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Abstract

We propose a dynamic general equilibrium model of exchange rate determination which simul-
taneously accounts for all major exchange rate puzzles. This includes the Meese-Rogoff disconnect
puzzle, the PPP puzzle, the terms-of-trade puzzle, the Backus-Smith puzzle, and the UIP puzzle.
We build on a standard international real business cycle model with home bias in consumption,
augmented with a segmented international financial market featuring noise traders and risk-averse
intermediaries, which results in equilibrium UIP deviations due to limits to arbitrage. We show
that shocks in the financial market result in a volatile and persistent near-martingale process for
the exchange rate, and ensure empirically relevant comovement properties between exchange rates
and macro variables, including inflation, consumption, output and interest rates. In contrast, con-
ventional productivity and monetary shocks, while successful in explaining the international busi-
ness cycle comovement, result in counterfactual exchange rate dynamics with insufficient volatility.
Combining financial and macro shocks allows the model to reproduce the exchange rate disconnect
properties without compromising the fit of the business cycle moments. Nominal rigidities improve

the quantitative performance of the model, yet are not essential in explaining the disconnect.
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1 Introduction

Equilibrium exchange rate dynamics is a foundational topic in international macroeconomics (Dorn-
busch 1976, Obstfeld and Rogoff 1995). At the same time, exchange rate disconnect remains among the
most challenging and persistent puzzles (Obstfeld and Rogoff 2001). The term disconnect narrowly
refers to the lack of correlation between exchange rates and other macro variables, but the broader
puzzle is more pervasive and nests a number of additional empirical patterns, which stand at odds with

conventional international macro models. We define the broader exchange rate disconnect to include:

1. Meese and Rogoff (1983) puzzle: the nominal exchange rate follows a random-walk-like process,
which is not robustly correlated, even contemporaneously, with macroeconomic fundamentals
(see also Engel and West 2005). Furthermore, the exchange rate is an order of magnitude more

volatile than macroeconomic aggregates such as consumption, output and inflation.

2. Purchasing Power Parity (PPP) puzzle (Rogoff 1996): the real exchange rate closely tracks the
nominal exchange rate at most frequencies and, in particular, exhibits a similarly large persistence
and volatility as the nominal exchange rate. Mean reversion, if any, takes a very long time, with
half-life estimates in the range of 3-to-5 years, much in excess of conventional durations of price
stickiness (see also Chari, Kehoe, and McGrattan 2002, henceforth CKM).

3. Terms of trade are weakly positively correlated with the real exchange rate, yet exhibit a markedly

lower volatility, in contrast with the predictions of standard models (Atkeson and Burstein 2008).

4. Backus and Smith (1993) puzzle: the international risk-sharing condition that relative consump-
tion across countries should be strongly positively correlated with the real exchange rates (im-
plying high relative consumption in periods of low relative prices) is sharply violated in the data,
with a mildly negative correlation and a markedly lower volatility of relative consumption (see
Kollmann 1995 and also Corsetti, Dedola, and Leduc 2008).

5. Forward premium puzzle (Fama 1984), or the violation of the uncovered interest rate parity (UIP):
cross-currency interest rate differentials are not balanced out by expected depreciations, and
instead predict exchange rate appreciations (albeit with a very low R?), resulting in positive

expected returns on currency carry trades (see also Engel 1996, McCallum 1994).

We summarize the above puzzles as a set of moments characterizing comovement between exchange
rates and macro variables in developed countries under a floating regime, and use them as quantitative
goals in our analysis (see Table 1).

Existing general equilibrium international macro models either feature these puzzles, or attempt to
address one puzzle at a time, often at the expense of aggravating the other puzzles, resulting in a lack
of a unifying framework that exhibits satisfactory exchange rate properties. This is a major challenge
for the academic and policy discussion, since exchange rates are the core prices in any international
model, and failing to match their basic properties jeopardizes the conclusions one can draw from the
analysis. In particular, would the conclusions in the vast literatures on currency unions, international
policy spillovers and international transmission of shocks survive in a model with realistic exchange

rate properties? Furthermore, what are the implications of such a model for the numerous micro-level



empirical studies that treat exchange rate shocks as a source of exogenous variation?

The goal of this paper is to offer a unifying theory of exchange rates that can simultaneously ac-
count for all stylized facts introduced above. Our theory builds on a standard international macro
model, with a conventional transmission mechanism, and emphasizes shocks in the financial market.
Common productivity and monetary shocks, while successful in explaining the business cycle comove-
ment, result in counterfactual exchange rate dynamics as reflected in the puzzles above. In contrast, we
show that shocks in the financial market simultaneously resolve all exchange rate puzzles and deliver
the empirically relevant comovement properties between exchange rates and macro variables, includ-
ing a large gap in their volatilities. Furthermore, when combined together, the two sets of shocks allow
the model to reproduce the exchange rate disconnect behavior together with the standard international
business cycle comovement of the macro variables (as in e.g. Backus, Kehoe, and Kydland 1992, hence-
forth BKK).! In other words, our multi-shock model does not compromise the fit of the international
business cycle moments in order to reproduce the empirical properties of the exchange rates.?

Our disconnect mechanism relies on two essential ingredients: home bias in the product market
(following Obstfeld and Rogoff 2001) and an imperfect financial market featuring equilibrium UIP vio-
lations. In particular, we introduce a segmented financial market with noise traders and limits to arbi-
trage, following De Long, Shleifer, Summers, and Waldmann (1990), Jeanne and Rose (2002) and Gabaix
and Maggiori (2015), into an otherwise conventional international business cycle model. In the model,
households can trade only local bonds, and their net foreign asset positions need to be intermediated by
arbitrageurs, who take on the exchange rate risk. The arbitrageurs are risk averse, and demand a risk
premium for their intermediation of the positions of both households and noise traders, resulting in
equilibrium UIP deviations, without implying equivalent violations of the covered interest parity (CIP).?

Furthermore, our analysis underscores that exchange rate disconnect is a robust implication of a
standard international macro model augmented with financial shocks, without relying on other specific
assumptions or a particular parameterization. The baseline model does not feature nominal rigidities

or other sources of incomplete exchange rate pass-through, emphasizing that the empirically relevant

"The relative volatilities of the two types of shocks are identified by the Backus-Smith correlation between real exchange
rate and relative consumption growth, which results in financial shocks dominating the variance decompositions of the
exchange rates, while consumption and output are still largely determined by conventional macroeconomic shocks.

®Our framework is related to the international DSGE models in Devereux and Engel (2002) and Kollmann (2001, 2005), as
well as to the open-economy wedge accounting (see Guillén 2013, Eaton, Kortum, and Neiman 2015). What sets our analysis
apart is the emphasis on simultaneously resolving a broad range of exchange rate disconnect puzzles using a concise and
tractable framework. In particular, we show that a small-scale model with just two shocks — financial and productivity —
robustly explains the comovement of all international macro variables. Our work is also related to the VAR literature which
studies impulse responses of international macro variables to structural shocks (Eichenbaum and Evans 1995, Erceg, Guerrieri,
and Gust 2006, Scholl and Uhlig 2008, Stavrakeva and Tang 2015, Schmitt-Grohé and Uribe 2018). In view of large uncertainty
around conditional moments in the data, e.g. the existence of delayed overshooting (see Kim and Roubini 2000), we focus on
the unconditional moments as our primary targets (see discussion in Nakamura and Steinsson 2018).

? Exogenous UIP shocks are commonly used in the international macro literature (see e.g. Devereux and Engel 2002, Koll-
mann 2005, Farhi and Werning 2012), and can be viewed to emerge from exogenous asset demand, as in the literature following
Kouri (1976, 1983). Alternative models of endogenous UIP deviations include models with incomplete information, expecta-
tional errors and heterogeneous beliefs (Evans and Lyons 2002, Gourinchas and Tornell 2004, Bacchetta and van Wincoop
2006, Burnside, Han, Hirshleifer, and Wang 2011), financial frictions (Adrian, Etula, and Shin 2015, Camanho, Hau, and Rey
2018), habits, long-run risk and rare disasters (Verdelhan 2010, Colacito and Croce 2013, Farhi and Gabaix 2016), and alter-
native formulations of segmented markets (Alvarez, Atkeson, and Kehoe 2009). We show that the disconnect mechanism
requires that UIP deviations are not associated with large contemporaneous shocks to productivity or money supply.



extent of home bias is sufficient to mute the transmission of exchange rate volatility into macroe-
conomic aggregates, even in small open economies. We then show how various sources of incomplete
pass-through, including pricing to market and foreign-currency price stickiness, can improve the quan-
titative fit of the model.

We supplement the quantitative analysis with analytical results in the context of a simplified ver-
sion of the model, which admits a tractable closed-form solution, yet maintains the main disconnect
properties of a richer quantitative environment. This analytical framework delivers three main concep-
tual insights. First, we characterize equilibrium exchange rate dynamics, which emerges as an interplay
between forces in the financial and in the real (product and factor) markets. In particular, we show that
a demand shock for the foreign-currency bonds results in a UIP violation and a slow but persistent ex-
pected appreciation of the home currency — to ensure equilibrium in the financial market. In turn, this
needs to be balanced out by an unexpected depreciation on impact — to satisfy the intertemporal budget
constraint. The more persistent is the shock, the larger is the initial depreciation, and thus the closer is
the behavior of the nominal exchange rate to a random walk. Other persistent shocks, including pro-
ductivity, result in a similar near-martingale behavior (see also Engel and West 2005). However, unlike
productivity and other macro shocks, financial shocks generate excess volatility in exchange rates rela-
tive to macro aggregates, which is an essential feature of exchange rate disconnect (see also Devereux
and Engel 2002). As the economy becomes less open to international trade, financial shocks result in
more volatile exchange rate fluctuations with vanishingly small effects on the rest of the economy.*

Second, we address the equilibrium properties of the real exchange rate, and in particular the PPP
puzzle, which is often viewed as the prime evidence in support of long-lasting real effects of nomi-
nal rigidities (as surveyed in Rogoff 1996). However, in view of the moderate empirical durations of
nominal prices, calibrated sticky price models are incapable of generating persistent PPP deviations ob-
served in the data (see CKM). The baseline assumption in this analysis is that monetary shocks are the
main drivers of the nominal exchange rate, and that nominal rigidity is the key part of the transmission
mechanism into the real exchange rate. We suggest an entirely different perspective, which deempha-
sizes nominal rigidities, and instead shifts focus to the nature of the shock process. We argue that the
behavior of the real exchange rate — both in the time series (see e.g. Blanco and Cravino 2018) and in
the cross-section (see e.g. Kehoe and Midrigan 2008) — is evidence neither in favor nor against sticky
prices, but instead suggests that monetary shocks cannot be the key source of exchange rate fluctua-
tions. We show that financial shocks drive both nominal and real exchange rates in concert, resulting
in volatile and persistent behavior of both variables, thus reproducing the PPP puzzle. The only two
essential ingredients of the transmission mechanism for this result are the monetary policy rule, which
stabilizes domestic inflation, and home bias in consumption, which limits the response of aggregate

prices to the exchange rate.’

‘Intuitively, consider the extreme case of a demand shock for foreign bonds in an economy which cannot trade goods
internationally. The full equilibrium adjustment in this case is achieved exclusively by means of exchange rate movements.

Consumer price stabilization can account for the PPP puzzle even in response to productivity shocks (cf. Eichenbaum,
Johannsen, and Rebelo 2018); however, this results in counterfactual predictions for alternative measures of the real exchange
rate, in particular those based on relative wages, as well as in the other exchange rate puzzles.



Third, we address the Backus-Smith puzzle, namely the comovement between consumption and
the real exchange rate. Our approach crucially shifts focus from risk sharing (in the financial market)
to expenditure switching (in the goods market) as the key force shaping this comovement. We show
that expenditure switching robustly implies a negative correlation between relative consumption and
the real exchange rate, as is the case in the data. An exchange rate depreciation increases global de-
mand for domestic goods, which in light of home bias requires a reduction in domestic consumption.®
Indeed, this force is present in all models with expenditure switching and goods market clearing, yet
it is usually dominated by the direct effect of shocks on consumption.” With a financial shock as the
key source of exchange rate volatility, there is no direct effect, and thus expenditure switching is the
only force affecting consumption — and weakly so under home bias — resulting in the empirically
relevant comovement properties. Put differently, in order to reproduce the empirical Backus-Smith co-
movement, real depreciations must be mostly triggered by relative demand shocks for foreign-currency
assets rather than supply shocks of domestically-produced goods.

In addition, we show that the model with financial shocks reproduces the comovement properties of
the exchange rate with interest rates, and in particular the forward premium puzzle. Indeed, a demand
shock for foreign-currency bonds is compensated in equilibrium with a lower return (a UIP deviation)
due to both an increase in the relative home interest rate and an expected home-currency apprecia-
tion. This leads to a negative Fama coefficient in the regression of exchange rate changes on interest
rate differentials, albeit with a vanishingly small R? as financial shocks become more persistent and
the exchange rate becomes closer to a random walk. The disconnect mechanism further ensures that
interest rates, just like consumption, are an order of magnitude less volatile than the exchange rate.®

The rest of the paper is organized as follows. In Section 2, we describe our baseline modeling
framework, and in particular the model of the financial sector, which is our only departure from a con-
ventional international business cycle environment. Section 3 explores the disconnect mechanism with
a sequence of analytical results, addressing each of the exchange rate puzzles. Section 4 presents the
quantitative results, emphasizing the fit of both exchange rate moments and conventional international
business cycle moments. This section starts with the outline of the full quantitative environment and
our calibration strategy, and concludes with the additional analysis of incomplete exchange rate pass-
through and small open economies. Section 5 offers closing remarks and the online appendix provides

detailed derivations and proofs.

SPerhaps more intuitively, the same general equilibrium mechanism can be restated as follows: financial shocks that lead
home households to delay their consumption, which is biased towards domestically-produced goods, require an exchange
rate depreciation to shift global expenditure towards these goods in order to clear the goods market.

"For example, productivity shocks (or also expansionary monetary shocks) increase the supply of domestic goods, reducing
their prices (hence depreciating the real exchange rate) and increasing consumption, which induces a counterfactual corre-
lation pattern. Alternative mechanisms in the literature (see e.g. Corsetti, Dedola, and Leduc 2008, Benigno and Thoenissen
2008, Kocherlakota and Pistaferri 2007, Colacito and Croce 2013, Karabarbounis 2014) either mute the direct effect of produc-
tivity shocks on consumption or reverse the sign of the exchange rate response, as we discuss further below.

SWhile the fact that a financial shock can match the forward premium moments is, perhaps, least surprising, the contri-
bution of the paper is to show how the same shock simultaneously accounts for the other exchange rate puzzles, which the
literature has typically viewed as distinct and often unrelated.



2 Modeling Framework

We build on a standard international real business cycle (IRBC) model with home bias in consump-
tion and productivity shocks, and without capital in the simple baseline model. Monetary policy is
conducted according to a conventional Taylor rule targeting inflation, resulting in a floating nominal
exchange rate. The baseline specification features no nominal rigidities — all prices and wages are flexi-
ble. The only departure from a conventional IRBC model is a segmented international financial market,
which features noise traders and risk-averse arbitrageurs, who intermediate the bond holdings of the
households by taking carry trade positions. Online Appendix A.2 sets up our general quantitative model
which additionally features capital and investment with adjustment costs, domestic and foreign inter-
mediate inputs, Kimball (1995) demand resulting in variable markups and pricing to market, and sticky

wages and prices in either producer, destination or dominant currency.

2.1 Model setup

There are two symmetric countries — home (Europe) and foreign (US, denoted with a %) — each with its
own nominal unit of account in which the local prices are quoted: for example, the home wage rate is
W} euros and the foreign is IW/;* dollars. The nominal exchange rate & is the price of dollars in terms of
euros, hence an increase in &; signifies a nominal devaluation of the euro (the home currency). In our
description, we focus on the home country. In Section 4.4, we extend the analysis to accommodate

asymmetric large and small open economies.

Households A representative home household maximizes the discounted expected utility over con-

E iﬁt 1 Cl—a_ 1 L1+<,0
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t=0

where o is the relative risk aversion and 1/ is the Frisch elasticity of labor supply (the results are robust

sumption and labor:

to alternative utility specifications, e.g. GHH preferences). The flow budget constraint is given by:

B
PC, + 2t
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+

where P; is the consumer price index and W} is the nominal wage rate, B; is the quantity of the local-
currency bond paying out one unit of the home currency next period, R; is the gross nominal interest
rate (and, thus, 1/R; is the price of the bond), and II; are dividends from domestic firms. Household

optimization results in the standard labor supply condition and Euler equation for bonds:
cyL” = wy/P, (2)
1=BRE; {(Ci11/Ct) ° Pi/Pis1} . 3)

We assume that households trade only local-currency bonds, as well as own home firms.
The foreign households are symmetric, with their behavior characterized by parallel optimality

conditions. In particular, they trade only foreign-currency bonds By, ;, which pay nominal interest R}

in foreign currency, and own foreign firms which pay II} as dividends.



The domestic households allocate their within-period consumption expenditure P;C between home

and foreign varieties of the final good C}, defined by a CES aggregator featuring home bias:

=
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where 6 > 1 is the elasticity of substitution and 7 € [0, %) is the trade openness parameter, which can be
due to a combination of home bias in preferences, trade costs and non-tradable goods (see Obstfeld and
Rogoff 2001).” The households minimize expenditure, P,C; = fol [Pri(i)Crre(i) + Ppy(i)Cre(i) ] di,
resulting in the conventional constant elasticity demand schedules:
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where the consumer price level is given by P, = (fol (1 = ) Pre (i)' 70 4+ v Ppy(4) 0] di) 1/Qa=6),
The expenditure allocation of the foreign households is characterized by a symmetric demand sys-

tem. In particular, the demand for home and foreign goods by foreign households is given by:

N N
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where P}y, (i) and P, (j) are the foreign-currency prices of the home and foreign goods in the foreign
market, and P} is the foreign consumer price level with a respective home bias.

The real exchange rate, Q; = (P;"E;)/ Py, is the relative consumer price level in the two countries.

An increase in Q; corresponds to a real depreciation, i.e. a decrease in the relative price of the home

consumption basket.

Producers Home output is produced by a given pool of identical firms (hence we omit indicator ¢)

using a linear technology in labor:
Y; = e Ly with ay = paai—1 + 04EL, (6)

where a; is the log total factor productivity following an AR(1) process with persistence p, € [0, 1] and
volatility of the innovation o, > 0. Given the wage rate W}, the associated marginal cost of production
is MCy = e~ *W;. Our results below do not depend on constant returns to scale, a constant elasticity
production function, or a single production input, which we adopt solely to simplify exposition.
Every firm faces a downward sloping demand for its variety in each market. The firm maximizes

profits from serving the home and foreign markets:
11:(2) = (Pt (i) = MCy) Cre(i) + (Ppy (i€ — MCy) Cyy (i), (7)

by setting Pp¢(i) and Py, (i), expressed in home and foreign currency respectively, and producing

Y; = Cr(i) + Cjp, (i) to accommodate the resulting demand (4) and (5) in the two markets. The aggre-

°The aggregate implications of the model do not depend on whether home bias emerges on the extensive margin due to
non-tradables or on the intensive margin due to trade costs or preferences; hence, we do not explicitly introduce non-tradables.



gate profits of the domestic firms, II; = fol I1;(i)di, are then distributed to the domestic households.
We assume no entry or exit of firms, and therefore our model captures the short and the medium run —
namely the horizons from one month up to five years, where empirically extensive margins of firm entry
and exit play a negligible role in the aggregate (see e.g. Bernard, Jensen, Redding, and Schott 2009).
The firms set prices Pp(i) and Py, (4) flexibly by maximizing profits in (7) state-by-state. With
CES demand, this results in constant-markup pricing with a common price across all domestic firms

and the law of one price (LOP) holding across the two markets:

0
-1

PHt(Z) = PHt = e_atWt and P;}t(l) = P;}t = PHt/gt7 (8)

for all i € [0,1]. An equivalent price setting problem characterizes the behavior of the foreign firms:

0

P;t(i):P;t:Q_

1e—a? Wy  and  Pp(i) = Ppy = Pp&s, 9)

in the foreign and home markets respectively. Price setting in (8)—(9) features complete pass-through

of shocks and no pricing to market — assumptions that we relax in our quantitative analysis.

Market clearing The labor market clearing requires that L; equals simultaneously the labor supply
of the households in (2) and the labor demand of the firms in (6), and equivalently for L} in foreign.
The wage rates, W; and W, adjust to clear this market.

Goods market clearing requires that total production by the home firms is split between supply to

the home and foreign markets respectively and satisfies the local demand in each market:

-0 -0
* P .
Yi=Cut+Cph = (1) <> C’t+7<;:f> Cy, (10)
t
where Y} is the aggregate home production and Cy;(i) = Cy; for alli € [0,1] and J € {H, F'}, due to
symmetry in price setting across firms. A symmetric condition holds for the foreign production Y;*.
Lastly, we combine the household budget constraint (1) with profits (7), aggregated across all home

firms, as well as the market clearing conditions above, to obtain the home country budget constraint:

By
Ry

—B,=NX, with NX,=&P;,Cl, — PriCry, (11)

where N X; denotes net exports expressed in units of the home currency. The relative price of imports,
St = Ppi/(&EPfy,), is the terms of trade. The foreign country faces a symmetric budget constraint,

which is redundant by Walras law.

Monetary policy The government is present in the economy only by means of the monetary policy
rule, as the fiscal authority is fully passive. This is without loss of generality as, in view of Ricardian
equivalence, the net foreign asset position of the country By should be regarded as the consolidated
position of the public and the private sectors. The monetary policy in both countries is implemented via
a conventional Taylor rule. In the baseline model, which features no nominal rigidities, we consider the

limiting case with fully stable consumer prices, or zero inflation: 7 = Alog P, =0 and 7} =0 for all ¢.



While this offers a useful simplification for the analytical analysis, we also view it as a reasonable point

of approximation to a low-inflation environment in the developed countries.

2.2 Segmented financial market

The remaining block of the model concerns the international financial market and the resulting equi-
librium risk-sharing between home and foreign households, which constitutes the only departure from
an otherwise conventional IRBC model. The financial market is incomplete and segmented, as the home
and foreign households cannot directly trade any assets with each other, and their international asset
positions are intermediated by the financial sector. The equilibrium in the financial market results in a
modified interest rate parity condition, which is subject to financial shocks, as we now describe.

