the second measure is about
0.92. Our interpretation of these correlations is that fluctuations in our rebalancing wedge are
consistent with the dynamics of trade costs, thus offering support to the link between exchange

rate and the trade balance dynamics we explore in this paper.

Figure A.2: U.S. Tariffs and Model Implied Home Bias
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F Appendix: Data

We estimate the exchange rate moments presented in Section 3 and the medium-scale model in
Section 5 using quarterly macroeconomic data of a trade-weighted sum of foreign economies and
the United States.

We collect quarterly time series for the following 35 country/blocs: Argentina, Australia,
Brazil, Bulgaria, Canada, Colombia, Chile, China, Croatia, Czech Republic, Denmark, Euro
Area, Hong Kong, Hungary, India, Indonesia, Israel, Japan, Malaysia, Mexico, New Zealand,
Philippines, Poland, Romania, Russian Federation, Saudi Arabia, Singapore, South Africa,
South Korea, Sweden, Taiwan, Thailand, Turkey, United Kingdom and the United States. Our
sample of countries represents about 85 % of PPP-adjusted world GDP in 2019. Unless otherwise
note, all data is seasonally adjusted. Our data covers the period 1985Q1-2019Q4.

Below we list the variables used in the analysis together with the required transformations.
For a detailed list of data sources, see (Bodenstein, Cuba-Borda, Gornemann, Presno, Prestipino,

Queraltd, and Raffo 2023).

F.1 Interest rates and Inflation

For consistency across countries, we measure the policy rate using the money market interest rate
where available, otherwise we use the deposit rate. We use the short rate time series constructed
by Krippner (2020) for Canada, the Euro Area, Japan, UK, and the U.S. in periods of a binding
effective lower bound instead of the policy rate itself to proxy for other policy measures being
taken. Our measure of inflation is the quarterly change in the CPI expressed in annual rate
terms. The real interest rate is the difference between the nominal interest rate and ex-post

one-period ahead GDP deflator inflation.

F.2 Real GDP, consumption and investment

We source nominal GDP, nominal personal consumption expenditures, nominal gross private
investment, from quarterly national accounts data obtained through Haver Analytics. We con-
vert GDP and its components to per capita terms using the “Resident Working Age Population:

15-64 years” or an equivalent concept from the United Nations World Population Prospects
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database. We linearly interpolate annual population estimates to quarterly frequency. We use

the implicit GDP price deflator to express all variables in real terms.

F.3 Real exchange rate

Our measure of the real exchange rate is the "Real Broad Effective Exchange Rate” for United
States obtained from FRED and extended back in time using trade-weighted averages of real

effective exchange rate of major trading partners.

F.4 Trade flows

We collect data of U.S. nominal imports of goods and services and U.S. nominal exports of goods
and services from the Bureau of Economic Analysis. For the exchange rate moments reported
in Section 3 we construct exports minus imports relative to total exports. For the estimation of
the medium-scale model in Section 5 we use the ratios of nominal exports and imports relative

to nominal GDP.
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