Our model of the financial sector builds on Jeanne and Rose (2002) and Gabaix and Maggiori (2015),
and features three types of agents: households, noise traders and professional intermediaries.!® The
home and foreign households trade the local-currency bonds only, and hence cannot directly trade as-
sets with each other. In particular, the home households demand a quantity By of the home-currency
bond at time ¢, while the foreign households demand a quantity B}, ; of the foreign-currency bond.
Both Byy1 and B}, can take positive or negative values, depending on whether the households save
or borrow.

In addition to the household fundamental demand for currency (bonds), the financial market fea-
tures a liquidity currency demand — independent of the expected currency return and the other macroe-
conomic fundamentals — from a measure n of symmetric noise traders. In particular, noise traders fol-
low a zero-capital strategy by taking a long position in the foreign currency and shorting equal value in

the home currency, or vice versa if they have an excess demand for the home currency. The overall posi-

. . . Nf . . . EtNY
tion of the noise traders is —++ dollars invested in the foreign-currency bond, matched by N}tgl =-= T
: t
euros invested in the home-currency bond, and we model it as an exogenous process:
*
]_tzitl =n <e¢f — 1) with e = pypr—1 + Uwe?g). (12)
t

We refer to the noise-trader demand shock v; as the financial shock, with py, € [0,1] and oy > 0
parametrizing its persistence and volatility, respectively.

The trades of the households and the noise traders are intermediated by a measure m of symmetric
risk-averse arbitrageurs, or market makers. These intermediaries adopt a zero-capital carry trade strat-
egy by taking a long position in the foreign-currency bond and a short position of equal value in the

home-currency bond, or vice versa. The return on the carry trade is given by:

&

R y=R'—R
t+1 t tgt+1

(13)

per dollar invested in the foreign-currency bond and &; euros sold of the home-currency bond at time ¢.

1%We follow Jeanne and Rose (2002) in modeling the financial intermediaries, who take limited asset positions due to
exposure to the exchange rate risk, rather than due to financial constraints as in Gabaix and Maggiori (2015). In contrast, we
follow Gabaix and Maggiori (2015) in modeling the segmented participation of the households. Lastly, the exogenous liquidity
needs of the noise trader are akin to the exogenous ‘portfolio flows’ in Gabaix and Maggiori (2015), but can equally emerge
from biased expectations about the exchange rate, E{';11 # E€:41, as in Jeanne and Rose (2002).




We denote the size of individual position by dy, ;, which may take positive or negative values, and

assume that intermediaries maximize the CARA utility of the real return in units of the foreign good:

1 Ry i
max E; ¢ ——exp [ —w *+ J; , (14)
ity W Pry R
. . . " . o D;., di,
where w > 0 is the risk aversion parameter.* In aggregate, all m intermediaries invest —=+ = m—p=
t t

Dip1 _ &Di

"= Rr euros in home-

dollars in foreign-currency bond, and take an offsetting position of
currency bond, resulting in a zero-capital portfolio at time ¢.
Both currency bonds are in zero net supply, and therefore financial market clearing requires that

the positions of the households, noise traders and intermediaries balance out:
Bt+1 + Nt+1 + Dt+1 =0 and Bz(+1 + Nt*+1 + D;kJrl =0. (15)

In equilibrium, the intermediaries absorb the demand for home and foreign currency of both house-
holds and noise traders. If intermediaries were risk neutral, w = 0, they would do so without a risk
premium, resulting in the uncovered interest parity (UIP), or equivalently a zero expected real return,
Et{RI 11/ P4} = 0. Risk-averse intermediaries, however, require an appropriate compensation for

taking a risky carry trade, which results in equilibrium risk premia and deviations from the UIP.

Lemma 1 The equilibrium condition in the financial market, log-linearized around a symmetric steady
state with B = B* = 0, R = R* = 1/, Q = 1, and a finite nonzero wo?/m, is given by:

iy — iy — EiAerr1 = xate — x2biss (16)
where iy — i = log(Ry/R}), byy1 = Byy1/Y, and the coefficients x1 = %wf and X = wa’

with 02 = var;(Ae;y 1) denoting the volatility of the log nominal exchange rate, e; = log &;.

The equilibrium condition (16) is the modified UIP in our model with imperfect financial interme-
diation, where the right-hand side corresponds to the departures from the UIP. Condition (16) arises
from the combination of the financial market clearing (15) with the solution to the portfolio choice
problem of the intermediaries (14), as we formally show in Online Appendix A.4. Intuitively, the opti-
mal portfolio of the intermediaries Dy, | is proportional to the expected log return on the carry trade,
iy —if — E4Aeyy1, scaled by the risk absorption capacity of the intermediary sector, wo?/m, i.e. the
product of their effective risk aversion (w/m, the price of risk) and the volatility of the carry trade
return (02, the exchange rate risk). As wo2/m — 0, the risk absorption capacity of the intermediaries
increases, and the UIP deviations disappear in the limit, 1, x2 — 0. With wo?/m > 0, the UIP devi-
ations remain first order and hence affect the first-order equilibrium dynamics. Note that both ¢y > 0
and b;y1 < 0 correspond to the excess demand for the foreign-currency bond — by noise traders and

households, respectively — resulting in a negative expected return on the foreign currency bond.

""CARA utility provides tractability, as it results in a portfolio choice that does not depend on the level of wealth of the
intermediaries, thus avoiding the need to carry it as an additional state variable; the tradeoff of working with CARA-utility,
however, is that intermediaries need to be short-lived, maximizing the one-period return on their investment.



International risk sharing What are the implications of this financial market equilibrium for the
risk sharing between the home and foreign households? First, as both noise traders and intermediaries

hold zero-capital positions, financial market clearing (15) implies a balanced position for the home and
B*
foreign households combined, Bgl +& 1’%1 = 0. In other words, even though the home and foreign

households do not trade any assets directly, the financial market acts to intermediate the intertemporal

borrowing between them. However, this intermediation is frictional, as there is a wedge between the
interest rates faced by the home and foreign households, R; and R}, namely the (expected) departures
from the UIP in (16). If interest rate parity held, the equilibrium would correspond to a conventional
bonds-only incomplete-market IRBC model. The UIP wedge limits further the extent of international
risk sharing.!? The exogenous noise-trade shock v; plays the key role as the driver of the deviations
from the interest rate parity and international risk-sharing. The specific nature of this shock is, however,

less important for the resulting macroeconomic and exchange rate dynamics.'®

Covered interest parity We consider briefly the equilibrium pricing of the currency forwards by
the financial sector, and the resulting covered interest parity (CIP). Consider a period ¢ forward price F;
of one unit of foreign currency at ¢ 4+ 1, in units of home currency. The financial sector prices it at
Fi = ERy/ Ry, as any other price would lead the intermediaries to take unbounded positions buying
or selling such forwards (see Online Appendix A.4). Therefore, CIP holds in equilibrium, even though
UIP is generally violated, as the imperfection in the financial market is due to market segmentation and
limited risk absorption by the risk-averse intermediaries. Profiting from the UIP deviations requires
taking a carry-trade risk, which commands an equilibrium risk premium, while the departures from
CIP generate riskless arbitrage opportunities. This is in contrast with models of financial constraints,
where the departures from both UIP and CIP are due to binding constraints on the balance sheet of the
financial intermediaries. We opt in favor of the former modeling approach as empirically the size of the

CIP deviations is at least an order of magnitude smaller than the expected departures from the UIP.!*

3 The Disconnect Mechanism

In this section, we explore the baseline model, which admits a tractable analytical solution without
compromising the exchange rate disconnect mechanism of the more general framework. This allows us
to fully dissect the mechanism, and show in particular that two ingredients play the central role in the

model’s ability to explain the exchange rate puzzles — namely, the financial shock 1) as the leading

'“The positions of intermediaries and noise traders also generate income (or losses), which for concreteness we assume is
returned to the foreign households at the end of each trading period, as a lump-sum payment. This, however, is inconsequen-
tial for the first-order dynamics of the model, as this transfer is second order (see Appendix A.4).

BIn Ttskhoki and Mukhin (2017), we discuss various alternative microfoundations for the UIP shock ., ranging from
complete-market models of risk-premia (e.g., Verdelhan 2010, Colacito and Croce 2013, Farhi and Gabaix 2016) to models of
heterogeneous beliefs and expectational errors (e.g., Evans and Lyons 2002, Gourinchas and Tornell 2004, Bacchetta and van
Wincoop 2006). All models resulting in a variant of (16) with x1 > 0 (and x2 > 0) produce similar equilibrium exchange
rate dynamics, and can only be differentiated by additional financial moments (e.g., covered interest parity, comovement of
exchange rates with additional asset classes). Consistent with the recent work of Lustig and Verdelhan (2018), we emphasize
the importance of financial frictions in explaining exchange rates, and in particular focus on the role of segmented markets.

“Du, Tepper, and Verdelhan (2018) document that the average annualized CIP deviations were a negligible 2 basis points
prior to 2007, and since then increased tenfold to 20 basis points, yet this is still an order of magnitude smaller than the
expected UIP deviations, which are around 200 basis points, or 2%.
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driver of the exchange rates, and the low trade openness 7, which ensures a muted pass-through of
the exchange rate volatility into the macro aggregates. Section 4 confirms that the same two features
of the model remain key in a full quantitative environment, which additionally features domestic and
imported intermediate inputs, pricing to market, and nominal rigidities. These additional ingredients
reinforce home bias to further mute the exchange rate transmission, helping to quantitatively match
a rich set of moments describing the comovement between exchange rates and macro variables, given
the empirical degree of openness of various countries, as we explore in Section 4.4.

For concreteness, we focus here on just two shocks — the relative productivity shock a; = a; — af
and the financial shock 1 — with the same persistence parameter p. Yet, our results generalize for
a variety of macro-fundamental shocks following general statistical processes, including monetary,
government spending, price-markup and labor-wedge shocks, so long as this set features the financial
shock v, as we show in Itskhoki and Mukhin (2017). To further streamline exposition, we consider
the limiting case with 2 = 0 and a normalization x; = 1 in the modified UIP condition (16), which
simplifies the dynamic roots of the equilibrium system without changing its quantitative properties.'®

We solve the model by log-linearization, and write all expressions in terms of log deviations from
a symmetric steady state, denoted with corresponding small letters (e.g., y; = logY; — logY is the
log deviation of GDP). The model admits a block-recursive structure, which allows for a sequential
analysis of its equilibrium properties. We begin here by postulating the equilibrium near-random-walk
property of the nominal exchange rate. We then proceed sequentially with the analysis of the PPP
puzzle (the price block), the Backus-Smith puzzle (the quantity block), and the Forward Premium puzzle
(the intertemporal block). Finally, we conclude with the general equilibrium properties of the model,

and in particular the Meese-Rogoff disconnect puzzle, circling back to the result that we now introduce:

Proposition 1 The equilibrium nominal exchange rate, e, = log &,, follows a volatile near-random-walk

process; in particular, when both discount factor 3 and shock persistence p~1 then corr(Aet, Aegy1) ~0.

An important property for our analysis is that the exchange rate follows a volatile and persistent
process, as it does in the data. We take this general equilibrium result as given in Section 3.1-3.3, and
return to its detailed analysis in Section 3.4, where we focus both on the near-random-walk properties
of the exchange rate and its excess volatility relative to fundamental macroeconomic variables, such

as GDP, for realistic values of the model parameters.

3.1 The Purchasing Power Parity (PPP) puzzle

We start our analysis with the equilibrium relationship between real and nominal exchange rates, and
the associated purchasing power parity (PPP) puzzle, which we broadly interpret as the close comove-
ment between the nominal and the real exchange rates. In the data, all notions of the real exchange rate
— consumer price, producer price and wage-based — closely comove with the nominal exchange rate,

exhibiting strong persistence with very long half-lives. The close comovement involves both nearly

We present the general analytical solution with endogenous X1, x2 > 0 in Online Appendix A.6. From Lemma 1, the
limit with x; > 0 and x2 — 0 emerges when Y /m — 0 as n/m stays bounded away from zero, that is when the size of the
financial sector (number of both noise traders n and arbitrageurs m) increases relative to the size of the real economy. The
further normalization of x;1 = 1 is simply a rescaling of the volatility units of the shock .
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perfect correlations at various horizons and nearly equal volatilities for all exchange rate series, as we
illustrate in Figure 1. Such properties may, perhaps, be expected of the nominal exchange rate if it is
viewed as a financial variable; they are, however, puzzling from the point of the real exchange rate — a
key international relative price with an important role in the product market, especially in light of the
relative stability of the macro aggregates, including price levels, consumption and output.

Our disconnect mechanism immediately delivers a close comovement between nominal and real
exchange rates. A monetary policy that ensures stable price levels, or p; = pj = 0 in log-deviation

terms, implies the identical dynamics for the real and nominal exchange rates:

@ =p; +er—pr = ey, 17)

where ¢; = log Q. In the absence of nominal frictions, the monetary policy rule simply selects a path
of the nominal exchange rate, which tracks the real exchange rate by keeping the consumer price levels
stable. In other words, if the monetary authority is successful at stabilizing consumer prices, as is the
case in developed countries, this immediately explains the comovement between the nominal and the
real exchange rates. It remains to show how in general equilibrium both exchange rates follow a volatile
and persistent near-random-walk process, as predicted by Proposition 1 (see Section 3.4).'¢

Next we explore the properties of the other real exchange rates. Combining the price setting equa-

tions (8)-(9) with the log-linearized expression for the price level P;, we solve for the real wage rate:'’

Wy — Pt = Q¢ — Gt (18)

1—2v
The real wage increases with the productivity of the economy a; and with its relative purchasing power,

captured by the real exchange rate in proportion with the openness of the economy ~. This allows us

to characterize the producer-price and the wage-based real exchange rates as follows:

1
1—2y
1

1-2y

C]f =pp t+ e — P = Gt (19)

qfvzwf + e — wy qt — (ag — ay). (20)
From (19), which holds independently of the source of the shocks, we immediately see that the model
reproduces a close comovement between consumer and producer relative prices. Furthermore, as open-
ness 7y decreases, g; and ¢/ are not just tightly correlated, but also have approximately the same volatil-
ity. Intuitively, a monetary policy that stabilizes domestic consumer prices also stabilizes domestic
producer prices, as the difference between the two is small in economies with home bias.

This logic does not hold for the wage-based real exchange rate ¢} in (20). In particular, productivity
shocks a; and af drive a wedge between price and wage inflation. In other words, a monetary policy

that stabilizes prices in response to productivity shocks results in volatile wages, as real wages (18)

!6In particular, if one were to fit an AR(1) process for the real exchange rate in our model, as is conventionally done in the
PPP puzzle literature (see Rogoff 1996), one would be challenged to find evidence of mean reversion and would infer very
long half lives in finite samples (see Online Appendix A.6), quantitatively consistent with the 3-to-5 year empirical range.

UThe log deviation of the price index P; around a symmetric equilibrium is given by p = (1 — v)pa: + ypre, with
pHt = wy — a¢ and ppy = wi + e — a, and symmetric expressions holding in foreign.
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Figure 1: Nominal and real exchange rates

Note: The figure plots quarterly NER e, CPI-based RER g;, PPI-based RER th , wage-based RER qXV for the US against the PPP-weighted
sum of France, Germany, and the UK, as well as the annual terms of trade s; for the US against the rest of the world (see Online Data

Appendix A.1). All series are in logs and normalized to zero in 1980:Q1.

reflect productivity.!® This tradeoff is not present, however, if financial shocks are the key drivers
of the exchange rates. Indeed, financial shocks generate a volatile and persistent nominal exchange
rate, which — under a monetary policy that stabilizes price levels — translates into equally volatile and
persistent real exchange rates, independently of whether they are measured using consumer prices,

producer prices, or wages. We summarize these results in:

Lemma 2 Home bias and monetary policy that stabilizes consumer prices ensure a near-perfect comovement

between ey, qy andqf. Financial shocks, in addition, result in a near-perfect comovement between q; and q;/V.
Lemma 2, combined with Proposition 1, has the following equilibrium implication:

Proposition 2 With financial shocks, home bias, and 3, p~ 1, all real exchange rates exhibit a volatile

near-random-walk behavior, with arbitrarily large half lives, closely tracking the nominal exchange rate.

In other words, the combination of (i) a conventional monetary policy, (ii) significant home bias, and
(iii) financial shocks allows the model to reproduce the empirical behavior of all exchange rate series.
The absence of the direct effect of the financial shock on the product and labor markets, translates price
stability into both nominal and real wage stability. As a result, the international relative prices and
wages comove closely with the nominal exchange rate, exhibiting a high degree of persistence. Greater
openness of the economies leads to larger feedback effects of the exchange rate into domestic relative
prices, as the foreign value added plays a bigger role in the domestic consumption basket (see (18)).

Importantly, these properties of the model arise under flexible prices and wages, and hence do not rely

18Empirically, in Figure 1, while th and ¢; are highly correlated in changes, their low-frequency movements differ, reflect-
ing the differential productivity and real-wage growth in the US and Europe, consistent with the role of (a: — a;) in (20).
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on nominal rigidities. While wage and price stickiness is arguably a salient feature of the real world,
Proposition 2 shows that the empirical behavior of exchange rates is well captured to a first order by
a flexible-price model, provided that financial shocks account for a considerable portion of exchange

rate volatility.

Relationship to the PPP puzzle literature In view of this result, a natural question is why the PPP
puzzle posed such a challenge to the literature, as summarized in a seminal survey by Rogoff (1996).
From the definition of the real exchange rate, the close comovement between ¢; and e; implies that price
levels p; and pf must, in turn, move little with the nominal exchange rate e;. The PPP puzzle literature
has largely focused on one conceptual possibility, namely that price levels move little due to nominal
rigidities, assuming monetary shocks are the main drivers of the nominal exchange rate. The issue with
this approach is that monetary shocks necessarily imply cointegration between relative nominal vari-
ables — (w; —wy), (py —p;) and e; — resulting in mean reversion in the real exchange rate ¢;. The speed
of this mean reversion is directly controlled by the duration of nominal stickiness, which is empirically
insufficient to generate long half lives, characteristic of the real exchange rate (see e.g. CKM).

We focus on the other conceptual possibility, namely that prices are largely disconnected from
exchange rates, or in other words the low exchange rate pass-through into CPI inflation, even in the
long run, due to substantial home bias (small 7). Importantly, this mechanism requires that the main
drivers of the exchange rate are not productivity or monetary shocks, which introduce a wedge between
nominal and real exchange rates independently of the extent of the home bias. In contrast, financial
shocks do not drive a wedge between nominal and real exchange rates, even in the long run, and thus

our mechanism does not need to rely on short-run nominal rigidities to induce their comovement.'?

3.2 The Backus-Smith puzzle

We now study the relationship between aggregate consumption and the real exchange rate, emphasiz-
ing the role of expenditure switching in the product market, as opposed to international risk sharing
in the financial market (the Backus-Smith condition).?’ The expenditure switching mechanism relies
on the standard equilibrium conditions in international macro models, namely the labor and product

market clearing, which derive from (2), (6) and (10). We rewrite these conditions in log deviation terms:
oc+ el = wy — py,
Yt = a + 4,
ye = (L =~)[ = 0(pm:e — pe) + ct] + [ — 00 — pi) + 1]

Y As a result, our model is consistent with the recent cross-sectional and time-series evidence, which poses a challenge
for the conventional monetary model: Kehoe and Midrigan (2008) show a missing correlation between price durations and
the volatility and persistence of the sectoral real exchange rates (see also Imbs, Mumtaz, Ravn, and Rey 2005, Carvalho and
Nechio 2011), while Blanco and Cravino (2018) show that reset-price RER is as volatile and persistent as the conventional RER.
Neither of this is evidence against price stickiness per se, but rather it is evidence against monetary shocks as the key driver
of the nominal exchange rate. Furthermore, our model is also in line with the empirical findings in Engel (1999) and Betts
and Kehoe (2008), as it is the tradable component that drives the volatility of the overall RER (see Online Appendix A.6).

With complete markets, the efficient international risk-sharing requires o(c; — ¢;) = qu, implying a perfect positive
correlation between relative consumption and RER. Our model, instead, features incomplete markets and a shock to risk-
sharing 1, resulting in E; {U(Act+1 —Aciy1)— Ath} =1/, which does not impose a particular correlation pattern.
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Using the solution for prices and wages from the previous subsection, and solving out equilibrium

employment /;, we arrive at the two equilibrium loci for the labor and product markets respectively:

qt, (21)

-7,
1—2y "

gl
= 1 _—_—
oc+ oy = (1 +@)a -2y

yr = (1 —y)er + ey + 260 (22)

Consider first the labor market clearing condition (21). A real depreciation (an increase in ¢;) reduces the
real wage (recall (18)) and hence labor supply, resulting in lower output y;. In turn, higher productivity
increases output both directly and indirectly (due to increased labor supply), while higher consumption
reduces labor supply via the income effect. We turn next to the goods market clearing condition (22),
which in the closed economy with v = 0 reduced to y; = ¢;. In an open economy, home production y;
is split between domestic and foreign consumption of the home good, which increases with overall
consumption levels in the two countries (¢; and ¢}), as well as with the real depreciation of the home
currency. This latter force is the expenditure switching effect that we emphasize in our analysis, and
its quantitative magnitude is proportional to v — a product of the economy’s openness v and the
elasticity of substitution between home and foreign goods 6.

Combining (21)-(22) with their foreign counterparts, we obtain the equilibrium relationship be-

tween relative consumption and the real exchange rate, implied by the labor and product market clearing:

¢ — ¢ = Ka(at — ag) — Yhqdr, (23)
where the derived parameters k, = % and Yrq = %% are both positive. This

relationship immediately implies:

Proposition 3 An equilibrium response to a financial shock vy implies a negative comovement between
the real exchange rate q; and relative consumption c; — c;, with the relative volatility of the consumption

response, vary(Aci1 — Acyyq)/vari(Aqyy1), declining to zero asy — 0.

Proposition 3 emphasizes two important properties of the financial shocks. First, they result in
a negative correlation between relative consumption and the real exchange rate, both in levels and
in growth rates. In other words, consumption is low when prices are low, in relative terms across
countries. This violates the pattern of efficient international risk sharing predicted by the Backus-Smith
condition, yet it is in line with the robust empirical patterns observed in the data for rich countries —
the Backus-Smith puzzle. Second, the proposition also shows that in economies with home bias, the
relative volatility of the consumption response to financial shocks can be an order of magnitude smaller
than the response of the real exchange rate — an essential property for the model to be consistent with
the empirical exchange rate disconnect.

What is most striking about this simple resolution of the celebrated Backus-Smith puzzle is that
it derives from conventional labor and product market clearing conditions, which are ubiquitous in
international general equilibrium models. Indeed, the negative relationship between consumption and
the real exchange rate is a robust feature of the expenditure switching mechanism. A real exchange

rate depreciation switches expenditure towards home goods, and in order to clear the markets, home
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output needs to rise and home consumption needs to fall because of the home bias.?! Furthermore, this
effect persists regardless of the other parameters of the model, including the relative risk aversion o

and the inverse Frisch elasticity of labor supply ¢.

Relationship to the conventional models We have just argued that the expenditure switching
effect is a robust property of nearly every international macro model. Why is it, then, that the Backus-
Smith puzzle proved to be such a challenge for both the productivity-driven IRBC models and the mon-
etary New Keynesian models, even when these models feature incomplete asset markets? Equilibrium
condition (23) sheds light on this question as well. It implies the following variance decomposition:
cov(Acy — Acf, A cov(Aa; — Aaf, A
( vztxr(Aqt; ) _ ~ gt Fa ( V;F(AQt; " 7

where the last term is the contribution of the product-market shocks to the overall equilibrium volatil-

(24)

ity of the real exchange rate.? While the expenditure switching force is generally present, its effect
on aggregate consumption is weak due to home bias (small ). In contrast, the direct effect of domes-
tic goods supply on domestic consumption is strong, particularly so under home bias, and generally
produces a counterfactual comovement between the relative consumption and the real exchange rate.

In other words, models in which real depreciations are mostly driven by product market expan-
sions — whether due to a positive productivity shock or an expansionary monetary shock — generally
predict a simultaneous expansions in consumption, resulting in the Backus-Smith puzzle independently
of the asset market completeness. In contrast, financial shocks that cause a real depreciation and have
no direct effect on the supply of goods exert only an indirect expenditure switching effect on the real
economy, which results in lower consumption consistent with the empirical patterns. Therefore, a
successful resolution of the Backus-Smith puzzle must limit the role of product-market shocks in the
unconditional variance of the real exchange rate (the last term in (24)).

Simply put, real depreciations must largely reflect an increased demand for foreign assets rather
than an increased supply of home goods. Note that the mechanism arises under the news shocks about
future productivity or the long-run risk shocks, as in Colacito and Croce (2013). Such shocks, just
like a financial shock v, trigger large exchange rate movements without significantly affecting the
contemporaneous supply and consumption of domestic output. Similarly, persistent productivity growth
coupled with increased investment demand, as in Corsetti, Dedola, and Leduc (2008), can also generate
increased demand for foreign financing and a currency appreciation, akin to a financial shock, without

a significant direct effect on output available for current domestic consumption.??

*'This equilibrium logic can be traced backwards as well: a financial shock that makes home households postpone their
consumption, results in a lower relative demand for home goods, which requires an exchange rate depreciation to shift relative
demand towards the home good world-wide in order to clear the market — a version of Keynes’ transfer effect (see e.g. Pavlova
and Rigobon 2008, Caballero, Farhi, and Gourinchas 2008).

*’Here, we focus on the productivity shock as the only product-market shock, yet the results generalize to other shocks
including shifts in markups induced by monetary shocks under sticky prices. One way to see this is to use the product
market clearing condition (22) directly, without specifying the supply side. Combining it with its foreign counterpart yields
c—c = ﬁ(yz —y;)—20 2';(712_;’) G+, where y; — y; is the equilibrium relative supply of the home and foreign goods.

» Alternatively, the Backus-Smith puzzle can be resolved if the real exchange rate appreciates with a positive productivity
shock, either due to Balassa-Samuelson forces, as in Benigno and Thoenissen (2008), or due to a low elasticity of substitution
between home and foreign goods (¢ < 1), as in the second mechanism considered by Corsetti, Dedola, and Leduc (2008).
These alternative mechanisms are, however, at odds with the other exchange rate puzzles, including Meese-Rogoff and PPP.
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3.3 The Forward Premium puzzle

We now turn to the equilibrium properties of the interest rates and their comovement with the nominal
exchange rate. Log-linearization of the home household Euler equation (3) leads to a conventional
relationship for the nominal interest rate, iy = E;{ocActy1 + 741} Combining it with the foreign
counterpart and our assumption on monetary policy stabilizing consumer prices 711 = 7, ; = 0

which results in Ae; = Ag;, we can write the interest rate differential as:
it — Z;k = O'Et{ACH_l — AC:+1} = O'Iﬁla]EtAELH_l — ’)/O'HthAet+1, (25)

where the second equality substitutes in the relationship between consumption and the exchange
rate (23). The interest rate differential reflects the intertemporal substitution in consumption, which is
in part due to the expected depreciation and in part due to the mean reversion in productivity shocks.

In turn, the modified UIP condition (16) ensures equilibrium in the international financial market.
In particular, it implies that a financial shock 1), — a relative demand shock for foreign currency —
must be accommodated by some combination of a positive interest rate differential for home-currency
bonds and an expected appreciation of the home currency. Both of these effects make holding foreign-
currency bonds less attractive, returning the financial market to equilibrium.

We now combine (25) with the modified UIP condition (16) under our simplifying assumption x2 = 0

to solve for the equilibrium interest rate differential and the expected nominal depreciation:

. % ORq % YO kKq
=77 (1 - - - 7 26
b 1 +70"€q( p)(ar — ai) + 1+ 7m{qwta (26)
oK " 1
EiAer1 = —ﬁ(l —p)(ar — a;) — mwt, (27)
q q

where we expressed E;Ad;y1=—(1— p)(a; — af). Note that these relationships imply that both ¢; — i}
and E;Aey 1 follow AR(1) processes with persistence p.
Using these results, we can now characterize the joint properties of the interest rates and the nom-

inal exchange rate, and in particular the Fama regression, E{Ae,y1]i; — it} = Bp(iy — if). We prove:

Proposition 4 (a) Conditional on a productivity shock, the Fama coefficient Bp|a = 1. Conditional on
L_ 0. (b) Unconditionally, as Bp — 1:

YO kq

< 0 and the R? in the Fama regression becomes arbitrarily small;

a financial shock, the Fama coefficient is negative, BFW) =—

. A 1
1. BF — T org

ii. the volatility (persistence) of (i; — i} ) relative to Aey+1 becomes arbitrarily small (large);

iii. the Sharpe ratio of the Carry trade becomes arbitrarily small.

Note that the first part of Proposition (4) follows immediately from (26)—(27), while the second part also
relies on the equilibrium properties of the nominal exchange rate (Proposition 1 and Lemma 3 below).
We provide a formal proof in Online Appendix A.6 and offer here an intuitive discussion of the results.

Conditional on a financial shock, positive interest rate differentials predict expected exchange rate
appreciations — a pattern of UIP deviations known as the Forward Premium puzzle (Fama 1984). The

reason for this is increased demand for foreign-currency bonds, resulting in an equilibrium positive
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expected return on home-currency bonds.?* The productivity shocks are unable to reproduce this em-
pirical pattern, implying a Fama coefficient of one. However, if financial shocks play an important role
in the dynamics of the exchange rate, the model reproduces a negative unconditional Fama coefficient.
At the same time, the predictive ability of the interest rate differential for future exchange rate changes
is very weak in the data (see e.g. Valchev 2016), and our model captures this with a vanishingly small R?
in the Fama regression, as shocks become more persistent and the exchange rate becomes closer to a
pure random walk. The model also captures the pronounced differences in the statistical properties
of iy — i} and Ae;y1, with the former following a smooth and persistent process and the latter being
close to a volatile white noise. Importantly, the financial shock in our model does not produce expected
UIP deviations with counterfactually large associated carry trade returns, which allows the quantitative
model in the next section to match the size of its Sharpe ratio.

The presence of a UIP shock vy makes it, perhaps, unsurprising that the model can match the em-
pirical patterns of the UIP deviations. Nonetheless, we point out that the rich patterns of comovement
between interest rates and the exchange rate, summarized in Proposition 4, are reproduced in the model
using a single-parameter AR(1) process for ;. Our main emphasis, however, is that a simple financial
shock, disciplined with the properties of the UIP deviations in the data, accounts for the other exchange

rate puzzles, which the literature conventionally viewed as not directly related with each other.

3.4 Equilibrium exchange rate dynamics

We provide now a complete analytical characterization of equilibrium exchange rate dynamics, which
are shaped by the interplay between financial and macroeconomic forces. The equilibrium in the fi-
nancial market requires that the modified UIP condition (16) holds, which in turn results in (27), and
imposes discipline on the expected future appreciations and depreciations of the nominal exchange
rate. Indeed, the equilibrium in the financial market is not affected by the level of the exchange rate,
only by its expected changes. This can be seen formally by solving (27) forward to express the exchange
rate e; as a function of the expected future shocks and its long-run expectation E;e,, which remains
indeterminate from the perspective of the financial market alone.

In contrast to the financial market, the product market equilibrium depends on the level of the
exchange rate. In particular, a depreciated (real) exchange rate causes expenditure switching towards
home-produced goods, as we have seen in Section 3.2. To characterize the equilibrium level of the
exchange rate, we need to appeal to the country’s intertemporal budget constraint (11), which upon

log-linearization can be written as:*°

Bbir1 — by = nwy = y[Agr — Kal], (28)

where \ = %(11:727,371 + kg > 0, and K4 and K, are defined in (23). The left-hand side of (28) is the

*In contrast with the macro-finance literature, surveyed in Engel (2014), our mechanism is not a partial asset-pricing result,
but a general-equilibrium outcome of joint interest rate and exchange rate determination to clear product and asset markets.

®Net exports, like net foreign assets, are zero in a symmetric steady state, and we denote nzy = NX;/Y, in parallel
with b; introduced in Lemma 1. It follows from (11) that nx: = y[ck, — cre — s¢] =7y [Hqt +(0—1)st — (et — cf)], where
terms of trade s, = ¢f’ = ﬁqt (from (19)); solving out relative consumption using (23), yields (28). Also note that A > 0
in (28) is the general equilibrium version of the Marshall-Lerner condition, which holds in the model, as § > 1.
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evolution of the net foreign assets (NFA), while the right-hand side is equilibrium net exports, which
decrease with relative domestic demand ¢; — ¢, and hence a;, which increases imports. Net exports
increase with the expenditure switching towards home goods induced by a real devaluation (higher g;).
The intertemporal budget constraint, bt—{—z;?io BInzy4;=0, is obtained from (28) by rolling it for-
ward and imposing the No-Ponzi-Game Condition (NPGC), lim7 37 b; 7 >0, which holds with equality
in equilibrium. Given the expected path of future exchange rate changes, which equilibrate the finan-
cial market, the intertemporal budget constraint pins down the equilibrium level of the exchange rate.
Finally, note that net exports nx; depend on the real exchange rate ¢;, while monetary policy, which
stabilizes domestic price levels in (17), ties together the nominal and the real exchange rates, e, = ¢;.
Formally, the interplay between the two dynamic conditions, (27) and (28), shapes the equilibrium
dynamics of both exchange rates. In particular, the unique solution to this dynamic system implies the

following equilibrium relationship between the exchange rate e; and the state variable b; (NFA):%

1-— 1 1 1-
“TT wﬂbt T on 1 —Bﬁp [¢t i ((1 o Wﬁﬂ) M“at] @

Intuitively, the exchange rate is stronger (lower e;) the greater are the net foreign assets b;, and it

depreciates with the financial shock 1), which shifts demand to the foreign currency, as well as with
the relative productivity shock a;, which results in additional supply of home goods. This pins down
the unique equilibrium path of the exchange rate, as deviations from (29) shift the entire expected path
of the exchange rate, and hence all expected trade balances nx; ;, violating the intertemporal budget

constraint. Combining (29) with (28), we can solve for the equilibrium dynamic process for e;:

Lemma 3 The equilibrium exchange rate e; follows an ARIMA(1,1,1) process, or equivalently Ae; follows
an ARMA(1,1), with the autoregressive root p, and given by:

B 1 B 1 1 1+~vokKk, 1—05 -
Ma=i o [(16L>¢t+ [(1—;})(175@ - qﬁ(1pL)}amaat} (30)

where L is the lag operator such that L1y = 41 and Lay = G1—1.

Lemma 3 is the basis for Proposition 1, which postulates the equilibrium properties of the exchange
rate. In particular, the lemma shows that the dynamics of the exchange rate are shaped by the parame-
ters 8 and p, which determine the ARMA roots in (30), while the other parameters of the model affect
the proportional volatility scalers of the shocks. Interestingly, the exchange rate volatility is higher in
more closed economies, and is maximized in the autarky limit, as v — 0 (see Appendix Figure Ala).
This is in line with the data, where the more open economies have indeed less volatile exchange rates,
even after controlling for country size and other characteristics (see e.g. Hau 2002). Intuitively, a more
open economy cannot sustain the same amount of equilibrium exchange rate volatility without it caus-

ing more volatile behavior of the macro variables, as we discuss further in Section 4.4.

*Solving (27) and (28) forward and using the fact that shocks are AR(1), results in e; = Eieoo + ﬁ [ﬁﬂ’t + cma&t]

and by + YA Z;’;O ﬁj Eietyj — %dt = 0 which together yield (29). Online Appendix A.6 offers an alternative derivation,
using the Blanchard and Kahn (1980) technique, for the general case with x1, x2 > 0 that are endogenously determined in
equilibrium; with x2 > 0, the equilibrium process becomes a stationary mean-reverting ARMA(2,1) instead of an integrated
ARIMA(1,1,1), yet the two have indistinguishable finite-sample properties for small x> > 0.
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We now focus on the two essential equilibrium properties of the nominal exchange rate:?’

Proposition 5 As Bp — 1: (i) the exchange rate process (30) becomes indistinguishable from a random

walk, with E;Ae;1 — 0 and corr(Aey, Ae;—1) — 0; (ii) the volatility of the exchange rate becomes
k var(Aet)

* var(Pr)
(relative to a; ) dominating the variance of the exchange rate; furthermore, under strong home bias (y ~ 0),

the relative volatility of macroeconomic aggregates, such as GDP, is arbitrarily small (% ~0).

unboundedly large relative to the volatility of the financial shoc — 00, with the contribution of

Proposition 5 describes the qualitative order-of-magnitude properties of the nominal exchange rate,
namely that it can follow a process arbitrarily close to a random walk and with an arbitrarily large
volatility relative to fundamental macroeconomic variables, such as GDP. Figure 2 illustrates these
properties quantitatively for the empirically relevant values of /3, p and y (see calibration in Section 4).

Figure 2a plots the impulse response of the exchange rate to the financial shock ;. A shift in de-
mand towards the foreign currency, 1)y > 0, results in an instantaneous depreciation of the home cur-
rency, while also predicting an expected appreciation, consistent with (27), akin to the celebrated over-
shooting dynamics in Dornbusch (1976). This exchange rate path ensures both equilibrium in the finan-
cial market (via expected appreciation) and a balanced country budget (via instantaneous depreciation).
The impulse response to the relative productivity shock a; is quantitatively similar (see Appendix
Figure A1b).?® In both cases, a large instantaneous depreciation is followed by small but persistent
expected future appreciations. Furthermore, as shocks become more persistent, the impulse response
of e; becomes closer to a step function of a random walk for both types of shocks. Thus, the finan-
cial shock is not unique in delivering near-random-walk behavior for the exchange rate; in fact, any
persistent fundamental shock achieves this.?’

The essential difference between financial and productivity shocks is emphasized in the second part
of Proposition 5 and concerns the relative volatility implications for the equilibrium exchange rate. As
shocks become more persistent, the effect of the financial shock on the exchange rate increases without
bound, while the effect of the productivity shock remains bounded.** The differential implications of
the two types of shocks become increasingly apparent when we consider the comovement between
the exchange rate and macro variables, such as GDP (earlier subsections address the comovement with
other macro variables). In response to a financial shock, the volatility of the exchange rate relative
to that of GDP is arbitrarily large provided the economy is sufficiently closed. Formally, this means
that std(Agy;)/std(Ae;) has the order of magnitude of v, when ~ is small. In contrast, conditional

on a productivity shock as, the volatility of GDP is of the same order of magnitude as that of the ex-

“The results in Proposmon 5 follow from the exchange rate process in Lemma 3, combined with the equilibrium solution for
GDP, y: = - ﬂ; £ lar— Wli%) )+ T 2”9((;1:()1 217)27) g+, which follows from the equilibrium conditions in Section 3.2.

% An increase in productivity and resulting supply of home goods lead to an instantaneous depreciation needed to equili-
brate the intertemporal budget constraint (in view of the increased domestic production and consumption), with the currency
gradually appreciating thereafter as the productivity shock wears out.

*This is reminiscent of the Engel and West (2005) result, which however derives from the partial equilibrium in the financial
market. In contrast, our solution relies on the full general equilibrium, and in particular endogenizes the real exchange rate;
thus, our results are not nested by their Theorem (see the earlier draft, Itskhoki and Mukhin 2017, for details).

*Formally, this is the case because random-walk productivity shocks have no direct effect on the intertemporal optimality
condition (25), and thus on the expected exchange rate changes (27). In contrast, rare-disaster, long-run-risk or productivity-
news shocks are more similar in their properties to the financial shock 1)+ from the point of intertemporal optimality.

20



(a) Impulse response to 1); shock (b) Relative volatility, std(Ae;)/std(Ay;)
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Figure 2: Properties of the equilibrium exchange rate process

Note: Calibrated IRBC model (see Section 4). Panel (a): impulse response of Ae; and e; to a 1:-shock innovation (see Appendix
Figure A1b for a: shock). Panel (b): Ratio of the unconditional standard deviations, std(Ae; ) /std(Ay: ), on a logarithmicscale,
against the variance contribution (share) of the financial shock, %,

shock, oy € [0, 00); the two curves correspond to different value of -y (matching the indicated import-to-GDP ratios).

plotted by varying the volatility of the financial

change rate, independently of : for example, around v ~ 0 and with persistent shocks p ~ 1, we have
std(Ay;)/std(Aer) =~ (20 — 1) > 1. That is, in response to productivity shocks, GDP is counterfac-
tually more volatile than the exchange rate. This is a stark negative result for product-market shocks,
which generally cannot deliver exchange rate disconnect in volatilities, even in limiting economies.
Figure 2b provides a quantitative illustration of both the negative result for product-market shocks
and the positive result for the financial shock, using our calibrated model. In particular, we plot the
equilibrium volatility of the exchange rate relative to GDP, std(Ae;)/std(Ay;), as a function of the
share of the exchange rate volatility, var(Ae;), explained by the financial shock (with the remained
accounted for by the productivity shocks). We do so for two values of openness, v — one typical of
large relatively-closed economies, such as the US, Japan and the EU, and the other typical of smaller
open economies, such as the UK, South Korea and New Zealand. The figure illustrates how the model
reproduces the significantly greater volatility of the exchange rate relative to GDP, but only when
financial shocks dominate the variance decomposition of the exchange rate. This gap in volatility is

indeed greater in less open economies, a pattern that we document in the data in Section 4.4.

Predictability Equation (27) suggests departures from martingale behavior and implies predictability
of the nominal exchange rate. Indeed, there exists empirical evidence on the departure of the exchange
rate process from a pure random walk (see e.g. Bacchetta and van Wincoop 2006, Engel 2016, Lustig,
Stathopoulos, and Verdelhan 2016). In a recent paper, Eichenbaum, Johannsen, and Rebelo (2018) em-
phasize the predictability of future nominal exchange rate changes with the current value of the real
exchange rate, E{e;,, — et|q:} = ap, + Brqi, which becomes stronger with the horizon h. We now
explore the properties of our model for this predictive regression. In Appendix Figure Alc, we plot the

projection coefficients B3, and the corresponding R2s from the simulated paths of exchange rates in
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our baseline model, reproducing closely the empirical findings of Eichenbaum, Johannsen, and Rebelo
(2018): (i) the projection coefficients f3), are about zero for small & and become increasingly more neg-
ative as h increases, crossing —1 after about 6 years; and (ii) Ri also starts around zero and increases
towards 0.6 for large h. This pattern holds similarly for financial and productivity shocks, and does
not rely on stationarity of the nominal or real exchange rate. Therefore, our model reproduces simul-
taneously the near-random-walk behavior and the subtle departures from a pure random walk in the

nominal exchange rate observed in the data.

4 Quantitative Analysis

In this section, we turn to the full model to study its quantitative properties. The goal is threefold. First,
we show that our baseline exchange rate disconnect results in Section 3 are robust to the introduction
of capital, nominal rigidities, and a conventional Taylor-rule monetary policy. Second, we show that a
multi-shock version of the model matches not only the relative volatilities, but also the empirical corre-
lations between exchange rates and macro variables. Finally, we show that matching the exchange rate
moments comes at no cost in terms of the model’s ability to match the standard international business
cycle moments. In particular, while financial shocks account for much of the exchange rate volatility,
standard productivity and monetary shocks remain the key drivers of consumption, investment and
output. As a result, the relative volatilities and correlations of macro aggregates in our model are sim-
ilar to those in the international business cycle literature following BKK. We first focus on large open

economies, such as the US and the Euro Area, and then consider small open economies in Section 4.4.

4.1 Full quantitative model and calibration

We first outline five additional ingredients of our quantitative model relative to the baseline model
presented in Section 2. The full model setup can be found in Online Appendix A.2. The production

function now additionally features capital K; and intermediate inputs X;:
Y, = (e“ K L) T0XP, (31)

where 9 is the elasticity of the value added with respect to capital and ¢ is the elasticity of output with

respect to intermediates, which determines the equilibrium expenditure share on intermediate goods.
5 (AK41)?
2 K

brackets is investment Z; net of quadratic adjustment costs. Both intermediate inputs X; and invest-

Capital is accumulated according to K1 = (1 — 0)K; + [Zt - } where the term in square

ment goods Z; are bundles of domestic and foreign varieties, in parallel with finite consumption C.

Monetary policy is now implemented by means of a Taylor rule for the nominal interest rate:

1 = pmit—l + (1 - pm)¢7rﬂ't + Um€§n7 (32)

where m; = Alog F; is the inflation rate and €} is the monetary shock. Parameters o,, > 0 and
pm € [0,1) characterize the volatility of monetary shocks and the persistence of the monetary policy

rule, while ¢, > 1 is the Taylor-rule coefficient, which ensures that the Taylor principle is satisfied.
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The final two ingredients are variable markups, arising from Kimball (1995) demand, and sticky
wages and prices following Calvo (1983). The desired price of the firm depends on both its marginal
cost and the average price of its local competitors, reflecting strategic complementarities in price setting.

In particular, the home- and foreign-market desired prices of the home firm are given by:
pat = (1 — a)me, + apy and  p = (1 — a)(mer — er) + apy, (33)

where a € [0, 1) is the elasticity of strategic complementarities and (1 —«) is the (incomplete) cost pass-
through elasticity, both arising from variable markups (see Amiti, Itskhoki, and Konings 2019). Desired
prices of the foreign firms are defined by symmetric equations. Lastly, we introduce wage and price
stickiness in a conventional way, as described in Gali (2008) and Online Appendix A.7. We denote with
Ap and A\, the Calvo probabilities of price and wage non-adjustment respectively, and we assume that
the prices are sticky in the destination (local) currency (LCP, as in CKM). Therefore, the model features
both sources of the law-of-one-price deviations — due to variable markups and pricing to market (PTM)

and due to local currency price stickiness (LCP) — which we explore in detail below, in Section 4.3.

Empirical moments The first column of Table 1 shows the empirical moments that are the focus of
our quantitative analysis. For comparability, we follow CKM and estimate the moments for the US rela-
tive to the PPP-weighted sum of France, Germany, Italy and the UK, using quarterly data from 1973-94.
The empirical moments are similar for the longer period that we extend to 2017 (see Online Data Ap-
pendix A.1). Additionally, for the moments that involve interest rates, we rely on the estimates in
Hassan and Mano (2014) and Valchev (2016). Finally, due to the high variability of the Backus-Smith
correlation across countries and periods, we use the average estimate from Corsetti, Dedola, and Leduc

(2008), which is representative of the conventional value in the literature.

Calibration Our calibration, for the most part, does not target the empirical moments in Table 1, and
instead adopts conventional values for the model parameters following the broader macro literature,
as summarized in Appendix Table Al. In particular, we set the imports-in-expenditure ratio v = 0.07,
to be consistent with the 0.28 trade-to-GDP ratio of the United States, provided the intermediate input
share ¢ = 0.5.3! This value of the trade-to-GDP ratio is also characteristic of the other large developed
economies (Japan and the Euro Area), and we explore a small-open-economy calibration in Section 4.4.
We use the estimate of Amiti, Itskhoki, and Konings (2019) for the elasticity of strategic comple-
mentarities, & = 0.4, which is in line with the exchange rate pass-through literature, corresponding to
the pass-through elasticity of 1 —a = 0.6 (see survey in Gopinath and Itskhoki 2011). We follow the es-
timates of Feenstra, Luck, Obstfeld, and Russ (2018) and set the elasticity of substitution § = 1.5, which
is also the number used in the original calibrations of Backus, Kehoe, and Kydland (1994) and CKM.*
For the other parameters, we use conventional values of the relative risk aversion o = 2, the Frisch

elasticity of labor supply 1/¢ = 1, the quarterly discount factor § = 0.99, the capital share in value

*'In a symmetric steady state, imports are half of trade (imports+exports); and GDP (final consumption) is roughly half of
expenditure in the data, with the other half allocated to intermediate inputs. The US trade-to-GDP ratio increased from 20%
in 1980 to 28% in 2018, corresponding to an increase in y from 0.05 to 0.07 (see Table 4 below for further details).

*>The estimates of the micro elasticity at more disaggregated levels are typically larger, around 3 or 4, yet it is the macro
elasticity of substitution between the aggregates of home and foreign goods that is the relevant elasticity for our analysis.
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added ¥ = 0.3, and the quarterly capital depreciation rate § = 0.02. For each specification of the

model, we calibrate the capital adjustment cost parameter  to match the relative volatility of invest-
std(Az¢)

std(Agdpy)

parameter p,, = 0.95, following the estimates in Clarida, Gali, and Gertler (2000). In the sticky-price

ment, = 2.5. We set the Taylor-rule parameter ¢, = 2.15 and the interest-rate smoothness
version of the model, we assume that prices adjust on average once a year, and thus set A\, = 0.75,
while wages adjust on average every six quarters, \,, = 0.85, following standard calibrations in the
literature (Gali 2008). Thus, the range of the models that we consider includes both the flexible-price
benchmark and specifications with a considerable extent of price and wage stickiness.

Finally, we discuss the calibration of the shock processes. The model features three exogenous
shocks — two country-specific productivity shocks (a, a;) and a financial shock ), — for which we
need to calibrate the covariance matrix. We assume that 1); is orthogonal to (a;, a}), while a; and af
are correlated and have a common variance. We choose the relative volatility of the productivity
shock, 04/, to match the Backus-Smith correlation, corr (Ag;, Acy — Acf) = —0.4, while the cross-
country correlation of productivity shocks is calibrated to match corr (Agdp:, Agdp;) = 0.35. In
addition, we consider a version of the sticky-price model with monetary shocks (e}, /™), instead of
productivity shocks, and we discipline their relative volatility ¢,,/c, and cross-country correlation
in the same way. Lastly, we assume that all shocks follow AR(1) processes with the same autoregres-
sive coefficient p = 0.97, which is consistent with the observed persistence of both macroeconomic

variables, such as GDP and interest rates, as well as risk premia in international financial markets.>3

4.2 Main quantitative results

Before studying the full quantitative model, we start by evaluating partial single-shock specifications,
in order to dissect how individual shocks account for the fit of specific moments in the full model. Our
quantitative results are reported in Table 1, with the exchange rate related moments summarized in

panels A-C and the international business cycle moments in panel D.

Single-shock models Columns 2-5 of Table 1 report the results from four single-shock specifications
of the model: a financial shock under both flexible and sticky prices; productivity shocks in a stan-
dard flexible-price IRBC model; and monetary shocks in a NKOE model with sticky prices and wages.
We start with the exchange rate moments, which confirm the various analytical results of Section 3.
First, all four single-shock specifications match the near random-walk behavior of the nominal
exchange rate. Consistent with Proposition 5, it is the persistence of the shock rather than its type that
ensures that the exchange rate is a near-martingale. At the same time, it is only the financial shock that
has the ability to replicate the empirical disconnect in volatilities of the exchange rate and the macro

variables. In the data, exchange rates are about 5 times more volatile than GDP and 6 times more

*The ex-ante risk premium 1); is not directly observable in the data, and hence cannot be readily used to calibrate the
volatility and persistence of the financial shock. Our calibration is, nonetheless, consistent with the statistical properties of
the estimated 1@ =iy — iy — EgA(ﬁtH using the econometric forecasts of EgA(ﬁtH (see e.g. Bekaert 1995, Kollmann 2005).
We also note that the relative volatilities of the shocks could be calibrated to match the relative volatilities of exchange rates
and macro variables, instead of targeting the negative Backus-Smith correlation. As we show below, our model can fit these
moments without targeting them directly, suggesting that there is no conflict between these alternative calibration targets.
Finally, when we calibrate the level of volatility in the model to match the 10% annualized standard deviation of the nominal
exchange rate, the implied volatility of the TFP innovations is 1.4% annually, consistent with the CKM calibration.
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Table 1: Quantitative Models

Single-type shocks

Multi-shock models

Morments Data g ancial shock IRBC  NKOE IRBC  IRBCT  NKOE
(1) () ®3) 4) (5) (6) (7) (8)
A. Exchange rate disconnect:
e o 4m 0w g% b 4% hE am
o(Ae)/o(Agdp) 5.2 17.7 9.8 0.58 1.31 2.9 34 3.8
o(Ae)/o(Ac) 6.3 7.5 17.5 0.96 2.18 3.9 5.8 6.6
B. Real exchange rate and the PPP:
oo g g% MY BB 0B B 8
o(Aq)/o(Ae) 0.99 0.74 0.98 1.40 0.95 0.83 0.98 0.97
corr(Agq, Ae) 0.99 1.00 1.00 1.00 0.99 0.99 1.00 1.00
a(Ag") /o (Ae) 1.01 1.04 1.00 0.56 0.95 1.07 1.00 1.00
corr(Ag", Ae) 0.99 1.00 1.00 —0.99 0.99 0.96 1.00 1.00
C. Backus-Smith and Forward premium:
corr(Ag, Ac—Ac*)  —0.40 —1.00 —0.95 1.00 1.00 —0.40 —0.40 —0.40
(0.01) (0.08) (0.08) (0.08)
fama 0 i G W en o v
Fama R? 0.02 0.03 0.03 0.08 0.03 0.02 0.02 0.02
(0.02) (0.02) (0.03) (0.02) (0.02) (0.02) (0.02)
Carry trade SR 0.20 ((()).%i’)) ((()).'%42) (% (1)01) —(%..893) (%%% (%.%42) ((()).%42)
o (i—i*) Jo(Ae) 0.06 0.08 0.05 0.17 0.12 0.08 0.06 0.06
p(i—1i*) 0.90 0.93 0.98 0.95 0.82 0.94 0.98 0.94
p(i) 0.97 0.93 0.98 0.95 0.83 0.94 0.98 0.89
D. International business cycle moments:
o(Ac)/o(Agdp) 0.82 2.37 0.56 0.60 0.60 0.74 0.59 0.57
corr(Ac, Agdp) 0.64 —1.00 —0.82 1.00 1.00 0.85 0.80 0.75
corr(Az, Agdp) 0.81 -1.00 —0.20 1.00 1.00 0.81 0.86 0.86
corr(Agdp, Agdp*) 0.35 —1.00 —1.00 0.35 0.35 0.35 0.35 0.35
corr(Ac, Ac*) 0.30 —1.00 —1.00 0.40 0.38 0.14 0.39 0.40
corr(Az, Az*) 0.27 —1.00 —1.00 0.45 0.39 0.10 0.54 0.55
ngw X‘I’;w - - — — 3.3 2.5 0.38
Pa,a* OF P m* — — 0.28 0.34 0.30 0.37 0.56
Nominal rigidities — v — v — v v

Note: Panels A-D report the simulation results, where each entry is the median value of moments across 10,000 simulations of
120 quarters, and brackets reporting (when relevant) the standard deviations across simulations. The bottom panel describes
the model specifications. Columns 2, 4, 6 feature flexible prices and wages; columns 3, 5, 7, 8 feature both sticky wages and
LCP sticky prices. Shocks: financial )¢ in columns 2-3, 6-8; productivity (a, a;) in columns 4, 6-7; monetary (", £7*") in

columns 5, 8. In columns 4-8, correlation of shocks matches corr(Agdp, Agdp™) = 0.35; in columns 6-8, in addition, the

relative volatility of shocks matches corr(Ag, Ac—Ac*) = —0.4 (see bottom panel). See data description in the text.
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volatile than consumption. Both versions of the model with the v; shock consistently reproduce this
gap in the volatility. In fact, they predict that macro variables are an order of magnitude less volatile
than exchange rates. As we explain in Section 3, home bias in the goods market allows to sustain large
equilibrium exchange rate swings without passing excessive volatility through to the macro variables.
In contrast, the effect of productivity and monetary shocks on macro aggregates is of the same order
of magnitude as on the exchange rates, inconsistent with the disconnect in volatilities.

Second, we consider the properties of the real exchange rate. Note that the Taylor rule that targets
inflation ensures a close comovement of the CPI-based real exchange rate with the nominal exchange
rate, independently from the type of the shock or price stickiness. However, in line with Proposition 2,
only the models with the financial shock are consistent with a broader set of the PPP moments. In par-
ticular, consistent with the PPP puzzle literature, the monetary model (NKOE) cannot match the per-
sistence of the real exchange rate — predicting a short half-life under one year, considerably below the
empirical estimates of about three years. While this is not an issue for the IRBC model, this model pro-
duces a wedge between the CPI-based and the wage-based real exchange rates, which moves with the
productivity shocks. Specifically, the IRBC model predicts a negative correlation between the nominal
and the wage-based real exchange rates, in contrast with the data (recall Figure 1). The models with the
1+ shock, on the other hand, have no difficulty in simultaneously matching the persistence of the real
exchange rate and nearly perfect comovement between both measures of the real exchange rate and the
nominal exchange rate. In contrast to the conventional wisdom, price stickiness is not crucial to resolve
the PPP puzzle, but it does help to increase the relative volatility of the real exchange rate towards one.

Third, as anticipated by Propositions 3 and 4, only the financial shock models are consistent with a
negative Backus-Smith correlation and a negative Fama regression coeflicient, again independently of
the presence of nominal rigidities. In contrast, and despite the segmented asset market, the correlation
between relative consumption and the real exchange rate and the Fama coefficient are both close to one
for productivity and monetary shocks alike. These properties again favor the models with financial
shocks, which additionally have a good fit of the other financial moments — the positive but small
Sharpe ratio of the carry trade, the low volatility and high persistence of the interest rates, and the
close-to-zero R? in the Fama regression.>*

While the financial shock model is highly successful in matching exchange rate moments, it is
clearly dominated by the productivity and monetary shock models in terms of the standard interna-
tional business cycle moments, as we report in panel D of Table 1. In particular, financial shocks coun-
terfactually induce negative correlations between GDP and its domestic components (consumption and
investment), as well as negative correlations between macro variables across countries. In contrast, and
consistent with the earlier literature, this is not an issue for either IRBC or NKOE models, which repro-

duce the empirical positive comovement of macro aggregates within and across countries.

**We follow Lustig and Verdelhan (2011) in specifying the carry trade strategy (see Online Appendix A.6). Its unconditional
Sharpe ratio in the data is about 0.5, but at least half of it is due to the cross-sectional country fixed effects, not modeled in
our framework, which focuses on the time-series properties. Our empirical target for the Sharpe ratio of 0.2 corresponds to
the “forward premium trade” in Hassan and Mano (2014). In the earlier draft, Itskhoki and Mukhin (2017), we also show how
a multi-shock version of the model matches the additional moments on the intertemporal comovement of interest rates and
exchange rates documented by Bacchetta and van Wincoop (2010), Engel (2016) and Valchev (2016).
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Table 2: Contribution of 1); to macroeconomic volatility

IRBC IRBCtT NKOE
(6) (7) (8)

Nominal exchange rate ~ var(Ae) 96% 98% 94%
Real exchange rate var(Aq) 87% 97% 94%
Consumption var(Ac) 20% 10% 12%
GDP var(Agdp) 1% 11% 14%

Note: Variance decompositions correspond to the quantitative models in columns (6)—(8) of Table 1. The entries are the %
contributions of the financial shock 1); to the unconditional variances of the macro variables, with the remaining shares

accounted for by the other shocks in each model specification.

The full model We finally turn to the full quantitative model. In column 6 of Table 1, we report the
results for the IRBC model with productivity and financial shocks, and no nominal rigidities. Column 7
adds sticky wages and sticky prices to the same specification, and we label it IRBC™. Finally, column 8
replaces productivity shocks with monetary shocks, keeping nominal rigidities as in column 7. The
bottom line is that all three specifications are successful at simultaneously matching the exchange rate
moments in panels A—C and the international business cycle moments in panel D.

Indeed, multi-shock models inherit the ability of the financial-shock model to match the exchange
rate moments and the capacity of standard IRBC and NKOE models in matching the international busi-
ness cycle moments. In particular, multi-shock models generate volatile and persistent nominal and real
exchange rates, which all comove nearly perfectly together, a negative Backus-Smith correlation and a
negative Fama coefficient, while still allowing the main macro aggregates (GDP, consumption and in-
vestment) to be positively correlated with each other and across countries. Therefore, the multi-shock
model faces no trade-off in matching the exchange-rate and business-cycle moments simultaneously,
despite the failure of all single-shock models in one or the other task.* Recall that our only explicit
calibration target is the negative Backus-Smith correlation, which identifies the relative contribution
of the financial and macro-fundamental shocks (see equation (24) in Section 3.2).

To provide an intuitive explanation for these, perhaps surprising, findings, Table 2 describes the
variance contribution of the shocks to various macroeconomic variables. In particular, the table reports
the contribution of the financial shock to the unconditional variance of the exchange rates, consump-
tion and GDP, while the remaining shares are accounted for by the other shocks. Across specifications,
financial shocks account for almost all of the nominal exchange rate volatility and about 90% of the real
exchange rate volatility. At the same time, these shocks account for around 10% of the consumption and
output volatility. Home bias in the goods market, coupled with incomplete pass-through and low sub-
stitutability of home and foreign products, limits the transmission of large exchange rate fluctuations
into the macro variables. As a result, the macro variables are both stable in comparison with exchange

rates and are primarily driven by productivity and monetary shocks, which exert strong direct effects

*Note also that the presence of the segmented financial market allows our multi-shock model to resolve two prominent
international business cycle puzzles — the weak cross-country correlation of consumption (Obstfeld and Rogoft 2001) and the
positive cross-correlation of investment (Kehoe and Perri 2002) — without targeting these moments in the calibration.
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on these variables, yet contribute relatively little to the exchange rate volatility.

Returning to the main quantitative results in columns 6-8 in Table 1, what we find particularly
surprising is that the quantitative success of the model is not sensitive, to a first approximation, to the
presence or absence of nominal rigidities and to the nature of the shocks, provided that the financial
shock is included in the mix. This emphasizes the robustness of the disconnect mechanism laid out in
Section 3, as well as the reason why the earlier literature was unable to explain the equilibrium behavior
of exchange rates. Specifically, it is not the failures of the flexible-price or sticky-price transmission
mechanisms, but rather the focus on productivity and monetary shocks as the key drivers of exchange
rates. Instead, we argue that these shocks are fundamentally inconsistent with the disconnect, which

calls for the financial shock as the key ingredient in a model of exchange rates.

4.3 The role of incomplete pass-through

We have emphasized so far the role of the financial shock and home bias as the two main ingredients of
the disconnect mechanism. Home bias alone goes a long way in muting the transmission of exchange
rate volatility into the macro aggregates. Nonetheless, incomplete exchange rate pass-through at the
border — due to both variable markups and foreign-currency price stickiness — acts to reinforce home
bias in limiting the transmission of exchange rate volatility into macroeconomic prices and quantities.
We now evaluate the quantitative contribution of incomplete pass-through to the disconnect mecha-
nism, focusing on the exchange rate transmission via the terms of trade and net exports.
Variable-markup price setting in (33) results in deviations from the law of one price (LOP), that is
Py + € — Pt = g # 0 whenever ¢; # 0 and strategic complementarity elasticity o > 0, and
similarly for foreign goods. Therefore, if prices are flexible, the terms of trade (ToT), which measure

the relative price of imports and exports s; = pp; — pj;, — €, are related to RER as follows:3°

B 1—-2a(1-7)

= . 34
St 1— 2y qt (34)

Without strategic complementarities (o« = 0), the ToT are more volatile than the consumer-price RER,
st = q¢/(1 — 27), as consumption bundles are more similar across countries than exported production
bundles. This is empirically counterfactual, since in the data ToT are substantially more stable than RER
(see Figure 1 and Table 3). Pricing to market (PTM), when @ > 0, mutes the transmission of RER into
the ToT, thus reconciling the model with the data (see Atkeson and Burstein 2008).

When prices are sticky, relationship (34) no longer holds in the short run, when the transmission
from RER into ToT is instead shaped by the specific pattern of border price stickiness. In particular,
when prices are sticky in the producer currency (PCP), ToT depreciate together with RER, as foreign
imports become cheaper. In contrast, under local currency price stickiness (LCP), ToT appreciate with
a real depreciation, as home export prices increase (Obstfeld and Rogoff 2000). In fact, both of these
patterns are at odds with the data, where the correlation between ToT and RER is weak, even if slightly

36This equation results from two relationships: (i) ¢: = (1 — v)qi — s, states that the relative consumer prices g; differ
from the relative producer prices qF by the relative price of imports s;; and (ii) s; = qF — 2aq, states that ToT reflect the
relative producer prices adjusted for the law of one price deviations, generalizing our analysis in Section 3.1 with o = 0.
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Table 3: Terms of trade and net exports

IRBC* NKOE
PCP LCP DCP PCP LCP DCP

Moments Data IRBC

o(Aq)/o(Ae) 099 0.83 085 098 091 083 097 0.90

o(As)/o(Ae) 025 022 08 081 008 085 081  0.06
corr(As,Ae)  ~020 098 098 —0.94 059 097 —0.94  0.63

o(Anz)/o(Ag) 010 026 027 017 022 025 016  0.20
corr(Anz, Aq)  ~0 097 099 099 099 097 097  0.97

Note: Additional moments and model specifications; IRBC and the two LCP columns correspond to columns 6-8 in Table 1;

PCP, LCP and DCP stand for producer, local and dominant currency price stickiness, respectively.

positive (Gopinath et al. 2020). Instead, under dominant currency pricing (DCP), whereby a single
currency is used in pricing both exports and imports, ToT are uncorrelated with RER in the short run.

We now contrast the quantitative implications of various pricing assumptions in the context of
our calibrated model. In particular, we compare a flexible-price model with PTM against the three
alternative versions of the sticky-price model — namely PCP, LCP and DCP. In all these cases, we
still let the PTM mechanism operate in the background, along with sticky wages, which improve the
quantitative fit of the sticky price specifications. We consider both the IRBC* model with productivity
shocks and the NKOE model with monetary shocks, as in Table 1. While all versions of the model are
comparable in their fit of the exchange rate and business cycle moments in Table 1, their ability to
match the behavior of the terms of trade and net exports varies across specifications.

We report the results in Table 3, which identifies the two PCP specifications as clear losers, as they
lag in matching all three types of moments — the volatility of the real exchange rate and the behavior
of the terms of trade and the net exports. The flexible price IRBC model comes in second-to-last, with
a good fit of the terms of trade volatility due to the pricing-to-market mechanism. The LCP and DCP
specifications compete for the first place, with LCP being more successful in matching the volatility of
the real exchange rate and net exports, while DCP having a clear lead in its ability to match the behavior
of the terms of trade.>” The DCP mechanism captures both the stability of the terms of trade, as well
as their imperfect correlation with the real exchange rate — properties that both PCP and LCP lack.
This, however, leads the DCP specification to yield volatile relative prices of imported to domestically-
produced goods, resulting in an insufficiently volatile real exchange rate and excessively volatile net
exports. Both of these issues are addressed under LCP, which produces stable relative prices of imported
and domestically produced goods, and thus stable import demand. In order to match all these moments
simultaneously, it is likely necessary to generalize the model with either mixed-currency pricing at the
border (see Amiti, Itskhoki, and Konings 2020), or combine DCP at the border with local distribution

margin and LCP retail-price stickiness for imported goods (see Auer, Burstein, and Lein 2018).

*’Note that all specifications imply a counterfactually high correlation between the real exchange rate and net exports,
which is nearly zero in the data, suggesting the need either for additional home-bias or trade-cost shocks, or for slow ad-
justment in the trade quantities (the J-curve; see e.g. Fitzgerald, Yedid-Levi, and Haller 2019), as net exports are more closely
correlated with the real exchange rate over the long run (see Alessandria and Choi 2019).
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4.4 Small Open Economy

While all large developed economies — the US, Japan and the Euro Area — exhibit a strong home bias, it
is much less pronounced in other countries, especially small open economies. What are the implications
of greater trade openness for the exchange rate disconnect mechanism proposed in this paper? We now
study the data from six developed countries of very different size and openness — the US, Japan, the UK,
South Korea, Sweden and New Zealand — and show how our model, calibrated to match the size and
openness of individual countries, captures both the differences and the similarities in the exchange rate
moments observed across these countries in the data.

Even the US, with the largest economy in the world, still represents less than one quarter of the
world economy. Therefore, the baseline assumption that US openness to imports from the rest of the
world, v, equals the openness of the rest of the world to imports from the US, v*, is a stretch; in reality,
~v* < 7, and roughly in proportion to the relative size of the US and the rest of the world. For all
other countries, this gap is even bigger, and for the truly small open economies, such as New Zealand,
an accurate approximation requires a high v and v* = 0, as such countries are open, yet account for
a negligible share of global trade. Our two-country model can be readily adjusted to accommodate
small open economies by breaking the implicitly imposed symmetry between + and v* and allowing
for v > ~* as is consistent with the data on size and openness of individual countries.

The left portion of Table 4 describes the empirical patterns we observe across countries, ranked by
their size from the US to New Zealand. Smaller countries are systematically more open, with a larger
share of imports in their final expenditure (GDP). For example, according to this measure, South Korea
and Sweden are 3 times more open than the US, which is about 20 times bigger than these countries.
New Zealand is 100 times smaller than the US, and about 2.5 times more open (on par with the much
larger UK), reflecting its relative remoteness. We now explore how such vast differences in country size
and openness are reflected in exchange rate moments across these countries.

Perhaps surprisingly, there is no systematic relationship between country openness and the time-
series comovement between the nominal and real exchange rates. In particular, Table 4 shows that
the persistence of the real exchange rate and its volatility relative to the nominal exchange rate are
essentially the same across the six countries that we study, and the same applies to a nearly perfect
correlation between RER and NER (not reported). In this sense, the PPP puzzle is equally pronounced
in large closed and small open economies. The same is true of the Backus-Smith puzzle, in the sense
that there is no systematic relationship between country openness and the sign or the magnitude of
the correlation between real exchange rate and relative consumption growth, which is small for all

countries, and typically negative.>

*That is, we still consider a country versus the rest of the world and treat the moments in the data accordingly. The
log-linearized equilibrium system remains the same, only with an added asymmetry in market clearing (10), which now
features «y at home and " abroad, with v* /(y 4+ ™) equal to the steady-state share of the home economy in world GDP, and
the consumer price indexes p; and p; reflect these changes accordingly.

¥Our results in Section 3.2, in particular the variance decomposition (24), provide insight as to why this is likely the case.
While the relationship between relative consumption and RER depends on openness -, the contribution of RER to the overall
volatility of consumption is not very large, even as -y increases. Therefore, the variation in the Backus-Smith correlation across
countries largely reflects the composition of shocks over a given time interval, rather than the degree of country openness.
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Table 4: Small open economy

Data Model (IRBC™T)
Moments
Us Japan UK Korea  Sweden NZ UsS NZ
Size (% world GDP), ﬁ 23.7%  10.5% 4.1% 1.3% 0.8% 0.2%
Import/GDP (%), 2y 12.1% 11.5% 24.4% 33.4% 33.0% 22.8% 12.1% 22.8%
Export/GDP* (%), 2v* 29%  12%  1.0% 0.5% 03%  0.1% 2.9% 0.1%
p(q) 0.96 0.96 0.93 0.92 0.97 0.96 0.92 0.91
(0.04) (0.04)
o(Aq)/o(Ae) 0.97 1.03 1.04 0.95 0.99 1.01 0.99 0.99
corr(Agq, Ac — Ac*) —0.22 0.12 —0.03 —0.50 —0.17 0.01 —0.40 —0.40
(0.08) (0.08)
A Agd, 4.5 4.5 4.9 3.3 2.9 2.1 5.3 3.6
o(Ae)/o(Agdp) o3 &9
o(Anz)/o(Aq) 0.06 0.09 0.16 0.24 0.25 0.26 0.15 0.28

Note: The empirical moments calculated using quarterly data for 1981-2017 from the Worldbank WITS database; exchange

rates are trade-weighted bilateral exchange rates with major trading partners (see Online Data Appendix A.1).

The only two exchange rate moments that are clearly sensitive to the openness of the economy are
the volatility of the nominal exchange rate relative to macroeconomic aggregates and the volatility of
net exports relative to the real exchange rate. While net exports is relatively more volatile, the nominal
exchange rate is relatively less volatile in more open economies. Note that this is not driven by the
changing volatility of GDP, which is somewhat larger in small open economies, but instead is driven
by lower volatility of exchange rate and greater volatility of net exports.

We now verify how our model accommodates these empirical patterns. To this end, we focus on
our preferred IRBC™ version of the quantitative model with nominal rigidities (as in column 7 of Ta-
ble 1), and recalibrate it to feature v > ~*. In particular, we consider two calibrations — to the size and
openness of the US and New Zealand, which lie at the two extremes. For transparency of the compar-
ison, we keep all other parameters unchanged, and adjust the relative volatility of shocks to keep the
Backus-Smith correlation and the cross-country GDP correlation unchanged, as we described above.*’

The last two columns of Table 4 show that, in the model, significant differences in the openness of
the economies do not change the time-series comovement between the real and nominal exchange rates,
reproducing the ‘PPP puzzle’ moments observed in the data. While the exchange rate pass-through into
domestic CPI inflation increases due to a higher openness of the economy ~, consistent with empiri-
cal evidence, the pass-through into foreign prices falls because of a correspondingly lower v*. As a
result, the effect of the nominal exchange rate on the relative prices across countries remains largely
unchanged, and so does the comovement between the nominal and real exchange rates.

The changing openness of the economy, however, affects the equilibrium relative volatility of the
exchange rates and macroeconomic aggregates. Indeed, a small open economy with a high ~, features

a smaller volatility of the exchange rates and a greater volatility of net exports, relative to the volatility

“*This constitutes a conservative approach, as the composition of shocks and business cycle moments are somewhat dif-
ferent in small open economies, which allows to further improve the fit of the exchange rate moments in these economies,
as we discuss in the end of this section. Also recall that we target a negative value of the Backus-Smith correlation, which is
conventional in the literature; our results change little when we target a lower absolute value for this correlation (e.g., —0.2).
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of GDP. Intuitively, the transmission of exchange rate volatility into domestic output and net exports
depends primarily on the home import share v, and hence is significantly higher under the small open
economy calibration. In general equilibrium, this results in a mildly higher GDP volatility (with GDP,
as before, largely determined by domestic productivity), a notably lower exchange rate volatility (recall
the role of 7y in (30)), and a substantially higher volatility of net exports, consistent with the empirical

patterns we document in Table 4.

Developing countries In our analysis we target the moments from developed OECD countries un-
der floating exchange rate regimes. In non-OECD countries, the volatility contribution of monetary,
productivity and commodity-price shocks is arguably more pronounced (see e.g. Aguiar and Gopinath
2007) and, in addition, pegs and partial pegs are more ubiquitous (see e.g. Reinhart and Rogoff 2004).%!
In the model, this makes the exchange rate puzzles less pronounced, as it reduces the relative role of the
financial shock in shaping the dynamics of the exchange rate. This is in line with the empirical evidence
that the Meese-Rogoff disconnect, the PPP, the Backus-Smith and the UIP conditions fare less badly in
developing countries (see e.g. Rogoff 1996, Bansal and Dahlquist 2000) and under pegged regimes (see
Itskhoki and Mukhin 2019, for the analysis of a peg). Therefore, accommodating these differences in
the combination of shocks and in the exchange rate policies allows our quantitative model to capture

the properties of exchange rates in rich and developing countries of different sizes and openness.

5 Conclusion

We propose a parsimonious general equilibrium model of exchange rate determination, which offers
a unifying resolution to the main exchange rate puzzles in international macroeconomics. In particu-
lar, we show that introducing a financial shock into an otherwise standard international business cycle
model allows it to match a rich set of moments describing the comovement between exchange rates and
macro variables without compromising the model’s ability to explain the main international business
cycle properties. We take advantage of the analytical tractability of the model to dissect the underly-
ing exchange rate disconnect mechanism, which we show is robust and requires only an empirically
relevant degree of home bias in consumption. Additional sources of incomplete pass-through, includ-
ing pricing to market and foreign-currency price stickiness, improve the quantitative fit of the model
without changing its qualitative properties.

With this general equilibrium model, one can reconsider the conclusions in the broad international
macro literature, which has been plagued by exchange rate puzzles. In particular, our analysis shows
that these puzzles do not necessarily invalidate the standard international transmission mechanism
for monetary and productivity shocks, including international spillovers from monetary policy (see
e.g. Corsetti, Dedola, and Leduc 2010, Egorov and Mukhin 2019). We emphasize instead that these
conventional shocks cannot be the main drivers of the unconditional behavior of exchange rates. In

contrast, our findings likely challenge the conventional normative analysis in open economies, and in

“10n the role of commodity prices in shaping the exchange rates see e.g. Chen and Rogoff (2003), Casas, Diez, Gopinath,
and Gourinchas (2016) and Ayres, Hevia, and Nicolini (2019).
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particular the studies of the optimal exchange rate regimes and capital controls. Pegging the exchange
rate may simultaneously reduce monetary policy flexibility (Friedman 1953), yet improve international
risk-sharing by offsetting the noise-trader risk (Jeanne and Rose 2002, Devereux and Engel 2003). Fur-
thermore, a microfoundation of financial shocks is essential, as they may endogenously interact with
or arise from monetary policy (see Alvarez, Atkeson, and Kehoe 2007, Itskhoki and Mukhin 2019).

In addition, our framework can be used as a theoretical foundation for the vast empirical literature
that relies on exchange rate variation for identification (see e.g. Burstein and Gopinath 2012). Simi-
larly, it can serve as a point of departure for the equilibrium analysis of the international price system
(Gopinath 2016, Mukhin 2017) and the global financial cycle (Rey 2013). The model also offers a simple
general equilibrium framework for nesting the financial sector in an open economy environment. This
may prove particularly useful for future explorations into the nature of financial shocks, which can be
disciplined by additional comovement properties between exchange rates and financial variables (e.g.,

see recent work by Jiang, Krishnamurthy, and Lustig 2018, Engel and Wu 2019).
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A Appendix: Additional Figures and Tables
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Figure A1: Additional properties of the equilibrium exchange rate process

Note: Panel (a): plots std(Ae:) as a function of openness -, conditional on v and a; shocks, normalizing to one the calibrated
value of std(Aez) for v = 0.07; (b) impulse response of Ae; and e; to a productivity shock a; innovation (cf. Figure 2a); (c):
Bh and R% from the predictive regression E{e:1, — e:|q:} = an + Brq:, at different horizons h > 1; (d): variance contri-
bution of the unexpected component, e¢4, — E;_1et4n, to the overall variance of e;y, — e¢—1 for different horizons h > 0.
Lines in (c) and (d) plot medians across 10,000 simulations with 120 quarters each and shaded areas provide the 5%-95% range

across simulations.
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Table Al: Model parameters

Parameter Value Comment

Conventional parameters

Discount factor, quarterly 15} 0.99

Relative risk aversion o 2

Macro Frisch elasticity v 1

Intermediate share 10) 0.5

Capital share in value added ) 0.3

Depreciation rate, quarterly ) 0.02

Transmission mechanism

Trade openness 0 0.07  Trade-to-GDP ratio = 0.28
Elasticity of substitution 0 1.5  Feenstra et al. (2018)

Strategic complementarity o 0.4  Amiti et al. (2019)

Monetary parameters

Taylor rule coefficient O 2.15 CGG

Interest rate smoothing Pm 0.95  p(ir), p(ie —i7) = 0.95

Calvo probability for prices Ap 0.75  average duration of 4 quarters
Calvo probability for wages Aw 0.85  average duration of 6 quarters
Calibrated parameters

Persistence of shocks p 0.97  plgdpt), p(it), p(Yr)
Coefficient on NFA in UIP (16) X2 0.001  p(Ab;) =~ 0.95

Std. of the UIP shock X104 1 normalization

Std. productivity (monetary) shocks 04 (Om) —  corr(Ac; — Acy,Ag:) = —04
Corr. productivity (monetary) shocks 04,4+ (Om,m+) —  corr(Agdp:, Agdp;) = 0.35
Capital adjustment cost parameter K —  std(Az)/std(Agdp:) = 2.5

Note: See calibration details in Sections 4. The values of K, 0a, Om, Qa,a* and gm,m* vary across specifications to keep the
targeted moments unchanged. We normalize the effective volatility of the financial shock x10y = 1, as our results focus on
the relative volatilities of the variables; scaling o, and x10 proportionally does not effect the results reported in Table 1,
and allows us to match the volatility of the nominal exchange rate in any specification of the model. In addition, we use
a small positive x2 = 0.001 in the modified UIP (16), which endogenously ensures long-run stationarity of the model (cf.
Schmitt-Grohé and Uribe 2003), and is also consistent with the high persistence of the US current account Ab; in the data.
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Online Appendix
Itskhoki and Mukhin: “Exchange Rate Disconnect in General Equilibrium”

A.1 Data appendix

As explained in Section 4, for comparability, we estimate most empirical moments in Tables 1 and 3 following
CKM. In particular, we use their quarterly data from 1973-94 available on Ellen McGrattan’s website and estimate
the moments for the US against the PPP-weighted sum of France, Germany, Italy and the UK. While we use the
first differences of the variables, rather than the HP-filtered series, our estimates are very close to the ones in CKM.

As arobustness exercise, we also collected quarterly data for a longer time period from 1981-2017 from FRED
database. In particular, we use seasonally-adjusted GDP, consumption and gross capital formation in constant
prices and aggregate them across the same countries using PPP-adjusted nominal GDP in 2000 (from OECD
database). Table A2 shows that the estimates for the two periods are very similar. The only exception are the
moments for net exports in Table 3: in contrast to CKM, who focus on bilateral trade between the US and the
European countries, we use total imports and exports of the US, consistent with our model. Indeed, the former
includes only a part of international trade of the US and underestimates the openness of the US economy.

We use seasonally-adjusted hourly earnings in manufacturing as a proxy for nominal wages to compute
the wage-based real exchange rate. Given the limited availability of the terms-of-trade data at the quarterly
frequency, we use the estimates for terms-of-trade moments from Obstfeld and Rogoff (2001) and Gopinath et
al. 2020. We also compute the same moments using FRED annual data on import and export price indices for the
US. For our baseline period from 1973-1994, we obtain o (As)/o(Ae) = 0.29 and corr(As, Ae) = 0.20, in line
with the estimates in the literature (see Table 3).

Finally, we borrow several financial moments from the previous literature. The slope coefficient 3 and R? in
the Fama regression are from the survey by Engel (1996) and recent estimates by Burnside, Han, Hirshleifer, and
Wang (2011, Table 1) and Valchev (2016, Table B.1). The estimates for the Sharpe ratio correspond to the forward
premium trade from Hassan and Mano (2014, Table 2). We estimate the volatility and persistence of the interest
rates using quarterly data for the US versus the UK, France, Germany and Japan from 1979-2009.

We calculate additional moments for the six countries in Table 4 against the rest of the world using quar-
terly data from 1981-2017 and focus on a sample of developed economies (Australia, Austria, Belgium, Canada,
Denmark, Finland, France, Germany, Greece, Ireland, Italy, Japan, Korea, Netherlands, New Zealand, Norway,
Portugal, Spain, Sweden, Switzerland, the UK and the US). After computing the log changes of variables for each
individual country, we aggregate series into the RoW using the average import and export shares for 1991-2017
from the Worldbank WITS database. Despite the fact that our sample does not include such import trade partners
as Mexico and China, and we use time-invariant weights, the resulting exchange rates mimic very closely the
“narrow effect” exchange rates calculated by the BIS.

Table A2: Empirical Moments

Moments CKM IM | Moments CKM IM
A. Exchange rate disconnect: D. International business cycle moments:
p(Ae) 0.3 0.3 o(Ac)/o(Agdp) 0.82 0.81
o(Ae)/o(Agdp) 5.2 6.5 corr(Ac, Agdp) 0.64 0.63
o(Ae)/o(Ac) 6.3 8.0 corr(Az, Agdp) 0.81 0.75
B. Real exchange rate and the PPP: corr(Agdp, Agdp*) 0.35 0.42
p(q) 0.96 0.94 corr(Ac, Ac*) 0.30 0.40
o(Aq)/o(Ae) 0.99 0.97 corr(Az, Az*) 0.27 0.32
corr(Ag, Ae) 0.99 0.99 E. Terms of trade and net exports moments:
C. Backus-Smith correlation: o(Anx)/o(Aq) 0.01 0.09
corr(Ag, Ac—Ac*)  —0.20 —0.17 | corr(Anz, Aq) —0.01 0.35

Note: CKM and IM correspond respectively to the estimates obtained for the periods 1973-94 and our estimates for 1981-2017.
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A.2 Full quantitative model

We focus on home households and firms with the understanding that the problem of foreign agents is symmetric.
The equation below generalize the equations given in the text in the context of a simplified baseline model.

Households A representative home household maximizes the expected utility:

E Z t cl-o _ ) i Al
Otzoﬁ (10_ t 1+1/V t ’ ( )

where v = 1/ is the Frisch elasticity, subject to the flow budget constraint:

B
3@+B&+§“swwﬁﬂﬁn+&+m, (A2)
t

where R[S is the nominal rental rate of capital and Z, is the gross investment into the domestic capital stock K,
which accumulates according to a standard rule with depreciation § and quadratic capital adjustment costs:

Kk (AK, 2
KtH:(l,(;)KtJr[Zt,,ﬂ

3K, ] (A3)

The domestic households allocate their within-period consumption expenditure P,C; between home and
foreign varieties of the goods

1
PACy = PuCint + PreCrc= | [Par(i)Cinsi) + Pru(i) ()] i (A9
0

to minimize expenditure on aggregate consumption, defined implicitly by a Kimball (1995) aggregator:*?

/01 {(1v)g<m)+vg<cjtc(j)ﬂdi—1, (A5)

where the aggregator function ¢(-) in (A5) has the following properties: ¢’(-) > 0, ¢"(-) < 0 and
—g"(1) € (0,1), and two normalizations: g(1) = ¢’(1) = 1. The solution to the optimal expenditure alloca-
tion results in the following homothetic demand schedules:

Py(3)

Cmi(i) = (1 =7y)h (Pt) Ciy and  Cpe(j) =vh (PF;S])) Ct, (A6)

where h(-) = ¢’~!(-) > 0 and satisfies 2(1) = 1 and //(-) < 0. The function h(-) controls the curvature of
the demand schedule, and we denote its point elasticity with § = — agolgo g(f) ’x: , = —h (1) > 1. The consumer
price level P, and the auxiliary variable P, in (A6) are two alternative measures of average prices in the home

market, which are defined implicitly by (A4) and (A5) after substituting in the demand schedules (A6).

Production Home output is produced according to a Cobb-Douglas technology in labor L;, capital K; and
intermediate inputs X;:

Y, = (e KLI-") ' 0xP, (A7)
where 9 is the elasticity of the value added with respect to capital and ¢ is the elasticity of output with respect

to intermediates. Intermediates are the same bundle of home and foreign varieties as the final consumption
bundle (A5). The marginal cost of production is thus:

MCy = [e‘at (RtK)ﬂth—ﬁ] 1*¢’Pt¢’ where o = ¢¢> [(1 _ ¢)1919(1 . 19)1_19] 1—¢. (A8)

1
w

The aggregate value-added productivity follows an AR(1) process in logs:

**The CES demand is nested as a special case of the Kimball aggregator (A5) with g(z) = 1 + % (zl_l/e — 1), resulting
in the demand schedule h(x) = 2% and price index P, = Py = (f01 [(1 — fy)PHt(i)lfg + v Pry (i)lf‘g}di)l/uig).
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ar = PaQi—1 + 04y, ey ~ 1id(0,1), (A9)
where p, € [0, 1] is the persistence parameter and o, > 0 is the volatility of the innovation.

Profits and price setting The firm maximizes profits from serving the home and foreign markets:

Eod  OudL(i), where TI(i) = (Pu(i) — MCy) Yire(i) + (P, ()€ — MCy) Vi (i), (A10)

where ©; = ﬂt% is the nominal stochastic discount factor. In the absence of nominal frictions, this results in

the markup pricing rules, with a common price across all domestic firms ¢ € [0, 1] in a given destination market
and expressed in the destination currency:

) P, . . px MC
PHt(Z)PHt:“( Ht)'MOt and PHt(Z)PHtN( Ht)‘ L

Pr &
where p(z) = é(i(;”l ; is the markup function and 0(z) =
from demand (A6) (see also (A11) below).

_ Olog h(x)
Ologx

is the demand elasticity schedule derived

Nominal rigidities We introduce Calvo sticky prices and wages in a conventional way (see e.g. Clarida, Gali,
and Gertler 2002, Gali 2008, as we further discuss in Appendix A.7 below). Denote with € the elasticity of substi-
tution between varieties of labor, and let A, and A, be the Calvo probability of price and wage non-adjustment.
Then the resulting New Keynesian Phillips Curves (NKPC) for nominal wages inflation and domestic prices in-
flation can be written respectively as:

(1= BAw) (1 = Aw)

1
7m0 = ky |:0‘Ct + ;Et + pp — wt} + BE;nmit,,, where k, =

)\w (1+€/l/)
1—8X) (1=
THt = kp[(l —a)me; + apy —th} + BE¢7 41, where k= -5 I;\)( p)
g

The NKPC for export prices depends on the currency of invoicing and is given by:
Tie = kp| (1= a)(mee — 1) + ap — piy,| + BBtz under LCP,
(T + Aey) = ky {(1 —a)ymes + a(p; +er) — (P + et)} + BE; (W}EHH + Aet_H) under PCP.

Notice that the DCP case with all international trade invoiced in Foreign currency can be expressed as a mix of
the two other regimes — Home exporters use LCP and Foreign exporters use PCP.

Good and factor market clearing The labor market clearing requires that L; equals simultaneosly the labor
supply of the households and the labor demand of the firms, and equivalently for L} in foreign. Similarly, equilib-
rium in the capital market requires that K; (and K;) equals simultaneously the capital supply of the households
and the capital demand of the local firms. The goods market clearing requires that the total production by the
home firms is split between supply to the home and foreign markets respectively, Y; = Yg, + Y};,, and satisfies
the local demand in each market for the final, intermediate and capital goods:

P
Yue = Cri + Xt + Zge = (1 = 7y)h <7ft> [Ct+Xt+Zt], (A11)
t
* * * * Py * * *
Yie = Croe + X + 2y = 7 ( Phlt) [Ct +Xi + Zt]' (A13)
t

Lastly, we combine the household budget constraint (A2) with profits (A10), aggregated across all home firms,
as well as the market clearing conditions above to obtain the home country budget constraint:

By
Ry

- Bt = NXt with NXt = gtP;ItYIikIt - PFtYFt> (A14)

where N X; denotes net exports expressed in units of the home currency.
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Financial sector The structure of the financial markets is exactly the same as described in the text for the
baseline model (see Section 2.2).

Monetary policy rule The monetary policy is implemented by means of a conventional Taylor rule:

14 = Pmlt—1 + (1 - pm)(bﬂ'ﬂ't + O'mglnv (A15)
where i; =log R; is the log nominal interest rate, 7; = A log P, is the inflation rate, and €} ~4id(0, 1) is the mon-
etary policy shock with volatility parameter o,,, > 0; parameter p,,, captures the persistence of monetary policy.

A.3 Derivation of the equilibrium conditions

This section derives the optimality conditions of firms and households in goods and asset markets. We focus on
a generalized version of the model with Kimball demand and capital and intermediate goods in production, but
keep flexible prices as in the baseline model (see Appendix A.7).

Household optimization Substituting the capital accumulation equation into the budget constraint (A2), the
Lagrangian for household utility maximization (A1) is:

CI—U L1+1/V
t ot t g
{Ct,Lt,Igta-fiKt+1} %;6 Tr(s ) 1—0 1+ ]./I/

Bt+1 RtK AKt+1 K AKt+1 2
At | WLy — P.Cy + By — PKi| — —0— - =
+ A | Wil tCt + Dy Rt+tt<Pt K, 5 K, )
where 7(s?) is probability of state s* = (s, s1,...,s;) at time ¢ and 37 (s?))\; is the Lagrange multiplier on the

flow budget constraint in state s* at time ¢ (note that we suppress the dependence of variables on s’ for brevity).
The optimality conditions are:

C; % =MD,
LYY = AW,
)\t = ﬁRtEt)\iH»la

AKt—‘rl o Ct—‘rl -
1 + HTt = /B]Et < Ct

RE AK, AK, 5\
t+1+(15)+nt+2+'{<”2) .
Py Kipn o 2\ K

Solving out A\; = C; ? / P;, we arrive at the optimality conditions (2)—(3) in the text, as well as the Euler equation

for capital:
_ Cii1 - Rfil (N1 — 1)2
e {< Cy ) [Pt-H Ot 2K 7 (A16)

where n, =1+ /{% is the (g-theory) market price of one unit of capital in units of the home consumption

good, with the last term in (A16) arising from the quadratic adjustment costs.

Expenditure minimization and the price level The household expenditure minimization problem for a
given consumption level C} is given by

1
min PC:/PiCi—I—P 1)Cre(1) |di
cnlin  PC= | [ Pu)Cm(0) + Pro(i)Cr(i)

subject to (A5). The optimality conditions are:

. Ce(i) 1
P =R.q J H, F
Jt(l) tg ( nyCt Ct’ € { I }7

where vy = 1 — vy and yr = v, and R, is the Lagrange multiplier on the consumption aggregator constraint.
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Denoting P; = R;/C; and h(-) = g’~(-), we obtain the demand schedules (A6):

Coeli) = s h (P‘;fz)) Ci. (A17)

where P; and P; are defined implicitly by the following system:

L) o (e

P = /01 {(1 — ) Pae(i)h (P’;’;t(i)) + Y Ppy(i)h (Pf;;fi)> ]di. (A19)

Equation (A18) arises from the definition of the Kimball consumption aggregator (A5), and uniquely determines
Py, as W' () < 0. Given P, equation (A19) determines the value of P;, which ensures that the sum of all market
shares is one, given that P,C} is total expenditure. Indeed,

Sye(i) = Cthit)gjt(i) = P‘]Z;t(i)h (P;;fz))

is the market share of domestic (for J = H) or foreign (for J = F) variety ¢ in the home market.

When all Pyy(i) = Pri(j) = P; for all 4, j and for some P;, then P, = P, given our normalization that
g(1) = ¢’(1) = 1, which implies h(1) = 1. More generally, P, and P, offer two alternative generalized averages
of prices of the varieties in the domestic market, and the difference between P, and P; is second order in the
dispersion of prices. Indeed, taking the first order approximation to (A18)-(A19) around a symmetric equilibrium
described above, we have:

1

pr =dlog Py = /O (L= Ypme(i) + ypre(i)] di and  dlog Py = /0 (1 =)pa: () + ypre()] di = py,

where dlog P; and dlogP; denote the log-deviations from some symmetric steady state. In the derivations,
we used the facts that ¢’(1) = h(1) = 1 and A/(1) = —6. This confirms that P; and P; differ at most by a
second-order term in the dispersion of the vector ({pa¢(i) — p¢ }i, {pr¢(j) — p¢};), which is an identical zero in
a symmetric steady state. Lastly, note that the expenditure share on foreign goods in a symmetric equilibrium is

given by fol Spe(i)di =y

Price setting Monopolistically competitive firms set prices flexibly to maximize profits (A10) subject to the
demand schedule (A6). The price setting problem of a representative home firm ¢ partitions into price setting in
the home and foreign markets separately:

Pr(e Pr(e
Py (i) = arg max {(PHt(i) = MCy)(1 = 7)h ( Ht(z)) Ct} = (Ht(z)) -MCy, (A20)
Prro (i) P Py
, ) P}, () P5(0)\ MC:
Py (i) = P, ())& — MCyvyh | HLL ) Cr b = —HE2 ) , A21
rre(1) = arg max {( re(1)Er 0)Y ( P ) : } p ( Pr g, (A21)
where p(z) = 5321 is the optimal markup function and 6(z) = —Bg)i }gL(;) is the elasticity of the demand

schedule, and P} is the auxiliary average price in the foreign market. Note that all home firms charge the same
price in each of the markets, Py and P}, repsectively, yet the prices may differ across markets, Pr¢ # Pjy,Et,
violating the law of one price. This happens iff P; # P}

Note that Py, and Py, also correspond to the price indexes of the home good aggregator in the home and
foreign markets respectively, defined in parallel with the overall price index P; in (A19). Given the same prices, we
also have the same quantities across domestic firms, in particular Py:Crr = Pp+(i)Cr4 (i) for all ¢, where Clry
is the aggregate consumption index of all home goods in the home market defined analogously to the aggregate
consumption C in (A5). The same property applies in the foreign market, and for foreign goods in both markets.
Finally, we have the aggregate expenditure in the home and foreign markets given by P;Cy = Py Cpi+ PriCre
and P;C} = Py, Chy + Pp,Ch, respectively.
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Next, consider the full log-differential of the optimal price setting equations around a symmetric equilibrium
in both markets:

prt = —L'(pHe — pt) + My,
p*Ht = *r(p?{t - p??) + (mey — ey),

where small letters denote log-deviations from the symmetric equilibrium and we used the fact that d log P; = p;
(and same in foreign) and that

_Ologpu(z) €
p= 220800 _ €
Ologx lz=1 6-—1
where we used the properties p(z) = ~(§() and # = 0(1), and we defined the super elasticity of demand
€= 8})01%) Z(T 2) | _,- From the definition of 0(x), it follows that
W)z h'(x)x h'(z)x
1-— =146 =1+60-n"(1)/0
h@) W @) et O @) e T T (1)/6,

and therefore, given the slope of demand 0, e characterizes the curvature (i.e. the second derivative, h”'(1)) of the
demand schedule. We assume that the demand schedule A(+) is log-concave, that is € > 0, and therefore I' > 0,
that is the markup decreases with the relative price of the firm, and hence increases with its market share. Note
that the 6 > 1 requirement corresponds to the second-order condition for the optimal price.

Solving the equations above for pg; and p};,, we arrive at

Pa(?) = pre = (1 — a)mey + apy, (A22)
P (i) = py = (1 — a)(mey — er) + apy, (A23)
where the coefficient o = HLF = M%l €[0,1),as @ > 1 and € > 0. In particular, « = 0 iff e = 0, which also

implies f(z) = = const, that is a constant elasticity (CES) demand.

Example 1: CES Consider the case of CES demand, which obtains when g(z) = 1+ Ll (z% — 1) which
is normalized to satisfy g(1) = ¢’(1) = 1. In this case, ¢’(z) = 2~ %/% and h(x) = 277, so that g(h(x)) =
% =+ %1‘1_9. As a result, equations (A18)—(A19) can be solved to yield:

P="P = [/01 {(1 — ¥) P (i)' + yPpy (i)~ 9} dz} =0

Note that in the CES model (z) = %g(;) = 0 = const, implying € = 0, and therefore 1i(z) = 7% = const
andI' = a =0.

Example 2: Klenow and Willis (2016) Consider the demand structure implicitly defined by the demand
schedule h(xz) = [1 — elog(a:)]e/ ¢ for some elasticity parameter # > 1 and super-elasticity parameter ¢ > 0.
This demand structure has been originally developed by Klenow and Willis (2016) and was later used in Gopinath
and Itskhoki (2010) in the context of exchange rate transmission. Note that it is indeed the case that h(1) = 1,

(1) = —0, 0(x) = mof)h(f) = 1= flogT and 8(3)0532(;) em1 = T-clogz |$ , = €. Therefore, parameter ¢
controls the local slope of the demand schedule, while parameter € controls its local curvature, and the two can be
chosen independently. As ¢ — 0, the demand schedule converges to CES demand, h(x) — x~%. The preference
aggregator g(+) corresponding to the Klenow-Willis demand schedule //(-) is well-defined, but is not an analytical
function. Therefore, there is no analytical characterization of P; and P; in the general case, yet the general result
that P; and P; are both first-order equivalent to the sales-weighted average industry price still holds.*> With

O(x) 9 . . __ Ologp(x)
Fx)_1 = 7-Ttclogs’ which results in I' = Dtoga |zt

Therefore, indeed, I and « are shaped by the primitive parameters of demand € and 6, and any value of a =

this demand structure, we have u(x) =

A special case with a tractable analytical solution obtains when § = ¢. In this case, P; is a simple weighted average of
prices P;, while P; equals to P; adjusted downwards by e times the measure of price dispersion (namely, the Theil index), as
consumers benefit from a greater price dispersion holding the average price constant.
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—o—1 > 0 can be obtained independently of the value of 6 by setting € = ;2 (¢ — 1) > 0. In the CES limit, as
e — 0, we have o« — 0.

Country budget constraint and Walras law. Aggregating firm profits (A10) across all domestic firms:
II; = (Pt — MCy) Yo + (Prr&e — MCy) Yy,
= PHtYHt + gtp;-}tygt - MCtK
= PyYu: + &Py Y, — Wil — REK, — P X,

where we used in the second line the fact that total output Y; = Y + Y}, and in the third line the expressions
for the aggregate production demand for labor

Wil = (1 - 19)(1 - ¢)Mct Yi, (A24)
and analogous conditions for capital and intermediates:

REK, = (1 — $)IMC,Y; and PX,=¢MC:Y;. (A25)
We next substitute II; into the household budget constraint (1), resulting after rearranging in:

Byt
Ry

— By = PyYye + gtp;}tYﬁt — Pt(C’t + X; + Zt).

Finally, we use the fact that total domestic expenditure can be split into the expenditure on the home and the
foreign goods, P;(C; + Xi + Z;) = PytYu: + PriYry, as ensured by expenditure minimization (A4) and market
clearing (A11) and the foreign counterpart to (A12), which implies Yp; = Cp¢ + Xp¢ + Zpi. As aresult, we can

rewrite: B
% — By = &P Yy — PeiYre = NX, (A26)
t
which yields (11) in the text.
A parallel expression to (A26) for foreign yields:

B} Dy + Ny
ti*l B* NX* + Rt j: ;
R t—1
where NX; = Ngxt = PFt Yry — Pf, Y, and the last term is the period ¢ realized income (or loss) from

the aggregate carry trade posmon of the financial sector, i.e. the mtermedlarles and the noise traders combined,
t + 1:
+=

transferred lump-sum to the foreign households. Indeed, note that
t—1

is the dollar exposure of the financial

sector from ¢ — 1 to ¢ and ]:Z;‘ =R, ;-
trade at ¢ — 1.

Using the market clearing condition in the financial sector (15), we have D} + N} = — B}, and therefore we
can rewrite the foreign country budget constraint as

B Bf =,  Bi Ri1 &
t R* t L t R* Rt 1 gt

where the second equality substitutes in the definitions of the carry trade return RZ‘ from (13).
Lastly, since the financial sector holds a zero- capltal position, this implies a zero-capital position for the home

and foreign households combined, that is B'“ + & ’“ = 0 at all t. Applying this market clearing condition at
t
t — 1 and ¢ to the foreign budget constraint ylelds after rearranging:

Biiq
R,

- Bt == —gtNX: == NXt7

which is exactly equivalent to the home country budget constraint (11). Note that this represents a version of
Walras Law in our economy with the financial sector, making the foreign budget constraint a redundant equation
in the equilibrium system.
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A.4 Financial sector
This appendix proves the results in Section 2.2; we make use of equations (12)-(16) displayed in the text.
Proof of Lemma 1 The proof of the lemma follows two steps. First, it characterizes the solution to the portfolio

problem (14) of the intermediaries. Second, it combines this solution with the financial market clearing (15) to
derive the equilibrium condition (16).

(a) Portfolio choice: The solution to the portfolio choice problem (14) when the time periods are short is given by:

d:—l—l N _it — Z: — EtA€t+1 + %0’3 + Oen* (A27)
Py wo2 ’

wherei; — i} =log(Ry/R}), 02 = vary(Aeyi1) and Oer = covi(Aegy, Apfiq).

Proof: The proof follows Campbell and Viceira (2002, Chapter 3 and Appendix 2.1.1). Consider the objec-
tive in the intermediary problem (14) and rewrite it as:

1 x e i
E 1 zt 1 t 1 28
glax t{—exp <—w( — et )e + —t* , (A28)

t+1
where we used the definition of ]EL’Z‘ 1 in (13) and the following algebraic manipulation:

~ ~ Rip1 &
* * * *  J% — * *
Rigdipn Ry /Ridi, 1 Ry &ev1 Y41 (1 _ eﬂiiﬂ) e*ﬂfﬂidt“
k

Pl Ry Pl /Pr P e+ Py By
and defined the log Carry trade return and foreign inflation rate as
xi g =i — iy — Aeyyy = log(Ry/Rf) — Alog 41 and 7/ = Alog Pf,,.

When time periods are short, (x},,7}, ;) correspond to the increments of a vector normal diffusion
process (dX;", dP;) with time-varying drift ¢, and time-invariant conditional variance matrix o-:

day ) _
< ap: ) = p,dt + odB,, (A29)

where By is a standard two-dimensional Brownian motion. Indeed, as we show below, in equilibrium
xf,, and 7}, follow stationary linear stochastic processes (ARMAs) with correlated innovations, and
therefore

(33:4-1’ 77:4-1) ’It ~ N’(Huoj),

where Z; is the information set at time ¢, and the drift and variance matrix are given by:

. L x 2
x iy —if —E/Ae x o —Oen»
_ t+1 _ t t t t+1 2 _ t4+1 _ em
e = Et ( *+ ) - < E, ¥ ) and o = vary ( *+ > - < © 2 ) ’
T+l 441 i1 “Oern*  Ogx
where 02 = var,(Ae;y1), 02. = var,(Apy,,) and oer+ = covy(Aeyi1, Ap}, ;) are time-invariant (an-

nualized) conditional second moments. Following Campbell and Viceira (2002), we treat (z},,, 7/, ;) as
discrete-interval differences of the continuous process, (X | — X, Pr, — Pf).

With short time periods, the solution to (A28) is equivalent to

1 axgy,—apy 4
max Et{wexp (w(le t)e tP—t* , (A30)

where (dX}", dP;) follow (A29). Using Ito’s Lemma, we rewrite the objective as:
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(b)

1 d*
E, {— exp (—w( Xy — %(dx;‘)?) (1 — AP} + %(dPt*)Q) ) }
w P;
1 *
=E, {— exp (—w( —dX; — 3(dX)? + dXt*de) *) }
w Py
1 1.9 d*  w?o? [ d* 2
:—wexp([w(ulyt—i—zae—&—am*)a*+ 5 P—t* dt |,
where the last line uses the facts that (dX;*)? = o2dt and dX;dP; = —0.,-dt, as well as the property of
the expectation of an exponent of a normally distributed random variable; /11 ; denotes the first component
of the drift vector p,. Therefore, maximization in (A30) is equivalent to:

d* d\? d* pit+ 202 4 0ens
1.2 1,22 . o s 2% em
H(lﬁx{w(,ul,t + 50 + Jeﬁ*)—Pt* — swiog (Pt*) } w/solution P—t* = - wo? .

This is the portfolio choice equation (A27), which obtains under CARA utility in the limit of short time
periods, but note is also equivalent to the exact solution under mean-variance preferences. The extra terms
in the numerator correspond to Jensen’s Inequality corrections to the expected real log return on the carry
trade. W

Equilibrium condition: To derive the modified UIP condition (16), we combine the portfolio choice
solution (A27) with the market clearing condition (15) and the noise-trader currency demand (12) to obtain:

iy —if —EiAepyr + 202 4 0o
Bf, +Rin(e’ —1) —mP; A ! :;12 27¢ T . (A31)
[

The market clearing conditions in (15) together with the fact that both intermediaries and noise traders
Diy1+Nep1 _£ Dy +N
R, - R}

take zero capital positions, that is , results in the equilibrium balance between

t

. .\ By .
home and foreign household asset positions, BEI = —& =+ Therefore, we can rewrite (A31) as:
t
i —if —EAery + 507 + Oens an(ewt 1) - R; Y: B
wo2/m Py R; Qi PY:’

where we normalized net foreign assets by nominal output P,Y; and used the definition of the real ex-
change rate Q;. We next log-linearize this equilibrium condition around a symmetric equilibrium with
R =R = 1/5, B=B*=0,Q =1,and P = P* = 1 and some Y. As shocks become small, the
(co)variances 02 and 0.+ become second order and drop out from the log-linearization. We adopt the
asymptotics in which as o2 shrinks w/m increases proportionally leaving the risk premium term wo? /m
constant, finite and nonzero in the limit. As a result, the log-linearized equilibrium condition is:

1 n _
— (i, —i* —E,A )Z, Vb, A32
wog/m (Zt 1y tQEt41 Bwt t+1 ( )
where b1 = %Bt.ﬁrl = —%BZ‘ 1. This corresponds to the modified UIP condition (16) in Lemma 1,

which completes the proof of the lemma.** N

“Note that o2 /m is the quantity of risk per intermediary and w is their aversion to risk; alternatively, w/m can be viewed as

the effective risk aversion of the whole sector of intermediaries who jointly hold all exchange rate risk. Our approach follows
Hansen and Sargent (2011) and Hansen and Miao (2018), who consider the continuous-time limit in the models with ambiguity
aversion. The economic rationale of this asymptotics is not that second moments are zero and effective risk aversion w/m is

infinite, but rather that risk premia terms, which are proportional to wo?Z /m, are finite and nonzero. Indeed, the first-order
dynamics of the equilibrium system results in well-defined second moments of the variables, including o2, as in Devereux

and Sutherland (2011) and Tille and van Wincoop (2010); an important difference of our solution concept is that it allows for
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Income and losses in the financial market Consider the income and losses of the non-household partici-
pants in the financial market — the intermediaries and the noise traders:

thJrl == (md;fk+1 + R:n(ewt _ 1)) (1 _ ele)’
t

where we used the definition of R,’;_l in (13) and the log Carry trade return z;11 = iy — i} — E;Aeipq =
log(R:/R}) — Alog E4+1. Using the same steps as in the proof of Lemma 1, we can approximate this income as:

E:x n E;x n -
(—mttH + 7/)t> ( - $t+1) =m (HH - 7/%) Tpp1 = —Ybii 1Ty,

wo? Bm

where the last equality uses (A32). Therefore, while the UIP deviations (realized x; 1 and expected E;x; 1) are
first order, the income and losses in the financial markets are only second order, as By = PYb; is first order
around B = 0. Intuitively, the income and losses in the financial market are equal to the realized UIP deviation
times the gross portfolio position — while both are first order, their product is second order, and hence negligible
from the point of view of the country budget constraint.

Covered interest parity Consider the extension of the portfolio choice problem (14) of the intermediaries
with the additional option to invest in the CIP deviations:

1 R, d: *dfy, Ry
max [E;<——exp|— trl il —|— il Wy ,
d:+1vd£:1 w

Pha Ry P i1 Bi -
where the return on one dollar invested in the CIP deviation (long foreign-currency bond, short foreign-currency
bond, plus a forward) is:

&
R{* =R} — — Ry,
t t ft t
since 1 dollar at ¢ buys R; units of foreign-currency bonds and &, R; units of home-currency bonds, and hence
Fx
d}t%tl 0 is the period-t dollar size of this position. Note that we also allowed for nonzero dollar wealth W;* of

the intermediaries, which is by default invested into the ‘riskless’ foreign-currency bond. Both CIP investment
and wealth investment are subject to the foreign inflation risk only, but no risk of nominal return, unlike the
carry trade dj ;. Note that the CIP investment, just like the carry trade, requires no capital at time ¢. Lastly, note
that intermediaries may be pricing the forward without trading it, or trading it with the noise traders; as long
as the households have access to the home-currency bond only, and not the forward, this does not change the
macro equilibrium outcomes of the model.

The first order optimality condition of the intermediaries with respect to the CIP investment is:

| Ridi.,  RF- 5 | R;
RF* . R _exp [ — t4+1 Gty t-i;l Wy —0.
' {P+1R ( Py R Phy I '

t+1
However, since the expectatlon term is strictly positive for any df*; € (—o0, 00), this condition can be satisfied
only if RF'* = 0. If RF'* > 0, the intermediaries will take an unbounded pos1t10n in the CIP trade, df}"; = oo,

and vice versa.

a non-zero first-order component of the return differential, namely a non-zero expected Carry trade return. We characterize
the equilibrium o2 in Appendix A.5.
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A.5 Equilibrium system

We summarize here the equilibrium system of the full flexible-price model by breaking it into blocks. The version
of the model with sticky prices and wages is described in Appendix A.7.

1. Labor market: Labor supply (2) and its exact foreign counterpart. Labor demand in (A24), used together
with the definition of the marginal cost (A8), and its exact foreign counterparts. Labor market clearing
ensures that L; (L} respectively) satisfies simultaneously labor demand and labor supply at the equilibrium
wage rate W (W respectively).

2. Capital market: Euler equation for capital (A16) determines supply of capital and the firm capital demand
is given by the first-order condition:

REK, = (1 - ¢)0MC, Y}, (A33)

where marginal cost M C; is defined in (A8). The equilibrium rental rate of capital R ensures that K
satisfies simultaneously the demand and supply of capital. Identical equations characterize equilibrium in
the foreign capital market. The home gross investment Z; obtains from the capital dynamics equation,
which we rewrite here as:

K (AKp)?

Zy = | K1 — (1= 0) K| + 2K, (A34)
where the first term is net investment and the second term is adjustment cost. The foreign investment Z;
satisfies a symmetric equation.

3. Goods prices: Price setting is characterized by (A20) and (A21) for home firms in the two markets, and
symmetric equations characterize price setting by foreign firms. The price indexes P; and P; are defined
implicitly by (A19)-(A18) respectively. As a result, equilibrium prices of all varieties supplied from a given
country to a given market are the same: Py, (i) = Py, and Pj,(i) = P}, foralli € [0,1] and J € {H, F'}.

4. Goods market: As a result of price setting, the quantities supplied by all firms from a given country to
a given market are also the same: V(i) = Y, and Y7, (i) = Y, foralli € [0,1] and J € {H, F'}. The
total demand for home and foreign goods satisfies:

Y=Yy + Y, and Y =Ym + Y5, (A35)

where the sources of demand for home goods are given in (A11) and (A12), and the counterpart sources
of demand for foreign goods are given by:

P
Yrt = Cre + Xpe + Zpe = vh (;) [Ce + Xy + Zy], (A36)
t
* * * * P* * * *
Yi, =Cp+ Xpy + Zpy =70 (;Zf) [Ct + Xy +Zt}7 (A37)
t

where X is the intermediate good demand by the home firms:
P X; = ¢Mct Y:, (A38)

with M defined in (A8), and a symmetric equation characterizes the intermediate good demand by
the foreign firms X;*. The total supply (production) of the home goods Y; satisfies the production func-
tion (A7), with log productivity a; that follows an exogenous shock process (A9).* A symmetric equation
and foreign productivity process a; characterize foreign production Y;*.

5. Asset market: The only traded assets are home- and foreign-currency bonds, which are in zero net
supply according to market clearing (15). The demand for home-currency bonds by home households
B4 satisfies the Euler equation (3) given the nominal interest rate ;. Similarly, the demand for foreign-
currency bonds by foreign households B}, ; satisfies a symmetric Euler equation given foreign nominal

*Note that the input demand equations (A24), (A33) and (A38) together with the definition of the marginal cost (A8) imply
the production function in (A7).
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interest rate Ry. The demand for bonds by noise traders and arbitrageurs are characterized by Lemma 1
respectively. The noise trader shock follows an exogenous process (12). No other assets are traded.

Nominal interest rates are set by the monetary authorities according to the Taylor rule (A15) — where
it = log Ry, my = Alog P, and an exogenous random shock €} — and its foreign counterpart.

6. Country budget constraint: The home-country flow budget constraint (A26) derives from the combi-
nation of the household budget constraint and firm profits. The flow budget constraint (A26), together
with the household Euler equation (3) and its foreign counterpart, establishes a condition on the path of
consumption and nominal exchange rate, {Cy, C;, &; }. The foreign flow-budget constraint is redundant
by Walras Law (see Appendix A.3).

Symmetric steady state In a symmetric steady state, exogenous shocks a; = a; = ¢}* = /" = ¢y = 0,
and state variables B = B* = NX = 0. This is the unique steady state in a model with 2 > 0 in (16), which
also ensures stationarity of the model around this steady state. We also for concreteness normalize P = P* = 1.
Then, from Euler equations (3) and (A16) and their foreign counterparts, we have:

o _ 1
AR:R*:RK+1—5:}ﬁ*+1—5:B.

By symmetry, the exchange rates and terms of trade satisfy

£=0=8=1,

and all individual prices are equal 1 (the price level). Denote the steady state markup with i > 1, so that the
steady state marginal costs MC' = MC" = 1/i, which allows to solve for W = W* given R = 1/3and P = 1
from (A8) as a function of model parameters.

Next, product and factor market clearing in a symmetric steady state requires:

y — ’ﬁilfﬂ)1*¢X¢
X =2y,
I
1-p (-9 o
(52 o

o1y _ (—e)a-) Y
s

since Z = § K. These equations allow to solve for (Y, C, L, K, X) and their symmetric foreign counterparts as
a function of the model parameters.

Lastly, we define the following useful ratios in a symmetric steady state:

GDP p Z T +6K Y - X
(= _Pers) _CHok Yo X _, 9 (A39)
Output PY Y Y T
Import PrYr Yr
v Expenditure  PgYpy + PrYr vy (A40)
Import+Export  EP; Yy + PrYrp 2V 2;y (Ad1)

GDP PC+2) Y-X ¢(
The steady state markup is i = % (1—¢), where ¢ is the subsidy that offsets the markup distortion, conventional
in the normative macro literature. To avoid the need to calibrate an extra parameter, we assume ¢ = 1/6, so that
i = 1land ( =1 — ¢, or in words the share of intermediates in output equals the elasticity of the production
function with respect to intermediate inputs. The qualitative and quantitative results in our analysis are not
sensitive to the departures from ( =1 — ¢.

52



Log-linearized system

We describe here the log-linearized equilibrium system in the model without capital or nominal rigidities and
in the limiting case of monetary policy fully stabilizing the price levels, but allowing for Kimball demand and
intermediate inputs. The simplified model studied in Sections 2-3 of the paper is the special case withax = ¢ = 0
(and recall that v = 1/¢). We log-linearize the equilibrium system around the symmetric steady state. We take
advantage of the block-recursive structure of the equilibrium system, and characterize the solution in blocks.

Exchange rates and prices The price block contains definitions of the price index at home and abroad:

pt = (1 = v)pat +YPFt, (A42)
Pt =Pt + (L = 7)Ppes (A43)

as well as the price setting equations:

pat = (1 —a)(1 — o) (we — pr — ar) + pr, (A44)
P = (1= a)[(1 = @) (we — pr — ar) + pr — ed] + apy, (A45)
ppe = (1 —a)(1 = ¢)(wi —pf —aj) +py, (Ad6)
pre = (1 = a)[(1 = ¢)(wf —p; —a;) +p; + e + apy. (A47)

Note that small letters denote log-deviations from steady state, and therefore constant terms drop out from
equations (A44)-(A47). In addition, we use the logs of the real exchange rate (RER) and the terms of trade (ToT):

qt = p; + e — i, (A48)
5t = Pre — D¢ — €t (A49)

as well as the wage-based and PPI-based real exchange rates:
q¥ = w; + e; —wy, (A50)
6 =Ppi+ e —par. (A51)
We solve (A42)-(A51) for equilibrium prices and exchange rates. In particular, we have:
st=aq —2aq, and g = (1—7)g — s,
where aq; equals the equilibrium LOP deviation for both home- and foreign-produced goods:
aqy = py + €t — PHE = Py + €t — Prt,

as follows from (A44)-(A47). Intuitively, ToT equals PPI-RER adjusted for LOP deviations; and CPI-RER equals
PPI-RER adjusted for ToT. Using these relationships, we solve for s; and ¢ as a function of ¢;:

5 _1—=2a(l—7)
P 1oy

i = [1+0-a

gt (A52)

v
. AS3
1 27} % (A53)

Finally, we combine (A42)-(A47) to derive the relationship between ¢;" and ¢;:

1 2y
w
= 1 _—
t [ L

and in addition we have the expressions for the equilibrium real wages:

} @ — (ar — af), (A54)

Wy — Pt = Q¢ — ﬂﬁ% and Wy — Pr = Oy + ﬂﬁqt (A55)
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Intuitively, the real wage reflects the country productivity level adjusted by the international purchasing power
of the country, which is proportional to the strength of its RER.

Real exchange rate and quantities The labor supply (2) and labor demand (A24) equations (together with
the marginal cost (A8)) can be written as:

oct + %ft = Wt — P,
b= —(1—d)ar — p(we — pt) + v
Combining the two to solve out ¢;, and using (A55) to solve out (w; — p;), we obtain:

voci +yr = (1 +v)a; — l{fiﬁ%

Subtracting a symmetric equation for foreign yields:

vod + g = (1+v)a — Y555 a, (AS6)

where Z; = x; — a} for any pair of variables (¢, 2} ). This characterizes the supply side.
The demand side is the goods market clearing (A35) together with (A11)-(A12), which log-linearize as:

Ye = (1= 7)yme + VY
yre = =0 —pe) + (1 — @)ey + ¢[(1 — @) (wy — pr — ag) + yt]a
Yire = =0 —pi) + (L — 9)¢f + o[(1 — o) (wf — p} — af) + yf],

where ¢ =1-(= X /Y, and we used expression (A38) and (A8) to substitute for X; (and correspondingly for X;).
Combining together, we derive:

ye = Blye =i + (1= 9)lee — &) +7 [0 — ) 252 = 6|

where we have solved out (py; — pi) and (p};, — pf) using (A44)-(A47) and (w, — py — a;) and
(wf — pf — af) using (A55). Adding and subtracting the foreign counterpart, we obtain:

1= (1= 29)6lje = (1= 22)(1 = 9)é +27 [0(1 — ) 252 — 6] ar. (A57)

Combining (A56) and (A57) we can solve for ¢, and ¢;. For example, the expression for ¢; is:

Ct = KqGt — YRq(t, where (A58)
(1+ )1+ ) 22001 — )7t +v(1430) + ¢ 1 2y
g =-——"—" and K,=— , with = -——
1+ vo(l+ ) 5 1+vo(l+ ) 1—¢1—2y

Note that x4, kg > 0 independently of the values of the parameters, and in the autarky limit as v — 0 we have

1+v 2 20(1—a)+v
Ka = 1oy and kK, — T8 Tive
separated from zero even as v — 0.

Lastly, we log-linearize the flow budget constraint (11) as:

, since Z
5

— ﬁ Therefore, (K, kq) are positive derived parameters

Bbiy1 — by = nay = “Y(y;u —Yrt — 575)’ (A59)
where 3 = 1/R and since B = NX = 0 in a symmetric steady state, we define b;1; = B;;1/Y and

nzy = NX;/Y, so that y represents the steady-state share of imports (and also exports) in output, which is
the relevant coefficient in the log-linearization (A59). Next we use the expression for export quantity y};, above
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and a symmetric counterpart for yr;, together with the solution for prices and quantities, to derive:*®
nxy = v[Agqe — Aalie], (A60)

where the second equality substitutes in the solution for (¢, ¢;) from (A56)-(A57), and we define:

1 1+v
Ao = ,
1—-2y1+vo(l+ )
1 1+vo 1—7
Ag = 20(1 — —[1—2a(1 - :
‘ 1—27(1+ua(1+%)[( gy H O T, | T2l v)])

Note that A\, = ﬁ 1’_7_“% > 0, and as v — 0 we have A\, — K, — 0. Furthermore, A, > 0 is equivalent to the

generalized Marshall-Lerner condition in our general-equilibrium model, and 6 > 1 is sufficient to ensure this in-
dependently of the values of other parameters (y, a, ¢, v, o). In the limit y — 0, we have \; = 14+2(6—1)(1—«),
which is in general different from .

Exchange rate and interest rates We log-linearize the household Euler equation (3) and its foreign counterpart:
it = B {oAcip1 + Apipa} and if =By {ocAci, + Apjy},

where i; =log R;~log R and similarly for i}. Taking the difference, we can express the interest rate differential as:

it — iy = B {oAC+1 + APira}, (A61)

Subtracting the expected inflation differential, E;Ap; 1, on both sides allows to characterize the equilibrium real
interest rate differential as

i — 1 — EtApip1 = 0B AC11 = okgEiAdi1 — yorgEiAgiqq, (A62)

where we substituted the solution for Aé;;1 from (A58). To solve for the equilibrium nominal interest rate
differential we combine (A61) with the Taylor rule (A15) and its foreign counterpart. Since Ap; 11 = 0, the
nominal interest rate (differential) tracks the real interest rate (differential), equal o times the expected (relative)
consumption growth.

Next, subtracting E;Ae; 1 on both sides of (A61) and combining with the modified UIP equation (16), we have:

Ei {oAC 1 — Aqeyr} =iy — iy —EiAeryr = X190 — X2big1, (A63)

which amounts to the international risk-sharing condition in this economy. Combining (A63) with the solution
for the equilibrium consumption differential (A58), we arrive at the condition for the expected change in the real

*This is a rather tedious deviations, which relies on the previous equilibrium relationships. We start with:

Yie — Yyre — st = —0(pre — p°) + 0(pre — p) — ¢(1 — @) (Wt — Pr — ar) — [¢Fe + (1 — @)&] — st
= —[0(1 — @) + O)(1 — &) (@1 — Pr — &) +20(1 — @)qr — 220" g, — (67 + (1 — $)&]

= (100 - @)+ o175 42000 ) = S0 ) - o+ (1 - )

where the first line substitutes the expressions for y7;, and yr:, the second equality uses (A45), (A47) and (A52), and the third
equality uses (A55). Next we use (A57) to solve for:

¢Ge + (1 — )¢

1 2y 2(1—7)
1Y T 1oy [9(1—04)#—@5}%
1 1+v .

_ 2y o N2(-y) 1 vte _ VOKq
- 1— 2')/ 1 + 1/0'(1 + %) at 1—2~ [9(1 a) 1—2~ ¢+ 1-2y 1—-¢ 2 :| Gt

where the second line uses (A56) to solve out ; and then (A58) to solve out ¢;. Finally, substituting in the expression for
from (A58) and rearranging terms yields the resulting (A60).
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exchange rate:
(1 +v0kq)EtAgei1 = X2biy1 — X1Ut + 0K ErAdy 1. (A64)

Substituting this into (A62) yields the solution for the interest rate differential:

YO Kq o

Ra .
[x2ber1 — x19e) + EiAdiq1. (A65)

it —E A —__ e _ Yha
1 — Uy tAPt+1 1+ yorg 1+ yorg

A.6 Derivation of the analytical results in Section 3

Equilibrium exchange rate dynamics (Lemma 3) We first characterize the generalized version of the ex-
change rate dynamics in (30) in corresponding to the modified UIP condition (16) with endogenous coefficients
X1 and x2. We combine (A64) with (A59)-(A60) and the exogenous shock processes (6) and (12) assuming for
concreteness p, = py = p (and analogous derivations apply in the general case with p, # py). This system
corresponds to the generalized versions of (17)—(28) in the text.*” We write the equilibrium dynamic system in

matrix form:
I —X2 Eigyr N _ (1 0 @\ ([ x1 (1-pk 0y
0 1 bt+l B 1 1/ﬁ bt 0 1 &/t ’

where for brevity we made the following substitution of variables:

_ ) A
S — T

OKa g
T 1+ 0k X2 = 1+ ok,

, k= 24 A66
X2 1+y0Kg Aa (A66)

Diagonalizing the dynamic system, we have:

Lt %
Etzt+1BZtC(1§:>, where B—( +1X2 Xf/;)’ C

(%1 (1—p)1k+>22 )’

and we denoted z; = (g, Et)’ . The eigenvalues of B are:

1

H1,2 B

1
[(1 F R+ 1/8) F A+ X2+ 1/B)2 — 4//3} suchthat  0<ju <1< 5 <,
and 1 + pe = 1+ x2 + 1/8 and py - p2 = 1/5. Note that when x = 0, and hence x5 = 0, the two roots are
simply p7 = 1 and puo = 1/p.
The left eigenvalue associated with e > lisv = (1,1/8 — 1), such that vB = pgv. Therefore, we can
pre-multiply the dynamic system by v and rearrange to obtain:

1—pk+xy 1/8—
(1-p) X /B — o
2 H2

1 1
vz = ;Et{vzt—kl} + gXﬂ/’t + {

Using the facts that X2 +1/8 — 1 = o — 1 and 1/us = Buy, we solve this dynamic equation forward to obtain
the equilibrium cointegration relationship:

% 1-— 1—pk
Braxa by + B + B( p) 'uld
1 — Bpuy 1 — Bppm

vz = qi + (1/B — pa)by = ‘- (A67)

Combining this with the second dynamic equation for l;t+1, we solve for:

) L ——— 1= p)(k = 1) .
be1 — pabe = q + (5 — )by —ay = B — p)l )it at, (A638)

BuiX1
Py +
1—Bpm " 1— Bpm

Note that I;t+1 in (A68) follows a stationary AR(2) with roots p and j;. Recall that as xo — 0, 1 — 1, and the

“"Note that, while monetary policy results in e; = ¢, it does not affect the equilibrium system for RER g in the flexible-
price version of the model we consider here.
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process for 3t+1 becomes an ARIMA(1,1,0), which corresponds to the solution in footnote 26 in the text (after
reverse substitution of variables).
Finally, we apply lag operator (1 — 1 L) to (A67) and use (A68) to solve for:

_ Brixi B —p)(k =1
l-wmL)g=01-p5""L [ - a
(1=mL)g=(1-p""1) liﬂp’uldjt T o
_ Brixi B(L—pp, . 1 — B
=(1-8"'L [ Py + kag | +
( N\ Bom L—Bppur '] 1= Bpw
where L is the lag operator such that Lq; = g;—1. Therefore, equilibrium RER ¢, follows a stationary ARMA(2,1)

with autoregressive roots ;7 and p. Again, in the limit yo — 0, g1 — 1, and this process becomes an
ARIMA(1,1,1), which corresponds to (30) in the text.** W

} (- Ly

(1—pm L), (A69)

Equilibrium variance of the exchange rate and Lemma 1 Solution (A69) characterizes the behavior of ¢,
for given values of x; and x2 (and hence pi1, p2), which from (16) themselves depend on og = vary(Aei11).
Since the monetary policy stabilizes inflation, ensuring e; = ¢;, we also have 02 = var;(Aq;+1), and we now
solve for the equilibrium value of 02, and hence (1, X2, 1, fi2)-

Using (A69), we calculate 02 = vary(Aqq 1) for given x; and ya:

02 = vary(Agii1) =

)

< Bty )202 N <ﬁ(1p)u1k+(16u1))2 5o _ Ko+ ((=pk+ (12— 1)°57
1-Bpps) ¥ 1 — Bpur “ (12 = p)?

where 6, is the standard deviation of the innovation to @, and the second line uses the fact that S = 1/ us.
In addition, recall that:

(L+ 8%+ 8) + (L + Bk + 8)° — 48

. n/B  wo? %0 = WY /B wo?

X1 and o =

:1—1—70% m’ 271—1—70% m 28
We therefore can rewrite the fixed point equation for o2 > 0 as follows:
F(z,0) = (p2(@x) — p)2x —b(@x)? —c=0, (A70)

where we used the following notation:

2
_ 2 ~ _ TL/B 2 . 2.9
ﬁC:O’ezO, W = 5 b= <:H—m]) O'd” C:((l*p)k‘i’(ﬂQ*l)) UQZO,

Ile

and pz(+) is a function which gives the equilibrium values of yo defined above as a function of wo? for given
values of the model parameters. Note that for any given @ > 0:

lim F(z,0) = —c<0,

x—0

~ ~ 2 ~9 S 2
lim Flz,) = lim H2 () = pxa = %GJ > 0.
z—oo I3 T—00 T o'g 1+ YOkyq

Therefore, by continuity at least one fixed-point F'(¢2, w) = 0 with 02 > 0 exists, and all such 2 > 0 whenever

¢ > 0 (that is, when 6, > 0). One can further show that when &,/0y is not too small, this equilibrium is
e 49

unique.

*Note that we prefer the specification in the second line of (A69) since it separates the exchange rate effects of é; via the
budget constraint (latter term) and via the modified UIP condition (the former term with factor % in front of a;). In the limit
of p — 1, the effect through the UIP condition vanishes, while the effect through the budget constraint results in a random
walk response of g: to a.

“For 64 /oy = 0, there typically exist three equilibria. In particular, when 6, = 0, there always exists an equilibrium
with 2 = x1 = 0, in addition to two other potential equilibria with o2 > 0, which exist when oy is not too small (see
Itskhoki and Mukhin 2017).
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Finally, we consider the limit of log-linearization in Lemma 1, where (64, 0y) = /€ - (74,0¢) = O(VE) as
§ — 0, where (7,,5y) are some fixed numbers. Then in (A70), (b, ¢) = O(§), as (b, ¢) are linear in (53, 07,).
This implies that for any given fixed point (52, @), with F (52, w; 52, 51211) = 0, there exists a sequence of fixed
points F(g&ﬁ,w/g;g&ﬁ,g&fb) = 0as & — 0, for which 02 = £52 = O(¢), ® = w/& = O(1/€) and @o? =
w52 = const. To verify this, one can simply divide (A70) by ¢ and note that, for a given wx, F(x,®) is linear in
(x,b, c), which means that the fixed point x scales with (b, ¢) provided that wx stays constant. This confirms the
conjecture used in the proof of Lemma 1. W

Proofs of Propositions In the remainder of the proofs, we specialize to the case of 2 = 0 and normalization
X1 = 1, which we adopted in the text of Section 3. The results, however, obtain under the general case with
endogenous nonzero x1 and Y2, as we considered until now. Throughout the proofs we use the notation for x1,
k and a; introduced in (A66) above.

Proof of Lemma 3 The equilibrium process for the nominal exchange rate (30) follows directly from the
solution (A69), as 1 = 1 when x2 = 0, and considering the fact that the assumed monetary policy ensures
e; = q¢ (see (17)). This is the unique path of the exchange rate that simultaneously satisfies the modified UIP
condition (27) and the country budget constraint (28). Indeed, (27) determines e; and E,e;; forall j > Ouptoa
long-run expectation Eieoo = lim;_, o Etes4;, which in turn is uniquely pinned down by the budget constraint,
as any departures from E;e, result in expected violations of the intertemporal budget of the country.

Proofs of Proposition 1and 5 As 3,p — 1, we have [(1 — 37'L) — (1 — pL)]a; — 0 for any stationary x,
and therefore we can use (30) to show that in this limit:

~iid
i (e = [t + (5 1501
= tim, {0 =710~ = o] (500 + 5k ) } =0

where we used the notation X1, k£ and d; from (A66) and denoted with 6,£¢ the innovation of the a; shock
process, so that §,€¢ = (1 — pL)a; and similarly Uwef = (1 — pL)4y. Therefore, in the limit Ae; is 4id, and
hence e; follows a random walk.>°

We next prove related limiting results characterizing the second moments of the exchange rate process, by
rewriting (30) as follows:

X B(—p)k [~ A —Bp ~
Aet = f_}_Xﬁlp |:O—w€t — 7’#) :| (1_52 |:0'a€g‘ _ 1 ﬂﬁpat_1i| + 1= Bﬁpo-agt’

where again we use notation X1, k¥ and a; from (A66). We can then calculate:

(1759)2(1#) ) 1—Bp
COV(A@t,A@t_l) W [ 10’w + (1 — )2]{52&2} — wk&i,

1-Bp
. 1-p)k .
varg(Aesr1) = (153;)) X?U?p + (ﬁ(lfgpp) + 1z /3,;) &2

2 2 .
var(Ae;) = 2200 (9262 4 (1 - p)2k262] + ( 1-8 ) {1 + W} 62,

*Two remarks are in order. First, as Sp — 1, we should ensure that ¢ /(1 — Bp) does not explode in order to keep the
volatility of Aey finite; a natural approach is to require that oy /(1 — Bp) remains finite in this limit. Second note that the
limiting process for Ae; depends on the relative speed of convergence of 5 and p to 1 as depending on it ;— BPP , 11 B,Bp € [0,1].
For example, if we first take 8 — 1, as will be our approach below, then Ae; — Awt + kAday, as the last term in (30)
disappears already in this first limit, prior to taking p — 1.
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Next, taking first the 5 — 1 limit, we can characterize the following ratios for p < 1 and as p — 1:51

cov(Aey, Aey_1) 1—p

A A — = = — _> 0
corr(Aey, Aey_1) var(Ber) 5 ,
varg (A€t+1) o Var(A€t+1 — EtA€t+1) o 1+ 1%
= = — 1,
var(Aety1) var(Aety1) 2
var(Aey) 2 X%ai + (1 = p)?k%62
= = 5 — 00,
var(x19:) 1—p Xios,
var(Aeg|iby) Xios,

- =1
var(Aey) Xiog, +k262(1 — p)? ’

where we used the fact that var(i;) = Ji /(1 — p?). These are the results summarized in Proposition 1 and in
the text following it. The last result in particular confirms that as 8p — 1, the contribution of the ¢, shock to the
variance of Ae; fully dominates the contribution of the productivity shock. The second-to-last result confirms
that as Sp — 1, an arbitrarily small volatility of the UIP shock x1%: results in an arbitrarily large volatility of
Ae;. The first two results are the confirmation of the limiting random-walk behavior of the exchange rate as
Bp — 1.

Lastly, we prove that as 7y decreases or Bp increases, the volatility of the exchange rate response to the UIP
shock x1vy increases. We denote af‘ » = var(Aeyy) = %)ﬁai the variance of the exchange
rate conditional on the financial shock )¢, or equivalently when we switch off the other shock, o, = 0. We
characterize:

var(Aeg|y) _ 14 B2 —28p 1
var(x1t:) (1=8p)* (1+470kg)*

where we used the notation for x; in (A66) and the fact that var(y;) = O’i /(1 — p?), which already adjusts for

the persistence of the shock.> It is immediate to see that the volatility of the exchange rate response always
increases in  and increases in p iff p < 3, which we take as the empirically relevant case. Note that the overall
unscaled volatility of the exchange rate, ag‘ w = var(Aet|t:), always increases in both 3 and p. Finally, we
establish that yx, is increasing in 7, where &, is defined in (A58), reducing the volatility of the exchange rate
response. We have:

20(1 — «) 11:2’2 +v(1+ ) + ¢ 1 2~
, where = -— .
1+vo(l+ x) 1—¢1—2y

Vhq =

Since  is increasing in «y on its range [0, 1/2), we only need to establish that the right-hand side is increasing
in sz, which can be immediately verified by differentiation. This completes the proof of Proposition 1.

To finish the proof of Proposition 5, we make use of (A57)—(A58), which in the limit of closed economy v — 0
becomes:
14v 2y vo20(1—a)—v—(14+vo)d
_l—l—vaat 1—¢ 1+vo

Yt qt,

where the term in front of ¢; may be positive or negative and is of the order of +, that is vanishes in the limit if
the volatility of ¢, is finite. As a result, the volatility of y; in this case is shaped by productivity shocks a, alone.
Using the results above, it is easy to verify that in the presence of the financial shock, as p increases towards 1,
the volatility of Ae; increases without bound relative to the volatility of Aa;, completing the proof. W

'We focus on this sequence of taking limits as the variance of Ae; is not well-defined when p = 1, as this results in a
double-integrated process for the exchange rate. In contrast, all second moments are well-defined for 8 = 1, and we can then
study their properties as p increases towards 1. In addition, this sequence of limits provides a better approximation to our
calibrated model, in which we have p < 5 < 1, namely p = 0.97 and 5 = 0.99.

We could alternatively characterize the response to the primitive noise-trader shock 1/, with an endogenous coefficient
X1, rather than the overall endogenous UIP shock x1%:; this however simply introduces an amplification loop, by which an
initial increase in 0|, gets amplified by an endogenous increase in X1, leaving the qualitative result unchanged.
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Proofs of Lemma 2 and Proposition2 The relationships between nominal exchange rate, real exchange rates
and terms of trade are derived above — see (A52)—(A54). The results follow immediately from these equations.
In particular, in response to v, all real exchange rates — ¢, ¢/ and g} — comove perfectly with the nominal
exchange rate e;, which under the consumer-price-stabilizing monetary policy equals RER, e; = ¢;. Smaller =y
and larger « ensure that the ratios of volatility of ¢} and ¢/ to that of ¢; are closer to 1. In contrast, higher «
reduces the relative volatility of the terms of trade s; relative to ¢,.

The proof of Proposition 1 already establishes that, as Sp — 1, the process for ¢; = e; converges to a random
walk with an arbitrarily large volatility of Ag; = Ae; (when scaled by the exogenous volatility of the UIP shock
1)y, that is arbitrarily small volatility of ; can result in arbitrarily large volatility of Ag;). We now show that
the small-sample persistence of the real exchange also increases without bound, and hence so does the measured
half-live of the RER process. Specifically, we calculate the finite-sample autocorrelation of the real exchange
rate in levels, that is the coefficient from a regression of ¢; on ¢;—; (with a constant) in a sample with 7" + 1
observations:

T _ — T
ﬁq(T) _ % thl(Qt —(q-1—q) —14 % Zt:l Agrqi—1

T _ T o
3 (@1 — )2 > (@—1 — q)?

Note that the denominator is positive and finite for any finite 7', but diverges as T" — oo, since ¢; is an integrated
process. The numerator, however, has a finite limit (conditional on a given initial value gy, and due to stationarity
of Aqt)l

B—p Xioy,

(1—p)(1—=Bp) (1 +~0kg)?’

T o)
. 1
pTlgﬂoo T ; Agrqi—1 = cov(Agt, qi—1) = Z cov(Agy, AQt—j) = -

Jj=1

where we used the fact that for process (30) cov(Ags, Agi—;) = p?“tecov(Agy, Agi—1) for j > 1, and the
expression for cov(Aq;, Ag:—1) = cov(Aey, Ae;_1) calculated above (conditional on v; shocks, i.e. when o, =
0). This implies that the finite sample autocorrelation of ¢;: (a) tends to 1 asymptotically as samples size increases
(and hence the associated half-life tends to infinity); and (b) is smaller than 1 in large but finite samples, provided
that p < . The associated half-live of ¢; is given by log(0.5)/ log p4(T'), is finite in finite samples, and increases
unboundedly with T". This completes the proof of Proposition 2. W

Proof of Proposition3 The equilibrium condition (23) and the coefficients x,, 4 are derived above: see (A58).

Consider a 1, shock first. From (30) and Proposition 1, it results in exchange rate depreciation, Aq; = Ae; >
0. From (23), this depreciation is associated with a reduction in consumption, since yx, > 0. The Backus-Smith
correlation in response to v derives from:

cov(Acy = Aci, Aqi|yyy) = —yrgvar(Ageliy) <0,
which follows directly from (23). The relative volatility of consumption in response to v is:

var(Acyy) 2
var(Aqi|vy) (¥%a)",

which decreases as vy decreases (see the Proof of Proposition 1), and converges to zero in the limit v — 0 (as
. 20(1— ep
lim, 0 kg = ﬁ% if finite; see (A58)). W

Proof of Proposition 4 (a) The proof of this part follows from the equilibrium relationship (A62) between
expected (real) devaluation and the interest rate differential, which combines the household Euler equations
with the market-clearing relationship between consumption and the real exchange rate (23). In view of perfect
price level stabilization by the monetary authority, implying in particular e; = q;, we rewrite (A62) as:

it — Z;k = —(1 — p)O’I{adt — ’}/O'K)thAet+17

where we also made use of the AR(1) assumption for a; to simplify the expression.
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The Fama coefficient, Sr, is a projection coefficient of Ae;41 on i; — i}, and since i; — 4} is known at time
t, it is equivalent to the projection of E;Ae;y; instead of Aey ;. Using the expression above, we have:

B _ COV(EtA6t+1, it - ’LI) _ 1 _ (1 _ ) ORgq COV(ELt,Y:t - ’LI)
= var(iy — i}) YOKg P yokg var(iy —i})
In the absence of productivity shocks, o, = 0, the second term is zero, and S = —1/(yok,) < 0. Note that

this result does not rely on the assumption x2 = 0 in (16), since it derives from equilibrium conditions other
than (16) (akin to our resolution of the Backus-Smith puzzle in Proposition 3).

Furthermore, under the restriction that yo = 0, we can use the solution for the interest rate differential (26)
to calculate:

cov(ag, iy —iy) 140k, (1 —p)2(okq)? 02
var(ip —ij) (1= p)oka (Yorg)2x3o7, + (1 = p)?(oka)?02’
where the second term in the product on the right-hand side is the share of the productivity shock in the variance
decomposition of var(i; — i} ). When o,, = 0, this share is one, and it follows that Co\jﬁ(;:j;l):) = - (}f;’)a:’ga ,
resulting in Br = —Wlnq +(1—-p) 7":& . &fgﬁ = 1. B = 1 could also be obtained directly from (16) after

imposing x2 = 0 and oy, = 0. This completes the proof of part (i).

We note, in addition, that the qualitative result still applies when x2 > 0; in this case one can calculate
BF using (A65) and the equilibrium solution for the dynamics of b;41 in (A68). As already shown above, this
does not affect the value of B = —1/(y0k,) conditional on 1; shocks. It does, however, affect the value of Sp
conditional on productivity shocks, which can be below or above 1 depending on whether % defined in (A66) is
above or below 1. Nevertheless, the departure of S from 1 in this case is quantitatively small, as it is of the order
of 2. We omit the derivation for brevity.

(b) The proof here relies on the modified UIP condition (16) and the results in Proposition 1. For simplic-
ity, we make use of yo = 0. Note from the solutions (27) and (26) that as p — 1, the variance contribution
of a; to both var(E;Ae;11) and var(i; — i}) goes to zero, and the variance of both is fully shaped by the 1);
shock, independently of the value of 0,0, > 0. Therefore, from our characterization in the proof of part (i),
Br — —1/(y0ky) < 0 in this case. In order to characterize R? in the Fama regression, we additionally use the
solution (30), which we rewrite as follows:

1 1-— Ao 1—
Bx1 ope? + | —ha B(1—p) 4 Na Bl
1+voke1—Bp

Aeryr = EiAesyq + Gt
t+1 (AT | 1+~0kg, 1—PBp Ag1—PBp t

Since i; — i} is orthogonal to the innovation Ae;y; — E;Aesy 1, we can establish an upper bound:

2 < Var(EtA€t+1) -1 Vart(A€t+1) 50
var(Aety1) var(Aegy1)

vary (Aeyy1)

var(Aei41) — L.

as Bp — 1, since the proof of Proposition 1 establishes that in this case

By the same token, using the expression for Ae;11 — E;Aes1q above and (26), we can evaluate %;21))

As in Proposition 1, we interpret the Sp — 1 limit sequentially with 5 — 1 first and p — 1 next (see the
argument in footnote 51), and the results apply more generally with 5 and p converging to 1 simultaneously
with p < 8 < 1 along the limit sequence. We have:

2 x202 2 42

. . YO kq X194 )2 OKg o,

o var(iz — i}) — lim (1+»ycmq) 7 T (L=p) (1+'yanq) I—p?
B—1 vary(Aegt1) /3—>1< 1 8 )2 252 4 [_oke BOU=p) 4 Xy 1-8 20.2
THyorg 1-Bp) X19% 1+yokg 1-PBp Aq 1=PBp a

1 p(YoRg)*Xio + (1 - p)*(oka)?o,,

C1+p Xio 4+ (1 p)3(oka)?0l

— 0,

as p — 1. Since vars(Aesq) < var(Aegq), the variance of i; — ¢} is indeed arbitrarily smaller than that of
Aeyy1 in the limit as Sp — 1.
Proposition 1 has already established that the autocorrelation of Ae;,1 becomes arbitrarily close to zero as
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Bp — 1. At the same time, from (26), the autocorrelation of i; — i} is equal to p, and hence it becomes arbitrarily
closetolas fBp — 1.

Lastly, we characterize the Carry trade return and its Sharpe ratio. Consider a zero-capital strategy of buying
a (temporarily) high-interest bond and selling short low-interest bond, with return R, Eil — R} per dollar of

gross investment, and the size of the gross position determined by the expected return, E; {Rt 531 i }, which

can be positive or negative.®> Therefore, a log approximation to the return on this trade is:

riy = (i — iy —BeAerr) (ie — i — Aegr1) = X1t X1t — (Aerr1 — EeAeia)], (AT71)
where the second equality uses (16) under x2 = 0. The (unconditional) Sharp ratio associated with this trade is
C
given by SRC = %. We calculate:
t+1

ETEH = ]E{Xll//t ]Et{Xlwt - (A€t+1 - EtAet-H)}} = X%Eﬂ)? = vaar(djt)a

2
Val"(rgﬂ) = E(thﬂ)z - (Ertc—’i-l)2 = E{X%w?Et{Xlwt — (Aepyr — EtA€t+1)}2} - [vaar(@bt)]
2 2
= X1E¢} + E {xi¢7var (Aery1) ) — [Xivar(ve)]” = 2[xivar(vy)]” + o2xivar(yy),
where the last line uses the fact that 0> = var;(Ae; 1) does not depend on ¢ (and in particular on the realization
of 14, that is the unexpected component of Ae;y; is homoskedastic, as we proof in Proposition 1), as well as

the facts that E{¢? (Aesr1 — EtAery1)} = E{oPE {Aerr1 — EtAeiyq}} = 0 and B¢y = 3(Ee)?)? due to the
normality of the shocks. With this, we calculate:

2 9 —1/2
oot ___(,, )
It P+ oh (o) ()

which declines to zero as Sp — 1, since in this limit m
1

derivations show that the expected Carry trade return is proportional to the volatility of the UIP shock, x1vy,

while the standard deviation of the return increases additionally with the volatility of the exchange rate, which

in the limit becomes arbitrarily larger than the volatility of the UIP shock. W

— 00, as we proved in Proposition 1. Indeed, our

Engel decomposition and Balassa-Samuelson effect Engel (1999) decomposes ¢; = ¢! + ¢i¥ into the
tradable RER ¢/ and the relative price of non-tradables to tradables in the two countries ¢}, and shows that
q} dominates the variance decomposition of ¢; at all horizons. Our model reproduces this pattern. Since our
model does not incorporate any asymmetry between domestically produced tradables and non-tradables (i.e., no
Balassa-Samuelson force), the price index for non-tradables at home is py+ = pmy, i.e. the same as the price of
domestically produced tradables shipped to the domestic market. Assuming w is the share of tradable sectors in
expenditure, we have:

p=wpr+(1—wpne = pre=21p— 1 —wpml=Lpre+ (1— L)pu,

where we used the definition of p;. Note that our model does not need to take a stand whether -~y is due to home
bias in tradables (w = 1), or due to non-tradables (w = -y), or a combination of the two (y < w < 1, where 1 —w
is the expenditure share of non-tradables and y/w is the home bias in the tradable sector). For concreteness, and
in line with the empirical patterns in Engel (1999), we assume that w =~ 1/2, so that 7 < w, and there exists
a considerable home bias in tradables (on the role of the local distribution margin in tradable prices, see e.g.
Burstein, Eichenbaum, and Rebelo 2005).

*Note that in a symmetric steady state R = R* = 1/, and there is no low or high interest rate bond in the long run, yet
over time the relative interest rates on bonds fluctuate according to (26), allowing for a temporary Carry trade (or ‘forward
premium trade’ in the terminology of Hassan and Mano 2014).
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The tradable RER is defined as ¢/ = pi-, + e; — pri. We then calculate the non-tradable RER:**

4 =a—af = (1—w) (ke — 1Te) — (P3¢ — Dre)]
=y 2 [Py — D) — (Pre — pro)] =752 [0 +50] = 5201 — o) 20

Therefore, the contribution of the non-tradable component to the volatility of RER is:

cov(Ag), Aq)  1-w 2y

var(Ag,) 0w (1= a)l — 2y’

which is small whenever -y is small, even if & = 0. LOP deviations, due to PTM (« > 0) or LCP, further reduce
the contribution of the non-tradable component, but are conceptually not necessary to replicate the patterns
documented in Engel (1999) and Betts and Kehoe (2008), as home bias in tradables is sufficient.

It is straightforward to extend the model and allow for the relative tradable-nontradable productivity shocks
in order to address the evidence on the Balassa-Samuelson effect (see Rogoff 1996). In the data, Balassa-Samuelson
forces are difficult to detect under a floating exchange rate regime, yet they become considerably more pro-
nounced under a peg (see Mendoza 2005, Berka, Devereux, and Engel 2018). This is exactly in line with the
prediction of the disconnect model, as we explore in Itskhoki and Mukhin (2019), where we use the model to
study a switch from a peg to a float. Intuitively, to the extent that relative productivity shocks are considerably
less volatile than the nominal exchange rate under a float, Balassa-Samuelson effect would be difficult to detect,
yet when nominal exchange rate volatility is switched off under a peg, the relative productivity shocks become
important drivers of the (much less volatile) real exchange rate. To summarize, the seminal evidence in Engel
(1999) should not be interpreted as against the importance of nontradables in understanding the real exchange
rate, but rather against the importance of (relative) productivity shocks as the key driver of the real exchange
rate under a floating regime.

A.7 Nominal rigidities

This section outlines the details of the monetary model with nominal wage and price rigidities. As before, we
focus on Home and symmetric relationships hold in Foreign. We consider a standard New Keynesian two-country
model in a cashless limit, as described in Gali (2008).

Wages The aggregate labor input is a CES aggregate of individual varieties with elasticity of substitution e,
which results in labor demand:

Wir\ ™ N .
b= <W ) Ly, where Li= ( / Ly dz‘) and W, = < / W};Edz) :
t

and the rest of the model production structure is unchanged. Households set wages a la Calvo and supply as
much labor as demanded at a given wage rate. The probability of changing wage in the next period is 1 — A,
The first-order condition for wage setting is:

o0
eR e
B 3, o Grwan, (W - s narnwil) ~o

s=t
Substituting in labor demand and log-linearizing, we obtain:

1=y

e = 1+¢€/v

1 € .
(Uct + ;Et +pe + V’wt) + BAwE g1,

where w, denotes the log deviation from the steady state of the wage rate reset at ¢. Note that the wage inflation
can be expressed as 7}’ = Aw; = (1 — A\y,) (W — wy—1). Aggregate wages using these equalities and express

We can also evaluate the tradable ¢f = p%,+e.—pr: = fp}{t—i—(l—%)p}t—f—et—%ppt—(1—%)th = (l—l)qtp—%st.

w w
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the wage process in terms of cross-country differences to obtain the NKPC for wages:
- R ~w
7 =k UCt-f—;Et +pe — W | + BES S,

_ (=B

where k,, o (ire/0)

Prices We assume that firms set prices a la Calvo with a probability of changing price next period equal to
1 — A,. There are two Phillips curves, one for domestic sales and one for exports. The first-order conditions for
reset prices in log-linearized form are

Pt = (1— B\, ]Etz (BAp) ] t (1 —a)me; + ap;],

P = (1= BN Etz (1= a) (mej — (1= dej) + alp; +e;)]

where me, = (1 — ¢) (9rf + (1 — 9)w; — a;) + ¢p; are the marginal costs of Home firms, and ¢ € {0, 1} with
¢ = 1 corresponding to the case of PCP (producer currency pricing) and ¢ = 0 to the case of LCP (local currency
pricing). The optimal reset prices are equal to an expected discounted sum of future optimal static prices, which
in turn are a weighted average of marginal costs and competitor prices. Given the law of motion for home prices,

wae = (1 —Xp) Pt — pHt—1) = 2 (ppre — pt) , the resulting NKPC is:

(1 - 5)‘1)) (1 — /\p)
Ap '

T = kp [(1 —a)mey + apy — th} + BEimHi41, where k=

The law of motion for export prices depends on the currency of invoicing. Under LCP, the law of motion for

prices is, w5y, = 2 /\ (th Dir¢), and the export NKPC can be expressed as:

T = kp {(1 —a)(mey — e) + apf — P?{t} + BE: 44 1-

1

Under PCP, the law of motion for the export price index, 73, = ;—AT’ (P — i) —Aey, implies that the NKPC is

(T + ) = ky [ (1= )mey + a(p; + e0) = (e + e1)] + BEx (i + Aeria)
Finally, notice that the DCP case with all international trade invoiced in Foreign currency can be expressed as a

mix of the two other regimes — Home exporters use LCP and Foreign exporters use PCP. The rest of the model
is as described in Section 2.1.
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